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Background: In-stent restenosis (ISR) chronic total occlusion (CTO) represents 
a challenging subgroup for revascularization of CTO by percutaneous coronary intervention 
(PCI). There are limited data on the treatment and outcomes of PCI for ISR CTO.
Objective: We aimed to evaluate the procedural results and 2-year outcomes of PCI for ISR 
CTO compared with de novo CTO.
Methods: Patients undergoing attempted CTO PCI between January 2017 and 
December 2019 were prospectively enrolled. We analyzed the procedural results and 
2-year major adverse cardiac events (MACE) in patients undergoing ISR CTO and those 
undergoing de novo CTO PCI.
Results: A total of 426 patients undergoing 484 consecutive CTO PCI (ISR CTO PCI, n=84; 
de novo CTO, n=400) were enrolled during the study period. Patients undergoing de novo 
CTO PCI had a significantly greater syntax score than those undergoing ISR CTO PCI [23.0 
(17.5, 30.5) vs 21.5 (14.5, 27.0), p=0.039]. Technical (73.8% vs 79.0%, p=0.296) and 
procedural (73.8% vs 78.0, p=0.405) success rates, as well as the incidence of major 
procedural complications (1.2% vs 2.3%, p=0.842), were comparable between the two 
groups. After a median follow-up of 20 months, patients who underwent ISR CTO PCI 
had a significantly higher incidence of MACE (33.3% vs 10.3%, p<0.001), mainly attributed 
to the higher TVR rates (24.7% vs 7.6%, p<0.001). ISR CTO was the only independent 
predictor of MACE (hazard ratio, 4.124; 95% confidence interval, 1.951–8.717; p<0.001) 
during follow-up in patients who underwent CTO PCI.
Conclusion: ISR CTO PCI shows comparable technical and procedural success, as well as 
major procedural complications compared with de novo CTO PCI. However, patients who 
underwent ISR CTO PCI had a significantly worse prognosis than those who underwent de 
novo CTO PCI, in terms of MACE, driven by TVR. ISR CTO was the only independent 
predictor of MACE during the follow-up.
Keywords: percutaneous coronary intervention, in-stent restenosis, de novo, chronic total 
occlusion

Introduction
The existing literature has suggested an association between recanalization of 
chronic total occlusion (CTO) by percutaneous intervention and its beneficial 
effects on clinical outcomes.1–5 Meanwhile, CTO percutaneous coronary interven-
tion (PCI) has undergone a remarkable improvement in procedural success during 
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the past two decades.6 CTO secondary to in-stent rest-
enosis (ISR) is not rare, and it is considered as 
a consequence of late thrombotic stenosis, in-stent athero-
sclerosis, or endothelium hyperproliferation.7,8 The inci-
dence of ISR CTO has been reported to be 11–12% among 
all CTOs undergoing PCI.9–11

Among CTO PCIs, ISR CTO PCI is thought to be the 
most challenging. There are limited published data report-
ing suboptimal procedural success rates in ISR CTO PCI 
resulting from specific procedural challenges, including 
the presence of stent underexpansion or fracture, presence 
of more than one layer of stent struts, heterogeneous 
neoatherosclerosis of the stented segment, rather than inti-
mal proliferation alone. The present study aimed to inves-
tigate the procedural results and clinical outcomes of PCI 
for ISR CTO compared with de novo CTO.

Methods
Study Population
From January 2017 to December 2019, a total of 426 
patients undergoing 484 consecutive CTO PCI procedures 
(84 ISR CTO PCI in 69 patients and 400 de novo CTO 
PCI in 357 patients, respectively) were prospectively 
enrolled in this study. Patients were divided into the ISR 
CTO and de novo CTO groups based on the type of CTO. 
CTO PCIs were performed electively and were clinically 
indicated according to the presence of angina or myocar-
dial ischemia. The study was approved by the Institutional 
Ethics Committee, and all patients signed informed con-
sent to undergo the interventional procedure. All patients 
were treated with 100–300 mg of aspirin and a loading 
dose of 300 mg of clopidogrel or 180 mg of ticagrelor 
before the PCI procedure. Aspirin (100 mg/day) was pre-
scribed indefinitely, and clopidogrel (75 mg/day) or tica-
grelor (90 mg two times daily) was continued for at least 
12 months after the stents were implanted. Baseline char-
acteristics, procedural, and hospitalization information 
were documented.

Angiographic and Intervention Procedural 
Variables
All variables regarding angiographic and interventional 
techniques were recorded. CTO was defined as complete 
occlusion with thrombolysis in myocardial infarction 
(TIMI) anterograde flow grade 0 in a major epicardial 
coronary artery or its main branch (diameter ≥ 2 mm), 
and an estimated occlusion duration of at least 3 months. 

ISR CTO was defined as CTO occurring within 
a previously implanted stent or occlusive segments within 
5 mm proximal or distal to the stent edges. The occlusion 
duration was estimated according to the onset of symp-
toms, myocardial infarction (MI) history for the same 
target vessel territory, comparison with a previous coron-
ary angiogram, or changes in electrocardiographic finding. 
The Japanese-Chronic Total Occlusion (J-CTO) score was 
calculated for each CTO lesion, and a J-CTO score ≥ 3 
was considered a complicated CTO.12 Collaterals were 
graded by the filling degree of the involved vessel beyond 
the CTO segment according to the Rentrop classification; 
Rentrop grade 3 was considered a good collateral.13 Three- 
vessel coronary disease was defined as stenosis ≥ 75% of 
the diameter of 3 major epicardial coronary arteries or 
their main branch, and left main (LM) disease was defined 
as LM stenosis ≥ 50% of the diameter. The syntax score 
was calculated for each patient to assess the severity of 
coronary artery disease.14

An anterograde approach by antegrade wire escalation 
(AWE) or antegrade dissection/re-entry (ADR) was the first 
option for crossing CTO lesions. If the anterograde approach 
failed, a retrograde approach by retrograde wire escalation 
or retrograde dissection/re-entry was adopted. Technical 
success was defined as the achievement of residual stenosis 
< 50% in the target lesion with antegrade TIMI flow grade 3 
in the CTO vessel.15 Procedural success was defined as 
technical success without the occurrence of in-hospital 
adverse events, including all-cause death, tamponade requir-
ing pericardiocentesis, MI, stroke, and repeat target vessel 
revascularization (TVR) with PCI or coronary artery bypass 
graft, during the index hospitalization. TVR was defined as 
any repeat percutaneous intervention or surgical bypass 
aimed at any segment of the target vessel, which included 
the original target CTO lesion and its proximal or distal 
segments. Stent thrombosis was defined according to the 
Academic Research Consortium criteria. All procedure- 
associated adverse events, including procedure-related 
death, stroke, periprocedural type 4aMI, major bleeding 
(bleeding requiring transfusion or vasopressors), coronary 
perforation with cardiac tamponade requiring intervention 
(pericardiocentesis or covered stent implantation), and con-
trast-induced nephropathy (increase in serum creatinine > 
25% or > 0.5 mg/dL at 48 h post-procedure), were regarded 
as major procedural complications. Non-CTO lesion PCI 
was defined as PCI aimed at non-CTO lesions during the 
index procedure or at a staged procedure within 30 days 
after the index hospitalization. Complete revascularization 
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(CR) was defined as successfully attempting all diseased 
lesions with ≥ 50% stenosis in major epicardial coronary 
vessels and their major branches (diameter ≥ 2 mm) during 
the index hospitalization at a staged procedure within 30 
days after discharge from the index hospitalization.16

Clinical Follow-Up
Follow-up was performed through phone interview, review 
of medical records, or outpatient visits. The 6-month, 
1-year, and 2-year follow-up data were obtained by patient 
interviews. The primary endpoint in this study was the 
incidence of major adverse cardiac events (MACE) at the 
2-year follow-up. MACE was defined as the composite of 
cardiac death, target-vessel MI, and ischemia-driven TVR. 
Routine angiographic follow-up assessment was not man-
datory, but the angiographic evaluation was performed in 
cases showing repeat symptomatic occurrence or present-
ing abnormal findings in non-invasive tests for myocardial 
ischemia or left ventricular systolic function.

Statistical Analysis
Continuous variables are presented as mean ± standard devia-
tion (SD) or median (interquartile range), as appropriate. 
Categorical variables are expressed as numbers and percen-
tages. The Chi-square test or Fisher’s exact test was used for 
the comparison of categorical variables. The Student’s t-test or 
Mann–Whitney rank-sum test was used to evaluate the differ-
ences among continuous variables according to their distribu-
tions. Cumulative MACE curves were generated using the 
Kaplan-Meier method, and the differences between groups 
were evaluated by the Log rank test. A multivariable analysis 
using a Cox regression model expressed as hazard ratio (HR) 
with 95% confidence interval (CI) was conducted to determine 
predictors of MACE. Variables showing a p<0.10 in univariate 
analysis or suggested to be related to the outcome of interest 
according to clinical consideration were adopted as candidate 
predictors for multivariate analysis. The c-statistic and good-
ness-of-fit with Hosmer and Lemeshow test were used to 
determine model discrimination. A 2-tailed p<0.05 was con-
sidered statistically significant for all tests. Statistical analyses 
were performed using the SPSS version 20 (IBM Corp., 
Armonk, NY, USA).

Results
Baseline Demographic Variables
A total of 426 patients undergoing 484 consecutive CTO 
PCI were enrolled during the study period. The prevalence 

of ISR CTO PCI was therefore 17.4%. The clinical charac-
teristics of the entire cohort are shown in Table 1. There 
were no significant differences between patients who under-
went ISR CTO and those who underwent de novo CTO PCI 
with regard to age, sex, prevalence of cardiovascular risk 
factors, renal function, left ventricular ejection fraction, low- 
density lipoprotein cholesterol (LDL-C), and medication. 
Participants with ISR CTO had a higher prevalence of pre-
vious MI (58.0% vs 17.9%, p<0.001) than those with de 
novo CTO. The proportion of patients who were clinically 
diagnosed with silent ischemia without symptoms was 

Table 1 Baseline Clinical Characteristics

ISR CTO 

Group

de novo CTO 

Group

P value

(n=69) (n=357)

Age (years) 64.8±9.8 63.1±11.6 0.263

Male gender 57 (82.6) 299 (83.8) 0.814

Current smoker 27 (39.1) 160 (44.8) 0.383

Hypertension 48 (69.6) 251 (70.3) 0.902

Diabetes mellitus 35 (50.7) 166 (46.5) 0.520

Dyslipidemia 49 (71.0) 219 (61.3) 0.128

Previous MI 40 (58.0) 64 (17.9) <0.001

Indication of CTO PCI 0.002

Silent ischemia 

without symptoms

0 (0) 34 (9.5)

Stable angina 20 (29.0) 104 (29.1)

ACS 39 (56.5) 201 (56.3)

other 10 (14.5) 18 (5.0)

LDL-C (mmol/l) 2.05 (1.66, 2.56) 2.14 (1.70, 2.75) 0.210

eGFR (mL·min−1·1.73−1) 93.3±27.2 94.9±27.4 0.654

LVEF (%) 51.1±11.1 57.4±12.7 0.540

HFrEF 9 (13.0) 65 (18.2) 0.300

Medication

Aspirin 68 (98.6) 355 (99.4) 0.412

Clopidogrel 50 (72.5) 292 (81.8) 0.075

Ticagrelor 17 (24.6) 54 (15.1) 0.052

Statins 69 (100) 349 (97.8) 0.441

ß-B 51 (73.9) 254 (71.1) 0.641

ACEI/ARB 42 (60.9) 193 (54.1) 0.298

Notes: Values are mean ± SD, n (%), n/N (%), or median (interquartile range). 
Abbreviations: ISR, in-stent restenosis; MI, myocardial infarction; CTO, chronic 
total occlusion; PCI, percutaneous coronary intervention; ACS, acute coronary 
syndrome; LDL-c, low density lipoprotein cholesterol; eGFR, estimated glomerular 
filtration rate; LVEF, Left ventricular ejection fraction; HFrEF, heart failure with 
reduced ejection fraction (EF<40%); ß-B, ß-receptor blocker; ACEI/ARB, angioten-
sin converting enzyme inhibitors/angiotensin receptor inhibitors.
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significantly higher in the de novo CTO group than that in 
the ISR CTO group (9.5% vs 0%, p=0.002).

Angiographic Characteristics
The angiographic characteristics for both groups are listed in 
Table 2. The prevalence of LM disease, three-vessel disease, 
and LM plus three-vessel coronary disease was similar in 
both groups and presented with similar distribution in CTO 
location. Patients who underwent de novo CTO PCI had 
a greater syntax score than those who underwent ISR CTO 
[23.0 (17.5, 30.5) vs 21.5 (14.5, 27.0), p=0.039]. There were 
no significant differences between the two groups regarding 
the proportion of the target CTO vessel and branch vessel 
CTO. J-CTO score and the proportion of the J-CTO score ≥ 
3 (17.9% vs 9.3%, p=0.021) were higher in the ISR CTO 
group than those in the de novo CTO group with less 

prevalence of Rentrop grade 3 (32.1% vs 48.5%, p=0.006). 
The prior attempt rates of target CTO were comparable 
between both groups.

Procedural Characteristics
Detailed procedural characteristics are also shown in Table 3. 
The rates of radial artery access were similar between the two 
groups. Dual injection was more frequently performed in 
patients who underwent de novo CTO interventions (32.5% 
vs 16.7%, p=0.004) with a trend for lower usage of 7Fr 
catheter. The retrograde approach was less often used in both 
groups (4.8% vs 6.5%, p=0.548). The incidences of cases 
involving intravascular ultrasound (IVUS) procedures were 
relatively low in the two groups (17.9% vs 15.0%, p=0.511). 
Technical (73.8% vs 79.0%, p=0.296) and procedural (72.6% 
vs 77.5%, p=0.405) success rates were comparable between 

Table 2 Angiographic Characteristics

ISR CTO PCI de novo CTO 

PCI

P value

(n=84) (n=400)

LM disease 1/69 (1.4) 21/357 (5.9) 0.220

Three-vessel coronary 

disease

48/69 (69.6) 229/357 (64.1) 0.387

LM plus three-vessel 

coronary disease

1/69 (1.4) 17/357 (4.8) 0.355

CTO location

LAD 27/69 (39.1) 160/357 (44.8) 0.383

LCX 18/69 (26.1) 95/357 (26.6) 0.928

RCA 35/69 (50.7) 167/357 (46.8) 0.548

Multivessel CTO

LAD plus LCX 1/69 (1.4) 10/357 (2.8) 0.815

LAD plus RCA 4/69 (5.8) 20/357 (5.6) 1.000

LCX plus RCA 6/69 (8.7) 27/357 (7.6) 0.747

LAD, LCX plus RCA 0/69 (0) 4/357 (1.1) 1.000

Syntax score 21.5 (14.5, 27.0) 23.0 (17.5, 30.5) 0.039

Target CTO vessel

LAD 33 (39.3) 165 (41.3) 0.739

LCX 12 (14.3) 74 (18.5) 0.358

RCA 39 (46.4) 161 (40.3) 0.296

Branch vessel CTO 3 (3.6) 35 (8.8) 0.109

J-CTO score 2.0 (1.0, 2.0) 1.0 (1.0, 2.0) <0.001

J-CTO score ≥3 15 (17.9) 37 (9.3) 0.021

Rentrop grade 3 27 (32.1) 194 (48.5) 0.006

Prior attempt 9 (10.7) 40 (10.0) 0.844

Notes: Values are mean ± SD, n (%), n/N (%), or median (interquartile range). 
Abbreviations: ISR, in-stent restenosis; CTO, chronic total occlusion; PCI, percu-
taneous coronary intervention; LM, left main; J-CTO, Japanese-CTO; LAD, left 
anterior descending artery; LCX, left circumflex; RCA, right coronary artery.

Table 3 Procedural Characteristics

ISR CTO PCI de novo CTO 

PCI

P value

(n=84) (n=400)

Radial access 65 (77.4) 326 (81.5) 0.384

Dual injection 14 (16.7) 130 (32.5) 0.004

7 Fr Guiding catheter 8 (9.5) 18 (4.5) 0.112

Crossing strategy 0.548

Antegrade approach 80 (95.2) 374 (93.5)

Retrograde approach 4 (4.8) 26 (6.5)

IVUS use 15 (17.9) 60 (15.0) 0.511

Technical success 62 (73.8) 316 (79.0) 0.296

Procedural success 61 (72.6) 310 (77.5) 0.336

Type of intervention <0.001

Drug-eluting stent 30/62 (48.4) 251/316 (79.4)

Drug coating balloon 32/62 (51.6) 65/316 (20.6)

Contrast volume (mL) 239 (180, 280) 250 (200, 300) 0.058

Fluoroscopy time (min) 34.0 (23.0, 54.5) 33.5 (23.0, 54.0) 0.939

Non-CTO lesion PCI 18/69 (26.1) 145/357 (40.6) 0.023

CR 40/69 (58.0) 176/357 (49.3) 0.187

Major procedural 

complications

1 (1.2) 9 (2.3) 0.842

Acute stent thrombosis 0 (0) 3 (0.8) 1.000

In-hospital death 0/69 (0) 2/357 (0.6) 1.000

Notes: Values are mean ± SD, n (%), n/N (%), or median (interquartile range). 
Abbreviations: ISR, in-stent restenosis; CTO, chronic total occlusion; PCI, percu-
taneous coronary intervention; IVUS, intravascular ultrasound; CR, complete 
revascularization.
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both groups. The percentage of drug-eluting stent implantation 
was significantly higher in de novo CTO PCI than that in ISR 
CTO PCI (79.4% vs 48.4%, p<0.001), whereas drug-coated 
balloon (DCB) was frequently used following ISR CTO reca-
nalization (51.6% vs 20.6%). There were no differences in the 
amount of contrast volume and fluoroscopy time during CTO 
PCI between the two groups. There were more patients in the 
de novo CTO group that underwent non-CTO lesion PCI 
compared with those in the ISR CTO group (40.6% vs 
26.1%, p=0.023). There was no significant difference between 
the ISR CTO group and the de novo CTO group concerning the 
CR rates (58.0% vs 49.3%, p=0.187). The incidence of major 
procedural complications was also similar between both 
groups (1.2% vs 2.3%, p=0.842). Particularly, only one per-
foration with tamponade was observed in the ISR CTO group. 
No acute stent thrombosis or in-hospital death was observed in 
patients who underwent ISR CTO PCI, while three cases of 
acute stent thrombosis and two cases of in-hospital death 
occurred in patients who underwent de novo CTO PCI.

Clinical Outcomes on Follow-Up
Table 4 shows clinical outcomes based on a 2-year follow- 
up. Clinical follow-up was available for 416 of 426 (97.7%) 
patients. The median follow-up length was 20 months (inter-
quartile range: 10–40). There were more patients receiving 
successful CTO recanalization who underwent repeated cor-
onary angiography during the follow-up period in the ISR 
CTO group (47.0% vs 32.0%, p=0.019), with a higher re- 
occlusion rate than that in the de novo CTO group (22.6% vs 
8.9%, p=0.078). Target vessel MI rate was comparable in 
both groups (3.0% vs 2.0%, p=0.947). No significant 

difference was observed regarding cardiac death (1.5% vs 
0.9%, p=0.500). Patients who underwent ISR CTO PCI had 
a significantly higher incidence of MACE (33.3% vs 10.3%, 
p<0.001), a finding that was mainly driven by TVR (24.7% 
vs 7.6%, p<0.001). Figures 1 and 2 show 2-year curves for 
the probability of MACE and TVR.

Predictors of 2-Year MACE in Patients 
Who Underwent CTO PCI
Candidate predictors in the univariate analysis included 
age, hypertension, diabetes mellitus, previous MI, LDL- 
C, estimated glomerular filtration rate (eGFR), number of 

Figure 1 Two-year MACE rates in patients who underwent CTO PCI. Patients who 
underwent ISR CTO PCI versus those who underwent de novo CTO PCI, Log-rank 
P<0.0001. 
Abbreviations: MACE, major adverse cardiac events; CTO, chronic total occlu-
sion; PCI, percutaneous coronary intervention; ISR, in-stent restenosis.

Figure 2 Two-year TVR rates in patients who underwent CTO PCI. Patients who 
underwent ISR CTO PCI versus those who underwent de novo CTO PCI, Log-rank 
P<0.0001. 
Abbreviations: TVR, target vessel revascularization; CTO, chronic total occlusion; 
PCI, percutaneous coronary intervention; ISR, in-stent restenosis.Table 4 Clinical Outcomes on 24-Month Follow-Up

ISR CTO 
Group (n=66)

de novo CTO 
Group (n=350)

P value

Angiographic 

follow-up

31 (47.0) 112 (32.0) 0.019

Re-occlusion 6/31 (22.6) 10/112 (8.9) 0.078

TV MI 2 (3.0) 7 (2.0) 0.947

TVR 20/81 (24.7) 30/393 (7.6) <0.001

Cardiac death 1 (1.5) 3 (0.9) 0.500

MACE 22 (33.3) 36 (10.3) <0.001

Note: Values are n (%). 
Abbreviations: ISR, in-stent restenosis; CTO, chronic total occlusion; TV, target 
vessel; MI, myocardial infarction; TVR, target vessel revascularization; MACE, major 
adverse cardiac event.
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diseased vessels, Syntax score, J-CTO score, prior attempt, 
crossing strategy, IVUS use, CR, major procedural com-
plications, and ISR CTO. Final variables entered into the 
Cox regression model were previous MI, eGFR, Syntax 
score, J-CTO score, crossing strategy, CR, major proce-
dural complications, and ISR CTO. Table 5 shows multi-
variate predictors of MACE based on the follow-up of 
patients who underwent CTO PCI. The multivariate ana-
lysis for MACE showed that ISR CTO (HR: 4.124, 95% 
CI: 1.951–8.717, p<0.001) is the only strong independent 
predictor for patients who underwent CTO PCI.

Discussion
The main findings of our study are the following: 1) ISR 
CTO PCI accounted for approximately 18% of attempted 
CTO PCI during the study period; 2) Technical and pro-
cedural success, CR, as well as major procedural compli-
cations rates, were comparable between ISR CTO and de 
novo CTO groups despite a higher J-CTO score in patients 
who underwent ISR CTO PCI; 3) Patients who underwent 
ISR CTO PCI had a significantly increased incidence of 
MACE, mainly attributed to the higher TVR rates; and 4) 
After adjusting for differences in clinical, angiographic, 
and procedural variables, ISR CTO was the only indepen-
dent predictor of MACE in patients who underwent 
CTO PCI.

From the stent era restenosis, ISR CTO has been 
a challenging issue and is often not a rare situation. The 
prevalence of ISR CTO PCI ranged from 5–25% across all 
CTO PCIs in a series of studies,14,16,17 being similar to our 
current findings (17.4%). The proportion varies in different 
centers in accordance with PCI volume and the operator’s 
experience. In-stent restenosis more likely occurred in 

patients with diabetes, and the rate of complication due 
to diabetes mellitus might be higher among patients who 
underwent ISR CTO than those who underwent de novo 
CTO procedures.11,14 However, this result was not 
observed in our study. In the present study, all patients 
who underwent ISR CTO PCI received PCI for established 
diagnosis, while approximately 10% of patients in the de 
novo CTO group underwent percutaneous intervention for 
the indication of silent ischemia without symptoms. This 
implied a confounding association between CTO patient’s 
clinical manifestation and the indication of CTO PCI.

Compared with de novo CTO lesion, ISR CTO lesion 
features some peculiarities, including developed neoather-
osclerosis and neointimal hyperplasia, which more likely 
occur when stent fracture or underexpansion is present.9,18 

Furthermore, repeat in-stent micro-thrombosis associated 
with incomplete endothelialization might be involved in 
the formation of the ISR CTO.19 Regarding ISR CTO PCI, 
the previously implanted stent can provide a contour pro-
file of the target vessel; thus, it facilitates finding the 
precise vessel route compared with de novo CTO PCI. In 
addition, a prior stent may prevent the target vessel dis-
section. Despite the technical advantages involved, ISR 
CTO represents a challenging subgroup for revasculariza-
tion of CTO by PCI.

In our study, patients who underwent ISR CTO had 
a significantly higher proportion of the J-CTO score ≥ 3 
than those who underwent de novo CTO PCI. In the early 
stage, PCI for ISR CTO was usually related to suboptimal 
procedural results. The success rates of ISR CTO PCI in 
the earlier period ranged between 63% and 71%.17,20 In 
Werner’s study, a lower success rate of approximately 70% 
in ISR-CTO PCI compared with 85% in de novo CTO PCI 
was reported.7 The most common reasons for failure in 
ISR CTO PCI were the inability of the wire to penetrate 
the stented occlusion segment and inability to advance the 
microcatheter or fully dilate the balloon. The prior stent 
struts might interfere with the wire and the microcatheter, 
which may be hindered by trapping in the struts of the 
prior stent, occasionally in more than one layer of stent 
struts.16 Even subintimal crossing of the stented occlusion 
segment, subintimal tracking, and true lumen re-entry 
could be performed with difficulty in cases of ISR CTO. 
In addition, even after balloon crossing, optimal balloon 
expansion may be difficult to achieve as a common result 
of the underlying underexpanded stent.17 All the above 
factors decreased the probability of succeeding recanaliza-
tion of the ISR CTO.

Table 5 Independent Predictors of MACEs in Patients Who 
Underwent CTO PCI

HR 95% CI P value

Previous MI 1.071 0.500–2.292 0.861
eGFR 0.992 0.981–1.003 0.139

Syntax score 1.026 0.993–1.060 0.126

J-CTO score 1.340 0.940—1.912 0.106
ISR CTO 4.124 1.951–8.717 <0.001

Retrograde approach 2.129 0.699–6.488 0.184

CR 0.636 0.309–1.310 0.220
Major procedural complications 4.403 0.980–19.787 0.053

Abbreviations: MACE, major adverse cardiac event; CTO, chronic total occlusion; 
PCI, percutaneous coronary intervention; HR, hazard ratio; CI, confidence interval; 
MI, myocardial infarction; eGFR, estimated glomerular filtration rate; J-CTO, 
Japanese-CTO; ISR, in-stent restenosis; CR, complete revascularization.
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In our study, technical and procedural success rates 
were 79.0% and 77.5% in the de novo CTO PCI group, 
73.8% and 72.6% in the ISR CTO group, respectively. The 
percentages in the ISR CTO PCI group were aligned with 
that reported in previous literature but lower than in recent 
studies since 2017 (82.4–86.5%) using dedicated ADR 
devices, such as the CrossBoss or the combination of the 
Stingray catheter.9,16 The use of CrossBoss was reported to 
be associated with a shorter crossing time and a success 
rate even reaching 90%, as it could enable more effective 
true-to-true occlusion crossing by active dissection within 
the stented segment due to its higher crossing profile while 
avoiding the device entering to the subadventitial 
space.21,22 However, during the study period, CrossBoss 
and the Stingray catheter were unavailable in our center.

Technological progress in combination with the imple-
mentation of the hybrid algorithm in CTO PCI has 
achieved a sustained improvement in procedural success 
in recent years.2 For most CTO lesions, the antegrade 
approach, including AWE and ADR, was frequently 
adopted as the first choice to recanalize the CTO lesion, 
and in most situations, it could reach successful recanali-
zation, especially for the cases with a tapered stump and 
without prior attempt. It was reported that the retrograde 
approach may contribute to improving the success rate in 
CTO interventional practice. In the PROGRESS-CTO reg-
istry, the retrograde approach was used in approximately 
one third of procedures in participants who underwent 
ISR-CTO PCI with a procedural success rate reaching 
86%.14 While the fact that ISR CTOs were more likely 
to lack good collateral channels, or the visualized collat-
erals appeared extreme tortuosity, made it hard to be 
perceived as an interventional approach.11 In the ISR 
CTO group of the present study, the prevalence of 
Rentrop grade 3 was lower than in the de novo CTO 
group. As for selecting epicardial collaterals to perform 
retrograde CTO PCI, even for highly experienced opera-
tors using a complex technique, it may be a challenging 
process. In addition, retrograde CTO PCI was associated 
with a lower success rate and a higher risk for acute and 
long-term adverse events than antegrade CTO PCI.23 The 
retrograde approach was less used (4.8–6.5%) in the CTO 
PCI procedure in our study. This might reflect the discre-
pancy in success rate as compared to studies employing 
the retrograde approach more frequently.9,14

The incidence of major procedural complications was 
comparable between patients who underwent ISR CTO 
and those who underwent de novo CTO in our study, 

whereas the former participants had a markedly increased 
rate of MACE, mainly driven by a higher rate of TVR, 
which is consistent with prior reports.9,11 ISR was asso-
ciated with a less benign clinical outcome with respect to 
recurrence of unstable angina, even MI often requiring re- 
hospitalization to receive repeat angiography.10,24,25 In our 
adjusted analysis for various related variables, ISR CTO 
was identified as the only independent predictor of MACE 
with a >4-fold risk increase (HR: 4.124, 95% CI: 1.951– 
8.717, <0.001) in patients undergoing CTO PCI. Indeed, 
ISR CTO was classified as a subgroup of in-stent rest-
enosis, and it has been demonstrated that PCI for in-stent 
restenosis was a predictor of future adverse events.26 For 
ISR CTO, the situation appears more complicated given 
the ISR occlusion complexity.

Remarkably, de la Torre et al reported that 40% of 
recurrent restenosis were re-occluded after successful 
ISR CTO PCI.16 The re-occlusion rate tended to be higher 
in the ISR CTO group than in the de novo CTO group in 
our study, although the angiographic follow-up rates in 
participants who received successful CTO recanalization 
were less than 50% in both groups. The treatment for 
successful ISR CTO recanalization in the present study 
mainly included re-stenting and use of DCB. It was 
assumed that multi-layered stenting might generate abnor-
mal vessel reactions and be associated with thrombus 
formation. Additionally, stent recoiling resulting from 
multi-stent layers might increase the risk of 
underexpansion.10 Therefore, DCB treatment for recanali-
zation of ISR CTO might not adequately prevent resteno-
sis progression. Optimal PCI treatment for ISR CTO 
deserves further investigation in future studies.

Study Limitations
There are several limitations to our study. First, this was an 
observational study performed in one single center. Not all 
the CTO lesions had undergone attempted percutaneous 
revascularization. The decision to perform CTO PCI was 
at the discretion of the interventionist, which would result in 
selection bias. Although we performed a risk-adjusted 
model to control for the confounding factors, we were not 
able to correct for the potential bias completely. Second, the 
success rates of CTO PCI in this registry were lower than 
those reported in top centers with high skilled operators 
(less than 80% vs 86%). CTO intervention techniques 
have undergone a sustained improvement across the study 
period; meanwhile, more dedicated CTO equipment is 
available for use nowadays. Therefore, the results of the 
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study should be interpreted in certain PCI settings where the 
experience of percutaneous treatment for CTO lesion is 
more variable in diverse centers with different levels. 
However, our results are representative of the average prac-
tice. Third, the retrograde approach was less adopted in the 
present study. This reflects the disparity between the hybrid 
algorithm and daily practice in CTO PCI. However, the 
major procedural complication rates in our study, in which 
the antegrade approach was used in a larger proportion of 
the participants, were relatively lower than those in studies 
employing the retrograde approach more frequently. 
Considering the complexity and the peculiarities of the 
ISR CTO, the role of the retrograde approach for the treat-
ment of ISR CTO deserves further investigation. Fourth, in 
our study, we used the J-CTO score as the predictive of 
CTO PCI success. While the J-CTO score was not specifi-
cally derived for ISR CTO, it was obtained from overall 
CTO lesions. A dedicated score system considering the 
complexity of ISR CTO validated to have predictive value 
in successful CTO PCI might be required. Fifth, the rates of 
IVUS use in both groups were relatively low in this registry, 
which was mainly due to cost-related issues. It was reported 
that IVUS can provide rich information on the mechanisms 
underlying ISR CTO formation, help understand the nature 
of occlusions, such as proliferation alone, neoatherosclero-
sis, or calcification distribution in the occluded segment. In 
addition, IVUS can be applied to guide wire crossing and to 
optimize stent implantation to decrease the risk of stent 
thrombosis or target-lesion revascularization (TLR).27 

Sixth, the rate of non-CTO lesion PCI was higher in the 
de novo CTO group than in the ISR CTO group. As a result, 
the CR rate was less than 60% in the ISR CTO group and 
50% in the de novo CTO group. It has been shown that less 
satisfactorily achieved CR was associated with an unfavor-
able survival benefit.28 However, it could be hard to reach 
an ideal CR rate in real world, and our study was represen-
tative of daily real-world practice. Finally, because angio-
graphic evaluation during follow-up was not mandatory, 
only those patients presenting with recurrence of angina 
and/or new emerging ischemia evidence received repeat 
angiography, followed by subsequent TVR when indicated. 
It was difficult to perform routine angiography for asympto-
matic patients, which might result in underestimating the 
rate of the target vessel failure. Although participants who 
underwent ISR CTO received treatment for CTO lesion in 
our study, the angiographic evaluation rate (47.0%) during 
follow-up was relatively higher than that in similar 
literature.

Conclusions
ISR CTO PCI was relatively frequent in contemporary 
practice with comparable technical and procedural suc-
cess, as well as major procedural complications compared 
with de novo CTO PCI; however, ISR CTO PCI seemed 
more complex as shown by a high J-CTO score. Patients 
who underwent ISR CTO PCI had a significantly worse 
prognosis than those who underwent de novo CTO PCI, in 
terms of MACE, driven by TVR. ISR CTO was the only 
independent predictor of MACE based on the follow-up of 
patients who underwent CTO PCI. Special consideration 
should be taken regarding the strategy and algorithm of the 
recanalization of ISR CTO in future clinical practice.

Abbreviations
ISR, in-stent restenosis; CTO, chronic total occlusion; 
PCI, percutaneous coronary intervention; MACE, major 
adverse cardiac events; MI, myocardial infarction; TVR, 
target vessel revascularization; J-CTO, Japanese-Chronic 
Total Occlusion; LM, left main; CABG, coronary artery 
bypass graft; CR, Complete revascularization; HR, hazard 
ratio; AWE, antegrade wire escalation; ADR, antegrade 
dissection and re-entry; DCB, drug-coated balloon; TLR, 
target-lesion revascularization.
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