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ESC/EACTS GUIDELINES

“Broadly speaking, the treatment of 
CTOs may be considered analogous to 

the treatment of non-CTO lesions”



COMPLETE VS. INCOMPLETE REVASCULARIZATION IN MVD

• Mortality benefit associated with CR was consistent across studies 
irrespective of revascularization modality and definition of CR.

• CR is achieved more commonly with CABG than PCI.  Among 
patients with MVD CAD, CR may be the optimal revascularization 
strategy.



PREVENTIVE EFFECT OF CABG
• CABG diminishes the impact 

of future lesions by providing 
distal flow

• Arterial grafting, specially IMA 
grafting, protects and dilates 
distal coronary vessel

• PCI treats the current lesions



SPECIFICITY OF CTO PCI

• Slightly less 
successful the 
non CTO PCI

• Complex 
lesion 
crossing 
techniques



WHY ARE WE TALKING ABOUT IT

• Enthusiasm for CTO PCI has increased, as 
evidence has demonstrated that successful CTO 
PCI improves the quality of life, the need for 
CABG, left ventricular function, and potentially 
even survival.

CTO PCI is feasible and safe



MODERN CTO PCI RESULTS

•111,273 patients with obstructive coronary 
artery disease, 26.4% had CTO

•Elective CTO PCI was attempted in 8.1%, with 
a procedural success rate of 79.7%



OVERVIEW OF CTO PCI RESULTS

•CTO more common in RCA (42%), LAD 
(24%), and then Cx (16%)

•Success PCI LAD>RCA
•Increased use of resources, fluoroscopy and IV contrast 



OVERVIEW OF CTO PCI RESULTS - COMPLICATIONS

Successful CTO PCI is very safe
Unsuccessful CTO PCI is less 
safe but not unnacceptable



SPECIFICITY OF CTO CABG
• Off-pump surgery - risk?

• Favorable distal vascular bed 

• Competitive flow from collaterals

• Non graftability of CTO vessels

• Periprocedural myocardial injury



IMAGING OF DISTAL VESSEL

• Distal vessel may 
appear to be 
untreatable in 
coronary angiography

• CT scanning may be 
a good way to 
estimate probability 
of grafting but adds 
to total procedural 
costs and radiation



PERIPROCEDURAL MI

• Periprocedural myocardial injury is normally 
defined biochemically

• MACE may be a more appropriate end-point

• Conflicting results but mainly in favor of no impact 
on survival



• PP myocardial injury is associated with 
lower event-free survival

• Predictors of 1-year MACE

• PP MI

• MVD

• DM

• Female gender

PERIPROCEDURAL MI - PCI



PERIPROCEDURAL MI - PCI

• PP myocardial 
injury increases 
MACE long term



PERIPROCEDURAL MI - PCI VS. CABG

• F-UP 42 months

• 10,5% PCI and 16,1% CABG 
had PP MI

• PPMI group and no-PPMI group 
had similar incidence of 
cardiac death



PERIPROCEDURAL MI - CROSSING TECHNIQUE

• Retrograde technique 
used in more complex 
CTO´s, longer CTO´s

• Retrograde technique 
more PPMI - 33% vs. 10% 
(p=0.0001)



GENDER AND REVASCULARIZATION TECHNIQUE

• Women have lower prevalence of CTO´s and 
lower usage of CABG for treating CTO´s (smaller 
distal vessels?)



GENDER AND REVASCULARIZATION TECHNIQUE

J Invasive Cardiol. 2012 Oct;24(10):484-8.

• Men have a greater benefit in mortality and MACE 

than women after a CTO PCI 



IMPACT ON MORTALITY OF CABG PATIENTS

• CTOs have no impact on 
long term mortality after 
CABG (all LAD´s 
bypassed)

• Incomplete CTO 
revascularization does not 
affect survival! [or does it?]

Not grafting a CTO vessel is 
difficult for a surgeon!



• Very long CTO’s 
(>40mm) compromise 
survival after CABG

IMPACT ON MORTALITY OF CABG PATIENTS

doi: 10.1111/jocs.12021 (J Card Surg 2012;27:662-667)



COLLATERAL FLOW AND CABG

• In the immediate post-op phase collateral flow 
may diminish graft forward flow

• At 5 years F-UP no MACE or death increase in 
patients with collateral flow



QOL IMPROVEMENT AFTER MVD REVASCULARIZATION

• 387 patients, multicenter, 
prospective

• > 90% MVD, at least 
one CTO

• Slightly better QOL 
improvement with 
CABG vs. PCI, but both 
far better than OMT



OMT. VS. PCI. VS. CABG IN MVD CTO

• Retrospective single 
center, 393 patients with 
>1 CTO 

• 2003-2012



OMT. VS. PCI. VS. CABG IN MVD CTO

• After matching, CABG better in mortality than MT 
and better in MACCE than PCI at 48 months due to 
RR



CTO PCI VS. CABG IN CTO - 2008-2012

• Retrospective non randomized study, 423 patients

• 232 patients 2nd gen DES vs. 191 CABG patients

• 80.1% of CTO-PCI were successfully revascularized

•  92.1% of CTO-CABG were successfully revascularized

•  Total arterial graft was performed in 75.3%
J Cardiol. 2019 Jan 2. pii: 
S0914-5087(18)30351-4.



CTO PCI VS. CABG IN CTO - 2008-2012

Non homogeneous groups J Cardiol. 2019 Jan 2. pii: 
S0914-5087(18)30351-4.



CTO PCI VS. CABG IN CTO - 2008-2012

• Mortality similar in this sample 

• RR differs at 32 months 

J Cardiol. 2019 Jan 2. pii: 
S0914-5087(18)30351-4.



RESIDUAL SYNTAX SCORE IN MVD CTO

• Retrospective non randomized study in MVD and 
CTO, 1043 patients (595 PCI, 448 CABG)

• Compared long term results in CTO-PCI with 
residual SS <12, > 12 and patients treated with 
state of the art CABG. 



RESIDUAL SYNTAX SCORE



RESIDUAL SYNTAX SCORE



RESIDUAL SYNTAX SCORE



RESIDUAL SYNTAX SCORE

• CABG - more sick patients, higher baseline SS

• Mortality in residual SS<12 similar to CABG

• Repeat revascularization higher (13% vs. 1%) in residual 
Syntax Score 0-12

• Unfortunately, no TTF measurements and no “residual 
SS in CABG” patients reported



LIKELY TECHNIQUE OF CTO PCI

• Avoid probable retrograde technique or other 
complex crossing techniques?

• Avoid in very high SS-CTO or J—CTO scores?

• Avoid in long(>20 mm) CTO´s?

• Avoid in patients with residual SS > 12? And < 12?



CONCLUSIONS
• “Broadly speaking, the treatment of CTOs may be considered 

analogous to the treatment of non-CTO lesions.”

• Some anatomical and clinical caracteristics, as well as patient 
preference, may help decision making in treating MVD with CTO

• Age and gender also influence success of both revascularization 
strategies and should be considered

• CTO PCI in MVD is feasible - but is it advisable in all? What is 
the expected residual SS and crossing technique?



ROLE OF CABG IN MVD CTO

• CABG has very little technical modifications if the 
patient has MVD CTO

• Evidence is favorable to CABG even in sicker 
patients, mainly due to diminished RR



CONCLUSIONS
• Repeat revascularization continues to be a problem in all 

PCI (and reabsorbable stents are not the solution we hoped 
they would be)

• More complex MVD  CTO patients should continue to 
undergo state of the art CABG

• In the absence of robust evidence, MVD with CTO should 
continue to be treated with CABG if no other 
contraindications exist.



Thank you


