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The frequency and outcomes of patients who underwent chronic total occlusion (CTO) percu-
taneous coronary intervention (PCI) of more than one CTO during the same procedure have
received limited study.We compared the clinical and angiographic characteristics and proce-
dural outcomes of patients who underwent treatment of single versus >1 CTOs during the
same procedure in 20 centers from the United States, Europe, and Russia. A total of 2,955
patients were included: mean age was 65§ 10 years and 85% were men with high prevalence
of previous myocardial infarction (46%), and previous coronary artery bypass graft surgery
(33%). More than one CTO lesions were attempted during the same procedure in 58 patients
(2.0%) and 70% of them were located in different major epicardial arteries. Compared with
patients who underwent PCI of a single CTO, those who underwent PCI of>1 CTOs during
the same procedure had similar J-CTO (2.4 § 1.3 vs 2.5 § 1.3, p = 0.579) and Prospective
Global Registry for the Study of Chronic Total Occlusion Intervention (1.5§ 1.2 vs 1.3§ 1.0
p = 0.147) scores. The multi-CTO PCI group had similar technical success (86% vs 87%,
p = 0.633), but higher risk of in-hospital major complications (10.3% vs 2.7%, p = 0.005), and
consequently numerically lower procedural success (79% vs 85%, p = 0.197). The multi-
CTO PCI group had higher in-hospital mortality (5.2% vs 0.5%, p = 0.005) and stroke
(5.2%vs 0.2%, p <0.001), longer procedure duration (162 [117 to 242] vs 122 [80 to
186] minutes, p <0.001) and higher radiation dose (3.6 [2.1 to 6.4] vs 2.9 [1.7 to 4.7]
Gray, p = 0.033). In conclusion, staged revascularization may be the preferred
approach in patients with >1 CTO lesions requiring revascularization, as treatment
during a single procedure was associated with higher risk for periprocedural complica-
tions. © 2018 Elsevier Inc. All rights reserved. (Am J Cardiol 2018;122:381�387)
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TaggedPChronic total occlusion (CTO) percutaneous coronary
intervention (PCI) can be challenging, but can also provide
clinical benefits.1�6 Some patients have >1 CTO lesions
that require revascularization. Whether >1 CTO lesions
should be attempted during the same procedure has not
been systematically studied. We sought to examine the fre-
quency and procedural outcomes of PCI of >1 CTOs dur-
ing the same procedure in a multicenter registry.TaggedEnd
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TaggedH1Methods TaggedEnd

TaggedPWe analyzed the clinical, angiographic, and procedural
characteristics of 2,955 patients enrolled in the PROGRESS
CTO (Prospective Global Registry for the Study of Chronic
Total Occlusion Intervention, NCT02061436) registry
between January 2012 and September 2017 at 18 US, 1
European, and 1 Russian centers. Some centers only
enrolled patients during part of the study period due to par-
ticipation in other studies. The study was approved by the
institutional review board of each center. TaggedEnd

TaggedPCoronary CTOs were defined as coronary lesions with
thrombolysis in myocardial infarction (TIMI) grade 0 flow
of at least 3 months duration. Estimation of the duration of
occlusion was clinical, based on the first onset of angina,
previous history of myocardial infarction (MI) in the target
vessel territory, or comparison with a previous angiogram.
Calcification was assessed by angiography as mild (spots),
moderate (involving �50% of the reference lesion diame-
ter), and severe (involving >50% of the reference lesion
diameter). Moderate proximal vessel tortuosity was defined
as the presence of at least 2 bends >70˚ or 1 bend >90˚ and
severe tortuosity as 2 bends >90˚ or 1 bend >120˚ in the
CTO vessel. Blunt or no stump was defined as lack of taper-
ing or lack of a funnel shape at the proximal cap. Interven-
tional collaterals were defined as collaterals considered
amenable to crossing by a guidewire and a microcatheter
by the operator. A procedure was defined as “retrograde” if
an attempt was made to cross the lesion through a collateral
vessel or bypass graft supplying the target vessel distal to
the lesion; if not, the procedure was classified as
“antegrade-only.” Antegrade dissection/re-entry was
defined as antegrade PCI during which a guidewire was
intentionally introduced into the subintimal space proximal
to the lesion, or re-entry into the distal true lumen was
attempted after intentional or inadvertent subintimal guide-
wire crossing. TaggedEnd

TaggedPTechnical success was defined as successful CTO revas-
cularization with achievement of <30% residual diameter
stenosis within the treated segment and restoration of TIMI
grade 3 antegrade flow. Procedural success was defined as
achievement of technical success without any in-hospital
major adverse cardiac events (MACEs). In patients in
whom >1 CTO PCI was attempted, procedural success was
defined as technical success in at least one major epicardial
vessel without any in-hospital MACE. In-hospital MACE
included any of the following adverse events previous to
hospital discharge: death, MI, recurrent symptoms requir-
ing urgent repeat target vessel revascularization with PCI
or coronary artery bypass graft surgery (CABG), tampo-
nade requiring either pericardiocentesis or surgery, and
stroke. MI was defined using the third universal definition
of MI (type 4a MI).7 Major bleeding was defined as bleed-
ing causing reduction in hemoglobin >3 g/dl or bleeding
requiring transfusion or surgical intervention. The J-CTO
score was calculated as described by Morino et al,8 the
PROGRESS CTO score as described by Christopoulos
et al,9 and the PROGRESS CTO Complications score as
described by Danek et al.10 TaggedEnd

TaggedPCategorical variables were expressed as percentages
and were compared using Pearson’s chi-square test or
Fisher’s exact test. Continuous variables were presented
as mean § standard deviation or median (interquartile
range) unless otherwise specified and were compared
using the t test and 1-way analysis of variance for nor-
mally distributed variables; the Wilcoxon rank-sum test,
and the Kruskal�Wallis test were applied for nonparamet-
ric continuous variables, as appropriate. Multivariable
logistic regression was used to examine the association
between attempting >1 CTO lesions during the same pro-
cedure and in-hospital MACE after adjusting for con-
founding variables selected on the ground of univariable
association in the present study (p <0.10). All statistical
analyses were performed with JMP 13.0 (SAS Institute,
Cary, North Carolina). A 2-sided p value of 0.05 was con-
sidered statistically significant. TaggedEnd

TaggedH1Results TaggedEnd

TaggedPMore than one coronary CTOs were present in 690 of
2,955 patients (23%). More than 1 CTO lesions were
attempted in 58 of 2,955 patients (2.0%) during the study
period. Three CTOs were attempted in one patient and 2
CTOs in the remaining 57 patients. TaggedEnd

TaggedPAs compared with patients who underwent single CTO
PCI, those in whom >1 CTO lesions were attempted during
the index procedure had similar age, cardiac risk factors
(smoking, dyslipidemia), history of previous MI, previous
PCI, previous CABG, and congestive heart failure, but
lower left ventricular ejection fraction, and were less likely
to have hypertension and diabetes mellitus (Table 1). They
were also less likely to undergo ad hoc CTO PCI and more
likely to undergo myocardial viability testing. Amongst
patients who had >1 CTO, those patients in whom >1
CTO PCIs were attempted during the same procedure had
fewer comorbidities and were less likely to have had previ-
ous CABG as compared with those who underwent single
CTO PCI (Supplementary Table 1). TaggedEnd

TaggedPIn the overall cohort, the most common CTO target
vessel was the right coronary artery (55%), followed by
the left anterior descending artery (24%) and the left cir-
cumflex (20%). The two study groups had similar occlu-
sion length, J-CTO, and PROGRESS CTO scores and
similar prevalence of proximal cap ambiguity, moderate
to severe calcification and tortuosity, and interventional
collaterals. Previously attempted CTO PCIs, however,
were less common in patients from the >1 CTO PCI
group (Table 2). TaggedEnd

TaggedPPrimary and secondary target vessels were mostly
located in different epicardial territories (71%), but had
similar angiographic characteristics and lesion complexity
as described by the J-CTO and PROGRESS-CTO scores.
Secondary target vessels, however, were smaller in diame-
ter (Supplementary Table 2). TaggedEnd

TaggedPThe technical characteristics of the CTO PCIs are summa-
rized in Table 3. Bilateral injection was used in 70% of all
cases, with no difference between the >1 and 1 CTO groups
(71% vs 70%, p = 0.852). At least 1 radial access site was
selected in 36%, and femoral approach in 82% of cases over-
all, with no significant differences between the study groups.
However, in the >1 CTO PCI group, use of biradial access
was significantly higher (21% vs 13%, p = 0.021), driven by
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TaggedEndTable 1

Baseline clinical characteristic classified according to number of interventions performed in the same procedure

Variable Overall

>1 chronic total

occlusion intervention

Single chronic total

occlusion intervention p value

n = 58 n = 2897

Age (years)* 65 § 10 64 § 10 65 § 10 0.722

Men 85% 85% 85% 0.916

Body mass index (kg/m2)* 31 § 6 31 § 7 31 § 6 0.565

Ad-hoc chronic total occlusion intervention 14% 2% 14% 0.007

Coronary artery disease presentation 0.002
� Stable angina 64% 51% 64%
� Acute coronary syndrome 25% 24% 25%
� Othery 11% 26% 11%

Canadian Cardiovascular Society Angina Classification 0.003
� <2 12% 25% 11%
� 2� 88% 75% 89%

Myocardial viability assessment 25% 39% 25% 0.012

Myocardial viability test results 0.604
� Viable 91% 95% 91%
� Nonviable 4% 0% 5%
� Indeterminate 4% 5% 4%

Diabetes mellitus 43% 29% 44% 0.030

Dyslipidemia 93% 93% 93% 0.854

Hypertension 90% 79% 90% 0.005

Smoker (current) 26% 31% 26% 0.392

Left ventricular ejection fraction (%)* 50 § 13 45 § 16 50 § 13 0.030

Family history of coronary artery disease 33% 33% 33% 0.957

Congestive heart failure 31% 36% 30% 0.389

Prior myocardial infarction 46% 47% 46% 0.819

Prior valve procedure 3% 7% 3% 0.086

Prior coronary artery bypass graft surgery 33% 32% 33% 0.850

Prior percutaneous coronary intervention 66% 57% 66% 0.161

Cerebrovascular disease 12% 12% 12% 0.873

Peripheral arterial disease 15% 7% 16% 0.078

Lung disease 14% 20% 14% 0.231

Baseline creatinine (mg/dL)* 1.2 § 0.9 1.1 § 0.3 1.2 § 0.9 0.060

Dyslipidemia was defined as (National Cholesterol Education Program criteria): (a) Total cholesterol greater than 200 mg/dL (5.18 mmol/l); or (b) LDL

greater than or equal to 130 mg/dL (3.37 mmol/l); or, (c) HDL less than 40 mg/dL (1.04 mmol/l) (d) for patients with known coronary artery disease, treat-

ment is initiated if LDL is greater than 100 mg/dL (2.59 mmol/l), and this qualified as hypercholesterolemia.

Hypertension was defined as: (a) History of hypertension diagnosed and treated with medication, diet and/or exercise; (b) Prior documentation of blood

pressure greater than 140 mm Hg systolic and/or 90 mm Hg diastolic for patients without diabetes or chronic kidney disease, or prior documentation of blood

pressure greater than 130 mm Hg systolic and/or 80 mm Hg diastolic on at least two occasions for patients with diabetes or chronic kidney disease; (c) Cur-

rently on pharmacologic therapy for treatment of hypertension.
*Mean § standard deviation.
yOther includes asymptomatic patients, and patients with atypical angina symptoms.
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higher use of 1 femoral and 2 radial access sites (9% vs 2%,
p <0.001). The use of bifemoral approach was similar in the
two groups (p = 0.899), along with combination of bifemoral
and single radial approach (p = 0.261). Three or more access
sites were used more frequently in the multiple CTO PCI
group (13% vs 6%, p = 0.001).TaggedEnd

TaggedPThe procedural outcomes and complications are pre-
sented in Table 4. Technical and procedural success rates in
patients with >1 attempted CTO lesions was 86% and
79%, respectively, and were numerically lower as compared
with patients in whom a CTO lesion was attempted (87%
and 85%, p = 0.633 and p = 0.197). Patients with >1 CTO
PCI received higher radiation dose, had longer fluoroscopy
and procedural time, but received similar contrast volume.
Left ventricular assist devices were used more often in the
>1 CTO PCI group mostly for prophylaxis as compared
with single CTO lesion cases. There were no differences in
performing PCI of non-CTO lesions in the single CTO ver-
sus >1 CTOs groups (28% vs. 23%, p = 0.289).TaggedEnd

TaggedPThe technical success of the second CTO lesion in cases
with initial success was 86%, while in cases with initial CTO
lesion PCI failure, ‘PCI of the second lesion had a success
rate of 75% (p = 0.410). As compared with cases in which
PCI of the first CTO lesion was successful (n = 50), cases in
which PCI of the first CTO failed (n = 8) had lower proce-
dural success (90% vs 13%, p <0.001) along with numeri-
cally higher in-hospital MACE (8% vs 25%, p = 0.143).TaggedEnd

TaggedPThe overall in-hospital major complication rate was
2.8% (83 patients) and was significantly higher in patients
with >1 CTO lesion attempts (10.3% vs 2.7%, p = 0.005)
as compared with patients who underwent treatment of a
single CTO, mostly driven by higher in-hospital mortality
(5.2% vs 0.5%, p = 0.005) and stroke (5.2% vs 0.2%,
p <0.001). Three patients in the >1 CTO attempted during



TaggedEndTable 2

Angiographic characteristics of the study chronic total occlusions, classified according to the number of CTO lesions attempted during the same procedure

Variable Overall

>1 chronic total occlusion

intervention

Single chronic total

occlusion intervention p value

n = 117 n = 2897

Target coronary vessel 0.019

Right 55% 43% 56%

Circumflex 20% 30% 20%

Left anterior descending 24% 27% 24%

Other 1% 0% 1%

Occlusion length (mm)* 30 (16, 40) 28 (15, 40) 30 (16, 40) 0.151

Vessel diameter (mm)* 3.0 (2.5, 3.0) 3.0 (2.5, 3.0) 3.0 (2.5, 3.0) 0.744

Proximal cap ambiguity 35% 34% 35% 0.898

Side branch at proximal cap 50% 45% 50% 0.268

Blunt stump/no stump 54% 50% 54% 0.466

Interventional collaterals 57% 52% 57% 0.373

Moderate/severe calcification 55% 48% 56% 0.106

Moderate/severe tortuosity 36% 38% 36% 0.619

In-stent restenosis 17% 15% 17% 0.634

Prior failed chronic total occlusion intervention 20% 10% 21% 0.010

J-CTO scorey 2.5 § 1.3 2.4 § 1.3 2.5 § 1.3 0.579

PROGRESS CTO Scorey 1.3 § 1.0 1.5 § 1.2 1.3 § 1.0 0.147

PROGRESS CTO complication scorey 3.1 § 1.9 3.0 § 1.8 3.1 § 1.9 0.703

CTO = chronic total occlusion; J = Japan; PROGRESS = Prospective Global Registry of Chronic Total Occlusion Intervention.
*Median (interquartile range).
yMean § standard deviation.
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the same procedure had a stroke during the hospital stay (2
ischemic strokes and 1 hemorrhagic stroke) and 3 patients
died (1 patient had pericardial tamponade leading to cardio-
genic shock, 1 patient had a vascular access complication
leading to hemorrhagic shock, and 1 patient died due to
hemorrhagic stroke). In the >1 CTO PCI group, all major
in-hospital complications (n = 6) occurred in patients in
TaggedEndTable 3

Technical characteristics of chronic total occlusion interventions, classified accord

Variable Overall

>1 chronic t

interv

n =

Crossing strategies used
� Antegrade wire escalation 80% 83
� Antegrade dissection and re-entry 32% 26
� Retrograde 39% 23

First crossing strategy
� Antegrade wire escalation 75% 79
� Antegrade dissection and re-entry 9% 6
� Retrograde 17% 15

Final crossing strategy
� Antegrade wire escalation 45% 54
� Antegrade dissection and re-entry 19% 20
� Retrograde 24% 14
� None 12% 12

Balloon uncrossable lesions 11% 5

Balloon undilatable lesions 11% 6

Access site
� Radial access 36% 39
� Bi-radial access 13% 21
� Femoral access 82% 83
� Bi-femoral access 52% 52
whom the CTO target vessels were located in different
epicardial territories. TaggedEnd

TaggedPIn multivariable analysis, attempting >1 CTO lesions
during the same procedure was independently associated
with higher incidence of in-hospital MACE (odds ratio
[OR] = 7.62, 95% confidence interval [CI] 2.68 to 21.72,
p <0.001; Figure 1), along with older age (OR = 1.17, 95%
ing to the number of interventions performed during the same procedure

otal occlusion

ention

Single chronic total occlusion

intervention p Value

117 n = 2897

% 80% 0.485

% 31% 0.158

% 39% 0.001

0.484

% 75%

% 9%

% 17%

0.083

% 45%

% 19%

% 24%

% 12%

% 12% 0.047

% 11% 0.335

% 36% 0.418

% 13% 0.021

% 82% 0.784

% 52% 0.899
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TaggedEndTable 4

Procedural characteristics, classified according to number of CTO lesions attempted during the same procedure

Variable Overall

>1 chronic total occlusion

intervention

Single chronic total

occlusion intervention p Value

n = 58 n = 2897

Technical success 87% 86% 87% 0.633

Procedural success 85% 79% 85% 0.197

0.289

Left ventricular assist device use 5% 16% 5% 0.003
� Urgent 3% 14% 2% <0.001
� Prophylactic 1% 2% 1% 0.404

Procedural time (min)* 123 (81, 188) 162 (117, 242) 122 (80, 186) <0.001

Fluoroscopy time (min)* 47 (29, 76) 63 (39, 97) 47 (28, 76) 0.002

Contrast volume (mL)* 270 (200, 360) 308 (213, 411) 270 (200, 358) 0.077

Patient Air Kerma dose (Gray)* 2.9 (1.7, 4.7) 3.6 (2.1, 6.4) 2.9 (1.7, 4.7) 0.033

*Median (interquartile range).

TaggedEndTable 5

Incidence of major in-hospital complications, classified according to number of CTO lesions attempted during the same procedure

Variable Overall

>1 chronic total occlusion

intervention

Single chronic total

occlusion intervention p Value

n = 58 n = 2897

In-hospital major adverse cardiovascular events 2.8% 10.3% 2.7% 0.005
� Death 0.6% 5.2% 0.5% 0.005
� Acute myocardial infraction 1.1% 0.0% 1.1% 1.000
� Emergent re-intervention 0.4% 0.0% 0.4% 1.000
� Stroke 0.3% 5.2% 0.2% <0.001
� Emergent cardiac surgery 0.2% 0.0% 0.2% 1.000
� Pericardiocentesis 0.9% 1.6% 0.8% 0.392

Perforation 4.4% 6.9% 4.4% 0.349

Vascular access complication 1.5% 3.5% 1.4% 0.206

Bleeding 1.2% 3.5% 1.1% 0.150

TaggedEndCoronary Artery Disease/>1 CTO PCI in same procedure 385
CI 1.09 to 1.25, p <0.001), peripheral vascular disease
(OR = 1.95, 95% CI 1.04 to 3.67, p = 0.038), use of at least
1 radial access site (OR = 2.12, 95% CI 1.24 to 3.71,
p = 0.006) and application of the retrograde technique
(OR = 4.71, 95% CI 2.47 to 8.99, p <0.001). TaggedEnd
TaggedH1Discussion TaggedEnd

TaggedPTo the best of our knowledge, this is the first systematic
assessment of the success and safety of performing multiple
CTO PCIs during the same procedure. We found that
patients in whom >1 CTOs were attempted during the
same procedure had similar technical success, but higher in-
hospital major complication rates as compared with patients
in whom PCI was attempted in only one CTO lesion.TaggedEnd

TaggedPPCI of multiple CTO target lesions was attempted infre-
quently (2.0%, 58 of 2,955 patients) in our registry. As
anticipated, nearly none of the multi-CTO PCIs were per-
formed ad hoc, and these patients had lower ejection frac-
tion and were more likely to undergo myocardial viability
assessment, likely to help determine the potential benefit of
coronary revascularization. TaggedEnd

TaggedPThere were no significant differences in the complexity
of the coronary anatomy except for previous CTO attempt,
which was less common in the multiple CTO PCI group. In
addition, in patients who underwent PCI of >1 CTO
lesions, the angiographic characteristics of the primary and
secondary CTO lesions were similar, although the second-
ary CTOs had smaller reference vessel diameter. TaggedEnd

TaggedPAt dedicated, high-volume centers the success rate of
CTO PCI varies between 85% and 90%,1�4,11 but is lower
in all comer registries (54% to 79%).12�15 In our study pro-
cedural outcomes were worse in patients who had >1 CTO
lesions attempted during the same procedure, due to high
incidence of in-hospital MACE (10.3%), including in-hos-
pital mortality (5.2%) and stroke (5.2%). Moreover, multi-
CTO interventions required longer procedure and fluoros-
copy time along and higher patient radiation dose. The
higher rate of stroke could be in part related to ischemia in
multiple myocardial territories or use of left ventricular
assist devices and multiple (3 or more) access sites. In
patients in whom >1 CTO lesions were attempted, target
lesions were located in different epicardial territories in
most cases (71%) resulting in major complications in 15%
in those cases versus 0% of patients in whom all target
CTOs were in the same epicardial territory. Therefore, per-
forming PCI of >1 CTOs might be more favorable when
the target CTOs are localized in the same epicardial terri-
tory, likely because it places less myocardium at risk for
ischemia. Nevertheless, staged PCI should, in most cases,
be the preferred approach in patients with 2 or more CTO
lesions that require revascularization. TaggedEnd



TaggedEnd TaggedFigure

Figure 1. Multivariate analysis for the incidence of in-hospital major adverse cardiac event (MACE).

CI = confidence interval; CTO = chronic total occlusion; OR = odds ratio; PCI = percutaneous coronary intervention.
TaggedEnd
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TaggedPOur study has several limitations. First, we included only
in-hospital outcomes without long-term follow-up; however,
the incidence of immediate periprocedural complications
was significantly higher in the >1 CTO lesion group, sug-
gesting that long-term outcomes would also likely be worse.
Second, there was no core laboratory assessment of the
study angiograms or clinical event adjudication. Third, the
procedures were performed in dedicated, high-volume CTO
centers by experienced operators, limiting the extrapolation
to less experienced operators and lower volume centers.TaggedEnd
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