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With improvements in technique and patient selection, operators can safely and successfully 

treat patients with chronic total occlusions, but further research is needed to better answer 

some areas of controversy.

BY MEGHA PRASAD, MD, AND JEFFREY W. MOSES, MD

Chronic Total Occlusions: 
What Is Clear and What 
Is Controversial?

C
oronary chronic total occlusions (CTOs) are 
defined as 100% occlusions with TIMI (throm-
bolysis in myocardial infarction) 0 flow for at 
least 3 months.1 Treatment options include diet 

and lifestyle changes, medication optimization, percu-
taneous coronary intervention (PCI), or coronary artery 
bypass grafting (CABG). Many CTOs are not approached 
for revascularization due to technical limitations and 
concern for complications, along with the mistaken 
notion that “good collaterals” mitigate ischemia. Despite 
technical challenges and associated complications, dedi-
cated operators at several centers have revolutionized 
CTO-PCI techniques and have made revascularization 
possible in patients who otherwise have limited options. 
Although recent data have yielded clarity in the field of 
CTO-PCI, areas of controversy remain, which will only be 
resolved by more experience and new data.

WHAT IS CLEAR?
Improved Quality of Life, Angina, and Exercise 
Tolerance 

Most agree that CTO-PCI in appropriately selected 
symptomatic patients is associated with improved 
quality of life (QOL). Several observational cohort stud-
ies showed that CTO-PCI is associated with improved 
QOL, reduced angina, and improved exercise toler-
ance. In a meta-analysis, Joyal and colleagues reported 
reduced angina in highly selected patients.2 Rossello 
and colleagues reported improvement in ischemic 
burden, exercise tolerance, angina frequency, and QOL 
with CTO-PCI, and this effect was more pronounced 

among patients with a higher baseline ischemic burden 
as determined by cardiac MRI.3 The prospective and 
adjudicated multicenter OPEN CTO registry demon-
strated that successful CTO-PCI was associated with 
significant improvement in overall QOL scores.4 Bruckel 
and colleagues reported reduced depression and angina 
with successful CTO-PCI.5 

Similar to observational cohort studies, randomized 
controlled trials (RCTs) have also shown improved QOL 
in patients who undergo CTO-PCI. EURO CTO was a 
multicenter RCT that showed a significant improvement 
in QOL with improved angina and physical limitations 
in patients with stable angina who underwent successful 
CTO-PCI when compared to optimal medical therapy.6 

Although limited in its study design, the DECISION CTO 
study did not show a difference in the rates of death, 
myocardial infarction (MI), stroke, or revascularization in 
patients undergoing CTO-PCI.7

CTO-PCI Is Important for Complete Revascularization
Complete revascularization has been associated with 

improved outcomes in patients undergoing PCI. CTO-
PCI is especially important for complete revasculariza-
tion.8 Bangalore et al reported similar rates of death 
and MI in an observational study of patients with mul-
tivessel coronary artery disease who underwent CABG 
versus PCI with everolimus-eluting stents as opposed 
to higher MI rates with incomplete revascularization. 
Moreover, in the short term, PCI was associated with 
lower risks of death and stroke.9 The ability to achieve 
complete percutaneous revascularization with everoli-
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mus-eluting stents would allow patients to undergo PCI 
as opposed to CABG. These data suggest that bypass 
grafting is warranted in patients in whom complete 
revascularization cannot be attained percutaneously.9 

Data by Valenti and colleagues showed that success-
ful CTO-PCI and improvement in survival are driven 
by differences in outcomes in patients with multives-
sel disease who achieved complete revascularization.10 
The SYNTAX score has been shown to be predictive of 
procedural failure, and a higher SYNTAX score may be 
associated with increased risk of adverse cardiovascular 
outcomes. The residual SYNTAX score is a measure of 
the extent of remaining coronary disease after PCI and 
is thus a measure of complete revascularization. Several 
studies have suggested increased adverse outcomes 
and mortality in patients with a high residual SYNTAX 
score.8,11,12 The presence of a CTO has been shown to 
be the main driver of high residual SYNTAX scores, 
making CTO-PCI essential for complete revasculariza-
tion, reduction in residual SYNTAX score, and potential 
improvement in outcomes. 

Technical Approaches to CTO: The Hybrid Approach
Although technical approaches continue to improve, 

it is clear that dedicated CTO operators are driving this 
field forward. Currently, a hybrid approach is recom-
mended when undertaking CTO-PCI, as it emphasizes 
flexibility in addressing the CTO at the onset and dur-
ing the procedure (Figure 1).13 The most common 
reason for CTO-PCI failure is the inability to cross a 
lesion with a guidewire. Three main strategies for lesion 
crossing include antegrade wire escalation, antegrade 
dissection/reentry, and retrograde wire crossing/reverse 
controlled antegrade and retrograde subintimal track-
ing (CART). 

The CTO operator must first perform high-quality 
dual coronary angiography to understand the proximal 
and distal vessel, visualize collateral circulation, and 
plan the approach. The angiographic images should be 
reviewed in detail to assess for the presence of a clear-
cut or ambiguous proximal cap, length of the occlusion, 
location and size of collaterals that may be used for a 
retrograde CTO approach, vessel size distal to the CTO, 
calcium, and presence of bifurcations. The length of the 
CTO can help determine the best mode of crossing. 
Antegrade crossing is recommended as the first strat-
egy for short CTO lesions < 20 mm. Long CTO lesions 
measuring ≥ 20 mm can generally be crossed more effi-
ciently using antegrade dissection/reentry. Retrograde 
CTO-PCI can either be used as an initial means of cross-
ing long lesions or after antegrade wire escalation or 
dissection/reentry methods fail. This approach involves 

advancing a guidewire via coronary collaterals into the 
distal true lumen and finally the proximal true lumen 
by retrograde wire manipulation. “True to true” lumen 
retrograde crossing is infrequent; thus, reverse CART is 
essential with this approach.

Although every CTO is different, understanding and 
appropriate use of this hybrid algorithm are essential 
for operators. The Asia Pacific CTO Club has modified 
the United States–originated hybrid algorithm and 
suggests intravascular ultrasound–guided wiring and 
parallel wiring, likely secondary to the inherent techni-
cal skills and device availability of the region. Several 
additional algorithms may also prove useful to the 
CTO operator, including recommendations to increase 
guide catheter support, use of guide extensions and 
anchoring techniques, and frequent atheroablation for 
patients with balloon uncrossable/undilatable CTOs.

The hybrid algorithm has been validated in several 
registries with consistent success of 85% to 90%.14-16 
With increased numbers of operators using the hybrid 
approach, RCTs may be feasible in the future to help 
further elucidate the best techniques for CTO-PCI to 
optimize success rates and reduce complications.

Complications, Center Experience, and the Rise of 
Complication Scores

CTO-PCI may be associated with significant com-
plications and hence should be undertaken by expe-
rienced and specifically trained interventionalists. Skill 
in managing complications such as perforation is very 
important for the CTO operator. Generally, higher-vol-
ume centers tend to have increased procedural success 
and fewer complications. 

In the 12-center OPEN-CTO PCI prospective registry 
of consecutive patients undergoing hybrid CTO-PCI, 

Figure 1.  The hybrid algorithm. Adapted from Brilakis ES, 

Grantham JA, Rinfret S, et al. A percutaneous treatment algo-

rithm for crossing coronary chronic total occlusions. JACC 

Cardiovasc Interv. 2012;5:367-379.
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the technical success rate was 86% with an in-hospital 
death rate of 0.9%. Perforation occurred in 8.8%, peri-
procedural MI in 2.6%, acute kidney injury in 0.8%, and 
major bleeding in 0.3%.4 Additionally, it is important 
to note the 2% mortality associated with retrograde 
approach in this study.

Although CTO-PCI can successfully be performed with 
low complication rates in experienced hands, it is also 
important to appropriately select patients who will have 
a high likelihood of success and low predicted complica-
tion rates. The J-CTO score was developed by Morino 
et al to help CTO operators predict procedural success 
and optimize patient selection (Figure 2).17 Factors that 
have been associated with a lower likelihood of suc-
cessful lesion crossing within 30 minutes, such as blunt 
stump, lesion calcification, within-lesion bending > 45°, 
occlusion length > 20 mm, and previous failed attempt 
at revascularization, are assigned one point each as a part 
of this score. Several studies have validated this score and 
found that it is strongly associated with successful CTO-
PCI with low complication rates.17-19 

Additionally, the PROGRESS CTO score was devel-
oped to predict the risk of periprocedural complica-

tions after CTO-PCI (Figure 3). Danek et al found that 
this three-part score was predictive of procedural com-
plications.20 Thus, appropriate patient selection is a key 
component to successful CTO-PCI, and special atten-
tion should be paid to this when determining whether 
to attempt revascularization of a CTO. Scores such as 
the J-CTO and the PROGRESS CTO scores can aid in 
patient selection with the goal of optimizing outcomes.

CTO Toolkit
To optimize success and appropriately manage com-

plications, it is imperative that the CTO operator is 
comfortable with and has access to basic equipment 
commonly used to approach a CTO. In addition to 
non–CTO-specific tools including sheaths, guidewires, 
balloons, and stents, the operators will also use guidelin-
ers for increased support, snares, rotablation, laser ather-
ectomy, and perforation gear. Additionally, there are 
several tools specific to CTOs that operators should have 
in their toolkit. 

A variety of guidewires can be helpful in crossing a 
chronic lesion, including the Asahi family of wires, pen-
etrating wires, nontapered and tapered wires, hydro-
philic tapered and nontapered wires, the Stingray wire 

Figure 2.  J-CTO score. Adapted from Morino Y, Abe M, 

Morimoto T, et al. Predicting successful guidewire crossing 

through chronic total occlusion of native coronary lesions 

within 30 minutes: the J-CTO (Multicenter CTO Registry in 

Japan) score as a difficulty grading and time assessment tool. 

JACC Cardiovasc Interv. 2011;4:213-221.

Figure 3.  PROGRESS CTO score. Adapted from Danek BA, 

Karatasakis A, Karmpaliotis D, et al. Development and vali-

dation of a scoring system for predicting periprocedural 

complications during percutaneous 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:e004272.
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(Boston Scientific Corporation), “collateral crossing” 
wires, and externalization wires. The Hi-Torque Pilot 
200 guidewire (Abbott Vascular) is a useful workhorse 
wire because it is stiff, nontapered, and advances across 
the path of least resistance, crossing through micro-
channels, if available, or into the subintimal space in a 
calcific CTO without microchannels. It will rarely exit 
unless it is in a side branch. The Asahi Confianza Pro 12 
(Abbott Vascular), a stiff tapered wire, may be useful 
when approaching a CTO with a thick, hard, fibrous 
calcified cap. There are a variety of similar wires from 
other manufacturers as well. 

The Asahi Gaia family of wires (Abbott Vascular) was 
purpose-built for CTOs and allows precise manipu-
lation through the CTO when used with a support 
catheter. Tapered hydrophilic wires are useful for 
microchannel exploration and knuckle wiring. Soft, 
lubricious, torqueable wires are best for collateral cross-
ing. Externalization wires such as the Asahi RG3 (Asahi 
Intecc Co Ltd.) and R350 guidewires (Teleflex) are of 
sufficient length for externalization as well as kink resis-
tant with a hydrophilic coating, facilitating externaliza-
tion after successful retrograde crossing into the ante-
grade guide catheter. Although there is an increasing 
number of well-designed wires, it is important for an 
operator to choose favorites in each subcategory and 
be well acquainted with their characteristics.

CTO operators will also need a variety of microcath-
eters at their disposal. The Asahi Corsair (Asahi Intecc 
Co Ltd.) can be used for antegrade or retrograde sup-
port, depending on the device size, and its tapered 
distal tip and ability to spin make it a particularly useful 
tool when approaching chronic lesions. The spiral turn-
pike catheter allows increased stability during knuckling 
in resistant lesions, because it has an outer coil on the 
distal shaft for added rotational advancement. There is 
a wide and increasing selection in this area, and opera-
tors should experiment and choose those they feel are 
the most predictable in their hands.

Finally, specific tools designed for antegrade dissec-
tion/reentry such as the CrossBoss catheter, Stingray 
balloon, and Stingray wire (all Boston Scientific 
Corporation) should be available to the CTO operator 
to be used in conjunction with the hybrid algorithm 
to achieve maximal success. Additionally, the CTO 
toolkit should include equipment to efficiently and 
safely manage complications (eg, perforation), includ-
ing stent grafts, coils, thrombin, a pericardiocentesis 
kit, and an echocardiography team. Continued techno-
logic advancement in the CTO toolkit will continue to 
help CTO operators safely and successfully approach 
chronic lesions. 

WHAT IS CONTROVERSIAL?
Are the Data Robust?

Many argue that there are not enough data in the 
form of RCTs to support the argument that CTO-PCI 
is beneficial for patients. However, only 15% of guide-
lines by the American College of Cardiology are based 
on RCTs, and there are strong observational data, as 
previously discussed, that support a mortality benefit 
in appropriately selected patients. Although a sham 
RCT may be ideal, this is difficult and costly to execute. 
Currently, the only three RCTs completed include 
EURO CTO, DECISION CTO, and EXPLORE.6,7,21

The DECISION CTO study failed to show a difference 
in the 3-year rate of death, MI, stroke, or repeat revascu-
larization in patients undergoing CTO-PCI. However, this 
study was limited by slow enrollment, which implies a 
very select low-risk population, subsequent early termi-
nation, limitations in trial design with multiple revisions 
of endpoints, and high rates of crossover between opti-
mal medical therapy and CTO-PCI groups. Moreover, 
the difference in number of stents between both arms 
was minimal. That being said, it is interesting that the 
as-treated analyses showed a trend toward a reduction 
in the primary endpoint of death, MI, stroke, and repeat 
revascularization with CTO-PCI, suggesting a potential 
benefit (Figure 4). Given the limitations of the study 
design, interpretation and application of these results are 
difficult. The ongoing SHINE-CTO trial (NCT02784418), 
which will randomize 142 patients to CTO-PCI versus 
sham with a primary endpoint of disease-specific health 
status as assessed by the Seattle Angina Questionnaire, 
may help further elucidate the benefits of CTO-PCI.

The EXPLORE study assessed patients who had a con-
comitant CTO and ST-segment elevation MI. Although 

Figure 4.  DECISION CTO as-treated analyses. CI, confidence 

interval; HR, hazard ratio; OMT, optimal medical therapy. 

Adapted with permission from Dr. Seung-Jung Park, MD, PhD.
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no difference was found in global left ventricular (LV) 
function, a subanalysis suggested an improvement in 
regional function in patients undergoing CTO-PCI of 
the left anterior descending artery. This may imply 
greater potential benefit for CTO revascularization in 
patients presenting with an acute MI.

Improvement in LV Function
There continues to be controversy as to whether LV 

function improves after successful CTO-PCI. Sotomi 
et al found that even in the absence of LV ejection 
fraction improvement, regional longitudinal strain 
improved on two-dimensional speckle tracking echo-
cardiography.22 The REVASC trial reported that CTO-
PCI did not improve LV function but did improve 
symptoms in patients after CTO-PCI. In patients with 
low ejection fraction, CTO-PCI may improve ejection 
fraction, as reported by Galassi and colleagues.23 Thus, 
controversy remains regarding the role of CTO-PCI in 
improving LV function, but at this time, improvement 
in QOL and symptoms is the primary goal when per-
forming CTO-PCI.

Access Site
Some controversy exists regarding the most 

appropriate access site when performing CTO-PCI. 
Ultimately, this is often operator preference. Although 
most operators use bilateral 8-F femoral sheaths, some 
operators use a combination of both radial access 
sites or radial and femoral access with the liberal use 
of guide extension. Recent studies have reported 
high success rates with use of radial access in selected 
patients.24,25 Overall, this is often operator dependent 
and based on angiographic review.

CONCLUSION
Although further investigation in the form of RCTs 

may better answer certain areas of controversy, there 
is a large body of evidence supporting CTO-PCI for 
appropriately selected patients. The improved QOL 
patients experience with CTO-PCI justifies the poten-
tially increased risk of complications. When looking 
to start a CTO program, it is important that it is built 
around dedicated CTO operators performing CTO-PCI 
on designated days and never on an ad hoc basis. CTO 
operators should take advantage of the growing num-
ber of CTO courses and seek proctoring opportunities. 
Additionally, it is best that CTO operators work in 
pairs, especially in the early stages. 

The development of the hybrid algorithm has helped 
CTO operators systematically approach a chronically 
occluded lesion. Further modifications such as the use 

of intravascular ultrasound–guided wiring and paral-
lel wiring may continue to help operators successfully, 
safely, and efficiently cross CTOs. Regardless, skill in 
managing associated complications is imperative for 
the CTO operator, as is selecting appropriate patients. 
With the development of scores such as J-CTO and 
PROGRESS CTO, operators can select the optimal 
patients and reliably predict the likelihood of success 
and complications. 

Controversy surrounding whether CTO-PCI is associ-
ated with improved LV function and ultimately mortal-
ity will only be cleared through continued investigation. 
Additional RCTs further exploring patient selection and 
CTO crossing technique, as well as validation of new 
scores with improving technology, may help operators 
as they continue to safely and successfully treat this 
complex patient population.  n
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