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Abstract
Aims: The aim of the study was to assess the long-term outcomes of coronary chronic total occlusion 
(CTO) lesions after retrograde percutaneous coronary intervention (PCI) in comparison with those after 
antegrade PCI alone.

Methods and results: A total of 842 consecutive patients (928 CTO lesions) undergoing PCI and subse-
quent follow-up were classified into two groups: retrograde PCI for at least one CTO (n=302, retrograde 
group) and antegrade PCI alone (n=540, antegrade group). The total procedural success rate was 89.7%. 
The retrograde group had significantly higher incidences of periprocedural myocardial infarction and coro-
nary perforation (7.3% vs. 3.7%, p=0.01; 7.9% vs. 4.4%, p=0.04, respectively). Median follow-up duration 
was 7.7 (interquartile range 5.6-8.7) years. Seven-year relative risk comparing the retrograde and antegrade 
groups was neutral in all-cause death (adjusted HR [aHR] 1.06, 95% CI: 0.75-1.49; p=0.745), cardiac death 
(aHR 0.85, 95% CI: 0.47-1.55; p=0.598), coronary artery bypass grafting (aHR 1.62, 95% CI: 0.74-3.54; 
p=0.229), and non-target vessel revascularisation (aHR 0.96, 95% CI: 0.78-1.17; p=0.663).

Conclusions: Retrograde CTO PCI did not lead to worse long-term outcomes despite increased risk in 
periprocedural myocardial infarction and coronary perforation.
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Abbreviations
BMS bare metal stent
CABG coronary artery bypass grafting
CK-MB creatine kinase-myocardial band
CTO chronic total occlusion
DES drug-eluting stent
MI myocardial infarction
PCI percutaneous coronary intervention
TVR target vessel revascularisation

Introduction
Successful percutaneous coronary intervention (PCI) for chronic 
total occlusion (CTO) lesions is associated with improvement in 
quality of life and left ventricular function, reduction in long-
term mortality, and less need for coronary artery bypass grafting 
(CABG)1-6. The introduction of techniques such as the retrograde 
approach has contributed to the procedural success7-9. In patients 
undergoing the retrograde procedure using a coronary collateral 
circulation of the target occluded vessel, however, procedural 
complications such as collateral channel injury and donor artery 
dissection have been reported10,11. The aim of this study was to 
assess the long-term clinical outcomes of retrograde PCI in com-
parison with those of antegrade PCI alone in a consecutive series 
of patients undergoing CTO PCI.

Editorial, see page 1163

Methods
STUDY DESIGN AND PROTOCOL
All patients undergoing PCI for at least one CTO lesion at 
Kurashiki Central Hospital between October 2005 and December 
2009 were included in this study. We introduced the retrograde 
approach in October 2005. Data were prospectively entered 
into a clinical database at the time of PCI by the operator or 
the attending physician. The retrograde group included patients 
who had received the retrograde approach for at least one CTO 
lesion. The retrograde approach was indicated if a guidewire 
was inserted into a collateral channel from a donor vessel of the 
target CTO vessel. Regarding patients in whom CTO PCI was 
performed multiple times, if they were treated by the retrograde 
approach at least once, they were assigned to the retrograde 
group. The use of the retrograde approach was dependent on the 
operator’s discretion. Heparin was administered to achieve an 
activated clotting time of more than 300 seconds. An antiplate-
let agent regimen consisted of aspirin indefinitely and thieno-
pyridine (ticlopidine 200 mg or clopidogrel 75 mg daily) for at 
least 12 months after drug-eluting stent (DES) implantation and 
at least one month after bare metal stent implantation or balloon 
angioplasty.

The study was carried out in accordance with the provisions of 
the Declaration of Helsinki and the guidelines for epidemiological 
studies issued by the Ministry of Health, Labour and Welfare of 
Japan. Informed consent was provided for research purposes. The 
study was approved by the institutional ethics committee.

DEFINITIONS AND STUDY ENDPOINTS
CTO was defined as coronary artery obstruction of Thrombolysis 
In Myocardial Infarction (TIMI) flow grade 0 that lasted more 
than three months. The duration of the occlusion was estimated 
from the onset of clinical events such as history of a sudden 
onset, aggravation of chest symptoms, or angiographic find-
ings. Lesion complexity of a target CTO lesion was assessed 
using the J-CTO score12. Quantitative assessment was performed 
using a commercially available software package (QCA-CMS 
6.0; Medis, Leiden, the Netherlands). The occlusion length was 
defined as the length from the proximal occlusion to the dis-
tal retrograde filling from contralateral collaterals. Multivessel 
disease was defined as the presence of at least one stenosis of 
>50% in another major branch. Death from uncertain causes and 
sudden death were regarded as cardiac death. Creatine kinase-
myocardial band (CK-MB) levels of all the patients were meas-
ured before PCI and between 12 and 24 hours after PCI in all 
patients. Myocardial infarction (MI) was defined according to the 
Academic Research Consortium definitions13. Periprocedural MI 
was defined as CK-MB levels elevated to >3-fold the upper limit 
of normal. Coronary perforation was defined as medically treated 
perforation for any contrast pool or evidence of contrast leak into 
the myocardium, the cardiac chambers, and the pericardial space 
and was also defined as the combination of target CTO vessel 
perforation and collateral channel perforation. Contrast-induced 
nephropathy was defined as an elevation in the peak serum creati-
nine of ≥0.5 mg/dl from the baseline after PCI. Target CTO ves-
sel perforation was defined as perforation in the major vessel and 
distal vessel branch of a target CTO vessel. Target vessel revas-
cularisation (TVR) was defined as either PCI or CABG resulting 
from restenosis or thrombosis after successful PCI. Procedural 
success was defined as successful CTO recanalisation with final 
% diameter stenosis <50% by quantitative coronary angiography 
(QCA) and TIMI flow grade 3. We evaluated the following clini-
cal outcomes: all-cause death, cardiac death, CABG, and non-tar-
get vessel revascularisation. Non-target vessel revascularisation 
was defined as PCI or CABG including staged PCI for a vessel 
other than the target CTO vessel.

Follow-up information was collected either by reviewing the 
hospital charts and medical records obtained from other hospi-
tals or by contacting patients and/or their referring physicians. 
We checked the condition of the patients every year to ensure the 
accurate assessment of the clinical endpoints.

STATISTICAL ANALYSIS
Categorical variables are expressed as numbers and percentages, 
and were compared using the chi-square test. Continuous variables 
are presented as mean±standard deviation or median (interquartile 
range). Continuous variables were compared using the Student’s 
t-test or the Wilcoxon rank-sum test. Follow-up was censored at 
the last follow-up date. The cumulative incidence was calculated 
using Kaplan-Meier curves, and differences were assessed using the 
log-rank test. Cox proportional hazards models were constructed 
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to adjust the potential confounders at seven years after the proce-
dure. We evaluated the risk of retrograde PCI relative to that of ante-
grade PCI alone for individual endpoints, which were expressed as 
hazard ratios (HR) and 95% confidence intervals (CI). We selected 
variables with a p-value <0.1 in the univariate Cox models to deter-
mine the independent risk factors. The risk-adjusting variables in the 
Cox proportional hazards models included five clinically relevant 
factors, listed in Table 1. Proportional hazards assumptions for the 
variables were assessed on the plots of log (time) versus log (-log 
[survival]) stratified by each variable and were verified to be accept-
able for all the variables. All statistical analyses were performed 
using IBM SPSS Statistics, Version 23 (IBM Corp., Armonk, NY, 
USA). All reported p-values were two-sided, and p-values of <0.05 
were considered statistically significant.

Results
PATIENTS, LESIONS, AND PROCEDURAL CHARACTERISTICS
A total of 842 consecutive patients (928 CTO lesions) under-
going PCI and subsequent follow-up were classified into two 
groups: retrograde PCI (n=302, retrograde group) and antegrade 
PCI alone (n=540, antegrade group). Baseline patient and lesion 

characteristics are summarised in Table 1 and Table 2. In the ret-
rograde group, the selected channels were septal in 170 lesions 
(53.3%), epicardial in 123 (38.6%), and bypass graft in 26 (8.2%). 
The ipsilateral collateral channel was used in 14 lesions. In suc-
cessful channel crossing, retrograde direct wire crossing was 
performed in 100 lesions (40.0%), kissing wire in 60 (24.0%), con-
trolled antegrade and retrograde tracking (CART) in 28 (11.2%), 
and reverse CART in 29 (11.6%)7,8. Balloon dilatation of the septal 
collateral channel was performed in 84 lesions (26.3%).

IN-HOSPITAL OUTCOMES
The procedural success rate of CTO PCI was 89.7%. The proce-
dural success rate was significantly higher in the antegrade group 
than in the retrograde group (Table 3). Between the two groups, 
the retrograde group had significantly higher rates in periproce-
dural MI and coronary perforation, but there was no significant 
difference in periprocedural MI with >5-fold CK-MB elevation 
(2.0% vs. 1.9%, p=0.89) and Ellis classification grade Ш of coro-
nary perforation (0.3% vs. 0.6%, p=1.0). In the retrograde group, 
four patients experienced dissection of the donor artery, two of 
them during contralateral injection before the retrograde approach.

Table 1. Baseline patient characteristics.

Overall population 
(n=842)

Retrograde  
(n=302)

Antegrade alone 
(n=540)

p-value

Age (years) 66.4±11.7 64.7±10.9 67.4±10.9 <0.01

≥75 years* 218 (25.9) 60 (19.9) 158 (29.3) <0.01

Male sex 694 (82.4) 259 (85.8) 435 (80.6) 0.06

History of CABG 98 (11.6) 58 (19.2) 40 (7.4) <0.01

LVEF (%) 52.9±11.5 52.5±11.4 53.1±11.6 0.44

Low LVEF ≤40%* 137 (16.3) 51 (16.9) 86 (15.9) 0.72

History of MI 334 (39.7) 126 (41.7) 208 (38.5) 0.36

Multivessel disease* 392 (46.6) 131 (43.4) 261 (48.3) 0.17

eGFR (ml/min/1.73 m2) 61.2±22.7 60.7±22.8 61.5±22.6 0.22

Low eGFR <30* 75 (8.9) 27 (8.9) 48 (8.9) 0.98

On haemodialysis 42 (5.0) 16 (5.3) 26 (4.8) 0.76

Hypertension 644 (76.5) 232 (76.8) 412 (76.3) 0.86

Dyslipidaemia 560 (66.5) 212 (70.2) 348 (64.4) 0.09

Current smoker 128 (15.2) 42 (13.9) 86 (15.9) 0.43

Diabetes mellitus* 336 (39.9) 110 (36.4) 226 (41.9) 0.12

Insulin treated 97 (11.5) 32 (10.6) 65 (12.0) 0.53

Family history of IHD 152 (18.1) 51 (16.9) 101 (18.7) 0.51

Medications Aspirin 842 (100) 302 (100) 540 (100) 1.0

Thienopyridine 836 (99.3) 296 (98.0) 540 (100) <0.01

Statins 507 (60.2) 189 (62.6) 318 (58.9) 0.29

ß-blockers 244 (29.0) 97 (32.1) 147 (27.2) 0.13

ACE-I/ARB 452 (53.7) 166 (55.0) 286 (53.0) 0.58

Calcium channel blockers 380 (45.1) 144 (47.7) 236 (43.7) 0.27

Values are expressed as mean±standard deviation or n (%). *Risk-adjusting variables selected for Cox proportional hazards models. ACE-I: angiotensin-
converting enzyme inhibitors; ARB: angiotensin receptor blockers; CABG: coronary artery bypass graft; eGFR: estimated glomerular filtration rate; 
IHD: ischaemic heart disease; LVEF: left ventricular ejection fraction; MI: myocardial infarction
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LONG-TERM CLINICAL OUTCOMES
The median follow-up duration of surviving patients was 7.7 (inter-
quartile range: 5.6-8.7) years. Clinical follow-up at seven years after 
the procedure was completed in 72.2%. The cumulative incidences 
in the retrograde group relative to those in the antegrade group were 
neutral for all-cause death (27.7% vs. 31.8%, p=0.549) (Figure 1A), 
cardiac death (9.9% vs. 12.5%, p=0.646) (Figure 1B), CABG (4.8% 
vs. 4.0%, p=0.446) (Figure 1C), and non-target vessel revasculari-
sation (54.0% vs. 55.8%, p=0.338) (Figure 1D). The frequencies of 
non-target vessel revascularisation performed within 30 days after 
the procedure were 29.8% in the retrograde group and 35.7% in 
the antegrade group. The frequencies of non-target vessel revascu-
larisation beyond one year were 1.8% per year in the retrograde 
group and 1.3% per year in the antegrade group. The univariate 
predictors of cumulative all-cause death at seven years are shown 
in Table 4. Even after adjusting for confounders, the incidences 
in the retrograde group relative to those in the antegrade group 
remained neutral for the above-mentioned four categories (Table 5). 
Baseline patient and lesion characteristics of a successful CTO PCI 
subgroup analysis are summarised in Supplementary Table 1 and 
Supplementary Table 2. The cumulative incidence of TVR was 
significantly higher in the retrograde group than in the antegrade 
group (54.6% vs. 38.8%, p=0.045) (Figure 2).

Discussion
The main findings of this study are as follows: 1) retrograde CTO 
PCI in comparison with antegrade PCI alone was not associated 
with adjusted risks for all-cause death, cardiac death, CABG, and 

non-target vessel revascularisation during long-term follow-up, 
whereas the incidences of periprocedural MI and coronary perfo-
ration were significantly higher in patients undergoing retrograde 
PCI using a coronary collateral circulation of the target occluded 
vessel than in those undergoing antegrade PCI alone; 2) the inci-
dence of TVR in successful CTO PCI was significantly higher in 
patients undergoing retrograde PCI than in those undergoing ante-
grade PCI alone.

Several studies have reported that complex retrograde proce-
dures for CTO lesions, compared with antegrade procedures, led 
to an increased risk of periprocedural MI14,15. Recently, Lo et al 
have reported that periprocedural myocardial injury was more 
common with the retrograde approach than with the antegrade 
approach and was associated with worse subsequent clinical out-
comes during midterm follow-up14. Furthermore, Lee et al have 
reported that periprocedural myocardial injury was associated 
with an increased risk of long-term mortality after successful CTO 
PCI, and some studies have reported that elevation of CK-MB 
levels after PCI was associated with an increased long-term mor-
tality risk16,17. In our study, the incidence of periprocedural MI 
was higher after retrograde PCI than after antegrade PCI alone. 
A higher lesion complexity and a more complex recanalisation in 
the retrograde group might have resulted in a high incidence of 
periprocedural MI in the retrograde group in comparison with the 
antegrade group. However, increased mortality risk caused by the 
retrograde approach was not observed during long-term follow-
up in our study, despite a high incidence of periprocedural MI. 
One reason may be that the number of 3- to 5-fold elevations in 

Table 2. Baseline lesion and procedural characteristics.

Overall 
(n=928)

Retrograde 
(n=319)

Antegrade alone 
(n=609)

p-value

Location of CTO LCx 201 (21.7) 38 (11.9) 163 (26.8)

<0.01
LAD 268 (28.9) 82 (25.7) 186 (30.5)

LMCA 3 (0.3) 2 (0.6) 1 (0.2)

RCA 456 (49.1) 197 (61.8) 259 (42.5)

In-stent occlusion 95 (10.2) 10 (3.1) 85 (14.0) <0.01

Prior CTO PCI 250 (26.9) 153 (48.0) 97 (15.9) <0.01

Qualitative and 
quantitative coronary 
assessment

Occlusion length, mm 16.8±14.1 24.0±17.5 13.0±9.9 <0.01

Occlusion length ≥20 mm 253 (27.3) 147 (46.1) 106 (17.4) <0.01

Reference diameter (proximal only), mm 2.8±0.7 2.9±0.7 2.7±0.6 <0.01

Rentrop collateral grade 3 814 (87.7) 285 (89.3) 529 (86.9) 0.40

J-CTO score 1.1±1.0 1.8±1.0 0.8±0.9 <0.01

Strategies for crossing 
CTO

Parallel wire method 313 (33.7) 127 (39.8) 186 (30.5) <0.01

Wire escalation 877 (94.5) 268 (84.0) 609 (100) <0.01

Dissection and re-entry 51 (5.5) 51 (16.0) 0 (0) <0.01

Rotational atherectomy 58 (6.3) 23 (7.2) 35 (5.7) 0.66

Laser angioplasty 41 (4.4) 16 (5.0) 25 (4.1) 0.78

Bilateral coronary injection 708 (76.3) 301 (94.4) 407 (66.8) <0.01

Total fluoro time, min 63.1±40.1 96.6±41.1 45.4±25.6 <0.01

Total contrast volume, ml 298.4±120.3 357.4±118.7 267.1±109.0 <0.01

Values are expressed as mean±standard deviation or n (%). CTO: chronic total occlusion; LAD: left anterior descending coronary artery; LCx: left 
circumflex coronary artery; LMCA: left main coronary artery; PCI: percutaneous coronary intervention; RCA: right coronary artery
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Figure 1. Cumulative incidences in the retrograde group relative to those in the antegrade group. A) All-cause death. B) Cardiac death. 
C) Coronary artery bypass grafting. D) Non-target vessel revascularisation.

100

80

60

40

20

0
0 2 4 6 8 10

In
ci

de
nc

e 
(%

)

Years after procedure

Retrograde
Antegrade alone

Log-rank p=0.045

Retrograde
Cumulative incidence   28.5% 33.3% 37.3% 44.5% 54.6%
No. of patients at risk 248 158 129 83 38 10

Antegrade alone
Cumulative incidence   23.8% 29.4% 32.7% 34.5% 38.8%
No. of patients at risk 507 357 299 216 121 21

Figure 2. Cumulative incidences of TVR after successful PCI for CTO lesions in the retrograde group relative to those in the antegrade group. 
CTO: chronic total occlusion; PCI: percutaneous coronary intervention; TVR: target vessel revascularisation
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Table 3. Procedural outcomes and in-hospital adverse events.

Overall population 
(n=842)

Retrograde  
(n=302)

Antegrade alone 
(n=540)

p-value

Procedural success 755 (89.7) 248 (82.1) 507 (93.9) <0.01

All-cause death 4 (0.5) 1 (0.3) 3 (0.6) 1.0

Cardiac death 3 (0.4) 1 (0.3) 2 (0.4) 1.0

Periprocedural MI 42 (5.0) 22 (7.3) 20 (3.7) 0.01

Q-wave myocardial infarction 1 (0.1) 1 (0.3) 0 (0) 0.37

Peak CK-MB, IU/ml 6.0 (3.6-5.2) 6.7 (4.7-10.1) 5.8 (4.2-8.4) <0.01

Peak CK-MB ≤3-fold 800 (95.0) 280 (92.7) 520 (96.3)

0.03
3 to 5-fold 26 (3.1) 16 (5.3) 10 (1.9)

5 to 10-fold 8 (1.0) 4 (1.3) 4 (0.7)

>10-fold 8 (1.0) 2 (0.6) 6 (1.1)

Emergent TVR 2 (0.2) 0 (0) 2 (0.4) 0.54

Emergent CABG 0 (0) 0 (0) 0 (0) 1.0

Stroke 4 (0.5) 1 (0.3) 3 (0.6) 1.0

Donor artery dissection 6 (0.7) 4 (1.3) 2 (0.4) 0.13

Coronary perforation 48 (5.7) 24 (7.9) 24 (4.4) 0.04

Target CTO vessel 37 (4.4) 13 (4.3) 24 (4.4) 0.92

Collateral channel – 11 (3.6) – –

Ellis classification I 19 (2.3) 14 (4.6) 5 (0.9)

0.051
II 24 (2.9) 9 (3.0) 15 (2.8)

III 4 (0.5) 1 (0.3) 3 (0.6)

III CS 1 (0.1) 0 (0) 1 (0.2)

Cardiac tamponade 7 (0.8) 2 (0.7) 5 (0.9) 0.69

Treatment for perforation Pericardial drainage 7 (0.8) 2 (0.7) 5 (0.9) 0.69

Covered stent 5 (0.6) 3 (1.0) 2 (0.4) 0.36

Coil embolisation 11 (1.3) 7 (2.3) 4 (0.7) 0.06

Tissue or gel foam embolisation 7 (0.8) 5 (1.7) 2 (0.4) 0.10

Balloon inflation 22 (2.6) 8 (2.6) 14 (2.6) 1.0

Surgical treatment 0 (0) 0 (0) 0 (0) 1.0

CIN 8 (1.0) 6 (2.0) 3 (0.6) 0.06

Radiation dermatitis 2 (0.2) 2 (0.7) 0 (0) 0.13

Values are expressed as median (interquartile range), or n (%). CABG: coronary artery bypass graft; CIN: contrast-induced nephropathy; 
CK-MB: creatine kinase-myocardial band; CTO: chronic total occlusion; MI: myocardial infarction

Table 4. Univariate predictors of all-cause death at 7 years.

Variables
Incidence of all-cause death

Hazard ratio (95% CI) p-value
Present Absent

Low eGFR <30 37/75 (49.3) 118/767 (15.4) 4.21 (2.91-6.10) <0.001

Age ≥75 70/218 (32.1) 85/624 (13.6) 2.71 (1.97-3.72) <0.001

Low LVEF ≤40% 47/137 (34.3) 108/705 (15.3) 2.48 (1.76-3.49) <0.001

Diabetes mellitus 79/336 (23.5) 76/506 (15.0) 1.63 (1.19-2.24) 0.002

Multivessel disease 85/392 (21.7) 70/450 (15.6) 1.41 (1.03-1.94) 0.033

Periprocedural MI 16/42 (38.1) 139/800 (17.4) 2.49 (1.49-4.18) 0.001

Procedural failure 29/96 (30.2) 126/746 (16.9) 2.21 (1.48-3.31) <0.001

Coronary perforation 8/48 (16.7) 147/794 (18.5) 0.96 (0.47-1.96) 0.920

Retrograde approach 51/302 (18.9) 104/540 (19.3) 0.92 (0.66-1.29) 0.643

Values are expressed as n/N (%). CI: confidence interval; eGFR: estimated glomerular filtration rate; HR: hazard ratio; LVEF: left ventricular 
ejection fraction; MI: myocardial infarction



e1189

EuroIntervention 2
0
1
8

;14
:e

118
3

-e
1191

Impact of retrograde CTO PCI on long-term outcomes

CK-MB levels after retrograde PCI was relatively greater than that 
after antegrade PCI alone; there was no significant difference in 
>5-fold elevation in CK-MB levels between the two groups.

Coronary perforation, a rare complication of PCI, is assoc-
iated with a high risk of in-hospital mortality. Recently, Sapontis 
et al have reported that, in the OPEN-CTO registry, a registry 
for contemporary CTO PCI, perforation occurred in 8.8% of all 
cases, 4.8% of all cases required treatment for perforation, and 
the in-hospital mortality rate was 0.9%18. Coronary perforation 
needs to be promptly and appropriately managed, for which effi-
cient preparation is essential. However, there have been few data 
on the long-term survival after coronary perforation associated 
with CTO PCI. Al-Lamee et al have reported that coronary per-
foration of Ellis classification grade Ш was associated with high 
acute and long-term rates of major adverse cardiac events19,20. 
Recently, Kinnaird et al have reported that coronary perforation 
associated with CTO PCI was observed with a legacy effect on 
the later mortality21. In our study, the incidence of coronary per-
foration requiring treatment was significantly higher in the ret-
rograde group, but increased mortality risk associated with the 
retrograde approach was not observed during long-term follow-
up. One reason may be that the incidences of feared coronary 
perforation of Ellis classification grade Ш and cardiac tampon-
ade were low and there was no significant difference between 
the two groups.

In our study, the incidence of TVR after successful PCI during 
long-term follow-up was significantly higher in patients undergo-
ing retrograde PCI than in those undergoing antegrade PCI alone. 
Michael et al have reported that the incidence of target lesion 
revascularisation during long-term follow-up was significantly 
higher in successful retrograde PCI than in successful antegrade 
PCI22. Some studies have reported a worse prognosis in lesions 
including higher J-CTO scores23,24. Moreover, longer total stent 
length using first-generation DES is reported to increase the inci-
dence of target lesion revascularisation25. Additionally, first-gener-
ation DES implantation after a dissection and re-entry technique 
used in the retrograde approach may be associated with higher 
restenosis rates26. The fact that the retrograde group included 
patients with higher lesion complexity, more complex procedure, 
and a longer stent length than the antegrade group might have 
resulted in a higher incidence of TVR in the retrograde group than 
in the antegrade group.

Limitations
First, this is a non-randomised single-centre study with a rela-
tively small sample size. Second, it has a selection bias because 
the selection of strategies was dependent on the operator’s dis-
cretion. Third, the underestimation of the presence of calcifica-
tion and the degree of tortuosity due to a visual assessment might 
have been related to the relatively low J-CTO score. However, the 
J-CTO score of the retrograde group was significantly higher than 
that of the antegrade group. Fourth, the seven-year clinical fol-
low-up results of 27.8% of the initial cohort were missing. Fifth, 
the study sample had fewer previous CABG histories, suggesting 
that this may be a lower-risk group than the general population. 
Sixth, the guidewires and the other devices used for CTO recanal-
isation have been improved. The procedural outcomes in the study 
period might be different from those in contemporary CTO prac-
tice. Finally, the incidence of TVR might differ between first- and 
second-generation DES, and first-generation DES were predomi-
nantly used in this study.

Conclusions
Retrograde PCI for CTO lesions did not lead to worse long-term 
clinical outcomes despite increased risks of periprocedural MI and 
coronary perforation. The incidence of TVR in successful CTO 
PCI was significantly higher in patients undergoing retrograde PCI 
than in those undergoing antegrade PCI alone.

Impact on daily practice
Retrograde PCI for CTO lesions has contributed to improving the 
procedural success rates and did not lead to worse long-term clini-
cal outcomes despite increased risks of periprocedural myocar-
dial infarction and coronary perforation. The incidence of TVR in 
successful CTO PCI was significantly higher in patients undergo-
ing retrograde PCI than in those undergoing antegrade PCI alone 
using predominantly first-generation DES. We need to assess 
the long-term TVR in the second-generation DES of retrograde 
PCI for CTO lesions in comparison with antegrade PCI alone.
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Table 5. Unadjusted and adjusted risks for clinical events at 7 years.

Outcome
Retrograde 
(n=302)

Antegrade alone 
(n=540)

Unadjusted Adjusted

No. of events (incidence) HR (95% CI) p-value HR (95% CI) p-value

All-cause death 51 (18.9%) 104 (21.3%) 0.92 (0.66-1.29) 0.643 1.06 (0.75-1.49) 0.745

Cardiac death 16 (6.1%) 37 (8.2%) 0.82 (0.45-1.47) 0.494 0.85 (0.47-1.55) 0.598

CABG 12 (4.8%) 14 (2.8%) 1.59 (0.74-3.45) 0.236 1.62 (0.74-3.54) 0.229

Non-target vessel revascularisation 148 (53.1%) 276 (52.7%) 0.92 (0.76-1.13) 0.431 0.96 (0.78-1.17) 0.663

Cumulative incidence was estimated by the Kaplan-Meier method. CABG: coronary artery bypass graft; CI: confidence interval; HR: hazard ratio



e1190

EuroIntervention 2
0
1
8

;14
:e

118
3

-e
1191

Conflict of interest statement
The authors have no conflicts of interest to declare.

References
 1. Olivari Z, Rubartelli P, Piscione F, Ettori F, Fontanelli A, 
Salemme L, Giachero C, Di Mario C, Gabrielli G, Spedicato L, 
Bedogni F; TOAST-GISE Investigators. Immediate results and 
one-year clinical outcome after percutaneous coronary interven-
tions in chronic total occlusions: data from a multicenter, prospec-
tive, observational study (TOAST-GISE). J Am Coll Cardiol. 
2003;41:1672-8.
 2. Hoye A, van Domburg RT, Sonnenschein K, Serruys PW. 
Percutaneous coronary intervention for chronic total occlusions: 
the Thoraxcenter experience 1992-2002. Eur Heart J. 2005;26: 
2630-6.
 3. Borgia F, Viceconte N, Ali O, Stuart-Buttle C, 
Saraswathyamma A, Parisi R, Mirabella F, Dimopoulos K, Di 
Mario C. Improved cardiac survival, freedom from MACE and 
angina-related quality of life after successful percutaneous reca-
nalization of coronary artery chronic total occlusions. Int J Cardiol. 
2012;161:31-8.
 4. Cheng AS, Selvanayagam JB, Jerosch-Herold M, van 
Gaal WJ, Karamitsos TD, Neubauer S, Banning AP. Percutaneous 
treatment of chronic total coronary occlusions improves regional 
hyperemic myocardial blood flow and contractility: insights from 
quantitative cardiovascular magnetic resonance imaging. JACC 
Cardiovasc Interv. 2008;1:44-53.
 5. Yamamoto E, Natsuaki M, Morimoto T, Furukawa Y, 
Nakagawa Y, Ono K, Mitsudo K, Nobuyoshi M, Doi O, Tamura T, 
Tanaka M, Kimura T; CREDO-Kyoto PCI/CABG Registry 
Cohort-2 Investigators. Long-term outcomes after percutaneous 
coronary intervention for chronic total occlusion (from the CREDO-
Kyoto registry cohort-2). Am J Cardiol. 2013;112:767-74.
 6. George S, Cockburn J, Clayton TC, Ludman P, Cotton J, 
Spratt J, Redwood S, de Belder M, de Belder A, Hill J, Hoye A, 
Palmer N, Rathore S, Gershlick A, Di Mario C, Hildick-Smith D; 
British Cardiovascular Intervention Society; National Institute for 
Cardiovascular Outcomes Research. Long-term follow-up of elec-
tive chronic total coronary occlusion angioplasty: analysis from 
the U.K. Central Cardiac Audit Database. J Am Coll Cardiol. 
2014;64:235-43.
 7. Surmely JF, Tsuchikane E, Katoh O, Nishida Y, Nakayama M, 
Nakamura S, Oida A, Hattori E, Suzuki T. New concept for CTO 
recanalization using controlled antegrade and retrograde subinti-
mal tracking: the CART technique. J Invasive Cardiol. 2006;18: 
334-8.
 8. Kimura M, Katoh O, Tsuchikane E, Nasu K, Kinoshita Y, 
Ehara M, Terashima M, Matsuo H, Matsubara T, Asakura K, 
Asakura Y, Nakamura S, Oida A, Takase S, Reifart N, Di Mario C, 
Suzuki T. The efficacy of a bilateral approach for treating lesions 
with chronic total occlusions the CART (controlled antegrade and 
retrograde subintimal tracking) registry. JACC Cardiovasc Interv. 
2009;2:1135-41.

 9. Rathore S, Matsuo H, Terashima M, Kinoshita Y, Kimura M, 
Tsuchikane E, Nasu K, Ehara M, Asakura Y, Katoh O, Suzuki T. 
Procedural and in-hospital outcomes after percutaneous coronary 
intervention for chronic total occlusions of coronary arteries 2002 
to 2008: impact of novel guidewire techniques. JACC Cardiovasc 
Interv. 2009;2:489-97.
 10. Okamura A, Yamane M, Muto M, Matsubara T, Igarashi Y, 
Nakamura S, Muramatsu T, Fujita T, Oida A, Tsuchikane E. 
Complications during retrograde approach for chronic coronary 
total occlusion: Sub-analysis of Japanese multicenter registry. 
Catheter Cardiovasc Interv. 2016;88:7-14.
 11. Shorrock D, Michael TT, Patel V, Kotsia A, Rangan BV, 
Abdullah SA, Grodin JM, Banerjee A, Brilakis ES. Frequency and 
outcomes of aortocoronary dissection during percutaneous coro-
nary intervention of chronic total occlusions: a case series and sys-
tematic review of the literature. Catheter Cardiovasc Interv. 
2014;84:670-5.
 12. Morino Y, Abe M, Morimoto T, Kimura T, Hayashi Y, 
Muramatsu T, Ochiai M, Noguchi Y, Kato K, Shibata Y, Hiasa Y, 
Doi O, Yamashita T, Hinohara T, Tanaka H, Mitsudo K; J-CTO 
Registry Investigators. Predicting successful guidewire crossing 
through chronic total occlusion of native coronary lesions within 
30 minutes: the J-CTO (Multicenter CTO Registry in Japan) score 
as a difficulty grading and time assessment tool. JACC Cardiovasc 
Interv. 2011;4:213-21.
 13. Cutlip DE, Windecker S, Mehran R, Boam A, Cohen DJ, van 
Es GA, Steg PG, Morel MA, Mauri L, Vranckx P, McFadden E, 
Lansky A, Hamon M, Krucoff MW, Serruys PW; Academic 
Research Consortium. Clinical end points in coronary stent trials: 
a case for standardized definitions. Circulation. 2007;115: 
2344-51.
 14. Lo N, Michael TT, Moin D, Patel VG, Alomar M, 
Papayannis A, Cipher D, Abdullah SM, Banerjee S, Brilakis ES. 
Periprocedural myocardial injury in chronic total occlusion percu-
taneous interventions: a systematic cardiac biomarker evaluation 
study. JACC Cardiovasc Interv. 2014;7:47-54.
 15. Werner GS, Coenen A, Tischer KH. Periprocedural ischaemia 
during recanalisation of chronic total coronary occlusions: the influ-
ence of the transcollateral retrograde approach. EuroIntervention. 
2014;10:799-805.
 16. Lee SW, Lee PH, Kang SH, Choi H, Chang M, Roh JH, 
Yoon SH, Ahn JM, Park DW, Kang SJ, Kim YH, Lee CW, Park SW, 
Park SJ. Determinants and Prognostic Significance of Periprocedural 
Myocardial Injury in Patients With Successful Percutaneous 
Chronic Total Occlusion Interventions. JACC Cardiovasc Interv. 
2016;9:2220-8.
 17. Ioannidis JP, Karvouni E, Katritsis DG. Mortality risk con-
ferred by small elevations of creatine kinase-MB isoenzyme after 
percutaneous coronary intervention. J Am Coll Cardiol. 2003;42: 
1406-11.
 18. Sapontis J, Salisbury AC, Yeh RW, Cohen DJ, Hirai T, 
Lombardi W, McCabe JM, Karmpaliotis D, Moses J, Nicholson WJ, 
Pershad A, Wyman RM, Spaedy A, Cook S, Doshi P, Federici R, 



e1191

EuroIntervention 2
0
1
8

;14
:e

118
3

-e
1191

Impact of retrograde CTO PCI on long-term outcomes

Thompson CR, Marso SP, Nugent K, Gosch K, Spertus JA, 
Grantham JA. Early Procedural and Health Status Outcomes After 
Chronic Total Occlusion Angioplasty: A Report From the OPEN 
CTO Registry (Outcomes, Patient Health Status, and Efficiency in 
Chronic Total Occlusion Hybrid Procedures). JACC Cardiovasc 
Interv. 2017;10:1523-34.
 19. Al-Lamee R, Ielasi A, Latib A, Godino C, Ferraro M, 
Mussardo M, Arioli F, Carlino M, Montorfano M, Chieffo A, 
Colombo A. Incidence, predictors, management, immediate and 
long-term outcomes following grade III coronary perforation. 
JACC Cardiovasc Interv. 2011;4:87-95.
 20. Ellis SG, Ajluni S, Arnold AZ, Popma JJ, Bittl JA, Eigler NL, 
Cowley MJ, Raymond RE, Safian RD, Whitlow PL. Increased 
coronary perforation in the new device era. Incidence, classifica-
tion, management, and outcome. Circulation. 1994;90:2725-30.
 21. Kinnaird T, Anderson R, Ossei-Geming N, Cockburn J, 
Sirker A, Ludman P, deBelder M, Walsh S, Smith E, Hanratty C, 
Spratt J, Strange J, Hildick-Smith D, Mamas MA; British 
Cardiovascular Intervention Society and the National Institute for 
Cardiovascular Outcomes Research. Legacy Effect of Coronary 
Perforation Complicating Percutaneous Coronary Intervention for 
Chronic Total Occlusive Disease: An Analysis of 26 807 Cases 
From the British Cardiovascular Intervention Society Database. 
Circ Cardiovasc Interv. 2017;10:e004642.
 22. Michael TT, Mogabgab O, Alomar M, Kotsia A, 
Christopoulos G, Rangan BV, Abdullah S, Grodin J, Banerjee S, 
Brilakis ES. Long-term outcomes of successful chronic total occlu-
sion percutaneous coronary interventions using the antegrade and 
retrograde approach. J Interv Cardiol. 2014;27:465-71.
 23. Tanaka H, Morino Y, Abe M, Kimura T, Hayashi Y, 
Muramatsu T, Ochiai M, Noguchi Y, Kato K, Shibata Y, Hiasa Y, 
Doi O, Yamashita T, Morimoto T, Hinohara T, Fujii T, Mitsudo K. 
Impact of J-CTO score on procedural outcome and target lesion 
revascularization after percutaneous coronary intervention for 

chronic total occlusion: a substudy of the J-CTO Registry 
(Multicentre CTO Registry in Japan). EuroIntervention. 2016;11: 
981-8.
 24. Galassi AR, Sianos G, Werner GS, Escaned J, Tomasello SD, 
Boukhris M, Castaing M, Büttner JH, Bufe A, Kalnins A, Spratt JC, 
Garbo R, Hildick-Smith D, Elhadad S, Gagnor A, Lauer B, 
Bryniarski L, Christiansen EH, Thuesen L, Meyer-Gessner M, 
Goktekin O, Carlino M, Louvard Y, Lefèvre T, Lismanis A, 
Gelev VL, Serra A, Marza F, Di Mario C, Reifart N; Euro CTO 
Club. Retrograde Recanalization of Chronic Total Occlusions in 
Europe: Procedural, In-Hospital, and Long-Term Outcomes From 
the Multicenter ERCTO Registry. J Am Coll Cardiol. 2015; 
65:2388-400.
 25. Shirai S, Kimura T, Nobuyoshi M, Morimoto T, Ando K, 
Soga Y, Yamaji K, Kondo K, Sakai K, Arita T, Goya M, Iwabuchi M, 
Yokoi H, Nosaka H, Mitsudo K; j-Cypher Registry Investigators. 
Impact of multiple and long sirolimus-eluting stent implantation on 
3-year clinical outcomes in the j-Cypher Registry. JACC Cardiovasc 
Interv. 2010;3:180-8.
 26. Valenti R, Vergara R, Migliorini A, Parodi G, Carrabba N, 
Cerisano G, Dovellini EV, Antoniucci D. Predictors of reocclusion 
after successful drug-eluting stent-supported percutaneous coro-
nary intervention of chronic total occlusion. J Am Coll Cardiol. 
2013;61:545-50. 

Supplementary data
Supplementary Table 1. Patient characteristics in successful PCI 
for a CTO.
Supplementary Table 2. Lesion and procedural characteristics in 
successful PCI for a CTO.

The supplementary data are published online at: 
http://www.pcronline.com/
eurointervention/144th_issue/215
 



Supplementary data 
 
Supplementary Table 1. Patient characteristics in successful PCI for a CTO. 

 Overall population 

(n=755) 

Retrograde 

(n=248) 

Antegrade alone 

(n=507) 

p-value 

Age (years) 

  ≥75 years 

Male sex 

History of CABG 

LVEF (%) 

Low LVEF ≤40% 

History of MI 

Multivessel disease 

eGFR (ml/min/1.73 m2) 

Low eGFR <30 

On haemodialysis 

Hypertension 

Dyslipidaemia 

Current smoker 

Diabetes mellitus 

 Insulin treated 

Family history of IHD 

Medications 

Aspirin 

Thienopyridine 

Statins 

ß-blockers 

ACE-I/ARB 

Calcium channel blockers 

66.3±11.0 

192 (25.4) 

625 (82.8) 

76 (10.1) 

53.1±11.5 

116 (15.4) 

296 (39.2) 

345 (45.7) 

60.9±22.0 

64 (8.5) 

32 (4.2) 

578 (76.6) 

502 (66.5) 

114 (15.1) 

298 (39.5) 

88 (11.7) 

139 (18.4) 

 

755 (100) 

755 (100) 

455 (60.3) 

215 (28.5) 

404 (53.5) 

343 (45.4) 

64.4±10.7 

44 (17.7) 

216 (87.1) 

44 (17.7) 

52.9±11.3 

37 (14.9) 

100 (40.3) 

103 (41.5) 

61.2±21.5 

22 (8.9) 

12 (4.8) 

192 (77.4) 

177 (71.4) 

33 (13.3) 

89 (35.9) 

27 (10.9) 

39 (15.7) 

 

248 (100) 

248 (100) 

159 (64.1) 

84 (33.9) 

138 (55.6) 

121 (48.8) 

67.2±11.1 

148 (29.2) 

409 (80.7) 

32 (6.3) 

53.2±11.5 

79 (15.6) 

196 (38.7) 

242 (47.7) 

61.0±22.3 

42 (8.3) 

20 (3.9) 

386 (76.1) 

325 (64.1) 

81 (16.0) 

209 (41.2) 

61 (12.0) 

100 (19.7) 

 

507 (100) 

507 (100) 

296 (58.4) 

131 (25.8) 

266 (52.5) 

222 (43.8) 

<0.01 

<0.01 

0.03 

<0.01 

0.34 

0.81 

0.66 

0.11 

0.43 

0.79 

0.57 

0.70 

0.047 

0.34 

0.16 

0.65 

0.18 

 

1.0 

1.0 

0.13 

0.02 

0.41 

0.20 

Values are expressed as mean ± standard deviation or n (%).  

CABG: coronary artery bypass graft; CTO: chronic total occlusion; IHD: ischaemic heart disease; LVEF: left ventricular ejection fraction; MI: 

myocardial infarction; PCI: percutaneous coronary intervention 

  



Supplementary Table 2. Lesion and procedural characteristics in successful PCI for a CTO. 
 Overall 

(n=834) 

Retrograde 

(n=265) 

Antegrade alone 

(n=569) 

p-value 

Location of CTO 

LCx 

LAD 

LMCA 

RCA 

In-stent occlusion 

Prior CTO PCI 

Qualitative and quantitative coronary assessment 

Occlusion length, mm 

Occlusion length ≥20 mm 

Reference diameter (proximal only), mm 

Rentrop collateral grade 3 

J-CTO score 

Strategy for crossing CTO 

Parallel wire method 

Wire escalation 

Dissection and re-entry  

Rotational atherectomy 

Laser angioplasty 

Bilateral coronary angiography 

Total fluoro time, min 

Total contrast volume, ml 

DES use 

First-generation DES 

Second-generation DES 

BMS use 

DCB use 

POBA only 

Number of stents 

Total stent length, mm 

 

178 (21.3) 

245 (29.4) 

3 (0.4) 

408 (48.9) 

90 (10.8) 

213 (25.5) 

 

16.1±13.7 

212 (25.4) 

2.8±0.7 

746 (89.4) 

1.0±1.0 

 

276 (33.1) 

784 (94.0) 

50 (6.0) 

56 (6.7) 

38 (4.6) 

627 (75.2) 

60.7±39.3 

297.2±122.3 

775 (92.9) 

760 (91.1) 

15 (1.8) 

111 (13.3) 

8 (1.0) 

30 (3.6) 

2.4±1.1 

58.4±30.6 

 

30 (11.3) 

69 (26.0) 

2 (0.8) 

164 (61.9) 

8 (3.0) 

129 (48.7) 

 

23.4±17.2 

118 (44.5) 

3.0±0.7 

239 (90.2) 

1.7±1.0 

 

109 (41.1) 

215 (81.1) 

50 (18.9) 

22 (8.3) 

14 (5.3) 

250 (94.3) 

95.9±41.2 

362.0±121.4 

257 (97.0) 

252 (95.1) 

5 (1.9) 

32 (12.1) 

0 (0) 

3 (1.1) 

2.8±1.1 

72.9±31.6 

 

148 (26.0) 

176 (30.9) 

1 (0.2) 

244 (42.9) 

82 (14.4) 

84 (14.8) 

 

12.6±9.8 

94 (16.5) 

2.7±0.6 

507 (89.1) 

0.7±0.8 

 

167 (29.3) 

569 (100) 

0 (0) 

34 (6.0) 

24 (4.2) 

377 (66.3) 

44.1±24.9 

266.5±110.2 

518 (91.0) 

508 (89.3) 

10 (1.8) 

79 (13.9) 

8 (1.4) 

27 (4.7) 

2.2±1.0 

51.5±27.6 

<0.01 

 

 

 

 

<0.01 

<0.01 

 

<0.01 

<0.01 

<0.01 

0.64 

<0.01 

 

<0.01 

<0.01 

<0.01 

0.21 

0.49 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

1.0 

0.47 

0.052 

<0.01 

<0.01 

<0.01 

Values are expressed as mean ± standard deviation or n (%). BMS: bare metal stent; CTO: chronic total occlusion; DCB: drug-coated balloon; 

DES: drug-eluting stent(s); LAD: left anterior descending coronary artery; LCx: left circumflex coronary artery; LMCA: left main coronary 

artery; POBA: plain old balloon angioplasty; RCA: right coronary artery 


