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Abstract

Introduction: Despite an incidence of about 18-52% of the patients undergoing coronary
angiography, chronic total occlusions (CTO) are rarely revascularised by
percutaneous angioplasty (PCI). Nevertheless, current evidence suggests that
successful CTO angioplasty improves symptoms, quality of life and long-term
survival. During the last decade, the improvement of specific tools and techniques for
these complex procedures, and the increasing experience of operators, have led to the
achievement of success and complication rates almost equivalent to non-CTO
angioplasty.

Areas covered: This review focuses on the clinical benefits'of CTO revascularization and

on appropriate patient selection.

Expert commentary: Current evidence suggests ‘that- successful CTO-PCI improves

symptoms, quality of life and long-term survival. During the last years, the improvement of

specific techniques for these complex procedures, and the increasing experience of

operators, have led to the achievement of success and complication rates almost equivalent

to non-CTO lesion angioplasty.
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1. Introduction
Last year marked the 40th anniversary of the first coronary angioplasty performed by
Andreas Gruentzig, but percutaneous treatment of chronic total occlusions (CTO) still
provokes debate in the interventional cardiology community. A CTO is defined as a 100%
obstructive coronary lesion present for at least 3 months, with less than, or equal to,
Thrombosis in Myocardial Infarction Grade 0 flow (1) (Figure 1). Although the-general
prevalence is unknown, in the selected population of patients undergoing diagnostic
coronary angiography, the prevalence of CTO ranges between 18 and 52% (2-8). In three
Canadian centers that performed diagnostic coronary angiography on+14,439 patients, at
least one CTO was present in 18.4% of patients with coronary artery disease. The prevalence
was higher in patients with prior coronary artery bypass graft surgery (54%) and lower in
patients undergoing primary PCI for acute coronary syndrome with ST segment elevation
(10%). The presence of a CTO among patients with multivessel disease represents a key
factor for the decision of surgical revascularization. On the other hand, for patients with
isolated CTO, the option of medical treatment is often preferred. Indeed, only 10% of them
are treated by percutaneous angioplasty, all this despite the presence of either invalidating
symptoms or the proof of a significant myocardial ischemia (9). Historically, the weak rate
of success and the high rate of complications were the main barriers to the percutaneous
treatment.of CTO. During the last decade, the development of specific tools and techniques
dedicated to-these complex procedures has allowed experienced operators to reach nearly
the same success and complication rates as angioplasty of non-totally occluded vessels (non-
CTO). In this article the main reasons for considering percutaneous angioplasty of CTO

lesions are reviewed, taking into consideration the risk-benefit of this management strategy.



2. Benefits of coronary CTO revascularisation
The main advantages of the revascularization of CTO lesions consist of the relief of angina
symptoms, better quality of life and complete myocardial revascularization. Benefits in
terms of survival and left ventricular function improvement, although suggested by some
retrospective studies, remain however controversial in the absence of randomized and

prospective data on long-term outcome versus conservative treatment (10-13).

2.1 Symptoms of myocardial ischemia, functional capacity and quality of life
In stable coronary artery disease the main goal of coronary revascularization depends on the
symptomatic status. Overall, in patients with angina (and<therefore with ischemia) the
benefit of CTO treatment is for the symptoms and possibly the prognosis, while in patients
with ischemia but without angina, the benefit is.not symptomatic and can only be evaluated
in prognostic terms. Even with well-developed collaterals, the myocardium still remains
significantly ischemic, as proved by the measure of the coronary blood flow reserve by
hyperemia adenosine testing (FFR - Fractional Flow Reserve) at distal bed to occlusion (14).
In the randomized prospective trial, PRISON II (Primary stenting of Totally Occluded
Native Coronary Arteries II), which compared drug-eluting stents to bare-metal stents in
percutaneous treatment of CTOs, the proportion of patients with more than class 3 angina
was reduced from 62 to 25% at 6 months after successful revascularization (15). In the
FACTOR trial (Flow Cardia’s Approach to Chronic Total Occlusion Recanalization), the
first study demonstrating a clinical benefit of CTO revascularization, success of
percutaneous revascularization was associated with a decrease of angina frequency, a
significant improvement of functional capacity during exercise, and a better quality of life.
This study also showed that this benefit was similar to the one observed in patients with

surgical or percutaneous revascularization of non-CTO lesions (16). However, this



improvement was only observed in previously symptomatic patients but not in asymptomatic
patients. More recently, the preliminary results of the randomized EuroCTO trial, presented
at the 2017 EuroPCR congress in Paris and comparing medical treatment to percutaneous
revascularization in cases of CTO, confirmed at 12 months, the improvement of the quality
of life of patients treated by angioplasty, and this at a low rate of peri-procedural
complications. The same applies to the DECISION-CTO trial, which showed less-frequent

angina symptoms and improved physical activity (17).

2.2 Left ventricular systolic function and end-diastolic volume
Chronic hypoperfusion of viable myocardium due to the presence of a CTO can
progressively lead to ventricular dysfunction, exercise intoletance and heart failure. The
impact on the outcome of revascularization .in patients with left ventricular systolic
dysfunction has been recently challenged by the results of the randomized STICH trial (18).
In this clinical trial, patients with multivessel disease and left ventricular systolic dysfunction
improved their long-term prognosis as a result of revascularization surgery, in comparison
with the medically-treated group.(19). However, the STICH study did not include patients
with CTO. In a recent meta-analysis (20) including 34 studies and 2,243 patients, successful
percutaneous revascularization of CTO was associated with a significant increase of left
ventricular function (+4.44% ejection fraction, p<0.01) and a decrease of the left ventricular
end-diastolic’ volume (-6.14 ml/m’, p<0.01). In the EXPLORE trial (Percutaneous
Intervention for Concurrent Chronic Total Occlusions in Patients With STEMI), comparing
CTO angioplasty during the week following an acute coronary syndrome versus CTO
medical treatment in patients admitted for acute myocardial infarction with ST elevation
related to a coronary lesion in another territory, only disocclusion of the left anterior

ascending (LAD) coronary artery was associated with an improvement of left ventricular



systolic function (21). Beyond the importance of viable myocardium and transmural
extension of myocardial necrosis, this improvement is also more related to the preservation
of the integrity of the microcirculation rather than to the existence of a well-developed
collateral circulation. Consequently, the existence of collaterals must not be taken into

account in the decision of CTO revascularization (22).

2.3 Complete revascularization

The SYNTAX trial showed that incomplete revascularization is associated with greater
mortality, major adverse cardiac events, and cerebrovascular events in patients treated with
either percutaneous or surgical coronary revascularization (23). The adverse clinical
outcomes associated with incomplete revascularization are strongly predicted by the
presence of a total occlusion. Conversely, complete revascularization, achieved either by
angioplasty or by surgery, has clearly shown a long-term benefit on cardiovascular mortality
(-30%) and on the occurrence of myocardial infarction (-22%) (24). Historically, before the
development of equipment and techniques dedicated to CTO’s percutaneous treatment, this
goal was more likely to-be.achieved through surgery than with angioplasty (63 versus 57%)
(25). However, surgery results remain controversial. For instance, the PRAGUE-4 trial
(Primary Angioplasty in patients transferred from General community hospitals to
specialized PTCA Units with or without Emergency Thrombolysis) compared off-pump
versus on-pump coronary artery bypass grafting on long-term graft patency; although all
bypass grafts placed distal to a collateralized LAD CTO remained patent at 1-year, only 23%
of those grafts remained patent when placed on the left circumflex or right coronary artery
(26). Moreover, in the SYNTAX trial (SYNergy between PCI with TAXus and Cardiac
Surgery), comparing angioplasty/drug-eluting stenting to surgery in a population of patients

with multivessel or left main disease, 32% of the totally occluded vessels finally never



received a graft, leading to a high rate of incomplete revascularization (27). Therefore, many
CTOs do not receive a graft when referred to surgery and when a graft is placed there is

evidence that long-term patency is weak.

2.4 Myocardial electrical stability

The incidence of sudden cardiac death in patients with non-revascularized CTO is five times
higher (2.7 vs. 0.5%) than in those with successfully treated CTO (28). Currently, there is
little data in favor of the improvement of electrical stability after the percutaneous treatment
of CTOs. In one of these retrospective studies, Nombela-Franco et al. showed in 162 patients
requiring an implantable cardioverter-defibrillator for a left ventricular dysfunction related to
ischemic cardiomyopathy, that the presence of a CTO was significantly associated with
ventricular arrhythmias (p= 0.003) (29). Two arrhythmogenic factors could be responsible
for ventricular tachycardia: 1) the ischemia induced by insufficient myocardial perfusion
facilitating the onset of abnormal electrical automaticity of myocardial cells; 2) the presence
of viable cells within fibrous tissue due to myocardial infarction generating re-entry circuits.
Restoring normal perfusion in+ischemic zones could, therefore, improve the electrical
stability of patients with ischemic left ventricular dysfunction.

However, a subsequent study failed to confirm these findings and found that the presence of
a CTO in patients with ischemic cardiomyopathy was not associated with higher mortality or
incidence of ventricular arrhythmias, and revascularization of CTOs was not associated with

improved outcomes (30).

2.5 Survival
The presence of a CTO is associated with an unfavourable clinical prognosis, linked with a

significant increase of mortality compared to patients without CTO (7). In patients



undergoing primary PCI for acute myocardial infarction the presence of a CTO in a non-
infarct related artery is associated with an increased size of the infarction area and a decrease
in left ventricular function. It also represents an independent predictor of increased risk of
mortality at short and long-term (31-33), partly related to hemodynamic instability and a
greater rate of cardiogenic shock. A recent meta-analysis, including 27 trials and 15,432
patients, confirmed a significant decrease of 48% of long-term mortality in patients with a
successful CTO revascularization (20). Nevertheless, these results are limited in“their
application by the fact that this study was an observational study which compared successful
versus failed CTO procedures, and therefore could only suggest thatsurvival depends on
procedural success. A large United Kingdom Database, including 13,443 patients, has
recently shown that successful CTO revascularization leads to significant mortality reduction
(about 28%), and this independent of the coronary vessel treated. This has also been shown
in two observational, non-randomized and retrospective studies which compared aggressive
revascularization, either by CABG or by angioplasty, and medical therapy in patients with
CTO and well-developed collateral circulation, with a significant reduction of long-term risk
of cardiac death, all-cause death.and MACE.(34-35) However, another database including
1,734 patients has suggested that this survival benefit is only observed when LAD or left

circumflex arteries are the target vessels (36-37).

3 Patient selection and indications for CTO revascularization

Although CTOs are prevalent in patients with known coronary artery disease, the rate of
attempted interventions on these lesions varies greatly depending on geographic location and
regional practice patterns. Current guidelines recommend coronary artery bypass surgery to
improve survival in patients with significant triple-vessel coronary artery disease or double-

vessel disease involving the proximal left anterior descending artery (38). It is recommended



that patients with diabetes and multi-vessel coronary artery disease undergo surgical
revascularization in preference to percutaneous angioplasty, particularly if a left internal
mammary artery graft can be anastomosed to the left anterior descending artery.
Revascularization of significant coronary lesions by either modality is reasonable in order to
improve symptoms in patients with refractory angina despite medical therapy (39).
According to the current guidelines, CTO revascularization has to be considered in“patients
with angina and/or in those for whom a significant improvement of the ischemia in the
territory depending on the occluded vessel is expected (class Ila, level of evidence B) (38).
In practice (Figure 2) (39), CTO revascularization: 1) requires an individualized risk-benefit
analysis encompassing clinical symptoms, level of medical therapy, age and comorbid
disease, angiographic (J-CTO score and PROGRESS-CTO score) and technical
considerations; 2) must be performed by operators with appropriate expertise; 3) are
considered in cases of: a) refractory angina.despite optimal medical treatment, b) in the
presence of moderate to severe ischemic burden ( > 10% ischemic myocardium), c) in the

presence of a documented viability in the myocardial territory depending on the CTO vessel.

4 Results and complications of percutaneous CTO revascularization

The success rates of CTO procedures are significantly lower than for non-CTO lesions (59
vs. 96%) (Table 1). However, these results vary greatly depending on the operating volume
of .the center and the operator’s experience, achieving more than 85% for the most
experienced operators (40-44). The same applies to the rates of complications approaching
those of non-CTO lesions, when these procedures are carried out by experts (Figure 3) (45-
46). For instance, the risk of coronary perforation from the antegrade and retrograde
approach was limited to 0.4% in the Japanese CTO registry (47). Overall, major

complications (death 0.22%, tamponade 0.6%) were reported in 1.8%. It is considered that



an operator must have completed 300 CTOs to be familiar with these complex procedures
and maintain a volume of 50 procedures per year to keep the expertise acquired; all this in
centers reaching a minimum volume of 1,000 angioplasties of non-CTO lesions per year
(48). The use of drug-eluting stents yields permeability rates at 6-9 months in the order of
96%, comparable to the 1-year permeability of the arterial mammary grafts and higher than
those of venous grafts (80%) used in the event of surgical revascularization (49-50).-These
procedures are nonetheless associated with a significant increase in radiation exposure
associated with longer procedural times (risk of radiation skin injury, maybe increased risk
for cancer) and greater use of contrast product (risk of precipitating renal failure) and
therefore, contra-indicated in severe kidney function impairment. However, these

disadvantages can be alleviated by the improvement of the current imaging techniques.

S5 Technical considerations

The goal of percutaneous CTO revascularization is to achieve the safest and most efficient
procedure outcome. Procedural success depends on thorough planning with careful review of
the angiogram including stump morphology, length of occlusion, in-CTO tortuosity (>45°),
calcification, degree of disease in the “distal landing zone” and presence and extent of
“interventional collaterals”. In selected cases, CT coronary angiography may assist in pre-
planning by providing additional morphological features of the CTO; in particular vessel
course, tortuosity and calcification (51). CTO lesions are graded as easy, intermediate,
difficult, and very difficult (JCTO scores of 0, 1, 2, and > 3, respectively). The choice
between antegrade and retrograde approaches using wire escalation or dissection re-entry
methods depends on the CTO anatomy and operator’s experience (52). The hybrid algorithm
(antegrade versus retrograde and true lumen strategy versus dissection re-entry) should be

employed if failing to progress smoothly (53). Antegrade wire escalation (AWE) is the
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suggested first strategy for CTO characterized by a clear proximal cap, a good distal landing
zone, and a short lesion length (< 20 mm). For longer lesions, antegrade dissection re-entry
is preferred. In CTOs with proximal cap ambiguity, or a diseased distal landing zone, but
with ‘good’ interventional collaterals, a retrograde approach is recommended. Retrograde
wire escalation (RWE) is preferred for short lesions, and retrograde dissection re-entry
(RDR) for longer lesions (41). The J-CTO score is often used to define the degree of CTO
complexity (Multicenter Chronic Total Occlusion Registry in Japan). This score uses five
variables (occlusion length > 20 mm, blunt stump, CTO calcification, CTO tortuosity, and
prior failed attempt) to create a score that predicts successful guidewire crossing within the
first 30 min (47). Although its predictive capability with regard to procedural success is
inconsistent, it is correlated with the duration required for successful intimal wire crossing.
Traditional factors that predict a lower procedural success rate include length of occlusion >
20 mm, presence of calcification within the-lesion and/or artery, native vessel CTO after
coronary artery bypass surgery and the presence of bridging collaterals (47,54,55). Another
score, the Progress-CTO score, could also be used to predict the technical success of CTO
percutaneous coronary intervention. This score takes into account the proximal cap
ambiguity, the absence of ‘interventional’ collaterals (for the retrograde approach), moderate
or severe tortuosity and circumflex CTO. The success prediction of the procedure depends
on the score obtained: 0: 98.2%, 1: 97.5%, 2: 91.6%, > 3: 76.7% (56). Procedural outcome is
also.linked to: 1) a dual interventional cardiologist approach, 2) dedicated laboratory time to

prevent time constraints, 3) pre-procedure laboratory inventory review to ensure necessary
equipment is available, 4) contralateral injection. The decision about when to stop the

procedure relies heavily on the operator’s judgement and must be individualized (53, 57).

The occurrence of a complication is in most cases an indication to stop the procedure.
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6 Conclusion

CTO, which is associated with decreased quality of life and worse outcomes, is commonly
found during coronary angiography. Successful percutaneous coronary intervention of CTO
is likely to be associated with an improvement in patient’s symptoms, quality of life, left
ventricular function, and survival. However, a failed procedure is also likely to be associated
with a higher risk of complications and adverse short-term outcomes. Outcomes after. CTO
angioplasty depend on proper patient selection (resistant angina, large areas of ischemia, and
anatomic suitability for antegrade, retrograde, and/or subintimal recanalization) and on the

operator’s personal experience.

7 Expert commentary

Current evidence suggests that successful CTO-PCLimproves symptoms, quality of life, left
ventricular function, prognosis and long-term survival of patients in the chronic and stable
phase of coronary artery disease..During the last years, the improvement of specific
techniques for these complex procedures (The Hybrid Algorithm), improvements in CTO-
dedicated equipment, and. the increasing experience of operators have led to success and
complications rates almost equivalent to non-CTO lesion angioplasty.

Nevertheless, the two prospective studies, EURO-CTO and DECISION-CTO, failed to
definitively confizm the usefulness of CTO angioplasty, mainly due to slow recruitment
rates. Nevertheless, the overall mortality in DECISION-CTO was slightly lower in the PCI
arm than in the OMT arm (3.0% vs. 4.4% at 3-year follow-up, and 7.9% at 5-year follow-up)
with a reduction of 50% in the specific cases of cardiac death at the third year (1.9% vs.
3.6%). Moreover, the obtained results indicate an improved Quality of Life in patients
undergoing CTO angioplasty, coupled with a low rate of periprocedural complications (1.5%
pericardial tamponade and no death), may inform the clinical decision-making process when

considering CTO angioplasty. Due to high costs and no risk-free procedures, there is an
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urgent need for more prospective randomized studies to support this therapy. In pending
randomized studies, patients should be selected very carefully, especially if they are
asymptomatic or with very few symptoms, and the benefits obtained in terms of
complications during the procedure, the quality of life obtained and further ischemic events

avoided should be evaluated systematically.

8. Five-year view

Recent years have seen the development of specialist operators, techniques and equipment
that have improved success rates in CTO angioplasty. However, whether to revascularize,
and by which modality, is still a matter of discussion. In the near future efforts should be
made to more accurately define the risks of complications and failed interventions versus the

benefits of improved long-term outcome after suecessful CTO revascularization.

Key issues

The prevalence of CTO in patients undergoing coronary angiography varies, ranging
between 18% and 52% depending on the clinical profile of the patient being examined.

e Patients with a CTO often have stable exertional angina and may develop progressive
left ventricular dysfunction.

e Long-term medical therapy is frequently regarded as an adequate management strategy
of CTO with surgical intervention for refractory angina.

e Treatment of CTO has recently gained interest as a result of technical angioplasty
improvements that enable higher revascularization success rates than a few years ago.

e Successful percutaneous coronary intervention for CTO is associated with improvement
in patient symptoms, quality of life, left ventricular function, and survival, compared
with those with unsuccessful CTO angioplasty.

e The current evidence supporting CTO angioplasty mostly comes from observational
studies, and no randomized study comparing percutaneous treatment with medical
treatment has yet been published.

13



Given the inherent complexity and technical challenges of CTO angioplasty, patients
who may benefit from these interventions should be referred to high volume centres with
experienced operators.

Education and training which can help the operator to achieve a good procedural
outcome for the patient are both encouraged.

14
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Figure legends
Figure 1: Chronic total occlusion of the left anterior descending (LAD) artery with
collaterals from the right coronary artery (RCA). Retrograde approach. A: before; B: during

retrograde approach from RCA; C: reopening of the LAD, final results.

Figure 2: Decisional algorithm for CTO revascularisation.

Figure 3: Classification of complications of coronary chronic total occlusion interventions.

25



Table 1: Utility and futility of CTO angioplasty

Utility

Futility

Clinical

Uncontrolled symptoms (Angina, dyspnea)

Ischemia in the CTO territory

Viability in the CTO territory

Ventricular arrhythmia

Life expectancy > 1 year

|+ +]+

Technical considerations

High volume center

Appropriate expertise

Dedicated material availability

Dedicated Cath-lab time

Suitable coronary anatomy

|+ [+ ]+

Risk of failed CTO angioplasty (high J-CTO
score, calcifications, tortuosity)

Risk of major complications
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Figure 1 Chronic total occlusion of the left anterior descending (LAD) artery with
collaterals from the right coronary artery (RCA). Retrograde approach. A: before; B:
during retrograde approach from RCA; C: reopening of the LAD, final results.

27



Figure 2: algorithm decision for CTO revascularization.
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Figure 3: Classification of complications of coronary chronic total occlusion
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