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Successful percutaneous coronary intervention (PCI) for chronic total occlusions (CTOs) has
been associated with clinical benefit. There are no randomized controlled trials on long-term
clinical outcomes after CTO PCI, limiting the available evidence to observational cohort
studies. We sought to perform a weighted meta-analysis of the long-term outcomes of suc-
cessful versus failed CTO PCI. A total of 25 studies, published from 1990 to 2014, with 28,486
patients (29,315 CTO PCI procedures) were included. We analyzed data on mortality, sub-
sequent coronary artery bypass grafting (CABG), myocardial infarction, major adverse
cardiac events, angina pectoris, stroke, and target vessel revascularization using random-
effects models. Procedural success was 71% (range 51% to 87%). During a weighted mean
follow-up of 3.11 years, comparedwith unsuccessful, successful CTOPCIwas associatedwith
lower mortality (odds ratio [OR] 0.52, 95% confidence interval [CI] 0.43 to 0.63), less residual
angina (OR 0.38, 95%CI 0.24 to 0.60), lower risk for stroke (OR0.72, 95%CI 0.60 to 0.88), less
need for subsequent coronary artery bypass grafting (OR 0.18, 95%CI 0.14 to 0.22), and lower
risk formajor adverse cardiac events (0.59, 95%CI0.44 to 0.79). Therewas nodifference in the
incidence of target vessel revascularization (OR 0.66, 95% CI 0.36 to 1.23) or myocardial
infarction (OR 0.73, 95% CI 0.52 to 1.03). Outcomes were similar in patients who underwent
balloon angioplasty only or stenting with bare metal or drug-eluting stents. Compared with
failed procedures, successful CTO PCIs are associated with a lower risk of death, stroke, and
coronary artery bypass grafting and less recurrent angina pectoris. Published by Elsevier
Inc. (Am J Cardiol 2015;115:1367e1375)

Although not proved in randomized controlled clinical
trials, successful percutaneous coronary intervention (PCI)
of chronic total occlusions (CTOs) can provide significant
clinical benefit, such as reduction in angina pectoris,
reduced need for coronary artery bypass grafting (CABG),
improvement of left ventricular function, and possibly
decreased risk for arrhythmias.1,2 The immediate procedural

outcomes of CTO PCI have been improving: a meta-
analysis including 18,061 patients from 65 studies demon-
strated increasing success and decreasing complication rates
over time.3 Recent studies report >90% success rates,4 even
among challenging patients and lesion subgroups.5,6 The
evidence on the clinical benefits of CTO PCI is limited to
observational studies. The long-term outcomes of CTO
PCI have been evaluated in 5 meta-analyses that demon-
strated improved outcomes with successful versus failed
procedures.7e11 However, these meta-analyses had impor-
tant limitations, such as limited evaluation of the impact of
various revascularization techniques, assessment of few
clinical outcomes (mainly mortality), and noninclusion of
some of the latest and largest studies.12 The goal of the
present study was to perform a systematic review and
weighted meta-analysis of all published studies on suc-
cessful versus failed CTO PCI to better characterize the
associated clinical outcomes.

Methods

We performed a comprehensive search of the Pubmed and
Cochrane Library databases for manuscripts on coronary
CTOs using the following keywords: “chronic total
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occlusion,” “percutaneous coronary intervention,” “stent,”
“drug-eluting stents,” and “angioplasty.” Initially, no lan-
guage or time limitations were applied; however, only studies
in English and French were included in our meta-analysis.
The references of those studies were checked for additional
relevant studies as were subsequent articles citing each
publication (cited reference search was performed usingWeb
of Science, Thompson Reuters, New York, New York).

Human studies published from 1990 to August 2014
were included if they reported >6-month postprocedural
outcomes in both successful and failed CTO PCI and
included >40 patients. Procedural success was defined as
successful CTO recanalization by any method (either
retrograde and or antegrade) with achievement of �30%
residual diameter stenosis within the treated segment and
restoration of Thrombolysis In Myocardial Infarction grade
3 flow without the occurrence of a major adverse cardiac
event (MACE).

We did not apply any restrictions on CTO PCI tech-
niques (e.g., retrograde approach) or on stent use; both stent
and nonstent studies were included. The primary end point
was all-cause death, but we also included several secondary
end points: myocardial infarction (MI), CABG, target vessel
revascularization (TVR), stroke, MACE (defined as com-
posite of death, MI, and TVR), and residual/recurrent
angina. Studies reporting only cardiac mortality and dupli-
cate studies were excluded (Figure 1).

Data collection, study selection, analysis of the data, and
reporting of the results were performed according to the
accepted principles on systematic reviews and meta-
analyses.13,14

Retrieved studies were reviewed by 2 investigators (GC
and EB) using a standardized data collection form. In case
of disagreement, a consensus was reached using a third
reviewer (SB). Particular attention was given to study design,
inclusion criteria, duration of follow-up, and primary and
secondary end points. In studies reporting>6-month clinical
outcomes, outcomes during the longest follow-up time were
included in the analysis.

Extracted data included age, gender, number of patients,
number of lesions, patient co-morbidities, including hyper-
tension, diabetes, hyperlipidemia, smoking, previous CABG,
PCI, andMI, CTO duration, target vessel, number and type of
stents, procedural success, in-hospital complications, and the
incidence of adverse clinical events during follow-up. The
country of origin, the author, and the enrollment periods were
reviewed to identify and exclude duplicate publications of the
same CTO PCI cohort.

The absolute number of events was extracted from each
study for each outcome of interest. If absolute numbers were
not reported, the percentages of events were collected (from
graphs in some studies) and converted to absolute number of
events. Automatic “zero-cell” correction was used for studies
with no events for a particular outcome. The pooled number
of events for each outcome of interest was analyzed using a
random-effects model. To assess heterogeneity across trials
for each outcome, we used the Cochrane Q statistic (a p value
<0.1 was considered significant) and the I2 statistic (with
�25% demonstrating low, >25% and <50% demonstrating
moderate, and�75% demonstrating high heterogeneity). For
all outcomes, odds ratios (ORs) with 95% confidence in-
tervals (CIs) were reported. Publication bias was assessed
through visual inspection of funnel plots (Begg’s method).
All analyses were performed using Stats Direct (StatsDirect
Ltd, Altrincham, United Kingdom).

Results

Of 163 publications retrieved through electronic search
and reference checking, 25 observational studies12 were
included in the final pooled analysis (Table 1, Figure 2). A
total of 28,486 patients underwent 29,315 CTO PCI pro-
cedures: 20,778 were successful and 8,537 were unsuccess-
ful, with no significant between-group differences in baseline
demographics and risk factor profile. No randomized
controlled trials were identified.

The baseline demographic and angiographic character-
istics of the study populations are summarized in Tables 1
and 2. The most common CTO target vessel was the right
coronary artery, followed by the left anterior descending and
the left circumflex artery.

Mean follow-up time was 3.11 years (range 6 months to
12 years). Mortality was reported in 23 of 25 studies. As
shown in Figure 2, compared with failed CTO-PCI,
successful procedures were associated with lower mortality
(OR 0.52, 95% CI 0.43 to 0.63, chi-square ¼ 42.85,
p <0.0001; I2 ¼ 54.6%, 95% CI 17.7 to 70.9).

Myocardial infarction was reported in 18 studies. As
shown in Figure 3, compared with failed CTO-PCI, suc-
cessful procedures reduced the risk of MI (OR 0.73, 95%
CI 0.52 to 1.03; chi-square ¼ 3.17, p ¼ 0.08; I2 ¼ 47.7%,
95% CI 0 to 69.4; Figure 3).

Figure 1. Flow diagram of the study selection process.
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