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LV function

Freedom from major adverse events, heart failure and anginaFreedom from major adverse events, heart failure and angina

Open artery 
hypothesis
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Avoiding CABG

SCOPE OF THE PROBLEM



Cumulative survival-free of MACE (death, AMI, or repeat 
reintervention (PCI or CABG)) at 5 years The Rotterdam Experience
Cumulative survival-free of MACE (death, AMI, or repeat 
reintervention (PCI or CABG)) at 5 years The Rotterdam Experience
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Successful: 63.7%

Unsuccessful: 41.7%

Log rank p<0.0001

Hazard ratio 2.14

(95% CI 1.74-2.63)

Hoye et al EHJ 2005

Stents were utilised in the majority (81%)
Consecutive series of 874 patients (885 CTOs)
Mean follow-up period was 4.47 ± 2.69 years (median 4.10 years)
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SELECTION BIAS MAY UNDERMINE 
PROMISING LONG-TERM DATA FROM          

NON-RANDOMIZED STUDIES



This is what Barry Rutherford This is what Barry Rutherford 
Say or Write on CTOSay or Write on CTO

• PCI to a CTO should be performed only in symptomatic 
patients with documented severe ischemia or angina

• Pre-procedural evaluation with delayed contrast-enhanced 
MRI may help in determining which patients may benefit 
from PCI of a CTO.

• The highest odds ratio for death after PCI to a CTO was 
found in those with poor left ventricular systolic function 
(ejection fraction <40%). History of heart failure and 
chronic renal insufficiency were associated with greater than 
doubling of the mortality rate. 



Improvement in Survival Following Successful Improvement in Survival Following Successful 
Percutaneous Coronary Intervention of Coronary Percutaneous Coronary Intervention of Coronary 

Chronic Total Occlusions: Variability by Target VesselChronic Total Occlusions: Variability by Target Vessel

Conclusions: 
• The data suggest that PCI for CTO of the LAD, but not 

LCX or RCA, is associated with improved long-term 
survival. This information may assist in selecting patients 
for attempted CTO PCI.

• We also identified increased risk in the LAD group, with a 
high cost (i.e., in-hospital mortality)

• Although some studies suggest that overall survival is 
improved by successful CTO PCI, the benefit may be 
limited to certain subgroups

Rutherford et al Am Coll Cardiol Intv, 2008; 1:295-302. 2008



End of the Debate !!!End of the Debate !!!



Certain Cases Should Never be Attempted.Certain Cases Should Never be Attempted.

• CTOs of vessel feeding only scar.

• CTOs where distal vessel is not visualized either 
antegrade or retrograde.

• When the chances of success are < 50%, the risk 
of serious complication approaches that of 
success.

• In these cases medical therapy is the best choice



When Not to StartWhen Not to Start
Some Complications are More Frequent With CTOsSome Complications are More Frequent With CTOs

• Vessel perforation
• Destruction of collateral channels
• Destruction of septal perforators and/or side 

branches
• Renal failure
• Radiation Injury

Each of these complications can and 
have led to major morbidity and death.
Medical Therapy is a better choice



I strongly recommend 
Medical Therapy to 
Control the Horse

Courtesy Prof Nicolaus Reifart



Late Outcomes of Chronic Total Late Outcomes of Chronic Total 
Occlusion InterventionOcclusion Intervention

Reference Number Duration Flow Benefit

Bell 9 1992 354 ≤ 1day “no antegrade flow” No

Ivanhoe 8           1992 480 > 10days TIMI 0 or 1 Yes

Naguchi 11        2000 226 > 3 months “no antegrade flow” Yes

Suero 4                2001 2007 > 7days TIMI 0 or 1 Yes

Olivari 5              2003 419 > 30 days TIMI 0 or 1 Yes

Hoye 12              2005 874 > 1 month “no antegrade flow” Yes

Aziz 13                 2007 543 > 3 months TIMI 0 or 1 Yes

Prazad 10          2007 1262 < 3 months Not stated No

Hochman 19    2006 2166 > 7d and < 1m TIMI 0 or 1,2 ,3 No



CHRONIC TOTAL OCCLUSIONS SUCCESFUL CHRONIC TOTAL OCCLUSIONS SUCCESFUL 
VERSUS FAILURE  RECANALIZATION DOES VERSUS FAILURE  RECANALIZATION DOES 

IT MAKE A DIFFERENCE?IT MAKE A DIFFERENCE?

194 consecutive patients with CTO for PCI 144 successful 50 failure

with in hospital complications without in hospital complications



Limiting Factors Limiting Factors 
Consider Medical TherapyConsider Medical Therapy

• Contrast dose
• Radiation exposure
• Complications
• Operator, staff and patient fatigue
• Operator knowledge and experience



Radiation skin injuries in patients have 
been reported with the spread of IR.

・Early Transient Erythema      2 Gy    2~24 hr 
・Permanent Epilation               7 Gy    ~ 3 wk 
・Dermal Necrosis (Delayed)  12 Gy  > 52 wk 
・Ischemic Dermal Necrosis   18 Gy   > 10 wk

Delayed Dermal Necrosis
Estimated skin dose = 20 Gy

Effect                Threshold   Time of Onset

JACC2004：44：2261

50 minutes of flouro time = 1 Gy



CTO- pre-requisites –
i. Symptoms

ii. Evidence of reversible ischaemia

iii. Useful collaterals 

iv. You know what you are doing (wires)

Patient issues Patient issues Patient issues 



Myocardial perfusion scanningMyocardial perfusion scanning

MRI MRI –– gadoliniumgadolinium

Stress echo Stress echo cardiographycardiography

Non invasive testing Non invasive testing –– the choice is yours the choice is yours 















OAT: Quality of LifeOAT: Quality of Life

•• N = 951N = 951
•• History of Angina History of Angina –– 22.6%22.6%
•• NY Heart Association Class I NY Heart Association Class I –– 87%87%
•• Med Group PCIMed Group PCI

InIn--hospital 14%hospital 14%
22--year 25%year 25%

Mark  NEJM 2009;360:774



OAT: Quality of LifeOAT: Quality of Life
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Patients with Angina (%)

OAT: Symptom StatusOAT: Symptom Status

Mark  NEJM 2009;360:774

PCIPCI MEDMED
BaselineBaseline 2626 2727
4 months4 months 1010 1717
12 months12 months 1010 1313
24 months24 months 88 1212

BaselineBaseline 4747 4848
4 months4 months 3232 4040
12 months12 months 3131 4040
24 months24 months 2929 3636

Patients with Dyspnea



Costs

OAT: Quality of LifeOAT: Quality of Life

PCIPCI MEDMED

HospitalHospital $22,800$22,800 $12,700$12,700

Year 1Year 1 $3400$3400 $5300$5300

Year 2Year 2 $1500$1500 $2700$2700

Mark  NEJM 2009;360:774





Clinical Considerations forClinical Considerations for
CTO TreatmentCTO Treatment

Single VesselSingle Vessel
•• Responsible for symptomsResponsible for symptoms
•• >60% likelihood of success>60% likelihood of success
MultiMulti--Vessel: Think twice withVessel: Think twice with
•• DMDM
•• Proximal LADProximal LAD
•• Multiple CTOs with >1 low likelihood Multiple CTOs with >1 low likelihood 

of successof success



Symptoms Med. RxSymptoms Med. Rx
Class llI or lV Max RxClass llI or lV Max Rx UU AA AA AA AA
Class I or lI Max RxClass I or lI Max Rx UU UU AA AA AA
Asymptomatic Max RxAsymptomatic Max Rx II II UU UU UU
Class llI or lV No/min RxClass llI or lV No/min Rx II UU AA AA AA
Class I or lI No/min RxClass I or lI No/min Rx II II UU UU UU
Asymptomatic No/min RxAsymptomatic No/min Rx II I I UU UU UU

Coronary AnatomyCoronary Anatomy
CTOCTO

1.2 vz. 1.2 vz. 
disease with disease with 

prox. LADprox. LAD

1 vz. disease 1 vz. disease 
with prox. with prox. 

LADLAD

2 vz. disease 2 vz. disease 
with prox. with prox. 

LADLAD

3 vz. disease 3 vz. disease 
with Left with Left 

MainMain

Low-Risk

Appropriate Criteria by NonAppropriate Criteria by Non--invasive Imaginginvasive Imaging

JACC 2009;53 

A = indicates appropriate CTO (chronic total occlusion)
I = inappropriate med. medical prox LAD, proximal left anterior descending artery Rx treatment
U = uncertain and vz. vessel



Symptoms Med. RxSymptoms Med. Rx
Class llI or lV Max RxClass llI or lV Max Rx AA AA AA AA AA
Class I or lI Max RxClass I or lI Max Rx UU AA AA AA AA
Asymptomatic Max RxAsymptomatic Max Rx UU UU UU UU AA
Class llI or lV No/min RxClass llI or lV No/min Rx UU UU AA AA AA
Class I or lI No/min RxClass I or lI No/min Rx UU UU UU AA AA
Asymptomatic No/min RxAsymptomatic No/min Rx II I I UU AA AA

Coronary AnatomyCoronary Anatomy
CTOCTO

1.2 vz. 1.2 vz. 
disease with disease with 

prox. LADprox. LAD

1 vz. disease 1 vz. disease 
with prox. with prox. 

LADLAD

2 vz. disease 2 vz. disease 
with prox. with prox. 

LADLAD

3 vz. disease 3 vz. disease 
with Left with Left 

MainMain

Intermediate-Risk

Appropriate Criteria by NonAppropriate Criteria by Non--invasive Imaginginvasive Imaging

JACC 2009;53 

A = indicates appropriate CTO (chronic total occlusion)
I = inappropriate med. medical prox LAD, proximal left anterior descending artery Rx treatment
U = uncertain and vz. vessel



Symptoms Med. RxSymptoms Med. Rx
Class llI or lV Max RxClass llI or lV Max Rx AA AA AA AA AA
Class I or lI Max RxClass I or lI Max Rx AA AA AA AA AA
Asymptomatic Max RxAsymptomatic Max Rx UU AA AA AA AA
Class llI or lV No/min RxClass llI or lV No/min Rx AA AA AA AA AA
Class I or lI No/min RxClass I or lI No/min Rx UU AA AA AA AA
Asymptomatic No/min RxAsymptomatic No/min Rx UU U U AA AA AA

Coronary AnatomyCoronary Anatomy
CTOCTO

1.2 vz. 1.2 vz. 
disease with disease with 

prox. LADprox. LAD

1 vz. disease 1 vz. disease 
with prox. with prox. 

LADLAD

2 vz. disease 2 vz. disease 
with prox. with prox. 

LADLAD

3 vz. disease 3 vz. disease 
with Left with Left 

MainMain

High-Risk

Appropriate Criteria by NonAppropriate Criteria by Non--invasive Imaginginvasive Imaging

JACC 2009;53 

A = indicates appropriate CTO (chronic total occlusion)
I = inappropriate med. medical prox LAD, proximal left anterior descending artery Rx treatment
U = uncertain and vz. vessel



PCI Guidelines for CTO PCI Guidelines for CTO 

ACC/AHA :ACC/AHA :
FC IFC I--III Angina III Angina 

Class IIIClass III
•• Small are of viabilitySmall are of viability
•• No ischemiaNo ischemia
•• Low likelihood of successLow likelihood of success

European Guidelines IIa C



1. NOT ALL CTOS ARE BORN EQUAL



1) Long  Tortuous  Gap +
2) Severe Calcification +
3) Poor Distal Vessel 

Visualization +
4) No prospect for Retrograde

MaybeMaybe……



2. BOTH PCI AND MAXIMAL  
MEDICAL RX ARE PIVOTAL 



Japanese Master After Day of CTOJapanese Master After Day of CTO’’ss

Dr. 
Osamu 
Katoh:

The 
Tiger 
Woods 
of 
CTO’s


