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The aim of this study was to provide contemporary data on chronic total occlusion (CTO)
prevalence and management in a large unselected population representing the daily activ-
ity of cathlabs, in the greater Paris area, and to compare percutaneous coronary interven-
tion (PCI) features in patients with and without CTO. Procedures were collected from the
CARDIO-ARSIF (Agence R�egionale de Sant�e Ile de France) registry from 2012 to 2015.
Patients with acute coronary syndrome or previous coronary artery bypass grafting were
excluded. CTO features were assessed and PCIs with and without CTO were compared.
Among 128,739 included patients, 10,468 (8.1%) had at least 1 CTO. Cardiovascular risk-
factor burden was higher in the CTO group, which had more patients with multivessel dis-
ease (74% vs 24%) and with referral for interventional management (59% vs 33%). Of all
PCIs during the study period, 5.7% involved a CTO; this proportion increased signifi-
cantly over the study period. PCI success rate was 75.9% in the CTO group. CTO-PCI
volume per center did not correlate with CTO-PCI success rate. In conclusion, CTO is
common in patients who underwent scheduled coronary angiography. Invasive manage-
ment is done more often in patients with than without CTO. The success rate of PCI in
CTO is not associated with case volume per center. © 2019 Elsevier Inc. All rights
reserved. (Am J Cardiol 2019;124:688−695)
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The true prevalence of coronary chronic total occlusions
(CTO) is unclear. Among patients with coronary artery dis-
ease (CAD) referred for coronary angiography (CA), 16%
to 52% have CTO.1−4 The prevalence of CTO in unselected
populations in 3 recent multicenter retrospective studies
was 11.5% to 14.7%.2,5,6 Limitations of these studies
include the small number of participating centers, short
study period, and absence of data collected after 2013. To
date, only few studies have assessed the prevalence, and
management of CTO in a large unselected population of
patients who underwent scheduled heart catheterization in
daily practice. Our first objective was to assess the preva-
lence, clinical characteristics, and management of CTO in
stable unselected patients who underwent nonemergent
CA. Our secondary objective was to compare percutaneous
coronary intervention (PCI) features in patients with and
without CTO. To achieve these objectives, we used data
from CARDIO-ARSIF (Agence R�egionale de Sant�e Ile de
France), an ongoing prospective regional registry of all
patients who underwent CA with or without PCI in the
greater Paris area.
Methods

The CARDIO-ARSIF registry was initiated in 2001 by the
Regional Health Agency of the Greater Paris Area, a govern-
mental agency, to record and monitor all coronary diagnostic
and therapeutic procedures performed in 36 catheterization
laboratories (7 university, 12 general, 5 nonprofit private, and
12 for-profit private hospitals) of the greater Paris area, which
has a population of about 12 million (19% of the population
in France). Each procedure is entered prospectively into a
computer database by the physician who performed the proce-
dure. Multiple procedures in the same patient are entered
separately. Recorded variables include demographics, prepro-
cedural clinical status and extensive procedural information.
Participation in the registry is mandatory to obtain PCI certifi-
cation. Internal audits are performed on 10% of cases twice
a year at each center. In addition, an independent external
random audit of 3% of cases is performed every 6 months
to check data completeness and accuracy. In accordance
with French ethical requirements, the CARDIO-ARSIF
registry was approved by the French data protection
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authority (Commission Nationale de l’Informatique et des
Libert�es, CNIL).

CTO was included among the variables recorded in the
CARDIO-ARSIF registry in January 2012. For the purpose
of this study, we included all patients who underwent none-
mergent CA between January 1, 2012, and December 31,
2015. Among them, we identified those with CTO, defined
as 100% luminal diameter stenosis and absence of antegrade
flow, known or assumed to have been present for more than
3 months. To ensure that only chronic lesions were included,
we excluded patients receiving emergency care for cardiac
arrest, ST-elevation myocardial infarction (STEMI), or non-
STEMI. We also excluded patients with a history of coronary
artery bypass grafting (CABG). In the second part of the
study, we identified all PCIs performed during the same
period, excluding emergent PCIs performed for cardiac
arrest, STEMI, or non-STEMI. For each patient in the CTO
and non-CTO groups, we recorded demographic data, CA
findings and treatment strategies. Features of CTO-PCI and
non-CTO-PCI were compared, including demographic and
procedural data.

Continuous variables are presented as mean § SD or
median and quartiles, and categorical variables were
reported as percentages. The baseline characteristics were
compared between patients with CTO versus without
CTO. Treatment strategies were compared between coro-
nary angiograms with CTO versus without CTO. A second
set of comparison was performed between PCIs of CTO
versus non-CTO PCIs. Differences in baseline characteris-
tics between the groups were tested using the chi-square
test or Fisher’s exact test for categorical variables and
Student’s t test or Wilcoxon rank-sum test for continuous
variables, as appropriate. Nonparametrics Mann-Whitney
U test and Kruskal-Wallis test were used for comparison
of continuous non-normally distributed variables in 2 or
more independent groups. Tests for trends were made
using the Armitage-Cochrane trend test for categorical
data. We used logistic regression with test for linear trend
to evaluate whether CTO-PCI procedural success was cor-
related to CTO volume activity per center. p values < 0.05
were taken to indicate statistically significant differences.
Statistical analyses were performed using SAS software
version 9.4 (SAS Institute, Cary, NC).
Results

During the study period, 258,526 coronary procedures
were performed in the greater Paris area, including 143,294
nonemergent CAs in 128 739 patients, which form the basis
for this study. The flowchart is shown in Figure 1. Of these
128,739 patients, 10,468 (8.1%) had CTO. CTO was more
common in the right coronary artery and branches
(n = 6782, 47.63%) than in the left anterior descending
artery and branches (n = 3668, 25.76%) and circumflex
artery and branches (n = 3789, 26.61%).

Compared with the non-CTO group, the CTO group
had a greater burden of cardiovascular risk factors with
higher prevalence of hypertension, dyslipidemia, current
smoking, and diabetes. Patients with CTO more often had
a history of myocardial infarction, chronic kidney disease,
stroke, and/or peripheral vascular disease. Multivessel
disease was more common in the CTO group (Table 1).
In-hospital mortality was not different between CTO
patients and non-CTO patients (n = 80, 0.6% vs n = 764,
0.8%, p = 0.15).

PCI to either CTO or non-CTO arteries was undertaken
more frequently in the CTO group (49% vs 33%, p < 0.0001).
Among CAs with CTO, 31% were extended by ad hoc PCI
and 18% by staged PCI on CTO or non-CTO lesions, com-
pared with 23% and 10%, respectively, in the non-CTO
group. Referral to a heart team was more common in the CTO
group than in the non-CTO group (18% vs 7%, p < 0.0001).
Referral for CABG was twice as common in the CTO group
compared with the non-CTO group (n = 1101, 10% vs
n = 6058, 5%; p < 0.0001) (Table 2).

Of the 61,469 nonemergent PCIs performed during the
study period, 8,976 (14.6%) staged PCIs could not be
linked to a previous diagnostic CA and were excluded
from our analysis, as were the 2,514 (4%) procedures with
missing data on lesion severity and the 56 PCIs performed
more than 1 year after the diagnostic CA. The flowchart is
shown in Figure 2. Of the 49 923 remaining PCIs, in
43,768 patients, 2,829 (5.7%) were for CTO lesions and
47,094 for non-CTO lesions. In 72 cases, at least 2 CTOs
were treated during the same procedure. Table 3 lists the
indications for PCI. Multiple accesses were more common
in the CTO-PCI group, which had a longer fluoroscopy
time and a higher dose-area product (DAP). Figure 3
shows that the DAP was high for most CTO-PCIs. Mean
number of stents implanted was higher, total stented
length greater, and mean stent diameter lower in the CTO-
PCI group (Table 4). In-hospital mortality was not differ-
ent between CTO-PCIs and non-CTO PCIs (n=7, 0.25%
vs n=194, 0.41%, p=0.18).

The proportion of CTO-PCIs among all PCIs increased
from 2.6% in 2012 to 7.2% in 2015 (P<0.0001). Fluoros-
copy time decreased significantly from 2012 to 2014 and
remained stable thereafter, whereas the DAP continued to
decrease (p < 0.0001) (Table 5). The procedural success
rate was lower for CTO-PCI than for non-CTO-PCI
(Table 4). Procedural CTO-PCI success rates improved
nonsignificantly during the study period from 74 to 76%
(p = 0.19). In the center-by-center analysis, CTO-PCI vol-
ume did not correlate with procedural success overall
(Figure 4). Even after excluding very low-volume centers
(<25 CTO procedures/year), CTO-PCI success rates
showed no correlation with CTO-PCI volume (p = 0.17)
(Figure 5).
Discussion

This large multicenter registry study provides data on
CTO in unselected patients who underwent scheduled diag-
nostic CA in daily clinical practice in a large urban area.
The prevalence of CTO was 8.1%. Both ad hoc and staged
PCIs were more common in the presence of a CTO. Of all
PCIs performed in these patients managed in the nonemer-
gency setting, 5.7% were done to treat CTO. CTO-PCI had
a lower procedural success rate compared to non-CTO-PCI,
as well as greater radiation exposure, a larger number of
stents used, a greater stented length, and a lower mean stent
diameter. The CTO-PCI procedural success rate was not



Figure 1. Patient flowchart. NSTEMI = non-ST-segment elevation myocardial infarction.
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associated with case volume and showed no significant
variation across study centers.

Reported prevalence of CTO varies across popu-
lations.1−3,5,7 Of 6,581 patients with at least 1 >70%
stenosis, 52% had CTO.1 In a population-based sample
entered into the Swedish SCAAR registry in 2005 to
2012, the prevalence of CTO was 11.5% overall and 16%
among patients with coronary artery stenosis >50%.5 Cor-
onary emergencies were excluded from these analyses, as
they were from ours. In the Italian Registry of Chronic
Total Occlusions (IRCO), CTO was noted in 13.3% of 13
423 patients screened in 2007.6 The lower prevalence of
8.1% in our study compared with earlier reports may be
ascribable to several factors. Of the cases in our registry,
27% were emergency procedures and were therefore
excluded. In the SCAAR registry, 41.8% of patients with
unstable CAD had CTO.5 Among patients with STEMI,
10% to 15% had CTO, regardless of the culprit artery.8,9
In the IRCO, however, only 16.7% of patients with CTO
presented with STEMI or non-STEMI.6 In our study,
including patients with non-STEMI in the analysis would
not substantially change the prevalence of CTO. Recent
data suggest that the prevalence of CTO may be declining
in western countries, although variations in local practices
and populations may act as a confounding factor. A
decline in CTO may reflect improved cardiovascular risk
management and/or the increasing rate of primary PCI in
patients with STEMI and non-STEMI. The latter hypothe-
sis is supported by data from the French Registry of Acute
ST-Elevation or Non-ST-elevation Myocardial Infarction.
In France, the rate of primary PCI increased from 12% to
75% in STEMI and the rate of PCI in non-STEMI patients
from 9% to 60% between 1995 and 2015.10

Treatment strategies differed depending on the presence
or not of CTO. Coronary revascularization was performed
more often in the CTO group, due to the high proportion of
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Table 1

Baseline characteristics of patients with coronary chronic total occlusion

Variable Chronic total occlusion Missing data p Value

Yes No n

n = 10468 n = 118 271

Age (years) 67.4 § 11.4 66.7 § 12.3 212 (0%) 0.0008

Men 8757 (84%) 81 220 (69%) 307 (0%) <0.0001
Family history of coronary artery disease 1458 (15%) 14 736 (13%) 8600 (7%) 0.0004

Hypertension 6516 (63%) 63 508 (56%) 4130 (3%) <0.0001
Dyslipidemia 6310 (61%) 55 110 (49%) 4917 (4%) <0.0001
Overweight* 3683 (67%) 27 550 (64%) 5389 (10%) <0.0001
Smoker (ever) 5363 (61%) 47 223 (49%) 24 380 (19%) <0.0001
Diabetes mellitus 3636 (35%) 29 712 (26%) 3562 (3%) <0.0001
Prior percutaneous coronary intervention 3479 (34%) 22 725 (20%) 4770 (4%) <0.0001
Prior myocardial infarction 1551 (15%) 6499 (6%) 3129 (2%) <0.0001
Prior stroke 460 (5%) 3335 (3%) 7700 (6%) <0.0001
Chronic kidney disease 676 (7%) 5778 (5%) 7797 (6%) <0.0001
Peripheral vascular disease 1421 (14%) 8714 (8%) 7525 (6%) <0.0001
Left ventricle ejection fraction <50 % 3753 (38%) 49 254 (45%) 9418 (7%) <0.0001
1-vessel coronary artery disease 2700 (26%) 29 245 (25%) 2023 (2%) 0.1401

2-vessel coronary artery disease 3678 (35%) 17 352 (15%) 2023 (2%) <0.0001
3-vessel coronary artery disease 4051 (39%) 10 037 (9%) 2023 (2%) <0.0001

Values are mean § SD or n (%).

Hypertension = systolic blood pressure >140 mm Hg, diastolic blood pressure >90 mm Hg, or the use of antihypertensive medications; Dyslipide-

mia = low-density lipoprotein cholesterol ≥140 mg/dl, high-density lipoprotein cholesterol ≤40 mg/dl, triglyceride ≥150 mg/dl, or current treatment with sta-

tins and/or lipid-lowering agents; Overweight = body mass index > 25kg/m2.

*Data available since 2014.
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CA without severe coronary stenosis in the non-CTO
group. However, the CTO group had a high rate of revascu-
larization by either PCI (49%) or CABG (10%). Heart team
referral, which usually leads to CABG or PCI, was 18%.
Pharmacological therapy alone was used in only 21% of
CTO patients. These results are in contradiction with pre-
vious studies. Of our CTO cases, 49% were managed
with staged or ad hoc PCI, compared with 11% of 1,612
cases of CTO in an earlier study.1 Similarly, in the Cana-
dian CTO registry, only 30% of patients with CTO
Table 2

Therapeutic strategies according to the presence or absence of coronary

chronic total occlusion at diagnostic coronary angiography

Variable Chronic total occlusion p Value

Yes No

Coronary angiogram (n) 11 834 131 460

Missing data 556 6407

Medical treatment 2381 (21%) 50 712 (41%) <0.0001
Coronary bypass 1101 (10%) 6058 (5%) <0.0001
Ad hoc percutaneous

coronary intervention

3530* (31%) 29 367 (23%) <0.0001

Planned percutaneous

coronary intervention

2012* (18%) 12 458 (10%) <0.0001

Heart team referral 2009 (18%) 9073 (7%) <0.0001
No treatment 35 (0%) 10 359 (8%) <0.0001
Valve surgery 128 (1%) 5008 (4%) <0.0001
Other 82 (1%) 2018 (2%) <0.0001
Total 11278 125053

Values are n (%).

* PCI could involve CTO or non-CTO lesion.
underwent PCI, and 40% received pharmacological ther-
apy only.2 Another recent US study showed that 50% of
patients with CTO and no previous CABG underwent
PCI.3 Similarly, in the IRCO, 43.7% of CTOs were man-
aged by PCI.6 These results confirm that the presence of
a CTO is no longer an obstacle to treat coronary stenosis
by PCI.

The 75.7% CTO-PCI procedural success rate in our
study is higher than the 53% and 59% rates in recent studies
and remained stable over the 4-year study period.11,12 Our
data are from 2012 to 2015 and therefore reflect recent
improvements in equipment and techniques. This proce-
dural success rate is in keeping with the 79.7% and 74%
rates reported previously.6,13 However, patient selection
may also have contributed to our procedural success rate.
Few centers had high CTO-PCI volumes. Interventional
cardiologists with limited experience in CTO-PCI may
reserve PCI for cases of limited complexity, thus increasing
their success rate. During the study period, the CTO-PCI
volume increased almost 3-fold. This finding probably
reflects growing confidence in CTO-PCI and its benefits for
patients.6,14 Radiation exposure measured by the DAP and
air Kerma decreased over the study period. These data are
consistent with Cardio-ARSIF registry results in the overall
population of PCI patients in the same geographic area.15

Overall, CTO-PCI volume did not correlate with the CTO-
PCI procedural success rate, even after excluding centers
performing less than 25 CTO-PCI procedures per year. The
overall CTO-PCI procedural success rate was high in our
population. As suggested above, this may reflect selection
of relatively simple CTO cases for PCI. Thus, a double
approach is generally required to treat complex CTO cases



Figure 2. Flowchart of patients with CTO-PCI.

Table 3

Comparison of percutaneous coronary intervention indications and vascular access between patients treated for coronary chronic total occlusion or not

Indication CTO-PCI

(N = 2829)

Non-CTO-PCI

(N = 47 094)

Missing data p Value

Angina pectoris 1433 (52%) 22 639 (50%) 3% 0.0936

Silent myocardial ischemia 918 (36%) 11 811 (31%) 18% <0.0001
Documented myocardial ischemia 2440 (87%) 37 424 (81%) 2% <0.0001
Vascular access

Radial 1788 (64%) 40 230 (87%) 1% <0.0001
Femoral 250 (9%) 4374 (9%) 1% 0.4406

Multiple 733 (26%) 1682 (4%) 1% <0.0001

Values are n (%).

CTO = chronic total occlusion; PCI = percutaneous coronary intervention.
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but was rarely used in our population. These data suggest
that volume of the center is not a good reflection of the
good management of CTOs. Previous studies showed that
CTO-PCI volume per interventional cardiologist correlated
more closely with the procedural success rate than did the
CTO-PCI volume per center.11,12,16

This study has substantial limitations. First of all, our
choice to compare data from an unselected population

www.ajconline.org


Table 4

Procedural characteristics of percutaneous coronary interventions performed to treat coronary chronic total occlusion or not

Procedural characteristics CTO-PCI

N = 2829 (5.7%)

Non CTO-PCI

N = 47 094 (94.3%)

p Value

Fluoroscopy time (minutes) 20:49 (12:46-34:37) 10:19 (6:33-16:30) <0.0001
Dose area product, c¢Gy cm2, 75th percentile 9011(4640-15769) 5122(2754-8854) <0.0001
Number of stents per percutaneous coronary intervention 1.93 § 0.92 1.50 § 0.79 <0.0001
Stent length per percutaneous coronary intervention (mm) 46.94§ 26.42 28.11§ 17.64 <0.0001
Stent diameter (mm) 2.76 § 0.40 2.92 § 0.47 <0.0001
Procedural success 75.7 % 97.1%

Values are median (Q1 to Q3) or mean § SD unless stated otherwise.

Table 5

Changes in procedural parameters of coronary chronic total occlusion percutaneous coronary interventions over the study period

2012 2013 2014 2015 2012-2013

p value*

2013-2014

p value*

2014-2015

p value*

TOTAL

p valuey

Fluoroscopy time (min) median 25:04 21:21 19:10 20:16 0.0009 0.0155 0.2451 <0.0001
Dose area product, c¢Gy cm2 (75th percentile) 24 152 16 541 15 104 14 000 <0.0001 0.011 0.0037 <0.0001
Bare metal stent per percutaneous coronary intervention (mean) 0.17 0.19 0.16 0.08 0.5274 0.4277 0.0006 0.0005

Drug eluting stent per percutaneous coronary intervention (mean) 1.89 1.77 1.72 1.81 0.1128 0.5665 0.1645 0.1576

Stents per percutaneous coronary intervention (mean) 2.06 1.96 1.88 1.90 0.2735 0.1362 0.8531 0.0696

Stent length (mm) 52.28 48.1 44.74 46.31 0.0592 0.1407 0.3575 0.0157

Stent diameter (mm) 2.75 2.73 2.78 2.78 0.4774 0.0618 0.7107 0.2803

Values are median (Q1 to Q3) or mean § SD unless stated otherwise.

*Mann-Whitney U test was used to compare distribution between 2 different years (2012 to 2013, 2013 to 2014, 2014 to 2015).
yKruskal-Wallis test was used to compare distribution of all years (p Total).

Figure 3. Dose-area product (cGy¢cm2) distribution of CTO-PCIs and non CTO-PCIs.
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overestimates the differences between the CTO and
non-CTO groups since a number of included patients in
the non-CTO group have no significant coronary lesions
but only coronary atheroma. However, the aim of the
study was not to be limited to population with severe
coronary lesions, this subject has been studied exten-
sively in the literature, but to assess the importance of
the CTO field in the daily activity of cathlabs in a stable
unselected population. Second, the observational design
can produce information on associations but cannot
obtain evidence of causality. Third, the CARDIO-
ARSIF registry is limited to the greater Paris area where
the density of physicians is higher than most areas in
France. Fourth, angiographic information about CTO
(e.g., J-CTO score) are not recorded in the registry nor
are procedure technique and clinical outcomes. Fifth,
numbers of PCIs and of CTO-PCIs per interventional
cardiologist were not available. Finally, follow-up is



Figure 5. Correlation between volume and success rate of PCIs in patients

with CTO (p = 0.15).

Figure 4. Volume and success rates of CTO-PCI in the centers contributing to the CARDIO-ARSIF registry over the study period.
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limited to the hospital mortality and long-term data are
not recorded in the registry.
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