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Abstract

Background: Whether there exist differences concerning clinical outcomes between

patients presenting with early versus late DES-ISR undergoing treatment with drug-

coated balloons (DCB) remains a scientific knowledge gap.

Methods: This is a pooled analysis including patients with DES-ISR assigned to treat-

ment with DCB in the setting of the ISAR DESIRE 3 and 4 trials. Clinical outcomes

were evaluated according to time of occurrence of ISR after DES implantation, in

patients presenting with early (≤12 months) versus late DES-ISR (>12 months) under-

going treatment with DCB. The primary endpoint of this analysis was major adverse

cardiac event (MACE), defined as the combined incidence of death, myocardial infarc-

tion and target lesion revascularization (TLR) at 12 months after DCB treatment. Sec-

ondary endpoints included the incidence of death, myocardial infarction, TLR and

target lesion thrombosis at 12 months after DCB treatment.

Results: This analysis included 352 patients, 199 patients presented with early-ISR,

153 patients with late-ISR. Concerning the primary endpoint, patients with early-

DES-ISR as compared those with late-DES-ISR showed significant higher risk (25.9%

vs. 17.0%; p = .04). In a multivariate analysis including diabetic status, clinical presen-

tation, previous coronary bypass graft and diameter stenosis after DCB-treatment,

the adjusted hazard ratio showed significant higher risk for MACE of early-DES-ISR

as compared to late-DES-ISR (HRadj = 1.8, [95% CI = 1.1–3.0], p = .02).

Conclusion: Clinical outcome at 12 months after treatment of DES-ISR with DCB,

showed significant higher clinical event rates in patients presenting with early DES

restenosis, as compared with patients presenting with late DES restenosis.

Abbreviations: ACS, acute coronary syndrome; BMS, bare-metal stent; DCB, drug-coated balloon; DES, drug-eluting stent; ISR, in-stent-restenosis; MACE, major adverse cardiac event;

MI, myocardial infarction; NSTE-ACS, acute coronary syndromes without ST-segment elevation; OCT, optical-coherence tomography; TLR, target lesion revascularization.
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1 | INTRODUCTION

The high antirestenotic efficacy of contemporary drug-eluting stent

(DES) has considerably reduced restenosis rates.1 However, when

DES-in-stent-restenosis (ISR) occurs, treatment remains challenging.2–4

Both, implantation of another DES or angioplasty with drug-coated bal-

loon (DCB) represent guideline-recommended treatment strategies for

patients presenting with DES-ISR.5 Although, DCB showed inferior clin-

ical efficacy as compared to repeat DES implantation, DCB provide an

intuitively attractive treatment strategy with favorable results without

the need of implantation of further stent layers.2,4 Therefore, evalua-

tion of DCB efficacy in specific patient subsets represents a scientific

need, to identify patient and lesion subsets best suited for a DCB

angioplasty based treatment approach.

Data from intravascular imaging studies suggest that mechanisms

of restenosis follow a specific time course within months and years.6,7

In particular, the high resolution of optical coherence tomography

(OCT)-imaging revealed significant differences between lesion mor-

phology of early ISR (time from DES implantation to ISR ≤12 months)

and late ISR (time from DES implantation to ISR > 12 months).8,9 The

clinical implication of these findings however, remains unknown.

Therefore, we analyzed clinical outcome out to 12 months in patients

presenting with early versus late occurring DES-ISR undergoing treat-

ment with DCB in the setting of the randomized ISAR DESIRE 3 and

4 trials.

2 | METHODS

2.1 | Study population

This is a pooled analysis of patients enrolled in the Intracoronary

Stenting and Angiographic Results: Optimizing Treatment of Drug

Eluting Stent In-Stent Restenosis (ISAR-DESIRE) 3 and 4 trials.10 Full

details of the studies population, methods, endpoints and primary

analysis have been previously reported.10,11 In brief, patients were

included if they were older than 18 years; had ischemic symptoms or

evidence of myocardial ischemia in the presence of a restenosis ≥50%

located in a native vessel DES or proximal or distal margins; provided

that written, informed consent by the patient or her/his legally-

authorized representative for participation in the study was obtained.

Patients with restenosis occurring in a DES eluting sirolimus or an

analogue of sirolimus (e.g., biolimus A9, everolimus, or zotarolimus)

were considered eligible for participation in the study. Patients with a

target lesion located in the left main stem or in a coronary bypass

graft; presented with acute ST-elevation myocardial infarction within

the preceding 48 hours, cardiogenic shock, severe renal insufficiency

malignancies, or life expectancy <12 months; with contraindications

or known allergy to antiplatelet therapy, paclitaxel or pregnancy, were

considered ineligible for the study.

All patients were evaluated at 1 and 12 months by phone contact

or office visit.

The studies were conducted in accordance with the provisions of

the Declaration of Helsinki and with the International Conference on

Harmonization Good Clinical Practices. The trial protocols were

approved by the institutional ethics committee responsible for the

participating centers.

2.2 | Study devices endpoints and definitions

Patients who met all of the inclusion criteria and none of the exclusion

criteria were randomly assigned to treatment with paclitaxel-eluting

balloon (SeQuent Please, B Braun, Melsungen, Germany) in the setting

of ISAR DESIRE 3 and paclitaxel-coated balloon (Pantera Lux,

Biotronik, Bülach, Switzerland) with or without scoring balloon pre-

dilation (AngioSculpt; Spectranetics, Colorado Springs, CO) in the set-

ting of ISAR DESIRE 4.10,11

In the current analysis, baseline lesion characteristics were classi-

fied according to time interval to occurrence of DES-ISR. Early ISR

was defined as any DES-ISR occurring within the first 12 months after

DES implantation. Late ISR was defined as any DES ISR occurring later

than 12 months after DES implantation.

The primary endpoint of this analysis was the incidence of

major adverse cardiac event (MACE), a composite of target lesion

revascularization (TLR), death or myocardial infarction (MI) at

12 months. Secondary endpoints included TLR, all-cause death, car-

diac death, myocardial infarction and target lesion thrombosis at

12 months in patients with early versus late ISR. Study definitions

have been previously described in detail.10 All events were adjudi-

cated and classified by an event adjudication committee blinded to

the treatment groups.

2.3 | Statistical analysis

Baseline descriptive statistics are presented as mean (±SD) for contin-

uous variables and as counts or proportions (%) for categorical vari-

ables. Differences across groups were checked for significance using

analysis of variance for continuous data and chi-squared test

(or Fisher's exact test where the expected cell value was <5) for cate-

gorical variables. Survival was analyzed according to Kaplan–Meier

methods and hazard ratio (HR) with pertinent 95% confidence interval

(95% CI) was calculated using Cox proportional hazards methods. The
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proportional hazards assumption was checked by the method of

Grambsch and Therneau and was fulfilled in all cases in which we

used Cox proportional hazards models.12 Concerning the primary out-

come analysis an additional multivariate analysis, adjusted for the fac-

tors: time of ISR (early ISR vs. late ISR), clinical presentation at index

PCI (with or without acute coronary syndrome without ST-segment

elevation[NSTE-ACS]), presence or absence of diabetes mellitus, pre-

vious CABG and percent diameter stenosis after DCB treatment.

Overall p-value for interaction was obtained by entering an interaction

term between the study groups and the variable defining the sub-

group cutting balloon predilation, DCB type (Pantera Lux and Sequent

Please). Statistical analysis was performed by using the R 3.5.1 Statis-

tical Package (R Foundation for Statistical Computing, Vienna,

Austria).

3 | RESULTS

The current analysis included 352 patients with DES-ISR, assigned to

treatment with DCB (137 patients in the setting of ISAR-DESIRE

3 and 252 patients in the setting of ISAR DESIRE 4) with available

data concerning time interval to DES-ISR occurrence. One hundred

ninety-nine patients presented with early-ISR (≤12 months) and

153 patients presented with late-ISR (>12 months), mean time

interval from DES implantation to ISR was 208 ± 51.3 days in early-

ISR group as compared to 1,086 ± 828.4 days in the late-ISR-group

(p < .01). A detailed description of the study cohort is displayed in

Supporting Information Figure S1.

Baseline patient, lesion and procedural characteristics in patients

presenting with early versus late ISR undergoing DCB treatment are

summarized in Table 1. Diabetes mellitus was more frequent in

patients with early-ISR as compared to patients with late ISR (47.7%

vs. 36.6%, p = .04). Concerning clinical presentation at the time point

of ISR treatment, acute coronary syndrome without ST-segment ele-

vation (NSTE-ACS) was less frequent in patients presenting with

early-ISR as compared to patients presenting with late-ISR (16.1%

vs. 33.3%, p < .01).

Concerning angiographic acute results after DCB treatment

diameter stenosis was lower in patients presenting with early-ISR as

compared with patients presenting with late-ISR (20.3 ± 8.9%

vs. 22.3 ± 9.7%, p = .04). All other baseline patient and lesion charac-

teristic were well balanced throughout the study groups.

3.1 | Clinical results at 12 months

Clinical follow-up at 12 months was complete, except for two patients

in each group (98.9%). Clinical results at 12 months are summarized in

Table 2.

The primary endpoint, the combined incidence of death, myocar-

dial infarction or TLR, (MACE) at 12 months, occurred significantly

more frequent in early-ISR group as compared with late-ISR-group

(51 patients in early-ISR-group [25.9%] vs. 26 patients in late-ISR-

TABLE 1 Baseline patient-, lesion-, angiographic-, and
procedural-characteristics in patients presenting with early versus late
in-stent restenosis undergoing treatment with drug-coated balloon

Early-ISR Late-ISR
n = 199 n = 153 p-Value

Patients characteristics

Age (years) 69.5 ± 10.4 68.4 ± 9.8 .32

Female sex 35 (17.6) 26(17.0) .88

Diabetes mellitus 95 (47.7) 56 (36.6) .04

Hypertension 133 (66.8) 100 (65.4) .77

Hyperlipidemia 166 (83.4) 123 (80.4) .46

Current smoker 35 (17.6) 21 (13.7) .33

Prior MI 90 (45.2) 76 (49.7) .41

Previous CABG 33 (16.6) 15 (9.8) .07

Multivessel disease 182 (91.5) 134 (87.6) .23

Clinical presentation

NSTE-ACS 32 (16.1) 51 (33.3) <.01

Ejection fractiona 53.5 ± 10.5 52.8 ± 10.8 .58

Lesion and procedural characteristics

Time to ISR (days) 208 ± 51.3 1,086 ± 828.4 <.01

Target vessel .22

LAD 66 (33.2) 62 (41.8)

LCx 67 (33.7) 42 (27.5)

RCA 66 (33.2) 47 (30.7)

Index stent type .04

Biolimus-elutingb 24 (12.1) 9 (5.9)

Everolimus-elutingc 107 (53.8) 75 (49.0)

Sirolimus-elutingd 46 (23.1) 54 (35.3)

Zotarolimus-elutinge 22 (11.1) 15 (9.8)

Restenosis morphology .06

Focal 124 (62.3) 100 (65.4)

Multifocal 26 (13.1) 8 (5.2)

Diffuse 44 (22.1) 43 (28.1)

Occlusive 5 (2.5) 2 (1.3)

Bifurcation 57 (28.6) 39 (25.7) .53

Ostial 55 (27.6) 40 (26.3) .78

Vessel size (mm) 2.88 ± 0.50 2.87 ± 0.50 .67

Diameter stenosis, pre (%) 66.1 ± 13.3 65.5 ± 15.0 .70

MLD, pre (mm) 0.97 ± 0.41 0.99 ± 0.46 .71

Balloon size (mm) 3.12 ± 0.48 3.12 ± 0.47 .81

Max. balloon pressure (atm) 14.2 ± 3.9 13.8 ± 3.8 .38

MLD, post (mm)c 2.33 ± 0.42 2.27 ± 0.43 .19

Diameter stenosis, post (%)d 20.3 ± 8.9 22.3 ± 9.7 .04

Note: Data shown as mean ± SD or number (%); lesion characteristics are

based on in-stent analysis. Significant p-values are bold.

Abbreviations: CABG, coronary artery bypass graft; LAD, left anterior

descending artery; LCx, left circumflex; LM, left main stem; MI, myocardial

infarction; MLD, minimal lumen diameter; NSTE-ACS, acute coronary

syndromes without ST-segment elevation; RCA, right coronary artery.
aData available for 260 patients (73.9%).
bBiolimus-eluting stents = Biomatrix, Nobori.
cEverolimus-eluting stents = Promus, Xience.
dSirolimus-eluting stents = Cypher, Orsiro, polymer-free sirolimus-eluting

stent,23 biodegradable polymer sirolimus-eluting stent,24 probucol- and

sirolimus-eluting stent (Dual-DES).25

eZotarolimus-eluting stents = Endeavor, Resolute.
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group [17.0%], p = .04). Kaplan–Meier curves of the incidence of the

primary endpoint are displayed in Figure 1.

A multivariate analysis adjusted for the factors: time to occur-

rence of ISR after stent implantation (early ISR vs. late ISR), clinical

presentation at index PCI (with or without acute coronary syndrome

without ST-segment elevation [NSTE-ACS]), presence or absence of

diabetes mellitus, previous CABG and percent diameter stenosis after

DCB treatment, showed a significant higher risk of MACE in patients

presenting with early-ISR (HRadj = 1.8 [95% CI 1.09–2.97], p = .02)

and in patients presenting with NSTE-ACS (HRadj = 1.81 [95% CI

1.10–2.98], p = .02). The Results of the multivariate analysis are dis-

played in Figure 2.

In patients without NSTE-ACS at presentation the primary end-

point, at 12 months, occurred numerically more frequently in early-

ISR group as compared with late-ISR-group (14 patients in early-ISR-

group [22.4%] vs. 10 patients in late-ISR-group [15.7%], p = .17). In

patients with NSTE-ACS at presentation the primary endpoint

occurred significantly more frequent in early-ISR group as compared

with late-ISR-group (37 patients in early-ISR-group [43.8%]

vs. 16 patients in late-ISR-group [29.6%], p = .02). Detailed results

are displayed in Table 3. Kaplan–Meier curves of the incidence of

the primary endpoint according to treatment group and clinical pre-

sentation are displayed in Figure 3.

Results concerning the primary endpoint were consistent across

different DCB types used in the ISAR DESIRE 3 and 4 trials

(pinteraction = 0.44) and different lesion preparation strategies (with or

without cutting balloon predilation) (pinteraction = 0.49).

TABLE 2 Clinical outcomes at 12 after DCB treatment in patients
presenting with early versus late in-stent restenosis

Early-ISR Late-ISR p-Value

Clinical outcomes at 12 months

MACE 51 (25.9) 26 (17.0) .04

Death 5 (2.5) 1 (0.7) .21

Myocardial infarction 6 (3.0) 2 (1.3) .29

Target lesion revascularization 47 (24.0) 24 (15.7) .56

Death or myocardial infarction 11 (5.6) 3 (2.0) .10

Cardiac death 3 (1.5) 0 (0.0) .82

Cardiac death or myocardial infarction 9 (4.6) 2 (1.3) .10

Note: Data shown as number (percentages are Kaplan–Meier estimates);

p-value from log-rank test.

Abbreviations: ISR, in-stent-restenosis; MACE, major adverse cardiac

event.

F IGURE 1 Kaplan–Meier analysis Incidence of MACE at
12 months in patients presenting with early-ISR versus late-ISR [Color
figure can be viewed at wileyonlinelibrary.com]

F IGURE 2 Multivariate analysis for the primary endpoint adjusted
for the factors: clinical presentation at index PCI; diabetes mellitus;
CABG, coronary artery bypass graft; diameter stenosis postdilatation;
early-ISR [Color figure can be viewed at wileyonlinelibrary.com]

TABLE 3 Primary endpoint at 12 months after DCB treatment in
patients with early versus late in-stent restenosis according to clinical
presentation

Early-ISR Late-ISR p-Value

Clinical outcomes at
12 months

Early versus
late ISR

With NSTE-ACS 37 (43.8) 16 (19.6) .02

Without NSTE-ACS

14 (22.4) 10 (15.7) .17

p-Value with versus

without NSTE-ACS

.01 .56

Note: Data shown as number (percentages are Kaplan–Meier estimates);

p-value from log-rank test.

Abbreviations: ISR, in-stent-restenosis; NSTE-ACS, acute coronary

syndromes without ST-segment elevation.
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Concerning secondary endpoints, rates of TLR were numerically

higher in early-ISR-group as compared to late-ISR-group with 47 patients

in early-ISR-group (24.0%) versus 24 patients in late-ISR-group

(15.0%, p = .56). Kaplan–Meier curves of the incidence of TLR are

displayed in Figure 4.

Myocardial infarction occurred in 11 patients (3.0%) in early-

ISR-group as compared to 3 patients (1.3%) in late-ISR-group

(p = .29). Mortality rates were numerically higher in early-ISR-

group as compared with late-ISR-group with five patients in early-

ISR-group (2.5%) versus one patient (0.7%) in late-ISR-group

(p = .10). Kaplan–Meier curves of the combined incidence of death

or myocardial infarction are displayed in Figure 5. Concerning

safety, the rate of target lesion thrombosis was low, with one

event in the early-ISR-group (early-ISR-group 0.5% vs. late-ISR-

group 0.0%, p = .90).

4 | DISCUSSION

This analysis evaluates clinical outcomes of patients presenting with

early (time interval from DES implantation to ISR ≤12 months) versus

late (time interval from DES implantation to ISR >12 months) DES

restenosis undergoing treatment with DCB.

The main findings of the current study are: Patients presenting

with early DES-ISR show significant higher clinical event rates as com-

pared to patients presenting with late-ISR. The significant difference

in the incidence of MACE derives from numerically higher event rates

of all clinical endpoints.

Intravascular imaging by OCT has provided further insights in mor-

phological characteristics of DES-ISR. Data suggest that mechanisms of

restenosis follow a specific time course within months and years,6,7 with

changing morphological characteristics of DES-ISR over time.13,14 Conse-

quently, OCT-imaging studies report of significant differences between

lesion morphology of early ISR (DES implantation to ISR ≤12 months) and

late ISR (DES implantation to ISR > 12 months).8,9 OCT-findings in late-

ISR, were predominantly heterogeneous tissue patterns and showed sig-

nificant higher incidence of neoatherosclerosis.8,9 Neoatherosclerosis

has been described as novel underlying substrate of DES-ISR reported

in up to one of six patients presenting with ISR.15 This is in line with

previous reports suggesting that neoatherosclerosis occurs more often

and earlier in DES as compared to BMS.16 The occurrence of neo-

atherosclerosis is independently related to the elapsed time since stent

implantation.15 In previous OCT-imaging studies neoatherosclerosis

was the predominant finding in all cases with very late ISR >1,080 days

after stent implantation.15 Mean time interval from DES implantation

to ISR in the late-ISR group of the current analysis was 1,086 days.

DES-ISR with neoatherosclerosis has been reported to result into

worse acute results after treatment.

On the one hand this may be potentially related to thin cap

fibroatheroma observed in more than 20% of cases with neo-

atherosclerosis in DES ISR,16 resulting in slow or no reflow phenome-

non after PCI with DCB and consecutive peri-procedural myocardial

infarction. Interestingly, in the current analysis, no peri-procedural

myocardial infarction was observed in the late-ISR group as compared

to two cases in the early ISR group. On the other hand, inferior PCI

results in DES-ISR with neoatherosclerosis may be related to insuffi-

cient lesion expansion due to severe calcification in lesions with calci-

fied nodule.15 This is consistent with inferior acute angiographic

results, achieved in late-ISR as compared to early ISR group in the cur-

rent analysis. Interestingly, these findings are not reflected in clinical

revascularization rates and overall clinical outcomes.

The by protocol mandated careful lesion preparation with non-

compliant-balloon or cutting-balloon devices before DCB treatment in

the ISAR Desire 3 and 4 trials could serve as a potential explanation

for these findings. Although, residual underexpansion might have

F IGURE 3 Kaplan–Meier analysis, Incidence of MACE at
12 months in patients presenting with early-ISR versus late-ISR
according to clinical presentation (with NSTE-ACS [a], without NSTE-
ACS [b]) and in patients presenting with NSTE-ACS versus without
NSTE-ACS according to time to ISR (early ISR [c], late ISR [d]) [Color
figure can be viewed at wileyonlinelibrary.com]

F IGURE 4 Kaplan–Meier analysis Incidence of target lesion
revascularization at 12 months in patients presenting with early-ISR
versus late-ISR [Color figure can be viewed at wileyonlinelibrary.com]
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contributed to worse acute angiographic results in some cases,

aggressive predilation strategies including cutting balloons might have

resulted in improved long-term efficacy especially in calcified lesions

and underexpanded stents. Of note, clinical outcomes in early and late

ISR were consistent across different treatment strategies of both tri-

als, including different DCB-types and lesion preparation strategies

with or without scoring balloon predilation.

On the other hand, in the current analysis, patients with early-ISR

undergoing treatment with DCB showed significant better acute

angiographic results, however higher clinical event rates at 12 months.

Concerning the underlying substrate of early ISR, the predominant

OCT findings in early-ISR is reported to be homogeneous backscat-

ter.9 This tissue pattern is well correlated with neointima, rich in

smooth muscle cells (SMC), in histopathological correlation studies.17

This suggests neointimal proliferation as predominant cause of early-

ISR. Clinical implications of these findings however, remain question-

able. In the current analysis, DCB's predominant paclitaxel based

antiproliferative and antimigratory mode of action,18 is associated

with inferior antirestenotic efficacy in early DES-ISR as compared to

late-ISR. Only a few studies evaluated the association of tissue char-

acteristics and clinical efficacy of ISR treatment strategies in ISR,

reporting favorable results in lesions with homogeneous tissue back-

scatter of antiproliferative drug-based treatment strategies, repeat

DES implantation and DCB as compared to POBA.19,20 Therefore, the

results of the current analysis, showing significant higher clinical event

rates at 12 months in early ISR are somewhat surprising. This is partic-

ularly true as this difference derives from numerically higher event

rates in both, efficacy (TLR) and safety (death or MI) endpoints. Inter-

estingly, these data are consistent with previous reports: A recent

intravascular imaging study reporting of numerically higher MACE

rates in patients with early ISR as compared to patients with late ISR

undergoing DCB treatment. Noteworthy, the presence of a heteroge-

neous neointima was an independent predictor of MACE in this analy-

sis and was reported in almost 30% of patients presenting with early

ISR.21 In line, Zhao et al reports a significant higher clinical event-rates

(MACE) in patients with early-ISR, mainly driven by higher TLR rates,

in patients with DES-ISR treated with new-generation DES.22

In the current study, patients with early ISR had more often diabetes

mellitus and numerically higher prevalence of previous CABG surgery.

Patients with early ISR had superior angiographic acute results after DCB

treatment. Interestingly, patients with early ISR as compared with late ISR

presented more often with stable coronary artery disease. A multivariable

F IGURE 5 Kaplan–Meier analysis Incidence of death or myocardial infarction at 12 months in patients presenting with early-ISR versus late-
ISR [Color figure can be viewed at wileyonlinelibrary.com]
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analysis of the current study revealed only early-ISR and clinical presenta-

tion with NSTE-ACS as independent predictor of MACE. In line patients

with early-ISR presenting with NSTE-ACS were at highest risk for MACE

in this analysis Figure 3A,C.

Although, the underlying mechanisms resulting in these findings

remain open to question, both currently recommended treatment

strategies,4 repeat implantation of a new-generation DES and treat-

ment with DCB seem to be associated with poorer outcomes in

patients presenting with early ISR. Due to the absence of direct com-

parisons, it still remains unclear, whether or not repeat DES implanta-

tion might be related to higher antirestenotic efficacy as compared to

DCB in patients presenting with early ISR. Irrespective of treatment

strategy, patients with early ISR seem to deserve an increased degree

of clinical and/or angiographic surveillance.

5 | LIMITATIONS

This analysis has some limitations that should be acknowledged. First,

this is a post hoc, nonrandomized, pooled analysis, therefore current

results should be considered as hypothesis generating. Although inclu-

sion and exclusion criteria of the two randomized trials were identical,

baseline characteristics featured significant differences. Despite a

multivariate analysis adjusting for these factors was performed, other

confounders cannot be ruled out.

Due to the lack of intravascular imaging data, current conclusions

cannot be supported by intravascular imaging results obtained within

the current study. Especially OCT data might have provided further

insights in pathology and pathophysiology of the underlying sub-

strates in early and late ISR.

6 | CONCLUSIONS

Clinical outcome at 12 months after treatment of DES restenosis with

DCB, showed significant higher clinical event rates in patients pre-

senting with early DES restenosis, as compared with patients pre-

senting with late DES restenosis.
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