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Summary

Objective: to assess the nutritional status of patients with chronic critical illness.

Material and methods. We examined 23 patients with chronic critical illness who were in a minimally con-
scious state (MCS) with 10.9+2.5 scores on the FOUR (Full Outline of Unresponsiveness) Score Coma Scale.
Indicators of carbohydrate, lipid, protein and energy exchange metabolism were evaluated using specimens
sampled in the morning hours. Nutritional support was provided by isocaloric isonitrogenic mixtures.

Results. Blood biochemistry showed decreases in total protein and albumin levels in 86.9% and 91.3% of
patients, respectively. The tests also revealed decreased concentrations of several amino acids, including es-
sential amino acids: histidine (38.3+13.07 pymol/L), methionine (12.68+3.81 pmol/L), threonine (61.6 [58.5;
87.7] pmol/L), tryptophan (33.06+£15.95 pmol/L), and non-essential amino acids: arginine (40.50 [22.2;
46.9] pmol/L), glutamic acid (124.5+39.29 pmol/L), tyrosine (37.97+10.12 pmol/L). Some correlations between
the concentrations of individual amino acids and other indicators were revealed, such as histidine and CRP
(r=—0.68, P=0.043), tryptophan and CRP (r=-0.86, P=0.002), histidine and leukocyte count (r=-0.76, P=0.015),
methionine and lysine (r=0.88, P=0.008), methionine and patient's weight (r=-0.68, P=0.042). A relationship
between threonine concentration and the level of consciousness on the FOUR scale (r=-0.73, P=0.037) was
also found. All patients demonstrated significant alterations of carbohydrate and lipid metabolism.

Conclusion. Alteration of adequate protein metabolism seems to be the most affected constituent in the
nutritional status of patients with chronic critical illness. It is manifested by a decrease in the concentration of
total protein and a number of essential and non-essential amino acids, which implies the importance of high-

protein nutritional support and correction of the amino acid profile.
Keywords: nutritional status; critical illness; protein metabolism; amino acid profile; amino acids; pro-

longed disturbance of consciousness
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Introduction

The number of patients surviving critical illness
caused by exposure to a significant damaging factor
is steadily rising due to advancements in medical
care, the development of new technologies and
equipment, as well as manipulations and therapies.
Unfortunately, the prevalence of late complications
and prolonged critical illness (PCI), which is linked
to a lower quality of life and a less effective rehabil-
itation, is also rising [1].

The most frequent side effects of prolonged
ICU stays are muscular and neurological deficits,
which increase the risk of chronic critical illness
and poor outcomes in this patient population [2].

Many patients with intact consciousness still
experience respiratory problems, muscle weakness,
and decreased exercise tolerance years after being
discharged from the intensive care unit. Psychological
issues like depression, sexual dysfunction, and social

isolation frequently coexist with the medical con-
ditions in these patients [3, 4].

This extensive list of symptoms and conditions
is known as post-intensive care (PIC) syndrome [5].

As a result, many patients leave the unit for
only a brief time because of commonly required
readmission [6].

Further investigation is needed into the pre-
dictors, treatment, and, most importantly, prevention
of PIC syndrome and chronic critical illness.

Adequate nutritional support is one of the
most important aspects of therapy. Unfortunately,
the optimal nutritional support strategy in the ICU
remains an unsolved issue. There are numerous
guidelines on nutritional support for patients written
by ESPEN (European Society of Parenteral and
Enteral Nutrition), ASPEN (American Society of Par-
enteral and Enteral Nutrition), RSPEN (Russian Na-
tional Association of Clinical Nutrition and Metab-
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olism), and other national organizations, but their
implementation in clinical practice remains diffi-
cult [7-9]. The choice of the proper nutritional sup-
port is further complicated by the quantitative and
qualitative variations in metabolite levels that
depend on the type of prolonged disorders of con-
sciousness and circadian phases [10].

Current international clinical guidelines favor
enteral nutrition (EN) for critically ill patients when
feasible. The physiological benefits, side effects of
parenteral nutrition (PN), and increased cost of PN
have led to the dominance of the EN concept. Often,
EN alone is not sufficient to provide adequate
energy and substrate to the patient, especially in
the critically ill, due to the severity of illness and
energy cost, marked catabolism, and gastrointestinal
dysfunction [11-13].

It is important to maintain adequate levels
of precursors of large molecules other than
macronutrients, such as proteins, fats, and car-
bohydrates, which play an equally important role
in ensuring adequate levels of metabolism, tran-
sition from catabolism to anabolism, and im-
proved outcomes. In particular, an adequate sup-
ply of amino acids, which are components of
protein structures, helps to reduce inflammation
and loss of muscle mass, and increases resistance
to oxidative stress [14].

In addition to macronutrients, micronutrients
are also important in correcting protein-energy de-
ficiencies. The necessity of micronutrient adminis-
tration is determined by their participation in the
normal functioning of cells and molecular structures.
The presence of antioxidant properties in some mi-
cronutrients is extremely important, as their defi-
ciency can provoke oxidative stress, especially in
critical illness [15]. Oxidative stress, in turn, plays a
crucial role in the pathophysiology of critical illnesses
such as acute respiratory distress syndrome, reper-
fusion syndrome, and multiorgan failure [16].

It is important to emphasize that there are
still problems in formulating a fully balanced amino
acid solution for parenteral nutrition. In particular,
all parenteral nutrition formulations do not contain
sufficient concentrations of cysteine because it is
not stable in solution [17]. Providing adequate con-
centrations of tyrosine and glutamine is also chal-
lenging due to their poor solubility. N-acetylated
tyrosine, a water-soluble derivative of tyrosine, is
used in some amino acid solutions, but this is as-
sociated with side effects because it takes a long
time to convert to tyrosine in humans and is poorly
reabsorbed by the kidneys [18].

At present, solutions containing some amino
acids are unbalanced due to the unique characterstics
of their metabolism. Thus, the adequate maintenance
and supply of protein to a critically ill patient
remains both a scientific and clinical problem.

In this regard, the dynamic control of macro-
and micronutrients in patients throughout all stages
of treatment may represent a necessary approach
to adequate nutritional support.

The aim of this study was to evaluate the nu-
tritional status of chronically critically ill patients.

Materials and Methods

An observational, prospective, single-center
study included chronically critically ill patients after
severe brain injury treated in the intensive care
units of the Federal Research and Clinical Center of
Intensive Care Medicine and Rehabilitology (FRC-
CICMR) in 2022. The patients' condition was assessed
during the first 3 days after admission for treatment
and rehabilitation.

The study was approved by the Ethics Com-
mittee of the FRCCICMR, protocol 4/21/9 dated
29.09.2021.

The study included 23 chronically critically ill
patients with a mean age of 46.91+15.09 years, rang-
ing from 24 to 79 years. The age of most patients
ranged from 30 to 60 years.

Among the patients, 12 were male (52%) and
11 were female (48%).

The level of consciousness according to the
FOUR (Full Outline of Unresponsiveness) scale was
10.9+2.5 points.

Inclusion criteria were

e time from exposure to the initial damaging
factor to admission to the FRCCICMR units more
than 30 days;

e minimal consciousness;

e breathing through a tracheostomy tube.

Exclusion criteria were:

® Vasopressor or intravenous support;

e drug sedation;

e hepatic or renal failure;

¢ diabetes mellitus.

All patients received isocaloric isonitrogenous
formulas. The mean caloric intake was
1673.91+243.49 kcal/day, with protein
1.2+0.12 g/kg/day, carbohydrate 3.1+0.38 g/kg/day,
and fat 1.01+0.12 g/kg/day.

Patient assessment protocol:

1. Anthropometric measurements (height,
weight, body mass index calculation).

2. Complete blood count parameters (hemo-
globin, red blood cells, white blood cells, WBC
differential, platelets).

3. Serum biochemistry (total protein, albumin,
glucose, cholesterol, triglycerides, C-reactive protein).

4. Amino acid profile: alanine (Ala), alpha-
aminobutyric acid (Aba), arginine (Arg), asparagic acid
(Asp), asparagine (Asn), citrulline (Cit), gamma-aminobu-
tyric acid (GABA), glutamic acid (Glu), glutamine (Gln),
glycine (Gly), histidine (His), hydroxyproline (Hyp),
isoleucine (Ile), leucine (Leu), lysine (Lys), methionine
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Table 1. Biochemical parameters of patients

Parameter Values Reference range Number of patients
M+m/ min-max with values outside

Me[QI; Q3] the reference range, N (%)

Total protein, g/L 54.61+7.77 40.3-70.7 66.0-83.0 20 (86.9)

Albumin, g/L 29.88+5.2 22.3-38.8 35.0-52.0 21 (91.3)

Glucose, mmol/L 5.87 [5.3; 6.4] 3.56-9.0 4.1-5.9 5(21.7)

Triglycerides, mmol/L 1.46+0.73 0.66-2.6 0.0-1.7 7 (30.4)

Total cholesterol, mmol/L 3.61+0.94 1.62-5.28 0.0-5.2 14.3)

(Met), ornithine (Orn), phenylalanine (Phe), pipecolic
acid (PA), proline (Pro), sarcosine (Sar), threonine (Thr),
tryptophan (Trp), tyrosine (Tyr), valine (Val).

Calculation of Glu/GIn index.

5. Daily urinary nitrogen losses and nitrogen
balance.

Biochemical parameters were measured by
AU480 biochemical analyzer (Beckman Coulter,

mal distribution, values were presented as
meanztstandard deviation, otherwise median and
1 and 3 quartiles were reported.

Correlations with normal distribution were eval-
uated by Pearson's test. For non-normal distribution,
Spearman's criterion was used. The results of statistical
analysis were considered significant at P<0.05.

Results

USA), blood was taken from patients at 6:00 am.

Blood amino acid concentration was measured

by AB Sciex QTRAP 5500 (AB Sciex, Concord, ON,

Canada).

Indirect calorimetry was performed using a
Medgraphics Ultima CPX gas exchange analyzer
(MGC Diagnostics Corporation, USA).

Daily urinalysis to determine nitrogen losses
was performed on an AU480 analyzer (Beckman Coul-
ter, USA). Due to the presence of non-urea nitrogen
losses with urine, its excretion with stool and through
the skin, 4 g were added to the obtained values [19].

The data obtained were analyzed using Sta-
tistica 12.5 software (TIBCO Software, USA).

Normality of the distribution was checked
using the Shapiro-Wilk criterion. For data with nor-

Table 2. Amino acid profile of patients

A decrease in the levels of total protein and al-
bumin was found in almost 90% of the studied pa-
tients (Table 1). Abnormal triglyceride, cholesterol
and glucose levels were observed in almost 30% of
patients.

According to indirect calorimetry, the level of
resting energy expenditure was 1400.5+370.0 kcal/day;,
with a positive nitrogen balance of 4.25+2.05 g/day.

The amino acid profile indicated a reduction
in the levels of several essential amino acids, in-
cluding histidine, methionine, threonine, and tryp-
tophan. Moreover, there was a decrease in the levels
of non-essential amino acids, with arginine, glutamic
acid, and tyrosine being notably affected (Table 2).

Parameter Values Reference range Number of patients
Mzm/ min-max 3Ha4YeHus with values outside
Me[QI; Q3] the reference range, N (%)
Alanine, pmol/L 210.4+82.88 80.3-344.1 160.0-530.0 5(21.7)
Alpha-aminobutyric acid, pmol/L 17.80 [8.6;,18.5]  6.6-19.9 10.2-40.1 10 (43.5)
Arginine, pmol/L 40.50 [22.2;46.9] 16.0-107.2 35.0-125.0 10 (43.5)
Asparagic acid, pmol/L 16.10 [14.3;16.4] 10.6-28.4 <15.0 8 (34.8)
Asparagine, pmol/L 36.4+12.83 19.7-61.2  20.0-80.0 3(13)
Citrulline, pmol/L 15.8+5.93 8.9-26.3 21.4-48.8 18 (78.3)
Gamma-aminobutyric acid, pmol/L 0.4+0.2 0.0-0.6 0.0-5.0 0 (0)
Glutamic acid, pmol/L 124.5+39.29  72.6-178.2 15.0-130.0 10 (43.5)
Glutamine, pmol/L 515.78+127.96 337.0-703.0 311.6-732.2 0 (0)
Glycine, pmol/L 260.76+45.47 199.80-348.5 140.0-420.0 0(0)
Histidine, pmol/L 38.3+£13.07 22.1-56.5  52.8-88.5 20 (86.9)
Hydroxyproline, pmol/L 9.40 [7.5; 9.6] 2.5-24.2 5.0-40.0 3 (13)
Isoleucine, pmol/L 55.36+17.23 32.0-84.4 30.0-120.0 00
Leucine, pmol/L 92.46+22.06  58.9-117.7 60.0~180.0 3(13)
Lysine, pmol/L 131.87+42.81 80.0-220.8 85.0-230.0 5(21.7)
Methionine, pmol/L 12.68+3.81 7.5-19.3 15.0-40.0 18 (78.3)
Ornithine, ymol/L 56.48+22.02  33.9-100.6 25.0-110.0 0(0)
Phenylalanine, pmol/L 47.96+15.21 30.1-73.0 25.0-80.0 0 (0)
Pipecolic acid, pmol/L 0.60 [0.5; 1.3] 0.5-5.3 <3.1 3(13)
Proline, pmol/L 116.63+33.54  74.7-182.4 90.0-350.0 5(21.7)
Sarcosine, pmol/L 8.92+1.63 5.7-11.1 2.0-19.4 0 (0)
Serine, pmol/L 98.06+27.47 50.2-130.3 60.0-170.0 5(21.7)
Threonine, pmol/L 61.6 [58.5; 87.7] 53.5-243.6 67.2-211.1 15 (65.2)
Tryptophan, pmol/L 33.06+15.95 10.5-52.5  25.0-80.0 10 (43.5)
Tyrosine, pmol/L 37.97+10.12 22.7-53.7  35.0-110.0 13 (56.5)
Valine, pmol/L 155.91+36.71 102.2-206.2 120.0-320.0 5(21.7)
Glutamic acid / Glutamine 0.25+0.1 0.141-0.466 0.22-0.88 10 (43.5)
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We identified correlations between the lowest
amino acid levels and other patient data. We observed
anegative relationship between histidine levels and
CRP concentration (r=-0.68, P=0.043), as well as
with WBC count (r=-0.76, P=0.015). There was a
strong association between methionine and lysine
(r=0.88, P=0.008), and between methionine and pa-
tient weight (7=0.68, P=0.042). Furthermore, we ob-
served a weaker negative association between thre-
onine and the level of consciousness on the FOUR
scale (=-0.73, P=0.037). Additionally, a negative re-
lationship was found between tryptophan and CRP
levels (=—0.86, P=0.002).

Discussion

We found significant abnormalities in the
amino acid profile, indicating a predominant dis-
turbance in protein metabolism in chronically crit-
ically ill (CCI) patients.

We would like to pay special attention to the
amino acids whose levels were reduced more than
others.

Citrulline is almost entirely produced by in-
testinal cells and its plasma level is regarded as a
biomarker of the functional capacity of small in-
testinal enterocytes. Given the existing protein-
energy deficiency in CCI patients and the inability
to correct it through adequate enteral administration
of both micro- and macronutrients, the decrease
in citrulline concentration suggests impaired ab-
sorption of these elements. Because citrulline is
converted into arginine in the kidneys, which play
a crucial role in the regulation of citrulline metab-
olism, an increase in citrulline may also be a sign of
renal failure. There was no evidence of renal failure
in the patients studied [20, 21].

The kidneys metabolize 83 percent of all cit-
rulline absorbed from the intestine, «consuming»
about 1.5 g of citrulline from the blood per day, or
about 35 percent of total circulating citrulline [22].
The kidneys can provide all the arginine the body
needs, given adequate renal function and citrulline
intake. An increase in muscle protein synthesis was
observed in a study of aged mice given citrulline,
suggesting that it may directly stimulate protein
synthesis in myofibrils and sarcoplasm [23]. Fur-
thermore, oral citrulline supplementation of healthy
subjects increased muscle protein synthesis even
when they were consuming a low protein diet com-
pared to an isonitrogenic diet group [24]. Therefore,
supplementation with this amino acid appears
promising in CCI patients.

Another deficient amino acid was histidine,
which plays an important role in nutritional status
by participating in iron binding to hemoglobin
and myoglobin and by being an active regulatory
component of metalloenzymes (anhydrase, cy-
tochromes, etc.). The histidine-rich glycoprotein

GENERAL REANIMATOLOGY, 2023, 19; 4

present in the plasma of vertebrates is essential
for the immune function [25].

Histidine deficiency does not involve a sudden
development of negative nitrogen balance. Instead,
the body compensates for histidine deficiency by
activating the catabolism of hemoglobin and muscle
tissue resulting in their decrease [26]. In earlier
studies conducted at FRCCICMR, a decrease in iron
levels and also a severe reduction in muscle mass
in patients with severe brain injury were noted,
which may also be due to low histidine levels [27].

Histidine has an important role in maintaining
a positive nitrogen balance, but after a longer period
of time, which has been demonstrated in both mice
and humans. For example, a prolonged deficiency
followed by a histidine-rich diet has been shown to
increase nitrogen balance parameters even with a
low-protein diet [28].

Methionine is an essential amino acid and al-
though it is essential for survival, its limited intake
in mammals results in beneficial effects such as re-
duced likelihood of obesity, increased insulin sen-
sitivity, decreased inflammation and oxidative stress,
and ultimately increased survival [29].

Protein-bound methionine and its oxidized
form, methionine sulfoxide, play an important role
in regulating the antioxidant system as a buffer, al-
though elevated methionine sulfoxide is considered
undesirable and associated with decreased survival.
Activation of sulfoxidation upregulates various tran-
scription factors in response to a stimulus, modu-
lating the activity of signaling protein kinases and
cytoskeletal changes. Mutual conversion of me-
thionine and methionine sulfoxide provides stability
of proteins and their interactions [30, 31].

The observed decrease in methionine levels
in CCI patients may reflect the characteristic severe
dysfunction of many organs and systems.

Threonine is necessary to ensure optimal de-
velopment and function of the animal's immune
system. The function of the intestinal wall, its ability
to digest and absorb nutrients, and the normal per-
formance of the intestinal cell barrier are critically
dependent on an adequate intake of threonine.
Both deficiency and excess of threonine can have
negative effects on the immune and digestive sys-
tems. In addition, threonine plays an important
role in neuropsychiatric health, adequate response
to physiological stress, and anti-inflammatory re-
sponse [32]. The observed decrease in threonine,
as well as citrulline, in CCI patients may indicate
digestive disorders.

Tryptophan is also important for nutritional
status, and both its elevation and depletion can have
negative consequences due to the production of
toxic metabolites from excessive tryptophan oxidation.
Tryptophan is one of three aromatic amino acids,
along with phenylalanine and tyrosine. These amino
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acids have potent antioxidant effects [33]. According
to some studies, when tryptophan metabolism is
activated through the kynurenine pathway, the activity
of chronic inflammation increases [34, 35].

The kynurenine/tryptophan ratio is a biomarker
of age-related changes. It is known to increase with
age, with tryptophan decreasing and kynurenine
increasing [36]. Given the observed low tryptophan
level, we can assume the activation of chronic in-
flammation in the studied patients, which is also
evidenced by the increased CRP concentration
(55.6+ 39.5 mg/1) and WBC count (8.8+4.7 thousand)
compared to reference values.

Arginine turnover depends on citrulline me-
tabolism and their concentrations are closely cor-
related. Arginine is implicated in the regulation of
vascular tone and is a metabolite involved in the
production of nitric oxide by the vascular endothe-
lium [37]. Prolonged plasma arginine deficiency
leads to oxidative stress, degradation of intracellular
arginine and inhibition of its production from the
precursor citrulline, resulting in vasospasm due to
insufficient nitric oxide formation [38]. In addition,
arginine plays an important protective role in am-
monia metabolite intoxication and participates in
muscle development [39]. Correction of low citrulline
levels in CCI patients may be required before restor-
ing arginine levels.

Glutamate (glutamic acid) is essential for mam-
malian brain function. It is both an excitatory neu-
rotransmitter and a precursor of the inhibitory neu-
rotransmitter gamma-aminobutyric acid, an im-
portant structural component of proteins, an energy
substrate, and can also be a neurotoxin [40]. It ap-
pears that the decrease in the concentration of this
amino acid is due to impaired neurotransmitter
metabolism and nervous system regulation.

Tyrosine is produced from phenylalanine.
Due to its special structure, it is able to be both
an electron and proton donor in the reactions of
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Summary

The aim of the study was to develop a risk model for upper gastrointestinal tract (GIT) bleeding in patients
with brain injury of various etiologies.

Material and methods. Case histories of 33 patients were included into a retrospective descriptive study:
22 patients had severe brain injury of various etiologies, and 11 patients after elective surgery for cerebral
aneurisms with uneventful postop period were taken for comparison. The patients were grouped in two arms:
Group 1 included patients with obvious signs of GIT bleeding (N=11) and Group 2 had no obvious signs of
bleeding (N=22). Complaints, life and medical history, comorbidities, specialists’ exams data, results of labo-
ratory and instrumental examinations, therapeutic regimens were analyzed. Presence of disproportionate
pathologic sympathetic overreaction to acute brain injury, i. e., paroxysmal sympathetic hyperactivity (PSH),
was assessed on admission and on Days 1, 3 and 5 after brain injury.

Results. A model for upper GIT bleeding risk assessment was designed using logistic regression. The re-
sulting model gains high quality rating: y2=33,78, 3; p<0,001; OR=315. The risk of upper GIT bleeding exceeded
95% in patients having combination of 4 symptoms in their medical history (presence of PSH on Day 1 after
acute brain injury; Karnofsky performance scale index <75; lack of neurovegetative stabilization in the acute
period of brain injury; gastric and/or duodenal ulcer).

Conclusion. Determining the risk factors thresholds enables stratification of patients by the risk for upper
GIT bleeding. Modification of the identified four risk factors (presence of PSH on Day lafter acute brain injury;
Karnofsky performance scale index <75; lack of neurovegetative stabilization in the acute period of brain injury;
gastric and/or duodenal ulcer) will probably reduce the occurrence of upper GIT bleeding in patients with

acute brain injury of various etiology.

Keywords: gastrointestinal bleeding; brain injury; risk assessment; paroxysmal sympathetic hyperactivity;
logistic regression; gastric lesion; duodenal lesion; gastrointestinal tract
Conflict of interest. The authors declare no conflict of interest.

Introduction

Acute erosive lesions of the upper gastrointestinal
tract have a multifactorial etiology and can complicate
many diseases and worsen outcomes [1-5].

Acute gastric and duodenal lesions often de-
velop in critically ill patients. The pathogenesis of
these conditions is determined by a shift in the
balance of aggressive versus protective factors [6].
The development of new treatments, as well as the
improvement of existing ones, is a pressing issue in
intensive care.

In 1867, T. Billroth demonstrated the relation-
ship between surgical trauma and damage to the
gastric and duodenal mucosa. In 1823, J. Swan de-
scribed gastric mucosal defects in children after
fire injury, while B. Curling described the so-called

Curling ulcers in the middle of the 19* century.
G. Selye elaborated the stress theory, coined the
term «stress ulcer» and showed a causal relationship
between psychosomatic diseases and the develop-
ment of peptic ulcers [6-9].

Acute lesions of the GI mucosa are a common
complication of severe brain injury. They were first
described by G. Cushing and later named after him [10].

According to different authors, peptic bleeding
in critical patients accounts for 5-47% of all gas-
trointestinal bleeding cases. This wide variation
in data is due to the heterogeneity of the popula-
tion, different definitions of gastrointestinal bleed-
ing (GIB), and diagnostic difficulties. There is no
single registry for GIB because of its multifactorial
nature [7-9].
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Risk factors for bleeding from damaged gastric
and duodenal mucosa include lung ventilation, co-
agulation disorders, acute renal and hepatic failure,
traumatic and other brain injury, paroxysmal sym-
pathetic hyperactivity (PSH), and vary with disease
severity [11-16].

Clinical signs of PSH include hyperhidrosis,
fever, changes in heart rate, respiratory rate, blood
pressure, mydriasis, and musculoskeletal system
changes. Typically, non-medication, medical and
preventive methods are used to treat PSH. The
management is based on general intensive care
principles (maintenance of adequate parameters
of hemodynamics, gas exchange, blood volume,
electrolyte balance, blood glucose, body temperature,
and nutritional support). The first step in drug
treatment is symptomatic therapy. In lack of efficacy,
continuous opioids and propofol are suggested.
After dexmedetomidine was introduced into practice,
alpha-2 adrenergic agonists were successfully used
for the treatment of PSH [16].

Given the large number of risk factors, it is
necessary to develop a mathematical model that
enables the precise, sensitive, and specific identifi-
cation of these factors from the general array in
order to determine which of them are most crucial
for patients with severe brain injury.

The study's methodology was based on the
assumption that identifying important risk factors
for the development of upper GI bleeding and their
relationship to treatment outcomes would aid in
the development of a successful plan for the pre-
vention and treatment of this condition in patients
with severe brain injury.

The aim of the study was to build a risk model
for the development of overt upper gastrointestinal
bleeding in patients with brain injury of various
etiologies.

The study model was built on the basis of lo-
gistic regression, taking into account both quanti-
tative and categorical variables as risk factors. The
main idea of the model was to obtain the charac-

Table 1. Etiology of brain injury.

teristics of the logistic function W for the standard
equationy =exp(W¥) / (1 + exp(¥)).

Materials and Methods

The case histories of 33 patients treated in
the Department of Anesthesiology and Intensive
Care of the Russian Polenov Neurosurgical Insti-
tute between 1992 and 2022 were included in
the retrospective descriptive study. Of these pa-
tients, 22 had severe brain damage of various
etiologies (Table 1) and 11 (used as a comparison)
had cerebrovascular aneurysms and an uneventful
postoperative period after elective neurosurgical
intervention.

Inclusion criteria were severe brain injury of
various etiologies, age older than 18 years.

Non-inclusion criteria were brain malignancy,
upper GI surgery, history of malignancy.

All patients were divided into two groups:
without obvious signs of GI bleeding (N=22) and
with overt GI bleeding (N=11). Criteria for overt GI
bleeding were hematemesis, blood in GI aspirate,
or melena. Clinically significant GI bleeding was
defined as a combination of overt GI bleeding and
hemodynamic changes or the need for blood trans-
fusion or surgical intervention [17]. The fact of
bleeding was confirmed according to the patient's
medical record and/or upper endoscopy protocol.

Patients in the selected groups did not differ
in age, Glasgow Coma Scores at hospital admission,
and FOUR scores at ICU admission (Table 2).

Autonomic nervous system function was as-
sessed using the PSH scales at admission and 1, 3,
and 5 days after brain injury [16].

Seventy different clinical, assessment and lab-
oratory parameters were analyzed (see Appendix).

The data obtained were analyzed using STA-
TISTICA for Windows v10 software.

All quantitative variables had non-normal dis-
tributions and were analyzed using Mann-Whitney;,
Kolmogorov-Smirnov, and median y? criteria. Fre-
quency characteristics of qualitative parameters

Brain injury Number of patients
Total 22
Subarachnoid hemorrhage 4
Spontaneous intracranial hemorrhage due to ruptured arteriovenous malformation 6
Closed head injury 3
Open head injury 1
Major ischemic type cerebrovascular accident 1
Hemorrhage after microsurgical removal of benign brain neoplasm 4
Hemorrhagic cerebrovascular accident with intracerebral hematoma 3
Table 2. Characteristics of the studied groups of patients, M+SD; min+max; Me (LQ; UQ).

Parameters Values in groups p

Without GIB, N=22

With GIB, N=11

FOUR scale severity on admission to ICU 13.14+3.76; 5+16; 16 (12; 16) 10.22+2.95; 5+14; 10 (10;12) 0.051
Glasgow Coma Scale severity 14.86+0.47; 13+15; 15 (15; 15) 12.91+2.07; 10+15; 13 (10; 15) 0.073
on hospital admission

Age, years 50.36+15.59; 21+70; 54 (38; 64) 51.91+16.03; 31+78; 48 (38; 71) 0.79
GENERAL REANIMATOLOGY, 2023, 19; 4 www.reanimatology.com
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(gender, cerebral edema, performing neurovegetative
stabilization regardless of PSH manifestations, etc.)
were evaluated by nonparametric methods using
Pearson’s y? and Fisher criteria. Critical thresholds
and prognostic significance of risk factors in patients
with hemorrhage were determined using the Clas-
sification Trees module. The odds ratio (OR) for GI
bleeding was calculated using standard formulas.
In the case of zero values in the four-way table, the
Haldane correction was used for calculation.

The model for estimating the risk of GIB in
patients with brain injury of different etiologies
was created using logistic regression (Logistic Re-
gression in the Nonlinear Estimation module). First,
the models with regression coefficient analysis were
used, and then the model for estimating the risk of
GIB was built. It included 4 most significant variables
(Table 3).

Binary categorical variables were coded as 1
(yes) or 0 (no). For 4 variables (no neurovegetative
stabilization performed, PSH severity 1 day after brain
injury, history of gastric mucosal injury, and Karnofsky
index at hospital admission), we found a significant
association with GIB and analyzed them in detail.

To verify the effectiveness of the GIB risk as-
sessment model, a «test» group was created. For
this purpose, 10 case histories of patients treated
in the Department of Anesthesiology and Intensive
Care in 2023 were randomly selected. Of these,
6 had no GI bleeding and 4 had GI bleeding. Inclusion
and non-inclusion criteria remained unchanged.
The model was verified by checking for signs of
overt GI bleeding, such as severe manifestations of
PSH 24 hours after brain injury, history of gastric
mucosal injury, and changes in Karnofsky index at
hospital admission.

Adequacy of sample size was evaluated using
Lehr's formula and Altman's nomogram. The char-
acteristic studied was gastrointestinal bleeding in
patients with brain injury. The power of the study
was 0.80.

Results and Discussion

Autonomic nervous system function was eval-
uated based on the assessment of PSH (Table 4).

The quantitative parameters assessed in the
study are summarized in Table 5.

Logistic regression tools were used to build a
model to assess the risk of upper GI bleeding.

This model helped to calculate the probability
of overt upper GI bleeding as a function of the
severity of a given set of parameters. The positive
effect was predicted at y>0.5 and the negative effect
was predicted at y<0.5.

We determined the strength of the effect of a
single factor or group of factors on the probability
of occurrence of the expected event (overt bleeding).
The logistic function was calculated as

W=A1xX1+A2xX2+A3xX3+A4xX4+B [20-22].

The parameters of the logistic function W of
the optimal model are shown in Table 6.

Using the coefficients from the table, we ob-
tained W to estimate the risk of GIB in patients with
brain injury of various etiologies. The formula ob-
tained was

W=0.029xX1+8.69xX2+0.1xX3+6.07xX4-15.27

Each of the regression coefficients describes
the magnitude of the contribution of the corre-
sponding factor. A positive regression coefficient
indicates a factor which elevation increases the
overall risk. A negative coefficient indicates a factor
that decreases risk as its value drops. The magnitude

Table 3. The most significant parameters for building a model of the GIB risk.

Parameter Abbreviation

Karnofsky scale on admission to the hospital KAROA

Performing neurovegetative stabilization regardless of PSH manifestations (0 — no; 1 — yes) NVS

Peptic (gastric and/or duodenal) ulcer disease detected prior to admission (0 — no; 1 — yes) PUD

Manifestations of PSH 24 hours after brain injury PSH1

Table 4. PSH scores at 1,3 and 5 days after brain injury (M+SD); (min+max).

Parameter Values in the groups P
Without GIB, N=22 With GIB, N=11

PSH1 0.27+0.70(0+2) 3.09+2.02 (1+7) <0.001

PSH3 0.42+0.77 (0+2) 2.36+1.80 (0+5) 0.003

PSH5 0.44+0.77 (0+2) 2.55+1.37 (0+5) <0.001

Ipumeuanne. PSH1, 3, 5 — manifestations of paroxysmal sympathetic hyperactivity 1, 3, 5 days after brain injury. Presented are

M+SD and range (in brakets).

Table 5. Quantitative parameters in the studied groups.

Parameter XapaKTepuCcTHKHU Values in the groups P
Without GIB, N=22 With GIB, N=11

Karnofsky Index on admission M=+SD 77.73+21.59 41.82+23.16 0.001
to the hospital min+max 20+90 20+80

Me (LQ; UQ) 90 (80; 90) 40 (20; 60)
Manifestations of PSH 24 hours Mzs.d 0.27+0.70 3.09+2.02 <0.001
after brain injury min+max 0+2 1+7

Me (LQ; UQ) 0(0;0) 2(2;5)
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Table 6. Factors for assessing the risk of overt bleeding.

Parameters of the model Designation of variables

Value of coefficients A1-A4 Rank of predictive value

KAROA X1

0.029 2

NVS X2

8.69

PUD X3

0.1

PSH1 X4

3
4
6.07 1

Intercept B

-15.27

of the regression coefficients determines the impact
on overall risk. Prognostic significance is a «side ef-
fect» of model building [18-20].

The constructed model includes the following
values: ¥?=33.78, 3; P<0.001; odds ratio 315 (95%
CI: 11.8-8,400). Increased 95% CI is explained by
the small sample size. We calculated the key features
of the model including sensitivity 90.9%, specificity
100%, diagnostic accuracy 97.0%, positive predictive
value 100%, negative predictive value 95.7%.

Thus, a comprehensive assessment of the risk
of the upper GI bleeding for an individual patient
depends on all the parameters included in the equa-
tion. The importance of some parameters may be
balanced by the contribution of others.

The key values of W were used to assess the
risk of GIB: W<-2.94 indicated the risk of less than
5%, W<0 indicated the risk of less than 50%, ¥>0
indicated the risk of more than 50%, while ¥>2.94
represented the risk of more than 95% (see Fig. 1).

Using the classification tree building module,
we identified critical threshold criteria. Figure 2
shows how the threshold for the Karnofsky index
and PSH was determined when the patient was ad-
mitted to the hospital.

Risk factors for the development of overt GI
bleeding and their thresholds were as follows:
KAROA<X75 (OR=34.0), NVS=1 (OR=10.0), PUD=1
(OR=17.5), PSH1>1 (OR=128.1).

Figure 3 illustrates the variations in the risk of
GIB in relation to changes in several parameters.
The efficiency of the identified thresholds is demon-
strated in Table 7.

Performance testing of the model on the test
group showed that there were no false negatives
and only one false positive. The characteristics of

Table 7. Frequency of GIB with respect to risk factors.

=&

Fig. 1. Logistic curve.

Note. To assess the risk of GIB, W (horizontal axis) was calculated
from real data (X1-X4), and then y = exp(W) / (1 + exp(W¥)) was
calculated using the logistic curve, and the probability of GIB
was determined (vertical axis).

the obtained model of GIB risk assessment in the
test group were as follows: sensitivity — 100%,
specificity — 83.3%, diagnostic accuracy — 90%,
positive predictive value — 80%, negative predictive
value — 100%.

Meanwhile, the positive W values in 4 patients
with GIB were in the range of 6.24-24.45, indicating
a risk of GIB of more than 95%. The positive value
of ¥ in one patient without GIB could be explained
by the greater adaptive capacity of this 19-year-old
individual or by the influence of as yet unidentified
genetic factors.

Number of points Values in groups, N (%)

Total, N P

Without GIB, 22 (66.67) With GIB, 11 (33.33)

With and
without GIB, 33

Performing neurovegetative stabilization regardless of PSH manifestations (0 — no; 1 — yes)

11 (91.67) 1(8.33) 12 0.007

1 11 (52.38) 10 (47.62) 21
Peptic (gastric and/or duodenal) ulcer disease detected prior to admission (0 — no; 1 — yes)

21 (77.78) 6 (22.22) 27 0.046
1 1 (16.67) 5(83.33) 6
Karnofsky Index on admission to the hospital

>75 17 (94.44) 1 (5.56) 18 <0.001
<75 5(33.33) 10 (66.67) 15

Manifestations of PSH 24 hours after brain injury

<1 19 (100.00) 0 (0.00) 19 <0.001

>1 3(21.43) 11 (78.57) 14

Note. Fisher's criterion was used in the calculations.
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Limitations of the presented model
include a wide (95%) confidence interval
due to the small sample size, sensitivity
of 90.7%, power of 0.80, use of a history
parameter (history of GI mucosal injury),
correlated predictors (manifestations of
PSH and neurovegetative stabilization),
scale-based assessment of PSH.

Conclusion

The logistic regression model pre-
dicted the risk of GIB in patients with
brain injury of different etiology with high
sensitivity, accuracy and specificity. Sig-
nificant risk factors for GIB included PSH
severity on day 1 after brain injury, history
of gastric mucosal injury, and Karnofsky
index at hospital admission. Thus, identi-
fication of risk factor thresholds allows
stratification of patients into risk groups
for development of upper GI bleeding,
while management of risk factors may
help reduce the incidence of upper GI
bleeding in patients with brain injury.

Supplement

The following 70 parameters were
analyzed: sex, age of the patient; number
of full days of neurovegetative stabilization
without and with the administration of a
sedative; length of hospital stay; Karnofsky
Index scores on admission to the hospital,
on admission to the intensive care unit,
and on discharge; PSH scores on admission
to the hospital; FOUR scores on admission
to the intensive care unit; systolic blood
pressure on admission to the intensive
care unit; systolic blood pressure on ad-
mission to the hospital; the fact of pre-
scription and timing of neurovegetative
stabilization before the manifestations of
paroxysmal sympathetic hyperactivity and
after their appearance; repeated brain sur-
gery; death; pneumonia; lung ventilation
longer than 24 and 48 hours; temporary
tracheostomy; cerebral edema and cere-
brospinal fluid flow abnormalities on CT
or MRI; ventriculoperitoneal shunt; sys-
temic inflammatory response; meningitis;
hepatitis; recurrent hemorrhagic lesions
of the brain; administration of anticoag-
ulants, antiplatelet agents, corticosteroids,
administration of corticosteroids at a dose

of more than 8 mg per day for 2 days, administration
of non-steroidal anti-inflammatory drugs more than
once per day for at least 3 days, administration of
proton pump inhibitors, antacids, H2 histamine an-
tagonists, upper endoscopy prior to hospitalization;

a
—0 1 0
....... 1
19 14
PSH<1,5
2 0 3 1
1
b
—0 1 0
....... 1
15 18
KAROA<75
2 1 3 0

Fig. 2. Example of classification tree construction for PSH (a) and Karnofsky
index (b) at patient admission to the hospital.

Note. Rectangles represent parts of classification trees; black solid lines
represent splits; red dashed lines represent terminal nodes; green solid line
represents a class without overt GI bleeding; blue dashed line represents a
class with overt GI bleeding; numbers above rectangles indicate the number
of observations that fell into nodes from the split; the number in the upper
left corner of the rectangle is the ordinal number of the node; the number in
the upper right corner indicates the predicted class.

NVS=1

PUD=1

KAROA<75

PSH1>1

I | |
0 20 40 60 80 100 120 140

Fig. 3. Variation of the risk of GIB with changes in some parameters.

history of gastric and/or duodenal ulcer disease;
blood in stool and/or vomit during hospitalization;
tube feeding during treatment; coagulopathy; sepsis;
increase in urea and creatinine levels more than 1.5
times the upper limit of normal; hemoglobin and

www.reanimatology.com
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lactate levels on admission to hospital and after con- body mass index; diabetes mellitus; documented
firmation of brain injury; changes in vegetative mucosal lesions of the upper GI tract; documented
(Kerdo) index and Glasgow Coma Scale scores during ~ gastrointestinal bleeding (blood in stool and/or vom-
different periods; manifestations of PSH during differ-  iting with blood); documented clinically significant
ent periods; inotropic support during hospitalization; = gastrointestinal bleeding.
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Summary

The aim of the study. To evaluate effects of carboxyperitoneum and steep Trendenburg position on respi-
ratory biomechanics and gas exchange indicators in patients with different body mass index (BMI) during
robotic-assisted radical prostatectomy (RRP). To develop an algorithm for choosing the optimal mechanical
lung ventilation (MLV) regimen.

Materials and methods. The study included 141 patients with verified prostate cancer who were candidates
for RPR. Participants were divided into 2 groups based on BMI: group I included 88 patients with
BMI<30 kg/m?, group II — 53 patients with BMI>30 kg/m?. Indicators of respiratory biomechanics and gas
exchange during ventilation in various modes (Volume Controlled Ventilation (VCV), Pressure Controlled Ven-
tilation (PCV), Pressure Controlled— Inverse Ratio Ventilation (PC-IRV) were analyzed in each group at 5 con-
secutive stages of the procedure.

Results. The key parameters evidencing the effectiveness and safety of MLV during RRP procedure did not
vary significantly under various ventilation regimens in the group of patients with a BMI<30 kg/m?. Whilst in
obese patients the use of VCV mode resulted in a significant increase of airway peak pressure (P, already at
the stage of placing them into a steep Trendelenburg position (35°), thus endangering with the development
of ventilator-induced lung injury. Increased Ppeak was also accompanied by the drop in oxygen saturation
and significantly lower SpO, values, starting from the stage of applying carboxyperitoneum and until the end

of surgical intervention.

Conclusion. In non-obese patients, there’s no particular ventilator regimen that is crucial for achieving the
safety and effectiveness of RRP anesthesia management, all regimens can be used. In patients with
BMI>30 kg/m? PCV regimen and PC-IRV with inhalation/exhalation ratio of 1.5:1

can be considered as the optimal strategy for MLV during anesthesia for RRP surgery.

Keywords: robotic-assisted prostatectomy; Trendelenburg position; respiratory support; obesity
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Introduction

Today, radical prostatectomy is the «gold standard»
treatment for localized prostate cancer (PC). In recent
years, robotic-assisted surgery has become an important
alternative in the treatment of PC patients [1].

One of the prerequisites for optimal visualiza-
tion of the surgical field during robotic prostatectomy
is CO, pneumoperitoneum. The optimal «working»
pressure of carbon dioxide, from the point of view
of patient safety and surgeon comfort, is 12 cm
H,O or less. At the time of port placement and su-
turing of the dorsal venous complex, a short-term
increase to 15 cm H,O may be acceptable. The
second requirement is to place the patient in the
Trendelenburg position (with the operating table
tilted up to 40°) [2-4]. Each of these factors, alone
or in combination, induces important changes in
various organs and systems (primarily respiratory,

cardiovascular, and excretory) and requires a timely
response to prevent the development of life-threat-
ening conditions [4, 5]. To date, there are only a few
clinical studies on the effect of long-term pneu-
moperitoneum and Trendelenburg position on the
patient's physiological parameters [6, 7].

The effect of the Trendelenburg position on
the respiratory system may be due to the cranial
displacement of the diaphragm when the head end
of the table is tilted at the 30° to 45° angle used in
operating rooms. This reduces lung compliance.
The Trendelenburg position also has a negative
effect on ventilation, reducing functional residual
capacity [8].

During prolonged ventilation, regardless of
the initial status of the lung, the negative effect of
ventilatory support on the lung gradually becomes
apparent, eventually leading to a serious disturbance
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in ventilation-perfusion relationships. The greatest
negative effect of ventilation on the lung is caused
by high peak inspiratory pressure [9-11].

There are two ways to perform controlled ven-
tilation during robotic-assisted radical prostatectomy
(RARP), either pressure-controlled ventilation (PCV)
or volume-controlled ventilation (VCV), with ven-
tilatory support performed with an inverted inspi-
ratory-expiratory ratio [12, 13].

Both modes compensate for the effects of
pneumoperitoneum and abnormal positioning, al-
lowing the patient's breathing and hemodynamics
to be maintained in the normal range during surgery.
C. C. Balick-Weber et al. studied the effects of PCV
mode ventilation versus VCV mode ventilation
during prostatectomy and found no hemodynamic
advantage of one mode over the other. However,
pressure-controlled ventilation decreased peak pres-
sure and increased mean airway pressure during
surgery. In addition, patients undergoing pressure-
controlled ventilation had a significant increase in
dynamic lung compliance compared to those on
volume-controlled ventilation [14].

This study was replicated during RARP by E. M.
Choi et al. They reported that the PCV mode had
no advantage over the VCV mode in terms of respi-
ratory mechanics or hemodynamics, except for
better adherence to mode parameters and lower
peak airway pressure. In this study, the development
of hypoxemia during Trendelenburg with pneu-
moperitoneum was associated with an increase in
dead airway space [15]. The use of PCV mode is
recommended for obese patients and patients with
pulmonary diseases, because their peak pressure
in Trendelenburg position with pneumoperitoneum
very often reaches a critical value (40 cm H,O or
more). Dangerous increase in peak pressure
(>40 cm H»0) can lead to pulmonary barotrauma,
which is associated with alveolar destruction, release
of inflammatory mediators, pneumothorax, increased
permeability of pulmonary capillaries, microhem-
orrhages in the pulmonary interstitium [16-19].

Often the selected ventilation mode is ineffective
and does not provide adequate oxygenation of the
arterial blood. In this case, an attempt to further
increase the controlled pressure (P, positive end-
expiratory pressure (PEEP), inspired oxygen fraction
(FiO,) either does not lead to an improvement in
blood oxygenation or requires reaching very high
values (P nu0>>35 cm H,O, PEEP 10-12 cm H,0,
Fi0,>60%). Some authors recommend the use of
ventilation with an inverted inhalation/exhalation
ratio in such situations [18]. Our experience, combined
with the results of recent large randomized trials,
shows that the optimal value of PEEP during ventilation
in RARP is 5 cm H,O [20, 21].

One of the most challenging patient groups
(especially for teams with little experience in robotic

surgery) are obese patients with a BMI over 30,
which is associated with additional difficulties
during anesthesia. In a study by A. L. Wiltz, obese
patients had an increased intraoperative conversion
rate compared to non-obese patients (2.3% vs. 0.9%,
respectively), which was associated with increased
airway pressure in 80% of cases. In general, these
patients often have reduced pulmonary function
and are prone to develop postoperative respiratory
complications [22]. According to D. Meininger, ar-
terial oxygenation is significantly impaired during
laparoscopic surgery in the Trendelenburg position
in overweight and obese patients (BMI greater than
25-30) [23]. An anesthesiologist can anticipate and
prevent the development of a similar situation
during anesthesia in obese PC patients undergoing
RARP.

Aim of the study: To evaluate the effect of CO,
pneumoperitoneum and Trendelenburg position
on respiratory mechanics and gas exchange pa-
rameters in PC patients with different body mass
indexes during robotic-assisted radical prostatectomy
(RARP) and to develop an algorithm for selecting
the optimal mode of respiratory support.

Materials and Methods

After approval by the Ethics committee of the
Federal Research Center of Intensive Care Medicine
and Rehabilitology, No. 5/20/6 dated December,
23, 2020 and obtaining written informed consents,
141 patients with verified diagnosis of prostate
cancer who were to undergo RARP in 2022, were
included in a prospective observational study.

The scheme of the study is presented in the
Figure.

Study inclusion criteria:

— PC diagnosed using clinical, laboratory, in-
strumental and histological methods;

— elective RARP;

— ASA (American Society of Anesthesiologists)
1-2 risk of anesthesia;

—signed informed consent to participate in
the study.

Exclusion criteria:

— refusal to participate in the study or to sign
the informed consent form,;

— ASA anesthesia risk score>3;

— chronic non-specific lung diseases and/or
respiratory insufficiency 2-3 degrees;

— chronic heart failure NYHA (New York Heart
Association) =2 .

Patients were divided into 2 groups according
to body mass index (BMI): group 1 included 88 subjects
with BMI<30, group 2 included 53 participants with
BMI>30. Respiratory mechanics and gas exchange
parameters were studied in each group. Patients in
each group were divided into 3 subgroups according
to the ventilation mode used (VCV, PCV, PCV-IRV).

GENERAL REANIMATOLOGY, 2023, 19; 4
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Respiratory biomechanics and gas exchange
parameters were analyzed at the following key stages
of surgery:

Stage 1: induction of anesthesia, horizontal
position;

Stage 2: installation of CO, pneumoperitoneum,
trocar placement;

Stage 3: 35° Trendelenburg position, 5 min
after the start of the operation;

Stage 4: 45 min from the moment of bringing
to the maximum Trendelenburg position;

Stage 5: horizontal position, end of surgery,
pneumoperitoneum desufflation.

At each of the key stages, the following pa-
rameters were recorded:

— end-tidal carbon dioxide (EtCO,), mm Hg;

— respiratory rate (RR), min‘;

— tidal volume (V,), mL;

— peak airway pressure (Ppea), CM H.O;

— mean airway pressure (P...), cm H»0;

— blood oxygen saturation (SpO,), %.

After the patient was transported to the oper-
ating room, standard monitoring (electrocardiogram,
non-invasive blood pressure, pulse oximetry) was
started.

The dosage of drugs for combined endotracheal
anesthesia was calculated based on ideal body
weight. All patients received standard premedication
on the operating table with 100% oxygen inhalation
through a face mask with a flow of 6-8 L/min, con-
sisting of 0.1% atropine sulfate (0.01-0.02 mg/kg),
0.2% clemastine (0.03-0.05 mg/kg), midazolam
(0.02-0.06 mg/kg), 0.005% fentanyl (1-3 pg/kg).
Anesthesia was induced by propofol at 1.5-2.5
mg/kg until target BIS values of 30-40 were achieved.

While in anesthesia, patients received a cal-
culated dose of the non-depolarizing myorelaxant
rocuronium bromide 0.5 mg/kg and underwent
tracheal intubation with an 8.0-9.0 endotracheal
tube. Because of the risk of displacement of the

distal end of the endotracheal tube toward the
carina and development of single-lung ventilation
after the patient was placed in the Trendelenburg
position, mandatory auscultatory monitoring was
performed at all stages of patient positioning.
After tracheal intubation, a nasogastric tube was
placed to minimize the risk of traumatic injury to
the stomach during trocar placement and to pre-
vent the development of postoperative nausea
and vomiting. Anesthesia was maintained with
the inhalational anesthetic sevoflurane (Sevoran®),
with BIS maintained in the range of 40-50. My-
orelaxation was achieved by bolus injection of
calculated doses of rocuronium bromide. Lung
ventilation was performed using a Drager Primus
apparatus (Dragerwerk, Germany) with an oxy-
gen-air mixture (0.4/0.6) at a flow of 1 L/min in
modes specific to each subgroup of patients. Res-
piratory rate settings during anesthesia were ad-
justed to achieve an optimal expiratory pCO, of
4.9-6.4 vol%. To maintain normocapnia, we took
into account the constant inhalation of CO, through
the robotic trocar port and its inevitable entry
into the bloodstream, followed by the adjustment
of ventilation parameters [24].

At the end of surgery, all patients were extubated
and transferred to the recovery room for symptomatic
management and clinical and laboratory monitoring.

RARP was performed using the da Vinci Si sys-
tem (Intuitive Surgical, Mountain View, USA). After
tracheal intubation, the patient was placed in the
lithotomy position, and special soft fixators were
placed under the patient's shoulders to limit his
displacement relative to the operating table during
surgery. Five ports were placed in the abdominal
cavity for CO, pneumoperitoneum with an initial
CO, pressure of 15 mm Hg. At the end of this phase
and after the patient was placed in the Trendelenburg
position, the gas pressure in the abdominal cavity
was reduced to a safe level of 12 mm Hg.

( Examined patients, N=159 ) [
I

v
Met the inclusion

Diagnosis
and severity
not relevant, N=12

)

criteria, N=147
I

v
After exclusion as a result of

/ 2-3 degree respiratory failure,

CHF NYHA class I1
and more revealed, N=6

a follow-up examination, N=141> K

After signing the informed
consent, N=141

After randomization based
on BMI, N=141

)
)

( Included into group 1, N=88 )

| — |
Ql VCV, N=3§ Qz PCYV, N=3D @ PCV-IRV, N=29 @1 VCV, N=I(D @2 PCV, N=ZD (23 PCV-IRV, N=22>

(Included into group 2, N=53 )

Fig. Flowchart of the study.
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The sample size was determined by achieving
a minimum statistical power of 80% and a first-
order error of 5% according to the formula of
Lopez-Jimenez E et al. (1998). The study in group 1
(subgroup 1) was prematurely terminated after
results indicating a high risk of lung volutrauma
were obtained. Statistical analysis of the data was
performed using Excel 2016 (Microsoft, USA) and
SPSS Statistica v. 24 (IBM, USA). The Kolmogorov-
Smirnov criterion with Lilliefors correction was
used to test the distribution of quantitative variables
for normality. Variables with normal distribution
were described as mean and standard deviation
(M+SD). Variables with non-normal distribution
were reported as median and interquartile range
(Me [Q25; Q75]). Qualitative parameters were ex-
pressed as absolute and relative values (N (%)). Sig-
nificance of the difference between the studied
groups for quantitative variables with normal dis-
tribution was evaluated using the Student's #-criterion
for independent samples, in case of non-normal
distribution using the Mann-Whitney criterion. The
reliability of intragroup differences for repeated
measurements of normally distributed parameters
was assessed using Student's #-criterion for paired
samples. One-way analysis of variance (ANOVA)
was used to compare normally distributed data be-
tween three or more groups, and Kruskal-Wallis
analysis of variance was used for non-normal dis-
tribution. Pearson's y2-squared test or Fisher's exact
two-sided test for small samples was used to compare
groups on qualitative variables. Differences were
considered statistically significant at P<0.05, where
P is the probability of a first-order error in testing
the null hypothesis. The Bonferroni correction was
used to control for the probability of a first-order
error (error in rejecting the correct null hypothesis)
in multiple comparisons.

Results and Discussion

The mean age of patients was 57.44+5.09 years

in subgroup 1, 57.35+5.40 years in subgroup 1,, and
56.60+4.35 years in subgroup 15 (P=0.84). The mean
age of patients was 56.60+4.04 years in subgroup 2,

Table 1. Distribution by age, N (%).

57.48+6.00 years in subgroup 2,, and 57.86+5.09
years in subgroup 2; (P=0.39). The distribution of
patients by age in the groups is shown in Table 1.

The BMI of the patients in the subgroups of
both groups was also comparable. The median BMI
was 27.0 [24.5; 29.0] in subgroup 1,, 28.5 [24.25;
29.45] in subgroup 1,, and 28.2 [25.15; 29.0] in sub-
group 13 (P=0.12).

The median values in subgroups were as follows:
subgroup 2, — 34.5 [31.25; 35.15], subgroup 2, —
33.25 [30.5; 35.0], subgroup 2; — 34.0 [31.2; 36.0]
(P=0.20).

The distribution of patients by ASA is shown
in Table 2. Two thirds of the included patients had
ASA anesthesia risk grade 2, the differences between
the groups were not significant.

When studying the respiratory biomechanics
and gas exchange parameters in patients with
normal BMI (Table 3) on volume-controlled venti-
lation (VCV), we came to the conclusion that its
use in normal ventilation parameters can be con-
sidered quite safe (the maximum value of Ppeak
recorded at the 4% stage of the study was 30.4+3.1
cm H,0) and fully satisfies the physiological needs
of the organism in providing adequate respiration
(the minimum recorded value of SpO, was
96.2+3.0%). The PCV mode, used in patients with
normal body mass index, also provided adequate
oxygenation (the minimum SpO, value recorded
was 96.0+1.3%) and the desired safety (the maximum
P,ca value at stage 4 of the study was 28.5+5.6 cm
H,0). Pressure-controlled ventilation, but with in-
verted inspiration-expiration ratio (PCV-IRV), also
created conditions to prevent pulmonary barotrauma
(maximum P, value at stage 4 of the study was
29.1+2.3 cm H,0), indicating that it could be used
in patients without obesity, which is also in agreement
with the study by L. Ashwort [25].

Thus, the stability of respiratory parameters
in patients without obesity, regardless of the selected
mode of ventilation under increased load from
pneumoperitoneum and Trendelenburg position,
demonstrated the adequacy and safety of anesthesia

Age, years Values in groups P
Group 1 and subgroups Group 2 and subgroups
1,,N=32 1,,N=31 15, N=25 Total, N=88 2,,N=10 2,,N=21 23, N=22 Total, N=53
45-50 — 2(6.7) 3(12.0) 5(5.7) 1(10.0) 2(9.5) 1(4.5) 4 (7.5) 0.73
51-55 13 (43.3) 11 (36.7) 7 (28.0) 31(35.2) 2(20.0) 7 (33.3) 9 (40.9) 18 (34) 0.88
56-60 14 (46.7) 12 (40.0) 11(44.0) 37(42.0) 6(60.0) 8 (38.1) 8(36.4) 22 (41.5) 0.95
61-65 3(10.0) 3(10.0) 4(16.0) 10(11.4) 1(10.0) — 3(13.6) 4 (7.5) 0.57
66-70 — 2(6.7) — 2(2.3) — 4(19.0) 1(4.5) 5(9.4) 0.1
71-75 2(6.7) 1(3.3) — 3(3.4) — — — — 0.29
Table 2. Distribution of patients according to anesthesia risk, N (%).
ASA Values in groups P
Group 1 and subgroups Group 2 and subgroups
1,,N=32 1,,N=31 15, N=25 Total, N=88 2,,N=10 2,,N=21 23, N=22 Total, N=53
1 6(18.8) 9 (29.0) 5(20.00 20(22.7) 2(20.0) 4 (19.0) 6(27.3) 12 (22.6) 0.84
2 26(81.3) 22(71.00 20(80.0) 68(77.3) 8(80.0) 17(81.0) 16 (72.7) 41 (77.4) 0.84
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Table 3. Respiratory parameters in patients with normal BMI (N=88) during surgery with different ventilation
modes (M+SD).
Ventilation mode Stage
1 2 3 4 5
End-tidal carbon dioxide (EtCO,), mm Hg
VCV 31.1+8.4 34.3¥8.1 38.2+8.4 37.7+9.2 40.1+8.9
PCV 32.3x1.2 35.1x1.1 36.7x1.3 36.8+2.5 39.2+4.3
PCV-IRV 33.1£3.2 35.3+x1.6 35.2+3.4 36.4+2.1 39.5+3.2
Respiratory rate, min-!
VCV 9.1£1.7 10.3+x1.2  12.5x1.3 12.1#1.1 13.0x1.2
PCV 9.1+0.5 10.2+1.4 12.1+x1.6 12.2+1.1 13.6+1.9
PCV-IRV 9.4+1.3 10.3x1.6  11.7+1.2 12.5%1.6 12.6+2.4
Tidal volume (V,), ml
VCV 630.1+25.4 640.5+£37.2 645.0+32.1 658.3+38.5 690.0+£57.2
PCV 615.9+45.7 625.5£52.4 637.2+36.3 690.4+42.1 636.5+£54.6
PCV-IRV 620.8+18.3 636.7+31.5 656.2+37.1 649.9+41.4 678.2+37.8
Peak airway pressure (Pqq1), cm H,O
VCV 14.2+3.6  23.8#3.2 29.4+5.3 30.4+3.1 15.7+3.2
PCV 14.4+5.2  22.0£2.1 27.4+6.8 28.5+5.6 14.3+6.8
PCV-IRV 12.2+4.1  21.4+4.5 27.7+45 29.1+2.3 13.7+£5.1
Mean airway pressure (P ,,.,), cm H>O
VCV 9.8+1.1 13.1+2.4  15.1+4.7 16.4%4.1 8.3+3.1
PCV 10.1+1.1 16.3¥3.4  19.5+4.2 20.7+8.2 11.0+4.4
PCV-IRV 8.7£1.1 11.2+3.6  13.1+5.2 14.3+4.5 7.7£5.2
Blood oxygen saturation (SpO.), %
VCV 97.1+x1.3 96.2+3.0 97.2+6.4 97.1x1.0 98.5+2.6
PCV 97.5+1.2 96.0+1.3 97.7+0.8 97.4+1.1 99.5+2.0
PCV-IRV 98.4+1.1 97.2+#3.0 97.5%¥4.1 98.8+3.3 98.4+3.1

Note. The Pvalues for pairwise comparisons of respiratory parameters at different stages of surgery are shown in Ta-

bles5and 7.

support of RARP adjusted to timely correction of
ventilation parameters at different stages of surgery.
In all patients with normal body mass index, re-
gardless of the chosen mode of respiratory support,
it was necessary to correct RR and V, upward to
prevent hypoventilation in the stages from pneu-
moperitoneum to extubation. The EtCO, values re-
mained within the acceptable physiological range
throughout the operation, but at the end of the op-
eration their regular and significant increase was
observed, requiring a slight correction of the venti-
latory parameters towards hyperventilation (increase
in respiratory rate and tidal volume).

The choice of ventilatory mode in this group
of patients was not of fundamental importance,
since any of them allowed to provide acceptable
blood oxygenation without using high toxic con-
centrations of oxygen and preventing the risk of
barotrauma. Continuous dynamic monitoring of
respiratory homeostasis parameters and timely cor-
rection of ventilator parameters depending on the
stage of the operation and the patient's organism
response were of the utmost importance.

The choice of ventilator mode in patients with
BMI>30 was crucial for safe anesthesia. Due to the
excessive increase of the peak airway pressure
(Table 4), the maximum P, at stage 4 of the study
was 38.2+3.1 cm H,O when using the controlled-
volume mode, there was a real risk of lung volu-
trauma, which is unacceptable within the concept
of safe anesthesia. The results obtained contributed
to the termination of the study in this subgroup.

This mode of ventilation cannot be considered safe
enough to fully satisfy the physiological needs of
the organism to provide adequate breathing in pa-
tients with excessive body weight.

Pressure-controlled ventilation in obese patients
met the criteria of adequacy and safety (the maximum
P, at the 4 stage of the study was 33.7+2.10 H-0,
the minimum recorded value of SpO, was 95.7+2.2%),
but after the end of surgery, in order to completely
eliminate the accumulated carbon dioxide, one should
not rush with early extubation and weaning. In com-
parison with the standard PCV ventilation, PCV with
inverse inhalation/exhalation ratio allowed to obtain
lower values of peak pressure (the maximum P, at
the 4" stage of the study was 31.7+3.1 cm H,0) in pa-
tients with excess body weight, thus reducing the
probability of barotrauma, while the blood oxygenation
parameters did not decrease, with SpO, being even
higher at the 274 and 4™ stages of the operation. The
mean hospital stay of the patients in both groups did
not differ and was 7+1 days.

Conclusion

In PC patients without obesity the choice of a
specific ventilation mode is not crucial to achieve
safety and efficiency of anesthesia support in RARP,
Controlled-pressure ventilation and its variant with
inversion of the inhalation/exhalation ratio (1.5:1)
can be considered the optimal method of ventilatory
support during anesthesia for RARP in PC patients
with BMI >30.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2023, 19; 4



For Practitioner

Table 4. Respiratory parameters of obese patients (N=53) throughout surgery with different modes of ventilation
(M+SD).

Ventilation mode Stage
1 2 3 4 5
End-tidal carbon dioxide (EtCO,), mm Hg
VCV 34.4+3.2 37.3+x1.8 40.2+1.8 42.3+2.6 44.3+2.4
PCV 33.6+2.5 34.4+1.4 421423 41.5+29 43.3+1.6
PCV-IRV 32.7+1.6  33.8+0.8  41.6x1.7 42.1+2.1 42.6+1.4
Respiratory rate, min-!
VCV 12.6+0.5 14.0+1.2  15.0+1.1 16.4+1.3 16.2+1.6
PCV 12.1+2.3  13.5+0.8 16.3x1.3  17.0+2.2 16.2+0.8
PCV-IRV 13.7+1.8  13.1x1.3  16.2+2.2  16.3+3.3 15.2+0.8
Tidal volume (V,), ml
VCV 610.8+9.1 600.3+13.4 605.9+21.5 565.7+23.4 629.1+34.3
PCV 600.7+18.4 580.7+31.8 608.7+24.5 595.9+29.1 646.3+26.4
PCV-IRV 616.5+27.7 591.7+39.2 589.5+45.1 596.2+47.3 637.7+37.9
Peak airway pressure (Ppear), cm H,O
VCV 16.3+2.2 31.1+2.1 37.0+4.5 38.2+3.1 16.7+4.2
PCV 15.2+1.1 33.5+#1.1 32.2+2.1 33.7+2.1 16.5+3.0
PCV-IRV 14.4+1.1 30.2+1.3  30.5#2.1 31.7+3.1 15.5+3.0
Mean airway pressure (P, ..,), cm H,O
VCV 11.1+2.1  18.4+2.1 22.6+3.3 23.2+4.3 10.2+5.1
PCV 10.4+2.3  21.1#3.3  22.4+2.4 23.5+3.1 9.7+3.4
PCV-IRV 11.4+1.2 22.1+44 19.8+5.1 21.7+4.1 11.1+3.4
Blood oxygen saturation (SpO.), %

VCV 96.8+1.2 94.7+1.1 93.7+2.0 93.8+1.4 96.9+2.1
PCV 96.8+1.9 95.7+2.5  96.5+3.6  95.7+2.2 97.5+1.3
PCV-IRV 96.4+4.1 96.5+1.2 96.4+3.1 97.7x1.4 97.8+3.1

Note. The Pvalues for pairwise comparisons of respiratory parameters at different stages of surgery are shown in Ta-
bles 6 and 7.

Supplement

Table 5. P-values for pairwise comparisons of respiratory parameters at different stages of surgery in patients
with normal BMI (N=88) and with different modes of ventilation (M+SD).

Ventilation Stage
mode 1-2 1-3 1-4 1-5 2-3 2-4 2-5 3-4 3-5 4-5
End-tidal carbon dioxide (EtCO,), mm Hg
VCV 0.06 <0.001 <0.001 <0.001 0.08 0.02 0.01 0.41 0.14 0.21
PCV 0.37 0.03 0.004 <0.001 0.19 0.12 0.04 0.84 0.02 0.03
PCV-IRV 0.19 0.05 0.06 <0.001 0.74 0.17 0.09 0.34 0.03 <0.001
Respiratory rate, min-!
VCV 0.11 <0.001 <0.001 <0.001 0.01 <0.001 <0.001 0.52 0.06 0.01
PCV 0.02 <0.001 <0.001 <0.001 0.002 0.001 <0.001 0.89 0.03 0.003
PCV-IRV 0.06 <0.001 <0.001 <0.001 0.03 <0.001 <0.001 0.26 0.02 0.83
Tidal volume (V,), ml
VCV <0.001 <0.001 <0.001 <0.001 0.83 0.02 <0.001 <0.001 <0.001 <0.001
PCV 0.43 0.02 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 <0.001 <0.001
PCV-IRV 0.02 <0.001 <0.001 <0.001 0.001 <0.001 <0.001 0.71 <0.001 <0.001
Peak airway pressure (P,ea), cm H,O
VCV <0.001 <0.001 <0.001 0.89 <0.001 <0.001 <0.001 0.34 <0.001 <0.001
PCV <0.001 <0.001 <0.001 0.98 0.06 <0.001 <0.001 0.42 <0.001 <0.001
PCV-IRV 0.003 <0.001 <0.001 0.71 <0.001 <0.001 0.001 0.12 <0.001 <0.001
Mean airway pressure (P ..,), cm H,O
VCV <0.001 <0.001 <0.001 0.13 0.01 <0.001 <0.001 0.5 <0.001 <0.001
PCV <0.001 <0.001 <0.001 0.87 0.004 0.01 <0.001 0.83 <0.001 0.047
PCV-IRV <0.001 <0.001 <0.001 0.58 0.01 <0.001 <0.001 0.34 0.003 <0.001
Blood oxygen saturation (SpO.), %

VCV <0.001 0.91 0.98 <0.001 0.63 0.03 <0.001 0.93 <0.001 <0.001
PCV <0.001 0.07 0.68 <0.001 <0.001 0.01 <0.001 0.24 <0.001 <0.001
PCV-IRV 0.10 0.48 0.44 0.99 0.82 0.24 0.19 0.36 0.76 0.85
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Table 6. P-values for pairwise comparisons of respiratory parameters at different stages of surgery in obese pa-
tients (N=53) and with different ventilator modes (M+SD).

Ventilation Stage
mode 1-2 1-3 1-4 1-5 2-3 2-4 2-5 3-4 3-5 4-5
End-tidal carbon dioxide (EtCO,), mm Hg
VCV 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 <0.001 0.01 0.21
PCV 0.40 <0.001 <0.001 <0.001 <0.001 <0.001 0.20 <0.001 <0.001 0.03
PCV-IRV 0.17 <0.001 <0.001 <0.001 <0.001 <0.001 0.62 <0.001 0.50 <0.001
Respiratory rate, min-!
VCV 0.02 <0.001 <0.001 <0.001 0.04 <0.001 <0.001 0.003 0.003 0.67
PCV 0.03 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.19 <0.001 0.41
PCV-IRV 0.67 0.13 0.09 0.01 0.01 0.01 0.001 0.90 0.40 0.13
Tidal volume (V,), ml
VCV 0.69 0.01 0.03 0.08 0.004 0.009 0.05 0.95 0.14 0.53
PCV 0.01 0.42 0.21 <0.001 0.04 0.28 <0.001 0.21 <0.001 <0.001
PCV-IRV 0.01 0.001 0.001 <0.001 0.93 0.79 <0.001 0.83 <0.001 <0.001
Peak airway pressure (Pq,), cm H,O
VCV <0.001 <0.001 <0.001 0.98 <0.001 <0.001 <0.001 0.79 <0.001 <0.001
PCV <0.001 <0.001 <0.001 0.78 <0.001 0.53 <0.001 0.20 <0.001 <0.001
PCV-IRV <0.001 <0.001 <0.001 0.99 0.40 0.001 <0.001 0.13 <0.001 <0.001
Mean airway pressure (P,c.n), cm H>O
VCV <0.001 <0.001 <0.001 0.79 <0.001 <0.001 <0.001 0.66 <0.001 <0.001
PCV <0.001 <0.001 <0.001 0.64 0.03 <0.001 <0.001 0.32 <0.001 <0.001
PCV-IRV <0.001 0.001 <0.001 0.91 0.12 0.61 <0.001 0.14 <0.001 0.005
Blood oxygen saturation (SpO.), %

VCV <0.001 <0.001 <0.001 0.84 <0.001 <0.001 <0.001 0.88 <0.001 <0.001
PCV 0.09 0.70 0.18 0.34 0.79 0.98 0.03 0.69 0.19 0.07
PCV-IRV 0.96 0.99 0.48 0.61 0.98 0.06 0.26 0.19 0.34 0.96

Table 7. P-values for pairwise comparisons of respiratory parameters in different modes of ventilatory support
during surgery in patients with normal BMI and obesity.

Ventilation With normal body mass index (N=88) With obesity (N=53)
mode Stage Stage
1 2 3 4 5 1 2 3 4 5
End-tidal carbon dioxide (EtCO,), mm Hg
VCV-PCV 0.74 0.71 0.53 0.72 0.83 0.53 <0.001 0.05 0.40 0.32
VCV-IRV 0.39 0.67 0.08 0.70 0.63 0.20 <0.001 0.005 0.94 0.09
PCV-IRV 0.68 0.88 0.42 0.79 0.76 0.27 0.14 0.45 0.60 0.04
Respiratory rate, min-!
VCV-PCV 0.96 0.88 0.58 0.88 0.40 0.55 0.41 0.09 0.49 0.98
VCV-IRV 0.71 0.97 0.23 0.61 0.69 0.18 0.13 0.18 0.99 0.06
PCV-IRV 0.36 0.90 0.57 0.45 0.38 0.03 0.60 0.95 0.77 0.03
Tidal volume (V,), ml
VCV-PCV 0.68 0.49 0.46 0.26 <0.001 0.30 0.42 0.88 0.06 0.19
VCV-IRV 0.26 0.89 0.53 0.76 0.50 0.66 0.77 0.26 0.04 0.86
PCV-IRV 0.64 0.62 0.14 0.13 0.23 0.23 0.66 0.43 0.98 0.77
Peak airway pressure (P,qa1), cm H,O
VCV-PCV 0.92 0.27 0.66 0.56 0.67 0.43 0.04 0.03 0.003 0.88
VCV-IRV 0.37 0.18 0.55 0.37 0.36 0.07 0.65 0.001 <0.001 0.57
PCV-IRV 0.16 0.80 0.96 0.84 0.90 0.28 0.001 0.36 0.18 0.64
Mean airway pressure (P, ..,), cm H,O
VCV-PCV 0.84 0.11 0.15 0.45 0.37 0.46 0.11 0.89 0.77 0.67
VCV-IRV 0.19 0.38 0.75 0.39 0.89 0.73 0.02 0.05 0.37 0.69
PCV-IRV 0.09 0.04 0.01 0.19 0.46 0.27 0.47 0.04 0.14 0.55
Blood oxygen saturation (SpO.), %

VCV-PCV 0.32 0.88 0.60 0.46 0.26 0.99 0.36 0.03 0.25 0.52
VCV-IRV 0.05 0.47 0.96 0.002 0.88 0.72 <0.001 0.02 <0.001 0.35
PCV-IRV 0.05 0.19 0.88 0.003 0.19 0.53 0.14 0.93 0.01 0.83
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Summary

The history of the study of postoperative neurocognitive disorders (PND) looks as a long and thorny path
of more than 400 years. Despite all accumulated data on PND risk factors and outcomes, there’s still no com-
plete understanding of the etiology and pathogenesis of this complication. Moreover, current anesthesiology-
resuscitation practice still faces challenges and has pending questions in diagnosis and classification of post-
operative neurocognitive disorders.

The purpose of the review. To contemplate the evolution in the perceptions of the international medical
community (IMC) regarding diagnostic approaches and algorithms in PND management. The review covers
the history of development of such PND concepts as postoperative delirium, postoperative cognitive dysfunc-
tion, emergence agitation and emergence delirium. Also, the pre-existing and current international classifica-
tions of postoperative neurocognitive disorders are discussed in chronological order, supplemented by the anal-
ysis of their strengths and weaknesses. The paper also delves into current viewpoints concerning the etiology
of particular postoperative neurocognitive disorders, and PND potential relevance for postoperative outcomes.

Conclusion. Current algorithms and modalities used for PND diagnosis, are novel but yet not ultimate for
IMC in the context of continuous progress in medical practice. Early postoperative neurocognitive disorders
remain the most poorly studied phenomena with no approved definitions and diagnostic modalities to identify.
It is probably the time for IMC to undertake a joint effort to find answers to current unresolved questions re-
garding postoperative neurocognitive disorders.

Keywords: postoperative neurocognitive disorders; delirium; postoperative delirium; emergence delirium;
agitations; postoperative cognitive dysfunction; delayed neurocognitive recovery; classifications
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Introduction well-being that he remain calm and unperturbed» [2].

When it comes to a history of more than
400 years, it is difficult to expect recovering the
exact first mention of a phenomenon. We can only
assume that the first mention of acute changes in
the consciousness of patients after surgery belong
to the writings of Ambroise Paré (16™ century). He
described these complications as «a transient con-
dition that commonly followed fever and pain due
to wounds, gangrene, and operations involving
severe bleeding of the patient» [1]. A similar condition,
«delirium nervosumy», was described by another fa-
mous surgeon, Baron de Dupuytren (XIX century):
«...and finally the brain itself may be seized by pain,
terror, or even joy, and reason abandons the patient
at the moment when it is most necessary for his

Interestingly, the first references to postoperative
acute transient changes in consciousness appeared
several centuries before the discovery of anesthesia.
This fact invalidates the current and rather widespread
notion that postoperative delirium has been and
remains exclusively an anesthesiological problem.

On the other hand, it would be ridiculous to
deny that postoperative neurocognitive disorders
(PND) are indeed closely related to anesthesia. In
1887, G. Savage suspected a causal relationship be-
tween similar cases of «insanity» and later devel-
opment of «chronic dementia» after nitrous oxide
anesthesia in patients of different age groups [3].
In the same year, the American dentist S. Hayes
noted the development of «dementia» as a probable
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complication of nitrous oxide administration without
proper addition of atmospheric air [4]. This was
apparently the first time that the «disreputable»
role of general anesthesia in the development of
PND was suspected.

The body's response to both general anesthesia
and surgical stress includes changes in all vital
organs and systems, but the main victim of anes-
thetics is undoubtedly the central nervous system [5].
In 1916, H. D. Bruns published a paper reporting
postoperative delirium and subsequent «dementia»
in elderly patients undergoing cataract surgery [6].
The question of whether surgery can be a trigger
that stimulates the progression of a pre-existing
cognitive deficit or whether it initiates cognitive
impairment has continued to attract the attention
of scientists and remains a relevant problem today,
as researchers around the world report a relatively
high incidence of cognitive impairment in the post-
operative period [7].

Despite the continuing interest in the problem
of postoperative neurocognitive dysfunction, a sys-
tematic approach to the study of this phenomenon
emerged only in the second half of the 20 century
and was marked by the emergence of a group of
conditions and terms for their designation, although
the terms are not widely accepted until today.

Postoperative Delirium (POD)

Background. The rapid development of cardiac
surgery, which began in the mid-50s of the last
century, became a major impetus for the study of
PND. Clinicians discovered that cognitive deficits
were particularly common after this type of surgery,
significantly complicating the medical and social
rehabilitation of patients [8]. The work of P. Blachy
and A. Starr (1964) is considered a pioneering
study in this area [9]. In addition to identifying
several risk factors for the development of PND,
the authors noted an extremely high incidence of
delirium (57%) and introduced the new concept
of «postcardiotomy delirium». The subsequent
surge of research activity on risk factors and out-
comes of delirium in open heart surgery [10-15]
resulted in developing the first classification of
postoperative recovery in terms of cognitive status
(1970) [16]. S. Heller et al. distinguished 3 variants:
«pure» (without abnormalities) cognitive status,
early postoperative organic brain syndrome, and
postcardiotomy delirium. The term «early post-
operative organic brain syndrome» implied im-
paired orientation in space and time in patients
recovering from anesthesia. Importantly, this term
had 2 «strict» characteristics, such as:

(1) specific cognitive (not motor) impairment,
and

(2)the absence of a lucid interval during re-
covery from anesthesia.

In other words, the diagnosis of «early postop-
erative organic brain syndrome» could be made quite
accurately, avoiding overly subjective assessments.

However, the term «early postoperative organic
brain syndrome» was greeted coldly by contempo-
raries and soon forgotten, probably for two reasons:
first, it was cumbersome and inconvenient to use,
and second, after its appearance in 1970, the term
competed with concepts such as emergence excite-
ment, emergence agitation (EA), and emergence
delirium (ED), which had already been actively used
by the medical community for more than 10 years
to describe inadequate awakening after surgery [17].

Another author's concept, postcardiotomy
delirium, first led researchers to focus on the rela-
tionship between cognitive impairment and the
timing of surgery, defining postoperative delirium
as only that which occurs after a lucid interval of 2
to 5 postoperative days (see Figure). Without adopt-
ing the term itself, the medical community adopted
the definition and relegated it to the more conven-
ient name of «postoperative delirium» (POD). For
the next 10 years, this relationship between the
time of onset of delirium and the time after surgery
remained the only accurate definition of the con-
dition under discussion.

Notably, the term POD remained «off the radar»
of the medical community for a long time. The
DSM-1 (1952) [18] and DSM-2 (1968) [19] manuals
used the terms «acute cerebral syndrome» and «psy-
choses,» respectively, which were not widely utilized
outside of psychiatry [20]. In addition, no clear di-
agnostic criteria were proposed to guide researchers.

The most important works of those years that
considered the principles of diagnosis of postoperative
delirium were the studies of G. Engel and J. Ro-
mano [21], and then the work of Z. Lipowski [20].

G. Engel and J. Romano proposed relatively
simple test batteries consisting of a small number
of questions/answers for the diagnosis of delirium.
Some of these questions are still used in modern
tests [22-25].

Z.Lipowski, in turn, created criteria for the di-
agnosis of delirium, which were subsequently adopt-
ed by the first clinical guidelines on the problem
under discussion [20].

The year 1980 became a milestone in the history
of PND research. First, the DSM-3 [26] was published,
in which the term «delirium» appeared for the first
time to define cognitive impairment. Clear diagnostic
criteria for the condition, such as disorientation,
fluctuations in cognitive status, sleep-wake cycle
disturbances, and others, also appeared [26]. Secondly,
Z. Lipowski in his work distinguishes two types of
delirium occurring after surgery:

1. Late postoperative delirium, which occurs
after a lucid interval of 24 hours after surgery (see
Figure), and
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2. Emergence delirium, which occurs within
the first 24 hours after surgery [27].

The term «emergence delirium» in Z. Lipows-
ki's classification has not been widely used in the
medical community because it has already been
used for a different time interval after surgery. At
the same time, Z. Lipowski's definition of late
postoperative delirium will become the main def-
inition of POD for the next 30 years. During the
same period, the classification of postoperative
delirium into hypoactive, hyperactive, and mixed
delirium based on clinical manifestations appeared
(see Figure) [27]. The emergence of relatively clear
and unambiguous definitions of PND triggered
the development of the first diagnostic tests, in-
cluding those for POD. Thus, in 1987, the updated
version of DSM-3-R [28] was published, and in
1994, in coordination with ICD-10 [29], DSM-4
[30], which clarified the concept of delirium, defin-
ing the extent of cognitive impairment, the rate of
its development and evolution as the main char-
acteristics of this condition. By the way, 1994 can
be considered as the official year of appearance of

the term «postoperative delirium» in the framework
of international documents (ICD-10) [29]. On the
basis of DSM-3, several scales for the diagnosis of
postoperative delirium were created, such as the
«Delirium Symptom Interview» [31] and the «Saska-
toon Delirium Checklist» [32], which are currently
of mostly historical interest.

At the same time, based on the DSM-3-R, the
Confusion Assessment Method (CAM), one of the
most popular scales for the diagnosis of delirium,
was developed in 1990 [33]. This scale is currently so
widespread that it has been translated into 10 lan-
guages [34]. The scale has a variant for the diagnosis
of delirium in ventilated patients, the Confusion As-
sessment Method for the Intensive Care Unit (CAM-
ICU) [22, 23]. The current questionnaire for rapid
assessment of cognitive status in patients, 3D-CAM
(3-minute diagnostic assessment for CAM-defined
delirium) [24], is an improved version of the CAM
scale. Other well-known delirium assessment tools
include the Intensive Care Delirium Screening Check-
list ICDSC), developed in 2001 based on the DSM-4
[35], and the Nursing Delirium Screening Scale (Nu-
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DESC), developed in 2005 specifically for nurses [25].
There are several other less popular scales for diag-
nosing and grading the severity of delirium [36].

The last decade of the 20th century was marked
by the study of risk factors and methods of prevention
of postoperative delirium. This focus was due to
the creation in 1990 of a new method for diagnosing
delirium, the Confusion Assessment Method, which
was popular among perioperative physicians [33],
as well as the appearance of the first significant pa-
pers demonstrating the relationship between post-
operative delirium and mortality [37].

Anesthesiologists, on the other hand, were
primarily concerned with studying the relationship
between postoperative delirium and the type of
anesthesia and surgical procedure. The key work
in this direction was the review by C. Dayer et al.
based on the analysis of all publications on the
subject between 1966 and 1992 [38]. The authors
first determined the approximate frequency of
postoperative delirium development (36.8%), em-
phasized the absence of a unified method of diag-
nosing this condition, and showed that this situation
leads to a high frequency of missed cases of delirium
(up to 28%). In addition, the authors pointed out
the lack of studies on risk factors for postoperative
delirium and the need for further efforts to study
this issue [39].

Meanwhile, in the first decades of the 21stcen-
tury, anesthesiologists have been studying and cat-
egorizing the results of studies on different types of
postoperative PND. For example, in 2007, the journal
Anesthesiology published an article identifying the
association of delirium with surgery only in the
period up to 72 hours after surgery (see Figure) [40].
However, J. Silverstein's classification still included
the presence of a «lucid interval» in the first 24 hours
after surgery.

In 2017, the European Society of Anesthesiol-
ogists published guidelines that extended the time
interval for the association of delirium with surgical
intervention (see Figure) [41]. The authors returned
the upper time limit for the occurrence of postop-
erative delirium to 5 days postoperatively, as it was
in the classifications of S. Heller [16] and Z. Lipows-
ki [27]. At the same time, the authors of the 2017
PND classification tried to solve the shortcoming
of all POD classifications that has persisted for
almost 50 years, i.e., the «gray» (unclear and unex-
plored) zone between the patient's awakening and
the end of the minimum duration of the lucid in-
terval. In the 1980 classification, Z. Lipowski proposed
to describe the changes in cognitive status at this
point as «emergence delirium», but the term had
already been used to characterize the awakening
of patients after anesthesia [17].

Based on the available evidence that cognitive
impairment observed in the recovery room is pre-

dictive of postoperative delirium [42, 43], C. Aldecoa
et al. suggested that the lower limit of the time
interval for postoperative delirium may be later
than the time of «arrival at the recovery room» [41].
The authors proposed that neurocognitive distur-
bances occurring before this (rather conventional)
time point should be considered as «emergence
delirium». This reasonable proposal, however, has
led to even more confusion. The reasons are obvious:
the lower limit of the time of onset of postoperative
delirium was arbitrarily chosen and not related to
the patient's condition. Moreover, it turned out that
the interval could vary depending on the require-
ments of the patient's status, which determined
whether he or she could be transferred to the
recovery room, intensive care ward, or surgical
ward. In a number of less «advanced» hospitals
there are no recovery rooms at all, which makes
the use of this classification practically impossible.
This is the reason for its low popularity.

Taking into account the above-mentioned cir-
cumstances, in 2018 L. Evered proposed a new PND
classification (see Figure) [44], which has 3 funda-
mentally important aspects:

1. The proposal to shift the lower time limit
of postoperative delirium to the time of the end of
the surgical procedure. Thus, any delirium after
surgery should be classified as postoperative. Mean-
while, the presence or absence of a «lucid interval»
is only considered an individual variation of POD.

2. The second aspect is to raise the upper
time limit for the development of postoperative
delirium. L. Evered et al. proposed to increase the
time limit for the diagnosis of delirium to 7 postop-
erative days or until discharge (whichever comes
first). One can only speculate about the reasons for
such a proposal, as the authors did not explain
their position. And finally,

3. The third aspect is the use of diagnostic
criteria for delirium according to the DSM-5 [7].
The seemingly unremarkable proposal to use
DSM-5 [7] criteria instead of DSM-4 [30] is in fact a
significant step forward in standardizing approaches
to the diagnosis of POD. The publication of DSM-
5 [7] in 2013 was not a high-profile event in the
anesthesiology/critical care community because of
the absence of the term «postoperative deliriumn».
However, according to L. Evered et al., postoperative
delirium is a type of delirium associated with surgical
intervention. Consequently, POD, as a variant of
delirium, should be diagnosed according to the
latest delirium criteria. Although this position is
simple and straightforward, it is important to note
that the DSM-5 [7] and DSM-4 [30] have a concor-
dance rate of only 91% [45]. The presence of some
inconsistency between these diagnostic criteria has
made it necessary to revalidate the existing diagnostic
tools for postoperative delirium, including the afore-
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mentioned ICDSC, Nu-DESC, and various versions
of the Confusion Assessment Method (CAM).

After validation, 3D-CAM [46], CAM-ICU [47]
and ICDSC [47] confirmed high agreement with
DSM-5 [7] as the new gold standard for the diagnosis
of delirium. However, Nu-DESC showed a very low
sensitivity (42%) during validation [48]. Based on
such results, it is probably not worth considering
the Nu-DESC scale as a tool for diagnosing postop-
erative delirium at this time.

Postoperative delirium has since been defined
as «neurocognitive impairment meeting DSM-5 cri-
teria and occurring within 7 days of surgery or
before discharge (whichever occurs first)». The sim-
plicity and precision of the definition of «postoper-
ative delirium» make this classification successful,
although not exhaustive. The time frame «within
7 days of surgery» is not substantiated in any way,
which implies the possibility of subsequent changes.

Current status of POD research. According to
the DSM-5 [7], delirium is currently defined as a
combination of the following diagnostic criteria

A. Disturbance of attention (i. e., reduced
ability to direct, focus, maintain, and shift attention)
and consciousness (reduced orientation to the
environment).

B. This disturbance develops over a short pe-
riod of time (usually hours to a few days), represents
an acute change from baseline attention and aware-
ness, and tends to fluctuate in severity throughout
the day.

C. An additional disturbance in cognition (e. g.,
memory deficit, disorientation, language, visuospatial
ability, or perception such as delusions).

D. The disturbances in Criteria A and C are
not better explained by a pre-existing, established,
or evolving neurocognitive disorder and do not
occur in the context of a severely reduced level of
arousal such as coma.

E. There is clear evidence from the history,
physical examination, or laboratory findings that
the disturbance is a direct physiological consequence
of another medical condition, substance intoxica-
tion, or withdrawal (i. e., from a drug of abuse or
medication).

Delirium itself is divided into 3 subtypes [7]:

1. Hyperactive, with increased arousal, psy-
chomotor abnormalities, and hypervigilance (hal-
lucinations, delusions, agitation, and disorientation);

2. Hypoactive, with lethargy and lack of interest.
This type of delirium is particularly easy to overlook
in clinical practice, so it often goes unrecognized
or masquerades as dementia;

3. Mixed when the patient either has a normal
level of psychomotor activity or can «switch» between
the two types of delirium described above.

Despite the existence of the DSM-5, the only
official document that currently includes postoperative

delirium in the list of neurocognitive disorders is the
ICD-10 [29]. According to ICD-10, postoperative delir-
ium is defined as a nonspecific organic cerebral syn-
drome characterized by disturbances of consciousness,
attention, perception, thinking, memory, psychomotor
behavior, emotions, and sleep-wake cycle [49]. We
would like to draw attention to two points:

1. This definition points to organic damage as
the direct cause of POD. This observation is supported
by extensive evidence of the association of delirium
with underlying dementia, Parkinson's disease, and
perioperative cerebral infarction [50-54].

2. The hallmark of postoperative delirium is
impaired consciousness, which is not characteristic
of any other PND.

Currently, the predominant concept of POD
development suggests the presence of predisposing
(advanced age [55-58], administration of some med-
ications in the perioperative period [59, 60], comor-
bidities [61-63], etc.) and provoking (intraoperative
blood loss [64, 65], depth of hypnosis [66], hypov-
olemia [67], etc.) factors. A combination of several
predisposing and provoking factors may initiate
PND. The trigger appears to be the onset of neu-
roinflammation as a form of systemic inflammatory
response that damages brain neurons and manifests
as PND. Clinical manifestations of this response are
usually observed by an anesthesiologist [68].

The incidence of postoperative delirium can
vary within a fairly wide range, from 15% to 53% [7].
Meanwhile, postoperative delirium is a risk factor
for an unfavorable postoperative recovery period.
Thus, postoperative delirium has been shown to
be associated with

1. Increased mortality in adult patients [69-73].

2. Longer ICU and hospital stays in adult pa-
tients [71, 74, 75].

3. Cognitive impairment in adult patients
[73, 76].

There are no specific pharmacological methods
for the prevention and treatment of POD [77, 78].
Numerous recommendations to eliminate predis-
posing and provoking factors, to create a friendly
atmosphere, to provide a protective regimen in in-
tensive care units, etc. have limited efficacy [79].
Analysis of RCTs shows that the use of a drug with
putative neuroprotective activity (dexmedetomidine)
has controversial results [77]. Nevertheless, the pro-
phylactic use of this drug is approved by some
clinical guidelines [80].

Postoperative Cognitive Dysfunction

Background. As mentioned earlier, the first
description of postoperative cognitive dysfunction
can be found in the work of G. Savage (1887), where
the author first associated the fact of anesthetic
use with the development of «chronic dementia»
in elderly patients [81]. However, the era of studying
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postoperative cognitive dysfunction did not begin
until more than half a century later. It is difficult to
overestimate the importance of the pioneering work
of P. Bedford [82]. The author conducted a retro-
spective analysis of 4,250 case histories of patients
over 65 years of age, 1,193 of whom had undergone
various surgeries under general anesthesia during
the previous fifteen years (i. e., at the age of 50 years
or older), and found that in at least one third (410)
of the cases, close relatives or friends noted per-
sonality changes after surgery, with the phrase «The
patient will never be the same».

The next stage of research into the problem of
POCD began in the 1970s, when a number of studies
in the field of anesthesiology were initiated to in-
vestigate changes in psychoemotional and intel-
lectual functioning in patients after exposure to
general anesthesia [83-85]. At this point in the re-
search, anumber of unresolved problems have sur-
faced. The first is the lack of agreement regarding
how to diagnose POCD. Guidelines that outlined a
pool of questions that should be addressed in the
evaluation of patients' cognitive function were pub-
lished in 1995 to address this problem [86]. Addi-
tionally, these guidelines proposed a method for
evaluating cognitive dysfunction based on several
tests administered concurrently, allowing for a better
diagnosis of cognitive impairment in postoperative
patients. Unfortunately, despite the passage of nearly
30 years, there is still no single test or battery of
tests specifically designed to diagnose POCD. Thus,
different tests were shown to result in different rates
of POCD diagnosis in 2006 [87]. Later, in 2016,
R. Benson et al. attempted to conduct a meta-
analysis of the development of POCD associated
with aortic surgery, but differences in study methods,
cognitive test batteries, and thresholds also prevented
results from being pooled [88]. This issue greatly
complicates the evaluation of POCD and, without
a doubt, leads to interdisciplinary disagreement
among neurologists, anesthesiologists, and other
physicians.

Another current challenge is the very principle
of diagnosing POCD. In fact, different methods of
diagnosing POCD are currently used when assessing
changes in scores on a scale chosen by researchers.
For example, in studies without a control group, a
popular criterion for the presence of POCD is a de-
terioration in retest scores of one standard deviation
or more from baseline [89]. In studies with a control
group, a popular approach is to compare the change
in a given patient's score with the expected change
calculated on the basis of the control group, the so-
called Z-score (RCI, reliable change index) [90, 91].
Even with this approach, there are different formulas
for estimating the expected change for a battery of
tests [92]. Some large studies have used a third ap-
proach, which includes the assessment of the ab-

solute change in score as a diagnostic criterion for
POCD [93]. The lack of a uniform approach to the
diagnosis of POCD is a major obstacle to the study
of this disorder.

Uncertainty regarding the timing of the de-
scribed complication's diagnosis is the third chal-
lenge. For instance, it can take anywhere between
«less than 24 hours» [94] and «1 year or more» after
surgery [91, 95, 96] to confirm the presence of POCD
in various studies. The previously discussed classi-
fication by J. Silverstein (see Figure) [40] was devel-
oped to address this discrepancy between studies.
According to the classification, postoperative cog-
nitive dysfunction can be identified over the course
of weeks and months but never over the course of
days. At the same time, the scientific community
established an informal classification of POCD into
three stages (see Figure), including early (1 week
after surgery), intermediate (during the first three
months after surgery), and long-term (1 year or
more after surgery) [97, 98].

Only 60 years after P. Bedford's work [82] was
published, L. Evered's (2018) classification [44] was
able to simultaneously solve multiple issues. It did
this by first defining precisely what constitutes post-
operative cognitive impairment. It was recommended
that POCD should be evaluated no earlier than one
month and no later than one year following surgery.
Even though cognitive dysfunction can persist for
much longer than a year, the terms «mild/severe
neurocognitive impairment» are appropriate in this
situation [44]. It is advised to refer to cognitive im-
pairment occurring up to one month after surgery
as delayed neurocognitive recovery. Second, a cor-
relation between POCD and the most recent classi-
fications has been made. Unfortunately, POCD is
not included in any of the current official classifi-
cations, neither ICD-10 [29] nor DSM-5 [7]. However,
bringing the definition of POCD closer to the DSM-5
definition of neurocognitive disorders and making
the association with surgical intervention more ex-
plicit may standardize the method of studying
POCD and possibly aid in its inclusion in official
international documents. Third, unified diagnostic
criteria for POCD have been established in accor-
dance with the DSM-5, which include a deterioration
in retest score of at least one standard deviation
compared to the control group [7].

But there are still some uncertainties. On the
one hand, there is currently no standard method
for calculating the RCI, which is required to determine
the deviation of each study patient's result from
that of the control group. Contrarily, there is no ap-
proved test battery to evaluate cognitive dysfunction
in patients in the documents under consideration
despite the DSM-5 existing definition of neurocog-
nitive dysfunction and the availability of approved
cognitive blocks.
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The exclusion of the MMSE and MoCA from
the diagnostic battery for postoperative cognitive
dysfunction (POCD), as recommended by the
DSM-5 [44], can be interpreted as a favorable ad-
vancement due to their failure to adequately assess
the required cognitive domains.

Current state of the art. The incidence of post-
operative cognitive dysfunction (POCD) following
major abdominal and orthopedic surgeries was
investigated in the ISPOCD1 study, which involved
atotal of 1218 patients aged 60 years and above [90].
Postoperative cognitive dysfunction was diagnosed
in 25.8% of patients one week following surgical
intervention, and in 9.9% of patients three months
after the surgery. Only age was a risk factor for
POCD; other variables for delayed neurocognitive
recovery were age, anesthetic duration, poor edu-
cation level, reoperation, postoperative infections
and respiratory problems, and reoperation. Nev-
ertheless, there was no observed association be-
tween hypoxemia or hypotension and the occur-
rence of POCD. The authors did not provide a
clear explanation of the underlying mechanisms
of POCD or identify any particular risk factors that
could be targeted for therapeutic or preventive
interventions [90]. The association between this
disorder and irreversible damage to the nervous
system, characterized by structural changes in the
brain and neuronal loss, remains uncertain. How-
ever, research efforts in this particular area persist
[101, 102]. For instance, X. Liu et al. conducted a
meta-analysis that encompassed 54 observational
studies. Their findings demonstrated a positive
association between elevated levels of inflammatory
markers, specifically CRP and IL-6, and the occur-
rence of both POD and POCD [103].

POCD has been reported to occur more fre-
quently in patients whose postoperative period
was complicated by POD [104-107]. Although
POCD can develop in patients without a history
of POD, POD does not always progress to POCD,
therefore there is no obvious causal link [108].

A small body of evidence suggests that patients
with POCD have a greater risk of death [109, 110],
but it is already obvious that these patients need
significant and prolonged medical and social adap-
tation, which is becoming a major challenge for
patients, healthcare providers, and social services.

Numerous investigations into the effectiveness
of potential medications for the prevention and
treatment of POCD have been unsuccessful. There
are currently no pharmacologic treatments that have
been shown to be effective in POCD patients [111].

Early Postoperative

Neurocognitive Disorders

Background. The history of studying the prob-
lem of early postoperative neurocognitive disorders,

which at different times included «emergence ex-
citement», «emergence agitation», «emergence delir-
iumpy, etc., probably begins with the article by J. Eck-
enhoff et al. (1961) (see Figure) [17]. There, for the
first time, the prevalence of «<emergence excitement»
was studied. This complication was studied on a
population of more than 14,000 patients of all ages.
Unfortunately, J. Eckenhoff et al. employ three
names simultaneously in their study to represent
early PND, including «emergence excitement»,
«emergence delirium», and «emergence agitation»,
without describing any potential overlaps or contrasts
between the conditions.

Subsequent decades of research on early post-
operative neurocognitive disorders have been char-
acterized primarily by the accumulation of data on
risk factors [112-120] and their impact on clinical
outcomes [42, 112, 114, 115, 118, 119, 121-125].
However, terminological issues have been ignored
and authors have arbitrarily and interchangeably
used the terms emergence agitation, emergence
delirium, emergence excitement, PACU delirium,
and recovery room delirium, which may have
affected the validity of the results obtained. This
seems odd because the 1980 DSM-3 provided precise
definitions of delirium and agitation, stating that
delirium always includes a cognitive component of
impaired consciousness, whereas agitation is char-
acterized by motor agitation alone [26].

The most recent advances in early PND clas-
sification. J. Silverstein et al. [40] made the first at-
tempt to solve the problem of terminological chaos
in early PND in 2007. The authors proposed a single
term «emergence delirium» to describe early post-
operative neurocognitive disorders that occur im-
mediately after anesthesia recovery. In doing so,
they suggested, paradoxically, using motor charac-
teristics of awakening to diagnose ED. This could
be why colleagues overlooked this proposal.

C. Aldecoa et al. suggested in 2017 that the
term ED be used to describe all neurocognitive dis-
orders of the early postoperative period (see Fig-
ure) [41]. To say the least, this appears illogical.
Calling the emergence state «delirium» and recom-
mending motor scales to diagnose it, despite the
fact that delirium implies the presence of impaired
consciousness? Combining patients «with» and
«without» impaired consciousness into a single
term does not appear to be the best solution.

The medical community's subsequent criticism
of the inaccuracy of such diagnostic considerations
prompted the development of a new classifica-
tion (126, 127). Furthermore, claims have been
made about the time interval used to define ED
from the early postanesthetic period through «arrival
in the recovery room» [41]. As previously discussed,
the selection of such a time point, which is not
related to the patient's condition but rather to the
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organization of perioperative management, became
another flaw in the proposed recommendation.

The recommendations published a year later
by L. Evered (2018) provided a different perspective
on the issue of early PND terminology (see Fig-
ure) [44]. L. Evered et al. proposed to exclude the
term «emergence delirium» from the current clas-
sification, and any condition that meets the defi-
nition of delirium according to DSM-5 during
7 postoperative days should be considered as
postoperative delirium. In fact, this approach sim-
plifies the methodology of diagnosing postoperative
delirium and eliminates the problem of the «lucid
interval». But the question remains, what is emer-
gence agitation (EA)?

The problem with EA is that during the period
of agitation, it is impossible to make contact with
the patient to assess their cognitive status. Since
there is currently no mechanism for determining
cognitive status other than direct communication
with the patient, it is extremely difficult to answer
the question of whether agitation is purely psy-
chomotor, as the DSM has classified it for over
40 years, or a brief episode of hyperactive delirium
that resolves when the agitation subsides.

Perhaps the method proposed by E. Card et
al. can help to solve this problem [128]. The authors
studied the development of emergence agitation,
which was diagnosed in the operating room using
the RASS scale, and delirium, which was assessed
by the CAM-ICU immediately after arrival in the
recovery room. E. Card et al. found that of the 75 pa-
tients (19% of all participants) who had an episode
of emergence agitation on recovery from anesthesia,
only 60% (45 patients) had delirium on arrival in
the recovery room. We would like to believe that
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Summary

Aim. To analyze the contribution of V. K. Kulagin, Doctor of Medical Sciences, Professor of the Department
of Pathological Physiology of the Military Medical Academy into development of scientific perspectives con-
cerning the etiology, pathogenesis and therapy of traumatic shock, following thorough analysis of 1950-1980s
series of featured publications. We analyzed the general theoretical views of the scientist, his methodological
preferences in organizing laboratory experiments, the methodology for developing standard models for con-
ducting experiments, choosing indicators and evaluation criteria. We brought to recollection the proposed by
V. K. Kulagin approach to traumatic shock staging and phases relative to the leading pathogenetic factor; high-
lighted some of the key topics and results of his experimental research related to individual resistance to shock,

prerequisites of shock irreversibility and factors complicating the course of traumatic shock.

Conclusion. Theoretical and experimental inventions of V. K. Kulagin are relevant to the present day and
are of great importance for further progress of medical science.

Keywords: Viktor Konstantinovich Kulagin; Department of Pathological Physiology; Military Medical
Academy; pathogenetic factors of traumatic shock; laboratory experiment in pathological physiology; hemic

hypoxia; mutual burden syndrome
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BBengenue

B 2023 1. oTmMeu4aeTcAa CToJieTrhe CO THA POkK-
JleHUsI BBIJAIOIIerocs Naropu3noJiora, OCHOBHOU
cepoii HAyYHBIX UHTEPECOB KOTOPOTO OBITIO HC-
CJIiefOBaHUE OKCTPEMaAJIbHBIX U ITIOT'PAHUYHBIX JIJ19
SK3HU COCTOsIHUI — BukTopa KoHcTanTHHOBHUYA
Rynaruna.

Bce 60J1bI110€ BUIUTCST HA PACCTOSTHUY — BU-
JHUMO, B 3TOH HapOJHOU MYAPOCTU 3aKJIIOUAETCs
IIpUYMHA TOT0, YTO Cepbe3HOe HayYHOe Hacaeaue
B. K. Kynarusa B 06/1aCTH 3THOJIOTHH U IIaTOTeHe3a
TpaBMaTU4YeCKOTO III0KA IT0KA He IIOJTYYUJIO T0JIK-
HOI'O OCMBICJIEHUS U OlleHKH. IO0MIeiHbIi rox —
MTOJIXOAAIIMI MOMEHT /17151 IOABITO;KUBAHUS 3ACJIYT.
MO3KHO C yBepEHHOCTBIO CKa3aTh, YTO COBpPEMEH-
HbIe IIpeJICTaBJIeHNsI O IPUPOLE TPABMATUIECKOIO
ITIOKA, 3(p(peKTUBHBIX CIOCOOAX €T0 MPO(PIITAKTUKI
1 JIe9eHrs1 ChOPMHUPOBAICH BO MHOTOM OJ1aroapsi
9TOMY OJApEHHOMY U IIPOAYKTUBHOMY y4E€HOMY,
CMeJIOMy U HUCKYCHOMY TEeOpPEeTHKY-3KCIIepUMeH-
TaTopy, CHOCOOHOMY K JIeTATLHOMY aHATU3Y U IITH-
POKOMY CUHTE3Yy OMIIMPUYECKUX JaHHBIX.

CranosJieHue yueHoro. Bukrop Kyiarus no-
SIBUJICSL HA CBET B KPOXOTHOM IIPOBUHIIMAJIBHOM
pabodem mocesKe, poc JTI0003HATETHbHBIM, YIUJICS
Ha OTVINYHO. Kak Bce BBINTYCKHUKM 1941 T., mpsAMO

CO IIKOJIPHOW CKaMbH yIIesa Ha (POHT, 100po-
BOJIBHO CJYKHJI B pa3Beake. B Hayasie 1942 r.
BukTop OBITT cephe3HO paHeH, OCJIe YeTro B cpa-
SKEHUSIX YsKe He YU4aCTBOBAJI; IIPOIlIes IIOATOTOBKY
B MyJIEMETHOM y4YMJIUINE, IOJYy4Yns 3BaHUE JIeH-
TeHaHTa, 00peJl KOMaHINPCKUe HaBBIKU. Kak aTo
HM IIapaJOKCaJIbHO, BOMHA cTajsa nia Kynaruxa
CBOEO6paSHI)IM COMMa/JIbHBIM TPAMIIJIMHOM, I103-
BOJIMBIINM OCO3HAaThb CBOE IIPU3BAHUE U BI)I6paTb
BEPHBIN YKN3HEeHHBIH Iy Th. CBOIO cynb0y B. K. Ky-
JIaTVH CBA3aJ1 ¢ BoeHHO-MeINIIMHCKON akageMuen
(BMA), kyma OBbLI 3a4MCJIeH KypcaHTOM B 1946 T.
31ech ero MHTEJJIEKTyaTbHbIE CHOCOOHOCTH U HIC-
cJieJoBaTe /IbCKUM MOTEHIHAJ TOJTYUYUJIN IIPOCTOP
1 Bomuiomenusa. Cpasy nocjsie okonuanuss BMA
B 1951 r. ommnunuk B. K. Kynaruu 6611 3aunciier
B QI bIOHKTYpPY IIpU Kadepe maTo/Iorudeckoi gpu-
3uoJoruu [1].

Ha kadeape narodranosoruu ¢ ee CiiaBHbIMU
HAayYHBIMU TPATUIHUSAMHE [2] TaaHTHI HOBOOpaHIa
HayKH{ IIPOLLIY MIJIU(OBKY U OTPaHKy B TBOpUe-
cKol «borTere»! Moaknma PomanoBuua IleTpoBa,
PYKOBOJUBIIIETO 3TUM CTPYKTYPHBIM IIofipasyeJie-
HueM c 1939 1. mo 1964 r. HayyHas mkosia Ilerposa
cpopmupoBaiacs eriie 10 Besmmkoii OteyecTBEHHOM
BOMHBI U 3aJI0KHAIA MPUHIUIIBI U IIOAXObI COBET-

! Borrera (bottega) — MacCTepCras XyJ0KHHUKOB 3I10XU Peneccanca, riue YMyAPEHHbIE OIIBITOM MacCTepa CBOEro JieJjia 3aHNUMaJIuCh
06Y‘IeHI/IeM IOHBIX ITOAMACTEPbhEB, /1€ BOCIIUTHIBA/JIUCH MOJIOAbIEC JapOBaHUA U CO3JaBa/IMChb HOBbIE€ TEXHUKU BbIIIOJIHEHUA
pa60T. B camom Ipornecce co3njganus, KOTOprfI IIeJI B 9TUX MaCTEPCKUX, PO AAa/J0Ch HOBOE€ 3HAHUE.
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CKO¥ MEIUITMHCKOU CJIY>KOBI K JIEUEHUIO TPaBMa-
THYECKOTr0 II0KAa B IMepuo], 60EeBBIX NeHCTBUI.
[IIxoJia 6bLJIa MHOTOYNCJIEHHOU (OK0JIO 50 Yesio-
BeK), OHa 00'beMHSIa YYeHbIX Pa3HBIX BO3PACTOB
Y paHTOB BOKPYT OOIIEN mapagurMbl — HEHpo-
reHHOU TeoOpur TPaBMaTUYeCKOIo III0KA.

[lon BAysiHMEM €JMHOMBIIIJIEHHUKOB U IIPEsK-
ne Bcero camoro U. P. TlerpoBa Buktop KoHcTaH-
TUHOBUY BBIOpAJI TUCCEPTAIMOHHYIO TEMY, ITOJI-
HOCTBIO HaxOAsAIIYIOCA B pycjie OCHOBHOI'O Ha-
YYHOr0 HampaBJjieHUs Kadeapbsl — pa3paboTKu
MIPUHIMIIOB KOMILJIEKCHOU Tepanuy U npoduak-
THUKU LI0Ka. B 1955 I. ycmemHo mpoiisa 3amura
KaHIUaaTCKou nuccepraruu «O paHHed npodu-
JIaKTUKe ¥ MeXaHN3MaX Pa3BUTHUA TPaBMaTA4eCKOro
IIIOKa B 9KCIIepUMeHTe», B 1961 T. — TOKTOPCKOM:
«MarepuaJibl K IaToreHe3y u Tepaluy TpaBMaTu-
YEeCKOI0 IOKa».

Bo riiaBe kaceapsi naropusunonorun. [Ipu-
MeyaTeJIbHO, YTO BO3IVIaBUB B 1967 I. kadenpy
naropusuosioruu BMA, Buktop KoHCTaHTHHOBUY
Kynarus He cTaJj JoMaTh CyILIeCTBYIOIIHAE TPaay-
[IUY, Pe3KO MEHATH HUCCJIeJ0BATe/IbCKYIO0 TEMATUKY,
YTO 3a4aCTYIO [IPOMCXOAUT IIPU CMeHe PyKOBOJICTBA.
OH coxpaHuJI IPeeMCTBEHHOCTb Y II03BOJIUJI CIIO0JI-
Ha peajn30BaThCsl HOTeHIIUAY TETPOBCKOMU IITKO-
JIBI B JIMIIE BBIJAIOIINXCA BOEHHBIX MEJUKOB CTap-
11ero (ppOHTOBOTO MOKOJIEHUSI M CBOUX POBECHU-
KOB, Tak)ke y4eHUKOB Mlokuma PomaHoBuua. OH
I10 IIpaBy CTaJ HOBBbIM MHTEJIJIEKTyaJIbHbIM JIIe-
POM JaHHOTO HAy4YHOI'O HAIlpaBJIEHUs, U Ha 3TOM
OCHOBaHHU OBIJIO OBI CIIPABEAJIUBO IIKOJY W3-
Y4eHHUA TPaBMaTU4eCKOTIO III0Ka B 9KCIIePUMEHTe,
CJIOSKUBIIYIOCS Ha Kadenpe, UMEHOBATH IIIKOJIOU
IlerpoBa—-Kynaruna [3].

BasxkHo ormeruTh, uTo Buktop KoHcranTu-
HOBUWY TIpeBHEC B paboTy Kadeapbl MHOMKECTBO
HOBaTopckux uaei. OH Ipuaaa HayuyHbIM paspa-
OOTKaM HOBBIN UMIY/ILC OJIarofapsi yCOBepIIeH-
CTBOBAHUIO HKCIIEPUMEHTAIbHON MarepuabHO-
TEXHUYECKOU 0a3bl ¥ MICCIIEIOBATETHCKUX METOTHK.
[Tpu HeM OBLTI0O MOJEPHU3UPOBAHO yueOHOe 1 Ha-
y4HOE 000pyIoBaHUe, BO3POCJIA POJIb TPAKTHYE-
CKUX ¥ JITaDOpPATOPHBIX 3aHATUH B y4eOHOM IPO-
1lecce: OCHOBOM 00y4YeHMsI CTaI0 MOJIEJTUPOBAHIE
1 OCyIIleCTBJIEHNE KCcIIepuMeHTa. B 1969 1. kadenpa
BIIEpBBIE TPHOOpeIa 3JIEKTPOCTUMYISTOPHI, 3JIEK-
Tporapauorpadsl u 3jeKTpoaHIedasorpadsml.
BbLi opraHn30BaHbI OMOXUMUYECKAST U 3JIEKTPO-
(pusmosnornyeckas 1abopaTopuu, YTO MO3BOTUIIO
WHTEHCUBHO, C IpUMeHeHNeM HOBEHUIIINX METOIOB
U C aKTUBHBIM IIpUBJICYEHUEM CIIeIIUa/IMCTOB U3
Ipyrux Kadeap akageMuy U HayYHbIX YUPesKIeHU
IIPOBOAUTH HUCCAENOBAHUA 10 aKTyaJbHBIM BO-
IpocaM BoeHHO¥ natosioruu [4]. HaBepHo, He OymeT
MpeyBeJIMYeHNEeM CKa3aTh, YTO 3TO OBLI MEePUO
paciBeTra Jab0paTOPHOTO IKCIIEPUMEHTA B TIATO-
JIOTUYECKOH (pU3N0JIOTUM.

Fig. Viktor Konstantinovich Kulagin.

B KOJIJIEKTUB BJIMBAJIUCH CBEKUE CUJIBI, IO
TpaBMaTU4YeCKOMY ILIOKY I0J PyKOBOACTBOM Ky-
JIaTMHA MIPOI0JIXKAJIN 3AIUIIATHCA JUCCEPTAIUHN.
B. K. Kynmarun nogrorosuJ 10 JoKTOpoB 1 21 KaH-
aupara MeJUIUHCKHAX Hayk [3]. C 19751 mo 1979 1.
OH KCIOJIHAJ 005S3aHHOCTH YYEHOTO CeKpeTaps
aKkaJeMHU¥, Y4acTBOBaJI B paboTe JAMCCEPTALNOH-
Horo coBera K.106.03.02, aBjsicsa 4JeHOM Tpe-
suauyma BAK.

Kadenpy ormruasna BbIcOKas myOJIMKaIOH-
Hasg aKTUBHOCTb. ABTOPCTBY caMmoro Kymarmna
MPUHATJIEKUT opsiaka 200 Hay9HBIX pador. [Ina-
[Ma30H Hay4yHbIX nHTepecoB B. K. Kymnaruna ogHo-
BpPEMEeHHO U Y3KOHAMPaBJIeH, U Ype3BbIUaliHO IIN-
pok. Bcio sku3Hb OH paboTaJl B paMKax e JUHCTBEH-
HOTO HAay4YHOTO CerMeHTa — MNaTo(pu3U0JJI0TUI
TpaBMaTUYECKOI'0 III0KA, HO IIPY 9TOM He yIIyCTUJI
13 BUAY HU OJHOT'O 3HAYMMOTO aCIeKTa TaHHOU
npobJyieMaTuku [5].

HIToroM MHOT0JIETHUX HAayYHBIX U3BICKAHUHI
crajia u3manHas B 1978 r. monorpadus «Ilatoso-
ruveckasi (pu3noJI0rysi TPAaBMbI U ITIOKa», 2 KOTOPOH
BukTop KOHCTaHTHHOBUY J1aJl MOAPOOHBIN aHa-
JINTUYECKUH 0030P COBPEMEHHBIX MY IIPEJICTaB-
JIeHWH 00 9TUOJIOTHHU U ITaTOTeHe3e TpaBMaruye-
CKOr0 III0Ka; 000CHOBAJI TUIIOJOTUIO U KJIACCH-
(pukanuio 1I0Ka MO ITUOJIOTUIECKOMY IIPU3HAKY,
MIPeAJIOsKUJI CBOIO MMEPUOAU3AIIMIO 1II0KA, B 3aBU-
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CHMOCTH OT JOMUHUPYIOILIEro IIaTOreHeTU4eCKOI0
dakTopa; 0003HAYMT TPOOJIEMHBIE TOUKU CTAHOB-
JIEHUsl eJUHOU TeOPUU TPaBMATHUUYECKOTO IIOKa;
3a/1aJ1 NepCIeKTUBY NaabHENUIINX UCCIeJOBAaHUN
B 9TOM 00JIACTH MEIUITMHCKON HAYKU [6].

TeopeTnyeckye M METOIOJIOTUYECKHE MIPEST-
noureHus. Kak ussectno, perpetuum mobile pas-
BUTHUS HAYYHOU MBICJIM — Hay4dHasi OUCKYCCHUS.
YeM akTyasbHee npobsema, TeM OOJIbIlle BOKPYT
Hee KUIIUT CIIOpoB. B 1970-e IT. HoCTU)KEHME CYIII-
HOCTHM TPaBMaTUY€CKOTIO III0KA U TTOUCK MOIX0/I0B
K ero Tepamnny HaXOJWUJKUCh Ha OCTpUe HAYYHOI'O
BHUMaHUs1. /lebaTbl MesK Iy IpeCTaBUTEIAMU pas-
JIMYHBIX CHEINaTbHOCTEN, TEOPETUUYECKUX U Me-
TOJOJIOTUYECKUX TEYEHUU pasBOpavyMBaIMCh Ha
CTpaHUIAX KyPHAJIOB, HA CUMIIO3UyMax, KoHpe-
peHLMAX U APYTUX IJIOMIaAKaX HAyYHONH KOMMY-
Hukanuy, 1 B. K. Kymarua ObLI UX aKTUBHBIM
y4acTHHUKOM [7]. B 00cy:kneHne 1 pa3apaboTKy mpo-
0J1eMBbI III0KA, HAPSITY C TAaTO(PU3UO0JIOTAMU U XU-
pypramu, BRJIIOUMJINCEH papmakoJsioru (BuHorpa-
noB B. M., lenucenko II. I1. u 1p.), OUOXUMUKH
(MBanosB U. 1., KopoBkuH b. ®. 1 11p.), aHecTe3no-
qaoru (YBapoB b. C. u nip.).

Yo ke OBLIIO TPeIMeTOM pasHoIIacuii? Bei-
JleJIMM HEeCKOJIbKO JUCKYCCUOHHBIX MOMEHTOB.

B aTOT mEepuoj aKTUBHO CO3[1aBAJIUCh CIie-
[MaJU3UPOBAHHbIE TPOTUBOIIIOKOBBIE IIEHTPHI,
OCHallleHHbIe COBPEMEHHOI anmnaparypoii, 103Bo-
JISTIOIIEeH OCyIIeCTBJISITh PETUCTPAIIUI0 OCHOBHBIX
SK3HEHHBIX (DYHKIIVH Y TOCTPAIABIINX. Y OOTBHBIX
B COCTOSIHMHU IIIOKA CTaJud 3a0UparTh KPOBb [IJIA
OMOXUMUYECKUX aHATU30B eIlle 110 TOpore B KJIU-
HUKY. Bce aT0 IpuBeJIO K 9KCIIOHEHIINAaJIbHOMY pO-
CTy 9MIIMPUYECKUX JaHHBIX, U XUPYPTU «BIIEPBbIE
MTOJTYYUJTH OOJIBIIION U PAa3HOCTOPOHHUH (haKTH-
YecKUi marepuasl 0 Pa3BUTUU IIOKA HETOCPEs-
CTBEHHO Ha 4YeJioBeKe» [8].

Kak ciencrBue — naydeHue IIOKa epeMe-
CTHJIOCH U3 Jaboparopuil B KIMHUKU. OCOOEHHO
AKTHUBHO B HAIllel cTpaHe Bejlach paboTa B 3TOM
HallpaBJIEHUH Ha KadeJpe BOEHHO-TIOJEBOU XU-
pypruu BMA nox pykoBoacTsoM A. H. bepKyToBa,
a Takke B VHCTUTyTe CKOPOH IOMOIIU UM.
N. N. Tranennnse non pykosoactsom I J1. Hlyir-
KoBa. [ IpakTuKyo1ye Bpauu CTaay BbICKa3bIBaTh
COMHEHWS B HEOOXOIUMOCTH JIJAOOPaTOPHOTO 9KC-
IepruMeHTa KaK TakoBoro. Yrto, pasymeercs, BbI-
3BaJI0 KaTeTOPUYECKOe OTTOPYKEHUE CO CTOPOHBI
TEOPETUKOB-IKCIIEPUMEHTATOPOB. B yacTHOCTH,
B. K. KystaruH roJiarast, 94To poJib J1abopaTopHOTO
3KCIIepUMMEHTa Ha >KUBOTHBIX B U3yYEHUM IIOKA
MO-IIpesKHEeMY JOJIKHA UI'paTh Bedyllyio poJb. U
MIPUBOJINJ BECKHE JOBOMBL.

Kystarun cunras, 4To B KJIMHUKE HEBO3MOKHO
M3y4arh 0K B IIOJTHOM 00'beMe, HaOJTI0aTh B U~
HaMUKe, OTCJIE;KMBAs €er0 CTaAUHHOCTb CO BCEMU
¢da3oBbIMU TIepexogaMu. Y Bpauei-KINHUIMCTOB

JIpyrasi OCHOBHasI 3ajjaua — He HaOJIIoaTh, a Jel-
CTBOBATh, CIIacaThb YeJI0BeYeCKYIO KU3Hb. Kpome
TOTO, TepaleBTUYECKNe MePhl B OTHOIIIEHUM Ma-
IIMEHTOB B COCTOSTHUU IIOKA SIBJSIOTCS 9KCTPEH-
HBIMU 1 O0€30T/I1araTeJIbHbIMU U IPUHUMAIOTCH eIlle
o TIomagaHusl 60JIbHOrO B CTAIlMOHApP, Bpad B
KJIMHUKE UMEET JIeJI0 C y)Ke «JIeUYeHHbIM» IIIOKOM,
a, CJIeIoBaTeJIbHO, C MeTUKAaMEeHTO3HO U3MeHEeHHBIM
ero npoTrekanueM [6, c. 6].

[TIok y yesTOBEKa XapaKTepU3YeTCsI OOTBIITUMU
WHIVBUTyaTbHBIMUA OCOOEHHOCTSIMU, 3aBUCSTITUMU
OT JIOKAJIN3allui U XapaKTepa TPaBMbI, CTENIEHU
MOBPEKAEeHUS KU3HEHHO BasKHBIX OPraHoB. [1pu
CXOJICTBE TPABMUPYIOIIIETO BO3ENCTBYS, OOJILHBIE,
TeM He MeHee, MOTyT HaXOIUTHCs Ha Pa3HbIX CTa-
VSIX Pa3BUTHS IIOKOBOTO Mpoliecca. Kpome Toro,
Ka)KIbIi O0JIBHOH IIOCTYTIAeT B IIIOKOBOE OT/IeJIEHTE
C COOCTBEHHBIM CONYTCTBYIOIIUM «OYKETOM» CO-
CTOSTHUU ¥ 3a00/I€BaHU (BKJTIOYASI XPOHHYECKUE).
B3anMHOe HaJIOMKeHHe BCEeX 3TUX 00CTOATEIbCTB
He IT03BOJIsIET 00HAPY>KUTH B 0011l KApTUHE XOTh
KaK#he-TO 3aKOHOMEePHOCTHU. VI IPUBOIUT KJINHU-
YeCKUX UCCleloBaTesiel K paiukaJbHBIM BbIBOIAM.
Kaxk ormeuaer B. K. Kynarus, «<HeKoTopble KJIMHNA-
nuctol (bepkyToB A. H. 1 ip.) IpuIiiay K KpatHUM
3aKJIIOYEHUSsIM O TOM, YTO III0OKA KaK TAaKOBOTO He
CYIIIECTBYET, a CTb COOpPHAsI TPyIIIA TSMKETBIX CO-
CTOSIHUH, KOTOPBIE B KAYKOM CJIydae UMeIoT CBOIO
crennuky» [6, c. 21]. ITHaye roBops, 0OIIMX Me-
XaHM3MOB IIIOKOBOTO IIPOIiecca HeT, U LIOK Yy BCeX
IIPOTEKAET [10-Pa3HOMY.

Br13bIBajia KDUTHKY 9KCIIEPUMEHTATOPOB TaK-
sKe METOJIMKA cO0pa aMIIUPUIECKUX KITMHUYECKUX
JaHHBIX — I'UTAaHTCKUE CTAaTUCTUYECKUE COBOKYII-
HOCTH TTOKa3areJieil He 06J1er4ay, a 3aTpyIHsAIN
BO3MOYKHOCTb Hay4HOI'0 aHaJ/I13a, T. K. OIlepupo-
BaJIM B OCHOBHOM CpPEIHMUMH BeJIMUYUHAMH, HE
6oJsiee MH(OPMATUBHBIMU HEYKEJIM TTPECIOBYTas
«CpeJHsIsI TeMIeparypa o 60JIEHUTIEN.

KpomMme Toro, He Bce HEOOXOIMMbIE METO/IbI
HCCJIeOBaHMA II0Ka JOIyCTUMBI Ha YeJIOBEKe.

C touku 3peHusi Bukropa KoncrantuHosuua
Kynarnza, HenpeogoJ/iMMble IJid KJIWHULKMCTOB
CJIOYKHOCTH JIETKO Pa3peliajrch B TPAMOTHO MO-
CTaBJIEHHOM J1Ja00PaTOPHOM 9KCIIEPUMEHTE, BEIb
9TOT MHCTPYMEHT IMO3UTUBHOU HAayKU KakK pa3 U
MpeiHa3HAY€eH JIJIsI TTOMCKA 3aKOHOMEPHOCTEH C
IMOMOIIIBIO CITeITaIbHO pa3pad0TaHHBIX METOTUK.
ToJIBKO B «4MCTOM» 9KCIIEPUMEHTE, TI03BOJISIOIIEM
HUCKJIIOYUTH OCJIOKHSIONINE (haKTOPHI, OOIIIHe Me-
XaHU3MBI IIIOKA OTYETINBO IIPOCTYIAIOT U I103BO-
JISIOT ce0s ucciief0Barb. A Ha OCHOBE IIOHUMaHUSA
001X 3aKOHOMEPHOCTEH Jierdye moTOM IOHSATH
pasHo0Opas3Hble KOMOWHAIINY, BCTPEYaloIINecsi B
KJIMHUKE.

KynaruH nomyepkuBas BasKHOCTb KOOPIHU-
HaIlUM 3KCIIEePUMEHTATbHBIX U KJINHUYECKUX HC-
cJieJOBaHUH ITI0Ka. JJabopaTOPHBIN 9KCIIEPUMEHT
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IIeHeH He caM I10 cebe, a UCKJIIOUYUTEILHO C TOUKHU
3peHusI M0JIb3bI JJI1 KINHUKH. JI1000H akcrepu-
MEHT MOJeJIMPYeTCsi, UCXOAsA U3 Ilesed U 3aaady,
KOTOpbIe eMy IIPEeJICTOUT PEIINTh, a 3agadu Gop-
MyJIMpyeT KJINHUKA.

MeTtoauka J1a00pPaTOPHOTO IKCIIEPUMEHTA.
Bukrop KoHcranTnHOBMY Kystarus npuaasas Bak-
HOe 3HaYeHHe PaCCMOTPEHUIO METON0JIOTUIYECKUX
1 METOAUYECKUX aCIEeKTOB 3KCIIEPUMEHTATbHBIX
HMCCJIEJOBAaHUU B BOEHHOI MeTUITHE B I1eJIoM [9],
Y TIpYW U3yYeHUH MaToreHe3a, pa3paboTKe sKcIe-
PUMEHTAJILHOH Tepauu 9KCTPEeMaJIbHBIX COCTOS -
HUH, B yactTHocTH [10]. OH, moskaayil, oCTaHETCA B
HCTOPUU MEIUITUHCKOM HayKU, IpesKIe BCEro, Kak
HEeMpeB30UJeHHBIM MacTep maro@uanooruye-
CKOTO 9KCIIEpUMEHTA.

HcKyccTBO aKcIleprMeHTa COCTOUT B MoJe-
JIMPOBAaHUHU IPOLECCa, B CTaHAAPTU3AIUHU €T0 YCJIO-
BUM, B OTOOpE KPUTEPUEB U PETUCTPALNU TTOKa-
3areJjieil. 3a OCHOBHOU KPUTEPHUI CpPAaBHEHU S MOYKET
OBITH B35ITa TSIPKECTh TPABMbI, 00bEM KPOBOIIOTEPU
WUJIN 5Ke€ COCTOsIHWEe OPraHr3Ma U er0 OCHOBHBIX
CHCTeM II0CJIe TpaBMaTu3anuu. B psane ciydaes
MOJIE3HO CTAHJIAPTU3UPOBATh TSAYKECTHh BO3JEN-
CTBUA (TpaBMbI, KpoBomoTepu) [10].

B akcnepuMeHTe, e UCCIeI0BATEb MOYKET
He TOJIbKO HaOJII0IaTh, HO U YIIPABJISITh IPOIIECCOM,
4aCcTO HCHOJIb3YyeTCs NPUHIUII BapbUPOBAHUA
J03bI TPABMUPYIOIIEro BO3AENHCTBUSA: T. €. TPaBMa
HAHOCUTCSI He OMHOMOMEHTHO. OCOOEHHO 9TO BaYK-
HO IIPY W3yYEHUU Pa3BUTHUA II0KA, PA3JIMUYHBIX
ero CTaJuil U CKaYK0OOpasHBIX IIEPEXOI0B OT
OIHOM K OPYTOH.

BaskHoe 3HaueHne nMeeT 000CHOBAHHBIN BbI-
00p BUIA MOJOIBITHBIX KUBOTHBIX, KayKIbIN 13
KOTOPBIX MOYKET UMETH Te UJIU MHBbIE 0COOEHHOCTHU
B CpaBHEHUU C OpPraHM3MOM uesioBeka [11]. W3-
y4eHUe IIOoKa B JjabopaTopuu Kadenpsbl matodu-
3WOJIOTUU IIPOBOIUJIOCH Ha coOaKax, KPOJUKaX,
KOIIIKax ¥ KpbIcax. B ToM cirydae, Korjaa aTo UMeJio
3Ha4YeHue 11 KOPPEKTHOCTU Pe3yJIBTaToB IKCIIe-
PpHMEHTa, UCITOJIb30BAJTN HEHAPKOTU3UPOBAHHBIX
sKUBOTHBIX. OTBe4as Ha yTBepyKAeHus O Helpa-
BOMEPHOCTH 9KCTPATIOJIAIINN 9KCITEPUMEHTATBHBIX
JaHHBIX, [I0JTyYeHHbIX Ha }KUBOTHBIX, Ha YeJI0BEKa,
Kynarun ccpliajica Ha COOTBETCTBYIOIIME UCCIe-
JOBaHUS, «CBHAIETEJIbCTBYIOIINE O TOM, YTO I'eHe-
paJibHble 3aKOHOMEPHOCTHY pa3BUTHUA II0KA y 4Ye-
JIOBEKa U 3KCIIEPUMEHTATbHBIX SKUBOTHBIX, JIEsKa-
e B OCHOBE HapyllleHusl (PyHKIUN pa3JImIHbIX
CHUCTeM, UJeHTUYHBI, YTO He NCKJIIoYaeT HaJIuuns
psAla YaCTHBIX 0COOEHHOCTEH, CBSI3aHHBIX CO CITe-
nupUKOU opraHuaMa 4yejoBeKa» [6, c. 22], «II0-
CKOJIBKY B ITaToreHe3e II0Ka OOJIBIIYI0 POJIb UT-
patoT BbIpaboTaHHBIE B Ipollecce (puUJIoTeHe3a
JIpeBHME BETETATUBHbIE PEAKIINN, MEXAaHU3MBI, KO-
TOpBIE B OOIIINX YEPTAX OIMHAKOBHI y BCEX MJIEKO-
MUTAIOIINX» [6, C. 22].

OdveHb BaKHO OBLIO JOOUTHCA CTAaHIAPTU-
3aIMy 9KCIIEPUMEHTA, pa3paboTaTh ero TUIIOBYIO
MojeJsib, 0e3 4ero Oblja HEJOCTHKMMa CPaBHU-
MOCTB Pe3yJIbraTOB IPOBOJUMBIX ONIBITOB [12]. Oc-
HOBHOW CTaH/IapTHOU MOJIe/TbI0 TPaBMaTU4YECKOT0
I10Ka, MpuMeHsieMoll Ha kadeipe, ObLJIa Tak Ha-
3pIBaeMasi Mognesnb KenHoHa (peajinadyemas myTeM
TpaBMaTU3aluy MATKUX TKaHel Oenpa, YTO HC-
KJIIOYAaeT MaCCHUBHYIO KUPOBYIO aMOOJIMIO U TIO-
BpeskIeHue KPyIHbIX apTepuil). Ho mpumeHsaInch
U Jpyrue MOBpeKIeHUs1 KOHeYHocTel. Monesb
60J1€BOTO IIIOKA CO3/1aBajach IyTEM MeXaHW4Ye-
CKOTO WJIM 3JIEKTPUUYECKOTO pa3apasKeHUusi cMe-
IIIAaHHBIX HEPBOB, Yallle BCETO CeJaJUIIHbIX. Ha
CIlelaJIbHBIX MOJeJIAX M3y4daJiCA IJIeBPOIYJIb-
MOHAJIbHBIN TOK, BUCIEPAJTbHBIHN ITOK ITPU JIJT1-
TeJIbHOM Pa3JaBIUBAaHUU MSATKUX TKaHeU, Typ-
HUKETHBIU MeTOM U T. 1. [[pUMeHsI/TUCh TUTIOBBIE
MOJIeJIU U KOMOMHUPOBaHHbBIE [12].

Bo BTOpO#1 TIosioBUHE 1970-X TT. Ha TIEPBBIA
TJTaH BBIIILIA TPOOJIEMa COMTOCTABUMOCTH PE3YIlh-
TaTOB 9KCIIEPUMEHTOB, IPOBEIEHHBIX B PA3JIUYHBIX
saboparopusax [13]. ITo 0co3HABAIOCH KaK CEPh-
e3Hasi MeTOJI0JI0TUYeCKasd U MeTonvYecKasi po-
OJ1eMa, 6e3 peleHruss KOTOPOI HaKOIJIEeHHbIe pa3-
JIMYHBIMH KOJIJIEKTUBAMH UCCJIefoBaTe el TaHHbIe
HEBO3MOKHO OBLJIO COIIOCTaBJIATH U CPaBHUBAT,
YTO, B CBOIO OYepelb, CKa3bIBaJIOCh Ha addek-
TUBHOCTHU pas3pabOTKU TeMbI B MaciITabax cTpa-
Hb! [14]. Ilo cnoBam Kysaruna, «ucciaenoBaHus
MTPOBOJSATCS HA Pa3HbIX 9KCIIEPUMEHTAIBHBIX MO-
JIeJisIX, B pa3JUYHble CPOKU PA3BUTHS IIOKA, UTO
CYIIIECTBEHHO 3aTPYIHSIET UX 00001IeHue» [6, . 3].
Bp1u mpeAnpUHATHI IaTU 110 YHU(PUKALNY 9KC-
IMepUMEHTAIbHBIX MOJEJeHd II0Ka, a TaKKe TIe-
pUOIOB HCcCiefoBaHUs Moka3dareseil. Conpyske-
CTBOM HECKOJIbKMX BY30B OBLIM OCYIIIECTBJIEHBI
T10 O0IIel MporpaMMe KOMILJIEKCHBIE UCCIeI0Ba-
HUsI, HalleJIeHHbIe Ha pellleHUe HauboJjiee aKTy-
QJIbHBIX TEOPETUYECKUX MTPOOJIEM ITTOKa [14].

JlaboparopHbiii akcriepuMeHT Kynaruxa nos-
BOJISIJI HE TOJIBKO M3y4YaTh 00OIMe MeXaHU3Mbl U
3aKOHOMEPHOCTH IIIOKOBOTO IIpoIiecca, HabJroaast
U (PUKCUPYs KauyeCTBEHHbIe CKAUYKU MeKIy OT-
NIeJIbHBIMU €Tr0 CTaAUsMU, HO U MMPOABUTAThCSA OT
00111eT0 K YaCTHOMY, K TOHUMaHUIO CHEIU(UIHO-
CTH OTJEeJIbHOTO CIy4asl.

Kystarus npoBeJt MHOSKECTBO UCCJIeIOBAHUN
C 11eJIBIO U3YyYeHUsI TeX MHIUBUYATbHBIX 0COOEH-
HOCTEMN, KOTOPBIE BJIUSIOT HA PE3UCTEHTHOCTh WU
IIpeIpacIioNoKEeHHOCTh OpraHu3Ma K IIOKy. [Ipu
BOCIIPOM3BENEHUH III0Ka Y KUBOTHBIX IIyTEM Ma-
HEBPUPOBAHUS TAKECThIO TPABMBbI peIIajcs BO-
MIpPoC 0 pa3HOOOpasuu MpPeaesoB U MOPOTOBBIX
3HAYEHHUI pe3UCTEHTHOCTU. Tak ObIja BBIABJIEHA
WHAVBHIyadbHAasl BApUATUBHOCTh YCTOMYHUBOCTU
K IIIOKOTeHHBIM (pakTopaM, oOyCJIOBJIEHHAsT Ha-
CJIeICTBEHHBIMU 1 KOHCTUTYIIMOHAIbHBIMU (DaK-
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Topamu: «HeonHakoBasi yCTOMYMBOCTD Pa3/IMYHBIX
SKUBOTHBIX K IIIOKY U pa3JInyHbIi a(peKT Tepanun
3aBUCAT OT Psijla TEHOTUNTUYECKUX U (PEHOTUIH-
Yyeckux ocobeHHocTel» [15]. Urpanu posb u A0-
MTOJTHUTETbHbIE 00CTOSITE/IHCTBA, TAKNE KaK yCTa-
JIOCThb, USMOKIEHHOCTb I'0JIOO0M, CTPECC U T. II.
[TonnMaHMe OTINYUTEJIbHBIX CBOMCTB YCTOMYMBBIX
K IIIOKY 0COD€e¥ MOTJIO JaTh KJTI0Y K IIOVCKY CPECTB
NMpo(UIAKTUKY IIOKA B IEJIOM. YCIIEXH Tepanuu
moka B. K. Kysarus cBAsbIBaJjl, B 4aCTHOCTH, CO
«3HAaHWEM WHAWBHUIyaTbHBIX 0COOEHHOCTEN Hel-
PO9HIOKPHUHHOM peaKIIMi OpraHu3Ma B OTBET HaA
IIIOKOT€HHYIO TpaBMy» [15].

Bomnpoc o BenymieMm (pakTope TpaBMaTHuue-
CKOI'0 IIOKA. /[pyruM IIpeIMeTOM HEYTUXAIOIINX
CITOPOB OCTaBaJICS BEKOBOM BOITPOC O PENIAI0IIEM
dakTope matoreHesa [16]. He O6b1710 enuHCTBA B
IIOHMMaHUM, YTO IIEPBUYHO [JIA Pa3BUTUA IIOKA.
Cpeniri OCHOBHBIX (DAKTOPOB, UMEIOIITUX HANO0JIh-
11ee 3HaUYeHVe B pa3BUTHUM II0OKA IIPU TPaBMe, BbI-
JeJisTi 00JIEBYIO MMITYJIbCAIIUI0, KPOBOTIOTEPIO,
9HIOTOKCUKO3 U T. 1.

B. K. KysarnHa IpyHATO CYUATATh alloJI0reTOM
Helpo-rymMopaabHON TeOpPUH, IPUBEPSKEHIIEM ITep-
BuuHOoCcTH [IHC Kak perynsaropa neATeJbHOCTU
BCexX APYyrux cucreMm opranusama [17]. JeiicTBu-
TeJIbHO KysiarmH MHOTOKpaTHO IOA4YEePKUBaJI, 4YTO
IIIOK — 3TO CTpajaHue BCero OpraHnuama, a «<Hapy-
IIeHus1 (PYHKIIMM HEPBHOM CHCTEMBbI Ha BCEX ee
YPOBHSX MHTErpaliii Oprairu3Ma UrparoT BbIIA0-
IIIYIOCsI POJIb B ITaToreHese moka. [1Iok kak TUIoBOM
MaTOJIOTUYEeCKUH ITPOoIlecc, C IPUCYIIUMU JJIsI Hero
NIPUYMHHO-CJIEICTBEHHBIMU OTHOLIIEHUAMMU U I10-
POYHBIMU Kpyramu, HEBO3MOKHO BBI3BaTh B YCJIO-
BUsIX ITYOOKOW HEHWPOBETETAaTUBHOM OJIOKAABI 1
HUCKYCCTBEHHOU runorepmMum» [6, c. 278].

OpHako, Tpy BHUMATeJIbHOM NMPOYTEHUM €r0
TPYAOB OTKPBIBAETCA HECKOJIBKO MHAs KapTHUHA.
BayKHO IOYEPKHYTH, YTO HAYYHBIE B3IVIAIBI U IIPEI-
craBjeHns Bukrtopa KoHCTaHTHHOBUYA 3BOJTIOINO-
HUPOBa/JIY U IlepecMarpuBa/JiCh Ha IIPOTAYKEHUU
BCel skn3HU. B koHIle 1970-X IT. MEXaHN3M Pa3BUTHUS
IIIOKa MIPEJCTAaBJIAJNICA €My, CKOpee, «MHOTOKOMIIO-
HEHTHBIM» [6, C. 5]. Buktop KoHCTaHTHMHOBIY 1oJ1ara,
4TO «B TEOPUSAX HATOTE€HEe3a III0Ka YaCTO BbIIEJIs1/1ach
OJIHa KaKasi-To, periaroliasi poJib OIHOro (pakTopa
9THOJIOTUY, a OCTAJIbHBIE Paay YIIPOIIEHUA IIPUHU-
MAaJIMCh 3a KOHCTAHTHI MJIM BLIHOCHUJINCH 34 CKOOKH,
4TO NPUBOOUJIO K CYIIIECTBEHHBIM HNCKAKEHUAM U
oIMOKaM B paCCMOTPeHUH ITaToreHesa» [16]. OH Ha-
XOJIUJI, YTO «3a TIOCJIeTHEE BPEMSI CTajla OUeBUTHON
OecrepCeKTUBHOCTD CBEJIEHHS MaToreHesa IIoKa
K BJIUSTHUIO OT/IEJbHBIX (DAKTOPOB...» [17]. «B mato-
reHe3e TPaBMaTUYeCKOro III0Ka OHU MOT'YT BBICTYIIATh
B Ka4eCTBe CUHEPIUCTOB, Olpeesisad KaueCTBEHHO
UHyI0 (popMy naToJsiorum» (6, c. 20].

Hcxopa n3 npuBeleHHBIX nuTar, Kynaruaa
CIpaBeyInBO OTHECTU K OCHOBOIIOJIOYKHUKAM I10-

JIUITUOJIOTUYECKON TeOpUM IaToreHe3a TpaBMa-
THUYECKOTO II0Ka, HauboJjiee pacrpocTpaHEHHON
B Hammu nHU [18, 19]. Ilo kpaliHeli Mepe UMEHHO
JIAHHOU KOHIIENIUM OH TPUIEPKUBAJICA B IO-
CJIeTHHE TOIIbI YKU3HH.

I[lepuogm3anusa TpaBMAaTHYECKOTO HIOKA.
KonuenryasbHble nnpencrasiaenus B. K. Kynarnna
O TIpUpOJie IIOKa HAIILJIN BhIpA)KEHNE B JTAHHOW UM
00111eli XapaKTEPUCTUKE, TUITOJIOTUU U KJIaCCUDU-
KallnH III0Ka Ha OCHOBE 3TUOJIOTHYECKOT0 (pakTopa.
M OblJ1a TaKKe MPeITosKeHa TePUOIU3aliisi TPaB-
MaTU4YecKoro II0Ka B 3aBUCUMOCTHU OT BeAyIIero
IMaToreHeTU4IeCcKOTo (pakToOpa, OCHOBAHHAS Ha 9KC-
epuMeHTaJIbHbIX MaTepuasiax. Ha mepBoii craguu
(«<HEpBHOI»), COOTBETCTBYIOIIIEHN 9peKTUIBLHOMU (hase,
JOMUHUPYeT peaKkIiuy, OII0CpegoBaHHble HEPBHOMU
crcteMoii. FITorom ee CTaHOBUTCS IUCKOOPIUHATTHS
paboThI BCex OpraHoB U cucTeM. Ha BTOpoii («co-
CYAUCTOM») — y’Ke IPU Pa3BUBIIIEMCSI TOPIIUTHOM
IIIOKE — BEIYIIIIMU CTAaHOBSITCSI yMEHbIIIEHVE 00be-
Ma UUPKYJIUPYIONIeN KPOBU, HAPYIIEHUSI MUKPO-
UUPKYIAINY, TPUBOISIINE K TUIIOKCUN TKaHew.
Ha TpeTbeii («MeTaboJIM4ecKoii») CTaquy HapsiLy C
paccTpoiiCTBOM TEMOAMHAMUKHA BO3HUKAIOT BbI-
pa’keHHbIE HapyIIIeHUsI 0OMeHA BEIIeCTB, KOTOphIe
PE3KO YTAXKEJIAIT TeueHue poliecca [6, c. 70]. Ha
Ka’KJION cTaguy TpedyeTcsi IpUMeHeHNe COOTBET-
CTBYyIOIIIe BeaylieMy (paKTopy Teparuu C UCHOJb-
30BaHUEM OIlpeie/IeHHBIX IPYIII IpernapaTos.

B. K. Kynarus BcelieJio IpUHsiJI TEOPUIO TPaB-
MaTu4ecKoi 00JIe3HU, B paMKaX KOTOPOM TpaB-
MaTUYECKUU MIOK MOMKET pacCMaTpUBaThCS Kak
OJIMH U3 TIATOJIOTUYECKHUX MPOIlecCcOB OoJiee -
pOKOM HO30JI0TUYECKON eTuHUITbI. KoHIenus
TpaBMaTUYeCKOU 00JIE3HU OXBAThIBAET BECh KOM-
IJIEKC U3MEHEHUH B €T0 JKU3HeIesITeJbHOCTU OT
MOMEHTAa TPaBMbI U JJ0 OKOHYATEJILHOTO UCXO/IA.
B KOHTEKCT ee TMHAMUKU OPTaHUYHO BITMCHIBAIOTCS
TaKWe CTaJINH, KaK IPEIIOK U TTOCTIIOK.

Kynaruna otinyasno OoCTOsIHHOe BHUMaHUe
K HavYa/JJbHOMU, Jajke IMOTEHIINAJIbHON CTaJauH II10-
KOBOTO Ipolecca — Kk npemoky [20]. [Ipuuyem, B
TECHOU CBSI3KE C ITP001eMO MPO(UTAKTUKHY ITTOKA.
IMeHHO 3THUM BOIIPOCaM MOCBsIIIIEHA €T0 KaHI1-
JlaTCKasi IUCCepTaIvsi U MHOKECTBO MTyOJTMKAIIHM.
B. K. Kynarun uckajn npeBeHTUBHBIE CPeNCTBA,
NpensiTCTBYIOIINE CTPEMUTEJLHOMY PasBUTHIO
III0Ka, CIIOCOOHBIE €r0 CMATYUTH U 3aMe/IJINTh.

[TocTHIOKOBBIM IepuoJ XapaKTepUuayeTcsi
OTMaCHOCTHIO PENUINBOB, PA3JIMUHBIMU OCJIOK-
HEHUSIMH, HO MIPU UCCJIEJOBAHUH ITIIOKA OH OCTa-
eTcs 3a paMKaMU paccMoTpeHust. «M aTo ABJsieTcs
OIHMM U3 Cepbe3HbIX APIYMEHTOB B M0OJIb3Y BbI-
leJIeHUSI TPaBMaTU4YeCKOU 00JIe3HHU KaK HO30J10-
TAYECKOU eIMHUITBI, TaK KAK [IPU 3TOM U3MEHSIETCS
METOJI0JIOTUSI TIOJIX0Jla Bpadyel K JUarHOCTHUKE,
MIPOTHO3Y, II0CJA€eJ0BAaTeIbHOCTH TePaluu TsKe-
JIBIX TPABM, a TaK’Ke CTaTUCTUYEeCKOMY y4eTy pe-
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3yJIBTATOB JiedeHus» [6, c. 81]. Kynarun nomuep-
KMBAET, YTO IIOK — 3TO MPOIIECC, JIsI KOTOPOTO
XapakTepHa CMEHA KA4eCTBEHHO Pa3JIMUYHbIX CTa-
WU, U CO’KaJieeT, YTO HET CEPhE3HBIX MCCJIIEN0-
BaHUM, MOCBSAIIEHHBIX CTAAUMHOCTH BBIXOHA M3
III0KQ, @ KPUTEPUH BbIBEIEHUS U3 IIIOKA OCTAIOTCSA
HepaspaboTaHHBIMU.

KJiroueBbie TeMbI HCCJIeIOBaHuii. MHOTO-
4rcJIeHHble 9KcnepuMeHTsI B. K. Kyimarnna MmoskHO
YCJIOBHO Pa3AesiuTh Ha iBe OOJIbIIINe TPYIIIbL:

1) uccaemoBaHue pa3INYHbIX ACHEKTOB 3TUO-
JIOTUY U MTaTOreHe3a TPAaBMAaTUUECKOT O II0K3;

2) ucnbITaHWEe MPOTUBOIIOKOBBIX CPEJICTB,
[JIaBHBIM 00pa3oM MeTMKaMeHTO3HbIX ITPEIIapaToB.

B pokyce Hayunoro BuuManusi Kymarusa mno-
CTOSIHHO OCTaBaJ/IMCh 0COOEHHOCTH ITaTOJIOT U HEel-
pOryMOpabHBIX MEXaHU3MOB, 9HIOKPUHHOU CU-
cTeMbI IpH II0Ke. Ha nmpoTrsykeHny Bcelt HAyYHOU
brorpadun oH c HeoCJJaOHBIM BHIMaHUEM HCCJTe-
JIOBAJI 9HTIOKPUHHBIE CJIEICTBUS TDABMAaTUUYECKOTO
IIIOKa ¥ MCKaJI JeHCTBEHHbIE CIIOCOOBI UX MeTHUKa-
MEHTO3HOW TOPMOHAIbHOU KOPPEKITUU. DTOT UH-
Tepec B 11eJIOM COOTBETCTBOBAJI CXOTHOM YCTAaHOBKU
y4eHOro o nomuHupoBanuu poJsu LIHC, kak pery-
JTOpa MPOYUX CUCTEM OPraHW3Ma, B Pa3BUTUU
TpaBMaTUYECKOTO I10Ka [21]. Bcero mpobJiemaTuke
HelPOsHIOKPUHHBIX HapyIIeHUH IIpU IIOKe, TOp-
MOHO- U (pepMeHTOTepanuu KynaruH nocBsTUI B
o0611eii cioskHOCTH O0s1ee 50 mybsImKanuii [22-25].

0Oco060 x0TesI0Ch ObI OCTAHOBUTHLCH Ha TEME
TUNnokcuu B paborax KynarvHa: oH mpu3HaBas
KJIIOYEBYIO POJIb KACJOPOJHOTO T'OJI0IaHUs B r'e-
Heae [I0Ka. JKCIlepuMeHThl Kynaruna nnokasany,
4YTO MOTpebieHre KUCJ0POoIa B TOPIUIHOM (ase
TPaBMaTHUYECKOI0 IIIOKA Pe3K0 YMEHbIIAaeTCs IIPU
OTCYTCTBUHU TOBpEKIEHUU IpyaHON KjeTku. 13
Yero CJIEAyeT, YTO B MOHM)KEHUU TMOTpeOJIeHUsT
KHCJIOPOZia He UTPAloT CyIleCTBEHHOHU posiu PyHK-
LMY BHEIIHero abIxaHusd. VI naske KCKyCCTBEHHOE
HacChIII[eHEe apTepUaJbHOW KPOBU KHUCJOPOIOM
CUTyaluIo He MeHsAeT [26]. ITo no3soausao Kymna-
TUHY IPEIIOJIOMKUTE, YTO IPUYNHOMN KUCIOPOTHOTO
rOJIOaHUA ABJAIOTCA HapyIlIeHUsI FeMOAUHAMUKA
¥ OrpaHuYeHne TOCTABKY KMCJI0PO/Ia K TKaHAM [6,
c. 137-138]. HUcxonst n3 (puKCUpPyeMoro B OMBITAX
BO3pacTaHUsI apTEPOBEHO3HOM Pa3HUIIbI, OBLI Clie-
JIaH BBIBOJ, O JOCTAaTOYHOI CIOCOOHOCTU TKaHEeM
MoTpedJIAThL Kucjaopoa. OcraBajoch OTHO 00h-
sSICHEHHE — MTpo0JieMa 3aKJII0YaeTCs B USMEHEHUH
TPAHCIOPTHBIX CBOMCTB camMOil KPOBH, B yTpaTe
€10 CIIOCOOHOCTHU IEPEHOCUTH KUCJIOPOJ K TKaHIM!
Takum o6pasoM, Buktop KoHcTaHTHHOBUY (hak-
THUYECKU oTnticasl PeHOMEH reMHUYeCKOU TUTTOKCUH.

TpaBmMaTU4YeCKUH MIOK COIMTPOBOSK1AETCS BbI-
paskeHHOU TUII0BOJIEMIEH, IPU KOTOPO B pe3yiib-
Tare N30BITOYHOH MTOTEPH SKUAKOCTH YMEHBITIAETCS
06beM nupryupympoiei kposu (OLK) B opraHus-
Me. [1pu camskennu OLIK kak pa3 1 BOSHUKAET re-

MHUUYeCKass TUIIOKCHUsI, KOTOpasi BbIPAsKaeTcs B
YMEHBIIIEHUN KUCTOPOAHON eMKOCTH KPOBHU B pe-
3yJIbTare CHUYKEHUA KOJIUYeCcTBa 3PUTPOLUTOB B
equHUIE 00'beMa KPOBH M B HapyIIeHUU TPAHC-
MMOPTHBIX CBOHCTB reMOmIoOnHA. [eMIUYeCKUH TUTT
TUTIOKCUY XapaKTEePU3YETCsI CHIYKEHUEM CII0CO0-
HOCTH reMOIJIOOMHA 3PUTPOITUTOB CBSI3BIBATH KHC-
JI0pOf, (B KAaTUJLJIAPAX JIETKUX), TDAHCIIOPTAPOBATh
M OTJIaBaTh ONTUMAJILHOE KOJIMYECTBO ero B TKAHSIX.
IIpy TOKCHMYECKOU Pa3HOBUIHOCTH IIIOKA B pe-
3yJIBTaTe MHTOKCUKAIIMY OPTraHU3Ma, HaOJII01aeTcs1
TaKksKe TOosIBJIeHNE TaTOJIOTHYEeCKUX (hOpPM reMo-
mIoOWHA (KapOOKCUTEMOTTIOONH, METTEMOTTIOONH
u n1p.). [ToaTtomMy BocrioJiHEHVE 00'BEMA ITUPKYJIH-
pyloliieii KpoBU — BaskHellIIee MEPOIIPUATIE KOM-
MJIEKCHOU Teparuu IIoKa.

MIMeHHO C BBIPAKEHHOU U MMPOJOIKUATEIb-
HOW TUIIOKCHUEHN TKaHeU, KoTopasi MoJIepsKuBa-
eTcs1 HapylleHUsIMU HeHPOsHIOKPUHHON pery-
JIAIUM TOMeOCTa3a B pe3ysjbTaTre oO0pa3oBaHUs
IIOPOYHBIX KPYroB aToreHesa, KysnaruH cBsasbpiBall
pas3BUTHE HEOOPATUMBIX COCTOSHUI [27]. OH cun-
TaJI, YTO «BOMPOC 00 U3BMEHEHUN NHTEHCUBHOCTU
0OMEHHBIX ITPOIIECCOB U MOTPEOHOCTH KJIETOK U
TKaHel B KUCJOPOJe MPU IIIOKE UMEET MepPBO-
CTelleHHOE 3HAa4YeHUe, TaK KaK ero pelieHne mos-
BOJIMJIO OBl HAMETUTDH HOBbIE MyTU MPO(MUTAKTUKYI
U Tepamuu 1mokar [6, c. 138].

B 3acayry B. K. Kynaruny MoskeT OBITH I10-
CTaBJICHO TAaK’Ke dKCIIepUMEHTAJIbHOEe U3y4YeHue
COYeTaHHBIX U KOMOMHUPOBAHHBIX (POPM TpaBMa-
THUYECKOI IMaTOJIOTHH, B YaCTHOCTH KOMOUHHPO-
BaHHBIX paJuallMOHHBIX TTIOPAsKeHUH [28].

Pe3ynbraThl 9THUX HCCIeIOBAaHUI TO3BOJIUIN
€My BBIUTH Ha Ba)KHbIe 000011eHust: «[Ipu mosm-
TpaBMax MepervieTeHrne O0IUX M YaCTHBIX IMPO-
SIBJICHUI TPAaBM OKa3bIBAeTCsI 0OU€Hb TPYTHOMN /1151
a"a/mM3a. B Takux ciay4yasax NPOUCXOAUT CyMMalus
JleficTBUs pasdHbIX (pakTOpoB mMIoKa. OJHAKO, ITO
He apuMeTHyecKasi CyMMa, a8 HOBOe KaueCTBEHHOe
cocTosiHUE» [6, ¢ 53]. ITO cOCTOSTHME TPUHSATO Ha-
3bIBATh «CUHJIPOMOM B3aMMHOT'0 OTATOIIEHUST», Xa-
PaKTepU3YIOIIErocs yBeJmueHreM 4YacTOThI U YIITyO-
JIEHHEeM TSKeCTHU IIOKa, yTHeTeHWEeM 3alllUTHBIX
CHJI OPTaHM3Ma, OACHOCTHI0 BTOPUYHOT0 KPOBO-
TeuYeHUsI BCJIE/ICTBUE TOBBIITIEHHON MPOHUIIAEMOCTH
¥ JIOMKOCTH KaNWJIJISIPOB, TIOHUYKEHNEM CBEPTHI-
BaeMoCTH KpoBH [29, 30]. I[Ipy KOMOMHUPOBAaHHOM
BO3JIEICTBUM MEXaHWYECKOU TpaBMbl U MPOHU-
Kalolel pagualuy CUHIPOM B3aMMHOIO OTSTO-
IIIEHUST XapaKTEPUIYETCST DOJIEE THKEITBIM, UEM 3TO
HaOJTI0aeTCs MPU YHUCTHIX (POpMax MOpaskeHUH,
TeYeHWEM U TPABMBI, U JTy4eBOH OOJIE3HU.

B. K. Kynarus 1nocTogaHHO Nog4epKUBaJl, 4To
HeoOxonuMa mabHelnas KoJlJIeKTUBHAs paboTra
TEOPETUKOB U KITUHUIIVCTOB JIJIsI CO3]aHUSI €UHOU
TEeOpUU IlaToreHesa mroka [6, c. 37]. B 1980 r. on
II0JIy4YMJI HOBOE JOJIPKHOCTHOE Ha3HayeHue — Ha-
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JaIbHUK Hay4uHo-1ccaen0BaTebCKOro HUHCTUTYTA
BoeHHOU MenuiinHbI MO CCCP (35 HUM MO P®),
OCyIIecTBJIsIIONIEero (pyHIaMeHTalbHbIe U MPHU-
KJIa[IHble UCCIe0BaHMsI. B KOHIle cCBOell KOPOTKOU
SKU3HU — B 3€HUTE TBOPYECKUX U UHTEJJIEKTY-
QJIBHBIX CITIOCOOHOCTEH — OH CTOsIJT Ha pyOeskax
HOBBIX HayYHBIX T€M, CYJIAIINX MHOYKECTBO CBep-
mieHU U oTkpeITHH. Ho cynpba pacnopsauiach
nHaue — Ha 59 rofy SKU3HU TBOPUYECKUU IIOJIeT
3aMeyvaTe;IbHOTO YYEHOro ObLI BHE3AaTHO Tparu-
4yeCKU npepsax [31].
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Instructions for Authors of the General Reanimatology Journal

Based on the «Brief author guidelines for
preparing and formatting scholarly papers in jour-
nals indexed in international scientific
databases’edited by Olga Kirillova under the ASEP
(Association of Scientific Editors and Publishers) and
RRIEPL (Russian Research Institute of Economics,
Politics and Law in Science and Technology) pub-
lished in 2019, the CSE’s White Paper on Promoting
Integrity in Scientific Journal Publications, 2012
Update, ICMJE Recommendations for the Conduct,
Reporting, Editing and Publication of Scholarly
Work in Medical Journals (December 2016), and the
European Association of Scientific Editors (EASE)
Guidelines for Authors and Translators (available at
https://ease.org.uk/guidelines-toolkits/).

Version Dated February 2023

When submitting a manuscript to the General
Reanimatology journal, the authors guarantee that:

— the manuscript has not been previously
published in another journal;

— the manuscript is not currently reviewed for
publication in another journal;

— the manuscript does not contain any confi-
dential information;

— all co-authors agree with publication of the
current version of the article.

Instructions for the Authors
Before Submitting the Manuscript

Before submitting a manuscript for review,
make sure that the file contains all the necessary
information in Russian or English, lists all sources
of information (references), has a full set of figures
and tables, all citations are properly formatted.

The editorial board of the «General Resuscita-
tion» journal recommends that authors use the
following checklists and charts developed by inter-
national health organizations in preparing
manuscripts and other materials (EQUATOR,
Enhancing the Quality and Transparency of
Health Research, https://www.equator-

network.org/reporting-guidelines/; SWIHM, Sci-
entific Writing in Health & Medicine
https://www.swihm.com/course/):

When preparing papers reporting the results of
randomized clinical trials, «<CONSORT 2010 check-
list of information to include when reporting
a randomized trial», https://www.equator-
network.org/reporting-guidelines/consort/, should
be used.

When preparing papers reporting the results of
non-experimental research, «The Strengthening the
Reporting of Observational Studies in Epidemiol-
ogy (STROBE) Statement: guidelines for reporting
observational studies», https://www.equator-
network.org/reporting-guidelines/strobe/, should
be used.

When preparing a systematic review, «PRISMA
(Preferred Reporting Items for Systematic Reviews
and Meta-Analyses)», https://www.equator-
network.org/reporting-guidelines/prisma/, should
be used. Additionally, we recommend the following
outline for the abstract (summary): scope of the
problem (1-3 sentences from the introduction); aim
of the review (the same wording in the summary
and in the introduction); number of sources, criteria
and databases of source selection; specific issues
considered according to the highlighted subhead-
ings in the body of the review); limitations of the
research on the topic; conclusion (an abridged ver-
sion of the conclusion from the body of the review).

When preparing a clinical case report/series, «The
CARE Guidelines: Consensus-based Clinical Case Re-
porting Guideline Development», https://www.care-
statement.org/checklist/, or SWIHM 2019 recom-
mendations should be used. Russian language
form can be found at www.reanimatology.com —
Section «Authors Guidelines» — Case Report Writing
Template for Authors.

When preparing papers reporting the results
of qualitative research, SRQR (Standards for report-
ing qualitative research), https://www.equator-
network.org/reporting-guidelines/srqr/, should be
used.
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Main Information for the Manuscript Submission

PARAMETER

INSTRUCTIONS

Limitations

Initial submission

One file in the Word format

in Russian for Russian-speaking authors

in English for non-Russian-speaking authors, including:
— the title of the paper

— full names of all authors

— affiliations of all authors

— IDs of profiles in the scientific databases for each author
— the text of all sections of the paper

— tables, figures, photos with captions and notes

— references

— conflict of interest

— information of study funding

— acknowledgements (optional)

— authors' contribution (preferably)

The length of the manuscript

Original manuscript:

— about 40.000 characters with spaces
Short communication:

— should not exceed 2.500 words
Review, meta-analysis:

— 25.000-40.000 characters with spaces

Front page information

Title of the paper

Should not exceed 15 words

Information about authors

Full name (Peter Johnson), author profile ID in the research database(s)
for each author (e-Library/RSCI (Rus), Scopus, WoS researcher ID if avail-
able)

Affiliations

Full name and postal address of the organizations with zip code

Corresponding author

Full name, e-mail address, phone number

The paper outline and references

Summary (abstract)

250-300 words. Sections: scope of the problem (introduction/back-
ground), aim, material and methods, results, conclusion

Highlights (main messages
as text or infographics,

an optional section
following the summary)

1-3 messages (no more than 40 words per each message)

Keywords

6-8 words listed with a semicolon (;), without a dot at the end

Body of the paper

Sections: introduction (background), material and methods, results, dis-
cussion, conclusion

Supplementary information
sections

Conflict of interest, funding of the study should follow the Keywords para-
graph.

Acknowledgements (optional) and authors’ contribution (preferably)
should be placed at the end of the paper

[lustrations, including tables

Original paper —up to 8
Short communication — no more than 3
Review —up to 8

References

Dating:

70% should be published within the last 5 years, of them at least 30%
within the last 3 years

Number:

Original paper — 25-45

Short communication — 10-25

Review — 80-120

Format: please see the «References Formatting» section

Read the full-text version at www.reanimatology.com
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