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There is improvement of success rates of CTO PCI from 50-70% to 85-
94% over the past 10 years.1

This is due to technological advances as well as the adoption of an 
algorithmic approach to CTO PCI. 

1. Patel VG et al. Angiographic Success and Procedural Complications in Patients Undergoing Percutaneous Coronary Chronic Total Occlusion Interventions. JACC: Cardiovascular 
Interventions. 2013;6(2):128-136. doi:10.1016/j.jcin.2012.10.011; Lamelas et al. In‐stent chronic total occlusion angioplasty in the LATAM‐CTO registry. Catheter Cardiovasc 
Interv. 2021;97(1). doi:10.1002/ccd.2893;  Konstantinidis et al. Temporal Trends in Chronic Total Occlusion Interventions in Europe: 17 626 Procedures From the European 
Registry of Chronic Total Occlusion. Circ Cardiovasc Interv. 2018;11(10). doi:10.1161/CIRCINTERVENTIONS.117.006229; Wu EB et al. Retrograde Versus Antegrade Approach for 
Coronary Chronic Total Occlusion in an Algorithm-Driven Contemporary Asia-Pacific Multicentre Registry: Comparison of Outcomes. Heart Lung Circ. 2020;29:894-903. Tajti et 
al. The Hybrid Approach to Chronic Total Occlusion Percutaneous Coronary Intervention: Update From the PROGRESS CTO Registry. J Am Coll Cardiol Intv 2018;11:1325-1335.

Introduction.



In 2012 Brilakis et al published the first CTO algorithm, the Hybrid 
algorithm2. 

Subsequently, in 2017, Harding et al published the APCTO algorithm3.

In 2018 Wu et al published the APCTO retrograde algorithm4 and Ge J 
published the China CTO Club algorithm5. 

This was followed in 2019 by the Japanese Algorithm by Tanaka et al6, 
and the EuroCTO Club consensus document by Galassi et al7. 

2. Brilakis ES et al. A Percutaneous Treatment Algorithm for Crossing Coronary Chronic Total Occlusions. J Am Coll Cardiol Intv 2012;5:367-379. 
3. Harding SA et al. A new algorithm for crossing chronic total occlusions from the Asia Pacific Chronic Total Occlusion Club. J Am Coll Cardiol Intv 2017;10:2135–43.
4. Wu EB et al. The retrograde algorithm for chronic total occlusion from the asia pacific chronic total occlusion Club. Asian Interv 2018;4:98-107.  
5. Ge J, on behalf of CTOCC.  Strategic roadmap of percutaneous coronary intervention for chronic total occlusions. Cardiology Plus 2018:3:30-37.
6. Tanaka H et al. A Novel Algorithm for Treating Chronic Total Coronary Artery Occlusion. J Am Coll Cardiol. 2019;74(19):2392-2404. doi:10.1016/j.jacc.2019.08.1049.
7. Galassi AR, et al. Percutaneous recanalisation of chronic total occlusions: 2019 consensus document from the EuroCTO Club. EuroIntervention. 2019;15:198-208. 
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1. Dual angiography + + + + + +

1b. CCTA + + +

1. Careful angiographic review + + + + + +

ISR No specific 
recommendation

+ (CrossBoss) + (CrossBoss) + (CrossBoss) Antegrade No specific 
recommendation.

3b. Solutions to proximal ambiguity Retrograde Retrograde, IVUS Retrograde, IVUS, 
move the cap

Retrograde, IVUS, 
move the cap

Retrograde IVUS, retrograde, 
move the cap

1. Poor distal vessel or bifurcation + (Retrograde) + (Retrograde) + (Retrograde) + (Retrograde) + (Retrograde)

1. Retrograde option + + + + + +

1. Antegrade wiring strategies ADR for length ≥20 
mm

AWE, Parallel 
wiring 

Primary ADR for 
ambiguous CTO 
course, tortuous 

CTO segment, 
heavy calcification

Secondary ADR: 
length  ≥20 mm, 

prior failed 
attempt

AWE preferred –
ADR possible as first 

line if length  ≥20 
mm

ADR preferred if 
severe diffuse distal 
disease and major 
side branch near 

landing zone

ADR or parallel 
wiring after AWE 

failure

AWE preferred 

1. Retrograde Ambiguous 
proximal cap, poor 

distal vessel + 
INTERV 

COLLATERALS

Ambiguous 
proximal cap (if 
IVUS fails), poor 
distal vessel + 

INTERV 
COLLATERALS

Ambiguous proximal 
cap, poor distal 
vessel + INTERV 
COLLATERALS

Ambiguous proximal 
cap  + no or failed 

IVUS-guided 
approach + INTERV 

COLLATERALS

Reattempt, CTO 
length of ≥20 mm, 

and no stump + 
INTERV 

COLLATERALS

Ambiguous proximal 
cap, poor distal vessel 

+ FEASIBLE 
RETROGRADE OPTION
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7b. RDR preferred over RWE Length ≥20 mm Length ≥15 mm Length ≥20 mm
Severe calcification
Ambiguous vessel 
course

Length ≥20 mm Length ≥20 mm
Severe calcification
Ambiguous vessel 
course

7c. RDR preferred technique Reverse CART Contemporary 
reverse CART

Reverse CART Reverse CART Reverse CART

1. Change + + + + After 20 min wire 
manipulation time

+

1. Investment + +
1. When to stop Air kerma >10 Gray Procedure 

duration >3 hours 
Air kerma >5 Gray
Contrast >3.7x 
eGFR

Procedure duration 
>3 hours 
Air kerma >5 Gray
Contrast >4x eGFR

Procedure duration 
>3 hours 

Procedure duration >3 
hours 
Air kerma >5 Gray
Contrast >3x eGFR
Complication & 
fatigue.
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4 main authors drafted an initial algorithm and then 125 authors from 50 
countries wrote the paper. 
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1. Dual angiography is cornerstone of CTO PCI/ after ic nitro/ CTCA useful.
2. Careful angiographic review / Proximal cap morphology, CTO length and 
composition, distal vessel quality, and collateral circulation. 
3. Approaching proximal cap ambiguity we recommend IVUS, retrograde, move 
the cap but not stepwise, rather based on anatomy. 



Approaching Proximal cap ambiguity

The principle of “anatomy dictates strategy”. 

Comparing risks of IVUS guidance vs move the cap vs retrograde, there is a 
stepwise increase of risk. 

However, this stepwise increase of risk should not dictate strategy because 
anatomy dictates strategy more. 

If anatomy allows two strategies to be used, then the lower risk strategy should be 
used first. 

Therefore, in the paper “Instead, the strategy that optimizes safety and increases 
the likelihood of success should be selected based on the CTO anatomy.”



Proximal cap ambiguity. 



Proximal cap ambiguity. 



Proximal cap ambiguity. 



Proximal cap ambiguity. 



Proximal cap ambiguity. 



The Global CTO Crossing Algorithm

1. Dual angiography is cornerstone of CTO PCI/ after ic nitro/ CTCA useful.
2. Careful angiographic review / Proximal cap morphology, CTO length and 
composition, distal vessel quality, and collateral circulation. 
3. Approaching proximal cap ambiguity we recommend IVUS, retrograde, move 
the cap but not stepwise, rather based on anatomy. 
4. Approaching poor distal vessel quality or bifurcation in the distal cap. 
Recommendations for retrograde approach, IVUS check, Dual lumen catheter to 
access sidebranch. 
5. Feasible retrograde options. Including grafts. Recommendation of septals > 
epicardials due to risks. 
6. Antegrade wiring strategies. ADR: ≥20 mm occlusion length, calcification, 
tortuosity, and presence of an appropriate reentry zone of large caliber and 
without major side branches. 
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7. Retrograde approach - long occlusion length (≥20 mm), severe tortuosity and 
calcification and lack of large side branches -> RDR. 
8. Change – avoid stuck in failure. 
9. Investment procedure when “anticipated benefit exceeds the potential harm”8.
10. When to Stop. 

[A] Procedure time is >3 hours, contrast volume is >3 x the estimated 
glomerular filtration rate, or if the air kerma radiation dose is >5 Gray, unless the 
procedure is well advanced.
[B] advanced crossing strategies, such as retrograde crossing or antegrade 
dissection/re-entry are needed for successful crossing but the operator does not 
have expertise in those techniques.
[C] There is significant operator or patient fatigue. 
[D] Occurrence of a serious complication.

8. Hirai T et al. Impact of subintimal plaque modification procedures on health status after unsuccessful chronic total occlusion angioplasty. Catheter Cardiovasc Interv 2018;91:1035-
1042. Xenogiannis I et al. Outcomes of subintimal plaque modification in chronic total occlusion percutaneous coronary intervention. Catheter Cardiovasc Interv 2020;96:1029-
1035.Hirai T et al. Impact of Subintimal or Plaque Modification on Repeat Chronic Total Occlusion Angioplasty Following an Unsuccessful Attempt. JACC Cardiovasc Interv
2020;13:1010-1012.



Conclusions. 

CTO crossing algorithms are useful tools for optimizing the 
success and safety of CTO PCI. 
The global CTO crossing algorithm reflects the consensus of 
several experienced operators from multiple countries around 
the world and could help further improve the outcomes of 
these challenging procedures. 
This algorithm could help expand discussion, research, 
collaboration, and training in CTO PCI. 
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