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The percutaneous management of chronic total occlusions (CTO) is a well-established sub-specialty of
Interventional Cardiology, requiring specialist equipment, training, and techniques. The heterogeneity
of approaches in CTO has led to the generation of multiple algorithms to guide operators in their
management. The evidence base for management of CTOs has suffered from inconsistent descriptive
and quantitative terminology in defining the nature of lesions and techniques utilised, as well as
seemingly contradictory data about improvement in ventricular function, symptoms of angina, and
mortality from large-scale registries and randomised controlled trials. Through this review, we explore
the history of CTO management and its supporting evidence in detail, with an outline of limitations of
CTO-percutaneous coronary intervention and a look at the future of this growing field within
cardiology.
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Introduction
Significant progress has been made in recent years in the
percutaneous management of chronic total occlusions (CTO).
Once thought to be of minimal clinical importance—and
perhaps best managed medically—increasing evidence sug-
gests that in the correct patient population, successful
percutaneous coronary intervention (PCI) to a CTO may
result in a significant reduction in symptom burden and
functional ischaemia [1]. Additionally, with increased oper-
ator experience, dedicated training programs, the wider
release of specialised equipment, and the development of
novel lesion-crossing strategies, the rate of procedural suc-
cess has become considerably higher [2,3]. However, even
with the increasing success rates and improvements in pa-
tient quality of life, CTO–PCI does not have universal uptake
across all countries with the majority of data and techniques
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coming from three main regions—North America, Europe,
and Asia [4–9].
Background
Commonly ascribed attributes of a CTO include an estimated
chronicity of greater than 3 months, heavy atherosclerotic
burden, and occlusive (or near-occlusive) disease with com-
plete interruption of anterograde arterial filling and thrombol-
ysis in myocardial infarction (TIMI) grade 0 flow beyond the
lesion, or TIMI 1 flow in functional CTOs [10,11]. The preva-
lence ofCTOs is potentially under-appreciated.Domestically, a
relative lack of country-specific data makes direct comparison
challenging [12,13]. However, with an ageing population, the
assumption can bemade that higher complexity lesions such as
CTOs will increase in frequency [14].
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Table 1 Variables of the Japanese-CTO score.

Variable Points
Attributed

Notes

Stump

Morphology

Tapered=0

Blunt=1

A stump must not be tapered

to be awarded 1 point

Calcification Absent=0

Present=1

The point is awarded for any

degree of calcification within

the lesion

Tortuosity ,45�=0
.45�=1

This only applies to tortuosity
within the CTO segment, not

elsewhere in the vessel

Occlusion

Length

,20 mm=0

.20 mm=1

Preferentially determined via

dual injection

Number of

Attempts

First=0

Subsequent=1

There is no specification about

the level of experience of the

initial operator.

Scoring (add points for each variable): Category of Difficulty:
Easy=0; Intermediate=1; Difficult=2; Very Difficult �3

Adapted from Morino et al. [4].

Abbreviation: CTO, chronic total occlusion.
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Historically, CTOs were managed medically with anti-
platelet agents, and statin and anti-anginal therapy [15].
Despite their ingenuity with non-specialised equipment, the
early CTO operators found themselves faced with high rates
of vessel re-occlusion and complications [16]. With the
advent of drug-eluting stents, more adventurous procedur-
alists began to open lesions previously considered ‘untreat-
able’ in the era of bare metal stents. Much of the early data
supporting percutaneous management of CTOs was auth-
ored in Japan, with the Japanese leading the way with
techniques, equipment, outcomes, and success rates [4]. The
creation of retrograde and dissection and re-entry techniques
improved success rates, and over time fewer complications
were experienced [17]. However, these skills were chal-
lenging to teach, and even more so to master. Operators were
aware of this difficulty and as CTO–PCI expanded across the
world, experts collaborated to simplify the procedure
with the creation of scoring systems such as the Japanese-
CTO (J-CTO) score, as outlined in Table 1, helping risk-
stratify lesions from very difficult to more achievable [4].
The publication of the J-CTO score allowed bolder Inter-

ventionalists to venture into CTO management, with the use
of an objective tool for CTO assessment, potentially allowing
lower-volume operators to select less challenging lesions and
thus increasing attempts plus improving success rates
[15,18,19]. The system of categorising the angiographic
characteristics of CTO seen in the J-CTO scoring system was
the beginning of the development of what is now known as
the “CTO–PCI Algorithm,” which is a way to tackle CTO
lesions based on angiographic characteristics. Over time the
community developed various algorithms designed to guide
operators and provide a strategic approach, improve out-
comes, and allow easier teaching [20–22]. This systematic
approach to CTO–PCI led to an explosion in new techniques,
equipment, and self-minted “CTO operators” who focused
on opening chronically occluded arteries successfully, effi-
ciently, and with low complication rates [23].
The History of Algorithmic
Management of CTOs
Initial uptake in CTO–PCI procedures in the early 2000s was
low [18,21]—often attributed to procedural complexity,
suboptimal outcomes, and higher-than-standard rates of
complication [5,24], but equally due to a lack of dedicated
CTO tools and limited number of CTO operators who could
teach CTO–PCI. To improve CTO–PCI uptake and success
rates, several groups aimed to standardise patient selection
and techniques. Taking inspiration from algorithms designed
to help operators choose the ideal procedural strategy for
severe aortic stenosis—such as those borne out of the original
PARTNER trials [25]—various groups devised instructional
algorithms aimed at improving outcomes, procedural effi-
ciency, and guiding lower-volume operators in their man-
agement of CTOs.
The ‘hybrid’ approach, first described by Brilakis et al. [20],
became the starting point of the algorithmic trend in CTO
management [26]. The hybrid approach gave operators an
algorithm to not only devise their initial strategy but also
several suggestions for altering their approach based on the
level of intra-procedural success [26]. This algorithm helped
to further uptake of CTO–PCI, improve success rates and
quality-of-life outcomes, reduce procedural complications,
and increase reproducibility [27].

However, the hybrid approach was not universally
adopted. The Asia Pacific CTO (AP-CTO) Club crafted their
own, slightly different algorithm to guide low-to-medium
volume operators in 2017 [22]. Novel features of the AP-
CTO algorithm include prompts for intravascular imaging,
earlier use of CrossBoss catheters, suggestions for in-stent
CTO, and when to terminate the procedure. Follow-up
data from two years later demonstrated procedural success
was improved, with a higher mean J-CTO score (2.961.2),
and main mode of failure being inability to re-wire the true
lumen [6]. Similarly, the Euro-CTO Club devised their own
algorithm focusing on the length of CTO as an important
variable and incorporating optical coherence tomography
[21]. Shortly thereafter, Chinese CTO [28] and J-CTO [29]
algorithms were also published.

The proliferation and integration of regional-based algo-
rithms established the importance of this form of CTO–PCI,
but the plethora of methods led to confusion. A group of
over 125 authors from 50 countries attempted to establish a
Global CTO Crossing Algorithm [30]. The purpose of this
tool was to generate uniformity in approach across centres,
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and to assist operators in describing and assessing lesions
and determining strategies for managing CTO lesions [30].
The core tenets of the document are that dual angiography is
essential, that CTO proximal cap morphology, length,
composition, and distal vessel quality must be assessed in
the planning stage, and, lastly, that in the presence of
ambiguity of the proximal cap, a retrograde approach be
utilised [30]. Similar to the AP-CTO algorithm, strategies are
suggested for failure with advice on when to abandon. The
authors also highlighted the need for proctorship [30].
This single algorithm, outlined in the Figure, is now
commonly used as the single teaching algorithm for new
CTO–PCI operators.

Evolving Evidence
The techniques and success rates of CTO–PCI have come a
long way. However, the question is often asked—is there
evidence to support this complex class of intervention? The
Figure The global chronic total occlusion crossing algorithm.
Source: Wu et al. [30].
first form of evidence supportive of CTO–PCI came from
registry data, and this remains the mainstay. The number of
randomised controlled trials (RCTs) involving CTO–PCI is
vastly outnumbered by retrospective data pools and
registries. The Interventional community has long expressed
a hunger for an RCT to support the more routine opening of
CTO lesions. To coordinate and run a prospective RCT in this
field requires significant funding, time to delineate
primary and secondary outcomes, and a sufficient volume of
patients to achieve statistical significance [31]. The
heterogeneous nature of both CTO lesions (e.g., comparison
of a left main CTO with a side branch) and the patient
substrate opens such research to a broad range of
confounding factors [8]. Many patients nominated for
CTO–PCI have failed prior medical therapy, with more
medical comorbidities and factors precluding surgical
revascularisation [32], which make this cohort more prone to
adverse events and thus more challenging to definitively
establish benefits [33].
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Reflecting upon the literature paints a mixed picture of
results. Despite clear evidence that CTO–PCI reduces
symptom burden beyond what is achievable with maximal
medical therapy [32,34,35], a signal towards improved left
ventricular function [19,36], and possibly even a late mor-
tality benefit [1], large-scale RCTs have thus far failed to
demonstrate improved short-term mortality benefit [34],
with a harm signal towards some patients who experienced
complications of their procedure [3]. Of note, many trials did
not differentiate dedicated CTO operators from the more
general Interventional pool of staff, potentially diluting their
results [31,37].
Hence, registry data is key to understanding the role of

CTO–PCI in modern intervention. There are now many
large-scale registries active in Europe, North America, and
Asia, which show promising rates of technical success with
fewer complications than prior studies [5,6,9,21]. The
inherent weaknesses of retrospective data are well-
established, particularly selection bias—where operators
include easier cases while excluding difficult cases. Despite
this, registries allow for robust, population-level information
to be gathered, and their results can be combined with the
data obtained from landmark RCTs to guide operators to
make evidence-based decisions tailored to their individual
patients. Table 2 outlines key features of the seminal publi-
cations in the field of CTO management.
As seen in Table 2, there are many high-quality papers in

the field of CTO—with a relative dearth of RCTs. Starting in
2011 with the seminal J-CTO paper, with a technical success
rate of 70% [4], subsequent authors report higher rates of
successful PCI with an increasing number of cases classed as
CTO in registry data from North America, Europe, and the
Asia Pacific [5,9,21,38]. Christakopoulos et al. [33] performed
a weighted meta-analysis of 28,486 patients in 2015 who had
successful vs unsuccessful CTO–PCI. He found that
compared with failed procedures, successful CTO–PCI is
associated with a lower risk of death, stroke, and coronary
artery bypass grafting (CABG) with less recurrent angina.
These findings were confirmed by Hoebers et al. [39], who
also performed a meta-analysis including 15,459 patients
who underwent CTO–PCI which also revealed an improve-
ment in survival and in left ventricular ejection fraction
(LVEF) in those who had successful CTO–PCI. However, the
interventional community sought robust RCT data to
confirm what the registries suggested.
Contrary to registry data, landmark RCTs such as

EXPLORE found no difference in LVEF between no PCI and
CTO–PCI (with a small improvement in LVEF in those with
left anterior descending artery CTO) [34]. DECISION-CTO
found no improvement in major adverse cardiovascular and
cerebrovascular events (MACCEs) and a small harm signal
with bleeding events in the CTO–PCI arm [31]. EURO-CTO,
which investigated symptom relief rather than MACCE,
found improvement in angina, dyspnoea, and effort tolerance.
More recently REVASC, a smaller, German study using car-
diac magnetic resonance imaging markers found no
improvement in segmental wall thickness in the revascu-
larised territory, but a reduction in rate of MACCE [40].

Ultimately, and despite conflicting registry data, the
conclusion from the above RCTs was that CTO–PCI was
unlikely to affect prognosis except in the most severe cases
with an extensive area of ischaemia, and should be reserved
for symptom alleviation [3,5,34,35]. This correlates with
current scientific guidelines, which recommend CTO–PCI in
patients who have failed optimal medical therapy or who
have a large area of ischaemia in the territory of the occluded
vessel [41]. Thus, not only should symptoms be used to
determine the need for revascularisation, but non-invasive
imaging can be used to help identify large areas of
ischaemia, along with identifying hibernating and non-
hibernating myocardium [42].

Further complexities are added when considering two
other common situations. CTOs do not appear commonly
in isolation, but rather in multivessel disease, and secondly,
how should a CTO be treated in the context of an acute
coronary syndrome (ACS)? These situations are highly
patient-specific yet existing evidence demonstrates com-
plete revascularisation, including CTO–PCI, leads to
improvements in survival. Ahn et al. [43] performed a
patient-level pooled analysis of the SYNTAX, PRE-
COMBAT and BEST trials, comparing stenting to CABG
surgery according to completeness of revascularisation.
Their conclusions were complete PCI revascularisation
(including CTO) had similar long-term survival rate to
those seen in CABG, and those who had incomplete
revascularisation had a higher rate of death from any cause
(adjusted hazard ratio 1.43; 95% confidence interval 1.03–
2.00). In relation to ACS, registry data indicates favourable
outcomes in those who have CTO–PCI performed within
the first 30 days after infarction [44]. Conversely, the
CREDO-Kyoto acute myocardial infarction (AMI) registry
showed no benefit at 5 years in those who had CTO–PCI
after ACS [45]. CTO experts are familiar with conflicting
data, but on balance it appears to favour complete revas-
cularisation. Despite initial debate on the importance of
revascularisation in ACS, the preponderance of data
(CvLPRIT, DANAMI-3-PRIMULTI, and COMPARE-
ACUTE) shows the benefit of complete revascularisation
of ACS patients [46–50]. Timing of said revascularisation
remains vital, as CULPRIT-SHOCK showed performing
CTO–PCI during shock in ACS could also cause harm [51].
Once again, most data looking directly at CTO–PCI and
ACS is from registries or extrapolated from RCT subset
analyses, with no RCT focussed primarily on CTO–PCI.
This area still lacks dedicated RCTs, but there may be
enough evidence in the complete revascularisation setting
to warrant CTO–PCI on a case-by-case basis.

Ongoing RCTs may provide our best look yet at the pos-
itive effect of CTO–PCI. ISCHEMIA-CTO is a subset analysis
of patients from within the famous ISCHEMIA study.
Formal reports are not yet published, as there is ongoing
analysis, however preliminary “late-breaker” data suggests a



Table 2 Summary of evidence in CTO management.

Study &
Author

Year Region Type Cohort
Size

Primary
Outcome

Secondary Outcomes Results Notes

J-CTO

Morino et al

2011 Japan Multi-centre [12],

non-randomised,

prospective registry

465 Procedural

success

N/A Overall success=70.4%

Success ,30 min=41.4%

The study from which the J-CTO

score was derived, predicting

procedural success in ,30 min

PROGRESS

CTO [8]

Christopoulos

et al

2016 USA Opt-in,

multi-centre [7]

registry

762 Technical success N/A Technical success=92.9% Mean J-CTO=2.561.2 in successful

Mean J-CTO=3.361.0 in failed

EXPLORE

[34]

Henriques

et al

2016 Europe, Canada RCT: CTO-PCI vs

no CTO-PCI

304 LVEF

LVEDV

Infarct size

Regional

myocardial function

Success rate=73%

LVEF did not differ between

groups

No difference in adverse events

Sub-group analysis demonstrated

LAD CTO did see some

improvement in LVEF

DECISION-

CTO [35]

Lee et al

2016 Asia (Korea,

India,

Indonesia,
Thailand,

Taiwan)

Open-label, multi-

centre [19] RCT with 4-

year follow-up

834 Composite death,

MI, stroke, or

revascularisation
(inc. PCI and

surgical)

Bleeding, stent thrombosis,

quality of life

No statistical difference in 1�

outcome

Higher bleeding in PCI group

Large crossover from no PCI to

CTO–PCI

Three complications - stroke,
tamponade, intra-coronary

thrombus

SCAAR [9]

Ramuåddal

et al

2016 Sweden Observational, multi-

centre registry

6,442 Mortality Technical success,

symptomatic burden

Higher mortality in CTO group

(HR 1.41)

Success=54.2%

Registry began in 1999 -

techniques have significantly

improved

RECHARGE

[38]

Maeremans

et al

2016 Europe (UK,

France, Belgium,

Netherlands)

Multi-centre [17]

registry

1,177 Technical success Procedural safety, MACCE,

breakdown of techniques

used

Success=86%

Low incidence of MACCE

(= 2.6%)

Required CTO operators to have a

minimum level of experience

Used hybrid algorithm

AP-CTO [6]

Harding et al

2016 Asia Pacific Multi-centre [8]

registry

485 Technical or

procedural

success

N/A Technical success=93.8%;

procedural=89.9%

Main mode of failure was in

attempting antegrade-only PCI

OPEN-CTO

[5]

Sapontis et al

2017 USA Observational, single-

arm, multi-centre [12]

registry

1,000 Technical success Mortality, symptomatic

burden

Technical success=86%; in-

hospital mortality 0.9; 1-month

mortality 1.3%, anginal

improvement

Hybrid approach examined

EURO-CTO

[32]

Wener et al

2018 Europe Prospective, multi-

centre, open-label,

RCT

396 Symptom burden Technical success, physical

limitation

Angina, physical limitation,

dyspnoea class were improved

All non-CTO lesions treated in

advance

Technical success=86.6%

768
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Table 2. (continued).

Study &
Author

Year Region Type Cohort
Size

Primary
Outcome

Secondary Outcomes Results Notes

REVASC [39]

Mashayeki

et al

2018 Europe

(Germany)

Prospective, single-

centre, open-label RCT

205 D in segmental

wall thickening in

CTO territory

Improvement of RWMA,

indices of LV function,

MACCE

No benefit for primary or

secondary endpoints

Reduced major adverse

coronary event rates

Suggest CTO-PCI gives benefit

over no CTO-PCI with reduced

rates of coronary events at 12

months

CASTLE

Szijgyarto

et al

2019 Europe Multi-centre [55]

registry

14,882 Technical success Validation of CASTLE score Technical success=84.2%

Retrograde subset

success=67.3%

Demonstrated CASTLE score

could be used to supplement J-

CTO score for predicting success

Korean
Registry [7]

Rha et al

2020 Korea Open-label, multi-
centre [26] registry

3,271 Technical success MACCE, revascularisation Technical success=81.6% Most frequent were RCA

ISCHEMIA-

CTO

Author not

finalised

NCT

#03563417

2024 USA, Europe Prospective,

multicentre, open-label

RCT (Sub-study of

ISCHEMIA)

1,470

(subset

of

5,179)

Time to death/

AMI

MACCE, time to death/AMI,

quality of life/symptoms,

hospitalisation for cardiac

cause

– Results pending as trial proceeds

Abbreviations: CTO, chronic total occlusion; J-CTO, Japanese CTO; N/A, not available; RCT, randomised controlled trial; PCI, percutaneous coronary intervention; LAD, left anterior descending artery; LVEF, left

ventricular ejection fraction; LVEDV, left ventricular end-diastolic volume; MI, myocardial infarction; SCAAR, Swedish Coronary Angiography and Angioplasty Registry; HR, hazard ratio; MACCE, major adverse

cardiovascular and cerebrovascular events; RWMA, regional wall motion abnormality; LV, left ventricular; AMI, acute myocardial infarction.
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significant reduction of angina and improved quality of life
in the CTO–PCI cohort. The NOrdic-Baltic Randomised
Registry Study for Evaluation of PCI in Chronic Total Cor-
onary Occlusion (NOBLE-CTO; NCT03392415) is an RCT
looking at optimal therapy with and without CTO–PCI,
examining hard outcomes.
Despite the numerous registries throughout Asia, Europe,

and the United States, there are still countries where CTO–

PCI is not as widely adopted. Domestically, there is
currently no national registry for collecting Australian CTO
data. The majority of datasets exist only at the state level
(e.g., the Victorian Cardiology Outcomes Registry), and the
data points in this impressive body of work do not include
CTO-specific nomenclature or collection. Subset data is also
available from some registries, such as the Melbourne
Interventional Group.

Limitations of PCI in CTO
Management
CTO management is not without its limitations, which are
particularly relevant in the Australian context and
contribute to reduced uptake in our hospitals. These pro-
cedures tend to be significantly longer [3], with diversion of
Cardiac Cath Lab resources away from shorter cases, hav-
ing downstream effects on the flow of patients through the
hospital. The majority of Australian research in the area of
CTO is approaching 5 years of age [13,52,53]. Perhaps
exacerbating the situation, Australia has very few dedi-
cated, complex intervention programs (e.g., Complex High-
risk Indicated Patients), with even large, tertiary centres
employing few dedicated CTO operators. Without growing
this subspecialty training program, the Australian evidence
base will continue to stagnate. Historically, many centres
have described a higher-than-standard complication rate,
with lower overall success rates (defined as residual ste-
nosis .10% or failure to restore TIMI 3 flow) when
compared with standard PCI [24].
An economic argument is often made to limit Cath Lab

time dedicated to CTOs, with the suggestion that their
percutaneous approach to management is not cost-effective.
On the contrary, several studies have demonstrated that in
the correctly identified patient cohort, CTO–PCI is cost-
effective and improves patients’ quality-of-life metrics
[54–56]. However, where complications arise, higher hospital
costs may occur with a subsequent increase in length of stay,
which occurs in approximately 14% of cases [55]. In some
countries, including Australia, the percutaneous manage-
ment of CTOs currently attracts the same financial reim-
bursement (measured by Weighted Inlier Equivalent
Separation funding) as standard PCI [57]. This provides even
less incentive for operators to perform CTO–PCI, which may
be a longer, far more complicated procedure compared with
standard PCI, potentially pushing patients towards medical
therapy or PCI of non-CTO lesions.
Pleasingly, newer registry data would suggest that the
rates of complications are falling as success rates rise [3].
With a stronger training program for CTO operators—
performing more regular CTO–PCI—these negative conse-
quences could be further minimised, which will be essential
as their incidence continues to rise [37]. As CTOs become
more frequently identified, referral pathways must become
solidified to ensure non-CTO operators have a clear process
for ensuring their patients are reviewed by the correct
interventionalists.
The Near Future of CTOs
By its very nature, the percutaneous management of a CTO is
complex. With the incidence of CTO lesions increasing and
our ageing population in Australia [14], it is apparent there
will be an increased need for CTO operators, as patients with
residual angina who are non-surgical candidates will require
assistance. This would necessitate dedicated training pro-
grams and proctoring, which has been objectively shown to
improve outcomes (particularly in lesions with a J-CTO score
of �2) [58]. Not only are the skills required for percutaneous
CTO management significantly more extensive than basic
PCI, but there is also a range of specialised equipment
already in circulation that one must become familiar with
and have the ability to use as the situation requires. Moving
forward, techniques will no doubt evolve using both the pre-
existing tools at our disposal, as well as developing further
specialised devices.
Conclusion
CTOs represent an oft-neglected frontier within Interven-
tional Cardiology. CTO–PCI remains an invaluable tool in
reducing anginal symptom burden. As CTO lesion incidence
rises and their percutaneous management becomes more
commonplace, it would be ideal to see the evidence base
become more robust. With RCTs demonstrating mixed re-
sults and having several design issues at their core, collab-
orative data registries—in both a national and international
forum—will become essential. Locally, the development of
CTO–PCI registries, research and dedicated training pro-
grams will allow Australia to collaborate and compare more
directly with CTO operators in Europe, North America, Asia,
and on the global stage.
Funding Sources
This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.
No conflict of interest for commercial products. AI and AI-
assisted technologies have not been used in the writing
process.



CTO Australian Review 771
Conflict of Interest
Dr Dautov received proctoring and lecturing fees from Bos-
ton Scientific and Bio-Excel Pty Ltd. The remaining authors
have no conflicts of interest to disclose.

References
[1] Park TK, Lee SH, Choi KH, Lee JM, Yang JH, Song YB, et al. Late survival

benefit of percutaneous coronary intervention compared with medical
therapy in patients with coronary chronic total occlusion: a 10-year
follow-up study. J Am Heart Assoc. 2021;10:e019022.

[2] Weintraub WS, Garratt KN. Should chronic total occlusion be treated
with coronary artery bypass grafting? Chronic total occlusion should not
routinely be treated with coronary artery bypass grafting. Circulation.
2016;133:1818–25.

[3] Brilakis ES, Mashayekhi K, Tsuchikane E, Abi Rafeh N, Alaswad K,
Araya M, et al. Guiding principles for chronic total occlusion percuta-
neous coronary intervention. Circulation. 2019;140:420–33.

[4] Morino Y, Abe M, Morimoto T, Kimura T, Hayashi Y, Muramatsu T, et al.
Predicting successful guidewire crossing through chronic total occlusion
of native coronary lesions within 30 minutes: the J-CTO (Multicenter CTO
Registry in Japan) score as a difficulty grading and time assessment tool.
JACC Cardiovasc Interv. 2011;4:213–21.

[5] Sapontis J, Salisbury AC, Yeh RW, Cohen DJ, Hirai T, Lombardi W, et al.
Early procedural and health status outcomes after chronic total occlusion
angioplasty: a report from the OPEN-CTO registry (outcomes, patient
health status, and efficiency in chronic total occlusion hybrid procedures).
JACC Cardiovasc Interv. 2017;10:1523–34.

[6] Chan CY, Wu EB, Yan BP, Tsuchikane E. Procedure failure of chronic
total occlusion percutaneous coronary intervention in an algorithm-
driven contemporary Asia-Pacific Chronic Total Occlusion Club
(APCTO Club) multicenter registry. Catheter Cardiovasc Interv.
2019;93:1033–8.

[7] Rha SW, Choi BG, Choi SY, Choi CU, Gwon HC, Chae IH, et al. Multi-
center experience with percutaneous coronary intervention for chronic
total occlusion in Korean population: analysis of the Korean nationwide
multicenter chronic total occlusion registry. Coron Artery Dis.
2020;31:319–26.

[8] Christopoulos G, Kandzari DE, Yeh RW, Jaffer FA, Karmpaliotis D,
Wyman MR, et al. Development and validation of a novel scoring system
for predicting technical success of chronic total occlusion percutaneous
coronary interventions: The PROGRESS CTO (Prospective Global Reg-
istry for the Study of Chronic Total Occlusion Intervention) Score. JACC
Cardiovasc Interv. 2016;9:1–9.

[9] Råmunddal T, Hoebers LP, Henriques JPS, Dworeck C, Angerås O,
Odenstedt J, et al. Prognostic impact of chronic total occlusions: a report
from SCAAR (Swedish Coronary Angiography and Angioplasty Regis-
try). JACC Cardiovasc Interv. 2016;9:1535–44.

[10] Allahwala U, Kott K, Bland A, Ward M, Bhindi R. Anatomical assessment
of coronary collaterals predicts procedural success in patients undergoing
Chronic Total Occlusion Percutaneous Coronary Intervention (CTO-PCI).
Heart Lung Circ. 2019;28:S382.

[11] Oktaviono YH, Rizal A, Al-Farabi MJ, Maghfirah I, Rachmi DA. Coro-
nary angiography characteristics as predictor of successful chronic total
occlusion recanalization. Int J Angiol. 2020;29:196–201.

[12] Shanmugam VB, Wong D, Psaltis P, Seneviratne S, Meredith I,
Malaiapan Y. PM202 Establishing chronic total occlusion programme in a
tertiary Australian centre - description of early experience. Glob Heart.
2014;9:e104.

[13] Brennan AL, Bayles T, Andrianopoulos N, Reid CM, Selkrig L,
Noaman S, et al. Trends and clinical outcomes of percutaneous coronary
intervention for chronic total occlusions - Results from an Australian
multi-centre interventional registry. Eur Heart J. 2018;39(suppl 1):ehy563.
P3577.

[14] Nguyen DD, Gosch KL, El-Zein R, Chan PS, Lombardi WL,
Karmpaliotis D, et al. Health status outcomes in older adults undergoing
chronic total occlusion percutaneous coronary intervention. J Am Heart
Assoc. 2023;12:e027915.

[15] Stone GW, Kandzari DE, Mehran R, Colombo A, Schwartz RS, Bailey S,
et al. Percutaneous recanalization of chronically occluded coronary ar-
teries: a consensus document: part I. Circulation. 2005;112:2364–72.
[16] Kaltenbach M, Hartmann A, Vallbracht C. Procedural results and patient
selection in recanalization of chronic coronary occlusions by low speed
rotational angioplasty. Eur Heart J. 1993;14:826–30.

[17] Nombela-Franco L, Urena M, Jerez-Valero M, Nguyen CM, Ribeiro HB,
Bataille Y, et al. Validation of the J-chronic total occlusion score for
chronic total occlusion percutaneous coronary intervention in an inde-
pendent contemporary cohort. Circ Cardiovasc Interv. 2013;6:635–43.

[18] Zuo W, Lin J, Sun R, Su Y, Ma G. Performance of the J-CTO score versus
other risk scores for predicting procedural difficulty in coronary chronic
total occlusion interventions. Ann Med. 2022;54:3117–28.

[19] Megaly M, Saad M, Tajti P, Burke MN, Chavez I, Gössl M, et al. Meta-
analysis of the impact of successful chronic total occlusion percutaneous
coronary intervention on left ventricular systolic function and reverse
remodeling. J Interv Cardiol. 2018;31:562–71.

[20] BrilakisES,GranthamJA,Rinfret S,WymanRM,BurkeMN,KarmpaliotisD,
et al. A percutaneous treatment algorithm for crossing coronary chronic total
occlusions. JACC Cardiovasc Interv. 2012;5(4):367–79.

[21] Galassi AR, Werner GS, Boukhris M, Azzalini L, Mashayekhi K,
Carlino M, et al. Percutaneous recanalisation of chronic total occlusions:
2019 consensus document from the EuroCTO Club. EuroIntervention.
2019;15:198–208.

[22] Harding SA, Wu EB, Lo S, Lim ST, Ge L, Chen JY, et al. A new algorithm
for crossing chronic total occlusions from the Asia Pacific chronic total
occlusion club. JACC Cardiovasc Interv. 2017;10:2135–43.

[23] Young MN, Secemsky EA, Kaltenbach LA, Jaffer FA, Grantham JA,
Rao SV, et al. Examining the operator learning curve for percutaneous
coronary intervention of chronic total occlusions. Circ Cardiovasc Interv.
2019;12:e007877.

[24] Simsek B, Kostantinis S, Karacsonyi J, Brilakis ES. Scores for chronic total
occlusion percutaneous coronary intervention: a window to the future?
J Am Heart Assoc. 2022;11:e026070.

[25] Leon MB, Smith CR, Mack M, Miller DC, Moses JW, Svensson LG, et al.
Transcatheter aortic-valve implantation for aortic stenosis in patients who
cannot undergo surgery. N Engl J Med. 2010;363:1597–607.

[26] Rangan BV, Kotsia A, Christopoulos G, Spratt J, Rinfret S, Banerjee S,
et al. The hybrid approach to intervention of chronic total occlusions.
Curr Cardiol Rev. 2015;11:299–304.

[27] Brilakis ES, Banerjee S, Karmpaliotis D, Lombardi WL, Tsai TT,
Shunk KA, et al. Procedural outcomes of chronic total occlusion percu-
taneous coronary intervention: a report from the NCDR (national car-
diovascular data registry). JACC Cardiovasc Interv. 2015;8:245–53.

[28] Ge JB, Ge L, Huo Y, Chen JY, Wang WM, Zhang B. Updated algorithm of
chronic total occlusion percutaneous coronary intervention from chronic
total occlusion club China. Cardiol Plus. 2021;6:81–7.

[29] Tanaka H, Tsuchikane E, Muramatsu T, Kishi K, Muto M, Oikawa Y,
et al. A novel algorithm for treating chronic total coronary artery occlu-
sion. J Am Coll Cardiol. 2019;74:2392–404.

[30] Wu EB, Brilakis ES, Mashayekhi K, Tsuchikane E, Alaswad K, Araya M,
et al. Global chronic total occlusion crossing algorithm: JACC State-of-
the-Art Review. J Am Coll Cardiol. 2021;78:840–53.

[31] Brilakis ES, Mashayekhi K, Burke MN. How DECISION-CTO can help
guide the decision to perform chronic total occlusion percutaneous cor-
onary intervention. Circulation. 2019;139:1684–7.

[32] Werner GS, Martin-Yuste V, Hildick-Smith D, Boudou N, Sianos G,
Gelev V, et al. A randomized multicentre trial to compare revasculari-
zation with optimal medical therapy for the treatment of chronic total
coronary occlusions. Eur Heart J. 2018;39:2484–93.

[33] Christakopoulos GE, Christopoulos G, Carlino M, Jeroudi OM, Roesle M,
Rangan BV, et al. Meta-analysis of clinical outcomes of patients who
underwent percutaneous coronary interventions for chronic total occlu-
sions. Am J Cardiol. 2015;115:1367–75.

[34] Henriques JPS, Hoebers LP, Råmunddal T, Laanmets P, Eriksen E, Bax M,
et al. Percutaneous intervention for concurrent chronic total occlusions in
patients with STEMI: the EXPLORE trial. J Am Coll Cardiol.
2016;68:1622–32.

[35] Lee SW, Lee PH, Ahn JM, Park DW, Yun SC, Han S, et al. Randomized
trial evaluating percutaneous coronary intervention for the treatment of
chronic total occlusion. Circulation. 2019;139:1674–83.

[36] Chimura M, Yamada S, Yasaka Y, Kawai H. Improvement of left ven-
tricular function assessment by global longitudinal strain after successful
percutaneous coronary intervention for chronic total occlusion. PLoS
One. 2019;14:e0217092.

[37] Zein R, Seth M, Othman H, Rosman HS, Lalonde T, Alaswad K, et al.
Association of operator and hospital experience with procedural success
rates and outcomes in patients undergoing percutaneous coronary

http://refhub.elsevier.com/S1443-9506(24)00066-0/sref1
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref1
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref1
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref1
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref2
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref2
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref2
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref2
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref3
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref3
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref3
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref4
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref4
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref4
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref4
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref4
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref5
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref5
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref5
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref5
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref5
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref6
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref6
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref6
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref6
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref6
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref7
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref7
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref7
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref7
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref7
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref8
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref8
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref8
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref8
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref8
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref8
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref9
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref9
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref9
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref9
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref10
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref10
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref10
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref10
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref11
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref11
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref11
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref12
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref12
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref12
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref12
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref13
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref13
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref13
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref13
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref13
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref14
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref14
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref14
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref14
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref15
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref15
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref15
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref16
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref16
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref16
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref17
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref17
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref17
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref17
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref18
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref18
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref18
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref19
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref19
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref19
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref19
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref20
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref20
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref20
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref21
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref21
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref21
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref21
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref22
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref22
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref22
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref23
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref23
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref23
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref23
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref24
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref24
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref24
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref25
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref25
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref25
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref26
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref26
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref26
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref27
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref27
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref27
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref27
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref28
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref28
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref28
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref29
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref29
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref29
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref30
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref30
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref30
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref31
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref31
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref31
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref32
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref32
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref32
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref32
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref33
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref33
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref33
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref33
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref34
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref34
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref34
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref34
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref35
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref35
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref35
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref36
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref36
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref36
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref36
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref37
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref37
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref37


772 J.M. O’Brien et al.
interventions for chronic total occlusions: Insights From the Blue Cross
Blue Shield of Michigan Cardiovascular Consortium. Circ Cardiovasc
Interv. 2020;13:e008863.

[38] Maeremans J, Spratt JC, Knaapen P, Walsh S, Agostoni P, Wilson W, et al.
Towards a contemporary, comprehensive scoring system for determining
technical outcomes of hybrid percutaneous chronic total occlusion treat-
ment: the RECHARGE score. Catheter Cardiovasc Interv. 2018;91:192–
202.

[39] Hoebers LP, Claessen BE, Elias J, Dangas GD, Mehran R, Henriques JPS.
Meta-analysis on the impact of percutaneous coronary intervention of
chronic total occlusions on left ventricular function and clinical outcome.
Int J Cardiol. 2015;187:90–6.

[40] Mashayekhi K, Nührenberg TG, Toma A, Gick M, Ferenc M,
Hochholzer W, et al. A randomized trial to assess regional left ventricular
function after stent implantation in chronic total occlusion: the REVASC
trial. JACC Cardiovasc Interv. 2018;11:1982–91.

[41] Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP,
Benedetto U, et al. 2018 ESC/EACTS Guidelines on myocardial revas-
cularization. Eur Heart J. 2019;40:87–165.

[42] Muraca I, Carrabba N, Virgili G, Bruscoli F, Migliorini A, Pennesi M, et al.
Chronic total occlusion revascularization: a complex piece to “complete”
the puzzle. World J Cardiol. 2022;14:13–28.

[43] Ahn JM, Park DW, Lee CW, Chang M, Cavalcante R, Sotomi Y, et al.
Comparison of stenting versus bypass surgery according to the
completeness of revascularization in severe coronary artery disease:
patient-level pooled analysis of the SYNTAX, PRECOMBAT, and BEST
trials. JACC Cardiovasc Interv. 2017;10:1415–24.

[44] Valenti R, Marrani M, Cantini G, Migliorini A, Carrabba N, Vergara R,
et al. Impact of chronic total occlusion revascularization in patients with
acute myocardial infarction treated by primary percutaneous coronary
intervention. Am J Cardiol. 2014;114:1794–800.

[45] Watanabe H, Morimoto T, Shiomi H, Kawaji T, Furukawa Y,
Nakagawa Y, et al. Chronic total occlusion in non-infarct-related artery is
associated with increased short-and long-term mortality in patients with
ST-segment elevation acute myocardial infarction complicated by
cardiogenic shock (from the CREDO-Kyoto AMI registry). Catheter
Cardiovasc Interv. 2018;92:455–63.

[46] Kim SH, Behnes M, Mashayekhi K, Bufe A, Meyer-Gessner M, El-
Battrawy I, et al. Prognostic impact of percutaneous coronary interven-
tion of chronic total occlusion in acute and periprocedural myocardial
infarction. J Clin Med. 2021;10:258.

[47] Engstrøm T, Kelbæk H, Helqvist S, Høfsten DE, Kløvgaard L,
Holmvang L, et al. Complete revascularisation versus treatment of the
culprit lesion only in patients with ST-segment elevation myocardial
infarction and multivessel disease (DANAMI-3—PRIMULTI): an open-
label, randomised controlled trial. Lancet. 2015;386:665–71.

[48] Gershlick AH, Khan JN, Kelly DJ, Greenwood JP, Sasikaran T, Curzen N,
et al. Randomized trial of complete versus lesion-only revascularization
in patients undergoing primary percutaneous coronary intervention for
STEMI and multivessel disease: the CvLPRIT trial. J Am Coll Cardiol.
2015;65:963–72.

[49] Ahmad Y, Howard JP, Arnold A, Prasad M, Seligman H, Cook CM, et al.
Complete revascularization by percutaneous coronary intervention for
patients with ST-segment-elevation myocardial infarction and multi-
vessel coronary artery disease: an updated meta-analysis of randomized
trials. J Am Heart Assoc. 2020;9:e015263.

[50] Smits PC, Abdel-Wahab M, Neumann FJ, Boxma-de Klerk BM, Lunde K,
Schotborgh CE, et al. Fractional flow reserve–guided multivessel angio-
plasty in myocardial infarction. N Engl J Med. 2017;376:1234–44.

[51] Thiele H, Desch S. CULPRIT-SHOCK (Culprit Lesion Only PCI Versus
Multivessel Percutaneous Coronary Intervention in Cardiogenic Shock):
Implications on Guideline Recommendations. Circulation. 2018;137:1314–6.

[52] Bayles T, Andrianopoulos N, Brennan A, Selkrig L, Noaman S, Clark D,
et al. Trends and clinical outcomes of percutaneous coronary intervention
for chronic total occlusions: report from the Melbourne Interventional
Group. Heart Lung Circ. 2018;27:S486.

[53] BoganaShanmugam V, Psaltis PJ, Wong DT, Seneviratne S, Cameron J,
Meredith IT, et al. Chronic Total Occlusion - Percutaneous Coronary
Intervention (CTO-PCI) Experience in a Single, Multi-operator Australian
Centre: need for dedicated CTO-PCI programs. Heart Lung Circ.
2016;25:676–82.

[54] Gada H, Whitlow PL, Marwick TH. Establishing the cost-effectiveness of
percutaneous coronary intervention for chronic total occlusion in stable
angina: a decision-analytic model. Heart. 2012;98:1790–7.

[55] Salisbury AC, Karmpaliotis D, Grantham JA, Sapontis J, Meng Q,
Magnuson EA, et al. In-hospital costs and costs of complications of
chronic total occlusion angioplasty: insights from the OPEN-CTO regis-
try. JACC Cardiovasc Interv. 2019;12:323–31.

[56] Sutton NR, Bates ER. Balancing the benefits, risks, and costs of chronic
total occlusion percutaneous coronary intervention. Circ Cardiovasc
Interv. 2019;12:e007809.

[57] Medicare benefits schedule - Item 38313. 2021. Available at: http://
www9.health.gov.au/mbs/fullDisplay.cfm?type=item&q=38313&qt=ite
m#assocNotes. [accessed 6.4.23].

[58] Sharma V, Jadhav ST, Harcombe AA, Kelly PA, Mozid A, Bagnall A,
et al. Impact of proctoring on success rates for percutaneous revascu-
larisation of coronary chronic total occlusions. Open Heart. 2015;2:
e000228.

http://refhub.elsevier.com/S1443-9506(24)00066-0/sref37
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref37
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref37
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref38
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref38
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref38
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref38
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref38
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref39
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref39
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref39
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref39
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref40
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref40
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref40
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref40
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref41
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref41
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref41
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref42
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref42
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref42
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref43
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref43
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref43
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref43
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref43
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref44
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref44
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref44
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref44
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref45
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref45
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref45
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref45
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref45
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref45
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref46
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref46
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref46
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref46
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref47
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref47
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref47
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref47
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref47
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref48
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref48
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref48
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref48
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref48
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref49
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref49
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref49
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref49
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref49
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref50
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref50
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref50
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref51
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref51
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref51
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref52
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref52
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref52
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref52
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref53
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref53
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref53
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref53
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref53
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref54
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref54
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref54
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref55
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref55
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref55
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref55
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref56
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref56
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref56
http://www9.health.gov.au/mbs/fullDisplay.cfm?type=item&amp;q=38313&amp;qt=item#assocNotes
http://www9.health.gov.au/mbs/fullDisplay.cfm?type=item&amp;q=38313&amp;qt=item#assocNotes
http://www9.health.gov.au/mbs/fullDisplay.cfm?type=item&amp;q=38313&amp;qt=item#assocNotes
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref58
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref58
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref58
http://refhub.elsevier.com/S1443-9506(24)00066-0/sref58

	Chronic Total Occlusions: A State-of-the-Art Review
	Introduction
	Background
	The History of Algorithmic Management of CTOs
	Evolving Evidence
	Limitations of PCI in CTO Management
	The Near Future of CTOs
	Conclusion
	Funding Sources
	References


