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Abstract
Aims: We aimed to evaluate the contribution of the retrograde approach to real-world practice over time 
and its long-term outcomes in chronic total occlusion (CTO) percutaneous coronary intervention (PCI).

Methods and results: We evaluated 1,635 CTO procedures conducted at our high-volume centre between 
2003 and 2015. The retrograde approach has been actively adopted in practice since January 2007. The 
primary endpoint was target vessel failure (TVF), a composite of cardiac death, target vessel-related myo-
cardial infarction, or target vessel revascularisation/reocclusion. The technical success rate of CTO-PCI has 
increased from 79.5% to 87.1% since 2007, although the complexity of the CTOs has also significantly 
increased in that time (J-CTO scores: from 1.8±1.2 to 2.0±1.1, p=0.03). The incidence of in-hospital 
MACCE using the retrograde approach was 4.5%, which was comparable to the antegrade-only approach 
rate of 4.1% (p=0.58). The retrograde approach showed a higher four-year TVF rate after successful stent-
ing compared with the antegrade-only approach (17.1% vs 9.4%, p=0.01), but this difference was mainly 
driven by a higher target vessel revascularisation/reocclusion rate. Multivariable analysis revealed that renal 
dysfunction (hazard ratio [HR] 3.33, 95% confidence interval [CI]: 1.42-7.83), acute coronary syndrome 
(HR 1.99, 95% CI: 1.26-3.14), the J-CTO score (per 1, HR 1.23, 95% CI: 1.00-1.51), and the smallest stent 
diameter (per 1 mm, HR 0.39, 95% CI: 0.21-0.74) (all p<0.05) were independently associated with TVF.

Conclusions: A retrograde approach contributes to the increased success of more complex CTO-PCI over 
time with an acceptable frequency of in-hospital complications and four-year TVF rate.
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Abbreviations
CART controlled antegrade and retrograde subintimal 

tracking
CTO chronic total occlusion
J-CTO Japanese-CTO
MACCE major adverse cardiac and cerebrovascular events
MI myocardial infarction
PCI percutaneous coronary intervention
TVF target vessel failure
TVR target vessel revascularisation

Introduction
Coronary chronic total occlusion (CTO) is observed in approx-
imately 15-30% of patients referred for cardiac catheterisation 
and has long been considered one of the most challenging lesion 
subsets for percutaneous coronary intervention (PCI)1. Dedicated 
devices and techniques have become available during the past dec-
ade and have allowed operators to overcome some of the previous 
difficulties with the CTO-PCI procedure. The worldwide expertise 
and experience with CTO-PCI has also steadily increased through 
effective training programmes and conferences, thereby enabling 
clinicians to deal with more complex CTOs.

The retrograde approach through collateral circulation was a rev-
olutionary technical breakthrough in CTO-PCI2. Combined with 
the use of new microcatheters working as a channel dilator and the 
controlled antegrade and retrograde subintimal tracking (CART) 
technique, CTO-PCI procedures using a retrograde approach have 
produced an increasingly higher technical success rate in expe-
rienced centres2. The retrograde approach has now been rapidly 
adopted worldwide despite the possibility of some complications 
attributed to its inherent methodology. Until recently, however, the 
information on how this approach has contributed to CTO-PCI prac-
tice over time has largely been limited. In addition, the long-term 
results of successful PCI using a retrograde approach are not well 
known. We therefore evaluated the contributory role of the retro-
grade approach to CTO-PCI and associated long-term outcomes in 
comparison with cases treated using only the antegrade approach.

Editorial, see page 310

Methods
STUDY POPULATION
The study population was obtained from the Asan Medical 
Center-CTO registry which has prospectively collected data on 
consecutive patients undergoing CTO-PCI since March 2003. 
Only patients who underwent CTO-PCI between January 2007 
and June 2015 were included in the outcome analyses as this was 
the period during which the retrograde approach was actively 
performed at our centre. Although all operators at our institution 
have participated in CTO-PCI, these procedures have mainly been 
performed by three dedicated CTO operators (S.W. Lee, J.Y. Lee, 
P.H. Lee). This study was approved by the institutional review 
board of Asan Medical Center and all participants provided writ-
ten informed consent.

DEFINITIONS AND STUDY OUTCOMES
A CTO was defined as a complete coronary obstruction with 
a Thrombolysis In Myocardial Infarction (TIMI) flow grade of 0 
and an estimated duration of more than three months. If the dura-
tion of the occlusion was not clear from the medical information, 
the diagnosis was made based on angiographic findings, as sug-
gested by the Euro CTO Club consensus document1. The PCI pro-
cedure was defined as a retrograde approach if an attempt was 
made to cross the collateral channel supplying the vessel distal to 
the target CTO lesion. The procedure was otherwise classified as 
an antegrade-only approach. The general indications for adopting 
a retrograde approach included a proximal cap ambiguity, a distal 
vessel of poor quality or bifurcation, or the presence of interven-
tional collaterals3. Technical success was defined as a restoration 
of TIMI 3 flow with a residual diameter stenosis ≤30% within 
the treated segment, as determined by angiographic assessment. 
Procedural success was defined as the achievement of technical 
success without any in-hospital major adverse cardiac or cerebro-
vascular events (MACCE). In-hospital MACCE included any of 
the following adverse events prior to hospital discharge: death 
from any cause, periprocedural myocardial infarction (MI), urgent 
target vessel revascularisation with PCI or bypass surgery, tam-
ponade requiring intervention, and stroke4.

The primary outcome of interest in this study was target ves-
sel failure (TVF), defined as a composite of cardiac death, target 
vessel-related MI, or target vessel revascularisation (TVR)/reoc-
clusion. Death was considered to be of cardiac cause unless an 
unequivocal, non-cardiac origin was documented. Periprocedural 
MI was defined as a peak elevation of the creatine kinase-myo-
cardial band of more than tenfold above the upper reference limit 
within 48 hours after the procedure5,6.

DATA ACQUISITION
Clinical, procedural, and outcome data were recorded in dedicated 
databases by independent research personnel6. Follow-up informa-
tion regarding outcomes was obtained from out-patient visits, tele-
phone interviews, and from the medical records of other hospitals 
as necessary. All baseline and procedural coronary angiograms were 
analysed independently by researchers in the angiographic core lab-
oratory. The CTO length and total lesion length around the target 
CTO were determined from analyses of digital angiograms using an 
automated edge detection system (CAAS 5.7; Pie Medical Imaging, 
Maastricht, the Netherlands). CTO lesion complexity was assessed 
by calculating the Japanese-CTO (J-CTO) score for each case7.

STATISTICAL ANALYSIS
Continuous variables were compared using the Student’s t-test or 
the Wilcoxon rank-sum test and categorical variables using χ2 sta-
tistics or Fisher’s exact test, as appropriate. Cumulative event rates 
and survival curves were generated using the Kaplan-Meier method 
with the log-rank test. Owing to the different durations for the dif-
ferent techniques used, follow-up was censored at the date of the last 
follow-up or at 4.0 years, whichever came first. If an antegrade-only 
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approach and a retrograde approach were used for separate CTO 
lesions in the same patient, these cases were assigned to the ret-
rograde approach group, and the vessels treated via the retrograde 
approach were considered target vessels in the outcome analyses. 
Cox proportional hazards regression analysis was performed to 
identify primary outcome predictors. Candidate predictors included 
patient age, diabetes mellitus, renal dysfunction, clinical diagno-
sis of acute coronary syndrome, left ventricular ejection fraction, 
CTO located in the left anterior descending artery, J-CTO score, 
total stent number and smallest stent diameter. The final model was 
determined using a backward stepwise elimination procedure where 
the least significant variable was removed one at a time from the 
full model. P-values were two-sided, and p-values <0.05 were con-
sidered significant. Data analyses were performed using R software 
version 3.2.2 13 (R Foundation for Statistical Computing, Vienna, 
Austria; www.r-project.org).

Results
TREATMENT TRENDS, CTO COMPLEXITY, AND TECHNICAL 
SUCCESS
CTO-PCI was performed on 1,558 patients for 1,635 lesions 
at our hospital between March 2003 and June 2015 (Figure 1). 

The overall technical success rate during the entire period was 
84.9% (failure occurred in 247 cases). The retrograde approach 
has been increasingly adopted since 2007 at our institution to deal 
with more complex CTOs. Since that time, this approach has been 
used in 21.1% of the 1,151 total procedures (243 cases), starting 
from 11.6% in the first two years to 25% and above each year 
thereafter. Compared to the period from 2003 to 2006, the overall 
complexity of CTOs showed a significant increase after 2007, as 
reflected in the higher average J-CTO scores (1.8±1.2 vs 2.0±1.1, 
p=0.03). Nevertheless, the overall technical success rate has 
also increased from 79.5% in 2003 to 2006 to 87.1% after 2007 
(Figure 2). Among the CTO cases treated after 2007, the aver-
age J-CTO scores for the retrograde and antegrade-only approach 
were 2.6±1.0 and 1.8±1.0 (p<0.001), respectively. Of note, the 
average J-CTO scores for each strategy remained similar but the 
corresponding success rates for both approaches have significantly 
increased over time (Figure 3).

PROCEDURAL SEQUENCE AND IN-HOSPITAL OUTCOMES
The retrograde approach was used as an initial strategy in 141 of the 
total number of cases that underwent this procedure (58.0%), and 
after a failed antegrade attempt in the remaining 102 cases (42.0%). 

Asan Medical Center CTO Registry
PCI for CTO

From May, 2003 to June, 2015
N=1,635 (1,558 patients)

Retrograde approach
Adopted since January, 2007

PCI for CTO
From January, 2007 to June, 2015

N=1,151 (1,102 patients)

Antegrade-only approach
N=908

Retrograde approach
N=243

109 technically failed PCI
11 bare metal stent

74 successful balloon angioplasty

39 technically failed PCI
2 successful balloon angioplasty

Successful PCI with DES
N=916 (904 patients)

Antegrade-only approach
for DES
N=714

(702 patients)

Retrograde approach
for DES
N=202

(202 patients)

Device-oriented clinical outcomes

Figure 1. Study flow chart. The single solid line on top indicates the Asan Medical Center CTO registry to analyse treatment trends and 
technical successes over time. The dotted line denotes the patient population used to assess in-hospital outcomes of CTO-PCI since 2007. The 
double solid line at the bottom indicates the patient population used to analyse the long-term clinical outcomes of a successful CTO-PCI with 
DES. CTO: chronic total occlusion; DES: drug-eluting stents; PCI: percutaneous coronary intervention
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Among cases of successful PCI using the retrograde approach, the 
final crossing techniques were as follows: CART or reverse CART 
in 46.4%, direct true lumen passing in 34.0% and the wire mark 
technique in 19.6%. When dividing the population of patients who 
underwent the retrograde approach into two period groups (period 
1, 2007-2010; period 2, 2011-2015), the reverse CART technique 
has become significantly more popular while retrograde failure or 
halt has decreased. In addition, the use of epicardial collaterals has 
become more frequent (Supplementary Table 1).

Table 1 summarises the procedural and in-hospital outcomes of 
all 1,151 CTO-PCI cases performed at our hospital between 2007 
and 2015. The technical and procedural success rates were 88.0% 
and 86.3% in the antegrade-only, and 84.0% and 81.2% in the 

100

90

80

70

60

50

5

4

3

2

1
2007-2008 2009-2010 2011-2012 2013-2015

Years

Te
ch

ni
ca

l s
uc

ce
ss

 ra
te

 (%
)

Antegrade-only

J-CTO score

J-CTO score

83.5%

81.3%

1.9 1.9
2.0 2.0

85.1%

92.1% 92.5%

85.6%
92.9% 93.0%

1.8 1.8 1.8

J-CTO
score
p=0.46

for trend

J-CTO
score
p=0.52

for trend

Technical success rate
p=0.001

Technical success rate
p=0.001

1.7

■ Technical success rate    −− J-CTO score

■ Technical success rate    −− J-CTO score

5

4

3

2

1

100

90

80

70

60

50
2007-2008 2009-2010 2011-2012 2013-2015

Years

Te
ch

ni
ca

l s
uc

ce
ss

 ra
te

 (%
)

Retrograde approach

J-CTO score64.3%

83.8%
89.7% 90.9%

2.8

2.3
2.6

J-CTO
score
p=0.90

for trend
2.7

100

90

80

70

60

50

5

4

3

2

1
2007-2008 2009-2010 2011-2012 2013-2015

Years

Te
ch

ni
ca

l s
uc

ce
ss

 ra
te

 (%
)

Total population

■ Technical success rate    −− J-CTO score

Technical success rate
p<0.001

A

B

C

Figure 3. Average J-CTO score and technical success rate trends. CTO: chronic total occlusion; J-CTO: Japanese-CTO
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J-CT0 score Before adoption After adoption p-value

Overall 1.8±1.2 2.0±1.1 0.03
Successful PCI 1.7±1.2 1.9±1.0 0.01
Failed PCI 2.3±1.1 2.4±1.1 0.28

Figure 2. Technical success rates before and after adoption of the 
retrograde approach. CTO: chronic total occlusion; 
J-CTO: Japanese-CTO; PCI: percutaneous coronary intervention

Table 1. In-hospital outcomes. 

Total cases  
(N=1,151)

Retrograde 
approach 
(n=243)

Antegrade-only 
approach 
(n=908)

p-value

Technical success 204 (84.0) 799 (88.0) 0.09

Procedural success 197 (81.2) 784 (86.3) 0.04

In-hospital MACCE 11 (4.5) 37 (4.1) 0.58

Death 0 1 (0.1) 0.61

Procedure-related 
myocardial infarction 9 (3.7) 25 (2.8) 0.44

Urgent repeat 
revascularisation 1 (0.4) 10 (1.1) 0.48

Cardiac tamponade 
requiring intervention 1 (0.4) 5 (0.6) >0.99

Stroke 1 (0.4) 1 (0.1) 0.38

Contrast-induced 
nephropathy 17 (7.0%) 38 (4.2%) 0.09

Values are given as number (%). Contrast-induced nephropathy is 
defined as an elevation of serum creatinine of more than 25% or 
≥0.5 mg/dl from baseline within 48 hours. MACCE: major adverse 
cardiac and cerebrovascular events

retrograde approach group, respectively. The incidence of clinically 
relevant in-hospital MACCE did not differ between the antegrade-
only and retrograde approach groups (4.1% vs 4.5%, p=0.75).

PATIENT AND PROCEDURAL CHARACTERISTICS IN THE 
SUCCESSFUL CASES
Between January 2007 and June 2015, 904 consecutive patients 
successfully underwent drug-eluting stent implantation for 916 
CTO lesions (Figure 1). Among the 12 patients who underwent 
PCI for multiple CTO lesions, there were seven patients who 
received PCI using the antegrade-only approach for 14 multiple 
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CTO lesions and five patients treated with a mixed antegrade-only 
and retrograde approach for 10 separate CTO lesions. The latter 
five patients were classified into our retrograde approach group, 
resulting in a final cohort of 202 patients (22.3%) who received 
PCI with the retrograde approach for 202 CTO lesions. The other 
702 patients underwent PCI with an antegrade-only approach for 
714 lesions and were assessed in parallel.

Detailed demographic and clinical characteristics of these patients 
are provided in Supplementary Table 2. Considerable differences in 
both the lesion and procedural characteristics were noted between 
these two groups (Supplementary Table 3). Both the CTO length 
and the total lesion length incorporating the CTO were significantly 
longer in the retrograde approach group, contributing greatly to the 
final numbers and lengths of the stents used.

CLINICAL OUTCOMES DURING FOLLOW-UP
During the pre-specified four-year follow-up period, the pri-
mary endpoint occurred in 85 patients (9.4%). Death occurred 
in 43 patients (4.8%), 24 of whom (2.7%) died of a cardiac 
cause. MI occurred in 36 patients (4.0%), with 26 (2.9%) of 
these cases having a target vessel-related MI. TVR/reocclusion 
occurred in 41 patients (4.5%). The clinical endpoints are listed 

in Supplementary Table 4 and Figure 4. Patients who underwent 
PCI using a retrograde approach had a significantly higher cumu-
lative TVF rate (17.1% vs 9.5%, hazard ratio [HR], 1.79; 95% 
confidence interval [CI]: 1.13 to 2.83, p=0.01) compared to the 
antegrade-only cases. This difference was largely attributable to 
the higher incidence of TVR/reocclusion (9.4% vs 4.6%, HR 2.01; 
95% CI: 1.06 to 3.84, p=0.03) in the retrograde approach group. 
Multivariable analysis of the entire population revealed that renal 
dysfunction (HR 3.33, 95% CI: 1.42–7.83, p=0.006), acute coro-
nary syndrome (HR 1.99, 95% CI: 1.26–3.14, p=0.003), the J-CTO 
score (per 1, HR 1.23, 95% CI: 1.00–1.51, p=0.047), and the 
smallest stent diameter (per 1 mm, HR 0.39, 95% CI: 0.21–0.74, 
p=0.004) were independently associated with TVF at the four-year 
follow-up (Supplementary Table 5). On the other hand, when we 
divided the retrograde cases into two time periods (period 1, 2007-
2010; period 2, 2011-2015) the lesions were more complex over-
all and the TVF rate was higher in period 2, albeit not statistically 
significant (14.7 vs 19.7%, p=0.46) (Supplementary Table 1). In 
addition, when we analysed the clinical outcomes of the retrograde 
approach according to the technique used, no significant differ-
ences were found in the in-hospital or long-term clinical outcomes 
(Supplementary Table 6).
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Figure 4. Kaplan-Meier event curves. Cumulative incidence of target vessel failure (A), cardiac death (B), target vessel myocardial infarction 
(C), and target vessel revascularisation or reocclusion (D). CTO: chronic total occlusion; PCI: percutaneous coronary intervention
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Discussion
Our current analysis of consecutive CTO-PCI cases at our single 
tertiary referral centre revealed some important patient charac-
teristics and outcome measures associated with the retrograde 
approach. The retrograde approach was found to be more com-
monly used for complex CTO lesions and contributed to their 
increased recanalisation rates over time. The in-hospital MACCE 
rate using the retrograde approach and the four-year TVF rate 
(17.1%) after successful stenting were acceptable, indicating that 
it is a safe option. The inevitable use of a smaller stent associated 
with a successful retrograde approach may be responsible for the 
future likelihood of TVF.

Over the past decade, in combination with the revolution in dedi-
cated specific devices for CTO such as guidewires and microcath-
eters, various strategies including subintimal tracking and re-entry, 
a parallel wire technique, and intravascular ultrasound-guided wire 
crossing have been developed and have substantially contributed to 
the increasing procedural success rates of CTO-PCI. Of note, the 
retrograde approach has become an important technique for contem-
porary CTO-PCI practice and has been incorporated into algorithms 
for CTO crossing3,8. Recently, the findings from a multicentre CTO 
registry demonstrated a high technical success rate of 86% using 
the hybrid algorithm where the retrograde approach was applied in 
34.9% of the successful cases9. Several other studies have also dem-
onstrated the feasibility of the retrograde approach with an accept-
ably low level of in-hospital complications10,11. Importantly, our 
present data reinforce the contribution of the retrograde approach 
to the success of CTO-PCI, which rose from 79.5% to 87.1% after 
adoption of this technique despite a higher anatomic complex-
ity. Furthermore, the success rate of the retrograde approach has 
increased significantly over time, reaching nearly 90% in recent 
years in cases with an average J-CTO score of 2.7. Combined with 
improvements in expertise, as reflected by the increased success 
rate of the antegrade-only approach over time, the aforementioned 
observations underline the importance of the retrograde approach in 
dealing with more complex and difficult CTO lesions.

There are limited data available regarding the long-term 
outcomes of successful PCI using the retrograde approach 
(Table 2)12-15. Michael et al reported the two-year outcomes of 
successful CTO-PCI using the retrograde approach and compared 
these with antegrade-only cases13. Of the 193 patients, 41 patients 
treated with the retrograde approach showed a higher incidence 
of target lesion revascularisation (45.6% vs 25.7%, p=0.006), but 
a similar incidence of death and MI was found in both groups. 
Galassi et al recently reported European experiences with the retro-
grade approach15. Among the 1,060 successful cases, the incidence 
of a composite of cardiac death, MI, stroke, and further revas-
cularisation was 8.7% during a mean follow-up of 24.7 months. 
Overall, however, these few available studies have been of lim-
ited size or follow-up duration. Our present large-scale study thus 
provides important new insights into long-term stent-related out-
comes of CTO-PCI performed with a retrograde approach.

The performance of the drug-eluting stents implanted via the 
retrograde approach in our present cohort was acceptable given 
that the four-year rates of TVF and TVR/reocclusion were 17.1% 
and 9.4%, respectively. These results are comparable to those of 
previous coronary stent studies16 and other CTO-PCI studies17. 
However, these rates indicating stent failure were significantly 
higher than those seen in our antegrade-only group. A plausi-
ble explanation for the differences could be drawn from our 
multivariable analysis. In addition to certain other clinical fac-
tors, the J-CTO score and small stent diameter were found to be 
important lesional or procedural predictors of TVF in our cohort. 
CTOs constitute the most advanced form of atherosclerotic dis-
ease and are frequently accompanied by diffuse, long lesions and 
site calcifications. Hence, reopening a CTO commonly requires 
multiple, overlapping stent deployment with high-pressure bal-
loon inflation to achieve a satisfactory angiographic result. 
This was particularly true for the CTOs requiring a retrograde 
approach, which typically showed a longer CTO length or total 
lesion length compared with the cases requiring antegrade-only 
approach in our present study series. This finding indicates that, 

Table 2. Comparison with previous studies of CTO-PCI with the retrograde approach including follow-up outcomes.

All study 
population

Retrograde 
PCI, n (%)

Overall technical 
success rate

In-hospital MACCE* 
retrograde  

(vs antegrade)

Follow-up 
duration

MACE¶ 
retrograde  

(vs antegrade)

TVR retrograde  
(vs antegrade)

Lee et al12  
2010 24 24 (100) 88% 0.0% Median  

10.3 months 18% 5.9%

Michael et al13  
2014 193 41 (21.2) Only successful 

cases were analysed
4.6%  

(vs 0.0%, p=0.01)
Median  

2.0 years N/A 45.6% (vs 27.0%, 
p=0.01)

Muramatsu et al14  
2014 163 104 (63.8) Only successful 

cases were analysed
0.0%  

(vs 0.0%) 1 year 0.0% (vs 0.0%) 28.7% (vs 8.0%)

Galassi et al15  
2015 9,589 1,582 (16.5) 75.3% 0.8%  

(vs 0.5%)
Mean  

24.7 months 13.6% Further revasculari-
sation 13.0%

Present study 1,151 243 (21.1) 87.1% 4.5%  
(vs 4.1%, p=0.58)

Median  
4.1 years

25.6%  
(vs 16.3%)

9.4%  
(vs 4.6%, p=0.03)

*MACCE: major adverse cardiac and cerebrovascular events; definition varies according to studies. ¶MACE: major adverse cardiac events; definition 
varies according to studies. In the current study, MACE was defined as a composite of all-cause death, any myocardial infarction, or any repeat 
revascularisation/reocclusion. CTO: chronic total occlusion; PCI: percutaneous coronary intervention; TVR: target vessel revascularisation
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in the retrograde approach cases, the more prominent diffuse 
atherosclerotic burden may inevitably lead to stenting in smaller 
calibre distal vessels. Consequently, the numbers and total 
lengths of the stents tend to be greater with smaller diameters 
in the retrograde approach cases. It would thus be reasonable to 
assume that the relatively unfavourable final results associated 
with a more complex anatomy and smaller stent implant may 
have led to some poorer outcomes in the retrograde approach 
group18,19. To reduce the potential risk of stent failure in this 
group, adjunctive therapies such as intensive medical treatments 
or thorough cardiac rehabilitation will be important.

Limitations
This study had several limitations of note. The first of these was 
inherent to the retrospective nature and observational design of the 
analyses. Second, the PCI policy of our hospital involves the rou-
tine use of intravascular ultrasound for stent optimisation where 
possible. This procedure was used in more than 90% of our cur-
rent study patients, a considerably higher rate than that reported in 
other studies, which may have attenuated some of the drawbacks 
associated with the stenting of complex CTOs. Third, our sam-
ple population was drawn from a single high-volume centre with 
a certain level of expertise which predominantly uses wire-based 
techniques for CTO-PCI8. Patient risk conditions, CTO complex-
ity, and the PCI strategies differ between centres and regions and 
this should be noted in relation to the general applicability of our 
findings. Finally, although the present study investigated four-year 
long-term clinical outcomes (median 4.1 years), complete four-
year follow-up data were not available in 379 of the study cases 
(41.9%).

Conclusions
The retrograde approach contributes significantly to the increased 
recanalisation rates of more complex CTOs over time. The rate of 
in-hospital MACCE is low and the long-term device-oriented out-
comes after successful stenting via this technique are acceptable. 
The unfavourable final stent results associated with complex ana-
tomy in this patient population may be responsible for the future 
likelihood of TVF.

Impact on daily practice
A retrograde approach has contributed significantly to an 
increase of the recanalisation success rates for more complex 
CTOs over time, confirming its substantial value for success-
ful CTO-PCI. The retrograde attempt, reflecting the higher 
clinical and procedural complexity of CTO-PCI, was assoc-
iated with a higher rate of TVF at long-term follow-up, mainly 
due to TVR/reocclusion. Given the potential hazard and clini-
cal disadvantage (TVR) of the retrograde approach, subjects 
suitable for the retrograde approach should be assessed with 
careful deliberation by integrating the clinical and procedural 
factors.
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Supplementary data 
Supplementary Table 1. Time-trend analysis of the retrograde approach. 

Total cases 

(n=243) 

Period 1 

2007–2010 

(n=111) 

Period 2 

2011–2015 

(n=132) 

p-value 

Age, years 59.2±9.2 58.7±10.4 0.71 

Men 101 (91.0) 125 (94.7) 0.26 

Diabetes mellitus 32 (28.8) 36 (27.3) 0.79 

LV ejection fraction 57.5±9.5 57.6±8.5 0.96 

Multivessel disease 60 (54.1) 79 (59.8) 0.36 

Target CTO lesions   0.26 

Left anterior descending 51 (45.9) 57 (43.2)  

Left circumflex 2 (1.8) 0 (0.0)  

Right coronary 57 (51.4) 75 (56.8)  

Saphenous vein graft 1 (0.9) 0 (0.0)  

In-stent restenosis 6 (5.4) 11 (8.3) 0.37 

J-CTO 2.5±1.0 2.6±1.0 0.51 

   Blunt stump 79 (68.7) 89 (69.5) 0.89 

   Calcification at CTO 54 (47.0) 78 (60.9) 0.03 

Bending >45° 53 (46.1) 64 (50.0) 0.54 

Occlusion length ≥20 mm 65 (56.5) 65 (50.8) 0.37 

Retry lesion 33 (28.7) 32 (25.0) 0.52 

Primary retrograde approach 81 (73.0) 60 (45.5) <0.001 

Retrograde technique   0.001 

CART 5 (4.5) 2 (1.5)  

Reverse CART 21 (18.9) 50 (37.9)  

Direct true lumen passing 21 (18.9) 36 (27.3)  

Wire mark technique 18 (16.2) 15 (11.4)  

Retrograde failure/halt 46 (51.4) 29 (22.0)  

Use of collaterals   0.55 

Septal 94 (84.7) 108 (81.8)  



 

Epicardial 17 (15.3) 24 (18.2)  

Type of treatment   <0.001 

   Balloon angioplasty 1 (0.9) 1 (0.8)  

1st-generation DES 30 (27.0)  2 (1.5)  

2nd-generation DES 54 (48.6) 116 (87.6)  

Technical failure 26 (22.6)  13 (10.2)  

Number of stents*  2.3±0.8 2.2±0.7 0.68 

Stent length*, mm 63.6±22.9 69.0±23.0 0.10 

Average stent diameter*†, mm 3.2±0.3 3.1±0.4 0.56 

4-year clinical outcomes of 

successfully stented patients‡ 

(n=202 patients) 

Period 1 

2007–2010 

 (n=84) 

Period 2 

2011–2015 

 (n=118) 

 

Cardiac death 4 (5.7) 4 (5.2) 0.97 

Target vessel MI 3 (4.0) 5 (4.3) 0.67 

TVR/reocclusion 6 (8.1) 8 (11.2) 0.71 

Target vessel failure 11 (14.7) 16 (19.7) 0.46 

Data are the mean±standard deviation or number (%). 

* Only successfully stented cases were analysed. 

† Average stent diameter was calculated using individual stent diameter values weighted by 

the stent length. 

‡ Event rates were analysed using Kaplan-Meier estimates.  

CART: controlled antegrade and retrograde subintimal tracking; CTO: chronic total 

occlusion; DES: drug-eluting stent; J-CTO: Japanese-CTO; LV: left ventricle; MI: 

myocardial infarction; TVR: target vessel revascularisation



 

Supplementary Table 2. Demographic and clinical characteristics of the study patients. 

Total population (n=904) 

Successful 

retrograde 

approach  

(n=202 patients) 

Successful 

antegrade-only 

approach  

(n=702 patients) 

p-value 

Age, years 58.4±9.9 60.6±10.7 0.01 

Men  188 (93.1) 578 (82.3) <0.001 

Body mass index, kg/m2 25.5±3.1 25.4±3.1 0.49 

Hypertension  119 (58.9) 445 (63.4) 0.28 

Diabetes  58 (28.7) 216 (30.8) 0.64 

Hyperlipidaemia 158 (78.2) 489 (69.7) 0.02 

Current smoker 72 (35.6) 172 (24.5) 0.08 

History of heart failure 27 (13.4) 62 (8.8) 0.002 

History of myocardial infarction  31 (15.3) 67 (9.5) 0.03 

Prior PCI  76 (37.6) 167 (23.8) <0.001 

Prior CABG  5 (2.5) 24 (3.4) 0.66 

History of stroke  8 (4.0) 55 (7.8) 0.08 

Peripheral artery disease  10 (5.0) 19 (2.7) 0.17 

Renal dysfunction* 1 (0.5) 24 (3.1) 0.07 

Left ventricular ejection fraction, % 57.5±8.9 57.8±8.0 0.64 

Atrial fibrillation 7 (3.5) 11 (1.6) 0.16 

Clinical presentation   0.01 

  Stable angina 172 (85.1) 530 (75.5)  

  Acute coronary syndrome 30 (14.9) 172 (24.5)  

Multivessel disease 111 (55.0) 390 (55.6) 0.94 

Multivessel CTOs 13 (6.4) 66 (9.4) 0.24 

Medication at discharge    

   Aspirin 199 (98.5) 699 (99.6) 1.00 

   Clopidogrel 199 (98.5) 695 (99.0) 0.84 

   β-blockers 140 (69.3) 477 (67.9) 0.78 

ACE inhibitors or ARB 80 (39.6) 288 (41.0) 0.78 



 

   Statin 190 (94.1) 633 (90.2) 0.12 

Data are the mean±standard deviation or number (%). 

* Renal dysfunction was defined as a serum creatinine level ≥2.0 mg/dL.  

ACE: angiotensin-converting enzyme; ARB: angiotensin-receptor blockers; CABG: coronary 

artery bypass grafting; PCI: percutaneous coronary intervention 



 

Supplementary Table 3. Lesion and procedural characteristics. 

Total lesions  

(n=916) 

Successful 

retrograde 

approach  

(n=202 lesions) 

Successful 

antegrade-only 

approach  

(n=714 lesions) 

p-value 

Target CTO location   <0.001 

Left anterior descending 91 (45.0) 299 (42.6)  

Left circumflex 1 (0.5) 115 (16.4)  

Right coronary 109 (54.0) 285 (40.6)  

Left main 0 1 (0.1)  

Saphenous vein graft 1 (0.5) 2 (0.3)  

In-stent restenosis 15 (7.4) 49 (7.0) 0.95 

J-CTO score 2.5±1.0 1.7±1.0 <0.001 

Blunt stump 146 (72.6) 414 (59.1) 0.001 

Calcification at CTO 104 (51.7) 328 (46.8) 0.25 

Bending >45° 94 (46.8) 242 (34.5) 0.002 

Occlusion length ≥20 mm 96 (47.8) 168 (24.0) <0.001 

Retry lesion 63 (31.2) 73 (10.4) <0.001 

Total lesion length, mm 52.3±21.2 37.3±17.8 <0.001 

Stent type generation   0.003 

 1st-generation DES 32 (15.8) 184 (25.8)  

 2nd-generation DES 170 (84.2) 530 (74.2)  

Number of stents per lesion 2.2±0.8 1.7±0.8 <0.001 

Stent length per lesion, mm 67.6±25.4 49.7±23.9 <0.001 

Average stent diameter*, mm 3.1±0.3 3.2±0.3 0.11 

Smallest stent diameter, mm 2.9±0.4 3.0±0.4 <0.001 

Intravascular ultrasound use 184 (91.1) 648 (92.3) 0.68 

Contrast media amount, ml 529±244 387±178 <0.001 

Total fluoroscopy time, min 75±43 343±42 <0.001 

Data are the mean±standard deviation or number (%). * Average stent diameter was 

calculated using individual stent diameter values weighted by the stent length. 

CTO: chronic total occlusion; DES: drug-eluting stent; IVUS: intravascular ultrasound 



 

Supplementary Table 4. Long-term clinical outcomes. The median follow-up time in the total cohort was 4.1 years (interquartile range 2.2-

6.0). The median follow-up was 3.7 years (interquartile range 2.0-5.5) in the retrograde approach group and 4.7 years (interquartile range 2.4-

6.3) in the antegrade-only group.  

 Event rate (%) with Kaplan-Meier estimate Cox proportional hazards regression analysis* 

Total population 

(n=904 patients) 

Retrograde 

approach  

(n=202) 

Antegrade-only 

approach 

(n=702) 

p-value Hazard ratio 

95% 

confidence 

interval 

p-value 

All-cause death 16 (10.6) 27 (4.6) 0.007 2.29 1.23-4.25 0.01 

Cardiac death 8 (5.6) 16 (2.9) 0.12 1.94 0.83-4.53 0.13 

Non-cardiac death 8 (5.3) 11 (1.9) 0.02 2.79 1.12-6.95 0.03 

Myocardial infarction 12 (7.1) 24 (3.6) 0.09 1.81 0.91-3.62 0.09 

  Procedural MI  6 (3.0) 15 (2.1) 0.49 1.39 0.54-5.59 0.50 

Spontaneous MI 6 (4.1) 9 (1.5) 0.07 2.52 0.90-7.08 0.08 

Target vessel MI 8 (4.5) 18 (2.6) 0.28 1.57 0.68-3.62 0.29 

Target vessel spontaneous 

MI 
2 (1.5) 3 (0.5) 0.30 2.51 0.42-15.02 0.31 

Cardiac death and  

target vessel MI 
14 (8.9) 33 (5.3) 0.15 1.58 0.84-2.94 0.16 

Any repeat 

revascularisation/reocclusion 
20 (13.3) 55 (9.6) 0.19 1.41 0.85-2.35 0.19 

Target lesion total 

reocclusion 
5 (3.4) 12 (2.0) 0.39 1.58 0.56-4.49 0.39 



 

TVR/reocclusion 14 (9.4) 27 (4.6) 0.03 2.01 1.06-3.84 0.03 

TLR/reocclusion 13 (8.7) 26 (4.4) 0.048 1.94 1.00-3.77 0.052 

Stent thrombosis† 

(definite/probable) 
2 (1.7) 6 (1.2) 0.79 1.24 0.25-6.15 0.79 

Target vessel failure‡ 27 (17.1) 58 (9.5) 0.01 1.78 1.13-2.82 0.01 

MACE§ 41 (25.6) 98 (16.3) 0.01 1.61 1.12-2.32 0.01 

* Hazard ratios were calculated for the retrograde approach group compared with the antegrade-only group. 

† The frequency of stent thrombosis was also assessed according to Academic Research Consortium definitions. 

‡ Target vessel failure was defined as a composite of death from cardiac causes, target vessel MI, TVR/reocclusion. 

§ MACE (major adverse cardiac events) was defined as a composite of all-cause death, any MI, or any revascularisation/reocclusion. 

MI: myocardial infarction; TLR: target lesion revascularisation; TVR: target vessel revascularisation



 

Supplementary Table 5. Association of various characteristics with the primary outcome. 

Values are odds ratios (95% confidence interval).  

* Renal dysfunction was defined as a serum creatinine level ≥2.0 mg/dL or dialysis.  

† Hazard ratios were calculated for patients with a clinical presentation of ACS compared with those with stable angina. 

ACS: acute coronary syndrome; CTO: chronic total occlusion; NA: not applicable 

Variables Univariate  p-value Multivariate p-value 

Age  1.01 (0.99–1.03) 0.48  

Diabetes mellitus 0.85 (0.52–1.37) 0.50  

Renal dysfunction* 3.23 (1.34–7.76) 0.009 3.33 (1.42–7.83) 0.006 

Clinical presentation of ACS† 1.98 (1.24–3.14) 0.004 1.99 (1.26–3.14) 0.003 

Left ventricular ejection fraction 0.99 (0.97–1.02) 0.81  

CTO located in the left anterior descending artery 1.02 (0.65–1.58) 0.95  

J-CTO score  1.21 (0.98–1.49) 0.08 1.23 (1.00–1.51) 0.047 

Stent number of the target vessel  1.16 (0.89–1.50) 0.27   

Smallest stent diameter of the target vessel 0.44 (0.22–0.86) 0.02 0.39 (0.21–0.74) 0.004 



 

Supplementary Table 6. In-hospital and long-term clinical outcomes of the retrograde approach according to the technique used.  

Total cases  

(n=243 lesions) 

CART/    

reverse CART  

(n=78) 

Direct true lumen 

passing 

(n=57) 

Wire mark 

technique 

(n=33) 

Retrograde 

failure/halt 

(n=75) 

p-value 

In-hospital MACCE* 2 (2.6) 3 (5.3) 2 (6.1) 4 (5.3) 0.79 

  Death 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)   

  Procedure-related MI 2 (2.6) 2 (3.5) 2 (6.1) 3 (4.0) 0.84 

  Urgent repeat revascularisation 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.3) 0.52 

Cardiac tamponade  

requiring intervention 
0 (0.0) 1 (0.0) 1 (3.0) 0 (0.0) 0.35 

  Stroke 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.3) 0.52 

Long-term clinical outcomes† 

(n=202 patients) 

CART/     

reverse CART 

 (n=77) 

Direct true lumen 

passing 

(n=57) 

Wire mark 

technique 

(n=33) 

Retrograde 

failure/halt 

(n=35) 

 

All-cause death 7 (12.3) 4 (9.8) 2 (9.0) 3 (10.1) 0.95 

Cardiac death 4 (7.0) 3 (7.7) 1 (5.0) 0 (0.0) 0.50 

Target vessel MI 3 (3.9) 3 (7.2) 2 (6.1) 0 (0.0) 0.56 

TVR/reocclusion 7 (12.0) 4 (10.3) 0 (0.0) 3 (10.9) 0.39 

Target vessel failure 13 (21.3) 8 (19.0) 3 (11.0) 3 (10.9) 0.49 



 

* In-hospital MACCE was analysed in 243 cases from the whole retrograde approach group and included any of the following adverse events 

prior to hospital discharge: death from any cause, periprocedural myocardial infarction (MI), urgent target vessel revascularisation with PCI 

or bypass surgery, tamponade requiring intervention, and stroke. 

† Long-term clinical outcomes were analysed with Kaplan-Meier estimates in 202 patients who underwent successful stent implantation.   

CART: controlled antegrade and retrograde subintimal tracking; MACCE: major adverse cardiac and cerebrovascular events; MI: myocardial 

infarction; TVR: target vessel revascularisation 


