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ABSTRACT

Introduction. Arterial and venous thromboembolism is a disease with a high impact on morbidity and mortality. Their
pathological mechanisms of aggregation directed by the clotting factors along with the variations in clinical manifestation
are regarded to a high moiety of genetic polymorphisms along with a wide diversity of comorbidities.

Material and methods. A comprehensive literature review was conducted, which included a total of 119 sources. Among
these, 60 sources were systematically collected, while the remaining 59 sources were selected through non-systematic
methods.

Results. We have identified different treatment options that regard both the venous or arterial thromboembolism in
contrast with numerous pathogenetic outcomes, population groups along with biomarkers that significantly modify
the clinical aspects of the therapeutical and post-clinical treatment aspect. At the moment its diagnosis is continuously
improving worldwide, taking into consideration a high diversity of experts’ opinions with a wide practical experience.

Conclusions. Arterial and venous thromboembolisms are serious medical conditions that can be prevented and effectively

managed with modern diagnostic and therapeutic techniques.
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Key messages

What is not yet known about the issue addressed in the
submitted manuscript

Currently, there are no biomarkers available that can guarantee a
100% accuracy in the differential diagnosis of arterial and venous
thromboembolism, thereby increasing the complexity of the
diagnostic process.

The research hypothesis

There are different biomarkers which in conjunction with each
other can leave a trace of different conditions thus implying the
necessity of using these molecular titers in a sensible and specific
way. The biomarkers which are most efficient must be identified
along with the auxiliary clinical methods for the management of
thromboembolism.

The novelty added by manuscript to the already published
scientific literature

Many studies consider the molecules either the surgical methods
that are acceptable in daily clinical routine in an isolated manner
butnone ofthem have tried to see abroad picture of this memorable
pathological condition.
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Introduction

In-depth research reveals thromboembolism as a signif-
icant global issue that demands a timely diagnosis for swift
assessment and appropriate treatment. The utilization of
thrombosis markers in line with the diagnostic algorithm
and disease stage remains an undiscovered aspect that war-
rants exploration [1].

Thromboembolism is a disease, which can affect various
anatomical vessels, including arterial, venous and central
portion [2-4]. Morphologically it is represented by throm-
bogenesis that will in turn lead to blood flow obstruction in
that anatomical region [5].

Arterial thromboembolism was investigated with less
detail. It can arise from the central region of the cardiovas-
cular system or from atherosclerotic plaques in large-di-
ameter blood vessels [4]. In certain animals, this condition
can be extremely painful and debilitating, raising ethical
concerns in veterinary medicine regarding euthanasia as a
means to alleviate suffering [6].

The contemporary concept describes the mechanism of
the coagulation cascade in which the factors are designated
by Roman numerals, except for the first four factors which
have specific names: Factor I (fibrinogen), Factor Il (pro-
thrombin), Factor III (tissue factor), and Factor IV (bivalent
calcium ions). These factors can interact with each other to
form a primary thrombus, which will undergo further fibri-
nolysis [7].

It has been observed that the main factors that are asso-
ciated with the arterial thromboembolism are the anoma-
lies in the coagulation cascade, cytokines, the soluble form
of the P-selectin, the elevation of clotting factors, thrombo-
cytosis and leukocytosis [4]. These factors are more marked
in advanced age, females, and during exacerbation of co-
morbidities such as arterial hypertension, diabetes mellitus,
myocardial infarction, heart failure, and stroke [8].

In the context of the emerging SARS-CoV-2 pandem-
ic and COVID-19, there has been observed an increase in
the incidence of thromboembolism and signs of ischemia
following heart failure. The highest incidence of arterial
thromboembolism has been identified in the lower limbs
(71%), upper limbs (14%), mesenteric arteries (4%), and
the arterial Willis’ circle (10%). In certain cases, multiple
sites may be affected, and there is a possibility of concomi-
tant venous thromboembolism [9].

It has been demonstrated that in COVID-19, pulmonary
venous thromboembolism is more prevalent than deep ve-
nous thromboembolism. This is attributed to the heart le-
sions that are induced in the cytokine storm that is stim-
ulated by the virus antigens, without a primary focus on
venous thromboembolism, contrary to initial reports from
Wuhan, Hubei province, China, and surrounding regions, as
indicated by a meta-analysis [10].

Malignant neoplasms are characterized by arterial vas-
cularization and subsequent dissemination of thromboem-
boli in the arterial system. The highest incidence of arterial
thromboembolism has been observed in cases of cerebral,
pulmonary, colorectal, and pancreatic cancer [11].
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The most prominent and up-to-date marker for throm-
bosis is D-dimer, which can be elevated in the elderly pop-
ulation, as well as in cases of cancer, infections, and chronic
inflammations. This biomarker exhibits high sensitivity but
limited specificity for venous thromboembolism [2]. Addi-
tionally, D-dimer levels can be influenced by various genet-
ic polymorphisms that affect fibrinogen sequences, which
may reduce its reliability in a clinical setting [12].

The Zaharin-Head regions have been shown to reflect
somatosensory sensations, such as acute or chronic pain,
and can serve as markers of organic lesions in the pretermi-
nal or terminal stages [13]. In cases of upper limb arterial
occlusion, the pain may manifest as sensations of itching
and numbness along the ulnar nerve pathway [14].

The objective of this study was to investigate the bio-
chemical mechanisms underlying thromboembolism, with
the aim of identifying effective therapeutic approaches and
highlighting future research directions in the areas of pre-
vention and treatment. We specifically focused on exploring
the interactions between various biomarkers and their po-
tential impact on avoiding quantitative biases in biochemi-
cal marker analysis.

Material and methods

A randomized literature study was conducted on
01.02.2023 in order to identify randomized clinical trials,
meta-analyses and review articles. The search was conduct-
ed using numerous platforms including the PubMed, HI-
NARI, EMBASE and Elsevier libraries.

After applying a set of criteria, a list of 60 random papers
were selected. The including criteria were: relevance of the
topic, had at least one of the key-words in the title or ab-
stract - “thrombosis”, “thromboembolism” in combination
or with the “arterial”, “venous” or “pulmonary” and were co-
incidant with our era and prevalent lifestyles on a cultural
background with a relatively strict selection of the sourc-
es from the past 10 years. Some exceptions were admitted
for the time period for the literary sources which are still
standing as leading. The exclusion criteria were: outdated
information, irrelevant geographical location and irrelevant
time period of the results.

For an increased confidence of the research query were
independently studied 59 sources. There were details that
required additional clarification this in turn demanding this
search. Overall, we have studied 119 literary pieces. All of
them had to be regarded as being of high quality in respect
to the journal in which they were published and its impact
factor.

We did not follow any current guidelines, but we have
used a protocol enlisted in the Essential Evidece-Based
Medicine, 2™ edition by Dan Mayer [15].

Results and discussion

General aspects

Hypercoagulability can be defined as a condition charac-
terized by an increased propensity for blood clot formation,
influenced by both endogenous and exogenous factors. It is
important to note that arterial hypercoagulability differs
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significantly from venous and central hypercoagulability
[16]. A notable physiological aspect of hypercoagulability
is the Virchow’s triad, which associates alterations in local
blood circulation with blood vessel lesions [17].

Comorbidities associated with an increased risk of
thrombosis are classified as prethrombotic states, while
spontaneous thrombosis represents the primary patholo-
gy. Notable causes of thrombosis often involve deficiencies
in protein S, protein C, antithrombin III, as well as various
dysfibrinogenemias. Malignant conditions, pregnancy, oral
contraceptives, myeloproliferative disorders, hyperlip-
idemia, diabetes mellitus, and vascular anomalies, along
with alterations in blood rheology, are also considered pre-
thrombotic states [18]. Hemophilic infections and viral in-
fections are the primary contributors to both venous and
arterial thromboembolism. These infections can be further
complicated after splenectomies or during leukemia, poten-
tially leading to confusion in laboratory data interpretation
[19, 20].

It has been demonstrated that geomagnetic storms may
have a potential correlation with increased incidence of car-
diovascular diseases, including myocardial ischemia and
cerebral stroke. The intensity of radiation emitted on the
Earth’s surface is higher during wintertime due to the plan-
et’s proximity to the sun, which contrasts with the equato-
rial region where there is a higher incidence of cardiovascu-
lar diseases throughout the year due to increased radiation
exposure [21].

Comorbidities play a significant role in these mech-
anisms as they can affect both the quantity and quality of
clotting factors, thereby modifying their functionality and
impacting fibrinolysis. In kidney diseases, a tendency to-
wards hypocoagulability is observed, while in chronic car-
diac pathology, states of hypercoagulability are observed.
The coagulation index can be measured using an integral
approach that assesses the fibrinolytic potential and the
overall hemostatic potential [22].

To understand the coagulation system in relation to
other systems, it is important to consider a collection of
intracellular operons that are based on microparticles.
These granules can be observed in conditions such as ath-
erothrombosis or type 2 diabetes mellitus, where they can
be activated without a physiological reason and initiate the
coagulation cascade involving tissue factors and factor Vlla.
This provides an explanation for the occurrence of throm-
boembolic events in patients with these diseases [23-26].

Arterial thromboembolism

The factor which can determine the arterial throm-
boembolism is usually the fibrinogen that will in turn be
transformed into fibrin (which can lead to the COVID-19
ground-glass pneumonia along with the vitamin K, coagula-
tion factor XIII which is responsible for the fibrin formation
from fibrinogen and von Leiden factor (V)) [27]. The main
integrins that represent the subunits which constitute the
membrane receptors that are implicated in the coagulation
cascade are represented by the glycoprotein Ia, glycoprotein
Ib, glycoprotein IIb, glycoprotein V and glycoprotein IX [28].
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Thrombomodulin activates protein C and thus it rep-
resents a mediating factor for the thrombotic states. The
platelet surface receptor which will lead to thrombogenesis
are surface glycoprotein IIb/Il1a, [a/Ila and Ib/1X/V [27].

It is well-known that oral contraceptives are a major
risk factor for the arterial thrombosis but the mechanism
is scarcely mentioned. A rising concentration of clotting
factors in the blood circulation determined by these drugs
will in turn lead to a primary arterial thromboembolic event
[29].

Thrombocytes possess an intracellular microsomal
system known as the secreatome, which is activated in a
cascade manner upon stimulation of the aforementioned
receptors. This system involves the secretion of 3-thrombo-
globulins from a-granules located on the surface of mono-
cytes, granulocytes, T-lymphocytes, and mastocytes. In the
context of arterial thromboembolism in the cerebral vascu-
lar system, the direct involvement of matricial metallopro-
teinases MMP-2 and MMP-9 has been observed in the mech-
anisms associated with the secreatome, thus establishing
their connection with the proteasome [30].

The platelet secreatome has been found to play a sig-
nificant role in the pathogenesis of osteoarthritis, particu-
larly through the amplified secretion of interleukin 17 and
interleukin 17A. This leads to the activation of p38 and
p65, which further enhance the expression of the NF-«kB
pathway. Consequently, matrix metalloproteinases MMP-1,
MMP-3, MMP-9, and MMP-13 are activated, contributing to
the regulation of anabolic hormone synthesis [31]. Addi-
tionally, a correlation was demonstrated between the tissue
inhibitor of metalloproteinase-1 (TIMP-1), heat shock pro-
tein 70 (HSP-70), thymosin 4 (TB4), superoxide dismutase
(SOD), and the generation of osteoblasts. These factors are
released within the platelet secreatome, further highlight-
ing their involvement in osteoblast development [32].

The disbalances in the ubiquitin-proteasome system
that are determined by an increased concentration of im-
munoglobulins is one of the primordial factors that will de-
termine an excess of procoagulant system components. The
1, B2 and B5 subunits are predominantly implied and will
be conjugated into $1i/LMP2, $2i/MECL-1 and 5i/LMP7
[33]. Overall, they can form an immunoproteasome that is
not reusable and may interact with the elements of the co-
agulation cascade. The immunocompromising factors like
the human immunodeficiency virus 1 (HIV-1) will harshen
the state of the patient because it will exhaust the anticoag-
ulant system prior to a surgical intervention (which implies
external stimuli) [34]. Compared with humans, the canines
have a greater coagulation-anticoagulation system in terms
of components. Although it is functionally inferior and has
a slower interaction due to a less great interaction surface
between the molecules making it less efficient [35].

In order to assess thrombosis in emergency states, the
D-dimer biomarker was implemented. It is a reminiscence
of the fibrin portion afore the thrombogenesis and less of-
ten they can be associated with dysfibrinogenemia [36]. The
quantitative aspect of the D-dimers was associated with ter-
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minal states like cancer or a chronic cardiovascular disease
like a coronaropathy [37].

Fibrinogen was associated with an increased incidence
of thrombosis along with additional elements besides the
Virchow’s triad because of the systemic inflammation and
the renin-angiotensin system dysregulations [38]. In the
context of COVID-19, fibrin was one of the primordial fac-
tors that determined the ground-glass pneumonia in the in-
ferior lobes. Its consolidation was determined by the croup-
ous inflammation that leads to respiratory arrest and death
via cardiac failure [39].

The C-reactive protein (CRP) which is a global biomark-
er for the specific inflammatory states was proven to be as-
sociated with the arterial thromboembolism incidence. This
in turn is regarded to the atherosclerosis in which the tunica
intima is swollen and the secretion of inflammatory cyto-
kines or other components takes place into the neointima
because of the young myocytes in this layer [40].

A clinically applied biomarker that is widely used is the
quantification of platelets count in the bloodstream. An in-
crease in platelet count is often observed, especially in the
presence of arterial comorbidities. This elevation is associ-
ated with an increased likelihood of platelets coming into
contact with arterial walls, leading to microtrauma and
potentially contributing to thrombus formation [41]. Con-
versely, in cases of antithrombin III deficiency, there is a
depletion of procoagulant factors, which can increase the
risk of arterial thrombosis [42]. The deficiency of protein C
or protein S, primarily caused by genetic factors, is another
significant factor contributing to the increased incidence of
arterial thromboembolism, particularly in young individu-
als without underlying chronic cardiovascular diseases [43].

Complications associated with arterial thromboembo-
lism are primarily caused by ischemia and its subsequent
reactive hypoxia. These complications arise due to restrict-
ed blood flow in conditions such as myocardial infarction,
ischemic cerebral strokes, and pulmonary embolism. They
are common in the COVID-19 patients [44]. The complexity
of a biochemical analysis in these patients is thus greater
and has numerous inclusion and exclusion criteria.

Matrix metalloproteinases 1 and 8 (MMP-1 and MMP-
8), as well as neutrophil gelatinase-associated lipocalin, are
commonly used biomarkers for predicting the recurrence
and chronicity of comorbidities associated with arterial
thromboembolism [45].

Abciximab, a murine monoclonal antibody derived from
immunoglobulin G, exerts its pharmacological effects inde-
pendent of the active centers of platelet membrane recep-
tors. Instead, it forms biochemical bonds with the stable
portion of the protein, specifically the B, perimembranous
chains. This mechanism explains its ability to inhibit secre-
tions from endothelial cells, myocardial cells, and leuko-
cytes through interactions with aff or o B, and « B, integ-
rins, respectively.

Eptifibatide, a glycoprotein IIb/Illa inhibitor, competes
with proaggregant molecules such as fibrinogen, von Wil-
lebrand factor, and other adhesive ligands for binding to
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the GP IIb/Illa receptor and its associated a 3, integrin. By
blocking these interactions, eptifibatide prevents platelet
aggregation.

Tirofiban, on the other hand, is a selective antagonist
for the GP IIb/Illa receptor and does not exhibit specificity
for other integrins. It can be used as a valuable criterion for
considering vascular comorbidities when assessing the risk
associated with administering the aforementioned pharma-
cological drugs [46].

Other receptors like P2Y,, are used for the non-surgical
treatment of the arterial thromboembolism; the most no-
torious being clopidogrel, which can be substituted with
prasugrel and ticagrelor, though their superiority in clini-
cal practice was not proven in comparison with clopidogrel.
The first-mentioned drug is usually associated with acetyl-
salicylic acid (aspirin) and heparin [47].

In the past, the treatment was constituted from the ad-
ministration of vasodilators, thrombolytics, anticoagulants,
antibiotics and analgesics. Currently only anticoagulants
and thrombolytics are used [48-50]. This pathophysiolog-
ical particularity determined the topical usage of the an-
ti-inflammatory drugs in prethrombotic cases like osteoar-
thritis, tendinitis, muscular strains, or muscular retractions
[51]. A type II glycopeptide of natural origin, which is called
ristocetin from the ristocetinic complex that has its active
site, labelled ,Spontin”, was in past proven to be the cause of
platelet aggregation in the von Willebrand disease of plate-
let type along with the acquired exhaustive thrombocytope-
nia. Now it is used as a diagnostic hallmark without being
applied in the antibiotic-resistant bacterioses [52].

Venous thromboembolism

The venous thromboembolism has a sudden onset that
is none determined by specific causes [2]. The additive
factors are obvious, thus being correlated with the venous
thromboembolism and are represented by the advanced
age, tobacco consumption and increased adiposity [53]. The
genetic factors can be primordial in determining the risk for
the venous thromboembolism along with an enhancing of
the clotting factors activity in the hormonal therapy with
oral contraceptives besides other pharmacological drugs.
They have genetic polymorphisms and will lead to the prior
initiation of the coagulation cascade via the direct, alterna-
tive, or lectinic pathway [54]. Drugs that can be determin-
istic to the hypercoagulable states are systemic estrogen,
tamoxifen, corticosteroids, the selective reuptake inhibitors
of serotonin, cisplatin, talidomide and lenalidomide [7].

Pregnancy, sepsis (sometimes puerperal), long-time
immobilization (trauma, paralysis, sedentary lifestyle) are
the figuring main factors in venous thromboembolism de-
velopment [54-56] along with inflammatory bowel disease
and advanced age. The Zahn lines, which are characteristic
for the venous thrombus, are due to the stratification of the
consequent layers which are composed of erythrocytes and
leukocytes, the red color comes from the hemoglobin and
the white color due to empty platelets after degranulation in
the primary hemostasis [57]. Due to the diverse approaches
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employed across multiple disciplines in assessing patients
at a population level, there is a potential for an overestima-
tion of venous thromboembolism occurrences [58].Cancer,
congestive cardiac failure, recent surgical interventions,
and primary and secondary immunodeficiency are estab-
lished risk factors for venous thromboembolism. The sec-
ondary thrombus formation involves not only platelets but
also neutrophil granulocytes, monocytes/macrophages,
and exfoliated endothelial cells from the tunica intima [53,
57]. Different types of cancer exhibit varying incidences of
venous thromboembolism. Breast and urinary bladder can-
cers have a 3% incidence, while colon and prostate cancers
have a higher range of 4-7% incidence. Stomach, lung, ovary,
and brain cancers demonstrate a higher incidence range of
10-12%, and pancreatic cancer has the highest incidence at
15% [2]. The recurrence rate of venous thromboembolism
over a 10-year period is approximately 30% [55].

The risk factors for venous thromboembolism can be
classified into three categories: transient risk factors (syn-
ergistic), persistent risk factors (additive), and hereditary
risk factors (genetic) [7].

The venous thromboembolism is clinically divided in
the peripheral (profound venous) and central (pulmonary
thromboembolism) that is frequently incriminated in all
thromboembolism, being the leading cause of death [53].
Profound venous thrombosis (PVT) can be acute (<14 days)
or chronic (>28 days). The subacute form is characterized
by a duration of 14-28 days [57].

Topographically, it has been identified 40% of profound
venous thromboembolism cases proximally and 25% dis-
tally [2]. Imagistic methods are used in 40% in the pulmo-
nary thromboembolism or in 85% in the profound venous
thrombosis [58]. The most frequent form is the profound
thromboembolism thus of primary origin and the pulmo-
nary embolism along with the superficial venous throm-
boembolism are usually complications and sometimes are
regarded as primary pathological entities [55].

The most important symptoms in the profound venous
thromboembolism are pain, edema, and distal proximal ul-
ceration. In the last years, there is a tendency for increased
estimable costs or for the hospitalization of patients with
venous thromboembolism. Readmission in the state or pri-
vate clinics costs more than the primary admission (with
48% more) [59]. The superficial venous thromboembolism
is often confounded as a unique clinical entity but is usually
regarded as a symptom of the profound venous thrombo-
embolism. The symptoms of the pulmonary venous throm-
boembolism are apnea, pleuritic chest pain, hemoptysis,
tachycardia, or hypoxemia but sometimes severe symptoms
like sudden death, shock, hypotension, syncope and confu-
sion may be observed [2]. Existing clinical descriptions do
not adequately correspond to the severity states of venous
thromboembolism, necessitating the imperative use of clin-
ical intuition to ensure accurate diagnosis and suspicion. In
order to facilitate the diagnostic process, there are clinical
scores like the Wells score for pulmonary thromboembo-
lism, the Wells score for profound venous thromboembo-
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lism and the Geneva score for the pulmonary thromboem-
bolism [58].

There is a tight racial correlation that proves an in-
creased susceptibility for the Afro-American race and obese
individuals, though the Afro-Americans have a low obesity
incidence. These population groups have increased risks
due to genetic determinants and an increased viscosity of
the blood related to a decreased permeability of the skin,
which can be in turn thinner and less adapted for an in-
teraction with the external factors. Obese individuals are
proven to have an increased risk for atherosclerosis that
is the main factor that determines thromboembolism. The
dominant treatment during hospitalization is the adminis-
tration of unfractioned heparin and low-molecular weight
heparin along with the compression of the lower limbs us-
ing compression socks. Recently enoxaparin (a heparin with
low-molecular weight) and betrixaban (a direct inhibitor of
the Xa factor) have proven to be superior in the clinical trials
compared to other drugs. The most important biomarker
used in the clinical assessment of the venous thromboem-
bolism are the D-dimers [60]. Other markers like C-reactive
protein (CRP), P-selectin and the synthesis of thrombin may
be applied [58].

The American Association of Hematology recommends
an ambulatory approach in the venous thromboembolism
prophylaxis with an international normalized ratio (INR) of
2.0-3.0. The recurrent states need to be treated with vita-
min K antagonists, but the stable forms are treatable with
direct oral anticoagulants [61]. The treatment length must
be within the limits of 3-6 months [2]. Vitamin K along with
heparins are preferable in patients with renal insufficiency,
antiphospholipid syndrome, and cancer [62].

The monoclonal antibodies can serve as lytic adjuvants
because of their amelioration in the intercellular signaling
pathways between the circulating leucocytes. The neutral-
ization of the C-reactive protein (CRP), interleukin 6 (IL-
6), interleukin (IL-8), interferon-y (IFN-y), tumor necrosis
factor a - Tumor necrosis factor a receptor rp55 (TNF-a/
TNF-a receptor rp55) and P-selectin by the monoclonal
antibodies or the corresponding polyclonal antibodies will
induce an ameliorated cellular answer compared to the low
entropy of signaling during the venous thrombus lysis. The
potentiation of the p53 pathway (during the quinacrine us-
age) is the pharmacologic alternative during the factor in-
sufficiency [57].

Reperfusion techniques in the venous or pulmonary
thromboembolism may be vital in order to prevent the ex-
acerbation of the state thus to the development of a morbid
complication. The filters for the vena cava are proven effi-
cient in lowering of a profound venous thromboembolism
but may be used only in reserved cases [62, 63]. Mechani-
cal therapy with the compression of the legs is a significant
adjuvant factor because it will contribute essentially to the
physiological venous blood flow [62]. Bleeding is the most
frequent adverse reaction [64].

Pregnant patients are tested using perfusion-ventilation
tests in order to avoid the excessive irradiation. The lack of
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adequate treatment in profound venous thromboembolism
in turn will lead to the confrontation of more severe con-
ditions like pulmonary thromboembolism with congestive
heart failure. The symptoms will be hemoptysis, dyspnea,
pleuritic chest pain, and hypoxic hypotension. Magnetic res-
onance imaging has a restriction due to use of gadolinium
contrast because it is very time-consuming and can lead to
cardiac arrhythmias due to the electromagnetic fields effect.
Computed tomography is preferable. Additional biomarkers
along with the D-dimers are the soluble form of P-selectin,
the first and second clotting factors along with the factor
VIII [65]. We observe an increased quantity of interleukin-6
(IL-6) and inter-cellular adhesion molecule 1 (ICAM-1) [57].

In the pediatric population the most important risk fac-
tor for the venous thromboembolism is the central venous
catheter, but is less often found compared to the adult pop-
ulation, having now a steady increase in incidence [64, 66].

The deficiency of protein C is common, Protein S defi-
ciency is a relatively rare condition, but it is more frequent-
ly observed in the Asian population, the mutations for the
genes which codify the von Leiden factor (V) are charac-
teristic for the Caucasian population. Hereditary thrombo-
philia was reported in approximatively 8.8% of the studied
cohorts in Asia and the deficiency of the antithrombin III
was not estimated along with the von Willebrand disease
or acquired/hereditary hyperhomocysteinemia. The treat-
ment is the same like in the adult population with a varia-
tion in the doses of the pharmacological drugs according to
the body-weight [64].

The most notorious complication of the venous throm-
boembolism is the post-thrombotic syndrome which is
chronicled by the venous thromboembolism symptoms
(pain, edema and ulceration) with a toleration for the pain
feelings and the difficulty to walk while there is a progres-
sion for the elephantiasis (like the cardiac insufficiency dis-
abilities). The incidence of the post-thrombotic syndrome
varies between 25-50% and is lower in the endovascular
interventions favoringpharmacological thrombolysis [57].
This fact will determine the necessity of an individual ap-
proach in the diagnostic and treatment options for the ve-
nous thromboembolism [67].

Molecular biomarkers

The literature proves that there are no serum biomark-
ers that may confirm a diagnostic of thromboembolism in a
specific manner, no matter of its genesis. Some markers have
a high sensitivity with a low specificity thus making them
unable to confirm thromboembolism. This context creates
the conditions in which additional studies are necessary in
order to prove other biochemical markers with diagnostic
and prognostic potential. Following, will be described a
short list of markers, some of which are experimental.

Protein C

It is one of the clotting factors that has a similar struc-
ture and function with the prothrombin, factors VII, IX and
X. It has a light chain and a heavy chain that are intercon-
nected via disulfide bonds formed between the variable cys-
teine residues [68]. It has a molecular mass of 52.071 Da
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and is codified by the PROC gene that is located on 2q14.3
[69]. Its structure is stabilized by the Ca®* ions that have an
increased affinity for the GLA domain [68]. This protein has
nothing to do with the C-reactive protein and is not involved
in the inflammatory reactions [70]. During the menstrual
cycle, ovulatory phase notorious resistance to the activated
protein C was noticed [71]. The lack of protein C or the re-
sistance to the activated protein C is manifested as venous
thromboembolism [72].

Protein S

It is the cofactor of the activated protein C and the tis-
sue factor pathway inhibitor. From a structural overview, it
is a glycoprotein that is rich in y-carboxyglutamate [73]. It
has a molecular mass of 75.123 Da and is codified by the
PROS1 gene that is localized on the 3q11.1 chromosome
band [74]. The anticoagulant effect is due to the fact that it
may form glutamyl-heparin bounds in the exits of the fac-
tor IXa no matter of its concentration and the activity of the
VIII factor [73]. Estrogen is influenced by the concentration
of the serum protein S due to this fact we can explain its
variation in the patients that administer oral contraceptives
and its monthly fluctuation during the menstrual cycle [75].
Like bilirubin, the measurement of protein S is based on the
free portion, the portion that is bound with the y-globulins
and is made along with the measurement of protein C. The
normal values of these proteins are found in Table 1 [76].
Venous thromboembolism has a significant statistical cor-
relation with protein S concentrations [72].

Table 1. Normal concentrations for protein C and protein S.

Protein C Values (Ul/dl)
1-5 years 40-92
6-10 years 45-93
11-16 years 55-110
Adult 64-128

Protein S (total fraction) Values (Ul/dl)

1-5 years 54-118
6-10 years 41-114
11-16 years 52-92
Adult 60-113

Protein S (free fraction) Values (Ul/dl)

1-5 years 21-69

6-10 years 22-62

11-16 years 26-55

Adult 27-61
D-dimers

D-dimers are the product of fibrin degradation due to
its interaction with thrombin. They can become a valuable
biomarker in the diagnostical process of arterial and venous
thromboembolism [77]. There is no gene which may codify
this compound but there are antibodies against D-dimers
that are expressed by the corresponding genes, the most
important of them being tumor necrosis factor a (TNF-a),



The biochemical approach to thromboembolism

CD40 ligand and interleukin 10 (IL-10) [78]. There are no
well-established intervals for the D-dimers concentration in
blood thus their concentration is often subjective above the
values of 0.5 pg/ml [76, 79]. A disadvantage is that D-dimer
has a high sensibility but a low specificity thus a low pre-
diction capacity with many false-positive cases [80, 82, 83].
Factors like age, pregnancy, inflammatory diseases, cardio-
vascular diseases and disseminated intravascular coagula-
tion can make the result even more inconclusive. The mea-
surement of D-dimer necessitates their association with
other biomarkers in order to confirm a diagnostic [81-83].

Fibrinogen

It is a soluble protein that can form bonds with kera-
tin, myosin, and epidermin. It's composed of three chains
- Ao, BB and y [84] that are codified by the corresponding
genes - FGA and FGB localized in a cluster on 4q31.3 and
FGG on 4q32.1 [85-87] with a 94.973 Da [85], 55.928 [86]
and 51.512 Da molecular masses [87]. The final biochemical
structure has a-helicoidally conformation and 3 domains -
A (N-terminal), B and P (C-terminal). Fibrinogen has the
capacity to bind Ca® ions. Interacting with thrombin it is
cleaved into fibrin [84]. Fibrinogen has markedly increased
serum concentration along with an erythrocyte number in
venous thromboembolism [88, 89].

Selectin P, Selectin L and Selectin E

Selectins are peptides that are part of the type C lectin
superfamily and are composed of a N-terminal domain that
can bind Ca® ions along with an epidermal growth factor
(EGF), peptidic tandems and a transmembranary domain
[90]. P selectin has a molecular mass of 90.834 Da [91]. L
selectin has a molecular mass of 42.187 Da [92] and E-selec-
tin has a molecular mass of 66.655 Da [93]. These proteins
are codified by a gene cluster located on the 1q24.2 chromo-
somal band [91-93]. Selectins are expressed on the surface
of the platelets, endotheliocytes and leucocytes. The ele-
vated blood concentrations of the soluble P-selectin forms
along with the soluble E-selectin forms can be observed in
association of an emerging venous thromboembolism in
human study polls. We must mention that E-selectin can be
genetically determined for unusual alleles that can predict
an increased risk for thromboembolism and are dependent
on the menstrual cycle (the luteal phase has its soluble form
elevated in plasma) [94-95]. The soluble form of L-selectin
was associated with thrombosis events [96].

Interleukins

They are represented by a series of proteins that are
located in the regulatory leukocytes and are responsible
for intercellular communication. They are codified and ex-
pressed in clusters and furthermore cleaved and stored.
We identify 38 types of interleukins (IL 1-38) [97]. It was
proven that interleukin 6, interleukin 8 and the monocytic
chemoattractant protein 1 (MCP-1) are capable of inducing
coagulation events. One of the major interleukins which se-
cretion is low in the thromboembolism events realizes the
differential diagnosis with the majority of unspecific inflam-
matory states is interleukin 10 (IL-10) [98] while leukocy-
tosis is not mandatorily associated [99].
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C-reactive protein (CRP)

It is represented by a pentameric protein synthetized
in the liver and is activated by the interaction of interleukin
6 (IL-6) on the genomic structures in inflammatory states
[100]. It has a molecular mass of 25.039 Da and is expressed
by the CRP gene located on the 1q23.2 chromosome band
[101]. For the adult population, concentrations that are
lower than 0.3 mg/dl are normal, those that are located
between 0.3-1.0 mg/dl are mildly elevated, 1.0-10.0 mg/
dl moderately elevated, 10.0-50.0 mg/dl markedly elevated
and >50.0 mg/dl is severe elevation [100]. We have proven
that it has increased concentrations in venous thromboem-
bolism [102-103] and arterial thrombosis [103].

Thrombin/Antithrombin (TAT)

Thrombin is represented by an enzyme that is respon-
sible for the fibrin conversion from fibrinogen [104]. Anti-
thrombin III is a glycoprotein composed from 432 amino-
acids that inhibit thrombin and thus is part of the serin-de-
pendent protease inhibitor from the serpine group. The
a-antithrombin has a conformation that can bind all the 4
domains of the thrombin while -antithrombin is able to
glycosylate only 3 of them [105]. The balance between the
thrombin-antithrombin complex is maintained on the prin-
ciples exposed in the Michaelis-Menten equation and thus
can express the intensity of the platelet aggregation pro-
cesses and in turn the thrombin generation must be mea-
sured without getting an insight into their concentration
[104].

Plasma proteins (Albumins, Globulins)

Albumins are the main protein fraction in the blood
plasma, being synthetized in the liver [106]. Globulins are
represented by the reminiscent portion that is made out
of the a;, a,, B and y portions that are represented by the
immunoglobulins, complement and transport proteins like
haptoglobulin, transferrin, ceruloplasmin and many more
[107]. The albumin concentrations are variable between
3.5-5 g/dl [106] while globulins have variable values be-
cause they are dependent on the total protein fraction and
albumin fraction: Corobuiins = Coroteins = Calbumins taking into fact
that the total protein fraction has concentrations in the lim-
its of 6-8 g/dl [108]. The low albumin concentrations along
with the globulins represent and important indicator for the
venous thromboembolism risk in the presence of emerging
conditions like the nephrotic syndrome and some physio-
logical states like the low-gravitational field in the cosmic
space where the physiology is different [109, 110].

Prostaglandins, Leukotrienes and Nitric Oxide

Prostaglandins and leukotrienes are eicosanoids, deriva-
tives of the arachidonic acid and polyunsaturated fatty acids.
Their synthesis is assured by the cyclooxygenase 1 (COX-1)
and cyclooxygenase 2 (COX-2) [111]. It is well known that
the nitric oxide has a synergistic effect with the prostaglan-
dins, with an unspecific action while the eicosanoids have
their own receptors or can interact with analogue receptors
[112]. The main effects of the prostaglandins in the throm-
boembolism context are the vasodilation (PTGE2), allergic
response (PTGD2), musculature contraction and pulmo-
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nary vessel contraction (PTGF2) and platelet aggregation
inhibition (PTGI2). Leukotrienes like LTB4 are implied in
the turnover if the endotheliocytes while LTC4, LTD4 and
LTDE4 will determine bronchoconstriction, neutrophil ex-
travasation, and vascular response. Nuclear polymorphisms
will influence the variability of the functionality of these
mediators and the pharmacological response to COX-1 and
COX-2 inhibitors (non-steroidal antiinflammatory drugs)
[113]. Thromboxanes are not proven to be implied in the
thromboembolism in humans, this in turn being proven
only for mice species [114, 115].

Matrix metalloproteinases (MMP)

This family of proteases is represented by Zn?* depen-
dent endopeptidases that will control the degradation of
the matrix metalloproteinases. Structurally they have a
hemopexic domain that is effective for proteolysis in the
presence of Zn? ions [116]. They are part of disintegrin and
metalloproteinase motif or disintegrin and metalloprotein-
ase thrombospondin motifs and are inhibited by the tissue
inhibitor of metalloproteinase 1-4 (TIMP 1-4) which can
interact on the C domain of hemopexin [117]. It was prov-
en that myeloperoxidase (MPO) is capable of inhibiting or
activating matrix metalloproteinases that are dependent on
their subtype and the structure of the C domain of hemo-
pexin [118]. Matrix metalloproteinase 2 (MMP-2) will be ac-
tivated by the myeloperoxidase (MPO) and will exacerbate
the progression of the venous thromboembolism [118, 119]
and matrix metalloproteinases 1 (MMP-1) will be regulated
only by the tissue inhibitor of metalloproteinase 1-4 (TIMP
1-4) [117, 119]. In mice, the proaggregant action of MMP-
9 and MMP-14 was proven without being regarded for the
human species [120].

Our comprehension of thromboembolism has advanced,
allowing for a more convenient interpretation of its rela-
tionship with systemic inflammation, metabolic changes,
and other pathophysiological conditions. While these mark-
ers offer promising results, relying on any one of them alone
may lead to false-positive or false-negative outcomes.

To ensure an accurate diagnostic or prognostic pro-
cess, it is essential to apply these markers in combination.
Further studies are necessary to meet the requirements of
medical laboratories and enhance their utility.

Conclusions

(1) Although arterial and venous thromboembolism
typically share common biomarkers, certain molecules may
exhibit distinctive characteristics, enabling differential di-
agnosis. However, their practical applicability in clinical set-
tings is limited.

(2) The majority of biochemical compounds utilized as
biomarkers demonstrate strong interrelationships, allow-
ing for the identification of cascade patterns of expression
in both physiological and pathophysiological conditions.

(3) Understanding the structural aspects and mech-
anisms of action within the procoagulant cascade, in con-
junction with biomarkers, is crucial for determining an ap-
propriate treatment strategy.
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