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Abstract t 

Introduction : : 

Thee effect of preprocedural fibrinogen levels on in-stent restenosis is largely unknown. 

Thee -455 G /A polymorphism of the fibrinogen (3-gene is associated with baseline 

plasmaa level or acute phase increase of fibrinogen. Therefore, we hypothesized that 

theree is a relationship between this polymorphism and preprocedural fibrinogen level 

andd clinical restenosis at follow-up among patients with coronary stent placement. 

Methods: : 
Thee GENetic DEterminants of Restenosis (GENDER) project is a multicenter follow-

upp study that enrolled 3,146 consecutive patients after successful percutaneous coronary 

intervention.. A coronary stent was placed in 2,309 patients. Of these, 2,257 (97.7%) 

weree successfully genotyped for the -455G/A polymorphism. Plasma fibrinogen levels 

weree measured at baseline in a subpopulation of 623 stented patients with the von Clauss 

methodd and patients were grouped into tertiles according to fibrinogen levels. 

Primaryy endpoint was target vessel revascularization (TVR); secondary combined endpoint 

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

coronaryy artery than the target vessel, and TVR. 

Results: : 
Noo association was observed between the -455G/A polymorphism and TVR or combined 

endpointt (p=0.99, p=0.97, respectively). Multivariate regression analysis revealed that 

thee risk 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, 

95%% CI: 0.29-1.44 for combined endpoint). 

Conclusions: : 
Thee presence of -455G/A polymorphism in the fibrinogen b-gene and preprocedural 

fibrinogenn level is not associated with an increased risk of TVR or combined endpoint in 

aa patient population with coronary stent placement. Therefore, these parameters are not 

worthwhilee for stratifying patients at risk for restenosis pre-stenting. 
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Fibrinogenn and restenosis 

Introduction n 

Inn recent years stent placement during percutaneous coronary intervention (PCI) has 

beenn widely adopted for the treatment of coronary artery disease (CAD). Development 

off  restenosis during the year after coronary stent placement remains a significant clinical 

problem.. In order to stratify patients at risk and to optimize tailored therapy for the 

individuall  patient, research of mechanisms and risk factors of restenosis is warranted.(l) 

Restenosiss is a multifactor process where recoil of the vessel, neointimal proliferation 

andd thrombus formation play a role. (2) Fibrinogen, an acute phase protein, is an 

importantt factor of platelet aggregation, causes the release of vasoconstrictor mediators 

andd growth factors, increases plasma viscosity, and contributes to fibrin deposits.(3) 

Moreover,, fibrin(ogen) degradation products stimulate smooth muscle cell proliferation, 

whichh is seen in neointima formation.(4) So fibrinogen is involved in both coagulation 

andd inflammation, important processes in restenosis. Several studies have shown a 

significantt association between plasma fibrinogen level and subsequent CAD.(5-7) 

Furthermore,, elevated fibrinogen levels after coronary balloon angioplasty have been 

reportedd as a risk factor for the development of restenosis.(4;8) However, there are 

littl ee and conflicting clinical data available concerning the relationship between baseline 

fibrinogenn levels and coronary events after coronary stenting.(9-ll) 

Inn addition, genetic polymorphisms might provide more insights in the restenotic process 

andd contribute to the stratification of patients at risk for restenosis. The synthesis of the 

^-fibrinogenn chain in hepatocytes is the rate-limiting step in the overall synthesis of the 

maturee fibrinogen protein.(12) Genetic variation of this (3-fibrinogen gene can contribute 

too the regulation of plasma fibrinogen levels. The A-allele of the -455G/A promoter 

polymorphismm of the fibrinogen (3-gene has been associated with higher levels of plasma 

fibrinogen.(13)) Whether possession of the A-aliele is associated with an increased risk of 

restenosiss after coronary stenting however has not yet been studied. 

Therefore,, the aim of this study was to examine whether the -455 G/A polymorphism 

and/orr preprocedural levels of fibrinogen have any impact on target vessel 

revascularizationn (TVR) or combined endpoint after coronary stent placement. We 

genotypedd patients from the GENetic DEterminants of Restenosis (GENDER)-study, 
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aa multicenter follow-up study for the -455G/A polymorphism and studied the 

preprocedurall  level of fibrinogen in a subgroup of patients. 

Materialss and methods 

Studyy design 

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

studyy on 3,146 consecutive patients undergoing PCI, representing a clinical practice 

population,, was designed to evaluate the association between gene polymorphisms and 

clinicall  restenosis. The study design has been described previously.(14) In brief, patients 

weree eligible for inclusion if they were successfully treated with PCI for stable angina, 

non-STT elevation acute coronary syndromes or silent ischemia. Patients treated for acute 

STT elevation myocardial infarction (MI) were excluded. Al l patients were treated in four 

referrall  centers for interventional cardiology in the Netherlands (Academic Medical Center 

Amsterdam,, Academic Hospital Groningen, Leiden University Medical Center and 

Academicc Hospital Maastricht). The overall inclusion period lasted from March 1999 

untill  June 2001. 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. 

Definitions s 

AA PCI procedure was considered successful if on visual inspection the luminal stenosis 

off  at least one lesion was reduced to less than 50% of the luminal diameter. 

Hypertensionn was defined as a blood pressure of either above 160 mmHg systolic or 

900 mmHg diastolic. Current smokers were individuals who smoked within the month 

precedingg the index intervention. Past smokers were those individuals who gave up 

smokingg in the preceding year. Individuals who stopped smoking for more than one 

yearr were classified as non-smokers. Patients using anti-diabetic medication or insulin 

att study entry were considered to be diabetics. The preprocedural lesions were classified 

accordingg to the modified American College of Cardiology and American Heart 

Associationn Task Force classification.(15) 
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Stentingg procedure 
Intracoronaryy stenting was performed with standard techniques using the radial or 

femorall  approach. Before the procedure patients received 300 mg of aspirin and 7,500 

IUU of heparin. The use of intracoronary stents and additional medication, such as 

glycoproteinn I lb / I I I a inhibitors, was at the discretion of the operator. After placement 

off  the stent patients received either ticlopidin or clopidigrel for at least one month 

followingg the procedure, depending on local practice. 

Geneticc methodology 
Bloodd was collected in tubes containing EDTA at baseline and genomic D NA was 

extractedd following standard procedures. The -455G/A polymorphism was determined 

byy a validated multilocus genotyping assay to test several markers of cardiovascular 

diseasee (Roche Molecular Systems). Genotyping was possible in 2,257 (97.7%) of the 

2,3099 stented patients of the GENDER-populat ion. (16;17) As quality control, the 

genotypingg procedure was replicated on 10% of the samples, and the results were 

confirmed.. Two independent observers scored the genotypes. Disagreements were 

resolvedd by a further joint reading. 

Bloodd samples and laboratory analysis 
Too studv the effect of fibrinogen as a risk factor for restenosis, preprocedural fibrinogen 

plasmaa levels were determined in a subpopulation of the G E N D ER study, consisting of 

6233 patients who received a stent treated in the Leiden University Medical Center. 

Bloodd samples were drawn prior to each procedure, plasma samples were kept frozen at 

-800 °C until analysis. Plasma fibrinogen was measured with a modified method according 

too von Clauss.(18) The laboratory personnel were blinded for the clinical outcome. 

Follow-upp and study endpoints 
Patientss were followed for at least nine months. They were either seen in the outpatient 

clinicc of the center for interventional cardiology or contacted by telephone. Primary 

endpointt was the incidence of target vessel revascularisation (TVR) either by repeat 

PCII  or CABG, which we considered as clinical restenosis. The secondary combined 

endpointt was defined as death presumably from cardiac causes, MI not attributable to 
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anotherr coronary artery than the target vessel, and TVR. An independent clinical events 

committeee of experienced cardiologists adjudicated the clinical events. The committee 

memberss did not review patients treated in their own center. The clinical outcome 

investigatorss committee was blinded for the laboratory results. 

Eventss occurring within one month after the PCI were classified and analysed separately, 

sincee these events are likely attributable to sub-acute stent thrombosis or occluding 

dissectionss rather than restenosis. Data were collected in standardized case-report 

formss that were completed by the research coordinator. 

Statisticall  methods 

Wee divided the population into tertiles of preprocedural fibrinogen levels with < 3.1 g/L 

concentrationn as lowest tertile (n=196), with concentrations between 3.1 and 4.1 g/L as 

secondd tertile (n=225), and a concentration > 4.1 g/L as highest tertile (n=202). All 

dataa are expressed as mean  standard deviation, unless stated otherwise. Event rates 

weree calculated by Kaplan-Meier survival analysis. Time to first clinical event was 

comparedd between (sub) groups of patients by the log-rank test. Prognostic values of 

clinicall  and procedural variables were assessed by Cox' proportional hazards model. 

Wee used Cox regression models to examine the association of fibrinogen levels (lowest 

tertilee vs. others) with risk of TVR and combined endpoint after adjustment for 

potentiallyy confounding factors. The covariates included in the baseline multivariable 

modell  were; age, body mass index (BMI), diabetes, hypertension, stent length, 

erythrocytee sedimentation rate (ESR) and smoking. The total length of the stented 

segmentt and the minimal diameter of the stents were calculated per patient. Deviations 

off  the genotype distribution from that expected for a population in Hardy-Weinberg 

equilibriumm was tested using the Chi-squared test with one degree of freedom. Allele 

frequencyy was determined by gene counting, the 95% confidence intervals of the 

allelee frequency was calculated from sample allele frequency, based on the approximation 

off  the binomial and normal distributions in large sample sizes. 

Inn the first stage, the association between the fibrinogen-polymorphism and TVR was 

assessedd using a Cox proportional regression model under a co-dominant genetic 

model.. No adjustment for covariates was performed at this stage to allow for the 
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assessmentt of the possible involvement in the causal pathway. The polymorphism was 

alsoo assessed using a dominant and recessive model and the model with the lowest 

Akaikee information criterion was used in multivariable regression analysis. (19) 

Multivariablee regression analysis of the TVR risk was performed on the polymorphism 

andd their potentially confounding factors using a stepwise backward selection algorithm. 

Analysess were performed with SPSS for Windows version 11.5 (SPSS Inc, Chicago, 

IL ,, USA). A two-sided value of p < 0.05 was considered statistical significant. 

Results s 

Baselinee patient characteristics 
Baselinee characteristics of the total stented population, consisting of 2,309 patients 

andd the subpopulation for which plasma fibrinogen levels were available (n=623) are 

listedd in Table 1. We were able to determine in 2,257 (97.7%) patients of the total 

stentedd population the genotypes of the -455G/A polymorphism. Results of the 

remainingg padents (n=52, 2.2%) are missing, due to lack of DNA or inconclusive 

genotyping.. The frequency of the rare -455A allele was 19.8%. The genotype 

distributionn was consistent with the Hardy-Weinberg equilibrium (p>0.05). 

Thee subpopulation for which plasma fibrinogen levels were available consists of 745 

patients,, who were treated in the Leiden University Medical Center. Of these patients, 

6233 (83.6%) received a stent. The mean age of the patients was 61.9  10.7 years and 

theyy were followed for 9.1 5 months. 

Thee highest tertile of preprocedural fibrinogen levels was associated with increased 

age,, BMI, female sex and diabetes mellitus. Regarding medication, patients in the 

highestt tertile used more often ACE inhibitors and aspirin/acetyl salicylic acid (ASA). 

Inn the highest tertile, fewer patients were treated for a proximal LAD4esion (p=0.013). 

Withh regard to biochemical characteristics, higher fibrinogen levels were associated 

withh a higher ESR (pO.001). 
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Wee found no significant association when we adjusted for the confounders from table 

1,, between fibrinogen and the -455G/A polymorphism (p=0.664). No statistically 

significantt associations were observed between the -455G/A polymorphism and 

fibrinogenn levels. Patients with the AA genotype had an average fibrinogen level of 

3.533 g/l (SD 0.82) with median 3.3 (min-max: 2.6 - 5.6), for the AG genotype the 

averagee level was 3.80 g/1 (SD 1.24), median 3.6 (min-max: 1.7-11.2), and for the GG 

genotypee it was 3.76 g/1 (SD 1.07) median 3.6 (min-max 0.4-8.1) (p=0.65). In the 

Tablee 1. Baseline Characteristics of the total stented population and the subpopulation in terriles of 
plasmaa fibrinogen 

Baselinee Characteristics 
Age,(y,SD) ) 
BMII  (kg/m2, SD) 
Femalee Sex 
Diabetess Mellitus 
Currentt Smoking 
Familyy History of MI 
Previouss MI 
Previouss PTC A 
Previouss CABG 

Baselinee Medication 
Beta-blockers s 
Ca-antagonists s 
Aspirin/ASA A 
ACFF Inhibitors 
Statins s 

Angiographicc Data 
Totall  stent length 
Proximall  LAD 

Biochemicall  data: 
FSRR (mm/h): median 
(minn — max) 

Totall  stented 
population n 

(n=2.309) ) 

61.9110.7 7 
27.1+3.9 9 

6533 (28%) 
317(14%) ) 
5777 (25%) 
7888 (34%) 
9333 (40%) 
3799 (16%) 
2855 (12%) 

1,8122 (78%) 
1,1800 (51%) 
1,940(84%) ) 
4633 (20%) 

1,2677 (55%) 

8 8 
5733 (25%) 

111 (1-118) 

Preprocedurall  fibrinogen 

<3.11 g/L 
(n=196) ) 

1 1 
26.8  3.7 
566 (29%) 
29(15%) ) 
322 (16%) 
699 (35%) 
799 (40%) 
433 (22%) 
211 (11%) 

1599 (81%) 
899 (45%) 
1699 (86%) 
377 (19%) 
1022 (52%) 

30.3  (17.6) 
677 (34%) 

66 (1-76) 

tertilee (Range) 

3.2-4.00 g/L 
(n=225) ) 

61.1+10.3 3 
26.8  3.9 
500 (22%) 
211 (9%) 

499 (22%) 
799 (35%) 
988 (44%) 
388 (17%) 
322 (14%) 

1855 (82%) 
1044 (46%) 
187(83%) ) 
611 (27%,) 
1355 (60%) 

30.99  (16.5) 
522 (23%) 

10(1-51) ) 

>4.11 g/L 
(n=202) ) 

64.11 3 
27.8++ 4.4 
733 (36%) 
444 (22%) 
444 (22%) 
755 (37%) 
988 (49%) 
333 (16%) 
311 (15%) 

1566 (77%) 
1088 (54%) 
1577 (77%) 
655 (32%) 
119(59%) ) 

29.7  (17.9) 
466 (23%) 

23(2-118) ) 

PP for trendf 

0.005 5 
0.010 0 
0.007 7 
0.002 2 
0.30 0 
0.89 9 
0.25 5 
0.28 8 
0.38 8 

0.41 1 
0.20 0 
0.042 2 
0.01 1 
0.22 2 

0.79 9 
0.013 3 

<0.001 1 

ff  p-value of the nonparametric Mann-Whitney test, or chi-square test, comparing the three fibrinogen 
tertilee subgroups. SD, standard deviation, MI , myocardial infarction; CABG, coronary artery bypass 
graft;; PCI, percutaneous coronary intervention; ASA, acetyl salicylic acid; ACK, angiotensin converting 
enzyme;; LAD, left anterior descending coronary artery; ESR, erythrocyte sedimentation rate. 
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highestt tertiles there were 40% A-carriers, 42% in the middle tertile and 41% of the 

patientss were A-carriers in the lowest tertile (p—0.79). 

Clinicall  follow-up 
Majorr adverse cardiac events among the tertiles of fibrinogen levels and the total 

stentedd population during the follow-up period are listed in Table 2. Of the 2,309 

patients,, 203 (8.8%) had to undergo a TVR and 236 (10.2%) had combined endpoint. 

Noo association between the -455G/A polymorphism and TVR or combined endpoint 

wass observed (p=0.987, p=0.966, respectively). Also in multivariable analysis, in which 

wee adjusted for age, BMI, diabetes, hypertension, stent length, ESR, statin use and 

smoking,, this polymorphism showed no association with TVR or combined endpoint 

(p=0.845,, p=0.858, respectively). No increase in TVR (9.1%, 11.9%, 6.3%, P=0.36) 

andd combined endpoint rate was observed across the tertiles (10.1%, 15%, 7.3%, 

P=0.39,, respectively). Since statin use has been known to affect the role of 

inflammation,, we stratified by statin use and looked at rates of TVR and combined 

endpointt across tertiles of fibrinogen levels. In our population statin use was neither 

associatedd with significant differences in rates of TVR (p=0.62, p=0.82, and p=0.77, 

respectively)) nor with combined endpoint (p=0.32, p=1.0, and p=1.0, respectively) in 

tertiless of preprocedural levels of fibrinogen. There was no significant difference of 

fibrinogenfibrinogen levels and survival-free time for combined endpoint in the three tertiles. 

Tablee 2. Major adverse cardiac events during follow-up 

MACE E 

Cardiacc death (%) 
Deathh from other causes (%) 
Mvocardiall  Infarction (%) 
TVRR (%) 
Combinedd endpointf (%) 

Preprocedurall  Fibrinogen terrile (Ra 

<3.1g/L L 
(n=196) ) 

0(0) ) 
0(0) ) 
1(1) ) 
18(9) ) 
199 (10) 

3.2-4.00 g/L >4.1g/L 
(n=225)) (n=202) 

66 (3) 1 (1) 
22 (1) 2 (1) 
22 (1) 4 (2) 

277 (12) 13 (6) 
333 (15) 14 (7) 

nge) ) 

PP for trend 

0.66 6 
0.39 9 
0.14 4 
0.36 6 
0.39 9 

Totall  stented 
population n 

(n=2,309) ) 

26(1) ) 
122 (0.5) 
155 (0.6) 
2033 (9) 
2366 (10) 

fCombinedd endpoint 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. MACK, 

majorr adverse cardiac events. 
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Riskk factors of restenosis and adverse cardiac event 
Forr the multivariate Cox regression analysis for stent restenosis we included age, 

BMI ,, diabetes, hypertension, stent length, ESR, statin use and smoking. This analysis 

revealedd that the risk of TVR and combined endpoint was not higher in patients in 

thee second tertile for fibrinogen compared to the lowest fertile (RR-1.24,95% C.I=0.67 

-- 2.28 for TVR and RR=1.42, 95% C.1=0.80 - 2.52 for combined endpoint). 

Comparisonn between the highest tertile for fibrinogen versus the lowest tertile showed 

noo association as well (RR=0.60, 95% C.I= 0.26-1.37 for TVR and RR=0.64, 95% 

C.I== 0.29-1.44 for combined endpoint). 

Discussion n 

Inn this population of patients that underwent coronary stent placement, the -455 G/ 

AA polymorphism and preprocedural fibrinogen levels were neither a risk factor for 

TVRR nor for combined endpoint on follow-up. 

Thee rare allele frequency of the polymorphism was in concordance with previous 

studies.(12;20)) Our results are in agreement with a smaller study performed by Völzke 

ett al. who also tested the relationship between -455G/A polymorphism and PCI, only 

withoutt stenting. This study of 511 patients found no association between this 

polymorphismm and the risk of restenosis after PCI. (21) 

Althoughh it has been suggested that the -455G/A polymorphism could be linked to 

alterationss in the functional properties of the fibrinogen protein, a study on fibrin clot 

structuree in vitro has shown that it does not influence either the function or the structure 

off  the protein.(22) The -455G/A polymorphism could have an effect on the regulation 

off  the transcription of the gene. However, the association of the -455 G/A 

polymorphismm of the beta-fibrinogen gene with plasma fibrinogen concentrations in 

patientss with coronary artery disease is controversial. Some authors of smaller or 

comparablee sized studies have found a positive association (13;20;23;24), while others 

havee not.(25-28) In our large study we did not show that patients with the A allele had 
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higherr fibrinogen plasma levels. The usefulness of preprocedural fibrinogen levels to 

predictt risk of restenosis after PCI is still disputed.(9-11) Although the role of 

inflammationn in the development of atherosclerosis and its complications is firmly 

established,, its role in the development of restenosis after PCI continues to be of 

interest.(29-31)) In contrast with several older studies(32;33), some recent studies have 

shownn that preprocedural levels of inflammatory markers such as C-reactive protein 

andd interleukin-6 do not predict late coronary angiographic restenosis after elective 

stenting.(30;34;35)) The reason for this discrepancy may be the more intense use of 

statinss and stents. 

Discrepanciess between our results and results obtained earlier may be at least partly 

explainedd by a greater prevalence of statin use in patients undergoing PCI. Statins have 

thee capacity to attenuate inflammatory reactions after coronary stent 

implantation.(29;36;37)) However, in our population, the use of statins across tertiles 

off  preprocedural fibrinogen did not affect rates of TVR or combined endpoint. 

Anotherr factor that might influence the evaluation of the role of inflammation in the 

restenosiss process is time of sampling of inflammatory markers in relation to the time 

off  intervention. Postprocedural plasma CRP concentration, measured 48 to 72 hours 

afterr PCI, has been shown to correlate more closely with restenosis than preprocedural 

plasmaa CRP values.(29) Furthermore, CRP levels after 48 hours have been associated 

withh restenosis after carotid stenting as well.(38) In contrast, samples taken before the 

proceduree were not predictive. Other inflammatory mediators in plasma, such as 

monocytee chemoattractant protein-1 also appear to predict restenosis if measured 

after,, but not necessarily before PCI.(39) However, a marker can only be useful as a 

predictivee factor if a preprocedural sample bares prognostic potential. 

Thee relationship between inflammation and restenosis is complex.(40) Higher plasma 

levelss of an inflammatory marker such as CRP, are associated with progression of 

CADD at areas remote from the stented lesion, and not necessarily with in-stent 

restenosis.(41)) Thus, studies that have examined a relationship between inflammatory 

markerss and need for repeat revascularization (as opposed to target lesion 

revascularizationn specifically) may have overestimated the relationship between 
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inflammatoryy markers and restenosis. At present, the most critical role of inflammatory 

markerss lies in their ability to predict recurrent ischemic events and particularly mortality, 

ratherr than restenosis(42) 

Furthermore,, we did not find a significant association between fibrinogen level and 

smokingg status. This could be due to a lower percentage of smokers compared to 

previouss studies or to a higher percentage of past smokers in our population.(10;43) 

Sincee after smoking cessation, it may take as long as 20 years for the fibrinogen 

concentrationn to return to the level seen in nonsmokers.(5;44) 

Sincee our findings are non-significant, this inevitably raises the question of whether our 

samplee was large enough to detect meaningful relative risk values. 

Ass is indicated by the 95% confidence intervals (RR=1.24, 95% C.I=0.67 - 2.28 for 

TVR)) the overall sample size and the number of TVR-events in this study were large 

enoughh to confidendy exclude that the relative risk for TVR of moderately increased 

fibrinogenn is larger than 2.28. Similarly, we can exclude that the relative risk (RR=0.60, 

95%)) C.I= 0.26-1.37) for TVR of severely increased fibrinogen is much larger than 1.37. 

Conclusions s 

Thee ^455 G/A polymorphism of the (3-fibrinogen gene and preprocedural 

concentrationn of fibrinogen in plasma are not associated with the development of 

restenosiss after an initially successful PCI procedure. Furthermore, preprocedural statin 

therapyy did not influence the concentration of fibrinogen nor did it influence the 

incidencee of combined endpoint. Nevertheless, this finding does not rule out that 

otherr polymorphisms in the B-fibrinogen gene could predict the development of 

restenosis.. However, from our study we conclude that it seems unlikely that the 

fibrinogenn pathway is an important factor in the development of restenosis after PCI. 

Genotypingg of the -455 G/A polymorphism in the fibrinogen gene and preprocedural 

measurementt of the concentration of fibrinogen in plasma in order to predict the risk 

off  restenosis after stenting is not useful. 
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