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OBJECTIVES The aim of this study was to describe contemporary frequency, predictors, and outcomes of chronic total

occlusion (CTO) percutaneous coronary intervention (PCI) in the United States.

BACKGROUND CTO PCI can provide significant clinical benefits, yet there is limited information on its success and

safety in unselected patient populations.

METHODS We analyzed the frequency and outcomes of CTO PCI compared with non-CTO PCI in elective patients, and of

successful versus failed CTO PCI between July 1, 2009, and March 31, 2013, in the National Cardiovascular Data Registry

CathPCI Registry. Generalized estimating equations logistic regression modeling was used to generate independent

variables associated with procedural success and procedural complications.

RESULTS During the study period, CTO PCI represented 3.8% of the total PCI volume for stable coronary artery disease

(22,365 of 594,510). Overall, patients undergoing CTO PCI required greater contrast volume and longer fluoroscopy time

and had lower procedural success (59% vs. 96%, p < 0.001) and higher major adverse cardiac event (1.6% vs. 0.8%,

p < 0.001) rates than non-CTO PCI patients. On multivariable analysis, several parameters (including older age, current

smoking, previous myocardial infarction, previous coronary artery bypass graft, previous peripheral arterial disease,

previous cardiac arrest, right coronary artery CTO target vessel, and less operator experience) were associated with a

lower likelihood of CTO PCI procedural success, whereas operators’ annual CTO PCI volume was associated with improved

success without a significant increase in major complications.

CONCLUSIONS CTO PCI is currently performed infrequently in the United States for stable coronary artery disease and

is associated with lower procedural success and higher complication rates compared with non-CTO PCI. Procedural

success was associated with several patient factors and operator experience. (J Am Coll Cardiol Intv 2015;8:245–53)
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C hronic total occlusions (CTOs) are
encountered in 18.4% to 52% of pa-
tients with coronary artery disease

(CAD) undergoing coronary angiography
(1–4). Although no randomized, controlled
trial of CTO percutaneous coronary interven-
tion (PCI) has been performed, observational
studies suggest that successful CTO PCI can
provide significant clinical benefit to pa-
tients, including symptom relief, improved
left ventricular function, reduced risk of ar-
rhythmias, and better tolerance of an acute
coronary syndrome (5). By contrast, failed
CTO PCI has been associated with an
increased risk of death and angina compared with
successful recanalization (6). In recent years, impor-
tant advances have occurred in CTO PCI techniques,
including the introduction and dissemination of the
retrograde approach (7–9), antegrade dissection/
SEE PAGE 254
re-entry techniques (10), and a systematic algorithmic
“hybrid” approach (11). As a result, some centers in
Europe (12), Japan (13), the United States (9,14–17),
and Canada (18) now consistently achieve technical
success rates >80%. Despite this progress, there is
an ongoing controversy on the relative value and
risks of CTO PCI, with this procedure being given a
Class IIa indication in the American Heart Associa-
tion/American College of Cardiology PCI guidelines
(19) and patients with CTOs being given lower ratings
in 5 of the 18 categories described in the PCI appropri-
ateness use criteria (20). This study sought to
describe contemporary risks and success of CTO PCI
and to compare these with non-CTO PCI to provide
an evidence-based foundation with which to better
evaluate the appropriateness of CTO PCI and docu-
ment opportunities to improve safety and use of
this potentially beneficial procedure. We hypothe-
sized that CTO PCI is performed infrequently and
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has different success and complication rates
compared with non-CTO PCI.

METHODS

PATIENT POPULATION. The National Cardiovascular
Data Registry (NCDR) CathPCI Registry is an initiative
of the American College of Cardiology Foundation
and the Society for Cardiovascular Angiography and
Interventions. The registry receives data from more
than 1,000 participating U.S. hospitals, and catalogs
in-hospital data regarding patient characteristics,
clinical features, angiographic and procedural details,
and in-hospital outcomes for patients undergoing
diagnostic catheterizations and PCI. The registry uses
a standard dataset with pre-specified definitions
supplemented with data abstractor training, uniform
data entry and transmission requirements, and data
quality checks, although there is no core laboratory
adjudication of the angiographic parameters (21).
Details on the data collection process and the variable
definitions were published previously (21,22). For the
purpose of this study, we examined CathPCI Registry
patients with stable CAD undergoing PCI from July 1,
2009, to March 31, 2013.

DEFINITIONS OF CTO AND OUTCOMES. Since 2009, an
explicit, operator-defined indication for attempting
CTO PCI has been implemented in NCDR CathPCI Re-
gistry version 4. This was used to identify patients
undergoing CTO PCI. The primary outcome of this
study was procedural success, defined as <50% an-
giographic stenosis with Thrombolysis In Myocardial
Infarction flow grade 3 after the procedure without
any major adverse cardiac event (MACE). A MACE
was defined as the composite of death, urgent coro-
nary artery bypass graft (CABG) surgery, stroke, or
tamponade.

STATISTICAL ANALYSIS. Continuous variables are
presented as mean � SD, and categorical
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TABLE 1 Comparison of Patients With Stable Coronary Artery Disease Undergoing

CTO PCI Versus Those Undergoing Non-CTO PCI

Variable
All Patients

(N ¼ 594,510)
CTO PCI

(n ¼ 22,365)
Non-CTO PCI
(n ¼ 572,145) p Value

Demographic characteristics

Age, yrs 66.3 � 11.0 64.0 � 10.9 66.4 � 11.0 <0.001

Male 69 78 69 <0.001

White race 88 87 88 <0.001

Comorbidities

Hypertension 86 86 86 0.015

Dyslipidemia 85 88 85 <0.001

Diabetes mellitus 39 39 39 0.08

Current smoking 21 23 20 <0.001

Previous MI 31 38 31 <0.001

Previous PCI 46 48 46 <0.001

Previous CABG surgery 20 19 20 0.213

Cerebrovascular disease 13 11 13 <0.001

Peripheral arterial disease 14 14 14 0.034

Glomerular filtration rate,
ml/min/1.73 m2

71.3 � 17.8 72.9 � 17.1 71.3 � 17.8 <0.001

Chronic lung disease 15 13 15 <0.001

Body mass index, kg/m2 30.3 � 15.0 30.5 � 13.9 30.3 � 15.0 0.035

CAD presentation

Symptoms <0.001

No angina 30 29 30

Atypical chest pain 9 7 10

Stable angina 61 64 60

Congestive heart failure
within 2 weeks

9 10 9 <0.001

PCI outcomes

Procedural success 94 59 96 <0.001

MACE 0.8 1.6 0.8 <0.001

Death 0.3 0.4 0.3 <0.001

Urgent CABG surgery 0.4 0.8 0.4 <0.001

Stroke 0.1 0.1 0.1 0.045

Tamponade 0.1 0.3 0.1 <0.001

MI 1.9 2.7 1.9 <0.001

RBC transfusion 1.9 2.7 1.9 <0.001

Contrast volume 189.1 � 92.3 243.8 � 124.7 187.0 � 90.1 <0.001

Fluoroscopy time 15.0 � 12.4 29.9 � 20.8 14.5 � 11.6 <0.001

Values are mean � SD or %.

CABG ¼ coronary artery bypass graft; CAD ¼ coronary artery disease; CTO PCI ¼ chronic total occlusion
percutaneous coronary intervention; MACE ¼ major adverse cardiac event(s); MI ¼ myocardial infarction;
PCI ¼ percutaneous coronary intervention; RBC ¼ red blood cell.
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variables were reported as percentages. The baseline
characteristics, PCI procedural findings, and in-
hospital outcomes were compared between patients
with stable CAD who underwent CTO versus non-CTO
PCI. A second set of comparisons was performed
among the CTO procedures and compared the char-
acteristics of successful versus failed CTO PCI. Com-
parisons between groups were performed using
Pearson chi-square tests for all categorical variables
and Wilcoxon tests for all continuous variables.

Hierarchical multivariable logistic regression ana-
lyses were performed to determine variables asso-
ciated with procedural success and complications of
CTO PCI. The following parameters from the NCDR
data collection formswere entered into themodel: age,
sex, Caucasian race, body mass index, no medical in-
surance, glomerular filtration rate calculated using the
Modification of Diet in Renal Disease study equation,
smoking, hypertension, dyslipidemia, family history
of CAD, previous myocardial infarction (MI), previous
heart failure, previous valve surgery, previous CABG
surgery, currently on dialysis, previous cardiovascular
disease, previous peripheral arterial disease, chronic
liver disease, diabetes mellitus, heart failure within
the previous 2 weeks, previous cardiogenic shock,
previous cardiac arrest, CTO target vessel (left main
coronary artery, left anterior descending coronary ar-
tery, left circumflex coronary artery) average CTO PCI
volume during the previous year, and average elective
PCI volume during the previous year.

All tests were 2-sided, and p < 0.05 was considered
statistically significant. All analyses were performed
using SAS software (version 9.2, SAS Institute, Cary,
North Carolina) by Saint Luke’s Mid America Heart
Institute (Kansas City, Missouri). The authors had full
access to the data and take responsibility for its
integrity. All authors have read and agree to the paper
as written.

RESULTS

PATIENT AND PROCEDURAL CHARACTERISTICS OF

CTO PCI IN STABLE CAD. During the study period,
TABLE 2 Success and MACE Rates of CTO PCI Over Time

Outcome
Total

(N ¼ 22,365)
2009

(n ¼ 2,695)
2010

(n ¼ 6,373)
2011

(n ¼ 6,161)
2012

(n ¼ 5,650)
2013

(n ¼ 1,486) p Value

CTO PCI as percentage of
total PCI volume

22,365 of
594,510 (3.8)

2,695 of
84,483 (3.2)

6,373 of
183,649 (3.5)

6,161 of
160,072 (3.8)

5,650 of
135,331 (4.2)

1,486 of
30,975 (4.8)

<0.001

Procedural success 13,077 (58.5) 1,495 (55.5) 3,637 (57.1) 3,645 (59.2) 3,380 (59.8%) 920 (61.9) <0.001

MACE 357 (1.6) 50 (1.9) 103 (1.6) 104 (1.7) 81 (1.4) 19 (1.3) 0.108

Values are n (%).

Abbreviations as in Table 1.



FIGURE 1 Relative Frequency of CTO PCI

Proportion of chronic total occlusion percutaneous coronary intervention (CTO PCI) cases

among centers participating in the NCDR (National Cardiovascular Data Registry).

FIGURE 2 CTO PCI

Proportion of chroni

(n ¼ 60) (A) and sit
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CTO PCI represented 3.8% of the total PCI volume for
stable CAD (22,365 of 594,510), with marked variation
in use across centers (0% to 44%; interquartile range
1.2% to 4.5%) (Tables 1 and 2, Figure 1). At 1,387 sites
Success Rates

c total occlusion percutaneous coronary intervention (CTO PCI) cases among

es at which at least 30 CTO PCI procedures were performed during the study
included in the analysis, CTO PCI was never attemp-
ted at 234 (17%). Marked variation was also noted
among operators (interquartile range 0.3% to 4.9%).
CTO PCI represented a low but increasing propor-
tion of the total PCI volume for stable coronary
artery disease, from 3.2% in 2009 to 4.8% in 2013
(Table 2), in stable CAD PCI procedures. Compared
with patients undergoing non-CTO PCI, those un-
dergoing CTO PCI were younger and more likely to be
men, to have had a previous MI or PCI or left ven-
tricular dysfunction, and to undergo staged PCI. They
were less likely to have cerebrovascular disease,
chronic lung disease, and peripheral arterial disease
(Table 1).

CTO PCI PROCEDURAL SUCCESS. Patients undergo-
ing CTO PCI had lower procedural success compared
with non-CTO PCI (59% vs. 96%, p < 0.001), with
marked variability across centers and operators
(Figure 2). Procedural success among operators
performing <5, 5 to 10, and >10 CTO PCI procedures
per year was 53%, 62%, and 75%, respectively (p <

0.001) (Table 3). Procedural success for the 8 high-
volume operators was 81%. Patients undergoing CTO
PCI also required higher contrast volume and longer
fluoroscopy time (Table 1). Procedural success signif-
icantly increased over time from 55.5% in 2009 to
61.9% in 2013 (p < 0.001) (Table 2).
operators performing more than 10 CTO PCI procedures per year

period (B).



TABLE 3 Procedural Success and MACE Rates as a Function of Annual CTO PCI Volume

Outcome
Total

(N ¼ 22,225)

<5 CTO PCI
per Year

(n ¼ 14,934)

5–10 CTO PCI
per Year

(n ¼ 2,881)

>10 CTO PCI
per Year

(n ¼ 4,410) p Value

Procedural success 13,010 (58.5) 7,934 (53.1) 1,788 (62.1) 3,288 (74.6) <0.001

MACE 356 (1.6) 260 (1.7) 34 (1.2) 62 (1.4) 0.050

Values are n (%).

Abbreviations as in Table 1.

TABLE 4 Comparison of Successful Versus Failed CTO PCI Cases

Variable

Successful
CTO PCI

(n ¼ 13,077)

Failed
CTO PCI

(n ¼ 9,288) p Value

Demographic characteristics

Age, yrs 63.6 � 11.0 64.7 � 10.8 <0.001

Male 78 78 0.685

White race 87 86 0.053

Comorbidities

Hypertension 85 86 0.009

Dyslipidemia 88 88 0.206

Diabetes mellitus 38 40 <0.001

Current smoking 21 25 <0.001

Previous MI 37 40 <0.001

Previous PCI 48 49 0.397

Previous CABG surgery 18 20 <0.001

Cerebrovascular disease 11 13 <0.001

Peripheral arterial disease 13 16 <0.001

Glomerular filtration rate,
ml/min/1.73 m2

73.0 � 17.1 72.8 � 17.2 0.355

Chronic lung disease 12 15 <0.001

Body mass index, kg/m2 30.4 � 16.5 30.6 � 9.0 0.459

CAD presentation

Symptoms <0.001

No angina 28 30

Atypical chest pain 6 9

Stable angina 66 61

Congestive heart failure within
2 weeks

10 11 0.015

CTO target vessel

Right coronary artery 44 47 <0.001

Left main artery 1 0.5 <0.001

Left anterior descending artery 33 27 <0.001

Left circumflex artery 24 26 <0.001

PCI outcomes

Procedural success 100 0 <0.001

In-hospital MACE 0 3.8 <0.001

Death 0 1.1 <0.001

Urgent CABG surgery 0 1.9 <0.001

Stroke 0 0.3 <0.001

Tamponade 0 0.8 <0.001

MI 2.8 2.5 0.212

RBC transfusion 1.2 2.2 <0.001

Contrast volume, ml 258.1 � 124.8 223.5 � 121.9 <0.001

Fluoroscopy time, min 30.1 � 21.1 29.6 � 20.5 <0.001

Values are mean � SD or %.

Abbreviations as in Table 1.
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Compared with patients in whom CTO PCI failed,
those in whom CTO PCI was successful were younger
and more likely to be current smokers and to have left
anterior descending artery CTO. They were less likely
to have had a previous MI, diabetes, cerebrovascular
or peripheral arterial disease, chronic lung disease,
and previous CABG (Table 4). Successful CTO PCI cases
required more contrast administration but had similar
fluoroscopy time. On multivariable analysis, several
parameters (older age, current smoking, previous MI,
previous CABG, previous peripheral arterial disease,
previous cardiac arrest, right coronary artery CTO
target vessel, and less operator experience) were
associated with a lower likelihood of CTO PCI pro-
cedural success (Figure 3). Larger operator annual
volume in CTO PCI was associated with higher proce-
dural success rates (Figure 4, Table 3). However, only 8
operators performed 50 or more CTO PCI per year.

CTO PCI COMPLICATIONS. Patients undergoing CTO
PCI had higher MACE rates compared with non-CTO
PCI procedures (1.6% vs. 0.8%, p < 0.001) (Table 1),
with a trend toward a decreased MACE rate over time
(Table 2). Among operators performing more than 10
CTO PCIs per year (n ¼ 60), the median MACE rate
was 1% (interquartile range: 0% to 2%). At sites where
more than 30 CTO PCIs were performed during the
study period (n ¼ 510), the median MACE rate was 0%
(interquartile range, 0% to 3%). Compared with pa-
tients in whom CTO PCI was complicated by a MACE,
those in whom CTO PCI did not result in a MACE were
younger, more likely to have had previous PCI and
previous CABG surgery, and less likely to have a his-
tory of cerebrovascular disease or chronic lung dis-
ease (Table 5). Higher CTO PCI operator volume
was associated with lower MACE rates (Figure 4).
On multivariable analysis, several parameters (but
not operator CTO PCI annual volume [Figure 4])
were associated with higher likelihood of MACE
(Figure 5).

DISCUSSION

To the best of our knowledge, this is the largest study
performed to date, from a prospective PCI database
providing detailed information on the frequency and
outcomes of contemporary CTO PCI. Analyses of the
CathPCI Registry demonstrate that CTO PCI is infre-
quently performed in the United States, although its
frequency has been increasing over time; is associated
with lower procedural success and higher complica-
tion rates compared with non-CTO PCI for stable CAD;
and procedural success and MACE are associated with
both patient factors and operator experience.



FIGURE 3 Factors Associated With CTO PCI Success

Forest plot of variables associated with chronic total occlusion percutaneous coronary

intervention (CTO PCI) success. Avg ¼ average; BMI ¼ body mass index; CABG ¼ coronary

artery bypass graft; CAD ¼ coronary artery disease; CardShock ¼ cardiac shock; CLD ¼
chronic liver disease; CVD ¼ cardiovascular disease; DM ¼ diabetes mellitus; Dyslip ¼
dyslipidemia; GFR ¼ glomerular filtration rate; HF ¼ heart failure; HTN ¼ hypertension;

Hx ¼ history; LAD ¼ left anterior descending artery; LCX ¼ left circumflex artery; LM ¼ left

main; MI ¼ myocardial infarction; PAD ¼ peripheral arterial disease; proc ¼ procedure;

RR ¼ relative risk.
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FREQUENCY OF CTO PCI. Our study demonstrates
that CTO PCI accounts for a small proportion of PCIs
for stable CAD currently performed in the United
States (3.8%), although its frequency has been
increasing slightly over time (it represented 3.2% of all
PCIs in 2009 vs. 4.8% in 2013). Although early reports
of CTO prevalence from the NCDR suggested that it
was present in only 5.5% of cases (23), prospective
registries that explicitly examined the prevalence of
CTOs documented rates of 18.4% to 52% (1–4).

Similar to previous studies (1), there is wide vari-
ability in the proportion of CTO PCIs (Figures 1 and 2)
performed at various centers. Given the high preva-
lence of CTOs, the overall proportion of CTO PCI is
very low. Potential explanations for the disparity
between the prevalence and treatment of CTOs with
PCI include the following: 1) CTOs are often associ-
ated with extensive CAD, necessitating CABG surgery
referral in many patients; 2) variation in local
expertise and comfort with performing CTO PCI; and
3) limited evidence on the risk/benefit ratio of CTO
PCI leading to frequent treatment with medical ther-
apy alone in many patients with CTOs.

Comparison of CTO PCI and non-CTO PCI. We found
important differences in the outcomes of CTO
compared with non-CTO PCI: CTO PCI was associated
with significantly lower procedural success and higher
complication rates (although the overall rate of MACE
was relatively low [1.6%] in patients undergoing CTO
PCI). This marked discrepancy in outcomes is likely
related to the higher technical difficulty of CTO PCI,
higher CAD burden of patients with CTOs, and limited
local expertise with the procedure. However, the
alternative revascularization strategy to CTO PCI in
many patients is CABG surgery, which may also carry
increased procedural risk in patients with CTOs (24).
Moreover, many patients undergoing CTO PCI may
not be good candidates for CABG surgery; for
example, patients with a previous CABG represented
w20% of the NCDR CTO PCI cohort and 37% of a
contemporary U.S. CTO PCI registry (14). Given the
high rates of saphenous vein graft failure (25) and the
increased risk of redo CABG surgery (26), CTO PCI may
be the preferred revascularization modality in the
majority of patients who have had a previous CABG.

CTO PCI procedura l success . Several factors were
associated with procedural success in our study,
related to both the patient (age, smoking, previous
MI, previous CABG, previous peripheral arterial dis-
ease, previous cardiac arrest, CTO target vessel), and
the operator (CTO PCI volume). Although the overall
success rate remained low during the study period,
significant improvement occurred between the first
(2009, 55.5%) and last (2013, 61.9%) years of the study
(Table 2).

Older age is likely associated with more advanced
coronary atherosclerosis and greater coronary artery
calcification. Previous CABG surgery has been associ-
ated with lower procedural success rates (27), likely
due to more extensive calcification and negative
remodeling (28) and possible distortion of the
native coronary artery anatomy from the graft anas-
tomoses. Of 1,363 patients in a multicenter CTO regis-
try, 37% had previous CABG surgery and those patients
were older, hadmore comorbidities, were treatedmore
frequently with the retrograde approach (46.7% vs.
27.1%, p<0.001), and had lower technical success rates
(79.7% vs. 88.3%, p ¼ 0.015), but similar major
complication rates (2.1% vs. 1.5%, p ¼ 0.392) compared
with patients without previous CABG (27).

The significant increase in CTO PCI success rates
with increasing CTO PCI volume (Figure 4) supports



FIGURE 4 Operator CTO PCI Volume Association With Procedural Success

and Complications

Procedural success and major adverse cardiac event (MACE) rates as a function of annual

operator chronic total occlusion percutaneous coronary (CTO PCI) volume.

FIGURE 5 Factors Associated With CTO PCI Complications

Forest plot of variables associated with MACE. Abbreviations as in Figures 3 and 4.
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performing CTO PCI by experienced operators at
centers with high CTO PCI volume, where a 5% in-
crease in success for each 10 CTO PCI procedures
performed per year was observed. Of note, the overall
PCI volume was not associated with success in CTO
PCI (Figure 3), suggesting that performing large
numbers of non-CTO PCIs is not associated with more
success in performing CTO PCI. This is not surprising,
given that CTO PCI is a fundamentally different pro-
cedure, requiring different techniques and skills
compared with non-CTO PCI. Both subintimal
crossing techniques (10,29) and the retrograde
approach (7,29) are not used in non-CTO PCI, and
require time and practice to learn and master.
Improved training pathways in CTO PCI could reduce
the marked variation in procedural outcomes. More-
over, operator experience with CTO PCI can result,
not only in higher success rates, but also in lower
fluoroscopy and contrast use (30). There appeared to
be no upper limit in CTO PCI success rates with
increased CTO PCI volume (Figure 4), suggesting that
continuous improvement is possible, even among
high-volume CTO PCI operators.

CTO PCI COMPLICATIONS. A recent systematic re-
view of published studies reported low and
decreasing rates of CTO PCI complications over time,
despite increasing success rates (31). In our study,
the risk of complications with CTO PCI was higher
than with non-CTO PCI, which was in part related to
higher baseline risk profiles of CTO patients and
the use of advanced CTO crossing techniques. Pre-
vious PCI and previous CABG surgery were associ-
ated with lower risks of complications; however,
comorbidities (e.g., history of cerebrovascular dis-
ease or chronic lung disease) were associated with
higher risk. Operator CTO PCI volume was not
associated with lower complication rates on multi-
variable analysis, possibly because high-volume CTO
operators may perform more complex CTO PCI pro-
cedures, which could not be well characterized in
this cohort, given the absence of detailed angio-
graphic descriptions of CTOs in the NCDR Registry.
This stable complication rate in the spectrum of
various procedural volumes still supports the per-
formance of CTO PCI among high-volume operators
and centers, because procedural success was higher
in those centers without incurring a penalty in terms
of procedural complications (i.e., the risk/benefit
ratio was higher).

STUDY IMPLICATIONS. Our study suggests that CTO
PCI may be underused, because it is infrequently
performed (only 3.8% of all PCI cases in the United
States were CTO PCI during the study period), despite



TABLE 5 Comparison of CTO PCI Cases With and Without

Periprocedural Complications

Variable

Periprocedural
Complications

(n ¼ 357)

No Periprocedural
Complications
(n ¼ 22,008) p Value

Demographic
characteristics

Age, yrs 65.6 � 11.6 64.0 � 10.9 0.006

Male 78 78 0.893

White race 88 87 0.446

Comorbidities

Hypertension 82 86 0.087

Dyslipidemia 80 88 <0.001

Diabetes mellitus 35 39 0.114

Current smoking 23 23 0.779

Previous MI 35 38 0.186

Previous PCI 35 49 <0.001

Previous CABG 11 19 <0.001

Cerebrovascular
disease

17 11 <0.001

Peripheral arterial
disease

17 14 0.056

Glomerular
filtration rate,
ml/min/1.73 m2

69.7 � 18.9 73.0 � 17.1 <0.001

Chronic lung disease 19 13 <0.001

Body mass index,
kg/m2

30.2 � 9.0 30.5 � 14.0 0.689

CAD presentation

Symptoms <0.001

No angina 41 29

Atypical chest pain 11 7

Stable angina 48 64

Congestive heart failure
within 2 weeks

18 10 <0.001

PCI outcomes

Procedural success 0 59 <0.001

MACE

Death 28 0 <0.001

Urgent CABG 51 0 <0.001

Stroke 9 0 <0.001

Tamponade 20 0 <0.001

Myocardial
infarction

9.3 2.6 <0.001

RBC transfusion 26.3 1.2 <0.001

Contrast volume, ml 252.7 � 148.2 243.6 � 124.3 0.171

Fluoroscopy time, min 34.7 � 29.2 29.8 � 20.7 <0.001

Values are mean � SD or %.

Abbreviations as in Table 1.
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the high prevalence of coronary CTOs (1–4). Our study
also suggests that CTO PCI is currently associated
with lower success and higher complication rates
than non-CTO PCI, emphasizing the importance of
dedicated CTO PCI training. Given the association of
higher CTO PCI volume with higher success rates, it
may be worthwhile, from a societal perspective, to
concentrate CTO PCI at high-volume centers and in
operators committed to developing and maintaining
CTO PCI programs. Such programs would provide
operators with the necessary equipment and support
that are critical for achieving high success rates while
maximizing safety (29,32).

STUDY LIMITATIONS. Our findings should be inter-
preted in the context of several potential limitations.
Participation in the CathPCI Registry is voluntary, and
therefore, the results may not be representative of the
entire U.S. population, although the number of
participating sites is large. In the CathPCI Registry,
there is no core laboratory assessment of the patients’
angiograms and composite assessments of the coro-
nary anatomy, such as the SYNTAX (Synergy between
PCI with Taxus and Cardiac Surgery) score, proximal
cap ambiguity, lesion length, tortuosity and calcifi-
cation, quality of the distal vessel, and the presence
and quality of collateral circulation, which were not
available. CathPCI Registry data are collected for in-
hospital stay only; as such, differences in long-term
outcomes of patients who underwent CTO versus
those who underwent non-CTO PCI could not be
assessed. Moreover, the long-term outcomes after use
of the novel CTO crossing techniques (such as limited
antegrade dissection/re-entry and the retrograde
approach) have had limited study (33). Also prospec-
tive, randomized, controlled clinical trials are needed
to accurately assess the risks and benefits of CTO PCI
compared with optimal medical therapy alone. It is
not known what initiated the decision to intervene in
a CTO; therefore, unmeasured confounding variables
could be responsible for some of the variability in in-
hospital outcomes (success and MACE rates) after
CTO PCI.

CONCLUSIONS

CTO PCI is currently infrequently performed and
has lower success and higher complication rates
compared with non-CTO PCI. However, higher oper-
ator experience was associated with higher success
rates. Addressing the gap between what can
be achieved in experienced CTO PCI centers and
less experienced centers holds great promise for
improving outcomes in this complex patient and lesion
group.

REPRINT REQUESTS AND CORRESPONDENCE: Dr.
Emmanouil S. Brilakis, VA North Texas Health Care
System, The University of Texas Southwestern Med-
ical Center at Dallas, Division of Cardiology (111A),
4500 South Lancaster Road, Dallas, Texas 75216.
E-mail: esbrilakis@gmail.com.

mailto:esbrilakis@gmail.com


J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . 8 , N O . 2 , 2 0 1 5 Brilakis et al.
F E B R U A R Y 2 0 1 5 : 2 4 5 – 5 3 CTO Interventions in the NCDR

253
RE F E RENCE S
1. Fefer P, Knudtson ML, Cheema AN, et al.
Current perspectives on coronary chronic total
occlusions: the Canadian Multicenter Chronic Total
Occlusions Registry. J Am Coll Cardiol 2012;59:
991–7.

2. Christofferson RD, Lehmann KG, Martin GV,
Every N, Caldwell JH, Kapadia SR. Effect of chronic
total coronary occlusion on treatment strategy.
Am J Cardiol 2005;95:1088–91.

3. Werner GS, Gitt AK, Zeymer U, et al. Chronic
total coronary occlusions in patients with stable
angina pectoris: impact on therapy and outcome in
present day clinical practice. Clin Res Cardiol
2009;98:435–41.

4. Jeroudi OM, Alomar ME, Michael TT, et al.
Prevalence and management of coronary chronic
total occlusions in a tertiary Veterans Affairs
hospital. Catheter Cardiovasc Interv 2014;84:
637–43.

5. Garcia S, Abdullah S, Banerjee S, Brilakis ES.
Chronic total occlusions: patient selection and
overview of advanced techniques. Curr Cardiol Rep
2013;15:334.

6. Joyal D, Afilalo J, Rinfret S. Effectiveness of
recanalization of chronic total occlusions: a
systematic review and meta-analysis. Am Heart J
2010;160:179–87.

7. Brilakis ES, Grantham JA, Thompson CA, et al.
The retrograde approach to coronary artery
chronic total occlusions: a practical approach.
Catheter Cardiovasc Interv 2012;79:3–19.

8. Joyal D, Thompson CA, Grantham JA,
Buller CEH, Rinfret S. The retrograde technique for
recanalization of chronic total occlusions: a step-
by-step approach. J Am Coll Cardiol Intv 2012;
5:1–11.

9. Karmpaliotis D, Michael TT, Brilakis ES, et al.
Retrograde coronary chronic total occlusion
revascularization: procedural and in-hospital out-
comes from a multicenter registry in the United
States. J Am Coll Cardiol Intv 2012;5:1273–9.

10. Michael TT, Papayannis AC, Banerjee S,
Brilakis ES. Subintimal dissection/reentry strate-
gies in coronary chronic total occlusion in-
terventions. Circ Cardiovasc Interv 2012;5:729–38.

11. Brilakis ES, Grantham JA, Rinfret S, et al.
A percutaneous treatment algorithm for crossing
coronary chronic total occlusions. J Am Coll
Cardiol Intv 2012;5:367–79.

12. Galassi AR, Tomasello SD, Reifart N, et al.
In-hospital outcomes of percutaneous coronary
intervention in patients with chronic total occlu-
sion: insights from the ERCTO (European Registry
of Chronic Total Occlusion) registry. Euro-
Intervention 2011;7:472–9.

13. Morino Y, Kimura T, Hayashi Y, et al. In-
hospital outcomes of contemporary percutaneous
coronary intervention in patients with chronic
total occlusion insights from the J-CTO Registry
(Multicenter CTO Registry in Japan). J Am Coll
Cardiol Intv 2010;3:143–51.

14. Michael TT, Karmpaliotis D, Brilakis ES, et al.
Procedural outcomes of revascularization of
chronic total occlusion of native coronary arteries
(from a Multicenter United States Registry). Am J
Cardiol 2013;112:488–92.

15. Thompson CA. Percutaneous revascularization
of coronary chronic total occlusions: the new era
begins. J Am Coll Cardiol Intv 2010;3:152–4.

16. Christopoulos G, Menon RV, Karmpaliotis D,
et al. The efficacy and safety of the “hybrid”
approach to coronary chronic total occlusions:
insights from a contemporary multicenter US
registry and comparison with prior studies.
J Invasive Cardiol 2014;26:427–32.

17. Christopoulos G, Menon RV, Karmpaliotis D,
et al. Application of the “hybrid approach” to
chronic total occlusions in patients with previous
coronary artery bypass graft surgery (from a
Contemporary Multicenter US registry). Am J
Cardiol 2014;113:1990–4.

18. Nombela-Franco L, Urena M, Jerez-Valero M,
et al. Validation of the J-chronic total occlusion
score for chronic total occlusion percutaneous
coronary intervention in an independent contem-
porary cohort. Circ Cardiovasc Interv 2013;6:
635–43.

19. Levine GN, Bates ER, Blankenship JC, et al.
2011 ACCF/AHA/SCAI guideline for percutaneous
coronary intervention. A report of the American
College of Cardiology Foundation/American
Heart Association Task Force on Practice Guide-
lines and the Society for Cardiovascular Angiog-
raphy and Interventions. J Am Coll Cardiol 2011;
58:e44–122.

20. Patel MR, Dehmer GJ, Hirshfeld JW, Smith PK,
Spertus JA. ACCF/SCAI/STS/AATS/AHA/ASNC/
HFSA/SCCT 2012 appropriate use criteria for cor-
onary revascularization focused update: a report
of the American College of Cardiology Foundation
Appropriate Use Criteria Task Force, Society for
Cardiovascular Angiography and Interventions,
Society of Thoracic Surgeons, American Associa-
tion for Thoracic Surgery, American Heart Associ-
ation, American Society of Nuclear Cardiology, and
the Society of Cardiovascular Computed Tomog-
raphy. J Am Coll Cardiol 2012;59:857–81.

21. Messenger JC, Ho KK, Young CH, et al. The
National Cardiovascular Data Registry (NCDR)
Data Quality Brief: the NCDR Data Quality Program
in 2012. J Am Coll Cardiol 2012;60:1484–8.

22. Brindis RG, Fitzgerald S, Anderson HV,
Shaw RE, Weintraub WS, Williams JF. The Amer-
ican College of Cardiology-National Cardiovascular
Data RegistryTM (ACC-NCDRTM): building a na-
tional clinical data repository. J Am Coll Cardiol
2001;37:2240–5.
23. Grantham JA, Marso SP, Spertus J, House J,
Holmes DR Jr., Rutherford BD. Chronic total
occlusion angioplasty in the United States. J Am
Coll Cardiol Intv 2009;2:479–86.

24. Banerjee S, Master RG, Peltz M, et al. Influence
of chronic total occlusions on coronary artery
bypass graft surgical outcomes. J Card Surg 2012;
27:662–7.

25. Widimsky P, Straka Z, Stros P, et al. One-year
coronary bypass graft patency: a randomized
comparison between off-pump and on-pump sur-
gery angiographic results of the PRAGUE-4 trial.
Circulation 2004;110:3418–23.

26. Yap CH, Sposato L, Akowuah E, et al.
Contemporary results show repeat coronary artery
bypass grafting remains a risk factor for operative
mortality. Ann Thorac Surg 2009;87:1386–91.

27. Michael TT, Karmpaliotis D, Brilakis ES, et al.
Impact of prior coronary artery bypass graft
surgery on chronic total occlusion revascularisa-
tion: insights from a multicentre US registry. Heart
2013;99:1515–8.

28. Sakakura K, Nakano M, Otsuka F, et al.
Comparison of pathology of chronic total occlu-
sion with and without coronary artery bypass
graft. Eur Heart J 2014;35:1683–93.

29. Brilakis ES, editor. Manual of Coronary Chronic
Total Occlusion Interventions. A Step-By-Step
Approach. Waltham, MA: Elsevier, 2013.

30. Michael TT, Karmpaliotis D, Brilakis ES, et al.
Temporal trands of fluoroscopy time and contrast
utilization in coronary chronic total occlusion
revascularization: insights from a multicenter
United States registry. Catheter Cardiovasc Interv
2014 Jan 9 [E-pub ahead of print].

31. Patel VG, Brayton KM, Tamayo A, et al.
Angiographic success and procedural complica-
tions in patients undergoing percutaneous coro-
nary chronic total occlusion interventions: a
weighted meta-analysis of 18,061 patients
from 65 studies. J Am Coll Cardiol Intv 2013;6:
128–36.

32. Karmpaliotis D, Lembo N, Kalynych A, et al.
Development of a high-volume, multiple-operator
program for percutaneous chronic total coronary
occlusion revascularization: procedural, clinical,
and cost-utilization outcomes. Catheter
Cardiovasc Interv 2013;82:1–8.

33. Brilakis ES, Kotsia A, Luna M, Garcia S,
Abdullah SM, Banerjee S. The role of drug-eluting
stents for the treatment of coronary chronic total
occlusions. Expert Rev Cardiovasc Ther 2013;11:
1349–58.
KEY WORDS chronic total occlusion,
complications outcomes, percutaneous
coronary intervention

http://refhub.elsevier.com/S1936-8798(14)01645-8/sref1
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref1
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref1
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref1
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref1
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref2
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref2
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref2
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref2
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref3
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref3
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref3
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref3
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref3
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref4
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref4
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref4
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref4
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref4
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref5
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref5
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref5
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref5
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref6
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref6
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref6
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref6
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref7
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref7
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref7
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref7
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref8
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref8
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref8
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref8
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref8
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref9
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref9
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref9
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref9
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref9
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref10
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref10
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref10
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref10
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref11
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref11
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref11
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref11
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref12
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref12
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref12
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref12
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref12
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref12
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref13
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref13
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref13
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref13
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref13
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref13
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref14
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref14
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref14
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref14
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref14
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref15
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref15
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref15
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref16
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref16
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref16
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref16
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref16
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref16
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref17
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref17
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref17
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref17
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref17
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref17
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref18
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref18
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref18
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref18
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref18
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref18
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref19
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref19
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref19
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref19
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref19
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref19
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref19
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref19
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref20
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref20
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref20
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref20
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref20
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref20
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref20
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref20
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref20
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref20
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref20
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref20
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref21
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref21
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref21
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref21
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref22
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref22
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref22
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref22
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref22
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref22
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref23
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref23
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref23
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref23
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref24
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref24
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref24
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref24
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref25
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref25
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref25
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref25
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref25
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref26
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref26
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref26
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref26
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref27
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref27
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref27
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref27
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref27
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref28
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref28
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref28
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref28
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref29
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref29
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref29
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref30
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref30
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref30
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref30
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref30
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref30
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref31
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref31
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref31
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref31
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref31
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref31
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref31
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref32
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref32
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref32
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref32
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref32
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref32
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref33
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref33
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref33
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref33
http://refhub.elsevier.com/S1936-8798(14)01645-8/sref33

	Procedural Outcomes of Chronic Total Occlusion Percutaneous Coronary Intervention
	Methods
	Patient population
	Definitions of CTO and outcomes
	Statistical analysis

	Results
	Patient and procedural characteristics of CTO PCI in stable CAD
	CTO PCI procedural success
	CTO PCI complications

	Discussion
	Frequency of CTO PCI
	Comparison of CTO PCI and non-CTO PCI
	CTO PCI procedural success

	CTO PCI complications
	Study implications
	Study limitations

	Conclusions
	References


