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Abstract

Background: The present study was aimed to establish a prediction model for in-stent restenosis (ISR) in subjects
who had undergone percutaneous coronary intervention (PCl) with drug-eluting stents (DESs).

Materials and methods: A retrospective cohort study was conducted. From September 2010 to September 2013,
we included 968 subjects who had received coronary follow-up angiography after primary PCl. The logistic
regression analysis, receiver operator characteristic (ROC) analysis, nomogram analysis, Hosmer—Lemeshow x2
statistic, and calibration curve were applied to build and evaluate the prediction model.

Results: Fifty-six patients (5.79%) occurred ISR. The platelet distribution width (PDW), total cholesterol (TC), systolic
blood pressure (SBP), low-density lipoprotein cholesterol (LDL-C), and lesion vessels had significant differences
between ISR and non-ISR groups (all P < 0.05). And these variables were independently associated with ISR (all P <
0.05). Furthermore, they were identified as predictors (all AUC > 0.5 and P < 0.05) to establish a prediction model.
The prediction model showed a good value of area under curve (AUC) (95%Cl): 0.72 (0.64-0.80), and its optimized
cut-off was 6.39 with 71% sensitivity and 65% specificity to predict ISR.

Conclusion: The incidence of ISR is 5.79% in CAD patients with DES implantation in the Xinjiang population, China.
The prediction model based on PDW, SBP, TC, LDL-C, and lesion vessels was an effective model to predict ISR in
CAD patients with DESs implantation.
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Background

Coronary artery disease (CAD) is a high mortality dis-
ease in modern society [1, 2], and it is commonly treated
with percutaneous coronary intervention (PCI) [3]. How-
ever, the occurrence of in-stent restenosis (ISR) in-
creases the risk of stent failure [4]. Although drug-
eluting stents (DESs) are widely applied, ISR is still a
crucial issue in the treatment of CAD after PCI [5].
Nowadays, the incidence of ISR remains approximately
10%, which may cause the recurrence of ischemic heart
disease [4, 6]. Until now, the incidence of ISR in the
Xinjiang population, China, was not reported. Addition-
ally, clinic is still lacking an appropriate prediction
model to predict ISR [7]. Establishing a novel prediction
model for ISR will contribute to individual risk stratifica-
tion and ISR prevention for CAD patients [8].

ISR has a distinct pathophysiological process that is
not merely accelerated atherosclerosis [9]. ISR is usually
caused by increased acute vessel injury and the promo-
tion of neointimal hyperplasia [10]. Acute thrombotic
occlusion is a high frequent cause of in-stent chronic
total occlusion [11], which is implied that platelets are
important in ISR. In previous reports, several risk factors
were related to ISR, including diabetes, chronic renal in-
sufficiency, bare-metal stents, small coronary artery ves-
sels, a long stent length, and coronary bifurcation lesions
[4, 12]. Recently, studies revealed that the increase of C-
reactive protein, homocysteine, and stent numbers are
risk factors for ISR [13—15]. However, the roles of plate-
let parameters in ISR were still less reported. Platelet ac-
tivation is persistent and wusually accompanied by
morphological changes after PCI. Inhibition of platelet
activation has effects on neointimal proliferation and re-
stenosis [16, 17]. Developing a novel prediction model
based on platelet parameters, clinical characteristics,
lipid levels, and angiographic characteristicsand may
contribute to risk stratification and disease prevention
for ISR in CAD patients.

Therefore, this study is set out to reveal the incidence
of ISR in the Xinjiang population, China, and explore a
potential prediction model for ISR in CAD patients with
DES implantation.

Materials and methods

Participants

Nine hundred sixty-eight subjects who received PCI and
coronary follow-up angiography from September 2010
to September 2013 were included. Inclusion criteria: 1)
the subjects were diagnosed with CAD and had under-
gone PCI; 2) the patients had undergone follow-up angi-
ography more than 6 months after PCI; 3) DESs were
implanted; 4) the subjects were from the Han and
Uyghur populations; 5) the subjects were aged over 18.
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The exclusion criteria were as follows: 1) the patients
had myocarditis, pericarditis, myocardiopathy, congenital
heart disease, or other structural heart diseases; 2) the
patients had other comorbidities, including immune sys-
tem disease, infectious disease, tumors, or hematologic
diseases.

Diagnostic criteria

ISR was defined as a restenosis degree >50% based on
coronary angiography, which included both the original
site where the stent was placed and vascular segments ad-
jacent to the stent at a 5-mm distance; if the restenosis de-
gree was < 50%, the ISR was defined as non-ISR [18].

Data collection

Demographic information, biochemical parameters, clin-
ical and angiographic characteristics were collected.
Fasting blood samples collected from peripheral the ves-
sel were obtained to test routine biochemical variables,
including platelet parameters of plateletcrit (PCT), MPV,
platelet count, platelet distribution width (PDW), lipid
parameters of low-density lipoprotein cholesterol (LDL-
C), triglyceride (TG), TC, and high-density lipoprotein-
cholesterol (HDL-C). The blood samples were evaluated
within 2h. The specific data concerning angiography
and the stents included the stenosis location, lesion ves-
sels, the number of stents, stent parameters, and post-
balloon dilatation.

Statistical analyses

To compare the difference between groups in con-
tinuous data, independent samples T-test was used
between two groups, and one-way analysis of variance
(ANOVA) and Student-Newman-Keuls (SNK) test
were performed for more than three groups; the data
were expressed as the means + standard deviation
(SD). For variables with an abnormal distribution, the
Kruskal-Wallis H test was performed. A chi-squared
test was used to compare categorical variables, and
the data were expressed as percentages. Multivariate
logistic regression analyses were conducted with for-
ward stepwise selection, in which P-value levels for
inclusion and exclusion criteria were set as 0.05 and
0.10, respectively. ROC analysis was performed for
each variate associated with ISR, in which AUC> 0.5
and P<0.05 were included in the prediction model.
The Hosmer—Lemeshow x> statistic, calibration curve,
and bootstrap for 1000 times were used to examine
the prediction model. To further evaluate the discrim-
ination of the model and optimized cut-off, the ROC
analysis and Youden index were used. The internal
validation was conducted by the bootstrap method.
The total risk score for this prediction model was
counted as the equation: Y =0.1480*PDW +
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0.1709*TC + 0.2639*LDL + 0.0121*SBP + 0.276*(lesion

vessels), and the scales for each variable were
assigned according to their corresponding beta-
coefficient identified by multivariate logistic regres-
sion. Moreover, the risk score for each variable was
conducted by nomogram analysis. A P-value <0.05
was statistically significant. SPSS version 22.0 (SPSS
Inc., Chicago, IL, USA) was used to perform statistical
analyses in this study. The nomogram analysis and
calibration curve were performed by R software
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version 4.0 (R Foundation for Statistical Computing,
Vienna, Austria).

Results

Clinical and angiographic characteristics between the ISR

and non-ISR groups

Of 968 patients included in our study, 56 subjects
(5.79%) had ISR after PCI for an average of 16.93
months. Most of the baseline characteristics between the
two groups were similar, such as age, sex, blood glucose,

Table 1 Comparisons of the baseline clinical characteristics between the ISR and non-ISR groups

Parameters ISR (n =56) Non-ISR (n =912) t/ x* P
Age, year 59.60+10.88 5895+ 10.83 -043 0.666
Male, n (%) 47 (83.93) 713 (78.18) 1.03 0309
Smoking, n (%) 33 (5893) 465 (50.99) 133 0.248
Alcohol consumption, n (%) 7 (12.50) 164 (17.98) 1.09 0.296
BMI, kg/m? 2569+327 2620+36 095 0341
Waist circumference, cm 9287 +15.12 9214+ 1345 —0.31 0.758
blood glucose, mmol/L 6.34+£3.01 6.48 £2.94 0.35 0.729
SBP, mmHg 149.08 £ 31.83 137.39+32.85 =25 0.013*
DBP, mmHg 99.17 + 23.46 96.08 + 25.04 -0.87 0385
Ejection fraction, % 6148+7.18 61.02+6.15 041 0.686
Medical history
Hypertension, n (%) 32 (57.14) 429 (47.04) 2.16 0.168
Diabetes, n (%) 12 (2143) 190 (20.83) 0.01 0915
MI, n (%) 23 (41.07) 239 (26.21) 591 0.015%
Arrhythmia, n (%) 1(1.79) 60 (6.58) 2.05 0.152
Stroke, n (%) 0 (0.00) 21 (23) 132 0.251
Laboratory results
WBC, x10%/L 747 £2.16 7.28+£2.09 -0.65 0517
MO, % 707 £235 6.72+2.38 -1.35 0.178
Platelet count, x10%/L 21402 +57.76 21643 +62.67 0.28 0.781
MPV, fl 1028+ 1.64 1038+ 1.44 048 0.634
PCT, % 023+0.12 0.23 £0.09 -0.17 0.868
PDW, % 1665 +2.37 1578 £ 262 -241 0.016*
TC, mmol/L 477 £191 415+ 156 -2.74 0.006*
TG, mmol/L 3.69+6.28 259+4.18 =177 0.076
HDL, mmol/L 121+144 1.01+£04 —2.71 0.007*
LDL-C, mmol/L 282+ 1.14 246109 -2.74 0.006*
ApoAT1, g/L 1.50£1.95 145+£1.71 -0.21 0.835
GSP, mmol/L 6.12+1525 383+961 -1.64 0.102
Lipoprotein(a), mmol/L 23762+ 22145 214.31+£190.05 -0.81 0419
Creatine, umol/L 7861 £ 26.63 74.32 £21.06 -1.44 0.151
Uric acid, pmol/L 31299 £ 121.06 316.27 £102.75 023 0.820
Model 5.85+0.80 536+069 —4.73 0.000*

* P <0.05, compared with non-ISR group. Abbreviations: ISR in-stent restenosis, BVl body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, M/
myocardial infarction, PDW platelet distribution width, LDL-C low-density lipoprotein cholesterol, HDL high density lipoprotein, TC total cholesterol, TG triglyceride,

PCT plateletcrit, MPV mean platelet volume, GSP glycated serum protein
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Table 2 Characteristics of angiography, balloons, and stents in the ISR and non-ISR groups

Parameters ISR (n =56) Non-ISR (n =912) t/xz P

LM stenosis, n (%) 6 (11.11) 51 (5.60) 2.79 0.095
LAD stenosis, n (%) 37 (66.07) 592 (64.91) 0.03 0.86
LCX stenosis, n (%) 29 (51.79) 389 (42.65) 1.79 0.181
RCA stenosis, n (%) 37 (66.07) 460 (50.44) 5.16 0.023*
Lesion vessels 261+1.39 212+144 -2.35 0.014*
Stents 023+057 033+0.75 0.99 0323
Post-balloon dilatation, n (%) 30 (55.56) 446 (50.80) 046 0.575
Balloon diameters (mm) 277101 295+0.80 -1.13 0.261
Balloon lengths (mm) 1210+5.17 1217 £ 444 -0.088 0.930
Stent diameter (mm) 2.72+0.29 2.85+1.09 —0.855 0.393
Stent length (mm) 26.28+7.93 2689+ 745 —-0.558 0577

* P<0.05, compared with non-ISR group. Abbreviations: LM left main coronary artery, LAD left anterior descending coronary artery, LCX Left circumflex coronary

artery, RCA right coronary artery

current smoking, alcohol consumption, waist circumfer-
ence, body mass index (BMI), post-balloon dilatation,
balloon diameters, balloon lengths, stent diameters, and
stent lengths (all P> 0.05). However, as Tables 1 and 2
shown, PDW, TC, HDL, LDL-C, SBP, myocardial infarc-
tion (MI), lesion vessels, and right coronary artery
(RCA) stenosis showed significant differences between
the groups (all P < 0.05).

Univariate analysis and multivariate analysis for potential
predictors

The parameters of PDW, TC, LDL-C, SBP, MI, lesion
vessels, and RCA stenosis were associated with ISR in
CAD patients (all P <0.05), and their ORs and 95% CIs
were shown in Table 3. In addition, the elevated levels of
PDW (OR 1.17; 95% CI; 1.05-1.31; P=0.039), LDL-C
(OR 1.34; 95% CI 1.02-1.76; P=0.036), TC (OR 1.18;
95% CI; 1.01-1.39; P=0.039), SBP (OR 1.01; 95% CIL;
1.01-1.02; P=0.014), lesion vessels (OR 1.32; 95% CI;
1.06-1.64; P=0.012), and MI (OR 2.34; 95% CI; 1.32—
4.15; P=0.039) were still significantly associated with

Table 3 Logistic regression analysis for potential predictors of ISR

ISR after adjusting by TC, HDL, LDL-C, SBP, PDW, in-
cidence of MI, lesion vessels, and RCA stenosis.

Identifying predictors in the prediction model for ISR

To identify potential predictors for ISR, the ROC ana-
lyses were conducted for each parameter which inde-
pendently associated with ISR. At last, the SBP, PDW,
TC, LDL-C, and lesion vessels were included in the pre-
diction model, and their AUC and 95% CI were SBP
[0.60 (0.51-0.69); P=0.024], PDW [0.60 (0.53-0.67);
P=0.042], TC [0.63 (0.54-0.71); P =0.005], and LDL-C
[0.61(0.52—-0.70); P =0.046], lesion vessels [0.59 (0.52—
0.66); P =0.005], respectively (Table 4). To evaluate this
prediction model, a Hosmer—Lemeshow goodness-of-fit
test was conducted, which yielded P =0.655, and a cali-
bration curve was also displayed in Fig. 1A, indicating
no deviation was observed between predicted and ob-
served probability. An internal validation with 1000
times repetitions was performed, and demonstrated a
good consistency. In addition, the AUC was 0.72(0.64—
0.80) for the prediction model, P = 0.000, Fig. 1B.

Univariate analysis

Multivariate analysis

Parameters OR (95%Cl) Wald x? P OR (95%Cl) Wald x* P

TC 119 (1.05-1.36) 7.08 0.008* 118 (1.01-1.39) 425 0.039*
HDL 140 (1.04-1.88) 497 0.026*

LDL-C 144 (1.11-1.87) 733 0.007* 134 (1.02-1.76) 438 0.036*
SBP 101 (1.00-1.02) 6.12 0013* 101 (1.01-1.02) 6.08 0.014*
M 196 (1.13-341) 572 0017* 234 (132-4.15) 855 0.003*
PDW 114 (1.03-1.27) 5.88 0015* 117 (1.05-1.31) 7.85 0.005*
RCA 191 (1.08-338) 501 0.025*

Lesion vessels 127 (1.05-153) 590 0015* 132 (1.06-1.64) 308 0.012*

* P <0.05. Abbreviations: ISR in-stent restenosis, BVl body mass index, Ml myocardial infarction, PDW platelet distribution width, LDL-C low-density lipoprotein
cholesterol, HDL high density lipoprotein, TC total cholesterol, TG triglyceride, RCA right coronary artery. Adjust: TC, HDL, LDL-C, SBP, MI, PDW, RCA, lesion vessels
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Table 4 ROC analysis for potential predictors of ISR

Parameters AUC (95% CI) P

SBP 0.60 (0.51-0.69) 0.024*
PDW 0.60 (0.53-0.67) 0.042%
TC 0.63 (0.54-0.71) 0.005*
HDL 047 (0.38-0.55) 0448

LDL-C 061 (0.52-0.70) 0.046%
RCA stenosis 0.56 (0.48-0.65) 0172

Lesion vessels 0.59 (0.52-0.66) 0.030*
M 0.54 (045-0.63) 0400

*: P<0.05. Abbreviations: ISR in-stent restenosis, SBP systolic blood pressure,
PDW platelet distribution width, LDL-C low-density lipoprotein cholesterol, HDL
high density lipoprotein, TC total cholesterol, RCA right coronary artery, M/
myocardial infarction
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Nomogram prediction for ISR

The parameters in the prediction model were used to
calculate a probability of disease (POD) index which was
calculated as the equation Y =0.1480 * PDW + 0.1709 =
TC +0.2639 = LDL + 0.0121 = SBP + 0.276 = (lesion  ves-
sels)A nomogram based on these variables was config-
ured (Fig. 1C). The optimized cut-off for the POD index
was 6.39, and its sensitivity and specificity were 71 and
65%, respectively. When the POD index > 6.39, subjects
with a high risk of ISR, otherwise with low risk of ISR.

The association between the prediction model and ISR

As shown in Table 5, the POD index was divided as ter-
tiles, compared with tertile 1 (T1), the OR and its 95%CI
of ISR were 2.5 (95% CI: 1.02-6.11, P =0.045) for tertile
2 (T2), and 4.95 (95% CI: 2.15-11.39, P =0.000) for ter-
tile 3 (T3).
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Fig. 1 Scoring and evaluating the prediction model. A nomogram was performed for the prediction model. The using instruction for the
nomogram is that a line on the top labeled “Points” displays the corresponding score for the values of each variable; a line labeled “Total points”,
representing an individual’s total points of all variables in the model, is corresponded to the line labeled “Risk” which indicates the risk of ISR for
the individual. Abbreviations: LDL-C, low-density lipoprotein cholesterol; PDW, platelet distribution width; SBP, systolic blood pressure; TC,
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Table 5 The relationship between the tertiles of the POD index and ISR

Parameters ISR (n =56) Non-ISR OR(95%Cl) P
(n=912)
POD index tertiles
T1 (<5.18) 7 (12.50) 315 (34.54) 1.00 (reference)
T2 (25.18 & < 5.60) 17 (30.36) 306 (33.55) 2.50 (1.02-6.11) 0.045*
T3 (25.60) 32 (57.14) 291 (31.91) 4.95 (2.15-11.39) 0.000*

*: P<0.05 in chi-square test. Abbreviations: POD probability of disease, ISR in-stent restenosis

Overview of the prediction model for ISR

As Fig. 2 shown, the overview of the prediction model
was indicated, which ranking the predictors as risk
scores and presenting actionable preventing methods for
each variable.

Discussion
An effective prediction model can provide useful refer-
ences for disease prevention. Here, the incidence of ISR in
CAD patients with DESs was revealed in the Xinjiang
population, China. And a novel prediction model based
on platelet parameters, and combined with clinical charac-
teristics and angiographic results was established to pre-
dict ISR in patients with CAD and DESs implantation.
Platelet activation plays a crucial role in stent-
thrombosis [19] which increased the risk of restenosis
[11]. Some studies have explored the relationship be-
tween platelet parameter MPV and ISR, but conclusions
were inconsistent. A study indicated that MPV is a pre-
dictor for ISR in Chinese subjects stented in the carotid
artery [20]. While a European study showed that MPV
was not a risk factor for ISR after stenting in Whites

[21]. The differences may attribute to ethnic differences,
for Asians have more prevalent diabetes mellitus, which
tends to have higher MPV or clopidogrel resistance [22,
23]. Another platelet parameter PDW is an indicator
that reflects the dispersion of the mean platelet volume
(MPV), indicates platelet activation [24], and provides
more information than MPV [25-27]. The raised PDW
indicates an increasing platelet heterogeneity and the oc-
curring of platelet size disparity. And PDW has been re-
ported that associated with the severity and prognosis of
CAD [28-30]. Instead of MPV, PDW is an effective pre-
dictor to predict ISR in the present study. And its poten-
tial mechanisms might be that platelet activation,
indicated by elevated PDW, promotes secreting a pleth-
ora of chemokines after PCI, like, CXCL4, CXCL12, and
CCL5 et al., which recruiting circulating neutrophils and
lymphocytes to the place where vascular injured [31].
The process drives the low-grade inflammatory response
and promoting the development of neointimal prolifera-
tion, and leads to restenosis progression [16, 17, 31, 32].
Raised circulating LDL-C levels play a vital role in ath-
erosclerotic cardiovascular disease [33], and it affects the

Risk indicators Score

Potential actions

PDW

TC

SBP

Lesion vessels

LDL-C

Inhibiting platelet activation
Lipid-lowering therapy
Antihypertensive therapy
Prevention of atherosclerosis

LDL-C lowering therapy

Fig. 2 Overview of the prediction model of ISR. The figure summarizes

lowest and highest risk score for each variable, and suggestions for risk factor control. Abbreviations: LDL, low-density lipoprotein cholesterol;
PDW, platelet distribution width; SBP, systolic blood pressure; TC, total cholesterol

the content of the prediction model, including variables in the model, the
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stenosis of coronary arteries by accelerating the progres-
sion of atherosclerosis [34]. Studies have been reported
that elevated LDL-C is an independent predictor [15,
35], and comprised of it in prediction models for ISR
might be effective [36]. TC is also an independent pre-
dictor for ISR in the present study. It has been indicated
as an important component of prediction models for
cardiovascular disease and recommended to be used to
estimate total cardiovascular disease risks [37, 38].

Angiography examination is widely performed to diag-
nose CAD and to guide the PCL In recent years, tech-
niques of intravascular imaging detection, such as
intravascular ultrasound (IVUS), are gradually applied in
PCI. Many studies have revealed intravascular imaging
detection has more advantages than angiography, dis-
playing lesion with distinct characterization, and contrib-
uting to finding the etiology of ISR, furthermore, using it
in PCI procedure decreases the major adverse cardiovas-
cular events for ISR [39-42]. In this study, all PCI guid-
ance or coronary artery examination was performed by
the angiography, which may provide less information
about lesion and miss some potential predictors. In fur-
ther studies, establishing a prediction model combined
with the lesion characters detected by intravascular im-
aging might be much valuable.

Comparisons with other studies and what does the
current work add to the existing knowledge

The rates of ISR are varied from study to study in differ-
ent patients or types of stents. The incidence of ISR is
approximately 30% in patients implanted with bare-
metal stenting [12]. The application of DESs has signifi-
cantly reduced the incidence of ISR to 5-15%. While in
subjects with diabetes or other comorbidities, the inci-
dence is more than 20% although the DES is applied [25,
43, 44]. In line with previous studies, the incidence of
ISR is 5.79% in the present study [4, 6, 14].

A recent study found that a prediction model includ-
ing abnormal platelets could predict ISR [45]. And an-
other study proved that PDW could predict ISR in
patients with CAD and diabetes, which is similar to the
present study but with different patients and small sam-
ple size [25]. Several prediction models have indicated
that models combined with angiographic characteristics,
like bifurcation lesion or>2 vessel-coronary diseases,
have good predictive values for ISR [36, 45, 46]. The
multivessel lesion has been regarded as a high-risk char-
acteristic of cardiovascular disease. The present study
showed that a prediction model comprised of lesion ves-
sels was an independent predictor for ISR, which is simi-
lar to previous studies [45]. Beyond characteristics of
vessel lesion, pre-procedural and intra-procedural opera-
tions of PCI may also influence outcomes of ISR, be-
cause various stenting strategies may have different
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extent impairments to vessels. Therefore, access sites of
PCI might also affect the outcomes of ISR for it increas-
ing incidences of adverse events of angiography [47].

Study strengths and limitations

Here, the present study revealed that the incidence of
ISR was 5.79% in CAD patients with DES implantation
in the Xinjiang population, China. A novel prediction
model based on platelet parameters, and combined with
clinical characteristics and angiographic results was ef-
fectively to predict ISR in patients with CAD and DESs
implantation. Furthermore, a nomogram was provided
to evaluate the risk of ISR, and an overview table was
listed with potential treatment strategies for CAD pa-
tients in clinical practice. Despite these findings, some
limitations in this study can not be neglected. First, the
study had a retrospective design. Second, only the angio-
graphic examination was applied, the intravascular im-
aging detections were not performed, which limited the
detection of potential predictors and the identification of
ISR. Third, the prediction model included the variable of
vessel lesions detected by angiography, this might limit
the applied range of the prediction model. Besides, this
was a single-center study, lacking an external verifica-
tion. Although an internal validation was conducted, the
generalizability of the prediction model may decline.

Conclusion

In summary, the incidence of ISR is 5.79% in CAD pa-
tients with DES implantation in the Xinjiang population,
China. The prediction model based on PDW, TC, LDL-
C, SBP, and lesion vessels was an effective model to pre-
dict ISR, to conduct risk stratification, and prevent ISR
in CAD patients with DESs implantation. In further
studies, establishing a prediction model combined with
more lesion characters detected by intravascular imaging
might be much valuable.
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RCA: Right coronary artery; OCT: optical coherence tomography
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