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Pe3rome

Ilesb pabOTHI: CPABHUTHL 0€30TACHOCTD U 3P (PEKTUBHOCTH TIEKCMEIETOMUIMHA U TaJIOTIepPUI0JIa y Ia-
IIMEHTOB C JIeJTMPUEM U OCTPOU IbIXaTeIbHON HEJOCTATOYHOCTHIO IPY MPUMEHEHNY HEMHBAa3NBHOM Maco4-
HOM BEHTUJISAIAN JIETKUX.

Marepuaisl 1 MeTOAbI. [IpoBesIu peTpOCIIeKTUBHBIN aHAIN3 JaHHBIX 61 anuenTa (57 My>K4uH, 4 sKeH-
IIMHBI) C COMATOT€HHBIM JIeJIMPUEM U OCTPOH IbIXaTeIbHON HEJIOCTATOYHOCTHIO IIPU ITPOBEIEHNH HEMHBA-
3UBHOM Maco4yHOU BeHTUIsAnIMY Jierkux (HMIMBJI) B oTe/ieHny peaHuManuy U nHTeHcUBHOU Tepanuu ['Kb
uM. C. I1. borkuHa B 2017-2018 rT. B 3aBCMMOCTH OT BH1a IIpelapara cefaluy NanyueHTOB pa3aesnsind Ha
JIBe TPyNIIBL: TeKcMeneToMuanHa (n=31) u ranonepugoda (n=30). lekcMeneTOMUIMH Ha3HAYAJIN B BUJIE ITPO-
JUTEHHOU MH(Y3UU CO CKOPOCTHIO 0,2—1,4 MKT/KT/4 IO KOHTPOJIEM YPOBHSI CO3HAHWUS; TAJIOTIEPHUI0JI 60JTh-
HbI€ IT0JIy4YaJsIu B BUJle BHYTPUBEHHbBIX (PpaKIIMOHHBIX BBEJIEHUH 10 TOCTUKEHUS JOCTATOYHOTO YPOBHS Ce-
Janyu B 1ose 2,5 Mr 2-3 pasa B JIeHb.

Pe3yabrarhl. JPPEKTUBHOCTH CeIAIUH /T JOCTHKEHH ST HEOOXOIMMOTO0 YPOBHS KOOTIEPAIIUH 1 ITPOBe-
nennss HUMBJI cocTtaBuiia B rpynnax nekcMengeromununa 87,1% (27 manueHToB) U rajonepuaosa 66,6% (20
marueHToB). [Ipu olleHKe ceqanuu y 60JIbHBIX 00€rX IPYIIN 110 IKasie RASS mokasaTe i JOCTOBEPHO He pas-
JIMYaJINCh ¥ COOTBETCTBOBAJIY B cpenHeM 1,7+0,3 (OTKpbIBaeT IJ1a3a Ha OKJIMK). B rpymrie rajonepugoia y
10 u3 30 (33,3%) marueHTOB He yIaJI0Ch JOCTHYh JOCTATOYHOTO YPOBHS CEJJAllMH, YTO MTOTPeOOBAIO HEME]T -
JICHHOU MHTYOAINH Tpaxer U IpoBeJeHNs NHBAa3uBHOH VIBJI. JleTalbHOCTE B 9TO# rpymie coctaBuiaa 20%
(6 manmeHTOoB), TOTJA KAK B IPyIIIe feKcMeaeToMuanHa — 6,4% (2 manueHTa).

3akrouenue. [I[puMeHeHne TeKCMeIeTOMIINHA, HECMOTPsI Ha O0Jiee BhIPAaYKEHHYIO JIAOUIBHOCTD Te-
MOAMHAMHUYEeCKUX lIapaMeTpoB, I103BoJIsIeT npoBoauTs HVIMBJI mpu nocTarouHoOi Koollepalyi ¢ nayeH-
TOM, YMEHBIIIAEeT YaCTOTY MHTYOAIIMY TPAXEH, PUCK PA3BUTHS OCJI0KHEHUH U JIETATLHOCTD.

Knroueenle cnosa: HeuH8a3uUBHAs MACOUHAS BEHIMUNAUUS Je2KUX; 0eaupuil; 0ekcmedemomuduH; 2aio-
nepuoon

Summary

Aim: To compare the safety and efficacy of dexmedetomidine and haloperidol in patients with delirium
and acute respiratory failure in non-invasive mask lung ventilation.

Materials and methods. We carried out a retrospective analysis of data on patients with somatogenic delir-
ium and acute respiratory failure (57 men, 4 women) experienced noninvasive ventilation (NIV) in the inten-
sive care unit of the Botkin State Clinical Hospital in 2017-2018. Depending on the type of sedation the patients
were divided into two groups: those on dexmedetomidine (n=31) and those receiving haloperidol (n=30).

Anpec JJI KOpPeCTOHAeHIHH: Correspondence to:

IOpuii BukTopoBu4 MapueHKOB Yuri V. Marchenkov
E-mail: marchenkow@yandex.ru E-mail: marchenkow@yandex.ru
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Dexmedetomidine was administered as a continuous infusion at a rate of 0.2-1.4 pg/kg/h while controlling
the level of consciousness; haloperidol was administered by intravenous bolus injections until a sufficient level
of sedation was reached in a dose of 2.5 mg 2-3 times a day.

Results. The efficiency of sedation to achieve the required level of cooperation and possibility of NIV was
87.1% (27 patients) and 66.6% (20 patients) in dexmedetomidine and haloperidol groups. When estimating se-
dation in patients of both groups according to the RASS scale the scores did not differ significantly and were
equal on the average to 1.7+0.3 (eye contact to voice). In haloperidol group in 10 out of 30 (33.3%) patients a suffi-
cient level of sedation was not achieved, which required immediate tracheal intubation and invasive lung venti-
lation. Mortality in this group was 20% (6 patients), while in dexmedetomidine group it was 6.4% (2 patients).

Conclusion. The use of dexmedetomidine, despite greater variability of hemodynamic parameters, allows
to perform NIV with sufficient cooperation with the patient, reduces the frequency of tracheal intubation, risk

of complications and mortality.

Keywords: non-invasive ventilation; delirium; dexmedetomidine; haloperidol
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BBenenue

Bribop BapuaHTa cemaliui B OT/AEJE€HHUSX
peaHuMaIuu U UHTeHCUBHOU Tepanuu (OPUT) —
ocTaeTcsi OOHOU M3 aKTyaJdbHBIX U Bce OoJiee
o0Cysk/1aeMbIX MPOOJIEM COBPEMEHHOU aHecTe-
3M0JIOTUY U peaHuMaroJjioruu [1, 2].

PesynpraThl aHa/IM3a TUTEPATYPHBIX JAHHBIX
CBUETEJbCTBYIOT O TOM, YTO IIOCJIEONepalIOH-
HbBIHN neaupuil paspuBaeTcsy 15-53% nanueHToB
B Bo3pacTe cTraplie 65 Jjer [3, 4], Ipu TOM, 4YTO
4aCcTOTa BO3BHUKHOBEHHUS [EJUPHUA Y IOMKUJIBIX
MaIeHTOB B OTAeJIeHUU PeaHNMAIIUU JOCTUTAET
70-87% [5, 6]. BapuabebHOCTh MPUBOTUMBIX
uudp CBUAETETbCTBYET O CI0KHOCTH M HEJOCTA-
TOYHOCTU HN3YYEHHOCTU ITOI'0 COCTOSHHUS, UTO
MOATBEPIKIAETCS B IMOCJTEOHUX COBPEMEHHBIX
nyoJIMKanusx [7].

[Tpu usyyenun ganubix US National Library of
Medicine National Institutes of Health (PubMed) ue
HalllId paboT 10 CPaBHUTEJbHOMY aHAIU3Y
3 HeKTUBHOCTH U 6€30MaCHOCTH JEKCMEIETOMM-
JIHA U rajonepuaoJia AJisl BbIITOJTHEHUSI HEUHBA-
3WBHOM MacOYHOU BeHTHAANNHU Jierkux (HMMB)
ManyeHTaM C NOCJIe0NepanioHHbIM TeJTUPUeM U
OCTPOH JbIXaTeJbHOU HEIO0CTaTOYHOCTHIO, YTO
onpenesisieT TPUOPUTETHOCTh W 3HAYUMOCTH
HCC/Ie0BAHUN, TOCBAIIEHHBIX IpobeMaM Hapy-
IIEHU} CO3HAHUS B OT/IeJIEHUN peaHuMallnuu, Kak
MPU3HAKOB HapacTaIIero CoMmaTu4eCcKoro Heb1a-
TOIOJTYYHsI M/ WU TOJTMOPTAHHOU TUC(YHKINU [8].

Br160p ONTUMAIBHOTO CIIOCOOa KOHTPOJIH-
pyemoii cemaniuu st KyIUPOBaHUs ITocieonepa-
IIMOHHOTO JeJIUPHs IpUoOpeTaeT ocoOyI0 3HAYM-
MOCTh B acleKkTe OCTPOH JbIXaTeJbHOU
HEeJ0CTAaTOYHOCTH U PeCITUPATOPHON MOJJIEPIKKY,
YTO HAIPSIMYIO CBSI3aHO C YaCTOTOU OCI0KHEHUH,
JIeTaJIbHOCTHIO U, KaK CJ1e/ICTBUE, HEONTPABIaHHbI-
MU (pruHaHCOBBIMU 3arparamu [9, 10]. Hapyienus
CO3HaHUsA y O0JBHBIX B OTJeJIEHUSIX peaHUuMaluu
TPAAUITUOHHO CYUTAIOTCA MPOTUBOIIOKA3AHUEM K
nposenenuo HVMBJI, koTopas, B CBOIO ouepens,
MIMeET PSJT JOKa3aHHbIX IPENMYIIECTB Y O0JIbHBIX

C OCTPOMU JIbIXaTeJTbHON HEJOCTATOYHOCTHIO [11].

Introduction

The choice of sedation in intensive care units
(ICU) has been a relevant and controversial challenge
for current anesthesiology and intensive care [1, 2].

The literature data analysis shows that post-
operative delirium develops in 15-53% of patients
aged over 65 years [3, 4], while the frequency of
delirium in elderly patients in intensive care unit
reaches 70-87% [5, 6]. The variability of figures
demonstrates the complexity and the lack of knowl-
edge in this area, which is confirmed by recent pub-
lications [7].

In reviewing the data from the US National Li-
brary of Medicine National Institutes of Health
(PubMed), no work has been found comparing the
efficacy and safety of dexmedetomidine and
haloperidol for non-invasive ventilation (NIV) in pa-
tients with postoperative delirium and acute respira-
tory failure, which prioritizes research on conscious-
ness impairment in the intensive care unit which can
herald serious illness or multi-organ failure [8].

The choice of an optimal controlled sedation
for the management of postoperative delirium is
particularly important in the context of acute res-
piratory failure and respiratory support, which is
directly related to the frequency of complications,
mortality and, consequently, excessive financial
costs [9, 10]. Impaired consciousness in patients of
intensive care units are traditionally considered
contraindications to NIV, which in its turn has a
number of proven advantages in patients with
acute respiratory failure (11).

Meanwhile, acute hypoxemia may lead to the
delirium in patients, which can even result in ag-
gression to the medical staff and failure of mask
ventilation, so conducting NIL in this category of
patients requires adequate sedation on the one
hand, and maintenance of spontaneous breathing
on the other.

A supportive NIV is generally thought to be
contraindicated in acute psychosis or delirium,
which usually are traditional indications for tra-
cheal intubation and starting lung ventilation when
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BMmecTe ¢ TeM, OCTPO BO3HUKIIIAsI TUTIOKCE-
MU MOKeT IIPUBOIUTH K Pa3BUTHUIO NEJIUPUA Y
OOJTBHBIX, BIIJIOTH JI0 arPECCUU K MEATIEPCOHAITY 1
HEBO3MOKHOCTHY MPOBEAEHUSI MAaCOYHOW BEHTH-
JsAUY, noaroMy nposegenue HVIMBJI y nanHoit
Kareropum 00JIBHBIX TPEOYET aieKBaTHOM cefa-
1MUY C OTHOM CTOPOHBI, M COXpaHEHUSI CIIOHTAHHO-
T'0 JbIXaHUs C JPYTOM.

ComtacHo o0IIeNPUHATOMY MHEHHIO, IIPOBE-
nenue BcriomorareabHoit HUMBJI mpoTuBomnoka-
3aHO MPU OCTPBIX IICUX03aX/IeJIMPUH, pa3BUTHE
KOTOPBIX IIPU JIbIXaTeJbHOU HEeJO0CTAaTOYHOCTHU
ABJIAETCSA TPAOUIIMOHHBIM IIOKa3aHueM AJIs1 UHTY-
fanuy Tpaxen W IepeBofa Ha MCKYCCTBEHHYIO
BeHTUJIAIMIO Jlerkux (MBJI) [12]. OgHako, B HEKO-
TOPBIX COBPEMEHHBIX TYOJTUKALHAX OMMICHIBAETCS
BO3MOSKHOCTh COYETAHHOTO IPUMEHEHUsI cela-
nuu 1 HYUMBJI. CBuaeTeabCTBOM TOMY SIBJISIOTCA
nanuble L. Makary et al. [13], 9. M. HukoJsiaeHKO
[14], D. Pasero et al. [15] 0 TOM, 4TO JeKCMeneTOMH-
JIVH HE BBI3bIBAET JIENPECCUU AbIXaHUS U MOYKET
HUCTOJIb30BAThCA IS CEeNAllNU y «HEMHTYOUpPO-
BaHHBIX O0JTLHBIX» NIJ15 poBeneHnss HVIMBJIL.

[Teb paboOTHI — CPAaBHUTH 0€30MACHOCTH U
3 (PeRTUBHOCTD JeKCMeJEeTOMUIUHA U TajoIe-
pyuao0Jay HallMeHTOoB C JeJIMPUEM U OCTPOH JIbIXa-
TeJIbHOW HEeIOCTAaTOYHOCTHIO MPU MPUMEHEHUU
HEWHBAa3WBHOU MAaCOYHOU BEHTUJISIIINY JIEKHX.

MarepuaJ 1 MeTObI

B wuccaenoBanue BrJrounan 61 mammeHta (57
MY’KUMH, 4 5KEeHIIUHBI) C COMAaTOreHHBIM JeJIUpUeM U
OCTPO¥ TMIOKCEMUYECKOU JIbIXaTeJTbHON HEJ0CTATOY-
HOCTBIO, II0JTy4aBIIIUX JIeueHHe B OT/leJIeHUU peaHuMa-
uuu u uHTeHcuBHOU Tepanuu I'KB um. C. I1. boTkuHa B
2017-2018 rr. CpeiHU BO3pacCT MaueHToB — 65,5+6,4
Jet, uHaeKc okcurenanuu (pa0,/FiO,) — 226,5+12,2.
[TareHTOB OTOMpPAJIA PETPOCIEKTUBHO, B CJIyYaifHOM
NopsJiKke, HA OCHOBAaHUM HAJIMYUS COMATOIeHHOIO Je-
aupus (The confusion assessment method for the diag-
nosis of delirium in the ICU, CAM-ICU), 0c105XHEeHHOTO
OCTpPOH [IbIXaTe/IbHON Hel0CTOTOYHOCTHIO, U IIpUMeHe-
Husa HMIMBJI. Bcex nanyeHToB pa3iesu Ha JBe IPYIIIbI
B 3aBMCUMOCTH OT UCII0JIb30BAHHOTO IIpernapara ceja-
LUU: TeKCMeJeTOMUAUH — B TpyIlle UCCIef0BAHUSA
(n=31) u rasionepn 10 — rpymie KoHTpoJs (1n=30).

CpaBHUTEIbHBIN aHAJINU3 Pe3Yy/IbTaToOB IPUMeHe-
HUA IByX JIeKapCTBEHHBIX CPeJICTB IIPOBEJIA B KOHKPET-
HOH KJIMHUYECKOH CUTYyaruy, 6e3 aHa/Ir3a Ipeapacto-
JIOTAIOUIUX U IIPOBOLUPYIONIUX (PAKTOPOB PA3BUTHUA
JleJINpHs, KOTOphIe Oojiee IMIMPOKO M IOAPOOHO M3-
YVYeHBI B KPYITHOMACIITAaOHBIX MHOTOIIEHTPOBBIX KOHT-
POJIMPYEMBIX MEKIYHAPOAHBIX NCCAeN0BaHUAX [16-19].

JlJ1s1 NarHOCTUKY [1eJIMPUsI UCIIOIb30BAJIU IKAJTY
RASS (Richmond Agitation-Sedation Scale) (ta6Jr. 1) — co-
IVIACHO KOTOPOU YpOBEHb +4 COOTBETCTBYeT KpaiiHei
arpeccCHBHOCTH TTalleHTa, YPOBEHB —5 ITIyOOKOH cefa-
A, TIpY ypoBHE 0 TaIeHT OOPCTBYET U CIIOKOEH; 1
TIPOTOKOJI CKPHHUHTOBOT'O 00C/IEJIOBAHMS Ha JeJTUPUI B
OPUT (Intensive Care Delirium Screening Checklist —
ICDSC) (Ta0J1. 2), 1J1s1 pyTUHHOM eskeIHeBHOM OLIeHK! Ha-
pylIeHn CO3HAHUS, BHUMaHUs, 1e30pUeHTaluu, HaJIu-

respiratory failure occurs (12). However, several
current publications have described combined se-
dation and NIV. Data provided by L. Makary et al.
[13], E. M. Nikolaenko [14], D. Pasero et al. [15]
show that dexmedetomidine does not cause respi-
ratory depression and can be used for sedation in
«non-intubated patients» for NIV.

Obijective: to compare the safety and efficacy
of dexmedetomidine and haloperidol in patients
with delirium and acute respiratory failure when
non-invasive ventilation is used.

Materials and Methods

The study included 61 patients (57 men, 4 women)
with somatogenic delirium and acute hypoxemic respira-
tory failure who were treated in the intensive care unit of
the Botkin State Clinical Hospital in 2017-2018. The aver-
age age of patients was 65.5+6.4 years, index of oxygena-
tion (pa0,/FiO,) was 226.5+12.2. Patients were selected
retrospectively, at random, on the basis of somatogenic
delirium diagnosis (the confusion assessment method for
the diagnosis of delirium in the ICU, CAM-ICU), compli-
cated by acute respiratory failure, and NIV. All patients
were divided into two groups depending on the sedation
agent used: dexmedetomidine in the study group (n=31)
and haloperidol in the control group (17=30).

Comparison of the results of two drugs was carried
out in a specific clinical situation, without assessment of
predisposing and provoking factors of delirium, which
were more thoroughly studied in large-scale multi-center
controlled international studies [16-19].

The diagnosis of delirium was made using the RASS
(Richmond Agitation-Sedation Scale) (Table 1), according
to which the level +4 corresponds to the extreme aggres-
sion of the patient, the level -5 indicates deep sedation,
level 0 implies that the patient is awake and calm. Also,
the protocol of the delirium screening in ICU (Intensive
Care Delirium Screening Checklist — ICDSC) (Table 2)
was used for routine daily assessment of impaired con-
sciousness, inattention, disorientation, hallucinations, il-
lusions, psychomotor agitation or retardation, inappro-
priate speech, sleep-wake cycle disturbance.

The average RASS value in patients included in the
study was +2.2+0.4 points with parameters varied from
anxiety to severe agitation. Non-invasive ventilation was
performed with the aid of Evita XL ventilator (Dréger,
Germany) using nasal-oral mask in CPAP+PS mode with
individual selection of parameters.

To assess the severity of respiratory failure in pa-
tients with delirium, a scale developed by the intensive
care unit team (K. A. Popugayey, I. A. Savin, A. S. Gory-
achev and co-authors) of the Burdenko National Neuro-
surgery Research Center [8] was used (Table 3).

Criteria for respiratory support were evaluated
based on individual cumulative assessment of the patient
(Table 3), where 4 or more points indicated respiratory
failure requiring immediate tracheal intubation and ini-
tiation of lung ventilation.

The NIV efficacy was assessed one hour after an
independent breathing session. NIL sessions were dis-
continued if the following indicators were recorded
4 hours after respiratory support was cancelled: respira-
tory rate < 25/min, PaO, > 55 mmHg, PaCO, < 45 mmHg,

pH > 7.35.
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Taosmna 1. RASS: PHUMOHACKAaA HIKAJIA OLEHKH asKH-
TAlUH U ceTalliu.

Table 1. RASS (Richmond agitation-sedation scale).

Score Term Description

Banaer  Cocrosinue OnucaHue +4 Combative Overtly combative or violent;
namueHTa immediate danger to staff
+4 ArpeccuBeH  IIallMEHT arpECCUBEH, BO3ZHUKAIOT +3 Very agitated Pulls on or removes tube(s)
9IIM30/bI BIPA’KEHHOI'O IICXOMO- or catheter(s) or has aggressive
TOPHOTO BO30Y K/I€HHsI, BO3BMOKHO behavior toward staff
HaHeceHHe (PU3UYECKOTo yiepoa +2 Agitated Frequent nonpurposeful
MEeUIMHCKOMY [IePCOHAY movement or patient-ventilator
+3 BelpaskenHasa IlanueHT arpecCUBeH, yoajusaeT dyssynchrony
aKUTALUA KaTeTephbl, 30H/bl, IPEHAKH, +1 Restless Anxious or apprehensive but
TpyOKH movements not aggressive
+2 AskATanus Yacras HeleJeHaIpaBIeHHAS or vigorous
JIBUTATeJIbHAs aKTUBHOCTD, 0 Alertand calm  Spontaneously pays attention
«6opbbar» ¢ pecnupaTopoM to caregiver
npu nposenernu MBJI -1 Drowsy Not fully alert, but has sustained
+1 BecnokoiicTBo IlanueHT 6eCIOKOeH, MHOIIa (more than 10 seconds) awakening,
HCITyTaH, HO HearpeccuBeH, with eye contact, to voice
a JIBUTraTeIbHAS aKTUBHOCTH -2 Light sedation Briefly (less than 10 seconds)
HE UMeeT JIECTPYKTUBHOM awakens with eye contact to voice
HanpaBJIeHHOCTH -3 Moderate Any movement (but no eye contact)
0 CIIOKOACTBYE ¥ BHUMATETLHOCTD sedation to voice
-1 COHJIUBOCTD HepocraTouHo BHUMATEJIEH, -4 Deep sedation No response to voice, but any
IPOGYIKIAeTCsI Ha OKJIUK movement to physical stimulation
OTCPOYEHHO: OTKPbLIBAET I71a3a, -5 Unarousable No response to voice or physical
¢uxcupyet B3op 6oJ1ee 10 ¢ stimulation
-2 Jlerkas ITpoOyuM Ha OKJIUK (OTKPBIBAET
cefanusa I7a3a, Ho GUKCUPYeT B30p
Menee 10 ¢) For controlled sedation during NIV (Table 4),
-3 Ymepennas  JlBurarebHas aKTHBHOCTb HJIM dexmedetomidine (Dexdor®, Orion Pharma Ltd.) by ex-
cepan OTKPBIBAHHC [713 B OTBET HA OKMMK | - tonded infusion at a rate of 0.2-1.4 pg/kg/h was used
6e3 (purcaruu B3opa . . R
(n=31); or haloperidol by bolus intravenous injections at
-4 Liry6okast Het peakuyy Ha OKJIMK, HO IBHUTa- d 95 923 ti 4 d (n=30) until
cemamnus TebHAS AKTUBHOCTD U OTKPHI- a dose of 2.5 mg =—5 Limes per aylwas usfe n=50) unt
BaHMe [V1a3 Ha POIPHOLENTHEHBIE the .requlred mild and medium level of sedation was
Y HOIMIENTHBHBIE Pa3IpaskKuTe T achieved. ) _ _
5 Otcyrcrue  HeT peakLuy Hil Ha OKJIUK, HY Ha Sedation safety was determined by controlling the

HpO6y)K,HeHI/IH IIPOIIPUONENTUBHBIE U HOUIIEII-
THUBHBIE pa3dapakKuTeImn

Y TAUTIONIHAINN, UJITI03UH, TICHXOMOTOPHOTO BO3-
Oy>KIeHUS MU 3aTOPMOYKEHHOCTH, HealeKBaTHBIX BBI-
CKa3bIBAHMM, HAPYIIIEHUI PUTMA CHA 1 OOIPCTBOBAHUA.

IIpu o1jeHKe CO3HAHUSA 110 PHYMOH/ICKO IITKajIe
axuTanuuy u ceganuu RASS y maniieHTOB, BKIIOYEHHbBIX
B HUCCJIeJOBaHUe, 3HaYeHUe [10Ka3aTeJIs1 COCTAaBUJIO B
cpemHeM +2,2+0,4 6a110B (0T OHECIIOKOICTBA IO BBIpa-
sKeHHOH askurtanun). HUMBJI mpoBoan/i Ha BEHTHJISA-

effect of drugs (dexmedetomidine/haloperidol) with the
RASS target level of —1-(-2), sufficient for conducting
therapeutic measures while maintaining the possibility
of speech contact with the patient and his/her ability to
follow commands.

Results and Discussion

In patients of both groups the development of
true hallucinations was seen in 39 (63,9%), second-
ary delirium —in 42 (68,8%), emotionally affective
disorders — in 55 (90,1%), sensory disorders — in

Taosuna 2. ICDSC: KOHTPOIbHBII JIMCT AMATHOCTHKY JeJIMPUA B peaHUMAaI[UH.
Table 2. ICDSC (Intensive Care Delirium Screening Checklist).

Parameters

Score

Corresponds to delirium

yes

no

Altered level of consciousness

Total of >4

Inattention

Disorientation

Hallucinations, delusions or psychosis

Psychomotor agitation or retardation

Inappropriate speech or mood

Sleep-wake cycle disturbance

o|o|o|o|o|o|o

e i e e e e

Consciousness fluctuations

0

IIpumeuanmue. [y Tab1. 2-5: parameters — nokasaresid. [g Tabur. 2, 3: score — 6aJswisl; corresponds to delirium — coorser-
crByert nesupuio; altered level of consciousness — n3meHeHHBIH YpOBeHb CO3HAHUs; inattention — cHUKeHHOe BHUMaHuUe; dis-
orientation — ne3opuenranus; hallucinations, delusions or psychosis — ra/unonunanuu, 6pes, ncuxos; psychomotor agitation
or retardation — CUXOMOTOPHOE BO30Y KAeHUe UIn OJI0KANa IPOU3BOIBLHON aKTUBHOCTH; inappropriate speech or mood —
HeaJeKBaTHasl pedb, HacTpoeHue; sleep-wake cycle disturbance — HapyuieHue 1ukIa COH — 60PCTBOBaHUE; consciousness
fluctuations — HeyCTOMYMBBIH, MEHSIONIUICSA B TeYeHUE CYTOK, YDOBEHDb CO3HAHUS; yes/no — ma/Hert; total of — B cymme.
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Ta6uuia 3. [lIka/ia OLEHKH TAMKECTH AbIXaTeJIbHOM HEA0CTATOYHOCTH.

Table 3. Scale of respiratory failure severity.

Parameters Values of parameters

Scale, score 0 1 2 3 4
RASS 0 -1/+1 -2/+2 -3-4/+3+4 -5
Impairements Preserved Preserved Abnormal Abnormal Abnormal
of swallowing, swallowing, swallowing, swallowing, swallowing, swallowing,

cough, airway effective cough, ineffective cough,

effective cough,

ineffective cough, ineffective cough,

patency clear airway clear airway clear airway clear airway impaired airway
patency
pO,/FiO, >300 250-300 220-250 200-220 <200

IIpumeuanue. Swallowing — rioranue; cough — kaiesp; airway patency — IpOoXoAUMOCTb AbIXaTeJIbHbIX MyTeill; preserved —
coxpaHeHo; abnormal — napymeno; effective/ineffective — adpdexruBusiii/Head hekTuBHBIN; clear — He HapylieHa; impaire-

ments/impaired — HapymeHus1/HapyIIeHa.

tope Evita XL (Dréger, lepmanusi) yepes HOCO-pOTOBYIO
Macky B peskuMe CPAP+PS ¢ mHIMBUAyaTbHBIM MOA00-
pOM napameTpoB.

J1JTs1 OTIEHKY TSIKECTH JTbIXaTeIbHOM HEJI0CTaTOYHO-
CTH y MAIIMEHTOB C JIeJIMpUeM UCT0JIb30BaJIH IIIKAJTY, pas-
paboTaHHYIO B OTAEIeHUN peaHuMali i MTHTEHCUBHON
Tepanuy HalioHa/IbHOT0 METUIIMHCKOTO MCCJIe0BaTe Ih-
CKOTO IIeHTpa Helpoxupypruu um. akan. H. H. Bypaenko
KOJIEKTUBOM aBTOPOB: K. A. IlonyraesbmM, 1. A. CaBu-
HbIM, A. C. [opssueBBbIM 1 coaBr. [8] (TabJ. 3).

Kpurepun He0O6X0IMMOCTH PeCcIIMPaTOPHON MO -
JIep>KKU OIeHUBAJIN UCXOJ U3 MHIUBUIYyATbHON CyM-
MapHOM OIleHKH ImanyeHTa (TabJr. 3), rie 4 v 6oJiee 6aIOB
CBHUETEJIbCTBOBAJIN O ,ILBIXE[TBJIBHOI?I HEeao0CTaTOYHOCTH,
Tpebyromell He3aMeINTeIbHON MHTYOAINH Tpaxeu 1
Hauvasia IBJI.

Onenky apdexruBrOCTH HUMBJI OCYIIECTBIISIN
yepes OJJMH 4ac I10C/Ie CeaHca Ha CaMOCTOATE/IbHOM JIbl-
xaHnu. Ceancsl HUMBJI npekparany, eciy yepes 4 yaca
T0CJIe OTMEHBI PECITMPATOPHON OIEPIKKU PETUCTPH-
poBanu cienyromue nokasarenan: YJ1J1 < 25/mun, PaO,>
55 MM pr. cT., PaCO, < 45 MM prT. cT., pH > 7,35.

C 1eJ1bI0 KOHTPOJIMPYEMOH CelaliiH JJ1s1 ITpoBeie-
Hust HUMBJI (Ta6J1. 4) UCITOJIb30BaIN JEKCMETEeTOMH-
muH (ekcnop®, OO0 «Opuon Papmar) (n=31) B BUxe
TPOJJIEHHOW WH(Y3UH CO CKOPOCTHIO 0,2—1,4 MKT/KT/4;
JI060 IPUMeEHSIIHN rajonepuron (n=30) B BUe BHYTPHU-
BEHHBIX (DPAKIMOHHBIX BBEJEHUH B 103€ 2,5 MT 2—3
pasa B CyTKH 10 JOCTHKEHUST HEOOXOMOTO JIETKOTO 1
CpeJHero ypoBHs cefalliu.

BesomnacHoCTh cegaluu Onpeessijivd IyTeM KOHT-
poJist apperTa mpenaparos (JIeKCMeIeTOMUIUH/ TaJI0-
TepuI0J) € eJeBbIM ypoBHeM cepannu —1—(—2) mo RASS,
OOCTAaTOYHBIM IJIA MIPOBEOCHUA JIe4eOHbBIX Meponpud-
THH P COXPaAHSIONIENCS BOSMOKHOCTU PEYEBOTO KOH-
TaKTa C IIAaTMEeHTOM U BBIIIOJITHEHUA UM KOMaH/I.

Pe3ynbTarhl U 00CYK/IEHHE

Y 60JIbHBIX 00X TPYII BHISIBUINA PA3BUTHE
WCTUHHBIX rajunionuHanuii y 39 (63,9%), Bropud-
HOrO Opema — y 42 (68,8%), 9MOIIMOHAJIBHO
adpexTrBHBIX HapyleHu —y 55 (90,1%), ceHCO-
natuii —y 38 (62,2%), 3aTpyJHEHHOW OpUeHTalluu
B OKpysKatomeM Mmupe —y 47 (77%), nesopueHra-
1y BO BpeMeHU —y 56 (91,8%). CxonHble faHHbIE
TIpUBEJIEHBI B Psifie COBPEMEHHBIX ITyOTNKANNH [7,
20-24]. CoxpaHeHHWe OCO3HaHUSA COOCTBEHHOM
JIMYHOCTHU W OTIACHOCTEH OBII0 XapaKTePHO IJ1s1 14
nanueHToB (22,9%). YepenmoBaHue [eJUPUS C

TaG.una 4. XapakTepucTHKA OCHOBHBIX TIOKa3aTe €.
Table 4. Main patient parameters.

Parameters Values in groups
Haloperidol, Dexmedetomidine,
n=30 n=31
Age, years 64+5.6 67+7.1
pO,/FiO, 219124 234%11.9
RASS 2.1+0.2 2.3+£0.2

IIpumeuanwue. /{151 TabJ1. 4, 5: values in groups — 3HaueHUA B
rpynmax; age, years — BO3pacr, JieT.

38 (62,2%), difficulties in orientation for place —in
47 (77%), disorientation for time — in 56 (91,8%)
cases. Similar data are given in several recent pub-
lications [7, 20-24]. Self-awareness and awareness
of danger was typical for 14 patients (22,9%). Alter-
ation of delirium with periods of clear conscious-
ness and self-critical attitude to abnormal manifes-
tations was revealed in 35 patients (57.3%). After
exit from delirium, partial amnesia persisted in 22
(36%) patients, which corresponds to the data pre-
sented by V. Khurana [25].

Fluctuating consciousness and mood swings
were revealed in 57 patients (93.4%), which had
been shown to be predictors of delirium in the
postoperative period|[8].

The duration of a need in NIV in patients with
respiratory failure associated with sedation lasted
from 24 hours to 3 days. In dexmedetomidine
group, the average time of NIV was 8.6+4.7 hours,
while in haloperidol group it was 11.3+8.7 hours.
The number of NIV sessions required for each pa-
tient varied from 2 to 7, and the duration of each
session varied from 2 to 4 hours, regardless of the
severity of psychosis and the speed of achieving the
required level of sedation.

The efficiency of sedation after reaching the
required level of cooperation for NIV was 87.1% (27
patients) and 66.6% (20 patients) of dexmedetomi-
dine and haloperidol groups, respectively. When es-
timating the sedation according to the RASS scale
in patients of both groups, the scores didn't differ
significantly and were on the average 1.7+0.3 (eye
contact to voice).

In haloperidol group in 10 out of 30 (33,3%)
patients it was not possible to achieve a sufficient
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MepUoaMU ICHOTO CO3HAHUA U KPUTHUYECKOTO
OTHOIIIEHUsI K OO0JIE3HEHHBIM MPOSIBJIEHUIM
BbIABUJIN Y 35 nanueHTos (57,3%). Ilocse BbIxona
W3 COCTOSHUSA JeJIMPHUSA Y YaCTH ITAllMeHTOB COXpa-
HWJIACh YaCTU4YHAA aMHe3us y 22 (36%) manueH-
TOB, YTO COOTBeTCTBYeT AaHHbIM Khurana V. [25].

HeycToiunBOCTh YPOBHSI CO3HAHUS U Ilepe-
najgbl HAaCTPOEHUs BBIABWIN Yy 57 ITAlUEHTOB
(93,4%), uro o mHeHuwo K.A. Ilonmyraesa [8]
ABJIAETCA MPEJUKTOPOM pPas3BUTUS JeJIMPUS B
MOCJIeONIePaMOHHOM TIepHuoJIe.

[TponomruTeLHOCTD ToTpebHOoCcTr B HYIMBJI,
TIPY PA3BUTHUH JbIXaTeJIbHOU HEJOCTAaTOYHOCTH Ha
(¢oHe cemanyy, cocTaBrIIA OT 24 4acoB /10 3 CyTOK. B
rpylIe JeKCMeOeTOMUIVHA BpeMs IPOBeNeHUs
HUMBJI cocraBuiio B cpegHeM 8,6+4,7 4acos, B
rpyie rajgonepunosa — 11,3+8,7 yacos. Kosmye-
CTBO HEOOXOIWMBIX Ka)KIOMY MAIlMEeHTy CEaHCOB
HVMBJI BapbupoBaio OT 2 10 7, IJIATEJIBHOCTD
Ka’KJI0ro ceanca — OT 2 /10 4 4acoB, BHE 3aBUCUMO-
CTH OT BBIPasKEHHOCTH TICUX03a U CKOPOCTH JTIOCTH-
SKeHHsT He0OXOTMOTO YPOBHS CEIAIIHM.

I deKTUBHOCTh CeJalu MO TOCTHKEHUU
HeOoOXOIMMOT0 YPOBHSI KOOIIEPAIIHH JIJIsI TPOBE/Ie-
Hua HYIMBJI cocraBuiia B rpynmnax JeKCMeIeTo-
muanHa 87,1% (27 manyeHToB) U raJIonepruIoaa —
66,6% (20 nmanueHnTos). Ilpu oneHke ceganuu y
00oJTHbHBIX 00ewx rpymm 1o 1kase RASS mokasaren
JIOCTOBEPHO He Pa3/InvaiMCh U COOTBETCTBOBAJIN
B cpegHeM 1,7+0,3 (OTKpBIBaeT Iv1a3a Ha OKJIUK).

B rpynne rasonepupoJsa’y 10 us 30 (33,3%)
MMAalMeHTOB He yJaJ0Ch JOCTHYb IOCTATOYHOrO
YPOBHS CeIaIiH, 9T OTpeboBaI0 HEMeAIEeHHON
WHTY0AINN TpaxXeu U MPOBeNeHUs MHBA3WUBHOU
NBJI. JleTanbHOCTH B 9TOH rpy1iie coctaBuia 20%
(6 manenToB), B OTINYME OT IPYIIIBI JeKCMeOeTO-
MHJIHA, B KOTOPOU 4 TaIllMeHTOB IepeBesid Ha
nHBasuBHyl0 VBJI, a JieTaJbHOCTHL COCTaBUJIA
6,4% (2 maneHTa).

OTHOCUTEJIBHO JIJTUTETbHBIN TTIEPUOJI, BOCCTA-
HOBJIEHUsI CO3HAHUA (1,2+0,5 9aca 110 JOCTHKEHUTO

0303aBUCUMOTrO0 3heKTa) ONpe eI IPENMY-

level of sedation that required immediate tracheal
intubation and invasive lung ventilation. The mor-
tality rate in this group was 20% (6 patients) as op-
posed to dexmedetomidine group, where 4 patients
were started on invasive lung ventilation and the
mortality rate was 6.4% (2 patients).

The relatively long period of consciousness re-
covery (1.2+0.5 hours after achieving dose-depen-
dent effect) indicated the advantage of using
dexmedetomidine in NIV without depressing res-
piratory function.

During monitoring, special attention was paid
to the control of hemodynamic parameters and res-
piratory rate (Table 5).

During the titration phase of dexmedetomi-
dine, heart rate and respiration rate were compara-
ble to the initial ones. The largest decrease in heart
rate was registered at the peak of dose increase.

Absence of hyperdynamic pattern in the con-
text of conscious sedation with combined use of
dexmedetomidine and NIV was a favorable dis-
tinction in hemodynamic response in patients of
this group.

It should be noted that in patients of
dexmedetomidine group the hypotensive hemody-
namic pattern was seen twice as often as in those
of haloperidol group (Table 5), which, in turn, re-
quired additional vasopressor therapy after ruling
out hypovolemia. Thus, the need for vasopressor
support in dexmethedomidine group was recorded
in 51.6% of cases against 26,6% in haloperidol
group. In spite of the great hemodynamic variabil-
ity in dexmedetomidine use, conscious sedation
with this drug, with proper performance of proce-
dure, was associated with less mortality.

Conclusion

The rate of successful use of NIV in patients
with delirium in dexmedetomidine sedation was
87.1%, whereas in haloperidol sedation it was only
66.6%. The use of dexmedetomidine in delirium

Tabsmna 5. Biusanue ceganuu B coueranuu ¢ HUMBJI Ha reMoAMHAMHMKY TAIIEHTOB C IOCJIE0NEPANIOHHBIM

neaupuem B OPUT.

Table 5. Effect of sedation in combination with NIV on hemodynamic patterns and characteristics of patients with

postoperative delirium in ICU.

Pattern/characteristic

Values in groups

Haloperidol, n=30 Dexmedetomidine, n=31

n %o n %
Hyperdynamic 28 93.3 29 93.5
Hyperdynamic (with treatment) 12 40 0 0
Normodynamic (with treatment) 10 33.3 16 51.6
Hypotension 8 26.6 14 45.1
Bradycardia 0 0 4 12.9
Use or increase of catecholamine dosage 8 26.6 16 51.6
Additional volume load 8 26.6 22 70.9

IIpumeuanue. Pattern/characteristic — Mozess/xapakTepucTuka; hyperdynamic — runepausnamus; with treatment — Ha doHe
Tepanuy; normodynamic — HopMonuHamus; hypotension — runorensaus; bradycardia — 6panukapausi; use or increase of cat-
echolamine dosage — npuMeHeHnue/yBesjudeHue 1035l kKaTexosnaMuHoB; additional volume load — gonosiHuTEe IBHAA BOJIEMU-

4yeckasl HarpysKa.
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I[eCTBO MCHOJIb30BAHUS JeKCMeIeTOMUINHA TIPU
HVIMBJI 6e3 yrHeTeH! s bIXaTeIbHOH (PYyHKITNH.

B komILIEKCE MOHUTOPUHTA 0COO0E BHUMA-
HYE yI eI KOHTPOJIIO TeMOIUHAMUKHU U 4aCTO-
TBI ObIXaHUSA (CM. Ta0JI. 5).

Ha arame TuTpoBaHUsI TeKCMeneTOMUINHA
TOKa3aTeJ I MyJIbCa U YaCTOThI IbIXaHUs OBLIN
CpPaBHUMBI C UCXOTHBIMU. Hambo/bIllee CHIKeHIE
YaCTOTBI CeP/IEYHBIX COKPAIIIEHUN 3apETUCTPUPO-
BaJI¥ Ha IIMKe yBeJWYeHNs T03bl IIperapara.

OTcyTcTBHE TUIIepAMHAMUM Ha (hOHE «Tepa-
WY CO3HAHWS», IIPA COUYETAHHOM NPUMEHEHU!
nekcMmeneromuarnaa u HMUMBJI, BBITOGHO OT/I4a-
eT peakUHI0 TeMOAUHAMUKHY y NaleHTOB 3TON

T'PYIIIIBI.
O6pa1uaeT Ha cebs1 BHUMAHUE, 9TO y ITalIlUE€H-

TOB I'PyHIIBI JeKCMeAeTOMUAMHA B 2 pasa Jaiie
OTHOCHUTEJIBHO allMeHTOB I'PYNIIbI TaJ0NeprUI0JIa
BBIAABUJIN PEAKIAI0 FTeMOAUHAMUKH 110 TUILY TATIO-
TOHUH (CM. TabJI. 5), UTO, B CBOIO O4epeab, Tpebo-
BaJIO JOIIOJIHUTEIbHOU Ba30IIPeCCOPHON Tepanuu
IIPY UCKJIIOUEHUU COCTOSIHMY TUIIOBOJIeMuU. Tak,
Heo0XOMMOCTh B Ba30IIPECCOPHON MOIEPIKKE B
rpylme OeKcMeTeqJOMUIuHa oTMedanu B 51,6%
cJy4aes, IpOTUB 26,6% B rpylie rajolepumoa.
HecmoTpst Ha 60JTBIITYI0 U3MEHYUBOCTD TEMOJIH -
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patients, despite the great hemodynamic variability
correctable without significant difficulties, allows
to achieve better cooperation with the patient
when performing NIV and can be considered a
comfortable treatment with reduced rate of tra-
cheal intubation and death.

HaMUKH IIPU MPUMEHEHUU TEKCMeIeTOMUINHA,
cefanus JeKCMEeIEeTOMUIMHOM C IEJIbIO «Teparuu
CO3HAHUSI» TPU €€ KOPPEKTHOM YIpaBJIEHUH
Obl1a aCCOIMMPOBAHA C MEHBIIIEH JIETATBHOCTHIO.

3akJrouenue

Yacrora ycnemnoro npumMenenusa HIMBJI y
MAaeHTOB C IeJJUpUeM IIPU Cealiu NeKcMee-
TOMUAUHOM cocTaBuiaa 87,1%, Tormga Kak mpu
celaluy rajolnepuagoaoM — TOJBKO B 66,6%.
[IpuMeHeHne TeKCMeNeTOMUIUHA Y alleHTOB C
IeJipreM, HeCMOTpsI Ha OOJBIIYI0O M3MEHYH-
BOCTb FeMOAWHAMMWYECKUX TAPAMETPOB, KOTOPbIE
0e3 3HAYMMBIX 3aTPyIHEHUN OJAI0TC KOPPeK-
1I1Y, ITI03BOJISIET TOCTUYD JIyUlllell Koonepalyu ¢
nanveHToM Inpu nposenesun HMMBJI, — kowMm-
¢opTa Tepanmy ¢ yMeHbIIIEHNEM YaCTOTHI MHTYOAa-
IIUM Tpaxeu 1 JIETAJIbHOT'O UCXO/IA.
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Pe3rome

Ilesb — NpoOBECTH CPABHUTEJIBHYIO OIIEHKY BBIPQYKEHHOCTH BOCITaJIeHUs HA OCHOBAaHWY JUHAMUKU CO-
JEPYKAHUS IUTOKMHOB B CBIBOPOTKE KPOBU Y MTAIIEHTOB CO 3JIOKAYECTBEHHBIMU HOBOOOPa30BaHUSIMH JIET-
KHX BO BpeMs ollepallii U B paHHEM [10CJIe0llepaliiOHHOM IIEPUO/IE B YCJIOBUAX Pa3/IMYHbIX BU/IOB aHeCTe-
31U U aHAJ/ITe31H.

MarepuaJs u Mmeroabl. O6cienoBany 24 naryenTa B Bo3pacre ot 45 110 50 JieT, pa3/je/ieHHbIX Ha 2 TPYIIIbL.
Bce nmarueHThl UMeJIY BIepBble BhIsIBJIeHHbIe BepU(UIIMPOBaHHbIe 3/I0KaYyeCTBEHHbIe HOBOOOPAa30BaHUs
6e3 J0CTOBEPHBIX IPU3HAKOB MeTacTa3supoBaHus. Pa3ieseHre o Mop(hOJIOrnYecKUM IIPU3HAKAM OITyX0JIeH
He IIPOBOJUJIN, T. K. 3TO HEe BXOAMUJIO B IJIaH UcciefoBaHus. [lepell XupypruuecKum jJiedeHrueM NalueHThl He
IoJIy4yasiv Jy4eBol, XxuMuoTrepanuu. B I rpynme (0CHOBHOM, n=12) NpuUMeHsJIN MyJIETUMOIQ/IbHYIO COYeTaH-
HYIO aHECTe3HIO C ITOCsIeAyIoIel TPOIJIEeHHOH aNUaypalbHOM aHaIre3nell B 10CIe0nepalliOHHOM ITIepUOJeE.
Bo II rpynne (cpaBHeHUsI, n=12) UCI0OJ/Ib30BaIN KOMOMHUPOBAHHYIO OOIIIYIO aHECTE3UIO C UCKYCCTBEHHOMN
BEHTUJISILIMEH JIETKUX C IToc/Ieyioleil ananareaueii MopguaoM. Onpenenniu 4 uccaefoBaTebCKIe TOUKU:
Iepe MHAYKIMEN B aHeCTe3UIo, uepes 1, 12, 1 24 yaca 1ocJie onepauu.

Pe3yasrarsl. Uepes 12 yacoB Iocjie OKOHYaHMA olnepaiuu copepskanre TNFa y maiueHToB OCHOBHOM
IpymnIbl ObLJIO MeHbllle Ha 57,1%, 4eM y IAIleHTOB I'PYNIIbl CPAaBHEHNUsT; K KOHITY ITePBBIX CYyTOK OHO YMEHb-
InJIcs Ha 64,3%. B aTu ske cpoku B 00eux rpymnax cofepskanue IL-6 okazasoch 3HaUUTeJIbHO BBIIIE BEpXHUX
pedepeHCcHbIX 3HaueHHI. K KOHITy IepBBIX CYTOK cofepskaHue [L-6 y marueHToB 00eux IrpyIn HECKOJIBKO CHU-
3UJTUCh, HO Y MTAIIMEHTOB I'PYIIIILI CPABHEHMUSI 9TOT IIOKa3aresIb ObLI BhIIIe Ha 15%, YeM y TallMeHTOB OCHOBHOM
rpynmsl [lokasaresy comepskaHusi B CbIBOPOTKe [L-10 6b11H B ITpeiesiax peepeHCHbIX 3HAYEHHH Y TallIeHTOB
00ewx rPyIII, OJHAKO Yepes 1 yac mocJie Oneparyy 3TOT OKa3aTesIb B 00€UX IPyInax HapacTasl B BUJE TEOMET-
pUUecKoil Iporpeccuy U MHOTOKPAaTHO IIpeBbIIIa BepxHue pedepeHCHble 3HaUeHNs]; IPUYeM y MTalleHTOB
OCHOBHOM rpynnsl copepskanue IL-10 ObL710 TOCTOBEPHO BhIIIIe: pa3HHUIIA COCTaBJIs1Ia 35,6% MpoIeHTa.

3aksroueHnue. TakuM 06pa3oM, B ITOCIE0TIEPAIMOHHOM IEPUOIE Y OOJIBHBIX, IEPEHECIINX PE3EKIIOH-
HbIe Ollepalyy Ha JIeTKUX, UMEIOTCA 3HaYMMble N3MEHEHUs KOHIIeHTPallui IUTOKUHOB, YTO CBUETEIIb-
CTBYeT O HaJIMUYMU BOCIAJUTEJBHOTO IIpoliecca. ¥ MalieHToB, I0JIy4aBIINX dUAYPaJbHYyI0 aHa/ITe3UIO0,
BOCITaJIEHHE OBITI0 O0JIee BRIPAYKEHHBIM, O YeM CBHJIETEIbCTBYET O0Jiee BHICOKOE COfiepsKaHNe IPOBOCIIa-
JINTEJIbHBIX HUTOKNHOB.

Kntoueevte croea: 06e3601usare; pe3ekyusl; 310KkauecneeHHble H08000pa3o8arus; ieekue; 60CnaneHUe;
TNFe; IL-6; IL-10
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Summary

Purpose — to carry out a comparative assessment of inflammation based on evaluation of intraoperative
and early postoperative dynamics of blood serum cytokines in pulmonary malignant neoplasm patients in
different anesthesia and analgesia settings.

Material and methods. 24 patients of 45 to 50 years of age divided into 2 groups were examined. All patients
suffered from verified new onset malignant neoplasms without true signs of metastases. Tumor differentiation
by morphology was not undertaken since that was beyond the study design. Patients did not receive radio- or
chemotherapy. In Group I (the main group, n=12), a multimodal combined anesthesia [1] followed by extended
postoperative epidural analgesia was applied. In Group II (the comparison group, n=12), a combined general
anesthesia including mechanical lung ventilation followed by morphine analgesia was used. 4 study points
were determined: prior to induction, and one, 12, and 24 hours post-surgery.

Results. 12 hours after surgery completion, the concentration of TNF« in the main group was lesser by
57.1% vs. the comparison group; by the end of the first 24 hours, it fell down by 64.3%. Within the same period,
in both groups IL-6 turned out to be significantly higher than the upper reference limit. By the end of the first
24 hours, IL-6 tend to decrease in both groups; however, in the comparison group, this parameter was 15%
higher than in the main group. Serum IL-10 was within the reference range in both groups. One hour after
surgery, concentrationof IL-10 was exponentially growing in both groups and exceeded multifold the upper
reference limit, whereas the content of IL-10 in the main group remained reliably higher: the difference
amounted to 35.6% percent.

Conclusion. During the postoperative period, patients undergone lung resection displayed significant
changes in cytokines concentrations demonstrating an inflammation reaction. Inflammation was significant
in patients who received epidural analgesia as evidenced by an altered content of anti-inflammatory cytokines.

Keywords: analgesia; resection; malignant neoplasms; lungs; inflammation; TNF«; IL-6; IL-10
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BBenenue

B mpoiiecce aBoJtionuu chopMUpOBaIach
YHUBepcajbHasl 3alUTHas peakIusi OpraHuama
Ha [TOBPE’K/IEHNE, XapaKTepHAs JJIsI BBICIITUX JyKa-
puoTtoB. OgHa YacThb 9TOM peaKIMU H3BeCTHA
JIAaBHO M ObIa OMMCaHa elle B TPyJaxX YHIbsiMa
Konnona u l'arca CeJibe 1 M3BECTHA KaK peaKIns
«fight or fly» — aganTanmuOHHBIN CUHIPOM UJIU
y4eHUe O CTPEecCce U T. 1. ITa YaCTh peaKIuy Ipu-
3BaHa MaKCUMAaJIbHO OBICTPO yAAIATH MaKpOOpra-
HU3M M3 MeCTa BO3IEWCTBUS IMOBPEKIAIOINIET0
dakTopa 6Jiarogapss MrHOBEHHOH MOOUIM3aINN
TIOCJIEHETO (B YCJIOBUSAX JOCTAaTOYHON aHAJITE3UH,
He CUMTAasICh C dHepreTuveckue 3arparamu). OHa
peanuayeTcsi 6Jiaronapsi akTUBAIUM CUMITATOA]T -
peHaJIoBO cucTeMbI. B (hutoreHeTHYECKOM OTHO-
IIIEHUHU 9TO O0JIee «MOJIoasi» PeaKITusl.

Uepesd 3-4 MUHYTHI B MECTe TTOBPEKIEHUS
aKTUBUPYETCS Jpyrasi 4acTh YHHUBEPCATbHOU
peakIuu, 3ajada KOTOPOW COCTOUT B OIIEHKe
MOJIYYEHHBIX TOBPEKIEHUN U TIOMBITKAX WX
ycTpaHeHUs1. B peakiuu 3a/ieficCTBOBaHbI IUTOKHU-
HBI ¥ 0eJTKU «0CTpOoH asb» [1-3]. ITa GoJiee TpeB-
HsIsl peakIysi, OepyIas cBoe HavyaJIo ele 10 Kem-
OpPUIICKOTO «B3pbIBa», KOTOpAas CTPEMUTCS U3
OrpaHUYEHHON IMapakpPUHHOHN MPEBPATUTHCS B
o6ty aHAOoKpUHHYI. COBpEMEHHBIN BapuaHT
9TOU pPeaKINU ABJISETCS 9BOJIIOIMOHHBIM Pa3BU-
THEM BPOSKJIEHHOTO MMMYHUTETA C BKIIOYEHUEM
B CJy4yae HeOOXOJUMOCTU MPUOOPETEHHOTO Ha
boJiee MO3THUX TaraX. ECTeCTBEHHBIM MPEsT-
CTBUEM Ha MYTH T'eHepPau3aIuy 3TON peakIuu
SIBJISIFOTCSI KAK OCHOBHOM KaTabO0JIMYeCKUU rop-

Introduction

In the course of evolution, a universal defen-
sive response of the body to damage typical for
higher eukaryotes, has formed. One arm of this re-
sponse was described by William Cannon and Hans
Selye as the «fight or fly» response — the adaptation
syndrome or stress doctrine. This arm is aimed at
removing a macroorganism from the place exposed
to a damaging factor as fast as possible thanks to in-
stant mobilization of the latter (under sufficient
analgesia regardless of energy expenditures). It is re-
alized through sympathoadrenal system activation.
In phylogenetic terms, this is a «younger» response.

3—-4 minutes later, at the site of a damage, the
other arm of the universal response responsible for
liquidation of the damage is activated. The re-
sponse involves cytokines and «acute phase» pro-
teins [1-3]. It is considered as a more ancient re-
sponse rooted before the Cambrian explosion,
which endeavors to switch limited paracrine reac-
tions in main endocrine responses. The contempo-
rary version of this responses represent a form of
the evolutionary developed innate immunity. A
natural obstacle on the path of this response gen-
eralization include the main catabolic hormone
cortisol, and «fine instruments» — anti-inflamma-
tory interleukines (particularly, IL-10), insulin, etc.

Interaction of these two arms in response to
any damage would determine metabolic responses,
which, in turn, may result in successful completion
or failure of the healing.

We assume that patients who underwent resec-
tion surgery for pulmonary malignant neoplasms
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MOH KOPTH30J1, TaK 1 O0JIee «I0BeJIMPHbIEe MHCTPY-
MEHTbI» — IMPOTUBOBOCHAIUTEbHbIE UHTEPJIEN -
KUHBI (B yacTHOCTHU IL-10), HHCY/IUH U T.1.

BaanmopelicTBUe 3TUX IByX YacTel OTBeTa Ha
JII060€ TIOBpEXKIeHNe OyIeT OonpenessiTh BbIpa-
SKEHHOCTb MeTab0TMYeCKON PeaKIIuy, KOTopasi, B
CBOIO O4Yepellb, X OIIpeJesIUT yCIeX UIn Heycliex
BCEro JieueHus.

MBI nipennosiaraeM, 4To y NajieHToB, 1epe-
HeCHINX pe3eKIIMOHHbIEe BMeNIaTeJIbCTBA IT0 TOBO-
Iy 3JI0Ka4eCTBEHHBIX HOBOOOPa30BAHUM JIETKUX,
B OTBET HA NOBPEKIEeHNEe UMEeTC BOCIAIUTEIIh-
Has peakIys, IpUYeM BbIPayKeHHOCTh ee Pa3JInd-
Ha B U3YYEHHBIX I'PYIIIAX [IAlIUEHTOB [5, 6]. fABJs-
ACh MapKepoM OIleHKU IIOJIyYECHHBIX
MOBPEKIEHNH, CBIBOPOTOYHAS KOHIIEHTpalus
MpPO- U NMPOTUBOBOCHIAIUTEJILHBIX UHTEPJIEHKH-
HOB MEHSIeTCs B paHHEM I10CJeOollepariOHHOM
nepuone 60Jiee 3HAYUMO, HEKEJW B IIpoIecce
€caMoro omepaTUBHOTO BMeIareabcTBa. [10m006-
Hasl «OTCPOYKa» 00'BICHSAETCS T€M, UTO JJI5T aKTH-
BaIlWU 9TOH peaKIIny He0OXOIUM ITOCJIeTOBaTE b-
HBIH psI cOOBITHH, TpPeOyOIUi HEKOTOPOTO
BPEMEHHOTIO IPOMesKyTKa. /15 3allycKa peakunuu
BOCITaJIeHUsI HEOOXOIUM «CTapTeP», POJIb KOTOPO-
ro B CJIy4ae OTCYTCTBUsS OaKTepUaIbHOTO WU
UHOTO MH(pEKIMOHHOTO TOBPEKIEHUS UTPAIOT
aCCOUMMPOBAHHBIE C IOBPEKIAECHUEM MOJICKYJIAP-
Hble narrepHbl DAMP (Damage Associated Molec-
ular Patterns), nau «o6passl MOBPERIEHUS» [6].
OTHMHM MOJIEKYJIaMU SABJIAIOTCA pa3Jid4HbIC
0eJIKH, KOTOphIe He JOKHBI HaXOMUTHCS 3a ITpe-
JlesiaMu sipa Wiy 3a npegeaaMu quro3oJid (7, 8].
ITO M eCTh TaK HasdbIBaeMble «CUTHAJIbI 0», KOTO-
phle CBSA3BIBAIOT CllelupUYeCcKIe pelenTopbl HA
TIOBEPXHOCTU KJIETOK BPOKIEHHOU HMMMYHHOU
CUCTEMBI, U3HAYAJILHO UAEHTU(PUIIMPOBAHHBIX
Kak pattern recognition receptors — PRR (pacrmo-
3HAIOIIME MaTTEPHbI PEelleNTOPhI, NN PelenTo-
PpBI, pacrio3Harorue oopassi) [9, 10]. DAMP moryT
JIOKAQJIM30BaThCS B sIJIpe WM ITUT030J1e (amdore-
puH high — mobility group B1), Tosibk0 B UTO30-
Jge (0esqxu S100), sax3zocoMax (OEJIKU TEIJI0BOIrO
moka HSP) u 1. . IIpumepom HeberkoBbIXx DAMP
moryT 0biTh AT®, PHK, THK, remapuncyabdar u
T. I. IMEHHO aTH narTepHbl CTUMYJIAPYIOT BbIpa-
OOTKY IIUTOKWMHOB MaKpodaramu, CBA3bIBasICh C
PRR (Toll-, NOD-, RIG-I-, AIM-2-1ogo0HbIMU U
ocobenno RAGE-pernenrropamm) [11].

B nHTpaomepanioHHOM NepuoAe HAYNHAET
¢dopmupoBarhcs BoclajieHrne. BO3HUKHOBEHME
BBIpQ)KEHHOU MMMYHHOI peaKIInu [10CcJe XUpyp-
TUYECKOI'0 JIeYEHUs B OTCYTCTBUM IIaTOreHa
TaK)Ke MOKHO 00'BsICHUTH Teopueil P. Matzinger
[12]. ABTOp IpEAIIOIOMKNAI, YTO UMMYHHAs CUCTe-
Ma «03abodyeHa» He CTOJILKO oOecredyeHreM 0es-
OIIAaCHOCTH MaKpOOpraHu3Ma II0 TUIly OIlpejesie-
HUS «CBOU — Uy’KOU» MJIN «M3MEHEHHBIHN CBOI»,
CKOJIBKO OTIpeJieieHueM BepOSITHOCTUA HAJTUYUS

have an inflammatory response to damage, its
prominence being different in the groups of patients
analyzed [5, 6]. Concentration of quantitative marker
of the damage assessment, pro- and anti-inflamma-
tory interleukines in the serum, is most significantly
altered during the early postoperative period. It
could be explained that activation of this response
requires time. For the inflammatory response to
start, a «starter» element is required, the role of
which, in the absence of bacterial or other infection
damage, is performed by Damage Associated Molec-
ular Patterns (DAMP), or «damage patterns» [6].
Such molecules are various proteins that should not
be located outside the nucleus or outside the cytosol
[7, 8]. These are the so-called «0 signals» that bind
specific receptors on the cell surface of the innate
immune system well-known as pattern recognition
receptors (PRR) [9, 10]. DAMP may be located in the
nucleus or cytosol (high — mobility group B1 am-
photerine), only in cytosol (5100 proteins), exo-
somes (heat shock proteins (HSP)), etc. Examples of
non-protein DAMP are ATP, RNA, DNA, heparin sul-
fate, and so on. These are these patterns that stimu-
late production of cytokines by macrophages by
binding with PRR (Toll-, NOD-, RIG-I-, AIM-2-like,
and especially RAGE-receptors) [11].

Inflammatory reaction starts during the intra-
operative period. Emergence of a prominent im-
mune response after surgery in the absence of a
pathogen has been explained by the P. Matzinger’s
theory [12]. The author surmised that the immune
system rather cares on the possibility of getting
damaged due to hazard appearance than ensuring
macroorganism safety through ‘self-non-self’ or
‘modified self’ discrimination, wherein any pattern
(whether it is pathogen-dependent or independ-
ent) that might lead to tissue damage is a hazard
[13, 14]. The number of such patterns and profiling
of post-transcription signaling will determine the
cell fate: either preserving cell viability through reg-
ulation of any autophagy mechanisms, or initiating
the cell suicide program [15]. It would be logical to
assess the inflammatory responses in dynamics by
establishing the concentration of its oppositely di-
rected participants (including cytokines) [6] in
blood serum at different study points.

Materials and Methods

Two groups of patients who underwent surgery for
malignant neoplasms in the lungs by lobectomy were
studied. Despite small number of patients, the groups
formed were relatively homogenous. The inclusion cri-
teria included: man gender, 45-50 years of age, require-
ments for lobectomy due to lung cancer. Female patients
and patients with concomitant pathologies such as dia-
betes mellitus, IHD, who received -blockers, and whose
blood loss exceeded 500 ml were excluded from the
study. In Group I (main group, n=12), multimodal com-
bined anesthesia [16-18] with subsequent extended

epidural analgesia during the postoperative period was
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OTIACHOCTH ¥ BO3MOSKHOCTH MOJTy4€eHUs yIiepoa,
a OMmacHOCTh IMIPEJCTaBJIsIeT JIIOOOW TWaTTepH
(maToreH3aBUCUMBIN JIMOO HE3aBUCUMBIN), KOTO-
PBIA MOKeT MPUBECTU K MOBPEKIEHUIO TKaHEN
[13, 14]. KomndecTBO MOJOOHBIX TATTEPHOB, OIEH-
Ka BBIPA’KeHHOCTHU CUTHAJIA OCJIE TPAHCKPUIIIAN
OymeT ornpenessATh JAJbHEUIIYIO CYIb0y KIETKU:
JO0 KaKOU-TO U3 TPeX BAPMAHTOB ayTodaruw,
MMPU3BAHHOW COXPAHUTHL SKU3HECIIOCOOHOCTH
KJIETKH, JIN0O CTapT CYUIUJATHLHON KJIETOYHON
nporpamMmmsl [15]. Peaknuio BocniajsieHuA Ha pas-
JIMYHBIX 9TANAX ee Pa3BUTHUA U POPMUPOBAHUSA
JIOTUYHO OIIEHUBATh, ONpenessisi KOHIeHTPAIUIO
€e pa3HOHAIIPpaBJICHHBIX Y4aCTHUKOB (B T. 4. [IUTO-
KHHOB) [6] B CBIBOPOTKE B pa3JIMYHbIX UCCJIE0Ba-
TeJbCKUX TOUKaX.

MarepuaJ 1 MeTObI

O6citeroBaIM 2 TPYNITEI OOJTBHBIX, ITEPEHECIITNX
oTepaIyy 1o IOBOY 3JI0Ka4eCTBEHHBIX HOBOOOPa3o0-
BaHWH JIETKUX B 00'beMe JTI00IKTOMUU. BBU Ty Masoumnc-
JIEHHOCTH I'pYyIIIbl (POPMUPOBAIN MAKCUMAIBHO OTHO-
pongHbIMH. KpuTepun BKJ/IIOYEHHs: MY’KCKOU IIOJI,
Bo3pact 45-50 JieT, 00beM ornepanuu He OoJiee J0OIK-
ToMuU. 113 nuccesoBaHus HCKIIIOYUIIN TAIIUEHTOB YKEeH-
CKOIO I10J1a, & TaK’Ke Ial[MeHTOB, UMEeBIIUX COIYT-
CTBYIOIIYIO ITaTOJIOTHIO B BHJE CaxapHOro amadeTa,
NBC, mpuHUMaBIIUX 3-6JIOKAaTOPBI, C KPOBOIIOTEPEH
60s1ee 500 mJ1. B I rpymiie (0CHOBHOH, 71=12) TPUMEHSTN
MYJBTAMOJAJbHYIO COYETAaHHYIO aHecTe3nIo [16-18] ¢
mocJieAyIonied MpoJIeHHON aNMUAypaJbHON aHaJre-
3uell B IocJeolepalliOHHOM Ilepuoje. B aToii rpynme
WHIYKLOUIO IPOBOAUJIM IOCJIEeA0BATEeIbHBIM BHYTPU-
BeHHBIM BBesieHreM (peHTanusa (0,001 Mr/Kr) u mpormo-
dona (2,14 mr/xr). Ilepen nHAYKIIMEN IPOBOAUIN ITYHK-
LIUIO U KaTeTepU3aLUIo SIUIypPaJbHOI0 IPOCTPAHCTBA
Ha ypoBHe Th5-Th6. Uepes kateTep kasmbdpa 18 G mpo-
BOJUJIX IOCTOSTHHOE HellpepbIBHOE BBe/IeHNE TPEXKOM-
NIOHEHTHOH cMecu (ponuBakauH 0,2% + (eHTaHUT 2
MKI/MJI + aJpeHajuH 2 MKI/MJI). AHECTe3Us TaKKe
BRKJTIOYAJIA B €051 HICKYCCTBEHHYIO BEHTHUJIAIIIO JIETKUX
C KOHTpOJIeM 110 00'beMy U UHTajIsuell ceBodJiopana
(MAK 0,7-0,9). BHyTpuBeHHO (DeHTaHUJI TOBTOPHO BBO-
JUJIU TOJIBKO Ha paspe3 Koku. CKOpPOCTb BBeleHUs
TPEXKOMIIOHEHTHOU cMecHu BapbupoBasiu ot 10 mo 4
MmJs/4ac. B mocseonepanoHHOM Iepuofie BBeleHUe
9TOHM CMeCU B allUAYypaJbHOE IIPOCTPAHCTBO IIPOHOJI-
sKaJIM € TOU ke ckopocThio. Bo II rpynmne (cpaBHeHUs,
n=12) ucroJIb30BaI KOMOMHIPOBAHHYIO ODIIYIO aHe-
CTe3MI0 C UCKYCCTBEHHOU BeHTUJIANMeN jerkux. 1u-
JOYKIIWASI B aHECTe3WIOo OblIa aHajornyHou I rpymme. B
JaJsibHeieM Ha (hoHe UHranAnuu cesoduopasa (MAK
0,7-1,0) 1poOHO BHYTPUBEHHO BBOAWJIU (PEHTAHUI
(0,004-0005 Mr/Kr). B mocaeonepanioOHHOM IIEepUOJE
AQHaJITe3UI0 IIPOBOJUJIY [TIOCTOSIHHBIM BHYTPUBEHHBIM
BBegieHUeM MopduHa (0,42-0,57 Mr/Kr/cyT). YpoBeHb
60J1 TI0 BU3yaJIbHO — aHAJIOTOBOH IIIKaJsIe He ITPEBBI-
man 2-3 6annoB. Ha cienyiomuil geHb MardeHTOB
00eux TPyNm mnepeBesu B NPOPUIBHOE OTAeSIeHUE.
Onpepnenunu 4 uccjaenoBarebCKUe TOUKU: Iiepes UH-
IyKIIMeN B aHecTe3uio, yepes 1, 12, u 24 yaca riocJie omne-
panuu. B aTU CpOKM OIleHUBa/IU COlep)KaHue B ChIBO-

potke kpoBu TNFe, IL-6 u IL-10 KOoIn4YeCTBEeHHBIM

employed. In this group, induction was carried out by
consistent intravenous infusion of Phentanyl (0.001
mg/kg) and Propofol (2.14 mg/kg). Prior to induction,
the epidural space was punctured and catheterized at
the level of Th5-Th6. Constant continuous infusion of
the three-component mixture (Ropivacaine 0.2% +
Phentanyl 2 pg/ml + Adrenaline 2 pg/ml) was performed
via 18G catheter. Anesthesia also included volume-con-
trolled artificial lung ventilation and Sevofluranum
(MAC 0.7-0.9) inhalation. I/v Phentanyl was repeated
only to cut the skin. The three-component mixture infu-
sion rate was varied between 10 and 4 ml/hr. Postoper-
ative infusion of this mixture into the epidural space
continued at the same rate. In a Group II (the compari-
son group, n=12), a combined general anesthesia with
artificial lung ventilation was employed. The induction
was similar to Group I. Later, at a background of Sevoflu-
rane (MAC 0.7 — 0.9) inhalation, pulsed intravenous in-
fusion of Phentanyl (0.004-0.005 mg/kg) was carried out.
Postoperative analgesia was performed by continuous
intravenous infusion of morphine (0.42-0.57
mg/kg/day). Pain score according to the Visual Analog
Scale was not higher than 2-3. On the following day, pa-
tients of both groups were transferred to the specialized
unit. 4 study points were determined: prior to induction,
and 1, 12, and 24 hours after surgery. At those time
points, blood serum TNF¢, IL-6, and IL-10 were quanti-
tatively assessed with the aid of 3-stage sandwich-type
enzyme-linked immunosorbent assay using mono- and
polyclonal antibodies (ZAO Vektor — BEST, Russia). Dur-
ing the second study point, all patients were in ICU, had
been weaned from the ventilator, and did not have en-
dotracheal tubes.

Testing of statistical hypotheses was carried out using
nonparametric (rank) analytic methods. For pairwise com-
parison of variables between two points, Wilcoxon’s test
(dependent variables) was used. Differences between
Groups I and II were evaluated by Mann-Whitney test (in-
dependent variables). The null hypothesis was discarded
at P<0.05. The findings were presented as Me+(QI-Qu)/2,
which is median + half of interquartile range.

Results and Discussion

The findings are presented in table.

During analysis of anti-inflammatlory cy-
tokine TNFa dynamics it was noted that in patients
of either group the values did not exceed reference
ones at any study point. There was no reliable dif-
ference in TNF concentartion prior to surgery (the
1%t study point) vs. one hour after surgery comple-
tion (the 2"d study point) in either group. 12 hours
after completion of the surgery (the 3" study point),
significant difference was observed between the
groups. Blood serum TNFe« values in patients of the
first group were 57.1% lower than in patients of the
comparison group. By the end of the first 24 hours
(the 4™ study point), the difference between the
groups was significant amounting to 64.3%.

Dynamic analysis of interleukine IL-6 found
no reliable intergroup difference at the first two
study points. At the 3" study point, serum IL-6 in
patients of the comparison group was 13.6% higher
than that in patients of the main group. In both

GENERAL REANIMATOLOGY, 2020, 16; 2

www.reanimatology.com



16

DOI:10.15360/1813-9779-2020-2-12-21

Clinical Studies and Practice

JuHaMuKa coiep;KaHus HUTOKUHOB B CBIBOPOTKE KPOBH y NAllMEHTOB Ha CTaIUAX HccaeaoBanus, Me+(QIl-Qu)/2.
Dynamics of serum cytokine values in patients at the study points, Me+(QIl-Qu)/2.

Study points Groups Values of indices by groups
TNFa, pg/ml IL-6, pg/ml IL-10, pg/ml
Before surgery I (n=12) 1.33+0.41 3.99+0.83 12.81+1.45
1I (n=12) 1.69+0.38 15.26+2.80 5.08+0.70
P=0.01* P=0.01*
1 hour after surgery I(n=12) 2.77+0.49 41.40+6.45 134.26+25.5
P=0.017 P=0.0001*% P=0.0001*
II (n=12) 2.52+0.65 48.91+7.20 84.8+13.40
P=0.03* P=0.001* P=0.001%, P=0.0001*
12 hours after surgery I (n=12) 1.65+0.54 121.57+22.20 47.6+6.75
P=0.0001* P=0.0017
II (n=12) 3.47+0.71 142.12+27.50 19.52+2.90
P=0.04" P=0.0001*% P=0.01%, P=0.001*
24 hours after surgery I (n=12) 1.62+0.28 104.87+19.65 39.67+7.20
P=0.0001* P=0.001*
1T (n=12) 4.17+0.95 122.54+23.45 39.16+6.85
P=0.03*%, P=0.01* P=0.0001* P=0.0017

Note. * — the differences between groups are statistically significant (Mann-Whitney test); * — versus preoperative values
(Wilcoxon’s test) at P<0.05. Meis the median, Q!/is the lower and Qu is the upper quartiles.

IIpumeuanwue. Study points — craguu ucciaegoanusi; Before/after surgery —no/nocse onepanuy; hour(s) — vac(e1); Values of
indices by groups — 3HaueHus MokasaTesel B rpyInax. * — pasyiMuus CTaTUCTUYECKU 3HAYUMbI MEXKTY I'PyNIaMu (KpuTepui
ManHa-YUTHH); ¥ — B CpaBHEHHU C JOONEPAIMOHHBIMA 3HaYeHUsAMU (KpuTepuil Buikokcona) npu p<0,05. Me — MennaHa;

Q! — HwKHUHN; QU — BEepXHUN KBAPTUJIH.

METOJIOM TP TTOMOTITY 3-CTaIMIHOTO «CIH/IBUY-BapH-
aHTa» TBepAo(da3HOro UMMYHO(EPMEHTHOTO aHAIN3a
C UCIIOJIb30OBAHWEM MOHO- 1 IIOJIMKJIOHAJIbHBIX aHTUTEJI
(3A0 «BexTop-B3CT» Poccus). Bo BTopoii ucciaenosa-
TeJILCKOM TOYKe BCe MarieHThl Haxomuauch B OPUT,
OHU OBLIN OTIy4YeHbI oT VIBJI 1 He mMe i aHOTpaxe-
AJIBHBIX TPYOOK.

[IpoBepKy CTaTUCTUYECKUX TUIIOTE3 IIPOBOAVIINA
C IIOMOUIBIO HelTapaMeTPUYeCKHUX (DAaHTOBBIX) METOJ 0B
aHanusa. /JlgAd DIapHOro CpaBHEHHWA II€PEMEHHBIX
MesKIy TByMsI TOYKaMH UCIT0JIb30BaJIN KpUTepuii Bu-
KOKCOHA (3aBHUCHMBIe BBIOOPKM). Pasnmamss MexIy
rpynnamu I u Il onmeHmBanu ¢ MOMOIIBIO KPUTEPUA
MaHHa-YUTHHY (He3aBUCHMEBIe BBIOOPKH). Hymnesyio ru-
nore3y orBepraJu npu p<0,05. MarepnaJ npeacTaBuIn
kak Me+(Ql-Qu)/2 — menmaHa+10/JI0BUHA MEKKBap-
TUJIBHOTO pa3dMaxa.

Pe3ynbTarhl M 00CYK/IEHHE

ITosnyuyeHnble pesysbraTbl IPEefCTaBUJIU B
TabJmne.

[Ipn msydyeHun JUHAMUKH KOHIEHTpPALlUU
nposocnanuTeabHoro nurokua TNFa ormerniy,
YTO Y MAIeHTOB 00€eWX IPYII HU B OJHOH HCCe-
JlOBaTeJIbCKOM TOYKE OHA He MpeBbIlaia pede-
peHCHBIX 3HaueHu . [lepes1 onepaTuBHBIM BMellia-
TeJILCTBOM (1-4 rccienoBaresbCKas TOUKA), Yepes
4ac [ocJie OKOHYaHUsA XUPYPruu (2-4 uccjienosa-
TeJIbCKAasl TOUYKA) JOCTOBEPHOM Pa3HUIIBI 110 3TOMY
IIOKa3areJTio B 00enX Ipymnmax He BeIABUIIH. Yepes
12 yacoB mocJjie OKOHYaHUA ONePaTUBHOTO BMe-
IareJabCTBa (3-1 uccaemoBaTe/IbCKasi TOYKa) UMe-
Jlach JOCTOBepHAasA pa3HUIlA B IpyNnax. SHA4YeHUs
cofepsxranud B CbIBOPOTKe KpoBU TNFa y manuen-
TOB OCHOBHOY I'pymImbl ObLIN MeHbIIe Ha 57,1%,
4eM y NalFeHTOB I'PyNIbl cpaBHeHuA. K KoHIy
IIEPBBIX CyTOK (4-a mcciaenoBaTeabCKasl TOYKA)

groups concentration of IL-6 was significantly
above the upper reference value. By the end of the
first 24 hours, serum IL-6 tended to decrease in
both groups, though still being beyond the upper
reference value. In patients of the comparison
group, this parameter was 15% higher.

Serum content of another anti-inflammatory
interleukine — IL-10 — was within the reference
range in the patients of both groups; however, as
early as 1 hour after completion of surgery, the level
of IL-10 exponentially increased in both groups, ex-
ceeding multifold the upper reference value; at
that, in patients of the main group, IL-10 was sig-
nificantly (35.6%) higher.

Rendering of the findings is presented as a
block diagram (fig.).

TNFe is a pleiotropic cytokine synthesized by
different cells of the body. It is produced mainly by
monocytic cells: macrophages, astroglia and mi-
croglia, Langerhans and Kupffer cells [8, 19, 20].
TNFe« is a potent anti-inflammatory cytokine, one
of early tissue mediators of inflammation that reg-
ulates multiple functions of macrophages. TNF«
plays a key role in the initiation of pro- and anti-in-
flammatory cytokine cascade. TNF« is known for its
ability to maintain inflammation by forming the so-
called autocrine loop (or ‘feedforward’ loop), which
essentially consists in stable production of IFN-S.

Higher TNFa measures, however, within the
upper reference range, in patients who did not re-
ceive postoperative sympathetic block might be
judged either as a more prominent signal to start the
cell suicide program following either the external
path of apoptosis or the internal path by activating
macrophage production of anti-inflammatory cy-
tokines, in particular, IL-14 [19, 21]. It is known that
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pasHuIia B rpymnmax Oblia Oosiee

BBIpa)KeHa U cocTaBUa yske 64,3%. I Site of damage l
[Ipu n3yyeHun TMHAMUKA KOH-

IIEHTpAllui MPOBOCHAIUTETHHOTO Damage associated

uHTepJielikuHa IL-6 B 06enx rpymnmax molecular pattern

[MTallE€HTOB B IIEPBBLIX NBYX UCCJIEN0-

v

BaTe€JIbCKUX TOYKax ,ILOCTOBepHOfI ‘

Innate immunity cells ‘

pas3HuIlbl He OTMeTUIU. B 3-11 uccJie-
JIOBaTeJbCKON TOYKe 3HAa4YeHHe

CoIepsKaHuA CbIBOPOTOYHOrO IL-6 y

TNE, IL-1, IL-6,

H thal -pituit
IL-10 and others »‘ ypothalamus-pituitary

MAIMEeHTOB IPYIILI CDABHEHHUS ITpe-

BBIIIAJIO AHAJIOTHYHBIH MTOKa3aTes b v A -

y TaIrMeHTOB OCHOBHOM T'PYyNIIbI Ha Endoplasmic | Autocrine loop

13,6%. B 00eunx rpymmax aToT rokasa- reticulum

TeJIb 3HAYUTEIHHO IPEBbIIIA BEpPX- (ubiquitination+ 48-72

HUe pedepeHCHble 3HaYeHUs. K unfolding of proteins) hours

KOHITY IEPBBIX CYTOK CEIBOPOTOYHbIE v A4
3HavyeHus IL-6 y manueHTOB 00enx ‘ Acute phase proteins ‘ | Adrenal gland |
IPyIn HECKOJbKO CHU3UJINCH, HO v v
HaxXOJUJIMCh 3a MpeJieJIaMHA BEPXHUX

‘ Damage repair ‘

pedepeHCHbIX 3HaYeHUN. Y MalueH-

TOB I'PYIIIIbI CDAaBHEHUS 9TOT IIOKA3a-
TeJib ObLJI BhIIIe Ha 15%.

ChIBOPOTOYHBIE COfAEpsKaHNE
JPpyroro IpoTUBOBOCHAJIUTEBHOIO
nHTepJsieliknHa IL-10 661710 B IIpeje-
Jax pedepeHCHBIX 3HA4YeHUuU Y
MMareHToB 00eux TPy, HO YiKe
gyepe3 1 dYac mnocjae OKOHYaHUSA
XUPYPrUYEeCKOro JIEYEHUsI  ITOT
MoKasaTeJ b B 00enx rpymmax yBe-
JIMYMBAJICS B TEOMETPUUYECKOH TIPO-
TPeCcCUy U MHOTOKPATHO NPEBBIMIAT
BepxHHUe pedepeHCHble 3HAYEHUS;
IpuyeM y IalMeHTOB OCHOBHOU I'PYNIbI 3HaYe-
Hus [L-10 ObLTHM JOCTOBEPHO BBIIIE — PA3HUIA
cocTraBJisggaa 35,6%.

TpaKTOBKY I10JIy4Y€HHBIX JAHHBIX IPEICTABU-
JIU B BUJIe OJIOK — CXeMBI (PUC.).

TNFa — 10 11ei0TpONTHBIN IUTOKWH, CUHTE-
3UpyeMBIA PA3JINYHBIMU KJIETKAMH OpPraHU3Ma.
OCHOBHBIMH €I'0 IPONYLIEHTAMU AABJIAIOTCA KJIETKA
MOHOIIUTAPHOM JIMHUM: MaKpOdaru, acTpomius u
MUKpoOIH, KieTku Jlanrepranca u Kyndepa [8, 19,
20]. 3TO MOIITHBIN TPOBOCIATUTETbHBINA IIUTOKWH,
KOTOPBIA ABJSETCA OJHUM U3 PAHHUX TKAHEBBIX
MeAuaTopoB BOCIIAJICHUA U peryaupyer MHOTHe
¢ysriuu Mmakpogaros. TNFa urpaer kjoueByio
POJIb B OPraHU3AIMH ITIPOBOCHATIUTEIBHOIO I[TATO-
KHMHOBOIO Kackasa. MissectHa criocooHocth TNFa K
NOJIEPYKAHUIO BOCTIAJIeHUs ITyTeM (pOpMUpPOBaHUSA
TaK Ha3bIBaeMOU AayTOKPUHHOU IeTau (OHA sKe
NeTIA «IIPSIMOU CBSI3W»), CyTh KOTOPOU 3aKJII0UAeT-
Cs1 B yCTOMUMBOM NpoayKiuy uatepgepona IFN-S.

bosaee Bbicokue 3HadyeHusa TNFa, HO He
BBIXOMBIIINX 3a IIpejiesibl BEpXHUX pedepeHCHBIX
3HaYeHUH y NallUeHTOB, He UMEeBIINUX CUMIIaTHye-
CKOIi 6JIOKAbI B TIOCJIEOTIEPAIIMOHHOM TIepUOIE,

[2,9-11].
[2,9-11].

lecular pattern

BJI0K-cXxeMa BepOATHOM peasin3alH BOCIaJeHUs B OTBET Ha IIOBPeKAeHHe
Block diagram of the likely occurrence of inflammation in response to damage

ITpumeuanwue. Site of damage — mecTo noBpeskaeHuA; damage association mo-

— MOJIERYJISApHAsA MOJEJIb, aCCOIUMpPOBaHHaA C IMOBPEXIE-

HUAMY; innate immunity cells — k/1eTku BposkieHHOro UMMYyHUTeTa; and others
— u ap.; endoplasmic reticulum (ubiquitination+unfolding of proteins) — ceTb
9H/I0IIJIa3MaTUYeCKOr0 PeTUKyIyMa (yOUKBUTUHUPOBaHUE+Pa3BOpaYUBaHUe
Oes1koB); acute phase proteins — 6esiku ocTpoii hassl; damage repair — ycrpa-
HeHUe II0JIy4eHHBIX OBpeskaeHnil; hypothalamus-pituitary — runoranamo-ru-
nodusapHad 30Ha; autocrine loop — ayrokpuHHas nemwis; hours — 4acos; ad-
renal gland — HaAIOYeUHUKHU.

TNFea-stimulation leads to fast expression of inflam-
matory genes due to stimulation of mitogen-acti-
vated protein kinases (including the ancient C-
JunN-terminal kinase), shifting the macrophage
response balance towards inflammation.

It has been established that TNF« acts via two
transmembrane receptors: TNFR1 and TNFR2, with
the former expressed in all tissues of mammals and
associated with ‘death domains’ activation [22, 23].
In contrast to TNFR1, TNFR2 is mainly expressed in
the immune system cells. Presumably, the TNF« ac-
tion via two membrane receptors explain multiple
eefects of the cytokine. The double action of TNFe in
breast cancer cells has been described: from one side,
the cytokine provides antineoplastic activity promot-
ing apoptosis and preventing angiogenesis, however,
facilitates tumor dissemination through tumor inva-
sion and early metastasis, from another side.

Another important participant of inflamma-
tion — IL-6 — reached its maximum 12 hours after
surgery in both groups of patients. Obviously, dur-
ing this period the damage-induced production of
acute phase proteins required to repair the damage
occurs. Presumably, at this time the metabolic re-

MOTYT OBITH pacieHeHbl JIN00 Kak OoJjee BbIpa-

action in response to damage starts. All other ana-
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SKeHHBIN CUTHAJI K 3allyCKy CyUIIUJAIbHOU KJle-
TOYHOI ITPOTrpaMMBbI 10 BHEIITHEMY ITyTH alloNTO-
3a, OO0 MO BHYTPEHHEMY IyTH IMOCPEICTBOM
AKTHUBAMY BHIPAOOTKM MakpodaramMu mpoBocna-
JIUTEJIbHBIX IIUTOKWUHOB, B yacTHOCTH IL-1f5 [19,
21]. MI3BecTHBI pabOTHI, B KOTOPHIX OBIJIO OTMeYe-
HO, 4T0 TNFa—-CTUMYIAIMS TPUBOIUT K OBICTPOH
9KCIIPECCUU BOCAJUTEIbHBIX T€HOB 3a CUeT CTU-
MYJIALAN MUTOT'€H-aKTUBAPYEMbIX IPOTENHKAHA3
(BrJOouas apepHelnyio C-JunN-TepMUHAIBHYIO
KWHAa3y), caBurasi OasaHc oTBeTa Makpodaros B
HallpaBJIeHUH BOCIIAJICHUS.

YcranossieHo, uto TNFa neficTByer uepes qBa
TpancMeMOpaHHBIX perenitopa: TNFR1 u TNFR2,
npryeM TNFR1 akTUBUPYeETC BO BCeX TKAHAX MJIe-
KOIIMTAIOIINX, 1 UIMEHHO C er0 aKTUBaIuel cBs3a-
HbI OCHOBHBIE (pyHKIIMOHA/IBHBIE cBOMicTBa TNFa
— a UIMEHHO, aKTUBAIUA «JOMEHOB CMepTh» [22, 23].
B 1o e Bpemsa arcnpeccusa TNFR2 crporo peryiu-
pyeTcs ¥ OOBIYHO MMPOUCXOIUT B KJIETKAX UMMYH-
HOU cucrtembl. VIMeHHO peajusanus AeWCTBUSA
TNF« yepes qBa MeMOpaHHBIX PEIeNTOPa, BO3MOMK-
HO, 00BSACHSAET ero OBOIHOe JelicTBue. [IBoiiHOe
nericteue TNFa onucaHo npu pake MOJOYHOH
skeJiesnl. OH, Kak OOVH U3 OCHOBHBIX IIPOBOCITIAJIN-
TeJbHBIX LUTOKUHOB, MMEeT AaHTHOIYXOJIEBYIO
AKTUBHOCTD, CIIOCOOCTBYSI allONTO3Y U MPEISITCTBYS
AQHTHTOTEeHEe3Y, HO B TO 5Ke BPeMsI CIIOCOOCTBYeT MHBA-
31U OIyXOJIY ¥ paHHEMY MeTacTa3supOBaHMUIO.

Eme onqnH 13 BasKHBIX y4aCTHUKOB BOCIIaJie-
Hus — IL-6 B 00eux rpynmnax mauueHTOB WMeJ
MaKCHMaJIbHbIE 3Ha4YeHUsI yepes 12 yacos nocJe
OIlepaTUBHOrO Je4yeHusa. O4eBUIHO, YTO B ITOT
IIepuof, NIPOUCXOOUT OKOHYATEJbHAsA OLEHKa
IIOJTyYeHHBIX TOBPEXKAEHUU U OIlpeJesseTcs
KOJIMY€eCTBO OeTKOB OCTPO#H (pa3bl, HEOOXOAUMBIX
JUI1 yCTpaHEHUs IIOJIyYeHHBIX MNOBPEeKIeHUM.
BeposiTHO, 3TO 11 €CTh MOMEHT Hadajia MeTaboJIu-
4YeCcKOH peaKLMU B OTBeT Ha MOBpeskIeHue. Bce
Ipyrue aHaboJIMYecKre MPOIecChl B OpraHu3Me
3HAYUTEJIbHO COKPAIaloTCA. YKa3aHHOMY yBe-
JUYEeHUIo coaepkanud [L-6 B CbBIBOPOTKE KPOBU
COOTBETCTBYIOT MaKCHUMaJIbHbIE 3HAYCHUS OCHOB-
HOTO IPOTUBOBOCHAJUTEIbHOI0 UHTEePJIEeHKUHA
IL-10 B mepBbIi Yac MOcJie OnepaIuu.

XapaxTepHO, 4TO y NIallAeHTOB, IMEBIINX B
COCTaBe aHEeCTe3UH-aHAJITe3NU CUMIIaTUIECKYIO
bs0Kamy, 6osee BoICOKHE 3HaYeHUs 1L-10 yepes
OIIMH 4ac II0CJIe Ollepalyy COYeTaIUCh C MEHBIIIN-
MU 3HayeHuAMU [L-6 yepes 12 yacoB. Bo3MOKHO,
0oJiee BuICOKME 3HaueHust IL-10 B 9TOH mUcceno-
BaTeJIbCKOI TOUKe CBSI3aHbI C BBIXOJIOM 32 IIpejie-
JIbI IUTO30JIs1 UHTePJIEMKNHOB, paHee COoflepsKaB-
muxcsl B (paronurax, MoJBepriIuxcsl aoIiTosy,
Jan60 HeKpo3y. CUTyalus y MarueHToB, Ie Ipu-
MEeHs1JIaCh CUCTeMHasi aHaITe3usI, Obla JuaMeT-
PpaJIbHO IIPOTUBOIIOJIOKHA.

Takum oOpa3oM, CKJIaAbIBAETCS BIleYaTsIe-
HHUE, YTO LIUTOKMHOBAsA peakUusl y NalydeHTOB

bolic processes in the body are considerably dimin-
ishing. The above-mentioned increases in blood
serum IL-6 matches the maximum values of the
main anti-inflammatory interleukine — IL-10 —
during the first hour after surgery.

Typically, patients who received sympathetic
block as a part of anesthesia-analgesia had higher
IL-10 one hour after surgery, which was associated
with lower IL-6 in 12 hours. Higher IL-10 at this
study point might be associated with release from
cytosol of interleukines contained earlier in phago-
cytes that were subjected to apoptosis or necrosis.
There was an exactly opposite situation in patients
when systemic analgesia was used.

Thus, it seems that the cytokine response in
thoracic surgical patients seems, firstly, less signifi-
cant when compared to abdominal surgery patients
and, secondly, capable of self-limitation. In our
opinion, this is related to a smaller volume of injured
tissues in these patients than in case of laparotomy.
Itis known that an increased level of anti-inflamma-
tory cytokines initiates enchanced activation of an-
abolic processes in the endoplasmic reticulum. In-
creased ubiquitination marks proteins for the future
enzyme-guided proteolysis, however, low proteolysis
and accumulation of ubiquitinated proteins might
promote unfolded protein response [6].

Proteins in the reticulum represent universal
sourse of amino acids that provide necessary quan-
tity of plastic material. Unfolding of a large number
of protein results in unfolded protein response that
mightlead to endoplasmic reticulum damage. Sim-
ilar process occurs in the inside mitochondrial en-
vironment, too. All these endoplasmic stress re-
sponses might activate the cell suicide program
initiating the path of apoptosis.

According to published studies, the immune
response due to thoracic surgery remains to be min-
imal [24]. There are quite a lot of papers dedicated
to minimally invasive technologies in thoracic can-
cer surgery [23]. They observe that the technologies
of mini-access, video-assisted thoracoscopy are
similar in terms of cytokine expression. At the same
time, a number of papers describe more significant
inflammatory responses in patients subjected to
upfront resective thoracic surgery [25, 26].

Different cytokines (especially IL-4 and IL-13)
might be inducers of an alternative path of
macrophage activation, which differs from the clas-
sic one that is caused by gamma-interferon. Until
late 1980s, the main function of IL-4 was regarded
as anti-inflammatory based on the capacity of the
latter to suppress production of TNFa and IL-6.
Further investigations demonstrated that Th2 cy-
tokines not just slow down but modulate the func-
tion of macrophages.

Manifoldness of the effect of these anti-inflam-
matory cytokines is also determined by increased
number of their producers. In addition to activated
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TOpaKaJIbHOI'0 XUPYPrUUeCcKOoro npoduss, Bo-
MepBbIX, MEHEE BhIPAsKeHA IO CPABHEHUIO C ITally-
eHTaMH, HalpuMep, abIOMUHAITBFHOMN XUPYPTUH, U,
BO-BTOPBIX, OHA CIIOCOOHA K CAMOOTPaHUYEHUIO.
[lo HamreMy MHEHHUIO, 3TO CBA3aHO C MEHBIINM
00beMOM TPAaBMUPOBAHHBIX TKAHEH y 9THX ITaIu-
€HTOB, 4YeM IIpHU JlanmaporomMuu. Kak M3BeCTHO,
MOBBIIIEHHBI ypPOBEHb IIPOBOCHAJIUTEIbHBIX
[IUTOKWHOB TPUBOIUT K OOJIBINEH aKTUBAINU
MpOIlecCOB aHa00JIM3Ma B CETU 9HAOIIa3MaTnye-
CKOTO peTuKyayMma. [IoTpeOHOCTh B OETKOBBIX
cybcTparax oOecrieunBaeTcs 3a CYET IMPOIECCOB
a"HaboJMYecKoro yOmiamkBupoBanus. Eciou nan-
HOT0 MEeXaHN3Ma HeJ0OCTATOYHO, TO NPOUCXOIUT
Tak Ha3bIiBaeMbIll «unfolded protein response»
(oTBeT pasBepHYyTOTO O€Jika) [6].

Kak n3BecTHO B «CeTW» UMEIOTCA yHUBeEp-
caJbHble aMUHOKHUCJIOTHBIE eI — «3arOTOBKU»,
KOTOpBIE€ HAXOOATCA B CBEPHYTOM COCTOSIHUU U
IpU HEOOXOIUMOCTH MOTYT BOCIIOJTHUTH HEOOXO-
JIUMO€e KOJWYeCTBO IIJIACTUYEeCKOr0 MaTrepuasa.
PasBopauynBanue 60IBIIOTO KOJMYECTBA OEJIKO-
BBIX «3aroToBok» u ecTh «unfolded protein
response», KOTOPbIA MOYKET TPUBECTU K OBPEsK-
JEHUIO 9HJOIJIAa3MAaTUYECKOr0 PEeTHUKYJIyMa.
[Mogo6Has cuTyamusi IPOUCXOAUT M B MUTOXOH/T-
pHaNbHBIX CTPYKTypax. Bce 9T0 MOYKeT IIpUBeCcTU
K aKTHUBAllUU CyWIUIAJbHOU KJIETOYHOU IIpo-
rpaMMBbl, KOTOpasi B JTaHHOM cjIy4ae OyaeT mpoxo-
IWTH I10 ITyTH aroITo3a.

[To MHeHUIO psiia AaBTOPOB, UMMYHHBIHN OTBET
BCJIEACTBHE TOPAKAIBHOI'O XUPYPIUIECKOIO BMe-
niaTreJibCTBa MUHUMAJEH [24]. iIMeeTcsa HeMaJioe
KOJIMYECTBO PabOT, TOCBAIIEHHBIX MAJIOMTHBA3WB-
HBIM TEXHOJIOTUSM B TOpaKaJbHON OHKOXUPYPIruu
[23]. B HUX OTMEY€eHO, YTO TEXHOJIOTUN MUHHUIO-
CTyIla, BUAEOTOPAKOCKOIIUM CXOYKU 110 CTEIeHU
IIMTOKUHOBOM 9KCIIpeccui. B To ke BpeMs B psijie
pabor omnricaHa 60Jiee BhIpaskeHHasI PeaKIT1sI BOC-
NaJIeHUs y ITallMEeHTOB, IIEPEHEeCIINX OTKPBITYIO
PEe3eKIMOHHYIO TOpaKaJIbHYIO ollepanuio (25, 26].

Pagsmunble HUTOKUHEI (0cobeHHo IL-4 n IL-13)
MOTYT OBITh MHAYKTOPAMU aJIETEPHATUBHOTO Iy TH
AKTUBAITMU MaKpodaros, OIMYHOTO OT KJIaccuye-
CKOT0, BBI3bIBAEMOI0 TaMa-umHTepdepoHoM. Jlo
KOHIIa 80-X TOJI0B IIPOILJIOr0 BeKa OCHOBHOU (DYHK-

umeit IL-4 cunTanack MPOTUBOBOCIIATIUTEIbHAS, HA
OCHOBAHHUU CIIOCOOHOCTH IIOCJIETHEr0 MOJaBJIATh
nponyknuio TNFEa u IL-6. ITocaenyroiue ucciaeno-
BaHMs MOKa3aad, uTo Th2 UTOKWHBI HE TPOCTO
TOPMO3ST, a IOBEJIUPHO MOJEJUPYIOT (DyHKIIHIO
Makpogaros.

Mmuoroobpa3sue AeliCTBUS 9TUX TPOTUBOBOC-
MaJUTeJbHBIX IATOKUHOB OIIpeAessieTCs TaKKe
0OJIBIINM KOJIMYECTBOM UX IPOAYILIeHTOB. [ToMu-
MO aKTUBHUPOBaHHbIX Th2—-KJjieTOK U B-KJIeTOK, MX
AKTUBHO IPOAYLUPYIOT AIIUTEJUN 1 OIyXOJIeBble
KJIeTKHU B TKaHAX. IL-10, B yacTHOCTHU, ABJSETCH
MOUIHBIM IIOHMIKAIOIIAM PEryasaTOPOM IKCIIpec-

Th2-cells and B-cells, they are intensively produced
by epithelium and tumor cells. In particular, IL-10
is a potent suppressor of macrophage functions that
modulates production of gamma-interferon, IL-4
and IL-13, and simultaneously strengthening the al-
ternative path of modulation. Interestingly, engage-
ment of alternative paths of macrophages activation
further promotes oncogenesis [25].

In case of more traumatic abdominal surgery,
the level of IL-10 in blood serum increases, which
might inhibit production of inflammatory cy-
tokines shifting the immune response from type
Th1 to type Th2 [25, 26]. The correlation between
IL-10 and TNFa may presumably serve as a prog-
nostic marker of postoperative complications in
abdominal surgery. IL-10/TNFa ratio less than 30
was observed in 100% of patients with post-surgery
complications and 64.5% of patients without com-
plications [9]. Strong inflammatory response that
manifests in increased expression of cytokines
characterized by multidirectional effects seems to
facilitate activation of apoptosis, acting via one of
the two known paths of the «cell suicide programb».

Conclusion

Hence, during the postoperative period, the
patients who experienced resection surgery of the
lungs have significant changes in the concentra-
tions of cytokines, which might evidence presence
of an inflammation reactions. Patients whose anes-
thesia/analgesia regimen included a sympathetic
block (in the form of epidural analgesia) displayed
higher blood serum concentrations of pro- and
anti-inflammatory cytokines. Such differences
might be explained by the absence of hypercorti-
solemia during the intraoperative period in multi-
modal anesthesia/analgesia patients, which pro-
motes the increase in concentrations of
anti-inflammatory interleukines. In our opinion, in
the early postoperative setting, the main task is to
reduce this response rather than provide «anti-
stress defense» or «fight the surgical stress», which
is physiologically hardly to perform.
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conflict of interest.

cuu Makpogaros, MOLYJIUpPYsl AeWCTBUE rama-
uHTepdepoHa, IL-4 u IL-13 ogHOBpEMEHHO, yCuU-
JINBAET aJbTepHATUBHBIN ITyTh MOIYIAINA. Bme-
CTe C TeM, aKTWBAIWs AJBTEPHATUBHBIX IyTeH
AKTHUBANNU MaKpodaroB crrocoOCTBYeT TaabHEH-
reMy 06pa30BaHUIO OITyXoJeH [25].

ITpu TpaBMaTHYHBIX a0JOMIUHATLHBIX OITepa-
UAX ypoBeHb IL-10 B CBIBOPOTKE KPOBU ITOBBIIIIA-
€TCsI, YTO MOKET UHTUOMPOBATh BHIPAOOTKY IPO-
BOCITAJIUTENbHBIX  I[UTOKMHOB W  CIBUTaTh
UMMyHHBIHN oTBeT OT Tuia Thl k Tumy Th2 [25, 26].
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Coornomenne IL-10 1 TNFa MOYKeT CITy>KUATB IIPO-
THOCTUYECKUM (DaKTOPOM INPU BO3HUKHOBEHUU
10CJIe0TIePAMOHHBIX OCI0)KHEHNH B a0I0MUHAIb-
Hoil xupypruu. OtHomenue [L-10/TNFa menee 30
umesa 100% 00JILHBIX C OCJIOKHEHUAMU 1 64,5% —
6e3 ocyioskHeHu [9]. BeipaskeHHasT BOCTIAINTEh-
Hasl peakIysd, IPOsIBJIAIONIIAACA OBBIIIEHHON 9KC-
npeccreil TMTOKMHOB Pa3HOHANPAaBJIEHHOTO Jel-
CTBUSI, BO3MOYKHO, CIIOCOOCTBYeT aKTHBALUU
aronTo3a, NeHMCTBYSA Yepe3 OOVH U3 JBYX N3BECTHBIX
mmyTeii 3amycka «cell suicide programn».
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aHeCcTe3WN/aHaITe3uy CUMITATHYECKYI0 OJI0KaTy
(B BUjE aMUAYypaTbHON aHANTE3WHM) OTMETUIU
0oJiee BBICOKVE KOHIIEHTPAIUU B CHIBOPOTKE
KPOBM IIPO- ¥ IPOTUBOBOCHIATUTETHHBIX ITUTOKH -
HOB. [To100HbBIE PA3TUYNSA MOTYT OBITH 0OYCJIOB-
JIEHBI OTCYTCTBHEM THIIEPKOPTU30JIEMUU B
WHTPAOIIEpPalMOHHOM IIepHOoJie Y MalueHTOB C
MYJIBTUMOZAJIbHOU aHecTe3nell/aHanresueu, 4To
CITOCOOCTBYET MOBBINIEHUIO KOHIIEHTPAIUH IPO-
BOCITAJINTEJILHBIX MHTEPIEUKNHOB. [1o HamemMy
MHEHWIO, B YCJIOBUSIX pAaHHETO MT0CJIe0TepaoH-
HOTO Tepuojia OCHOBHAsS 3ajavya 3aKII0YaeTCs
MMEHHO B YMEHBIIIEHUH 9TOH peakKI[iy, a HUKaK
HE B «aHTUCTPECCOBOH 3amuTe» MM «6opbde ¢
XUPYPTUYECKUM CTPECCOM», UTO BPS JIU SIBJISIET-
cs1 GU3UOTOTUIHBIM.

KonduaukT nHTEpEcoB. ABTOPHI 3asBJSIOT
00 OTCYTCTBUHU KOH(JIUKTA HHTEPECOB.
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OpTOCTaTI/I‘IeCKI/Ie H3MEHEHHUA reMOoOJHHaMHKHN
IIPH ITOBPECKACHUAX I'OJIOBHOI'O MO3ra

B. H. Toporosues, U. B. Mosryanos, /I. C. AukeBu4

deiepasIbHBIN HAYYHO-KIMHUYECKUA IIEHTP PEAaHUMATOJIOTHH U peabuInTOIOTHH,
Poccus, 107031, r. Mocksa, yi. IleTpoBKa, 1. 25, cTp. 2

Orthostatic Hemodynamic Changes in Brain Damage
Viktor N. Dorogovtsev, Igor V. Molchanov, Dmitriy S. Yankevich

Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
25 Petrovka Str., Bldg. 2, 107031 Moscow, Russia

Pe3rome

Iless paboTHI — H3y4YeHNEe OPTOCTATUIECKUX U3MEHEeHNY reMOIMHAMUKHY y AIeHTOB C XpOHNYEeCKUMU
HapyUIeHUsIMU CO3HAHUSA II0CJIe KPUTHYECKUX TOBPEsKIEHUH TOJIOBHOTO MO3Ta.

Marepuanbl 1 MeToabl. O6cienoBasnu 30 maruenToB (10 sKeHITUH U 20 MY;KYHH) C XPOHUYECKUMHU Ha-
PYIIEHUAMY CO3HAHUA ITOCJIE TAKeJIbIX IOBPEsKIeHN TOJIOBHOTO MO3Ta B Bo3pacTe 45+7 jieT, 10 13 KOTOPBIX
ObLTU B BereTaTUBHOM cocTostHuM (BC) u 20 — ¢ cunapomomM masioro cosdHanusi (CMC). OCHOBHBIMU IIPH-
YMHAMHU NTOBPEsKIeHUH M0o3ra ObLJIN YeperrHO-M03roBasi TpaBMa (53% MalueHToB) U HapylIeHUsI MO3TOBOTO
kpoBoobOpamenusi (HMK) (23,3%). OcTajbHblIe TAIUEeHThI OBLIN C TOCTTUIIOKCUYECKOH 9HIledaonaTuel u
TocJjIe XUPYPTUUeCcKoro yaaleHNsI OITyXoJjieil FoJIOBHOTO MO3ra.

[MTaccuBHbIi opTocTaTudeckuii Tect (ITOT) 0°-60°-0° TPOBOAM/IN C TOMOIIBIO CTOJIA BEPTUKAIN3ATOPA C
3JIeKTpUYeCcKUM IpuBojaoM (Vario Line). [eMognHaMI4eCKU MOHUTOPUHT BO BpeMs BepTUKAJIU3AINH CO-
CTOSJI B HEMHBAa3UBHOU PeTUCTPALMY apTepHaIbHOIO JaBJIeHUA Ha IIJIe4eBOM apTepuu OCIIU/IIOMeTpude-
CKHUM crI0c000M, B peTUCTPALUY IIoKa3aTesel ygapHoro oobema (YO) u MUHYTHOTO 06beMa KpoBooOpariie-
HuA (MOK) MeTooM UMITeJaHCHOH KapArorpaduu ¢ IOMOIIBI0 MHOTO(YHKIMOHATBHOT0 MOHUTOPA «Task
Force Monitor 3010i» (CNSystem, Austria). CTaTHCTHYeCKY0 00pabOTKY JaHHBIX IIPOBOAMIIH C IOMOIIBIO Ma-
KeTa CTaTUCTUYEeCKUX Iporpamm Statistica 10.

PesyieraThl. OpTOCTaTUYECKYIO CTA0MIBHOCTD FeMOAMHAMUKY BBISIBUIIN Y 26 13 30 IMaI[eHTOB C XPO-
HUYEeCKUMU HapyIIeHUs MU CO3HaHUA 0C/Ie KPUTHIECKUX TOBPesKIeHUN roJIOBHOr0 M03ra. OHA IPOABJIA-
Jlach CTaOUILHBIMU IIOKA3aTeIAMH CUCTOJIMYECKOro apTepuanbHoro gasiaeHud (CAJl) B HAKJIOHHOM OPTO-
CTaTU4€CKOM U TOPU30HTAIBHOM IoJioskeHuu (120,7+2,2 1 121,143,6 MM PT. CT. COOTBETCTBEHHO, p>0,05). ¥V
3 marueHToB HabJII0HAIN OPTOCTATUYECKYIO TUTIOTEH3UIO U Y OHOTO — CUHIPOM MOCTYPATbHON TaxuKap-
quu (CIIOT). ITpoBesi cpaBHUTEIBHBIN aHAN3 BBIABIEHHBIX OPTOCTAaTUYECKUX N3MEHEHUH TeMOTUHAMUKYI
06cJ1eJOBaHHBIX TAIIMEHTOB C JUTEePaTyPHBIMU JAHHBIMU, ONUCBIBAIOIIIUMU OPTOCTaTUYeCKIE U3MEHEeHUA
reMoJMHAMUKHU ¢ TpuMeHeHHeM [10T, y marueHToB C TAKeJIbIMH IOBPEXKIEeHUSIMU TOJIOBHOTO MO3Ta, 00-
CJIEJOBAHHBIX JJO U IIOCJI€ PA3BUTHUA CMEPTU MO3Ta.

3akiroueHne. OprocTaTudecKkast CTaOMJIbHOCTh KPOBOOOPAIIEHUA MOKET KPaTKOBPEMEeHHO MO iep-
SKUBATHCA y MAlIUEHTOB C IOCJIECTBUAMU KPUTHYECKUX M1 Py3HBIX TOBpeskAeHHI FOJIOBHOTO MO3Ta, CO-
NIPOBOSKIAIOIINXCSA XPOHUYECKUMY HapyIlIeHUsAMU CO3HaHUsA. KpUTHUUYeCKue NMOBPEeKAeHUA TOJIOBHOIO
MO3ra, IPUBOJAIIME K COCTOSHUAIO CMEPTU MO3I'd, COIIPOBOKIAIOTCS 3HAYNUTE/IbHBIM CHIYKEHHUEM BCeX re-
MOIWHAMHYeCKUX IToKa3aTeJiel U BEIpaskKeHHON OPTOCTaTUYeCKOM 'MIIOTeH31el C BO3BpalljeHueM apTepu-
JIBHOI'O 1aBJICHUs K UCXOAHBIM 3HA4€HUsIM IIPY BO3BPAaTe NalleHTa B TOPU30HTAIBHOE II0JI0KEHUE.

Karouesvste crosa: rpumuvecrue noepeofcﬁenuﬂ; 20J108HOTL MO32; CUCTEMHAS, 2eMOOUHAMUKA; opmocma-
muydecrasi l’lp06(l,' CNUHAAbHAA pecyriyus npoeoo6pau4enuﬂ; opmocmamuuvecrast 2ZunomeH3us; cmepnio
Mmo3ea

Summary

Aim: to study orthostatic hemodynamic changes in patients with chronic disorders of consciousness after
critical brain damage.

Materials and methods. We studied 30 patients (10 women and 20 men) with chronic disorders of con-
sciousness after severe brain damage aged 45+7 years, 10 of which were in the vegetative state (VS) and 20 had
the minimally conscious state (MCS). The main causes of brain damage were traumatic brain injury (53% of

Anpec 114 KOppeCIOHAeHIMH: Correspondence to:
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patients) and cerebrovascular accidents (CVA) (23.3%). The rest of the patients had posthypoxic encephalopa-
thy or were after brain tumor removal surgery.

Passive orthostatic test (POT) 0° to 60° to 0° was performed using an electrically driven tilt table (Vario
Line). Hemodynamic monitoring during the verticalization was done using a non-invasive oscillometric
recording of blood pressure on the brachial artery, stroke volume (SV) and cardiac minute output (CMO) were
measured by impedance cardiography with the multifunctional «Task Force Monitor 3010i» (CNSystem, Aus-
tria). Data were statistically analyzed using the Statistica 10 software package.

Results. Orthostatic hemodynamic stability was found in 26 out of 30 patients with chronic disorders of
consciousness after critical brain damage. It was manifested by stable systolic blood pressure (SBP) in tilted
orthostatic and horizontal position (120.7+2.2 and 121.1+3.6 mmHg, respectively, P>0.05). Orthostatic hy-
potension was observed in 3 patients and postural tachycardia syndrome (PTS) in one patient. We compared
orthostatic hemodynamic changes in the studied cohort versus published data on orthostatic hemodynamic
changes uncluding POT revealed in patients with severe brain damage examined before and after brain death.

Conclusion. Orthostatic stability of blood circulation can be maintained for a short period of time in pa-
tients surviving after critical diffuse brain damage associated with chronic disorders of consciousness. Critical
brain damage resulting in brain death associates with a significant reduction of all hemodynamic parameters
and severe orthostatic hypotension with restoration of initial blood pressure values when the patient is re-

turned to the horizontal position.

Keywords: critical damage; brain; hemodynamics; orthostatic test; spinal regulation of circulation; ortho-

static hypotension; brain death
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BBenenue

KpuTtnueckue mnoBpeXAeHUs TOJIOBHOTO
MO3ra XapaKTepu3yIOTCs paclpoOCTpaHEeHHBbIMHU,
MHOT'OYPOBHEBBIMU HapyLIEeHUMU 11eJI0CTHOCTHU
roJI0BHOTO Mo3ra. OCHOBHBIMH TPUYMHAMU
TaKUX IMOBPEXKIEHUN, COIPOBOMKIAIOIIUXCS
BBICOKOM CMEpPTHOCTBIO, SIBJSIOTCS TSKeEJIbIe
4epernHo-Mo3rosele TpasMel (UMT) [1], Hapy1iie-
HUSI MO3ToBOro KpoBooOpamienusi (HMK) [2],
wIobabHasI UIIEMUSI TOJIOBHOTO MO3Ta Pas3Jiny-
HOI aTHOJI0THH [3] U Ap. BbKMBaHNE MAIMEHTOB
C KPUTHUYECKUMHU TOBPEXKJIEHUSIMU TOJIOBHOTO
MO3Ta BO3MOYKHO TOJIBKO B pPEaHUMAIMOHHBIX
OTJIEJIEHUSIX C BBICOKUM IMPOQeCcCUOHATbHBIM
YpPOBHEM OKa3aHUsI MeJUIIMHCKOH momoiu. [of-
JlepsKaHue SKU3HeNesATeJIbHOCTA OpraHu3Ma
MalMeHTOB C KPUTUYECKUMU MOBPEXKIEHUAMU
rOJIOBHOTO MO3ra B TaKHUX OTAEJIEHUSIX MOKEeT
MMPOJOJIKATHCSI B TEUeHN e MHOTUX Hefles b, MeCsI-
1IeB U J1aske JIeT. Takre MOBPeKIEHUS COITPOBOK-
JalTCs XpOHWYECKMMHU HapyLIIeHWsIMUA CO3Ha-
HUS, TIPOSIBJISIONIMMUCS KOMOU, BeTeTaTUBHBIM
COCTOSTHMIEM, CUH/IPOMOM MaJIOTO CO3HaHUA [4] u
CMepThIO TOJIOBHOIO Mo3ra [5]. B manHoii pabore
He paccMarpuBaau mpobaeMy MPOTHO3a U UCXO-
JIOB TaKUX KPUTHUUYECKUX COCTOsTHUIN. OCHOBHOE
BHUMaHMeE COCPEOTOYMIIN Ha TaTOU3UOJIOTH -
YeCKUX aclleKTaX COCTOSTHUSI KPOBOOOpaIeHus
MpU KPUTHUUYECKUX MMOBPEKIAEHUSAX TOJIOBHOTO
Mo3ra. Ocobyro Ba’KHOCTb M aKTyaJIbHOCTb TIPE/I-
CTaBJIsIeT U3y4YeHHe OPTOCTaTuYeCKUX U3MeHe-
HUU TeMOJVWHAMHUKU TIPU TSAXKEJIBIX TTOBPEKIe-
HUSAX TOJIOBHOTO MO3Ta U MPU CMePTHU MO3Ta.
TeopeTndyeckuil aclmeKT TaKOr0 HaIpaBJIEHUS
HCCJIeIOBaHUA COCTOUT B TOM, YTO peryjAnus
OpPTOCTAaTUYECKOU CTAaOMJILHOCTH KPOBOOOpaiie-

Introduction

Critical brain damage is characterized by
widespread, multilevel disruptions of brain in-
tegrity. The main causes of such damage associated
with high mortality are severe traumatic brain in-
jury (TBI) [1], cerebrovascular accidents (CVA) [2],
global brain ischemia of various etiologies [3], etc.
Survival of patients with critical brain damage is
possible only in intensive care units with high pro-
fessional level of medical care. Maintaining the vital
functions of patients with critical brain damage in
these departments can last for weeks, months and
even years. Such injuries are accompanied by
chronic disorders of consciousness, such as coma,
vegetative state, minimally conscious state [4] and
brain death [5]. Our paper does not address the is-
sues of prognosis and outcomes of these critical
states. The main attention was focused on patho-
physiological aspects of blood circulation in critical
brain damage. The study of orthostatic hemody-
namic changes in severe brain damage and brain
death is particularly important and relevant. Theo-
retical importance of this research is in the fact that
the proper regulation of orthostatic stability of cir-
culation is extremely important for a person who
spends about 16 hours a day in an upright position.
Stability of blood circulation in an upright position
is maintained by the sympathetic baroreflex [6],
which through the caudal part of the brain stem
promotes activation of the sympathetic nervous
system [7], hypothalamo-pituitary and renin-an-
giotensin-aldosterone systems [8]. It is obvious that
in critical brain damage, both cardiovascular regu-
lation structures and their connections are involved
into the pathological process, which results in im-
pairment of the entire regulation system. The study
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HUS B HOpMe SIBJISIETCS UCKJIIOUUTESHHO BAXKHOHU
711 YeJIOBEKA, IMIPOBOJAIIETO0 B BEPTUKAJIBHOM
TTOJIO’KEHUHU OKO0JIO 16 9acoB B cyTKU. CTabMIIb-
HOCTb KPOBOOOpAIeH!sI B BEPTUKAJIHLHOM I10JI0-
sKeHUH 00eCIleqYnBaEeTCs CUMITaTUYeCKUM H6apo-
pediekcom [6], KOTOphIN Yepe3 KayhajabHble
OT[IeJTbI CTBOJIA CHOCOOCTBYET aKTUBAIIMY CMIIa-
TUYECKOW HEPBHOU CHUCTEMBI [7], TUIIOTAIaMO-
runogusapHoil U peHUH-aHTUOTEeH3UH-aJIb/I0-
cTepoHOoBOH cucteM [8]. CoBepIlIEHHO OYEBUIHO,
4TO IIPU KPUTHUUECKUX NOBPEKIEHUIX TOJIOBHOTO
MO03ra B TaTOJI0OTHYeCKMU MPOoIeCcC BOBJIEKAIOTCS
U CTPYKTYPBI PEryJIsANN CEPLEYHO-COCYTUCTON
cucremsl (CCC) 1 CBA3U MeKy HUMH, YTO IIPUBO-
JUT K HapylIeHUI0 BCel CHUCTeMBbl peryssiiuu.
M3y4yeHne OpTOCTaTUYEeCKNX U3MEeHEeHU reMOI1-
HaMUKHN B YCJIOBHUSIX HApPYLIEHHOW perysinuu
IIpenCcTaBJsIeT TEOPETUYECKYI0 BAYKHOCTh. C Apy-
TOM CTOpPOHBI, BEpPTUKAJM3AIUS MMAIUEHTOB C
HapyLIeHUAMU CO3HAHUA SABJIACTCSA BaKHBIM
KOMITOHEHTOM peabMIMTAalnOHHBIX MEePOIIPUsI-
THU, HAIIpaBJIEeHHbBIX Ha IPO(PUIAKTUKY OCIOXK-
HEHWH WMMOOWJIN3allMOHHOTO CHUHIpOMAa TpPU
IUTUTEeJIbHOM MTpeObIBAaHUU B OTIIeJIEHUN peaHuU-
manuu [9]. BepTukanusanusa aueHToB C TAMXKe-
JBIMU TTOBPEKIEHUSIMYU I'OJIOBHOTO MO3Ta IIOMU-
MO peabuJINTAIIMOHHOT0 3HaYeHNsI HeceT B cebe
PUCK yIIIyOJIeHU S UIIIEMIYECKIX ITPOIECCOB, CBSI-
3aHHBIN C HAPYIIEHUSIMH OPTOCTATUYECKOU pery-
g KpoBooOpatenust [10]. 9To ocobeHHO
aKTyaJbHO [Js NAIUEHTOB C KPUTUYECKUMU
MOBpPEKIEeHUAMH TOJIOBHOTO MO3Tra.

Lesp nccnenoBaHusa — U3y4eHHUe OpTOCTa-
TUYeCKUX U3MEHEeHU! reMOANHAMUKY y TallieH-
TOB C XPOHUYECKMMHU HApyUICHUsIMUA CO3HAHUSA
mocJjie KPUTUYECKUX TOBPEKJIEHUN TOJOBHOTO
Moa3ra.

MarepuaJ 1 MeTObI

O6caenoBanu 30 manuenToB (10 skeHImuH u 20
MY’KYUH) C XPOHUYECKUMU HAPYIIeHUsIMUA CO3HAHUS
TIOCJIE TSXKEJIBIX TOBPEYKIeHNI TOJIOBHOTO MO3Ta B BO3-
pacre 45+7 jiet. 53,3% MAIUEHTOB OBLITU ITOCJIE TSMKEJTBIX
UMT, 23,3% — nocsie HMK, 10% — mocJie miobajabHOH
WIIEMUM TOJIOBHOTO MO3Ta M OCTaJbHbIE MAIlUEHTHI
(13,4%) — nocJjie HeHPOXUPYPrudeCKUX BMeIlaTe/bCTB
110 TIOBOJTY Y/IaJIeHUsT OOJIBIIINX OIyX0JIed TOJIOBHOTO
Mo3sra. Ha MOMeHT ucciieoBaHus B BEreTaTUBHOM CO-
CTOSTHUH ObLIH 10 MalueHToB, ocTaabHble 20 malueH-
TOB — C CHHJPOMOM MaJjioro co3dHanusi. CpegHee Bpems,
MpOIIIe/IIIiee OT Hayasia 3ab0JIeBaHUS 10 Havasia ucciie-
IOBAaHMs, COCTaBUJIO 124 nHs.

KomIekcHBIN aHAIU3 TTOKa3aresaed CUCTEMHOMN
reMOJIMHAMUKY Y BCEX UCITBITYEMBbIX IIPOBOJIUIU C T0-
MOIIBIO MHOTO(YHKIIMOHaIbHOr0 MoHUTOPA Task Force
Monitor ¢ perucrpanueil cJeAyOIUX ITOKa3aresen:
OpaxraTbHOE CHCTOJIMYECKOE U INACTOJTUYECKOe apTe-
puanbHoe nasjenue (CAJl, /IAJ]) c npuMeHeHuEeM OC-
MUJIJIOMETPUYECKOTO METO/Id, YaCTOTY CEepP/IEYHBIX CO-
kpatenuit (YCC) onpenesnsanu no KT nepmMaHeHTHBIM
naMepeHrieM R-R nHTepBasa, ynapHsiii 06seM (YO) us-

of hemodynamic orthostatic changes in impaired
regulation is theoretically important. On the other
hand, verticalization of patients with impaired con-
sciousness is an essential component of rehabilita-
tion aimed at prevention of immobilization syn-
drome complications during a long stay in the
intensive care unit [9]. Verticalization of patients
with severe brain damage in addition to significant
rehabilitation benefits carries the risk of intensify-
ing ischemic processes associated with abnormal
orthostatic regulation of blood circulation [10]. This
is especially relevant for patients with critical brain
damage.

The aim of our study was to investigate the or-
thostatic hemodynamic changes in patients with
chronic disorders of consciousness after critical
brain damage.

Materials and Methods

We examined 30 patients (10 women and 20 men)
with chronic consciousness disorders after severe brain
damage at the age of 45+7 years. 53.3% of patients were
after severe traumatic brain injury, 23.3% after cere-
brovascular accident, 10% after global cerebral ischemia
and the rest (13.4%) were after neurosurgical interven-
tions to remove large brain tumors. At the time of the
study, there were 10 patients in the vegetative state, and
the remaining 20 patients had minimal consciousness
state. The average time from the disease onset to the be-
ginning of the study was 124 days.

Complex analysis of systemic hemodynamic pa-
rameters in all participants was performed using the
multifunctional Task Force Monitor with registration of
the following parameters: brachial systolic and diastolic
blood pressure (SBP, DBP) by oscillometric method, heart
rate (HP) determined by ECG with permanent R-R inter-
val measurement, stroke volume (SV) measured by im-
pedance cardiography method using software based on
Kubichek formula [11], cardiac minute output (CMO)
and total peripheral resistance (TPR). The patient was
placed on a tilt table and connected to a multifunctional
monitor. The study protocol included recording the
above-mentioned hemodynamic values for 10 minutes
in each of the successive positions of the tilt table: the ini-
tial horizontal position, an inclined position with the
head end raised at 60°, the final horizontal position. The
calculations were based on hemodynamic averages in
each position for the last 5 of 10 minutes.

During the passive orthostatic test (POT), 4 patients
out of 30 developed orthostatic disorders that required
the study to be stopped. The most dangerous of them was
orthostatic hypotension manifested by a decrease of SBP
by 20 mm Hg and/or DBP by 10 mm Hg or more during
orthostatic tilt compared to the horizontal position [12].
This disorder was found in 3 patients. In one patient pos-
tural tachycardia syndrome was observed, characterized
by the increase in HR by 30 or more beats per minute on
orthostatic tilt compared to this parameter in the hori-
zontal position [13]. The disorders required immediate
cessation of patients' verticalization, so these data were
not included in the statistical analysis of the results.

Statistical analysis was done using the Statistica 10
software package after determining the type of data dis-
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Meps/I METOIOM UMIIEJJAHCHOU Kapauorpaduu c mo-
MOIIIBI0O KOMIIBIOTEPHOU IIPOrPAMMBI, B OCHOBE KOTO-
poii neskasa popmyna Kybudeka [11], paccuuThiBaau
MUHYTHBIA 00beM KpoBooOparenusa (MOK) u obmiee
nepudepudeckoe conporusisenue (OIIC). ITanuenTta
IOMela/Iu Ha CTOJI-BePTUKAJIU3ATOP, HOJKJIIOYAIN K
MHOTO(YHKIIMOHAJIHBHOMY MOHUTOPY. [IpoTOKOJ HCCe-
JIOBAHMA BKJII0YAJI PErUCTPalUIo YKa3aHHbIX II0Ka3aTe-
Jell TeMOAVWHAMHUKH B TeueHrne 10 MUH B Ka’KIOM U3
110CJIeJOBATe/IbHO CMEHAIONIUX APYT Jpyra I0/10KeHUuN
CTOJIa-BepTUKAIU3aTOpa: B UCXOMHOM IOPU30HTAJIb-
HOM, B HAKJIOHHOM I10JIOSKEHHU C II0’beMOM I'0JIOBHOI'O
KOHIIa BBepX I10J yIJIioM 60°, B (priHA/IbHOM TOPU30H-
TaJbHOM II0JIO’KeHUU. JJI pacueToB UCIOJb30BaIU
yCpeJHeHHbIe [I0Ka3aTe/d FeMOIUHAMUKY B KasKI0M
MOJIOXKEHUH 3a Iocjaeanue 5 u3 10 MUHYT.

B npouecce npoBeieHusI IACCUBHOI'O OPTOCTATH-
geckoro tecra (I10T) y 4 nanuenTos u3 30 pa3BUINCH
OpTOCTaTHYeCKHe HapyIIeH!sI KPOBOOOpaIleHus, 1Mo-
TpebOBaBIIINe IPeKpaIleHns ncciaenoBanus. Hambosee
OIIACHBIM U3 TAaKUX HapyIlIeHUH ABJISETCS OPTOCTaTH-
yecKasl T'HMIIOTEH3UsI, KOTOpasl NPOSIBJISAETCS CHUYKe-
aueM CAJ] Ha 20 u 60s1ee MM PT. cT. u/wym [JAIl Ha 10
6oJsiee MM PT. CT. IPX OPTOCTAaTUYECKOM HaKJIOHE IO
CPaBHEHUIO C TOPU30HTAJBHBIM MOJIOKeHueM [12].
Tarkoe HapyleHre BBIABUIIM Y 3 TAMEHTOB. Y OJHOTO
TTanyeHTa HabJII01a/Id Pa3BUTHE CHHIPOMA ITOCTYPalb-
HOU TaXUKapIUH, IMarHOCTUYECKUM IPU3HAKOM KOTO-
poro siBJisiercs yBesmaenre YCC Ha 30 u 6oJiee yaapoB
B MUH [IPU OPTOCTaTU4eCKOM HAKJIOHE 110 CDAaBHEHUIO C
9TUM IIOKasaTesjeM B TOPU30HTAIBHOM IIOJIOKEHUU
[13]. Takme HapyuIeHUs TOTPe6OBAIN HEMEJIEHHOTO
NpeKpallleHusI BepTUKAIN3AUHU [Tal[1eHTOB, [I03TOMY
9TU JJAHHBIE He BOIILJIU B CTAaTUCTUYECKYIO 00paboTKy
II0JIy4€HHBIX PEe3yJIETaTOB.

CraTucT4YecKyo 06paboTKy MPOBOJUIIN C IIPU-
MeHeHMeM ITaKeTa CTaTUCTUYeCKUX MporpammM Statistica
10 mocJie onpeneseHus TUIIA paclpene/ieHusd JaHHbIX.
CTaTUCTUYECKU 3HAYUMBIMU CUUTAIUN pa3nmmind ImoKa-
3arejen TeMOOVHaMUKHU B TOPU30HTAJIbHBIX 1 HAKJIOH-
HOM [OJIOKeHUAX 11pu p<0,05.

Pe3ynbTaThl U 00CY:K/IEHHE

OprocTaTn4ecKkyio CTabMIbHOCTh TeMO/IMHA-
MUKY BbIABU/IN Y 26 13 30 HanreHToOB C XpOHUYe-
CKMMM HapylIeHUAMU CO3HAHUA I10CJIe KpUTHYe-
CKMX NOBPEsKIEeHUI TOJIOBHOTO MO3Ta.

OcHOBHBIE ITOKA3aTeJ i CHCTEMHOM IreMOoIH-
HaMWKU TTaIlUEeHTOB IPEJICTaBUJIN B TabJHIle. Y
BCeX ITallIeHTOB NepeBO] CTOJIa-BepPTUKAJIN3aTO-
pa 13 HAKJIOHHOTO TTOJI0YKEHUSI B TOPU30HTATbHOE
IIPUBOAMJI K BO3BPATy ITOKa3areseil reMOANHaMU-
KM K TAaKOBBIM B HMCXOJHOM TOpPW30HTAJIbHOM
IIOJI0YKEHUH, II09TOMY 9T JJaHHbIE IIPeICTaBJICHbI
B TabJIHIlE OMHOKPATHO.

HauboJjiee BaXHBIMU [Ji JUArHOCTUKU
OpPTOCTAaTUYECKUX HApyIIeHWH TreMOIUHAMUKU
aBJisoTcs nokasaresu CAJl, IAJl u UCC. B Hatiem
HCCJIEJOBAaHNUM OpTOCTaTndecKre naMmeHeHust CAJl
u JIAJl B HAKJIOHHOM TTOJIOYKEHNH 10 CPABHEHUIO C
TOPU30HTATBHBIM OBLIM CTAaTUCTUYECKU HETOCTO-
BepHBIMH (110 060uM mapamerpam p>0,05). CraTu-

tribution. Differences in hemodynamic parameters in
horizontal and tilt positions were considered significant
at P<0.05.

Results and Discussion

Orthostatic hemodynamic stability was re-
vealed in 26 out of 30 patients with chronic disor-
ders of consciousness after critical brain damage.

The main systemic hemodynamic parameters
of patients are presented in the table. In all the pa-
tients the conversion of the tilt table from the in-
clined to the horizontal position resulted in the re-
turn of hemodynamic parameters to the baseline
seen in horizontal position, so these data were pre-
sented in the table only once.

The most important indicators for the diagno-
sis of orthostatic hemodynamic disorders are SBP,
DBP and HR. In our study, orthostatic changes of
SBP and DBP in the tilt position compared to hori-
zontal were statistically insignificant (for both pa-
rameters P>0.05). The orthostatic increase in the
HR and CMO was significant (P<0.01).

Orthostatic circulatory disorders are most fre-
quently observed in the acute phase of brain or
spinal cord injuries. Orthostatic hypotension (OH)
during verticalization is revealed in 75% of patients
with spinal cord injury consequences and in 25%
in the acute phase of traumatic brain injury [14]. In
patients in the early neurorehabilitation after is-
chemic stroke, OH is identified in 30% of cases [15].
The specified information on orthostatic disorders
in patients with brain damage was obtained in the
acute phase of disease or in the early period of neu-
rorehabilitation. As noted above, in this study the
orthostatic hemodynamic stability was investigated
in patients with chronic disorders of consciousness
on average 4 months after the onset of the disease,
after the acute phase. A special feature of these pa-
tients is that all of them, having suffered very severe
brain damage, survived the acute phase of disease,
when their mortality was particularly high, and sur-
vived the acute period, when pathological
processes associated with increased intracranial
pressure, dislocation and compression of brain
structures, with infectious complications and
multi-organ pathology were fully developed. Or-
thostatic stability revealed during the study in 87%
of patients with chronic critical brain damage may
be assumed to be an important survival factor in
critical conditions. Also, despite the most severe
diffuse multi-level (from cortex to stem) brain dam-
age, both involving many structures of the vascular
motor center and providing sympathetic barore-
flex, orthostatic regulation of blood circulation in
such a state usually allows maintaining circulation
stability within a short exposure (10 min) to the or-
thostatic tilt. Previously, we have shown that in
such patients there is a significant decrease in sen-
sitivity of sympathetic baroreflex, which triggers
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OpTrocraTHyecKkue H3MeHEeHHs IoKa3arTeJieil CHCTEMHOI reMoAMHaAMHUKHU (M+m)
Orthostatic changes in system hemodynamics parameters (M+m)

Parameters Values in different position P
Horizon 1 Tilt up 60°

SBP, mm Hg 120.7£2.2 121.1+3.6 >0.05

DBP, mm Hg 83.8+2.2 87.3+3.5 >0.05

HR, b/min 84.6+3.9 111.7£5.5 <0.01

SV, ml 53.8+4.3 50.2+3.1 >0.05

CO, I/min 4.5+0.4 5.5+0.3 <0.01

TPR, dinesecesm= 1747.1+150.6

1534.4+195.6 >0.05

Note. SBP — Systolic Blood Pressure; DBP — Diastolic Blood Pressure; HR — Heart Rate; SV — Stroke Volume; CO — Cardiac
Output; TPR — Total Peripheral Resistance; horizon 1 — initial horizontal position; tilt up 60° — 60°orthostatic tilt.

IIpumeuanue. Parameters — napaMmetpsl; Position — nosioykenne; SBP, mm Hg — cucronuyeckoe aprepuanbHOe JaBJeHue,
MM pT. cT.; DBP, mm Hg — nuacToJinyeckoe apTepuaabHOe AaBjaeHue, MM PT. cT.; HR, b/min — gacToTa cepedHbIX COKpalle-
Huii (yn./mun); SV, ml — ynapusiii 06em mut; CO, I/min — MunyTHBIH 06 beM KpoBooOpatenus Ji/MuH; TVR (dinssecesm®) —
ob1ee nepudepuueckoe COMpoTUBIeHe (IUH-ceK+cM°); horizon 1 — McXomaHOE rOpU30HTATBHOE ITOJIOKEHHE; tilt up 60° —

OPTOCTAaTUYECKUI HAKJIOH Ha 60°.

CTUYECKY 3HAYNMBIM OBIJIO OPTOCTaTUYECKOE yBe-
andyenne YCC u MOK (p<0,01).

HawnboJsee 4acTo opTOCTaTHYECKIE HApYyIIIe-
HHUs KpPOBOOOpAIIeH!sI O0TMEeYamTCsi B OCTPOM
TepuoJie MOBPEKIEHUN TOJIOBHOTO WJTU CTUHHOTO
mo3sra. Oprocrarndeckas rumnoreHsus (OI') Bo
BpeMs BePTUKAIU3AL Y BbIABJAETCA Y 75% Ianu-
€HTOB C IMOCJIeCTBUAMU CIIMHAJBbHBIX TPABM U Y
25% B OCTPOM IIEPUOJIE YEPEITHO-MO3TOBbIX TPABM
[14]. Y naieHTOB B paHHEM IlepuoJie Helipopea-
OuauTanuy  umeMudyeckoro  uHCynsra Ol
BeIABJIsAeTCA B 30% caydaeB [15]. VYkasanHas
nHdOpMaIys 00 OPTOCTAaTUYECKUX HAPYIIIEHUSIX Y
MAIEeHTOB C IOBPEKAEHUAMHU T'OJIOBHOTO MO3Ta
ToJTyY€eHa B OCTPOM Meprojie 3a00JIeBaHNSA NN B
paHHeM nieprofie Helipopeabuymranyu. Kak 66110
OTMEeYeHO BHIIIE, B JAaHHOM HCCJIeI0BaHNY U3yde-
HIE OPTOCTaTUYECKOUN CTaOUIbHOCTH TeMOIIHA-
MUKHU IIPOBOJNJIN Y ITAIITMEHTOB C XPOHUYIECKUMU
HapylIleHUsIMU CO3HAHUA B CpeHeM uepes 4 Mecsi-
11a OT Havas1a 3aboJieBaHMs, y>Ke TI0CJIe OCTpeHIIe-
ro mepuona. OCOOEHHOCTh TaKWX IAI[EHTOB
COCTOHUT B TOM, YTO BC€ OHH, IIEPEHECs TsKeJIel-
arre rMoBpeXaeHu s rOJIOBHOI'O MO3ra, BBIXKUJIU B
ocTpeiimeM mepuone 3aboJsieBaHUs, KOTrma WX
CMEPTHOCTH 0COOEHHO BBICOKA, BBIKUJIN B OCTPOM
Tepuoze, KOTya B TOJTHON Mepe ObIITN Pa3BePHYTHI
11aTOJI0TUYeCKHe IIPOIECCHl, CBI3aHHbIE C IOBbI-
IIeHWeM BHYTPUYEPEeITHOIO TaBJIeHUs, TUCI0Ka-
el U KoMIIpeccuel CTPYKTyp M03ra, ¢ nH(pek-
IIMOHHBIMHM OCJIOKHEHUSIMU M C KOMILJIEKCOM
MYJIETUOPTaHHOM 11aTOJIOTUHM. MOKHO IPeAIoJo-
SKUATB, YTO BBISIBJIEHHAA B XOf€ MCCJIeJOBaHUA Y
87% TManeHToB C XPOHNYECKUMHU KPUTUYECKUMH
TIOBPEKIEHUAMYU TOJIOBHOI'O MO3Ta OpTOCTaThye-
CKas CTaOMIBHOCTBD SBJISIETCS BASKHBIM (DAKTOPOM
BBIKMBAHUSA TP KPUTUIECKUX COCTOSTHUAX. JIpy-
TO¥ BBIBOJ] COCTOUT B TOM, YTO HECMOTPsI Ha TsKe-
Jgeimue gudysHble pa3HOYPOBHEBBIE (OT KOPBI
JI0 CTBOJIA) IIOBPEKIEHMsI TOJIOBHOTO MO3Ta, KaK
BOBJIEKAIOIIIFe MHOTHE CTPYKTYPbI COCYJOIBUTA-
TeJIbHOTO [IEHTPA, TaK M 00ecIievnBaloIe CuMIIa-

adaptive processes aimed at maintaining stability
of organ blood flow in the brain. The same study re-
vealed a significant decrease in the activity of the
autonomous nervous system [16].

Further development of the disease in pa-
tients with chronic disorders of consciousness in
the post-comatose period of critical brain damage
may follow different scenarios. Most favorable is re-
gaining consciousness and transfer of the patient
to rehabilitation treatment. Another scenario,
death, is usually due to multi-organ pathology. A
high level of intensive care may postpone lethal
outcome, but in such cases brain death may occur.

With advances made recently in transplantol-
ogy, the brain death issue appears to be relevant
from legal, scientific and medical points of view. In
our studies, we have examined orthostatic hemo-
dynamic changes and the mechanisms of sympa-
thetic baroreflex, which plays a key role in adapta-
tion processes, and revealed significant disorders
associated with diffuse severe brain damage. Even
under these conditions, the human body is able to
provide short-term orthostatic stability of blood cir-
culation. Hence, the question is: what happens to
these systems after the brain death and can ortho-
static regulation exist under spinal regulation, func-
tioning nerve ganglia and cardiovascular system
automation?

Brain death associates with cerebral blood
flow interruption in the internal carotid and verte-
bral artery regions, global brain necrosis with the
demarcation line at the level of upper cervical seg-
ments [17, 18]. Under such conditions vital func-
tions can be maintained from several minutes to
several days due to artificial ventilation of lungs,
hemodynamic support by vasopressors and corti-
costeroids, fluid-electrolyte balance correction, etc.
Thus, a pathophysiological clinical model for the
study of blood circulation with only the spinal level
of regulation preserved appears. The information
presented in the literature concerns issues of brain
death diagnosis, main body systems condition be-
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THYecKuil 6apopediekc, opTocTaTudecKasi pery-
JIIVST KPOBOOOPAIIIEeHN s B TAKOM COCTOSTHUHY KaK
MPaBWJIO TO3BOJISIET MOAAEPKUBATh CTAOUIIB-
HOCTb KPOBOOOpAIIEeHUsI B IMpejesaXx KOPpOTKOM
aKcrro3unyu (10 MUH) OpTOCTAaTUYECKOTO HAKJIOHA.
Panee HamM¥ OBLTIO TOKA3aHO, YTO Y TAKUX MAIMEH-
TOB IIPOUCXOAUT 3HAYUTEIbHOE CHUKCHUE UyB-
CTBUTEJILHOCTH CUMIIaTUYeCKOro 6apopedJiekca,
3allyCKaloIero agjanTUBHbIE IIPOLEeCChl, HAllpaB-
JIEHHBIE Ha MOJIepsKaHne CTaOUIbHOCTH OPTaH-
HOTO KPOBOTOKa B TOJIOBHOM MO3re. B Tom ske
KMCCJeN0BaHUK ObLJIO BBISAIBJIEHO 3HAYUTEJIbHOE
CHU)KEeHWEe aKTUBHOCTH aBTOHOMHOUW HEpPBHOU
CHUCTEMBI [16].

HNanpHeliee pa3BuTHE 3a00J€BaHUA Y
IIAaMEHTOB C XPOHUYECKUMM HapylIeHUsIMU
CO3HaHUA B IOCTKOMAaTO3HOM ITepUO/ie KpUTHU4Ie-
CKUX ITIOBPEKIEHUI TOJIOBHOTO MO3T'a MOSKET pas-
BUBATbLCS 110 Pa3HBIM ClieHapusaM: 1) 1o HauboJee
OJ1aroNpUATHOMY — BOCCTaHOBJIEHVIE CO3HAHUSA 1
IepeBo;I MMaIfieHTa Ha peabuInTallOHHOe JIeve-
HUe, 2) JeTaabHbIA UCX0J, BCJIEACTBUE MYJIBTUOD-
FaHHOH ITaTOJIOTUH, 3) BBICOKUU YPOBEHb PEaHU-
MaIllMOHHOM TOMOIIIN MOKeT Ha HEKOTOPOe BpeMs
NIpeJOTBPATUTH JIeTaJIbHBIA UCXO, B TAKUX CJIY-
4Jasix BO3MOKHO pa3BuUTHE cMepTH Mo3ra (CM).

Ha one 6ICTpOro pa3BUTHsI TPAHCIIJIAHTO-
Jioruu mpobsiema CM aKTyasibHA KaK C TPABOBOH,
TaKk U HAy4YHO-MEJUIIMHCKON TOoueK 3peHus. B
HaIlIMX UCCJIEeJOBAHUAX Mbl U3Y4YMJIM OPTOCTATH-
YyecKre n3MeHeHUsI TeMOJUHAMUKU U MeXaHU3MBbI
CUMIIaTUYecKoro OapopedJiekca, HIparollero
KJIIOYEBYIO POJIb B Pa3BUTHUU afallTUBHBIX IIPO-
LIECCOB, M BBIABUJINA BBIPA)KCHHBbIE HAPYILICHUS,
cBsA3aHHBIE C TU(MY3HBIMU TSKEIbIMU IIOBPEK-
JEeHUsMU rOJIOBHOIO Mo3ra. Jlaske B TaKUX yCJIO-
BUSIX YeJIOBEUECKUI OpraHu3M crocobeH obec-
IeYnBaTh KPATKOBPEMEHHYIO OPTOCTaTUYECKYIO
CTaOMUJILHOCTD KpOBOOOpaIleHus. BoaHuk
BONPOC, YTO NPOUCXOIUT C ITUMH CHCTeMaMH
nocsie CM 1 HaCKOJIBKO BO3MOYKHA OPTOCTAaTHA4e-
CKasl peryJisiiiiisi B yCJIOBUSX CIMHAJIBHON peryJisi-
1y, PyHKIMOHUPYIOIIUX HEPBHBIX FAHIVINEB U
ABTOMAaTH3Ma CEPJEeYHO-COCYIUCTON CUCTEMBI?

PazButue cocrosinuss CM cBsi3aHO C OCTa-
HOBKOU MO3TOBOTO KPOBOTOKA B DacceiiHaxX BHYT-
PEHHUX COHHBIX U TTO3BOHOYHBIX apTepui, IJ10-
0aTbHBIM HEKPO30OM TOJIOBHOTO MO3ra C
YCTAaHOBJICHHEM JIMHUU JeMapKaluyu Ha YPOBHE
BEPXHUX IMIeHHBbIX cerMeHTOB [17, 18]. B Takux
YCJIOBUSIX SKM3HEHHO Ba’KHble (DYHKIIUM MOTYT
MONIEP>KUBATBCA OT HECKOJIBKAX MHUHYT 10
HECKOJIbKUX [HeW OJiaromaps HCKYCCTBEHHOM
BEHTUJIAINY JIETKUX, MOIePKAHUI0 TEMOAHA-
MWK IPECCOPHBIMU aMUHAMU U KOPTUKOCTEPOU-
JlaMU, KOppeKIreil BOJHO-3JIeKTPOJIUTHBIX HApY-
meHud U T. A. TakuM 00pa3oM, ITOSIBJISETCS
naTor3n0JOTUYeCcKast KJIMHUYECKas MOJIeJb

OJId U3y4EeHUA KpOBOO6paIHEHI/IH B YyCJIOBUAX

fore and after brain death, and maintenance of vital
processes in this state.

We have found only one study of orthostatic
changes in blood circulation before and after brain
death development, which we did 30 years ago at
the Research Institute of Neurology of the USSR
Academy of Medical Sciences [19]. At that time, we
observed 2 patients in acute period of severe is-
chemic stroke before and after brain death who
were investigated similarly to the patients involved
in this study with hemodynamic monitoring using
a similar protocol. A minor difference between the
protocols was that the angle of tilt in patients with
brain death was 50°, while in the present study it
was 60°. Before brain death, hemodynamic param-
eters of both patients were similar to the ones of pa-
tients included in this study, except for moderate
hypertension in one of them. The hemodynamic
response to orthostatic tilt was also similar and did
not indicate any orthostatic disorders. The upward
tilt was characterized by relative stability of SBP and
DBP and typical orthostatic hemodynamic changes
similar to the data presented in Table 1, indicating
satisfactory orthostatic hemodynamic stability dur-
ing an acute phase of a massive ischemic stroke.
After the brain death development in the initial
(horizontal) position we observed a significant de-
crease in all systemic hemodynamic parameters:
SBP was 70 mm Hg, DBP was 40 mm Hg, HR
reached 69 bpm, CMO was 2.4 1/min, and TPR was
1665 dinesececm®. The orthostatic test with a slope
of 50° caused an even greater reduction in all he-
modynamic parameters: SBP dropped by 28.6%,
DBP — by 50%, SV — by 9%, CMO — by 17%, HR —
by 4.3%, TPR — by 28.6% vs baseline, which indi-
cated severe orthostatic hypotension. After return-
ing to the horizontal position, within 15 minutes,
all hemodynamic parameters returned to values
close to baseline. Similar systemic hemodynamic
changes were observed in the second patient.

The transition to the brain death was charac-
terized by a significant decrease in BP and other sys-
temic hemodynamic parameters, which suggested
absence of a sympathetic baroreflex and the switch-
ing on of adaptive neurohumoral systems that pro-
vide stability of blood flow in the organs in changes
of body position [20]. This is confirmed by the liter-
ature data showing that in patients with severe brain
damage the sensitivity of sympathetic baroreflex de-
creases to 11.2+8.5 msec/mmHg, and after the brain
death it decreases to 0. At the same time, there was
a significant decrease in sympathetic system pa-
rameters [21, 22]. The literature data suggested that
the physiological mechanisms of sympathetic
baroreflex were «switched off» and the whole sys-
tem of central regulation of blood circulation pro-
viding orthostatic hemodynamic stability was de-
stroyed. These data explain the critical orthostatic
disorders of the systemic circulation in brain death.
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COXPaHHOTIO TOJIBKO CIIMHAJBHOI'O YPOBHS pery-
asuuu. UadopMmanus, npeacTaBjieHHast B JIUTe-
parype, KacaeTcs BOIIPOCOB nuarHoctuxku CM,
COCTOSIHUSI OCHOBHBIX CHUCTEM OpTaHW3Ma JI0 U
nocJje pa3sutusa CM, nogaepskaHust sKU3HEHHBIX
MIPOIECCOB B 9TOM COCTOSTHUU.

Msb1 He 0O0HApy:KUIU pabOT, CBA3aHHBIX C
U3yuyeHueM OPTOCTAaTUUeCKUX N3MeHEeHU KpOoBO-
oOparmenus m1o u nocje paspuruss CM, kpome
OOHOM, BeIIOJTHeHHOM Hamu 30 JjeT Hasanm B HU
HeBposoruu AMH CCCP [19]. Torga Hab/oqa/1m 2
NaIeHTOB B OCTPOM MEPUOJE TAKEJI0r0 UIIIEMU-
YEeCKOIr'0 MHCYJIBTa A0 U I10CJIe Pa3BUATUA COCTOS-
Husi CM, KOTOPBIM NTPOBOIUJIN 00OCJIeTOBaHUE,
aHaJOTM4YHOE IIPUMEHEHHOMY B HACTOAIIEM
HUCCJIeJOBAaHUY C MOHUTOPUHTOM TeMOIMHAMUYe-
CKHUX IIOKa3aresjeidl II0 CXOZHOMY IIPOTOKOJIY.
HesHnaunTesbHOE OTIMYHE TPOTOKOJIOB COCTOSITIO
B TOM, YTO yroJl HakJIOHA y nanueHTos co CM
cocTtaBJssa 50°, a B HACTOAIIEM UCCJIeTOBAaHUUA —
60°. [lo pasBuTusa CM mokasareJivi KpoBooOparie-
HUS 000UX IMAIIMEHTOB OBLIN CXOTHBIMH C TIOKa3a-
TeJIAIMU TeMOIUHAMUKY ITAllMEHTOB, BKIIOYEHHbBIX
B HaACTOSIIIEM HCCAedOBaHUeE, 3a UCKJIIOUEHUEM
yMepeHHOU r'unepTeH3nuu y OHOTO U3 HUX, peak-
115l TeMOJIMHAMUKHU HA OPTOCTATUYECKUN HAKJIOH
Tak:ke ObLjIa CXOTHOM 1 He BBISIBJISLIA KAaKUX-JIH00
opTocTaTU4ecKux HapyueHuil. IlepeBog B
HaKJIOHHOE TOJIOYKEHNEe TOJIOBOU BBEPX XapaKTe-
pHU30BaJICSI OTHOCUTETbHOH cTabMITbHOCTBIO CAJL
u JTAJl ¥ THIMYHBIMU OPTOCTaTUYECKUMHU N3MeEHe-
HUSIMUA TE€MOIWHAMUKH, CXOOHbIe C TaHHBIMU,
MIpeCTaBJIEHHLIMHU B TAOJIUIE, YTO CBUIETENh-
CTBOBAJIO 00 YIOBJIETBOPUTETHLHON OPTOCTaTHUYE-
CKOU CTaOUJIBHOCTU TEMOIWHAMHUKH B OCTPOM
reprojie OOMIMPHOrO UIIEMUYECKOTO MHCY/IBTA.
[Tocie pasButusa cocrtogHuss CM B HCXOZHOM
(rOopU30HTAJILHOM) TIOJIOMKEHWU  HaOJIIomaIn
3HAUUTEJIbHOE CHHU)KEHHE BCeX IloKalaTesen
cucreMHou remoguHamMuku: CAJl = 70 MM pT. CT.,
JAIl =40 mMm pr. cT., YCC =69 yun./mMun., MOK =2,4
a/muH., OIIC = 1665 nuHecekecM®. OpTOCTaTHYE-
CKHMU TECT C HaKJIOHOM 50° BBI3BAJI ellle OoJIbIIee
CHU’KEeHHE BCeX IIoKasaresell TreMOJNHAMHKU:
CAJl — na 28,6%, IAJl — Ha 50%, YO — Ha 9%,
MOK —#ua 17%, UYCC —ua 4,3%, OIIC —Ha 28,6%
OT UCXOIHBIX 3HAYEHHNU, YTO CBUIETETHCTBOBAJIO
O pa3BUTHUU BBIPAKEHHOU OPTOCTATUYECKOU
runoren3uu. [lociae Bo3Bpara B TOpU30HTAIBHOE
OJIOKEHME, B TedeHue 15 MUH., BCe TeMOIUHaAMU-
4YeCKHe IIOKasareju BEpPHYINCh K 3HA4YCHUAM
OJIMBKUM K UCXOIHBIM. AHAJIOTUYHbIE U3MEHEHU ST
MoKasareJied CHCTEMHOU TeMOTMHAMUKY OTMeYa-
JIX Y1 y BTOPOI'O ITAallMeHTA.
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Conclusion

Orthostatic stability of blood circulation can
be maintained for a short time in patients with
chronic disorders of consciousness who have sur-
vived critical diffuse brain damage. Critical brain
damage leading to brain death associates with a
significant reduction of all hemodynamic parame-
ters and severe orthostatic hypotension with
restoration of initial blood pressure values when
the patient is returned to the horizontal position.

[Tepexon B coctostHue CM xapakTepru3oBa-
CA 3HAYUTEJIbHBIM CHUKEHIEM A,H " APpyTrux rora-
3areJsiell CHCTEMHOM TeMOIMHAMUKY, YTO CBHUJE-
TEJIbCTBOBAJIO 00 OTCYTCTBUU CHMIATUYECKOTO
bapopedierca 1 BRIIOUEHHSA aIallTUBHBIX HEWPO-
TyMOpAaJbHBIX CHCTEM, O0eCIeYMBaIOIINX CTa-
OMJ/IBHOCTD OpraHHBIX KPOBOTOKOB IIPpU U3MEHE-
HUAX NOJIOKEHUA Teda [20]. 9To MOATBEPKIAEeTCsA
JINTEPATYpPHBIMU JaHHBIMU O TOM, YTO y NallE€H-
TOB C TAMEJIBIMU IIOBPEXIACHUAMHU T'OJIOBHOT'O
MO3ra YyBCTBUTEILHOCTH CUMITATUYECKOT0 Oapo-
pediexca ymensiaercs 1o 11,2+8,5 Mcek/MM pT.
cT., a nocjse paspurtua CM — no 0. Ilpu sTom
OTMEeYaJI0Ch 3HAYUTEJbHOE CHUKEHUE IToKa3are-
Jiey cuMITIaTU4ecKor cucteMsl [21, 22]. [TpeacTras-
JICHHbIE JIUTEepaTypHble JaHHbIE CBUIAETEJIb-
CTBYIOT O «BBIKJIIOYEHUU» (PU3NOJIOTUUECKUX
MeXaHM3MOB CHMIIaTU4YecKoro OGapopedyiekca,
pas3pylleHnH BCel CUCTEMBI [IEHTPAaJIbHON pery-
JATAU  KpOBooOpareHus, oOecneuynBalonien
OPTOCTaTHMYECKYIO CTAOMIBLHOCTH KPOBOOOpaIie-
HUSA. OTH TaHHBIE 00BACHAIOT KPUTHYECKIIE OPTO-
CTaTH4eCcKre HapyIIeH!sI CHCTEMHOTO KPOBOOO-
pamenus B coctostHuM CM.

3akJrouenue

OpTocTaTrndeckasi CTabUIBHOCTH KPOBOOD-
paleHnss MOYKeT KPAaTKOBPEMEHHO IOMIeP KU-
BaThCSA y BBLKUBIINX MTOCJIE KPUTUYECKUX ITHU(D-
(py3HBIX TOBpPEKIEHWA TOJIOBHOTO MO3Ta
MMaIeHTOB C XPOHWYECKUMHM HapyIIeHUSIMHU
cos3HaHusA. Kputndeckre NoBpesKIeHN s TOJIOBHO-
ro MO3ra, IPUBOASAIINE K COCTOSTHHUIO CMEpPTHU
MO3ra, COPOBOKIAIOTCS 3HAYNTETbHBIM CHIKE-
HHEM BCeX TeMOIWHAMHUYEeCKHUX TOKa3aresell u
pasBUTHEM BBIPa’KEHHOM OPTOCTATUYECKOH TUIIO-
TEH3WU C BO3BpAIleHNEM apTePHUATHLHOTO JaBJe-
HUS K FICXOAHBIM 3HaY€HUIM ITPY BO3Bpare Iaru-
€HTa B TOPU30HTAIbHOE MTOJI0)KEHHE.
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Pe3rome

[TpodeccroHaibHAS AESATEIBHOCTh aHECTE3MOJIOTOB-PEAHNMATOJIOTOB CTA0UIBHO 3aHUMAET BHICOKUE
MecTa B peHTUHTaxX CaMbIX «pPUCKOBBIX» 00/1acTel MeAUITIHEL. 113 89 yro/IOBHBIX [1eJ1, BO30Y K IEHHBIX CJIe]-
CTBEHHBIMH OpPTaHaMH Ha TEPPUTOPUU MOCKOBCKOM o6s1acTé B 2016-2018 rogax mo mpusHaKkaM «AITPOTreH-
HBIX» [IPECTYILJIEHUH, B 6 CJIydasix IPeIMEeTOM PaCCIeOBaHUsI CTAJI0 aHECTE3NOJIOTUYECKOe TOCOOUe UIU
WHTEHCHUBHAsI TEPANUS B peaHUMAIlMOHHOM OT/IeJIeHUH. B 4 13 9THX 6 c/lydyaeB Ipu MPOBeIEHUN CyIeOHO-
MEIUIIMHCKON 9KCIIEPTU3bI ObliIa BRISIBJIEHA ITPOTEHHAST [TATOJIOTHsI. AHECTEe3UO0JIOT-PEeaHNMAaTOJI0T TIPH-
3HAETCSI JIEYaIl[M BPauOM U, KaK CJIe[[CTBUE, TUI[OM, OTBETCTBEHHbBIM 32 e(DEKThI OKa3aHUsI METUIIMHCKOMN
TIOMOIIIX U ee HeOJIarONMPUSATHBIN UCXOI.

Iles1b MCC/IEAOBAHMS — BBIIEIUTH TPO(eCCHOHATbHBIE PUCKH B pab0Te aHECTe3N0JI0ra-PeaHrnMaTosIora
¥ BBISIBUTH IIYTHU UX CHIKEHUS Ha IPUMepe KJIMHUYECKOTO HAOJTIOEHHsI C JIETAJTbHBIM UCXOIOM, CTABIIIErO
ITOBOJIOM K BO30YKI€HUIO YyTOJOBHOTO JieJia.

MarepuaJsl 1 MeTOIbI. VI3y4u/iv 1 MpOoaHaIn3nPOBAIA MaTEPUAJIBI YTOJOBHOTO [1eJ1a: 3asIBJIEHUE POJI-
CTBEHHHUKOB MAI[MEHTa B IPOKYPaTypy, 00bICHEHHUSI U TPOTOKOJIBI JOMPOCOB POJACTBEHHUKOB OOJIHLHOTO (4)
¥ METUIIMHCKUX PAOOTHUKOB (6), TPOTOKOJI 3ace/IaHusi KOMUCCHH 110 U3YYEHUIO JIETATbHBIX UCXOJ0OB, aKT
9KCIIEPTU3bI KAYECTBA MEAUITMHCKOM TOMOIIY CTPAXOBOM METUIIMHCKOM OpraHu3aIiiy, 3aKJII0YeHIE CAaH -
TaPHO-9MUEMUOJIOTUIECKOM IKCIIEPTUSbI, IPOTOKOJI [TATOJIOT0aHATOMUYECKOTO BCKPBITHSI, KAPThI BEI30BA
CKOPOU MeTUITMHCKON TOMOIITH (3), MEIUITMHCKAS KapTa CTAIMOHAPHOTO 00JBHOTO, aMOyJ/IaTOpHast KapTa
¥ 3aKJII0UYEeHNEe KOMUCCUOHHOU CyneOHO-MeTUITMHCKON 9KCIIEPTUSBL.

Pe3yabrarsl. JlepekThl OKa3aHusI MEIUITMHCKON ITOMOIIY He BbIsIBJIEHBL. J[ud depeHiinaabpHas Tnardo-
CTHKa IPOBeJieHa MPaBU/IbHO. TSsKeCTh COCTOSTHUSA MalreHTa Obljia 00yCI0BI€HA CHHIPOMOKOMILIEKCOM
nH(papKTa FOJIOBHOTO MO3ra. [MoararnocTuka 60Ty In3Ma He [MOBJIMsIIA Ha UCX0J1 3a00JIeBaHus U He ObLTa
MIPUYUHON cMepTH O0JIBHOTO.

3ar/rouenue. [[pUYMHON TOJAYH 5KAJIO0BI B TPOKYPATYPy ¥ BO30OYKIEHUsT YTOJIOBHOTO Jiesia CTaJIH Op-
raHU3aIMOHHbBIE HEJOCTATKY U 3TUKO-IE0HTOJIOTHYECKIE ACIIEKTHI.

Knrouesbvte crosa: Helipopeanumayust; UHPapKm 201081020 M032d; 6DOMYAUIM; AMPO2eHUsL; CY0ebHO-Me-
JuyuHckas axcnepmu3a

Summary

Professional activity of intensivists consistently ranks high among the most «risky» areas of medicine. In 6
out of 89 criminal «iatrogenic» cases initiated by investigative authorities in the Moscow region in 2016-2018
anesthesiological or intensive care in the ICU was the subject of investigation. In 4 of these 6 cases, iatrogenic
complications were detected during the forensic examination. Intensivist is considered an attending doctor
and therefore holds responsibility for defects in the provision of medical care and its adverse outcome.

The purpose of the study is to outline the professional risks in the work of an intensivist and identify ways
to reduce them by using a case study with a fatal outcome, which led to criminal proceedings.

Materials and methods. We studied and analyzed the criminal case files which included the complaint of
the patient’s relatives with the prosecutor’s office, the explanations and interrogation records of the patient’s
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relatives (4) and healthcare workers (6), the minutes of the Morbidity and Mortality conference, the expert re-
port on patient care quality issued by health insurance company, the final report of sanitary and epidemio-
logical examination, autopsy protocol, emergency call files (3), the inpatient medical records, outpatient
records and the final report of Commission of forensic medical examination.

Results. Defects in the provision of medical care were not identified. The differential diagnosis was per-
formed correctly. The severity of the patient's condition was due to brain infarction and associated abnormal-
ities. Underdiagnosis of botulism did not affect the outcome of the disease and was not the cause of death of

the patient.

Conclusion. The reasons for filing a complaint with the Prosecutor's office and initiating a criminal case
were organizational shortcomings and ethical and deontological aspects.

Keywords: neurological intensive care; cerebral infarction; botulism; iatrogeny; forensic examination
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BBenenune

B coBpeMeHHBIX yCJI0BUAX aHECTE3U0JI0TU-
peaHuMaToJI0Tu B CBOeU IIOBCeJHEBHOM Mpodec-
CHOHAJIbHOH JIeSITeJIbHOCTH II0/IBEPTat0TCs IOBbI-
IIEHHOMY pPHCKY BpayeOHOW OImMUOKU U
CBSI3aHHBIX C Hell HeraTUBHBIX ITPABOBBIX ITOCJIET -
ctBuil [1-3]. SITporeHus B aHeCTe3UOJIOTUU-pea-
HMMAaTOJIOTUHX, KaK IPaBUJIO, IpPeJCTaBJIsAeT
0001 HOBOE TTaTOJIOTMYECKOE COCTOSTHHE, HE CBSI-
3agHOe ¢ 3aboJsieBaHMEM, IO MOBOLY KOTOPOTO
BBIIIOJIHSAIETCSI onlepanus. Takasa ATporeHHas naTo-
JIOTUsT — MHTYOAnWs MUIIEBO/A, TTepelo3NPOBKa
aHecTeTHKa, aHapUJIAKTUUYECKUH IIOK U T. I. —
HaxXOAUTCA B IPSAMOU IPUYUHHO-CJIEeCTBEHHON
CBSA3U C HEOJIArONPHUATHBIM MCXOIOM U IIOTOMY
BJIeYeT peasibHYI0 MepCIeKTUBY IpUBJIEYEHUS
Bpaua K AUCHUILIMHAPHOU, MaTepUaJJbHOU U yIro-
JIOBHOU OTBETCTBEHHOCTU. OHAKO U peaHuMaTo-
Jiory, paboTaIiye B OT/IeJIeHUSIX MHTEeHCUBHON
Tepanuu, IOCTOSIHHO CTAJKUBAIOTCA C YTPO30H
YroJIOBHOTO IIpec/eJOBAaHUA U UHOU 1opuauye-
CKOU OTBETCTBEHHOCTHU [4]. IMEHHO OHHU HeIlo-
CpeACTBEHHO KOHTAKTUPYIOT C IIallMeHTaMu,
HaxXOAAIIUMUCS B TEPMUHAJIbHBIX COCTOSHUSX,
OKa3bIBAIOT MEIUIIMHCKYIO IIOMOIIb YMUPAIOIINAM,
Y IMEHHO UX JeHICTBUA B NaJbHEHIIIEM CTAHOBAT-
Csl NIpeJMETOM MHOTIOKPATHBIX U TIATeJIbHBIX
IIPOBEPOK C IOMUHYTHBIM aHAIN30M XPOHOJIOTUU
COOBITUH W MPUCTATbHBIM M3yYEHHEM KasKI0Hu
3aIvcyu B MEAUITMHCKHX ToKyMeHTax. Cpopmupo-
BaBIIasicsi B OOIIECTBe Wjes CBEPXIEHHOCTH
YeJI0BEYEeCKOH JKU3HU — KaK OoJiee IPaBOBOH,
HesKeJI OM0JIOTMYEeCKOU, KaTeropuu — 00yCJI0B-
JIMBAET 3aBhINIIEHHbIe TPeOOBAHMSA K PECyCIUTa-
LMY, KOTOPBIe IO/I1ePsKUBAIOTCS YKOPEHNUBIINM-
Ccs1 B MacCOBOM CO3HAaHUM IpeyBeJIMYeHueM
BO3MOSKHOCTEH COBPEMEHHbBIX MEJUIIUHCKUX TeX-
HOJIOTUH. B Takoli cuTyaryu, He CIIPaBUBIINCH C
HETOCUJIbHOU 3a/iauell COXpaHeHUsI JKU3HU Oe3-
HaIe’KHO OOJIPHOMY IAIlUEHTy, PeaHnMaToJIoT
3a4acTyi0 CTAHOBHUTCS TOM caMOU yJ0OHOM MuIIIe-
HBIO, Ha KOTOPYIO HallesIeH II0MCK BUHOBHOTO.

ITo panabM I A. ITammmasaHa 3a 1990-2004 rogbl
(76 yroJIoBHBIX feJ 1o (paKTy HeHalJjesKallero
OKa3aHUA MEeIUIINHCKOM IOMOIIIY), aHeCTe310J10-

Introduction

Nowadays anesthesiologists and intensivists
in their daily professional activities are under in-
creased risk of medical errors that may impose neg-
ative legal consequences [1-3]. Iatrogeny in anes-
thesiology and intensive care is usually a newly
emerged condition not associated with the disease
for which the operation is performed. Such iatro-
genic conditions as esophageal intubation, anes-
thetic overdose, anaphylactic shock, etc. are in di-
rect cause-and-effect connection with adverse
outcome and therefore entails a real risk of bringing
the doctor to disciplinary, material and criminal li-
ability. However, emergency physicians working in
intensive care units are constantly facing the threat
of criminal prosecution and other legal liability [4].
They are in direct contact with patients in terminal
condition, provide medical care to the dying, their
activities later are subjected to multiple and thor-
ough probing with a precise timing of events and a
close examination of each entry in medical docu-
ments. The idea of the supreme value of human life,
as a more legal category than biological one,
emerging in society sets forth exaggerated de-
mands for resuscitation, which are supported by
the overrated capacities of modern medical tech-
nologies that have taken root in the public con-
sciousness. In this context, the intensivist unable to
save the life of a hopelessly ill patient often be-
comes the most convenient target during search for
culprits.

According to G. Pashinyan's data for 1990-2004
(76 criminal cases on improper medical care), inten-
sivists were responsible for 5% of inadequate care
cases. [5] According to our data, the quality of anes-
thetic care or intensive care in the intensive care unit
was the subject of investigation in 6 occasions (6.7%)
out of 89 criminal cases of this category initiated by
the investigative bodies in the Moscow region in
2016-2018. In 4 of these 6 cases, iatrogenic compli-
cations were revealed during the forensic examina-
tion. According to the official statistics of the Inves-
tigative Committee of the Russian Federation, in
2017, the investigators received 6050 reports of «pro-
fessional crimes» of medical workers, and 1791 crim-
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ramMmu-peaHnuMaToJoTaMu OBLIN JOMYIIeHbl 5%
nederToB OKa3aHus MEIUIIMHCKOU TToMoIu [5].
[To HAIIMM JAHHBIM, 13 89 YTOJOBHBIX [IeJ TaHHON
KaTeropuu, BO30YKIEHHBIX CJEICTBEHHBIMU
opraHaM# Ha TeppUTOPUN MOCKOBCKOU 00J1acTH
B 2016-2018 ronax, B 6 ciay4yasax (6,7%) npenmeTomM
paccaenoBaHUsA CTAJI0 AHECTEe3UOJO0THUYECKOoe
rnocobve WM MHTEHCUBHAs Tepallusi B peaHnMa-
LIMOHHOM OTJiejieHnu. B 4 u3 atux 6 ciaydaes Npu
MMPOBeIeHNHU CyIeOHO-MeTUIIMHCKON 9KCIIEPTUIBI
ObL/Ia BBISIBJIEHA ITPOTeHHAsA marosorusi. Corac-
HO odunuanbHOu cratuctuke CJieCTBEHHOTO
komuTteTa Poccuiickoil @enepanuy, B 2017 rony K
cjenoBaTesisiM mocTynuiao 6050 coobiieHuil o
npodeccuoHaNbHBIX TPECTYIJIEHUIX MEIUIINH-
CKUX PaOOTHUKOB, U 110 PE3YJIBTaTaM UX PACCMOT-
penndA Bo36y:xaeHo 1791 yrosoBHoe aeJo, 175 nes
HaIpaBJIeHBI B CYJ C OOBUHUTEHHBIM 3aKJIIOUE-
HHEM. B cydyae mocTaHOBJIeHNsI OOBUHUTEIHHOTO
IIPUTOBOPA, CYAbU IIOYTHU BCerna IPUMEHSIOT
JIOMOJTHUTEJIbHOE HaKa3aHUEe B BUIE JIUIIIEHUS
ImpaBa 3aHUMAaThCsI BpaueOHOU qesATe/IbHOCThIO.
Kaskmmoe yrosioBHOE J€J10 — 9TO MTOTEHITNATbHBIN
TPAKIAHCKUN UCK K METUITMHCKOU OpTaHU3aIliH.
Taxkum o6pa3oM, TpodJieMa HeHaJIesKaIIero OKa-
3aHUS MEJUITMHCKOU ITOMOIITU B OT/IEJIEHUSIX pea-
HUMAaIlMU U MTHTEHCUBHOH Tepanuu akTyajabHa He
TOJIBKO [IJI51 OTAEJbHO B3ATOr0 Bpayda, HO U AJA
aHEeCTe3NO0JIOTO-PEaHNMAIIMOHHON CJYKOBI U
CHUCTEMBI 3[IpaBOOXpPaHEHUS B I1€JI0M, IIOCKOJIbKY
HETIOCPEeJCTBEHHO CB3aHAa C BO3MOKHBIMU
(pUHAHCOBBIMH U KaJPOBBIMU ITOTEPSIMHU.

Ilesp UcceoBaHUs — MOKa3aTh mpodec-
CHOHaJbHbIE PUCKU B pab0Te peaHnMaroJiora u
BBIABUTD NYTU UX CHUKEHUS Ha IIPUMepe CJI0MK-
HOT'0 KJIMHAYECKOTO CJIy4asi C JIETAJIbHBIM HUCXO-
JIOM, CTaBIIIEr0 IIOBOJOM K BO30OY>K/I€HUIO YTOJIOB-
HOTrO AeJa.

MarepuaJa u MeToabI

W3yuniu v npoaHaIn3upoBaJd MaTepuaJsibl yro-
JIOBHOTO JleJIa: 3asiBJIEHWE POICTBEHHUKOB ITallieHTa B
MPOKYpPaTypy, TPOTOKOJIbI TIOJYUYEeHUST 00BSICHEHUH U
TPOTOKOJIBI JOTTPOCOB POJICTBEHHUKOB O0OJIBHOTO (4) 1
MEIUIIMHCKUX PabOTHUKOB (6), IPOTOKOJ 3aceqaHus
KOMHCCUM TI0 HCCJEJOBAaHUIO JIeTaJbHBIX MCXOHOB
(KMJIN), aKkT 9KCIIepTU3bI Ka4eCTBA MeIUITNHCKOH TI0-
MOIIIM CTPAXOBOW MEIUIIMHCKOW OpraHW3aluu, 3a-
KJIIOYEeHNE CAaHUTAPHO-3MUIEMUOJIOTUYECKON 9KCIIep-
THU3BI, IPOTOKOJI IaTOJIOTOAHATOMUYECKOT0 BCKPBITHS,
KapThl BBI30BA CKOPOU MEIUIIMHCKOM IToMoIu (3), me-
OUIIMHCKAsA KapTa CTallMOHAPHOTro 60JIbHOT0, aMOyJ1a-
TOpHAA KapTa U 3aK/II0YeHIe KOMICCUOHHOH cynebHo-
MEeIUIUHCKON 9KCIIEPTUSHL.

Pe3ybTaThI M 00CYKI€HNe

My:>x4mnHa, 57 j1eT, 3a60J1es1 OCTPO, YKATOBAJI-
Cs1 Ha IBOEHME B IVIa3aX, HEBO3MOKHOCTH CHOKY-
CUpPOBATh B3IVIA, OCUILJIOCTD I'0JIOCA, B CBA3HU C
JyeM BBI3BaJ OpUTAAy CKOPOUA MeTUITMHCKON

inal cases were opened, 175 cases were sent to the
court with an indictment. In the case of a conviction,
judges almost always impose an additional penalty
of revocation of the medical license. Every criminal
case is a potential civil suit against a medical organ-
ization. Thus, the problem of inadequate medical
care in the intensive care units is relevant not only
for a single doctor, but also for the anesthesiological
and resuscitation service and the health care system
as awhole, as it is directly related to possible finan-
cial and personnel losses.

The aim of the study is to outline the profes-
sional risks in the work of an intensivist and to
identify ways to reduce them using a complex case
study with a fatal outcome, which initiated criminal
proceedings.

Materials and Methods

We studied and analyzed the following criminal
case files: the complaint of the patient’s relatives with the
prosecutor’s office, the explanations and interrogation
records of the patient’s relatives (4) and healthcare work-
ers (6), the minutes of the Morbidity and Mortality con-
ference, the expert report on medical care quality issued
by health insurance company, the final report of sanitary
and epidemiological examination, autopsy protocol,
emergency call files (3), the inpatient medical records,
outpatient records and the final report of Commission of
forensic medical examination.

Results and Discussion

A 57-year-old man had a sudden onset of dou-
ble vision, difficulty focusing eyes, hoarseness, and
therefore called the ambulance team. The doctor of
the mobil emergency medical service made a pro-
visional diagnosis of hypertensive emergency
(blood pressure was 160/90 mm Hg), prescribed in-
tramuscular bendazole and found no indications
for hospitalization. After 4 hours, the patient dete-
riorated with severe dizziness preventing the pa-
tient from standing up, and called the ambulance
one more, was diagnosed with «exacerbated hyper-
tension» (his blood pressure was 180/110 mm Hg)
and was brought to the emergency department of
a hospital in the Moscow region. The next day, sim-
ilar symptoms occurred in the patient’s wife, who
also called the ambulance. She was diagnosed with
«exacerbated hypertension» (her blood pressure
was 190/100 mm Hg) and prescribed with par-
enteral magnesium sulfate, no hospitalization was
considered. After 4 hours, she deteriorated and de-
veloped double vision and dizziness. She saw a gas-
troenterologist from a private clinic in Moscow,
who diagnosed botulism and sent her with the mo-
bile emergency medical service team to an infec-
tious diseases hospital in Moscow. The son of pa-
tients who accompanied the mother to the hospital
after learning about the diagnosis of botulism im-
mediately went to the Moscow region to inform his
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romoru. Bpau Beie3mHoi 6puraner CMII paciie-
HWJI KJIMHUYECKYIO KapTUHY KaK I'MIIepTOHUYe-
ckuii kpus (Al 160/90 MM pT. CT.), ObLJIA BBITIOJTHE-
Ha UHBbEKIHA OeHjga3oJjia, FOCIUTAAA3AnNsd He
npeyiarajgack. Yepes 4 qaca coCTosTHIE 60JIBHOTO
YXYIAIIXAI0CH, IOSBUJIOCH CUJIIBHOE I'0OJIOBOKPYKe-
HYe, 00JTbHOM He MOT BCTAaTh C KPOBATH, B CBSISU C
4yeM MMOBTOPHO BbI3Bas Opuramy CMII, 66171 ycTa-
HOBJIEH THAarHo3 «lureproHuyeckass 00Jie3HbB,
oboctpenme» (AIl 180/110 MM pT. CT.), IAIUEHT
JIOCTABJIEH B IPUEMHOE OTJleJIeHre OJHOTO U3 CTa-
MoHapoB MOCKOBCKOIT 06/1aCTH.

Ha cnepyromuii feHb aHAJIOTUYHbIE CUMIITO-
MBI BO3HHUKJIH Y SKeHBI 00JBHOTO, KOTOpas TAKKe
BBI3BaJsIa Ha qoM Opuraay CMII. Bein BeICTaBIIEH
nuarHos «'mmepToHuveckass 60Jsie3Hb, obocTpe-
Hue» (Al 190/100 MM PT. CT.), BBIITIOJTHEHA UHBEK-
U cysib(dara MarHus, ToCIUTaIn3aIys He Ipes-
Jarasnace. Yepes 4 4aca COCTOsIHUE YXyOIINAJIOCH,
JBOHJIOCH B INIa3aX, KPY>KUJIACh 'OJI0BA, B CBSI3H C
JeM OoJibHasI oOpaTmJiach Ha MPUEM racTPOIHTe-
poJiora B 4aCTHYIO MEIUIIMHCKYIO OPTraHU3aluIo
Ha TEPPUTOPUHU I. MOCKBBI, OTKYZa C IUarHo30M
«borynmuam» 6puragoit CMII mocraBieHa B OMUH
13 UHMEKITMOHHBIX CTAIIMOHAPOB I. MOCKBBI.

AKTHBHOE y4acTHe BO BCEX COOBITHSX TPUHMU-
MaJl ChIH TAIMEHTOB, KOTOPBIA COMPOBOKIAJ
MarThb B CTAllMOHAP ¥, Y3HAB O AWarHo3e OOTyIn3-
Ma, HeMe/IJIEHHO Bblexal B MOCKOBCKYIO 00J1acTh,
4TOOBI IepeaaTh nHGOpMaIUio B O0JBHUILY, T/
HaXOJMJICSI OTell.

Tem BpeMeHeM, 00JTbHOM GBI TOCITUTATU3HU-
POBaH B HEBPOJIOTUUECKOE OTAeJIeHre C TOA03pe-
HMEM Ha WHQPAPKT TOJOBHOTO MoO3ra. bbuLia
BBITIOJIHEHA KOMITbIOTEpHasi ToMorpadus, Mpu
KOTOpPO# OOHapY’KeH TUIOAEHCUBHBIA y4aCTOK
rOJIOBHOTO MO3ra B OacceiiHe cpegHeil MO3TOBOM
aptepun padMmepamu 20X19 MM, 4TO OBLTIO paciie-
HEHO KaK IIPU3HAK UIIEeMUYeCKOT0 NHCYJIBTA.

ChIH manueHTa MPUObLI B CTAIIMOHAD HOYBIO
Y Tlepeiast MH(GOPMAIUIO O OOTYJIN3MeE JIesKYPHO-
MY Bpauy, ITI0JIy9UB B OTBET PEKOMEH IaInio o0pa-
TUTBCA K JiedallleMy Bpady B THeBHOe Bpems. Ha
cJIeyIOIINI JeHb Jiedalliiii Bpad He HallleJl Bpe-
MeHHU 7151 Oecennl. [Ipu 9TOM cocTOsTHIE 60JIBHOTO
VXYAIINUIOCH, B CBSI3H C YeM OH OBLJ IEpeBEEH B
OTJleJIeHN e peaHUMaIlvH.

CpIH mareHTa cooOIIMII 0 OOTYy/IN3Me pea-
HMMAaTOoJIOTaM U MPOCUJT UX CBSA3AThCS C UH(GEK-
[IMOHHBIM CTAIlMOHAPOM I. MOCKBBI, TJIe HaXOIH-
Jach Marb, NOJIA TOATBEPsKIEHUs JUarHosa
OoTynm3Ma, Ha YTO MOJIYYIUJI OTKAa3 U PeKOMeH/Ia-
ITUIO TIPEIOCTABUTD BBITIUCKY U3 ICTOPUH DOJIE3HHI
Mmarepu. Ha cienyronnii TeHb BBITTUCKA ObI1a mpe-
JOCTaBJIEHA, K 3TOMY BpEMEHH COCTOSTHYE ITallyieH-
Ta yXyAIINI0CH, 00JIbHOM OBLT B KoMe, Ha VIBJI.

Peannmarosioru NIpuHAIN K CBEJEHUIO JUar-
HO3 00Ty/IM3Ma, B CBSI3Y C 4eM ObIjla OpraHn30Ba-

Ha KOHCYJIbTall A Bpa‘la-I/IH(I)eKHI/IOHI/ICTa, coriac-

father’s doctor. Meanwhile, the patient was hospi-
talized to the neurology unit with suspected cere-
bral infarction. Brain computed tomography re-
vealed a hypodensive area in the middle cerebral
artery supply region with a size of 20X19 mm,
which was regarded as a sign of ischemic stroke.
The patient's son arrived to the hospital at night,
informed the doctor on duty about the mother’s di-
agnosis, and was recommended to reach the at-
tending doctor on the next day. The latter «did not
find time for a conversation» with the patient’s son.
The patient's condition deteriorated, he was trans-
ferred to the intensive care unit. The son of the pa-
tient reported botulism to intensivists and asked
them to contact the infectious disease hospital in
Moscow, where his mother was, to confirm the di-
agnosis of botulism. The doctors refused and asked
for the mother’s patient summary which was pro-
vided the next day. Meanwhile, the patient deteri-
orated, fell into coma and was placed on ventilator.
Intensivists took note of the diagnosis of botulism
and consulted an infectious disease specialist who
concluded that «the botulism manifestations are
equivocal, but the disease cannot be ruled out».
The infectious diseases specialist recommended
laboratory tests for botulism, but the hospital lab-
oratory had no facilities for their performance.
Transfer to another hospital was not possible due
to patient’s condition. After considering the diag-
nosis, the doctors decided to start treatment with
anti-botulinum serum. Further consultations of
neurologists of Moscow Regional Hospital and Bur-
denko Neurosurgery Research Institute were organ-
ized. The specialists interpreted CT findings as
«residual lesions» secondary to stroke which oc-
curred 20 years ago (according to his history). Ac-
cording to both neurologists, the severity of the pa-
tient's condition was due to botulism. On the
contrary, following a second consultation with the
infectious disease specialist, stroke was diagnosed
as the main diagnosis, while botulism was diag-
nosed as concomitant and questionable. Intensive
therapy of stroke, injection of antibotulinum serum
and antibacterial therapy were unsuccessful, the
patient's condition progressively deteriorated.
Death occurred on Day 10 of hospitalization. The
patient’s body was sent to autopsy with 2 main di-
agnoses (recurrent brain infarction and botulism).
The patient's wife recovered and was discharged
from the infectious disease hospital on Day 10.

On autopsy the brain weighed 1300 g, was soft
and elastic, with smoothed sulci and flattened gyri,
the cerebellar tonsils had a distinct impressed fur-
row due to herniation into foramen magnum. The
gray/white matter interface was distinct in all the
areas, cortical thinning to 3 mm was observed. An
area of grey encephalomalacia 3X2 cm with no
clear boundaries was found in the left parieto-oc-
cipital lobe. The ventricles of the brain were dilated
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HO 3aKJIIOYEHUIO KOTOPOTO0 «KITMHNYeCcKass KapTH-
Ha OOTynm3Ma HedeTKas, cMal3aHHas. Hesbas
HCKJTIOYUATH OOTYINU3M».

NHpEKITMOHNCT PEKOMEH0BAT IPOBECTU
JrabopaTopHBbIe TeCThl Ha OOTY/IN3M, OfHAKO J1abo-
paropus cTanpioHapa He pacroJiarajaa TakKUMA BO3-
MOKHOCTIMH. [lepeBoy B Ipyroii cTarroHap ObLT
HEBO3MOKEH, ITOCKOJbKY KOHCHJIMYMOM Bpadei
00JIBLHOM OBILJ MPU3HAH HETPAHCIIOPTAOETFHBIM.

B cBs3U € yXy/IIII€eHrEeM COCTOSTHUSI OOJTBHOTO
OBITI0 IPUHATO pelleHre HavyaTh JeYeHne MPOTH-
BOOOTY/IMHUYECKOH CHIBOPOTKOM. B manbHeIeMm
OBITM OPraHN30BaHbI KOHCYJIBTAIINN HEBPOJIOTOB
MOHUWKW u HVU Hetlipoxupypruu uM. H. H. Byp-
nenko. Oba cnenmanvcra pacueHnan naaasie KT
Kak pe3uayaabHBIN 04Yar, TOCKOJIbKY Y MareHTa
B aHaMHe3€e UMeJICS MHCYIIET 20-71eTHEN JaBHOCTH.
[To MHEHMIO 060X HEBPOJIOTOB, TAYKECTH COCTOS -
HUsI 60JTBHOTO OBLIIa 00yCJIOBJIEHA OOTYIU3MOM.
HampoTuB, 1o pe3yiasraTaM MOBTOPHON KOHCYITh-
Tar WHQEKIINOHNCTA, OCHOBHBIM TUAarHO30M
OBLJI yCTAaHOBJIEH UHCYJIBT, @ O0TYIN3M — COMYT-
CTBYIOIIVM U TIOJ] BOIIPOCOM.

NutencuBHasa tepanusa OHMK, BBenenue
MIPOTUBOOOTYTMHUYECKON CHIBOPOTKY M aHTHOAK-
TepuaJibHAsI Tepanus He MaTu MOJ0KUTETHHOTO
apdexrra, coctossHE OOJTBLHOTO MPOTPECCUBHO
yxyamasnock. CMepTh HacTynuaa Ha 10-e cyTKu
npebbIBaHMsA B cTaniioHape. HampasJissa Tpyn Ha
BCKDBITHE, B ITIOCMEPTHOM 3MHUKPH3€E JIeYaIlIui
Bpad yKasaJ IBa OCHOBHBIX TUAarH03a: IOBTOPHBIN
nH(papKT rosIoBHOTO Mo3ra u 6orynuaM. ;Kena
rmarnyedTa OblIa BBIMMCAaHA U3 WH(PEKIIMOHHOTO
cranroHapa Ha 10-e CyTKHY C BBI3IOPOBJIEHUEM.

Ha BckpbITHM roJIOBHOM MO3T Maccoi 1300 T,
MATKO-3JIaCTUYECKON KOHCUCTEHITUH, O0PO31bI
CrIasKeHbI, U3BUJIWNHBI YIJIOIIEHbI, HA MUH/AJTH-
HaxX MO3’KeYKa OTYeTInBasg 60po3jaa OT BaBJe-
HUSA B 00JIBIIIOE 3aTHIIOYHOE OTBepcTHe. ['panura
ceporo u 0eJIoro BelecTBa pa3audrMa BO BCEX
oTzesax, Kopa HMCTOHYeHa M0 3 MM. B seBoit
TeMEeHHO-3aThIJIOYHOM JI0JIe OYar Ceporo pa3Msir-
yeHUs 3X2 cMm 0e3 yeTKuX rpanui. Kesymouxku
MO3ra pacmpeHbl, B HUX 3HAYUTEIbHOE KOJTuYe-
CTBO ITPO3PAYHOTO JTUKBOPA, COCYIUCTHIE CIIIETE-
HUS CIIaBIIVECS, dTIEHIMMA SKeJTYI0YKOB IIaIKas,
OaecTsamas. B mOqKOPKOBBIX AIpax MHOTOYMCTIEH -
HbIE MEJIKVE KHCTBI C CEPO3HBIM COJEP>KUMBIM
auaMeTpoM 1o 0,2 cM. ApTepur OCHOBaHUA I'OJIOB-
HOT0 M03Ta C Cy’KeHreM ITpocBeTa 10 75% 3a cuer
aTepOCKIEPOTHIECKUX U3MEHEHNH HHTHUMBI.

IIpu TUCTOJOTHYECKOM WCCJIEIOBAHUU B
TKaHH TOJIOBHOTO M03Ta 00HAPY;KEeHbI 04ard HEeK-
p03a, MHOYKeCTBEHHBIE (PYKCUHO(UIIBHEIE TIApPHI,
ceTyaTasi IECTPYKIIMsI BOKPYT COCYI0B, 00pa3oBa-
HY€ KMCTO3HBIX IT0JIOCTEH, TePUTIEJITIOSIPHBIA 1
TIepUBACKYJISIPHBIH OTEK.

[TaTosroroanaroMm4eckuit nruaruold: OCHOB-
HOoe 3aboseBaHme: UVmeMH4ecKUid WH(PAPKT

and contained a significant volume of clear liquor,
vascular plexuses were collapsed and the
ependyma of the ventricles was smooth and shiny.
Numerous small cysts with serous fluid with a di-
ameter of up to 0.2 cm were revealed in the sub-
cortical nuclei. The brain base arteries had up to
75% luminal narrowing due to intimal atheroscle-
rosis. Histological examination of brain tissue re-
vealed necrotic foci, multiple fuchsinophilic
spheres, reticular pattern destruction around
blood vessels, formation of cystic cavities, pericel-
lular and perivascular edema.

The main autopsy diagnosis was «Ischemic
cerebral infarction; stenosing atherosclerosis of the
brain base arteries with luminal narrowing up to
75% with underlying hypertension (eccentric my-
ocardial hypertrophy with heart weighing 440 g, LV
wall thickness 1.8 cm, RV wall 0.3 cm), atheroscle-
rotic nephrosclerosis (weight of both kidneys 350 g,
multiple subcapsular cysts and scars)». Complica-
tions included cerebral edema with brain stem her-
niation into foramen magnum, pulmonary edema,
bilateral lower lobe segmental pneumonia. Surgical
procedures performed: tracheostomy. Other dis-
eases found: atherosclerosis of the aorta and its
branches. Myocardial sclerotic foci, stenosing ath-
erosclerosis of the coronary arteries, 70% stenosis
of the main trunk of the left coronary artery, 45%
stenosis of the main trunk of the right coronary ar-
tery. Conclusion: the clinical and autopsy diagnoses
are identical. The cause of death is ischemic stroke,
complicated by cerebral edema with brainstem
herniation.

Relatives of the patient filed a complaint with
the Prosecutor's office. In their opinion, there was
a delay in the diagnosis and treatment of botulism,
which caused death of the patient. According to the
results of the preliminary investigation, criminal
case under Article 109, p. 2 of the criminal code was
initiated. The witnesses were questioned, histology
data requested, source medical files and various
probing protocols were received.

A targeted expert examination of the medical
care quality was done by an insurance medical or-
ganization in connection with a fatal outcome, no
malpractice or medical errors was found. However,
the expert, whose identification number was spec-
ified in the Care Quality Assessment Report, during
the interrogation stated that he did not perform the
assessment and the signature in this report did not
belong to him.

The Morbidity and Mortality Commission
concluded that adequate, timely and complete
medical care was provided, and death was consid-
ered inevitable.

During the epidemiological investigation,
food samples were taken in the patient’s apartment
and laboratory tests found botulinum toxin type
«A» in a jar of law-salted cucumbers.
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TOJIOBHOT'O MO3Tra; CTEHO3UPYIOIIUI aTepoCKJIepo3
COCY/I0B OCHOBAHUS MO3Ta C Cy;KeHHeM IIpoCBeTa
o 75%. ®ou: 'mnepronndeckass 00J€3HB: IKC-
LleHTpuYecKasi runepTpodus Muokapga (macca
ceppua 440 1, To/IIIMHA CTEHKU JIEBOTO SKeJTyJOUKa
1,8 cm, ipaBoro — 0,3 CM); aTEPOCKIEPOTUYECKUH
Hedpockepos (Macca 06enx modek Bmecre 350 T,
MHO>KEeCTBEHHbIEe IIOAKAaIICYJIbHble KUCTBl U
py61161). OC/IO’KHEHNST OCHOBHOTO 3a00JIeBaHUS:
OTEK F0JIOBHOTO MO3Ta C BKJIMHEHUEM CTBOJIOBBIX
CTPYKTYp B OOJIBIIIOE 3aTHLIIOYHOE OTBEPCTHE.
Otek serkux. /IByCTOpOHHSAA o4aroBasi IHEBMO-
HUSA B HIDKHUX J0J1s1X. Oneparysi: TpaxeoCTOMUS.
ConyrcrBylomue 3aboJieBaHUs: ATEpOCKJIEPO3
a0opThI 4 ee BeTBel. /[ y3HbII MeJIKOOYaroBbIi
KapIMOCKJIepO3, CTeHO3UPYIOIIUNA aTepOCKIepO3
KOPOHAPHBIX apTepuii, CTeHO3 OCHOBHOI'O CTBOJIA
JIeBOU KOpoHapHOU apTepun — 70%, IpaBon —
45%. CoBmiajieHue Iuario30B.

[IpuynHa cMepTH — UIIIEMUYECKUUI NHCYIIBT,
OCJIOYKHUBIIIUNCSI OTEKOM T'OJIOBHOTO MO3Ta C JIUC-
JIOKAIIUel CTBOJIOBBIX CTPYKTYP.

Po/icTBeHHUKY ManFieHTa IMOJaJIH sKkanoby B
npokyparypy. [lo nx MHeHHuI0, TUarHOCTUKA U
JiedyeHre OOTyan3Ma IPOBOAMJINCH HECBOEBpE-
MEHHO, 4TO U IIpUBeJIO K cMepTH. 1o pesysiapraTam
JOCJIEACTBEHHOM MPOBEPKU OBLIO BO3OYKIEHO
YroJIOBHOE JIeJ10 110 MpU3HaKaM MpecTyIJIeHHs],
IpeayCMOTpeHHOoro 4. 2 cT. 109 YK P®. bruin
JOTIPOIIIEHBI CBUETEN, ICTPEOOBAH TMCTOJIOTH-
YeCKUH apXuB, MoJlydeHa IepBUYHASA MeIUIH-
CKasl JOKyMeHTalusl U MaTepHaJibl Pa3JIMUHbIX
IIPOBEPOK.

CTpaxoBoll MeTUITMHCKOW OpraHu3alie B
CBSI3U C JIETAJBHBIM MCXOIOM ObljIa MpOBeJeHa
nesjgeBas 9KCIEPTH3a KayecTBa MeOUIIMHCKON
IIOMOIIY, 10 pe3yJbTaTaM KOTOpPOU nedeKToB u
HapylleHU# He BbIsABJIEHO. OJHAKO 9KCIepT, 4er
WIeHTU(PUKAIMOHHBIN HOMEp ObLIT YKa3aH B aKTe
3KCIIepTU3bI Ka4ecTBa MeJUITUHCKOU IIOMOIITHY, Ha
JloIpoce IIOKa3aJs, YTO JAHHYIO 9KCIIEPTU3Y He
IIPOBOJINJI, aKT HE COCTABJISLII, & IOJIIUCH B aKTe —
3TO He ero IOANNCH.

ComtacHo 3ak/oueHnio Komuccnu o usyue-
HUIO JieTaJIbHBIX ncxomoB (KNJIN), MequiinHCKas
ITOMOIITH ObLJIa OKa3aHa MPaBUILHO, CBOEBPEMEH -
HO W B IOJHOM 0OBeMe, CMepTh NpHU3HAHA
HeIpeIoTBPaTUMOM.

B xo1e anuaeMuoJI0rnuecKoro paccjaenoBa-
HUSI OBLITM OTOOPaHBI TPOOBI MAIIIEBHIX TPOIYKTOB
B KBApTHpPE IO MECTY KUTEJHCTBA OOJBHOTO U
MpOBeJIeHbl J1abopaToOpHBbIE WCHBITAHUSA, TIO0
pesysbraraM KOTOPBIX 0OHAPYsKEH OOTYITMHIYE-
CKMI TOKCHH THIAa «A» M BBIABJIEH HCTOYHUK
nHpernnn — 6aHKa KOHCEPBUPOBAHHBIX MaJIo-
COJIBHBIX OTYPIIOB.

CrecTBueM 110 JieJly Ha3HaueHa KOMUCCHUOH-
HasI cyJe0HO-MeIUITMHCKas akcnepTraa. [Tlommmo
BOIIPOCOB O IPUYMHE CMEPTH, HATUYNHU 1e(DEKTOB

The investigation appointed a Commission
for forensic medical examination. In addition to
questions about the cause of death, the presence of
defects in patient care, causing harm to health and
cause-effect relationship, the experts were further
asked about the indications for the transfer of the
patient to a specialized infectious hospital and
whether botulism could be the cause of a stroke,
and stroke coul be a complication and a direct con-
sequence of botulism. Also, a question was raised,
whose wording reflects two negative trends in the
work of investigative bodies in the investigation of
criminal cases involving improper provision of
medical care. Verbatim formulation of the question
was as follows: «Are there objective criteria to judge
whether an antibotulinum serum injection was
given while the patient was alive or postmortem?»
On the one hand, this question indicates a weak
training of the investigator in the forensic examina-
tion [6]. Forensic examination of the timing of in-
jection (antemortem or postmortem) is feasible as
well as of any other damage, but at the same time
the needle marks to be investigated were not spec-
ified. As for the timing of serum injection, it re-
mains only to guess what specific signs could indi-
cate it, and, most importantly, why would doctors
inject the serum postmortem. Such an absurd
wording reflects the other side of the problem: the
investigator yielded to the patient's relatives per-
sistently pushing the version of untimely (most
likely postmortem) injection of the serum. Without
bothering himself with the primary test of this ver-
sion on the basis of general scientific knowledge,
without consulting the experts, the investigator
gave everything at the mercy of forensic experts as
subjects of special knowledge, without worrying
about the rationality of their work.

During forensic examination, the cause of
death was the cornerstone. The presence of botu-
lism in the patient seemed to be a proven fact, while
the diagnosis of stroke, including CT findings, was
questioned by several neurologists who examined
the patient in the intensive care unit. The testimony
of relatives and medical staff, as well as medical
documentation, was not clear, since neurological
symptoms were non-specific and could be caused
by both stroke and botulism, and both diseases at
once. Experts could not ignore the fact that the au-
topsy was conducted in the morgue of the same
hospital where the death occurred, and in such a
situation, the diagnosis of stroke would suit the ad-
ministration of the hospital much more than botu-
lism. Therefore, the histological re-examination has
become crucial.

The forensic histological examination of brain
tissue samples revealed the following. General brain
tissue architecture is preserved. The arteries contain
no blood or single red blood cells. Some veins and
capillaries are filled with blood. The walls of the ar-
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OKa3aHUs MEUIIMHCKOU TTOMOIIY, MPUIYNHEHUHN
BpeJa 3J0POBbI0 M MPUYUHHO-CJIEACTBEHHON
CBsI3H, TIepe]T 9KCIIepTaMHU TOITOJTHUTETFHO OBIIN
MOCTaBJIEHbI BOMTPOCHI O HAJTUYMU TTOKA3aHUN K
IepeBOAy MNallieHTa B CIENHUAJN3UPOBAHHBIN
WHOEKITMOHHBINA CTAI[OHAP U O TOM, MOT JIF OOTY-
JIN3M OBITH MPUYMHON WHCY/IBTA, @ WHCYJIBT —
OCJIO’KHEHUEM U ITPSIMBIM CJIEICTBHEM OOTY/IM3MA.
Taxke OBLI ITOCTaBJIEH BOIPOC, (DOPMYIMPOBKA
KOTOpPOTO OTpa)kaeT Cpasdy ABe HeraTuBHbIE TEH-
IEeHITNH, CJIOKUBIINECS B paboTe CIeCTBEHHBIX
OpraHOB IIPH pacCClAENOBAHUU YIOJIOBHBIX [eJI,
CBsI3AHHBIX C HEHAJIeKaIlluM OKa3aHUEM MeJIN-
OUHCKON mnomomu. J[ocia0BHO (popMyIHupoBKa
BOIIpOCa uMeJa cjeayomuil Bua: «MMerorces jamu
00BEKTUBHBIE KPUTEPUH, TO3BOJISTIOIINE CYIUTH O
OPUKU3HEHHOCTH BBINOJHEHUS NHBEKIIUN IIPO-
TUBOOOTYIMHUYECKOH CHIBOPOTKH?».

C o1HO¥ CTOPOHBI, TAKOU BOMPOC TOBOPHUT O
cs1aboi TIOATOTOBKE CJIe0BaTesisI B BOIPOCAX
CyneOHO-MeUIIMHCKOW 9KCIePTU3bl [6]. B wactn
NPUYKU3HEHHOCTH BBITIOJTHEHUS NHBEKINY, KaK 1
MPUYUHEHUsT JI000T0 APYroro TOBPEKIEHUS,
CynmeOHO-MeqUITMHCKOE IKCIIEPTHOE NCCIIEI0BAHIIE
NIPUHIUIIMAIBHO BO3MOKHO, HO B BOIIPOCE HE YKa-
3aHO, KAaKOW KOHKPETHO CJIET] OT MHBEKITIU HEOOX0-
IUMO UCCJIe0BaTh. YTO KacaeTcs MPUsKU3HEHHO-
CTH BBEJIEHUsI CbIBOPOTKH B OPTaHU3M, TO OCTAeTCS
JIAIIB TOraabIBaThCsl, KAKOBBI MOIVIN ObI OBITH €ro
MPU3HAKY, a NIaBHOE — C KAaKOU 11eJIbI0 MeTUIIIH-
CKUe paOOTHHUKH CTaIN ObI BBOJUTH MAIIMEHTY IPO-
TUBOOOTYTMTHUYECKYIO CBIBOPOTKY ITOCMEPTHO.

AbcypiHas MOCTAaHOBKA BOIIPOCa XapaKTepH-
3yeT U APYTYI0 CTOPOHY MPOOJIEMBbI — CJIeIOBa-
TeJIb II0IIIesI Ha II0BONY Y POLCTBEHHUKOB ITalleH-
Ta, HACTOMYMBO M3J1araBIINX B CBOUX IIOKA3aHUSIX
BEPCHIO O TOM, UYTO CbIBOPOTKA BBOJINJIACh HECBOE-
BpPEMEHHO, CKOpee BCEro, I0CcJie CMePTH HOTBLHO-
ro. He yTpyxkmas ceOs mepBUYHON HTPOBEPKOK
JTAHHOU BEPCUU HAa OCHOBE 00IIIeHayYHBIX 3HAHUH,
He IPOKOHCYJIETUPOBABIINCH CO CIICAAIUCTAMY,
cJIeIoBaTe b OTJAJI BCE HA OTKYII CyoeOHO-Meau-
OUHCKUM 9KCIIEpTaM KakK CyObeKTaM CIeIu-
QTBLHBIX 3HAHUH, He 3a00TsICh IIPU 9TOM O PaIHo-
HaJIbHOCTH UCIIOJIb30BaHUA UX TPyIa.

ITpu mpoBefeHN KOMHICCHOHHOU CyneOHO-
MEeIUIIMHCKON 9KCIepPTU3bl KPAEYrOJIbHBIM KaM-
HeM CTaJjI BOIIpOC 0 npuuynHe cMeptu. Hanuuue y
0osIbHOTO HOTY/IM3Ma MPEACTABJISIIOCH JOKa3aH-
HbBIM (PAKTOM, TOTTIA KaK JUATHO3 UHCYJIBTA, BKJIIO-
vag pgaHuable KT, ObLI IIOCTaBJIEH IO COMHEHUE
HECKOJIbKUMHM HEBPOJIOTAMH, OCMOTPEBIINUMU
namyeHTa B oTeJieHny peannManuu. [lokazanmsa
POICTBEHHUKOB IMAlleHTa U METUITMHCKOTO IePCOo-
HaJIa, KaK ¥ MeJIUIMHCKAasA TOKyMEeHTalKs, He BHEC-
JIM SICHOCTH, IIOCKOJIBKY HEBPOJIOTMY€eCKasi CUMII-
TOMaTHKa HOCUJIA Hecrlelu(pUUeCKU XxapakTep 1
Moryia OBITH 00YCJIOBJIEHA KaK WHCYJIBTOM, TaK U
OoTysI3aMoM, 1 000MMH 3a00/IEBaHUSIMU CPA3y.

teries and arterioles are thickened. Red blood cells
rouleaux are seen in some places shaped like coin
stacks (sludge). Around the vessels, gliocyte nuclei
and neuronal bodies optically empty spaces were
found (edema). White matter edema reflects tissue
destruction with cyst formation. Most neurons are
enlarged, rounded, pale (swelling). The nuclei of
many neurons are pale, with fuzzy contours or are
indistinguishable. The cell boundaries are also
fuzzy. Scarce astro- and oligodendroglial cells (satel-
lites) are adjacent to some cortical neurons. The
main forensic histological diagnosis is Acute cere-
bral cysts (secondary to ischemic stroke, but not to
botulism) complicated by pericellular and perivas-
cular brain edema producing tissue destruction.
The prevalence of swelling of brain neurons, satel-
lite gliocytes presence. Focal purulent pneumonia.
Pulmonary edema. Vascular congestion in all the
lung vessels. Shock-induced pattern of renal blood
flow. Uneven blood filling and swelling of the
stroma of internal organs. Sludge of erythrocytes in
the vessels. Fragmentation of cardiomyocytes. Ad-
ditionally, perivascular sclerotic myocardial
changes, arteriosclerosis, stromal sclerosis of inter-
nal organs, lymphoid tissue atrophy were noted.

The findings of the repeated histological ex-
amination left no doubt that the immediate cause
of death was cerebral edema with the stem and
cerebellar tonsil herniation into foramen magnum
due to brain infarction. Macro-and microscopic
signs of asphyxia which usually causes death in
botulism were not revealed during autopsy and on
histological examination.

According to the decision of the forensic med-
ical examination commission, the patient manage-
ment in the intensive care unit was adequate, there
were no defects in the patient care, there was no
causal relationship between the intensivist’s activ-
ities and the death of the patient, no harm to the
patient's health was caused by doctors.

This case reveals diagnostic challenges faced
by intensivists and caused by:

— uncommon combination of two diseases
affecting the nervous system;

— similarity in the mechanisms of neurologi-
cal signs development and clinical manifestations
of both conditions;

— limited yield of instrumental tests (CT) due
to ischemic stroke in the past medical history;

— confronting opinions of specialists, whose
diagnoses sounded contradictory;

— inability to perform laboratory test for bot-
ulism diagnosis;

— severe condition of patient preventing his
transportation to a specialized hospital;

— negligence of attending, who could and
should have obtain information about patient’s
suspected botulism, but did not take measures and
timely inform the intensivists about the disease.
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JKCIEePThI He MOIJIA IIPOUTHOPUPOBATH TOT
(hakT, YTO MAaTOJIOr0AHATOMUYECKOE BCKPHITHE ITPO-
BOJIMJIOCH B MOPTe TOH ke OOJTbHUIIBI, TIie HACTYIIH-
Jia CMepTh, ¥ B TAKOU CUTYALUU TUArHO3 UHCYJIBTA
ycTponsi ObI aIMUHUCTPANWIO OOJBHUIBI Kyaa
OoJtbIIre, 4eM OOTYIM3M. Peraroliyio poJib ChITpasio
IMIOBTOPHOE FUCTOJIOTUYECKOE NCCIIeOBaHME.

ITpu cynebHO-TUCTOJIOTTIECKOM HCCIIeJOBa-
HUU TIperapaToB roJOBHOTO MO3ra: OOIIWH TIJIaH
CTPOEHHUs COXpaHeH. ApTepyU 3alyCTeBIINe WA
CofiepsKaT eqUHUYHBIE S3PUTPOIUTHI (MAJIOKPOBHE).
BeHbI 1 HEKOTOPbIe KAMWJIAPHI ITePENOTHEHbI KPO-
Bbl0. CTEHKM apTepuii U apTepuoJl YTOJIIEHBI.
IPUTPOIUTHI MECTAMU CJIUILIVCH B BHJIe MOHETHBIX
CTOJIOMKOB (B COCTOSTHAH CJIa/IKa). BOKpyT cocynos,
siflep WIMOIMTOB U TeJI HEHPOHOB UMEIOTCS OTITHYe-
CKU TyCThle TpocTpaHcTBa (oTek). OTek Oesoro
BelleCTBa JOCTUraeT CTEIICHU IeCTPYKTUBHOIO, T. €.
paspyIiraer TKaHb C 00pa30BaHNEM KHCT. BOJTbIITNH-
CTBO HEHPOHOB yBeJIMYEHBI B Pa3Mepax, OKpyLie-
HBI, O71e1HbI (HabyxaHue). apa MHOTUX HEHPOHOB
OJ1eTHbI, C HEYETKIMY KOHTYpaMH UJIN He OTIpe/ie-
JISTIOTCSI. | paHUIIBI KJIETOK TaKKe HeYeTKU. PsaaoM ¢
HEKOTOPbIMU HEMPOHAMM KOPbI HAXOISATCS €IUHNY -
HbIE aCTPO- ¥ OJINTONEHIPOITTAOLUTEI (CaTes1TUTO3).
Cyne6HO-rrcTOIOTHYECKUH AuarHo3: OCHOBHOM:
OcTpble KUCTBI TOJIOBHOTO MO3ra (IPOsIBJIEHUS
WHCYJIBTA 10 UIIIEMUYECKOMY THITY, HO He OOTY/In3-
Ma). OciioxkHeHust: [lepuiiesuTiosspHbIN, epuBac-
KYJISIPDHBIA OTEK TOJIOBHOT'O MO3Tra, JOCTUTAIOITUN
CTerieHu ecTpyKTUBHOTO. [Tpeobamanne Habyxa-
HUSI HEUPOHOB TOJIOBHOT'O MO3ra, caresuinTo3. Ova-
roBas rTHOMHasI mHeBMOHUA. OTeK Jierkux. ITosrHo-
KpOBHE COCY/IOB JIETKHUX BCEX THUIIOB M KaJINOPOB.
[llokoBass TepecTpoiika IOYEYHOTO KPOBOTOKA.
HepaBHOMepHOE KpOBEHAIOJTHEHUE U OTEK CTPOMBI
BHYTPEHHUX OpraHoB. ClagyKk 9pUTPOLUATOB B UX
cocynax. @parMeHTanysa KapauoMuonuToB. ComyT-
cTBylolue: [leprBacKylsApHBIA KapIUOCKJIEPOS3.
Aprepuockiepos. CKIepo3 CTpOMBI BHYTPEHHUX
opraHoB. ATpodust TuMEMOUTHON TKAHU.

JlaHHBIE IIOBTOPHOTO THUCTOJIOTUYECKOTO
HMCCJIEJOBAHUS He OCTAaBUJIM COMHEHUI B TOM, UTO
HETNoCpeACTBEHHOM MTPUYNHOM CMEPTH CTaJl OTEK-
HabyxaHWe TOJIOBHOT'O MO3Ta C AHUCJOKaruei
CTBOJIOBBIX CTPYKTYP U BKJIMHEHWEM MUHIAJINH
MO3Ke4YKa B OOJIBITIOE 3aThIJIOYHOE OTBEPCTHE,
4TO SBUJIOCH CJIEACTBUEM MH(ApPKTA TOJIOBHOTO
Mo3ra. Makpo- 1 MUKPOCKOTIHYeCKHe TTPU3HAKU
acukcuy, OT KOTOPOU HACTyIlaeT CMepThb IIpU
boTysim3Me, Ha CEKIIUM U ITPU TUCTOJIOTHIECKOM
HUCCJeqJOBaHUM He BbISIBJIEHBI.

ComacHO 3aKJIIOYEeHHI0 KOMMCCHOHHOU
CymebHO-MeTUITMHCKOHN 9KCIIEPTU3BI IO MaTepHa-
JlaM YI'OJIOBHOTO JieJIa, TAKTUKA BeJeHUA ITallieH-
Ta B OTAeJ€eHUM peaHUMaAIlUd U WHTEHCUBHOU
Tepanuu Oblj1a BhIOpaHa MPaBUJIBHO, Te(PEeKThI
OKa3aHUsI MeJUIIMHCKON IIOMOIIY OTCYTCTBYIOT,
IIPUYMHHO-CJIEICTBEHHOU CBSI3M MEMKIy [el-

Nevertheless, after receiving information
about botulism from the patient's son, the on-duty
intensivist did not contact the infectious hospital
on his own, but organized an infectious diseases
specialist consult the next day. After talking to the
patient's son, in the evening of the same day, the
intensive care unit doctors received a call from the
patient's wife, who was in the infectious diseases
hospital and reported her disease. The on-duty in-
tensivist listened carefully, recorded and passed the
information on to his colleagues, the head of the
Department and other officials, which was later
confirmed by the wife of the patient herself. As are-
sult, the patient was examined by an infectious dis-
ease specialist, and the decision to start treatment
with anti-bacterial serum was made a day before
the wife’s discharge from the infectious hospital
was obtained. This decision was duly recorded in
the medical records, which allowed the forensic
medical expert commission to come to a categori-
cal conclusion about the absence of illegal inaction
of doctors, thereby refuting the version of the pa-
tient's relatives about the untimely provision of
medical care.

The intensivists reasonably refused to transfer
the patient to another hospital. According to p. 7 of
the Order of medical care provision to adult pa-
tients in the infectious diseases approved by the
Order of the Ministry of health and social develop-
ment of the Russian Federation of 31.01.2012 No.
69n [7], medical care to patients with infectious dis-
eases in life-threatening acute conditions such as
toxic shock, hypovolemic shock, brain edema,
acute renal or hepatic failure, acute cardiac or res-
piratory failure should be provided in isolation
wards, intensive care wards, intensive care units of
general hospitals, as well as in the intensive care
wards, intensive care units of the infectious dis-
eases hospitals in compliance with the existing san-
itary and anti-epidemic regulations. Thus, the
transfer of the patient to a specialized infectious
diseases hospital due to suspected botulism was
not mandatory. In the current situation, transporta-
tion of the patient would entail an unjustified risk,
and the alleged benefits of transfer did not justify
the risk of possible complications.

Conclusion

This clinical case illustrates a number of im-
portant points in the practice of an intensivist:

1. The importance of a comprehensive his-
tory, especially an epidemiological history in sus-
pected infectious disease. Any source, including pa-
tient’s relatives, should be used.

2. Clinical independence of an intensivist.
The intensivist should not completely rely on the
attending physician. According to the established
practice, in case of patient’s transfer to the inten-
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CTBUSIMU PEAHNUMATOJIOTOB B CMEPTHIO OOJIBHOTO
HET, BpeJI 3[I0POBBIO MallieHTa MPUINHEH He ObIJI.

B paccMoTpeHHOM KJIMHUYECKOM HabJIo/e-
HUY BpavyH-pPeaHNMaToJIOTH CTOJKHYJINCH C 00b-
C€KTUBHBIMY TPYIHOCTAMU JUArHOCTUKU, KOTOPBIE
OBLTH 00YCTIOBJIEHBI PSOM (PaKTOPOB:

— penKoe codeTaHWe IBYX 3aboJieBaHUIA,
MOpaYKaIOIX HEPBHYIO CUCTEMY;

— CXOJICTBO B ITaTOreHe3€e HEBPOJIOTUUECKON
CUMIITOMAaTHKU U, KaK CJIeJICTBUE, UIeHTUYHOCTh
KJIMHUYECKUX IPOSIBJIEHUH ABYX HO30JIOTHUYECKUX
dbopm;

— OrpaHnYeHue JUArTHOCTUYECKOU IIEHHOCTH
MHCTPyMeHTAJIbHOTO 0b6ciienoBanus (KT) 3a cuer
HaJINYY NIIEeMAYECKOT0 MHCYJIETA B aHAMHE3E;

— KOH(POHTAIMsI MHEHUH Y3KUX ClleliaJjin-
CTOB, IPH 9TOM KOKIBIN U3 HUX UCKJTIOYMJI «CBOIO»
T1aTOJIOTHIO B TTOJTH3Y 3a00JI€BAHMS MHOTO ITPO(UIIS;

— OTCYTCTBHE TEXHUYECKONH BO3MOKHOCTU
TIPOBECTH JTA00PATOPHYIO AMATHOCTUKY OOTY/IN3Ma;

— KpailiHe Ts)KeJI0e COCTOsIHUE M HeTpaHC-
mopTabeIbHOCTh MalNeNHTa;

— HeJloCTaToYHasi aKTUBHOCTBL Jieyalllero
Bpaya, KOTOPBIA MOT U JOJIKeH ObLII pacroJjararb
nHpopmanuen o 60TyIM3Me, OTHAKO HIYETO He
MIPEeIPUHSI U peaHnMaToJioraM 00 nHQEeKITHOH-
HOM 3a00J1€eBaHUY CBOEBPEMEHHO He COOOTITHI.

Tem He MeHee, TOJIYIMB OT ChIHA OOJIBHOTO
CBeJIeHNsI 0 OOTYIIN3Me, IesKYPHBIN peaHNMaTOoJIOT,
XOTSI ¥ He CBSA3aJICsA ¢ UH(EKITMOHHBIM CTaIlMOHA-
POM CaMOCTOSITEJIbHO, HO KOHCYJIBTALNIO NH(PEeK-
[IMOHNUCTA B Te€YEHHE CyTOK (YyTPOM CJIeIYIOIIEero
IIHsT) opranu3oBalt. [Tocsie 6ecebl peaHMMATOI0TA
C CBIHOM 0OJIBHOTO, BEYEPOM TOTO K€ JTHsI, B OT/Ie-
JIeHHE peaHnMalyu IMOCTYNUJ 3BOHOK OT SKEHBI
naluenTa, HaxoAuBIIecss B TH(MEKIIMOHHOM CTa-
IOoHape, KOTopasi COO0IIHIIa 0 CBoeM 3ab0JieBa-
HUU. JlesKypHBIM peaHnMaTosI0r BHUMATeJIbHO
BBICJTyIIIAJ, 3anKcasl U epenaa nHGOpMAaIUIo 110
CMeHe, a TakK)Ke 3aBeAylolleMy OTOeJIeHheM U
JIOJIKHOCTHBIM JIMIIAM, YTO BIIOCJEICTBUHU IIOJ-
TBEpAWJIA ¥ cama Cynpyra 6oJsibHOTO. B peaysbrare
MmarueHT ObLI OCMOTpPeH WH(MEKIMOHUCTOM, U
peliieHre o HavyaJsie JJe4eHNs POTUBOOOTYTNHIYE-
CKOU CBIBOPOTKOM OBIJIO IPUHSATO 32 CYTKH /0 TIpe-
JIOCTABJIEHUSI BBIMUCKY M3 NH(QEKITMOHHOTO CTa-
muoHapa. /laHHOe pellleHre OBIIO HaJIeKaIuM
06pa3oM 3apUKCUPOBAHO B MEAUITMHCKON TOKY-
MEHTaIH, YTO TI03BOJIUJIO CYeOHO-MEAUITITHCKON
9KCIEePTHOU KOMUCCHUM IPUMTHU K KaTETOPUYHOMY
BBIBOIY 00 OTCYTCTBUY IIPOTHUBOITPABHOTO Oe31eli-
CTBUS Bpaudell, ONPOBEPIHYB TEM CaMbIM BEpPCHUIO
POICTBEHHUKOB OOJILHOTO O HECBOEBPEMEHHOM
OKa3aHU1 METUITMHCKOM ITOMOIIIH.

AHeCcTe310JI0TH-peaHnMaToJIOT 000CHOBAHHO
OTKAa3aJIM POJICTBEHHUKAM ITalleHTa B IIEPEBOJIE B
Ipyroii crarmonap. CoracHo 11. 7 [lopsiika okasa-
HUS METUITUTHCKOUN TIOMOIIH B3POCJIBIM OOJTEHBIM
TIpY MTH(MEKITMOHHBIX 3a00JIEBAHNSIX, YTBEPSKIEHHO-

sive care unit, he is assigned to the attending
physician, while the intensivists carry out the
symptomatic treatment coordinated with the at-
tending physician. However, an adequate and ef-
fective intensive care cannot be carried out with-
out a comprehensive differential diagnosis. The
intensivist continuously monitors the patient and
maintains his/her vital functions, which is the
main goal of hospitalization in the ICU. During
this monitoring, the intensivist makes the diagno-
sis, outlines the strategy of management and is
exposed to professional risks (medical error,
criminal prosecution, etc.) no less than the at-
tending physician.

3. Observance of deontology in communica-
tion with patient’s relatives. In this case, the initi-
ation of criminal proceedings was caused by im-
proper behavior of the attending physician and
the neurologist on duty, who did not listen to the
patient's son, ignored the information about bot-
ulism transmitted to them and insisted that his fa-
ther only had a stroke (which can be traced from
the testimony of the doctors). From the beginning
the patient’s son had a confrontational style of be-
havior which is easily explainable. During the pre-
vious 2 days his parents were hospitalized, and
each of them was initially denied hospitalization
by the ambulance service. A person who has come
at night from Moscow to the Moscow region in
order to share an important information with the
doctor would not readily understand why the doc-
tor on duty sends him to the attending doctor, and
the latter has no time for a conversation. It turned
out later that 6 months prior these events the pa-
tient’s daughter aged 28 years died in the same
neurology unit with the same diagnosis of stroke
which was not confirmed on autopsy (the cause of
death not revealed). No wonder a person with neg-
ative experiences with the health care system
eventually appealed to the Prosecutor's office. In
the light of the heated discussions about the need
to admit relatives of patients to the intensive care
units, the relevance of ethical and deontological
aspects for practicing intensivists increases signif-
icantly. On the one hand, the society demands to
organize and provide visits to resuscitation pa-
tients by relatives, and on the other hand, the state
authorities supporting these appeals have not cre-
ated the necessary legal framework at the mo-
ment. Letter of the Ministry of health of Russia
from 30.05.2016 Ne15-1/10/1-2853 «On the rules
of visiting the patients in the intensive care units
to relatives» [8], the only document concerning
this issue, consists of 10 items, which cannot be
considered exhaustive. The international ten-
dency to «open» the intensive care units is obvious
[9], and therefore the intensivists should be ready
to communicate with relatives of patients.
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ro IIpukaszom Muusapasconpassutusa Poccun or
31.01.2012 No69H [7], MEIUITMHCKAS IIOMOIIb 00JIb-
HBIM MH(EKIMOHHBIMY 3a00/IEBAHUSIMY C YKU3HEYT -
POSKaIOIIUMU OCTPHIMU COCTOSTHUSIMU, B TOM YHUCJIE
¢ MH(QEKITMOHHO-TOKCUYECKHM, TUTIOBOJIEMUYECKUM
IITOKOM, OTEKOM-Ha0yXaHMEM FOJIOBHOT'O MO3Ta, OCT-
PpbIMU TIOYEYHOUN ¥ TTeYeHOYHON HEeJJOCTaTOYHOCTSI-
MU, OCTPOH CEPAEYHO-COCYIUCTOHN U IbIXaTeIbHON
HEJIOCTAaTOYHOCTHIO, OKa3bIBAETCsI B OOKCAX, ITaIarax
(6sTO0KAX) THTEHCUBHOM TEpaITiy, peaHIMAaITMOHHBIX
OTIIeJIEHUSIX MHOTOMPO(PUIBLHON OOJBHUIILI, a
TaksKe B majiaTax (6/10Kax) MHTEHCUBHOM Tepariviy,
peaHnuMAaIMOHHBIX OTAeJeHUs X WH(MEKITUOHHON
OOJIBHUITBI C COOTIOIEHNEM YCTAHOBJIEHHBIX CAHU -
TapHO-MPOTUBOIMUIEMAYECKUX HOPM.

TakuMm o6pasoM, mepeBoj MalueHTa B Cre-
MATA3UPOBAHHBIN MH(PEKITMOHHBIN CcTaIlMOHAP,
B CBSI3M C IIOI03PEHMEM Ha OOTY/IN3M, He OB 0051~
3areJbHBIM. B cJIOKUBIIENCs cCUTyallud TpaHC-
MTOPTHUPOBKA 60JILHOTO TTOBJIEKJIa OB HEOIIPaBIaH-
HBIN PUCK, a ITpeJiloJIaraeMasi 1oJib3a OT IlepeBoja
B IpyTOY CTalMOHAP He OIpaB/bIBajia PUCK BO3-
MO>KHBIX OCJI0KHEHUU.

3akJrouenue

PaccmoTpeHHOEe KIMHUYECKOe HabII0eHIe
HaWISITHO WLTIOCTPUPYET PSIJ] BAXKHBIX MOMEHTOB
B IPAKTUYECKOU JIeATETbHOCTH Bpavya-peaHnMa-
TOJIOra:

1. Ba’KHOCTB ITOJTHOIIEHHOTO cO0pa aHaMHe-
3a, 0COOEHHO MUAEMHOJOTNUYECKOr0 aHaMHe3a
MIpY MMOJ03PEeHNN Ha WH(EKIIMOHHOe 3ab0jeBa-
Hue. [Ipu 9TOM C/IelyeT yYUTHIBATh U IPUHUMATh
BO BHUMaHUE WH(OPMAIUIO, MOCTYIUBIIYIO U3
JIIOOOTO MCTOYHUKA, B TOM YKCJIE OT POICTBEHHHU-
KOB IIallMeHTa.

2. KiimHMYecKas CaMOCTOsITETbHOCTD peaHu-
MaroJiora. Bpauy-peaHnMaroJsiory He CTOUT I10J1a-
raThbCsi BO BCEM Ha Jievalllero Bpaya, ero 100poco-
BECTHOE TI0BesieHne u pabdory. [To ciokuBIIeiics
MIPAKTHUKE, B CJIydae MeEPeBoja NalleHTa B peaHu-
MaIlMOHHOE OT[ejleHHe 3a HUM 3aKpemJisiercs
Jiedarui Bpayd-CIIeNUaIrCT, IPYU 3TOM peaHuMaro-
JIOTY TIPOBOJISIT TOCUHPOMHYIO TE€PAITHIO, COTJIa-
COBAHHYIO C JiedamuM BpadyoMm. OHaKo IpoBee-
HUe ajieKBaTHOU U 3((HeKTUBHON MHTEHCUBHOU
Teparnuy He MOKET OCYIIECTBJISITHCSI B OTPHIBE OT
muddepeniaabHOM AMArHOCTUKY, 0COOEHHO ITPU
HEesICHOM JiarHo3e. PeaHMMaToJIoT OCyIIeCTBIISIET
IIOCTOSSHHOE MHTEHCUBHOE Ha0JII0IeHre O0JILHOIO,
KOTOPOE, Hapsiy C TPOTE3NPOBAHUEM BUTAIBHBIX
(yHKIHMI opraHW3Ma, W SBJISIETCS OCHOBHBIM
nokasanuvem K rocuutamusanuu 8 OPUT. B nipo-
Ilecce TaKOTO HAOJIIONEHUsI PEaHNMAaTOJIOT OCY-
IIIECTBJISIET TUATHOCTUYECKUH IIOUCK, OTIpeIesIsieT
JieueOHYI0 TAKTUKY U B 3TOU CBSI3U MOJIBEPTAETCS
npodecCoHaJBHBIM PUCKaM (BpaueOHast OITr0-
Ka, YTOJIOBHOE TIPEC/IEIOBAHUE U T. 11.) HE B MEHb-
1€l CTeNeH!, YeM Jiedalliuii Bpad.

3. CobJiogenne IeOHTOJIOTUN B OOIIEHNH C
POILCTBEHHUKAMU ITalleHTa. B janHOM ciy4ae K
BO30Y>KIEHUIO YTOJIOBHOTO JieJIa IPUBEJIO HEHAT -
JlesKalee IIoBeleHue jedallero Bpada u IesKyp-
HOI'0 HEBPOJIOra, KOTOPbIE He BBICAYIIAJINA ChIHA
nanyeHTa, iTHOPUPOBAJIN lepeJaHHble UM CBeJle-
HUsA 0 O0oTy/In3Me 1 Oe3 HeoOXOIMMOCTH HaCTOH-
4YMBO BHYIIIAJIM €My, YTO y ero OTLia UMeeT MeCTO
TOJIBKO MHCYJBT (IIPOCJIEKUBAETCA II0 IIOKa3a-
HUSM caMUX Bpaueii). [loBeeHme cbrHa 60JIbHOTO
C caMOT0 HavaJjia HOCUJI0 KOH(JIUKTHBIN Xapak-
Tep, YTO HECJTIOKHO O00BSICHUTHL 00BEKTUBHBIMU
NpuYrHAMU. B TeueHne NByX qHEH OBIIM moove-
PeIHO TOCHUTATU3UPOBAHBI €r0 MaTh U OTell, IPU
9TOM KaKJIOMy W3 HUX IEepBOHAYAJIbHO OBLIO
OTKa3aHO B TOCIHUTAIU3AINN CIIyKO0H CKOpPOH
noMomy. YeJsioBeKy, NpHexaBIIeMy HOYBIO U3
MockBbl B MOCKOBCKYIO 00J/1aCTh C II€JBIO
COOOIIUTh Bpady Ba’KHYI, IO €ro MHEHUIO,
UH(pOpPMaIHNIO, HEIIPOCTO ITOHATH, I0YEeMY IesKyP-
HBII Bpad OTIIPABJISIET €r0 K JiedallieMy Bpady, a y
TOTO He HAaXOIUTCS HECKOJIbKUX MUHYT [JIs1 Oece-
IIBI (TeM OoJiee, YTO 06sI3aHHOCTH JIeHallero Bpada
HCIOJIHSAJ 3aBeYIOIINI HEBPOJOTNYEeCKUM OT/ie-
aeHueM). Ilo3d:ke BBISICHUJIOCH, YTO 3a II0JITOAa 10
9TUX COOBITUH B TOM K€ HEBPOJIOTUYECKOM OTIIe-
JIEHHHU B BOo3pacTe 28 jieT ymepJia JO4b ITaleHTa
(cecTpa chbIHA), KOTOPOU TaK)Ke OBLJ MOCTaBJIEH
JUarHo3 UHCYJIbTA, B NajbHelIleM He IOATBep-
SKIIEHHBIN (IPUYMHA CMEPTH U3 MaTepUAJIOB Jlesia
He scHa). HeynuBUTENBbHO, YTO Y€JIOBEK, OTArO-
IIeHHBIM TAKUM HeraTUBHBIM OIILITOM OOIIEHHUS C
cucTeMol 37paBOOXpaHeHHsI, B KOHIIE KOHIIOB
obparuiicst B mpoKyparypy. B cBete obocTpuBIIyX-
Csl TUCKYCCU# 0 HEOOXOAMMOCTH JIOMyCKa POJ-
CTBEHHUKOB K ITallMeHTaM, HaxXOAsIIIMCS B OT/ie-
JIeHUSIX peaHuMallui 1 UHTeHCUBHOU Tepanuy,
AKTyaJIbHOCTD 3TUKO-JIEO0HTOJIOTUYECKHUX aACIIeK-
TOB AJIA IPAKTUKYIOLIAX PEaHUMATOJI0IOB Cylle-
CTBeHHO Bo3pacraer. C OJHOW CTOPOHBI, 00IIIe-
CcTBO TpebyeT oOpraHm3oBaTb W O00ECIEYUTH
nocellleHre POJCTBEHHNKAMU PeaHNMallOHHBIX
OOJBHBIX, a C APYTOd CTOPOHBI, OpTaHAMU T'OCY-
JlapCTBEHHOM BJIACTH, TOJJIEPKUBAIOIINMU ITU
MPU3BIBbI, HA JAHHBIA MOMEHT He c(hOpMHUpPOBaHA
Heob6xomuMasi HOpMaTUBHO-TIpaBoBasi 6a3a. ITuch-
Mo Munsnpasa Poccnn ot 30.05.2016 Nel15-1/10/1-
2853 «O mpaBmJIax NOCEIeHUs1 POACTBEHHUKAMU
NaeHTOB B OTJeJIEHUSIX peaHUMallui U NHTEH-
CUBHOU Tepanuu» (8] — TOKYMEHT, perJiaMeHTH-
PYIOIIUNA TOMYyCK POACTBEHHUKOB IAIlMEHTOB B
OTJeJIeHHE peaHnManuu — COCTOUT U3 10 nyHK-
TOB, COJAepsKaHNe KOTOPBIX HeJb3s1 NPU3HATh
ncuepnbBaIM. Habmomaercs MeskayHapo-
Has TEHJEHIUS K «OTKPBITAIO» PEAHUMAIIMOHHBIX
oTjeseHuii [9], B CBS3U C 4YeM peaHuMaTOoJIOTH
TOJI3KHBI OBITH TOTOBBI K OOIIIEHUIO C POJICTBEHHU-
KaMu 0OJIbHBIX.
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Pe3rome

[TpoBesu kauHUYeckue 1 II-06cie0BaHus 2 AIEHTOB C OCTPBIM 9HIIe(aJIUTOM, BBI3SBAHHBIM BUPY-
coM npocroro repueca (3BBII): M. b., 23-n1eTHAA »KeHIMHA, [ToJIy4aBIas jJedeHre Ha JoMy 110 [IOBOAY TA-
KeJIOT0 OPTAaHMYECKOTO ICHXOCHHIPOMA, IIOCTOSHHBII YXOJI 32 KOTOPOH OCYIIeCTBJIsIa MececTpa, u JI. .,
16-1eTHAA NAaLMEHTKa, Ha 3-M rofy sku3HU nepeHeciias IBBIIL, KoTOphI nepeliies B ayToarpecCUBHYIO
¢opmy, HanmoMuHaBIIYIO 9HIIehaTUT PacMycceHa, ¢ aUJIeNTUYeCKUM CTaTyCOM B BHJI€ JINTEJIbHON apIiy-
aJIbHON anuuiencuu. [Tpoana/jn3upoBaIu paHHUE U ITIO3THUE UCXO/bI.

Hannble I3 crarucTuyecku o0paboTaliu € UCI0JIb30BAHUEM «CIIEKTPAIbHOT0 aHA/IN3a MOIITHOCTU» U
TPexXMepHOIo IBETHOI'O KApTUPOBaHMs, [I03BOJIAIOIIEI0 BBIABUTH TOINMMYECKYIO JJOKAJIU3AIUI0 OTJe/IbHBIX
JIMara3oHoB 4acTOT III-KPUBBIX M U3BMEPUTH MeKHEHPOHHBIE CBSI3U B IIPOJ0JIBHOM U IIOIIEPEYHOM HallpaB-
JIEHUSIX C IIOMOIIIBIO OIIpejiesIeHNsI CpeiHeN KOrepeHTHOCTH (TI0Ka3aresisi MesKHEeHPOHHbBIX CBsI3ell).

Ha 9-M roxy sxussu JI. V1. mepeHec/1a BETPSHYIO OCITY C BLIPaKeHHBIME BBICBITAHUSMH Ha KOYKE U IOBbI-
IIIeHNEeM TeMIlepaTyphl Tesia. [Ipy 9ToM y Hee BbIsIBUJIM YMEHbIIIeHUe BBICOKOAKTUBHBIX U3MeHeHu! Ha IO
U KJIMHAYECKOHN CUMIITOMATHUKY, B TOM unciie (hoKaIbHOU. [laHHOe yMeHbIIIeHre IPOU301ILIO0 Ha (DOHE IIPHU-
MeHEeHUsI aHeCTeTUKa THOIIeHTaJsIa U 00JII0CHOIO BBeJleHUsI KOPTUKOCTEPOUIOB, a TaKksKe IIpreMa aMaHTa-
JIWHa cynbdara.

IIpu 0cMOTpe BO BpeMsI CAMOCTOSATEIBHOM X0b0b! y J1. . 06HAPY»KMIN [IeHTpaIbHbI MOHOIApe3 MPaBoit
HIKHEH KOHEYHOCTH, a TAK)Ke — 4—5 KOPOTKUX MUOKJIOHMYECKUX CI1a3MOB B CyCTaBax PyK IIpY IIPHUBeNIeHNY, B
COYEeTaHUU C HEIIPOM3BO/IbHBIMU BbIKPHKAMHU, HATOMUHAIOIIMMU KPUK 0CJ1a, TyOOKUMU BJJOXaMH U BbIJJOXaMH.
BoJsibHast HaxonusIach IpY 9TOM B IIOJIHOM co3HaHuu. 1o nanubiM MPT BeIgBUIIM 06J1aCTh TUIIEPUHTEHCUBHOTO
CUT'HaJsIa [1apacaruTTajJbHO Ha JIEBOM CTOPOHE IBUTATeIbHOTO IIEHTPA, 110 NaHHBIM JJI" — MIPHU3HAKY JIUJIel-
TOTeHHOW aKTUBHOCTH B 00/1aCTH IpUJieskattiero pyomna. ITo pesyssraram cpaBHeHUs ocieaHer 91 manyueHTKI
JI. 1. ¢ 93T ee rOMO3UTrOTHO# CECTpPBI IATOIOTMYeCKOi AKTUBHOCTH HE BHIAABUJIM — 3AITHCH OBLIH CXOMKHL.

O6e nanueHTKY BbIKUIIN HA (pOHE JINTEIbHOTO IPOTUBOBUPYCHOIO JIeYeHUs], UHTEeHCUBHOU TepaIuy,
HalpaBJIeHHOU Ha 3alUTy HEHPOHOB T'OJIOBHOI'O M03ra, 3¢ heKT KOTOPOii ObLII JOKa3aH B JUHAMUKE 110 JaH-
HBIM KJIaCCUY€CKOI'0 ¥ CTaTUCTUYEeCKOro aHanuaa J3I.

[To3gHue ucxoabl y 00c/e10BaHHbIX TAIMEHTOK OBLIN JUaMeTpaIbHO IPOTUBOIIOJIOKHBIMU. [TarimenTka
JI. 1. okoHYMJIa 9-TH JIETHIOIO CPEIHION0 IMIKOJTy C XOPOIINMHE peay/sraTamu. [lanuenTtka M. B. 6bl1a mocre-
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MMeHHO MOOMJIN30BaHa, HECMOTPS Ha KJIMHUYECKIe IPU3HAKH ITOCTIHIe(aTUTHON 9HIIedasonaruu ¢ He-
JOCTAaTOYHBIM OTBETOM Ha HEHPOJIENITUKHY U CEIaTUBHBIE CPeICTBA. [10C/I€e TI0JTyYeHHsT COTVIACH ST POAUTEIEI
ee TiepeBes B 00JIaCTHYIO OOJTBHUILY.

Knrouesvte cnosa: 931 anuedarum; cnekmpanoHbslil AHAAUS MOUHOCIU; Kapmuposanue mosea; HSVI;
HSV2; anyegarum; supyc npocmoz0 2zepneca

Summary

We followed clinical and EEG examinations of two patients with herpes simplex encephalitis (HSE) in acute
condition along with monitoring their early and late outcomes. Patients: M. B., 23-year-old female, who com-
pleted home treatment as a severe organic psycho-syndrome, reliant on nursing care, and L. J., now 16-year-
old female patient, whose HSE in the 3" year of her life went into auto-aggressive Rasmussen encephalitis-
like condition with epileptic status in the form of Epilepsia parcialis continua (EPC).

The EEG signal was statistically processed using «power spectral analysis» with color maps 3D BM showing
the performance of individual frequency bands topographically and the measurement of connectivity in lon-
gitudinal and transversal direction by means of the mean coherencies — indexes of connectivity.

On the 9" year of L. J. life when she overcame varicella with a significant eruption of the skin and high tem-
perature the highly active EEG patterns were attenuated both graphically and clinically with a significant re-
duction in focal epilepsy. The latter was affected by a total thiopentotal anesthesia and bolus corticotherapy,
as well as amantadine sulphate.

This patient exhibited central right lower limb mono-paresis in a selfstanding walk and 4-5 short myoclonic
abduction cramps in arm joints associated with vocalized «hee-haw», deep inspiring and expiring in full con-
sciousness. MRI proved hyperintense area parasagitally on the left side of the centromotor region and EEG
with epileptogenic grapho-elements in adjacent scar. We compared the last sample of the EEG signal to the

EEG patterns of her homozygous sister and found them identical with no pathological graphoelements.
These patients survival was the result of continuing anti-viral treatment, intensive medical and nursing
care aimed to protect neural cells in the brain, the effect of which was longitudinally monitored by classic and

statistical EEG signal analysis.

The late outcome of these patients was diametrically different. L. J. graduated from the 9-year primary
school with good results. M. B. was progressively mobilized, despite the clinical signs of severe alterations of
psychic sphere as a result of postencephalitic encephalopathy with insufficient response to neuroleptics and
sedatives. After parents’ agreement received she was transferred to the regional hospital.

Keywords: EEG, encephalitis, power spectral analysis, brain mapping, HSV1, HSV2, Herpes Simplex En-

cephalitis
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Introduction

Herpes simplex virus of Type 1 labialis causes
meningo-encephalitis, which is usually located in
the fronto-temporal area and is commonly haem-
orrhagic with poor prognosis and comparatively
high lethality [1]. Herpes simplex — Type 2 genital
infection causes aseptic recurrent Mollaret's
meningo-encephalitis with fair prognosis [2]. Clin-
ical characteristics include: headache, fever with
seizures, and disorders of consciousness. Epilepsia
parcialis continua — status epilepticus of focal
motor seizures was usually identified in the 1980s
as subacute / chronic viral encephalitis, caused by
Eastern subtype tick-born arbovirus. Several
viruses including herpes simplex virus-1 (HSV-1)
served as etiological factors inducing non-specific
grapho-elements in the EEG signals acquired from
the area of centro-motor cortex of the contra-lateral
hemisphere [1]. Localization of HSV-1 affected re-
gions occurs in orbito-frontal and allocortical tem-
poral areas and is associated with disorders of smell
and taste, hallucinations, behavioral disorders,
complex partial seizures, dysphasia, hemiparesis,

hemianopsia. CT and MRI render a diagnostic sup-
port exposing haemorrhagic necrosis, confirmed
by cerebrospinal fluid examination. Polymerase
chain reaction (PCR) as a specific genetic proof of
HSV-1 copies represents a helpful ancilliary inestig-
tion. Treatment includes antivirals including acy-
clovir, amantadine sulfate, amantadine chlorate.
Acyclovir is admitted as a basic medication in i.v.
infusion at 10 mg/kg for 1 hour in adults. Without
this treatment, viral load leads to a rapid lethal out-
come in approximately 70% of cases. Survivors suf-
fer from severe neurological and psychiatric disor-
ders [3]. Serological evidence is a slow but specific
ancillary test, and the virological investigation rep-
resents another very slow test. Even with specific
treatment, HSE is fatal in the 1/3 of cases, with se-
vere neurological defects, and more than 50% pa-
tients survive. The survivors recover with mild neu-
rological defects, only a small sample of survivors
(2.5%) retain normal brain functions [4].

Many cases of amnesia originate in HSE [5].
Timely treatment in 48 hours of initial symptoms
improves the chances of better results. Treated pa-
tients rarely have recurrent HSV-1 infection in a few
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weeks or months. There is evidence that aberrant
inflammation induced by HSV-1 may result in gran-
ulomatous inflammation in the brain that is sensi-
tive to glucocorticoids [6]. Although HSV-1 infec-
tion is contagious, HSE itself is not contagious.
Other viruses (HSV-6, varicella zoster virus-VZV,
Epstein-Barr virus — EBV, cytomegalovirus — CMV,
coxsackievirus, and others) can cause similar
symptoms of encephalitis, and it even occurs more
easily. In intensive treatment of HSE we apply strin-
gent neuroprotective principles and treatments [7,
8]. Histopathologic analysis provides specific data
on structural changes in the the brain, but these al-
terations are not critical enough to be considered
as the only criteria enabling differential diagnosis
between HSE and Rasmussen encephalitis [9-14].

One of the helpful screening methods useful for
HSE diagnosis is electroencephalography (EEG).
Brain structures generate EEG signal in intracellular
(microtubules) and extracellular oscilators (electrical
and mediator-controlled synapses) of hemispheric
gray matter. Electroencephalogram is defined as an
alternating type electrical activity that is recorded
from the surface of the scalp and is taped by elec-
trodes coated with conductive medium.

In the EEG analysis we used the Neuron Spec-
trum AM program, where we evaluated the EEG sig-
nal not only visually (classic approach), but also
using power spectral analysis (topographic map-
ping of brain activity, the 3D brain mapping, BM).
We finally use coherence as a conjunctivity index in
color brain maps, where particular bipolar connec-
tions are evaluated by color lines. In the case study
we analyze the EEG signal of two HSE patients as
sporadically occurring inflammatory brain disease.
For quantitative assessment of EEG we have been
using power spectral analysis representing a pow-
erful analytical tool that allows determining the
spectrum or spectral power density of an EEG sig-
nal. The mathematical method extends the diag-
nostic possibilities of the medical doctor and ex-
tends his/her knowledge gained through the visual
evaluation of the registered EEG signal.

Topographic brain mapping (3D BM) that visu-
alises EEG analysis results in spatial «distribution —
raster» of the brain electrical activity. The essence of
3D BM lies in encoding of numerical values of the
signal into color scale by its iterative interpolation as
well as in the areas, where the signal values is not
measured. The distribution of the electrodes on the
head is in the international 10/20 system. The use of
3D BM is of significance for those variables that are
not directly within the analogue waves of the EEG
signal in the viewed time window visible to a naked
eye because they are interferentially hidden in an-
other rhythm [15, 16]. The basal rhythms of the EEG
signal are computed by signal filtration, coherence,
or frequency, and are transformed, in a mysterious
way, into fundamental brain functions — attention,

multimodal coordination, conscious awareness. It is
advertised to support the assumption that the phys-
iological mechanisms responsible for the brain
rhythms play crucial role in facilitatation of some cog-
nitive operations [17]. They are either calculated from
the signal and are not recognizable by the physician
(frequency spectra, relative spectrum) when
analysing the analogue EEG signals, or they are gen-
erated by recalculation of the frequency from the pairs
of electrodes — coherence, that is relevant to the ob-
servation of brain plasticity — regeneration of cere-
bral activity after ischemic stroke, brain bleeding, or
tumor post-surgery and other neurosurgical proce-
dures. Detection of inflammation represents another
important area of 3D BM in EEG application [18].

Clinical Cases

M. B,, a 23-year-old female patient, admitted at the
neurological department of the regional hospital on
26/11/2017 with signs of psychomotor agitation-hyper-
active delirium, amnesia, logorrhoea, nausea, high tem-
perature, and headache. Upon admition, a contrast-as-
sisted CT scan was executed with negative results.
Lumbar puncture revealed possible serous neuro-infec-
tion (protein: 0.7 g / 1, leucocytes 105/76% Ly), CRP below
5,Leu 14.3, FW 8 /16, pro-calcitonin 0.1, toxicology was neg-
ative. Within the therapy: cefotaxim 4g, acyklovir 500 mg,
manitol 20%, tiapridal, alprazolam, diazepam. When she
was admitted to the Clinic of Infectology and Travel Med-
icine of JEMED CU and UHM in Martin, the patient was
soporous, GCS 8 points, non-cooperating, provided
painful exclamation to various sounds, meningeal neck
opposition was not present, ocular bulbs remained in the
middle position, exhibited isocoria, miotic pupils, with
no any other patterns of deficiency of cranial nerves.
Nose and ears exhibited no spout, there was evidence of
aregular heart beats, eupnoea, breathing was clean and
vesicular throughout, no symptoms and signs of sudden
abdominal event, permanent urinary catheterization
showed clear urine, lower limbs were without swelling
and signs of deep venous thrombosis. On admittance, the
body temperature was 37.1°C, blood pressure 120/60,
HR: 86 / min, SpO,: 93%. The attending physician deter-
mined serous encephalitis syndrome on the admission.
Based on this conclusion, empirical parenteral antiin-
flamatory treatment continued, and acyclovir, cefotaxim,
anti-oedema treatment (dexamethasone, mannitol) were
initiated.

MRI brain examination — native and post-contrast
in T2, FLAIR demonstrated hyper-intensive cortical-sub-
cortical bilateral frontal-inferior, temporal-anterior-me-
dial regions, v. s. in herpes encephalitis. After administra-
tion of the contrast agent, the meninges were routed and
enhanced frontal-temporal bilateral. The middle line
structures were not shifted, and infratentorial structures
were without morphologic changes in the brain tissue.

After receiving the patient on INF-ICU, we performed
an electroencephalographic examination (fig. 1) using
power spectral analysis (fig. 2). The records were evaluated
in reference, transversal and longitudinal montages.

In the reference connection (fig. 1):

In some locations, especially in (CZ-C4), there is a
continuous, long —lasting beta activity with a relatively low
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Fig. 1. EEG, M. B., 23-year-old female patient.

Note. a — the REF montage with the bilateral spindle of 6.5 Hz. theta activity and maximum AP in Cz-Pz with dispersion of delta
waves. The grafo-elements are not positioned as continuous, long-lasting rhythms, but as short episodes or delta waves dispersion
without the formation of epilepto-morphic or epilepto-genic complexes. b — the longitudinal connection shows similar grapho-
elements in the EEG signal. ¢ — the transversal connection shows the dispersion of theta and delta waves.

amplitude. In other connections (longitudinal and trans-  of EEG theta rhythm focal point in the right posterior tem-
versal wiring, fig. 1, b, ¢) delta activity (namely in fig. 1, ¢  poral region (fig. 2, a — right)

with high amplitude and frequency of 3.5 Hz is present, and Further, the EEG examination was executed using
there is alow voltage fast activity in this EEG sample(IVFA).  power spectral analysis (figs. 1, 2). The records were evaluated
High performance theta (fig. 1, b), except for the rear tem-  in reference, longitudinal and transversal montages, and the
poral area on the right, indicates for the possible extinction  results of the analysis in the last two montages were identical.

o2

c d

Fig. 2. M. B., 23-year-old female patient, power spectral analysis.

Note. a-left — REF montage. Total performance — power of the delta-rhythm (Closed eyes). High delta performance almost over
the entire neuro-cranium except a small region in posterior temporal right. The color scale below the picture illustrates power. a-
right — power of the theta-rhythm (Closed eyes). Extinction of theta activity backward temporally to the right does illustrate ex-
tinction focus structure. b-left — REF montage. Total performance — power of the alpha-rhythm with a defect in right posterior
temporal region. b-right — performance of gamma rhythm with a wide defect in the right temporal region. c-left — REF montage.
Total performance — power of the beta-LF-rhythm. c-right — performance of the beta — HF-rhythm. Both frequencies indicate
simillar extinction in the right temporal regions. d-left— total power of beta HF rhythm in longitudinal montage. d-right— power
of the gamma rhythm in the transversal montage.
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Table 1. Mean coherence in transversal (interhaemispheric) and longitudinal (anterior-posterior) connections, M. B., 23-year-
old female patient.
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In the reference connection (fig. 1, @) in some localities, es-
pecially in CZ-C4, continuous long — lasting beta activity
with a relatively low amplitude is present. In other connec-
tions (longitudinal and transversal connections fig. 1, b, ¢),
delta activity (fig. 2, a — left) and desynchronized low voltage
fast activity (LVFA) were present in some connections.

Coherences of EEG signal demonstrate connection
between two points covered by two EEG electrodes.
Quantitative EEG signal evaluation is presented in table
1 that demonstrates very praefrontal and centro-motor
connections, whereas retro-rolandic and biparietal ones
are lower in all frequency bands. There is a posterior de-
crease in connectivity of both haemispheres.

As it is seen in table 1, the decreased mean coher-
ence in fronto-polar, parietal, and occipital regions is ev-
ident in any band (line green colour).

As it seen in table 1 interruption of connectivity is
evident in left temporal region and in all vertex montages
(blue colour lines). Light disconnections in praefronto-
centromotor right haemisphere (green colour lines) and
in centro-motor-parietal (right gamma rhythm, green
colour lines) have become evident.

Follow-up of cerebro-spinal fluid (CSF) confirmed
the progression of laboratory signs of neuroinfection. It
is clear from the EEG record that the assumed inflamma-
tion is characterized by disseminated irritation and de-
struction signaling associated with a high-power theta
frequency and the visible disappearance of theta rhythm
in the right posterior temporal area without significant
epileptogenic organization of the specific grafo-elements
typical for HSV-1 encephalitis with no symptomatic
epileptic seizures.
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Fig. 3. EEG, Patient L. J. and the healthy twin.

Note. a— 4 -year-old, 2007, the 1st attack of HSV-1 (HSE): longitudinal montage with EPC status epilepticus (Koshevnikov) on the
right half of the body. b— 9-year-old, epileptic discharges primary in vertex widespreaded bilateral parasaggital predominantly to
left — transversal montage — 04. 11.2013. c— 9-year-old, after acute HSE, which provoked RLE. At the stage of VZV varicell-zoster
infection and with traces of EBV, CMV in cerebrospinal fluid. Transversal montage with distinct focal activity of epileptogenic beta
spikes and sharp theta waves in T3-C3, C4-T4 leadings, over time with Levetiracetam, Timonil-retard, Rivotril, but Phenytoin-free
treatment — 14.06.2013. d — L. J. — 12-year-old, January, 2016, treatment with Phenytoin, Levetiracetam, Timonil retard (Rivotril
omitted) — longitudinal montage. EEG signal free of pathologic morphs. e— L. J. — 14-year-old HSV1-RLE — left and L. J. — 14-
year-old-right, her healthy homozygous sister, 23.01.2018.
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M

a b

c d

Fig. 4.L.], 9-years-old child patient, power spectral analysis, 3D BM of the EEG on the fig. 3 c, 4s lasting sample.

Note. a — alpha-rhythm shows the dominance in the occipito-temporo-parietal region suggesting a lucid aware consciousness
with closed eyes and psycho-relaxation. b— theta-rhythm dominates bilaterally temporally with occipital-raster penetration, sug-
gesting localization of a posible epileptogenic aggregate. ¢ — delta rhythm is delimited to the left small temporal region, but its
power over the predominant part of the neurocranium is low — green colour. d— beta HF covers in 3D BM almost the entire neu-
rocranium, except for the oval occipital defect and the round green defect frontal predominantly right.

The HSV-1 specific PCR assay confirmed the ex-
pectedly high 50,000 copies of HSV-1 DNA. The treatment
of acute HSE including the bolus methyl-prednisone
treatment, continued along with the acyclovir cure.

The patient was conscious at the beginning, but later
became disoriented, without unambiguous sensoric-
motor deficiency, with a marked psychomotor disorder re-
quiring sedation with neuroleptics, physical fixation on the
bed and repeated neurological and psychiatric counselling.
Despite adjusting the supportive treatment, attempts to
initiate any significant improvement failed. Only after 19
days of treatment, a followed-up CSF examination con-
firmed regression of HSV-1 in CSE brain MRI confirmed in-
tensive patterns of remaining inflammatory damage in
frontal-temporal region of both hemispheres, with regres-
sion of oedema. Secondary bleeding in CSE necrosis, and
intra-cranial thrombosis were not confirmed. No HSV-1
DNA was detected on repeated CSF screening.

The patient was progressive mobilized, despite the
clinical signs of severe alterations of psychic sphere as the
result of postencephalitic encephalopathy with insuffi-
cient response to neuroleptics and sedatives. After par-
ents’ agreement received she was transferred to the re-
gional hospital.

The second patient with HSV-1 encephalitis: L.J., 14-
year-old, first admitted at 3 years old. It was a high-temper-
ature disease in which seizures began to develop similarly
to the Epilepsia partialis continua (EPC), with the status
epilepticus and simple partial seizures on the right limbs
(fig. 3, @). The EEG demonstrates epileptogenic and epilep-
tomorphic graphoelements with a predominant specific
focal discharges (left, parasaggital) and progressive paralysis
of the right lower limb (RLL), later right upper limb (RUL),
and finally light paresis of the left lower limb (LLL). This cen-
tral triparesis was initially flaccid, without pathologic re-
flexes, with gradually increasing the spastic muscle tone
and development of pathological reflexes to RUL and RLL
representing Babinski tonic reflex. Foot and toe clonus on
therightleg remained as a residue after EPC, but it gradually
disappeared under continuous treatment with levetirac-
etam [19]. The phasic Babinski reflex was only weakly
marked on LLL. We managed the status epilepticus after 11
days of thiopentotal anesthesia along with methylpred-

nisone. Clinical picture and EEG changes were stabilized
following discontinuation of general anesthesia and corti-
cotherapy, daily epileptic Jackson seizures were gradually
declining to become episodic with a tonic-clonic character.

Evaluation of serum and CSF for paraneoplastic
and autoimmune encephalitis antibodies were negative
as in a similar study of Castellano et al. 2017 [20].

Clinical data confirm the HSV-1 induced sympto-
matic — Rasmussen-like encephalitis (RLE) that was
consisted with the continuation of clinical signs of
epilepsia partialis continua, except that the LLL was also
affected, i. e. one-haemisphere disorder was not fulfilled,
which was typical for the type 2 RLE.

After a 6-year interval, the patient experienced
high-density varicella (60.000 copies of varicella virus
DNA were determined in CSF by PCR). HSV, EBV, CMV
were of low density as determined by PCR in CSE Treat-
ment included Atb, Acyclovir, Levetircetam, Timonil re-
tard, Rivotril (fig. 3, b — transverse montage) and after
omitting Rivotril and adjusting for Phenytoin permanent
epileptic seizures (EPC) ceased and EEG signal had
changed (fig. 3, d, longitudinal montage).

At this time, the mother registered myoclonic
twitches 20-30 times a day with the EEG correlate shown
on EEG (fig. 3, b).

The last important picture of the 3D BM in EEG sig-
nal quantitative evaluation illustrates fig. 4, d for beta-
HF-rhythm.

After omitting Rivotril and phenytoin deployment,
the EEG image changed- normalized (fig. 3, d). EEG
epileptic discharges and clinical myoclonic seizures
completely disappeared for a 3-year interval.

When compared the EEG signal of the patient L.J.,
14-year-old, with the EEG signal of her homozygous sis-
ter L.J., 14-year-old, the twin, it was similar in character
to this signal as we know from our past observation of
EEG single-twins (fig. 3, e).

MRI — T2 weighted axial image illustrates a
structural morphologic changes — parasaggital scars-
the fig. 5, a. MRI -T1 weighted saggital section showed
dysplastic — microgyric structure in the fig. 5, b.

Anterior-posterior and transversal coherences, such
as connectivity indices, are promising quantitative param-
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a

Fig. 5. L.]. 9-year-old child patient, MRI pictures.

Note. a— the MRI—T2 weighted image in axial section depicts the hyperintens signal representing post-inflamatory parasaggital, cen-
tromotor, and retro — rolandic scar structure to the left. b— the MRI— T1 weighted image in sagittal section shows the medial area of
the left haemisphere with dysplastic gyrification in the centromotor and partly also in the post — rolandic region. HSE has gone into an
auto-aggressive form of RLE. Dysplasia of cortical structures is a characteristic associated affection in Rasmussen encephlitis.

eters of the EEG signal. They may show the state of con-
nectivity via preformed pathways, full or partial split brain
interhemispheric disconnection, complete or partial in-
terruption of the anterior-posterior connections (table 2).

Total rating of EEG signal registered in 14.06.2013:
The relatively irregular EEG signal (fig. 3, ¢) is dominated
by a 6-7Hz sharp theta wave focus in T3-C3, C4-T4 con-
nections, where the theta rhythm controls the occipital
and bitemporal areas in the 3D BM raster image (fig. 4,
b). In short periods, this activity changes into sharp theta
waves with a frequency of 6-7 Hz, AP 60 microvolts
within a time window of 4 seconds. Spindle beta (fig. 3,
¢) appeared in T3-C3. 3D BM alpha activity (fig. 4, a) sug-
gests a lucid consciousness. The relatively irregular EEG
signal (fig. 3, ¢) is dominated by a 6-7Hz sharp theta wave
focus in T3-C3, C4-T4 connections, whereas the 3D BM
raster image demonstrates that the theta rhythm controls
bitemporal and the occipital areas (fig. 4, b). The Delta
rhythm has a high power in a small area at the rear left
with low power in the rest of the neurocranium (fig. 4, o).
In table 2, the blue colour lines show disconnecions and
green colour lines demonstrate decreased connections
in transversal and longitudinal montages.

Conclusion of EEG and clinical examination
(14.06.2018): There is a permanent temporal focus of
theta rhythm on the left T3—-C3, and on the mirror C4-T4
montage in transversal montage. The epileptomorphic
oscillations of theta 6-7 Hz and beta HF spikes in the
centro-temporal region on the left persist (fig. 3, ¢). In
3D BM — raster picture theta waves spread across
bitemporal and occipital region (fig. 4, b) meanwhile
beta-HF oscillation spread across almost total neurocra-
nium (fig. 4, d). Epileptomorphic activity around the
MRI of proven postencephalitic scar in MRI-T2 weighted
pictures and dysplasia of the left paramedial centromo-
tor and retrorolandic landscape in MRI-T1 were mani-
fested daily by clinically short myoclonic convulsions
consisting of upper limbs abduction, associated with vo-
calized «hee-haw», deep inspiring and expiring at full

consciousness (fig. 3, b). Very short myoclonia occurs 4-5
times a day. ANCA auto-antibodies are non-constantly
positive in the blood of family members. Therefore, the
anti-epileptic therapeutic formula including Levetirac-
etam 250-0-250 mg, Timonil retard 150-0-150 mg, and
Phenytoin 3X100 mg has been found successful treat-
ment option for the described case.

Discussion

The course and long-term development of HSE
in the two patients, adult M. B., 23-year-old and (now)
16-year-old L. J., are characterized by living with dif-
ferent consequences [1]. We attribute this to a consis-
tent intensive care for all the circumstances of aggres-
sive HSV encephalitis, including the EPC status
epilepticus (Kozhevnikov’) of patient L. ]., who is cur-
rently 16 years old. Her post-HSE development fo-
cused mainly on the paracentral region of the left
hemisphere (fig. 5, a) with scar, dysplastic gyrification,
and active focal synchronic epileptic and myoclonic
bursts, presumably due to auto-aggressive glial cell le-
sion, as evidenced by fig. 5, b, and possibly related to
familial psoriatic autoimmune burden. The probable
underlying auto-aggressive nature of inflammation is
likely to activate astroglia, namely varicocytes, and
help to form an epileptogenic aggregate, as shown by
Castellano et al. 2017 [20]. In physiological circum-
stances, varicocytes assemble functional modules for
cognition, especially for complicated multi-modal
memory tracks. Under the pathologic conditions, as-
trocytic assemblance may construct an epileptogenic
aggregate. In the first case this circumstance did not
apply, MRI native and post-contrast in T2, FLAIR
demonstrated hyperintens cortico-subcortical bilateral
fronto-inferomedial, temporo-anteromedial regions, in
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Table 2. Mean coherence in transversal (interhaemispheric) and longitudinal (anterior-posterior) connections, patient L. J.,

9-year-old child.
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clinical assumption — v.s. HSE of origin in negative au-
toaggressive familial history. HSE mechanism caused
an increased signal that was enhanced after contrast,
and, therefore, probably no epileptic seizures have been
observed so far because HSV-1 does not attack as-
troglia-varicocytes, while autoimmune mechanisms
may impact alterations of these cells in the latter case
with auto-immune familial history.

MRI findings, specifically unihemispheric
focal cortical atrophy, with or without T2 signal
changes and caudate head hyperintensity or atro-
phy, represent the second diagnostic criterion [21].
Variability of MRI findings, even rarely including bi-

lateral changes, in both pediatric and adult popu-
lations, appears to be the rule rather than the ex-
ception [20]. Dual pathology, which includes corti-
cal dysplasia and RE, is a well documented
phenomenon [22-29]. Based on this multiplicity of
MRI findings, we conclude that coexistent cortical
dysplasia should not distract from a diagnosis of RE
and advanced imaging analyzes should be per-
formed when a diagnosis of RE is suspected [20].

EEG observations, specifically unihemi-
spheric slowing with or without epileptiform activ-
ity and unilateral seizure onset, represent the third
diagnostic criterion ([20].
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In described case with bilateral occurrence of
epileptomorphic graphoelements and unilateral oc-
currence of epileptic convulsions during EPC (pa-
tient L.J., 16-years-old), the epileptic play begins as
epileptic status — EPC (Kozhevnikov’). After
thiopental anesthesia, methylprednisone bolus, and
amantadine sulphate treatment, the permanent
epilleptic activity is converted into episodic my-
oclonic activity (30-40 convulsions per day), with bi-
lateral-synchronic spikes in vertex electrodes dis-
persed to the left-right centromotor and parietal
electrodes of discharge episode of 1-1.5 seconds du-
ration. Then, the interictal EEG signal is normalized
after adding Phenytoin to Levetiracetam, Timonil-
retard, omitting rivotril and amantadine sulphate,
and EEG signal becomes similar to the one of the
healthy monozygotic twin. Later, however, despite
the effective antiepileptic treatment, clinically short
myoclonic seizures start that associate with vocal-
ized «<wheezingy, inhaling and exhaling in full con-
sciousness. Such myoclonia occurs 4-5 times a day.

Adult M. B, 23-year-old had no such
graphoelements and, therefore we do not assume an
auto-aggressive substrate induced by HSV-1 as a
powerful mechanism activating microglia and as-
troglia — varicocytes. In this case, the pure cyto-
pathic effect induced by HSV-1 probably destroyed
by the activation of apoptosis with possible epilep-
togenic aggregate, and, therefore, the epileptic syn-
drome did not develop. Histopathological examina-
tion of biopsy material from the RE site is
theoretically possible, but the procedure seems to be
impractical due to its invasive and traumatic char-
acter. Histopathologic inclusion criteria may contain
T-cell dominant encephalitis with activated mi-
croglia, and exclusion criteria presumably include
the presence of numerous parenchymal
macrophages, B cells, plasma cells, or viral inclusion
bodies [20]. Much like the MRI and EEG observa-
tions, the histopathology of RE appears more com-
plex than the diagnostic criterion definition. Again,
findings may be bilateral, and multiple pathologies,
namely cortical dysplasia, may co-exist with RE.
Given these observations, some authors suggest that
concomitant pathology not distract from a diagnosis
of RE [20, 13, 14]. Furthermore, given the multifocal
nature of RE pathology and potential absence of
pathology in mild disease or during prodromal pe-
riods, some authors would not encourage the use of
focal cortical biopsy to aid in RE diagnosis [9, 10, 20,
11, 12]. We have also followed this principle, and cur-
rently we do not recommend focal brain biopsy.

As treatment options, we used antiepileptics
in triple combination, corticoid bolus, thiopental
anesthesia. We plan epileptosurgical consultation
and immunomodulation (natalizumab?) in the
case of RE. Interestingly, 2X250 mg levetiracetam
resulted in gradual diminishing the right foot
clones, although according to our long experience

in other etiological affections of the CNS, such in-
tense hyper-reflexive phenomenon is successfully
managed only with high doses of baclofen. There-
fore, we should apply intrathecal baclofen admin-
istration with the aid of permanent pump.

We followed published data [30] on quick at-
tenuation of the foot clone by bolus levetiracetam
at a dose of 2.000 mg i. v. in RE patients. In the sec-
ond case (patient M. B., 23-year-old, with HSE
symptoms), treatment that included neuroleptics
at maximum sedative doses provided not satisfac-
tory results in the form of severe organic psycho-
syndrome, however, with no neurological focal
motor or sensory deficiencies.

Conclusion

Two patients diagnosed with HSE encephalitis
demonstrated two different patterns. One case
(M.B,, 23 years of age) was acutely developed HSE
associated with infero-fronto-temporo-medial de-
struction without epileptogenic aggregate. After 3
months of intensive treatment at UHM in Martin,
this condition was matured toward severe organic
psychosyndrome without motor or sensory neuro-
logic deficiencies. Psychomotor restlessness of the
patient required neuroleptic sedation and physical
immobilization. The EEG image consisted of the
dispersed occurrence of theta and delta graphoele-
ments not organized in epileptogenic complexes
specific for seizures. EEG alterations represented
non-specific disorder of the oscillators in the tem-
poro-medial portion of the Sommer segment that
included hippocampus, amygdalum, and orbito-
frontal cortex as substrates of organic psychosyn-
drome. Absence of specific epileptogenic patterns
on EEG demonstrated low risk of epileptic seizures
in the first patient.

In the second case (L.J., 16-year-old girl), the
acute HSE began as a status epilepticus in the form
of EPC-Kozhevnikov’ on the right limbs and left
lower limb followed by central triparesis, with
Babinski tonic reflex and a foot clone on the RLL.
Thiopental anesthesia, bolus corticosteroids, aman-
tadine sulphate 3xX200 mg stopped the status
epilepticus and led to the formation of generalized
clonic convulsions lasting 1-2 seconds at a brief fre-
quency as bilateral synchronic episodes of EEG
bursts. Such clinical convulsions repeated for 30-40
times daily. Presumably autoagressive in nature, the
Rasmussen-like encephalitis in patient possesed
fluctuating course of seizures. Following the admin-
istration of Phenytoin 3X100mg to the Levetirac-
etam, Timonil-retard and omiting Rivotril together
both clinical and EEG seizure activities disappeared.
They re-appeared recently as brief myoclonic
seizures of the upper limbs in the form of abduction
convulsions with a frequency of 3—4 times per day.
The latter patterns associated with vocalized «hee-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2020, 16; 2



DOI:10.15360/1813-9779-2020-2-41-51

Knunudyeckue uccjaeqoBaHud U IIPpaKTUKaA

haw», deep inspiration and expiration at full con-
sciousness. This patient attended a 9-year primary
school with good results and her last EEG patterns
were similar to the EEG patterns of L. J. 16 level of a
homozygous twin. Psychological evaluation, how-
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Pe3rome

Ilens uccaenoBanusa: OIeHUTh BOCTPEOOBAHHOCTh MAaCCOBOI'0O OTKPBITOTO OHJIAMH Kypca 110 6a30BOM
cepaeuHo-JjierouHoil peanumanuu (CJIP) u apdexThl 06yueHus 10 COUAIbHO-AeMorpadruieckoMy po-
dutio ayguropun.

MarepuaJsbl 4 MeToAbl. [IpoaHanna3npoBaJy CBeleHNs, I0Jy4eHHble [IPU OIIpoce ciayliaTesiel OH-
JlaifH kypca «[IlepBasi noMoIIb IpU OCTaHOBKe cepalia (badoBasi peaHuMaIys)» B TedeHUe OJHOT0 roja
(07.2018-07.2019), BryIOYasa geMorpaduieckue faHHble, UCXOAHBIN U 3aKJIIOUUTEIbHbIN yPOBEHb 3HA-
Huii o CJIP ¥ ypoBeHb TOTOBHOCTH K IPOBEJAE€HUIO PeaHuMallui He3HAaKOMOMY 4YeJsioBeKYy. [l caMo-
OIleHKU 3HAHUU U TOTOBHOCTHU K OKa3aHUI0 IIOMOIIY NCI0Jb30BaNH 5-0aabHyI0 mkaiy Lickert.

Pe3yipraThl. B aHAM3 BKJIIOYNIN TaHHBIE 11924 YesioBeK, U3 KOTOPBIX 3445 (29%) mpoiiu obyyeHue
MOJIHOCTBIO. 80% cJrymiaresieli mposkuBaioT B Poccun. CpeHUIl BO3pacT ciyliaTesei, OKOHYUBIINX KYPC,
cocraBumJI 25,7 rona, 45% U3 HUX — MYKYUHEI, 42% oby4asauck CJIP B mporioM, 12% UMeIoT MeTUIIMHCKOe
obpasoBaHme. B peayssrare 00yuyeHUs1 OTMETUIN 3HAUHUTEIbHOE (p<0,001) yBesIrueHre TOTOBHOCTH K OKa-
3aHuI0 omoIru (ot 3,26 1o 4,16 6a1a) 1 yBepeHHOCTH B COOCTBEHHBIX 3HAHUSX (0T 2,24 1o 3,98 6asia).
HoJis caymiaresieil, BoIpa3uBIINX BEICOKUM YPOBEHb FOTOBHOCTH K IpoBefenuio CJIP (4-5 6asioB), BO3-
pocJia ot 44 1o 81% (p<0,001). 3HAUMTEIBHO Yallle IPOXOUJIN IIOJIHBIN KypC ciyliaTesy, ooydasiinecs: CJIP
B npo1ioM (p<0,001), ncxonHO coobmuBIIME OOBIIYIO TOTOBHOCTh K OKadaHUIo nomouu (p=0,003) uau
66up1IN# ypoBeHb 3HaHUH 1o CJIP (p<0,001). Cirymraresiu, paHee 0Oy4aBIITuecsl peaHNUMalH, XapaKTepu-
30BaJIMCh O60Jiee BBICOKMM yPOBHEM 3HAHUMH, 00JIbIIIell yBEPEHHOCTBIO B COOCTBEHHBIX 3HAHUAX U O0JIbIIIEN
TOTOBHOCTHIO K mpoBenenuto CJIP (p<0,001). [IpubausuresbHo 14% ciyiiaresieii, COOOIIMBIITNX O HATHYUI
MeJUIIMHCKOT0 00pa3oBaHusl, Ipeskie He 00yJa nuch peaHuMaluu.

3akroueHne. MaccoBBIi OTKPBITHIM OHJIAMH KypcC CIIOCOOCTBYeT nomy/sipudanuu 3Hanuil no CJIP u
CJTY>KUT 9(p(PeKTUBHBIM CPELCTBOM /1J151 IOBBIIIIEHNsI TOTOBHOCTH JIIOZel K OKa3aHUIO IOMOIIY IIPX OCTa-
HOBKe ceppna. [Ipenmectsyioiiee o6yuenue CJIP siBisieTcss hakTOpoOM, MOTUBUPYIOIIUM K IIPOJOIPKEHUIO
00yueHus peaHUMAIUU.

Kntouesvle croea: cepleuro-ne204Has peaHumMayusl; OHAAUH Kypc; Hacellerue; nepeas noMoub; ocma-
Ho8Ka cepoua

Summary

Aim. To study the demand for the massive open online course on basic cardiopulmonary resuscitation
(CPR), and to evaluate effects of the training based on the socio-demographic profile of the audience.

Material and methods. The data obtained from a survey conducted on participants of the online course
«First Aid in Cardiac Arrest (Basic Resuscitation)» during a one-year period (07.2018-07.2019) were analyzed,
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including demographic data, initial and final levels of knowledge on CPR, and willingness to resuscitate a
stranger. The 5-point Lickert scale was used for self-assessment of knowledge and willingness to attempt CPR.

Results. The analysis includes data collected from 11,924 people, out of which 3,445 (29%) have completed
the training. Eighty percent of participants live in the Russian Federation. The mean age of trainees, who com-
pleted the course, was 25.7 years, 45% of them were males, 42% had learnt CPR previously, 12% had medical
education. As a result of the training, a significant increase (P<0.001) in the willingness to attempt CPR (from
3.26 to 4.16 points) and an increase in self-perceived CPR knowledge (from 2.24 to 3.98 points) were registered.
The percentage of trainees who expressed a high level of willingness to perform CPR (4-5 points) increased
from 44% to 81% (P<0.001). The course was more likely to be completed by those trainees who had previous
training in CPR (p<0.001), who initially demonstrated higher willingness to provide CPR (P=0.003) or a higher
level of knowledge in CPR (P<0.001). Trainees who had previous CPR training showed a much higher level of
knowledge, higher self-confidence and a higher level of readiness to provide CPR (P<0.001). Approximately

14% of trainees with medical education reported having no previous training in CPR.

Conclusions. The massive open online course promotes knowledge of CPR and serves as an important tool
for increasing the willingness of lay people to provide first aid in case of cardiac arrest. Previous CPR training
is a motivating factor to continue education in resuscitation.

Keywords: cardiopulmonary resuscitation; online course; population; first aid; cardiac arrest

DOI:10.15360/1813-9779-2020-2-52-63

BBenenue

BrinmosiHeHMEe 0a30BOU ceplieYHO-IerOYHON
peauumaruu (CJIP) cBuaeTeassMu OCTAaHOBKU
cepiia obecrieunBaeT MoJiepkaHne KU3HECTIO-
COOHOCTH OpraHu3Ma JIo MPUOBITHS METUITMHCKON
TIOMOIIT! U SIBJISIETCSI KJIIOUEBBIM (paKTOPOM, oripe-
NeJIAIIIUM IIIAaHChl HA cHaceHue >Ku3Hu [1-3].
OHaKO OYEBUAIIBI BHETOCIIMTAJIbHON OCTAHOBKH
cepamna (BIOC) B nesioM pegko MpeanpuHUMAIOT
MOTIBITKM peaHuMaIii, 4YTO CBsI3aHO, MOpeKIe
BCero, C HeXBaTKOU 3HaHuil 1 HaBLIKOB CJIP [4-6].

ddderruBHOE 00yueHME 6azoBoii CJIP cro-
COOCTBYET yBeJIMUEHUIO YKCJIA JIIoJel, TOTOBBIX K
OKa3aHUIO MOMOIIH [7], ¥ B HACTOsIIlee BpeMsi pac-
cMaTrpuBaeTcs Kak (pyHIaMeHTaIbHasi COCTABJISIIO-
1ast MeKIYHAPOAHON CcTpareruy, HalpaBJIeHHON
Ha NoBbIlIIeHne BbixkuBaemoctu npu BI'OC [8].

B Poccuiickoii ®enepamnuu cymiecTByloliue
BO3MOKHOCTU 00ydeHUsI HaceJeHUs IepBOU
nmomotny, Bkioudas CJIP, orpanmuensr [9-11].
Kypcsl o0yuenus 6asoBoii CJIP MajiounCIeHHbl,
reorpaduvyeckd JHUMUTUPOBAHBI, XapaKTepH-
3yIOTCS 3HAUUTEJbHOU OpraHU3alMOHHON U
METOINYECKON HEOMHOPOTHOCTHIO U B OOJIBIITUH-
CTBe CJIy4yaeB IJIaTHEI [12].

CornacHO [eHCTBYIOIINM peKOMEHIAIUsIM
EBporieiickoro coBeta no peanumanuu [13], ais
yBeJINUeHUs NoCcTynmHocTH 00y4yenus CJIP nese-
coo0pa3Ho MCHO0Jb30BaTh METOIMKY MpenoiaBa-
HWs1, aJIBTepHATUBHbBIE TPAAUIIMOHHON OYHOU MO~
FOTOBKE, BKJOYasi COBpeMeHHble (OPMBI
MUCTAaHIIMOHHOTO OOy4YeHUsi B 3JEKTPOHHOU
cpegie. Onnaiia kypcel 1o CJIP He 3aMeHSIIOT Tpak-
THUYECKYIO IIOATOTOBKY C IPUMEHEHUEeM CUMYJIA-
LIMOHHBIX TeXHOJIOTUH [14], HO MOTYT UCHOJIB30-
BaTbCs JJs  CaMOCTOSITEJILHOIO OCBOEHUS
TEOPETUYECKOT0 MaTepuraJia, HOBBIIIAsl aBTOHOM-
HOCTb ¥ yI00CTBO IOATOTOBKY, a TAKKE COKpaIlast
MPOJIO/IPKUTETHHOCTD U (PUHAHCOBBIE 3aTPaThl HA

aynutopHoe obyuenre CJIP, 4To B 11€JIOM JIOJIPKHO

Introduction

Provision of the basic cardiopulmonary resus-
citation (CPR) by a witness of cardiac arrest helps
to maintain life until the arrival of medical care, and
it acts as a key factor determining the probability of
saving the victim’s life [1-3]. However, witnesses of
out-of-hospital cardiac arrest (OHCA) attempt re-
suscitation infrequently, primarily due to the lack
of adequate knowledge and skills of CPR [4-6].

Effective training in basic CPR contributes to
an increase in the number of people who are willing
to help [7], and is seen as a fundamental compo-
nent of international strategy for improving sur-
vival in OHCA [8].

In the Russian Federation, the opportunities
for training of the population in first aid, including
CPR, are limited [9-11]. Basic CPR training courses
are few, geographically limited, characterized by
significant organizational and methodical hetero-
geneity, and, in most cases, paid [12].

According to the current guidelines of the Eu-
ropean Resuscitation Council [13], in order to in-
crease the accessibility of CPR training, it is advisable
to use teaching methods alternative to traditional
full-time training, including modern forms of dis-
tance learning. Online courses are not to be consid-
ered as a full substitute for a practical simulation
training [14], but can be used for independent mas-
tering of theory, which increases self-reliance and
convenience of training, and also reduces the dura-
tion and cost of the classroom training in CPR. This,
in general, should help to improve the coverage of
the population in training [15].

An important area of research in the CPR ed-
ucation is investigation of audience characteristics
and efficacy of different educational techniques, in-
cluding the level of knowledge and motivation of
trainees to provide resuscitation [13, 16].

The purpose of the study was to investigate
the demand for the massive open online course on
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CII0COOCTBOBATH YBEJTMYEHHIO OXBATA ITOITYJISIIIAN
obyuenmuem [15].

Ba’kHBIM HampaBJIeHHEM HAyYHO-HCCJIENI0-
BaTeJIbCKUX pa3paboTok B obJsactu oOyuyeHUs
CJIP siBnisieTcs N3yYeHNMeE XapaKTePUCTUK ayIUTO-
puHU U TefCTBEHHOCTU Pa3IMIHBIX METOIUK IO/ -
TOTOBKH, BKJIIOYAasl OIEHKY YPOBHS 3HAHUHU U
MOTHBHUPOBAHHOCTH 00YYAIOIINXCS K OKAa3aHUIO
nomoiu [13, 16].

[Tesb wicc/ienoBaHUsI — OIEHUTH BOCTpebo-
BAHHOCTHb MAaCCOBOTO OTKPBITOTO OHJIAH Kypca
mo 6a30BOU CepIevYHO-JIETOYHON peaHuMaIrun
(CJIP) u apperThI 06yIEHHS IO COIUATHHO-IEMO-
rpaguaeckoMy TpodUIII0 ayTUTOPHUH.

MarepuaJ 1 MeTObI

BBITIO/THUIN PETPOCTIEKTUBHBIN aHAIN3 TaHHBIX,
TIpPeOCTaBJIEHHBIX ayIUTOPUEN MaCCOBOTO OTKPBITOTO
OHJIAlH Kypca «[lepBasi TOMOIIb TPY OCTaHOBKE Cep/ia
(6ba3oBast peanumarysi)» [17]. Ileproj, oOXBa4eHHBIN HC-
cJiefJOBaHMEeM — OJIUH TOJ TIOCJIE OTKPBITHS Kypca, C
18.07.2018 mo 17.07.2019.

Kypc paspaborad KpbIMCKUM CUMYJIAITMOHHBIM
IIEHTPOM 9KCTPEHHON METUIIMHBI C ITOMOIIHIO KOHCTPYK-
TOpa oHJIaiH KypcoB Stepik u pa3merieH Ha OqHOMMEH-
HOI 00pa3oBare/IbHON MIaTdopme. Marepraibl Kypca
BRJIIOYAIOT MUHH-JIEKIIUA B TEKCTOBOM (opmare, pu-
cyHKH, pororpadun, BUIe0 U TECTOBBIE 3a1aHus. Cpe-
Hee BpeMsl IPOXOyKIeHus1 Kypca — 1 yac. PeasinsoBaHa
BO3MOKHOCTb B3aMOJIECTBUS CJTyIIIaTeJIeH C IIpernofa-
BareJsieM Kypca B (popMaTe TEKCTOBBIX KOMMEHTAapHUEB.
ConepskaHue Kypca COOTBETCTBYeT I1I0JI0KEHUSIM Jleli-
CTBYIOIIMX peKoMeHaanuii EBpormeickoro coBera mo
peanuManuu [1]. Ilepen OTKpbITHEM KypC IPOIIE UCIIBI-
TaHWE B TPYIIIe TOOPOBOJIBIEB, @ TAKIKE ITOJTYIUJI ITOJI0-
SKUTEJIbHYIO OIIEHKY JIBYX HE3aBUCHUMbBIX PEIIEH3€HTOB.

B paMkax Kypca ciylaTesiy oTBedasiy Ha psJ BO-
pocoB Jis1 cbopa jgeMorpagudecKux JTaHHBIX (ITOJI,
BO3pPACT, CTpaHa IIPOKMUBAHUSA), OIEHKH IIPEIIIECTBYIO-
mero odbyuenust CJIP (oO6ydasicsi/He 0O0ydasicsy) U HaJIU-
9uUs1 PO eCcCuOHATLHOTO METUIIMTHCKOTO 00pa3oBaHUs
(ecTb/HeT). 1181 UCXOAHOM 00 EKTUBHOM OIEHKU 3Ha-
HUU MCIIOJIb30BaJIH JBA 3aKPBITHIX TECTA OTHOCUTEJIHHO
pacrioJiosKeHus JIaJoHeH 11 HalaBJAMBAaHUU HA TPy -
HYIO KJIETKY U YaCTOThI KOMIIPECCUU I'PYAHON KJIEeTKH,
BKJIIOYasi BADUAHT OTBETA «HE 3HAI0». VICXOIHO U TToCJTe
OCBOEHUsI MaTepuaJIoB Kypca CJlyliaTesisaM IIpejJjara-
JIOCh 0 TATHOAIBHON miKase Lickert [18] omeHUTH
cob6ctBenHble 3HaHUA 110 CJIP (0T 1 — «HUYEero He 3HAIO»
JI0 5 — «04€eHb XOpOIIINe 3HAHWI») U BBITIOJIHUTH CaMO-
OIIEHKY TOTOBHOCTH K MPOBEJIEHUIO0 peaHuMalluy He-
3HAKOMOMY Y€eJIOBEKY (0T 1 — «TO4YHO He Oymy mpoBoO-
JIATH pPeaHUMAaIIo» 10 5 — «abCOJIIOTHO TOYHO OyIy
MPOBOJIUTH PEAHUMAIIHION).

OTBeTHI ciyliaTesiell Ha BOIIPOCHI U CBEIEHUS O
mporpecce B MPOXOKJEHUN Kypca aBTOMaTUYECKHU pe-
TUCTPUPOBAJINICH CUCTEMOH 0Opas3oBaTebHOH IJIaT-
¢ opMBI 1 OBLTU JOCTYITHBI AIMIUHUCTPATOPY Kypca JJIst
coxpaHeHus B (aitne popmara MS Excel (Microsoft Cor-
poration, CIITA) nj1s mocaeayIomnero aHaanaa.

CraTucTHuecKuii aHaaua. [Jis1 mpecTaBiIeHust
PEe3YJIBTaTOB MCII0JIb30BAJIM METO/IbI O CATEIHHOM CTa-
TUCTUKH, JIJI1 CTATUCTUYECKOTI0 CPAaBHEHH I KAYeCTBEH-

basic cardiopulmonary resuscitation (CPR), and to
evaluate effects of the theoretical training based on
the socio-demographic profile of the audience.

Materials and Methods

The data provided by the trainees of the massive
open online course «First Aid in Cardiac Arrest (Basic Re-
suscitation)» [17] were analyzed retrospectively. The pe-
riod of time covered by the study was one year from
launching the course (from 18.07.2018 to 17.07.2019).

The course was developed by the Crimean Simula-
tion Center for Emergency Medicine, supported by Stepik
online course constructor and launched on the same ed-
ucational platform (stepik.org). The course includes
mini-lectures in text format, pictures, photographs,
videos and multiple choice questions. The average time
required for completion of the course was one hour. The
trainees could interact with the course instructor in the
text chat format in the comments section. The content of
the course complies with the current guidelines of the
European Resuscitation Council [1]. Prior to being
launched, the course was tested in a group of volunteers
and received a positive response from two independent
reviewers.

During the course, the trainees answered a number
of questions concerning demographic data (age, gender,
country of residence), previous CPR training (trained/not
trained) and professional medical education of the
trainees (yes/no). Two closed-type multiple-choice ques-
tions were used for the initial objective assessment of
knowledge. They were related to the positioning of palms
on the chest for compressions and the rate of chest com-
pressions, including the option «I don’t know». Before
and after the course, the trainees were asked to grade
their level of knowledge in CPR (from «1 — I don't know
anything» to «5 — Excellent knowledge») and to complete
self-assessment of readiness to resuscitate a stranger
(from «1 — Definitely no» to «5 — Definitely I will») on a
five-point Lickert scale [18].

The trainees’ answers to questions and evidence of
progress in completing the course were automatically
recorded by the educational platform and were available to
the course administrator for storing them in MS Excel for-
mat file (Microsoft Corporation, USA) for further analysis.

Statistical analysis. Descriptive statistics was used
for data presentation, qualitative variables of independ-
ent samples were compared using the chi-square test, or-
dinal variables of two dependent samples were tested by
the Wilcoxon signed rank test, for comparison of binary
variables of two dependent samples McNemar's test was
employed, and the quantitative variables were assessed
by the Mann Whitney U-test. The data distribution type
was checked by the Kolmogorov-Smirnov test. The phi
coefficient (¢) or Cramér’s Vwas used to measure the de-
gree of association. Differences were considered statisti-
cally significant at P<0.05. The statistical analysis was
performed using the IBM SPSS Statistics 23.0 software
package (IBM Corporation, USA).

Results and Discussion

Following the exclusion of data corresponding
to duplicate profiles of trainees (n=11), profiles of
administrators and the course instructor (n=3), the
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Tabsmna 1. PactipeiesieHue ciymiaTesieil Kypca B 3aBHCUMOCTH OT CTPaHbI IOCTOSTHHOTO NIPe0bIBaHHUA.
Table 1. Distribution of the course trainees according to the country of permanent residence.

No. Country n %o No. Country n %o

1 Russia 4233 80.3 22 Finland 4 0.1
2 Ukraine 435 8.3 23 Georgia 3 0.1
3 Kazakhstan 222 4.2 24 South Korea 3 0.1
4 Belarus 174 3.3 25 Argentina 2 <0.1
5 Kyrgyzstan 31 0.6 26 Jordan 2 <0.1
6 Uzbekistan 26 0.5 27 China 2 <0.1
7 Moldavia 17 0.3 28 USA 2 <0.1
8 Azerbaijan 12 0.2 29 Thailand 2 <0.1
9 Germany 10 0.2 30 Montenegro 2 <0.1
10 Estonia 10 0.2 31 Czech Republic 2 <0.1
11 Turkmenistan 9 0.2 32 Switzerland 2 <0.1
12 Lithuania 8 0.2 33 Australia 1 <0.1
13 Poland 8 0.2 34 Andorra 1 <0.1
14 Israel 7 0.1 35 Belgium 1 <0.1
15 Latvia 6 0.1 36 India 1 <0.1
16 Tajikistan 6 0.1 37 Portugal 1 <0.1
17 Armenia 4 0.1 38 Slovakia 1 <0.1
18 Italy 4 0.1 39 Uganda 1 <0.1
19 Spain 4 0.1 40 France 1 <0.1
20 United Kingdom 4 0.1 41 Chile 1 <0.1
21 Turkey 4 0.1 42 Sri Lanka 1 <0.1
Total trainees reporting country of permanent residence 5,270

ITIpumeuanue. Country — crpaHa; total trainees reporting country of permanent residence — Bcero cJiymiaresieit, COOOIUBIIIIX

CTpaHy NIOCTOSAHHOTO Hpe6bIBaHI/IH.

HBIX [lepeMeHHbIX He3aBUCHUMbIX BEBIDOPOK — KpUTepuit
xu-kBagpar (chi-square test), 1j1s1 cpaBHEHUS TOPSIKO-
BBIX IIepeMEHHBIX JJBYX 3aBUCUMBIX BBIODOPOK — KpuUTe-
puit YunkokcoHa (Wilcoxon signed rank test), mis
CpaBHEHM: IUXOTOMUYECKUX IIepEMEHHBIX JBYX 3aBUCH-
MBIX BIOOPOK — KpuTepuit Mak-Hemapa (McNemar's
test), AJ1s1 CpaBHEHUA KOJIMYECTBEHHBIX IEPEMEHHbBIX —
U-kpurepuii Manu-YutHu (Mann-Whitney U-test).
IIpoBepKy Ha Ha/JIM4YKhe HOPMAJIBHOTO pacIpeae/IeHUs
OCYIIECTBJIAJIN C IOMOIbI0 KpuTepusa Kosmoroposa-—
Cmupsosa (Kolmogorov-Smirnov test). [Ij1 oTpaskeHust
TECHOTHI CBSI3W MCIIOJIb30BaN KO3 duiueHT dpu (¢)
nnu V Kpamepa (Cramér’s V). Pazmuunsi cauTaiu craru-
CTUYECKH 3HAaYMMbIMU IIpY 3HaYeHunu p<0,05. Crarucru-
4yeCKUU aHasI13 IIPOBOIUIIM C [IOMOLIBIO IPOTPAMMHOI0
nmaketa IBM SPSS Statistics 23.0 (IBM Corporation, CIIIA).

Pe3ysbTaThl ¥ 00Cy:KAEHIE

[Tocsie nck/IO4eHus1 JaHHBIX, COOTBETCTBYIO-
MUX OyOJIMKATHBIM HOPOGUIAM CjyliaTesen
(n=11), npodujIsAM AIMUHUCTPATOPOB U IIPeIo/ia-
BaTeJis1 Kypca (1=3), B 3aKJIIOUUTEJILHBIN aHAIN3
BRJIFOUWJIY JaHHbIe 11924 yesoBek. [eorpaduye-
CKOe paclipeesjieHue ayIuTOPpUH Kypca IpeacTa-
BUJIX B Ta0JI. 1.

[TosHOCTRIO NTpotLIN 0OyueHue 3445 (28,9%)
yesjoBeK. CpeqHUI BO3paCT chyIiaTesiell, 3aBep-
LIIMBIINX KYPC, COCTaBUJI 25,7 roja (CTaHzapTHOe
otkaoHenue (CO) = 9,5, Meguana — 23, MeKKBap-
TUJAbHBIN auamna3on (MKJI) — 11), He OKOHYMB-
mux ooyuenne — 24,8 rona (CO = 9,7, mennana —
22, MKR]] — 11), noJis i MysKCKOro 1nosia — 45%
1 41% COOTBETCTBEHHO.

B Tabus. 2 mnokasanum pacnpejgeseHde U
CpaBHeHUe TaHHbIX CJIyIIaTeseil, 3aBePIIUBIITNX
Y He 3aBepUINBIINX OOyUeHUe.

data of 11,924 people were included in the final
analysis. The geographical distribution of the
course audience is presented in Table 1.

A total of 3,445 (28.9%) trainees completed the
course. The mean age of trainees completing the
course was 25.7 years (standard deviation (SD) 9.5,
median 23, interquartile range (IQR) 11), non-com-
pleting — 24.8 years (SD 9.7, median 22, IQR 11),
the proportion of males — 45% and 41%, respec-
tively.

Table 2 shows the distribution and compari-
son of data from trainees who did and did not com-
plete the training.

Figure 1 shows the quantitative distribution of
trainees who completed the online course, were
previously trained in CPR, initially had a high level
of willingness to provide CPR, a low level of knowl-
edge or lack of knowledge on resuscitation, de-
pending on age.

Prior CPR training. Thirty seven percent
(n=4.411) of trainees indicated that in the past they
were trained in how to do chest compressions
and/or rescue breaths, 61.2% (n=7.303) had not
previously received CPR training.

The analysis of cross tables showed that pre-
vious training in resuscitation is associated with
medical education (P<0.001, $=0.351) and is not re-
lated to gender (P=0.656). The mean age of trainees
with previous CPR training was 25.8 years, for non-
trained — 25.0 years. Trainees with previous edu-
cation on resuscitation were predominant among
participants aged 50 years and older (52.6%), while
among trainees younger than 50 years people with-
out previous CPR training were predominating
(60.5 %; P=0.001, ¢=-0.044).
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Tabuna 2. ConpaasHo-ageMorpadg)uiecKre XapaKTepUCTHKH, TOTOBHOCTH K MpoBeeHuIo CJIP u 3HaHUA MO
CJIP y ciaymiaresei, 3apepIIMBIINX U He 3aBEPIINBIIHX KypC.

Table 2. Socio-demographic characteristics, willingness to perform CPR and CPR knowledge among trainees who
did and did not complete the course.

Parameters All trainees Completed Did not complete p ¢/Cramér’'s V
(n=11,924), the course the course
% (1) (n=3,445),% (n)  (n=8,479), % (n)
Gender 0.002 0.042
Male 43.2 (2,355) 44.8 (1,541) 40.5 (814)
Female 56.8 (3,092) 55.2 (1,898) 59.5 (1,194)
Did not respond 54.3 (6,477) 0.2 (6) 76.3 (6,471)
Age, years <0.001 n/a
5-9 0.04 (2) 0.1 (2) 0.0 (0)
10-14 4.9 (263) 4.5 (154) 5.5 (109)
15-19 25.9 (1,406) 24.2 (830) 29.0 (576)
20-24 27.2 (1,475) 27.7 (951) 26.4 (524)
25-29 15.8 (856) 16.2 (557) 15.0 (299)
30-34 10.9 (590) 11.2 (383) 10.4 (207)
35-39 6.2 (335) 6.6 (228) 5.4 (107)
40-44 4.0 (219) 4.2 (145) 3.7 (74)
45-49 2.2 (119) 2.5 (86) 1.7 (33)
50-54 1.4 (74) 1.5 (51) 1.2 (23)
55-59 0.8 (41) 0.7 (25) 0.8 (16)
60-64 0.4 (23) 0.3 (12) 0.6 (11)
65-69 0.2 (13) 0.2 (7) 0.3 (6)
70-74 0.02 (1) (0) 0.05 (1)
75-79 0.02 (1) (0) 0.05 (1)
80-84 0.02 (1) (0) 0.05 (1)
Did not respond 54.6 (6,505) 0.4 (14) 76.6 (6,491)
Previous training in CPR <0.001 0.051
Yes 37.7 (4,411) 41.5 (1,429) 36.1 (2,982)
No 62.3 (7,303) 58.5 (2,014) 63.9 (5,289)
Did not respond 1.8 (210) 0.06 (2) 2.5 (208)
Medical education 0.715 -0.005
Yes 12.0 (651) 11.9 (409) 12.2 (242)
No 88.0 (4,764) 88.1 (3,028) 87.8 (1,736)
Did not respond 54.6 (6,509) 0.2 (8) 76.7 (6,501)
Initial self-assessment on the possibility of providing CPR 0.003 0.038
Definitely will not 9.3 (1,067) 8.1 (279) 9.9 (788)
Probably will not 17.1 (1,959) 17.7 (609) 16.9 (1,350)
Perhaps [ might 29.3 (3,347) 27.9 (958) 29.9 (2,389)
Probably I might 26.3 (3,008) 27.4 (939) 25.9 (2,069)
Definitely I will 17.9 (2,042) 18.8 (646) 17.5(1,396)
Did not respond 4.2 (501) 0.4 (14) 5.7 (487)
Initial self-assessment of knowledge in CPR <0.001 0.109
Absent 23.5(2,679) 18.0 (620) 25.9 (2,059)
Weak 42.4 (4,835) 41.4 (1,425) 42.8 (3,410)
Average 22.9 (2,610) 25.9 (893) 21.6 (1,717)
Good 9.1 (1,033) 11.7 (404) 7.9 (629)
Excellent 2.2 (250) 2.9 (100) 1.9 (150)
Did not respond 4.3 (517) 0.09 (3) 6.1 (514)
Correct answer to the question on the positioning of hands for chest compressions <0.001 0.040
Yes 67.1 (7,678) 70.0 (2,410) 65.9 (5,268)
No 32.9 (3,765) 30.0 (1,033) 34.2(2,732)
Did not respond 4.0 (481) 0.06 (2) 5.6 (479)
Correct answer to the question on the rate of chest compressions <0.001 0.043
Yes 16.2 (1,849) 18.6 (640) 15.1 (1,209)
No 83.8 (9,587) 81.4 (2,805) 84.9 (6,782)
Did not respond 4.1 (488) 0.0 (0) 5.8 (488)

Note. The «Did not respond» parameter shows the percentage of missing values (when the trainee did not provide an answer to
the question) in the total number of observations. In all other cases, percentages of the total number of values excluding the
missing values are presented. Abbreviations: n/a — not applicable; for table 2, Fig. 1, 2: CPR — cardiopulmonary resuscitation.
IIpumeuanue. Parameters — napametpsr; All trainees — Bce cirymaresnn; Completed/Did not ... the course — 3aBepmuiu/He
3apepiniu Kypc; Gender — rmos1; Male — mysxckoit; Female — skenckuii; Did not respond — He orBeTusu. [ljs Tabu. 2 u puc. 1:
Age, years — Bo3pact, jeT. [lyis1 Tabu1. 2 u puc. 1: Previous training in CPR — o6yuenue CJIP B mpomiom; Yes/No — na/Het; Med-
ical education — megunuHCcKOe 0oO6pas3oBanue; Initial self-assessment — rcxonHast camoorneHka. Jlis radu. 2 u puc. 3: on the
possibility of providing CPR — BepositHocTh (1) npoBenenusi CJIP; Definitely/Probably will not — Touno/ckopee He 6yxy; Per-
haps/Probably I might — BoamosxHO/cropee Gyny; I will — 6ymy. s Taba1. 2 u puc. 1, 2: of knowledge in CPR — 3HaHus (i) 1o
CJIP; Absent — orcyrcTByioT; Weak — ciabnie; Average — cpeguue; Good — xopoiune; Excellent — orinunslie; Correct answer
to the question — npaBuUIBHBINA OTBET Ha BoIpoc; on the positioning of hands for — o moJsiokeHnu pyk npu nposegeHny; on
the rate of — o gacrore; chest compressions — kommIpeccuii rpygHON KaeTKU. B mosurun «He oTBeTn/In» pejicTaBIeHa J0JIs
MIPOIYIIEeHHbIX 3HAaYeHNUH (KOT/Ia CIIyIIaTesIb He IPeOCTaBUI OTBET Ha BOIPOC) B 001eM drciie Ha0IogeHui. Bo Bcex ocTasib-
HBIX CJIy4asix IPe/CTaBJIeHbI IPOLIEHTHI OT OOIIEro YMCJIa 3HAUEeHUH 3a BBIYETOM IPOIyeHHbIX. COKpallleHns:: n/a — He IpU-
MeHUMO; 11 TabJ1. 2, puc. 1, 2: CPR — cepedHo-J/leroyHas peaHuMarusl.
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Puc. 1. PacnipeiesieHne OT/ie IbHBIX XapaKTEPUCTHK CIIyHIaTe/Iei Kypca B 3aBUCHMOCTH OT Bo3pacra.

Fig. 1. Distribution of individual characteristics of the course participants depending on age.

IIpumeuanue. Number of trainees — uricsto ciymrareseii; Completed on line course — 3aBepimim oHIaiH Kypc; initial knowledge —
HCXOIHbIe 3HaHUs; points — 6aswer; High initial willingness to provide CPR — BbICOKas HCXOAHASA FOTOBHOCTH IPOBOIUTE CJIP.

Ha puc. 1 npeacraBu/id KOJIUYECTBEHHOE
pacnpejeseHue cayliaTesiel, 3aBepLIMBIINX
OHJIaHH Kypc, pa"ee obyuasmuxcs CJIP, ucxomgHo
BBIPA3UBIINX BBICOKMU YPOBEHb IOTOBHOCTU K
OKa3aHUI0 MOMOIIM, HU3KUU ypOBEHb 3HAHUU
WJIY OTCYTCTBHE 3HAHUU 110 peaHUMalluy, B 3aBU-
CHMOCTH OT BO3pacra.

IlpeqmecrByroniee odyuenue CJIP. 37,0%
(n=4411) ciymareseil ykasajay, YTO B IIPOIIJIOM
OHU 00y4aIMCh TOMY, KaK JleJIaTh 3aKPBITHIN Mac-
cak ceppua U (M) UCKYCCTBEHHOE ObIXaHUE,
61,2% (n=7303) panee He TpoxoawH ooyuerue CJIP

Ananm3 TabJHII COTPSIPKEHHOCTH ITOKA3aJI, YTO
MIpeIIIeCTBYIONIee 00yIeHe peaHMaIlY CBSI3aHO
C HAJTMYeM MeTUIIMHCKOT0 o6pasoBanus (p<0,001,
¢=0,351) 1 He cBsI3aHO ¢ noJioM (p=0,656). CpegHui1
Boapact obyuasiixcsi CJIP cocraBwmit 25,8 Toa, HE
obyuaBmmuxcss — 25,0 roma. Cpenu ciymiarenei
50 JieT 1 crapiire mpeobJsaIaTe JINIA, B IPOIIIOM
obyuaBrmecst peannmanuu (52,6%), cpeau ciryiia-
Tesielt MoJsioske 50 JieT — Jmra 6e3 IpeIecTBYIO-
miero ooyuenwsi CJIP (60,5%; p=0,001, ¢=-0,044).

13,7% (n=89) caymaresieli c npodeccruoHasb-
HBIM METUITMHCKUM 0OpasoBaHUEM COOOIITUIU,
4YTO paHee HUKOrAA He 0O0ydanuch CJIP

O0bexkTHBHAdg oneHka 3uaumii CJIP. Ha
BOIIPOC O IOJIO3KEeHUH JIaJoOHel Ha TPYAHOMN KJIeT-
Ke [JI IIPOBEIeHNsI 3aKPBITOr0 Maccaska cepana
orBeTmn 11443 caymaresns (tada. 2). 113 Hux mpa-
BUJIBHO OTBETUJIN (B IleHTPE T'PYLHON KJIETKH)
67,1% (n=7678), 27,5% (n=3143) ma;iu HeNpaBUJIb-
HBIU OTBeET, 5,4% (n=622) ykasaJju «He 3HaIO».

Ha Bompoc o yacTtoTe KoMIpeccuii rpygHoON

KJIETKU OTBeTU/IM 11436 cityiaresieii: IpaBUIbHbBINA

13.7% (n=89) of trainees with professional
medical education reported that they had never be-
fore studied CPR.

Objective assessment of knowledge in CPR.
11.443 trainees answered the question pertaining
to the positioning of palms for chest compressions
(Table 2). Out of these participants, 67.1% (n=7,678)
answered correctly (at the center of the chest),
27.5% (n=3,143) gave the wrong answer, and 5.4%
(n=622) responded «I don’t know».

11,436 trainees answered the question per-
taining to the rate of chest compressions: the cor-
rect answer (100-120 per min) was recorded in
16.2% (n=1,849), the wrong answer was given by
67.7% (n=7,744), «don’t know» was the answer in
16.1% (n=1,843).

A positive correlation was confirmed between
the correct answers to questions pertaining to the
position of the hands or the rate of chest compres-
sions and previous training in CPR (P<0.001,
¢=0.182 and 0.216, respectively), the presence of a
medical education (P<0.001, ¢=0.125 and 0.219), a
higher initial level of self-perceived knowledge
(P<0.001, Cramér’s V=0.205 and 0.298) and a higher
initial level of willingness to provide CPR (P<0.001,
Cramér’s V=0.083 and 0.116).

Among the trainees who reported having med-
ical education, 84.2% (n=548) correctly answered the
question pertaining to the position of palms on the
chest, and 40.1% (n=261) correctly answered the
question pertaining to the rate of chest compressions.

Self-assessment of CPR knowledge. The
knowledge of CPR was self-evaluated initially by
11,407 (95.7%) trainees and by 4,034 (33.8%)
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otBeT (100-120 B MuH) — 16,2% (1n=1849),
HeNpaBWIbHBIN OTBET — 67,7% (n=7744),
«He 3Hao» — 16,1% (1n=1843).
[MogTBEepskAEeHA TOJOKUTETbHASA
KOppeJIANYsA MesKay IIpeoCTaB/ICHAEeM
NpPaBUJBHBIX OTBETOB HAa BONPOCHI O
IIOJIOYKEHUU PYK UJIA 9aCTOTE KOMIIPEC-
CUM TPYIHOU KJI€TKU U IPeIIeCcTBYIO-
M obyuenuem CJIP (p<0,001, ¢=0,182
u 0,216 COOTBETCTBEHHO), HaJIU4YHUEM
MeIuIIMHCKOTO 0bpasoBanus (p<0,001,
¢=0,12510,219), 60J1e€ BEICOKOU MCXO]I-
HOHN OIIEHKON COOCTBEHHBIX 3HAHUU
(p<0,001, V Kpamepa=0,205 u 0,298) u
0ojiee BBICOKUM HCXOIHBIM YPOBHEM

Knowledge in CPR

Absent

Weak

Average EEERIRSESIERONE 19.9%
G e 5.5

toxeellent oo RN 23.2%

| 23.5%
0.2%

o 42.4%
2.2%

22.9%

9.1%

2.2%

0 10 20 30 40 50 60

Initial assessment [l Final assessment

TOTOBHOCTH K OKa3aHUIO IIOMOIIH
(p<0,001, V Kpamepa=0,083 1 0,116).

Cpenu cirytmiaresiei, COOOITABIITNX
0 HAJIMYUU MEeTUITUHCKOT0 00pasoBa-
HUs1, Ha BOIIPOC O TIOJIOYKEHUU JIaJOHEeN
Ha I'PyJHOH KJIETKe U YaCTOTe KOMIIpec-
CUM ITPYAHOMN KJIeTKU IPaBUJIBHO OTBe-
THJIN COOTBETCTBEHHO 84,2% (n=548) u
40,1% (n=261) yesOBEK.

Camoonenka snauuii CJIP. Co6ct-
BeHHbIEe 3HAHUSA NUCXOIHO oneHuan 11407 (95,7%)
cJIyIiareJiel, mocJjie OCBOeHUsI MaTeprUaJsioB Kypca
—4034 (33,8%) caymaresns. IIponerTHOE pacnpe-
IeJieHre MoKa3aTeJsell CaMOOIIeHKY 3HAHUH IT0Ka-
3aJ14 Ha puc. 2.

BoJsiee BbICOKMII NCXOHBIN YPOBEHb 3HAHUN
cBsizaH c obyuennem CJIP B mpormiom (p<0,001, V
Kpamepa=0,576) u HamuumeM MEIUIITHCKOTO
obpasoBanus (p<0,001, V Kpamepa=0,426). [Tox-
TBEpKIEHA CBA3b MEXKIYy HCXONHBIM ypPOBHEM
3Hanuii CJIP u Bo3pacTom caymareseil (p<0,001,
V Kpamepa=0,086) r1py1 OTCyTCTBUU OTYETIMBBIX
TEHJIEHIIMI B pacnpeje/leHUH MpU3HaKa o BO3-
pacTHBIM rpynnaM. CBA3b € II0JIOM OTCyTCTBYET
(p=0,309).

ITocsie 0Oy4eHUs OIeHKa COOCTBEHHBIX 3HA-
HUU CyIIecCTBeHHO Bo3pocdaa (p<0,001): ot ucxon-
HOTO cpenHero ypoBHsA 2,24 Gamna (CO=0,98,
menuana — 2, MKJI — 1) go 3,98 6aJsia (CO=0,73,
meauana — 4, MKl — 0).

CamMooI11eHKa TOTOBHOCTH K IIPOBEJAEHHUIO
CJIP.TOTOBHOCTH K IPOBEIEHUIO peaHUMaIiy IIpu
OCTaHOBKE cepjla y HEe3HaKOMOIO 4YeJIOBeKa
uCcXogHO oueHmsan 11423 (95,8%) caymareiis,
nocsie obydenuss — 4028 (33,8%) ciaymiaresen.
[Tpo1eHTHOE pacripejiesieHe TOKa3areseu oreH-
K1 COOCTBEHHOI TOTOBHOCTH K OKa3aHMIO II0OMO-
1Y TOKA3aHO Ha pHUC. 3.

BoJsiee BBICOKUIT NCXOAHBIN YPOBEHb [OTOB-
HOCTH K OKa3aHUIO TIOMOIIIY CBSI3aH C 00y4YeHneM
CJIP B nmpomoMm (p<0,001, V Kpamepa=0,230),
HaJITM4reM MeTUITMHCKOTO 06pa3oBanus (p<0,001,
V Kpamepa=0,232) n mysxckum noJsiom (p<0,001, V
Kpamepa=0,097).

CJIP.

sented.

Puc. 2. UcxoaHasA U 3aKJIIOYUTEIbHAs OIEHKA COOCTBEHHBIX 3HAHUM 110

Fig. 2. Initial and final self-assessment of knowledge in CPR.
Note. Percentages of the total number of values without missing values are pre-

IIpumeuanwe. /{5 puc. 2, 3: initial/final assessment — ncxonnas/ puHaIb-
Has oneHKa. [IpecTaBIeHbI MPOIEHTHI OT 00IIero YucIa 3Ha4eHUN 3a BbI-
YETOM MPOTYIIEHHBIX 3HAYEHHIA.

trainees after the completion of the course. The
percentage distribution of the knowledge assess-
ment results is shown in Fig. 2.

A higher initial level of knowledge is associ-
ated with past CPR training (P<0.001, Cramér’s
V=0.576) and the presence of a medical education
(P<0.001, Cramér’s V=0.426). The confirmed rela-
tionship between the initial level of knowledge of
CPR and the age of trainees (P<0.001, Cramér’s
V=0.086) had no distinct trends in the distribution
of the attribute by age groups. There was no corre-
lation with gender (P=0.309).

Following the completion of the course, the
self-perceived level of CPR knowledge increased
significantly (P<0.001): from the initial average level
of 2.24 points (§D=0.98, median - 2, IQR-1) to 3.98
points (SD=0.73, median - 4, IQR - 0).

Self-assessment of willingness to provide
CPR. The willingness to attempt resuscitation on a
stranger in cardiac arrest was initially evaluated by
11,423 (95.8%) trainees, after completion of the
course — by 4,028 (33.8%) participants. The per-
centage distribution of results for self-assessment
of willingness to provide CPR is shown in Fig. 3.

A higher initial level of willingness to provide
resuscitation is associated with previous CPR train-
ing (P<0.001, Cramér’s V=0.230), medical education
(P<0.001, Cramér’s V=0.232) and male gender
(P<0.001, Cramér’s V=0.097).

The initial level of readiness to provide CPR
was associated with age (P=0.013, Cramér’s
V=0.066). Among trainees of 50 years and older, a
high initial level of willingness to provide CPR (4-5

points) was expressed by 52.3% compared with the
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HcxomubIit YPOBEHb
TOTOBHOCTH K ITPOBEJIEHUIO
CJIP cBsi3aH C BO3paCTOM
(p=0,013, V Kpamepa=0,066).
Cpenu ciayuiaresei 50 jieT u
crapiie BbICOKUHN UCXOTHBIN
YPOBEHb 'OTOBHOCTH K OKa-
3aHUI0 oMoy (4-5 OaJ-
JOB) BbIpasuau 52,3% 110
cpaBHeHUIO C 45,3% B BO3-
pacTHo rpymnne miazaiie 50
JeT. 3akJIIoYnuTeJIbHAs OIleH-
Ka FOTOBHOCTH K NIpOBeJie-
Huwo CJIP He mMmesa cymie-
CTBEHHBIX BO3pPaCTHBIX
passmuuii (p=0,062).

BeIsIBUIN TOJIOMKUTETb-
HYI0O B3aWMOCBA3b MEXKIY
HACXONHBIM YPOBHEM I'OTOB-
HOCTHU NIPOBOJIUTH peaHNMa-

The possibility of providing CPR

Definitely will not 1 0.5% 9-3%

Probably will not 17.1%

M 2.3%

Perhaps I might 29.3%

I 16.5%

" 26.3%
bl | TEN SRR 1.3

. . 17.9%
Definitely I will 38.5%

0 5 10 15 20 25 30 35 40 45
Initial assessment [l Final assessment

Puc. 3. icxogHasA U 3aKII0YHTEIbHAsA OLIEHKA COOCTBEHHOH TOTOBHOCTH K IPOBEJEHHIO
peaHuManuu.

Fig. 3. Initial and final self-assessment of willingness to provide resuscitation.

Note. Percentages of the total number of values without missing values are presented.
ITIpumeuanue. IIpeacTaBiieHb] IPOLEHTHI OT OOIIEro YMc/Ia 3HAYeHUH 3a BBIYETOM IIPO-

[IUI0 HE3HAKOMOMY Y€JIOBEKY
W UCXOOHBIM yPOBHEM 3Ha-
uuii CJIP 1o janabIM camoolieHku (p<0,001; V Kpa-
Mepa=0,243).

Ilo cpaBHEHMIO € UCXOOHBIM CPEJHUM YPOBHEM
(3,26 6aja, CO=1,21, meguana — 3, MKl — 2),
I10CJIe OCBOEHUS MaTepuaJjioB Kypca ypOBeHb IOTOB-
HOCTH K OKa3aHUIO IIOMOIIY CYLIECTBEHHO BO3POC
(4,16 6amma, CO=0,81, meguana — 4, MK — 1,
p<0,001). Beicokuii ypoBeHb TOTOBHOCTH K OKa3a-
HUIO IIOMOIIY UCXOOHO BbIpasuiau 44,2% (n=5050)
cJIymiaresiell, OTBETHMBIINMX Ha BOIIPOC, a IOCJIe
3asepiienus Kkypca — 80,8% (n=3254; p<0,001).

IMocnenune MacmrTabHble 0030pHI HAYIHON
JIMTEPATYPHI IO BOIpocaM 00y4YeHMs Heclenna-
JAUCTOB npuHNunam nposenenusa CJIP [14, 19]
CBU/IETEJILCTBYIOT O HEOOXOIMMOCTH BBITIOJIHE-
HUS JOTOJIHUTEJbHBIX UCCJIENOBAHUMN C IIeJIhIO
orpejieJieHus1 1eMCTBEHHOCTH Pa3JIMUYHbIX (hopM
MOJATOTOBKU.

PesysieraThl IIpOBEIEHHOI0 MCCJIENOBAHUSA
XapaKTePHU3YIOT ayIUTOPHIO TOOPOBOJIBHBIX CITY-
11aresiel OHJIAMH Kypca 1 paCKpbIBAIOT Psif] B3au-
MOCBsI3€e# 1 9(p(PeKTOB AMCTAHITMOHHOTO 00yUe-
HUsI TeopeTu4eCKuM ocHoBaM 0OaszoBoit CJIP. B
YaCTHOCTH, HACTOsIIIee UCCcieJoBaHe OATBED-
skHaeT appeKT cylecTBEeHHOr 0 yBeJINYeHusl yBe-
PEHHOCTH B COOCTBEHHBIX 3HAHUSX Y TOTOBHOCTH
K IPOBEJIEHUIO PeaHuMalny IIPU OCTAHOBKE CeP/I-
I1a y HE3HAKOMOI'0 YeJI0BEKa B pe3ysbTare 0CBoe-
HUA MaTepHaJioB TEOPETUYEeCKOro Kypca. lossa
cJayliaresiedl, BbIpa3UBIINX BBICOKUI YpPOBEHb
TOTOBHOCTH K OKa3aHUIO ITOMOIIIH, IT0CJIE TPOXO5K-
JeHrs1 00y4YeHMsI BO3POCJIa MTOYTH BIIBOE.

INoJsoskuTEILHOE BIANSHNE TUCTAHIIMOHHOMN
TeopeTU4eCKOM IOJrOTOBKY HA YPOBEHb 3HAHUU
1o 6a30BOI peaHUMAIUH OBLJIO TPOAEMOHCTPU-
pOBaHO paHee B Apyrux uccjaegopanusx (20, 21]. B
TO ’Ke BpeMsi, paboThl, OMMMCHIBAIOIIE MOTHUBU-

MyIIeHHBIX 3HAYEHUH.

45.3% in the age group under 50 years. The final
self-perceived level of willingness to provide CPR
had no significant age differences (P=0.062).

A positive correlation was found between the
initial level of willingness to resuscitate a stranger
and the initial self-perceived level of CPR knowl-
edge (P<0.001; Cramér’s V=0.243).

Compared with the initial average level of will-
ingness to attempt CPR (3.26 points, SD=1.21, me-
dian -3, IQR - 2), the level of willingness to provide
resuscitation significantly increased after master-
ing the course material (4.16 points, SD=0.81, me-
dian - 4, IQR - 1, P<0.001). A high level of willing-
ness to attempt CPR was initially expressed by
44.2% (n=5,050) of trainees who answered the
question, and by 80.8% after completion of the
course (n=3,254; P<0.001).

Recent extensive scientific reviews concerning
training of lay people in basic CPR [14, 19] suggest
the need for carrying out additional studies for
evaluating effectiveness of various training modal-
ities.

The results of the study characterize the audi-
ence of voluntary participants of the online course
and reveal several correlations and effects of distant
education of the theoretical basic CPR principles.
In particular, the present study confirms significant
increase in self-confidence and willingness to re-
suscitate a stranger in cardiac arrest as a result of
mastering theoretical material of the online course.
The proportion of trainees who expressed a high
level of willingness to provide CPR almost doubled
after completion of training.

The positive impact of distant theoretical
training on the level of knowledge in basic resusci-
tation has been demonstrated previously in other
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pyomuii apdert oHmaiiH 00ydeHHs 0a30BOH
CJIP, HaCKOJIBKO U3BECTHO aBTOpPaM, 10 HACTOS-
1[1ero BpeMEHHU OTCYTCTBOBAJIN.

Panee a¢p(perThl JTaHHOTO Kypca OLIEHUJIU B
CUMYJIAIMOHHOM UCCJIefOBaHuU [22]. Yyamuecs
MeJUIMHCKOI0 KOJIIeyKa U CTyJeHThI By3a HeMe-
TUITTHCKOTO TPOodUJIsi ObIIN PAaHIOMU3UPOBAHBI
B IPYIIIBI OYHOTO (AyJUTOPHOIO) U CMEIIaHHOIO
(AMCTAaHIIMOHHO-ayIUTOPHOTO) O0yueHUs1 6a3o-
Bout CJIP ¢ mcnoJsib3oBaHWEM aBTOMATUYECKOTO
HapyskHOTO nedpudpunasaropa (AHMI). Cmemran-
HOe 00yJyeHue ImpeycMaTpruBaso 3aMeleHne Tpa-
JIUIMOHHON TEOpEeTUYeCKOU TMOJATOTOBKHU 101
PYKOBOACTBOM MHCTPYKTOPA CaMOCTOATEIbHBIM
OCBOEHHUEM OHJIAllH Kypca HaKaHyHe IIpaKThu4e-
CKOTO TpeHUHra. [lo mTaHHBIM 3aKJIIOUYUTETHHON
oneHkM kadectBa CJIP B cUMYIAIMOHHOM CIieHa-
p¥H, O9HOE U cMenTaHHOe oOy4yeHre 00ecrednn
CXOJHBIHY YPOBEHb BJIaJIleHNsI HABBIKAMU PeaHuMa-
vy ¥ ucrosibaoBanus AHJI. B pesynbrare o0yde-
HUSI OTMETHJIY YBEJTUYEeHEe COOCTBEHHOH OIIEHKHU
YPOBHsI 3HAHUI C IPeUMYIIeCTBOM B IpyIIIe CMe-
IIIAaHHOTO OOyYeHMsI U CXOIHOE YBEJTIMYeHEe YPOB-
Hs TOTOBHOCTH K OKa3aHUIO ToMo1y. Pe3ynbsraThl
arpoOanuy MO3BOJIUIN PEKOMEHA0BATD KYPC A5
3aMelleHUsI WK JIOTI0JITHEHUST OYHOH TeopeTuye-
CKOM TIOJITOTOBKY B paMKax IporpamMM o0ydeHus
6asoBoii CJIP c mpumenenuem AH]T [22].

ComtacHoO pe3ysbsraraM HaCTOALIETO UccJe-
JOBaHWsA, 10 CPABHEHUIO CO CJyLIATeJsAMH, He
OKOHYUBIINMH KypPC, CJIyILIaTe/] 1, 3aBepIIUBIINeE
oOy4yeHUe, B I[eJIOM HECKOJBKO CTapIle, JIUI]
MY?KCKOTO I10J1a Cpeu HuX 0osbire. dakTopamuy,
OTIpee ITIONUMHU 0GTBIIYI0 BEPOSTHOCTD TIOJI-
HOI'O OCBOEHHA MaTepHuajoB Kypca, ABJIAITCA
HaJIMYVe TPeAIIeCcTBYIONEro 00y4eHsI peaHnu-
maruu, 6oJee BBICOKasi HCXOIHASI TOTOBHOCTh K
OKa3aHMIO IOMOIIH, O0Jiee BBICOKHE UCXOIHbIE
dHanus mo CJIP u 66JbIas yBepeHHOCTHh B
COOCTBEHHBIX 3HAHUAX. OT HAJTUYUS METUIIH-
CKOTOo 06pasoBaHUsI BEPOSITHOCTD 3aBEePIIEHUS
00y4eHUs He 3aBUCHT.

CiryiiaTesiv, 3aBepllInBIINe KypC, II0-BUAN-
MOMY, MCXOTHO ObLTM 00Jlee MOTHUBHPOBAHBI K
IIOJIHOMY OCBOCHMIO MaTepuasoB Kypca, 4To
MO>KeT OBITH CBSI3aHO C 6OJIbIIEH MHPOPMUPO-
BAHHOCTBIO 0 MpoOJieMe U BaKHOCTU OKa3aHUS
epBOU TOMOIIA TPU OCTAHOBKE CepP/Illa, B 4acCT-
HOCTH, OJ1arofapsi IpeIecTBYIIEMY 00ydeHII0
CJIP. Bmecre ¢ TeMm, ipoBeieHHbIN B 2017-2018 TT.
onpoc HacesaeHus KpbiMa He NOATBEPAUT CBA3b
MEsK]Ty sKeJIaHeM ITPOUTH 00ydeHre peaHnMaIiu
u obyuennem CJIP B mporiiom [6].

Caymraresnn, obydyaBIiuecs peaHUMaIuyd B
MIPOIILIIOM, IIPOAEMOHCTPUPOBAIH 60JIee BBICOKUI
YpOBEHb 3HAHUH, O0JIee YBEPEHBI B COOCTBEHHBIX
3HAHUAX U 60Jiee MOTUBUPOBAHBLI K OKa3aHUIO
IIOMOIIIY, YTO COIVIACYETCSA C IPeAIIeCTBYIOIMIMYU
Habaomenusamu (6, 23, 24].

studies [20, 21]. However, as far as the authors
know, there are no previously published studies de-
scribing the motivating effect of online learning of
basic CPR.

Previously, the effects of this course were in-
vestigated in a simulation study [22]. Students of a
medical college and non-medical university stu-
dents were randomized into groups of full-time
(classroom) and blended (distant and face-to-face)
training of basic CPR with the use of an automatic
external defibrillator (AED). Blended learning pro-
vided a substitute for the traditional instructor-led
theoretical training with independently mastering
an online course on the eve of practical training.
According to the final assessment of the quality of
CPR in the simulation scenario, full-time and
blended learning provided a similar level of profi-
ciency in resuscitation and the use of AED. As a re-
sult of the training, an increase in the self-perceived
level of knowledge particularly predominant in the
blended learning group and a similar increase in
the level of willingness to attempt CPR were noted.
The results of the experiment allowed to recom-
mend the course to replace or supplement instruc-
tor-led theoretical tuition for training programs in
basic CPR and AED [22].

According to the results of the present study,
when compared to trainees who did not complete
the course, the trainees who did were generally
somewhat older with the male preponderance. The
factors determining the greater likelihood of com-
pleting the course material are the presence of pre-
vious resuscitation training, a higher initial willing-
ness to provide CPR, a higher baseline knowledge
of CPR and a greater self-confidence. The probabil-
ity of course completion did not depend on the
presence of medical education.

Trainees who completed the course appar-
ently were initially more motivated to fully master
the course materials, which may be due to greater
awareness of the problem and the importance of
first aid provision in cardiac arrest, in particular,
due to previous training in CPR. However, a survey
of the Crimean population carried outin 2017-2018
did not confirm the relationship between the will-
ingness to undergo resuscitation training and CPR
training in the past [6].

Participants who studied resuscitation in the
past demonstrated a higher level of knowledge,
higher confidence in their knowledge and higher
motivation to provide CPR, which is consistent with
previous observations [6, 23, 24].

A number of studies confirm the associa-
tion between greater willingness to attempt CPR
and prior resuscitation training [4, 6, 25], a
higher level of knowledge on CPR [6, 26] and
male gender [4, 25, 26]. In the general popula-
tion, older people are known to be less willing to

help a stranger in cardiac arrest [4, 6, 27]. In this
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Psin vccnemoBanuii MOATBEPSKIAET BBISIBJIEH-
HYIO CBSI3b M€Ky OOJIBIIIEN TOTOBHOCTHIO K IIPO-
Begennio CJIP u npexrecTByomuM obydeHreM
peanumaruu [4, 6, 25], 607€e BBICOKIM YPOBHEM
3HaHuii o CJIP [6, 26] 1 MysKCKUM moJoM (4, 25,
26]. 13BeCcTHO, YTO B OOIIEN MOMYJISINHU JIIOAN
CTapIlero BO3pacTa U3'bsBJIAIOT MEHbIIIee KeJia-
HME OKa3bIBaTh IIOMOIIIb HE3HAKOMOMY 4EJIOBEKY
IIpU OCTAHOBKe cepaua (4, 6, 27]. B HacTodamem
HCCJIeOBAaHUHU crymaresu 50 JIeT 1 cTaplile Jalie,
4yeM MOJIOfble, BbIpajKaJii BBICOKUN HMCXOJHBIN
YPOBEHBb I'OTOBHOCTH K OKa3aHUIO IIOMOIIIN.

Corymareny ¢ MeIUIMHCKUM 00pa3oBaHM-
eM dJalle IMpaBUJbHO OTBEYasJW Ha BOIIPOCHI,
BBIPA3UIN OGIBIIYIO YBEPEHHOCTDH B COOCTBEH-
HBIX 3HAHUAX M OGJIBIITYIO TOTOBHOCTD K ITPOBeE-
JEHHUI0 peaHuMaluu HEe3HAKOMOMY 4eJIOBEKY.
Tot darT, uro mpubausuTeapHo 14% caymiare-
Jel, 3aABUBIINX O HAJUUYUU NTpodeccuoHalb-
HOTO METUITMHCKOTO 0O6pa3oBaHusl, paHee HUKO-
rm1a He MPOXOAMJM O00ydyeHHWe peaHWMAIWH,
HapsIy C HU3KUM YPOBHEM 0a30BBIX 3HAHUH 1O
CJIP, B 11eJioM yKa3blBaeT Ha HEINOJHOLIEHHOCTD
COOTBETCTBYIOIIEell MOATOTOBKHU U IIE€PENOATo-
TOBKU MEIUIIMHCKUX KaipoB. O HU3KOU appekr-
TUBHOCTH JEUCTBYIOIIEW CUCTEMBI OO0yUYeHUs
MEIUIIUHCKUX PabOTHUKOB, BBIMIYCKHUKOB H
CTYAE€HTOB MeIUIIMHCKUX By30B 0aszoBoii CJIP
CBUIETEAbCTBYIOT Pe3y/abraTrbl JPYTruUx oTede-
CTBEHHBIX ccaeqoBaHui [28-30].

Orpannuenusa. Kaxnelii OHJIAlH Kypc,
BKJIIOYasi U3y4YEHHBIH, UMeeT YHUKAJIbHYIO IIPO-
rpaMMy 00y4eHUsI U ayJUTOPHIO CJIyIIaTeseH, 9To
OrpaHUYMBAET pacIpOoCTPaHeHne HaOJTI0eHN N U
BBIBOJIOB IaHHOT0 MCCJIeJ0BaHUs Ha CaylIaTeaen
IpyTrux KypcoB oo0y4uenus: 6asosoit CJIP. Beibopka
HACTOSIIIETO UCCJIeJOBAHNS He pellpe3eHTaTuBHA
OTHOCHUTEBHO 001N MOTYJIAINH.

JlocTynHble naHHbIE HE IIO3BOJIAIOT CyIUTh
00 MHAMBUAYATbHBIX TOOYAUTETBHBIX MOTUBAX K
00y4eHHUIo C MTOMOIIBLI0 OHIAalH Kypca. CiiemgoBa-
TEeJIbHO, HEBO3MOKHO OIIPENEJIUTh OO CJIyIa-
TeJsiell, KOTOpble MOIVIM IIPOXOJUTh KypC He IIpOo-
W3BOJIbHO, a, HAllpUMep, B paMKax IIOJIy4YeHU
o011ero uau NpodecCuoHAILHOT0 06pa3oBaHUsI.

Henb3a uckio4arh, YTO HEKOTOPHIE CJIyLIa-
TeJIV IPEeIOCTABJISJIN 3aBEIOMO JIOKHbIE OTBETHI
Ha BOIIPOCHI, YTO MOIVIO IIOBJIMATH Ha Pe3YJIbTaThl
nccaenoBanusi. [[pu oTBeTe Ha BOMPOCHI O TEXHU-
Ke BBIIIOJIHEHUST 3aKPBITOrO Maccaska ceppla
HEKOTOpble CJjyllaTeJd MOIVIM MCI0Jb30BaThb
MOJICKa3Ku (Hampumep, UHHOpPMAIUIO U3 CETHU
HHaTepHET), YTO OTPAaHUYNBAET 00 HEKTUBHOCTD
OIIeHKH 3HAHUM.

3agBJIeHHasA CJylarejssMU IOTOBHOCTb K
OKa3aHUIO IIOMOIIN MOSKET HE COOTBETCTBOBATH
WCTUHHOU BEPOSTHOCTHU MPOBEIEHUs peaHnuMa-
OUYA B peajbHOM Cjly4ae OCTAaHOBKH cepaua y
HEe3HAKOMOI'0 4eJIOBEeKa.

study, trainees aged 50 years and more were
more likely to express a high baseline level of
willingness to attempt CPR.

Trainees with medical education more often
answered the questions correctly, expressed greater
confidence in their knowledge and higher readiness
to resuscitate a stranger. The fact that approxi-
mately 14% of trainees who claimed to have med-
ical education never attended resuscitation training
before, along with a low level of basic knowledge in
CPR, generally indicates the inadequacy of the
training and retraining for medical professionals.
Evidence proving the low efficiency of the existing
system of training of the healthcare workers, grad-
uates and students of medical universities in basic
CPR is provided by the results of other domestic
studies [28-30].

Limitations. Every online course, including
the studied one, has a unique training program and
an audience of trainees. Therefore, the applicability
of the observations and conclusions of the study to
trainees involved in other courses in basic CPR is
limited. The sample in this study was not represen-
tative of the general population.

The available data do not allow revealing the
individual incentive to study using an online course.
Thus, it is impossible to determine the proportion
of trainees who could have taken the course in a
non-arbitrary manner, but, for example, in the
framework of general or professional education.

The possibility of some trainees deliberately
providing false answers to questions cannot be
ruled out, and this could affect the results of the
study. When answering questions about the tech-
nique of performing chest compressions, some
trainees could use hints (for example, information
from the Internet), which limits the objectivity of
the knowledge assessment.

The willingness to provide resuscitation, de-
clared by the trainees, may not correspond to the
true probability of resuscitation in a real case of car-
diac arrest in a stranger.

Conclusion

The open online course allows for increasing
the coverage of the population with theoretical
basic CPR training, it enhances the competence in
first aid being an effective tool to increase the mo-
tivation of potential witnesses of OHCA to provide
resuscitation. Prior CPR training is an important
determinant of a person’s wish to continue educa-
tion, as well as his/her willingness to provide first
aid. It is advisable to conduct additional research
aimed at studying the factors that stimulate or limit
the motivation to learn basic resuscitation with var-
ious teaching methods.
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3akJarouenue

OTKpBITHIN OHJIANH KypC MO3BOJISIET YBEJIH-
YUTH OXBAT HOIYJISINN 00yYeHEM TEOPETHIECKUM
ocHoBaM 0a30B0#1 CJIP, ctocoOCTBYeT MOBBIIIIEHUIO
KOMIIETEHTHOCTH B BOIIpOCax IepBOI MOMOIIN U
sBJIsIeTCA 9(pPEeKTUBHBIM UHCTPYMEHTOM J1J11 YBe-
JIMUEHUSA MOTHUBUPOBAHHOCTH IMOTEHIHUAJIbHBIX
cBUJIeTe el 0CTAaHOBKY cep/Iia K ITIPOBeIeHUIO pea-
HUMaru. Hasnare npeecTByIolero ooyueHus
CJIP BBICTyIIAeT BAYKHBIM (DAKTOPOM, OIIPEESISIIO-
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Experimental Studies

KucaopoaHbIii pe;kuM 1 00MeH aMMHuaKa
B CECHCOMOTOPHOM KOpe rOJIOBHOT'0 MO3ra KOIIEK
IPH KPOBOIIOTEPE U rUNepOapuIecKoil OKCHTeHAIUU
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Oxygen Regime and Exchange of Ammonia in the Sensomotor Cortex
of Cats During Blood Loss and Hyperbaric Oxygenation
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Pe3rome

Ileb MccaeqOBaHUS — U3YYNUTH BIUSTHUE THepObapuueckoit okcureHanuu (I'50) Ha KUCIOPOTHBIR
pe’kuM 1 0OMeH aMMHaKa B TOJIOBHOTO MO3Te KOIIEK IIPU FeMOPParudeckoM IIOKe.

MarepuaJs 1 MeToabI. B onbiTax Ha 164 KomKkax (camupl) nccienosaiu Bausaue 'O (3 ata, 50 MuH) Ha
kpoBoToK (MKT), Hanpsiskenne kucaopopna (PO,), conepskanne ammuaka (AM), mryramuHa (I's), myramara
(I't), a-retomtyraparta (¢-KI'), aktuBHOCTH miyTamataerugporenassl (LI, rmyramuacunTerassl (I'C), dpoc-
¢arzaBucumoii rmyramuHassl (P3I7) B ceHCOMOTOPHOM KOpe rosioBHOro moara (CKI'M); cogepskanme Am, I'n
¥ TIOKAa3aTesid KUCJIOPOAHOTO peskrMa B apTepuaIbHON KPOBU Y BEHO3HOM KPOBU CAarUTTAJbHOIO CUHYCA
IIPY reMOpparunyecKkoM IIIOKe, BHI3BBAHHOM JPOOHBIM KpoBomyckanueMm (a.femoralis, 10 My1/kr/10 MuH B
cpenneM obbeme 24+0,8 myi/Kr). KpoBonyckanue npekpaniagiv Ipyu CHUYKEHUH CUCTOJIMYECKOTO apTepu-
aJIBHOTO nasJseHud 1o 60,0+1,5 MM pr. cT. 'O HaynHa/M Ha 10 MPHYTE IOCTTEeMOPPAarn4eCcKoro nNepuoja u
IPOBOAMJIN B peskuMe 3 ara, 60 MUH.

Peaynrsrarel. CHmokenne MKT u PO, B CKI'M pa3BuBatorcs y:ke Ha 10-11 MUHYTe, IPOTPECCUPYS B CTAIUIO
JIeKOMITeHCalluy reMopparndeckoro moka (60+14 mun). Hakonstenne Am B CKI'M B cTafuio feKoMITIeHCallun
reMOpparuvecKoro MoKa MPOUCXOAuT Ha poHe cTumynasanun akTuBHOCTH D3I u I'/]T, yrHeTeHUs1 aKTUBHO-
ctu I'C u nedunura a-rerornyrapara. 'O, He ycrpanss runokcuio B CKI'M, nipefgorBpaliaeT: pa3BuTue
CTa/INY IEKOMIIEHCAIIUH Y }KUBOTHBIX C TEMOPPArn4eCKUM IIIOKOM, TIaTOJIOTMYeCKOe HaKOIJIeHe AM U CHU-
skerne aktuBHOCTH ['C B CKI'M, yBeiMumBasA MHKPEUIO U3 Hee B KPOBb ITyTamMuHa. B ycnoBusax 'BO co-
XpaHseTCs CTUMYJIHUPYIOIIee BJIUSAHIE TUIIOKCUU Ha aKTUBHOCTB [JI[;, HO KOHIIEHTpaIus IyTaMara 0OCTaeTcst
B IIpeJiesiaX HOPMBI, Kak U aKTUBHOCTb P 3T

3akJrouenne. [unepbapuyeckasi OKCUTeHaIHs, He ycTpaHsisa runokcuio B CKI'M, koTopasi pa3BUBaeTCs
TIPY TEMOpparn4ecKoM IIIOKe, IPeI0TBpaIaeT HapylIeHrne oOMeHa B Heil aMMHaKa, BEI3BAaHHOE OCTPOI He-
BO3MEIIEHHON KPOBOMOTEPEN.

Kntoueswte cnosa: 2uneporcus; Kposonomepsi; 2008HOL M032; KUCIOPOO; AMMUAK; MeMAaBbOoIUIM

Summary

Purpose. To study the effect of hyperbaric oxygenation (HBO) on the oxygen regime and ammonia
metabolism in the neurons of cat cortex in hemorrhagic shock.

Material and methods. Experiments were performed on 164 cats (males). The effect of HBO (3 ATA, 50
min) on cerebral blood flow (CBF), oxygen tension (PO,), the content of ammonia (Am), glutamine (Gn),
glutamate (Gt), a-ketglutarate (a-KG), the activity of glutamate dehydrogenase (GDG), glutamine syn-
thetase (GS), phosphate-dependent glutaminase (PDG) activity was studied in the sensorimotor cortex
(SMCQO); the content of Am, GN and oxygen parameters in arterial (AB) blood and venous blood (VB) of the
sagittal sinus in hemorrhagic shock caused by fractional bloodletting of their femoral artery at a rate of
10ml/kg/10 min in an average volume of 24+0.8 ml/kg, which was stopped with a decrease in systolic blood
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SKCHepI/IMeHTaﬂbeIe HCCJJaeqoBaHUuA

pressure to the level of 60.0+1.5 mm Hg. HBO was commenced on post-hemorrhagic minute 10 following

the regimen of 3 ATA for 60 min.

Results. The decrease in CBF and PO, in SMC develops as early as the 10th minute of hemorrhagic shock,
progressing to the stage of hemorrhagic shock decompensation (60+14 min). Accumulation of Am in the SMC
at the stage of hemorrhagic shock decompensation associated with stimulation of PDG and GDG activity, in-
hibition of hemorrhagic shock activity and deficiency of ¢-KG. HBO, without eliminating hypoxia in SMC, pre-
vented the development of the decompensation stage in animals with GS, pathological accumulation of Am,
and a decrease in the activity of hemorrhagic shock. HBO increases the Gn increment from the SMC, into the
blood. Under HBO conditions, the stimulating effect of hypoxia on GDG activity remains, but the concentration
of glutamate remains within the normal range, as does the activity of PDG.

Conclusion. Hyperbaric oxygenation, without eliminating hypoxia in SMC, which develops in hemorrhagic
shock, prevents a violation of the exchange of ammonia in it, caused by acute non-compensated blood loss.

Keywords: hyperoxia; blood loss; brain; oxygen; ammonia; metabolism
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BBenenue

HecMmoTpst Ha 60JIBIIIOE KOJTUYECTBO IKCIIe-
PYUMEHTAJIbHBIX UCCJIEJOBAHUN U KJIMHUYECKUX
HaOJIIOIEHU Y, MEXaHU3MbI Pa3BUTHUSI TeMopparu-
yeckoro 1moka (') nmpomoJpkamT MpuBJIEKaThb
BHUMaHUe HcciegoBaresieid. [Ipu aToM OTKpBI-
BAIOTCsI KaK He M3BeCTHble paHee MEXaHU3MBbI
aJiarnTaly opraHnaMa K OCTPOU MaCCUBHOU KPO-
Bomorepe [1, 2], Tak u neMoHCTpupyercs apdex-
TUBHOCTH HOBBIX METOJOB ee JjedeHus (3, 4]. B
TOKe BpeMs MHOTHe BOIIPOCHI OCTalOTCs HE U3y-
YeHHBIMU, HAllpuMep, MeTab0J/IM3M aMMUakKa B
CTPYKTypax TOJIOBHOI'O MO3ra Ha HayaJbHOM
arane pa3dBurtus ', korma TPOUCXOOUT MAKCH-
MaJibHasg aKTHUBAIUsA agalTalOHHO-MeTab0 M-
YeCKUX peaKlUi opraHuaMa B OTBET Ha OCTPYIO
KpoBororepio [5]. OgHuM u3 3 peKTUBHBIX METO-
JIOB yCTpaHeHUsI HapylleHus1 oOMeHa aMMUaKa B
OpraHu3Me NpPU NATOJIOTUM TeYeHU SIBJISAETCS
runiepbapuyeckass okcureHanus (I'BO) [7, 8].
Mesk 1y TeM BOIIPOC O BJIUSTHUY JIeUeOHBIX PEKU-
MoB I'BO Ha oOMeH aMMHuaKka B TOJIOBHOM MO3re
MIPU KPUTUYECKUX COCTOSTHUSIX OPTaHU3Ma OCTa-
eTcsl OTKPBIThIM. COTJTaCHO ONHUM HCCJIEqOBa-
HUSIM, TUIEPOKCHUsI OKa3bIBaeT BbIPAKEHHBIN
Je4eOHbIH a(deKT y OOJIBHBIX C IATOJIOTHEHN
rOJIOBHOT'O MO3Tra [8, 9], Torga Kak 10 IPYyTruM JaH-
HBIM, OIIpeeJIeHHbIe PesKUMBbI TUIIePOKCUY Hapy-
IIAIOT MO3TOBOU KPOBOTOK, IIPOBOIIUPYSI PA3BU-
THE CYLOPOKHOIro cuHapomMa [10].

Lesp nccienoBannsa — U3y4eHNe BIUAHNAA
I'bO Ha KMCJIOPONHBIN PEKUM U 0OMEH aMMHaKa
B HellpoHaX CEHCOMOTOPHOU KOPHI T'OJIOBHOTO
MO03ra Ipyu TEMOPPArunvecKoM II0Ke, BhI3BAHHOM
OCTPOI HEBO3MEIIIEHHOU KPOBOIIOTEPEN.

MarepuaJa u MeToabI

OmnbITHI TPOBEJIN HAa 164 KOIIKaX (CaMIIbl) MacCOU
3,5+0,07 KI, HApDKOTU3MPOBAHHBIX TUOIIEHTAIOM HaTpUs
(20 mr/kr). Pabotry c aKCIIepUMEHTAJIbHBIMU SKHUBOT-
HBIMU IIpOBOAMJIM C y4deToM «[IpaBuJs npoBeneHUA
paboT € UCI0JIb30BaHNEM IKCIIEPUMEHTATbHBIX YKUBOT-
HBIX», yTBep>kAeHHbIX [Ipukazom M3 CCCP ot 12.08.77 .

Introduction

Despite a large number of experimental stud-
ies and clinical observations, the mechanisms of
development of hemorrhagic shock continue to at-
tract the attention of researchers. At the same time,
previously unknown mechanisms of adaptation of
the body to acute massive blood loss are clarifying
[1, 2], and the effectiveness of new methods of its
treatment are demonstrating [3, 4]. At the same
time, many questions remain unexplored, for ex-
ample, the metabolism of ammonia in the brain
structures at the initial stage of HSh development,
when the maximum adaptive metabolic reactions
of the body in response to acute blood loss are ac-
tivated [5]. Hyperbaric oxygenation (HBO) is one of
the most effective approaches to fight altered am-
monia metabolism in the body in liver pathology
[6, 7]. Meanwhile, the the effects of treatment regi-
mens of HBO ammonia exchange in the brain in
critical conditions remain understudied. There are
also many ambiguities on impact of hyperoxia on
various brain areas in a critical illness. According to
some studies, hyperoxia has a significant therapeu-
tic effect in patients with brain pathology (8, 9]; ac-
cording to other studies, certain modes of hyper-
oxia disrupt brain blood flow, provoking the
development of convulsive syndrome [10].

The purpose of this study was to study the ef-
fect of HBO on the oxygen regime and ammonia ex-
change in neurons of the sensorimotor cortex of the
brain in hemorrhagic shock caused by acute non-
compensated blood loss.

Materials and Methods

Experiments were carried out on 124 cats (males)
weighing 3.5+0.07 kg, anesthetized with thiopental-Na
(20 mg/kg). Work with experimental animals was carried
out taking into account the «Rules of working with exper-
imental animals», approved by the Order of the Ministry
of Health of the USSR from 12.08.77 (No. 755). Hemor-
rhagic shock was caused by acute non-compensated
blood loss. It was performed by fractional bloodletting
from the right femoral artery (speed 10 ml/kg/10 min, av-
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(Ne 755). TemopparnyecKkuii IOK BbI3bIBAJIN OCTPOU He-
BO3MeIIeHHON KpoBorioTepeii. Ee TpoBoawIz TpoOHBIM
KPOBOITyCKaHWEM U3 MPABOU OeIPeHHON apTepuu (CKO-
poctb 10 Mu1/Kr/10 MUH, cpegHUN 00beM 24+0,8 MJI/KT).
KpoBonorepio npeKkpalaiy Ipy CHUSKEHUU CUCTOJIAYe-
CKOT0 apTepuaJbHOro naBjeHus (cucAJl) mo ypoBHA
60,0+1,5 mMm pr. cT. I'BO (3 ara (303,6 klla) — 60 muH) Ha-
4rHa/IX Ha 10-11 MUHYyTe [T0CJIe KpOBOIIYCKAaHUSA. ApTepu-
aJIbHOE JaBJleHre U3MePs/Iu NPSAIMbIM CIIOCOOOM I10CjIe
KaTeTepHU3alliy JeBoH OefpeHHO0H apTepuu. JKMBOTHBIX
pacnpenesuv Ha 5 cepuil onbITOB. 1 cepus (UCXOTHOE
COCTOSIHME, KOHTPOJIb) 3I0pOBblEe SKUBOTHBIE,
cncA/l=154,5+3,0 MM PT. CT.; 2 cepusi — >KUBOTHBIE, HC-
cje0BaHHbIe Yyepe3 10 MUH I10CIe KPOBONYCKAaHUA U
crabuusanyu cucAJl Ha ypoBHe 60,0+1,5 MM pT. CT. (Ha-
yajibHaA asa KOMIIeHCAIlu FeMOpParuyecKoro IoKa);
3 cepusi — JKMBOTHBIE, YKU3HECIIOCOOHBIE Yyepes 70 MIH
TOCJIe KPOBOITyCKaHWA IIpyu CUCAJl=54,7+2,3 MM PT. CT.
(mposioHrMpoBaHHasA dasza KOMIIEHcAlluy reMopparuye-
CKOTO IIIOKA); 4 Cepusi- })KUBOTHBIE, Y KOTOPBIX B TCUCHUN
60+14 MUH TIOCJIe KPOBOIYCKaHMs pa3BmiIach ¢asa je-
KOMIIeHCalluy reMOpparn4eckoro moka (cucAJ/l=9,8+1,5
MM PT. CT.); 5 CEpUAl — YKUBOTHBIE, KOTOPBIX uepe3 10 MuH
110J1e KPOBOITyCKaHUsA (HauasibHasA (haza KoMIleHcaluu
reMOpparnyecKoro II0Ka) IoMelaal B 6apokaMepy u
nposogunu ceaHc I'BO. (Ilocsne pexommpeccun —
cucAJl=74,3+6,2 MM PT. CT.). OOBEKTOM UCCIEOBAHUS
CJIy>KUJIM: TKAaHb CEHCOMOTOPHOU KOPBI I'OJIOBHOTO
moara (CKI'M), aprepuasibHast KpoBb (OeapeHHast apTe-
pH¥A) ¥ KPOBb CarMTTaJAbHOI0 BeHO3HOro crHyca. B CKIM
HCCIIeJOBAJIM MO3rOBOY KPOTOK METOJOM BOJOPOIHOIO
rimpeHca [11], HanpsisreHue kucaopoga (MPO,) — moJis-
porpaduyeckum MeTonoM [12]. C 1oMoIIbI0 MUKpOaHa-
smaaropa kposu BMC 3 Mk2 (PagromeTp) B apTepualib-
HOW M BEHO3HOU KPOBU OIpPeHesIsiii HamlpsisKeHue
rucaopoga (aPO, u vPO,), cogepsxaHnne OKCUTeMOIJIO-
6muna (aHbO, 1 VHbO,), BEIYMCIAIN cofepsKaHne KICIIO-
pozra B kpoBu (a0, u vO,). BesimunHy 1OCTaBKU KUCJIO-
porma (DO,) B M03r omnpepnessand, Kak NPONU3BeJeHNe
MO3TrOBOI'0 KPOBOTOKA Ha a0,. IKCTPAKIIUAIO KUCJIOPOAa
U3 KPOBU MO3roM (a-B)O, BEIUUC/IAIN KaK apTepuo-Be-
HO3HYIO PAa3HHUILy 110 €0 COJlepsKaHuUIO B IIpUTEKaloIen
(apTepuaJibHOI) 1 OTTEKAOIEeN (BEHO3HOM) KpoBHu. [To-
TpebiieHre Kucaopoaa Mo3rom (VO,) ompeesisyia Kak
pou3BeleHrne MO3TOBOT0 KPOBOTOKA Ha (a-B)O,. i
OTIpesiesIeHNsI CoflepsKaHNs a30THCTBIX MEeTabOoJINTOB,
MO3T 3aMOPaKUBAJIU B SKUAKOM a30Te, TOMOTeHU3UPO-
Basu 1 munyTy B 0,6N pactBope HCIO, B cooTHOIIEHUU
1:6. TomoreHnar ceHCOMOTOPHOU KOPbI F'OJIOBHOI'O MO3Ta
9KCTparupoBasiv Ha Xos101y 10 MUH 1 OCcayK Iy LEeHTPU-
¢yruposanuem B nentpudyre «[IBP-1» (t= 0-(—4°)C) pu
22000 g B Teyenue 15 muH. Conepsranre aMMHAaKa B TKAaHU
TOJIOBHOI'O MO3Ta OIpenesisiii MUKPoau(dy3noHHbIM
meTonoMm [13], myTaMuHa — MeTOLOM KHUCJIOTHOTO THI-
poJinaa [14], ¢-keTornmyrapara u ryramara — epMeHTa-
TUBHBIM METO/IOM C IyTamarjeruaporenasoi [15]. Co-
JepskaHre aMMHaka B IIa3Me KpOBHU OIlpefeJisiiv
(hbeHUITUNOXJIOPUTHBIM MeToIoM [16], IyTaMuHa — Me-
TOIOM KMCJIOTHOTO riiposin3a [14]. PaccunTeiBaiu apTe-
pY0O-BEHO3HYIO pa3HUlly 1o aMmmuaky (ABPam) u rmyra-
muny (ABPru). B MmuroxongpuansHoil dpaknuu CI'KM
OIIpeesAan akTUBHOCTD IyTamaraerugporenassl (I7110)
[17] 1 docdarsaBucumoii rryramunassel (P3I) [18], B ro-
moreHare CKI'M — aktuBHOCTB DryramuHcuHTeTasbl (I'C)
[19]. BeiesieHrie MUTOXOHAPHAIBHOU (DpaKLyy IPOBOIWIIN

erage volume 24+0.8 ml/kg). Blood loss was stopped with
a decrease in systolic blood pressure (sysBP) to the level
of 60.0+1.5 mm Hg. HBO (3 ATA (303.6 kPa) — 60 min)
began on the 10th minute after bloodletting. Arterial
blood pressure was measured directly after catheteriza-
tion of the left femoral artery. Animals are divided into 5
series of experiments: series 1 (original state, control) —
healthy animals, sysBP =154.5+3.0 mm Hg; series 2 — an-
imals studied 10 minutes after bloodletting and stabiliza-
tion of the sysBP at the level of 60.0+1.5 mmHg (initial
phase of hemorrhagic shock compensation); series 3 —
animals viable 70 min after bleeding (prolonged phase of
hemorrhagic shock compensation) when sysBP=54.7+2.3
mm Hg; series 4 — animals studied within 60+14 min after
bloodletting during the developed phase of hemorrhagic
shock and decompensation with sysBP value 9.8+1.5 mm
Hg; series 5 — animals, which were evaluated after 10-min
bloodletting (initial phase of hemorrhagic shock com-
pensation) in a pressure chamber and subjected to the
HBO session (after decompression, sysBP=74.3+6.2 mm
Hg). The objects of the study included: the tissue of the
sensomotor cortex (SMC), arterial blood (femoral artery)
and blood of the sagittal venous sinus. In SMC we studied
cerebral blood flow (CBF) by the method of the hydrogen
clearance [11], oxygen tension (cPO,) was evaluated by
the polarographic method [12]. Using the microprobe of
the blood of VMS 3 MK2 (Radiometer) in arterial and ve-
nous blood, we measured oxygen tension (aPO, and
vPO,), the content of oxyhemoglobin (aHbO, and
vHbO,), and calculated the oxygen content in the blood
(a0, and vO,). The amount of oxygen delivery (DO,) to
the brain was determined as the product of ut per aO,.
Oxygen extraction — (a-v)O,-from the blood by the brain
was calculated as an arterio-venous difference in its con-
tent (concentration of oxyhemoglobin + content of oxy-
gen physically dissolved in plasma) in the flowing in (ar-
terial) and flowing out (venous) blood. The oxygen
consumption of the brain (vO,) was determined as the
product of the ILC by (a-v)O,. For the determination of
nitrogenous metabolites, the brain was frozen in liquid
nitrogen, homogenized for 1 minute in 0.6 N HCIO, so-
lution at a ratio of 1:6. Sensorimotor cortex homogenate
was extracted in the cold for 10 min and deposited by
centrifugation in CVR-1 centrifuge (t= 0—(—4°)C) at 22000
g for 15 min. Ammonia content in brain tissue was deter-
mined by microdiffusion [13], glutamine — by acid hy-
drolysis [14], a-ketoglutarate and glutamate — by the en-
zymatic method with glutamate dehydrogenase [15].
Plasma ammonia was determined by the phenil-
hypochlorite method [16], 1-glutamine — by the method
of acid hydrolysis [14]. The arterio-venous difference in
ammonia (AVDam) and glutamine (AVDgn) was calcu-
lated. In mitochondrial fractions of the nervous tissue,
the activity of glutamatdehydrogenase (GDG) [17] and
phosphate-dependent glutaminase (PDG) [18], as well as
the homogenate glutaminsinthetase activity (GS) were
determined [19]. The mitochondrial fraction was isolated
by differential centrifugation [20]. The protein content in
the homogenate and mitochondria was determined by
the Lowry method [21].

Statistical analysis was performed using a personal
computer with the help of statistical software package
«Statistica 5.5» and «Microsoft Exel XP». The research re-
sults (independent samples) were processed statistically
using the Student's parametric #-test with preliminary
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TaGumiza 1. KHC/IOpOHBINH pesKHM B CEHCOMOTOPHOM KOpPe FOJIOBHOTO MO3Ta KOIIIEK B IIPOJIOHTHPOBaHHYIO a3y
KOMIIEHCAll¥ FeMOppParudecKoro moxa (M+m).

Table 1. Oxygen regime in the sensomotor cortex of cats in the prolonged phase of hemorrhagic shock compen-
sation (M+m).

Parameters Values of parameters in the study series
Original state, Phase of HSh compensation
n=10 The initial, 10 min after Prolonged, 70 min after
blood loss, n=10 blood loss, n=10
1 2 3
Blood
aPO,, kPa 14.94+1.02 15.32+1.21 17.60+1.04
vPO,, kPa 7.05+0.72 6.43+0.82 5.68+0.73**
(a-v)PO,, kPa 7.89£1.18 8.90+1.48 11.92+1.41**
aHbO,,% 97.2+0.71 97.5+0.36 98.0+0.37
vHbO,,% 73.6£5.25 67.1£6.15 56.0+7.55**
(a-v)HbO,,% 23.6£6.48 30.4+6.20 42.0+7.34**
a0,, mmol/l 8.25+0.22 7.45+0.34 6.96+0.28*
vO,, mmol/l 6.17+0.45 5.02+0.46 3.58+0.49**
(a-v)O,, mmol/l 2.08+0.51 2.43+0.52 3.38+0.62**
Sensomotor cortex

cPO,,% 100 61.3+7.70* 54.1+2.60*
CBE ml/kg/s 15.8+2.37 10.8+2.44 7.63+1.52**
DO,, mkmol/kg/s 131.0+£19.9 80.3+18.50 53.1+10.76*
VO,, mkmol/kg/s 32.849.41 26.2+8.17 25.846.94

Note. For tabl. 1-3: HSh — hemorrhagic shock; ¢ — cortex; CBF — cerebral blood flow; DO, — oxygen delivery; VO, — oxygen
consumption; a0, and vO, — oxygen content, respectively, in arterial and venous blood; aHbO, and vHbO, — the content of
oxyhemoglobin, respectively, in arterial and venous blood; (a-v) — arterio-venous difference. * — P<0.05; ** — P<0.01 — signif-
icance of differences in comparison with the original state;

IIpumeyanwue. []j1s1 TabJ1. 1-5: Parameters — napametpsr; Values of ...in the study series — saHauenwusi... B cepusix uccsenoBanuii; Orig-
inal state — ncxogHoe cocrosinue; Phase of — ¢asa; The initial — nauasnbnas; after blood loss — nocsie kpoomnorepu; Prolonged —
IIPOJIOHTHUpOBaHHAaA. JI71s1 Tabu1. 1-3: HSh — remopparuueckutii mok; ¢ — koprekc; CBF — M03roBoit kpoBoTok; DO, — nqocraBka
kucsopona; VO, — morpebiienne kuciopoaa; a0, u vO, — coepskaHne KUCIOPOo/ia, COOTBETCTBEHHO, B apTEPUAIbHON U BEHO3HOM
kpoBy; aHbO, u vVHbO, — conepskaHne OKCUreMOIVIOONHA, COOTBETCTBEHHO B apTepUaIbHON M BEHO3HOI KpOBY; (a-v) — apre-

pHo-BeHO3Has1 pasHuna. * — p<0,05; ** — p<0,01 — ZOCTOBEPHOCTH PA3IUIHAN I10 CPABHEHUIO C ICXOIAHBIM COCTOSTHHEM.

MeTonoM nuddepeHnmaIbHOro neHTpudyruposanus [20].
Cognep:xaHue Oesika B rOMOreHaTe 1 MUTOXOHAPUSAX OIIpe-
JeJisd 1o Merony Jloypu [21].

CraTucTuyecKui aHaIN3 IPOBOAUIIN C UCIOJIb30-
BaHUeM [1aKeTa CTaTUCTUYeCKUX ITporpaMu «Statistica 5.5»
u «Microsoft Exel XP». Pe3yssrarsl ucciieJoBaHul (He3a-
BHUCHMbIE BLIOOPKH) 00pabaThIBaIN CTATUCTUYECKH C UC-
NOJIb30BaHUEM ITapaMeTPUUYecKOro t-Kpurepus CTbio-
JIeHTa C IpeBapUTeIbHBIM Ollpe/ie/IeHeM aCCUMEeTPUY,
9KcIlecca ¥ MPOBEPKU TUINOTe3bl 0 HOPMaJIbHOM BBIOO-
POYHOM pacrpeneaeHuu [22].

Pe3ynbTarhl ¥ 00CYyK/IEeHHE

Kak mokasanu mcciaemoBanusi (Tabma. 1), y
OJTHOM YaCTH KMBOTHBIX C OCTPOY HEBO3MEIIIEHHOH
KpoBorioTepeii Ha 10-i1 MUHyTe Pa3BUTUA reMop-
paru4yecKoro IokKa OTMeTU/IU CHusKeHue cPo, Ha
39% 1o cpaBHeHUIO ¢ KOHTpoJieM (1 cepus). [Ipu
9TOM [IOKa3aTe/Id KUCJIOPOIHOIO pesKUMa B IIPUTe-
Karorei u orrekamotieir or CKI'M kpoBu mocTo-
BEpHO He MEHSJINCh, KaK 1 MO3TOBOM KPOBOTOK U
DO, (Taba. 1). Ecmti padBuBaach mpoJIOHTUPOBAH-
Has (pa3a KOMIIEHCAIY TeMOPParn4eckoro moka
(3 cepyrs) MPOMCXOANIIO CHAKEHYE MO3TOBOT'0 KPO-
BOTOKA Ha 52% HUyKe KOHTPoJ1A (1 cepus). Besmun-
Ha cPo, 10CTOBEpHO He OTIMYaIach OT aHAJIOTHAY-
HOTO TIOKa3aTeJisi Ha4aJabHOU (ha3bl KOMIIEHC AU
I'IT (2 cepus) u ocraBasach Ha 46% HUYKE UCXOLHO-
ro coctostHUs (TabJ1. 1). OMTHOBPEMEHHO C 3TUM B
KPOBH, IpOTeKalomel yepes Mo3r (tadJ. 1), vPO,

determination of asymmetry, excess, and verification of
the hypothesis of a normal distribution of variables [22].

Results and Discussion

As shown in table 1, one portion (44%) of an-
imals with acute non-compensated blood loss at
the 10th minute of hemorrhagic shock develop-
ment showed a decrease in cPO, by 39% compared
to the control (series 1). At the same time, the pa-
rameters of the oxygen regime in the blood flowing
in and out of the SMC did not significantly change,
as did the cerebral blood flow with DO, (table.1). If
the extended phase of hemorrhagic shock compen-
sation developed (series 3, 70 minutes of the post-
hemorrhagic period), the cerebral blood flow de-
creased by 52% below the control (series 1).

The value of cPO, did not differ significantly
from the same indicator of the initial phase of HSh
(series 2) compensation and remained 46% lower
than the initial state (table 1). Simultaneously, in the
blood that flowed through the brain, vPO, de-
creased by 19%, so (a-V)PO, was 51% higher than
the original state ( series 1) (table 1). The value of
vHbO, became 24% lower than the control (series
1), so (a-v)HbO, 78% higher than it (table 1). The val-
ues of a0, and vO, in the prolonged phase of hem-
orrhagic shock compensation (series 3) decreased
relative to the initial state (series 1) by 16% and 42%,
as aresult (a-v)O, exceeded it by 63% (table 1).
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Tabmauna 2. KucjopoaHo# peskuM B CEHCOMOTOPHOI KOpe roJIOBHOTO MO3ra Kollek B a3y ieKoMIIeHCaliuu

(aroHHs) reMOpparu4vecKoro moka (M=m).

Table 2. Oxygen regime in the sensomotor cortex of cats in the phase of decompensation (agony) of hemorrhagic

shock (M+m).
Parameters Values of parameters in the study series
Original state, The initial phase Phase of HSh
n=9 of HSh compensation, decompensation 60+14 min
10 min after blood loss, n=9 after blood loss, n=9
1 2 4
Blood
aPO,, kPa 15.73+£0.94 16.72+0.82 15.83+0.89
vPO,, kPa 5.69+0.22 4.56+0.32* 5.16+0.69
(a-v)PO,, kPa 10.04+0.88 12.16+0.92 10.67+0.69
aHbO,,% 97.310.41 97.84+0.23 93.8+0.85*
vHbO,,% 65.20+3.57 48.10+4.68* 36.616.70**
(a-v)HbO,,% 32.10+2.37 49.7+4.67* 57.20+ 6.94**
a0,, mmol/l 8.00+0.22 7.00+£0.31 6.60+0.22*
vO,, mmol/l 5.28+0.29 3.21+0.326* 2.32+0.43*
(a-v)O,, mmol/l 2.72+0.32 3.79+0.45 4.28+0.54*
Sensomotor cortex
cPO,,% 100 67.10+4.36* 42.20+7.04*
CBE ml/kg/s 16.20+1.85 8.22+0.89* 4.58+0.50*
DO,, mkmol/kg/s 129.0£15.2 57.60+6.78* 30.2+3.44**
VO,, mkmol/kg/s 44.00+7.41 31.10+5.17 19.6+3.26*

Note. * — P<0.05; ** — P<0.01 — significance of differences in comparison with the original state;
IIpumeuanue. * — p<0,05; ** — p<0,01 — JOCTOBEPHOCTH PAZIUYUN 10 CPABHEHUIO C UCXOJHBIM COCTOSTHUEM.

CHMKAJIOCh Ha 19%, pesyssrare yero (a-v)PO, cra-
HOBMJIACh Ha 51% BBIIIEe NCXOOHOTO COCTOSAHUSA
(1 cepus). Benmmuuna vHbO, ctanoBusiach Ha 24%
HIKe KOHTPOJIsA (1 cepusi), moatomy (a-v)HbO, mipe-
BBINIIaJIa ero Ha 78% (Tabs. 1). B cBoto odepenb
BesinuuHbI a0, 1 vO, B IPOJIOHTMPOBAaHHYIO (pasy
KOMIIEHCAIlU reMOpparndecKoro moka (3 cepus)
CHMSKAJIMCh OTHOCUTEJIBHO MCXOIHOIO COCTOSIHUSA
(1 cepus) Ha 16 1 42%, B pesyiisrare (a-v)O, IpeBbI-
mrasta ero Ha 63% (tabur. 1).

Y Apyroil 4acTu HeJiedeHBIX SKUBOTHBIX C
reMopparu4ecKkuM MI0KOM (TadJI. 2) B HA9aIbHYIO
B (ha3y KOMITeHcaIuu (2 cepuisi) HAOJIOa TN CHU-
sxkenne vPO, Ha 20% OTHOCHUTEBHO KOHTPOJIA (1
cepwuisi), OJHAKO IOCTOBEPHOTo n3MeHeHus (a-B) PO,
He IIPOXCX0IUIIO. BMecTe € TeM, CHUYKEeHHE BeJInIu-
Hb1 VHbO, Ha 26% oTHOCUTENHHO 1 cepum onpeiesisi-
J10 yBesimdeHue (a-v)HbO, Ha 55% 1o cpaBHeHUIO C
HUCXOOHBIM COCTOsTHHEM (1 cepusi). ITO CONTPOBOKIA-
JIOCH (TabJI. 2) CHUKEHHEM B CEHCOMOTOPHOU KOpe
rosioBHOTO Mo3ra cPO,, Mo3rosoro kpoBoroka u DO,
Ha 40, 21 1 30%, COOTBETCTBEHHO, 10 CPABHEHHUIO C
KOHTpoJieM (1 cepusi). Y KABOTHBIX 9TOU I'PYIIIbI B
TeyeHuu 60+14 MUH IOCTTEeMOPParndecKroro repuo-
Jla pa3BUBAJIACh CTaWsA JEKOMIICHCAlUU reMoppa-
TUYECKOTO II0Ka (4 cepusi), KOTOpas XapaKkTepuao-
Bajacb 4-X KparHblM IageHunem DO, B
CEHCOMOTOPHOH KOpe TOJIOBHOTO MO3ra, 3-X Kpar-
HBIM CHUYKEHUEM MO3TOBOI'O KPOBOTOKA, 2-X Kpar-
HBIM CHIKeHneM cPO, OTHOCUTESIBHO KOHTPOJIA (1
cepus). B kpoBu nipu saTtoM BesimunHa vPO, ocTaBa-
J1ack Ha 20% HUYKe UCXOIHOT0 COCTOAHUA (1 cepuA) ;
aHbO, 1 vHbO, O6bL/IM CHHKEeHbI OTHOCHTEILHO HETO
Ha 4% u 26%, B peayisrare (a-v)HbO, nossimanace
Ha 78% (Tabu1. 2). B cBOIO ouepens camkenye vO, Ha

In another part of the untreated animals with
hemorrhagic shock at the initial stage of the com-
pensation phase (series 2), a 20% decrease of vPO,
relative to the control (series 1) was observed, but
there was no significant change of (a-b) HbO.,.
However, the decline of vHbO, by 26% relative to
series 1 determined the increase in (a-v)HbO, by
55% compared to the initial value (series 1) (table 2).
This was accompanied by a 40%, 21% and 30% de-
crease, vs. the control (series 1), in SMC values of
cPO,, cerebral blood flow and DO,, respectively
(table 2). The animals of this group developed the
decompensated stage of hemorrhagic shock within
60+14 min of posthemorrhagic period (series 4). As
can be seen from table 2, the phase of decompen-
sation of hemorrhagic shock was characterized by
a 4-fold drop in DO, in SMC, 3-fold decrease in
cerebral blood flow, 2 — fold decrease in cPO, rela-
tive to the control (series 1), i.e. decompensated
brain hypoxia developed. In the blood, the magni-
tude of the vPO, remained 20% below its initial
state (series 1), aHbO, and vHbO, were reduced rel-
ative to it by 4% and 26%; therefore, (a-v)HbO, in-
creased by 78% (table 2). A 56% decrease of vO, in
the decompensation phase of hemorrhagic shock
resulted in a 56% increase of (a-v)O, relative to the
initial level (table 2).

Among the compensatory mechanisms trig-
gered by acute blood loss, there are three «<hemic»
mechanisms for compensating oxygen deficiency
in the body: arterial-hyperoxemic, venous-hypox-
emic, and combined. The arterial-hyperoxemic
mechanism of hypoxia compensation is associated
with hyperventilation of the lungs and is typical for

mild and moderate blood loss. It is characterized by
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56% B (hasy IeKOMIIeHCAlUU reMOopparun4ecKkoro
IIOKA IIPUBOAMWJIO K YBEJIWYEHUIO Ha 57% (a-v)O,
OTHOCHUTEJIHLHO MCXOIHOI'0 COCTOSIHMA (Ta0I. 2).

Cpeny KOMIIEHCAaTOPHBIX MEXaHU3MOB, 3allyC-
KaeMbIX IIpU OCTPO KPOBOIIOTepe, Pa3/jInyaloT TpU
«reMUYEeCKUX» MeXaHU3Ma KoMIIeHcalnu geduimra
KHCJI0pPOJa B OpraHu3Me: apTepaabHO-TAIIePOKCe-
MUYECKUI, BeHO3HO-TUIIOKCEMUYECKUU U COUeTaH-
HBI. ApTepuaIbHO-IUIIePOKCEMUYECKU TUTI CBSI-
3aH C TUIepBEHTUJISIIMEN JIETKUX, XapaKTepeH J1JIs1
JIETKOU 1 CpellHed TsIPKeCTH KPOBOIIOTepU 1 Xapak-
Tepusyercs nosbliiieHreM aP0O, u aHbO,. BenosHo-
TUTIOKCEMUYECKNIT MeXaHW3M 00ecredynBaeTcs
C/IBUTOM KPHWBOH JUCCOIAAIINY OKCUTEMOTIOOMHA
BIIPaBO B peayJisrare CHyKeHusA pH KpoBu 1 HaKo1I-
Jgenus 2,3-qudocdorunepara B apurpormrax. On
nposiBjsiercss cHukenueM BPO, u BHbO,. [Tatodu-
3MOJIOTUYECKUH CMBICJI 3TUX PeaKIIUH 3aKJII0YaeTCsI
B yBeJIMYEHHE KOJINYEeCTBa KUCJI0OPOa, IIOCTYIIAal0-
IIIeT0 U3 KPOBHU B TKaHU. CONOCTaBJICHHE ITOJIy4YeH-
HBIX PE3YJIBTaTOB IIOKAa3bIBAeT, YTO IIOBBIIICHUE
Irdysun KUCJI0poaa U3 aprepuajbHON KPOBU B
Heiiponsl CKI'M, pasBuBaloliieecsi B OTBET Ha UIlle-
MMIO TOJIOBHOI'O M03ra, He IIpeloTBpalaeT pasBu-
THEe B HUX TUINOKCUHU Ha 10-I MUHYTe pPa3BUTUSA
reMOpparn4eckoro moka. MlHeiMu cioBamu, CUH-
JIPOM IIEHTPATN3AINH KPOBOOOPAIIEHHs ITPU OCT-
PpoIi HeBO3MellleHHOU KPOBOIIOTEPE HE IPeIyIIpesK-
Jaer passurue runoxkcuu CKI'M npu cHuxeHuun
cucAJl o 60,0+1,5 MM pT. cT. [Tpu aTOM OOHAPY KU
CJIeyIOIIyI0 OCOOEHHOCTh paHHEW aganTalu
CKI'M k MaccuBHOU KpoBomnorepe. Ecin y sKUBOT-
HbIX Ha 10-11 MUH IIOCTreMOpparuyecKoro repruona
yBesauyenue (a-v)PO, He COIPOBOKAAIOCH U3MEHE-
HHeM KoHueHTpanuu HbO, mpu npoxoskneHuu
KpOBH Yepe3 MO3TOBBIE COCY/IbI, TO Ha 70-i1 MUHyTe
IIOCTTEeMOPPAarun4ecKoro rnepuona nogaepskanue B
rpeiesiax HopMbl VO, y 9THX SKUBOTHBIX 00€ecIiedn-
BaJIOCh IOIBITKON CpOPMUPOBATh apTepUaIbHO-
TUNIEPOKCEMHUYECKYIO (TEHIECHINA K IOBBIIIEHUIO
aPO, n aHbO,) KoMIIeHCAaTOPHYIO peaKIyio, Ha (poHe
Ppas3BUTUSA BEHO3HO-TUIIOKCEMUYECKOH (CHU)KeHUe
vPO, u vHbO,) koMnieHcaTopHOU peakiyu. B pe3ysnb-
Tare K 70-i1 MUHyTe TeMOPPArnyecKoro II0Ka pa3BU-
Bajlach IPOJIOHTMPOBaHHAsA (hasa KOMIIEHCAIWH.
Ona XxapakTepu30Ba/Iach YBeJIMYCHUEM OKCTPaKIUN
MO3IOM KHCJIOpPOJa U3 KPOBY, HA YTO YKa3bIBaeT
yBenmaenue (a-v)PO,, (a-v)HbO, u (a-v)O, (Tabm. 1).
OnHaKo, cOYeTaHHbIM TUI KOMIIEHCATOPHBIX MeXxa-
HU3MOB aIallTalluK K TUIIOKCUY SIBJISIETCsI KpaliHel
CTeNeHbI0 UX HAIIPSIP)KeHUs U OTINYAeTCsT HeYCTON-
4UBOCTEIO [23]. IToaTOMY KUBOTHBIE C IIPOJIOHTHUPO-
BaHHOU (pa30i KOMIEHCAIUM reMOpparundeckoro
IIIOKA [T0CJIE OCTPOU HEBO3MeEIlleHHOH KPOBOIIOTepU
BCe paBHO NOTUOAIN B Te4eHnH 1,5-4 4acoB.

Ecin sxe y YKMBOTHBIX C FeMOpparu4ecKkum
IIOKOM BKJIIOU€HHE BEHO3HO-TUIIOKCEeMUYEeCKON
peaknuu (cHuskenue vPO, u vHbO,, yBennuenue

(a-v)HbO,) kommeHcanmuyn HaYWHAJIOCH Ha 10-1

increased aPO, and aHbO,. The venous-hypoxemic
mechanism is provided by the shift of the dissocia-
tion curve of oxyhemoglobin to the right as a result
of a decrease in blood pH and the accumulation of
2,3-diphosphoglycerate in erythrocytes. It is char-
acterized by a decrease of vPO, and vHbO,. The
pathophysiological meaning of these reactions is to
increase the amount of oxygen coming from the
blood into the tissue. Comparison of the results
shows that increased diffusion of oxygen from the
arterial blood into the neurons of SMC, developing
in response to cerebral ischemia, does not prevent
the development of hypoxia in them at the 10th
minute into hemorrhagic shock development. In
other words, the syndrome of blood circulation
centralization, developing in acute blood loss, does
not prevent the development of hypoxia of SMC
with a decrease in systolic BP to 60.0+1.5 mm Hg.
The following feature of early adaptation of SMC to
massive blood loss was found. If in the animals at
the 10" min of the post-hemorrhagic period, in-
creased (a-v)PO, was not accompanied by a change
in the concentration of HbO, during the passage of
blood through the cerebral vessels, then at the 70
minute of the post-hemorrhagic period, the main-
tenance of normal VO, in these animals was pro-
vided by an attempt to form an arterial-hyperox-
emic (a tendency to increase aPO, and aHbO,)
compensatory reaction following the venous-hy-
poxemic (decrease in vPO, and vHbO,) one. As a re-
sult, a prolonged compensation phase was devel-
oped by the 70" minute of hemorrhagic shock. It
was characterized by an increase in extraction of oxy-
gen from the blood by brain, as indicated by an in-
crease in (a-b)PO,, (a-v)HbO,, and (a-v)O, (table 1).
However, the combined type of compensatory
mechanisms of adaptation to hypoxia is an extreme
degree of their stress and is characterized by insta-
bility [23]. Therefore, in our studies, animals with a
prolonged phase of compensation for hemorrhagic
shock after acute non-compensated blood loss still
developed agony and died within 1.5-4.0 hours.

If in animals with hemorrhagic shock, the acti-
vation of venous-hypoxemic reaction (decrease in
vPO, and vHbO,, increase in (a-v)HbO,) of compen-
sation began at the 10% min of the post-hemorrhagic
period, they, as it turned out, had low resistance to
blood loss. They had a decompensation phase at
60+14 minutes of the post-hemorrhagic period and
died. During this period, the venous-hypoxemic re-
action was maintained as a result of a significant in-
crease in (a-b)O, (table 1), but it was not enough to
preserve the life-compatible VO, of the brain tissue.

The use of HBO at the 10th minute of hemor-
rhagic shock development stimulated the develop-
ment of arterial-hyperoxemic reaction of the body
to blood loss (table 3). Therefore, despite the rapid
desaturation of oxygen from the brain tissue and
blood in the early (5-10 min) posthyperoxic period,
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Tabauna 3. BnusaHnue runepoapuveckoii okcureHanuu (F'60) Ha KMCJIOPOTHBIN PEsKUM B CEHCOMOTOPHO# Kope
TOJIOBHOT'0O MO3ra KOLUIEK IIPU reMOpparu4eckoM Ioke (M+m)
Table 3. Effect of hyperbaric oxygenation (HBO) on oxygen regime in the sensomotor cortex of cats in hemorrhagic

shock (M+m)
Parameters Values of parameters in the study series

Original state, The initial phase HSh+HBO

n=10 of HSh compensation, 70 min after blood loss,
10 min after blood loss, n=10 n=10
1 2 5
Blood
aPO,, kPa 13.82+0.82 16.80+0.67* 18.47+0.92**
vPO,, kPa 5.71+0.28 5.52+0.41 5.31+0.41
(a-v)PO,, kPa 8.11+0.67 11.88+0.81* 13.16+1.17*
aHbO,,% 96.6+0.52 98.3+0.11* 98.3+0.22*
vHbO,,% 69.2+3.77 65.3+2.52 60.1+4.64
(a-v)HbO,,% 26.4+3.21 33.0+2.58 38.2+4.69*
a0,, mmol/l 7.63+0.22 6.65+0.18* 6.34+0.23*
vO,, mmol/] 5.50+0.28 4.28+0.18* 3.75+0.30*
(a-v)O,, mmol/l 2.13£0.20 2.37+0.19 2.59+0.30
Sensomotor cortex

cPO,,% 100 58.8£6.71* 57.8+£12.7*
CBF, ml/kg/s 14.4+0.90 9.30+0.70* 8.70+1.00*
DO,, mkmol/kg/s 110.0+£7.76 61.6+4.95* 55.3+6.74*
VO,, mkmol/kg/s 30.7+3.53 21.9+2.41 22.5+3.66

Note. * — P<0.05; ** — P<0.01 — significance of differences in comparison with the original state.
IIpumeuanwue. * — p<0,05; ** — p<0,01 — TOCTOBEPHOCTDH PA3IUYUH 10 CPABHEHUIO C UCXOIHBIM COCTOSIHUEM.

MUH NOCTTEMOPPArn4ecKOro nmepuona, ToO OHH,
KaK 0Ka3aJI0Ch, UMeEJIA HU3KYIO0 Pe3UCTEHTHOCTD
K KpoBoOIlOoTepe. Y HUX HacTynasda (pasa gexoM-
neHcanuu Ha 60+14 MUH IOCTTeMOpPParn4ecKoro
neproaa 1 oHH norubanmu. CoxpaHeHUs K 9TOMY
CPOKY BEHO3HO-TMIIOKCEMHYECKOU peaklus B
pesyJsbrare 3Ha4uTeJbHOIO yBeandenus (a-B)O,
(tabJui. 1) okasagoCch HEJOCTATOYHO JIJIsSI COXpaHe-
HUSI COBMECTUMOTO C KU3HBIO IOTPeOIEHUS KUC-
gopoaa (VO,) MO3TOBOU TKaHbBIO.

[Tpumenenue I'O Ha 10-if MUHYTe pa3BUTHS
reMOpPparn4ecKoro MoKa CTUMY/IAPOBasia pa3Bu-
THEe apTepUaIbHO-TUIIEPOKCEMUYECKON peakluu
opraHm3Ma Ha KpoBomorepio (tabut. 3). [ToaTomy,
HeCMOTPSI Ha OBICTPYIO JlecaTypaliio KICJI0OPO/ia 13
TKaHU MO3Ta ¥ KPOBU B paHHeM (5-10 MuH) riocTae-
KOMITPECCHOHHOM Tiepriofie, BesmynHb! aPO,, aHbO,
1 (a-v)O, Y OKCUT'eHHPOBAHHBIX KOIleK Ha 70-i
MMHYTE Pa3BUTH IFeMOPPArn4eCcKOro IOKa IPEeBbI-
maau ucXonHoe cocrosgHue (1 cepus), COOTBET-
CTBEHHO, Ha 34, 2 1 62% (TabJr. 3). OgHaKo, Ha (hoHe
CHUKeHHOTO (Ha 40%) MO3TOBOT0 KPOBOTOKA 3TO
OKa3aJI0Ch HE0CTAaTOYHbIM, YTOOBI HOPMAJIM30BaTh
JIOCTaBKy Kucjopoza Kk Heiiponam CKI'M. PO, B Heil
0CTaBaJIOCh HUKe KOHTPOoJIA (1 cepus) Ha 50%, cBu-
JIeTeJIbCTBYSI O PAa3BUTUM IOCTTUIEPOKCUYECKON
runokcuu (tabs. 3). Mekay TeMm, B OTIMYHE OT
HeJIeYeHBIX YKUBOTHBIX C TeMOPParndeCcKruM IIIOKOM,
Y KOTOPBIX 2-X KparHoe cHuskenue DO, B Mosre ciry-
SKUAJIO TTYCKOBBIM (DaKTOPOM PA3BUTHSI BEHO3HO-
TUNIOKCEMUYECKOM peaKIiy, Y OKCUT€HUPOBAHHBIX
SKUBOTHBIX B IIOCTTUNIEPOKCAYECKOM TIEPUOJIE ITA
peaknus orcyrcrBoBadsa: vPO, u vHbO, noctoBepHO
He OINYaJINCEh OT UCXOJHOI0 COCTOSSHUA (Ta0JI. 3).
MOKHO IIpEanoJIOKUTh, YTO TUIIEpPHACHIIeHNUE

the values of aPO,, aHbO, and (a-v)O, in oxygenated
cats at the 70" minute of hemorrhagic shock devel-
opment (series 5) exceeded the initial state (series 1),
respectively, by 34%, 2%, and 62% (table 3). However,
on the basis of reduced (40%) cerebral blood flow, it
was not enough to normalize the delivery of oxygen
to the brain, where PO, remained below the norm
(series 1) by 50%. This indicates the development of
posthyperoxic hypoxia (table 3). Meanwhile, unlike
untreated animals with hemorrhagic shock, in
which a 2-fold decrease in DO, in the brain served as
a trigger for the development of venous-hypoxemic
reaction, in oxygenated animals with hemorrhagic
shock in the posthyperoxic period, this reaction was
absent: vPO, and vHbO, did not differ significantly
from the norm (table 3). We can assume that prior
(during the session), over-oxygenation of the brain
had made the engagement of the venous-hypoxemic
compensation mechanism of hypoxia immediately
after decompression unnecessary. It should be noted
that the reaction of compensation of oxygen deficit
in the brain of oxygenating animals with hemor-
rhagic shock was characterized by stability during
the posthyperoxic period. It is no coincidence that
100% daily survival of oxygenated animals with
acute non-compensated blood loss was observed in
that group after decompression.

Studies of ammonia metabolism in SMC of
cats in hemorrhagic shock have shown (table 4)
that at the initial stage (10" min) of the formation
of the extended phase of hemorrhagic shock com-
pensation AVDam remained unreliable, although
the concentration of ammonia in the SMC neurons
was increased by 44% (table 5). However, by the 70"

minute, in the animals of this series negative
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TaGuma 4. Bnusinue runepo6apudeckoii okcureHanuu (I’bO) Ha cofep:kaHne aMMHaKa U NIyTAMUHA (MMOJIB/JT)
B apTepHAJBHOI M BEHO3HOH KPOBH CarHTAJBFHOTO0 CHHYCA OJIOBHOTO MO3Ta KOIIIEeK IIPH reMopparu4ecKoM

moke (M+m)

Table 4. Effect of hyperbaric oxygenation (HBO) on ammonia and glutamine (mmol/]) in arterial and venous blood
of the sagittal sinus of the cat brain in hemorrhagic shock (M+m)

Parameters Values of parameters in the study series
Original state, The initial phase of HSh Prolonged compensation
n=10 compensation, 10 min after phase of HSh, 70 min
blood loss, n=10 after blood loss, n=10
1 2 3
a-ammonium 0.142+0.016 0.138+0.017 0.142+0.013
v-ammonium 0.138+0.021 0.138+0.018 0.162+0.030
AVDam nd nd -0.021+0.006
a-glutamine 0.388 £0.039 0.405+0.069 0.560+0.057*
v-glutamine 0.424+0.061 0.470+0.066 0.488+0.050
AVDgn nd -0.065+0.015 0.072+0.026
Indicators Original state, The initial phase HSh decompensation
n=10 of HSh compensation, phase (60+14 min),
10 min after blood loss, n=10 n=10
1 2 4
a-ammonium 0.145+0.016 0.166+0.015 0.271+0.027**
v-ammonium 0.149+0.018 0.135+0.017 0.221+0.021
AVDam nd 0.031+0.010 0.050+0.013
a-glutamine 0.296 £0.033 0.263+0.037 0.329+0.045
v-glutamine 0.288+0.026 0.288+0.032 0.355+0.033
AVDgn nd nd nd
Indicators Original state, The initial phase HSh +HBO
n=10 of HSh compensation, 70 min after blood loss,
10 min after blood loss, n=10 n=10
1 2 5
a-ammonium 0.167+0.010 0.171+0.023 0.183+0.025
v-ammonium 0.181+0.025 0.164+0.026 0.197+0.026
AVDam nd nd nd
a-glutamine 0.430 +£0.052 0.447+0.026 0.430+0.074
v-glutamine 0.460+0.044 0.474+0.065 0.489+0.066
AVDgn nd nd -0.059+0.028

Note. AVDam, AVDgn — accordingly, the arterio-venous difference in ammonia and glutamine; nd — the difference is unreliable.
* — P<0.05) — significance of differences in comparison with the original state.

IIpumeuyanune. AVDam n AVDgn — COOTBETCTBEHHO apTepHO-BeHO3HasI pa3HUIIA 10 aMMHAKY U IIyTaMuHy; nd — pa3HuIia He-
JocToBepHa. * — p<0,05 — JOCTOBEPHOCTH PA3JIMYUI OTHOCUTETIHbHO UCXOIHOIO COCTOSHHA.

MO3ra KHCJIOPOAOM BO BpeMs CeaHca [JeJs1allo
W3JIMIITHAM BKJIIOYEHUE Cpasdy II0CJIe TEeKOMIIPEeCCUr
BEHO3HO-TUIIOKCEMUYECKOI0 MeXaHN3Ma KOMIICH-
CallV¥ TUTIOKCUH. Y OKCUT€HNPOBAHHBIX YKUBOTHBIX
C TeMOPparu4eCKuM IIOKOM PeakIyy KOMIIeHCa-
muu nedwurura kuciaopoga B CKI'M oTmryanmch
CTabMITHBHOCTHIO B TOCTIAEKOMIIPECCHOHHOM IIEPHIO-
Ie. He ciryuaifHO B 3TOI Tpylllie IOC/e JeKOMIIpec-
cun ormerrid 100% cyTouHas BBIKMBAEMOCTb.
UccaenoBanusa ooMena ammuaka B CKI'M
KOIIIEK MPHA I'eMOPPAarn4eCcKOM IIOKe II0Ka3aIu
(Taba1. 4), YTO HA HAYAJIHFHOM 3Tarte (2 cepusi) ¢op-
MUPOBaHUsI IPOJIOHTUPOBAHHON (Da3bl KOMIIEHCA-
MY FeMOPParn4ecKoro IoKa COXpaHAaach HeJo-
croBepHasa ABPaM, XOTA KOHIIEHTpanyd aMMUaKa B
HelipoHax CKI'M 1nipu 3TOM yBejinunBaJjach Ha 44%
OTHOCHUTEJIbHO HCXOJHOTO COCTOSHHUA (TabJ. 5).
OnHako, k 70-11 MUHyTe pa3BUTHS FeMOpparn4ecKo-
IO IIIOKa (3 cepusl) Y KUBOTHBIX (pOPMUPOBAJIACH
orpunaresbHast APBam (Tabur1. 4), YTO yKa3bIBaeT Ha
TOBBIIIIEHHYI0O UHKPEIMI0O aMMUaKa U3 HEMPOHOB
KOpPBI B KPOBb. bJsiarogapsa 9ToMy KOHLEHTpaIys

amvuaka B CKI'M cTabmin3npoBaiach, MPOIOJIKasT

AVDam formed (table 4). This indicates an in-
creased increment of ammonia from the neurons
of the cortex into the bloodstream. As a result, the
concentration of ammonia in SMC stabilized at the
level of the initial stage of hemorrhagic shock com-
pensation, exceeding the norm by 49% (table 5).

If animals with acute blood loss at 60+14 min
of hemorrhagic shock developed agony (series 4),
then they had positive AVDam formed as early as
10 minutes into the post-hemorrhagic period that
remained until agony (table 4). This indicates a
pathological retention of ammonia in the SMC
neurons (table 5). Therefore, positive AVDam and
venous-hypoxic response, emerging in the 10%
minute of the hemorrhagic shock development,
can be regarded as a poor prognostic marker.

The arterial hyperammonemia (table 4) dis-
covered in this study should be considered as an ad-
ditional reason for the pathological accumulation
of ammonia by SMC neurons in cats during the ag-
onal stage of hemorrhagic shock (series 4, table 5).
One of the reasons for its development is a violation
of ammonia-free liver function in this pathology
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Ta6uumna 5. ComepskaHue a30THCTBIX MeTA00IUTOB (MMOJIB/KT BJIAKHOHM TKAHH) M aKTUBHOCTH (DepMEHTOB a30-
THCTOTO MeTa00IHu3Ma (HMOJIB/MT OeJIKasC) B CCHCOMOTOPHOH KOpe rOJIOBHOTO MO3ra KoIlleK NP reMopparu-
YeCKOM LIOKe U runepoapuyeckoil okcureHanuu (M+m).

Table 5. The content of nitrogenous metabolites (mmol/kg of wet tissue) and the activity of nitrogenous metabo-
lism enzymes (nmol/mg protein-s) in the sensomotor cortex of cats hemorrhagic shock and hyperbaric oxygena-
tion (M+m).

Parameters Values of parameters in the study series
Norm. The initial phase Prolonged HSh decompensation Blood loss+
n=10 of HSh compensation, compensation phase phase 60+14 min, HBO,
10 min after of HSh. 70 min after after blood loss, n=10
blood loss, n=9 blood loss, n=9 n=9
1 2 3 4 5
Ammonium 0.97+0.074 1.40+0.10** 1.45+0.09** 1.70+0.12** 1.23+0.14
Glutamime 5.22+0.35 6.27+0.22* 5.97+0.49 5.59+0.44 6.85+0.52*
Glutamat 9.11+0.32 10.72+0.55* 10.51+0.51* 9.55+0.35 9.24+0.55
a-kG 59.70+8.54 50.00+9.87 51.30+7.75 28.9+5.42%* 44.8+9.53
n=10 n=10 n=10 n=10 n=9
GS 1.02+0.04 0.93+0.12 0.74+0.12* 0.65+0.15* 1.12+0.16
GDH 9.72+0.54 10.72+0.55 13.50+1.47* 12.30+0.82* 11.60+0.76*
PDG 7.83+0.75 8.95+0.40 8.98+0.46 11.17+0.80* 7.71+0.86

Note. * — P<0,05; ** — P<0,01 — significance of differences with respect to the norm; HSh — hemorrhagic shock; ABL — acute
blood loss; a-KG — a-ketoglutarate, GS — glutamine synthetase, GDG — glutamate dehydrogenase, PDG — phosphate depend-
ent glutaminase.

IIpumeuanmue. * — p<0,05; ** — p<0,01 — FOCTOBEPHOCTH pas3an4uil OTHOCUTeIbHO HOpMBbI; HSh — hemorrhagic shock; ABL —
octpas kpoBonoreps;; a-KG — a-keromryrapat; GS — mryramuHcuHTeTasda; GDG — mryramaraeruaporeHasa; PDG — docrdar-

3aBUCHUMas1 IiiyTaMyuHasaa.

MPEBBIIIATL UCXOAHbIE 3HAYeHUs Ha 49% (TabJr. 5).
Ecsu ske y sKUBOTHBIX C OCTPOU KpOBOIIOTepel Ha
60+14 MUH reMOpparuvecKoro IoKa pa3BuBajach
craaus JeKOMIIeHCallnu (4 cepus), TO Y HUX YoKe Ha
10-#1 MUHYTe TTOCTreMOpparuvyeckoro nepuoaa (2
cepusi) popMUpoOBaIaCh MOJOKUTETbHAsE ABPam
(Tabs. 4). 9TO yKa3bIBAET HA MTATOJIOTUYECKYIO pETEH-
1o aMmuaka B Heliponax CKI'M (tabu1. 5), mostomy,
oJI0KUTeIbHYI0 ABPaM, Ha 10-11 MUHYTe pa3BUTHUA
TeMOppParn4ecKoro MoKa, KaK ¥ BEHO3HO-TATIOKCe-
MHYECKYIO PEAKIINIO OPraHru3Ma Ha OCTPYI0 KPOBO-
T10TEPIO, MOYKHO paCCMaTpUBATh KaK IIPOrHOCTHAYE-
CKM HeOJIarOnpUATHbIE TPU3HAKY.

Jpyroii npruunHON MaTOJIOTUYECKOT0 HAKOII-
JleHUs1 amMmMuaka HeiipoHamu CKI'M koiiek B cra-
JHIO TeKOMIIEHCAluy FTeMOPpParundecKoro moxa (4
cepusi, TabJ1. 5) cylelyeT paccMaTpuBarh Kak apTe-
pUuaIbHYIO TUIIepaMMOHUEMUIO (TabJI. 4), OgHOI
U3 MPUYUH KOTOPOW sBJISIETCs HapylleHue
aMMHaro0e3BpeKUBaloiell (QyHKIUN TeYeHn
[23]. H3BecTHO, YTO BBICOKME KOHIIEHTpaluu
aMMUaKa MOTI'YyT OKa3bIBaTbh TOKCHYECKOE BJINA-
HUe Ha HEPBHbIE KJIETKU [24], BBI3bIBaA pa3sBUTHUE
JTeduinTa a-KeTorayrapara B pe3yJsrare ero Boc-
CTAHOBUTEJILHOTO aMIHUPOBAaHUsI C 00pa3oBaHM-
€M IJIyTaMara, KOTOpI:.IfI B ITIOBBIINIEHHBIX KOHIIEHT-
panusax npuobpeTaeT IKCAUTOTOKCUIHOCTD [26].

Ha 10-# 1 70-#1 MUHyTaX IocTreMopparuue-
CKOI0 Ilepruoja comepskanue rmmyramara B CKI'M
IIPEBBIIIAI0 KOHTPOJIb (1 cepus), COOTBETCTBEHHO,
Ha 17 u 15% (TabJ. 5). [Tpu aTom akTUBHOCTH [1T,
KaTaJIU3UpYyIolllel aMUHUPOBaHUeE @ -KeToTyTapa-
Ta, Ha 10-11 MUHYTe (2 cepusa) JOCTOBEPHO He MEHsI-
Jlack, a Ha 70-1 MUHYTe reMOpparunyeckoro moKa
(3 cepust) IpeBBIITIaTIa KOHTPOJIb Ha 38% (TadJI. 5).

[23]. It is known that high concentrations of ammo-
nia may provide a toxic effect on nerve cells [24],
causing deficiency of a-ketoglutarate as a result of
its reductive amination to form glutamate, which in
elevated concentrations becomes excitotoxic [26].

In our studies, at minutes 10 and 70 of the
post-hemorrhagic period, the content of glutamate
in SMC was higher than normal (series 1), respec-
tively, by 17% and 15 % (table 5). At the same time,
the activity of GDG, catalyzing the amination of a-
ketoglutarate, did not change significantly at the
10th minute (series 2), while at the 70t minute of he-
morrhagic shock (prolonged compensation phase,
series 3), it exceeded the norm by 38% (table 5). Dur-
ing the stage of hemorrhagic shock decompensa-
tion, the increased (by 27%) activity of GDG in the
SMC neurons was not accompanied by reliable
changes in the concentration of glutamate, whereas
the concentration of a-ketoglutarate in SMC was re-
duced by 52% (table 5). Comparison of the results
suggests that the pathological accumulation of am-
monia in the brain tissue in hemorrhagic shock ac-
tivates one of the intracellular reactions of its neu-
tralization: restorative amination of a-ketoglutarate,
the decrease in the concentration of which in the
neurons of the sensomotor cortex accompanies the
development of agony. Absence of an increase in the
concentration of glutamate in SMC demonstrates its
involvement in conjugated metabolic reactions, for
example, transamination with pyruvate.

One of the ways to neutralize ammonia in the cell
is the formation of glutamine, catalyzed by GS. From
table 4, we can see that a part of animals with blood
loss in the initial phase of hemorrhagic shock com-

pensation (series 2) formed negative AVDgn indicating
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B cramuioo pexkoMmneHcallid TeMOPParunvecKoro
mIoka (4 cepus) yBennyenue aktusHoctu LI B
HetipoHax CKI'M (Ha 27%) OTHOCUTEJIBHO KOHTPO-
JisI He COIPOBOKIAJI0CH JOCTOBEPHBIMU NU3MeEHe-
HUSMHY KOHIIEHTPAaIUX IyTamara, TOrha Kak KOH-
neHTpanus a-kerowryrapara B CKI'M craHoBmI1ach
Ha 52% Hiske (Tabu. 5). ConocTaB/ieHre MOJTyIeH-
HBIX Pe3yJIETaTOB II03BOJIAET TOBOPUTH O TOM, YTO
MaTOJIOTUYECKOE HAKOIIJIEHe aMMHaKa B MO3I0-
BO TKaHU aKTUBUPYET OHY U3 BHYTPUKJIETOUHbBIX
peakIvii ero HeUTpaIM3aly: BOCCTAHOBUTEIHLHOE
aMUHMpPOBaHueE ¢-KeToryrapara. CHUKeHHne KOH-
[IEHTpAIlUM TTOC/IeTHEr0 B HEHPOHAaX CEHCOMOTOP-
HOU KOpBI COOPOBOMKIAET pPAa3BUTHE aroHUU.
OTCyTCTBHE IIPYA 3TOM YBEJIUYCHU KOHIIEHTPauuu
mryramara B CKI'M ykasbIBaeT Ha ero BOBJIeYCHUE
B CONpSKEHHBIE MeTa0OJUYecKrue pPeakInu,
HallpuMep — [epeaMUHUPOBaHUe C [IUPYyBATOM.

OnHUM U3 IyTell HeWTpaau3anuy aMMuaKa B
KJIETKE sIBJISIETCSI 00pa30BaHMeE MIyTaMIHA, KaTasIu-
aupyemoe I'C. Kak BugHO 13 TabJ1. 4, y 4aCTH SKUBOT-
HBIX B HQUQJIbHYIO (pady KOMIIeHCAalluu reMopparu-
Yeckoro Imoka (2 cepus) QopmupoBasiach
orpunaresibHasg ABPrH. To ykasbIBaeT Ha IIOBBI-
IIIeHHBIN BBIXOA IyTaMuHa 13 HelipoHoB CKI'M B
KpoBb. [Ipym 39TOM KOHIEeHTpanys IIyTaMHWHA B
CKI'M mipeBbImiana Hopmy Ha 20% (Taba1. 4). Ecom Ha
70-11 MUHyTe IOCTreMOpparn4ecKkoro rnepuoaa op-
MHUpOBaJach MPOJOHTUPOBaHHas (pa3da KOMIIeHCca-
LIUU TEMOPPArnvecKoro mokKa (3 cepus), 3To CoIpo-
BOYKJIAJI0Ch (POPMHUPOBAHUEM TIOJIOKUTETHHOMN
ABPrH (Tabur. 4). [Tpu 9TOM coziepsKkaHye IyTaMIHA
B CKI'M nmocToBepHO He OTVIMYAI0Ch OT KOHTPOJISA
(1 cepusi), HECMOTPSA HA CHUKeHMe (Ha 27%) B 9TOT
riepuo akTuBHOCTH ['C (TabII. 5).

ComocraBJsieHue IIOJYYEHHBIX DPE3YJIbTaTOB
II03BOJIsIET TOBOPUTH O TOM, UTO B HAYaJIbHYIO (pasy
KOMIIEHCAIIUM TEMOPPArunvecKoro IokKa B Helpo-
Hax CKI'M yBeJsimunBaeTCcsa CPOLCTBO aMMHUaKa U
mryramara k I'C Ha ¢oHe pedppakreproctu P3I" k
TUINIOKCUM. JTO He YCTPaHsIeT HAKOIJIeHUsI B Hell-
poxax CKI'M amMmMmaka, Ho IpeJOTBpPAaIlfaeT Pa3BU-
THe B HUX JNedunura IIyraMuHa Ha (oHe ero
TOBBIIIIEHHOW WHKpPENUU M3 HEUPOHOB KOPHI B
KpOBOTOK. C IepexofoM B IIPOJIOHTHPOBAHHYIO
(pasy KoMIeHcaluy reMopparunyeckoro moka (3
cepusi) TOPMO’KeHHe 00pa3oBaHUs IIyTaMHHA B
pesyJsbrare CHUKeHus Ha 27% aktTuBHOCTH ['C ripo-
HUCXOUT HA (DOHE COXpaHEHMs ero Je3aMUIupoBa-
HUs, B peaknuy, karaausupyemoii ®3I. OnHako,
OTHOCHTEJIbHOE ITpeobJIaTaHue Je3aMUTUPOBaHUS
IJyTaMUHA Han ero oOpa3oBaHMEM B HeWpPOHAX
CKI'M He NpMBOIUT K HAKOIIJIEHWIO B HUX aMMHaKa
Y CHI)KCHUIO KOHIIeHTpanuu yramusa. Ilepsoe
JIOCTUTAETCS MOBBINNIEHHON WHKPEIel aMMuaKka
13 HEUPOHOB B KPOBb, BTOPOE — PETEHIIMOHHOHN
3aJlep>KKOU IIyTaMyHa B HepoHax.

Ecnu y ")KUBOTHBIX Ha 60+£14 MUH IIOCTTeMOp-

parn4eCroro rnepruoja pa3dBsuBa/JIdChb CTaAUA JEKOM-

an increased release of glutamine from cortical neu-
rons into the blood. The concentration of glutamine
in SMC exceeded the norm by 20% (table 4). If 70 min-
utes into the post-hemorrhagic period, the prolonged
phase of hemorrhagic shock compensation formed
(series 3), it was accompanied by the formation of a
positive AVDgn (table 4). At the same time, the content
of glutamine in SMC did not differ significantly from
the norm (series 1), despite a decrease (by 27%) of GS
activity during this period (table 5).

Comparison of the results obtained suggests
that during the initial phase of hemorrhagic shock
compensation, in SMC neurons the affinity of am-
monia and glutamate for GS increases due to PDG re-
fractoriness to hypoxia. This does not eliminate the
accumulation of ammonia in the SMC neurons, but
prevents the development of glutamine deficiency in
them due to its increased increment from cortex neu-
rons into the bloodstream. During transition to the
long-term phase of hemorrhagic shock compensa-
tion (series 3), inhibition of glutamine formation due
to 27% decrease of GS activity is not accompanied by
achange in the rate of its deamidation in the reaction
catalyzed by PDG. However, the relative predomi-
nance of glutamine deamidation over its formation
in SMC neurons does not lead to accumulation of
ammonia in them or a decrease in the concentration
of glutamine. The first is achieved by increased incre-
ment of ammonia from neurons into the blood, the
second — by retention of glutamine in them.

If animals developed the hemorrhagic shock
decompensation phase by 60+14 min of the post-
hemorrhagic period (series 4), they had no
changes in AVDgn at the 10 minute into the post-
hemorrhagic period (table 4). The concentration of
glutamine in SMC neurons in the decompensated
stage of hemorrhagic shock (series 4) did not differ
significantly from the norm, but against the back-
ground of reduced (by 36%) GS activity there was
a 43% increase of PDG activity in the brain (table
5). In other words, the development of agony in he-
morrhagic shock was accompanied by an absolute
predominance of glutamine desamidation over its
formation in SMC neurons. The former presum-
ably is a result of accumulation of inorganic phos-
phate in bloodless brain [23], which is a stimulator
of PDG activity. The latter may be explained by the
accumulation of alanine, which is an allosteric in-
hibitor of GS, by SMC neurons during hemorrhagic
shock [23]. Being one of the reasons for the pro-
gressive accumulation of ammonia by SMC neu-
rons during the decompensated stage of hemor-
rhagic shock (series 4), the predominance of
glutamine deamidation over its formation in them
was not accompanied by a decrease in the concen-
tration of glutamine (table 5). Data show the alter-
ation of its inclusion in other reactions associated
with metabolism of glutamine, for example, the
formation of glutathione.
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neHcauuu (4 cepus), To y HUX Ha 10-i1 MuUHyTe
NOCTTEMOPPAruYeCcKOro Iepuofa W3MeHEHUs
ABPru orcyrcTBOBasM (Tabs. 4). KoHrneHnTpanus
mIyTamuHa B HelipoHax CKI'M B cTaquio JeKOMITeH-
calyy reMOpparnvecKoro 1Ioka (4 cepus) 10CTO-
BEPHO He OTVIMYAJIACh OT UCXOHOTO COCTOSTHUS, HO
MIpH 9TOM, Ha (poHe CHUKeHHO (Ha 36%) aKTUBHO-
cru I'C, nmeJio Mecto yBesimaenue Ha 43% aKTABHO-
ctu @3 Mo3roBoii Tkauu (TadJ1. 5). IHBIMU cJ10Ba-
MH, pasBuTHe cTaguu JIeKoMIIeHCalluK
COTIPOBOKIAJIOCH aDCOJTIOTHBIM ITpeodIaaHeM B
HelipoHax CKI'M nesaMunupoBaHUsl IIyTaMHHA
Haj ero obpasoBanueM. [lepBoe MOKHO paccMar-
puBarh, KaK pe3y/ibTaT HAKOIJICHUS B aHEMU3UPO-
BAHHOM TOJIOBHOM MO3Te HeopTraHu4YecKoro ¢oc-
dara [23], sABJALIIErocs, CTAMYJIATOPOM
aktuBHOCTH D3I [IpUYMHOI BTOPOTO MOSKET CJIy-
SKUTh HAaKONJIEHWEe MPU FeMOpparndecKoM IIOKe
HeripoHamu CKI'M astanuHa, ABJIAIOIIETOCS aJljio-
crepraecknM naruomropom I'C [23]. Bymyuu omqHOM
U3 [PHUYUH IPOTPECCUPYIOLIEr0 HAKOIJICHU
ammuaka HeripoHamu CKI'M B cTaiuio JeKOMITEH-
calyy reMopparn4yeckoro IIoka (4 cepus), mpe-
obJtajaHye 1e3aMUIMPOBAHYSA TIyTaMIHA HAJl eT0
0Opa3oBaHMEM B HUX HE COMPOBOKIATIOCH CHIDKE-
HHFEM KOHIIEHTPAIW! B HUX IIyTaMuHA (TabJ1. 5).
JTO YKa3bIBAeT Ha HAPYLICHUE €r0 BKJIIOYEHU B
peakIyu, COnpsiPKeHHbIE C MeTa00IN3MOM Ty Ta-
MWHa, HapuMep — o0pa3oBaHNe [IyTaTHOHA.
Ecsiit s9kMBOTHBIE TOJIBEPTAJIUCH BO3/IEHCTBHUIO
I'BO (5 cepusi), To coiepskaHre aMMHaKa B HEHPO-
Hax CKI'M nocToBEpHO HE OTVIMYAJIOCh OT HOPMBI
(TabJ1. 4), Kak U ero comepsKaHre B IPOTEKAIOIIel
yepesd M0o3r Kposu. ABPam ocraBaJsiack HeZOCTO-
BepHOII (TabJ1. 3). BMecTe ¢ TeM, y OKCUTeHHPOBaH-
HBIX KOIIEeK (5 cepusi) IPOUCXONUJIO0 YBeJIUnYeHue
KOHIIEHTpalluu IiTyTaMuHa B HeiipoHax CKI'M Ha
31%, HecMOTps1 Ha GOPMUPOBAHKE OTPUTIATE/THHON
APBrH (TabJ. 3). [Ipu arom aktuBHOCTE ['C 1 P3T
HaXOJWJIach B TIpeiesiaX HOPMEI (Tabut. 4). MoKHO
MPEeNnoJIOKUATH, UTO B IIPOIlecce TUITePOKCUYECKO-
0o BJIUSHUS HA aHEMU3UPOBAHHBIN OPTaHU3M B
CKI'M co3pgatoTcs yCa0BUs JJj1s1 aKTUBHON HEUTpa-
JIN3aIY aMMHUaKa yepe3 00pa3oBaHue IIyTaMIHa
C JaJbHeHIelt MHKpelre mocaeJHEr0 B KPOBO-
TOK. K TakuM yCc10BUAM CJleyeT OTHECTH YyCTpaHe-
HUe TUunepOdapuiecKuM KUCIOPOIOM HAKOTIJIEHUS
B FOJIOBHOM MO3Te aHEMU3UPOBAHHOT'O OPraHN3Ma
aocTepuyeckoro uaruouropa 'C — asanuaa u
crumynapyioniee Biausiane 60 Ha oOpasoBaHue
AT® B HepBHOU TKaHuU [23]. I3BecTHO, 4yTO ATP
HeoOXoauM /111 06pa3oBaHus mIyTamuHa [24]. B
CBOIO O4Yepeqb, CTUMYIUpysi oopadoBanue ATD B
HelpoHax aHEMU3UPOBAHHOTO MO3Ta, TUepoapu-
YeCKUU KUCJIOPO]] IIPeIoTBPaIllaeT HAaKOIJIEHWE B
HUX Heopranndeckoro ocdara [23], ABjasiomniero-
Cs1 CTUMYJIATOPOM aKkTuBHOCTH D3I
[TpenorBpaiiiast HAKOMIJIEHE HEUPOHAMU KOPbI
rosioBHOro Mmosra HAJTH [23], I'bO ycrpanser, TeM

If animals with hemorrhagic shock were ex-
posed to hyperoxic effects (series 5), the ammonia
content in SMC neurons did not differ significantly
from the norm (table 4), as well as its content in the
blood flowing through the brain. AVDam remained
unreliable (table 3). However, oxygenated cats with
hemorrhagic shock formed negative AVDgn (table 4)
while the glutamine concentration in the SMC neu-
rons increased by 31%, whereas the activity of GS and
PDG in them was within the norm (table 4). It can be
surmised that during hyperoxia in the anemic body,
conditions for active neutralization of ammonia
through the formation of glutamine with further in-
cretion of the latter into the bloodstream are develop-
ing in SMS. Such conditions include the elimination
by hyperbaric oxygen of accumulation of allosteric in-
hibitor GS — alanine — in the brain of a bloodless
body and the stimulating effect of HBO on the forma-
tion of ATP in nervous tissue in blood loss [23]. Glut-
amine formation is related to ATP-dependent meta-
bolic reactions [24]. Hyperbaric oxygen, stimulating
the formation of ATP in the neurons of the anemic
brain, prevents the accumulation of inorganic phos-
phate [23], which is a stimulant of PDG activity.

Preventing the accumulation of NADH by neu-
rons of the cerebral cortex [23], HBO eliminates the
shift of the GDG reaction towards the reductive ami-
nation of ¢-ketoglutarate, which is observed with an
increase in the concentration of this metabolite in the
cell [23]. This explains the absence of changes in the
concentration of ¢-ketoglutarate in the SMC neurons
of oxygenated cats with GSH against the background
of anincreased (by 19%) activity of GDG (table 4). The
lack of significant differences between the high ac-
tivity of GDG in posthyperoxic (series 5) and prehy-
peroxic (series 2) periods (table 4) indicates the mor-
bic type of refractoriness of a given enzyme to
hyperoxia. This is the case when the enzyme, which
changed its activity during adaptation of the cell to
the action of an emergency (pathogenic) stimulus,
retains this change both in hyperoxic conditions and
after it [26]. Increased activity of GDG in the SMC
neurons of oxygenated cats with GS was not accom-
panied by the accumulation of glutamate (table 4),
which indicates its active involvement in metabolic
reactions like formation of glutamine.

Conclusion

Alterations in oxygen regime and ammonia ex-
change in the cats’ SMC in hemorrhagic shock start
from the 10" minute of the post-hemorrhagic period
and progresses depending on the individual resist-
ance of animals to acute non-compensated blood
loss. The predictors of development of fast (60+14
min. of the post-hemorrhagic period) decompensa-
tion of hemorrhagic shock include: the formation on
minute 10 post-hemorrhage of only venous-hypox-
emic compensatory reaction of the body to the blood

loss and appearance of a positive difference in am-
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SKCHepI/IMeHTaﬂbeIe HCCJJaeqOoBaHUuA

cambIM, casur [JII-peakiiuu B CTOPOHY BOCCTaHOBU-
TeJIBHOI'0 aMUHHPOBAHUSA ¢-KeTOWIyTapara, KoTopoe
MO3KeT HaOJTIOIaThCs TIPY YBEJTMYE€HNH KOHIIEHTpPa-
[WH 3TOr0 METa00JINTA B KJIETKe [23]. ITO 00 bsCHSET
OTCYTCTBHE Y OKCUT'€HHUPOBAHHBIX KOIIICK U3MEHe-
HUSI KOHIIEHTPALMU ¢ -KeTOIIyTapara B HepOoHax
CKI'M Ha (pone noBbItieHHOH (Ha 19%) aKTUBHOCTH
[T (Taba. 4). OTCYTCTBHE JOCTOBEPHOTO PA3JIAYUS
MesK/1y ITOBBIIIEHHON akTUBHOCTHIO /1" B mocTru-
MIEPOKCUYECKOM (5 cepuisi) ¥ IPeIruIePOKCUTIECKOM
(2 cepust) mepronax (Tabur. 4), TO3BOJISET TOBOPUTD O
MOpOMYecKkoM TuIre pedpakTepHOCTH TAHHOTO
9H3MMA K TUIIEPOKCHUH. ITO CIIydai, Koraa (hepMeHT,
W3MEHUBIIINU CBOI0O aKTUBHOCTH MPHU aJanTaluu
KJIETKU K IECTBUIO YPE3BBIYANHOTO (TaTOT€HHOT0)
paspaskuTesisi, COXpaHsEeT 3TO NU3MEHEeHNE KaK B
YCJIOBUSIX THIIEPOKCUYECKOIO BO3/IEUCTBYSA, TAK U
nocJie Hero [26]. IloBbnnenne aktuBHoOCcTU [JII' B
Hetiponax CKI'M okcureHHpoBaHHbBIX Koltek ¢ T'TI1
HE CONPOBOKAAJIOCHh HAKOIJICHUWEM IvIyramara
(Tabur. 4), 9TO ITO3BOJISIET TOBOPUTH O €T0 AKTUBHOM
BOBJIEYEHUHN B COIPsIPKEHHBIE MeTaboJMYecKre
peaKIyy, B YaCTHOCTH — 00pa30BaHUe IyTaMIHA.

3akJrouenue

Hapy1ieHre KMCI0pOIHOTO peskruMa 1 ooMe-
Ha amMmuaka B CKI'M Kollek 1ipu reMopparuye-
CKOM IIIOKe HauMHaITCA Ha 10-i MUHYyTe ITocTre-
MOpparn4ecKoro nepuoga MU Mporpeccupylor B
3aBUCUMOCTHU OT UHAUBUYATBHOU YCTOMYNBOCTH
SKUBOTHBIX K OCTPOI HEBO3MeIlleHHON KpOBOIIOTe-
pe. IlpenukTOopaMu pas3BUTHs OBICTPOH CTAANU
JIeKOMIIeHCally FeMOpparuvecKkoro moka (60+14
MUH [I0CTT€MOPParn4ecKoro epruoja) ABJsa0TCA:
¢dopmupoBanue Ha 10-i1 MUHyTe IOCTTeMOpparu-
YEeCKOI0 Iepuoia TOJbKO BEHO3HO-TAIIOKCeMUrYe-

CKOM KOMIIEHCATOPHOM peakIuu opraHuaMa Ha
KPOBOIIOTEPIO U MOSIBJIEHHE [TOJIOKUTEILHOU pas-
HHUIIBI 10 aMMUAKy MesKy apTepHuaIbHOU KPOBBIO
1 KPOBBIO BEHO3HOI'O CATUTTAJBHOIO cCUHyca. [jia
CTaJiuy eKOMIIeHCALlu TeMOPParn4ecKoro mokKa
IIpU OCTPOI HEBO3MELIEHHOHM KPOBOIIOTEPE XapaK-
TepHO: NT0fiaBJIeHNe KOMIIEHCATOPHOU apTepuaJb-
HO-TUIIEPOKCEMUYECKON peaKIUuu OpraHusMa,
nporpeccupoBaHue runokcum HelipoHoB CKI c
¢dopMupoBaHUEM B HUX Ie(DUIIATA ¢-KETOITyTapa-
Ta Ha (OHe IATOJIOTUYECKOr0 HaKOIJIEHUS
amMMuaka. llpyuynHamMy HakKOIJIEHUS aMMHaKa
SIBJISIIOTCSI: CTUMYJISAIAS 00pa3oBaHusl aMMUaKa
IIpUA [e3aMUIpPOBAHUN I[VIyTaMWHA, HapylleHHue
HelTpasm3anuy aMMuaka depe3 0oOpasoBaHUeE
IyTaMUHA; peTeHIus aMMHaka B HelipoHax CKI'M
B YCJIOBUSIX apTepPUAIbHON rurepaMMOHUEeMIN.
[Ipumenenne I'GO B peskume 3 ara, 60 MyUH Ha
10-i1 MUHYTe pPa3BUTHUS reMOpPParunyecKoro 1okKa,
CTUMYJIAPYS1 apTepUualbHO-TUIIEPOKCEMUYECKYIO
peakIuIo afanTallii Opranu3Ma K OCTpOi HEBO3-
MellleHHOI KPOBOIIOTEPE, He yCTPaHsieT F'UIIOKCHUI0

monia concentration between arterial blood and ve-
nous blood of the sagittal sinus. The stage of hemor-
rhagic shock decompensation in acute non-compen-
sated blood loss is characterized by suppression of
compensatory arterial-hyperoxemic reaction of the
body, progression of SCG neurons’” hypoxia with the
formation of a-ketoglutarate deficiency following
pathological accumulation of ammonia. The reasons
for the latter include stimulation of ammonia forma-
tion during glutamine desamidation, alteration of
ammonia neutralization through the formation of
glutamine; retention of ammonia in SMC neurons in
the arterial hyperammoniemia environment.

The use of HBO in the mode of 3 ATA, for 60 min
starting from the 10" minute of the of hemorrhagic
shock development, stimulating the arterial-hyper-
oxemic reaction of the body's adaptation to acute
non-compensated blood loss, does not abrogate hy-
poxia in SMC neurons. Despite this, hyperbaric oxy-
gen prevents both the stimulating effect of hypoxia
on glutamine deamidation and its inhibitory effect
on glutamine formation in SMC neurons. This is ac-
companied by hyperoxic stimulation of glutamine
increment from SMC neurons into the blood. Preser-
vation of the stimulating effect of hypoxia on GDH
activity in the post-hyperoxic period, in contrast to
non-oxygenated animals, is not accompanied by the
development of a-ketoglutarate deficiency in SMC
neurons and their accumulation of glutamate. The
results obtained refute the idea of hyperbaric oxygen
as an exclusively antihypoxic therapeutic factor [27],
and allow us to consider it as universal adaptogenic
regulator of metabolic processes in the cell [28],
which increases the sanogenic potential of the body
under the conditions of hemorrhagic shock devel-
oped due to acute non-compensated blood loss.

HeiiponoB CKI'M. Hecmorpst Ha aTo, runiepbapuye-
CKUI KUCJOPOJ MpefoTBpaliaeT Kak CTUMYJIU-
pylolee BIMAHNE TUIIOKCUY Ha [e3aMUIApPOBa-
HYe [VTyTaMIHA, TaK ¥ ee MHTUOMPYIOITee BJIUSTHIE
Ha oOpa3oBaHue IyTamMuHa B HelipoHnax CKI'M.
ITO CONPOBOYKIAETCS TUIIEPOKCUYECKON CTUMYJISI-
Lyel MHKpenuy yTaMuHa u3 HelipoHoB CKI'M B
KpoBb. CoxpaHeHHE B IIOCTTHIIEPOKCUYECKOM
rnepuoae CTUMYJINPYIOIIEeTro BJAUAHUA TUIIOKCUN Ha
axkTUBHOCTL ['JII' He COIIPOBOYKIAETCA Pa3BUTHEM
B HelipoHax CKI'M nedunura a-keTomiyrapara 1
HaKOIlJIECHUeM HWMH [JIyTaMara. HOJ‘Iy‘{eHHI)Ie
pes3yJbraTbl OIPOBEPraiT IpencTaBJIeHUuEe o
runepbapmIeckoM KUCJIOPOE, KaK NCKJTIOYUTEh-
HO aHTUTHUIIOKCUYECKOM JiedeOHOM (parTope [27],
Y TTO3BOJISIIOT TOBOPUTH O HEM KaK 00 YHUBEPCATh-
HOM a/IalITOTEHHOM PETYIATOPE META0OTMIECKIX
IIPOIIECCOB B KJIETKe [28], ITOBBIIIAIONIEM CAHOT€H-
HBIH ITIOTEHIIMAJI OpTaHU3Ma B YCJIOBUAX FeMoppa-
TUYeCKOro III0Ka, pa3BUBaloIerocs Ha hOHe OCT-
poii HEBO3MEIIIEHHOU KPOBOIIOTEPH.
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Pe3rome

CenTr4ecKuil MIOK, KaKk HauboJiee Tsokeras popMa TeYeHHs CeTICHCa, XapaKTepu3yeTcsi BBICOKOU Jie-
TaJIbHOCTBIO, focTHUTraolei 40%, HeCMOTpPsI Ha MCI0JIb30BaHKE CAMBIX COBPEMEHHBIX CTAH/IaPTOB TUArHO-
CTUKH ¥ JIeYeHNs1. B maroreHese cenTUYECKOTO III0KA BeyIasi POJIb IPUHAIJIESKUT Ba30IJIETMH, COOTBET-
CTBEHHO, U Tepanusi 00CYKJAeMOT0 COCTOSIHUsI IpeJIoJiaraeT MCI0Jb30BaHNE Ba30KOHCTPUKTOPOB,
HapAQy CO CTaHAapTHBIM Ha3HaAY€HUEeM I/IH(l)YSI/IOHHOI;'I Tepanuu, AHTUOMOTHUKOB M CUMIITOMAaTUYECKAM
JiedeHreM. BbI60p KOHKPETHOTO Ba30aKTUBHOTO ITperapara — CJI0’KHAs 3a1a4a JAJIsi IPaKTUKYIOIIero aHe-
CTe310JI0ra, T. K. Hapsiy C, HECOMHEHHO, II0JIO’KUTEIbHBIMY CBOMICTBAMH, Ka3K/IbIii BA30KOHCTPUKTOP 00J1a-
JlaeT CBOMM CIIEKTPOM HesKeJslaTeJIbHBIX TI0O0YHBIX 3(p(HEKTOB, UTO, KOHEYHO SKe, HeOOXOIUMO YUUTHIBATh
[IpY OIIpe/e/IeHIH TAKTUKY JIEYeHUsI.

ITestb 0030pa: KOMIIJIEKCHAS OI[eHKAa MHOTO(PAKTOPHOTO BO3IEMCTBHS HA NALMEHTA PA3JINYHBIX Ba30-
KOHCTPUKTOPOB JIJI5I OTIPEJiesIeHNsI KPUTEPUEB BbIOOPA ONTHUMAIHLHOTO ITpenapara (MM KOMOUHALIUHY 1Ipe-
11aparoB) IPUA CENITUYECKOM IIIOKE.

IMouck mpoBoauaH 1Mo 6a3am qaHHbIX PubMed 1 Scopus, okOHYaTETBHBIN 0TOOP 89 UCTOYHUKOB OCYIIIe-
CTBUJIM B COOTBETCTBUHM CO CJEAYIOIIMMH KPUTEPUSIM: OTHOIIIEHUE K TeMe JJaHHOro 0630pa 1 Xxapakrep
CTaTbM — B OKOHYATeJIbHBIN aHAIN3 BOIILIHM TOJBKO PAaHJIOMU3UPOBAHHBIE KOHTPOJIMPYEMbIe NCCIIeI0Ba-
HUsI, PEKOMEH/JAIINH U aHATUTUYeCKUe 0030pPHI.

PaccMmoTpesiy BHEIIIHYE M BHYTPEHHIE MeXaHNU3MbI PETYIISIIAN COCYIUCTOr0 TOHYCa, BKJII0Yast (aKTOPbI
BbIpa0aTbIBaeMble 9H/I0Te/INEM (OKCH]] a30Ta, IPOCTAIMKIINH, HJIOTEJIVH); BA30aKTUBHbIE META0OIUTHI 1
AyTOKOU/IbI — CUTHAJIbHBIE MOJIEKYJIBI JIOKAJILHOTO IeCTBYSI (CEPOTOHMH, IPOCTAVIAHJMHBI, TDOMOOKCaH
A2). CooTBETCTBEHHO, TPOAHATU3NUPOBAJIH ITPeTNaparhl, MEXaHNU3M JIEHCTBUsI KOTOPBIX CBSI3AH C BIUSHUEM
Ha aJipeHepruvyeckre (aapeHaanH, 1opaMuH, HOpagpeHa uH, GeHmIIGpuH, 100yTaMUH), Ba30MPECCUHO-
BbI€e (Ba30IIPECCUH, TEPJIUIIPECCHH, CEJIENIPECCHH) PEIENTOPHI, CHHTETUYeCKUE aHAJIOTY aHTMOTeH3MHA (aH-
ruorensyH 1) ¥ npenaparsel, Ba3onpeccopHbIi 3(h(heKT KOTOPBIX He CBsI3aH C PELeNTOPHBIM aIaparoM (Me-
TUJIEHOBBIN CUHUH, JIEBOCUMEH/IaH, THAPOKOPTU30H).

3aksroueHue. Boicokast a(p(heKTUBHOCTh HOPAPEHAINHA, ero [T0JI0KUTEIbHbIE TeMOJUHAMUYECKIE
3 eKTHI IeJIAI0T ITOT Ipernapar, BO MHOI'OM, YHUBEPCAIbHBIM CPEJICTBOM JIJIsI KYIIUPOBAHUSI CEIITUYECKOTO
moka. OgHaKo pedpakTepHbIA MIOK 00yCAaBINBAET UCII0JIH30BaHNE BBICOKUX 103 HOPAIPEeHATNHA, YTO
TIPUBOAUT K YBEJUYEHHIO PUCKA HeO/IaroprUATHBIX peakIuii. [Ipe1oTBpaTuTh 0J00HbIE OCI0KHEHN ITPHU-
3BaHa COYETAHHAS] CTUMYJISIIMSA a[peHEePTUYeCcKUX U JJUranga V — perentopoB TepyunpecciuHoM. OHaKo,
Ha CETONHSAIIHUN JeHb He CYIIeCTBYeT YeTKUX PEKOMEeH AN 110 TPUMEeHEHUIO TePJIUTIPECCHHA TIPH CeTl-
TUYECKOM IIIOKE, YTO OFPAHUYMBAET €r0 UCII0/Ib30BAHNE B KITMHIUYECKOH ITPAKTHKE.

Karouesvwle croea: cencuc; cenmuueckuti UOK; edaaonpeccopHas noaaepofcna; ea3onJjiecus

Summary

Septic shock, as the most severe form of sepsis, is characterized by high mortality reaching 40% despite the
use of the most modern standards of diagnosis and treatment. In the thanatogenesis of septic shock, vasoplegia
plays a leading role, respectively, and therapy of the condition under discussion involves the use of vasocon-
strictors, along with the standard prescription of infusion therapy, antibiotics and symptomatic treatment.
The choice of a specific vasoactive drug is a difficult task for a practicing anesthetist, as along with undoubtedly
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Reviews

positive properties, vasoconstrictors each have their own spectrum of undesirable side effects, which, of course,
must be taken into account when determining treatment tactics.

The aim of review: A comprehensive assessment of the multifactorial effect of various vasoconstrictors on
the patient to determine the criteria for choosing the optimal drug (or a combination of drugs) in septic shock.

The search was carried out using PubMed and Scopus databases, the final selection of 89 articles was carried
out in accordance with the following criteria: relevance to the topic of this review and the nature of the article —
only randomized controlled trials, guidelines and analytical reviews were included in the final analysis.

External and internal mechanisms of vascular tone regulation are considered, including factors produced
by endothelium (nitric oxide, prostacyclin, endothelin); vasoactive metabolites and autocoids — signal
molecules of local action (serotonin, prostaglandins, thromboxane A2). Accordingly, drugs were analyzed the
mechanism of action of which is related to the effect on adrenergic (adrenaline, dopamine, norepinephrine,
phenylephrine, dobutamine), vasopressin (vasopressin, terlipressin, selepressin) receptors, synthetic ana-
logues of angiotensin (angiotensin II) and drugs the non-vasopressor effect of which is not linked with the re-
ceptor apparatus (methylene blue, levosimendan, hydrocortisone).

Conclusion. The high effectiveness of norepinephrine, its positive hemodynamic effects make the drug
under discussion, in many ways, a universal remedy for the relief of septic shock. However, refractory shock
may require the introduction of such high doses of norepinephrine that the occurrence of adverse reactions
will become practically inevitable. The combined use of adrenergic and ligand V receptors, terlipressin, is in-
tended to prevent these complications. However, to date, there are no clear recommendations on the use of

terlipressin in septic shock, which limits its use in clinical practice.

Keywords: sepsis, septic shock; vasopressor support; vasoplegia
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BBenenue

JleTambHOCTh TIPU CEICUCE U CeNNTUYEeCKOM
IIIOKE B HacTosIee BpeMs gocturaet 40% 1 coxpa-
HsIETCS Ha BLICOKOM YPOBHE, HECMOTPSI Ha HOBBIE
METOJbl IMAarHOCTUKU U JiedeHusd [1]. Kinnnuue-
CKas KapTWHA paHHero Iepuojia CenTUYeCKOTo
IITIOKA BO MHOT'OM 00yCJIOBJIEHA Ba30ILJIETHIECKUM
CUHIIPOMOM [1], onipenesisioiee 3HaYeHNE B JIede-
HUU KOTOPOT'0 UTPAET BOCIIOJIHEHNE BHYTPUCOCY-
IHUCTOTO 00'beMa sKuIKocTH [2]. OmHaKo, HapyIIIe-
HUEe TIPOHUIIAEMOCTA COCYAWCTOH CTEHKH,
BO3HMKalOIIlee IIPU CEeICUce, TPUBOIUT K CHUKE-
HUIO 3(p(PeKTUBHOCTY NH(PY3NOHHOU Tepanuu, a
n3bpITOuHAass MHQY3usA, cama o cebe, MOKET
HAHECTH cepbe3HbIN Bpey manueHTy [3]. Tsskemnas
Ba30IJIeTHsA, 0COOEHHO XapaKTepHasl IJIsI CeITHU-
YeCKOTO ITTOKa, TUKTyeT He0OXOIMMOCTh IIPUMEHe-
HMs1 Ba30IPECcCOPOB KOTOPbIe IPU3BAHBI MTO/IJIEP-
sKaTh aIeKBaTHYIO Iep(y3UI0 OPTaHOB B YCJIOBUSIX
OTpaHUYEHHOTO TPUMEHEHUST MaCCUBHOU WHQY-
3WOHHOU Tepanuu [4].

CenTu4eKuil IIIOK SBJISETCS BapUAHTOM
repepacIpeie/InTeIbHOTO IIIOKA C Ba30OTJIeTHeN,
BBIPA’KEHHOCTH KOTOPOU BO MHOTOM IIpeJoIpe-
neasdgeT ucxol JedeHUs [5]. 3HaHHE OCHOBHBIX
MeXaHH3MOB Pa3BUTHUA BAa30IJIETUU U METOJIOB
ee KOPPEKIUHU C UCIO0JIb30BAaHUEM Ba30IIPeCcco-
pOB — HeoOXOIMMOe yCJI0BUE YCIIENTHOU Tepa-
U 00CY>KTaeEMOTO COCTOSTHUS.

[Te1b 0630pa — KOMIIJIEKCHAsI OT[eHKA MHO-
roakTOpHOTO BO3/IENCTBUSA HA IMAIllEeHTa pa3-
JIMYHBIX BA30OKOHCTPUKTOPOB JIJIs1 ONIPeieJIEeHU s
KpUTepHUEB BHIOOPA ONTUMAJBHOTO IIpemapara
(nm KOMOWHAIMYM TpernaparoB) MPU CeNTHYe-
CKOM IIIOKE.

Introduction

Mortality from sepsis and septic shock cur-
rently reaches 40% and remains at a high level de-
spite new methods of diagnosis and treatment [1].
The clinical picture of the early period of septic
shock is largely due to vasoplegic syndrome [1], the
decisive role in the treatment of which belongs to re-
plenishment of the intravascular volume [2]. How-
ever, the violation of vascular wall permeability that
occurs during sepsis leads to a decrease in the effec-
tiveness of infusion therapy, and excessive infusion,
in itself, can cause serious harm to the patient [3].
This circumstance, as well as severe vasoplegia, es-
pecially characteristic of septic shock, necessitates
the use of vasopressors that are designed to maintain
adequate organ perfusion in conditions of limited
use of massive infusion therapy [4].

Septic shock is a variant of redistributive
shock with pronounced vasoplegia, which largely
determines the outcome of treatment [5]. Knowl-
edge of the basic mechanisms of development of
vasoplegia and methods of its correction using va-
sopressors is a necessary condition for successful
therapy of the state under discussion.

The purpose of the review: A comprehensive
assessment of the multifactorial effect of various
vasoconstrictors on the patient to determine the
criteria for choosing the optimal drug (or a combi-
nation of drugs) in septic shock.

Methods of search and analysis of literary
sources. Search for relevant articles was done with
the help of PubMed and Scopus databases using
the following keywords: [Sepsis]; [Septic shock];
[Vasopressors + septic shock]; [norepinephrine” +
septic shock]; [norepinephrine + complications];
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MerTo/1b1 IOMCKA ¥ AHAJIN3A INTEPATYPHBIX
HCTOYHHUKOB. [IOVICK COOTBETCTBYIOIINX CTaTel
OBbLI pOBejieH 1o Oasdam JaHHbIX PubMed u Sco-
pus C MCIIOTF30BAHNEM CJIEAYIOMINX KIIOYEBBIX
csioB: [Sepsis]; [Septic shock]; [Vasopressors + sep-
tic shock]; [norepinephrine” + septic shock]; [nor-
epinephrine + complications]; [terlipressin + septic
shock]; [Dopamine+ septic shock]; [Methylene blue
+septic shock]; [catecholamine+septic shock];
[angiotensin II]; [selepressin], [Glucocorticoid +
septic shock]. OkoHuareabHBIN 0TOOP 89 cTareit
OCYIIIECTBJISJIA B COOTBETCTBUU CO CJIEAYIONTAMA
KpUTEPUAM: OTHOIIIEHHE K TeMe TaHHOTO 0630pa
" XapaKTep CTaTbu — B OKOHYATEJIbHBIA aHaJIN3
BOIIJTM TOJTBKO PaH/IOMU3UPOBaHHbIE KOHTPOJIH-
pyeMble ucciieJOBaHMsI, PeKOMEH Al 1 aHAIH -
THYeCcKue 0030pHhI.

MexaHHU3MbI Pa3BUTHUA BA3OIIJIEIrNHA
IIpH CEIITUICCROM IIIOKE

ToHyC COCyHOB OIlpefeJIAeTcs pacloJIOKeH-
HBIMM B MX CTeHKAaX IIaJKOMbIIIIEYHbIMH KJIETKAMU
(I'MKC) [1], OCHOBHBIM PETYJIATOPOM JEATEJIbHO-
CTH KOTOPBIX ABJIAETCS M3MEHEHNE BHYyTPUKJIETOY-
HOW KOHIIEHTpaluu MOHOB Kajbius (Ca®*) [6].
BHeNHAA perysisinus oCyIecTBIIsieTcs Oyrarogaps
BJIUSTHUIO CUMIIATUY€CKOY MHHEPBAIMU 1 Ba30aK-
THUBHBIX TOPMOHOB [6]. A BHYTpEHHUE PEeryIATOphI
COCYJMICTOTO TOHYCA BKJIIOYAIOT B €61 [6]:

1. ¢akTopsI BEIpabaThbIBaeMble 9HIOTETNEM
(okcup azora, IPOCTALUKIINH, 9HI0TEIUH) [7];

2. Ba3OAKTUBHBIE MeTab0MTHI (0OpasoBaB-
IIKMeCs B pesyJibrare alii03a, TUIIOKCAY, WK IPYy-
TUX TOBpEKIAIONINX (PAKTOPOB) HANpUMEp —
TIEPOKCHUL BOTOPO/Ia;

3. ayTOKOuIbl — CHUI'HAJIbHBIE MOJICKYJIbI
JIOKQJIbHOTO IeUCTBUSA (CEPOTOHMH, MTPOCTaIIaH-
IWHBI, TPOMOOKCaH A2).

Oxcup azora (NO). [Ipu cenTrueckoM HIoKe
npoucxoguT aktuBanusa NO — cuHTa3 [8], yTo
yBesrm4yrBaeT BhIpaboTky NO B HECKOJIBKO pas u
IIPUBOAUT K HEKOHTPOJUPYEMOI Ba30AU/IATAIUH,
narnbupoanuio npoaudepanuu 'MKC [8-10].
TeueHwne 1I0Ka YCYTyOJIsIETCA TEM, UTO YpE3MeEp-
Hast BbIpaboTka NO CHIKaeT peaKTUBHOCTB ajipe-
HepruvecKux peuenTopos [11].

IIpocrarnmanausel. [Ipy cenTrnyeckoM MIOKe
yBeJIMYMBaeTCs 00pa3oBaHue N30(POPMBI ITUKJIO-
OKCHUI'€HAa3bl 2 TUIIA U YCUJIMBAETCA CUHTE3 IIPO-
cTanukanHa [12], 9TO CIT0COOCTBYET HEKOHTPOJIH -
pyemoii Bazogusaranuu (13, 14].

JduporenuH 1 (ET1). BosHukarminue npu cemn-
cHuce TUIIOKCUs, HIIEeMHUsI, CTPECC CTUMYJIUPYIOT
obpasoBanue ET1. [laHHBIN TENTTHT JEHCTBYET KaK
Ba30KOHCTPUKTOP [15, 16], HO B yCJIOBUAX BOCIIA-
JUTEJIbHOI0 nporecca, ET1 MoykeT NpuBOgUTh K
HeraTUBHBIM 3 @deKTaM IyTeM aKTUBAIlUU CUT-
HaJIbHBIX IyTel, yCUJIMBAIOIINX CUHTE3 UHTEP-

[terlipressin + septic shock]; [Dopamine + septic
shock]; [Methylene blue + septic shock]; [cate-
cholamine + septic shock]; [angiotensin II]; [se-
lepressin], [Glucocorticoid + septic shock]. The final
selection of 89 articles was carried out in accor-
dance with the following criteria: relevance to the
topic of this review and the nature of the article —
only randomized controlled trials, guidelines and
analytical reviews were included in the final analy-
sis. Selected publications were analyzed by the au-
thors of this article and presented in «References».

Mechanisms for the Development
of Vasoplegia in Case of Septic Shock

Vascular tone is determined by smooth muscle
cells (VSMCQ) [1] located in their walls, the main reg-
ulator of their activity is a change in the intracellular
concentration of calcium ions (Ca?*) [6]. External
regulation is carried out due to the influence of sym-
pathetic innervation and vasoactive hormones [6].
The internal regulators of vascular tone include [6]:

1. factors produced by endothelium (nitric
oxide, prostacyclin, endothelin) [7];

2. vasoactive metabolites (formed as a result
of acidosis, hypoxia, or other damaging factors, for
example, hydrogen peroxide);

3. autocoids — signal molecules of local ac-
tion (serotonin, prostaglandins, thromboxane A2).

Nitric oxide (NO). In case of septic shock, NO
synthase is activated [7], which increases the pro-
duction of NO by several times and leads to uncon-
trolled vasodilation, and inhibition of VSMC prolif-
eration [8-10]. The condition is exacerbated by the
fact that excessive production of NO reduces the re-
activity of adrenergic receptors [11].

Prostaglandins. In case of septic shock, the for-
mation of type 2 cyclooxygenase isoform increases
and prostacyclin synthesis is enhanced [12], which
contributes to uncontrolled vasodilation [13, 14].

Endothelin 1 (ET1). Hypoxia, ischemia, and
stress that occur during sepsis stimulate the forma-
tion of ET1. This peptide acts as a vasoconstrictor
[15, 16], but in the inflammatory process, ET1 can
lead to negative effects by activating signaling path-
ways that enhance the synthesis of interleukin-1 [5],
tumor necrosis factor « [17], and interleukin-6 [18].

Acidosis resulting from insufficiency of tissue
perfusion, hypoxia and mitochondrial dysfunction
leads to even greater progression of shock and the
development of multiple organ failure [19].A dis-
tinct acidosis can lead to a decrease in the sensitiv-
ity of blood vessels to catecholamine vasoconstric-
tors [20, 21].

Oxygen free radicals. Decoupling of the inter-
action of endothelial enzymes NO synthases can
cause an increase of reactive oxygen species forma-
tion and enhance mitochondrial dysfunction [22].
The decomposition of superoxide anion, which is ex-
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JgevikuHa-1 [5], pakTopa HeKpo3a omyxoJei a [17]
U MHTepJielikuHa-6 [18].

Anua03 BO3HUKAIOIIUKI BCJEACTBUE HEJ0-
CTaTOYHOCTHU TKAaHEeBOU mepdy3uu, rUNOKCUUN U
MUTOXOHJPUAIBHON AUCQYHKIUU IPUBOIUT K
IIPOTrPECCUPOBAHUIO IIIOKA ¥ PA3BUTHUIO IIOJINOP-
raHHOW HegocTaTOYHOCTH [19]. BhIpakeHHBIN
anuI03 MOYKET IIPUBOIUTD K CHUSKEHUIO YYBCTBU-
TeJIbHOCTh COCYOB K KaTex0JIaMHUHOBBIM Ba30-
npeccopau [20, 21].

CBoOoaHBIE paguKaJIbI KUCIOpoaa. Hapy-
IIeHrEe B3aUMOJeHCTBUA 9HI0TeTNATbHBIX (pep-
MeHTOB NO-CHHTa3 MOYKeT BbI3BaTh yBeJIUUYEHUE
006pa30BaHNs AKTUBHBIX (POPM KHUCIOPOAA U YCH-
JIUTh MUTOXOHAPUAJIBHYIO ITUCYHKIMIO [22].
CymepokcuaHbIN aHNOH padJsiaraeT NO, u36bITOU-
HO 00pa3yoIuicd MpU IIOKe, W BHI3BIBAET
TUNEPHPOAYKIUIO IepoKkcUHUTpUTA [23]. IIlepok-
CUHUTPUT, JeUCTBYsI KaK MOIHBIN OKUCJIUTEb,
IIPOBOLIUPYET pa3BUTHE KJIETOUHOU TUCHYHKIINN
M Ba3oIljieruu [24].

CepoBogopon. [Ipu cerncuce 3HaYUTEJBHO
yBeJIWYMBaeTcsd 00pas3oBaHME CepoBOAOPOIA
(H2S), on nerko nudpdysaupyer B TMKC u cro-
COOCTBYET Pa3BUTHIO Ba30IJIETMYECKOr0 IIIOKA
yepes3 psJl KUCJIOPOH-3aBUCUMBIX MEXaHU3MOB,
axktuBanuio AT®-4yBCTBHUTEJNBHBIX KaJIMEBBIX
KaHaJIOoB [25, 26]. Ho, B Toske Bpems, H,S, B3aumo-
neiictByss ¢ NO, Mo)KeT OCJIaOJIATH JeWCTBUE
nocJjeaHero [27].

HeangoreauaabHbIN MexaHU3M. Upeamep-
Hasl aKTUBAIMsA KaJMeBbIX KAHAJIOB IPUBOAUT K
runeprnosisipudanuun  Mmembpansl T'MKC, uto
COIPOBOSKJAETCS 3aKPhITHEM OTEHIIUA-3aBU-
cumMbIx Ca?* KaHAJIOB U pa3BUTHEM Ba3ofguJIaTa-
nuu. Kpome storo monsl K* omocpenoBaHHO
MIOTeHIIUPYIOT COCYAUCTYIO TUC(YHKIIUIO, TUIIO-
KCHUIO, CHI)KeHUe pH 1 yBesinueHne KOHIIEHTpa-
1Y JIaKTaTa B KpoBU [28].

CHUsKeHUe YyBCTBUTEJBHOCTH COCYAOB K
Ba3oIpeccopaM MOKeT (POpMUPOBATHCS 3a CUET
HECKOJIbKUX MexaHu3MoB [29]. Tak, HEKOHTPOJIN-
pyeMas ycToM4uBasi TMIlepakTUBaLUs CUMIIATU-
4YeCcKON HepBHOU CHCTeMBbl IPUBOJUT K IIOTEpe
CepevyHO-COCYIUCTON M3MEHYUBOCTU (HeaaeK-
BaTHasl TaXUKapUs IIPU OTHOCUTEJbHO HU3KOM
aprepuaibHOM gaBseHuu (AJl)), dpeaMepHOH
BBIpAOOTKE KaTeXOJIaAMHUHOB U, KaK CJEICTBUE,
JleCeHCUTU3all1 KaTeX0JaMUHOBBIX PELleITOPOB.
IManHasg TpwWaja yBeJWYNBaeT NOTPEOHOCTH B
9K30TEeHHBIX KaTexoJaMUHaX AJI NOAlepsKaHus
IeJIEBBIX TOKa3arejel reMoguHaMuKu [30].

I'MIIOYyBCTBUTEJBHOCTh HAa KJIETOYHOM
YPOBHE IIpU CENTHUYEeCKOM IIOKe BO3HUKaeT 3a
cueT JeCeHCUTHU3AIUU: aJpeHepruiecKrx perer-
TOpPOB, PELEeNTOpPOB K Bas3oIpeccuHy 1 Twuma,
AHTMOTEeH3WHY THUIIA 1, YTO IIPOUCXOAUT ysKe Ha
HavyaJabHOU (pase moka [31]. Ho, Buanumo, peren-
TOPBI Ba30IIPeCCUHA MeHee YYBCTBUTEJIbHBI K aro-

cessively formed during NO shock, leads to the hy-
perproduction of peroxynitrite [23]. Peroxynitrite
acting as a powerful oxidizing agent provokes the de-
velopment of cell dysfunction and vasoplegia [24].

Hydrogen sulfide. In sepsis, the formation of
hydrogen sulfide (H2S) significantly increases; it
easily diffuses into VSMC and promotes the devel-
opment of vasoplegic syndrome through a number
of oxygen-dependent mechanisms and the activa-
tion of ATP-sensitive potassium channels [25, 26].
But, at the same time, H2S, interacting with NO, can
weaken the effect of the latter [27].

Non-endothelial mechanism. Excessive acti-
vation of potassium channels leads to hyperpolar-
ization of the VSMC membrane, which is accompa-
nied by the closure of voltage-gated Ca* channels
and the development of vasodilation. In addition,
K+ ions indirectly potentiate vascular dysfunction,
hypoxia, a decrease in pH, and an increase in blood
lactate level [28].

A decrease in the sensitivity of blood vessels
to vasoconstrictors can be formed due to several
mechanisms [29]. Thus, uncontrolled sustained hy-
peractivation of the sympathetic nervous system
leads to a loss of cardiovascular variability (inade-
quate tachycardia with a relatively low blood pres-
sure (BP)), excessive production of catecholamines
and, as a consequence, desensitization of cate-
cholamine receptors. This triad increases the need
for exogenous catecholamines to maintain hemo-
dynamic targets [30].

Hyposensitivity at the cellular level in case of
septic shock appears due to desensitization of:
adrenergic receptors, type 1 vasopressin receptors,
type 1 angiotensin, which occurs already in the ini-
tial phase of shock [31]. But apparently, vasopressin
receptors are less sensitive to agonistic stimulation
due to low concentrations of vasopressin in the
blood during shock conditions [30, 32, 33].

The intracellular mechanism of hypersensitiv-
ity islargely due to NO [34]. It activates calcium-sen-
sitive and ATP-sensitive potassium channels, myosin
light chain phosphatase and the formation of cyclic
GMBP, which contributes to the development of va-
sodilation [11]. Other mechanisms also involved in
vasodilation include the prostacyclin and cyclooxy-
genase pathways of the second type [35].

Vasopressors Therapy
in Case of Septic Shock

Vasopressors therapy is used to correct hy-
potension with the ineffectiveness of fluid [5] main-
tenance — the inability to maintain MAP > 65 mm
Hg after a correction of hypovolemia (starting FM
at a dose of 30 ml/kg, during the first three hours
[36] of septic shock with the achievement of CVP >
120 mm H,0) [2]. The earlier use of vasoconstric-
tors, even before the end of fluid maintenance, was
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HUCTUYECKOU CTUMYJAIUN U3-3a HU3KUX KOH-
IIEHTPaIMi Ba30MpecCruHa B KPOBU PU IITOKOBBIX
cocrossHuAX (30, 32, 33].

BHYTpUKJ/IETOUHBI MEXaHU3M T'HIIOYyBCTBU-
TEeJTLHOCTU BO MHOTOM 00ycsoBseH NO [34]. On
AKTUBUPYET KaJIbIIUA-4yBCTBUTEJIbHBIe U ATPD-
YyBCTBUTEJIbHbIE KajIreBble KaHAJIbI, hocarasy
JIETKOM Ieny MUO3WHA 1 00pa3oBaHMe ITUKJINYe-
CKOT0 TyaHO3MHMOHOd0c(dara, 9To CrrocobCTBYET
passuTuio Bazoguiaranuu [11]. Ipyrue Mexanus-
MBI, TakK)Xe ydYacTBYIOIIME B Ba3ogWJIaTALWU,
BRJIIOYAIOT IIyTH aKTUBALMU IIPOCTALMKJIMHA U
IMKJIOOKCUTeHa3bl BTOPOTIO TUIla [35].

BasomnpeccopHasi Tepanus
IPU CENTHYECKOM IIIOKE

BasompeccopHass Tepanusa TPUMEHSETCS
JIJIsl KOPPEKIIMU TUTIOTEH3UU TTPU HEeaPPeKTHuB-
HocTu nH(py3uoHHoi tepanuu (UT) [5] — HeBO3-
MOKHOCTH noajaepsykanus AJlcp > 65 MM pT. CT.
IocJje Koppekuuu rurososeMun (craprosasa UT
B 1o3e 30 MJI/KT, B TeUeHHe NEPBHIX TPEX YACOB
[36] cenTryeCcKOTO 1IOKA C JocTUuskenuem LB/ >
120 mm H,0) [2]. OpaBaaHo u 60Jiee paHHee IpU-
MeHeHNMe Ba30MPeCcCOPOB — ellle 10 OKOHYaHUS
MH(QY3UOHHOU Tepaluy — C I[eJIbI0 YMEHbIIIeHU 1
o6 bemMa MH(Y3NOHHOM TEPAITNH B TTIEPBHIE CYTKHU
CENITUYECKOrO 1IOKA [37], a TaKKe [J1s YMEeHbIIIe-
HUS pUCKA Pa3BUTHS MOJUOPTAaHHON HeZoCTa-
TOYHOCTHU U YBEJIMUEHUA BBI)KUBAEMOCTH [38].

BasomnpeccopHble npenapaTbl MOSKHO pasjie-
JIUT Ha YeThIpe IPyIIIbL:

1. ajpeHepruyeckue (aipeHa v, TopaMuH,
HOpajJpeHannH, GeHmI3PpUH, JOOYyTaMIH);

2. mpemnaparsl, BO3/IeHCTBYIOIIMe HA Ba3o-
IIPECCUHOBBIE PElleNTOPHI (Ba30NMPECCHH, TEPJIN-
MIPECCHH, CeJIeNPECCHH);

3. mpemnaparsl, BO3AeNUCTBYIOIINE HA pelel-
TOPbl QHTMOTEH3WHA 1 TUmna (CUHTETUYEeCKUH
aHruoreHsuH Il);

4. mpenaparbl, Ba30NPecCOPHbI aPpdeKT
KOTOPBIX He CBSI3AH C pereNTOPHBIM anliaparoM
(METHJIEHOBBIU CHUHUU, JIEBOCUMEHAH, TUAPO-
KOPTHU30H).

ApeHepruyecKye Ba3onpeccophl

AnpeHasTMH — MOIITHBIN HeCEJIEKTUBHBIN -
U 3-aroHUCT. B Hu3kux n1o3ax (10 0,1 MKr/Kr/MuH)
npeobsagaioT [-a¢p@PeKTbl, YTO NPHUBOIUT K
MOBBIIIEHUIO COKPATUMOCTA MHOKapAa H, Kak
CJIeJICTBHE, K YBEJMUEHUIO YaCTOThI CepaeuHbIX
cokparreHuii. [Tpu ucmoJib30BaHUU O0JIEE BBICO-
KHUX 103 aJpeHa InHa, IpeodJamaer a-1-omocpe-
JIOBaHHBIN cocynocykuBatomuii ag ekt [39]. Ero
3P eKTUBHOCTH CONIOCTABUMA C APYTUMU Ba30-
Ipeccopamu, CHuJia THOKOHCTPUKITUY CPAaBHUMaA C
KoOMOMHanMel HopaJgpeHaJMHa U J00yTaMuHA

[39]. He BbIsAIBJIEHO pa3J/IMYMi B JI€TAJILHOCTH IIPHU

justified in order to reduce the volume of fluid
maintenance on the first day of septic shock [37],
as well as to reduce the risk of multiple organ failure
and increase survival [38].

Vasopressors can be divided into four groups:

1. Adrenergic (adrenaline, dopamine, norep-
inephrine, phenylephrine, dobutamine),

2. drugs acting on vasopressin receptors (va-
sopressin, terlipressin, selepressin),

3. drugs affecting angiotensin type 1 recep-
tors (synthetic angiotensin II).

4. angiotonic drugs are not associated with
the receptor apparatus (methylene blue, levosi-
mendan, hydrocortisone).

Adrenergic Vasoconstrictors

Adrenaline is a potent non-selective - and
pB-agonist. Atlow doses (up to 0.1 pg / kg / min), B-ef-
fects predominate, which leads to an increase in con-
tractility and, as a result, to an increase in heart rate.
When higher doses of adrenaline are used, the a-1-
mediated vasoconstrictor effect predominates [39].
Efficiency is comparable with other vasoconstrictors,
the strength of inoconstriction is comparable to the
combination of noradrenaline and dobutamine [39].
There were also no differences in mortality in com-
parison with norepinephrine (NA) [40, 41], or a com-
bination of NA with dobutamine [42].

Despite this, the use of adrenaline in septic
shock is recommended only in the form of a second-
line vasoconstrictor — for stopping hypotension
when introduction of NA does not allow reaching the
hemodynamic targets [2]. This is due to the fact that
the drug has a number of negative effects on the cir-
culatory system: it increases the heart rate — and,
therefore, increases the myocardial oxygen demand,
increases the risk of heart rhythm disturbances [40,
41], and is capable of causing hyperlactatemia [2].

Dopamine is a biochemical precursor to NA.
Having a cardiotonic effect, it increases MAP due to
an increase in the stroke volume and heart rate [2];
in small and medium doses it stimulates $-adrener-
gicreceptors, in large doses- a-adrenergic receptors.

The widespread use of the drug in septic shock
is not recommended [2, 40, 43]. This is due to the
fact that the use of dopamine often causes rhythm
disturbances, as it was shown in a study of De
Backer D. et al in 2010 (24.1% and 12.4%, P<0.001)
[44]. In addition, a significant increase of heart rate
leads to an increase in myocardial oxygen demand,
making the risk of ischemia higher.

In septic shock, the use of dopamine is al-
lowed only as an alternative to NA in case of pa-
tients with a low risk of tachyarrhythmias and in the
presence of absolute or relative bradycardia [2]. The
use of the drug for «<nephroprotection», as was re-
cently recommended [45], is now recognized as un-
justified [2], since there is no convincing evidence
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NpUMeHEeHUH! afjpeHa nHa B CDaBHEHUY C HOPaJl-
penanuaom (HA) [40, 41], mtub60o kombuHammeit HA
¢ robyTaMuHOM [42].

HecMmoTps Ha aTO, IpUMeHeHWe aipeHaTnHa
PU CENTUYECKOM IIOKEe PEKOMEHI0BaHO JIUIIIb B
BHJIe Ba3oIpeccopa BTOPOU JIMHUU — [JISI KyIIU-
pOBaHUA IMIIOTEH3NUH B CJIydae ecaiy BBenenue HA
He I03BOJIsIeT JOCTUYb IIeJIeBbIX IapaMeTpOB
reMoguHaMUKH [2]. OOYCJIOBJIEHO 9TO TEM, YTO
mpermapar obJjagaeT psIoM HeraTUBHBIX 3 dekr-
TOB Ha CHCTEMY KPOBOOOpAIIleHUs: YBETUINBAET
YaCTOTY CepAeYHbIX COKpAIleHni — a, cjieoBa-
TeJIbHO, YBEJIUYNBAET MOTPEOHOCTh MIOKAap/Ia B
KHUCJIOpOJle, YBEJWYUBAET PUCK HapylIIeHUuH
putma cepana [40, 41], u criocob6eH BBI3LIBAThH
runepJakrareMuo [2].

JlomaMuH SIBJISIETCS OMOXUMUYECKUM TIpeJi-
mectBeHHUKOM HA. 067181851 KapIMOTOHUYECKUM
JelicTBueM, yBeanuuBaeT AJl cp 3a cueT yBesuue-
HUs yIapHOTO 00beMa M YacTOThl CEePAEYHBIX
COKpallleHu! [2], B MaJIbIX ¥ CPEeITHUX 103aX CTUMY-
JIIpYeT -alpeHOPEeNenTOPhI, B 00IBIINX 033X —
-aIPEeHOPELENTOPHI.

[ToBcemecTHOe TpUMeHeHHe TIpenapara npu
CEeIITUYECKOM IIIOKe He peKOMEeHA0BaHo (2, 40, 43].
OG6yCJIOBJIEHO 3TO TEM, UTO, KaK OBLJIO IIOKA3aHO B
ucciaegoanuu De Backer D.et al. B 2010 r., mpume-
HeHHe AOoNaMHWHA 4Yalle, yeM npumeHeHue HA,
BbI3bIBAET HApPYyILIeHUs puTMa: (24,1 1 12,4%, coor-
BeTCTBeHHO, p<0,001) [44]. Kpome TOro, 3Hauu-
TeJIbHOE YBEJIMYCHHE YaCTOThI CepIeYHbIX COKpa-
[IeHWH TPUBOAUT K YBEJHMYEHHUIO TTOTPEOHOCTH
MUOKapa B KHCJIOPOJE U PUCKY €r0 UILIEeMUU.

[Ipu cenTryecKoM IIOKe TPpUMeHeHne JoIa-
MUHAa, KaK aJsrepHarusbl HA, 1onyckaeTcs TOJIbKO
y NallMeHTOB C HU3KUM PUCKOM TaXUapUTMUU U
MPY HAJTUIUU aOCOJTIOTHON WJIM OTHOCHUTEEHOMN
Opamukapauu [2]. Fico/ib30BaHMe 3TOTO Iperapa-
Ta 17151 «He(POIPOTEKIINN», KaK 9TO PEKOMEH 10Ba-
JIOCH €ellle COBCeM HeJlaBHO [45], ceromHs NpU3HaHO
HEOIIpaBIaHHBIM [2], TaK KaK HeT yOequTeIbHbIX
JIOKa3aTeJIbCTB er0 3(h(HEKTUBHOCTHU B OTHOIIIEHUH
VIIy4IIeHHUsI II09€YHOI0 KPOBOTOKA, YBEJIMYCHUS
TeMITa TUype3a M CHIKEeHM s TOTPeOHOCTH B 3aMe-
CTUTEJIbHOU TTI0YeYHOU Tepanuim [44, 46].

®eHn3¢puH — aroHUCT ¢ 1-agpeHepruye-
CKUX pelenTopoB. [Ipumenenne penunappuna
IIpU CeIICuCe OrPaHWYEHHO CHUTyalUusMH, IIpU
KOTOPBIX UCIIOJb30BaHNe HA MOYKeT NpUBECTH K
YBEJIMYEHUIO PUCKA KU3HEYIPOYKAIOIIUX apuT-
MHUH; TpU JOCTAaTOYHO BBICOKOM CEPJIEYHOM
BBIOpOCE, HO C COXPAHSIONIENCsT IIPU 9TOM TUTIO-
TeH3Uel; 160 KaKk TOTOJHUTETHHOTO ITpermapara
mpu pedpakTepHo runoren3uu [47]. Ero mpume-
HEeHUe B JaHHBIX CIy4Yassix 00bsICHIETCA TEM, YTO
dennsiadpuH 1o cpaBHenuto ¢ HA adderTruBHee
CHU’KAeT 4YacTOTy CepIedyHbIX COKpallleHUui u
MOBBIIIAET CUCTEMHOE COCYAUCTOE COIIPOTUBJIE-
HUe 0e3 NU3MEeHEHUsI IPYTUX reMOANHAMUYeCKUX

of its effectiveness in improving renal blood flow,
increasing the rate of urine output, and reducing
the need for renal replacement therapy [44,46].

Phenylephrine is an agonist of ¢1-adrenergic
receptors. The use of phenylephrine in case of sep-
sis is limited to situations in which the use of NA
can lead to an increased risk of life-threatening ar-
rhythmias; with a sufficiently high cardiac output,
but with persistent hypotension; or as an additional
drug for refractory hypotension [47]. Its use in these
cases is explained by the fact that phenylephrine,
in comparison with NA, more effectively reduces
the heart rate and increases systemic vascular re-
sistance without changing other hemodynamic pa-
rameters, which was identified by Jain G. et al. in
2010 (P<0.001) [48]. However, it should be noted
that in patients who have a cardiac pathology, the
drug leads to a decrease of cardiac output [47], and
vasoconstriction of the internal organs that it po-
tentiates can aggravate their ischemia [42].

Noradrenaline (NA) is a derivative of dopamine,
has a very powerful vasopressor effect and is a first-
line drug for the correction of hypotension in case of
septic shock [2, 5]. The administration of NA leads to
mobilization of the vascular volume, the appearance
of a moderate inotropic effect [49], which increases
the final diastolic volume, and the cardiac index [50].
In this case, there is no increase in the heart rate, and,
consequently, myocardial oxygen demand does not
increase [2, 44]. In addition, the choice of NA as a first-
line drug is associated with a lower risk of arrhythmias
[42] and lower mortality compared to dopamine [40,
42], as confirmed by a study of Avni T. et al. (2015)
which demonstrated a decrease in mortality by 11%
(RR 0.89: 95% CI 0.81-0.98, high reliability) [40].

The high potency and positive hemodynamic
effects make NA largely universal for stopping hy-
potension caused by septic shock [2]. However,
when the dose is exceeded by 0.5 mg/kg/min, the
effectiveness of the drug decreases and an expo-
nential increase in the dose of NA is necessary for a
further increase in MAP [51-53]. Refractory shock
may require the administration of doses that ex-
ceed the recommended ones (up to 1 ng/kg/min),
which increases the risk of norepinephrine-medi-
ated unfavorable responses.

Auchet T. et al. (2017) determined that the
emergence of finger necrosis due to the use of NA
is possible when using a dose of 1 ng/kg/min for 1
hour, and serious changes develop in 6% of patients
in this case [54]. When using doses of NA more than
2 ng/kg/min, irreversible microcirculation disor-
ders can occur, leading to ischemia of the fingers
and requiring amputation. There is also evidence
that high doses of NA can lead to lip ischemia [55].

In their study, Cox]J. et al. (2015) found that the
use of high doses of NA is also a significant risk fac-
tor for the development of pressure bed sores by

septic patients (r=0.119; P=0.04) [56]. Exceeding a
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rapameTpoB, 4To ObLIO BBIsABJIEHO Jain G. et al. B
2010r. (p<0,001) [48]. ITpu 9TOM CiieIyeT IOMHUTD,
4YTO y TIAIlMEHTOB C CepJ/IeYHOU maTooruen peHu-
JA3(ppUH MPUBOJIUT K CHHUKEHUIO CEPJIEYHOTO
BbIOpoca [47], a mOTeHITUpyeMasi UM Ba30KOH-
CTPHUKIIVSI BHYTPEHHUX OPTraHOB MOKET YCYTyOUTh
HX uieMuio [42].

HopagpeHayiun sABJsieTCSI TPOU3BOIHBIM
JIoraMuHa, 00J1a/1aeT 04eHb MOIITHBIM Ba30TIpec-
COpHBIM 3(p(HEKTOM U SIBJISETCS IpernapaToM rnep-
BOM JIMHUH JJIs1 KOPPEKIIUYM TUTTOTEH3UH TIPU CETl-
TUYECKOM HIoKe [2, 5]. BBegenue HA npuBoguT K
MOOMIM3AIUH COCYAMCTOTO 00'beMa, BOSHUKHO-
BEHUIO YMEPEHHOI'0 MHOTPOMHOro s dexrTa [49],
YBEJIMYMBAET KOHEYHBIN JNACTOJTNYECKUH 00heM
U cepaeuHbIi uHekc [50]. [Ipu aToM He Mponcxo-
JIIUT yBeJIMYEHNE YACTOThI CepAeuYHbIX COKpaIle-
HUH, a, CJIeIoBaTeJIbHO, HEe BO3pacTaeT morpeod-
HOCTh MHOKapjJa B Kucjopone [2, 44]. Kpome
aToro, BbI0op HA B KadecTBe mpemapara nmepBoi
JIMHUM CBSI3aH C MEHBIIIUM PUCKOM BO3HUKHOBE-
HUSI apUTMUH [42], 1 accOIUUpOBaH ¢ 60Jiee HU3-
KOMU J1eTaJIbHOCTHIO, B CPABHEHUU C JIOTIAMHUHOM
[40, 42], 4TO IOATBEPIKIAETCA HCCJIeJOBaHUEM
AvniT. etal. (2015 1.) B KOTOPOM IIPOJIEMOHCTPUPO-
BaHO CHHU KeHHNU JjeTajJbHocTu Ha 11% (RR 0,89:
95% CI 0,81-0,98, BbICOKast JOCTOBEPHOCTH) [40].

Bricokast ap(peKTUBHOCTH IIpenapara, ImoJo-
SKUTeJIbHble  reMoAuHamMudeckue  3(heKTsl
nenator HA Bo MHOTOM YHUBEpPCAJbHBIM CpE€/i-
CTBOM JJIs1 KyIIUPOBAHUSA TMIIOTEH3UH, BbI3BAaHHON
CEeNITUYECKUM ITIOKOM [2]. OfHAKO, IpU HpeBbIIIe-
HUA 10361 0,5 MT / KT / MUH IPOUCXOUT CHUYKEHNE
3¢ eKTUBHOCTU Npenapara u AJjsi JaabHeHuIero
yBesmmueHus1 AJICp HeoOXOAMMO 9KCIIOHEHITAATb-
Hoe yBesindeHue 103bl HA [51-53]. PedppakTepHblii
IITIOK MOJKET MOTpeboBaTh BBEJEeHUsI 103, TPEBHI-
HIAIOMINX peKOMEHIyeMble (10 1 MKI/Kr/MuH), 4TO
yBeJIMUMBAeT PUCK HOpPalpeHaJIMH-0II0CpeJOBaH-
HBIX HeOJIarONpUATHBIX PeaKIni.

AuchetT. et al. (2017 r.) onipeieJInJIN, 4TO BO3-
HUKHOBEHWE HEKPO3a MaJIbIleB, 00yCIOBJIEHHOTO
npumMeHenueM HA, BO3MOYKHO MPHU MCIOJIb30Ba-
HUU 03B! 1 MKI/Kr/MUH B TeyeHuH 1 yaca, a cepb-
e3Hble M3MEHEHUS MUKPOLUMPKYIAIUN pPas3BU-
BarorcA y 6% nanueHTos [54]. [Tpu ucrosib3oBaHumn
HA B mo3e 6oJ1iee 2 MKT/KT/MUH MOTYT BOSHUKATh
HeoOpaTHMble HAPYIIEHUs MHUKPOIUPKYJIAINH,
MIPUBOJAIINE K UIIIEMUH MTAIbIIEB PYK U TPeOyIO-
Ie UX aMIyTanuu. Takske UMeloTCs CBeIeHUsI O
TOM, YTO BBICOKME 103kl HA MOI'yT IIpUBOAUTH K
uremMud ryo [55].

B cBoem ucciaenosanuu Cox J. et al. (2015 1)
BBISIBUJIY, YTO MCIOJIb30BAaHNE BBICOKUX J103 HA,
SABJISIETCSI 3HAYUTEJIbHBIM (PAKTOPOM pUCKa Pa3BU-
TUA TpOJIesKHEeH y CeNTUYeCKUX IalMeHTOB
(r=0,119; p=0,04) [56]. Ilpesbimienue n03sl 0,6
MKT/KI'/ MUH IIPUBOJUT K PA3BUTHIO IIPOJIEsKHEN Y

50% marmmenToB [57, 58].

dose of 0.6 pg/kg/min leads to the development of
pressure sores by 50% of patients [57, 58].

A high dose of NA in excess of 1 pg/kg/min is
an independent predictor of high mortality among
patients with septic shock [59, 60]. During the
AuchetT. et al. study (2017) it was determined that
with infusion of NA at a dose of more than 1
pug/kg/min, mortality reaches 65.1% [54], and ac-
cording to Jenkins C. R. (2009), at a dose of more
than 2 pg/kg/min, itis 96.4% [61].

Current recommendations state that a dose
exceeding 1 pg/kg/min should be avoided, and the
use of NA should be discontinued as soon as possi-
ble in order to reduce the risks of developing un-
controlled vasoconstriction, intestinal, skin and
finger necrosis [55].

The data make us think about using a second
vasopressor to reduce the dose of NA in order to level
its side effects associated with the use in high con-
centrations. However, no modern guidelines provide
clear recommendations as to what dose of NA
should be used for the second vasoconstrictor and
what should be the starting dose of the second drug,
depending on the initial dose of NA infusion [62].

Dobutamine is a synthetic catecholamine,
which is a strong agonist of -1 adrenergic recep-
tors and a weak agonist of 3-2 adrenergic receptors,
at the same time it has a mild «-1 effect, which is
manifested at doses of more than 15 pg/kg/min
[47]. Current recommendations indicate the use of
dobutamine among the patients with persistent hy-
poperfusion [63] that persists after adequate infu-
sion therapy and the use of angiotonic drugs [2].

With the administration of the drug in a dose
not exceeding 2.5 ng/kg/min, there is an increase
in the stroke volume and blood pressure without
changing the heart rate. A further increase in dose
provides an increase in indicators only by increas-
ing the heart rate [39].

The role of dobutamine in septic shock is am-
biguous. Administration of the drug even in low doses
can increase the myocardial oxygen demand and pro-
voke rhythm disturbances [47]. Efficiency has been
proven only with systolic dysfunction [64], and with
diastolic dysfunction, dynamic left ventricular ob-
struction, indicators of heart activity, on the contrary,
may worsen [39]. The alleged cause of the heteroge-
neous dobutamine responses is the ever-changing
picture of septic shock and the ongoing pathophysi-
ological processes during each stage. Along with this,
changes occur in adrenergic receptors, leading to a
decrease in their sensitivity and, as a consequence, to
a change in the response to catecholamines [39].

Drugs Acting
on Vasopressin Receptors

Vasopressin (AVP) is an endogenous peptide
hormone of the infundibular body, interacting with
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Beicokasa nosa HA, npessimatromniass 1 Mkr/
KI'/MUWH SIBJISIETCS HE3aBUCUMBIM MPETUKTOPOM
BBICOKOMU JIETAJIbHOCTH y IAI[UEHTOB C CelThYe-
CKUM mIokoM [59, 60]. B xome unccjaegoBaHUs
Auchet T. et al. (2017 r.) onpeeJinay, 4YTO TPU
nHpy3uu HA B 1o3e 60s1ee 1 MKT/KT/MUH JIeTaTh-
HOCTB JocTuraet 65,1% [54], a mo cBegeHussm Jenk-
ins C. R. (2009 1.) mpu 103e 60s1€€ 2 MKT/KI'/MUH
OHa cocTaBJisgeT 96,4% [61].

CoBpeMeHHbIe PEKOMEHIAINU IJIACAT, YTO
JTO3bI, TPEBBIIIAIONIEH 1 MKT/KI/MUH ciieayeT u3be-
raTh, a mpuMeHnenrie HA 1o/KHO OBITE ITpEKPaIeHo
KaK MOYKHO paHbIIIe C [EeJIbI0 CHUKEHUSI PUCKOB
Pa3BUTUS HEKOHTPOJIMPYEMOU Ba30KOHCTPUKIINHY,
HEKPO30B KUIIIEYHNKA, KOYKU U TTAIbIEB [55].

[IpuBeneHHbIe NaHHBIE 3aCTaBJIAIOT 3a1y-
MarbCs 0 IPUMEHEeHNUH BTOPOT0 Ba30IIPECCOPHOTO
npemnapara AJid CHU)KeHUsA [03bl HA ¢ mesbio
HUBEJIMPOBAHUS €ro MOO0YHBIX 9(P(eKTOB, CB-
3aHHBIX C IPUMEHEHNEM B BBICOKMX KOHIIEHTpa-
nusax. OMHAKO HA OOHO COBPEMEHHOE PYKOBOACTBO
He JaeT YeTKUX pPeKOMeHJAIluii OTHOCHUTEJHHO
TOTO, PU KaKko# 1o3e HA nokeH ObITh TpUMeHeH
BTOPOM Ba30MPeCCOp 1 KAKOU TOJIPKHA OBITH CTap-
TOBAs1 1032 BTOPOTO IIpernapara B 3aBUCUMOCTH OT
HavaJIbHOU 1036l nHQY3un HA [62].

JoO0yTaMHH — CHHTETHYECKHH KarexoJia-
MUH, SBJISIONMNACA CHWJIBHBIM aroHucrom J-1
aIpeHoPENeNTOPOB W CJIA0BLIM aroOHUCTOM [3-2
aJIpEHOPEIENITOPOB, B TO K€ BPEMS UMEET MATKUH
a-1 apderT, KOTOPBIN MPOSBJISAETCS MPU T03aX
6osee 15 Mkr / KT / MuH [47]. COBpeMeHHbIE PEKO-
MEeH/IAI[MH TOBOPST O IPUMEHeHNH! To00yTaMUHa Y
IMaleHToOB CO CTOMKOU rumnonepdysuein [63],
COXpaHSAIOIIENCs TToc/ie TPOBEJeHHON aJeKBaT-
HOU MH(Y3UOHHOU Tepalluu U MPHU UCIIOJIb30Ba-
HUU Ba30IIPECCOPHBIX IIperaparos [2].

[Ipu BBeeHnu npenapara B 103e, He IPeBbI-
mrarmolei 2,5 MKr/Kr/ MyH, IPOUCXOIUT yBeJnye-
HHUe yaapHoro oowema u AJl 6e3 m3MeHeHUs
4acTOThI CepAeYHbIX COKpallleHui. /lajpHeliiee
yBeJIM4YeHre J03bI 00eCrevynBaeT POCT ITOKa3are-
Jiel TOJIBKO 3a CYeT YBeJIMUeHUsI YaCTOThI Cepliey-
HBIX COKpaleHui [39].

Posp moOyTaMuHA MPU CENITUYECKOM IIIOKE
HeOoJHO3Ha4YHa. BBeneHne npemnapara 1ake B HU3-
KUX J103aX MOSKET YBEJIUYUTH MOTPEOHOCTH MHUO-
Kapja B KUCJI0PO[ie, ¥ IIPOBOLMPOBATh HAPYILLICHU
putMma [47]. Ero ap(peKTUBHOCTD I0Ka3aHa TOJbKO
IIPU CUCTOJINYECKOUN TUCHYHKIIUU MUOKap/a [64],
a [IpYU IMACTOJINYeCKON TUCHYHKINY, AUHAMUYe-
CKOH JIEBOYKETYJOYKOBOI OOCTPYKITAHY ITOKA3aATETH
IeATeJbHOCTH Cephla, HAllpOTHUB, MOIYT YXy.I-
mmThes [39]. [penmosaraemoi MpUYUHOM reTepo-
TeHHBIX OTBETOB Ha BBeJeHWE T00yTaMUHA
ABJISIIOTCAA W3MEHEHUS KapTHUHbI CENTUYECKOTO
III0KAa U TPOUCXOAANINX NMATO(U3UO0JTOTHUECKUX
MIPOIIECCOB B KAYKJIOM ero nepuon. Hapsay ¢ atum
OPOUCXONAT W3MEHEHUsI B aJpeHepruYecKux

type I vasopressin receptors in VSMC that causes a
vasoconstrictor effect [65]. However, when interact-
ing with type 2 vasopressin receptors, it can lead to
fluid retention in the body, thrombosis of the mi-
crovasculature, and vasodilation [66].

The course of septic shock suggests a relative
deficiency of endogenous AVP , its elimination due
to exogenous intake increases vascular tone, which
explains the expediency of its use in case of this dis-
ease [67]. Currently, the drug is recommended as a
supplement to NA in order to reduce the dose of the
latter while maintaining hemodynamic targets [2],
or to increase blood pressure to the target value,
provided that NA monotherapy was not effective
[2]. Exceeding the recommended dose (0.03
units/min), in view of the pronounced side effects
(myocardial ischemia, impaired microcirculation
of internal organs and fingers), is an extreme meas-
ure and is used in the absence of the effect of using
other vasoconstrictors [68].

AVP, even at a minimum dose, effectively in-
creases blood pressure in patients with resistant
hypotension in septic shock [69, 70], due to the
preservation of vasoconstrictor activity in acido-
sis and, apparently, less sensitivity toV1 receptor
stimulation.

The study of Bihari S. et al. (2014) evaluating
the addition of AVP to NA as the second vasoactive
drug to patients at the early stages of septic shock
showed that it was possible to achieve the target
MAP faster in comparison with NA monotherapy
(5.7 hours and from 7.6 hours, P=0.058, respec-
tively), and led to faster resolution of organ dys-
function [71]. These statements suggest that correc-
tion of AVP deficiency at an early stage reduces the
time spent by patients in septic shock [72].

A number of studies have not revealed a de-
crease in mortality when using AVP compared with
NA [2, 73, 74]. However, a recently conducted and
fairly large randomized study by Russell J. A. et al.
(2008) discovered that patients receiving the drug
have a tendency to decrease mortality compared to
patients receiving NA (32.2% versus 40.5%, P=0.12).
However, this difference was not recognized as sig-
nificant enough. Meanwhile, the use of AVP has a
number of positive effects: it reduces the incidence
of acute kidney injury in septic shock by 18.8% com-
pared with NA monotherapy (P=0.03). Accordingly,
there was a decrease in the need for substitutive
renal therapy compared with the control group [75].

Unfortunately, the drug is not registered in
Russia and therefore is not used in clinical practice.

Terlipressin (TP) has similar effects to vaso-
pressin, has a longer duration [76], and is more se-
lective for type I vasopressin receptors [70]. This
contributes to a more pronounced vasoconstric-
tion with the least side effects [73, 77, 78]. Hemody-
namic efficiency with continuous infusion of both

drugs is equivalent [79].
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penenTopax, IpUBOIAIIYE K CHUKCHUIO UX YyB-
CTBUTEJBHOCTHU U, KaK CJIEeICTBHE, K N3MEHEHUIO
oTBeTa Ha KarexoJaMUuHbI [39].

IIpenaparsbl gelicTByIOIIME
Ha Ba30IIPeCCHHOBHIE PellenTopPbI

Basonpeccun (AVP) — aH/1I0TeHHBIN NeNTU -
HbBII TOPMOH 3aHel 01 rurnodu3a, B3BauMoiei-
CTBysI C peuLenTopaMy K Ba3ollpeccuHy | Ttuma B
I'MKC BbI3bIBAaET Ba3OKOHCTPUKTOPHBIN 3 PeKT
[65]. OmHAKO TPU B3aUMOJIEUCTBUH C Ba30IPECCH-
HOBBIMM PelIeNTOPaMHU 2 TATIA OH MOYKET IPUBOJIUTH
K 3a/iepsKKe KUIKOCTU B OpraHu3Me, TpoMOo3aM
MUKPOLUPKYJIATOPHOIO PyCJIa, BadoauaaTauus [66].

TeueHre cenTUYECKOTO IIOKA MPENIIOaraeT
OTHOCUTEJIbHBIN JleuiuT aHA0reHHOro AVP, ero
yCTpaHEHHe 3a CYeT 9K30T€HHOI'O IOCTYIICHUS
MTOBBIIIAET TOHYC COCY/IOB, YTO O0BSICHSIET I1eJIeCO-
00pa3HOCTh MPUMEHEeHUsT BasolpeccuHa [67]. B
HacTosAIIee BpeMs perapaT peKOMEeH/I0BaH B Kaye-
CTBe 0oIoJIHeHUs K HA ¢ 11e/1b10 yMEHbIIeHN A 10351
MOCJIeAHEro NPy NOAepsKAHNH I1eJIeBbIX TOKa3aTe-
Jiell reMOMHAMUKH [2], uiu 17151 yBesimueHusa A/l o
[1eJIeBOT0 3HAaY€HMs, [IPU YCJI0OBUH, YTO MOHOTepa-
st HA okasasack He acpderTuBHOM [2]. [TpeBbIte-
HUe pekoMeHJyeMou 1o3bl (0,03 en/MuH), BBUILY
BbIPa’KEHHBIX ITOOOYHBIX 3P (PEeKTOB (UIIIEMIS MHO-
KapJa, HapylleHne MUKPOLYPKYJIALAY BHyTPEH-
HUX OPTAHOB, MAJBIIEB), SBJSETCA KpaliHel Mepoi
U HCHOJB3yeTCcs NMPHU OTCyTCTBUE 3deKTa OT
HCII0JIb30BaHUs IPYTUX Ba30IIPECCOpPOB [68].

AVP, nasxe B MUHUMAJIbHOMU 103€, 3P eKTUB-
HO noBblmIaeT A/l y IaliieHTOB C Pe3UCTEHTHON
TUIIOTEH3UEN TPU CENTUYECKOM Ioke [69, 70],
OJrarogapsi COXpaHEHHIO ero Ba3OKOHCTPUKTOP-
HOU aKTUBHOCTU IIPH allUI03€.

Hccaenosanmue Bihari S. et al. (2014 r.), ore-
HuBalollee gobdasJsienne AVP k HA mamueHnTam Ha
PaHHUX CTaOUSIX CEITUYECKOro III0Ka, IT0Ka3aJo,
4TO MIPUMEHEHN e BTOPOro BA30AKTUBHOTO ITpemna-
paTa IO3BOJIMJIO OBICTpee JIOCTUYhL I[eJIE€BOr0
Allcp B cpaBHeHnu ¢ MoHOTepanueit HA (5,7 yacoB
U 7,6 4 coorBeTCcTBeHHO, p=0,058), U IpuBeEIO K
0oslee OBICTPOMY paspelnreHuI0 OPraHHOW JIVC-
¢yskuuu [71]. ITH KaHHBIE TO3BOJISAIOT IIPEJIO-
JIOKUTh, YTO KOppekIus gedurura AVP Ha paH-
Hel CcTaguu COKpalllaeT BpeMsi HaXO0KJEHUs
NaleHTOB B COCTOSTHUM CENTUYECKOTO MIOKa [72].

Psi  mpoBelleHHBIX WCCJENOBAaHUN He
BBISIBUJI Pa3U4Mi JIETAJTbHOCTH MPU UCIIOJb30-
Bauuu AVP jmbo HA [2, 73, 74]. OgHako, He Tak
JaBHO IIPOBEIEHHOE OCTATOYHO KPYITHOE PaHI0-
MU3UpOBaHHOe uccaenoBanue Russell J. A. et al.
(2008 r.) mokasaso, 4TO B IpyIlIe IanKueHTOB,
IIOJTy4aBIIMX Ba30IIPECCUH, UMeJlach TeHIeHIUA
K CHHYKEHHMIO JIeTaJIbHOCTU B CPABHEHUM C IpyIl-
IOH manueHToB, noJyyaBiux HA (32,2% npotus
40,5%, p=0,12). Mexny TeMm, npuMeHeHue AVP

TP stabilizing and normalizing hemodynam-
ics, improves tissue perfusion, promotes greater
blood oxygenation, increases the rate of urine out-
put, reduces the level of lactate in the blood,
thereby reducing the frequency of complications. A
small dose of the drug can be recommended as a
first-line vasoconstrictor support in cases of refrac-
tory hypotension in septic shock [70]. Comparison
of continuous TP infusion with NA monotherapy
did not reveal a large difference in the achievement
of MAP sufficient for adequate tissue perfusion
[70]. Side effects associated with the introduction
of these drugs according to Choudhury A. et al.
(2017), were also comparable in the studied groups
(70.5% versus 44.4%, P=0.06) [80].

The long half-life allows the use of TP in the
form of a bolus injection, but at the same time, the
risk of excessive vasoconstriction increases, which
reduces the delivery of oxygen to peripheral tissues.
Continuous infusion with an equivalent effect is
not accompanied by a pronounced decrease in car-
diac output [73], which makes this type of admin-
istration preferable.

Small doses of TP (1.3 pg/kg/h) as an adjunct
to NA reduce the time to reach the target hemody-
namic parameters compared with NA monother-
apy [73, 81]. With a high need for angiotonic sup-
port, the addition of NA infusion, continuous TP
infusion at the above dose reduces the need for the
main vasoconstrictor, thereby reducing the risk of
developing NA-mediated complications [81]. In ad-
dition, there is evidence that the use of terlipressin
improves renal hemodynamics; this may be useful
for the restoration of renal function in case of its
dysfunction [80].

However, a meta-analysis by Zhu Y. et al.
(2019), which included 10 studies (928 patients),
did not reveal the effect of TP on reducing mortality
compared to catecholamines (RR=0.94; 95% CI
from 0.85 to 1.05; I=0%; P=0.28). At the same time,
it was shown that the target group had an ALV
shorter than the control group [82].

A variety of combination options with other
vasoconstrictors and TP dosing regimens make the
study group not entirely correct and do not cur-
rently determine the optimal strategy for the use of
this drug, as well as objectively evaluate side effects
and possible complications. This limits the wide-
spread use of terlipressin in the treatment of shock
conditions [2].

Selepressin is a synthetic selective fast-release
type 1 vasopressin receptor agonist. Similar to va-
sopressin it is an effective angiotonic drug in case
of resistant septic shock [83]. However, unlike it, the
side effects of AVP are deprived, so when it is ap-
plied, water retention does not occur and the pro-
coagulant von Willebrand factor is not released [29].
Currently, there is only one RCT devoted to the use
of selepressin by patients with septic shock [83]. Ac-
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IIPUBOAUT K PAAY IOJIOKUTEJBHBIX 3((PeKTOB:
CHUKEHUIO YaCTOTHI OCTPOTO NOYEYHOI'0 IIOBPEsK-
JeHUus IIpU CelnTuYecKoM IIoke Ha 18,8% 1o
cpaBHeHuIo ¢ mororepanueii HA (p=0,03). Coort-
BETCTBEHHO YMEHBIIAETCA MOTPEOHOCTH B 3aMe-
CTUTEJbHOU ITOYeYHOU Tepanuu [75].

K coskanenmuio, npemnapar B Poccun He 3ape-
TUCTPUPOBAH U [I03TOMY B KJIMHUYECKOU IPaKTU-
K€ He UCII0JIb3YeTCH.

Tepaunpeccun (TP) o6JtagaeT CXOTHBIMU C
BasompeccuHoM adderTamu, 60Jee IPOTOIIKHU-
TeJILHBLIM NTeficTBHEM [76] 1 6oJiee n3dbMparesieH K
penienTopam Basonpeccuna I tumna [70]. 3To cno-
cobcTByeT OoJiee BEIpAasKeHHOM Ba30OKOHCTPUKIIAH
C HAaUMEHBIITUMHU TTOOOYHBIMU 3 PeKTaMu IPHU
ero npuMeHenuu [73, 77, 78]. leMonuHamMuyeckas
3((PEeKTUBHOCTh IIpU HENPEepbIBHONW HH(PY3uu
00oux mperaparoB paBHO3HavHa [79].

TP, cTabnmaupyst ¥ HOpMaIU3ysI TeMOIIHA-
MUKY, YIy4IaeT nep@ysuro TRaHel, CTocoOCTBY-
€T OKCHUT€HAallu! KPOBH, IIOBBIIIAET TEMII Iuype-
3a, yMEHbIIAeT COAepsKaHue JIaKTara B KPOBHU,
CHU’KAsg TeM CaMbIM YacCTOTy OCJIOKHEHUH.
MauJtast mosa rpermnapara MOsKeT ObITh pEKOMEH/I0-
BaHa B KAa4eCTBE BA30IMPECCOPHOM MOJIEPIKKU
IIepBOY JIUHUU B CJy4yasax pedpakTepHOU rumno-
TEH3WHU IPU cenTUYeCcKoM Ioke [70]. CpaBHeHUe
HenpepbIBHOU nH(py3uu TP ¢ MmonoTtepanueiit HA
He BBISABUJIO PA3JIUYUN B YACTOTE JTOCTUKEHU S
AJlcp, IOCTaTOYHOTO AJIs aieKBaTHOU nepdy3un
TraHel [70]. [Tobounble a¢pheKThI, CBSI3aHHBIE C
BBEJEHMEM JTHUX IIpenaparoB, II0 CBeJeHUAM
Choudhury A. et al. (2017 r.), 6BLJIH COITOCTaBUMBI
B uccienyeMslx rpynnax (70,5 nporus 44,4%,
cooTBeTCcTBeHHO, p=0,06) [80].

JuTe IbHBIN IepuoJ II0JTYBbIBEIeHUS [103-
BOJISIET HCIOJb30Barb TP B BHae 0OO0J/I0CHOIO
BBeJEeHMs, HO IPU 9TOM BO3pacTaeT PUCK Upe3-
MEPHOU BAa3OKOHCTPHUKIIMU U CHUKEHUS TOCTAB-
KM KHuCJOopoja K mnepudepruyecKuM TKAHIM.
HenpepriBHas nundy3ua TP npu paBHO3HAYHOM
rurepTeH3uBHOM 3(h(PeKTe He COMMPOBOKTAETCS
BBIPpQYKEHHBIM CHUKEHNEM CEePIIEeTHOr0 BRIOpOCca
[73], 9TO neJsiaeT MAaHHBIM THUM BBEJEHUS MPEJ-
MOYTUTETbHBIM.

Heb6oubmue 10361 TP (1,3 MKI/Kr/4) B Kade-
CTBe NonoJHeHus K HA cokpamaoT BpeMs JOCTH-
sKeHUs 1leJIeBbIX TapaMeTPOB FreMOJUHAMUKUA I10
cpaBHeHHUIO ¢ MoHOTepanueil HA [73, 81]. IIpu
BBICOKOM MOTPEOHOCTH B Ba30IIPECCOPHOM MO~
Jlep>KKe nornosHeHne nH(y3un HA HenipepbIBHOM
nH(pyaueil TP B BIllIeyKa3aHHOU 103€ yMeHbIIIaeT
pacxon OCHOBHOTO Ba3oOIIpeccopa, TeM CaMbIM
CHUYKAETCs pUCK pa3BuTrsa HA-omocpenoBaHHBIX
ocsioskHeHu# [81]. Kpome Toro, uMeIoTcs TaHHbIE,
4TO HCIOJb30BaHUE TEPJIMIIPECCUHA yIydliaer
IOYe4YHOe KPOBOOOpaIleHre, 9TO MOKET OBITh
MOJIe3HBIM [IJII BOCCTAHOBJIEHUSI ITOYEYHBIX
¢yHKIIUH B ciydae ux HapyuieHui [80].

cording to Russell J. A. et al. (2017), the use of a
vasoconstrictor at a dose of 2.5 ng/kg/min effec-
tively increased MAP, while at the same time reduc-
ing the need for NA. The effect of selepressin on the
development of multi-organ failure and 7-day mor-
tality also demonstrate a positive effect (54% versus
23%, P<0.02). When assessing a 28-day mortality,
there was no difference between the groups, which
is possibly a consequence of limiting the infusion
of the study drug for a period of 7 days [83]. More-
over, during the study, undesirable effects associ-
ated with excessive stimulation of vasopressin re-
ceptors of the first type — cyanosis, peripheral
ischemia, myocarditis — were recorded. Taking into
account the uniqueness and paucity of the study, it
is not possible to conduct an in-depth analysis of
complications, and additional large-scale studies
are required to identify the potentially positive and
negative medical claims, including comparing the
effects of selepressin and AVP. Despite the many po-
tential positive effects, including the possible abil-
ity to improve the treatment of patients with septic
shock, the drug is not registered in Russia and its
use is not allowed.

Drugs Affecting Angiotensin
Type 1 Receptors

Angiotensin II is a synthetic analogue of the
endogenous angiotensin produced in the body
when the reniniangiotensin of the aldosterone
system is activated as a result of renal hypoper-
fusion [84]. The drug causes direct vasoconstric-
tion by binding to angiotensin type I receptors in
VSMC, increases the intracellular calcium con-
centration in VSMC, potentiates an increase in
the secretion of NA, vasopressin, which leads to
a vasoconstrictor effect. However, excessive pro-
duction of proinflammatory cytokines can lead
to deactivation of AT II, which contributes to re-
fractory hypotension.

Most of the studies have been devoted to the
use of AT Il in various doses as an additional vaso-
pressor agent, as an addition to NA in refractory
septic shock. The effects of monotherapy with AT
have not been studied. A presumably effective ini-
tial dose of administration is 2-10 ng/kg/min [51].

The administration of AT Il in refractory septic
shock can effectively increase blood pressure and
reduce the need for a dose of NA [51, 85]. But when
using the drug, there is also a risk of a number of
side effects such as the occurrence of hypertension,
alkalosis, cyanosis, excessive vasoconstriction and
arrhythmia, but their probability is quite compara-
ble with the frequency of occurrence of these com-
plications when using NA monotherapy.

The study by Khanna A. et al (2017) did not re-
veal a decrease in 28-day mortality when using AT
II as compared with NA (46% and 54%, respectively,
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OpHako, MeTa-aHaJn3 MPOBeeHHbIN Zhu Y.
et al. (2019 r.), BRJIrovaromui 10 MccaegoBaHun
(928 marueHTOB), HE BBISABUJI PA3JIMUUN JIeTATb-
HOCTH B IpyIIlax NanydeHToB, nojgy4aBmux TP
anb6o karexosamul (OP=0,94; 95% U ot 0,85 1o
1,05; I=0%; p=0,28). BmecTe c TeM, OBLIIO IIOKA3aHO,
4YTO B IIepBOY rpymile NPOLOJIKUTENIbHOCTE VIBJI
ObL1a MEHBbIIIe [82].

PasHooOpa3ue BapmaHTOB KOMOWHAIIUU C
JPyTUMHM Ba30IIpeCcCOPaMU U PesKUMOB 103UpPOBa-
HUs1 TP He MO3BOJIAIOT B HACTOSIIIHMI MOMEHT
OIpeJesIATh ONTUMAJIBHYIO CTPATeruio IpUMeHe-
HUsI JaHHOTO TIperapara, a Takyke 00beKTUBHO
OITEHUTH eT0 IMTOO0YHBIE 3(P(HEKTHI U OCTOKHEHHUS.
JTO OTPAaHNYMBAET IIIUPOKOE IPUMEHEeHNE TePJI-
IIpecCyHa IIPHU IIIOKOBBIX COCTOAHUAX [2].

CeJiennpecCH — CUHTETUYECKUU CeJIEKTUB-
HBIY arOHUCT Ba30MPECCUHOBBIX PEIENTOPOB 1a
TUTIAa KOPOTKOTO JIeCTBUsI. AHAJIOTUYHO Ba30-
IIpeccuHy sIBJsieTcsl 9(p(eKTUBHBIM Ba3oIpec-
COPHBIM IIperapaToM P pe3UCTEHTHOM CeNTH-
4yeckoM Iioke [83]. OmHaKO B OTVIMYUM OT HETO
JIUIIeH To000YHBIX 3 (ekToB AVP, Tak mpu ero
MMPUMEHEHNN He NPOUCXOIUT 3a/IepPsKKa BOABI U
He BBICBOOOSKAETCs MPOKOATYISATHBINA (paKTOp
BunbnebpanTa [29]. B HacCTOAINIT MOMEHT UMe-
eTcs b onHo PKU, mocBsAmenHoe npuMeHe-
HUIO CeJIelIpeCChHA y TalleHTOB C CEITUYEeCKUM
mokoM [83]. ITo manabIM Russell J. A. et al. (2017 1),
HWCIIOJb30BAHWE 3TOTO Ba3oIpeccopa B J03e
2,5 ur/kr/mMuH a¢dekTuBHO NOBLBIIAM0 AJl cp,
OTHOBPEMEHHO C 9TUM CHH’KAsI MOTPEOHOCTh B
HA. IlpuMeHeHUe ceJlelIpeCCUHA YMEHBIAJI0
4acTOTy Pa3BUTHUSA ITOJUOPraHHON HeJL0CTaTou-
HOCTH U 7-JHEBHYIO JIETAJIbHOCTH TaK K€ IeMOH-
CTPUPYIOT IOJIOKUTEJIbHBIN 3 eKT (23 mpoTus
54% B KOHTOPOJIbHOM rpymne, p<0,02). ITpu oneH-
Ke 28-THEeBHOH JIeTaJbHOCTU Pa3/InuYui MesKIy
rpynIiaMy He BBIAABUJIY, YTO, BOSMOKHO, ABJISET-
Cs1 CJIe[ICTBUEM OTpaHMYEHUs] UHPY3UU UcCe-
JlyeMoTo IIpernapaTra CpokoMm B 7 nHell [83]. Ilpu
3TOM B XOJle MCCJIeJOBaHMsI ObLITH 3apEeTUCTPUPO-
BaHbI HesKeJlaTeJbHbIE 3(P(EeKThl CBsI3aHHBIE C
ype3MepHON CTUMYJsANMENd Ba3oNpeCcCHHOBBIX
pelenTopoB MepBOTO TUIlAa — IMAaHO3, mepude-
prYecKasi ullleMusi, MUOKAPIUT. YUUTHIBAs €1-
HAYHOCTb MCCAEJOBAaHUSA M MaJjblii 00beM
BBIOOPKH TIPOBECTU TIOJIHOIIEHHBIN aHaJIu3
OCJIO’KHEHUU MpUMeHeHUs Ipernapara He Tpe/l-
CTaBJsIETCA BO3MOKHBIM. J[lJIsT BBISIBJIEHUS
CBOWCTB Ipernapara TpeOyITCs JOMOJTHUTEb-
Hble  KPYITHOMACIITaOHBIE  WCCJIETOBaHWUSA,
cpaBHuBamwIue aderTh! cesenpeccura u AVP.
HecmoTpsa Ha MHOKECTBO TTOTEHIIUAJABHO MOJIO0-
SKUTEbHBIX 9(p(PEeKTOB, B TOM UM CJIe — BO3MOK-
HOCTBD YJIYYIIUTh Pe3yJIbTraThl JIEYUCHU IallueH-
TOB C CeNTUYeCKHM IIOKOM, Mpemnapar Ha
TeppuTopun Poccruu He 3aperucTpUpoOBaH U IPHU-

MEHEHHE €T0 HE pa3pEIICHO.

P — 0.12) [50]. As part of the study, it was not
planned to compare the incidence of AKI and the
need for SRT, however, it was found that the need
for SRT was lower in the group of AT II compared
with placebo [51].

The paucity and lack of comparative studies
with other non-adrenergic vasoconstrictors in
combination with unproven economic efficiency
limits the use of AT II in the world practice. In Russ-
ian Federation, the drug is not registered at all.

Angiotonic Drugs That Are Not
Associated With The Receptor Apparatus

Methylene blue is a water-soluble stain that
inhibits the formation of NO synthases and guany-
late cyclase [86], which limits the overproduction
of NO thereby contributing to an increase in vascu-
lar tone in case of septic shock. The drug has a short
half-life, therefore, its administration is carried out
in the form of a continuous infusion.

The use of methylene blue in septic shock
leads to an increase in systemic vascular resistance
and an increase of MAP [87]. The use of the drug as
a second angiotonic agent reduces the dose of NA
inputted, which reduces the risk of NA mediated
harmful effects [88]. The administration of methyl-
ene blue poses a potential risk of excessive suppres-
sion of NO synthases, which can lead to a decrease
in cardiac output and increase mortality of patients
with septic shock [29].

The effectiveness of methylene blue at the
moment remains unknown, and the effect on
mortality is poorly understood, which limits the
widespread use of the drug in refractory septic
shock. In addition, despite the ongoing research
in the world and the potential beneficial proper-
ties of the drug, its use in Russian Federation is
not allowed.

Glucocorticoid therapy is a controversial
method of shock treating; the effect of drugs on
mortality is ambiguous.

The administration of hydrocortisone is not
accompanied by an increase in direct angiotonic
or inotropic activity, but leads to a faster resolution
of shock. Therapy increases the responsiveness of
adrenergic receptors [29], suppresses the excessive
pro-inflammatory reaction, reduces the produc-
tion of NO thereby leading to a decrease in vasodi-
lation, and increases the production of AT II [89].
The optimal timing of initiation of glucocorticoid
therapy remains unknown, but the question of the
need for this therapy is relevant for patients receiv-
ing two or more angiotonic drugs [2]. The recom-
mended dose of hydrocortisone in case of the re-
fractory septic shock is 100 mg every 8 hours or 50
mg every 6 hours, it is also possible to administer
the drug in the form of a continuous infusion at a
dose of 200 mg/day [2].
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IIpenapartbl, BO3€iiCTBYIOIIHE
Ha penenTopbl aHrmoTeH3uHa 1 Tumna

AnrunorenauH Il — cuHTETUYECKU aHATIOT
9HJIOTeHHOTO aHTMOTeH3WHa, 00pa3yoIerocs B
opraHu3Me IIpYU aKTUBAllUU PEHUHUAHTUOTCH3UH-
aJIBJJOCTEPOHOBON CHCTEMBI BCJEJCTBHE TUIIO-
nepdysuu nouek [84]. IIpenapar BbI3bIBaeT Ips-
MyK0  BAa30OKOHCTPUKLMIO,  CBS3BIBAsICh C
penentopamMu anruorensuHa I tumra B 'IMRKC, yse-
JIMYKMBaeT BHYTPUKJIETOYHYIO KOHLEHTPALUIO
kanbua B TMKC, noteHIIMpyeT yBeJIn4eHue CeK-
penuu HA, BazonpeccuHa, 4To IPUBOJUT K Ba30-
KOHCTPUKTOpPHOMY 3 PerTy. OnHaAKO Ype3Mep-
Hasi BBIpaOOTKa MPOBOCHATNUTEIbHBIX IUTOKUHOB
MOYKET IIPOBOAUTS K Ae3aktusanuu AT 11, uyTo crio-
CcOOCTBYyET peppaKkTepHOI TUIIOTEH3UH.

BoJIBIIMHCTBO MPOBEIEHHBIX UCCJIEI0BAa-
HUH O6bLI0 mocBAleHo npuMeHeHuio AT II B
pasIMYHBIX 103aX B POJIM JOIOJHUTEJBHOIO K
HA BasompeccopHOTO areHTa npu pedpakrep-
HOM CENTUYEeCKOM IToKe. IPPerTbl MOHOTEpa-
nuu AT Il He maydensl. IIpennoJiosKuTEIbHO
addexTuBHON HavaJdbHOU 10301 BBegeHUA
ABJisieTca 2—-10 Hr/kr/mMuH [51].

Beegnenue AT Il npu peppakTepHOM cenTrye-
CKOM IIIOKe T03BoJIAeT 3(p(PeKTUBHO MOBBICUTH
AJl, ¥ CHU3UTH TOTPEOHOCTB B 103€ BBOAUMOTO HA
(51, 85]. Ho mpu ncrniosib30BaHUM Iipenapara cyle-
CTBYyeT PUCK BO3HUKHOBEHHs TaKHUX IOOOUYHBIX
a(pdeKrToB, KaKk TUNepTeH3Us, aIKaI03, IINAHO03,
4ype3MepHasi BA3OKOHCTPUKIUA U aPUTMUH, HO UX
BEPOSATHOCTH BIIOJIHE COIIOCTaBUMa C 4aCTOTOH
BO3HUKHOBEHHUS IIOJ00HBIX OCJOKHEHUN IIpU
NIpUMeHeHUU MoHoTepanuu HA.

UccnenoBanue Khanna A. et al. (2017 r.) ue
BBIABUJIO PA3JINYUH 110 28- THEBHOM JIeTaTbHOCTU
npu ucnosabzoBanuu AT II mu6o HA (46 u 54%
cooTBeTCcTBeHHO, p=0,12) [51]. B pamkax npose-
JICHHOT'0 UCCJIeJOBAHUS He IJITaHUPOBAJIU CPABHE-
HHe 9acToThl Bo3HuKHOBeHUs1 OIIII u moTpebHO-
cru B 3IIT, omHako OBLIO YCTAHOBJIEHO, YTO
norpe6HOoCTh B 31T Obly1a HUSKE B TPyTIIe IpUMe-
uenus AT 11, uem B rpymre ¢ niame6o [51].

MaJIOYHUCJIEHHOCTh U OTCYTCTBUE CPAaBHU-
TeJIbHBIX UCCJIeJOBaHUN C IPYTUMH He aJpeHep-
FMYEeCKUMHU Ba30IpPecCoOpaMu B COBOKYITHOCTH C
He/l0Ka3aHHON 9KOHOMMYECKOl addeKTus-
HOCTBIO orpannuusaet npuMenenue AT II B Mupo-
BOI mpakTuke. B Poccuu ske mpemapar v BoBce He
3aperucTpupoBaH.

IIpenaparsbl, BadonpeccopHbIi 3 ekt
KOTOPBIX HE CBA3aH

C PEeCIITOPHBIM aIlImmaparTomM
MeTuneHOBBI CHHHMH — BOJOPacTBOPHU-

MBI KpacUTe b, KOTOPBI HHTUOUpPYyeT 00pa3oBa-
Hue cuHTa3 NO u ryaswiarnuiksiaasel [86], 4To

Conclusion

The high effectiveness of norepinephrine, its
positive hemodynamic effects make the drug under
discussion, in many ways, a universal remedy for
the relief of septic shock. However, refractory shock
may require the introduction of high doses of nor-
epinephrine, which will inevitably lead to an in-
creased risk of norepinephrine — mediated adverse
reactions. The combined use of adrenergic and
nonadrenergic drugs for the relief of refractory sep-
tic shock, and especially V-receptor ligands, is de-
signed to prevent these complications. In Russia,
the only drug approved for clinical use of the non-
catecholamine series is the V-positive drug, terli-
pressin. However, to date, there are no clear recom-
mendations on the use of terlipressin in septic
shock, which limits its use in clinical practice.

orpaHuyuBaer runepnponykuuio NO TeM caMbIM
CITOCOOCTBYET MOBBIIIEHUIO TOHYCA COCYA0B IIPHA
CeNTHYeCcKOM IToKe. [Ipenapar nmMeeT KOPOTKUAHN
IIepUOo] II0JIyBbIBEJEHUS], II09TOMY €r0 BBeJleHre
OCYILIECTBJIAETCSI B BUJIe HeIIPEPbIBHOU NH(Y3UU.

[IpuMeHeHUEe MEeTUJIEHOBOTO CHHEro IIpHu
CEeNTUYECKOM IIOKe IPUBOLUT K YBEJUYEHUIO
CUCTEMHOI'O0 COCYIMCTOIO COIPOTUBJIEHUSI U
nosbiteHuto AJlcp [87]. icnoJsib3oBaHue npemnapa-
Ta KaK BTOPOIr'0 BA30IIPECCOPHOI0 areHTa 103BO-
JIIeT CHU3UTh 403y BBoAUMOro HA, 4to cHuskaet
puck HA omocpenoBaHHBIX HeOJIarOTPUATHBIX
addexrToB [88]. BBegeHre MeTHIIEHOBOTO CUHETO
COIIPSISKEHO C OIIACHOCTBIO YpEe3MEePHOT0 II0/IaBJIe-
HUA NO-CcHHTa3, YTO MOKET NPUBOIUTD K CHUKE-
HUIO CEPIeYHOTO BEIOPOCA U YBEJTNYEHUIO JIETATh-
HOCTH y IAIIMEHTOB C CEITUYECKUM IIOKOM [29].

9P (PeKTUBHOCTH METUJIEHOBOT'O CHUHEr0 B
HACTOSAIIEed MOMEHT He JTI0Ka3aHa, a BJIUSHNE Ha
JIETAJIbHOCTh MAJIOM3y4eHO, YTO OTPAHUUYUBAET
IXPOKOe IpUMeHeHMe Npenapara 1pu pegpaxrep-
HOM CeNTUYeCKOM 110Ke. Kpome Toro, HecMoTpsi Ha
IIPOBOIMIMBIE B MUpe HCCJIEJOBAHUS U IIOTEHIU-
aJIBHO TT0JIE3HBbIE CBOMCTBA IIPeTapara, ero mpume-
HeHue Ha Tepputopuu Poccuu He pa3pelieHo.

I[NIIOKOKOPTUKOUIHASA Tepamusl sIBJISAETCS
METOJIOM JIeUeHUs IIOKA C HeJToOKa3aHHOU a(pder-
THUBHOCTBIO, BJIMSTHHE MIPENapaToB 9TON I'PyIIbI
Ha JIETAJIbHOCTb HEOTHO3HAYHO.

BBeneHue ruIpOKOPTH30HA He COITPOBOYKIA-
eTcsl IPAAMBIMU Ba30IIPECCOPHBIMHU UJIM NUHOTPOII-
HBIMH 9 (heKTaMu, HO IPUBOAUT K O0JIee ObICTPO-
My paspelleH’I0 II0Ka. [MApoKOpTU30H
YBeJIMYMBaeT «OT3bIBUMBOCTh» aipeHEPruuecKux
penenTopos [29], mogasasgeT Ype3aMepHyIo Ipo-
BOCITAJNUTEJbHYIO peaknuio [89], cHukaeT mpo-
nyknuo NO, TeM caMbIM YMEHBIIAeT CTeIleHb
BasonuJIaTalluy U yBeandyusaeT npogyknuio AT 11
[86]. OnTMaJIbHBIE CPOKM Havdasla [JIIOKOKOPTH-
KOUJHOU Tepamnuu OCTAITCS HEM3BECTHBIMU, HO
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BOIIPOC 0 HEOOXOAMMOCTH TAaHHOH Teparmy akTya-
JIeH I TAIMeHTOB, ToJydanmux 2 u 6oJsee
Ba3O0IIPeCCOpPHBIX IIpenapara [2]. PekomMeHgyeMble
JI03BI TUJIPOKOPTU30HA TPU pepaKkTepHOM Cell-
TUYECKOM IIIOKe COCTaBJIAIOT 100 Mr Kaskablie 8
qacoB nau 50 Mr Kaskable 6 4acoB, BO3SMOYKHO
TaKsKe BBeJIeHNe TIpernapar B BUje HePePbIBHOMN
nH(@y3uu B 1o3e 200 Mr/cyTKH [2].

3akJrouenue

Bricokast apdextuBHOCTS HA, €ro mososxu-
TeJIbHbIE TeMoAgrnHaMu4ieckre 3(h@eKTh JeaT
9TOT TIpenapar, BO MHOTOM, YHIUBEPCAJTbHBIM CPe/I-
CTBOM [IJIsT KYIWUPOBAHUs CENTUYECKOTO IIIOKA.
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PedpakTepHBbIil IOK 00yC/IaBINBAET UCTIOIH30Ba-
HMe BbICOKUX 103 HA, 4TO IPUBOIUT K YBEJIMYECHUIO
pUCKa HeOJIAaroNpHUATHBIX peariuid. [IpemorBpa-
TUTH MO00HBIE OCJIOKHEHNS IPU3BAHO COYETaH-
HOE UCII0JIb30BaHNe aJpeHepruYeCcKuX U Heaape-
Hepru4ecKux IpernaparoB, B YaCTHOCTHU
auragnos V-penentopoB. Ha Trepputopuun Poccun
€IMHCTBEHHBIM PAa3pPEIICHHBIM K KJIMHUYECKOMY
TIPUMEHEHNIO Ba30IIPeCCOPHBIM IIpeIaparoM HeKa-
TEXOJIaMUHOBOI'O PALA, ABJAETCA TEPJIAIPECCHH.
OnHako, Ha CETOTHSIIHNN IeHb He CYIIeCTBYeT YeT-
KHUX peKOMeHalui 110 IPUMeHEeHUIO TepJINIIpec-
CHHA [IPX CEIITUYECKOM IIIOKE, YTO OrPaHUYUBaECT
€ro UCI0JIb30BaHle B KIIMHUYECKOU ITPAKTUKE.
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ITpaBuJIa 1151 pyCCKOSI3BIYHBIX AaBTOPOB
sKypHaJia «0011ass peaHUMaToJI0THs»

C y4eTOM peKOMEeHJalfii POCCUICKOI ACCOL[Halli HAYYHBIX PeIaKTOpoB u uaaaresaeii (PAHPH)
u International Committee of Medical Journal Editors (ICMJE) pegakuus 21.04.2020

IIpaBOBbI€ U 3THYECKHUE ACTIEKTHI ITyOJIMKA-
IIUM PYKOIUCH

YcnoBus nyoJIMKAIUY PYKOITHCH

— Pyrkomnuicy ybJIMKYIOTCs TP 00513aTe/TbHOM
COOJTFOZIEHNH aBTOPOM 3THUKH Y TIPABUJT ITyOJTUKATIN
(mompoOHee Ha caiiTe sKypHaJsa: www.reanimatol-
ogy.com).

— Pykonvcu myOJIMKYIOTCS C COOJTIOIEeHUEM
HOPM aBTOPCKOTO IIpaBa U KOH(PUIEHINATbHOIO
OTHOIIIEHUsI K IePCOHATbHBIM TaHHBIM aBTOPOB.

— Pykonvcu ny0JIMKYOTCS OecIiaTHO.

— Pykonucu, 0puHsATHIE B KYpHaJ, IPOXO-
JSIT pelieH3upoBaHue Ha OPUTUHAIBHOCTD, 9TUY-
HOCTb, 3HAUYUMOCTbD, aJJeKBAaTHOCThb CTAaTUCTHYe-
CkOll 00pabOTKM JAaHHBIX HA  YCJIOBHAX
KOH(UIEHIINAIbHOCTH 32 MCKJIOYEeHUEM BbI-
sABJIeHUs (pasbcudUKaIuy TaHHBIX.

— PenkoJuterusi octaBJisieT 3a cCo00# IpaBo
COKpAaIlaTh ¥ PeJJaKTUPOBATh PYKOIIUCH.

I[IpuYMHBI CHATHUSA C NIeYaTH U 3aJep5KKHU
MyOJTUKAIUH PYKOIIMCH

— Pykonucu, He COOTBETCTBYIOIINE IIPO-
dusio skypHasa, He IPUHUMAIOTCS.

— Pykomnucu, paHee oOmNyOJWKOBaHHBIE, a
TaKk’Ke HalpaBJ/ieHHble B APYrof >KypHaJ WJIN
CcOOpHUK, He IPUHUMAIOTCS. VICKTI09eHre COCTaB-
JISTIOT IIepeBO/Ibl Ha PYCCKUM/AHITIMHUCKUN SI3BIK
OT/AEJIbHBIX CTaTell, UMEIOIINX OOJbII0E TPAKTHU-
YecKoe 3HaueHue 1/WUJju NpeCcTaBJIsIoNIUX 0CO-
OBII HAYYHBIN UHTEPEC, OTIPE/IeISIEMbII aKTyaJIh-
HOCTBIO TeMaTUKH, BBICOKUMHU UHIEKCOM
LUTHUPOBAHMUS, 3AIPOCOM IO KJIIOUEBBIM CJIOBAM.

— 3a HeKoppeKTHoe o(popMJeHUe U HeO-
CTOBEPHOCTH IIPEICTABJIsIEMbBIX OnbIHorpaduye-
CKMX JaHHBIX aBTOPbI HECYT OTBETCTBEHHOCTH
BILJIOTH J0 CHATHSI PyKOIUCH C [I€YaTH.

— Hapymenue npasua opopMIeHus: pyKo-
MICH, HECBOEBPEMEHHBIH, a TaKsKe HeaeKBaTHbIN
OTBeT Ha 3aMeYaHUsI pelleH3eHTOB U HAayYHbIX pe-
JIAKTOPOB IPUBOJAT K 3aepsKKe MyOIuKay 10
HCIIpaBJIeHUs YKa3aHHbIX HeJJOCTaTKOB. [Ipu urno-
pUpOBaHUY 3aMeYyaHU pelleH3eHTOB U HayYHbIX
PelaKkTOpPOB PyKOIIMCh CHUMAETCS C AaJbHENIIero
paccMoTpeHus.

— Pykomnwcy OTKJIOHEHHBIX padoT penak-
nuel He BO3BPAIIAIOTCS.

HNHuTepecsl cropoH: ABTOp/Pegakuius

Penakiysi octaBJisieT 3a COO0# MPaBo CUNUTATh,
YTO:

— aBTOPBHI, IPEJOCTABUBIIINE PYKOIIUCH 15
nyOUKaIuu B sKypHaa «O011as peaHuMaroso-
TUsi», COIVIACHBI C YCIIOBUAMU ITyOTUKAIINN U OT-

KJIOHEHUSI PYKOIIMCH, a TaK)Ke C IpaBUJIaMU ee
o opmIieHHs.

— aBTOpP, OTBETCTBEHHBIN 3a IMEPEMUCKY C
pelakIrel, BhIpaskaeT MO3UIIHI0 BCETO aBTOP-
CKOTO KOJLJIEKTUBA.

Penaknus v M3aTeIbCTBO HE HECYT OTBET-
CTBEHHOCTY 32 MHEHUsI, U3JIO’KEHHBIE B ITyOJIHKA-
[UAX, a TAaKKe 3a CollepIKaHue PeKJIaMbI.

lFapanTum pegakumuu

JIroOble pyKOIUICH, TIOJTyYEHHbBIE pelaKIeit
IUIST pelleH3UpOBaHusl, OyAyT BOCHPUHUMATHCS
Kak KOH(UIeHIMaIbHbIe TOKYMeHTbl. OHU He
MOTYT OBITh TTIOKA3aHbI JPYTUM JIUIIAM U 00CY3K-
JIeHbI C HUMU, 32 NCKJIIOUEHNEM JIHI], YIIOJTHOMO-
YEeHHBIX peJaKIne.

Heony6yimkoBaHHBIE MaTepUaJsbl, HaXO[s-
Irecsi B IPeI0CTaBJIeHHON cTaTbe, He OymyT uc-
I10JIb30BaHbI B COOCTBEHHOM HCCJIeJOBAHUY Ha-
YYHOTO pefaKkTopa ¥  peleH3eHTOB 0e3
MICbMEHHOTO pa3pereHust aBTopa.

PerieH3eHT He OyIET IOMYIIeH K pacCCMOTpe-
HUIO PYKOIIUCH, €CJTA TMEET MECTO KOH(JIUKT WH-
TEpPECOB B €r0 KOHKYPEHTHBIX, [TAPTHEPCKUX JINOO
JIPYTHX OTHOIIIEHUSIX C KEM-JIN00 M3 aBTOPOB, KOM-
MMaHUH UM OPTaHU3aINi, CBSI3aHHBIX C MaTepua-
JIOM TYOJTUKAIIVH.

ABTOpBI IMEOT MPABO TOJIYYUTH TI0 3APOCY
MH(AOPMAIIHIO B BUJIE 3JIEKTPOHHOTO IMUChMa O MO~
TOTOBKe, 0(pOPMJIEHUH ¥ TIPOJBUKEHUN PYKOIIHCH:
journal_or@mail.ru; www.reanimatology.com. ABTOp,
OTBETCTBEHHBIN 32 IEPENHCKY C PEIAKIIHEN, TTOTy-
YaeT I10 3JIEKTPOHHOI TIOYTE TEKCThI PEIleH3U; pe-
IIIEHNE PETKOJIIETUH O TIyOJTMKAIIHN WJIA OTKJIOHE-
HUU PYKOITUCHU C 000CHOBAaHMEM IPUYUHBI; BEPCTKY
OTPENAaKTUPOBAHHOTO BApUAHTA PYKOIIUCH [IJISI T10-
JIy4eHUsI aBTOPCKOT'O COTTIACHsT Ha ITyOJIMKAITHUIO.

Tl'apanTuu ABTOpa
IIpemocraBieHHass B pelaKIUI0 PYKOIHUCH
IIOJIHOCTBIO OpUrMHajbHA. lcnosab3oBaHue

JIIOOBIX MaTepUAJIOB, 3AIUITIEHHBIX JTUIIEH3UEN OT
HECAaHKITMOHUPOBAHHOTO BOCIIPOU3BEIEHMUsI, 10-
ITyCKAEeTCs TOJBKO C TUChbMEHHOI'0 pPa3perieHust
npaBpoobOJiafaresisi(eif) W TpU 00s3aTeTbHOU
CCBLJIKE Ha aBTOPOB.

CIIMCOK aBTOPOB CONEPIKUT TOJIBKO TEX JIUII,
KOTOpbIE BHECJ/IW OIIYTUMBINA BKJIAJ B KOHIIEN-
U0, IPOEKT, UCIIOJTHEHNE U MHTEPIIPETAINIO
3asIBJIEHHOU pabOThI, TO €CTh TeX JIUI], KOTOPhIE
COOTBETCTBYIOT KPUTEPUSIM aBTOPCTBA.

PyKOIIICH HE COIEPIKUT MaTePUAJIOB, 3aIpe-
IIIEHHBIX B OTKPBITOH IT€YaTH EHCTBYIOIINM 3aKO0-
HomaTeJabCTBOM Poccuu.

www.reanimatology.com
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IIpaBuJsa 15 aBTOPOB

KoH@uuKT MHTEpecoB cTOpoH: ABTOp/Penak-
A

KonukT naTEepecoB cTopoH ABTOp/Peak-
LIS pelIaeTcs IIyTeM IIeperoBOpoB CTOPOH, B CJIy-
Jae HeyperyJInpOoBaHHbLIX ITyTeM IIEPETrOBOPOB pas-
HOTJIaCUH — B COOTBETCTBUU C JIEHACTBYIOIIUM
3aKOHOJATEIbCTBOM PD 1 MesKTyHapOIHBIMU HOP-
MaTUBHO-IIPABOBbBIMU aKTaMU, PEryJmpyronmnmn
MyOJIMKANIIO PYKOITICEH B HAYYHO-TTPAKTUYECKUX
MeIUIMHCKUX SKypHasIax.

Comracue Ha ImyOJIMKAIAIO0 OTPEJAKTUPOBaH-
HOTO MaTepuaJjia BbIpa’kaeT aBTOP, OTBETCTBEH-
HBIU 3a IIepenucKy ¢ pegaknueil. [locsie o03HakoM-
JIEHUsI C BEPCTKON OH HAaIlpaBJIsIET B peJaKINIo
3JIEKTPOHHOE MHCHMO I10 OJTHOU U3 ITPEJICTABJIEH-
HBIX (popM:

1) ABTOpPBI* cCOWTaCHBI HA ITyOJIUKAITIIO PYKO-
nucHu** B IIpeJCTaBJICHHOM BHUIE.

2) ABTOPBI* COIVIACHBI HA MYOJUKALIIIO PYKO-
nucu™* 1mocjie BHECEHUsI B BEPCTKY CJIEAYIOIIUX
IIPaBOK:... (JaJjiee caeayeT IepeueHb C YyKadaHueM
HOMepa CTPAaHUIILI TPAHOK BEPCTKHU, HOMepa ab-
3arra, HoMepa CTPOKH B ab3arie ¥ caMoi ITPaBKH).

*YKasbpIBaeTcsd BeCchb aBTOPCKHUU cocTaB. **
YKa3blBaeTcsl HA3BaHUE PYKOIIHCH.

Cpok ormoBelnieHus pegakiuu O IIPUHATOM
aBTOpaMu perieHnu — He 60Jiee 3-X JHEN C MOo-
MEHTa OTIIPaBKHW BEPCTKHU aBTOPY, OTBETCTBEH-
HOMY 3a IIepeluCKYy C peJaKiuei.

Buumanwue! Ha cTaguy BepCTKY TOIyCKACTCSA
IpaBKa OIe€YaTOK, OMMMOOYHBIX TP U CJIOB. Pe-
JAKTUpOBaHMe MaTepuasa (3aMeHa, UCKJI0UeHne,
nmobaByIeHMe TPeJIOKeHNI, a03alleB U UJLTI0CTPa-
TUBHBIX O/IOKOB) He mpuHUMaeTcs. CyliecTBeH-
Hble U3MEeHEeHUs BEPCTKU IPUBOJAT K ee yIopo-
SKAHWUIO M 3aJep>KKe BBIIYyCKA B CBA3U C
nepedopMaTUpPOBAaHUEM U OOHOBJIEHWEM Ilepe-
BOJIa TEKCTA HA AaHTVIMMCKUH AA3BIK. B TakOM citydae
peJaKIis CHUMaeT MaTepuaJl ¢ eYaTy v epeHo-
CHUT ero MyOJIMKAaINIO B IPYTroil HOMEP B OTpeaak-
TAPOBAHHOM aBTOPAaMHU BHUJIE.

CpoKkH IPOABHIKEHU S PyKOIIUCH

— JKCIepTU3a Ha COOTBETCTBUE MPOQUIII0
SKypHaJsa v nmpaBuiaM odopmieHus — He DoJjee
3-Xx pabouux JHEN C MOMEHTA MTOCTYIJIEHUST PYKO-
MMCU B PEJAKIUIO.

— PeniensaupoBanue — He Oosee 20-u pado-
4uX JHEN ¢ MOMEHTA 3JIeKTPOHHOU OTIIPaBKU pe-
LIeH3eHTY PYKOIIUCH.

— OrBeT aBTOpa perieH3eHTaM — He boJiee 7-1
pabouux THe C MOMEHTA 9JIEKTPOHHOI OTITPaBKU
ABTOPY pelleH3UN.

— 3ace/iaHue peJIKOJIJIETUY B OYHO-3a0YHON
¢dopme — 1 pas B 2 Mecsi1ia (B SsHBape, MapTe, Mae,
uioJie, CEHTSIOpe U HOsIOpe) He TTO3IHee, YeM 3a
1 MecA1 10 BRIIIyCKA TUPayka JKypHaJa.

OTnpaBKa MaTepuaJIOB IJIs MyOTHKAIUT

MarepwuaJibl 1151 TyOJUKAIMA Ha PyCCKOM U
AHIVIMMCKOM fI3BIKAX CJIe/lyeT HallPaBJIsATh B BUJIE

NI 22 018

3JIEKTPOHHBIX (PaiijIOB HA CaliT sKypHaJIa: Www.re-
animatology.com, niu 1o agpecy peJakiiuu: jour-
nal_or@mail.ru. @opmar nognucu ¢aiios: pamu-
JIUSI TIEPBOTO aBTOpa, 0003HAYeHWe MaTrepuaJia
(TEKCT, WIJIIOCTPALUU U [Ip.), 1aTa (41CJ10, MecsL],
rom). [Ipyu 06HOBJIEHUN BepCHUH PYKOINCH U €e
MIPUIOKEHUH (TabJIUITbI, UJLTIOCTpaum) B (op-
MaTe noinucu GpaiioB MeHsieTCS TOTBKO JaTa.

IIpumep:

Buumanme! [I01HOCTBIO aBTOMaTU3MPOBAH-
HBIU IIepeBOJ] C PyCCKOTO sI3bIKA HAa aHIVIMUCKUM
UMeeT HU3KOe KAa4eCTBO W He NPUHUMAETCH.
HKO donn «MengunmuHa KpUTHUYECKUX COCTOSI-
HUI» OKa3bIBaeT COJIEVCTBHE B TIEpEBOe MaTe-
pHaIOB IJs MyOJWKAIUK C PYCCKOTO S3bIKa Ha
AHIVIMMCKUHM (COpaBKU IO aApecy pemaKI[uu:
journal_or@mail.ru).

Marepuan crateil BKJIOYaeT: 1) TUTYJIbHBIN
JIUCT 2) pe3ioMe U KJI0YeBble CJI0Ba; 3) MOJHBIN
TEKCT PYKOIIMCH C IIOJIINCSIMU BCEX aBTOPOB Ha I10-
cJielHel CTpaHuIle, TOITBEPSKIAIOIIIUMHU UX aBTOP-
CTBO M COIJIaCHe C CoJepsKaHrueM PYKOIHUCH (I10-
cJiefHsAsA CTPaHUIA TPEIOCTABJSAETCA B BUJE
CKaHa); 4) TabJUIbI U WITIOCTPanuu (rpaduky,
JIrarpaMmel, potorpaduu, puCyHKHU U T. I1.) C HOMe-
poOM, Ha3BaHWEM U NIpUMedaHueM; 5) Oubarorpa-
(puyeckuii cCimcok; 6) COMPOBOAUTETBHOE MUCHMO.

Dopma conposoduUmerbH020 NUCOMA:

[ltaBHOMY pelakTopy »KypHaJia

«O0b11as1 peaHnuMaToJI0TUSI»
3ac/ysKeHHOMY JlesITeJII0 HayKku Poccun,
yjeH-KoppecnoHaeHTy PAH, npodeccopy
B. B. Mopoay

[IpocuMm Bac paccmoTperb BO3MOYKHOCThH
myOoJIMKauu (Bun pykonucuy; Pamuiuy,
Nmena, OTuecTBa BCeX aBTOPOB; Ha3BAHUE PYyKO-
nvcy) B sKypHase «O011ast peaHnMaToI0THsI».

ABTOPBI PYKOIIMCH O3HAKOMJIEHEI ¢ THpOP-
Marue AJs1 aBTOpOB JKypHasa «O011ast peaHu-
MaTOJIOTUSA» U COIJIACHBI C IpaBUJIaMH IIOAIO-
TOBKY, MIOJJa9¥ U IyOJTUKAIINU PYKOTIHACH.

JlaHHasi pyKONIMCh He TyOJ/IMpyeT mpebIIy-
mue myO/IMKaIyy, B Hell He 3aTparuBaloTCs WH-
Tepechbl TPEThUX CTOPOH U He HapyLIaloTCs 9TU-
YeCKre HOPMBbI IyOJINKAIUH.

OTBeTCTBEHHBIN 3a IIEPEeNUCKYy C pelak-
nuein: Mimsa, OTyectBo, ®aMuInsg OJHOTO U3 aB-
TOpPOB pyKonucH, e-mail, TesedoH.

[Tonnuce pyKOBOOUTEJISA YUPEIKIEHUSI.

GENERAL REANIMATOLOGY, 2020, 16; 2

www.reanimatology.com



96

CompoBonuTEIFHOE TUCHMO JTOKHO OBITh
HalleyaTaHo Ha OJIaHKe YIpesRIeHNsI, B KOTOPOM
BBITIOJTHEHA pabora.

TpeboBaHUA K MeYaTH

Bu0: opueHTanys KHUsKHAsA, BBIpaBHUBaHUe
1o mupuHe, popmart A4.

HIpugm: Times New Roman 12-ro pasmepa
YepHOTO LIBeTa.

Hnmepsanvt u omcmynsvl: MeKCTPOUYHBIN
UHTEpPBaJ B TEKCTe — 1,5; MeXKCTPOUYHBIA NHTEP-
BaJI B MOJMUCSAX K TAOJUIAM U UJLTIOCTPAIHSAM,
B IPUMeEYaAHUAX — 1; MHTEPBAJI 10 U IMOCcJje ab-
3alla — HeT; OTCTyH IepBO¥ CTpOKU — 1,25 cMm;
noJg — 2,5 CM CO BCeX CTOPOH.

Hymepauus cmpanuy: B IpaBOM HUKHEM
yIJLy.

Dopmam aiinos: TEKCT, TAOINIIBI, TONIIICH
K TabJuIam u uioctpanusam — Word; rpadukmy,
nuarpaMmmbl — Exel, Power Point; pucynaku — jpeg;
cxembl — TOJIBKO B PEJTAKTUPYEMOM ®OP-
MATE (Word; Power Point); ¢poTorpadgum — BbI-
COKOTO paspelleHusi, COXpaHeHHbIE B JIIOOOM
¢dopmare.

PexomeHyemoe paspeliieHye IpyU CKAaHUPOBA-
HUU: N300paskeHusI C UCII0Jb30BaHUEM JIMHUN U
pucynku — 1200 dpi; pororpacdun, paguorpadunu
— ne meHee 300 dpi; ¢poTtorpacdun, paguorpadpuu c
TekcToM — He MeHee 600 dpi.

EnuHunel usMepeHus JOJKHBI COOTBET-
CTBOBAaTh MesKAYHAPOAHON CHUCTEME eJUHUI]
(CH), remneparypa — mxkaJe Lleascus.

Dopmynvl fOTKHBI UMETh YETKYIO pa3METKY
BCeX 3JIeMEeHTOB: CTPOYHBIX M IIPOMNHUCHBIX, a
TaKKe JIJAaTUHCKUX U IPEeYEeCKUX OYKB; IOJCTPOY-
HBIX U HaJICTPOYHBIX UHIIEKCOB. B cayuae nudp u
OyKB, CXOmHBIX 10 Hanmcaauo (0 — mudpa, O —
OyKBa), JOJKHBI OBITH ClleJTaHbI COOTBETCTBYIO-
e IOMEeTKU.

Haseanus

ITpu onrcaHWY anmaparypbl B CKOOKAax yKa-
3bIBAIOTCSA (ppMa U CTPAHA IPOU3BOIUTEb.

ITpumep: CBeTOBOU 30H]I OMHOKAHAJIBHOT'O
anmmapara JIAKK-02 (HIIIT «JTASMA», Poccus).

[Ipu yrioMrHaHWY JIEKAPCTB U IIperaparoB UC-
M0JIB3YIOTCSI MEeYKyHAPOJHble HellaTeHTOBaHHbIE
nHasauud (INN). Toproseie (mareHTOBaHHbIE) HA3Ba-
HUS, IT0J] KOTOPBIMU IIPeIIapaThl BBIITYCKAIOTCS pas-
JUYHBIMU (DUpPMaMH, HPUBOIATCA C YKa3aHUEM
(pUPMBI-U3rOTOBUTEJISI M UX MEKIYHAPOIHOIO
HeIaTeHTOBAHHOI'O (TeHEPUYECKOr0) Ha3BaHUs.

Ipumep: tapuBuj (odJokcamuH, «XexcT
MoapuoH Pyccenb»).

JlaTnHCKVe Has3BaHUS MHUKPOOPTaHU3MOB
[IPUBOJATCSA B COOTBETCTBUU C COBPEMEHHOU
kiaccudukanueii, kypcupoM. [Ipu nepsom ymo-
MHHAHUM Ha3BaHUE MUKPOOPraHU3Ma HAEeTCS
MOJIHOCTBIO — POJ U BUJ, IPU IOBTOPHOM YIIO-
MHHAHUU POJOBOE Ha3BaHUE COKpalllaeTcs 0
OJTHO# OYKBBI.

Ipumep: Escherichia coli, Staphylococcus au-
reus, Streptomyces lividans; E. coli, S. aureus, S.
lividans.

HasBaHus  reHeTHYeCKUX  3JeMeHTOB
JTaloTCs B TPeXOYKBEHHOM 0003HAaYeHUM JIATHH-
CKOr0 ajipaBUTA CTPOYHBIMU OYKBaMU, KypCH-
BOM (fet); KOOUPYEeMbIMU COOTBETCTBYIOIMU T'e-
HeTUYEeCKUMHU 3JeMeHTaMu IPOAYKTHI
MIPONUCHBIMA TPsAMbIMU OykBamu (TET).

Buabpl U1 pekoMeHAyeMBIH 00BEM PYKO-
nUcH

O0630pHas cTaThs, MeTa-aHaJaU3: He OoJiee
25-¥ CTpaHUII BKJIIOYast He OoJiee 10-u TabIuIl
WITIOCTPANHi B 00IIEM KOJIMYECTBE; CITUCOK IT1-
THUPyeMOU TuTeparypsl — He MeHee 80-1 HauMe-
HOBaHUMU.

3akaszanHas uiu nepesooHas CMambvs: no
002080peHHOCMU.

OpueuHanvras cmambs: He OoJsee 15-u
CTpaHWIl, BKJIIOUYAss He OoJiee 6-u TabaUIl U
WITIOCTPANHi B 00IIEM KOJIMYECTBE; CITUCOK I -
THUPYyEMOU JIUTEpaTypbl — He MeHee 25-1 HauMe-
HOBaHUMU.

Kpamrkas cmamos: He 60Jee 10-u cTaHMUIL,
BKJIIOUasi He OoJiee 4-X TaOJIUI U WIITIOCTPAITUI
B 00meM KOJIMYeCTBE; CIHUCOK ITUTUPYeMOH
JIUTEepaTypbl — He MeHeel5-1 HauMeHOBaHUM.

Auckyccuonnas cmamovs (BRJIO4YaeT 1—2
BOTIIpOca AJIsl 00CyKIeHus): He DoJiee 5-U cTpa-
HWUII, BKJTIOYasi He 6oJiee 2-X TaOJIUI] ¥ UIITIOCTPa-
Wi B 00IIeM KOJTMYECTBE; CIIICOK IUTHPYEMOH
JuTepaTypbl — He 6osiee 20-1 HAMMEHOBAHUH.

IMucvmo 8 pedaryuio: He 60ee 600-a cJIOB.
[TuceMa, agpecoBaHHbIe COTPYAHUKAM peJak-
WY, He TyOJIMKYIOTCA.

Buumanmue! B 6ubavnorpaduu pekoMeHIy-
eTCcsa NpuBoAUThH He MeHee 70% MCTOYHUKOB 5-
JleTHeld aBHOCTH, BKJIIOYasi TEKYIIUN IO,

CTpyKTypHBIE pa3jesbl CTaTed U pPeKo-
MeHJallu1 N0 UX HalliCAHUIO

Bce cTpyKTypHBIE pa3neJibl HAUUHAIOTCA C
HOBOTO a03ara. VIx Ha3BaHMs BBIJEJISIOTCS KUP-
HBIM HIpUPTOM.

Hasee cM. Ha caiiTe www.reanimatology.com.
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BCEPOCCUMCKAS KOH®EPEHLMA C MEXOYHAPOOHBLIM YYACTUEM

XXU3HEOBECIMEYEHUE NPU KPUTUYECKUX COCTOAHUAX

13-14 Hoa6psa 2020 roaa, Mockea, Poccuiicknit yHueepcuret apyx6bl Hapoaos

NUHpopmaumMoHHOEe NUCbMO

NUmeem yectb npurnacute Bac n Bpaden Balwmx noaBeAOMCTBEHHbBIX YYPEXAEHUA MPUHATD
yqyactme B XXII Bcepoccumnckon KOHpepeHUMn ¢ MeXayHapoaHbIM y4dyacTuem
“XKnsHeobecneueHmne nNpm KPUTUYECKUX COCTOAHUAX .

Meponpustne coctoutca 13 m 14 Hosb6pa 2020 roma (13 Hos6pa B Poccurckom
yHuBepcuteTe Apyx6bl HapogoB (PYOH) no agpecy: Mocksa, yn. Muknyxo-Maknas, 6;
14 Hosbps B HAU obuwen peanmmaronormm nveHn B.A. Herosckoro ®HKL PP no agpecy:
MockBa, yn. lleTpoBka, Aom 25, cTp. 2).

Ha KoHepeHUuMn 3annaHMpoBaHO BLICTYMNEHME Beaywmx Poccumckmx m 3apybexHbIx
aHecTesnonoroB-peaHumaronoros. B pamkax KoHdepeHuun nponayT nneHapHbie W
CEKLMOHHbIE 3aceaHns, MacTep-Knacchl No Creayowmm TemaTukam:

- MexaHunambl pasBUTUSA KPUTUUECKUX COCTOSHWUNA.

- TpaBma, KpoBOMOTEPS, LLOK.

- Octpas gbixatensHas HegoctaTtoyHocTs. UBJ1, akcTpakoprnopanbHas okeureHawums.

- OcTpble paccTponcTBa reMoanHamMuKn, BCriomoraTensHoe KpooobpalleHue.

- CTpyKTypHO-(PYHKUMOHaNbHbIE N MeTabonmnyeckme nameHenrms LIHC npu kputuyeckmx

COCTOSAHUSAX.

- WIHeKUMOHHbIE OCNOXHEHMS B peaHnmaTonornn. Cencuc.

- OkcTpakoprnoparnbHble MeToAbl AETOKCUKALMM B peaHNMaTonormm.

- AHecTesnonorua-peaHMmaTonorna B CneynannanpoBaHHbix obnactax (neguatpus,

aKyLlepCTBO M TMHEKONOMNS, CepaeyHO-COCYANCTasa XMPYPrus, HENPOXUPYPIris u ap.).

- [lpobriema remocTasa B aHeCTE3MONorMm-peaHnmMaTonormm.

- OKcnepumeHTanbHbIE NCCNefoBaHNSa B aHECTE3NONOrMN-peaHNMaTONoOMNN.

- O6pasoBarernbHble TEXHOMOrMMN B aHECTE3NONOrMN-peaHNMaTONor N,

- OpraHusaymoHHbIe 1 NPaBOBbIE BOMPOCHI aHECTE3NONOMNMN-PEAHUMATONOMN.
[MnaHmpyeTca npoBeaeHue CcaTennUTHbIX CUMMO3MYMOB W COBMECTHbIX 3acefaHun C
MEAMLMHCKUMWN Hay4YHbIMM OBLLIECTBaMMN:

- O6wecTtBOM NO N3y4eHmto Lwoka (Poccus)

- HaumoHanbHeIM COoBETOM MO peaHnmMaumm

B pamkax KoHdepeHumn OyayT npepcraBneHbl pesynbTatbl QPyHAaMEHTanbHbIX W
NPUKNaaHbIX Hay4HbIX WCCNeaoBaHWKW, NpoBoAuUMbIX Ha ©Gase depepanbHOro Hay4yHo-
KIMMHUYECKOro LieHTpa peaHnMmaTonormm n peabunnTtonornu.

K ydyactmio npurrnawarTtca aHecTe3nosiorn-peaHumaronory, MUHQEeKUMOHUCTI,
HEeUPOXUPypru, crneuuarimcTtbl CKOPOM MNOMOLWM, akylwep-rMHeKonoru. Ydvactne B
KoHtbepeHumm BecnnatHoe. MeponpuaTtne nogaHo Ha akkpegutaymio B cucteme HMO.

ho Bctpeun Ha XXII Bcepoccuinckon KoHdepeHumnn ¢ mexagyHapoaHbIM yyacTuem
«KusHeobecneueHne Npu KPUTUUYECKUX COCTOSAHUAXN!

C yBaxeHuewm,

ApTtem Hukonaesuy Kysoenes
3amMecTuTENb AUPEKTOpa-pPYKOBOAUTENb Hay4yHO-MCCrnea0BaTenbCKoro MHCTUTYTa
obuwen peaHnmaTtonorum umeHn B.A. Herosckoro ®HKLL PP,
LOKTOP MEAULIMHCKUX HayK

spasti-zhizn.rv




“MenepansHBIE
HAYTHO-KIHHEIeCKHE
HeHTp
PEaHEMATOJOTHH H
peabriarTONOrEE”

®HKI[ PP

depepanbHOe rocygapcTBeHHoOe BIoaXeTHoe
Hay4Hoe yuypexaeHune «degepanbHbIi
Hay4YHO-K/IMHUHYECKUI LLeHTP peaHMMaToiIormm
n peabunuronorun» (PHKL| PP)

CumynaumnoHHbin HeHTp PHKL] PP

JlabopaTopus nepcneKTmBHbIX
CUMYNALUMUNOHHbBbIX TEXHONTOMMN

CUMYNALIMOHHBIE OBPASOBATE/IbHbBIE NPOrPAMMDI:

/ MepBasa nomoLlb
/ MoaroToBkKa MHCTPYKTOPOB NepBOi
nomoLuu
/ BasoBas cepae4vHo-Nero4Has peaHuMauus
/ PacluMpeHHas cepaeyHoO-f1ero4yHas
peaHuMaums
/ YNbTpasByKOBO# MOHUTOPUHI
M HaBUrauua B aHeCTE3UOMOrUK-
peaHuMaTonorum

/ TpyAHbIA AbIXaTeNbHbIA NyTb

Ten.: 8(495)650-96-77
www.fnkerr.ru/edu
edu@fnkcrr.ru

/ PecnupaTtopHasa nogaepXka

/ Kputnyeckue COCTOAHUSA

B aHECTE3UO/Or MM-peaHnMaTonorum
/ MoaroToBKa K NepBUYHOIA
cneuvanusMpoBaHHOW akKpeauTaLmuu
/ O6y4eHune npenopasaTenen
CUMY/ALMOHHbIX LLEHTPOB

Bce o6pasoBare/sibHbie rMporpamMmbl
o6ecne4veHsbl 6aniamm HMO
BO3MOXHO chopMUPOBAHME
o6pazoBare/ibHbIX UAKIOB
o Tpe6oBaHMIO




