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Learning Objectives 

• Define and identify chronic total occlusion

• Know the impact of CTOs on your patients

• Know the treatment options 



Get Comfortable being Uncomfortable 



What is a CTO?
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Prevalence 

• 11.1 Million Americans have chronic stable angina 

• 20% of all patients referred for coronary angiography 

• 30-50% in those with known CAD

• 89% in CABG patients (VA population) 

• Seen more frequently in older patients
• 36.5% < 65 y/o 
• 39.1% 65-79 y/o 
• 40.7% ≥ 80 y/o 

C Koebl Rev Cardiovasc Med 2018



How common are CTOs?

17%

83%

Overall CTO Prevalence

CTO Present No CTO Present

University of Calgary, University of Toronto
7559 Patients with Coronary Angiography March-December 2008, 
Courtesy Bradley Strauss and Canadian CTO registry investigators

2.6%

97.4%

Real World CTO PCI

CTO PCI

All other PCI

Brilakis ES, et.al., JACC Cardiovasc Interv 2012 Apr, 5(4): 357-79



Manifestations of CTO 

• Angina on maximal medical therapy 
• 7 item Seattle-Angina Questionnaire

• Shortness of breath 

• Impaired quality of life 

• Gradual reduction of level of activity

• Depression  
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Angina 
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R Yeh et al OPEN_CTO Registry JACC Intv 2019

Depression 



CTO Patient Profile 

• Generally older 

• More co-morbidities
• DM

• Smoking 

• HTN 

• Hypercholesterolemia 

• PAD 

• Previous MI 



Timeline For CTO-PCI 

EuroIntervention 2022;18:535-561.







Collateral Circulation 

• Dual Injections is key 

• Locations
• Bridging collaterals

• Septal 

• Epicardial 

• CABG grafts 

• Werner Classification – size of vessel
• CCO: no continuous connection 

• CC1: Threadlike connection 

• CC2: Side branch-like connection 



Planning – Counselling Patient and Family 

• Realistic expectations

• Patient 

• Family 

• Strategy

• Hemodynamic support 
• 4% of CTO cases  



Assessment of Viability 

• PET 

• Cardiac MRI 

• Echocardiography 



J Am Coll Cardiol 2021;78:840–853 
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Antegrade and Retrograde Approaches 



Circulation. 2019;140:420–433



CTO-PCI Specialty 
Equipment 







OPEN-AP

• Purpose: predict who has the greatest symptomatic benefit 

• Variables
• Frequency of angina

• Frequency of NTG 

• Dyspnea when walking with others 

• # of antianginal medications 

• Presence of multiple CTO 

• Procedure for symptoms or not 

• Patient Health Questionnaire

MN Butala et al JAHA 2022;11:e024056



Predictors of Decreased Success

• Demographics
• Prior MI 
• Prior PCI 
• CABG
• Prior stroke/TIA
• PVD

• Angiographic 
• Non-LAD
• Multivessel CAD
• Bridging collaterals
• Moderate to severe 

calcification 
• > 45 degree vessel bend
• Tortuous vessel 
• Blunt stump 
• Ostial lesions 

N Wang Heart vol 104, 2017



Complications 

• Stroke

• Contrast 

• Radiation dermatitis

• CABG

• MACE
• 4.1% vs 5% p=0.04 

• Death  -
• 30-day mortality rate =1.3% 
• 1.2% vs 1.5% p=0.51



Complications

• Coronary artery perforation  - 4.8% 
• 3.5% vs 2% p=0.04

• Cardiac tamponade 
• 0.8% vs 0.1%  p=0.001

• Access site complication 

• Donor vessel injury 

• Arrythmias



Indications

• 2011 ACC/AHA Revascularization Guideline
• Class IIA level with evidence B 

• 2021 ACC/AHA/SCAI Revascularization Guidelines
• Class 2 b  LOE B-R
• “In patients with suitable anatomy who have refractory angina on medical therapy, 

after treatment of non-CTO lesions, the benefit of PCI of a CTO to improve symptoms 
is uncertain.” 



Studies 

• EXPLORE 

• n= 302 STEMI patients with CTO in non-farct artery 
• Nov 2007-April 2015 
• 14 centers in Europe and Canada 
• Early CTO-PCI (one week) vs. NO CTO-PCI
• Procedure success = 77% and 73% 
• Mean LVEF and LVEDV at 4 months by MRI 
• No difference between groups except LAD group

• n=69 LAD vs n=211 non-LAD
• LVEF = 47.2  vs 40.4 p=0.02 

J Am Coll Cardiol. 2016 Oct, 68 (15) 1622–1632

https://www.jacc.org/journal/jacc


Studies 

• CTO (EuroCTO) 

• 3 year follow up 
• 17.3% crossover rate (OMT->CTO_PCI) 

• 396 patients randomized CTO-PCI vs OMT
• 50% single vessel CAD 

• No difference in CV death or MI 
• MACE higher in OMT group (21.2%vs11.2%) 

• At 12 months 
• Angina frequency at 12 months 

• 5.23, p=0.003
• Quality of Life 

• 6.62, p=0.007

EuroIntervention. 2023 Sep18;19(7):571-
579.



Studies 

• IMPACTOR-CTO

• 94 patients with RCA CTO randomized to CTO-PCI vs OMT
• 72 isolated RCA CTOs (8 failed PCI, 14 failed compliance OMT)

• Procedure success = 83% 
• Myocardial ischemic burden decreased at 12 months

• 27.7+/- 8.5% -> 16.1+/- 8.6% (p<0.01) vs no significant improvement 
in OMT

• Six-minute walking test increased from 295m -> 430m vs no 
improvement in OMT group

• Improved QoL item in CTO-PCI group vs no improvement in OMT 

JACC Intv Volume 11, Issue 13, 9 July 2018, Pages 1309-1311

https://www.sciencedirect.com/journal/jacc-cardiovascular-interventions/vol/11/issue/13


Studies

• REVASC 

• n=205 patients

• Stable CAD

• Success rate = 89%

• Assess LV function improvement 
• Primary end point not reached 

• Reduced MACE at 12 months 
• Reduction in repeat PCI (16.3% vs 5.9%, p=0.02) 

JACC Intv VOL. 11, NO. 19, 2018 



Studies 

• DECISION-CTO

• N=815 patients (planned = 1284) 
• Silent ischemia, stable angina, ACS 
• Procedural success = 91%
• 4 year follow up 
• Stopped early due to poor enrollment
• Most patients from a single center 
• Most patients were poorly symptomatic 
• Stroke 5 x higher in OMT 
• Combined end points of mortality, MI, stroke, any revascularization at 4 yrs

• 22.3% vs 22.4%, p=0.86
• Low power and high crossover rates (18% in OMT arm, 15.5% of PCI treated with OMT) 

ACC 2017 



Registries
• PROGRESS-CTO

• Prospective Global Registry for the Study of Chronic Total Occlusion 
Intervention

• OPEN-CTO 
• Outcomes, Patient Health Status and Efficiency In Chronic Total Occlusion 

Hybrid Procedures 
• 1,000 patients 
• 12 centers 
• NCDR Cath/PCI Registry 

• Japanese Multicenter CTO Registry 



Studies 

• Gong et al. Observational Study
• 592 patients 

• Significant improvement in cardiac death and MACE 

• Hazard ratio = 0.239 

• Meta-Analysis
• 25 studies 

• CTO-PCI vs failed CTO-PCI at 3 years 

• Lower mortality rate (OR =0.52), less residual ischemia(OR=0.38), lower stroke 
risk (OR =0.72), less need for subsequent CABG (OR=0.18)



Where studies started?

ISCHEMIA

EuroCTO

Strongly suggests symptomatic 
patients biased away from trials

DECISION CTO?
(not quoted paper/appendix)

CONSISTENT

OPEN

IC-1702106-AA



Treatment Options 

• Heart Team Approach 
• Evaluation 

• Patient and Family/Care Giver Counseling
• Shared Decision Making  

• Higher Risks 

• Greater benefits 

• Medical Management 

• CABG 

• PCI 



Outcomes

•Success rate
• 85-90% in the best centers
• 60-80% in the largest registries 



Referral Process 

• CTO Clinic 
• 402-559-8888

• Jess Anderson RN
• CTO Coordinator 

• Ed O’Leary MD 
• 402-238-7834 




