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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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Connection with scientific programs, plans and topics.
The article is a fragment of research work of the Department 

of Emergency Medicine, Anesthesiology and Intensive Care 
of Kharkov National Medical University of the Ministry 
of Health of Ukraine "Prevention of stress-induced organ 
damage" (№ state registration 0113U002284, 2013-2015), 
"Choice of intensive care and anesthesia patients with systemic 
inflammatory response syndrome "(№ state registration 
0116U005232, 2016-2018)," Anesthesia and intensive care in 
patients with damage to the oxygen transport system "(№ state 
registration 0120U102018, 2020-2022).
Introduction. 

The number of surgeries using general anesthesia is increasing 
every year worldwide, this trend is observed in patients of all 
ages. Anesthetics and general anesthesia are considered as 
a risk factor for the occurrence or acceleration of changes in 
cognitive function [1-10]. Information about the presence of 
cognitive dysfunction after general anesthesia appeared in 
1955 [7,11,12]. Risk factors for cognitive dysfunction in this 
group of patients include: the patient's attitude to his underlying 
disease, especially the psychological stress of the cancer patient, 
the effects of general anesthesia, surgical stress and trauma, 
the presence of concomitant chronic cerebrovascular disease, 
duration of general anesthesia and time of surgery. age and 
education of the patient [7,10,11,13-16]. The occurrence of 
changes in higher brain activity, in particular, cognitive function, 
in this group of patients is influenced by many biochemical and 
pathophysiological mechanisms: metabolic, hemorheological, 
hypoxic, toxic, leading to damage to the cerebral vessel wall at 
the level of microcirculation [7,12,17-19].

Of great importance is the process of human aging. Scientific 
studies show a discrepancy between the subjective complaints of 
elderly patients with memory impairment and the actual ability 
to remember. In various states of depression, especially when 
patients are aware of cancer, secondary cognitive impairment 
may develop [6,13,20,21]. During human aging and especially 
in the oncological process, there are corresponding violations 
of metabolic, structural and functional changes in the human 
psyche and behavior [21,22].

We know that erythrocytes take part in the transport of oxygen 
and carbon dioxide. It is important for us to point out that 
the peculiarity of the structure and condition of erythrocyte 
functioning is the absence of the nucleus, ribosomes and 
mitochondria and the non-use of oxygen in metabolism. Also, 
the integrity of the cytoplasmic cell membrane and energy 
supply of erythrocyte transport function systems takes place 
under conditions of anaerobic glycolysis (90%) and pentose 

phosphate shunt (10%) [23].
An important and basic compound in human erythrocytes 

is 2,3-diphosphoglycerate, which accounts for about 64% of 
total phosphorus. Due to this functional value, the transport 
of oxygen in erythrocytes is regulated, namely the affinity of 
hemoglobin for oxygen. There is a natural change in the content 
of erythrocytes 2,3 - diphosphoglycerate depending on the 
body's need for oxygen. The authors note that in erythrocytes 
there is an inverse relationship between the level of 2,3 - 
diphosphoglycerate and the affinity of hemoglobin for oxygen. 
The connection of 2,3 - diphosphoglycerate with three HbO2 
chains facilitates the release of oxygen from HbO2 and its 
transfer to tissues. The activity of this biochemical dependence 
is determined by the amount of reduced hemoglobin, which 
indicates the body's oxygen supply. Oxygen binding to 
hemoglobin is influenced by various factors: pO2, temperature, 
pH, carbon dioxide, metabolites of anaerobic glycolysis. The 
affinity of hemoglobin for oxygen can be influenced by many 
factors: changes under the action of ligands, in particular the 
glycolysis metabolite 2,3-diphosphoglycerate, which can be 
reverse bound to the hemoglobin molecule. The formation 
of 2,3-diphosphoglycerate in erythrocytes is carried out in a 
Rapoport-Lubering shunt, which is a branch of glycolysis and 
bypasses the reaction catalyzed by the enzyme phosphoglycerate 
kinase.

It has been scientifically confirmed that the concentration 
of 2,3-diphosphoglycerate increases in hypoxic conditions 
and increases the degree of dissociation: HbO2 in the tissues 
will compensate for the decrease in oxygen, which will bind 
hemoglobin in the lungs under hypoxia. An important intracellular 
adaptation in various hypoxic conditions is the increase in 
erythrocytes in the content of 2,3 - diphosphoglycerate, the 
concentration of which depends on the state of the glycolytic 
system [24, 25].

It is known that increasing the concentration of 2,3 - 
diphosphoglycerate in blood erythrocytes in hypoxic conditions 
is one of the adaptive mechanisms that improves oxygen 
transport to tissues. The peculiarity of the functioning of red 
blood cells is the use of glycolysis reactions for energy purposes. 
The formation of 2,3-diphosphoglycerate is associated with 
the peculiarities of energy metabolism in erythrocytes and the 
main purpose of this metabolite is to change the affinity of 
hemoglobin for oxygen.

It is known from the scientific literature that the increased 
affinity of hemoglobin for oxygen in embryos and newborns is 
largely due to the low concentration of 2,3 - diphosphoglycerate 
[26, 27].

The concentration of 2,3 - diphosphoglycerate in the 
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erythrocytes of adult blood is a functionally dynamic value, 
which naturally varies depending on the body's need for 
oxygen. With changes in the oxygen regime, the content of 2,3 
- diphosphoglycerate in erythrocytes can decrease or increase 
quite rapidly [24, 28].

Thus, the problem of diagnosing hypoxia and the consequences 
of its impact on the degree and structure of changes in higher 
brain activity, in particular postoperative cognitive dysfunction, 
especially in cancer patients, remains unresolved, which 
determines its relevance.

Purpose. The influence of the dynamics of 2,3 
diphosphoglycerate content, as the main indicator of hypoxia, 
on the occurrence of cognitive dysfunction in the postoperative 
period in patients with neoplasms of the abdominal cavity.

Materials and methods. The research is a fragment of the 
research work of the Department of Emergency Medicine, 
Anesthesiology and Intensive Care of the Kharkiv National 
Medical University of the Ministry of Health of Ukraine.

The study was conducted on the basis of departments for 
patients of the surgical profile of the municipal institution 
"Kharkiv City Clinical Hospital of Ambulance and Emergency 
Care named after Professor OI Meshchaninov ”. To achieve the 
goal of the study, we examined 80 patients with neoplasms of 
the abdominal cavity, who underwent surgery under general 
anesthesia using propofol and fentanyl in the period from 2009 
to 2019. All patients were divided into 2 groups depending on 
the age of patients on the WHO scale, who underwent surgery 
using general anesthesia: Group 1 (n = 39) - middle-aged 
patients (50-59 years); Group 2 (n = 41) - elderly and senile 
patients (60-80 years).

Surgical intervention in the studied patients was performed for 
acute intestinal obstruction caused by malignant tumors of the 
colon of various localizations. They underwent palliative and 
radical surgery in an urgent manner.

The assessment of the condition of patients before surgery was 
ASA II, according to the classification system of the physical 
status of patients of the American Society of Anesthesiologists 
(ASA, 1941). According to the classification of surgical and 
anesthesiological risk (VA Gologorsky, 1982), the assessment 
of patients was 2 B. 

The design of our study: the study included determining the 
state of cognitive function in these patients by conducting 
neuropsychological tests and 2,3 diphosphoglycerate at all 
control points of the survey; the control points of the examination 
were the day before the operation and the 1st, 7th, 30th day from 
the moment of the operation.

To assess the state of cognitive function of patients, 
neuropsychological tests were used: MMSE scale (Mini-Mental 
State Examination, MMSE), the method of memorizing 10 
words AR Luria, frontal dysfunction battery (FAB), Schulte 
technique [28,29].

To assess the state of energy metabolism in patients, the 
level of erythrocytes and hemoglobin in the blood analysis 
was determined by well-known methods, the level of 2,3 
diphosphoglycerate in erythrocytes and its ratio to hemoglobin.

The determination of 2,3-diphosphoglycerate in blood 
erythrocytes was as follows: hemolysis of erythrocytes was 

performed by adding chilled distilled water with a volume of 
2 ml. In the hemolysate spectrophotometrically determined 
the hemoglobin content by determining the optical density at 
a wavelength of 540 nm in a cuvette 1 cm thick. Hemolysate 
in the amount of 0.02 was made in 5 ml of ammonia solution, 
shaken to saturate with air. The hemoglobin content was 
calculated in g/ml. Protein precipitation in the hemolysate 
was performed by adding two volumes of 1 normal HClO4, 
the samples were stirred and left on ice for 20 minutes. The 
precipitate was separated by centrifugation. Determination 
of 2,3 - diphosphoglycerate was performed by adding a non-
enzymatic method based on the determination of phosphates 
in hydrochloric extracts after isolation of nucleotides on 
carbon. The phosphorus content was determined by a modified 
Fiske - Subbarou method. Determination of total phosphorus 
was performed in 0.1 ml of perchloric extract. Content 2.3 
diphosphoglycerate was calculated by the difference: total 
phosphate - inorganic phosphorus [5].

All values are given as M ± m. Student's t-test was used to 
assess the significance of differences, at p = 0.05 the differences 
were considered statistically significant. All mathematical 
operations and graphical constructions were performed using 
the software packages "Microsoft Office XP": "Microsoft XP 
Home" and "Microsoft Excel XP" (license numbers: 00049 153 
409 442 and 74017 640 0000106 57664, respectively).

Results and discussions. According to the MMSE test in the 
preoperative period, a decrease of 9.7% from the maximum 
probable value of the test was found in all patients: group 1 - by 
9.6%, group 2 - by 15.4%. At 1 day after surgery, the results of 
the MMSE test deteriorated, especially significantly (p <0.01) 
in patients of group 2 - by 23.3% of the values before surgery. 
Within 30 days, the MMSE test significantly improved (p <0.01) 
but was 5.92% lower than before surgery. A slight decrease for 
1 day was observed in patients of group 1 - 1.4% of the values 
before surgery, which recovered within 30 days after surgery.

According to the FAB test before surgery, the results were 
7.5% lower than the maximum probable value of the test: group 
1 - by 3.8%, group 2 - by 16.1%. At day 1, the result of the 
FAB test significantly (p <0.01) deteriorated compared with the 
values before surgery, more in patients of group 2, at day 30 
significantly (p <0.01) improved. FAB test scores after surgery 
were proportional to age in all periods of the study - for 1 day 
(by groups) 10.0% and 37.7%, for 7 days 5.0%, 30.5% and after 
30 days 5, 0%, 20.0% respectively.

Test results 10 words AR Luria had a significant dependence 
(p <0.02) and were lower in patients of group 1 by 19.0%, group 
2 - by 38.0%. Significant (p <0.01) deterioration of results was 
observed on day 1, and recovery of parameters in patients of 
both groups was significant (p <0.01) on day 30. The results of 
the test after surgery in all periods of the study were proportional 
to the age of patients on day 1: 32.0% and 51.0%, on day 7: 
26.0% and 44.0%, on day 30: 21.0% and 40.0%.

The results of the Schulte test were significantly (p <0.01) 
5.5% lower than the maximum probable value on the test, in 
patients of group 1 - 8.2%, group 2 - 18.3% lower. On day 1, 
the results of the Schulte test significantly (p <0.01) deteriorated 
from the values before surgery, more clearly in patients of group 
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2 (51.2%). Schulte test parameters were gradually restored in 
each group from day 1 but were almost completely restored (p 
<0.01) in patients of group 2. Schulte test scores after surgery 
differed from the most probable test result in all study periods 
and were proportional to the age of the patients. Thus, on the 1st 
day: 40.2% and 78.8% - by groups), on the 7th day: 24.8% and 
64.8%, on the 30th day: 7.8% and 38.2% (Table 1.).

Anemia was observed in patients of group 1, one day after 
surgery: the content of erythrocytes and hemoglobin decreased 
by 28.6% and 25.5%, respectively, compared with healthy 
people. On day 7: the content of erythrocytes decreased by 
28.6% and hemoglobin - by 31.4%. On the 30th day, these 
indicators were restored. The content of 2,3 diphosphoglycerate 
significantly increased by 19.2% in the first week after general 
anesthesia and surgery compared with this indicator in the 
control group.

With regard to the content of these indicators in the blood 
of people of group 2 before surgery, there was a decrease in 
erythrocytes by 21.4% and a tendency to decrease the content 
of hemoglobin. One day after surgery, the anemia was more 
pronounced: the content of erythrocytes in the blood of patients 
decreased by 30.9% and hemoglobin - by 25.3%. This condition 
worsened over time, after 7 days the erythrocyte content 

decreased by 40.5% and hemoglobin - by 23.8%. In erythrocytes 
of patients of this age group there was a significant probability 
decrease of 2,3 diphosphoglycerate by 35.9% for 1 day and by 
31.6% 7 days after surgery. Signs of anemia were also observed 
30 days after surgery: erythrocytes remained low - 26.2% less 
than in the control group (Table 2).

Thus, under conditions of hypoxia in the elderly, 
gluconeogenesis is disrupted, and anaerobic glycolysis is 
stimulated. The liver is converted into an organ that will 
produce lactate. The relative deficiency of enzymes that catalyze 
glycolysis reactions: hexokinase, glucose phosphatisomerase, 
phosphofructokinase, may also be the cause of insufficient 
synthesis of 2,3 diphosphoglycerate. Also, long-term 
disturbance of energy metabolism and changes in the activity of 
glycolysis enzymes in erythrocytes reduce the concentration of 
2,3 diphosphoglycerate, increase the affinity of hemoglobin for 
oxygen, and promote the development of tissue hypoxia.

A very important indicator that reflects the intensity of the 
formation of 2,3 diphosphoglycerate at a given concentration of 
hemoglobin is to determine the ratio of 2,3 diphosphoglycerate 
to hemoglobin content.

The analysis of this ratio shows that in patients of group 1 
there is a more pronounced intensity of the formation of 2,3 

Index  Stages 1 group 2 group

 
MMSE, bali

 Before the operation
 1 day
 7 days
 30 days

26,9±0,9
25,6±1,1
26,6±1,1
26,9±1,1

25,3±1,5
19,2±1,7*
21,3±1,6*
23,6±1,3

 
FAB,bali

Before the operation
1 day
7 days
30 days

17,4±0,7
16,3±1,0
17,0±0,9
17,1±0,2

15,2±1,5
11,2±1,7*
12,5±1,1*
14,6±1,7

 
Test 10 words AR Luria

Before the operation
1 day
7 days
30 days

8,0±0,6
6,8±0,5*
7,6±0,3*
7,9±0,1*

6,1±0,6*
4,9±0,6*
5,6±0,8*
6,0±0,5*

 
Schulte's test, seconds

Before the operation
1 day
7 days
30 days

54,2±1,4*
70,0±1,1*
62,6±1,4*
54,0±1,1*

58,9±1,4*
89,1±1,5*
82,2±1,4*
59,9±1,2*

Table 1. Indicators of cognitive function in patients with neoplasms of the abdominal cavity.

Notes: * - p <0,01 when compared with indicators before surgery.

Groups Stages Erythrocyti,
1012 / l

Hemoglobin,
g / l

2,3-DFG,
μmol / g Hb

1 (n=39 )

Before the operation 3,7±0,4 138,2±14,1 13,5±0,4
1 day 3,0±0,3* 100,2±11,5* 16,1±0,5*
7 days 3,0±0,3* 92,2±8,7* 16,1±0,7*
30 days 3,6±0,3 135,0±14,6 14,1±1,1

2 (n=41 )

Before the operation 3,3±0,3* 126,4±13,1 14,8±0,7
1 day 2,9±0,3* 100,4±9,9* 8,9±1,0*
7 days 2,5±0,3* 102,3±9,1* 9,5±0,7*
30 days 3,1±0,3* 116,1±10,6 12,2±1,2

Control group 4,2±0,4 134,5±12,6 13,9±0,74

Table 2. The content of erythrocytes, hemoglobin in the blood and 2,3 - diphosphoglycerate in erythrocytes in patients with neoplasms of the 
abdominal cavity in the postoperative period.

Note: * - p <0.05 according to control
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diphosphoglycerate, which is necessary to ensure the transport 
of oxygen to tissues, in particular the nervous system. In patients 
of group 2, the failure of adaptation mechanisms is determined, 
the intensity of the formation of 2,3 diphosphoglycerate 
decreases in response to hypoxia. Thus, in the elderly there is an 
insufficient supply of functioning cells with oxygen, anesthesia 
and surgery can initially cause a hypoxic state, under conditions 
of dysfunction of oxygen transport and autoregulatory systems 
of the body. This condition is accompanied by hypoergosis - 
a decrease in the production and accumulation of macroergic 
phosphates, which disrupts cell viability. Under conditions 
of decreasing concentration of adenosine triphosphate, 
erythrocytes lose water, potassium ions, damage the spectra of 
the actin cytoskeleton, and change the erythrocyte membrane.

Thus, our study confirms and details the knowledge about 
postoperative cognitive dysfunction, which was obtained during 
neuropsychological testing of patients with abdominal tumors. 
This allows further formation of perioperative diagnosis of 
cognitive function in patients with neoplasms of the abdominal 
cavity, paying special attention to the confirmed in previous 
studies of subclinical anxiety and depression, which in turn 
suppresses the ability of higher brain activity.

The novelty of our study is also to determine for the first 
time a marker of hypoxia 2,3 diphosphoglycerate in cancer 
patients. The obtained results indicate the interdependence of 
postoperative cognitive dysfunction and the level of this marker 
and allow to continue research in the direction of determining 
biochemical beacons in the study of postoperative cognitive 
dysfunction in cancer patients to improve quality of life.
Conclusion. 

According to the results of neuropsychological tests, we found 
postoperative cognitive dysfunction in patients with neoplasms 
of the abdominal cavity.

Anemia in the first week after surgery in middle-aged patients 
contributes to the development of a hypoxic state, in erythrocytes 
there is an increase in the content of 2,3 diphosphoglycerate, 
which promotes the transport of oxygen to tissues. During 
the week there is an increase in the intensity of the formation 
of 2,3 diphosphoglycerate, as evidenced by the ratio of 2,3 
diphosphoglycerate to hemoglobin.

In elderly and senile patients, the changes are more pronounced: 
anemia with a significant decrease in erythrocytes and 
hemoglobin in the blood, a decrease in 2.3 diphosphoglycerate in 
erythrocytes, reflects changes in erythrocyte metabolism, namely 
a decrease in the biosynthesis of important organophosphorus 
compounds, in particular 2.3 diphosphoglycerate by reducing 
the basic enzymes of glycolysis.

Decreased energy metabolism in the elderly contributes to 
impaired cell function. With age, the content of adenosine 
triphosphate, 2,3 diphosphoglycerate decreases, thus increasing 
the affinity of hemoglobin for oxygen, impaired transport of 
oxygen to tissues, which leads to the development of hypoxia.

Disruption of energy metabolism and changes in the activity 
of glycolysis enzymes in erythrocytes contributes to a decrease 
in the concentration of 2,3 diphosphoglycerate, increase the 
affinity of hemoglobin for oxygen and the development of tissue 
hypoxia.

The obtained results indicate the interdependence of these 
processes and allow to continue research in this direction with 
the development of appropriate clinical and diagnostic measures 
and areas of intensive care to improve the condition of patients 
with abdominal tumors and their quality of life after surgery.
Prospects for further research.

Further study of the relationship of the main markers of 
pathogenetic processes affecting the occurrence of postoperative 
cognitive dysfunction in cancer patients at different stages 
of their treatment, the study of the dependence of changes in 
cognitive function, biochemical disorders at different stages of 
surgical treatment. It is promising to study cognitive function 
at all stages of the treatment protocol of each patient to achieve 
quality of life.
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Abstract. 

Background. The problem of analysis of clinical - diagnostic 
and biochemical criteria of postoperative cognitive dysfunction 
in abdominal oncosurgery, depending on the degree and 
structure of disorders, remains unresolved, which determines 
its relevance. The role of 2, 3-diphosphoglycerate is essential, 
because its increase in the concentration of red blood cells in 
hypoxic conditions is one of the adaptive mechanisms that 
improve oxygen transport to tissues.

Purpose. The influence of the dynamics of 2,3 
diphosphoglycerate content, as the main indicator of hypoxia, 
on the occurrence of cognitive dysfunction in the postoperative 
period in patients with neoplasms of the abdominal cavity.

Materials and methods. The study was conducted on the 
basis of departments for patients of the surgical profile of 
the municipal institution "Kharkiv City Clinical Hospital of 
Ambulance and Emergency Care named after Professor OI 
Meshchaninov ". To achieve this goal, we examined 80 patients 
with abdominal neoplasms who underwent surgery under 
general anesthesia using propofol and fentanyl. All patients were 
divided into 2 groups depending on the age of patients on the 
WHO scale, who underwent surgery using general anesthesia: 
Group 1 (n = 39) - middle-aged patients (50-59 years); Group 
2 (n = 41) - elderly and senile patients (60-80 years). The 
control points of the examination were the day before the 
operation and the 1st, 7th, 30th day from the moment of the 
operation. The state of cognitive function in these patients was 
determined by conducting neuropsychological tests. To assess 
the state of cognitive function of patients, neuropsychological 
tests were used: MMSE scale (Mini-Mental State Examination, 
MMSE), the method of memorizing 10 words AR Luria, frontal 
dysfunction battery (FAB), Schulte technique. To assess the 
state of energy metabolism in patients, the level of erythrocytes 
and hemoglobin in the blood analysis was determined by 
well-known methods, the level of 2,3 diphosphoglycerate in 
erythrocytes and its ratio to hemoglobin.

Results and discussion. Anemia in the first week after surgery 
in patients of group 1 contributes to the development of a hypoxic 
state, in erythrocytes there is an increase in the content of 2,3 
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diphosphoglycerate, which promotes the transport of oxygen to 
tissues. During the week there is an increase in the intensity 
of the formation of 2,3 diphosphoglycerate, as evidenced by 
the ratio of 2,3 diphosphoglycerate to hemoglobin. In patients 
of group 2, the changes are more pronounced: anemia with a 
significant decrease in erythrocytes and hemoglobin in the 
blood, a decrease in 2.3 diphosphoglycerate in erythrocytes, 
reflects changes in erythrocyte metabolism, namely a decrease 
in biosynthesis of important organophosphorus compounds, 
in particular 2,3 diphosphogly by reducing the basic enzymes 
of glycolysis. Decreased energy metabolism in the elderly 
contributes to impaired cell function. With age, the content 
of adenosine triphosphate, 2,3 diphosphoglycerate decreases, 
thus increasing the affinity of hemoglobin for oxygen, impaired 
transport of oxygen to tissues, which leads to the development 
of hypoxia.

Conclusions. According to the results of neuropsychological 
tests, we found postoperative cognitive dysfunction in patients 
with neoplasms of the abdominal cavity. Disruption of energy 
metabolism and changes in the activity of glycolysis enzymes 
in erythrocytes contributes to a decrease in the concentration of 
2, 3 diphosphoglycerate, increase the affinity of hemoglobin for 
oxygen and the development of tissue hypoxia. The obtained 
results indicate the interdependence of these processes and 
allow continuing research in this direction with the development 
of appropriate clinical and diagnostic measures and areas 
of intensive care to improve the condition of patients with 
abdominal tumors and their quality of life after surgery.

Keywords. Oncosurgery, anesthesia, cognitive function, 
hypoxia, 2, 3-diphosphoglycerate, surgical concussion.

Резюме
Актуальність. Проблема аналізу клініко - діагностичних 

та біохімічних критеріїв післяопераційної когнітивної 
дисфункції при абдомінальній онкохірургії в залежності від 
ступеня та структури порушень, залишається невирішеною 
повною мірою, чим і визначається її актуальність. Роль 2,3 
дифосфогліцерату є невід’ємною, тому що його підвищення 
концентрації в еритроцитах крові при гіпоксичних станах є 
одним з адаптивних механізмів, що забезпечує покращення 
транспорту кисню до тканин.

Мета роботи – вплив динаміки вмісту 2,3 
дифосфогліцерату, як головного індекатора гіпоксії, на 
виникнення когнітивної дисфункції у післяопераційному 
періоді у хворих з новоутвореннями черевної порожнини.

Матеріали та методи. Дослідження було проведено 
на базі відділень для пацієнтів хірургічного профілю 
комунального закладу «Харківська міська клінічна лікарня 
швидкої та невідкладної медичної допомоги імені професора 
О.І. Мєщанінова». Для досягнення мети дослідження 
було обстежено 80 пацієнтів з новоутвореннями черевної 
порожнини, яким проводили оперативне втручання 
під загальною анестезією з використанням пропофолу 
та фентанілу. Всі пацієнти розподілялись на 2 групи в 

залежності від віку пацієнтів за шкалою ВООЗ, яким 
проводиться оперативне втручання з використанням 
загальної анестезії: 1-ша група (n=39) – пацієнти середнього 
віку (50-59 років); 2-га група (n=41) – пацієнти похилого та 
старечого віку (60-80 років). Точками контролю обстеження 
були доба до операції та 1-ша, 7-ма, 30-та доба від моменту 
операції. Визначали стан когнітивної функції у даних хворих 
шляхом проведення нейропсихологічних тестів. Для оцінки 
стану когнітивної функції пацієнтів були використані 
нейропсихологічні тести: шкала MMSE (Mini-Mental State 
Examination, MMSE), методика запам’ятовування 10-ти 
слів А.Р. Лурія, батарея лобної дисфункції (FAB), методика 
Шульте. Для оцінки стану енергетичного обміну у хворих 
визначали рівень еритроцитів та гемоглобіну у аналізі крові 
загальновідомими методами, рівень 2,3 дифосфогліцерату 
в еритроцитах та співвідношення його до гемоглобіну.

Результати та їх обговорення. Анемія на першому тижні 
після операції у хворих 1 групи сприяє розвитку гіпоксичного 
стану, в еритроцитах спостерігається підвищення вмісту 
2,3 дифосфогліцерату, що сприяє транспорту кисню до 
тканин. Протягом тижня спостерігається підвищення 
інтенсивності утворення 2,3 дифосфогліцерату, про що 
свідчить співвідношення показника 2,3 дифосфогліцерату 
до гемоглобіну. У хворих 2 групи зміни носять більш 
виразний характер: анемія зі значним зниженням 
кількості еритроцитів та гемоглобіну в крові, зниження 
вмісту 2,3 дифосфогліцерату в еритроцитах, відображає 
зміни в метаболізмі еритроцитів, а саме зниження 
біосинтезу важливих фосфорорганічних сполук, зокрема 
2,3 дифосфогліцерату за рахунок зниження основних 
ферментів гліколізу. Зниження енергетичного обміну у 
людей похилого віку сприяє порушенню функціональної 
здатності клітин. З віком у людини знижується вміст 
аденозинтрифосфату, 2,3 дифосфогліцерату, таким чином 
підвищується спорідненість гемоглобіну до кисню, 
порушується транспортування кисню до тканин, що 
призводить до розвитку гіпоксії.

Висновки. За отриманими результатами 
нейропсихологічних тестів нами встановлена 
післяопераційна когнітивна дисфункція у хворих з 
новоутвореннями черевної порожнини. Порушення 
енергетичного обміну та зміни активності ферментів 
гліколізу в еритроцитах сприяє зниженню концентрації 2,3 
дифосфогліцерату, підвищенню спорідненості гемоглобіну 
до кисню та розвитку тканинної гіпоксії. Отримані 
результати вказують на взаємозалежність цих процесів та 
дозволяють продовжити дослідження в цьому напрямку 
з розробкою відповідних клініко-діагностичних заходів 
та напрямків інтенсивної терапії для покращення стану 
хворих з новоутвореннями черевної порожнини та якості їх 
життя після операції.

Ключові слова: онкохірургія, анестезія, когнітивна 
функція, гіпоксія, 2,3 дифосфогліцерат, хірургічний струс.
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