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Annotation. The article presents the results of a study aimed at assessing changes in the diameter of the great saphenous vein of
the lower extremities in patients with varicose veins treated with thermal methods. Two thermal techniques were considered in the
study, namely endovenous laser ablation and radiofrequency ablation. The changes in the diameter of the great saphenous vein at
different stages of treatment were compared: before surgery, 2 weeks, 1 month, 3 months, 6 months and 12 months after the
intervention. The ultrasound method was used to determine the change in the diameter of the great saphenous vein. The results were
processed using Microsoft Office for Windows software. The statistical analysis showed that both methods demonstrate high efficiency
in the treatment of patients with varicose veins of the lower extremities. In both groups, a significant reduction in vein diameter was
observed at each of the control stages. The conclusions of the study are of practical importance for choosing the optimal treatment
tactics for patients with varicose veins of the lower extremities. They can serve as a basis for further clinical trials aimed at improving
thermal techniques and evaluating their effectiveness in different groups of patients.

Keywords: great saphenous vein, EVLA, RFA, diameter of the great saphenous vein, varicose veins, chronic venous insufficiency.

Introduction

Varicose veins are one of the manifestations of chronic
venous diseases and indicate the presence of chronic
venous insufficiency. The main approach to the treatment
of varicose veins involves surgical intervention, which is
implemented using a variety of techniques. These
techniques fall into two main categories: “thermal’, which
use thermal exposure, and “non-thermal”’, which involve
other mechanisms of action, to eliminate varicose veins of
the lower extremities [1, 2, 5].

Thermal methods of treating varicose veins of the lower
extremities have advantages over non-thermal methods in
closing the lumen of the great saphenous vein and can be
used for veins with a larger diameter [9]. However, these
techniques require the use of tumescent anesthesia, since
such operations are accompanied by the creation of high
temperatures in the lumen of the great saphenous vein,
which is necessary to achieve closure of its lumen [13].
Due to the high temperature in the lumen of the vein, it is
necessary to create an additional protective layer of
anesthetic to reduce pain and reduce the thermal effect on
the surrounding tissues. Therefore, in comparison with
non-thermal techniques, endovenous laser ablation
(EVLA) and radiofrequency ablation (RFA) have a much
higher incidence of postoperative complications such as
burns, paresthesias, hematomas, which affect the patient’s
quality of life in the postoperative period [3, 8, 11].

Surgical treatment of varicose veins of the lower
extremities is currently considered one of the most effective
methods, taking into account the stage and degree of
development of the disease [7, 10]. Thermal treatment
methods have been successfully proven in medical practice

and show encouraging results in the treatment of varicose
veins of the lower extremities [6].

The objective of this study is to ascertain the extent of
reduction in the diameter of the great saphenous vein in
the postoperative period following the utilisation of thermal
methods for the closure of the vein lumen.

Materials and methods

This study was conducted at the Department of
Endoscopic and Cardiovascular Surgery of the National
Pirogov Memorial Medical University and the Clinical Highly
Specialized Center for Cardiovascular Surgery and X-ray
and Endovascular Surgery, Interventional Cardiology and
Reperfusion Therapy of the Vinnytsia Regional Pirogov
Clinical Hospital named after M.l. Pirogov.

A prospective evaluation of the results of surgical
treatment of patients with varicose veins of the saphenous
veins of the lower extremities using thermal techniques
(EVLA, RFA) was conducted. The reduction in diameter of
the great saphenous vein in the femoral and lower leg
segments was analyzed, with the segments divided into
the upper third of the thigh (upp/3 thigh), the middle third of
the thigh (mid/3 thigh), the lower third of the thigh (low/3
thigh), as well as the upper (upp/3 tibial), middle (mid/3
tibial), and lower third of the tibial (low/3 tibial).

The data were analyzed according to the two groups of
patients, distinguished by the method of surgery selected.
The initial cohort, comprising 50 patients, underwent EVLA,
while the subsequent cohort, comprising 108 patients,
underwent RFA. The two groups were homogeneous in
terms of gender and age characteristics. The study was
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conducted by the ethical principles and provisions outlined
in the Helsinki Declaration of Human Rights. Before
enroliment in the study, all patients provided written informed
consent.

Ultrasound diagnostics were employed to evaluate the
extent of reduction in the diameter of the great saphenous
vein in the postoperative period. Measurements were
conducted at the following time points: preoperatively, at
two weeks, one month, three months, six months, and 12
months post-intervention. The collected data were
processed using Microsoft Office for Windows software,
facilitating the analysis of diverse types of information.

The study was approved by the Biomedical Ethics
Committee of the National Pirogov Memorial Medical
University (Protocol No. 7 of October 01, 2020).

The study is a fragment of the research work
“Development and implementation of innovative
technologies in the treatment and prevention of violations
of the integrity and patency of blood vessels in wartime”,
state registration number 0123U100204.

Results. Discussion

Changes in the diameter of the great saphenous vein
observed with the use of the EVLA technique are shown in
Figure 1.

In patients who underwent treatment with EVLA, the
diameter of the GSV in the upper third of the thigh was
observed to be 9.9+2.16 mm on the 14th day following
surgery. This value was found to be statistically significantly
(p<0.01) smaller than the initial values, which were
recorded at 11.27+2.44 mm. The reduction in diameter was
found to be 12.16%. One month later, this parameter
decreased to 9.31+2.07 mm, which is significantly
(p<0.001) less by 17.39% from the initial data and unreliably
(p>0.05) by 5.24% from the previous values. At the three-
month mark, the size of the GSV had decreased to
8.13+1.91 mm, which was significantly (p<0.001) 27.86%
smaller than the initial values and reliably (p<0.01) 10.47%
smaller than the results of the previous period. Six months
following the surgical procedure, the diameter of the GSV
exhibited a statistically significant (p<0.001) reduction to
7.22+1.84 mm, representing a 35.94% decrease from the
baseline data and a 8.07% decline from the preceding
measurements. One year following the intervention, the
index decreased to 6.02+2.08 mm, representing a
statistically significant (p<0.001) reduction of 46.58% from
the initial value and a significant (p<0.01) decrease of
10.65% compared to the results of the preceding stage.

In patients who underwent surgical treatment using the
EVLA technique, the average diameter of the middle third
of the femoral segment of the GSV was 8.66+1.88 mm on
the 14th day after surgery. This value is significantly (p<0.01)
less than the initial values (9.86+2.16 mm), with a reduction
of 12.17%. One month following the intervention, the index
decreased to 7.7+1.72 mm, representing a significant
(p<0.001) 21.91% reduction compared to the initial values

and a significant (p<0.01) 9.74% decline compared to the
previous stage. At the three-month mark, the mean diameter
of the GSV had decreased to 6.96+1.61 mm, representing
a significant (p<0.001) 29.41% reduction compared to the
baseline data and a notable (p<0.05) 7.51% decline
compared to the preceding period. Six months following
the surgical procedure, the diameter of the GSV was
observed to be 5.97+1.57 mm, representing a statistically
significant (p<0.001) reduction of 39.45% compared to the
baseline values and a statistically significant (p<0.01)
reduction of 10.04% compared to the previous stage. One
year after the intervention, the average diameter of the GSV
decreased to 5.13+1.71 mm, representing a significant
reduction (p<0.001) of 47.97% compared to the baseline
values and a significant decrease (p<0.05) of 8.52%
compared to the previous stage.

In patients undergoing surgery by EVLA, on the 14th
day of the study, the mean diameter of the lower third of the
femoral segment of the GSV was 7.95+1.76 mm, which
exhibited a statistically significant (p<0.01) decrease of
12.54% compared with the initial values (9.09+2 mm). After
one month, the index was 7.27+1.64 mm, which was
significantly (p<0.001) lower by 20.02% from the baseline
values and by 7.48% (p<0.05) from the previous period.
After three months, the mean diameter was 6.17+1.4 mm,
which was significantly (p<0.001) less than the initial
values by 32.12% and the previous values by 12.1%
(p<0.001). After six months, the mean diameter decreased
to 5.59+1.5 mm, which is significantly (p<0.001) lower by
38.5% from the initial values and by 6.38% (p<0.05) from
the previous period. One year following the surgical
procedure, the value reached 4.78+1.59 mm, representing
a statistically significant reduction (p<0.001) of 47.41% from
the initial measurement and 8.91% (p<0.05) from the
previous value.

In patients who underwent surgery using the EVLA
method, the mean diameter of the upper third of the tibial
segment of the GSV was 7.38+1.63 mm on the 14th day of
the study. This value significantly decreased (p<0.01) by
12.46% compared with the initial values (8.43+1.85 mm).
After one month, the value decreased to 6.76+1.54 mm,
which is significantly (p<0.001) less by 19.81% from the
initial value and by 7.35% (p>0.05) from the previous period.
After three months, the indicator was 5.73+1.27 mm, which
was significantly (p<0.001) less than the initial values by
32.03% and the previous values by 12.22% (p<0.001). After
six months, the diameter was 5.21+£1.32 mm, which is
significantly (p<0.001) less than the initial values by 38.2%
and less than the previous values by 6.17% (p<0.05). After
12 months, the index was 4.44+1.55 mm, which is
significantly (p<0.001) lower by 47.33% from the initial
values and by 9.13% (p<0.01) from the previous stage of
the study.

In patients who underwent surgery using the EVLA
method, the diameter of the middle third of the tibial
segment of the GSV was 5.78+£0.73 mm on day 14. This
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Fig. 1. Dynamics of reduction of GSV segments during 12 months with the use of EVLA.
Notes. Statistically significant difference in relation to the specified study periods: e - p<0.05; A - p<0.01; [ - p<0.001.
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value significantly (p<0.001) decreased by 12.69% from
the initial values (6.62+0.82 mm). One month later, this
indicator had decreased to 5.07£0.65 mm, representing a
23.41% reduction from the initial values (p<0.001) and a
10.73% reduction from the previous period (p<0.001). Three
months postoperatively, the diameter was 4.47+0.63 mm,
representing a 32.48% reduction from the baseline values
(p<0.001) and a 9.06% reduction from the previous values
(p<0.001). After six months, the diameter decreased to
4+0.77 mm, representing a 39.58% reduction compared
to the initial values (p<0.001) and a 7.1% reduction
compared to the previous period (p<0.01). After 12 months,
the diameter was 3.6£0.95 mm, representing a 45.62%
reduction compared to the initial values (p<0.001) and a
6.04% reduction compared to the previous period (p<0.05).

In patients who underwent surgery using the EVLA
technique, the diameter of the lower third of the tibial
segment of the GSV was 4.06+£0.35 mm on the 14th day of
the study, which was significantly (p<0.001) 6.45% less
than the initial values (4.3410.36 mm). One month later,
this indicator had decreased to 3.82+0.34 mm, representing
a 11.98% reduction (p<0.001) from the initial values and a
5.53% reduction (p<0.001) from the previous
measurement. Three months later, the diameter had
decreased to 3.55+0.31 mm, representing an 18.2%
reduction compared to the initial values (p<0.001) and a
6.22% reduction compared to the previous measurements
(p<0.001). Following a six-month period, the diameter was
recorded at 3.33+0.31 mm, representing a 23.27%
reduction in comparison to the initial values (p<0.001) and
a 5.07% decline in relation to the preceding period
(p<0.001). After 12 months, the indicator exhibited a
decrease to 3.12+0.32 mm, representing a 28.11%
reduction compared to the initial values (p<0.001) and a
4.84% reduction compared to the previous measurement
(p<0.01).

The dynamics of changes in the diameter of the great
saphenous vein when using the RFA surgical intervention
technique is shown in Figure 2.

In patients who underwent surgery using the RFA
technique, the diameter of the lower third of the tibial
segment of the GSV was 4.06+£0.35 mm on the 14th day of
the study, which was significantly (p<0.001) 6.45% less
than the initial values (4.3410.36 mm). One month later,
this indicator had decreased to 3.82+0.34 mm, representing
a 11.98% reduction (p<0.001) from the initial values and a
5.53% reduction (p<0.001) from the previous
measurement. Three months later, the diameter had
decreased to 3.55+0.31 mm, representing an 18.2%
reduction compared to the initial values (p<0.001) and a
6.22% reduction compared to the previous measurements
(p<0.001). Following a six-month period, the diameter was
recorded at 3.33+0.31 mm, representing a 23.27%
reduction in comparison to the initial values (p<0.001) and
a 5.07% decline in relation to the preceding period
(p<0.001). After 12 months, the indicator exhibited a

decrease to 3.12+0.32 mm, representing a 28.11%
reduction compared to the initial values (p<0.001) and a
4.84% reduction compared to the previous measurement
(p<0.01).

In patients who underwent surgery using the RFA
technique, the diameter of the lower third of the tibial
segment of the GSV was 4.06+£0.35 mm on the 14th day of
the study, which was significantly (p<0.001) 6.45% less
than the initial values (4.3410.36 mm). One month later,
this indicator had decreased to 3.82+0.34 mm, representing
a 11.98% reduction (p<0.001) from the initial values and a
5.53% reduction (p<0.001) from the previous
measurement. Three months later, the diameter had
decreased to 3.55+0.31 mm, representing an 18.2%
reduction compared to the initial values (p<0.001) and a
6.22% reduction compared to the previous measurements
(p<0.001). Following a six-month period, the diameter was
recorded at 3.33+0.31 mm, representing a 23.27%
reduction in comparison to the initial values (p<0.001) and
a 5.07% decline in relation to the preceding period
(p<0.001). After 12 months, the indicator exhibited a
decrease to 3.12+0.32 mm, representing a 28.11%
reduction compared to the initial values (p<0.001) and a
4.84% reduction compared to the previous measurement
(p<0.01).

In patients who underwent RFA, the diameter of the
lower third of the femoral segment of the GSV was
7.81+1.68 mm on day 14 of the study, which was
significantly (p<0.001) 12.74% less than the initial values
(8.95+1.93). One month following the operation, the figure
was 7.18+1.62 mm (p<0.001), representing a 19.78%
reduction compared to the initial values and a 7.04%
reduction compared to the previous period. After three
months, the diameter was 6.07+1.36 mm (p<0.001),
representing a 32.29% reduction compared to the baseline
and a 12.51% reduction compared to the previous values.
At the six-month mark, the index had decreased to
5.45+1.32 mm (p<0.001), representing a 39.22% reduction
from the baseline and a 6.93% decline from the preceding
stage of the study. At 12 months postoperatively, the
diameter of the GSV was 4.68+1.4 mm (p<0.001),
representing a 47.82% reduction compared to the initial
values and an 8.6% reduction compared to the previous
time point.

In patients who underwent RFA, the diameter of the
lower third of the femoral segment of the GSV was
7.81+1.68 mm on day 14 of the study, which was
significantly (p<0.001) 12.74% less than the initial values
(8.95+1.93). One month following the operation, the figure
was 7.18+1.62 mm (p<0.001), representing a 19.78%
reduction compared to the initial values and a 7.04%
reduction compared to the previous period. After three
months, the diameter was 6.07+1.36 mm (p<0.001),
representing a 32.29% reduction compared to the baseline
and a 12.51% reduction compared to the previous values.
At the six-month mark, the index had decreased to
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Fig. 2. Dynamics of reduction of GSV segments over 12 months with the use of RFA.
Notes. Statistically significant difference in relation to the specified study periods: e - p<0.05; A - p<0.01; [] - p<0.001.
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5.45+1.32 mm (p<0.001), representing a 39.22% reduction
from the baseline and a 6.93% decline from the preceding
stage of the study. At 12 months postoperatively, the
diameter of the GSV was 4.68+1.4 mm (p<0.001),
representing a 47.82% reduction compared to the initial
values and an 8.6% reduction compared to the previous
time point.

In patients who underwent RFA, the diameter of the
middle third of the tibial segment of the GSV on day 14 was
5.64+0.69 mm, which was significantly (p<0.001) 12.15%
less than the initial values (6.42+0.75). One month later,
this indicator had decreased to 4.95+0.61 mm (p<0.001),
representing a 22.9% reduction compared to the baseline
values and a 10.75% reduction compared to the previous
time point. After three months, the diameter decreased to
4.33+0.54 mm (p<0.001), representing a 32.55% reduction
compared to the baseline and a 9.66% reduction compared
to the previous values. After six months, the diameter was
3.84+0.58 mm (p<0.001), representing a 40.19% reduction
compared to the initial values and a 7.63% reduction
compared to the previous period. Twelve months following
the surgical procedure, the diameter was 3.410.67 mm
(p<0.001), representing a 47.04% reduction compared to
the initial values and a 6.85% reduction compared to the
previous values.

In patients who underwent RFA, the diameter of the
lower third of the tibial segment of the GSV on day 14 of the
study was 3.98+0.45 mm, representing a 6.57% reduction
compared to the initial values (4.26+0.47 mm) (p<0.001). A
one-month follow-up revealed a further reduction in this
indicator to 3.72+0.43 mm (p<0.001), representing a
12.68% decrease from the initial values and a 6.1%
reduction compared to the previous period. Three months
post-procedure, the diameter was 3.48+0.4 mm (p<0.001),
representing an 18.31% reduction from the baseline and a
5.63% reduction from the previous period. After six months,
the diameter exhibited a further decrease, reaching
3.25£0.39 mm (p<0.001). This represents a 23.71%
reduction compared to the baseline values and a 5.4%
decline compared to the previous period. Twelve months
following the surgical procedure, the diameter of the GSV
was observed to be 3.04+0.37 mm (p<0.001), representing
a 28.64% reduction compared to the initial values and a
4.93% decline compared to the preceding stage.

The analysis of the differences between the groups at
each stage of the study revealed the absence of any
statistically significant difference, thereby confirming the
same dynamics of reduction of all segments of the great
saphenous vein when using these techniques. Thermal
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CTYNIHb PEAYKLIi AIAMETPY BENUKOI NIALLKIPHOI BEHU B NMICNSAAONEPALINMHOMY MNEPIOA! Y MALIEHTIB,
MPOOMEPOBAHUX I3 BUKOPUCTAHHSAM TEPMAJbHUX METOAUK

Mempywenko B. B., NoH4YapeHko [. I1., pebeHtok 4. I.

AHoTauif. Y cmammi npedcmaesneHo pe3ynbmamu QOCiOXeHHSI, CrpsMO8aH020 Ha OUiHKY 3MiH diamMempa 8esiuKoi MidWKipHOI
BEHU HUXHIX KIHY8OK y mauieHmie i3 apUKO3HUM PO3UIUPEHHSIM MIOWKIPHUX 8€H, SKi MpoUwu fiKkysaHHs 3a 00roMo200 mepmaribHUX
memodie. Y docrnidxeHHi posansHymo 08i mepmaribHi MexHiku, a came eHO08eHO3Ha na3epHa Koazynsayis ma padiodacmomHa
abnsuyis. [NposedeHo ropieHsIHHS 3MiH Oiamempa 8e1UKOI NIOWKIPHOT 8e@HU Ha PI3HUX emarnax fliKysaHHs: 00 oriepauii, Yepes 2 MuxHi,
1 micsaup, 3 micaui, 6 micauyis i 12 micayie nicns empyyvaHHs. s eusHaqyeHHs1 3MiHU Oiamempa 8enuKoi MiOWKipHOI 8eHU 8UKOpUCMO-
8yeascs ynbmpassykosuli Memod. OmpumaHi pe3ynbmamu bynu 06pobrieHi 3a 0oromozoto npozpamHo2o 3abesnedeHHs1 Microsoft
Office for Windows. lNposedeHuli cmamucmuyHul aHasi3 3aceioyus, ujo obudsi memoouku 0eMOHCMpYoMb 8UCOKY eGheKmuUeHICmb
y niKysaHHI naujieHmig i3 8apUKO3HUM PO3WUPEHHAM MIOWKIPHUX 86H HUXHIX KiHUi8OK. B 060X epynax criocmepizanocsi 3Ha4yHe
3MeHWeHHSs1 Oiamempa 8eHU Ha KOXHOMY 3 KOHMPOIbHUX emartig. BucHosku docnidxeHHs1 Maromb rpakmuy4He 3Haq4eHHs 051 subopy
onmumaribHOI maKkmuKU NiKy8aHHs nauieHmIe i3 8apUKO3HUM PO3WUPEHHSIM MIOWKIPHUX 8€H HUXHIX KIHUiI8OK. BOHU MOXymb cmamu
OCHOB0H0 01151 N0danbWUX KIiHIYHUX O0CMIOXKeHb, CrIPAMOB8aHUX Ha 80OCKOHAIeHHS mepMarbHUX MemoduK ma OUIHKY ix egpekmus-
HOCMI 8 Pi3HUX 2pyrnax nayieHmis.

KnrouoBi cnoBa: senuka nidwkipHa sera, EBJIK, PHA, diamemp 8e/iuKoi MidWKIpHOT 6eHU, 6aPUKO3HE PO3LULUPEHHS MIOLIKIPHUX
8€EH, XPOHIYHa 8eHO3Ha HedocmamHicmeb.
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