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Abstract

Background. Chronic venous disease (CVD) with chronic venous insufficiency (CVI) involves disruption of the
proteolytic balance in the venous wall driven by an imbalance between matrix metalloproteinases (MMPs) and
tissue inhibitors (TIMPs), particularly MMP-2 and TIMP-4.

Aim. To assess changes in MMP-2, TIMP-4 and their ratio before and after surgical treatment of CVD and to
compare the effectiveness of different surgical techniques.

Materials and Methods. A total of 139 patients with chronic venous disease (CEAP C3-C6), aged 18-75 years,
were enrolled and allocated into three groups based on the extent of surgical intervention performed. All par-
ticipants underwent standard clinical assessment and duplex ultrasound. Serum MMP-2 and TIMP-4 concen-
trations were measured before and after treatment using validated ELISA assays under identical laboratory
conditions. Thirty age-matched healthy volunteers served as the control group.

Results. Before treatment, patients showed elevated MMP-2 and reduced TIMP-4 compared with controls.
Combined intervention (RFA + miniphlebectomy + perforator ligation) resulted in the most significant de-
crease in MMP-2, increase in TIMP-4 and near-normalisation of their ratio. Less pronounced but significant
changes occurred in subgroup 2A, whereas subgroup 2B and the RFA-only group retained an abnormal
MMP-2/TIMP-4 ratio.

Conclusions. Combined surgical treatment most effectively restores proteolytic balance in CVD. Dynamic as-
sessment of MMP-2, TIMP-4 and their ratio may serve as a laboratory indicator of treatment efficiency.

Keywords: CVD, chronic venous insufficiency, matrix metalloproteinases, tissue inhibitors of metalloproteinases,

surgical treatment, endovenous ablation, MMP-2, TIMP-4.

Introduction. Chronic venous disease (CVD) of the
lower extremities is a common condition that affects
quality of life and imposes a significant financial burden
on the healthcare system, with lower limb trophic ulcers
occurring in 1-2 % of the adult population and rising to
3 % among individuals over the age of 65 [1]. Despite its
high prevalence, the pathophysiological mechanism of
varicose vein development remains insufficiently under-
stood [2,3,4].

Modern hypotheses regarding the onset and progres-
sion of CVD focus on local inflammatory responses asso-
ciated with persistent venous hypertension, which leads
to capillary dilation and venous blood pooling in the skin
microcirculation [5]. In a human study in which venous

© 2025 The Authors. National M. M. Amosov Institute of
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article under the CC BY-SA license.
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stasis was experimentally induced, increased expres-
sion of endothelin-1, a mediator of inflammation, was
observed. Moreover, patients with CVD exhibit elevated
blood levels of inflammatory markers such as C-reactive
protein, interleukin-6, and D-dimer. In varicose veins,
decreased levels of type III collagen, elastin, and laminin
are observed, which reduces the contractile capacity of
venous smooth muscle [6].

The aforementioned changes lead to venous wall re-
modelling and venous valve dysfunction [3,7]. Persistent
microcirculatory alterations, chronic inflammation, local
hypoxia, and oxidative stress cause endothelial dysfunc-
tion, which contributes to fibrosis, loss of venous elastic-
ity, and the development of venous ulcers [8,9,10].

It has been established that matrix metalloprotein-
ases (MMPs) and their inhibitors (TIMPs) play a leading
role in the pathogenesis of chronic venous disease (CVD),
with their normal ratio maintaining the homeostasis of
the extracellular matrix (ECM).
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MMPs are a group of zinc-dependent enzymes that in-
fluence the migration, proliferation, and apoptosis of vas-
cular smooth muscle cells, as well as endothelial and in-
flammatory cells, with MMP-1, MMP-2, and MMP-9 being
the most extensively studied [11,12,13]. The main differ-
ences among these MMPs lie in their substrate specificity
and their roles in various physiological and pathological
processes. MMP-2 and MMP-9 are known to be the key
enzymes involved in the proteolytic degradation of the
extracellular matrix (ECM). However, MMP-9 predomi-
nates in the early clinical stages (clinical class C2 accord-
ing to CEAP), whereas MMP-2 is more prevalent in the
stage of chronic venous insufficiency (clinical classes C3-
C6 according to CEAP). Studies have shown that patients
with lipodermatosclerosis exhibit excessive expression
of matrix metalloproteinases, which leads to the forma-
tion of venous ulcers and impaired healing [14,15].

However, the exact impact of different types of MMPs
on the development and progression of CVD remains un-
clear, and the study of their activity may help to elucidate
new pathogenetic mechanisms of this condition.

Tissue inhibitors of metalloproteinases (TIMPs) are
specific inhibitors of matrix metalloproteinases involved
in regulating the local activity of MMPs in tissues. It has
been established that only TIMP-4 is significantly re-
duced across all clinical classes of CVD compared with
healthy individuals [16]. It is the imbalance in the levels
and activity of MMPs and TIMPs that triggers inflamma-
tory processes in tissues, particularly in peripheral veins,
and may potentially affect venous wall remodelling in
chronic venous disease [17].

Aim. To investigate the changes in MMP-2 and TIMP-4
levels and their ratio before and after surgical interven-
tion for chronic venous disease (CVD) of the lower ex-
tremities, as well as to compare the effectiveness of dif-
ferent surgical treatment techniques.

Materials and Methods. The study included pa-
tients with chronic venous disease (CVD) in the stage
of chronic venous insufficiency (clinical class C3-C6 ac-
cording to the CEAP classification), aged 18 to 75 years.
Among them, there were 47 men (33.8 %) and 92 women
(66.2 %).

Inclusion criteria: patients with CVD of clinical classes
C3-C6 according to CEAP, aged from 18 to 75 years.

Exclusion criteria: patients with CVD of clinical class-
es C0-C2 according to CEAP; patients under 18 or over
75 years of age; patients with oncological, autoimmune
diseases, diabetes mellitus, liver diseases, as well as pa-
tients who did not provide written informed consent to
participate in the study.

A total of 139 patients (100 %) were examined and
divided into 3 clinical groups with subgroups:

Group 1 (main group) - 32 patients (23 %) who un-
derwent treatment using endovenous radiofrequency
ablation (RFA) of the trunks of the Great Saphenous Vein
(GSV) and/or Small Saphenous Vein (SSV) combined with
miniphlebectomy of tributaries and perforator veins.

Group 2 (comparison group) - 64 patients:
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e Subgroup 2a: 31 patients (22.3 %) who underwent
endovenous RFA combined with miniphlebectomy of
tributaries without perforator vein ligation;

e Subgroup 2b: 33 patients (23.7 %) who underwent
endovenous RFA combined with perforator vein
ligation without miniphlebectomy of tributaries.

e Group 3 (comparison group) - 43 patients (30.9 %)
who were treated using endovenous radiofrequency
ablation of the trunks of the GSV and/or SSV only.
The examination of patients included clinical assess-

ment, instrumental and laboratory investigations, which
were conducted at the Department of Faculty Surgery
and Oncology of Zaporizhzhia State Medical and Pharma-
ceutical University.

Ultrasound examination of the lower limb vessels
was performed using the ultrasound diagnostic system
“ACUSON Redwood” (Siemens Medical Solutions USA,
Inc., USA). Determination of matrix metalloproteinase
type 2 (MMP-2) was carried out using enzyme-linked
immunosorbent assay (ELISA) on the fully automated
microplate ELISA analyser “Sirio-S” (Seac, Italy) with the
“Human MMP-2" reagent kit. The level of tissue inhibi-
tor of metalloproteinase type 4 (TIMP-4) was measured
using enzyme-linked immunosorbent assay (ELISA) on
the fully automated microplate ELISA analyser “Sirio-S”
(Seac, Italy) with the “Human TIMP-4" reagent kit. ELISA
testing was performed at the Department of Faculty Sur-
gery and the Department of Toxicological and Inorganic
Chemistry of Zaporizhzhia State Medical and Pharma-
ceutical University.

Statistical analysis of the obtained data was performed
using the applied software packages STATISTICA 13.0,
TIBCO Software Inc. (license JPZ8041382130ARCN10-])
and MICROSOFT EXCEL 2013 (license 00331-10000-
00001-AA404) [18]. Quantitative variables were pre-
sented as mean * standard deviation (M+SD). Differenc-
es between more than two groups were assessed using
one-way analysis of variance (ANOVA) with subsequent
post-hoc comparison based on letter-based significance
grouping. The significance of differences between two
independent groups was evaluated using Student’s t-test
(for equal variances) or Welch’s t-test (for unequal vari-
ances), and intragroup changes over the course of treat-
ment were analysed using the paired Student’s t-test.

To determine the mean values of the studied indica-
tors in healthy individuals, 30 volunteers were examined,
forming the control group. The data are presented in Ta-
ble 1.

The study was conducted in accordance with current
bioethical standards [19], including the provisions of
Article 8 of the Law of Ukraine No. 123/96-VR “On Me-
dicinal Products”, Directive 2001/20/EC of the European
Parliament and of the Council [20], the Convention on
Human Rights and Biomedicine [21], the WMA Declara-
tion of Helsinki — Ethical Principles for Medical Research
Involving Human Subjects [22], the recommendations
of the World Health Organization “Global Health Eth-
ics” [23], the provisions of Good Clinical Practice (GCP)
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Table 1

Indicators of healthy individuals in the control group
Value

Indicator 95 % Cl mean (M£SD)

MMP2, ng/ml 4,32-22,98 7,63%4,11

TIMP4, pg/mL 35,52-194,97 163,90+33,90

MMP2/TIMP4 26,56-312,02 41,01+131,73

[24], as well as Order No. 690 of the Ministry of Health of
Ukraine. All patients provided written informed consent
to participate in the study.

Results and Discussion. The serum levels of MMP-2
and TIMP-4 and their ratio in patients before treatment
are presented in Table 2.

Analysis of the data in Table 2 demonstrates that
there is no statistically significant difference in MMP-
2 levels between the groups and subgroups in patients
before treatment (p>0.05). However, it was found that
the mean values in all groups were significantly higher
than those in healthy individuals. The mean TIMP-4 val-
ues in patients before treatment also showed no statisti-
cally significant difference (p>0.05), but were lower than
those in healthy individuals. The obtained results for the
MMP-2 to TIMP-4 serum ratio in patients of the main and
comparison groups before surgical treatment revealed

no significant differences between the groups and sub-
groups (p>0.05). However, these values were significant-
ly higher compared to healthy individuals.

After the administered treatment, the following mean
laboratory values were recorded in patients, as present-
ed in Table 3.

According to the data presented in Table 3, the mean
MMP-2 levels after treatment in patients of the main
group were significantly lower than those in patients of
subgroup 2A (t=-3.48; p=0.001), subgroup 2B (t=-15.16;
p<0.001) of the second comparison group, and the third
comparison group (t=-11.29; p<0.001). This indicates a
pronounced reduction in proteolytic activity as a result
of the comprehensive surgical approach, which included
RFA of the trunks of the GSV and/or SSV in combination
with miniphlebectomy of tributaries and ligation of in-
competent perforator veins. Such an approach effectively
eliminates both central and peripheral sources of venous
reflux, which evidently contributes to the reduction of
MMP-2 activation.

In subgroup 2A of the 2nd comparison group, the
mean MMP-2 values were significantly lower than in sub-
group 2B (t=-6.13; p<0.001). Significantly lower enzyme
levels were also observed in subgroup 2A compared
to the 3rd comparison group (t=-4.19; p<0.001). The
mean MMP-2 values in subgroup 2B and the 3rd com-
parison group showed no statistically significant differ-

Table 2
Serum levels of MMP-2 and TIMP-4 and their ratio in patients before treatment (M£SD)
Groups
1st group (main), 2nd group (comparison), n=64 3rd group
Indicators n=32 subgroup 2A,n=31  subgroup 2B,n=33  (comparison), n=43 p (ANOVA)
MMP2, ng/ml 24,68+11,54 26,09+11,28 26,53%5,02 23,38%2,33 0,310
A A A A
TIMP4, pg/mL 65,91:27,82 79,27:47,15 64,02:—;19,65 67,91112,21 0,207
MMP2/ TIMP4 457,39%234,56 418,92£326,56 453,60+116,05 404,54+200,47 0,727
A A A A
Note: Patient groups without common letters are statistically different from each other (p<0.05).
Table 3
Serum levels of MMP-2 and TIMP-4 and their ratio in patients after treatment (M*SD)
Groups
2nd group (comparison), 3rd group
1st group (main), n=64 (comparison),

Indicators n=32 subgroup 2A,n=31  subgroup 2B, n=33 n=43 p (ANOVA)
MMP2, ng/ml 7,7022,43 13,05;8,20 23,90;5,62 20,68;8,49 <0,001
TIMP4, pg/mL 150,82:44,25 130,14;34,56 65,59219,70 73,76214,86 <0,001
MMP-2/ TIMP-4 60,57240,84 89,95’;63,48 396,37’2113,80 303,94;198,71 <0,001

Note: Patient groups without common letters are statistically different from each other (p<0.05).
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ence (t=1.98; p=0.051). Compared to the mean MMP-2
values of healthy individuals, both subgroup 2B and the
3rd comparison group had values that were significantly
above normal.

When comparing the mean MMP-2 values in patients
of the main group before and after treatment, a statisti-
cally significant decrease in MMP-2 level was observed
(t=-7.93; p<0.001). In subgroup 2A of the 2nd compari-
son group, a significant reduction in this enzyme was also
found over the course of treatment (t=5.50; p<0.001).
The mean MMP-2 values in subgroup 2B of the 2nd
comparison group before and after treatment were sig-
nificantly lower after treatment (t=2.00; p=0.049). In pa-
tients of the 3rd comparison group, a significant decrease
in MMP-2 levels after treatment was also noted (t=2.01;
p=0.049).

TIMP-4 levels in patients after treatment were signifi-
cantly higher in the main group compared to subgroups
2A (t=2.07; p=0.043) and 2B (t=10.48; p<0.001) of the
2nd comparison group, and also significantly higher than
in the 3rd comparison group (t=9.46; p<0.001). Such a
positive dynamic of TIMP-4 in patients of the main group
who underwent combined surgical intervention indi-
cates the activation of reparative mechanisms and a re-
duction in extracellular matrix destruction.

The mean enzyme levels in subgroup 2A were signifi-
cantly higher than in subgroup 2B (t=9.79; p<0.001) and
the 3rd comparison group (t=8.53; p<0.001). No statis-
tically significant difference was observed between the
values of subgroup 2B and the 3rd comparison group (t=-
1.98; p=0.052); however, both were significantly lower
than the values in healthy individuals.

When comparing the mean TIMP-4 values in patients
of the main group over time, a significant increase in
TIMP-4 was observed after treatment (t=-9.18; p<0.001).
In subgroup 2A of the 2nd comparison group, a signifi-
cant increase in enzyme levels was also noted after treat-
ment (t=4.84; p<0.001). However, no statistically signifi-
cant difference was found in TIMP-4 levels over time in
patients of subgroup 2B (t=-0.32; p=0.746). In the 3rd
comparison group, TIMP-4 levels significantly increased
after treatment (t=-1.99; p=0.049).

The obtained results for the MMP-2/TIMP-4 ratio in
patients after surgical treatment were significantly lower
in the main group compared to subgroup 2A (t=-2.17;
p=0.034), subgroup 2B (t=-15.92; p<0.001) of the 2nd
comparison group, and the 3rd comparison group (t=-
7.81; p<0.001).

Thus, combined surgical treatment provided the most
pronounced restoration of the balance between proteo-
lytic activity and inhibitory response, indicating effec-
tive suppression of venous wall degradation processes
following the elimination of all anatomically significant
sources of pathological venous outflow.

When comparing both subgroups of the 2nd group,
the mean enzyme ratio values were significantly lower in
subgroup 2A than in subgroup 2B (t=-13.35; p<0.001).
The values in subgroup 2A were also significantly low-
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er than those in the 3rd comparison group (t=-6.59;
p<0.001). It was noted that in subgroup 2B, the values
were significantly higher compared to the 3rd compari-
son group (t=-2.55; p=0.013). The enzyme ratio in the
main group was significantly lower after combined treat-
ment (t=9.42; p<0.001) and approached normal values.
The MMP-2/TIMP-4 ratio in subgroup 2A significantly
decreased after treatment (t=5.50; p<0.001), although it
remained significantly above normal. The enzyme ratio
before and after treatment in subgroup 2B was signifi-
cantly lower after treatment (t=2.02; p=0.047), but re-
mained significantly higher than in healthy individuals.
The mean MMP-2/TIMP-4 value in the 3rd group was
significantly lower after treatment (t=2.33; p=0.021), but
still remained elevated compared to normal.

Thus, the results of the study indicate a positive dy-
namic in MMP-2, TIMP-4 levels and their ratio after surgi-
cal intervention in patients with chronic venous disease
(CVD) in the stage of chronic venous insufficiency. The
most pronounced decrease in MMP-2 proteolytic activ-
ity, increase in TIMP-4 tissue inhibitor levels, and nor-
malization of their ratio were observed in patients who
underwent combined surgical intervention-namely, end-
ovenous RFA in combination with miniphlebectomy and
ligation of incompetent perforator veins. This surgical
approach provided more complete elimination of venous
reflux sources and reduced inflammatory and destruc-
tive processes in the venous wall.

Our study is the first to establish a link between
MMP-2, TIMP-4 levels and their ratio in chronic venous
disease (CVD) and the methods of surgical treatment.
For instance, in the study by Lauren E. Mueller et al, a
significant reduction in MMP-2 levels was observed after
successful use of radiofrequency ablation (RFA) for large
thyroid nodules, compared to pre-treatment values. This
was accompanied by decreased degradation of type IV
collagen, preservation of the basement membrane of
healthy tissues, and, accordingly, inhibition of tumour
cell growth and metastasis [25].

Changes in the expression and activity of matrix met-
alloproteinases have been described in chronic venous
disease (CVD). It has been found that the levels of MMP-1,
-2, -3, and -7 are elevated, with MMP-2 activity increas-
ing in varicose veins, and this elevation being observed
across all layers of the varicose vein wall. At the same
time, some studies have shown no changes or even a de-
crease in the levels of certain MMPs in CVD. In particular,
one study reported a decrease in the levels of the active
form of MMP-2 in varicose veins. This variability in data
may be due to the investigation of different anatomical
regions of varicose veins (e.g., hypertrophic or atrophic
areas), or differences in the stage of chronic venous in-
sufficiency [26].

The imbalance between MMPs and TIMPs is consid-
ered one of the main contributing factors in the develop-
ment of CVD. Studies have shown minor changes in the
levels of MMP-7 and MMP-9, as well as TIMP-1, TIMP-2,
and TIMP-3; elevated levels of MMP-1, MMP-2, and MMP-
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3; along with an increase in the elastic network and dep-
osition of type I collagen, fibrillin-1, and laminin in the
venous wall and skin of patients with CVD compared to
control veins obtained from patients undergoing coro-
nary artery bypass grafting. These observations suggest
that the imbalance between MMPs and TIMPs disrupts
the process of extracellular matrix renewal. In patients
with trophic ulcers, elevated plasma levels of MMP-2,

TIMP-1, and TIMP-2 have also been observed, as well as

an increased MMP-2 to TIMP-2 ratio. Moreover, changes

have been found not only in the venous wall but also in
the skin of patients with CVD, indicating systemic con-

nective tissue remodelling [27].

The obtained data confirm the advantage of extended
combined intervention compared to isolated RFA or its
combination with only one stage (miniphlebectomy or
perforator vein ligation).

Thus, it is the comprehensive surgical approach that
promotes optimal restoration of the balance between
matrix metalloproteinases and their inhibitors, which is
an important component of reparative processes in the
venous wall and may potentially influence the long-term
prognosis in such patients.

Conclusions

1. In patients with CVD in the stage of chronic venous
insufficiency, the preoperative level of MMP-2 was
markedly elevated (24.68+11.54 ng/mL) and the
level of TIMP-4 was reduced (65.91+27.82 pg/
mL) compared to the control group of healthy
individuals (7.63%+4.11 ng/mL and 163.90+33.90 pg/
mL, respectively), indicating an imbalance between
matrix metalloproteinases and their inhibitors
toward increased proteolytic activity, which is
pathogenetically significant for the progression of
venous wall remodelling.

2. Combined surgical treatment, which includes
endovenous radiofrequency ablation of the trunks
of the great and/or small saphenous veins in
combination with miniphlebectomy of tributaries
and ligation of perforator veins, leads to a significant
decrease in MMP-2 levels (from 24.68+11.54 to
7.70£2.43 ng/mL), an increase in TIMP-4 levels
(from 65.91+27.82 to 150.82+44.25 pg/mL), and
normalization of their ratio (from 457.39+234.56
to 60.57+40.84), indicating effective reduction of
the impact of the pathophysiological mechanism of
proteolytic imbalance on disease progression.

3. RFA procedures of the GSV and/or SSV without
perforator vein ligation or without miniphlebectomy
of tributaries show a significantly smaller positive
dynamic in laboratory parameters, and in some cases,
the MMP-2/TIMP-4 ratio remained significantly
above normal after treatment, which may indicate
incomplete elimination of the pathophysiological
mechanisms of the disease.

4. Determining the levels of MMP-2 and TIMP-4 and
their ratio in dynamics before and after surgery may
serve as an indicator for assessing the effectiveness
of eliminating a known pathophysiological link in
the development of the inflammatory process, which
directly affects venous wall remodelling in patients
with CVD in the stage of chronic venous insufficiency.

Prospects for Further Research. Future studies
should focus on long-term follow-up of patients un-
dergoing different surgical approaches to evaluate the
persistence of biochemical improvements and their cor-
relation with clinical outcomes. In addition, investigat-
ing other members of the MMP and TIMP families, as
well as their genetic regulation, could provide a deeper
understanding of the mechanisms involved in venous
wall remodelling. Further research may also explore the
potential for pharmacological modulation of proteolytic
activity as an adjunct to surgical treatment in chronic
venous disease.
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Bnnue onepaTtMBHOro BTpy4aHHS Ha NPOTEOJIiTUMHY aKTUBHICTb KPOBi
Npu BapuKO3Hii XBOPOO6i HMXKHIX KiHLIBOK

Lpyxkin M. B.*2, KnumeHko A. B.
13anopi3bknit AepxKaBHUIT MeauKo-(hapMaLLeBTUUYHUIA YHIBEPCUTET, M. 3anopixoks, YkpaiHa
2TOB «KPAM IHBECT», M. 3anopixxks, YkpaiHa

Pesome

Bapuko3Hna xBopo6a HrxkHix kiHLiBok (BXHK) y cTazii xpoHiuHOi BeHO3HOI HejocTaTHOCTI (XBH) cynpoBosxy-
€TbCS MOPYIIEHHAM MPOTEOJiTUYHOr0 6asaHCy Y BEHO3HIH CTiHI, 1110 onocepesKOBaHO Arc6asaHCOM MaTpPUK-
cHUX MeTasonpoTeinas (MMP) Ta ix TkanuHHUX iHri6iTOpiB (TIMP). OfHUM i3 K/IIOUOBUX YYAaCHHUKIB L[bOT'0 MPO-
necy € MMP-2 ta TIMP-4, ciiBBiZjHOIIIEHHS SIKUX MOX€e 6y TH MapKePOM JIeCTPYKIIil EKCTPaLe/II0JISIPHOI0 MAaTPHUKCY.

Merta. [locnigvTtu 3minu piBHiB MMP-2, TIMP-4 Ta ix cniBBiJHOIIEHHS [j0 Ta Nic/ig XipyprivyHOro BTpy4YaHHS [IpU
BXHK, a Tako nopiBHATH ePEKTUBHICTb Pi3HUX METO/JUK ONIEPATUBHOTO JIiIKyBaHHS.

Marepiasim Ta Metogm. JlociipkeHHs IpoBeJieHe Ha 6a3i kadeapu dakysnbTeTchbkol Xipyprii i oHkosorii Ta
kade/py TOKCUKOJIOTI{YHOI Ta HeopraHiyHoi xiMii 3aNI0pi3bKOro Aep:kaBHOT0 MeJuKo-dpapMalleBTUYHOIO YHiBep-
cuteTy. Y HboMy B35 yyacTb 139 mauieHTiB i3 BXHK craaii XBH (CEAP C3-C6), BikoMm 18-75 pokiB, ki 6ynu
po3nojijieHi Ha 3 KJIiHIYHI rpynu 3a/e3KHO Bij 06cATY XipypriuHoro BTpy4aHHs: B 1-miil rpyni (ocHoBHa, n=32)
BUKOHYBaJIOCh KOMOiHOBaHe JiikyBaHHs (PYA + MiHipsiebekToMist + nepeB’sizka nepdopaHTiB). 2-ra rpyna (rpymna
MopiBHSAHHS, Nn=64) po3noAisieHa Ha 2 migrpynu: y nigrpymni 2A npoBoguiu eHioBeHo3Hy PUA pasom i3 miHide-
6eKTOMi€l0 IPUTOKIB 6e3 NepeB’si3kU NepPOpaHTHUX BeH; y rpyni 2B - engoBeHo3Hy PYA pasoMm i3 nepes’s3koio
neppopaHTHUX BeH 6e3 MiHipe6exToMil npruTOKiB. XBOopuM 3-0i rpynu (rpyna nopiBHAHHA, n=43) BUKOHYBaIach
Tinbku PYA. KouTposbHy rpymy ckiaagasad 30 310poBUX J06poBoJIbLiB. BciM XBopyUM npoBeieHi cTaHJapPTHI KJIiHi-
KO-JIabopaTopHi 06CTEXKeHHs, AYIJIEKCHE CKAaHYBaHHS BeH HIKHIX KiHIiBOK. BusHayeHHs piBHiB MMP-2 i TIMP-4
npoBouIH iMyHopepMmeHTHUM MeToZoM (ELISA) no Ta micis sikyBaHHS.

Pe3ynbraT. /lo JiKyBaHHS BCi NalliEHTH MaJiu AoCTOBipHO BUlli piBHI MMP-2 i Hrk4i TIMP-4, Hi*k KOHTpPOJIBb-
Ha rpymna. [licsia xipypriuHoro BTpy4yaHHs y 1-i rpymi cnocrepirasoch Haibinbie 3HmxeHHss MMP-2, nigsuiieH-
He TIMP-4 Ta HopMmaJti3anis ix cliBBiJHOIIEHHS], 110 CBIAYUTb PO epeKTUBHE raJbMyBaHHS [leCTPYKLil BEHO3HOI
cTiHKH. Y migrpyni 2A 3MiHu Gy/IM MeHLI BUpaXKeHi, ajie fJocToBipHi. Y nigrpyni 2b Ta 3-i rpyni cniBBigHOIIEHHS
MMP-2/TIMP-4 3anuiianocs 3Hauyle BULAM 32 HOPMY, 1110 BKa3y€ Ha HEMOBHY e(PeKTHUBHICTb BTPY4YaHHS.

BucHoBKM. HallepekTHuBHillle 3MeHIIIeHHS TPOTEOJITUYHOT aKTUBHOCTI Ta HOpMaJli3allisl iHri6iTOpHOTO NOTeH-
Liasy J0CATAETHCA NpHU KOMb6iHOBaHOMY xipypriuHomy sikyBaHHi BXHK. Busnauenns gjunamiku MMP-2, TIMP-4
Ta IX CIIBBi/JHOIIEHHS MOXe CIyryBaTH JJabopaTOPHUM KpUTepieM epeKTUBHOCTI ycyHeHHs natodisiosorivHoro
koMnoHeHTa XBH. 3acTocyBanHs siuie PYA sk MOHOBTpy4aHHs a60 i KoM6iHaLil 3 0JHUM eTanoM JIikyBaHHS Ma€
MeHII BUPa)KEHUH BIJIMB Ha GioMapKepy peMo/ie/IIOBaHHSI BEHO3HOI CTiHKH.

Kawuoei caoea: BXHK, xpoHiuHa 8eHO3HA HedocmamHicmys, MAMPUKCHI Mema/ionpomeiHasu, MKaHuHHI iHeibi-
mopu memasonpomeinas, xipypeiuHe nikyeaHHs, eHdoseHo3zHa abaayis, MMP-2, TIMP-4.
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