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Abstract

AIM

To investigate the rates and determinants of success of
repeat percutaneous coronary intervention (PCI) following
an initial failed attempt at recanalising the chronic total
occlusions (CTO) percutaneously.

METHODS

In 445 consecutive first attempt CTO-PCI procedures
in our institution, procedural failure occurred in 149
(33.5%). Sixty-four re-PCI procedures were performed
in 58 patients (39%) all had a single CTO. Procedural
and outcome data in the re-PCI population was entered
into the institutional database. A retrospective analysis of
clinical, angiographic and procedural data was performed.

RESULTS

Procedural success was achieved in 41 (64%) procedures.
Univariate analysis of clinical and angiographic chara-
cteristics showed that re-PCI success was associated
with intravascular ultrasound (IVUS) guidance (19.5% vs
0%, P = 0.042), while failure was associated with severe
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calcification (30.4% vs 9.7%, P = 0.047) and a JCTO
score > 3 (56.5% vs 17.1% P = 0.003). Following multiple
regression analysis the degree of lesion complexity (J-CTO
score > 3), IVUS use, involvement of an experienced CTO
operator and LAD CTO location were significant predictors
of successful re-PCI. Overall the complication rate was
low, with the only MACCE two periprocedural MI's neither
of which required intervention.

CONCLUSION

Re-PCI substantially increases the overall success rate of
CTO revascularization. Predictors of re-PCI success included
the use of IVUS, the involvement of an experienced CTO
operator in the repeat attempt and the location of the CTO.

Key words: Repeat percutaneous coronary intervention;
Chronic total occlusion

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Failed percutaneous recanalization of chronic
total occlusions (CTO) constitutes a clinical conundrum.
While percutaneous treatment is often abandoned in
favour of medical therapy, CTO-percutaneous coronary
intervention (PCI) expertise and alternative techniques
may contribute to improve procedural success. This study
shows that with careful pre-procedural planning reattempt
PCI in CTO's is both safe and efficacious.

Cuevas C, Ryan N, Quirds A, Del Angel JG, Gonzalo N, Salinas P,
Jiménez-Quevedo P, Nombela-Franco L, Nufiez-Gil I, Fernandez-
Ortiz A, Macaya C, Escaned J. Determinants of percutaneous
coronary intervention success in repeat chronic total occlusion
procedures following an initial failed attempt. World J Cardiol
2017; 9(4): 355-362 Available from: URL: http://www.wjgnet.
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INTRODUCTION

Revascularization of chronic total occlusions (CTO) is a well
accepted technique, albeit one of the most challenging
procedures in interventional cardiology with the presence
of a CTO a strong predictor against percutaneous
recanalisation?. There is growing evidence that CTO
recanalization confers benefit to patients™™, however the
success rate of CTO percutaneous coronary intervention
(PCI) is significantly lower than in non-CTO lesions, ranging
from 51% to > 80% in different series™®'***!, Several
attempts have been made to rate procedural difficulty in
CTOs, with the JCTO score™, the most commonly used
score, identifying prior CTO failure as one of the five key
determinants of PCI success. The introduction of novel
techniques including parallel wiring, CART/reverse CART,
hybrid procedures and bilateral injections have increased
the success of the procedure™™™”, with several studies
promoting the use of intravascular ultrasound (IVUS)
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in guiding wiring of the true lumen and optimizing CTO-
PCI outcomes™ ™, Despite the potential benefits of CTO
recanalization a significant proportion of patients are
managed medically rather than reattempting CTO-PCI™,
perhaps because, when compared to initial attempts at
CTO-PCI, the predictors of and success rates in re-PCI
are largely unknown. The purpose of this study was to
evaluate the success rate of re-PCI, as well as to identify
predictors of success.

MATERIALS AND METHODS

Between January 2008 and September 2012, 445 pa-
tients had first time native vessel CTO PCI procedures in
our institution. In 149 patients the initial procedure was
unsuccessful with re-PCI planned in 58 patients (39%)
who underwent 64 further procedures, four patients had
two re-PCI attempts while one patient had three re-PCI
attempts (Figure 1). Procedural and outcomes data in
this re-PCI population was entered into the institutional
database.

Data was collected in relation to factors that may
affect procedural success, including fluoroscopy time, use
of stiffer polymer coated CTO guide-wires and ad-hoc
PCIs. Re-PCI data collected including change of strategy,
IVUS guidance and involvement of an experienced
operator. The patients were divided into subgroups
according to procedural outcome (successful/failure) for
analysis. Post-procedural data including evidence of peri-
procedural MI, renal impairment and death was obtained
from the institutional database.

CTO was defined as a TIMI (thrombolysis in myocardial
infarction) grade 0 flow in the target segment, with a
duration > 3 mo, determined based on clinical symptoms
or prior angiography when available?. Angiographic
success was defined as a residual stenosis < 30% with
TIMI grade flow = 2. The EuroCTO club definition of an
operator with a success rate of at least 80% in CTO PCI
was used to identify experienced operatorst"!, all other
operators were considered non-experienced operators.
IVUS guidance included two techniques (IVUS-guided
wiring of the CTO stump, and IVUS-guided penetration
from the subintimal space). The lesion complexity was
classified using the J-CTO score with lesions scored
as 0-5 dependent on the presence of one or more of
the following features: Blunt stump, length > 20 mm,
severe calcification, > 45° tortuosity and previous failed
attempt!*”,

Statistical analysis
Categorical and continuous variables are expressed as
counts (%) and mean % SD, respectively. The angio-
graphic, clinical and procedural factors were analyzed
as possible determinants of success in a new attempt
at recanalization and were compared between patient
groups.

Categorical variables were compared with the Fis-
her’s exact test and continuous variables were compared
with a t test. All indices with a P-value < 0.1 in the

April 26,2017 | Volume 9 | Issue 4 |



Cuevas C et al. Repeat PCI following failed CTO-PCI

445 1% Figure 1 Study flow chart.
attempt
CTO PCIL
64.9% 1%
attempt 296 f14|9 d
aile
success ;L(J:?cessful bCl
rate
91 medical gg patientts 4 Patients 2 repeat procedures
repea > .
management CTO PCI 1 Patient 3 repeat procedures
64.1% 2"
attempt 23 unsuccessful 41 successful
success procedures procedures
rate
Table 1 Baseline patient characteristics
Patient demographics Overall (n = 58) Success (n = 40) Failure (7 = 18) P value
Age, yr 59.2+11.6 59.2+11.6 60.2+£11.7 0.78
Male 50 (86.2%) 33 (82.5%) 17 (94.4%) 0.41
Obesity 20 (34.4%) 14 (35%) 6 (33.3%) 1
Hypertension 39 (67.2%) 24 (60%) 15 (83.3%) 0.15
Dyslipidaemia 41 (70.6%) 27 (67.5%) 14 (77.8%) 0.63
Diabetes 23 (39.6%) 15 (37.5%) 8 (44.4%) 0.84
Smoking 38 (65.5%) 26 (65%) 12 (66.7%) 1
Previous MI 22 (37.9%) 15 (37.5%) 7 (38.9%) 1
Previous PCI 27 (46.6%) 17 (42.5%) 10 (55.6%) 0.52
Previous CABG 2 (3.4%) 1(2.5%) 1(5.6%) 0.52
LVEF < 45% 22 (37.9%) 15 (37.5%) 7 (38.9%) 1
CKD IV 3 (5.2%) 3 (7.5%) 0 (0%) 0.55

MI: Myocardial infarction; PCI: Percutaneous coronary intervention; CABG: Coronary artery bypass grafting; LVEF: Left ventricular ejection fraction; CKD:
Chronic kidney disease.

univariate analysis were included in a multiple logistic more severely calcified lesions in the failed group (30.4%
regression analysis and the final model was selected vs 9.7%, P < 0.047). The successful group had a lower
by Akaike’s Information Criterion™. Fitting a classical average J-CTO score (2.73 £ 0.84 vs 3.2 £ 0.99, P <
logistic regression model with this dataset leads to a 0.010), with fewer lesions with a J-CTO score = 4.

non-identifiable problem, as some variables induce a Inability to cross the lesion with a guidewire is the
separation. In order to obtain stable logistic regression most common reason for failure in CTO-PCI. We analyzed
coefficients, we use Bayesian inference®'!, The com- factors associated with the initial failed attempt that

putations required to estimate the coefficients of the may reflect the effort invested in the initial attempt
model are implemented in the arm package for applied and therefore could have an indirectly proportional
regression and multilevel modelling in R v.3.2.2 software. relationship with success in re-PCI. These included
fluoroscopy time, use of dedicated guidewires and a
planned initial attempt vs ad-hoc CTO-PCI. There were
RESULTS no significant differences in any of these variables. In
The success rate for CTO re-PCI was 64.1%. The the patients who underwent a reattempt 30% of the
baseline clinical characteristics of the patients are shown initial failed procedures were ad-hoc CTO PCI attempts
in Table 1. The mean age was 59.5 £ 11.5 years, and at the time of diagnostic angiography. The group who
86.2% were male. There were no significant differences underwent initial ad-hoc PCI had a higher success rate
between the successful and failed re-PCI groups. Base- than those who underwent an initial planned attempt
line angiographic and procedural characteristics are (89% vs 48.8%, P = 1) however this did not reach
shown in Tables 2 and 3. The left anterior descending statistical significance.

artery (LAD) and the right coronary artery (RCA) were All IVUS guided procedures were successful (P =
the most commonly affected vessel in the successful and 0.020). There were no significant differences observed
failed groups respectively. Of the individual components with the use of individual pieces of equipment such as
of the JCTO score only calcification was significant with guide catheters, guidewire type or microcatheters; or
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Table 2 Angiographic characteristics

Angiographic characteristics Overall (7 = 64) Success (7 = 41) Failure (» = 23) P value
CTO Site 0.0045
LAD 27 (42.2%) 21 (51.5%) 6 (26.1%)
RCA 31 (48.4%) 16 (39.0%) 15 (65.2%)
LCx 6 (9.4%) 4(9.7%) 2 (8.7%)
Blunt stump 19 (29.7%) 10 (24.3%) 9 (39.1%) 0.34
Tortuous vessel 23 (35.9%) 12 (29.2%) 11 (47.8%) 0.225
Calcified lesion 11 (17.2%) 4(9.7%) 7 (30.4%) 0.047
Lesion length > 20 mm 49 (93.8%) 30 (73.1%) 19 (82.6%) 058
J-CTO Score 29+0.92 2.73+0.84 3.2+£0.99 0.0063
J-CTO 1 4(6.25%) 3 (7.3%) 1(21.4%) 1
J-CTO 2 18 (28.1%) 2(29.3%) 6 (26.1%) 1
J-CTO 3 22 (34.4%) 9 (46.3%) 3 (39.1%) 0.015
J-CTO 4 20 (31.2%) 7 (17.1%) 13 (56.5%) 0.0028
Rentrop class 3 43 (67.2%) 26 (48.8%) 17 (73.9%) 0.56
Segment
Distal 4(6.2%) 2 (4.9%) 2 (8.7%) 0.61
Mid 27 (42.2%) 16 (39.0%) 11 (47.8%) 0.67
Proximal 33 (51.6%) 23 (56.1%) 10 (43.5%) 047
Segment length 26.95+12.2 254 +10.3 29.7+14.9 0.23
Presence of proximal disease 15 (23.4%) 9 (21.9%) 6 (26.1%) 0.95

LAD: Left anterior descending; LCx: Left circumflex; RCA: Right coronary artery; CTO: Chronic total occlusions; J-CTO: Japanese chronic total occlusion.

Table 3 Procedural characteristics

Procedural characteristics Overall (n = 64) Success (7 = 41) Failure (7 = 23) P value
Planned initial attempt 5 (70.3%) 29 (70.7%) 16 (69.6%) 1
Retrograde approach 9 (14.1%) 6 (14.6%) 3 (13.0%) 1
Contralateral injection 6 (56.3%) 22 (53.6%) 14 (60.9%) 0.76
Parallell wire 6 (25%) 10 (24.3%) 6 (26.1%) 1
Intravascular ultrasound 8 (12.5%) 8 (19.5%) 0(0%) 0.042
Rotablator 5(7.8%) 5(12.2%) 0 (0%) 0.15
Change of operator 9 (60.9%) 27 (65.9%) 12 (52.2%) 041
Experienced operator 6 (56.3%) 27 (65.9%) 9 (39.1%) 0.065
Change in guide catheter 1(17.2%) 7 (17.1%) 4 (17.4%) 1
Change of wire 8 (59.4%) 23 (56.1%) 15 (65.2%) 0.65
Microcatheter use 46 (71.9%) 28 (68.3%) 18 (78.3%) 0.57
Procedure time 127.8+44.3 129.1+51.3 1253 +32.8 0.71
Fluroscopy time 4544 + 21 433 +21.5 49.2+20.0 0.27
Contrast (mL) 337.5+127.5 355.5+127.2 305.4+124.3 0.13

implementation of new strategies such as retrograde
access, contralateral injection or parallel wiring.

Multiple logistic regression analysis identified the
degree of lesion complexity (J-CTO score < 3 and >3),
IVUS use, involvement of an experienced CTO operator
in the repeat PCI attempt, and LAD location of the
CTO as independent predictors of procedural success/
failure (Table 4). A model for predicting probability
of procedural success was developed with logistic
regression analysis that combined these angiographic
and technical variables (Figures 2 and 3). As seen
in Figures 2 and 3, IVUS use in combination with an
experienced CTO operator increases the probability of
success particularly when the J-CTO score is > 3.

Overall, the complication rate was low with 2 peri-
procedural MI's one occurring in a successful procedure
and one in a failed procedure, both were characterized by
minimal elevation in cardiac enzymes post procedure and
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neither required further intervention. There were no deaths
in the population and no contrast induced nephropathy.

DISCUSSION

The main conclusion of our study is that re-PCI in CTO
after a failed attempt is associated with a good success
rate. Adequate pre procedural evaluation and planning is
crucial. In complex lesions factors such as IVUS-guidance
and experienced CTO operators increase the chances
of success. Less complex lesions, particularly those in
the LAD, may be attempted by non-experienced CTO
operators with a good success rate.

In our study population, the success rate for CTO-
re-PCI was 64.1%, this compares favorably with the
Japanese CTO registry where re-PCI attempts had a
procedural success rate of 68.5%", Involvement of
experienced operators and used of IVUS is associated
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Table 4 Predictors of procedural success/failure
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Variable Coefficient (b) SD (b) 95%ClI P (b = 0 | data) P value
J-CTO<3 0.26 0.52 -2.04 0.69 0.31
J-CTO >3 -1.67 0.67 -3.34 0.99 0.01
LAD 0.9 0.6 -2.36 0.93 0.07
IVUS use 2.96 1.58 -6.2 0.97 0.03
Experienced operator 0.78 0.58 -2.28 0.91 0.09
LAD: Left anterior descending, J]-CTO: Japanese chronic total occlusion; IVUS: Intravascular ultrasound.
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Figure 2 Mean probability of success with 95%CI dependent on angiographic and procedural variables in left anterior descending chronic total occlusion.
LAD: Left anterior descending; JCTO: Japanese chronic total occlusion; IVUS: Intravascular ultrasound.

et 1CTO <3 i
1.0 + 1.0
2 * g
g 08 r 8 08
@ @
6 6
z 0.6 = 0.6
= =
© ©
€ 04 S 04
a a
0.2 - 0.2
0.0 - 0.0

Regular operator Experienced operator

Blue no IVUS Black IVUS

J-CTO >3

Regular operator

Experienced operator

Figure 3 Mean probability of success with 95%CI dependent on angiographic and procedural variables in non left anterior descending chronic total
occlusion. LAD: Left anterior descending; JCTO: Japanese chronic total occlusion; IVUS: Intravascular ultrasound.

with improved success, particularly in CTOs in the LAD
location. Compared to the Japanese CTO data where
success rates in re-PCI cases were significantly lower
than initial attempts (68.5% vs 86.6% respectively), in
our group, we found a similar overall success rate in the
re-PCI group (64.1% vs 66.5%). This is likely explained
by a less aggressive initial approach to CTO-PCI in
our population during the study period. Patients who
underwent initial ad-hoc PCI had a higher re-PCI success
rates than those who underwent an initial planned

JBaishideng®
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attempt (89% vs 48.8%, P = 1), probably reflecting a
less dedicated attempt, with difficulties easily overcome
in a second, more aggressive procedure. The success
rate in re-PCI contributes to a significant increase in
per patient success of PCI in this complex anatomical
scenario.

There have been several attempts to rate CTO pro-
cedural difficulty. The J-CTO score, the most popular
of the CTO procedural difficulty scores, was developed
by Morino et al'* in their large multicenter registry to
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classify the difficulty of antegrade lesion crossing, and
identified prior CTO failure as a one of the five key deter-
minants of PCI success. In our population, we found only
one of the traditional predictors of procedural difficulty
in initial attempt CTO-PCI, severe calcification to be
significantly associated with procedural success re-PCI.
Nombela-Franco et a** validated the predictive value
of the J-CTO score in successful anterograde crossing of
the lesion within thirty minutes however they failed to
show an ability to predict procedural success. Although
not validated for predicting success the J-CTO score
remains a useful tool in stratifying lesion complexity
with significantly more patients with a J-CTO score > 4
in the failed group. Similar to data from Thompson et
al*®! showing a significantly higher PCI success rate with
experienced operators (75.2% vs 58.9%; P < 0.001),
we found an experienced operator an important predictor
of success in re-PCI attempts.

Data from the EuroCTO club puts IVUS use at 1.5%
amongst its members in 2010. This is likely due to
economic constraints and differs from Japan and the US
where imaging techniques play a much larger role in
CTO revascularization®., In our population, IVUS was
used in 20% of all successful re-PCIs, in 6 (15%) cases
a second wire was introduced into the true lumen via
IVUS guidance after visualizing the first wire in false
lumen and in 2 (5%) cases IVUS was used for ostial
wiring. Furthermore, in these cases IVUS aided vessel
sizing prior to stent implantation suggesting IVUS can be
used to enhance the safety of CTO-PCI and optimize final
results.

The CTO PCI reattempt rate remains relatively low,
approximately 38% in this study, perhaps due to lack
of large randomized clinical trials demonstrating benefit
with CTO revascularisation. A large meta-analysis from
Joyal et al* in 2010 comparing successful to failed CTO
recanalization showed a 44% reduction in mortality, 78%
reduction in subsequent CABG and a 55% reduction
in residual angina in successfully recanalised CTO'’s.
However there was significant heterogeneity amongst
the clinical outcomes and successful recanalization
did not impact on MI or MACE. Other studies have sh-
own successful percutaneous coronary intervention
in a chronic total occlusion (CTO-PCI) to be beneficial
in terms of recurrent myocardial, infarction, all-cause
death, recurrent angina pectoris, subsequent CABG
and cumulative survival rate compared to conservative
management after failed PCI attempts however these
are small heterogeneous populations™®, In the context
of acute myocardial infarctions it has been shown that
the presence of a CTO increases long term mortality™,
with CTO an independent predictor of mortality in STEMI
with cardiogenic shock!™”. The high success rate, low
procedural complication and in-hospital MACE rates
observed in this study suggest that after failed attempt a
reattempt a CTO-PCI should be considered.

Finally, combination of the angiographic and procedural
factors identified by multiple regression analysis as
predictive of success or failure (degree of lesion complexity,
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IVUS use and an experienced CTO operator) yielded
anticipated success rates ranging from 16% to 99%.
It was observed that the implementation of procedural
factors such as IVUS-guidance and experienced CTO
operators are crucial when it comes to complex lesions
(J-CTO score > 3), increasing in the probability of success
from 16% to 99%. In comparison in less complex lesions
(J-CTO score < 3), technical factors play a lesser role and
these lesions even when attempted by non-experienced
operators using IVUS have a high probability of success.
These factors should be considered when planning a CTO-
PCI strategy.

Limitations

There are a number of limitations to our study. First, it
is a descriptive and retrospective study designed only to
look at the angiographic success rates and immediate
in hospital outcomes of reattempt PCI. Long-term cli-
nical and angiographic outcomes require evaluation
in large-scale prospective clinical trials. Second, the
angiographic characteristics of the CTOs were evaluated
retrospectively. Third, this is a small sample from a single
centre therefore one must be cautious when interpreting
these results.

In conclusion, our findings suggest that re-PCI in-
creased substantially the overall success rate of CTO
revascularization. Predictors of re-PCI success included
the use of IVUS, the involvement of an experienced CTO
operator in the repeat attempt and the location of the
CTO. The high success rate, low procedural complication
and in-hospital MACE rates observed in this study
suggest that after failed attempt a carefully planned
reattempt at CTO-PCI should be considered.

COMMENTS

Background

Failed percutaneous recanalization of chronic total occlusions (CTO) constitutes
a clinical conundrum. While percutaneous treatment is often abandoned in
favour of medical therapy, CTO PCI expertise and alternative techniques may
contribute to improve procedural success. There is growing evidence that CTO
recanalization confers benefit to patients, however the success rate of CTO
PCl is significantly lower than in non-CTO lesions, ranging from 51% to > 80%
in different series. In this study the authors evaluated the success rates and
predictors of success in reattempt PCl in CTO's.

Research frontiers

Recanalising CTO’s with viable myocardium appears to be beneficial to pa-
tients. Few prior studies have evaluated the benefit of reattempting PCI after an
initial failed attempt.

Innovations and breakthrough

Re-PCl in CTO after a failed attempt is associated with a good success rate.
Adequate pre procedural evaluation and planning is crucial. In complex lesions
factors such as IVUS-guidance and experienced CTO operators increase the
chances of success. Less complex lesions, particularly those in the LAD, may
be attempted by non-experienced CTO operators with a good success rate.

Applications
The results of this study can assist operators in adequate pre-procedural
planning in CTO’s.
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Terminology

CTO: Chronic total occlusion an artery that has been occluded for longer
than three months. IVUS: Intra-vascular ultrasound a technique that can be
used to assist in visualizing the stump of a CTO, identifying wire position peri-
procedurally and optimizing stenting. PCI: Percutaneous coronary intervention
a transcatheter technique used to revascularise a coronary territory.

Peer-review

This study has value as it emphasis the need for pre-procedural evaluation of
lesion complexity and therefore complex lesions must be faced by experienced
operators through an IVUS guided CTO-PCI approach.
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