 GEORGIAN
VIEDICAL
INNEWS

ISSN 1512-0112 N0 10 (331) Oxrs6ps 2022

TBUJIMCHU - NEW YORK

EXEMECSUYHBIN HAYUHBIN )KYPHAJ

MennuuHckue HoBocTH I'py3uun
Logodmggmml Lsdgwoobm Losbemgbo



GEORGIAN MEDICAL NEWS

Monthly Georgia-US joint scientific journal published both in electronic and paper
formats of the Agency of Medical Information of the Georgian Association of Business Press.
Published since 1994. Distributed in NIS, EU and USA.

GMN: Georgian Medical News is peer-reviewed, published monthly journal committed to promoting
the science and art of medicine and the betterment of public health, published by the GMN Editorial
Board since 1994. GMN carries original scientific articles on medicine, biology and pharmacy, which
are of experimental, theoretical and practical character; publishes original research, reviews, commen-
taries, editorials, essays, medical news, and correspondence in English and Russian.

GMN is indexed in MEDLINE, SCOPUS, PubMed and VINITI Russian Academy of Sciences. The full
text content is available through EBSCO databases.

GMN: Meaununnckue HoBocTH I'py3un - exxeMecsuHbli pelieH3UpyEeMblil HayYHbIHN KypHal, U3AaéTcs
Penaxumonnoit komierueit ¢ 1994 roma Ha pPycCKOM W aHIJIMMCKOM SI3BIKaX B IIEJISIX TOIJEPIKKH
MEAMIIMHCKON HayKd M YIy4dlIeHHUs 30paBOOXpaHeHHs. B KypHase myOIMKYIOTCSI OpUTMHAJIbHBIE
Hay4HbIE CTaThbH B 00JIACTU MEIUIIMHBI, OMOJIOTUH U (papMaliy, CTaTbl 0030pHOT0 XapakTepa, HayuHbIe
cO0O011IeHNs, HOBOCTH METUIIMHBI U 3/ipaBooxpaHenus. XKypuan unnexkcupyercs B MEDLINE, orpaxén
B 0aze nanHbix SCOPUS, PubMed u BUHUTU PAH. IlonHOTEKCTOBBIE CTAThU KypHaia JTOCTYIHBI
yepe3 b/ EBSCO.

GMN: Georgian Medical News — Lo Jo®mggeoml bsdgoozobm Losbangbo — s@ols ymggemgoy@o
bodg(36096m LodgeoEobm M9396%0Mgdswo gy@bogno, aodmoigds 1994 Faowsb, [omdmswagbls
Lbodgosd@om gomagyoobs s 533-0l 39360909d0L, aobosmengdols, 0beyglE®ool, byermgbgdols
s 39bgd0ldgBYyggegdols Log@msdm@olim s3ogdool gOmmdaog godmgdsl. GMN-Fo Gyl
> 0baaoly® gbgody J3g9bwgds 9Jb3gM0dgbG o, mgm@oygmo s 3GsJBogyeo bobosmols
M®0y0bsayg®o  bsdgsbogdm LEsGogdo dgooi3obols, domamaools ©s @o®dsizool beyg®mdo,
dodmboagomo babosmol LEs@ogdo.

J9®bsao obpgdbodgdyamos MEDLINE-ol bsg@msdm@obem Lol gdsdo, sbsbygaos
SCOPUS-o0l;, PubMed-ols ws BUHUTH PAH-0ls dmbsgdms dobgddo. LRs@ogdols barygao @gjl@o
bgendolsfgmdos EBSCO-I dmbsigdms dsbgdowsb.

WEBSITE
www.geomednews.com



K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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CEREBRAL OXIMETRY AS A PREDICTOR OF THE OUTCOME OF THE DISEASE IN
PATIENTS WITH SECONDARY BRAIN LESIONS

Sarkulova Zh.N., Tokshilykova A.B., Sarkulov M.N., Tleuova A.S., Kalieva B.M., Daniyarova K.R., Zhankulov M.H.,
Zhienalin R.N., G. Kiliptary.

West Kazakhstan Medical University named after Marat Ospanov, Kazakhstan.

Abstract.

This study is devoted to the study of the prognostic value of
cerebral oximetry of the brain and indicators of the outcome of
brain damage.

The purpose of the study: To study the prognostic role of
cerebral oximetry indicators as a predictor of mortality in
vascular and traumatic brain injuries.

Materials and methods: A prospective cohort study
involving 129 patients. Cerebral gas exchange and oxygenation,
arteriovenous difference, neuron-specific markers (S1008, NSE)
and glucose, acid-base state and gas composition of arterial
blood were studied during follow-up periods: at admission, on
the 3%, 5" and 7" days of patients' stay in the intensive care unit.

Results: The most significant risk factor for an unfavorable
outcome is a marker with a threshold value or with a cut-off point
rSO,<45%. Statistically significant direct connections were
determined between dependent rSO,<45% with independent
variables, such as: S10068<0.6 mcg/l - OR is 4.22 (95%CI:10.76-
1.66), p=0.0025; joining in a patient with a diagnosis of
pneumonia - OR 6.21(95% CI:12.0-3.21), p<0.0001 and the
patient's diagnosis was 8.13 (95% CI:25.59-2.59), p=0.0003.
The measure of certainty of the obtained model was according
to the criterion of pseudo R2 Nagelkerke -137.8; log Likelihood
- 175.83.

The cut-off point of 97.1% had the best predictive value of the
model, the area under the AuROC curve was 0.846; sensitivity
- 68.47%; specificity - 90.16%; NPV - 61.11%; PPV - 92.68%.
The quantitative indicator rSO, was obtained in relation to the
independent variables GCS, ABP, NSE and pH and the quality
characteristic of the model has: R2 = 16.7%; R2 (adjusted)
= 15.5%; p <0.0001. This model can be used to predict the
outcome in patients with acute cerebral pathology.

Key words. Strokes, traumatic brain injuries, cerebral
oximetry, diagnostic and prognostic criteria, stroke outcome.

Introduction.

Currently, acute vascular and traumatic cerebral pathology
continues to be one of the most frequent disabling diseases of
the central nervous system. The most common causes of death
are vascular in nature, and stroke is currently the second leading
cause of death worldwide [1,2]. Coronary heart disease and stroke
together caused 15.2 million deaths (15-15.6 million) in 2015
[2]. Many deaths occur before the patient arrives at the hospital
or during treatment [3]. However, the continued violation of
gas exchange in secondary brain injuries causes damage to
molecular cells, changes in metabolism and cerebral blood flow,
violation of axons and the blood-brain barrier, which can affect
the development of a vegetative state in the separated period of
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cerebral injuries [4,5]. According to some authors, the role of the
Glasgow assessment scale in assessing the severity, dynamics,
and prognosis of neurological status outcomes in these patients
is decreasing [6,7]. Also, the diagnostic value of computed
tomography of the brain is low, due to low sensitivity and
insufficient specificity [8,9]. Magnetic resonance examination
makes it possible to assess the severity of neuroaxonal injuries,
but its unavailability to some medical hospitals, a long study
time, often severe patients who need to continue ventilator
significantly limit its use [8,10]. In daily clinical practice, due
to the invasiveness and the presence of certain indications, the
control of intracranial pressure is also limited [10]. Therefore,
more and more clinical, and experimental studies are aimed at
studying the role of noninvasive methods in the diagnosis and
prediction of outcomes of acute cerebral neuropathology [7].
Among the potential new markers, cerebral oximetry has a
high specificity for neural networks associated with mortality
and an unfavorable prognosis [9]. A number of researchers [11-
13] suggested that cerebral oxygenation indicators can serve
as an accurate indicator of the balance of oxygen delivery and
consumption by the brain. Characteristic changes in cerebral
oximetry indices were obtained in hypoxic and reperfusion
changes in the brain after cardiac arrest and episodes of arterial
hypotension. The coincidence in time and direction of changes
in cerebral oximetry and hemoglobin oxygen saturation in
cerebral blood during the act of respiration and episodes of
hypoxic hypoxia was established [14,15]. Cerebral oximetry is
especially useful in assessing tissue hypoxia in those clinical
situations when pulse oximetry turns out to be uninformative, for
example, with unstable hemodynamics and pronounced changes
in peripheral microcirculation [16,17]. Studies have revealed the
relationship between rSO, and cerebral blood flow in comatose
patients. At the same time, a linear relationship between cerebral
blood flow and gSO, was revealed. There was also evidence
that changes in the central nervous system reacted to hypoxic
episodes earlier than the analog electroencephalogram [18,19].
The brain uses only glucose for energy processing and usually
does not accumulate energy, so continuous blood supply, stored
in narrow circles, is necessary for brain functioning (90%)
and cell viability (10%) [20]. At the time of admission from
all patients, there is a connection of respiratory disorders with
the development of coma of II-I1I degree, which coincides with
the literature data [21,22]. The insufficiency of oxygen transport
systems was manifested by a violation of the tissue component
and an increase in the arteriovenous oxygen difference (AVDO,),
which, in turn, activates the noted pathological processes and
begins a pathological cycle with the excretion of reactive
oxygen species. The Oxygen Delivery and Consumption Index
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(AVDO,) showed a significant number of cases of hypoxia,
which, as studies have shown, is the only marker that can
prevent secondary brain damage in patients with severe diseases.
Borshchikova T.I., Antonov A.R. and the data obtained by the
co-authors from the results of the study indicate a decrease in
oxygen intake due to the development of hypodynamic blood
circulation, pulmonary complications, and microcirculation
disorders at an early stage of acute brain damage. Despite the
growing interest of researchers in secondary brain injuries, the
information related to the noninvasive assessment of the oxygen
state of the brain is very contradictory and requires further study
and refinement to optimize the timing of neuro-resuscitation
correction and the adequacy of predicting long-term results [23-
25]. The final results after the correction of secondary lesions
are insufficiently studied and are mainly based on data on the
survival and mortality of patients depending on the duration of
treatment [26].

Thus, cerebral oximetry and brain metabolism with the
determination of arteriovenous difference, with the state of
systemic hemodynamics demonstrate their effectiveness in the
diagnosis of secondary damaging processes in the brain in a
number of clinical situations of vascular and traumatic genesis.

However, the exact place of these criteria in the complex
of neuromonitoring methods, their value for the diagnosis of
secondary cerebral ischemia, the possibility of correction
of intensive therapy based on the information received, need
further research.

Materials and Methods.

The study was performed in accordance with the standards of
Good Clinical Practice, the principles of Declaration of Helsinki
and in accordance with the principles of the Ethical Commission
of the West Kazakhstan Medical University named after Marat
Ospanov No. 12 dated 30.01.2018 [11]. Brain gas exchange
studies determined the ratio of oxygen delivery/consumption
in the cerebral cortex (rSO,), which was carried out on the
INVOS - 5100 device, SOMANETICS, USA, at admission and
in dynamics was determined in 129 patients with vascular and
traumatic brain diseases who were treated in intensive care units
of stroke centers in Aktobe (Republic of Kazakhstan), for the
period from 2020 to 2021.

Laboratory studies were carried out in dynamics by 1
(initial)-3-5-7 the days of the patient's stay in the hospital. Serum
levels of NSE and S100 were determined using the human
ELISA kit (DiaMetraSrl, cat. No.: DKO073, ZI Paciana, Italy)
by a solid-phase, non-competitive method based on the use of
two types of mononuclear antibodies specifically recognizing
protein molecules. After written informed consent of the
patient/relatives, 5.0 ml of venous blood was collected from
v.mediana cubiti in a Vacutainer with BD separation gel. After
taking a blood sample in a Vacutainer with gel, it was stirred
by turning 5-6 times. 30 minutes after the formation of a blood
clot, the Vacutainer was centrifuged at 1500 rpm for 10 minutes
to separate the serum and shaped blood elements. Then the
Vacutainer with blood serum was placed in a thermally insulated
bag with dry ice and transferred by a specialized standard courier
service to the in Vivo Medical Laboratory Center for analysis
of biomarker levels. The analysis of all research indicators was
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carried out considering the range of normal reference values.
Serum lactate dehydrogenase (LDH) levels were determined by
kinetic method of selective inhibition of isoenzymes. For lactate
and glucose indicators, ABS parameters (acid-base state) and
arterial blood gas composition: pH (blood acidity index); pCO2;
pO2, an EPOC analyzer (Canada) with a unique Smartcard
technology (measuring cards with a built-in biosensor chip) was
used, after the written informed consent of the patient / relatives.

The study included patients with hemorrhagic strokes (GS)
- 80 patients (62,0%), ischemic strokes(IS) 29 (22,9%) and
with acute closed craniocerebral injuries of moderate severity
(TBI) - 20 (15.5%). The criteria for inclusion in the study of
patients with hemorrhagic stroke were cases of intracerebral
hemorrhages with a hematoma volume of more than 30 cm®
(mainly hemispheric hemorrhages); patients with ischemic
stroke — with the presence of cerebral infarction, confirmed by
clinical and CT data; patients with severe traumatic brain injuries
- moderate and severe brain contusions (Figure 1). Patients with
intracerebral hemorrhages with a hematoma volume of more
than 80 cm?, with severe decompensated somatic diseases, with
benign and malignant tumors of the brain, lungs and skin were
excluded from the main group. According to the outcome of the
disease, regardless of the diagnosis, patients were divided into
groups: survivors — 63.5% (n=82) and deceased — 36.5% (n=47).
To measure blood gases, lactate and glucose, samples were
analyzed using an ABL 735 analyzer (Radiometer; Denmark).

To assess the severity of brain damage and predict the
outcome of the clinical course of the disease of patients, the
GCS (Glasgow Coma Scale) evaluation neurological scales
were used. The distribution of patients in the groups by sex (¥2
=0.0184, p=10.8922) and age (¥2 =0.0183, p = 0.4288), where
all predictors were studied were comparable (Table 1).

Statistics.

The study of the statistical relationship between the qualitative
feature and the clinical outcome was carried out using the
analysis of conjugacy tables, with the calculation of the
Pearson criterion y2. In case of non-fulfillment of the criterion
applicability condition 32 (more than 25% of the cells in the
conjugacy table have an expected frequency of less than 5),
the analysis was carried out in pairs according to the two-
sided Fisher exact criterion (2p(F)). In the case of insufficient
statistical significance of the connection of two nominal
features in the multipole conjugacy table, several gradations
of the feature similar in meaning were combined into one,
followed by the calculation of the Pearson criterion y2 with the
achieved level of statistical significance (p) and the odds ratio
(OR) with a 95% confidence interval (95% CI). The study of
the relationship between the quantitative and qualitative feature
was carried out using a one-factor logistic regression analysis
with the calculation of statistics 2 Wald with the achieved level
of statistical significance and OR with 95% CI.

Multiple linear regression analysis was performed to identify
variables independently related to cerebral oximetry indicators.
A step-by-step forward technique was used. The data are
presented as an average value + standard deviation or median
and percentiles, p-values less than 0.05 were considered
significant.
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Table 1. Clinical characteristics of deceased and surviving patients.

1. 1- 2 Pearson
2. 2- U-Mann-Whitney criterion

o,

Description, Collort, & survivors, % (N =82) deceased, % (N =47) P

(N=129)
Basic score GCS . )
Me [Q1: Q3] 11,07 (10,72; 11,43) 12,04 9,66 <0,0001
Hyperglycemia 110 61 (47,29%) 49 (55,06%) 0,0231!
Arterial hypertension 50 38 (29,46%) 12 (13,48%) 0,0231!
Art. hypertension + coronary heart 17 (13,18%) 10 (11,24%) 0,0231!
disease
Art. hypertension + diabetes 21 10 (7,75%) 11 (12,36%) 0,0231'
mellitus
Other diseases 10 3(2,33%) 7 (7,87%) 0,0231!
Pneumonia 94 22 (16,92%) 72 (80,90%) <0,0001!
Notes:

Stage I
randomization

Stage II: exam

Stage III: statistical analysis of the

data obtained
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Comparison groups: patients with acute neuropathologies
Group 1-surviving patients 63,5% (n=82)
Group 2- deceased patients 36,3% (n=47)

by nosology:

Group 1-patients with hemorragic strokes with a hematoma
volome of more than 30cm?® (n=280)

Group 2-patients with ishemic strokes (n=219)

Group 5-patients with acute traumatic brain injures (n=207

Were excluded from the stady group patients with:

- patients with brain death and GCS 3 (n=4)

- intracerebral hemorrages with a hematoma volume of more
than 80cm?

- with severe decompensated somatic dizeases (n=14)

- benign and malignant brain tumors (n=2)

demographic, clinical, and laboratory frequency variables

The construction of mathematical models for predicting the risk of an
unfavorable outcome was carried out using the method of multifactorial binary
logistic regression analysiz with step-by-step inclusion of independent
variables. The influence of the independent variable on the probability of
outcome was determined using OR and 93% CI To assess the quality of the
mathematical model, the Nigellirk determination coefficient (BE2) was
caleulated, showing the proportion of the influence of all variables included in
the model on the variance of the dependent variable, as well as the Hosmer-
Lemeshov agreement criterion, which allows us to determine how much the
model agrees with the initial data. The evaluation of the discriminating ability
of the mathematical model was carried out based on the analysiz of the
classification table. The predictive effectiveness of the model was evaluated
wsing the analysis of ROC curves, with the calculation of the area under the
EOC curve, called AUC (Area Under Curve). In the statistical analysis
procedures, the achieved level of statistical significance (p) and the number of
degrees of freedom (df) were calculated. The critical value of the level of
statistical significance in the study was p< 0.05. The results of the study were
subjected to statistical analysis and mathematical data processing using the
Statistics application soffware package (SP3323).

Figure 1. Schematic flow diagram of patients included in the study.
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Results.

To determine the possibility of using rSO, indicators in
predicting the outcome of vascular and traumatic brain injury, a
statistical analysis was carried out. rSO, indicators at admission
and in dynamics were determined by 129 patients from the
general group. The distribution by sex (y2 =0.0184, p=0.8922)
and age (x2 = 0.0183, p = 0.4288) in the group where rSO, was
studied were comparable. The age group differs between the
diagnosis groups, between GS (95%CI:57.01- 60.81) and IS
(95%CTI:66.00- 73.14) p<0.0001, and between IS (95%CI:66.00-
73.14) and TBI (95% CI:45.01- 57.86) p<0.0001.

Upon furtherinvestigation of cerebral gas exchange, it was noted
that the dynamics of the results of the ratio of oxygen supply/
consumption by the brain (rSO,) is insignificant compared to the
initial values in all the studied groups of patients. The indicators
of 18O, cerebral oximetry had the same direction of changes
depending on the degree of impaired consciousness (correlation
analysis with GCS) and the dynamics of its development, so
we found that the data of groups of patients with GI and IS
can be generalized. In these groups, there was a decrease in
the average rSO,: GI from 0.23% to 8.60%, but these results
were not statistically significant. It should be noted that in most
patients with TBI, rSO, indicators were unstable, had a large
amplitude of fluctuations, varied by 2.14-5.93% during follow-
up, and were also not statistically reliable.

The resulting arterial-venous difference AVDO, value between
days is relatively small. On day 3, there is an increase in AVDO,
indicators by 0.66% on the right (95% CI: 48.46-51.57), by
2.44% on the left (95% CI:49.42-52.23). On the 5" day, there
is a decrease in the avdo2 index on the right-by 0.15% (95%
CI: 47.77-51.45) and on the 7™ day-by 1.22% (95% CI 46.90;
51.25). Note that for 72 hours on the left there was a negative
dynamic of indicators, which is 2.44%, (95% CI: 49.42-52.23),
on day 5 by 1.89% (95% CI: 48.74-52.37) and on day 7 by
0.15%, (95% CI: 47.54-51.85), but they did not show statistical
significance.

In the IS group of patients, there was a decrease in the initial
SO, values for 72 hours -1.21% (95% CI: 45.90-51.07), on
day 5 - by 5.18% (95% CI: 43.71-49.37), on day 5 left rSO,
— by 6.42% (95% CI: 45.68-51.94), and on the 7" day -8.60%
(95% CI: 43.88-51.47). AVDO, shows a bad forecast: 1.16%
(95%CI: 46.76-52.00) for 72 hours on the right, 5.43% on the
5™ day (95% CI: 48.36-54.55) and 6.76% on the 7% on the 1t day
(95% C1:48.34-55.87) From the left side for 72 hours by 2.07%
(95% CI: 44.19-49.16), on the 5™ day it will increase by 7.57%
(95%CI: 45.86-52.52) and on the 7™ day by 10.22% (95% CI:
46.54-54.27). The dynamics of the arteriovenous difference in
oxygen concentrations (AVDO,) against the background of a
decrease in the ratio of oxygen supply/consumption by the brain
showed a direct negative relationship. Progressive hypoxemia
leads to a decrease in oxygen transport and associated hypoxic
vasoconstriction, inhibition of hypoxia as factors of secondary
brain damage.

In the group of TBI patients, cerebral oximetry observed
that the indicators of the initial rSO, values did not decrease
but increased. This is explained by the fact that patients arrive
in a serious condition, in the first hours of hospitalization
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can be explained by the fact that artificial ventilation with
hyperventilation begins immediately according to the treatment
protocol: for 72 hours by 3.37% (95% CI: 42.46-51.48), on
the 5" day by 4.99% (95% CI: 42.94-52.46), on the 5" day
changes are observed by 5.43% (95% CI: 44.38-54.02) and by
5.93% (95% CI: 43,59-55,28) on the 7" day. AVDO, indicators
decrease positively after 72 hours -2.23% (95% CI: 46.82-
55.38), on the 5™ day -3.95% (95% CI: 45.62-54.78), on the 7"
day -5.10% (95% CI: 43.92-55.28). Arteriovenous difference-a
decrease in AVDO, indicators showed successful dynamics
during treatment.

To determine the relationship between gas exchange indicators
and the state of neurological status according to the Glasgow
Scale (GCS), conducted with a correlation analysis, a positive
relationship between GCS and cerebral oximetry was rSO,
(r=0.45, p<0.0001) for all groups of patients and a negative
difference between GCS and arteriovenosis was AVDO, (r=-
0.45, p<0.0001 a relationship has been discovered, which we
can see in Figure 2.

To assess the effectiveness of cerebral gas exchange indicators,
the specificity and sensitivity of rSO, and AVDO, were
evaluated as criteria for predicting the dynamics of the disease.

The ROC analysis study showed that rso, and AVDO, had
the largest area of the ROC curve with a sensitivity of 93.9-
95.12% and specificity of 86.05-86.82%, respectively, with cut-
off points (0.91) and (0.88) (<45-48, p<0.0001) and (>54-52,
p<0.0001). Taking into account the generally accepted ideas
that the indicators of high sensitivity and specificity values
range from 80 to 100%, it can be noted that in all samples of the
examined patients, cerebral oximetry had high specificity and
low sensitivity in 67.42% (y2-73.2528). A possible explanation
for the low sensitivity during the first three days is that at these
stages, the most severe patients may have an unfavorable
outcome. It is obvious that disorders of brain oxygenation are
often the result of deterioration of brain metabolism due to a
variety of factors. Another possible explanation for the low
sensitivity is that cerebral oximetry reflects local cerebral
oxygenation of the cortical parts of the brain and does not reflect
the nature of oxygenation of columnar structures.

Later in the course of the study, we drew attention to the
significance of statistical differences in indicators of cerebral
metabolism and gas exchange and hemodynamics (Table 2).

As you can see, we observed the statistical significance of
cerebral gas exchange indicators throughout the day.

A variance analysis was performed to determine a statistically
significant difference in rSO, values. The maximum, minimum and
average SO, levels were evaluated for each group of outcomes.
Figure 3 shows the distribution of the average rSO, value.

With this formation, the difference became even more
statistically significant (p <0.0001). The threshold value or rSO,
cut-off point for the formal division into a group of survivors
and a group of deceased was rSO,<45%.

At the stage of multiple LRA, we studied the relationship of the
risk of an increase in the level of the target variable rSO,<45%
with the indicators obtained during laboratory and instrumental
examination methods. The results of the analyses are presented
in Table 3.
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Figure 2. Linear correlation between GCS (Glasgow coma scale) and markers of cerebral gas exchange in a group of patients. a- rSO, and GCS;
b- GCS and AVDO,
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Figure 3. Sensitivity and specificity of the cerebral gas exchange marker (AVDO, and rSO,).
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Table 3. Forecasting the risk of an increase in rSO,.

odds ratio |95% CI OR
Factor AuROC Stand error . . e Regression P
BepPXHHUIi HUKHU#T coefficient
Constant 0,4875 13,2960 -1,7777
S100pB! <0,6 0,766 0,4769 4,22 1,66 10,76 9,1280 1,4410 0,0025
Pneumonia 0,791 0,3364 6,21 3,21 12,00 29,4531 1,8255 <0,0001
Diagnosis 0,846 0,5848 8,13 2,59 25,59 12,8465 2,0960 0,0003
Notes: 1. S1008 is a calcium-binding protein
Table 4. Extended regression analysis results.
Factor E;Sil;::: d) ﬁ;;;]llglzred glzr:::zzfn with B-coefficient. Stand error p
Constant 6,4851 <0,0001
GCS! 9,3% 13,13% 0,30 4,4989 0,2782 0,0004
ABP? 14,0% 3,87% -0,28 -0,0372 0,0261 0,0009
NSE? 14,8% -0,82% -0,16 -0,0503 0,0425 0,0823
pH* 15,5% -1,66% -0,11 -1,0586 0,1999 0,0976
Notes:

1. GCS- Glasgow com Scale
2. ABP- average blood pressure
3. NSE- neuron-specific enolase

4. pH is the concentration level of hydrogen ions in plasma, represented as a negative decimal logarithm

The results of the analysis indicate the presence of a statistically
significant direct relationship between rSO,<45% and S1008
<0.6 compared to other variables by 4.22 times more often;
if there is pneumonia almost 6 times; with ischemic stroke, it
was documented more than 8 times more often. The measure
of certainty of the obtained model according to the criterion of
pseudo R2 Nagelkerke is 137.8; logLikelihood is 175.83.

The logistic regression equation of the model has the following
form:

P=1/@Q + Exp( -(-1,778 + 1,441*S 100 <0 +
1,825*Pneumonia + 2,096*Diagnosis)))

Where P is the probability of rSO, reduction risk<45 %

e is the base of the natural logarithm (e=2.72); -1.7777 is a
constant.

The best predictive value of the model had a cut-off point of
97.1%, AuROC-0.846; Se-68.47%; Sp-90.16%; NPV-61.11%;
PPV-92.68.

Regression consisting of 3 factors relative risk reduction of
180, - 2.17 (95% CI: 1.66 - 2.84); Se-75.69%, Sp-73.33%, y2-
48.9689, AuROC-0.84.

When predicting the quantitative indicator rSO,, we used
multiple regression analysis with a dependent variable
rS0,<45% and independent variables GCS, ABP, NSE and pH.
All variables indicated in the table predicted the quantitative
value of this marker. The extended results of the regression
analysis of the prediction of the quantitative indicator rSO,<45%
are shown in Table 4.

A quantitative indicator of rSO, in relation to independent
variables was obtained.

The logistic regression equation of the model has the following
form:

rSO = 6.47 + 1.05*GCS - 0.09*ABP - 0.08*NSE - 0.34*pH,
where 6.468 is a constant. The results of the regression analysis
showed that the quantitative indicator rSO, in relation to the
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independent variables GCS, ABP, NSE and pH and the quality
characteristic of the model has: R2 = 16.7%; R2 (adjusted) =
15.5%; p <0.0001. The data we obtained showed that lower
SO, values significantly correlated with worse neurological
outcomes, and in patients with higher values, outcomes were
better. Next, we constructed Kaplan-Meier survival curves for
1S0,<45% and rSO,>45%, Figures 4 and 5.
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Figure 5. Kpueble evioicusaemocmu Kaplan-Meier onsa 014 rSO,,

As can be seen from the figure, the cumulative rate of cases
of a bad outcome in the group with rSO, level >45% began to
diverge already in the first days of observation. The achieved
level of significance according to the log Rank criterion (Mantel
Cox) <0.0001 differences in the studied groups are significant.

The dynamics of the data on the ratio of brain oxygen delivery/
consumption (rSO,) compared to the initial values were
insignificant, had the same orientation depending on the degree
of impaired consciousness (correlation analysis with GCS), and
therefore we found it possible to generalize the data of groups
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of patients with GI and IS. They had a decrease in the value
of rSO,: from GI - by 0.23%; IS — by 8.60%, but the results
were statistically unreliable. It should be noted that the rSO,
indicators in most patients with TBI were unstable, had a large
amplitude of fluctuations, changing during the follow-up by
2.14% - 5.93% and also statistically not reliable. The developed
hypoxemia leads to a decrease in oxygen transport and the
associated inhibition of hypoxic vasoconstriction, hypoxia, as
factors of secondary brain damage. There were no such changes
in the group of patients with TBI, the indicators of the initial
values did not decrease, but on the contrary, increased. This
may be due to the fact that patients are admitted in a serious
condition and in the first hours of hospitalization, ventilation
begins in hyperventilation mode. To determine the relationship
between gas exchange indicators and the state of neurological
status according to GCS, the correlation analysis revealed a
positive relationship between GCS and rSO, (1=0.45, p<0.0001)
and similar changes were noted for the outcome of rSO, disease
(42.72 (95% CI: 41.18-44.26), p<0.0001). Evaluation of the
effectiveness of cerebral gas exchange indicators as criteria for
disease prognosis according to the ROC analysis study showed
that rSO, and had the largest area under the ROC curve (0.91)
with a cut-off point (<45-48, p<0.0001). Sensitivity was 93.9%,
specificity 86.05%, respectively. Taking into account the
generally accepted ideas that the indicators of high sensitivity
and specificity values range from 80 to 100%, it can be noted
that, in general, in the entire sample of examined patients. Only
on 1-3 days of follow-up, cerebral oximetry had high specificity
and low sensitivity of 67.42% (x2 - 73.2528). A possible
explanation for the low sensitivity is that mainly during these
periods, an unfavorable outcome may occur in the most severe
patients. It is obvious that a violation of brain oxygenation
is most often not the cause, but the result of deterioration of
cerebral metabolism due to the influence of many factors.
Another possible explanation for the low sensitivity is the
following: cerebral oximetry reflects local cerebral oxygenation
mainly of the cortical parts of the brain and does not reflect the
nature of oxygenation of stem structures.

The results obtained by us and the study of these predictors
of hypoxia allow us to expand the existing understanding of
the pathogenetic processes of hypoxic brain damage in the
acute period with acute vascular and traumatic injuries, which
undoubtedly has a certain scientific value and can be used as
markers of cerebral damage.

Discussion.

Mortality rates from traumatic and vascular lesions differ
according to several studies. Some studies also use different time
methods and parameters to analyze this mortality. The mortality
rate ranges from 13 to 22% [27]. It has been established that
after the primary injury, secondary brain damage develops from
the first minutes, which can continue in subsequent periods
for several years due to excessive metabolic, cellular, and
molecular activity of inflammation [28]. Our data coincide with
the opinions of many researchers, including (Gandee R, Miller
C. 2017), who claim that hypoxia is an aggressive and damaging
factor for patients, leading to functional disorders and damage
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to brain cells. In the future, this condition may be aggravated by
the addition of secondary ischemic brain damage.

The brain oximeter (rSO,) is a non-invasive method for
determining brain oxygenation. At the heart of the core lies
the perception of light, which does not pass as it has the pulse
oximeter method and the reflected method. Therefore, there
are topographic limitations when there is some uncertainty
in the installation of sensors and the depth of penetration of
the patient, there are soft tissues and bones of the skull [29].
The data obtained by us that lower rSO, values significantly
correlated with worse neurological outcomes, and in patients
with higher values, outcomes were better, consistent with the
studies of Rivera-Lara L, Geocadin R., et.al .

As the results of studies have shown, with a decrease in rSO,
<45%, the relative risk of an unfavorable outcome on the 1st
day of the disease in patients increases by 4.54 times (95% CI:
2.01- 10.24), p<0.0001. Also, patients with rSO, values below
45% have a high probability of death or persistent vegetative
state. Therefore, it can be said that lower rSO, values indicating
cerebral ischemia are a marker of unfavorable neurological
outcomes.

Limitations and further study.

This study had limitations. The study with a small number of
patients was single center, which limits its validity. Secondly,
there were certain difficulties in the process of work associated
with the refusal of patients or their relatives from further
participation in this study; there was no dynamic long-term
follow-up of the studied patients.

This study provides the basis on which further multicenter
studies should be built in order to establish generalizability and
increase the validity of the results obtained.

Conclusions.

1. The levels of the dependent variable (rSO,) and independent
variables (S1006<0.6 mcg/l, the addition of the diagnosis of
pneumonia in the patient and the diagnosis) can be used as
multimodal predictors of predicting the neurological outcome
in patients with acute cerebral pathology.

2. The proposed mathematical model, which includes the
dependent variable (rSO,) and independent variables (rSO,) as
predictors of a bad outcome, had a cut-off point of 97.1%, the
area under the AuROC curve was 0.846; sensitivity - 68.47%;
specificity - 90.16%; predictive value of a negative result
(NPV) - 61.11%; predictive value of a positive the result (PPV)
is 92.68%, which corresponds to the excellent quality of the
predictive ability of the mathematical model. The model can be
used in everyday practice to identify and reduce the likelihood
of a high risk of adverse clinical outcome in patients with acute
cerebral pathology.
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