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It is a common misperception that the myocardium supplied 
by CTOs with well-developed collaterals are not ischemic 
and therefore do not need to be revascularized3. However, 
coronary flow studies have shown that most, if not all, CTO 
territories are ischemic despite the presence of collateral 
channels27,28.
Despite CTOs having collateral flow, allowing sufficient 
myocardial perfusion under basal conditions, perfusion may 
not be adequate, resulting in ischemia when metabolic needs 
increase29. This can result in hibernating myocardium,  
which is a state of persistently impaired LVF at rest owing 
to reduced coronary blood flow that can be partially or 
completely restored to normal by improving blood flow30. 
Coronary flow studies indicate that well-developed collater-
als do not provide sufficient blood flow to prevent ischemia 
in occluded segments, and therefore successful revascular-
ization will be beneficial by reducing ischemic burden27,28.

The rationale for the treatment of CTO has two key clinical 
decision points: first, whether to revascularise; and second, 
by which modality. Clinical need for revascularisation 
includes relief of the exercise-limiting symptoms of angina 
or dyspnoea, and also, prognostic factors such as improving 
regional left ventricular function26. Figure 3 shows an 
algorithm to guide treatment decisions in these patients and 
lesions.

Fig. 3: Algorithm of treatment in patients with chronic total 
occlusion22.

Coronary artery bypass graft surgery (CABG) and CTO-PCI 
are treatment options for achieving revascularization in 
patients with CTOs: CTO-PCI is preferred for patients with 
single-vessel or simple multivessel disease whereas CABG 
is preferred for patients with complex multivessel disease 
(Figure 4)31.

Fig. 4: Revascularization options for patients with CTOs. 
Algorithm for determining the need for coronary revascular-
ization in patients with CTOs, assuming expertise in both 
surgical and percutaneous coronary revascularization. 
Chronic total occlusion–PCI and CABG surgery are both 
treatment options with CABG preferred for patients with 
multivessel complex disease and PCI (including CTO-PCI) 
preferred for patients simple multivessel or single vessel 
disease. 

The European and North American guidelines have adopted 
CTO revascularization with a class IIa recommendation 
(level of evidence B)(Table1).

Table 1: Chronic total occlusion percutaneous coronary 
intervention in current guidelines32,33.

CTO PCI should be performed when the anticipated benefits 
(which depend on the patient’s baseline clinical condition 
and the likelihood of success) exceed the potential short- 
and long-term risks (Central Illustration-Fig. 5).

Incidence and Epidemiology
CTOs are found in 16% to 52% of patients who undergo 
coronary angiography and are found to have coronary artery 
disease9-11. In the SCAAR (Swedish Coronary Angiography 
and Angioplasty Registry) registry, the prevalence of CTO 
among patients with at least one 50% luminal coronary 
stenosis was 16.1% (14,441 of 89,872 patients)12. In a  
Canadian single-center registry the prevalence of a CTO 
was 20%: PCI was performed in 9% of these patients, 34% 
had coronary artery bypass grafting (CABG), and 57% were 
treated with medical therapy alone13.

Aetiology and Origin of a Chronic Total Occlusion 
The development of a CTO could happen after a myocardial 
infarction; it has been described in 45% of patients without 
treatment, in 30% of patients after thrombolysis14,15 and in 
5–10% of patients after failed primary PCI or vessel 
reocclusion16,17. However, the majority (˜60%) of patients 
with a CTO do not have a history of myocardial infarction.1 
This could be due to the recruitment of collateral vessels to 
counterbalance the gradual progression to an occluded 
artery, limiting myocardial damage and resulting in mild or 
absent clinical symptoms18.

Pathological consideration
CTO of different durations showed substantial variability in 
the underlying plaque morphology, such that short-duration 
CTO showed an organized or organizing thrombus and 
presence of necrotic core, whereas the predominant component 
of long-duration CTO was fibrous tissue8. Microchannels 
consist of small recanalization or thrombi with micro- 
capillaries. Indeed, approximately 50% of angiographically 
determined CTOs show recanalization7.
Long-duration CTOs are composed predominantly of type I 
collagen and exhibit negative remodeling (shrinkage of the 
vessel), while short-duration CTOs are composed mostly of 
MCs, proteoglycan, and fibrin in the absence of negative 
remodeling8. The relatively high failure rate of recanaliza-
tion procedures of long-duration CTOs can be explained on 
the basis of extensive negative remodeling and is the likely 
source for failure of guide wire penetration19. Morphologic 
characteristics of CTO have been shown in Figure 220.

Fig. 2: Morphologic Characteristics of CTO. (A) Acute 
plaque rupture is shown, with luminal thrombus resulting in 

CTO. (B) Inflammation with early thrombus organization is 
shown. Note early recanalization accompanied by proteoglycan 
matrix (green) in the area of Total Occlusion (TO). (C) The 
late chronic phase of healed TO is shown, with deposition of 
collagen type I where the cross-linking of collagen promotes 
negative remodeling of the vessel. (D) Physiological 
recanalization is accompanied by restoration of normal flow 
distally, thus preventing negative remodeling.

Clinical and Epidemiological Characteristics of Patients 
with CTO 
The patients’ clinical symptoms can include all types of 
angina, while special types of angina that are often observed 
in total occlusion patients are the following:(a) angina 
occurring during the first effort of the day, while other activ-
ities are carried out in the absence of pain, (b) angina 
observed at the onset of physical exertion which improves 
despite the continuation of physical activity and (c) dimin-
ishing exercise tolerance which is associated with silent 
ischemia (especially in young physically active individu-
als)21.

Patients affected by CTO sometimes show atypical symp-
toms; shortness of breath and exercise limitation are more 
frequently observed than typical angina22. CTO are frequent 
in patients with relevant coronary artery disease (CAD), 
>50% have well-preserved left ventricular function, and 
˜80% have no Q-waves in the CTO territory suggesting 
viable myocardium9,23,24. In patients with diagnosed CTO 
the mean age is 66±11 years; they also have a higher preva-
lence of all cardiovascular risk factors and previous myocar-
dial infarction than patients with CAD but not CTO[9].

There are sex differences: 80% of patients with CAD and 
CTO are men,9 and women who receive a CTO PCI tend to 
be older, have higher rates of hypertension and diabetes 
mellitus, and are less likely to smoke compared with male 
patients. Moreover, female patients more often have a CTO 
located in the left anterior descending coronary artery, 
shorter and fewer blunt stumps and bridging collaterals than 
men, and are less likely to develop multivessel disease 
(MVD). However, after multivariable adjustment for known 
predictors, sex was not associated with CTO PCI failure25.

Clinical indications for CTO angioplasty
There are three main reasons to recommend a CTO  
recanalisation5: 

• To relieve the exercise limiting symptoms of angina 
or dyspnoea, and, in moderately symptomatic 
patients, to resolve ischaemia detected by non-inva-
sive stress testing 

• To improve regional left ventricular function in the 
territory of the occluded artery 

• To improve the prognosis of the patient as there is 
considerable risk of future progression of CAD in the 
remaining patent arteries26
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Introduction
Chronic Total Occlusion (CTO) Percutaneous Coronary 
Intervention (PCI) is now well established as a subspecialty 
within interventional cardiology1. It is really a challenge for 
interventional cardiologist. PCI of a CTO is traditionally 
considered a procedure with low success and high           
complication rates, ‘‘a temptation to be avoided’’2. The 
main barriers to CTO PCI are: (1) procedural complexity, 
(2) uncertainties regarding its clinical benefit and (3) 
concerns about safety. CTO PCI is technically challenging 
and requires skill sets that are very different from non-CTO 
PCI3. Outcomes of CTO-PCI have significantly improved in 
recent years. At experienced centers, high success rates can 
currently be achieved, with use of all chronic total occlusion 
crossing techniques (antegrade wire escalation, antegrade 
dissection/reentry, and the retrograde approach) orchestrat-
ed by use of procedural algorithms, such as the hybrid 
algorithm. Growth of chronic total occlusion–percutaneous 
coronary intervention is also fueled by continuous                
development of novel equipment, such as guidewires, 
microcatheters, support catheters, and dissection/reentry 
equipment.

Readiness and ability to treat complications, such as          
perforation and donor vessel closure, is critical for all 
centers performing the procedure. CTO-PCI is a powerful 
and continuously developing tool for achieving complete 
coronary revascularization2. The goal of this review is to 
provide an update on the current status and future directions 
of CTO-PCI.

Definition
Coronary chronic total occlusions (CTOs) are defined 
as100% occlusions with TIMI (Thrombolysis in Myocardial 
Infarction) 0 flow with at least a 3-month duration4. This 
duration has implications for the histopathological characteristics 
and the success rates associated with intervention5.

Pathological Definition of CTO
Conflicting data have been reported when comparing  
angiographic and histopathological CTO definitions6.  
Histopathological assessment of angiographically determined 
CTO was found frequently to be non-occlusive7. Sakakura 
et al., have refined the histological definition of CTO 
(Figure 1)8 by proposing that the lumen area be occupied by 
proteoglycan and/or collagen with or without neovascularization 
and chronic inflammation from the resolved thrombus8. 
Furthermore, de novo CTOs were classified into long- and 
short-duration categories. Long-duration CTO consisted 
predominantly of matrix composed of type I collagen (type 
I) in the absence of fibrin in all sections of CTO, with 
negative remodeling8. Short-duration CTO, on the other 
hand, was predominantly composed of proteoglycan with or 
without recanalization and inflammation, but fibrin had to 
be identified in at least one of the mid-sections8.

Fig. 1: The Diagram Illustrates Definition of Chronic Total Occlu-
sion Together with Adjacent Proximal and Distal Segments Studies.
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disease9-11. In the SCAAR (Swedish Coronary Angiography 
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among patients with at least one 50% luminal coronary 
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Canadian single-center registry the prevalence of a CTO 
was 20%: PCI was performed in 9% of these patients, 34% 
had coronary artery bypass grafting (CABG), and 57% were 
treated with medical therapy alone13.
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5–10% of patients after failed primary PCI or vessel 
reocclusion16,17. However, the majority (˜60%) of patients 
with a CTO do not have a history of myocardial infarction.1 
This could be due to the recruitment of collateral vessels to 
counterbalance the gradual progression to an occluded 
artery, limiting myocardial damage and resulting in mild or 
absent clinical symptoms18.

Pathological consideration
CTO of different durations showed substantial variability in 
the underlying plaque morphology, such that short-duration 
CTO showed an organized or organizing thrombus and 
presence of necrotic core, whereas the predominant component 
of long-duration CTO was fibrous tissue8. Microchannels 
consist of small recanalization or thrombi with micro- 
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determined CTOs show recanalization7.
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the basis of extensive negative remodeling and is the likely 
source for failure of guide wire penetration19. Morphologic 
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shown. Note early recanalization accompanied by proteoglycan 
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occurring during the first effort of the day, while other activ-
ities are carried out in the absence of pain, (b) angina 
observed at the onset of physical exertion which improves 
despite the continuation of physical activity and (c) dimin-
ishing exercise tolerance which is associated with silent 
ischemia (especially in young physically active individu-
als)21.
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the mean age is 66±11 years; they also have a higher preva-
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microcatheters, support catheters, and dissection/reentry 
equipment.

Readiness and ability to treat complications, such as          
perforation and donor vessel closure, is critical for all 
centers performing the procedure. CTO-PCI is a powerful 
and continuously developing tool for achieving complete 
coronary revascularization2. The goal of this review is to 
provide an update on the current status and future directions 
of CTO-PCI.

Definition
Coronary chronic total occlusions (CTOs) are defined 
as100% occlusions with TIMI (Thrombolysis in Myocardial 
Infarction) 0 flow with at least a 3-month duration4. This 
duration has implications for the histopathological characteristics 
and the success rates associated with intervention5.

Pathological Definition of CTO
Conflicting data have been reported when comparing  
angiographic and histopathological CTO definitions6.  
Histopathological assessment of angiographically determined 
CTO was found frequently to be non-occlusive7. Sakakura 
et al., have refined the histological definition of CTO 
(Figure 1)8 by proposing that the lumen area be occupied by 
proteoglycan and/or collagen with or without neovascularization 
and chronic inflammation from the resolved thrombus8. 
Furthermore, de novo CTOs were classified into long- and 
short-duration categories. Long-duration CTO consisted 
predominantly of matrix composed of type I collagen (type 
I) in the absence of fibrin in all sections of CTO, with 
negative remodeling8. Short-duration CTO, on the other 
hand, was predominantly composed of proteoglycan with or 
without recanalization and inflammation, but fibrin had to 
be identified in at least one of the mid-sections8.

Fig. 1: The Diagram Illustrates Definition of Chronic Total Occlu-
sion Together with Adjacent Proximal and Distal Segments Studies.
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CTO PCI benefits: Randomized studies: -Currently, 
symptom improvement is considered the main benefit of 
CTO PCI, despite criticisms that there is limited supportive 
prospective randomized controlled clinical trial data: 
indeed, only 3 randomized-controlled trials have been 
reported to date, only 1 of which has been published34.

The EXPLORE (Evaluating Xience and Left Ventricular 
Function in Percutaneous Coronary Intervention on Occlu-
sions After ST-Elevation Myocardial Infarction) trial 
enrolled 304 patients who underwent primary PCI for acute 
ST-segment elevation acute myocardial infarction and had a 
coexisting non-infarct-related artery CTO. Patients were 
randomized to CTO PCI versus medical therapy alone. CTO 
PCI success was 73%. Cardiac magnetic resonance imaging 
performed after 4 months showed similar left ventricular 
ejection fraction and left ventricular end diastolic volume in 
the 2 study groups34.

CTO-PCI benefits: Observational studies: Several  
observational, uncontrolled studies have suggested clinical 
benefit with CTO PCI, by improving angina, dyspnea, 
depression, exercise capacity, and risk for arrhythmias35. 
Furthermore, there appears to be a mortality benefit of 
successful compared to unsuccessful CTO PCI. This  
mortality benefit is also seen in patients with multi-vessel 
disease and concomitant CTOs in whom complete revascu-
larization can be achieved3. There are several possible 
explanations for the improvement in mortality. Ischemia 
from the CTO territory may cause arrhythmic death. The 
presence of a CTO has been shown to be associated with 
higher rates of ventricular arrhythmia and all-cause death36. 
Furthermore, patients with CTOs are unable to tolerate an 
acute myocardial infarction (AMI) as multiple territories are 
simultaneously compromised, a concept termed “double 
jeopardy”37. In patients presenting with AMIs, CTO in a 
non-infarct-related artery is a strong independent predictor 
of mortality. These patients are more likely to have             
cardiogenic shock and higher mortality compared to those 
with single or multi-vessel disease without CTO37, 38  
(Figure 6).

Fig. 6: Overall 3-year mortality in patients with single- vessel 
disease (SVD), multi-vessel disease (MVD) without a chronic 
total occlusion (CTO), and multi-vessel disease with a CTO in 
a non-infarct related artery (non-IRA). Claessen et al.37.

In summary, CTO PCI improves patient symptoms, whereas 
there is limited, retrospective data on whether it can affect 
the subsequent incidence of death, myocardial infarction, 
and arrhythmias. Accordingly, the primary indication for 
offering and performing CTO PCI should be the alleviation 
of symptoms.

CTO PCI Techniques
CTO angioplasty consists of the following individual objec-
tives: (1) perforation of the total occlusion with the use of a 
guide wire and advancement of the guidewire to the distal 
segment of the vessel, (2) dilatation of the underlying lesion 
or removal of occlusive material in order to restore the 
patency of the lumen and (3) preservation of the patency of 
the recanalized vessel by the administration of medication 
and the implantation of intracoronary stents21.

In selecting patients for CTO PCI it is important to consider 
patient-specific high-risk factors for the procedure, includ-
ing age, chronic heart failure (particularly New York Heart 
Association class IV), left ventricular systolic dysfunction, 
peripheral arterial disease and associated arterial access 
issues, renal dysfunction and contrast-induced nephropathy 
risk1. Interventional procedures should be carefully planned; 
ad hoc angioplasty is not recommended5.

Access site 
The selection of the access route is dependent on the 
individual patient situation (e.g. severe peripheral vascular 
disease may mandate a radial approach). Access site selec-
tion is important in CTO PCI for providing appropriate 
support, and allowing enough space for simultaneous use of 
multiple devices. Many operators recommend 8-F guiding 
catheters, mostly via transfemoral access, even though they 
may carry higher risk for vascular complications39. The 8F 
sheath less guide catheters40 or 7Fslender sheaths (Terumo, 
Somerset, NJ) are increasingly being used for radial CTO 
PCI and may facilitate wider adoption of the radial approach 
for CTO (and other complex) PCIs41. Dual arterial access 
should be used in almost every case unless there is no 
obvious contralateral collateral supply to the occluded 
vessel territory. In such cases contralateral collaterals are 
often recruitable if ipsilateral collaterals are lost during the 
procedure, and as such it is worthwhile preparing a second 
access point incase this is required1.

Guide catheters
A range of 90 and 100 cm, 8 and 7 F guide catheters should 
be available. In transradial centers, 6 Fguide catheters will 
also be required. The ExtraBack-Up 3.5 and 4.0 are most 
commonly used for the left coronary system, and Amplatz 
Left 1.0 or 0.75 usually preferred for the right coronary 
artery. Other catheters used by some CTO operators include 
Xtra Back Up, Judkins Left, AmplatzLeft 0.75/2.0, Judkins 
Right, Internal Mammary, 3D Right Coronary or Williams 
and Sheathless Guides1.

Guidewires
The Fielder XT, Fielder FC, Sion, Miracle 12, Confianza 
Pro, RG3, Pilot 200, and Progress 200T are currently the 
most commonly used wires in CTO PCI. 

Microcatheters and channel dilators
The most widely used devices are the Corsair and Finecross 
catheters, with both available in shorter (135 or 130 cm), 
primarily designed for antegrade use, and longer, retrograde 
focused (150 cm), lengths. The Tornus catheter is an 
antegrade-only catheter designed to screw into the occlusive 
plaque using an anticlockwise rotation and is available in 
two sizes. The 2.6 F is most often used and widely accepted 
to be more effective, with the 2.1 F compatible with a 6 F 
guide catheter. 

CrossBoss & Stingray System
The CrossBoss is a blunt tipped microcatheter designed to 
rapidly spin through the occlusive plaque using clockwise 
and anticlockwise rotation. As it is advanced, it will either 
find a path through the luminal plaque or more commonly 
be diverted into the subintimal space creating a controlled 
and limited dissection plane. Once beyond the distal cap of 
the CTO it can be exchanged for the Stingrayre-entry 
balloon. The Stingray is a sting ray shaped balloon that is 
delivered to the subintimal space beyond the distal cap. 
There are two wire exit ports on opposing sides of the 
balloon, through which the Stingray wire can be advanced, 
puncturing through the subintima back into the luminal 
space. This is known as an antegrade dissection entry 
technique.

Mother-&-child catheter
The use of a mother-and-child catheter often facilitates 
procedural success and can used in both antegrade and 
retrograde scenarios, with options including the GuideLiner 
(available in 6, 7 and 8 F), Guidezilla (available in 6 F) and 
mother-and-child.

Balloon catheters
There are a number of low-profile, semicompliant, rapid 
exchange (RX) and over-the-wire balloons available includ-
ing the Mini-Trek, Ryujin, Sprinter Legend and Emerge.

Snares
In performing retrograde CTO PCI, it is sometimes neces-
sary to snare the retrograde wire in the aorta in order to 
allow it to be retrieved into the antegrade guide catheter. 
This is most commonly performed using the EN Snare 
device (18 × 30 mm).

Set-up & establishing procedure limits
To safeguard patient safety, a CTO PCI-specific set-up and 
procedure limits should be established before starting a 
case. To minimize patient and operator radiation exposure, 
it is recommended that low magnification and frame count, 
shallow angles, multiple working views, store fluoroscopy 

(instead of cineacquisition and collimation) should be used. 
The prospective use of balloon trapping is an excellent way 
to facilitate equipment exchanges without the need for 
fluoroscopy (Figure 7). It is recommended that a case should 
be abandoned at a cumulative skin dose of 6 Gy if no 
progress has been made, 8 Gy if the CTO has not been 
crossed with the wire, and at 12 Gy in all cases.

Fig. 7: Trapping balloon technique.

CTO crossing techniques
The most challenging portion of most CTO PCIs is crossing 
the occlusion with a guidewire. There are 3 main crossing 
techniques: antegrade wire escalation (AWE), antegrade 
dissection/reentry, and the retrograde approach41. The 
primary approach to CTO PCI can be antegrade (wire-based 
or dissection re-entry), retrograde (wire-based) or a hybrid 
strategy1. The wire-based techniques include microchannel 
crossing, wire escalation, parallel wires, controlled 
antegrade and retrograde subintimal tracking (CART), 
subintimal tracking and reentry, limited antegrade subinti-
mal tracking, reverse CART and reverse stent CART. In 
addition, antegrade dissection re-entry can be performed 
using the CrossBoss and Stingray System1.

Antegrade wire escalation (AWE)
Antegrade wire escalation remains the most commonly used 
crossing technique and is very successful in simple CTOs, 
but often fails in more complex lesions42. Use of a microca-
theter is critical to improve the penetration power of the 
guidewire and facilitate wire exchanges. The microcatheter 
is advanced to the proximal cap of the CTO, followed by 
insertion of various guidewires in an effort to penetrate and 
cross the occluded segment. Traditionally, the initial CTO 
crossing is attempted with at apered, low-tip load 
polymer-jacketed guidewire, followed by progressively 
stiffer guidewires,23,43 such as a stiff, polymer-jacketed 
guidewire (eg, Pilot 200) or with a stiff, composite core, 
tapered-tip guidewire (eg,Gaia 2nd)44. It isthe most 
commonly used initial and final CTO crossing technique 
(66%–78%),45-48 especially for less complex occlusions49.
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CTO PCI benefits: Randomized studies: -Currently, 
symptom improvement is considered the main benefit of 
CTO PCI, despite criticisms that there is limited supportive 
prospective randomized controlled clinical trial data: 
indeed, only 3 randomized-controlled trials have been 
reported to date, only 1 of which has been published34.

The EXPLORE (Evaluating Xience and Left Ventricular 
Function in Percutaneous Coronary Intervention on Occlu-
sions After ST-Elevation Myocardial Infarction) trial 
enrolled 304 patients who underwent primary PCI for acute 
ST-segment elevation acute myocardial infarction and had a 
coexisting non-infarct-related artery CTO. Patients were 
randomized to CTO PCI versus medical therapy alone. CTO 
PCI success was 73%. Cardiac magnetic resonance imaging 
performed after 4 months showed similar left ventricular 
ejection fraction and left ventricular end diastolic volume in 
the 2 study groups34.

CTO-PCI benefits: Observational studies: Several  
observational, uncontrolled studies have suggested clinical 
benefit with CTO PCI, by improving angina, dyspnea, 
depression, exercise capacity, and risk for arrhythmias35. 
Furthermore, there appears to be a mortality benefit of 
successful compared to unsuccessful CTO PCI. This  
mortality benefit is also seen in patients with multi-vessel 
disease and concomitant CTOs in whom complete revascu-
larization can be achieved3. There are several possible 
explanations for the improvement in mortality. Ischemia 
from the CTO territory may cause arrhythmic death. The 
presence of a CTO has been shown to be associated with 
higher rates of ventricular arrhythmia and all-cause death36. 
Furthermore, patients with CTOs are unable to tolerate an 
acute myocardial infarction (AMI) as multiple territories are 
simultaneously compromised, a concept termed “double 
jeopardy”37. In patients presenting with AMIs, CTO in a 
non-infarct-related artery is a strong independent predictor 
of mortality. These patients are more likely to have             
cardiogenic shock and higher mortality compared to those 
with single or multi-vessel disease without CTO37, 38  
(Figure 6).

Fig. 6: Overall 3-year mortality in patients with single- vessel 
disease (SVD), multi-vessel disease (MVD) without a chronic 
total occlusion (CTO), and multi-vessel disease with a CTO in 
a non-infarct related artery (non-IRA). Claessen et al.37.

In summary, CTO PCI improves patient symptoms, whereas 
there is limited, retrospective data on whether it can affect 
the subsequent incidence of death, myocardial infarction, 
and arrhythmias. Accordingly, the primary indication for 
offering and performing CTO PCI should be the alleviation 
of symptoms.

CTO PCI Techniques
CTO angioplasty consists of the following individual objec-
tives: (1) perforation of the total occlusion with the use of a 
guide wire and advancement of the guidewire to the distal 
segment of the vessel, (2) dilatation of the underlying lesion 
or removal of occlusive material in order to restore the 
patency of the lumen and (3) preservation of the patency of 
the recanalized vessel by the administration of medication 
and the implantation of intracoronary stents21.

In selecting patients for CTO PCI it is important to consider 
patient-specific high-risk factors for the procedure, includ-
ing age, chronic heart failure (particularly New York Heart 
Association class IV), left ventricular systolic dysfunction, 
peripheral arterial disease and associated arterial access 
issues, renal dysfunction and contrast-induced nephropathy 
risk1. Interventional procedures should be carefully planned; 
ad hoc angioplasty is not recommended5.

Access site 
The selection of the access route is dependent on the 
individual patient situation (e.g. severe peripheral vascular 
disease may mandate a radial approach). Access site selec-
tion is important in CTO PCI for providing appropriate 
support, and allowing enough space for simultaneous use of 
multiple devices. Many operators recommend 8-F guiding 
catheters, mostly via transfemoral access, even though they 
may carry higher risk for vascular complications39. The 8F 
sheath less guide catheters40 or 7Fslender sheaths (Terumo, 
Somerset, NJ) are increasingly being used for radial CTO 
PCI and may facilitate wider adoption of the radial approach 
for CTO (and other complex) PCIs41. Dual arterial access 
should be used in almost every case unless there is no 
obvious contralateral collateral supply to the occluded 
vessel territory. In such cases contralateral collaterals are 
often recruitable if ipsilateral collaterals are lost during the 
procedure, and as such it is worthwhile preparing a second 
access point incase this is required1.

Guide catheters
A range of 90 and 100 cm, 8 and 7 F guide catheters should 
be available. In transradial centers, 6 Fguide catheters will 
also be required. The ExtraBack-Up 3.5 and 4.0 are most 
commonly used for the left coronary system, and Amplatz 
Left 1.0 or 0.75 usually preferred for the right coronary 
artery. Other catheters used by some CTO operators include 
Xtra Back Up, Judkins Left, AmplatzLeft 0.75/2.0, Judkins 
Right, Internal Mammary, 3D Right Coronary or Williams 
and Sheathless Guides1.

Guidewires
The Fielder XT, Fielder FC, Sion, Miracle 12, Confianza 
Pro, RG3, Pilot 200, and Progress 200T are currently the 
most commonly used wires in CTO PCI. 

Microcatheters and channel dilators
The most widely used devices are the Corsair and Finecross 
catheters, with both available in shorter (135 or 130 cm), 
primarily designed for antegrade use, and longer, retrograde 
focused (150 cm), lengths. The Tornus catheter is an 
antegrade-only catheter designed to screw into the occlusive 
plaque using an anticlockwise rotation and is available in 
two sizes. The 2.6 F is most often used and widely accepted 
to be more effective, with the 2.1 F compatible with a 6 F 
guide catheter. 

CrossBoss & Stingray System
The CrossBoss is a blunt tipped microcatheter designed to 
rapidly spin through the occlusive plaque using clockwise 
and anticlockwise rotation. As it is advanced, it will either 
find a path through the luminal plaque or more commonly 
be diverted into the subintimal space creating a controlled 
and limited dissection plane. Once beyond the distal cap of 
the CTO it can be exchanged for the Stingrayre-entry 
balloon. The Stingray is a sting ray shaped balloon that is 
delivered to the subintimal space beyond the distal cap. 
There are two wire exit ports on opposing sides of the 
balloon, through which the Stingray wire can be advanced, 
puncturing through the subintima back into the luminal 
space. This is known as an antegrade dissection entry 
technique.

Mother-&-child catheter
The use of a mother-and-child catheter often facilitates 
procedural success and can used in both antegrade and 
retrograde scenarios, with options including the GuideLiner 
(available in 6, 7 and 8 F), Guidezilla (available in 6 F) and 
mother-and-child.

Balloon catheters
There are a number of low-profile, semicompliant, rapid 
exchange (RX) and over-the-wire balloons available includ-
ing the Mini-Trek, Ryujin, Sprinter Legend and Emerge.

Snares
In performing retrograde CTO PCI, it is sometimes neces-
sary to snare the retrograde wire in the aorta in order to 
allow it to be retrieved into the antegrade guide catheter. 
This is most commonly performed using the EN Snare 
device (18 × 30 mm).

Set-up & establishing procedure limits
To safeguard patient safety, a CTO PCI-specific set-up and 
procedure limits should be established before starting a 
case. To minimize patient and operator radiation exposure, 
it is recommended that low magnification and frame count, 
shallow angles, multiple working views, store fluoroscopy 

(instead of cineacquisition and collimation) should be used. 
The prospective use of balloon trapping is an excellent way 
to facilitate equipment exchanges without the need for 
fluoroscopy (Figure 7). It is recommended that a case should 
be abandoned at a cumulative skin dose of 6 Gy if no 
progress has been made, 8 Gy if the CTO has not been 
crossed with the wire, and at 12 Gy in all cases.

Fig. 7: Trapping balloon technique.

CTO crossing techniques
The most challenging portion of most CTO PCIs is crossing 
the occlusion with a guidewire. There are 3 main crossing 
techniques: antegrade wire escalation (AWE), antegrade 
dissection/reentry, and the retrograde approach41. The 
primary approach to CTO PCI can be antegrade (wire-based 
or dissection re-entry), retrograde (wire-based) or a hybrid 
strategy1. The wire-based techniques include microchannel 
crossing, wire escalation, parallel wires, controlled 
antegrade and retrograde subintimal tracking (CART), 
subintimal tracking and reentry, limited antegrade subinti-
mal tracking, reverse CART and reverse stent CART. In 
addition, antegrade dissection re-entry can be performed 
using the CrossBoss and Stingray System1.

Antegrade wire escalation (AWE)
Antegrade wire escalation remains the most commonly used 
crossing technique and is very successful in simple CTOs, 
but often fails in more complex lesions42. Use of a microca-
theter is critical to improve the penetration power of the 
guidewire and facilitate wire exchanges. The microcatheter 
is advanced to the proximal cap of the CTO, followed by 
insertion of various guidewires in an effort to penetrate and 
cross the occluded segment. Traditionally, the initial CTO 
crossing is attempted with at apered, low-tip load 
polymer-jacketed guidewire, followed by progressively 
stiffer guidewires,23,43 such as a stiff, polymer-jacketed 
guidewire (eg, Pilot 200) or with a stiff, composite core, 
tapered-tip guidewire (eg,Gaia 2nd)44. It isthe most 
commonly used initial and final CTO crossing technique 
(66%–78%),45-48 especially for less complex occlusions49.
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CTO PCI benefits: Randomized studies: -Currently, 
symptom improvement is considered the main benefit of 
CTO PCI, despite criticisms that there is limited supportive 
prospective randomized controlled clinical trial data: 
indeed, only 3 randomized-controlled trials have been 
reported to date, only 1 of which has been published34.

The EXPLORE (Evaluating Xience and Left Ventricular 
Function in Percutaneous Coronary Intervention on Occlu-
sions After ST-Elevation Myocardial Infarction) trial 
enrolled 304 patients who underwent primary PCI for acute 
ST-segment elevation acute myocardial infarction and had a 
coexisting non-infarct-related artery CTO. Patients were 
randomized to CTO PCI versus medical therapy alone. CTO 
PCI success was 73%. Cardiac magnetic resonance imaging 
performed after 4 months showed similar left ventricular 
ejection fraction and left ventricular end diastolic volume in 
the 2 study groups34.

CTO-PCI benefits: Observational studies: Several  
observational, uncontrolled studies have suggested clinical 
benefit with CTO PCI, by improving angina, dyspnea, 
depression, exercise capacity, and risk for arrhythmias35. 
Furthermore, there appears to be a mortality benefit of 
successful compared to unsuccessful CTO PCI. This  
mortality benefit is also seen in patients with multi-vessel 
disease and concomitant CTOs in whom complete revascu-
larization can be achieved3. There are several possible 
explanations for the improvement in mortality. Ischemia 
from the CTO territory may cause arrhythmic death. The 
presence of a CTO has been shown to be associated with 
higher rates of ventricular arrhythmia and all-cause death36. 
Furthermore, patients with CTOs are unable to tolerate an 
acute myocardial infarction (AMI) as multiple territories are 
simultaneously compromised, a concept termed “double 
jeopardy”37. In patients presenting with AMIs, CTO in a 
non-infarct-related artery is a strong independent predictor 
of mortality. These patients are more likely to have             
cardiogenic shock and higher mortality compared to those 
with single or multi-vessel disease without CTO37, 38  
(Figure 6).

Fig. 6: Overall 3-year mortality in patients with single- vessel 
disease (SVD), multi-vessel disease (MVD) without a chronic 
total occlusion (CTO), and multi-vessel disease with a CTO in 
a non-infarct related artery (non-IRA). Claessen et al.37.

In summary, CTO PCI improves patient symptoms, whereas 
there is limited, retrospective data on whether it can affect 
the subsequent incidence of death, myocardial infarction, 
and arrhythmias. Accordingly, the primary indication for 
offering and performing CTO PCI should be the alleviation 
of symptoms.

CTO PCI Techniques
CTO angioplasty consists of the following individual objec-
tives: (1) perforation of the total occlusion with the use of a 
guide wire and advancement of the guidewire to the distal 
segment of the vessel, (2) dilatation of the underlying lesion 
or removal of occlusive material in order to restore the 
patency of the lumen and (3) preservation of the patency of 
the recanalized vessel by the administration of medication 
and the implantation of intracoronary stents21.

In selecting patients for CTO PCI it is important to consider 
patient-specific high-risk factors for the procedure, includ-
ing age, chronic heart failure (particularly New York Heart 
Association class IV), left ventricular systolic dysfunction, 
peripheral arterial disease and associated arterial access 
issues, renal dysfunction and contrast-induced nephropathy 
risk1. Interventional procedures should be carefully planned; 
ad hoc angioplasty is not recommended5.

Access site 
The selection of the access route is dependent on the 
individual patient situation (e.g. severe peripheral vascular 
disease may mandate a radial approach). Access site selec-
tion is important in CTO PCI for providing appropriate 
support, and allowing enough space for simultaneous use of 
multiple devices. Many operators recommend 8-F guiding 
catheters, mostly via transfemoral access, even though they 
may carry higher risk for vascular complications39. The 8F 
sheath less guide catheters40 or 7Fslender sheaths (Terumo, 
Somerset, NJ) are increasingly being used for radial CTO 
PCI and may facilitate wider adoption of the radial approach 
for CTO (and other complex) PCIs41. Dual arterial access 
should be used in almost every case unless there is no 
obvious contralateral collateral supply to the occluded 
vessel territory. In such cases contralateral collaterals are 
often recruitable if ipsilateral collaterals are lost during the 
procedure, and as such it is worthwhile preparing a second 
access point incase this is required1.

Guide catheters
A range of 90 and 100 cm, 8 and 7 F guide catheters should 
be available. In transradial centers, 6 Fguide catheters will 
also be required. The ExtraBack-Up 3.5 and 4.0 are most 
commonly used for the left coronary system, and Amplatz 
Left 1.0 or 0.75 usually preferred for the right coronary 
artery. Other catheters used by some CTO operators include 
Xtra Back Up, Judkins Left, AmplatzLeft 0.75/2.0, Judkins 
Right, Internal Mammary, 3D Right Coronary or Williams 
and Sheathless Guides1.

Guidewires
The Fielder XT, Fielder FC, Sion, Miracle 12, Confianza 
Pro, RG3, Pilot 200, and Progress 200T are currently the 
most commonly used wires in CTO PCI. 

Microcatheters and channel dilators
The most widely used devices are the Corsair and Finecross 
catheters, with both available in shorter (135 or 130 cm), 
primarily designed for antegrade use, and longer, retrograde 
focused (150 cm), lengths. The Tornus catheter is an 
antegrade-only catheter designed to screw into the occlusive 
plaque using an anticlockwise rotation and is available in 
two sizes. The 2.6 F is most often used and widely accepted 
to be more effective, with the 2.1 F compatible with a 6 F 
guide catheter. 

CrossBoss & Stingray System
The CrossBoss is a blunt tipped microcatheter designed to 
rapidly spin through the occlusive plaque using clockwise 
and anticlockwise rotation. As it is advanced, it will either 
find a path through the luminal plaque or more commonly 
be diverted into the subintimal space creating a controlled 
and limited dissection plane. Once beyond the distal cap of 
the CTO it can be exchanged for the Stingrayre-entry 
balloon. The Stingray is a sting ray shaped balloon that is 
delivered to the subintimal space beyond the distal cap. 
There are two wire exit ports on opposing sides of the 
balloon, through which the Stingray wire can be advanced, 
puncturing through the subintima back into the luminal 
space. This is known as an antegrade dissection entry 
technique.

Mother-&-child catheter
The use of a mother-and-child catheter often facilitates 
procedural success and can used in both antegrade and 
retrograde scenarios, with options including the GuideLiner 
(available in 6, 7 and 8 F), Guidezilla (available in 6 F) and 
mother-and-child.

Balloon catheters
There are a number of low-profile, semicompliant, rapid 
exchange (RX) and over-the-wire balloons available includ-
ing the Mini-Trek, Ryujin, Sprinter Legend and Emerge.

Snares
In performing retrograde CTO PCI, it is sometimes neces-
sary to snare the retrograde wire in the aorta in order to 
allow it to be retrieved into the antegrade guide catheter. 
This is most commonly performed using the EN Snare 
device (18 × 30 mm).

Set-up & establishing procedure limits
To safeguard patient safety, a CTO PCI-specific set-up and 
procedure limits should be established before starting a 
case. To minimize patient and operator radiation exposure, 
it is recommended that low magnification and frame count, 
shallow angles, multiple working views, store fluoroscopy 

(instead of cineacquisition and collimation) should be used. 
The prospective use of balloon trapping is an excellent way 
to facilitate equipment exchanges without the need for 
fluoroscopy (Figure 7). It is recommended that a case should 
be abandoned at a cumulative skin dose of 6 Gy if no 
progress has been made, 8 Gy if the CTO has not been 
crossed with the wire, and at 12 Gy in all cases.

Fig. 7: Trapping balloon technique.

CTO crossing techniques
The most challenging portion of most CTO PCIs is crossing 
the occlusion with a guidewire. There are 3 main crossing 
techniques: antegrade wire escalation (AWE), antegrade 
dissection/reentry, and the retrograde approach41. The 
primary approach to CTO PCI can be antegrade (wire-based 
or dissection re-entry), retrograde (wire-based) or a hybrid 
strategy1. The wire-based techniques include microchannel 
crossing, wire escalation, parallel wires, controlled 
antegrade and retrograde subintimal tracking (CART), 
subintimal tracking and reentry, limited antegrade subinti-
mal tracking, reverse CART and reverse stent CART. In 
addition, antegrade dissection re-entry can be performed 
using the CrossBoss and Stingray System1.

Antegrade wire escalation (AWE)
Antegrade wire escalation remains the most commonly used 
crossing technique and is very successful in simple CTOs, 
but often fails in more complex lesions42. Use of a microca-
theter is critical to improve the penetration power of the 
guidewire and facilitate wire exchanges. The microcatheter 
is advanced to the proximal cap of the CTO, followed by 
insertion of various guidewires in an effort to penetrate and 
cross the occluded segment. Traditionally, the initial CTO 
crossing is attempted with at apered, low-tip load 
polymer-jacketed guidewire, followed by progressively 
stiffer guidewires,23,43 such as a stiff, polymer-jacketed 
guidewire (eg, Pilot 200) or with a stiff, composite core, 
tapered-tip guidewire (eg,Gaia 2nd)44. It isthe most 
commonly used initial and final CTO crossing technique 
(66%–78%),45-48 especially for less complex occlusions49.

Antegrade dissection and reentry 
Antegrade dissection and reentry is another important cross-
ing strategy, especially for complex CTOs without a good 
retrograde option. Extensive dissection is associated with 
high restenosis rates and should be used only as a last 
resort50. Limited dissection and reentry is usually performed 
using the CrossBoss catheter and the Stingray reentry 
system. Using this system, wires and catheters are advanced 
beyond the CTO in the subintimal space. The Stingray 
balloon is a flat, self-orienting balloon with additional wire 
ports on both sides of the flat balloon. A specialized wire is 
used to exit the port facing the true lumen distal to the CTO 
and enter into it. When a large subintimal hematoma     de-
velops, reentry can be challenging and require specialized 
techniques, such as the subintimal transcatheter withdrawal 
(STRAW) technique: aspiration of the hematoma either 
through the Stingray balloon or through a separate inflated 
over-the-wire balloon, which allows reexpansion of the 
lumen51. An alternative strategy is the ‘‘double blind 
stick-and-swap’’ technique, in which the reentry wire is 
advanced through both exit ports of the Stingray balloon and 
followed by apolymer-jacketed guidewire until true lumen 
entry is achieved52.

Retrograde Approach
Retrograde CTO crossing is performed by advancing a 
guide wire and microcatheter through a collateral vessel into 
the distal true lumen, followed by occluded segment cross-
ing and antegrade or retrograde wire true lumen placement 
with various subintimal tracking techniques4. Use of the 
retrograde approach has been a major contributor to the 
increasing success rates of CTO-PCI53,54; however, this 
approach also carries increased risk for complications, such 
as donor vessel injury and coronary perforation as compared 
with antegrade only approaches35. Therefore, the retrograde 
approach should be reserved to experienced operators and 
centers. The risk is higher with use of epicardial as 
compared with septal collateral55, hence septal collateral 
vessels and bypass grafts56 are preferred for retrograde 
crossing, when available. The retrograde approach remains 
critical for achieving high success rates, especially in more 
complex CTOs45,47, and is associated with favorable 
long-term outcomes53.

Selection of Crossing Technique
Determining the optimal initial and subsequent crossing 
strategy depends on the angiographic characteristics of the 
lesion and should be selected after detailed review of        
theangiogram41. The hybrid approach is a systematic 
algorithm-led PCI strategy based on the identification of key 
anatomical features on baseline angiography43. It introduces 
a structured approach, the main aim being to provide a 
reproducible, easily taught, and proctored technique for 
CTO PCI57.

This approach requires operator familiarity with all the 
available CTO PCI materials, techniques, and skillsets 

(antegrade wire escalation, antegrade dissection/re-entry 
with dedicated devices,58 and retrograde wire escalation and 
dissection re-entry). Flexibility with the various approaches, 
and timely change of strategies, is at the heart of the hybrid 
algorithm. The hybrid approach (Figure 8) starts with  dual 
angiography and focuses on assessment of 4 anatomic 
features (proximal cap ambiguity, distal target vessel, 
interventional collateral, and lesion length), recommending 
early change if the initially selected strategy is not              
successful43.

Fig. 8: The hybrid algorithm for crossing coronary chronic total occlusions 
(CTOs). Dual angiography is performed and 4 parameters are assessed: 
proximal cap ambiguity, lesion length, quality of the distal vessel, and 
presence of interventional collaterals. Based on these 4 parameters the 
initial crossing strategy is selected, followed by early change in case of 
failure to achieve progress with any selected strategy. CART ¼ controlled 
antegrade and retrograde subintimal tracking.

Proximal cap location & morphology
Can the entry point to the CTO be clearly identified, is it 
tapered or blunt, and is it likely to be able to be easily 
engaged. A well-defined, tapered proximal cap may favor 
an antegrade approach, and will facilitate antegrade 
progress in a hybrid procedure. An ostial location, or the 
presence of side branches at the proximal cap, often favors 
the retrograde approach1.

Lesion length
Is the occlusion <20 or ≥20 mm in length. The antegrade 
wire escalation technique in CTOs≥20 mm is associated 
with lower success rates and longer procedure times8. Thus, 
long occlusions are better approached using antegrade 
dissection and re-entry or retrograde techniques. Target 
vessel beyond the distal capIs the coronary artery immedi-
ately beyond the distal cap adequately visualized? Assess 
the vessel size, presence of disease and whether the distal 
cap is located at a bifurcation. A small caliber, diseased 
artery, which reconstitutes at a bifurcation provides a poor 
target for the antegrade approach, and particularly the 
antegrade dissection and re-entry technique1.

Size & suitability of collaterals for intervention
The term ‘interventional collateral’ refers to a collateral 
supplying the occluded vessel, which can be traversed by 
both wire and equipment. The ideal collateral to facilitate 
the retrograde approach is septal rather than epicardial, can 
be easily accessed via a healthy donor vessel, has minimal 
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tortuosity and enters the occluded vessel a reasonable 
distance beyond the distal cap. If the collateral vessel is the 
only support to the occluded segment, there is a significant 
risk of intraprocedural ischemia. The presence of optimal 
collateral characteristics favors the retrograde approach. If 
there are some unfavorable features these should be 
weighed up against the antegrade characteristics when 
deciding on an initial retrograde approach or adopting this 
as an early crossover strategy1.

Calcification & tortuosity
The presence of severe calcification and/or tortuosity in the 
occlusive segment is unfavorable for the antegrade 
approach, and in particular the antegrade dissection and 
re-entry technique. Such lesions are often best tackled using 
the reverse CART technique if there are suitable interven-
tional collaterals. Rotablation may be required to facilitate 
antegrade progress and subsequently to debulk the calcific, 
occlusive plaque to allow optimal stent deployment1.

CTO success factors

Clinical success factors
The only well-documented clinical factor is the age of the 
occlusion which correlates negatively with a successful 
intervention59, 60. The possibility of an unsuccessful CTO 
recanalization increases (>50%) when the occlusion 
duration is greater than 3 months. This fact is associated 
with the changes in histological composition that take place 
such as: accumulation of fibrous tissue, calcium deposits 
and substitution of the “soft” components of the lesion with 
other stiffer components, neovessel formation and negative 
remodeling of the vessel21. 

Angiographic success factors
In cases of CTO angioplasty all the known limitations for 
the success of this method apply: location in the circumflex 
artery or in the distal segments of the coronary vessels, 
presence of marked tortuosity and bends in the target-artery 
as well as calcifications proximal to or at the lesion site. 
There are however additional specific factors that determine 
the chance of successful recanalization59,61-64:

– The origin of a lateral branch at the site of occlusion is an 
important adverse factor (success rate32% versus 83% in 
the absence of such). A minimum distance of 2mm is neces-
sary between the origin of the lateral branch and the site of 
occlusion.

– The presence of bridging collaterals towards the distal 
segment characterizes occlusions with a duration of at least 
2 months (late angiogenesis) and constitutes an adverse 
factor for the success of the intervention, as well as a risk 
factor for possible vessel perforation. The development of 
neovessels in the form of a “medusa’s head” is almost 
always a site of non-dilatable total occlusion.

- The angiographic image of the stump carries a predictive 
value. A progressively narrowing diameter represents a 
particularly favorable morphology while, on the other hand, 
a rounded-ends diameter has unfavorable prognosis. A 
central course of the stump lumen is also a favorable factor.

– The length of the occlusion is a major determinant of 
success and many researchers consider a length of 15mm to 
be a critical success limit, especially if a curve is involved.

– The occlusion type (total or functional) is a controversial 
factor. Functional occlusions can be caused by the existence 
of a very small diameter in the absence of an angiographi-
cally discernible lumen, usually display a higher success 
rate or may be associated with the development of neoves-
sels, indicative of an old and well-organized CTO.

CTO PCI success rates
Achieving clinical benefit with CTO PCI requires the proce-
dure to be successful. With contemporary equipment and 
techniques (e.g., the hybrid algorithm) (Figure 8), high 
success rates (85% to 90%) are achieved at experienced 
centers (Table 4)45-47, 53, 55. However, success rates in 
unselected populations remain low: 61.3% in the New York 
State PCI Registry [65] and 59% in the U.S: National 
Cardiovascular Data Registry (vs. 96% in nonocclusive 
lesions; p <0.001)66. Therefore, there is a gap between what 
is achieved at dedicated CTO PCI centers and the outcomes 
at less experienced centers. Bridging this gap remains a 
challenge and should be a major focus of current research 
and education efforts.

Table 4: Procedural Outcomes From Multicenter CTO 
Registries Published in Recent Years

 
*Thetamponade rate was not reported. The rate of clinical perforation was 4.8%.
CTO=chronic total occlusion; MACE = major adverse cardiovascular events; MI 
= myocardial infraction; TVR = target vessel revascularization.

Patient-specific estimation of the likelihood of success can 
be facilitated by using various scoring systems (Table 5). 
The first CTO PCI score was the J-CTO (Multicenter CTO 
Registry of Japan) score that was developed to estimate the 
likelihood of successful guidewire crossing within 30 
minutes based on 5 criteria (intralesion>450 bend, length 
>20 mm, calcification, blunt stump, and previously failed 
attempt)67. The J-CTO score has been validated inother CTO 
PCI cohorts68 and is also associated with1-year clinical 
outcomes69. Other scores include the PROGRESS-CTO 
(PROspective Global REgiStry for the Study of Chronic 
Total Occlusion Intervention) score70, the RECHARGE 
(REgistry of Crossboss and Hybrid Procedures in FrAnce, 
the NetheRlands, BelGium and UnitEd Kingdom) registry 
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score71, the CL score(Clinical and Lesion related score)72, 
and the ORA(ostial location, collateral filling of Rentrop<2, 
age over 75 years) score73. Ellis at al.74 used a novel 
approach for developing a scoring system for predicting 
CTO PCI technical success by stratifying lesions according 
to proximal cap ambiguity. Parameters associated with 
technical success were poor distal target, lesion length ≥10 
mm, and ostial location in CTOs with proximal cap ambiguity 
versus worse collateral score and excess retrograde tortuosity 
in CTOs without proximal cap ambiguity74. One study 
showed that various scores had similar predictive capacity-
for technical success and that they performed better in 
antegrade-only cases75.

Table 5: Summary of Available Scoring Systems for Proce-
dural Planning in CTO PCI
 

*Moderat e-to-severe calcification is considered as part of the extended 
Ellis score. †Using specific collateral classification scoring (range 0–2) 
combining Werner collateral classification76, collateral type(septal, 
epicardial, other), and tortuosity. Each number in parentheses reflects the 
points added if the lesion has this parameter.
CABG = coronary artery bypass grafting; CL score = clinical and lesion 
related score; CTO =chronic total occlusion; J-CTO = Multicenter CTO 
Registry of Japan; LAD = left anterior descending artery; MI =myocardial 
infarction; ORA = ostial location, collateral filling of Rentrop<2, age over 
75; PCI = percutaneous coronary intervention; PROGRESS = PROspective 
Global REgiStry for the Study of Chronic TotalOcclusion Intervention; 
RECHARGE =REgistry of Crossboss and Hybrid Procedures in FrAnce, 
the NetheRlands, BelGium and UnitEd Kingdom.

Complications
The average risk of complications is approximately 3%, but 
varies widely between studies35. Chronic total occlu-
sion–PCI is more likely to cause complications compared 
with non–CTO-PCI,66 with perforation being the most 
concerning. As ‘‘one ounce of prevention is worth a pound 
of cure,’’ meticulous attention to wire and microcatheter 
position using dual injection and orthogonal projections can 
help prevent perforation (wire exit almost never causes 
significant perforation; however, balloon or microcatheter 
exit can cause significant bleeding5.

Complications unique to the retrograde approach may 
involve the occluded vessel (retrograde perforation/dissec-
tion), the collaterals (rupture/ haematoma of the septal or 
epicardial collaterals, perforation to the right or left ventri

cle, septal wire trapping, epicardial flow disruption with 
ischaemia), and the donor artery (potentially life-threatening 
dissection/thrombosis, spasm leading to ischaemia)5. The 
most common of these are related to the collateral vessels, 
but they tend to be minor and easily treatable in the majority 
of cases. However, perforation of epicardial collaterals, 
particularly in patients without prior open-heart surgery, can 
be associated with tamponade and rapid haemodynamic 
compromise5. 

Perforation: Although coronary perforations are common in 
CTO PCI (27.6%),77 most perforations are related to local-
ised wire exit from the vessel architecture and are limited to 
angiographic evidence of contrast staining. As most perfora-
tions do not have serious clinical consequences, the risk of 
tamponade is low (0.3%)78. However, clinically significant 
coronary perforations can be associated with significant 
morbidity and mortality, with reported rates of death of 
42%, emergency surgery of 39%, myocardial infarction of 
29%, and transfusion of 65% in series not limited to CTO 
PCI79.

Coronary perforations can be classified into 3 categories 
according to mechanism: (1) large vessel perforation, (2) 
distal vessel perforation, and (3) collateral vessel perfora-
tion80.

Fig. 9: Perforation Management Algorithm. The first step in management 
of coronary perforation is balloon inflation to stop bleeding into the pericar-
dium, followed by fluid/vasopressor administration, pericardiocentesis in 
case of hypotension and notification of cardiac surgery in case emergency 
surgery is needed. If the perforation is not sealed further management 
depends on perforation type: large vessel perforations are usually treated 
with a covered stent whereas distal vessel perforations with embolization. 
Anticoagulation should not be reversed until all equipment is removed 
from the coronary arteries to minimize the risk for coronary thrombosis4.

Once a perforation occurs, a balloon is inflated proximally 
to stop the bleeding into the pericardial space. Subsequent 
treatment depends on the perforation mechanism[Figure 9] 
with large vessel perforations being treated with implanta-
tion of a covered stent, usually through a second guide 
catheter (known as the ping-pong technique) to minimize 
the time of pericardial bleeding. Distal vessel perforations 
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are usually treated with fat or coil embolization, which can 
be achieved through a single guide catheter (block and 
deliver technique81: a balloon is inflated proximal and fat or 
coils are delivered through a microcatheter advanced 
through the same guide catheter. Fat is preferred for initial 
treatment of perforations given its universal availability and 
zero cost, with coils reserved as a second-step treatment82. 
Most peripheral coils require a larger microcatheter than 
those typically used for CTO-PCI; however, some coils (eg, 
Cook Micronester and Axium neurovascular coils) can be 
delivered through a 0.014-inch microcatheter. The risk of 
perforation has traditionally been considered to be lower in 
patients with prior CABG surgery due to adhesions prevent-
ing development of a free pericardial effusion, yet several 
cases of localized tamponade have been reported in such 
patients causing death or requiring surgical or computed 
tomography–guided drainage83,84.

Donor vessel thrombosis or dissection: Other complica-
tions include donor vessel thrombosis or dissection that 
could be prevented by achieving high activated clotting time 
and using unfractionated heparin for anticoagulation. 
Bivalirudin is generally not used in CTO-PCI as it has been 
reported to be less effective in preventing guide catheter 
thrombosis during potentially prolonged procedures2.

Donor vessel injury/embolization: It can be a catastrophic 
event, hence meticulous attention to the pressure waveforms 
of the guiding catheters and anticoagulation levels is 
warranted2.

Side branch occlusion: CTO lesions involve bifurcations 
frequently (inapproximately a third of cases)85. Side branch 
occlusion an affect both the acute and the long-term 
outcomes of CTO PCI and is more frequent with dissection 
reentry (both antegrade and retrograde) techniques and 
stenting over the side branch86.  PCI of CTOs that involve a 
bifurcation has also been associated with higher risk for 
perforation and tamponade87.

Myocardial infarction: Myocardial infarction during CTO 
PCI is more common with use of the retrograde approach88, 

89 and has been associated with worse subsequent clinical 
outcomes in most90–92 studies.

Radiation skin injury: CTO PCIs are often long proce-
dures with high patient (and operator) radiationdose93. High 
radiation dose may lead to acute dermatitis of the exposed 
area that can progress to chronic skin ulcer and even require 
surgical intervention. Most operators currently recommend 
stopping the procedure after reaching 7- or 8-Gy airkerma 
dose. It is also recommended to monitor the patient for 
radiation skin injury if >4- or 5-Gy airkerma dose is admin-
istered. With use of newer x-ray equipment, low cine and 
fluoroscopy frame rate, and meticulous attention to 
technique, radiation dose can be significantly reduced94. 

Additionally, the use of disposable sterile radiation shields 
during CTO PCI can reduce operator radiation dose to levels 
similar to those of non-CTO PCIs95. Success of CTO-PCI 
depends on operator experience. There are 4 stages of    
learning CTO-PCI [Figure- 10].

Fig.10: The 4 stages of learning chronic total occlusion (CTO) percutane-
ous coronary intervention (PCI).

Successful angioplasty of chronic total coronary artery 
occlusions poses a technical challenge even today and 
depends to a large extent on the experience and expertise of 
the physician. Despite the progress achieved, results depend 
directly upon the operator, the selection of patients and the 
available material, and consequently the comparison of 
recanalization methods requires the existence of large 
randomized studies. New wire types and interventional 
techniques contribute to a higher success rate either through 
the recanalization of the underlying lumen or by creating a 
new, parallel lumen within the occlusion. Continued efforts 
are needed to further improve the success as well as the 
safety and efficiency of the procedure and make it more 
widely available to patients who could benefit from it.
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