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Abstract

Objective: Red Cell Distribution Width (RDW) has recently been considered 
as a predictor of a variety of cardiovascular diseases. However, no data is 
currently available with respect to the role of RDW in predicting In-Stent Rest 
enosis (ISR) after successful coronary stent implantation. 

Methods: A cohort of 1733 consecutive patients was retrospectively enrolled 
who had a received coronary angiography follow-up at mean 7 months after 
stinting. Of them, 271 lesions were implanted with a Bare-Metal Stent (BMS) 
while 404 lesions with a Drug-Eluting Stent (DES). The relationship of admission 
RDW value and angiography-proven ISR at 7 months were evaluated. 

Results: There were 106 patients with ISR (106/675, 15.7%; BMS, n=271, 
ISR=82, 30.3%; DES, n=404, ISR=24, 5.9%) and 569 patients without ISR at 
7-month angiographic follow-up. Baseline RDW values were significantly higher 
in patients with ISR (RDW: 13.9±2.2 versus 12.5±2.0, p<0.001). In addition, the 
elevated RDW levels were found to be associated with ISR regardless of BMS 
or DES implantation. Moreover, there was a positive correlation between levels 
of RDW and CRP in patients with ISR (γ=0.661, p=0.000). Finally, in a Receiver 
Operating Characteristic (ROC) curve analysis, an RDW ≥ 13.4% on admission 
had 71% sensitivity and 68% specificity in predicting the ISR after successful 
PCI. 

Conclusion: The present study provides the first line of evidence for the use 
of RDW, an easy, inexpensive, routinely reported marker, as an independent 
predictor for ISR after successful coronary stent implantation. 

Keywords: Red cell distribution width; Coronary artery disease; Stent; In-
stent rest enosis

and Table Coronary Artery Disease (CAD) [8,9], heart failure [10], 
peripheral vascular disease [11], stroke [12], slow coronary flow [13], 
cardiac syndrome X [14], even the thrombosis and bleeding after 
successfully Percutaneous Coronary Intervention (PCI) [15,16]. 
However, the study on role of RDW in patients ISR after PCI has 
currently not been investigated. Additionally, although the higher 
RDW level has been established by previous studies in several 
cardiovascular diseases, the underlying mechanism has not clearly 
been elucidated yet. It has been postulated that RDW may be a 
marker of underlying inflammation, malnutrition, older age, and 
underlying renal dysfunction predisposing patients with higher 
baseline RDW to increased morbidity and mortality [17]. ISR is not 
rare complication in patients undergoing PCI even in the era of drug-
eluting stent and patients who ISR tend to be similar characteristics 
to those with higher RDW values such as inflammation, older age 
and renal insufficiency [1]. Thus, we hypothesized that baseline RDW 
values might be a predictor of ISR after successful PCI.

In the present study, therefore, we retrospectively angiographic 
ally evaluate admission RDW level and its relations to ISR after 
successful PCI in patients. To exclude the stent types also influence 
the effects of RDW on predicting the ISR, we specially enrolled the all 

Introduction 
In-Stent Rest enosis (ISR) and Stent Thrombosis (ST) are major 

complications after Percutaneous Coronary Intervention (PCI) and 
coronary stent placement [1-3]. Compared with Bare-Metal Stent 
(BMS), Drug-Eluting Stent (DES) are associated with a further 
reduction in ISR and repeat revascularization with similar rates of 
death, reinfarction, and ST [4]. Nonetheless, repeat revascularization 
is still performed in ~5-7% of patients treated with primary PCI and 
DES, and angiographic rest enosis occurs ~15% of lesions, especially 
in patients with ST-segment elevation myocardial infarction [5]. 
Besides technical factors, the other status of an individual is strong 
predictor of the risk of ISR. Therefore, identifying biomarkers and 
studying their differential diagnostic values are critical for a more 
efficient personalized intervention, patient management, and adverse 
effects reduction [6]. 

Red Blood Cell Distribution Width (RWD) is a measure of the 
variability in the size of circulating erythrocytes and it has been 
utilized in the differential diagnosis of anemia [7]. More recently, 
elevated RDW was reported to be a marker and independent 
predictor in a variety of cardiovascular diseases including acute 
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patients who have received either BMS or DES implantation. 

Methods 
Study population

The study population consisted of 675 consecutive patients who 
underwent PCI between April 2004 to December 2005 in our single 
center. These patients were selected from 5144 patients according to 
our inclusion and exclusion criteria. The study complied with the 
Declaration of Helsinki. The study protocol was approved by the 
Fuwai hospital ethnic’s committee review board. Informed written 
consent was obtained from all patients included in this analysis.

The patients who fulfilled inclusion criteria were enrolled in the 
study: (1) patients who received no more than one stent implantation 
regardless of BMS or DES in a pericardial coronary artery including 
Left Main artery (LM) or Left Anterior Descending (LAD) or Left 
Cyclotron Branch (LCX) or Right Coronary Artery (RCA) or their 
major branches; (2) patients who had angiographic follow-up at mean 
7 months with a range 6-9 months after the stent implantation due 
to a variety of indications; (3) patients who had entire demographic, 
clinical angiographic, and stenting-related data. Primary angioplasty 
and/or stent implantation more than one arteries and/or lesions were 
not included. Exclusion criteria were acute myocardial infarction, 
renal dysfunction, left ventricular ejection fraction <45%. All patients 
received an optimal secondary prevention treatment after stent 
implantation according to currently available guidelines.

In addition, all subjects enrolled in this study had normal hepatic 
function. The hyperlipidemia was defined as low-density lipoprotein 
cholesterol 160mg/dl and/or Triglyceride (TG) ≥200 mg/dl. Patients 
with history or evidence of valvular heart disease, congestive heart 
failure, echocardiographic ally proven left ventricular hypertrophy, 
a history of dysphasia, swallowing as well as intestinal motility 
disorders, untreated thyroid disease, sinus node dysfunction or 
conduction disturbance, estrogen replacement therapy, carcinoma, 
poorly controlled hypertension (systolic blood pressure >160 mmHg 
or diastolic blood pressure >105 mmHg), recent major operation (<3 
months), autoimmune disease were also excluded from the study. 

Finally, patients who have had previous history of anemia, have 
received previous red blood cell transfusion or were on treatment 
for anemia, such as supplemental iron, foliate or an erythropoiesis- 
stimulating agent were not included in this study. Patients with 
known hematological disease such as hemolytic anemia, neoplastic 
metastases to the bone marrow, iron replacement therapy that could 
increase plasma RDW levels were excluded. Patients who were lost to 
follow-up were also excluded. 

Determination of RDW 
Hemoglobin, RDW, and White Blood Cell (WBC) counts were 

determined by the automated hematology analyzer XE-1200 (Sysmex, 
Kobe, Japan) before PCI. The normal range of RDW (%) in our 
laboratory was 10-15% [13,14]. The other biochemical measurements 
were performed using a molecular analyzer (Roche Diagnostics, 
Manheim, Germany). 

Stent implantation
Coronary stent implantations were performed by ten principle 

operators affiliated to our center, and indications were according 

to the operator deemed appropriate at the time. There was no strict 
protocol on how or which intervention list should perform the 
procedure, and there was no restriction on the choice or kind or the 
numbers of stents deployed. Routine use of intravascular ultrasound 
was deemed unnecessary unless there was a specific indication. 
Balloon pre-dilatation was performed followed by stent implantation 
using conventional technique for almost all of our patients. Post-
dilatation was used only if the primary angiographic result was 
not satisfactory. Pre-procedural intravenous heparin was given to 
maintain an activated clotting time ≥250 seconds, and all patients 
received aspirin (at least 75 mg) and clopidogrel (300 mg loading dose 
followed by 75 mg once daily for at least 12 months).

Angiographic analysis and ISR definition
The cineangiography on all eligible patients were reviewed 

and analyzed by two independent experienced interventional 
cardiologists. Quantitative Coronary Angiographic (QCA) analysis 
was performed on all patients in pre-percutaneous transluminal 
coronary stent and immediate post-stent as well as angiographic 
follow-up at approximately 7 months. 

ISR was defined as >50% diameter steno sis by QCA within a 
previously stinted vessel segment, and was classified as focal (<10mm 
long), diffuse (>10mm long), proliferative (>10mm long and extending 
outside the stent edges), or totally occluded according to previously 
reported [5]. Two coronary segments (in-stent and in-segment) were 
subjected to QCA. The in-stent analysis comprised only the segment 
of the lesion encompassing the stent. The in-segment was defined as 
the in-stent segment plus segments 5 mm proximal and distal to the 
edge of the stent. Minimal Luminal Diameter (MLD) and percentage 
of diameter steno sis were measured for each segment. In-segment 
and in-stent late Lumen Loss (LL) was calculated as post-procedure 
MLD minus follow-up MLD. ISR was classified according to a 
modified Mehran classification [10].

Statistical analysis
Categorical variables were expressed as percent frequencies 

and continuous variables as mean±SD. χ2 or Fisher test was used 
to compare categorical variables; Student t test was performed for 
comparison of continuous variables. The univariate and multivariate 
analysis was used for baseline clinical characteristics, serum markers, 
and RDW. Association between RDW and CRP was test using 
Spearman correlation coefficient. Receiver Operating Characteristic 
(ROC) curve analysis was performed to define the optimal CAD-
specific cut-off points. A P value <0.05 was considered statistically 
significant.

Results
Baseline clinical characteristics

Between the periods of the study, a total of 5144 patients had a 
successful PCI, while 675 consecutive patients fulfilled our enrolled 
criteria. There were 106 patients with ISR (106/675, 15.7%) including 
82 patients with a BMS implantation from a total of 271 patients 
(82/271, 30.3%) and 24 with a DES from a total of 404 (24/404, 5.9%) 
and 569 patients without ISR at 7-month angiographic follow-up. 

Baseline clinical characteristics of patients with or without ISR 
were showed in Table 1. There was a predominance of males (87.0%). 
The average age was 57.2±10.8 years with a range of 34-82 years. 
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More than half of them had at least one of risk factors for CAD. 514 
patients (514/675, 76.1%) of them were diagnosed as sTable angina. 
Most baseline clinical characteristics were not significantly different, 
except for the age and rate of prior myocardial infarction, current 
smoker, and diabetes mellitus. In addition, there were no significantly 
differences in previous medications except for the lower percentage 
of calcium channel blocker administration in patients with ISR. 

Laboratory findings
Laboratory data of patients with or without ISR were showed in 

Table 2. As showed in Table 2, there were no differences between the 
two groups regarding lipid profile, erythrocyte count, hemoglobin, 
mean corpuscular volume, uric acid, creatinine, and white cell 
count levels. However, the levels of RDW were significantly higher 
in patients with ISR than that in patients without ISR (13.9±2.2 vs. 
12.5±2.0, p=0.00). In addition, the levels of CRP were also higher in 
patients with ISR compared with that without ISR (0.27±0.15 mg/L 
vs. 0.23±0.11 mg/L p=0.00). There were also higher levels of serum 
hemoglobin A1C in patients with ISR compared with that in patients 
without ISR. 

Procedure characteristics 

As showed in Table 3, under our condition, the data showed that 
angulated lesion, total occlusion, lesion length, stent types, and post-
procedural Minimal Luminal Diameter (MLD) used were higher in 
patients with ISR compared with that without ISR. 

Differences of main variables in ISR patients with stents
To identify the impact of stent types on ISR, we examined the 

difference of major variables in patients with between BMS and DES. 
As showed in Table 4, our data showed that there were significantly 
differences between ISR and non-ISR group in the percentage 
of diabetes mellitus and the levels of HA1C and RDW regardless 
of patients who have received either BMS or DES implantation. 
However, ISR patients who have received BMS were older, longer 
stent length and hs-CRP levels compared with on-ISR, while patients 
with DES implantation had more angulated lesions (Table 4).

Univariate and multivariate logistic analysis 
A total of 14 variables associated with ISR including age, 

prior myocardial infarction, diabetes mellitus smoking, hs-CRP, 
hemoglobin A1c, white cell count, RDW, BMS, PES, ostial lesion, 
total occlusion, stent length, and post-PCI MLD with p<0.05 in 
univariate analysis are presented in Table 3. And then, we put those 

All (N=675) ISR (n=106) No-ISR
(n=569) P value

Age (years) 57.2±10.8 58.3±11.2 56.7±10.5 0.04

Male, n (%) 587 (87.0) 91 (85.8) 496 (87.2) 0.49

BMI (kg/m2) 24.7±10.8 24.7±11.2 24.7±10.4 0.57

LVEF (%) 58±13 57±12 58±13 0.69

Prior MI, n (%) 317 (47.0) 59 (55.7) 258 (45.3) 0.02

Prior PCI, n (%) 155 (23.0) 27 (25.5) 128 (22.5) 0.38

Prior CABG, n (%) 24 (3.6) 3 (2.8) 21 (3.7) 0.13

Diabetes mellitus, n (%) 138 (20.4) 34 (32.1) 104 (18.3) 0.01

Hypertension, n (%) 375 (55.6) 55 (51.9) 320 (56.2) 0.25

Hyperlipidemia, n (%) 237 (35.1) 42 (39.6) 195 (34.3) 0.17

CAD family history, n (%) 29 (4.3) 4 (3.8) 25 (4.4) 0.38

Stroke history, n (%) 15 (2.2) 2 (1.9) 13 (2.3) 0.34

Smoking

  Current smoker, n (%) 259 (38.4) 54 (50.9) 205 (36.0) 0.01

  Former smoker, n (%) 113 (16.7) 18 (17.0) 95 (16.7) 0.71

  Non-smoker, n (%) 303 (44.9) 48 (45.3) 255 (44.8) 0.92

Angina pectoris 0.36

  STable angina, n (%) 514 (76.1) 80 (75.5) 434 (76.3) 0.85

UnsTable angina, n (%) 127 (18.8) 22 (20.8) 105 (18.5) 0.62

Previous Medications

  Aspirin, n (%) 221 (32.7) 30 (28.3) 191 (33.6) 0.57

Beta-blocker, n (%) 72 (10.1) 15 (14.2) 57 (10.0) 0.60

  CCB, n (%) 49 (7.3) 2 (1.9) 47 (8.3) 0.03

  ACEI/ARB, n (%) 145 (21.5) 28 (26.4) 117 (20.6) 0.12

  Statins, n (%) 109 (16.2) 21 (19.8) 88 (15.5) 0.45

Table 1: Baseline Clinical Characteristics.

ISR: In-Stent Rest enosis; BMI: Body Mass Index; LVEF: Left Ventricular Ejection Farction; MI: Myocardial Infarction; PCI: Percutaneous Coronary Intervention; CABG: 
Coronary Artery Bypass Graft; CAD: Coronary Artery Disease; CCB: Calcium Channel Blocker; ACEI/ARB: Angiotensin Converting Enzymes Inhibitor/Angiotensin 
Receptor Blocker.
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All (N=675) ISR (n=106) No-ISR
(n=569) P value

Total cholesterol (mg/dl) 4.2±1.1 4.3±1.3 4.2±1.0 0.06

LDL-C (mg/dl) 2.5±0.9 2.6±1.0 2.5±0.8 0.12

HDL-C (mg/dl) 1.1±0.3 1.0±0.4 1.1±0.3 0.53

Triglyceride (mg/dl) 4.2±1.1 4.3±1.2 4.2±1.1 0.10

Hs-CRP (mg/L) 2.5±1.3 2.7±1.5 2.3±1.1 0.04

Hemoglobin A1c (%) 6.6± 0.9 7.1±1.0 6.3± 0.5 0.00

Creatinine (mg/dl) 76.8±16 76.9±15 76.2±16 0.18

Uric acid (mg/dl) 335.2±64 339.0±71 334.7±63 0.52

Hemoglobin (g/dl) 138.3±15 136.3±17 137.9±14 0.66

Platelet (mm3) 207.5±53 207.7±53 207.4±54 0.83

Mean platelet volume (fl) 10.5±0.9 10.4±1.0 10.5±1.1 0.90

WBC (109/L) 6.5±1.5 6.9±0.9 6.4±0.8 0.07

RDW 13.1±2.1 13.9±2.2 12.5±2.0 0.00

Table 2: Laboratory findings and previous medications.

ISR: In-Stent Restenosis; LDL-C: Low-Density Lipoprotein Cholesterol; HDL-C: High-Density Lipoprotein Cholesterol; Hs-CRP: High-Sensitivity C-Reactive Protein; 
Hemoglobin A1c: Hemoglobin A1c; WBC: White Cell Count; RDW: Red Cell Distribution Width.

All (N=675) ISR (n=106) No-ISR
(n=569) P value

Target vessel

  LMT, n (%) 20 (3.0) 2 (1.9) 18 (3.2) 0.77

LAD, n (%) 297 (44.1) 45 (42.4) 252 (44.3) 0.60

  LCX, n (%) 145 (21.4) 18 (17.0) 127 (22.3) 0.82

  RCA, n (%) 213 (30.5) 41 (38.7) 172 (30.2) 0.23

Lesion type

 A, n (%) 80 (11.9) 13 (12.2) 67 (11.8) 0.91

 B1, n (%) 115 (17.0) 15 (14.2) 100 (17.6) 0.88

 B2, n (%) 346 (51.2) 54 (50.9) 292 (51.3) 0.94

 C, n (%) 134 (19.9) 24 (22.7) 110 (19.3) 0.65

Lesion morphology

Angulated, n (%) 152 (22.5) 52 (49.1) 100 (17.8) 0.00

Total occlusion, n (%)  56 (8.3) 27 (25.5) 29 (5.1) 0.00

Ostial lesion, n (%)  67 (9.9) 19 (17.9) 51 (9.0) 0.03

Stent

 BMS   271 (40.2) 82 (77.4) 189 (32.2) 0.00

 SES 340 (53.3) 18 (17.0) 322 (56.6) 0.00

 PES 64 (6.5) 6 (5.6) 58 (10.2) 0.03

 Diameter (mm) 3.00 ± 0.34 2.94 ± 0.31 3.03 ± 0.36 0.13

 Length (mm) 26.23 ± 13.14 27.02± 13.05 26.17 ± 14.11 0.02
Max Deployment
Pressure (atm) 14.44 ± 2.55 14.47± 2.18 14.07± 3.14 0.82

Post-dilatation, n (%) 207 (30.1)  30 (28.3) 177 (31.1) 0.78

Post-PCI MLD (mm) 2.58 ± 0.34  2.44 ±0.31 2.63 ± 0.34 0.00

TIMI III flow, n (%) 657 (97.3) 102 (96.2) 545 (95.8) 0.21

Table 3: Procedure-related characteristics.

ISR: In-Stent Restenosis; LMT: Left Main Truck; LAD: Left Anterior Descending; LCX: Left Circumflex Artery; RCA: Right Coronary Artery; BMS: Bare-Metal Stent; 
SES: Sirolimus-Eluting Stent; PES: Paclitaxel-Eluting Stent; TIMI: Thrombolysis In Myocardial Infarction; PCI: Percutaneous Trnasluminal Intervention; MLD: Minimal 
Luminal Diameter
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14 variables into the multivariate analysis. Not surprisingly and 
Interestingly, we found that diabetes mellitus, hs-CRP, RDW and 
BMS were the independent variables most strongly associated with 
ISR (diabetes mellitus: odds ratio 1.77, 95% confidence interval 1.21 
to 3.50, p=0.031; hs-CRP: odds ratio 1.92, 95% confidence interval 
1.17 to 3.07, p=0.004; RDW: odds ratio 2.01, 95% confidence interval 
1.74 to 4.22, p=0.000; BMS: odds ratio 2.88, 95% confidence interval 
2.13 to 6.04, p=0.000; Table 5). 

Correlations of RDW with hs-CRP in patients with ISR
We also examined the correlation between the levels of RDW and 

hs-CRP in patients with ISR (n=106). As shown in Figure 1, there was 
marked positive correlation between levels of RDW and hs-CRP in 
patients with ISR (γ=0.661, p=0.000).

ROC analysis
Finally, in a ROC curve analysis with Area Under Curve (AUC)= 

0.67, 95%CI: 0.63–0.71, we found that an RDW value of 13.4% was 
used as an effective cut-point in the segregation of the presence or 

absence of ISR, a sensitivity of 71% and a specificity of 68% were 
obtained (Figure 2).

Discussion
The major findings of the present study, for the first time, are 

that (1) the RDW levels were significantly higher in patients with 
ISR regardless of stent used; (2) the baseline RDW level was an 
independent predictor for the future ISR; (3) In a ROC curve analysis, 
a RDW value of 13.4% was identified as an effective cut-point in 
the segregation of the follow-up ISR with a sensitivity of 71% and 
a specificity of 68%; (4) there was a positive correlation between 
levels of RDW and CRP in patients with ISR. These data, therefore, 
provided novel information regarding the link of RDW to ISR after 
successfully coronary stent implantation.

Coronary stent implantation has almost replaced plain old 
balloon angioplasty as a revascularization method given its much 
lower rate of need for revascularization and its lower need to 
emergency coronary artery bypass graft surgery [18]. Although 

BMS 
Non-ISR (n=189)

ISR
(n=82) P value    DES

Non-ISR (n=380)     ISR (n=24) P value

Age 56.73±10.1 59.2±12.4 0.01 56.3±10.3 57.6±11.1 0.17

DM, n (%) 16 (8.5) 18 (19.5) 0.00 89 (23.4) 15 (62.5)   0.00

Smoking, n (%) 40 (21.2) 14 (17.1) 0.61 193 (50.1) 12 (50.0) 0.87

Hs-CRP (mg/L) 2.2±1.2 2.9±1.8 0.00 2.4±1.4 2.5±1.6 0.15

HA1c (%) 6.8±0.8 7.3±1.0 0.03 6.0± 0.8 7.2±1.1 0.00

HB (g/dl) 136.0±17 135.9±14 0.92 137.0±15 136.7±15 0.70

WBC (109/L) 6.7±0.8 6.8±0.9 0.68 6.7±0.8 6.5±0.8 0.20

RDW 12.5±2.2 13.8±2.2 0.00 12.5±2.0 14.1±2.2 0.00

Angulated, n (%)  34 (17.9) 23  (28.1) 0.24 84 (22.1) 11 (45.8) 0.01

Stent length (mm) 24.1± 11.4 28.2± 13.3 0.00 26.9± 14.4 27.3± 13.1 0.88

Table 4: Comparison of major variables in ISR patients with stents.

ISR: In-Stent Restenosis; DM: Diabetes Mellitus; Hs-CRP: High-Sensitivity C-Reactive Protein; HA1c:  Hemoglobin A1c; HB: Hemoglobin; WBC: White Cell Count; 
RDW: Red Cell Distribution Width.

Univirate OR 95%CI P value Multivariate
OR 95% CI P value

Age    1.03 0.62-1.06 0.42 - - -

Prior MI    0.82  0.37-2.20 0.62 - - -

DM    1.21 1.09-3.23 0.00 1.77 1.21-3.50 0.031

Smoker    1.23 0.62-3.02 0.71 - - -

Hs-CRP    1.05 1.08-2.51 0.00 1.52 1.17-3.07 0.004

HemoglobinA1c    0.72 0.25-1.90 0.53 - - -

WBC    1.04 0.28-2.33 0.37 - - -

RDW    1.81 1.24-2.30 0.00 2.01 1.74-4.22 0.000

BMS    2.50  1.78-4.47 0.00 2.88 2.13-6.04 0.000

PES    1.09 0.28-2.05 0.82 - -  -

Ostial lesion    0.91 0.47-2.11 0.63 - - -

Occlusion    0.89 0.52-1.83 0.59 - - -

Stent length    1.22 1.04-1.54 0.02 - - -

Post-PCI MLD    0.82 0.42-2.04 0.64 - - -

Table 5: Impacts of multiple variables on the ISR in univariate and multivariate logistic analysis.

CI: Confidence Interval; MI: Myocardial Infarction; DM: Diabetes Mellitus; Hs-CRP:  High-Sensitivity C-Reactive Protein; WBC: White Cell Count; RDW: Red Cell 
Distribution Width; BMS: Bare-Metal Stent; PES: Paclitaxel-Eluting Stent; PCI: Percutaneous Trnasluminal Intervention; MLD: Minimal Luminal Diameter.
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coronary stenting is known for its few adverse reactions than plain 
old balloon angioplasty, ISR and ST remain among its most serious 
complications [3]. Although the ISR after stent implantation is caused 
by multifactorial process, including neointima formation, smooth 
muscle proliferation, inflammation, and thrombus, previous studies 
has suggested individual response to stent placement are relevant 
factors in ISR and ST apart from technical and mechanical factors 
related to stent implantation [1,19,20]. Therefore, the early detection 
of a subgroup of patients at high risk to develop ISR can be important 
to target specific pharmacologic or alternative therapies to reduce the 
risk of ISR [6]. 

Previous studies have demonstrated that inflammation response 
plays a critical role in the pathogenesis of ISR [1,21]. A number 
of inflammatory biomarkers have been associated with risks and 
clinical outcomes of coronary stent implantation. Of these, CRP is 
the best studied [6]. Our previous observation has also showed that 
the levels of pre-PCI hs-CRP were strongly associated with ISR after 
successfully coronary stent placement, whereas diabetes, and lipid 
profile were significantly correlated with coronary lesion progression 
[22,23]. It has also been reported that inflammatory status, as assessed 
by hs-CRP levels, predicts the risk of ISR after BMS implantation, 
although it does not predict the risk of ST. Conversely, hs-CRP levels 

fail to predict the risk of ISR after DES implantation, although they 
appear to predict the risk ST [1]. In our present study, we found that 
baseline hs-CRP levels were significantly higher in patient with ISR 
compared that without ISR after BMS implantation (2.9±1.8 mg/L 
vs. 2.2±1.2 mg/L, p=0.00) but not in patients with DES placement 
(2.5±1.6 mg/L vs. 2.4±1.4 mg/L, p=0.15). More interesting, baseline 
RDW levels were significantly higher in patients with ISR regardless 
of different stents implanted (BMS: 13.8±2.2 vs. 12.5±2.2, p=0.00; 
DES: 14.1±2.0 vs. 12.5±2.0, p=0.00). This novel finding may have 
important role in the early detection of patients of a high risk of rest 
enosis after coronary stent placement.

In fact, RDW is a numerical measure of the variability in size of 
circulating erythrocytes. Generally, it is used, in combination with 
mean corpuscle volume, as an indicator of differential diagnosis 
of anemia [17]. Factors that contribute to increased erythrocyte 
size heterogeneity include iron or vitamin B12/foliate deficiency, 
decreased erythrocyte life-span, impaired erythropoiesis and factors 
that contribute to erythrocyte fragmentation including increased 
fragility and destruction of red cell [17]. Recently, RDW has been 
shown to be a strong predictor for the presence of a variety of 
cardiovascular diseases and adverse outcomes in multiple settings 
[8-17]. Although those studies demonstrated the role of RDW in a 
variety of cardiovascular disease, the role of RDW in ISR, especially 
in association between RDW and ISR after either BMS or DES are 
lacking. Apparently, in the present study we extended previous 
studies and provides the first line evidence that baseline RDW levels 
is an independent predictor for patients with ISR after coronary stent 
placement.

The physiological mechanisms that the correlation between 
higher levels of RDW and ISR is not understood. It has been 
hypothesized that the systemic factors, such as inflammation and 
oxidative stress, might be the potential contributions. Previous 
studies suggested that higher RDW was associated with inflammatory 
markers such as soluble tumor necrosis factor receptors and CRP in 
the setting of atherosclerosis and other chronic diseases [24-26]. A 
strong association between RDW and inflammatory markers was 
also found in a large cohort of unselected adult outpatients, as well 
as patients with inflammatory bowel disease [27]. Pro-inflammatory 
cytokines may also contribute to the heterogeneity of erythrocyte 
population through other pathway such as oxidative stress [24]. Red 
blood cells have huge antioxidant capacity and serve as a primary 
oxidative sink, but they are prone to oxidative damage, which reduces 
cell survival and induces the release of juvenile erythrocytes into 
circulation [26,27]. Interestingly, we have previously proposed that 
the inflammation may play a pathogenic role in ISR after coronary 
stent implantation [22]. This hypothesis has also been demonstrated 
by our clinical observations in patients with isolated CAE [23]. In the 
present study, the data further demonstrated a positive correlation 
between RDW and plasma CRP, suggesting an inflammatory 
mechanism may be involved in higher RDW levels in patients with 
ISR after coronary stent implantation.

In conclusion, in the present study, our data firstly demonstrated 
that RDW levels were higher, an independent predicting for ISR, and 
positive correlated with inflammatory marker, CRP in patients with 
ISR, suggesting that RDW, an easy, inexpensive, routinely reported 
test, whose assessment might allow the acquisition of significant 
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Figure 1: Correlation between admission RDW levels and hs-CRP values in 
patients with ISR (n=106, RDW=Red Cell Distribution Width; hs-CRP=high 
sensitivity C - reactive protein; ISR=In-Stent Restenosis).

Figure 2: The Receiver-Operating Characteristics (ROC) curve of RDW 
predicting ISR (ISR=In-Stent Rest enosis).
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diagnostic and prognosis information in patients with cardiovascular 
disorders [15] may be a useful marker and independent predictor for 
patients with ISR. Larger prospective trials to confirm and validate the 
utility of RDW in ISR after coronary stent placement are warranted.

Study limitations
Although the association the increased admission RDW with the 

follow-up ISR at mean 7 months has been established in the present 
study, whether RDW has a causal role contributing to isolated 
CAE or a marker of the disease process needs further investigation. 
Additionally, retrospective, relative small sample size may limit the 
significance of the present study. Moreover, the relation of RDW level 
to the ST after stinting was not evaluated due to hard to identification. 
The fact that the levels of foliate, iron, and vitamin B12 were not 
evaluated was another limitation. 
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