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ORIGINAL ARTICLE

Morphological features of the great saphenous vein in patients
with chronic venous disease of the lower extremities undergoing
the most common endovenous treatment techniques

Olena 0. Dyadyk’, Valentyn A. Khodos', Hlib 0. Melnychuk’, Mykhailo S. Myroshnychenko?,
Kateryna l. Popova®
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ABSTRACT

Aim: The purpose was to identify the morphological features of the great saphenous vein in patients with chronic venous disease of the lower extremities
undergoing treatment with endovenous high-frequency electric welding in automatic mode, endovenous laser ablation, and ultrasound-guided microfoam
sclerotherapy.

Materials and Methods: The material for the comprehensive morphological study consisted of fragments of the great saphenous vein obtained from 32
patients with chronic venous disease of the lower extremities. The material was divided into three groups according to the endovenous treatment techniques
applied. Group 1included vein fragments from 12 patients who underwent endovenous high-frequency electric welding in automatic mode. Group 2 comprised
material from 9 patients treated with endovenous laser ablation. Group 3 included material from 11 patients who underwent ultrasound-guided microfoam
sclerotherapy using a 3% polidocanol solution. Histological and immunohistochemical research methods were used.

Results: The great saphenous vein in patients with chronic venous disease of the lower extremities undergoing treatment with endovenous high-frequency
electric welding in automatic mode and endovenous laser ablation was characterized by similarly pronounced diffuse alterative and desquamative changes
in endothelial cells, disruption of the structural organization of the venous wall layers accompanied by edema, and alterative changes in both muscular and
connective tissue fibers. In cases where ultrasound-guided microfoam sclerotherapy was applied, the great saphenous vein showed focal alterative and
desquamative changes in endothelial cells, preservation of the layered structure, edematous changes in the media and adventitia, focal areas of dysmucoidosis,
and regions of angiomatosis.

Conclusions: The severity of structural changes in the great saphenous vein in patients with chronic venous disease of the lower extremities following ultrasound-
guided microfoam sclerotherapy was significantly lower compared to endovenous high-frequency electric welding in automatic mode and endovenous laser
ablation, resulting in less favorable conditions for the qualitative development of the fibrous process.

KEY WORDS: morphology, great saphenous vein, chronic venous disease of the lower extremities, endovenous high-frequency electric welding in auto-
matic mode, endovenous laser ablation, ultrasound-guided microfoam sclerotherapy

Pol Merkur Lek,2025;53(4):509-514 doi: 10.36740/Merkur202504111

INTRODUCTION

Chronic venous disease of the lower extremities is a
common condition, with an estimated global prevalence
ranging from 62.5% to 83.6% [1]. It is a polyetiological disease
involving genetic, proteomic, and cellular mechanisms that
lead to alterations in the morphofunctional state of the
venous wall [2]. From a mechanical standpoint, chronic
venous disease may be associated with venous outflow
obstruction, reflux, or a combination of both [3].

Chronic venous disease presents with a broad clinical
spectrum, ranging from heaviness, pain, nocturnal cramps,
itching, telangiectasias, varicosities, and edema to skin
hyperpigmentation, lipodermatosclerosis, and venous
ulceration. This condition may significantly impair a patient’s

ability to engage in occupational and social activities,
thereby reducing quality of life and contributing to economic
decline [4, 5].

The 215 century has witnessed revolutionary advancesin
the treatment of patients with chronic venous disease of the
lower extremities, owing to the expansion of therapeutic
interventions [6]. One of the novel approaches to eliminating
vertical reflux in the great and small saphenous veins in the
treatment of chronic venous disease of the lower extremities
is endovenous laser ablation [7, 8]. The outcome of treatment
is influenced by the choice of laser wavelength, the type
of optical fiber, and the amount of energy to be delivered,
which must be carefully determined [7]. According to various
authors, when the above-mentioned parameters are optimally
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aligned, stable vein occlusion can be achieved in 94.3%
10 99.2% of cases during a follow-up period of 12 months
or more [8, 9]. Among the complications of endovenous
laser ablation, researchers report pain along the treated
vein (21.1%), hyperpigmentation (9.8%), thrombophlebitis
(5%), and paresthesia (2.5-7.3%) [7, 91.

Another endovenous technique is ultrasound-guided
microfoam sclerotherapy [10, 11]. According to various
authors, the reported success rates following the use of
this treatment method range from 63.6% to 95% during
a follow-up period of 12 months or longer [10-12].

In recent years, a novel method known as high-frequency
electric welding has been introduced as an endovenous
technique that involves targeted thermal fusion of the
venous wall using high-frequency current and includes
automatic adjustment of energy parameters to ensure
effective and safe vein closure [13-16].

Our review of the available literature has revealed the
presence of numerous unresolved issues related to the
use of the aforementioned endovenous techniques, as
well as the lack of morphological justification for their
clinical effectiveness. This fact underscores the relevance
of conducting the present study.

AIM

The purpose was to identify the morphological features
of the great saphenous vein in patients with chronic venous
disease of the lower extremities undergoing treatment with
endovenous high-frequency electric welding in automatic
mode, endovenous laser ablation, and ultrasound-guided
microfoam sclerotherapy.

MATERIALS AND METHODS

The material for the comprehensive morphological
study consisted of fragments of the great saphenous vein
obtained from 32 patients with chronic venous disease
of the lower extremities. The material was divided into
three groups according to the endovenous treatment
techniques applied. Group 1 included vein fragments from
12 patients who underwent endovenous high-frequency
electric welding in automatic mode. Group 2 comprised
material from 9 patients treated with endovenous laser
ablation. Group 3 included material from 11 patients who
underwent ultrasound-guided microfoam sclerotherapy
using a 3% polidocanol solution.

The surgical specimens were fixed in 10% neutral
buffered formalin (pH 7.4) for 24-36 hours. After fixation,
tissue processing was performed using the Excelsior AS
apparatus (Thermo Fisher Scientific, UK). Embedding in
paraffin blocks was done on a HistoStar apparatus (Thermo
Fisher Scientific, United Kingdom). Serial sections 2-3 um
thick were prepared from paraffin blocks using the HM 325
rotary microtome (Thermo Shandon, UK). Histological slides
were stained with hematoxylin and eosin, picrofuchsin
according to van Gieson.

During immunohistochemical analysis, tissue sections
were mounted on Super Frost Plus adhesive slides (Menzel,
Germany). Heat-induced epitope retrieval was performed

using citrate buffer (pH 6) and EDTA buffer (pH 8). Detection
was carried out with the Vitro Master Polymer Plus Detection
System (Peroxidase) including the DAB Quanto chromogen
(Master Diagnostica, Spain). Mouse monoclonal antibodies
against CD34 (clone QB-End/10) and alpha-smooth muscle
actin (a-SMA) (clone 1A4 (asm-1), as well as rabbit monoclonal
antibody against vimentin Ab-2 (clone SP20), were used.

Immunohistochemical reactions using monoclonal
antibodies against CD34, a-SMA, and vimentin were
evaluated based on the intensity and extent of marker
expression. The intensity of expression was assessed using
a semi-quantitative scoring system, where 0 indicated no
staining, 1 indicated weak («+») staining intensity, 2 indicated
moderate («++») intensity, and 3 indicated strong («+++»)
intensity. The prevalence of expression was analyzed by
calculating the ratio of the area of positively stained cells/
tissues to the total tissue area within the visual field (in
5 fields of view at X200 magnification in each case) with
subsequent conversion into the scores (0 — no staining,
1 - staining covering less than one-third of the tissue
section, 2 - staining covering one-third to two-thirds of
the section, 3 - staining covering more than two-thirds
of the section).

Microscopic examination and photo archiving were
performed using ZEISS light-optical microscope (Germany)
equipped with the Axiolmager.A2 data processing system
at objective magnifications of 5x, 10x, 20x, and 40x, with
a 1.5x binocular tube and 10x eyepieces, and an ERc 5s
camera. Additionally, a ZEISS Primo Star microscope (Germany)
equipped with an Axiocam 105 color camera was used.

RESULTS

In Group 1, the endothelium, media, and adventitia
of the venous wall exhibited edema, dysmucoidosis,
disrupted architectonics, and alterative changes. These
changes were manifested by homogenization of collagen
fibers and smooth muscle structures (Fig. 1). At the same
time, preservation of perivascular structures and marked
hyperemia of small-caliber vessels were observed.

In all cases, immunohistochemical staining with monoclonal
antibody against CD34 revealed pronounced endothelial
damage, with a complete absence of expression in endothelial
cells («—», score 0). In some vessels, positive CD34 expression
was observed in the perivascular structures, indicating
that the automatically regulated energy parameters acted
selectively within the boundaries of the venous wall tissue
(Fig. 2).

Immunohistochemical reaction with monoclonal antibody
against a-SMA revealed uneven expression in smooth
muscle structures of the media and in some adventitial cells.
Positive expression was observed only in 2 cases (16.7%)
and corresponded to «++» (score 2) (Fig. 3). Morphologically,
the smooth muscle cells were predominantly elongated
in shape and arranged parallel to the orientation of the
venous wall layers.

In immunohistochemical reaction with monoclonal
antibody against vimentin, only one case (8.3%) showed
moderately pronounced positive staining («+», score 1)
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the venous wall, edema, dysmucoidosis, endothelial damage, and ho-
mogenization of collagen fibers in the intimal and medial layers. Hema-
toxylin and eosin staining, x100.

Fig. 3. Group 1. Positive a-SMA expression in some smooth muscle cells
of the medial layer and in a portion of adventitial cells in the vessel wall,
in perivascular structures. Inmunohistochemical reaction with monoc-
lonal antibody against a-SMA, x100.

of the indicated antibody by fibroblastic cells in the vein
wall (Fig. 4).

In Group 2, edema, disruption of the wall architectonics,
alterative changes, homogenization of all layers,
dysmucoidosis, endothelial damage, and fibrous tissue
proliferation were observed in the areas affected by laser
ablation (Fig. 5).

Immunohistochemical reaction with monoclonal
antibody against CD34 showed a complete absence of
expression («—», score 0) in all cases. Immunohistochemical
reaction with monoclonal antibody against a-SMA revealed
moderate expression («++», score 2) in 2 cases (22.2%).

Fig. 2. Group 1. Absence of CD34 expression in the endothelium of the
venous wall; positive expression in vessels of the perivascular structu-
res. Immunohistochemical reaction with monoclonal antibody against
CD34, x50.

Fig. 4. Group 1. Positive moderately pronounced expression of vimentin
by fibroblastic cells in all layers of the vein wall. Immunohistochemical
reaction with monoclonal antibody against vimentin, x100.

Vimentin expression was detected as weak («+», score
1) in 3 cases (33.3%). Additionally, we observed that
during immunohistochemical reaction with monoclonal
antibody against a-SMA, smooth muscle cells appeared
fragmented, mostly lacked an elongated shape, and were
often arranged perpendicularly to the orientation of the
venous wall layers (Fig. 6).

In group 3, in all studied cases, the vein wall retained
its layering. The changes were registered mainly in the
endothelium. The latter were manifested by focal dystrophic-
necrotic and desquamative changes. In the media and
adventitia, edema, focal areas of dysmucoidosis, intact
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smooth muscle cells and collagen fibers, as well as regions ~ with monoclonal antibody against vimentin showed in 6

of angiomatosis, were identified (Fig. 7). Fragments of  cases (54.5%) weakly positive expression («+», score 1) of

thrombotic masses were observed in the vein lumen. this marker by single cells of the fibroblastic series.
Immunohistochemical reaction with monoclonal antibody

against CD34 revealed positive, uneven expression of this DISCUSSION

marker by vascular endothelial cells in 4 cases (36.4%), The authors conducted a comprehensive morphological

with an intensity score of «+» (score 1) (Fig. 8). study of great saphenous vein fragments obtained from
Immunohistochemical reaction with monoclonal antibody ~ patients with chronic venous disease of the lower extremities

against a-SMA revealed moderately positive expression ~ Who underwent treatment with the most commonly used

(«++», score 2) of this marker by smooth muscle cells in 6 endovenous techniques, including high-frequency electric

cases (54.5%). The expression pattern of a-SMA indicated ~ welding in automatic mode, endovenous laser ablation,

damage to a portion of smooth muscle cells, manifested ~ and ultrasound-guided microfoam sclerotherapy.

as their homogenization, predominantly in the medial During microscope slides examination in cases treated with

layer of the venous wall. Immunohistochemical reaction ~ endovenous high-frequency electric welding in automatic

Fig. 5. Group 2. Destruction of layers structures, complete homogeniza-  Fig. 6. Group 2. Moderately positive expression of a-SMA by some frag-
tion. Staining with picrofuchsin according to van Gieson, x100. mented smooth muscle cells.Immunohistochemical reaction with mo-
noclonal antibody against a-SMA, x100.

Fig. 7. Group 3. Preserved layered structure of the venous wall, partially ~ Fig. 8. Group 3. Positive CD34 expression in venous endothelial cells and
intact endothelium, and thrombus fragments in the vessel lumen. He-  in vessels of the perivascular structures. Immunohistochemical reaction
matoxylin and eosin staining, x50. with monoclonal antibody against CD34, x50.
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mode and endovenous laser ablation, the authors identified
similarly pronounced and uniform structural changes across
all layers of the venous wall. The endothelial layer was
characterized predominantly by diffuse dystrophic and
necrotic changes. Damaged endothelial cells were detached
from the basement membrane and displaced into the vascular
lumen.The dystrophic-necrotic and desquamative changesin
endothelial cells resulted in a negative immunohistochemical
reaction with monoclonal antibody against CD34 in all cases.
The observed morphological disruption of endothelial
integrity, as noted by the authors, indicates the presence
of endothelial dysfunction. According to numerous studies,
endothelial dysfunction is considered a key factor in the
pathogenesis and progression of chronic venous disease
of the lower extremities [171].

In cases where endovenous high-frequency electric welding
in automatic mode and endovenous laser ablation were
applied, the authors observed equally pronounced violations
of the architectonics of the layers, edematous changes, and
alterative changes in muscle and connective tissue fibers.
These alterations, as revealed by immunohistochemical
analysis, were manifested by decreased expression of
vimentin and a-SMA. The identified changes in the wall
of the great saphenous vein will subsequently lead to
fibrous transformation of the vein.

The morphological changes in the venous wall observed
by the authors in this study following the use of endovenous
high-frequency electric welding in automatic mode were
consistent with previously reported findings in the literature
[1-3].

In patients with chronic venous disease of the lower
extremities who underwent ultrasound-guided microfoam
sclerotherapy, focal alterative and desquamative changes in
endothelial cells of the great saphenous vein were observed,
accompanied by reduced CD34 expression by these cells.
In the media and adventitia, the layered structure was

preserved with edema, focal areas of dysmucoidosis, regions
of angiomatosis, and decreased expression of vimentin
and a-SMA.

A subsequent comparative analysis conducted by the
authors demonstrated that the severity of structural
changes in the venous wall layers following ultrasound-
guided microfoam sclerotherapy was significantly lower
compared to endovenous high-frequency electric welding
in automatic mode and endovenous laser ablation, which
to a lesser extent provides conditions for the qualitative
development of the fibrotic process. This difference
indicates the effectiveness of the effects of endovenous
high-frequency electric welding in automatic mode and
endovenous laser ablation.

CONCLUSIONS

The great saphenous vein in patients with chronic venous
disease of the lower extremities undergoing treatment with
endovenous high-frequency electric welding in automatic
mode and endovenous laser ablation was characterized by
similarly pronounced diffuse alterative and desquamative
changes in endothelial cells, disruption of the structural
organization of the venous wall layers accompanied by
edema, and alterative changes in both muscular and
connective tissue fibers. In cases where ultrasound-guided
microfoam sclerotherapy was applied, the great saphenous
vein showed focal alterative and desquamative changes
in endothelial cells, preservation of the layered structure,
edematous changes in the media and adventitia, focal
areas of dysmucoidosis, and regions of angiomatosis. The
severity of structural changes in the venous wall following
ultrasound-guided microfoam sclerotherapy was significantly
lower compared to endovenous high-frequency electric
welding in automatic mode and endovenous laser ablation,
resulting in less favorable conditions for the qualitative
development of the fibrous process.
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