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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 (S100ß, NSE) 
and glucose, acid-base state and gas composition of arterial 
blood were studied during follow-up periods: at admission, on 
the 3rd, 5th and 7th 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 
rSO2<45%. Statistically significant direct connections were 
determined between dependent rSO2<45% with independent 
variables, such as: S100ß<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 rSO2 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 

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 rSO2 and cerebral blood flow in comatose 
patients. At the same time, a linear relationship between cerebral 
blood flow and gSO2 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-III 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 (AVDO2), 
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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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 cm3 
(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 cm3, 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 (χ2 
= 0.0184, p = 0.8922) and age (χ2 = 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 χ2. In case of non-fulfillment of the criterion 
applicability condition χ2 (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 χ2 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 χ2 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.

(AVDO2) 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 (rSO2), 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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Description, Cohort, %
(N = 129) survivors, % (N =82) deceased, % (N =47) р

Basic score GCS
Me [Q1; Q3] 11,07 (10,72; 11,43) 12,04 9,66 <0,00012

Hyperglycemia 110 61 (47,29%) 49 (55,06%) 0,02311

Arterial hypertension 50 38 (29,46%) 12 (13,48%) 0,02311

Art. hypertension + coronary heart 
disease 27 17 (13,18%) 10 (11,24%) 0,02311

Art. hypertension + diabetes 
mellitus 21 10 (7,75%) 11 (12,36%) 0,02311

Other diseases 10 3 (2,33%) 7 (7,87%) 0,02311

Pneumonia 94 22 (16,92%) 72 (80,90%) <0,00011

Notes:
1. 1- χ2 Pearson
2. 2- U-Mann-Whitney criterion

Table 1. Clinical characteristics of deceased and surviving patients.

Figure 1. Schematic flow diagram of patients included in the study.
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Results.
To determine the possibility of using rSO2 indicators in 

predicting the outcome of vascular and traumatic brain injury, a 
statistical analysis was carried out. rSO2 indicators at admission 
and in dynamics were determined by 129 patients from the 
general group. The distribution by sex (χ2 = 0.0184, p = 0.8922) 
and age (χ2 = 0.0183, p = 0.4288) in the group where rSO2 was 
studied were comparable. The age group differs between the 
diagnosis groups, between GS (95%CI:57.01- 60.81) and IS 
(95%CI: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 further investigation of cerebral gas exchange, it was noted 
that the dynamics of the results of the ratio of oxygen supply/
consumption by the brain (rSO2) is insignificant compared to the 
initial values in all the studied groups of patients. The indicators 
of rSO2 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 rSO2: GI from 0.23% to 8.60%, but these results 
were not statistically significant. It should be noted that in most 
patients with TBI, rSO2 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 AVDO2 value between 
days is relatively small. On day 3, there is an increase in AVDO2 
indicators by 0.66% on the right (95% СI: 48.46-51.57), by 
2.44% on the left (95% СI:49.42-52.23). On the 5th day, there 
is a decrease in the avdo2 index on the right-by 0.15% (95% 
СI: 47.77-51.45) and on the 7th day-by 1.22% (95% СI 46.90; 
51.25). Note that for 72 hours on the left there was a negative 
dynamic of indicators, which is 2.44%, (95% СI: 49.42-52.23), 
on day 5 by 1.89% (95% СI: 48.74-52.37) and on day 7 by 
0.15%, (95% СI: 47.54-51.85), but they did not show statistical 
significance.

In the IS group of patients, there was a decrease in the initial 
rSO2 values for 72 hours -1.21% (95% СI: 45.90-51.07), on 
day 5 - by 5.18% (95% СI: 43.71-49.37), on day 5 left rSO2 
– by 6.42% (95% СI: 45.68-51.94), and on the 7th day -8.60% 
(95% СI: 43.88-51.47). AVDO2 shows a bad forecast: 1.16% 
(95%СI: 46.76-52.00) for 72 hours on the right, 5.43% on the 
5th day (95% СI: 48.36-54.55) and 6.76% on the 7th on the 1st day 
(95% СI:48.34-55.87) From the left side for 72 hours by 2.07% 
(95% СI: 44.19-49.16), on the 5th day it will increase by 7.57% 
(95%СI: 45.86-52.52) and on the 7th day by 10.22% (95% СI: 
46.54-54.27). The dynamics of the arteriovenous difference in 
oxygen concentrations (AVDO2) 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 rSO2 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 

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% СI: 42.46-51.48), on 
the 5th day by 4.99% (95% СI: 42.94-52.46), on the 5th day 
changes are observed by 5.43% (95% СI: 44.38-54.02) and by 
5.93% (95% СI: 43,59-55,28) on the 7th day. AVDO2 indicators 
decrease positively after 72 hours -2.23% (95% СI: 46.82-
55.38), on the 5th day -3.95% (95% СI: 45.62-54.78), on the 7th 
day -5.10% (95% СI: 43.92-55.28). Arteriovenous difference-a 
decrease in AVDO2 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 rSO2 
(r=0.45, p<0.0001) for all groups of patients and a negative 
difference between GCS and arteriovenosis was AVDO2 (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 rSO2 and AVDO2 were 
evaluated as criteria for predicting the dynamics of the disease.

The ROC analysis study showed that rso2 and AVDO2 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% (χ2-73.2528). 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 rSO2 values. The maximum, minimum and 
average rSO2 levels were evaluated for each group of outcomes. 
Figure 3 shows the distribution of the average rSO2 value.

With this formation, the difference became even more 
statistically significant (p <0.0001). The threshold value or rSO2 
cut-off point for the formal division into a group of survivors 
and a group of deceased was rSO2<45%.

At the stage of multiple LRA, we studied the relationship of the 
risk of an increase in the level of the target variable rSO2<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- rSO2 and GCS; 
b- GCS and AVDO2

Figure 3. Sensitivity and specificity of the cerebral gas exchange marker (AVDO2 and rSO2).

Figure 4. Span diagram by rSO2 groups.



121

The results of the analysis indicate the presence of a statistically 
significant direct relationship between rSO2<45% and S100ß 
<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 / (1 + Exp( -(-1,778 + 1,441*S 100β <0 + 
1,825*Pneumonia + 2,096*Diagnosis)))

Where P is the probability of rSO2 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 
rSO2 - 2.17 (95% CI: 1.66 - 2.84); Se-75.69%, Sp-73.33%, χ2-
48.9689, AuROC-0.84. 

When predicting the quantitative indicator rSO2, we used 
multiple regression analysis with a dependent variable 
rSO2<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 rSO2<45% 
are shown in Table 4.

A quantitative indicator of rSO2 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 rSO2 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. The data we obtained showed that lower 
rSO2 values significantly correlated with worse neurological 
outcomes, and in patients with higher values, outcomes were 
better. Next, we constructed Kaplan-Meier survival curves for 
rSO2<45% and rSO2>45%, Figures 4 and 5.

Figure 5. Кривые выживаемости Kaplan-Meier для для rSO2.

As can be seen from the figure, the cumulative rate of cases 
of a bad outcome in the group with rSO2 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 (rSO2) 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 

Factor AuROC Stand error
odds ratio 95% CI OR

χ² Regression 
coefficient

pверхний нижний

Сonstant 0,4875 13,2960 -1,7777
S100β1 <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. S100ß is a calcium-binding protein

Table 3. Forecasting the risk of an increase in rSO2.

Factor R-square 
(corrected)

R-squared 
change

Correlation with 
the target B-coefficient. Stand error p

Сonstant 6,4851 <0,0001
GCS1 9,3% 13,13% 0,30 4,4989 0,2782 0,0004
ABP2 14,0% 3,87% -0,28 -0,0372 0,0261 0,0009
NSE3 14,8% -0,82% -0,16 -0,0503 0,0425 0,0823
рH4 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

Table 4. Extended regression analysis results.
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of patients with GI and IS. They had a decrease in the value 
of rSO2: from GI - by 0.23%; IS – by 8.60%, but the results 
were statistically unreliable. It should be noted that the rSO2 
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 rSO2 (r=0.45, p<0.0001) 
and similar changes were noted for the outcome of rSO2 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 rSO2 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% (χ2 - 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 

to brain cells. In the future, this condition may be aggravated by 
the addition of secondary ischemic brain damage.

The brain oximeter (rSO2) 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 rSO2 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 rSO2 
<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 rSO2 values below 
45% have a high probability of death or persistent vegetative 
state. Therefore, it can be said that lower rSO2 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 (rSO2) and independent 
variables (S100ß<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 (rSO2) and independent variables (rSO2) 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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