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Abstract

Purpose of review Chronic total occlusion (CTO) poses one of the greatest technical
challenges to interventional cardiologists. Despite recent advancements in techniques
and clinical trials showing significant benefits of CTO percutaneous coronary interventions
(PCI), the proportion of patients with untreated CTOs remains high. We therefore aim to
perform a comprehensive review of the various techniques available, recent advance-
ments, benefits, and complications associated with CTO PCI.
Recent findings Three randomized clinical trials examining the benefits of CTO PCI have
recently been presented. Scoring systems have been developed to facilitate pre-procedural
estimation of success and complications of CTO PCI. Technological enhancements in
coronary wires and other interventional equipment along with dedicated training for
CTO operators have improved the likelihood of successful recanalization of CTOs.
Summary CTO PCI has been shown to improve patient symptoms and quality of life. It is
therefore important to have an in-depth knowledge of the various CTO techniques,
appropriate equipment, and complications when performing these complex procedures.
Clinicians should weigh the risks and benefits and choose the appropriate patient popu-
lation who may benefit from revascularization.
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Introduction

A coronary chronic total occlusion (CTO) is a complete
or nearly complete occlusion of an epicardial coronary
vessel, usually secondary to heavy atherosclerotic plaque
within the artery, resulting in thrombolysis in myocar-
dial infarction flow (TIMI) of 0 [1, 2]. Defining the
chronicity of obstruction can be challenging at times
due to lack of recent angiograms, but per definition,
the obstruction should be present at least for a period
of 3 months or more. In patients where no prior

angiograms are available, frequency and duration of
symptoms and history of prior myocardial infarction
may help to estimate the duration of occlusion. It is
important to differentiate CTOs from recent infarct-
related occluded arteries, between 3 to 30 days after a
myocardial infarction (MI). These most recent occlu-
sions typically supply infarcted muscle and do not ben-
efit from percutaneous coronary revascularization (PCI)
as shown in the occluded artery trial (OAT) [3].

Prevalence of CTOs

Previously published multicenter registries have shown that CTOs have a
prevalence of 10–25% among patients undergoing diagnostic angiography [4–
6, 7•]. Data from the Canadian chronic total occlusion study with 14,439
patients showed that the incidence of CTO was about 18% in patients with
known coronary disease [8]. Also, in this registry, it was shown that female
patients had a relatively lower prevalence of CTO and less likely to receive
revascularization through coronary artery bypass grafting (CABG) [9]. The
prevalence of CTOs in patients undergoing coronary angiography for acute ST
segment elevation myocardial infarction is 21% in diabetics and 12% in non-
diabetics [10].

Medical therapy and goals of revascularization in CTO

All patients with CTO should initially be treated with guideline-directed med-
ical therapy (GDMT), including aspirin, beta-blockers, renin angiotensin
blockers, and statin unless they have a contraindication. Antianginal medica-
tions, including nitrates, calcium-channel blockers, and ranolazine, should also
be used to mitigate symptoms. Patients should be evaluated appropriately for
revascularization with either percutaneous coronary intervention (PCI) or
CABG. The objectives of revascularization in patients with CTO are to improve
clinical outcomes, left ventricular function or symptoms, most commonly
angina or dyspnea. Although observational studies have shown a negative
association between the presence of a CTO and survival and a potential benefit
of successful CTO PCI relative to unsuccessful attempts, data from well-
designed randomized clinical trials are lacking.

Improvement in survival
In the HORIZONS-AMI trial, the presence of CTO in a non-IRA was shown to
predict mortality at 3-year follow-up [11]. Another study showed that the
presence of CTO was associated with increased mortality during long-term
follow-up, after excluding early deaths [12]. Successful CTO was shown to
reduce mortality by almost 48% in a meta-analysis of mostly observational
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studies comparing successful versus unsuccessful CTO PCI [13•]. A few other
studies also showed improvement in mortality in patients with CTO receiving
PCI, particularly when the target vessel was the left anterior descending artery
[14]. A recent randomized trial comparingmedical therapy to CTO PCI showed
no significant mortality benefit [15]. Of note, this trial was powered to detect
the difference in quality of life and health status and therefore had insufficient
power for detecting a difference inmajor adverse clinical events (MACE).MACE
occurred in 6.7% of patients in the medical arm and 5.2% in the CTO PCI arm.

Improvement in left ventricular function
In a previously published study, the presence of a CTO in non-IRA in STEMI
patients was independently associated with reduced left ventricular ejection
fraction [12]. Also, there was further deterioration in LVEF at 1-year follow-
up. Another meta-analysis of PCI in CTO showed 4.44% increase in LVEF
and reduced adverse remodeling of the ventricle [13•]. Numerous other
studies have shown significant improvement in LVEF after treatment of CTO
with PCI [16–20].

Improvements in quality of life
Successful CTO recanalization has been shown to reduce the need for
antianginal medications and to improve exercise capacity, as demonstrated by
longer 6-min walking distance [21]. The mechanism is probably secondary to
reduced ischemic burden and anginal frequency with CTO PCI.

In a recent randomized clinical trial of 396 patients with CTO who were
randomized to CTO PCI versus medical therapy, CTO PCI showed significant
improvements on Seattle angina questionnaire (SAQ) in several domains in-
cluding angina frequency (5.23, 95% CI = 1.75–8.71, p = 0.003) and quality of
life (6.62, 95% CI = 1.78–11.46, p = 0.007). Complete relief from angina was
also more common with CTO PCI relative to medical therapy (71.6% versus
57.8%, p = 0.008) [13•].

Current recommendations for CTO revascularization

The 2011-ACCF/AHA/SCAI Guideline for PCI recommended revascularization
with PCI in patients with clinical indications and favorable anatomy, especially
when performed by operators with adequate expertise (Class IIa, Level of
Evidence [LOE] B) [22].

The 2014 European Society of Cardiology and the European Association for
Cardiothoracic Surgery guidelines recommend CTO PCI to be considered in
patients in whom ischemia reduction is expected in a corresponding myocar-
dial territory and/or angina relief (Class IIa, LOE B). The guidelines recommend
an initial anterograde approach to CTO followed by consideration of a retro-
grade approach if anterograde approach fails or a primary retrograde approach
in appropriately selected patients (Class IIb, LOE C) [23•].

In the recent 2017-ACC/AATS/AHA/ASE/ASNC/SCAI/SCCT/STS Appropri-
ate Use Criteria for revascularization in patients with stable ischemic heart
disease, there are no separate criteria for CTO lesions as was the case back in the
2012 guidelines. Currently, the indications for revascularization in stable is-
chemic heart disease patients are determined irrespective of whether the lesion
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is a CTO or not [24]. The indication for revascularization of a coronary artery
lesion is now purely based on symptoms, the extent of antianginalmedications,
and the risk of ischemia and not whether the lesion is a CTO or not.

Frequency of CTO intervention and risk-benefit analysis

True benefit derived from CTO PCI depends on patient symptoms, the likeli-
hood of achieving success, and complications including periprocedural and
long-term complications. It is generally not recommended to intervene on a
CTO in an asymptomatic patient. In such patients, an ischemic work-up in-
cluding a treadmill stress testing or quality of life questionnaire could help to
define the area of ischemia and potential limitations in terms of quality of life. If
themyocardial territory is large enough towarrant intervention, PCI of the CTO
should be considered. In a study by Safley et al. [25], it was shown that patients
with 9 12.5% ischemic burden in the CTO territory are found to experience
significant improvement in their ischemic burden post CTO PCI.

CTO PCI is associated with higher procedural complications relative to non-
CTO PCI, and despite the potential benefits, CTO PCI attempt rates are signif-
icantly lower than non-CTO PCI rates [26•]. Before the The SYNergy between
percutaneous coronary intervention with TAXus and cardiac surgery (SYNTAX)
trial [27], one of the major exclusion criteria in trials comparing PCI versus
coronary artery bypass graft (CABG) surgery was the presence of a CTO, which
eventually led to referral for CABG surgery. Over the past decade or so, there has
been a significant improvement in the treatment options available for CTO PCI
and this has led to a remarkable increase in success rates with CTO PCI. In a
previous analysis from the National Cardiovascular Data Registry (NCDR),
procedural success of CTO PCI was only 59% between 2009 and 2013 [26•].
Another meta-analysis reported success rates of 70–80% [28]. With improve-
ment in treatment strategies, including the use of the hybrid algorithm and
dedicated interventional equipment, the success rate of CTO has improved
significantly to 85–90% in experienced centers [29–33]. Thus, it appears that
dedicated CTO operators have been able to overcome many of the challenges
encountered during CTO PCI and that may explain the gap between experi-
enced CTO centers versus the non-experienced ones.

Scoring systems for CTO

There are numerous scores used for estimating the success of a PCI procedure
for CTO. The initial scoring system for PCI in CTO came from a Japanese CTO
registry and is called the J-CTO score [34]. The score uses five variables including
blunt stump, occlusion length 9 20mm, CTO tortuosity, CTO calcification, and
prior failed attempt. The score helps to predict successful guidewire crossing
within the first 30 min of the procedure.

A second scoring system which is more commonly used is the prospective
global registry for the study of chronic total occlusion intervention
(PROGRESS-CTO) [35•]. The score includes proximal cap ambiguity, circum-
flex CTO, moderate severe tortuosity, and the absence of interventional collat-
erals. The four-point system appears to predict technical success and long-term
outcomes better than the other existing scores [36].
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There are other scoring systems that exist including the ORA score (ostial
location, collateral filling of Rentrop G 2, age over 75 years) [31], RECHARGE
(REgistry of Crossboss and Hybrid Procedures in FrAnce, the NetheRlands,
BelGium and UnitEd Kingdom), the CL scoring systems [37], and the scoring
system by Ellis et al. [38] using proximal cap ambiguity that are infrequently used
in clinical practice. Scoring systems perform well in antegrade CTO approaches.

Published randomized and non-randomized trials on CTO

There have been three randomized controlled trials (RCT) of CTO PCI versus
medical therapy that have been presented at scientific conferences or in peer-
reviewed publications (Table 1). The EXPLORE (Evaluating Xience and Left
Ventricular Function in Percutaneous Coronary Intervention on Occlusions After
ST-Elevation Myocardial Infarction) trial randomized 304 patients with non-IRA
CTO in patients admitted for acute ST elevation myocardial infarction [39].
Patients were randomized to PCI of the non-IRA CTO versus medical therapy.
The study did not show any difference in ejection fraction or LV dimensions at 4-
month follow-up. They reported a 73% success rate for CTO PCI [39].

The DECISION-CTO (NCT01078051) is another RCT with 834 patients
comparing CTO PCI plus optimal medical therapy to optimal medical thera-
py alone and was terminated early. Clinical outcomes were similar between the
two groups at amedial follow-up of 3.1 years. There weremajor criticisms of the
trial including suboptimal primary end point selection, early termination, and
high crossover rates (reported as high as 18% switch from medical therapy to
intervention group) and the presence of only mild symptoms at baseline in

Table 1. Comparison of randomized controlled trials on CTO

Study EXPLORE DECISION-CTO EuroCTO
Sample size 304 834 396

Design RCT RCT RCT

Follow-up 4-month 5-month 12-month and 36-month

Study arms Early CTO PCI Vs
conservative
management of
non-IRA in STEMI
patients

Optimal medical therapy + PCI
versus optimal medical
therapy in CTO

Optimal medical therapy + PCI versus optimal
medical therapy in CTO

Primary end
point

LVEF and LVEDV Major adverse cardiac events
(all-cause mortality, MI,
stroke, repeat
revascularization)

Objective assessment of ischemia by SAQ and
EQ—5D questionnaires

Comparison
of
primary
end point

No difference between
groups with respect to
LVEF or LVEDV

No difference between groups Improved quality of life by SAQ and greater
mobility, less pain, or discomfort by EQ-5D.
No change in treatment satisfaction or
anxiety levels. Comparable 1-year MACE

CTO chronic total occlusion, EQ-5D EuroQol group, LVEDV left ventricular end diastolic volume, LVEF left ventricular ejection fraction, MACEmajor
adverse cardiac events, MI myocardial infarction, non-IRA non infarct-related artery, PCI percutaneous coronary intervention, SAQ self-
assessment questionnaire, STEMI ST segment elevation myocardial infarction
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both groups. This trial was presented at the American College of Cardiology
2017 Annual Scientific Session but has not been published yet.

The EuroCTO (A Randomized Multicentre Trial to Evaluate the Utilization
of Revascularization or Optimal Medical Therapy for the Treatment of Chronic
Total Coronary Occlusions) trial (NCT01760083) was terminated after enroll-
ment of 396 patients; it was originally designed to enroll 1200 patients [15].
Despite being underpowered, the trial showed that patients who received CTO
PCI had significant improvements in physical limitation, angina frequency, and
quality of life at 1 year when compared to medical therapy alone.

The major difference between the trials is the timing and management of
severe non-CTO lesions. In DECISION-CTO, 77% of patients had
multivessel disease (non-CTO lesions) and were treated after randomiza-
tion and baseline assessment in the medical arm, effectively diluting the
potential beneficial effect of the intervention in the CTO PCI arm. In
contrast in EuroCTO, all significant non-CTO lesions were treated prior to
randomization and baseline assessment.

Technical aspects of CTO PCI

CTO operators should be familiar with the available interventional equipment
and understand their strengths and limitations. There should also be a good
understanding on the complications that may arise during CTO PCI and how to
effectively manage them. The importance of operator experience cannot be
overstated as it relates to procedural success. In unselected populations, the
success rate of CTO PCI remains low at 59–61% [26•, 40] whereas in experi-
enced centers, procedural success rates of 9 85% are the norm [29, 32].

It is advisable to use longer sheaths for CTO PCI and most hybrid centers
routinely use bilateral femoral 45-cm sheaths. Consider higher than the usual
ACTs (9 300 s) for retrograde CTO PCIs to prevent thrombosis of the donor
vessel. Heparin is the anticoagulant of choice for CTO PCI as this can be easily
reversed in case of coronary perforation. For radial access, the 7 Fr Slender
sheath allows the use of a 7 Fr guiding catheter. Smaller size sheaths are not
preferred especially because of weaker support and inability to accommodate
coronary equipment.

In the USA, the dual 8 Fr systems are preferred, whereas in Europe, 7 Fr
systems are favored, although 8 Fr femoral access has been shown to be
associated with more vascular complications [41] and the use of fluoro-
scopic guidance has shown to reduce complications [42]. A study which
compared outcomes of radial versus femoral CTO PCI showed that the
technical success with both approaches was similar, except in complex CTO
PCIs defined as J-CTO score of ≥ 3, where radial access was associated with a
lower technical success rate [43]. Though radial operators are increasingly
adopting radial access for CTO PCI, this may be associated with lower
success and efficiency, especially in complex CTO PCIs [44]. More recently,
CTO operators are using an 8 Fr femoral guide for the antegrade guiding
catheter and a 6 Fr radial access for the retrograde guiding catheter especially
for antegrade cases.

The use of shorter guiding catheters (90 cm) facilitates the retrograde ap-
proach as it minimizes the distance which the retrograde wire needs to travel

1 Page 6 of 15 Curr Treat Options Cardio Med (2019) 21: 1



before externalization. With the availability of long externalization guidewires
including RG3 and RG350, guide catheter shortening is not mandatory. A Y
connector with hemostatic valve can help to minimize blood loss associated
with CTO PCI. Guide catheter extensions including Guidezila II by Boston
Scientific, Trapliner by Vascular Solutions, GuideLiner V3 (Vascular Solutions),
or Giodion (interventional Medical Device Solutions) are routinely used to
increase support and facilitate reverse controlled antegrade dissection (reverse
CART) and retrograde tracking. An over-the-wire system, usually over a
microcatheter or over-the-wire (OTW) balloon, is always preferred for CTO
crossing because it allows reshaping of the guidewire tip and facilitates
guidewire exchanges. Microcatheters are preferred toOTW balloons because the
marker for a microcatheter is located conveniently at the tip and provides better
visualization. Many microcatheters are available on the market including Cor-
sair Pro (Asahi Intecc), Corsair, Spiral and Gold (Vascular Solutions), Turnpike,
Turnpike LP, and Finecross (Terumo) and support catheters including
MultiCross and CenterCross (Roxwood) are also used. Recommended
guidewires for CTO PCI and its principal applications include Fighter (Boston
Scientific) or Fielder XT (Asahi) for crossing micro-channels and knuckle for-
mation. For penetration, the Gaia guidewire and the Confianza Pro 12 (Asahi)
have stiff tapered tip and the Pilot 200 (Abbott Vascular) is a moderately stiff
non-tapered wire. In particular, the Confianza Pro 12 can be very useful for
puncturing a calcified CTO cap (proximal or distal). For crossing collateral
channels, the hydrophilic Sion (Asahi) wire is preferred as it is highly torquable
with excellent shape retention properties. Fielder FC, XT-R could be used as
well. Finally, for wire externalization, the RG3 (Asahi, 330 cm long) and R350
(Vascular Solutions, 350 cm long) are preferred.

Dual coronary injection is one of the most important aspects of CTO PCI as
it allows to accurately define the proximal cap, estimate lesion length, location
of distal cap, and presence of interventional collaterals. This is done with a low
magnification without panning and with long cine acquisition. The donor
vessel is injected first followed by the injection of the occluded vessel after
collaterals have filled the distal vessel. It is advisable to avoid a side-hole
catheter. According to the hybrid algorithm, four key elements should be
studied in detail before CTO PCI: (1) proximal cap ambiguity, (2) lesion length,
(3) collateral circulation and the presence of “interventional collaterals,” and
(4) location and quality of distal target vessel. The fluoroscopy rate is usually set
at 7.5 frames per second to minimize radiation exposure.

CTO crossing techniques

According to the hybrid algorithm, there are three major techniques to perform
CTO PCI: (1) antegrade wire escalation, (2) antegrade dissection and reentry,
and (3) retrograde.

Antegrade wire escalation
This is the most commonly utilized technique for crossing the CTO and is
very useful in short occlusions G 20 mm in length, in stent restenosis, and
longer occlusions of straight segments. In this technique, wires of increasing
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stiffness are used usually over a microcatheter or OTW balloon in an
attempt to cross the CTO. As mentioned previously, microcatheters are
preferred over OTW balloons as the marker is at the tip for microcatheter.
Initially, we prefer to use a polymer-jacketed tapered guidewire such as the
Fielder XT (Asahi Intecc) but if this fails, still polymer-jacketed wire such as
pilot 200 (Abbot Vascular) can be used, especially when the course of the
occluded vessel is unclear. If the occluded vessel course is known, then a
stiff wire such as the Confianza Pro 12 (Asahi Intecc) is preferred. Crossing
the CTO into the distal lumen involves sliding which is the first step
followed by drilling with controlled rotation of guidewire and finally pen-
etration with forward guidewire advancement steering the wire but not
blindly rotating. The family of Asahi Gaia guidewires (first, second, and
third) is increasingly used for antegrade crossing as they have increased tip
load (1.7, 3.5, and 4.5 gf).

Antegrade dissection/reentry
The basic principle of dissection/reentry is to use the subintimal space as a
conduit to gain access to true lumen of the vessel distal to the CTO,
bypassing the CTO itself. The term subintimal space could refer to the tissue
plane within or beyond the occlusion and it could be as follows: (1)
subintimal, (2) intra plaque, and (3) intra-adventitial or their combina-
tions. Subintimal space is usually reached with a “knuckle wire,” formed by
advancing the wire Fielder XT (Asahi Intecc) to form a small loop in
subintimal space. Large wire loops should be avoided as the dissection
plane can grow significantly, which makes reentry more difficult. A blunt-
tipped microcatheter (CrossBoss, Boston Scientific) can also be used. Once
the microcatheter or the knuckle wire reaches the subintimal space distal to
the CTO, reentry can be achieved with a Stingray balloon (BSCI) or less
preferably a guidewire.

Several reentry techniques have been described. First, the Subintimal
Tracking and Re-entry (STAR) refers to spontaneous reentry of the
guidewire into the true lumen after the CTO [45]. A modified mini-STAR
[46] or Limited Antegrade Subintimal Tracking (LAST) was introduced to
minimize the size of subintimal crossing. Fielder XT or FC guidewire is used
in mini-STAR, whereas in LAST, pilot 200 or Confianza Pro 12 are used. A
deflectable tip venture catheter by Vascular Solutions can assist in distal true
lumen reentry [47]. The preferred technique for most CTO operators is the
Stingray balloon guided reentry. The Stingray is a 1-mm balloon with three
ports all connected to one common lumen. One port is used to stabilize the
balloon in position while the other two ports (one proximal and one distal)
are facing 180° away, one facing the true lumen while the other facing the
adventitia. A Stingray wire is a high gram force wire which is inserted and
guided out through the port for the true lumen. This is guided by retrograde
injections. The wire is angulated at the tip with a distal tapering probe that
helps to grab the tissue while the operator advances the wire through the
port facing the desired lumen. Usually, a pilot 200 is used for exchange. The
CrossBoss system has been shown to have a 77% success rate in the FAST
CTO trial (Facilitated Antegrade Steering Technique in Chronic Total Oc-
clusions) [48]. Another technique named microcatheter knuckle technique
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(MKT) has been introduced by operators where significant resistance is
experienced restricting further guidewire advancement in antegrade or ret-
rograde dissection [49].

The retrograde approach
This was initially introduced in Japan and has been widely adopted world-
wide [50]. The technique involves using the distal cap of the CTO, which is
not exposed to arterial pressure and therefore it is softer and easier to cross
in comparison to the proximal cap [51]. Any of the collaterals, including
septal perforators, bypass grafts, or any other epicardial collateral can be
used if deemed appropriate. Werner collateral channel classification (WCC)
includes CC1 (invisible collaterals), CC1 (thread-like continuous connec-
tion), and CC2 (side branch–like connection) but CCo may be visible on
selective collateral injection through a microcatheter. The suitability of
using a collateral for a retrograde approach (called “interventional collat-
erals”) depends on wiring difficulty, tortuosity, perforation risk, and ability
to dilate the vessel. Septal collaterals are preferred as they can be easily
crossed using a “surfing” technique, can be dilated, and perforations are
usually contained. The risk of coronary perforation is higher when epicar-
dial collaterals are used. A bypass graft is the second most ideal retrograde
conduit as it allows manipulation of wire and accommodates essential
interventional equipment. Another advantage is that they are less tortuous
and there is a lower risk of tamponade with perforation secondary to
pericardial scarring after a CABG. Despite these advantages, a multicenter
registry has shown that bypass grafts were used only in 8% of the patient
population with CTO and septal perforators were preferred. The reported
procedural success rate was 80% with a complication rate of 2.6% [52].
Collateral crossing technique involves using of a soft polymer-jacketed
guidewire (pilot 50 or Fielder FC) or Sion blue (Asahi Intecc) with a 45°
bend at its distal tip. The wire is inserted over a Corsair catheter (Asahi
Intecc), which has a hydrophilic coating and stainless-steel braiding design
which helps to serve for both wire support and collateral dilatation. After,
the retrograde wire is lodged in the distal cap and wire escalation or
dissection reentry technique is used to enter the true lumen but reported
success rate is around 40% [53•] and more often the reverse CART tech-
nique is required. The technique involves advancing a balloon over the
antegrade wire and inflating in the subintimal space to expand it and
simultaneously advancing the retrograde wire into the false lumen created.
In the CART technique, balloon inflation is done retrograde to facilitate
antegrade wire entry. More recently, Matsuno et al. proposed a new classi-
fication system for reverse CART techniques. According to them, reverse
CART can be classified as follows: (1) conventional reverse CART (a large
balloon on antegrade wire to help retrograde wire entry within CTO seg-
ment), (2) directed reverse CART (small antegrade balloon and intentional
vessel tracking and entry with retrograde wire within CTO segment), (3)
extended reverse CART (reentry outside the CTO segment by extending
intimal/subintimal dissection outside the CTO segment) [54]. Once reverse
CART is achieved, the guidewire is advanced into the antegrade guide
catheter and then trapped. This allows the advancement of microcatheter
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over the guidewire followed by wire exchange with a longer guidewire with
externalization. The RG3 (330 cm long, Asahi) and R350 (350 cm long,
Vascular Solutions) are preferred for wire externalization. Donor vessel
injury may occur during wire externalization and active guide manipulation
may be required to prevent it.

CTO crossing algorithm

An algorithm for CTO crossing was proposed by Brilakis et al. in 2012
(Fig. 1). The technique starts with the initial vessel assessment for proximal
cap ambiguity (ambiguous or identifiable), occlusion length (less than or
greater than 20 mm), size and location of the distal vessel (9 2-mm vessel
without disease and distal cap at bifurcation), and availability of interven-
tional collaterals. The initial strategy is selected based on the
abovementioned parameters and the strategy is modified accordingly
avoiding prolonged crossing attempts with one strategy [55•].

Stent selection

Drug eluting stents are preferred over bare metal stents for CTO interven-
tions. Data from the National Cardiovascular Data Registry showed that
DES are associated with overall low mortality with a lower incidence of
myocardial infarction and repeat coronary revascularization [56]. Meta-
analyses have also showed lower incidence of restenosis with DES [57, 58].
Another randomized trial showed that sirolimus eluting stent had lower
target vessel revascularization when compared to bare metal stents [59].
CIBELES showed that everolimus eluting stents (EES) and sirolimus eluting

Fig. 1. Hybrid algorithm for crossing coronary chronic total occlusions. “CART—controlled antegrade and retrograde dissection and
reentry” by Brilakis et al. JACC Cardiovasc Interv. 2012;5(4):367–79.
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stents (SES) have similar outcomes in CTO interventions [60] whereas ACE-
CTO showed higher rates of stent strut malapposition and incomplete stent
coverage after CTO PCI with EES [61].

Complications of CTO PCI

In a study from 12 expert CTO centers from the USA with 1000 consecutive
procedures, the overall reported complication rate was around 10% and was
more commonly seen with the retrograde approach [62•]. Most common
events were perforation (8.8%), periprocedural myocardial infarction
(2.6%), arrhythmia (1.2%), cardiogenic shock (1.1%), and in hospital
death (0.9%). Investigators from the PROGRESS-CTO registry reported a
complication rate of 2.8% in 1569 CTO PCI procedures. Three factors were
independent predictors of complications: patient age 9 65 years, lesion
length ≥ 23 mm, and the use of the retrograde approach [63].

Another propensity matched cohort study with 4014 patients compared
CTO PCI to non-CTO PCI and showed similar rates of death, myocardial
infarction, urgent CABG, and combined MACE [64]. A few other studies
also showed similar outcomes between CTO and non-CTO PCI [65, 66]. As
perforation of coronaries is a dreaded complication, pre-procedural plan-
ning is essential and coils and covered stents should be readily available
before the procedure [67]. As CTO procedures are time-consuming, there is
risk of radiation injury, and therefore it is advisable to use fluoroscopy at
7.5 frames per second rather than 15 frames or higher. Recently, a prelim-
inary experience for a low-dose protocol was suggested for CTO PCI [67].
Also, it is important to switch angiographic views frequently and maximize
the distance between the X-ray source and the patient to avoid radiation-
induced skin damage.

Conclusion

In experienced centers, successful outcomes of CTO PCI can be achieved in
80–90% of patients. Optimal patient selection requires a combination of
clinical evaluation, functional testing, dual angiography, and procedural
expertise. Complications of CTO PCI are higher than for non-CTO PCI with
serious complications occurring in ~ 3% of patients. The main clinical
benefit of CTO PCI is that it improves symptoms of angina. Training and
proctoring are important to achieve high success rates and deal with com-
plications of CTO PCI effectively.
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