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ABSTRACT 

To evaluate the role the coagulation and fibrinolysis abnormalities in the pathogenesis of ischemic stroke of

undetermined etiology, we assayed plasma concentration of fibrinopeptide-A and thrombin-antithrombin III comp-

lex, both sensitive markers for thrombin activation and fibrin formation, and D-dimer, a marker of plasmin activity

and fibrinolysis. Hemostatic markers were measured in 32 patients with acute stroke and 20 patients with chronic

stroke, and compared with 21 normal subjects. Fibrinopeptid-A and thrombin-antithrombin III complex levels we-

re not elevated significantly, whereas the D-dimer level was markedly raised in acute (p< 0.001) and chronic (p<

0.05) phases of ischemic stroke in comparison with the control group. Prolonged elevation of D-dimer concentra-

tion suggests that hemostatic abnormalities have a primary role in the pathogenesis of ischemic stroke. The measu-

rement of D-dimer concentration may help to better decide the indications for therapy of the patients with ische-

mic stroke of undetermined etiology. 
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INTRODUCTION

Endothelial cells, circulating platelets and proteins
of the coagulation and fibrinolytic systems are known
to contribute to the hemostatic processes. Among the
various functional and biochemical alterations in the
platelets and hemostatic systems of coronary artery di-
sease and atherosclerotic diseases occupy on important
place. The pathologic and physiologic activation of the
hemostatic process results in generation of some mar-
kers of cellular and plasmatic origin. Physiological sta-
tes (such as exercise, mechanical factors and preg-
nancy) may generate mediators during the hemostatic
process. 

Platelet factor (PF IV) and beta-thromboglobulin
(ß-TG) are platelet granular storage products released
upon activation of platelets. Elevated levels of these
products have been found in association with myocar-
ding infarction, venous thrombosis, diabetes and inf-
lammating disease. Changes in the fibrinolytic system
play on important role in coronary heart disease, athe-
rosclerosis and diabetes. Thrombin antithrombin
complex (TAT) formed during the thrombotic process
circulates in the blood of patients. Fibrinopeptid A
(FPA) is formed upon the activation of thrombin on fib-
rinogen. Tissue plasminogen activator (tPA) and plas-
minogen activator ihibitor-1 (PAI-1) are released from
the endothelial cells tPA facilitates the digestion of on-
site fibrin clots. Conversely, PAI-1 is one of the princi-
pal inhibitors of the fibrinolytic enzyme system. High
levels of PAI-1 are associated with an increased risk of
thromboembolic complications also D-dimer is a sen-
sitive indicator of the formation of fibrin. A number of
studies indicade that Lp(a) is an independent risk fac-
tor for the development of premature CAD. Lp(a) like
plasminogen can bind to fibrin and that it competes
with plasminogen and tPA for fibrin binding. Fibronec-
tin is an early markers of connective tissue formation
and increased levels of fibronectin, fibrinogen and fib-
rin together with Lp(a) are present in early atheroscle-
rotic lesions. Transferrin is a major serum glycoprote-
in that transports iron between sites of absorption, sto-
rage and utilization. The main component of normal
serum transferrin contains two biantennary glycans,
each consisting of 2 mol of sialic acid. Recently seve-
ral investigators indicated that LDL of most patients
with coronary atherosclerosis differ from the LDL of
most healthy subjects by the ability to cause primary

atherosclerotic changes it was shown that patient’s
LDL has a substantially lower content of sialic acid
compared with the LDL of healtyhy subjects. 

On the other hand, the role of hypercoagulability
and fibrinolysis in cerebral infarction remains uncerta-
in. It has been estimated that hematologic abnormaliti-
es account for 4% of all strokes. The recent develop-
ment of immunochemical assays has allowed the de-
tection of intermediate rate breakdown products of fib-
rin formation and fibrinolysis. 

In the last decades the association of CAD and he-
mostasis attracted the attention of clinicians and studi-
es have been directed to hemostatic parameters. Factor
VII (F VII) has been one of the most frequently studi-
ed parameters for this purpose. In Northwick Pork He-
art study, a significant relation has been observed bet-
ween F VII and the development of coronary events.
The authors have proposed F VII as an indepent risk
factor for ischaemic heart disease. 

PAI-2 is a fibrinolytic inhibitor prodused predomi-
natly by monocytes. tPA is thought to modulate vascu-
lar fibrinolysis, whereas urokinase type plasminogen
activator (upa) is mainly involved in the fibrinolytic
process occurring in tissue. PAI-2 was originalty iden-
tified in extracts of human plasenta and exists as both a
secreted 60 kd and cytosolic 47 kd form. PAI-2 is a se-
rine protease inhibitor that is spesific for urokinase and
tissue type plasminogen activator. PAI-2 porticipate in
fibrinolysis processes by regulating the formation of
plasmin. Transcription of the PAI-2 gene and synthesis
of PAI-2 are stimulated by endotoxin in peripheral blo-
od menocytes. PAI-2 are stimulated by endotoxin
in peripheral blood menocytes. PAI-2 was first isolated
from human placenta as a single chain polypeptide of
47.000 daltons. The PAI-2 gene consists of 8 exons
spanning 16.54b on the long arm of chromosome 18.
Two RFLP polymorphisms (ECORE and BcII) have
been described in the noncoding region polymorp-
hisms two variants of the PAI-2 gene, variant A con-
sists of Asn and Ser at positions 120, 404 and 413 res-
pectively, and variant B consist of Asp, Ly and Cys at
120, 404 and 413 respectively. We report a simple
PCR-RFLP method for distinguishing between the
PAI-2 gene variants A and B in Turkish population
who has the myocardial infarction.

MATERIALS  and  METHODS
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Peripheral blood samples from patients with CAD
were obtained from the department of cardiology sub-
sequently the patients were angiographically determi-
ned. Normal peripherally blood samples were obtained
from clinically healthy individuals in our medical
school. The patients group for analysis of PF4, BTG
fibronectin, Lp(a), FPA, TAT, D-dimer, tPA and PAI le-
vels consisted of 14 women and 16 men. The control
group consisted of 5 women and 5 men without signi-
ficant stenotic lesion of the coronary arteries, matched
to the patient group in sex, and body mass index. The
patient group ranged in age from 38 to 67 years and the
control group from 30 to 62 years. 

Peripheral blood samples were collected from all
subjects in trisodium citrate only between 8.00 pm and
9.00 pm because diurnal variation has been described in
the plasma levels of the inhibitor for the determination
of hemostatic parameters. Blood was centrifuged at
3000q for 15 minutes at room temparature and plasma
stored at -70°C until assayed PF4 BTG, FPF, TAT, tPA,
PAI-1, D-dimer and Lp(a) levels were determined by
ELISA procedure and fibronectin levels was determi-
ned by the turbidometric immuno assay. 

For the measurement sialidase and desialylated
transferrin, our patients group consisted of 3 women
and 28 men, ranging in age from 47 to 75. The control
group consisted of 5 women and 5 men, ranging in age
from 35 to 65. According to their angiography results,
the patient group consisted of 4 subjects with single-
vessel disease, 15 subjects with double-vessel disease
and 12 subjects with triple-vessel disease. All of them
were admitted with unstable angina pectoris, three of
them also had myocardial infarction. Serum desialo
transferrin was analysed by a double antibody RIA and
sialidase levels was determined by using a coupled
enzyme assay. We also investigated F VII levels as a
risk factor for coronary atherosclerosis. Consecutive
patients referred to coronary angiography were divided
in three groups: 

1. CAD group those with significant lesion in one
or more coronary arteries (n: 155), 

2. High risk group-patients with normal coronary
arteries and with two or more risk factors (n: 54), 

3. Controls patients with normal coronary arteries
with no or one risk factor (n: 90). 

FVII was measured using the automated one step
clotting time method in coagulometry (ST4) using hu-
man F VII deficient plasma. Diagnostica stago, defici-
ent F VII: France, catalogue number 00274 and rabbit
calcified thromboplastin reagent. 

We also worked with acute and chronic stroke gro-
up to evaluate the role of the coagulation and fibrinoly-
sis abnormalities in the pathogenesis of ischemic stro-
ke of undetermined etiology, we assayed plasma con-
centration of FPA, TAT and D-dimer. Fifty two adult
patients, asdmited for ischemic stroke at Neorology
clinic of Cerrahpaþa Medical Faculty in Istanbul. 

Conventional methods were used for the calculati-
on of means, student errors of the means and median
values. The significane of differences between variab-
les of the patient and control groups were determined
by the Student’s t-test. Significance p values equal or
less them 0.05 were considered significant correlation
analysis were determined by the pre arson correlation
test. 

In F VII experiments we used ANOVA and Krus-
hal-Wallis methods. For statistical analysis of stroke
groups, we used Shapiro-Wilk Lest, Kruskal Wallis
and Dunn’s Multiple comparisan tests. 

RESULTS  

The mean PF4, BTG, Fibronectin and Lp(a) levels
in patients with CAD and control group are shown in
Table 1. In patients group, PF4, BTG, fibronectin and
Lp(a) levels were found to be significally higher from
those the control group (Table 1). 

The mean FPA, TAT, tPA and PAI-1 levels in pati-
ents with CAD and control group are presented in Tab-
le 2. FPA, TAT, D-dimer, t-PA and PAI-1 levels in pa-
tients with CAD were significantly higher then the
control group (Table 2).

The mean total cholesterol, triglyceride, HDL,
LDL and VLDL cholesterole levels in patients with co-
ronary heart disease and control group are seen in
(Table 3). In patients group, serum total cholesterol,
triglyceride, LDL and VLDL cholesterol levels (p<
0.00l) and HDL-cholesterol levels (p< 0.00l) were fo-
und to be significantly different from those in control
group. 

Contains serum desialylated transferring levels and
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sialidase activities in the patients with coronary heart
disease and the control group (Table 4). Serum desialy-
lated transferring levels (p< 0.01) and sialidase activity
(p< 0.00l) in the patients with coronary heart disease
were found to be significantly higher than the control
group. 

Shows sialidase activities and desialylated transfer-
ring levels in patients with single, double, triple vessel
disease and the control group (Table 5). In patients
with single-double vessel disease (p< 0.01) and triple-
vessel disease (p< 0.00l) the mean serum sialidase ac-
tivities were significantly different than those in the
control group (p= 0.967). In patients with single-doub-
le vessel disease and triple vessel disease the mean se-
rum desialylated transferring levels were significantly
elevated compored with the control group (p= 0.242).
There were not any correlation between the lipid para-
meters and the sialidase activity and desialylated trans-
ferring levels. F VII levels of the three groups and in
one, two and three vessel disease were given in (Table
6). No difference could be found in F VII between the
study groups. When CAD patients were investigated
separately, mean level of F VII increased with the num-
ber of vessel involved. Mean F VII in three vessel dise-
ase was significantly higher than the patients with two,
one and no vessel involvement (p= 0.006). 

When we analyzed the results of stroke group, the-
re were no significant differences between 32 patients

with recent stroke, 20 patients with old stroke and 21
controls in terms of age, gender, or frequency of diabe-
tes mellitus, smoking where as hypertension, hyperlipi-
demia and ischemic heart disease were significantly
more frequent in bloth patient groups compared to the
controls. The characteristics of patients are summari-
zed in (Table 7). Shows FPA, TAT and D-dimer levels
each group, FAP and TAT levels were not different in
patients and controls, while D-dimer level was signifi-
cantly higher in both acute and chronic patient groups
(p< 0.00l and p< 0.005, respectively) (Table 8). The
results of the PAI-2 genotypes in patients and controls
were shown in Table 9.

DISCUSSION

There are many factors associated with the deve-
lopment of CAD. Hypodysfunction of endothelial
cells, hypercoagulability, hypofibrinoltic activity and
hyperactivity of platelets are closely related to the
progression of CAD. The pathologic and physiologic
activation of the hemostatic process results in the gene-
ration of various defined markers of cellular and plas-
matic origin. 

The activation of plasminogen by tPA is enhanced
in the presence of fibrin and also at the endothelial cell
surface. The impairment of tPA release during fibri-
nolytic deficit in certain disorders results in thromboly-
tic complications. In addition, in various studies PAI-1
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Table 1. PF4, BTG, fibronectin and serum Lp(a) levels in patients with coronary artery disease and control group

Age Sex PF4(IU/mL) BTG(IU/mL) Fibronectin Lp(a)(mg/dL)
(mg/mL)

Group n (years) (M/F) X ± SD X ± SD X ± SD X ± SD

CAD 30 38-67 16/14 20.4 ± 9.1* 27.3 ± 20.8* 371.1 ± 89.8** 97.8 ± 77.9* 

Control 10 30-62 5/5 4.6 ± 1.9 15.8 ± 8.7 320.7 ± 80.4 29.8 ± 25.0

* p< 0.001, ** p< 0.05.

Table 2. FPA, TAT, D-dimer, t-PA, PAI-1 levels in patients with coronary artery disease and control group 

Age Sex FPA TAT D-dimer tPA PAI-1
(ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL)

Group n (years) (M/F) X ± SD X ± SD X ± SD X ± SD X ± SD

CAD 30 38-67 16/14 37.0 ± 12.7* 3.1 ± 1.4** 751.3 ± 260.1* 8.1 ± 2.2* 2.8 ± 0.4*

Control 10 30-62 5/5 13.2 ± 6.5 2.6 ± 1.0 271.0 ± 124.5 2.6 ± 0.9 1.8 ± 0.8

* p< 0.01, ** p< 0.001.



levels were found significantly higher in may patients
with fibrinolytic disorders. 

On the other hand, it has been shown that tPA binds
reversibly and saturably to surface-bound Lp(a) and
that as a result of this binding the activation of plasmi-
nogen by tPA is inhibited. Lp(a) has been found to bind
to soluble fibrin and to compete with plasminogen and
tPA binding for soluble fibrin; as a result of this inte-
raction in solution, Lp(a) inhibits the fibrin stimulation
of plasminogen activation by tPA. Lp(a) acts specifi-
cally on the endothelial cell to increase the proportion
of PAI to tPA at the endothelial cell surface as well as
in the local enviroment our results show that tPA, PAI-
1 and Lp(a) levels are elevated in patients with CAD.
Also we found that fibrinectin levels were significantly
higher than in the control group. The high fibronectin
levels in circulating blood may cause increased interac-
tion of fibronectin with Lp(a) on the blood vessel wall.
D-dimer is a sensitive indicator of formation of fibrin
and its digestion and PF4 and BTG are spesific pro-
ducts of platelet activation. PF4 and BTG are extremely
sensitive markers of arterial thrombotic disorders such
as thrombotic stroke, peripheral vascular disease or
CAD. We demonstrated that D-dimer, PF4 and BTAG
levels in patients with CAD were higher than those in
the control group. FPA and TAT are useful markers of
thrombin mediated conversion of fibrinogen to fibrin.
We found that TAT and FPA levels were significantly
higher than in the control group. In this study; we fo-

und that serum sialidase levels in patients with single,
double and triple-vessel disease were significantly hig-
her than the control group. Also we found that serum
desialylated transferring levels in patients with double
and triple-vessel disease were significantly elevated
compared with the control group. The elevated levels
of serum sialidase may be caused by an increase in its
activity. The increased levels of serum sialidase may be
responsible for transferrin desialylation in coronary he-
art disease. We report that increased level of serum si-
alidase may be responsible for transferring desialylati-
on and elevated desialylated transferring levels may
play on important role in the pathogenesis and diagno-
sis of coronary heart disease. On the other hand we in-
vestigated the relation of F VII to the severity of CAD
and tried to determine its association with coronary
events. Our findings revealed a significant correlation
between F VII and triglycerides, and after the adjus-
ment for other parameters F VII could not be accepted
as on independent risk factor for either the presence on
the extent of coronary atherosclerosis. Neverheless, is
spite of the result of logistic regression analysis, incre-
ased levels of F VII in patients with multi vessel dise-
ase and previous coronary events suggested that it is re-
lated to the thrombotic process of these syndromes.

For the stroke groups, in conclusion, our study sug-
gest that prolapsed elevation of D-dimer connot be
explained just by events initiated by cerebral infarction
it self, but rather implicates a permanent hemostatic ab-
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Table 3. Lipid parameters in atherosclerotic and control group

LDL VLDL HDL
Total cholesterol Triglycerid Cholesterol Cholesterol Cholesterol

(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
Group n X ± SD X ± SD X ± SD X ± SD X ± SD

CHD 31 222.36 ± 61.59* 177.16 ± 81.94* 149.58 ± 58.45* 35.43 ± 16.38 37.08 ± 10.62

Control 10 160.23 ± 34.81 97.81 ± 29.88 86.16 ± 26.59 19.56 ± 5.97 46.92 ± 6.15

* p< 0.01, p< 0.001.

Table 4. Desialylated transferrin levels and sialidase activities in atherosclerotic and control group

Sialidase (U/L) Desialylated transferrin (U/L)
Group n X ± SD X ± SD

CHD 31 72.73 ± 20.02* 62.93 ± l5.9**

Control 10 50.57 ± 5.1 48.20 ± 6.32

* p< 0.001; ** p< 0.01.
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Table 5. Desialylated transferrin levels and sialidase activities in single-double-triple vessel disease and 
control group

Sialidase (U/L) Desialylated transferrin (U/L) 
Group n X ± SD X ± SD

Single-vessel disease 4 75.52 ± 521.72* 49.75 ± 513.35**

Double-vessel disease 15 70.42 ± 21.08* 64.14 ± 513.72**

Triple-vessel disease 12 72.22 ± 516.98* 66.0 ± 519.14**

Control 10 50.57 ± 5.1 48.20 ± 6.32

* p= 0.967, **p = 0.242.

Table 6. FVII levels in the one vessel, two vessel, three vessel, total high risk and control groups

CAD (n= 155) Highrisk Control
(n= 54) (n= 90)

One-vessel (n= 60) Two-vessel (n= 55) Three-vessel (n= 40) Total (n= 155)

FVII 85 ± 20 92 ± 23 105 ± 23* 94 ± 23 91 ± 27 88 ± 22

* Difference between the vessel involvement, p= 0.006.
Difference between the CAD and the control group are not significaut.

Table 7. Patient characteristics of stroke groups

Acute stroke group Chronic stroke groups Control

n 32 20 21

Mean age ± SD 62.2 ± 13.2 59.7 ± 6.8 56.2 ± 11.3

Range (years) 30-80 50-71 45-73

Male/female 16/16 10/10 9/12

Hypertension 24 (75.0%)* 10 (50.0%)** 2 (9.5%)

Diabetes mellitus 6 (18.7%) 2(10%) 1 (4.7%)

Hyperlipidemia 11 (34.3%)*** 8 (40.0%)*** 2 (9.5%)

Smoking 17 (53.1%) 11 (55.0%) 8 (38.0%)

Ischemic heart disease 16 (50.0%)**** 7 (35.0%)**** 0 (0.0%)

*p< 0.00001, **p< 0.05, ***p< 0.05, ****p< 0.05 v.s. control group.

Table 8. Hemostatic marker levels in stroke groups

Acute stroke group Chronic stroke group Control

FPA (ng/mL) 11.7 ± 2.8 15.1 ± 1.7 12.1 ± 2.1

TAT (ng/mL) 10.1 ± 6.0 15.2 ± 10.9 13.4 ± 10.9

D-dimer (ng/mL) 668.0 ± 65.3 599.7 ± 65.2 333.9 ± 42.9



normality that may be the underlying factor in the pat-
hogenesis of ischemic stroke. The measurement of D-
dimer concentration may help to better decise the indi-
cations for therapy of the patients with ischemic stroke
of undetermined etiology. 
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