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Abstract

Coronary artery chronic total occlusion (CTO) is defi ned as an occluded coronary artery segment without anterograde 
fl ow for at least three months. It can be classifi ed as a “true” or “functional” CTO based on fl ow characteristics. In 
“true” CTO, there is no anterograde fl ow. In “functional” CTO, there is minimal anterograde fl ow through the occluded 
segment of the coronary artery. CTO is a common fi nding during coronary angiography and its prevalence may vary 
depending on the reported literature. Among patients without previous coronary artery bypass grafting (CABG), CTO 
is found in about 20–30% of the patients. CTO may develop insidiously over a period of time and involve a complex 
interplay between intracellular and extracellular factors, smooth muscle and foam cells, calcifi cation, and neovascu-
larization. There is a growing body of evidence to support that CTO revascularization may improve clinical outcome 
when compared to medical management. Both the European and American cardiovascular societies support CTO re-
vascularization with a class 2a recommendation (level of evidence B). Historically, due to low procedural success rate, 
apparent ineffi cient resource utilization, potential increase in complication rates and uncertain clinical benefi ts, only 
about 10–20% of patients with CTO are treated with percutaneous coronary intervention (PCI). Recent advances using 
novel and innovative techniques with dedicated equipment have signifi cantly improved the procedural success rate for 
CTO PCI to about 90% in the hands of experienced operators. With increasing interest in CTO PCI coupled with in-
creased educational effort, CTO PCI likely will become more accessible to patients in need of CTO revascularization. 
Ongoing advancement in innovative techniques and equipment will continue to improve procedural success rates and 
reduce procedural complication rate for CTO PCI. Furthermore, there are a number of prospective clinical trials on the 
horizon which should help defi ne the clinical benefi ts and limitations of CTO PCI in the near future.
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Abbreviations

CABG – coronary artery bypass grafting
CAD – coronary artery disease
CTO – coronary artery chronic total occlusions
LAD – left anterior descending artery
LM – left main coronary artery

LVEF – left ventricular ejection fraction
MI – myocardial infarction
PCI – percutaneous coronary intervention
RCA – right coronary artery
TIMI – Thrombolysis in Myocardial Infarction

Introduction

Coronary artery chronic total occlusions (CTO) 
are defi ned as occluded coronary artery segments 
with thrombolysis in myocardial infarction (TIMI) 
0 fl ow for at least three months [1, 2]. Stone et al. in 
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a consensus document published in 2005 proposed 
that CTO be classifi ed into “true” or “functional” 
based on the degree of lumen narrowing and antero-
grade blood fl ow [3]. A “true” CTO is defi ned as 
complete interruption of coronary fl ow (TIMI 0 
fl ow), whereas occlusions with minimal contrast 
penetration through the lesion without distal-vessel 
opacifi cation (TIMI 1 fl ow) are classed as a “func-
tional” CTO. However, in the literature, the distinc-
tion between “true” and “functional” CTO is rarely 
declared. Moreover, the period of time for which a 
CTO has been present is often diffi cult to ascertain. 
Therefore, the age of the occlusion is often deter-
mined based on careful assessment of a patient’s 
medical history and cardiac symptoms in the previ-
ous 3 months [3].

Pathophysiology

Percutaneous revascularization of CTO is often 
complicated by the inability to cross or dilate the 
lesion. An understanding of the histopathology of 
these lesions helps provide insight into the develop-
ment of new revascularization strategies.

CTO most often arise from thrombotic occlu-
sion of vessels and subsequent thrombus organi-
zation and tissue remodeling [4]. This may occur 
after failed revascularization or subsequent re-
occlusion of the vessel in patients who have had a 
myocardial infarction [5, 6]. However, a majority 
of patients with CTO (60%) do not have a history 
of myocardial infarction (MI) and an alternative 
mechanism must be involved [7]. For example, 
there could be recruitment of collateral vessels 
to counterbalance ischemia due to an obstructed 
vessel, which might gradually progress to com-
plete occlusion. Insuffi cient blood fl ow via col-
lateral circulation results in ischemia and angina. 
However, due to the insidious nature of the disease 
progress, symptoms may be mild and/or atypical 
in some patients [8].

Pathological Considerations

The typical atherosclerotic plaque of CTO consists 
of intracellular and extracellular lipids, smooth 
muscle cells, extracellular matrix, and calcium [9]. 

Extracellular matrix is rich in collagens [10, 11] 
with predominance of types I and III (and minor 
amounts of IV, V, and VI) [12]. The concentration of 
collagen-rich fi brous tissue is particularly dense at 
the proximal and distal ends of the lesion, contribut-
ing to a column-like lesion with calcifi ed, resistant 
fi brous tissue surrounding a softer core of organized 
thrombus and lipids.

Srivatsa and colleagues demonstrated through an 
autopsy study that angiographic CTO frequently 
corresponded to less than 99% stenosis by histol-
ogy criteria [13]. They demonstrated that key his-
topathological attributes of CTO are calcifi cation, 
infl ammation, and neovascularization. Thrombotic 
occlusion progresses over time from a “soft” to a 
“‘hard” lesion composition. Soft plaque consists of 
cholesterol-laden cells and foam cells with loose 
fi brous tissue and neovascular channels which is 
more common in “new” occlusions (less than 1 year 
old). “Soft” plaque is more likely to allow wire pas-
sage either directly through tissue planes or via neo-
vascular channels into the distal lumen. Conversely, 
“hard” plaques are characterized by dense fi brous 
tissue and often contain large fi brocalcifi c regions 
without neovascular channels. These occlusions 
are thus more likely to defl ect guidewires into the 
subintimal space, resulting in dissection planes. 
“Hard” plaques are more prevalent with “old” CTO 
(greater than 1 year old). Of note, however, areas of 
calcifi cation frequently occur even in CTO less than 
three months of age, although the extent and sever-
ity of calcifi cation tend to increase with occlusion 
duration.

Another hallmark of CTO is extensive neovascu-
larization, which occurs throughout the extent of the 
vessel wall and increases with the age of occlusion. 
In CTO less than 1 year old, new capillary forma-
tion is greatest in the adventitia. In CTO greater than 
1 year old, the number and size of capillaries in the 
intima have increased to a similar or greater extent 
than those present in the adventitia. Lymphocytes 
and monocytes/macrophages may play an active 
role in both angiogenesis and atherosclerotic lesion 
progression by producing a variety of mitogenic 
and angiogenic factors [14]. A rich neovasculature 
network often traverses the CTO vessel wall, aris-
ing from the adventitial vasa vasorum across the 
media and into the intima which suggests that the 
adventitial vessels initiate the formation of intimal 
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neovascular channels [15]. The channels in this 
neovasculature often are perpendicular to the long 
axis of the artery and may be a contributing factor 
in guidewire diversion into the extravascular space. 
Post-mortem studies support this mechanism. The 
channels in the neovasculature mostly lead into the 
adventitia, small side branches, or vasa vasorum. 
However, they may also extend longitudinally from 
the proximal to the distal lumen. Such channels 
may serve as a route for guidewires and hence may 
have a therapeutic value.

Epidemiology

The reported prevalence of CTO among patients 
undergoing a cardiac catheterization varies widely as 
illustrated in Table 1 [7, 16–19]. In the largest study 
reported to date (prospective three center Canadian 
registry) [7], the prevalence of CTO was 18% 
among patients with coronary artery disease (CAD, 
defi ned as greater than 50% stenosis in at least one 
vessel) without prior coronary artery bypass graft-
ing (CABG) and 54% among patients with prior 
CABG. Using the same defi nition of CAD, Kahn 
[16] identifi ed a CTO in 35% of 287 patients with 
CAD at a single institution in one year. In a German 
multicenter prospective registry spanning 64 hospi-
tals, Werner et al. [18] reported a CTO prevalence of 
33% in 2002 patients presenting with stable angina 
and fi rst angiographic diagnosis of CAD. In a study 
investigating the frequency of CTO in a veteran 
population, Christofferson et al. [17] reported a CTO 
prevalence of 52% in patients with CAD (defi ned as 
greater than 70% stenosis in at least one vessel) and 
an overall prevalence of 24.5% in 8004 non-CABG 
patients undergoing diagnostic angiography over a 
ten year period. In another study in a veteran popu-
lation by Jeroudi et al. [20], the prevalence of CTO 
was 31% among non-CABG patients presenting 
with CAD, and 89% in patients with prior CABG.

It has also been reported that patients with a CTO 
have more cardiac risk factors than those with CAD 
without CTO on coronary angiography, including a 
higher prevalence of diabetes mellitus (34% vs. 26%), 
hypertension (75% vs. 68%), hyperlipidemia (82% 
vs. 78%), heart failure (12% vs. 9%), and peripheral 
artery disease (8% vs. 4%) [7]. Furthermore, patients 
with CTO are more likely to have a previous history 
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of myocardial infarction and undergo CABG than 
non-CTO patients [7, 16–18, 20]. Moreover, patients 
with CTO are an undertreated cohort with reports 
indicating that in general only about 10–20% of 
patients with CTO are treated with PCI [21].

Treatment Goals

Successful CTO revascularization is associated 
with improved clinical outcomes, and several 
retrospective studies have shown various benefi -
cial effects (Table 2). Angina relief, improvement 
in exercise tolerance, reduction in ventricular 
arrhythmia burden, improvement in left ventric-
ular function; reduced need for CABG surgery, 
enhanced tolerance for future coronary events, 
reduced future coronary events and survival ben-
efi t have all been associated with successful CTO 
revascularization procedures [22–26, 31].

To date, there is a paucity of prospective, rand-
omized clinical trial data to support the potential 
benefi ts of CTO revascularization. The reported 
benefi ts of CTO percutaneous coronary intervention 
(PCI) are mostly derived from registry data where a 
comparison is made between successful and failed 
PCI [21].

Due to accumulating interest in CTO PCI, a 
record number of studies are being pursued to 
shed a light on the precise benefi ts and limitations 
of CTO PCI. Recently, Henrique et al. presented 
randomized prospective clinical trial data on non-
culprit vessel CTO PCI in STEMI patients at the 
Transcatheter Cardiovascular Therapeutics (TCT) 
2015 meeting. This study revealed that routine 
CTO PCI did not improve left ventricular ejection 
fraction (LVEF) when compared to the control 
group. A subgroup analysis, however, revealed 
that for the left anterior descending artery CTO 
cohort, PCI resulted in improved LVEF [32].

Evidence from additional prospective, rand-
omized trials is needed to confi rm the clinical ben-
efi ts and limitations of CTO revascularization.

Treatment Indications and Decision 
Making

The European and North American guidelines 
have adopted CTO revascularization with a class 
2a recommendation (level of evidence B) [33, 34]. 
Symptom relief is considered the main indication 
for the procedure. However, a number of other 
potential benefi ts of CTO revascularization have 

Table 2 Benefi ts of CTO PCI.

Study Outcome after a successful CTO PCI

Chung et al. [22] Improvement in LVEF and regional wall motion after CTO PCI in patients without prior MI
Nakamura et al. [23] Improvement in LVEF in CTO patients revascularized with drug eluting stent implantation
Baks et al. [24] Improvement of left ventricular volumes and LVEF after CTO PCI as assessed by magnetic 

resonance imaging
Cheng et al. [25] Successful CTO PCI increases hyperemic myocardial blood fl ow with a greater and earlier 

improvement in regional contractility than non-CTO PCI
Cetin et al. [26] Successful CTO PCI reduces the arrhythmic burden
Grantham et al. [27] Successful CTO recanalization was associated with angina relief, improved physical function, 

and enhanced quality of life only in symptomatic patients at baseline
Safl ey et al. [28] Baseline ischemic burden of 12.5% as an optimal cut-off to identify patients most likely to 

have a signifi cant decrease in ischemic burden post-CTO PCI
Gerber et al. [29] Greater 3-year survival among patients who underwent CTO revascularization (by either PCI 

or CABG) when compared with medically treated patients when viability was demonstrated
Kirschbaum et al. [30] Early and late improvements in regional function after revascularization in the CTO 

distribution were associated with the extent of infarction on baseline cardiac magnetic 
resonance imaging

Lee et al. [31] A successful CTO PCI did not yield a mortality benefi t but it reduced the need for future 
CABG
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been identifi ed and are reasonable indications for 
CTO revascularization [35].

Historically low procedural success rates, techni-
cal challenges associated with CTO PCI, lack of 
operator experience, apparent ineffi cient resource 
utilization, potential increase in complication rates, 
uncertain clinical benefi ts, and the presence of 
well-developed collaterals have dissuaded inter-
ventional cardiologists from pursuing CTO PCI. 
Although the presence of collateral circulation has 
been associated with improved survival [36], the 
collateral fl ow may be insuffi cient to preserve ven-
tricular function and meet the metabolic demand 
in CTO patients which results in ventricular dys-
function, ischemia and angina [19]. With advances 
in novel and innovative techniques and equip-
ment, the procedural success rate for CTO PCI is 
reaching 90% and overall complication rates have 
decreased in the hands of experienced CTO opera-
tors [21, 37].

The decision to pursue CTO PCI depends on 
several factors. First, patient selection is critical. 
Ischemic burden, myocardial viability, severity 
of symptoms, and patient preferences need to be 
taken into consideration. Second, suitable anatomy 
should be identifi ed. Based on lesion and target 
vessel characteristics – presence of calcifi cation, 
stents, tortuosity, bifurcation, branch vessels, size, 
collateral vessels, location and shape of proximal 
and distal cap, length of the occlusion – the odds of 
successful revascularization may be estimated. For 
example, the J-CTO score which is based on lesion 
characteristics including the shape of proximal cap, 
calcifi cation, angulation and length, and repeat 
attempt can help predict the procedural success rate 
[38]. Third, operator experience is crucial. CTO 
PCI requires in-depth knowledge, a unique skill 
set and experience; (e.g., collateral wiring, dissec-
tion and re-entry technique, wire externalization, 
contemporary algorithm) and complication man-
agement. In addition, patients need to be informed 
of the idiosyncrasies associated with CTO PCI. In 
general, procedures tend to be longer and radia-
tion and contrast exposure tend to be higher when 
compared to non-CTO PCI, and multiple staged 
attempts may be required. For an appropriate can-
didate with suitable anatomy, CTO PCI should be 
discussed as a treatment option.

Treatment Options

Based on the severity of symptoms, concomitant 
CAD, ischemic burden, and patient risk profi le 
and preferences, treatment options may be tailored 
to each patient. However, irrespective of the pres-
ence of CTO, patients with CAD should be coun-
seled about risk profi le modifi cation and receive 
aggressive medical therapy for CAD. Medical 
management is a reasonable option for patients 
with no symptoms or mild symptoms. For patients 
with large ischemic burden or refractory symptoms 
despite optimal medical therapy, revascularization 
should be considered. CABG should be considered 
for patients with concomitant multi-vessel or left 
main CAD or in need of cardiac surgery for other 
reasons; valve surgery, etc. CTO PCI may be con-
sidered in patients with isolated CTO or those who 
are poor candidates for CABG. A number of publi-
cations dedicated to CTO PCI technique and strat-
egy have signifi cantly simplifi ed and standardized 
the procedures for CTO operators [39–43]. Since 
procedural success in CTO PCI is highly depend-
ent on operator experience, a referral to a CTO PCI 
center should be considered when local treatment 
options do not favor CTO PCI.

Salient Features of CTO PCI

Several salient features unique to CTO PCI are 
worth highlighting. In general, CTO PCI is a time 
consuming, labor intensive, and a resource heavy 
endeavor. As such, patient comfort must be taken 
into consideration. Conscious sedation with anes-
thesiology support or even general anesthesia may 
be required to allow patient comfort during a long 
procedure. Furthermore, for patients with heart fail-
ure, volume status should be carefully monitored 
during the procedure to avoid heart failure exacer-
bation due to a large volume of contrast used during 
the procedure; (e.g., left ventricular end diastolic 
pressure measurement at the beginning of the pro-
cedure may be benefi cial). Operator fatigue needs 
to be considered as well. The duration of the pro-
cedure needs to be monitored such that beyond a 
set time, unless the procedure is near completion, 
the procedure should be terminated and reattempted 
at another time. A number of CTO PCI centers 
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practice a team approach to avoid operator fatigue; 
i.e., two operators working as a team. Additionally, 
repeat attempts may be required for CTO PCI. Due 
to the radiation dose, the contrast volume and the 
duration of the procedure, a procedure may not be 
completed on the initial attempt. However, with the 
initial attempt a lot can be gained. For example, CTO 
lesion characteristics can be better appreciated and 
understood such that device and equipment selec-
tion may be streamlined during future attempts. 
Plaque modifi cation during the initial attempt may 
increase the likelihood of success with a subsequent 
CTO PCI.

For practitioners interested in developing a CTO 
PCI program, a discussion regarding resource uti-
lization is imperative. Based on 2015 Medicare 
physician reimbursement rate, a single vessel CTO 
PCI is reimbursed at the same rate as a single ves-
sel non-CTO PCI for acute myocardial infarction 
[44]. A CTO PCI is an elective procedure whereas 
a non-CTO PCI for acute myocardial infarction is 
an emergent or urgent procedure. As such, over-
all resource utilization may be higher for a non-
CTO PCI for acute myocardial infarction due to 
the additional cost associated with hospitalization. 
However, for the index procedure, resource utili-
zation may be higher for CTO PCI. According to 
Grantham et al., for CTO PCI, both the duration of 
the procedure and fl uoroscopy are about twice as 
long when compared to non-CTO PCI, and balloon 
and stent utilization for CTO PCI is signifi cantly 
higher than non-CTO PCI [45].

Traditionally, concerns over potential CTO PCI 
associated complication risks have deterred cardiol-
ogists from pursuing CTO PCI as a treatment option 
for patients with CTO. Due to recent advances in 
technique and dedicated CTO PCI equipment, a 
number of CTO PCI associated complication risks 
may be comparable to non-CTO PCI. In-hospital 
death (1.3% vs. 0.8%), Q-wave MI (0.5% vs. 
0.6%), and urgent CABG (0.7% vs. 1.1%) have 
been reported as similar between CTO PCI and 
non-CTO PCI [45].

However, other risks have been reported to be 
higher in CTO PCI compared to non-CTO PCI. 
Because of greater contrast volume used during 
CTO PCI, the risk for contrast-induced nephropa-
thy (CIN) is higher with CTO PCI than non-CTO 
PCI. This is infl uenced by pre-existing chronic 

kidney disease and the contrast volume used dur-
ing the procedure. Renal protective strategies 
such as pre-hydration and contrast volume mini-
mization during the procedure may mitigate the 
risk for CIN [45]. Particularly for patients with 
pre-existing chronic kidney disease, a discussion 
regarding the risk for CIN is essential. Radiation 
injury is another dose-dependent risk associated 
with CTO PCI. Fluoroscopy time and dose are 
directly proportional to the radiation injury. As 
in any PCI, a radiation dose minimization strat-
egy should be utilized. For example, collimation 
use, image intensifi er angle changes to avoid pro-
longed direct exposure to the same area and lower 
frame rate for fl uoroscopy (7.5 frames per second 
rather than 15 frames per second) during the pro-
cedure can mitigate radiation injury to the patient. 
For the operator, lead shielding, keeping a mini-
mal distance between the patient and the image 
intensifi er, and maintaining a maximal distance 
from the radiation source can minimize the radia-
tion exposure [45]. For radiation dose greater than 
5 Gy, a follow up evaluation is required to check 
for radiation dermatitis [45]. Coronary artery 
dissection and perforation are also reported to 
be more common in CTO PCI than in non-CTO 
PCI. Coronary artery dissection is signifi cantly 
higher in CTO PCI than in non-CTO PCI (17.8% 
vs. 13.3%) [45]. Interestingly, the contemporary 
CTO PCI algorithm includes intentional dissec-
tion and re-entry technique. Coronary artery per-
foration is signifi cantly higher in CTO PCI than in 
non-CTO PCI (0.9% vs. 0.2%) [45]. A strategy to 
minimize the risk for coronary artery perforation 
should be practiced. For example, appropriate 
wire selection, use of reversible pharmacother-
apy, and prompt recognition and treatment when 
perforation is identifi ed are key features [45]. Of 
note, the incidence of CTO PCI associated risks 
are somewhat variable depending on the data 
type (observational vs. prospective), operator 
experience (expert vs. all-comer) and data time 
frame (contemporary vs. historical). For exam-
ple, “Outcomes, patient health status and effi -
ciency in CTO hybrid procedures (OPEN CTO)” 
[ClinicalTrials.gov Identifi er: NCT02026466] 
is an on-going prospective study, and prelimi-
nary results presented at TCT 2015 meeting indi-
cate that clinically signifi cant perforation and 
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in-hospital myocardial infarction and death for 
CTO PCI are 4.9%, 2.4% and 0.9%, respectively. 
A number of on-going prospective studies will 
provide a greater insight into the incidence of 
risks associated with CTO PCI.

CTO PCI Technique

A detailed discussion regarding procedural tech-
niques and strategies is beyond the scope of this 
manuscript. A review of general concepts is pre-
sented below. It is crucial to clearly defi ne a CTO 
segment for a successful PCI. In order to clearly 
defi ne CTO segment, a bilateral simultaneous cor-
onary angiogram is required. That is, two guides 
are simultaneously engaged in the right coronary 
(RCA) and left main coronary arteries (LM), and 
contrast is injected into both guides (Figure 1). This 
technique allows clear visualization of the CTO 
segment and its collaterals, and this is often ambig-
uous on a single vessel contrast injection. Bilateral 
contrast injection also allows the operator to set up 
the coronary guides such that both anterograde and 
retrograde CTO PCI techniques can be utilized.

CTO PCI can be approached anterograde and 
retrograde. With the anterograde approach, a CTO 
segment is crossed with a coronary wire traversing 
anterograde from the proximal to the distal segment. 
Thereafter, PCI is performed in a traditional fash-
ion. With the retrograde approach, a CTO segment 
is crossed with a coronary wire traversing retro-
grade from the distal to the proximal segment. The 
wire reaches the distal segment of CTO through col-
lateral vessels which originate from a contralateral 
donor vessel. For example, Figure 2 shows RCA 
CTO which is crossed with a wire that traverses 
the septal perforator from the left descending artery 
(LAD). Thereafter, the retrograde wire is advanced 
into the RCA guide and then externalized (Figure 3). 
That is, the retrograde wire is advanced through the 
entire length of the RCA guide and externalized 
outside the RCA guide. Over the externalized seg-
ment of the retrograde wire, PCI can be performed 
through the RCA guide in an anterograde fashion 
(Figures 4 and 5).

Further categorization can be made into true 
lumen entry and dissection and re-entry. With the 
true lumen entry, a coronary wire traverses the 

RCA CTO

LAD

SP

Figure 1 Bilateral Contrast Injection Shows Left Anterior 
Descending Artery (LAD), Septal Perforator (SP) and Right 
Coronary Artery Chronic Total Occlusion (RCA CTO).

RCA CTO

SP

LAD

Figure 2 Retrograde Wire from LAD is Advanced 
Through SP into the Distal Segment of RCA Then Toward 
the RCA Guide.
Blue arrows indicate the direction of the retrograde wire 
movement.

CTO segment from true lumen on one side of 
the CTO segment to true lumen on the other side of 
the CTO segment (Figure 6). With the dissection 
and re-entry technique, a coronary wire traverses 
the CTO segment through the sub-intimal space. 
That is, the wire in true lumen on one side of the 
CTO segment enters the sub-intimal space adjacent 
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RCA CTO

LAD

SP

Figure 3 Retrograde Wire is Advanced Through the Entire 
Length of the RCA Guide and Externalized Outside the RCA 
Guide.

Figure 5 Finished RCA CTO PCI via Retrograde 
Approach.

RCA CTO

LAD

SPBalloon

Figure 4 Over the Externalized Retrograde Wire (blue 
arrows), a Balloon is Advanced Anterograde Through the 
RCA Guide (Red Arrow).

Figure 6 True Lumen Entry.
Coronary wire traverses the CTO segment from true lumen 
on one side of the CTO segment to true lumen on the other 
side of the CTO segment. Red area indicates true lumen of 
the vessel. Black area indicates CTO segment of the ves-
sel. Yellow area indicates vessel wall. Blue arrow indicates 
coronary wire direction.

Figure 7 Dissection and Re-Entry.
Coronary wire traverses the CTO segment from true lumen 
on one side of the CTO segment to true lumen on the other 
side of the CTO segment through sub-intimal space. Red area 
indicates true lumen of the vessel. Black area indicates CTO 
segment of the vessel. Yellow area indicates vessel wall. Blue 
arrow indicates coronary wire direction.to the CTO segment then re-enters the true lumen 

on the other side of the CTO segment (Figure 7).
The decision to pursue either anterograde or retro-

grade approaches or true lumen entry or dissection 
and re-entry depends on the anatomical features of 
CTO, the presence of calcifi cation, stents, tortuosity, 

bifurcation, branch vessels, size, collateral vessels, 
location and the shape of the proximal and distal cap, 
as well as the length of the occlusion. CTO operators 



C. Choi et al., Coronary Artery Chronic Total Occlusion 333

need working knowledge of CTO PCI algorithms 
and techniques, and familiarity with different wire 
characteristics and dedicated equipment.

The learning curve for contemporary CTO PCI 
algorithm and techniques is steep. However, a 
CTO PCI program may be a worthy pursuit for a 
dedicated team. Interested readers are encouraged 
to study dedicated manuscripts for CTO PCI tech-
nique [35–39], and participate in conferences dedi-
cated to CTO PCI and educational programs such as 
www.CTOfundamentals.org.

Future Direction

Patients with CTO are an underserved cohort in 
need of a full complement of treatment options. 
Despite signifi cant strides gained in CTO PCI, 
the procedure is often viewed by general cardi-
ology community as a “high risk” procedure and 
often not discussed or offered to patients. In order 
to change this misconception and overcome this 
barrier, more educational effort is required. In 
particular, more prospective, randomized clinical 
trial data are needed to elucidate the benefi ts and 
limitations of CTO PCI. Results from prospective 
studies such as “A Randomized Multicentre Trial 
to Evaluate the Utilization of Revascularization 
or Optimal Medical Therapy for the Treatment of 
Chronic Total Coronary Occlusions (EuroCTO)” 
[ClinicalTrials.gov Identifi er: NCT01760083], 
“Drug-Eluting Stent Implantation Versus Optimal 
Medical Treatment in Patients With Chronic Total 
Occlusion (DECISION-CTO)” [ClinicalTrials.
gov Identifi er: NCT01078051], and “Outcomes, 
patient health status and effi ciency in CTO hybrid 
procedures (OPEN CTO)” [ClinicalTrials.gov 
Identifi er: NCT02026466] will be enlightening. 
More educational effort is needed to improve the 
awareness in the general cardiology community 

regarding CTO such that CTO PCI is considered 
as a standard treatment option for appropriate can-
didates. Additional efforts are needed to increase 
the number of trained CTO operators so that 
patient care is not limited by the accessibility of an 
experienced operator. Continued development of 
dedicated equipment is needed to improve the suc-
cess rate for CTO PCI. Given time and resource 
heavy nature of the procedure, policy and admin-
istrative support is needed so that CTO PCI is a 
fi nancially viable endeavor for current and future 
CTO operators.

Conclusion

In the past decade, there has been an exponential 
growth in novel and innovative techniques, and 
development of dedicated equipment for CTO PCI 
which has resulted in a signifi cant improvement in 
procedural success. Furthermore, due to growing 
interest in CTO PCI, studies dedicated to under-
standing the benefi ts and limitations of CTO PCI 
are being pursued in record numbers. Collaboration 
among CTO operators and industry in an effort to 
improve procedural success and patient care has 
been a fruitful endeavor. Dedicated CTO confer-
ences and educational effort will increase the num-
ber of CTO operators which in turn will improve 
patient care and accessibility.
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