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Vascular brain diseases are ranked the third as the cause of morbidity and mortality, in spite
of the progress in diagnostic, therapeutic and preventive procedures. In the majority of cases
of vascular brain diseases, it is ischemic brain disease, which is the final and the most severe
stage of cerebral arteries atherosclerosis. Etiopathogenesis of atherosclerosis is not closer de-
fined yet, but oxidative hypothesis is distinguished among the numerous theories. Within this
theory, main place is attached to oxidative modification of LDL and Lp(a), together with
numerous physiopathologic facts with the central role of reactive oxidative matters, where en-
dothelial dysfunction is the main disorder responsible for the onset of numerous impairments,
such as changes in coagulation-anticoagulation system. Considering these facts, it was estab-
lished the hypothesis that in patients with IBD existed changes in hemostatic system, which
were in positive correlation with the degree of cerebral atherosclerosis. The study comprised
36 patients with acute IBD and 28 patients with atherosclerotic encephalopathy. Control
group was comprised of 30 patients with non-vascular diseases of similar characteristics. We
investigated the correlation of the changes in hemostatic system (platelet aggregation, anti-
thrombin I1l, D-dimer, protein C, factor VII, factor VIII, PAI-1) compared to the degree of
cerebral atherosclerosis (ultrasonographically) and compared to the observed groups of pa-
tients. On the basis of all, the results of this study revealed significant increase of procoagu-
lant factors concentration in patients with IBD, and similar changes were observed in pa-
tients with atherosclerotic encephalopathy, but less pronounced. All these changes in the total
sample of patients, and particularly in patients with the pronounced cerebral atherosclerosis,
are of primary and chronic character.

Key words: cerebral arteriosclerosis; atherosclerosis; cerebral ische-
ntia; hemostasis.

Introduction socio-economic status. In about 80 % of the cases of vascular
brain disease, it is ischemic brain disease (IBD) (1-5).
Vascular brain diseases are ranked the third as the Primary disease responsible for the development of

cause of morbidity and mortality in the majority of countries, IBD is the atherosclerosis of cerebral arteries. A certain
independently of their medical technological progress and number of hereditary and habitual factors influence the
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progression of this process. Since etiopathogenesis of ath-
crosclerosis is still unclear, in this study we will present cur-
rent processes that arc causing atherosclerotic cerebral
changes, particularly hemorrheologic and coagulation dis-
orders (1-11).

Lipid oxidation is one of the theories most frequently
used for the explanation of this process. Oxidation of LDL
and Lp(a) occurs under the activity of free radicals and en-
zymatic reactions. This influences the modification of apo
B 100 (apoprotein specific for LDL), which results in an
uncontrolied takeover of LDL from monocytes and macro-
phages, in which occurs degradation and deposition of
cholesterol with foam cell formation. This is the initial
pathological event in the atherogenesis and is, therefore,
responsible for IBD (1-3).

This, we can say, “cascade” system that includes ex-
tremely complex changes is responsible for atherosclerosis,
which consequently leads to IBD that is the most severe
and final complication of the atherosclerosis of cerebral
arteries. The main event in this system is the change in
hemorrheologic mechanisms, primarily because we are
dealing with the factors influencing cerebral microcircula-
tion (1-5, 12-28).

Examining these changes, we can get an insight in fine
molecular changes at the level of ionic currents in ischemic
tissue. Shortly, from physiologic aspect, system of hemosta-
sis represents dynamic equilibrium between the processes
of coagulation and anti-coagulation, which provides liguid
state of the blood. From biochemical point of view, it is a
multi-component, fermentative and auto-catalytic process
that is developing in the form of a "cascade" (1-3, 29-31).

It is important to understand that three main triggers
of platelet activation are released during endothelial dys-
function as a factor in the development of atherosclerosis:
platelet activating factor (PAF), thrombin and contact with
collagen. Further more, platelet factor 3 is released from
activated platelets, which represents thrombokinase and
can initiate the process of coagulation. Thus thrombosis is a
complex interaction between platelet activation and co-
agulation cascade, with endothelial dysfunction as the ini-
tial trigger (1-3, 11-31).

Dynamic equilibrium of these processes, which pro-
vides liquid state of the bloed, is maintained by anticoagu-
lation system that includes antithrombin I, preteins C and
S, as well as fibrinolytic system.

Hypercoagulable state is defined as the state in which
changes of coagulation, platelet activity and anti-
coagulation mechanisms favor thrombogenesis (1-3, 17-28).

Recent studies show that signs of coagulation are pre-
sent in acute phase of IBD, while signs of fibrinolysis are
present in subacute and chronic phases (1-5, 11-31).

Currently accepted opinion is that platelet hyperactiv-
ity is of the utmost importance in IBD pathogenesis. Plate-
let hyperactivity was present in patients with brain athero-
sclerosis without clinical signs of IBD, in patients with tran-
sient ischemic attacks (TIA) and brain infarction in all

phases, Thus it is a primary hemorrheologic disorder with a
central role in the onset of 1BD, as well as in its evolution,
and it is also a risk factor for a relapse (1, 2, 14-37).

[n the patients with pronounced atherosclerosis, be-
sides the presence of risk factors of atherogenesis, there
exist an intensive process of lipid peroxidation in athero-
sclerotic lesions, reduction of prostacyclin production, in-
crease in free radicals formation and during the aging there
is an increase of fibrinogen, antiplasmin, reduction of {ree
heparin, increase in circulating catecholamines with the al-
tered reaction to stress. Actually, ali these facrors are fa-
vorable for IBD development (1, 2, 14-37).

On the other hand, these processes make a disbalance
in coagulation-anticoagulation system (1-3, 14-28}.

Physiopathologically, an increased platelet activity is
the earliest phase of atherogenesis in endothelial dysfunc-
tion (33-37).

On the whole, nowadays we do not dispose of the pre-
cise facts about the changes in coagulation-anticoagulation
system in patients with atherosclerosis and IBI). On the ba-
sis of all cited above, we have established the following hy-
pothesis:

1. In patients with cerebral atherosclerosis and acute
IBD (AIBD) there are significant changes of coagula-
tion-anticoagulation system;

These changes are in positive correlation with the de-

. gree of cerebral atherosclerosis verified by ultrasonography

of cervical arteries.
Objects of the study

1. To establish the degree of the severity of clinical syn-
dromes and cerebral atherosclerosis degree (by ultra-
sonography) in patients with AIBD {n=36);

2. To perform an analysis of blood samples on parame-
ters of coagulation and. anticoagulation activity (acti-
vated partial thromboplastin time — aPTT), euglobulin
test, platelet aggregation, antithrombin 111, fibrin deg-
radation products, D-dimer, plasminogen activator in-
hibitor-1 (PAI-1), protein € and 8, factor VII and
VIII,

3. To analyze these factors in patients (n=28} with ultra-
sonographically and laboratory confirmed diagnosis of
cerebral atherosclerosis and with symptoms of dyscir-
culatory encephalopathy, without IBD;

4.  To analyze coagulation-anticoagulation parameters in
30 patients without symptoms and signs of atheroscle-
rosis, and immunologic, inflammatory, hematologic
and malignant diseases;

5. To analyze the correlation of changes in coagulation-
anticoagulation system with the degree of cerebral
atherosclerosis compared to ultrasonographic findings
and severity of IBD.

Methods

in the study were included 32 patients admitted to the
Clinic of Neurology of the Military Medical Academy with
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acute attack of ischemic brain disease of transient ischemic
attack (TIA) and reversible ischemic attack (RIA) type, as
well as cerebral infarction. Control group I comprised 30
patients without symptoms and signs of atherosclerosis,
immunologic, inflammatory, hematologic and malignant
diseases.

Control group II consisted of 28 patients with athero-
sclerotic encephalopathy without manifestations of cerebral
infarction.

All patients receiving anticoagulant therapy were ex-
cluded from the study. Patients with the disorders that
might affect coagulation-anticoagulation system as well as
patients with hepato-renal failure were also excluded.

Blood samples for determination of sedimentation, fi-
brinogen, hemostatic factors (aPTT, platelet aggregation,
euglobulins, antithrombin III, D-dimer, PAI-1, fibrin deg-
radation products, factor VII and VIII, protein C and S)

Coagulation-anticoagulation parameters were ana-
lyzed by the same analyst using Dade Behring reagents and
Behring coagulation apparatus. Only for D-dimer were
used reagents from Boehringer Manheim and Diagnostica
Stago.

Results

Ultrasonography was performed in 32 patients with
acute IBD (AIBD) and in 28 patients with atherosclerotic
encephalopathy (AE).

After the scoring of ultrasonographic findings we
analyzed the correlation between ultrasonographic findings
and coagulation factors in patients with IBD and in patients
with aterosclerotic encephalopathy compared to the con-
trols. No significant differences of general characteristics
were found between the observed groups (Table 2).

Table 2
General characteristics of examinees from experimental and control groups
Sex Age .
Patients (No)
Male Female (Year £ SD)
AIBD 18 14 6556 * 711 32
AE 16 12 6434 + 6.21 28
Control group 19 1 6189 + 8.56 30

were taken from all patients immediately after the admis-
sion, or at least 72 hours after clinical picture was revealed.

CT or MR examination were performed in all patients
with IBD within 3-10th day in order to confirm the nature
and severity of ischemic lesion of cerebral parenchyma.

The degree of neurologic and functional deficit was
determined before and after acute phase of IBD after the
repeated examination by the same neurologist. The severity
of IBD using the scale for the estimation of cerebral in-
farction severity by Grotta and Noreen was determined in
all patients on the basis of clinical neurologic findings, re-
sulis of additional investigations, analysis and the degree of
recovery (32).

In 60 patients was performed echoangiography of
neck arteries and scaling was done according to interna-
tional scale (33) (Table 1).

Table 1
Degree of stenosis Index of stenosis
Normal 0
<=25% ' 1
< =50% 2
<=75% 3
>75% 4

All patients with IBD received the same therapy.
Results were analyzed using Student’s test, bi-serial
correlation, and linear regression analysis.

Patients from control group were almost 4 years youn-
ger then the patients in experimental groups, but due to
high standard deviaticon this was not significant.

Degree of atherosclerosis according to ultrasonogra-
phic findings is shown on Table 3 compared to the experi-
mental group.

Similar distribution of the degree of atherosclerosis of
cervical arteries existed in patients of both groups, while
more severe forms of stenosis and occlusion were more
significantly pronounced in patients with clinical manifes-
tations of IBD.

Platelet aggregation was accelerated in patients with
IBD (p<0.01), compared to the control group. This pa-
rameter was also significantly lower, i.e., the acceleration
was faster, in patients with AE compared to the control
group (p<0.05). No significant differences were observed
between patients with IBD and AE.

Antithrombin ITI was lower in patients with IBD com-
pared to controls (p<0.01). It was also lower in patients
with AE (p<0.05). Antithrombin III was lower in patients
with IBD compared to patients with AE (p<0.05).

D-dimer showed high standard deviation in all
groups, particularly in patients with AIBD. In spite of this,
the results showed that D-dimer had significantly higher
concentrations (p<0.01) in patients with AIBD compared
to the control group. The comparison of this parameter in
patients with AE and control group demonstrated higher
concentrations in patients with AE, on the border-line sig-



Crpana 464 BOJHOCAHWUTETCKH ITPETJIE[ bDpoj 5
Table 3
Ultrasonographically confirmed degree of atherosclerosis in patients with AIBD and atherosclerotic
encephalopathy
Degree of Stenosis AIBD AE

Normal 6 (18.7%) 6 (21.4%)

<=25% 4(12.5%) 3(11.1%)

<=50% 4(125%) 3 (11.1%)

<=75% 9 (28.1%) 10 (35.79%)

>75% 9(28.1%) 6 (21.4%)

nificance (p=0.067). Compared to patients with AIBD, this
parameter was lower (p<0.05).

Protein C was significantly lower in patients with
AIBD, as well as in patients with AE compared to the con-
trol group (p<0.05).

Level of factor VIII was higher in patients with AIBD
compared to controls (p<0.05). This was also registered in
patients with AE but without statistical significance.

PAI-1 had significantly higher concentrations in patients
with AIBD compared to controls (p<0.01). The same signi-
ficant difference was registered between PAI-1 concentrati-
ons in patients with AIBD compared to the concentration of
this parameter in patients with AE. PAI-1 was higher in pa-
tients with AE compared to controls (p<0.05) (Tables 4-8).

2. Significant negative correlation existed between uitra-
sonographic findings and antithrombin HI and platelet
aggregation (p<0.05).

3. There was no statistical significance for other coagula-
tion-anticoagulation factors, neither positive, nor
negative.

4. No differences between these parameters were ob-
served by the analysis of these relations in the groups.

Discussion
Vascular brain discases are ranked the third as the

cause of morbidity and mortality despite the pmg:"ess of di-
agnostic, therapeutic and measures of prevention-(1-5}. Is-

Table 4

Platelet aggregation
GROUP PLATELET AGGREGATION
AIBD X=17.89 SD=1.456
AE X=8.88 SD=1.781
Control group X=10.23 SD=1.876
GROUP PROTEIN C
AIBD X=0.87 SD=0.087
AE X=0.96 $D=0.098
Control group X=1139 SD=0.097
GROUP FACTOR VI
AIBD X=1.39 SD=0.123
AE X=1.16 SD=0.132
Control group X=0.98 SD=0.132
GROUP ANTITHROMBIN II1
AIBD X=0.842 SD= 0.098
AE X=0.987 S$D=0.098
Control group X=1.198 $D=0.119
GROUP D-DIMER
AIBD X=3.30 SD=1.34
AE X=2.08 SD=1.23
Control group X=1.79 SD=1.35

Concerning the association- of atherosclerosis, i.e.,
found degree of stenosis or occlusion confirmed by ultra-
sonographic examination of cervical arteries and the chan-
ges in system of hemostasis, in all examinees was deter-
mined the following:

1. There was positive correlation of atherosclerosis of
cervical arteries and PAIL-1 concentrations (p<0.05).

For D-dimer it had border-line value (p=0.064).

chemic brain disease is the most frequent of vascular brain
diseases, and it represents the most severe and final 'Stagc
of atherosclerosis of cerebral arteries (1-5). Etiopathogene-
sis of atherosclerosis is not clear yet and one of acceptable
hypothesis is the one concerning lipid oxidation: {1-3, 38-
43). The main point of this- hypothesis is the oxidative
modification of LDL and Lp(a) including numerous
physiopathological factors with the central role of reactive
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oxidative matters, and endothelial dysfunction as the main
change leading to coagulation system disorder. According
to these facts we have established the hypothesis that in
patients with IBD exist changes in hemostasis system that
are in positive correlation with the degree of cerebral ath-
erosclerosis (1-3, 44-51).

Etiology and pathogenesis of cerebral atherosclerosis
and atherosclerosis in general are not clearly defined yet.
On the other hand, numerous epidemiological studies en-
abled identification of numerous factors, which contribute
to the development of atherosclerosis and ranking of their
importance was established. These factors are known as
atherosclerotic risk factors (1-3).

Lipoprotein a — Lp(a) has an important role in hemo-
static dysfunction. Lp(a) is composed of LDL bound with
specific apo A in a bending form by disuifide bond. It has a
high affinity for scavenger macrophage receptors and there
is a close correlation between its plasma concentration and
the deposition in atherosclerotic lesions, more pronounced
then for apo B (1-5, 44-51, 78-93).

Apo A is structurally similar to plasminogen, which
can result in competitive effect against the same substrate
with the reduction of plasmin production {1-3).

However, human brain considering the microcircula-
tion has specific autoregulatory mechanisms of hemostatic
system. On the other hand, this system is not completely
independent of changes in hemostatic system in systemic
circuiation.

Antithrombotic endothelial characteristics of cerebral
circulation are:

1. presence of thrombomodulin (TM), a membrane
anticoagulant protein, found at the luminal side
of endothelial cells;

2. absence of procoagulant tissue factor (TF) in
cerebral endothelium;

3. presence of a barrier that prevents the passage of
circulating coagulation factors into the cerebral
tissue and the initiation of external coagulation in
interaction of TF and astrocytes;

4. physical/chemical characteristics of luminal en-
dothelial membrane that acts preventively by in-
hibiting the binding of platelets and promoting
the contact phase of internal coagulation;

5. prostacyclin production with the adherence of
antithrombin III to heparin sulfate that is found
exclusively on the albumin side of cerebral capil-
laries, which results in strong inhibition of plate-
let aggregation (1-3, 77-79).

However, in states leading to the development of IBD
of atherothrombotic etiology, there are conditions for the
impairment of hemostatic system with the predomination
of pro-coagulation mechanisms.

The trigger of such events in cerebral blood vessels is
TF, known as tissue thromboplastin. Normally, TF is not
found on the endothelium of hematoencephalic barrier, but
when it is damaged as in ischemia, external coagulation is

initiated. Further more, an activation of internal coagula-
tion cascade with the propagation of coagulation processes
occurs. This process develops in such way: TF is the recep-
tor for factor VII, and this complex activates factor IX and
X; factor IXa forms a complex with factor VIIIa and acti-
vates factor X; factor Xa forms a complex with factor Va
and activates prothrombin. Thrombin degrades fibrinogen,
creating a monomer-fibrin, which then polymerizes into fi-
brin coagulum (1-5, 70-79).

Balance to the coagulation processes is fibrinolytic
system, with plasmin as the main component. In a formed
thrombus, there is a large amount of plasminogen-together
with numerous other plasma proteins. Plasminogen must
be activated in order to become plasmin. Plasmin is tripsin-
like enzyme with protheolytic ability of lysing fibrin, fi-
brinogen and factors V, VIII and XI1I (1-5, 77-79).

Locally, fibrinolysis enables slow clearing of thrombus
and re-canalization of cerebral circulatory system. This
system is also under fine control of t-PA and PAI-1 as the
main factors.

Most of the t-PA concentration in plasma and tissues
is considered to be in inactive state, actually as the part of
PAI-1 complex, which is the primary endogenous t-PA in-
hibitor. On the other hand, the fact that a fraction of free t-
PA is found in cerebral capillaries imposes the conclusion
that cerebral endothelium has the key role in fibrinolytic
mechanisms of cerebral circulation (1-3, 71-85).

Apart from this, it is considered that t-PA has the other
roles such as the positive influence on sympathetic activity
and as a mediator of neuronal degradation. Damaged or
stimulated endothelium releases t-PA into cerebral circula-
tion, and it dissalves plasminogen bound to fibrin (71-86).

In this study, we have begun from the fact that physi-
opathology of atherosclerosis, as well as IBD, can not be
assessed according to single disorders responsible for its
evolution. The point is that it is a chain-cascade reaction.
Our idea was to show the significance of laboratory find-
ings, especially because they represent relatively easy and
economical methods.

Hemorrheologic disorder that influences coagulation-
anticoagulation system has the key place in this compli-
cated mechanism.

Furthermore, we must not forget the other risk factors
that contribute to atherosclerosis. For example, lipoprotein
oxidation is a very important event in atherosclerosis. Hy-
pertension on the other hand influences lipoprotein influx.
Vessel bifurcations are the loci minoris resistentiae for ath-
erosclerotic deposits. Besides, smoking causes chemical
damage of endothelium, which increases the oxidation and
influx into arterial intima (1, 85-106).

This influences hemorrheologic disorders significantly
and according to our results causes disbalance of hemo-
static system in favor of pro-coagubility states.

We registered high concentrations of D-dimer, which
was a sensitive marker for active coagulation and PAI-1 as
a marker for the activated inhibition of fibrinolysis.
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This correlation was the most significant in patients
with IBD (p<0.001) for both parameters. Also, we regis-
tered positive correlation for accelerated platelet aggrega-
tion, as well as for low concentrations of antithrombin IIL

These results point out that these parameters in acute
phasc of IBD, especially in the first several days, influence
the increased activation of plasma coagulation factors.
Platelet activity is the highest in acute IBD phase, but is
also present in patients with atherosclerotic encephalopathy
without the clinical manifestations of IBD.

Shortly, the conditions for pro-coagulation are created
in the acute phase, which was confirmed by our results.
Also, it is important to mention, that these changes were

statistically significant in a group of patients with atbero-
sclerotic encephalopathy compared to the controls.

Conclasion

i. There is a significant increase in concentration of
procoagulart factors in patients with IBD;

2. The same changes, but with a lower significance
are observed in patients with atherosclerotic en-
cephalopathy;

3. Results revealed the fact that changes of hemo-
static system in cercbral atheroscierosis were
chronic and probably of primary character.
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YTUUAJ U3PAXKEHOCTI MOXKAAHE ATEPOCKITEPO3E HA NPOMJEHE ¥
XEMOCTA3HOM CUCTEMY KO/[, BONECHUKA CA UICXEMUJCKOM BOAELLTRY
MO3IrA Y ATEPOCKIIEPOTCKOM EHUE®DANOMNATUIOM

BackynapHe GonecTu moara 3agpxaeajy Tpehy noauumjy y Mop6uanTeTy n mop-
TanuTeTy nopej HanpepoBarba AMJArHOCTMYKKX, TEPANUiCKUX U NPEBEHTUBHUX
npodeaypa. ¥ Hajsehem 6pojy crydajera sackynapHux o6orbera Moara paan ce
0 ucxemujckoj 6orecTi Mo3ra, a oBa NPeaACcTaBba y BehuHK Cny4ajeBa 3aBpLUIHY Y
HajTexy chasy aTepocknepole MoXAaHux aptepwja. ETvonartoremesa arepo-
CKnepo3e Huje jow yeujek Gnike aecuHncana, anu ce Mehy 6pojHuM Teopujama
“348aja OKCHAAUMOHA XUNOoTe3a. Y OKBMPY OBE XunoTese LUeHTpanHo MjecTo ce
npujiaje okcuaaTeHoj Moaudmkaumiu LDL u Lp(a) y3 ydewhe 6pojHux narto-
¢n3MONOWKNX YKMHUMaLA Ca LEHTPASIHOM YACTOM PeaKTUBHMX OKCUAATUBHUX
MaTepuja, a rgje gucthyHKUMja eHAoTena npeacTaBEmba UeHTpanHuu nopemehaj
OArosopaH 3a HacTaHak Gpojuux nopemehaja, a Melly Huma u npoMjeHa y Koary-
NauuoHo-aHTUKOoarynaLmuoHoM cucTemy. Y cknafy ca OBMM YUHeHULaMa NocTa-
B/beHa je pagHa xunoTteaa Aa ko HonecHuka ca MEM nocToje nNpoMjeHe y xe-
MOCTa3HOM CUCTEMY, Koje Cy Y MO3UTUBHO] Kopenaumju ca CTeneHoM uapae-
HOCTW MOX[AaHe arepocknepo3e. WcnuTtuearbeM je oSyxeaheHo 36 GonecHuka
ca akyTHoM WMBM u 28 GonecHuka ca aTepocKNepoTCKOM eHuedanonaTujomM.
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KoHTponiy rpyny je uuHuno 30 fonecHwka ca HesacKyAapHuM .oborserbma
CAMMHUX ONWUTUX KApakTepucTuka. VIcnuTaHa je NoBe3aHOCT NpoMjeHa y Xemo-
cTasHoM cuctemy (arperaywja TpombouuTa, aHTUTPOMOWH Tpu, D-aumep, npo-
TeuH C, npoTeun S, cdakTop VI, daktop VI, PAI-1) y 0HOCY Ha U3PaXEHOCT
MOXAaHe ATepocKnepose {ynTpacoHorpadckv) W y OJHOCY Ha nocMarpare
rpyne HonecHuka. Ha ocHOBY ¢eera U pesynTaTu OBOr MCTIMTUBArLA NOKA3ANM Cy
na Kog 6onecHuka ca MIBM nocToju 3HaqajHo noseharbe KOHUEeHTpauuje NpoKo-
arynaHTHux chakTopa, a CrvuHe npaMjeHe noctoje koa fGoneckHwka ca ar-
EpPOCKNEPOTCKOM eHuehanonarujoM, napaxede y Marboj Mjepu, a ga oy oBe
npoMmjeHe y YKynHOM Y3OpKy OOnecHuka, a nocefHO koj  Gorechuka ca
U3PaXEHOM MOXKAAHOM aTepOCKIePO30M, AIPUMAPHOT N XPOHWHHOT kapakTepa.

Kl uéne reél: mozak, arterioskieroza; ateroskleroza; mozak, veliki,
ishemija; hemostaza.
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