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Abstract

Background and Aims: In-stent restenosis (ISR) remains a major limitation of percutaneous coronary
intervention (PCI). Inflammatory biomarkers such as interleukin-6 (IL-6) and high-sensitivity C-reactive
protein (hsCRP) may contribute to ISR pathogenesis. This study aimed to evaluate the predictive value of
IL-6, hsCRP, and the Gensini score (GS) for ISR in patients with coronary artery disease (CAD) undergoing
drug-eluting stent implantation.

Methods and Results : A total of 262 CAD patients treated with PCI were enrolled. Patients were
classified into ISR (n=107) and non-ISR (n=155) groups. ISR was assessed by protocol-driven coronary
angiography performed between 6 and 12 months in all patients. Clinical, angiographic, and biochemical
parameters were assessed. IL-6 and hsCRP levels were measured pre-procedurally, and CAD severity
was evaluated by the Gensini score. Receiver operating characteristic (ROC) curve analysis was
performed to determine predictive values. Serum IL-6, hsCRP levels, and GS values were significantly
higher in the ISR group when compared with No ISR group (p=0.012, p=0.017, and p=0.032, respectively).
ROC analysis showed moderate predictive value for IL-6 (AUC=0.717, p=0.012) and GS (AUC=0.674,
p=0.040), whereas hsCRP did not reach statistical significance (AUC=0.602, p=0.171).

Conclusions: Elevated IL-6 and increased GS were significantly associated with ISR, highlighting the
importance of both systemic inflammation and angiographic CAD severity in restenosis risk.

ClinicalTrials.gov Number: NCT03075566 (09/03/2017).

Introduction

Coronary artery disease (CAD), the major manifestation of ischemic cardiovascular disorder, is mainly
caused by atherosclerosis and plaque formation in the coronary arteries, and has become the leading
cause of cardiac events, in stent restenosis )ISR( and mortality [1]. A major complication to successful
percutaneous coronary intervention)PCl) is ISR and the ability to predict the likelihood of restenosis stent
implantation development is low. The attempt to define patients who benefit most from coronary artery
stenting led to a search for biomarkers for restenosis processing [2]. ISR is happening into 2 steps, the
first step is characterized by mechanical damage, vascular discontinuity, and continuous stimulus to the
arterial wall caused by the stent material and its polymer coating. Various mechanisms have been
postulated as the promotor of inflammatory response and platelet activation [3]. The second step
initiates by different pathophysiological alterations as the proliferation and migration of vascular smooth
muscle cells (VSMCs), and the production and deposition of extracellular matrix, which lead to
neointimal hyperplasia and atherosclerosis [4]. Previous studies suggested that precipitating factors as
inflammatory cytokines, smoking, lipid profile parameters, coronary angiographic characteristics, patient
history have been widely used for evaluating disease severity and predicting ISR risk [5].

Preclinical and clinical studies have highlighted that the incidence of ISR can be reduced by down
regulating the expression of inflammatory markers, which can decrease atherosclerosis development,
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and optimized antiplatelet medications and reduce the in stent thrombotic restenosis [6]. The aim of this
study was to evaluate the association between ISR and the severity of CAD, and to determine the role of
inflammatory markers such as HsCRP and Interleukin - 6 as after successful coronary stent
implantation in patients with CAD.

Material and Methods
Subjects

A total of 262 CAD patients who underwent PCI with drug-eluting stents implantation at Department of
Cardiology, the University Hospital of Monastir, Tunisia was enrolled in this study. This study is a
prospective observational cohort study conducted over a 12-month period, including patients undergoing
coronary angiography. The population was divided into two groups: patients with in-stent restenosis and
those without restenosis: ISR group (n = 107) and no-ISR group (n = 155) (figure B).

Clinical exclusion criteria were acute and chronic infections, autoimmune diseases, renal or liver failure,
malignancies, allergic diseases, ST-elevation myocardial infarction (STEMI) diagnosis. This study was
approved by the National Committee for Medical and Research Ethics of Farhat Hached University
Hospital (Sousse, Tunisia) and performed in accordance with the Declaration of Helsinki. Written
informed consent was obtained from each patient.

ISR diagnosis

Follow-up was based on protocol-driven coronary angiography performed between 6 and 12 months
after stent implantation. All patients included in the study underwent scheduled angiographic evaluation,
regardless of the presence or absence of symptoms. The unit of analysis in this study was the patient.
ISR was defined at the patient level as the presence of = 50% diameter stenosis in any stented segment
or within 5 mm of the stent at follow-up angiography. Total occlusion was defined angiographically as
complete interruption of coronary flow (TIMI 0 flow) in the affected vessel, irrespective of occlusion
duration. In patients with multiple stents, the occurrence of restenosis in at least one treated lesion led
to classification in the ISR group, whereas patients without restenosis in all treated segments were
classified in the non-ISR group. Each patient was counted once in the analysis regardless of the number
of implanted stents [7]. Significant lesion was considered as a diameter stenosis of = 50% occurring in
the most severe narrowing vessel. All patients underwent coronary angiography 6 months after stent
implantation. Coronary angiographic data such as minimal stent diameter, average stent length and
stenosis percent, were collected from patient catheterization laboratory records and reviewed
independently by interventional cardiologists.

Calculation of Gensini score

Page 3/16



The severity of CAD was evaluated by the Gensini scoring system, which was defined according to
stenosis severity as 1-point for < 25% stenosis, 2-point for 26%— 50% stenosis, 4-point for 51%-75%
stenosis, 8-point for 76%—90% stenosis and 32-point for total occlusion. The score was then multiplied
by a factor that represents the importance of the lesion’s position in the coronary arterial system. For
example, 5 for the LM, 2.5 for the proximal LAD or proximal LCX, 1.5 for the mid-region and 1 for the
distal LAD [8].

Laboratory analysis

Venous blood samples were obtained just prior to coronary angiography for testing biochemical
parameters levels using standard laboratory methods. Blood samples for lipid profiles were collected
from patients taking statin for more than 2 weeks. The total cholesterol (TC), TG and high density
lipoprotein-cholesterol (HDL-c) levels were determined using an analyser (Cobas Integra 600, Roche
Diagnostic, Germany). Low density lipoprotein-cholesterol (LDL-c) was estimated by the Friedewald
equation [9]. The determination of high-sensitive C-reactive protein (hs-CRP) levels was by means of
immunoturbidimetry were measured using an analyser (Cobas Integra 400, Roche Diagnostic, Germany).
Serum samples were collected from study participants, and stored in aliquots at -80°C until use.

Extreme values of hsCRP and IL-6 were identified and excluded before the final analysis.

Serum interleukin-6 measurements

Serum interleukin-6 (IL-6) levels were measured by electrochemiluminescence immunoassay (ECLIA)
using a Cobas E601 analyzer (Roche Diagnostics, Germany).

Statistical analysis

Data were processed using Statistical Package for the Social Sciences (SPSS, version 23.0). Categorical
data were expressed as frequencies or percentages. Continuous variables data were presented as mean
+ standard deviation (normally distributed data) or median (minimum - maximum) (non-normally
distributed data). Comparison between two groups was determined by chi-square test, t test or Mann—
Whitney U test, as appropriate. P value < 0.05 was considered significant. Receiver operating
characteristic (ROC) curve analysis was used to determine the optimum cut-off level of pre-procedural
hsCRP, IL6 and GS values to predict ISR.

Results

Characteristics of CAD patients

Among the 262 CAD patients, 107 were ISR patients and 155 were no-ISR patients. For the comparison
between patient groups, the percentages of patients with multiple stenting, DM, and Previous Ml (p >
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0.05) were higher in ISR patients compared with no-ISR patients but not significant (Table 1).

Table 1: Baseline characteristics of the study population

Characteristics No ISR ISR p
Age, years 62.2+11.9 59.5+10.4 0.355
UA, n (%) 32.1 37.2 0.951
NSTE-ACS, n (%) 68.9 62.8
BMI, kg/m? 29.3+4.7 27.2+43 0.130
Gender, n (%) 0.992
Male 88(82.1) 108(70.3)
Female 19(17.9) 75(20.7)
Smoker, n (%) 46(42.9) 59(38.5) 0.718
Yes 61(57.1) 96(61.5)
No
Hypertension, n (%) 65(60.7) 65(42.1) 0.135
Yes 41(39.3) 90(57.9)
No
Diabetes, n (%) 67 (71.7) 90(57.9) 0.818
Yes 40(37.8) 65(42.1)
No
Multiple stenting, n (%) 0.371
One stent 74(68.8) 85(55.6)
Multiple stent 33(31.3) 70(44.4)

BMI: body mass index, ISR: in-stent restenosis, No ISR: No in-stent restenosis, NSTE-ACS: non ST
elevation acute coronary syndrome. UA: unstable angina. Values are expressed asthe mean £ SD orn

(%).

Table 2 shows that ISR patients had the highest percentages of total occlusion (p - 0.021). The ISR group
had significantly smaller stent diameter compared to the no-ISR group 2.2 +0.3 vs 2.8 £+ 0.4 mm, p <
0.001). There was no significant difference between the two groups on angiographic examination. 1I-6
levels (p - 0.012), hsCRP levels (p - 0.017) and GS values (p - 0.032) were significantly elevated in ISR
patients compared to no-ISR patients.
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Clinical characteristics (all p > 0.05), homocysteine levels (p - 0.260) and lipid profile parameters didn’t
show significant difference between ISR patients and non-ISR patients (Tables 2 and 3).

Table 2: Clinical and angiographic characteristics of patients

Characteristics No ISR ISR P
SBP, mmHg 132+ 22 136 + 24 0.623
DBP, mmHg 73+ 11 76 £12 0.738
Heart rate, b/min 74.0£14.1 742 +13.2 0.951
Ejection Fraction 46.8 +18.4 50.7+14.0 0.659
Target Vessels, n (%)
LM 0(0) 9(6.1) 0.300
LCx 31(29.4) 65(42.4) 0.369
IVA 82(76.5) 80(51.5) 0.088
RCA 25(23.5) 66(42.4 0.187
Previous MI, n (%) 88(82.1) 126(81.6) 0.050
Stenosis, 70%, n (%) 36(71.4) 99(64.3) 0.743
Total occlusion, n (%) 17(15.8) 74(48.3) 0.021
Multivessel Lesion, n (%) 61(57.1) 97(62.9) 0.672
Multiple stent, n (%) 33(31.3) 69(44.4) 0.371
Stent diameter (mm) 28+0.4 22+0.3 <0.001
Stent length (mm) 16.3+2.8 15.9+3.4 0.591
Stenting months 10.9+3.5 7.8+5.4 0.125
Statin, n (%) 107(100) 125(80.8) 0.118
B blokers, n (%) 53(50.0) 99.2(64.0)  0.445
CEl, n (%) 71(66.7) 111(72.0)  0.740
Clopidogrel, n (%) 39(36.4) 89(57.7) 0.235
Aspirin, n (%) 89(83.3) 120(77.8)  0.527

CEl: conversion enzyme inhibitor, DBP: diastolic blood pressure, ISR: in-stent restenosis, LAD: left
anterior descending, LCx: left circumflex, LDL-c: low density lipoprotein cholesterol, LMCA: Left main
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coronary artery, LVEF: left ventricular ejection fraction, No ISR: No in-stent restenosis, RCA: right
coronary artery, SBP: systolic blood pressure. Values are expressed as the mean + SD or n (%).

Table 3
Biochemical characteristics of patients

Characteristics No ISR ISR P

Glucose, mmol/L 11.6+8.6 10.1+5.3 0.437
HbA1c, % 9.2+2.7 8.4+2.1 0.462
Urae, mmol/L 6.1+1.7 6.9+5.5 0.457
Creatinin, pmol/L  100.7 £+ 26.6 88.8 +30.1 0.125
TC, mmol/L 3.8+1.3 43+1.5 0.290
TG, mmol/L 1.4+0.8 1.8+1.0 0.103
HDL-c, mmol/L 09+0.3 1.0+0.3 0.311
LDL-c, mmol/L 24+1.3 25+1.2 0.845
Hcy, pmol/L 15.0+8.2 20.8+12.1 0.260
IL-6, pg/mL 4.3(1.5-139.6) 9.4(3.7-1957.0) 0.012
hsCRP, mg/L 5.0(0.2-25.0) 10.7(0.8-500.0) 0.017
SAA 6.5(1.0-176.0)  8.5(1.5-455.0) 0.447
GS 32.3+25.0 52.8+35.7 0.032

GS: gensini score, HbA1c: gyrated hemoglobin, Hcy: homocysteine, HDL-c: high density lipoprotein
cholesterol, Hs-CRP: high sensitivity C-reactive protein, IL-6: interleukin 6, LDL- c: low density lipoprotein
cholesterol, TC: total cholesterol, TG: triglycerides. Values are expressed as the mean + SD.

Predicting values of potential factors for ISR risk.

To further explore the predicting values of IL-6, HsSCRP and GS for ISR risk, ROC curves analysis showed
that the AUCs were 0.717 (95% CI: 0. 560-0. 874), p - 0. 012), (0.602 (95% CI: 0.459 - 0.745), p . 0.171),
0.674 (95% Cl: 0.523 - 0.824), p . 0.04) for IL-6, HsCRP and GS respectively (figure A).

Discussion

In this study, we examined the association between angiographic complexity assessed by GS and some
serum inflammatory factors and risk of developing coronary ISR in patients previously treated with PCI.
The serum concentrations of hs-CRP and IL-6, and GS values were significantly higher in patients with
ISR compared to patients without ISR indicating an association between the angiographic severity of
CAD and the pathogenesis of ISR (p < 0.05). However, although hsCRP levels were significantly elevated
in ISR patients, its low AUC suggests limited clinical utility as a standalone predictive biomarker.
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It is well established that coronary stent implantation is currently the main effective procedure in the
treatment of patients with CHD. However, ISR is a common complication of coronary intervention and a
cause of morbidity [10, 11]. ISR is the formation of neointimal hyperplasia mediated by biological,
mechanical, technical and complex factors related to the patient, stent and procedure which will lead to
increase heart disease events occurrence [12]. The pathological mechanism underlying
neoatherosclerosis is based on the formation of de-novo lipid-laden macrophages within the neointimal
region. Endothelial dysfunction with poorly formed cell junctions would cause decreased antithrombotic
molecule expression and reduced nitric oxide production. The resulting penetration of high levels of LDL
into the subendothelial space leads to a local vascular reaction in the vessel wall inducing a systemic
inflammatory cascade, which initializes the development of atherosclerosis [13].

Numerous previous studies have suggested the association of systemic inflammation with ISR that was
related to various inflammatory biomarkers. Various biomarkers related to inflammatory reactions have
been demonstrated to be effective in predicting ISR occurrence [14]. Studies have noted that local
inflammation following stent implantation leads to inflammatory interleukins liberation such as IL-1, IL-6
and tumor necrosis factor-a (TNF-a) which mediates an inflammatory systemic response. These
interleukins cause CRP production increase in the blood secretion [15]. IL-6 is one of the most important
factors and has multiple effects on human vascular pathophysiology. In a previous study, the data
showed an enhanced production of IL-6 by monocytes in response to CRP in patients with unstable
angina [16]. Hence, IL-6 was a powerful stimulus for CRP production.

In previous study [17], the data showed an enhanced production of IL-6 by monocytes in response to
CRP in patients with unstable angina. Moreover, IL-6 is a powerful stimulus for CRP production. Elevated
hsCRP concentrations were associated with endothelial dysfunction, differentiation of macrophages,
smooth muscle cell proliferation and plaque vulnerability.

These inflammatory factors are involved in acute coronary syndrome development by atheroma
formation stimulation, destabilization of damaged atherosclerotic plaques, formation of occlusive
thrombi and eventually thrombotic complications [18].

Intriguingly, despite its potentially atherosclerosis involvement, CRP level fails to predict the risk of drug
eluting stents restenosis [19]. The eluted drug can halt the local inflammation response leading to ISR in
patients with high CRP level. Previous studies has indicated that CRP is elevated at risk for future
cardiovascular events [20]. Pre- and postprocedural CRP and IL-6 levels are associated with the bare
metal stents restenosis (BMS) restenosis and are significant predictors for BMS restenosis [21, 22]. It
was shown that, 24 h after PCI, the increase of inflammatory markers (CRP and interleukins such as IL-
1Ra and IL-6) is associated with ISR independently of treatment procedure and implanted stent number
[23].

A previous study has already shown that serum levels of CRP and interleukin-10 could predict late

coronary in-stent restenosis 6 months after elective stenting. The results reported a very important role

of inflammatory mechanisms not only shortly after stent implantation but also in longer follow-up. As a
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result, CRP and IL-10 could strongly predict the ISR risk by evaluating their circulating levels six months
after stent implantation [21]. In support of this, Li JJ. et al. have also noted significant levels increases in
coronary circulating IL-6 immediately after percutaneous transluminal coronary angioplasty. This
increase could be explained by its secretion from activated macrophages, vascular endothelium, and
stenosis, during de novo synthesis [22].

Multiple other factors can contribute to ISR arise, and the underlying mechanisms remain elusive. High
circulating levels of Homocysteine (Hcy) were not associated with high risk for the long-term cardiac
mortality and morbidity after stent implantation [23]. Our findings showed elevated Hcy levels but
without significant association with ISR in our population. Previous study noted that Hcy levels could be
a valuable biomarker in prognosing ISR [24]. Various mechanisms have been postulated that high Hcy
levels can activate lymphocytes and metalloproteinases, promotes the secretion of many inflammatory
factors such as monocyte chemoattractant protein, tumor necrosis factor and interleukins leading to
neutrophil migration and vascular endothelium lesion [23, 24].

Another study results showed that GS score can be an independent predictor of ISR. As angiographic
characteristics were schown as independant factors of stenosis development, the culprit vessel, the
degree of stenosis and the location of the lesion, can complicate PCI procedures and increase the risk of
preoperative vessel injury, leading to ISR. Despite this score combine all these factors, which have been
shown to be independent risk factors for ISR, previous studies didn't noted whether the GS, could be a
powerful predictor of ISR in view of no quantitative assessments of diseased vessels have been
considered studied [25, 26]. Moreover, the analysis revealed that each incremental point in the GS was
associated with an approximately 3% increase in the probability of ISR occurrence [27]. The GS was
identified as independent predictors of ISR in patients with CAD following DES implantation. Multivariate
analysis indicated that high GS and other factors, participate in the developing of ISR [28].

In conclusion, our study demonstrated that elevated serum IL-6 levels, higher Gensini score are
significantly associated with in-stent restenosis in patients with CAD undergoing PCI with drug-eluting
stents. These findings highlights the interplay between systemic inflammation and angiographic severity
of CAD in the development of ISR. Although hsCRP levels were higher in ISR patients, their predictive
value was limited compared to IL-6 and GS.

Several limitations must be concerned in this study. Firstly, as the sample size was small, it can’'t be
potential enough to detect the related risk factors, more studies with important sample size on the risk
factors for the ISR are needed in the future. Secondly, we only made a follow-up for one year, and a
longterm follow-up can show the predictors factors for ISR. Third, we didn't not include patients among
CAD outcomes, and our findings thus refer only to all CAD patients. In addition, we only measure the
levels of these cytokines that occurred immediately before PCA, clinical significance of cytokine
production is not specific for late restenosis in dilated vessels. Finally, as no multivariable adjustment
was performed, due to sample size limitations, important clinical and procedural factors such as ACS
presentation, prior myocardial infarction, stent diameter, and lesion complexity, circulating IL-6 and
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hsCRP levels can be influenced by acute ischemic conditions, potentially reflecting inflammatory
response to myocardial injury may have confounded the observed associations. Further studies with
larger sample sizes, appropriate multivariable and stratified analyses are warranted.
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Figure 1

Receiver operating characteristic curve of IL-6, HsCRP, GS in predicting ISR in CAD patients who
underwent drug-eluting stent implantation. ROC area analysis were A: 0.674 (95% CI: 0.523 - 0.824), p -
0.04); (B: 0.602 (95% CI: 0.459 - 0.745),p - 0.171); C: 0.717 (95% CI: 0. 560-0. 874), p - 0. 012), for GS,
HsCRP and IL-6 respectively.
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Figure 2

A coronary angiography performed revealing a focal in-stent restenosis with reduction =50% of the
luminal diameter (Figure 2A, 2B), which was successfully treated with drug coated balloons (Figure 2 C).
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