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Ilesp uccaenoBanusa. CpaBHUTEIHHAS OIEHKA METOOB COYETAHHON aHECTE3WH HAa OCHOBE KCEHOHA 1
3MUYPATHLHON aHECTE3UH Y IETEH C IepeOpabHBIM MapaJImaoOM.

Marepuanb! 1 MeToAbl. COUeTaHHYI0O KCEHOHOBYIO aHECTE3UIO C AMUAYPATbHON OJIOKAI0N TPOBEH Y
50 meteii c epeOpaTBHBIM TAPAJIMIOM B BO3pacTe oT 3 10 17 JsieT. [TanmeHToB pa3ieuiv Ha IPYIIIbI 10 Me-
TOJY IO iepsKaHUA aHecTe3nu: y 30 maI[eHTOB UCII0/Ih30BaJIN KCEHOH, Y 20 — KCeHOH ¢ ITapaMu ceBo(JIio-
pana. OlieHuBa/IM 0COOEHHOCTHY TeYeHUsI AHECTE3UH, MHTPAOIIEPAIIMOHHYIO TeMOTMHAMUKY U KOTHUTUBHbBIE
(yHKIIIN 10 ¥ TTOCTIe OIepaIii.

PeayubraThl. licniosib3oBanne KCEHOHA IIPUA BCEX N3YYEHHBIX BApUaHTaX aHECTEe3UU IIPUBOAUIIO K YBe-
JIMYEHUIO TTOKa3aTesiell MPOU3BOAUTEILHOCTH Cep/ilia U CTAOUILHOMY TeMOJUHAMUYeCKOMY TPOUITIO HA
BCeX 9Talax aHeCTe3WH, HECMOTPS Ha JIEPECCUBHOE BIUSHNE dNTUAYPATHLHON O/I0KAIbI HA TEMOTMHAMUKY.
IIcuxoJI0THYECKOE TECTUPOBAHME ITOKA3aJI0 OTCYTCTBUE OTPUIATEIHHOTO BIUSHUS aHECTE3NN KCEHOHOM
Ha KOTHUTHUBHBIE (DYHKIUN Y JeTel ¢ nepedpaaIbHBIM TapaInioM. BEIABU/IN HeJJOCTAaTOYHYIO aHA/IbreTHde-
CKYIO aKTUBHOCTB KCEHOHA, er0 9METOTeHHbIe CBOMCTBA, CIIOCOOHOCTH MCKAKATh ITapaMeTPhbl CTUPOMETPUH,
CJIO’KHOCTH B MOJJiepPyKaHUM ITapaMeTPOB HOPMOBEHTHUJIAINH Y JeTel Mita el Bo3pacTHOH rpymimsl. Co-
JeTaHWe KCEHOHA C TapaMu ceBO(II0paHa HUBEJIMPOBAJIO HEJOCTATKY €0 N30 TMPOBAHHOTO IPUMEHEHUS.

3ar/roueHue. KapauocTuMyTupyomye CBOMCTBA KCEHOHA TTO3BOJISTIOT KOMIIEHCUPOBATh OTPUIIATETb-
HOe JefiCTBUe Ha reMOIMHAMUKY 9MTUYPATHFHON aHECTE3NH U 00X aHECTETUKOB, & OTCYTCTBUE HEUPOTOK-
CUYHOCTH SIBJISIETCSI 3HAYMMBIM [TPEUMYIIIECTBOM KCEHOHOBO aHECTE3UH Y JIETEN C UCXOHO TIOBPEKIEHHON
[THC. KceHoHOBaA aHeCTe3UsI ABJIACTCA IIEPCIEeKTUBHBIM HAllpaBJIEHUEM B PA3BUTUM aHECTE3U0JIOTIYe-
CKO¥ ITOMOIITU JIETSIM C IiepedpaibHBIM MapaJIaoM.

Knroueevte croea: anudypanivhas anecmesus; 0emu; uepebpaibHbslil napaiuy; KCeHOH; 2eMOOUHAMUKA;
KOZHUMUBHbLE PYHKUUU

Objectives. The objective of this study is to compare different methods of combination general and regional
anesthesia based on xenon.

Materials and methods. Xenon anesthesia combined with epidural block was performed in 50 children
with cerebral palsy aged 3-17 years. In 30 patients xenon was used to maintain anesthesia, in 20 children xenon
was combined with sevoflurane. We compared the process of anesthesia, the intraoperative hemodynamic
parameters and cognitive status before surgery and after it.

Results. The use of xenon in all studied anesthesia methods increased the cardiac performance and was
associated with a stable hemodynamic profile at all stages of anesthesia despite the depressive effect of epidural
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blockade on hemodynamics. Psychological testing revealed that xenon anesthesia has no negative effect on

cognitive functions in children with cerebral palsy.

Conclusion. Xenon anesthesia is a promising trend in anesthesia care for children with cerebral palsy.
Xenon can compensate the hemodynamic depression caused by epidural anesthesia due to its cardiac stim-
ulant property, with no neurotoxicity being a significant benefit for children with initial damage of CNS. How-
ever, anesthesia with xenon turned out to have some disadvantages. In our study, xenon showed insufficient
analgesic properties, had emetic properties and was associated with spirometric abnormalities. It was more
difficult to maintain normal ventilation parameters in young children when using xenon. Several adverse
events were noted in the recovery period. These disadvantages can be partially reduced by using a combination

of xenon and sevoflurane.

Keywords: epidural anesthesia; children; cerebral palsy; xenon; hemodynamics; cognitive function
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BBenenue

Onepanuy, HanpaBJIEHHbIE HA YCTPaHEHUE
nedopMary CyCTaBOB HIPKHUX KOHEYHOCTEN —
Ba)KHBII KOMIIOHEHT peabuuTauu JeTell C
nepebpanmsaeiM napanudoM (III1), mOCKOJBKRY
pacmupsieT BO3MOKHOCTH TI€PEIBIKEHUs U
caMo00CIyKMBaHMsA, CIOCOOCTBYeT peabuanTa-
MY TAIFEHTOB U 00JIerYaeT yXor 3a HUMU. AJTb-
TepHATUBOU 001Iell aHeCTe3WH ITPU TaKUX oTlepa-
UAX SABJISAETCA COYETAHHAs JNUaypasbHas
aHecre3usi. Bilarogaps BeIpaskeHHOMY aHAJTbIeTH -
YecKOMy U aHTHCIIacTHYecKoMy 3a(ddeKkTy, oHa
MT03BOJIsIET CHU3UTDH KOJTMYECTBO MIPENApaToB JJIs
0011111 aHECTEe3UH, YTO CITIOCOOCTBYET YCKOPEHHO-
MY BOCCTAHOBJIEHUIO CO3HAHWS ¥ paHHEHN aKTHBU-
3anuy nanueHTa. B rmocsieonepaioHHOM TTEpHO-
e OIuAypaJbHAas aHaJAbre3Ws IO3BOJISET
obOecrieunTh KoM@opT maruenTam c LII1 6e3 6ou
Y CIACTUYECKOTO COKpPAIeHUs MBIIIII.

Hapany c¢ mpeumyinecTBamMy, W3BECTHBI U
HEeJ0CTaTKH SMH/IypaJTbHON aHECTEe3WH, BHITIOTHEH-
HOU Ha IOSICHUYHOM YpOBHe. ITO — CHUMIIaTHye-
cras OJIOKaga, KOTOpasi BBI3BIBAET AUJIATAIIUIO
€MKOCTHBIX COCyOOB HUKXHUX KOHEYHOCTEeN C
MTOC/IeTYIOIINM CHISKEHNEM 00'beMa IUPKYIUPYIO-
et kpoBu (OLK). Mi3aMeHeHUs TeMOIMHAMUKU
HamboJIee BLIpasKeHbI Y marreHToB ¢ L1, koTopbiM
MIPUCYIA UCXOAHAA ruoBosieMus (1, 2]. Jlenpeccus
reMOJUHAMUKM TaK)Ke ycuJimBaercs adderkramu
TIperaparoB JJ1s1 o011ieli anecte3nu [3]. UToObI TofT-
JlepsKaTh CepJleYHbI BHIOPOC MPHU MPUMEHEHUHN
COYETAaHHOW dMUYPaTbHOU aHECTE3NH Y MaryeH-
TOB ¢ LIIT MO’KHO HCII0JIb30BaTh BHICOKKE 00 HEMBI
nH(Qy3noHHOU noaepsKKH [3]. OgHAKO, COITIACHO
COBpPEMEHHBIM MPEICTABIEHUAM 00 MHTpaonepa-
IIMOHHOH MH(Y3NOHHOH TepannH, «TOepaTbHBI»
IIO/IXO/ K Ha3HAaUYeHUI0 NH(Y3MOHHBIX Cpej Hepa-
[IMOHAJIeH [4] U CBA3aH C IIOBBIIIEHHBIM PUCKOM
TepuoIiepaloHHbIX OCT0KHEHUH [5].

Hpyroii mpobyieMo¥, CBI3aHHOU C IPUMEHe-
HUEM 00IIel aHeCcTe3uH, ABJIAETCS BO31eliCTBHIE
aHECTEeTUKOB Ha HEBpaJIbHBIE CTPYKTYpHI [6].
I/ICCJ'IE,IIOBaHI/IH Ha JKUBOTHBIX CBUIETEJILCTBYIOT O
MIPSIMOM TTOBPEXKIAIOIIEM BO3€HCTBUM HA IIEHT-
panbHyIo HepBHYIO cuctemy (ITHC) 60obmmHCTBA

Introduction

Surgical correction of joint deformities in
lower extremities is an important part of rehabili-
tation of children with cerebral palsy (CP) as it im-
proves their mobility and self-care thus facilitating
the patient care. An alternative to general anesthe-
sia during surgery is combined general and
epidural anesthesia with strong analgesic and an-
tispastic effect which allows reducing the drugload
for general anesthesia and promoting the acceler-
ated recovery of consciousness and early activation
of the patient. Due to the epidural analgesia, pa-
tients with CP do not experience pain and spastic
painful muscle contraction during the postopera-
tive period.

However, the epidural lumbar anesthesia has
several disadvantages. One of them is the sympa-
thetic block which can cause dilatation of capaci-
tance vessels of lower limbs resulting in a decrease
of circulatory volume, which is most severe in pa-
tients with CP and preexisting hypovolemia [1].
Moreover, drugs used in general anesthesia can fur-
ther impair the hemodynamic parameters [2]. To
maintain cardiac output when using a combination
epidural anesthesia in patients with CP, a high vol-
ume fluid therapy can be used. However, the current
intraoperative fluid management concepts consider
the so-called «liberal» approach to administering
fluid therapy as unreasonable and associated with
a higher risk of perioperative complications [4, 5].

Another problem concerning general anes-
thesia is the impact of the anesthetic drugs on neu-
ral structures. Animal studies show the direct in-
jury effect on central nervous system (CNS) of
most inhaled and non-inhaled anesthetics now in
use [6, 7]. Clinical trials demonstrate the ability of
general anesthesia to cause delayed cognitive im-
pairment and behavioral disorders of various in-
tensity and duration, particularly in patients with
immature CNS [8, 9].

The risk of postoperative cognitive dysfunc-
tion (POCD) is increased not only in young children
but also in patients with pre-existing higher mental
function disorders which worsen after surgery per-

formed under general anesthesia [10, 11]. The use
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HCIIOJb3yEeMbIX WHTAJALMOHHBIX W HEWHIaJsd-
IIMOHHBIX aHECTETUKOB [7]. KiinHu4yeckue uccJie-
JIOBaHUSA II0OKA3bIBAIOT CIIOCOOHOCTH OOIIel aHe-
CTE3WH BBI3bIBAaTh OTCPOUYEHHbIE KOTHUTUBHBIE U
MIOBeJleHUYeCKre HapyIleHusI pa3JIndHON IPOI0JI-
SKUTEJILHOCTU M BBIPA’KEHHOCTH, OCOOEHHO Y
narnueHToB ¢ He3pesol [THC [8, 9]. Puck pasButus
[10CJIeONePALIMOHHON KOTHUTUBHOU NTUC(YHKIINU
MIOBBIIIIEH HE TOJIBKO y JleTell paHHero Bo3pacra,
HO Y IPX MCXOJHBIX HAPYIICHUAX BBICIINX [ICUXU-
yecknx (yHKOWH [10], KOTOpbIE YCYyTyOJSIOTCS
MOCJIe TIPOBEJIEHN I OTIepaTUBHBIX BMEIIaTeIbCTB
B ycI0BUsIX 00111ei anectesuu [11].

Bo3Mo3kHO, pelrienreM, M03BOJISTIOIIINM HUBE-
JINPOBATh TeMOAMHAMUYECKYI0 HECTAOMITBHOCTD U
YMEHBIIUTHh HEPOTOKCUYHOCTH BO BpeMsI COYeTaH-
HOH 3IKIypaIbHON aHecTe3nu y nanueHTos c LI,
MOSKET CTaTh IpUMEHeHNE KCeHOHA. MIHepTHBIN ra3
KCEHOH 00J1aJaeT MUHIMAJIbHBIM BO3JeCTBUEM Ha
reMOAIMHAMUKY, (DYHKIIMIO MUOKAp/1a 1 HeUPOIryMo-
pasbHBIN OTBET [12], Jajke B yCJIOBUSIX CEPIEYHON
HEe0CTAaTOYHOCTH [13]. Takske y KCeHOHA OTCYTCTBY-
€T HEPOTOKCUYHOCTH [14]. HarrpoTuB, JaHHbBIE 9KC-
TepUMEHTAJIbHBIX U KIMHAYECKUX UCCTIeJOBaHUN
II0Ka3ajyu HajIn4yre Y KCeHOHA HEHpPOIpOTEeKTUB-
HBIX CBOMCTB [15, 16]. MccaemoBaHusi MapKepoB
HEWUPOHATHLHOTO IOBPESKIEHMS ITPU 0011l aHecTe-
311 KCEHOHOM IT0Ka3aJI1, UYTO KCEHOH He BhI3bIBAET
nopaskenus [IHC gaske ipu niMtesbHOM ITIpUMeEHe-
Huu [17, 18]. IIpogeMOHCTPUPOBAHO, UTO KCEHOH
OKa3bIBAET KapJuo- U HEeUPONpPOTEKTUBHBIE
a(pdexThI y3re B cybaHECTETUYECKUX KOHIIEHTPa-
musx (0,25-0,5 MAK), B TOM 4KCJie 1 B KOMOMHAIINN
C IPYTMMH HMHTAJISANUOHHBIMU aHECTeTHUKAMU, C
COXpaHEeHUEM €ero MOJIOKUTEJbHOIO BJAUSHUSA Ha
remopuHamury u LTHC [19].

HccnenoBanusi, niogTBepskaatoiniie agdek-
TUBHOCTH ¥ 0€30TIaCHOCTh aHECTE3NH KCEHOHOM Y
JeTell, BIIepBbIe B MUpPe OBITN ITPOBEIeHbI B HAIIIEH
crpase. B pesyasrare yero B 2014 rony B UHCTPYK-
LMIO 110 MEJUIIMHCKOMY IPUMEHEHUIO IIpernapara
KceMen® MunagpaBoM Poccuu ObLIM BHECEHBI
W3MEHEHWsI, pa3pelIalolye ero npuMeHeHne s
IIpOBeieHUs1 HapKo3a y JeTell B Bo3pacTe oT 1 rona
I1o 18 jiet. [Tpu 9TOM OTCYTCTBYIOT JAHHBIE O PE3YIIb-
Tarax MCII0JIb30BaHMA KCEHOHA B COCTaBe COYeTaH-
HOMH aNHTypasIbHON aHeCTEe3WH JIeTel C nepedpab-
HBIM [TAPAJINYOM, a TAKYKE OIeHKH ero BIUSIHUS Ha
CepAeYHO-COCYIUCTYIO CUCTEMY U KOTHUTUBHBIEC
(pyHKIIMY Y 9THX TPOOIEMHBIX TAIEHTOB.

llenp wuccaemoBaHuss — CpPaBHUTEJIbHAsA
OIleHKAa METOJ0B COYETaHHOI aHeCTe3NH Ha OCHO-
Be KCeHOHA U 3IIUIyPaJIbHOU aHeCTe3UN y IeTel C
1epedpaTbHBIM TapaTuIOM.

MarepuaJ 1 MeToabI

B uccnegoBanue BrJounIn 50 gerteil B Bo3pacre
oT 3 10 17 JeT ¢ nepedbpaibHbIM MapaIudoM B hopme
CIIACTUYECKOU IUIIJIeruy UJIU CIIACTUYEeCKOro TeTparna-

of xenon seems to be a good remedy to reduce the
hemodynamic instability and neurotoxicity during
combined general and epidural anesthesia in pa-
tients with CP. Xenon is a noble gas with minimal
effect on hemodynamics, myocardial function and
neurohumoral response, even in heart failure [12,
13]. Xenon shows no neurotoxicity. Moreover, ex-
perimental and clinical study data have demon-
strated its neuroprotective properties [14, 15]. The
neuronal injury marker research has shown that
xenon does not cause any damage to the central
nervous system even in long use [16, 17]. It has
been shown that xenon starts to produce both car-
dio- and neuroprotective effect even in subanes-
thetic concentrations (0.25-0.5 MAC), also when
combined with other inhalation anesthetics, with
its positive effect on hemodynamics and central
nervous system being preserved [18].

The first trials to confirm the effectiveness and
safety of xenon anesthesia in children have been
conducted in the Russian Federation. As a result,
the Healthcare Ministry of Russia has made an
amendment to the instruction for the use of
XeMed® (medical xenon, Akela-N, Russia) allowing
its use in general anesthesia in children aged 1 to
18 years. However, no data are available on xenon
being used as part of combined general and
epidural anesthesia in children with cerebral palsy
and its effects on the cardiovascular system and
cognitive functions in these complex patients have
not been described so far.

Research objective: comparative assessment
of combination anesthesia based on xenon and
epidural anesthesia for children with cerebral palsy.

Materials and Methods

The research involved 50 children aged from 3 up
to 17 years with spastic diplegia or spastic tetraparesis
cerebral palsy. All patients had ASA II-III classes and un-
derwent lower limb bone or soft tissue orthopedic sur-
gery under general xenon anesthesia combined with
epidural block. Patients were divided into 2 groups com-
parable in age and gender (table 1).

In the first group of patients, xenon anesthesia
(XeMed®) was used. In the second group, xenon was
combined with volatile anesthetic sevoflurane. Both
groups of patients were divided into 2 subgroups de-
pending on age: from 3 to 8 and from 9 to 17 years old.

Premedication regimen adopted in our Science and
Practical Center included atropine in a dose of 0,01
mg/kg and midazolam 0,25+0,01 mg/kg and was used in
all of the patients under study [19].

Since xenon is proved to be emetogenic the preven-
tion of postoperative nausea and vomiting (PNV) was
done. Drugs for anesthesia were chosen depending on
the assessment according to POVOC scale [21]. In the av-
erage risk of PNV (2 points according to the POVOC scale)
dexamethasone in the dose 0f 0.15+0.01 mg/kg was used,
in high risk (3 points) a combination of dexamethasone
and ondansetron in the dose of 0.1+0.001 mg/kg was ad-
ministered.
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www.reanimatology.com



48

DOI:10.15360/1813-9779-2020-1-45-58

Clinical Studies and Practice

Tabsmna 1. XapaKkTepuCcTHKA HCCaeayeMbIX rpynmn (M+m).

Table 1. Characteristics of the studied groups (M+m).

Parameters

Values of parameters in groups

Xe (n=30) Xe+Sev (n=20)
younger senior younger senior
(3-8 yrs, n=17) (9-17 yrs, n=13) (3-8 yrs, n=12) (9-17 yrs, n=8)

*Male/ Female 11/6 8/5 715 5/3

Age, years 4.89+0.29 11.78+0.6 5.1+£0.49 12.5+0.49
Weight, kg 18.01+1.15 35.3+2.43 18.88+2.21 37.4+1.53
Average surgery time, min 148.32+14.84 133.8+20.4 129.85+12.7 127.88+18.77
Average anesthesia time, min 214.25+15.41 187.47+22.5 186.4+13.8 191.88+19.6

Note. * — no between-group difference (P>0.1).

ITIpumeuanwme. [lyis1 Tabu1. 1-4: parameters — rnapaMerpsl; values of ... in groups — 3Hauenue B rpynmax. s tabu. 1-5: Xe —
KCeHOH; Sev — ceBo(uitopan. [{is Tabu. 1-2: younger — MJafline; senior — crapiiue; yrs/years — jet; male/female — mou,
MY>K/5KeH; age — Bo3pacT; weight — Bec; average surgery/anesthesia time — cpejHee BpeMs onepanuu/aHecTe3nu. * — MeK-

IpyIIoBoe pasjndue oTcyTcTByeT (p>0,1).

pesa. Pu3nuecKUil CTaTyC COOTBETCTBOBAJI OLIEHKE 110
ASA II-III. Bcem manyeHTaM BBIIIOJIHAINA OPTONEINYe-
CKHEe oIlepal Ha KOCTAX, MbIIIIAX U CYXOMKUJIUAX
HUKHUX KOHEYHOCTEH B YCJIOBUSX COYETAHHOU aHeCTe-
311 Ha OCHOBE KCEHOHA M AUAypaIbHOM 610Kaab!. [1a-
I[MEHTOB pa3/ieJIM/IN Ha 2 TPYIIbI, COIIOCTaBUMbIE 110
BO3pacty u noJry (p>0,1), (taba. 1).

B 1-i1 rpymIe maiieHToB B Ka4eCcTBE 0OIIET0 KOM-
TNOHEHTa aHeCTe3WH NCII0JIb30BaIu KceHOH (KceMen®).
Bo 2-ii rpymite manueHToB UCII0JIb30BAIA KOMOWHAIIIIO
KCEHOHA C Tapo00pas3yIonM aHeCTETHUKOM CeBO(]JIIO-
paHoM. BHYTpHU Ka)K[I0U BCcCieyeMOU TPyHIbl IIPOBO-
JVJIA CTpaTU(UKAINIO O0JBHBIX HA 2 MOATPYIIIEI IO
BO3pacTy: oT 3 1o 8 sier u oT 9 10 17 J1€eT.

ITpeMenuKanuio y Bcex O0IBHBIX IPOBOIUIIN 110
enHOM cxeMe, mpuHATOH B HIIL] neTckoil mcuxoHeBpo-
aoruu [20]. OHa BK/IOYasa arponuH B fo3e 0,01 Mr/kr
u Muga3osam B fo3e 0,25+0,01 Mr/Kr.

B cBA13U ¢ JOKa3aHHOU 9METOTeHHOCThIO KCEHOHA
NIPOBOAMUJIN NPOPUIAKTUKY I10C/Ie0epaiOHHON TOII-
HOTHI 1 pBOTEI (IIOTP). B 3aBUCHMOCTH OT OLIEHKHU 110
mkane POVOC [21] nmpu cpegHeM PHCKe Pa3BUTHUA
IIOTP (2 GaJsja) HasHayaad AeKCaMeTasOH B J103€e
0,15+0,01 Mr/KT, TpU BBICOKOM PUCKe (3 Oas11a) UCIoThb-
30BaJI KOMOMHAIIMIO leKcaMeTa30Ha 1 OHAAaHCETPOHA
B 1o3e 0,1+0,001 Mr/KL.

Nuaaykiuio anecte3uu B 1-i rpymnmne (Xe) mpoBo-
JAUJIN oes NpUMEHEeHUA NHIaJIAOVUOHHBIX aHECTETUKOB
¥ OCYIIECTBJISAIN OO/TIOCHBIM BBeJIeHEM ITponodoJia B
nose 3,1+0,2 mr/kr, penranmia — (4,1+0,13 MKr/Kr) u
pokyponusi — (0,66+0,01 mr/kr). Ilocsie naTYOANN
Tpaxeu U epeBo/ia MalreHTa Ha alrapaTHyIo BEHTUJIs-
U0 IEPEXOINJIU K 9TaNy AeHUuTporenusanuu. [logaep-
sKaHNe aHeCTe3UU 10 BBeIeHUsI KCeHOHA B KOHTYP Hap-
KO3HO-JbIXarejbHOTrO annapara (H/IA) ocymecTBisim
nepuogn4eCKuMun 0OJIIOCHBIMU BBEI€HUAMU IIPOIIO-
¢osta B pa3oBoii no3e 1 Mr/kr npu 3HayeHusx BIS-mo-
HUTOpa 6osiee 55. [To OKOHYAHUH TEHUTPOTeHU3AINH,
HaYMWHAasI C 9Tara HACBIIEHNs U Ha BCEX MTOCIEAYIONINX
aTanax MHra/aAIUOHHYI0 aHeCTe31I0 OCYILIeCTBIIS/IU C
razorokoM O, 10 MeTaboJIMIECKOH TOTpedHOCTH (Mmeta-
bolic flow), Ho He HUKe 0,15 JI/MUH, YTO OBITIO 0OYCIOB-
JIEHO 3aBOJICKUMU HacTpoiikamu HJ/IA, He M03BOJISAI0-
IIMMU CHU3UTh IIOTOK KUCJI0POJA MeHee YKa3aHHOI'o
3Ha4YeHUsl.

Bo 2-ii rpynne nanueHToB (Xe+Sev) MHAYKIUIO
AHEeCTe3WH MPOBOAMIIHN CEBO(ITIOPAHOM 1O OOJTIOCHOH
MeToauke, pernTanmnaoM (3,9+0,14 MKI/KT) U pOKRypO-

In the first group (group of Xenon anesthesia — Xe
group) the volatile anesthetics were not used and anes-
thesia was performed by bolus dosing of propofol 3.1+0.2
mg/kg, fentanyl 4.1+0.13 pg/kg and rocuronium bromide
0.66+0.01 mg/kg. The tracheal intubation and transition
to mechanical ventilation was followed by the denitro-
genisation stage. Prior to introducing xenon into the ven-
tilator circuit, anesthesia was being maintained by recur-
rent bolus dosing of propofol in a single dose of 1 mg/kg,
with the bispectral index exceeding 55. With the stage of
denitrogenisation completed, starting with the satura-
tion stage and later on, xenon inhalation anesthesia was
administered using the oxygen flow depending on the
metabolic flow but not lower than 0.15 1/min because of
the default set of options of the anesthetic machine
which doesn’t allow to set a lower oxygen flow.

In the second group of patients (a group of
Xenon+Sevoflurane — Xe+Sev group) anesthetization was
performed by bolus dosing of sevoflurane, fentanyl
3.9+0.14 pg/kg and rocuronium bromide 0.67+0.02
mg/kg. During denitrogenisation anesthesia was main-
tained by inhalation of sevoflurane in concentration
0.8-1.0 MAC. Again, as with the first group, starting with
the saturation stage, anesthetization was done with the
oxygen flow depending on the metabolic flow. Xenon sat-
uration was being performed until reaching the target
concentration of 50%, with the sevoflurane vapor being
present in the breathing gas mixture.

Maintenance of anesthesia at the main stage in the
group of Xe+Sev was done by xenon — oxygen mix in the
xenon : oxygen ratio of 50-52% : 40-45% with vapors of
sevoflurane in concentration 0.5-0.7 (0.2-0.3 MAC) dur-
ing the surgery.

During the denitrogenisation phase the patients of
both groups were anesthetized by one-use epidural
BBraunPerifix (Germany) or PajunkEpilong (Germany)
sets. After installation and fixing of the epidural catheter
ropivacaine in concentration of 0.2% (Ropivacaine-Kabi
of Fresenius, the Netherlands) was introduced in the dose
of 1.68+0.08 mg/kg.

Fluid therapy in both groups was carried out by
polyionic salt solution Ionosteril 1/1E in the volume of
12.9+0.77 ml/kg/h.

Ventilation during all the surgeries was done with
anesthesia apparatus GE Medical Systems Datex
Ohmeda S\5 Avance (USA), with pressure control venti-
lation (PCV) and with maintenance of normoventilation
guided by a respiratory volume (RV), and with control of
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aueM (0,67+0,02 mr/kr). [lonnepsxkanne aHecTe3suu Ha
aTale JeHUTPOreHU3aLUH OCYIeCTBIIAIN ceBO(IIopa-
HOM B KoHIleHTpaIruu 0,8-1,0 MAK. Tak ke, kak u B 1-i1
rpylllle, HAYMHAsA C 9Talla HACBIIIeHNUsI KCEHOHOM, aHe-
CTe3UI0 OCYLIEeCTBJAIU ¢ razoTrokoMm O, 1o metabolic
flow. Hacelmmienue kCeHOHOM IIPOBOAMIIN O JOCTUKEHUS
€ro IieJ1eBoil KoHIeHTpauuu 50%, IpU 3TOM B radoHap-
KOTHMYEeCKOU CMeCH COXpaHsJ/INCh IIapbl ceBO(IIOpaHa.
IMonnepsxaHvue aHecTe3WHM HAa OCHOBHOM 3JTame BO 2-U
rpymie (Xe+Sev) IpOBOJU/IN KCEHOH-KUACJIOPOAHOU CMe-
CbI0 B cooTHOIIeHnH Xe 50-52% : O, 40-45% c mapamu ce-
BoTIopana B KoHreHTparuu 0,5-0,706.% (0,2-0,3 MAK)
B Te4eHHe BCero olepaTruBHOI0 BMeIlaTe/IbCTBA.

Ha ararre teHUTpOreHN3anyy 60JIbHBIM 00€VX IPYIII
TIPOBOIUJIM ITYHKIIUIO U KaTeTepU3alnIo AU IyPaIbHOIO
TIPOCTPAHCTBA € IOMOIIBIO OHOPA30BBIX NUYPATbHBIX
HabopoB BBraun Perifix (Tepmanwus), Pajunk Epilong (Tep-
Manus). ITocse ycTaHOBKY U (DPUKCAIIUN SIUIYPAJIBHOIO
karerepa BBomuu 0,2% pornmBakanH (PonmBakanH-Kabu
Fresenius, Hunepsianaer) B gose 1,68+0,08 Mr/kr.

VH}Y3NOHHYIO TOIIEPIKKY B 00€HX IPyIIIax ocy-
IIECTBJIAIHA MOJTHMOHHBIM COJIEBBIM PacTBOpoM MoHo-
crepus 1/13 B o6veme 12,9+0,77 mut/Kr/4ac.

Bce onepanum BbIMOJIHAMM B yciaoBuax VBJI ¢
yipasJjieHreM 1o gasieHuio (PCV) u noppepsxanueM
HopMmoBeHTU/IAMY Ipy oMoy HIIA GE Medical Sys-
tems Datex Ohmeda S\5 Avance (CIIIA) o KOHTpoJIeM
IbIXaTeJJbHOTO oOBbema (JI0), maBJeHUS Ha BIOXe
(Pinsp), (pakIMOHHBIX KOHLEHTpPAIUM KUCJIOPOLA
(FiO,) n nHranmsannonHbIX aHecTeTUKOB (FiXe, FiSev) B
ra3oHApKOTUYEeCKOH cMecH, apIuaabHOr0 JaBJeHus
CO2B BeigbIxaeMoM Boanyxe (EtCO,). [lnsa anecteaun
KCEeHOHOM MCII0JIb30BaJI1 KCEHOHOBYIO HApKO3HYIO
npucrasry KHII-01 1 KCeHOHOBBIN rasoaHaau3aTop
I'KM-03. MOHUTOPUHT BUTAJIbHBIX (DYHKIIUI OCYILIECTB-
Js1i ipu nomo1u MoHuTopa Nihon Kohden LifeScope
(AAnmonwus). PeructpupoBaJju cieayloliye I0Ka3areau:
JacTora cepaevyHbIx corpatennii (UCC), cpennee apre-
puasibHOe AaBjeHue (AJlcp), HacbIleHUe KalUJIsap-
HOM KpoBu O, (SpO,). ATeKBaTHOCTb aHECTE3UU OI[eHU -
Baad IO IOKa3aresaAM BIS-monuTOpHMHra m Ha
OCHOBAaHMU KJIMHUYECKUX IPU3HAKOB. [lapaMeTpsl
IEeHTPAJIFHOU TeMOIMHAMUKY: yIapHbIN uHgekc (Y1),
cepaeunblii nanekc (CH), obinee mepudepruieckoe co-
cynucrtoe conporusigenue (OIICC) namepsiyii MeTo0M
UHTerpajbHON peorpadum peorpadom Inamant-M
(3AO [ImamanT, Poccus). lamMeHeHus IokasaTesiei
(ukcrpoBau Ha CIeyIOIINX 9TallaX aHeCTe3UU: I10CIe
npeMeAuKaluy, UHAYKINSA, JeHUTporeHu3alus (mocJje
MIPOBeeHNs IMHUAYPaIbHOW OJIOKaNbI), OKOHYAHHE
JTalna HacblllleHUs1 KCEHOHOM, KOYKHBIN paspes, 1o -
JlepskaHUe aHeCTe3UH, 3aBeplileHre aHeCTe3UH.

IToce Ha/OKeHUA FUIICOBOX IIOBA3KU IIpeKpa-
11U II0avy WHTIAIMOHHBIX AaHECTETUKOB B KOHTYP
HJIA, mpu atom yBeanumnBasd notok O, 1o 6 j1/mus. [1pn
MOSIBJIEHUM aJJeKBATHOT'O CIIOHTAHHOT'O JbIXaHUsI, He
JIOSKUAsICh ITOJIHOTO TIPOOYKIEeHUs MaIieHTa, B Co-
CTOSIHUM YyMepeHHoU cefanuu (BIS 70-75) mpoBonuan
9KCTYOAIMIO TPaxeu U IlepeBo] IallieHTa Ha CaMOCTOsI-
TeJIbHOE AblxaHue. Ilocjie JOCTHKeHUsI YPOBHS CO3HA-
HUs 8 basutoB o Aldrete [22] ocyIieCTBIISITN TTEPEBO/T
TTanyenTa B ITOCIe0NepaIOHHYIO ITaJIaTy, I7e Bce 60Ib-
Hble MOJy4YaJid IpojjieHHoe 006e3b0J/IMBaHme MOCTO-
SIHHOU anuaypanbHoi nHysueii 0,2% pacTBopa pomnu-
BakauHa B go3e 0,1-0,2 Mr/kr/4ac.

the inspiratory pressure (Pinsp), the fractional of inspired
oxygen (FiO2) and inhalation anesthetics (FiXe, FiSev) in
breathing gas mix and the partial pressure of carbon
dioxide at the end of expiration (EtCO,). For xenon con-
sumption we used a xenon flow meter KNP-01 (Russia)
and a xenon gas sensor GKM-03 (Russia). Monitoring of
vital functions was performed by the Nihon Kohden
LifeScope monitor. The following data were registered:
heart rate (HR), mean arterial blood pressure (MAP), oxy-
gen saturation of capillary blood (SpO,). The adequacy of
anesthesia was estimated according to the BIS monitor-
ing parameters and basing on clinical signs. The central
hemodynamics parameters, i.e. the stroke volume index
(SVD), the cardiac index (CI) and the peripheral vascular
resistance (PVR) were measured by integrated rheogra-
phy using a rheograph Diamant-M (Russia). Changes of
parameters were observed at the following stages of anes-
thesia: after the premedication, during the induction, at
the stage of denitrogenisation (after the epidural block),
at the end of the stage of xenon saturation, after a skin
section, during the anesthesia maintenance, and at the
end of anesthesia.

After the plaster application, the supply of inhala-
tion anesthetics into the breathing contour was stopped
and the oxygen flow was increased up to 6 1/min. After
the appearance of adequate spontaneous breath, the pa-
tients were extubated and weaned to the spontaneous
breathing in moderate sedation (BIS 70-75), without
waiting for their full awakening. Having reached the level
of consciousness of 8 points Aldrete score [21], the pa-
tients were transferred to the postoperative room where
all of them got the prolonged anesthesia by continuous
epidural infusion of ropivacaine 0.2% in a dose of 0.1-0.2
mg/kg/h.

The day before surgery, on the first and the third
day after anesthesia, memory, attention and thinking
were estimated by a clinical psychologist in 20 patients,
13 patients from the Xe group and 7 patients from the
Xe+Sev group. The Luria memory words test, Shulte ta-
bles, Raven's progressive matrices and the children's cor-
rection task were used.

The statistical data analysis was performed using
the Statistica 7.0 software. The mean of the sample (M)
and the standard error of the mean (m) were calculated.
To estimate the statistical significance of the mean values
the Student’s test was used. For assessment of signifi-
cance in related data groups the Wilcoxon’s test was used.
The Mann-Whitney's test was used in independent data
groups. The differences were considered significant with
the probability value (p) not exceeding 0.05. The results
obtained are presented as M+m.

Results and Discussion

Xenon analgesic properties assessment. In lit-
erature xenon is described as a medicine with a
strong analgesic potential [23, 24], however, it does
not provide the sufficient level of analgesia in chil-
dren [25]. Our experience also suggests low efficacy
of xenon as an analgesic agent. This became obvious
when during surgery the patients position on the op-
erating table had to be radically changed, which was
followed by an abruptly accelerated blood circula-
tion and additional opioids were required.
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HakanyHe onepanuu, B lepBble U TPETbU CyTKU
1ocJje aHecTe3ud KJIMHUYEeCKUM IICUXOJI0TOM ObliIu
OIleHEeHBI CBOMCTBA IaMSATU, BHUMAHUS U MBIILIJIEHUS Y
20 60IBHBIX, U3 HUX 13 MaryeHToB IPyIIbI Xe U 7 mari-
€HTOB Irpynnsl Xe+Sev. Mcnoib30Ba/ M METOOUKHY 3aI10-
muHaHUA 10 coB A. P. JIypus, tabsuns! llynsre, mpo-
rpeccuBHble Marpulbl PaBeHa, AeTCKUI BapHUaHT
KOPPEKTYPHOU MPOOHI.

CraTucTUYeCKU aHaJIU3 JAaHHBIX IPOBOIAUIIU C
HCI0J/Ib30BaHUEM IIPOrpaMMbl aHAIM3a JaHHbIX Statis-
tica 7.0. BeInoJyIHANIM pacdeT cpegHero 3Ha4eHUs BbI-
60pku (M) ¥ CTaHJAPTHOM OIMUOKY cpeaHero (m). Jlms
oIpeJeJIeHusI CTaTUCTUYeCKOY 3HAaYUMOCTH Pa3/Inuuil
CpellHUX BeJIMYMUH MCIO0JIb30Baau Kpurepuil Crblo-
neHTta. /[y OlleHKHU JOCTOBEPHOCTH Pa3uuYui NpHU
CPaBHEHUHU CBSI3aHHBIX IPYII JAHHBIX UCII0JIb30BAIN
KpuTepuil BUJIKOKCOHa, IPU CPAaBHEHUU HE3aBUCUMBbIX
TpyII — KpuTepuil MaHHa—-YUTHU. Pagnuyus npusHa-
BaJIM OCTOBEPHBIMU ITIPY BEPOSATHOCTH OIITHNOKHY (p) HE
6outee 0,05. Peaysbrarsl mpecTaBuIn B hopmare Mtm.

Pe3ynbTaThl U 00CYK/IEHHE

OneHKa aHATbTeTHYECKUX CBOICTB KCEHO-
Ha. B 1uteparype KCEHOH ONMCBhIBAETCs KaK mpe-
napar ¢ BhIpasKeHHBIM aHa/IbreTU4eCKUM IIOTEH-
nuaJiom [23, 24], ogHAKO Y IeTel aHECTe3MsI 9TUM
WHEPTHBIM ra30M He 00eCIIeYnBaeT JOCTATOYHOTO
YPOBHSA aHaJjbresunu [25]. Mbl Takke OTMETHUINA
HEeI0CTAaTOYHYI0 3((PEeKTUBHOCTh KCEHOHA KaK
aHaAJIbreTHUKAa. JTO OTUYETIMBO IIPOSIBUIIOCH, KOTTA
B XOJI€ onepanuu TpedoBaIoCh paguKaIbHO U3Me-
HATH II0JIOJKEeHUE IMalleHTa Ha OIllepaliOHHOM
CTOJIe, ¥ 9TOT MaHEeBP COMPOBOKIAJICS BbIPAYKEH-
HOU ruriepauHamMueil KpoBooOpallleHus U Tpebo-
BaJI JOTIOJTHUTETLHOTO 06€300/TMBAaHUS OTTMOU 1A~
Mu. PacxoskaeHne JaHHBIX O CBOMCTBAxX KCEHOHA
KaK aHaJIbTeTHKa MOKET OBITH 00YCI0OBJIEHO pas-
JIMYHON MUHUMAaJbHOH aIbBe0JIAPHON KOHIIEHT-
panueii (MAK) kceHoHa y B3poCJbIxX U feTeit. Ecoin
Y B3pOCJIbIX TanuenToB MAK KCeHOHa coCTaBJIsIeT
63-71%, TO y meTell OHa HEM3BeCTHA B CBS3U C
OrpaHUYEeHHbIM MUPOBBIM OIIBITOM IIPUMEHEHU S
KCeHOHa B 9TOH Bo3pacTHO rpymnme. [To qaHHBIM
W. W. Mapleson [26], MAK kceHoHa y geTeli cTap-
e 1 roma npeanoJsIosKUTEeJIbHO COCTABIAET 92% 1
MOSKET ObITh CHUSKEHA ITyTeM KOMOUHAIUU C IPY-
TUMU WHTAISAINOHHBIMY aHECTETUKAMHU, B YaCT-
HOCTH, CeBO(DJIIOpaHOM.

B HameM ucciiefoBaHuN KOMOMHAITMS KCEHOHA
¢ ceBO(pIIOpaHOM XapaKTepU30BaIach 60Jiee BbIpa-
SKEHHBIM aHaJIbreTu4ecKuM 3¢ eKToM, YeM MOHO-
AHeCTe3Us1 KCeHOHOM. JTO ITPOSIBUIIOCH B CHUKEHUH
norpeOHOCTH B (peHTaHWUIIE B rpyIire Xe+Sev. B rpyri-
e Xe IOMIOJTHUTEIbHOE 00e300mBanye (peHTaH -
JIOM TOTpeOoBaAIOCh y 20 mareHToB (67%) B cpeqHei
JIo3upoBKe 2,3+0,15 MKr/Kr/4ac, a B rpy1re Xe+Sev
(eHTaHUT UCTIOTB30BAJICS JIUIIb Y 7 TAIMEHTOB
(35%). ITpu aToM 103bI (heHTaHMIa OBLIN JOCTOBEPHO
Hmwxe (p<0,001), uem B rpymme Xe — 1,34+0,14 mxr/
kr/4ac. CoueTaHue KCEHOHa C CeBO(JIOpaHOM B
MUHHUMAJIbHOU KOHIIEHTPAIMX Ha BIOXE HE TOJIbKO

Controversial data on analgesic properties of
xenon can be explained by different minimal alve-
olar concentration (MAC) of xenon in adults and
children. The MAC of xenon for adults is 63-71%,
but in children it is not defined because the inter-
national experience of xenon use in this age group
is very limited. According to Mapleson W. [26], the
MAC of xenon in children aged 1 year and older is
estimated at 92% and can be reduced by a combi-
nation with other inhalation anesthetics, for in-
stance, with sevoflurane.

In our research the combination of xenon and
sevoflurane showed stronger analgesic effect than
xenon alone. It resulted in a reduced need of fentanyl
in the Xe+Se group. In the Xe group additional fen-
tanyl administration was required in 20 patients (67%)
in an average dose of 2.3+0.15 pug/kg/h, while in the
Xe+Sev group fentanyl was used only in 7 patients
(35%), in doses significantly lower (P <0.001) than in
the Xe group, the mean being 1.34+0.14 pg/kg/hour.

Not only did the combination of xenon and
sevoflurane in its minimal inhaled concentration
provided stronger intraoperative analgesia but also
it appeared to be more cost-effective allowing to sig-
nificantly reduce the xenon flow (P <0.01) at all the
stages of anesthesia in both age subgroups and thus
decrease the general consumption of xenon by 14%
(P<0.01) in the younger age subgroup and by 18%
(P<0.05) in the senior one, respectively (table 2).

The combination of xenon and sevoflurane
also helped reduce the dose of rocuronium bromide
which was 0.11+0.04 mg/kg/h in the Xe+Sev group
vs 0.23+0.02 mg/kg/h in the Xe group (P<0.01).

The BIS indices showed the depth of anesthe-
sia to be appropriate and sufficient for surgical
anesthesia in both cases.

Impact of xenon on the parameters of me-
chanical ventilation. As xenon is a noble gas it does-
n'tinfluence the central regulation of breath and the
muscular tone of bronchi. However, due to its high
density and viscosity it can change the breathing
mechanics and rheological properties of the breath-
ing gas mixture. Supplying xenon in the breathing
mix caused changes in the mechanical ventilation
parameters which are presented in table 3.

The xenon added to the respiratory mix
caused increase of the breathing volume with con-
stant inspiratory pressure in all patients. This was
due to the indication error of the flowmeter of the
anesthesia apparatus which is poorly adapted for
working with xenon. However, the patients in Xe
group showed both increase of breathing volume
and a trend to hypercapnia which required using
the hyperventilation mode by increasing inspira-
tory pressure to eliminate carbon dioxide.

The younger subgroup revealed more promi-
nent changes. As a matter of fact, small children nat-
urally had narrow bronchial lumen and mechanical

ventilation was done through a small diameter
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Tabsuia 2. Pacxox KceHOHA MPH pa3JINYHbIX BApHaHTaX aHecTe3uu (M+m).
Table 2. Xenon consumption during various types of anesthesia (M+m).

Parameters Values of parameters in groups
Xe (n=30) Xe+Sev (n=20)
younger senior younger senior
(3-8 yrs, n=17) (9-17 yrs, n=13) (3-8 yrs, n=12) (9-17 yrs, n=8)

Wash-in phase Xe, | 5.2+0.27* 6.43+0.26* 4.19+0.17* 5.29+0.27*
Maintenance of anesthesia Xe, 1 19.96+1.84* 19.8+1.89* 13.6+1.3* 14.75+1.43*
Xe flow during maintenance, 1/min 0.11+0.006" 0.11+0.004* 0.072+0.003"* 0.073+0.009%
Total consumption Xe, 1/hour 8.86+0.28" 10.04+0.6* 7.26+0.41% 8.24+0.49*
Anesthesia time Xe, hour 2.96+0.26 2.65+0.34 2.56+0.24 2.62+0.32

Note. Between-group difference: * — P<0.01; * — P<0.05.

IIpumeuanue. Wash-in phase — Haceimenue, Ji; maintenance of anesthesia — nognepsxkanue anecresuy; flow during mainte-
nance — IOTOK ... Ha MOAiepskanue; total consumption — o61uit pacxom; hour — yac; anesthesia time — Bpems anecresuu.

Pazsmunst meskay rpynmamu: ¥ — p<0,01; * — p<0,05.

obecrieurBasio 60Jiee BHIPA’KEHHYI0 MHTPAOIEpa-
[IMOHHYIO aHAJIBI'€3U1I0, HO U ABJISAJIOCh 9KOHOMUYe-
CKU 11eJ1eco00pa3HbIM, TaK KaK MO3BOJISITIO TI0CTO-
BepHO (p<0,01) CHM3UTH NOTOK KCEHOHA Ha BCEX
Jrarax aHecTe3nN B 06erx BO3PACTHBIX IMTOATPYIIIAX,
Y, CJIEIOBATETFHO, YMEHBIITUTE OO PacXo[ Kce-
HoHa Ha 14% (p<0,01) B Mmuta/IIIeil BOSPACTHOM MOJ-
rpynme u Ha 18% (p<0,05) — B cTapieti (Tadur. 2).
KombuHamuss kceHOHa U ceBoQJIropaHa
TaK)Ke IIpUBeJia K CHHYKEHHUIO pacxoja POKypo-
Husa— 0,11+0,04 mr/kr/4ac B rpynie Xe+Sev 11po-
TuB 0,23+0,02 Mr/Kr/4ac B rpynrme Xe (p<0,01).
[iybuHa aHecTe3wnu 10 MoKasaresasam BIS —
MOHHUTOpPA NPU UCHOJIb30BAHUU KCEHOHA U KOM-
OMHAIIMM KCEHOHA C CeBO(JIIOPAHOM COOTBET-
CTBOBaJIa XUPYPTrUYeCKON CcTaguu HapKo3a u
SABJISJIACh JOCTATOYHOM JIJIsl ITPOBEIEHUS OTlepa-
TUBHOTO BMeNIaTeJIbCTBA.
Bausinue kcenoHa Ha napaMmerpsi UBJI. Kce-
HOH, B CBSI3U C XMMHUYECKOH WHEPTHOCTHIO, HE
BJIASIET HA LIEHTPAJbHYIO PEery/IAalnIO AbIXaHUus 1
TOHYC MYCKYJIaTypbl OpoHxoB. Ho 3a cueT BHICOKOH
IIJIOTHOCTH U BSI3KOCTU OH MOJKET U3MEHSITh MeXa-
HUKY JbIXaHUS U PEOJIOTUYECKUe CBOMCTBA ra3o-
HapKOTWYeCKOU cMmecu. [Ipu Tomaye KceHOHa B
JIbIXaTeJIbHYI0 CMECh MbI HAOJTIONAIN U3MEHEHS
napameTpoB VIBJI, KOTOpbIe OTpaskeHbI B TabJI. 3.
KceHoH, m00aBJIeHHBIH B [bIXaTeJIbHYIO
cMech, NpPUBOOWJI K YyBequueHuwoo JIO npu
Hen3MeHHOM Pinspy Bcex man@eHToB. JTO CBA3a-
HO C MOTPEeNIHOCTBIO IToKa3aTesiell (pyioymeTpoB

(4-5.5 mm) endotracheal tube (ETT), which caused
increased aerodynamic resistance of airways during
the ventilation by the dense xenon-oxygen mix. In
the elder Xe subgroup the trend to increased IV and
Pinsp was less strong due to a wider ETT and
bronchial tree lumen which is accompanied by
lower resistance in the airways. Children of the
Xe+Sev group showed less changes in the mechan-
ical ventilation parameters as compared to the Xe
group, which is explained by smaller xenon content
in breathing mix, and thus its lower density. So, the
combination of xenon and sevoflurane allowed re-
ducing the density of breathing mixture due to
lower xenon concentration and made the mechan-
ical ventilation parameters more appropriate which
is vitally important for patients of younger age.
Comparison of hemodynamics in different
types of xenon anesthesia. The studied hemody-
namic parameters are presented in table 4. Prior to
starting anesthetization, the age subgroups
(younger and elder) of both patient groups showed
no significant differences in hemodynamic profiles.
The hemodynamic profile of anesthesia at the
stages of induction and denitrogenisation showed
differences in the decrease central hemodynamic
parameters, heart rate reduction and perfusion
index rise due to cardiac depression and vasodila-
tion caused by the general anesthesia drugs in pa-
tients with CP and associated pre-existing hypov-
olemia [3]. However, the patients anesthetized and
maintained with sevoflurane demonstrated signifi-

Tabsuia 3. [Tapamerpsr UBJI ipu pa3/InuHbIX BUAX aHECTE3UH KCEHOHOM.
Table 3. The parameters of mechanical ventilation during different types of xenon anesthetizing.

Parameters Values of parameters in groups
Xe (n=30) Xe+Sev (n=20)
younger senior younger senior
(3-8 yrs, n=17) (9-17 yrs, n=13) (3-8 yrs, n=12) (9-17 yrs, n=8)

TV on the denitrogenisation stage, ml/kg 9.93*+0.37 9.33*+0.24 10.5%+0.43 9.46*+0.62
TV during Xe anesthetizing, ml/kg 16.68*+0.86 11.76*+0.45 14.89*+0.84 11.59*+0.88
Pinsp on the denitrogenisation stage, cmH,0 12.75*+0.3 11.46*+0.25 12.27+0.46 11.62+0.26
Pinsp during Xe anesthetizing , cmH,0 15.96*#+0.38 13.86*+0.56 13.817+0.62 12.25+0.69
EtCO, during Xe anesthetizing, mmHg 44.74%+0.88 42.13+0.96 39.64%+0.47 39.75+0.7

Note. * — between-stage difference P<0.05; * — between-group

difference P<0.05.

IIpumeuanue. TV — J10; on the denitrogenisation stage — Ha aramne qenurporenusanuy; during ... anesthetizing — na ararmne

aHecTe3UH. * — pasau4usa Me)kay aranamu (p<0,05); * — pasauaus Meskay rpynmnamu (p<0,05).
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HJIA, He mprcmocob/IeHHBIX AJ1s1 pabOThI C KCEHO-
HOM. OIHAKO y MallMeHTOB I'PyNIIbl Xe Bo3pacTraJl
He ToJIbKO /IO, HO TakKe OTMedaJsd CKJIOHHOCTD K
TUNepKanHuy, Jis1 yCTPAaHEHUsI KOTOPOU IpUxo-
JWJIOCH IPUOEraTh K PeKUMY THIEPBEHTUIIAIINN
myTeM yBesqmdeHus Pinsp. VameHeHUs ObLIN
0osiee BhIpasKeHBI B MJIAJIIEH MOATPYHIE. ITO
00BSACHSIETCS TEM, YTO JIETSIM MJIAJIIEero Bo3pacTa
npoBoanu VIBJI yepes aHA0Tpaxea bHYI0 TPYOKY
(9TT) oTHOCHUTELHO HEOOJIBIIOTO TUAMETPa —
4-5,5 MM. JTO, a TaK)Ke BO3pacTHasA y30CTh IIPO-
cBeTa OpOHXOB, TPUBOAMJIO K BO3PACTAHHIO a9PO-
IVHAMUYECKOT0 COIIPOTUBJICHUA AbIXaTeJIbHBIX
IyTei TpU BEHTUJISIIUY IJIOTHON KCEHOH-KUCJIO-
pomHol cMecklo. B cTapieii moarpymie Xe Takske
ObLTa TeHIeHITHA K oBbIeHuto /10 u Pinsp, HO B
MEHBIIIEN CTENEeHH, YTO 00YCIOBIEHO OOJIBIITAM
npocBeroM JTT m OGpPOHXMAJLHOTO TepeBa, U,
COOTBETCTBEHHO, MEHBIIIUM COIIPOTUBJICHUEM B
JIbIXaTeJIbHBIX OYTsX. Y neTeil rpynnbl Xe+Sev
n3MeHeHUsA mapameTpoB VBJI O6bLIM He CTOJB
BBIPAKEHHBIMU, KaK B rpyIiie Xe, 4To 00bsICHsIET-
CA MEHBIIINM Co/epsKaHueM KCeHOHAa B ra3oHap-
KOTUYECKOM CMECH, W, COOTBETCTBEHHO, ee boJiee
HU3KOH IJIOTHOCTBI0. TAKMM 00pasoM, KoMOWHa-
[IMs1 KCEHOHA ¢ ceBO(JIIOPAaHOM TT03BOJIUJIA CHU-
3UTH ILJIOTHOCTH JIbIXaTeJbHOU CMecH 3a CYeT
YMEHBIIEHU KOHIIEHTPalui KCeHOHa, U caesasa
mapamerpbl MIBJI GoJiee palimoHAJIbHBIMU, YTO
0COOEHHO aKTyaTbHO JJIs TallNeHTOB MJIAJIIEero
BO3pacra.

CpaBHeHHe TeMOJUHAMHUKH NMPU pa3avd-
HbIX BHJaX aHeCTe3uHu KCeHOHOM. [loka3arenu
HCC/IeyeMbIX IapaMeTpOB IeMOJUHAMUKHY IIpe -
cTaBUJIA B Ta0J1. 4. JTo MHIYKIINY aHECTE3NH T'eMO-
TUHAMUYeCcKre TPOo(UIN OBLIN CXOTHBI MERIY
BO3PaCTHBIMU MOATPYIIIaMH 00ewX TPyII U CTa-
TUCTUYECKU He OTJINYAJIUCH.

lemopuHamMuveckuii Tpou/Ib aHECTE3UH Ha
ararnax UHAYKINA U JeHUTPOreHU3aluy OTInYal-
Csl CHUPKEHHMEM TTapaMeTPOB IIEHTPATbHOU reMo-
InHaMuky, ypeskenneM YCC M NOBBINIEHUEM
WHJIeKca Tepdy3ud, 9TO 00bSICHSAETCS Kapauo/e-
IIPECCUBHBIM U Ba30AUJIATHPYIOIIUM BO3AEHCTBHU-
eM IperaparoB s 00Iel aHecTe3un Ha (oHe
WCXOIHOM TUTIOBOJIEMUY, CBOMCTBEHHOM IAIlHeH-
taMm ¢ LI [3]. OgHako TaM, rae A1 UHAYKIUA 1
MOJJIepyKaHM sl aHECTEe3UU MCI0JIb30BAIU CEBO(]-
Jgropas, AJlcp. 661710 TOCTOBEPHO HUKE. B rpymnme
Xe oTMeuasu najbHeliee ymeHbleHue YCC u
AlJlcp., BCJIeACTBUE CUMITATOJTUTHUYECKOTO 3P dek-
Ta SMUAYPAJIBHON OJ0Kanbl. OJHAKO BBEJEHUE
KCEHOHA B ra30HAPKOTHUYECKYIO CMECh IIPUBEJIO K
BBIPDA)KEHHOMY, CTAaTUCTUYECKU 3HAYUMOMY
nosbiieHu0 Y. B noarpynmne Xe muanmue YU
MOBBICHJICA Ha 45,7% OT UCXOIHBIX 3HAYEHUH, a B
noarpymnmne Xe crapmue — Ha 26,4% (p<0,01). B
rpynne Xe+Sev y fereli crapliero so3pacra YU
JOCTUT UCXOJHBIX 3HAUYEHUH, a Y MJIaAIINX JeTei

cantly lower mean arterial pressure. In the Xe
group, further reduction of heart rate and mean ar-
terial blood pressure was seen due to the sympa-
tholytic effect of epidural anesthesia. However, the
introduction of xenon to the breathing gas mixture
caused a strong and significant increase of stroke
volume index. In the Xe group, the younger sub-
group showed the SVI values increased by 45.7% as
compared to the baseline ones, and in the elder
subgroup the rise of the SVI values was 26.4%
(P<0.01), respectively. In the Xe+Sev group, in elder
children, the SVI values were comparable to the
baseline ones, and in younger children the SVI val-
ues slightly exceeded the baseline ones. Also, the
rise of MAP and CI as compared to the values reg-
istered at the previous stage was found. Thus, an in-
crease in SVI allowed to compensate a relative
bradycardia and hypotension and led to the in-
crease of CI values in all groups.

At the stage of skin incision the stabilization of
heart rate and mean arterial pressure values was
observed, with SVI and CI steadily increasing in
both groups of patients due to the xenon-induced
cardiac stimulation. In the Xe+Sev group this effect
was less noticeable. Even when used in the 50%
concentration, xenon successfully corrected the he-
modynamic depression associated with epidural
anesthesia and elevated the cardiac performance
indices to the original values.

The terminal anesthesia and patient awaken-
ing stage was characterized by the HR and MAP ris-
ing to the reference values. The SVI grew signifi-
cantly due to the increase of HRE Thus, the
hemodynamic profile at the awakening stage was
stable with no tachycardia, hypertension and pe-
ripheral spasm observed. Hemodynamic profiles of
different types of xenon anesthesia in children from
different age groups are presented on figure.

As seen from the curves presented, xenon pro-
vided a stable hemodynamic profile of anesthesia
both when used alone and in combination with
sevoflurane. Xenon-asociated cardiac stimulation
appears to compensate the negative impact of
epidural block on hemodynamics.

Recovery period assessment. With stopping
the supply of xenon and sevoflurane into the
breathing circuit of the anesthesia machine, recov-
ery of spontaneous breath and awakening of pa-
tients was fast. The time from the end of the inhaled
anesthetics supply to extubation was about 3.1+0.4
min in patients of the Xe group. The time of recov-
ery of consciousness up to the level of 8 points ac-
cording to the Aldrete scale was 5.46+0.52 min, that
of up to 10 points being 7.9+0.81 min. Awakening
occurred immediately to clear consciousness with
no remaining sedation observed.

In the Xe+Sev group, the time till extubation
was 3.14+0.38 min. which did not differ from the Xe

group. Awakening in this group of patients took sig-
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Ta0amua 4. UsMeHeHHs reMOoJUMHaMHKH Ha OCHOBHBIX dTalax anecreauu (M+m).
Table 4. Hemodynamic changes at main stages of anesthesia (M+m).

Parameters Type Values of parameters at the anesthesia stages
of anesthesia Before Induction Denitrogeni- Wash-in Skin The mainstage The end
anesthesia to anesthesia sationstage phaseXe incision of anesthesia of anesthesia
HR Xeyoung 131.17+3.85 117.07+3.47* 105.92+2.04* 101.89+2.25*/101.57+2.59* 99.03+3.1* 120.35+4.8*
Xesenior 104.06+3.42  99.07+2.66 86.6+£3.07*  79.4+4.62* 79.93+4.62* 81.2+4.07* 103.47+5.45
Xe+Sevyoung 127.55+5.20 120.91+4.93  102.55+4.55* 91.64+4.05* 92.36+3.76* 90.09+3.63**  117.27+7.95
Xe+Sevsenior ~ 107.75+9.52  106.62+7.5  95.75+7.91*  86.1+7.8*  86.25+7.8* 81.37+7.93* 110.62+9.4
MAP Xeyoung 83.14+1.82 66.64+1.97*  68.92+2.23* 61.78+1.99* 61.71+2.27* 64.92+2.2* 77.35+£1.90*
Xesenior 85.4+3.81 72.0+3.46* 70.33+3.0%  69.8+2.79*  67.9+2.55* 72.2+1.7* 86.06+2.89
Xe+Sevyoung ~ 77.00£3.74  63.55+2.16*  60.73+4.65* 64.55+2.11* 60.82+2.00* 60.71+2.68* 69.00+2.19
Xe+Sevsenior 81.0+4.82  66.62+3.75*  59.75+2.31** 63.37+2.93* 67.5+2.32* 66.37+2.43* 83.5+4.3
SVI Xeyoung 33.34+1.97 37.51%2.19 41.83+2.65  48.6+3.26* 51.01+4.23* 55.93+5.84* 49.12+5.38*
Xesenior 39.0245.11  38.63+4.6 40.04+5.19  49.34+6.54* 53.53+6.36* 51.18+5.66* 46.65+5.8*
Xe+Sevyoung 41.20+£5.70  34.52+3.85 35.68+3.48  45.60+4.70 48.51+5.46* 52.25+4.11* 52.14+5.78*
Xe+Sevsenior 37.85+5.45 33.7+3.38 30.0+2.08 37.38+£3.53 41.37+3.17  42.71£3.3 45.8+5.3
CI Xeyoung 4.05+0.23 4.31+0.26 4.42+0.30 4.75+0.38  4.87+0.42 5.12+0.5* 5.63+0.6*
Xesenior 3.69+0.4 3.54+0.38 3.43+0.37 3.77+0.43 4.25+0.45 4.07+0.43 4.68+0.49*
Xe+Sevyoung 4.43+0.43 4.10+0.38 3.63+0.29 4.22+0.34 4.29+0.34 4.72+0.41 5.69+0.67*
Xe+Sevsenior 3.50+0.31 3.22+0.29 2.77+0.27 3.21+0.30  3.59+0.21 3.96+0.4 4.53+0.45*
PRV Xeyoung 2351+156 1984+154 2012+158 1708+150*  1711+154*  1659+120* 1850+174*
Xesenior 1785+169 1661+162 1620+167 1582+167  1427+159* 1501+168 1551+130
Xe+Sevyoung 22114210 1981+155 1902+125 1991+177 1899+177 1731+118 1822+187
Xe+Sevsenior 1897+199 1612+136 1842+167 1729+105 1623+56 1640+70 1795+188

Note. * — significant difference of variables compared with baseline values P<0.05); # — between-group difference on the similar

stages(P<0.05).

IIpumeuanue. At the anesthesia stages — Ha aTanax aHecteauy; type — Buj; before — go; induction to — unnyknus; denitro-
genisation stage — geHuTporeHusanus; wash-in phase — Hacelmenue; skin incision — koskHbIi pa3pes; the main stage — oc-
HOBHOH 9rarr; the end — okonyanue; HR — YCC; MAP — AJlcp; SVI— YI; CI — CH; PRV — OIICC. * — 10CcTOBEPHOCTD pa3Jjinunii
C UCXOTHBIMU 3HAYEHUSMHU (p<0,05) ; # — IOCTOBEPHOCTh PA3JIMYMI MesKly TPyIIIaMy Ha aHAJIOTUYHBIX Tarax (p<0,05).

He3HauYUTeJIbHO IIPEeBbICUJI UX. Tak)Ke B 9TOU IpyII-
e orMeuvasu poct Allcp. u CU oT 3HaueHui npe-
IBITyIIero aTama. TakuM 0O6pa3oM, TOBBIIIIEHNE
YU no3BOINAI0 CKOMIIEHCUPOBATh OTHOCUTEJIb-
HyI0 OpaguKapIvio ¥ TUIIOTOHUIO U MPUBEJIO K
pocty 3HaueHuii CY Bo Bcex rpymnmax.

Ha sTane KoKHOTO pa3pesa 0OTMedaJu cTabu-
ausanuio 3HaueHnit YCC u Allcp. [1pu aTom mipo-
nmospkancs poct YU u CU Bo Bcex rpynmnax 60J1b-
HBIX, 9YTO 00BSICHSETCST KapIUOCTUMYJIHPYIOIIIM
adpexTom kceHoHa. B rpynme Xe+Sev aTOT
a(pdexr 6B171 HE cTONTH BhIpaskeH. OTHAKO U B KOH-
neHTpanyy 50% KCEHOH TaKsKe yCTPaHsJI Ielpec-
CUI0 TeMOIMHAMUKY, BBI3BAHHYIO SIUypaJlbHON
OJI0KaIOM, ¥ TIOBBIIIAJ 3HAYEHUs ITOKa3aTesei
IIPOX3BOJUTEJILHOCTH CepLa 10 NCXOOHbIX.

JTar OKOHYAHUSI AaHECTE3NH U ITPOOY RIEHUS
MMAalMEHTOB XapaKTepU30BaJICS IIOBBINIEHUEM
UCC u AJlcp. 10 MCXOIHBIX 3HAYEHUH. 3a CUeT
noseimeHuss YCC sHaummo yBenanmuuscsa CUH.
TakvM 0Opa3oM, TeMOAMHAMUYECKUN MTPOPUITH
aTamna mpooysKAeHNs XapaKTEPU30BAJICS COXpaHe-
HHEM CTaOMIbHON reMOAMHAMUKH 0e3 Taxukap-
UM, TUIIEPTeH3UN U Nepudepruyeckoro crnasma.
lemonuHamuyeckue NpoduIn pa3aInyHbIX BUIOB
AHeCTe3U! C NCI0JIb30BAHUEM KCEHOHA Y JeTel
Pa3HbIX BO3PACTHBIX I'PYIII NIPEICTaBAINA Ha PUC.

Kak BuJHO 13 NIpeJicTaBJIeHHbIX I'PaPUKOB,
KCEHOH obecrieunBas CTabMIbHBIN TeMOIMHAMU--
4yecKU Nnpodu/b aHecTe3UHM KaK B KadecTBe
€IWHCTBEHHOI0 MHIa/IAIVOHHOIO aHECTEeTHUKA,

nificantly longer: the time to reach 8 points Aldrette
scale was 7.11+0.61 min. and the time to reach 10
points was 11.18+0.79 min (P<0.05). Sevoflurane in
low concentration does not depress breathing and
thus does not prolong time till extubation. But
since it has higher gas/blood solubility index as
compared to xenon, elimination of the former from
the body occurs more slowly, which provided a
longer and more smooth recovery of consciousness
in the Xe+Sev patients.

Though the xenon association with the post-
operative agitation syndrome is considered un-
common, we have repeatedly faced this adverse
event in the early postoperative period when using
xenon in practice. The intensity of this syndrome
was estimated according to the Watcha scale [27].
The syndrome of postoperative agitation scoring 2
points and more was found in 6 patients (20%) of
Xe group (1 of the elder subgroup and 5 of the
younger one). Frequent postoperative agitation is
probably due to the pre-existing cognitive and
emotional disorders typical of CP. Abrupt awaken-
ing to clear consciousness may be stressful for such
patients and provoke postoperative agitation. Re-
covery of consciousness in the Xe+Sev group oc-
curred more slowly and postoperative sedation was
more common, which explains the postoperative
agitation syndrome being observed only in two pa-
tients of this group (10%). Postoperative sedation is
responsible for smooth recovery of patients with CP
and in this case may be regarded as a benefit.
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H3MeHeHHs reMOJMHAMHUKH IIPH Pa3JIMYHBIX BApHAHTAaX aHeCTe3HH KCEHOHOM Y eTteii 3-8 (a) u 9-17 sert (b), % OT HCXOJHBIX
3HAYEHHUI.

Hemodynamic changes during different types of xenon anesthesia in children 3-8 (@) and 9-17 years old (b), % of baseline ones.
Note. 1 — before anesthesia; 2 — induction to anesthesia; 3 — denitrogenisation stage; 4 — wash-in phase Xe; 5 — skin incision;
6 — the main stage of anesthesia; 7 — termination of anesthesia

IIpumeuanue. 1 — 10 aHECTE3UH; 2 — UHIYKIUS; 3 — NEHUTPOTeHU3alysi; 4 — HAChILIEHNe KCEHOHOM; 5 — KOKHBIN pa3pes;

6 — OCHOBHOW aramn; 7 — okoH4aHue anecte3un; HR — YCC; MAP — AJlcp; SVI — YU; CI — CU; PRV — OIICC.

TakK 4 B COYeTaHUU Cc ceBodopanoM. Kapauocrtu-
MyUpyIomui ap@erT KceHoHa criocoOeH KoM-
IEHCUPOBATh OTPUIATE/IbHOE BO3IEHCTBUE IIH-
IypasTbHOM OJIOKAIbI HA TEMOIMHAMUKY.

OneHKa BOCCTAHOBHUTEJIBHOIO IepHOAA.
[Tocsie okoHYaHMS MTOAAYM KCEHOHA U ceBoJIropa-
Ha B KoHTYp HJIA mpomcxoauao ObIcTpoe BOcCTa-
HOBJIEHVIE CAMOCTOSITEJTbHOTO JbIXaHUST ¥ TIPOOYSK-
JleHre NalueHToB. BpeMs OT mpeKpaleHus ofayu
VHTAJISIIIAOHHBIX aHECTETUKOB JI0 9KCTyOanuu y
60J1bHBIX rpymIb! Xe — 3,1+0,4 MuH. BoccTraHnoBIe-
HUe CO3HaHUs 10 ypoBHA 8 6asutoB mo Aldrete —
5,46+0,52 muH, 10 10 6ay10B — 7,9+0,81 MuH. [Tpo-

In the postoperative period, the postoperative
vomiting (POV) was a common adverse effect.
Antiemetic drugs involved in premedication could
not fully prevent the vomiting. Postoperative vomit
was uncommon among younger children, but was
frequently seen in teenage girls, which corresponds
to the data available [28]. The incidence of POV in
groups with different types of anesthesia differed
insignificantly: it was seen in 6 patients (20%) in the
Xe group and 3 patients (15%) in the Xe+Sev group.
Laryngospasm during extubation developed in 2
patients (6.6%) in the Xe group and in 1 patient
(5%) in the Xe+Sev group.
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Oysr1eHme B rpyIie Xe IPOUCXOIII0 CPasy 0 sICHO-
ro co3HaHwusA, 0e3 apexTa 0CTaTOUHOI CeqaIium.

B rpymme Xe+Sev Bpems 10 9KCTyOanuu
NIPaKTUYEeCKU He OINYaJI0Ch OT BDEMEHHU B IPYyIl-
e Xe u cocraBuiio 3,14+0,38 muH. [Ipo0OyxaeHmne
B 9TOH I'pyIIIIe IPOUCXOIUIIO TOCTOBEPHO AOJIbIIIE:
1o 8 6amioB mo Aldrete 3a 7,11+0,61 muH, g0 10
6astoB — 3a 11,18+0,79 muH (p<0,05). CeBod110-
paH B HU3KUX KOHILIEHTPaLMAX He YyTHeTaeT JbIXa-
HUE U, CJIEJOBATEJIbHO, He TIPO/IJIEBAET BpEMS 110
akcrtybaruu. Ho 3a cueT 60Jiee BLICOKOTO KO-
duneHTa paCTBOPUMOCTHU ra3/KPOBb CEBO(JIIO-
paHa ero 3JIMMUHAIUAA U3 OpTaHN3Ma IIPOUCXOIUT
MeJJIeHHee, YeM 9JIMMHUHAIA KCEHOHa, 4YTO o0ec-
eynsio 0oJiee AJIUTeJSbHOE U IIJIABHOE BOCCTAHOB-
JIeHHe CO3HaHUA B rpyuile Xe+Sev.

XOTAA KCEHOH XapaKTepU3yeTCs KaK aHecTe-
THK, PEJKO BbI3bIBAIOIINN CUHIPOM ITOCJIEHAPKO3-
HOW a)KUTallMU, B CBOEN MPaKTUKe Mbl HEOIHO-
KPAaTHO CTAJIKUBAJIUCH C 9TUM HEOJIArONPUATHBIM
SABJIEHWEM PAHHET0 TT0CJIe0epPAIMOHHOTO0 ITIEPUO-
Jla TPU UCTIOJIb30BAHUU KCEHOHA. BBIpayKEHHOCTH
BO30YK/IeHHs OIleHUBaJ/IH 10 IKkase Watcha [27].
B rpyrire Xe CHHIPOM MTOC/IEHAPKO3HOTO BO30Y:K-
JIeHUs C OIIeHKOU 2 1 OoJiee Oaslta oTMedasu y 6
namueHToB (20%), U3 HUX 1 — B cTapiiel moarpyI-
ne u 5 — B MJajIned. Yactoe mocjaeHapKo3HOe
BO30Yy>KI€HNE, BEPOSITHO, CBSI3aHO C MCXOTHBIMU
KOTHUTHUBHBIMU HapyLIEeHUAMH, KOTOpPbIE IIPUCY-
mu nanuentaMm c JILII, B ToM 4ucsae paccTpoi-
CTBaMH 3MOITMOHAIBHOH c(pephl. Peakoe mpooy:«k-
JIeHe 0 COCTOSIHWUSI NPAKTAUYEeCKHA SICHOTO
CO3HaHMSI MOJKET SIBUTHCS CTPECCOBBIM (DAKTOPOM
JIJIs1 TAKUX MTAIIMEHTOB U CIIPOBOIIMPOBATH ITOCTIe-
HApKO3HYIO a)KUTanui. BoccraHOBJIEHUE CO3HA-
HUA B rpynne Xe+Sev IIPOHUCXOAWJIO [OJBIIE,
coxpassijics aperT mocaeHapKO3HOU celaluu,
MT03TOMY CHHJPOM ITOCJIEHaPKO3HOTO BO30OY R Ie-
HUS OTMEYaJICsl JIUIb Y TBOWX OOJBHBIX 3TOH
rpynnsl (10%). g nanuenTos ¢ LTI aTo ckopee
NIPEeUMYIIeCTBO, YeM HeJOCTATOK, TaK KaK JeJsiaeT
poOy>kaeHne 6osee MIaTKAM.

B mocseonepanilmoOHHOM TIepUOAE YaCThIM
HeOJIarONMPUATHLIM SIBJIEHUEM OBLI CHHIPOM
MocJieonepallMoHHON  pBOTHI. HecmoTpsi Ha
BKJIIOYEHHWE B IIPEeMeJUKAIUI0 AHTUIMETHUKOB,
MMOJIHOCTBIO TpeAoTBpaTuTh pa3putue [1OTP He
YIaI0Ch. ITO SIBJIEHNE PEJIKO BO3HUKAJIO y JeTei
paHHero BO3pacTa, 1 Jalle 0TMe4dasach y JeBOYeK-
IIOAPOCTKOB, YTO COOTBETCTBYET JAHHBIM JIATEpa-
TypslI [28]. HacTroTa BosHUKHOBeHu:A [IOTP B rpym-
max C Ppas3JAYHbIMA BHUJAMUA AaHECTe3Uu
omIMYaaach HE3HAYUTEIBLHO: y 6 00IBHBIX (20%) —
B rpynne Xe u y 3 60abHBIX (15%) — B rpyrime
Xe+Sev. JJappuHTrOCHIa3M IpH IKCTYyOAITNH BOSHUK Y
2 bonbHBIX (6,6%) — B rpynre Xe u'y 1 maruenTa
(5%) — B rpyne Xe+Sev.

KornuTtuBHBIe (PYyHKUIMU OLleHUBaJIHU y 13
0O0TBHBIX U3 TPyNIbI Xe Uy 7 O0JIBHBIX U3 TPYIIIhI

We estimated cognitive functions of 13 pa-
tients from the Xe group and 7 patients from the
Xe+Sev group. Memory, attention and thinking in-
dices were assessed as percentage of the age-appro-
priate normal values. Reduced indices of memory;,
attention and thinking with respect to the average
age values were initially found in 12 patients (60%).
The average deficiency of these highest mental
functions was 28.1% (table 5).

On the first day of the postoperative period all
the patients demonstrated increased exhaustion of
attention and emotional lability. Productive operat-
ing time with the psychologist averaged 17.25+0.42
min. During the first day a non-significant rise in
cognitive deficiency was noted based on a small de-
crease in memory indices in the Xe+Sev group and
attention parameters in the Xe group of Xe. On Day
3 all the indicators of the cognitive status were nearly
similar to the baseline, and thinking indexes in the
Xe group exceeded the baseline ones by 4.2%, which
was considered as minor reduction of cognitive de-
ficiency. Meanwhile, the cognitive assessment in
children with CP after combination anesthesia with
sevofluran and epidural block showed considerable
negative influence of this intraoperative anesthesia
on postoperative cognitive functions [11]. Particu-
larly, the overall cognitive deficiency was seen in
44.6% patients the morning after surgery. However,
on Day 3 after the operation these abnormalities dis-
appeared in 75% of patients, but persisted in 25% of
them with the severity even superior to the baseline.

The data obtained in neuropsychological test-
ing indicate no neurotoxic properties of xenon both
as a single anesthetic agent and in combination
with sevoflurane.

Conclusion

The use of xenon as part of combined anes-
thesia in children with CP provides stable hemody-
namic parameters during the entire intervention,
quick recovery of consciousness, and does not af-
fect the cognitive functions. The cardiovascular ef-
fect of xenon compensates the negative hemody-
namic effect of epidural block. However, anesthesia
with xenon has some disadvantages. Analgetic ef-
fect of xenon is insufficient in pediatric anesthesia.
When using xenon in the respiratory mix it is diffi-
cult to ensure normal ventilation in younger chil-
dren and proper respiratory monitoring. In our
study the following undesirable effects of xenon
anesthesia in the recovery period were noted: post-
extubation laryngospasm, postoperative agitation
syndrome, postoperative nausea and vomiting.
High xenon consumption in the absence of special-
ized anesthesia equipment leads to a significant in-
crease in cost of anesthesia.

The combination of xenon with low concen-
trations of sevoflurane enhances the analgesic
component of anesthesia, makes mechanical ven-
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Tabsmna 5. lTHHaMHUKa KOTHUTUBHOM AN ChYHKIMH.
Table 5. Cognitive dysfunction dynamics.

The functions Deficiency from age-appropriate normal value (%)
Before surgery The 1t day after surgery The 3 day after surgery
Xe Xe+Sev Xe Xe+Sev Xe Xe+Sev
Attention 36.8* 38.1 46.1* 41.4 36.7 39.3
Thinking 26.5 25.4 28.5 30.9 22.3 25.1
22.0 20.1* 27.1 31.9* 21.9 22.0
Summary cognitive defisency, % 28.4 27.8 339 34.7 26.9 28.8

Note. * — no differences were found between the groups and stages (P>0.05).
IIpuMeyaHue. * — OVIMYUN MKy IPYIIIAMU U 9TAallaMH He BBISIBUIU (p>0,05).

Xe+Sev. McciienoBaam nmokasareJsiy IIaMsITH, BHU-
MaHWUS ¥ MBIIIIJIEHUS B TIPOI[EHTAX OT BO3PACTHOM
HOPMBI. ¥ 12 manyeHToB (60%) UCXO0OHO OTMeYaJIn
CHI KEHMe TMoKasaTeJiell ImaMsATH, BHUMaHUA U
MBIIIJIEHNUSA OTHOCUTEJIBHO CPEeJHNX BO3PACTHBIX
nokasarteJsieil. B cpenneM neduUT 9TUX BBICIINX
MICUXUYECKUX (PyHKIIMH cocTaBua 28,1% (TabJ. 5).

B nocneonepanmoOHHOM Iepuoie y BceX
[IAIIMEeHTOB B [IepBble CYTKU OTMEYaJIu IIOBBIIICH-
HYIO MCTOIaeMOCTb BHUMAHUA U IICUX03MOLIMO-
HaJIbHYI0 Ja0MIBHOCTD. [IpOIyKTUBHOE BpeMs
paboThl C TICUXOJOTOM COCTAaBUJIO B CpemxHEM
17,25+0,42 muH. B TeyeHre IEPBBIX CYTOK OTMEYa-
JIA HeOOJIbIIOE, CTATUCTUYECKN MaJIO3HAYNMOE
HapacTaHue KOTHUTUBHOTO AeUINTa, IPOSBUB-
I1erocsi B He3HAUYNTeJIbHOM CHMYKEeHNH II0Ka3arTe-
Jieli MaMsATH B rpynie Xe+Sev U BHUMaHUA B TPYII-
ne Xe. Ha Ttperbm cyTKM BCe IIOKa3aTesau
KOTHUTHUBHOI'O CTaTyca IIPaKTUYEeCKU He OTInYa-
JIMCh OT UCXOIAHBIX, a IIOKa3aTesJu MBIILJIEeHUs B
rpymme Xe IpeBbIlIaJgd UCXOAHbIE Ha 4,2%, YTO
IIPUBEJIO K HE3HAYUTEJIbHOMY YMEHBIIIEHUIO KOT-
HUTUBHOTO AedunuTta. B cBoio ouepenb, nccaeno-
BaHUsI KOTHUTUBHBIX (DYHKIUH, TPOBEJeHHbIE Y
mereir ¢ LIIT mocae coyeTaHHOW aHeCcTe3Wd Ha
OCHOBE CeBOpaHa W JMHUAYPAJHHON OJOKAIHI,
MMOKa3aJy 3HAYUTEJIbHOE OTPULlATeJIbHOE BJIUS-
HUe 9TOW CXeMbI HHTPAoIeparimoHHOTO 06e360-
JIMBAaHWA HA OCJeO0NepallMOHHble KOTHUTUBHbIE
¢ysarmuu [11]. B yacTHOCTH, OOIIIUIT KOTHUTHB-
HBIN IedUuIUT HAyTpo II0Cje ONepaluu COCTaB-
J15J1 44,6%, OHAKO Ha TPEThY CYTKH II0CJIe oIepa-
1 y 75% OOJbHBIX BHISIBJEHHBIE HapPYIIEHUS
IepecTany OnpenesAaATbCs, HO y 25% ITalueHTOB
HapyllIeH!s1 COXPaHsJIN BbIPAsKEHHBIA XapaKTep,
IIpEBBIIIAsI UCXOIHBIN YPOBEHb.

TakuMm oOpasom, MaHHBIE, MOJIYYEHHBIE B
pesy/braTe HelpoIICUX0JI0TUYeCKOI0 TECTUPOBA-
HUS, CBUIETETHCTBYIOT 00 OTCYTCTBUU HEHPOTOK-
CHUYEeCKHUX CBOMCTB KCeHOHA KaK B KaUeCTBE eIIH-
CTBEHHOTO MHTAJISIMOHHOTO aHEeCTETHKA, TaK U C
coYeTaHWU € mapaMu ceBogJIiopaHa.

3akJrouenue

[IpuMeHeHMEe KCEHOHA B COCTABe COUETaHHOMU
anecte3uu y zereii c I{IT obecrieunBaeT cTabUIIb-
HYIO0 TEMOJMHAMUKY B T€UE€HHE BCEr0 BMeIlaTe Th-
CTBa, OBICTPOE BOCCTAHOBJIEHNE CO3HAHUS, OTCYT-

tilation more manageable and patient’s awakening
more smooth and comfortable.

Xenon-associated cardiac stimulation com-
bined with sevoflurane provides stable hemody-
namics throughout the surgery. Addition of sevoflu-
rane reduces the incidence of adverse events in the
postoperative period such as agitation, laryn-
gospasm, nausea and vomiting. Combination of
xenon and sevoflurane makes anesthesia cost-ef-
fective by reducing the xenon consumption. Xenon
anesthesia in all studied applications did not sig-
nificantly affect the cognitive function of patients
with cerebral palsy.

Our data allow us to recommend xenon-based
anesthesia for use in children with cerebral palsy.

CTBUE BJIMSHUS AHECTE3WH Ha KOTHUTHBHBIE
¢yakuuu. Kapnuoctumynupyiomue 3¢ ¢eKTbl
KCEHOHA KOMITEHCHUPYIOT OTPHUIIATETbHOE BIUSHIE
aMUIypaTbHON OJIOKAIBI HA TEMOTUHAMUKRY. Tem
He MeHee, aHeCTe3WsI KCeHOHOM MMeeT U OTpHIia-
TeJIbHbIE CTOPOHBI. AHATbIreTHYECKAS AKTUBHOCTD
KCEHOHA HeI0CTaToYHa JJIsi TPOBEIeHN s aHecTe-
3UM y JleTel; mpu 100aB/IeHNH KCeHOHA B ra3o-
HapKOTAYECKYIO CMECh BO3SHUKAIOT CJIOKHOCTH B
obecrieueHN HOPMOBEHTUJIAIINY y JeTe MJa-
1€l BO3pacTHOM TPYIIIBI M MCKAKAIOTCS TaHHbIE
pecnuparopHOro MoHUTOpUHTA. [Ipu mpuMeHe-
HHUY KCEHOHA OTMeYaJsIv CIeAyIolre HesKeaTe  h-
Hble 3(P(PEeKTh aHecTe3nn B TMOCTEHAPKO3SHOM
Tepuroie: TOCTIKCTYOAIMOHHBIN JJTApUHTOCIIa3M,
CHHJIPOM TIOCJIEHAPKO3HOU asKUTAIIHH, TTOCIIe0TIe-
paloHHasl TOITHOTA U PBOTA. BBICOKHI pacxof
KCEHOHA IIPU OTCYTCTBUU CIIEIUATN3UPOBAHHON
HApKO3HOU anmapaTypbl IPUBOAUT K 3HAYUTEITh-
HOMY yJIOPOKaHUIO0 CTOMMOCTH aHECTE3WH.
CoueraHne KCEHOHA C HU3KUMU KOHIIEHTPa-
IWSIMU TIAPOB ceBO(JTypaHa CioCOOCTBYET yCuJie-
HUIO aHATIETUYECKOTO KOMIIOHEHTA aHEeCTE3MH,
nesiaeT MIBJI 6oJ1ee yripaBJiisieMoii, a mpoby kaeHue
IaIKUM 1 KOM(OPTHBIM J171s ITanueHTa. Kapano-
CTAMYJIAPYIOIIME CBOMCTBA KCEHOHA B COUETAHUH
¢ ceBo(IypaHOM IO3BOJISIIOT 00ECIIEYUTh CTa-
OMJIBHYIO FeMOIMHAMUKY Ha MPOTAYKEeHUN BCEro
OIlepaTUBHOIO0 BMeIIaTeJ bCTBA. Kpome TOrO,
nobaBJieHME TapoB CeBO(JIIOpaHA YMEHBIIAEeT
YacTOTy Pas3BUTHA He)KeJaTeJbHBIX SBJIEHUN

IIOCJIEHAapPKO3HOI'0 ITepuoaa: a’kuTalunu, JJapuHro-
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Knunudyeckue nccjaeqoBaHud U IMIpaKTUKa

CIIadMd, TOIIHOTbBI U PBOTHI, JEJAE€ET aHECTE3NUIO
0oJiee 3KOHOMUYHON 3a CYET CHUYKEHMUS pacxonga
OOPOTOCTOAIILETO aHECTETUKA KCEHOHA. Kcenono-
BasA aHECTE3HA BO BCEX MCCJICJOBAHHBIX BapHUdH-
Tax €€ INIPpUMEHEHNA HE OKa3dblBaJjJida 3HAYUMOI'O
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YBaskaemMblie ABTOPBI ;KypHaJsia «001as peaHuMaTOJIOTHs»!

ObparijaeM Baille BHUMaHMEe Ha 00HOBJIeHUE [IpaBuJI 715 aBTOPOB.

Oo6HoBJIeHHbIe [TpaBuJIa /11 aBTOPOB B peaakiiuu 25 ceHTsA0ps 2018 I. comepskaT pa3bsCHe-
HUsA 110 opopMIIeHHIo A PUINAIIUT ABTOPOB, PUCYHKOB U TaOJINII; JOTIOJTHEHUS B pasiesax «IIpa-
BOBbBI€E U 9TUYECKUE ACTIEKThI TYOJIUKAIINN PYKOIIUCHY», «OTIIPABKa MaTepUAIOB JJIsI ITyOJIMKAIIUN»,
«CTPYKTYpPHBIE PasJiesibl CTaTel ¥ PEKOMEH/ IAINY 110 UX OITUCAHUIO», «OMOInorpadusi».

O6HoBJsieHHbIe [IpaBuIIa 1718 aBTOPOB Pa3MellleHbl Ha CaliTe sKypHaJa:
www.reanimatology.com

www.reanimatology.com
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