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Background: Incomplete re-endothelialization of drug eluting stent (DES) segments has been associatedwith the
occurrence of major adverse cardiac events after DES implantation. It is unknownwhether on-clopidogrel plate-
let reactivity (OPR) and/or circulating endothelial progenitor cells (EPC) levels may predict uncovered strut rate
in diabetic patients treated by DES implantation.
Methods: One-hundred and five diabetic patients undergoing elective DES implantation were included into the
study. EPC levels and OPR were assessed at 24 h (baseline) and 3 months. EPC were evaluated by flow cytometric
analysis and defined by the co-expression of the markers CD34 and KDR. OPR was assessed using the impedance
aggregometer. The degree of DES re-endothelializationwas assessed at 3months by optical coherence tomography.
Results:Adirect correlationwas observed between the uncovered strut rate andOPRboth at baseline (r=0.47: p b

0.001) and at the 3 months (r = 0.25: p = 0.015). On the contrary, we found no significant correlation between
EPC level and uncovered strut rate either at baseline (r = −0.02; p = 0.85) or at 3 months (r = −0.06; p =
0.13). By multivariable regression analysis, independent predictors of uncovered strut rate N 5% were complex le-
sions (OR=5.35; 95% confidence interval 1.32–17.57; p=0.027) andOPR at baseline (OR=4.73; 95% confidence
interval 1.04–8.14; p = 0.039).
Conclusions: In diabetic patients treated with DES implantation OPR at baseline and complex lesions are indepen-
dent predictors of uncovered strut rate at 3 months.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

A delayed or poor endothelial coverage over the stent struts has
been associated with an increased rate of stent thrombosis [1–5]. The
pathophysiological determinants of the impairment in stent struts cov-
erage have not completely elucidated. Diabetes mellitus is an indepen-
dent predictor of uncovered strut rate [6]. High on clopidogrel platelet
reactivity (OPR) is an independent predictor of stent thrombosis and
myocardial infarction after drug-eluting stent (DES) placement [7–12].
Furthermore, a low number of circulating endothelial progenitor cells
(EPC) [13,14] has been associatedwith the occurrence of major adverse
cardiac events after DES implantation.
linica Mediterranea, Via Orazio,
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In the Rosuvastatin For Reduction Of Myocardial Damage And Sys-
temic Inflammation During Coronary Angioplasty EPC (REMEDY-EPC)
trial we failed to demonstrate a correlation between EPC level and un-
covered strut rate in diabetic patients treated by DES [15]. Purpose of
the present analysis of the REMEDY-EPC trial was to identify the inde-
pendent predictors of uncovered strut rate in diabetic patients treated
by DES implantation.

2. Methods

The REMEDY-EPC study was conducted between 21 February 2012 and 15 December
2014 at the Clinica Mediterranea (Naples, Italy). The design of the REMEDY-EPC study has
been previously reported (EudraCT Number: 2009-013622-17) [15,16]. In brief, 130 con-
secutive diabetic patients, statin näive or on chronic low intensity statin therapy, sched-
uled for elective DES implantation, were included. In the current study, all patients with
the availability of OPR, EPC levels and optical coherence tomography (OCT) examination
at 3 months follow-upwere included.Written informed consent for participation was ob-
tained in each patient. The studywas funded through the ProgrammaOperativoNazionale
(PON) Ricerca e Competitività 2007–2013 (PON01_02342), and was approved by our
Ethic Committee.
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2.1. Percutaneous coronary intervention

All patients were treated with the Cre8™ stent, a polymer-free sirolimus eluting for-
mulation (Amphilimus) stent (Alvimedica, Istanbul, Turkey). All patients received daily
aspirin (100mg/day) and clopidogrel (75mg/day if on chronic treatment, or 600mg load-
ing dose at least 6 h before the procedure). The complexity of coronary artery disease was
quantified using the SYNergy between PCI with TAXUS and Cardiac Surgery (SYNTAX)
score. Lesions were classified according to the modified ACC/AHA grading system as
type A, B1, B2, or C [17]. B2 and C lesions were considered complex.

2.2. Postprocedure management and follow-up

Aspirin (100 mg/day), and clopidogrel (75 mg daily for 12 months) were prescribed.
Enrolled patients were scheduled for re-hospitalization at 3 months in order 1) to assess
OPR and EPC levels, and 2) to perform OCT examination. We chose the 3 months interval
of therapy and follow-up assessment in order to focus on the potential pathophysiologic
correlation between the number of circulating EPC and the struts coverage and neointimal
growth in the early phase after DES implantation, when the anti-proliferative effect of the
eluted drugmay interferewith the re-endothelialization process [15]. Clinical follow-up at
one, 6 and 12monthswas obtained by office visit in all patients to assess the occurrence of
major adverse events (MACE), including death, non-fatal myocardial infarction, and the
need for additional revascularization. Target lesion revascularization and stent thrombosis
were defined according to the Academic Research Consortium criteria. All eventswere ad-
judicated by a Clinical Events Committee, blinded to treatment assignment.

2.3. Biochemical parameters

Blood sampleswere taken to assay total cholesterol, low and high-density lipoprotein
cholesterol (LDL-C, HDL-C), triglycerides, high-sensitivity C-reactive protein (CRP), aspar-
tate and alanine transaminases, serum creatinine, glycemia and glycosylated hemoglobin
(HbA1c). Optimal glycemic and lipid control were defined as HbA1c b 7% and LDL-C
b 70 mg/dL, respectively. The glomerular filtration rate (GFR) was calculated by applying
the Modification of Diet in Renal Disease formula.

2.4. On-clopidogrel platelet reactivity

The ADP-induced platelet aggregation in whole blood was assessed with multiple
electrode platelet aggregometry (MEA) using the impedance aggregometer (Multiplate
analyzer, Dynabyte) [10]. The test was performed in the morning, within 3 h from the
last maintenance dose of clopidogrel. Impedance with MEA was transformed to arbitrary
aggregation units (AU) that were plotted against time (AU·min) [10]. According to the
AU·min value, the following groups were identified: normal OPR (responders;
≤467 AU·min) and high OPR (non-responders; ≥468 AU·min) [10,18].

2.5. EPC assessment

Details on the experimental procedures of theflow cytometric analysis have been pre-
viously reported [15,16]. Peripheral blood samples were collected in ethylenediaminetet-
raacetic acid-treated tubes (4 tubes/patient) at the time of randomization, at 24-hour and
at 3-month after procedure [16]. Peripheralmononuclear cells (PMNC)were isolated from
12 mL of peripheral blood by gradient centrifugation using Ficoll-Paque PLUS (GE
Healthcare Life science, Milan Italy). EPC were evaluated by flow cytometric analysis
which was performed on a FACSCanto II flow cytometer (BD Biosciences). EPC were de-
fined by the co-expression of the markers CD34 and CD309 (VEGFR-2/KDR) [19,20].

2.6. Quantitative coronary angiography (QCA) and OCT

A Fourier-domain OCT system (Ilumien imaging system, LightLab Imaging, Inc., St.
JudeMedical, St. Paul, MN) and the corresponding 6F guide catheter compatible Dragonfly
Intravascular Imaging Catheterwere used. All QCA andOCT analysiswere performedbyan
independent Core laboratory (Euroimage Research s.r.l.). All assessments were performed
off-line by personnel blinded to procedural data and clinical outcome. In particular, lesion
and vessel parameters were obtained by means of QCA measurements using an auto-
mated edge detection algorithm (Medis 7 Cardiovascular angiography Analysis System
II, The Netherlands). Similarly, all OCT frames were digitally stored and analyzed using
an off-line software (LightLab Consolle, Westford, Massachusetts, USA) applying a 0.50-
mm intervals, on all available frames. Assessment of strut tissue coverage, malapposition
and neointimal thickness was done at stent level (per-stent analysis) [6,21]. Stent with
suboptimal strut visualization (i.e. inability of OCT to address all stent struts in a specific
cross-section) in N10% of total stent struts was excluded from final analysis. Details on
OCT analysis have been previously reported [15,16]. Uncovered struts were defined as
having a neointimal thickness of 0 μm [22]. In analyzing the degree of stent coverage at
a patient-level, we identified a rate N 5% as cutoff value for the ratio of uncovered struts
whichmight be considered clinically relevant [23]. For totally occluded vessels not associ-
ated with stent thrombosis, it was estimated that the entire length of the stent was filled
with neointima. Amalapposed strutwas defined as a strut that had detached from the ves-
sel wall by ≥ 100 μm (that is, strut thickness 80 μm+OCT resolution limit 20 μm). Cross-
sections with major side branches (diameter ≥ 2 mm) and overlapping stents were ex-
cluded from this analysis.
2.7. Study objective

The objective of the present study was to identify the independent predictors of un-
covered strut rate N 5% at 3 months follow-up.
2.8. Statistical analysis

Continuous variables are given asmean±1 standard deviation ormedian (interquar-
tile range), as appropriate. The Student's t-test and the nonparametric Mann-Whitney
tests were used to determine differences between mean values for normally and, respec-
tively, non-normally distributed variables. Categorical variables are reported as percent-
age and were analyzed by either the Chi-square or the Fisher's exact test, as appropriate.
Changes of EPC levels and OPR from baseline to the 3-month follow-up were assessed
by a two repeated-measures analysis of variance ANOVA model, after transforming EPC
levels into a natural logarithm (to overcome the problem of non-normal distribution).
The correlation coefficients between OPR, EPC levels and uncovered strut rate were esti-
mated using the Sperman's rho test. Interaction between OPR and EPC and uncovered
strut rate was assessed with Generalized Linear Model. Logistic regression model was
used to identify independent predictors of uncovered strut rate N 5%: variables entered
into themodelwere selected according to the study hypothesis, literature and significance
[p ≤ 0.10] at univariable analysis. Probability level b 0.05 was considered significant. Data
were analyzed with SPSS 20 (Chicago, Illinois).
3. Results

3.1. Clinical and procedural characteristics

One-hundred and thirty patients were included into the REMEDY-
EPC study. However, OCT data were available in 105 (81%) patients
that represents the population of the current study. The remaining 25
(19%) patients refused OCT evaluation at 3 months. The most relevant
clinical and angiographic characteristics are summarized in the
Tables 1 and 2. The majority of the patients had stable coronary artery
disease. We observed an improvement of clopidogrel responsiveness
as well as an increase in the EPC levels from baseline to 3-month
follow-up (Supplementary Fig. 1). OPR was not different between
insulin-treated and oral-treated patients both at baseline (282 ± 175
versus 254± 196 AU·min; p= 0.44) and at 3 months (243 ± 165 ver-
sus 193 ± 130 AU·min; p = 0.10).
3.2. OCT evaluation at 3 months

Uncovered struts rate was 2.34 ± 2.40%. Uncovered strut rate N 5%
occurred in 14 (13%) of patients. A significant direct correlationwas ob-
served between the uncovered strut rate and OPR both at baseline and
at 3months (Fig. 2). Patientswith baseline highOPR showed higher un-
covered strut rate than patients with normal OPR (4.41% [0−12] versus
1.32% [0–9.37]; p b 0.001). On the contrary, no significant correlation
was observed between EPC level and uncovered strut rate either
at baseline (r = −0.02; p = 0.85) or at 3 months (r = −0.06; p =
0.13). No interaction was observed between OPR, EPC level
and uncovered strut rate. By multivariable logistic regression
analysis, independent predictors of uncovered strut rate N 5% were
complex lesions (OR = 5.35; 95% confidence interval 1.32–17.57; p =
0.027).and OPR at baseline (OR = 4.73; 95% confidence interval 1.04–
8.14; p = 0.039) (Table 3).
3.3. Clinical outcome

At 1 year, MACE occurred in 22 (21%) patients. Although not statisti-
cally different, MACE rate was numerically higher in patients with un-
covered strut rate N 5% at 3 months (5/14 [35.7%] versus 17/91
[18.7%]; p = 0.16). No case of definite or probable stent thrombosis oc-
curred. Two patients (bothwith uncovered strut rate N 5%) experienced
possible stent thrombosis (2/14 [14%] versus 0/91; OR = 13.25; 95%
confidence intervals 5.05–14.70; p = 0.016).



Table 1
Clinical and biochemical characteristics of the patients.

Patients (n = 105)

Age 67 ± 7
Male 74 (70%)
Symptoms

Silent ischemia 26 (25%)
Stable angina 70 (67%)
Unstable angina 8 (8%)

Body mass index (kg/m2) 29 ± 4
Left ventricular ejection fraction (%) 52 ± 8
Previous myocardial infarction 19 (18%)
Hypercholesterolemia 75 (72%)
Systemic hypertension 93 (88.5%)
Active smokers 28 (26.5%)
Treatment for diabetes mellitus

Oral hypoglicemic drugs 67 (64%)
Insulin 38 (36%)

Concomitant therapy
Beta blockers 57 (55%)
Calcium antagonists 21 (20%)
ACE inhibitors 26 (25%)
Angiotensin receptor blockers 18 (17%)
Diuretics 27 (26%)

Serum creatinine, median (IQR)
Baseline 1.01 (0.90–1.30)
3 months 1.10 (0.85–1.20)

GFR (ml/min/1.73 m2)
Baseline 71 ± 22
3 months 71 ± 20

Microalbuminuria (mg/dL) 27 (5–105)
CRP, mg/dL

Baseline 3.0 (3.0–3.6)
3 months 3.0 (3.0–5.5)

On-treatment platelet reactivity (AU·min)
Baseline 264 ± 189
3 months 212 ± 145

HbA1c (%)
Baseline 7.5 ± 1.8
b7% 38 (36%)

3 months 7.4 ± 1.1
b7% 38 (36%)

Lipid profile (mg/dL)
Baseline
Total cholesterol 152 ± 41
LDL-C 88 ± 30
HDL-C 41 ± 10
Triglycerides 113 ± 80

3 months
Total cholesterol 134 ± 41
LDL-C 65 ± 29
HDL-C 42 ± 14
Triglycerides 111 ± 80

ACE = angiotensin-converting-enzyme; GFR= glomerular filtration rate; CRP= C reactive
protein; HbA1c = glycosylated hemoglobin; LDL-C = low density lipoprotein cholesterol;
HDL-C = high density lipoprotein cholesterol.

Table 2
Angiographic characteristics of the patients.

Patients (n = 105

Distribution of coronary artery disease
Single vessel 9 (8.5%)
Double vessel 32 (30.5%)
Triple vessel 64 (61%)

Syntax score 17 ± 98
Low (0−22) 82 (78%)
Intermediate (23−32) 17 (16%)
High (≥33) 6 (6%)

Vessel treated 221
Left main 17 (7.5%)
Left anterior descending artery 70 (31.5%)
Diagonal branch 8 (3.5%)
Circumflex artery 44 (20%)
Obtuse marginal branch 13 (6%)
Right coronary artery 54 (24.5%)
Posterolateral branch 10 (4.5%)
Posterior descending artery 2 (1%)
Ramus 3 (1.5%)

Lesion site 295
Ostial 37 (12.5%)
Proximal 109 (37%)
Midvessel 118 (40%)
Distal 31 (10.5%)

Number of treated vessel/patient 2.17 ± 0.63
Number of treated lesion/patient 2.80 ± 1.16
Complex lesions (B2/C) 43 (41.5%)
Bifurcation lesions 24 (23%)
Diameter stenosis, %

Pre 83 ± 11
Post 5 ± 8
Follow-up 12 ± 18

Reference vessel diameter, mm
Pre 2.93 ± 0.78
Post 3.16 ± 0.52
Follow-up 3.18 ± 0.55

Minimal lumen diameter, mm
Pre 0.74 ± 0.44
Post 3.00 ± 0.58
Follow-up 2.82 ± 0.76

Lesion length, mm 18 ± 10
Stent/patient 3.128 ± 1.24
Stent length (mm) 30 ± 16
Balloon-to-artery ratio 1.04 ± 0.10
Maximum pressure inflation (atmospheres) 15 ± 4
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4. Discussion

The main result of the present study is that in diabetic patients, af-
fected by stable coronary artery disease and treated with DES implanta-
tion, OPR and complex lesions are independent predictors of uncovered
strut rate at 3 months.

4.1. On clopidogrel platelet reactivity and uncovered strut rate

High OPR is an independent predictor of 1-year stent thrombosis
andmyocardial infarction after DES placement [9], even though its over-
all diagnostic accuracy is quite fair [7,24]. Furthermore, in both autopsy
and OCT studies, delayed and poor endothelial coverage over the stent
struts have been associated with an increased rate of stent thrombosis
[1–4].

Our finding of the association between OPR and uncovered strut rate
might give insights on the potential mechanism linking OPR to
cardiovascular events. Indeed, although previous studies reported that
the occurrence of stent thrombosis in DES-treated patients was signifi-
cantly associated with a poor response of the platelets to clopidogrel
[10,25,26], our result demonstrates for the first time the association be-
tween OPR and uncovered strut rate. Circulating activated platelets affect
endothelial inflammation, by releasing proinflammatory cytokines, such
as CD40 and interleukin 1β [27,28] and leukocyte-endothelial interac-
tions [27,29]. Inflammation profoundly impairs endothelial function in
human microvascular circulation [30]. In addition, activated platelets are
important sources of reactive oxygen species such as superoxide anions
known to inactivate endothelium-derived nitric oxide. Future studies
should test whether the administration of ticagrelor (instead of
clopidogrel) in diabetic patients treated by DES implantationmay reduce
uncovered strut rate. The lack of correlation between EPC level and un-
covered strut rate supports the concept that the majority of repopulating
endothelial cells derives from outsides the stented vessel segment,
whereas the contribution of circulating EPC may be minimal [31].

4.2. Complex lesions and uncovered strut rate

Although conflicting results exist on the correlation between lesion
complexity and uncovered strut rate [6,21,32], our finding supports the
role of lesion complexity in predicting uncovered strut rate [6]. The use
of a single DES in the present study may explain the disagreement with



Fig. 2. Correlation between on clopidogrel platelet reactivity at 24 h (Panel A) and 3-month (Panel B) and uncovered strut rate assessed at 3 months after DES implantation.
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previous investigations suggesting the lack of significant relevance of le-
sion complexity on strut coverage. Those studies, indeed, have been con-
ducted in patients treated by different DES types, with different polymers,
stent design, and strut thickness. It has been clearly showed that DES type
may be a factormore powerful than plaque characteristics in determining
strut coverage [21,32]. Previous studies suggested a higher rate (ranging
from 8.6% to 21.3%) of incomplete strut coverage at 3 months after first
generation DES implantation. We may speculate that the systematic im-
plantation of the Cre8™ stent, a polymer-free sirolimus eluting formula-
tion (which has been shown to perform quite well in diabetic patients
[33]) may have had a role in our results.

4.3. Study limitations

Weacknowledge some limitations of the present study: 1)while the
results are encouraging, caution is warranted given the relative small
Table 3
Predictors of uncovered strut rate N 5% by univariable and multivariable analysis.

Variable Univariable
model

Multivariable model

OR 95% CI p

High on clopidogrel platelet reactivity
At 24 h 0.020 4.73 1.04–8.54 0.039
At 3 months 0.045

Complex lesions 0.020 5.35 1.32–17.57 0.027
Intensive statin
therapy

0.90

HbA1c b 7%
At baseline 0.20 1.14 0.29–4.61 0.84
At 3 months 0.34

LDL b 70 mg/dL
At baseline 0.044 0.45 0.07–2.84 0.39
At 3 months 0.33

EPC level
At 24 h 0.55
At 3 months 0.30

High CRP level
At baseline 0.14
At 3 months 0.29

Sex (male) 0.35
Age 0.32
LVEF 0.66
BMI 0.25
Insulin therapy 0.17
CKD 0.76
SYNTAX score 0.20
Total stent length 0.30
Complete
revascularization

0.56

OR= odds ratio; CI= confidence interval; EPC= endothelial progenitor cell; LVEF= left
ventricular ejection fraction; BMI = body mass index; CKD = chronic kidney disease.
size; 2) the present analysis was not a pre-specified endpoint of the
REMEDY trial and, therefore, no a-priori power calculationwas defined;
3) the results of the present study should be limited to the boundaries of
the functional assay used (i.e. theMultiplate analyzer) and cannot be di-
rectly extended to other clinical assays proposed to assess OTR. At
present, indeed, there is no standardized procedure, due to significant
variability among themethods and the absence of uniform cutoff values
for identifying patients at higher risk; 4) our findings, also should be
interpreted into the boundaries of 3 months follow-up and cannot be
extended to a longer follow-up; 5) different arbitrary cutoff values for
the ratio of uncovered struts which might be considered clinically rele-
vant have been reported. Due to the distribution of the uncovered strut
rate in our population, we selected the cutoff of N5%. No data, however,
exist on the superiority of this cutoff versus others (that is, N10% or
N30%); and 6) preprocedural OCTwas not performed; thereforewe can-
not evaluate the relationship between the baseline plaque characteris-
tics (that is, fibrous, lipid, large lipid pool covered with a thin fibrous
cap [thin-cap fibroatheroma], and large calcification) and stent strut
coverage. Therefore, the findings of the present study should be
interpreted as hypothesis generating.
4.4. Conclusions

In diabetic patients, with stable coronary artery disease, treatedwith
DES implantation OPR and complex lesions are an independent predic-
tors of uncovered strut rate at 3 months. Future studies should evaluate
whether the administration of ticagrelor (instead of clopidogrel) may
reduce the uncovered strut rate and therefore improve the outcome.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijcard.2018.11.025.
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