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Summary

Introduction. Varicose veins (VV) are characterized by saphenous, dilated, tortuous veins measuring three millimeters
or more, involving the saphenous veins, saphenous tributaries, or superficial veins of the legs. Manifestations of varicose
veins range from limited discomfort in the legs to swelling and non-healing ulcers, sometimes leading to disability. The
frequency and severity of these symptoms are directly related to age and gender. Due to the high variability of localization
and the degree of involvement of the venous network, there are various methods of surgical treatment of this pathology, as
well as a variety of methods of anesthesia with their inherent positive and negative qualities.

Aim. To analyse literature reflecting modern ideas about the prevalence of varicose veins of the lower extremities,
methods of surgical treatment and a reasonable choice of the safest and most effective method of anesthesia.

Search strategy. The search for publications was carried out in the following databases: PubMed, Embase, Scopus,
Web of Science, e-Library and Cyberleninka. Key queries included the following terms: chronic venous insufficiency, varicose
veins, phlebectomy, crossectomy, regional anesthesia, spinal anesthesia, epidural anesthesia, unilateral spinal anesthesia. The
search depth was 20 years, works from earlier years that were of high scientific value on this topic were also included.

Results and conclusions. The degree of quality of pain relief during VV surgeries, its duration, and comfort for the
patient and operating team are highly variable. The key factors are the number of complications associated with dural
puncture, patient satisfaction and time to recovery from anesthesia. The use of a choice of modern methods of anesthesia,
such as unilateral spinal anesthesia (USA), allows us to avoid most of the adverse effects of spinal anesthesia, while USA
supplemented with electrical nerve stimulation increases the safety of anesthesia, has high selectivity, and allows to
anesthetize only one lower limb of the patient.

Keywords: varicose veins, spinal anesthesia, epidural anesthesia, unilateral spinal anesthesia.
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BBepenue. BapukosHoe paclmpermne BeH (BPB) xapakTepusyeTtcst NOAKOXHBIMMW, PacLUMPEHHbIMU, U3BUTLIMU BEHAMM
pasMepom OT Tpex W 6onee MUNAMMETPOB, BOBMEKAIOLMM MOAKOXHbIE BEHbI, MOAKOXHbLIE MPUTOKU UK NOBEPXHOCTHbIE
BeHbl Hor. [posieneHus BPB camble pa3HoobpasHble: OT OrpaHM4EHHOM0 AMCKOMAOPTA B HOrax 40 OTEKa U He3axuBaroLmX
438, MHOr4a NpUBOASLLMX K NoTepe TPyAOCMOCOBHOCTW. YacToTa nposiBNEHUA W TSHKECTb 3TUX CUMMTOMOB HanpsMyto
3aBUCAT OT BO3pacTa W MOMOBOWN NPUHAANEXHOCTW. BBUAY BbICOKOW BapuabernbHOCTI NOKann3aLum, U CTENeH BOBNEYEHNS
BEHO3HOW CETU, UMEKTCS Pa3nnyHble METOAbl XMPYPrUYECKOTO NMeYeHUst AaHHOM NaTonoriu, paBHO Kak 1 pasHoobpasne
MeToz0B 06€300NMBaHUS C NPUCYLLMMI UM NOMOXUTENBHBIMU 1 OTPULATENBHBIMU KaYecTBaMU.

Lenb. MpoBectn aHanus nuTepatypbl, OTpaxarolleil COBPEMEHHble NpeacTaBneHus O pacnpocTpaHeHHocTn BPB
HWKHUX KOHEYHOCTEN, MEeTofdax XMpYpruyeckoro neyeHus um obocHoBaHHOrO Bblbopa HaubBonee 6e3onacHoro W
3(pPeKTUBHOrO METOA aHECTE3MONOMMYECKOro Nocobus.

Crparerus noucka. Mowvck nybnukauumin nposoauncs B 6asax aaHHbix: PubMed, Embase, Scopus, Web of Science, e-
Library n Cyberleninka. KntoueBble 3anpochl BKtOYanu criegytolie TEPMUHBI: XPOHUYECKas BEHO3HAS HEJO0CTaTOYHOCTb,
BapMKO3HOE pacluMpeHue BeH, (HnebaKTOMWS, KPOCCIKTOMMS, pervoHarnbHas aHecTeswsl, ChnHambHas aHecTesns,
anuaypanbHas aHeCTe3uns, 0OHOCTOPOHHSS CNMHANbHas aHecTeans. [nybuHa nouncka 6bina 20 net, oaHaKo BblnK BKMKOYEHDI
paboTbl 6oree paHHUX NET, UMEIOLLMX BbICOKYHO HaY4HYIO LEHHOCTb MO AaHHOM TEME.

Pe3ynbTatbl u BbiBoAbIl. CTeneHb kavecta 06e3bonnsaHns npu onepauusix Ha BPB, ee anuTensHOCTb, KOMGOPT Ans
nauuMeHTa 1 onepauuoHHon bpuragbl BecbMa BapuabenbHbl. KnioyeBbiM (hakTOpOM SIBMISIETCS KOMMYECTBO OCTOXHEHMIA
CBSA3aHHBIX C MyHKLMEN TBEPAON MO3roBoN 0DOMNOYKM, CTENeHb YOOBMNETBOPEHHOCTU MaLWeHTa W BpeMS 4O aKTMBM3aLuK
nocrne aHecteauu. Vcnonb3oBaHue B KayecTBe aHeCTe3WW BblIOOpa COBPEMEHHBIX METOAOB, TakuMX Kak OJHOCTOPOHHSS
cnnHanbHas aHectesuns (OCA), no3sonsioT usbexats 60MbLUMHCTBA HEXEeNaTemnbHbIX ABMEHUIA CIMHANBbHOW aHeCTe3nu, B T0
Bpemsi kak OCA [OMOMHEHHas aneKTPOHeMpOCTUMYNALMEN, MOBbILAeT 6e30MmacHOCTb aHecTeawn, a Takke obnagatT
BbICOKOI1 CEMEKTUBHOCTbIO, N03BONIAS 00€360MMTb TOMBKO OAHY HUXKHIOK KOHEYHOCTb NaLyeHTa.

Knrovesble cnoea: 8apuKO3HOE pacWUpEHUe B6eH, CnuHanbHasi aHecmesus, anudypanbHas aHecme3us,
OOHOCMOPOHHSA CNUHAIbHAS aHECME3US.
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Kipicne. Kektambipnapabin, Bapuko3ablk kenetoi (KBK) Tepi acTbiHOafbl TaMblpnapablH, Tepi acTblHAarbl cananapiplH
Hemece asiKTbiH, OeTki TamblpnapblH KAaMTUTBIH yl HEMECE OfaH Aa Ken MUNIMMETPIIK TypakTbl Typae KeHewreH
KeKTaMmblpriapAblH, e3repicTepiMed cunattanagpl. Heriri KBK kepiHicTepiHe asKTbliH, WekTeyni bIHFanChi3ablKTaH, iCiHy MeH
KasblnManTbIH TEPiHiH, OMbIK XapanapFa AeWiH, keige MyredekTikke oKkeneTiH kepiHicTep xatagpl. byn 6enrinepgin, kepiy
KViniri MeH ayblprblfbl, HAYKACTblH, KacblHA oHe XblHbiCbiHA Tikeneil GannaHbiCTbl. JlokanusauusiHbiH, XOFapbl
©3rEPiLUTIMHE XSHE KeKTambipiap XemiHiH, KaTbiCy AapexeciHe GalnaHbICTbl OyN MaTonorsiHbl XUpYprusnbik emaey
apictepi apTypni bonbin kenepi. CoraH Calkec onapfa TaH OH, XoHe TepiC KacueTTepi 0ap aHamnbreaus agicTepiHiv, e
epekiuenikTepi Genek Gonbin Tabbinagpl.

3epTTey makcatbl. AdK KeKTaMblpnaHblHbIH, BapyKO3dbl KeHEIOiHIH, Tapanybl, XUpyprusnblk emaey SAicTepi XoHe
aHEeCTe3NoNOrMAnbIK, KypanaapablH, eH, Kayincia XsHe TWiMAi a4icTepiH TaHAay Typanbl 3aMaHayy OW KepCeTeTiH XoHe
3amaHayv spebueTTepre HerisfenreH Tangay xacay.

Ispey ctpaterusacbl. Xapusnavbimgapgel isgey: PubMed, Embase, Scopus, Web of Science, e-library xane
cyberleninka gepekkopnapga xyprisingi. Heriari cypaynapfblH, kaTapblHa keneci TepMUHAEP Kipfi: CO3blnManbl BEHO3AbIK,
KETKINiKCi3ik, Bapuko3abl Tamblpnap, ¢nebakToMusl, KPOCCIKTOMWS, ailMaKTblK, aHEeCcTeausl, XymblH aHecTesus,
anuaypanbbl aHecTesus, Gip XakTbl XyrblH aHecTesuscol. 13gey TepeHairi 20 xbin 6onabl, AereHmeH, 6yn Takblpbin
OoiibIHLLA OFapbl FbINbIMU KYHABINbIFLI 6ap GypbIHFb Xblnaapaarsl eHOeKTepi e Kipai.

3epTTey HaTmxkenepi MeH KOpbITbiHAbINApbI. KBK onepauusinapbl kesiHae ayblpCbiHyAbl XEHINAETY canachiHbiH,
LOPEXEC], OHbIH, Y3aKTbIFbl XOHE NaLWeHT NeH onepaLusnbIk TON YLUH Xannbinblk eTe e3repmeni. [ypanbabl nyHKUusFa
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BannaHbICTbl ackbiHyNapAblH, CaHbl, MALUMEHTTIH KaHaraTTaHybl XOHe aHecTe3usiiaH KeliH KanmbiHa KenTipy YaKbiTbl
XYTbIH XaHCbI3AaHAbIPYAbIH Heriri akTopnap 6onbin Tabbinagsl. bipxakTbl XynbiH aHecTeausicel (BXA) cuskTbl
3amaHayu aficTepai TaHaay, XyrblH aHeCTe3NSCbIHbIH, KONTEreH XarbIMChI3 acepnepiH bonasipmayFa MymKiHaiK Gepegi,
an anekTpnik HeMpocTUMynsaunsaMeH TonbiKTbipbinFaH BXA, Haykac KayincisgiriH apTTbipagbl, XaHe Tek Oip TeMeHri
asiKTapbIH XaHCbI3AaHabIpyFa MyMKiHIiK Gepesi.

TyliHOi ce30ep: eapuk030bl mambipfiap, XyfbiH aHecme3usichbl, anudypansObi aHecme3usi, 6ip Xakmbl XysbIH
aHecme3susichl.

Bibliographic citation:

Mamyrov Y.D., Mamyrov D.U., Jakova G.E., Noso Yo., Syzdykbaev M.K. The Choice of the Most Optimal Method of
Anesthesia for Operation on the Lower Extremity Vessels: A Narrative Review // Nauka i Zdravookhranenie [Science &
Healthcare]. 2023, (Vol.25) 4, pp. 213-223. doi 10.34689/SH.2023.25.4.026

Mambipos E.[]., Mambipos [1.Y., [Ixakosa I".E., Hoco Wo., Cbisdbikbaes M.K. Buibop Hanbonee onTimManbHoro Metoaa
aHecTe3nn npu onepaLysax Ha Cocyaax HUKHWUX KoHeuHocTen // Hayka v 3apasooxpaHenue. 2023. 4(T.25). C. 213-223. doi
10.34689/SH.2023.25.4.026

Mambipos E.[]., Mambipos [1.Y., [xakosa I".E., Hoco Mo., Cbisdbikbaes M.K. Ak TambipnapbiHa onepauus xacay
KesiHae aHeCTesusHbIH, eH, OHTaNNbI aAiCiH Tanaday // feinbim xaHe [eHcaynbik cakray. 2023. 4 (T.25). b. 213-223. doi

10.34689/SH.2023.25.4.026

Introduction

Varicose veins (VV) are characterized by tortuous,
dilated, saphenous veins that measure three millimeters or
more, involving the saphenous veins, saphenous tributaries,
or superficial veins of the legs. At the same time, age and
family history are considered important risk factors [10].

VWV is the most common clinical manifestation of chronic
venous disease [47]. VV include many clinical and
pathological manifestations, from limited discomfort in the
legs to swelling and nonhealing ulcers, sometimes leading
to disability [74, 97], as the frequency and severity of these
symptoms are directly related to age and gender [93].

Due to the high variability of localization and the degree
of involvement of the venous network, there are various
surgical treatment ways of this problem, as well as a variety
of anesthesia methods with their inherent positive and
negative qualities.

Aim: to analyze the literature that reflects modern ideas
about the prevalence of VV in the lower extremities, surgical
treatment methods and a reasonable choice of the safest
and most effective method of anesthesia.

Search strategy: The study includes publications taken
for analysis from the most relevant databases such as
PubMed, Embase, Scopus, Web of Science, e-Library and
Cyberleninka.

The inclusion criteria for the articles included literature
reviews and meta-analyses, but in the absence of such,
data from randomized clinical trials, books and patents were
also included.

The exclusion criteria  were: articles in foreign
languages other than Russian and English, abstracts
(resumes), newspaper articles, articles with unconfirmed
scientific information, as well as studies with signs of
violation of the methodology of clinical, observational and
any other studies.

Key queries included the following terms: chronic
venous insufficiency, varicose veins, phlebectomy,
crossectomy, regional anesthesia, spinal anesthesia,
epidural anesthesia, unilateral spinal anesthesia. The
search depth was 20 years, works from earlier years (1933,
1951, 1990, 1995 years) that were of high scientific value
on this topic were also included.

Initially, according to search queries and keywords, 149
articles were found, and then 6 duplicate articles were
excluded, mostly in Russian, published in the e-library and
cyberleninka databases. We also excluded 16 works
published in databases that required paid access. In
addition, 27 papers that did not correspond to the topic of
the review were excluded. In total, out of 149 articles, 100
scientific papers were selected for review.

Figure 1. Article selection chart

Article luded Articles that do not
Total selection . s correspond to Total publications
by keywords Excluqlng duplicate dqe to the the topic e
Y articles (n=6) paid access &
(n=149) (n=16) are excluded (n=100)
(n=27)

Search results and discussion:

Varicose veins, chronic vein diseases: a brief
description.

Etiologically, the most common risk factors for VV are
hereditary predisposition, gender, number of pregnancies
and births, use of combined oral contraceptives,
overweight, sedentary lifestyle, constipation, history of
venous thrombosis, occupational activities that involve
prolonged standing or sitting, and bad habits, the main of
which is smoking [52, 92, 97].

To more accurately determine the prevalence of chronic
venous diseases (CVD), in 1994, a clinical, etiological,
anatomical, and pathoanatomical classification (CEAP) was
introduced, whose revision was in 2004, the latest version
was adopted in 2020 [34, 63]. This classification is based
on clinical manifestations (C), etiological factors (E), the
anatomical distribution of the disease (A) and basic
pathophysiological findings (P). VV are included in category
C2 in this classification. Despite the multifactorial
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pathogenesis of VV, the contributing genetic and
environmental factors are not well studied [42].

The epidemiology of VV is represented by an incidence
of 30% in the general population, with rates significantly
higher in the elderly [87]. In general, VV are more common
in women than in men. Therefore, the Framingham study
tested the presence of VV every two years for 16 years.
Consequently 23 and 30 percent of the male and female
population developed VV during observation. The two-year
incidence ranged from 39.4 to 51.9 per 1000. The incidence
was highest in women aged 40 years [12]. There is an
obvious correlation of race with the prevalence of VV.
Consequently, the prevalence of chronic venous
insufficiency (CVI) and VV in Asians is lower than in white
non-Hispanics [98]. The Edinburgh vein study can be
distinguished with an incidence of VV of 11.5% in 18 to 24
years of age, while as a category of 55 to 64 years, it
showed an incidence of 55.7% [38]. The equally well-known
Bonn Vein study, conducted in Germany, showed the
prevalence of the C2 class of CVD we are considering at
14.3% [77]. The results of one of the latest extensive CVD
studies, called the Vein Consult program, conducted in 23
countries and included 99359 patients, were published
relatively recently, in 2018. The countries were divided into
four main regions, Asia, Eastern Europe, Western Europe,
and Latin America, where the total prevalence of CVD
classes C1-C6 in these regions was 69.94%, CVI combines
classes C3-C6 and amounted to 32.3%. If we evaluated the
frequency of CVD by region, then the countries of eastern
Europe showed the highest prevalence (70.18%), and the
lowest frequency were the Asian countries (51.93%) [94].

Surgical methods for the treatment of varicose
veins and CVD-C2 class and higher

The main goal of the surgery is to ligate and disconnect the
great saphenous vein (GSV) and/or small saphenous vein
(SSV) at its junction with the deep vein system. The choice of
method is based on the location, size and extent of the venous
lesion, the presence or absence of venous reflux. Unilateral
surgery for bilateral varicose lesions of the lower extremities is
preferable, both for the surgical team and for the patient. After
all, most of the complications of a single-stage bilateral
operation were mainly associated with the duration of the
operation, the need to increase anesthetic doses, and
sometimes  additional intraoperative  administration  of
analgesics, as well as the corresponding blood loss [32]. A
unilateral operation is more beneficial mainly to avoid the above
reasons, as well as due to the double hospitalization and the
almost double income of hospitals [76].

Surgeries are represented by high ligation of vessels
with venous extraction, as well as ligation of associated
anastomoses in the case of insufficiency of the perforating
veins. These methods have been developed and studied for
more than 50 years. Minimally invasive methods of treating
W, such GSV and SSV ablation using laser,
radiofrequency or foam sclerotherapy, are also gaining
popularity, but traditional surgery remains the gold standard
for the treatment of VV [96]. Taking into account the high
adherence of the population to minimally invasive treatment
methods for VV, surgical treatment is the most reliable
method, despite the recurrence rate in a 5-year period of 25
to 50% [22, 84].

In the surgical treatment of VV and insufficiency of the
GSV, SSV, the following surgical interventions can be
called the main [78]:

- Operation to remove the GSV, most often
invagination, with or without ligation of the saphenofemoral
junction (SFJ) [29]. Simple SFJ ligation, except in obese
patients, can be performed under local anesthesia, but
removal of the GSV usually requires regional or general
anesthesia [59]. There is also evidence of a lower incidence
(7%) of damage to the saphenous femoral nerve in the case
of removal of the GSV by the knee level, when damage to
the saphenous femoral nerve reached 39% with complete
removal of the GSV [50].

- The ligation of the saphenofemoral anastomosis is an
effective surgery in terms of a lower incidence of recurrence
of VV and has variations in implementation. In a study by
Winterborn et al., in which flush SFJ ligation was performed
in 95 cases versus 114 cases of standard saphenofemoral
stump ligation. All patients were followed up for two years,
and ultimately recurrence rates were 32% and 33%,
respectively [95].

There is also a variant of SFJ resection and ligation with
endothelial inversion with screw sutures, which showed
recurrence and neovascularization of VV with a frequency
from 43 to 49% [49].

- Operation of isolating the saphenopopliteal fistula,
without removing the SSV. The main difference is the
position of the patient on the operating table on the side or
prone. Furthermore, the anatomy of the popliteal region is
characterized by great variability, in connection with which a
preoperative ultrasound examination and marking of the
positon of the saphenopopliteal anastomosis was
recommended [35]. During the operation, after the isolation
of the SSV, there are two options for the operation - the
allocation of the subcutaneous popliteal fistula and its flush
ligation; the second option is the proximal ligation of the
SSV as deep as possible in the popliteal fossa. The
recurrence rate of VV with this type of surgery reaches 20%
after one year [73].

- SSV removal operation, where it is removed to the
middle of the lower leg, or the removal of the upper part of
the vein is sufficient. In a study by O'Hare et al., evaluating
the results of SSV surgery at one year, there was a
reduction in the recurrence rate of VV in patients who had
SSV removed, without any increase in numbness.
Incompetence of subcutaneous popliteal anastomosis,
detected by duplex examination, was significantly lower in
those who underwent removal of SSV [73].

- Surgical treatment of insufficiency of perforated veins
of the lower extremities:

In case of valve insufficiency of perforating veins in CVI,
in the first half of the twentieth century, the operations of
Cockett, Linton, and Felder were proposed. In the first two
cases, the incision is made along the medial surface of the
lower leg (Linton line). With the Cockett method, the
perforating veins are ligated epifascially and with the Linton
method subfascially. But often along the line of Linton, there
were trophic changes in the skin and subcutaneous fat
(fibrosis). Incisions in these areas are fraught with
postoperative complications and poor healing. And the
isolation of the epifascial veins due to subcutaneous fat
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fibrosis made Cockett's operation difficult. Therefore,
Linton's method [31, 62] gained quite a lot of popularity.

Anesthesiological support of operations on
varicose veins of the lower extremities

All of the above options for the surgical treatment of
CVD of the lower extremities require reliable anesthesia, as
surgical intervention causes tissue damage, which activates
the systemic inflammatory response and leads to changes
in the endocrine and metabolic systems [86]. The resulting
imbalance can lead to partial, and, in some cases, complete
organ dysfunction, and an increase in the frequency of
postoperative complications. There are other factors, such
as anesthesia, pain, blood transfusion, and elevated blood
glucose, that have an important impact on the current state
of homeostasis. The joint work of the surgeon and the
anesthesiologist can prevent the above disorders, using
less aggressive surgical and anesthetic methods [70].
Modulation of pain perception by appropriate analgesia
leads to a decrease in the level of pro-inflammatory
cytokines and an increase in lymphocyte activity [18]. Next,
the most relevant types of anesthesia in CVI surgery will be
considered.

Tumescent anesthesia

Minimally invasive methods of VV treating, which
include endovenous laser ablation (EVLA), radiofrequency
ablation (RFA) and stem sclerotherapy (SS), can be
performed under tumescent anesthesia (TA), which is a
type of infiltration anesthesia, and is an injection into the
subcutaneous fat layer of a large volume of low
concentration anesthetic. This type of anesthesia was first
described by Klein in 1986 [53]. As a pharmacologist and
dermatologist, Klein has established through a systematic
series of plasma lidocaine dilution and testing that large
volumes of diluted anesthetic injected directly into
subcutaneous adipose tissue can safely provide superior
local anesthesia. For successful application of TA, it is
necessary to know the minimum effective concentration and
the maximum safe dose of lidocaine.

Minimum effective dose of lidocaine during TA

1% lidocaine with epinephrine is commonly used for
local anesthesia. A dose of 7 mg/kg has traditionally been
considered the maximum dose of lidocaine, so a patient
weighing 60 kg can safely inject about 40 ml of 1%
lidocaine with epinephrine. However, to perform operations
in large areas, Klein had to dilute the local anesthetic
solution due to insufficient volume. Although 0.4% lidocaine
was considered the minimum effective lidocaine
concentration, Klein found that dilution of the local
anesthetic at 0.05% to 0.1% lidocaine was able to provide
superior anesthesia in the subcutaneous space [55].

Maximum safe dose of lidocaine during TA

When using large doses of lidocaine, it is important to
have a clear idea not only of the quality of pain relief when
using it, but also of its toxicity. Moreover, timely recognition
of early signs of local anesthetic toxicity is of particular
importance [54]. Subjective side effects such as dizziness,
nausea, euphoria, restlessness, and drowsiness occur at
plasma levels of lidocaine between 3 and 6 mg/mL.
Objective signs of toxicity such as vomiting, tremors,
tinnitus, blurred vision, psychosis, and muscle fasciculations
occur at plasma lidocaine levels greater than 5 mg/ml.
Plasma levels of lidocaine above 8 mg/ml can cause

convulsions and cardiopulmonary failure. Coma followed by
respiratory and cardiac arrest occurs when the level of
lidocaine in the blood plasma is above 12 mg/ml [75].

Thus, the TA solution is diluted concentrations of
lidocaine (0.05-0.1% or 500-1000 mg/l), epinephrine (0.65-1
mg/l) and bicarbonate (10 mEq/l) in physiological solution.
The exact composition of the tumescent anesthetic mixture
should be appropriate for its intended clinical use. In the
case of the use of TA in phlebology, the concentration of
the solution should be from 0.05 to 0.075% lidocaine.
Sensitive areas such as the chest, chin, and cheeks require
higher concentrations of lidocaine to achieve adequate
anesthesia. The maximum dose of lidocaine administered
should be less than 55 mg/kg. Further development toward
patient safety led to the development of Sutler's solution for
TA, based on prilocaine, which reduced the risks of
systemic toxicity in the use of lidocaine. However, when
using prilocaine, the formation of methemoglobin is
possible, which limits its use [14]. One of the last
anesthetics for TA was articaine, due to its high analgesic
effect and low toxicity and fast half-life. Articaine is more
potent than lidocaine and prilocaine and less toxic than
bupivacaine, ropivacaine, and mepivacaine [39, 71].

Epidural anesthesia

Epidural anesthesia (EA) is a method of perioperative
pain relief that has many applications in anesthesiology. It is
useful as a primary anesthesia, but is also used as an
adjunct to pain relief. It can be a single injection or a
continuous infusion for long-term pain relief. In addition to
providing  high-quality  analgesia, ensuring  stable
hemodynamics, the use of EA potentiates the effect of other
anesthetics and analgesics, its doses are reduced, and
therefore the incidence of side effects [69]. In addition, there
is evidence that EA reduces cortisol levels, accelerates
motility recovery, reduces the incidence of pulmonary
embolism and deep vein thrombosis in the postoperative
period, and reduces hospital stay [68, 91].

The epidural space of the spine contains adipose and
connective tissues, as well as blood vessels and lymphatic
ducts. These vessels may dilate during pregnancy or
ascites, increasing the likelihood of vascular puncture. The
distance from the skin surface to the epidural space varies
with age or weight. It can range from 4 c¢cm in adults of
normal weight to 8 cm or more in obese patients. The main
approaches to the epidural space are the median and
paramedian approaches, with the patient sitting or lying on
his side. The main stages of EA are: the introduction of 1%
lidocaine into the skin and underlying tissues, the passage
of an epidural needle through the skin, subcutaneous
tissue, supraspinous and interspinous ligaments. Once
there, the stylet must be removed and a syringe filled with
saline must be attached to the needle to properly perform
the loss-of-resistance test. Under the positive pressure
exerted on the syringe plunger, the needle is moved further,
and after the ligamentum flavum puncture, a sharp
decrease in pressure in the syringe is observed, which
indicates that it has entered the epidural space - this is a
resistance loss test [44].

The most common complication of EA, as with other
neuraxial techniques, is hypotension due to sympathetic
blockade. A decrease in vascular resistance leads to
increased blood flow to blocked segments. In some cases,
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bradycardia and a decrease in cardiac output are observed,
depending on the spread of a local anesthetic in the
epidural space [60]. Positive volemic status is the main
prerequisite to ensure venous return to the heart and thus
maintaining cardiac output and blood pressure [79].

Spinal anesthesia

Since the first detailed description of the spinal
anesthesia (SA) technique, namely since 1898, when Carl
August Bier and his assistant performed SA on each other
[21], this type of anesthesia has spread rapidly throughout
the world. The spinal tap technique is learned early in
anesthesiologist training, and technical competence is
quickly acquired, after 40-70 controlled attempts [56]. All
these factors led to a significant increase in the number of
spinal anesthesias in the overall structure of anesthesia
methods, due to the relative speed of this type of
anesthesia and the reduction in the number of bed days
[81, 82]. Factors that deserve attention are also the
comparable duration of surgery between SA and general
anesthesia, the high quality of pain relief and muscle
relaxation [61].

Anatomically, the spinal cord is a well-organized
cylindrical formation that originates at the foramen magnum
at the base of the skull, as a continuation of the medulla
oblongata. It is located in the spinal canal. In men, the
length of the spinal cord is up to 45 cm, in women up to 43
cm [11].

The subarachnoid space also originates from the
foramen magnum and extends to the second sacral
segment (S2), delimited by the arachnoid and pia mater and
below by the sacrococcygeal membrane. The spinal cord
contains the spinal cord roots, cerebrospinal fluid (CSF),
large blood vessels, and cisterns. The cisterns are enlarged
pockets of CSF, formed by separation of the arachnoid from
the pia mater, depending on the anatomy of the surface of
the brain and spinal cord.

In the thoracic region, the width of the spinal cord
ranges from 6.4 to 8.3 mm, and in the cervical and lumbar
regions, from 12.7 to 13.3 mm. The C5 segment has the
largest transverse diameter of 13.3 + 2.2 mm, decreases to
8.3 £ 2.1 mm at the T8 level and increases t0 9.4 £ 1.5 mm
at the L3 level. The diameter of the spinal canal at the level
of the cervical segments is up to 25 mm, narrowing to 17
mm in the thoracic segment and widening from 22 mm to 27
mm in the lumbar segment, with an anterior-posterior
dimension of 15-16 mm throughout the canal [20, 41].

Technically, SA and EA for VV is performed medially in
the lumbar region, at the level of the middle and lower
lumbar [85]. To avoid damage to the spinal cord and to
minimize the effect of intrathecal anesthetics on the upper
thoracic and cervical regions, the SA needle is usually
inserted into the L3-L4 or L4-L5 gap. Spinal cord injury is
most likely when choosing higher spaces between the
spines, especially in obese patients [23].

When the needle is inserted, the latter, as with EA,
reaches the epidural space, and without removing the
stylet, the dura mater is punctured. It is known that
anesthesiologists also focus on the "failure" and "click"
sensation during dura puncture, which is a subjective
criterion, which, according to some authors, may be
different in strength depending on the type of needle tip, its
diameter, and anatomical features of the patient. Thus, the

above-mentioned subjective criteria become vaguer when
using atraumatic pencil-point needles [48]. At the same
time, sensations during puncture of the dura mater with
needles that are passed through the introducer due to the
high flexibility of thin needles, starting from 25 Gauge, may
be almost completely absent. The main objective criterion,
in classical SA, is the outflow of CSF from the lumen of the
spinal needle [21, 66]. At the same time, when using 27G
thin needles, the lumen of the needle is so small that, to
obtain CSF in the needle cannula, it is sometimes
necessary to wait for it to appear in the needle pavilion for
up to 20 seconds [83].

Many works have been devoted to the complications
that are common to SA and EA. One of the main ones is
intraoperative hypotension after the onset of sympathetic
blockade, which varies from 13% to 33% in general surgical
patients [43, 46], and up to 70-90% in obstetric patients
[40]. Even taking into account the preoperative infusion
load, the incidence of hypotension could reach 40% or more
[99].

In addition to hypotension, it is necessary to take into
account the high risk of post-puncture headache (PDPH),
the frequency of which is 0.16-1.3% of cases [45],
according to other authors, from 1 to 40% [17], depending
on the type, the diameter of the needle and its direction, the
presence of concomitant risk factors and the competence of
the anesthesiologist. A concomitant and unpleasant
complication can be called postoperative acute urinary
retention in SA with a frequency of 5% to 70% [15]. It is also
necessary to be aware of the development of more
pronounced cognitive impairment in the patient with bilateral
spinal blockade, which increases the frequency of such
disorders as the disorders of bladder function mentioned
above and weakness in the lower extremities after
anesthesia. Subtotal and total spinal block with the use of
hypobaric solutions of local anesthetics (LA), systemic
toxicity of local anesthetics, epidural hematoma and
hematoma of the spinal canal, and other complications also
occur in modern practice [13, 88]. At the same time, SA
continues to be widely used in operations on VV of the
lower extremity.

Unilateral spinal anesthesia.

Unilateral spinal anesthesia (USA) was first described in
1961 by Tanasichuk et al., where the authors noted less
central hemodynamics and respiration disorders due to
sympathetic blockade on only one side [89].

Technically, in the USA, a subarachnoid space puncture
is performed with the introduction of a local anesthetic;
however, unlike classical SA, the puncture occurs in the
supine position, the anesthetic dose is usually reduced by
50% of the calculated dose for bilateral anesthesia. It is also
obligatory to expose the patient in a lateral decubitus
position for 20 minutes to achieve fixation of the anesthetic
in the nerve formations of the spinal cord [25]. The rate of
local anesthetic administration, its volume, type and caliber
of spinal needles played an important role in the
development of strictly unilateral blockade [5-7]. This type
of anesthesia became widely used both in conventional
medical institutions and in one-day clinics [100], due to its
advantages, in particular: the achievement of an
asymmetric spread of SA between the operated and non-
operated sides [30], hemodynamic advantages. Thus, the
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frequency of blood pressure reduction is significantly lower
compared to bilateral SA and varies from 5 to 18% [1, 4, 33,
51, 72], the incidence of acute urinary retention in the
postoperative period with the use of USA is significantly
lower compared to conventional SA[8, 9].

Adherence to USA is caused by unilateral spread of
spinal blockade, greater comfort during the postoperative
period due to preservation of sensitivity and motor activity in
the non-operated limb, a high rate of recovery of sensory
and motor sensitivity compared to traditional SA [2, 3, 90],
and high cost-effectiveness due to reducing the dose of
administered anesthetic from 25 to 50% [64] and reducing
the number of bed days, significantly reducing the costs of
medical institutions, as well as the patients themselves for
treatment [24, 58, 80].

However, in addition to all the advantages of the USA, it
also has disadvantages: a high probability of damage to the
roots of the spinal cord [57], deviation of the needle from
the midline, unsuccessful punctures, and no leakage of
CSF from the needle cannula [16]. The frequency of
successful unilateral blocks varies from 13% to 94% [19,
26-28, 36, 37], which depends mainly on the qualifications
of the anesthesiologist. The strict unilateral distribution of
anesthetic in the subarachnoid space is not always an
achievable indicator [67], it varies from 68% to 94.5%, as
the location of the needle tip in the subarachnoid space is
not certainly known during puncture, as the needle is
inserted ‘blindly’.

Electrical nerve stimulation in regional anesthesia.

Spinal anesthesia with electrical nerve stimulation.

Another continuation of SA use was the use of electrical
nerve stimulation (ENS) in spinal anesthesia (SA+ENS).
The purpose of developing this technique was to improve
SA safety and reduce the number of puncture
complications. For puncture of the subarachnoid space,
needles for electrical nerve stimulation 22G and 24G, 100
mm long, and the Stimuplex HNS-12 device (B.Braun,
Germany) were used. The current strength was 4ma, the
pulse duration was 0.1 ms., and the pulse frequency was 2
hertz. This technique was developed to improve the safety
of spinal puncture and SA and made it possible to
determine the moment of dural puncture and the location of
the needle tip. The use of this technique allowed the
reduction of the number of unsuccessful punctures and
reduction of the number of complications.

Combined epidural-spinal anesthesia with electrical
nerve stimulation (CESA+ENS) was developed based
on the technique for identifying the subarachnoid
space. The essence of the method also consisted of the
use of isolated needles for ENS of 22G and 24G, 100 mm
long, which was first introduced into the epidural space
using the resistance loss test. Next, a calculated dose of
local anesthetic was injected, intended to obtain the
epidural component of the anesthesia, then the needle was
connected to the apparatus for electrical nerve stimulation
with current strength parameters of 4 mA, pulse duration of
0.1 ms., and frequency of 2 hertz. Similarly, to the previous
method, at the moment of dura puncture, a motor response
was obtained in the form of muscle contractions of the lower
extremities, and a flow of CSF from the needle was also
obtained. Subsequently, the apparatus was turned off and
10 to 15 mg of Bupivacaine-spinal was administered to

obtain the spinal component of the CESA. This technique
made it possible to obtain anesthesia in duration
corresponding to the duration of EA, and in terms of the
quality of muscle relaxation, pain relief, and the time of
onset of the corresponding SA.

Unilateral spinal anesthesia with electrical nerve
stimulation (USA+ENS). The basis of this method is the
classic USA, but with the additional use of ENS. We used
50mm long 22G needles for electrical nerve stimulation and
the Stimuplex HNS 12 apparatus (B.Braun, Germany). The
patient was placed in the supine position, on the side of the
intended operation. After local infiliration anesthesia of the
skin with 0.5% Novocaine solution 5 ml, a Stimuplex needle
connected to an electrical nerve stimulator with similar
parameters of current strength 4ma, pulse duration 0.1 ms.,
and frequency 2 hertz was injected until the positive loss of
resistance test and epidural space was reached. Next, a
classic 29G size spinal needle, 90 mm long, with a Quincke
cut was passed through the aforementioned needle for
electrical nerve stimulation until the dura mater was
punctured. Immediately after dura puncture, the current,
passing through the inner wall of the needle for electrical
nerve stimulation to the spinal needle, reached the
subarachnoid space. This phenomenon was felt by the
patient as a sensation of irritation with an electric current
and immediately reported verbally to the anesthetist. The
anesthesiologist also visually observed the effect of the
electric current, in particular, muscle contractions of the
lower limbs, depending on the strength of the current. The
free flow of CSF through the spinal needle was then
checked. After that, the needle cut was turned down and
slowly, over 100-120 seconds, 7.5 mg of hyperbaric
Bupivacaine were injected. After injection, patients were in
a lateral position for 20 minutes to fix the local anesthetic on
the nerve structures.

Thus, for the first time, the combination of needles for
electrical nerve stimulation of the Stimuplex brand (B.Braun,
Germany) was used with classical design, at the same time
thin spinal needles of the Quincke type, size 29G, 90 mm
long. This combination, on the one hand, makes it possible
to determine the moment of puncture of the dura mater, to
localize the location of the needle tip in the subarachnoid
space in relation to the midline, respectively, to more
accurately introduce a local anesthetic into the
subarachnoid space; on the other hand, it minimizes the
likelihood of complications of dural puncture in the form of
PDPH.

This technique made it possible to exclude damage to
the neural structures of the spinal cord, excludes multiple
puncture attempts, which, in turn, reduces the incidence of
PDPH with a significance level of p=0.028. Due to an
additional objective criterion for dura puncture in the USA +
ENS, such as muscle contractions of the lower extremities,
accurate local anesthetic delivery is achieved, which, in
combination with a low injection rate, improves the quality of
anesthesia, expressed in Pin-Prick tests with statistical
significance p= 0.018, as well as the Bromage test with
p=0.014. Patient satisfaction was high, expressed as a VAS
score with statistical significance p=0.02 (109).

Conclusions

The analysis of the literature made it possible to assess
the extent of the CVI problem, details of the most effective
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surgical treatments of VV in the lower extremities, and
compare the advantages and disadvantages of various
regional anesthesia methods and their combinations. The
use of innovative approaches to improve the listed regional
anesthesia methods can improve the quality of anesthesia
and reduce the number of complications, both during
anesthesia and in the early postoperative period.
Additionally, analysis of the literature allows us to identify
the most acceptable methods of anesthesia to date. For
example, the use of ENS has improved the benefits of
epidural, spinal, and unilateral spinal anesthesia. These
advantages include the high selectivity of the blockade, the
presence of objective criteria for the accuracy of the
subarachnoid space puncture, the prevention of damage to
the spinal cord roots, a decrease in the frequency of
repeated punctures and a decrease in the number of
hemodynamics, respiratory complications and the
frequency of perioperative nausea and vomiting, as well as
a decrease in the number of post-puncture headaches.
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