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Summary

Introduction: Unilateral, or otherwise, monolateral spinal anesthesia (USA /MSA), is one of the methods of spinal
anesthesia in one side operations on the lower limbs. However, this kind of anesthesia is not without flaws. One of the main
criteria for evaluating this type of anesthesia is the frequency of successful monolateral blocks, which, according to different
authors, varies from 13% to 94%. Such a spread is, without any doubts, is not the criterion of a "reliable" method of
anesthesia and in many cases is explained by the technique of its implementation. In recent years, by Mamyrov D.U. et al., a
new original technique of monolateral spinal anesthesia with the use of electroneurostimulation (MCA + ENS) has been
proposed, reg Ne26023 ((19) KZ(13)A4(11)26023), but its effectiveness and safety have not been studied enough.

The aim of the study: To conduct the comparative evaluation of the efficacy and safety of the methods of conventional
monolateral spinal anesthesia (MSA) and monolateral spinal anesthesia using electroneurostimulation (MSA + ENS).

Materials and methods: This work was carried out within the frames of the PhD doctoral education program. On the
basis of Pavlodar city hospital Ne1, in the period from July to September 2018, 18 patients operated on for varicose disease
of the lower limbs, deep vein thrombosis of the lower extremities, as well as amputations of one of the extremities were
examined. 7 patients underwent MSA + ENS (main group), 11 patients had traditional MSA (comparison group).

The study design is a blind, randomized, clinically-controlled study.

During the processing of statistical data, the following criteria were applied: the Shapiro — Wilk criterion, the Levene
criterion, Student's t-test for independent samples, the U-Mann Whitney test with the Moses amendment and the Chi-square
test was used to analyze dichotomous variables.

Results: Both study groups were comparable to gender M = 1.56 (SD = 0.5), age M = 50.7 (SD = 8.7), BMI = 25 (SD =
5.2) and ASA status M = 2.4 (SD = 0.5). In both groups there were no statistically significant differences in hemodynamic
parameters, so in main group Msap = 103 (SD = 4.6), t = 1.43 df = 16 p> 0.05; in comparison group Msap = 99 (SD = 6.6), t =
1.55 df = 15.7 p> 0.05. At the same time, the parameters of the sensor and motor block are different. Thus, the adequacy of
anesthesia in the main group was observed in all patients, in the comparison group, 4 (36%) patients required additional
administration of analgesics. Bilateral anesthesia was in 2 (18.1%) patients in the comparison group. Also, 2 (18.1%)
patients of the comparison group had nausea, without vomiting. In the postoperative period 2 (18.1%) patients of the
comparison group there were post-puncture headaches, that had been treated after 2 days, in patients of the main group
headaches were not observed

Conclusions: The obtained results, despite the small amount of observations, confirm the expediency of applying the
MSA + ENS method, since this technique gives an objective control of the puncture of the dura mater process by obtaining a
motor response. The MSA + ENS technique allows to stop pushing the spinal needle into the subarachnoid space, thereby
reducing the incidence of injury of the spinal cord roots and cauda equina with a needle, also significantly increases the
chance of obtaining an adequate one-sided spinal block. Thus, this method seems to us more effective and safe in
comparison with the usual monolateral spinal anesthesia.

Keywords: unilateral spinal anesthesia, monolateral, unilateral, Quincke, electroneurostimulator, post-dural puncture
headache, dura mater, bupivacaine, hyperbaric solution.
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BsepeHne. OQHOCTOPOHHAS, UNM NO-ApYroMy, MoHonaTtepansHas cnuHanbHas aHecteaunst (OCA/MCA), ato oguH u3
MeTooB 06€360nMBaHNS NpU OQHOCTOPOHHMX ONEPALMSX Ha HUXHWUX KoHewHocTsX. OfHaKo AaHHbIi BUA 06e3bonmeaHms
He nuweH HegocTatko. OBHMM W3 TMaBHbIX KPUTEPWEB NPU OLEHKE JAHHOTO BMAA aHECTe3NW SBMSETCS YacToTa yaauHbIX
MOHONaTepanbHblx 6nokag, kotopas Mo AaHHbIM pasHbix aBTopoB, BapbupyeT oT 13% po 94%. Takom pas6poc,
HECOMHEHHO, HEe SIBMSETCS KPUTEPUEM HAZEXHOrO» METOAA aHECTE3NM W BO MHOMMX CRyyasx ODbACHAETCS TEXHWUKON ee
BbiMonHeHus. B nocnegHue rogsl, Mambipo [1.Y. ¢ coaBTopamu, Obina npeanoxeHa HOBas OpurMHanbHasi TEXHWKA
MOHOMaTepanbHoN CTIMHANBHOM aHecTeauu C NpumeHeHueM anektpoHerpocTumynsaumn (MCA+3HC), per Ne26023
((19)KZ(13)A4(11)26023), ogHako aththeKTUBHOCTb 1 H30MacCHOCTbL ee HEeJOCTaTOYHO U3yYeHa.

Llenb. B knuHMyeckux ycnoBusix NPOBECTU CPaBHUTENbHOE UCCReaoBaHne aheKTMBHOCTM U BE30MacHOCT METOLOB
obLenprHATON MOHoMNaTepansHol cnnHanbHoi aHecteaun (MCA) v MoHonaTeparnbHOW CMMHANBHOA aHecTesun ¢
npuMeHeHnem anektpoHenpocTumynsuum (MCA+3HC).

Martepuanbl u metogbl. B nepuog ¢ wons no centsadpb 2018 roga, Ha Gase [opoackont GonmbHMUbl Nel ropopa
Masnogapa, 6bino uccnenosaHo 18 nauWeHToB, ONEPUPOBAHHBIX MO NOBOLY BapWUKO3HOM BOME3HN HKHUX KOHEYHOCTER,
TpoM603a rnybOoKMX BEH HIMKHUX KOHEYHOCTEN, TakKe ammyTaLui OQHON U3 KOHeYHOCTe. /3 HuX y 7 naumeHToB npoBegeHa
MCA+3HC (ocHosHas rpynna), y 11 naumentos TpaguumonHas MCA (rpynna cpaBHeHus). [usaiin uccnegosaqus - cnenoe
paHOOMWU3MPOBAHHOE KITMHUYECKM-KOHTPONMPYEMOE UCCrefoBaHwe.

Mpu cTaTUcTUYECKO 06paboTKe AaHHBIX, MPUMeHsSNUCL kpuTepun LWanupo-Yunka, Jiueuns, t-kputepuir CTologeHTa ans
He3aBucuMbIX BbiBopok, U-MaHHa YutHu ¢ nonpaskoit Moseca u kputepuint Xu-kBagpaTt LS aHanuaa OUXOTOMUYECKMX
nepeMeHHbIX.

Pesynbtatbl: Wccnegyemble rpynnbl 6binu  conocTaBumbl - OTHOCWTENnbHO nonma  M=1,56(SD=0,5), Bo3pacra
M=50,7(SD=8,7), UMT M=25(SD=5,2) u knacca pucka no ASA M=2,4(SD=0,5). B obeux rpynnax He 6bINo CTaTUCTMHECKM
3HaYMMbIX pa3nuuuil B nokasatensx remognHamuku, Tak Mcani=103(SD=4,6), t=1,43 df=16 p>0,05; Mcan2=99(SD=6,6),
t=1,55 df=15,7 p>0,05. B To Xe Bpems, Noka3aTenu CEHCOPHOrO W MOTOPHOrO Oroka pasHaTcs. Tak, afeKBaTHOCTb
aHecTe3unn B OCHOBHOW rpynne Habntopanack y BCex nauueHToB, B rpynne cpasHerus y 4 (36%) nauueHTos notpebosanoch
[ONOMHUTENbHOE BBEAEHWE aHanbreTukos. bunatepanbHas aHecTesus 6bina y 2(18,1%) nauneHToB rpynnbl CPaBHEHWS.
Taicke y 2(18,1%) naumeHTOB rpynnbl cpaBHEHNs Habnoganack TowHOTa, 6e3 peoThLI. B nocneonepaumoHHOM nepuoge Y
BOMbHBIX OCHOBHOW TpynMbl rofMoBHbIX Gonel He 6bino oTmeveHo, a y 2(18,1%) nauweHTOB  rpynMbl CPaBHEHWS
Habnioganuchb NOCTYHKLMOHHBIE TONOBHbIE 60K, KyNMPOBAHHBIE Ha 2 CYTKM.

BbiBoabI: MonyyeHHble pesynbTaThl, HECMOTPS Ha Manbii 06beM HabnoAeHUi , NOATBEPKOAT Lienecoobpas3HoCTb
npumeHerns metopa MCA+3OHC, Tak kak 9Ta TexHWKA 4aeT BO3MOXHOCTb OOBEKTWBHOTO KOHTpONS npouecca MyHKLuu
TBEpAO/A MO3roBod 06OMOYKM MyTEM MOMyYeHWs ABuratenbHoro oteeta. [laHHas metoguka MCA+3HC nossonser
OCTaHOBWTb MPOABWXEHWE UMbl B CybapaxHouaanbHoe MpOCTPAHCTBO, YTO TEM CaMbIM MO3BOMSET YMEHBLLWNTL YacTOTY
TPaBM KOPELUKOB CMWHHOMO MO3ra WIMOM W 3HAYUTENBbHO MOBLILAET LUAHC MONMYYeHWsl afeKkBaTHOr0 OAHOCTOPOHHEro
cnuHanbHoro Bnoka. Takum obpa3om, AaHHas MeToauka Ham npeacTaensetcs Oonee addekTuBHOM W GesomacHoi B
CpaBHEHUM ¢ 0ObIYHON MOHOMATEParbHOM CIMHAMNBHON aHECTe3neN.

Knrouesble crnoga: OOHOCMOPOHHSI CNUHaNIbHAsA aHecme3sus, MOHofamepasbHas, yHurmameparnbHas, Keuwke,
371EKMPOHElipOCMUMYIIMOpP,  NOCMNNYHKYUOHHas 2onosHas 6onb, meepdas Mo320easi 000s04Kka, bynusakauH,
aunepbapuydeckuli pacmeop.
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' AHecTe3nonorus xaHe peaHnmaTonorua Kadgeapachl,

Cemen meguuuHanbIK YHUBepPCUTeTI,

Cemen kanacsol, KaszakctaH Pecny6nukachbl

> AHECTe3UONOorus xaHe peaHuMaToNIornsa Kypchbl xxegen MmeguumHa kad)egpacbiHbIH,
Cemen meguuMHanbIK yHUBepcuTeTiHiH NMaBnogap ¢unuans.,

MaBnoaap kanacbl, Kazakctan Pecnybnukachbl

3 Xupyprusa kacegpacsl, LinmaHe yHuBepcuTteTiHiH MmeauumHa dakynbTeTi,

Ma3ymo Kanacol, LLlnmaHe, )KanoHus

Kipicne. Bip xakTbl Hemece backalua, MoHonaTepanbabl XyblH aHecTesuschl (BXOKA /MXA) askka xacanbiHaTbIH
BipxaKkTbl onepauusanap ywiH aHectesus agictepinin, 6ipi bonbin Tabbinagel. Anarga, bynaHecTesnaHbIH, KeMLwinikTepi ge
Bap. AHecTesnsHbIH, OCbl TYpiH 6afranayaa Heriri kpuTtepuinepiHiH bipi- acdekTBTi MOHonaTepanbabl 6nokaganapabit,
Xuiniri,opTypni  aBTopnapgblH, nikipiHwe, 13% -paH 94% -fa peliH esrepedi. MyHganm anblpmallbinblK, SpuHe,
aHEeCTe3nsIHbIH, «CEeHiMAI» SAICIHIH, eneMi eMec XaHe KenTereH xaraannapaa OHbl XKy3ere acblpy aficiMeH TyciHgipineai.
CoHfbl xbingapbl Mambipo [1.Y. aBTOpnapbiMeH, 3MeKTPOHeMpocTUMynsaunsHbl KongaHy apksiibl (MCA + 3HC)
MoHonaTepanbabl XKYbIH aHECTE3SACHIHBIH, XaHa biperen agictemeci ycbiHbinFaH, per Ne26023 ((19)KZ(13)A4(11)26023),
Bipak OHbIH, TMIMAINITi MeH Kayinciagiri TONbIFbIMEH 3ePTTENMEreH.

Makcatbl. KnuHukanblK xafaannapga KapanaibiM MOHonaTepanbabl KymbiH aHecteausicbibiH (MCA) Tvimainiri meH
KayinciagiriH xoaHe anekTpoHeipocTumynauns kongadysived (MCA + OHC) moHonatepanbabl KyfblH aHECTE3WSCHIH
canbICTbIpManbl 3epTTEY XYPriay.

Matepuanpap meH agictep. byn xymbic PhD guccepTtauus asceiHga xys3ere acbipbingsl. [1aBnogap kanacsiHbiH Ne1
KanarnblK aypyxaHacblHblH, XaffanbiHaa, Winge anbiHaH Kbipkyiek aibiHa fgediH 18 Haykacka oTa xacangsl, Bapuko3
aypybiHa, asKTapablH TepeH, TamblpnapblHaarbl TpombosgapbiHAa xoHe askTapgblH  OipeyiHiH  amnyTauumschbiHa
GannanbicTbl xyprisingi. OnapgblH iwiHge 7 Haykacka MCA + 3HC (werisri Ton), 11 Haykacta xannsl MCA
(canbicTblpmans! Ton) 6ongsl.

3epTTey AuM3ailHbl - COKbIp, paHOOMM3auMsnaHFaH, KWHUKanbIK Gakbinaynbl 3eptrey. CTaTUCTMKaNbIK AepekTepm
eHzey YLiH, Wanupo-Yunk, JIusuna kputepuiti, Toyencis ynrinep ywin CtologeHT t-kputepuii, Mosec Ty3eTyimen U-ManH
YWUTHM xoHe Xu-kBagpart TecTi AMXOTOMABIK AepekTepai Tangay YLWiH nanaanaHbings!.

Hotuxenepi: 3eptrenren Tontap M = 1.56 (SD = 0.5), M =50.7 (SD = 8.7), ACU M = 25 (SD = 5.2) ASAM =24 (SD =
0.5). Eki TonTa fa reMmoavHamMukanblK napameTpnepae CTaTuCTUKanbik MaHbi3abl anbipMaLlbirbiKTap 601Maabl, COHObIKTaH
MCAD1 =103 (SD = 4.6), t = 1.43 df = 16 p> 0,05; MCAD2 = 99 (SD = 6.6), t = 1.55 df = 15.7 p> 0,05. CoHbIMeH KaTap
CEHCOpMbIK X8He MOTOpnbl BrokTbiH, kepceTkiwTepi op Typni. Ocbinanwa, Herisri TonTafbl aHecTesns 6Gapnbik
HaykacTapAa HaykacTapga acdexkTusTi Gongbl, canbicTeipy TobbiHAa 4 (36%) HayKacka aHanbreTUKTepAi KOChIMLLA EHridy
ket Gongbl. CambicTbipy TOBbHAA 2 (18,1%) Haykacta eki »akTbl aHectesns Oankangbl. CoHbIMEeH KaTap
canbicTbipMansl TonTarbl 2 (18,1%) Haykacta xypek aiiHybl, Kycy bonFaH xok. OnepauusgaH KewiHri keaeHae Heriari
TONTarbl Haykactapga bac aypybl DaikanFaH xoK, canbicTbipmans! TonTtarbl 2 (18,1%) HayKacTa, 2 KyHHIH, iliHge MyHKums
kemiHri 6ac aypybl 6aitkangp!.

KopbITbiHAbINap: AnbiiFadn HaTkenep MCA + OQHC apiciH KonpaHy opbiHAbIbIFLIH pacTaiabl, cebebi Oyn aaic
KO3FaNTKbILL peakUMsichbl apKbiNbl y3aK yaKbITTbIK NyHKUMSHBI 06beKTUBTI Bakbinayra MymkiHaik 6epegi. MCA + QHC apici
WHenepai cybapaxHompanbabl KEHICTIKTe KO3FanyblH TOKTaTyFa MyMKiHAK 6epin, ocbinaiiua XyNbiH MUbIH XapakaT arny
XMiniriH asaiTagpl, on 6actankeiga ip KakTbl OMbIPTKaHbIH, BI0KTapbIH any MyMKiHAirH apTTeipagbl. Ocbinaiwa, byn agic
ASCTYPIi MOHOMaTeparb/bl XyblH aHECTE3NACHIMEH CanbICTbIpFaHAa Bisre TMiMEi xeHe Kayincia 6onbin Tabbinagbl.

Hezizei ce3dep: 6ip XaKTbl  KyIMbH  aHECTe3WsiCbl,  MOHOMaTepanbibl,  yHWNaTepanbabl,  KBUHKe,
3MEKTPOHENPOCTUMYNATOP, MYHKUMAZAH KeliHri 6ac aypybl, BynrBakauH, rmnepbapukanbiK epiTiHLi
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Introduction

The positive impact of regional anesthesia on the
pathophysiology of operative trauma, the rapid development
of the block, the high quality of sensory and motor block,
ease of implementation, reliability of muscle relaxation, low
risk of systemic toxic reactions and cost effectiveness, led
to a significant increase of the number of spinal anesthesia
in the overall structure of pain management methods [6, 7].

On the other hand, high applicability of spinal
anesthesia throughout the world, as well as popularity
among anesthesiologists [13], due to the high efficiency and
reliability of the spinal block, like any other methods of
anesthesia, has its pitfalls.

One of these drawbacks is the development of
hypotension during the operation upon the occurrence of
spinal anesthesia, which, according to different authors,
reaches 33% in general surgical patients, up to 70-80% of
obstetric patients [12, 19].

Another important complication of spinal anesthesia is
post-puncture headache (PGB), characterized by the
appearance of headache within three days in 91% of cases
and in 66% of cases within 48 hours after lumbar puncture.
The frequency of this complication varies from 1 to 40%
depending on the diameter of the needle, direction of
needle, the competence of the anesthesiologist and the
presence of associated risk factors [2].

In 1961, the technique of monolateral (unilateral) spinal
anesthesia was described, in which the authors noted that
monolateral spinal anesthesia (MSA) was accompanied by
fewer central hemodynamic and respiratory impairments
due to sympathetic blockade on only one side [20]. A large
role in achieving the aforementioned is played by the rate of
injection of a local anesthetic, its volume, type and caliber of
spinal needles [25, 26]. This type of anesthesia has proven
itself in both conventional medical institutions and one-day
surgery clinics [22], due to its advantages, in particular:
achieving an asymmetric spread of spinal anesthesia
between the operated and non-operated parties [9].
However, strict monolateral distribution of anesthetic in the
subarachnoid space and, as a consequence, unilateral
anesthesia is not always an achievable indicator [17], which
according to different authors varies from 68% to 94.5%. If
the introduction of low doses of anesthetic, during the
monolateral spinal anesthesia is performed with errors,
superficial, poor-quality anesthesia may occur that will
require additional systemic administration of analgesics,
and failure of such anesthesia will result in conversion to
total intravenous anesthesia(TIVA). On the other hand,
there are a number of contraindications associated with
anatomy, features of the spinal column pathology, obesity,
which make it difficult and precluding the use of this type of
anesthesia due to the high probability of unsuccessful
puncture of the subarachnoid space, or requiring repeated
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attempts of the anesthesiologist, which increases the risk of
complications. The consequence of the above is that
researches of different authors continue to improve the
selectivity of monolateral spinal anesthesia. For example, in
the study of Yakup Tomak et al., the method of cooling the
solution of Bupivacaine 0.5% to 5 ° C, in order to increase
the density of solution to hyperbaric is described, which
according to the authors increased the frequency and
improved the quality of the monolateral block [21].

Other authors compared the injection rate of anesthetic
into the spinal space, and proved the effectiveness of slow
introduction of anesthetic [10]. Also, these studies provide
controversial data on the patient's side position, since it is
known that the time required to fix anesthetic on the axons
of the nervous structures of spinal cord varies from 10 to 25
minutes, which in some cases delays a surgical team and
not every patient can lie so much time in the lateral
decubitus position.

At the same time, a high interest in MSA is mainly
caused by hemodynamic advantages, namely, a decrease
in blood pressure after the onset of anesthesia was
recorded much less frequently, compared to bilateral SA,
and according to the data of various authors was from 5 to
18% [1, 11, 24, 28, 29]. Also, the use of MSA causes
greater adherence in both patients and surgeons, due to the
spread of sympathetic block only on the operated side, and
as a consequence, comfort in postoperative period due to
the preservation of motor activity in the non-operated limb,
also when applying MSA for short-term operations, the
recovery rate of sensory and motor sensitivities are
significantly higher in comparison with traditional bilateral
spinal anesthesia [23, 24].

Monolateral spinal anesthesia, in terms of safety, has
significant advantages over bilateral. Thus, the incidence of
acute urinary retention in the postoperative period is
significantly lower compared with bilateral anesthesia [28,
30].

However, along with all the advantages of the MSA,
there are some drawbacks: to properly perform this type of
anesthesia, high qualifications and experience of an
anesthesiologist are required, strict adherence to an
anesthesia algorithm is necessary, since during the
manipulation the patient is in lateral decubitus position with
the legs, brought to the body and as a result, there is a high
probability of injury of spinal cord and cauda equine [14].
Also there can be needle deviations from the median line,
failure of the puncture of subarachnoid space, and no
leakage of cerebrospinal fluid from the needle cannula [1].
As the confirmation of the above, we can assume the data
of different authors, showing that the frequency of
successful monolateral blocks varies from 13% to 94% [3,
5-7, 10, 11], which undoubtedly is not a criterion of the
‘reliable” method of anesthesia.
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Repeated attempts of puncture can provoke the
appearance of post-dural puncture headaches [21], due to
the multiple damage of dura mater, and as a result, the
outflow of cerebrospinal fluid into epidural space [29].

The aforementioned is confirmed by data, presented in
a meta-analysis conducted in 2017 by Chambers D.J. et al.,
where 41 papers were investigated, including 43 clinical
cases of cerebral nerve palsy, where the authors found that
the main etiological factor of such a terrible complication is
intracranial hypotension [8].

With regard to the economic component of the MSA, a
number of authors noted a higher profitability due to a
reduction in the dose of injected anesthetic from 25 to 50%
[16], a decrease in the patient's stay in clinic and a
decrease in the number of bed-days, which significantly
reduces the costs of medical institutions, as well as patients
for treatment [4, 15, 18].

It follows that taking into account the advantages and
disadvantages of monolateral spinal anesthesia, there is an
obvious need for further study of this method of anesthesia,
as well as its improvement. In recent years, a new original
technique of monolateral spinal anesthesia with the use of
electroneurostimulation has been proposed (MSA + ENS)
[27] however, its effectiveness and safety is not studied
well.

Thus, the purpose of this work was to conduct in
clinical conditions a comparison of the efficacy and safety of
methods of conventional monolateral spinal anesthesia
(MSA) and monolateral spinal anesthesia using
electroneurostimulation (MSA + ENS).

Materials and methods of research.

The design of this study is a blind, randomized,
clinically-controlled study. The inclusion criteria were:
upcoming surgery on the vessels of one lower limb; age
from 25 to 65 years; ASA risk — I-lll degree; informed
consent of the patient. Exclusion criteria were: refusal to
participate in the study; ASA risk V-V degree; coagulopathy
of various etiologies; acute heart and / or respiratory failure;
hypovolemia; intolerance to local anesthetics; infection of
skin and soft tissues in the area of intended puncture;
peripheral neuropathy; cognitive / mental disorders or
alcohol / drug dependence, causing inability to adhere to
the study protocol, as well as the patient's refusal of
regional anesthesia.

The aforementioned means, that patients with an
upcoming vascular operation on the lower limb, who suits
the inclusion / exclusion criteria, receive information about
the methods and extent of the upcoming anesthesia in oral
and written form. Then they are included in the study after
an informed consent to anesthesia is obtained.

Randomization in this study was carried out by the
method of opaque, sealed and consecutively numbered
envelopes, which were opened just before the anesthesia,
and then entered into the table of accounting of distributed
patients.

Evaluation of the level of sensory block was carried out
using the “pin-prick” test (loss of pain sensitivity of the skin
in response to needle irritation), which implies a score of 0 -
maintaining pain sensitivity; feeling of dull touch in response
to stimulation with a sharp needle - 1 point (analgesia); no
sensations during needle stimulaton - 2 points
(anesthesia).
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Evaluation of the level of motor block was carried out
using a modified “Bromage” scale, where Bromage 0 - the
patient can lift a straight leg; Bromage 1 - the patient can lift
a leg bent at the knee; Bromage 2 - movements only in the
ankle joint; Bromage 3 - full motor block, movements in the
hip, knee, ankle joints are absent.

The assessment of the level of pain - by the visual
analogue scale (VAS); Intra / postoperative monitoring of
hemodynamics and respiration was also carried out until
sensitive and motor activity fully restored. Within 3 days, the
complications of anesthesia were monitored.

Spinal anesthesia was considered as one-sided in case
of sensory block at the 20th minute was at the level of Th12
and the modified Bromage scale was at the level of> 2 on
the operated limb, and also in case of the absence of
sensory and motor sensitivity on the healthy non-operated
limb.

The adequacy of anesthesia was determined by the
absence of the need for additional administration of
analgesics and anesthetics, i.e. adequate — no need for
analgesic administration, inadequate — only analgesics
were required, failure of anesthesia — if there was a
conversion to general anesthesia(TIVA).

We investigated 18 patients operated for varicose
disease of lower extremities, deep vein thrombosis of lower
extremities, and amputations of one of the extremities. 7
patients underwent MSA + ENS (main group), 11 patients
had usual MSA (comparison group).

The anesthesia technique of the MCA + ENS was as
follows: before surgery, 6-10 ml / kg of crystalloid solution
0.9% of sodium chloride/Ringer's solution were
administered intravenously in 15-20 minutes. Then the
patient was positioned in the lateral decubitus position on
the side of the upcoming surgery. Under strict aseptic
conditions, the puncture of subarachnoid space was
performed at the LIII-LIV level with a Stimuplex 22G
(B.Braun) needle connected to the Stimuplex-HNS 12
electroneurostimulation apparatus (B.Braun). A 4 ma
current, with frequency of 2 Herz and pulse duration of 0.1
msec was conducted through the needle. After the
puncture of dura mater, if the patient received a motor
response and sensations of electric stimulation on the
side of the forthcoming surgery, the needle bevel was
turned down and the estimated dose of hyperbaric
Bupivacaine (Grindex) was slowly injected, making up 7.5
mg 0.5% solution for 60-120 seconds, without aspiration
of cerebrospinal fluid. After the injection, the patients were
in lateral decubitus position for 15-20 minutes to fix a
local anesthetic on nerve structures. On the other hand, if
the aforementioned sensations of electrical irritation and
motor response were not received on the dependent side,
this meant that the needle tip is placed wrong. In this
case, the needle was removed and re-inserted to get the
effect on the side of upcoming operation. Thus, for the first
time, we used the needle for electroneurostimulation of
the Stimuplex brand from B.Braun (Germany), which
allows to localize the location of the needle tip in the
subarachnoid space in relation to the midline and more
precisely introducing a local anesthetic into the
subarachnoid space.

Monolateral spinal anesthesia according to the standard
technique (MSA) was carried out as follows: similar to the
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MSA + ENS method, before surgery, 6-10 ml / kg of
crystalloid solution of 0.9% sodium chloride/Ringer's
solutions were administered intravenously. Then the patient
also was positioned in the lateral decubitus position on the
side of the upcoming surgery. Under strict aseptic
conditions, the puncture of subarachnoid space was
performed at the LIII-LIV level with a standard spinal needle
of size 22G of the B.Braun company (Germany) with a
Quincke cut. After the puncture of dura mater and obtaining
cerebrospinal fluid in the needle cannula, which was
evidence of falling into the subarachnoid space, the needle
bevel was turned down and the estimated dose of
hyperbaric Bupivacaine (Grindex) was slowly injected,
making up 7.5 mg 0.5% solution for 60-120 seconds,
without aspiration of cerebrospinal fluid. After the injection,
the patients were in lateral decubitus position for 15-20
minutes to fix a local anesthetic on nerve structures.

Hemodynamic monitoring in both groups was started 15
minutes prior to anesthesia on admission to the operating
room, blood pressure, heart rate, and SpO2 were
measured. Further, intraoperative monitoring was carried
out every 5 minutes after administration of local anesthetic
for 20 minutes, then every 15 minutes until the end of the
operation, the above-mentioned central hemodynamic
parameters were measured, as well as anesthesia quality
indicators (pin-prick, Bromage scale, pain level according to
VAS). The degree of anesthesia adequacy and the need for
additional administration of analgesics / hypnotics, the
achievement of one-sidedness of anesthesia, as well as the
regression time of the motor block were also recorded.
Complications of spinal anesthesia, such as nausea,
vomiting, hypotension, were recorded. Hypotension was
considered as a decrease in blood pressure more than 30%
from the baseline, and bradycardia was considered as
decrease in heart rate below 50 beats / min.
Hemodynamics were corrected if necessary. In the
postoperative period, the regression time of motor and
sensory block was recorded, as well as the need for the
introduction of analgesics.

The information described above is filed in by the
anaesthesiologist, who performed the appropriate type of
anesthesia in the framework of this study, into a special
patient's condition assessment card, where he encodes the
performed type of anesthesia (for example, MSA-4, MSA +
ENS-7). Further, another researcher transfers the received
information to the statistical editor and carries out statistical
processing, which is described below.

If we take into account the use of pre-prepared,
numbered and sealed envelopes with written type of
anesthesia, that is opened in the operation room right
before the anesthesia, as well as the encoding of the results
of intraoperative patient's condition - thus we achieved
double blinding in this study, which certainly improves the
quality of research and reduce the risk of the impact of
human factor.

Statistical processing was performed using the IBM
SPS Statistics program (version 20.0.0.02). The confidence
interval was 95%, the 2-sided significance was 0.05 with a
power of 0.8. The normality of the distribution was checked
using the Shapiro — Wilk criterion, the equality of dispersion
was checked using the Levene criterion. Patient
characteristics as well as differences in hemodynamics
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were analyzed using Student's t-test for independent
samples with normal distribution and equality of variances.
The sensory and motor blockade characteristics were
analyzed using the U-Mann Whitney test with the Moses
amendment for independent samples. The Chi-square test
was used to analyze dichotomous variables. Quantitative
data were presented as mean (M) + standard deviation
(SD). Ordinal data are presented as Median.

This study was carried out in frames of PhD doctoral
program, in the period from July to September 2018.

The study was approved by the Local Institutional
Ethical Committee (protocol Ne1, 28.09.2017) and written,
informed consent was obtained from all patients before
anesthesia.

The results of the study

There were no statistically significant differences in the
studied groups regarding age, gender, body mass index,
class of anesthetic risk for ASA (table 1). In most cases,
surgery was completed without the additional administration
of analgesics / anesthetics. In the comparison group, one
patient required the administration of 150 mg of Ketamine
hydrochloride, three patients were given 2 to 4 ml of
0.005% Fentanyl by the end of the operation.

Table 1.
Patient characteristics (Mean * standard deviation).
MSA+ENS MSA

Age 51+ 11 507

Height 165+ 6 1657

Weight 71+£18 69 + 16

Gender 1,57+£05 1,55+£0,5

BMI 26+6 255

ASA risk 25705 2,36+05

There were no statistically significant differences in
hemodynamic parameters in the compared groups. So,
SBP in patients who underwent MSA + ENS was on
average 4 mm Hg. higher (with a normal distribution and
equality of dispersions) than in patients who underwent
standard MSA (t = 1.464; df = 16; p = 0.162).

Pulse rate in patients who underwent MSA + ENS were
on average 15 units lower (with a normal distribution and
equality of variances) than in patients who underwent a
standard MSA (t = -2.096; df = 16; p = 0.052).

Hemodynamic correction was required in 3 patients of
the comparison group, using either crystalloid solutions
from 500 to 1000 ml, in more severe cases, hydroxyethy!
starch (HES) solutions 500 ml intravenously were used.

Also, the duration of surgery and the regression time of
motor block were relatively equal: the duration of surgery in
patients undergoing MSA + ENS was, on average, 5
minutes shorter (with normal distribution and equality of
dispersions) than in patients who underwent standard MSA
(t=-0.579; df = 16; p = 0.571).

The regression time of motor block of anesthetized
lower limb in patients who underwent an MSA + ENS was,
on average, 13 minutes shorter (with a normal distribution
and equality of dispersions) than in patients who underwent
a standard MSA (t = -1,358; df = 16; p = 0.193).

The ratio between the sensory and motor blocks among
the groups is summarized in Table 2. Thus, the quality of
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the sensory and motor blocks in the main group (Bromage>
2 and Pin-prick = 2) in most cases exceeded that in the
comparison group, but according to the Mann-Whitney test,
significant differences in the above indicators were not
observed, and the null hypothesis of p = 0.211 was adopted
for the Pin-prick test and p = 0.056 for the Bromage test.

Table 2.

Characteristics of anesthesia and other data.

MSA+ENS| MSA
SBP 1035 9+7
Pulse rate 69 + 30 85+ 19
Anesthesia adequacy
11213 7/0/0 7/510
Add|.t|c.)na| gnalgesw 0 4 (36%)
administration
Sensory block pinprick) Th12
(after 15 min) 0/1/2 o 048
Motor block (Bromage scale)
01213 0/0/0/7 0/1/5/5
Surgery duration 85+19 | 9020
Motor block recovery (min) 116+21 | 130+ 21
MSA on the 15Fh minute 700 9/
monolateral / bilateral
Nausea yes / no o7 3/8
Vomit yes / no 0 0
PDPH yes/no 017 1110

Strictly unilateral anesthesia was achieved in 100% of
cases in the main group and in 9 out of 11 cases (81.8%) in
the comparison group x2 = 1.432, df. =1, p = 0.231.

Concerning early complications of anesthesia, such as
nausea and vomiting, it can be said that in the main group
100% of patients did not have nausea, in the comparison
group in 3 out of 11 patients (27.3%) nausea was recorded
(x2 = 2.291, df. =1, p = 0.130). Vomiting was not recorded
in both groups.

In the postoperative period, 1 (5.6%) patient of the
comparison group showed post-dural puncture headache,
cured on the 2nd day; no such complication was detected in
the main group.

Discussion

In the medical scientific literature, no similar studies
were found where monolateral spinal anesthesia (MSA) and
monolateral  spinal anesthesia with the use of
electroneurostimulation (MSA+ENS) were compared. In
general, the authors compared bilateral spinal anesthesia
with  monolateral spinal anesthesia, where MSA has
obvious, distinct advantages due to more stable
hemodynamics [9][11]. As an example, closest to ours, we
can cite the study of the authors Moosavi Tekye S.M. and
Alipour M., where they conducted a comparative
assessment of the effects and complications of unilateral
and bilateral spinal anesthesia in orthopedic surgery of the
lower extremities [17], for example, in this study, almost all
of the indicators were similar to the indicators used in our
study.

Of the main ones, we can provide an assessment on
the Bromage and Pin-prick scales, an assessment of

73

hemodynamic parameters, the adequacy of anesthesia and
the need for additional analgesics as well as an assessment
of complications associated with one or another type of
anesthesia.

It is also necessary to note the frequency of post dural
puncture headaches (PDPH) - one of the most important
indicators that interests the scientific community and
practical anesthesiologists most strongly, so in our study,
with a sample size of just 17 patients versus 72 patients,
the frequency of PDPH is 1 patient in the control group in
the absence of such a complication in the main group,
against 2 cases of PDPH in the control group in the study of
the authors Moosavi Tekye SM et al., which undoubtedly
requires a further expansion of the sample size and
research of these complications.

In other studies, authors compare monolateral spinal
anesthesia with sciatic nerve block [22], paravertebral
blocks, continuous epidural or spinal anesthesia, epidural
anesthesia in pure form, a comparison of different types of
needles with monolateral spinal anesthesia, various types
and doses of local anesthetics, and adding various drugs as
an adjuvants to the main local anesthetic [5][7][15][21].

However, there is almost no study has adequately
described the topic of the number of successful punctures,
as well as the use of MSA in critical patients, patients with
obesity, spinal column deformities in which the use of MSA
may be contraindicated.

Thus, the comparison of two methodologically similar
types of anesthesia, can be considered as one of the main
advantages of this study, and we couldnt find any
information about such comparisons, provided by other
authors in the form of scientific articles or abstracts, which
indicates that there is no such comparison has been made
before us. The use of randomization, double blind design of
study, and conducting research in two different medical
centers contributes to an increase in the quality of research
and a more objective and correct assessment of the results
obtained.

From a technical point of view, objectification of the
dura mater puncture as a result of the use of
electroneurostimulation should be noted, and the
possibility of using this type of anesthesia in critical
patients and patients in whom the use of a conventional
MSA may be accompanied by technical difficulties and
which may require multiple puncture attempts with all
resulting consequences.

Statistical processing of the results showed that there
were no significant differences in the main assessment
criteria. In our opinion, there were no differences due to the
fact that a small number of observations were taken as a
basis, therefore there is an increase in statistical error and a
high risk of obtaining a statistical error of the 1st type.
However, the study showed that the presence of objective
criteria for the tip of the needle in the subarachnoid space
improved the quality of the anesthesia obtained and reduced
the number of postoperative nausea and PDPH in MSA +
ENS. In our opinion, further studies and an increase of
sample size will provide statistically significant results for the
benefits of the MSA + ENS, compared to the usual MSA.

Hemodynamic parameters were not significantly
different, since two similar methods were compared and the
same doses of local anesthetic were used.
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Conclusions

The obtained results confirm the expediency of using
the MSA + ENS method, since the technique developed by
us allows objective monitoring of the dura mater puncture
process by obtaining a motor response. This method of
MSA + ENS allows to stop moving the needle into the
subarachnoid space, thereby reducing the incidence of
injuries to the roots of the spinal cord and cauda equina
with a needle. Also this technique increases the chance of
obtaining an adequate one-sided spinal anesthesia. Thus,
this technique seems to us more effective and safe
compared to conventional monolateral spinal anesthesia.

This study was carried out in frames of PhD doctoral program,
in the period from July to September 2018.
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