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Abstract

Inflammation of the venous wall is involved in thrombogenesis, thrombus resolution, wall remodeling and the
post-thrombotic syndrome. Different mechanisms are involved in both arterial and venous thrombosis and pa-
tients with atherothrombosis hold a higher risk of venous thrombosis. Although inflammation may represent the
connection between arterial and venous thrombosis, it is not yet sure if it is the cause or consequence of venous
thrombosis. Consequently, the relationships between inflammation markers as indicators of the inflammatory pro-
cess and clinical venous thromboembolism need to be investigatd. For example, inflammation mediators such as
the pro-inflammatory cytokines interleukin 8 (IL-8), IL-6, monocyte chemotactic protein 1 (MCP-1), C Reactive
Protein (CRP), vascular cell adhesion molecule 1 (VCAM-1), intercellular adhesion molecule 1 (ICAM-1), matrix
metalloproteinases and tumor necrosis factor alpha (TNF alpha) are all involved in thrombogenesis. Studies of
venous thromboembolism on animal models proved that there are specific phases of the inflammatory process in
venous thromboembolism and thrombus resolution. Knowing the molecular and immunologic mechanisms, iden-
tifying and understanding the inflammation markers which are relevant for venous thrombosis, can help to target
specific pathways and to develop future therapies of this disease.
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Introduction

Inflammation was recently established as involved at different levels in the same activa-

a possible mechanism that determines venous
thrombosis formation. Recent data indicates that
thrombus formation inside a vein is determined
by inflammation of the vascular wall and that
the systems of coagulation and inflammation are

tion pathway. The first step in the formation of
thrombus is activation of platelets, leukocytes,
and endothelial cells, followed by initiation of
inflammation and generation of microparticles,
induction of tissue factor, triggering the coagu-
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lation system. Inflammation is involved not only
in thrombogenesis, but also in thrombus resolu-
tion and remodeling of the venous wall. How-
ever, the real connection between markers of
inflammation and venous thromboembolism is
not completely understood. By knowing the mo-
lecular and immune mechanisms and identifying
the inflammation markers relevant for venous
thrombosis we might identify targets for future
therapies of this disease [1].

Inflammation - the connection between
arterial and venous thrombosis

Deep venous thrombosis is a multifactorial
condition. The physiopathological mechanisms
of venous thromboembolism include endothelial
destruction, stasis and hypercoagulability [1]. In
the last years, inflammation has been acknowl-
edged as a possible mechanism through which
several risk factors determine the formation of
venous thrombus. Animal studies demonstrated
that thrombosis leads to an inflammatory re-
sponse of the vein wall, which implies activa-
tion of neutrophils and expression of selectins,
inflammatory cytokines and cell adhesion mol-
ecules [2]. It was proven that leukocytosis con-
tributes to venous thrombosis by destruction of
endothelium, and leukocytosis together with the
systemic inflammatory response are important
factors in determining the short term prognosis
of venous thromboembolism [3,4].

An important argument in favor of the im-
pact of inflammation in venous thromboembo-
lism is the elevated risk of venous thrombosis
and embolism in different inflammatory diseas-
es, such as vasculitis, sarcoidosis, rheumatoid
arthritis, inflammatory myopathies, gout, celiac
and inflammatory bowel disease and perhaps
other autoimmune diseases [5-12].

Clasically, the physiopathology of throm-
bosis was separated into the arterial and venous
thrombosis. Venous thrombosis was associated

with formation of red thrombi, rich in fibrin and
erythrocytes, while white arterial thrombi are
rich in platelets. Venous thrombi contain two
regions: one including mainly erythrocytes and
fibrin (red thrombus), while the other is pre-
dominantly made of aggregated platelets (white
thrombus). Components rich in fibrin have a role
in attaching thrombi to the arterial wall, while the
components rich in platelets have been detected
far from the attachment site. These observations
suggest that coagulation precedes platelet activa-
tion and aggregation, fibrin formation being the
first event occurring in venous thrombosis [1].

In the last decades, the concept of different
mechanisms involved in both arterial and venous
thrombosis (a fundamental role of inflammation)
was partially demonstrated by the evidence sug-
gesting that patients with atherothrombosis hold
a higher risk of venous thrombosis. Atheroscle-
rosis is associated both with activation of plate-
lets and of the coagulation cascade, which can
lead to thrombotic complications. Presently, it is
extensively recognized that, initiation of the co-
agulation cascade with generation of thrombin
and deposit of fibrin as a consequence of inflam-
mation is perhaps implicated in both arterial and
venous thrombosis pathogenesis [1,13].

Furthermore, the fact that inflammation is a
key process is suggested by the relationship be-
tween arterial and venous thrombosis and sev-
eral common risk factors: old age, high BMI
(body mass index), hypercholesterolemia, arte-
rial hypertension, smoking, diabetes mellitus,
lupus anticoagulant and hyperhomocysteinemia.
Moreover, the metabolic syndrome - abdominal
obesity, insulin resistance, arterial hypertension,
hypertriglyceridemia, low HDL (high density li-
poprotein) cholesterol — an important risk factor
of the atherosclerotic disease, has been recent-
ly associated with venous thromboembolism
[4-15].

It has also been demonstrated that there is
a relationship between subclinical and clinical
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atherosclerotic disease and venous thromboem-
bolism. Patients with primary venous thrombot-
ic events have significantly higher prevalence of
carotid plaques, carotid intima-media thickness
and number of carotid segments affected com-
pared with those with secondary events of same
sex and age and case control patients with no
thrombosis. In patients with idiopathic venous
thrombosis, endothelial dysfunction has also
been noticed [1,15].

It has been proven that there is a link be-
tween manifest atherosclerotic disease and ve-
nous thromboembolism. The survivors of a
myocardial infarction had a 2.1 higher risk of
venous thromboembolism in the follow up peri-
od, but the risk was 5 times higher in the first 90
days after the event. Furthermore, an association
has been found between venous thromboembo-
lism and peripheral artery disease of the inferior
limbs. The link between arterial and venous dis-
ease has been confirmed by a study that proved
that patients with venous thromboembolism
hold a risk of arterial events almost 3 times high-
er compared to the control group [1,13].

Drugs used in the prevention of atheroscle-
rotic cardiovascular events are also useful in the
prevention of venous thrombosis. A 50% reduc-
tion of venous thromboembolism risk has been
associated with the use of statins [1,15,16]. The
LDL (low density lipoprotein) cholesterol levels
did not influence thromboembolic risk, there-
fore the protective effect of statins may be due
to their pleiotropic, antithrombotic and anti-in-
flammatory properties [15] and improvement in
blood rheological properties [1]. It has also been
demonstrated that the risk of venous thrombo-
embolism in patients with clinical coronary heart
disease is lowered by long term aspirin treatment
[1,17].

Both arterial and venous thromboembolism
associate abnormal concentrations of vascular
injury proteins, vascular stress markers, acute
inflammation markers, myocardial necrosis

markers, mediators of angiogenesis and apop-
tosis. Biological markers implicated in these
processes can improve diagnostic accuracy and
determination of disease prognosis in emergency
situations [18].

Interaction between inflammation and
thrombosis

Venous thrombosis is increasingly consid-
ered an inflammatory disease, this being proven
by multiple studies which suggested a link be-
tween inflammatory markers and venous throm-
boembolism. During inflammation, the hemo-
static equilibrium can be influenced, determin-
ing the increase in procoagulant and reduction
of anticoagulant factors. Fibrinolytic activity is
also inhibited by inflammatory mechanisms, and
the mediators of inflammation seem to increase
platelet activity. Inflammation determines ac-
tivation of coagulation, and coagulation affects
considerably the inflammatory activity, due to
the fact that thrombin, which is a procoagulant,
can stimulate multiple inflammatory pathways.
Thus, the formation of thrombus promotes the
inflammatory response, which subsequently,
stimulates the pro-thrombotic factors. These af-
firmations are supported by the fact that throm-
bosis can be prevented by natural anticoagu-
lants, such as protein C and S, antithrombin I1I,
which can also reduce inflammatory activity
[1,2,15,19-21].

As cytokines’ levels were measured in all
studies after the onset of thrombosis, it can be
presumed that the inflammatory reaction was a
consequence, rather than a cause of the thrombot-
ic events. However, if considering inflammation
as a consequence of thromboembolism, there
should be a correlation between the time passed
since the thrombotic event and the decrease of
the cytokine level, which was not demonstrated.
An increase in the inflammatory markers, which
might reflect an independent inflammatory pro-
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cess or a subclinical persistent inflammation,
may be secondary to other diseases associated
with venous thrombosis, such as post-thrombot-
ic syndrome or occult cancer. [15,17,19-21].

Chronic venous insufficiency consists of det-
rimental changes of vein wall and destruction of
venous valves after venous thrombosis, all being
the result of the interaction between thrombosis
and inflammation (phlebitis). Even though the
relation between inflammation and post-throm-
botic syndrome is not yet fully understood, the
results of a study suggest that inflammation,
which includes both the vein wall and the peri-
vascular area, can play a role in the incomplete
resolution of thrombus. The two processes in-
volved in the development of post-thrombotic
syndrome are the persistent obstruction (subse-
quent to incomplete thrombus lysis and fibrosis
of the vein wall as a response to thrombus and
vein wall inflammation), and blood reflux (as a
result of valve incompetence). Both mechanisms
determine venous hypertension and post-throm-
botic syndrome [21].

The control of inflammation limits the de-
struction of the vein wall determining a reduction
in the clinical manifestations of chronic venous
insufficiency and the recurrence of thrombosis.
Patients with deep venous thrombosis can bene-
fit from treatment with anti-inflammatory agents
or low molecular weight heparins, due to the fact
that they hold both anti-inflammatory and anti-
coagulant properties [19-21].

The main inflammatory markers

The main mediators of inflammation that in-
duce the activation of coagulation are the pro-in-
flammatory markers belonging to a small family
of chemotactic cytokines implicated in leucocyte
trafficking, such as IL (interleukin)-6, IL-8, MCP
(monocyte chemoattractant protein)-1, which
generate expression of tissue factor in mono-
cytes, key inductors of blood coagulation [1,15].

The pro-coagulant factors, fibrinogen and factor
VIII are acute phase proteins whose synthesis is
amplified by IL-6. IL-8 is a chemoattractant and
a neutrophil activator, and the chemotaxis of the
monocytes to the endothelium is mediated by
MCP-1, both contributing to a pro-coagulant sta-
tus by activating the endothelium [1,15,17,21].

The cytokine neutralizing antibodies and
adhesion molecule antibodies were efficient in
limiting early neutrophil and late monocyte and
macrophage response. [19-21]

11-8 and IL-6

It was demonstrated that patients with high
serum levels of these inflammatory cytokines
present a risk 2-3 times higher to develop ve-
nous thrombosis [1,17,19-22]. Moreover, plas-
ma concentrations of these immune mediators
were increased in patients with recurrent venous
thrombosis. For IL-8 in particular, the risk seems
to arise in parallel with an increase in the serum
levels [15]. Only IL-6 levels demonstrated a sig-
nificant relation to the extension of thrombus
[18,23]. Furthermore, levels of IL-6 and IL-8 are
associated with high risk of a first venous throm-
boembolism [15,23].

Compared to healthy subjects, patients with
deep venous thrombosis present a systemic in-
flammatory response with high plasma levels of
IL-6 and IL-8 in the acute phase of the disease,
maximal levels being reached in day 2 after the
induction thrombosis [2,18,23]. During fol-
low up, levels of IL-8 remained high, but IL-6
dropped in evolution [1,17,18,23].

Multiple studies showed high levels of IL-8
in association with both acute and chronic in-
flammatory conditions. Pro-inflammatory cyto-
kines such as IL-1beta and TNF (tumor necro-
sis factor) alpha, bacterial and viral agents can
stimulate the production of IL-8. It is produced
by many types of cells, including neutrophils,
monocytes, endothelial cells, epithelial cells and
fibroblasts. A number of mechanisms can explain
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the connection between IL-8 concentrations and
venous thrombosis. Firstly, it has been proven
that 1L-8 determines the expression of tissue
factor in monocytes, this being an important in-
ductor of blood coagulation. Secondly, IL-8 in-
duces leukocyte recruitment, the first cells that
adhere to the vein endothelium in deep venous
thrombosis. Moreover, IL-8 might contribute to
the generation of a procoagulant surface through
monocyte adhesion to the vascular endothelium
[22].

CRP

High levels of C reactive protein (CRP) in
venous thrombosis, secondary to acute phase
reactions [16], induce the expression of tissue
factor in monocytes, smooth muscle cells and
endothelial cells [13,24]. CRP levels have been
directly proportional to the thrombotic load, the
extension and volume of thrombus [25]. While
some studies did not show a link between CRP
levels and a future venous thrombotic event,
others demonstrated a significant correlation
between high levels of CRP and further devel-
opment of thromboembolism [1,2,15,24]. Al-
though previous studies showed that at the mo-
ment of diagnosis there are high levels of CRP,
it was proven that plasma CRP levels have no
utility in infirming or confirming this diagnosis
in patients with clinical suspicion of deep vein
thrombosis [1,2,18,25]. Nevertheless, CRP plays
a role in assessing the mortality risk and early
complications [24,25].

TNF alpha

According to some studies, TNF alpha is in-
volved in the thrombotic risk, as patients with
increased levels of TNF alpha had a two times
higher risk for developing venous thrombotic
events [1,17]. Meanwhile, other studies have
shown a non-significant difference in TNF alpha
concentrations between the groups of patients
with and without this pathology [2]. TNF seems

to play a primordial role not only in the media-
tion of early inflammatory response and in the
extravasation of neutrophils, but also in the late
inflammatory response. TNF is also an important
mediator that determines ICAM (intercellular
adhesion molecule)-1 expression on the surface
of endothelial cells and facilitates neutrophil,
monocyte and lymphocyte adhesion at the in-
flammation site [24,25].

IL-10

While some studies showed no association
[26] or a weak association [17] between venous
thromboembolism and IL-1beta, the genetic va-
riety of IL-1beta and IL-10 can influence the
risk of idiopathic venous thromboembolism.
Activated macrophages produce IL-1beta as an
important mediator of the inflammatory pro-
cess, but also a procoagulant factor, involved in
cell proliferation, differentiation, apoptosis and
expression of tissue factor in endothelial and
monocytic cells [24,25]. IL-10 levels were high
in the vein wall at the time of venous thrombosis,
being produced especially by monocytes and, at
a lesser extent, by lymphocytes. By neutralizing
IL-10, the inflammatory process increased, while
a supplementation of recombinant IL-10 showed
a reduction in inflammation [24,25]. These data
prove the anti-inflammatory properties of IL-10
and suggest a protective effect against thrombus
formation [1,17,24-26]. Therefore, IL-10 can be
used as a therapeutic agent in the treatment of
deep venous thrombosis [26]. The IL-10 G 10
allele has been more frequently found in recur-
rent venous thromboembolism, suggesting that it
can be considered as an independent risk factor
for the prediction of recurrence [24,25].

VCAM-1,ICAM -1, VEGF

Some studies did not account for an associ-
ation between venous disease and VCAM (vas-
cular cell adhesion molecule)-1, [2,26] [CAM-1
or VEGF (vascular endothelial growth factor)
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[26]. However, one study showed that the lev-
els of VCAM-1 were increased in patients with
deep vein thrombosis, suggesting a possible role
in the pathogenesis of this condition [24,25]. On
day 6 after thrombus formation, the interven-
tion of ICAM -1 was proven by the fact that the
most efficient antibody that can attenuate leuko-
cyte extravasation was anti-ICAM 1, reducing
the number of neutrophils and monocytes at the
thrombotic site [26].

The phases of the inflammatory process
in venous thromboembolism

Studies of venous thromboembolism on
animal models proved an association between
thrombosis and parietal inflammation (both of
the vein wall and pulmonary arteries) [18].

The pulmonary artery wall

At the onset, there are almost no inflammato-
ry cells in the walls of pulmonary arteries. In the
next 3 hours after a pulmonary embolism, proof
of cell infiltration is found at the external border
of the pulmonary artery wall. The leukocyte in-
flux, both in the pulmonary arteries and in the
pulmonary parenchyma, occurs after the pulmo-
nary embolism (at approximately one day). There
is a 38 times increase in the leukocyte number
compared to control animals, most of them being
neutrophils, followed by macrophages. By day
1 or 2 after a pulmonary embolism, a higher in-
filtration rate with neutrophils and macrophages
is noted in the pulmonary artery wall; moreover,
there are granulocytes in the vasa vasorum. Two
days after the pulmonary embolism, the total
leukocyte count is 329 higher than normal, neu-
trophils being the most numerous. After 4 days,
most of the thrombi are lysed and a considerable
reduction of inflammatory cell infiltration is not-
ed. The total leukocyte count reduces at 45 times
the normal value. At 14 days after the pulmonary
embolism, the wall of the pulmonary arteries is

similar to the onset of pulmonary embolism, with
no significant differences concerning the leuko-
cyte number [27,28]. Beginning with the fourth
day after the pulmonary embolism, an increase
in the intima thickness is found, associated with
an increase in the cellularity within the intimal
layer compared to control animals. A significant
growth of intima/media ratio is described at 4, 6
and 14 days after the pulmonary embolism. Inti-
mal hyper-cellularity persisted up to 14 days af-
ter the acute episode, most likely due to smooth
muscle cells [28].

The venous wall

Regarding the venous wall, there are few
inflammatory cells at the onset. One hour after
the thrombosis, neutrophils start to align at the
interface between thrombus and venous wall or
in the vasa vasorum, but very few in the interior
of the wall. At the end of the first day, multiple
neutrophils are found in the vein wall, penetrat-
ing both from the luminal and adventitial side of
the wall. The trans-endothelial migration leads
to cell agglomeration in certain parts and a re-
moval of endothelial cells and exposure of the
basal membrane in other parts, thus creating a
thrombogenic surface. The extravasation of neu-
trophils and afterwards of monocytes, macro-
phages and lymphocytes out of the venous wall
is established by a chemotactic gradient. On day
3, while the thrombus matures, the monocytes
and lymphocytes join the neutrophils, together
with fibroblastic cells that participate in organiz-
ing the thrombus and vein wall. In animal mod-
els, the macrophages are the most numerous leu-
kocytes at 3 days after thrombus formation. On
day 6, the thrombus undergoes organization, the
interface between thrombus and vein wall being
less and less defined [24,25,27,28].

The pulmonary parenchyma
In the pulmonary parenchyma, there are
macrophages and few neutrophils at onset. After
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the pulmonary embolism, there is a rise in the
number of macrophages compared to controls.
This modification is first noted at 3 hours and
persists up to 4 days after the pulmonary embo-
lism. In contrast to the arterial pulmonary wall,
neutrophils are present in the distal segments of
pulmonary vessels in the counter-lateral lung
and with a significant increase in the total num-
ber of macrophages and leukocytes at 2 and 4
days after the pulmonary embolism [27-29].

The inflammatory markers

Regarding the levels of the cytokines and
chemokines in the pulmonary artery wall, only
the MCP-1 concentration is increased 2 days
after the pulmonary embolism, thus preceding
the macrophages influx. MCP-1 levels are also
significantly higher compared to the baseline
value at day 1 after the pulmonary embolism in
the counter-lateral pulmonary artery [28]. These
changes differ from the response to a thrombus
development in a vein. In this case, TNF-alpha,
IL-6, MCP-1, cell adhesion molecules and P-se-
lectin levels increase. Importantly, P-selectin is
not found in the pulmonary artery wall after ve-
nous thromboembolism, a different aspect from
the genesis of deep venous thrombosis, where
P-selectin is essential in mediating the interac-
tion between leukocytes, endothelial cells and
platelets [28].

Right ventricle dysfunction, an important
risk factor for unfavorable clinical evolution af-
ter a pulmonary embolism, is mediated by cardi-
ac inflammation dependent on neutrophils. His-
tological analysis of the right ventricular muscle
in subjects with fatal pulmonary thromboembo-
lism show a massive accumulation of neutrophils
and monocytes/macrophages, but no histological
proof of infarction. Selective anti-inflammatory
therapies targeted against neutrophil chemo-at-
tractants lead to a reduction in cardiac inflam-
mation and in right ventricular dysfunction in
pulmonary embolism [22].

The role of inflammatory markers in
thrombus resolution

The resolution of pulmonary thrombus is
produced by endogenous thrombolysis, frag-
mentation, organization or re-canalization. The
organization of thrombus implies neo-vascular-
ization, which can be induced by the chemokines
and growth factors that are present at the time
of thrombotic resolution. Thrombus re-canaliza-
tion was correlated with the formation of intimal
fibrosis and intraluminal fibrous bands and can
lead to pulmonary hypertension associated with
pulmonary embolism [1,30,31].

While the thrombus ages, in the first 24-72
hours, there is a transition towards a cellular
phase of the inflammation, and the balance in-
clines towards the chemokines involved in the
chemotaxis of neutrophils and monocytes. The
cellularity of the thrombus is modified by IL-
8, resulting in day 4 in an increased number of
neutrophils, monocytes, fibroblasts, endothelial
cells, especially in the area close to the neo-ves-
sels [30,31]. IL-8 represents a potent angiogen-
ic factor and amplifies the organization of the
thrombus. The recruitment of granulocytes and
angiogenesis are both mediated by IL-8. The
specific contribution of neutrophil influx in an-
giogenesis is still not defined, but the depletion
of granulocytes is associated with larger thrombi
with a higher concentration of collagen, while
the supplementation with IL-8 is associated with
smaller thrombi, concomitant with an increase in
neo-vascularization [32]. Published data suggest
the possibility of using angiogenic chemokines,
such as IL-8, for the treatment of venous throm-
bosis because of its favorable effect on thrombus
stabilization and neo-vascularization, thus pro-
moting the early recanalization and restoring the
perfusion, especially when injected directly into
the thrombus [32,33].

The macrophage and monocyte influx is
essential for angiogenesis, having an import-
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ant contribution to the cellular activity of the
thrombus. The macrophages recruited at the
site of embolism and the monocytes which dif-
ferentiate into tissue macrophages secrete an
enhanced amount of pro-fibrinolytic proteins,
which contribute to the resolution of pulmonary
embolism and deep vein thrombosis. Mono-
cyte influx in the thrombus reaches a peak on
day 8 after thrombogenesis and correlates with
high levels of MCP-1. The monocytes can con-
duct neovascularization by synthesizing factors
which upregulate the cell adhesion molecules,
crucial to the formation of new vessels: tissue
factor plasminogen activator, urokinase and
urokinase receptors. Macrophage function can
be shifted by MCP-1 towards fibrinolysis. Thus,
the monocyte influx and MCP-1 in days 8 and
12 are associated with an increase in thrombus
resolution [1,28-32]. The intimal layer of the
pulmonary arteries thickens and becomes hy-
percellular immediately after an increase of the
MCP-1 levels and macrophage population and
treatment with anti-MCP-1 antibodies inhibits
intimal hyperplasia [28].

Simultaneously with the early biomechanical
injury in deep venous thrombosis, an increase of
profibrotic mediators is noticed in the vein wall
and thrombus, this including the transforming
growth factor (TGF) beta, IL-13 and MCP-1. IL-
13 is secreted by activated T-helper lymphocytes
and promotes the expression of MCP-1. It is in-
teresting to note that high concentrations of IL-
13 and MCP-1 were found in pulmonary tissue
after a pulmonary embolism and were associated
with significant intimal hyperplasia. Although
MCP-1 may increase fibrosis, it may also accel-
erate the resolution of thrombus when it is pres-
ent at this level [16,30]. TGF beta is being acti-
vated by natural thrombolysis and is also present
in the thrombus, promoting fibrosis of the vein
wall. Therefore, early injury of the vein wall is
associated with an active remodeling of the ma-
trix which seems to promote fibrosis [30,34].

The resolution of thrombus implies both
pro-fibrotic factors and collagen deposits, along
with the expression and activation of matrix
metalloproteinases (MMPs) [1]. The role of
leukocytes in natural thrombus resolution is
demonstrated by the fact that they invade the
thrombus in a unique sequence. Neutrophils are
essential for the early resolution of thrombus by
promoting fibrinolysis and collagenolysis. In an
animal model, neutropenia was associated with
larger thrombi in the second and seventh day and
was correlated with higher degrees of fibrosis
in the thrombus and significantly lower serum
levels of plasminogen activators such as uroki-
nase and MMP-9. Early collagenolysis seems to
take place in the first 7 days, as suggested by a
high rigidity in the vein wall and persists up to
14 days, being accompanied by high activity of
MMP-2 and MMP-9 [35].

While the matrix metalloproteinases have
been recognized as key components in physi-
ological or pathological breakout of the extra-
cellular matrix and also in pulmonary vascu-
lar remodeling in thromboembolic pulmonary
hypertension, studies have shown that they
can also modulate vascular reactivity. Vascu-
lar MMP-2 and neutrophil MMP-9 seem to
promote vasoconstriction and breakdown of
vasodilatation substances. The high expression
and activity of these matrix metalloproteinases
is found during inflammation and pulmonary
aggression. Knowing all this, high activity of
MMP-2 and MMP-9 reflect the recruitment and
the migration of inflammatory cells into the
pulmonary tissue. Therefore, the most probable
mechanism behind this high MMP-9 activity
after an acute pulmonary embolism implies an
early neutrophil influx into the pulmonary ar-
tery and fast release of some granules which
contain high quantities of MMP-9. The activat-
ed neutrophil generates reactive oxygen spe-
cies, which subsequently release MMPs. Con-
sequently, an increase in the oxidative stress
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in pulmonary embolism activates MMP-2 and
MMP-9. [36].

Concerning the relation between inflamma-
tion and fibrosis, current studies suggest that the
inhibition of the inflammatory response can di-
minish the fibrosis of the vein wall. In a com-
parative study between low weight heparins and
oral P selectin inhibitors administered 2 days af-
ter the thrombosis, it was revealed that P selectin
inhibitors significantly reduce the injury of the
vein wall, independently of the size of thrombus
[34,35].

Conclusions

The inflammatory response can determine
hypercoagulability, increasing the chance of ve-
nous thrombosis, but the complex relationship
between venous thromboembolism and inflam-
mation is not yet fully understood. Future stud-
ies may demonstrate the probable predictive
value of inflammatory markers for diagnosis and
evolution of this disease (severity, risk of recur-
rence). Moreover, if inflammation proves to be
a cause of venous thrombosis, identifying high
levels of inflammatory markers that are relevant
for venous thromboembolism would offer new
therapeutic targets based on drugs with anti-in-
flammatory properties.
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