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EDITORIAL COMMENT
Chronic Total Occlusion
Revascularization
Achilles’ Heel or Golden Opportunity for PCI?*
Ehtisham Mahmud, MD
C hronic total occlusions (CTOs) are frequently
identified during diagnostic coronary angi-
ography (approximately 20% of studies) (1),

and successful recanalization reduces angina, lowers
ischemic burden, and improves left ventricular func-
tion (1,2). Despite the steady refinement of percuta-
neous coronary intervention (PCI) technique and
expansion of its indications for simple and complex
coronary artery disease (CAD) treatment, attempts at
CTO PCI remain infrequent. The numerous reasons
for this include low procedural success, prolonged
procedural time, increased procedural complications,
limited reimbursement, skepticism of benefit, and
paucity of widespread expertise in the advanced
techniques required to successfully treat these
lesions (3). The presence of a CTO is also the single
most important angiographic criterion associated
with unsuccessful PCI and is a common reason for
surgical revascularization in the presence of multi-
vessel CAD.
SEE PAGE 235
In this issue of the Journal, George et al. (4) present
the results of a CTO PCI analysis from the British
Cardiovascular Intervention Society’s Central Cardiac
Audit Database of consecutive PCI procedures from
2005 to 2009. During this period, complete data
were available for 13,443 patients (age 63.5 years;
78.8% male) undergoing 14,439 CTO PCIs performed
in England and Wales, with the vast majority of
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patients having 1 CTO treated (93.3%). In a relatively
contemporary PCI practice in developed countries,
success of CTO PCI was 70.6%, with drug-eluting
stents (DES) used in 82.2% of cases. Compared with
the right coronary artery, revascularization was more
likely to be successful in the left circumflex arteries
(adjusted odds ratio [OR] for failure: 0.61; 95% con-
fidence interval [CI]: 0.52 to 0.72; p < 0.001) or left
anterior descending coronary arteries (adjusted OR:
0.73; 95% CI: 0.64 to 0.84; p < 0.001). Second, these
procedures were performed with an acceptably low
rate of complications (0.25% in-hospital death, 0.42%
Q-wave myocardial infarction, 0.06% cerebrovascular
accident, 0.15% cardiac tamponade, 1.26% coronary
artery perforation, and 0.10% emergency coronary
artery bypass graft [CABG] surgery). Third, successful
CTO revascularization of at least 1 vessel was associ-
ated with decreased mortality (adjusted hazard ratio
[HR]: 0.72; 95% CI: 0.62 to 0.83; p < 0.001) at a
median follow-up of 2.65 years (interquartile range:
1.59 to 3.83 years). Fourth, complete revasculari-
zation of all epicardial vessels resulted in lower
mortality as compared with partial revascularization
(adjusted HR: 0.70; 95% CI: 0.56 to 0.87; p ¼ 0.002) or
failed CTO revascularization (adjusted HR: 0.61; 95%
CI: 0.50 to 0.74; p < 0.001). Increasing completeness
of revascularization also was associated with reduced
mortality (p < 0.001 for trend).

The success of CTO revascularization with the low
adverse event rate reported in this registry is similar
to that of a meta-analysis of 23 observational studies
of CTO PCI (success rate 71.2%) (5), but the treatment
periods are already dated by 5 to 10 years. Although
CTO PCI of the right coronary artery was least likely to
be successful, no data were available regarding the
angiographic characteristics of the treated lesions,
including lesion length, calcification, vessel tortu-
osity, or duration of occlusion. Results of viability
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studies prior to revascularization, CTO techniques,
and extent of revascularization alsowere not reported.
Presumably, because the data set reflects clinical
practice among a wide group of interventionalists,
appropriate clinical judgment dictated decisions
regarding patient and lesion selection for performing
the CTO PCI. Recent improvements in technology and
technique for percutaneously treating CTOs have led
to even higher success rates for CTO revascularization
(>80%) (6). However, these more advanced tech-
niques are not widely mastered and are associated
with higher rates of complications (1,2).

George et al. (4) provided additional evidence
supporting the utility of further refining and per-
fecting the technique of recanalizing CTOs. Within a
fairly short-term period of follow-up, a relative risk
reduction in mortality of 28% was found with suc-
cessful CTO recanalization, regardless of the vessel
treated. Interestingly, this particular finding refutes a
previous report that survival benefit only exists for
left anterior descending artery CTO revascularization
(7). Suero et al. (8) initially provided evidence for
the benefit of CTO revascularization with a 10-year
survival advantage (73.5% vs. 65.1%; p ¼ 0.001) in
2,007 consecutive CTO PCI patients predominantly
treated with balloon angioplasty (7% stents) at a
single U.S. high-volume center. In contrast, the
current study had a much larger sample size, was
multicenter, and included all patients treated with
CTOs in England and Wales. Also, these patients were
primarily treated with DES. However, baseline char-
acteristics between the 2 groups were not matched.
Patients with unsuccessful CTO revascularization
were older, more likely to be diabetic, and active
smokers, with a greater likelihood of previous myo-
cardial infarction (MI) and coronary revascularization
(PCI and CABG) and higher prevalence of peripheral
arterial disease. Do these comorbidities predict
failure of CTO recanalization or can their adverse
effect on long-term mortality be attenuated by suc-
cessful CTO revascularization? After a multivariable
analysis, age, worsening New York Heart Association
class, insulin-dependent diabetes, presence of renal
disease, depressed ejection fraction, and active
smoking were associated with increased mortality,
but successful CTO revascularization also remained
independently associated with reducedmortality. The
high rate of DES may be partially responsible for this
reduction because DES use has been shown to reduce
mortality compared with bare-metal stents when
used for CTO PCI (9). These results are also similar
to a meta-analysis of 23 observational studies that
included 12,970 CTO PCI patients with a mean follow-
up of 3.7 � 2.1 years. Procedural success was 71.2% and
was associated with mortality reduction (relative risk:
0.54; 95% CI: 0.446 to 0.65; p < 0.001) (5).

The association between mortality reduction and
single-vessel CTO revascularization in this study and
other previous studies (5) remains puzzling. None of
these studies provide mechanistic insights regarding
the link between CTO recanalization (or lack thereof)
and its effect on mortality. Does CTO PCI only benefit
patients with multivessel CAD and left ventricular
dysfunction? Were the CTOs selected for revascu-
larization associated with large ischemic burden?
Does CTO recanalization limit the substrate for
future fatal arrhythmias? Conversely, did the
patients with unsuccessful CTO PCIs have such
severe comorbidities that aggressive attempts at
recanalization were not made and their risk for
mortality could not be attenuated? What was the
optimal medical therapy used? Even extensive sta-
tistical analyses cannot correct for some of these
biases inherent in any retrospective observational
study. Until the results of an adequately powered,
randomized controlled trial (RCT) are available, a
large registry analysis similar to this study but
addressing some of the above questions should be
performed for confirmation. The appropriate RCT
may be the EuroCTO study, which is randomizing
patients with CTOs to optimal medical therapy
versus PCI plus optimal medical therapy and began
enrolling in 2012 (NCT01760083).

The study’s demonstration that progressively
increasing the extent of coronary revascularization
and complete revascularization are associated with
a survival advantage is an important confirmatory
finding. Hannan et al. (10) reported a survival
advantage from an analysis of the New York State
PCI database for patients undergoing complete versus
partial percutaneous revascularization. In the DES
era, they analyzed 11,294 stent patients with multi-
vessel CAD and reported progressively lower
18-month mortality and MI rates with greater extent
of complete revascularization (defined as successful
PCI for all epicardial stenoses $70%). In their anal-
ysis, patients with incomplete revascularization
and 2 CTOs had the highest 18-month mortality and
mortality/MI. In contrast, the current study used a
controversial definition for incomplete revasculari-
zation; lesion severity of >50% was deemed to
be significant and categorized patients as partially
revascularized. Although this is the same definition
used in the surgical literature, it would not be
deemed appropriate to percutaneously revascularize
intermediate lesions (50% to 69%) without objective
evidence of hemodynamic significance. It is possible
that the presence of these lesions was a surrogate
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indicator of more extensive atherosclerotic disease
burden, rather than directly being associated with
higher mortality.

Complete coronary revascularization is critical in
managing patients with multivessel CAD, and this
study adds to the body of evidence supporting
the approach when using the percutaneous revas-
cularization strategy. A clinical implication of this
study is that in the presence of multivessel CAD
and a CTO, recanalization of the CTO should be
attempted first. If successful, complete percuta-
neous revascularization should then be performed.
However, if CTO PCI is unsuccessful, such patients
are likely better suited for complete surgical revas-
cularization in the presence of viable myocardium
and appropriate surgical targets. There is also a
golden opportunity for the field of interventional
cardiology with the improvements in the technique
of CTO PCI and proliferation of dedicated CTO
devices to treat a larger population percutaneously.
Rigorous prospective multicenter collection of base-
line clinical and angiographic data, procedural
techniques used during CTO PCI, and cause of death
at follow-up could help confirm findings in the
current study and elucidate how CTO PCI might
reduce mortality.
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