
In-hospital Outcomes of Attempting More Than One Chronic Total
Coronary Occlusion Through Percutaneous Intervention During the

Same Procedure

TaggedPD33X XPeter Tajti, D34X XMDa,b, D35X XKhaldoon Alaswad, D36X XMDc, D37X XDimitri Karmpaliotis, D38X XMD, PhDd,
D39X XFarouc A. Jaffer, D40X XMD, PhDe, D41X XRobert W. Yeh, D42X XMDf, D43X XMitul Patel, D44X XMDg, D45X XEhtisham Mahmud, D46X XMDg,
D47X XJames W. Choi, D48X XMDh, D49X XM. Nicholas Burke, D50X XMDa, D51X XAnthony H. Doing, D52X XMDi, D53X XCatalin Toma, D54X XMDj,

D55X XBarry Uretsky, D56X XMDk, D57X XElizabeth Holper, D58X XMDl, D59X XR. Michael Wyman, D60X XMDm, D61X XDavid E. Kandzari, D62X XMDn,
D63X XSantiago Garcia, D64X XMDo, D65X XOleg Krestyaninov, D66X XMDp, D67X XDmitrii Khelimskii, D68X XMDp, D69X XMichalis Koutouzis, D70X XMDq,

D71X XIoannis Tsiafoutis, D72X XMDq, D73X XWissam Jaber, D74X XMDr, D75X XHabib Samady, D76X XMDr, D77X XJeffrey W. Moses, D78X XMDd,
D79X XNicholas J. Lembo, D80X XMDd, D81X XManish Parikh, D82X XMDd, D83X XAjay J. Kirtane, D84X XMDd, D85X XZiad A. Ali, D86X XMDd,

D87X XDarshan Doshi, D88X XMDd, D89X XIosif Xenogiannis, D90X XMDa, D91X XBavana V. Rangan, D92X XBDS, MPHs, D93X XImre Ungi, D94X XMD, PhDb,
D95X XSubhash Banerjee, D96X XMDs, and D97X XEmmanouil S. Brilakis, D98X XMD, PhDa,*

The frequency and outcomes of patients who underwent chronic total occlusion (CTO)
percutaneous coronary intervention (PCI) of more than one CTO during the same proce-
dure have received limited study. We compared the clinical and angiographic characteris-
tics and procedural outcomes of patients who underwent treatment of single versus >1
CTOs during the same procedure in 20 centers from the United States, Europe, and Rus-
sia. 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 coro-
nary artery bypass graft surgery (33%). More than one CTO lesions were attempted dur-
ing 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,
D99X Xthose 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 D100X X 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 pro-
cedural success (79% vs 85%, p = 0.197). The D 10 1X Xmulti-CTO PCI group had higher in-hos-
pital 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 complications. © 2018 Elsevier Inc. All rights
reserved. (Am J Cardiol 2018;00:1�7)

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.
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Methods

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 D102X Xand 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.

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
“ante D103X Xgrade-only.” AnteD104X Xgrade dissection/re-entry was
defined as ante D105X Xgrade 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.

TaggedPTechnical success was defined as successful CTO revas-
cularization with achievement of <30% residual diameter
stenosis within the treated segment and restoration of D106X XTIMI
grade 3 ante D107X Xgrade 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, D108X Xprocedural success D109X Xwas
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 D110X X CTO score as described by Christopoulos
et al,9 and the PROGRESS D111X X CTO Complications score as
described by Danek et al.10

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 D112X Xattempting >1 CTO lesions during the same pro-
cedure D113X Xand 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.

Results

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.

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. D114X XAmongst
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).

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 D1 1 5X X 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).

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).

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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