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Abstract

Post-thrombotic syndrome (PTS) is a condition that can develop in about half of the
patients with deep vein thrombosis (DVT) of lower limbs.
In the present study, we evaluated the expression of inflammatory biomarkers in the
early phases of DVT and their correlation with the onset of PTS.
Patients were enrolled after the first episode of DVT and were followed up for 1, 4, 8,
12 and 18 months. At each visit, blood sample was collected to evaluate plasma levels
of matrix metalloproteinase (MMP)-1,-2,-3,-7,-8 and -9 MMP inhibitors, TIMP-1,-2,
neutrophil gelatinase-associated lipocalin (NGAL) and cytokines TNF-α and IL-6.
Analysis included 201 patients [86 males (42⋅79%) and 115 females (57⋅21%); average
age 56± 7 years].
Of the 201 patients, 47 (23⋅38%; 21 males, 26 females) developed PTS during the
follow-up period.
The control group was made up of 60 individuals without DVT (22 males and 38
females).
High plasma levels of MMPs, NGAL and cytokines were recorded during the acute
phase after DVT. Moreover, patients with PTS showed higher levels of MMP-1 and
MMP-8 with respect to patients without PTS.
There is a close relationship between DVT, the individual risk of PTS and specific
biomarkers such as MMPs and other related molecules, which may help guide preven-
tion and therapy based on the patient’s individual risk profile, and has to be studied in
future.

Introduction

Post-thrombotic syndrome (PTS) is a chronic complication of
deep venous thrombosis (DVT) of the lower limbs arising in
20–50% of patients, within 2 years of onset of acute DVT

†These authors contributed equally to this study.

Key Messages
• post-thrombotic syndrome (PTS) is a chronic complica-

tion of deep venous thrombosis (DVT) of the lower limbs
arising in 20–50% of patients, within 2 years of onset of
acute DVT
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• PTS is an important clinical condition that may lead to
severe and difficult-to-heal venous ulceration

• matrix metalloproteinases (MMPs) play a significant role
in vascular remodelling and endothelial dysfunction

• there is an important early interplay between MMPs and
their inhibitors during a DVT event

• MMP levels, detected in the acute phase of DVT, may
predict the onset of PTS

(1,2). Symptoms and signs of PTS consist of heaviness, pain,
cramps, itching, tingling, oedema, venous ectasia, hyperpig-
mentation and venous ulcerations. These events may be related
to inflammation that induces injury of venous valves and stiff,
fibrotic vein wall degeneration, up to thrombosis (3). The most
important risk factors for PTS development are: high body mass
index (BMI), elderly age, proximal DVT, recurrent ipsilateral
DVT and pre-existent varicosities (4–7). An increasing body of
evidences shows that matrix metalloproteinases (MMPs) play
a role in several vascular diseases (8–12) in which inflam-
mation represents a key mechanism (13,14). The activity of
MMPs is controlled by tissue inhibitors of MMPs (TIMPs) and
an imbalance between MMPs and TIMPs may contribute to
the development of vascular diseases such as atherosclerosis,
aneurysms and varicose veins (15,16). MMPs are also involved
in the pathophysiology of PTS, including tissue remodelling
after acute venous thrombosis (17), endothelial dysfunctional
activation (18,19) and vessel recanalisation (20,21). It has been
reported that the expression of MMPs increases in the vein wall
after DVT onset and its expression is related to the grade of
inflammation (22–24). However, to date it is not easy to predict
which patients will develop PTS and which will not (2).

In this context, in the present study we evaluated the expres-
sion of inflammatory biomarkers in the early phases of DVT
and their correlation with the onset of PTS.

Specifically, we evaluated the expression of those MMPs for
whom there was a well documented relationship with vascular
disease, endothelial dysfunction and vascular remodelling, as
well as with DVT, such as MMP-1, MMP-2, MMP-3, MMP-7,
MMP-8 and MMP-9, their most studied inhibitors, TIMP-1,
TIMP-2, neutrophil gelatinase-associated lipocalin (NGAL),
which has a known interplay with MMP-9, (16,25,26) and two
specific cytokines, tumour necrosis factor alpha (TNF-α) and
interleukin (IL)-6, whose evidences in literature suggested for
their linkage to MMP regulation (27).

Materials and methods

The study was a multicenter open-label, prospective and paral-
lel groups study performed in the Department of Medical and
Surgical Sciences of University Magna Graecia of Catanzaro,
the Department of Clinical Medicine and Surgery, Federico II
University of Naples, the Department of Dentistry, Medical and
Surgical Experimental Sciences of University of Messina and
the Division of Vascular Surgery, S. Anna Hospital, Catanzaro,
between February 2012 and February 2014. This study was
approved by the Investigational Review Board, in accordance
with the Declaration of Helsinki and the Guideline for Good

Clinical Practice. Before the beginning of the study, all par-
ticipants were informed about the aim, procedures, risks and
benefits of the study and written informed consent was obtained
from them. The protocol was registered at the public trials reg-
istry, www.clinicaltrials.gov (trial identifier NCT02376764).

Population

Eligible patients were women and men, older than 18 years,
with a clinical diagnosis of PTS performed using the Villalta
score (28,29) and confirmed by compression ultrasound (CUS)
(Table 1).

Clinical data were collected from the hospital electronic
medical record system. Cardiovascular risk factors analysed
included a history of smoking, diabetes mellitus, hyperten-
sion, hyperlipidaemia and obesity. Inclusion criteria were: acute
DVT of lower limbs, no history of previous DVT and availabil-
ity to make follow-up appointments. Both patients with prox-
imal DVT including the popliteal vein or above, and patients
with distal DVT limited to the calf were included.

Exclusion criteria were: presence of cancer, hepatic failure,
infectious or autoimmune diseases, arthritis, arterial aneurysms,
hernias, chronic venous disease, nephritis, vascular ulcers,
fibrosis and other diseases (e.g. chronic obstructive pulmonary
diseases or ulcers) associated with increased levels of MMPs.
Patients under treatment with corticosteroids or cytostatic drugs
were also excluded.

Risk assessment criteria were based on preoperative medical
history, full physical examination, biochemical and haemato-
logic analyses, echocardiography, electrocardiography and lung
function tests.

Patients were followed up for 18 months from the onset of
acute DVT. At each visit, blood samples were collected from
venipuncture in order to evaluate plasma levels of MMP-1,
MMP-2, MMP-3, MMP-7, MMP-8, MMP-9, NGAL, TIMP-1,
TIMP-2, TNF-α and IL-6.

Patients with DVT who developed PTS (Villalta score≥ 5)
during the follow-up were defined as Group A; patients with
DVT who did not develop PTS (Villalta score≤ 4) during the
follow-up were defined as Group B.

All patients with DVT were treated with low-molecular-
weight heparin (LMWH) for 1 week and then with warfarin
for 3 months and were instructed to wear sized-to-fit elas-
tic stockings (class III, 40 mmHg), thigh-length in case of
proximal DVT for the first 3 months followed by knee-length
stockings, or knee-length stockings in case of distal DVT for
18 months.

Enzyme-linked immunosorbent assay (ELISA)

ELISA test was performed as previously described (30–32).
For the evaluation of plasma MMP, NGAL, TIMP, TNF-α
and IL-6 levels blood samples collected at the time of the
admission (first presentation, T0), and 1 (T1), 4 (T2), 8 (T3),
12 (T4) and 18 (T5) months later, and were frozen (−80 ∘C)
for ELISA evaluation. The ratios of MMP-1/TIMP-1 and
MMP-8/TIMP-1 were calculated in the peripheral blood. The
results were evaluated with respect to individuals without DVT
(control group).
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Table 1 Demographics

Total cohort n =201 PTS n=47 (Group A) No PTS n=154 (Group B) P-value

Sex
Male 86 (42⋅79%) 21 (44⋅68%) 65 (42⋅20%) 0⋅7642
Female 115 (57⋅21%) 26 (55⋅32%) 89 (57⋅79%) 0⋅7642

Age at diagnosis
Age range 48-82 52-82 48-82
Median age 65 66 65

Overweight 42 (20⋅89%) 12 (25⋅53%) 30 (19⋅48%) 0⋅3718
Obesity 33 (16⋅41%) 13 (27⋅66%) 20 (12⋅99%) 0⋅0175
Smoking 39 (19⋅40%) 10 (21⋅28%) 29 (18⋅83%) 0⋅7106
Arterial hypertension 27 (13⋅43%) 8 (17⋅02%) 19 (12⋅33%) 0⋅4098
Hyperlipidaemia 32 (15⋅92%) 9 (19⋅14%) 23 (14⋅93%) 0⋅4895
Diabetes mellitus 16 (12⋅56%) 5 (10⋅63%) 11 (7⋅14%) 0⋅4384
Known thrombofilia 9 (4⋅48%) 3 (6⋅38%) 6 (3⋅90%) 0⋅4705
Surgery/trauma within past 2 months 41 (20⋅40%) 11 (23⋅40%) 30 (19⋅48%) 0⋅5590
Positive family history for VTE 13 (6⋅47%) 4 (8⋅51%) 9 (5⋅84%) 0⋅5153
Varicosities 36 (17⋅91%) 15 (31⋅91%) 21 (13⋅64%) 0⋅0042
Location of DVT

Distal 24 (11⋅94%) 5 (10⋅64%) 19 (12⋅34%) 0⋅7532
Proximal 177 (88⋅06%) 42 (89⋅37%) 135 (87⋅66%) 0⋅7532
Left 97 (48⋅26%) 21 (44⋅68%) 76 (49⋅35%) 0⋅5749
Right 104 (51⋅74%) 26 (55⋅32%) 78 (50⋅65%) 0⋅5749

PTS, post-thrombotic syndrome; DVT, Deep Vein Thrombosis; VTE, venous thromboembolism.

Statistical analysis

All data are expressed as mean values± standard error medium
(SEM). Student’s t-test was used to analyse the difference
between each group with their control. Analysis of variance
(ANOVA) was used to evaluate the difference between the
groups. Differences identified by ANOVA were further anal-
ysed by an unpaired Student’s t-test.

Adjusted analysis was performed using a proportional
hazards Cox regression model.

A multivariable Cox regression analysis was performed to
control for confounding. Data were further adjusted for other
set of covariates such as traditional risk factors for clinical
parameters (i.e. smoking, arterial hypertension, diabetes, total
cholesterol, family history for VTE).

Pearson’s test was used to evaluate the correlation between
PTS, and plasma levels of MMPs, NGAL, TIMPs and ratio
of MMP/TIMP. SPSS 21.0 software (IBM, Chicago, IL, USA)
was used for statistical analysis. We defined this study as
exploratory; therefore, we did not determine a power calcu-
lation. In this light, these results could only be labelled as
exploratory.

Results

Patients

During the study period, 235 patients were enrolled and of
these:

• 201 patients (85⋅6%) [86 males (42⋅79%) and 115
females (57⋅21%); average age 56± 7 years] completed
a 18 months follow-up and were included in our analysis
(Table 1).

• 34 patients (14⋅6%) did not complete the study; there-
fore, were not enclosed in statistical analysis: 21 patients
(61⋅8%) were lost to follow-up, while 13 (38⋅2%) were
considered non-completers due to deviation from
protocol.

47 of 201 patients (23⋅38%; 21 males, 26 females) developed
PTS during the follow-up. According to Villalta score (28,29),
PTS was defined as mild in 33 patients (70⋅21%), as moderate in
8 (17⋅02%) and as severe in 6 (12⋅76%). Among the six patients
with severe PTS, five had active skin ulceration and one had
severe skin induration.

PTS occurred, from the first DVT event, within a median time
of 8 months (range 4–12).

We referred to DVT patients with PTS as Group A and DVT
patients without PTS as Group B.

Finally 60 healthy blood donors without DVT were included
in this study (22 males and 38 females) as control group
(Group C).

ELISA test

At admission (T0), ELISA test revealed significantly higher
levels of MMPs and NGAL in DVT patients (Group A and
Group B) with respect to Group C (P< 0⋅01) (Figures 1–3).
At this time, we recorded significantly higher levels of MMP-1
and MMP-8 in Group A with respect to Group B (P< 0⋅01)
(Figures 1 and 3). In Group A and in Group B, pharmaco-
logical and non-pharmacological treatment induced a signifi-
cant decrease of symptoms and of plasma MMPs levels with a
time-related pattern (T1–T5) (P< 0⋅01) (Figures 1–3), as the
decrease of MMP-1 and MMP-8 levels was less significant in
Group A versus Group B (Figures 1 and 3).

At admission, the evaluation of plasma NGAL levels
revealed significantly higher levels in Group A

© 2015 Medicalhelplines.com Inc and John Wiley & Sons Ltd 3
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Figure 1 Time course of plasma matrix metalloproteinases (MMP) 1 and 7 at the time of admission (T0) and during the follow-up [1 (Tl), 4 (T2), 8 (T3),
12 (T4) and 18 (T5) months after the admission] in deep vein thrombosis (DVT) patients with and without post-thrombotic syndrome (Groups A and B)
and in control non DVT patients (Group C). Data are expressed as ng/mL and are the mean ± standard error medium of three evaluations performed
through ELISA test.*P < 0.01 versus Group C; †P <0⋅01 versus Group B.

Figure 2 Time course of plasma matrix metalloproteinases (MMP) 2 and 9 at the time of admission (T0) and during the follow-up [1 (Tl), 4 (T2), 8 (T3);
12 (T4) and 18 (T5) months after the admission] in deep vein thrombosis (DVT) patients with and without post-thrombotic syndrome (Groups A and B)
and in control non DVT patients (Group C). Data are expressed as ng/mL and are the mean ± standard error medium of three evaluations performed
through ELISA test. *P <0.01 versus Group C; †P <0.05 versus Group C.
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Figure 3 Time course of plasma matrix metalloproteinases (MMP) 3 and 8 at the time of admission (T0) and during the follow-up [1 (Tl), 4 (T2), 8 (T3);
12 (T4) and 18 (T5) months after the admission] in deep vein thrombosis (DVT) patients with and without post-thrombotic syndrome (Groups A and B)
and in control non DVT patients (Group C). Data are expressed as ng/mL and are the mean ± standard error medium of three evaluations performed
through ELISA test. *P <0⋅01 versus Group C; †P <0⋅05 versus Group C; ‡P <0.01 versus Group B.

(283± 32 ng/mL) and in Group B (275± 29 ng/mL) with
respect to control group (57± 15 ng/mL) (P< 0⋅01); plasma
NGAL levels significantly reduced with a time-related pattern
(T5: Group A 67± 18 ng/mL; Group B 69± 16 ng/mL; control
group: 59± 12 ng/mL).

Moreover, in Group A, patients with severe clinical mani-
festations showed higher plasma levels of MMP-1, MMP-8,
MMP-9 and NGAL with respect to patients with mild symp-
toms (data not shown).

ELISA test of TIMPs revealed a significant decrease of their
plasma values in DVT patients (Groups A and B) with respect
to Group C (P< 0⋅01; Figure 4).

We recorded that both pharmacological and non-pharmaco-
logical treatments increased TIMP values by about 12 months
(T4) after the beginning of these treatments as these levels were
significantly lower (P< 0⋅01) with respect to Group C up to the
end of this study (Figure 4).

The ratios MMP-1/TIMP-1 and MMP-8/TIMP-1 as well
as MMP-1/TIMP-2 and MMP-8/TIMP-2 were significantly
increased in Group A and Group B with respect to Group C
(Tables 2 and 3). Both values were also significantly higher in
Group A patients with severe symptoms with respect to those
with mild ones (P< 0⋅01, data not shown).

Finally, at baseline (T0), plasma levels of IL-6 and TNF- α
were higher in DVT patients (Groups A and B) compared to
control group (P< 0⋅01). These values significantly reduced
with a temporal pattern in both groups (Table 4).

We recorded that obesity, hypertension and diabetes
were independently associated with a higher risk of PTS
development (relative risk: obesity 1⋅95; hypertension 1⋅32;
diabetes: 1⋅38).

PTS was associated with high levels of MMPs and increased
MMP/TIMP ratios in the multivariable model adjusted for
traditional cardiovascular risk factors as well as for patients’
(age and gender) associated characteristics (Table 5).

Correlation

Using the Pearson’s test we documented a negative correlation
between age and plasma levels of MMPs, NGAL, TIMPs,
TNF-α and IL-6 (−0⋅23, −0⋅28, −0⋅20, −0⋅24 and −0⋅21,
respectively) and between symptoms and plasma levels of
MMPs, NGAL, TIMPs, TNF-α and IL-6 (−0⋅36, −0⋅31, −0⋅38,
−0⋅21 and −0⋅28, respectively).

Discussion

PTS is a chronic complication involving DVT of lower limbs,
characterised by pain, itching, tingling, heaviness or swelling.
These symptoms increase during standing or walking, and
decrease with rest (33). Furthermore, multi-segment DVT,
recurrent DVT and early onset of symptoms predict long-term
PTS which has a significant influence on the quality of life
and is related with high costs (34). Several papers have shown
that inflammation plays a central role in all phases of patho-
physiology of DVT and PTS (35,36). In the first step, throm-
bus and venous wall are invaded by leukocytes that, secreting
growth factors, proteases and cytokines, contribute to throm-
bus resolution (35,36). In the second step, proteolytic enzymes
and free radicals released by leukocytes damage venous valves
and inactivate fibrinolysis, leading to residual thrombosis and
progressive fibrosis (20,37). In agreement with literature data

© 2015 Medicalhelplines.com Inc and John Wiley & Sons Ltd 5



Predictive role of some biomarkers in post-thrombotic syndrome S. de Franciscis et al.

Figure 4 Time course of tissue inhibitors of matrix metalloproteinases (TIMP) 1 and 2 at the time of admission (T0) and during the follow-up [1 (Tl),
4 (T2), 8 (T3), 12 (T4) and 18 (T5) months after the admission] in deep vein thrombosis (DVT) patients with and without post-thrombotic syndrome
(Groups A and B) and in control non DVT patients (Group C). Data are expressed as ng/mL and are the mean ± standard error medium of three
evaluations performed through ELISA test. *P < 0.01 versus Group C; †P <0.01 versus Group B.

Table 2 Time course of MMP-1/TIMP-1 and MMP-1/TIMP-2 at the time of admission (T0) and during the follow-up: 1 (T1), 4 (T2), 8 (T3), 12 (T4) and
18 (T5) months after the admission in DVT patients with and without PTS (Group A and Group B) and in control group (Group C)

T0 T1 T2 T3 T4 T5

MMP-1/TIMP-1
Group A 0⋅148*,*** 0⋅147*,*** 0⋅140*,*** 0⋅144*,*** 0⋅095*,*** 0⋅082*,***
Group B 0⋅088* 0⋅086* 0⋅077* 0⋅078* 0⋅044* 0⋅035
Group C 0⋅030 0⋅031 0⋅029 0⋅029 0⋅032 0⋅032

MMP-1/TIMP-2
Group A 0⋅229*,*** 0⋅216*,*** 0⋅216*,*** 0⋅217*,*** 0⋅159*,*** 0⋅120*,***
Group B 0⋅110* 0⋅100* 0⋅094* 0⋅083* 0⋅051* 0⋅044**
Group C 0⋅036 0⋅038 0⋅034 0⋅035 0⋅040 0⋅039

DVT, deep vein thrombosis; MMP, matrix metalloproteinase; PTS, post-thrombotic syndrome; TIMP, tissue inhibitors of MMPs.
*P <0⋅01 versus Group C; **P <0⋅01 versus Group C; ***P < 0⋅01 versus Group B.

(21,23,38), in our study we recorded, during the acute phase
after DVT, high plasma levels of MMPs, NGAL and cytokines,
suggesting that an inflammatory network was activated. More-
over, we also recorded higher levels of MMP-1 and MMP-8 in
patients with PTS. MMP-1 and MMP-8 are pro-fibrotic pro-
teinases and their involvement in inflammatory diseases has
been well reported (21,38–41).

Considering that PTS is a chronic inflammatory disease
(42,43) and MMP-1 and MMP-8 may represent a marker of
fibrosis during an inflammatory process, we postulate that
patients with DVT expressing high levels of these proteases
may be at high risk of developing PTS.

After DVT onset, probably MMP-1 and MMP-8 act
early on venous valve altering haemodynamic activity and
predisposing to the onset of PTS (i.e. secondary varicose veins
and non-healing venous ulcers).

NGAL, a protein belonging to the lipocalin family and
expressed by activated neutrophils, modulates the activity of

MMP-9, protecting MMP-9 from proteolytic degradation. In
this study, we documented high levels of NGAL at the time of
admission, suggesting a role for NGAL in DVT.

Several papers have shown that drugs with anti-protease
activity are associated with faster and better outcomes in
patients with vascular disease (9,30,44–46). In the present
study, we documented that pharmacological treatment induced
a decrease in MMP and NGAL levels as it has not been possible
to reduce the plasma levels of MMP-1 and MMP-8. Therefore,
we postulate that MMP-1 and MMP-8 could be markers for PTS
(development, grade, response to therapy).

According to a recent study conducted on the arterial side
in patients with critical limb ischaemia, MMP-1 and MMP-8
appear to be strictly related to chronic or irreversible complica-
tions of vascular disease (47).

TNF-α is a pro-inflammatory cytokine capable of induc-
ing adhesion molecule and proteinase gene expression, and
plays a role in the progression of several diseases. IL-6 is

6 © 2015 Medicalhelplines.com Inc and John Wiley & Sons Ltd
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Table 3 Time course of MMP-8/TIMP-1 and MMP-8/TIMP-2 at the time of admission (T0) and during the follow-up: 1 (T1), 4 (T2), 8 (T3), 12 (T4) and
18 (T5) months after the admission in DVT patients with and without PTS (Group A and Group B) and in the control group (Group C)

T0 T1 T2 T3 T4 T5

MMP-8/TIMP-1
Group A 0⋅604*,*** 0⋅574*,*** 0⋅500*,*** 0⋅489*,*** 0⋅323*,*** 0⋅264*,***
Group B 0⋅338* 0⋅323* 0⋅265* 0⋅225* 0⋅147** 0⋅124
Group C 0⋅118 0⋅119 0⋅124 0⋅117 0⋅120 0⋅116

MMP-8/TIMP-2
Group A 0⋅935*,*** 0⋅844*,*** 0⋅774*,*** 0⋅733*,*** 0⋅538*,*** 0⋅388*,***
Group B 0⋅423* 0⋅376* 0⋅324* 0⋅241* 0⋅174** 0⋅153
Group C 0⋅141 0⋅146 0⋅147 0⋅142 0⋅149 0⋅141

DVT, deep vein thrombosis; MMP, matrix metalloproteinase; PTS, post-thrombotic syndrome; TIMP, tissue inhibitors of MMPs.
*P <0⋅01 versus Group C; **P <0⋅01 versus Group C; ***P <0⋅01 versus Group B.

Table 4 ELISA evaluation of plasma interleukin 6 (IL-6) and tumour necrosis factor alpha (TNF-α) levels during the study in enrolled patients with DVT
(Group A), with DVT+PTS (Group B) and in control group (Group C) at the time of admission (T0) and 1 (T1), 4 (T2), 8 (T3), 12 (T4) and 18 (T5) months
later

T0 T1 T2 T3 T4 T5

Group A
IL-6 9⋅1±3⋅2** 8⋅7±2⋅4** 8⋅5±2⋅9** 7⋅5±4⋅2* 5⋅4±3⋅5* 4⋅6±3⋅7
TNF-α 7⋅8±3⋅2** 7⋅4±2⋅8** 6⋅8±2⋅2** 5⋅9±3⋅1* 4⋅2±1⋅9 3⋅9±1⋅8

Group B
IL-6 9⋅4±3⋅5** 8⋅8±3⋅1** 7⋅5±3⋅6** 7⋅2±2⋅1* 5⋅7±2⋅3* 3⋅8±2⋅4
TNF-α 7⋅6±3⋅5** 7⋅5±2⋅9* 6⋅7±2⋅1** 5⋅7±2⋅2* 3⋅9±2⋅8 3⋅8±2⋅5

Group C
IL-6 3⋅9±2⋅1 3⋅7±1⋅9 3⋅7±2⋅0 3⋅8±2⋅1 3⋅7±2⋅3 3⋅8±2⋅4
TNF-α 3⋅8± 2⋅5 3⋅6±2⋅2 3⋅9±2⋅7 3⋅5±2⋅3 3⋅7±2⋅4 3⋅7±2⋅3

Values are expressed in pg/mL as mean±SEM.
DVT, deep vein thrombosis; ELISA, enzyme-linked immunosorbent assay; PTS, post-thrombotic syndrome.
*P <0⋅05 and **P <0⋅01 versus Group C.

Table 5 Cox regression analysis of PTS patients

Variable Unadjusted Adjusted

MMP-1 3⋅72 3⋅66
MMP-2 4⋅19 4⋅07
MMP-3 6⋅13 6⋅02
MMP-7 4⋅15 4⋅00
MMP-8 4⋅48 4⋅27
MMP-9 4⋅25 4⋅18
TIMP-1 2⋅87 2⋅74
TIMP-2 3⋅21 3⋅10

MMP, matrix metalloproteinase; PTS, post-thrombotic syndrome.

a pro-inflammatory cytokine with multiple functions, and is
involved in inflammatory process as well as endothelial dys-
function (27,31,45,46,48,49).

In this study, we recorded at the time of admission high levels
of TNF-α and IL-6 that decreased during the study, confirming
the role of the inflammation in the development of DVT.

Finally, we also showed that MMP, NGAL and cytokine lev-
els are higher in DVT patients with respect to healthy subjects.
MMP-1 and MMP-8 levels were increased during both early
stage and acute phase of DVT in patients with PTS. Therefore,
these could be considered as predictors for PTS.

However, this study has some limitations: the number of
people enrolled is small; we did not evaluate other inflammatory
markers (e.g. stress oxidative); we did not evaluate the role of
food, job and environment in the development of DVT and PTS;

we did not evaluate the role of other drugs (e.g. antibiotics or
non-steroidal anti-inflammatory drugs, NSAIDs) in our patients
during the study and after the enrolment. Furthermore, given
the exclusion criteria, the study population is a highly selected
patient cohort, precluding definitive conclusions and transfer of
the study findings to everyday practice.

However, it is our opinion that this study could increase the
knowledge related to a severe disease that can induce severe
complication and could increase the opportunity for optimising
preventive or therapeutic measures according to individual risk
profiles.
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