bpoj 5

BOJHOCAHUTETCKH ITPEIJIE]L

Crpana 505

The relationship between concentration of
Lp(a), changes in hemostatic system and
severity of ischemic brain disease

Major Assist. Prof. Ranko Raiéevic’*, MD, PhD, Lt. General Prof. Aco
J oviéic'*, MD, PhD, Assist. Prof. Pavle Jovi¢', PharG, PhD, Slavka Mandié-
Radié', BS, Major-General Prof. Mom¢ilo Krgovié¢, MD, PhD, Lt. Col.
Ljubo Markovi€', MD, MA, Capt. ist Class. Dragan Din¢i¢*, MD, MA,
Dragana Pordevi¢*, MD, PhD

Military Medical Academy, *Clinic of Neurology, 'Institute of Biochemistry, *Clinic of
Cardiology, 'Institute of Radiology, Belgrade

Vascular brain disorders are ranked the third as the causes of morbidity and mortality in
spite of the progress in diagnostic, therapeutical and preventive measures. Ischemic brain
disease is the most frequent of vascular brain diseases and it represents the most severe fi-
nal stage of cerebral artery atherosclerosis. Etiopathogenesis of atherosclerosis is still un-
clear and one of the acceptable hypothesis would be the one concerning the lipid oxida-
tion. 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 oxidative
matters, and endothelial dysfunction as the central change leading to coagulation system
disorder. According to these facts we have established the hypothesis that in patients with
IBD were found the changes in hemostatic system, which were in positive correlation with
the concentration of Lp(a) and the degree and severity of IBD. The study comprised 60
patients with acute ischemic brain disease (IBD). Control group was comprised of 30 pa-
tients with IBD of nonvascular genesis, the disease of the similar general features. We ex-
amined the correlation of changes in hemostatic system (platelet aggregation, antithrom-
bin I, D-dimer, protein C and S, factor VIII and PAI-1} and the degree and severity of
1BD and changes in concentration of Lp{a) in the mentioned groups of patients. Our re-
sults pointed out that in patients with IBD existed the significant increase of procoagulant
Jactors. Also, significant correlation was found between the increase of these factors and
the increase in concentration of Lp(a).

brain ischemia; lipoprotein(a); atherosclerosis; cerebral
arteries; ischemic attack, transient; brain infarction; he-
mostasis; blood coagulation disorders.
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Introduction

Due to the rapid development of science and technol-
ogy, medicine has a trend of creating highly specialized ex-
perts, who tend to have a tunnel vision. Frequently, we ne-
glect the multidisciplinary approach as well as the fact that
an organism is not only one organ, but a fine organization
of inter-relationships (1).

Vascular brain diseases are ranked the third as the
cause of morbidity and mortality in the majority of coun-
tries, independently of their medical technological progress
and socio-economic status. Ischemic brain disease (IBD) is
represented in 80% of the cases (2).

Primary disorder responsible for the development of
IBD is the atherosclercsis of cerebral arteries. There are
several hereditary and habitual factors influencing the pro-
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gression of this process. Since etiopathogenesis of athero-
sclerosis is still unclear, this study deals with the actual pro-
cesses leading to atherosclerotic cerebral changes, espe-
cially with hemorrheologic and coagulation disorders. Less
frequently the cause is lacunar infarction occurring during
fibrinoid degeneration of penetrating cerebral arteries due
to hypertension or brain infarction faused by cardiac origin
embolism (1-7).

Lipid oxidation is one of the theories explaining this
process. Oxidation of LDL and- Lp(a) occurs under the
activity of free radicals and enzymatic reactions. This in-
fluences the modificatien of apo B 100 (apoprotein spe-
cific for LDL), which leads to uncontrolled uptake of
LDL from monocytes and macrophages in which degra-
dation and deposition of cholesterol with foamy cell for-
mation occurs. This is the initial pathological process in
atherogenesis and therefore responsible for IBD. This, we
can say cascade system including extremly compiex
changes is responsible for atherosclerosis, which also
leads to IBD — the most severe and final atherosclerotic
brain complication. The main event in this system is the
change in hemorrheclogic mechanisms, primarily because
we are dealing with the factors influencing cerebral mi-
crocirculation (1-2, 8—27).

Investigating these changes, we can get an insight in
fine molecular changes at the level of ionic currents in is-
chemic tissue. Coagulation-anticoagulation system repre-
sents the dynamic balance allowing liquid blood state by
cascade processes.

Apart from these facts, there is also an intensive
lipid peroxidation in. atherosclerotic lesions, reduction of
prostacyclin production, increase in free radicals forma-
tion, during aging there is an increase of fibrinogen, anti-
plasmin, reduction of free heparin, increase in circulating
catecholamines with altered reaction to stress. Actually
all these factors are favorable for IBD development (1-3,
16-27).

On the other hand these processes make a disequilib-
rium in coagulation-anticoagulation system. Physiopa-
thologically, increased thrombocyte activity is the earliest
phase of atherogenesis in endothelial dysfunction.

So far, the significance of changes in coagulation-
anticoagulation system in patients with IBD is not com-
pletely explained, Based on these facts we have established
the following hypothesis: '

1. In patients with acute IBD exist significant changes
of coagulation-anticoagulation system;

These changes are in positive correlation with con-
centration of Lp(a) and severity of ischemic brain disease.

Methods

The study comprised 60 patierits who were hospitai—'
tzed in our clinic due to-transient ischenmic attackr(T-'IA),frcw'
versible ischemic attack (RIA) and "brain infarction (BI).
Control group comprised 30 patients withoat symptoms and
signs of atherosclerosis, immunologic, mﬂammatur\/, he-
matologic and malignant diseases.’

Upon the check-up, in each patient we have deter-
mined the degree of nmeurologic {Canadian -neurological
scale) and functional deficiency (Bartel's daily -activity
scale). :

Blood samples for determination of parameters oj <o-
agulation and anticoagulation activity . (activated . partial
thromboplastin time-a PTT), euglobulin test, platelet ag-
gregation, antithrombin ITL; fibrin degradation products, D- -
dimer, PAI-1, protein C and S, factor VII.and VIil} and
Lp(a) were taken from all patients with IBD and control
group immediately after the admission. or at least 72 hours
after the clinical picture was revealed. :

Between Lhe third and tenth day after the onset ot the
disease, computerized brain tomography (CT) or magnetic
resonance imaging (MRI) were performed and localization
and size of ischemic lesion were determined.

After the acute phase, upon the neurologic examina-
tion and degree of functional recovery, as well as neurora-
diologic findings, we have determined the degree of ische-
mic:brain disease usmg Grotta scale (28) ‘and analyzed the
correlation of changes in. coagulanomantxcaagula,uon Sy~
tem with the changes i m concentration of Lp(a) and severity
of IBD. All patients ‘with IBD received the same therapy.
Results were analyzed using Student’s test; biserial carrc!a
tion, and linear regression analysis. )

Coagulation-anticoagulation parametc(s WEIC and-
lyzed by the same analyst using Dade Behring reagens and
Behring Coagulation Apparature. Only for D-dimer we
used reagens from Boehringer Manheim and Diagnostica
Stago. o

* Results

After the scoring of 1BD severity we analyzed the .-
correlation between all paremeters of hemostatic system
and concentration of Lp(a). Patients. in control group
were almost 5 years younger than the patients with IBD,
but due to the high standard deviation this-was not sig- -
nificant.

No significant  differences of general chara_cteristics -

were found between the observed groups (Table 1). 7

Table 1
General characteristics of patients with IBD and control groups
Sex ' Age Patients
Male - Female Xt SD :
IBD 39 21 64.56 + 7.11 60
CD 19 11 59.98 + 6.96 36
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Significance of the association of changes in hemo-
static factors, and concentration of Lp{a} in all exami-
nees is presented in Tables 2, 3 and 4 and in Figures 1, 2
and 3.

2. Highly negative correlation was established between
antitrombin III and Lp(a) (p<0.001), negative correlation
between Lp(a), platelet aggregation (p<0.01), and protein
C (p<0.03), respectively.

Table 2
Hemostatic factors (IBD and control groups)
Hemostatic factors 1BD CG
X t SD X + SD

PAI-1 445 = 123" 268 + 1.22"%

D-dimer 330 +  134™ 179 + 135

AT I 0.84 + 0098 119 + 011"

F VIl 139 + 012 098 + 013"

Piat. agg. 789 + 145 896 + 178"

Protein C 0.87 + 008 139 + 009"

*p<0.05; ** p<0.01;** p<0.001
Table 3
Relationship of the concentration of Lp(a) between IBD
and control groups
Significance of correlation ] e = -
TIA p=0.032 r=0.376 e P =1
RIA p<0.0087 r=0.401 [ -
BI-M p<0.00034 r=0.523 =y
BL-S p<0.00023 r=0.554 % ~~~~~ S SR BN S :\:_\
TIA-transient ischemic attack; RIA-reversible ischemic at- 5 ' f o -aimer
tack; BI-M — brain infarction-moderate; BI-§ — brain in- } ﬁ% ., Lpta)
! o, AT III

farction-severe

Table 4
Relationship between concentration of Lp(a} and severity
of IBD (linear regression analysis}

Significance of correlation

IBD-total p<0.05; r=0.396
TIA p=0.67; r=0.265
RIA p<0.05; r=0.387
BI-M p<0.05; r=0.399
BI-S p<0.01; r=0.414
"b‘-q,\\o\B\c.urbc\anuao oo
. '\\\ .
LN
\\ f\;;\\\‘
N T
° - ) ‘:;\n‘o :\ca\\
T N ~¢,. Rogression
N ~d - 95% gonfid.

IBD severity

Fig. 1 — Correlation of Lp (a) and 1BD severity

1. Highly positive correlation was established between
PAI-1 and Lp(a) (p<0.001), positive correlation between
Lp(a) and D-dimer (p<0.01) and border-line positive cor-
relation between Lp(a) and F VIII {p=0.059);
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Fig. 3 — Relationship of Lp(a) - CG-TIA and BIS

Discussion

Vascular brain diseases are ranked the third as the
cause of morbidity and mortality in most countries inde-
pendently of medical technological progress and socio-
economic status. IBD is represented in 80% of cases (1, 2).

Primary disorder responsible for the development of
IBD is the atherosclerosis of cerebral arteries. There are sev-
eral hereditory and habitual factors influencing the progres-
ston of this process. Since etiopathogenesis of atherosclerosis
is still unclear, this study deals with the actual processes
leading to atherosclerotic cerebral changes, especially with
hemorrheologic and coagulation disorders (1-15).
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‘Etiology and pathogenesis of cercbral atherosciero-
sis and atherosclerosis in general are still not clearly de-
fined. On the other hand, numerous epidemiologic stud-
ies enabled the identification of multiple factors, which
contributed io the development of atherosclerosis and
scale of their importance was established. These factors
are known as atherosclerotic risk factors (1—3): arterial

~ hypertension, dyslipoproteinemia, diabetes and smoking.
Smoking on the other hand is not frequently associated
with 1BD.

In the most recent studies was shown that functional
characteristics of endothelial cells probably have the most
important role in atherogenic effects (13, 29— 34).

According to the obtainable literature data the leading
physiopathological events in cerebral atherosclerosis are
the disorders of lipids and their interaction with functional
and structural integrity of endothelial cells in arterial wall
(1-3,31-46).

Degrec of lipoprotein influx into arterial wall is the
product of lipoprotein concentration in plasma and degree
of permeability of arterial endothelium. Lipoprotein influx
is in linear correlation with lipoprotein plasma concentra-
tion, while permeability of arterial endothelium is individu-
ally variabile (1—3, 29—-46).

Important determinants are: size of lipoprotein parti-
cle and integrity of endothelial surface. Mechanical trauma,
immunological lesion and chemical trauma (smoking) are
the factors influencing these determinants (31 —46).

According to recent studies, increased Lp(a) plasma
concentration and low Al (apo A1) and apo B are the most
intensive atherogenic factors for the development of cere-
bral atherosclerosis as well as IBD as its most serious com-
plications (1-3, 47-54).

Oxidative hypothesis could be one of the explanations.
Under the influence of reactive oxidative products and en-
zymatic processes, oxidation of LDL and Lp(a) occurs,
which results in modification of apo B 100. The: conse-
quence is uncontrolled monocyte/macrophage intake of
LDL in which LDL degradation and cholesterol deposition
occurs with formation of foamy cells leading to initiation of
atherogenesis (1-3, 47—54).

This, we can say cascade system including extremly
complex changes, is responsible for atherosclerosis, which
also leads to IBD, the most severe and final atherosclerotic
brain complication. The matn event in this system is the
change in hemorrheologic mechanisms, primarly because
we are dealing with the factors influencing cerebral micro-
circulation (1-3, 47-69),

Investigating these changes, we can get an insight in
fine molecular changes at the level of ionic currents in is-
chemic tissue. Coagulation-anticoaguiation system repre-
sents the dynamic balance allowing - liquid blood state by
cascade processes.

It is important to. understand that during endothe-
lial dysfunction as a factor in development of atheroscle-
rosis, three main components influencing platelet activa-

tion are released: platelet activation = factor {PAF),
thrombin and collagen contact. Further more, platelet
factor 3 represernting thrombocinase; which can imtiate
coagulation process is released. Thus, thrombosis is a
complex interaction between platelet dctivation-and co-
agulation cascade with endothelial dysfunction ay the
inittial trigger (1-3, 31-46). '

Dynamic balance of these processes which creates hy-
uid state of the blood is the role of anticoagulation system
including antithrombin 111, protein C and S, as well as fibri:
nolytic system (31—46). _

Hypercoagulabile state is defined as a state in whuh
changes of coagulation, platelet activity and anticoagulation
mechanisms favour thrombogenesis.. -

These processes lead 1o the activation of hemostatic
system. Activated platelets release platelet factor 3 (active
thrombocinase), which activates Hageman's factor. This
process leads to the formation of thrombia, a strong ‘plate-
let activator. . :

In addition, if fibrinolytic failure is present, there is no
possibility to remove microthrombotic 1Jyers in eadothelial
lesions. The consequence is endothehal prolﬁexatlon {(1-2,
60—-75). )

Lipoprotein (a)-has an important role in' hemostatic
dysfunction. Lp(a) is composed of LIDL connected to specific
apo disulphide bonds. It has. high affinity for scavanger.
rriacrophage receptors and theré is a close correlation be-
tween its plasma concentration and deposition in atheroscle-
rotic lesions, more expressed thén for apo B (1-3, .31,
76—90).

Apo a is structurally similar-to plasminogen and the
consequence is competitive cffect against the same sub-
strate with reduction of plasmin prddixct'}on (1-3,.85~99).

Considering the microcirculation, human brain has
specific autoregulatory méchanisms of hemostatic. system.
On the other hand, this system-is not completely independ-'
ent on the changes in hemostatic system ‘in \ystemu cireu-
lation (1-3, 85-101). :

In states leading to the dwelepment of IBD of athe-
rothrombotic eticlogy, there are conditions for disorders of
hemostatic system with predomination of procoaguidm)n
mechanisms (1-3).

In this study, we have begun with the-fact that physiz
opathology of atherosclerom and IBD, respectively, cannot
be assesed according to individual disorders respansible for
its evotution. The aim was to point out the significance of
chain-cascade reaction. Qur idea was to show the signifi-
cance of laboratory findings; especially because they tepro.
sented relatively easy and cconomic methods.

We have registered high concentrations of D-dimer,
which is a sensitive marker for active coagulation and PA1-1
as a marker for the activated inhibition of fibrinolysis.

This correlation is the most important in patients with
IBD {p<0.001) for both parameters: Be"side:s; we-have reg-
istered positive correlation for rapid- platelet. aggregation,
as well as for low concentrations of antithromhin HI.
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These results point that these parameters in acute
phase of IBD, especially in the few first days, influence the
increased activation of plasma coagulation factors.

In the acute phase, conditions for pro-coagulation
were created, which was shown in our results. Also, it is im-
portant to mention that these changes are in the significant
correlation with the increased concentration of Lp(a) and
severity of IBD.

Conclusion

There is a significant increase in the concentration of
pro-coagulant factors in patients with IBD.

Also, comparing the observed parameters using the lin-
ear regression analysis we have found significant correlation
between changes in hemostatic system {procoagulant factors)
and increased concentration of Lp(a) and severity of IBD.
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MOBE3AHOCT KOHLEHTPALIMJA Lp(a) CA NPOMJEHAMA ¥ XEMOGTAZHOM
CUCTEMY M CTENEHOM TEXKUHE MCXEMWJICKE BONECTY MOSIA

BackynapHe 6onectu moara cy Ha Tpehem MeCTY 10 MOPTanAnTeTy i Mop-
6UANTETY HE3ABWCHO Of HanpeTKa y AWjarHOCTUHKUM, Tepanujckum u npeseH-
TABHUM Npolegypama. Mcxemujcka 6onecT Moara npegcrasmsa G6Grecr ca- Ha-
jBehom yuecTanowhy mehy BackynapHum GonectuMa moara U npeacrasiba Ha-
jTeXu n nNocrbearbu CTajiniym yepebpante aTepocknepose. EtucnatoreHeaa at-
epocknepose jol Huje AOBOILHO jacHa anW je HajnpuxeaTr-iBuia xunoresa fa
AMNUAHA Nepoxcubaumia: uMa y ToMe HajsHadajHviy ynory. Opx oBe xunotese
npeAcTasbeHa je YarbeHWLOM Aa OKcuaaTsHa Mofutbukauuia LDL u Lp(a)
ykiby4yje 6pojHe naTodusuonowke akTope ca UeHTPAaNHOM YA0roM peakTie-
HUX OKCUAATUBHUX MaTepuja y3 AWCDYHKUMlY. esaoTena Kao ueHTpanHor
nopemehaja wTo Boan nopemehajy koarynauvoHor cuctema. lNonasehu og osora,
(hopMynuUcarnu cmo xunoTeay aa Kog bonecHuka ca MCXEMUICKO Bonewhy Mosra
nocToje NPOMjeHe Y XEMOCTA3HOM CUCTeMY KOje CY Y MO3UTUBHO]-Kopeiauwju ca
KOHUeHTpauujom Lp(a) u cTeneHom Texute Ucxemujcke Gonectu moara (MBM).
Wicnutusarbem je obyxeaheHo 60-GonecHuka ca ‘aKyTHOM MCXEMUCKOM -Bonewhy
m03ra, u 30 60necHUKa (KOHTpONHa rpynia) ca HEeBaCcKYNapHoM reHesom obo-
Mbetba CAWHHAX OMNWTWX KapakrepucTuka., Mu cmo - ucnuTusanm Kopenaunjy
NpOMjeHa Yy XEMOCTA3HOM CUCTeMy (arperatuja Tpoméouma AHTUTPOMEUH TDY,
D-pumep, npoteunHa C u S, thaktopy 7 n 8 v uHxubuTop-1 akTMBaTOopa NAa3MUHO-
reHa (plasrminogen activator inhibitor-1) (PAI-1) y ogHOCY Ha cTeneH Texwhe UEM -
¥ TIPOMjeHe ¥ KOHLeKTPalmjama Lp(@) y ucnuTusaqmm rpyfaiva. PesynraTi cy no-
Kasafin fga koj BonecHuka ca MBM nocToju 3HavajaH nopacT nNpoKoaryfaHTHIX -
takTopa. Takofe, NOCTOM 3HA4AJHO UIpAXKeHa No3UTMBHA KopenaLyia uameny
nopacTa opux hakTopa v nosehannx KoHueHTpauvja Lp{a).-

Key words:

mozak, ishemija; lipoprotein(a); ateroskleroza; aa. -

cerebri; mozak, prolazna ishemija; mozak, infarkt;
hemostaza; krv, poremeéaji koagulacije.



