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C hronic total occlusions (CTOs) are often
referred to as the “final frontier” of percu-
taneous coronary intervention (PCI), repre-

senting the lesion subtype with (by far) the lowest
procedural success rates and the most common
cause of incomplete revascularization and referral
to coronary artery bypass graft surgery. During my
fellowship at the Mid-America Heart Institute in
Kansas City, Missouri, I reviewed the PCI procedural
outcomes of 971 CTO lesions in 905 consecutive pa-
tients performed by 5 expert operators between
1980 and 1989 (1). In hindsight, their technical suc-
cess rate of 72% achieved solely with antegrade
wire escalation is remarkable given the archaic PCI
equipment of the time (poorly steerable wires that
not infrequently fractured, high-profile balloons,
and no support devices, atherectomy, or stents).
Procedural complications included death (0.8%),
myocardial infarction (0.6%), and emergency coro-
nary artery bypass graft surgery (0.8%). The past 3
decades have witnessed remarkable improvements
in CTO PCI equipment (especially guidewires, but
also microcatheters, intracoronary support guides,
and more) and the introduction of new techniques
(antegrade dissection and re-entry and retrograde
approaches), which, coupled with drug-eluting
stents, the selective use of atherectomy, intravas-
cular imaging, and optimal pharmacotherapy have
markedly improved the early and late outcomes of
CTO PCI. These developments were made possible
by international alliances (with major contributions

originating from the United States, Japan, and
Europe) and close collaboration with industry to
guide development of the unique tools enabling
the present-day outcomes. Indeed, CTO PCI has
developed into its own subspecialty of interven-
tional cardiology, with a novel nomenclature and
training requirements, worldwide member-based or-
ganizations, and dedicated live case demonstration
courses.

The current state of the art is reflected in the
multicenter Prospective Global Registry for the
Study of Chronic Total Occlusion Intervention
(PROGRESS CTO) registry study reported in this issue
of JACC: Cardiovascular Interventions (2), describing
the outcomes of 3,122 CTO PCI procedures performed
in 3,055 patients at 20 dedicated centers in the United
States, Europe, and Russia between 2012 and 2017.
Acute technical and procedural success rates were 87%
and 85%, respectively. Achieving success rates this
high required facility with the 3-pronged hybrid
approach (3), with successful wire crossing achieved
by antegradewire escalation, antegrade dissection and
re-entry, and retrograde techniques in 46%, 19%, and
24% of cases, respectively; the initially selected CTO
crossing strategy was successful in only 55% of cases.
Other multicenter studies of highly skilled operators
have reported similar technical success rates (e.g.,
86% from the U.S.-based Outcomes, Patient Health
Status, and Efficiency in Chronic Total Occlusion
Hybrid Procedures (OPEN-CTO) registry [4], 86% from
the European REgistry of Crossboss and Hybrid pro-
cedures in FrAnce, the NetheRlands, BelGium and
UnitEd Kingdom (RECHARGE) registry [5], and 89%
from the Japanese J-CTO registry [6]). The increase in
technical success rates from 72% at Mid-America Heart
Institute to 87% in the PROGRESS CTO registry is
especially notable given the fact that case selection
was unquestionably more restrictive in the 1980s.
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“Back in the day”we would rarely if ever tackle a flush
occlusion of the ostial right coronary artery that
recanalized 10 cm distally at the crux and other CTOs
that are no longer rejected. However, notwithstanding
the progress achieved at dedicated centers, contem-
porary CTO PCI success rates among the universe of
operators are lower (e.g., 59% in 22,365 patients from
the U.S. National Cardiovascular Data Registry be-
tween 2009 and 2013 [7]). Higher annual CTO PCI vol-
umes have been strongly correlated with procedural
success rates in both PROGRESS CTO and the National
Cardiovascular Data Registry report (2,7).

The incidence of complications in the PROGRESS
CTO registry bears notice. In-hospital major adverse
cardiovascular events (MACE) occurred in 3.0% of
patients, including death in 0.9% and stroke in 0.3%
of patients. The 1.1% incidence of myocardial infarc-
tion would likely had been higher had periprocedural
biomarkers been routinely assessed. Perforation has
become the most common serious procedural
complication of CTO PCI and in the present series
resulted in pericardial tamponade in 0.9% of pa-
tients, although rarely emergency coronary artery
bypass graft surgery (0.2%). The in-hospital compli-
cation rate correlated with anatomic lesion

complexity and technique (known to be higher, for
example, with the retrograde approach and use of
epicardial collateral vessels), but not center CTO PCI
volume. Procedural complications are now more
frequent after CTO PCI than non-CTO PCI (7), and
along with contrast nephropathy, bleeding, radiation
exposure, and costs must be taken into account when
considering the risk-benefit balance of complex CTO
procedures.

Acknowledging the present report as the magnum
opus of CTO PCI technique, the focus now needs to
shift to 1) appropriate patient selection and demon-
stration of clinical use; and 2) ensuring that most
patients with CTOs who can derive benefit are pro-
vided access to expert care. Potential benefits of CTO
PCI include reduced ischemia and angina, improved
left ventricular (LV) function and exercise capability,
improved quality of life (QOL), and enhanced sur-
vival (8). Improved outcomes of patients undergoing
CTO PCI were initially demonstrated from uncon-
trolled registries and nonrandomized comparisons of
patients in whom CTO PCI was versus was not suc-
cessful. Only 3 randomized trials of CTO PCI versus
conservative management have been completed (9–
12), 2 of which recruited fewer than their planned

TABLE 1 Randomized Trials of Chronic Total Occlusion Percutaneous Coronary Intervention Versus Medical Therapy

EXPLORE (9,10) EURO-CTO (11) DECISION-CTO (12)

Planned number and type
of patients

300 patients with STEMI status post-
successful primary PCI with $1
non–infarct artery–related CTOs*

1,200 patients with stable CAD
with $1 CTOs*

1,284 stable patients with CAD or
ACS with $1 CTOs*

Total number of patients
enrolled

304 396 834

Period of enrollment November 2007 through
April 2015

March 2012 through
May 2015

NR (enrollment concluded
September 2016)

Longest follow-up duration
reported

5 yrs 12 months 5 yrs

Crossovers (excluding
failed PCI)

No CTO PCI to CTO PCI: 3.2%
CTO PCI to no CTO PCI: 0.7%

No CTO PCI to CTO PCI: 7.3%
CTO PCI to no CTO PCI: NR

No CTO PCI to CTO PCI: 19.9%
CTO PCI to no CTO PCI: 7.1%

PCI success 77% (investigator)
73% (core laboratory)

86.3% 91.1%

PCI complications Death: 0%
Stroke: 0%
MI: 2.7%
Tamponade: 0.7%
Emergency CABG: 0%

Death: 0%
Stroke: NR
MI: 0%
Tamponade: 1.5%
Emergency CABG: 0%

NR

Primary endpoint results CMRI LVEF and LVEDV at 4 months
(superiority): no differences
between groups; positive
interaction noted with LAD vs.
non-LAD CTO

Follow-up SAQ angina frequency and
QOL improved with CTO PCI; 3
other SAQ domains not
significantly different; 3-yr primary
safety endpoint pending

5-yr composite death, MI, stroke, or
any repeat revascularization: PCI
20.6% vs. MT 19.6% (p ¼ 0.67);
no subgroup interactions

Other outcomes 4-month MACE: PCI 5.4% vs. MT
2.6% (p ¼ 0.25)

5-yr MACE: PCI 13.5% vs. MT 12.3%
(p ¼ 0.93)

12-month MACE: PCI 5.7% vs. MT
6.5% (p ¼ 0.55)

EQ-5D QOL scales improved more in
the PCI group than the MT group

No differences in the components of
the primary endpoint or
follow-up SAQ AF or QOL
measures

*With reference vessel diameter $2.5 mm.

ACS¼ acute coronary syndrome(s); CABG ¼ coronary artery bypass graft surgery; CAD ¼ coronary artery disease; CMRI ¼ cardiac magnetic resonance imaging; CTO ¼ chronic
total occlusion; EQ-5D ¼ EuroQol-5D; LAD ¼ left anterior descending coronary artery; LVEDV ¼ left ventricular end-diastolic volume; LVEF ¼ left ventricular ejection fraction;
PCI ¼ percutaneous coronary intervention; MACE¼major adverse cardiac event(s); MI ¼myocardial infarction; MT ¼medical therapy; NR ¼ not reported; QOL ¼ quality of life;
SAQ ¼ Seattle Angina Questionnaire; STEMI ¼ ST-segment elevation myocardial infarction.
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