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Abstract

Background. The development of intraluminal thrombus in the abdominal aortic aneurysm (ILT) is a natural
reaction to lesion of the arterial wall. Local haemostatic processes and secondary thrombolysis in the intralu-
minal thrombus, through the stimulation of proteolysis in extracellular matrix, may constitute one of the
factors that lead to aneurysm rupture. In our study, we evaluated the coagulation and fibrinolytic parameters
in the abluminal layer of the thrombus within the aneurysmal sack in order to find the differences between the
thin (< 10 mm) and the thick parts.

Material and methods. The sections sampled for the study were harvested from the thick (> 25 mm) and
thin (< 10 mm) slices of the ILT obtained from the same 32 abdominal aortic aneurysms, namely from the
layer directly adjacent to the aneurysmal wall. The tissue factor activity, antiheparin and antithrombin activ-
ity, plasminogen content, plasminogen activator levels and concentration of D-dimers in the samples were
measured.

Results. The activities of the tissue factor and antiheparin activity in the abluminal layer of the ILT were
statistically significantly higher in the thin thrombi than in the thick ones (p < 0.001). Thin thrombi revealed
significantly higher plasminogen (p < 0.001) and D-dimer (p < 0.01) concentrations when compared to
thick thrombi, while the activity of plasminogen activators was higher in the thick thrombi (p < 0.05).
Conclusions. The abluminal layer of the thin thrombus (up to 10 mm) of the abdominal aortic aneurysm
shows higher activities of coagulative processes when compared to thicker thrombi (> 25 mm); moreover,
this site reveals strong secondary activation of the fibrinolytic system. Further investigation of the association
between coagulation/fibrinolytic activity and proteolysis occurring within the AAA wall requires evaluation of
such processes with regard to differences in the thickness of the thrombus.
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Streszczenie

Wstep. Tworzenie sie zakrzepu wewngqtrz tetniaka jest naturalng reakcjq na uszkodzenie $ciany naczynia.
Miejscowe procesy hemostatyczne i wtérna tromboliza w zakrzepie przysciennym poprzez stymulowanie
proteolizy matrix pozakomdrkowego mogq by< tez jednym z czynnikéw prowadzqcych do pekniecia tetniaka.
W pracy oceniono wybrane parametry krzepniecia i fibrynolityczne w zakrzepie, w warstwie przylegajqcej bez-
posrednio do sciany tetniaka, poszukujgc réznic pomiedzy cienkg, do |0 mm, a grubszqg czesciq zakrzepu.

Address for correspondence (Adres do korespondencji):

Dr hab. med. Mitostaw Cnotliwy, Klinika Chirurgii Naczyniowej, Ogdlnej i Angiologii PAM
Al Powstancow Wikp. 72, 70—1 | | Szczecin, Poland

tel: +48 (91)466 |1 56, fax: +48 (91)466 || 57

e-mail: menotliwy@wp.pl

114



Clotting in aortic aneurysm thrombus, Cnotliwy et al.

Materiat i metody. Do badania pobierano skrawki z grubej (ponad 25 mm) i cienkiej (do 10 mm) czesci
zakrzepu, uzyskanego z 32 tetniakow aorty brzusznej (AAA), z warstwy przylegajgcej bezposrednio do sciany
tetniaka. W materiale oznaczono aktywnos¢ czynnika tkankowego (TF), aktywnosc antyheparynowq (AH)
i antytrombiny (AT), zawartos¢ plazminogenu (Plg), stezenie aktywatordw plazminogenu (PA) i stezenie
D-dimeréw (DD).

Wyniki. Aktywnosc TF i AH w przysciennej warstwie zakrzepu tetniaka byty znamiennie wyzsze w zakrze-
pach cienszych niz grubszych (p < 0,001). W zakrzepach cieriszych stezenie Plg (p < 0,001) i D-D
(p < 0,01) byto znacznie wyzsze niz w zakrzepach grubszych, natomiast aktywnos¢ PA byta wyzsza
w zakrzepach grubszych (p < 0,05).

Whioski. Warstwa przyscienna cienkiego zakrzepu (do 10 mm) AAA cechuje sie aktywniejszymi procesami
krzepniecia w poréwnaniu z grubszym (ponad 25 mm), w tym silnie wyrazong wtdrng aktywacjq ukfadu
fibrynolizy. W badaniach zaleznosci pomiedzy aktywnoscig procesow krzepnieciaffibrynolizy a proteolizg sciany
tetniaka powinno sie uwzgledniac roznice grubosci zakrzepu przysciennego (ILT).

Stowa kluczowe: tetniak aorty brzusznej (AAA), zakrzep przyscienny (ILT)

Introduction

The role of the intraluminal thrombus (ILT) in the
pathogenesis of abdominal aortic aneurysm (AAA) and
its rupture remains unclear. Both the AAA wall and
ILT are sites of primary and secondary enzymatic and
inflammatory processes [1-10]. The thrombus is for-
med as a haemostatic reaction to the wall lesion and
may be important in biomechanical protection against
rupture. Although the fact that ILT also plays a de-
structive role results from local hypoxia of the under-
lying wall [8] and stimulation of proteolysis of its struc-
tural elements [3, 10]. Some authors suggest differen-
tial localization of proteolytic enzymes and fibrinolytic
factors enhances proteolysis within the thrombus lay-
ers [3, 10]. Interestingly, none of the recent papers
concerning the relationship between proteinase acti-
vators and proteinases has focused on the differences
between thin and thick parts of the thrombus. The
thin ILT facilitates penetration of blood cells and pla-
sma factors from the luminal towards the juxtamural
part of the thrombus to the aneurysmal wall [5].
It should be expected that the abluminal layer of the
thin ILT shows more intense proteolysis and clotting
processes compared to the thicker one because it
might be induced by activators secreted from the wall,
stored in the thrombus and adsorbed from plasma.
Clot formation and local fibrinolysis within the ablu-
minal layer of the thrombus may be a chain link of re-
action leading to destruction of the aneurysmal wall
and, as a result, to the rupture of the aneurysm. Based
on several reports regarding the size, situation of ILT
within the aneurysmal sac and the place of the aneu-
rysm rupture, a hypothesis can be proposed that a wall
covered by a thin thrombus is more prone to rupture
than a wall covered by a thicker one [I 1-16].

Wstep

Rola zakrzepu przysciennego (ILT) w patogenezie
tetniaka aorty brzusznej (AAA) i jego peknieciu jest nie-
jasna. Zaréwno $ciana tetniaka, jak i zakrzep sa miejsca-
mi pierwotnych i wtérnych proceséw zapalnych i enzy-
matycznych [|-10]. Zakrzep powstaje jako naturalna re-
akcja hemostatyczna wobec uszkodzenia $ciany aorty
i moze by¢ jednym z czynnikéw biomechanicznej pro-
tekcji przed jej peknigciem. Zakrzep przyscienny odgry-
wa tez role destrukcyjna poprzez wywotywanie miej-
scowego niedotlenienia $ciany tetniaka pod zakrzepem
[8] i stymulowanie proteolizy strukturalnych elementéw
$ciany [3, 10]. W zadnej z dotychczas opublikowanych
prac dotyczacych zaleznosci pomiedzy proteinazami
a ich aktywatorami pochodzacymi z zakrzepu nie uw-
zgledniono réznic wynikajacych z grubosci ILT. Cienki
zakrzep pozwala na penetrowanie elementéw morfo-
tycznych krwi i czynnikéw osoczowych od $wiatla tet-
niaka do warstwy zakrzepu przylegajacej do jego Sciany
[5]. Mozna przypuszcza¢, ze ta warstwa w cienkim za-
krzepie wykazuje bardziej wzmozong proteolize i bar-
dziej aktywne procesy krzepnigcia, poniewaz moga one
by¢ indukowane przez czynniki pochodzace ze $ciany
AAA, zgromadzone w zakrzepie lub adsorbowane z su-
rowicy krwi. Krzepniecie i miejscowa fibrynoliza w przy-
$ciennej warstwie zakrzepu moga by¢ czescig tancucha
reakcji prowadzacych do zniszczenia $ciany tetniaka
i w rezultacie do jego pekniecia. Opierajac sie na wielu
obserwacjach dotyczacych rozmiaru AAA, umiejscowie-
nia zakrzepu wewnatrz worka tetniaka i miejsca peknie-
cia, mozna przyja¢ hipoteze, ze $ciana tetniaka przykry-
ta cienkim zakrzepem jest podatniejsza na rozerwanie
niz $ciana lezaca pod grubym zakrzepem [1 1-16].

Aby zweryfikowac te teze, poréwnano wybrane pa-
rametry krzepniecia i fibrynolizy w cienkiej i grubej czesci

www.angiologia.pl 115



Acta Angiol., 2007, Vol. 13, No. 3

To verify this proposition we compared some co-
agulation and fibrinolytic parameters in the layer of the
thrombus directly adjacent to the aneurysmal wall, be-
tween the thinner and thicker parts of the intraluminal
thrombus.

Material and methods

The study enrolled 32 consecutive patients (3| ma-
les and | female) scheduled for elective surgery due to
AAA, in whom pre-surgery ultrasound or computed
tomography revealed the presence of intraluminal
thrombus sized minimum 25 mm at the largest width
and maximal |0 mm at the thinnest part. The patients’
mean age was 68 years (range 50-79 years); coexi-
sting arterial hypertension was found in 56% of pa-
tients, coronary artery disease in 47%, chronic bron-
chitis in 16%, diabetes mellitus in 7% and 74% of pa-
tients were active smokers. The diameter of the aneu-
rysm ranged from 50 to 100 mm, mean diameter was
59 mm. The thickest layer of the ILT in 85% of cases
covered the anterior wall. The study material consi-
sted of 2-3 mm thick slices of ILT directly adjacent to
the aneurysmal wall, sampled from the thinnest part
of the thrombus (= 10 mm) and the thickest part (=
25 mm) from the same sac, as shown in Figure |. The
blood clot sampled from the jugular vein comprised
the control. The patients were not administered he-
parin prior to this procedure.

Immediately after sampling, the thrombus was wa-
shed in saline and the homogenate was prepared. The
tissue factor (TF) activity, antiheparin (AH) activity, an-
tithrombin (AT) activity, plasminogen content (Plg), pla-
sminogen activator (PA) levels and D-Dimers (D-D)
were measured. Preparation of homogenate, storage
and TF, AH and AT measurements were performed
according to the protocol described by Gacko et al. [9].
Plasminogen was measured by chromogenic assay using
the Berichrom-Plasminogen-Dade Behring test; D-Di-
mers were measured by immunoturbidimetric assay
using D-Dimer PLUS-Dade Behring test; and PA levels
were measured by ELISA method using the Diagnostica
Stago test.

The data were statistically compared using a STATI-
STICA software package (Start Soft, USA). Statistical
analysis was performed using Student’s t-test and two-
factor-ANOVA. Logarithmic transformations were ap-
plied for D-dimers. In addition, a post hoc Tukey's test
was carried out. A p value < 0.05 was considered signi-
ficant. All of the data are presented in the tables as mean
values =+ standard deviation.

The study protocol has been accepted by the local
bioethical committee.

Figure I. Transverse view of AAA sac demonstrating the
places of ILT sampling. A — sample collected from the thin
part of ILT; B — sample collected from the thick part of ILT

Rycina |. Poprzeczny przekroj tetniaka z oznaczonymi
miejscami pobrania prébek zakrzepu. A — prébka pobrana
z cienkiej czesci zakrzepu; B — prébka pobrana z grubej
czesci zakrzepu

zakrzepu, w warstwie przylegajacej bezposrednio do
$ciany tetniaka.

Material i metody

Do badania wigczono kolejnych 32 chorych (31 mez-
czyzn, | kobieta) zakwalifikowanych do elektywnej ope-
racji z powodu AAA, u ktérych w USG lub badaniu to-
mografii komputerowej (CT) wykonywanym przed ope-
racja wykazano obecnos¢ skrzepliny przysciennej, kto-
ra w najszerszym miejscu miafa minimum 25 mm i nie
wiecej niz 10 mm w najwezszym miejscu. Wiek cho-
rych wynosit $rednio 68 lat (50-79); u 56% pacjentow
wspdtistniato nadcisnienie tetnicze, u 47% chorych
— choroba wiericowa, | 6% badanych cierpiato na prze-
wlekty niezyt oskrzeli, 7% chorowato na cukrzyce,
74% czynnie palito tyton. Srednica tetniaka wahata sie
50-100 mm — srednio 59 mm. Najgrubsza warstwa
skrzepliny przysciennej w 85% przypadkéw byta zloka-
lizowana z przodu.

Materiat do badania stanowity skrawki, 2-3 mm
skrzepliny przysciennej przylegajacej bezposrednio do
$ciany tetniaka, pobierane z najgrubszej i najcienszej
czesci zakrzepu tego samego tetniaka (ryc. I). Skrzep
krwi pobranej z zyty szyjnej byt materiatem poréwnaw-
czym. Przed pobraniem materiatu u chorych nie stoso-
wano heparyny. Natychmiast po pobraniu prébki za-
krzepu ptukano w roztworze soli fizjologicznej i wyko-
nywano homogenat. W uzyskanym materiale oznaczo-
no aktywnos¢ czynnika tkankowego (TF), antyhepary-
nowa (AH), antytrombiny (AT), zawarto$¢ plazmino-
genu (Plg), stezenie aktywatoréw plazminogenu (PA)
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Table I. Comparative analysis of coagulative and fibrynolytic parameters of ILT related to its thickness and retracted blood
clot. A— thin part of ILT; B — thick part of ILT; *after logarithmic transformation

Tabela I. Poréwnanie wynikéw oznaczen parametréw aktywnosci krzepniecia i fibrynolizy w cienkiej i grubej czesci
zakrzepu oraz skrzepie krwi. A — cienka cze$¢ zakrzepu; B — gruba czes¢ zakrzepu; *po transformacii logarytmicznej

Determinated factor | 2 3 ANOVA Tukey’s test (p<)
Sample A Sample B Retracted blood clot Pr<) Test Tukeya

Oznaczane parametry Préobka A Prébka B Skrzep krwi 1:2 1:3 2:3
TF activity [s] 65,9 £ 22,7 1192 + 48,4 116,3 =433 0,001 0,001 0,001 NS
Aktywnos¢ TF

AH activity [s] 25480 37,7+ 158 239+59 0,001 0,001 NS 0,00l
Aktywnos¢ AH

AT activity [s] 22418 223+ 1,6 22619 NS NS NS NS
Aktywnos¢ AT

Plg (%) 29,2 = 10,1 152+ 11,3 7,71 +47 0,001 0,001 0,001 0,0l
PA [ng/ml] 58=55 9,0+87 2,710 0,001 0,05 0,05 0,00l
D-D [ug/] 1833 + 2748 498 = 852 360 + 635 0,001* 0,01* 0,001* 0,05*

TF — tissue factor (czynnik tkankowy); AH — antiheparin (antyheparynowy); AT — antithrombin (antytrombina); Plg — plasminogen (plazminogen); PA — plasminogen
activator (aktywator plazminogenu); D-D — D-dimers (D-dimery); NS — non significant (nieznamienne statystycznie)

Results

The results of measurements of coagulation activity
(tissue factor activity, antiheparin activity and antithrombin
activity) and the results of measurements of fibrinolytic
activity (plasminogen content, plasminogen activator activi-
ty and D-Dimer concentrations) are shown in the Table I.

Statistical analysis revealed that TF activity was signi-
ficantly higher in the intraluminal thrombi than in the blo-
od clots (p < 0.01), while antiheparin activity was higher
in the blood clots than in the intraluminal thrombi (p <
< 0.01). Analysis of TF and AH activities in the intralumi-
nal thrombi with regard to their thickness revealed that
both TF and AH activities were significantly higher in the
thinner than in the thicker thrombi (p < 0.001), as shown
in Figure 2. There were not significant differences in anti-
thrombin activity between the blood clot and ILT.

Analysis of fibrinolytic activity in the homogenates
revealed that the total content of fibrinolytic factors was
higher in the intraluminal thrombi than in blood clots.
However, analysis of fibrinolytic factor contents in thin-
ner and thicker parts of ILT revealed that the thinner
thrombus showed significantly higher plasminogen con-
centrations (p < 0.001) and D-Dimer concentrations
(p < 0.01), while the activity of plasminogen activators
was higher in the thicker thrombi (p < 0.05). These
results are shown in Figure 3.

Discussion
One of the elements that binds clotting and fibrino-
lysis processes within the thrombus and proteolysis of
the structural proteins in aortic media is activation of
matrix metalloproteinases caused by plasmin. Develop-
ment and rupture of an aneurysm are associated with

i D-dimeréw (D-D). Przygotowanie homogenatu, jego
przechowanie oraz oznaczenia TF, AH i AT przepro-
wadzono wedtug procedury opisanej przez Gacko i wsp.
[9]. Zawartos¢ plazminogenu mierzono metoda chromo-
genng, stosujac test Berichrom Plasminogen-Dade Beh-
ring, D-D metodg immunoturbidymetryczna za pomoca
testu D-Dimer PLUS-Dade Behring, natomiast stezenie
PA metoda ELISA, stosujac test Diagnostica Stago.

Dane statystyczne opracowano za pomocg progra-
mu STATISTICA (StartSoft, Stany Zjednoczone). Anali-
ze statystyczng przeprowadzono przy uzyciu testu
t-Studenta i dwuczynnikowego ANOVA. Dla D-D za-
stosowano transformacje logarytmiczna. Dodatkowo
przeprowadzono test Tukeya. Réznice uznano za zna-
mienne statystycznie dla p < 0,05.

Badanie uzyskato akceptacje Komisji Bioetycznej
Pomorskiej Akademii Medycznej w Szczecinie.

Wyniki

Wyniki oznaczen aktywnosci krzepniecia (pomiar
aktywnosci TF, aktywnosci AH i AT) oraz wyniki ozna-
czen aktywnosci fibrynolitycznej (pomiar zawartosci Plg,
aktywnosci PA i stezenia D-D) przedstawiono w tabeli|.

W analizie statystycznej wykazano, ze aktywnos¢ TF
byta znamiennie wyzsza w zakrzepach przysciennych niz
w skrzepie krwi (p < 0,01), natomiast aktywnos$¢ AH
byta wyzsza w skrzepach krwi niz w zakrzepach
(p < 0,01). Analizujac aktywno$¢ TF i AH w zakrzepach
w zaleznosci od ich grubosci okazato sie, ze zaréwno TF,
jak i AH byty znamiennie wyzsze w zakrzepach cienszych
niz grubszych (p < 0,001) (ryc. 2). Nie stwierdzono istot-
nych réznic w aktywnosci antytrombinowej pomiedzy
kontrolnym skrzepem krwi a zakrzepem przysciennym.
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Figure 2. Figure 2. Coagulative activity characterized by tissue factor (TF) and antiheparin (AH) activities in abluminal layer of
the ILT related to its thickness. A — thin part of ILT; B — thick part of ILT

Rycina 2. Poréwnanie aktywnos¢ krzepniecia na podstawie oznaczen aktywnosci czynnika tkankowego (TF) i aktywnosci anty-
heparynowej (AH) w cienkiej i grubej czesci zakrzepu. A — cienka czes$¢ zakrzepu; B — gruba czg$¢ zakrzepu

increased activity of MMPs, particularly MMP-9 within
the wall and intraluminal thrombus [18-22]. The main
sources of MMP-9 release are granules of polymorpho-
nuclear leukocytes and macrophages present within the
ILT [3]. The amount of these cells increases in the lay-
ers located closer to the lumen [3-5]. The luminal part
of the thrombus shows more cellular penetration and
a better organized fibrin network than in the more di-
stant sites. This is due to the canaliculi connecting the
luminal surface and the deeper parts of the thrombus
up to 10 mm [5]. The latent form of MMP-9 is activated
by cytokines, oxygen radicals and plasmin; the latter may
independently cause the damage of the extracellular
matrix [19, 23-25]. It has been proven that plasmino-
gen as a plasmin substrate occurred only in the throm-
bus, while the plasmin showed activity in both the throm-
bus and aneurysmal wall [3, 10]. The tissue plasmino-
gen activator (t-PA) and urokinase plasminogen activa-
tor (u-PA) are released from the endothelial cells. Fon-
taine et al. described the presence of free forms of u-
PA and t-PA exclusively within the aneurysmal walls.

Oceniajac aktywnos¢ fibrynolityczng w homogena-
tach, zaobserwowano, iz zawarto$¢ wszystkich czynni-
kow fibrynolitycznych byta wyzsza w ILT niz w skrzepie
krwi. Poréwnujac jednak stezenie tych czynnikéw w za-
krzepach grubych i cienkich, wykazano, ze w zakrzepach
cieriszych stezenie Plg (p < 0,001) i D-D jest znacznie
wieksze (p < 0,01), natomiast aktywnos¢ PA byta wy-
zsza w zakrzepach grubszych (p < 0,05) (ryc. 3).

Dyskusja

Jednym z elementéw wiazacych procesy krzepniecia
i fibrynolizy w zakrzepie a proteoliza biatek strukturalnych
w warstwie $rodkowej $ciany aorty jest aktywacja matrix
metalloproteinaz (MMP) przez plazmine. Powigkszanie
i pekniecie tetniaka wiaze sie ze wzros-tem aktywnosci
MMP, zwtaszcza MMP-9 w $cianie oraz w przysciennym
zakrzepie [17-22]. Gtéwnym zrédtem metalloproteinazy
MMP-9 s3 ziarnistosci leukocytéw wielojadrzastych i ma-
krofagi znajdujace sie migdzy innymi w skrzeplinie przy-
$ciennej [3]. Liczba tych komdrek zwigksza sie w war-
stwach blizszych kanatowi przeptywu krwi [3-5].
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Figure 3. Fibrinolytic activity characterized by plasminogen (Plg) and D-dimers (D-D) levels in abluminal layer of the ILT related

to its thickness. A — thin part of ILT; B — thick part of ILT

Rycina 3. Poréwnanie aktywnosci fibrynolitycznej na podstawie oznaczen zawartosci plazminogenu (Plg) i D-dimeréw (D-D)
w cienkiej i grubej czesci zakrzepu. A — cienka czes$¢ zakrzepu; B — gruba czes¢ zakrzepu

Carrell found these forms also within the abluminal lay-
er of the thrombus; however, their activities were si-
gnificantly lower [3, 10]. The levels of plasminogen acti-
vator inhibitor are similar in the aneurysm wall and ju-
xtamural thrombus [10].

The results of our study indicate that coagulative
activity measured by activity of the tissue factor and
antiheparin activity is more pronounced in the ablumi-
nal layer of the thin thrombus (up to maximal thickness
of 10 mm) compared to the thick one. This leads to the
secondary activation of fibrinolysis. Due to higher levels
of Plg and D-D, one would expect higher levels of pla-
sminogen activators in the thin thrombus (PA); however,
we obtained the opposite result. We found higher PA
activity contained in the abluminal layer of the thick throm-
bus (= 25 mm) compared to the thinner (< 10 mm) one.
This could be explained by better accessibility of PAI
adsorbed from plasma to the juxtamural layer of the
thin thrombus. Another possible explanation could be
the limited plasminogen access to the deeper part of
the thrombus, especially the thicker one. This is sup-
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Ta warstwa ILT cechuje sie tez lepiej zorganizowang
siatka fibrynowa niz warstwy bardziej oddalone. Penetra-
cja komérek jest mozliwa dzieki obecnosci w zakrzepie,
do okoto 10 mm, systemu kanalikow taczacych kanat prze-
ptywu krwi z kolejnymi warstwami skrzepliny przyscien-
nej [5]. Latentng posta¢ MMP-9 aktywuja cytokiny, rodni-
ki tlenowe i plazmina, ktéra réwniez sama moze powo-
dowac¢ niszczenie matrix pozakomérkowego [ 19, 23-25].
Wykazano, ze Plg jako substrat plazminy jest obecny
tylko w zakrzepie, a plazmina jest aktywna zaréwno
w zakrzepie, jak i w $cianie tetniaka [3, 10]. Tkankowy
aktywator plazminogenu (t-PA) i urokinazowy (u-PA)
s3 uwalniane z komérek srédbfonka. Fountain i wsp.
stwierdzili obecno$¢ wolnych form u-PA, jak i t-PA tyl-
ko w $cianie tetniaka. Carrell natomiast wykazat ich ak-
tywnos¢ takze w przysciennej warstwie zakrzepu, cho-
ciaz ich aktywnos¢ byta znacznie mniejsza [3, 10]. Ste-
zenie inhibitora aktywatora plazminogenu (PAl) jest po-
dobne w $cianie, jak i ILT [10].

Wyniki badania przeprowadzonego przez autoréw
niniejszej pracy wskazuja, ze aktywnos$¢ krzepniecia,
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ported by the higher levels of Plg, as plasmin substrate,
that we observed in the abluminal layer of the thin
thrombus. Therefore, enhanced proteolysis in the AAA
wall may result from high plasmin activity in the ablumi-
nal layer of the thin thrombus covered aneurysmal wall.
Both phenomena might be possible because of throm-
bus structure. According to Carrell, low plasminogen
activator levels in the abluminal layer of the thrombus
do not result from the local inhibition of activity but from
the action of activators derived from the aneurysmal
wall [10]. Comparing our results with others, we may
note that there are huge differences in clotting and fi-
brinolytic parameters in abluminal layers between the
thin and thick thrombi. The thesis by Carrell stating that
the activation of plasminogen through the activators
derived from the aneurysmal wall would increase pla-
smin and secondary gelatinase B activity may be applied
only to the thick thrombus [10]. It is more likely that
plasminogen is activated by factors released from the
AAA wall and components adsorbed from plasma [3,
25-27]. Thus, higher protease activation by plasmin may
be expected at the interface between the aneurysmal
wall and the thin thrombus; as a result, that site may be
more prone to rupture.

Conclusions

I. Abluminal layer of the thin intraluminal thrombus of
AAA reveals higher activity of clotting processes
compared to the thicker one. Activation of fibrinol-
ysis is a secondary reaction.

2. Correlation between clotting processes and prote-
olysis occurring within the aneurysmal wall should
be further investigated with regard to differences in
thrombus thickness.
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