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ABSTRACT The review presents an analysis of relevant literature on the surgical treatment of varicose veins of the lower extremities. Modern methods of
surgical intervention for varicose veins are considered: open operations, methods of thermal ablation of the main veins, non-thermal non-tumescent
methods, vein-preserving surgery (ASVAL), methods of treating reflux in perforating veins and recurrent varicose veins. The effectiveness of each of the
surgical treatment methods used was analyzed. The frequency of relapses and the likelihood of complications of the described operations are considered.
All surgical treatment methods presented in the review were developed on the basis of modern ideas about the pathogenesis of varicose veins, the
mechanisms of formation of chronic venous insufficiency, and have an evidence base. These techniques are reflected in the latest clinical guidelines and
are widely used in medical practice.
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ASVAL - ablation selective des varices sous anesthesia PE - pulmonary embolism
locale PV - perforating veins
CVI - chronic venous insufficiency RFO - radiofrequency obliteration
DVT - deep vein thrombosis SSV - small saphenous vein
EVLO - endovenous laser obliteration VAS - visual analogue scale
GSV - great saphenous vein VTEC - venous thromboembolic complications
NTNT - non-thermal non-tumescent methods VVLE - varicose veins of the lower extremities
INTRODUCTION

Varicose veins of the lower extremities (VVLE) is a widespread and actively discussed disease these days. The
incidence of VVLE reaches 40-50% in adults [1, 2]. In Russia, symptoms inherent in chronic venous insufficiency
(CVI) were identified in 69.3% of adults [3]. The specialized surgical treatment is indicated for most patients with
VVLE, which is 25-35% among adult women, 10-30% among men [4].

VVLE surgery has undergone a number of major changes over the past 20 years. The desire to minimize trauma
and mobilize the patient as early as possible has led to a shift in the course of surgery towards minimally invasive
procedures that can be performed outpatient or in one-day hospitals. Thus, today thermal methods of endovenous
obliteration are considered the gold standard in the surgical treatment of VVLE [5, 6]. However, the search for ways



to improve surgical results, the desire to avoid a number of manipulations and increase patient comfort lead to the
latest developments, such as, for example, non-thermal non-tumescent methods (NTNT).
The article presents a thematic review of the literature on modern surgical methods for treating VVLE.

MODERN IDEAS ABOUT THE ETIOLOGY AND PATHOGENESIS OF VARICOSE VEINS

Currently, VVLE is recognized as a multifactorial disease, and the etiopathogenesis of VVLE has been studied
in detail, which has made it possible to formulate certain principles for the treatment and prevention of this disease
[7].

In matters of the etiology of VVLE, the greatest attention is given to genetic predisposition [8]. Thus, the FOXC2
gene, which encodes a transcription factor necessary for the development of venous and lymphatic vessels in the
embryonic and postnatal periods, has been well studied. The formation of mutations in this gene can lead to
disruption of the connective tissue in the walls of the superficial veins, which is confirmed by the detected increased
expression of FOXC2 in patients with VVLE [9, 10].

A major role in the initiation of VVLE and its early manifestation is given to the MCP1 gene, which encodes the
synthesis of a monocyte chemoattractant protein. In addition, the role of the VEGF and HFE genes in the
development of CVI has now been shown [8, 11].

The complex influence of various factors leads to varicose transformation of congenitally weakened veins. When
considering the progression of pathological varicose veins and venous stasis, attention should be paid to both
processes occurring at the cellular level and macrohemodynamics. Thus, it has been studied that venous stasis leads
to certain disturbances in endothelial cells due to changes in shear force [12], as a result of which mechanisms are
activated (adhesion of leukocytes and various protein molecules, synthesis of a number of proteolytic enzymes by
endothelial cells, etc.) that trigger a cascade of inflammatory changes, which ultimately leads to destructive
processes in the venous wall and valves [13, 14].

It is important to note that all elements of the venous wall are affected as the disease progresses; microscopic
examination reveals destruction of elastic and collagen fibers. Due to the fact that valves are modified elements of
the venous wall, their destruction occurs synchronously with other elements [15].

Thus, it has been established that the final stage that stops the functioning of the veins is destruction, which is
an irreversible process. And if at the initial stage of the disease conservative treatment can still be used, then with
further development we are talking only about surgical elimination of these veins [7, 16].

GOALS OF SURGICAL TREATMENT OF VARICOSE VEINS

The goals of surgical treatment of VVLE are: elimination of the cosmetic defect and reduction of the severity or
elimination of symptoms of CVI. To achieve these goals, the following tasks are surgically solved: elimination of
pathological vertical and (or) horizontal reflux and elimination of varicose saphenous veins. Thus, surgical
intervention combines the elimination of incompetent great or small saphenous veins, sometimes the Giaccomini
vein or anterior accessory saphenous vein (vertical reflux), perforating veins (PV) (horizontal reflux) in combination
with the removal of varicose saphenous tributaries [5, 17].

Currently, various technologies for the surgical treatment of varicose veins have been developed. Elimination
of reflux is possible through open surgery, thermal obliteration and NTNT methods. According to national
recommendations, none of the methods is mandatory; in addition, any stage can be performed in isolation [5].

OPEN INTERVENTIONS

For a long time, the issue of pathological reflux along the great saphenous vein (GSV) was resolved through
open surgery: phlebectomy or Babcock stripping. In this case, a crossectomy of the GSV orifice was performed and
its extraction using a vein extractor through a second access. Varicose tributaries were removed from separate
incisions according to Narat from punctures (mini-phlebectomy) or were subjected to sclerosis. However, surgical
trauma, cosmetic disadvantages and the possibility of surgical complications of phlebectomy, the need for spinal
or general anesthesia contributed to the development and implementation of minimally invasive technologies [18].

Currently, open surgical methods are recommended only in cases where it is technically or financially
impossible to perform thermal methods [5]. A number of studies have shown the advantage of using inguinal or
supra-inguinal approaches [19, 20]. Invagination stripping (including PIN stripping) is indicated as the optimal



method for removing the GSV. These methods involve the use of probes with tips of small diameters or special PIN
strippers, during the traction the vein is twisted inward, which reduces trauma to surrounding tissues [17, 21].

A number of studies have shown that in 80-90% of cases, reflux along the GSV is observed maximally only to
the level of the upper third of the leg [19, 22]. Therefore, venous extraction is recommended to be performed
precisely to this level [5]. The incidence of damage to the tibial nerves with such a “short” stripping is lower than
with complete removal of the GSV, and the frequency of recurrences of the GSV does not increase [23].

It is also currently believed that stripping of the GSV can be performed on an outpatient under local anesthesia,
which can reduce the rehabilitation time for patients [24, 25].

ENDOVENOUS THERMAL METHODS

Currently, minimally invasive thermal treatment methods are widely introduced into surgical practice:
endovasal laser obliteration (EVLO) and radiofrequency obliteration (RFO). These methods are recognized as the
gold standard in eliminating pathological reflux in VVLE and are recommended as preferable to open surgical
treatment and scleral obliteration [5, 19, 26, 27]. In the Russian-language literature, various terms are used that are
recognized as synonyms: “coagulation”, “obliteration” and “ablation”.

Thermal obliteration is based on endovasal thermal damage to the venous wall, which leads to occlusive fibrosis
and transformation of the vein into a connective tissue cord. Thus, the vein as a morphological structure ceases to
exist [28, 29].

When choosing between EVLO and RFO, none of these methods is recommended as preferable, since no
significant differences have been obtained between these two methods in terms of effectiveness and long-term
results [5, 30]. The results of five-year observations demonstrated the frequency of GSV obliteration of 92.2% for
EVLO and 91.9% for RFO [20, 30-32]. In a number of studies, one can find information about an increased level of
postoperative pain for EVLO. But it is worth noting that they were carried out for short-wave laser radiation and
end-face fibers [30, 33, 34]. Currently, in the vast majority of cases, devices with long wavelength radiation, flexible
light guides with Radial and 2 ring tips are used . New generation lasers emit wavelengths up to 2 microns. Thanks
to the equipment described above, it is possible to achieve fibrosis of veins of various sizes with minimal pain [35,
36].

Currently, it is not recommended to supplement thermal methods of vein obliteration with crossectomy. Thus,
in 2013, specialists from Germany demonstrated in their study that performing crossectomy together with EVLO of
the GSV trunk does not reduce the risk of VVLE recurrence in the long term [37].

Several systems have been developed to carry out RFO. The most widely used system is ClosureFAST (now
Venefit). Now in the Russian-language literature, due to the popularity of this catheter, one can find the terms RFO
and Venefit being identified. Other RFO systems have also been developed, such as RFiTT and EVFR. In fact, the
mechanisms of action on surrounding tissues for these technologies are different: monopolar, bipolar, differences
in power and thermal heating. The evidence base for the last two technologies is insufficient and is presented only
in foreign literature [38—40]. Modern clinical recommendations are based specifically on studies of the Venefit RFO
system [5].

The question of the risk of venous thromboembolic complications (VTEC) becomes logical. Thus, a systematic
review of publications on thermoobliteration of veins indicated the absence of reports of fatal complications, and
the incidence of severe VTEC did not exceed 1% [41]. At the same time, the incidence of VTEC after combined
phlebectomy reaches 5.3% [42]. According to Barker et al. the incidence of VTEC after combined phlebectomy and
endovenous methods was 0.15-0.35% in the first 30 days, 0.26—0.50% within 90 days and 0.46—-0.58% within 1 year
[43] .

The considered methods of thermoobliteration have practically no contraindications. They can be performed
even in the presence of a trophic ulcer, but in the absence of purulent discharge and when the acute inflammatory
process subsides. However, a number of conditions limit the use of these techniques. Such conditions include
situations in which it is impossible to wear compression hosiery (obliterating diseases of the lower extremities with
an ankle-brachial index less than 0.5), deep vein thrombosis (DVT) and decompensated somatic pathology. Relative
contraindications are uncontrolled swelling of the legs, which impedes ultrasound visualization of the veins,
pregnancy, and an increased risk of VTEC, which can be calculated using the Caprini scale [5, 44].



NON-THERMAL NON-TUMESCENT METHODS

Currently, the number of publications on the use of NTNT to eliminate vertical reflux is growing. The
proliferation of NTNT is logical in the era of trauma minimization. The most actively developing method of NTNT
is the method of cyanoacrylate obliteration of the trunk of the GSV or the small saphenous vein (SSV). The
fundamental differences between this method of eliminating vertical reflux and thermal methods are the absence
of the need to use tumescent anesthesia and compression stockings [19].

The essence of the technique is to obliterate the incompetent venous trunk with glue based on N-butyl ester of
a-cyanoacrylic acid under ultrasound guidance using special delivery systems. Several systems consisting of
catheters and adhesive dispensers have been developed in the world: VenaSeal (USA), VenaBlock (Turkey),
VariClose (Turkey), Venex (Turkey), etc. [45]. Only the VenaSeal system is currently registered in Russia. The results
of using this system, indicating high efficiency, are presented in a number of domestic publications [46, 47],
however, due to the high cost, VenaSeal has not found widespread use in domestic practice. In Russia, a domestic
development, Sulfacrylate, is of great interest. This adhesive composition is synthesized on the basis of ethyl ester
of a-cyan acrylic acid. Studies have shown the safety and high effectiveness of Sulfacrylate in the treatment of
varicose veins. In addition, the different chemical structure of Sulfacrylate makes it less viscous and capable of
biodegradation [48-50].

Various studies indicate that the incidence of vein occlusion with cyanoacrylate glue in 6 months is 90-95%,
95.8% in a year, 94.7% in 3 years [30, 51, 52]. The largest systematic review of studies on cyanoacrylate obliteration
today included 13 studies, 1,267 interventions were performed on the GSV and 254 procedures were performed on
the SSV [53].

In a randomized clinical trial (RCT) of thermal methods and cyanoacrylate obliteration with a follow-up period
of 12 months, there were no significant differences in the incidence of vein occlusions [49, 51]. Also, according to
a 2021 network meta-analysis, no significant differences in relapse rates were found between NTNT and thermal
methods [54].

Studies comparing the domestic development of Sulfacrylate and the American VenaSeal system demonstrate no
worse results both in the frequency of vein occlusions and in the frequency and severity of complications [55, 56].

An important advantage of NTNT, which is noted in all studies, is the low level of pain during the procedure
and in the early postoperative period. According to Morrison et al., intraoperative pain level on the visual analogue
scale (VAS) during adhesive obliteration was 2.2, while during RFO it reached 2.4 [53]. Bozkurt et al. conducted a
similar comparison of NTNT with EVLO. At the same time, for adhesive obliteration it was 3.1, for EVLO it was 6.2
according to VAS [30].

To date, no cases of DVT and pulmonary embolism (PE) after adhesive obliteration have been recorded [30, 52, 55].

ELIMINATION OF REFLUX THROUGH PERFORATOR VEINS

Indications for eliminating PV are determined by the type of reflux, the size of the dilated PV and the clinical
picture. It is important to note that in order to objectively detect reflux along the PV, ultrasound examination
should be performed while standing [58]. It is indicated to carry out interventions on PVs with a diameter of more
than 3.5 mm with a reflux duration of more than 0.5s. Moreover, their location should correspond to the area of
trophic disturbances (classes C4, C5 and C6) [5, 19]. A number of experts question the effectiveness of eliminating
PV for classes C2 and C3, as well as in the complex of surgical treatment for the elimination of vertical reflux [58,
59].

To eliminate incompetent PVs, various techniques can be used: suprafascial ligation, their destruction using
vein extractor hooks, endoscopic dissection (SEPS), scleroteroobliteration, laser or radiofrequency obliteration
under ultrasound guidance [5, 60, 61]. Ligation of the PV (open or using submurged ligation) is an effective
technique, but has limitations in conditions of trophic changes in the skin. In this case, thermoobliteration or
ultrasound-guided scleroobliteration are preferable. These techniques show an effectiveness of up to 80-85% over
a follow-up period of 5 years [61].

Endoscopic subfascial dissection of the PV and open dissection (Linton-Felder method) are currently
significantly limited. Endoscopic dissection is reflected in clinical recommendations in cases where other methods
are ineffective. The second technique has lost its place in trauma recommendations [5, 62].



ASVAL METHOD

In 2005, P. Pittaluga et al. reported high effectiveness of vein-sparing surgery [63]. The authors called the
method of removing varicose saphenous veins leaving the incompetent trunk of the GSV ASVAL (Ablation Selective
des Varices sous Anesthesie Locale). This term is firmly entrenched in phlebological circles.

The removal of the saphenous veins is performed under local infiltration anesthesia using special phlebectomy
hooks (microphlebectomers). There are various modifications of microphlebextractors: Varady, Muller, Oesch. The
choice of hook is based on the surgeon's preferences. Skin punctures are made with a 16 G —18 G needle or a scalpel
blade (incisions are made up to 2 mm long) with preoperative marking of varicose veins. Hemostasis is carried out
using the elastic compression method [5, 64].

Mid-term results of prospective studies demonstrated the disappearance of reflux in 67-70% of cases with a
decrease in the diameter of the GSV in 100% of cases. Moreover, the fincidence of recurrence of varicose veins
reached 10-12%, and complications in the form of thrombosis of the main trunk amounted to 1-5% [65, 66]. At the
same time, M. Biemans et al. did not report any complications of the procedure [67].

These results allowed the authors to express confidence in the previously put forward “ascending theory” of the
formation of reflux: dilation of the tributaries is accompanied by a local decrease in pressure in them during the
diastole of the muscular-venous pump of the leg, which creates conditions for the reverse movement of blood along
the main trunk down to the dilated tributary, forming reflux [68—-70]. Currently, the ASVAL technique is causing a
number of discussions about the appropriateness of its use. This is due to both the large number of adherents of
the “descending” theory of reflux and adherents of trunk obliteration of the great veins, and the rather low (no
more than 70%) frequency of disappearance of reflux and the high frequency of relapses in patients who have
undergone ASVAL. However, proponents of ASVAL note that studies in this area require clear inclusion criteria
regarding the diameter of the incompetent GSV and the lower limit of reflux. They also note a high probability of
multifocal origin of reflux, which may cause its persistence in a third of cases [65, 66, 71]. At the same time, it is
noted that the frequency of relapses of varicose veins of the saphenous veins with ASVAL does not exceed the
frequency of relapses with stem thermal obliteration or stripping of the GSV, which is probably a consequence of
both the genesis of the varicose veins itself and the ways in which reflux is formed [25, 72].

Currently, ASVAL is noted in clinical recommendations for the treatment of patients with varicose veins and
can be considered both as an independent method and as part of a set of measures in the treatment of varicose
veins [5].

SURGERIES FOR RECURRENT VARICOSE VEINS

Recurrence of VVLE can develop for several reasons, the major reasons are the natural progression of the disease
and residual veins that developed as a result of a tactical or technical error [73].

Tactical errors include maintaining an incompetent GSV (or SSV) or leaving varicose tributaries in the hope of
their disappearance. Performing ASVAL or separation miniphlebectomy and trunk obliteration is not considered
an error. Technical errors are actions performed directly during surgical treatment that led to relapse. Such errors
include, for example, violations of the protocol for endovasal obliteration methods (creating a “weak” sheath during
tumescent anesthesia, creating a weak energy concentration, incorrect calculations of the sclerosant during trunk
scleral obliteration), which leads to recanalization of the main venous trunk. Leaving a large stump of the GSV
during phlebectomy or poor treatment of tributaries during crossectomy leads to the formation of reflux along the
left estuary tributaries of the GSV and, as a consequence, relapse of the GSV [5].

Undoubtedly, to identify the cause of VVLE relapse, determine the configuration of existing pathological veins,
the patency of the deep veins of the lower extremities and, of course, determine the full treatment tactics, duplex
ultrasound scanning is mandatory [74].

In case of preservation of the stump or segment of the GSV or SSV, open surgery, despite its effectiveness, is
not recommended. This is associated with a high risk of adverse complications, in particular damage to adjacent
nerves, and infectious complications [20, 28, 72]. The results of randomized controlled trials show equal
effectiveness of endovenous thermoobliteration methods compared with open surgical interventions in correcting
relapse. However, the incidence of complications when using endovenous methods is lower [74-76]. Such data
allow us to call endovasal methods the methods of choice for this pathology. With their help, it is possible to achieve
obliteration of the stump of the GSV or SPV, the Giaccomini vein (if it is the source of reflux) and other veins.



When recurrent varicose veins are excessively tortuosity, the use of thermoobliteration can be technically
difficult. In this case, treatment is carried out using foam sclerotherapy. Ultrasound guidance is used for
sclerobliteration of deep veins. This method is well applicable not only for eliminating reflux from deep to
superficial veins, but also for eliminating varicose saphenous veins. Trunk scleral obliteration of the main veins is
also used in their postthrombophlebitic syndrome due to recanalization after endovenous obliteration, when the
installation of a light guide can be problematic. This method is characterized by its simplicity and the possibility of
performing it in stages, as well as the possibility of combination with other methods of correction of varicose veins
[77-79]. Another undoubted advantage of the method is its relatively low cost, which in some cases determines its
use in primary VVLE [5].

In order to eliminate recurrent varicose saphenous veins in the absence of large trunks or reliably identified
incompetent perforating veins, isolated mini-phlebectomy can be used [79]. The above methods for correcting
recurrent VVLE can be performed on an outpatient basis and are associated with a short rehabilitation period [5].

CONCLUSION

Modern advances in the study of the pathogenesis of varicose veins of the lower extremities, increasing the
competence of surgical specialists in the methods of diagnosing and identifying the causative factors of varicose
veins of the lower extremities make it possible to provide surgical care to patients at any stage of the disease: from
the occurrence of subcutaneous varicose nodes to the formation of vertical or horizontal reflux. Modern methods
of surgical treatment of varicose veins of the lower extremities are aimed not only at accurately eliminating the
symptoms of the disease and preventing their causes, but minimizing surgical invasiveness as well, reducing the
likelihood of relapses and shortening the rehabilitation period.
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