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Using CTO PCI to improve long-term clinical outcomes.
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The Long-Term Benefit 
of CTO Recanalization

A 
62-year-old man with a history of coronary 
artery bypass graft surgery 10 years before pre-
sentation, an occluded saphenous vein graft to 
the right coronary artery (RCA), and medically 

refractory angina was referred for interventional evalu-
ation. He reported that in addition to chronic angina, 
he had experienced a loss of energy during the previous 
year; his wife reported that he now spends most of his 
day at home watching television. Myocardial perfusion 
imaging showed reversible ischemia in the RCA territory, 
and the coronary angiogram showed a calcified, tortu-
ous, 50-mm-long chronic total occlusion (CTO) of the 
RCA. This is the prototypical patient who can benefit 
from CTO percutaneous coronary intervention (PCI). 

THE BENEFIT OF CTO PCI
Historically, barriers to the adoption of CTO PCI, 

have included technical difficulty and a lack of dedi-
cated expertise, risk of procedural complications, and 
limited resources. However, at several centers around 
the world, technical developments have revolutionized 
CTO PCI in the last decade, offering patients revascu-
larization opportunities that were previously unattain-
able. Concurrently, there is a growing body of evidence 
showing that CTO recanalization could provide several 
benefits, such as symptom improvement (resulting in a 
decreased need for medications and improved quality 
of life), improvement in left ventricular systolic function 
in selected patients with ischemic myocardial dysfunc-
tion, possibly improved long-term survival likely related 
to the achievement of complete revascularization and 
better tolerance of subsequent ischemic events, reduced 
arrhythmia burden, and reduced long-term health care 
costs after the adjustment for quality of life.1,2

Benefit One: Improved Quality of Life
For patients with medically refractory angina due to 

a CTO, CTO PCI can restore quality of life and reduce 

or obviate the need for antianginal medications. Meta-
analyses have shown that successful versus failed CTO 
PCI is associated with less residual angina.3,4 Rossello 
et al studied quality of life and functional status after 
CTO PCI and found that patients with successful 
recanalization had improved global physical health, 
improved mental health, improved exercise tolerance, 
and smaller ischemic burden.5 Bruckel et al demon-

Figure 1.  The change in Seattle Angina Questionnaire Short 

Form 7 (SAQ-7) scores between baseline and 30 days after 

CTO PCI. The 30-day change in scores was statistically sig-

nificant (P < .01) for all subscales. AF, angina frequency; PL, 

physical limitation; QOL, quality of life; SS, summary scale. 

Reproduced from Bruckel JT, Jaffer FA, O’Brien C, et al. Angina 

severity, depression, and response to percutaneous revascu-

larization in patients with chronic total occlusion of coronary 

arteries. J Invasive Cardiol. 2016;28:44–51.
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strated that a large proportion of patients with CTOs 
have undiagnosed major depression, and that these 
are the patients who benefit the most from successful 
CTO PCI through the reduction of angina (Figure 1).6 
Although quality-of-life measures are sometimes 
considered “soft endpoints,” they are often the most 
direct and important benefits to patients. The ongo-
ing EURO-CTO and DECISION-CTO trials are examin-

ing the effect of CTO PCI on quality of life, as com-
pared with optimal medical therapy, and will provide 
novel insights into the outcomes of CTO PCI. 

Benefit Two: Improved Myocardial Function
For patients with impaired myocardial contractility 

due to ischemia, CTO recanalization has the poten-
tial to improve myocardial function. Several studies 

Figure 2.  Left ventricular function at 4-month follow-up in 

STEMI patients undergoing CTO PCI versus no CTO PCI. There 

was no difference in left ventricular ejection fraction or left 

ventricular end diastolic volume between the two groups, 

although a subanalysis suggested improvement in left ven-

tricular function after CTO PCI of the left anterior descending 

coronary artery. Reprinted from The Lancet, 68, Henriques 

JP, Hoebers LP, Råmunddal T, et al, Percutaneous interven-

tion for concurrent chronic total occlusions in patients with 

STEMI: the EXPLORE trial, 1622–1632, 2016, with permission 

from Elsevier.

Figure 3.  A forest plot showing odds ratios for long-term all-cause mortality with successful versus failed CTO PCI. The 

pooled odds ratio for mortality with successful CTO PCI was 0.52, 95% confidence interval, 0.43–0.63. Reproduced from 

Christakopoulos GE, Christopoulos G, Carlino M, et al. Meta-analysis of clinical outcomes of patients who underwent percutane-

ous coronary interventions for chronic total occlusions. Am J Cardiol. 2015;115:1367–1375.
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using fractional flow reserve measurement showed 
that essentially all myocardial territories supplied by a 
CTO are ischemic, even when extensive collateral cir-
culation is present.7,8 Improvement in left ventricular 
ejection fraction after CTO recanalization has been 
demonstrated in patients known to have systolic heart 
failure, with concomitant improvement in New York 
Heart Association functional class, angina, and brain 
natriuretic peptide levels.9 Three-year follow-up after 
successful CTO PCI suggested a beneficial effect on left 
ventricular remodeling, as well as a tendency toward 
improvement in left ventricular ejection fraction.10 
Importantly, the improvement of ventricular function 
depends on the transmural extent of infarction, with 
no benefit in patients with transmural scarring.

The EXPLORE trial was the first randomized inves-
tigation of the effect of CTO PCI on myocardial func-
tion after noninfarct-related CTO PCI in the setting of 

ST-segment elevation myocardial infarction (STEMI).11 
Although there was no difference in the ejection 
fraction in the CTO PCI group as compared with the 
group without CTO PCI at 4 months (Figure 2), a 
subanalysis revealed that CTO PCI of the left anterior 
descending coronary artery was associated with a 
significant improvement in ejection fraction. Further 
study is needed to clarify the role of CTO PCI in 
improving ventricular function in various settings and 
patients. 

Benefit Three: Improved Long-Term Survival and 
Improved Tolerance of Subsequent Coronary Events

The presence of a CTO has been independently 
associated with negative long-term outcomes in 
patients presenting with both STEMI12,13 and non-
STEMI.14 The presence of a CTO is the most common 
reason for incomplete revascularization, which has in 
turn been associated with a higher risk for subsequent 
major adverse cardiovascular events.15-18 Moreover, 
numerous studies19-21 and meta-analyses4,22,23 have 
reported better long-term survival after successful 
versus failed CTO PCI (Figure 3). A potential beneficial 
effect of CTO recanalization on long-term survival 
could be related to protection from future coronary 
events in vessels supplying collateral perfusion to the 
ischemic CTO territory, improved myocardial con-
tractility, and a reduction in the risk for arrhythmias 
related to ischemia. However, all studies performed to 
date are limited by their retrospective, observational 
nature. Randomized data are needed and are eagerly 
anticipated: the EURO-CTO trial and DECISION-CTO 
trial will provide a comparison of CTO PCI with medi-
cal therapy, with clinical follow-up at 3 and 5 years, 
respectively. 

Benefit Four: Arrhythmia Prevention and Treatment
Another potential benefit of CTO recanalization 

in selected patients is arrhythmia risk reduction. 
Nombela-Franco et al showed that in patients who 
had cardioverter defibrillator implants, the presence 
of a CTO is associated with the occurrence of ven-
tricular arrhythmias and higher mortality,24 although a 
subsequent study failed to confirm these findings.25 In 
patients with refractory arrhythmias due to ischemia, 
successful CTO recanalization could provide effective 
treatment (Figure 4).26 

Benefit Five: Reduced Long-Term Health Care Costs
The cost of CTO PCI can be significant, given the 

use of specialized devices and longer mean procedure 
time as compared with non-CTO PCI.27 However, 

Figure 4.  Twelve-lead electrocardiograms from a patient 

with repeated episodes of sustained ventricular tachy-

cardia before (A) and after (B) PCI of a RCA CTO. Panel 

B shows resolution of the ventricular tachycardia, with 

sinus rhythm, right bundle branch block, and evidence of 

prior inferior wall myocardial infarction. Reproduced from 

Mixon TA. Ventricular tachycardic storm with a chronic 

total coronary artery occlusion treated with percutane-

ous coronary intervention. Proc (Bayl Univ Med Cent). 

2015;28:196–199.
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the potential quality-of-life benefit to severely symp-
tomatic patients is quantifiable. A cost-effectiveness 
analysis demonstrated that CTO PCI in patients with 
chronic stable angina resulted in a higher number of 
quality-adjusted life-years, resulting in a favorable cost-
effectiveness ratio as compared with optimal medical 
therapy.28 Further analysis of the CTO PCI cost-benefit 
ratio in broader settings will help optimize clinical 
decision making. 

WHEN SHOULD CTO PCI BE PERFORMED?
Although there are limited randomized data on 

CTO PCI versus medical therapy or surgical revascu-
larization, an expanding body of observational data 
suggests that CTO PCI can offer important benefits to 
the patient, with an improved quality of life being the 
most important. A decision about when to proceed 
with CTO PCI should take into account not only the 
potential benefits, but also the likelihood of success 

Figure 5.  The decision of whether CTO PCI should be performed relies on assessment of the potential benefit, likelihood 

of technical success (middle panel; which can be assessed using the PROGRESS-CTO score [reprinted from The Lancet, 9, 

Christopoulos G, Kandzari DE, Yeh RW, et al, Development and validation of a novel scoring system for predicting techni-

cal success of chronic total occlusion percutaneous coronary interventions: The PROGRESS CTO {Prospective Global Registry 

for the Study of Chronic Total Occlusion Intervention} score. 1–9, 2016, with permission from Elsevier]), and procedural risk 

(right panel; which can be assessed using the PROGRESS-CTO complications score [reproduced from Danek BA, Karatasakis A, 

Karmpaliotis D, et al. Development and validation of a scoring system for predicting periprocedural complications during per-

cutaneous coronary interventions of chronic total occlusions: the Prospective Global Registry for the Study of Chronic Total 

Occlusion Intervention {PROGRESS CTO} Complications Score. J Am Heart Assoc. 2016;5]).
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(which depends on anatomic characteristics and opera-
tor experience) and associated risk (Figure 5). Objective 
assessment of the success and risk likelihoods can be 
made using dedicated scores, such as the PROGRESS-
CTO and PROGRESS-CTO complications scores, which 
can be calculated using an online tool found at www.
progresscto.org/cto-scores.29,30 Providing each patient 
with an individualized estimate of potential benefits, 
risks, and alternatives can greatly facilitate clinical deci-
sion making, centered on each patient’s unique circum-
stances and needs. 

CONCLUSION
After successful recanalization of the RCA CTO 

using three drug-eluting stents, this patient had a 
remarkable improvement in energy and quality of 
life. He is now able to perform all of his daily activi-
ties without symptoms and feels like, “He got his life 
back.” Although such dramatic results will not be 
achieved in every patient, in the right patient, CTO 
PCI can be a terrific tool that can improve long-term 
clinical outcomes. n
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