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Abstract

Background Limited data is available for long-term outcomes after percutaneous coronary intervention (PCI) of coronary
drug-eluting stent (DES) in-stent restenosis (ISR) in diabetics.

Aims Thus, the aim of this observational, retrospective study was to close this lack of evidence.

Methods Between January 2007 and February 2021, a total of 3511 patients with 5497 ISR lesions were treated at
two large-volume centers in Munich, Germany, of which 1242 (35.4%) were diabetics. Endpoints of interest were
the rates of cardiac death, repeat revascularization, and myocardial infarction (MI). Survival was analyzed using the
Kaplan—Meier method. Differences between the groups were tested with the log-rank test. Conventional multivariable
analysis with adjustment for relevant variables was performed.

Results After 10 years, the rates of cardiac death were 42.8% for diabetics and 32.8% for nondiabetics (HR,4; 1.55
[95% CI, 1.31-1.81], p<0.001). MI occurred in 15.9% of diabetics and in 9.7% of non-diabetics (HR,4; 1.70 [95%
CI, 1.36-2.11], p<0.001). The rates of repeat revascularization of target lesion (HRadj 1.17 [95% CI, 1.02-1.34],
p=0.028), target vessel, and nontarget vessel were significantly higher in diabetics as compared to nondiabetics. No
statistically relevant difference was found regarding the rate of stent thrombosis. Compared to non-insulin-dependent
diabetics, insulin-dependent diabetics show higher rates of cardiac death and MI, but comparable revascularization
rates in both diabetic groups.

Conclusions In the long term, the rates of cardiac death, MI, and repeat revascularization after PCI of DES-ISR are
significantly higher in diabetics, particularly in insulin-dependent diabetics, than in nondiabetics.

Extended author information available on the last page of the article
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Graphical Abstract

Aim: To investigate diabetes-related 10-year outcomes after PCI of DES-ISR
Design: A retrospective, observational study
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Abbreviations: DES, drug-eluting stent; DM, diabetes mellitus; ISR, in-stent restenosis; PCI, percutaneous coronary intervention
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Abbreviations PCI Percutaneous coronary intervention

ACS Acute coronary syndrome ST Stent thrombosis

BA Balloon angioplasty TLR Target lesion revascularization

CABG  Coronary artery bypass graft TVR Target vessel revascularization

CAD Coronary artery disease

DCB Drug-coated balloon

DES Drug-eluting stent Introduction

DM Diabetes mellitus

HR Haza.rd ratio . ) Globally, coronary artery disease (CAD) is a leading cause
IDDM Insuhn—dependeI.lt diabetes mellitus of death, with percutaneous coronary intervention (PCI) as
ISR In-s.tent restenosis ) an established revascularization procedure [1]. The occur-
MACE  Major adverse cardiac events rence of in-stent restenosis (ISR) and the need for repeat
MI Myocardial infarction

revascularization are quantified as 1-2% per year, limiting
long-term outcomes after PCI [2]. The implementation of
newer generation drug-eluting stents (DES) has substantially

NIDDM Non-insulin-dependent diabetes mellitus
NTVR  Nontarget vessel revascularization
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reduced the need for target lesion revascularization (TLR);
however, ISR remains an important issue in clinical practice,
being associated with elevated mortality rates [3]. About
10% of all PCI cases are attributable to the intervention of
ISR[4]; repeat DES implantation and drug-coated balloon
(DCB) angioplasty represent the most effective treatment
options for DES-ISR [5]. Compared to PCI for native coro-
nary stenosis, PCI of ISR is accompanied by increased rates
of adverse events [6].

Based on data from 2021, 537 million people worldwide
suffer from diabetes mellitus (DM), predicted to rise to 783
million in 2045, illustrating the importance of this cardio-
vascular risk factor [7]. Hyperglycemia and insulin resist-
ance have been shown to strongly predict the occurrence of
macrovascular disease and to increase the risk of CAD [8].
DM is considered a predictor for poor clinical outcomes fol-
lowing PCI in coronary de novo lesions, going along with
elevated prevalence of cardiac death, myocardial infarction
(MI), and repeat revascularization [9, 10]. The correlation
between DM and ISR still is a matter of debate. While some
trials did not confirm a link between DM and the occurrence
of DES-ISR [11, 12], others revealed DM to be accompanied
by increased ISR rates and to predict recurrent ISR [4, 13,
14]. Diabetics with DES-ISR face “double jeopardy” as they
are subjected to the risk of DM as a strong cardiovascular
risk factor on the one hand, and exposed to ISR, a condition
clearly associated with worse outcomes on the other hand.

Due to the steadily increasing prevalence of DM and
the strong correlation with CAD, there is great interest to
further illuminate the impact of DM on clinical long-term
outcomes after PCI of ISR as the clinical relevance could be
even higher in the future [15]. As most outcome data after
PCI for patients with DM refer to the treatment of native
coronary artery stenosis, data analyzing clinical long-term
outcomes after PCI of DES-ISR in diabetics are scarce and
mostly limited in patient numbers and in follow-up [14, 16,
17]. Thus, the aim of this analysis is to compare outcomes
after PCI of DES-ISR between a large cohort of diabetics
and nondiabetics in the long term.

Methods
Study design and patient selection

The ISAR-DESIRE registry is an observational, retrospec-
tive study of patients who underwent PCI for the treatment
of ISR between January 2007 and February 2021 at the
Deutsches Herzzentrum Miinchen, Munich, Germany and
the 1. Med. Klinik, Klinikum rechts der Isar, Technical Uni-
versity, Munich, Germany. The present analysis focuses on
the impact of DM on long-term outcomes after PCI of DES-
ISR. DM was diagnosed based on the American Diabetes
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Association definitions in patients who were on treatment
with insulin or oral antidiabetic drugs, who had a fasting
blood glucose level of > 126 mg/dl, an abnormal blood glu-
cose level of >200 mg/dl documented 2 h after a glucose
tolerance test, or an HbAlc of >6.5% [18]. The study was
approved by the local ethics board of the Technical Univer-
sity Munich, Germany, and adheres to the Declaration of
Helsinki.

Interventional procedure and medications

PCI of DES-ISR was performed according to standard clini-
cal practice. All patients were treated with either balloon
angioplasty (BA) (including plain old balloon angioplasty
and drug-coated balloon (DCB) angioplasty) or implanta-
tion of DES. The decision regarding the individual therapy
strategy was determined by the treating physician. Accord-
ing to local standards, predilatation was recommended for
all patients undergoing PCI for ISR; the use of scoring or
debulking devices was left to the operators’ discretion, as
well as the decision to perform post-dilatation after stent-
ing. During the procedure, patients usually received 500 mg
aspirin intravenously and body weight adjusted intra-arterial
or intravenous heparin or bivalirudin immediately after the
decision to perform the intervention. After the intervention,
all patients received aspirin indefinitely and a P2Y 12 inhibi-
tor (clopidogrel, prasugrel, or ticagrelor) according to clini-
cal presentation and recommendations at the time of PCI.

Data collection

Personnel of the clinical data management center (ISARe-
search-Center, Munich, Germany) collected relevant data
on source-documented hospital chart reviews. This data
included information regarding clinical and lesion-related
parameters at the time of initial and repetitive PCIs. The
required data for this study was entered into an anonymized
study database. Angiographic parameters of interest included
the type of intervention (BA vs. DES), balloon diameter and
maximum balloon pressure, total stented length, and stent
diameter, as well as thrombolysis in myocardial infarction
(TIMI) grade flow pre- and post-PCI.

Endpoints

Endpoints of interest regarding this diabetes-related analysis
were the rates of all-cause death, cardiac death, myocardial
infarction (MI), target lesion revascularization (TLR), target
vessel revascularization (TVR), nontarget vessel revasculariza-
tion (NTVR), and stent thrombosis (ST). TVR was defined as
revascularization in the target vessel outside the target lesion.
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Table 1 Clipical baseline Diabetics (n=1242) Non-diabetics (n = 2269) p value
characteristics
Age (in years) 69.6+9.7 69.0+10.9 0.075
Male sex 76.2 (946) 79.4 (1,802) 0.029
BMI (in kg/m?) 28.6+4.8(n=1233) 26.9+4.2(n=2198) <0.001
Arterial hypertension 97.9 (1216) 90.4 (2052) <0.001
Hypercholesterolemia 76.3 (948) 72.2 (1639) 0.009
Current smoker 15.3 (190) 14.5 (330) 0.581
CAD <0.001
- 1-vessel CAD 6.6 (82) 12.4 (282)
- 2-vessel CAD 17.6 (219) 21.5 (488)
- 3-vessel CAD 75.8 (941) 66.1 (1499)
Multivessel CAD 93.4 (1160) 87.6 (1987) <0.001
Prior MI 43.6 (541) 45.9 (1042) 0.190
Prior CABG 15.5 (192) 13.0 (296) 0.054
Ejection fraction (in %) 51.4+11.5 52.8+10.9 <0.001
ACS 30.2 (375) 28.8 (654) 0.416
Clinical presentation <0.001
- Stable angina 69.8 (867) 71.2 (1615)
- Unstable angina 12.0 (149) 15.8 (358)
- NSTEMI 15.7 (195) 10.2 (232)
- STEMI 2.5(31) 2.8 (64)
Creatinine ad admission (in mg/dl) 1.12+0.44 1.11+0.39 0.010
CRP ad admission (in mg/l) 55+17.0 49+14.1 0.326
ASA at discharge 96.4 (1197) 97.0 (2200) 0.406
P2Y 12 inhibitor at discharge 95.3 (1184) 94.6 (2147) 0.408
Oral anticoagulation at discharge 13.6 (169) 14.3 (324) 0.619
Statin at discharge 90.5 (1124) 91.8 (2082) 0.229

Data shown as percentage (number) or means + standard deviation

ACS, acute coronary syndrome; ASA, acetylsalicylic acid; BMI, body mass index; CABG, coronary artery
bypass graft; CAD, coronary artery disease; CRP, C-reactive protein; MI, myocardial infarction; NSTEMI,
non-ST-elevation myocardial infarction; STEMI, ST-elevation myocardial infarction

Event rates are presented as Kaplan—Meier 10-year event rates
for all-cause death and cardiac death, and cumulative ten-year
incidences after accounting for the competing risk of death for
the other endpoints. The definition of myocardial infarction
(MI) used in this analysis was based on the Third Universal
Definition of Myocardial Infarction [19]. The definitions of
ISR, ST, TLR, and NTVR used in this trial were adapted from
the Academic Research Consortium [20, 21].

Statistics

Baseline descriptive parameters are presented as mean + stand-
ard deviation for continuous data and numbers with percent-
ages for categorical data. The Cox proportional hazards
model for time-to-first-event analysis was used to calculate
hazard ratios and 95% confidence intervals. An extended Cox
model (Andersen—Gill model) was used for recurrent TLR.
All-cause and cardiac mortality rates were obtained by the
Kaplan—Meier estimates. Incidences of all other events were
calculated by accounting for the competing risk of death and for

within-subject correlation by using robust sandwich estimators
for the variance of regression coefficients. The treatment of the
first DES-ISR was defined as time zero. Univariate analysis
considering clinical and procedure-related variables was per-
formed. Conventional multivariable analyses were performed
with adjustment for the following variables: age, sex, multives-
sel CAD, prior MI, prior CABG, ejection fraction, use of DCB,
creatinine and C-reactive protein on admission, acetylsalicylic
acid, P2Y12 inhibitor, and statin on discharge. A 2-tailed p
value of less than 0.05 was considered statistically significant.
Statistical software R (Version 4.0, R Foundation for Statistical
Computing, Vienna, Austria) was used for all analyses.

Results
Baseline and procedural characteristics

A total of 3511 patients underwent PCI due to ISR; 35.4%
(1242 patients) suffered from DM. Diabetics were more
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Table 2 Procedural characteristics

Lesions in diabetics (n = 2074) Lesions in nondiabetics (n=3423) p value
Type of intervention 0.011
- Balloon angioplasty 48.8 (1013) 45.3 (1550)
- DES implantation 51.2 (1061) 54.7 (1873)
Drug-coated balloon 21.6 (449) 15.6 (534) <0.001
Cutting balloon 2.7 (55) 2.6 (88) 0.924
Bifurcation lesion 34.2 (708) (n=2072) 32.5(1105) (n=3395) 0.228
Ostial lesion 32.0 (664) (n=2073) 30.0 (1019) (n=3398) 0.119
Max. balloon diameter (mm) 3.29+0.61 (n=2040) 3.33+0.61 (n=3305) 0.140
Max. balloon pressure (atm) 16.0+4.2 (n=2040) 15.8+4.1 (n=3284) 0.218
Max. stent diameter (mm) 3.24+0.55 (n=1072) 3.28+0.52 (n=1861) 0.174
Total stented length (mm) 252+13.6 (n=175) 25.6+13.2 (n=1861) 0.529
TIMI grade flow pre-PCI 0.156
-0 6.8 (141) 8.2 (280)
-1 1.9 (40) 1.9 (66)
-2 7.3 (151) 6.3 (215)
-3 84.0 (1741) 83.5 (2847)
TIMI grade flow post-PCI 0.289
-0 1.5(31) 2.0 (68)
-1 0.2 (4) 0.4 (14)
-2 2.0(41) 2.0 (69)
-3 96.3 (1997) 95.6 (3254)
Data shown as percentage (number) or means =+ standard deviation
DES, drug-eluting stent; PCI, percutaneous coronary intervention; 7/MI, thrombolysis in myocardial infarction
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Fig.2 Diabetes-related ten-year cumulative incidence of TLR. The
figures demonstrate the cumulative incidence function curves and HR
with accompanying 95% CI

Fig. 1 Diabetes-related ten-year incidence of cardiac death. The fig-
ure demonstrates the cumulative incidence function curve and HR
with accompanying 95% CI

often male than nondiabetics (76.2 vs. 79.4; p=0.029),
presented with a higher body mass index (28.6 kg/m? vs.
26.9 kg/m?; p <0.001), and more often suffered from arterial

hypertension (97.9% vs. 90.4%; p <0.001). Diabetics were
more likely to suffer from coronary multivessel disease
(93.4% vs. 87.6%; p<0.001) and to present with a history
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Table 3 Clinical outcomes

PCI in diabetics ~ PCI in nondiabet- HR (95% CI) Unadjusted p value HR, 4 (95% CI) Adjusted p value
(n=1242) ics (n=2269)

All-cause death 442 (57.7) 622 (43.4) 1.59 (1.40-1.79) <0.001 1.56 (1.38-1.77) <0.001

Cardiac death 318 (42.8) 458 (32.8) 1.56 (1.35-1.80) <0.001 1.55 (1.33-1.81) <0.001

MI 164 (15.9) 191 (9.7) 1.78 (1.45-2.20) <0.001 1.70 (1.36-2.11) <0.001

TLR 375 (33.5) 613 (29.4) 1.24 (1.09-1.41) <0.001 1.17 (1.02-1.34)  0.028

TVR 330 (29.9) 515 (25.2) 1.33 (1.16-1.52) <0.001 1.26 (1.09-1.46) 0.002

NTVR 483 (43.6) 737 (36.4) 1.38 (1.23-1.55) <0.001 1.26 (1.12-1.42) <0.001

Definite ST 27 (2.3) 35(1.6) 1.51 (0.92-2.49) 0.106 1.57 (0.95-2.59) 0.081

The numbers shown in brackets are Kaplan—Meier estimates (%). Cumulative incidence functions were computed for outcomes other than death
to account for competing risks. The adjusted hazard ratios, 95% CI, and P values reported here are derived from a conventional multivariable
analysis with adjustment for the following variables: age, sex, multivessel CAD, prior MI, prior CABG, ejection fraction, use of DCB, creatinine

and C-reactive protein ad admission, acetylsalicylic acid, P2Y 12 inhibitor and statin at discharge

Target vessel revascularization is defined as revascularization in the target vessel outside the target lesion

CABG, coronary artery bypass graft; CAD, coronary artery disease; DCB, drug-coated balloon; HR, hazard ratio; HR,

agj» adjusted hazard ratio;

MI, myocardial infarction; NTVR, nontarget vessel revascularization; PCI, percutaneous coronary intervention; 7LR, target lesion revasculariza-

tion; TVR, target vessel revascularization; ST, stent thrombosis

of coronary artery bypass graft (CABG) operation (15.5%
vs. 13.0%; p=0.054). Diabetics and nondiabetics equally
commonly presented with acute coronary syndrome (ACS)
(30.2% vs. 28.8%; p=0.416). Moreover, diabetics presented
with a lower ejection fraction (51.4% vs. 52.8%; p <0.001)
and higher creatinine at admission (1.12 mg/dl vs. 1.11
mg/dl; p <0.010). Further clinical baseline characteristics
are presented in Table 1. The division of clinical baseline
characteristics in patients with insulin-dependent diabetes
mellitus (IDDM), non-insulin-dependent diabetes mellitus
(NIDDM), and nondiabetics is shown in Table S1.

A total of 5497 ISR lesions were treated. In diabetics,
ISR was treated with DES implantation in 51.2% and in

nondiabetics in 54.7% (p=0.011). In the BA group, 44.3%
(449/1013 patients) of diabetics and 46.4% (534/1550
patients) of nondiabetics were treated with a DCB. Mean
maximum balloon diameter was 3.29+0.61 mm in diabet-
ics and 3.33+0.61 mm in nondiabetics (p =0.140). Mean
maximum balloon pressure was 16.0 +4.2 atm in diabetics
and 15.8 +4.1 atm in nondiabetics (p =0.218). Mean maxi-
mum stent diameter was 3.24 +0.55 mm in diabetics and
3.28 +£0.52 mm in nondiabetics (p =0.174). Total stented
length was 25.2 +13.6 mm in diabetics and 25.6 + 13.2 mm
in nondiabetics (p =0.529). A summary of procedure-related
characteristics is shown in Table 2. The division of proce-
dure-related baseline characteristics in patients with IDDM,

Table 4 Clinical outcomes (IDDM vs. NIDDM vs. nondiabetics)

PCI in IDDM PCIin NIDDM PCIin HR IDDM-NON p value HR NIDDM- p value HR IDDM- p value
(n=471) (n=1771) NON (95% CI) NON (95% CI) NIDDM (95%
(n=2269) CD

All-cause death 187 (62.8) 255 (54.7) 622 (43.4)  1.91(1.62-2.25) <0.001 1.41 (1.22-1.63) <0.001 1.35 (1.12-1.63)  0.002
Cardiac death 134 (47.6) 184 (40.0) 458 (32.8) 1.88 (1.55-2.28) <0.001 1.39 (1.17-1.65) <0.001 1.35 (1.08-1.69)  0.009
MI 72 (18.8) 92 (14.1) 191 9.7) 2.17 (1.65-2.84)  <0.001 1.57 (1.22-2.01) <0.001 1.38 (1.02-1.89)  0.039
TLR 148 (34.9) 227 (32.6) 613(29.4)  1.37(1.14-1.64) <0.001 1.17 (1.01-1.37) 0.038 1.16 (0.94-1.43) 0.157
TVR 124 (29.2) 206 (30.3) 515(25.2)  1.38(1.13-1.69) 0.001 1.30 (1.10-1.52) 0.002 1.07 (0.85-1.34)  0.580
NTVR 182 (43.7) 301 (43.6) 737 (36.4)  1.41(1.20-1.65) <0.001 1.37 (1.20-1.56) <0.001 1.03 (0.86-1.23) 0.772
Definite ST 12(2.7) 15(2.1) 35(1.6) 1.81 (0.94-3.49) 0.075 1.33(0.73-2.44) 0.351 1.36 (0.64-2.91) 0.427

The numbers shown in brackets are Kaplan—Meier estimates (%). Cumulative incidence functions were computed for outcomes other than death
to account for competing risks. The adjusted hazard ratios, 95% CI, and P values reported here are derived from a conventional multivariable
analysis with adjustment for the following variables: age, sex, multivessel CAD, prior MI, prior CABG, ejection fraction, use of DCB, Creati-
nine and C-reactive protein ad admission, acetylsalicylic acid, P2Y12 inhibitor and statin at discharge

Target vessel revascularization is defined as revascularization in the target vessel outside the target lesion

CABG, coronary artery bypass graft; CAD, coronary artery disease; DCB, drug-coated balloon; HR, hazard ratio; HR,y;, adjusted hazard ratio;
IDDM, insulin-dependent diabetes mellitus; M1, myocardial infarction; NIDDM, non-insulin-dependent diabetes mellitus; NON, nondiabetics;
NTVR, nontarget vessel revascularization; ST, stent thrombosis; TLR, target lesion revascularization; TVR, target vessel revascularization
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NIDDM, and nondiabetics is presented in Table S2. While
the rate of DES implantation for the treatment of DES-ISR
slightly decreased, the rate of DCB use strongly raised over
the time of study inclusion (Figure S1).

Clinical outcomes

The median follow-up duration was 5.9 years (75% con-
fidence interval (CI): 3.5; 9.4 years). Then, 19% of the
total patient cohort (670 of 3511 patients) had a follow-
up of 9 years or less. The rate of 10-year all-cause death
after PCI of ISR was significantly higher in diabetics
than in nondiabetics (57.7% vs. 43.4%; HR 1.59 [95%
CL 1.40-1.79], p <0.001; adjusted HR (HR,q;) 1.56 [95%
CI, 1.38-1.77], p<0.001). Moreover, the rate of 10-year
cardiac death after PCI of ISR was significantly higher
in diabetics than in nondiabetics (42.8% vs. 32.8%; HR
1.56 [95% CI, 1.35-1.80], p<0.001; HR,4; 1.55 [95% CI,
1.31-1.81], p<0.001) (Fig. 1). Significantly, more dia-
betics underwent TLR after 10 years than nondiabetics
(33.5% vs. 29.4%; HR 1.24 [95% CI, 1.09-1.41], p<0.001;
HR,4; 1.17 [95% CI, 1.02-1.34], p=0.028) (Fig. 2). MI
rate was 15.9% in diabetics and 9.7% in nondiabetics (HR
1.78 [95% CI, 1.45-2.20], p <0.001; HR,4; 1.70 [95% CI,
1.36-2.11], p<0.001) (Figure S2). At 10-year follow-up,
the TVR rate was 29.9% in diabetics and 25.2% in nondia-
betics (HR 1.33 [95% CI, 1.16-1.52], p<0.001; HR,; 1.26
[95% CI, 1.09-1.46], p=0.002). NTVR rate was 43.6% in
diabetics and 36.4% in nondiabetics (HR 1.38 [95% CI,
1.23-1.55], p<0.001; HR,y; 1.26 [95% CI, 1.12-1.42],
p <0.001). After 10 years, ST was detected in 2.3% of
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diabetics and in 1.6% of nondiabetics (HR 1.51 [95% CI,
0.92-2.49], p=0.106; HR,; 1.57 [95% CI, 0.95-2.59],
p=0.081). An overview of the clinical outcomes is pre-
sented in Table 3.

By dividing the diabetic patient group into patients with
IDDM and NIDDM, one can recognize that the comparison
of either of the two diabetic groups to nondiabetics revealed
significantly higher rates of cardiac death (HR 1.88 [95%
CI, 1.55-2.28], p<0.001; HR 1.39 [95% CI, 1.17-1.65],
p<0.001) and all-cause death (HR 1.91 [95% CI, 1.62-2.25],
p<0.001; HR 1.41 [95% CI, 1.22-1.63], p <0.001) as well
as of MI (HR 2.17 [95% CI, 1.65-2.84], p <0.001; HR 1.57
[95% CI, 1.22-2.01], p <0.001) and repeat revascularization
in the diabetic group (TLR: HR 1.37 [95% CI, 1.14-1.64],
p<0.001; HR 1.17 [95% CI, 1.01-1.37], p=0.038). How-
ever, the pairwise comparison of patients with IDDM to
patients with NIDDM showed significantly higher rates of
cardiac death (HR 1.35 [95% CI, 1.08-1.69], p =0.009), all-
cause death (HR 1.35 [95% CI, 1.12-1.63], p=0.002), and
MI (HR 1.38 [95% CI, 1.02-1.89], p=0.039) in insulin-
treated diabetics but comparable revascularization rates in
both diabetic groups (TLR: HR 1.16 [95% CI, 0.94-1.43],
p=0.157). Clinical outcomes of patients with IDDM,
NIDDM, and non-diabetics are shown in detail in Table 4.
Event curves for cardiac death, TLR, and MI based on the
subdivision of patients with IDDM, NIDDM, and nondiabet-
ics are presented in Figures S3-S5. To assess the influence
of the treatment modality on outcomes over the entire period
of study inclusion, we divided the total patient cohort into
deciles based on the time of first PCI of DES-ISR. After 3
years, the p values for interaction between DM and the time

—_ No DM
DM

3

3 ] [ 7 8 9 10
Years after PCI of DES ISR

0-1 year: HR, 1.86 [95% CI, 1.43-2.43]; p<0.001
1-5 years: HR, 1.51 [95% CI, 1.05-2.19], p=0.027

5-10 years: HR, 3.14 [95% CI, 1.22-8.09], p=0.018
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Table 5 Predictors of TLR after PCI of first DES-ISR

HR (95% CI) p value
Older age 0.98 (0.98-0.99) <0.001
Female sex 1.00 (0.87-1.15) 0.988
BMI 1.00 (0.99-1.02) 0.528
Arterial hypertension 1.37 (1.03-1.82) 0.030
Hypercholesterinemia 0.99 (0.87-1.13) 0.938
Current smoker 0.82 (0.70-0.97) 0.018
Multivessel CAD 1.43 (1.14-1.79) 0.002
ACS 1.21 (1.08-1.36) 0.001
Prior MI 1.06 (0.95-1.18) 0.311
Prior CABG 1.29 (1.11-1.51) <0.001
Ejection fraction 1.00 (1.00-1.01) 0.605
DES implantation 0.71 (0.63-0.80) <0.001
Drug-coated balloon 0.98 (0.84-1.15) 0.836
Ostial lesion 1.14 (0.99-1.30) 0.060
Bifurcation lesion 0.91 (0.80-1.04) 0.167

ACS, acute coronary syndrome; BMI, body mass index; CABG, coro-
nary artery bypass graft; CAD, coronary artery disease; DES, drug-
eluting stent; ISR, in-stent restenosis; M1, myocardial infarction; PCI,
percutaneous coronary intervention; 7LR, target lesion revasculariza-
tion

of first PCI of DES-ISR did not reveal significant differences
either for cardiac death or for TLR. Moreover, after 3 years,
the p values for interaction between DM and type of inter-
vention (DES vs. DCB vs. POBA) did not show significant
differences either for cardiac death or for TLR (Table S3
and Figure S6).

Landmark analyses

Cardiac death occurred in 286 of 3511 patients within the
first year after PCI of DES-ISR, with an increased risk in the
diabetic group (HR, 1.93 [95% CI, 1.46-2.55], p<0.001).
From one to five years after PCI, cardiac death occurred in
512 of 2925 patients, with an increased risk in the diabetic
group (HR, 1.54 [95% CI, 1.25-1.89], p <0.001). From five
to ten years after PCI, cardiac death occurred in 266 of 1449
patients and was comparable in the two groups (HR, 1.30
[95% CI, 0.98-1.73], p=0.072). These results are demon-
strated in Figure S7. TLR occurred in 941 of 3511 patients
within the first year after PCI of DES-ISR, with an increased
risk in diabetics (HR, 1.25 [95% CI, 1.07-1.44], p =0.004).
From one to five years after PCI, TLR occurred in 614 of
2411 patients and was comparable in both groups (HR, 1.17
[95% CI, 0.89-1.54], p=0.248). From five to ten years after
PCI, TLR occurred in 230 of 1159 patients, with compara-
ble rates in the two groups (HR, 2.00 [95% CI, 0.92-4.33],
p=0.078). These results are demonstrated in Figure S8. MI
occurred in 457 of 3511 patients within the first year after
PCI of DES-ISR and was more frequent in the diabetic group

(HR, 1.86 [95% CI, 1.43-2.43]; p<0.001). MI occurred in
562 of 2815 patients from one to five years after PCI, with
an increased risk in diabetics (HR, 1.51 [95% CI, 1.05-2.19],
p=0.027). From five to ten years after PCI, MI occurred in
262 of 1375 patients, with increased MI rates in diabetic
patients (HR, 3.14 [95% CI, 1.22-8.09], p=0.018). These
results are demonstrated in Fig. 3.

Predictors of TLR

Older patient age and current smokers were found to be pre-
ventive parameters of TLR after 10 years. Moreover, DES
implantation in comparison to either balloon angioplasty
(BA) or DCB was found to be a preventive factor of TLR
after 10 years. However, arterial hypertension, multivessel
CAD, ACS, and prior CABG were found to be associated
with a higher likelihood of TLR after 10 years. A summary
of predictors of TLR is shown in Table 5.

Prediction of recurrent TLR

Diabetics are predisposed to a significantly higher risk of
recurrent TLR compared to nondiabetics (HR 1.20 [95%
CI, 1.07-1.33], p=0.001). By dividing the diabetic group
into patients with IDDM and patients with NIDDM, one
can recognize that the risk of recurrent TLR is signifi-
cantly higher in patients with IDDM than in non-diabetics
(HR 1.26 [95% CI, 1.09-1.47], p=0.001) and signifi-
cantly higher in patients with NIDDM than in nondiabet-
ics (HR 1.16 [95% CI, 1.02-1.31], p=0.027). Patients
with IDDM show slightly higher rates of recurrent TLR
than patients with NIDDM without reaching the level of
significance (HR 1.09 [95% CI, 0.92-1.30], p=0.308).

Discussion

This analysis addresses the limited data concerning long-
term outcomes after PCI of DES-ISR in patients with and
without DM. The major findings are as follows:

(a) Ten-year cardiac death rate is higher in diabetics than
in nondiabetics.

(b) Atten-year follow-up, the MI rate is higher in diabetics
than in nondiabetics.

(c) Diabetics were found out to have higher rates of repeat
revascularization of target lesion, target vessel and non-
target vessel than nondiabetics in the long-term.

(d) Patients with IDDM show significantly higher rates
of cardiac death, MI, and TLR than nondiabetics, and
higher rates of cardiac death and MI than patients with
NIDDM, with comparable revascularization rates in
both diabetic groups.
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(e) Arterial hypertension, multivessel CAD, ACS, and
prior CABG were found to be predictive parameters of
TLR after ten years in patients with DM.

DM is a well-known cardiovascular risk factor increas-
ing the risk of adverse events among patients suffering from
CAD and undergoing PCI with DES [9, 22-24]. According
to follow-up data from the Swedish Coronary Angiogra-
phy and Angioplasty Registry, mortality rates after PCI are
higher in diabetics than in nondiabetics in the long term,
with an increasing mortality gap with follow-up time [25].

On the one hand, DM predisposes patients to a higher risk
of ISR after PCI in de novo lesions [26, 27]; on the other
hand, PCI of ISR implicates higher rates of adverse events
than PCI in de novo lesions [6]. Previously published tri-
als found that hyperglycemia at admission predicts second-
generation DES-ISR after one year [28], insulin resistance is
closely linked to the rates of DES-ISR [29, 30], and hyper-
insulinemia is an independent risk factor for ISR [31, 32].
So, diabetics with DES-ISR face “double jeopardy” with
DM as a well-known cardiovascular risk factor considerably
predicting adverse outcomes on the one hand, and with the
occurrence of ISR strongly associated with worse outcomes
on the other hand. A previously published registry explor-
ing trends of PCI for ISR in the United States emphasized
the high prevalence of DM in patients with DES-ISR, with
48.5% suffering from DM [4].

Previously published data analyzing clinical outcomes
after PCI for ISR revealed increased prevalence of higher
body mass index (BMI), hypertension, and hyperlipidemia
in diabetics as compared to nondiabetics [16, 23], congruent
with data from our analysis. Consistent with the results from
the underlying trial, Tanner et al. figured out diabetics to be
more often female than nondiabetics [16]. Regarding clinical
presentation, previously published data found comparable
rates between diabetics and nondiabetics [14, 16, 17]. Based
on data from the underlying trial, more than 30% of diabetics
with DES-ISR present with ACS, underlining the clinical
importance of DM in patients suffering from CAD. ACS was
revealed to be predictive of TLR in the long term, consistent
with previously published data [16, 17]. Based on our analy-
sis, diabetics more often underwent prior CABG, concordant
with previous data and underlining the severity of CAD in
diabetics [16, 22]. Moreover, prior CABG was found to be
predictive of TLR in the long term, consistent with one-year
follow-up in a previously published registry [16]. According
to higher rates of chronic kidney disease in patients with DM
reported by Tanner et al., the underlying trial showed higher
values of creatinine at admission in diabetics [16].

To our knowledge, the underlying trial is the first analysis
including a large cohort of patients treated for DES-ISR and
followed-up long-term for clinical outcomes based on dia-
betic status. Previously published trials with similar patient
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cohorts have conducted follow-up for a maximum of two
years [14, 16, 17]. Tanner et al. demonstrated DM to be
associated with poorer one-year clinical outcomes in terms
of higher rates of major adverse cardiac events (MACE)
consisting of all-cause death, MI and TVR in 3156 patients
undergoing PCI for ISR [16]; congruent with worse long-
term outcomes in diabetics reported in the underlying trial.
However, Zhao et al. figured out MACE consisting of car-
diac death, MI and TLR to be similar in patients with and
without DM after two years [14]. Paramasivam et al. did
not reveal relevant differences in one-year clinical outcomes
focusing on all-cause death, MI and TLR between diabetics
and nondiabetics [17]. In both analyses, the authors con-
clude DM to not be a factor associated with poor clinical
outcomes based on currently available treatments. However,
besides the fact that both trials solely included 81 and 109
diabetics, follow-up duration was shorter than in the underly-
ing trial [14, 17]. In the underlying trial landmark, analyses
emphasize the consistently over ten years increased risk of
MI for diabetics while the elevated risk of cardiac death for
diabetics particularly exists in the first five years after PCI
of DES-ISR. The increased risk of TLR in diabetics in the
long-term appears to be caused by increased TLR rates in
the first year after PCI of DES-ISR with largely the same
risk in both groups in the further long-term.

Consistent with the results from our analysis, the occur-
rence of ISR was found to be more frequent in patients suf-
fering from DM, with even greater rates in patients with
IDDM [33]. Moreover, our analysis revealed higher rates
of cardiac death, all-cause death, and MI after PCI of DES-
ISR in patients with IDDM than in patients with NIDDM.
Based on our results, rates of repeat revascularization did
not show relevant differences between both diabetic groups.
Konigstein et al. investigated the impact of insulin depend-
ence on one- and two-year clinical outcomes after PCI in
patients suffering from DM and found that TVR and target
lesion failure, consisting of cardiac death, target vessel MI,
and ischemia-driven TLR, were more frequent in insulin-
dependent diabetics [23]. Pi et al. revealed cardiac death,
any revascularization, and ST to be more often present in
patients with IDDM than in patients with NIDDM [34].
Biswas et al. found an increase in adverse events with the
escalation of antidiabetic treatment from diet control to oral
antidiabetic drug treatment to insulin treatment [35]. How-
ever, all three trials analyzed outcomes after PCI of de novo
coronary lesions [23, 34, 35].

Development of ISR is particularly based on neointimal
hyperplasia, which is characterized by small muscle cell pro-
liferation and typically emerges soon after PCI, and on neo-
atherosclerosis, which implicates the formation of lipid-rich
macrophages within the neointima and usually appears after
a minimum of one year [36-39]. Besides, the link between
DM and ISR is based on endothelial dysfunction, increased
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inflammatory response, and the coexistence of comorbidities
[39]. Diabetics tend to present with more severe atherosclerotic
burden, smaller reference vessel diameter, and less collateral
perfusion, making the PCI more challenging than in nondiabet-
ics [23, 40, 41]. Moreover, CAD in diabetics often comprises
long and diffuse diseased coronary segments with a higher bur-
den of calcification and distinct tortuosity[42]. As implanted
DES do not rarely land in diseased segments, diabetics are pre-
disposed to edge restenosis, which could partially be avoided by
routine use of intravascular imaging pre-PCI [17]. So optimal
stent expansion and gaining adequate minimum luminal area
are required to avoid or at least delay the onset of ISR [16, 43].
Previously published data suggested the strong prediction of
TLR and TVR in diabetics to be attributed to complex coronary
lesions and to a decrease in simple coronary lesions [9].

According to recently published guidelines of the European
Society of Cardiology (ESC), DES are recommended over
DCB for the treatment of DES-ISR based on superior antirest-
enotic efficacy [44]. After PCI of DES-ISR, the DAEDALUS
trial showed three-year TLR rates to be significantly lower with
repeat DES treatment than with DCB [45]. Ten-year outcomes
of the ISAR-DESIRE 3 trial revealed comparative results
between treatment with DES and DCB in DES-ISR, with
numerically higher TLR rates in DCB-treated patients; how-
ever, the threshold for statistical significance was not reached
[46]. Based on our data, diabetics less frequently underwent
DES implantation and more frequently received DCB for the
treatment of DES-ISR than nondiabetics. This therapeutic
approach might be a potential confounder, as previously pub-
lished data revealed comparable MACE rates, significantly
improved survival, and a modest increase in TLR rates in dia-
betics with DES-ISR or de novo lesions who underwent DCB
treatment in comparison to repeat DES treatment [47].

In addition to constant progress in medical and interven-
tional strategies for the optimal treatment of CAD, antidiabetic
drug treatment, diet control, and lifestyle modification play a
decisive role in secondary prevention to effectively slow down
the progression of CAD in patients with DM. Newer genera-
tion DES with thinner struts and coated with new antiprolifera-
tive drugs, with the aid of more routinely used intravascular
imaging, might further improve long-term safety, go towards
reduced rates of adverse events, and thus represent a suitable
treatment option for a wider range of diabetics with DES-ISR
in the future.

Limitations

The results of our analysis should be interpreted with caution
as there are several limitations. First, it is an observational
retrospective study and so is subject to all limitations of this
design. Thus, some information is not available for every
patient, e.g. exact cause of death, data on glycemic control
(e.g., HbAlc), details of index PCI, or selected procedural

characteristics of patients who were initially treated else-
where. Second, substantial advances in interventional treat-
ment have been made with the implementation of DCB and
newer generation DES with new antiproliferative drugs and
improved stent structure during the inclusion period. In com-
parison to early-generation paclitaxel- or sirolimus-coated
DES, the implantation of newer generation everolimus- or
zotarolimus-coated DES resulted in reduced rates of ISR and
ST in the long term. So, the comparison of both treatment
strategies (DCB vs. DES) over time is only possible to a lim-
ited extent. Third, progress in the dual antiplatelet therapy
regime based on the optimal balance between prevention of
ischemic events on the one hand and bleeding events on the
other hand has been made during the last decades. Fourth,
the application of intravascular imaging has revolutionized
the interventional treatment strategies of CAD. Intravascular
imaging is an important and increasingly used tool for better
understanding the underlying pathomechanism of ISR and so
for applying the optimal interventional therapeutic approach.
However, intravascular imaging has not been systematically
applied in the present trial. Fifth, as both DES and DCB were
equally recommended for treatment of DES-ISR for years,
the therapeutic approach in DES-ISR treatment might par-
ticularly be driven by individual experiences in applying DES
and DCB treatment for every interventionalist.

Conclusions

Despite advances in medical and interventional treatment
strategies, long-term rates of mortality and adverse events
after PCI of DES-ISR are high among patients suffering from
DM. Diabetics, especially patients with IDDM, show higher
rates of cardiac death, of MI, and of repeat revascularization
of target lesion, target vessel, and nontarget vessel compared
to nondiabetics ten years after ISR PCI. Based on a growing
prevalence of DM worldwide on the one hand and the close
link of DM and ISR on the other hand, the need to further
investigate diabetes-related long-term outcomes after PCI of
DES-ISR appears increasingly important.
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