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Comparison of drug-eluting balloon with repeat drug-eluting
stent for recurrent drug-eluting stent in-stent restenosis
Guozhong Wang, Quanming Zhao, Qing Chen, Xiaoxia Zhang,

Lei Tian and Xiaojiang Zhang

Objective Approximately, 10-20% of patients with

drug eluting stent (DES) in-stent restenosis (ISR) will
develop recurrent ISR; yet, the optimal management of
recurrent DES-ISR is unknown. We sought to compare the
outcomes of recurrent DES-ISR treated with drug eluting
balloons (DEB) to those with repeated implantation of
new-generation DES.

Methods A total of 172 patients with recurrent DES-ISR
were enrolled and stratified into two cohorts: the repeated
DES implantation (Re-DES) group and the DEB group.
The primary endpoint was the 1-year incidence of major
adverse cardiovascular events (MACE).

Results Ninety-three patients treated with DEB and

79 patients with Re-DES implantation were analyzed.
Both groups had comparable baseline characteristics.
Lesser residual stenosis was achieved in the Re-DES
group (11.3 £ 3.2% vs. 22.4 * 4.3%; P = 0.00) than in the
DEB group. However, the incidence of MACE and target
lesion revascularization (TLR) were less in the DEB group
(17.2% vs. 32.9%; P = 0.02 and 15.1% vs. 27.8%; P = 0.04,
respectively). For the >3 metal-layered DES-ISR subgroup,
DEB drastically reduced the incidences of MACE and TLR
compared with Re-DES (20.0% vs. 57.9%; P = 0.02 and

Introduction

The use of drug eluting stents (DES) remains state-of-
the-art for percutaneous coronary intervention (PCI),
because it drastically reduces the rate of in-stent reste-
nosis (ISR) compared with bare metal stents (BMS) [1,2].
However, DES-ISR still develops in 5-10% of patients
after DES deployment [3,4], and DES-ISR has become
a common clinical challenge even with the widespread
application of new-generation DES [5,6]. Moreover, in
comparison with BMS ISR, DES-ISR treatment is asso-
ciated with worse long-term outcomes; current data sug-
gest that 10-20% of these patients will go on to develop
recurrent ISR after repeated stenting [7,8].

Recurrent DES-ISR poses a significant clinical chal-
lenge for interventional cardiologists. There are many
different therapeutic modalities [such as new DES
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16.0% vs. 47.4%; P = 0.04, respectively). Survival analysis
demonstrated that MACE-free survival was significantly
higher in the DEB group compared with the Re-DES
group, whether the metal layers were >3 or 2. Multivariate
analysis revealed that the risk factors of MACE were
diabetes mellitus, >3 metal-layered DES ISR, and repeat
DES deployment.

Conclusions For recurrent DES-ISR, DEB may improve
clinical outcomes compared with Re-DES implantation,
especially for >3 metal-layered DES-ISR. Coron Artery Dis
30: 473-480 Copyright © 2019 The Author(s). Published
by Wolters Kluwer Health, Inc.
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repeated implantation, drug eluting balloon (DEB) dila-
tion, excimer laser angioplasty, and brachytherapy] that
have been used in patients presenting with recurrent
DES-ISR [5,9]; however, the optimal management of
these patients remains undefined. Repeated additional
DES implantation for recurrent DES-ISR is performed
as a default option by many operators, but it is worri-
some that multiple metal layers can themselves result
in luminal narrowing and stent thrombosis [10]. A new
strategy for BMS-ISR and DES-ISR treatment is DEB
angioplasty; research has demonstrated that the DEB is
associated with more favorable outcomes compared with
other conventional treatment modalities [8,9]. DEB is an
attractive strategy for recurrent DES-ISR because it can
avoid additional metal layers and long duration dual anti-
platelet therapy (DAPT). However, there are few studies
on recurrent DES-ISR treated with DEB, and the results
are controversial [10-12]. The aim of this study was to
investigate the clinical outcomes of recurrent DES-ISR
treatment with DEB compared with repeated new-gen-
eration DES implantation.
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Methods

Study population

Following institutional review board approval, patients with
angina symptoms or ischemia on noninvasive tests under-
going a PCI procedure for recurrent ISR between January
2014 and March 2016 at Beijing Anzhen hospital, Capital
Medicine University (Beijing, ROC) were chronologically
searched in our hospital database. The baseline clinical char-
acteristics, details of prior PCI, laboratory results, procedural
information, and in-hospital clinical events were reviewed
comprehensively. Only those patients whose treatment
strategy for prior ISR was DES deployment were included
in this retrospective study; however, the index stents could
be BMS or DES. Patients with any of the following were
excluded from the analysis: (1) primary PCI during acute
stent thrombosis (ST)-elevation myocardial infarction; (2)
severe left ventricular dysfunction (ejection fraction <30%);
(3) discontinuation of the DAPT regimen during the first
12 months after DES implantation; (4) treatment with both
DEB and DES; (5) unavailable information about prior
PCI procedures. The patients with recurrent DES-ISR

Fig. 1

were stratified into two main cohorts: those treated with
repeated new-generation DES deployment and those with
DEB angioplasty. The patient flow is illustrated in Fig. 1. All
patients provided written informed consent for data collec-
tion and analysis.

Procedures

All PCIs were performed by certified interventional car-
diologists in accordance with the standard procedures
in our catheterization laboratory. All of the patients
received a loading dose of aspirin and a thienopyridine
agent before their arrival in the catheterization room.
The PCI was performed via femoral or radial access,
using unfractionated heparin or bivalirudin anticoagu-
lation, as per the operator’s preference. Adequate lesion
preparation was achieved by predilation using ecither a
noncompliant balloon, scoring balloon/cutting balloon,
or both. Repeated DES deployment or DEB dilation
also was left to the operator’s discretion. In the repeated
DES implantation (Re-DES) group, new-generation
DES was deployed repeatedly after lesion predilation,

18,452 consecutive patients underwent PCI treatment during study

2177 patients with in-stent restenosis

!

190 patients with recurrent in-stent DES restenosis

18 patients were excluded

A 4

172 patients with recurrent in-stent DES restenosisincluded in analysis

128 patients had 2 episodes of ISR, th
and 2 patients had >3episodes of ISR

e 42 patients had 3 episodes of ISR

79 patients treated with new DES

93 patients treated with DEB

Study flow chart. Between January 2014 and March 20186, a total of 172 co
ysis. In the entire cohort, 128 patients had two episodes of ISR, 42 patients

nsecutive patients with recurrent DES-ISR were assessed in our anal-
had three episodes of ISR, and two patients had >3 episodes ISR.

Among these 172 patients, 79 patients were treated with repeated DES implantation, whereas the remaining 93 patients were treated with DEB.

DEB, drug eluting balloon; DES, drug eluting stent; ISR, in-stent restenosis.
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and postdilation at high pressures using noncompliant
balloon was done routinely. Second-generation DES in
this study included everolimus-eluting stents (Xience
Prime, Abbott Vascular, Santa Clara, California, USA;
PROMUS Element, Boston Scientific Corp., Natick,
Massachusetts, USA) and a zotarolimus-eluting stent
(Endeavor Resolute, Medtronic Vascular, Santa Clara,
California, USA). For the DEB group, after lesion prepa-
ration, the DEB was inflated at a nominal pressure for a
minimum of 30-60s to assist drug delivery to the vessel
wall. The DEB group used only PEB Sequent Please
(B. Braun, Melsulgen, DE) in this study. Every angi-
ography was reviewed and quantitative coronary angi-
ographic (QCA) analysis (Cardiovascular Angiography
Analysis System, version 2.0, Pie Medical Imaging, the
Netherlands) was performed by an experienced cardi-
ologist, who was blinded to the clinical outcome. The
reference vessel diameter, the baseline minimum lumen
diameter (MLD), lesion length, and percentage diame-
ter stenosis (DS) were measured, and the postprocedure
MLD and residue DS also were measured.

After the procedure, the patients in the Re-DES group
received DAPT with aspirin and a thienopyridine agent
for at least 1 year, and in the DEB group, DAPT was sug-
gested for at least 1 month. Lifelong low-dose aspirin was
recommended for all patients. Follow-up data were gath-
ered during either hospital visits or by phone by profes-
sional medical staff at 30 days, 3 months, 6 months, and 1
year after the procedure. No angiographic follow-up was
scheduled between 6 and 12 month except for the cases
where noninvasive evaluation or clinical presentation
suggested the presence of ischemia.

Outcomes

The primary endpoint was the 1-year incidence of major
adverse cardiovascular (CV) events (MACE), which
was defined as the composite of death from CV causes,
nonfatal myocardium infarction, ischemia-driven target
lesion revascularization (‘T'LR), and stent thrombosis.
All deaths were considered CV causes unless an une-
quivocal non-CV cause could be confirmed. We defined
myocardium infarction according to the Third Universal
Definition of Myocardial Infarction [13], and we defined
stent thrombosis according to the definite or probable
criteria of the Academic Research Consortium [14]. We
defined TLR as needing either percutaneous or surgical
revascularization involving the stented segment or within
5mm of the proximal or distal end of the stent.

Statistical analysis

The data are presented as the mean = SD for continuous
variables and as the percentage or proportions for cate-
gorical variables. The clinical characteristics of the two
groups were compared with the 7test or the Wilcoxon
rank-sum score for continuous variables, as appropri-
ate. The y* test or Fisher exact test was used to analyze
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categorical variables. Comparisons of event-free survival
(Kaplan—-Meier curves) were performed with the log-rank
test. Multivariate Cox regression analysis was performed
to evaluate the independent predictors of MACE during
the follow-up period. All of the P values were two-sided,
and a P value <0.05 was considered statistically signifi-
cant. The statistical analysis was performed using SPSS
version 21.0.0 (IBM Corp., Armonk, New York, USA).

Results

Within the study period, 18 458 consecutive patients
underwent PCI treatment at Beijing Anzhen Hospital,
Capital Medicine University (one of the largest tertiary
CV disease centers in the ROQ), of these patients, 190
were treated for recurrent ISR. As illustrated in Fig. 1, 18
patients were excluded from our analysis: these included
three patients due to severe left ventricular dysfunction
(ejection fraction <30%); two patients due to premature
discontinuation of DAPT after DES implantation; seven
patients treated with both DEB and DES; and six patients
were excluded because the information about prior PCI
procedures was unavailable. In total, 172 patients were
included into our study. There was no patient with >1
lesion of recurrent DES-ISR. Another DES deployment
was the only strategy for all prior ISR, while the type of
stents for the index procedure was unclear in some of
included patients. Among the 172 patients, 79 patients
were treated with repeat new-generation DES implan-
tation, whereas the remaining 93 patients were treated
with DEB. The ISR episodes of the enrolled patients are
shown in Fig. 1. Among them, 19 patients in Re-DES
group had >3 episodes of ISR, and 25 patients in DEB
group had 23 ISR episodes. The frequency was similar
in both groups. All procedures were successful with no
intrahospital mortality or major complications.

Baseline clinical, lesion, and procedural characteristics of
patients with recurrent ISR are summarized in Tables 1

Table 1 Baseline clinic characteristics of the study population
Re-DES group DEB group
(n=179) (n=93) P value

Age (year) 66 5+11.2 67.3+£13.4 0.67
Male sex (n, %) 1 (64.6%) 61 (65.6%) 0.87
Diabetes mellitus (n, %) 26 (32.9%) 31 (38.3%) 1.0
Hypertension (n, %) 49 (62.0%) 56 (60.2%) 0.87
Current smoker (n, %) 5 (31.6%) 32 (34.4%) 0.79
Hypercholesterolemia (n, %) 0 (63.3%) 59 (63.4%) 1.0
Previous MI (n, %) 9 (11.4%) 12 (12.9%) 0.82
Prior coronary bypass surgery (n, %) 3 (3.8%) 4 (4.3%) 1.0
Renal insufficiency (n, %) 10 (12.7%) 12 (12.9%) 1.0
Left ventricular ejection fraction (%) 426 +123 452+ 146 0.32
Acute coronary syndrome (n, %) 26 (33.1%) 28 (30.1%) 0.62
Peak troponin | (ng/ml) 0.47 £ 0.32 0521046 042
hs-CRP (mg/l) 29+13 33*1.6 0.08
BNP (pg/ml) 14254243 1386+33.2 0.37
Thienopyridine agent (n, %)

Ticagrelor 26 (32.9%) 30 (32.3%) 1.0

Clopidogrel 53 (67.1%) 63 (67.7%)

BNP, B-type natriuretic peptide; DEB, drug eluting balloon; DES, drug eluting
stent; hs-CRP, high-sensitivity C-reactive protein; MI, myocardial infarction; PCI,
percutaneous coronary intervention.
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and 2. In brief, both groups were comparable in most of
the baseline clinical features. No significant differences
were noted between the two groups in risk factors for
coronary heart disease, such as sex, age, smoking, hyper-
tension, or dyslipidemia. Of the total 172 patients, 33.1%
had diabetes mellitus, 12.2% had a previous myocardial
infarction (MI), and 12.8% had renal insufficiency. It
was noteworthy that the proportion of patients who pre-
sented with acute coronary syndrome was quite high in
both groups (33.1% in the Re-DES group vs. 30.1% in
the DEB group; P = 0.62).

With respect to lesion characteristics, there was no signif-
icant difference with respect to vessel diameter, mini-lu-
minal diameter, lesion length, Mehran’s classification of
lesion type, and prior stent diameter or length between
both groups. [t was worth noting that those patients with
two episodes of ISR had only two layers of metal at the
lesion location, whereas one quarter of patients with mul-
tiple recurrences of ISR in our study had 23 metal-lay-
ered DES-ISR (24.1% in the Re-DES group vs. 26.9% in
the DEB group; P = 0.94). In addition, more than half of
the last failed stents were second-generation DES, and
the frequency was similar in both groups.

For the lesion preparation, the use of noncompliant bal-
loons was similarly common in both groups. However,
scoring/cutting balloons was used more frequently in
the DEB group (89.2%) than in the DES group (43.0%;
P = 0.00). Overall, IVUS assessment was performed
in just more than half of patients (51%, 89/172); IVUS
usage was quite low. Moreover, the QCA measurements
demonstrated that the DES group gained better acute

Table 2 Procedural characteristics of the study population

postprocedure results compared with the DEB group
(MLD, 2.67 £ 0.23mm vs. 2.51 + 0.34, P = 0.00; DS, 11.3
+3.2% vs. 22.4 + 4.3%, P = 0.00, respectively).

Clinical follow-up was obtained for all patients. The
median follow-up period was 460 [interquartile range:
378-650] days. Two patients died at 56 days and 187
days after DES deployment and one patient died at 231
days after DEB angioplasty, with no significant different
between the two groups (2.5% in the Re-DES group vs.
1.1% in the DEB group; P = 0.56). Clinical outcomes
appeared to be more favorable in the DEB group with
regard to both MACE and TLR (Table 3). The cumu-
lative incidence rate of MACE was 17.2% for the DEB
group, which was significantly lower than the 32.9% for
the DES group (P = 0.02). MACE rates were mainly
driven by TLR in both groups; the TLR rate was sig-
nificantly lower in the DEB group (15.1% vs. 27.8%; P =
0.04). Moreover, it was noted that both the 1-year MI and
ST rates in the DEB group were numerically lower than
those in the Re-DES group. The Kaplan—-Meier survival
analysis (Fig. 2a) revealed that 1-year MACE was signif-
icantly lower in patients treated with DEB [P = 0.007,
hazard ratio: 0.43, 95% CI: (0.23-0.79)].

When patients were divided into two groups on the basis
of layers of metal at lesions site, 44 patients with >3 met-
al-layered DES-ISR were associated with much higher
incidence of MACEs than the patients with two met-
al-layered DES-ISR [36.4% (16/44) vs. 20.3% (26/128);
P = 0.04] (Table 4). Morecover, if those patients with >3
metal-layered DES-ISR were treated with new-DES
implantation again, the rates of TLR and MACE were

Re-DES group (n=79) DEB group (n=93) P value
Targeted vessel (n, %) LM 4 (5.0%) 3 (3.2%) 0.94
LAD 31 (39.2%) 38 (40.9%)
LCX 7 (21.5%) 0 (21.5%)
RCA 7 (34.2%) 2 (34.4%)
Mehran's classification of lesion Focal 27 (34.2%) 1 (33.3%) 0.99
type [15] (n, %) Diffuse 2 (27.8%) 6 (27.9%)
Proliferative 19 (24.1%) 22 (28.7%)
Occlusion 1 (13.9%) 4 (15.19%)
RVD (mm) 2.79 +0.63 2.65 +0.67 0.13
Lesion length (mm) 19.3+85 18.7+ 79 0.63
MLD before (mm) 0.567 £ 0.08 0.55 £ 0.07 0.08
DS before (%) 69.7 £ 7.9 71.3+8.3 0.20
Prior stent length (mm) 251 +73 249+6.8 0.85
Prior stent diameter (mm) 2.83 + 0.32 2.76 £ 0.25 0.11
Prior type of stent (n, %) First-generation DES 28 (35.4%) 35 (37.6%) 0.87
Second-generation DES 1 (64.6%) 58 (62.4%)
>3 metal-layered ISR (n, %) 9 (24.1%) 25 (26.9%) 0.73
Noncompliance balloon usage (%) 79 (100%) 91 (97.8%) 0.94
Scoring/cutting balloon usage (%) 4 (43.0%) 83 (89.2%) 0.00
DES or DEB diameter (mm) 2.91 £0.43 2.83+0.36 0.19
DES or DEB length (mm) 26.3+5.8 24.7+6.9 0.11
MLD (mm) after 2.67 £ 0.23 2.51£0.34 0.00
DS(%) after 11.3+£3.2% 224+ 4.3% 0.00
IVUS usage (n, %) 42 (53.2%) 47 (50.5%) 0.54
Thienopyridine agent (n, %) Clopidogrel 51 (64.6%) 64 (68.8%) 0.55
Ticagrelor 28 (35.4%) 29 (31.2%)

DS, percentage diameter stenosis; DEB, drug eluting balloon; DES, drug-eluting stent; ISR, in-stent restenosis; IVUS, intravascular ultrasound; LAD, left anterior
descending; LCX, left circumflex; LM, left main; MLD, minimum luminal diameter; RCA, right coronary artery; RVD, reference vessel diameter.
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Table 3 The 1-year major adverse cardiovascular events of the repeated drug eluting stent group vs. the drug eluting balloon group
(n, %)

Re-DES group (n = 79) DEB group (n = 93) Hazard ratio (95% CI) P value
MACEs 26 (32.9%) 16 (17.2%) 1.13-2.14 0.02
Death 2 (2.5%) 1(1.1%) 0.64-3.26 0.59
Myocardial infarction 9 (11.4%) 6 (8.7%) 0.85-2.10 0.29
STEMI 2 (2.5%) 1(1.1%) 0.64-3.31 0.59
NSTEMI 7 (8.9%) 5 (5.4%) 0.78-2.16 0.39
TLR 23 (27.8%) 14 (15.1%) 1.08-2.07 0.04
Definite/probable stent thrombosis 3 (3.8%) 2 (2.2%) 0.64-2.78 0.66

Cl, confidence interval; DEB, drug eluting balloon; DES, drug eluting stent; MACE, major adverse cardiovascular events; NSTEMI, non-ST-elevation myocardial infarction;
ST, stent thrombosis; STEMI, ST-elevation myocardial infarction; TLR, target lesion revascularization.
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Kaplan—Meier MACE-free survival curves for the patients with recurrent DES-ISR during 1-year follow-up. (a) Comparison of MACE-free survival
for patients with the recurrent DES-ISR between those treated with DEB and those treated with repeated DES implantation (log-rank test, P=
0.007). (b) Comparison of MACE-free survival between the patients with >3 metal-layered DES-ISR and patients with two metal-layered DES-ISR
(log-rank test, P = 0.025). (c) Comparison of MACE-free survival for the patients with >3 metal-layered DES-ISR between treated with DEB and
treated with repeated new DES implantation (log-rank test, P = 0.007). (d) Comparison of MACE-free survival between the patients with >3 met-
al-layered DES-ISR and two metal-layered DES-ISR treated with DEB identically (log-rank test, P= 0.659). CV, cardiovascular; DEB, drug eluting
balloon; DES, drug eluting stent; ISR, in-stent restenosis; MACE, major adverse cardiovascular events; MI, myocardial infarction; PCI, percutane-
ous coronary intervention; TLR, target lesion revascularization.

Table 4 The 1-year major adverse cardiovascular events of patients with different metal-layered drug eluting stent in-stent restenosis
(n, %)

>3 metal-layered ISR (n = 44) 2 metal-layered ISR (n = 128) Hazard ratio (95% CI) P value
MACEs 16 (36.4%) 26 (20.3%) 1.06-3.01 0.04
Death 1 (2.5%) 2 (0.8%) 0.14-15.66 1.00
Myocardial Infarction 4 (9.1%) 11 (8.6%) 0.35-3.15 1.00
STEMI 1 (2.3%) 2 (1.6%) 0.13-15.66 1.00
NSTEMI 3 (6.8%) 9 (7.0%) 0.78-2.16 1.00
TLR 13 (29.5%) 24 (18.8%) 0.88-2.82 0.14
Definite/probable stent thrombosis 2 (4.5%) 3 (2.3%) 0.33-11.23 0.60

Cl, confidence interval; DEB, drug eluting balloon; DES, drug eluting stent; MACE, major adverse cardiovascular events; NSTEMI, non-ST-elevation myocardial infarction;
ST, stent thrombosis; STEMI, ST-elevation myocardial infarction; TLR, target lesion revascularization.

Copyright © 2019 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



478 Coronary Artery Disease 2019, Vol 30 No 7

as high as 47.4% (9/19) and 57.9% (11/19), which were
significantly higher than the remaining patients treated
with DEB [47.4% vs. 16.0% (4/25), P = 0.04 and 57.9% vs.
20.0% (5/20), P = 0.01, respectively] (shown as Table 5).
The Kaplan—-Meier survival analysis (Fig. 2b, ¢) revealed
similar trends. However, survival analysis demonstrated
that if the patients were treated with DEB, there was no
significant difference between the patients with >3 met-
al-layered DES-ISR and the patients with two metal-lay-
ered DES-ISR (Fig. 2d).

For the final multivariable analysis, the diabetes mellitus,
hyper-cholesterolemia, Mehran’s classification of lesion
type, episodes of restenosis, the lesion length, MLD
(before), DS (before), postprocedure MLD, residue DS,
Scoring/Cutting balloon usage, and the Re-DES deploy-
ment were included into the final analysis model because
these factors were considered to be clinically important or
P < 0.10 as univariate analysis. The multivariable analysis
revealed that the following were risk factors of MACE: dia-
betes mellitus [hazard ratio, 2.21; (95% CI, 1.12-4.36); P =
0.02], 23 metal-layered DES-ISR [hazard ratio, 3.51; (95%
CI, 1.84-6.23); P = 0.04], and Re-DES deployment [com-
pared with DEB; hazard ratio, 3.17; (95% CI, 1.75-5.76);
P =0.00]. Neither the postprocedure MLLD, residue steno-
sis nor the lesion length was the independent risk factor.

Discussion

In the present study, it was demonstrated that the rate
of MACE in patients with recurrent DES-ISR was quite
high after PCI treatments in both groups and was mainly
driven by high TLR. Our study also indicated that DEB
was associated with more favorable clinical outcomes for
recurrent DES-ISR compared with repeated new-gen-
eration DES deployment, especially for patients with
>3 metal-layered DES-ISR. In addition, this research
revealed that with Re-DES deployment, >3 metal-lay-
ered DES-ISR and diabetes mellitus were both inde-
pendent risk factors of MACE, but no other lesion factors
or procedure characteristics were predictors of MACE.

For recurrent DES-ISR, the most reasonable treatment
option is still uncertain. Theoretically, it is speculated
that redeployment of additional stents with multimetallic
layers will themselves lead to lumen loss at lesions, espe-
cially at small diameter vessels [8,9]. In addition, stent

under-expansion has been reported as a major poten-
tial mechanism for DES-ISR [16], while repeat stenting
could not correct the existing stent under-expansion with
multimetallic layers, but would aggravate this phenom-
enon and result in worse clinical outcomes. Moreover,
too many layers of metal could result in the loss of side
branches and damage endothelial function at the stent-
ing segment, which are causes of adverse clinical out-
comes [9,10]. Varghese ¢z a/. [17] reported that in patients
with recurrent DES-ISR treated by new-generation DES
repeat deployment, the rates of 1-year MACE and TLR
were 30.8% and 24.2%, respectively. These were similar
to the adverse event rates for the Re-DES group in our
study. These results demonstrate that repeat DES stent-
ing is not an optimal option for this challenging subgroup.

Distinct from repeat stenting, DEBs release an antipro-
liferative drug into the vascular wall, inhibiting intimal
hyperplasia and reducing the rate of ISR. This avoids
any residual chronic inflammatory response caused by
another metal layer and polymers, and thereby decreases
the risk of subsequent late thrombosis. Thus, using
DEBs as an alternative treatment in this scenario is the-
oretically advantageous relative to the worse results of
recurrent DES-ISR [18]. Kawamoto ¢ a/. [12] reported
that for treating recurrent multilayered-metallic ISR,
DEB was not inferior compared with repeat deployment
of the new-generation DES, and it was demonstrated
that DEBs have a similar effect on recurrent or new-on-
set DES restenosis [10-12]. In line with those reports,
the present study demonstrated that DEB was associ-
ated with favorable outcomes compared with repeated
new-generation DES deployment, especially because
the DEB, compared with Re-DES;, drastically reduced
the incidences of MACE and TLR for patients with >3
metal-layered DES-ISR. These findings suggest that
DEB may be an alternative option for recurrent DES-
ISR compared to repeated DES implantation.

Although the DEB was superior to repeating the DES for
recurrent DES-ISR in the present study, both modalities
provided unsatisfactory clinical outcomes. Therefore, we
believe that new exceptional treatment modalities should
be sought after to prevent ISR recurrences for these
challenging patients. Moreover, the rates of MACE and
TLR in both groups were higher than reports from many

Table 5 The 1-year major adverse cardiovascular events for patients with >3 metal-layered drug eluting stent in-stent restenosis (n, %)

Re-DES group (n=19) DEB group (n = 25) Hazard ratio (95% CI) P value
MACEs 11 (57.9%) 5 (20.0%) 1.21-6.93 0.01
Death 1 (5.3%) 0 ND ND
Myocardial infarction 3 (15.8%) 1 (4.0%) 0.44-35.05 0.30
STEMI 1 (5.3%) 0 ND ND
NSTEMI 2 (10.5%) 1 (4.0%) 0.25-26.93 0.57
TLR 9 (47.4%) 4 (16.0%) 1.07-8.18 0.04
Definite/probable stent thrombosis 1 (5.3%) 1 (4.0%) 0.09-19.73 1.00

Cl, confidence interval; DEB, drug eluting balloon; DES, drug eluting stent; MACE, major adverse cardiovascular events; NSTEMI, non-ST-elevation myocardial infarction;
ND, no data; ST, stent thrombosis; STEMI, ST-elevation myocardial infarction; TLR, target lesion revascularization.
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other studies [10-12]. This suggests that the patients in
the current study had additional high-risk factors that
resulted in adverse effects on the prognosis. First, almost
one quarter of the patients in our study had >3 metal-lay-
ered restenosis at the same lesions. This would have a
negative effect on the treatment of those patients, as our
study revealed that the incidences of TLR and MACE
in patients with >3 metal-layered DES-ISR were higher
than the patients with two metal-layered DES-ISR; this
was especially true for patients in the Re-DES group.
Furthermore, the patients in our study had many high-
risk factors, such as almost one-third of patients pre-
sented with ACS and another one-third with diabetes
mellitus; these clinical features might affect the prog-
nosis of the patients. In addition, although intravascular
ultrasound imaging (IVUS) or optical coherence tomog-
raphy (OCT) has been considered as a useful adjunctive
tool to improve the outcomes of DES-ISR [19,20], the
IVUS measurement was only performed in just over half
of patients in both groups (53.2% in the Re-DES group
vs. 50.5% in the DEB group; P = 0.86). Maybe better out-
comes could be expected with greater use of intravascu-
lar imaging.

The strategy of repeat new DES deployment for recur-
rent DES-ISR raises a major concern that is the increas-
ing risk of ST [21]. In theory, too many layers of stent
strut and polymer may present substrates for stent throm-
bosis. Moreover, the high dose of antiproliferation drug
can inhibit proper endothelial healing, which has been
demonstrated to be an independent risk factor for late
stent thrombosis [22]. In the present study, there were
three ST events in the Re-DES group that occurred
at 65 days, 132 days, and 204 days after the index pro-
cedure, respectively, and the DAPT was continued at
those times. The two ST events in the DEB group were
found at 3 days and 213 days after the procedure. The
first was considered a residual dissection following the
balloon dilation, and the second patient just accepted
aspirin when the ST occurred. Although the ST rates in
the Re-DES group was nominally higher than the DEB
group during the 1-year follow-up [3/79 (3.8%) vs. 2/93
(2.2%); P = 0.66], due to the small sample size and short
follow-up time in this analysis, a larger RC'T study would
be required to clarify whether the strategy of Re-DES for
recurrent DES-ISR increases the rate of stent thrombosis.

From multivariate analysis, diabetes mellitus, resteno-
sis with >3 stent layers, and Re-DES deployment were
found as risk factors of MACE rates in the present study.
Whether in the BMS or DES era, diabetes is a predic-
tor of adverse events after stent implantation, which has
been repeatedly confirmed by various clinical studies
[23,24]. Similarly, for recurrent DES-ISR, diabetes melli-
tus remains an independent risk factor for adverse events
in the present analysis. For the patients with >3 met-
al-layered DES-ISR (multiple recurrences of restenosis),
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previous failures in treatment of ISR indicated that the
problems that led to failure of the prior stent would be
persistent. If repeat DES deployment is used for treat-
ment of those patients, the persistent problems can be
difficult to correct, and may be even amplified by sub-
sequent stents. Our findings verified this speculation to
some extent in that the patients with >3 metal-layered
DES-ISR were associated with worse outcomes com-
pared with patients with two metal-layered DES-ISR,
especially when those patients were treated with new
DES deployment. However, if the patients with 23 met-
al-layered DES-ISR were treated with DEB, then the
clinical outcomes were not only better than those with
Re-DES implantation, but also were comparable to those
of the patients with two metal-layered DES-ISR. These
findings suggest that the DEB would be a superior option
for a challenging setting such as patients with 23 met-
al-layered DES-ISR.

"This study has some limitations. First, the major limita-
tion of this analysis is its retrospective nature; the deci-
sions on the choice of treatment were not random but
based on the operator’s preference. Although we did not
find significant difference in the lesion or clinical charac-
teristics between groups, the presence of unrecognized
confounders is possible. Second, the devices (DES or
DEB) used in our study do not cover all previous emerg-
ing products, which affects the results of these patients.
Finally, this is a small cohort of patients from a single
center. Another larger prospective, randomized trial
needs to be undertaken to assess both treatment modali-
ties for recurrent DES-ISR.

In conclusion, for recurrent DES-ISR, DEB seems to be
associated with more favorable clinical outcomes com-
pared with repeat new-generation DES implantation,
especially for patients with >3 metal-layered DES-ISR.
We found that diabetes mellitus, >3 metal-layered DES-
ISR, and Re-DES deployment were the risk factors of
MACE for recurrent DES-ISR. However, the clinical
outcomes in both groups were not quite satisfactory; this
suggests that more optimal therapeutic modalities for
recurrent DES-ISR should be investigated in the future.
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