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Introduction n 

Sincee the inception of successful percutaneous coronary interventions (PCI) restenosis 

hass remained a problem (1,2). Regarding prognostic value of inflammatory markers and 

restenosis,, the role of pre-procedural C-reactive protein (CRP) has been evaluated and 

hass shown contradictory results (3-7). The erythrocyte sedimentation rate (ESR) another 

markerr for inflammation, is a simple laboratory test that is frequendy ordered in clinical 

medicinee (8-10) and in contrast to CRP is less expensive, more widely available and less 

time-consumingg to perform (11,12). ESR has been shown to be an independent predictor 

off  coronary heart disease (CHD) (13-16). It has also been shown to be associated with 

increasedd coronary atherosclerosis and prediction of higher cardiovascular mortality (16, 

17).. However there are no studies to date that have evaluated the role of preprocedural 

levelss of ESR and consequent risk of restenosis. Therefore, the aim of this study was to 

examinee whether the preprocedural levels of ESR have any impact on target vessel 

revascularizationn (TVR) or clinical restenosis after PCI and coronary stent placement. 

Methods s 

Thee GENetic DEterminants of Restenosis study (GENDER), a multicenter follow-up 

studyy of 3,104 patients who underwent a PCI, consecutive patients successfully treated 

withh PCI for stable angina, non-ST elevation acute coronary syndromes (ACS) or silent 

ischemia.. Patients treated for acute ST elevation myocardial infarction (MI) were 

excluded.. To study the effect of ESR as a risk factor for restenosis, preprocedural 

ESRR (mm in the first hour) serum levels were determined in a subpopulation of the 

GENDERR study, consisting of 1000 patients with 799 of them treated with stent 

placement.. ESR was measured by the Westergren method (8). Fibrinogen was measured 

withh a modified method according to von Clauss (18). The laboratory personnel were 

blindedd for the clinical outcome. 

Patientss were followed for at least nine months, except when a coronary- event occurred. 

Thee primary endpoint, clinical restenosis, was the incidence or target vessel 
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revascularisationn (TVR) either by repeat PCI or C ABG. The secondary combined endpoint 

wass defined as death presumably from cardiac causes, MI not attributable to another 

coronaryy artery than the target vessel, and TVR. Events occurring within one month 

afterr the PCI were classified and analysed separately, since these events are likely attributable 

too sub-acute stent thrombosis or occluding dissections rather than restenosis. 

Analysess were performed with SPSS for Windows version 11.5. We divided the total 

populationn into tertiles according to the preprocedural level of ESR. Since women 

tendd to have higher ESR levels, we established separate tertiles for men and women. 

Furthermore,, we performed a separate analysis for the stented population. All data are 

expressedd as mean  standard deviation, unless stated otherwise. Event rates were 

calculatedd by Kaplan-Meier survival analysis. Time to first clinical event was compared 

betweenn (sub)-groups of patients by the log-rank test. Prognostic values of clinical and 

procedurall  variables were assessed by Cox' proportional hazards model. We used Cox 

regressionn models to examine the association of ESR (lowest tertile vs. others) with risk 

off  TVR and combined endpoint after adjustment for potentially confounding factors. 

Thee total length of the stented segment and the minimal diameter of the stents were 

calculatedd per patient. A two-sided value of p < 0.05 was considered statistical significant. 

Ann independent clinical events committee of experienced cardiologists adjudicated the 

clinicall  events. The study protocol conforms to the Declaration of Helsinki and was 

approvedd by the medical ethics committees of each participating institution. Written 

informedd consent was obtained from each participant before the PCI-procedure. 

Results s 

Baselinee characteristics of the population according to the different tertiles are listed in 

Tablee 1A. The highest tertile of the preprocedural ESR was associated with increased 

age,, BMI, diabetes mellitus and higher fibrinogen levels. Regarding medication there 

wass no difference in statin and Ilb/III a inhibitor use across tertiles. Clinical restenosis 

ratess or TVR were 10%, in patients that were not treated with Ilb/III a inhibitor vs. 
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Tablee 1 A. Baseline Characteristics of patient that underwent PCI according to tertiles of ESR levels. 

Baselinee Characteristics 

Femalee Gender (%) 
Age,(y,SD) ) 
BMII  (kg/rn , SD) 
Hypertensionn (%) 
Diabetess Mellitus (%) 
Currentt Smoking (%) 
Familyy History of Ml (%) 
Previouss Ml ('%) 
Previouss PCI (%) 
Previouss CABG (%) 
Nonn ST elevation ACS (%) 
Fibrinogenn (g/L median, SD) 
Beta-blockerss use (%) 
Ilb/III aa inhibitors use (%) 
Aspirinn use (%) 
Statinss use (%) 

Lesionn characteristics 
Totall  stent length (mm median, 
Proximall  LAD (%) 

Numberr  of Vessel Disease 
Singlee vessel disease (%) 
Doublee vessel disease (%) 
Triplee vessel disease (%) 
Highh risk Type C lesion (%) 
>> 20% residual restenosis (%) 

Preprocedurall  ESR (mm/hr) 

1st t 

60.4 4 
26." " 

3.1 1 

SD)) 2U 

(N=365) ) 

29 9 
(  10.0) 

'' (  3.1) 
42 2 
13 3 
19 9 
34 4 
36 6 
21 1 
12 2 
18 8 
(  0.8) 
80 0 
36 6 
85 5 
54 4 

) ) 
30 0 

55 5 
32 2 
13 3 
25 5 
11 1 

2nd d 

61.5 5 
27.1 1 

3.7 7 

21.1 1 

tertile(NN total= 

(N=310) ) 

32 2 
(  10.5) 

4 4 
44 4 
13 3 
22 2 
34 4 
46 6 
14 4 
13 3 
25 5 
(  0. 
77 7 
31 1 
81 1 
58 8 

7 7 
26 6 

50 0 
33 3 
17 7 
28 8 
12 2 

2) ) 

7) ) 

) ) 

3rd d 

64.9 9 
27.4 4 

4.6 6 

21.9 9 

(NN = 

31 1 

(

45 5 
19 9 
19 9 
31 1 
37 7 
21 1 
17 7 
41 1 

--
76 6 
34 4 
77 7 
54 4 

== 1000) 

325) ) 

10.5) ) 
4.3) ) 

2.0) ) 

) ) 
19 9 

47 7 
35 5 
18 8 
25 5 
9 9 

PP for trend 
forr ESRf 

0.72 2 
<0.001 1 

0.04 4 
0.73 3 
0.05 5 
0.46 6 
0.70 0 
0.03 3 
0.04 4 
0.22 2 

<0.001 1 
<0.001 1 

0.49 9 
0.69 9 
0.04 4 
0.40 0 

0.83 3 
0.002 2 

0.017 7 

0.69 9 
0.51 1 

|| P-value of the nonparametric Mann-Whitney test, or chi-square test. SD, standard deviation; MI , 
myocardiall  infarction; ACS, acute coronary syndrome; CABG, coronary artery b\pass graft; PCI, percutaneous 
coronaryy intervendon; LAD, left anterior descending coronary artery. For female patients the tertiles were 
<13,, 13-26 and >26 mm/hr, and for male patients the tertiles were <6, 6T4 and >14 mm/hr. 

12.1%% in those who were treated (p=0.31). Although there was a trend of increasing 

vessell  disease for being in higher fertile of ESR, the restenosis rate among patients with 

triplee vessel disease was similar across the tertiles of ESR levels 10.7%, 10.7%, and 

13.3%% (p=0.43). 

Majorr adverse cardiac events among the tertiles of ESR and the population during the 

follow-upp period are listed in Table 1B. There was no significant difference observed in 
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thee frequency of TVR or combined endpoint across the tertiles. Similar results were 

observedd within the patient group with stent placement. Multivariate Cox regression 

analysiss revealed that there was trend towards increased risk of TVR for the second 

tertilee (RR 1.05, 95% CI 0.58-1.91) and third fertile (RR 1.32, 95% CI 0.72-2.43), 

howeverr the values were not significant (Table IB). The results were similar for the 

combinedd endpoint. Since there were very few cases of MI on follow-up we collapsed 

thee top two tertiles when comparing with the lowest tertiles. 

Tablee 1 B. Frequency and Relative Risk (RR*) of MI , TVR and clinical restenosis during follow-up 
accordingg to tertiles of ESR levels 

A.. Total PCI 
populationn (n=1000) 

Cardiacc death (%) 

Myocardiall  Infarction (%) 
RRR (95% CI) 
TVRR (%) 
RRR (95% CI) 
Combinedd end point f (%) 
RRR (95% CI) 

B.. Stented 
Populationn (n=799) 

Cardiacc death (%) 

Myocardiall  Infarction (%) 
RRR (95% CI) 
TVRR (%) 
RRR (95% CI) 
Combinedd end point f (%) 
RRR (95% CI) 

Preprocedurall  ESR (mm/hr) tertile 

1st t 
(N=365) ) 

11 (0.3%) 
N / A A 

22 (0.5%) 

322 (8.8%) 

344 (9.3%) 

1st t 
(N=298) ) 

11 (0.3%) 
N / A A 

22 (0.7%) 

266 (8.7%) 

288 (9.4%) 

2nd d 
(N=310) ) 

55 (1.6%) 

22 (0.6%) 

322 (10.3%) 
1.055 (0.58-1.91) 

377 (11.9%) 
1.166 (0.66-2.03) 

2nd d 
(N=244) ) 

44 (1.6%) 

00 (0%) 

222 (9.0%) 
1.044 (0.53-2.02) 

266 (10.7%) 
1.100 (0.59-2.06) 

3rd d 
(N=325) ) 

44 (1.2%) 

66 (1.8%) 
1.533 (0.29-8.19) 

366 (11.1%) 
1.322 (0.72-2.43) 

400 (12.3%) 
1.388 (0.77-2.49) 

3rd d 
(N=257) ) 

44 (1.6%) 

55 (1.9%) 
1.377 (0.24-7.67) 

255 (9.7%) 
1.211 (0.61-2.39) 

299 (11.3%) 
1.311 (0.68-2.51) 

pp for trend 

0.19 9 

0.17 7 

0.59 9 

0.39 9 

PP for trend 

0.26 6 

0.06 6 

0.92 2 

0.76 6 

fCombinedd end point was defined as death presumably from cardiac causes, MI not attributable to 
anotherr coronary artery than the target vessel, and TVR either by repeat PCI or CABG. For female 
patientss the tertiles were <13,13-26 and >26 mm/hr, and for male patients the tertiles were <6, 6-14 
andd >14 mm/hr. * Adjusted for age, body mass index (BMI) , diabetes, previous MI , previous PCI, 
Aspirinn use, fibrinogen levels, and treatment of proximal LAD. 

130 0 



Erythrocytee sedimentadon rate, stent placement, restenosis 

N oo significant interaction with regard to restenosis and tertiles of ESR and stent 

diameter/stentedd segment diameter was present (p >0.3). Additionally controlling for 

meann vessel diameter for risk of combined end point was not significant (RR 1.13; 

95%% CI: 0.64-1.98, and RR 1.35; 95% CI: 0.75-2.44, respectively for the second and 

thirdd tertiles). Although restenosis rate was higher in patients with non ST elevation 

ACSS (13.8%) compared to patients with stable angina (10.1%). In the multivariable 

analysess additionally adjusting for presence of these condition, the RRs for restenosis 

off  the ESR-tertiles, compared to lowest tertiles were 1.14 (95% CI: 0.65-2.00) and 

1.322 (95% CI: 0.73-2.39). 

Genderr did not seem to have any impact on risk of restenosis. In the highest tertile of 

ESRR in males, there was no significant increased risk for TVR (RR 1.21 95% CI 0.59-

2.49)) nor with combined endpoint (RR 1.35, 95% C.I 0.68-2.70) compared to lowest 

tertile.. Similar results were observed in women. 

Whereass two rather small studies reported no association between ESR and development 

off  C HD (17, 20), other larger studies have shown ESR to be an independent risk 

factorr for MI (14) and increased incidence of C HD (13, 16). Danesh et al. (21) in a 

meta-analysess showed that the highest tertile of ESR showed an increased risk ration 

off  C HD compared to the lowest tertile. However there are no studies that have looked 

att risk of restenosis after PCI or stent placement, especially in the subsequent year 

postt procedure when the risk of restenosis is highest. 

Att the time of PCI or stent implantation the overall inflammatory status is not equivalent 

inn all patients and subsequently in all atherosclerotic plaques (22). Therefore an 

interventionn in an already inflamed plaque may have significant impact on clinical and 

angiographicc outcome (22). Where as some studies have shown that inflammatory 

status,, as measured by CRP levels, at the time of PCI plays a significant role in the 

developmentt of restenosis (3, 4), others have shown no association (5-7). Similarly we 

havee previously shown that preprocedural concentrations of fibrinogen, another 

inflammatoryy marker, in plasma were not associated with the development of restenosis 
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afterr an initially successful PCI procedure (23). Multivariate analysis revealed that the 

riskk of TVR and combined endpoint was not higher for patients in the highest tertile 

forr fibrinogen versus the lowest tertile (RR=0.60,95% CI: 0.26-1.37 for TVR, RR=0.64, 

9 5%% CI: 0.29-1.44 for combined endpoint) (23). 

Perhapss the timing of the measurement of inflammatory marker may be a crucial 

factorr (24). Three studies demonstrated that angiographic restenosis is correlated with 

thee serum levels of CRP (25), leukocytes (26) and monocyte chemoattractant protein-

11 (29) when measured after stent placement.. Post procedural CRP levels have been 

shownn to be associated with higher risk of restenosis (28). 

Onee of the limitations of our study is that despite use of bare metal stents, the TVR in 

ourr cohort was only 9.7% (29). Thus the TVR in our study may not necessarily be 

representativee of other cohorts where balloon angioplasty and bare metal stents result 

inn two to three fold higher TVR (30). Although we controlled for age, diabetes, various 

drugss and fibrinogen levels, we can not exclude die impact of other chronic co morbidities 

andd diurnal variation of ESR on changes associated with ESR levels. Additionally we 

weree unable to control of hemoglobin level due to lack of data. Also our results need 

cautionn in interpretation since restenosis is also dependent on factors such as operator 

andd type of stent used. 

Inn conclusion the results of this prospective follow-up study of patients that underwent 

PCI,, with or without coronary7 stent placement demonstrate that pre-procedural levels 

off  ESR are neither associated with TVR nor with the combined endpoint defined as 

deathh presumably from cardiac causes, MI not attributable to another coronary artery 

thann the target vessel, and TVR either by repeat PCI or CABG. Therefore, preprocedural 

ESRR does not seem to be a useful inflammatory marker, to risk stratify patients at risk 

forr PCI and coronary stent placement. Measuring of inflammatory markers at various 

timetime points, before and after the procedure may be of more useful to predict restenosis 

duringg follow-up. 
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