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ComnyTcTByHolas cepjiedtasi HeIoCTaTOYHOCTh SABJISETCsl 00UIENPU3HAHHBIM (DAaKTOPOM PHUCKA Y XUPYPrudec-
KHX MAIUEHTOB B KAP/IMAJIbHOM, TaK U B HEKAPAUATBHON XUPYPrUU.

Iless paGoOTHI COCTOSIA B TIOMCKE U BbLAEJIEHUH (DAKTOPOB WM MapKepPOB, MO3BOJISIONIMX MPOrHO3UPOBATH
pannuii (10 30 areil) u nosaumii (10 1 roga) HEGIATOTPUATHDIN KCXO/ Y MAIIMEHTOB ¢ OCTPOI CepAeuHON HemocTa-
tounoctbio (OCH) B cocyaucToii Xupyprum.

Marepuasbl u MeToabl. [IpoBes panoMnusnpoBanHoe, MyJIbTUIIEHTPOBOE, PETPOCIIEKTUBHO — IIPOCIIEKTHB-
HOE MCCJIe/IOBAHNE, PAaHIOMU3UPOBAIKN 89 MaluenToB, No/mcaBnx nugopmuposantoe cornacue. Ha 4-x sta-
ax IMPOBOIMMOTO Hcce[oBanus (hrUKCcHpoBaan 3HaYeHus cepaednoro nujgexca (CW), hpaxiuio narnanus Jeso-
ro sxenypouka (D@Uixk), Gpamu npoby Kposu st oupeneienus: cogepkanuss NT-proBNP. Coxepskanue
Tponanuna T (TnT) onpeaensin ToabKo Ha 3-eM sTane uceaenopanusa. OukcupoBain HeoOXOAUMOE BPeMs TIpe-
GbIBaHIsI B Iasiare OTeJieHus anecresnosoruu-peanumaronorun (IIUT) u B craipionape, 4acToTy pa3BUTHS HH-
apxroB 1 nHCcypTOB B pannue (10 30 cyToK) cpoku mocIe nepernecenHol onepanun, 30-Tu IHEBHYIO 1 TOZOBYIO
JIETATTBHOCTD.

Pesyabrarel. [IpeiukTOpbl HEGAATOIIPUATHBIX COOBITUN M3YyYajid B CMELMIAHHOW TpyIiiie GOJNbHBIX, /sl KOTO-
PBIX MCIIOJIb30BaIN pasandnbie MeTob poduiaktukn OCH B nepronepanmonnom rnepuoze. Yactora pasButus
octporo undapkra muokapaa (OMM) cocrasuna 12%; urncynbra 2%. locruraabHast JeTalIbHOCTD COCTABIIIA 2%;
rogioBast etasnbHocTh — 10%. IlanmenTsl poBesn B ajarte UHTEHCUBHOI Tepanuu 3 (2—4) [nHsi; BpeMst pe0bi-
BaHus B craimonape cocrauio 11 (10—13) aueii, HeGnaronpUATHBIA KOMIIO3UTHbII KCXO/ ONIEPATUBHOTO Jieue-
HUsA ot™MeTn y 15% marnueHToB. EANHCTBEHHBIM 3HAYMMBIM MTPEANKTOPOM OKa3aJI0Ch CO/EP/KaHNe TPOTIOHIHA
T B 1-e cyTku HocTONpPEPAMOHHOTO TTIepuoa. [Ipu n3yueHnn IpOTHOCTUYECKOH 3HAUUMMOCTH PA3JINYHBIX TTOKA-
3aTeJieil rofl0BOH JIeTaJbHOCTH MOJIYYMJIN CXOAHBIN pe3ybTat. /[ MporHo3upoBaHmsl BOSMOKHBIX CPOKOB Jiede-
Hug HanboJsiee 3HaYMMBIM KpUTepreM okasajcs Vasoactive Inotropes Score (VIS).

3akmoyenue. [ToaTBepanin IPOrHOCTUYECKYIO 3HAYMMOCTD otipesesieHust THT B paHHue CpOKH 1OCJIe BBITIOJ-
HEHMS PEKOHCTPYKTUBHBIX COCY/IMCTBIX OIIEPAIUIl Y TTAIMEHTOB CO CHIKEHHON (Dpakiineil M3rHanus JeBoro xKeJry-
nouka. J[uarHocTuueckast IIEHHOCTD pacuera VIS Tpefyer ganbHeilnero noaTsepsKAeHus..

Kntoueswte cnosa: cocyoucmas xupypzusi; nocieonepayuontas iemaibHoCmby, J1e60CUMEHOA,; AHeCemu1eckas
Kapouonpomexuusi; mponoHun

Concurrent cardiac failure is an universally accepted risk factor in surgical patients undergoiing cardiac or
non-cardiac surgery.

The aim of this study was to search for and identify factors or markers, which would permit to predict early (up
to 30 days) or late (up to 1 year) adverse outcomes in patients with acute heart failure (AHF) in the vascular surgery.

Anpec st KOPPECTIOHIEHIUH: Correspondence to:

Basepuii JIuxsamien Valery Likhvantsev
E-mail: 1ik0704@gmail.com E-mail: 1ik0704@gmail.com

www.reanimatology.com GENERAL REANIMATOLOGY, 2017, 13; 3



DOI:10.15360,/1813-9779-2017-3-6-12

HPOI‘HOS NCX0AQA KPUTUIECKUX COCTOSIHUM

Materials and Methods. A randomized, multicenter, prospective — retrospective study was performed. 89
patients who had signed the Informed Consent Form were randomized. Throughout the four stages of the study,
the cardiac index (CI) and the left ventricle ejection fraction (LVEF) values were recorded. At the same stages,
blood was sampled to be tested for the NT-proBNP level. The TnT level was tested only at the 3rd stage of the
study. The required stay in the intensive care unit (ICU) and in the in-patient hospital, the incidence of infarctions
and strokes during the early postoperative period (up to 30 days), the 30-day and one-year mortality rates were
recorded.

Results. Different AHF prevention methods were used in patients included into this study in the postopera-
tive period. Predictors of adverse events were studied in a combined population.

The incidence of acute myocardial infarction (AMI) was 12% and that of stroke was 2%.

The in-hospital mortality rate in the combined group was 2%; the one-year mortality was 10%. Patients stayed
in the intensive care unit for 3 (2—4) days; the hospital stay was 11 (10—13) days; the composite adverse outcome
of the surgical treatment was registered in 15% of patients. As a result, the Troponin T level was the only signifi-
cant prognostic factor during the first 24 hours of the postoperative period. A study of the prognostic significance
of different parameters in relation to their effect on the one-year mortality rate demonstrated a similar result.
Vasoactive Inotropes Score (VIS) turned out to be the most significant criterion for prediction of possible treat-
ment duration.

Conclusion. The study results confirmed the predictive value of early determination of TnT levels after repar-
ative vascular surgeries in patients with decreased left ventricular ejection fraction. The diagnostic value of the
VIS calculation needs further confirmation.

Keywords: vascular surgery; postoperative mortality; levosimendan; anesthetic cardioprotection; troponin
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BBenenne

N3sBecTHO, uTo comyTcTBytomas MUBC asisercs
JIOTIOJTHUTETbHBIM CEPbe3HBIM (DAKTOPOM PHUCKA Ha-
CTYIUIEHUST HEeGJIArOTPUSITHBIX COOBITHIL, B TOM YHC-
Jie, B cocyaucToit xupypruu [1—5, 12].

O puckax ornepanuu MAIUEHTOB C CEPIACYHON
Heznocratounoctbio (CH) anectesnosior, kKak mpaBu-
JIO, OCBEJIOMJIEH HEeCKOJIbKO MeHblte. [lo kpaiiHe me-
pe, AIMarHoCcTUKe U MPOMUIAKTUKE OCTPOIA CEPIEUHOM
nepocratounoctu (OCH) ynesngercs 3HAYUTENBbHO
MeHbIIIe BHUMAHUS, 9YeM TPOMUIAKTUKE U JICUCHUTO
MIEPUOTIEPAITMOHHOTO MH(pAPKTA MUOKAP/IA.

Bwmecre ¢ Tem, iepuonepamontas JeTaTbHOCTb
B HeKap/uaibHOU xupyprun y naruentoB ¢ OCH B
2—4 pasza Boiie, yem y naiuerToB ¢ UbC [6—8]. He
M03BOJIgeT UTHOPHUPOBaTh comyTcTByionyio OCH u
4acTOTa BCTPEYAEMOCTH JIAHHOTO COCTOSHUS — Y TIa-
[UEHTOB BO3PACTHOI IPYIIIBI «CTapiie 65 jseT» oHa
cocrasiisieT oT 8 110 15% [9]. C yuerom akropa «cra-
PEHUs> MAIUEHTOB OOIIEXUPYPrUIECKUX CTAIlMOHA-
POB, AHHYIO TIPOOJIEMY HUKAK HEJIb3sl HA3BATh Pell-
KOU WJIM MAJIO3HAUUTETHHOT [7].

B sroii cBsiu, ocoboe 3HaueHUE PUOOpeTaeT
MOUCK MAapKePOB HEGJIATOTPUSITHBIX COOBITHIT Y BbI-
OpaHHOU MOy JISAIUE GOJNBHBIX.

[Tenb HacTosIEell pabOThI COCTOSLIA B IIOMCKE U
BbljleJIcHMM (DaKTOPOB WMJIM MapKepOB, TTO3BOJISIO-
NIMX TPOrHO3UpoBarh panHuit (10 30 aHei) n mo3-
Huil (10 1 roga) HeGJATONPUATHBIN NCXO]I Y TAllUEH-
toB ¢ OCH B cocyamcToit Xupypruu.

Marepuan u MeTObI

HpOBeJH/I PaHIOMHN3NPOBaHHOE, MYJBTUIICHTPOBOEC,
PETPOCIIEKTUBHO — TIPOCIICKTUBHOEC WCCJE/IOBaHUE B

2013—2015rr.

Introduction

Concurrent CAD is known to be an additional
severe risk factor for adverse events, for example, in
vascular surgery [1—5, 12].

As for other surgery-related risks for patients
with heart failure (HF), the anesthesiologist fre-
quently is not so well aware of them. At any rate,
diagnosis and prevention of AHF receive consider-
ably less attention than prevention and treatment of
perioperative myocardial infarction.

In the meantime, the perioperative mortality
rate in non-cardiac surgery of patients with AHF is
2—4 times as high as in patients with CAD [6—8].
Concomitant AHF cannot be ignored also due to the
incidence of this state: it comprises 8% to 15% of
cases among in patients over 65 years [9]. Since the
age of surgical patients becomes more advanced, this
problem cannot be called rare or insignificant [7].

In this connection, the search for adverse event
markers in the selected population of patients
becomes particularly significant.

The aim of this study was to search for and
identify factors or markers, which would permit to
predict early (up to 30 days) or late (up to 1 year)
adverse outcomes in AHF patients in the vascular
surgery.

Materials and Methods

A prospective — retrospective, multicenter, random-
ized control study was carried out.

Inclusion criteria:

1. Surgery type: reparative surgery of abdominal
aorta.

2. Age: >45 years old and<75 years old,;

3. Left ventricular ejection fraction <50%;

OBINAA PEAHMMATOAOI' M, 2017, 13; 3
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Ta6imua 1. O6uias XxapakTepucTHKa GOJIbHbIX.
Table 1. General patients' characteristics.

Parameters Values of parameters
Number of patients 91

Male (%) 81 (89)

Age, years 66 [56—69]
ASA 3[3-4]
NYHA 3[3-3]

Left ventricular ejection fraction (LVEF), % 37 [32—43]
Cardiac index (CI), | /min/m?* 2.9+0.4

NT-proBNP, ng/ml

845 [669—1238]

Note. The data are presented in the form of a mean value * standard deviation or median [interquartile interval].

IIpumeyanue. /[anuble npeaCTaBIeHbl CPEHUM 3HAUCHUEM T CTAHAPTHOE OTKJIOHEHHE WM Me/[MaHa [ MeKKBapTHIIbHbII HHTEpBaI].
Jlnst taba. 1, 2: Parameters — mapamerpsl; Value of parameters — snayenust mapamerpos; Left ventricular ejection fraction (LVEF) —
(pakius usrnanus gesoro xeayaouka; Cardiac index (CI), I/min/m?* — cepaeunsiii unnexc, a/mun/m* Number of patients — uncio
nanuentos; Male — myskuun; Age, years — Bo3pact, Tojibl; ng/ml — Hr/mur.

Kpurepun Briouenns:

1. Bwua onepanun: peKOHCTPYKTHBHAS OIlepaIis Ha
OPIOIITHOM OTJIEJIE A0OPTHL.

2. Bospact — >45 set u <75 jer;

3. paknust U3rHAHUS JIEBOTO JKesynouka <50%;

4. OrcyrcTBre nHMapKTa WM MHCYIBTA B TIPE/IIe-
cTByforue 6 MecsIes;

5. OrcyrcTBue He KOPPUTHPOBAHHON TUTTOBOJIEMUM.

6. Allcp B ucxoze > 65 MM pT. T. 6€3 MHOTPOITHOU
HOJUTEPKKY;

Kpurepun nckimodeHus:

1. JKusneomnacusle Hapymrenne put™ma cepama (Gke-
JIYZTOYKOBAsT 9KCTPACUCTOJIHS U T.JL.)

2. AopTasbHBII CTEHO3;

3. IloropHas omepaiusi BO BpeMst TIpeObIBaHUS B
CTaIOHAPE;

4. Ortka3z noanucatbh MHOOPMUPOBAHHOE COTJIACHE
006 yJacTiu B HCCIIE[OBAHUL.

B ykazannblii iepuo Bpemern 125 6oJIbHBIX COOTBET-
CTBOBAJIM KPUTEPHM BKtoueHus. OIHAKO, B TaJIbHEIIIEeM
B MCCJIC/IOBAHME PAH/IOMU3UPOBAIN 89 NAIMEHTOB.

O6uas xapakrepucThka OGOJbHBIX CPABHUBAEMBIX
rpyIi npencrapiena B tabu. 1.

[leraspHoe onucanne METOANK aHECTE3UN U ITapaMeT-
POB TIPOBOJIMMOTO MCCJIE/IOBAHUSI COJEPIKUTCS B CTAThe,
ony6MKoBaHHON Hamu panee [10].

BceM 60JibHBIM BBITIOJIHSIM Oll€paliiil Ha WH(pape-
HAJBHOM OTziesie a0pThl (AopTo-6eipeHHOE IYHTHUPOBA-
HUe WJIU TIPOTEe3UPOBAHNE) MO0 CPOYHBIM TTOKA3AHUAM, B
CBSI3W C Pa3BUTHEM KPUTHYECKOI MIIEMUN HUKHUX KO-
HeuHocTel 1 yrposoii ammytaruu., O6muM A1 Beex ma-
IMEHTOB SIBJISACh HU3Kas (hpaxius M3rHAHUS JIEBOTO
JKeJylouka. Bee GoJibHbIe, 0JyYaBIine acHupuH 1 Oera
6JIOKATOPBI B IIPENONEPAIIMOHHOM IIePHOJIE, MTPOLOJIKA-
JIVL TIPHEM IPEIapaToB [0 JHsI OIlepPaIllii 1 BO30OHOBJISI-
JIWL €TO CPpasy MocJje CHATHS OTPAHNYeHNIl Ha TPUEM SKUJT-
KOCTH per 0S.

Boigesnnmm 4 srTarna ucciaejoBaHus:

1. 24 yaca jio Hauasa onepaiuu.

2. Tlocue BBeneH s B HAPKO3 HO /IO HAYAJIA OTIEPAIINN.

3. Yepes 2—4 yaca nocsie OKOHYAHUS OMEPATTHL.

4. Yepes 26—30 yacoB mocJie OKOHYAHUST OMEPATTATL.

Ha kaxmom atane (hrukcupoBain 3HaUE€HUS CEPIEYHO-
ro uniekca (CH), ¢pakimm n3rHanus JeBOro KeJay/0uKa
(DUK), 6pasu mpoby KPOBU JJIsL OLPEIETIEHUS COIEPIKa-

4. Absence of infarction or stroke within the last 6
months

5. Absence of uncorrected hypovolemia.

6. BPav in the outcome >65 mm Hg without
inotropic support;

Exclusion criteria:

1. Life-threatening cardiac arrhythmia (ventricular
premature beats, etc.)

2. Aortic stenosis;

3. Repeated surgery during the hospital stay;

4. Refusal to sign an informed consent form to par-
ticipate in the study.

Within the specified period of time, there were 125
patients eligible for the study. However, later on, 89
patients who signed the informed consent were random-
ized in the study.

General characteristics of patients in the compared
groups are presented in Table 1.

A detailed description of anesthesia methods and
study parameters is presented in the article we published
earlier [10].

All patients underwent surgeries in the infrarenal part
of aorta (aortofemoral bypass surgery or grafting) for life-
saving indications because of critical ischemia of the lower
extremities and the risk of amputation. A low left ventricle
ejection fraction was common for all patients. All patients
treated with aspirin and beta blockers before the surgery
continued administration of the drugs till the day of the
surgery and resumed, when oral intake of fluids was
allowed again.

There were four test stages identified:

1. 24 hours before the surgery.

2. After induction of anesthesia prior to the surgery;

3. 2—4 hours after the surgery;

4. 26—30 hours after the surgery.

At each stage, CI and LVEF values were recorded. At
the same stages, blood samples were harvested to test the
NT-proBNP level. The TnT level was determined only at
the 3rd stage of the study.

The required stay in the intensive care unit (ICU)
and in-patient hospital, the incidence of infarctions and
strokes in the early postoperative period (up to 30 days),
the 30-day and one-year mortality rates were recorded.

The vasoactive inotropes score (VIS) was deter-
mined as the maximum sympathomimetic infusion rate
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nusg NT-proBNP. Conepsxanne TnT onpenensiim Tompko
Ha 3-eM JTale UCCae/I0BAHNs.

@ukcupoBany HeoOX0AUMOE BpeMsi TIPeObIBaHUST B
I[TUT u cranmonape, 4actoTy pa3BUTHS MHMAPKTOB U MH-
cysbToB B panHue (710 30 cyTOK) CPOKH 11OCJIEe TIEPEHECEH-
Hoii orneparuy, 30-TH JHEBHYIO U TOJOBYIO JIE€TATbHOCTD.

Vasoactive Inotropes score (VIS) onpenesnsim kax Mak-
CHMaJIbHOE 3HAYEHHE CKOPOCTH MH(Y3UN CUMIIATOMUMETH-
KOB 110 hopmyJie 100yTamuH (MKI/KI/MUH) + HOpaJpeHa-
gl [(Mxr/kr/mun) X 100]+ agpeHamus [(MKr/Kr/MuH) X
100] B TeueHne aHecTe3UN U MIEPBBIX 24-X YACOB MOCJICOIIEPa-
IIMOHHOTO TIepHO/IA.

KoaddunmenTsr roructuaeckoil perpeccu mOTEHITH-
QIBHBIX TIPEANKTOPOB HEOIATOMPHSITHOTO KOMIIO3UTHOTO
ncxona NT-proBNP (pasuunia navano-ucxon), CU1 (pas-
Huia Havyamo-ucxon), MUk (pasHHIla HAYATO-HCXO/)
PACCYMTHIBINCH KAK Pa3HUIA JAHHBIX 2-TO 3Tala MCCie-
JIOBAHUS U 9TAla — UCXO/L.

KosmyecTBennbie mTapaMeTphbl IPeBAPUTEIbHO AHAIN-
3UPOBAJIN Ha HOPMAJIBHOCTD pacnpeiesenus rectamu JIm-
smedopca u [lamupo—Yuika. [l cpaBHeHMsT HOPMAIBHO
pacIipe/ieJIeHHbIX KOJTMYECTBEHHBIX BEJUYUH HMCII0JIb30BA-
s t-kputepuii CrpiogienTa. [l71s1 cpaBHEHUS KOJTMYECTBCH-
HBIX BEJMYUH C HEHOPMAJIbHBIM paclipe/ieJIeHHeM [prMe-
sy U-kpurepnit Yutau—Manna.

[l cpaBHenns Ka4ecTBEHHBIX TPU3HAKOB UCIIOIB30Ba-
JIV KPUTEPHH y* (XU-KBaJIpaT) 1 TOuHbIi kputepuit Dutepa.

Jlna ananusa JUHAMMKU HOKasaTesieil ¢ HeHOpMaJlb-
HBIM pacIIpe/ieJIeHueM MPUMEHSJIN PAHTOBbIH JHCIIePCH-
onnblil anasmu3 1o OpuaMeny ¢ aoCTeEPUOPHBIM AHATUZOM
C MCII0JIb30BaHMEM IIapHOTO TecTa Buiikokcona u rorpas-
xu bordepponn.

Cpennue 3HaY€HUST HOPMAJIBHO pacipe/ieJIeHHbIX KO-
JINYECTBEHHBIX TIaPaMeTPOB IIPEACTABICHBI CPEIHUM
apuGMeTHYeCKUM CO CTAHAAPTHBIM OTKJIOHEHUEM, a He-
HOPMAJIBHO PACIPE/ICTCHHbIX — MEIUAHOH C MEKKBap-
THUJIbHBIM UHTEPBAJIOM.

Pasnnuns npuHUManIn CTaTUCTHYECKU 3HAYUMBIMU
mpu yposue p<0,05.

Jl71s1 pacdeToB uctosb3oBa porpammbl Statistica 8.0
(StatSoft, Inc.) u MedCalc 12.5.0.0 (MedCalcSoft-warebvba).

PesyabraThl 1 00CyK/I€HHE

VY GOJIbHBIX, BKJIOYEHHBIX B HACTOSIIIEE UCCIIE-
JIOBAHUSI, MICIIOJIb30BAIU PA3IMIHbIE METOIbI TPOhU-
saktuku OCH B nepuonepanuontnom nepuose [10].
OpHaKO, TPEAMKTOPDHI HEOIATONPUSTHBIX COOBITUI
U3y4Yasy B CMEIIAHHOU TPYIIIIe.

Yacrora passutusi OVIM cocraBuna 12%; un-
cysbra — 2%; TOCIUTAIbHAS JIETAIBHOCTh COCTABILIA
2%; romoBast etanbHOCTh — 10%. [laruenTtsr mpoBesm
B TTajiaTe MHTEHCUBHOM Teparuu 3 (2—4) nHs; BpeMs
npebbiBatust B craionape cocrapuio 11 (10—13)
JIHEH, HeOIATOIPUATHDIM KOMIIO3UTHBIN MCXOJL OIlepa-
TUBHOTO JIeYeHUsT OT™MeueH y 15% manuenTos.

[TpeAnpUHSIIM MONBITKY BLISIBUTH Haubosiee
3HAYUMBIN TIPEUKTOP HEOJATOMPUSTHOTO KOMIIO-
3UTHOTO UCXOMA Y PACCMATPUBAEMOI KaTeropuu ma-
1eHToB (Tabu. 2).

B pesysibraTe, eUHCTBEHHBIM 3HAYUMBIM IIpe-
JKTOPOM OKa3aJicst ypoBenb Tpornonuna T B 1-e cyT-

using the following formula: dobutamine (pg/kg/min) +
noradrenaline [(pg/kg/min) X 100] + adrenaline
[(pg/kg/min) X 100] during the anesthesia and within
the first 24 hours of the postoperative period.

Logistic regression coefficients of potential predictors
of an adverse composite outcome (NT-proBNP (baseline-
outcome difference), cardiac index (baseline-outcome dif-
ference), and LV ejection fraction (baseline-outcome dif-
ference)) were calculated as a difference between the
second stage and outcome stage data.

Quantitative parameters were analyzed for normal-
ity of distribution using Lilliefors and Shapiro-Wilk
tests. The t-test was used for comparison of normally
distributed quantitative parameters. Abnormally dis-
tributed findings were compared using the Whitney-
Mann U-test. The y* (chi-square) test and Fisher's exact
test were used for comparison of qualitative data.
Friedman test with a posteriori analysis using the
Wilcoxon rank-sum test with Bonferroni's correctio was
used to analyze the dynamics of abnormally distributed
data.

Mean values of normally distributed quantitative para-
meters are represented by an arithmetical mean with a stan-
dard deviations, while those of not normal distributed — by
a median with an interquartile interval.

The results were considered statistically significant at
the level of P<0.05.

Calculations were made wusing Statistica 8.0
(StatSoft, Inc.) and MedCalc 12.5.0.0 (MedCalc Software
bvba) software.

Results and Discussion

Different AHF prevention methods were used
in patients included into this study in the postopera-
tive period [10]. However, we studied predictors of
adverse events in a combined population.

The incidence of AMI was 12% and that of
stroke was 2%.

The hospital (30-day) mortality in the mixed
group was 2%; the one-year mortality was 10%.
Patients stayed in intensive therapy unit for 3 (2—4)
days; the hospital stay was 11 (10—13) days; an
adverse composite outcome of the surgical treatment
was registered in 15% of patients.

There was an effort made to detect the most
significant predictor of the adverse composite out-
come in the tested patient population (Table 2).

As a result, Troponin T level within the first
24 hours of the postoperative period turned out to
be the only predictor with a statistically significant
regression coefficient. It seems all the more sur-
prising that the comparison was performed with
such important AHF diagnostic tests as CI, LVEF
and NT-proBNP. It appears that the risk of adverse
outcomes after vascular surgeries performed on
AHF patients is more likely related to the develop-
ment of a peri-operative infarction than to AHF
decompensation.

A similar result was obtained during studies of
the predictive significance of various indicators
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TaGauna 2. IporaocTuyecKas 3HAYUMOCTD UCCIIE[yEMBIX IAPAMETPOB /ISl HEOJIATONPUSATHOTO KOMIIO3UTHOTO HCXO0/1a,
ro/I0BOM MOCIECONePAIIOHHON JIeTAJIbHOCTH H CPOKOB JICUCHHSI.
Table 2. Predictive value of parameters in adverse composite outcome, yearly post-operative mortality and hospital

stay time.
Parameters Values of parameters in study cases
Adverse composite Yearly post-operative mortality Hospital stay
outcome (n=89) whole study group with LVEF less than 35% time (7=89)
(n=89) (n=17)
Coefficient * P Coefficient*® p Coefficient*® P Coefficient** p
Vasoactive 0.978+0,671 0.15 0.767+0.436 0.08 0.262+0.638 0.68 0.300+0.097 0.003
Inotropic Score
NT-proBNP -0.006+0.007 0.41 -0.006=0.005 0.23 -0.001+0.004 0.75 -0.002+0.003 0.577
(baseline-outcome
difference)
CI (baseline-out-  4.828+5.004 0.33 -1.975£2.456 0.42 -0.204+0.898 0.821
come difference)
Troponin T 27.739+10.637 0.01 10.121+4.580 0.03 22.606%9.145 0.01 1.199+1.681 0.478
LVEF(baseline-  -0.552+0.441 0.21 0.0105%0.180 0.95 0.677+4.565 0.883
outcome
difference)
Cardioprotection -0.204%0.898 0.821

Note. * — Logistic regression coefficients; ** — Multiple regression coefficients.

IIpumeuanue. Adverse composite outcome — HeGIaronpusITHLIN KOMIO3UTHBII rexoj; Yearly post-operative mortality — rogosast 1o-
caieonepaiottas JgetanabHoctb; whole study group — Best uccaenyemast rpymma; less than — menee yem; Hospital stay time — cpokn
sevenus; Troponin — tpononun; Cardioprotection — kapaunonporexius; in study cases — B ucciegosanuu; baseline-outcome differ-
ence — pa3HuIla HAYAT0—MCXO0/. * — K0a(HUIMEHTHI IOTUCTIHYECKOI perpeccrit; ** — koadbUInenTsl MHOKECTBEHHON PETrpecCui.

KU [TOCJIE0TIEPAIIUOHHOTO TIEPUOIA. ITO KAKETCs TeEM
6oJiee YIMBUTEIbHBIM, YTO CPABHEHME IIPOBOUIN C
TaKUMU Ba)KHBIMU [MAarHOCTUYECKUMU TECTAMU
OCH, xax CU; ®Umx u NT-proBNP. Ilo-Buanmo-
MY, PUCK HeGIaronpUATHOIO UCX0/A HOCJIe COCYANC-
ThIX onepanuii y nanrento ¢ OCH cBsizan B 60Jib-
el cTerieHu C pa3BUTHUEM IMEPUOIEPAITMOHHOIO
nHpapkTa, yem ¢ gekommencanueinr OCH.

IIpy u3yyeHMM NPOrHOCTUYECKON 3HAUYNMOCTH
Pa3JIMUHBIX TIOKA3aTeJIel B IJIaHe BIMSHUS HA TO/IOBYIO
JIETAJTGHOCTD MOJIYYHIIU CXOJIHBIN pe3yJibrar (Tadir. 2).

Hamm sanibie moTBepKAa0T BBICOKYIO TIPO-
FHOCTUYECKYIO 3HAYUMOCTH TecTa Ha TPOINOHUH B
paHHUe CPOKU Yy TAIUEHTOB C COIYTCTBYIOIIEH cep-
JIeYHOl HejlocTaTouHOoCThIO [9, 11].

Jlu1s IporHO3UpOBaHUsI BO3MOKHBIX CPOKOB Jie-
yeHUs HamboJiee 3HAYMMbBIM KPUTEPUEM OKa3ajiCs
VIS (taba. 2).

Ilinss obObsicHeHUs JaHHOrO (akra ciemyer
BCIIOMHUTD (busmosiornueckoe 3navenue VIS — ato
cyMMapHasl 1032 Kap/IMOTOHUKOB U Ba30IIPECCOPOB,
ucnosib3oBaHHbIX st Tepanun OCH u cocyauctoit
Hegocratounoct. QueBHHO, YTO HaubOJIEe TaXKe-
JION cUTyanuen A7t aHeCTe3U0JI0Ta IBJISETCS Cep/Iey-
HO-COCYUCTasi HEJJOCTATOYHOCTD, TPeOYIOIas MOII-
HOTO M JUINTEJIbHOrO JiedeHus. Takum o6pasoMm,
[IPOTHOCTUYECKAsA 3HAUUMOCTb 0OCYIKIaeMOTr0 TI0Ka-
3areyis BIoJHe 0ObscHUMA. [t IPOrHO3UPOBAHMS
KOMIIO3UTHOTO MCXOJa U TOZ0BON JIETAJIBHOCTU 00-
CY’K/IaeMBbIIi TIOKA3aTe b SIBJISIETCSI BTOPBIM 10 3HAUU-
MocTu nocie THT (XoTd u cTaTUCTUYECKU HETOCTO-
BepHBbIM ). Hesb3st uCKIIIOYnTD MosTydeHre 3Ha4uMoro
pesyJisrara, Ipy OOJIbIIEH MOIIHOCTH UCCIe0BAHUSI.

regarding their effect on the one-year mortality
(Table 2).

Our data prove the high predictive value of
early Troponin tests in patients with concurrent
heart failure [9, 11].

However, VIS proved to be the most significant
criterion for prediction of potential treatment dura-
tion (Table 2).

To explain this fact, one should recall that the
physiological significance of VIS is the total dose of
cardiotonics and vasoconstrictors used in the thera-
py of AHF and circulatory insufficiency. It is evident
that the cardiovascular inefficiency is the most
severe situation for an anesthesiologist, which
demands intense and long-term treatment.
Therefore, the predictive value of the considered
parameter is quite understandable. Incidentally,
regarding the prediction of the composite outcome
and the one-year mortality, the parameter considered
here comes second in significance (although statisti-
cally insignificant) following the TnT. One cannot
exclude that in the case of a more profound study we
would get a significant result here, as well.

While realizing that a group of patients with a
decreased left ventricular ejection fraction (less than
50%) is after all a rather «vagues category of patients
(ejection fraction (EF)=50% is «almost> normal
value, less than 25% are severely disabled patients
with AHF), it was decided to perform this study in a
subgroup of patients with a low left ventricular ejec-
tion fraction (less than 35%). There were 17 such
patients in this study.
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Tpyria 60sbHBIX co chmkerHol DIk (MeHee
50%) — 10CTaTOYHO «Pa3MbITAsT» KATETOPI MAIUEH-
TOB: 0K0JI0 50% — «I10YTH» HOpMA, MeHee 25% — TJiy-
6oxue nuBauasl o OCH. B ¢Basu ¢ aTuM 1posen
aHaJIM3 B MOATPYIIIIE, cocTostieil u3 17-u GOJMBHBIX ¢
HU3KOI (hpakIineil n3rHAHWS JIEBOTO JKeTy1ouka (Me-
Hee 35%). EMUHCTBEHHBIM [TPEAUKTOPOM FOOBOIA Jie-
TAJIBHOCTA CO CTATUCTUYECKU 3HAUYMMBIM Pe3yJIbTa-
TOM B 9TOH TOATPYIIIIE TaKKe OKa3ajICsA MMOKA3aTesb
TuT (tabam. 2).

3akiaoueHue

B pesyabrare mpoBefeHHOTO HUCCIEAOBAHUS
elle pa3 IMOJATBEPsK/IeHA IIPOTHOCTUYECKAs 3HAYM-
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evaluatioN (VISION) Writing Group, on behalf of The Vascular events In
noncardiac Surgery patlents cOhort evaluatioN (VISION) Investigators;
Appendix 1. The Vascular events In noncardiac Surgery patlents cOhort
evaluatioN (VISION) Study Investigators Writing Group; Appendix 2. The
Vascular events In noncardiac Surgery patlents cOhort evaluatioN
Operations Committee; Vascular events In noncardiac Surgery patlents
cOhort evaluatioN VISION Study Investigators. Myocardial injury after
noncardiac surgery: a large, international, prospective cohort study estab-
lishing diagnostic criteria, characteristics, predictors, and 30-day out-

TnT again was the only predictor of the one-
year mortality with a statistically significant result
(Table 2).

The result of performed study has again confirmed
the predictive value of early determination of TnT after
reparative vascular surgeries in patients with decreased
left ventricular ejection fraction. The diagnostic value of
VIS calculation still needs further studies.

MocTb onpesiesieHust THT B paHHMe CPOKH 110CJIEe BbI-
MOJTHEHUSI PEKOHCTPYKTUBHBIX COCY/MCTBHIX Ollepa-
I y TarueHToB co cHmkenHon MUk,

[marnoctuyeckasi 1ieHHOCTH pacyera VIS Tpe-
OyeT JaNbHERIITEro TTOATBEPIKICHMUSI.
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HPOI‘HO?) NCXO0AQ KPUTUIECCKUX COCTOSIHUM

Pannne 0co0eHHOCTH KPOBOOOpaIeH!s Y 0OJIbHbBIX ¢ HEOIaronpusTHBIM
HCXO0J0M a0 JOMUHAJIBHOTO cencuca (ImpeaBapuTebHOe COOONIEHHE )

. H. Tiopun', C. A. Payr6apt’, 1. A. Kosjios’

! Topozckast kanunyeckast 6oabunia um. B. M. Bysinosa [lenapramenTa 3apaBooxpatenusi MOCKBbI,
Poccust, 115516, Mocksa, yi. Bakunckast, . 26
? MOCKOBCKHIT 06JIACTHON HAyYHO-UCCAE0BATEbCKII KanHmdecknil uaerutyt um. M.MD. Bragumupckoro,
Poccust, 129110, r. Mocksa, yor. Hlenkuna, 1. 61,/2

Early Characteristics of Circulation in Patients with Poor Outcome
of Abdominal Sepsis (Preliminary Report)

Igor N. Tyurin', Sergey A. Rautbart', Igor A. Kozlov’

' V. M. Buyanov State Clinical Hospital, Moscow Department of Health
26 Bakinskya Str., 115516 Moscow, Russia
* M. E Vladimirsky Moscow Regional Research Clinical Institute
61/2 Shchepkin Str., Moscow 129110, Russia

Iesb uccaemoBanust: U3yuuTh 0COGEHHOCTH HeHTPpaibHOI reMoauHamuky (I[T/]) y 601bHBIX TsKeabIM a0/10-
MUHAJILHBIM CEIICUCOM TIPU PA3INYHbIX UCXOAAX 3a00JI€BAHUSL.

Marepuaisl 1 MeTO/IbI. B perpociiekTrBHOE KccenoBanue BKIounan 18 6o/bHbIX abOMUHAIBHBIM CEIICHU-
com B Bozpacte 50,2£3 jiet ¢ TaxecTbio coctosnus 1o mkane APACHE 1T 13,7£0,8 6anna, SOFA — 8,4+0,5 6ai-
ga. 1IT/] usydaim ¢ mOMOIIBIO TPAHCIYIbMOHATBHON TePMOAMIIONUN. Boiemuan rpymmsl 60abpHbIX: 1-51 (ymep-
e, n=9) u 2-a (BbukuBIIHNE , n=9). [pyI1ibl He paziuvanuch (p>0,05) 110 BO3PACTY, TOJOBOMY COCTABY U TSIKECTU
COCTOSIHUSL GOJIBHBIX MIPU HOCTYIVIEHUH B OT/eJIeHIe PEaHUMATONOruu. [J0CTOBEPHOCTh OTJINUMIT OIlEHUBAIU 110
kputepuio t-kpurepuio CTbiofieHTa 1 KpuTeprio Xu-kpazpat. [[porHocTiueckyo 3Ha4MMOCTD IToKa3aTesiei n3yJa-
s ¢ nomotpio ROC-ananmusa.

Pesyabrathl. B 1-e cyTKE MeXTpyIIIOBbIe OTJIMYUS BBISIBIEHDBI B YPOBHE CPEIHEr0 apTEPUATHHOTO JlaBJie-
nust (Allep.) — 85,3%£3,3 u 101,6+4,6 mm pr. cr. (p<0,05) u ungexca momuoctu cepaia (MMC) — 30622 u
429,9£48,9 Br/m* (p<0,05). Ha 3-u cyTKM COXpaHsINCh MEKIPYIIIOBbIe oTandust 3navennii UMC, nipostJisi-
JIUCh OTJINYMS BEJIMYNHBI r100anbHoil dhpakiuu usrHanus cepana (FOUC) — 22,323 u 29,3%1,5% (p<0,05);
APYrux oTauuuii He 6b110. Ha 5-e cyTKu coxpaHsiock MeKXrpyinoBoe otnundne sHadenuii TOVIC. Ha 7-e cyt-
ku nokazaresnu LI/ ve umesnu Meskrpynmosbix oriuunil. Tskects coctosinus 1o SOFA y Goababix 1-it rpyi-
IIbl CTAHOBUJIACH OOJIbIIE, YeM BO 2-if, HaunHas ¢ 5-x cyTok. [To mannpiM ROC-ananusa B 1-3-u cyTkn Hanbo-
Jlee 3HAYMMBIMU TpeIUKTOpamMu JjetaibHoro ucxozpa (momaau mox ROC-kpussiMu 0,765—0,840; p<0,05)
asumuch Allep. (95 MM PT. cT., 9yBCTBUTEABHOCTH 88,9%, crenubuanocts 88,9%), UMC (<373 Bt/™m? uys-
cTBUTENbHOCTD 88,9%, crermupuanocts 77,8%) u TOUC (<26,1%, ayBcTBUTETBHOCTD 66,7 %, cennpUIHOCTD
77,8%). Ha 5—7-e cytku Haubojiee 3HAUUMbBIM IIPEAMKTOPOM JeraibHocTH (1omanu 1mog ROC-kpusoit
0,957—0,994; p<0,05) cranoBumach TAKecTb coctosguusa no mraise SOFA >7 6annos (4yBCTBUTENBHOCTD
88,9%, cnienpuunocts 88,9%).

3akioueHue: B TeUeHUE MIEPBBIX 3-1 CYTOK MHTEHCUBHOTO JIEYEHMsI TSDKEJIOTO Cericrca y GoIbHBIX ¢ Hebraro-
HPHUSITHBIM IPOTHO30M 3a00JIEBAHUST OTMEYEHO yMEPEHHOe CHIKEHIE MOKa3aTeseil MOIHOCTH 1 00IIell CHCTOH-
yeckoit pynkimu cepaia. [Ipornoctrueckast 3HaunmMocTb Takux nmokasaresieit, kak UMC u TOUC, moxer 1posi-
JIATHCS B TIEPBBIE TPOE CYTOK MHTEHCUBHOTO JICUEHMS.

Kmouesvte crosa: a60omunanviviii cencuc, cenmudecKkas Kapauonamuﬂ; npeamcmopbz JemaitvHocmu npu cen-
cuce; uenmpaivhas 2eMOOUHAMUKA npu cencuce

Aim: to study characteristics of the central hemodynamics (CHD) in patients with severe abdominal sepsis
with different outcomes of the disease.

Materials and Methods. 18 patients with abdominal sepsis, aged 50.2+3, with the APACHE II and SOFA
severity scoring of 13.7+0.8 and 8.4%0.5, respectively, were enrolled in the retrospective study. The CHD was stud-
ied using the transpulmonary thermodilution. The following groups were identified: Group 1 (deceased, n=9) and
Group 2 (survivors, n=9). The groups did not differ (P>0.05) in age, sex, and the severity of the condition at admis-
sion to the ICU. The significance of differences was assessed using the t-test and the chi-squared test. The prog-
nostic value of the parameters was studied using the ROC analysis.
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Results. On Day 1, the intergroup differences included the average blood pressure (BPav) (85.3+3.3 and
101.6+4.6 mmHg, respectively (P<0.05)) and the cardiac power index (CPI) (306%22 and 429.9£48.9 W/m?
respectively) (P<0.05). The intergroup difference in the CPI and the global ejection fraction (GEF) persisted on
Day 3: 22.3+2.3 and 29.3+1.5%, respectively (P<0.05); there was no other difference. The intergroup difference in
the GEF remained on Day 5. On Day 7, the CHD parameters demonstrated no intergroup difference. The SOFA
severity scoring in Group 1 patients became greater than that in Group 2 starting from Day 5. According to ROC
analysis, BPav (<95 mmHg, sensitivity: 88.9%, specificity: 88.9%), CPI (<373 W /m? sensitivity: 88.9%, specifici-
ty: 77.8%), and GEF (<26.1%, sensitivity: 66.7%, specificity: 77,8%) were the most important predictors of the
lethal outcome on Days 1—3 (areas under ROC curves: 0.765—0.840; P<0.05). On days 5—7, the SOFA scoring >7
(sensitivity: 88.9%, specificity: 88.9%) was the most important predictor of the lethal outcome (areas under ROC
curves: 0.957—0.994; P<0.05).

Conclusion: during the first five days of the intensive treatment of severe sepsis in patients with unfavorable
prognosis, a moderate decrease in the cardiac power index and overall cardiac systolic function was registered. The
prognostic significance of such parameters as CPI and GEF may become obvious within the first 3 days of the
intensive treatment.

Keywords: abdominal sepsis; septic cardiopathy; predictors of mortality in sepsis; central hemodynamics in sepsis
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BBenenne

YiydiieHue pe3yJsibTaToB MHTEHCUBHOTO Jieue-
HIST CETICUCA SIBJISIETCST OJIHOU M3 HanboJiee aKTyasb-
HBIX 3a/1a4 COBPEMEHHON peanmmarosoruu [1]. YBe-
JIMYUBAETCS YHUCJO IyOJUKAIMIA, MOCBSIEHHBIX
paccrpoiicTBam 1eHTpatbHoi remognnamuku (ILII/])
[IPU TSKEBIX MH(MEKITMOHHBIX 3a00JIeBaHSIX, HEPE/I-
KO OCJIOJKHATONMXCS cenicrcoM |2, 3]. Pagsutne muo-
KapAMaIbHON MUChYHKIIUN TIPU TSXKETIOM CeTicuce B
HACTOsIIIlee BPeMsI He BbI3bIBaeT comuenuii [4, 5]. B
9TOI cBsi3K, ocobeHHocTu cocrostiust LT/l y Gosib-
HBIX TSKEJIBIM CEeTICHCOM TPUBJIEKAIOT TPUCTATBHOE
BHUMaHUe ucciaenosateseii [6]. C oqHOI CTOPOHBDI,
yKasbiBaloT, uTo0 MoHUTOpUHI IIT/] HeoOXoauMm s
KOMILIEKCHOU OI[eHKU COCTOSTHVSI OOJIbHOTO, YTOUHE-
HIST BO3MOJKHBIX TPUYMH HAPYIIIEHUH KPoBOOOpaiie-
HUST U OlleHKU a(hdeKkTuBHOCTH JiedueOHBbIX Mep [7, 8],
C IPYTOM — OCTaeTCs HesICHBIM, KaKiue UMEHHO TIOKa-
3aTeJIM MOTYT SIBUTBCSI MIPEAUKTOPAMU HEeOJIATOIPH-
arHoro ucxona [9, 10]. Benercs nquckyccus o rokasa-
tessix 1T/, KOTOpble MOTYT BJMSITHL Ha BBIGOD
ONITUMAJIBLHOI JieueOHOlT TakTukH [6, 11].

B oTmesbHBIX HMCCIeOBAaHUAX MMOKA3aHO, YTO
€INHCTBEHHBIM TMPEIUKTOPOM HEGJIATONPUSATHOTO
HCXO/la TIPU TSKEJIOM Celicuce SBJISIETCS YPOBEHD
cpemHero apTepuanbHoro gasiaenus (Allep.), a moka-
3aTeJb CUCTOJIMYECKOM (DYHKITHH JIEBOTO JKEJTyI0UKa
(JI3K) — ero dpaxius usrnanus (OU) u comepxa-
HUe B KPOBU HaTpuilypeTnyeckoro nentujga B-tuma
He CBS3aHBI ¢ JIeTalIbHOCTBIO [6]. BmecTe ¢ Tem, ipu
nomoltnu axokapauorpadum (IxoKI) npogemonct-
PUPOBAHO, YTO JICTAJIbHbIE KCXO/IBI ACCOIIUUPYIOTCA C
HaJmuueM y GOJIbHBIX JMACTOJUYECKOH auchyHK-
un JIJK [12, 13]. HekoTopbie uccnenoBaTean KOH-
CTaTUPYIOT, UTO JIETATBHOCTh BO3PACTAET TIPU COYE-
TaHUU  JUACTOJUYECKOM U CUCTOJUYECKOU
muchynknun JIK [9], a B KauecTBe HE3aBUCUMOTO
MPEIMKTOPA MOCJEAHEN ONMUCHIBAIOT CHUKCHUE MH-
nekca yaapaoro oobema (MYO) JIK [9].

Introduction

Improvement of outcomes of the intensive care
of sepsis is one of the most actual problems of mod-
ern reanimatology [1]. The number of publications
on disorders of central hemodynamics (CHD) in
severe infectious diseases often complicated with
sepsis has been growing [2, 3]. Development of the
myocardial dysfunction in severe sepsis is generally
recognized at present [4, 5]. Therefore, the CHD
characteristics of patients with severe sepsis have
attracted close attention of researchers [6]. On the
one hand, there are reports that CHD monitoring is
necessary for a complex assessment of patient's state,
clarification of possible causes of circulatory disor-
ders and evaluation of the effectiveness of therapeu-
tic measures [7, 8]; on the other hand, it remains
unclear which indicators may serve as exact predic-
tors of the adverse outcome [9, 10]. CHD parameters
that may affect the choice of an optimal therapeutic
strategy is still a matter of discussion [6, 11].

Several studies have shown that the average
blood pressure level (BPav) is the only predictor of
the adverse outcome in severe sepsis, whereas the
parameter of the left ventricle (LV) systolic function
(its ejection fraction (EF)) and blood levels of B-
type natriuretic peptide do not affect the risk of the
lethal outcome [6]. However, echocardiography
(EchoCG) demonstrated that the lethal outcomes
are associated with the presence of the LV diastolic
dysfunction [12, 13]. Some researchers state that the
risk of the lethality increases in the case of combined
of IV diastolic and systolic dysfunction [9], and a
decreased LV stroke volume index is described as an
independent predictor of the latter [9].

It remains unclear which CHD monitoring
option should be used in patients with sepsis [7, 11,
14]. Guidelines for the treatment of patients with
sepsis include only BPav and central venous pressure
(CVP) as the CHD parameters to be assessed and
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Ocraerca He BIOJIHE SCHBIM, KaKOH BapWaHT
monuroputra IIT/] ciepyer ucnoabp3oBarh y 00Jb-
HBIX cenicucoM [7, 11, 14]. B pekomengammu 1o Jeye-
HUTO OOJIBHBIX CEIICHCOM B KAU€CTBE OIEHUBAEMBIX U
koppurupyembix napamerpos I1I'/] BKioyeHb! TOJb-
ko AJlcp. W IeHTpaJTbHOE BEHO3HOE JaBJieHUE
(IIBM). Bmecte ¢ Tem, oGCYRIaOT IMejecoobpas-
HOCTb WHBa3uBHOTO MoHUTOpHUHTa [T’/ ¢ momoIsio
KaTeTepu3aluy JIErOYHON apTepuu W IIPENyJbMO-
HaJbHON WK TpancnyiabMoHanbHO (TI1) Tepmomn-
monmeit (T/1) [7, 11]. Hakomien 3HaunMTeIbHBIN
omnpit npumenenus TIIT/ npu cencuce [11, 14, 15],
OJ/IHAKO KJIMHUYecKast 3(p(heKTUBHOCTb METOJUKH OC-
Taercst TpeaMeToM jauckyccuu. OmybauKoBaHO
KpaliHe MaJIO UCCJICIOBAHNM, ONMMCBIBAIONINX PAHHUE
usmenerust [[T]] y GOJBHBIX ¢ HEOJIATOIPUSTHBIM
HCXO/IOM TSKEJIOTO cericrca. VI3yoskeHHoe ompee-
JINJIO TIEJTh HACTOMIIETO UCCIIeJOBAHMS.

[Tesb wcCeIOBaHUST — U3YYUTH OCOOEHHOCTH
IIT/T y 6OJIbHBIX TSKEIbIM abM0MUHAIBHBIM CEIICH-
COM IIPU Pa3JIMIHBIX UCXO/aX 3a00I€BAHMSL.

Marepuan u MeTObI

B uccrenosanue Brmouman 18 GonbHBIX abaoMu-
HaJIbHBIM cencrcoM (9 MysKuuH U 9 JKEHIIMH) B BO3pacTte
26—71 (50,2£3) met. VccaenoBanue HOCUIO PETPOCIIEK-
TUBHBIN XapaKTep, OCHOBHBIME YCJIOBUSIME OTOOpPa UCTO-
puii 6osre3Hu GOJIbHBIX ¢ aGIOMUHAIBHBIM CENICHCOM JIJIst
PETPOCIIEKTUBHOIO aHajn3a ObLIO HAMMYUE TTHCHMEHHOTO
nHGOPMIPOBAHHOTO COTJIACHSI HA HCIIOJb30BAaHUE MHBA-
3UBHBIX Mep HAOJIIOJICHIS U JIeUeHUs], TIPUMEHEHIE TPAHC-
IyJIbMOHAJIBHOM TEPMOJMJIIONNY, HaunmHasd ¢ 1-X cyTok
npebbiBaHst B otesienune peanumarosnorun (OP) u o 7-e
CYTKHM UHTEHCHBHOIO JIeYeHUsI 1IPU 00s13aTeJIbHOM HaJU-
YUH AaHHBIX MOHUTOpHUHTA Ha 1, 3, 5 1 7-e cyTku. Takke
006513aTEIbHBIM YCJIOBHEM BKJIOYEHUsST KJIMHUYECKOTO Ha-
GJIOJIEHUsT B PETPOCIIEKTUBHBIN aHAIN3 ObLIO OTCYTCTBUE
y 60JibHBIX 1Ipu ToCTyILIeHU: B OP KIMHUKO-AnarHocTu-
YEeCKHX IPU3HAKOB CENTHYecKoro moka [16]: na pone nn-
(y3MOHHOIT U B OT/EJbHBIX HAOIIOAEHUSAX — CUMIIATOMU-
MeTHYeckoi Tepanuu, Beanunra AJlcp. 6bima 6osee 65 MM
PT.CT., @ KOHIIEHTPAIIHS JJaKTaTa — MeHee 2 MMOJIb /JL.

[TprunHamu cericuca SIBJISIMCH: OCTPbII IeCTPYKTHB-
Hb1ii naHkpeatuT (n=10), OCTPBIii raHTPEHO3HBIIT areH/1-
uut (1), nepdoparnBnas si3Ba [BEHAIATUIIEPCTHON KUIII-
ku (2), nepdoparuBuas s3Ba xexayzaka (1), nepdoparus
toreit kummku (1), mepdopanus obomxouroit kumku (2) u
nepdopanusa curmosunoit kumku (1). Taxects cocros-
Hus GosibHBIX Tpu nocryivienuu B OP: mo mkase
APACHE II ot 9 no 22 (13,7+0,8) 6amta, SOFA — ot 5 10
14 (8,4£0,5) 6ara.

B 3aBHCHUMOCTH OT MCXOJIa CETICUCA BBIIEJIUIN 2 TPYTI-
bl 6osbHBIX: 1-51 (ymepuine, n=9) u 2-g (BbuKuUBLINE, 7=9).
Bosbrbre 1-if rpynmst ymepsn Ha 13—22 (19,2+3,5) cytkn
nocsie noctymsienns B OP. Ipynmnsl He pasiuyanuch
(p>0,05) 1o Bospacty (54,5+4,5 u 46+3,2 roza), 1oJa0BOMY
coctaBy (MY;KUMH/5KeHIMH 4/5 u 5/4), TSIKECTH COCTOsI-
mus no mkaisam APACHE 11 (13,8+1,4 u 13,7+0,9 6asna) u
SOFA (9,1+0,6 1 7,8+0,9 6asna) mpu moctymiennu B OP.

B 1-e cyTKM MHTEHCHBHOIO JieueHust OOJIbHBIM Bbl-
MOJIHSAJIM KaTeTepu3alinio MarucTpajbHON BeHBI (TO/I-

corrected. At the same time, the appropriateness of
the CHD invasive monitoring using catheterization
of the pulmonary artery with prepulmonary ther-
modilution (TD) or transpulmonary (TP) TD is dis-
cussed [7, 11]. There is considerable experience in
application of TPTD in sepsis [11, 14, 15], but the
clinical effectiveness of the procedure remains a sub-
ject of debate. Very few studies were published
describing early CHD changes in patients with the
adverse outcome of severe sepsis. The above informa-
tion determined the purpose of this study.

Aim: to study characteristics of central hemo-
dynamics (CHD) in patients with severe abdominal
sepsis with different outcomes of the disease.

Materials and Methods

18 patients with abdominal sepsis (9 men and 9
women) aged 26—71 (50.2+3) years were enrolled in the
study. The study was a retrospective one; the basic terms
for the selection of case history records of patients with
abdominal sepsis for the retrospective analysis was the
presence of a written informed consent for the use of inva-
sive monitoring and treatment measures, the use of
transpulmonary thermodilution from Day 1 of the ICU
stay until Day 7 of the intensive treatment with the
mandatory presence of monitoring data on Days 1, 3, 5,
and 7. In addition, the absence of clinical and diagnostic
signs of septic shock at admission to the ICU is the manda-
tory term for inclusion of a clinical case into the retrospec-
tive analysis [16]: the BPav level was more than 65 mmHg
and lactatemia was less than 2 mmol/1 on the background
of the infusion therapy and in some cases of the sympath-
omimetic therapy.

There were the following causes of sepsis: acute
destructive pancreatitis (n=10), acute gangrenous appen-
dicitis (1), perforative duodenal ulcer (2), perforative gas-
tric ulcer (1), perforation of the jejunum (1), perforation of
the colon (2) and perforation of the sigmoid colon (1).
Patients' severity at admission to the intensive care unit
(ICU): the APACHE 1II scoring from 9 to 22 (13.7£0.8),
the SOFA scoring from 5 to 14 (8.4+0.5).

Depending on the outcome of sepsis, 2 groups of
patients were identified: Group 1 (deceased, n=9) and
Group 2 (survivors, n=9). Group 1 patients died on Day
13—22 (19.2+3.5) after admission to the ICU. The groups
did not differ (P>0.05) in age (54.5+4.5 and 46£3.2 years,
respectively), gender (male/female: 4/5 and 5/4, respec-
tively), the APACHE II (13.8+1.4 and 13.7%0.9, respec-
tively) and SOFA (9.1+0.6 and 7.8%0.9, respectively)
severity scoring at admission to the ICU.

On Day 1 of the intensive care, the central vein
catheter (subclavian and/or internal jugular vein) and the
femoral artery catheter was placed using the Pulsiocath
PV2015L204F catheter (Pulsion Medical Systems
Company), which was then connected with the PiCCO-
plus unit (Pulsion Medical Systems Company) of the
Dréager monitoring system. The TPTD was performed in
accordance with a standard procedure [15]. All patients
received a standard care, which included a starting de-
escalation antibiotic therapy with a further change of
drugs according to the results of bacteriological inocula-
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KJIIOYMYHAST U/WJIN BHYTPEHHIST sipeMHast) 1 Ge[peHHoiT
aprepun karerepom Pulsiocath PV2015L204F (dbupma
«Pulsion Medical Systems»), koTopblii coeanuHsIM ¢ MO-
nyiem PiCCO-plus (pupma «Pulsion Medical Systems»)
moHurtopHoit cucrembr Drager. TIIT/l ocymecTsistiau mo
cranmapTHoii Metoxuke [15]. Bee GosbHble moaydann
CTaHIApTHOE JieueHe, BKJIIOYaBIee CTAPTOBYIO /1€9CKa-
JIANNOHHAsT aHTHOMOTHKOTEPAIINIO € [ajbHEHIel cme-
HOI HperapaToB COIJIACHO pe3yJibraTaM OaKTepUuOJIOTH-
YEeCKUX HMCCIIEN0BAHUIT OMONIOrMYecKuX cpel, UHQPY3Uo
cOaIaHCUPOBAHHBIX KPUCTAJIOUIHBIX pacTBOPOB. HDYy-
3UM M Ha3HAueHre CUMIIATOMUMETHYECKUX IPernapaToB
BBITIOJIHSIJIN B COOTBETCTBHM C IPOTOKOJIOM KOPPEKIINU
HapyIIeHUH B cCHCTEeMe KPOBOOOPAIIEH S TI0 PEKOMEH Ia-
iusim Cercne-3 [16].

PerucrpupoBasn A/lcp., yacTtoTy cepieuHBbIX COKpa-
mennii (YCC), CU, YO, ungekcs! riobagbHOTO JUacTo-
sdeckoro oobema (UTKIO) u obiiero nepudepudeckoro
conpotusienus (MOTIICC), rmobambHyio (hpakInio W3rHa-
nust cepana (FOUC), nnneke pynkimu cepaia (MDC) u
nnzexc mMontHocTH cepana (MMC), koTopslii paccunThIBa-
g 1o hopmyite: CUUXA/lcp/451. JlaHHble perucTprupoBain
B 1,3, 51 7-e CTYKH MHTEHCUBHOTO JIEYEHUSI.

XpateHue 1 CTaTUCTUYECKYIO 060PabOTKY JIAHHBIX Bbi-
HOJTHUJIH C TIOMOIIBIO TIEPCOHATBHOTO KOMITBIOTEPA C OIle-
patonHoit cucremoit Windows 10. [y xparenust u o6pa-
GOTKM  JaHHBIX  KCIOJb30Baiu  0a3y  JIaHHBIX,
copmupoBannyo B nporpamme Microsoft Office Excel.
PasBepHyThlil cTaTUCTUYECKUI aHAIN3 TTPOBOJUIIN C TIO-
MOIIBIO TIporpaMmubIx TaketoB Microsoft Office Excel,
Statistica 10 u MedCalc. IIpoBepKy npaBuIbHOCTH pac-
TIpe/ieIeHNs] JTaHHBIX BBIOJHIJIN € MOMOIIBIO KPUTEPHS
Koamoroposa-Cmuprosa. /lanubie TpeACTaBUIN B BHUjE
cpentux Besuuud (M) u omubok cpeaHux (m) u cpeineii
qacToThl (P). BbIMOJHIIN MEXIPYIITIOBOE CPaBHEHHE T1a-
pPaMETpoB, a TaKKe OIPeeJUIN 3HAYNMOCTh U3MeHeHU
[0 OTHOILIEHWIO K YPOBHIO, 3aPETUCTPUPOBAHHOMY B TI€pP-
Bble CyTKU HabsogeHus. [oCTOBEPHOCTh OTIUUMIA Ccpej-
HUX 3HAYCHMIi OlleHnBaau 10 (-kputepuio CTblojieHTa, a
OTJINYUUS CPEJHUX YACTOT 110 KPUTEPUIO XU-KBAJIpPaT.

[TporuocTyecKyo 3HAYNMOCTD B OTHOIIEHUN JIETAIb-
HOTO MCXOJIa aHAJIM3UPOBAJIH [IJIsI BO3PACTA, T10J1a, OLEHOK
mo mkasmamMm APACHE II u SOFA u noxasareneir 11I/].
Biisinue He3aBUCUMBbIX TIEPEMEHHBIX HA 3aBUCHMYIO U OTI-
pelesieHre TTOPOTOBBIX 3HAUEHMIT HE3AaBUCUMBIX ITEePEMEH-
HBIX [P TIPOTHO3MPOBAHUM MCXO/1a BBIMOJHSIN C TIOMO-
mpio ROC-ananmsza. [lng oueHKn pasjiesuTesbHOMR
crocobHOCTH MoJlesiell (pasrpannyenne 6OJIbHBIX ¢ Haro-
[PUATHBIME U HEGJIArONIPHUATHBIMU HCXOAAMI) UCTIOJIB30-
Basn anaau3 xapakrepuctuk ROC-KpuBbIX ¢ pacueTom
miomiazau oz kpusoil (ITI1K). B 3aBucumocTtu ot Besinyu-
uol IITIK ornenuBanu kayectBo mozenn: I1ITK>0,9 — or-
suanoe, 0,8—0,9 — ouennb xoporiee, 0,7—0,8 — xoporiee,
0,6—0,7 — cpennee, 0,5—0,6 — HeynoBIeTBOPUTENBHO. [T0
YPOBHIO p OIEHUBAIN CTATUCTUYECKYIO JOCTOBEPHOCTDH
BBISIBJIEHHO# 3aBUCUMOCTH.

[ToporoBoe 3HaueHne (IMOPOT OTCEUEHMsI, TOUKA «Ccut-
off>) Ha HAYaJILHOM 9Talle AHAIM3A OTIPEAEIISLIIN 110 MH/EK-
cy IOnena (tpeboBarne MaKCUMaJIbHONW CYMMBI YyBCTBH-
TesIbHOCTH 1 crelduyunoctn). [IpoBepky KoppekTHOCTH
[IOPOTOBOTO 3HAYEHHE BBIOJIHSIIN C YI€TOM TPeOOBAHNST
MUHUMAJTbHOI 4yBCTBUTEIBHOCTH Tecta okoso 80%. B
JTOM CJIydae ONTUMATbHBIM IIOPOTOM CUNTAIN MAKCUMAJIb-
HYIO Crenn(puIHOCTb, KOTOpast AOCTUIAeTCs TP OJIU3KON

tion of biological media and infusion of balanced crystal-
loid solutions. Infusions and prescription of sympath-
omimetics were performed in accordance with the protocol
of correction of circulatory system disorders based on the
Sepsis-3 Guidelines [16].

BPav, heart rate (HR), CI, SVI, global end-diastolic
volume Index (GEDI) and total peripheral resistance
index (TPRI), global ejection faction (GEF), cardiac func-
tion index (CFI) and the cardiac power index(CPI) were
registered; the latter was calculated using the following
formula: CIXBPav/451. The data were registered on Days
1, 3, 5, and 7 of the intensive treatment.

Data storage and statistical data processing were per-
formed using a personal computer with Windows 10 oper-
ating system. Database generated in Microsoft Office
Excel software was used for data storage and processing. A
detailed statistical analysis was performed using Microsoft
Office Excel, Statistica 10 and MedCalc software. The cor-
rectness of data distribution was checked using the
Kolmogorov-Smirnov criterion. The data were presented
as mean values (M), errors of mean (m), and average fre-
quency (P). The inter-group comparison of parameters was
performed, as well as the significance of changes in relation
to the level registered on the first day of observation was
identified. The significance of difference between mean
values was assessed using the ¢-test, and the differences
between the average frequency values were assessed using
the Chi-square test.

The prognostic value of the age, sex, APACHE II and
SOFA scoring, and CHD parameters for the lethal out-
come was assessed. The effect of the independent variables
on the dependent one and the identification of threshold
values of the independent variables in predicting the out-
come were performed using the ROC analysis. To assess
the separation power of the models (separation of patients
with favorable and unfavorable outcomes) an analysis of
ROC curves characteristics with the calculation of the
area under the curve (AUC) was used. The quality of the
model was assessed depending on the AUC value:
AUC>0.9 — excellent, 0.8—0.9 — very good, 0.7—0.8 —
good, 0.6—0.7 — medium, 0.5—0.6 — unsatisfactory. The
statistical significance of the identified dependence was
assessed based on the P level.

The threshold value («cut-off> point) at the initial stage
of analysis was determined using the Youden's index
(requirement of the maximum sum of sensitivity and speci-
ficity). The correctness of the threshold value was checked
based on the requirements of the test minimum sensitivity
equal to about 80%. In this case, the maximum specificity
achieved at the sensitivity of about 80% was considered an
optimal threshold. The requirement of a balance between
sensitivity and specificity, i.e. the minimum difference
between these parameters, was also taken into consideration.

Results and Discussion

Most standard hemodynamic parameters (see
the Table) did not demonstrate any intergroup dif-
ferences. On observation Day 1, the BPav in patients
of Group 1 was lower than that in Group 2. Later the
parameter increased due to the sympathomimetic
therapy and remained the same in both groups till
Day 7. The severity of tachycardia also demonstrat-
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TemoanHaMUyYeCKHEe MOKA3aTeNd, MCIOJb30BaHHE CHMIIATOMHMETHKOB M OOWIasi TSAKECTb COCTOSIHUS OOJBHBIX
a6/I0MHHAJILHBIM CETICHCOM NPH PA3JINYHOM HCXOJI€e 3a00IeBants.

Hemodynamic parameters, the use of sympathomimetics and overall severity of the state of patients with abdominal
sepsis with different outcomes of the disease.

Parameters Groups Values of parameters at the days of study
{st 3d 5th 7th
BPav, mmHg st 85.28+3.28 88.08+7.7 99.44+4.65 90.63+4.68
2nd 101.6+4.56* 101.8+4.14 102.9+3.04 100.6£2.52
HR, min’* 1st 91.54+7.15 101.3+6.23 106.7+4.84 96.06+5.67
2nd 95.88+3.85 98.3+3.5 95.11+5.22 92.61+5.52
CI, 1/min/m’ 1st 3.63+£0.3 3.77+0.2 4.39%0.41 4.05+0.29
ond 4.19+0.37 4.37+0.34 4.36x0.2 4.62%0.29
SVI, ml/m? st 42.41+4.32 37.76+2.06 41.44+3.48 42.33+2.85
2nd 44.46%3.89 46.14+4.1 47.83+2.16 50.39+3.2
TPRI, dines*cm®*m? 1st 1853£224.8  1789+187.15  1653+132.3 1681+173.4
2nd 1973£210.7 1817+155.9 1760+86.75 1739+120
GEDI, ml/m’ 1st 757.2£112.3  733.98+88.33  733.8+57.7 729.6+57.7
2nd 672.9£66.3  637.94%62.16  676.1+49 698.5+53
GEE % st 24.12+2.57 22.3+2.3 23.05+2.2 24.24+2.2
2nd 26.99+1.84 29.3+1.47* 29.2+1.46* 29.5£1.6
CFI, min™ st 3.83+0.44 3.76£0.195 4.49%0.43 4.025+0.3
2nd 4.24%0.39 4.45%0.336 4.5%0.2 4.62%0.26
CPI, W/m* 1st 306+22.1 333.4+34.3 442.5+49.5% 371.3+38.3
2nd 429.9+48 9%  4451%40.23%  448.4+24.89 468.2+37.7
Prescription of sympathomimetics 1st 33.3 33.3 33.3 55.5
2nd 11.1 33.3 22.2 0##
SOFA, score 1st 9.1+0.6 8.77£0.52 9.3£0.6 10.44%0.66
2nd 7.77+0.87 7.44+0.9 5.3+0.64%# 4.77+0.66*#

Note. For table and fig. 1—3: the meanings of abbreviations refer to materials and methods. * — the significance of differences
(P<0.05) according to the t-test when comparing between groups; # — the significance of differences (P<0.05) when compared values
with Day 1 using the ¢-test; ## — the significance of differences (P<0.05) when comparing between groups on the basis of the Chi-
square.

IIpumeuanue. Parameters — mapamerpsl; Values of parameters at the days of study — 3HaueHust TapaMeTPOB IO JAHSIM HCCJAE0BAHMSL.
Jlist tabamrel v prc. 1—3 pacmndposky abbpeBuaryp cM. B MaTepuaiax u merogax: BPav, mmHg — A/lcp., mm pr. cr.; HR, min' —
YCC, mun; CI, I/min/m* — CU, n/mun/m% SVI, ml/m* — YO, mu/m% MOIICC, aunececm®sm®* — TPRI, dinesecm?®em? UTK/O,
mi/m* — GEDI, ml/m?% T®OUC — GEF;, UDC, mun — CFI, min'; UMC, Br/m* — CPI, W/m® Prescription of sympathomimetics —
Ha3HavyeHre CHMIATOMIMETHKOB; score — Gaiibl. * — goctoBepHocTh oTanunii (p<0,03) mo t-kputepnio CThioEHTA PN CPABHEHNT
MesKLy Tpynnamu; # — poctoBepHocTh otanunii (p<0,05) npu cpaBHennu 1o t-kpurepuio CTbIOJEHTA ¢ TIEPBBIMU CyTKaMu; ## — J10-

croBepHocThb oTinumii (p<0,05) 1pu cpaBHEHUE MESK/Y TPYIIIaAMU 110 KpUTepuio Xu-KBajpar.

k 80% uyBcTBUTENbHOCTH. TaKKe YIUTHIBATMA TPeOOBaAHIE
GajlaHca MEKy UyBCTBUTEIBHOCTBIO U CHEU(PUUHOCTBIO,
T.e. MUHIMAJIbHOM Pa3HOCTH MEK/Y 9TUMHM ITOKA3aTeISIMU.

PesyabraThl 1 00CyK/I€HHE

BosbIMHCTBO CTAaHAAPTHBIX TEMOIMHAMMIYEC-
KUX MOKasaTesell (Tab/iuia) y He UMeJTH MEKTPYII-
noBbIX oTsimunii. B 1-e cyrku Habmopenus y 60b-
Hbix 1-it rpymmer Allcp. 6bT0 Hipke, yeM Bo 2-il. B
JlasbHelemM Ha (hoHe CUMIIATOMUMETHYECKOU Tepa-
[IUW 9TOT MTOKA3aTeb BO3PACTAJ U BIJIOTD [I0 7-X CY-
TOK OCTABAJICSI OJIMHAKOBLIM B 00EHX rpyIiax. Boi-
PaXKEHHOCTb TaxXUKapAWU TaKKe He HMeJa
MEKTPYIIIOBLIX OT/M4mii. BMmecte ¢ TeMm, 1mOTped-
HOCTb B HAa3HAYCHWW BAa30IPECCOPHBIX IPEIapaToB
nMeJa pa3HOHANIPABJICHHYIO AUHAMUKY: 1-if rpytie
4acToTa MPUMEHEHUS CHUMIIATOMHUMETUKOB TIOCTe-
MIEHHO BO3pacTajia, BO 2-i, HAIPOTUB, CHUIKAJIAch. B
pesyJibraTe, K 7-M cyTKaM HaOJIoAeHs Y GOJbHBIX C
HeOJIATOTPUSTHBIM UCXO0M 3a00JIEBaHUST Ba30-

ed no intergroup differences. At the same time, the
need in the prescription of vasopressors demonstrat-
ed multidirectional tendencies: in Group 1, the fre-
quency of use of sympathomimetics gradually
increased, whereas in Group 2 it decreased. As a
result, by observation Day 7 vasopressors were used
in more than half of the cases in patients with unfa-
vorable outcomes of the disease, and the use sympa-
thomimetics was discontinued in the rest of patients.

Normal or moderately elevated CI values with
almost normal SVI, TPRI, and CFI levels throughout
the observation period were typical for both groups.
Only a tendency to slightly elevated CI values and
decreased GEDI and CFT values in Group 2 patients
at early stages of the observation can be noted. The
intergroup differences became obvious at the level of
such calculated CHD parameters as GEF and CPIL
On Day 1, the GEF in Group 1 patients demonstrat-
ed a tendency (P>0.05) to decrease as compared to
Group 2; then it became lower by 5—7%. At that, the
average GEF in Group 1 patients was below the nor-
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[IPECCOPBI UCTIOIB30BAIN OOJIee YeM B MTOJIOBHHE Ha-
GJIOJIEH UL, & Y OCTAIbHBIX HCIIOJIb30BAHUE CHMIIATO-
MUMETUKOB TIPEKPAIIAJIH.

Jlsist 60IBHBIX 0OEUX TPYIIN ObLIN XapaKTEePHDI
HOpPMAJIbHbIE WJIM YMEPEHHO IMOBBIIIEHHbIE 3HAYe-
uuss CU npu mpakTuyecku HOPMAJIBHOM YPOBHE
NYO, NOIICC n UDC B TeueHUe BCETO MEPUO/IA
HaOsoieHust. MOKHO OTMETHUTD JIUIITh TE€HIEHITUIO
(p>0,05) x HeckoabKo Gosbinum 3uaveHusiM CU u
menbiuM — UTKIO u UDC y GosnbHBIX 2-1i rpyTI-
bl HA HAYAJIBHBIX 9Tanax HabJroaeHus. Mexrpyr-
MOBBIE OTJIMYUS TIPOSIBUJINCH B YPOBHE PACUETHBIX
napametpoB LITJ[ — TOUNC u UMC. B 1-e cytku y
6osbhbix 1-it rpymmsl TOUVIC mposiBisiy TeH[IEH-
o (p>0,05) K MEHBITUM 3HAYEHUSIM, YeM BO 2-1i,
a 3aTeM craHoBuUJCS Ha 5—7% umke. [lpu arom
cpentsist TOVIC y 60JbHDBIX 1-1i rpyTIITbI OblIa HIKE
HOPMBI, 2 BO 2-I — COOTBETCTBOBAJA AUAINA30HY
HOpMaJIbHbIX 3HaUeHui (25—35%) [15]. UMCB 1 u
3-u cyTku HabJO1eHIsT Y GOJBHBIX -1 TPyIIIIBI GbLI
ke, yeM Bo 2-it, Ha 100—120 Br/m*. Ha 5-e cyTku
MesRrpynnoBsix otanunit UMC He 6bL10, T.K. B 1-it
rpyIilie TI0Ka3aTejab KPATKOBPEMEHHO BO3PacCTaJl.
Ha 7-e cyTku wuccienoBaHus OTJANYNA 3HAYECHUN
pacuetHbIX mokasateneit 1[I/ ucuesanu, oueBUIHO,
3a CYeT TEHJEHIUU K UX YBEJUYEHUIO, 10 CPaBHe-
HUIO ¢ UCXOMHBIME (cM. Tabuuiy). MoKHO ToJa-
raTh, 4TO 3TO OBLJIO 0OYCJIOBJIEHO HAPACTAIOIIEN WH-
TEHCUBHOCTHIO CUMIIATOMUMETUYECKON TePaIunu.
Bosee uem y 50% GoJbHBIX 1-i1 TPYIIIBI It IO/
JlepsKaHUsT KPOBOOOPAIIEHUS MCIIOJNb30BAIU KOM-
O6unaruu godamuna (5—10 MKr/Kr/MUH) Win aj-
penanmuHa (300 HT/Kr/MUH) C HOPaJIpEHAJUHOM B
nose 400 Hr/Kr/MuH.

MesKrpyInoBble OTJIUYUS TSKECTU COCTOSHIS
60JIbHBIX, oreHeHHOH mo wmkane SOFA, npossis-
JIUCD € 5-X CYTOK HAOJIIOJIEHUS] U CTAHOBUJIMCH MaK-
cuMaJIbHBIMA K 7-M. llosgBienune oTmumnii, o4eBuU/I-
HO, ObLIO OOYCJIOBJIEHO yMEHbBIIEHHEM BEJUYHHbBI
Gasnproil otterku mo SOFA Bo 2-it Tpyriie npu TeH-
nentuu (p>0,05) K HAPACTAHUIO TSKECTU COCTOSTHUS
6OJIbHBIX B 1-11.

Mpeanpunsteiii ROC-anami3 ObLT HAIPaBJIEH
HA BbIsIBJIEHUE PAHHUX TIPEIUKTOPOB JIETAIHLHOTO UC-
xoza. Bospact ob6cieoBaHHBIX GOJBHBIX, UX IIOJI,
GanbHag onenka no mkainam APACHE II u SOFA B
1-e cyTku HabMOAEHUs He 00J1a]a/Iu IIPOrHOCTUYEC-
koit sHaummocTwio: [1TTK=0,537—0,73 mpu p>0,05.

ROC-anamms yposast Allcp. B 1-e cyTku Habuio-
JIeHUsT BBIABUJI OY€Hb XOPOIllee KAYeCTBO MOJIENU:
[IIK cocraBuna 0,840 (p=0,0038) (puc. 1, a).
AJlcp<95 MM PT. CT. YKa3bIBAJIO HA PUCK JIETAJIBHOTO
MCXO/Ia C YYBCTBUTEIHHOCTHIO 88,9% 1 criermpuaHoc-
10 88,9%. IIpakTiyecku Takoii e oKazaach pasie-
JTesbHast criocobHocTb y mapamerpa UMC (puc. 1, b):
[MITK=0,815 (»p=0,0052). Ypoeur UMC<373 Bt/m*
MPE/ICKA3bIBAII BEPOSITHOCTD JIETAJIBHOCTU C YyBCTBU-
TebHOCTBIO 88,9% 1 crienmduarocThIO 77,8%.

mal limit, while in Group 2 it was within the limits
(25—35%) [15]. On observation Days 1 and 3, the
CPI was lower in Group 1 patients than that in
Group by 100—120 W/m*. On Day 5, there were no
intergroup differences in the CPI, because the para-
meter demonstrated a transient growth in Group 1.
On study Day 7, the differences in the level of calcu-
lated CHD parameters disappeared, apparently due
to the trend towards elevation of their values as com-
pared to the baseline (see the Table). It may be
assumed that this was due to the increasing intensity
of the sympathomimetic therapy. A combination of
dopamine (5—10 pg/kg/min) or adrenaline (300 ng/
kg/min) with noradrenaline at a dose of 400 ng/
kg/min was used in more than 50% of patients in
Group 1 to maintain circulation.

The intergroup differences in the SOFA scoring
of the patient's state severity became obvious on
observation Day 5 and reached their maximum by
Day 7. These differences, obviously, were due to a
decrease in SOFA scoring in Group 2 with a tenden-
cy (P>0.05) to elevation of the gravity of Group 1
patients’ state.

The ROC analysis was intended to identify
early predictors of the lethal outcome. The age of the
examined patients, their gender and APACHE II and
SOFA scoring did not have any prognostic signifi-
cance on observation Day 1: AUC=0.537—0.73,
P>0.05.

The ROC analysis of the BPav level demon-
strated a very good quality of the model on Day 1:
AUC was equal to 0.840 (P=0.0038) (Fig. 1, a).
BPav<95 mmHg indicated the risk of the lethal out-
come with a sensitivity of 88.9% and specificity of
88.9%. The separating power of the CPI parameter
was also the same (Fig. 1, b): AUC = 0.815
(P=0.0052). The CPT level<373 W /m” predicted the
probability of the lethal outcome with a 88.9 — per-
cent sensitivity and 77.8 — percent specificity.

Only 2 calculated CHD parameters had a valid
predictive significance on Day 3: CPI and GEF,
whose ROC-models turned out to be of a good qual-
ity. The CPI study (Fig. 2, @) demonstrated the AUC
equal to 0.765 (P=0.0232). The CPI<355.8 W/m?
predicted the lethal outcome with a 66.7% of sensi-
tivity and a 77.8% of specificity. At this stage of the
study, the prognostic significance of the GEF became
obvious (Fig. 2, b): AUC=0.790 (P=0.008). The
GEF<26.1% predicted the lethality with a 66.7% of
sensitivity and a 77.8% of specificity. Other parame-
ters including the SOFA scoring had no predictive
significance within a specified time since the begin-
ning of monitoring.

On Day 5, the only CHD parameter that
demonstrated the prognostic significance was the
GEF (Fig. 3, a): AUC=0.753 (P=0.0384). The GEF
level <27.2% indicated the risk of the lethal outcome
with a 77.8% of sensitivity and a 55.6% of specificity.
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Puc. 1. IIporHo3 retaibHOrO HCXO/a cencuca B 1-e CyTKH HH-
TEHCHUBHOTO JIEYeHHsI 10 rpaUKaM <4yBCTBUTEIbHOCTb-CIIENH-
duunocrb» Allcp (a) u UMC (b).

Fig. 1. The BPav (a) and CPI (b) sensitivity-specificity plots
on Day 1 of the intensive treatment for the prediction of the
lethal outcome of sepsis.

IIpumevanue. [{ss puc. 1—3: Sensitivity — 4yBCTBUTEILHOCTD;
Specificity — crierudounocts; Criterion — Kpurtepuii.

Ha 3-u cyTku HabJ/II0I€HUST IOCTOBEPHO MPO-
PHOCTUYECKON 3HAYNMOCTBIO 00JIa/[aJIi TOJBKO J[Ba
pacuernbix napamerpa LIJA: UMC u TOUC,
ROC-Moziesin KOTOPBIX OKA3aJIMCh XOPOIIIEro Kaye-
ctBa. IIpu uccaepopanuu UMC (puc. 2, a) IIIIK
cocraBusa 0,765 (p=0,0232). UMC<355,8 Br/™m’,
MPeNCKA3bIBAJ JIETATBHBIN UCXOM C YYyBCTBUTEIb-
HOCTBIO 66,7% u ceruduyaHocThio 77,8%. Ha sTom
9Talle UCCJEOBAHNS TIPOSIBUIACH IIPOTHOCTUYEC-

Puc. 2. IIporHo3 JeTajbHOr0 MCXOJa Celcuca Ha 3-€ CYTKH
HHTEHCHBHOTO JieYeHUs MO0 rpaduKaM <4yBCTBUTEIbHOCTH-
cnenupuunocts> UMC (a) u TOUC (b).

Fig. 2. The CPI (a) and GEF (b) sensitivity-specificity plots on
Day 3 of the intensive treatment for the prediction of the lethal
outcome of sepsis.

Despite the good quality of the model, the specifici-
ty of the predictor was clearly reduced. At the same
time, a great separating power of the SOFA scoring
was demonstrated (Fig. 3, b): AUC=0.957
(P<0.0001). SOFA>7 predicted the lethal outcome
with an 88.9% sensitivity and an 88.9% specificity.
On observation Day 7, all studied CHD para-
meters lacked the separating power in relation to the
lethal outcome. At that, the sensitivity of the SOFA
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kast 3Haunmoctb TDOUC (puc. 2, b): TITIK=0,790
(p=0,008). TGN C<26,1% mpenackaspBag JeTATD-
HOCTH C YYBCTBUTEIBHOCTBHIO 66,7% U cremmbmd-
HocTbio 77,8%. OcranbHble IMOKa3aTesH, BKIOYas
orerky no mkaie SOFA, B ykazanubie CPOKH OT
Havyaja HaOJO/IeHUsI TTPOTHOCTUYECKOI 3HAYNMOC-
TU HE UMEJIH.

Ha 5-e cytku cpenu mapamerpos 11/ coxpa-
HSIJIACh TPOTHOCTUYECKAST 3HAYUMOCTD TOJIBKO Y
T®UC (puc. 3, a): IIT11K=0,753 (p=0,0384). ¥Ypo-
Betib [ C<27,2% cBUIETENBCTBOBAJ O PUCKE Jie-
TaJIBHOCTU C YYBCTBUTENBHOCTHIO 77,8% U crienu-
¢dbuunocteio  55,6%. Hecmorps ma xopoiliee
KauyeCcTBO MOJEJH, CIeUu(MUIHOCTh IPeIuKTOpa
Obliia SIBHO CHIKEHHOU. Bmecrte ¢ TeM, TpOSIBJIs-
Jlach OTJIMYHAsl pas[ejuTejbHast CIHOCOOHOCTD
ommenku 1o SOFA (puc. 3, b): IIIIK=0,957
(p<0,0001). SOFA>7 GanoB npejckasbiBaja Je-
TaJBHBIA MCXOJ C YyBCTBUTEIBHOCTD 88,9% 1 crie-
nuduurocTs 88,9%.

Ha 7-e cyTku HaboeH1s BCe UCC/IelOBaHHbIe
nokasaresu I[T/] He o6agaiy pasaeauTeabHol CIio-
COGHOCTBIO B OTHOIIEHUHU JIETAJIBHOTO MCXoa. [Ipu
9TOM HapacTaja YyBCTBUTEJNbHOCTH OIEHKHU I10
SOFA kax npenukropa Jsetanbuoctu (I1TIK=0,994;
p<0,0001). MakcuMajibHO BEPOSITHBIM OBLII JIETAJIb-
HBII MCXO0J[ Y OOJIBHBIX C TSIKECTBIO COCTOSAHUS GoJiee
7 6ajuioB.

O6cysx/Iast MOJyYeHHbIE PE3YJIBTATI, OTMETHM,
YTO HAUJIYYIIUM TIPEIUKTOPOM JIETAIBHOCTH OKa3a-
JIACH OI[EHKA TSLKECTH COCTOSTHUST GOJIBHBIX TI0 TIKAJIE
SOFA, oxHako pasjesnresibHast CIIOCOOHOCTD MOKA-
3aTeJist MPOSIBIISIIACH TOJBKO C ISATBIX CYTOK MHTEH-
CUBHOTO JieUeHUs1. DTH [aHHbIe COrJIACYIOTCSI C MHO-
TOYNCJIEHHBIMI UCCJIEIOBAHUSMU, OI€HUBAIOIIMIU
KJIMHUYECKYTO 3HAUNMOCTD TiKasibl SOFA mpu anHa-
MHYECKOM KOHTPOJIE 32 COCTOSTHUEM TSIKEJIBIX OOJIb-
HBIX [17—19]. BmecTe ¢ TeM, MIKaTa He SBUIACH PAH-
HUM TIPEIUKTOPOM JIeTaJIbHOCTU. B paBHO# cTenenn
He TIPOSIBUJIACH ITPOTHOCTUYECKAS 3HAYUMOCTD IITKa-
ast APACHE 11, mosie3HocTh KOTOPOI OCTaeTcs
MpPEeIMETOM [MCKYCCUU [0 HACTOSIIETO BPEMEHM.
OpHu aBTOPBI TTOAYEPKUBAIOT KJINHIUYECKYIO 3HAUM-
MOCTD 2TOH mKasbl [18—20], apyrue — KpUTHKYIOT
[12]. OtnenbHble KIUHUIKUCTHI JlaXKe CYUTAIOT, YTO
UHTerpajibHble MIKAJIbl OIEHKU HEeIO0CTATOYHO HH-
(hOpMATHBHBI Y TSIKEJIBIX OOJIBHBIX, TAK KaK HE yUi-
TBIBAIOT HAJW4We 1/WJN Pa3BUTHE COIYTCTBYIOIEN
natoJioruu [21].

OTcyTcTBUE MPOTHOCTUYECKOI 3HAYUMOCTHU
reuziepaoro npusnaka (I1I1K=0,556 — wneymosue-
TBOPUTEJIbHOE KadecTBO Mozeau 1pu ROC-anamm-
3e) MOJATBEP/IIIO AaHHbIE MHOTOYNCJIEHHBIX UCCJIe-
noaumii [9, 12, 22], orBepraioiux poJib 10Ja B
puCKe JeTajbHOTO nucxoma. He cTosb oHO3HAUHB
pesyabratel ROC-ananusa 1pu OIEHKE pas/iesiu-
TeJbHOU crocobHocTu Bozpacta: IITTK=0,735
(p=0,079). N3yuennas mojiesib NMeJia XOpollee Ka-
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Puc. 3. IIpornos JeTaipHOro HCX0/a CEICHca Ha 5-€ CYTKH MH-
TEHCHUBHOTIO JIeYEeHHs 110 rpaq)l/lKaM <«YYBCTBUTEJIbHOCTb-CIICIIU~
duunocrs» TDB (a) u SOFA (b).

Fig. 3. The GEF (a) and SOFA (b) sensitivity-specificity plots
on Day 5 of the intensive treatment for the prediction of the
lethal outcome of sepsis.

scoring as a predictor of the mortality increased
(AUC=0.994; P<0.0001). The lethal outcome was
most likely in patients with the severity of the con-
dition of more than 7 points.

While discussing the results, we should note
that the SOFA scoring proved to be the best predic-
tor of the lethality; however, the separating power of
the parameter was obvious only since the fifth day of
the intensive treatment. These data are consistent
with numerous studies assessing the clinical signifi-
cance of the SOFA scale in the dynamic monitoring
of patients [17—19]. However, the scale was not an
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YeCTBO U TEHEHIMIO K CTATHCTUYECKOH JI0CTOBEP-
HOCTH. BIiosiHe BEpOATHO, UTO TIPU YBEJIUYCHUU M C-
Jla HaOJIOJeHUuN OIIpeeIeHHBI BO3PAaCcT CTaHEeT
MPEUKTOPOM JIETAILHOTO MCXO0/Ia B paccMaTpuBae-
MOU KJIMHUYECKON CUTyaluu. JTO MPEINOJOKEHe
MPE/ICTABJISIETCSI JIOTHYHBIM, TaK KaK OMyOJIMKOBAHO
JIOCTATOYHOE YUCJIO MCCIEIOBAHUN, MOYePKUBAIO-
NIMX BaXKHYIO POJIb BO3PACTHOTO (DaKTOpa B Pa3BU-
TUH HeOJArONPUSITHBIX UCXOA0B abJOMUHATIBHOTO
cenicuca [9, 22].

Haubosee panaum (B 1-e cyTku HabJio1€HMs)
MIPEIMKTOPOM JIETATTBHOTO MCXO0/[a OKA3aJICs TTOKa3a-
tenb Allep. UyBCTBUTENBHOCTD W CHETM(UIHOCTD
camkennst Allcp cocraBuia okoso 90% mpu odeHb
xoporieM kadectBe ROC-mozenn. 3HaunMoCTh Be-
JguarHbl AJ[Cp Kak BO3MOKHOTO MTPEAMKTOPA JICTAJb-
HOCTH TIPU CETICHUCe TIPOJIEMOHCTPUPOBAHA B Psifie UC-
caenoBanuii [23, 24]. BoJBIIMHCTBO KJIUHUIIUCTOB
MOYEPKUBAIOT KpaliHe HEOIArOMPUSTHYIO TPOTHOC-
TUYECKYI0 poJb cHWKeHus AJlcp., Kak KIMHUKO-
(byHKIIMOHATBHOTO MapKepa Pa3BUTHS CENITUIECKOTO
moka (A/lep.<65 mm pr. ct.) [6]. [Ipornocruyecku
3HaunMad BesmuumHa A/lcp, ycraHOBJIeHHAs HaMu
(<95 MM pT. CT.), OKa3aJIaCh 3HAYUTEJHHO BbIIIIE, YEM
B IPYTUX HCcaeoBaHusIX. Ha MOMEHT 00CIe10BaH st
B 1iepBbie cyTKu npebbiBanust B OP HUKTO 13 60JIb-
HBIX HE HAXO/IUJICS B COCTOSTHUY CENITHYECKOTO MIOKA,
YTO, B YACTHOCTHU MPOSIBJISIIOCH OTCYTCTBUEM apTepu-
AJTbHOM TUTIoTeH3nN U Tuniepiaakraremu [16]. Tem He
MeHee, B OTCYTCTBUE apTePUATbHOM TMIIOTEH3UN YMe-
pennoe cHmkenue AJlcp. Ha ¢one Hayaia MHTEHCUB-
HOTO JIEYEHUST CETICHCA SIBIJIOCH 3HAYMMBIM HebJIaro-
MIPUATHBIM TTIPU3HAKOM. MOKHO MTPE/ITOTI0KUTD, YTO Y
GOJIBHBIX 2-i1 TPYIIIBI COXPaHHbIE (DYHKIIMOHAIHHDIE
Pe3epBbI CepIeYHO-COCYIUCTON CUCTEMBI OTIPEICISAIIN
6oJiee BBIPAKEHHYIO T€MOMHAMUYECKYIO PEAKIUIO C
nosbineareM A/lcp. Ha Mepbl MHTEHCHBHOTO Jieue-
HUIsI, 4eM y 60JIee TSLKETIBIX OOJIBHBIX. DTO TIPEIIOTIO-
JKEeHMe, HeCOMHEHHO, HY/K/IAeTCA B JIaJIbHENIIEM HC-
CJIe/IOBAHUN,

Hapsany ¢ Allcp., paHHUM TIPEAMKTOPOM Jie-
TATBHOCTH OKazascs pacueTHbiii UMC. 9toT napa-
metp ILI/] peako onenuBaloT npu cerncuce. JIumb B
OT/ICIBHBIX MCCIEIOBAHUAX YKA3aHO, YTO CHUKCHUE
MMC mozkeT ObITh ITPOSIBJIEHUEM CEITUYECKON Kap-
JIMOMUOIIATUH, OIIpeJeIsdionieil HeOmaronpusTHbII
ucxop 3aboseBanust [25]. Bmecre ¢ TeM, BBICOKast
3HaunMocTb MC Kak mpeuKTopa JIeTaTbHOTO UC-
XO/Ia, TIPEBOCXOJAIIAS [[PyTh€e TeMOINHAMUYECKIE
MOKA3aTeJH, TTPOJEMOHCTPUPOBAHA TTPU KaP/UOTCH-
HoM 1moKe [26, 27]. Buaumo, 11es1ecoo6pasHo gajib-
Helilllee M3ydyeHHe IMPOTHOCTUYECKOW 3HAYNMOCTU
NMC mipu cericrice B 00MMPHO#T BEIOOPKe KJIMHIYE-
CKUX HaOJIOCHUI.

WccnenoBanus, MOCBANIEHHBIE U3MEHEHUSM
CHUCTOJINYECKON (DYHKIMU cep/illa IIpU Cercuce,
KpaliHe HEeMHOTOYMCJEHHBI. JXOoKapauorpaduye-
ckag olleHka JeBoro xeaynouka (JIJK), kak mpa-

early predictor of the mortality. The predictive sig-
nificance of the APACHE 1T scale was not that obvi-
ous, thus remaining a subject of debate up to the pre-
sent time. Some authors emphasize the clinical
significance of this scale [18—20], while others criti-
cize it [12]. Some clinicians even believe that the
integral rating scales are not enough informative in
severely ill patients, because they do not to take into
account the existence and/or development of the
concomitant pathology [21].

The lack of the predictive significance of gender
(AUC=0.556 — poor quality of the model according
to the ROC analysis) confirmed the data of numer-
ous studies [9, 12, 22] rejecting the role of gender in
the risk of the lethal outcome. The results of ROC
analysis in the assessment of the separating power of
gender are ambiguous: AUC=0.753 (P=0.079). The
studied model had a good quality and a trend of the
statistical significance. Tt is likely that with the
increased number of observations a specific age will
become a predictor of the lethal outcome in this clin-
ical situation. This assumption seems logical, because
a sufficient number of studies emphasizing the
important contribution of the age factor to the devel-
opment of unfavorable outcome of abdominal sepsis
has been published [9, 22].

The BPav level became the earliest (on obser-
vation Day 1) predictor of the lethal outcome. The
sensitivity and specificity of the BPav reduction was
about 90% with a very good quality the ROC model.
The significance of the BPav level as a possible pre-
dictor of the mortality in sepsis has been demon-
strated in a number of studies [23, 24]. Most clini-
cians emphasize the extremely unfavorable
prognostic role of decreased BPav as a clinical and
functional marker of the development of septic shock
(BPav<65 mmHg) [6]. The BPav level (<95 mmHg)
established in this study was significantly higher
than that in other studies. During the study, on the
first day of their ICU stay, none of the patients was
in septic shock, which was manifested, in particular,
through lack of arterial hypotension and hyperlac-
tatemia [16]. However, in the absence of arterial
hypotension, the moderate BPav decrease after the
initiation of the intensive care of sepsis has become a
significant unfavorable sign. It can be assumed that
in Group 2 patients intact functional reserves of the
cardiovascular system have determined a more
severe hemodynamic reaction with BPav elevation
at the beginning of intensive care than in more
severely ill patients. This assumption clearly needs
further research.

In addition to BPay, the calculated CPI para-
meter became the earlier predictor of the lethality.
This CHD parameter is rarely assessed in sepsis.
Only a few studies indicate that the decreased CPI
can be a manifestation of septic cardiomyopathy that
determines an adverse outcome of the disease [25].
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BUJIO, BBISABJSAET HApyIIeHUE IHACTOJINYECKON
byukuun 6e3 cHuKeHUsT (GPaKIUU H3THAHUS
(OU) JIXK [12, 28]. JIumib B OTAENbHBIX UCCIE/0-
BaHUSIX TOKA3aHO, YTO PUCK HEOJIATOMPUSITHOTO
UCXo/1a Y GOJBHBIX CETICHCOM TTOBBIIIAETCS, €CTH K
nuacroandeckoit auchyunknuu JIXK npucoeganmsi-
€TCd CUCTOJIMYECKast, IPUYEM OIICHKY CHCTOJIMYE-
CKON AMCGhYHKIIUU BBIMOJHSAIOT HE TOJBKO II0
OUNJLK, wo u mo UYO [9]. Oranuuuem TIIT/ B
paccMaTpuBaeMOU KJIMHUYECKOUW CUTYAIMU SIBJISI-
€TCsT BO3MOYKHOCTH OIEHUBATH TIOKa3aTeau o01eit
(r106aNbHOI) COKPATUTENbHON (BYyHKIIUU Cep/ia
[15, 29], k kotopbim MoxHO oTHectn [DUC u
NOC. NubopMaTUBHOCTD IOCJIEIHETO TOKA3aTe-
Jist y OOJIBHBIX CEMCUCOM ObLIA MPOAEMOHCTPUPO-
BaHa panee [29].

IIo HammM JaHHBIM, ITPOrHOCTUYECKOH 3HAYN-
MOCTBIO B OTHOIIIEHUH JIETAIBHOTO MCX0/1a 00JIa1ama
tosbko TDUC, onpenenennas na 3—5-e CTYKH UH-
TEHCUBHOTO JiedyeHus. B nanbHeliniem, na ¢hoHe Bo3-
pacTaiolieil M"HTEHCUBHOCTH CUMIIATOMUMETHYeCKON
Teparuy B OZIHON IPYTITIe M 0TKAa3a OT CUMIIATOMUMe-
TUKOB — B [IPyTrOli, 3HaU€HUSA TIOKa3aTessd Tepsiu
MEKTPYIIOBBIE OTIANYNA. MOKHO MOJITAaTh, YTO CHU-
xenne [OUC orpakaer pa3BUTHE CENTHYECKON
Kap/IMOMUOTIATHHY, TIPe[paciioyiaramiieii Kk Hebiaro-
npusitHomy ucxoxay cercuca [25]. Ilpenomaraior
[25], uTo HemOCTATOUHBIN TIPUPOCT CEPAEUHOTO BbI-
6poca B OTBET Ha CHUJKEHME TIOCTHATPY3KH, XapaK-
TEPHBIN 711 Ccercuca, yKa3blBaeT Ha ITOBBIIIEHHBIN
puck setasbHocT. OTMETHM, Y4TO, XOTS B 00enx 00-
crenoBannbix rpynnax CU Haxomwics B mpesesiax
HOPMBI, y OOJIbHBIX € HEOJArONPUSITHBIM HCXOI0M
cericuca TPOCJIEKUBANIACH TEHICHIUSA K MEHBIIUM
3HAYEHUSAM ATOTO TTOKA3aTEJIA.

He BbI3bIBaeT COMHEHMH, YTO K CE/bMBIM CYT-
KaMm npebObiBarust 6osibHbIX B OP paHHMe MeKTpyTI-
noBble otsinuns mapamerpos ILI'/] HuBesnposaanch
3a CYET aKTUBHOTO HA3HAYCHMS BAa30MPECCOPHBIX U
WHOTPOIHBIX MPENaparoB y 6oJiee TSKETbIX 00Jb-
HBIX. VcroJsib30BaHMe CUMIIATOMUMETUKOB HAIILIO
CBOE OTpaskeHue B oreHKe 1o mkaite SOFA, kotopas
B 9TH CPOKHU HaOJOjeHNs Tprodpesia MaKCHMaJb-
HYT0 WH(DOPMATUBHOCTD.

Bwmecre ¢ TeM, 3aperucTpupoBaHHbIE TEMOJIH-
HaMUUYECKUE OTJIMYMSA B COBOKYITHOCTHU C JJAHHBIMU
HEMHOTOYMCJICHHBIX T[eJIeHATIPABICHHDBIX UCCJIE0-
Banuii [9, 25, 29| natoT ocHOBaHUS TIPETIOIOKUTD,
YTO PAaHHAS MUOKapAUaIbHasA TUCHYHKIINS, TMETO-
nias ompezie;icHHbIe KJINHUKO-(YHKIIMOHAJbHBIE
MPU3HAKYU U ONIPe/leIAIoNIas HapylieHrne HOpMaJib-
HBIX B3aUMOOTHOIIEHUN ETEPMUHAHT CEPJeIHOTO
BBIOPOCA, SIBJISIETCST BOBMOKHBIM (DakTOpOM HebJia-
TONIPUATHOTO MCXOJa Tsxkesoro cercuca. [lomara-
€M, UTO CJIeZIyeT ITPOJI0JIZKATD NCCIE/IOBAHUS B 9TOM
HAIPaBJEHUU W BECTU TIOMCK MaTOTCHETUYECKU
000CHOBAHHBIX M€pP KapAUOTPOMHOI Tepanmuu u
koppexnuun IIT/T.

At the same, the high significance of the CPI as a pre-
dictor of the lethal outcome surpassing other hemo-
dynamic parameters was demonstrated in cardio-
genic shock [26, 27]. Apparently, it is advisable to
conduct further studies of the predictive significance
of the CPT in sepsis in an extensive sample of clinical
observations.

Studies of changes in the cardiac systolic func-
tion in sepsis are extremely few. Echocardiography of
the left ventricle (LV) usually demonstrates impair-
ment of the diastolic function without reducing the
LV ejection fraction (EF) [12, 28]. Only a few stud-
ies have demonstrated that the risk of adverse out-
come in patients with sepsis increased if the IV dias-
tolic dysfunction is combined with the systolic one;
at that, the assessment of systolic dysfunction was
performed not only using LVEF, but also the SVI [9].
The difference of the TPTD in this clinical situation
is in its ability to assess the performance of the over-
all (global) contractile function of the heart [15, 29],
which include the GEF and the CFI. The informa-
tive value of the latter in patients with sepsis has
been demonstrated previously [29].

According to our data, only the GEF demon-
strated the predictive significance with respect to
the lethal outcome, which became obvious only on
Day 5 of the intensive treatment. Further, the
increasing intensity of the sympathomimetic therapy
in one group and discontinuation of sympath-
omimetics in the another one resulted in the loss of
inter-group differences. It can be assumed that the
decreased GEF reflects the development of septic
cardiomyopathy predisposing to the adverse out-
come of sepsis [25]. Tt is supposed [25] that insuffi-
cient growth in the cardiac output in response to
decreased afterload typical for sepsis indicates an
increased risk of the mortality. We should note that
although the CI was within the normal limits in both
groups, in patients with the adverse outcome of sep-
sis there was tendency towards lower values of this
parameter.

There is no doubt that by the seventh days of
the ICU stay the early intergroup differences of
CHD parameters were leveled by the active pre-
scription of vasopressors and inotropes in more
severely ill patients. The use of sympathomimetics
was reflected in the SOFA scoring, which became the
most informative within the observation period.

However, registered hemodynamic changes in
conjunction with data of a few targeted studies [9,
25, 29] suggest that early myocardial dysfunction
possessing certain clinical and functional character-
istics and determining impairment of normal rela-
tionship of cardiac output determinants is a possible
factor of the adverse outcome of severe sepsis. We
believe that studies in this field and a search for
pathogenetically justified measures of cardiotropic
therapy and CHD correction should be continued.
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HPOI‘HO3 NCXO0AQ KPUTUIECCKUX COCTOSIHUM

3akiaoueHue

Takum 0O6pa3oM, B TeYeHUE MEPBBIX CYTOK WH-
TEHCUBHOTO JIEYEHH TSKEJIOTO CEIICuca y GOJbHBIX
¢ HeGJIATOIPUATHBIM IIPOTHO30M 3a00JIeBaHNsI OTMe-
YeHO yMEepPeHHOe CHIKEeHUE TToKa3aTesieil MOIHOCT
u ob1iell cucTormueckoi GyHKIMKU cepila py Ha-
pacraiomieil HoTpeOHOCTH B CUMIIATOMUMETHYECKOI
teparnuu. [IporHocTrueckas 3HAYMMOCTh TaKUX T10-
kazateneit, kKak UMC u TDUC, MmokeT MposBIATHCS
B [IEPBbIE TPOE CYTOK UHTEHCUBHOTO Jieuenus. [lee-
co00pasHbl JanbHelIne yriryOIeHHble UCCIeI0Ba-
nust LT/] npu aboMuHAIBHOM CElcuce.
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Conclusion

Therefore, during the first five days of the
intensive treatment of severe sepsis in patients with
unfavorable prognosis, a moderate decreases in the
cardiac power index and overall cardiac systolic
function were registered along with the increasing
need in sympathomimetic therapy. The prognostic
significance of CPI and GEF may become obvious
within the first 3 days of the intensive treatment.
Further studies of the CHD in abdominal sepsis
seem warranted.
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Kpurnyeckue coCTOAHUSA HOBOPOSKAEHHBIX

KommiekcHas OIl€HKAa KUCJIOPOAHOTIO CTaTyCa u MoKa3areJjeu JIUIINAHOT O oOMeHa
Y HOBOPOKIE€HHbIX C HepHHaTaJIbHOﬁ THINOKCHEN U THIIOBOJIEMUYECKHM IITOKOM
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Complex Evaluation Oxygen Status and Lipid Metabolism Indexes
in Newborns with Perinatal Hypoxia and Hypovolemic Shock
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Iean paboTel. OtieHUTh MOKa3aTen MeTabOIN3MA, JIUITHHOTO 0OMEHA 1 KUCIOPOJHOTO CTATYCa Y HOBOPOJK-
JICHHBIX C TIEPUHATATIBHOM IMITOKCHEN.

Marepuan u MeTojibl. B ucciieoBanue BKIOYUIN 53 HOBOPOKIECHHBIX PeOEHKA, POAUBIIUXCS C IIPU3HAKAMU
TSKEJON MTMITIOKCUU U HU3KOH OIIEHKOI 110 IiKaje Arrap, KoTopas cocTab/sia Ha 1-it MunyTe sxusnu 2 6anna. Ho-
BOPO’K/IEHHBIX Pa3/leIId Ha 2 IPYMIILI, B 3aBUCUMOCTH OT HAJIMYMS KIMHUYECKOH KapTUHBI 1oka: 1-a rpyrima
«ox», 2-g rpynna «OUT» (ocTpast mHTpaHaTagbHas TUITOKCH ). Y BCeX HOBOPOKIEHHBIX MCCIIEI0OBAH TOKA3a-
TEJIM Ta30BOT'0 COCTABA U KUCJOTHO-OCHOBHOT'O COCTOSIHUS KPOBH, COJIepKane JaKTaTa, XoJecTepruia u TPUIJINILE-
PHUIOB B IEHTPATLHON BEHO3HOW KPOBH CPa3y TOCE POKACHUS U HA 5-€ CYTKHU KUIHU. PerncTpUpOBAIN PEKIM 1
[apaMeTpbl NCKYCCTBEHHON BEHTUJISAIIUU JIeTKUX. [IpOBOMNIIM pacyeT cpe/iHero JaBJeHUS B JBIXaTCAbHBIX Ty TIX
(MAP) u kucnopozpnoro unjekca unacoiienus (OSI).

Pesyabrarel. [Ipu poxiaeHnn y HOBOposkAeHHBIX rpyIiibl «[110k» BbISIBUIIM T1yOOKMIT IEKOMITEHCHPOBAHHbIN
MeTabOJIIMYeCKHiT JIAKTAT — ali/03, YTO CBUAETENBCTBYET O MEPEHECEHHO TSIKEI0H TepUHATATIbHOI THITOKCH,
KOTOpasi Oblja ITyCKOBbIM MEXaHU3MOM /Ijisl pasBUTHUs 10Ka. [yt HoBoposkaeHHbIX rpymnibl «OMT» xapakTepHa
TOJIBKO THIepsiakTateMust. 1Ipu poskaeHnn HamGosiee TsiKeaast TUIIOKCeMUs: Oblla Y HOBOPOKAEHHBIX TPYIIIIbI
«Iok», mokasaresb OSI GbLI TOCTOBEPHO BbIIIE Y [eTel 3TO IPYIIIIbI, 10 CPABHEHUIO ¢ AeTbMu Tpyibl « OU»
(p<0,01). Hecmotps na npoBopumoe jiedervie u UBJI, Teyene mocTrunokcuiecoro nmepuojia y HOBOPOKIEHHbIX
rpynibl «IHloky» xapakrepuzoBasiocs yBeandenueMm OSI B Tedenue 12 yacos mocse pox/eHMs, T0CTOBEPHO BbICO-
KU €ro YPOBEHb COXPAHSIJICS B TeUeHUe 48 4acoB MOCTHATAIBHOTO BO3PACTa. Y HOBOPOKIEHHBIX 0OEUX IPYIIIT IPH
POK/IEHU Y BBISIBUJIN BbIPDAYKEHHbBIE TUITOTPUTIUIIEPUIEMUIO M THIIOX0JIECTEPUHEMHUIO.

3axmouenue. [Ipu nepuHaTasbHON TUIIOKCUN MHTPAHATAILHO IIPOUCXOAUT KOMILIEKCHOE HapyIieHue MeTabo-
JIM3MA, TIPOSIBJISIONIEECS TIPYU POKAEHUM METaG0JMIECKIM AlM/I030M PA3JIMYHON CTEIEHH BBIPAKEHHOCTH, Aucha-
JIAHCOM TPUTJIUIEPUJIOB U XOJIecTeprHa. UeM MIPOI0JIKUTEIbHEE U TSIKeIee TUIIOKCHsT, TeM OOJIbIIE BbIPAKEHbI Ha-
pYUIEHUs KICJIOTHO-OCHOBHOTO COCTaBa U COZIEPKAHMS JIaKTaTa KPOBH 1PH poskaeHnn. Kpurtndyeckue 1mokasaresin
pH, naxrara, gedurnnra 6yhepHbIX OCHOBAHUIT KPOBH, IHIIOTPUTIHIEPUAEMIS, THIIOXOJECTEPUHEMUST SBJISIIOTCS
MTATOTHOMOHWYHBIMH [IJI5T TePUHATAIBHON TUTIOKCUH, PAa3BUTHS MIOKA Y HOBOPOK/IeHHBIX. [IpoBeenHoe nccmemno-
BaHue 110Ka3blBaeT B3aMOCBA3b COJep KA TPUTJIUIEPUIOB U X0oJlecTeprHa ¢ II0Ka3aTessIMU KUCJIOTHO-OCHOB-
HOTO COCTOSIHUS U COJIePKAHUEM JIaKTaTa KPOBH, JIUTeIbHOCTHI0 VIBJL.

Kntouesvte crosa: nepunamanvnas acqukcust; Wox; mpuziuyepuobl; XoJIeCmeput; HOBOPOICOeHHbLE

Aim. To asses of metabolism, lipid metabolism and oxygen status parameters in newborns with perinatal
hypoxia.

Materials and Methods. 53 newborn babies born with signs of severe hypoxia and low Apgar scoring equal to
2 at the 1st minute of life were enrolled in the study. Newborns were divided into 2 groups depending on the pres-
ence of the clinical presentation of shock: Group 1 «Shock» and Group 2 «Acute intranatal hypoxia» (ATH). All
newborns underwent testing for blood gas and acid-base balance, lactate level. Cholesterol and triglyceride levels
in the central venous blood were also tested immediately after the birth and on the 5th day of life. Mechanical ven-
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tilation mode and parameters were registered. The mean airway pressure (MAP) and the oxygen saturation index
(OSI) were calculated.

Results. Severe decompensated metabolic lactic acidosis was diagnosed in a «Shock» group newborns at birth,
thus indicating severe perinatal hypoxia which had triggered the development of shock. As for the «<AIH» group
newborns, they had hyperlactatemia alone. The most severe hypoxemia at birth was diagnosed in newborns of the
«Shock» group; the OSI value in these infants was significantly higher than that in «AIH» infants (P<0.01).
Despite the treatment and mechanical ventilation, during the posthypoxic period, newborns from the «Shock»
group were characterized by increased OSI values over 12 hours after birth. Significantly high levels of OSI per-
sisted for 48 hours after the delivery. Severe hypotriglyceridemia and hypocholesterolemia were found in both
group newborns.

Conclusion. The study demonstrated that there was intranatal complex metabolism impairment in the case of
perinatal hypoxia; at birth, it manifested by metabolic acidosis of various degrees of severity and imbalance of
triglycerides and cholesterol levels. The longer and more severe hypoxia is, the more severe acid-base balance and
blood lactate level impairment at birth become. Critical pH and lactate values, blood buffer base deficiency,
hypotriglyceridemia, are hypocholesterolemia are pathognomonic for perinatal hypoxia and shock development in
newborns. This study demonstrated a relationship between the levels of triglycerides and cholesterol with para-

meters of the acid-base balance and blood lactate levels, and the duration of the mechanical ventilation.

Keywords: perinatal asphyxia; shock; triglycerides; cholesterol; newborns
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BBenenne

[lepunatanbHag achukcuss SBIASETCS MHOTO-
(baxTOpHBIM COCTOSTHIEM, PA3BUBAIOIIIUMCS ITPU BO3-
JEHCTBUN Ha ILJIOJ] U HOBOPOXKIEHHOTO psia HebJia-
ronpugTHbIX (artopoB. OHa 3aTparuBaeT OKOJO
YeThIPeX MUJIJIMOHOB HOBOPOK/IEHHBIX B TO/ TI0 BCe-
My MUPY U IPUBOJUT K THOEJU OJHOTO MUJLINOHA
nereii [1—3]. Acukcust BoI3bIBaeT TryOOKUEe U3Me-
HEHUST TOMEOCTa3a, CIOCOOCTBYIONIIE HAPYIIEHUSIM
[EHTPAIbHON FeMOJINHAMUKY | 1ePeOPAIBHOTO KPO-
BOTOKA, PA3BUTHIO MIOKA, & TAKKE BbI3BIBACT PA3BU-
THE JBIXaTeTbHON HEJIOCTATOUHOCTH, BCIIE/ICTBUE UH-
TpaHATAJIBHOI acCUPAIINN OKOJIOTIIOHBIMU BOJIAMHU,
MOBPEK/IEHUST CTPYKTYP adpPOreMaTHIecKoro dapbe-
pa (AIbBEOJISIPHOTO BIIUTEJUSI, HAOTENUsI, Ha3aib-
HBIX MeMOpaH) y HEJIOHOIIEHHBIX HOBOPOKIEHHBIX
[4]. BolienepeurciieHHbIE COCTOSTHUS TPEOYIOT OKa-
3aHUs HEOTJIOKHOU KBAJTUMDUIMPOBAHHON TOMOTIN
HOBOPOXK/IEHHBIM. B aTOM ciryyae ahheKkTuBHO aKC-
TPEHHOE TEPaIeBTHUYECKOE BMEMIATEBCTBO B Teve-
HUE TIEPBOTO Yaca >KU3HU, KOTOPBIM MHOTHE CIeTa-
JIUCTBI HA3BIBAIOT «30JI0TBIM 4aCOM», T.K. UMEHHO 32
3TO BPEMSI PelnaeTcs UCXo achuKCUU HOBOPOK/ICH-
HOTO: CTAOW/IU3AIUS U YJIYUIIEHHE COCTOSIHUS WU
MIPOTPECCUBHOE YXYIIEHUE, PA3BUTHE ITOKA, TTOCT-
HATAJIHBIX OCJIOKHEHUIl, HACTYIJIeHHe HeoOpaTu-
MbIX M3MeHeHUIT 1 JeTasibubiii ucxon [5]. ok stiis-
eTcsa OJHOW u3 BeAyNUX TPUYUH paHHEH
HeoHaTalIbHOU cMepTHOCTHU. [lonnmanue natodusu-
OJIOTUU TIIOKA Y HOBOPOKICHHBIX MTOMOTAET PACIIO3-
HATh €T0 B PaHHEH CTaZMM U HAYaTh COOTBETCTBYTO-
niee JieyeHue. B OCHOBe NMIOKA Yy HOBOPOKICHHBIX
JIesKAT MEeTabOTNIECK e, DHIOKPUHHBIE, KEJIYI0UHO-
KUIIIEYHbIe, HEBPOJIOTUYECKUE HAPYIIECHUS, a TaKxKe
pozoBasg TpaBMa [6]. Kak mpasuso, umeet Mecto co-
yeTaHue HeOJIArONPUSATHLIX (GAKTOPOB, BEAYIIUX K
€T0 Pa3BUTHIO.

Introduction

Perinatal asphyxia is a multiple-factor condi-
tion that develops during exposure of the fetus and
the newborn to a number of adverse factors. This dis-
ease affects approximately four million newborns and
results in deaths of one million infants worldwide
each year [1—3]. Asphyxia causes deep changes in
homeostasis contributing to impairment of central
hemodynamics and cerebral circulation, and devel-
opment of shock; it also causes the development of
respiratory failure due to intranatal aspiration of
amniotic fluid and damage of the blood air barrier
structures (alveolar epithelium, endothelium, basal
membranes) in preterm newborns [4]. The above
conditions require urgent professional medical aid to
the newborns. In this case, urgent therapeutic inter-
vention during the first hour of life called the «gold-
en hour» by many specialists is effective, because the
outcome of newborn's asphyxia is at issue: stabiliza-
tion and improvement or progressive worsening,
development of shock, postnatal complications,
onset of irreversible changes and the lethal outcome
[5]. Shock is one of the leading causes of early neona-
tal mortality. Understanding the pathophysiology of
shock in newborns contributes to its early diagnosis
and to initiation of an appropriate treatment. The
shock in newborn infants is based on metabolic,
endocrine, gastrointestinal, and neurological disor-
ders, as well as birth trauma [6]. Usually, there is a
combination of adverse factors leading to its devel-
opment.

Consequences of hypoxia and shock have a nega-
tive effect on newborns, causing damage to organs and
systems, contributing to the development of multiple
organ failure. The more severe the perinatal hypoxia is,
the greater the imbalance of oxygen becomes: low oxy-
gen partial pressure (pO,), decreased hemoglobin satu-
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KPMTM‘ICCKMG COCTOAHMS HOBOPOIKACHHDIX

[TocaencTBUS TUTIOKCUN U Pa3BUTHE TTOKA OKa-
3bIBAIOT HETATMBHOE BJUSHHUE HA HOBOPOKICHHBIX,
BBI3BIBAsI TIOBPEIK/ICHUE OPTaHOB U CHCTEM, CIIOCOOCT-
Bys Pas3BUTUIO TIOJUOPTAHHONH HEIOCTATOYHOCTH.
UeMm Tsskesiee TiepeHeceHHas TepUHATAJIbHAS TUTIO-
KCHSI, TeM 3HAYUTEbHEH [ucOaTaHe KUCIOPO/Ia: HU3-
KWH ypoBeHb HarnpskeHust kucaopoza (pO,), cHmxe-
HUe HACBIIEHUST TEMOTJIOONHA KPOBH KUCIOPOIOM,
runiepsaktateMust [7—9], a Takske HapyiieHus ooOMe-
Ha xoJsiectepuna [10]. Teuenue 1moka conmpoBoxKAALT-
Cs1 Pa3BUTHEM HapYIIEHUN MeTabo/u3Ma, JIaKTaT-
aIn03a, KOTOPBIA sIBJIETCS OAHOM U3 HaumboJiee
pacrnpoCcTpaHEHHBIX OUOJIOTUYECKUX TIPOOJTIEM B
IIpaKkTHKe NHTeHCUBHON Tepanuu. [Ipu pasButnu 1ro-
Ka MPOUCXOJUT yBeJWYCHUE TIPOLYKIUU JIAKTaTa U
cHIKeHne 3(hHEeKTUBHOCTH JTAKTATHOTO KJIMPEHCA Ha
KJIETOYHOM YPOBHE, UTO TIPUBOJAT K TUIIEPJAKTATE-
MUU ¥ CHUKEHUIO 3HAUYEHUS BHYTpPUKJIETOYHOTO pH
[11, 12]. HeratuBHble reMomuHamMmmyeckue a(hheKTo
TSZKEJIOTO JIAKTAINI032 TIOATBEPIKIAIOTCS 9KCIIEPH-
MeHTabHBIME JMaHHbiMU [11]. TIpu moke HanbGosiee
PACIIPOCTPAHEHHBIM SIBJIAETCSA JIAKTAT-AIUI03, KaK
pe3yJabraT TKaHeBOW THUIIOKCHUU, KOTOPBIH, B CBOIO
o4epesib, OOBIYHO SIBJISIETCST CJIEICTBUEM THIIONEP(Y-
sun [13—15]. BHyTpuyTpoOHast U MHTpaHATAIbHAS
TUTIOKCHSI BJIUSIIOT Ha BHYTPUYTPOOHYIO M MOCTHA-
TAJBHYIO KOHIIEHTPAIIUIO XOJECTePoJia U TPUTJIUIIE-
PHUIOB B KPOBU HOBOPOJKJICHHBIX. BBICTPO (hopmMupy-
Ionasicss  bIXaTeJbHas — HEJIOCTATOYHOCTb, B
COYETAHUU C COXPAHSIONIENCS TUITOKCeMUeEdt, riry6o-
KUMU HapylieHussMU MeTabosinama (Tuliepakrare-
MU, neUIUT OCHOBAHUMN, TMIIOTPUTJIAIIEPUICMHUS,
TUITOXO0JIECTEPUHEMNUS ), PE3UCTEHTHBIE K TIPOBOIM-
MOIi Teparni, CBUJCTETBCTBYET O TSKECTH W JIJTH-
TEJbHOCTU AHTEHATATbHOU THUIIOKCUU, SBJISIOTCS
(bakTopamu, CIIOCOOCTBYIONIUME Pa3BUTHIO IOKA Y
HOBOPOsK/IeHHBIX [16, 17].

[TepunaranbHas TUIIOKCUS, HAPYIICHUS IEHT-
paTbHON FeMOAMHAMUKY W Pa3BUTHE MOKA ¢ opMu-
POBaHMEM MOJMOPTAHHON HEJOCTATOUHOCTH Y HOBO-
POKJIEHHBIX OCTAIOTCS AKTYaJbHOI TPOOIEMOii,
Tpebyiolieil fajabHeNIIero n3y4eHus.

Ilesb cceroBanmst — OLIEHKA ITOKa3aTesen Me-
Tab0JI1M3Ma, JIMITUAHOIO 0OMEHa U KUCJIOPOLHOIO CTa-
Tycay HOBOPOXK/IEHHBIX C TIepUHATAIbHON TUITOKCHEH.

Marepuan u MeTObI

B wnccienoBanme BRIIOYMIN 53 HOBOPOKICHHBIX pe-
GeHKa, POJAMBIINXCS C IPUSHAKAMME TSIKEJION MepUHATalb-
HO¥l TUTIOKCUU U HU3KOU OIEHKOH 110 mikasie Arrap, KOTo-
pas cocraBisiia Ha 1-ii MuHyTe sKu3Hu 2 OGasia.
HoBoposK/IeHHBIX Pa3/IeTUIN Ha 2 TPYIIIIbI, B 3ABUCUMOCTH
OT HAJTMYHSI KINHITYECKOI KapTUHBI ITTOKA:

e 1-a rpymma «Illok», y HOBOPOXIEHHBIX 3TON
IPYIIIBI CPa3y MocJjie POK/ICHUs WU B PAHHEM HEOHATAJIb-
HOM Iepro/ie pa3BUJICS TUIIOBOJIeMUYecKHi oK. /{narnos
BBICTaBJIEH HA OCHOBAaHUN KJIMHUYECKOI KapTUHbI 3&60.716-
BaHMsl, TIOKa3aTesell eHTPaTbHON TeMOIMHAMUKH;

ration with oxygen, hyperlactatemia [7—9] and there is
cholesterol metabolism impairment in the case of peri-
natal hypoxia [10]. The shock is accompanied by the
development of metabolic disorders and lactic acidosis,
which is one of the most common biological problems in
the intensive therapy practice. When shock develops,
lactate production increases and the effectiveness of the
lactate clearance decreases at the cellular level, thus
leading to hyperlactatemia and decreased intracellular
pH [11, 12]. The negative hemodynamic effects of
severe lactic acidosis are confirmed by experimental
data [11]. Lactic acidosis is the most common condition
at shock as a result of tissue hypoxia, which, in turn, is
commonly caused by hypoperfusion [13—15].
Intrauterine and intranatal hypoxia affects the
intrauterine and postnatal concentration of blood cho-
lesterol and triglyceride levels in newborns. Rapidly
developing respiratory failure in combination with per-
sistent hypoxemia, severe metabolism disorders (hyper-
lactatemia, base deficiency, hypotriglyceridonemia, and
hypocholesterolemia) resistant to the therapy indicates
the severity and long-term duration of antenatal
hypoxia; all these ones represent factors contributing to
the development of shock in newborns [16, 17].

Perinatal hypoxia, central hemodynamic disor-
ders, and the development of shock with multiple
organ failure in newborns remain an urgent problem
requiring further studies.

The aim of the study is to evaluate lipid metab-
olism and oxygen status parameters in infants with
perinatal hypoxia.

Materials and Methods

53 newborn infants born with signs of severe hypoxia
and low Apgar score equal to 2 at the 1st minute of life
were enrolled in the study. Newborns were divided into 2
groups depending on the presence of the clinical presenta-
tion of shock:

o the 15t group «Shocks»; newborns of this group
developed hypovolemic shock immediately after birth or in
the early neonatal period. The condition was diagnosed on
the basis of the clinical presentation of the disease and cen-
tral hemodynamic parameters;

«  the 2nd group «AlH»; in this group, newborns
with perinatal hypoxia, presented no clinical and instru-
mental signs of shock.

The main clinical characteristics of the newborns are
presented in table 1.

There were no significant differences in the gestation-
al age, body weight, and Apgar scoring between the groups,
i.e. newborns of both groups are similar according to the
studied parameters and repewsent two samples of the same
population. Newborns received resuscitation care at birth
including tracheal intubation and switching to mechanical
ventilation. All newborns received professional care in
accordance with the procedure for rendering medical care
in neonatology [18]. The newborns were transferred from
the delivery room to the ICU, where mechanical ventila-
tion (MV) was started.

The following methods were used in the study:
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Ta6imua 1. OcHOBHbIE KIMHUYECKUE XapPaKTEPUCTUKU HOBOPOsKAEHHbIX (M*0).
Table 1. Principal clinical characteristics of newborn babies (M+0).

Parameters

Values of parameters in groups

<«Shock», n=27

<AIH», n=26

Gestational age, weeks 32.7£4.6 33.2%5
Body weight, g 2179.6+968.5 2133.5£1050.5
Apgar score at the 15t minute 2(1;4) 2(1;3)
Apgar score at the 5th minute 5(4; 6) 6

The number of children on MV 27 (100%) 26 (100%)
The number of children who received surfactant 14 (51.8%) 13 (50%)
Dose of surfactant, mg/kg 142.2+52 159.2+40

ITpumeuanue. [lia tabu. 1, 2: Parameters — mapamerpsr; Values of parameters in groups — sHaueHus apaMeTpoB B rpynnax. Jls
tabu. 1, 2 u puc. 1—5: «Shock» — «Ilok»; «<AIH» — «OUT» — octpas unrpanaranbias runokcust. Gestational age, weeks — cpox
recraiuu, negesin; Body weight, g — macca tena, rpamm; Apgar score at the 15t (5th) minute — mkana Anrap na 1-it (5-it) Mmun, 6as;
The number of children on MV / who received surfactant — xomaectso nereit Ha UBJI/ nonyuyusmiux cypdakrant; Dose of sur-

factant, mg/kg — nosa cypdakranra, Mr/Kr.

e 2-a rpynna «Octpas MHTpaHaTaJbHas TUIIO-
kcusi»> («OUT»), B KOTOPOI y HOBOPOK/IEHHBIX, IIepeHeC-
KX IEPUHATAIILHOMN TUIOKCUIO, HE OBLIO KIMHUYECKUX U
MHCTPYMEHTAJIbHBIX IIPU3HAKOB 1110KA.

OcHOBHBIE KJIMHUYECKNE XaPAKTEPUCTUKN HOBOPOJK-
JEHHBIX TIPE/ICTABIEHBI B Tabmie 1.

JlocTOBEPHBIX OTJMYNI TTO CPOKY TeCTAINH, Macce Tea,
OLIEHKe T10 MIKasie ATrap, MeK/y TPYIIaMi He BBISBUJIY, T.
€. HOBOPOK/IEHHbIE 0GEUX TPYIIT OJUNHAKOBbI 110 UCCJIEIye-
MbIM [IAPAMETPAM U SIBJISLIMCD JIBYMsI BBIOOPKAMU OJIHOI Te-
HepasIbHOH COBOKYIHOCTU. IIpn poskpeHnn HOBOPOXKIEH-
HBIM OKa3aJ1 PEaHUMAIMOHHYIO MOMOIIb, BKJIOYAIOULYIO
UHTYOAIMIO TPaXeu, [IEPEBOJL HA UCKYCCTBEHHYIO BEHTHIS-
IIUIO JIETKUX. BceM HOBOPOIK/ICHHBIM OKa3a/Ii KBaJndUIiu-
POBaHHYIO ITOMOIIIb B COOTBETCTBUU C MOPSIKOM OKa3aHHs
MEIUIIUHCKOI TIOMOIITH 110 Ipodutio «HeoHatosorust» | 18].
W3 popnsabHOTo 3a1a HOBOPOK/IEHHBIX TIEPEBOIMIIN B TIaJia-
Ty peaHnMaliiy, Ijie JAeTeil MOKII0YaIH K allapaTy UCKyC-
cTBeHHOH BeHTHI AN JieTknx (VBJT).

B pa6ore uCIonb30Banu Cleyiine MeToIbL:

1. KuiuHuueckast OLEHKa COCTOstHUSI pebeHKa mpu
posKIeHnH, BKIIoUyaoias oieHky o imkaie Anrap (OA)
Ha 1-if MUHYTe TI0CTIe POXKIeHUs.

2. Jlnst mpoBeiennst WHGY3UOHHOM Teparmin 1 J1abo-
PATOPHBIX HMCCJIEJOBAHUI BBITIOJHSIN KATETEPUIAIUIO V.
Umbilicalis Tepmormactiambiv kaTerepoM. st mosHoro 6u-
OXUMMYECKOTO NCCIIEIOBAHUST KPOBH, BKJIIOUAIOIIETO OIIpeie-
JIeHUe [TOKa3aTeJiell ra30BOr0 COCTaBa M KUCJIOTHO-OCHOBHOTO
cocrosamsa (KOC), makraTa, KOHIIEHTPAITIH XOJIECTEPIHA 1
TPUTITHIEPUIOB 3200 OCYIIECTBIISIIN B 00beMe 2 MIL.

3. WBJI npoBoamin na anmapare SLE 5000 (SLE
Limited Twin Bridges Business Park).

4. Bo Bpemsa nposesenust IBJI nccienoanu raso-
BBIIl COCTaB, KUCJOTHO-OCHOBHOE COCTOSTHUE U COJep:Ka-
HUe JJaKTaTa eHTPAIbHOI BEHO3HOI KPOBU HA aHATIM3ATO-
pe Gem Premier 3000 (USA).

5. Maremarndeckuii pacueT CpelHETO JABJEHUS B
nbixaresbHbx myTsx (MAP) npoBoauin o dhopmysie:

MAP=K*(PIP-PEEP)*(Tin/(Tin+Tex))+PEEP,
rae K —xoncranra; PIP — nukosoe paBiieHue BJO-
xa, PEEP — nojioskuresbHOe JaBjeHue B KOHIIE BbI0XA;
Tin — Bpewmst Biroxa; Tex — BpeMs BbIZIOXA.

6. MaremaTruecknii pacueT KHACJIOPOTHOTO MH/EK-
ca HacbieHust (OSI, oxygen saturation index) npoBouu
1o opmy.ie:

1. Clinical assessment of the baby's birth status,
including Apgar scoring (AS) at the 1st minute after the
birth;

2. Catheterization of v.umbilicalis using a thermo-
plastic catheter was performed for the infusion therapy and
lab tests; 2 ml of blood was sampled for a complete blood
chemistry test, including tests for blood gases and acid-
base status (ABS), lactate levels, cholesterol and triglyc-
eride levels.

3. MV was performed using the SLE 5000 unit
(SLE Limited Twin Bridges Business Park).

4. Tests for blood gases, acid-base status and level of
central venous blood lactate levels were performed during
the MV using the Gem Premier 3000 Analyzer (USA).

5. The mathematical calculations of the mean air-
way pressure (MAP) were performed using the following
formula:

MAP=K*(PIP-PEEP) * (Tin/(Tin+Tex))+PEEP,
where K -constant; PIP -peak inspiratory pressure,
PEEP — positive end-expiratory pressure; Tin -inspiration
time; Tex — expiration time.

6. The mathematical calculations of the oxygen sat-
uration index (OSI) were performed using the following
formula:

0SI = MAP X FiO, X 100 X SpO,,

where FiO, — inspiratory oxygen fraction (%); MAP
— mean airway pressure (cm H,O); SpO, — blood oxygen
saturation (%).

7. The tests for triglyceride levels in the central
venous blood of newborns during the first hours of life and
on Day 5 were performed using the 400 SAPPHIR unit ,
version 1.8 (Tokyo Boeki LTD, Japan). The enzymatic
photometric test with glycerol-3-phosphate oxidase and a
reagent kit Triglycerides DiaS were used.

8. The tests for cholesterol levels in the central
venous blood of newborns during the first hours of life and
on Day 5 were performed using the 400 SAPPHIR unit ,
version 1.8 (Tokyo Boeki LTD, Japan). The enzymatic
photometric test CHOD-PAP and a reagent kit
Cholesterol DiaS were used.

9.  The obtained results were processed by methods
of descriptive and non-parametric statistics using the
Statistica 6.0 software package. The differences were con-
sidered significant when the level of the statistical signifi-
cance was p<0.01.
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OSI = MAP X FiO, X 100 X SpO,,

rae FiO, — nncnmparopuast dbpakimst kucaopoza (%);
MAP (Mean Airway Pressure) — cpejinee jiaBjieHue B Jibl-
xaresbHbIX yTsX (cm H,O); SpO, — HacwleHne reMo-
riobuna kucaopoaom (%).

7. Ormpenesenue copepxKaHus TPUTJIUIEPUIOB B
IEeHTPATbHON BEHO3HOI KPOBU HOBOPOJK/IEHHBIX B IT€PBbIE
Yachl TOCTHATAIBHON KU3HU U HA 3-€ CYTKH JKI3HU TPOBO-
mun Ha anmnapare SAPPHIR 400, sepcusi 1.8 (Tokyo
Boeki LTD, Japan). Ucrnosnb3oBajicsi hepMeHTaTUBHbIN
oromerpuueckuii Tect ¢ rauiepos-3-gocharokeuazoi,
nabop pearentos Triglycerides DiaS.

8. OmpezesneHre KOIMYeCTBA XOJIECTEPUHA B TIEHT-
PaJIbHO BEHO3HOIT KPOBI HOBOPOKJCHHBIX B IIEPBBIC YACHI
MOCTHATATHHON JKU3HU U Ha 5-€ CYTKU JKU3HU TIPOBOIIN
Ha anmapare SAPPHIR 400, sepcusi 1.8 (Tokyo Boeki
LTD, Japan). Ucnonb3oBaiu hepmMeHTaTUBHBII (hoTOMET-
pudeckuit  tect «CHOD-PAP», mnabop peareHTos
Cholesterol DiaS.

9. TloxyuenHble pe3yabTaThl 00paboTAIN METOIAMU
JIECKPUNITUBHON 1 HeTlapaMeTPUYecKOH CTAaTUCTUKN C HC-
MOJIb30BaHMEM IaKeTa rporpamm «Statistica 6.0». Oru-
YU CAUTAIN JOCTOBEPHBIMU TTPU YPOBHE CTATUCTUIECKON
snaunmoctu p<(,01.

PesyabraThl 1 00CyK/I€HHE

Ocrpas WHTpaHATAJIbHASA TUIIOKCUS U IIOK Y
HOBOPOKIEHHDBIX XaPAKTEPUBYIOTCSI TIIYOOKUMHE Pac-
CTPOICTBAMM KMCJIOTHO-OCHOBHOTO COCTOSTHUS KPO-
Bu (puc. 1). Ilpu poxaeHMn y HOBOPOXKIEHHDIX
rpyribt «IT1IoK» BbIsIBIIEH TIIYOOKUI IEKOMITEHCHPO-
BaHHBI MeTaboJIMYeCKUil JIaKTaT — alij03, 4To
CBU/ICTEJLCTBYET O MEPEHECEHHON TSXKEION meprHa-
TAJILHOI THIIOKCHU, KOTOPast ObLIa MyCKOBBIM MeXa-
HU3MOM [IJTs1 Pa3BUTHUSA 1OKA. /{51 HOBOPOKICHHBIX
rpymibl «ONT» xapakTepHa TOJIBKO THIIEpJIaKTaTe-
MU, OCTaJbHBIE TIOKA3ATENH, OTPAsKAIOIINE ITePIHA-
TaJTbHOE KUCTIOTHO-OCHOBHOE COCTOSHUE, COOTBETCT-
BOBAJIM <«JIETKOMY» MeTab0JIMYECKOMY aI[UI03Y.
BbIsiBUIM CTaTUCTUYECKH IOCTOBEPHbIE OTJINYMS UC-
CJIe/lyeMBIX MTOKa3aTeseil MexK/Iy TpynnamMu maueH-
toB (p<0,01).

JL7151 KOMIIJIEKCHOM OIeHKU BBIPAKEHHOCTU TH-
MOKCUU OICHWBATM KUCJIOPOIHDBIN WHEKC HACBIIIE-
Hust (oxygen saturation index, OST), KoTopbiii sIBJIsI-
eTcs Pe3yJIBTUPYIONIe BEJTWYMHON, OTpaskaioiiei
CTeleHb BhIpakeHHOCTH runokcemuu [19]. Kax Buj-
HO u3 rpaduka (puc. 3) npu pokaeHuN Hanboiee Tsi-
JKeJIast TUTIOKCEMUST ObLIa Y HOBOPOSKIEHHBIX TPYTITIBI
«IIlok», nokasareab OSI ObLI JOCTOBEPHO BbIIIE Y
JleTell 3TOoii TPYIIIb, 110 CPABHEHUIO C JIeTbMU I'PYIIIbI
«OUT» (p<0,01). HecmoTpst Ha MPOBOAMMOE Jieue-
uue u VUBJI, Tedenne moCTTUIIOKCUYECOTO TTePUoa y
HOBOPOXKEHHBIX Tpymibl «IIlok» XapakTepusoBa-
soch yBesmuenuveMm OSI B Teuenue 12 yacos rociie
POKIEHUS, TOCTOBEPHO BBICOKHI €r0 YPOBECHB CO-
XpaH4JIcd B TeUeHHe 48 4acoB NMOCTHATAILHOTO BO3-
pacTa, o0 CPaBHEHUIO C HOBOPOXK/IEHHBIMU TPYIIIIBI
«OUT» (p<0,01). Y neteii rpynmst «ONT» ncereny-

20
[0 Group «Shocks»

17.5 +
E Group <AIH»
15 1+ *

Beb,
mmol/1

pH Lactat,
mmol,/1

HCO,,
mmol/1

Puc. 1. Ilokasaren KHCIOTHO-OCHOBHOTO COCTOSIHHSI M JIAKTATA
KPOBH HOBOPO3K/ICHHBIX TIPH POK/ICHUH.

Fig. 1. Parameters of the acid-base balance and blood lactate
levels in newborns at birth.

Note. * — P<0.01 — significance of differences between groups.
Ipumevanwue. /L5t puc. 1, 2, 5: mmol/l — mmoun /1. * — p<0,01 —
JIOCTOBEPHOCTD OTIIMYMIA MEKLy TPYIIaMu.

o O Tr<0,2mmol/l @ TT >0,2 mmol/1
80 -

70 -
60
50

40 -

30 -

20 -

10 -

Group «Shocks» Group «<AlH»

Puc. 2. IIponieHT HOBOPO KIEHHBIX C PA3IMYHBIM COJI€P KaHUEM
TT.
Fig. 2. Newborns with different values of TG, %.

Results and Discussion

Acute intranatal hypoxia and shock in new-
borns are characterized by severe disorders of the
acid-base balance (Fig. 1). Severe decompensated
metabolic lactic acidosis was diagnosed in «Shocks
group newborns at birth, thus indicating severe peri-
natal hypoxia which had triggered the development
of shock. As for newborns of the «AIH» group,
hyperlactatemia alone was typical; other indicators
of the perinatal acid-base status corresponded to
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eMbIl II0Ka3aTejlb CHUIKAJICS,
YTO CBUIETETBCTBYET O KpaT-
KOBPEMEHHOCTH THIIOKCHH U
BOCCTaHOBJICHUU Ta3000MeH-
HOI (DYHKITUY JIETKUX.
OcHoBHAa4 3a1a4a jgede-
HUS I1I0KAa U TUIIOKCUM —
HOpMaJnU3aIus KHUCIOPOJI-
HOTO CTaTyca HOBOPOKJEH-
HbIX ¢ nomoipio MBJI. Y
HOBOPOKIEHHBIX obeunx
TPYIIIT CTAPTOBBIM PEKUMOM
SIBJSIIACh  CUHXPOHU3UPO-
BaHHas TepeMeKanascs
MPUHYANTENbHAS BEHTUJIS-
nuss (SIMV). Jlnga onenku
addekTUuBHOCTU TIpPOBEjie-
Huss VIBJI usyuena pesyJib-
TUPYIOIIass BeJTUYHHA Tapa-
METPOB  BEHTHJISIUNA  —
MAP (puc. 4). BoibpaHHbie
mapaMeTph BEHTHUISAIUN
Jerkux obecreuynBanu sd-
(dhexTUBHBIN Ta3000MeH U
HEOOXOUMBIN yPOBEHD OK-
CUTEHAIIMN y HOBOPOK/IEH-
HbIxX rpynmbsl «OUT». Uc-
XO/HBIN 1ToKazaresib MAP y
9TUX jieTell ObLT IpUbINIKeH
K (pU3n0IOTUUECKUM 3HAUE-
HUSIM, €T0 KPaTKOBPEMEHHOE
MIOBBIIIIEHNE OTMedYann K 24
yacaM TTPOBEIEHUST BEHTUISI-
MU JIETKUX, B JajibHEIIeM
OBLIM U3MEHEHBI IIapaMeTPhl
NBJI, u MAP mnocrenento
CHMXKaJ0Ch. /[T HOBOpOXK-
neHubix rpymiel «Illok» xa-
pakTepHa WHas KapTHHA:
JUIST TOCTHIKEHUST TIpUeMJe-
MOTO yPOBHSI OKCUTEHAIUN
B TeueHne 12 vacoB mocie
poxxaenuns nmapamerpst MBJI
W3MEHSITH B CTOPOHY yBe-
anuenusa MAP. B nanpueii-
IeM CpeaHsss BeJudYnHa
MAP B TeueHme Bcero Bpe-
MEeHU JiedeHUsI ocTaBajach
npesxkHei, 6e3 TeHIEHIUKU K
CHUJKEHUIO, YTO CBUIETEb-
CTByeT O HeO0OXOJUMOCTH

i - ——
(-] L= (=2
*

-
=
*

0SI, conventional units

ih 6h 12h
Group <Shock» 8.8 10.3 15.6
—&— Group <AlH» 5.4 59 4

48 h
8.6
5.5 4.2

(3=

Puc. 3. lunamuka OSI y HOBOPO KI€HHBIX.

Fig. 3. OSI dynamics in the newborns.

Note.* — P<0.01 — significance of differences between groups.

IIpumeuanwue. [[is puc. 3, 4: h — wac; Conventional units — ycaosubie equauib * — p<0,01 —
JIOCTOBEPHOCTDL OTJIMYMI MEK/Ly FPYIIIAMU.

=

MAP, cm H,O
=

6
ih _Eh _12h

Group <Shocks | 99 | 108 | 119
—®— Group <AlH» | 9.1 9 | 87

24h 48 h 72h 96 h 120h 144 h
10.8 11.1 10.6 10,9 9.5 10.4
10.5 7.6 74 74 7.2 6.6

Puc. 4. [lunamuka cpe/iHero AaBJeHus B AbIXATEJIbHBIX IYTIX Y HOBOPOK/EHHBIX BO BPEMs
npoBeaenus: UBJI.

Fig. 4. MAP dynamics in the newborns during the MV.

Note. * — P<0.01 — significance of differences between groups.

IIpumeuanue. cm H,yO — cm BogH. ct. * — p<<0,01 — 1ocTOBEPHOCTD OTIMYUIT MEXK/LY IPYII-
amu.

nposenenust IBJI ¢ «kecTkuMu» mapameTrpamu,
NI TOCTUKEHUS TTPUEMJIEMOTO YPOBHS OKCHTe-
Hainuu. B rpynne «Illok» B mpoBeseHnN BBICOKO-
qacTotHOl o6bemHOil (BUO) MBJI Hyxpamach
MOJIOBUHA HOBOPOXKICHHBIX, B rpynie «ONT» ne
OBLIO TIOKA3aHUIL IJIsT TIPUMEHEHUsSI 3TOTO METO/[A
NBJI (tabi. 2).

mild metabolic acidosis. Statistically significant dif-
ferences in the studied parameters between groups of
patients were found (P<0.01).

To assess the severity of hypoxia, the oxygen
saturation index (OSI) was calculated, that was
resulted frome the severity of hypoxemia [19]. As it
can be seen from the plot (Fig. 3), the most severe
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Ta6auua 2. [Tokasaresu pecnupaTopHoil tepanmuu (M+0).
Table 2. Parameters of respiratory therapy (M+0).

Parameters Values of parameters in groups

<«Shock», n=27 <AIH», n=26

MYV duration, h 119.7+£82 101£80
The number of children on HFOV 14 (51.8%)* —
Start of HFOV, h 17.6+5.2* —
HFOV duration, h 39.5+13.6* —

Note. * — P<0.01 — significance of differences between groups.
Ipumeyanue. MV duration, h — maurenasrocrs UBJI, yac; The number of children on HFOV — kosmmuectso nereit ma B4O VBJI;
Start of HFOV — nauyasio B4O UBJI; HFOV duration — ammrensaocts BUO NUBJL * — p<0,01 — 1ocToBEpHOCTD PA3JIUUNil MEXK-

Jly TpyTIIaMu.

O Group «Shocks> [l Group <AIH»

ra £
B &1 W &

&

TG and CS, mmol/1

=
&

TGatbirth TGonDay3  CSatbirth CSonDay5

Puc. 5. Conep:xanue TI u XC y HOBOPOK/E€HHBIX B MpPOIECCE
JIeYeHus..

Fig. 5. TG and cholesterol levels in the newborns during treat-
ment.

Note. For the meanings of abbreviations refer to materials and
methods. * — was a significant growth of TG and CS levels as com-
pared to the first 24 hours of life (P<0.01).

IIpumeyanue. Pacuidposky abOpeBUaTyp CM. B MaTepuajiax u
meronax: TG at birth — TT npu poxaernn; TG on Day 5 — TT
na 5 cyrku; CS at birth — XC npu poxzaenuu; CS on Day 5 — XC
5 CYTKH. * — IOCTOBEPHBIN POCT MOKA3aTeel, M0 CPABHEHHIO C
1-u cyrkamn sxuszun (p<0,01).

NccaenoBaiyn HEKOTOPbIE TTOKA3ATEH JITTU]L-
HOrO 0OMeHa, B yactHocTH, Tpuriautepuast (TT) u
xoJiectepuH (XC), KOTOpBIE SBJIAIOTCA BaXKHEUIITH-
MU KOMITOHEHTAMU KJIETOYHBIX MeMOpaH, UTPaioT
pOJib B paHHEH MOCTHATAJIbHOU afanTalluil HOBO-
posxkaentoro pebenka (puc. 5). Cozepxanue TT u
XC KpoBU TIPU POKIECHUU JTOCTOBEPHO HE OTINYA-
Joch Mexay rpynnamu (p>0,01). ¥ xereii rpynib
«ITok» conepskanue TI cocrasasio 0,46%0,4
MMOJIb/J1, B Tpytme «OUT» — 0,39£0,2 mmous /1.
[Tpu peranprom amanusze y 26,9% mnereii rpymiibi
«OUT» BoistBUIM TIyOOKYI0 TUIOTPUTIUIEPUIE-
Mmuto, KonteuTpaius TT B kpoBu He nipesbiniasa 0,2
MMOJIb/JT (puc. 2). D10 Gblan TIyGOKOHETOHOIIEH-
Hble HOBOPOXKJIEHHbIE cO cpokoM rectariuu 30,117
HeJl., Maccoii Tesra ipu poskaerun 1510+428 r., nm-
tesbrocTh UBJI y Hux cocrasusa 130,3 298 wac. ¥
33,3% noBopoxaenubix rpymibl «[I1lok» Takke Bbi-
SIBUJTH TJIYOOKYIO TUIIOTPUTIIUIIEPUIEMUIO, KOTOPAsT

hypoxemia at the birth was registered in newborns of
the «Shocks group; the OSI value was significantly
higher in children of this group than that in the
«ATH» (P<0.01). Despite the treatment and
mechanical ventilation, during the posthypoxic peri-
od, newborns from the «Shock» group were charac-
terized by increased OSI values over 12 hours after
birth; its significantly high level persisted for 48
hours after the delivery, as compared to newborns of
the «ATH» group (P<0.01). In infants of the «ATH»
group, the studied parameter decreased indicating
the short duration of hypoxia and recovery of the
gas-exchange function of lungs.

The main objective of shock and hypoxia treat-
ment was newborns' oxygen status normalization
using the MV. In newborns of both groups, the syn-
chronized intermittent mandatory ventilation
(SIMV) became the starting ventilation mode. To
assess the MV effectiveness, the resulting value of the
ventilation parameters, MAP, was studied (Fig. 4).
The selected ventilation parameters ensured an effec-
tive gas exchange and the required level of oxygena-
tion in newborns of the «AIH» group. The baseline
MAP parameter in these children was close to the
physiological values; its transient increase was regis-
tered by the 24th hour of the ventilation; then MV
parameters were reduced, and the MAP values grad-
ually decreased. A different situation was typical for
newborns of the «Shock» group: to achieve an accept-
able level of oxygenation within 24 hours after birth,
MV settings were increased. Later, the mean MAP
value throughout the treatment period remained the
same with no trend to decrease indicating the need
for MV with rigid parameters to achieve an accept-
able oxygenation status. In the «Shock» group, a half
of newborns required HFOV; however, in the «ATH»
group, there were no indications for this procedure
(Table 2).

Some indicators of lipid metabolism particular-
ly triglycerides (TG) and cholesterol (CS) levels
were studied as essential components of cell mem-
branes contributing to the early postnatal adaptation
of a newborn baby (Fig. 5). TG and cholesterol lev-
els did not significantly differ between groups
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XapakTepHa /IJid HeJIOHONIEHHBIX ZIeTeil CO CPOKOM
recraiuu 30,4%3,4 Hex., Maccoil Tesia TIPU POKJie-
uun 1896,7+£700 r. u muurenpHocThio VBJI
161,7+86,4 yac. BoigBuianm cTaTUCTHUYECKH JOCTO-
BepHble oTINuus JAaurteabHoctu UBJI mexay rpyr-
namu nanuenToB (p<0,01). Ilpu poxaernn y HOBO-
POKICHHBIX obenx TPy onpeaensaan
runoxosiectepunemuio: 1,36=0,5 MMoub/1 y neteii
rpymibl «Ilok» u 1,42+0,6 mmosb/i B TpyIliie
«OUNT», nocTOBEPHBIX OTAWYUI MEXKIY TpyIIaMu
ue BoisBun (p>0,01).

[IpoBosMMas Tepamnus, HalpaBJIeHHAA HA yCT-
paHeHue TOCJe/ICTBUI MepuHaTaJIbHON TUIIOKCHH,
paspeleHnio MoKa, crnocobCTBOBAJA HOPMAIU3a-
uu nokasareseil razooomena, KOC, comepsxanust
aakrara, TT u XC (puc. 5). Teuenue pannero Boc-
CTaHOBUTEJBHOTO TIEPUOJIA XaPAKTEPU30BAIOCDH
HOpMaJIu3alyeil mokasaTesieil JUIUAHOIo oOMeHa.
K 5-m cyrtkam sxusnu y pereit rpymnmst «Illok» co-
nepsxkanue TT cocrasumo 1,1£0,6, XC — 3,2+1,2
MMOJTb/JI, Y HOBOPOKAEeHHBIX Tpynibpl «OUT» co-
nep:xanue TT cocraBuno 1,2+0,8 mmoun/i, XC —
2,8+0,8 MMOJIB/J1, T. €. IPOU3OIIENT [OCTOBEPHBIN
pOCT TIoKa3aTesel, o CPaBHEHUIO C TIEPBBIMU CYT-
kamu skuznu (p<0,01).

[lepunatasbHasi achuKCUsA U ee OCTOKHEHUS
OCTAIOTCSI TJIABHBIMU [IPUYMHAMU CMEPTHOCTHU U 3260-
JIEBAEMOCTH HOBOPOK/IeHHDBIX. HecMoTpst Ha paspabo-
TaHHBIC CTAHAPTHBIC METOBI JIEUEHUS U KOHTPOJIA,
KpaiiHe BaKHO BOCCTAHOBJIEHME (DYHKIUN B OJIMIKAl-
1Iee 4achl U JIHN TIOCTTUIIOKCUYECKOTO TIEPHO/IA, T.K. B
3TO BpPEMs I'MIIOKCUYECKOE MOBPEKICHNE OPTaHOB M
TKaHel, a TakKe TOJIOBHOTO MO3Ta, MOKET HAXO[UThCA
B JIOKJIMHUYECKOH, oOparumoit crajuu [20)].

HoBoposkeHHbie 04eHb YyBCTBUTEIbHBI K TH-
MOKCUU U OKCUIATUBHOMY CTPECCY, KOTOPbIE OKA3bI-
BAIOT HEraTUBHOE BJIMSHUE HA MAIUEHTOB B KPUTHU-
YECKOM COCTOSTHUH, BBI3bIBAS MTOBPEXKIEHNE OPTAaHOB
U CUCTEM Ha Pa3JIndyHOM MOP(MOJIOTMIECKOM YPOBHE.
Bakna paHHSS KOMIIEKCHAS TUATHOCTHUKA TICPUHA-
TaJbHOW TUIIOKCUU, MOKA C MCIOJb30BAaHUEM KaK
OBICTPBIX ¥ JOCTOBEPHBIX JTAGOPATOPHBIX KPUTEPUEB,
TaK ¥ COBPEMEHHBIX YyBCTBUTEJIbHBIX MAPKEPOB T'H-
nokcuu [1]. Jlakrar, Kak Haubosiee OBICTPBINA U J10-
CTYITHBIM MapKep, MTUPOKO UCIIOJIb3YETCS B IUATHOC-
THKe 2TUX cocToganil. OH ABJAETCS MOKa3aTeIeM
AJIEKBATHON JIOCTABKU KHUCJIOPO/IA IPUTPOITUTAMH K
OpraHaM U TKaHSM, U TI03BOJISIET OIICHUTD CTETIeHb U
JUTUTEJLHOCTD «KUCJIOPOJHOTO TOJIOJAHUS» TKAHEH.
YBesmueHue KOHIIEHTPAIIUU JIaKTaTa CBUIETEIIbCT-
ByeT 00 yCUJIEHUU aHa3POOHOTO IyTH MeTaboIu3Ma
B OpraHu3Me B yCJIOBUSAX TUIIOKCUH, B TOM YUCJIE U B
IPUTPOIIUTAX.

B macrosiiee BpeMs B OCHOBE IaToTeHe3a MOKa
JICKUT MYJBTUMOJIATTbHAS KOHIETIUSA, TO3BOJISIO-
1as pacCMaTpUBaTh BO3MOKHBIE (DaKTOPBI PAa3BUTHSA
MOCTTUTIOKCUYECKUX OCTOKHEHUI Y HOBOPOK/CH-
Hbix. Kpaiine HeoOX0MM AMATHOCTUYECKUI U Tepa-

(P>0.01). In the «Shock» group and in the «ATH»
group, the TG level was 0.46+0.4 mmol/l and
0.39+0.2 mmol/l, respectively. A detailed analysis
demonstrated that 26.9% of children in the «ATH»
group presented severe hypotriglyceridemia; the TG
blood level did not exceed 0.2 mmol/1 (Fig. 2). These
were small preterm infants with a gestational age of
30.1+1.7 weeks and a birth weight 0f1510+£428 g; the
MV duration was equal to 130.3£98 h. 33.3% of new-
borns of the «Shocks group also presented severe
hypotriglyceridemia which is typical for preterm
infants with a gestational age of 30.4+3.4 weeks,
birth weight of 1896.7+700, and MV duration of
161.7£86.4 h. Statistically significant differences in
the MV duration between groups of patients were
found (P<0.01). Hypocholesterolemia was diag-
nosed in newborns of both groups at birth: 1.36+0.5
mmol/l in infants of the «Shock» group and 1.42+0.6
mmol/l in the «AIH» group; no significant differ-
ences between groups were found (P>0.01).

The therapy directed to eliminate consequences
of perinatal hypoxia and resolve the shock con-
tributed to normalization of gas exchange parameters,
ABS, lactate, TG and CS levels (Fig. 5). The course of
the early recovery period was characterized by nor-
malization of lipid metabolism parameters. By the 5th
day of life, the TG level in infants of the «Shocks
group was equal to 1.1£0.6, the CS level was 3.2+1.2
mmol/l; in newborns of the «<ATH» group, the TG
level was 1.2£0.8 mmol/l, and the CS level
was2.8£0.8 mmol/l, i.e. there was a significant growth
as compared to the first 24 hours of life (P<0.01).

Perinatal asphyxia and its complications
remain the main causes of mortality and morbidity of
the newborns. Despite the existing standard meth-
ods of treatment and monitoring, it is extremely
important to recover the function within the first
hours and days of the post-hypoxic period, because
at this time the hypoxic damage of organs and tis-
sues, as well as of the brain might be in a pre-clinical,
i.e. reversible stage [20].

Newborns are very sensitive to hypoxia and
oxidative stress, which have a negative impact on
critical state patients, causing damage of organs and
systems at different morphological levels. Early com-
plex diagnosis of perinatal hypoxia and shock using
both fast and reliable laboratory criteria and modern
sensitive markers of hypoxia is important [1].
Lactate as the quickest and most accessible method
is widely used in the diagnosis of these conditions. It
is an indicator of adequate oxygen delivery to organs
and tissues by erythrocytes, and it allows assessing
the degree and duration of tissue «oxygen starva-
tion». The increased lactate levels indicate the
enhancement of metabolic anaerobic pathway in a
body in case of hypoxia, including erythrocytes.

At present, a multimodal concept is the basis of
the pathogenesis of shock; it permits to consider pos-
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KpMTM‘IeCKT/le COCTOAHMS HOBOPOIKACHHDIX

MEBTUYECKUH MOAX0J K KPUTHUECKOMY COCTOSHHIO
HOBOPOXKJ/IEHHOTO, /Uil TpoBesenus auddepeniiu-
AJTbHON JIMAaTHOCTUKU CETICHCA U JIEKOMIICHCUPOBAH-
HOTO TIOPOKa cep/ilia. 3HaHUe MOTEHIUMAIBHBIX OIac-
HBIX 7151 KU3HU HOBOPOJKIEHHOTO COCTOSTHUN, B TOM
Yyucjie W MI0KA, MO3BOJISCT 3HAYUTEJNBHO YJIYUIIUTD
JIMATHOCTUKY U YJIYYIIUTD PE3YJIbTaThl JeueHus [6].

I[JIH JieyeHU MIOKa IMPUMEHAIOTCA pa3/IndYHbIe

TaKTUKW, HO JaHHbIE TI0 AOJITOCPOYHOMY BbBIKHWBaA-
HUIO ¥ HEBPOJOTUYECKUM Pe3yJbTaTaM IocJe pas-
JIMYHBIX METOAOB JICHEHNA HEJOCTAaTOYHbI, U 6y[[y-
e Hay4YHO-HCCJe0BaTe/IbCKHE pa6OTbI JOJIKHDBI
COCPENIOTOYNTRLCS Ha 3TOM [21].

3akiaoueHue

[Ipn nepuHaTaIbHON TMIIOKCUMM MHTPAHATATIBHO

MPOUCXOUT KOMILJIEKCHOE HapyHIeHre MeTaboIn3Ma,
MPOSIBJISIONIEECS] TIPH POKACHUN MeTabOJUIECKUM
AIWU/I030M PA3JIMYHON CTENEHN BBIPAKEHHOCTH, cOa-
gancoMm TT n XC. YeMm jymuresbHee U TsKeslee TUIIO-
KCHst, TeM OOJIbIIIe BBIPAsKEHBI HAPYIIEHUST KUCJIOTHO-
OCHOBHOTO COCTaBa 1 COJICPIKAHMS JIAKTaTa KPOBH ITPU
poxxnennn. «Kpurnaeckue» mokasarerm pH, yaxrara,
nedurnra OyhepHbIX OCHOBAHUI KPOBU (Pa3BUTHE Jie-
KOMITEHCHPOBAHHOTO JIAKTAT-AIIM/1032) TUTIOTPUTIIHIIE-
puzieMust, TUTIOXOJIECTEPUHEMUS SBJISIOTCS TTATOTHO-
MOHUYHBIMH JIJIs1 PA3BUTHA MIOKA Y HOBOPO3K/ICHHBIX.
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sible factors of development of posthypoxic compli-
cations in newborns. A diagnostic and therapeutic
approach to manage the newborn's critical state is
essential for differential diagnosis of sepsis or critical
heart defect. Knowledge of potential life-threatening
conditions of newborns including shock can signifi-
cantly improve the diagnosis and improve the results
of treatment [6].

Different strategies are applied to treat shock,

but data on long-term survival and neurological out-
comes after different treatment options are insuffi-
cient, and future research should focus on this [21].

Conclusion

Therefore, the study demonstrated that there

was intranatal complex metabolism impairment in
the case of perinatal hypoxia; at birth, it manifested
by metabolic acidosis of various degrees of severity
and imbalance of triglycerides and cholesterol levels.
The longer and more severe hypoxia is, the more
severe acid-base balance and blood lactate level
impairment at birth become. Critical pH and lactate
values, blood buffer base deficiency (development of

decompensated

lactic acidosis), hypotriglyc-

eridemia, and hypocholesterolemia are pathogno-
monic for perinatal hypoxia and shock development
in newborns.
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YUYEHBIX CTeNeHeM.

o Obwas peanumamonozus.

Iluccepranuu Ha COMCKaHUE YYEHOU CTENEHH JOKTOPa HAyK 6e3 omy0.m-
KOBaHHUSI OCHOBHBIX HAYUYHBIX Pe3yJbTaTOB B BEAYIIUX KyPHAJIAX U U3JJaHUAX,
nepeyeHb KOTOPBIX YTBEPsKAEeH Bpiciueil arrecranMOHHOW KomMuccueid, OyayT
OTKJIOHEHBI B cBs13U ¢ HapymeHueM 1. 10 ITosokeHus o nopsake npucy>kaeHus

[Tepeuens xypuanoB BAK, uzgaBaembix B Poccuiickoit Dexpepariu 1o crie-
nuanbioctu 14.01.20 «Anecte3anosiorus U peaHuMaToJIOrust», B KOTOPBIX PEKOMEH-
JyeTcs myOJMKalys OCHOBHBIX Pe3YJIBTaToB JUCCepTalyii Ha COMCKaHue y4eHON
CTelneHu JIOKTOpa ¥ KaHujaaTa MeUIIUHCKUX HAYK:

*  Anecme3suonozust u peaHumMamosiozus;
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Kucnaopoauslii ctatyc noctpazaBmmx ¢ NOBpEX/IeHUSIMUA OPraHOB
OPIONIHOIi MOJIOCTH BO BPEMSI ONepaIiu

B. X. Tumepbaes, A. B. /Iparynos, I1. B. Kornoxos

HUMU cxopoit momomn nm. H. B. Crimdocosckoro lenapramenTa 3apaBooxpanenust . MocKBbI,
Poccust, 129090, r. Mocksa, bosbinas CyxapeBckas 1., 1. 3

Intraoperative Oxygen Status in Patients
with Injuries of Abdominal Cavity Organs
Vladimir H. Timerbaev, Anton V. Dragunov, Pavel V. Konokhov

N. V. Sklifosovskiy Research Institute of Emergency Medicine, Moscow Healthcare Department
3 Bolshaya Sukharevskaya pl., Moscow 129090, Russia

Ilenb MccreroBaHust: TIPOBECTH aHAIN3 COCTOSTHUS KMCJIOPOAHOTO Gajafca y MoCTPIaBInX ¢ MOBPEKIACHUSI-
MU OPraHOB OPIOLIHON MOJIOCTU U OCTPON KPOBOIIOTEPEH B TI€PUO/L ONEPATUBHOIO BMEIIATEIbCTBA U OCTAHOBKU
KPOBOTCUYCHHUS.

Marepuasbl U MeTObI. B nccieoBannyto rpyiiy Braounan 50 mocrpagaBiinx — 49 mysxunH v 1 JKeHInHa,
BO3PacT KOTOPBIX cOCTaBWI B cpemreM 33 (25,75; 44,5) rozia, ¢ MOBPEKACHUSIMIA OPTaHOB OPIONIHON MOJIOCTH, OC-
JIO)KHUBIIMMICST OCTPOU MAaCCHBHOW KPOBOTIOTEPEH, TPEGYIONMMI [TPOBEIEHHUS 9KCTPEHHOTO OIEPATUBHOTO BMe-
maresnbeTBa. TsKecTb COCTOSIHUS alneHToB 1o mkaie 1SS ouenusanu B 38 (27,75; 48) Gasios. B pabore uccie-
noBasii: 00beM KPOBOIIOTEPH, TIOKA3aTe TeMOTJIOONHA, TeMaTOKPUTA, Ta30BOTO COCTaBa KPOBHU, KHCIOPOIHOTO
Gastanca, KHCJIOTHO-OCHOBHOTO COCTOSTHMST, COJIEPKAHNST JIEKTPOJIUTOB, COCTOSTHIS TKaHeBOro MeTabosmama. [Ipo-
BO/IMJIN HENIPEPBIBHOE MUHUMHBA3UBHOE OIIpe/ieJieHne rmokasaresieil eHTpaabuoil remoquuamuku. Cratuctudec-
Kyt0 06paboTKy MaTepHasa TPOBOIIIIHN ¢ TTOMOIIbIo mporpaMMbl SPSS (SPSS Inc., USA).

Pesyabratel. [Ipy ocTyIIeHUH B ONEPAIIMOHHYIO TTOKA3aTeN CHCTEMHOM reMOANHAMUKY TIOCTPAJIABIINX He
OTPaKAIIH TSIKECTH X COCTOSIHUSL. VIMETMCh TPU3HAKN MMITOBOJIEMUH ITPY HOPMAJIbHBIX COCYAMCTOM TOHYCE U Cep-
JIedHOM BhIGpoce. B TO jke BpeMst, TSUKECTh COCTOSTHUST TIOCTPA/ABIINX JIEMOHCTPHPOBAIH MTOKA3aTETN KICIOPO/L-
Horo Gananca — Bbicokue VIO, u KDO,, u Huskoe SvO,. ITu JaHHbIE CBUAETENCTBOBAIN O TOM, YTO B IEPHOL
TPABMbI TIOCTPAJIABIINE TTEPEHECIN TSIKEJbIN SMU30/ IBIXATETbHON U/WJIN IIUPKYJISATOPHON THITOKCHH, KOTOPAs K
MOMEHTY MOCTYILIEHUSI B OIEPAIIMOHHYI0 OblJIa KOPPUTUPOBAHA B TIEPUOJ OKA3aHUsI [IEPBUYHOI TIOMOIIU U IPU
TpancrnopTuposke. [locTpajgasiiie uMesu Takke JabopaTopHble PU3HAKU «KUCIOPOIHON 3ai0/mKeHHOCT> . K 3a-
Bepirennio ornepary mokasatean UI1O, octaBanmch BeicoknMu Hapsay ¢ poctom KOO,. [1pu atom aHuskue 3na-
yenust CvO,, PvO,, SvO, cBUeTeIbCTBOBAN O COXPAHSIONIEHCS IUPKYIATOPHOI HEJOCTaTOUHOCTH.

3akioyeHue. Y TalUEHTOB, MOCTYIAIONMX B ONEPAIMOHHYIO C BBIPA)KCHHBIMU HAPYIICHUSIMU TPAHCIOPTA
KHCJIOPO/IA, B MOCJIEONEPAIUOHHOM TI€PUO/Ie PA3BUBAIUCH OCJIOKHEHVS. DTU TTOCTPA/IABIINE «He BBIXOAUJIINY U3
COCTOSTHMSI IIOKA, BEYTILYIO POJIb B COXPAHEHUU KOTOPOTO UTPAJIa HU3KAsI TIPOU3BOIUTEIBHOCTD cep/iiia. Boissie-
HO HaJIMYMe CBSI3U Mesky BemarHoii CU B KoHIIe orepariy 1 JIeTaTbHBIMH HCXOJAMU B TIOCJICOTIEPAITHOHHOM I1e-
pHOJie Y IAHHOI KaTeropuu MocTpalaBIinX.

Kntoueesvte cnosa: kuciopoouviii 6aianc; Kuciopooras 3a00iCeHHOCTb; OCMPas KPOBONOmeps; WUPKYAAmop-
Hast HeAOCMAMOUHOCTIL, ZUNOKCUSL

Aim: to analyze the oxygen balance in patients with injuries of abdominal cavity organs and acute blood loss
during surgery and arrest of bleeding.

Material and methods: the study group consisted of 50 patients (49 men and 1 woman, average age: 33 (25.75;
44.5) years) who experienced injuries of abdominal cavity organs complicated by acute massive blood loss requir-
ing urgent surgical interventions. The severity of patients' state was 38 (27.75; 48) by ISS scoring. The study
examined the following parameters: the blood loss volume, hemoglobin (Hg) level, hematocrit (HCT), blood gases,
oxygen balance, acid-base balance, electrolyte levels, and the tissue metabolism status. A continuous minimally
invasive monitoring of central hemodynamics parameters was performed. The statistical data processing was per-
formed using the SPSS software (SPSS Inc., USA).

Results: the central hemodynamics parameters did not reflect the severity of patients' state at their admission
into an operating room. The signs of hypovolemia were observed along with normal vascular tone and cardiac out-
put. At the same time, such parameters of oxygen balance as high VO,I and O,ER, as well as low SvO, indicated
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the severity of patients' state. These data demonstrated that patients experienced a severe episode of respiratory
or circulatory hypoxia during trauma, which had been corrected during first aid treatment and transportation by
patient's admission into the operating room, so patients presented lab test findings of «oxygen debt». The VO,I
values remained high in addition to the increase in O,ER values by the end of the surgery. However, low CvO,,
PvO,, and SvO, values indicated the persisting circulatory hypoxia.

Conclusion: All patients with postoperative complications were admitted into the operating room with
already existing impairment of oxygen delivery. The patients did not recover from shock, the low cardiac efficien-
cy was the main reason for its persistence. The correlation between postoperative lethal outcomes and the value of
cardiac index (CI) at the end of surgery in this group of patients was demonstrated.

Keywords: oxygen balance, oxygen debt; acute blood loss; circulatory insufficiency; hypoxia
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BBenenne

B akcTpenHoil xupyprun octpast KpoBoroTepst
OCTaeTCSd OCHOBHOU NMPUUYUHOU JICTATbHBIX UCXOI0B
Ha OIIePallMOHHOM CTOoJIe U B OJIMsKaiileM moceore-
parmmonHom niepuogie [1—6, 28, 30—32, 40]. [Tatodu-
3UOJIOTHST TUTIOBOJIEMUU, B TOM YUCJIE TIPU KPOBOTE-
YeHWH, JIOCTAaTOYHO XOpoino wusydena. OjHAKO
METO/Ibl KOPPEKIIUY TMUTIOBOJIEMUU U OCTPON aHEMUH,
a TakXe UX IMOCJeJCTBUI (HapylleHne TPaHCIIOPTa
KUCJIOPO/Ia, TUIIOKCUSI OPTaHOB WM TKaHEH, Mepect-
polika KJIE€TOUHOTO MeTabo/m3Ma U THOEb KIETKHN)
IPOOJIKAIOT 00CYKIATHCS B OT€YECTBEHHON 1 3apy-
6exHOIl mreparype [7—17, 26, 27, 35, 37—39, 45].

Kouttemniusi coBpeMeHHOI UHTEHCUBHOU Tepa-
UM KPUTUYECKUX COCTOSTHUE copMupoBanach B
1980—1990-€e rombl, KOT/IA CTATM BOBMOXKHBIMU pa3-
BEpHYTbIE UCCJIEJ0BAHUS 1EHTPAIbHON TeMOo/MHA-
MUKW U KHCJIopoaHoro ooMena [18—25, 29, 33, 34,
36, 41—44]. Onnako, 1 B HacTosillee BPEMsI B JI0-
CTYITHOU OTEYeCTBEHHON 1 3apyOeKHOU JIUTEepaType
cBejieHrs 00 M3MEHEHUSsIX IIeHTPaIbHOI reMoinHa-
MUKHU, KHCJIOPOIHOro OajaHca U roMeocTasa BO Bpe-
Msl 9KCTPEHHOTO XUPYPTUUYECKOTO JIEUEHUs MOCTPa-
JIaBIIUX C MAaCCHBHOM KpOBONOTepel MpesicTaBIeHbl
HEJI0CTaTOYHO.

Marepuan u MeTobI

B uccaenoBannyio rpyiny 0buin BRIouensr 50 moct-
PajIaBIIIKX C IOBPEKACHUSIMEI OPTaHOB OPIOIIHOI MOJIOCTH,
OCJIOKHUBIINMHUCS OCTPOHM MacCHUBHOH KpoBoIlOTepel, —
49 myxunH M 1 KeHIIMHA, BO3PACT KOTOPHIX COCTABUJ B
cpennem 33 (25,75; 44,5) rona. Tlokazanuem K 1posejie-
HUIO OIIePATUBHOTO BMEIIATEIbCTBA CIIYKUIN CJIEYIOIIIe
TOBPEXK/ICHNST BHYTPEHHNX OPTraHOB: cese3eHKH — 14
(28%); kummeunnka — 12 (24%); nevernn — 9 (18%); mouex
— 3 (6%); cocynoB — 4 (8%); moueBoro 1y3bipst — 3 (6%);
seayaka — 1 (2%); skemanoro my3sips — 2 (4%); TKamei
3a0PIOIIMHHOTO HpocTpancTBa — 1 (2%); HAAIIOYeYHUKOB
— 1 (2%). TakecTh COCTOSTHUS TTOCTPAJABIINX 110 TIKAJE
ISS onenuBamm B 38 (27,75; 48) 6annos.

[TocTpajaBimiuM JIAHHOW TPYIIIIBI BBITTIOJTHUIN CIEY-
I0IIlMe OTIePATUBHbBIE BMEIIATENbCTBA: CIJIEHIKTOMUS — 14
(28%); ymmBanue pa3pbiBos nedenn — 5 (10%); remure-
narakroMusi — 4 (8%); xomerucrakTomus — 2 (4%); yim-
BaHMe /1eheKTOB MU PE3EKITHST TOHKOI 1 TOJICTOM KHUIITKU
¢/6e3 hopmupoBanmem anactamo3oB — 12 (24%); ymmsa-

Introduction

The acute blood loss remains the main cause of
lethal outcomes in the urgent surgery both during
the intervention and in the early postoperative peri-
od [1—6, 28, 30—32, 40]. The pathophysiology of
hypovolemia, including that due to hemorrhage, has
been sufficiently studied. However, the methods of
correction of hypovolemia and acute anemia, as well
as their consequences (impairment of oxygen trans-
portation, organs and tissues hypoxia, alteration of
cellular metabolism and cell death) are still the sub-
ject of discussion in world literature [7—17, 26, 27,
35,3739, 45].

The modern intensive care concept for any crit-
ical conditions was developed in the 1980—1990s,
when full-scaled tests of central hemodynamics
and oxygen exchange characteristics became avail-
able [18—25, 29, 33, 34, 36, 41—44]. However,
even at present, there are still scarse data on
changes of central hemodynamics, oxygen balance
and homeostasis during the urgent surgical treat-
ment of patients suffered from massive acute blood
loss. Taking into consideration the essential
importance of the tissue oxygen exchange disor-
ders in the pathogenesis of shock it is necessary to
supplement the existing concept of oxygen balance
changes during the intraoperative management of
hemorrhage and its influence on the course of the
perioperative period.

Materials and Methods

The study group consisted of 50 patients (49 men
and 1 woman, average age: 33 (25.75; 44.5) years) who
experienced injuries of abdominal cavity organs compli-
cated by acute massive blood loss. Injuries of the follow-
ing organs served as the indications for surgery: spleen —
14 (28%); intestines — 12 (24%); liver — 9 (18%); kid-
neys — 3 (6%); vessels — 4 (8%); urinary bladder — 3
(6%); stomach — 1 (2%); gall bladder — 2 (4%);
retroperitoneal tissues — 1 (2%); adrenal glands — 1
(2%). The severity of patients' state was 38 (27.75; 48)
according to the ISS scoring.

The following surgeries were performed for examined
patients: splenectomy — 14 (28%); suturing of liver rup-
tures (hepatorrhaphy) — 5 (10%); hemihepatectomy — 4
(8%); cholecystectomy — 2 (4%); suturing of defects or
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HUe pa3pbiBoB xkeayaka — 1 (2%); nedbpakromus — 2
(4%); ymmBanue pas3psiBoB moyek — 1 (2%); yumBanue
Pa3pbIBOB MOUEBOTO ITY3bIPsI C BBITIOJTHEHUEM MUIIUCTOC-
ToMbl — 3 (6%); TIpOIUBaHIe, KOATYJISIINS TOBPEKIEH-
HBIX cOoCyi0B — 4 (8%); peBusust u yjajieHue 3a0pIOInH-
Hoit rematompr — 1 (2%); HazomHTECTUHATIbHAS
unarybarst — 39 (78%); peBususi, caHanusi, IpeHUpoOBa-
Hite GPIONTHOI TTOJIOCTH U/ Wi 3a0PIOITIHHOTO TIPOCTPAH-
crBa — 50 (50%).

Bcex noctpaiaBimx onepupoBajii B 3KCTPEHHOM I10-
PSZIKe TI0 JKU3HEHHBIM MMOKA3AHUSIM JIJIsI OCTAHOBKU KPOBO-
TevyeHust. AHecTe3ust Obliia cranzapTHOU. BBogHyIO anec-
TE3UI0 TPOBOAWIN  OeH30AMa3elUHAMU: JOPMUKYM
(munazomam, «Cenexcu CAC», @panrusa) 0,1—0,15
MT/KT, pesianuyM (auaseriam, «Bapiasckuii (hapmarieBru-
yecknil 3aBoz») 0,15—0,2 mMr/Kr, KeTaMHHOM (KETAMUH,
«MocKoBCKU# 9HIOKPUHHBIN 3aB0/1» ) 1,0—2 Mr/KT U en-
tanuioM (penrtanui, «MOCKOBCKUIT 9HJOKPUHHBIN 3a-
BO/» ) 3—5 MKI/KT. VIHTYy6anuio Tpaxen MpOu3BOMIIN TT0-
cie BBemenust nHuMmbekca (mmcarpakypusi 6Gesuiar,
«TnmakcoCmutKustitn C.iA» 0,15 Mr/Kr miu scMepoHa
(poxyponust 6pomu, Xamenbn Dapmacsiotukans mo6X,
Tepmanus) 0,9 mr/kr. [lomuepskanne anecTe3nu OCyIecTs-
Js IpoObHbIM BBenenneM Ketamuna 0,35—1 Mr/kr u
(dbenranmna 1,4—1,5 MKIr/KI, MUOTLIETHIO TTO/IEPKUBAIIH
HumbGexcom 0,03—0,15 mr/kr wau scmeporom 0,3—0,6
MT/KT/d. VIcCKyCCTBEeHHYIO BEHTUJISITNIO JIETKUX TTPOBOH-
JIN B PEsKUME HOPMOBEHTUJISIINN BO3/LY IITHO-KUCTOPOTHOM
cmecnio (FiO2 0,5—0,8). Unrpaoneparnuonnas WUTT
BKJIIOYAJIA KOJITIOM/IHbIE U KPUCTAJJIOU/IHBIE CPEIbl, CBEIKe-
3amoposkennyio miazmy (C3II), moHopckue sapuTpoInuThI
1 KJIETOUHBIN KOMIIOHEHT ayTOKPOBH, TTOJIYyIaeMBbIi € 10-
MOTI[BIO MHTPAOTIEPAIIMOHHON anmapaTHON penH(py3nn 13-
JIMBIIENCS KPOBU HA HEIIPEPBIBHOI ayTOTPaHC(HY3MOHHOM
cucreme CATS (Fresenius) /10 socTuskeHns rnoxasaresieit
reMOJIMHAMUKH, COOTBeTCTBYIONMX HopMoBoiemuu (HCC
60—90 B mun., CU 2,5—4,5 n/mun/m’, 1IB/l 8—12 cm
BOMH. CT., Allcp. Bbite 65 M pr. cT.). Taktuka UTT cTpo-
ujiach Ha omnpeeseHun oObeMa KPOBOIIOTEPH M Pas/inya-
JIACh HA ATAIaX XUPYPTUUECKOTO BMEIIATEIbCTBA.

O6beM KPOBOIIOTEPH ONPEIENISLIN KOJIUYECTBEHHBIM
METOJIOM 110 00beMY M3JIUBIIENCST JKUIKON KPOBH (C TOMO-
ugpio ammapara Cell Saver u nojcuera yrpaueHHbIX HPHT-
POITITOB TI0 BeJIMYNHE T€MATOKPUTA), KPOBU Ha OTIE€PAIlH-
OHHOM Marepuajie (B3BelMBaHue caideToK, OTMbIBAHUE
APUTPOIUTOB U OIIPe/ieJieHre UX KOJMYEeCTBa 10 reMaTo-
KPUTY), KPOBHU B CI'yCTKaX.

[lo ocTaHOBKM KPOBOTEUEHUsT PEUMYIIECTBEHHO HC-
MOJTH30BAJIN KOJUIOU/IHBIE PACTBOPBI B COYETAHUN C KPHUC-
TAJJIONIHBIME B cooTHommeHnn 2:1. [Tocre ocymectBiaenus
reMoCTa3a MPUMEHSLIN, B OCHOBHOM, KPUCTAJJIOU/THbIE NH-
(bysunonnbIe cpejibl, a TAKKE KOMIIOHEHTBI KPOBH.

[yt yMetbIiieHus TToTepu PUTPOIUTOB U (HAKTOPOB
CBePTBIBAHMS KPOBH Ha (DOHE MPOIOJIKAIONIET0CsT KPOBOTE-
YeH:I, HA4aJI0 TeMOTPaHC(Y3UN CTPEMIIIUCH OTIIOKUTD JI0
MOMEHTA JIOCTHKEHHS XUPYPrUIecKoro remocrasa. Iloxa-
3aHUSAMM K HEMEJICHHOU MHTPAOTIEPAIMOHHON TpaHCchy-
31U JIOHOPCKUX 3PUTPOIMTOB /IO OCYIIECTBICHNUS XUPYPIU-
YeCKOTO TeMOCTa3a SIBJISJINCH: KPUTUIECKOE CHIDKEHVE
ypoBHs remorsobuna (Meree 70 T/71); BBICOKHI TeMIT KPo-
BOTEUEHUsT; HeCTAOMIbHASI TEMOMHAMUKA; OTKa3 OT PEHH-
(bysuu KpOBH B CBSI3M ¢ HAJIMYUEM ITPOTUBONOKA3AHUI.

AyTO3pUTPOLUTHI HENPEPHIBHO 00pabaTbiBai B all-
napare Cell Saver u cpasy ke BozBparaiin B KpOBEHOCHOE

resection of small and large intestine with or without anas-
tomosis — 12 (24%); suturing of stomach injuries (gastror-
rhaphy) — 1 (2%); nephrectomy — 2 (4%); suturing of kid-
ney ruptures (nephrorrhaphy) — 1 (2%); suturing of
urinary bladder ruptures with epicystostomy — 3 (6%);
ligature and coagulation of damaged vessels — 4 (8%);
revision and removal of retroperitoneal hematoma — 1
(2%); nasointestinal intubation — 39 (78%); revision, san-
itation and drainage of abdominal cavity and/or retroperi-
toneal space — 50 (50%).

All patients underwent urgent life-saving surgeries to
stop bleeding. The applied anesthesia was routine. The
induction anesthesia was carried out using benzodi-
azepines: dormicum (midazolam, Cenexi SAS, France)
0.1—0.15 mg/kg, relanium (diazepam, Warsaw
Pharmaceutical Work Polfa) 0.15—0.2 mg/kg, ketamine
(ketamine, Moscow Endocrine Factory) 1.5—2 mg/kg, and
fentanyl (fentanyl, Moscow Endocrine Factory) 3—5
ug/kg. The tracheal intubation was performed after
administration of nimbex (cisatracurium besylate,
GlaxoSmithKline S.p.A, Italy) 0.15 mg/kg or esmeron
(rocuronium bromide, Hameln Pharmaceutical GmbH,
Germany) 0.9 mg/kg. The anesthesia was maintained by
means of intermittent administration of ketamine 0.35—1
mg/kg and fentanyl 1.4—1.5 ug/kg, the myoplegia was
maintained by means of nimbex 0.03—0.15 mg/kg or
esmeron 0.3—0.6 mg/kg/h. The mechanical ventilation
was performed in the normal ventilation mode using the
air-oxygen mixture (FiO, 0.5—0.8). The intraoperative
transfusion therapy (ITT) included colloidal and crystal-
loid solutions, fresh-frozen plasma (FFP), donor erythro-
cytes and the cellular component of autoblood obtained by
the intraoperative automatic reinfusion of the drain blood
using a continous autotransfusion CATS (Fresenius) sys-
tem till the achievement of hemodynamic parameters cor-
responding to normovolemia (HR = 60—90 per min., CI =
2.5—4.5 L/min/m’ CVP = 5.9—8.8 mmHg, mean BP high-
er than 65 mm Hg). The ITT strategy was based on evalu-
ation of the blood loss volume and varied depending on the
stage of the surgical intervention.

The blood loss volume was calculated using a quanti-
tative method taking into account the volume of drain
blood (using the Cell Saver device and calculation of lost
RBCs using HCT), the volume of blood left in soaked sur-
gical materials (weighing of drapes, washing of erythro-
cytes and calculation of their count based on HCT), and
the volume of blood clots.

A combination of colloidal and crystalloid solutions
(at a ratio of 2:1) was used to arrest bleeding. After the
hemostasis had been performed, crystalloid solutions were
mainly used along with the blood components transfusion.

The initiation of the blood transfusion was delayed
until the complete surgical hemostasis in order to reduce
the RBC and blood coagulation factors loss due to contin-
uous bleeding. The indications for the immediate intraop-
erative transfusion of donor erythrocytes before the com-
plete surgical hemostasis included the following: critical
drop of the Hb level below 70 g/I; high rate of bleeding;
unstable hemodynamics; renunciation of reinfusion due to
contraindications.

The autoerythrocytes had been continuously
processed using the Cell Saver unit and they were immedi-
ately returned into the circulatory bed without interrupt-
ing the ongoing process of drain blood collection. Since the
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PYCJIO MAlMeHTa, He MPepPbIBasi IPU 9TOM cOOp U3JIUBAIO-
rmeiicst kpoBu. Beuiy 6Gosbiioro o6beMa KPOBOIOTEPH 1
MPOJIOJIKAIONIErOCs] WHTEHCUBHOTO KPOBOTEUYEHUSI, HPUT-
POIUTHI MOTJIM HEOTHOKPATHO TOTIJIaTh B KOHTYP arapa-
ta Cell Saver, BHOBb OTMBIBATHCSI 1 BO3BPAIATHCS B KPO-
BEHOCHOE PYCJIO HOJIBHOTO HECKOJIBKO Pa3 Ha IPOTSIKEH U
oleparnuu. YTpaueHHble 9PUTPOIHTEI U (DAKTOPBI CBEPTHI-
BaHUSI KOMIIEHCHPOBAJIN HAa OCHOBHOM 3Talle OIepalui 1
MOCJIe OCTAHOBKU KPOBOTEUEHUSI.

CuMIaToOMUMETHKY Ha3Hava I 11pu HeahGeKTuBHOC-
TH 00beMHOIT UH(DY3UN 1 HECTAOUIIbHBIX TOKA3aTeJIsIX re-
mopunamuku. MenompzoBamu godavun (gonamut, «OAO
«Buoxumnk»» Pecnybiuka MopaoBus) B m03e OT 2
MKT/KT/MWH. Win ajpeHanud B no3e oT 0,1 MKr/Kr/mMunH
(ammmHedpuH, «MOCKOBCKNIT SHIOKPUHHBIN 3aBO/») WA
ux KoMOuHaiuo. Koppekiuwo a1eKTpouTHbIX U MeTabo-
JITYECKUX PACCTPOMCTB OCYMIECTBIISIN HA IPOTSKEHUN
BCEr0 OIEPATUBHOTO BMENIATENbCTBA B 3aBUCUMOCTU OT
BBISIBJISIEMBIX HAPYIITEHUI.

BceM GoJIbHBIM MPOBOIMIIA CTAHAAPTHBIN WHTpAOTIEe-
PAIMOHHBIIT MOHUTOPUHT JKU3HEHHO BaKHBIX (DYHKIIUIT
(monuTop Agilent Anaesthesia V24C, ®pannus). Peruct-
pupoBasi yacToTy cepzeunnix cokpantenuii (HCC), apre-
puanbhoe nasuaenue (Allcuct., Allcp., A/lxuact.) npsiMbiM
U HETIPSIMBIM METOJIAMH, IIEHTPAJIBHOE BEHO3HOE JIaBJICHIE
(IIB/1), myascokcmmerpudeckyio KpuByio (SpO,). IKI
peructpupoBasiu Bo I cranzapTHOM OTBe/IEHIH.

[TpoBoaMiIM HETIpepbIBHOE MUHUNHBA3UBHOE OIIpejie-
JleHne TIoKasaTeseil 1eHTPAIbHON TeMoAuHaMUuKK (cep-
neunbrii uagexe CU, wrmgeke obuiero nepudepruyeckoro
cocyaucroro conpotuBienust MOIICC) c momornipio anma-
para Vigileo FloTrac (Edwards LifeScience Laboratories
Ltd., USA).

HccmeoBanu mokasarte i KHCJIOPOHOTO GasaHca: ra-
3bl apTEPUATIbHON U BEHO3HOI KPOBM, MHAEKC TTOTpedie-
nusg xuciaopona (MI1O,), unmeke mocTaBKM KUCIOPOIA
(N10,), xoabdurmenT skcrpaknun kucaoponaa (K90,).
PacuerHble TIOKa3aTe i MHAEKC MOTPEOJIEHUST KUCI0PO/Ia
(1T10,), unpexc pocrasku kucaopoga (M/10,), koadhdu-
nueHT skcrpakinuu kucaopoaa (K90,) ompenensian 1o
001IEeTPUHATHIM GOPMYJIaM.

Takske MCCIIE0BAIIN TOKA3aTEN TKAHEBOTO MeTab0oIn3-
Ma (KHCJIOTHO-OCHOBHOE COCTOSTHHIE, COJIEP;KAHNE JIAKTATa B
apTepUaIbHON 11 BEHO3HOI KPOBH, TJIIOKO3BI B KPOBH ).

la30BBINT cocTaB apTepuasibHON U BEHO3HOW KPOBH,
KHCJIOTHO-OCHOBHOE COCTOSTHHE, MOKA3aTeln reMOrioOu-
HA, TeMATOKPHUTA, COAEPKAHUE JIEKTPOJUTOB, TIIOKO3BI,

JlaKTaTa  ONpeJeNsiii  TPU  [OMOIIUM  aHAJIU3aropa
«Radiometer Copenhagen ABL 700/800» («Radiometer»,
[lanns).

HVccenenoBanme BIIEYKa3aHHBIX TIOKa3aTeel Tpons-
BOAWIM B dKcrpecc-aaboparopun. 3abop 1mpob KpoBu
GOJIbHBIX, @ TakKe (PUKCALMIO [OKa3aTe/lell reMOIIMHAMU-
KU IIPOBOJMJIM IIPU MOCTYILIEHNU OOJIBHOIO B OII€PALMOH-
HYIO, Cpa3y I0c/ie BBOAHON aHeCTe3Un WU B Hadajle olle-
partuBHOrO BMernaresnbctsa (1 aTal) 1 B KOHIE ONepaliui,
Korzia OBLIO OCTAHOBJICHO KPOBOTEYEHHUE M MPOBEIEHA XU~
pyprudeckast pekoHCTpyKuusi mnospexzaenuit (1I aram).
[Ipo6bl apTepraibHOil KPOBU 3a0Mpasn 4epes KareTep B
JIy4eBOii apTepuu, BEHO3HOI — IpU IIOMOIIU KaTeTepa,
[POBEIEHHOT0 Yepes3 IPaByio BHYTPEHHIO SPEMHYIO BEHY
B I10JIOCTh [IPABOTO MPEACEPIHSI.

Craructuueckyto 00paboTKy MaTepuasa IPOBOAUIU C
nomoribio mporpammbr SPSS (SPSS Inc., USA). Ilpu ana-

blood loss is great and the severe bleeding persists, the ery-
throcytes could return to the Cell Saver unit, be washed
and returned into the circulation several times during the
surgery. The lost erythrocytes and blood coagulation fac-
tors were compensated during the main stage of surgery
and after the arrest of bleeding.

The sympathomimetics were administered to the
patients in the case of volumetric infusion inefficiency and
unstable  hemodynamics. Dopamine (dopamine,
Biokhimic, Republic of Mordovia) was used at a dose of
2ug/kg/min and more or adrenaline (epinephrine,
Moscow Endocrine Factory) at a dose of 0.1 ug/kg/min
and more or their combination. The correction of elec-
trolytic and metabolic disorders was performed during the
surgery depending on the diagnosed disorders.

All patients underwent routine intraoperative moni-
toring of the vital signs using the Agilent Anaesthesia
V24C monitor, Franc. The heart rate (HR), blood pressure
(BPsys,BPav, BPdias) evaluated using direct and indirect
methods as well as central venous pressure (CVP) and
pulse oxymetry (SpO,) were registered. The ECG was reg-
istered using the II standard lead.

The continuous minimally invasive evaluation of cen-
tral hemodynamic parameters (cardiac index (CI),
Systemic Vascular Resistance Index (SVRI)) was con-
ducted using the Vigileo FloTrac unit (Edwards
LifeScience Laboratories Ltd., USA).

The following parameters of oxygen balance were
examined: arterial and venous blood gases, oxygen con-
sumption index (VO,I), oxygen delivery index (DO,I),
oxygen extraction ratio (O,ER). The calculated parameters
such as the oxygen consumption index (VO,I), oxygen
delivery index (DO,I) and oxygen extraction ratio (O,ER)
were calculated using the commonly accepted formulas.

The following parameters of tissue metabolism such as
acid-base balance, arterial and venous blood lactate and
blood glucose levels were evaluated.

The arterial and venous blood gases, acid-base bal-
ance, Hb level, HCT, electrolytes level as well as glucose
and lactate levels were calculated using the Radiometer
Copenhagen ABL 700/800 analyzer (Radiometer,
Denmark).

Tests of the above parameters were performed in an
express laboratory. The blood sampling and registration of
hemodynamic parameters were carried out at patient's
admission into the operating room, immediately after the
induction anesthesia or at the beginning of surgery (stage I)
and at the end of the surgery when the bleeding was
stopped and surgical reconstruction of injured organs
(stage IT) was completed. The arterial blood samples were
taken through a catheter in the radial artery, and venous
blood samples were collected using a catheter placed into
the right atrial cavity via the right internal jugular vein.

The statistical analysis of findings was performed
using the SPSS software (SPSS Inc., USA). Median
(Me), standard deviation (s), lower quartile (LQ) and
top quartile (HQ) were calculated during the analysis
of quantitative data. Since the number of observations
was small and the data distribution differed from the
normal one, the descriptive statistic factors of quantita-
tive data were represented in the form Me (LQ, HQ).
The qualitative characteristics distribution was pre-
sented as the percentage from the total number of
patients in a subgroup. The nonparametric criteria such
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TaGauna 1. [Tokazarenn remoauHaMuky nocrpagasiux [n=50; Me (25%; 75%)].
Table 1. Parameters of central hemodynamics of patients [#=50; Me (25%; 75%)].

Parameters Values of parameters on the study stage P value
st 9nd

HR, bpm 100 (96; 113) 90 (85; 99) <0.001

MAP, mmHg 71 (57; 97) 88 (80; 94) 0.004

CVP, mmHg 0(0; 0.5) 4.2(3.5;5.8) <0.001

CI, L/min/m’ 2.7 (2.28; 3.65) 2.9 (2.68; 3.17) 0.297

SVRI, dynes*sec/cm*/m’ 1761 (1246; 2265) 2150 (1902; 2698) 0.031

ITpumeuanue. [lns Taba. 1—4: Parameters — mapamerpsr; Values of parameters on the study stage — snauenust mapameTpoB Ha
aranax ucciaenosanust; P value — sunauenue p. HR, bpm — wacrora ceppeunnsix coxpamennii, ya/mun; MAP, mmHg — cpexnnee
AJl, mm pt. ct.; CVP, mmHg — nenrpanbioe Benosnoe aasienue (MM pt. ct.); CI, L/min/m’ — cepaeunniii unpexc, i/(MuH/m>).
SVRI, dynesesec/cm?/m?* — ungekc obmero nepudepuyeckoro coCyMcToro ConmpoTUBICHNS, IUH * CeK/CM” /M.

JIN3€ KOJIMYECTBEHHBIX MPU3HAKOB OMPEAEISIN MeHaHy
(Me), cpenHee KBapaTUYHOE OTKJIOHEHUE (), a TaKXKe HU-
skHUE KBapTuib (LQ) 1 Bepxuuit kBaptuib (HQ). YunTsi-
Basi MJIOe YKCJIO HAaGJIOAEHUI U OTJINYAIOIIEECs OT HOP-
MaJBHOTO —PpaclpejieleHne ITPU3HAKOB, IOKa3aTesan
OITUCATEJBHOI CTATUCTUKY KOJIWYECTBEHHBIX TPH3HAKOB
npenctasiensl B Buge Me (LQ, HQ). Pactipenenenue kaue-
CTBEHHBIX [IPU3HAKOB IIPEICTABJIEHBI B MIPOIEHTAX OT 00-
HIero YucJa TanueHToB B noarpymme. [Ipu cpaBHeHmn
[IPU3HAKOB U OIIEHKE Pe3YJIbTATOB JIeYeHUs UCIOTb30BAIN
HerapaMeTpuYecKie Kputepun — Kpurepuii Manna—Yut-
HY, anaim3 panroB Kpyckama—Yosurnca, KpuTepuii 3HaKO-
BBIX PAaHTOB COTJIACOBAHHBIX Map Buikokcona, aByxdak-
Topubiii awamusz Dpuamana. /1 ompemeseHnst CBsI3U
MTPU3HAKOB TPUMEHSIIN KPUTEPUH ) (KCH-KBAIPAT), KO-
urmenT panrosoii koppessiiiuu Cripmena R. Pesyobra-
TBI TPU3HABAJIN CTATUCTUYECKH 3HAYUMBIME TIPH BeJIYH-
ne Bepositnoctu p<0,05.

PesyabraThl 1 00CyK/I€HHE

[Ipu mocTyrjieHUU B OIEPAIMOHHYIO Y MOCT-
paZiaBIINX OTMEeYaach yMepPeHHas TaXUKapiIusd,
HCC — 100 (96; 113) ynapoB B MUHYTY U apTepH-
anpHag runoronus (cpennee AJl (Allcp.) cocras-
aszno 71 (57; 97) mm pt. ct.). Hasmuune rurmosouie-
MUM  TIPU  TOCTYIJIEHUM B  OIEPAIHOHHYIO
noATBepxKAaIN Takxke Huskue 3uadenust [[B/] 0 (0;
0,5) MM pr. ct. (Tabu. 1). Peakius cucteMbl KPOBO-
obparenust Gblia HOPMO- UJIK Jake OJIMsKe K TUII0-
kunernyeckoir — CU 2,7 (2,28; 3,65) a/mun/m’.
NOTICC npubskaics K pedhepeHCHbIM 3HAYEHU-
sy — 1761 (1246; 2265) mun e cex/cm”/m*. Caeno-
BaTeJIbHO, HA MOMEHT MOCTYILIEHUsI B ONEPAIHMOH-
HYIO TI0KAa3aTeJud TeMOJUHAMUKU MOCTPALABIINX
OTpPaskaju BBIPAKEHHYIO CTEleHb TUIIOBOJIEMIH,
OJITHAKO, 32 CYET IOBBIIIEHHOTO COCYAUCTOTO TOHY-
ca, JOCTUTAaCh OTHOCUTENbHAS CTAOMIbHOCTD ap-
TepuaibHOro AaBienust (tabu. 1).

Cpasy 1ocJie TOCTYIIEHUST B OTIEPAIMOHHYIO Y
MAIUEeHTOB, HECMOTPSI HA ITPO/I0JIKAIOIIEECsT BHYTPEH-
Hee KPOBOTEUEHHUE, CPEIHUE TTOKA3aTe/ i TeMOTIO0H-
HA U TeMAaTOKpUTa He ObLIM KPUTHYECKU CHIKEHDBI
(Hb 100 (86; 118,3) r/n u Ht 30,9 (26,6; 36,3)%)
(tabu. 3), xors1 y 18% mocTpagaBiinx yke UMEIUCh
nokazanus K remorpancdysuu (Ht menee 25%).

as Mann—Whitney criterion, the Kruskal-Wallis analy-
sis of ranks, the Wilcoxon signed-rank test criterion
and the Friedman two-factor analysis were used for
comparison of characteristics between groups and the
assessment of treatment results. Both the x* (chi-
square) test and the Spearman's rank correlation coef-
ficient were used to determine the correlation between
characteristics. The results were considered statistical-
ly significant at P<0.05.

Results and Discussion

Moderate tachycardia (HR = 100 (96; 113) per
minute) and arterial hypotension (BPav =71 (57;97)
mm Hg) were observed in all patients at admission
into the operating room. Hypovolemia at admission
was confirmed by low CVP values: CVP = 0 (0; 0.5)
mm Hg (tab. 1). The circulatory system reaction was
normokinetic or close to hypokinetic (CI 2.7 (2.28;
3.65) L/min/m?); the SVRI was close to the reference
limits: 1761 (1246; 2265) dynesesec/cm™/m’
Therefore, the hemodynamic parameters of patients
demonstrated severe hypovolemia at admission into
the operating room; however, relative stability of the
blood pressure (tab. 1) has been achieved due to the
increased vascular tone.

Median Hb values and HCT had not reflected
the critical drop of these parameters immediately
after admission into operative room despite ongoing
internal bleeding: Hb=10.0 (8.6; 11.83) g/dL and
Hct=30.9 (26.6; 36.3)% (tab. 3); although 18% of
patients had already had indications for hemotrans-
fusion (Hct<25%).

Such parameters as PaO,=164 (119; 212)
mmHg and PaCO,=39 (35; 46) mm Hg were within
the normal range, but the overall arterial blood oxy-
gen level was reduced (CaO,=14.1 (11.9; 16.4)
mL/dL because of anemia (tab. 2, 3) at patients'
admission into operating room.

The decreased oxygen delivery index (DO,I) at
admission (tab. 3) was related to the continuous
bleeding, hypovolemia, moderate anemia and the
decreased cardiac efficiency DO,I 409 (304; 495)
mL/min/m’. However, VO,I remained within the
normal range: 195 (158; 256) mL/min/m? it was
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TaGauna 2. [lunamuka nokasaresieii rasooomena u KOC y nocrpagasumix [n=50; Me (25%; 75%)].
Table 2. Dynamics of gas exchange and acid-base balance parameters in patients [n=50; Me (25%; 75%)].

Parameters Values of parameters on the study stage P value
qst 9nd
pHa 7.311 (7.277; 7.369) 7.358 (7.321; 7.405) 0.001
PaO,, mmHg 163.5 (118.5; 212.3) 162.5 (127.8; 189.8) 0.919
TICO2a, mmol,/L 199 (18.1; 21.9) 225 (21.3; 24.0) <0.001
PaCO,, mmilg 393 (35.2; 46.3) 0.2 (36.3; 43.7) 0.721
BEa, mmol/L -5.25 (-7.03; -2.5) -3(-4.18;0.2) 0.001
PvCO,, mmllg 437 (40.8; 50.9) 446 (41.8,49.7) 0.824
PvO,, mmllg 385 (29.0; 45.9) 469 (37.4; 56.3) <0.001
ScvO,, % 54.4 (48.5; 67.5) 74.6 (62.5; 80.7) <0.001
IIpumeyanne. ScvO, — carypanus KUCIOPOZOM IIEeHTPAIbHOI BEHO3HOI KPOBH.
Ta6umua 3. /luHamMuka nmokasaresieil KUCIOPOIHOTO GajaHca nocrpaaasmux [#=50; Me (25%; 75%)].
Table 3. Dynamics of oxygen balance parameters in patients [n=50; Me (25%; 75%)].
Parameters Values of parameters on the study stage P value
{st 9nd
C(a-v)Oy, mL/dL 5.75 (4.0; 7.95) 375 (3.2;5.2) <0.001
Hb, g/L 100 (86; 118.3) 92 (81.3; 105) 0.015
Ht, % 30.9 (26.6; 36.3) 28.4 (23.9; 32.4) 0.008
Glucose, mmol /L 9.5 (6.9; 12.3) 8.9 (7.4;12.2) 0.585
Lactate, mmol /L 2.7 (1.72; 3.68) 2.8 (1.0; 3.85) 0.242
DO,L, mL,/min/m’ 409 (304; 495) 384 (321; 452) 0377
VO,I, mL,/min,/m’ 195 (158; 256) 131 (10Z; 201) <0001
0,ER% 50 (45.1; 60) 38(25.3;52) <0.001
CaO,, mL/dL 141 (11.9; 16.4) 13.2 (11.6; 14.9) 0.099
CvO,, mL/dL 8.0 (5.95,9.4) 94 (7.8, 11.2) 0.001

ITpumevanne. C(a-v)O,, mL/dL — apTepuoBeHo3Hast pasHuia mo Kucaopomy, mi/mr; Ht — remarokpur. Jlist taba. 3, 4: Hb, g/L —
remorsiobwu, r/m; Glucose, mmol/L — rmokosa, mmous/i; Lactate — makrat; DOy, mL/min/m’ — wHIeKC TOCTABKH KHUCIOPOJA,
wi/mus/M% VO, — unzexe norpebaenus kucaopoaa; OoER — ungexce akerpakuun kucaopoaa; CaOy, mL/dL — conepskanue Kuc-
Jopojia B aprepuanbHoil kposu, Mi/mir; CvOy — cosepskanme KUCJI0PO/ia B IIeHTPATbHOI BEHO3HOI KPOBH.

IIpu noctyriennu B oriepalioOHHYIO MOKa3are-
au cpennero PaO, — 164 (119; 212) MM pT. cT. 1
PaCO, — 39 (35; 46) MM pT. cT. OBLIM B IIpegesax
HOPMaJIbHBIX 3HAYE€HUI, HO o0lIee cogepKaHme Kuc-
JIOpojia B apTepuasibHONM KPOBHM OBLIO CHMUIKEHO
(Ca0O, — 14,1 (11,9; 16,4) mu1/n71) B CBSI3U C aHEMU-
eit (Tabu. 2, 3).

CHuzkeHre WHJIEKCA TPAHCIIOPTAa KHUCJIOPOa
(UTO,) (tabma. 3) 6bLIO CBA3AHO C TPOIOJKAIO-
HIUMCS KPOBOTEUYEHUEM, THIIOBOJIEMUE, yMepeH-
HOU aHeMUel W CHUXEeHUEM MPOU3BOAUTEIbHOCTU
cepaiia (MTO, — 409 (304; 495) mu/mun/M*). On-
nako, IO, naxoauicss B rpaHuilax HOPMAJbHbIX
suavennii (195 (158; 256) mu/mun/M?), uto obec-
MeYNBAJIOCH TOBBIIIIEHHON 9KCTPAKINEN KUCIOPOIa
(K20, — 50 (45,1; 60)%).

B ananmsax KpoBu 1pu TIOCTYIJIEHUN B Oliepa-
[IUOHHYIO Y TIOCTPAJIABIINX OTMEYAIUCH TaK)Ke IPU-
3HAKM YMEPEHHOI'O JEKOMIIEHCUPOBAHHOTO MeTabo-
JINYECKOTO alujio3a co CHUKeHueMm 3uadenus pH u
nedunmrom ocHoanuii BE (ta6ur. 2). Cpeanue 3Ha-
yenus SvO, ObLm HUsKe pedepeHcHbIX Y 68% 60Jib-
HBIX, a Y 8% aToT nokazaresib npesbiiran 80%. Tem we
MeHee, apTepUOBEHO3HAsA pa3HUIA 110 KUCIOPOIY
Obljla B Ipejieiax HOPMaJIbHBIX 3HAYEHMIL, a cojep-

provided by the increased oxygen extraction ratio
(0,ER=50 (45.1; 60)%).

The blood work at admission also demonstrat-
ed symptoms of moderately decompensated metabol-
ic acidosis with decreased pH level and BE bases
deficiency (tab. 2). Median SvO, values in 68%
patients were lower than the reference ones, and 8%
of patients presented a more than 80% increase of
this parameter. However, the arteriovenous oxygen
difference was within normal values, and the lactate
blood level did not indicate the prevalence of anaer-
obic metabolism in body tissues (tab. 3).

The total blood loss was equal to 2000 (1975;
2825) ml by the end of the surgical intervention. The
average intraoperative infusion-transfusion therapy
volume was 7605 (5563; 10395) ml including the fol-
lowing: colloid solutions — 1550 (900; 2500) ml;
crystalloid solutions — 3100 (2675; 4250) ml; fresh
frozen plasma — 1280 (699; 1704) ml; donor erythro-
cytes — 625 (375; 1109) ml; autocell component —
860 (349; 1426) ml. The average urine output during
the operation was 700 (500; 1200) ml.

The majority of hemodynamic parameters had
significantly improved by the end of the surgery:
HR — 90 (85; 99) per minute (P<0.001), BPav —
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JKAHUE JIAKTaTa B KPOBY HE YKA3bIBAJIO Ha Mpeobiia-
JlaHue aHAIPOOHOTO MeTabOJIIM3MA B TKAHSIX OPTaHU3-
ma (tabi. 3).

K okonuyanuio orepatuBHOrO BMEIIATEIHCTBA
CyMMapHasi KpoBOTIOTeps cocTaBuiia B cpegireM 2000
(1975; 2825) mir. O6beM UHTPAOTIEPAIIHOHHOI WH-
(bysmonno-rpancdy3noHHON Tepanuu y MarueHToB
6ot paBeH B cpexHeM 7605 (5563; 10395) mu u
Brunovas: kosutonasr — 1550 (900; 2500) mur; kpuc-
tasmoubl — 3100 (2675; 4250) mur; cBexe3aMoOpo-
skeHHy1o Tmasmy — 1280 (699; 1704) mur; nonopcekue
aputporutel — 625 (375; 1109) M1, ayTOKIETOUHBII
komioneHT — 860 (349; 1426) mir. O6beM MoueoT/Ie-
JIEHUS 32 BpeMs onepaiun coctaBuil B cpegiieM 700
(500; 1200) mur.

K momenTy 3aBepiiienus orepaTHBHOrO BMeIa-
TeJILCTBA GOJIBINAS YACTh OKa3aTeJel TeMOIMHAMY-
KU TOCTPA/IABIINX CTATUCTUYECKH 3HAYUMO YJIyd-
mmtack: YCC — 90 (85; 99) ymapoB B Mun
(p<0,001), Allcp. — 88 (80; 94) mm pr. cT. (p=0,004),
OB — 4,2 (3,5; 5,8) mm pr. ct. (p<0,001), C1 — 2,9
(2,68; 3,17) n/mun/m*) (p=0,297), MOIICC — 2150
(1902; 2698) nunecek/cm’/m* (p=0,031).

HecMoTpst HAa 0CTaHOBKY KPOBOTEYEHUS U
TpaHC)Y3UI0 TeMOTJIOOUHCOIEPIKAIINX CPEJl, yPOBHU
Hb u Ht x OKOHYAHHUIO Ollepaluy HEZOCTOBEPHO
CHU3WJINCH, YTO, BO3MOKHO, OBLIIO CBSI3aHO C TEMO/IH-
gonueit ocsie iposenenuss UTT (taba. 3). Tocre
OKOHYAHUST XUPYPrUUECKOro BMeIaTeabetBa y 34%
GOJILHBIX COXPAHSIUCH MOKA3AHUS K MPOIOJIKEHUIO
reMoTpaHchy3uu.

OxcureHupyiomas 1 BEHTUJIAIMOHHAS (DYHK-
WS JIETKUX TAlUeHTOB JAHHOW IPYIIIbI B TeUeHUe
BCErO Mepuojia HaOJIOIEHUST 0CTaBalaCh HOPMaJib-
HOM, a coziepskaHue KUCJI0Po/ia B apTepruaibHON Kpo-
BU — IPAKTUYECKU HEU3MEHHBIM.

CraTucTuyecKku 3HAYMMas IUHAMUKA MeIMaH
PvO, u SvO, orpaxkaja cTabUIM3aIii0 KUCJIOPO/I-
Horo GajtaHca, HecMoTps Ha HusKue 3HaueHust Ca0,,.
Tem He MeHee, B KOHIlE otepariiu y 42% GOJbHBIX
SvO, 6buta Hike 60%, a y 26% mocTpagaBiImx mnpe-
Bormasia 80%. Takoe passiuuune mokasareseil yKasbi-
BAJI0 HA COXPAHSIOIIEECs] HANPSKeHne MeXaHIM3MOB
KHUCJIOPOJIHOTO OOMEHA U HAJIMYUE 3HAYUTETbHON J10-
JIN TIOCTPAJABIINX C APTEPUOBEHO3HBIM IIYHTUPOBA-
nuem kpoBu. Cumxenne CaO,—CvO, K KOHILy OTie-
pamuy OTpaxkano AUcOATAHC MEKAY JOCTABKOU
KUCJIOPOJIa U TIOTPEOHOCTHIO B HEM. 3HAUECHUE MTOKA-
zaresist Ca0,—CvO, 6bLIO CyIIECTBEHHO HUKE HOP-
mbl — 3,75 (3,2; 5,2) M/ (taba. 3).

Crarucruveckuil aHaims martepuaga oOHApY-
JKUJT HaJuune CJabblX KOPPEJSIIIUOHHBIX CBsI3ei
mesxkny ypoaem MOIICC na atanax uccieoBaHus
U TIOKA3aTeJsIMU KUCIOpoHOro Oanmanca. Tak, ypo-
BeHb SvO, IIPU MOCTYIJIEHUN B OMIEPAITMOHHYO ObLI
TeM HIKe, 4yeM Bblme Obumm 3Hadenna VMOIICC
(p=-0,301; p=0,034). IIpamas KoppeJdInOHHASA
cBs13b c1aboii cuibl nmesiach Mesxxay MMOIICC u 3Ha-

88 (80; 94) mmHg (P=0,004), CVP — 4.2 (3.5; 5.8)
mmHg (P<0.001), CI 2.9 (2.68; 3.17) L/min/m?
(P=0.297), SVRI 2150  (1902;  2698)
dynesesec/cm?/m* (P=0.031).

Despite stopping the bleeding and transfusion
of hemoglobin-containing media, Hb levels and Hct
insignificantly decreased by the end of the surgery
possibly due to hemodilution after the ITT (tab. 3).
The indications for hemotransfusion remained in
34% of patients after completion of the surgical
intervention.

The oxygenation and ventilation lung func-
tions in this group of patients were normal and the
arterial blood oxygen level remained almost
unchanged throughout the follow-up period.

The statistically significant dynamics of PvO,
and SvO, medians reflected the stabilization of the
oxygen balance despite the low values of CaO.,.
Nevertheless, the SvO, value was lower than 60% at
42% of patients by the end of the surgery, and in 26%
of patients the SvO, exceeded 80%. Such variation of
the parameters demonstrated the persistent tension of
the oxygen exchange mechanisms and the existence of
a high percentage of patients with arteriovenous fistu-
la. The drop in C(a-v)O, values by the end of the
surgery reflected the disbalance between the oxygen
delivery and oxygen requirement. The C(a-v)O, level
was significantly below the normal limit: 3.75 (3.2;
5.2) mL/dL (tab. 3).

The statistical analysis of the data demonstrat-
ed poor correlations between the SVRI levels in dif-
ferent stages and the parameters of oxygen balance.
For example, the higher SVRI values (p=-0. 301,
P=0.034) were at admission to the operating room,
the lower the SvO, level was. Poor direct correlation
was found between SVRI and DavO, values
(p=0.329; P=0.021). Both at admission and at the
end of the surgery, the higher SVRI values (p=-0.31;
P=0.028) inversely correlated with the SvO, levels.
The higher SVRI values were, the lower PvO, values
(p=-0.36; P=0.01) became. The found correlations
confirmed that the vascular tone increase was fol-
lowed by deterioration of the integrated indicator of
oxygen exchange in peripheral tissues.

The alterations of compensatory mechanisms in
the case of unbalanced oxygen exchange was also
manifested itself by moderate hyperglycemia and
lactatemia (tab. 3). No significant dynamics of these
parameters were found after the surgery. There has
already been a statistically significant correlation
between glycaemia and lactate parameters (p=0.482;
P<0.001) at patients' admission reflecting the rela-
tionship between the metabolic response and tissues
ischemia. This correlation disappeared by the end of
the surgery; however, there were poor inverse rela-
tionship between the PvO, level and glycemia (p=-
0.377; P=0.007), PvO, and lactate (p=-0.322;
P=0.023), SvO, and lactate (p=-0.293; P=0.039).
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yeansimu Ca0,—CvO, nipu nocrymiennu (p=0,329;
p=0,021). 3naunMbie ciabble KOPPEISIMOHHbIE 3a-
BucumocTtu Mexay MOIICC u CaO,-CvO, coxpa-
HAJIWCHh U B KOHIle omnepanuu. Kak mpu mocrtytie-
HUU, TaK ¥ B KOHIIE BMEIIATEJbCTBA ypoBeHb SvO,
OBbLI TeM HUKe, 4eM Bbime Op1u 3Havennsa MTOIICC
(p=-0,31; p=0,028). Yem Bbitie OGbLIN TTOKA3ATEH
NOTICC, tem Huzke O6b1tn 3Havenust PvO, (p=-0,36;
p=0,01). BoigBieHHbIle KOpPPENAIMOHHBIE CBS3U
MOJTBEPIKIAIOT, YTO TIOBBIIEHUE COCY/IUCTOTO TOHY-
ca y TOCTPAJIABIINX COMPOBOKAAIOCH YXYyIIICHUEM
UHTErPAJIbHOTO TIOKA3aTeJIst KUCJIOPOAHOTO OOMEHa B
nepudepuyecKuX TKAHIX.

Hamnpskenne KOMIIEHCATOPHBIX MEXaHU3MOB
npu auchajance KUCIOPOJAHOTO OOMEHa y MOoCTpa-
JIABIIUX TaKXKe MPOSIBIAIOCH YMEPEHHBIMU THIIEP-
riukeMueit u jtakraremueil (tabs. 3). CyriectBeH-
HOW MUHAMUKU 3TUX TOKa3aTesiei Tocye onepanuu
MBI HE BBISIBUJIH. YK€ HA MOMEHT TIOCTYIIJICHUS TMe-
JIACh CTATUCTUYECKU 3HAUYMMAS KOPPEJIAINS MEKIY
nokasarejsiMu ramkemun u Jjakrata (p=0,482;
p<0,001), oTpaskaBiasi CBsI3b MeXKIY MeTaboInIec-
KMM OTBETOM W uiieMueii Tkaneil. K KoHIty Xxupypru-
YeCKOTO BMEIIATEJbCTBA 3TA CBI3b MCUE3JIa, OJTHAKO
UMeJch cabble 0OpaTHbIE KOPPEJISITUOHHbBIE 3aBU-
CUMOCTH MEXIYy 3HaueHusMu PvO, u ramkemMun
(p=-0,377; p=0,007), PvO, u naxrara (p=-0,322;
p=0,023), SvO, u makrata (p=-0,293; p=0,039).

VY nocrpagasimiux meanada MTO, Gbuia HuKe
pedepeHCHBIX 3HAUEHNI, HO MTPEeBBINIATIa KPUTHYEC-
KU ypoBeHb. /leTasbHbIN aHAIN3 TT0Ka3aJl, 4TO 1pu
HOCTYILIEHUU B ONEPANMOHHYIO y 34% IAIMeHTOB
NTO, 66wt Huzke 320 Mur/MUH/M?, @ IOCJIE 3aBepIIie-
Hug onepanun Hu3kue 3nadennss U'TO, peructpupo-
Bas y 26% o6ciieJoBaHHbBIX.

IIpu nocrynnennu B onepannonnyio MIIO,
MPEBBIIIA HOPMaJIbHbIE 3HAUeHust y 76% mocTpa-
nasimux. Ilocie XUpypruyeckoro BMEIaTebCTBa U
3aBepmennss UTT nokazarenn UITO, cooTBeTcTBO-
Basii pedepeHcHbIM 3HaueHusM (Tabu. 3), Ho 'y 36%
GOJILHBIX OH MIPEBBIIIAT HOPMY. BeposiTHO, GoJiee BbI-
cokoe moTpebeHre KUCA0poJa ObLIO CIEACTBUEM
MpeaIiecTBYIONE KUCIOPOIHON 3aM0JKEHHOCTH
WJIN CTPECC-PEAKIMK Ha TPaBMY M XUPYPIUUYECKYIO
oTIeparuio.

HecoorBercTBre Mex1y mOTpeGHOCTHIO B KHUC-
JIOPOJIE M €TO JIOCTABKOH MPU MOCTYTIEHUN OTPa3u-
JIOCD B TIOBBITIEHHBIX 3HaYeHUAX KO, mpakTuieckn
y Bcex noctpazasinx. Hopmammsarusa NI1O, k koH-
1y onepaiuu y 50% GOJBHBIX COMTPOBOKIATACH CHI-
sxeaneMm KOO, 1o pedepeHcHBIX 3HAYCHWH.

NUTO, x KOHILYy ollepanuyu CHU3WUJICS, OHAKO
BBIPAKEHHON JIEKOMIIEHCAI[UU KUCJIOPOIHOTO OaJiaH-
ca He TIPOM3OIILIO, TaK KaK OJIHOBPEMEHHO 3HAYUMO
causmicst ITIO,. MHTepecHO, 4T0 MMEUCH ciabbie
KOPPEJSAIUOHHBIE 3aBUCUMOCTH MEK/LY YPOBHEM Me-
tabosutoB 1 ITO, B koHIle oneparyn. Tak, 4eM Bbl-
e 6611 ypoBerb UTO,, TeM HUKe 3HAYEHUST TIIHKe-

The median DO,I was below the reference lim-
its, but it exceeded the critical level. The detailed
analysis demonstrated that 34% of patients had the
DO,I value lower than 320 mL/min/m’ at admission
into operating room in comparison with lower DO,I
values at 26% of patients after the surgery.

The VO,I value exceeded the normal limits in
76% of patients at admission. The VO,I values were
within the reference limits (tab. 3) after the surgical
intervention and at the end of ITT, but they exceed-
ed the normal limits in 36% of patients. It is possible
that the higher oxygen consumption resulted from
the previous oxygen debt or stress reaction to the
trauma and the surgery.

The lack of compliance between the oxygen
requirements and delivery at patients’ admission
into operating room was reflected in the increased
O,ER values in all patients. The normalization of
VO,Iin 50% of patients by the end of the surgery was
followed by a decrease in O,ER to reference values.

The DO,I values decreased by the end of the
surgery; however, there was no severe decompensa-
tion of the oxygen balance, because the VO,I level
significantly decreased at the same time. It should be
noted, that there were poor correlations between the
level of metabolites and DO,I by the end of the
surgery. For example, the higher the DO,I level was,
the lower the values of a glycemia (p=-0.311;
P=0.028) and the lactate level (p=-0.289; P=0.042)
became. The correlations between O,ER and oxygen
balance parameters were not revealed different
stages of the surgery.

The study demonstrated no positive correla-
tions between the ITT volumes and oxygen balance
by the end of the surgery. The correlation between
the large volumes of hemotransfusion and low values
of PvO, (p=-0.446; P=0.001) as well as low DO,I
values (p=-0.319; P=0.024) by the end of the surgery
was absolutely natural. The increase of the intraop-
erative ITT volume was followed by an increase of
glycaemia (p=0.534; P=0.049) and lactate (p=0.368;
P=0.009). The use of large volumes of colloid solu-
tions correlated with decreased CvO, (p=-0.419;
P=0.003), increased lactate (p=0.397; P=0.005) lev-
els and Hb drop (p=-0.398; P=0.005). Therefore, the
increase of the infusion volume of colloidal solutions
correlated with the increase of hemotransfusion
requirement (p=0.302; P=0.035), and the crystalloid
solutions infusion was related to the increase of
glycemia level (p=0.283; P=0.047) and FFP require-
ment (p=0.386; P=0.007).

The reverse correlation between arterial pH and
volumes of infusion solutions (for colloids p=-0.449;
P=0.001; for crystalloids p=-0.322; P=0.023) was
registered by the end of the surgery, that could be
easily explained by the existence of a large amount of
acid anions in the transfused solutions. The volume
of hemotransfusion, including the volume of donor
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mun (p=-0,311; p=0,028) u Tem MeHbllle YPOBEHDb
agakrara (p=-0,289; p=0,042). Koppemnsaiuii MexmIy
K90, na sranax onepaiuu u nmokasateassMu KUCJIO-
poaHOTOo GajlaHca Mbl He BbISBUJIN.

MpbI He BBISIBUIN Y TIOCTPAJABINNAX TTOJOKH-
TEJTHHBIX KOPPETSATNOHHBIX 3aBUCUMOCTEH MEKIY
obbemamu ITT 1 kucsopoHbiM OalaHCOM B KOHIIE
omeparun. COBePIIEHHO €CTECTBEHHONW OKa3ajiach
B3aUMOCBSI3b OOJIBIINX 00BEMOB TeMOTPaHCHY3UU €
HU3KUMHU TIoKazaTesnssMu PvO, B KOHIE omepannn
(p=-0,446; p=0,001) u nuskumu 3navenusimu UTO,
(p=-0,319; p=0,024). YBenuueHue oObeMa MHTPAO-
nepanrorHodl U'TT conpoBokaamoch OBBITIICHUEM
nokasareseii riukemun (p=0,534; p=0,049) u nakra-
ta (p=0,368; p=0,009). Vcnonb3oBatnue GOJIBITHX
00bEMOB KOJIJIOUIOB KOPPEIMPOBAJIO CO CHUKEHUEM
sHauenuit CvO, (p=-0,419; p=0,003), noBbicHIEM
suavenuii sakrata (p=0,397; p=0,005) u cuuKenvem
snauenniit Hb (p=-0,398; p=0,005). [Tostomy yBeJu-
yeHre MHGY3UN KOJJIOUIHBIX CPEl KOPPETUPOBAIIO C
HOBBIIIEHNEM TIOTPEOHOCTH B TeMOTpaHcy3uu
(p=0,302; p=0,035), a unbysuss KPUCTATIOUIHBIX
cpesl — ¢ poctoM nokazareseii rankemun (p=0,283;
p=0,047) u morpebrocTr B C31I (p=0,386; p=0,007).

CyiectBoBasia oOpaTHast KOPPEIAMOHHAs 3a-
BUCHUMOCTDh MeXAy BeawunHou pH apTepmanbHoOii
KPOBM B KOHIIe orepaiuu u obObeMaMu MH(Y3UOH-
HBIX cpe (/s kosounos p=-0,449; p=0,001; nusa
kpuctasionzsios p=-0,322; p=0,023), urto BHoIHE
00bICHUMO HainyreM OOJIBIIOrO KOJMYECTBA KUC-
JIBIX aHMOHOB B IIepejuBaeMbiX pactBopax. OO0bem
reMoTpaHcdysud, B TOM 4ucjae 00beM JOHOPCKUX
SPUTPOLMTOB, He ObLI CBS3aH C [IOKa3aTeJsSIMU KUC-
JIOTHO-OCHOBHOTO COCTOSTHUSI KPOBH.

O6bem UTT npesbiiiiai 00beM KPOBOIOTEPH B
2,25 (1,77; 2,68) paza. CBsi3u MeKIy 9TUM IOKa3are-
JIeM M XapaKTepUCTUKaMU KUCJIOPOJHOro OajiaHca
ObLIN HE3HAYMMbBIMIL

He BBISIBUIIN CTATUCTUYECKU 3HAUUMOI KOoppe-
JISIIMOHHONW 3aBUCUMOCTH MEXKIY TOKa3aTeTsIMU
Hb/Ht B koHIte omeparuu, 00bemMa reMoTpancdysun
n nurpaoneparnonsoit UTT.

Teuenune mocaeonEPaITMOHHOTO MEPUOIA OC-
goxuanIoch y 9 (18%) mocrpanasmux: y 1 60J1bHOTO
(2%) Gbua HEBMOHWYS, Y 5 60JbHbIX (10%) — rHOU-
HO-CeIITUYeCKUe OCJIOXKHeHusI, y 2 nanuenton (4%)
— 0CTpast CepAETHO-COCYANUCTAST HEJOCTATOTHOCTD, Y
1 6osbHOTO (2%) — TOCTTUIIOKCHYeCKast HIe(haTo-
natus. VI3 gaHHbIX TabJuIbl 4 BUAHO, YTO Y HOCTpa-
JABIINX C Pa3BUBIIMMUCS B TIOCTEOTIEPATTIOHHOM
Meprojie OCTOKHEHUSIMU YK€ B Hauyaje Omeparnu
ObUIM CTATMCTUYECKU 3HAYMMO MEHBIIMMU I0Ka3a-
tesin remorsiobuna, CH #, cOOTBETCTBEHHO, 10CTaB-
Ka Krcsoposa. Tak Kak Mpou3BOAUTENBHOCTD Cep/Ia
U JI0CTaBKa KHMCJIOPOAa ObLIM HUKE KPUTHYECKOIO
YPOBHS, 1e(UIUT TPAHCIIOPTA KUCTIOPOIA TIPUBOIIIT
K CHMJKEHMIO ero HoTpebJIeHMs U KUCJIOPOIHOM
JIOJIT3aT0JKEHHOCTH. BBICOKOE coepkaHue TIIOKO-

erythrocytes, was not correlated with parameters of
the blood acid-base balance.

The ITT volume exceeded the blood loss vol-
ume by 2.25-fold (1.77; 2.68). The relationship
between this parameter and the oxygen balance
characteristics were insignificant.

The study did not demonstrate any statistically
significant correlation between the Hb/Hct by the
end of the and the hemotransfusion volume, as well
as the intraoperative ITT volume.

There were the following complications in the
postoperative period in 9 (18%) patients: 1 patient
(2%) had pneumonia, 5 patients (10%) suffered from
purulent — septic complications, 2 patients (4%) had
acute cardiovascular insufficiency, 1 patient (2%)
had post-hypoxemic encephalopathy.

The data from table No. 4 demonstrated that
patients from the subgroup with the postoperative
complications exhibited significantly lower level of
Hb, CT and the oxygen delivery, respectively, at the
beginning of the surgery. But since the heart per-
formance and the oxygen delivery were below the
critical level, the oxygen transport deficiency led
to decrease of its consumption and subsequently to
the oxygen debt. The high level of blood glucose
was a «marker» of stress and carbohydrates metab-
olism disorders. Patients from the subgroup with
complications received significantly larger vol-
umes of infusion therapy, autoRBCs, donor ery-
throcytes, and FFP during the surgery and anes-
thetic support.

The low heart performance and the signs of the
«oxygen debt> (PvO, drop, significant increase of
blood glucose and a lactate levels (tab. 4)) persisted
in such patients even after complete hemostasis,
intensive treatment and the end of the surgery. These
data demonstrate that patients with the postopera-
tive complications were admitted into the operating
room with already existing severe deficiency of oxy-
gen transport and consumption. Furthermore, shock
developed in such patients, and it could not be cor-
rected by the end of the surgery in spite of high vol-
umes of infusion and transfusion therapy carried out
during the surgery including the return of autoery-
throcytes, transfusion of donor erythrocytes and
FFP. Based on the available data, the low heart per-
formance (CT) was the key factor contributing to the
shock persistence.

According to the above data, it may be con-
cluded that patients with postoperative complica-
tions had significantly more severe intraoperative
impairment of the oxygen transport and consump-
tion (tab. 4).

7 (14%) patients died in the postoperative peri-
od. The study demonstrated the correlation between
the lethal outcomes in the postoperative period and
the CI value at the end of the surgery (y’=42.881;
P=0.036).
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TaGauna 4. llokasaTeu EHTPAIBHOI FeMOMHAMHUKH, FOMEOCTA3a U [1aPAMETPOB HHTEHCHBHOM TEPANHHU Y OCTPA/IaB-
HIMX C HEOCJIOKHEHHBIM U OCJIO’KHEHHBIM T€UEeHHEM IOcIeonepaniuoHHoro nepuoaa [#=50; Me (25%; 75%)].

Table 4. The parameters of central hemodynamics, homeostasis and intensive care in patients with uncomplicated
and complicated course of the postoperative period [7=50; Me (25%; 75%)].

Parameters Values of parameters in groups P value
No complications Complications
CI, I stage L/min/m’ 2.88 (2.32; 3.38) 2.0 (1.83; 2.65) 0.022
CI, 1T stage L/min/m? 3.03 (2.83; 3.45) 2.65 (1.96; 2.97) 0.015
VO, I stage mL/min/m’ 187 (139.5; 257) 154 (130; 183) 0.012
DO, T, T stage mL/min/m’ 409 (292; 433) 270 (236; 357) 0.006
PvO,, IT stage mmHg 46 (34.7;58.3) 41.2 (32.8; 45.3) 0.047
TIb, T stage g/L 95 (79.5; 107) 90 (59.5; 108) 0.023
Glucose, I stage mmol /L 9.15 (6.35; 11.95) 14.95 (9.43; 21.95) 0.005
Glucose, IT stage mmol /L 8.45 (6.4;9.78) 18.45 (7.65; 20.3) 0.008
Lactate, IT stage mmol/L 2.9 (2.45; 4.43) 5.4 (2.53; 6.8) 0.012
Volume of ITT, mL 5865 (4404;7332) 8335 (6531; 10395) 0.001
Hemotransfusion, mL 768 (498; 1203) 1840 (1094; 2253) 0.008
Donor erythrocytes, mL 490 (336; 643) 938 (375;1318) 0.035
FFP, mL 600 (513; 866) 1515 (660; 1861) 0.002

ITpumeuanue. Values of parameters in groups — 3HayeHus mapamerpos B rpymmax; Complications — ¢ ociosxkHeHUsIMU; o — Ge3;
Volume of ITT, mL — o6bem undysuonno-rpanchysnonnoii Tepanuun, mi; Hemotransfusion — remorpancdysus; Donor erythro-
cytes — ponopckue apuTponnThl; FFP — cBexesamoposkennas niasma.

3bl B KPOBU CJIYKUJIO «MapKepoM» CTpecca U Hapy-
meHust MetaboJIM3Ma YIiieBoI0B. B TeueHue orepa-
U W aHECTe3WH MOCTPAJABIINE C OCIOXKHECHUSMU
HOJIyYa/id CTATHCTHYECKU 3HAYUMO OoJibiive obbe-
Mbl UH(GY3UOHHON TEpannu, ayTOIPUTPOKOMITOHEH-
Ta, IOHOPCKUX apuTporuToB u C3I1.

[Tocie BBITOTHEHWS TEMOCTa3a, MPOBEICHUS
WHTEHCUBHOU Teparuy W 3aBepPIICHUS ONeparuu y
MAIMEHTOB COXPAHSJINCh HU3Kas TPOU3BOJUTEIb-
HOCTD CEep/Illa U MPU3HAKK «KUCJIOPOTHON 3a/10JIKECH-
HOCTHY» — cHIKeHue PvO,, 3HAYNTENbHOE TIOBBIIIE-
HIE COJIEP/KAHUST TJIIOKO3bI U JIAKTaTa B KPOBU (TabL.
4). DU JlaHHbIE TTOATBEPKAAIOT TOT (haKT, UTO TAIH-
€HTBI, Y KOTOPLIX B MOCJECOIEPAITMOHHOM TIEPHOJIE
Pa3BWJINCH OCJOXKHEHUS, MOCTYNAIN B OIEPAIMOH-
HYIO YK€ C BBIPQKEHHBIM /Ie(DUIIUTOM TPAHCIIOPTa U
norpebJieHnst Kucsaoposa. Jlajee, HeCMOTpPst Ha MPO-
BOJIMMYIO BO BPEMS OIIEPAIlMU BBICOKOOOBEMHYIO MH-
(bysmonnyio u TpaHcdy3MOHHYIO Tepanuio, BKI0YA-
IONIYI0 BO3BpAT ayTO3PUTPOIIUTOB, ITEpeJUBaHUEC
nonopckux aputporutoB u C3I1, y mocrpagaBumx
Pa3BUBAJICS TIOK, KOTOPBIN HE y/IaBATIOCh KOPPUTUPO-
BaThb K KOHILy orepanuu. U, cyns 1mo uMeronmmcs
JAHHBIM, BEIYIIYIO POJIb B COXPAHCHUH ITOKA UTpasa
HU3Kas pousBouTebHOCTD cepyia (CI).

Ha ocHoBanuu BBINIENIEPEYUCTEHHOTO MOKHO
c/leNaTh 3aKJI0UYEHUE, YTO Y MOCTPAJABIIMX C pPa3-
BUBIIIUMUCS B ITOCJICONIEPAITMOHHOM MTEPUOJIE OCTOXK-
HEHUSIMH OTMeYaJl 3HAYUTETbHO OOJiee BhIPAKEH-
HbIe MHTPAOIIEPAIIMOHHBIE HAPYIIIEHUS TPAHCIIOPTA U
norpebiienust kucaoposa (tabi. 4).

B nocneonepannonHom mnepuone ymepau 7
(14%) nocrpagaBmiux. BpisiBuin Haauyue CBsI3U
MEXKy JIETATbHBIMU MCXOJJAMH B TIOCTCOTIEPAIINOH-
HoM tniepuozie u BesmunHoii CU B KoHIle orepaiuu

(=42,881; p=0,036).

Conclusion

The average values of system hemodynamic
parameters in patients with injuries of abdominal
cavity organs complicated with massive hemorrhage
did not reflect the severity of patients' state at
admission into operating room. The signs of hypov-
olemia in the form of CVP drop, moderate tachycar-
dia, arterial hypotension with a normal vascular tone
and cardiac output were observed. The hemodynam-
ic parameters have improved after surgical arrest of
bleeding and intraoperative correction of hemor-
rhage. This means that HR approach the normal val-
ues, systolic BP and CVP values increase, CI values
remaine stable, however increase of SVRI are becom-
ing evident the same time, thus indicating the exces-
sive increase of the vascular tone.

The severity of the patients’ state at admission
into operating room could only be determined based
the oxygen balance parameters (high VO,I and
0,ER, and low SvO,) These data demonstrate that
patients experience a severe episode of respiratory
and /or circulatory hypoxia at the moment of trauma
which is compensated, and the patients exhibit labo-
ratory signs of «oxygen debt».

The alterations of compensatory-adaptive
mechanisms of aerobic metabolism persisted on the
background of higher VO,I values by the end of the
surgery were confirmed by the increased O,ER val-
ues, low CvO,, PvO, and SvO, values.

The patients with trauma of abdominal organs
and massive blood loss, who developed postoperative
complications, were admitted into operating room
with existing severe impairment of oxygen transport.
Such patients remained in the shock state in spite of
high volumes of infusion and transfusion therapy car-
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3akiaoueHue

Y TocTpaZiaBIiuX ¢ TMOBPEKICHUSIMU OPTaHOB
OPIOIIHON TIOJIOCTH, OCTIOKHUBITUMUCS MACCUBHOM
KPOBOIOTEPEH, Ha MOMEHT TIOCTYIIJICHUS B OTI€PaIiy-
OHHYIO TOKa3aTeJu CUCTEMHON TeMOIMHAMWKU He
OTPaKAIN TKECTU cocTosgHUSA. OTMevuaan mpru3Ha-
KU ruroBojieMun B Buze cHmxkenus 1B/, ymepen-
HBIX TaXWKap/IUN W apTepPUATbHON TMIIOTOHUU TIPU
HOPMAJIBHBIX COCY/IUCTOM TOHYCE U CEPACYHOM BbI-
6poce. Tlocjie XUPYPTUUECKOI OCTAHOBKU KPOBOTE-
YEHWS] U MHTPAOTIEPAIIMOHHON KOPPEKIIUU KPOBOTIO-
TEpU TIOKA3aTeJM TEeMOAMHAMUKN YJIYUITUIUCh —
npubausuiach k Hopme YCC, nosoicuimch AJlcp. u
LB/, ocraBaicst ctabunbibiv CH. B 10 ke Bpems
Habrroganu nossiienne MOTIICC, ykasbiBatolee Ha
Ype3MepHOe YBEJUYCHHE COCY/TUCTOTO TOHYCA.

B MOMEHT mocTyrnieHusi B ONEPAMOHHYIO TS-
JKECTh COCTOSHUA TIOCTPAIABIINX OTPAKATHA UCKIIIOUH-
TEJILHO MOKA3aTeN KUCJIOPOIHOTO GalaHCa — BBICOKIE
NII0, u K30,, u Huskoe SvO,. ITU CBUIETEIBCTBO-
BAJIO O TOM, UTO B TIEPUO/] TPABMBI ITOCTPA/IABIITHUE TIe-
pEeHeC/IN TIKeIbIN 3MU30]1 ABIXaTeAbHON 1/UIN [TUP-
KyJSTOPHOU THUIOKCUU, KOTOpas K MOMEHTY
HOCTYIJIEHUST B OIIEPAIIMOHHYIO ObLIIa KOPPUTUPOBA-
Ha, U TIOCTPaJIaBIINe MMeU JaDOPAaTOPHBIE TIPU3HA-
KU <KHCJOPOTHOM 3a/I0JKEHHOCTH .

K 3aBeprennto oneparuu Ha hoHe GoJiee BbICO-
kux 3navennii 110, y mocTpasaBiimx cOXpaHsioch
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ried out during the surgery including the return of
autoerythrocytes, transfusion of donor erythrocytes
and FFP. The low heart performance (CI) was the key
factor contributing to the shock persistence. The study
demonstrated the correlation between the lethal out-
comes in the postoperative period and the CI value at
the end of the surgery (y*=42.881; P=0.036).

HalpsKeHe KOMIIEHCATOPHO-IIPUCIIOCOOUTENbHBIX
MEXaHM3MOB MOJIEePKaHUS ad9POOHOTO MeTaboJIM3-
Ma, Ha UYTO YKa3bIBaJIM ITOBBIIIEHHbIE 3HAYEHUS
K90,. nuskue znauenusi CvO,, PvO,, SvO,.
[TarreHTHI ¢ TPABMOI OPraHOB GPIOIIHOI TIO-
JIOCTH M MacCCHUBHOHN KpOBOIOTepeil, y KOTOPBIX B
[IOCJIEOTIEPAIITMOHHOM TIEPUO/IE PA3BUJINUCH OCJIOK-
HEHWSI, TIOCTYIAJIM B OTIEPAIUOHHYIO C BbIPAsKEHHbI-
MU HapylIeHUsIMU TpaHcopTa Kucjaopojaa. Hecmo-
TPsi Ha TPOBOJMMYIO BO BpeMs Ollepaluu
BBICOKOOOBEMHYIO UH(DY3UMOHHYIO U TPaHCHY3UOH-
HYIO TepaIuio, BKJIIOYAIOINLYIO BO3BPAT ayTO3PUTPO-
IIUTOB, TIEPeJIMBAHUE JJOHOPCKUX IPUTPOIUTOB U
C3II, nocTpasaBiiime 0CTaBaJIUCh B COCTOSTHUM 110~
Ka, BEJYIYIO POJIb B COXPAHEHUN KOTOPOTO Urpajia
HU3Kasl TTPOU3BOJAUTENBLHOCTD cepjila. BbisgBiieHO
HAJIMUKME CBSI3U MEXK/y JIETAJIbHbIMU HMCXOJaMU B
rocJjeorepamoHHom nepuojie u Bejguuunon CU B
KOHIle OTepaliuu y JJaHHOW KaTeropuu MoCTpajaB-

mux (y*=42,881; p=0,036).
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Acute Poisoning with Methadone (Dolphin) (Review)

Georgy A. Livanov, Alexander T. Loladze, Bair V. Batotsyrenov,
Alexey N. Lodyagin, Sergey 1. Glushkov, Tatiana V. Kharitonova,
Alexandra A. Ivanova, Dmitry V. Baranov, Anna M. Antonova

I. I. Dzhanelidze Saint-Petersburg Research Institute of Emergency Medicine,
3 Budapeshtskaya Str., Saint-Petersburg 192242, Russia

B MupoBOI siuTeparype UMEITCs JaHHble 00 OlbITe IPUMEHEHHs METaI0Ha, B OCHOBHOM, KaK JIEKAPCTBEHHO-
TO CPE/ICTBA, OJ{HAKO B MOCJEHMIE TO/[bl BO BCEM MUPE OTMEYaeTCsl POCT HeJIerajabHOro NCIOIb30BAHNS METa/[0Ha,
B CBS3M C UYeM pacyeT YHMCJO FOCHUTATU3UPYEMbBIX C OCTPBIMHU OTPABJICHUSIMU 3TUM CUHTETUYECKUM OIMHOM/IOM.
Ilesb HacTosiero 0630pa -IpecTaBieHie COBPEMEHHbIX JAHHBIX O MEXaHM3MaX TOKCUYECKOTO [IeHCTBYs, n30u-
paTesibHON TOKCHYHOCTHU, TOKCHKOKWHETHKE 1 TOKCUKOIMHAMUKE MeTajioHa (1osbbuna). B 0630pe paccMoTpeHbt
nopaskenus ITHC, nbixatesbHoll, cepaedHo-cocy/ucTol 1 MOYEBbIICANTENbHON CHCTEM TIPU OCTPBLIX OTPABJICHU-
AX METa/[0HOM. AHAJIM3NPOBAHO MCIIOJIb30BaHMe METa/[0HA B Psijie CTPAH KaK JIEKapCTBEHHOTO CPE/ICTBA «3aMeCTH-
TeJIbHO» Tepanuu P ONNAaTHOM HApKOTHYeCKOH 3aBucuMocTH. Ilokazano, 4To pe3ysbTaThl NCIIOIb30BAHUS aH-
THUJIOTHOH Tepanuy HaJOKCOHOM IIPX OCTPBIX OTPABJICHUSIX ONMONAAMU HE BCET/[a OJJHO3HAUHO CBU/IETEIbCTBYIOT
0 ero jgocraTounoii apdexTuBHocTr. Jlano o6ocHOBaHKMEe HANIPaBJIEHUN COBEPIIEHCTBOBAHNST MHTEHCUBHOM Tepa-
AU TSKETBIX GOPM OCTPBIX OTPABJIEHUI METAJOHOM IIyTEM HCIIOJIb30BAHMSI, TOMUMO OOII[ePeaHNMATOIOTHYEC-
KUX MEPOIPHUSITUH, KOMILIEKCHOTO METAb0IMIeCKOTO AHTUTHITOKCAHTA IINTOhIABIHA.

Knrouegwte cnosa: ocmpole ompasienusd, OT’luOuabl; Memaaou; 2ePOUH; 2UNOKCUS, HAJTIOKCOH, cy6cmpamubte am-
muzunoxcanmt,; Lgumogb/laeuu

Most publications report on the use of methadone as a medication, however an increase of the illegal use of
methadone has been demonstrated worldwide over the recent years, thus increasing the number of hospitalizations
due to acute poisoning with this synthetic opioid. The aim of the present review was to summarize current data on
the mechanisms of toxicity, selective toxicity, toxicokinetics and toxicodynamics of methadone (Dolphin). The
involvement of CNS, respiratory, cardiovascular and urinary systems in acute poisoning with methadone was dis-
cussed. The practice of use of methadone in many countries as a medicine for the replacement therapy for opiate
addicts was analyzed. In addition, it was suggested that the results of the use of naloxone antidote therapy in acute
opioid poisoning do not always clearly demonstrate its sufficient efficacy. Ways to improve of the intensive thera-
py of severe acute poisoning by methadone were substantiated; in addition to general critical care methods, treat-
ment with a complex metabolic antihypoxant cytoflavin should be considered.

Keywords: acute poisoning; opioids; methadone; heroin; hypoxia; naloxone; antihypoxant; cytoflavin
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BBenenne

B nacrosiiee Bpems ocTpbie 0TpaBJIeHNUS HAPKO-
THYECKUMHU CPEJICTBAMU SIBJITIOTCSI HAMOOJIEE aKTYalb-
HOI 1TPO0JIEMON KJIMHUYECKON TOKCHUKOJIOTHU, YTO
HOTBEPIKAAETCST KAK YHCIIOM TIOCTYTIAOMNX GOJIbHBIX
C OTPaBJICHUSIMU HAPKOTUUECKUMU CPE/ICTBAMU, TaK 1
BBICOKOI1 JIETAILHOCTBIO B aT0#1 rpytire [ 1, 2]. Ocoboe

Introduction

Currently acute drug poisoning is the most
important problem of clinical toxicology, which is
confirmed by both the number of patients with drug
poisoning and the high mortality rate in this group
[1, 2]. Patients with acute poisoning with a synthet-
ic opioid methadone form a special group among all
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MECTO B TPYIIIie OCTPBIX OTPABIEHUN HAPKOTHYECKUMIU
BEIIECTBAME 3aHUMAIOT GOJIBHBIE C OCTPBIMU OTPABJIE-
HUSIMA CUHTETUYECKUM OIIMOUIOM MeTa[oHOM. B Ha-
CTOsIII[ee BPEMST OTMEYAETCsSI POCT HEJIETaIbHOTO KC-
M0JIb30BAHUS METAZIOHA BO BCEM MUDE, UTO, 110 TAHHBIM
JIUTEPATYPHI, CBSI3AHO C PA3BUTHEM TEXHOJIOTUH, [[A10-
IIUX BO3MOYKHOCTH OBICTPOTO M MACCOBOTO CHHTE3a
atoro BemectBa [3]. Kpome Toro, oT™MeuyaeTcs: 1MoBbI-
IIEHHBIN CIIPOC HA META/IOH CO CTOPOHBI HAPKO3ABHUCH-
MBIX JINI[ U3-32 €ro IPOJIOHTUPOBAHHOTO NeUCTBUST
BCJIE/ICTBUE [IIUTEIHHOTO Mepuoia moryBbiBeerust. C
1999 1o 2004 rox poct ynoTpebJieHrst META[OHA B ME-
pe cocraBun 390% [4]. Ilo mammbiM AMepUKaHCKOI
Acconmanun Tokcukosnornueckux Ilentpos, B CIITA
3a ieprofi ¢ situapst 2000 1o nexkadpnb 2008 roza oTMe-
vyero 30000 ciyuaeB yrnorpeOIeHNsT METAJIOHA, U3 KO-
Topbix 2186 GosbHBIX ObLIN B BO3pacTe 110 6 Jer u 20
U3 HUX CKOHYAINCH [5]. B MupoBoii sureparype mnmve-
I0TCsI, B OCHOBHOM, JIAHHBIE 00 OTIBITE TIPUMEHEHHST Me-
TaJI0HA KaK JIEKAPCTBEHHOTO CPEJICTBA; OTPABJIEHUE He-
PEIKO TPOUCXOAUT Yy OGOJBHBIX BKJIIOUYEHHBIX B
«MEeTaJIOHOBbBIE TIPOTPAMMBI» (3aMECTUTENIBHYIO Tepa-
o) [6]. OueHb 4acTo y JIaHHOU KaTeropuu GOJIbHBIX
JIETAJIBHBII UCXO[ HACTYIIAET B TIEPBbIE [[BE HEIETU OT
Hayasta IPOBENCHUS 3aMeCTUTEJIbHON Teparnun [6].
N3BecTHO, 4TO METAJIOH SIBJISIETCST BBICOKOTOKCHYHBIM
CPEICTBOM JiJist GOJIBHBIX € OTCYTCTBHEM OIUATHOM 3a-
Bucumoctu. CiielyeT OTMETUTh, YTO OCHOBHAS YaCTh
OTpaBJIEHUN METAIOHOM B MUPE IIPUXOUTHCS HA JIIO-
Jiell, He BKJTIOUEHHBIX B TIPOrPAMMBI «METaJIOHOBOH 3a-
MECTUTEIBHOM Teparuus [7].

[lo namum gaHHBIM, B OT/I€JIeHE PeEAHUMAIINN
1 uHTeHCUBHOM Tepanuu Ne3 (Tokcukomorus) llen-
Tpa JedeHus ocTpbix orpasienHnii Cankrt-Ilerep-
OGYpPrcKOro HAYYHO-HCCJIEN0BATENBCKOTO HHCTUTYTA
ckopoii momontu um. M. U. [Ixkanenmnnze B 2012 roy
ObLIO TOCTIUTATIU3UPOBAHO 895 GOJIBHBIX B KPUTHUE-
CKOM COCTOSTHUU C OTPABJIEHUSIMU HAPKOTHYECKIMIU
BemecrBamMu. OTpaBjieHUs MeTaZloHOM ObLio y 84
(9,4%) GOJIBHBIX, M3 KOTOPHIX YMEPJO 3 UeJOBEKa
(3,6%). B 2013 rozy npousoIinio peskoe yBeandeHme
KOJINYeCTBA OOJIBHBIX C OTPABJIEHUSIMA HAPKOTUYEC-
KUMH BelrtectBaMu 10 1672 G0JIbHBIX, YUCJIO [Tal[UeH-
TOB C OTpaBJIeHUsAMU MeTajioHOM coctaBuiio 1078
(64,5%). 13 50 ymepiurnx OT OCTPBIX OTpPaBJIEHUN
HAPKOTHYECKUMHU CPEICTBAMU OT MHTOKCUKAIUI Me-
tajgoHoM ckouvasucs 41 (3,8%) 6osbhoit [3]. B 2014
rogy u3 1910 GOJBHBIX ¢ OCTPHIMU OTPABJIEHUSIMU
Hapkorudeckumu BeiectBamu 840 desnoBek (44%)
ObLIO € OTPABJICHUSIMU METAJIOHOM, M3 KOTOPbHIX 40
(4,8%) uenosex cxonvanuch. B 2015 roxy uz 1419
GOJIBHBIX € OCTPBIMU OTPABJIEHUSIMHU OMUOUIAMHU
1015 (71,5%) 6bLIO ¢ OCTPBHIMU OTPABJICHIAMUI METa-
JIOHOM, U3 KOTOPBIX 44 (4,3%) CKOHYAIOCh.

Takum 06pa3oM, OCTPbIE OTPABJIECHUSI METAIIO-
HOM B HACTOsIIIlee BPEMSI SIBJISTIOTCST CEPbE3HOIT COITH-
aJbHON, KIMHUKO-9KOHOMUYECKON M MEIUITUHCKON
pobIeMOii.

patients with acute drug poisoning. Novadays, there
is an increase in the illegal use of methadone world-
wide, as reported, due to the development of tech-
nologies that enable rapid synthesis of large quanti-
ties of this substance [3]. In addition, there is an
increased demand for methadone from drug addicts
because of its prolonged effect due to its long half-
life. From 1999 until 2004, there has been a 390%
increase of methadone consumption worldwide [4].
According to the statistics of American Association
of Poison Control Centers, there were 30000 cases of
methadone use in the United States between
January 2000 and December 2008, of which 2126
were under 6 years of age, and 20 of those died [5].
Most of the published data refer to the experience of
using methadone as a medication; poisoning often
occurs in patients included into the «<methadone pro-
grams» (replacement therapy) [6]. The lethal out-
comes in this category of patients occur very often
within the first two weeks from the beginning of
replacement therapy [6]. It is known that methadone
is a highly toxic agent for patients without opiate
dependence. It should be noted, that the majority of
methadone poisonings worldwide occured in people
who were not included into any «methadone replace-
ment therapy» program [7].

According to our data, 895 critically ill patients
with acute opioid poisoning were treated in
Intensive Care Unit #3 (toxicology ICU) of the
Center of Acute Poisonings in the I. I. Dzhanelidze
St. Petersburg Research Institute of Emergency
Medicine in 2012. Methadone poisoning was found
in 84 (9.4%) patients, of which 3 patients died
(3.6%). In 2013, there was a dramatic increase in the
number of patients with poisoning with narcotic
substances to 1672 patients, the number of patients
with methadone poisoning was 1078 (64.5%). Of 50
deaths from acute opioid poisoning, methadone
intoxication accounted for 41 (3.8%) deaths [3]. In
2014, of 1910 patients with acute opioid poisoning,
840 (44%) had methadone poisoning, 40 (4.8%) of
them died. In 2015, of 1419 patients with acute opi-
oid poisoning, 1015 (71.5%) had methadone poison-
ing, of whom 44 (4.3%) died.

Therefore, acute methadone poisoning is cur-
rently a serious social, clinical, economical, and med-
ical problem.

Materials and Methods

A literature search was performed in electronic refer-
ence databases: MEDLINE, EMBASE, Cochrane Database
of Systematic Reviews, Cochrane Central Register of
Controlled Trials (CENTRAL), Cochrane Methodology
Register), WebofScience. The search strategy included any
combination of key words <«acute poisoning», «opioids»,
«methadone», <heroin», <hypoxia», «naloxone», «antihy-
poxants», «cytoflavins related to the subject of the present
review. All keywords were used in the search in all included
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Marepuan u MeTobI

Dbt mpoBezieH TOWCK TTyOIUKANNil B 9JIEKTPOHHBIX
6ubmmorpaduuecknx  Gasax mamaeix: MEDLINE,
EMBASE, Koxkpaunosckas 6ubnuoreka (Cochrane
Cochrane Database of Systematic Reviews, Cochrane
Central Register of Controlled Trials (CENTRAL),
Cochrane Methodology Register), Web of Science. Ctpa-
TErust MOKMCKa BKIIOYAA JI0Oble KOMOHHAINK KITIOYEBBIX
CJIOB «OCTPBIE OTPABJICHUS >, «OIMOUJIbI>, <METAJIOH», «I'e-
POUH», <«TUIOKCUSI», «HAJIOKCOH», <QHTUTUIIOKCAHTBI»,
«autodIaBuH», OTHOCAIIUECS: K TeMe 0030pa. Bee kiroue-
BbIE CJIOBA KCIIOJIb30BAINCH B MOUCKE BO BCEX BKIIOYEH-
HbIX 6a3ax ganubiX. CIUCKY JIUTEPaTyPbl HANHIEHHbIX 1Ty0-
JUKAIWIl  TIPOCMOTPEHBI ~ HAa  MpEIMET  IOHCKa
COOTBETCTBYIOIIMX TeMe 0030pa JI0NOJHUTEIbHBIX UCCIe-
noBaHuil. J[OMOJHUTEIbHbIE MCTOYHUKU BKJIKOUYAIM MaTe-
puasibl KOH(EPEHIUil, SKCIIEPTHbIE 3aKJIIOYEHUsI, OTYETHI
[POU3BOUTEIE JIEKAPCTBEHHDIX [IPENAPATOB O PE3yJIbTa-
Tax KJIMHUYECKUX HCHbITAaHUN. OTrpaHUveHust M0 SI3bIKY
WJTH laTe Ty OJIUKAIMY He YCTaHABIMBAICH.

Tepmunosnorusi. TepMuH <«OMHONBI> HCIIOTB3YETCS
JUISL XUMUYECKUX BELIECTB, KOTOPbIE BO3/AEHCTBYIOT Ha
onuaTHble perenTopbl. [1of «omuaraMis MOHUMAOTCS -
KaJIOUJIbl, BBIJIEJISIEMbIE U3 OMUYMHOI0 Maka (MopduH, Ko-
neut, Tebaun). [lomycuurernyeckue omuousbl (TepouH,
OKCHKOJIOH) OBLIN CO3/IaHbI ITyTeM XUMHUUYECKO# Momdu-
Kaiuu onuaroB. CUHTETHYECKIE ONUOU/IbI — 9TO XUMUYE-
CKU€ COEJIUHEHs, He UMEIOI[Ie OTHOLIEHUS K OIIUATAM, HO
CIIOCOOHbBIE CBSI3BIBATHCSI ¢ OIMATHBIME PELENTOPaMU 1
OKasbiBaTh CXojiHoe jeiicTBue. OCHOBHBIM IIPEICTABUTE-
JIeM CHHTETUYEeCKUX OTIMOUIOB SBJSIeTCS MeTaloH [8, 9].

Pe3yabraThl 1 00CYK/IEHHE

Merazion 6611 pazpaboran B [epManuu B Kave-
CTBE aJbTepHATUBBI MophuHy Bo Bpems Bropoii
MHUPOBOI BOIfHbI. BriepBbie ObLI CUHTE3UPOBAH B
1937 nemernikumu uccienosarenamu M. bokMiosrem
u T. Opxaprom [10]. B 1942 roxy 6bLt HataskeH 1mpo-
MBITIIJIEHHBIM BBITTYCK TIperaparta aMuIoH, UCIIOJIb-
30BaBIIIETOCS B KauecTBe aHaJbreTnka. CyiecTByer
Mu@, 4TO Ha3BaHUe Mperapara «10JabhuHs> (Ipyroe
Ha3BaHUE METAJIOHA) SIBJISAETCH TPOU3BOIHBIM OT
«Anonpd Twrnep». Ha camom nene HazBanue yT-
BEPAMIOCH B KAUeCTBE TOPrOBON MapKHU yiKe MOCJe
Bropoii MmupoBoii BoiiHbl. BeposiTHee Bcero, B 0CHO-
BE HA3BAHUSA <«I0Jb(PUH» JEKUT JATUHCKOE CJIOBO
«dolor» (6osp) u dpaniysckoe «finy (koerr), To
ectb OYKBaJIbHO «OoJieyTosuresby [11].

Dusuko-xumMuyeckue cBoiicta. Metamon (6-
(mameTnnaMuHo)-4,4-mudennarentTanon-3) — CUH-
TETUYECKUI TIPENapaT U3 rpyTiibl OIUOU/IOB, TIPUMe-
HSEMBII B psi/ic CTPaH KaK aHAJIBIEeTUK, a TaKXKe TIpu
JIeYeHUM HapKOTUYeCKOH 3aBUCUMOCTH. MeTa/loH Ha-
XOJIUTCS B CIIMCKE HADKOTUYECKUX CPEICTB U TICUXO-
TPOITHBIX BEIECTB, 000POT KOTOPBIX B Poccun 3ampe-
nteH [12]. B cTpanax, riae MeTajoH UCIoIb3yeTcs Kak
JIEKAPCTBEHHOE CPEJICTBO, TIPerapaT BBITYCKAETCS B
dhopme cupomna (Methadone hydrochloride) mo 5, 10,
20, 40 1 60 Mr, a Takske B Buze TabueTok 5 u 10 Mr, Te-

databases. The reference lists of the relevant publications
were reviewed in a search for additional research data for
the present review. Additional sources included conference
materials, expert opinions, drug manufacturers' reports on
the results of clinical trials. Language or publication date
restrictions were not established.

Terminology. The term «opioids» is used for chemicals
that affect opiate receptors. The term <opiates» refers to
the alkaloids isolated from opium poppy (morphine,
codeine, tebain). Semisynthetic opioids (heroin, oxy-
codone) were created by chemical modification of opiates.
Synthetic opioids are chemical compounds that are not
related to opiates, but are capable of binding to opiate
receptors and have a similar effect. The main representa-
tive of synthetic opioids is methadone [8, 9].

Results and Discussion

Methadone was invented in Germany as an
alternative to morphine during World War II. The
first sample was synthesized in 1937 by German
researchers M. Bockmiihl and G. Ehrhart [10]. The
industrial production of the drug <«Amidone»,
which was used as an analgesic, was set up in 1942.
There is a myth that the name of the drug «dol-
phin» (another name for methadone) is derived
from «Adolf Hitler». In fact, the name was estab-
lished as a trademark already after World War TI.
Most likely, the word «dolphins is derived from a
combination of the Latin word «dolor» (pain) and
the French word «fin» (end), that means, literally,
«pain killers [11].

Physical and chemical properties. Methadone
(6- (dimethylamino) -4,4-diphenylheptanone-3) is a
synthetic drug from the opioid group used in several
countries as an analgesic and as a medicine for the
treatment of drug dependence. Methadone is on the
list of narcotic drugs and psychotropic substances
prohibited for circulation in Russian Federation [12].
In countries where methadone is used as a medicine,
it is available in the form of a syrup (Methadone
hydrochloride) at 5, 10, 20, 40 and 60 mg and in 5 and
10 mg tablets; the daily therapeutic dose is 60—100 mg.
For analgesia, 2.5—10 mg of the drug is administered
parenterally [13].

Methadone exists in two isomeric forms. The
levorotatory (left-methadone) form produces an
approximately 4 times stronger analgesic effect as
compared to morphine.

Methadone is manufactured in the form of a
hydrochloride salt. Tt is a white crystalline powder
of bitter taste, which melts at a temperature of
233—236°C, is soluble in water, alcohol and chloro-
form, and insoluble in diethyl ether [14].

Toxicokinetics, toxicodynamics and toxicity.
Methadone is a phenylephthylamine, a relatively
lipophilic substance; as a result, it is widely distrib-
uted throughout all tissues of the body. The sub-
stance is a racemic mixture of R- and S-methadone.
R-methadone is 8—50 times more potent than S-
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paneBTuyeckas 103a — ot 60 1o 100 mr/cyr. /Lins ana-
spresun 2,5—10 Mr BBozsAT mapentepasibio [ 13].

Mertazion cyiecTByeT B IBYX U30MePHBIX (HOp-
Max. ¥ JeBOBpallaoniero (JeBo-MeTaloHa) aHaIbre-
3upyloliiiee [eiicTBUe MPUMEPHO B 4 pas3a CHUJIbHEE,
4yeM y MOpguHa.

Metamon BbIIIyCKAeTCST B BHJE THAPOXJIOPU-
na. I1o Gesblil KPUCTAJIINYECKUIT TOPOIIOK TOPb-
KOO BKyCa, KOTOPBII IJIABUTCS IIPU TEMIIEPATYpPe
233—236°C. PactBopuM B BOjie, CIUPTE U XJIOPO-
(bopme, HepacTBOpUM B 1aTHIOBOM adupe [14].

TOKCHKOKMHETHKA, TOKCUKOJIUHAMHKA U TOK-
CHYHOCTb. MeTasioH sBJsieTcs (peHnIenTuIaMuHoM,
OTHOCHUTEJIbHO JUTOMUIBLHBIM BEIECTBOM, BCJIE/ICT-
BU€ Yero IUPOKO PACIIPOCTPAHSIETCS IO BCEM TKa-
HSIM OpTaHM3Ma, MPEACTaBJseT cOOOH paleMuyec-
Kyto cMech R- 1 S-metamona. R-meragon B 8—50 pas
6oJiee CUIIBHOAEHCTBYIOIIEE BEIIECTBO, HEKETH S-
MeTa/[0H. R-sHaHTHOMED 06YCIOBIUBAET GOJIBITIH-
CTBO, ecJiu He Bce, onuonubie addexTsr [15].

MertaioH GBICTPO BCACBIBAETCS TIPU HIEPOPATIH-
HOM TIpueMe u 4epe3 15—45 MUHYT MOXKeT orpeje-
JisaTest B miasMe. [lpu nepopasibHoM mpremMe miKoBast
KOHIIEHTpAINsI JePKUTCS oT 2,5 10 4 wacos [16].
BcacobiBanue MeTaioHa 3aBUCUT OT HECKOJIBKUX (DaK-
TOPOB: (HUBNKO-XUMUYECKUX CBOIICTB BEIIECTBA, Iie-
PUCTATIBTUKU KeJyI0YHO-KUIIEYHOr0 TPAKTa, IHep-
(bysum xumeunuka u pH sxesymounoro coka [17].

Cpezitsist GUOMOCTYITHOCTD TIPU TIEPOPATILHOM
npueme Metanona 70—80%, sTa BeTMuMHA MOJKET Ba-
poupoBarsest ot 36 10 100%. Drot addekr 0ObsicHs-
eTCsI 3HAYUTETBHON MHAMBUIYATbHON M3MEHINBOC-
ThIO aKTUBHOCTH IuToXpoma P450 3A4, KoTopbIii
oTBeuaet 3a MeTabosm3M MetaoHa [18].

BuomoctymnHocTs pu peKTaabHOM TIPUEME Me-
TajioHa cocranlsiet 76%. Ipenapat uMeeT OOJIBIITYO
MPOIOJUKUTETBHOCTD I€HCTBU, KOTOPast [IJIUTCS B
cpeanem oxoJio 10 wacos [19].

[Ipy BHYTPUMBIIIEYHOM BBENEHUM METAIOHA
Ha (hapMaKOKMHETHUKY IIperapaTa BJIUsSeT MECTO BBe-
nenust. [lociie BBeIeHYsI B SITOIUYHBIE MBIIIIIBI ITUKO-
Basi KOHIIEHTPAIMsST B KPOBU JOoCTUTAaeTcsT B 2,2—2,5
pasa ObIcTpee, YeM TIPU BBEJECHUH B JIEJIBTOBUIHYIO
mbrimry [20].

Cpenauit 00beM pacrpesiesieHust coctasJsiet 4,0
a/kr (1,9—8,0 si/kr), BcaencTBre 4ero MeTajioH XOpo-
10 pactpeiesisieTcs 1Mo TKauam opranusma [21]. Me-
TaJIOH OBICTPO HAKATLIMBAETCS] B TKAHSAX U MEJIEHHO
BBICBOOOK/IAETCST OOPATHO B ILJIa3My BO BPEMSI repe-
pacrpe/iesieH s U SJIMMUHAIIIE, TEM CAMbIM CII0C00-
CTBYSI €ro [IUTelbHOMY BbiBesieHmio. OH XOPOIIO
POHUKAET Yepe3 IUTALEHTY, U ero KOHIEHTPAIU B
aMHUOTUYECKOHN KNUJIKOCTU CTAaHOBUTCS PABHOW KOH-
IEHTPAIN B MATEPUHCKOM 1asme [22, 23].

B mrasme kpoBu (hpakiiust cBOGOIHOTO (HeCBsI-
3aHHOTO) METa/I0OHA COCTaBJsIeT B cpenHeM 13%, HO
MOJKET 3HAUUTEIbHO U3MEHSIThCST, YKa3aH pasdpoc B
geTbIpe pasa [24, 25].

methadone. R-enantiomer determines the majority, if
not all, of its opioid effects [15].

Methadone is rapidly absorbed after oral
administration and can be detected in plasma in
15—45 minutes. When taken orally, the peak con-
centration continues for 2.5 to 4 hours [16]. The
absorption of methadone depends on several factors:
the physical and chemical properties of the product,
the peristalsis of the gastrointestinal tract, and
intestinal perfusion and pH [17].

The average bioavailability after oral
methadone intake is 70—80%, this proportion can
vary from 36 to 100%. This variability is explained
by the significant individual variability of
cytochrome P450 3A4 activity, which is responsible
for methadone metabolism [18].

Bioavailability after rectal administration of
methadone is 76%. The drug has a long duration of
action, which lasts for an average 10 hours [19].

After intramuscular administration of
methadone, the pharmacokinetics of the drug is
affected by the injection site. After injection into the
gluteal muscle, the peak blood concentration is
achieved 2.2—2.5 times faster than when injected
into the deltoid muscle [20].

The average volume of distribution is 4.0 1/kg
(1.9—-8.0 1/kg); thus, methadone is well distributed
over the body tissues [21]. Methadone quickly accu-
mulates in tissues and is slowly released back into
blood serum during its redistribution and elimina-
tion, thereby contributing to its long time of excre-
tion. It penetrates well through the placenta, and its
concentration in the amniotic fluid becomes equal to
the concentration in the maternal plasma [22, 23].

An average plasma fraction of free (unbound)
methadone is 13%, but it can vary significantly, the
variations may reach a 4-fold difference [24, 25].

In the blood, methadone binds to the alpha-1-
acid glycoprotein (orosomucoid), and also to albu-
min and globulin. Tt should be noted that orosomu-
coid is an acute phase protein and its concentration
may increase in tumors or in the case of opioid drug
dependence [26]. For example, patients with cancer
have a high level of alpha-1-acid glycoprotein, which
leads to a decrease in the concentration of the free
methadone fraction and, thus, the pharmacologically
active concentration of the drug in the circulating
blood [27].

At present, there are conflicting data on the
safety of prescribing methadone for the replacement
therapy [28]. For example, the American Academy of
Pediatrics suggests that doses up to 20 mg taken
within 24 hours are not dangerous in the lactating
women [29]. Recommendations for women receiving
methadone replacement therapy suggest not refusing
breastfeeding [30, 31]. It is estimated that only 2.8%
of the daily dose of 40 mg methadone permeate into
breast milk [32].
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B kpoBu Metazion cBs3biBaeTcs ¢ anbda-1-Kuc-
JIBIM TJIMKOIIPOTEMHOM (OPO30MYKOHJIOM), TaKxkKe yc-
TAHOBJIEHA €T0 CBSI3b ¢ AIbOYMUHOM U TJIOOYJIMHOM.
Ciiemyer OTMETUTD, YTO OPO30MYKOU/L SABJISAETCS OCT-
podasHBIM GEJIKOM 1 €T0 KOHIIEHTPAIIUS MOKET OBbI-
HIATHCS TIPU OTTYXOJISX WJIU TIPU (DOPMUPOBAHUH 3aBH-
cumocTH ot onuonioB |26]. Hampumep, y G0JIBHBIX ¢
PaKoM OTMeyaeTcs BBICOKUI yPOBEHbD abda-1-Kucuo-
rO TJIMKONPOTEWHA, YTO TPUBOJAUT K YMEHBINCHUIO
KOHIIEHTPAIUHU CBOOOIHOI (DPAKIMU META[OHA U, TEM
caMbIM, (hapMaKOJIOTMYECKH aKTUBHOM KOHIIEHTPAIUN
npenapara B IUPKyJIUpyoliei kposu [27].

B nacrosiiee BpeMsi UMEIOTCS MPOTUBOPEYH-
BbI€ JIaHHbIE 0 OE30MACHOCTU HA3HAYEHUST META/IOHA
npu 3aMecTuTesbHOM Tepanuu [28]. Hampumep,
Amepuranckas Axanemus llexuatpun npejroJiara-
er, 4To 1036l 710 20 Mr B TeueHuu 24 4acoB He SABJIS-
I0TCSl ONIACHBIMU JIJIs KopMstieit matepu [29]. Ume-
I0TCS PEKOMEHJIAIUN JIJIS JKCHIIUH, TTOJTYYaronux
3aMECTUTEIBHYIO0 METAJIOHOBYIO Tepalnio, He OTKa-
3pIBaThCA OT TpyaHOro Kopmienud [30, 31]. [loxcun-
TAHO, YTO OT CYTOUHOM /103bl MeTaoHa 40 MT B rpy/I-
HOE MOJIOKO TIonafaer Toibko 2,8% [32].

Tem He MeHee, CyNIeCTBYeT TeCHasd B3aMMO-
CBSI3b MEXK/Iy MAaTEPUHCKOU 10301 MeTaI0Ha U TSKe-
CTBIO HEOHATAILHOTO aOCTUHEHTHOTO CUH/IPOMA, TaK
KaK /103, TIOJTyYeHHAsd MJIa/ICHIIEM, 3aBUCUT OT J103bl,
KOTOPYIO TIOJIydasia MaTh BO BPEMs BCKApMJITMBAHUS.

OCHOBHBIM MyTeM MeTaboJIn3Ma MeTa/[OHa SB-
JisieTcst OKucauTesbHast Ouorpanchopmarmst [33].
Metamon N-gemerunupyercst 10 2-atuianH-1,5-1u-
MeTi-3,3-mudennnnupoanana (EDDP), kotopbrii
SABJISETCS HEAKTUBHBIM BEIIECTBOM M BBIBOJIUTCH
moukamu |34, 35].

Merta/loH Takke MeTabOJIM3UPYETCsT B JIPYTroi
He aKTUBHBIN MeTaboIuT 2-9THJI-5-MeTui-3,3-aude-
Hui-1-mupposiua (EMDP) [36, 37] 1 B MaJbIx KOJIH-
yecTBaxX B /[Ba HEOOJIBIINX aKTHBHBIX MeTabOJIUTA:
MeTajio 1 HopMmeTanon [38].

OcHoBHBIMEU (hepMEHTAMU, y4YacTBYIOIIUMU B
OKUCJUTETHHOM N-/IeMeTUINPOBAHUY SABJISIOTCS TIH-
toxpombl CYP3A4 u CYP2B6 [39], apyrue uccrieno-
BaHWSA TIpejnosaraioT Takxke ydactue CYP2CY,
CYP2C19,32 CYP2D6, u CYP2CS8 [40—42].

MeTamoH MOABEPTACTCS CTEPEOCENCKTUBHOMY
metabosamy (N-ZeMeTUIUPOBAHUIO) € yUYaCTHEM
CYP2B6, npeumyiecTBeHHO MeTabOJU3UPYSCh B
HeaKTUBHbIN S-meTaion u ¢ yuactrem CYP2C19 me-
TabOIM3UPYsICh B aKTUBHbBII R-MeTtaoH [43].

B uccienoBanmm in vitro 6110 YCTaHOBJIEHO, YTO
MeTaboJIMUecKuil KJIUpeHe R-MeTajioHa ¢ ydacTHeM
CYP3A4 6611 IpUMEpPHO B YeThIPE pasa BbIIIe, 4eM S-
MeTaiona [44]. Beuio 1okazano, 4To KOJMYeCcTBO S- 1
R-meraziona omHAKOBO CHUIKAETCSI IPU OCTPBIX OT-
pasisienusix [45]. Hakorienne Metazona mpoucxoauT
13-3a JIJIUTEJBHOTO TIePUOJIA TTOTYBBIBEJCHUS TIpeTia-
para (B cpeHeM 55 4acoB TIOCJIe OJHOKPATHO 103bI 1
22—25 1ipu XpoHUYecKoM Tipueme) [6].

However, there is a strong association between
the maternal dose of methadone and the severity of
the infantile abstinence syndrome, since the dose
received by the infant depends on the dose which the
mother received during the breastfeeding.

The main way of methadone metabolism is
oxidative biotransformation [33]. Methadone is N-
demethylated to 2-ethylindine-1,5-dimethyl-3,3-
diphenylpyrolidine (EDDP), which is an inactive
substance and is excreted by the kidneys [34, 35].

Methadone is also metabolized to another inac-
tive metabolite, 2-ethyl-5-methyl-3,3-diphenyl-1-
pyrroline (EMDP) [36, 37| and in smaller amounts
into two minor active metabolites: metadol and
normetadol [38].

The main enzymes involved in oxidative N-
demethylation are cytochromes CYP3A4 and
CYP2B6 [39], other studies also suggest the contri-
bution of CYP2C9, CYP2C19.32 CYP2D6, and
CYP2C8 [40—42].

Methadone undergoes stereo-selective metabo-
lism (N-demethylation) involving CYP2B6. It is
preferentially metabolized into inactive S-
methadone, and into active R-methadone with the
involvement of CYP2C19 [43].

One in vitro study has found that the metabol-
ic clearance of R-methadone involving CYP3A4 was
approximately four times higher than that of S-
methadone [44]. Tt was shown that the concentra-
tion of S- and R-methadone decreases equally in
acute poisoning [45]. Accumulation of methadone
results from a long half-life of the drug (an average of
55 hours after a single dose and 22—25 with chronic
intake) [6].

Methadone has demonstrated a very large indi-
vidual variability in the studies of its toxicokinetics
and toxicodynamics, whereby it is a potentially dan-
gerous drug for medical use. There is a 17-fold differ-
ence between the groups in which the methadone
concentrations were compared after its intravenous
administration [16].

Methadone is a mu-opioid receptor agonist and
a weak N-methyl-D-aspartate (NMDA) receptor
agonist [46]. At the cellular level, opioids inhibit
adenylate cyclase and reduce the production of
cyclic AMP (cAMP).In the case of chronic use, tol-
erance develops, resulting in a compensatory
increase in adenyl cyclase activity and cAMP con-
centration with a partial increase in intracellular cal-
cium content and an increase in NMDA activity.
[47]. Because of competition for the NMDA recep-
tor, methadone prevents opioid tolerance and opioid
withdrawal syndrome [48].

The pharmacokinetics of methadone is charac-
terized by high individual variability. Table 1 shows
several key pharmacokinetic parameters.

Currently, there are numerous publications on
the effect of methadone on life support systems, pri-
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Mapmakokunernka meragona (mo Lugo R.A., Satterfield K.L., Kern S.E., 2005) [48].
Pharmacokinetics of methadone (by Lugo R.A., Satterfield K.L., Kern S.E., 2005) [48].
Parameters Value of parameters Range
Bioavailability, % 70—80 36—100
Tmax, h 2,5—4 1-5
VdB, I/kg 40 19-80
Binding to proteins, % 87 81—-97
Half-life, h 20—35 5—130

IIpumeyanue. Parameters — napamerpbl; Value of parameters — snauenus napamerpos; Range — nuanason; Bioavailability — 6u-
omnoctymrocts; h — u; 1/kg — a/kr; Binding to proteins — cBsizpiBanue ¢ Genkamu; Half-life — nepuon nonyseisenenust.

VYV merazona HaboaeTcda o4eHb Oosblasg uH-
JIMBU/yaJibHast BaprabelbHOCTD TIPU UCCJIEIOBAHUN
€Tr0 TOKCUKOKUHETUKHM U TOKCUKOJAMHAMUKH, B CUJTY
Yero OH SBJIAETCH MOTEHIIMATHHO OMTACHBIM ITperapa-
TOM JIJISI UCTIOJIb30BAHUSA B MEUITMHCKUX T1essaX. OT-
MeuaeTcs 17-KpaTHas pasHUIA MEXY TPyIIamMu, B
KOTOPBIX CPaBHMBAJIACh KOHIEHTPAIMS MeTaZoHa
ocJie ero BHYTPUBEHHOTO BBezienud [16].

MerTajioH SIBJISETCS arOHUCTOM MIO-OITHOU/IHO-
ro perentopa u ciabbiM aronncroMm N-merus-D-ac-
naprat (NMDA) penentopa [46]. Ha kierounom
YPOBHE OMUOUbI HHTHOUPYIOT aJleHUIATIIUKIIA3Y U
CHIJKAIOT TPOU3BOACTBO HukJIndeckoro AMD
(UAM®). TTpu XpOHUUECKOM YIIOTPeOJIEHUN PA3BU-
BaeTCS TOJIEPAHTHOCTD, B PE3YJIbTAaTe Y€TrO MPOUCXO-
JIUT KOMITEHCATOPHOE YBEJIMYEHUE aKTUBHOCTHU ajie-
HUJIUKIa3bl v KoHteHTparm TAM® ¢ yactudanbiM
POCTOM COZIepsKaHUd BHYTPUKJIECTOYHOTO Kbl U
yBesmuenneM NMDA-aktusnoctu [47]. 3-3a KoH-
kypentmu 3a NMDA-perienitop MeTaloH Ipe0TBpa-
AT OMUOUIHYIO TOJEPAHTHOCTD U OMUOU/THbBII a0-
CTUHEHTHBIN cuHIpoM [48].

DapMakOKMHETUKA META[0HA XapaKTePU3yeT-
Cs1 BBIPAKEHHOI WHAWBUYaJbHOU BapuabesbHOC-
Thi0. B TabJinile MpUBEEHBI HECKOJIBKO KIIOUEBBIX
(bapMakoKkMHETUYECKUX MTAPAMETPOB.

B coBpemeHHOI siuTepaType MMeITCs MHOTO-
YHUCJIEHHBIE CBE/ICHUS O BIUSHUM METAJIOHA HA CUCTe-
MbI JKU3HeoOecIeueH s, B 1IepByIo ouepeb, Ha [ITHC,
JIBIXaTeIbHYIO, CePACYHO-COCYIUCTYIO U MOYEBbIjIE-
JINTENIbHYTO cucTeMbl. OCTpoe OTpaBJeHUE METafio-
HOM TIPUBOJIUT K TUTIOKCUYECKOMY TTOPAKEHUTO TOJIO-
BHOTO MO3Ta W TIOSIBJIEHUIO MIIEMUYECKUX 04aroB, a
TaK/Ke TIPSIMOMY TIOpaKeHuIo Mo3skeuka [49, 50].

B snutepatype nMeroTcs cBeieHns 0 HapyIleH -
SIX cJTyXa y GOJIbHBIX, HAXOISIIIXCSI Ha 3aMECTUTE b=
woii repanuu [51]. /lanibie u13MeHeHUsT MOTYT PAa3BH-
BaThbCA KaK MPU OCTPOM, TaK M TPU XPOHUUYECKOM
orpasJsieHnr MeTagoHoM. OObIYHO GOJIbHBIE OTMEYa-
0T TIOTEPIO CJIyXa B TIEPUOJ] TPOOYIKIEHUST TIOCIIE YT-
HereHust coszHanus [52]. Kpome toro, MOTyT ObITH U
Jpyrue BeCTUOYIOKOXJIEAPHBIE PACCTPONCTBA, TAKIE
KaK: IITyM B yIITaX, 3aKJIaibIBaHKE yIIIel U TOJI0OBOKPY-
skerus [53]. Omguako matou3nogornyecKie Mexa-
HU3MBI JIEHCTBUSA MeTaJj0HA HAa CIyXOBOW ammapar
YeJI0BEKA 10 KOHI[A HE U3BECTHBI, He Pa3paboTaHO

marily on the central nervous system, respiratory,
cardiovascular and wurinary systems. Acute
methadone poisoning leads to hypoxic brain damage
and the appearance of ischemic foci, and causes
direct damage of the cerebellum [49, 50].

Published data has demonstrated impairment
of audition in patients undergoing the replacement
therapy [51]. These changes may develop in both
acute and chronic methadone poisoning. Typically,
patients report hearing loss during their recovery
after unconscious state [52]. In addition, other
vestibule-cochlear symptoms may develop, such as
tinnitus, ear blocking, and dizziness [53]. However,
neither the pathophysiological mechanisms of action
of methadone on the human hearing system are
understood, nor treatment has been developed [54].

In studies of the influence of methadone on the
respiratory system, both in animals and in humans, res-
piratory depression was described, accompanied by
severe hypoxemia and hypercapnia [55, 56]. The mech-
anisms of respiratory depression are associated with
the impact on the central nervous system, although
there is also some effect on the peripheral mechanisms
of chemoreception [57—60]. The inhibition of the res-
piratory center is the main mechanism of action of
methadone, which is mediated by the blocking of
UMOR receptors, specifically p2 receptors in the
medulla oblongata [59].This mechanism is also proven
by the evidence that the respiratory failure caused by
methadone is characterized by dose-dependence and
reversal by the administration of naloxone. Impaired
functions of external respiration are characterized by a
decrease in the respiratory volume (VT), partial oxy-
gen pressure and arterial blood pH with an increase in
the partial pressure of carbon dioxide [59, 61].

In addition to the central mechanisms of the
respiratory system impairment in acute methadone
poisoning, pulmonary edema develops sometimes. Its
pathogenesis is described in the literature as follows:
first, because of hypoxemia and respiratory acidosis,
which occur with central depression of respiration
and lead to an increase in capillary permeability [62].
Second, the impact of histamine on the pulmonary
capillary, whose release is stimulated by both local
and systemic effects of methadone. Histamine
increases pulmonary capillary permeability [63, 64].
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TaKKe JieueHne HapyIIeHnl cryxa, 00yCJIOBJIEHHBIX
METaIOHOM [ 54].

IIpu uccsieoBanny BAUSHUSA METAIOHA HA JIbI-
XaTeJbHYI0 CUCTEMY U Y JKUBOTHBIX, U Y JIIOJICH OTMe-
YyaeTcd yrHeTeHUe JIbIXaHUs ¢ Pa3BUTHUEM BBIPAKEH-
HOIl ruloKceMuu u runepkamnuuu [55, 56].
MexaHu3Mbl yTHETEHUS JIBIXaHUS CBA3aHBI C BO3/ICH-
CTBHEM Ha TIEHTPAJbHYIO HEPBHYIO CHCTEMY, XOTS
nMeeTcsd U JIeHCTBUE Ha Tepudepruiecke MeXaHu3-
MBI Xemopereniuu [57—60]. YrHereHnue aprxatesb-
HOTO T[CHTPA SIBJISIETCS OCHOBHBIM MEXaHU3MOM JICHi-
CTBUSI MeTajoHa 3a cueT Onokuposanuss WMOP
PEIEnTOpOB, @ KOHKPETHO U2 PEIENTOPOB B MPOIOJI-
roBaroM Mo3re [39]. DToT pakT 10KA3bIBAETCS TAKAKE
TeM, UTO BbI3BAaHHASI META/IOHOM JIbIXaTeJbHAS HE/l0-
CTaTOYHOCTb XapPaKTEPU3YETCs 10303aBUCUMOCTDIO U
BO3MOKHOCTBIO KYNMUPOBAHUS TIOCJIE BBEJICHUS Ha-
Jokcona. Hapyienus yHKIMI BHEITHETO IbIXaHUS
XapaKTEePU3YIOTCSI CHIKEHUEM J[BIXAaTEIbHOTO 00be-
ma (VT), nanpszkenus: kucyaopoga u pH B aprepu-
AJTbHON KPOBU € TOBBINICHUEM HANPSIKCHUS yTJie-
Kucsroro rasa [59, 61].

[ToMUMO TIEHTPAJIBLHBIX MEXaHU3MOB IOpPaXKe-
HUS CUCTEMBI [[BIXaHUS TPU OCTPBIX OTPABICHUIX
METaJIOHOM MHOTJIA OTMEYAETCSI PAa3BUTHE OTEKA JIeT-
KWX, TTATOT€HE3 KOTOPOTO OMUCBHIBAETCS B JINTEPATY-
pe caeayommmM 06pa3oM. Bo-TlepBbIX, THITIOKCEMUST U
pecrupaToOpHbBIN aln103, KOTOPbIE PA3BUBAIOTCS TIPU
IEHTPAJIbHON JIETIPECCUU JIbIXaHUs, TTPUBOJIAT K yBe-
JIMYEHUIO KAWJJIAPHOU mponutiaeMoctu [62]. Bo-
BTOPBIX, CKa3bIBaETCSI BO3/IECTBHE HA JIETOUHBIN Ka-
MWD TUCTAMUHA, CTUMYJIATOPOM KaK MECTHBIX,
TaK U CHCTEMHBIX MEXaHU3MOB BBICBOOOKIEHUS KO-
TOPOTO SBJIAETCH METaJIoH. [McTaMuu yBesnynBaet
MIPOHUIIAEMOCTH KaUJIIpoB [63, 64].

YcTaHOBJIEHO, YTO METAZIOH BO3/ICHCTBYET U HA
CEPACYHO-COCYTUCTYIO CUCTEMY. DKCIIEPUMEHTAIBHO
JIOKa3aHO, YTO METAJIOH MPOSBJIAET CBOU KaPAMOTOK-
CHUYeCKHMe CBOKMCTBA M BO3JAEHCTBYeT Ha (HyHKIINU
cepziia 1o pasueiM Mexanusamam [65]. Hecmotpst Ha
YTBEPIKJEHUS, UTO METAJOH SIBJISIETCS] OE30TaCHBIM
JIEKapCTBOM, B JIUTEPAType BCTPEYAIOTCA OMUCAHUS
CIy4aeB KapAUOTOKCUYHOCTH MeTazioHa [66, 67].
[Ipomanenue QT-uHTEpBaia B OCHOBHOM CBSI3aHHO C
M3MEHEHUEM YaCTOThI CEPACYHBIX COKPAIIEHUN, TIPU
uccsenoBannsx y 16% GobHBIX MOJYYaONIUX 3aMe-
CTUTEJIBHYIO Tepanuio [oKazaHa KapAuOTOKCHY-
HOCTD B Bujie nnpojienus QT-unrepsana [68]. [Tupy-
JTHAs TaxXWKap/Ausd BO3HUKaeT Ha (OHE yIJIUHEHUS
nnTepBaia QT-unTepBasa. B aTom cirydae KoMILIEK-
col QRS HernpepbIBHO MeHATOTCA 110 (hopMe, HATTPaB-
JICHUI0, aMIIATY e ¥ JTTeabHoCTH [69].

B ymreparype nMeroTcs CBENCHUS O TSKEIBIX
HOBPEKIEHUSIX TTOYEK Y OOJIBHBIX ¢ OCTPBIME OTPAB-
JICHUSIMU METaJI0HOM, TIOPOM JOCTUTAIOIINE CBOE
Kpaiineil (popM — OCTPOii TTOUEYHOI HEJIOCTATOUHOCTU
B aHypuueckoil crajuu. [loBpexaeHne noyek Moxer
OBITH BHI3BAHO CJIEYIOIIUMU TIPHUMHAMU: TIPEPEHAIb-

It has been demonstrated that methadone also
affects the cardiovascular system. It has been experi-
mentally proven that methadone executes its car-
diotoxic properties and affects the functions of the
heart by involvement of different mechanisms [65].
Despite the claims that methadone is a safe drug,
there are numerous descriptions of cases of
methadone cardiotoxicity in literature [66, 67]. The
prolongation of the QT-interval is mainly due to a
change in the heart rate. Some studies have demon-
strated that 16% of patients receiving the replace-
ment therapy have cardiac toxicity in the form of
prolongation of the QT-interval [68]. Pirouette
tachycardia (torsades de pointes) may develop as a
result of lengthening of the QT-interval. In this case,
QRS complexes continuously change in shape, direc-
tion, amplitude and duration [69].

Published data provide the evidence of severe
damage to the kidneys in patients with acute
methadone poisoning, sometimes reaching its severe
form, i.e. acute renal failure in the anuria stage. The
damage of kidneys may be caused by the following
mechanisms: prerenal (hypotension, centralization of
blood circulation) and renal (rhabdomyolysis and
hypoxia) [70].

Toxic-chemical analysis. A quantitative analy-
sis of methadone in blood and urine is performed
using a gas chromatograph equipped with a nitrogen-
phosphorus detector (GC-NPD) [71].

Replacement therapy with methadone. The
maintenance replacement therapy program (includ-
ing methadone maintenance) has been used in more
than 60 countries worldwide for almost 40 years and
is officially supported by WHO. In 2005, WHO
introduced methadone to the list of «essential medi-
cines», the use of which is not only permitted but
also considered to be the most effective, justified and
safe in opioid dependence. Methadone is known as a
drug that demonstrates a positive effect in treatment
programs with a well-defined methodology of its pre-
scribing and monitoring [72].

Methadone is widely used to treat opiate
dependence [73]. In methadone heroin addicts,
methadone significantly contributes to the reduction
of morbidity and mortality [74].

However, after a period of high expectations
«methadone programs» raise increasing criticism
from both doctors and the society in those countries
where they were introduced. Reasons for cancella-
tion of their wide use included relatively high toxic-
ity of methadone, which leads to dangerous compli-
cations, and slow rate of its excretion from the body
[64]. Because of a long half-life of methadone, it is
very difficult to control the therapeutic dose, which
frequently results in overdose. Although naloxone
can attenuate symptoms of poisoning, death can
occur within several hours after discharge from the
hospital [75].
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Hble — THUIOTEH3USsI, TIEHTPAIU3aIis KPOBOOOpalie-
HUIST; peHAJIbHBIE — pabaomMuosius, runokcst [70].

Tokcuko-xumMuyeckuii anaiama. Kosnuect-
BEHHBIN aHAJIN3 METAJ0OHA B KPOBU M MOYE MPOBO-
JIUTCS € UCIIOJb30BAHUEM Ta30BOTO XpomaTorpada,
000py0BaHHOTO a30TO(hOCHOPHBIM JIETEKTOPOM
(GC-NPD) [71].

3aMecTurespbHas Tepanus MeTagoHOM. lIpo-
rpaMMa 3aMeCTUTEJIbHOU MOAMePKUBAIONIEH Tepa-
nur (B TOM YHCJIEe METQJIOHOBOI ) UCIIOMb3yeTcst GOo-
Jgee yeM B 60 cTpaHax Mupa Ha TIPOTSKEHUM YiKe
noutu 40 siet u opurmanbHo nomIepskuBaeTea BO3.
B 2005 roay BO3 BHecs1a METaIOH B CIIUCOK «OCHOB-
HBIX JIEKAPCTBEHHBIX CPEACTB», MUCIIOJIH30BAHUE KO-
TOPBIX HE TOJIBKO Pa3PEIIeHO, HO U CUUTAETCS Haubo-
jee a(hhEKTUBHBIM, OMPABAAHHBIM U OE30TIACHBIM
TIpU ONIMOUAHON 3aBUCUMOCTHU. MeTaoH, NCIOTb3Y-
eMblii B JIedeOHBIX TIPOrPAMMAX € YETKO TPOIHCAH-
HOHI MeTojioJioTHell Ha3HAYeHUs] U KOHTPOJIS, TpU-
3HAETCS JIEKAPDCTBEHHBIM CPEJCTBOM, HMEIONUM
MO3UTUBHBIN addexT [72].

MeTa/ioH MUPOKO UCTIOJIB3YETCS IS JICUCHUS
OTIMATHOM 3aBUCUMOCTH [73]. Y TePOMHOBBIX HAPKO-
MAHOB METaJIOH BO MHOTOM CIIOCOOCTBOBAJ CHIKE-
HUO OOJIE3HEHHBIX [TPOSIBJIEHUI U cMepTHOCTH |74 ].

O/HaKO «MeTaJIOHOBBIE POTPAMMBI» TIOCJIE Tie-
PHO/Ia HEOTIPABAHHO GOJIBIIINX OKUIAHUI CTAJIU BbI-
3bIBaTh BCe GOJIBINYI0 KPUTHKY CO CTOPOHBI KaK Bpa-
Yeil, Tak U 0OIIEeCTBEHHOCTH TeX CTPaH, e OHU ObLIN
BHe/IpeHbL. [IpUunHbI 0TKa3a OT UX MIUPOKOTO TIPUMe-
HEHUS: OTHOCUTEIBHO BBICOKAS TOKCHYHOCTD METAI0-
Ha, TPUBO/IATIAS K BOSHUKHOBEHUIO IOCTATOYHO OT1ac-
HBIX OCJIO}KHEHUI CO CTOPOHBI BHYTPEHHUX OPTaHOB;
MeJ[JIeHHas CKOPOCTh €r0 BBIBEICHUS M3 OPraHu3Ma
[64]. B cBg31 MPOJIOHTUPOBAHHBIM BPEMEHEM TIOJTY-
BbIBE/ICHUE METAJI0Ha KOHTPOJNPOBATH TepaIleBTHYC-
CKYyTO /103y OYECHb CJIOXKHO, YTO IMPUBOAUT K YACTHIM
nepeiosupoBkam. HecMoTpst Ha TO, 4TO ¢ TIOMOIIBIO
HAJIOKCOHA MOKHO KYIHPOBaTh CUMIITOMBI OTpaBJie-
HUS, CMEPTh MOXKET HACTYNUTD Yepe3 HeCKOJIbKO Ya-
COB TI0CJIe BBIKMCKY U3 cTaimoHapa [73].

3aMecTuTesbHASA Tepanus UMeeT /[Ba BApUAHTA.
[IepBblit — NpUMeHeHNe MeTaJIoHa C IeJIbI0 KyTTHPO-
BaHUS OCTPBIX ITPOSBJICHUI CUHAPOMA OTMEHBI TepPo-
MHA C JTUTUYECKUM CHUIKEHUEM J103, BTOPOI — C T1e-
JIBIO JITTUTETbHON «3aMeCTUTEJIbHON Teparuny, Tak
KaK CYMUTAETCH, YTO HA3HAYCHNE METAJI0HA TIPUBOJINT
K TIPEKPAIIEHUIO TIOTPEOTEHHS «yJIUIHBIX HAPKOTH-
KOB» (UTO JJOCTATOYHO COMHUTENBHO) [76].

B To ke Bpemsi M3BECTHO, YTO METAJIOH OYCHb
OBICTPO BBI3BIBAET NIPUBBIKAHIE, a B CJydae TIpeKpa-
NIEHUd TpUeMa — TKEJIbId M JI0JTO He KyIupyio-
muiicss abCTUHEHTHBINH cUHAPOM. VHBIMK cioBaMu,
PETYJIAPHBII TPUEM MeTaloHa o3HaYaeT (hopMUPOBa-
HUE META/IOHOBOI HAPKOMAHUH, KOTOPas O] BBIBEC-
KOIl «MeTaJIOHOBasI [IPOrpaMMas 3aMeHsieT COOON Te-
pouHOBYI0 Hapkomanuto. Hampumep, miBenckas
«METAJIOHOBag TIPOrpaMMay, KOTOpas OTJINYAeTCs

The replacement therapy has two regimens. The
first regimen is the use of methadone for the purpose
of reversal of acute manifestations of heroin with-
drawal with abrupt decrease of its dose; the second
regimen is administration of methadone as a pro-
longed «replacement therapy,» since it is believed that
prescription of methadone leads to a cessation of con-
sumption of «street drugs» (which is unproven) [76].

At the same time, it is known that methadone
addiction may develop very rapidly, and its discon-
tinuation causes a severe and prolonged withdrawal
syndrome. In other words, the regular use of
methadone means the formation of methadone
addiction, which, under the name «methadone pro-
gramy, replaces heroin addiction.

For example, the Swedish «methadone pro-
gramy», which is characterized by strict limitations
in the selection of patients and strict supervision of
compliance with abstinence from «street» drugs
(urine test 2—3 times a week, prohibition to appear
in certain places where drugs are sold) is aimed at
social integration of drug addicts, cessation of
crimes, and prevention of early death. However,
the a 9-year follow-up study of 279 patients has
shown that 33% died, 69% were convicted for
crimes, 60% had no job, and 5115 cases of hospital
admission were recorded during the participation
in the program.

In 1999, O. Schroeder, a member of the
International Narcotics Control Board, representing
Germany, reported an increase in the number of seri-
ous complications associated with the use of
methadone and a doubling in mortality; in 1998, he
said, 240 people died from methadone in Germany.
Methadone is widely used; for example, in Western
Europe; over 300000 patients are included into
methadone programs; a tendency to delegate this
practice from specialized centers to general practi-
tioners, nurses, pharmacists is observed and encour-
aged; «<methadone buses» are used. [77].

At the same time, it may be claimed that the
popularity of the methadone replacement therapy
programs in many countries has significantly
decreased. Practically all authoritative experts indi-
cate that the replacement therapy is not a «decisive»
method of treatment, but can be implemented only
in a complex of intensive social and therapeutic
interventions. It should be taken into account that a
significant number of people suffering from drug
addiction do not comply with the replacement ther-
apy programs and return to systematic consumption
of illegal drugs [76].

Intensive therapy. Standard treatment of acute
drug poisoning includes measures to stop further
intake and accelerate elimination of the poison, the
use of antidotes, a complex of interventions to sup-
port vital functions and metabolism, and prevention
and treatment of complications [1].
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JKECTKMMU OTPAHUYEHUSIMU TIPH OTOOPE MAIUEHTOB U
CTPOTHM HAJ[30POM 32 COOJIIOIEHUEM PEKIMA BO3IIEP-
JKAHUS OT <yJIMIHBIX» HAPKOTUKOB (2—3 pa3a B Hejle-
JIIO MICCJIeIOBAHME MOYM; 3aIIPET MOSBJSATLCS B OTIpe-
JICJIEHHBIX MeCTaX, I7ie TPOIAlOTCs HAPKOTUKHU, 1 JIp.)
UMeeT TeISMU COTMAJBHYI0 MHTETPAINi0 HapKOMa-
HOB, ITPEKpaIlleHre TPaBOHAPYIIEHUT, TIPEyTIPEsK/Ie-
Hue paHHeil cMepTu. [Ipn BceM aTOM u3ydyeHue cy/ib-
ObI 279 NaNMEHTOB Ha IPOTSHKEHUN 9 JIeT 1oKa3alo:
33% ymepin, 69% B Xojie ydacTus B iporpamme Obl-
JI OCY’KJIEHBI 3a TpecTyiuienus, 60% He paboTaror,
nMeso Mecto 5115 cirydaeB roCIUTAIN3AIINN.

B 1999 r. unen MexyHapo/lHOTO KOMUTETA 110
KoHTposio 3a Hapkotukamu O. Ipenep, npeacras-
Jstotuil TepMaHuio, COOOIINIT O POCTE YHCTIA CEPhe3-
HBIX OCJIO)KHEHUW TIPU NMPUMEHEHUN METaJloHA U O
YBEJTMYEHUN B /1Ba pa3a cMepTHOCTH; B 1998 1., 110 ero
cioBaM, B lepManuu ot MeTtagona ymepso 240 geso-
Bek. [IpuMeHeHne MeTajioHa OCYIIEeCTBISETCS B Mac-
COBBIX MacinTabax, Hanpumep, B 3arajnoil Espore
METaJOHOBBIMU [IPOTPAMMaMU  OXBaueHO OoJiee
300000 6oJbHbBIX; HAOIIOAAETCH U OOU[PIETCS TE€H-
JIEHIIMS K TIePeXo/ly TPAKTUKU €ro MCIIOJIb30BAHUS
OT CHENUATN3UPOBAHHBIX IIEHTPOB K OOIIETPAKTH-
KYIOIIMM BpadaM, MejcecTpaM, (apmarieBTaM; Mc-
HOJIB3YIOTCST «<METaJOHOBBIE aBTOOYChI» U JIp. [77].

OmHako, MOKHO KOHCTaTHPOBATH, YTO TIOMY-
JIIPHOCTD TIPOTPAMM 3aMECTUTEIBHON Teparuu Me-
TAJOHOM B 3apyO€KHDBIX CTPAHAX CYIIECTBEHHO CHU-
3usachb.  IlpakTuyeckm  Bce  aBTOPUTETHBIE
CHEIMAJIUCTDI YKA3bIBAIOT, YTO 3aMECTUTEJbHAS Te-
panus He SBJSETCS <«PENIAoNMM» METOJIOM Jieue-
HUH, & MOKET PEATN30BbIBATHCS TOJBKO B KOMILIEK-
ce WHTEHCUBHBIX COIMAJbHO-TEPANIEBTUYCCKUX
MmeponpuaTuii. Ciemyer NpuHUMATh BO BHUMaHUE,
YTO 3HAYUTEJNBHOE KOJUYECTBO JIUIL, CTPAAIONIUX
HapKOMaHUeEH, He YePKUBAIOTCS B TPOrpaMMax 3a-
MECTHUTEJIbHOW Tepanuu, TaKk KaK BO3BPAIAIOTCS K
CUCTEMATUYECKOMY TOTPEOJEHUI0 HEJIerajbHbIX
HAapKOTUKOB [76].

WNurencuBHas tepanus. JleueHue ocTpbIX OT-
PaBJICHUH HAPKOTUYECKUMU CPE/CTBAMM TPATUITH-
OHHO BKJIFOYAEeT B ce0s1 MEPOTIPHUSATHS TI0 TIpeKparie-
HUIO JQJIbHENINETO TMOCTYIVICHUS W YCKOPEHHOMY
BBIBE/ICHUIO $/1a, TPUMEHEHUIO aHTUIOTOB, a TaKxKe
KOMILJIEKC MeP TI0 MOICPKAHUIO BUTATBHBIX (DYHK-
1M 1 TTOCTOSTHCTBA BHYTPEHHel cpe/ibl OpraHusma,
MPOMUIAKTUKY W TEPAIHIO OCJI0KHEHUT [1].

[To maHHbBIM JIUTEPATYPBI, TPU OCTPBIX OTPaBJIe-
HIUSIX ONMUOUIAMU HarboJIee IIIPOKOE PACIPOCTPaHe-
HUE TTOJYYUJIO NCTI0JBb30BaHUE aHTUIOTHOM Tepannn
myTeM TpuMeHeHns Hajokcona [8, 9, 11, 69, 78—83].
DapmakoIOTnUecK HAJIOKCOH SIBJISIETCST YMCTHIM aH-
TAarOHMCTOM ONMOUIHBIX perenTopoB. OH neiicTByeT
[0 MEXaHU3MY KOHKYPEHTHOTO aHTarOHu3Ma, OJIOKH-
py4 CBA3bIBaHME OMUOUA C PEIIETTTOPOM UJTH <OTMBbI-
Basi» OT Hero pertenrtop. HaubobImm cpoicTBOM Ha-
JIOKCOH 00JIaJIaeT K [-PEeIerTopam.

According to the published literature, the most
widely used antidote therapy in acute poisoning with
opioids is administration of naloxone [8, 9, 11, 69,
78—83]. Pharmacologically, naloxone is a pure
antagonist of opioid receptors. It acts by the mecha-
nism of competitive antagonism, by blocking the
binding of the opioid to the receptor, or by washing
the receptor away from it. Naloxone possesses the
strongest affinity to p-receptors.

Naloxone was introduced into clinical practice
in the late 1960s. Since that there have been numer-
ous reports about its side effects (increased heart rate
and blood pressure) and serious complications (pul-
monary edema). It is known that the reversal of opi-
oid effects by naloxone is accompanied by hemody-
namic changes, which are mediated via inductors
such as pain, rapid awakening, and activation of the
sympathetic adrenal system, which is not always
associated with pain. Tt was also found that hypother-
mia due to intraoperative heat loss may occur in
patients who received naloxone for opioid effects
reversal, while oxygen consumption and minute ven-
tilation increased dramatically (two to three times)
[84]. Such metabolic needs also lead to cardiovascu-
lar stress caused by the demand of increasing cardiac
output. Due to short half-life of naloxone, repeated
central respiratory depression is also possible.
Renarcotization often occurs after the use of nalox-
one to reverse the effects of long-acting opioids [85].
It is described that administration of opioid receptor
blockers can lead to exacerbation of the withdrawal
symptoms. A syndrome of acute lung damage, arteri-
al hypertension and arrhythmia develops sometimes
after the administration of naloxone [9]. We conclude
that data on the efficacy of naloxone in intensive
therapy of acute methadone poisoning in case of a
critical condition and hypoxia is questionable.
Intensive therapy of complications of severe forms of
acute methadone poisoning (respiratory failure, cir-
culatory failure, and impairment of urine excretion)
should adhere to the general critical care principles.
In this case, early removal of the toxicant from the
body becomes crucial [1, 86]. Available literature data
support evidence of high efficacy of intestinal lavage
in intravenous methadone poisoning [87].

It should be noted, that in most of patients
admitted to the ICU with acute poisoning with
methadone, the severity of the condition is deter-
mined by metabolic disorders associated with the
duration and severity of hypoxia in addition to spe-
cific mechanisms attributed to the poison. Therefore,
treatment of severe complicated forms of acute
methadone poisoning should be directed, among
other goals, to elimination of the universal damaging
factors. The syndrome-directed approach to the
therapy of critical conditions in acute poisoning is
supported by leading experts of the Russian
Federation [1, 86, 88].
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Hasiokcou ObLT BBE/IEH B KIMHUYECKYIO MTPAK-
TUKY B KoHIlle 1960-X IT., uMeauch coobIeHus: o
ero mobouHbIX 3(derrax (yBeIUUEHHE UYACTOTHI
CEp/lEYHBIX COKPAIECHUN W apTepUaTbHOTO JlaBJe-
HUsT) U GoJiee CePhE3HBIX OCIOKHEHUSIX (OTEK Jier-
kux). VI3BecTHO, UTO CHSTUE JIEUCTBUSI OTIUOUJIOB
HAJIOKCOHOM COTTPOBOXKIAETCS TeMOJIUHAMUYECCKU-
MU CIIBUTAMU, ITyTEM OIOCPEIOBAHHBIX MEXaHW3-
MOB, TAKHX Kak 00Jib, ObICTPOE TIPOOYKACHHUE U aK-
THUBAIUS CUMIIATOAJPEHAIOBON CUCTEMBI, KOTOPOE
He Bcerja CBsi3aHo ¢ 00Jibi0. TaKiKe YCTaHOBJIEHO,
4TO Y OOJIBHBIX, MTOJYYABIIMX HAJTOKCOH JIJIsT KyTIU-
POBaHUS JEHCTBUSA ONMMOUIOB, OTMEUYAJacCh THUIIO-
TEePMUS U3-32 MHTPAOIIEPAIMOHHBIX TTOTEPb TeIa,
IIpU 3TOM Pe3KOo (B /[Ba-TPU pasa) BO3PACTAJIO T10O-
TpebJieHre KUCJI0POAa U MUHYTHAST BEHTUJISIIMS
gerkux [84]. Takue Merabosmueckue mOTPeOHOCTU
TaKyKe TPUBOJAAT K HANPSIKEHWIO CEPIeYHO-COCY-
JIUCTON CUCTEMBI 32 CYET YBEJMUYEHUS CEPAEYHOTO
BbIOpOca. B CBSI3U ¢ KOPOTKUM MEPUOIOM MTOJTYBbI-
Be/ICHUST HAJIOKCOHA BO3MOXKHO MOBTOPHOE IIEHT-
pajibHOe yTHeTeHue Jbixanus. «Penaprorusamus»
yarie BO3HUKAET TOCJIe UCITOTb30BAHUA HATOKCOHA
Juist cHatus 3¢hQGeKTOB OMUOUI0B JIJIUTENBHOIO
neiictsusg [85]. Ommcano, 4To BBeseHue OJIOKATO-
POB OINHMATHBIX PEIENTOPOB MOMKET MPUBECTU K
000CTPEHUI0 PasBUTHs aGCTUHEHTHOTO CHHPOMA.
WNnorna mocsie BBeleHUST HAJTOKCOHA MOXKET Pa3-
BUTBHCSA CUHAPOM OCTPOTO TOBPEKICHUS JIETKUX,
apTepuaigbHasd runepTonus u aputmuu [9]. Ha nam
B3IJIsl, AaHHble 00 d(PPEKTUBHOCTH HAJIOKCOHA B
WHTEHCUBHOW Tepaluu OCTPhIX OTPaBJIEHUH MeTa-
JIOHOM B CJIy4asiX Pa3BUTUS KPUTUIECKOTO COCTOS-
HUS W TUNOKCUM BBI3BIBAIOT cOMHeHus. [lpm mH-
TEHCUBHOW Tepanmuu TKeJbIX (GOPM OCTPBIX
OTPABJICHUII METAJOHOM B CJIydasgX Pa3BUTHUS OC-
snoxuenuii B Bujie OJIH, remoiunaMmuueckux Hapy-
HIEHWH, HapyIeHUH CO CTOPOHBI MOYEBBIIETUTE b-
HOIl cucTteM HEOOXOAUMO NPUIEPKUBATHCS
00IepeaHUMATOJOTUYECKON TAKTUKH BeJ[€HUSI
60JbHBIX. IIpM TOM HEOOXOAMMO HCIIOJb30BATh
METO/IBI 110 CKOpEHIIeMy BBIBE/IEHUIO TOKCUKAHTA
n3 opranmama [1, 86]. Ilo suTepaTypHBIM JIAHHBIM
UMEIOTCS CBEJICHUS O BBICOKON 3addeKkTuBHOCTH
MCIIOJIb30BAaHNS KUIIEYHOTO JIaBaxka IIPU BHYTPHU-
BEHHBIX OTpaBJeHUsAX MeTasoHoM [86, 87].

Cuetyer OTMETUTD, 4TO Y GOJIBITUHCTBA TI0-
CTYIAIOIUX B PEAHUMAIMOHHBIE OT/eIeHUsT 6OJIb-
HBIX C OCTPBIMHM OTPABJICHUSAMHU, TOMUMO CIEIU-
(buyeckux MexaHM3MOB [EHWCTBUS METa/0HA,
TSIKECTH COCTOSIHUST OTIPE/IETISIOT MeTaboImuecKue
paccTpoiicTBa, CBI3aHHBIC C JAJTUTEIbHOCTHIO W TH-
JKeCTbIo TUToKcuu. lloaToMy Tepanus TsKeJNbIX
OCJIO’KHEHHBIX (DOPM OCTPBIX OTPABJIECHUH META0-
HOM JI0JDKHA OBITh HAIPaBJI€HA, B TOM YHCJE, HA
KOPPEKIUIO YHUBEPCATbHBIX MEXaHU3MOB IIOpa-
skenunil. O BaXXHOCTU CHHIPOMHOTO TOJXOA K Te-
panuy KPUTUYECKUX COCTOSHWH TIPU OCTPBIX OT-

The most promising approach in the treatment
of critical conditions caused by acute drug poisoning
is a complex pathogenetic-based treatment program,
which includes the fastest and most effective elimi-
nation of external intoxication, increase of the capac-
ity of oxygen transport systems, elimination of
hypoxia, internal intoxication, disturbances of blood
viscosity and microcirculation, and the use of
immunomodulators.

One of the leading goals of intensive therapy of
acute methadone poisoning is the fastest and most
effective correction of metabolic disorders associated
with pre-existing and persisting hypoxia. In the cur-
rent clinical practice the so-called substrate anti-
hypoxants containing succinate are used [89—92]. It
should be noted that the stimulation of succinate-
dependent oxidation is the fastest alternative way of
correction of tissue hypoxia [92, 93].

Nowadays, cytoflavin is the most widely used
for this purpose medication in the medicine of criti-
cal states, which is a balanced complex of a metabo-
lite (succinic acid), an activator of metabolic
processes (riboxin), and two coenzymes-vitamins
(riboflavin-mononucleotide (vitamin B2) and
nicotinamide (vitamin PP)) [94].

In hypoxia, which is associated with abrupt
decrease in the activity of NAD-dependent enzymes of
the Krebs cycle, there is an urgent need to activate
alternative NAD metabolic pathways, and, above all,
the succinate dehydrogenase shunt, where oxidizing of
succinic acid takes place. To activate succinate dehy-
drogenase, which, by its structure, is an iron-sulfur
flavoprotein, a coenzyme — flavin mononucleotide
(FMN), a derivative of vitamin B2, may be used [95].

Riboflavin possesses a direct antihypoxic effect
associated with an increase in the activity of flavin
reductases and the restoration of the level of
macroergic agents (ATP and creatine phosphate),
and antioxidant properties, conditioned by the
reduction of oxidized glutathione [96].

Riboflavin stimulates the utilization of succi-
nate, activates the system of mitochondrial transport
of protons through the glycerophosphate «shuttle»
mechanism.

Nicotinamide is a selective inhibitor of the
poly-ADP-ribosyl-synthase, which is formed during
ischemia and causes loss of function of intracellular
proteins and subsequent cell apoptosis [97].

The antioxidant and antihypoxic effects of ino-
sine are realized by several interrelated metabolic
pathways:

1) activation of NAD synthesis in mitochondria
from nicotinamide, where riboxin acts as a ribose
donor;

2) stimulation of anaerobic glycolysis with the
formation of lactate and NAD™;

3) inhibition of the enzyme xanthine oxidase
and suppression of free radical reactions [98].
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paBJIEHUSIX MUIIYT B CBOUX paboTax BeAyIIUe Clie-
mamucter PO [1, 86, 88].

HauboJsiee TepCIeKTHBHBIM HAIlPaBJIEHUEM B
JiedeOHBIX MPOrPpaMMax KPUTUYECKUX COCTOSTHUN
MIPU OCTPBIX OTPABJICHUAX HAPKOTUUECKUMU CPEJICT-
BaMU CTAHOBUTCS KOMILIEKCHOE TATOT€HETHYECKOe
BO3JIeiiCTBIE, BKJOYAOIlEe B ceOsT MaKCUMAIbHO
6oicTpoe u a(hhEeKTUBHOE CHIDKEHUE YPOBHSI 9K30-
TOKCUKO32, TIOBbITIeHNE 3(hPEKTUBHOCTH KUCIOPO/I-
TPAHCIIOPTHBIX CUCTEM U YMEHBINEHUS MTOCJIEICTBUI
yiKe UMEIOIIENCs TUTIOKCUU, POSIBIEHUN 9HIOTOK-
CUKO032, BO3/ICHCTBUE HA MUKDPOITUPKYJIAIUIO U PEO-
JIOTUYECKHE CBOMCTBA KPOBH, UCITOJIBb30BAHNE UMMY-
HOMO/LYJISITOPOB.

OHUM U3 BeAYIIUX HANPABJICHUN WHTEHCHB-
HOU Teparnu OCTPBIX OTPaBJIeHNT METAJOHOM SIBJISI-
eTcs MaKCUMAJIBHO ObicTpast U 3(hdeKTHBHAS KOp-
peKIust MeTabOJIMIECKUX PACCTPOUCTB, CBSI3AHHBIX C
TepeHeCeHHON U TPOMOJIKAIoNelics Tumokcuen. B
HacTosIee BpeMs B KIMHUYECKOM MTPaKTUKE ITPUMe-
HSIOT cyOCTpaTHbIE aHTUTHIIOKCAHTBI, COEpPIKAINe
cykiuHat [89—92]. CieryeT OTMETHUTD, UTO JIJIT KOP-
PEKIUU TUIOKCUU HanboJiee OBICTPBIM AJIbTEPHATH-
BaHBIM ITyTEM SIBJISCTCH CTUMYJISAINS CYKIMHAT3ABU-
cumoro okucsenus [92, 93].

B Hacrosiiee BpeMst HanboJiee MIPOKO B MeIu-
IUHE KPUTUYECKUX COCTOSIHUM MCTIOIb3YEeTCs IUTO-
(bJaBuH, KOTOPBIIT IPeICTaBIsIET COOOI cOATAHCUPO-
BaHHBI KOMILIEKC u3 MeTabosuTa — SIHTAPHOU
KUCJIOTBI, aKTUBATOPa OOMEHHBIX KJIETOUHBIX IPO-
[[eCCOB — PUOOKCHHA U IBYX KO(EPMEHTOB-BUTAMU-
HOB — pubohiaBiHA-MOHOHYKI€0THIa (BUTAMUH
B2) n auxorunamua (Butamud PP) [94].

B ycioBusix tunokcuu mpu pe3KOM CHIKEHHE
akTuBHOCTH NAD-3aBUCHMBIX (hePMEHTOB ITUKJIA
Kpebca, octpo Bcraer HeOOXOAMMOCTb aKTHBALUU
anbrepHaTUBHBIX NAD MeTaGoJMIecKrX MOTOKOB, U
MIPEK/IE BCETO OKUCIISAIONIETO SSHTAPHYIO KUCJIOTY CYK-
IUHAT-IETUIPOTeHa3Horo nryHTa. [lins akTuBanuu
CYKIIMHAT/IETUIPOT€HA3DI, KOTOPAs 110 CBOEH CTPYKTY-
pe SBJSETCS KeJIe30CEPHUCTBIM (PITaBOIIPOTENHOM,
UCTOB3YIOT KOhepMeHT — (hIaBIHA MOHOHYKJICOTH/L
(FMN) — npousBoznoe Butamuna B2 [93].

VY pubodiaButa yCTaHOBJIEHO MIPSIMOE AHTUTH-
MOKCUYECKOe JIWCTBUE, CBA3aHHOE C yBEJIUYCHUEM
AKTUBHOCTY (DIIABMHOBBIX PElyKTa3 U BOCCTAHOBJIC-
HueM ypoBHs MakpoaproB — AT® u kpearundocda-
Ta, U AHTHOKCHUJIAHTHBIE CBOWCTBA, 00YCIOBIECHHbIE
BOCCTAHOBJICHUEM OKHMCJIEHHOTO TaryTatnona [96].

PubohaaBut CTUMYJIUPYET YTHIU3AIMIO CYK-
IMHATA, aKTUBUPYET CUCTEMY MUTOXOH/PUAIBLHOTO
TPaHCIIOPTAa TIPOTOHOB 4Yepe3 rimiepodochaTHbIH
<YEJIHOUHDBII» MEXaHU3M.

Huxotunamuy sBJsIETCS CeJIEKTUBHBIM HHIH-
6uTOpOM 00pasyIoIerocst pu uieMun (hepMeHTa
noJin-AJlD-pubo3uICUHTETa3bl, TPUBOAIIETO K
MChYHKIIUMN BHYTPUKJIETOYHBIX OEJIKOB U MOCTIELY-
I0IEMY aIoNTo3y KIeTOK [97].

Sodium succinate by its pharmacological prop-
erties belongs to the so-called substrate (metabolic)
antihypoxants [93]. Its antihypoxic, antitoxic, and
antioxidant activity was confirmed in the routine
clinical practice of critical care.

It should be noted that the problem of acute
methadone poisoning is still urgent. Deep knowl-
edge of the mechanisms of the toxic effect of this
drug makes it possible to clearly formulate the
goals of intensive therapy: general intensive care
(maintenance of life support systems), reasonable
antidote therapy (morphine receptor antagonists),
control of hypoxia and its consequences (ensuring
effective delivery of oxygen and the use of sub-
strate antihypoxants), prevention of severe com-
plications and early initiation of intensive care
aimed on possible life-threatening sequelae (brain
edema, pulmonary edema, aspiration of gastric
contents, systemic rhabdomyolysis, postural com-
pression syndrome, etc.).

AHTHOKCHAHTHOE AHTUTUIIOKCAHTHOE [eiCT-
BH€ MHO3WHA PEAIU3YETCS IEJIbIM PSAJIOM B3aUMO-
CBSI3aHHDBIX META0OJNYECKUX My TEN:

1) aktuBanueii cunre3a NAD B MUTOXOH/IPUSIX
13 HUKOTHHAMU/IA, TJle PUOOKCHH BBICTYIIA€T B Kave-
cTBe JJOHOPa pubO3bI;

2) crumyJsiireil aHaspoOHOTO TIINKOJIN3a € 00-
pasoBanuem jakrara 1 NAD;

3) unrubupoBaHueM (GepMeHTa KCAaHTHHOKCH-
JIa3bl U TI0JIaBJIEHUEM Pa/IMKAJIbHBIX 11poileccoB [98].

Cykiuuar HaTpus 10 (hapMaKOJOTHIECKUM
CBOMCTBAM OTHOCHUTCSI K cyOcTpaTHBIM (MeTabou-
YecKuM ) aHTurumnokcantam [93]. B kinnuke kputu-
YeCKUX COCTOSIHUE BbISIBJIEHBI AHTUTUIIOKCAHTHBIE,
AHTUTOKCUYECKUE, AHTHOKCUIAHTHBIE CBONCTBA
mperapara.

B saksroueHre HEOOXOAMMO OTMETUTH, UYTO
AKTYaJbHOCTb OCTPBIX OTPABJIEHUN META[OHOM B
HACTOSIIIIEE BPEMsI OCTAaeTCsl BBICOKOU. [ybGokue
3HAHUST MEXAaHU3MOB TOKCUYECKOTO JEUCTBUS ITO-
r0 HAPKOTUYECKOTO CPEJCTBA IO3BOJISIIOT YETKO
chopMyInpOBaTh HANIPABIEHUs] MHTEHCUBHO Te-
pamuu: 00IepeaHnMaToNOTHYecKue Mepbl (TOjI-
JlepsKaHUue CUCTEM JKM3HEeOOeCHedeHust), paruo-
HaJIbHAS AQHTUAOTHAs Tepanusi (AHTATOHUCTBI
MOP(MUHOBBIX PEIENTOPOB), 6H0PHOA € TUIIOKCHEN U
ee mocaepctBusimu (obectieuerre 3(hhekTUBHON
JOCTaBKU KUCJIOPOJIA U TIPUMEHEHUE CyOCTPaTHBIX
AHTUTUIIOKCAHTOB), NPO(UIAKTUKA U PAaHHEe Haua-
JIO TIPOBeJleHUsI MHTEHCUBHON Teparuu ¢ BKJIIOYe-
HUEM KOMILIEKCA JUAarHOCTUYECKUX M JiedeOHBIX
MEPOIPUATHII IPU OCJI0KHEHHBIX (hOPMaX OCTPBIX
orpaBiieHnii (orek-HabyXaHUE TOJOBHOTO MO3Ta,
OTEK JIETKUX, ACIUPAINS KeJTYyJAOUHBIM COAEPIKU-
MBIM, CHCTEMHBIN PabIOMUOJIN3, CHHPOM TO3HIIH-
OHHOTO C/IABJIEHUS U JIP.).
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Oco00eHHOCTH EePUONEPANIMOHHOTO BEIEHUS MOKIIBIX OOJIbHBIX
NPH 9HIOCKONHYECKOM TPaHCCHEHONIATHbHOM y/IaJIeHUH OILyXO0JIei
XHa3MaJIbHO-CEJUISIPHOM 00J1acTH

A. B. Kypnocos, A. 10. JIy6uuw, I1. JI. Kamuaun

Harmonanpnenii Hayuno-npaktiaecknii nentp neiipoxupyprun nm. akag. H. H. Bypaenxo Munszapasa Poccun,
Pocceust, 125047, r. MockBa, 4-s1 TBepekast-Amckas yo., 1. 16

Peculiarities of the Perioperative Care of Elderly Patients Undergoing
Endoscopic Transsphenoidal Removal of Tumors in the Chiasmatic-Sellar Area
Alexey B. Kurnosov, Andrey Yu. Lubnin, Pavel L. Kalinin

N. N. Burdenko National Scientific and Practical Center of Neurosurgery, Ministry of Health of Russia,
16 Tverskaiya-Ymskaiya 4th Str., Moscow 125047, Russia

B Hatu gHu, B Bek OyPHOTO BHEAPEHUsI B HEHPOXUPYPrUio IMMPOBBIX M ONTHKO-BOJOKOHHbBIX TEXHOJIOTHIA, aK-
TUBHO Pa3BUBAETCS METOJL YAJIEHUS OIyX0JIell XMa3MalbHO-CeISIPHOM 06J1aCTH 9HIOCKOTINUECKUM 9HIOHAZAIb-
HBIM TPaHCCHEHOUIATBHBIM JIOCTYIIOM, KOTOPbIN CYMTAETCST MAJIOTPABMATHYHBIM U XOPOIIO EPEHOCUTCS GOJIbHBI-
M, B PE3YJIBTATE YETO PACIIUPUSIETCS] BOBMOKHOCTD OIIEPUPOBATH COMATUYECKHU OTSITOLIEHHBIX OOJIbHBIX, & TAKKE
Jiojiell crapiieil BO3pacTHOM TPYHIIbl. YUUTBIBAs 9TH (PakThl, a TAKIKE JaHHbIe MUPOBOI CTATUCTUKHU, YKa3bIBAIO-
IMe Ha HEYKJIOHHYIO TEeHJICHIIUIO CTAapPEHUs HACEIeHNsI B Pa3BUTBIX CTPaHaX, B TOM 4HcJe U B Poccun, ontuMusa-
1K TIEPUOTIEPAIIMOHHOTO BEAECHUST TOKUJIBIX OOJIbHBIX, UMEIOIIUX OIYX0JIb XHa3MaIbHO-CeJUISIPHON 06J1acTH, cTa-
HOBUTCS HauboJiee IPUOPUTETHON 3azaueil. [[Jis ee pelieHus B JaHHOI cTaThbe pacCMOTPEHBI OCHOBHbIE HIOAHCHI
[EePUOTIEPAIIMOHHOTO BEJEHUSI MOKUIIBIX OOJIbHBIX, MMEIOIUX MATOJIOTHI0 XMa3MaIbHO-CEIISIPHOI 00J1acTH: 0CO-
GEHHOCTHU MX COMATUYECKOTO CTATyCa U BO3MOKHbIE BADUAHTBI X [IPEIONEPAIIMOHHOTO COCTOsIHUSL. TaKKe Tpej-
CTaBJIEHbI COBPEMEHHbIE ¥ HanboJIee MprueMJIeMble albTePHATUBHbBIE BADUAHTDI PEIEH ST 9TOM HEIPOCTOl mpobJie-
MbI: BHEJIPEHUE COBPEMEHHBIX METOIMK aHecTe3nw, Gophha ¢ MOCIeOnepaOHHON KOTHUTUBHON AucdyHKImeid,
[OCJIE0TIEPAIIOHHBIM OOJIEBBIM CHHAPOMOM M II0CJIE0IEPAIIMOHHOI TONIHOTO 1 PBOTOIA.

Kntoueswte ciosa: noxcunvie 60avHvle ¢ ONYX0AbI0 XUASMATIGHO-CEAAPHOLU 00aAcmu; SHOOCKONUUECKUT SHOOHA-
3AbHBLIL MPAHCCHEHOUOAILHDIL DOCTYN; MPAHCHA3ALLHAS XUPYPLUSL, HEUPOXUPYD2USL; HEUPOAHECMEIUOT0ZUSL; Pe2U-
OHapHas anecme3us; 6UObL AHECMe3UTl NPU NPOBe0eHUI MPAHCCHEHOUOANVHOU ONePayULL; CHUNCEHUE (PapMaKoIozy-
UECKOT HAZPY3KU HA NONACUN020 O0NLH020; OI0KAOA KPLUIOHEOH020 Y31A; KCEHOH 8 HEeUpOXUpypeull; cesopuiopar;
anecmesusi 0excmeoemoMuOUHoM; NOCICONEPAUUOHHAS. MOUHOMA U PEOMA Y HEUPOXUPYPZUUECKUX OOTLHBLY; NOCIe-
ONEPAUUOHHAS KOZHUMUBHAS OUCDYHKUUSL Y TONCUTBLX

Nowadays, in the age of rapid introduction of digital and fiber-optic technologies in neurosurgery, a technique
for removal of tumors in the chiasmatic-sellar area via an endoscopic transsphenoidal endonasal approach is active-
ly developed; this technique is considered less invasive and is well tolerated by patients, thus permitting to oper-
ate patients with somatic complications, as well as the elderly. Taking into account these facts, as well as world sta-
tistic data indicating a continuous trend of population aging in developed countries, including Russia,
optimization of the perioperative care of elderly patients with a tumor of the chiasmatic-sellar area becomes the
problem of highest priority. In order to solve it, this review discusses the basic peculiarities of the perioperative
management of elderly patients (characteristics of their somatic status and possible variants of the pre-operational
state) with a pathology in the chiasmatic-sellar region; it also presents the modern and most acceptable alternative
solutions of this difficult problem (introduction of modern methods of anesthesia, management of the postopera-
tive cognitive dysfunction, postoperative pain syndrome, and postoperative nausea and vomiting).

Keywords: elderly patients with a tumor of the chiasmatic-sellar region; endoscopic endonasal transsphenoidal
approach; transnasal surgery; neurosurgery; neuroanesthesiology; regional anesthesia; anesthesia types during
transsphenoidal surgery; reducing the pharmacological load on an elderly patient; pterygopalatine ganglion blockade;
xenon in neurosurgery; sevoflurane; anesthesia with dexmedetomidine; postoperative nausea and vomiting in neuro-
surgical patients; postoperative cognitive dysfunction in the elderly
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BBenenne

AKTHUBHOE BHEJPEHUE HOBEHINUX MUGPPOBBIX 1
3H/IOCKOIIMYECKUX TEXHOJIOTUH B HEMPOXUPYPTHIO 32
MocJIe/THUE TPU ACCATUJICTHUSA, MOJOKUIO HAYAIO
Pa3BUTHIO HOBOI METO/IMKe yaJeHUs OIyXoJieil X1-
asMasibHO-cessipaoil obmactu (XCO) — ¢ momo-
IO 9H/IOCKOMTNYECKOTO AH0HA3AIbHOTO TpaHccde-
HouzaabHOro nocrymna (AIAT/L), ¢ ucrnonbzoBanmeM
KOTOPOTO B HACTOAIIEE BPeMs OIEPUPYETCS T0/aB-
sgrotas yacteb omyxosieit XCO [1, 2].

DIT/] npu cpaBHEHUM C IPYTUMU METOAMKA-
MU (TpaHCKpaHuaibHOe ynanenue omyxomueit XCO,
MUKPOXUPYprudeckoe TpanccheHouambHOe yaje-
nue omyxosn XCO) xapakTepusyeTcs: J0CTaTOuYHO
HU3KOU 4acToTOoi ocnokueHuil (2—4%), MaioTpas-
MaTUYHOCTbBIO, XOpoIllell BU3yasn3allleil orepaliu-
OHHOTO TIOJIS, TTO3BOJISIET 3HAYMTEJIBLHO COKPATUTDH
BpeMsi Ollepary U, Kak CJIe/ICTBUE, XOPOIIeH Tepe-
HOCUMOCTBIO OosibHbIME [1]. JlaHHBIE TOCTOMHCTBA
DIT/I Mo3BOMIIM PACITUPUTD MTOKA3aHUS K Olepa-
TUBHOMY BMEIIATEJIbCTBY Y COMAaTUYECKH OTATOIICH-
HBIX Uy MOKHUJIBIX 00JbHBIX (65 JieT u crapiie 1o
kinaccudpukannun BO3), Hepejko UMeNnnX KJIANHU-
YECKM 3HAYMMYIO COIYTCTBYIOIIYIO COMATHUYECKYTO
HATOJIOTHIO, OCOOEHHO  CEPAETHO-COCYIUCTYIO,
1/WIA TOPMOHAJIbHBIE HapylieHus (TUIePCeKperus
TOPMOHOB rutiousa, uiu HaoOOPOT, TUITOMTUTYUTAP-
Hble HAPYIIEHWs), CBSA3AHHBIE ¢ OCOOEHHOCTSIMHU
cTpyKTypbl 1 pocta omyxomun XCO [1—4]. Bee atu
MOMEHTBI SIBJISIIOTCS KpailHe aKTyaJabHBIMU B HAIIN
JIHU, YIUTBIBAST, YTO KOJUYECTBO TOKUIBIX OOTBHBIX
HEYKJIOHHO PACTET, a 110 TAHHBIM, TIPEICTABJICHHBIX B
uccienoBanusix Turner H. E. u Hong J. npubimsu-
TEJbHO 7% TUNOMU3APHBIX OIMYXOJEN PUXOMSTCS
UMEHHO Ha JIOJII0 MOKMIIIBIX OOJIBHBIX. ABTOPBI OTMe-
YaroT, YTO y TOXKUJIBIX Yallle BCTPEUAIOTCS TOPMO-
HAJbHO HeaKTUBHBIE OMmyXosn (62%), KOTOpbIe TTpo-
sSBIstOT  cebst  cummrTomMamu  MaccadbderTa,
OCHOBHBIMU U3 KOTOPBIX Y HUX ABJISIOTCS 3PUTEIh-
uble paccrpoiictBa (60—84%) u rumonuryutapusm
(42%) |5, 6]. Kpome Toro, MupoBast CTaTUCTUKA TI0-
KasbiBaetr, uTo K 2035 TOMy KOJUYECTBO TTOKHIIIBIX
JIIOJIEN B MUPOBOU TOMyJidiiuu yBeanuutcs ¢ 16 1o
24%, a x 2050 10 30% cCOOTBETCTBEHHO, MOKHO TIPE]I-
MOJIOKUTD, YTO YBEJUUYUTCH KOJUYECTBO TTOKHUIIBIX
60sbHBIX ¢ omyxoJsiMu XCO, 4T0 HECOMHEHHO BbI-
BOJIUT 3a/a4y pa3paboTKu u BHeApeHust apherTrB-
HOTO TIEPUOTIEPAITMOHHOTO BEJCHUS JTAHHON KaTero-
purt GOJIBHBIX BeCbMa aKTyaJbHOU [7—9].

CiiefiyeT OTMETUTD, YTO B KIMHUYECKON TIPaK-
THKE, TACTIOPTHBINA BO3PACT YaCTO HE COBITAJAET ¢ Ou-
OJIOTUYECKUM, HAIPOTHUB, MEXIY HUMU HEPEIKO CY-
NIECTBYET BeCbMa 3HAUMTEJbHOE HECOOTBETCTBHE.
TToaToMy OTKa3 B aHECTE3UOJIOTHYECKOM MOCOOUHT Ha
OCHOBAHMM TOJBKO 1P BO3pACTa, 10 CBOEH CYTH,
Mpe/icTaBisgeTcsl Kpaiine HeomnpaspaHubiM [10—12].
Ha atom ¢oHe 0coOyt0 3HAUUMOCTH IPEICTABJISIET

Introduction

Active introduction of the latest digital and
endoscopic techniques in neurosurgery over the past
three decades has initiated the development of a new
technique of removing tumors of the chiasmatic-sellar
area (CSA) using an endoscopic endonasal transsphe-
noidal approach (EETA), which is currently used in
surgeries for removal of most CSA tumors [1, 2].

When compared with other techniques (tran-
scranial removal of CSA tumors, microsurgical
transsphenoidal removal of a CSA tumor), EETA is
characterized by a relatively low incidence of compli-
cations (2—4%), it is less traumatic, provides a good
visualization of the surgical field, significantly
reduces the surgery time and, as a result, well tolerat-
ed by patients [1]. These advantages of EETA per-
mitted to broaden the list of indications for surgical
interventions in patient with somatic complications
and in elderly patients (65 years or older, according to
the WHO classification) often with a clinically sig-
nificant concurrent somatic pathology, especially the
cardiovascular and/or hormonal disorders (pituitary
hormone hypersecretion or, on the contrary, hypopi-
tuitary disorders), related to the structural character-
istics and growth of CSA tumors [1—4]. All these
issues are extremely urgent nowadays, considering
the fact that the number of elderly patients is steadi-
ly growing. According to data presented in studies by
H. E. Turner and Hong J., approximately 7% of pitu-
itary tumors are found in the elderly patients. The
authors noted that hormonally inactive tumors (62%)
were more common in the elderly and manifested
themselves through the mass effect symptoms, the
main of which represented visual disorders (60—84%)
and hypopituitarism (42%) [5, 6]. In addition, world
statistics shows that by year 2035 the number of elder-
ly persons in the world population will rise from 16 to
24%, and by 2050 it will be up to 30%, respectively. It
could be assumed that the number of elderly patients
with CSA tumors will be increased; therefore, the
task of developing and implementing effective surgi-
cal management for this category of patients is
undoubtedly very urgent [7—9].

It should be noted that in clinical practice, the
passport age often does not coincide with the biologi-
cal age; on the contrary, there is often a significant dis-
crepancy between them. Therefore, refusal to perform
the anesthesiological support based only on the age is,
therefore, unwarranted [10—12]. At that, the pre-
operative detection of potential age-related somatic
changes related to impairment of basal metabolism,
reduced compensatory-adaptive capacities of the car-
diovascular and respiratory systems, as well as the
liver and kidneys is very important [13—15]. In addi-
tion, there is a chance that by the time of CSA tumor
detection, elderly patients often have already been
subjected to serious surgical procedures, such as
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MPEOIEPAIIIOHHOE BbISIBJIEHUE Y OOJIBHOTO TIOTEH-
[[MAJbHO BO3MOXKHBIX, OOYCJIOBJIEHHBIX BO3PACTOM,
COMATUYECKUX U3MEHEHUH, CBA3aHHBIX C HAPYIICHU-
€M OCHOBHOTO 0OMeHa, CHUKEHUEM KOMITEHCATOPHO-
MPUCTIOCOOUTETTBHBIX BO3MOKHOCTEN CEPIETHO-COCY -
JIUCTOU U JIbIXaTEeJIbHONU CUCTEM, a TakxKe (PyHKIIUU
nevyenu u novek [13—15]. Kpome Toro, cymiectByer
BEPOSITHOCTD, YTO K MOMEHTY OOHAPYIKEHUST Oy XOJIU
XCO noxusbie G0JbHbBIE HEPEIKO YIKE TTOIBEPraIICh
BECbMA CEPHE3HBIM XUPYPIUUECKUM BMEINIATEIbCT-
BaM, HAIIPUMep, TAKUM, KaK a0PTOKOPOHAPHOE IITyH-
TUPOBaHUE, CTEHTUPOBAHIE KOPOHAPHBIX apTEPHii,
POTE3UPOBAHNE MATMCTPATIbHBIX COCYJIOB U KJara-
HOB CEP/IA, PE3EKINS PA3JIUUYHBIX OPTAHOB, YTO TaK-
JKe CTaBUT aHECTE3WOJIora Tiepe]l PelieHrneM BechMa
CJIOXKHBIX 3a/[a4 B BBIOOPE ONTHUMAJBHON METOIUKU
anecresnn. TakuM 0Opas3oM, MPU TJIAHUPOBAHUU YC-
HEIIHOTO AHECTE3UOJIOTHIECKOTO O0eCIIeYeH sl 10-
KUIIOMY GOJIBHOMY HEOOXOJIMMO YUUTBIBATH BO3PACT-
Hble (PU3UOJOTHYECKUE OCOOEHHOCTU, HAJUvMe U
CTeleHb KOMITEHCAIIUH COIYTCTBYIOIIEN TATOJOTUY U
cnenuduky ocHoBHO# natosiorun X CO, a Takske ocy-
HIECTBJIATh MPUCTAJIBHBIN MTepPUOIIePAITMOHHBINH KOH-
TPOJIb 32 €T0 COMaTUYeCKUM crtatycoMm [16—18].

Oco6eHHOCTH TIPEONEPAIHOHHOTO COCTOS-
HHUS MOKWIBIX 00abHBIX ¢ matosorneit XCO. /lna
MPOBEICHUS a/IEKBATHOTO aHECTE3UOJOTUYECKOTO
MOCOOUST Y TIOKUJIBIX GOJBHBIX HEOOXOAUMO YUUThI-
BaTh Psifi OCOOEHHOCTEN, a UMEHHO, (DYHKIIMOHATb-
HbIe, MeTabosImIecKue 1 MOP(hOJOTHIECKIe BO3PACT-
HBIE U3MEHEHWSI, ¢ KOTOPBIMU MOKET OBITH CBSI3aHHO
CYIIECTBEHHOE CHIIKEHUE PE3ePBOB W AJIANTAI[MOH-
HBIX BO3MOKHOCTE opranusma. OTMeueHo, 4To 1o-
cie 30 JieT aKTUBHOCTH (DU3MOIOTHYECKUX OOMEH-
HBIX MTPOIIECCOB B OPraHU3M€ CHIZKACTCS B CPEHEM
Ha 1% B rox. Takum o6pasoM, K 65—70 rogam, OCHOB-
HOU oOMeH cocTaBiisger 1pumepHo 60% oT HOPMBbL.
Ha atom doHe mporieccs buoTpanchopMalium aHec-
TETUKOB U IPYTUX IPEIapaToB, a TAKKe IKCKPEIust
MPOJYKTOB MX 00MeHa, Oy/IyT HapyIIaThCsi, 9TO MO-
JKET TPUBECTU K HEKEJTATETHbHBIM KJIMHUYCCKUM
MIPOSABJICHUSAM BO BpeMsi aHecTe3uu 1 oreparu [16].

Cpeir BO3pacTHBIX 0COOEHHOCTH HauboJiee
3HAUYMMBIMH TIPW TPOBEJCHUM AHECTE3WH, CJIe/LyeT
CUUTATD UBMEHEHUs CEPeYHO-COCYIUCTON U bIXa-
TeJpHON cucteM [7, 16, 18].

C BO3pacTOM TIPOUCXOMUT CKJIEPO3UPOBAHUE
COCYJIOB, UTO TIPUBOJIUT K MOBBIIIEHUO OOIIETO MEPH-
(bepuueckoro cocyaucroro conporusienus (OIICC)
KPOBOTOKY, [TPEIPACIIOJIATAET K APTEPUATBHON IUliep-
Tersun (Al) W yBeJMYEHUIO HATPy3KH Ha CEP/IIIE.
Kpowme ToTO, CKIIEPO3 KOPOHAPHBIX apTepuii BeleT K
MUCTPOUYECKIM M3MEHEHUSAM MUOKap/a M CHIKE-
HUIO (DYHKITMOHATBHBIX PE3EPBOB CEP/IIIA, a TAKIKE 110-
PAKEHUIO €ro MPOBOSIMIEN CHUCTEMBI, YTO MOMKET
CTaTh MPUYUHON HAPYIIEHUS COKPATUMOCTU MUOKAp-
Jla ¥ Pa3JIMYHbBIX PacCTPONCTB Cep/ieyHoro putMma. B
TAKUX YCJIOBUSIX MHTPAOTIEPAIIMOHHBIN CTPECC, HeCTa-

coronary artery bypass surgery, coronary artery
stenting, prosthetics of major vessels and heart
valves, resection of the various organs, thus also
making real challenges for an anesthesiologist in
selecting the optimal methods of anesthesia.
Therefore, when planning a successful anesthetic
support for an elderly patient, age-related physiolog-
ical characteristics, the existence and extent of com-
pensation of comorbidities and specifics of the
underlying CSA pathology should be taken into
account, as well as close perioperative monitoring of
their somatic status should be performed [16—18].

Features of the preoperative state of elderly
patients with CSA pathology. In order to perform a
proper anesthetic support in elderly patients, a num-
ber of features should be taken into account, namely,
age-related functional, metabolic and morphological
changes, which may be related to a substantial
decrease of reserves and adaptive capabilities of the
organism. It has been noted that after the age of 30,
the activity of physiological metabolic processes in
the body is reduced on average by 1% per year.
Therefore, by the age of 65—70, the basal metabolic
rate is approximately 60% of the normal value. At
that, the biotransformation processes in anesthetics
and other drugs, as well as excretion of their metab-
olism products will be impaired, thus leading to
undesirable clinical manifestations during anesthesia
and the surgery [16].

Changes in the cardiovascular and respiratory
systems should be considered the most significant
age-related features during anesthesia [7, 16, 18].

Blood vessels harden with age, thus leading to
an increase in total peripheral vascular resistance
(TPVR) predisposes to arterial hypertension (AH)
and increases the load on the heart. In addition, scle-
rosis of the coronary arteries leads to dystrophic
changes of myocardium and cardiac functional
reserves decrease, as well as affects its conduction
system, thus causing impairment of myocardial con-
tractility and various disorders of the heart rhythm.
In such circumstances, the intraoperative stress,
unstable hemodynamics, and blood loss can quickly
lead to disorders of normal coronary and cerebral
perfusion. It should be noted that decreased cardiac
output (CO) and peripheral blood circulation disor-
der specific for the elderly on background of the
above changes determine the hypersensitivity to the
cardiosuppressive effect of anesthetics and a disposi-
tion to unstable hemodynamics, and, furthermore,
contribute to the disruption of the body's saturation
with anesthetics and their excretion during the anes-
thesia recovery [16, 17].

Reduced lung capacity, increased residual vol-
ume, dead space, and pulmonary shunt associated
with the dystrophic processes in the lungs, age-relat-
ed sclerosis of alveoli and emphysema, increased
rigidity of the chest, and reduced elasticity of the
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OUITbHASI TEMOIMHAMUKA, KPOBOTIOTEPSI, MOTYT OBICTPO
MIPUBOJUTDL K PACCTPOMCTBAM HOPMAJIBHON KOpPOHAp-
HOII 1 iepebpasbroil iepdysuu. Heobxoaumo orme-
THUTb, YTO CBOICTBEHHbBIE, HAa (DOHE BBHIIIEOMCAHHBIX
U3MEHEHUT, MOKUIbIM GOJIBHBIM YMEHBIIEHUE Cep-
nearoro BeiGpoca (CB) u Hapyierue mepudeprdec-
KOrO KPOBOOOpAIeHus], 00yCJIOBIUBAIOT TIOBbIIIEH-
HYI0 4YBCTBUTEJIBHOCTh K KaPAUOIEIIPECCHBHOMY
JEHCTBIIO aHECTETUKOB U CKJIOHHOCTD K HECTaOMJIb-
HOIl TeMO/IMHAMUKE, & KPOMe TOTO, CIIOCOOCTBYIOT Ha-
PYIIEHUIO HACBIIICHUS OPraHU3Ma aHECTETUKAMU U UX
BbIBeJIEHUs TIPU BbIXO/Ie U3 HapKo3a [16, 17].

3 Bo3pacTHBIX U3MEHEHUN BIXaTeIbHOU CUC-
TeMbI HANOO0JIee 3HAYUMBIMU CJIE/IYET CIUTATH YMEHD-
NIeHNe JKU3HEHHOM eMKOCTH JIETKUX, yBeJNYeHNE OC-
TATOYHOTO O0OBEMa, MEPTBOTO MPOCTPAHCTBA U
JIETOYHOTO TITYHTA, KOTOPbIE CBI3aHBI ¢ TUCTPOduye-
CKUMH MTPOIECCAMU B JIETKHUX, BO3PACTHBIM CKJIEPO3H-
POBaHUEM aTbBEO U AM(DU3EMOI, TIOBBIIIICHUEM PH-
TUIHOCTU  TPYAHON  KJIETKHM U CHUKEHHEM
AJACTUYHOCTHU JIETOYHON TKaHW. DTU U3MEHEHUS Ha-
pymaoT 3(h(HEKTUBHBI ra3000MEH U MOTYT MPUBO-
JINTH K CHUKEHHUIO HACBHIIEHUS] TeMOTTIOOMHA KPOBU
KUCJIOPOJIOM, UTO CIIOCOOCTBYET OBICTPOMY HapacTa-
HUIO TUIIOKCUY TIPH MPOOJIEMaxX ¢ BEHTHUIISAIIUEN Jier-
KMX U TIOBBINIACT PUCK BO3HUKHOBEHUS HAPYIICHUS
KOPOHApHOU u 1epebpanbHoll okcurenaruu [19].
Kpowme toro, ¢ Bo3pactom ocaabiistercst hyHKIHS My -
KOIUJTMAPHOTO JMUTENNUS U HAPYTIACTCA JAPCHAKHASA
(hyHKIUS Tpaxen U OPOHXOB, YTO CO3/AET JOTIOJHI-
TEJIbHBIC YCJIOBUS /IS TUTIOBEHTHUIISAIINY, CHUKEHUS
ypoBHs pO, 1 osbienuio yposus pCO, kposu [17].

Takum 06pa3oM, BBIIEOTUCAHHBIE U3MEHEHUS,
Ha (hoHe CHMKEHHON (DYHKITMU KOPBI HAATIOYECYHU-
KOB y TIOKUJIBIX, JEJAI0T UX O0Jiee BOCIIPUUMYUBDI-
MU K CTPECCY, TIEPUONEPAIIMOHHBIM KOJIeOaHUsIM Te-
MOJIMHAMUKHY U Tutniokcnu [16, 20].

Kpome Toro, kpaiiHe BaXHBIM (DaKTOPOM TIpU
MJTAHUPOBAHUHU aHECTE3UOJIOTHYECKOTO TIOCOOUS 1M0-
KUIBIM OosibHBIM ¢ omyxosisimu XCO, cumrtaercst
MATOJIOTUYeCKOe UBMEHEHIEe OPTAHOB U CUCTEM, CBsI-
3aHHOE C TOPMOHAJbHON AaKTHBHOCTBIO OITyXoJiel
XCO 1 0cob6eHHOCTSIMEU UX POCcTa (THIIEPITPOLYKITHST
TOPMOHOB TUTIO(MU3a WK TUHIONUTYUTapu3m) [21].
TMox BAMSIHIEM TOPMOHAJIBHOTO [UcOANAHCa, MOTYT
BO3HUKATh META0OIMIECKUE U SHIOKPUHHbBIE U3Me-
HEHUs, KOTOPBIE CO BPEMEHEM Oy/AyT MPUBOIUTH K
KIMHUYECKW 3HAYUMbBIM COMATHYECKUM HaPYIICHU-
sIM, & B COBOKYITHOCTHU C UMEIOIIUMUCS Y MOKUIOTO
GOJIBHOTO BO3PACTHBIMU TTATOPUZUOTOTHIECKUMU
0COOEHHOCTSIMHU, TPUBEYT K 3HAUUTETHHOMY MOBbI-
[IEHUIO0 YYBCTBUTEIbHOCTU CEPIAEYHO-COCYAUCTOI
CUCTEMBI K KapAHOAeNPEeCCUBHOMY [IEHICTBUIO aHeC-
TETUKOB, TIEPUOTIEPAIIMIOHHOMY CTPECCY W TIOBBICAT
CTENEHD AHECTE3MOJIOTHUECKOTO prcKa. Haubosb-
IYIO OTTACHOCTD B 9TOM ACIIEKTE MPEJICTABJISET [JTH-
TeJbHAST TUIEPHPOAYKIUS PA3JIUYHBIX TOPMOHOB
runiopuza (comarorponHoro (CTT), anenokopTuxo-

lung parenchyma should be considered the most
important age-related changes in the respiratory sys-
tem. These changes affect the efficient gas exchange
and may lead to decreased hemoglobin saturation
with oxygen, thus contributing to a rapid increase of
hypoxia in the case of problems with lung ventilation
and increasing the risk of impairment of coronary
and cerebral oxygenation [21]. In addition, the func-
tion of mucociliary epithelium weakens with age and
the drainage function of the trachea and bronchi
impairs, thus creating additional conditions for
hypoventilation, reduced pO, level and increased
rCO, level [19].

Therefore, the above changes with underlying
impaired function of the adrenal cortex in the elder-
ly make them more susceptible to stress, periopera-
tive hemodynamic fluctuation, and hypoxia [16, 20].

In addition, pathological changes in organs and
systems associated with the hormonal activity of
CSA tumors and peculiarities of their growth (over-
production of pituitary hormones or hypopitu-
itarism) are considered a very important factor in
planning the anesthetic support of the elderly with
CSA tumors [21]. Under the influence of hormonal
imbalances, there may be metabolic and endocrine
changes eventually leading to clinically significant
somatic disorders. In combination with the age-
related pathophysiological features in an elderly
patient they will significantly enhance the sensitivi-
ty of the cardiovascular system to the cardiosuppres-
sive effect of anesthetics and perioperative stress and
increase the degree of the anesthetic risk. Prolonged
over-production of different pituitary hormones
(somatotropic (STH), adrenocorticotropic (ACTH),
thyroid-stimulating (TSH) and prolactin (PRL))
represents the greatest danger, because it can lead to
severe metabolic, endocrine and electrolyte changes
manifested itself primarily through impairment of
the cardiovascular system [3, 4, 22—32].

Insulin-resistant diabetes with the rapid devel-
opment of microangiopathies and macroangiopathies
[4] is typical (50% of patients) for the overproduc-
tion of STH in addition to the widely discussed
anatomical changes («difficult airway») [33]. There
was a clear correlation between diabetes, develop-
ment of cardiovascular complications, registered in
50% of such patients, and mortality [32, 34, 35]. In
addition, 25—50% of patients with chronic overpro-
duction of STH suffer from drug-resistant AH, and
50—70% of patients present pathological left ven-
tricular hypertrophy (IVH), that can significantly
impair the diastolic and systolic heart function
resulting in a decreased CO [4, 24, 32]. At the same
time, the prolonged overproduction of STH can lead
to the development of cardiomegaly, which together
with LVH, diabetic angiopathies, metabolic myocar-
dial disorders, and chronic tissue hypoxia may ulti-
mately lead to the development of cardiomyopathy
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tporioro (AKTT), tupeorponnoro (TTT) u mpo-
gaktuHa (ITPJI)), KoTOpas MoKeT MPUBOAUTH K IPy-
ObIM MeTabOJIMIECKUM, SHIOKPUHHBIM U 3JIEKTPO-
JINTHBIM U3MEHEHUSIM, TPOSIBJISIONINXCS B MEPBYIO
ouepe/ib HAapYIIEeHUSIMU JIEATEbHOCTH CEPAEYHO-CO-
CYIUCTOI cuctembl 3, 4, 22—32].

Jlist runiepripoaykiuu CTT, kpome HPOKO 00-
CYK/IAeMbIX AHATOMUYECKUX U3MEHEHUI («TPYIHBIX
JbIXaTeIbHBIX myTeit» ) [33], xapakTepro (50% 6oJib-
HBIX) HaJIWYUe WHCYJUHPE3UCTECHTHON (OpMBI ca-
XapHOro jauabera ¢ OBICTPHIM Pa3BUTHEM MUKPO- U
MakpoaHruonaTtuii [4]. OTMedeHa yeTKas KOppeJisi-
UsT MeXy HajudumeM guabera, Pa3BUTHEM Cep-
JIEYHO-COCYIUCTHIX OCJIOKHEHUH, BbISBIISIONIIXCS
y 50% Takux OOJIbHBIX, U JieTaJbHOCTBIO |32, 34,
35]. Kpome toro, 25—50% GOJBHBIX € XPOHUUEC-
koil runeprnpoaykiueit CTI cTpamaioT cI0XKHO
nojijlalolielicss MeluKkaMmeHTo3noi koppekiuu Al
ay 50—70% BbIgBJIsIETCS TATOJOTUYECKAS TUIIED-
tpodusa aesoro xeaynouka (I[JIJK), koropag mo-
JKET 3aMEeTHO HAPYIIATh [UACTOJIUIECKYIO I CUCTO-
audeckyio GYHKIIUU  CepAla, NOPUBOAI K
cumkenuio CB [4, 24, 32]. Taxkxe, niaurenbHast Th-
neprpoaykims CTI MoxkeT mpuBecTH K pa3BUTHIO
KapIuoMeraanu, Kotopas B coBokymHoctu ¢ [JIIK, mm-
A0ETUYECKUMU AHTHOTATHSIMHU, META0OJIMYECKUMU Ha-
PYIIEHUAMI MHUOKapa M XPOHUYECKOW TKAHEBOW TH-
MOKCUElN, MOJKET B UTOTe IMPUBECTU K PA3BUTHIO
kapauomuonatTi U Beipaskennoin XCH [4, 36—38].
Taxwue GoJibHbIe HanboJIee YyBCTBUTEIbHBI K KapAMNO/Ie-
IIPECCUBHOMY ZIEHCTBUIO aHECTETUKOB [ 24, 29, 32, 39].

Heob6xoaumo ormeTutb, 4to y 20% GOJBHBIX €
runiepripoaykimeit CTT pa3BuBatoTcsi BTOpUIHbBIEC Ha-
pyenvst GyHKINU HAIIOYEIHUKOB, CBSI3AHHbIE C T10-
CTEIIeHHBIM HCTOIIEHNEM UX KOPbI, YTO B UTOTe, Ha
(hone nmeronxcs BO3PACTHBIX U3MEHEHUH UX (PYHK-
I[IH, MOKET IPUBECTU K TUIIOKOPTUIM3MY,  TIPH BO3-
HUKHOBEHUU UHTPAOIIEPAIIMOHHOTO CTPECCa, K MHTPA-
WX TIOCTIEOTIEPAITMOHHON OCTPON HAIIIOUYCTHUKOBOMN
HenocrarouHoctr (OHH) ¢ BbIpaskeHHBIMU HapyTIie-
HUSMU TeMOJAMHAMUKU. ITOT (haKT SABJILIETCS TIOKA3a-
HUEM JIJIs1 00513aTEIbHOTO TIEPUOTIEPAIIMOHHOTO TIPH-
MeHEHUs KOPTUKocTeponsos [4, 29, 40].

Kpome TOTO, ¥ OOJIBHBIX € THIIEPIPOLYKIHEN
CTT npoucxoiT naToJIOTndecKrie U3MeHeHUs B JieT-
KuX (CKJIepo3 asbBeot, (hubpo3 GPOHXHOI, yBede-
HUEe MePTBOrO MPOCTPAHCTBA U JIETOYHOTO IIMYHTA),
PUBOJSIINE K CHIKEHUIO 3(hGhEKTUBHOTO ra3000-
MeHa, XPOHUYECKOU TUIIOKCEMUHU, TUIEPKAITHIH,
XPOHUYECKOH Jierounoil runeprensun u XCH, uro
MOJKET YCyTyOsIsITh UMEIOIHeCs BO3PACTHDBIE HApy-
IIeHKs ra3000MeHa U JieslaeT TakuX OOJIbHbBIX KpaliHe
YYBCTBUTEJIbHBIMU K ruokcun [41—43].

st 85% Gosbabix ¢ runepcekperueit AKTT
XapaKTepHO Pa3BUTHE PE3UCTEHTHOW K MEIMKaMeH-
To3HOU Tepanmuu Al co CTOWKMM MOBBIIIEHUEM
OIICC, B ocHOBe KOTOPOI1 JiexKaT yBeJTMUECHUE YPOB-
HST 9HIOTEHHBIX KOPTUKOCTEPOUIOB, TUIIEPCEKPEITUST

and severe CHF [4, 36—38]. Such patients are most
sensitive to the cardiosuppressive effect of anesthet-
ics [24, 29, 32, 39].

It should be noted that 20% of patients with
overproduction of STH develop secondary adrenal
dysfunction, associated with the gradual depletion of
their cortex, thus resulting in hyperadrenocorticism
with underlying age-related changes in the adrenal
function; and in the case of intraoperative stress,
they may result in intra- or postoperative acute
adrenal insufficiency (AAT) with acute hemodynam-
ic disorders. This fact is an indication for a mandato-
ry perioperative use of corticosteroids [4, 29, 40].

In addition, in patients with overproduction of
STH there are pathological changes in the lungs
(sclerosis of alveoli, fibrosis of bronchioles, increased
dead space and pulmonary shunt), resulting in a
lower effective gas exchange, chronic hypoxemia,
hypercapnia, chronic pulmonary hypertension and
CHF, that can worsen existing age-related gas
exchange disorders and make such patients extreme-
ly sensitive to hypoxia [41—43].

The development of a drug-resistant AH
with a persistent increase of TPVR due to
increased levels of endogenous corticosteroids,
aldosterone, and angiotensin hypersecretion is
typical for 85% of patients with ACTH hyper-
secretion [4, 24, 32, 44—47]. 60% of patients with
overproduction of ACTH presented the insulin-
resistant diabetes mellitus leading to the rapid
development of diabetic angiopathy with underly-
ing metabolic disorders. [4]. In addition, there is
an important factor in raising the anesthesiologi-
cal risk in patients with overproduction of ACTH,
namely, morbid obesity and pathological changes
in the lungs, which can cause the development of
acute respiratory and cardiovascular complica-
tions on the background of reduced tolerance to
hypoxia in the elderly prone to rapid physical
exhaustion [24, 29, 32, 48, 49].

Symptoms of hyperthyroidism of various
degrees of severity whose main manifestations are also
associated with pathological changes in the cardiovas-
cular system (diffuse myocardial dystrophic changes,
persistent sinus tachycardia, AH, atrial fibrillation,
CHF) are usually typical for TSH overproduction. In
addition, the TSH overproduction is characterized by
a tendency to invasive growth and large dimensions,
which are often associated with late or incorrect diag-
nosis and can cause blood loss, and in conjunction
with age-related impairments in the oxygen transport
function and cardiovascular pathology leads to
increased anesthesiological risk [4, 29, 32].

Overproduction of PRL (hyperprolactinemia)
itself does not cause somatic disorders significant for
anesthesia [50], but it should be noted that there is a
negative impact of prolonged conservative therapy
used to reduce the level of PRL in the blood. The
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aJbIOCTEPHA U aHTHOTeH3UHA [4, 24, 32, 44—47]. Y
60% 6osbHbIxX ¢ runeppoaykiueit AKTT ormeueHo
HaJMYKie WHCYJUHPE3UCTHEHTHOTO CaXxapHOTO JHa-
Geta, TIPUBOJIAIIETO, HA (DOHE METAOOTMUECKUX HAPY-
MIEeHWH, K OBICTPOMY Pa3BUTUIO [HMAOETHUECKUX aH-
ruomatuii  [4]. Kpome TOTrO, HEMaJOBAKHBIM
(bakTOpOM, MOBBIIAIOIINM AHECTE3MOJIOTHYECKUI
puck y 60sbHbBIX ¢ Tuneprnpoaykinueit AKTT, siBisier-
Cs TMATOJIOTUYECKOE OKUPEHWE U IaTOJIOTHYECKHe
M3MEHEHUS B JIETKUX, KOTOPbIEe Ha (hOHE CHUIKEHHOM
TOJIEPAHTHOCTU K TUIIOKCUU Y MOKUJIBIX, CKIOHHBIX
K OBICTPOMY (DU3MUECKOMY MCTOIEHUIO, MOTYT CTaTh
MPUYUHON Pa3BUTHUSA OCTPBIX PECITMPATOPHBIX U CEP-
JIEYHO-COCYIUCTBIX OCJIOXKHeHUM [24, 29, 32, 48, 49].

[ns runepnpoaykin TTT, kak mpasuso, xa-
PaKTEpHBI PA3JIMYHON CTETIEHU BBIPAKCHHOCTH CUMII-
TOMBI THTIEPTUPE03a, OCHOBHBIE MTPOSIBJICHIS KOTOPO-
TO TaKyKe CBSA3aHBI C TIATOJIOTHYECKIMH U3MEHEHUAMU
cepieaHO-cocyiucTol cucteMbl (g dysHbie auc-
TpoduvyecKkre M3MEHEHUS MUOKAP/Ia, TOCTOSIHHAS CH-
HycoBas Ttaxukapzaud, Al, MepuaresbHas apuTMu,
passutue XCH). Takke, 17151 THPEOTPOTIMHOM Xapak-
TepHa CKJIOHHOCTb K MHBAa3UBHOMY POCTY U KPYITHbIE
pasMepbl, YTO YaCTO CBSI3AHHO C MO3/IHEH WK HeTpa-
BUJIBHOM UArHOCTUKOU W MOKET CTaThb IIPUYUHOU
KPOBOIIOTEPH, & B COBOKYITHOCTH C BO3PACTHBIMU Ha-
PYIIEHUAMU KUCJIOPOATPAHCIOPTHON (DYHKIMU U
CepJIeYHO-COCY/TNCTON TaTOJIOTHEH, TPUBECTH K I10-
BBITIICHUIO AaHECTE3MOJIOTUIECKOTO pucka [4, 29, 32].

Tunepnponyknust [IPJI (TumeprposiakTuHe-
MIsT) caMa TIo cebe He BBI3bIBAeT 3HAUYNMBbIE JIJIST aHe-
cTe3un comarudeckue Hapyirenus |50], Ho cTouT oT-
METUTb OTPUIATEJbHOE BO3ACUCTBUE JIUTETHLHON
KOHCEpPBATUBHOM Teparuu, MpUMeHsIeMOU JIJIs1 CHU-
skeHust yposHst [IPJI B kposu. IIpoposkurenbHoe
MCIMOJIb30BAHUE BBICOKHMX JI03 AarOHUCTOB I0(haMiHa,
MOKET TPUBECTH K PA3BUTUIO BAJIBBYJIONATUN U
ctath puunHoii cumkenus CB u passutuss XCH.
Kpowme toro, k o6imum addekram mpernapaTosB 3Toi
TPYIIIIBI OTHOCUTCST TOITHOTA W PBOTA, KOTOPbIE MO-
TyT OBITH YCUJIEHBI KOMIIOHEHTAMU 001N aHeCTe3un
U 0COOGEHHOCTSIME TPaHCCHEHOAUATLHON Oeparum
(3aTekaHune KPOBU B JKEJIYIOK, IUKBOPES, THEBMOIIE-
danus, cumxenne BU/) [32, 51].

Yro KacaeTcs TOPMOHATBbHO-HEAKTUBHBIX OITY-
X0JIeii, TO 0ObIYHO, OHM BBIPACTAIOT OECCUMIITOMHO
JI0 GOJIBIINX ¥ TUTAHTCKUX Pa3MEPOB U CO BpEMEHEM
IpOSIBJISIIOT cebst MaceahHeKToM, CIaBIMBast THITO-
(bus u gBAAACH IPUYMHOI PAa3BUTUSA TUTIONTUTYUTAP-
HBIX HapytieHnil [4]. Takue G6oJibHbIE 0COOEHHO Uy B-
CTBUTEJIBHBI K KapauojernpeccuBHoMy addekrTy
AQHECTEeTUKOB C BO3HMKHOBEHHEM CTOWKOH IJI0XO-
KOPPEKTUPYEMOI apTepruasbHON TUIIOTEH3UN U BbI-
paskeHHOU Opagukapaun. [103TOMY HaJUYUe THIO-
MUTYUTAPU3MA ABJISACTCSA 00s13aTETHHBIM
MOKa3aHUEeM K TIepUOTICPAIMOHHOMY TPUMEHEHUIO
KOPTUKOCTEPOUJIOB /LI TIPEIOTBPAIICHUS PA3BUTHSA
cumritomoB OHH [26, 29, 32, 40]. Kpowme Toro, na-

prolonged use of high doses of dopamine agonists can
lead to the development of valvulopathies and cause
a reduction of CO and the development of CHF. In
addition, general effects of this group of drugs
include nausea and vomiting, which may be wors-
ened by the components of general anesthesia and
features of the transsphenoidal surgeries (blood
flowing in the stomach, liquorrhea, pneumocephalus,
decreased ICP) [32, 51].

As for hormonally inactive tumors, they are usu-
ally asymptomatic, they become big and giant and
eventually manifest themselves through the mass
effect compressing the pituitary gland and causing
the development of pituitary disorders [4]. Such
patients are especially sensitive to the cardiosuppres-
sive effect of anesthetics with the development of a
drug-resistant arterial hypotension and severe brady-
cardia. Therefore, hypopituitarism is a mandatory
indication for perioperative use of corticosteroids to
prevent the development of symptoms of AAT [26, 29,
32, 40]. In addition, the presence of a large or giant
CSA tumor is a risk factor for the development of a
massive intraoperative blood loss due to its proximity
to the cavernous sinus and carotid arteries, as well as
the development of postoperative liquorrhea and
pneumocephalus, [1, 3, 4, 24, 29, 32].

Variants of the anesthetic support. Taking
into account the above changes in the age-related
somatic status and the CSA tumor specificity partic-
ular attention should be paid to the development and
introduction of sparing anesthesia techniques during
endoscopic transsphenoidal surgeries. At present, a
sufficiently wide range of modern highly controllable
inhalation and intravenous anesthetics, as well as
combined and complex treatment methods of anes-
thesia may be used for this purpose. In this case, in
addition to the lack of anesthetic adverse effects on
the central nervous system, the basic criteria for
selection of optimal methods of anesthesia include:
maintenance of stable hemodynamics and reduced
pharmacological load, fast and adequate recovery,
and comfortable nearest postoperative period should
be provided with maximum effectiveness and stress-
protection [25, 29, 32, 52—60].

It should be noted that most patients operated
for CSA tumors using EETA do not have disorders of
cerebrospinal fluid dynamics and increased ICP,
making the use of inhalation anesthetics such as
sevoflurane and isoflurane acceptable [61]. However,
in such surgeries, there is a need for intraoperative
reduction of ICP for smoothing of tumor capsules
(especially using non-invasive techniques for this
purpose) for its more effective removal [1, 62].
Therefore, the effect of an anesthetic on the cerebral
circulation is still an important issue, because its
enhancement leads to an undesirable increase of ICP,
and cerebral vasodilators which include modern
anesthetics, such as isoflurane and sevoflurane can
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Jimane GOJIBIION nirk turanTckoit omyxosu XCO siB-
sgercs (HakTOpoM pucKa pa3BUTHUS MAaCCUBHOI ore-
PallMOHHON KPOBOIIOTEPHU M3-32 HEIIOCPE/ICTBEHHOM
ee GJIM30CTH K KABEPHO3ZHOMY CUHYCY ¥ COHHBIM ap-
TEepUAM, a TaKKe PA3BUTHUSA TIOCJIEOTEePAIMOHHOM
JuKBopeun u nuesmotiedanuu [1, 3, 4, 24, 29, 32].

BapuaHTbl aHeCTe3U0JI0THYECKOTO obecneye-
HUSA. YUUTBHIBAsl TIPEJICTABJICHHBIC BBIIIE N3MEHEHUS
COMATUYECKOTO CTATyCa, CBA3aHHBIE C BO3PACTOM U
cueruduroii onyxosneit XCO, ocoboe BHUMaHUE
[IPY TIPOBENICHU N TPaHCChEHONTATHHON 9HIOCKOIIH-
YEeCKOU Omeparuu CJIeayeT YAeIsaTh pa3paboTke u
BHEJIPEHUIO MAAAIINX METOJNK aHecTe3nn. B Hacto-
d1iee BpeMs C 9TOH 11eJIbI0 BO3MOKHO TIPUMEHCHME
JIOCTATOYHO MIMPOKOTO /INATIA30HA COBPEMEHHDBIX BbI-
COKOYTIPABJIIEMbIX WHTATSAIMOHHBIX U BHYTPUBCH-
HBIX aHECTETUKOB, & TAKKe, KOMOMHUPOBAHHBIX U CO-
YeTaHHBIX METONUK aHecTe3uu. B jaHHOM ciydae
OCHOBHBIMU KPUTEPUSIMHU BBIGOPA ONITUMAIHHON Me-
TOMUKHU aHECTE3UN, KPOME OTCYTCTBUS OTPUIIATEIb-
Horo BausgHug anecretuka Ha IIHC, cranoBarces: He-
006XOIUMOCTD TIPU MAaKCUMAIBHOM 3(h(heKTUBHOCTH
U CTPECCIPOTEKTUBHOCTH 00ECIIEYUTD MOIEPKAHTIE
cTabUIbHOW TEMOJAMHAMUKY U CHIKEHUE (hapMako-
JIOTUYECKON HATrpy3Ku, OBICTPOE W aJ[EKBATHOE IMPO-
Oyskerre, KOMMOPTHBII OGJMsKaliimii mocieomnepa-
IIMOHHBIN Tepuo [25, 29, 32, 55—60].

HeobxoaumMo OTMETUTH, 4TO OOJBIIMHCTBO
GOJILHBIX, OIIEPUPYEMbIX TI0 TT0BOy omyxoseii XCO
IDIT/I, He UMEIOT HAPYIICHUI TUKBOPOJAUHAMUKY U
noBblmenust BUY/I, uto fesraer npuemieMbIM IprMe-
HEHUE TaKUX WHTAJIAINMOHHBIX aHECTETUKOB, KaK ce-
Bodutiopan u n3oduriopan [61]. Oxrako, Tpu Mpose-
JIEHUH TaKUX OIEPaIuil CyHecTByeT MOTpeGHOCTD
WHTpaolnepannonHoro cHuxkenus BY/l nua pac-
MPABJIEHUST KAICYJIbl OMyXoJu (0COGEHHO MpU HC-
MOJIB30BAHUU JIJII 9TOTO HEMHBA3UBHBIX METOJUK)
st 6osiee saddextuBHOTO ee yaaienus |1, 62]. Tlo-
3TOMY, BIUSHUE aHECTETUKA HA MO3TOBOI KPOBOTOK
— 3TO BCe Ke BaKHEHIINH MOMEHT, TaK KakK ero yBe-
JIUYeHue BelleT K HeXeJIaTeJTbHOMY ITOBBIIEHUIO
BY/I, a niepebpasibHble Ba30AMIATATOPBI, K KOTOPBIM
OTHOCSITCSI COBPEMEHHDBIE UHTAJIAIIMOHHbIC AHECTETH-
KW, Tak#e Kak n3oduropad u ceBohJIiopan, B TON Win
WHOI CTENEHU MOTYT CII0COOCTBOBATH 3TOMY |57, 63,
64]. Cremyer oTMETUTB, YTO B HEKOTOPOU CTEIEHH,
TaKOW OTPUIATETbHBIN A(PhEKT MHTANAIUOHHBIX
AHECTETUKOB Ha MHTPAKPAHUAJIBHYIO CUCTEMY MOJXK-
HO CHU3UTD C MTOMOIIBIO YMEPEHHOW TUTIEPBEHTHIIS-
UM, KOTOPas BbI3bIBAs TUIOKAITHWIO, TPUBOIUT K
CHIXEHUIO MO3TOBOTO KpoBoToka u BU/I, HO He Bce-
raa paet croiikuit apdext [65]. Takxe, ux npumene-
HUE BO3MOXKHO B KOMOWHAIMH C YCTAHOBJIEHHBIM
JUIsT  YTPABJEHUS BHYTPUUYEPENHBIMU 00beMaMu
JoMbanbHbIM peHakoM [ 1, 61, 66].

HauboJiee BaXKHBIM MOJIOKUTENIbHBIM CBOHCT-
BOM ceBodopana ¥ u30(JIiopana, JeaaonM ux
MPUEMJIEMBIMU JIJIsT TTPOBEIEHUS OIEPalldii 10 yia-

contribute to this [57, 63, 64]. It should be noted
that to some extent such negative effects of inhala-
tion anesthetics on the intracranial system can be
reduced by using moderate hyperventilation, which
leads to decreased in cerebral circulation and ICP,
causing hypocapnia, but it does not always provide a
stable effect [65]. At the same time, their use in com-
bination with lumbar drainage specified for manage-
ment of intracranial volumes is possible [1, 61, 66].

The most important positive property of
sevoflurane and isoflurane making them acceptable
for surgical removal of CSA tumors using EETA is
the ability to provide a highly controllable anesthe-
sia, which helps reduce the pharmacological load on
an elderly patient, thus contributing to maintenance
of stable hemodynamics and rapid anesthesia recov-
ery, as well as results in reduction of expenses of the
clinic [61]. In addition, there is evidence that mod-
ern inhalation anesthetics have cardioprotective
properties by modifying the oxygen balance in the
myocardium in the form of its enhanced delivery and
reduced oxygen requirement. In animal experiments,
cardioprotective properties of sevoflurane were reg-
istered; they manifested themselves through a signif-
icant increase in the phospho-GSK-3p level [67].

As for negative properties, inhalation anesthet-
ics are characterized by a dose-dependent decrease in
myocardial contractility, which is typical for
halothane, to a lesser degree; whereas modern drugs
such as isoflurane and sevoflurane affect the
myocardium and CO in a much lesser degree, acting
mainly in a dose-dependent manner on the TPVR
and slightly reducing it (by 15—22%), and it is not
accompanied by a clinically significant BP drop due
to a stable CO. In addition, the lack of an arrhyth-
mogenic effect which is typical for halothane was
reported for sevoflurane, primarily because it signifi-
cantly weaker sensitized the myocardium to endoge-
nous catecholamine [32, 61].

Xenon may be particularly identified among
today's inhalation anesthetics, which is a powerful
hypnotic and surpasses all other inhalation anesthet-
ics combining their best properties, namely, excellent
controllability and lack of adverse effects on hemody-
namics (does not change the average BP, has no effect
on the TPVR, does not impair the irritability and
contractility of myocardium, supports stable CPP
and is not a cardiosuppressor) [68, 69]. Bradycardia
with an increased stroke volume, left ventricle func-
tioning and CO was observed during the xenon anes-
thesia [70, 71]. Tt should be noted that xenon anes-
thesia reduced the cardiosuppressive effect of
intravenous hypnotics and fentanyl, thereby, produc-
ing a beneficial effect on the myocardium, which is
especially important for patients with CAD and AH
[72]. Taking into account the above positive aspects,
we can conclude that xenon is indicated for patients
with dilated cardiomyopathy, severe CO and reduced
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senuto oryxoan XCO 2DIT/, aBisgercs BO3MOXK-
HOCTb 00ECIEYNTh BHICOKOYITPABJISIEMYI0 AHECTE3UIO,
KOTOpast TI03BOJISIET CHU3UTDH (DAPMAKOJIOTUIECKYTO
HArpy3Ky Ha MOKUJIOT0 GOJLHOTO, TEM CAMBIM CITO-
coOCTBYS TOAJIEPKAHUIO CTaOUIBHON TeMOAMHAMMK-
KU U OBICTPOMY TIPOOYIKAECHHIO TIOCJIE TTPEKPAIIIEHIIST
[O/IAYM AHECTETUKA, & TAKIKE BEJIET K CHIZKEHUIO DKO-
HOMHWYeCKUX 3aTpar kjaumHuku [61]. Kpome Toro,
UMEIOTCST JIAHHbIE, YTO COBPEMEHHbIE WHTAJISIIMOH-
HBIE aHECTETUKU 0OJAAI0T KapAeOmPOTEKTHBHBIMU
CBOICTBaMM, U3MeHsIs1 GalaHC KUCTIOPO/ia B MUOKap-
JIe B CTOPOHY IOBBIIIEHIIST €70 [OCTABKU 1 CHUKEHUSI
noTpeOHOCTH B HeM. B aKcIiepruMeHTax Ha JKHBOTHBIX
OTMeUYeHbI KapAuOIPOTEKTUBHbBIE CBOICTBA CeBO(h-
JIIOPAHa, BBIPAJKAIONINECST B 3HAYUTETHHOM TIOBBIIIIE-
uun yposus docho-I'CK-34 [67].

W3 oTpuiiaTesbHBIX CBOUCTB 71 WHTAMISIIUOH-
HBIX AaHECTETUKOB XaPAaKTEPHO [[0303aBUCUMOE CHHU-
JKEHUE COKPATUMOCTU MUOKapP/Ia, B HAanOOoIbIedt cre-
[eHN XapakTepHoe /I TajJoTaHa, TOrja Kak
COBpeMeHHbIE TIPENaparhl, Takue Kak u3odJaypaH u
ceBodIrypaH, B 3HAUUTENILHO MEHBINEN CTEIeHN BJIH-
saioT Ha mMuokapa u CB, nelicTByst /10303aBUCUMO
npenmytiectTBeHHO Ha OIICC, He3HAYUTENbHO CHU-
skast ero (Ha 15—22%), 4To He COMPOBOXKAAETCS KJIU-
HUYECKU 3HAUNMbIM majienneM AJl 3a cuer cTabuib-
noro CB. Kpome Toro, y ceBodypana oTmeueHO
OTCYTCTBHE apUTMOTEeHHOTO ah(heKTa, CBOICTBEHHO-
r0O rajoTaHy, B MEPBYIO O4Yepelb MMOTOMY, YTO OH B
3HAYUTEJLHO MEHbIIEH CTENeHN CEHCUOUIU3UPYeET
MUOKap/l K 9HIOTEHHBIM KaTexosaMmuuam [32, 61].

Oco00, cpein COBPEMEHHBIX MHTAJISIIIUOHHBIX
AHEeCTETUKOB MOKHO BbIIEJIUTh KCEHOH, KOTOPDI sIB-
JISISICh MOTITHBIM TUITHOTUKOM, ITPEBOCXOIUT TI0 3TOMY
KayeCTBY BCE OCTAJIbHbIE MHTAJISIIIUOHHbIE AHECTETH-
KW, couerast B cebe HAMIYUIIie X CBOUCTBA, a UMEH-
HO, BBICOKYIO YIIPABJISIEMOCTh U OTCYTCTBUE OTPHUILA-
TEJIbHOTO BJIMSIHIE HA TEMOIUHAMUKY (HEe U3MEHseT
cpeanee A/l, ne Biuger na OIICC, He HapymaeT Bo3-
OyIUMOCTD U COKPATUMOCTDh MUOKAP/Ia, MTOJ/IEP/KUBA-
et crabuibHoe IITT/T, He aBJIsieTcst KapAUOIepeccaH-
ToM) [68, 69]. B TeueHme KCeHOHOBOI aHecTe3UU
HabJonaeTcst GpajuKapAns ¢ MOBbIILIEHUEM YIapHO-
ro o6bema, pabothl JieBoro keypouka u CB [70, 71].
Cuieryer OTMETHUTD, YTO KCEHOHOBAsST AHECTE3UsT CHU-
JKaeT Kap/Ino/IelIPeCCUBHOE JIEVCTBIE BHYTPUBEHHbIX
TUITHOTUKOB U (DeHTAHIIIA, TEM CAMbIM, IIPU BKJIIOYE-
HUM ee B KOMOUHAIIUIO ¢ HUMU, OKa3bIBaeT OJIarompu-
SITHOE JIEWCTBUE HA MHUOKapJl, YTO OCOOEHHO BaKHO
st 6osbHbIx ¢ UBC u AT [72]. YuuTsiBast Bce Bbilie-
[ePeYnCIeHHbIE TTO0JOKUTEIbHbIE MOMEHTBI, MOYKHO
ClIeJIaTh BBIBOJI, YTO KCEHOH TTOKA3aH K [IPUMEHEHUTO
y OOJIbHBIX € AWUJIATAlMOHHON KapAnOMUOIATHENH,
BoipaxkenHol XCH u camkennpim CB [68, 73]. Tak-
JKe, KCEHOH 00eCIIeYrBaeT OueHb ObICTPOE TPOOYIKIE-
HUe, KOTOPOE He 3aBUCUT OT IPOAOJLKUTETbHOCTH
AHeCTe3nu, M OBICTPOE BOCCTAHOBJICHUE CO3HAHISI
GOJIBHOTO, KOTOPBIE MPEBOCXOJST MO0 BPEMEHHU HE

CO [68, 73]. In addition, xenon provides a very fast
anesthesia recovery which does not depend on the
duration of anesthesia and rapid recovery of patient's
consciousness, which surpass the effect of not only
isoflurane and sevoflurane , but also propofol [74]. In
addition, xenon does not cause PONV. Besides, being
an NMDA receptors blocker, xenon has a pronounced
neuroprotective effect [64, 68, 75—77].

It should be noted that xenon has an ability to
penetrate into air-containing cavities in extremely
small quantities and increase their volume (by no
more than 2% from the baseline) that has no clinical
relevance and does not increase the risk of venous air
embolism (VAE) and tension pneumocephalus when
compared, for example, to nitrous oxide, which is
currently considered product going out of use in
neuroanesthesiology [55, 68, 78—83].

As for propofol, this drug occupies a dominant
position nowadays in neurosurgery, including
transsphenoidal surgery, due to its positive effects on
the intracranial system and good controllability [54].
Being a cerebral vasoconstrictor, propofol reduces
the cerebral circulation regardless of the BP level,
suppresses the cerebral metabolism and reduces the
ICP [84, 63]. It has a short elimination half-life, thus
permitting to get a quick anesthesia recovery, an
early restoration of adequate levels of consciousness
and the possibility of an early neurological assess-
ment [85, 86]. The most important negative feature
of propofol for the elderly patient is its ability to
cause significant cardiosuppression comparable with
barbiturates. In addition, regardless of the presence
of a cardiovascular comorbidity, a significant
decrease of BP, CO, TPVR and left ventricle func-
tioning is observed on propofol. Due to its vagotrop-
ic effect, propofol can cause persistent bradycardia,
prevention and correction of which using atropine
may not always be effective [68]. During induction
of anesthesia, propofol causes vasodilation and,
moreover, it suppresses a protective baroreflex in
response to hypotension, which is especially impor-
tant for elderly patients who have somatic comor-
bidities or clinical manifestations of hormonal imbal-
ance and who undergo endoscopic transsphenoidal
surgeries, when patient's position should be con-
stantly changed from semisitting to sitting [54].

Dexmedetomidine-containing anesthesia is
considered one of promising methods of anesthesia
for surgical removal of CSA tumors via EETA;
dexmedetomidine belongs to a group of central a2-
adrenomimetics, and its effects are associated with
stimulation of a2-adrenoceptors located near the
locus coeruleus in the brainstem [87—89].

The use of dexmedetomidine leads to a decrease
in cerebral circulation, ICP, brain oxygen consump-
tion, and to increased CPP [90]. There is evidence that
it can relieve the effects of cerebral ischemia [91,92]. In
addition, the ability of dexmedetomidine to potentate
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TOJIbKO u30opan u ceBodopan, HO 1 TTPOTTIOMOT
[74]. Kpome Toro, uto KceHoH He Bbi3biBacT [TOTP.
Taxoke, siBstsich 610katopom NMDA — petientopos,
KCEHOH 00JIa/laeT BBIPAKEHHBIM HEWPOIPOTEKTUB-
HBIM adherTom |64, 68, 75—77].

Ciieryer OTMETUTD, YTO KCEHOH O0JIa/IaeT CIio-
COOHOCTBIO B KpaliHe HE3HAUUTEIBHBIX KOJIMIECTBAX
MIPOHUKATD B BO3/LyXOCO/IEPKAIINE TIOJIOCTH U YBEJIH-
qrBaTh UX 00beM (He Gosiee 2% OT UCXOHOTO), 4TO He
HeceT KJIMHUYECKOH 3HAYMMOCTU U He YBEJIUYUBACT
CTelleHb PUCKa Pa3BUTUS BEHO3HOUM BO3/YITHON M-
6osinu (BBD) u HatpsizKeHHOI TTHEBMOTIEe(haTnu TpU
CPaBHEHUH, HAIPUMEP, C 3aKUCBIO a30Ta, KOTOpas B
HACTOSIIIIMI MOMEHT CUMTAETCS «YXOAAIIUM> TIpera-
paToM B HelipoaHecTe3nooruu [55, 68, 78—83].

Yo xacaercs mporodoia, To 3TOT mperapar Ha
CETOIHATIHUN JICHb, YYUTBIBAS €TO TOJOKUTETbHbIE
aderThl HA WHTPAKPAHUATBHYIO CUCTEMY U XOPO-
NIyl0 yIpaBJgeMOCTb, 3aHUMAET OMUHUPYIOIIee
MOJIO)KEHNE B HEHPOXUPYPrUHU, B TOM UUCJIE U B
tpaucchenounanpuoit [54]. Ilpomodor, sBissgch
1epedpabHBIM Ba30KOHCTPUKTOPOM, CHIKAET MO3-
TOBOIl KPOBOTOK HE3aBUCUMO OT ypoBHS A/l, yrae-
TaeT MeTabO0IM3M FOJIOBHOTO MO3ra 1 cHuzkaeT BY/|
[63, 84]. IMed KOPOTKUII TIepUO/L IOy BBIBE/ICHMUS,
OH MO3BOJIET MOJYYUTH OBICTPOE MPOOYIKIeHUE
GOJIBHOTO, PaHHEE BOCCTAHOBJIEHHE aJeKBATHOTO
YPOBHSI CO3HAHUS U BO3MOYKHOCTH PAHHEl HeBPO-
JoTudyecKoit onenku [85, 86]. Baskuennum ast mo-
JKUITOTO OOJIBHOTO OTPUIIATETHLHBIM CBOHCTBOM MPO-
nodosia SIBISIETCS €ro CIOCOOHOCTH BbBI3BIBATH
3HAUUTEJBHYIO KaPAUOJEIIPECCUIO, COTTOCTABUMYIO C
TaKOBOI1 /st GapObuTypaToB. Kpome TOro, He3aBUucCumMo
OT HaJIWYUSI COIYTCTBYIOIIEH Cep/eqyHO-COCyINCTON
MaToJIOTHH, Ha (hOHE BBEZECHUS TIPOIIOdoJia TIPOUCX0-
qut 3Haunrtenbioe cumkenue AJl, CB, OIICC u pa-
60TbI JieBoro skenaymodka. ObGsazast BaroTpOIIHLIM
nelicTBIEM, TTPOTIO(OJ MOKET BBI3BATH CTOMKYIO Gpa-
JIMKAPIUIO, TIPOPIIIAKTUKA 1 KOPPEKIINST KOTOPOU C I10-
MOIIBIO ATPOIKHA He BCer/ia MOKET ObITh 3(hheKTHBHA
[68]. Bo Bpemst mHIyKIINM aHecTe3un, POIodor Bbl-
3bIBAaeT BA30AWJIATAIMIO U, OOJiee TOTO, YTHETAeT 3a-
IIUTHBIA OapopedieKe B OTBET HA TUIOTEH3HIO, YTO
0COOEHHO BaYKHO IS TIOKUJIBIX OOJIbHBIX, UMEIOLIUX
COIYTCTBYIOIIE COMATUUECKIE HAPYIIIEHNST, IO T10-
TEHIIUPYET KIMHUYECKUE TTPOSIBJICHUS TOPMOHATIBHOTO
Jmchajiaica y OlepUpPyeMbIX SHIOCKOITHUYECKUM TPHAC-
ceHOUIATBHBIM JIOCTYIIOM, [TPU KOTOPOM HEOOXO0/I1-
MO HEOJIHOKPATHO U3MEHSITD MOJIOKeHHEe OOIBHOTO OT
TOJIYCUJIST JI0 CUISTIETO [S4].

OmHOlt U3 TEePCIEeKTUBHBIX METOANK aHECTe3Nn
npu mpoBefeHny yaanerus omyxomun XCO IIT/]
MOZKHO CUYMTATh AaHECTE3UIO C BKIIOUCHUEM B €€ CXEMY
JIEKCMEIETOMUINHA, KOTOPBI OTHOCHUTCSI K TPYIITIe
[EHTPATBHBIX @ 2-a[PECHOMIUMETUKOB, a er0 3((eKThI
CBSI3aHBI CO CTUMYJISIIIEN «a2-a/[peHOPeIeNTOPOB,
PACIIONIOKEHHBIX B 00JIaCTH TOJYOOTO MSTHA CTBOJIA

moara [87—89].

the effect of regional anesthesia was registered [93].
The effect of dexmedetomidine on the hemodynamics
depends on the rate of its introduction, and is associat-
ed with either central or peripheral adrenomimetic
effect [87, 94]. For example, its gradual infusion in
therapeutic doses results in suppression of the central
activity of the sympathetic system causing a slight
(10—15%) BP drop without affecting the TPVR, as
well as dose-dependent bradycardia, which usually
does not reach clinically relevant values [90, 95—97].
Such effects can be considered hemodynamic stabiliza-
tion and cardioprotection, given that the perioperative
stress and related tachycardia and AH may pose a high
risk for elderly patients. On the contrary, in the case of
precipitous increase in the dexmedetomidine concen-
tration, AH may develop due to the influence of the
drug primarily on peripheral adrenergic receptors in
the blood vessels [99]. Tt should be noted that even an
adequate administration rate and usual therapeutic
doses of dexmedetomidine may cause AH in the elder-
ly, because of the impairment of the regulatory influ-
ence mechanism of the CNS on the sympathetic ner-
vous system [93].

According to different authors, combined tech-
niques of general and local anesthesia are considered
promising for controllability and reduction of the
pharmacological load [52, 54, 100—105]. It is
believed that such combined anesthesia provides an
effective neurovegetative protection on the back-
ground of reduced consumption of drugs (general
anesthetic, opiates, hypotensive drugs) [56]. In
transsphenoidal endoscopic surgeries, the regional
anesthesia of the pterygopalatine fossa (blockade of
the 20d and partially the 1st branch of trigeminal
nerve) carried out bilaterally via the subzygomatic
access is considered the most efficient one, without
any serious complications, and it is easy-to-use (not
requiring a CT and X-ray monitoring) [54]. It has
been confirmed that its introduction into the scheme
of general anesthesia during removal of CSA tumors
via EETA contributes to stable hemodynamics and
cardioprotection, particularly during the stages of
access to the tumor (the most painful phase of the
surgery),and decreases the pharmacological load on
the patient, thus minimizing the negative effect of
general anesthesia on the cardiovascular system [18,
52]. In addition, the introduction of regional anes-
thesia into the scheme of general anesthesia has a
positive impact on the nearest postoperative period,
reducing the intensity of postoperative pain syn-
drome due to prolonged action of modern local anes-
thetics, thereby reducing the postoperative stress
reaction and the pharmacological load [54].

The problem of the early postoperative period.
At present, nausea and vomiting (PONV) and cogni-
tive dysfunction (POCD) are considered the most
urgent and discussed problems of the nearest postoper-
ative period, especially the elderly [32, 106, 107].

www.reanimatology.com

GENERAL REANIMATOLOGY, 2017, 13; 3



DOI:10.15360,/1813-9779-2017-3-64-82

O630pmr

Wcrnosnb3oBanne AeKCMEIeTOMUIMTHA TPUBOIAT
K CHUXEHHMIO YPOBHSI MO3roBoro Kpooroka, BU/I,
HoTpeOJIEHUsST MO3TOM KHUCJIOPOJa M K IOBBIIIEHHUIO
I [90]. Mmetrorcst paHHbBIE, YTO OH CHOCOOEH
YMEHBIIATD TOCTEACTBUS IepeOPaIbHON HUIEMUN
[91, 92]. Kpome Toro, otmeuen 3 dekT nexcmenero-
MUITHA TOTEHIIMUPOBATDL [eUCTBUE PETHOHAPHON
anecte3uu [93]. Bausnue nekcmeneToMuinHa Ha re-
MOJIMHAMUKY 3aBUCUT OT CKOPOCTHU €TO BBEICHUS U
CBSI3aHO C IIEHTPAJIbHBIM JIOO ¢ TepuhepudecKkum
aziperomuMerndeckum acdexrom [87, 94]. Hampu-
Mep, ero MIaBHasd NH(Y3US B TEPAeBTUYECKHX 032X
MIPUBOJUT K MOJABJICHUIO TIEHTPAIbHON aKTUBHOCTU
CUMIIATUYECKON CUCTEMBbI, B PE3yJIbTaTe Yero BO3HU-
kaer HesHaunresbHOe (10—15%) cHmwkenne AJl Ge3
pansnus Ha OIICC, a Taxke g0303aBUcKMast Opaiu-
Kapivs, KOTopad, Kak IPaBUJIo, He IOCTUTAET KITIMHH-
YeCKW 3HAUMMBIX TToKazareseir [90, 95—97]. Takue
s heKTDI, CKOpee, MOXKHO PACCMATPUBATh, KAK CTa0OM-
JIN3AIUI0 TEMOJIMHAMUKN U KapAUOMPOTEKIUIO, YIu-
TBIBAS, YTO MEPUOTIEPAIIMOHHBIN CTPECC U CBSI3AHHDIE
¢ HUM Taxukapaud u Al MOTYT TIpe/icTaBIATh BBICO-
KYI0 OIACHOCTH JIJIsi GOJIbHBIX TOKUJIIOTO BO3PACTA.
Hao6opot, 1ipu pe3koM yBeJTMYeH KOHI[EHTPAIUN
JIEKCMEJICTOMU/ITMHA B KPOBU MOKET BOHUKHYTDH Al
KOTOpast OODBSICHSIETCST BO3JIEICTBIEM IIperapata B
MePBYIO ouyepe/ib Ha Tepudeprueckue ajipeHoperer-
TopbI B cocyax [99]. Heo6xoauMo 0TMETHUTD, UTO Ja-
JKe aJleKBaTHAs1 CKOPOCTD BBEIEHUST U OOBIYHbIE TEpa-
MEBTUYECKNE O3Bl JCKCMEICTOMUJMHA MOTYT
BbI3bIBaTh ATy OKUJIBIX, UTO OOBSCHSIETCS] HAPYIIIe-
HUEM MexaHuaMa peryJsgtopaoro Biausuaus [THC na
CUMIIATUYECKYIO HEPBHYIO crctemy [93].

[TepcniekTMBHON B IJTaHe YIIPABJSIEMOCTH U CHU-
JKeHUd  (hapMaKOJIOTHYECKOM HATrpy3Kd, MO MHEHUIO
Pa3JIMYHBIX aBTOPOB, MOXKHO CYMTATh COYETAHHBIC Me-
TOJMKU IPUMEHEHUsI OOTIEN aHeCTE3UN U PETHOHAPHO-
ro obes6omBanu [52, 54, 100—105]. Cunraercst, 4ro
TaKasi CoYeTaHHast aHecre3ust obecrieunBaer 3(hdek-
TUBHYIO HEHPOBETETATUBHYIO 3alUTy Ha (hOHE CHU-
JKEHHOTO pacxofia mpernapatoB (OOIuii aHECTETHK,
OINAThI, TUIIOTEH3UBHBIE Tpenapater) [56]. Ilpu mpo-
BejleHUU TpaHCCHEHONIATIbHI dHIOCKOITNYECKOI OTie-
parun Harbosiee a(h(HEKTUBHOM, He UMEIOIIEN cephes-
HBIX OCJIOKHEHWI W TIPOCTOH B MCHOJIb30BaHUU (HE
tpebytotieit KT 1 peHTTeHKOHTPOJIS ), CAUTAETCST PETH-
OHapHast aHECTe3MsI KPbLIOHEOHOU siMKu (OJsioKata 2-it
1 yacTn4HO 1-1 BeTBell TPOMHUYHOTO HEPBA), BBIIOJ-
HsieMast GUIIATEPAIbHO TOJICKYJIOBBIM JIOCTYTIOM [54].
JlokazaHo, 4To ee BBeeHKE B CXeMy OOILel aHecTe3nn
npu yaaaerun omyxosun XCO IITI, crocoberByer
obecrieyeHno cTabUIbHON TEMOANHAMUKK U Kapuo-
HPOTEKIINH, OCOOEHHO Ha 3TalaX JOCTyNa K OMyXOJH
(cambiii GOJIESHEHHBII 9TAIl OIEPAIUI), U YMEHbBIIIAET
(hapMaKOJIOTHYECKY 0 HATPY3Ky Ha OOJILHOTO, TeM Ca-
MbIM MUHUMU3UPYST OTPUIATETHLHOE BO3JIEHCTBIE 00-
nieil aHecTe3nn Ha CepIeuHO-COCYAUCTYIO cuctemy |18,
52]. Kpome Toro, BBe/IEHIE PErMOHAPHOI AHECTE3NU B

The incidence of PONV in patients with CSA
operated via a transsphenoidal approach, varies from
7.5% to 23%, according to different sources [54, 108].
In an elderly patient, this complication primarily con-
tributes to the development of systemic AH and
increased ICP, contributing to the development of
acute cerebrovascular and cardiovascular pathology,
postoperative liquorrhea, pneumocephalus, and post-
operative bleeding [32, 51]. The following factors are
considered main causes of PONV in neurosurgery:
the use of lumbar drainage with removal of significant
volumes of the cerebrospinal fluid, a precipitous ICP
drop, the development of intraoperative liquorrhea,
the presence of pneumocephalus, aggressive surgical
strategy (e.g., removal of giant CSA tumors and cran-
iopharyngiomas via an extended endoscopic access),
leaking of blood and mucus into the stomach after a
complicated intubation, during or after the surgery, as
well as an intensive postoperative pain syndrome
[108—111]. The study of Fabling J. et al. demonstrat-
ed that the duration of the operation, the dose of fen-
tanyl and the type of anesthesia had little influence
on the development of PONV during transsphenoidal
interventions [51]. The presence of the lumbar
drainage, which is a necessary part of most transsphe-
noidal surgeries for intraoperative management
intracranial volumes, was reported to triple the risk of
the PONV development [32, 108, 112].

Modern prevention of PONV during CSA
tumor removal via EETA includes, firstly, compulso-
ry dense tamponing of the oral cavity to prevent get-
ting blood, mucus and antiseptics into the stomach,
and secondly, alternative non-invasive methods of
intraoperative management of intracranial volumes,
for example, the introduction of combined hyperos-
molar and medium molecular weight colloidal solu-
tion at the beginning of the surgery or the use mod-
erate hyperventilation with or without such
solutions, thirdly, the use of modern methods of anes-
thesia to reduce the pharmacological load, and,
fourthly, the preventive use of antiemetics
(ondansetron, etc.) [32, 54, 55, 108].

As for the problem of POCD, it is believed
that it may develop in the early postoperative
period and persist even in the late (more than 6
months) postoperative period, clinically manifest-
ed itself in the form of impairment of different cog-
nitive processes confirmed by neuropsychological
test findings (decreased test findings by more than
10% of the preoperative levels) [113—115]. The
main factors of its development include: advanced
age, hypoxia, decreased cerebral circulation, the
influence of general anesthesia on the central ner-
vous system and the interaction of anesthetic
drugs with drugs used to correct age-related
somatic and neurological problems, thus leading
to a search for highly protective sparing tech-
niques of anesthesia [13, 114, 116—119].
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cxeMy OOIIell aHEeCTE3MN OKAa3bIBAET IMOJIOKUTETHHOE
BJIMsTHYE Ha OJIMKAMIINET TTOC/Ie0ePAIlnOHHBII TTepH-
O/, CHU;Kasd B HEM MHTEHCUBHOCTD TIOCJICOTIEPAITTOHHO-
ro GOJIEBOTO CUHIPOMA, 32 CUET MPOJIOHTHPOBAHHOTO
JIEHCTBUA COBPEMEHHBIX MECTHBIX AaHECTETHKOB, TEM
CaMBIM CHUZKaS TIOCJICOTIEPAITMOHHYIO CTPECCPEAKITHIO
1 (hapMaKOTIOTUIeCKyT0 HATPY3KY [94].

IIpo6eMsi GMsKaRIEro MOCIeonepanuoOHHO-
ro mepuoja. B Hactosiiiee BpeMs, Hanbosee aKTy-
AIBHBIME M O0CY/KIaeMbIMU TpoOIeMaMul OJIvsKaii-
IIETO TIOCJIEOTIEPAIIIOHHOTO TEPUOJIa, OCOOEHHO Yy
MOKUJIBIX, cuuTaioTes TomHota 1 pora (IIOTP) u
korautusHas puchyukius (ITOK/) [32, 106, 107].

Yacrora Bcrpedaemoctu [TOTP y GosbHBIX ¢
omyxossimu XCO, ornepupyeMbix TpaHcchHEeHONIATb-
HO, BAPBUPYET 110 PA3HbIM JAHHBIM OT 7,3 10 23% |54,
108]. ¥ noskusioro mamueHTa 3T0 OCIOKHEHUE B TIep-
BYIO OUY€epe/ib CIIOCOOCTBYET BOSHUKHOBEHUIO CHCTEM-
Hoit AT u yBesmueruio BU/I, criocoOGCTBYsI pa3BUTHIO
0CTpOil 11epebPO-BACKYJISIPHON U CEPIEYHO-COCYIUC-
TOH TATOJIOTHH, II0CJAeOIepallMOHHON JIMKBOPeH,
nreBMoliedainu u Kpoporedenuio [32, 51]. Ocuos-
wpiMu ipuunHamMu [IOTP B Tpancchenonpanbhoii
HEHUPOXUPYPIUU CUUTAIOTCS CJEAYTIONTIE: UCIOIb30-
BaHUE JIOMOAIBHOTO JIPEHAKA CO 3HAUUTETHHBIM BbI-
BeJIeHUeM JIMKBOPa, pe3koe cHMkeHne BY/I, passu-
THE WHTPAONEPAITMOHHON JIMKBOPEH, HAJIUYMe
mHeBMoIlehasini, arpecCUBHAsT XUPYPruveckass Tak-
THUKa (HApUMep, NP YIATeHUN TUTAHTCKUX OIMYyXO-
geit XCO u kpaHnohapuHTuoM paciiupeHHbIM 9HI0-
COKITMYECKUM JIOCTYIIOM ), 3aTeKaHWe KPOBH U CJIM3U B
JKEJTYJIOK TOCJIE CJOKHON MHTYOAIUH, BO BPEMST WJIH
MOCJIe OTIepalvi, a TaKKe NHTEHCUBHBIN 1oceornepa-
IUOHHBII OosieBoit cunapom [108—111]. TIpoBenen-
Hoe Fabling J u coaBr. uccieoBaHue mokasaso, 4To
IIPU OCYTIECTBJICHUN TPaHCCHEHOMTATBHOTO BMella-
TesibeTBa Ha Bo3HMKHOBeHue [TOTP masmo Biusior
MIPOIOJIKUTEBHOCTD OTI€paIlny, /1032 (peHTaHuIa 1
tur anecresuu [51]. Hanuuune y 60J6HOTO JiroMOAIb-
HOTO JIPEHAKA, SIBJISTIONIETOCST HEOOXOIMMON YacThiO
GOJIBIIMHCTBA TPAHCC(HEHOUIATBHBIX OEPAIHil JIJIsT
MHTPAOIIECPAIMOHHOTO YIIPABJICHUS BHYTPUYCPEITHDI-
ME 0GBEMAMH, TI0 UMEFOIIUMCST TAHHBIM YBEJMINBAET
puck passutug [IOTP Brpoe [32, 108, 112].

Cospemennas npoduaaktuka ITOTP mnpu
npoBesicann ynanerus omnyxoan XCO IIT/ cBo-
JIUTCSI, BO-TIEPBBIX, K 00S13aTE€JbHOMY TLIOTHOMY
TaMIIOHUPOBAHUIO TOJOCTU PTa KJAIOM JIJIs Tpe-
JIOTBPAIICHUS MTOTA/IAHNS KPOBH, CJIN3U U aHTHUCETI-
TUKOB B JKEJIY/IOK, BO-BTOPBIX, K aJbTePHATUBHBIM
HEWHBA3UBHBIM METO/IMKAM MHTPAOIIEPAIIMOHHOTO
peryJiMpoBaHusT BHYTPUYEPETHBIMI 00bEMaMU, Ha-
npuMep, BBEJIEHHE B HAavyaje Omepaiuu OOJbHOMY
KOMOMHUPOBAHHBIX THIIEPOCMOJISIPHBIX U CpEJHe-
MOJIEKYJISIPHBIX KOJIJIOM/IHBIX PACTBOPOB, JINOO HC-
M0JIb30BaHNE YMEPEHHON IMIIEPBEHTUIISAIINN B KOM-
OuHanuy wiin 6e3 ¢ TAKUME PaCTBOPAMHU, B-TPETHUX,
K KCIIOJIb30BAHUIO COBPEMEHHBIX METOJUK aHEeCTe-

According to the study performed by M.
Ancelin and P. Williams-Russo, in general surgery
persistent POCD in combination with depression
symptoms and deteriorated quality of life is regis-
tered in the elderly (over 60 years) in more than 50%
of cases for at least first 3 months of the postopera-
tive period; in 4—6% of patients over 70 years it may
persist for 6 months and more [120].

The POCD prevention includes identification
of the risk of its development, early postoperative
diagnosis and timely initiation of neuroprotection
[121]. For this purpose, a number of scales and tests is
currently recommended including the following:
POCD diagnostic scale for the elderly (Yamaguchi
University Mental Disorder Scale (YDS)), Mini-
Mental State Examination (MMSE), different tests
for examination of attention, memory, visual-spatial
orientation, as well as speech tests [106, 122—124]. In
the pharmacological neuroprotection and correction
of cognitive impairment, the use of antioxidants,
dopamine receptor agonists, non-steroidal anti-
inflammatory drugs, various cytokines, proteases
inhibitors and cerebrolysin is currently considered
the most promising option. It has been noted, that the
processes leading to damage of neurons and processes
providing neural plasticity are separated in time, that
should be considered when assigning a proper thera-
py, as most neuroprotectors have negative influence
on the plasticity, whereas stimulants affect neuropro-
tection. Tanakan is an exception which significantly
improves patient's cognitive functions due to its neu-
roprotective properties and plasticity stimulator
properties [125—130].

Conclusion

A successful surgical management strategy for
an elderly patient with a CSA tumor should be pri-
marily addressed to cardioprotection, stress-protec-
tion, and neuroprotection. For this purpose, it is nec-
essary to take into account the functional reserves of
the body, the presence of comorbidities and specifics
of the underlying CSA pathology, as well as a thor-
ough preoperative screening of the somatic status,
primarily aimed at assessing of the state of the car-
diovascular and respiratory systems. This applies
particularly to patients with a long history of the
underlying disease and hormonal imbalances. Taking
into account the age-related impairment of adrenal
functions and possible hormonal imbalance, periop-
erative administration of glucocorticoids should be
considered for elderly patients with a CSA patholo-
gy. In addition, adequate assessment of biochemical
indicators for determining the electrolyte and meta-
bolic disorders, a CT and MRI study of the CSA
tumor configuration are required to predict the risk
of intraoperative blood loss and liquorrhea. Special
attention should be paid to the anatomical changes
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31U, HATIPABJIEHHBIX HA CHUKEHME (hapMaKoJIornye-
CKOW Harpysku M B-4eTBEPTBIX, K Mpoduiakruyec-
KOMY TIPUMEHEHUIO TTPOTUBOPBOTHBIX CPEACTB (OH-
JAHCETPOH U 7P.), [32, 54, 55, 108].

Tosopst o ipobsieme ITOK/I, cunraercs, 4To oHa
MOJKET Pa3BUTBHCS B PAHHEM U COXPAHATHCA JJaKe B
nosaHeM (Gosee 6 MecslEeB) MOCIEOIePAOHHOM
nepuozie, MpOSBIAACh KIMHUYECKN B BUJIE HApYyIIe-
HUS PA3JUYHBIX KOTHUTHUBHBIX IIPOIECCOB, MOJI-
TBEPJK/IEHHBIX JAHHBIMU HEHPOIICUXOJOTHIECKOTO
TeCTUPOBaHUs (CHUIKEHUe IoKa3aTesell TecTupoBa-
Hust 6ostee uem Ha 10% OT KOOTEPAIHOHHOTO YPOB-
ms1) [113—115]. K ocroBHbIM (hakTOpam ee pa3BUTHUsI
OTHOCSITCS: TIOJKUJION BO3PACT, TMIIOKCUS, TIaJICHUE
MO3TOBOTO KPOBOTOKA, BJIHSIHHE OOIell aHecTe3nn
Ha [THC u B3amMozielicTBre aHEeCTETUKOB € TIpernapa-
TaM¥, TPUMEHAEMbIMU [T KOPPEKIIUUA BO3PACTHBIX
COMATHYECKUX U HEBPOJOTHYECKUX MPOOJIEM, UTO
HOOYIKIAeT K MOUCKY BBICOKOTIPOTEKTUBHBIX IIAJIsI-
X Metonuk anecresuu [13, 114, 116—119].

[To paHHBIM HCCIEOBAHUSA, TTPOBEICHHOTO
M. Ancelin u P. Williams-Russo, B o61uiexupypru-
yeckoil mpaktuke croiikas [TOK/[ B couetanun c
JIeTTPECCUBHON CUMIITOMATUKON U CHUKECHUEM Ka-
YecTBa MOBCEHEBHOM KU3HW PETUCTPUPYETCS Y
HOKUJIBIX Jtofieil (crapiie 60 Jer) Gosiee ueM B
50% cayuaeB B TeueHre KaK MUHIMYM HEPBBIX 3-X
MeCAIEB MOCTIEONEePAITMOHHOTO MTepUoa, a y Jio-
neit crapiie 70 et B 4—6% ciydaeB MOXKeT coxpa-
HATHCS 10 TTosiyroa u bouee [120].

[Tpocdmmaktura [TOK/l cBoputTcs k onpezeie-
HUIO PUCKA ee Pa3BUTHS, K PAHHEN TTOCIe0NepanoH-
HOH IMarHOCTHKE U CBOEBPEMEHHOMY HauaJry Helipo-
npotekiuu [ 120, 121]. lsng aToro B HacTos11Iee BpeMS
PEKOMEHIOBAH PSI KA ¥ TECTOB, K KOTOPBIM OTHO-
carcst: mkana s auarnoctuku [TOK/] y noskumibix
(Yamaguchi University Mental Disorder Scale
(YDS)), xparkas mkaja uccjiefloBaHus IICUXITYECKO-
ro craryca Mini-Mental State Examination
(MMSE), paziinanble TECTbI /711 UCCAE/IOBAHNUS BHU-
MaHUs, TAMATH, 3PUTEIbHO-TTPOCTPAHCTBEHHOM OpH-
eHTalluU, a Takxke pedeBbie TecTol [106, 122—124].
[Ipu mpoBeneHny (hapMaKoOJIOrHIECKON HEHpoIpo-
TEKIIUU W KOPPEKIIUU KOTHUTUBHBIX HAPYIIEHUN B
HACTOsIIIEe BPeMsI HanboJIee MePCIeKTHBHBIM CUATA-
€TCsl UCIIOJIb30BAaHUE AHTHOKCHIAHTOB, arOHUCTOB
perenTopos ohaMiHa, HeCTEPOUTHBIX TPOTUBOBOC-
MAJTUTETBHBIX CPE/CTB, PA3JUYHBIX ITUTOKIMHOB, WH-
rubuTOpoB TpoTeas u 1epebposmzuHa. OTMEUEHO,
YTO TPOIIECCHI, BEYITHE K TOBPEKICHUIO HEHPOHOB U
poIecchl, obecreynBaoIe HENPOHAILHYIO I11ac-
TUYHOCTD, PA3/IeJIEHbI BO BPEMEHMU, YTO HEOOXOAUMO
VUUTBIBATD IPU HA3HAYEHUU COOTBETCBYIOIIEH Tepa-
UM, TAK KaK GOJIBITIHHCTBO HEHPOIIPOTEKTOPOB HeTa-
TUBHO BJINAIOT Ha IUIACTUYHOCTH, & CTUMYJSTOPBI
IJIACTUYHOCTH — Ha Helfporiporekiuio. Vckiouyenne
COCTaBJISIET TAHAKAH, KOTOPBIE 00J1a/1ast 1 HEHPOIIpo-
TEKTUBHBIMU CBOWCTBAMU U CBOWCTBAMU CTUMYJIATO-

due to impaired hormone secretion, which may be a
cause of «difficult mask ventilation and intubation»
and hypoxia. In addition, neuropsychologist's or
neurologist's consultation should be included in the
complex preoperative examination to assess the risk
of POCD with subsequent elaboration of measures
aimed at prevention and solution to this problem. As
for the concept of modern anesthetic support in this
category of patients, it is necessary to introduce
modern techniques of anesthesia combining the lack
of adverse effects on the intracranial system and
hemodynamics, produce marked cardioprotective
and stress- protective effects against the background
of reduced pharmacological load on the patient, not
contribute to PONV, as well as to ensure quick anes-
thesia recovery and comfortable nearest postopera-
tive period.

pa IJIACTUYHOCTU, 3HAYUTENBHO YJIYYIIAeT KOTHU-
tuBHbIe pyHKIMU OosbHOTO [125—130)].

3akiaoueHue

Crparerus yCIEIHOTO MePUOTIEPAITMOHHOTO
BeJleHUsI MOKUI0ro GoJIbHOTO ¢ omyxojbio XCO
JIOJKHA OBITH B IMEPBYIO OUYepe/lb HAIlPABJIEHHA Ha
KapAMOIIPOTEKIINIO, CTPECCITPOTEKITUIO U HEHPOTIPO-
Teknuio. JIJist 9T0ro HEOOXOJAUMO YUUTHIBATH (DYHK-
IMOHAJIbHBIE PE3€PBbI OPraHN3Ma, HAJTUYNE COMYTCT-
BytotIiel u crienndury ocnoBHol arosoruu XCO, a
TaKKe TIIATEIBHOE J[00MEPAMOHHOE 00CIel0BAaHIEe
COMATUYECKOTO CTATyCa, B MEPBYIO OYepe/b HAMIPAB-
JICHHOE Ha OIIEHKY COCTOSIHUE CEPAEYHO-COCYANCTOM
u JbixatesbHoit cucrem. OcoOeHHO 39TO Kacaercst
GOJILHBIX C JUTUTETbHBIM aHAMHE30M OCHOBHOTO 3200-
JIEBAaHUSI U TOPMOHAJIBHBIM TUCOATAHCOM. A yUUTBHI-
Basg BO3PACTHOE CHIKeHNE (DYHKITNI HAIIIOUEYHNKOB
Y BO3MOSKHBIN TOPMOHAJIbHBIN ANCOAIAHC, TOKUIIBIM
6ousbHbIM ¢ TraTosiorueit XCO skemaTebHO PaccMoT-
pPeThb BO3MOKHOCTB TIEPUOIIEPAIINOHHOTO TTPUMEHe-
HUST TJIFOKOKOPTHKOU0B. Kpome Toro, HeoOXoimMa
aJIEKBaTHAsT OIeHKa OMOXMMUYECKUX IOKa3areseit
JUIST OTIPEJIETIEHNST AIEKTPOJIUTHBIX U MeTaboJmiec-
KUX HapylIeHUH, nccyieloBaHe KOH(MUTYPAIUU OITy-
xoma XCO nwa KT u MPT pns npornosupoBaHus
BO3HUKHOBEHUS PUCKA WHTPAOIIECPAITMOHHON KPOBO-
norepu u iukBopen. Ocoboe BHUMAHUE CJEIYET yie-
JINTb aHATOMUYECKUM M3MEHEHUSM, BO3HUKAIONINM
BCJIE/ICTBYE HAPYIIEHHOI TOPMOHAJIBHON CeKpeluu,
KOTOpPbIEe MOTYT OBITh IPUYUHOM «TPYAHON MaCOYHOI
BEHTUISAIIUN U UHTYOAllUn» W TUIIOKCUU. Takke, B
KOMILJIEKC TIPEJIOTIEPAIIMOHHOTO 00CIEIOBAHUS JKeJia-
TEJBHO BKJIIOUNUTH KOHCYJBTAIIMIO HEWPOTICUXO0JITa
WJIU HEBPOJIOTa, Ha nipemet pucka passutust [IOK/L,
¢ TocJIety oreit BoipaboTKON MEPOTIPUSITAN, HATIPAB-
JIEHHBIX Ha TPOMUIAKTUKY U PelieHre 3TOi 1mpodiie-
MbL. UTO KacaeTcs KOHIEMIIUA COBPEMEHHOTO aHeCTe-
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Pathophysiological Aspects of Hyperoxia
in Anesthesiologist-Reanimatologist's Practice

Vladimir T. Dolgikh, Natalia V. Govorova, Yury P. Orlov, Olga V. Korpacheva,
Galina N. Dorovskikh, Anton V. Ershov

Omsk State Medical University, Ministry of Health of Russia,
12 Lenin Str., Omsk 644099, Russia

Iless 0630pa — NpEACTABUTH OTEHIIMAIBHO HeraTUBHbIE 9(D(MEKTHI TUIIEPOKCUH Y PAa3JMYHBIX IPYII 00JIb-
HBIX, HAXOJSAMINXCA B KDUTUYECKOM COCTOSIHUU, B TOM YHCJIE TIOCJI€ OCTAaHOBKU CEP/IIld, YePEITHO-MO3I0BOI TpaB-
MBI, HHCYJIBTA, B CJIy4asiX pa3BuTus cercuca. [IpuBeieHs 1okazaTebeTBa MOBpeskAaoIero agdeKTa THIepOKCUn
U HEOOXOAUMOCTH WHIMBUJIYAIbHOTO UCIIOJIb30BAHUS KUCJIOPO/A B COOTBETCTBUU C TEKYIIEN MOTPEOHOCTHIO IPU
psijie NaTOJIOTHYECKUX IIPOIIECCOB M HO3010rnYecKuX (hopm. Onmcanbl MeXaHU3MBbI /Il TAllnK OPraHu3Ma K rurie-
POKCHUU M BO3MOKHOCTD YMEHBIICHUS TOKCHYECKUX 3(PEKTOB KUCIOPO/Ia ¢ TIOMOIIBIO CYKIIMHATOB.

Kntouesvie cnosa: ZUNOKCUS; 2UNEPOKCUSL; CYKUUHAMDBL

The aim of the review is to present potentially negative effects of hyperoxia in various groups of critically ill
patients, including those after cardiac arrest, brain injury or stroke, and in cases of sepsis. It was noted that in cases
of these pathological processes and nosological forms there were evidences that hyperoxia could have a damaging
effect, and that oxygen should be prescribed on an individual basis depending on the assessment of the current oxy-
gen requirement. It has been established that hyperoxia commonly represent the last reserve to abrogate the pro-
gressive hypoxia. The mechanisms of adaptation of the body to hyperoxia are described and the possibility to

reduce the toxic effects of oxygen with the aid of succinates is discussed.

Keywords: hypoxia; hyperoxia; succinates
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BBenenne

Heocroposxktoe uciosnb3oBanue kucaopoia (6e3
SBHOM HEOOXOMMOCTH ) MOKET IIO[BEPraTh AIUEHTOB
TUIIEPOKCUH, 2 3HAUNT, SIBJISIETCST TIOTEHITUATIBHOM TTPU-
yuHOU arporenun. CamMbIM TSIKEBIM CJIEJICTBUEM TH-
MEPOKCHUY SIBJISIETCS TIPSIMOE TOKCUYECKOEe TTOBPEK/IE-
HUE JIErKUX, CBSI3aHHOE C PAa3BUTUEM aTeJIeKTa30B,
TPaxeoOPOHXUTA ¥ HHTEPCTUIIHATBHOTO (hubposa. Ox1-
HAKO TUTIEPOKCHS MOKET TAK)Ke BbI3bIBATH MTOBPEK/IE-
Hue JIOObIX TKaHell ¥ OpraHoB HOCPEACTBOM Hepude-
pUYeCKOl BA3OKOHCTPUKIIUY U BO3IEICTBUS aKTUBHBIX
(opm kucopona. Tem He Menee, UCTIOIb30BAHUE TUTIE-
POKCHU TO-IIPEKHEMY CUUTAIOT OE30IIACHBIM U 0JIE3-
HBIM TIPU PA3JIMYHbIX KPUTUIECKUX COCTOSTHUSIX.

Kucnopoz siBisiercst ogHuM u3 Hanbosiee mupo-
KO UCIIOJIb3yEeMbIX TepalleBTUUeCKUX arenToB. Kuciio-

Introduction

Careless use of oxygen (without obvious needs)
can expose patients to hyperxia, and therefore, is a
potential cause of iatrogeny. The most severe conse-
quence of hyperoxia is the immediate toxic injury of
lungs related to the development of atelectasis, tra-
cheobronchitis, and interstitial fibrosis. However,
hyperoxia can cause the damage of any tissues and
organs through peripheral vasoconstriction and
excess reactive oxygen forms. Nevertheless, hyperox-
ia is still considered safe and useful in various critical
conditions.

Oxygen is one of the most widely used thera-
peutic agents. Oxygen is an agent with specific bio-
chemical and physiologic effects, a known range of
effective doses and specified adverse effects. Oxygen
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POJI — 3TO B OTIPE/ICIEHHOM CMBbICJIE JICKAPCTBEHHDIIH
npernapar ¢ KOHKPETHBIME OHOXUMUYECKUMU U (Hr3u-
osiormueckuMu aGhdekTaMu, M3BECTHLIM INATIA30HOM
a(hhEKTUBHBIX /103, ONIPEICJICHHBIMUA HEKeIaTeTbHbI-
mu addekramu. OH Ha3HAYACTCS TTPU PA3TMYHON T1a-
TOJIOTHH C TI€JTHI0 YMEHBIIEHUS WJIN TTPEOTBPAIICHUS
pasBUTHSI THUNOKCHU TKaHell. HecMoTpss Ha TO, uTO
KHUCJIOPOZIOTEPAITNSA OCTAETCS KPACyTOJIbHBIM KaMHEM
JICUCHUS TUTTOKCUM KPUTHUYECKUX COCTOSIHUN, M MHO-
THe acTeKThI (PU3UOTOTUIECKOTO BO3ACHCTBUS KUCJIO-
POJIa Ha OPTAaHW3M Y3Ke BbIACHEHBI, UH(OPMAITUH O He-
KOTOPBIX €r0 OmacHbIX adeKTax B ONpeneseHHbIX
KJIMHUYECKUX CUTYAIUSAX HEIOCTATOUYHO. JTO TOJ-
TBEPIKAAETCA TeM (DAKTOM, YTO MCIOTH30BAHUE KUC-
JIOPOJIA TIPH PsAJie KPUTUYECKUX COCTOSTHUH B OTIACHBIX
KOHIIEHTPAIUAX MO-TIPEKHEMY PeTJaMeHTUPYeTCS
Pa3IMYHBIMU PYKOBOJICTBAMU W AJITOPUTMAMMU.

Tunepokcuio paccMaTpuBaIOT Kak (haKTop ycH-
JIEHUST OKUCIUTEBHOTO CTPECCa, a HAINYMe OTHOCH-
TEJILHO Y3KOTO <«MHTEpPBajia 0e30MACHOCTU> MEKIY
abdekTBHBIMU (TEPATIEBTUYECKUMU) U TOKCHYEC-
KUMU JI03aMH KHCJIOPOJIa CO3/IAeT JOTIOTHUTEIbHbIE
Gapbepbl JUist yrIyOJIEeHHBIX MCCJIEI0BAHMIT Pe3yJib-
TATOB KJIWHUYECKOTO MCIIOJb30BAHUSA KHUCJIOPO/A
npu 6oJjiee BHICOKOM (BBbIllle HOPMAJIbHOIO) YPOBHE
€T0 MapIUAJIBLHOTO /aBjaeHusA. KinHuueckue mposiB-
JIEHUSI TOKCUYHOCTH KUCJIOPO/Ia BpadyaMu 3a4acTylo
HE PErHCTPUPYIOTCS, a TIOTOMY OIMMOOYHO CUUTAIOT-
Cs1 PEJIKUMU W HE BOCIIPUHUMAIOTCSI BpaueOHbBIM CO-
O0IIIECTBOM KaK HEUTO <OIacHOe» [Jis TAl[HEHTOB
HE3aBUCHMO OT TSKECTU UX COCTOSTHUS.

B 0630pe paccMaTpUBAIOTCS MOTEHIHAIbHbIE
HeraTuBHbIE 3((DEKTHI TUIIEPOKCHU Y OGOJILHBIX, Ha-
XOJSANIMXCS B KPUTUUECKOM COCTOSTHUH, B TOM YHCJIE
MOCJie OCTAHOBKHU CEPJIIla, Y€PErHO-MO3TOBOM TPaB-
MBI, UHCYJIBTA, & TAKJKE B CIIy4asdX Pa3BUTHUS CEIICUCA.
[Ipu Bcex aTHUX NMATOJIOTMUYECKUX TIPOTeccax U HO30-
Jorndecknx (hopMax UMEIOTCS 0KA3aTeIbCTBA TOTO,
YTO TUIIEPOKCHSI MOKET OBITH BPEIHOIL, U YTO KHUCJIO-
PO/l IOJIKEH MCIIOIb30BAThCS MHINBUYJILHO B CO-
OTBETCTBUU C TEKYIIel moTpebHOCTHIO B HeM. Hepe-
KO TUTIEPOKCUS ABJISETCS, K COKATICHUIO, TOCJEHUM
pe3epBOM B YCTPAHEHUU IPOTPECCUPYIOTNIEH TUIIO-
keun. OcTaercd He 10 KOHIIA BBISICHEHHBIM PSJl BO-
mpocoB. YTo fiesiaTh B CUTYaIMH, KOT/A, 3HAS O TOK-
cudeckux adgdexTax Kucaopoma, MPUXOIUTCS
npuberaTb K yBEJIMYEHUIO €r0 KOHI[EHTPAIIMY B JIbI-
XaTesbHOl cMecu? ECTb Jin B OpraHu3Me MeXaHU3Mbl
ajlanTanuu K runepokcun? EcTh M y KIMHUIUCTA
BO3MOKHOCTH JIJIT YMEHBIIEHUS TOKCUYECKUX -
(bexroB kucmopona? M tak sm cTpanria rurnokcus?

IMatodusnonornueckue 3¢hGheKTbl THMEPOK-
CHU TIPH PA3JUYHBIX KPHTHYECKHUX COCTOSHHUSIX.
Nsyuenune Tokcmueckux ahGeKToB KUCIOPOIa UMe-
eT paBHO0 Mctopuio. /xko3ed Ilpuctin, nepBoot-
KpbIBaTeJIb KUCJIOPO/IA, C CAMOTO Havaja HE TUTAJ
MJUTIO3UN B OTHOIIIEHWN CBONCTB BBIJIEJIEHHOTO WM
raza. B cBOMX 3aMeTKaX OH MUCAJ BIIOJTHE KOHKPET-

is prescribed for various pathologies to relieve or pre-
vent tissue hypoxia. Although oxygen therapy
remains a cornerstone in treatment of hypoxia in
critical conditions, and many aspects of physiological
effect of oxygen on the human body have been
already discovered, the information about its some
potentially hazardous effects in certain clinical situ-
ations is insufficient. This can be proven by the fact
that the use of oxygen in a number of critical condi-
tions in potentially dangerous concentrations is still
regulated by various guidelines and algorithms.

Hyperoxia is considered an intensification fac-
tor of the oxidative stress, and the presence of a rela-
tively narrow «safety space» between its effective
(therapeutic) and toxic doses creates extra barriers
for a thorough study of clinical use of oxygen at a
higher (higher than the normal one) level of its par-
tial pressure. Clinical manifestations of oxygen toxi-
city are not often recorded by doctors, and, therefore,
mistakenly considered rare, and are not perceived by
medical community as something «dangerous» for
patients regardless the severity of their general state.

The review presents potentially negative effects
of hypoxia in critically ill patients, including that
after cardiac arrest, brain injury or strokes and in
cases of sepsis. In all of these pathological processes
and nosological entities there is evidence that hyper-
oxia can be harmful and that oxygen must be pre-
scribed on an individual basis depending on the
assessment of current oxygen requirements.
Unfortunately, hyperoxia is commonly considered as
the last reserve for abrogation of progressive hypox-
ia. What shall we do in this situation when we know
about toxic effects of oxygen and have to increase the
oxygen concentration in respiratory gas? Are there
adaptation mechanisms to hyperoxia in a human
body? Does a clinician have a possibility to reduce
toxic effects of oxygen? And is hypoxia so frightful?

The pathophysiological effects of hyperoxia
in various critical conditions. The study of the toxic
effects of oxygen has a long history. Joseph Priestley,
a discoverer of oxygen, from the very beginning had
no illusions about the gas he had discovered. In his
notes he wrote quite specifically: «As a candle burns
much faster in this air than in the ordinary one, so we
can live our lives too quickly. A moralist, in any case,
can assert that we do not deserve air better than the
one that nature supplies us with.» J. Priestley came
to this conclusion, based on the results of experi-
ments in which a mouse breathing in pure oxygen
could not live more than 15 minutes [1].

Oxygen put into anesthetic practice in 1930 is
currently one of the most widely used gases for
patients in the intensive care units (ICUs). The study
of the prevalence of oxygen therapy in 40 intensive
care units in Australia and New Zealand in 2012
showed that 59% of patients received oxygen with
mechanical ventilation (MV), and of those who did
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HO: «Kak cBeua cropaet ropaso ObICTpee B 3TOM BO3-
JlyXe, 4eM B 0OBIYHOM, TaK U MbI MOJKEM TIPOKUTD Ha-
Iy KU3Hb CJUIIKOM OBICTPO. MOPAJIHCT, BO BCSIKOM
cIydae, MOXKET YTBEPSKIATh, YTO Mbl HE 3aCJTy KMUBACM
BO3JLyXa JIy4lIIlle TOTO, KOTOPBIM HAC CHAOKAET TIPUPO-
nay. K takomy 3akmovyenuto /. [Ipuctiam npuied,
OTMPasACh HA PE3YJLTAThl HKCIIEPUMEHTOB, B KOTO-
PBIX MBI [PU JIBIXaHUW YUCTBIM KHUCJIOPOJIOM He
MOTJIa IPOXRUTE Oostee 15 munyT [1].

BBeneHHbII B aHECTE310JI0THYECKYTO TPAKTUKY
B 1930 rojty KucJI0poji B HACTOSIIEE BPEMSI SIBJISIETCST
OJIHUM U3 HarbOoJIee MUPOKO UCIIOJIB3YEMbIX Ta30B Y
MAITUEHTOB OTACICHNUN peaHuMallNi 1 MHTEHCUBHOU
tepanuu (OPUT). Ilpu uccnemoBannuu pacripocrtpa-
HEHHOCTU OKCUTEHOTEPAIINH, TPOBEICHHOM B 40 OT-
JleJIeHNIX UHTEHCUBHOM Tepanuu ABctpanuu u Ho-
Boil 3enmananu B 2012 romy, ycTaHOBIEHO, UYTO 59%
MAIMEHTOB MOy KUCTOPOJL TIPU UCKYCCTBEHHOM
BeHTussinnu Jierkux (MIBJI), a cpeau tex, KTo He 110-
ayuan VUBJI, 86% moydann KUCJI0pO Yepe3 HOCO-
Bble KaHIOJIM, MACKU WJTM HEMHBA3UBHBIC BUIBI BCH-
tussiiuu - Jerkux [2].  TlpuBenentbie jaHHbIe
MO3BOJIAIOT TOBOPUTH O PYTUHHOM HCIOJIb30BAHUU
kucaopoga B OPUT.

B perpocnektusaom wuccienosannu (E. de
Jonge et al., 2008) zaBucumoctu mokaszaresneil Jie-
tanbHocT B OPUT ot 3navennii PaO, y BeHTHIN-
PYEMBIX TTAI[HEHTOB aBTOPbI coobtmin 06 U-o6pas-
HOM XapaKTepe 3aBUCMOCTH 3TUX IT€PEMEHHBIX [3].

KoMMeHTUDPYS 2TH JaHHbIE, CJelyeT COorya-
CUTHCSI C TEM, UTO aJleKBaTHAsI OKCUTEHAIUST HEOO-
XO[MMa [IJIsI HOPMAJTbHOTO (HYHKITMOHUPOBAHUSA
KJIETOK, a HU3KUH ypoBeHb SaO, ABIseTcS yrpo3oii
JKU3HU OOJIBHOTO, 0COOEHHO B KPUTHIECKUX COCTO-
auugx. [logaya g0MOTHUTENBHOTO KUCIOPOIA YBe-
JIMYUBAET €T0 JIOCTABKY TOJIBKO y MAIlUEHTOB C I'-
HOKCEMUEl, MOAMepKUBast TaKuM  00pasoMm
(YHKIIUIO KIEeTOK, 0OMEH BEIECTB U OTPAaHUYUBAsI
TsKeCTh quchyHKiuu opranoB. OiHaKo y narueH-
TOB 0€3 TUIOKCEMUU JIOTOJHUTENbHBIH KUCIOPOL]
Oy/ieT yBeJIMUUBATH €70 HANIPSIKEHUE B THIIEPOKCU-
YeCcKUX auarnasoHax. B aToil cuTyarnuu y yeqoBeka
HeT aZleKBaTHOM «3al[uThl». Ilosaua 1onoaHUTE Ib-
HOTO KUCJIOPOZIA /IS JIIOJIel, Y KOTOPBIX HET THII0-
KCEeMUH, — BCeT/la UCKIIOYNTENbHO He(U3NOIOTH-
yecKoe COOBITHE,

[uniepokcns BBI3BIBAET MHOXKECTBO TOKCHYEC-
kux ahdexTos. HemocpencTBeHHoe MOBpeKICHIE
TKaHEel CBSA3aHO € MPOYKIINE aKTUBHBIX ()OPM KHC-
gopozaa (ADK) B kosinvecTBax, mpeBbiaomux du-
3UOJIOTUYECKIE BO3MOXKHOCTU AHTHMOKCHJIAHTHBIX
cucreM [4], 4TO NPUBOJAUT K CTUMYJIAIIUY KJIETOYHO-
rO anomnTo3a. [MIepoKcus CTUMYJIUPYET BOCHAJH-
TEJIbHYIO PEaKIIUIO, B YACTHOCTH, B JIETKUX [ ], U CI10-
coOCTBYeT  BA3OKOHCTPUKIIMM B  pe3yJibrate
CHUKEHUS YPOBHS OKcH/la a30T1a [6].

Orbegozo C.D. et al. (2015) cooburmnu 06 wH-
tepecHoM (pakre. OKa3biBaeTcs, Maxke y 3/0POBBIX

not receive MV 86% received oxygen through nasal
cannulas, masks or non-invasive ventilation [2].
These data allow us to talk about the routine use of
oxygen in the ICUs.

In a retrospective study (E. de Jonge et al,
2008) of the dependence of mortality rates on the
level of PaO, in ventilated patients in ICUs, the
authors reported on a U-shaped dependence of these
parameters [3].

Commenting on the work of E. de Jonge et al.,
one should agree that adequate oxygenation is neces-
sary for the normal functioning of cells, and a low
level of SaO, should indicate a future threat to the
patient's life, especially in critical conditions [3].
Supply of additional oxygen will increase oxygen
delivery only in patients with hypoxemia, thus sup-
porting the function of cells, metabolism and limiting
the severity of organ dysfunction. However, in
patients without hypoxemia, additional oxygen will
increase pressure in the hyperoxic ranges. In this case
a person does not have the adequate protection.
Providing extra oxygen to people who do not have
hypoxemia is always an exclusively non-physiologi-
cal event.

Hyperoxia provides a variety of toxic effects on
organs and systems. Tissue damage is directly relat-
ed to the production of reactive oxygen intermedi-
ates (ROT) in amounts exceeding the physiological
capabilities of antioxidant systems [4], leading to the
increase of cell death through apoptosis. Hyperoxia
stimulates the inflammatory response, in particular,
in the lungs [5], and promotes vasoconstriction as a
result of the decrease of the nitric oxide level [6].

Recently Orbegozo C. D. et al. reported an
interesting fact. It turns out that even in healthy
volunteers, normobaric hyperoxia caused a decrease
in capillary perfusion, which was assessed using sub-
lingual video-microscopy [7]. It was suggested that
the detected vasoconstrictive effect of normobaric
hyperoxia could serve as means of cell protection
from the harmful effects of high PaO,.

Hyperoxia can be particularly dangerous after
cardiac arrest [8]. Experimental data and data from
clinical observations provide contradictory results
on the effects of hyperoxia in this situation [8]. In a
retrospective analysis (2001 and 2005) of data from
6,326 patients after cardiac arrest delivered to the
ICUs of 120 US hospitals, patients with hyperoxia
(defined as PaO, at =300 mm Hg) had higher mor-
tality rates than patients with normoxia or even with
hypoxia. In another multivariate analysis, the dura-
tion of hyperoxia was an independent prognostic fac-
tor of mortality (odds ratio 1.8 [95% CI 1.5—2.2] in
the hospital, P<0.001) [9]. In 441 patients with car-
diac arrest with ST elevation myocardial infarction
receiving oxygen (8 l/min to SaO, >94%) during
resuscitation, an increase in the frequency of myocar-
dial infarction recurrence, an increase in arrhythmia
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TOOPOBOJIBIIEB HOPMOGAPUYECKAsT TUIIEPOKCHUST BbI-
3bIBAET CHUKeHUEe TKaHeBOI 1epdysuu, KOTOPYIO
OIIEHUBAJIN C UCTIOJIb30BAHUEM CyOJMHTBAILHON BU-
JIe0O-MUKPOCKOTINH. DbII0 BbICKA3aHO IPEATIOIOsKe-
HUe, 4TO OOHAPY’KEHHDII COCYA0CYKUBAIOIINNA a(-
(dheKkT HOPMOOAPHUUYECKOI THIIEPOKCHE  MOJKET
CJIy’)KUTb CPEICTBOM B3alIUThI KJIETOK OT BPEIHOTO
BO3/IeiicTBUS BbIcOKOTro PaO, [7].

Tunepokcust MOKET OBITH OCOOEHHO OIACHOU
mocJie OCTAHOBKU cepzna [8]. dxcrmepuMeHTaNIbHbIe
U KJIMHUYECKUEe MCCIIe0BAHIS TIOKA3bIBAIOT TIPOTHU-
BOpEUYUBbIE PE3YJILTATHI IPUMEHEHUs TUIIEPOKCUH B
aroii cutyaruu [8]. B perpocrieKTMBHOM aHasu3e
(2001 n 2005 tr.) marHBIX 6326 TAMEHTOB MOCIE OC-
TAHOBKM cep/iia, qoctaaeHubix B OPUT 120 6ouib-
nut; CIHITA, nanuenTsl ¢ runiepokcueil (ornpesuersie-
Mot kak PaO, >300 mm prt. cr.) umenn Goiee
BBICOKHE [TOKA3ATEJHU JIETAIbHOCTH, YeM HAIIUEeHTBI C
HOPMOKCHeH uiau aaxke ¢ runoxcueil. IIpum mHoro-
(hakTOpHOM aHaM3e MPOJOIKUTENBHOCTD THIIEPOK-
cur OblIa HE3aBUCUMBIM MTPOTHOCTUYECKUM (DaKTO-
poM JietajibiocTy (oTHoIeHue mancos 1,8 [95% AN
1,5—2,2] B crarmmonape p<0,001) [9]. ¥ 441 nanuen-
Ta C OCTAHOBKON cep/iia Ha (hoHe mH(bapKTa MUOKAp-
na ¢ noabemoMm ST, mosyuaBmux kucjaopoxa (8
JI/MUH, 0 HocTiKers ypoBasa Sa0,>94%) B mpo-
1ecce PeAHNMAIMOHHBIX MEPOIPUSTUN, OTMEYEHO
MOBBIIIIEHNE YACTOTHI PEIUANBOB UH(APKTa MUOKAP-
14, YBeJTMYeHIe YaCTOThI APUTMHUIL, & TAK)KE YBeJInyde-
HUE Pa3MepoOB HEKPO3a MUOKAP/Ia, IOATBEPKACHHOE
MPT cnycrg 6 mecses [10]. 9tu pe3yasraTsl 1mpo-
THBOPEYAT MHEHUIO O 1[eJIECO0OPAZHOCTH UCTIOIB30-
BaHUs JIOMOJHUTENBHOTO KUCJIOPOJA B BBICOKUX
KOHIIEHTPAIUSAX TIOCJIe OCTAHOBKH Ceplla WU UH-
bapkTa Muoxapza.

WuTepecHoe paHIOMU3UPOBAHHOE MHOTOIIEHT-
POBOE ITPOCHEKTUBHOE UCCIIEOBAHNE TTPOJIOJIKACTCS
Ha ceroxguamHuil geus B IBeruu. ¥ 6600 mamuen-
TOB C BO3MOJKHBIM OCTPBIM HH(MAPKTOM MHOKapIa
upu yposue Sa0,>90% npoBoaUTCs CPaBHUTETbHAS
orterka a¢deKkToB 1nojaun B rederune 6—12 yacos jo-
MOJHUTEIHHOTO KUCJIOPOIA CO CKOPOCTHIO 6 Ji/Mu-
HYTY U Bo3jiyxa ¢ yposaeM FiO, He 6omee 21% [11].
B nenaBHeMm ucciieoBaHUM Y HAIIMEHTOB IIOCJE OC-
TAHOBKH cepjiia usbbrrounast runepokcust (pO,>40
kIla) ObLTa CBsI3aHA CO CHUKEHMEM BBIKMBAEMOCTH,
a pu ymepennoit runepokcun (pO, 13,3—40 klla)
— C yMCHBIIICHUEM CJIy4YaeB Pa3BUTHS TOJUOPTaH-
HOIT HeZlocTaTouHOCTH TIoce 24 acos [12].

B perpociieKTUBHOM UCC/IEIOBAHUU C YYACTH-
em Gosiee uem 3000 mareHTOB ¢ YePEHO-MO3IOBOM
tpaBmoii (UMT) runokcemus u akcTpeMaabHAs TH-
nepokcus (PaO,>487 MM pT. CT.), perucTpupyembie
IPU TOCTYIUICHUHN, OBLIM CBSI3aHBI ¢ XY/IIIUMHU pe-
gyJsibratamy; 3nadenne PaO, 110 MM pT. CT. B IaHHOM
MCCJIEIOBAHUN CUUTATIOCH ONITUMaJbHBIM [13]. Ana-
JIOTUYHBIE Pe3yJIbTaThl ObLIN MOJyYeHbI U B GoJiee
MO3/[HEM PETPOCIEKTUBHOM HCCJIEIOBAHUU, BKJIO-

frequency, and an increase in the size of myocardial
infarction confirmed by MRI in 6 months [10] were
recorded. These results do not support the viewpoint
that it is advisable to use additional oxygen at high
concentrations after cardiac arrest or myocardial
infarction.

An interesting randomized, multi-center,
prospective study is currently carried out in Sweden.
In 6,600 patients with suspected acute myocardial
infarction and with SaO, level >90%, an additional
oxygen supply of 6 1/min and the air with FiO, level
of no more than 21% is measured for 6—12 hours
[11]. In a recent study of patients after cardiac arrest,
excessive hyperoxia (pO,>40 kPa) was associated
with the decrease of survival, and moderate hyperox-
ia (pO, 13.3—40 kPa) with the decrease of cases of
multiple organ failure in 24 hours [12].

In a retrospective study involving more than
3,000 patients with brain injury, hypoxemia and
extreme hyperoxia (Pa0,>487 mm Hg) recorded at
admission were associated with worse results; PaO,
value of 110 mmHg was considered to be optimal in
this study [13]. Similar results were obtained in a
later retrospective study, which included 1,547
patients with brain injury with low and high PaO, at
admission: worse results were related both to hypoxia
(Sa0,<60%) and hyperoxia (Pa>300 mm Hg) [14].
Moreover, a comparative study (NCT00414726) of
the sensitivity of patients with ischemic stroke to sup-
plied room air or to extra oxygen (30—45 l/min for 8
hours) was terminated early due to many deaths in
the group using oxygen [15].

In contrast to the negative results, we should
mention a study of 68 patients with severe brain
injury who received a gas mixture with 80% or 50%
oxygen during the MV within the first 6 hours of the
post-traumatic period. Patients in the hyperoxia
group demonstrated better results during treatment
and within the next 6 months after being discharged
than patients in the normoxia group [16]. These
results raise some doubts if we take into account
some physiological data. Despite the relatively low
weight (about 2% of the total body weight), the
human brain consumes about 20% of all oxygen
absorded, which makes it vulnerable during hypox-
emia. When PaO, decreases to 60 mm Hg, hypoxic
vasodilation occurs as a particular manifestation of
cerebral autoregulation. Hyperoxia, even in its mod-
erate form, leads to the constriction of the blood ves-
sels, and, consequently, worsens the brain perfusion.
Thus, for cerebral oxygenation, both hypoxia and
hyperoxia are equally dangerous. A recent retrospec-
tive study of patients with brain injury has shown
that hyperoxia and hypoxia can be equally dangerous
regarding both the frequency of lethal incidence and
functional disorders [14].

The use of hyperoxia in patients with sepsis is
also controversial today. Sepsis, undoubtedly, is asso-
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yasiieM 1547 naumentos ¢ YMT ¢ HU3KUM U BBICO-
kM 3navenueM PaQ, 1pu rocnutaniusanuu: ¢ Xy-
[IUME Pe3yJIbTaTaMu ObLIN CBSI3aHHDBI KaK THITOKCHSI
(Sa0,<60%), tak u runepokcusi (Pa0,>300 mm pr.
c1.) [14]. Bosiee Toro, cCpaBHUTEIBHOE UCCICIOBAHIE
(NCT00414726) 4yBCTBUTEJNBLHOCTU TIAIIMEHTOB C
UIIEMUYECKUM UHCYJIBTOM K 110[aBAEMOMY KOMHAT-
HOMY BO3IYXY WM K IOHOJHUTETHBHOMY KUCIOPOLY
(30—45 j1/MuH B Teuerue 8 4acoB) ObLIO MpeKparile-
HO JIOCPOYHO 13-3a GOJIBIIErO KOJIMYECTBA CMEPTEil B
rpyIiiie ¢ UCIoJb30BaHueM Kucaoposaa [15].

B npoTuBOII0/I03KHOCTD IIPUBEIEHHBIM OTPHUITA-
TEJIbHBIM PEe3yJIbTaTaM MOXKHO IPUBECTU MCCIIe0Ba-
Hue y 68 namuenTos ¢ Tsxkenoit YMT, koTopsie 11o-
Jygaiu ra3oByio cMech ¢ 80 wiu ¢ 50% Kuciaopona B
npoitecce UBJI B iepBbie 6 4acoB MOCTTpaBMATHYEC-
Koro tepuoza. llarmentsr B TpyIlle TUIIEPOKCHN
UMeJIU JIy4Iiiie Pe3yJIbTaThl B IIPOIECCE JIEUEHMs 1 B
TeyeHHe OJKAlUX 6 MECSIeB MOCJe BbIMUCKH,
YyeM TAIMeHThl B TPYIIe ¢ HopMokcued [16]. Itu pe-
3YJIBTAThI BBI3BIBAIOT OIIPe/IeIEHHbIE COMHEHUST, €CJIU
yuecTb HEKOTOpbie (husnosiornyeckue nannbie. He-
CMOTPSI HA OTHOCUTEIBHO HEOOJIBINOI Bec (0KOJI0 2%
ot 00I1eil Macchl Teja), YeJI0BEYeCKUil MO3T ToTped-
ssiet okoJsio 20% OT BCEro yCBOEHHOrO KHUCJIOPOJIA,
YTO [IEJIAeT €r0 YSI3BUMBIM B YCIOBUSIX TUITOKCEMUM.
Korga PaO, camkaercs no 60 MM PT. CT., TIPOMCXO-
JUT TUIOKCUYECKAs] Ba30JMJIATAIMS KaK YacTHOE
posiBJIeHIEe TiepeOpasibHOll ayroperyssiiuu. Ture-
pPOKCHUsI, Jaxke yMepeHHas, IPUBOJIUT K CY/KEHUIO
KPOBEHOCHBIX COCYIOB, U, CJIEIOBATEJBHO, YXY/IIIAeT
nepy3uo TOJIOBHOTO M03Ta. TakuM 00pasoMm, JJist
1epeOpaIbHON OKCUTEHAITH OIHHAKOBO OMACHBI KAK
TUIIOKCHSI, TAK ¥ THIEPOKCcUsi. B HemaBHeM peTpo-
CIIEKTUBHOM HcciieoBanuu mnamuenTos ¢ YMT mo-
Ka3aHO, YTO TMIIEPOKCUST U TUMOKCUST MOTYT OBITh
OJIMHAKOBO OIIACHBI B OTHOIIEHUU KAaK YACTOTBI Jie-
TAJbHBIX UCXOJOB, TaK U (DYHKIIMOHATIHHBIX PACCT-
poiicts [14].

Vcnonb3oBanue rutiepokcun y GOJBHBIX C Cerl-
CHCOM TaKiKe sIBJIsieTcst cerozns cropubim. Cercuc,
6€e3yCJIOBHO, CBSI3aH C TIOBBIIIEHHBIM 00Pa30BaHIEM
ADK. It1o, KaK IM0JIaraioT, UrPaeT rJIABHYIO POJb B
MOBPEKJEHUN TKAaHell M OPraHoB C Pa3BUTHEM UX
muchynknum [17]. B ycioBusx skcnepuMeHTaIbHO-
rO MOJIEJIUPOBAHUS CEIICHCA BBICBOOOK/IEHUE I[UTO-
KUHOB U BBIPAKEHHOCTD TUCHYHKIMEI OPraHOB ObLIN
JIOCTOBEPHO BBIIIE Y KUBOTHBIX C TMIIEPOKCHUEN 110
CPaBHEHUIO C JKUBOTHBIMU ¢ HOpMOKcueii [18].

B nebombnioMm HabJIIONATEIbHOM MCCJIE0BA-
HUW TAIUEHTOB C MOJI03PEHNEM Ha CETICUC He OBLIO
HUKAKUX CYIIECTBEHHBIX PA3JIUYMil B MOKA3ATEJSIX
JIETAJIBHOCTH MEKIY TAlMeHTaMU C THIIEPOKCUeit
au6o uopmokcueir [19]. Uccaemosanume <«The
Oxygen-ICU Randomized Clinical Trial» (434 ma-
1eHTa) OBbLJIO IPEKPAIIEHO PAHbBIIE CPOKA, TOCKOJIb-
KY JIETAJIbHOCTD MAIEHTOB TIPU 0OECTIeYeHU N 3HAUE-
uuit PaO, B npenenax 70—100 mm pr. ct. u SaO,

ciated with increased ROT formation. It is believed
to contribute to damage of tissues and organs fol-
lowed by their dysfunction development [17]. In
sepsis simulation, the release of cytokines and the
severity of organ dysfunction were significantly
higher in animals with hyperoxia compared to ani-
mals with normoxia [18].

In a small observational study of patients with
suspected sepsis, there were no significant differences
in mortality rates between patients with hyperoxia
and normoxia [19]. The study «The Oxygen-ICU
Randomized Clinical Trial» (434 patients) was termi-
nated early, as the mortality of patients with PaO,
level of 70—100 mm Hg and SaO, 94—98% was lower
than the mortality rate of patients with PaO, within
100—150 mm Hg and SpO, 97—100% (relative risk
0.57 [95% C10.37—0.9]; P=0.01) [20].

Before providing additional oxygen, a number
of facts should be considered. First, if hemoglobin is
completely saturated, we cannot significantly
increase the oxygen ratio in the blood, and «chasing»
it is not worth it. For example, PaO, elevation from
100 to 150 mm Hg increases oxygen concentration in
the blood from 200 to 201.5 ml/l [21]. Secondly,
many doctors consider that the administration of
oxygen automatically removes shortness of breath.
However, hypoxemia itself is unlikely to cause dysp-
nea [22]. Dyspnea is primarily stipulated by hyper-
capnia and/or pulmonary stimulation of the
mechanoreceptors depending on the cause of hypox-
ia, so patients with chronic hypoxia have no positive
effect on dyspnea from additional inhalation of oxy-
gen [23], but with acute hypoxia hypoxemia will lead
to hyperventilation, then to mechanoreceptor stimu-
lation and dyspnea.

Permissive hypoxemia as a new strategy for
oxygen therapy. The benefit/harm ratio of oxygen
therapy is determined by the O, concentration, the
duration of exposure, and the underlying disease. In
order to reduce the potential risks of hyperoxia, the
lower limits of the oxygenation level acceptable for
critically ill patients should be indicated. Allowable
low SaO, is called a «permissive hypoxemia». As a rule,
the permissive hypoxemic strategy is presented by the
level of SaO, equal to 85—95%, which is traditionally
used in patients with acute respiratory distress syn-
drome (ARDS) and in premature infants [23, 24].

Recently, R. Panwar et al. (2016) published an
intriguing pilot randomized controlled blind inter-
national and multicenter study in the American
Journal of Respiratory and Critical Care Medicine.
The authors compared the conservative oxygenation
strategy with the target level of SpO, 88—92% and
the traditional liberal strategy with the target level
of SpO, 96% and concluded that the conservative
oxygenation strategy is a real alternative to the usual
liberal strategy and at the same time effectively
reduces the impact of hyperoxia [25, 26].
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94—98% ObLta HUKe, YeM y narueHToB pu PaO, B
npezenax 100—150 mm pr. ct. u SpO, 97—100% (ot-
HocutenpHbi puck 0,57 [95% AN 0,37—0,9];
p=0,01) [20].

Ipexiae dem 00ecTeUunBATD JIOMOJTHUTETHHOE
BBeJleHIe KUCJIOPO/IA, CJIeyeT y4ecTb s (haKToB.
Bo-11epBbIx, eciii reMOTJIOONH TIOJTHOCTHIO HACKIIIEH,
Mbl HE CMOKEM CYIIECTBEHHO YBEJIUYUTH COJEPIKa-
HUe KUCJIOPO/IA B KPOBU, U «TOHSATBCSI» 32 HUM He CTO-
ut. Haripumep, ysenuuenue PaO, ot 100 1o 150 mm
PT. CT. YBEJIMYUBAET COJIEP/KAHIIE KUCTIOPOIA B KPOBH
ot 200 mo 201,5 mui/x [21]. Bo-BTOpbIiX, MHOTHE Bpa-
YU CYUTAIOT, YTO MOJaYa KUCIOPOIa aBTOMATUYECKH
CHUMAET 9yBCTBO yayiibst. OnHako cama no cebe ru-
MOKCEeMUS BPSI/I JIM BbI3bIBAaeT OAbIIKY [22]. Ozpiiika
00yCJIOBJIEHa TPEUMYIIECTBEHHO TUIEPKATHUEN
/WM JIEeTOYHOU CTUMYJISIIIMEH MeXaHOPelenTopoB,
MIO3TOMY Y TTAIIUEHTOB C XPOHUYECKOU TUTTOKCHUEH [10-
MOJTHUTEIbHOE BJIbIXaHUE KHUCJIOPOAA TOJOKUTEIb-
HOTO BO3/ICHCTBHS HA OZIBINIKY HE OKa3biBaeT [23], a
BOT TIPU OCTPO PA3BUBAIOIIENCST TUIIOKCUY TUIIOKCE-
MU IPUBOIUT K TUIIEPBEHTUIISIIIUNY, 3AT€M K MEXAHO-
PELEeNTOPHON CTUMYJISIINN U OJIBIIIKE.

PaspemmrtesnbHasl rUIMOKceMHsi KaK HOBas
cTparerusi okcureHotepanuu. COOTHOIIEHUE T10JIb-
3a,/Bpell KUCJOPOJHON Tepanun OIpe/iessieTcsl KOH-
nenrpaiueit O, B ra30BOil cMecH, JJTUTEIHHOCTHIO
€ro BO3JIENCTBU, a TaKyKe XapaKTePOM OCHOBHOTO
3abosteBanust. 17t TOro 4TOOBI CHU3UTH PUCKU THIIE-
POKCHH, JIOJEKHBI OBITH 0603HAYEHBI HIKHIE TPAHH-
I[bl YPOBHsI OKCUTEHAI[UH, TIPUEMJIEMbIe JIJIsT OOJIb-
HBIX B KPUTUYECKOM COCTOsTHUU. /loITycTUMO HU3KasT
SaO, Ha3bIBaeTCS «pa3pelnuTebHON TUTIOKCEMUEH».
Kak mpaBwmiio, pasperiurtesnbHas TUIOKCEMUYECKAsT
cTparerus mpeicTaBieHa ypoBHeM SaQ,, paBHBIM
85—95%, 4TO TPAAUIIMOHHO UCIOIb3yeTcst y 00Jb-
HBIX OCTPBIM PECIIUPATOPHBIM JAUCTPECC-CHHIPOMOM
(OPIC) u y HemoHOIIEHABIX ieTelt [23, 24].

Hemasro R. Panwar et al. (2016) omybsimkoBaiu
B Am J Respir Crit Care Med unTpurymoiiee mmioT-
HOEe PaHIOMU3UPOBAHHOE KOHTPOJIUPYEMOE CJIETOe
MEJK/IyHAPO/IHOE MHOTOIIEHTPOBOE UCCIe0Banue. AB-
TOPBI CPABHIIN KOHCEPBATUBHYIO CTPATEIUIO OKCUTE-
Hanuu c mesieBbiM yposueMm SpO, 88—92% u tpanu-
[UOHHYIO JINOEPAIbHYI0 CTPATETHI0 C I[EJEBBIM
yposteM SpO, 96% 1 IPUILIU K BHIBOLY, 4TO KOHCEP-
BaTUBHASI CTPATErusi OKCUTEHAIUY SIBJISIETCSI Peaib-
HOIl aJIbTepHATHBOM OOBIMHON JIMOEpaIbHO cTpare-
MU U B TO ke BpeMd 3Gh(eKTUBHO CHUKAET
BO3jIelicTBIE THTIEpOKcHH [25, 26].

Tem He meree, HEKOTOPbIe MOMEHTHI 3ACJIYKHU-
BatoT 00cyskaeHust. [IoHsATHE «pa3peliaonieiis THio-
KCEMUU TTIOXO0Ke HA «Pa3PEIIAONIYI0 TUIEPKATHITIO»
WM «paspeliaioniee HapylieHue mnepudepudeckoin
nepdysuns [27]. B HeKOTOPOIl cTereHn ajanTtarus
KJIETKH U OpPraHa B I[eJIOM MOJKET IIPOU30UTU U BO
BPEMsI THIIOKCEMUH, YTO CHOCOOCTBYET BBIKMBAHWIO
6e3 yBeJIMUEHUST BPEJIa, TaK KaK CYIIECTBYIOT PaHHUE

Nevertheless, some points are worth discussing.
The concept of «permissives hypoxemia is similar to
«permissive hypercapnia» or «permissive impaired
peripheral perfusions [27]. To some extent, the adap-
tation of the cell and the organ can occur during
hypoxemia, which contributes to survival without
increased harm, as there are early mechanisms of
adaptation to hypoxia. This is acceptable for main-
taining the physiological status, but can result in fur-
ther injury and aggravate the critical condition. The
concept of «permissive hypoxemias reflects a reason-
able balance between SaO, level and the toxic effect
of ventilation necessary to achieve a higher level of
Sa0,. Besides, a conservative strategy for oxygena-
tion/permissive hypoxemia should be used in
patients at high risk for hyperoxia, but not for every-
one. «Permissive hypoxemia» always works as an
easy defensive strategy (after all, hypoxia is a stan-
dard pathological process), as it is aimed at minimiz-
ing the harmful effects of conventional respiratory
support in the intensive care unit [28]. At the same
time, «permissive hypoxemias» can also increase pres-
sure in the pulmonary artery (through hypoxic pul-
monary vasoconstriction) and cause right ventricu-
lar dysfunction.

Most doctors today believe that mild hyperox-
ia will provide oxygen storage and reduce the poten-
tial risk of hypoxemia in the critical condition.
However, the achievement of «good» through «evil»
is hardly the right way out. Thus, a vicious circle is
created: a patient needs MV and high concentrations
of oxygen, but there is a certain risk of deterioration
of the condition due to hyperoxia and hypoxia,
which will definitely lead to hemodynamic disorders.

Is there a way out with the inevitable hyper-
oxemia and <«permissive hypoxemia»? In recent
years, there has been a gradual departure from using
high concentrations of oxygen in some acute condi-
tions. Oxygen is well known as a «two-edged
sword». On the one hand, hypoxia leads to the imbal-
ance between the «demand» for oxygen and its lev-
els, which could cause tissue hyperoxia and cell
death. On the other hand, hyperoxia causes oxidative
stress through increased synthesis of ROS, which
damage the alveoli and promote the development of
fibrosis.

The way out of the «deadlock situation» can be
found in thorough understanding of the mechanisms
of tissue respiration, ensuring the comfort life of a
cell both in the case of aerobic oxidation (by oxida-
tive phosphorylation) and in hypoxia (by glycoly-
sis). In both cases, only conditions change, and the
platform for biochemical transformations in the form
of a respiratory chain and enzymes bounded to it
remains unchanged, as it was formed in the evolution
process. However, in the process of evolution, reoxy-
genation appeared, a period when a <hungry» cell
finds itself in conditions of excess oxygen, i.e., hyper-
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MEXaHU3MBI /IANITAIINH K TUTTOKCHH. JTO TIPUEMIIEMO
JUIS TIoJiiepsKaHnsg  (hU3UOJIOTHUECKOTO COCTOSHUS,
HO MOXKET TIPUBECTH K TAJIBLHEHIIINM TTOBPEXKACHUAM
u ycyryOuTh KpUTHUYECKOe cocTosiHue. [loHsTue
«pa3penuTesbHON TUITOKCEMUM» OTPAXKACT Pa3yM-
HBII Gasmanc Mexay ypoBHeM SaQ, M TOKCHYECKUM
a(hdEKTOM BEHTUISINN, HEOOXOAMMBIM [t JOCTH-
skeHust Gosiee BoICOKOTO ypoBHS Sa0,. Kpome Toro,
KOHCEPBATUBHYIO CTPATETWI0 OKCHUTEHAIUs/pa3pe-
NIUTEThHAS TUTTOKCEMHUS CIEYeT UCTIOIb30BATD y T1a-
IIUEHTOB C BBICOKUM PHCKOM THUIICPOKCHH, HO HE Y
Bcex. «PaspeluresibHast TUIIOKCEMEsT» Beeria pabo-
TaeT KaK «JIeTKas» 3alUTHAs cTpaTerust (Belb TUIo-
KCHST — 9TO TUIIOBOIA MaTOJIOTMYECKUI TIPOTIECC), TaK
KaK HaIpaBJieHa HA MUHUMU3AIINIO BPEJIHOTO BO3/ICH-
CTBUST OOBIYHON PECITUPATOPHO TTOJEPKKU B OT/IE-
JICHUW WHTEHCUBHOI Tepanuu [28]. Bmecte ¢ Tem,
«paspeliamiias TUITOKCEMUI> MOKET TaKKe yBeJU-
YUTB JIaBJIeHUE B JIETOYHOH apTepuu (4epe3 r’MIoKCH-
YEeCKYIO JIETOYHYIO Ba30KOHCTPUKITUIO) W BbI3bIBATDH
JChYHKITUIO TTPABOTO JKETYI0UKA.

BoabumucTBO Bpaveil cerojiHs 1oJiaraiot, 4To
«MSITKast» TUTIEPOKCHsT 00ECTIeYnBAET Pe3ePBUPOBa-
HUE KUCJIOPOJIAa U YMEHBIIAET PUCK TUIIOKCEMUU B
KPUTHUYECKOM cOCTOSTHUN. OIHAKO JOCTUKEHUE <«J10-
Opa» uepes «3JI0» — BPS JIU [IPABUJILHBII TTOAXOL.
Takum 00pasoM, CO3MAETCST HOPOYHBIN KPYT: OOJIBHOI
nyxzmaetrcss B UBJI 1 BbICOKUX KOHIIEHTPAIUSAX KUC-
JIOPO/Ia, HO €CThb OTPE/IEJICHHBIN PUCK YXY/IIIEHUS CO-
CTOSTHUS 32 CUET TMIIEPOKCUM U PUCK YXYAIIEHUS CO-
CTOSIHUSI 32 CUET TUIIOKCUHU, KOTOPbIe 00sI3aTeNbHO
MIPUBELYT K TEMOIMHAMUYCCKIM PACCTPOHCTBAM.

Ectb /11 BBIXO/] IPU HEU30EKHON runepokce-
MHH U <pa3penmTeabHoil runokcemMuns> ? B nociuen-
HUe TOJbI HaOJIIOAETCSI TIOCTEIEHHBII OTXO/ OT UC-
MOJIb30BAHMS BBICOKMX KOHIIEHTPAINN KHCJIOPOA
IIPU HEKOTOPBIX OCTPBIX COCTOSHUAX. Kucaopon xo-
POIIIO M3BECTEH KaK «I1ajika O [BYyX KoHIax». C on-
HOU CTOPOHBI, THIOKCUSI TIPUBOAUT K IHcOATAHCY
MEKIY «CIIPOCOM» HA KUCJIOPOJ U YPOBHEM €ro JI0-
ctaBk. C [pyroif CTOPOHBI, HAJIMYUE TUIIEPOKCUU
BBI3BIBACT OKUCIUTEJbHBIN CTpecc yepe3 yCUJICHUEe
cunre3a ADK, KOTOpble TOBPEKAAIOT AJTbBEOJBI U
CIIocoOCTBYIOT pasBuTHiO (hubposa.

Boixon 3 «TynmuKoBO# cUTyaIiuuy» MOKHO Hali-
THU B JICTAILHOM TOHUMAHUH MEXaHU3MOB TKaHEBOTO
JIbIXaHUst, 00ECTIEUNBAIOIIETO KIU3HEHHBINH KOMMBOPT
KJIETKH KaK B YCJOBUSX a3POOHOTO OKuceHust (1y-
TEeM OKHUCJIUTEJHHOTO (hOchOPUIUPOBAHUS ), TAK U B
YCJIOBUAX TUIOKCUU (ITyTeM TIAUKOIM3a). B Tom u
JIPYTOM CJTy4asixX MEHSIOTCS TOJBKO YCJIOBUS, A TLIAT-
opma 171t GUOXUMHUYECKUX TPaHC(hHOPMAIHil B BUJE
JIBIXaTeJIbHOM TIeMH U MTPUBA3aHHBIX K Hell hepMeH-
TOB OCTAETCS HEM3MEHHOM, TTOCKOJIBKY c(hOpMUPOBa-
Jiach B mipoiiecce aBosronun. OHAKO B TPoIiiecce 3B0-
JIOIUK TIOSBUJIACh U PEOKCUTEHAIUSA — TIEPUO[,
KOT/Ia «TOJIOJIHAST» KJIETKA OKA3bIBACTCH B YCIOBUIX
u30bITKa KUCJIOPOJIA, TO €CTh rutiepokcuu. M cHoBa

oxia. Once again, the conditions change, but the
platform remains the same. Thus, only oxygen con-
centration and its partial pressure change one way or
another.

According to the current concept of this rou-
tine pathological process, the development of hypox-
ia begins with the activation of a hypoxia inducible
factor (HIF). Activation of HIF occurs only in
response to the energy substrate deficiency in the
form of a signaling molecule of succinate, the main
substrate of the IT complex of the mitochondrial res-
piratory chain [29]. The point of the events at the
tissue level is that during the period of hypoperfu-
sion/hypoxia, the amount of oxygen progressively
decreases in the tissues, naturally increases at first in
a compensatory way, and then the intensity of the
respiratory chain decreases. In other words, at first it
increases by 65—85% and then the load on the sec-
ond section decreases, where succinate dehydroge-
nase functions and oxidizes succinate [30, 31]. The
amount of substrate that is not «demanded» during
ischemia progressively accumulates, and the longer
is the ischemic period, the more is its amount [32].

This is the protective effect of the «succinate
reserves for future use». However, as shown, these
reserves are depleted very quickly, which dictates the
need for succinates during the reperfusion period,
and, what is better, before reperfusion with a substi-
tution purpose [32]. It dictates the need for succi-
nates during the reperfusion period, and, what is bet-
ter, before reperfusion with a substitution purpose.
Probably, the mechanism of urgent adaptation to
hypoxia in critical conditions develops with a specif-
ic decrease in the amount of succinate (as a substrate
for the enzyme, the amount of which, on the contrary,
increases). This makes it possible to correct its defi-
ciency by solutions of succinates with the prospect of
increasing oxygen consumption, activating the
processes of aerobic oxidation, and restoring the
processes of intracellular aerobic metabolism by pro-
viding the enzyme succinate dehydrogenase with the
necessary amount of substrate. According to A. P. Lin
et al. (2011), during hypoxia, the mitochondrial res-
piratory chain cannot take hydrogen from any other
substrate except from the succinic acid molecule [33].
The fact is that during oxidation of succinic acid,
hydrogen enters the section closest to oxygen of the
respiratory chain, which once again proves the
uniqueness of the succinate molecule in physiology
and pathophysiology of tissue respiration processes.

In their study, J. K. Ehinger et al. (2016) claim
that the delivered exogenous succinate bypasses I
section of the respiratory chain and supports the
electronic transport of II section, thus providing
both membrane potential and synthesis of ATP [34].
This is confirmed by clinical studies [35, 36]. This
strategy offers a potential future for the therapy of
metabolic decompensation due to mitochondrial
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MEHSIIOTCS YCJIOBUS, a TIAT(OpPMa OCTAETCH MPEK-
Heit. TakuM 06pa3oM, M3BMEHSETCsI TOJIbKO KOHIIEHT-
palys KICJ0po/ia U eTo MapiuaJbHOE TaBJIeHUE B TY
WJIN MHYIO CTOPOHY.

PasBuTHe TUMOKCUU C YYETOM COBPEMEHHOTO
B3IJISA/1a HA 3TOT TUIIOBON MATOJIOTHYECKUI ITPOIlece
HAUMHAETCS € aKTUBAIUK WH/IYIIUPYEMOTO IMITOKCH-
eit pakropa (hypoxia inducible factor, HIF). Axtu-
Barust HIF niponcxoauT To/bKo B 0TBeT Ha lepuiiut
SHEPreTHYECKOTO cyOeTpara B BUjle CUTHAJIBHON MO-
JIEKYJIbI CYKIIMHATa, OCHOBHOTO cyberpara IT Kom-
TJIeKCa JABIXaTeIbHON 1enu Mutoxoupuii [29]. CyTb
MPOUCXOSIIIX COOBITHIT Ha YPOBHE TKAHEH 3aKJItO-
YyaeTcd B TOM, YTO B MEPHUOJ TUTIOTEPdY3UH/TUTIO-
KCHM B TKAHSX ITPOTPECCUBHO YMEHBINACTCS KOJIUYE-
CTBO KHCJOPOJa, W 3aKOHOMEPHO CHauaJa
KOMIICHCATOPHO YBEJIMYUBAETCS, & 3aT€M yMEHbBIIa-
eTCst MHTEHCUBHOCTH PaboThI AbixaTesibHoii renu. To
ecThb, CHAYAJA yBeluuynBaercs Ha 65—85% u 3arem
yMeHblaeTcd Harpyska Ha I yuacrtok, rae dynkim-
OHUPYET CYKIMHATAETUPOTEHA3a, OKHUCJILIONas
cykiunar [30, 31]. KosmuectBo cyberpara, Ha KOTO-
pBIif B YCJIOBUSX WIIEMUM HET <CIIPOCay, MPOTpec-
CUBHO HAKAIJIMBACTCH, U YeM JIJIUTEIbHEN MepUoj
UIIEMUH, TEM €T0 KOJM4ecTBO Oosibiie [32].

B artom m 3akiovaercd 3amuTHBI ahderT
«3amacoB CyKIIMHaTa BIPOKy». OMHAKO 3TOT 3arac
04YeHb OBICTPO UCTOMIAETCS, YTO AUKTYET He0OXO0u-
MOCTb BBEJICHUS CYKIIMHATOB B TIepuoj perepdy-
3UH, a Jy4lie — 70 pernepdy3un UMEHHO € 3aMeCTH-
TeJbHOI 11esTb10 [32]. BeposaTHO, MeXaHU3M CPOYHOI
aJlalTallud K TUMOKCUU MPU KPUTHUYECKUX COCTOSI-
HUSX Pa3BUBAETCA C XapaKTEPHBIM YMEHBIICHUEM
KoJInvecTBa cykimHata (Kak cyOcrparta st dep-
MEHTa, KOJUYECTBO KOTOPOTO, HAIIPOTHUB, yYBEJTUYU-
BaeTcs). ITO MO3BOJSAET ITPOBOIUTD KOPPEKITUIO €T0
nedunTa pacTBOPaMM CYKITMHATOB C MEPCIEKTH-
BOII yBesnueHus1 MOTpebJIeHNsT KUCIOPOJIa, aKTHBa-
I[IH TIPOIIECCOB a3POOHOTO OKHMCJIEHUST 1 BOCCTAHOB-
JIEHWST TIPOIIECCOB BHYTPUKJIETOYHOTO a’3pPOOHOTO
MetabosinaMa 3a cuer obecrieueHust pepMeHTa CyK-
[UHATAETUPOTeHA3bl HEOOXOAUMBIM KOJHUECTBOM
cy6erpara. ITo muenuto A. P. Lin et al. (2011), upu
TUTIOKCHUY JIBIXaTeJbHas 1eTlh MUTOXOH/IPUI HE MO-
JKET IPUHSTH Ha ce0s BOLOPOJL OT KaKOro-anbo MHO-
ro cybGcTpaTta, KpOME KakK OT MOJIEKYJIbI STHTApPHOU
KUCJOTBL. /[es10 B TOM, UTO TIPU OKUCJIEHUU SHTap-
HOU KHUCJOTBI BOJOPOJI TOCTyHaer Ha Haubolee
OJIMBKUI K KHUCJIOPOLY YYaCTOK JbIXaTEeIbHOM Ienu
[33], uTo ermte pa3 moATBEPKIACT YHUKATHHOCTD MO-
JIEKYJIBI CYKIIMHATA B (PU3UOJOTUN U TTATOHU3NO0JIO-
TUW [IPOTIECCOB TKAHEBOTO JIBIXAHUS.

B cBoem wuccremoBanuu J. K. Ehinger et al.
(2016) yTBepKAAIOT, YTO JOCTABJICHHBIN 9K30T€H-
HBII CyKIMHAT 06X0AUT I yuacToK AbIXaTesIbHOI 11e-
i 1 HOJJIEPKUBAET 3JeKTPOHHBIN TpaHcropt I
ydacTka, 00ecreunBast Kak MeMOPaHHBIN MOTEHIHA,
tak u cunate3 AT® [34]. D10 noaTBEpIKIAETCS KIIHU-

dysfunction in hypoxia. Thus, during the period of
«permissive hypoxia» the use of succinates will cor-
respond to the essence of the physiological situation
and neutralize hypoxic damage.

As for the conditions of hyperoxia, in the B.H.
Gale's study, which was conducted in 1972, the
author attempted to evaluate the effectiveness of
succinate for protection against oxygen toxicity in
hyperbaric oxygenation (HBO), which was used as a
remedy for the simulating model of gas gangrene in
mice [37]. The author set out to determine whether
succinate would interfere or improve the therapeutic
efficacy of HBO. In a set of experiments, seven-fold
exposure to HBO was carried out for 90 minutes at 3
atmospheres absolute pressure. The significant
reduction in the mortality of mice injected with
Clostridium  perfringens  was  registered.
Intraperitoneal succinate injections (10 mmol/kg)
were given 20—25 minutes prior to the start of the
experiment. It turned out that the mortality rate
among infected animals after succinate injection was
lower than in the group of infected animals exposed
to HBO without prior injection of succinate (a
decrease in mortality by 79% and 17%, respectively).
When the oxygen pressure in animals was already 4
atmospheres (five 30-minute sessions, 100% oxy-
gen), the same model also showed a decrease in mor-
tality of animals under succinate injection in com-
parison with animals exposed to HBO without prior
succinate injection: a decrease in mortality by 62%
and 6%, respectively [37].

The above data allow us to conclude that if oxy-
gen therapy techniques with high concentrations of
oxygen are used, additional succinate injections are
necessary to eliminate the toxic effect of oxygen. In
addition, it can be assumed that in the case of
inevitable hyperoxia (for instance, in treatment of
ARDS), the tactic of reducing the toxic effects of
oxygen by succinate injections is justified, as it cor-
responds to the evolutionarily developed reaction of
the human body «on the chances of hyperoxia.

Conclusion

The data presented in the review make it clear
that the routine use of additional oxygen is poten-
tially dangerous, especially in critically ill patients.
Modern literature data convince us of the need for
careful use of additional oxygen. Severe hypoxemia
should be treated quickly, but at the same time slow-
ly, with a step-by-step increase in oxygen concentra-
tion, avoiding arterial hyperoxia. It seems advisable
to use additional succinates during hypoxemia and
to strive for low levels of oxygen saturation (SaO,
90% to 94%), especially if the patient's general con-
dition is stable at the specified level.

The potential harm of hypoxia should be
weighed, remembering that the benefits of «permis-
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HuueckuMu HabsogeHusivu |35, 36]. Ita crparerist
npejJiaraeT MOTEHIUaNIbHOe Oyyliee KOPPEKIUU
MeTabOoJIMYeCKO JIEKOMIIEHCAIIUH W MUTOXOH/PH-
IbHON JMChYHKIMU Py TUTOKcHH. Takum o6pa-
30M, B IE€PHUOJ <«PAa3PEITUTEJbHON THUIIOKCUUY> HC-
MOJIb30BAaHKME CYKI[MHATOB OyJIeT COOTBETCTBOBATDH
CyTU TaTO(U3NOJIOTUIECKON CUTYAITMU 1 HUBEJIHPO-
BaTh TUITOKCUYECKIE TOBPEKACHUS.

Yro ke KacaeTcsl yCJI0BUI TUIIEPOKCHUH, TO B UC-
cnegosanun B. H. Gale, kotopoe 6bL10 1IpoBeeHO B
1972 romy, aBTOp nonbITaIICS OLEHUTD 3 (HEKTUBHOCTD
CYKIIMHATA JUIST <3AIUTHI OT TOKCUYHOCTH KUCJIOPO/IAY
npu runepbapuueckoit okcureHaiyu (I'BO), kotopyto
HCIIOJIb30BAJIN B KAYECTBE JIeYeGHOTO CPEICTBA HA MO-
JIeJI Ta30BOH TaHTPEHbI y Mblield [37]. ABTop 3amascs
1eJIBIO BBISICHUTD, OYJIET JIK CYKI[HHAT YJIY4IIaTh Tepa-
neBTudeckyio ahextuBrOCTE 'BO? B cepun ombitos
cemukparnoe BozfeiictBue 'BO ocylecTBsIOCh B
tedenre 90 MUHYT IPU AOCOTIOTHOM JIABJIEHUH KUCJIO-
pozra B 3 armocdepbl. bbuto nokazaHo 3HaUYUTETBHOE
CHIZKEHME CMEPTHOCTU MBIIIEH TOCe BBEICHUS WM
kysasryper Clostridium perfringens ua ¢one TBO.
CyKIUHAT BBOIWIN MyTeM BHYTPUOPIONIMHHONW WHb-
ek (10 MmMoaib/Kr) 32 20—25 MUHYT /10 HAYaIa IKC-
nepumenTa. OKa3aioch, YTO JETAILHOCTh CPEN WH-
(buMpoBaHHBIX KUBOTHBIX B YCJOBHUSAX BBEICHUS
CYKIIMHATA HIKE, YeM B TpyIlie WH(GUIMPOBAHHBIX
JKMBOTHBIX, 1oziBeprimxcst [ BO 6e3 mpeBapuTeibHo-
TO BBE/ICHUS CYKITMHATa (CHIKEHIE CMEPTHOCTH Ha 79
u 17% cootBerctBenno). [1pu Bo3zelicTBuY Ha JKUBOT-
HBIX JIaBJieHud Kucaopona B 4 armocdepsl (taTh 30-
MUHYTHBIX cearcoB, 100% Kuciopom) Ha Toii xe Mojie-
JII TakKe OBbLIO BBISIBJIEHO CHIDKEHHE CMEPTHOCTU
JKUBOTHBIX B YCJIOBUSIX BBEJICHUS CYKI[MHATA 110 CPaB-
HEHMIO C KUBOTHbIMH, nozaseprinnmucsa I'BO Ges
MIPEIBAPUTEIBHOTO BBEJICHUS CYKIIMHATA: CHUKEHUE
cMepTHOCTH Ha 62 11 6% cooTBetcTBeHHO [37].

[TpuBesieHHbBIE TaHHBIE TTO3BOJISAIOT C/IEJIATH BbI-
BOJI O TOM, YTO, €CJIN UCTIOTB3YIOTCI METOIMKUA OKCH-
TeHOTEpAIy C BBICOKUMU KOHIIEHTPAIUSAMHU KICJIO-
pozia, TO C IeJbl0 YCTPAHEHUS TOKCHUYECKOTO
addexTa KUCa0poga HeOOXOAUMO JOHOJHUTEIHHOE
BBe/IcHUE CYKIIMHATOB. Kpome TOro, MOXKHO ToJa-
raTh, YTO B YCJOBUSAX HEU30EKHON rumepokcun (Ha-
npumep, ipu jiedeHun OP/[C) TakTuka yMeHbIIICHUS
TOKCUYECKOTO a(heKTa KUCTOPOa MyTeM BBEIeHUS
CYKITMHATOB SBJISETCS OMPABIAHHOMN, TIOCKOJIBKY CO-
OTBETCTBYET HBOJIIOIIMOHHO BBIPAOOTAHHOI «Ha CJIy-
Yaily TUIIEPOKCUM PEAKITUU OPTaHU3MA.
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sive hypoxia» occur by reducing the «injury» caused
by hyperoxia. If it is impossible to achieve normox-
emia without using high concentrations of oxygen,
succinates, a natural mechanism for protecting the
cell from hyperoxia, should also be added to prevent
consequences of its toxic effects. The aim to reach a
physiological standard by conducting the intensive
therapy can do more harm than benefits. However,
with tolerance to moderate abnormal values of cer-
tain indicators and understanding the pathophysio-
logical mechanisms of their formation, one can some-
times achieve the best results using natural resources.

3akiaoueHue

[TpencraBieHHbie B 0030pe TaHHBIE CBUIETEIb-
CTBYIOT O TOM, YTO PyTUHHOE UCIOJb30BAHUE JIOTTOJI-
HUTEJIBHOTO KUCJIOPO/Ia OMACHO, 0COOEHHO Y 0OJIb-
HBIX, HaXOJANIUXCS B KPUTUUYECKOM COCTOSHUM.
CoBpeMeHHbIe JIUTepaTypHbIE JaHHbIE YOEKIAOT B
HEOOXOJMMOCTH OCTOPOKHOTO MTPUMEHEHUSI JIOTIOJI-
HUTEJIBHOTO KUCJA0poa. TSKenyo ruimoKceMuio cie-
JIYET JIEYUTD OBICTPO, HO C MOIMIATOBBIM YBEJMYeHUEM
KOHIIEHTPAI[MK KUCJIOPOJIa, u3berast aprepuaibHOI
runiepokcun. IIpescTaBisieTcst 1eecO00pa3HbIM B
YCJIOBUAX THUIOKCEMUU JIOTIOJTHUTELHO HCIIOJIb30-
BaTh CYKIIMHATHI U CTPEMUTHCS K HEBBLICOKUM YPOB-
HsM Hachimens kucaopogom (Sa0, ot 90 mo 94%)
KPOBU, OCOOEHHO €CJI COCTOSTHUE TIAI[HEHTA SIBJISIET-
cs1 cTaOMIIBHBIM [IPU YKA3aHHOM YPOBHE.

[TorennmanbHbBIN Bpe/l TUTIOKCUU CIEAYET Olle-
HUBATh B3BEIICHHO, ITOMHS, YTO TOJIb3a OT <«pa3pe-
NIUTEJIbHOU TUITOKCUUY» TTPOUCXOJUT MyTEM YMCHbB-
IIEHUsI «TPaBMbl», HAHOCUMOU rumnepokcueil. Ecin
JIOCTHYb HOPMOKCEMUH HEBO3MOKHO 0€3 UCII0JIb30-
BaHUS BBICOKMX KOHIIEHTPAIUi KUCJIOPOIA, TO VIS
MPEIOTBPAIICHUS TTOCJAEACTBUH €Tr0 TOKCUYECKOTO
BO3/ICHCTBUS CIEIyeT TOTOTHUTEIBHO BBOJUTD CYK-
IIUHATBI — €CTECTBCHHBIN MEXaHU3M 3allUThI KJIETKA
ot runepokcun. CtpemiieHne HelpeMeHHO JI0CTUYb
(busmnonornyeckoit HOPMBI PU TTPOBEICHUN UHTEH-
CUBHOI Teparnuu MOKET MPUHECTH OOJIbIe BpPeja,
4yeM 10sib3bl. OHAKO TPU TEPHUMOCTH K yMEpeH-
HBIM aHOMAJbHBIM 3HAYEHUSAM TEX WU MHBIX TTOKa-
3aTesiell U TOHUMAHUH TATOPU3NOJOTHUECKUX MeXa-
HU3MOB UX (POPMUPOBAHUS MOKHO HHOT/[A IOOUTHCSI
HAWJIYYIIUX PE3YJbTaTOB, MCIOJb3Ys TO, YTO HC-
MOJIb3YET TIPUPOJIA.
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IIpodeccopy
BsiueciaBy AsekcanpoBudyy BocTpukoBy
70 ner

Professor Vyacheslav A. Vostikov is 70 (in Rus)

BstuecsiaB AsrekcaHapoBUY POAMICS 5 HIOJS
1947 1. B Benopyccnn B ceMbe BoeHHOCTy KaIero. B
1972 1. okorun 2-it MOCKOBCKUIT MeTUTTMTHCKWH WH-
CTUTYT, (hakyJibreT JeuebHoe aeno. Paboras Tepares-
toM B GosmbHuIax Mocksbl (Ne46 u B IIPB M3
PCDOCP). C 1977 no 1979 r. nmpoxomaui KINHUYEC-
KYIO OPIIMHATYPY 10 aHECTE3NOJIOTUU ¥ PEeaHuMAaTO-
sorun B HUU o6ieit peannmarosoruu PAMH (tor-
na Hayuno-uccieoBaresbekast sabopatopust o01ieit
peanumarosornn PAMH). C 1980 no 1989 r. pa6o-
TaJ TaM K€ B JIOJUKHOCTU MJIAJIIIETO HAYYHOTO CO-
TpyaHuka. B 1988 r. 3amuTni kaHAMAATCKYIO JIHC-
cepraiuio  «llenTpasbHas  TeMOAWMHAMWKA U
cokparuTebHas (DYHKIMS MUOKAP/Ia MOCJ€e BHICOKO-
BOJIBTHOH aniekTpoTpaBmbl». C 1990 mo 1998 1. — Be-
ayuuii HayaHerii cotpyaauk HUW obuieil peannMa-
tosorun PAMH. BgaueciaBy AujsexkcanjpoBuyuy
MOBE3JIO0 € YYUTEJNSIMU — B OPAMHATYPY €ro MpUHH-
mair akagemuk PAMH B. A. Herosckuii, a Hemocpe-
CTBEHHBIM HACTABHUKOM B IIEPBBIE IO/l PAOOTHI OBLI
B. 1. Tabax. Bce paborasiiue B To Bpemst y Heros-
CKOTO ITIOMHST Ty aTMochepy TBOPUYECTBa, IAPUBIIYIO
B 3[1aHuu Ha yimie 25 OKTA0pst: akajeMu3M U CBSI3b
¢ KJIMHUKOM, Teopus U MPOBEPKa Ujeil Ha MPaKTUKE,
BHMMaHWE U TIOMOIIb CO CTOPOHBI CTAPIINUX COTPY/I-
HUKOB U 1oJHag ¢Boboaa B BoiGope Tem. B. A. Boc-
TPUKOB MPOIIIE XOPOIIYTO TKOJIY U IOCTOWHO Tpe/I-
craisier cBoux yuuteneid. C HosOpst 1998 1o
despanb 2017 1. — Bemyumii HAYIHBIN COTPYTHUK OT-
nena kapanonorun HUIL Ilepsoro MTMY nm. 1. M.
CeueHoBa 1 10 COBMECTUTEIHCTBY — BEIYINI HAYY-
uerit corpyaank HUU obmieii peannmaronorun. B
2000 r. B. A. BocTpukoB 3alUTUIL JOKTOPCKYIO JIUC-
ceprariio «IhOEKTUBHOCTD U GE30MACHOCTH JIEKT-
puUecKoil 1eGUOPUIISIN JKeJYA0UYKOB CEpIas.
PesysibraThl TIPOBEIEHHBIX WCCAEOBAHWH JIETJIN B
OCHOBY METOMUYECKUX PEKOMEH AN 110 1edudpui-
JISIIIUY CEPJITIA OTEUECTBEHHBIM NMITYJIbCOM OHITOJISIP-
HOU KBasUCHHYCOUAAIBHOI GOPMBI Y OOJIBHBIX € Pas-
JINYHBIME  BUgaMu  GuOputanuu  (IlepBUvHas],

BTOPWYHAsST ¥ BbI3BaHHAs), a TaKKe OBLIN HUCIIOJIB30-
BaHbI TIPH pa3paboTKe HOBBIX MOJENEH 0TeUeCcTBeH-
HbIX gedubpuiiaropos. C 1990 o 2004 r. Bsruecias
AJtekcaHIpOBUY — UJIeH KOMUCCHY 110 (PU3HOJIOTHYe-
CKUM mpubopaM M armaparaM KOMUTETa 10 HOBOU
MeAUIMHCKOM TexHnke Munaapasa PD. B nemom pe-
3yJisTaThl uccaenosanuit B. A. Boctpukosa jersu B
OCHOBY MEIMKO-TEXHUUECKUX TpehGoBanmii K 9 Mose-
JISIM OTEYECTBEHHBIX J1e(UOPUILIATOPOB, FEHEPUPYIO-
[IUX ONTHMU3UPOBAHHBIE OWIOJISIPHBIE KBA3HCHHY-
COWJIJIBHBIN U TpamelenalbHbIi UMITYJIbCHL. ABTOD
170 ny6amkanuii (u3 Hux 40 — B 3apyOeKHBIX U3/a-
HUSX); 4 METOAMYECKUX PeKOMeHalmii, 1 yueGHO-
METOAMYECKOTO TT0COo0Us, 3 TJIaB: OJ[HA B PYKOBOACTBE
[0 HAPYIIECHUSIM PUTMA U 2 B Y4eOHBIX TTOCOOUSX 110
HEOTJIOKHOW Kap/MOJIOTUH; aBTOpP 3 TATeHTOB: W3
HUX 2 Ha uzobpereHre 1 1 Ha TONE3HYIO MOJIEJIb; CO-
aBTOp 1 KHUTH U PYKOBOJICTBA K HOBBIM POCCUHCKUM
ABTOMaTHUYECKUM HAPYKHBIM JAe(DUOPIIIATOPAM.

CireryeT OTMETHUTD, YTO HAPSILy C MCCJIeI0BAaHU-
samu aPekTUBHOCTH 1 6e30macHOCTH AebUOPUILIS-
AU JKEeJTYJ0YKOB cep/iia, Bsyecmas AsekcanapoBud
MIPOBO/IMJI MCCTIEIOBAHMST KapAUaJIbHBIX W IKCTpa-
KapuaJIbHBIX (DAKTOPOB, BAUSIONINX HA 0303aBUCH-
MBI yCIex aJIeKTPUUECKOil Kaparosepeuu (hubpui-
JISITIAY U TPETIeTaHus TIPeJICePANIA C CTI0JIb30BAHNEM
OTEYECTBEHHOTO OUIIOMSIPHOTO KBA3UCUHYCOUIATb-
HOTO UMITYJIbCA.

C 2008 1. BsruecsraB AsrekcanipoBIY COBMECTHO C
Kadeapoii GHOMEIUIIMHCKIX CUCTEM HAIlMOHAJIBHOTO
nccrenoBatesbckoro yansepcutera MUIT (3eneno-
rpaj) Havyas TPOBOIUTH HKCIIEPUMEHTAbHbIE (HA J10-
MAIITHUX CBUHBSX) U TeopeTrdeckue (KOMIbIOTEPHOe
MOJIEJTUPOBAHNE ) UCCIETOBAHMNS, TIOCBSIIIEHHbBIE TTOVC-
Ky ONTHMAJIBHOTO GUITOJSIPHOTO MMITyJibca. Pesyiibra-
ThI, MOJTyYEHHBIE Ha KOMITBIOTEPHOI MO MeMOpa-
HBI KapJIMOMUOIINTA, & TAKJKE IKCIIEPUMEHTATbHbIE (Ha
JKUBOTHBIX ) M KITMHUIECKUE UCCIIE0BAHNUS TIO3BOJIUITN
BBIIBUHYTh HAYYHOE MOJIOKEHUE, COTIACHO KOTOPOMY
OTEYEeCTBEHHBII ONTUMU3UPOBAHHBIN OUIIOJISIPHBIN
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CoOprTH A

KBAa3UCUHYCOUTAIBHON MMITYJIbC SBJISETCS <«30JI0THIM
CTaHAAPTOM> JIeGUOPUIUISIIIUN JKETYIOUYKOB Cep/Ilia.
[ITupokoe ucrosab3oBaHUe B KJIMHUYECKOH IMPaKTHKe
JTAHHOTO MIMITYJIbCA TIO3BOJIAT 3 CYET yBendeHus ad-
(beKTUBHOCTM HU3KODHEPTETUUECKUX PA3PSAIOB YMEHD-
NIATD JUINTEILHOCTD PEAHUMAIINN U KaK CJIe/ICTBUE —
YMEHDBIIUTH TOCTPEAHUMAITMOHHOE TTOBPEIKICHIE /THC-
(bynxIMIO MUIOKapIA.

B. A. BocTpukoB u3BecTeH He TOJIBKO B HaIIEH
crpase, HO 1 3a pybeskoM. OH HEOJTHOKPATHO BBICTY-
A Ha MEKIyHAPOIHBIX KOH(MEPEHIIHUAX, TTOCBATICH-
HBIX aKTyaJbHBIM MpobieMaM aepuOpuIsuu u
Cep/IeYHO-JIETOYHON peaHMallu IIPU BHE3aIHOH oc-
TAHOBKE CEP/IIa, BBI3BAHHOI (hubOpusisiueil xery-
JIOUKOB U JKeJIy/IouKoBoii Taxukapauu. B 1994 r. on
npejcTaBian Poccnio Ha MeXAyHApOAHBIX KoHe-
penrsix B CIITA (Pittsburg u West Lafayette). B
1997 r. ero uccuenoBanus, nocssiienubie ahpekTrn-
HOCTU OUIOJISIPHOTO KBa3UCHHYCOUIATBHOTO HM-
myJibca y OOJIBHBIX € PA3JIMYHBIMU JIJIUTETLHOCTHIO U
BUIOM (DUOPUJLISAIINY, TTOJYIUIH BBICOKYIO OIEHKY
BEJlYIIUX CIIEIUAIUCTOB B 00JIACTH JIEUEHUsT BHE3ATI-
HOU OCTaHOBKMU cepjiila Ha KoHgepeniuu B Bammnr-
toe (CIIA). 3a akTUBHOE y4yacTue B MEK/IyHAPO/I-
HBIX KOH(EPEHIUSIX €ro MUCbMEHHO OJIarogapuin
npodeccop M. Weisfeldt, M.D., npezncenarens Komu-
TeTa Mo HapyKHOU euOpULIAInE AMEPUKAHCKON
ACCOIMAINN Kap/UOJIOTOB M WCIOJHUTEIbHBIN TH-
pexrop Eporeiickoro CoBeta 1o 0KMBJICHUIO MTPO-
deccop Leo L. Bossaert, PhD, MD, FESC, FCCM.
YuureiBast BAKHbBIN BKJIA, cienanubiii B. A. Boctpu-

KOBBIM B METOJIOJIOTHYECKUE W KIMHUYECKUE HCcie-
noBanust B 00stactu 3HeKTuBHOCTU 1 GE30MACHOCTH
nebuOPUILIATINT KeJYI0UKOB CEP/Ila, €ro MpHrJia-
CHJIN yYaCTBOBATh B PaboOTe MEKIYHAPOIHOTO JKYp-
Hasma «Resuscitation». C 1998 r. mo 2005 1. ou 6bL1
YJIEHOM PE/IaKIIMOHHOTO COBETA 3TOTO JKYypHAIA.

B. A. BocTpukoB — U3BECTHBIN CHEIUAJIKUCT B
obsracTu HApysKHOU NeGUOPUIISIIIN cepalla 1, Be-
POSTHO, HA CETOJHANIHUN JICHb eIUHCTBEHHDIN BbI-
COKOKBaIM(UITMPOBAHHBIN TTpodeccroHan B Hamiei
CTpaHe, MOJHOCTHIO OCBATUBINUH cebst JTaHHOI TPo-
6sieme. Ero orimuaer rryboKoe TIOHUMAaHWE U3ydae-
MBIX BOIIPOCOB M 3HaHUE COBPEMECHHBIX HallpaBJie-
HUII  uccaeoBaHuil 1o AeUOPULIAIUN U
CcepleuHO-TeTOYHON peanuMaliuu. Bcerma Bbi3biBa-
0T WHTEPEC U 3allOMUHAIOTCH €T0 BBICTYIICHUS C
JIEKITUSMH U MaCTEeP-KIACCAMU.

Hayteemcst, uro yuenuku B. A. Bocrpukosa Gy-
JIyT ZIOCTOIHBI CBOETO YUUTEJIA.

Top6ynos Bopuc Bopucosuy,
kadeapa GHOMEUIUHCKUX CHCTEM
HanuoHnaipHOro uccieaoBaTeibCcKoro
yuuBepcureta <MUIT»

Iyboxoysaxcaemwiil, Bauecnas Anexcandposuuy!

Koanexmue pedaxuuu scyprana «Obwas peanu-
mamonozusi> nosopasisem Bac ¢ 106uneem, jceraem
Bam 300posvs u donzoremus, niodomeopnozo compyo-
HUYECTNBA C KOJLIe2aMU.

IIJIAH MEPONIPUATUN — 2017

DOIBHY «<HUU O6meii peanumatosoruu um. B. A. Herosckoro»
r. MockBa, ya. IlerpoBka, 1. 25, crp. 2.
Tenedon: +7 (495) 650-25-17
E-mail: niiorramn@niiorramn.ru ¢ http://www.niiorramn.ru/

CepTuduKalmOHHBIN 1K TOBBIIIEHNS KBaan(MUKAINN Bpadei
0 CIIETNATBHOCTH <« AHECTE3N0JIOTUS-PEaHNMATOTIOT US>
20.11.2017

(nponosxkuTenbHOCTh: 144 yaca = 20 gHeit)

XIX Bcepoccuiickasi KoH(pepeHIIHs ¢ MesKIYHAPOJAHBIM y4yacThUeM
«’Kusneobecrieuerre pu KPUTUIECKUX COCTOSTHUSIX>
30.10.2017
(MPOAOKUTENBHOCTD: 2 JTHS)

Exeromnas koudepeHIis MOJIOABIX YUEeHBIX
«CoBpeMeHHbIe METO/Ibl IUATHOCTUKU U JIEYEHUST B PEAaHUMaTOJIOTU»
01.11.2017
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Information for the Authors

Hndopmainms a1 aBTOpoB kypHana «OQ0mas peaHuMaToJI0rus»

ITpaBuJia IIOATOTOBKM, OAAYN 1 MyOJMKAILIMY PYKOIIMCH, JOIOIHEHHbIE B COOTBETCTBUL
¢ pexomenmatmsimu AHPU (Accormariuun Hayunbsix Penakropos u Mznarteneii, PD)
u ICMJE (International Committee of Medical Journal Editors) mist HayuHbIX u3nanui,
BXOJSIINX B MEXKIyHApOAHble Oa3bl JaHHbIX, B pepakiyu ot 17.02.2017 .

Information for English-Speaking Authors

Requirements for publication in the journal General Reanimatology based
on «International Committee of Medical Journal Editors. Recommendations for the Conduct,
Reporting, Editing and Publication of Scholarly Work in Medical Journals»,
which is available at http://www.ICM]JE.org.

IIpaBoBbBIE aCHEKTHI MyOIUKANUH PYKOTHCH

Yenosus nybaukauuu pyrxonucu

— Pyxormvicu mybamKkyioTest mpu 00s3aTebHOM
COOJTIONICHIH aBTOPOM ITHKH U TIPABUJII TTyOJIUKATIUH
(moxpobuee Ha caiiTe KypHaza: www.reanimatol-
ogy.com).

— Pykomnucu my6aukyioTest ¢ cobmogeHueM
HOPM aBTOP-CKOTO MpaBa U KOHMUAEHIIUATBHOTO OT-
HOIIIEHUST K IePCOHATBHBIM JAHHBIM aBTOPOB.

— Pyxonucu ny6aukyiores GeciiaTHo.

— Pykonucu, npuHATBIE B JKypHAJI, MPOXOJAST
pelleH3upoBaHue Ha OPUTHHAIBHOCTb, ATUYHOCTb,
3HAYMMOCTb, aleKBATHOCTb CTATUCTUYECKON 00paboT-
KU JAHHBIX HA YCJOBUSIX KOH(MDUIEHIIMATbHOCTH 32
UCKJTIOYeHUEM BBISIBJIEHNS (QalbCH(UKAIIN JaHHBIX.

— PepxoJsuterns ocrasisieT 3a cob0il IPaBo co-
KpallaTh U PeJlaKTUPOBATH PYKOIIHCH.

IIpuvuno: cuamus ¢ newamu u 3a0epicku nyoau-
Kauuu pyKonucu

— Pyxkomucu, He COOTBETCTBYIOIINE TTPOPUITIO
JKypHasa, He TPUHUMAIOTCS.

— Pyxomicu, paree omy6IMKOBaHHBIE, 4 TAKKE
HarpaBJICHHBbIE B JPYTroW JKypHaT Wiu COOPHUK, HE
HPUHUMAIOTCSI.

— 3a HekoppeKTHOe o(opMIeHre U HEIOCTO-
BEPHOCTD IIPEACTaBIsIEMbIX OnOIMOrpaduIecKux
JNAHHBIX aBTOPBI HECYT OTBETCTBEHHOCTBb BILIOTH IO
CHATUS PYKOTIMCH C TIeYaTH.

— Hapymenne npaBui oopmieHUus PyKOIIH-
CH, HECBOEBPEMEHHBIH, a TaKKe Hea/leKBaTHBIN OTBET
HA 3aMeYalusi PeleH3eHTOB 1 HAYIHBIX PEIaKTOPOB
TPUBOJIAT K 3afIePiKKe TTyOIUKATINHT JI0 UCTIPABJICHYST
YKa3aHHBIX HeJJOCTATKOB. [[pr urnopupoBanmnu 3ame-
YaHUI PEIEH3EHTOB M HAYYHBIX PEIAKTOPOB PYKO-
MUACh CHUMAETCS C JJATBHENTIEr0 PACCMOTPEHMS.

— Pyxomucu oTKIOHEHHBIX paboT pemakiueit
He BO3BPAIIAIOTCS.

Humepecvr cmopon: Aemop,/Pedaxuyust

Pepakius ocrapisier 3a co0Oi MPaBoO CUNTATH,
YTO aBTOPBI, IPEIOCTABUBIINE PYKOMUCH JJIsT IyOJIH-
Kalun B sKypHas «O011ast peaHuMaTOJIOT >, COTJIac-
HBI C YCJIOBUSIMHU MyOIUKAI[UK U OTKJIOHEHUST PYKO-
MUCH, a TAaK)Ke C MpaBuiaMu ee opopMIIeHus..

Penakiust ocrasister 3a co60M MPaBO CUUTATH,
YTO aBTOP, OTBETCTBEHHDIH 3a TIEPEITNCKY C pe/laKIuei,
BBIPAKAET MMO3UITUIO BCETO aBTOPCKOTO KOJIJICKTHBA.

ABTOp ToNydaeT WH(GOPMAIMOHHBIE IJIEK-
TPOHHbBIE MHUCbMa 0060 BCEX aTanax MPOBUKEHIS
PYKOITUCH, BKJITOYasT YBEJIOMJIEHHE O HECOOTBETCT-
BUM PYKONHUCH MPOMUIIO KypHATa W ITIpaBUJIaM
odopMIIeHNd; TEKCTbl PeleH3Uii; pelieHne peikoi-
JIETUU O TyOJUKAUY U OTKJIOHEHUHN PYKOIUCH;
BEPCTKY OTPEJAKTUPOBAHHOTO BapHaHTa PYKOIUCH
JUIST TIOJTYYEHUST aBTOPCKOTO JIOMycKa K revyaTu. J{o-
MOJTHUTENbHYIO MHMOOPMAIIUIO O MPOABUKEHUN PY-
KOIIMCU aBTOP MOJKET IOJIyYUTb 110 ajJpecy: jour-
nal or@mail.ru; www.reanimatology.com.

lapanmuu Asmopa

[TpemocTaByieHHass B PElAKIUIO PYKOIHCH TOJI-
HOCTBIO OpUTHHABbHA. VCIo/b30BaHe JII0ObIX MaTepPU-
AJIOB JIPYTMX aBTOPOB JIOMYCKAETCS TOJBKO C WX paspe-
IIEHWsSI U TIPH O0SI3ATEIbHOI CCHIJIKE HA 3TUX aBTOPOB.

CHHCOK aBTOPOB COEPIKUT TOJIBKO TeX JINIL, KO-
TOPBIE BHECJIH Oy TUMBII BKJIAJI B KOHIIETITUIO, TIPO-
€KT, UCIIOJHEHNE WU MHTEPIPETAIUIO 3as8BJICHHOM
paboThl, TO €CTh TEX JIUI[, KOTOPbIE COOTBETCTBYIOT
KPUTEPUSM aBTOPCTBA.

Pykonuchp He cOAEp:KUT MaTepuasoB, 3alipe-
IIIEHHBIX B OTKPBITON TIeYaTH JAeHCTBYIONIAM 3aKOHO-
nateabcTBoM Poccnn.

Tapanmuu pedaxuyuu

JI106ble pyKOIIMCH, OTyYeHHbIE PeAAKITEN 11T
pelleH3poBaHs, OYAYT BOCIPUHUMATHCSI KaK KOH-
(dbunennmanbubie 1oKyMeHT,. OHEM HE MOTYT ObITh
MOKA3aHbl JPYTUM JIUIAM U OOCYIKIEHBI ¢ HUMH, 3a
UCKJIIOYEHUEM JIUTI, YITOJHOMOYEHHBIX PEAAKITEH.

Heony6mKkoBaHHbBIE MaTEPUAIIBI, HAXOASAIIHECS
B IIPEIOCTABJIEHHOI cTaThe, He OYIyT MCIOIb30BAHbI
B COOCTBEHHOM UCCJIE/IOBAHUN HAYYHOTO PEaKTOPa 1
PEIEH3eHTOB 6e3 TIMChMEHHOTO Pa3PeleHust aBTOPa.

PerienseHT He OyIeT AOMYIIEH K PACCMOTPEHIIO
PYKOIIMCH, €CJIA UMeeT MEeCTO KOH(PIIMKT MHTEPECOB B
€r0 KOHKYPEHTHBIX, TAPTHEPCKUX JIOO APYTUX OTHO-
MIEHUAX € KeM-JIM00 13 aBTOPOB, KOMIAHUN WU Op-
raHU3alni, CBI3aHHbBIX ¢ MATEPUAJIOM TTYOIMKAIINH,

Manee cMm. www.reanimatology.com
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PACTBOP OANA
BHYTPUBEHHOIO BBEEHUA

CPEACTBO
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pactBop ans wrpmm;om BEEACHHA

000 «HAYYHO-TEXHOJIOTUYECKAA
DAPMALIEBTUHECKAA OUPMA «MOJTMCAH»

INFO@POLYSAN.RU WWW.POLYSAN.RU

5 amnyn no 10mn

POCCWA, 192102, I CAHKT-TIETEPBYPT,
YI1. CANIOBA, O. 72, KOP. 2, JIUT. A,

TEN.: +7 (812) 710-82-25
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N KOTHUTUBHbIE DYHKLNMN

HavmeHbLiasa cymma
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Good or bad gases

Hemorrhagic shock

Non-bacterial sepsis

Biomarkers of infection

Resolution of inflammation

New tracks for new therapies

Physiopathology of sepsis and MODS
Antibiotics and anti-microbial strategies
Consequences of shock and sepsis on brain
Animal models for human shock and sepsis
Long term consequences of trauma and sepsis
Metabolic changes during sepsis/critical illness
Immmune dysregulation during sepsis and shock
Revisiting sepsis definitions: impact and
consequences

Role of comorbidities in the danger responses to
shock

p R R An ESS Summer school on sepsis
@ Zm‘ﬁ. WCTUAT : FIRST TIME during the World Sepsis Day
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THE EUROPEAN SHOCK SOCIETY

A joint session with the
US shock Society

A joint session with the
Chinese Shock Society

http://www.essparis2017.org





