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Venous Disease of the Lower Extremities

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 

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:

zz Subgroup 2a: 31 patients (22.3  %) who underwent 
endovenous RFA combined with miniphlebectomy of 
tributaries without perforator vein ligation;

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

zz 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 JPZ804I382130ARCN10‑J) 
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

Indicator
Value

95 % CI mean (M±SD)
ММР2, ng/ml 4,32-22,98 7,63±4,11
TIMP4, pg/mL 35,52-194,97 163,90±33,90
ММР2/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 

Table 2
Serum levels of MMP-2 and TIMP-4 and their ratio in patients before treatment (M±SD)

Indicators

Groups

p (ANOVA)
1st group (main), 

n=32
2nd group (comparison), n=64 3rd group 

(comparison), n=43subgroup 2A, n=31 subgroup 2B, n=33

ММР2, ng/ml 24,68±11,54
A

26,09±11,28
A

26,53±5,02
A

23,38±2,33
A 0,310

TIMP4, pg/mL 65,91±27,82
A

79,27±47,15
A

64,02±19,65
A

67,91±12,21
A 0,207

ММР2/ TIMP4 457,39±234,56
A

418,92±326,56
A

453,60±116,05
A

404,54±200,47
A 0,727

Note: Patient groups without common letters are statistically different from each other (p<0.05).

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 3
Serum levels of MMP-2 and TIMP-4 and their ratio in patients after treatment (M±SD)

Indicators

Groups

p (ANOVA)
1st group (main), 

n=32

2nd group (comparison), 
n=64

3rd group 
(comparison), 

n=43subgroup 2A, n=31 subgroup 2B, n=33

ММР2, ng/ml 7,70±2,43
A

13,05±8,20
B

23,90±5,62
C

20,68±8,49
C <0,001

TIMP4, pg/mL 150,82±44,25
A

130,14±34,56
B

65,59±19,70
C

73,76±14,86
C <0,001

ММР-2/ TIMP-4 60,57±40,84
A

89,95±63,48
B

396,37±113,80
C

303,94±198,71
D <0,001

Note: Patient groups without common letters are statistically different from each other (p<0.05).



109

Український журнал серцево-судинної хірургії     Том 33, № 4    2025

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-

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-

Mykyta V. Druzhkin / Effect of Surgical Intervention on Proteolytic Activity of Blood in Chronic Venous Disease...
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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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Вплив оперативного втручання на протеолітичну активність крові  
при варикозній хворобі нижніх кінцівок

Дружкін М. В.1,2, Клименко А. В.1
1Запорізький державний медико-фармацевтичний університет, м. Запоріжжя, Україна

2ТОВ «КРАМ ІНВЕСТ», м. Запоріжжя, Україна

Резюме
Варикозна хвороба нижніх кінцівок (ВХНК) у стадії хронічної венозної недостатності (ХВН) супроводжу-

ється порушенням протеолітичного балансу у венозній стінці, що опосередковано дисбалансом матрик-
сних металопротеїназ (MMP) та їх тканинних інгібіторів (TIMP). Одним із ключових учасників цього про-
цесу є MMP-2 та TIMP-4, співвідношення яких може бути маркером деструкції екстрацелюлярного матриксу.

Мета. Дослідити зміни рівнів MMP-2, TIMP-4 та їх співвідношення до та після хірургічного втручання при 
ВХНК, а також порівняти ефективність різних методик оперативного лікування.

Матеріали та методи. Дослідження проведене на базі кафедри факультетської хірургії і онкології та 
кафедри токсикологічної та неорганічної хімії Запорізького державного медико-фармацевтичного універ-
ситету. У ньому взяли участь 139 пацієнтів із ВХНК стадії ХВН (CEAP С3–С6), віком 18-75 років, які були 
розподілені на 3 клінічні групи залежно від обсягу хірургічного втручання: в 1-шій групі (основна, n=32) 
виконувалось комбіноване лікування (РЧА + мініфлебектомія + перев’язка перфорантів). 2-га група (група 
порівняння, n=64) розподілена на 2 підгрупи: у підгрупі 2А проводили ендовенозну РЧА разом із мініфле-
бектомією притоків без перев’язки перфорантних вен; у групі 2В - ендовенозну РЧА разом із перев’язкою 
перфорантних вен без мініфлебектомії притоків. Хворим 3-ої групи (група порівняння, n=43) виконувалась 
тільки РЧА. Контрольну групу складали 30 здорових добровольців. Всім хворим проведені стандартні кліні-
ко-лабораторні обстеження, дуплексне сканування вен нижніх кінцівок. Визначення рівнів MMP-2 і TIMP-4 
проводили імуноферментним методом (ELISA) до та після лікування.

Результати. До лікування всі пацієнти мали достовірно вищі рівні MMP-2 і нижчі TIMP-4, ніж контроль-
на група. Після хірургічного втручання у 1-й групі спостерігалось найбільше зниження MMP-2, підвищен-
ня TIMP-4 та нормалізація їх співвідношення, що свідчить про ефективне гальмування деструкції венозної 
стінки. У підгрупі 2А зміни були менш виражені, але достовірні. У підгрупі 2Б та 3-й групі співвідношення 
MMP-2/TIMP-4 залишалося значуще вищим за норму, що вказує на неповну ефективність втручання.

Висновки. Найефективніше зменшення протеолітичної активності та нормалізація інгібіторного потен-
ціалу досягається при комбінованому хірургічному лікуванні ВХНК. Визначення динаміки MMP-2, TIMP-4 
та їх співвідношення може слугувати лабораторним критерієм ефективності усунення патофізіологічного 
компонента ХВН. Застосування лише РЧА як моновтручання або її комбінації з одним етапом лікування має 
менш виражений вплив на біомаркери ремоделювання венозної стінки.

Ключові слова: ВХНК, хронічна венозна недостатність, матриксні металопротеїнази, тканинні інгібі-
тори металопротеїназ, хірургічне лікування, ендовенозна абляція, MMP-2, TIMP-4.

Стаття надійшла в редакцію / Received: 04.10.2025
Після доопрацювання / Revised: 27.11.2025
Прийнято до друку / Accepted: 05.12.2025


