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Abstract Deep venous thrombosis (DVT), which is
associated with pulmonary embolism, is a fatal disease
because of its high morbidity and mortality in outpatients
and inpatients, especially in hospitalized patients. At the
same time, lack of subjective clinical symptoms and
objective clinical signs makes the diagnosis complicated.
Historically, the primarily imaging modalities, including
duplex ultrasound, helical CT scans, and venography,
establish the diagnosis of DVT. Currently, both imaging
modalities and serology are utilized. These plasma mole-
cules are regarded as the biomarkers of DVT including
D-dimer, P-selectin, Factor VIII, thrombin generation,
inflammatory cytokines, microparticles, fibrin monomer,
leukocyte count and so on. This brief review is used to
analyze the contribution of the biomarkers to diagnosis and
guidance of therapy for DVT.
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Introduction

Deep venous thrombosis (DVT) is a condition in which a
blood clot forms in one or more of the deep veins in your
legs. It occurs when bloodstream slows down, vascular wall
injures or blood thickens according to Virchow’s traid [1].
DVT is a serious condition because a blood clot that has
formed in your vein can break loose and travel to your lungs
forming pulmonary embolism (PE). However, acute DVT
occurs without any noticeable symptoms in about half of all
cases, which complicates the diagnosis. Previously, the
diagnosis of acute DVT has relied on the primarily imaging
modalities. Any suspected patient is requested to subject to
compression ultrasound, which was used as the reference
method for detection of DVT. Currently, not only imaging
modalities but also serology is utilized. These plasma mol-
ecules are regarded as the biomarkers of DVT including
D-dimer, P-selectin, Factor VIII (FVIII), thrombin genera-
tion (TG), inflammatory cytokines, Microparticles (MPs),
fibrin monomer (FM), leukocyte count and so on. This brief
review is used to analyze the contribution of the biomarkers
to the diagnosis and treatment of DVT.

P-selectin

P-selectin is a member of the selectin family of cell
adhesion molecules that also includes E-selectin and
L-selectin [2], which is stored in granule membrane of
unstimulated platelets (x-granules) and endothelial cells
(Weibel-Palade bodies) [3]. P-selectin glycoprotein ligand
1(PSGL-1) is the dominant ligand for P-selectin in vivo,
which is expressed on the majority of leukocytes and is
also found in small amounts on platelets.

During cell activation transmembrane P-selectin is
redistributed onto the cell surface and partially released
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into the circulation in its soluble form (sP-selectin). It
mediates the interaction of stimulated platelets and endo-
thelial cells with leukocytes that express PSGL-1 [4-6]. In
the place where P-selectin-PSGL-1 interaction supports
leukocyte rolling, P-selectin captures leukocytes from the
blood to bring them into contact with the endothelial cell
surface on the blood vessel wall [7].

P-selectin-PSGL-1 interaction plays a central role in
thrombus formation [8-10]. Palabrica et al. [9] demon-
strated that P-selectin can influence fibrin deposition in
thrombus. By specifically blocking P-selectin interactions
using an antibody against P-selectin, they observed that not
only leukocyte adhesion to platelets but also fibrin depos-
ited on a thrombogenic graft in a baboo was inhibited.
After administering collagen plus epinephrine to wild type
and PSGL-1 knockout mice, Kornél Miszti-Blasius et al.
[10] observed that milder thrombocytopenia, less fibrin
deposition and lower number of thrombosed blood vessels
in PSGL-1-null mice. Thus, it is possible that lack of
PSGL-1 may inhibit leukocyte-platelet interactions and
reduce the potential of thrombus formation. In summary,
inhabitation of the interaction between P-selectin and
PSGL-1 was associated with a strong antithrombotic effect.
Therefore, targeting P-selectin or its ligand PSGL-1 could
provide a potential therapeutic approach for clinical situ-
ations. In a meta-analysis, Eduardo Ramacciotti et al. [11]
compared the efficacy of P-selectin or its ligand PSGL-1
inhibitors with the low-molecular-weight-heparin enoxap-
arin for resolution of venous thrombosis in nonhuman
primate models. The review suggested that P-selectin
antagonism should be further evaluated for the treatment of
DVT in nonhuman primate models, by decreasing throm-
bus burden without causing any bleeding complications
and without increasing coagulation times.

In addition to its roles in mediating the binding of
platelets and endothelial cells with leukocytes and
enhancing fibrin deposition, many studies indicated that
P-selectin-PSGL-1 interaction leads to inducing a proco-
agulant state by triggering formation of leukocyte-derived
microparticles [12] and mediating the transfer of tissue
factor (TF) to platelets [13].

Recent studies have showed that elevated P-selectin has
been implicated as a risk factor for DVT. Rectenwald et al.
[14] measured P-selectin in patients with acute DVT con-
firmed by duplex ultrasound and compared these values
with a group of healthy and a group of symptomatic indi-
viduals those were negative on duplex ultrasound for DVT.
They found remarkably increased sP-selectin concentra-
tions in patients with acute DVT and of predictive value for
confirming DVT. This implied the clinical applicability of
P-selectin measurements to assess the risk of DVT.
Recently, Eduardo Ramacciotti and collaborators, pro-
spectively evaluating the combination of sP-selectin with

@ Springer

H. Hou et al.
Table 1 The original Wells score
Criterion Score if
present
Lower limb trauma or surgery or immobilisation +1
in a plastercast
Bedridden for more than three days or surgery +1
within the last four weeks
Tenderness along deep venous system +1
Entire limb swollen +1
Calf more than 3 cm bigger circumference, +1
10 cm below tibial tuberosity
Pitting oedema +1
Dilated collateral superficial veins (non-varicose) +1
Malignancy (including treatment up to six months +1
previously)
Alternative diagnosis as more likely than DVT -2

Risk Category: low risk < 0 points; intermediate risk = 1 or 2 points;
high risk >3 points. Adapt from [114]

other biomarkers and clinical characteristics such as
D-dimer, C-reactive protein (CRP), MPs and clinical Wells
Score (Table 1) in 62 positive and 116 patients with neg-
ative DVT, demonstrated that sP-selectin could establish
the diagnosis of DVT with a cut point of 90 ng/mL, when
combined with the Wells score >2, with a specificity of
96 % and positive predictive value of 100 %, and could
exclude DVT diagnosis with cut points below 60 ng/mL,
when combined with the Wells Score <2, with a sensitivity
of 99 %, a specificity of 33 %, and a negative predictive
value of 96 % [15]. This study suggested that the combi-
nation of sP-selectin and Wells score could exclude and
confirm the diagnosis of DVT.

One of P-selectin gene (SELP) variants is the single
nucleotide polymorphism (SNP) 37674AC (rs6136) that
confers a threonine to a proline change in position 715
[16]. Cihan Ay et al. reported that Pro715 carriers had
significantly lower sP-selectin concentrations. They also
observed a higher proportion of Pro715 carriers among the
control individuals than among patients with venous
thromboembolism (VTE) [17]. On the other hand, it was
reported that there was no association between VTE and
Pro715 when the factor V Leiden mutation (FVL) exists
[18]. Undas et al. [19] showed that the Pro715 carriers
released less P-selectin and with a lower velocity upon
injury compared to Thr715 homozygotes in recurrent DVT
patients not carrying FVL. In healthy individuals and
patients after one DVT, such effect was not observed.

D-dimer

D-dimer is a specific fibrinolysinum-mediated breakdown
product of crosslinked fibrin [20]. Thrombin converts
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Fig. 1 The extrinsic and
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fibrinogen into soluble FM, which then spontaneously
polymerizes to form the soluble fibrin polymer. With the
presence of calcium, thrombin also activates factor XIII,
which crosslinks the fibrin polymer, producing crosslinked
fibrin. Subsequently, fibrinolysinum cleavage of the factor
XIIla-mediated crosslinked fibrin produces D-dimer
(Fig. 1).

As thrombin and Factor XIII participate in the formation
of D-dimer, we suspect it ought to be elevated whenever
there is activation of thrombin to form crosslinked fibrin,
i.e. DVT. Thereby, numerous published studies concerning
D-dimer confirmed whether the conjecture was true. Khaira
and Mann evaluated 80 consecutive patients via a clinical
diagnosis of DVT, and in 29, DVT was confirmed by
venography [21]. Plasma D-dimer levels of these cases had
a sensitivity of 96 %, specificity of 40 %, PPV of 48 %,
and NPV of 95 % when compared to venography. Thus,
the authors concluded that a normal plasma D-dimer level
could be used as a test of exclusion for DVT. In other
words, D-dimer cannot be the sepcific index for DVT,
because it is also elevated in a number of other common
clinical situations (liver disease, pregnancy, recent trauma
or surgery, cancer, massive bleeding, multiple traumatic
injuries and so on [22-25]). Mojca Bozic et al. [26] agreed
on the concept. The authors utilized 6 kinds of D-dimer
assays to compare their advantages and disadvantages, and
demonstrated that all D-dimer assays investigated reliably
excluded DVT in those patients without DVT. However,
the D-dimer concentration increases with age and its
specificity for embolism decreases, which makes the test
less useful to exclude PE in older patients [27]. Renee et al.
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gave us a new D-dimer cut-off value defined as (patient’s
age x 10) ug/l in patients aged >50 [28].

D-dimer testing, the most frequent use of which is in the
evaluation of patients with clinical suspicion of VTE, is
now widely employed in clinical practice. Outpatients with
elevated levels of D-dimer based on observational studies
were proven to be with VTE, obviating the need for
investigations such as ultrasound [29, 30]. Furthermore, a
prospective study of patients seen in an acute-care setting
for serum D-dimer level precludes the need to undergo
pulmonary computed tomography (CTA) [31]. Lana et al.
thought pulmonary CTA findings positive for acute
embolism should be viewed with caution, especially in
patient with a serum D-dimer level of <1.0 pg/ml [32].
Although some researchists came up with which the
modality of angiography carried several negative conse-
quences, cost too much to our patients and the test results
were associated with the reporters [33-35], I think this
modality has the irreplaceable value in diagnosis of acute
PE. Interestingly, Crowther et al. [36] demonstrated
D-dimer should not be used to guide diagnostic testing for
DVT in critically ill patients. The authors especially
highlighted the complete lack of utility of the bedside
D-dimer test in critically ill.

Moreover, D-dimer levels play a role in predicting the
risk of VTE recurrence and assessment of the duration of
therapy for VTE. In 2006, a PROLING study was pub-
lished on the New England Journal of Medicine to explore
the issue [37]. The authors summarized that patients with
an abnormal D-dimer level 1 month after the discontinua-
tion of anticoagulation had a significant incidence of
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recurrent VTE, which was reduced by the resumption of
anticoagulation. Benide et al. indicated that repeated
D-dimer testing especially in first 3 months after vitamin K
antagonists (VKAs) cessation for a first episode of unpro-
voked VTE could identify a subgroup of patients with a
low risk of recurrence, which might not warrant prolonged
anticoagulation [38]. Subjects with repeated normal
D-dimer more than 3 months after VKAs cessation and
without significant residual venous obstruction did not
resume VKAs whereas subjects in whom D-dimer became
abnormal over the first 3 months after stopping anticoag-
ulation resumed VKAs. In those patients with an abnormal
D-dimer, D-dimer was abnormal in the majority of cases
after 3—6 months. They should either continue or resume
VKAs for the long term. Recently, an article described that
in patients with acute PE elevated D-dimer was associated
with increased short-term (within 30 days) and 3 month
mortality [39], suggesting the potential of using D-dimer
test for risk stratification.

Factor VIII

FVIII is a glycoprotein cofactor, which has been found to
be synthesized and released into the bloodstream by the
vascular, glomerular endothelium and the sinusoidal cells
of the liver [40]. In the circulating blood, it is mainly bound
to von Willebrand factor (vWF) to form a stable complex.
Under the vivo conditions, thrombin is the only activator of
physiological relevance to generate FVIIIa [41]. Upon
activation by thrombin, it dissociates from the complex to
interact with Factor IXa in the coagulation cascade. It
converts Factor IX into Factor IXa, which, in tune, with its
cofactor Factor Va, activates more thrombin. Thrombin
cleaves fibrinogen into fibrin which polymerizes and
crosslinks (using Factor XIII) into a blood clot (Fig. 1).
High FVIII is an independent [42, 43] and a dose-
dependent [44] risk factor for both a first and a recurrent
VTE. Ted Koster et al. undertook a population-based
patients-control study to elucidate the role of the ABO
blood group, vWF and FVIII in the process of DVT [43]. In
univariate analysis, all of them were correlated with DVT,
while only FVIII remained as a risk factor in multivariate
analysis. Consequently, it seems likely that blood group
and vWF are involved in a common causal pathway of
thrombogenesis, and their effects on thrombosis are med-
iated by FVIIL In 2000, Kraaijenhagen and his co-workers
observed that for each 10 IU/dl increased in FVIII, the risk
of first VTE increased by 10 %. Furthermore, with each
10 IU/d]l increment in FVIII, the risk of recurrent VTE
increased by 24 % [44]. Simultaneously, Kyrle et al. also
obtained the same conclusion via exploring the relationship
between high plasma levels of FVIII and the risk of
recurrent VTE [45]. The relation between FVIII and the
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risk of recurrence was nonlinear. The risk of recurrent
thrombosis for individuals with a FVIII level above 90th
percentile was 7.4 times higher than subjecets with lower
levels. The authors indicated that a high level of FVIII was
a cause rather than a consequence of VTE. This concept
was also supported by observation that among patients with
VTE, high levels of FVIII persisted over time [46, 47].

Currently, some researchers undertook the research of
the relations between thrombosis and FVIII in the genetic
aspect. Soria et al. represented the first direct evidence that
activated protein C resistance (APCR) and FVIII levels,
which were major risk factors underlying liability to
thrombosis, were jointly influenced by a quantitative trait
locus (QTL) on chromosome 18 [48]. Simultaneously, this
QTL was an important modulator of an individual’s sus-
ceptibility to thrombosis. But there were no obvious can-
didate hemostasis-related genes that might influence the
APCR ratio or FVIII levels in the QTL. And so far, little
novel mutations or polymorphisms related to FVIII have
been identified. More recently, 92714C > G (rs1800291), a
SNP encoding the B-domain substitution D124 1E has been
confirmed, and is significantly associated with FVIII level
[49].

Inderijit et al. evaluated the antithrombotic efficacy of
the partially inhibitory human monoclonal antibody against
FVIII, mAb-LE2E9, in mouse models of inferior vena cava
thrombosis and made a conclusion that the antibody could
markedly inhibit thrombosis without the risk of overdosing
and causing spontaneous bleeding [50]. Recently, an article
reported that partial FVIII inhibition yielded similar anti-
thrombotic effects as nearly complete FVIII inhibition
whilst avoiding excessive anticoagulation in a mouse
model of VTE [51]. These observations may have impor-
tant implications for the development of efficient, easy, and
safe strategies for the prevention and treatment of venous
thrombosis.

Thrombin generation

As mentioned above, thrombin is pivotal for the accelera-
tion of the coagulation cascade, because it serves as an
activator for platelets, Factor V, and FVIII, and is a critical
component of a positive-feedback loop that results in the
generation of large amounts of additional thrombin, the
conversion of fibrinogen to fibrin, and ultimately, clot
formation [41].

Although the measurement of TG has been available
since 1953 [52], only recently have assays been developed
with which TG can be efficiently measured [53]. By
immunologic-based assays, the generation of thrombin can
be monitored in the plasma of individual who is suffering
the activated coagulation cascade caused by TF and
phospholipids, and can be registered in a TG curve. TG can
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be expressed in multiple ways, including the lag time (time
until thrombin burst appears), the peak TG (the maximal
concentration of thrombin formed at a given point in time),
and the endogenous thrombin potential (ETP) (the area
under the curve).

It has been demonstrated that TG is one of the risk
factors for VTE [54], and can be useful as a predictive
marker for evaluating thrombosis on an individual basis
[55]. Dargaud et al. found that TG was reduced in patients
with bleeding tendency, while increased in patients at risk
of VTE [56]. Recently, a study explored that both ETP and
the peak TG were significantly elevated in patients with a
prior history of VTE, and furthermore TG had a significant
correlation with FVIII level [57]. Some researchers com-
pleted a prospective cohort study to identify patients at low
risk for recurrent VTE by measuring the level of TG in
plasma [58]. In 2009, Lutsey et al. came to the conclusion
that elevated basal peak TG was associated with the risk of
recurrent VTE, independently of confirmed VTE risk fac-
tors [59]. Interestingly, Vlieg et al. deemed that elevated
ETP was associated with an increased risk of a first DVT
but not with the risk of recurrence [60].

Seqers and co-workers investigated whether the TG
assay could detect changes in the haemostatic balance
associated with common genetic variation affecting the
level or function of coagulation factors and inhibitors [61].
TG parameters were increased by F5 Leiden, F2 G20210A
and F2 A19911G, while decreased by FGA A1069G, F10
IVS2 C + 517G, F12 C-46T, TFPI T-287C and TFPI IVS7
T-33C. These results indicated that the TG was sensitive to
genetic variation in haemostasis-related genes and might be
an intermediate phenotype for VTE, which made it a
promising tool to identify novel genetic risk factors of
VTE.

Conversely, some investigators thought TG parameters
alone were inappropriate for the exclusion of DVT and
only in the elderly, might the current algorithm of exclu-
sion of DVT improve markedly by the addition of the lag
time results of ETP [62]. As mentioned above, a normal
D-dimer level can exactly exclude DVT in subjects. So we
hypothesize whether the combination of D-dimer and TG
can increase the sensitivity and specificity, PPV, and NPV
for diagnosing or excluding VTE.

Inflammatory cytokines

Increasing evidence suggests a role for inflammatory
markers such as CRP and interleukin (IL)-14, 6, 8, 10 in
VTE. Inflammatory cytokines may influence the expression
of TF, an initiator of the extrinsic pathway of coagulation,
thus providing a trigger that may lead to thrombotic disease
[63]. Lab studies have recently demonstrated that increased
CRP levels had a significant effect on the subsequent of

VTE [64, 65]. However, in a prospective study that has
examined the predictive value of plasma CRP level for the
development of VTE, Tsai et al. found that there was no
relationship between base line CRP levels and the sub-
sequent development of VTE [66]. In addition, another
four studies evaluated the potential role of CRP in the
diagnosis of VTE [67-70]. Fox et al. combined the data
from the four studies and yielded a pooled weighted sen-
sitivity of 77 % and specificity of 66 %.Thus, plasma CRP
level, used alone, does not appear to be useful to diagnose
DVT [71].

Reitsma and Rosendaal exhibited a probable association
between VTE and several other markers of inflammation
by measuring plasma tumor necrosis factor (TNF)-o,
IL-1p, IL-6, IL-8, IL-10 and IL-12p70 levels in a case—
control study for venous thrombotic disease [72]. TNF-q,
IL-6 and IL-8 levels were found to be risk determinants for
VTE. Conversely, the risk for the anti-inflammatory cyto-
kine IL-10 tended to be decreased. For IL-12p70, there was
no association with VTE, while the association was weak
for IL-1f levels. Pavel Poredos et al. also found that
patients with idiopathic VTE had not only increased levels
of pro-inflammatory cytokines such as IL-6 and IL-8 but
also significantly decreased levels of anti-inflammatory
interleukins, particularly IL-10 [73]. In their study, they
also showed that endothelial function was deteriorated in
patients with VTE. They hypothesized that the imbalance
between pro- and anti-inflammatory activities promoted
thrombus formation not only through its involvement in the
coagulation cascade but also through deterioration of
endothelial function. However, in another two studies,
there was no statistically significant association of VTE
with the levels of inflammatory cytokines [74, 75].

Based on the association between inflammation and
coagulation it is possible that polymorphisms in genes
encoding for proteins involved in inflammation may
influence susceptibility towards VTE. Beckers et al.
investigated the occurrence of 49 inflammation-related
gene polymorphisms in both the patients with VTE and
control groups. SNPs of IL-1A, IL-4, IL-6 and IL-13 were
found to be associated with the occurrence of VTE [76].
VTE was significantly less frequent in patients with the CT
genotype and carriers of the T allele of the —899 CT
polymorphism (rs17561) in the IL1A gene, as compared to
the control group. In addition, Gender differences were
observed for SNPs in IL-4, IL-6 and IL-13.For instance, the
IL-6-174-CC (rs1800795) genotype was associated with
VTE in male patients. Robert et al. evaluated potential
associations of 51 polymorphisms from 32 inflammation-
related genes with risk of incident VTE in a prospective
cohort of 22,413 white women followed over a 10 year
period. They found variation at rs1143634 in the IL-1B
gene was associated with a reduced risk of idiopathic VTE
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while variation at rs1800872 in the IL-10 gene was asso-
ciated with increased risk [77]. However, in a case—control
study, IL-6 -174GC, IL-8 -251AT and MCP-1 -2518AG
SNPs did not influence the risk of VTE and the cytokine
levels [78].

A study by Downing et al. showed that neutralization of
IL-10 increased inflammation and thrombosis, while sup-
plementation with exogenous IL-10 demonstrated a
decrease in inflammation and thrombus formation. These
suggested that IL-10 could be used as a therapeutic agent in
the treatment of VTE [79].

Microparticles

MPs, which are by definition between 0.1 and 1.0 pm in
size, are small membranous vesicles released from the
plasma membranes of platelets, leukocytes, red cells and
endothelial cells in response to apoptosis or cellular acti-
vation [80, 81]. MPs are detected and characterized on the
presence of surface antigens from their respective parental
cells [82]. Historically, MPs were consistent with “cellular
dust” without any biological function [83]. Recently, it has
been hypothesized that MPs play a role in inflammation,
coagulation and vascular function [84].

Elevated levels of MPs are encountered in diseases with
vascular involvement and hypercoagulability, where they
appear indicative of a poor clinical outcome [85], and had
been documented in the blood of patients with VTE [86].
There are two animal researches both elucidating a crucial
role for MPs in thrombosis from the opposite sides. One
ascertained platelet CD36 mediated the interactions
between endothelial cells and derived MPs and ultimately
contributed to thrombosis in mice [87], the other showed
that stimulation of monocytes with a P-selectin and
immunoglobulin chimera increased the number of circu-
lating monocyte MPs and restored hemostasis in hemo-
philia A mice, leading the author to propose that MPs could
be used to treat patients with hemophilia [88]. Moreover,
MPs are the main carriers of circulating TF, the principal
initiator of intravascular thrombosis. Ramacciotti et al.
illuminated that MP concentration and TF activity directly
correlated at a highly significant level in an experimental
mouse of venous thrombosis [89]. TF-positive MPs may
ultimately prove to be a useful biomarker to identify
patients at risk for thrombosis.

Recent evidence suggests MPs carry RNA [90, 91] and
DNA [91]. In vitro, MPs contain both nuclear and cyto-
plasmic DNA and RNA, especially low molecular weight
RNA in the size range of microRNA [90]. What’s more,
MPs play an important role in transferring mRNA from
endothelial progenitor cells to endothelial cells to activate
an angiogenic program [91]. We can speculate that DNA
and RNA included in MPs may influence thrombosis
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through a horizontal transfer of genetic mass between
platelets and endothelial cells.

Fibrin monomer

The thrombotic response involves a variety of procedures,
for example platelet activation, enhanced activity of
coagulant system, fibrin formation [92]. FM is the product
of thrombin-induced proteolysis of fibrinogen (Fig. 1). So
Vogel suggested that quantitative FM be a valuable diag-
nostic tool for the early diagnosis of postoperative DVT
[93]. During the test, the FM assay had a specificity of
73.2 % and sensitivity of 91.7 %. Simultaneously, all
FM-positive DVT-patients had pathological FM-values at
least the day prior to the clinical manifestation of throm-
bosis. Reber et al. couldn’t agree to this opinion. They
found that serial FM measurements were unable to predict
or exclude DVT in asymptomatic patients undergoing total
knee arthroplasty [94].

What’s the difference between D-dimer and FM? Both
of them are fibrin-related markers. D-dimer is a fibrino-
lysinum-mediated breakdown product of crosslinked fibrin
in the post-thrombotic state [20]. Contrarily, FM is pro-
duced by thrombin-mediated cleavage of fibrinogen in a
hypercoagulable state [41]. Therefore, D-dimer could be
regarded as a post-thrombotic marker while FM could be
regarded as a pre-thrombotic marker [95]. One study had
evaluated whether FM was aid to D-dimer analysis when
excluding DVT in symptomatic outpatients. Compared
with just D-dimer analysis, simultaneous D-dimer and FM
determination provided a more valuable approximation for
DVT [96]. And Park et al. evaluated the diagnostic per-
formance of FM for disseminated intravascular coagulation
(DIC) in comparison with D-dimer [97], and found that FM
had higher sensitivity, specificity, PPV, and NPV than
D-dimer for differentiating overt DIC from non-DIC.

Leukocyte count

Blood leukocytes can be stimulated by a variety of agents
to develop potent procoagulant activity able to initiate the
extrinsic pathway of blood clotting [98]. It has also been
demonstrated that leukocyte adhesion and transmigration
are the early events in the initiation of DVT [99]. Reyers
et al. designed experiments to evaluate the role of platelet
and leukocyte number in experimental VTE in rats. They
found that in normal animals the leukocyte count was
significantly raised after ligature depending mainly on the
duration of the stasis. Stoffel et al. retrospectively evalu-
ated the association of leukocyte counts and thrombosis in
three cohorts of 100 patients each undergoing intensive
cytoreductive treatment for haematological malignancy.
The results confirmed a strong association of leukocytosis
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with development of thrombosis [100]. However, two
recent studies on patients with essential thrombocythemia
(ET) showed no statistically significant association of
thrombosis with leukocyte count [101, 102].

The most powerful prediction of thrombosis by leuko-
cyte count seems limited to patients with ET at low-risk of
thrombosis (i.e. below 60 years of age, no prior thrombo-
sis). Passamonti et al. evaluated the impact of the increase
in leukocyte count over time on the risk of thrombosis.
They demonstrated that low-risk ET patients with an
increase in leukocyte count in the two years from diagnosis
had higher risk of thrombosis than patients with stable
leukocyte counts [103].

Discussion

As mentioned above, there are a lot of biomarkers identified
for diagnosis of or treatment for DVT. Actually, these bio-
markers can be divided into two categories from pathobiol-
ogy of DVT or thrombotic disease. One is coagulation
markers, such as D-dimer, FVIII, TG, and FM, while the
other is inflammatory markers, including P-selectin,
inflammatory cytokines, MPs and leukocyte count. And
what’s the pathologic function of these biomarkers during
the formation process of DVT (Table 2)?

Although all of these biomarkers theoretically have con-
nection with the pathobiology of DVT, each of them plays a

Table 2 The source of biomarkers and their pathobiology of DVT

different role in diagnostic or prognostic purposes of DVT.
D-dimer is now extensively used for diagnosis of thrombotic
diseases. In fact, only a normal plasma D-dimer level can be
used as a test of exclusion for DVT [21] (Table 3). Whether
others can be employed in diagnosis of DVT alone during
clinical practice is uncertain because study findings are
inconsistent. It may be due to ethnic differences, environ-
mental differences, different selection criteria, different
research methods, different statistical methods, and so on. By
combining one biomarker with another [96] or clinical score
[15], the PPV of DVT can be elevated markedly (Table 4).
The combination of sP-selectin and Wells score could
exclude and confirm the diagnosis of DVT when sP-selectin
<60 ng/ml plus Wells Scores <2 and sP-selectin > 90 ng/
ml plus Wells score > 2, respectively. All of the biomarkers
can be utilized for evaluating individual at the risk of DVT,
especially D-dimer, FVIII, and TG. Persistent high levels of
D-dimer, FVIII, and TG prognosticate that individuals are at
risk of not only first DVT, but also recurrent DVT [37, 38, 44,
46, 59, 60].

Two prospective studies involving patients with VTE
showed that D-dimer levels was responsible for predicting
the risk of VTE recurrence and subsequent assessment of
the duration of therapy for VTE [37, 38]. Repeated
D-dimer testing especially in first 3 months after VKAs
withdrawal for first VTE could identify a subgroup of
patients with an either low or high risk of recurrence
(Table 5). And so far, analogous studies that referred to the

Biomarkers Source Pathobiology of DVT
D-dimer A fibrinolysinum-mediated breakdown product of crosslinked Thrombin and Factor XIII participate in the formation of
fibrin [20]. D-dimer in the post-thrombotic state [95].
P-selectin A transmembrane protein of endothelial cells and platelets [2]. The interaction between p-selectin and PSGL-1 can lead to
mediating the binding of platelets and endothelial cells with
leukocytes [4-7], enhancing fibrin deposition [8—10],
triggering formation of leukocyte-derived microparticles
[12], and mediating the transfer of TF to platelets [13].
FVIIL A glycoprotein cofactor, synthesized and released into the FVIII participates in the intrinsic pathway of coagulation and
bloodstream by the vascular, glomerular endothelium and converts Factor IX into Factor IXa [41].
the sinusoidal cells of the liver [40].
TG A prothrombinase-mediated breakdown product of It serves as an activator for platelets, Factor V, and FVIII and
prothrombin [41]. converts fibrinogen to fibrin [41].
Inflammatory ~ Low-molecular-weight proteins released by leucocytes, Inflammatory cytokines influence both endothelial function
cytokines endothelial cells, fibroblasts, smooth muscle cells, and so on and the expression of TF [63, 73].
[104, 105].
MPs Small membranous vesicles released from plasma membranes MPs play roles in inflammation, coagulation and vascular
of platelets, leukocytes, red cells and endothelial cells function [84] and are the main carriers of circulating TF [89].
[80, 81].
FM A thrombin-mediated breakdown product of fibrinogen [41].  FM participates in the both intrinsic and extrinsic pathway of
coagulation [95].
Leukocyte Posterity of hemopoietic stem cells. Leukocyte adhesion and transmigration are the early events in
count the initiation of DVT [98, 99].
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Table 3 Overall accuracy indices (sensitivity, specificity, NPV, and PPV) of DVT for all D-dimer tested variables

Assay Cut-off (ng/l) Sensitivity (%) Specificity (%) NPV (%) PPV (%)
A >137 100 (100-100) 78 (71-85) 100 (100-100) 74 (67-81)
B >876 100 (100-100) 73 (66-81) 100 (100-100) 69 (62-77)
C >114 100 (100-100) 22 (15-29) 100 (100-100) 44 (35-52)
D >344 100 (100-100) 61 (53-69) 100 (100-100) 61 (53-69)
E >200 100 (100-100) 60 (51-68) 96 (93-99) 60 (52-68)
F >250 100 (100-100) 51 (43-60) 98 (95-100) 55 (47-63)

Results are given with 95 % confidence interval. Assays A and B were ELISAs (Dade Behring and Diagnostica Stago, respectively), assays C
and D automated turbidimetric assays (Dade Behring and Biopool, respectively), assay E qualitative erythrocyte agglutination assay (Agen
Biomedical) and assay F semiquantitative latex agglutination assay (Biopool). Adapted for Table 3, Bozic et al. [26]

Table 4 Summary of sensitivity, specificity, PPV, NPV in which a biomarker plus clinical score is the independent variable

Variables Cut-off Sensitivity Specificity NPV (100 %) PPV (100 %)
(100 %) (100 %)

sP-selectin + Wells score >90 ng/ml + >2 33 95 70 100

sP-selectin + Wells score <60 ng/ml + <2 99 33 96 47

Results are given with 95 % confidence interval. sP-selectin were tested by ELISAs (R&D Systems Inc) and Wells Score were referred to

Table 1. Adapted for Table 4, Ramacciotti at al. [15]

Table 5 Patients with a first episode of VTE in whom D-dimer was
different at the moment of VKAs cessation and in 3 months after
VKAs cessation had different rate of VTE recurrence and were given
different treatment

The level of
D-dimer at the
moment of VKAs

The level of The rate of Treatment
D-dimer in VTE
3 months after recurrence

cessation VKAs cessation (%)

Normal Normal 2.9 Do not
resume
VKAs

Normal Abnormal 11.1 Resume
VKASs

Abnormal Abnormal 27 Continue
or
resume
VKAs

Results are given with 95 % confidence interval. Adapt for Table 3,
Cosmi et al. [38]

relation between other biomarkers and the duration of
therapy for VTE have not been published.

Genetic factors play more or less roles in etiopatho-
genesis of nearly all the diseases and so the thrombosis.
Large amounts of studies reported genetic causes of
thrombosis were deficiencies of antithrombin, protein C,
and its cofactor protein S [106-108], Factor V Leiden
[109], prothrombin 20210A mutation [110], blood group
[111], hyperhomocysteinemia [112], and so on. As men-
tioned above, SNPs of P-selectin, FVIII, and inflammatory
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Table 6 SNPs of biomarkers as mentioned above were found to be
associated with VTE

Biomarkers SNPs Reference
P-selectin rs6136 [16-19]
FVIIL rs1800291 [49]
Inflammatory cytokines IL-1 rs17561 [76]
rs1143634 [77]
IL-6 rs1800795 [76]

IL-10 rs1800872 [77]

cytokines are identified to be associated with the occur-
rence of VTE (Table 6). In other words, these biomarkers
are more likely causes rather than consequences of VTE. In
sum, these biomarkers certainly have effect on etiopatho-
genesis of VTE.

Conclusion

Currently, contrast venography is the most reliable way of
diagnosing DVT [113], while it cannot be routinely used
for screening purposes because of their uncomfortable
invasion and complex procedures. Therefore, biomarkers
with high sensitivity and specificity are desirous of being
identified for screening and early diagnosis of thrombo-
embolism. However, all of these biomarkers play limited
roles in prediction for DVT. Although study findings have
been inconsistent, we should bear in mind that all of these
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biomarkers have partial functions on the routine clinical
use of DVT. A novel way was provided to utilize the
biomarkers [15, 96], which is evaluating the incremental
usefulness of one biomarker for DVT screening in com-
bination with another or clinical score. At the therapy
aspect, D-dimer and FVIII have been proven that they have
value in decision on the duration of anticoagulation in DVT
patients. P-selectin, FVIII and IL-10 bring us the hope that
the inhibitors of these biomarkers or anti-inflammatory
cytokines may provide us a new choice when dealing with
the boring thrombosis. Genetic factors may be essential for
the pathogenesis of DVT. Further investigations, including
full genome sequencing and genome-wide association
studies, may help to elucidate the mechanisms underlying
the risk of thrombosis and ultimately may lead to hilastic
and therapeutic strategies that would reduce morbidity and
mortality of DVT.

References

1. Virchow R (1856) Gesammelte Abhandlungen zur Wissens-
chaftlichen Medizin. A M Von Meidinger Sohn, Frankfurt,
p 525-530

2. Ley K (2003) The role of selectins in inflammation and disease.
Trends Mol Med 9(6):263-268

3. McEver RP (2001) Adhesive interactions of leukocytes, plate-
lets, and the vessel wall during hemostasis and inflammation.
Thromb Haemost 86(3):746-756

4. Geng JG, Bevilacqua MP, Moore KL, McIntyre TM, Prescott
SM, Kim JM, Bliss GA, Zimmerman GA, McEver RP (1990)
Rapid neutrophil adhesion to activated endothelium mediated by
GMP-140. Nature 343(6260):757-760

5. Moore KL, Stults NL, Diaz S, Smith DF, Cummings RD, Varki
A, McEver RP (1992) Identification of a specific glycoprotein
ligand for P-selectin (CD62) on myeloid cells. J Cell Biol
118(2):445-456

6. Furie B, Furie BC (2004) Role of platelet P-selectin and
microparticle PSGL-1 in thrombus formation. Trends Mol Med
10(4):171-178

7. Sako D, Chang XJ, Barone KM, Vachino G, White HM, Shaw
G, Veldman GM, Bean KM, Ahern TJ, Furie B, Cumming DA,
Larsen GR (1993) Expression cloning of a functional glyco-
protein ligand for P-selectin. Cell 75(6):1179-1186

8. Théorét JF, Yacoub D, Hachem A, Gillis MA, Merhi Y (2011)
P-selectin ligation induces platelet activation and enhances mic-
roaggregate and thrombus formation. Thromb Res 128(3):
243-250

9. Palabrica T, Lobb R, Furie BC, Aronovitz M, Benjamin C, Hsu
YM, Sajer SA, Furie B (1992) Leukocyte accumulation pro-
moting fibrin deposition is mediated in vivo by P-selectin on
adherent platelets. Nature 359(6398):848-851

10. Miszti-Blasius K, Debreceni 1B, Felszeghy S, Dezso B, Kapp-
elmayerJ (2011) Lack of P-selectin glycoprotein ligand-1 protects
mice from thrombosis after collagen/epinephrine challenge.
Thromb Res 127(3):228-234

11. Ramacciotti E, Myers DD Jr, Wrobleski SK, Deatrick KB,
Londy FJ, Rectenwald JE, Henke PK, Schaub RG, Wakefield
TW (2010) P-selectin/PSGL-1 Inhibitors versus enoxaparin in

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

the resolution of venous thrombosis: a meta-analysis. Thromb
Res 125(4):138-142

Hrachovinova I, Cambien B, Hafezi-Moghadam A, Kappelmayer
J, Camphausen RT, Widom A, Xia L, Kazazian HH Jr, Schaub
RG, McEver RP, Wagner DD (2003) Interaction of P-selectin and
PSGL-1 generates microparticles that correct hemostasis in a
mouse model of hemophilia A. Nat Med 9(8):1020-1025

Rauch U, Bonderman D, Bohrmann B, Badimon JJ, Himber J,
Riederer MA, Nemerson Y (2000) Transfer of TF from leuko-
cytes to platelets is mediated by CD15 and TF. Blood 96(1):
170-175

Rectenwald JE, Myers DD Jr, Hawley AE, Longo C, Henke PK,
Guire KE, Schmaier AH, Wakefield TW (2005) D-dimer, P-selectin,
and microparticles: novel markers to predict deep venous thrombo-
sis. A pilot study. Thromb Haemost 94(6):1312-1317

Ramacciotti E, Blackburn S, Hawley AE, Vandy F, Ballard-
Lipka N, Stabler C, Baker N, Guire KE, Rectenwald JE, Henke
PK, Myers DD Jr, Wakefield TW (2011) Evaluation of soluble
P-selectin as a marker for the diagnosis of deep venous throm-
bosis. Clin Appl Thromb Hemost 17(4):425-431

Lee DS, Larson MG, Lunetta KL, Dupuis J, Rong J, Keaney JF
Jr, Lipinska I, Baldwin CT, Vasan RS, Benjamin EJ (2008)
Clinical and genetic correlates of soluble P-selectin in the
community. J Thromb Haemost 6(1):20-31

Ay C, Jungbauer LV, Sailer T, Tengler T, Koder S, Kaider A,
Panzer S, Quehenberger P, Pabinger I, Mannhalter C (2007)
High concentrations of soluble P-selectin are associated with
risk of venous thromboembolism and the P-selectin Thr715
variant. Clin Chem 53(7):1235-1243

de Uitte Willige S, De Visser MC, Vos HL, Houwing-Dui-
stermaat JJ, Rosendaal FR, Bertina RM (2008) Selectin haplo-
types and the risk of venous thrombosis: influence of linkage
disequilibrium with the factor V Leiden mutation. J Thromb
Haemost 6(3):478-485

Undas A, Tracz W, Siudak Z (2009) Thr715Pro P-selectin
polymorphism and P-selectin release in blood obtained from the
bleeding time wounds in patients with deep-vein thrombosis.
Thromb Res 124(2):248-250

Adam SS, Key NS, Greenberg CS (2009) D-dimer antigen: current
concepts and future prospects. Blood 113(13):2878-2887

Khaira HS, Mann J (1998) Plasma D-dimer measurements in
patients with suspected DVT—a means of avoiding unnecessary
venography. Eur J Vasc Endovasc Surg 15(3):235-238

Castro D, Pérez-Rodriguez E, Montaner L, Flores J, Neuvo GD
(2001) Diagnostic value of D dimer in pulmonary embolism and
pneumonia. Respiration 68(4):371-375

Perrier A (2004) D-dimer for suspected pulmonary embolism:
whom should we test? Chest 125(3):807-809

Mountain D, Jacobs I, Haig A (2007) The VIDAS D-dimer test
for venous thromboembolism: a prospective surveillance study
shows maintenance of sensitivity and specificity when used in
normal clinical practice. Am J Emerg Med 25(4):464—471

Ho CH (2011) Can very high level of D-dimer exclusively
predict the presence of thromboembolic diseases? J Chin Med
Assoc 74(4):151-154

Bozic M, Blinc A, Stegnar M (2002) D-dimer, other markers of
haemostasis activation and soluble adhesion molecules in
patients with different clinical probabilities of deep vein
thrombosis. Thromb Res 108(2-3):107-114

Sohne M, Kruip MJ, Nijkeuter M, Tick L, Kwakkel H, Halkes
SJ, Huisman MV, Buller HR (2006) Accuracy of clinical deci-
sion rule, D-dimer and spiral computed tomography in patients
with malignancy, previous venous thromboembolism, COPD or
heart failure and in older patients with suspected pulmonary
embolism. J Thromb Haemost 4(5):1042—-1046

@ Springer



344

H. Hou et al.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Douma RA, le Gal G, S6hne M, Righini M, Kamphuisen PW,
Perrier A, Kruip MJ, Bounameaux H, Biiller HR, Roy PM
(2010) Potential of an age adjusted D-dimer cut-off value to
improve the exclusion of pulmonary embolism in older patients:
a retrospective analysis of three large cohorts. BMJ 340:c1475
Anderson DR, Kovacs MJ, Kovacs G, Stiell I, Mitchell M,
Khoury V, Dreyer J, Ward J, Wells PS (2003) Combined use of
clinical assessment and D-dimer to improve the management of
patients presenting to the emergency department with suspected
deep vein thrombosis (the EDITED Study). J Thromb Haemost
1(3):645-651

Wells PS, Anderson DR, Rodger M, Forgie M, Kearon C,
Dreyer J, Kovacs G, Mitchell M, Lewandowski B, Kovacs MJ
(2003) Evaluation of D-dimer in the diagnosis of suspected deep
vein thrombosis. N Engl J Med 349(13):1227-1235

Hirai LK, Takahashi JM, Yoon HC (2007) A prospective eval-
uation of a quantitative assay in the evaluation of acute pul-
monary embolism. J Vasc Interv Radiol 18(8):970-974
Gimber LH, Travis RI, Takahashi JM, Goodman TL, Yoon HC
(2009) Computed tomography angiography in patients evaluated
for acute pulmonary embolism with low serum D-dimer levels: a
prospective study. Perm J 13(4):4-10

Hurwitz LM, Reiman RE, Yoshizumi TT, Goodman PC, Ton-
cheva G, Nguyen G, Lowry (2007) Radiation dose from con-
temporary cardiothoracic multidetector CT protocols with an
anthropomorphic female phantom: implications for cancer
induction. Radiology 245(3):742-750

Lufft V, Hoogestraat-Lufft L, Fels LM, Egbeyong-Baiyee D,
Tusch G, Galanski M, Olbricht CJ (2002) Contrast media
nephropathy: intravenous CT angiography versus intraarterial
digital subtraction angiography in renal artery stenosis: a pro-
spective randomized trial. Am J Kidney Dis 40(2):236-242
Ost D, Khanna D, Shah R, Hall CS, Shah S, Lesser M, Fein AM
(2004) Impact of spiral computed tomography on the diagnosis
of pulmonary embolism in a community hospital setting. Res-
piration 71(5):450-457

Crowther MA, Cook DJ, Griffith LE, Meade M, Hanna S,
Rabbat C, Bates SM, Geerts W, Johnston M, Guyatt G (2005)
Neither baseline tests of molecular hypercoagulability nor
D-dimer levels predict deep venous thrombosis in critically ill
medical-surgical patients. Intensive Care Med 31(1):48-55
Palareti G, Cosmi B, Legnani C, Tosetto A, Brusi C, Iorio A,
Pengo V, Ghirarduzzi A, Pattacini C, Testa S, Lensing AW,
Tripodi A (2006) D-dimer testing to determine the duration of
anticoagulation therapy. N Engl J Med 335(17):1780-1789
Cosmi B, Legnani C, Tosetto A, Pengo V, Ghirarduzzi A, Testa
S, Prisco D, Poli D, Tripodi A, Marongiu F, Palareti G (2010)
Usefulness of repeated D-dimer testing after stopping antico-
agulation for a first episode of unprovoked venous thrombo-
embolism: the PROLONG II prospective study. Blood 115(3):
481-488

Becattini C, Lignani A, Masotti L, Forte MB, Agnelli G (2012)
D-dimer for risk stratification in patients with acute pulmonary
embolism. J Thromb Thrombolysis 33(1):48-57

O’Donnell J, Tuddenham EG, Manning R, Kemball-Cook G,
Johnson D, Laffan M (1997) High prevalence of elevated factor
VIII levels in patients referred for thrombophilia screening: role
of increased synthesis and relationship to the acute phase reac-
tion. Thromb Haemost 77(5):825-828

Tanaka KA, Key NS, Levy JH (2009) Blood coagulation:
hemostasis and thrombin regulation. Anesth Analg 108(5):
1433-1446

Ota S, Yamada N, Ogihara Y, Tsuji A, Ishikura K, Nakamura M,
Wada H, Ito M (2011) High plasma level of factor VIII: an
important risk factor for venous thromboembolism. Circ J
75(6):1472-1475

@ Springer

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

Koster T, Blann AD, Briet E, Vandenbroucke JP, Rosendaal FR
(1995) Role of clotting factor VIII in effect of von Willebrand factor
on occurrence of deep-vein thrombosis. Lancet 345(8943):152—-155
Kraaijenhagen RA, in’t Anker PS, Koopman MM, Reitsma PH,
Prins MH, van den Ende A, Biiller HR (2000) High plasma
concentration of factor VIIIc is a major risk factor for venous
thromboembolism. Thromb Haemost 83(1):5-9

Kyrle PA, Minar E, Hirschl M, Bialonczyk C, Stain M,
Schneider B, Weltermann A, Speiser W, Lechner K, Eichinger S
(2000) High plasma levels of factor VIII and the risk of recur-
rent venous thromboembolism. N Engl J Med 343(7):457-462
O’Donnell J, Mumford AD, Manning RA, Laffan M (2000)
Elevation of FVIII: C in venous thromboembolism is persistent
and independent of the acute phase reaction. Thromb Haemost
83(1):10-13

Tichelaar V, Mulder A, Kluin-Nelemans H, Meijer K (2012)
The acute phase reaction explains only a part of initially ele-
vated factor VIII:C levels: a prospective cohort study in patients
with venous thrombosis. Thromb Res 129(2):183-186

Soria JM, Almasy L, Souto JC, Buil A, Martinez-Sanchez E,
Mateo J, Borrell M, Stone WH, Lathrop M, Fontcuberta J,
Blangero J (2003) A new locus on chromosome 18 that influ-
ences normal variation in activated protein C resistance phe-
notype and factor VIII activity and its relation to thrombosis
susceptibility. Blood 101(1):163-167

Viel KR, Machiah DK, Warren DM, Khachidze M, Buil A,
Fernstrom K, Souto JC, Peralta JM, Smith T, Blangero J, Porter
S, Warren ST, Fontcuberta J, Soria JM, Flanders WD, Almasy
L, Howard TE (2007) A sequence variation scan of the coagu-
lation factor VIII (FVIII) structural gene and associations with
plasma FVIII activity levels. Blood 109(9):3713-3724

Singh I, Smith A, Vanzieleghem B, Collen D, Burnand K, Saint-
Remy JM, Jacquemin M (2002) Antithrombotic effects of con-
trolled inhibition of factor VIII with a partially inhibitory human
monoclonal antibody in a murine vena cava thrombosis model.
Blood 99(9):3235-3240

. Emmerechts J, Vanassche T, Loyen S, Van Linthout I, Cludts K,

Kauskot A, Long C, Jacquemin M, Hoylaerts MF, Verhamme P
(2011) Partial versus complete factor VIII inhibition in a mouse
model of venous thrombosis. Thromb Res. doi:10.1016/j.thromres.
2011.06.027

Macfarlane RG, Biggs R (1953) A thrombin generation test: the
application in haemophilia and thrombocytopenia. J Clin Pathol
6(1):3-8

Hemker HC, Giesen P, Al Dieri R, Regnault V, de Smedt E,
Wagenvoord R, Lecompte T, Béguin S (2003) Calibrated
automated thrombin generation measurement in clotting plasma.
Pathophysiol Haemost Thromb 33(1):4-15

Van Veen JJ, Gatt A, Makris M (2008) Thrombin generation
testing in routine clinical practice: are we there yet? Br J Hae-
matol 142(6):889-903

Brummel-Ziedins KE, Vossen CY, Butenas S, Mann KG, Ro-
sendaal FR (2005) Thrombin generation profiles in deep venous
thrombosis. J Thromb Haemost 3(11):2497-2505

Dargaud Y, Béguin S, Lienhart A, Al Dieri R, Trzeciak C,
Bordet JC, Hemker HC, Negrier C (2005) Evaluation of
thrombin generating capacity in plasma from patients with
haemophilia A and B. Thromb Haemost 93(3):475-480
Ryland JK, Lawrie AS, Mackie 1J, Machin SJ (2011) Persistent
high factor VIII activity leading to increased thrombin genera-
tion—a prospective cohort study. Thromb Res. doi:10.1016/
j-.thromres.2011.07.020

Hron G, Kollars M, Binder BR, Eichinger S, Kyrle PA (2006)
Identification of patients at low risk for recurrent venous
thromboembolism by measuring thrombin generation. JAMA
296(4):397-402


http://dx.doi.org/10.1016/j.thromres.2011.06.027
http://dx.doi.org/10.1016/j.thromres.2011.06.027
http://dx.doi.org/10.1016/j.thromres.2011.07.020
http://dx.doi.org/10.1016/j.thromres.2011.07.020

Biomarkers of deep venous thrombosis

345

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Lutsey PL, Folsom AR, Heckbert SR, Cushman M (2009) Peak
thrombin generation and subsequent venous thromboembolism:
the longitudinal investigation of thromboembolism etiology
(LITE) study. J Thromb Haemost 7(10):1639-1648

van Hylckama VliegA, Christiansen SC, Luddington R, Can-
negieter SC, Rosendaal FR, Baglin TP (2007) Elevated endog-
enous thrombin potential is associated with an increased risk of
a first deep venous thrombosis but not with the risk of recur-
rence. Br J Haematol 138(6):769-774

Segers O, van Oerle R, ten Cate H, Rosing J, Castoldi E (2010)
Thrombin generation as an intermediate phenotype for venous
thrombosis. Thromb Haemost 103(1):114—-122

Haas FJ, Schutgens RE, Kluft C, Biesma DH (2011) A thrombin
generation assay may reduce the need for compression ultraso-
nography for the exclusion of deep venous thrombosis in the
elderly. Scand J Clin Lab Invest 71(1):12-18

Osnes LT, Westvik AB, Jog GB, Okkenhaug C, Kierulf P (1996)
Inhibition of IL-1 induced tissue factor (TF) synthesis and
procoagulant activity (PCA) in purified human monocytes by
IL-4, IL-10 and IL-13. Cytokine 8(11):822-827

Folsom AR, Lutsey PL, Astor BC, Cushman M (2009) C-reac-
tive protein and venous thromboembolism. A prospective
investigation in the ARIC cohort. Thromb Haemost 102(4):
615-619

Zacho J, Tybjaerg-Hansen A, Nordestgaard BG (2010) C-reac-
tive protein and risk of venous thromboembolism in the general
population. Arterioscler Thromb Vasc Biol 30(8):1672-1678
Tsai AW, Cushman M, Rosamond WD, Heckbert SR, Tracy RP,
Aleksic N, Folsom AR (2002) Coagulation factors, inflamma-
tion markers, and venous thromboembolism: the longitudinal
investigation of thromboembolism etiology (LITE). Am J Med
113(8):636-642

Thomas EA, Cobby MJ, Rhys Davies E, Jeans WD, Whicher JT
(1989) Liquid crystal thermography and C reactive protein in the
detection of deep venous thrombosis. BMJ 299(6705):951-952
Wong NA, Laitt RD, Goddard PR, Virjee J (1996) Serum C
reactive protein does not reliably exclude lower limb deep
venous thrombosis. Thromb Haemost 76(5):816-817

Maskell NA, Butland RJ (2001) A normal serum CRP measure-
ment does not exclude deep vein thrombosis. Thromb Haemos
86(6):1582-1583

Bucek RA, Reiter M, Quehenberger P, Minar E (2002)
C-reactive protein in the diagnosis of deep vein thrombosis. BrJ
Haematol 119(2):385-389

Fox EA, Kahn SR (2005) The relationship between inflamma-
tion and venous thrombosis. A systematic review of clinical
studies. Thromb Haemost 94(2):362-365

Reitsma PH, Rosendaal FR (2004) Activation of innate immu-
nity in patients with venous thrombosis: the Leiden Thrombo-
philia Study. J Thromb Haemost 2(4):619-622

Poredos P, Jezovnik MK (2011) In patients with idiopathic
venous thrombosis, interleukin-10 is decreased and related to
endothelial dysfunction. Heart Vessels 26(6):596-602
Vormittag R, Hsieh K, Kaider A, Minar E, Bialonczyk C, Hir-
schl M, Mannhalter C, Pabinger I (2006) Interleukin-6 and
interleukin-6 promoter polymorphism (-174) G > C in patients
with spontaneous venous thromboembolism. Thromb Haemost
95(5):802-806

Christiansen SC, Naess IA, Cannegieter SC, Hammerstrgm J,
Rosendaal FR, Reitsma PH (2006) Inflammatory cytokines as
risk factors for a first venous thrombosis: a prospective popu-
lation-based study. PLoS Med 3(8):e334

Beckers MM, Ruven HJ, Haas FJ, Doevendans PA, ten Cate H,
Prins MH, Biesma DH (2010) Single nucleotide polymorphisms
in inflammation-related genes are associated with venous
thromboembolism. Eur J Intern Med 21(4):289-292

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Zee RY, Glynn RJ, Cheng S, Steiner L, Rose L, Ridker PM (2009)
An evaluation of candidate genes of inflammation and thrombosis
in relation to the risk of venous thromboembolism: the Women’s
Genome Health Study. Circ Cardiovasc Genet 2(1):
57-62

Matos MF, Lourengo DM, Orikaza CM, Bajerl JA, Noguti MA,
Morelli VM (2011) The role of IL-6, IL-8 and MCP-1 and their
promoter polymorphisms IL-6-174GC, IL-8-251AT and MCP-
1-2518AG in the risk of venous thromboembolism: a case-
control study. Thromb Res 128(3):216-220

Downing LJ, Strieter RM, Kadell AM, Wilke CA, Austin JC,
Hare BD, Burdick MD, Greenfield LJ, Wakefield TW (1998) IL-
10 regulates thrombus-induced vein wall inflammation and
thrombosis. J Immunol 161(3):1471-1476

Rectenwald JE, Myers DD Jr, Hawley AE, Longo C, Henke PK,
Guire KE, Schmaier AH, Wakefield TW (2005) D-Dimer,
P-Selectin, and microparticles: novel markers to predict deep
venous thrombosis. Thromb Haemost 94(6):1312-1317

Key NS, Chantrathammachart P, Moody PW, Chang JY (2010)
Membrane microparticles in VTE and cancer. Thromb Res 125:
80-83

Ahn YS (2005) Cell-drived microparticles: “Miniature envoys
with many faces”. J Thromb Haemost 3(5):884-887

VanWijk MJ, VanBavel E, Sturk A, Nieuwland R (2003) Micro-
particles in cardiovascular diseases. Cardiovasc Res 59:277-287
Campello E, Spiezia L, Radu CM, Bulato C, Castelli M, Gav-
asso S, Simioni P (2011) Endothelial, platelet, and TF-bearing
microparticles in canner patients with and without thromboem-
bolism. Thromb Res 127(5):473-477

Morel O, Toti F, Hugel B, Bakouboula B, Camoin-Jau L, Dig-
nat-George F, Freyssinet JM (2006) Procoagulant microparti-
cles: disrupting the vascular homeostasis equation? Arterioscler
Thromb Vasc Biol 26(12):2594-2604

Chirinos JA, Heresi GA, Velasquez H, Jy W, Jimenez JJ, Ahn E,
Horstman LL, Soriano AO, Zambrano JP, Ahn YS (2005) Ele-
vation of endothelial microparticles, platelets, and leucocyte
activation in patients with venous thromboembolism. J Am Coll
Cardiol 45(9):1467-1471

Ghosh A, Li W, Febbraio M, Espinola RG, McCrae KR, Cockrell
E, Silverstein RL (2008) Platelet CD36 mediates interactions with
endothelial cell-derived microparticles and contributes to throm-
bosis in mice. J Clin Invest 118(5):1934-1943

Hrachovinova I, Cambien B, Hafezi-Moghadam A, Kappelma-
yer J, Camphausen RT, Widom A, Xia L, Kazazian HH Jr,
Schaub RG, McEver RP, Wagner DD (2003) Interaction of
P-selectin and PSGL-1 generates microparticles that correct
hemostasis in a mouse model of hemophilia A. Nat Med 9(8):
1020-1025

Ramacciotti E, Hawley AE, Farris DM, Ballard NE, Wrobleski
SK, Myers DD Jr, Henke PK, Wakefield TW (2009) Leukocyte-
and platelet-derived microparticles correlate with thrombus
weight and TF activity in an experimental mouse model of
venous thrombosis. Thromb Haemost 101(4):748-754
Deregibus MC, Cantaluppi V, Calogero R, Lo Iacono M, Tetta
C, Biancone L, Bruno S, Bussolati B, Camussi G (2007)
Endothelial progenitor cell derived microvesicles activate an
angiogenic program in endothelial cells by a horizontal transfer
of mRNA. Blood 110(7):2440-2448

Reich CF 111, Pisetsky DS (2009) The content of DNA and RNA
in microparticles released by Jurkat and HL-60 cells undergoing
in vitro apoptosis. Exp Cell Res 315(5):760-768

Fuster V (1994) Mechanisms leading to myocardial infarction:
insights from studies of vascular biology. Circulation 90(4):
2126-2146

Vogel G, Dempfle CE, Spannagel M, Leskopf W (1996) The
value of quantitative fibrin monomer determination in the early

@ Springer



346

H. Hou et al.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

diagnosis of postoperative deep vein thrombosis. Thromb Res
81(2):241-251

Reber G, Blanchard J, Bounameaux H, Hoffmeyer P, Miron MJ,
Leyvraz PF, de Moerloose P (2000) Inability of serial fibrin
monomer measurements to predict or exclude deep venous
thrombosis in asymptomatic patients undergoing total knee
arthroplasty. Blood Coagul Fibrinolysis 11(3):305-308

Wada H, Sakuragawa N (2008) Are fibrin-related markers useful
for the diagnosis of thrombosis? Semin Thromb Hemost 34(1):
33-38

Dopsaj V, Bogavac-Stanojevic N, Vasic D, Vukosavljevic D,
Martinovic J, Kotur-Stevuljevic J, Spasic S (2009) Excluding deep
venous thrombosis in symptomatic outpatients: is fibrin monomer
aid to D-dimer analysis? Blood Coagul Fibrinolysis 20(7):546-551
Park KJ, Kwon EH, Kim HJ, Kim SH (2011) Evaluation of the
diagnostic performance of fibrin monomer in disseminated
intravascular coagulation. Korean J Lab Med 31(3):143-147
Semeraro N, Biondi A, Lorenzet R, Locati D, Mantovani A,
Donati MB (1983) Direct induction of TF synthesis by endo-
toxin in human macrophages from diverse anatomical sites.
Immunology 50(4):529-535

Schaub RG, Simmons CA, Koets MH, Romano PJ 2nd, Stewart
GJ (1984) Early events in the formation of a venous thrombus
following local trauma and stasis. Lab Invest 51(2):218-224
Stoffel N, Rysler C, Buser A, Gratwohl A, Tsakiris DA, Stern M
(2010) Leukocyte count and risk of thrombosis in patients
undergoing haematopoietic stem cell transplantation or intensive
chemotherapy. Thromb Haemost 103(6):1228-1232

Tefferi A, Gangat N, Wolanskyj A (2007) The interaction
between leukocytosis and other risk factors for thrombosis in
essential thrombocythemia. Blood 109(9):4105

Passamonti F, Rumi E, Arcaini L, Boveri E, Elena C, Pietra D,
Boggi S, Astori C, Bernasconi P, Varettoni M, Brusamolino E,
Pascutto C, Lazzarino M (2008) Prognostic factors for throm-
bosis, myelofibrosis, and leukemia in essential thrombocythe-
mia: a study of 605 patients. Haematologica 93(11):1645-1651
Passamonti F, Rumi E, Pascutto C, Cazzola M, Lazzarino M
(2009) Increase in leukocyte count over time predicts throm-
bosis in patients with low-risk essential thrombocythemia.
J Thromb Haemost 7(9):1587-1589

@ Springer

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

Hoch RC, Schraufstitter IU, Cochrane CG (1996) In vivo, in
vitro, and molecular aspects of interleukin-8 and the interleukin-
8 receptors. J Lab Clin Med 128(2):134-145

Luster AD (1998) Chemokines—chemotactic cytokines that
mediate inflammation. N Engl J Med 338(7):436-445

Tait RC, Walker ID, Reitsma PH, Islam SI, McCall F, Poort SR,
Conkie JA, Bertina RM (1995) Prevalence of protein C defi-
ciency in the healthy population. Throm Haemost 73(1):87-93
Tait RC, Walker ID, Perry DJ, Islam SI, Daly ME, McCall F,
Conkie JA, Carrell RW (1994) Prevalence of antithrombin defi-
ciency in the healthy population. Br ] Haematol 87(1):106-112
McColl M, Tait RC, Walker ID, Perry DJ, McCall F, Conkie JA
(1996) Low thrombosis rate seen in blood donors and their
relatives with inherited deficiencies of antithrombin and protein
C: correlation with type of defect, family history, and absence of
the factor V Leiden mutation. Blood Coagul Fibrinolysis 7(7):
689-694

Bertina RM, Koeleman BP, Koster T, Rosendaal FR, Dirven RJ,
de Ronde H, van der Velden PA, Reitsma PH (1994) Mutation in
blood coagulation factor V associated with resistance to acti-
vated protein C. Nature 369(6475):64—-67

Poort SR, Rosendaal FR, Reitsma PH, Bertina RM (1996) A
common genetic variation in the 3'-untranslated region of the
prothrombin gene is associated with elevated plasma pro-
thrombin levels and an increase in venous thrombosis. Blood
88(10):3698-3703

Morelli VM, De Visser MC, Vos HL, Bertina RM, Rosendaal
FR (2005) ABO blood group genotypes and the risk of venous
thrombosis: effect of factor V Leiden. J Thromb Haemost
3(1):183-185

den Heijer M, Koster T, Blom HJ, Bos GM, Briet E, Reitsma
PH, Vandenbroucke JP, Rosendaal FR (1996) Hyperhomocy-
steinemia as a risk factor for deep-vein thrombosis. N Engl J
Med 334(12):759-762

Kyrle PA, Eichinger S (2005) Deep vein thrombosis. Lancet
365(9465):116-174

Wells PS, Anderson DR, Bormanis J, Guy F, Mitchell M, Gray
L, Clement C, Robinson KS, Lewandowski B (1997) Value of
assessment of pretest probability of deep-vein thrombosis in
clinical management. Lancet 350(9094):1795-1798



	Biomarkers of deep venous thrombosis
	Abstract
	Introduction
	P-selectin
	D-dimer
	Factor VIII
	Thrombin generation
	Inflammatory cytokines
	Microparticles
	Fibrin monomer
	Leukocyte count

	Discussion
	Conclusion
	References


