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OGuast TepaneBTHYECKasi THIIOTEPMHSI «3apaboTana> HETaTHBHYIO PENyTAlMIO B J€YEHHH MYJIbTUTPABMATHYECKUX ALy~
€HTOB, U pacCMaTpUBaeTCs Kak OJuH U3 (PaKTOPOB B «JIETAJbHON TpHaJe» LIOKa, anuao3a u runorepmuu. lanubiii pakr
00BSICHSIETCS OTCYTCTBHEM B3AHMOIEHCTBHS MESKIY allI030M U rUnotepmueii; s HeKThl TMIOTEPMUN Ha KOATYJISIIUIO SIB-
HbI€ M CJIOKHO 00paTHMble B IPUCYTCTBHHU auuno3a. Ilens paGomvr — onpeaeneHue BIUsAHNS JOKAIbHOTO HEMHBA3HBHOIO
OXJIasK/I€HUsI TOJIOBHOTO MO3Ta HAa META00MYECKHE U TEMOKOATry ISI{UOHHbIE TIOKA3aTeNH GOJbHBIX C CHHIPOMOM OCTPOii
uniemun Mmosra. Mamepuan u memoovt. Marepuanom uccienoBanust iBLIMCH 113 manueHToB ¢ TsKeN0i YepenHo-M0o3ro-
BOi TPaBMOIi, B TOM YHCJIe OCIOKHEHHOIi TOPaskeHHeM CTBOJIOBBIX CTPYKTYP, KOTOPBIM B Pa3JINYHbIX MOAU(DUKAHUAX PO-
BOIMJIM OXJIA3K/I€HHE r0JI0OBHOTO Mo3ra. [Ipy aToM nayyaauch 3HauyeHHs1 KHCIOTHO-OCHOBHOTO COCTOSIHHS U CBePThIBAIOII e
CHCTEMBI apTepHAIbHON U BEHO3HOIT KPOBH. Pe3yibmamut. YCTaHOBIEHO, YTO HUKAKHX BO3/I€HCTBHUIl IOKaIbHOI rUNOTEP-
MHH TOJIOBHOIO MO3ra Ha KOAryJsifio0 He MPONCXOIUT, B TO BpeMs KaK HCXOJHO OTPHIATEIbHbIe 3HAYEHNUS N30BITKA OY-
¢epHBIX OCHOBaHUIl IOKA3BIBAIOT MOJIOKUTEIbHbIE IU(PHI (CABUT BIPABO) K KOHIY OXJask/AeHus. IIpuBeseHbl pekoMeH-
JAIMH 110 IPEAYIPEKAEHHIO META00IMIEeCKUX CABUTOB. 3aKII0YEHHE: MAlHEHTOB C OY€Hb BHICOKUM PHCKOM KPOBOTEYEHHS
MO3KHO 6€30NacHO OXJIasKAaTh 10 TEMIIEPATYPbI TOJOBHOTO Mo3ra 32—34°C, nake B IPUCYTCTBUH allu03a OT YMEPEHHOM
CTENEHN /10 TSAKeNO0H. ITO sABJIAETCA GOMBUINM IPEUMYIIECTBOM JOKAIbHOM runotepmuu nepea obuieii. Knoueswvie crosa:
KHCJIOTHO-OCHOBHOE COCTOSIHHE, CBEPTHIBAIONIAS CHCTEMA, OXJIaK/eHHe FOJIOBHOTO MO3ra, Ha30(apuHreaibHoe OXJIaK/e-
HHEe, 00IIasi THIIOTEPMHSI.

Systemic therapeutic hypothermia has gained a negative reputation in treating multiple trauma patients and is regarded as one of
the factors in the lethal triad of shock, acidosis, and hypothermia. This fact owes to no relationship between acidosis and
hypothermia; the effects of the latter on coagulation are evident and complexly reversible in the presence of acidosis. Objective:
to determine the impact of noninvasive local brain cooling on the metabolic and blood coagulation indicators of a patient with
acute cerebral ischemia. Subjects and methods. The subjects of the study were 113 patients with severe brain injury, including that
complicated by the involvement of stem structures, who underwent brain cooling in different modifications. In so doing, the val-
ues of acid-base balance and coagulation system in arterial and venous blood were investigated. Results. Local brain hypother-
mia was not found to affect coagulation while the baseline negative values of excess buffer bases showed positive values (a right
shift) by the end of cooling. Recommendations were given to prevent metabolic shifts. Conclusion. Patients at very high risk for
bleeding may be safely cooled to a brain temperature of 32—34°C even in the presence of moderate-to-severe acidosis. This is a
great advantage of local hypothermia over systemic one. Key words: acid-base balance, coagulation system, brain cooling,
nasopharyngeal cooling, systemic hypothermia.
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BBenenue Introduction
OO0 M3MEHEHUSIX KHUCIOTHO-OCHOBHOIO COCTOSTHUS There are few data on changes of acid-base balance
(KOC) B ycnoBusix nepebpanboro nospesxaenus ume- | (ABB) following a cerebral damage. For example, the
eTcst MaJio JanHbix. Hanpumep, Mmoesns asyxdacosoit ok- | model of a two-hour occlusion of the middle cerebral
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KJIIO3UU CPEJIHEI MO3TOBOM apTepuu y KPbIC C TOCIe/y-
foneil penepdysnell W MATUYACOBON THUHOTEepMUeEH
(33°C) nokazana cHukeHue oobemMa 1epebpaabHOTO UH-
(apkra u oTexa, yBeJImueHIE MO3TOBOTO KPOBOTOKA [1].
Jlpyroe uccrienoBaHue CBUETENbCTBOBANO O BBIPASKEH-
HO¥l KOPPEJISIIIUN B CHUKEHUN KPOBOTOKA M HATIPSZKEHUSI
yraexucyaoro raza (pCO,) B KpoBH, HO HE C TeMIIepaTy-
poii resa [2]. Eme B 1959 r. coobuianock, 4To OKOHYA-
TeJbHAsT OTIEHKA TPSIMOTO JEHCTBUS KUCIOT U IEI0Yeit
Ha MO3TOBOE KPOBOOOPAIEHIEe 3aTPYIHEHO 13-32 00bIU-
HOI'O BTOPMYHOTO IIOCTOPOHHETO BJAUSAHUS, 0COOEHHO 13-
3a seiicteust CO, [3].

BiusHue obuieil TepaneBTHYecKOl TUIIOTEPMUK Ha
CBEPTBIBAHUE KPOBU Y MAIIMEHTOB C OCTPBIM MOBPEKICHU-
€M MO3Ta MOJKHO MPEJICTABUTD B BUJIE <ITAJIKH O JIBYX KOH-
1ax». C 0/1HOIT CTOPOHBI, TOPMOKEHIE KOATYJISIIUN MOJKET
UMETb MOJIOKUTENbHBbIE 3 (DEKTHI B BUJIE yIydIIeHUS] MU-
KPOLUPKYJISIUKA U TOfaBjieHus 00pasoBaHust MaryOHbIX
MUKPOTPOMGOB B TOI0BHOM Mo3re [4]. C apyroii cTOpOHBI,
ATO MOJKET TIPUBECTH K YBEJIMYEHUIO PUCKA KPOBOTEYECHUS
U, TeM CaMbIM, IPUYUHUTD BPE/I ITalleHTaM, 0COOEHHO, ec-
JIN OHU TIEPEHECJU TPABMY WJIM AKTUBHOE KPOBOTEUCHUE
0 IPYTHM TIPHITHAM.

BiusgHue runotepMur Ha KOAryJsiiuio ObLIO U3y-
YeHO, IJIaBHBIM 06pa3oM, in vitro. Markas rumoTepmust
(temmeparypa 10 35°C) He BIMSAET HU Ha KaKoe 3BEHO
KOATyJISIMOHHOTO Kackamga. Temmepatypa nmke 35°C B
HEKOTOPBIX CJIy4asiXx MOKET BBI3bIBATh YMEPEHHYIO JIUC-
dyHKIUIO TPOMOOIUTOB U, MHOTAA, HE3HAUUTETbHOE
CHUIKEHUE MX KoJnmdecTBa. HekoTopbie aTarbl KoaryJis-
IIMOHHOTO KACKaJla, TAKNE KaK CMHTE3 U KUHETUKA CBep-
THIBAIONIUX DH3UMOB M HHTUOUTOPOB aKTUBATOPOB I1J1a3-
MUHOTE€Ha, MOTIYT OBITb 3aTPOHYTHI DU CHUKCHUU
temmeparypsr nmxke 33°C [5—9].

[IpoBeeH MOHMTOPUHI JAHHBIX TPOMGOIJIACTO-
rpaMMbl y BOJIOHTEPOB ¢ OOUIMM TEMIIEPATyPHBIM JUa-
nazonoMm ot 38°C no 12°C [10]. [Tokazano, 4To cHUKe-
HUE TeMIepaTypbl MPUBOAUT K HPOrPECCUBHOM
3ajepikke Havasa (HopMUpoBaHus TpomOa, a TakKe K
CHUJKEHUIO CKOPOCTU CO3/IaHUS CTYCTKOB M MX POCTA.
[Tpu aTOM 3HAUYMTETBHOE BJIMSHUE TUIIOTEPMUU HA 3TH
napameTpbl HauuHaauch Juib npu 30°C, 6bICTPO HPO-
rpeccupysi HUXKe TOTO 3HAYEHUS, U JIOCTUTAST CTATHUC-
TUYECKOU 3HaumMocTu TosibKo mpu 24°C. Kpome Toro,
OBLIIO 3aMEYEHO, UTO OJMH pa3 GOPMUPOBAHUE CIyCTKA
OBLIIO 3aBEPIIEHO, HO €ro CTabUJIBHOCTh HE MOTJIA CO-
XPaHSThCS 10/] BJAUsIHUEM 0011ell rutorepmun. ToabKO
Te CTYCTKH, KOTOpble chopMUPOBAIUCH MPEXK/E, OCTa-
BaJIMCh CTaOUIbHBIMU HE3ABUCUMO OT TeMIiepaTypbl. 13
BBIIIECKA3aHHOTO BW/IHO, UYTO CYIIECTBYET 3HAUMTE]b-
Hasl UHAMBU/yaJbHas BapuabebHOCTh CBEPTHIBAIOIINX
IapaMeTpoB B OTBET Ha OXJIAXK/EHUE.

B paGote A. A. Hanke et al. coobiaercst, uto anTu-
KOAryJIsIUOHHBIA 9P (hEKT TUnoTepMur 0COOEHHO BbI-
COK B IIPUCYTCTBUHU AI[U/103a; 3TOT 3 (HEKT MOKHO KyTTH-
poBaTh HazHaueHUeM TPOMOOUUTOB U (UOPUHOTEHA,
KOTOPbIE, OJIHAKO, «XOPOIIO PabOTAIT» NPU OTCYTCTBUM
anuzosa [11].

artery in rats, followed by five hours of reperfusion, and
hypothermia (33°C) showed a decrease in a volume of
cerebral infarction and edema, and an increase in cerebral
blood flow [1]. Another study demonstrated the correla-
tion of blood flow reduction and partial tension of carbon
dioxide (pCO,) in the blood, but not a body temperature
[2]. In 1959 it was reported that the final assessment of
direct action of acids and alkalis in the cerebral blood flow
might be difficult because of usual secondary outside influ-
ences, especially due to effects of CO, [3].

Effect of therapeutic hypothermia on blood clotting
in patients with acute brain damage can be represented as
a «double-edged sword». On the one hand, inhibition of
coagulation may have beneficial effects in terms of improv-
ing microcirculation and suppressing the formation of
harmful microclots in the brain [4]. On the other hand, it
may result in increased risk of bleeding and thus harm
patients, particularly if they have suffered from injury or
active bleeding from other causes.

Effects of hypothermia on coagulation were exam-
ined mainly in oitro. Mild hypothermia (temperature
35°C) had no effect on any link in the coagulation cascade.
Temperatures below 35°C in some cases induced mild
platelet dysfunction and slight decrease in their numbers.
Some stages of the coagulation cascade, such as the syn-
thesis and kinetics of clotting enzymes and inhibitors of
plasminogen activators, might be affected, when the tem-
perature drops below 33°C [5—9].

Thromboelastogram monitoring of volunteers experi-
encing temperature range from 38°C to 12°C demonstrated
that the reduction in temperature causes a progressive
delayed onset of clot formation, as well as a reduction of
speed forming clots and their growth [10]. This significant
effect of hypothermia on above-mentioned parameters only
begins at 30°C, rapidly progressing below this value and
reaching statistical significance only at 24°C. Furthermore,
it was observed that once clot formation had been complet-
ed, its stability could not be maintained under the influence
of general hypothermia. Only those clots that have formed
before remained stable irrespective of the temperature.
Therefore, there are considerable individual variations in
clotting parameters in response to cooling.

The paper by A. A. Hanke et al. reported particular-
ly high anticoagulant effect of hypothermia in the presence
of acidosis[11]. Described effect could be stopped by
administering platelets and fibrinogen; however, these
approaches provide «good work» only in the absence of
acidosis [11].

Preliminary clinical studies even suggest the use of
hypothermia in combination with thrombolytic therapy.
Results of a prospective, controlled clinical trial in 58
patients with acute ischemic stroke, 28 of which were carried
out under general hypothermia (33°C) in combination with
thrombolytic therapy had been reported [12]. It was found
that the risk did not increase bleeding in patients treated
with both methods compared with patients who received
only thrombolytic therapy; in addition, the risk of sympto-
matic intracranial bleeding was lower in cooled patients [12].
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[IpenruMuHapHble KJIMHUYECKUE MCCJIETOBAHUS
MIPE/IJIATAI0T JIaXke UCIOJIb30BaTh TMIIOTEPMHIO B COYeTa-
HUM ¢ TPOMOOINTIYECKOM Tepanneit. [IpoBeneHo mpociek-
THUBHOE KOHTPOJIIpyeMoe KJIWHUYECKOe HCCAeOBaHUE Y
58 TMAIMEHTOB ¢ OCTPHIM HITEMIUYECKUM THCYIBTOM, 28 13
KOTOPBIX 11poBoAuaack o6mas runorepmus (33°C) B coue-
TaHUK ¢ TPOMOOJUTHYECKOI Tepanueii [12]. OGHapykeHo,
YTO TEMOPPATrUYECKUil PUCK HE YBEJIUYMBAJICS Y MAI[UCH-
TOB, MOJIYYaBIIUX 00a METO/Ia JICYCHUS 1O CPABHEHUIO C
HalUeHTaMU, MOJYYaBUIMMU TOJBKO TPOMOOJUTHUUECKYIO
Teparuio, KpoMe TOTro, PUCK CUMITOMATUYECKOTO BHYTPH-
YeperrHoro KpPOBOTEUEHHST OKA3aJICS HIDKE Y OXJTaK/ICHHBIX
narenTos [12].

B npyrom wmccienoBaHuM TPOBEJEH PETPOCIEK-
TUBHBIII aHAJN3 TAIMEHTOB C YepPEnmHO-MO3TOBBIMU
tpaBmamu (UMT), y KoTOpBIX pa3BWIach OCTAaHOBKA
KPOBOOOPAIIEHUST M KOTOPBIE TIOJIyYajd TUIIOTEPMUYEC-
Kyio Tepanuio [13]. ABTOpbI He HaAlUIN Yy HUX yBeJude-
HUSI OCJIOKHEHUI OT 00IIell TUIIOTEPMUU, B YACTHOCTH
KpoBoTtedenus. B aroil ¢z W. Z. Martini et al. yxasbi-
BAIOT HA TO, YTO TUIIOTEPMHUS «3apaboTasa» HeraTUBHYIO
peryTanuio B JeYeHUH MYJbTHUTPaBMATUUYECKUX TTalu-
€HTOB, W PaccMaTpuBaeTcs Kak OAWH u3 (HakTOpoB B
«JIETAJIbHOM TpHUaZe» I0Ka, alujo3a U TUIIOTEPMUU
[14]. HecooTBeTcTBrE MOKET OOBSICHATHCS B3AMMOIEii-
CTBHMEM MEKIY alli/030M ¥ TUIIOTepMueii; ahdexTor ru-
[OTEPMUY HAa KOATYJISIIUIO IBHBIE U CJIOKHO 0OpaTUMbIe
B cJjlyyae, €CJU OJIHOBPEMEHHO MPHUCYTCTBYET alU/03.
OnHaKo, B OTCYTCTBUE alli/103a TUIIOKOATYJISIIMOHHBII
3(hdEKT rUmoTepMUN CTAHOBUTCS MEHee sIBHBIM, GoJiee
yIpaB/IsieMbIM ¥ O00paTUMbIM. BOJIBIIMHCTBO NalMeH-
TOB, [IEPEHECIINX JIeUeHUe yMEPEHHON 0011eii TuoTep-
MUeEii, He UMEJIN TSKEJIOTO alulo3a u, IMO3TOMY, B JlaH-
HOM cJly4yae, BJIMSHUE TUIOTEPMUHM Ha KOATrYJSIIHIO
OBLIIO MUHUMAJIbHBIM.

Ilesp nccieoBaHUS — ONIPEENUTh BIUSHUE JIO-
KaJIbHOTO HEMHBA3UBHOTO OXJIAXK/IEHUS] TOJOBHOTO MO3Ta
Ha KOC u cBepThIBAIOIYIO CHCTEMY KPOBU HAIIMEHTOB C
CUH/IPOMOM OCTPOW UIIIEMHUH MO3Ta.

Marepuan u MeTObI

Kinnnaeckuii matepuas paborsl ipeacrasien 113 maruen-
tamu ¢ Tskenoit YMT. McenenoBanus ocymecTBasinch B mepu-
on ¢ 2010 o 2014 rr. B OT/I€/IEHUSX PEAHUMAIIMY U UHTEHCUBHO
teparmut (OPUT) aByx KpyMHBIX CHeNUaIN3UPOBAHHBIX MHOTO-
NpOMUIBHBIX KINHUK: PecrnyOauKaHCKOTO HAyYHOTO II€HTpa
akcrperHoil Mepunrackoit momoru (PHIIDMII, Tamkent) u
Bropoit kaunwmkm TamkeHTCKON MeIUIIMHCKON aKazeMuu
(TMA-II, TamkenT).

BosIbHBIX pas3ie/iiin 1o cJeyOIIM TPYIHaM B COOTBETCT-
BUU C OIIPE/IETIEHHBIM KOMITOHEHTOM OXJIAK/ICHNUSI:

I)  KOHTPOJBHOIT IPyTIIIE OCYIECTBIAINCH Hanboee mpu-
eMJIeMbI€e U YaCTO MCII0JIb3yeMble TPUEMbl HEHHBA3UBHOTO OXJIasK-
nenvst rosoBHoro mosra (HOTM) (o6kJajipiBatie cBojia yeperna
XJT/IO9JIEMEHTaMU U OXJIKeHUE TIPOeKInu OudypKaum CoH-
HbIx aprepuii), (puc. 1—3). KosmmuectBo GOJIBHBIX B 9TOii rpyiine
COCTaBUJIO 42 YesioBeKa, 52 Cirydast 10 COUETAHNUSIM METOIMK OX-
Javkiennd n 62 ceanca OXJIaXKICHUS;

II) Wcenenyemyio rpyiiy coctaBusin 71 GOIbHBIX € TAXKe-
101t YMT, KOoTOpbIM B pa3InIHBIX MOAMGMUKAIIASIX TPOBOIUIIH Ha-
3otapurreansnoe oxnaxaerne (HDO) B coorBeTcTBUM ¢ pas3pa-

In another study, a retrospective analysis of patients
with traumatic brain injuries (TBI), who developed cardiac
arrest and received hypothermic therapy was perfomed [13].
The authors found no increase in complications of general
hypothermia, including no bleeding. In this regard, W. Z.
Martini et al. indicated that hypothermia «earned» a nega-
tive reputation in the treatment of multitrauma patients,
and could be considered as one of the factors in the «lethal
triad» of shock, acidosis and hypothermia [14]. This contro-
versy can be explained by the interaction between acidosis
and hypothermia; effects of hypothermia on coagulation are
obvious and difficultly reversible if acidosis is present simul-
taneously. However, in the absence of acidosis, hypocoagula-
tion effect of hypothermia becomes less evident, more man-
ageable and reversible. Most of the patients undergoing
treatment for moderate hypothermia, do not experience
severe acidosis and, therefore, the effect of hypothermia on
coagulation should be minimal.

Purpose of the study. To determine the effect of the
local non-invasive brain cooling on ABB and blood clot-
ting in patients with acute cerebral ischemia.

Materials and Methods

The clinical material includes data of 113 patients with severe
head injury. The research was carried out during period from 2010
to 2014 in Intensive Care Units (ICUs) of two large specialized
multidisciplinary clinics, the Republican Research Center for
Emergency Medicine (RRCEM, Tashkent) and clinic of the
Tashkent' Medical Academy (TMA-II, Tashkent, Uzbekistan).

Patients were divided into the following groups in accor-
dance with a particular component of cooling:

I) The control group patients underwent most suitable
and commonly used non-invasive methods of brain cooling
(NIBC) (cranial vault encasing with ice packs and cooling of pro-
jections of carotid bifurcation) (Fig. 1—3). The number of patients
in this group comprised of 42 patients (52 cases of combinations of
cooling methods, total of 62 cooling sessions.

II) The studied (main) group comprised of 71 patients
with severe traumatic brain injury underwent nasopharyngeal
cooling (NFC) in various modifications performed in accordance
with the method developed by us' (Fig. 4—7) in 80 cases and 100
sessions [19].

' The prototype device was RhinoChill® System developed by
BeneChill Int, San Diego (California, USA) [15]. The main differ-
ence of our approach to employ this device was is the use of water as
a coolant and an inert substance, instead of a fluorocarbon system by
RhinoChill, which is contraindicated in pregnacy and fractures of the
base of the brain. Besides, originally, the RhinoChill system is used for
a short time — in prehospital, followed by subsequent transition to
the general (systemic) hypothermia. Originally employed perfluoro-
carbons (perfluoropropane or perfluorobutane) belong to the group
of freons, are mixed with oxygen, helium or air. To avoid drying out
the mucous membranes of the upper respiratory tract, the coolant
mixture is fed in batches, alternating its gas components, and the
water or isotonic sodium chloride solution is added [16]. Thermal
conductivity of the components of RhinoChill, like all gases, is ten
times lower than most liquids, particularly, the water. For example,
the thermal conductivity of perfluoropropane is 0.0138 W m* K",
perfluorobutane — 0.01381 W m™ K, oxygen, helium, and air - 0.024,
0.142 and 0.026 W m™ K", respectively), whereas for the water the
values are higher — (0.58 W m" K") or 42-fold higher than that of
perfluorocarbons [17, 18].
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Puc. 1. OxnaxkeHne cBo/Ia Yyepemna XJja/03JeMeHTaMHU.
Fig. 1. Cranial vault cooling with icepacks.

6oranHoit Hamn MeToanKoit' (prc. 4—7) B 80 caryuasx u 3a 100 ce-
ancos [19].

OT160p GONBHBIX TPOBOAUIICS PAHIOMU3UPOBAHHBIM IPO-
CIIEKTUBHBIM KOHTPOJIMPOBAHHBIM CIIOCOO0M, KPUTEPHUSIMU BKJTIO-
YEeHUsT KOTOPOTO TTOCIY KU CIIe/LyoIIne:

. Bospact 6oabHbix o1 18 10 75 JeT;

. Tsoxesast ueperHo-Mo3roBast TpaBMa;

. VYrHeTeHre YPOBHS CO3HAHUSA NalueHTa <8 6asLioB 1o
mkasie koM [masro (IIIKT), T.e. koma I cremenn u Hipke, npu no-
CTYIUIEHUU WJIN HOCTENIeHHOe HapacTaHue YyrHeTeHHs I0CTIe roc-
TUTAIU3AINH.

' TIpototunom wHamero crocoba SBHJAOCH YCTPOHWCTBO

RhinoChill® System kommanuu BeneChill Int. [15], ocHoBarHOIT
B San Diego (California, USA) ¢ eBporeiickim ronoBHbIM 0bu-
com B Lausanne (Switzerland). OcHOBHBIM OT/IMYMEM SIBJISIETCS
TO, UTO B HAIIIEM CIIOCO0E OXJIAKACHIS XJIQIATEHTOM CITYKUT BOJIA
— HHEPTHOE BEeIeCTBO He TOJBKO B CHJIY CBOMX (husnueckux
CBOIICTB, HO M B CBSI3M C 3aAMKHYTOCTBIO CUCTEMBI, B KOTOPOI 1INp-
KyJIUPYET, 110 CPaBHEHHIO C 1ephTOPYTIEBOIOPOIOM CHCTEMbL
RhinoChill, mporuBomnokaszanubiM 6epEMEHHBIM U TIPU MEPETOMAX
ocrnosanus Moara. K tomy e, RhinoChill mpumensior menpomos-
JKUTEJIBHOE BPEMsI — Ha JIOTOCIIUTAJIBHOM JTalle, C TIOCIIE/LYIONNM
nepexonoM Ha obIiyo (cucreMHyio) runorepmuio. 13 nepdro-
PYIJIEBOOPOIOB HCTIOIb3YETCst TIephTOPIPOTIaH Wik mephTopoy-
TaH, OTHOCSIIIECS K TPyIie (DPEOHOB, B CMECH ¢ KUCJIOPOJIOM, re-
JIEM WJIM BO3ZYXOM. Bo m3bekaHue TepechiXaHus CIU3UCTON
000JIOUKM BEPXHUX JBIXATEJNbHBIX MyTell OXJIaKAAIONLYI0 CMECh
MOJIAIOT TIOPIIUOHHO, YEPE/Lys €e COCTABJISIONINE ra30Bble KOMIIO-
HEHTBI, a TakKe J0GABJSIIOT BOAY WM M30TOHUYECKUII PacTBOP
warpusi  xgopuga [16]. TenmonpoBogHOCTH KOMIIOHEHTOB
RhinoChill, kak u y Bcex ra3oB, B I€CATKY pa3 HUKE KUIKOCTEIT,
M, B YACTHOCTH, BOJbL K 1puMepy, TEIIOnpoBoAHOCTD T1ephTop-
nporana coctasaster 0,0138 Bt M K, nepdropbyrana — 0,01381
(xkucopona, resmst u Bozayxa — 0,024, 0,142 1 0,026 Br m™ K™ co-
orBeTcTBeHHO), a Bojbl — 0,58 Bt M K, uTo 11peBbIiaeT TakoByio
y nepdTopyraeBoaopoaoB B 42 pasza [17, 18].

Puc. 2. OxnakaeHue KapoTHaHON GudypKanuu XjaaaosJeMeH-
TaMu.
Fig. 2. Carotid bifurcation cooling with icepacks.

Puc. 3. Oxnaxkaenne cBoja yepena H NMPOEKIMH KapOTHIHOMH
6udypKauuy XJIa1091eMEHTAMH.

Fig. 3. Cranial vault and carotid bifurcation cooling with
icepacks.

The selection of patients was conducted in a randomized
prospective controlled manner. The inclusion criteria were as follows:

»  Age of patients from 18 to 75 years;

. Severe traumatic brain injury;

*  Inhibition of the level of consciousness of the patient
<8 points on a Glasgow coma scale (GCS), i.e., degree I coma and
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Puc. 4. HazodapunreanpHoe oxJakaeHue.
Fig. 4. Nasopharyngeal cooling

Puc. 6. HazodapunreansHoe oxiaskaeHne U OXJIaK/eHHe Kapo-
THHOIE OndypKaLMK X1a/[09I€eMEHTaMH.
Fig. 6. Nasopharyngeal hypothermia and cranial vault cooling.

. OTCyTCTBHE BBIPAKEHHBIX TPABMATHYECKUX OCITIOKHE-
Huil (HanpuMep, KPOBOTEUEHUE, CHHKOIIA);

. He Gouiee 6 4acoB 0T MOMEHTA MOTYY€EHST TPABMBI 10
rociranusaiun B crannonap. HOI'M waumnanu B mpemenax
2—3 4 u He nozaHee 6 4 1OCJIE TPABMBL

KpurepueM He BKIOUEHUST B 00CI€0BAHUE SBUIICSA OYEBU/I-
HBIIT/HEOUEBU/IHBIN JIeTATIBHBIH MCX0/ OOJBHOTO B TeYeHHe Tiep-
BbIX 2—3 4acoB ¢ MOMEHTA IIOCTYILJIEHUS B CTAI[HOHAP.

Puc. 5. HazodapunreaibHoe oxJiask/eHUe U OXJIAKIEHHE CBO/IA
yepena XJIaz03J1eMEeHTAMH.

Fig. 5. Nasopharyngeal hypothermia and cranial vault cooling-
with icepacks.

Puc. 7. MHOrOKOMIIOHEHTHOE OXJIAK/IEHHE: coueTaHne Hazoda-

PUHIEeaJIbHOr0 OXJAXKIAEHUS C OXJAKAEHHEM CBOJA yepena U
NPOEKIHH KapOTHAHOH GudypKranuy X1a1091eMeHTaMu.

Fig. 7. Multicomponent cooling: nasopharyngeal hypothermia
and cranial vault and carotid bifurcation cooling with icepacks.

lower values on admission, or a gradually increased depression
after the hospitalization.

*  No significant traumatic complications (bleeding, syn-
cope etc.);
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HOTM mnauunaznoch ciycrst 140,3+20,5 Mun 1mocsie npuobl-
THSI B CTAI[MOHAP B KOHTPOJBbHOI rpymme u 158,3£16,9 mun — B
nccaeayemoil. [lnnrensrocts ogHoro ceanca HOI'M 3annmana
18,3%1,4 u B koHTpOILHOI TpyIIe U 15,2+0,4 — B nccieryemoii.

MeTtosaMn ncCIeI0BaHNUS SIBUJIMCH MHCTPYMEHTATbHBII
(Temneparypa y 6apabaHHOIT TIePEMOHKH ¢ 00enX CTOPOH (TUMIIA-
HU4ecKast), B MOAMbIIIEYHO 06JacTn), JabopaTopHbiil (CoCTOs-
nne KOC xpoBu apTepun 1 IpeMHOI BEHBI, TIOKAa3aTeJI CBEPTHI-
BAEMOCTH KPOBM) M KJIMHUYECKUii (OleHKa o0Ield 1 o4aroBoii
HEeBPOJIOTMYECKOI HeJIOCTaTOYHOCTH, YPOBHS CO3HAHMS, peCIpa-
TOPHBIX 1 TEMOANHAMUYECKNX MTOKa3aTeell).

IMockosbky Gosee 80% aHATMBUPYEMbBIX KOJMYECTBEHHBIX
[PI3HAKOB GBI HOPMaJIBHO PACIIPEIETIEHHBIMIT, B OCHOBY CTaTH-
CTUYECKOTO aHAIN3a ITOJIOKEHBI METO/bl TTaPAMETPUUECKOil CTa-
THUCTUKU.

[Tosyuennble npu ncce0BaHNN JaHHbIE OIBEPIJIN CTATHC-
THYECKOI 06paboTKe Ha MepCcoOHATBHOM KoMIbioTepe Pentium-IV
¢ moMoIIbI0 Tiporpammuoro nakera Microsoft Office Excel-2012,
BKJIIOYAs! MCHOJIb30BaHNEe BCTPOECHHBIX (DYHKIIHIT CTAaTHCTHYECKOI
06paboTKu.

3a CTaTHCTHYECKU 3HAUYMMble M3MEHEHUsS! IPUHUMAJIN ypo-
BeHb joctoBepHoctu p<0,05.

CrarucTryeckasi 3HAaYNMOCTD [IJIsI KAYeCTBEHHBIX BEJUYNH
BBIYNCJISITIACH € IOMOIIBIO ° KpUTepuil (XnU-KBajpaT) u z-Kpure-
puit (Tmam, 1998) no caeytomeii hopmyaie:

ny -y
p(l=p)-(n +ny)

z=(p —Pz}\/

TIE Py=H1/Ny U Pr=[ly/Ny CPABHUBAEMBIE OTIBITHBIC YACTOTHI,
a p=(lytio)/(ny+n,y) CPELHSS YACTOTA MOSIBJICHHS TIPU3HAKA 110
06€enM rpyImam.

PesyabraThl U 00CyK/IEHHE

V nanuenTos ¢ Taxkenoit YUMT, 0coO6eHHO 0CI0KHEH-
HOIi MOpa’keHUEM CTBOJIOBBIX CTPYKTYP, ABIXaHUE PE3KO
YTHETEHO WJIM OTCYTCTBYET U JIUIIb TIOCJIE TIPOBEECHUS pe-
AHUMAIMOHHBIX MEPONPUATHI (MCKYCCTBEHHAS BEHTUJIS-
st serkux (MBJI), apeHask TpaxeoOpOHXUAIBHOTO Jepe-
Ba, OlleJIAYMBAHUE OPTAaHU3Ma, BbBIXOJ M3 KOMaTO3HOTO
COCTOSTHUSI) TIPOMCXO/UT BOCCTAHOBJICHUE JIBIXATEIHHOM
ynkunn.

BBuay yruerenusi cosHanust <8 0 10 miKaie KOM
[masro (IIKT) BceM GOJIBHBIM yoKe TIPU TTOCTYIICHUN Ha-
ynHanach VIBJI B peskrive HOPMOBEHTUIISIINY W TIPUHY TN -
TEJIbHO-BCIIOMOTATEIbHOM BEHTHIISITIHH.

B xontposbHoitl rpymie g0 Havama HOI'M pH kak
apTepUaIbHON, TAK ¥ BEHO3HOI KPOBH, KaK MPABHJIO, MeE-
eT HOpMaJIbHbIe 3HAYECHMS, YTO, BEPOSITHO, CBSI3aHO C MPO-
Bozumoit UBJI (taba. 1).

[Tocre HOT'M B aprepmanbHOi KpOBH HaOIIOAACTCS
HEe3HAUNTENIbHBIN c/iBUT pH aprepuaibHOil KPOBH BIIPABO
(B cropony ankanosza) — c¢ 7,408+0,129 no 7,463+0,123
(p>0,05) (cMm. Taba. 1). [okasareab BE (yposenb Oydep-
HBIX OCHOBAHUI B apTEePUAIbHON KPOBHM) TIPU 9TOM MEHSI-
ercs ¢ -3,62+0,41 mm pr. ct. — 10 HOTM 110 +4,82+0,5 Mmm
pT. c1. — nocsie HOTM (p<0,01).

B snavennsax pH n BE Benosnoit kpoBn Hameuasiach
TEHJICHIIUS K HE3HAYNTEJIbHOMY CJIBUTY BIIPABO TOKa3arte-
s pH (¢ 7,348%0,131 1o HOTM po 7,365%0,119 — niocire
mero) (p>0,05) u B cTopony runonpoaykinu (¢ -3,27+0,12

*  No more than 6 hours passed from the time of injury to
hospitalization. NIBC began within 2—3 hours and no later than
six hours after the injury.

The exlusion criteria from the study was the obvious / unob-
vious death of the patient within the first 2—3 hours of admission.

NIBC began after 140.3£20.5 minutes after arriving at the
hospital in the control group and 158.3£16.9 min in the study
group. The duration of a single session NIBC were as follows:
18.3%1.4 h (control group) and 15.2+0.4 (study group).

The methods of the study included instrumental approach
(measuring the temperature at the tympanic membrane on both
sides (tympanic), and in the axillary region), laboratory tests
(ABB in specimens from blood artery and jugular vein and routine
parameters of blood coagulation), clinical data evaluation of gen-
eral and focal neurological deficiency, level of consciousness, res-
piratory and hemodynamic parameters).

Statistical data processing was carried out at two levels; 1)
preparation for statistical analysis; 2) proper statistical analysis.
Since more than 80% of the analyzed quantitative traits were nor-
mally distributed, thepreferential method of statics was the para-
metric statistics.

Data obtained in the study were processed using the built-in
functions of statistical processing of software package Microsoft
Office Excel-2012. For statistically significant changes the confi-
dence intervals of 95% at P<0.05 were chosen.

For qualitative variables, the sStatistical significance was
calculated using y* test (chi-square) and the z-test (Glantz 1998)
as follows:

n - m,
p(l=p)-(n +ny)

z=(p —Pz}\/

where py=u,/n; and py=u,/n, experienced comparable fre-
quency and p=(u;tus)/(n;+tn,) — the average frequency of
occurrence of signs of both groups.

Results and Discussion

In patients with severe TBI, especially complicated
by alteration of stem structures, the breathing was sharply
depressed or absent, and only after resuscitation proce-
dures (mechanical lung ventilation (MLV), drainage of the
tracheobronchial tree, alkalization of the body, exit from
coma) the respiratory function was restored.

Because of the suppressed consciousness (<8 scores
on as Glasgow coma scale, GCS), all patients upon admis-
sion underwent ventilation therapy in a normoventilation
mode and force-assisted ventilation.

In the control group, prior to NIBC, the pH values of
both arterial and venous blood usually have normal values,
which is probably due to ongoing ventilation therapy
(Table 1).

After NIBC there is a slight trend of shifting of
pH of arterial blood towards alkalosis (7.408+0.129
toward 7.463%0.123, P>0.05) (Table. 1). Parameter BE
(base buffer level in the arterial blood) levels varied
from -3.62+0.41 mm Hg (Art.) before NIBC to 4.82+0.5
mm Hg. (Art.) after NIBC (P<0.01).

The pH and BE values in venous blood exhibited a ten-
dency to a slight shift to the right in the former case (from
7.348£0.131 prior to NIBC to 7.365%£0.119 after NIBC,
P>0.05), and toward hypoproduction: from -3.27%0.12 mm
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Ta6muua 1. Kucrorno-ocuosnoe cocrosinne (KOC) kpoBu GOJIbHBIX IPH HEMHBA3UBHOM METO/€ OXJIAKIEHHS TOJIO-

BHOTO Mo3ra, M*m.

Table 1. Acid-base balance (ABB) of blood of patients at non-invasive methods of brain cooling, M*m.

ABB indicators Control group (n=45) 4 Group of NFC (n=54) P
before cooling after cooling before cooling after cooling
Arterial blood
pH 7.408=0.129 7.463+0.123 >0.05 7.430+0.053 7.410%0.048 >0.05
pO, (mm Hg) 95.5+1.2 133.4+1.3 >0.05 79.8+6.6 109.5+1.7 >0.05
pCO, (mm Hg) 32.0+0.5 28.6+0.5 >0.05 32.5+1.1 35.8+1.3 >0.05
HCO; (mm Hg) 20.9+0.6 22.6+0.6 >0.05 22.1+1.1 22.1+1.0 >(.05
BE(mm Hg) -3.62+0.41 +4.82+0.5 <0.01 -2.06+0.20 -0.91+0.24 <0.001
Venous blood
pH 7.348+0.131 7.365+0.119 >0.05 7.364%0.078 7.384%0.085 >(.05
pO, (mm Hg) 75.241.5 49.0+1.2 >0.05 37.6+1.5 47317 >0.05
pCO, (mm Hg) 44.2+1.2 35.4%1.0 >0.05 36.9+1.5 41.4+1.4 >0.05
HCO; (mm Hg) 22.6+0.8 20.4+0.7 >0.05 23.141.0 25.6+1.2 >0.05
BE (mm Hg) -3.27+0.12 +2.90+0.19 >0.05 -2.81+0.70 -0.27+0.06 <0.001

Note (npumeuanue): ABB indicators — nokasarenn KOC; control group — xonrposbhas rpymnmna; group of NFC (nasopharyngeal
cooling) — rpymma ¢ HazodapuHTeanTbHbIM OXTakaeHneM; before cooling — mo oxmaskaenus; after cooling — mocsie oxmaskrenus; arte-
rial blood — aprepnanbuas kposb; venous blood — BenosHast KpoBb.

Ta6.7mua 2. Cocrosinue CBeprIBalO].l.leﬁ CHUCTEMbI KPOBA 60JIbHBIX NIpU HEUHBA3UBHOM METO/I€ OXJIAKAE€HUS TOJIOBHOT'O

mo3sra, M+m.

Table 2. State of blood coagulation of patients during non-invasive methods of brain cooling, M*m.

Clotting indicators Control group (n=52)

before cooling after cooling

P Group of NFC (n=80) P
before cooling after cooling

Blood clotting time (min):

start 3.8%0.8 4.1%1.0

end 4.5+0.9 4.5+0.9
Fibrinogen (g /1) 4.6£1.0 4.4%0.9
Platelets (x10° / L) 223.7+7.2 173.0£6.1
Fibrinolytic activity (mg /%) 161.8+5.63 122.1£5.15
Prothrombin index (%) 70.2+3.6 77.5%3.8
Retraction of the bunch (%)  38.7+2.7 37.0+£2.6
Hemoglobin (g / L) 107.9+4.5 107.7+4.3
Hematocrit (%) 36.1+£1.4 35.4+1.2
Trombotest (degree) 5.3+0.5 4.940.5

>0.05 4.0x0.5 4.4%0.5 >0.05
>0.05 4.1+0.5 4.5%0.5 >0.05
>0.05 3.2+0.5 3.1£0.4 >0.05
>0.05 246.4%3.8 236.5+4.0 >0.05
>0.05 134.5%3.0 154.5+3.0 >0.05
>0.05 77.6£2.3 79.4%2.4 >0.05
>0.05 44.0£1.7 46.6+1.7 >0.05
>0.05 97.0£1.9 98.5+2.0 >0.05
>0.05 33.4%1.0 33.4+0.9 >0.05
>0.05 4.3+0.4 4.2+0.4 >0.05

Note (npumeuanue): Clotting indicators — nokasarenu cseproiBaemMoctu; blood clotting time (min) — BpeMmsi cBepTBIBAEMOCTH
kpoBu (Mun); start — mavasno; end — konerr; fibrinogen — ¢ubpunoren; platelets — rpomGonmrsr; fibrinolytic activity — ¢ubputo-
JIUTHYECKast aKTUBHOCTD; prothrombin index — mporpom6uHOBEI nHAEKC; retraction of the bunch — perpakuus crycrka; hemo-
globin — remorsobun; hematocrit — remaroxpur; trombotest (degree) — Tpom6Gorect (crenenn); control group — KOHTpoOJIbHAs
rpymma; group of NFC (nasopharyngeal cooling) — rpynna ¢ nasodapunreanbubim oxsaxaernnem; before cooling — mo oxmasxie-

nust; after cooling — nocie oxuaskaeHus.

MM pT. cT. — 10 HOI'M mo +2,90+0,19 — mocse nero) — B
snauennu BE (p>0,05).

V3 Tabsuipl 2 BUAHO, YTO B KOHTPOJIBHON IPYIIIE He
OTMeYaeTcs CTaTUCTHYecKn 3Haunmoro Biangaus HOI'M
Ha CBEPTHIBAOIIYIO CUCTEMY KPOBH.

[Tox Bmuganem HOI'M B uccseyemotii rpyme mpo-
HCXOANT n3MeHenue yposHs BE, xak B aprepuaibpHOii, Tak
¥ BEHO3HOW KPOBU MIPH He3HaunuTeIbHOM casure pH Brpa-
BO, KOTOPBIN He BBIXOAUT 3 MPeeIbl HOPMATHHBIX (hr3u-
OJIOTMYECKNX 3HadeHuit (tabor. 1).

Tax, mokazarens BE B aprepuaspHOll KpoBU cMec-
tuiics ¢ -2,06+0,20 mm pr. ct. 10 HOTM 10 -0,91£0,24 Mmm
pt. ct. (p<0,001) — mocxe wmero, mpu pH 7,430+0,053 u
7,410+0,048 (p>0,05) cooTBeTCTBEHHO.

B Benosnoit kpoBu mapamerpsl BE cocraBuan
-2,81+0,70 u -0,27+0,06 mm pr. cT. 10 1 tocie HOI'M co-

Hg (Art.) before NIBC up to 2.90+0.19 after NIBC
(P>0.05).

Table 2 shows that in the control group thre is no
statistically significant effect of NIBC on blood clotting.

In study group, NIBC affected BE level changes in
both arterial and venous blood, with a slight (not signifi-
cant) right shift in pH, which, however, corresponded to
the normal physiological values (Table 1).

Thus, the rate of arterial BE shifted from -2.06+0.20
mm Hg before NIBC to -0.91+0.24 mm Hg (P<0.001) —
after NIBC at pH 7.43020.053 and 7.410+0.048 (P>0.05),
respectively.

In venous blood BE values were: -2.81+0.70 and
-0.27+0.06 mm Hg, before and after NIBC, respectively
(P<0.001) at pH 7.364%0.078 and 7.384+0.085, before and
after NIBC, respectively (P>0.05).
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orBercTBeHHO (p<0,001) npu pH 7,364+0,078 — no
HOTM u 7,384+0,085 — mocse oxmakaenus (p>0,05).

B uccaeyemoii Tpyiiie He OTMEUAETCS CTAaTHCTHYEC-
KM 3HAYMMbIX H3MEHEHUIT CBEPTHIBAIOIIEH CHUCTEMbI KPOBH
npu HOT'M (tabua. 2).

[Toyemy B MiccaeOBAaHIY Mbl M3yYaJil OCHOBHbIE Ta-
pametpsl cBeprbiBaeMocT 1 KOP y GOJIbHBIX ¢ TsKeJI0i
YMT npu ocymecrsaennn HOTM?

B nanHoe Bpems 1pobiieMa COCTOSIHUS CBEPTHIBAO-
el U KMCJIOTHO-OCHOBHOW CHUCTEM KPOBM IIPH THUIIOTEP-
MHUHU OCTAeTCsI HEPEMIEHHOH, T.K. UMEIOTCSI BeCbMa TPOTHU-
BOpeuUMBbIe JaHHble uccaenoBanuii [1, 4—14], a nannsie o
BJIMSIHUM JIOKQJbHON THUIOTEPMUU TOJOBHOTO MO3ra Ha
YKa3aHHBIE TaPaMETPBI B JIOCTYITHOH MUPOBOI JINTEpaType
BOBCE OTCYTCTBYIOT, HECMOTPSI Ha TO, YTO Pa3BUTHE TPOM-
6GOTHUECKUX WU, HA0OOPOT, reMOPPArHYECKUX OCIIOKHE-
HUI BecbMa vyacroe siaenue [20].

B npuBenennbix Tabmiax orpaskeHa auHamuka pH,
razoBoro cocraBa (cM. Tabs. 1, 3) W KoaryJsIIHOHHBIX
CBOICTB KpoBU (CM. Tabil. 2, 4) B 3aBUCUMOCTH OT YPOBHS
CHIKEHMS TeMIIepaTypbl MO3Ta TIPU PA3JIMYHbBIX METOJMKAX
HOTI'M. Ykazanbl cpe/iHie 3HaY€HUsT KaxK/I0T0 TTOKa3aTeIst
B Hayvase M KOHIle rurorepMun. J[ocTOBEPHOCTh CTATUCTH-
yecku 06pabOTaHHbIX JJaOOPATOPHBIX MTOKA3aATEJIEeH CBEpPThI-
BaoIel CHCTEeMbl KPOBH OOJIbHBIX KAK KOHTPOJIbHOM IPyII-
nbl 6e3 npumerernss HOO (Msrkoil runorepMun), Tak u
nccaenyemoii ¢ mpumvenerrem HDO cocrasmma >0,05 (te-
JIOCTOBEPHBII 110KA3aTENb), T. €. TIPOBOJIUMAsT THUIIOTEPMHUS
TOJIOBHOTO MO3Ta HM B OJIHOM CJIyyae He BbI3bIBACT KAKUX-
J00 U3MEHEHUH B CBEPTHIBAIOIIEH cUCTEeME KPOBU.

B KOC BbisiBIIeHbI caeiytonie usMenenus. B kon-
TPOJIBHOI 1 uccaexyemoii rpynnax HOI'M npusoanio x
casury pH aprepmanpHOil KpoBU BIIPaBoO, T.€. B CTOPOHY
yMepeHHOTro ankasiosa. Orpurnaresnbuble 3HaueHuss BE
CTAHOBSITCS MOJIOKUTEIbHBIMU KaK B apTePUaJIbHOI KPO-
BM B KOHTPOJIBHOU TPYIITIE, TAK U aPTEPUANbHON U BEHO3-
HOIl — B HCCJIeyeMOll, TIepeXo/sl U3 COCTOSTHUS leDUIIn-
Ta U MOBBINIEHHOrO 00pa30BaHUs IS TIPEAOTBPAIEHUS
alUIeMYECKHX SIBJIEHUI B COCTOSIHUE JIOCTaTKa U CHU-
SKEHHOM MPOJAYKINU. ITOT (HAKT CBUAETENBCTBYET O TOM,
4yto B nporecce HOI'M npoucxoaut TopMOKeHUe Mpo-
1eccoB 06pa3oBaHUs MOHOB BOAOPOJA BCJIEJICTBUE CHU-
SKEHUST UHTEHCUBHOCTH MeTab0JIMueCKUX IIPOIECCOB, pe-
nyrupyeTcs Koag@uImneHT KUCIOPOJHON TOCTYITHOCTH
[21, 22]. Cuukenne MeTaboM3Ma CBSI3aHO € yMEHbIITe-
Huem npoaykiun CO,, 4TO MPUBOJUT K PECITUPATOPHO-
MY QJIKaJIo3y in 0ivo, KOTAA Y OXJIAXK/CHHBIX MalIeHTOB
MUHYTHAasl BEHTUJISIINS He U3MEHEeHa, HeCMOTPs Ha (hakT,
YTO Tas3bl aPTEPUAIbHOIN KPOBHU, U3MEPEHHbBIE TIPU KOM-
HATHOI TeMIeparype u HeKOPPUTUPOBAHHBIE /IS TEMITE-
paTypsl Teja, TTOKA3bIBAlOT HOPMATbHBIN ypoBeHb pH
[3]. Kpome Toro, npu cCHUMKEHUU YPOBHST OOMEHHBIX IIPO-
IIECCOB B COCTOSTHUHN TUTIOTEPMUN TPEOYETCST 3HAUNTEb-
HO MEHDIIee KOJUIECTBO IHEPTUU s 00ECTTeTeHST
JKU3HEESITeJIbHOCTH OPraHu3Ma, BCJIECTBUE Yer0 OTHO-
CUTEJTPHO YBEJUYUBACTCS YEJbHBIN BeC PEaKIMil MeH-
To30(ocdaTHOro IMUKIA B IUTOIITIA3Me KJIETOK U TJIHKO-
Jin3a B MUTOXOHApUsX [23].

In the study group there were no statistically signif-
icant changes in blood coagulation during NIBC (Table 2).

Discussion. Why in this study the basic parameters
of coagulation and ABB in patients with severe TBI dur-
ing the implementation NIBC were observed?

At this time, the clinical problems connected to the
state of coagulation and acid-base systems of blood during
hypothermia remain unsolved because of conflicting
research data [1, 4—14]. Moreover, data clearly demon-
strating impact of local cerebral hypothermia on these
parameters are scarse, despite the fact that the develop-
ment of thrombotic or, conversely, hemorrhagic complica-
tions very common events [20].

Presented data reflect the dynamics of the pH and
gas composition (see Table 1) and the coagulation prop-
erties of blood (see. Table 2) depending on the tempera-
ture reduction of the brain under different techniques of
NIBC (said average values of each index at the beginning
and end of hypothermia). Since statisticaltreatment of
laboratory data did not rveal differences between study
and control groups, one might conclude that the brain
hypothermia in no case caused any changes in the blood
coagulation system.

Following changes were revealed when the ABB
values were evaluated. In the control and study groups
the NIBC skewed the pH of arterial blood to the right, ie,
towards the moderate alkalosis. Negative BE values were
converted to positive ones in arterial blood (control
group) and arterial and venous blood (study group).
These data demonstrate moving from deficient and to
increased BE formation to prevent acidemia. This fact
shows that the during the process of NIBC the formation
of hydrogen ions is inhibited due to decreased metabolic
rate and the availabily of oxygen is reduced [21, 22].
Reduced metabolism is associated with a reduction of
CO, production that leads to respiratory alkalosis in vivo,
when in cooled patient the minute ventilation is not
changing despite the fact that arterial blood gases, mea-
sured at room temperature and uncorrected for a body
temperature, display normal values leading to normal pH
values [3]. Furthermore, when the level of metabolic
processes in hypothermia is decreased and requires signif-
icantly less energy to ensure the viability of the organism,
the proportion of the pentose phosphate cycle reactions
in the cell cytoplasm and mitochondria glycolysis is rela-
tively increasing [23].

In this regard, alkalizing infusion therapy for
patients with severe head injury should be carried out
strictly under the control of ABB. Despite the increase in
the excess acid in the blood, alkalizing agents should not be
administered, since this can cause alkalosis after NIBC and
occurrence of a number of disorders that significantly
hardly to block [24] than acidemia states.

Thus, the analysis of ABB in patients with severe
TBI demonstrate a need to prevent further development of
alterations by adjusting the composition of the gas mixture
during ventilation by changing such parameters as respira-
tory rate and oxygen content of the breathing mixture.
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B cBs3u ¢ aTMM MHDY3MOHHYTO OIIETAYUBAIOILYIO Te-
panuio 60JbHBIM ¢ TsKes10i M T Heo6X0ANMO TIPOBOAKTH
crporo nox KoHTposeM KOC. HecmoTpst Ha Bo3pacTanme
u30bITKA KMCIOT B KPOBHU, BBOAUTH OIIEJAYNBAONINE TIPE-
TapaThl He CJIEYET, TIOCKOJIBKY 3TO MOKET MPUBECTH K aJi-
kamozy mocse HOI'M-BmermarebcTBa ¢ BOSHUKHOBEHHEM
psijia PacCTPOICTB, KYNUPYIONUXCS 3HAYUTETBHO TPY/IHEEe
[24], yem anmpeMuvecKyIe COCTOSTHUS.

Takum o6pazom, ananuz KOC GOIbHBIX ¢ TSKENON
YMT ykasbiBaeT Ha HEOOXOAMMOCTb MPEAYIPEKICHUS
pasBUTHUSI B HEM M3MEHEHMIi TTyTeM KOPPEKIUU Ta30BOTO
COCTaBa MOJAABAEMON JIBIXATEIBHOI CMECH 3a CYeT M3MeHe-
HreM Takux nmapametpos VIBJI, kak yacToTa ApIxanuii n co-
JiepKaHue KUCJOPO/ia B JIbIXaTEeTbHON CMECH.
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Conclusion

It was found that when implementating the NIBC in
severe TBI patients for preventing metabolic disorders, it
is necessary performing the correction of gas composition
of the breathing gas by changing such parameters of
mechanical ventilation as respiratory rate and oxygen con-
tent in the mixture in advance. Local cooling of the brain
to 32—34°C does not affect the blood clotting.

JIMYECKUX PACCTPONCTB yIKe 3apaHee HEOOXOIMMO TIPOBO-
JUTH KOPPEKIMIO Ta30BOTO COCTaBa IIO/aBaeMOIl [IbIXa-
TEJIbHOI CMECH MyTeM U3MEHEHUs TaKUX TapaMeTpoB HC-
KYCCTBEHHOW BEHTHJISIIIIH JIETKUX, KAK YaCTOTA IbIXaHUSI 1
coziepKaHue KUCIOpoaa B cMecH. JIokalbHOe OXJIasKIeHIe
ToJI0BHOTO Mo3ra 710 32—34°C He BJWseT HAa CBEPTHIBAIO-
IIYI0 CUCTEMY KPOBH.
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