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The purpose of the study was to determine a possible relationship between the nature of the injury and hemoglobin levels
in patients admitted to hospital with traumatic brain injury. The study included 299 trauma patients admitted to the Clinical Medical
Center within 1-1.5 hours after trauma. In addition to dividing the patients by gender, they were divided into age ranges and the
origin of the injury. The patients were analyzed in 4 groups depending on the isolation of the traumatic brain injury or its
combination with other injuries. In each group, hemoglobin levels were determined in blood samples 4 times on the 1st, 2nd, 3rd,
and 4th days. The average level of this parameter in individuals with traumatic brain injury was 97.4+2.5 g/L (50.0-157.0 g/L). In
32 patients who suffered a mixed form of injury, the average value was 88.8+3.2 g/L (50.0-142.0 g/L). The results show that there
were no significant differences between the hemoglobin level in the blood and the nature of craniocerebral injuries. However, it is
undoubtedly important to conduct a study of patients with craniocerebral injury in the acute period of pathology.

Key words: traumatic brain injury, combined injuries, immunity, hemoglobin.
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3MIHA PIBHSI TEMOIVIOBIHY B PEAHIMAIIMHOMY MEPIOAI Y XBOPHUX
3 YEPEIIHO-MO3KOBOIO TPABMOIO B 3AJIEZKHOCTI BLI XAPAKTEPY TPABMU

Mertoto pociimkeHHs OyJ0 BH3HAYEHHS MOXJIIMBOIO 3B'A3KYy MDK XapaKTepoM TpPaBMH Ta IOKa3HMKaMH PiBHS
reMorjo0iHy y Mali€HTiB, JOCTABICHUX 0 CTAL[iOHAPY 3 YepernHO-MO3KOBOIO TpaBMo. Jlo mociimkeHHs Oyio BKIoueHo 299
TPaBMATOJIOTIYHUX XBOPHX, MOCTaBieHnx a0 KiniHiuHoro MeandHoro ueHtpy udepes 1—1,5 romunu micns tpaBmu. Kpim momimy
MAIli€HTIB 32 CTAaTTIO, BOHU OYyJIM MOLJICHI Ha BIKOBi Jiala3oHH Ta MOXOMKEeHHs TpaBMu. [lamienTn Oynu mpoaHami3oBaHi 3a 4
TpylaMH 3aJIe)KHO BiJ 130IbOBAHOCTI YEpPEIMHO-MO3KOBOi TpaBMHU a0o0 ii MOE€AHAHHA 3 IHIIUMH TpaBMaMH, Y KOXHIiM Tpymi
MOKa3HUKU TeMOIIO0IHy BU3HAYaIUCS y 3pa3kax KpoBi 4 pasu Ha 1-#, 2—if, 3—it ta 4-ii nens. CepenHiil piBeHb 3a3HAYEHOTO
mapaMeTpa B 0oci0 i3 4epemHO-MO3KOBOIO TPaBMOIO CTaHOBHB 97,4+2.5 r/m (50,0-157,0 r/m). V 32 mamieHTiB, SKi IepeHeCIN
3Mimany QopMmy TpaBMH, cepeiHii mokasHuk craHoBuTh 88,8+3,2 r/m (50,0-142,0 r/m). PesymbraTn mnokasyloTh, L0 He
CIIOCTEpIraocsi 3HaYHMX BiIMIHHOCTEI MiX piBHEM IeMONIOOIHY B KPOBI Ta XapaKTepOM 4YeperHO-MO3KOBHX TpaBM. OpHaK,
6e3rnepeyHo, AOCIiHKSHHS MALIEHTIB 3 4ePEITHO-MO3KOBOIO TPABMOIO BXKIIHBO MPOBOJUTH B TOCTPOMY MEPiOAi MATONOTII.

KurouoBi cj10Ba: uepenHo-MO3K0Ba TpaBMa, IIOEJHAHI TPABMU, aJallTHBHAHN IMyHITET, piBeHb T€MOTIIO0IHY.

The development of industry, and the increase in construction works and vehicles have further
increased the intensity of traumatic injuries, which has led to an increase in deaths and post-traumatic
complications [5, 7]. Common traumas have a special place among traumatic injuries, as many serious
extracranial complications occur during these types of traumas [12]. Hemodynamic disturbances, cases of
aspiration, intubation of the trachea, etc., may cause complications in the broncho-pulmonary system in the
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early period of a common head and brain injury [1, 8, 9]. Due to open fractures and loss of vascular integrity
in persons with head trauma, serious changes in the health status of patients can be observed against the
background of the development of extreme cases such as bleeding, suffocation, loss of consciousness in
the form of coma. It should be noted that the percentage of death observed during inflammatory processes
in the bronchus-pulmonary system during the acute period of independent and joint head injuries is higher
in comparison with isolated chest injuries in joint injuries [2, §].

These problems lead to an increase in cases of frequent and complete loss of working capacity and
even disability, the prevalence of which will have poor dynamics in the future due to the continuing increase
in the number of traumatic brain injuries (TBI) [5, 9, 13]. Such negative dynamics can be corrected by
conducting comprehensive studies to reduce the incidence of serious complications and secondary brain
damage, as well as by searching for and implementing accessible and at the same time optimal methods of
diagnosis and management of people with traumatic brain injuries [12, 15]. Determination of the severity
of brain damage in traumatic brain injury and its impact on the body's condition allows, along with the
implementation of radiation diagnostics, the study of quantitative indicators of some diagnostically and
prognostically significant biochemical markers, since after serious and deep traumatic injuries, there may
be pronounced stress in the immune system, which contributes to the development of immune imbalances
against the background of suppression of the reserve capabilities of immune homeostasis [3, 6, 14, 15].
The state of compensatory immune reactions, the study of the role of these factors in the formation of
clinical manifestations of TBI, during the post-traumatic period, the development of complications in
victims currently remain poorly studied issues, although early detection and determination of optimal
diagnostic criteria will allow predicting the nature of the course of the pathological condition of traumatic
genesis and the development of serious post-traumatic complications [6, 10, 11].

The purpose of the study was to determine the possible relationship between the nature of the
trauma and hemoglobin level indices in patients brought to the hospital with a head injury.

Materials and methods. In order to determine the possible relationships between the nature of the
trauma in patients brought to the hospital with head trauma, the occurrence of complications and death in
the respiratory system, and the relationship between a number of blood parameters (hemoglobin and
hematocrit) from the trauma on 299 traumatological patients who were brought to the Clinical Medical
Center after 1-1.5 hours were included in the study, and the study consisted of several stages. In addition
to dividing patients by gender, they were divided into age ranges of <20, 20-29, 30-39, 4049, 50-59, 60—
69 and >70, and according to origin of the trauma: “unknown”, falls from height, traffic, industrial and
household. Separation was also made according to the presence or absence of previous lung and heart
diseases in the patients.

Whether or not the patients received first aid, whether or not intubation was done, whether it was
done within 1 hour or longer, according to the conditions of the brought patients, which are normal,
moderate, severe, very severe and preagonal, whether the consciousness is clear or unclear. conditionally
separated according to the presence or absence of sedation or the presence of degrees I, Il and III. After
separating the patients into head trauma only, head trauma+peripheral trauma, head trauma+chest trauma,
head trauma+abdominal trauma, and head trauma+mixed trauma of other areas, each trauma group
Hemoglobin (HGB) indicators were determined in blood samples brought to the hospital 4 times on the
first, second, third and finally the fourth day.

At the next stage of the research, the analysis of patients with similar blood parameters,
complications in the respiratory system, and complications that occurred in the cases of death were
performed on groups that had complications that were also noted in the research facilities. Patients were
conditionally separated due to the application of additional examination methods such as primary X-ray,
ultrasound, computed tomography, detection of subdural hematomas, development of arterial hypotonia
and complications to the bronchus-pulmonary system, and finally death. The criteria for inclusion in the
study were the following — victims with a verified diagnosis of TBI; age older than 18 years; patients
without concomitant somatic pathology; Patients with laboratory and instrumental parameters without
pronounced deviations and reflecting the general state of the body are normal. The inclusion criteria for the
study were as follows: victims with a verified diagnosis of TBI; age over 18 years; patients without
concomitant somatic pathology; patients with laboratory and instrumental parameters without significant
deviations and reflecting the general condition of the body within the norm.

The exclusion criteria were victims with severe somatic pathology, in particular, with liver, kidney
and severe cardiovascular failure; age under 18 years. All patients without exception, in addition to the
clinical, laboratory and instrumental studies, were examined by doctors of other specialties, including a
therapist, psychiatrist, ophthalmologist, otolaryngologist, and, in the presence of combined traumatic
injuries, a urologist, pulmonologist, etc.

93



ISSN 2079-8334. Céim meouyunu ma odionozii. 2024. Ne 4 (90)

The obtained numerical data were processed using statistical methods that took modern
requirements into account. The mean values (M), their standard error (m), the minimum (min) and
maximum (max) values of the series, as well as the frequency of occurrence of the quality indicators in the
groups, and the lower and upper limits of the 95 % confidence interval were determined for the group
indicators. For this purpose, the Statistica 7.0 application computer program was used, the obtained results
were reflected in a table and a diagram.

Results of the study and their discussion. In the first stage of the study, a total of 299 were
conducted in order to determine the possible relationships between the nature of the trauma, the occurrence
of complications and death in the respiratory system, and a number of blood parameters (hemoglobin) in
patients brought to the hospital with head trauma. In 90 traumatological patients, head trauma only
occurred, of which 80 had hemoglobin levels determined on the first day of hospitalization. At this time,
the average level of the mentioned parameter in persons with head trauma was found to be 97.4+2.5 g/L,
where the minimum value was 50.0 g/L, and the maximum value was 157.0 g/L. has been done. The lower
limit of the 95 confidence interval was 92.4 g/L. and the upper limit was 102.4 g/ when we determined
the mean level of the patients who had only head trauma and had hemoglobin analysis performed on the
first day of hospitalization.

In the period of the study covering the second day of the patients' hospitalization, only 48 of the
patients with head trauma (n=90) had blood hemoglobin levels determined. The average level of
hemoglobin in the examined patients (n=48) during this period was 82.2+2.1 g/L, while the minimum
hemoglobin level among patients was 50.0 g/L, and the maximum level was 110.0 g/L. received. The
lower and upper limits of the confidence interval of 95 g/L. were 77.9 g/L and 86.5 g/L, respectively, in the
patients in whom we determined the hemoglobin level only from the patients who received a head injury
during the corresponding period. Hemoglobin levels were determined in 19 patients (n=90) with only head
trauma on the 3rd day of the patients' hospitalization, at which time the minimum value was 50.0 g/L, and
the maximum value was 110.0 g/L, with an average of 86 ,7+3.5 g/L. was calculated.

Based on these indicators, the lower indicator of the 95 g/L confidence interval is 79.3 g/L and the
upper indicator is 94.1 g/L. On the last day of the study or on the 4th day of the patients' hospitalization,
only 11 of the patients with head trauma (n=90) had repeated hemoglobin levels in the blood, and the mean
level was calculated to be 82.5+5.0 g/L. the minimum value was 44.0 g/L and the maximum value was
108.0 g/L. The lower and upper limits of the 95 g/L. confidence interval for hemoglobin level indicators in
the relevant period were 71.5 g/L and 93.6 g/L, respectively (Table 1).

Table 1
Hemoglobin levels in blood samples by days of hospitalization
The nature Mean HGB | Low HGB | High HGB 95 % confidence interval (g/L)
Parameter N Lower bound Upper bound
of trauma oL
Hospita- | 1st day TBI 80 97.4+2.5 50.0 157.0 92.4 102.4
lization, TBI + extremity | 84 101.8+2.3 50.0 150.0 97.3 106.3
Days TBI + chest 50 92.843.1 50.0 136.0 86.6 99.0
TBI + abdominal | 21 97.2+4.7 60.0 146.0 87.5 107.0
[TBI + concomitant | 32 88.8+3.2 50.0 142.0 82.2 95.3
Total 267 | 96.9+1.3 50.0 157.0 94.3 99.5
2nd day | TBI 48 82.2+2.1 50.0 110.0 77.9 86.5
TBI + extremity | 46 85.3+2.7 44.0 140.0 79.9 90.8
TBI + chest 26 84.6+3.1 44.0 124.0 78.2 91.0
TBI + abdominal | 16 86.6+3.1 68.0 110.0 80.0 93.3
[TBI + concomitant | 21 81.1£3.8 60.0 140.0 73.3 89.0
Total 157 | 83.8+1.3 44.0 140.0 81.3 86.4
3rd day TBI 19 86.7+3.5 50.0 110.0 79.3 94.1
TBI + extremity | 17 82.8+3.1 55.0 106.0 76.1 89.4
TBI + chest 16 81.5+2.4 62.0 98.0 76.5 86.5
TBI + abdominal | 8 84.8+7.1 50.0 110.0 67.9 101.6
[TBI + concomitant | 6 86.3+1.3 82.0 92.0 83.0 89.7
Total 66 84.2+1.6 50.0 110.0 80.9 87.4
4th day TBI 11 82.5+5.0 44.0 108.0 71.5 93.6
TBI + extremity | 20 87.3+1.7 68.0 100.0 83.7 90.9
TBI + chest 12 88.2+2.0 78.0 100.0 83.7 92.6
TBI + abdominal | 8 82.5+6.4 44.0 108.0 67.4 97.6
[TBI + concomitant | 3 89.3+4.1 82.0 96.0 71.9 106.8
Total 54 85.9+1.6 44.0 108.0 82.8 89.1

Note: * — these indices include the moment when the patients were admitted to the hospital; in the study, the scores obtained for
the first day increased after they were given first aid.
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In the first, second, third, and fourth days after hospitalization, 84 of the patients (n=95) with head
trauma and limb trauma were recorded during the general blood analysis of blood samples taken on the
first day of hospitalization. at this time, the minimum and maximum level indicators were recorded as 50.0
g/L and 150 g/L, respectively, and the mean level index was calculated as 101.8+2.3 g/L.. During this
period, the lower and upper limits of the confidence interval of 95 g/L for the obtained hemoglobin level
in patients with traumatic brain injury (TBI)+peripheral trauma were determined as 97.3 g/L and 106.3
g/L, respectively. Hemoglobin levels were determined in 46 of them (n=95) on the 2nd day after
hospitalization with TBI+peripheral trauma, and the minimum, maximum, and average level indicators
were 85.3+£2.7 g/L, 44.0 g/L and 140.0 g/L, respectively.

Hemoglobin levels were determined in 17 patients (n=95) with appropriate co-trauma on the next
day of hospitalization of patients with TBI+peripheral trauma, i.e. on the 3rd day, at which the minimum,
maximum and average hemoglobin values were 55.0g/ L, 106.0 g/L and 82.8+3.1 g/L were recorded. The
lower limit of the 95 g/L confidence interval was determined at 76.1 g/L and the upper limit at 89.4 g/L
according to the hemoglobin level indicators conducted in the corresponding period. On the last day of the
study or on the 4th day of the patients' hospitalization, hemoglobin levels were studied in 20 patients (n=95)
who had TBI+peripheral trauma, and as a result, its minimum, maximum and average levels in the research
objects were 68.0 g/L, 100.0 g/L. and 87.3%+1.7 g/L. were determined. During this period of the study,
according to the hemoglobin level indicators obtained in patients with TBI+peripheral trauma, the lower
and upper limits of the 95 g/L confidence interval were 83.75 and 90.9 g/L, respectively.

The next stage of the research was the analysis of the hemoglobin levels of the patients who had
head trauma and chest trauma on the first, second, third and fourth days of the patients' hospitalization. At
this time, on the first day of being brought to the hospital, as a result of the blood analysis conducted in 50
of the 53 TBI+chest trauma patients, the minimum, maximum, and mean level indices of hemoglobin in
the research facilities were 50.0 g/L, 136.0 g/L, respectively. and 92.8+3.1 g/L was recorded. In this period,
the minimum limit of the confidence interval of 95 g/L. was defined as 86.6 g/L, and the maximum limit
was determined as 99.0 g/L. On the next day of hospitalization of the respective patients, the level of
hemoglobin in the blood was carried out in 26 research facilities, in which the minimum level index was
44.0 g/L, the maximum level index was 124 g/L and the mean level index was 84.6+3.1 g/L it was
calculated that the minimum and maximum limits of the confidence interval of 95 g/L according to the
indices were 78.2 g/L and 91.0 g/L, respectively. On the 3rd day of bringing the patients to the hospital, 16
of the patients (n=53) who had TBI+chest trauma had hemoglobin indices in their blood again, as a result,
the minimum, maximum and mean level indices of the mentioned blood parameter in the corresponding
patients were 62.0 g/L was calculated as 98.0 g/L and 81.5+2.4 g/L, while the lower and upper limits of
the 955 confidence interval were 76.5 g/L and 86.5 g/L, respectively.

On the 4th day of
hospitalization, blood hemoglobin
levels were determined again in
12 of the patients (n=53) who
received TBI+chest trauma, and at
this time, the minimum level of
hemoglobin we recorded in the
research facilities was 78.0 g/L,
the maximum level was 100.0 g/L
and the mean level index was
88.2£2.0 g/L. Based on the
0 indices obtained at this time, the

Atadmission ey aa.day S day R minimum and maximum limits of

the 95 g/L confidence interval

Fig. 1. The dynamics of hemoglobin levels detected in blood samples by days of WEIC 83.7 g/L and 92.6 g/L,
hospitalization. respectively (Fig. 1).

The next stages of the research were determined the hemoglobin levels of 21 research subjects on
the first day of hospitalization in a subgroup consisting of patients with head trauma and abdominal trauma
(n=24), and as a result, the minimum level index of the mentioned parameter was 60.0 g/L, the maximum
index was 146.0 g/L and the mean level index was 97.2+4.7 g/L, while the lower and upper limits of the
confidence interval of 95 g/L for the corresponding indices were 87.5 g/L. and 107.0 g/L, respectively. On
the next day of hospitalization, i.e., on the second day, 16 of the patients (n=24) who had TBI+abdominal
trauma had repeated hemoglobin level indices, at which time the minimum hemoglobin level index was
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68.0 g/L, and the maximum analogous index was 110.0 g/L. It was recorded and the mean analogue index
was determined by calculations to be 86.6+3.1 g/L. According to the relevant indices, the lower and upper
limits of the 95 g/L ina interval were calculated as 80.0 g/L and 93.3 g/L.

On the 3rd day of the study and the patients' hospitalization, hemoglobin levels were again
determined from 8 patients (n=24) who had joint trauma in the form of TBI+abdominal trauma. As a result
of the study, it was determined by calculations that the mean level of hemoglobin in the blood samples of
the relevant patients was 84.8+7.1 g/L. Among the subjects, the minimum hemoglobin level was 50.0 g/L
and the maximum analog level index was 110.0 g/L, the limits of the 95 g/L confidence interval were 67.9
g/L and 101.6 g/L, respectively. On the 4th day of hospitalization of the study subjects, hemoglobin levels
were repeatedly determined in 8 patients (n=24) who received TBI+abdominal trauma, and the minimum
and maximum hemoglobin levels detected in their blood materials were 44.0 g/l and 108.0 g/L,
respectively. The mean analogue level index was calculated as 82.5+6.4 g/L.. According to the relevant
indices, the minimum and maximum limits of the 95 g/L. confidence interval were 67.4 g/L and 97.6 g/L,
respectively.

In the next part of the study, the analysis of the blood hemoglobin levels of the patients (n=37) who
had a mixed trauma of several other areas and the skull brain trauma on the first, second, third and fourth
day of hospitalization was carried out according to the mentioned parameter. As a result of determination
of hemoglobin levels in 32 patients who were exposed to a common form of trauma, the minimum level
index was 50.0 g/L, the maximum level index was 142.0 g/L, and the mean for the group was calculated
as 88.8+3.2 g/L..

Based on the results, the lower and upper limits of the 95 g/L confidence interval were 82.2 g/L
and 95.3 g/L, respectively. On the next day of hospitalization, 21 of the patients (n=37) who had
TBI+combined trauma had hemoglobin indices recorded again. As a result, the minimum and maximum
hemoglobin levels found in the patients' blood samples were 60.0 g/L, and the mean hemoglobin level was
81.14£3.8 g/L. At this time, according to the indices, the lower limit of the confidence interval of 95 g/L
was determined at 73.3 g/L and the upper limit at 89.0 g/L. On the 3rd day of the patients' hospitalization,
blood hemoglobin levels were recorded in 6 of the patients (n=37) who had a head trauma and a mixed
trauma of other areas. the mean index was calculated to be 86.3£1.3 g/L with the level indices
corresponding to 82.0 g/L and 92.0 g/L.. The minimum and maximum limits of the confidence interval of
95 g/L were determined as 83.0 g/L and 89.7 g/L, respectively. On the 4th day after the hospitalization of
the patients, the indices of the amount of hemoglobin in the blood were studied repeatedly in 3 traumatized
patients (n=37) who received TBI+mixed combination.

At that time, the minimum hemoglobin level index was 82.0 g/L, and the maximum analogous
index was 96.0 g/L. During the calculations, it was revealed that the mean hemoglobin level index in the
blood materials of the research subjects was 89.3+4.1 g/L. The lower and upper limits of the 95 g/L
confidence interval were calculated as 71.9 g/L and 106.8 g/L, respectively.

Thus, during the examination of the patients included in the study, TBI was found most often of
moderate and severe degree. At the same time, there is a fact of a pronounced predominance of persons of
the male gender. All patients underwent a thorough comprehensive examination, during which special
attention was paid to the study of clinical symptoms associated or accompanying trauma, in particular, such
as the presence of complaints of decreased memory, concentration, disorientation, as well as the
development of somatic and mental pathologies in patients, neurological broken.

Patients, with their written consent, were tested for the concentration of hemoglobin in the blood
to confirm the role of some biomarkers in the early diagnosis of TBI and its complications. With the
subsequent statistical analysis, a data base was formed, establishing laboratory symptoms of low, medium
and high hemoglobin content, as an important diagnostic criterion in our case for early disorders of
carbohydrate metabolism. The obtained results were compared in the group of patients with isolated TBI
and clinically significant brain damage and in persons burdened by combined traumatization of the head
area and various organs. This data are similar with other sourses [3, 14].

Some studies, devoted the analyzing of causes and age of patients with TBI depending on the
frequency, showed that the increase in the incidence of severe TBI was associated with TBI related to falls.
The authors noted the importance of preventing TBI by reducing falls, especially in the elderly [4, 13].

In the other works it was emphasized that the high level of traumatic brain injuries presents among
people of the most working age. Such possible dynamics can be excluded by conducting in-depth
comprehensive studies to further study the characteristics of the occurrence and development of traumatic
brain injuries and their complications [5, 11].

96



ISSN 2079-8334. Céim meouyunu ma odionozii. 2024. Ne 4 (90)

Conclusions

1.The mean level of this parameter in individuals with traumatic brain injury was 97.4+2.5 g/L
(50.0-157.0 g/L).

2. In 32 patients who suffered a mixed form of injury, the mean value was 88.84+3.2 g/L (50.0—
142.0 g/L). The results show that there were no significant differences between the hemoglobin level in the
blood and the nature of craniocerebral injuries.

Clinical, instrumental and laboratory methods of research of patients with brain trauma should be
carried out, first of all, in the very initial period, that is, in the acute period of pathology. The results
obtained during the study show that no significant differences were observed between the correction and
management of blood hemoglobin levels when head injuries occurred independently or jointly, when they
were brought to the hospital and later operative interventions were performed, and the management of
hemoglobin levels in the blood was not observed with the specified forms of trauma. dependence was not
registered with significant statistical indices.
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