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Chapterr 6 

Solublee thrombomodulin in patients with established atherosclerosis 

Victorr EA Gerdes1,3, Hanneke A Kroner Hovinga2, Hugo ten Cate1'2, Dees PM Brandjes1, Harry 
RR Büller3 on behalf of the Amsterdam Vascular Medicine Group 

Departmentt of Internal Medicine1, Slotervaart Hospital, Laboratory for Experimental Internal Medicine2 and 
Departmentt of Vascular Medicine1, Academic Medical Center, Amsterdam, The Netherlands. 

Publishedd in part in the Journal of Thrombosis and Haemostasis 2004;2:200-01. 

Abstract t 
Background:: Increased concentrations of soluble thrombomodulin have been described in 
patientss with atherosclerosis and have been related to future ischemic events. In patients with 
establishedd atherosclerotic disease we studied which factors are determinants of soluble 
thrombomodulinn concentration and whether increased soluble thrombomodulin concentrations 
aree predictive for future ischemic events. 
Methods:: Cardiovascular risk factors were recorded and concentrations of prothrombin fragment 
F1+2,, soluble thrombomodulin, lipids including lipoprotein(a), homocysteine and creatinine were 
measuredd more than 3 months after the qualifying ischemic event. Ultrasound intima-media 
thicknesss (IMT) measurement was performed. Ischemic events during follow-up were registered. 
Results:: 269 patients with proven atherosclerosis [ischemic stroke (IS, n=90), myocardial 
infarctionn (MI, n=86), peripheral arterial disease (PAD, n=93)] were included. In a multivariate 
linearr regression analysis age (p<0.001), type of arterial disease (p=0.02), F1+22 (p=0.04) and 
lipoprotein(a)) (p=0.04) were independently associated with soluble thrombomodulin. During 
follow-upp with a mean duration of 3.5 years 28 patients had a new MI and 25 patients a new IS. 
Patientss with IS during follow-up had higher soluble thrombomodulin concentrations and in a 
Coxx regression analysis age (pO.001), creatinine (p<0.001) and soluble thrombomodulin 
(p=0.03)) were independent predictors for IS. Soluble thrombomodulin was not a predictor for MI. 
Conclusions:: Soluble thrombomodulin was related to the extent of atherosclerotic disease, to 
thrombinn generation and lipoprotein(a) concentration in patients with manifest atherosclerosis. 
Althoughh thrombomodulin was a predictor for future ischemic stroke in this study, this result 
needss to be confirmed in other prospective studies. 
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Introduction n 
Thrombomodulin,, a transmembrane glycoprotein expressed by endothelial cells throughout the 

vasculature,, is an important regulatory element of the coagulation cascade ' . By binding to 
thrombomodulinn thrombin activates protein C, and activated protein C inactivates coagulation 
factorss Vill a and Va, inhibiting thrombin generation1. 

Inn atherosclerotic lesions expression of thrombomodulin by smooth muscle cells, monocytes 
andd macrophages has been described, while its expression on endothelial cells in these lesions is 
diminished3,4.. A small proportion is circulating and can be detected in serum and urine5. While 
thrombomodulinn on endothelial cells has a clear anticoagulant function, there is no evidence that 
circulatingg thrombomodulin, generally referred to as soluble thrombomodulin, has functional 
activity. . 

Solublee thrombomodulin is regarded as a marker of endothelial cell dysfunction or activation6" 
12.. Increased concentrations have been described in patients with atherosclerotic disease 
comparedd to healthy controls and have been associated with the extent of atherosclerosis " . 
Moreover,, increased concentrations of soluble thrombomodulin have been associated with future 
ischemicc events in patients who survived a myocardial infarction8. Patients with diabetes, 
especiallyy those with microvascular complications, have higher concentrations than those 
without1'12. . 

Inn contrast, in the Atherosclerosis Risk In Communities Study lower soluble thrombomodulin 
concentrationss were associated with incident ischemic events in individuals who were healthy at 
entrancee of the study13. In the same population a positive relationship between soluble 
thrombomodulinn and intima-media thickness of carotid arteries was observed. It was proposed 
thatt in healthy individuals soluble thrombomodulin concentration reflects endothelial expression 
off  thrombomodulin,, whereas the increased concentrations in patients with atherosclerotic disease 
orr increased intima-media thickness are compatible with a marker of endothelial cell damage. 

Whichh factors are the determinants of the soluble thrombomodulin concentration in patients 
withh atherosclerotic disease is unclear. We aimed to assess the relation of several candidate risk 
factorss with a supposed direct effect on endothelium such as homocysteine and lipoprotein(a), a 
markerr of thrombin generation, and creatinine as a marker of kidney function with soluble 
thrombomodulinn concentration in patients with established atherosclerotic disease. To test the 
hypothesiss whether soluble thrombomodulin concentration reflects the extent of atherosclerotic 
diseasee in patients with manifest vascular disease we compared patients with generalized 
atheroscleroticc disease with patients with more limited disease, peripheral arterial disease versus 
coronaryy artery disease, and investigated the relationship between soluble thrombomodulin and 
intima-mediaa thickness of carotid and femoral arteries in the same patients. In addition, we 
assessedd whether soluble thrombomodulin may have a predictive role in these patients with 
respectt to future ischemic events. 

Methods s 
Subjectss and follow-up 

Consecutivee patients with established atherosclerotic disease were recruited in two teaching 
hospitalss in Amsterdam. Patients with a recent myocardial infarction (< 1 month), a recent 
ischemicc stroke(< 6 months), and peripheral arterial disease were included. Myocardial infarction 
wass defined as typical chest pain with a duration of at least 20 minutes, ST segment elevation in 
att least two adjacent leads and confirmation by laboratory tests. Ischemic stroke was defined as 
acutee neurologic deficit persisting at least one week and intracerebral hemorrhage ruled out by an 
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earlyy CT-scan. Peripheral arterial disease was defined as typical leg pain on walking and an 
ankle/armm blood pressure ratio lower than 0.85 in either leg at rest or a history of surgery for 
intermittentt claudication. Smoking status, hypertension defined as a diastolic blood pressure of 
955 mmHg or higher or current treatment, diabetes and hypercholesterolemia defined as a total 
plasmaa cholesterol level of 7 mmol/L or higher or current treatment were registered. Race was 
nott recorded for ethical reasons, however the majority of elderly atherosclerotic patients in the 
twoo hospitals were kaukasian. 

Duringg prospective follow-up new vascular events were registered. Every six months events 
weree assessed using a questionaire regarding vascular complications and reported cardiovascular 
endpointss were confirmed through a review of hospital records, discharge letters from the 
hospitall  and autopsy reports. For myocardial infarction and stroke we utilized the same 
definitionss as mentioned for the qualifying event. 

Thee study was approved by the medical ethics committees and all patients gave informed 
consentt to participate. 

Measurements s 
Solublee thrombomodulin, homocysteine, lipids including lipoprotein(a) and prothrombin 

fragmentt F1+2 were assessed in blood samples drawn 3 months after the acute event. Blood 
sampless were collected after an overnight fast (>10 hours) by venipuncture from the antecubital 
vein.. Homocysteine concentration was determined by high-performance liquid 
chromatography14.. Creatinine, total cholesterol, HDL cholesterol and triglycerides were 
determinedd by standard commercial laboratory assays. Lipoprotein(a) was measured using a 
nephelometricc method (Beekman, Fullerton (California), USA). Prothrombin fragment F1+2 was 
determinedd with an ELISA (Dade Behring, Marburg, Germany). Soluble thrombomodulin 
concentrationss were determined with the Diaclone ELISA (Besancon, France, normal values 2,39 
ng/mll  to 7,9 ng/ml (average 4,46 ng/ml +/-1,36)). 

B-modee ultrasound intima-media thickness measurement was performed by one sonographer 
whoo was blinded for the clinical status of patients. An ATL Ultramark IV (Advanced Technology 
Laboratories,, Bothell, Washington) with a Highh Resolution Linear Array 7.5 Mhz transducer was 
used.. Subjects were scanned in the reclined position. Three right carotid, three left carotid, two 
rightright femoral and two left femoral artery wall segments were scanned. Images of each arterial 
walll  segment were stored on S-VHS video tape. IMT of the posterior wall segments was 
measuredd off-line'SI6. The mean value of the ten segments was used for analysis. 

Statisticall  analysis 
Alll  calculations were performed with SPSS, version 10.0. To explore which factors are 

associatedd with soluble thrombomodulin concentration we divided patients according to quartile 
off  soluble thrombomodulin concentration, and investigated the distribution of variables in the 
quartiles.. The %2 test, analysiss of variance and the non-parametric Kruskal Wallis test were used 
too compare the variables in the quartiles when applicable. Subsequently, a multivariate linear 
regressionn analysis was performed to test which variables were independently associated with 
solublee thrombomodulin. Log transformation was performed for variables with a skewed 
distribution.. Variables with a p value <0.10 in univariate analysis were selected for the 
multivariatee model. To test whether soluble thrombomodulin may have a predictive role for the 
occurrencee of ischemic events during follow-up a multivariate Cox regression analysis was 
performed.. Again, variables with a p value <0.10 were selected for the multivariate model. 95% 
confidencee intervals were calculated and p values <0.05 were regarded as statistically significant. 
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Tablee 1 Patient characteristics, all patients and quartiles according to soluble thrombomodulin 
concentration n 

N N 

Age e 

Gender r 

Diabetes s 

Hypertension n 

Smoking,, current 

Smoking,, current/past 

BMI I 

Totall  cholesterol 

HDLL cholesterol 

LDLL cholesterol 

Triglycerides s 

Homocysteine e 

Lipoprotein(a) ) 

Fl+2 2 

Creatinine e 

IMT T 

IS S 

MI I 

PAD D 

(years) ) 

(%male) ) 

(%) ) 
(%) ) 
(%) ) 
(%) ) 
(kg/m2) ) 

(mmol/1) ) 

(mmol/1) ) 

(mmol/1) ) 

(mmol/1) ) 

(umoVl) ) 

(mg/dl) ) 

(nmol/1) ) 

(umol/l) ) 

(mm) ) 

(%) ) 
(%) ) 
(%) ) 

All l 

269 9 

63 3 

64 4 

12 2 

42 2 

40 0 

85 5 

25.5 5 

6.1 1 

1.11 1 

4.0 0 

1.7 7 

15.0 0 

13 3 

1.32 2 

101 1 

0.96 6 

33 3 

32 2 

35 5 

I I 

67 7 

56 6 

63 3 

6 6 

42 2 

48 8 

91 1 

25.3 3 

6.4 4 

1.14 4 

4.2 2 

1.8 8 

13.4 4 

9 9 

1.22 2 

95 5 

0.86 6 

30 0 

46 6 

24 4 

II I 

67 7 

61 1 

67 7 

4 4 

39 9 

36 6 

81 1 

26.2 2 

5.9 9 

1.08 8 

4.1 1 

1.6 6 

14.3 3 

11 1 

1.30 0 

103 3 

0.94 4 

36 6 

37 7 

27 7 

II I I 

68 8 

66 6 

69 9 

18 8 

50 0 

32 2 

82 2 

25.3 3 

6.1 1 

1.19 9 

3.8 8 

1.7 7 

15.1 1 

14 4 

1.24 4 

101 1 

1.00 0 

40 0 

29 9 

31 1 

IV V 

67 7 

70 0 

58 8 

21 1 

36 6 

43 3 

85 5 

25.2 2 

6.1 1 

1.05 5 

4.1 1 

1.7 7 

16.3 3 

18 8 

1.52 2 

111 1 

1.03 3 

28 8 

15 5 

57 7 

Solublee thrombomodulin: I < 6.9 ng/ml, II 6.9 ng/ml - 8.9 ng/ml, III 8.9 ng/ml -11.6 ng/ml, IV > 11.6 ng/ml 
BMI=bodyy mass index, Fl+2=prothrombin fragment Fl+2, IMT=intima-media thickness, IS, MI and PAD stand for 
ischemicc stroke, myocardial infarction and peripheral arterial disease at entry of the study, respectively. Prevalences 
(%),, means of variables with a normal distribution (age, IMT and BMI) and median values of all laboratory variables 
aree depicted. 
**  (p<0.01) and **  (p<0.001) indicate a statistically significant difference in distribution of variables in the quartiles 
accordingg to soluble thrombomodulin concentration (x2, ANOVA and Kruskal-Wallis tests for prevalences, variables 
withh a normal or skewed distribution, respectively) 

Results s 
Relationn of soluble thrombomodulin with cardiovascular risk factors and type of arterial disease 

2699 patients were included in the study, 90 with a recent ischemic stroke, 86 with a recent 
myocardiall  infarction and 93 with peripheral arterial disease. The mean age at entry was 63 years. 
Thee median soluble thrombomodulin value was 8.9 ng/ml. To explore which factors are related to 
solublee thrombomodulin concentration, we divided patients into quartiles according to soluble 
thrombomodulinn concentration, and determined the distribution of cardiovascular risk factors, 
age,, lipids including lipoprotein(a), prothrombin fragment Fl+2, creatinine, homocysteine, 
intima-mediaa thickness, and type of arterial disease in these quartiles. Table 1 depicts patient 
characteristicss of all patients and according to quartile of soluble thrombomodulin concentration. 
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Agee and diabetes were the only classical risk factors associated with soluble thrombomodulin. 
Homocysteinee and lipoprotein(a) concentrations, both candidate risk factors with a supposed 
directt effect on endothelial cells, were higher in patients of the higher quartiles of soluble 
thrombomodulin.. Markers of kidney function and thrombin generation, creatinine and F1+2, 
weree also related to soluble thrombomodulin in this explorative analysis. In patients with higher 
solublee thrombomodulin concentrations higher intima-media thickness values as well as a 
differentt distribution of type of arterial disease, more peripheral arterial disease and less 
myocardiall  infarction, were observed (Table 1). 

Mediann soluble thrombomodulin concentration was 9.0 ng/ml in patients with a recent 
ischemicc stroke, 7.8 ng/ml in patients with a recent myocardial infarction and 10.9 ng/ml in 
patientss with peripheral arterial disease respectively (pO.001 Kruskal-Wallis test). The mean age 
off  patients with ischemic stroke and peripheral disease, 64 and 65 years respectively, was higher 
thann that of patients with a myocardial infarction (60 years). The difference between soluble 
thrombomodulinn concentrations of patients with ischemic stroke and peripheral arterial disease 
wass also statistically significant (medians 9.0 ng/ml and 10.9 ng/ml respectively, p=0.03 Mann-
Whitneyy U test). 

Too test which factors had an independent relationship with soluble thrombomodulin we 
performedd a linear regression analysis. Univariate analysis selected age, diabetes, homocysteine, 
lipoprotein(a),, F1+2, creatinine, intima-media thickness and type of arterial disease (myocardial 
infarctionn (inverse relation), peripheral arterial disease) as variables associated with soluble 
thrombomodulin.. All these associations in the univariate analysis were highly significant. 
However,, in the multivariatee model only age, F1+2, Hpoprotein(a) and peripheral arterial disease 
hadd an independent relationship with soluble thrombomodulin (Table 2). This implies that the 
associationn with diabetes, homocysteine, creatinine and intima-media thickness was not 
statisticallyy significant anymore. 

Tablee 2 Association of soluble thrombomodulin with several variables in a multivariate linear 
regressionn analysis 

Age e 

Diabetes s 

Creatinine e 

Homocysteine e 

Lipoprotein(a) ) 

Fl+2 2 

IMT T 

PAD D 

MI I 

Univariate e 
BB 95%CI 

0.13 3 

1.69 9 

11.08 8 

4.26 6 

1.17 7 
6.15 5 

3.36 6 

1.65 5 

-1.70 0 

0.095-0.159 9 

0.39-2.98 8 

6.16-16.0 0 

1.77-6.76 6 

0.543-1.79 9 

3.55-8.76 6 

1.69-5.03 3 

0.76-2.53 3 

-2.61--0.801 1 

P P 

0.000 0 

0.01 1 

0.000 0 

0.001 1 

0.005 5 

0.000 0 

0.000 0 

0.000 0 

0.000 0 

Multivariate e 
BB 95%CI 

0.082 2 

--
--
--
0.63 3 

2.8 8 

--
1.09 9 

--

0.044-0.120 0 

0.018-1.239 9 

0.135-5.487 7 

0.195-1.977 7 

P P 

0.000 0 

0.04 4 

0.04 4 

0.02 2 

Fl+2=prothrombinn fragment Fl+2, MI and PAD stand for myocardial infarction and peripheral arterial disease at 
entryy of the study, EMT=intima-media thickness. All variables with a p value <0.10 in univariate analysis are shown. 
Thesee variables were included in the multivariate model. 
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Ischemicc events during follow-up 
Duringg prospective follow-up with a mean duration of 3.5 years 53 of the 269 patients suffered 

fromfrom an ischemic event, 28 patients had a (recurrent or new) myocardial infarction and 25 
patientss a (recurrent or new) ischemic stroke. Soluble thrombomodulin was similar in patients 
withh myocardial infarction during follow-up compared to those without ((median) 9.02 ng/ml 
versuss 8.86 ng/ml, p=0.73). Patients with an ischemic stroke during follow-up had a slightly 
higherr soluble thrombomodulin concentration compared to patients without ((median) 10.1 ng/ml 
versuss 8.8 ng/ml p=0.09). 

AA Cox regression analysis was performed. First we chose ischemic stroke during follow-up as 
outcomee variable. Univariate analysis selected age, creatinine, soluble thrombomodulin, F1+2, 
andd type of arterial disease (ischemic stroke, myocardial infarction (inverse relation)) as variables 
withh a predictive value for ischemic stroke during follow-up. In the multivariate model soluble 
thrombomodulinn (OR 1.13, 95%CI 1.01-1.25, p=0.03) remained independently associated with 
futuree ischemic stroke although the association was not as strong as for creatinine (OR 1.03, 
95%CII  1.01-1.04, pO.001) and ischemic stroke at entry (OR 4.92, 95%CI 2.07-11.73, pO.001). 
Thee results are shown in table 3. 

Wee repeated Cox regression analysis with myocardial infarction during follow-up as outcome 
variable.. Since soluble thrombomodulin concentrations were similar in patients with or without 
myocardiall  infarction it is no surprise that no relevant predictive value for soluble 
thrombomodulinn was observed, even in the univariate model (OR 0.97, 95%CI 0.87-1.09, 
p=0.61). . 

Whenn we chose the combined endpoint of any ischemic event (ischemic stroke or myocardial 
infarction)) during follow-up as outcome variable, soluble thrombomodulin was on the predefined 
borderlinee of statistical relevance for factors to proceed to the multivariate model (OR 1.06, 
95%CII  0.99-1.14, p=0.099). Univariate analysis selected also age, homocysteine, creatinine, 
F1+2,, intima-media thickness and type of arterial disease (ischemic stroke) as variables 
associatedd with any ischemic event during follow-up. In the multivariate model soluble 
thrombomodulinn did not have any role. 

Tablee 3 Variables with a predictive value regarding ischemic stroke during follow-up, a 
multivariatee Cox regression analysis 

age e 

sTM M 

creatinine e 

Fl+2 2 

IS S 

MI I 

Univariate e 
OR R 

1.03 3 

1.12 2 

1.02 2 

1.83 3 

3.66 6 

-1.70 0 

95%CI I 

1.00-1.07 7 

1.02-1.23 3 

1.01-1.03 3 

1.16-2.88 8 

1.74-7.70 0 

-2.61--0.801 1 

P P 

0.04 4 

0.02 2 

0.004 4 

0.01 1 

0.001 1 

0.000 0 

Multivariate e 
OR R 

--
1.13 3 

1.03 3 

--
4.92 2 

--

95%CI I 

1.01-1.25 5 

1.01-1.04 4 

2.07-11.7 7 

P P 

0.03 3 

0.000 0 

0.000 0 

sTM=solublee thrombomodulin, Fl+2=prothrombin fragment Fl+2, IS and MI stand for ischemic stroke and 
myocardiall  infarction at entry of the study. All variables with a p value <0.10 are depicted. These variables were 
includedd in the multivariate analysis. 
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Discussion n 
Inn our cohort of patients with established atherosclerotic disease the soluble thrombomodulin 

concentrationn was associated with a number of factors, and the relation with age, F1+2, 
lipoprotein(a)) and type of arterial disease was statistically significant in the multivariate model. 
Thee observed associations are in line with the hypothesis that soluble thrombomodulin reflects 
endotheliall  cell damage or activation in our patients, not endothelial cell thrombomodulin 
expression.. Patients with generalized atherosclerosis had higher values compared to patients with 
moree localized disease, which is illustrated by the differences between patients with peripheral 
arteriall  disease and those with myocardial infarction and also by the association between soluble 
thrombomodulinn and intima-media thickness in the univariate model. 

Whichh factors determine the soluble thrombomodulin concentration has not been fully 
elucidatedd yet. Gender, smoking and treatment of hyperhomocysteinemia with vitamins have 
beenn related with soluble thrombomodulin concentration13,1718. It is clear that the concentration 
mustt be the net effect of production, expression (mainly) by endothelial cells and shedding from 
thosee cells, and clearance. Although some mutations in the thrombomodulin gene have an 
influencee on thrombomodulin production, the prevalence of these is low in the general 
population19.. It is uncertain whether the glycoprotein thrombomodulin is mainly cleared by the 
liverr or by the kidney. Soluble thrombomodulin is detectable in urine5, which means that a certain 
percentagee of soluble thrombomodulin, or cleaved fragments, is being cleared by the kidney. A 
kineticc study could solve this issue. Renal function has been suggested to influence soluble 
thrombomodulinn concentration in patients with coronary artery disease20. In our study the relation 
betweenn soluble thrombomodulin and creatinine was significant in the univariate analysis, not in 
thee multivariate analysis, suggesting that impaired renal clearance is not an independent 
determinantt of soluble thrombomodulin concentration in these patients. 

Inn atherosclerotic disease there are several factors affecting the vessel wall and these may have 
ann influence on either cellular regulation of thrombomodulin production, shedding and clearance 
off  soluble thrombomodulin. In histological studies of atherosclerotic lesions it has been shown 
thatt besides endothelial cells, smooth muscle cells, monocytes and macrophages express 
thrombomodulin3'4.. Thrombomodulin has been detected on circulating monocytes, neutrophils 
andd platelets21"23. The thrombomodulin expression by endothelial cells on atherosclerotic plaques 
iss reduced3. Whether the level of expression of thrombomodulin in the other cell types differs 
betweenn patients with atherosclerotic disease and those without has not been sorted out yet. It is 
howeverr conceivable that differences in expression exist and contribute to soluble 
thrombomodulinn concentrations. 

Whichh factors are responsible for the reduced thrombomodulin expression on atherosclerotic 
plaquess is uncertain. Either a non-specific downregulation of thrombomodulin expression 
comparablee to other endothelial markers3, or the influence of pro-inflammatory mediators may be 
involved.. Specific cytokines including tumor necrosis factor alfa reduce thrombomodulin 
expressionn in vitro and may have similar effects in atherosclerosis, which is an inflammatory 
diseasee ' . In addition, there may be increased cleavage of soluble thrombomodulin from 
endotheliall  cells caused by adhering leukocytes which produce proteolytic enzymes including 
leukocytee elastase and cathepsin G . 

Thee independent association between soluble thrombomodulin and prothrombin fragment 
F1+22 suggests that endothelial cell activation is linked to activation of coagulation in these 
patientss with atherosclerotic disease and that both processes are relevant in atherosclerosis. We 
assumee that the lower density of thrombomodulin observed on endothelium of atherosclerotic 
plaquess compared to normal endothelium is, at least partially, caused by increased shedding. The 
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losss of anticoagulant property of the endothelial surface can explain the observed association. In 
studiess with a murine model for a functional thrombomodulin deficiency increased carotid artery 
thrombosiss has been reported29'30. Lipoprotein(a) and homocysteine are supposed to have a direct 
influencee on endothelial cells31,32. The observed association is compatible with this view, 
assumingg that soluble thrombomodulin is a marker of endothelial cell damage or activation in 
thesee patients. 

Wee observed higher soluble thrombomodulin concentrations in patients with acute ischemic 
strokee during follow-up compared to those without. No relationship with future myocardial 
infarctionss could be detected. Our data are in line with previous studies8,33'34, but are in conflict 
withh the results of the Atherosclerosis Risk In Communities study in which lower soluble 
thrombomodulinn was associated with ischemic events13. In another population based study no 
suchh relationship between soluble thrombomodulin and ischemic stroke was observed35. Several 
factorss such as difference of study population, healthy individuals at entry versus patients with 
establishedd atherosclerosis, may contribute to the observed differences. Furthermore, we have to 
bee cautious in the conclusions because the number of ischemic events in our study is limited. 
Anotherr unexplored issue is the possibility that soluble thrombomodulin concentrations may 
changee in time and future prospective studies should further explore this in relation to (recurrent) 
ischemicc stroke and other complications. 

Wee conclude that in our patients with established atherosclerotic disease soluble 
thrombomodulinn was associated with age, thrombin generation, lipoprotein(a) and the extent of 
atheroscleroticc disease. Although soluble thrombomodulin was a predictor for future ischemic 
strokee in this study, this result needs to be confirmed in other prospective studies. 
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