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Clinical Studies

Impact of General Anesthesia and Antioxidants on Cognitive, Static
and Locomotor Functions During Laparoscopic Cholecystectomy

Viktor V. Moroz, Vladimir T. Dolgikh*, Sofya A. Karpitskaya

V. A. Negovsky Research Institute of General Reanimatology,
Federal Research and Clinical Center of Intensive Care Medicine and Reabilitology
25 Petrovka Str., Bldg. 2, 107031 Moscow, Russia

For citation: Viktor V. Moroz, Vladimir T. Dolgikh, Sofya A. Karpitskaya. Impact of General Anesthesia and
Antioxidants on Cognitive, Static and Locomotor Functions During Laparoscopic Cholecystectomy. Ob-
shchaya Reanimatologiya = General Reanimatology. 2022; 18 (2): 4-11. http://doi.org/10.15360/1813-9779-
2022-4-11 [In Russ. and Engl.]

Summary

Aim of the study: to reduce cognitive impairment during laparoscopic cholecystectomy by perioperative
administration of drugs with antihypoxic and antioxidant effects under the control of stabilography.

Materials and methods. We studied the effect of general anesthesia and antioxidants on cognitive,
static and locomotor functions during laparoscopic cholecystectomy. We studied 90 patients with acute
calculous cholecystitis randomized into three experimental groups (n=30, each group). The control group
was composed of 24 healthy individuals. Group 1 patients received no antioxidants, group 2 patients re-
ceived the combination antioxidant drug (sodium fumarate+sodium chloride+potassium chloride+mag-
nesium chloride) in the postoperative period, and group 3 patients received methylethylpyridinol. The
patient groups were comparable in sex, age and type of inflammatory and destructive process in the gall-
bladder. Surgical intervention was performed under endotracheal anesthesia. Premedication with at-
ropine and promedol was given, and anesthesia induction was carried out with propofol, fentanyl and
suxamethonium. Sevoflurane, fentanyl and cisatracurium were employed to maintain anesthesia, anal-
gesia and myorelaxation, respectively. The patients were examined before surgery, 24 and 48 hours after
surgery. In the groups of patients who received antioxidant therapy, blood sampling for hematological
and biochemical examinations was performed 30 min after the administration of antioxidants. Stabilo-
graphic studies and MoCA test (Montreal Scale) were performed before antioxidant administration prior
to surgery and after surgery, on days 2 and 3.

Results. Neuropsychological testing revealed postoperative cognitive dysfunction on standard therapy
which included impaired attention and concentration, executive function, memory, speech, visual construc-
tional skills, abstract thinking, counting, and orientation (21 points on the MoCA scale versus 28-30 points for
normal). We found that the pathogenetic factors of cognitive dysfunction included insufficient antioxidant
protection, decreased TNF-« and elevated interleukin-18 levels along with an increased level of C-reactive pro-
tein in plasma, which manifested as activation of free-radical oxidation processes and reduced antioxidant
system and performance of nonspecific resistance. Perioperative use of the combination antioxidant drug and
methylethylpyridinol antioxidants reduced the frequency and severity of postoperative cognitive impairment
in patients after laparoscopic cholecystectomy.

Conclusion. The most important pathogenetic factors of cognitive dysfunction after laparoscopic chole-
cystectomy include activation of free-radical oxidation, reduction of antioxidant defense system performance
and lack of nonspecific resistance factors. Adding the combination antioxidant drug or methylethylpyridinol
to the standard therapy reduces the intensity of radical oxygen species generation, maintains the antioxidant
potential, activates production and secretion of nonspecific resistance factors, preventing the development
and reducing the severity of cognitive disorders in the perioperative period. Neuropsychological testing and
stabilographic examination allow identifying the risk of cognitive disorders in patients after laparoscopic chole-
cystectomy and provide a rationale for the use of antioxidant therapy for their prevention.

Keywords: laparoscopic cholecystectomy; cognitive disorders; free-radical oxidation; antioxidant
therapy
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Introduction

Recent years have seen a significant increase
in the incidence of cognitive disorders in various
diseases, both medical and surgical ones. These
disorders are manifested primarily by reduced mem-
ory and mental performance, impaired perception,
processing and analyzing of information, as well as
low ability to remember and retain this informa-
tion [1-4]. Cognitive disorders hamper rational cog-
nition of the world and the possibility of purposeful
interaction with it [5-8]. Cognitive dysfunctions are
associated with many diseases such as cerebrovas-
cular [9], mental [10], cardiovascular [11, 12], surgi-
cal [13, 14], and infectious [15-17] ones.

The introduction of laparoscopic cholecystec-
tomy into clinical practice has expanded the indi-
cations for the use of this method, which is consid-
ered to be the «first choice intervention» in the
treatment of cholelithiasis [18-20]. Its use is associated
with cognitive impairment of varying severity in
up to 80% of cases [21]. Mortality in laparoscopic
cholecystectomy is almost three times lower than
in open cholecystectomy [22, 23]. The causes of
mortality after laparoscopic cholecystectomy include
myocardial infarction (0.4%), pulmonary embolism
(0.3%), acute cardiovascular failure (0.4%) [24]. The
nature of condition and surgical technique do not
allow to fully implement proper prevention of com-
plications and avoid the sequelae of surgical ag-
gression. Anesthesia, along with surgical aggression,
is also associated with increased risk of complications
during laparoscopic cholecystectomy [25]. These
factors are a major challenge for anesthesiologist
requiring search for new approaches to anesthesi-
ological support. Quite often (in 16-44% of cases)
during surgical interventions, anesthesiologists
make errors of varying severity such as erroneous
dosing of drugs, inaccurate filling out of the anes-
thesia record sheet, or failure to control the changes
in performance of vital organs and systems [26]. In
addition, there are accumulating data on neurotoxic
effects of general anesthesia resulting in the devel-
opment of postoperative cognitive dysfunction, the
pathogenesis of which remains poorly under-
stood [14, 27-29]. There are few reports on the
results of monitoring the cognitive functions of pa-
tients in the postoperative period, which requires
further studies [25, 32].

The aim of the study was to reduce cognitive
impairment during laparoscopic cholecystectomy
by perioperative administration of drugs with anti-
hypoxic and antioxidant activity under control of
stabilography.

Material and Methods

Ninety patients hospitalized in Penza City
Clinical Hospital No 6 named after G. A. Zakharin
and the 3" Central Military Clinical Hospital named

after A. A. Vishnevsky and underwent laparoscopic
surgery for acute cholecystitis with ASA severity
I-II1. The patients were randomized into 3 equal
groups which were comparable by gender, age,
types of gallbladder disease and differed only in
treatment method. Group 1 patients received no
antioxidant therapy during surgery, group 2 pa-
tients received a combination antioxidant drug
containing sodium fumarate, sodium chloride,
potassium chloride and magnesium chloride (Ma-
fusol®) 800 ml intravenously (the volume of infu-
sion was the same for every patient due to minor
differences in body weight) during surgery, group
3 patients received antioxidant methylethylpyridi-
nol 10 mg/kg intravenously during surgical treat-
ment. The control group consisted of 24 healthy
subjects, comparable in gender and age with the
study participants.

The surgical intervention was performed
under endotracheal anesthesia. Premedication was
done 30 min before the patients were transferred to
the operating room using 0.1% atropine 0.5 ml and
2% promedol 1 ml, and induction anesthesia was
performed with propofol 2 mg/kg, fentanyl 0.01
mg/kg, and suxamethonium 2 mg/kg. After tracheal
intubation, the patients were ventilated using a
FabiusDraeger machine with a 1:1 air-oxygen mix-
ture, respiratory volume of 8-10 ml/kg and respira-
tory rate 16-18 per minute. Anesthesia was main-
tained by 1.5-2%o sevoflurane, analgesia by fentanyl
2.5-15.0 pg/kg and cisatracurium besilate was used
for neuromuscular blockade.

The patients were examined before surgery, 24
and 48 hours after surgery. In the groups of patients
receiving antioxidant therapy, blood sampling for
hematological and biochemical tests was per-
formed 30 min after the administration of antioxi-
dants. Stabilographic studies and MoCA test (Mon-
treal scale) before surgery were performed before
the administration of antioxidants, while on days 2
and 3 these studies were performed 30 min after the
administration of Mafusol® in group 2 patients and
methylethylpyridinol in group 3 patients [33].

Blood antioxidant status was studied using the
photometric method based on reaction of antioxi-
dants (present in the sample) with exogenous hydro-
gen peroxide, using «Biochemmack» (Russia) kits.
The serum level of proinflammatory cytokines TNF-
a and IL-18 was determined by enzyme immunoas-
say using Vector-Best kits. C-reactive protein (CRP)
content was studied by immunoturbidimetric
method using «Dyakon» kits. Cognitive functions
were assessed according to the Montreal scale
(MoCA test). The maximum obtainable level on this
scale was 30 points. Stabilographic studies were per-
formed on a «ST-150» stabilograph using Stabip soft-
ware developed by Biosoft-M (Moscow). The patient
was standing upright on the stabilometer platform
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Table 1. Effect of laparoscopic cholecystectomy on changes of clinical and laboratory parameters in patients

from group 1

Parameter Value at different periods
Before surgery 24 hours 48 hours Control
after surgery after surgery group
Hemodynamic parameters
Heart rate, beats per minute 87 [85; 89]* 77 [75; 80]* 77 [67; 80]* 70 [60; 80]
SBP, mm Hg 148 [145; 150]* 130 [125; 13017 125 [120; 130]* 122 [119; 130]
DBP, mm Hg 88 [85; 90]* 78 [75; 80]" 76 [74; 801" 76 [72; 80]
Blood neutrophil count and free radical status
Neutrophils, X109/1 5.1[4.1; 7.3]* 6.0 [4.7,7.3]* 6.9 [5.8; 9.1]* 3.5[2.8;4.2]
Spontaneous CL, units 2.6[1.9;4.9] 4.8 [3.0; 6.5]* 2.5[1.4;4.2] 2.5[1.4;2.9]
Differences in CL sums, units 0.46 [-0.41; +1.33]* —2.00 [-3.00; +0.10]** -2.10 [-3.09; +0.12]** 1.30 [-0.11; +2.05]
BAS,umol/l 299 [256; 326] 267 [196; 300]* 297 [257; 333] 306 [268; 328]
Inflammatory/proinflammatory markers
CRP, mg/1 8.0 [3.0; 17.0]* 23.0 [15.0; 65.0]** 41.0 [27.0; 115.0]* 3.0 [2.5; 5.5]
TNF-a, pg/ml 2.5[0.9; 3.3]* 3.1[3.0; 4.01* 2.0 [1.8;2.5]* 0.5 [0.4; 1.3]
IL-18, pg/ml 88.9 [51.2; 161.9]* 77.5[45.0; 154.6]** 68.8 [37.9; 136.5]** 111.0 [60.0; 121.3]

Montreal scale assessment

MoCA, points 27.0 [26.0; 28.0]

21.0 [21.0; 22.0]**

23.0 [22.0; 25.0]** 28.0 [27.0; 29.0]

Stabilographic parameters

~X(OE), mm 0.80* [-3.38; 6.16] 0.67* [-4.59; 8.16] 0.93* [-4.41; 6.12] —2.38 [-6.00; 4.18]
~X (CE), mm 0.54* [-4.78; 6.88] 2.03* [-5.32; 8.44] 0.89** [-5.56; 3.87] —2.63 [-4.40; 3.53]
maxX (OE), mm 14.25* [11.40; 22.00] 15.60* [12.90; 24.10] 17.15* [12.10; 33.90] 10.25 [9.06; 17.60]
maxX (CE), mm 13.95% [9.95; 17.50] 14.10* [12.00; 17.60] 11.70% [9.52; 16.10] 9.93 [7.40; 16.20]
DX (OE), mm 14.80* [10.40; 24.20] 18.90*[9.97; 31.20] 16.45* [13.10; 21.90] 8.40 [6.46; 11.70]
DX (CE), mm 16.40* [8.56; 24.60] 17.70* [8.98; 22.90] 12.45% [7.35; 18.60] 10.85 [5.07; 26.05]
FX (OE), Hz 0.20 [0.14; 0.24] 0.16 [0.12; 0.22] 0.19 [0.14; 0.24] 0.20 [0.15; 0.32]
FX (CE), Hz 0.18 [0.16; 0.25] 0.20 [0.12; 0.24] 0.18 [0.14; 0.20] 0.23 [0.15; 0.29]
F60X (OE), Hz 0.50 [0.37; 0.59] 0.51 [0.37; 0.63] 0.47*10.43; 0.63] 0.62 [0.54; 0.71]
F60X (CE), Hz 0.49 [0.35; 0.65] 0.51[0.41; 0.57] 0.46* [0.41; 0.63] 0.60 [0.46; 0.77]

~Y (OE), mm -30.60* [-39.30; —14.30]

-18.95* [-35.00; -9.08]

—24.50*" [-30.30; -6.93] -14.80 [-21.90; —-9.69]

max Y (OE), mm 31.70* [21.70; 42.20]

32.75* [16.70; 42.30]

24.90* [16.50; 34.80] 16.15 [13.75; 22.00]

max Y (CE), mm 27.00* [23.00; 36.10]

26.05* [15.50; 39.00]

25.85* [19.20; 35.50] 16.41 [12.25; 18.80]

DY(OE), mm 19.20 [16.60; 36.80]

22.15* [16.10; 36.40]

23.30* [14.00; 28.80] 16.00 [9.90; 30.05]

Note. * — P<0.05 vs the control group; # — P<0.05 vs the preoperative values (Mann-Whitney U-test). OE — open eyes; CE —
closed eyes; BAS — blood antioxidant status; SBP — systolic blood pressure; DBP — diastolic blood pressure; CL — chemilumi-
nescence; CRP — C-reactive protein; TNF — tumor necrosis factor; IL — interleukin.

under different sensory conditions, with open and
closed eyes. The duration of each test was 51.2 sec-
onds. Stabilometry studies were performed accord-
ing to the Moscow Consensus on the Use of Sta-
bilometry and Biocontrol by Reference Reaction in
Practical Medicine and Scientific Research [34].

At the preliminary stage of the study based on
the stabilometric parameters in 120 patients during
laparoscopic cholecystectomy a regression equa-
tion was made to estimate the compensation of an-
tioxidant defense system:

P = 95XFy60%—70XFx60%+4V+W,

where Pis compensation index of antioxidant
protection system, Fy60% and Fx60% are quantiles
of spectral power density of oscillations of pressure
center frontal and sagittal planes (Hz), V is average
speed of pressure center (mm/sec), W is patient
weight (kg). Decompensation of the antioxidant
system was assessed based on P parameter values:
those less than 130 indicated significant level of de-
compensation, between 130 and 150 — an average
decompensation, and those greater than 150 sug-
gested good compensation of the antioxidant pro-
tection system.

Statistical analysis of the results was per-
formed using Statistica 6.0 software package and
nonparametric statistical methods. The results were
considered significant at P<0.05. Quantitative pa-
rameters were described by median and interquar-
tile range Me [LQ; HQ]J. Comparative analysis of
quantitative characteristics in independent groups
was performed using the Kruskal-Wallis method (if
P<0.05 the groups were considered derived from
different general populations or general popula-
tions with different medians). In this case, we per-
formed a pairwise comparison of the groups using
the Mann-Whitney test. Non-parametric Wald-
Wolfowitz test was used where appropriate to reveal
cytokine concentrations changes. Spearman's test
was used for correlation analysis of the results.

Results

The study of hemodynamic parameters revealed
significantly higher HR, systolic (SBP) and diastolic
(DBP) pressures in patients who did not receive
antioxidant therapy before surgery vs those in the
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control group. On day 2 after the surgery, these
values decreased and did not differ from those in
the healthy subjects (Table 1).

The neutrophil count in the peripheral blood
was significantly higher compared to the control
group at all stages of the study (Table 1). The highest
values of spontaneous chemiluminescence (CL)
parameters were observed on day 2 after surgery.
The difference in CL sums test was significantly
lower than in the control group on day 2 after the
operation (Table 1). In view of the increase of CL
values exactly on day 2, low values of the difference
in CL sums test may indicate reduced activation
reserve when neutrophils were exposed to endoge-
nous substances.

The serum CRP level in group 1 patients was
significantly higher at all stages of the study com-
pared to similar parameters in healthy subjects
(Table 1). The TNF-a level before surgery was higher
compared to controls (P=0.04, Wald-Wolfowitz test).
On days 2 and 3, TNF-« levels were also significantly
higher (P<0,05, Mann-Whitney test). Preoperative
and 3-day postoperative concentration values of
another proinflammatory cytokine IL-18 were lower
compared with controls (P=0.03 and P=0.003, re-
spectively, Wald-Wolfowitz test).

The values of blood antioxidant status (BAS)
parameters significantly decreased 24 hours after
laparoscopic cholecystectomy and were less than
the control values. The preoperative examination
revealed a positive correlation (R=0.64; P=0.0001)
between the severity of spontaneous CL and CRP
level, which could indicate a systemic inflammatory
response, and a negative correlation between CL
and antioxidant activity (R=—0.69, P=0.0006), which
suggests inhibition of antioxidant enzymes with in-
creased free-radical oxidation processes and in-
creased levels of free oxygen radicals.

The use of the MoCA test was the «gold standard»
for diagnosing cognitive dysfunction. There was a
significant decrease in MoCA test values 24 hours
after surgery. Both 24 and 48 hours after surgery,
the MoCA test values were significantly lower than
those before surgery vs the control group (Table 1).

A significant correlation between the MoCA
and BAS values (R=0.46; P=0.03) was revealed 48
hours after surgery. This confirms the involvement
of free-radical oxidation products in the pathogenesis
of cognitive disorders.

Prior to surgery, there was a significant shift of
the center of pressure (COP) vs the control relative
to the Y axis in the «open eyes» (OE) and «closed
eyes» (CE) positions (Table 1). On day 2, there was
a significant shift of ~Y(OE) and ~Y(CE) to the
positive direction, resulting in the position of the
COP (OE) not differing from the control values,
which could indicate a decrease in pain in the pa-
tients. We also found significant differences of the

stabilographic indices at all stages of the study with
the control group: increased values of max Y(OE),
max Y(CE), and DX(OE), increased maximum am-
plitude of COP on the X axis (OE) on days 2 and 3 vs
the control group. The described changes may in-
dicate a complex combined impact of acute chole-
cystitis, surgical trauma and general anesthesia on
the patients.

A significant increase in the statokinesiogram
area S (OE) 24 hours after surgery was revealed vs
the controls (323.0 mm?) and its value before surgery
(230.0 mm?); 48 hours later, these parameters de-
creased, but remained higher than prior to the sur-
gery. The S (CE) parameter on day 2 did not differ
from the control values, though there was a tendency
ofits increase both on days 2 and 3 after the surgery.
On day 2, a significant correlation between the
MoCA values and the statokinesiogram (OE) area
(R=—0.48; P=0.02), as well as between MoCA score
and Romberg's coefficient (R=0.45; P=0.03) was re-
vealed. The LFS (CE) on day 2 after surgery was sig-
nificantly lower than the preoperative values and
those of the controls. On day 3, there was a correlation
between CL and LFS (OE) parameters (R=-0.4;
P=0.03), indicating the relationship between these
parameters and free-radical oxidation.

Forty-eight hours after surgery, the following
values were also found to be significantly higher
than those in the control group: maxX (OE); maxY
(OE) and (CE) and DX(OE) (Table 1). On day 3 we
found a correlation between CL and LFS (OE) values
(R=-0.4; P=0.03), indicating an increase in statoki-
nesiogram area and a decrease in LFS with increased
free-radical oxidation. Values of total antioxidant
activity correlated with values of 60% energy relative
to the F60% Y (OE) sagittal area (R=—0.53; P=0.02)
and the frequency of oscillations along the Y axis
(FY(OE) (R=-0.57; P=0.01). This correlation shows
the correspondence of larger values of BAS with
lower values of 60% of the energy of the oscillation
spectrum and the frequency of oscillations on the
Y-axis. Twenty-four hours after surgery, there was a
1.75-fold increase in the number of patients with
severe decompensation of antioxidant defense and
a 2-fold decrease in the number of patients with
moderate decompensation, while the number of
patients with P values over 150 remained practically
at the same level.

Group 2 patients who received Mafusol® after
surgery demonstrated significantly higher HR, SBP
and DBP compared to controls (Table 2) and a cor-
relation between HR and CRP level (R=0.69; P=0.0006)
in the preoperative period. We detected a higher
neutrophil count before surgery, on days 2 and 3
after surgical intervention vs controls. Values of
spontaneous chemiluminescence and difference
in CL sums test did not differ from control values at
all stages of the study [34, 35]. Values of BAS in pa-
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Table 2. The effect of Mafusol® (group 2) and methylethylpyridinol (group 3) on hemodynamic parameters in the

postoperative period, Me [LQ; HQ].

Parameter Value at different periods

Before surgery 24 hours 48 hours Control group

post surgery post surgery

Heart rate, bpm, G2 87 [85; 88]* 77 [69; 80]* 78 [75; 80]* 70 [60; 80]
Heart rate, bpm, G3 84 [80; 90]* 77 [70; 80]* 77 [72; 801*
Systolic BB, mm Hg, G2 149 [146; 151]* 130 [125; 130]* 125 [120; 130]* 122 [119; 130]
Systolic BB, mm Hg, G3 147 [145; 148]* 130 [130; 135]* 130 [125; 130]*
Diastolic BB mm Hg, G2 89 [86; 90]* 75 [70; 80]* 76 [70; 80]* 76 [72; 80]
Diastolic BB mm Hg, G3 87 [80; 90]* 130 [130; 135]* 76 [72; 80]

Note. G2 — group 2; G3 — group 3. * — P<0.05 vs the control group; * — P<0.05 vs the preoperative values (Mann-Whitney

U-test).

tients treated with Mafusol® did not differ from
those in the control group, but nevertheless on day
2 after the surgery a significant decrease of this pa-
rameter was found (P=0.01).

The serum TNF-a content before surgery, 24
hours and 48 hours after surgery was lower compared
to controls (P=0.03). The decrease in the concentration
of this cytokine in the blood serum may be due to
the detoxifying effect of Mafusol®. The IL-18 levels
did not differ significantly from the control and
postoperative values.

On days 2 and 3 of the postoperative period
there was a dramatic increase in serum CRP level
vs the control (P<0.05). Twenty-four hours after
surgery we revealed a correlation between CRP and
BAS (R=-0.39; P=0.04). Correlation analysis also
showed a correlation between spontaneous CL and
the difference in CL sums before surgery (R=—0.82;
P=0.0001) and 24 hours after surgery (R=-0.51;
P=0.02).

The MoCA scale scores before surgery, 24 and
48 hours after surgery were significantly lower than
those of the controls. Meanwhile, the lowest values
of the MoCA scale (24.0 points) were registered in
the patients 24 hours after laparoscopic surgery.
However, the difference in the mean values before
and one day after surgery was insignificant, which
does not indicate cognitive impairment in group 2
patients.

Stabilography data revealed a significant shift
of COP (OE) on the Y axis to the negative direction,
a trend to shift of ~Y(OE) to the positive direction
on day 2, resulting in the position of COP on Y axis
not differing from the values in the control group.
We also identified parameters which were different
from the control values at all stages of the study.
They were max Y(OE), max Y(CE), L (OE), V (OE), Ei
(OE). On days 2 and 3, we observed significant in-
crease in maximal COP amplitude on the X (OE)
axis compared to the control. On day 2, a negative
correlation between the MoCA parameters and the
statokinesiogram area (R=—0.44; P=0.03) was revealed
only in the CE position. Significant changes when
comparing the P parameter values with the control
were recorded only prior to surgery. There was a

positive correlation between the antioxidant activity
compensation and the difference in CL sum in pa-
tients 24 hours after surgery (R=0.52; P=0.02), which,
in turn, had a steady negative correlation with the
values of spontaneous CL.

Group 3 patients had significantly higher HR,
SBP, DBP compared to the control group before the
surgery, but there was a decrease of HR and BP on
day 2 (Table 2). Thus, although initially in all groups
of patients, hemodynamic parameters differed sig-
nificantly from the ones of healthy controls, during
the treatment they «levelled out», which suggests
the comparability of the studied groups. In addition,
we revealed a higher blood neutrophil count in pa-
tients at all stages of the study. Values of differences
in CL sums test and luminol-dependent CL did not
differ from the control at all stages of study in the
group 3 patients. Differences in BAS values vs the
controls were observed only before the surgery
(P=0.04), while no significant differences of this pa-
rameter with the control were observed during the
study.

The serum TNF-a level at all stages of the
study was lower than the control values, which
could be due to the antitoxic effect of
methylethylpyridinol. The serum CRP level before
surgery did not differ from the control but increased
on days 2 and 3 after surgery. A negative correlation
between CRP and BAS (R=-0.55; P=0.02) was seen
24 hours after surgery. In addition, a significant
negative correlation between spontaneous CL and
difference in CL sums was found at all stages of the
study: before surgery, R=-0.78 (P=0.001); 24 hours
after surgery, R=—0.49 (P=0.02); 48 hours after surgery,
R=-0.6 (P=0.001).

A comparative frequency analysis of the patient
distribution depending on P parameter grading
showed that in Groups 2 and 3 on day 2 after surgery
no increase in the number of patients with P level
less than 130 was seen, unlike group 1, where the
number of such patients increased 1.75 times. In
the patients who received antioxidants periopera-
tively we didn't observe a decrease in the antioxidant
defense compensation, unlike those from group 1.
The fact that patients had a high compensatory ac-
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tivity of the antioxidant system while having a high
reactivity reserve of neutrophils can be considered
another significant result of the study. In group 3
patients who received methylethylpyridinol after
surgery, the postoperative values of antioxidant ac-
tivity did not differ from those of the control group.

Discussion

Thus, the neuropsychological testing indicated
that patients with laparoscopic cholecystectomy
who received standard treatment had such post-
operative cognitive disorders as impaired attention,
executive function, memory, speech, visual and
constructive skills, abstract thinking, counting, and
orientation. The mean MoCA score one day after
surgery was 21 points, differing significantly from
both the preoperative score of 27 points (P=0.01)
and the mean score of healthy subjects of 28 points
(P=0.01). Forty-eight hours after surgery, the mean
MoCA score increased to as low as 23 points.

For patients in groups 2 and 3 who received
antioxidant therapy, the mean scores on the MoCA
scale, even on day 1 after surgery, were 26 and 27,
respectively, and did not differ significantly from
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Summary

Aim of the study: to evaluate the feasibility of preventing cognitive dysfunction after long-term surgery in
elderly patients using an original neurometabolic succinate-containing drug.

Material and methods. A multicenter, double-blind, placebo-controlled randomized trial enrolled 200
patients aged 60-80 years who underwent elective cardiac or orthopedic surgery. The patients received either
the study drug (inosine + nicotinamide + riboflavin + succinate) (treatment group, n=101) or a placebo (con-
trol group, n=99) intravenously for 7 days then orally for 25 days. Efficacy was assessed by the change in the
Montreal Cognitive Assessment Scale (MoCA) score at the end of the treatment course compared with the
preoperative level.

Results. Before surgery, the total MoCA score values did not differ between the groups. By the end of
the treatment course (31 days after surgery), the MoCA total score was 26.4+1.96 in the main group and
25.0+2.83 in the control group (P<0.001). The intergroup difference in the mean change in the MoCA total
score on day 31 was 1.56 points (95% CI 1.015; 2.113; P<0.0001) favoring the study drug in all randomized
population. The lower limit of CI (1.015) exceeded the limit of superiority set by the protocol (0.97 points),
which allowed acceptance of the hypothesis of superiority of the study drug over placebo with respect to
the primary efficacy criterion. No significant differences in the frequency of adverse events were found
between the groups.

Conclusion. The succinate-containing study drug demonstrated an acceptable safety profile and helped
to reduce the severity of postoperative cognitive dysfunction in elderly patients who underwent a major
surgery, which allows recommending the drug for prevention of postoperative cognitive impairment in high-
risk patients.

Keywords: succinate-containing drugs; succinic acid; prevention of postoperative cognitive dysfunction
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Introduction

Postoperative cognitive dysfunction (POCD)
manifests as impaired higher cortical functions and
difficulty concentrating, which entail learning, per-
formance, mood, and sometimes self-care problems.
The cognitive impairment in the postoperative
period can worsen the outcome, increase the length
of stay in ICU and inpatient treatment, and reduce
the quality of life of patients and their families, in-
cluding in the long term after surgery [1]. POCD is
a risk factor for mortality: its persistence 3 months
after surgery correlates with an increased risk of
death in the following 8 years [2].

Postoperative cognitive disorders occur more
frequently in elderly patients undergoing major
surgery. The prevalence of these conditions among
elderly patients reaches 48-65% in abdominal, tho-
racic, orthopedic, and vascular surgical practice [3].
Age is a more significant risk factor than the type of
surgery, but the issue of POCD is particularly relevant
in cardiac and orthopedic surgery: the average in-
cidence of this complication after cardiac surgery
is 48-51% within the first 3 weeks, 21-26% within 6
months, 15-24% within a year, and, according to
various data, from 24% to 42% within a year and
beyond [4]. There is no single factor responsible for
the development of POCD; randomized studies
have shown that the use of a cardiopulmonary
bypass during surgery [5] and the choice of anesthesia
method [6] have no significant effect on the incidence
of postoperative cognitive impairment. Apart from
the patient's age, low level of education and preex-
isting cognitive deficit (in particular, associated
with central nervous system diseases) predispose
to this condition [7].

Despite the clinical and social impact of the
problem, there are currently no drug regimens
for the prevention or treatment of POCD with
proven efficacy. A promising trend is the use of
drugs with neuroprotective and neurotrophic ef-
fect. The concept of the neurocognitive reserve,
which is defined as an active ability of the brain
to effectively resist damaging factors, compen-
sating for cognitive deterioration caused by various
diseases, has been developed [8]. The potential
capacity of strategy to increase cognitive reserve
using chemical agents targeting neurometabolism
was demonstrated in small groups of patients at
high risk of developing postoperative cognitive
impairment [9].

One of the drugs that may target neurome-
tabolism has been tested during cardiac surgery
(Cytoflavin®, OOO NTFF POLYSAN, Russia). The
positive effect of this succinate-containing drug
on cognitive functions has been revealed in patients
undergoing cardiac surgery with cardiopulmonary
bypass and on the beating heart. The use of the
drug early after cardiac surgery reduced the likeli-

hood and severity of cognitive, speech and attention
impairment, promoted recovery of spontaneous
activity, memory, emotional behavior, voluntary
acts, and resulted in a rapid return of patients to
active life [10, 11].

The aim of the study was to evaluate the fea-
sibility of preventing cognitive disorders after
long-term surgery in elderly patients using an
original neurometabolism-targeting succinate-
containing drug.

Material and Methods

A multicenter double-blind placebo-con-
trolled randomized trial was conducted under the
supervision of the Ethics Council of the Russian
Federation Ministry of Health in accordance with
the ethical principles outlined in the Declaration
of Helsinki of the World Medical Association (For-
taleza, 2013) and the regulatory documents in
force in the Russian Federation. The study proto-
col CYT-cog-16 (clinicaltrials.gov: NCT03849664)
was followed at 13 research centers in the Russian
Federation from February 13, 2018 (screening of
the first patient) until November 29, 2019 (date of
closure of the last center). The study was spon-
sored by NTFF POLYSAN.

Men and women 60-80 years old who signed
informed consent to participate in the study and
were scheduled to undergo cardiac surgery with-
out cardiopulmonary bypass or orthopedic sur-
gery (hip arthroplasty, osteosynthesis for frac-
tures of the proximal third of the femur, etc.)
under general or combined anesthesia were in-
cluded in the study. The other criteria for enroll-
ment included mental capacity, absence of severe
cognitive impairment (Montreal Cognitive As-
sessment (MoCA) score =17 [12], Mini Mental
State Examination (MMSE) score >19 [13]), lack
of reproductive potential or consent to use ade-
quate contraceptive methods.

The non-inclusion criteria were intolerance
to the components of the study drug; emergency
character of surgery; repeated surgery; ASA
anesthesia risk level >5 [14]; severe visual and
hearing impairments that prevent the perform-
ance of neuropsychological tests; surgery under
general anesthesia in the previous 3 months; de-
compensated renal or hepatic failure; chronic
obstructive pulmonary disease, diabetes melli-
tus; terminal chronic incurable disease; history
of cancer, psychiatric diseases, HIV infection,
syphilis, tuberculosis, alcohol, drug or medica-
tion abuse, consumption of 5 or more units of al-
cohol per week; documented psychiatric or neu-
rodegenerative disease; continuous use of
psychotropic drugs; use of nootropic drugs
within the previous 3 months; communication,
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Fig. 1. The flowchart of the study.
Note. SD — studied drug; AEs — adverse effects.

sensory, motor, or any other deficit that prevents
the patient from complying with the study pro-
tocol; history of any other significant condition
preventing study participation (according to the
investigator's opinion).

The patients were allocated to the main group,
which included those receiving the study drug
Cytoflavin® (succinate + nicotinamide + inosine +
riboflavin, manufactured by LLC NTFP «<POLYSAN»,
Russia) according to the chart in Fig. 1, and the con-
trol group who received placebo according to the
same scheme by 1:1 block randomization.

The primary efficacy endpoint was the change
in the MoCA score [12] by the end of the treatment
course (day 31 days post surgery) versus the preop-
erative level. The MoCA score was assessed before
surgery, at the end of the treatment period, and at
the end of the follow-up period. The forms with dif-
ferent task options were used to avoid the memo-
rization effect.

Secondary efficacy endpoints included
change in the MMSE cognitive status score [13] at
the end of the treatment course (day 31 post sur-
gery) and at the end of the follow-up period (day
91 post surgery) compared to preoperative levels;
change in the MoCA score at the end of the follow-
up period compared to preoperative levels; pro-
portion of patients who developed postoperative
delirium during the first 96 h after surgery; length
of ICU and hospital stay; change in the total score

on the European Quality of Life Questionnaire
(EQ-5D) at the end of the follow-up period com-
pared to baseline values; the percentage of post-
operative deaths; the percentage of patients with
reduced scores on two and more neuropsycholog-
ical tests by more than 20% of baseline values at
the end of the treatment course and at the end of
the follow-up period.

The neuropsychological test battery [15] in-
cluded the TMT test A, the 10 word recall test, the
Schulte table, the Wechsler memory scale, as well as
the MoCA and MMSE scales, for which a decrease of
more than 20% from the initial score was considered
significant. Psychodiagnostic assessment was per-
formed by a psychologist with appropriate profes-
sional qualifications. Preoperative risks were as-
sessed using ASA scales, delirium risk assessment
scales in general surgery [16] and cardiac sur-
gery [17], fragility index [18]. Blood loss volume and
hematocrit value, delirium development according
to CAM-ICU (Confusion Assessment Method Inten-
sive Care Unit) scale [19], severity of postoperative
pain according to visual analogue scale, episodes of
clinically significant BP changes and blood oxygen
saturation (SpO,) <90%, depression and anxiety ac-
cording to Hospital Anxiety and Depression Scale
(HADS) [20] were registered in early postoperative
period; in the late postoperative period, the degree
of dependence in the performance of daily func-
tions according to the Katz index was assessed [21].
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Figure 2. Flow diagram of subject recruitment and retention in the CYT-cog-16 clinical trial.

Note. AE — adverse effect; SAE — serious adverse effect.

Safety analysis was performed based on the
frequency of adverse events (AEs), serious adverse
events (SAEs); abnormal vital signs (BP, HR, respi-
ratory rate, body temperature, Sp0O,), laboratory pa-
rameters, ECG findings were recorded as AEs. Cod-
ing of AEs and preexisting diseases/comorbidities
was performed using Medical Dictionary for Regu-
latory Activities (MedDRA, version 22.1), coding of
previous and concomitant treatments was per-
formed using the ATC classification.

SAS 9.4 software (SAS Institute Inc, USA) was
used for statistical analysis. For qualitative vari-
ables, comparisons between groups were made
using Pearson's y? test or Fisher's exact test. For
quantitative variables subject to normal distribu-
tion, comparison between groups was performed
using Student's #-test or Student's f-test for de-
pendent samples; for quantitative variables with
non-normal distribution, Mann-Whitney U-test
(for independent samples) or Wilcoxon 7T-test (for
dependent samples) were applied. The
Shapiro-Wilk test was used to verify the normal-
ity of the data distribution. The changes in the
variables were assessed using the mixed-model
analysis of variance with repeated measures
(ANOVA MMRM). Differences were considered
significant at P<0.05.

To assess the primary efficacy endpoint, we
calculated the 95% confidence interval (95% CI)
for the differences in the group mean values of
the individual MoCA score changes at the end of
the treatment compared with the preoperative
level. To prove the hypothesis of superiority of

the study drug compared with placebo, the lower
limit of the 95% CI for the difference in the group
mean values of individual changes was required
to be higher than the limit of superiority of 0.97.
To test the hypothesis of superiority of the study
drug over the comparison drug at a significance
level of 0.05 (5%) and with a power of 0.8 (80%),
we calculated the minimum number of random-
ized patients who would complete the study per
protocol to be 98 (49 patients per group). Given
the high probability of patient dropout during
the study, we planned to randomize at least 200
patients.

To study efficacy criteria in individual patient
subpopulations, given the large number of subpop-
ulations of interest and the large number of studied
efficacy criteria, we chose the decision tree method,
which allowed us to evaluate the potential effect of
all factors of interest on the efficacy of the studied
treatment, omitting the missing values.

Results

We screened 209 patients, randomized 200 pa-
tients who received at least one dose of study
drug/placebo, and composed the ITT (Intent-To-
Treat — all randomized patients who received at
least one dose of study drug) population; 168 patients
who completed the study according to protocol were
included in the per-protocol (PP) population (Fig. 2).

The study groups were comparable in terms
of demographic characteristics, comorbidities, med-
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Table 1. Baseline patient characteristics.
Parameter Values in groups Pvalue
Main, n=101 Placebo, n=99
Age, years (M+SD; Me [Q25; Q75]) 68+5.23 68+5.8 0.949
67 [65; 71] 66 [63; 72]
Female sex, n (%) 66 (65.3) 55 (55.6) 0.157
Body mass index 29.3+4.42 28.7+4.85 0.362
(M+SD; Me [Q25; Q75]) 28.9 [26.4; 32.2] 28.0 [25.7; 32.2]
Any comorbidity, n (%) 100 (99.01) 98 (98.99) >0.999
Cardiac disorders 90 (89.1) 92 (92.9) 0.460
Vascular disorders 33 (32.7) 24 (24.2) 0.212
Nervous system disorders 27 (26.7) 24 (24.2) 0.747
Any treatment within the previous 30 days 77 (76.2) 77 (77.8) 0.796
Preoperative ASA score Class II 31 (30.7) Class II 26 (26.3) 0.772
Class III 63 (62.4) Class III 65 (65.7)
ClassIV7 (6.9) Class IV 8 (8.1)
Surgical Risk Scale, mean points 0.9 (+0.83; 74) 1.3 (+1.01; 70) 0.042
(+SD; n; Me [Q25; Q75]) 11[0; 2] 11[0; 2]
Delirium risk assessment in cardiac surgery, mean points 0.4 (£0.69; 27) 0.4 (+0.63; 29) 0.681
(+SD; n; Me [Q25; Q75]) 01[0; 1] 0[0; 1]
Frailty index, mean points 0.9 (+0.83; 101) 1.1 (+0.81;99) 0.265
(+SD; n; Me [Q25; Q75]) 1[0;1] 1 [0; 2]

Note. M+SD — arithmetic mean + standard deviation; Me [Q25; Q75] — median [lower quartile; upper quartile]; n — number

of subjects in the group.

Table 2. Distribution of patients according to the surgical intervention type.

Parameter Values in groups Pvalue
Main, n=101 Placebo, n=99
Elective surgery performed, n (%) 99 (98.0) 96 (97.0) 0.982
Cardiac surgery 26 (25.7) 28 (28.3) 0.686
Orthopedic surgery 73 (72.3) 68 (68.7) 0.578
Endoprosthetic reconstruction 66 (65.3) 59 (59.6) 0.678
Osteosynthesis 6 (5.9) 9(9.1) 0.489
Other 1(1.0) 0 (0.0 0.972

Note. n — number of subjects in the group.

ical history and the frequency of concomitant treat-
ment, as well as the general anesthesia risk class
(Table 1).

Elective surgery was performed on 99 patients
in the main group and 96 patients in the placebo
group (Table 2); 2 and 3 patients, respectively,
dropped out of the study prematurely in the pre-
operative period.

Patient compliance at the stage of intravenous
infusion of the SD/placebo solution was 100%
(SD/placebo was administered by medical profes-
sionals); further on, in both study groups, the
average compliance was above 80%.

The results of the analysis of the MoCA score
and its change at the end of the treatment course
(day 31) and the follow-up period (day 91) compared
with the preoperative level are presented in Table 3.
The difference between the SD group and the placebo
group in terms of mean change in the total MoCA
score at day 31 was 1.564 points (95% CI 1.015;
2.113). Thus, the lower limit of this CI (1.015) exceeded
the limit of superiority set by the protocol (0.97
points). Based on the above results, the superiority

of Cytoflavin® SD over placebo was confirmed with
regard to the primary efficacy endpoint in the study
populations. At the end of the treatment period
(day 31), the groups also differed significantly in the
absolute value of the total MoCA score in favor of
the study drug.

When analyzing the changes in the total
score on the MoCA scale (ANOVA MMRM) at the
end of the treatment course (day 31) and at the
end of the follow-up period (day 91) compared
with the preoperative level with the inclusion of
age group (younger than 70 years/70 years or
older) and type of surgery (cardiac surgery/or-
thopedic surgery) cofactors, we found that these
had no significant effect on achieving the primary
efficacy endpoints.

On day 91 post surgery, the changes in the
MMSE score versus the preoperative level signifi-
cantly differed between groups in favor of the
study drug and were 1.2+2.06 (1; [0; 2]) in the
main group and 0.7+2.26 (1; [0; 2]) in the placebo
group (P=0.0027, ANOVA MMRM), we also observed
a small difference between the groups in terms of
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Table 3. Group mean values of MoCA scores and their changes by the end of the treatment and follow-up periods.
MoCA score, points Values in the groups Pvalue

Mean, n=101 Placebo, n=99

M=SD Me [Q25; Q75] M+SD Me [Q25; Q75]

NBaseline total 24.9+2.76 25[23; 27] 24.9+2.63 25[23; 27] 0.941
On day 31 26.4+1.96 27 [25; 28] 25.0+2.83 25 [24; 27] <0.001
On day 91 26.6+1.81 27 [25; 28] 26.3+£1.69 26 [25; 27] 0.299

Change in total score vs preoperative value
On day 31 1.742.4 210; 3] -0.1+2.5 1[-1;2] <0.001
On day 91 1.9+2.60 2 [0; 4] 1.2+2.02 1[0; 2] 0.121

Difference in MoCA score change between patients in the main group and the placebo group:

in ITT population 1.564 points (95% CI1.015; 2.113)
in PP population 1.556 points (95% CI 1.005; 2.106)

Note. M+SD — arithmetic mean + standard deviation; Me [Q25; Q75] — median [lower quartile; upper quartile]; ITT — intent-
to-treat (all randomized patients who received at least one dose of the study drug); PP — per protocol population (all ran-
domized patients who completed the study without protocol violations).

Table 4. Summary table of adverse events and serious adverse events.

Parameter Values in groups Pvalue
Main, n=101 Placebo, n=99

Any AEs (including SAEs), n (%), number of AEs 63 (62.40%), 151 67 (67.68%), 156 0.433

AEs with no criteria for severity, n (%), number of AEs 59 (58.42%), 144 57 (57.58%), 141 >0.999

SAEs, n (%), number of AEs 4 (3.96%), 7 10 (10.10%), 15 0.103

Note. n — number of subjects in the group; AE — adverse event; SAE — serious adverse event.

Fig. 3. Decision tree for the primary efficacy endpoint. Changes in the MoCA score by the end of the treatment period.
Note. MOCA_BSL — baseline MoCA score; FO3_IOP_bloss — intraoperative blood loss; FO7_IOP_anaestdur — duration of anesthe-
sia; F13_PrOP_hadsa — preoperative HADS (Hospital Anxiety and Depression Scale) assessment.
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the mean group MMSE score in favor of the study
drug, 28.8+1.34 (29; [28; 30]) in the main group
and 28.0+1.92 (28; [27; 30]) in the placebo group
(P=0.003, ANOVA). At the end of the treatment
course (day 31 post surgery), the percentage of
patients with a reduction of more than 20% from
baseline in two or more neuropsychological tests
was lower in the Cytoflavin® group, 6.9% (7/101)
of patients versus 16.2% (16/99) in the placebo
group (P=0.041). At the end of the follow-up period
(day 91), this proportion was 4.0% (4/101) and
9.1% (9/99) in the Cytoflavin® and placebo groups,
respectively; the differences between the groups
did not reach significance though (P=0.141). The
odds ratio for «<no worsening on two or more neu-
ropsychological tests» was 2.5886 (95% CI for OR
1.0153; 6.6001) at Visit 9 and 2.4250 (95% CI for OR
0.7215; 8.1503) at Visit 10. For other secondary ef-
ficacy endpoints, no significant differences were
found between the study groups. Postoperative
delirium did not occur in all patients in both
groups at each assessment point.

Analysis of the effect of various potential fac-
tors on the achievement of primary and secondary
efficacy endpoints using the decision tree method
revealed no significant effects of the study
drug/placebo on the rate of intraoperative episodes
of clinically significant hypotension and decreased
oxygen saturation (Sp0,<90%), intraoperative
blood loss, duration of anesthetic care, number
of episodes of clinically significant BP changes
(which required additional antihypertensive treat-
ment) during ICU monitoring, postoperative hema-
tocrits level, as well as the preoperative delirium
risk scores, postoperative pain severity, anxiety,
depression, and dependence in daily activities.
At the same time, the MoCA baseline score before
the start of therapy had the highest significance
with respect to MoCA scores: patients with more
severe (<23 points) cognitive impairment at the
study start (n=34, 19.4%) had greater MoCA score
changes at the end of the treatment period (day
31) — 3.21 points versus 0.255 points for patients
with baseline MoCA scores >23 (n=141, 80.6%).
All other factors had significantly lower significance
(Fig. 3) and had no major effect on achieving the
primary efficacy endpoint, but the subgroup of
patients with greater baseline cognitive impairment
tended to have stronger MoCA score changes at
the end of the treatment period if administered
with SD versus placebo.

Safety analysis was performed in the ITT pop-
ulation. During this study, a total of 307 AEs were
recorded after the first dose of the study drug/placebo
(Table 4).

All 22 SAEs were unrelated to the study
drug/placebo or had only a presumptive or doubt-
ful relation. The outcome of 5 SAEs was fatal (2

cases in the main group and 3 cases in the placebo
group). A total of 8 AEs with at least a possible re-
lation to the administered drug were recorded.
Among them, there was 1 case of hypersensitivity
definitely related to the drug administration.
There was also 1 case of leukocytosis, probably
related, and 1 case of urinary incontinence, pos-
sibly related to the study drug. In the placebo
group, there were 5 AEs with possible relation to
placebo administration, including leukocytosis,
asthenia, dizziness, abdominal pain, and diarrhea
(one case of each). All intergroup differences in
the incidence of AEs with at least a possible
relation to placebo or study drug administration
were not significant. Single cases of clinically sig-
nificant abnormalities in several laboratory pa-
rameters, heart rate and overall ECG evaluation
were recorded, while no significant intergroup
differences in the frequency of clinically significant
abnormalities were found either.

Discussion

In a multicenter, double-blind, placebo-con-
trolled randomized trial evaluating the effect of
daily use of a succinate-containing neurometab-
olism-targeting agent on cognitive function, the
efficacy of the drug in preventing cognitive im-
pairment after major surgery in elderly patients
was shown for the first time to exceed that of
placebo. In theory, pharmacological perioperative
neuroprotection should reduce the likelihood of
neurological, including cognitive, deficits in the
postoperative period. In clinics, it has not been
demonstrated earlier: the use of lidocaine, keta-
mine, and magnesium sulfate produced incon-
sistent results (either questionable effect, or no
effect), while there were no differences for the
other drugs tested (thiopental, propofol, nimodip-
ine, glutamate/aspartate, xenon, atorvastatin,
erythropoietin, piracetam, rivastigmine, estradiol)
with respect to POCD between the groups of pa-
tients receiving the drug and the control group [22].
Given the ambiguity of POCD diagnostic crite-
ria [23], not the individual neuropsychological
tests but an integral MoCA scale, which can assess
different cognitive domains (attention and con-
centration, executive functions, memory, language,
visual constructive skills, abstract thinking, count-
ing and orientation) were chosen to evaluate ef-
fectiveness, i.e., changes in the total score on this
scale occur in any type of cognitive dysfunction.
The MoCA scale has high sensitivity and specificity
(100% and 87%, respectively) for moderate cog-
nitive dysfunction [13], and has an advantage
over other tests in detecting mild cognitive im-
pairment [24]. The results obtained in this study

www.reanimatology.com

GENERAL REANIMATOLOGY, 2022, 18; 2



https://doi.org/10.15360/1813-9779-2022-2-12-21
Clinical Studies

are consistent with those of previous minor studies
that have shown a positive effect of Cytoflavin on
cognitive function in patients undergoing cardiac
surgery with cardiopulmonary bypass and on the
beating heart [10, 11].

To confirm POCD, extensive neuropsycholog-
ical testing before and after surgery, which should
reveal a decrease in cognitive functions in two or
more functional domains for at least two weeks, is
necessary [15]. However, the extent of this decrease
to be considered as clinically significant is contro-
versial, and therefore, there is a strong variation in
the frequency of diagnosis of this condition ac-
cording to different researchers [23]. In this study,
we used the proportion of patients with more than
a 20% decline in two or more neuropsychological
tests at the end of the treatment course as a separate
parameter based on the results of a battery of neu-
ropsychological tests including 10 subscales to
assess various cognitive domains, which corresponds
to the consensus recommendations [15]. The inci-
dence of POCD, according to this definition, on
day 31 post-surgery was 11.5% (6.9% of patients in
the Cytoflavin® group and 16.2% of patients in the
placebo group). This incidence is somewhat lower
than in earlier studies [25], which may be due to
the smaller portion of patients who underwent
cardiac surgery in the study group, exclusion of
patients operated with a cardiopulmonary bypass,
improvements in general anesthesia techniques
and perioperative management. Nevertheless, it is
important to note that a significant intergroup
difference in favor of the study drug was also ob-
served for this parameter.

Numerous risk factors for postoperative cog-
nitive impairment have been previously de-
scribed [26], and in addition to older age, initial
cognitive deficit, and low educational level, the
negative effect of perioperative adverse effects (hy-
povolemia and cerebral hypoperfusion, arrhythmias,
inflammatory reactions, intraoperative blood loss
and massive hemotransfusion, reduction of hema-
tocrit after surgery <30%, etc.) were also men-
tioned [26, 27]. All these factors were considered in
this study and studied in a multivariate outcome
analysis, which confirmed the relationship between
baseline cognitive status and the development of
clinically manifest POCD. Other factors had no sig-
nificant effect on the outcome, probably due to

their uncommon occurrence and low severity of
adverse intraoperative factors in modern elective
surgery.

The results of the study suggest acceptable
safety profile of Cytoflavin®: no significant intergroup
differences in the frequency of both non-serious
and serious AEs were found, and the patterns of AE
outcomes were comparable in the study groups.
This study limitation is the non-inclusion of cardiac
surgery patients operated with extracorporeal cir-
culation, due to lack of an unified protocol of intra-
operative extracorporeal circulation in different
centers. Although this limitation excluded patients
with the highest risk of postoperative cognitive im-
pairment, it helped avoid significant variation in
the baseline risk level in the groups, as well as a sig-
nificant impact of the «center effect» on the final
outcome. In addition, patients with postoperative
stroke were excluded from the study, since the
mechanisms of cognitive dysfunction development
in these patients were fundamentally different due
to morphological damages to various areas of the
brain.

Conclusion

The study drug Cytoflavin® (Inosine + Nicoti-
namide + Riboflavin + Succinate) demonstrated an
acceptable safety profile and helped reduce the
severity of cognitive dysfunction in the postoperative
period in elderly patients after major surgery, which
suggests using the drug for prevention of postoper-
ative cognitive impairment in high-risk patients.
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Summary

The main variants of chronic disorders of consciousness (cDoC) developing in adverse coma outcome are
vegetative state/unresponsive wakefulness syndrome (VS/UWS) and minimal consciousness state (MCS).

The aim of the study was to investigate the main differences in metabolomic abnormalities in patients with
VS/UWS and MCS, as well as to identify changes in metabolomics depending on sleep or wakefulness phase.

Materials and Methods. Untargeted metabolome analysis of blood plasma of 10 patients in VS/UWS
(group 1) and 6 patients in MCS (group 2) was performed using reversed-phase and hydrophilic chromatog-
raphy methods. The underlying conditions of brain injury were TBI (2 in group 1 and 5 in group 2) and hy-
poxia (8 in group 1 and 1 in group 2). The internal jugular vein was catheterized in all patients, and blood
was collected while awake during the daytime for 2 days. Aliquots of pooled plasma samples were purified
from protein components and analyzed by high-performance liquid chromatography in two modes: re-
versed-phase and hydrophilic ones. Mass-spectrometric detection was performed in full ion current scan-
ning mode: registration of positively charged ions in the m/z range from 50 to 1300 a.u. Data were adjusted
and normalized using MS-DIAL software ver. 4.70 software; differences were identified using analysis of vari-
ance, discriminant and cluster analysis. The data were analyzed and visualized using MetaboAnalyst 5.0
software (https://www.metaboanalyst.ca).

Results. Four major metabolites (at VIP > 0.5), which content was most modulated depending on the study
group, were identified including 4 (m/z 124.0867, Rt=17.67, p<0.01), 33 (m/z 782.5722, Rt=17.69, p<0.01), 6
(m/z125.0904, Rt=18.43, p<0.01) and 1 (m/z463.2304, Rt=15.78, p<0.01), with no significant differences between
daytime and nighttime blood samples. Significant quantitative differences were shown for three metabolites
in the groups, 14 (m/z 162.1126, Rt=10.28, p<0.01), 35 (m/z 780.5483, Rt=7.65, p<0.01), and 41 (m/z 806.5649,
Rt=7.58, p<0.01), and four metabolites when comparing the daytime and nighttime samples: 14 (m/z 162.1126,
Rt=10.28, p=0.0201), 35 (m/z 780.5483, Rt=7.65, p<0.01), 41 (m/z806.5649, Rt=7.58, p<0.01), and 48 (11/z848.5354,
R=7.65, p<0.01).

Conclusion. Untargeted metabolomic analysis confirmed the hypothesis of likely significant quantitative
and qualitative differences in metabolite composition depending on the type of CCD and circadian rhythm.
The study established a set of metabolites that are potential biomarkers for differential diagnosis of VS/UWS
and MCS including 4, 33, 6, 1 (in the experiment on the reversed-phase column) and 14, 35, 41, 48 (in the ex-
periment on the hydrophilic column), based on their significant contribution to intergroup and intragroup
differences. Further studies will be aimed to characterize the identified metabolites.

Keywords: chronic disorders of consciousness; vegetative state; unresponsive wakefulness syndrome; min-
imal consciousness state; metabolomics; metabolomic profile; blood-brain barrier; circadian rhythm; glym-
phatic system; prediction of consciousness recovery; multidisciplinary approach
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Introduction

Chronic disorders of consciousness (cDoC)
include variants of adverse coma outcomes, when
a patient exhibits no or severe signs of impaired
consciousness [1]. The main forms of cDoC include
the «vegetative state» or «unresponsive wakefulness
syndrome» (VS/UWS), when there is lack of self-
awareness and awareness of the environment along
with the preserved sleep-wake cycle, as well as the
«minimally conscious state minus», when the patient
is available for a minimal contact, i. e., visual fixation
and eye tracking are present, and a «minimally con-
scious state plus», when the patient is able to
perform a simple task and answer a «yes-no» question
verbally or by nodding [2—4].

Significant progress has been made in recent
decades in understanding the mechanisms of im-
paired consciousness after severe brain damage,
and a multidisciplinary approach to this problem
has been described as a way to bridge the gaps
for advancing toward integrated translational sci-
ence [5]. The most studied and stable functional
states of the brain are sleep and wakefulness
which occur in circadian rhythms. The study of
sleep structure in patients with cDoC becomes
particularly relevant due to the discovery of the
brain's glymphatic system, which allows the re-
moval of amyloid proteins and tau-oligomers from
the glia during the slow sleep phase [6]. Impaired
functioning of this system is one of the mechanisms
for the development of neurodegenerative process-
es and neuroinflammation [7-9]. In our opinion,
the study of sleep and wake processes in patients
with cDoC is particularly interesting from the
viewpoint of studying the functional state of the
brain, as well as the homeostasis regulation variants
supporting these phases. In this respect,
metabolomics can be considered as one of the
approaches to reveal potential low-molecular-
weight biomarkers of the brain performance in
patients with cDoC. The general metabolomic
profile can serve as a direct indicator of metabolic
changes in a biological system [10]. The blood-
brain barrier (BBB) is known to be impermeable
to most metabolites under normal conditions.
Various pathological conditions such as neurode-
generation, neuroinflammation, traumatic brain
injury (TBI), and hypoxia result in disruption of
the BBB, functioning in both directions; hence,
the plasma metabolomic profile may reflect meta-
bolic disorders in the brain [11, 12]. Changes in
blood metabolome profile in stroke [13], traumatic
brain injury [14], diabetes mellitus [15], and can-
cer [16-18] have been actively studied.

Analysis of metabolomic research results ob-
tained in the study of sleep and wake phases in
patients with cDoC should make it possible to
identify additional prognostic markers of potential

recovery of consciousness and develop patho-
genetic approaches to the treatment of this cate-
gory of patients in the future. Thus, the aim of
this study was to investigate the main differences
in metabolomic disorders in patients in the veg-
etative state/unresponsive wakefulness syndrome
and minimally conscious state and identify
changes in the metabolome depending on sleep
or wake phase.

Material and Methods

The study was supported by the ethical com-
mittee of the V. A. Almazov Scientific Research Cen-
ter (protocol No. 23082019) and was conducted in
accordance with the Code of Ethics of the World
Medical Association (Declaration of Helsinki). Pa-
tients stayed in the anesthesiology and intensive
care unit for at least 21 days (in 2019-2020). Sixteen
patients with cDoC were included in the study. To
evaluate the signs of consciousness, the patients
were assessed on the Coma Recovery Scale- Revised
(CRS-R) 5 times during the first 10 days of hospital-
ization. Depending on the total CRS-R score, pa-
tients were divided into two groups. Group 1 in-
cluded patients with a CRS-R score of 0 to 5 (their
level of consciousness met the VS/UWS criteria),
and Group 2 included patients with a CRS-R score
of 9 to 15 (their level of consciousness met the MCS
«minus» or «plus» criteria). Characteristics of pa-
tients by age, duration of consciousness disorder,
and total CRS-R score are shown in Table 1.

The causes of brain damage included TBI (2 in
group 1 and 5 in group 2) and hypoxia (8 in group 1
and 1 in group 2). Patients with acute infection, he-
patic and renal dysfunction were not included in the
study. Medications received by the patients at the
time of serum sampling are presented in Table 2.

The study steps are shown in Fig. 1.

A catheter was inserted into the right jugular
vein in all patients a day before the examination,
with the catheter tip directed upward (against the
blood flow) — to obtain blood «flowing out» from
the brain. Blood sampling was performed in the
awake state at daytime (at 12:00) and at night (at
3:00 am) for 2 days ( two daytime and two nighttime
samplings were performed for 2 days). Blood was
collected in vacutainers with EDTA as an anticoag-
ulant, placed on ice, and immediately taken to the
laboratory, where it was centrifuged for 15 minutes
at 2700 rpm, aliquoted in Eppendorf tubes, and
frozen at-25°C. Hemolyzed samples were discarded
and not included in further study.

Preparation of samples. Pooling and purifi-
cation of blood plasma from protein molecules.
Pooled blood plasma samples were used for
analysis. Pools were formed at the daytime and
nighttime points for each group, i.e., 2 pooled
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Table 1. Characteristics of patients with chronic disorders of consciousness.
Main parameters Age, years Duration of disorder CRS,
of consciousness, months points
Group 1 (n=10)
Mean 38 5.4 4
Standard deviation 12 7.8 1
Median 40 2.0 4
Minimum 21 1.0 1
Maximum 54 26.0 5
25" percentile 26 1.0 3
75% percentile 45 6.0 5
Group 2 (n=6)
Mean 37 9.7 12
Standard deviation 15 11.3 2
Median 31 4.0 11
Minimum 21 1.0 9
Maximum 61 26.0 15
25% percentile 29 1.0 10
75" percentile 51 22.0 13

Fig. 1. The steps of the non-targeted blood test in patients with chronic disorders of consciousness.

samples were formed in Group 1 (daytime sample
contained the plasma of 10 patients of first and
second day sampling; nighttime sample con-
tained the plasma of 10 patients of first and sec-
ond nighttime sampling) and 2 pooled samples
in Group 2 (daytime sample contained the
plasma of 6 patients of first and second daytime
sampling; nighttime sample contained the
plasma of 6 patients of first and second nighttime
sampling). An aliquot of 100 yL was taken from

each pooled sample and transferred to a new Ep-
pendorf tube. Then, 400 pl of chilled acetonitrile
was added to each sample and stirred. To remove
protein components, samples were centrifuged
for 10 min (12,000 rpm, 4°C), and 400 pl of super-
natant was transferred to a chromatographic vial
for subsequent analysis.

Chromatography and mass spectrometry.
Conditions of chromatographic separation. The
chromatographic separation of the components
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Table 2. List of medications received by patients from the study groups.
Group 1 (VS/UWS) Group 2 (MCS)

Ipidacrine
Amlodipine
Bisoprolol
Valproic acid
Phenytoin
Ethylmethylhydroxypyridine succinate
Amantadine sulfate
Nadroparin calcium
Tolperisone hydrochloride
Choline alfoscerate

Citicoline

Omeprazole
Spironolactone Lactulose
Levetiracetam Clonidine
Memantine Proroxan
Pancreatin Brain peptide complex
Carbamazepine
Fluconasole
Succinic acid, inosine, nicotinamide
Apixaban
Levothyroxine
Table 3. Ratio of mobile phase components.
Time, minutes A% B,%
0 95 5
0.5 95 5
15.5 45 55
16.5 25 75
17.5 25 75
17.6 95 5
20 95 5

Note. Eluent flow rate = 0.3 ml/min; column thermostat temperature = 40°C; thermostat temperature (sampling department)
=10°C; sample injection volume — 2 pl; analysis time — 20 min.

Table 4. Ratio of mobile phase components.

Time, minutes A% B,%
0 5 95
3 5 95
12 40 60
15 40 60
16 5 95
20 5 95

Note. Eluent flow rate = 0.3 ml/min; column thermostat temperature = 40°C; thermostat temperature (sampling department)
=10°C; sample injection volume — 2 pl; analysis time — 20 min.

using high-performance liquid chromatography

(HPLC) was performed in two modes:

1. Reverse phase chromatography

Intensity Solo 2 C18 (Bruker) column,

length 100 mm, column diameter 2.10 mm, sorbent
particle diameter 1.8 pm.

The mobile phase:
e component A — 0.1% solution of formic
acid in deionized water;

Ascentis Express HILIC (Merck) column,

length 100 mm, column diameter 2.10 mm, diame-
ter of sorbent particles 2.7 um

Mobile phase:

e component A — 10 mM NH4COOH with
added formic acid (0.1%) in deionized
water;

e component B— HPLC category acetonitrile;
Gradient chromatographic elution mode

Operating conditions of the mass spectromet-
ric detector. Mass spectrometric detector was
Bruker Q-TOF Maxis Impact with electrospray ion-
ization at atmospheric pressure and «otof Control»
software for data control and processing.

e component B — HPLC category acetoni-
trile;
e Gradient chromatographic elution mode
Hydrophilic interaction liquid chromatogra-
phy (HILIC)
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Fig. 2. Hierarchical cluster analysis of samples from groups 1 and 2 from the C18 column.

Note. a — heat map of metabolites. The studied plasma samples by groups are arranged in columns: red correspond to
group 1, green to group 2, and the identified component variables are arranged in rows. The colors range from blue to red,
indicating a change in the content of the variables from very low (dark blue) to high (dark red). b — dendrogram. Samples

form clusters of groups 1 (red) and 2 (green).

Mode: drying gas flow (nitrogen) 8 1/min; gas
pressure on the nebulizer 2 bar; conducting capil-
lary temperature 220°C; capillary voltage 4500 V; de-
tection in full ionic current scanning mode: regis-
tration of ions in the m/z range from 50 to 1300 a.u.
(with positive ionization).

Data processing. Data from the chromato-
mass spectrometric analysis were converted to
mzML format and processed using MS-DIAL
metabolomics software (http://prime.psc.riken.
jp/Metabolomics_Software/MS-DIAL/index.html).
Data adjustment, normalization, and filtering
(the data were cleared of background noise and
unrelated ions) were performed using MS-DIAL
software ver. 4.70. The concentrations of the
studied substances by definition have a log-
normal distribution, so the data were sub-
jected to median normalization, logarithmic
transformation, and automatic scaling (center-
averaged and divided by the standard devia-
tion of each variable). Data were statistically
processed and visualized using the MetaboAn-
alyst 5.0 platform (https://www.metaboana-
lyst.ca/), which is generally accepted for meta-
bolic analysis. The intergroup differences were
tested using Student's test, Mann-Whitney test
(to compare groups 1 and 2), and ANOVA test
(to compare circadian changes of
metabolomics) in accordance with normally dis-

tributed logarithmically transformed variables.
The critical level of significance was set at
@=0.05. In addition, we performed unsuper-
vised principal component analysis (PCA) and
supervised PLS-DA analysis with a Pareto-
scaled data set and power transformation using
the first two latent variables. Based on the PLS-
DA models, we created volcano plots showing
the importance of variables in projection (VIP)
versus adjusted p-values [p (corr), load values
scaled as correlation coefficient values]. Vari-
ables with VIP > 0.5, q < 0.050, and absolute p
(corr) > 0.30 were considered significant. To il-
lustrate complex associations between several
parameters based on normalized data, cluster
analysis was performed, in which clustering
was performed using the Ward method, and the
Euclidean distance was considered as a meas-
ure of proximity [19, 20].

Results

Initial data processing. Pooled blood samples
from cDoC patients of two groups were analyzed.
High-performance liquid chromatography with
mass spectrometry detector (HPLC-MS) data for
all pooled samples were obtained on two different
chromatographic columns, hydrophilic (HILIC) and
reversed-phase (C18), for comprehensive evaluation
of metabolites of different polarity. Group spectra
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showed a consistent set of metabolite signals present.
The number of raw spectral signals detected in-
strumentally was 6569 for HILIC analysis and 7952
on the C18 column. Noise and artifact peaks were
filtered out, yielding 6134 and 4759 signals, respec-
tively. Based on the hypothesis of probable significant
quantitative and qualitative differences in the com-
position of metabolites depending on the severity
of patient condition, we identified those metabolites
whose relative levels, calculated from chromato-
graphic peak areas, dempnstrated significant in-
tergroup differences, using ANOVA analysis. Thus,
we identified 63 metabolites for the HILIC column
and 73 metabolites for the C18 column (P<0.05)
(Table 5, 6 — see Appendix).

Analysis of reversed-phase chromatography
data. Normalized data of the relative intensities of
the chromatographic signals obtained on the C18
column were imported into MetaboAnalyst 5.0 soft-
ware and visualized using cluster analysis techniques.
The resulting hierarchically grouped heat map of
metabolites reflects a comparative assessment of
mean metabolite contents, and the dendrogram
demonstrates, on the one hand, a significant cor-
relation between all samples from one group, and
a distinct clustering of samples belonging to groups
1 and 2 on the other hand (Fig. 2).

Preliminary conclusions were confirmed using
other statistical methods. An estimation plot based
on the unsupervised PCA model (Fig. 3, @) showed
clusters of Group 1 (VS/UWS) and Group 2 (MCS)
samples in the two main components PC1 and
PC2, which accounted for 87% and 12% of the
variance in the data, respectively. To make this
difference more apparent, we performed a super-
vised PLS-DA analysis with a Pareto-scaled data
set and power transformation using the first two
latent variables. This model produced clusters
similar to the PCA for groups 1 and 2 (Fig. 3, b),
and both models showed relatively greater ho-
mogeneity of group 2 samples. According to the
PLS-DA loading plots (Fig. 3, ¢), we identified four
major metabolites (at VIP > 0.5) whose content
was most modulated depending on the patient
group, which included signal 4 (m/z 124.0867,
Rt=17.67, P<0.01), 33 (m/z 782.5722, Rt=17.69,
P<0.01), 6 (m/z 125.0904, Rt=18.43, P<0.01), and
1 (m/z 463.2304, Rt=15.78, P<0.01). Metabolite 4
content was higher in group 1, while the content
of metabolites 33, 6, and 1 was higher in group 2.

When analyzing differences in the composition
of metabolites of daytime and nighttime samples
on column C18, no significant differences were
found. Hierarchical cluster analysis showed a sig-
nificant correlation between both daytime and
nighttime samples of the same group (Fig. 4, a and
b), no isolated clusters of daytime and nighttime
sampling appeared in the PLS-DA analysis (Fig. 5).

Fig. 3. Graphs of the assessment of PCA (A) and PLS-DA (B) in
groups 1 and 2 from C18 column.

Note. In Figures a and b, the red cloud represents the cluster of
group 1, the green one — the cluster of group 2. 1_1-1_12 —
studied plasma samples from patients of group 1;2_1-2_12 —
studied plasma samples from patients of group 2. b— PLS-DA
model load graph observed by PC 2 (w * ¢ [2]): each column rep-
resents a putative marker metabolite with standard errors dis-
played in the error bar.
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Table 5. List of target metabolites for the HILIC column
Metabolite No. m/z tR Normalized mean Normalized mean Pvalue
for group 1 for group 2
1 116.07095 2.488 0.723+0.626 —0.723+0.747 <0.0001*
2 121.96481 8.845 0.730+0.221 —-0.730+0.938 0.0002*
3 129.06573 9.348 0.800+0.507 -0.800+0.662 <0.0001*
4 129.97771 10.045 —0.549+1.025 0.549+0.617 0.0018**
5 131.95901 8.258 —-0.209+0.593 0.209+1.282 0.0284**
6 133.95724 8.564 -0.864+0.569 0.864+0.374 <0.0001*
7 136.04131 3.363 0.038+1.257 -0.038+0.712 0.3777**
8 143.99974 10.047 -0.607+1.100 0.607+0.275 0.0028*
9 144.98315 6.978 -0.766+0.891 0.766+0.129 <0.0001*
10 146.1156 10.44 —0.275+0.971 0.275+0.991 0.1842*
11 146.11641 10.411 —-0.265+0.972 0.265+0.996 0.2005*
12 153.03342 9.78 -0.766+0.859 0.766+0.271 <0.0001**
13 156.04485 9.013 —0.908+0.463 0.908+0.278 <0.0001*
14 162.11261 10.278 0.206 +0.778 —-0.206+1.180 0.3228*
15 175.11806 10.621 -0.823+0.557 0.823+0.552 <0.0001*
16 185.02979 1.43 —0.012+0.954 0.012+1.086 0.955*
17 188.07005 7.322 —-0.408+0.695 0.408+1.116 0.0427*
18 226.04523 7.582 -0.478+0.821 0.478+0.958 0.0155*
19 353.07663 3.476 —-0.695+0.381 0.695+0.944 0.0003*
20 385.03558 7.325 0.075+0.898 —-0.0750+0.128 0.2657**
21 480.34351 8.566 -0.853+0.482 0.853+0.520 <0.0001*
22 496.62271 8.726 0.369+0.221 —0.369+1.321 0.0284**
23 533.32251 3.401 0.369+0.623 -0.369+1.186 0.0145**
24 566.89081 7.513 -0.860+0.584 0.860+0.370 <0.0001*
25 634.87213 7.513 —0.899+0.398 0.899+0.413 <0.0001*
26 701.49713 7.245 —-0.898+0.468 0.898+0.333 <0.0001*
27 702.85931 7.513 -0.884+0.428 0.884+0.452 <0.0001*
28 736.86053 7.512 —0.879+0.431 0.879+0.469 <0.0001*
29 738.50195 6.442 0.473+0.087 —0.473+1.263 0.0029**
30 741.53412 8.296 -0.884+0.471 0.884+0.407 <0.0001*
31 759.04663 7.651 0.663+0.486 -0.663+0.946 0.0005*
32 759.17041 7.65 0.523+0.794 -0.523+0.929 0.0071*
33 769.55829 7.652 -0.773+0.694 0.773+0.553 <0.0001*
34 770.85394 7.513 —0.884+0.444 0.884+0.434 <0.0001*
35 780.54828 7.654 -0.873+0.515 0.873+0.403 <0.0001**
36 784.93988 7.592 0.642+0.373 -0.642+1.026 0.0012*
37 786.96295 7.596 0.236x1.240 —0.236+0.657 0.2593*
38 793.54767 8.297 -0.901+0.457 0.901+0.333 <0.0001*
39 796.54877 7.977 -0.812+0.611 0.812+0.527 <0.0001*
40 802.58978 1.545 -0.017£1.071 0.017+0.971 0.936*
41 806.56488 7.584 —-0.823+0.593 0.823+0.510 <0.0001*
42 814.55292 7.813 -0.741+0.906 0.741+0.268 <0.0001**
43 815.54834 7.522 0.556+0.475 —0.556+1.091 0.0055*
44 818.52917 7.645 —-0.655+1.040 0.655+0.271 <0.0001**
45 818.59137 7.579 0.101+0.874 -0.101+1.143 0.9774**
46 833.64746 8.141 0.255+1.098 —0.255+0.862 0.1005**
47 843.57544 7.474 -0.878+0.505 0.878+0.392 <0.0001*
48 848.5354 7.654 0.831+0.473 -0.831+0.602 <0.0001*
49 852.55658 5.647 0.456+0.413 —0.456+1.211 0.0100**
50 854.55298 7.578 0.257+0.569 -0.257+1.274 0.5899**
51 856.5672 7.58 -0.299+1.197 0.299+0.681 0.1473*
52 862.54602 7.497 —0.949+0.272 0.949+0.223 <0.0001*
53 867.07965 7.481 0.286+0.545 -0.286+1.271 0.5137**
54 868.52759 7.404 -0.827+0.555 0.827+0.537 <0.0001*
55 874.5517 7.581 0.644+0.383 —0.644+1.020 0.0011*
56 876.55682 5.555 —-0.892+0.465 0.892+0.370 <0.0001**
57 876.57294 7.59 0.552+0.457 —-0.552+1.103 0.0002**
58 878.56982 5.604 —0.112+1.418 0.112+0.228 0.1432**
59 880.58649 5.616 0.121+0.765 -0.121+1.214 0.8874**
60 896.56024 7.365 -0.868+0.454 0.868+0.489 <0.0001*
61 906.8288 7.513 —0.203+0.888 0.203+1.101 0.3307*
62 922.5542 7.445 —-0.879+0.433 0.879+0.468 <0.0001*
63 974.80841 7.513 0.723+0.626 —-0.723+0.747 <0.0001*

Note. Here and in Table 6: * — P value calculated using Student’s ¢-test; ** — P value calculated using the Mann-Whitney test.
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Table 6. List of target metabolites for the C18 column.

Metabolite No. m/z tR Normalized mean Normalized mean Pvalue

for group 1 for group 2

1 15.78 463.2304 —-0.755+0.768 0.755%0.506 <0.0001**
2 18.65 108.0811 -0.798+0.485 0.798+0.684 <0.0001*
3 18.77 118.0872 -0.708+0.912 0.708+0.406 <0.0001**
4 17.67 124.0867 -0.257+1.062 0.257+0.905 0.3777*
5 17.93 124.1716 -0.692+0.639 0.692+0.799 0.0001*
6 18.43 125.0904 —-0.803+0.665 0.803+0.493 <0.0001*
7 18.78 128.9628 -0.753+0.757 0.753£0.529 <0.0001*
8 19.05 131.9308 -0.711+0.884 0.711+0.453 <0.0001**
9 18.71 131.9625 -0.812+0.518 0.812+0.620 <0.0001*
10 17.75 138.102 -0.671+£0.725 0.671+0.764 0.0002*
11 18.71 147.0929 -0.731+0.888 0.731+0.369 0.0001*
12 18.82 182.9617 —-0.357+0.820 0.357+1.068 0.1005**
13 18.77 90.5081 —-0.883+0.422 0.883 +0.460 <0.0001*
14 18.7 674.4291 -0.004+1.151 0.004+0.876 0.7728**
15 18.72 686.6918 0.404+1.271 -0.404+0.344 0.5443**
16 18.68 711.7711 0.675 +0.727 -0.675+0.753 0.0007**
17 18.72 716.5522 -0.705+0.826 0.705+0.570 <0.0001*
18 17.75 723.4638 0.341+1.234 -0.341+0.561 0.4356**
19 18.54 727.4619 -0.622+0.764 0.622+0.814 0.0008*
20 18.66 727.7125 0.159 +1.178 -0.159+0.806 0.3863**
21 18.66 738.4745 0.488 +0.581 -0.488+1.111 0.0156*
22 18.72 741.2301 0.636+0.899 -0.636+0.632 0.0262**
23 18.65 748.7361 0.290+1.240 -0.290 +0.608 0.3122**
24 17.73 755.4784 0.519+0.581 -0.519+1.080 0.0376**
25 17.78 757.9766 —-0.250+£1.040 0.25040.935 0.2288*
26 17.72 763.49 0.286+1.041 -0.286+0.911 0.1409**
27 18.63 772.2356 0.530+0.749 -0.530+0.957 0.0193**
28 17.56 772.4897 0.551+1.029 -0.551+0.608 0.0056**
29 18.71 772.493 -0.010 +1.187 0.010+£0.825 0.5066**
30 18.7 773.4938 0.043+1.031 -0.043+1.012 0.8852**
31 18.71 778.0045 0.345 +1.088 -0.345+0.804 0.0734**
32 17.93 778.9939 0.210+1.166 -0.210+0.797 0.4095**
33 17.69 782.5722 -0.790+0.725 0.790+0.452 <0.0001**
34 18.7 782.7464 0.418+0.530 -0.418+1.195 0.1600**
35 17.9 792.5078 0.375%£0.663 -0.375+1.160 0.0646*
36 18.71 793.3143 0.068+1.002 -0.068+1.037 0.7475*
37 18.67 800.6866 —-0.755+0.662 0.755+0.639 <0.0001*
38 17.91 802.0062 -0.777+0.573 0.777+0.667 <0.0001*
39 17.66 805.7479 0.457+0.630 -0.457+1.113 0.0209**
40 17.8 808.5083 0.026+1.215 -0.026+0.784 0.8874**
41 18.64 813.5074 -0.108+0.921 0.108+1.103 0.6085*
42 17.95 816.5212 0.325+0.392 -0.325+1.306 0.1224*
43 17.65 821.1963 0.532+0.836 -0.532+0.880 0.0145**
44 17.93 821.8597 0.692+0.936 -0.692+0.410 0.0003*
45 17.7 829.8372 0.669+0.958 -0.669+0.442 0.0043**
46 17.79 831.8625 0.566+1.008 -0.566+0.613 0.0031*
47 18.67 831.863 0.470+0.869 -0.470+0.923 0.0145**
48 17.76 848.8497 0.589+1.037 -0.589+0.507 0.0028*
49 17.89 849.0341 0.29340.961 -0.293+0.990 0.1550*
50 18.7 855.7933 0.257+1.180 -0.257+0.744 0.2151*
51 18.71 857.2792 0.379+£0.753 -0.379+1.100 0.2144**
52 18.62 862.7601 —-0.858+0.582 0.858+0.384 <0.0001*
53 18.58 863.1935 0.401+1.020 -0.401+0.837 0.1938**
54 18.66 867.7538 -0.747+0.616 0.747+0.703 0.0002**
55 18.63 877.3093 0.546%0.906 -0.546+0.787 0.0086**
56 17.87 886.5561 0.374+1.072 -0.374+0.798 0.1135**
57 18.63 887.5426 -0.826+0.445 0.826+0.637 <0.0001**
58 18.64 896.2261 —-0.008+1.236 0.008+0.751 0.7125**
59 17.83 897.5506 -0.119+0.990 0.119+1.039 0.5726*
60 18.65 915.5733 -0.012+1.010 0.012+1.034 0.6297**
61 18.71 919.8516 -0.814+0.762 0.814+0.259 <0.0001*
62 18.57 926.2381 0.168 +0.949 -0.168+1.062 0.6033**
63 18.69 928.9295 0.581+1.026 -0.581+0.548 0.0086**
64 17.96 935.5851 0.22140.951 -0.221+£1.039 0.5137**
65 17.64 935.9096 0.547+0.637 -0.547+1.016 0.0121**
66 18.64 948.9295 —-0.853+0.402 0.853+0.583 <0.0001**
67 17.99 950.2549 0.634+0.228 -0.634+1.078 0.0018*
68 18.71 977.2341 -0.792 +0.719 0.792+0.453 <0.0001*
69 18.65 982.1268 0.572+0.711 -0.572+0.934 0.0027*
70 18.63 1007.1024 0.398+1.014 -0.398 +0.846 0.0605**
71 17.79 1033.6344 —-0.835+0.665 0.835+0.356 <0.0001*
72 18.57 1036.2665 -0.736+0.804 0.736+0.513 <0.0001**
73 17.79 1056.1636 0.249+1.217 -0.249+0.690 0.2306*
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Fig. 4. Hierarchical cluster analysis of samples of daytime and nighttime sampling in the studied groups from C18 column.
Note. a— heat map of metabolites. The studied plasma samples are arranged by groups in the columns: red correspond to daytime
sampling from group 1, green — nighttime sampling from group 1; dark blue — daytime sampling from group 2, blue — nighttime
sampling from group 2, and the identified component variables are arranged in rows. The colors range from blue to red, indicating
a change in the content of the variables: from very low (dark blue) to high (dark red). b— dendrogram: 1 — group 1, daytime sam-
pling; 2— group 1, nighttime sampling; 3 — group 2, daytime sampling; 4 — group 2, nighttime sampling. The samples form clusters
of groups 1 and 2, but do not show a distinct clustering into daytime and nighttime sampling.

Analysis of hydrophilic chromatography data.
The hierarchically grouped heat map of the metabo-
lites with the highest relative content of the chro-
matographic signals obtained on the HILIC column
and the dendrogram shows results similar to those
obtained on the C18 column. All samples of the
same group showed a significant correlation between
each other when separating groups 1 and 2 into
separate clusters (Fig. 6, a, b). However, when ana-
lyzing the data from the samples taken at different
times, we observed them forming separate clusters
indicating the presence of significant differences
in the metabolic profiles of daytime and nighttime
samples (Fig. 6, ¢, d).

The PCA and PLS-DA assessment plots showed
distinct clustering of groups 1 and 2 in the two
major components PC1 and PC2, which accounted
for 99% and 0.5% of sample variance in PCA analysis
(Fig. 7, a) and 99% and 0.3% in PLS-DA analysis
(Fig. 7, b). The PLS-DA loading plots (Fig. 7, B)
identified three major metabolites (at VIP > 0.5)
most significant for clustering groups in the PLS-
DA model, namely 14 (m/z 162. 1126, Rt=10.28, p <
0.01), 35 (m/z 780.5483, Rt=7.65, P<0.01), and 41
(m/z 806.5649, Rt=7.58, P<0.01), whose content was
higher in group 1. When comparing daytime and
nighttime sampling, however, there was marked

Fig. 5. PLS-DA analysis of differences between samples 1 and
2 with the daytime and nighttime sampling from C18 column.
Note. Red cloud represents group 1, daytime sampling; green
cloud is group 1, nighttime sampling; dark blue cloud is group
2, daytime sampling; blue cloud is group 2, nighttime sampling.
Red and green, dark blue and blue clouds overlap in pairs, which
indicates the presence of intergroup and the absence of intra-
group differences depending on the time of collection.
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Fig. 6. Hierarchical cluster analysis of samples from the HILIC column.

Note. a— heat map of the studied metabolites of groups 1 and 2. The studied plasma samples by groups are arranged in the columns.
Red color indicated group 1, green — group 2, and the identified component variables are arranged in rows. The colors range from
blue to red, indicating a change in the content of the variables from very low (dark blue) to high (dark red). b— Dendrogram showing
samples forming distinct clusters of groups 1 (red) and 2 (green). c— heat map of metabolites for comparison of daytime and night-
time sampling of the group: red corresponds to group 1 with the daytime sampling, green — to the group 1 with the nighttime sam-
pling; dark blue represents group 2 with the daytime sampling, blue color shows group 2 with nighttime sampling, and the identified
component variables are arranged in rows. The colors range from dark blue to dark red, indicating a change in the content of the
variables from very low (dark blue) to high (dark red). d — dendrogram: 1 — group 1, daytime sampling; 2 — group 1, nighttime
sampling; 3 — group 2, daytime sampling; 4 — group 2, nighttime sampling. Samples form clusters of groups 1 and 2, daytime and
nighttime sampling.
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Fig. 7. Graphs of PCA (A) and PLS-DA (B) of groups 1 and 2 (HILIC).

Note. Group 1 cluster is represented by red cloud, Group 2 cluster is represented by green cloud. a — studied plasma samples of
patients in group 1; b— studied plasma samples of patients in group 2. c— PLS-DA model loading plot, PC 2 (w*c [2]): each column
represents the putative marker metabolite with standard errors displayed on the error panel. PCA (d) and PLS-DA (e) plots of dif-
ferences between samples of daytime and nighttime sampling in groups 1 and 2 from column C18: red cloud, daytime sampling
from group 1; green cloud, nighttime sampling from group 1; blue cloud, daytime sampling from group 2; blue cloud, nighttime
sampling from group 2. Four separate clouds are formed, indicating significant differences both between groups and between sam-
ples at different times of the day. f— is the PLS-DA model loading plot, PC 2 (w*c [2]): each column represents the putative marker
metabolite with standard errors displayed in the error panel.
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clustering of samples both between and within the
groups, depending on the time of sampling, with a
slight overlap in the second component (Fig. 7, d).
The PLS-DA model produced results similar to
those of the PCA model (Fig. 7, e). Based on PLS-
DA load plots (Fig. 7, fj, we identified metabolites
(at VIP > 0.5) that played a key role in intragroup
differences, including 14 (m/z 162.1126, Rt=10.28,
P=0.0201), 35 (m/z 780.5483, Rt=7.65, P<0.01), 41
(m/z.806.5649, R=7.58, P<0.01) and 48 (m/z 848.5354,
Rt=7.65, P<0.01), whose levels were higher in Group
2 patient samples.

Discussion

As aresult of non-targeted metabolome analysis
of pooled plasma samples of patients in VS/UWS
(group 1) and in MCS (group 2), we revealed several
unidentified compounds, whose levels are most
strongly associated with the type of cDoC (VS/UWS
or MCS). To the best of our knowledge, this study
was the first to compare «daytime» and «nighttime»
plasma metabolome of patients with cDoC. Our
findings have indicated significant differences be-
tween the studied samples, which suggests the pos-
sibility of identifying prognostic and diagnostic
markers in the future research. However, it also be-
came evident that non-targeted metabolomic analy-
sis is not informative enough.

The first study on metabolomics in patients
with cDoC was conducted by Jie Yu et al. in
2021 [21]. The authors used nontargeted and tar-
geted plasma metabolome analysis in patients in
VS/UWS and MCS to identify the main metabolom-
ic abnormalities in patients of these two groups.
Their findings showed that the metabolomic profile
of patients with cDoC differed significantly not
only from that of healthy volunteers, but also be-
tween patients in VS/UWS and MCS, with partic-
ularly relevant differences found in the lipidome
analysis. The authors identified certain lipids
whose levels were significantly elevated in patients
in VS/UWS and MCS. For example, there was a
significant difference in phosphatidylcholine and
arachidonic acid levels between patients in VS/UWS
and MCS, which, according to the authors, could
serve as a marker for differential diagnosis of
these disorders of consciousness. Also, significant
differences in purine metabolism were observed
in patients with cDoC compared to the control
group of healthy volunteers. Patients in VS/UWS
and MCS demonstrated decreased levels of adeno-
sine, adenosine diphosphate, and adenosine
monophosphate, which resulted from the adeno-
sine triphosphate degradation. The results of other
studies of metabolomics in patients with acute
and subacute TBI have also shown that lipidomics
was the most promising study [22, 23].

In a recently published paper by T. Dawiskiba
et al addressing the metabolomic profile of patients
diagnosed with brain death or coma, proline, or-
thophosphoric acid, B-hydroxybutyric acid, galactose,
creatinine, valine, linoleic acid, arachidonic acid,
medium-chain fatty acids were found to be both
markers of acute traumatic brain damage and
adverse outcome (death) predictors [24, 25]. Studies
There are few studies on metabolomics in patients
post hypoxic brain injury [26, 27]. Apparently, po-
tential metabolomic markers in hypoxic damage
would be those identified in ischemic stroke sych
as lactate, pyruvate, glycolic acid, formate, glutamine,
methanol, acetate, cysteine, folic acid, tyrosine,
tryptophan, valine, carnitine, etc. [25, 28-30].

Thus, metabolomics is an rapidly evolving area
of modern translational medicine [31-35].
Metabolomic changes can be minor and consist in
the abnormal ratios between various chemical com-
pounds, however, it is possible to identify some
completely new chemical compounds («disease bio-
markers») and/or loss of certain molecules normally
present in the homeostatic state [36-38]. We believe
that the study of metabolomic changes in patients
with cDoC is a promising approach and will allow
to create prognostic and differential models for this
complex category of patients. The next stage of our
work will be to determine the structure of the iden-
tified compounds, to study their prognostic value
and changes depending on circadian rhythm.

There were several limitations in this study.
First, the patients received various pharmacological
drugs, so we could not exclude their effect on the
metabolomic profile. Second, the patients received
various types of nutritional support using specialized
formulas. The third limitation of the study was the
small number of patients and various etiology of
brain damage (traumatic brain injury or hypoxia),
as well as the absence of a control group of healthy
volunteers (due to unavailability of blood sampling
from the jugular vein).

Conclusion

Thus, non-targeted metabolomic analysis con-
firmed the hypothesis of probable significant quan-
titative and qualitative differences in the composition
of metabolites depending on the type of cDoC and
the phase of the circadian rhythm. The study iden-
tified a set of metabolites which are potential bio-
markers for differential diagnosis of VS/UWS and
MCS including 4, 33, 6, 1 (in the reverse-phase col-
umn experiment) and 14, 35, 41, 48 (in the hy-
drophilic column experiment), based on their sig-
nificant contribution to intergroup and intragroup
differences. Therefore, the aim of further research
is to identify and characterize the above mentioned
metabolites.
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Summary

Aim. To evaluate the efficacy of cascade plasma filtration (CPF) for the correction of lipid profile and bio-
chemical markers (sFlt-1, PIGE sFlt-1/PIGF) in pregnant women with early preeclampsia.

Materials and Methods. A prospective controlled study of 23 CPF procedures was conducted in 11 pregnant
women with early preeclampsia at gestational ages 22 to 31 weeks. The evolution of clinical manifestations of
preeclampsia (BP, urine output, and proteinuria), laboratory biochemical parameters (protein/creatinine ratio,
lipid profile), blood coagulation tests, and thromboelastometry (ROTEM) were assessed. In addition, the effect
of CPF on the level of preeclampsia markers (sFlt-1, PIGE sFlt-1/PIGF ratio) as predictors of endothelial ag-
gression was analyzed. The efficacy of extracorporeal therapy was evaluated based on the duration of preg-
nancy prolongation.

Results. The use of CPF as an adjunct for the treatment of early preeclampsia had a positive effect on the
lipid profile by reducing cholesterol and LDL, which helped to decrease atherogenic aggression on the vascular
endothelium. In addition, the extracorporeal therapy promoted reduction of the anti-angiogenic effect of sFlt-
1, which was confirmed by a significant decrease in the sFlt-1/PIGF ratio from 515 [347; 750] to 378 [285; 557]
(P=0.013). The period of prolongation of pregnancy was longer in the main group (with CPF) and was 19 [5;
26] days, whereas in the comparison group (without CPF) it was 3 [1; 4] days (P<0.001). All newborns were dis-
charged from the hospital in a stable condition. The paper is supplemented with a clinical observation of the

effective use of CPF in early preeclampsia.

Conclusion. The use of cascade plasma filtration in the treatment of early preeclampsia to prolong preg-

nancy could be a promising approach.

Keywords: early preeclampsia; cascade plasma filtration; soluble fins-like tyrosine kinase; sFlt-1; vascular

endothelial growth factor; VEGF; lipid profile
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Introduction

Developing effective treatments for early
preeclampsia is relevant to obstetric practice. Al-
though surveillance, effective diagnosis and early
hospitalization have reduced maternal morbidity
and mortality, preterm delivery with extremely low
fetal weight leads to postnatal complications and
high economic costs. Thus, this problem nowadays
requires a pathogenetic approach and modern in-
novative solutions.

Currently, the mechanism of early preeclampsia
is associated with impaired remodeling of the spiral
arteries and superficial invasion of the cytotro-
phoblast into the spiral arteries, which leads to pla-

cental ischemia and oxidative stress. Subsequently,
the altered placenta produces several aggressive
factors (sFlt-1, placental endoglin, etc.) that destroy
vascular endothelial cells causing endothelial dys-
function. The latter associates with impaired renal
blood flow and decreased glomerular filtration rate
resulting in increased production of aldosterone
and enhanced glomerular sensitivity to angiotensin.
All this leads to abnormal water-compartment dis-
tribution, sodium retention, as well as increased
permeability of the glomeruli to macromolecules,
resulting in clinical manifestations of preeclampsia
(hypertension, edema and proteinuria) and organ
disorders [1, 2]. As early as in 2003, Maynard et al.

Correspondence to:

Liudmila V. Kovalenko
E-mail: lvkhome@yandex.ru

Anpec 1151 KOppeCIIOHAeHIIUH:

Jlrommuiia BacunbeBna KoBasieHKO
E-mail: lvkhome@yandex.ru

GENERAL REANIMATOLOGY, 2022, 18; 2

www.reanimatology.com



38

https://doi.org/10.15360/1813-9779-2022-2-37-44

Clinical Studies

demonstrated that the risk of preeclampsia correlated
with increased levels of soluble fms-like tyrosine
kinase (sFlt-1) and reduced levels of soluble vascular
endothelial growth factor (VEGF). In their studies,
the authors created a flexible model of preeclampsia
by viral transfection of sFlt-1 in pregnant rats, which
subsequently led to the development of hyperten-
sion, proteinuria, antenatal fetal death and glomeru-
lar endotheliosis [3]. Later, another population-
based study demonstrated that sFlt-1 levels raised
several weeks before the clinical manifestation of
the disease (on average, 3 to 4 weeks), thus predicting
the development of preeclampsia [4].

Thus, the theory of endothelial dysfunction in
the pathogenesis of preeclampsia is currently con-
sidered highly plausible, and previous research con-
firms the validity of the predictive approach in ad-
dressing this problem [5-12]. Effective diagnostic
models of preeclampsia prediction have been im-
plemented in everyday practice, and this suggests
considering prophylactic methods for the prevention
and therapy of this pregnancy complication [13-17].

Based on convincing evidence that increased
sFlt-1 blood levels are potentially important in the
pathogenesis of preeclampsia, the reduction of
serum levels of sFlt-1 and other anti-angiogenic
factors has been suggested to inhibit further pro-
gression of preeclampsia and prolong pregnancy.
In this regard, a pilot international study conducted
in 2016 deserves special attention. The authors pro-
posed to reduce sFlt-1 by cascade plasma filtration,
or DFPP (double filtration plasmapheresis), using
negatively charged dextran-sulfate-cellulose columns
(PSDS, Kaneka, Japan). The negatively charged
columns were assumed to precipitate positively
charged sFlt-1 molecules, which would subsequently
reduce their aggressive antiangiogenic effect on the
vascular endothelium. Cascade plasma filtration
was performed in 11 patients with early preeclampsia
diagnosed between 23 and 32 weeks of pregnancy.
Maternal and neonatal outcomes were analyzed
versus a comparison group of 22 pregnant women
with early preeclampsia who did not receive extra-
corporeal therapy. During the study, the authors
obtained encouraging results, achieving an 18%
(7-28%) reduction in mean sFlt-1 concentrations.
In addition, the cascade plasma filtration was as-
sociated with an average reduction of urine P/C
(protein-to-creatinine) ratio by 44% (indicating im-
proved glomerular filtration) and a decrease in pro-
teinuria. Ultimately, in pregnant women in the
main group, labor was delayed by 7-21 days, while
in the comparison group, this prolongation averaged
3 days. Neonatal outcomes were also improved.
The duration of lung ventilation was reduced from
11 days in the group without extracorporeal therapy
to 2 days in pregnant women receiving apheresis
therapy [18].

Advancing the pathogenetic approach to early
preeclampsia, we should mention another open
pilot study conducted in Germany in 2018. Winkler K.
et al. questioned the results of earlier research [19].
The authors of the study suggested that clinically
significant changes in the lipid profile occur in
early preeclampsia. Even in a normal pregnancy,
an atherogenic lipid phenotype has been reported,
with an increase in triglycerides, low-density lipopro-
teins (LDL), and very low-density lipoproteins
(VLDL). At the same time, preeclampsia causes
more pronounced changes in the lipid pro-
file [21-26]. A recent meta-analysis of 24 case-
control studies in 2720 women found that high
triglyceride levels correlated with the severity of
preeclampsia [27]. This finding was further extended
and confirmed in five more cohort studies involving
3147 women in the second trimester before the
onset of preeclampsia. Hypertriglyceridemia has
been shown to precede the onset of preeclampsia
and might be considered a predictor of this preg-
nancy complication [28]. In addition, a recent
study proposed a prognostic model based on serum
lipoprotein (a). The authors showed that an increase
in this marker of more than 40.5 mg/dL in pregnant
women with moderate pre-eclampsia can predict
severe pre-eclampsia, while serum lipoprotein (a)
level of more than 52.5 mg/dL has high sensitivity
and specificity for severe pre-eclampsia [29]. Sum-
marizing the results of previous studies, Winkler K.
et al. (2018) suggested that impaired low-density
lipoprotein metabolism may contribute to en-
dothelial dysfunction and fetoplacental abnor-
malities in early preeclampsia. Lipid profile cor-
rection was performed using cascade plasma fil-
tration in H.E.L.P. apheresis mode. The treatment
was administered to 6 pregnant women with early
preeclampsia at 24 to 27 weeks’ gestation (main
group). In the comparison group (gestational age
less than 28 weeks), extracorporeal therapy was
not performed. Maternal and neonatal outcomes,
the changes in lipid profile, and sFlt-1 and PIGF
levels were analyzed. Pregnancy prolongation was
15 days in the main group and 6.3 days in the
comparison group (P= 0.027). Triglycerides, cho-
lesterol, LDL, and VLDL levels were reduced by
more than 40% in the main group. However, the
authors did not reveal a significant decrease in
sFlt-1 [19].

Thus, currently, there are two main concepts
of using different variants of cascade plasma filtration
in early preeclampsia. One concept is aimed at re-
ducing the anti-angiogenic effect of sFlt-1 on vascular
endothelium, whereas the another one deals with
correcting the atherogenic lipid profile. Both concepts
hold validity and prove the effectiveness of extra-
corporeal therapy [18-20]. However, for a more de-
tailed discussion of the problem and providing a
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rationale for practical use of the method, larger
randomized studies are required.

Material and Methods

We conducted a prospective comparative con-
trolled study that included all patients admitted
from December 1, 2019, to October 31, 2020, to the
intensive care unit of Surgut Regional Clinical Cen-
ter for Maternal and Child Health Care, with a refer-
ral diagnosis of early preeclampsia (n=28). The cri-
teria for the diagnosis of early preeclampsia were
gestational age from 22 to 31 weeks, proteinuria
>0.3 g/1, and blood pressure >140 mm Hg. The di-
agnosis was confirmed if Sflt-1/PIGF ratio > 85
pg/mL (biochemical marker of preeclampsia). This
helped rule out the diagnosis of early preeclampsia
in 6 patients with Sflt-1/PIGF ratio < 85 pg/ml
(comparison group 1). The remaining 22 patients
with Sflt-1/PIGF ratio > 85 pg/ml were randomized
into 2 groups which included comparison group 2
(n=11) who received only conservative therapy
without extracorporeal treatment; 3" group (main,
n=11) included patients who received conservative
treatment and additional cascade plasma filtration
(CPF). All CPF sessions were performed upon the
written consent of the patients and after approval
by the medical team and the ethical committee. Ex-
tracorporeal therapy was offered as an alternative
method in the integrated management of
preeclampsia, including cases where early opera-
tive delivery was rejected.

The CPF procedures were performed on a
Plasauto Sigma (Asahi, Japan) machine. The
whole cycle of extracorporeal therapy consisted of
2 stages. Stage 1 included separation of patient’s
blood into cells and plasma using «Plasmaflo» TPE
column (Asahi, Japan). Stage 2 consisted of pro-
cessing of the separated plasma using «Cascade-
flo» EC-30W filtration column (Asahi, Japan). The
volume of processed plasma during treatment
ranged from 1000 to 8000 ml. During the course
of extracorporeal therapy, the number of CPF ses-
sions was from 1 to 4. One procedure was done in
5,2in1, 3in 4, and 4 procedures were performed
in 1 pregnant woman. The interval between CPF
sessions was 7 to 12 days. All in all, 11 patients in
group 3 underwent 23 CPF sessions. Patients in
comparison group 2 (without CPF) received stan-
dard therapy in ICU according to the protocol for
the management of preeclampsia. Obstetrical
strategy and timing of delivery were determined
by the changes in clinical and laboratory manifes-
tations of preeclampsia and the antenatal status
of the fetus. The participants from group 3 (the
main group) had clinical assessment of hemody-
namic parameters, urine output, doppler study,
and laboratory monitoring before and 1.0-1.5

days after CPE Clinical and laboratory monitoring
included measurement of proteinuria, P/C ratio
(urine protein/creatinine), total protein, albumin,
cholesterol, triglycerides, LDL and VLDL (AU480
«Beckman Coulter» biochemical analyzer, USA).
Coagulation parameters such as fibrinogen, von
Willebrand factor (FW), and antithrombin-III
were measured using the CS-2000i automatic
blood coagulation analyzer «Sysmex», Japan. FW
was considered as a relative marker of endothelial
dysfunction. In parallel with coagulation system,
thromboelastometric parameters (ROTEM delta,
«TEM Innovations», Germany) such as clotting
time (CT), EXTEM (evaluation of platelet hemo-
stasis), maximum clot firmness (MCF), and
FIBTEM (evaluation of plasma hemostasis) were
evaluated. The levels of fms-like tyrosine kinase-1
(sFlt-1) and placental growth factor (PIGF) before
and after CPF session were determined by electro-
chemiluminescent immunoassay (Roche, Elecsys
sFlt-1/PIGF «Cobas®»). The efficacy of the ther-
apy was assessed based on the duration of preg-
nancy prolongation and the timing of delivery.

Statistica v.10.0, a standard package of ap-
plied statistical analysis software, was used for sta-
tistical analysis. The Kolmogorov-Smirnov test
showed that variables were not normally distrib-
uted, so nonparametric statistical methods were
used. The results were presented as Me [Q1; Q3].
The specific proportion of a parameter in the total
set of data was expressed in percents. Differences
between mean values in unrelated samples were
compared for significance by the Mann-Whitney
method; in related samples, they were compared
using the Wilcoxon method. Intergroup compar-
isons of proportions (in %) were made using the y?
method. Correlations between quantitative pa-
rameters were examined using the rank correla-
tion method. The detected differences were con-
sidered significant at P<0.05.

Results

All pregnant women in the main group 3 and
comparison group 2 exhibited clinical and laboratory
manifestations of preeclampsia (ICD codes 013.0
and 014.0). Two patients in group 2 were diagnosed
with severe pre-eclampsia within the partial HELLP
syndrome and delivered within 8 to 12 hours of
their admission to hospital. All pregnant women
with pre-eclampsia who underwent fetal Doppler
study (n=20) at the time of hospital admission had
some manifestation of chronic utero-placental in-
sufficiency (CUPI) and 75% (n=15) of them had in-
trauterine growth retardation syndrome (IGRS). In
addition, the diagnosis of preeclampsia was con-
firmed by high levels of anti-angiogenic markers
(Sflt-1 and Sflt-1/PIGF ratio). A comparative analysis
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Table 1. Comparison of baseline parameters of the comparison groups.

Parameter Values P (items 1 and 2 using
Group 1, n=6 Group 2, n=11 Group 3, n=11 Mann-Whitney test; item 3 using y?)
1-2 1-3 2-3
1. Age and gestational age Me [Q1; Q3]
Age, years 24.5 [23; 29] 30 [23; 35] 34 [24; 35] 0.25 0.31 0.34
Gestational age, weeks 31 [28; 31] 30 [28; 31] 29 [23; 30] 0.09 0.22 0.23
2. Laboratory parameters Me [Q1; Q3]
Proteinuria, g/l 0.29 [0.25; 0.72] 2.11[0.48; 4.77] 1.3[0.58; 1.72] 0.02 0.06 0.11
P/C-ration 3.0 [2.5;4.1] 43.5[12.9; 105.0] 23.9[14.9;51.8] 0.03 0.04 0.21
Sflt-1, pg/ml 2169 [1892;5496] 13264 [6887; 15747] 16069 [10316; 16462] 0.0001 0.0002 0.18
PIGF pg/ml 224 [109; 371] 19 [16; 34] 17 [16; 24] 0.02 0.02 0.15
Sflt-1/PIGF 13 [7; 43] 397 [332; 776] 693 [401; 971] 0.0002 0.0001 0.07
3. Doppler study
Malperfusion grade 1, n (%) — 5 (45.4) 6 (54.5) — — 0.71
Malperfusion grade 2, n (%) —_ 3 (27.3) 3(27.3) — —_ 0.23
Malperfusion grade 3, n (%) — 1(9.0) 2(18.2) — — 0.33
CUPI grade 1, n (%) — 4 (36.4) 5 (45.4) — — 0.54
CUPI grade 2, n (%) — 2(18.2) 3(27.3) — — 0.45
CUPI grade 3, n (%) — 1(9.0) — — — —

Note. CUPI — chronic utero-placental insufficiency.

of the laboratory manifestations of preeclampsia
and the Doppler results in the comparison groups
is presented in Table 1, which shows that the baseline
data in Groups 2 and 3 is comparable.

In 8 out of 11 pregnant women with
preeclampsia, temporary stabilization of hemo-
dynamic parameters, an increase in urine output,
as well as a decrease in proteinuria and P/C ratio
were seen after the first CPF session, which sug-
gested an improvement in glomerular filtration.
Lipid profile changes in pregnant women with
early preeclampsia were particularly noteworthy.
Almost all patients had an atherogenic lipid profile
(elevated total cholesterol, triglycerides, LDL and
VLDL). After CPE a decrease in all studied lipid
profile parameters was observed. In addition, the
reduction in total cholesterol and LDL was sig-
nificant, which confirms the high efficiency of
lipoprotein apheresis in correcting the atherogenic
profile. The changes in coagulation tests and
ROTEM also merit attention. Initially all pregnant
women with early preeclampsia had high levels
of von Willebrand factor (FW), which was con-
sidered as a relative marker of severe endothelial
dysfunction. Furthermore, many authors now
consider reduced antithrombin III (AT-III) to be
a significant and independent criterion of pre-
eclampsia severity, and a decrease in AT-III level
in women with hypertension in pregnancy down
to the lower limit of normal may be a predictor of
early pre-eclampsia development [30-31]. No
baseline low AT-III values (less than 70%) were
found. Meanwhile, there was a significant decrease
of AT-III associated with CPF sessions, which can
be explained by extracorporeal clearance. For this
reason, AT-III concentrate was administered at a
dose of 500-1000 IU in 2 out of 23 clinical cases

with an AT-III decrease less than 70%. Assessing
the effect of CPF on the blood coagulation system,
we conclude that after the extracorporeal therapy
the hemostatic potential (as indicated by changes
in coagulation tests and thromboelastometry) is
reduced. A significant decrease was obtained for
the levels of fibrinogen, FW, AT-III, as well as the
maximum clot firmness (MCF FIBTEM). Besides,
our earlier observations demonstrated loss of
protein fractions, primarily albumin, when per-
forming CPF at 40-80% of the circulating plasma
volume. Therefore, after each CPF session 100-200
ml 20% albumin was administered. These results
can be regarded in two ways. On the one hand,
there is an impact of extracorporeal circuit (loss
of protein fractions, dilution effect, residual effect
of heparin). On the other hand, we cannot rule
out the so-called «apheresis component», as the
technology of CPF on Plasauto Sigma device im-
plies patient’s plasma drainage in order to prolong
the work of Cascadeflo filtration column. On av-
erage, we conducted one CPF procedure with
150-300 ml of plasma drainage which can be con-
sidered as a low-volume plasmapheresis. Analysis
of the changes in Sflt-1 and PIGF revealed a pos-
itive, although minor, effect of CPE Only in 5 out
of 23 CPF sessions there was an increase in Sflt-1
after extracorporeal therapy. This fact was con-
sidered as an additional criterion for early operative
delivery. Nevertheless, we obtained a significant
decrease in the Sflt-1/PIGF ratio from 515 [347;
750] pg/ml to 378 [285; 557] pg/ml (P=0.013). The
changes in the laboratory parameters associated
with CPF are presented in Table 2.

The efficacy of the extracorporeal therapy
was also evaluated based on a comparative analysis
of pregnancy prolongation period. All pregnant
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Table 2. Changes in laboratory parameters associated with CPE, Me [Q1; Q3].

Parameter Before CPF (n=11) After CPF (n=11) P-value (Wilcoxon)

Total cholesterol, mmol/l 6.18 [5.4;6.7] 3.87[3.2;5.1] 0.001

Triglycerides mmol/l 2.77 [2.3; 3.25] 2.48[2.1;3.1] 0.36

LDL, mmol/l 3.98 [2.6; 4.4] 2.65[2.0; 3.2] 0.002

VLDL, mmol/l 1.34 [1.0; 1.6] 1.13[0.9; 1.4] 0.24

Proteinuria, g/l 1.3 [0.5; 1.7] 0.54 [0.4; 1.3] 0.66

P/C ratio 23.9[14.9; 51.8] 18.7 [12.6; 46.7] 0.75

Total protein, g/l 55 [50; 57] 50 [47; 54] 0.04

Albumin, g/1 31 [28; 35] 31 [29; 33] 0.75

Fibrinogen, g/l 3.4 [2.8;4.1] 2.78 [2.6; 3.2] 0.001

FW, % 251 [202; 283] 195 [171; 213] 0.001

Antitrombin III, % 84 [73; 95] 77 [70; 90] 0.007

CT EXTEM, s 60 [55; 67] 62 [58; 72] 0.13

MCF FIBTEM, mm 20 [18; 21] 14 [11; 16] 0.001

Sflt-1, pg/ml 10798 [7984; 16069] 8947 [6652; 12817] 0.21

PIGE pg/ml 19 [15-27] 21 [16; 27] 0.23

Sflt-1/PIGF ratio 515 [347-750] 378 [285; 557] 0.013

Table 3. Pregnancy outcomes after cascade plasma filtration.

Patient Gestational age Sflt-1/PIGF* CPF volume, Gestational age Prolongation
at the time of treatment Before CPF After CPF ml (number at the moment period duration
initiation (weeks, days) of sessions) delivery (weeks, days) (days)

A 30 weeks and 4 days 293 208 1000 (1) 34 weeks and 2 days 26

B 971 405 3000 (3) 26 weeks and 1 days 21

C 31 weeks and 1 day 693 871 1200 (1) 31 weeks and 6 days 5

D 23 weeks and 6 days 347 251 3000 (3) 27 weeks and 6 days 28

E 28 weeks and 2 days 1482 1409 1500 (1) 28 weeks and 5 days 3

F 27 weeks 750 268 2500 (2) 29 weeks and 5 days 19

G 22 weeks and 4 days 401 291 4500 (3) 28 weeks 38

H 28 weeks and 2 days 569 913 1800 (1) 28 weeks and 6 days 4

I 27 weeks and 2 days 998 352 8000 (4) 30 weeks 19

K 27 weeks and 4 days 154 285 1500 (1) 28 weeks and 1 day 4

L 25 weeks and 3 days 443 236 6000 (3) 28 weeks and 1 day 19

Note. * — change in Sflt-1/PIGF ratio from the baseline at the moment of treatment initiation until minimal value during the

whole course of CPE

women underwent cesarean section due to clinical
and laboratory deterioration of preeclampsia. In
two cases, additional manifestations of subcom-
pensated utero-placental insufficiency were ob-
served. The pregnancy prolongation period was
longer in the main group and reached 19 [5; 26]
days, while in the comparison group it was 3 [1; 4]
days (P<0.001). All neonates were discharged from
the hospital in a stable condition. The pregnancy
outcomes, changes in biochemical markers of
preeclampsia (Sflt-1/PIGF ratio), and the main pa-
rameters of extracorporeal therapy are presented
in Table 3. Achieving a lower Sflt-1/PIGF ratio after
CPF sessions was associated with an increase in
the pregnancy prolongation period (R=-0.61;
P=0.02). We also found a direct and significant re-
lationship between the number of CPF sessions
and the duration of pregnancy prolongation period
(R=0.61; P=0.01). The results demonstrate the ef-
fectiveness of CPF for prolongation of pregnancy
in early preeclampsia.

Clinical observation of the use
of CPP in early preeclampsia

To illustrate our findings, we present a clinical
case on observation of prolongation of early
preeclampsia in a patient who underwent 4 CPF
procedures.

Patient V., 33 years old, was admitted to Surgut
Regional Hospital Center for Maternal and Child
Health Care on 04.08.2020 with the diagnosis of 24
pregnancy at 27 weeks’ gestation. Preeclampsia of
moderate severity. Fetal breech presentation. Chron-
ic utero-placental insufficiency (grade 1A malper-
fusion, grade 1 intrauterine growth retardation).
Hypertension stage 2, risk 2. Before her admission
to the hospital, she received inpatient treatment
for preeclampsia in the Nefteyugansk Regional
Hospital (methyldopa, nifedipine, magnesium sul-
fate) with no apparent effect. The systolic blood
pressure persisted at 150-160 mm Hg, progressing
edema was seen. The patient had a history of full-
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Table 4. Changes in lipid profile and preeclampsia markers associated with CPF procedures.

Parameter Changes in parameters at different gestational ages (weeks, days)
27 weeks, 2 days 27 weeks, 6 days 28 weeks, 3 days 29 weeks, 1 day
CPF Nel CPF Ne2 CPF Ne3 CPF N4
before after before after before after before after
Total cholesterol, mmol/l 6.6 3.7 — 3.31 — 3.04 — 2.78
Triglycerides, mmol/l 2.47 2.36 — 1.91 — 1.88 — 2.1
LDL, mmol/l 4.47 2.62 — 2.09 — 2.01 — 2.29
VLDL, mmol/] 1.12 1.07 — 0.87 — 0.84 — 0.95
Sflt-1, pg/ml 16462 14529 11546 9625 11016 10809 12683 12817
PIGE pg/ml 16.49 28.5 21.23 27.3 19.7 21.6 254 29.86
Sflt-1/PIGF ratio 998 509 543 352 559 500 495 429

term delivery in 2018 (fetal weight was 2,700 g). On
admission, the patient complained of headache,
severe edema (+++) and hypertension up to
140/80-150/90 mm Hg. On laboratory examination,
proteinuria was 0.35 g/l (daily protein loss was
1.5 g/1), serum ALT was 68 units, AST was 66 units,
total protein was 57 g/l. Other biochemical pa-
rameters were normal, coagulation studies were
normal for the gestational age. Atherogenic lipid
profile was found (increased cholesterol, triglyc-
erides, LDL and VLDL). Atherogenic index of plasma
was 3.68 (normal reference 2.0-3.0). The markers
of preeclampsia were were measured: Sflt-1 was
16462 pg/ml, PIGF was 16.49 pg/ml, and Sflt-1/
PIGF ratio was 998. Treatment with antihypertensives
and magnesium sulfate in the ICU for 2 days was
not effective, hypertension and edema persisted.
Due to the obstetric status, chronic utero-placental
insufficiency, and the lack of treatment efficacy,
after a course of dexamethasone 24 mg/day to pre-
vent fetal respiratory distress, the patient was
offered an early surgical delivery at 27 weeks’ ges-
tation + 2 days, which she refused. In order to pro-
long pregnancy and as an adjunct to the integrated
therapy of preeclampsia, four CPF sessions were
performed. A total of 8000 ml of plasma (2,000 ml
per one session of CPF) were processed during the
entire course of extracorporeal therapy. The changes

in lipid profile and preeclampsia markers of the
patient are presented in Table 4.

Early operative delivery was performed on Au-
gust 25, 2020, at 30 weeks' gestation due to the lack
of treatment effect (persistent hypertension despite
using 3 antihypertensive drugs, daily protein loss
0.41-1.5 g/1) and worsening of Doppler parameters
(chronic utero-placental insufficiency with 3 grade
malperfusion, 2 grade intrauterine growth retarda-
tion). A female fetus was born weighing 800 g with
Apgar score of 6-7. The newborn stayed in the in-
tensive care units for 82 days and was discharged
in stable condition. Thus, the period of pregnancy
prolongation was 19 days from the initiation of ex-
tracorporeal therapy.

Conclusion

The addition of cascade plasma filtration to
the treatment of early preeclampsia is a promising
approach to prolong pregnancy.

Cascade plasma filtration is effective for lipid
profile correction (total cholesterol, triglycerides,
LDL, VLDL).

Cascade plasma filtration as a part of the com-
plex treatment of early preeclampsia reduces sFlt-1
and sFlt-1/PIGF ratio and helps to prolong pregnancy
by 19 [5; 26] days.
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Summary

Aim: to evaluate clinical effectiveness of selective hypothermia of cerebral cortex for the recovery of aware-
ness in patients with chronic disorders of consciousness (CDC).

Material and methods. 111 patients with CDC 30 and more days after a cerebral event (ischemic or hem-
orrhagic stroke, brain injury) were included in the study. Exclusion criteria were anoxic brain injury (sequelae
of a prolonged asystole or asphyxia), active sepsis, arrhythmia, baseline hypothermia (body temperature lower
than 35.5°C). Experimental group included 60 patients, of them 39 patients were in a vegetative state (VS), 21
patients exhibited patterns of minimally conscious state (MCS). Control group incluted 51 patients, of them
32 patients were in VS and 19 patients were in MCS. Patients in the experimental group received 10 sessions
(120 minutes each) of selective brain hypothermia (SBH) during the 14-days follow-up period. Patients of both
groups received standard identical neurological treatment and rehabilitation procedures. Patients in the con-
trol group did not undergo brain hypothermia. The induction of SBH involved cooling of the whole surface of
the craniocerebral area of scalp using special helmets. The temperature of the internal surface of the helmet
was 3-7°C. Temperature of the frontal lobes of the cortex was monitored with non-invasive microwave radio-
thermometry, axillary temperature was also registered. The level of consciousness was evaluated using «Coma
Recovery Scale-Revised» (CRS-R) scale.

Results. 120-minutes long SBH session reduced the temperature of the frontal lobes of the cerebral cortex
by 2.4-3.1°C with no impact on the axillary temperature. Evaluation using CRS-R revealed improvement in
all studied functions (auditory, visual, motor, oromotor, communication, arousal) in patients in the experi-
mental group after 10 SBH sessions. Level of consciousness in patients from the experimental group in VS
increased from 4.5+0.33 to 8.7+0.91 points (P<0.001), for patients in MCS from 11.3+1.0 to 18.2+0.70 (P<0.001)
points. In the control group, scores of patients in VS rose from 4.3+0.37 to 6.8+0.49 (P<0.001) points with the
most significant changes in auditory and visual functions (P<0.001). In the control group of patients in MCS
the oromotor function improved (P<0.05), overall CRS-R scores changed insignificantly from 9.1+0.57 to
10.1+0.86 (P<0.1). The best outcome (CRS-R>19 points) was seen in patients from the experimental group [6
in VS (15.4%) and 8 in MCS (31.8%)]. In the control group, the best results did not exceed 10 points for the
patents in VS, while 4 patients in MCS (21%) reached 12-16 scores. During 30-day follow-up period of hospi-
talization after the SBH sessions mortality rate was 10% (6 patients) in the experimental group and 21.6% (11
patients) in the control group.

Conclusion. Patients with CDC could benefit from serial SBH sessions performed as a part of comprehen-
sive treatment and rehabilitation strategy. We suggest that selective reduction of frontal lobe temperature im-
proves neurogenesis, neuronal regeneration, and neuroplasticity.

Keywords: hypothermia; frontal lobes; chronic disorders of consciousness; neuroprotection; heat shock
proteins; cold shock proteins
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Introduction

Significant advances in modern critical and
intensive care have produced a significant increase
in the number of patients with severe brain damage
who evolve from coma to other chronic disorders
of consciousness (CDC), which include vegetative
state (VS) and minimally conscious state (MCS) of
undetermined duration [1-3].

Neurological examination still predominates
in the diagnosis of VS or MCS, despite a wide range
of available advanced diagnostic methods. Its reli-
ability can be increased by using clinical scores in-
cluding the Coma Recovery Scale — Revised (CRS-R.
2004) which helps reveal and document the first
manifestations of consciousness and differentiate
between VS and MCS [4, 5].

To date, no generally accepted guidelines and
standards for diagnosis, outcome prediction, therapy
and rehabilitation principles for this category of
patients have been developed. Understanding of
the pathogenetic mechanisms of reduced con-
sciousness in brain damage and its recovery after
coma is still lacking [6-8].

The treatment of patients with CDC includes
maintenance of vital functions, while the rehabili-
tation measures are focused on the restoration of
central nervous system activity, and the choice of
rehabilitation techniques depends on their avail-
ability in a particular clinic, the patient's tolerability
and their response to the procedures [9, 10]. The
use of various pharmacological agents aimed at in-
creasing the level of consciousness does not provide
a sustainable positive result, and symptomatic ther-
apy dominates in the treatment and rehabilitation
of patients with CDC [11].

The study of endogenous cytoprotection and
organ protection mechanisms developing as a
generic nonspecific response on exposure to po-
tentially damaging factors has become one of the
popular areas of neuroprotection and neuroreha-
bilitation research. In particular, the study of is-
chemic preconditioning (IP) and controlled hy-
pothermia revealed distinct organoprotective effects
inherent in almost all internal organs and the
brain [12]. However, IP has not been fully adapted
for clinical use, since ischemic tolerance of the or-
gans develops when subterminal intensity (poten-
tially dangerous) ischemia episodes are reproduced,
whereas there are no effective ways for reliable as-
sessment of ischemic load.

The high neuroprotective properties of hy-
pothermia, associated with metabolic depression
and genomic response of cells to reduced tem-
peratures, make it attractive for clinical use in
brain damage. However, current therapeutic hy-
pothermia (TH) techniques in most cases employ
general cooling of the patient with a decrease in
body temperature to 32-33°C, which associates

with various side effects and complications. The
use of target temperature management (TTM) in
cerebral accidents aims to control fever, but not
neuroprotection [13].

Meanwhile, the use of selective cortical hy-
pothermia (SCH) achieved by craniocerebral hy-
pothermia (CCH) could provide reduction of brain
surface temperature down to the level of local hy-
pothermia required for the expression of cytopro-
tective genes. We use the term SCH rather than
CCH, as it more accurately reflects the target of hy-
pothermia, which is the hemisphere cortex. This
cooling technique manages to lower the temperature
of the brain surface only, with little effect on the
temperature of basal structures and the body [14].
The feasibility of craniocerebral cooling for devel-
oping neuroprotection has been clearly demon-
strated in experiments and clinical setting [15, 16].

The use of hypothermia, including SCH, in-
volves monitoring the temperature of the tissues
being cooled. Recently, the noninvasive measurement
of the cortical temperature based on recording the
power of brain’s own electromagnetic radiation in
the UHF range (3-7 GHz) has been introduced in
the diagnosis of cerebral damage [17].

Assuming that SCH is capable of lowering the
temperature of the hemisphere cortex and triggering
neuroprotective response [18], we conducted a pilot
study of the effectiveness of this method under
cortical temperature monitoring using UHF radio-
thermometry in patients with CDC.

The aim of the study was to assess the feasibility
of clinical use of selective hemisphere cortical hy-
pothermia (SHCH) in patients with chronic disorders
of consciousness (CDC).

Material and Methods

The study included 111 patients with CDC. In-
clusion criteria were brain conditions following se-
vere focal brain damage (post ischemic or hemor-
rhagic strokes, severe traumatic brain injury) at
least 30-45 days after cerebral accidents and recov-
ery from coma. Exclusion criteria were anoxic brain
damage (after prolonged asystole or asphyxia) with
widespread diffuse damage to the cerebral cortex,
sepsis, cardiac rhythm disorders, baseline hy-
pothermia (body temperature below 35.5°C), termi-
nal illness.

All patients were randomized into two groups.
The main group (n=60) included two subgroups.
The first subgroup (M1) was composed of the 39 pa-
tients in VS (15 women with the mean age 36.7+4.4
years, 24 men with the mean age 43.3+3.4 years).
The second subgroup (M2) included 21 patients
with MCS minus (7 women with the mean age
44.6+7.7 years and 14 men with the mean age
47.5+3.2 years). The comparison group (n=51) also
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included two subgroups. The first subgroup (C1)
was composed of of 32 patients in VS (20 women
with the mean age 46.9+3.2 years, 12 men with the
mean age 44.1+4.1 years). The second subgroup (C2)
comprised 19 patients in MCS-minus (10 women
with the mean age 56.1+3.5 years and 9 men with
the mean age 49.2+3.0 years).

In both groups, the results were recorded on
day 1 and 14 of follow-up. After 30 days, mortality
was recorded in both groups.

In both groups patients received standard
neurotropic therapy and rehabilitation including
correction of vital signs, gradual weaning, swallow-
ing correction and removal of tubes, massage, phys-
ical therapy, verticalization, myoelectrostimulation,
magnetic stimulation, speech therapy, and neu-
ropsychological support.

Patients in the main group received 10 SHCH
sessions of 120 minutes duration during the 14-day
follow-up period. Patients in the comparison group
did not undergo SHCH.

The ATG-01 (Kalashnikov, Russia) therapeutic
hypothermia machine was used for the induction
of SHCH. The entire surface of the craniocerebral
region of the head was cooled using cryoapplicator
helmets with the inner temperature of 3-7°C. The
cooling procedure was completed by removing the
helmet, followed by rapid spontaneous warming of
the large hemisphere cortex in the patients. The
temperature of the frontal cortex during cooling
and the body temperature were monitored.

The cooling modes were chosen empirically
based on data from noninvasive UHF radiother-
mometry of the brain, which allowed monitoring
the level of cortical temperature decrease.

UHF radiothermometry of the hemisphere
cortex was performed using the RTM-01-RES de-
vice (RES LLC, Russia). The device allows to register
the power of brain’s own electromagnetic radiation
at the depth of 4-5 cm from the scalp surface and
measure the brain surface temperature in Celcius
degrees, as the radiation power is proportional to
the intensity of tissue metabolism and its tempera-
ture. Measurements were taken in the projection of
the left and right frontal lobes using an antenna
placed on the scalp directly next to the cooling hel-
met (Fig. 1). The temperature was measured prior
to the procedure and then every 30 min until the
end of cooling, immediately after the cooling, and
30 min later. The studies were performed in stan-
dard conditions of the intensive care unit (ambient
temperature 25-27°C, humidity 75-80%).

The level of consciousness was assessed accord-
ing to the Coma Recovery Scale-Revised (CRS-R,
2004) with evaluation of auditory, visual, motor,
oromotor, communication and arousal functions
(in points). CRS-R scale results of the main group
patients before the first session and on day 14 after

Fig. 1. Temperature measurement.
Note. The antenna is placed over the projection of the left
frontal lobe.

the 10th session were analyzed. In comparison
group patients, CRS-R scale data were taken on the
day of enrollment and on day 14.

The significance of the obtained data was con-
firmed based on:

» Sufficient sample size for a pilot study (111
patients were divided into the main and compari-
son groups, each of which had an adequate number
of patients allowing for statistical analysis)

 Statistical analysis of results using the SPSS
Statistics 21.0 software package. To assess the sig-
nificance of differences between the groups, the
Student's t-test was used, with a prior estimation of
distribution of variables for normality. Differences
were considered significant at P<0.05.

Results

Temperature measurements showed that before
the first and next procedures, the mean temperature
in the projection area of the frontal lobes of the left
(LH) and right (RH) hemispheres did not differ
(36.4+0.1°C and 36.4+0.1°C, respectively) between
the VS and MCS-minus groups. Body temperature
was 36.4+0.1°C. After 30 minutes of cooling, the LH
and RH temperatures began to drop, and after 90
minutes were 33.9+0.4°C and 33.5+0.5°C, respectively.
After removing the cooling helmet from the patient's
head, the temperature in the LH and RH was
34.0+0.4°C and 33.3+0.5°C and remained low after
30 minutes post cooling at 35.7+0.1°C and 35.7+0.1°C,
respectively. Throughout the cooling period and
after the procedure, the body temperature did not
alter, remaining within the normal limits (Fig. 2).

The total CRS-R score was 6.9+0.6 in the main
group (n=60), 4.5+0.3 in the M1 subgroup (VS,
n=39), and 11.3+1.0 in the M2 subgroup (MCS,
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Fig. 2. Evolution of temperature changes in the left and right frontal lobes before and after SHCH.
Note. t° — mean temperature of frontal lobes. 30 min, 60 min, 90 min, 120 min — temperature readings in the frontal lobes at

time points during the cooling session.

n=21) on day 1 of the study. The total CRS-R score
was 6.1+0.5 in the comparison group (n=51), 4.3+0.4
in the C1 subgroup (VS, n=32), and 9.1+0.57 in the
C2 subgroup (MCS, n=19).

On day 14 of the study, after the 10" SHCH
procedure, the CRS-R score in the main group was
12.1+0.9, demonstrating a highly significant increase
(P<0.001). In the comparison group, the CRS-R
score on day 14 of the study was 8.1+0.5 which was
also significant (P<0.05). In the main group, this
score reached 8.7+0.91 in the M1 subgroup (P<0.001)
and 6.8+0.49 in the C1 subgroup also on day 14
(P<0.001). In the M1 subgroup, auditory, visual,
oromotor, communication, and arousal functions
increased most significantly (P<0.001), and motor
function increased slightly less significantly (P<0.005).
In the C1 subgroup, only auditory and visual func-
tions increased most significantly (P<0.001), while
motor, oromotor, and communication functions
increased less significantly (P<0.005) and the level
of arousal function remained unchanged.

The averaged data show that patients in VS
who received the SHCH course reached the CMC-
minus level, whereas the changes in the CRS-R
scale were less evident in the C1 subgroup.

Reflecting the general trend of increasing level
of consciousness in patients in both groups and in
each subgroup, the average values do not take into
account heterogeneity of the results. Thus, in the
M1 subgroup, the best results (CRS-R >16 points)
were obtained in 6 patients (15.4%): 3 patients
reached 16-19 points (MCS-plus), and CRS-R values
reached 20-21 points in another 3 patients, indicating
their progression to clear consciousness. In the C1

comparison group (SHCH not performed), the best
results (CRS-R> 11-13 points), were achieved in 5
patients (15.6%), which corresponds to the CMS-
minus level.

Functional assessment using the CRS-R scale
in patients of the M2 and C2 on day 1 of the study
showed that they were in MCS-minus. On day 14 of
the study, after the SHCH course, the CRS-R score
for all studied functions in the M2 subgroup demon-
strated significant increase reaching 18.2+0.7 points
(P<0.001). Patients in the comparison group (C2
subgroup) also showed an increase of oromotor
function on day 14 of follow-up (P<0.05), but the
mean increase of CRS-R score to 10.1+0.86 points
was not significant (P>0.1).

Heterogeneity of results after 14 days was ob-
served in both subgroups of the main group and
the comparison group. In the main group, in the
M2 subgroup, the best results (CRS-R > 16 points,
MCS-plus) were obtained in 8 patients (38.1%), and
in 5 patients in this group, CRS-R values reached
20-23 points, indicating a significant recovery of
consciousness. In C2 comparison group (no CRS-R
was assessed), 4 patients (21%) achieved a CRS-R
score of 12-16 on day 14, which corresponded to
MCS-plus.

The functional changes on the CRS-R scale in
patients of the main and comparison subgroups
are shown in the table below.

Analysis of mortality after 30 days showed that
in the main group 6 patients of the M1 subgroup
died (15.4%). In the M2 subgroup, all patients were
alive. In the comparison group, 7 patients died in
the C1 subgroup (21.9%) and 4 patients died in the

www.reanimatology.com

GENERAL REANIMATOLOGY, 2022, 18; 2



https://doi.org/10.15360/1813-9779-2022-2-45-52
For Practitioner

The functional changes on the CRS-R scale in patients of the main and comparison subgroups
Parameter values in groups

Functions according to CRS-R

Main (SHCH) Comparison
M1 M2 C1 C2

Day1 Day 14 Day1 Day 14 Day 1 Day 14 Day1 Day 14
Auditory 0.7£0.10 1.5%0.18*** 2.2+0.23 3.3+0.12*** 0.7+0.11 1.3+0.11*** 1.6+0.16  1.5+0.19
Visual 0.8£0.11 1.9+0.23*** 2.6+0.31 4.1+0.22*** 0.8+0.10 1.3+0.10*** 1.8+0.16 2.1+0.21
Motor 1.3+0.13  2.1+0.24** 3.1+0.31 4.8+0.19*** 1.2+0.15 1.7+£0.11** 2.3+0.18  2.4+0.27
Oromotor 0.4+£0.09 0.9+0.13*** 0.8+0.15 1.8+0.17*** 0.2+0.07 0.6+£0.12** 0.7+0.15 1.1+0.17*
Communication 0.1+0.04 0.6+0.11*** 0.6+£0.15 1.5+0.11*** 0.2+0.07 0.5+0.12** 0.9+0.15 1.0+0.20
Arousal 1.3+0.11 1.8+0.14*** 2.1+0.16 2.8+0.12*** 1.3+0.12 1.5+0.13  1.840.16  2.0+0.13
Total 4.5+0.33 8.7+0.91** 11.3+1.0 18.2+0.70*** 4.3+0.37 6.8+0.49*** 9.1+0.57 10.1+0.86

Note. * — P<0,05; ** — P<0,01; *** — P<0,001. The M1 and C1 patients were in vegetative state, the M2 and C2 patients were

in minimally conscious state.

C2 subgroup (21.1%). A total of 6 patients (10%)
died in the main group and 11 patients (21.6%) in
the comparison group. The main causes of death
in both groups were infections, thromboembolic
complications, multiple organ failure.

No complications or side effects of SHCH were
registered, and the patients tolerated the procedures
well.

Discussion

The mechanisms of neuroprotective effects of
hypothermia during the acute period of brain dis-
orders have been extensively studied [19-21]. They
include metabolic reactions such as limited con-
sumption of oxygen and substrate, inhibited exci-
totoxicity reactions and receptor-mediated inter-
actions of signaling molecules, control of edema
and inflammatory response, apoptosis, etc. Mean-
while, the temperature signal appearing within the
range of 2-3°C variation is sufficient for the expres-
sion of genes encoding a wide array of different
stress-protecting proteins.

The expression of early genes c-fos and c-jun
has been shown to develop when decreasing tem-
perature in cortical neuronal culture leads to accu-
mulation of various cold shock proteins (CSPs) [22].
Temperature fluctuations within 1-3°C are sufficient
for expression of genes encoding the synthesis of
heat shock proteins (HSPs). However, temperature
increase promotes a decrease in HSP production,
while warming induces an increase in their pro-
duction even at lower temperatures (below 32°C).
These data were confirmed in many experimental
studies [23].

HSPs and CSPs are reasonably considered to
be stress proteins with a high potential of neuro-
protection, and the initiation of their production is
associated not only with temperature signal, but
also with exposure to other potentially dangerous
stimuli [24]. The studied class of stress-proteins
promoting neuroprotection and activating neu-
roregeneration and neuroplasticity is quite exten-

sive [25, 26]. Importantly, the effects of early gene
expression persist for up to several days.

The above-mentioned prerequisites allowed
assuming that a course of daily SHCH procedures
providing a 2.5-3°C reduction in the brain surface
temperature can result in the accumulation of stress
proteins, which, theoretically, can have a positive
effect on the recovery of consciousness in patients
with CDC. These assumptions have been supported,
to a certain extent, by the results of clinical studies.

Use of a hypothermic effect on the brain in
patients with CDC resulting from severe brain dam-
age and manifesting as VS and MCS-minus does
not seem to be as self-evident as in acute brain
conditions. However, it is necessary to keep in mind
that the completed damage pattern seems to be
mostly applicable for the destructive events which
had already occurred and cannot be corrected.
Meanwhile, the patients with CDC still retain a
certain rehabilitative potential which determines
the outcome of the disease. The rehabilitation strat-
egy in these cases is aimed at using methods acti-
vating body's own resources and increasing the re-
habilitation potential. The latter include various
neuromodulation methods such as transcranial
magnetic and electrical stimulation, as well as
SHCH. In particular, a 120-minute cooling period
has been shown to provide a 15-20% decrease in
the linear blood flow rate in the major cerebral
vessels (anterior, middle and posterior cerebral ar-
teries), and during the warming period the blood
flow rates quickly return to their initial values [15].
That is, a period of non-hazardous hypoperfusion
develops when the temperature decreases, and
reperfusion initiates upon warming. Active radicals,
as well as the temperature reduction itself, become
a powerful trigger for the expression of early genes
encoding stress proteins, which could prevent the
progression of destructive processes and increase
the potential of intact brain areas.

These hypotheses are rather speculative, but
the results of our pilot study demonstrate the pos-
itive impact of SHCH in patients with CDC, which
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emphasizes the feasibility of this approach in an
integrated rehabilitation plan. Obviously, further
in-depth studies of selective brain hypothermia
are needed to improve the effectiveness of therapy
and rehabilitation of CDC patients. Determination
of molecular markers of brain damage and recovery
as well as of the oxidative status seems essential
for clarification of mechanisms of the obtained
effects.

Conclusion

Our results demonstrate a positive effect of
selective brain hemisphere hypothermia on the re-
covery of consciousness in patients with CDC. The
use of SHCH courses in patients with CDC can be
recommended as part of an integrated treatment
and rehabilitation plan. Selective hypothermia of
brain hemispheres could improve neurogenesis,
neuroregeneration and neuroplasticity.
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Summary

Severe traumatic brain injury (TBI) accompanied by impaired consciousness manifesting as prolonged
postcoma unawareness (PCU) is one of the current medical and social problems causing high morbidity and
mortality worldwide. Difficult recovery of such patients necessitates the development of additional neurore-
habilitation approaches, including neuromodulation methods, as well as the search for objective markers of
treatment efficacy.

Aim of the study: to evaluate the effect of therapeutic rhythmic transcranial magnetic stimulation (rTMS)
on fMRI resting state networks (RSN) in PCU after severe TBI.

Materials and Methods. We analyzed individual fMRI RSN in three patients with PCU before and after a
course of '”TMS performed at different timepoints after severe TBI and with different efficacy of treatment. We
assessed the topography and quantitative characteristics of the networks (DMN, sensorimotor, control func-
tions, left and right fronto-parietal, auditory, and speech) known to be most significant for recovery of con-
sciousness.

Results. We found a trend toward normalization of RSN topography as well as an increase in the integral index
of network intensity in two of three patients with a distinct increase in consciousness after a course of rTMS.

Conclusion. Using case observations, we have demonstrated the therapeutic efficacy of rTMS and feasi-
bility of using fMRI RSN as a reliable diagnostic approach in PCU following severe TBI.

Keywords: traumatic brain injury; unawareness; resting state networks; fMRI; rTMS

Conflict of interest. The authors declare no conflict of interest.

Full text of the article in Eng. on www.reanimatology.com

Introduction
Severe traumatic brain injury (STBI) associated

potential for mental activity in general plays a
crucial role in the integrated treatment and neu-

with impaired consciousness and motor activity is
one of the urgent medical and social issues causing
high morbidity and mortality worldwide [1, 2]. Con-
sciousness disorders such as coma and a high risk
of prolonged (chronic) post-coma unawareness
(PCU) are characteristic of STBI [3, 4]. Meanwhile,
the assessment of cognitive functions and recovery

rorehabilitation strategy.

PCU includes phases immediately following
coma and succeeding each other, beginning with
the first post-coma opening of the patient's eyes
and ending with the reappearance of contact with
him/her (most often as a clear compliance with
the instructions) [3, 5-7]. Several clinical scales are
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used for quantitative assessment of PCU, and their
relevance is determined by current perspectives
and the research progress [7-10].

To date, several international guidelines for the
treatment of this category of patients have been pub-
lished [7, 11]. However, significant difficulties of
patient rehabilitation provide a rationale for the
search and development of additional neurorehabil-
itation approaches, which include neuromodulation
methods [4]. Transcranial electrical and magnetic
stimulation has been used in clinical practice for the
past decade as a neuromodulatory intervention [12,
13]. The therapeutic use of rTMS is based on its
ability to change the level of cortical excitability,
causing depolarization of neurons with subsequent
generation and propagation of action potential (AP) [14,
15]. Changes in hemodynamics, neurotrophic factor
production, and neurotransmitter activity associated
with r'TMS have also been shown [13].

The use of ITMS seems very promising for the
neurorehabilitation of patients with disorders of
consciousness and motor function following
STBI [16]. According to the literature, as well as our
own research, stimulation of frontal hemispheres
(zones Fz, F3-F4 or F3 according to the international
scheme of electrode positioning 10-20% in elec-
troencephalography) has significant positive ef-
fect [17-19]. The effectiveness of stimulation of
these areas can be explained, among other things,
by the fact that the frontal cortical areas are con-
sidered to be pivotal in providing the so-called ex-
ecutive functions that initiate, plan, regulate and
control any purposeful activity [20, 21].

On the other hand, the rather complex mech-
anism of action of rTMS, especially in variable
conditions of brain damage, determines possible
individual differences in the brain responses of
patients with a traumatic brain injury to this ther-
apeutic intervention. The timing of rTMS inte-
gration into neurorehabilitation, in particular, in
early period following traumatic brain injury
during intensive therapy, is one of the controversial
issues in this area. The study of systemic cerebral
reactions, accompanying rTMS, as well as control
of the effectiveness of stimulation necessitates
the involvement of most informative parameters
of brain performance.

The concepts of neural network structural
and functional organization of brain activity [22],
as well as the analysis of fMRI resting state net-
works [23] are currently widespread in neuroscience.
The formation of resting state networks (RSN) is
associated with high correlation in time of inter-
regional hemodynamic signals [24]. There have
been described 7 to 15 functional RSNs that are
most typical for healthy people [23, 25], but are
impaired in brain conditions, including traumatic
brain injury [26]. A number of RSNs are considered

in the literature to be the most significant for re-
covery of consciousness in PCU. They include
such networks as default mode network (or DMN),
executive functions, lateral frontoparietal, auditory,
sensorimotor, visual, salience [27, 28], and probably
speech network [29, 30] (Fig. 1).

In a series of our previous studies, we developed
an algorithm for group and individual analysis of
fMRI resting state networks (RSN) based on the
ICA FSL software [31]. We have shown its informative
value for the estimation of RSN in intact brain and
in STBI [31, 32].

This study aims to investigate changes in the
network organization of the brain in patients with
STBI, accompanied by disorders of consciousness
and motor activity, during therapeutic rTMS. The
main focus was placed on RSNs shown in Fig. 1.

The aim was to evaluate the effect of therapeutic
rhythmic transcranial magnetic stimulation (rTMS)
on fMRI resting state networks (RSN) in PCU after
STBI.

We focused on the determination of general
trends in fMRI RSN changes in patients with STBI
exposed to rTMS and identification of patterns of
fMRI RSN associated with clinical effect of rTMS.

Material and Methods

We studied three patients (two men and one
woman) who had suffered a traumatic brain injury
resulting in post-coma unawareness state (Table 1).
The current clinical status and level of conscious-
ness were assessed using the CRS-R scale [9] as well
as the consciousness recovery assessment
scale [33]. According to this assessment, at the time
of the 1st examination, one patient was in the un-
responsive wakefulness syndrome (UWS) or vege-
tative state, two patients were in the MCS- or aki-
netic mutism (arbitrary fixation of gaze without
executing instructions and speech production).
Motor defect manifested as hemiparesis was as-
sessed using a muscle strength scale [34]. All pa-
tients were not on ventilatory or oxygen support.

The current lack of generally accepted stan-
dards for therapeutic rTMS in patients with TBI [13]
warrants the search for new and improved stimula-
tion algorithms. In this study, we used a protocol
developed earlier [19]. Stimulation was performed
on a MagProx100 device (MagVenture) using the
‘figure-of-eight' B-70 coil. Each patient underwent
a course of rTMS on zones F3 and F4 according to
the 10-20% EEG system (left and right dorsolateral
prefrontal cortex, respectively). The duration of the
TMS course varied from 5 to 10 sessions. One rTMS
session included from 1000 to 4000 pulses with 50%
maximum stimulator power (MSP). The threshold
was determined according to the clinically accepted
technique of diagnostic r”TMS performed before the

www.reanimatology.com

GENERAL REANIMATOLOGY, 2022, 18; 2



https://doi.org/10.15360/1813-9779-2022-2-53-64

For Practitioner

Fig. 1. Schematic representation of hemispheric projections of resting fMRI networks considered significant for recovery of re-

duced consciousness.

Note. ] — DMN; 2 —sensorimotor network; 3— executive functions; 4 — frontoparietal (left and right); 5— auditory; 6— speech.

Table 1. Characteristics of patients' level of consciousness before and after a course of rTMS.

Patient Parameters
Sex Age Time Post rTMS Number Post rTMS
after of - TMS
trauma On consciousness On CRS-R sessions  On consciousness On CRS-R
recovery assess- recovery assess-
ment scale ment scale

M. M 34 17 days VS UWS 5 AM-MSU MCS+

B. F 35 17 months AM MCS- 6 MSU MCS+

Ya. M 31 4.5 years AM MCS- 10 AM MCS-

Notes. UWS — unresponsive wakefulness syndrome; MCS- — minimally conscious state without following commands;

MCS+ — minimally conscious state able to follow commands; VS — vegetative state; AM — akinetic mutism; MSU — mutism

with speech understanding.

course stimulation including bilateral stimulation
of the motor cortex (M1) and neck region (CVII).
The range of rTMS frequencies, which varied from
1 to 10 Hz, was selected for each patient individu-
ally depending on the lesion area anatomy and per-
formance changes assessed using clinical examina-
tion and EEG data. Stimulation was performed
along with a personalized, continuous and invari-
able treatment regimen, which included anticoag-

ulants/antiaggregants, neurometabolic and gastro-
protective drugs, as well as prophylactic doses of
anticonvulsants.

After a course of r”TMS, we recorded a qualita-
tive improvement in two patients and no changes
in the clinical condition were observed in one pa-
tient (Table 1).

Before and after the course of rTMS the fMRI
was recorded using a General Electric Signa HDxt
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magnetic resonance tomograph (USA) at rest with
eyes closed for 10 min and 12 sec in the Department
of radiology and radioisotope diagnostics of the
Burdenko Scientific Research Center of the Russian
Ministry of Health.

A 3D FSPGR pulse sequence (BRAVO) was
used to obtain structural data (whole brain volume)
with the following parameters: TR =8.8 ms, TE=3.5
ms, slice thickness = 1 mm, FOV = 250 mm, image
matrix 256x256, voxel size 0.97X0.97X1.0 mm. The
echoplanar sequence Spin Echo (BOLD T2) was
used to obtain functional data. TR = 2000 ms, TE =
30 ms, slice thickness = 3 mm, FOV 250 mm, image
matrix 128%128, voxel size 1.95X1.95X3 mm. In
each time series, 300 sets of functional volumes
were obtained, each containing 24-40 axial slices
capturing the entire brain. Scanning time per func-
tional volume unit was 2 seconds. The total number
of slices in a functional series was 7000-12000.

During fMRI registration the primary control
of the quality of hemodynamic signals, automatic
noise correction, as well as assessment of the qual-
ity of block recordings by the presence of motor ar-
tifacts (excellent, good, poor) were performed. In
the latter case, the scanning was interrupted, and
the study was started again. All studies were per-
formed without anesthesia.

The output experimental data were
recorded in DICOM format with subsequent con-
version to NIFTI and processing in the FMRIB
Software Library (FSL) [31].

Processing included removal of artifacts asso-
ciated with low-frequency noise and correction of
motion artifacts, then conversion of functional data
to standard space (anatomical structure of the
brain), and then, using the MELODIC-ICA tool,
analysis of fMRI RS.

A series of special studies established the fea-
sibility of limiting the number of networks at 60.
With N > 60 or no limitation, the major RSNs nor-
mally became fragmented.

The data obtained were superimposed on in-
dividual brain images in axial, frontal, and sagittal
planes.

As a result, several voxel groups (large-scale
networks) with statistically independent BOLD-sig-
nal changes were distinguished in each patient. The
significance level for the selection of independent
components was P<0.01. Correction for multiple
comparisons was performed automatically when
the p value was lower than 0.05. The selected net-
works were then visualized in the three-dimen-
sional image of the brain of each patient.

Three independent experts in neurophysiol-
ogy, radiology, neurology participated in the verifi-
cation of individual RSN of patients, taking into ac-
count the experience of similar studies in healthy
subjects [31] and patients with STBI [32]. The com-

ponents of each network were verified using the
AAL (Anatomical Automatic Labeling) software
package.

To quantify the correlated activity of six rest-
ing fMRI networks (Fig. 1), we used such integral
parameters recommended by the FSL developers
as the number of voxels, their volume (cm3) and
maximum intensity. They were calculated auto-
matically using a set of FSL console commands. In-
tensity refers to statistical indicators of network ac-
tivity, which corresponds to the F value of Fisher
criterion. Intensity has no units of measurement
and is set automatically. F-value is displayed in ac-
cordance with graded color or black-and-white
scale, where brightness or color corresponds to F-
criterion value with the maximum intensity having
maximal value and minimum value corresponding
to the F-criterion value with P=0.01. F-values for p
exceeding minimal level of significance are not dis-
played when anatomical and functional 3D data
are combined.

The studies were performed in accordance
with the principles of the Helsinki Declaration, after
obtaining informed consent and approval by the
ethical committee of Burdenko Scientific Research
Center of the Russian Ministry of Health.

Results

Case 1. Patient M., 34 years old, suffered a
road traffic accident with STBI and severe cerebral
contusion, diffuse axonal injury, multiple focal hem-
orrhages and subarachnoid hemorrhage (MRI evi-
dence). Following the lesion, an 8-day coma devel-
oped which transformed into PCU state.

At the time of fMRI prior to rTMS (17 days
after injury), neurological examination showed
severe reduction of consciousness corresponding
to UWS on the CRS-R or vegetative state according
to the consciousness recovery scale [33]. The motor
domain showed pyramidal tetraplegia with increased
muscular tone in the left arm. Limb movements
assessment was 2 points, slightly better on the right
side. Brainstem signs corresponding to midbrain
damage were observed.

The second fMRI examination was performed
34 days after injury, on day 5 after a course (5 ses-
sions) of therapeutic rTMS of which 1 were done
in the F3 area and other 4 bilaterally in F3-F4.
The consciousness was assessed as MCS+ according
to the CRS-R scale or intermediate between AM
and MSU, according to the consciousness recovery
assessment system [33]: voluntary fixation of gaze,
unsteady following of commands. In the motor
domain, the movement in the left arm was 3
points, in the right arm 2 points, in the legs 3
points, the patient performed better in keeping
the right leg flexed.
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Fig. 2. Changes in RSN fMRI in patient M.

Note. a— prior to therapeutic rTMS; b— 5 days after the course of 'ITMS. I — DMN; 2— sensorimotor; 3— auditory; 4 — speech;

5 — frontoparietal networks.

Figure 2 shows RSN fMRI images (from those
listed in the technique) of patient M. revealed before
(Fig. 2, a) and after rTMS (Fig. 2, b) on identical
brain slices (sagittal and horizontal).

Prior to stimulation, only 3 out of the 6 net-
works under study could be verified, i. e., DMN,
sensorimotor, and auditory networks. Meanwhile,
even the identified networks were different from
normal, primarily because of their asymmetry. In
the DMN (Fig. 2, a 1), the left hemispheric occipital
component was dominant, with a pronounced re-
duction of the frontal component. The sensorimotor
network (Fig. 2, a 2) was represented by activated
components in the deep parts of the right hemi-
sphere. The auditory network (Fig. 2, a 3) was rep-
resented by left-sided activation in the basal parts.

After stimulation, we noticed a quantitative
increase in the intensity of the already existing
RSNs (Table 2), with changes in their spatial or-
ganization. Thus, there was an increased bilateral
activation of the anterior (frontal) component of
the DMN (Fig. 2, b 1), as well as of the motor cortex
of both hemispheres of the sensorimotor network
(Fig. 2, b 2). We observed widespread activation of
the right hemispheric component of the auditory
network (Fig. 2, b 3). In addition, components of
two RSNs that were absent before stimulation were
identified: the left hemispheric posterior temporal
corresponding to the speech network (Fig. 2, b 4),
as well as the main components of the right fron-
toparietal network (Fig. 2, b 5). All of the observed
changes in RSN activation due to synchronization

GENERAL REANIMATOLOGY, 2022, 18; 2

www.reanimatology.com



58

https://doi.org/10.15360/1813-9779-2022-2-53-64

For Practitioner

of hemodynamic signals relate to the network com-
ponents close to the stimulation zones.

Case 2. Patient B., a 35-year-old female with a
right-sided traumatic brain injury (severe contusion
with intracerebral hematoma of the right frontal
lobe followed by decompressive cranial trepanation
in the right fronto-temporo-parietal region and
hematoma removal), subsequent inflammatory
process (meningoencephalitis, ventriculitis resulting
in posttraumatic postinflammatory multilocular
hydrocephalus followed by ventriculo-peritoneal
shunting), who still remained in a long-term PCU
17 months after injury.

At the time of the examination before rTMS,
the level of consciousness on the CRS-R scale was
assessed as MCS-, manifested as AM (arbitrary fix-
ation of gaze without following instructions and
verbal production) [33]. Gross tetraparesis with in-
creased muscular tone and decreased reflexes were
revealed in the motor domain. MR tomograms
(Fig. 3) visualized abnormalities predominantly in
the right hemisphere (expansion of the right lateral
ventricle and moderate lateral dislocation of the
lateral ventricles to the right) with disruption of
the anatomical relations of the brain structures. In
the left frontal lobe, in the projection of the anterior
border of the precentral gyrus, a small area of
altered cerebral tissue, probably of hemorrhagic
nature, was also identified.

After 9 days and 6 sessions of rTMS (5 in the
F3 zone, 1 in the F4 zone), positive changes in
consciousness were noted: MCS+ on the CRS-R
scale, or transition to mutism with speech under-
standing (i.e., following selected commands) ac-
cording to the consciousness recovery assessment
system [33]. In the motor domain, gross tetraparesis
persisted, but with a slight increase in muscular
tone and reflexes. For the first time since the injury,
patient B. was able to raise and lower her right
arm upon request.

Fig. 3 shows the fMRI images listed in the RSN
procedure of Patient B. before (Fig. 3, @) and after
rTMS (Fig. 3, b) on identical brain slices (sagittal
and horizontal).

Before stimulation, 6 RSNs under study were
revealed including DMN, sensorimotor, executive
functions, auditory, and frontoparietal, which, how-
ever, differed sharply from the normal ones. The
pronounced asymmetry of all networks, with acti-
vation of components mainly in the left (structurally
more intact) hemisphere, as well as their disorgan-
ization, was remarkable. The DMN was characterized
by time-differentiated synchronization of the anterior
(frontal) (Fig. 3, a I) and posterior components,
which are normally activated simultaneously. The
sensorimotor network (Fig. 3, a 2) was represented
only by the left-hand motor component, the exec-
utive function network (Fig. 3, a 3) by the frontal

one, and the auditory network (Fig. 3, a 5) by the
temporal one, also in the left hemisphere. The
frontal-parietal network (Fig. 3, a 4) was activated
solely superficially, in the right hemisphere, with
a slight partitioning into the parietal and frontal
components.

After stimulation, certain changes in resting
networks were seen corresponding to positive clinical
progress. All RSNs were still asymmetrically activated
in the left (more morphologically intact) hemisphere.
Meanwhile, greater (simultaneous) coherence of
activation of the anterior and posterior components
was noted in the DMN (Fig. 3, b I). The left hemi-
spheric components of the sensorimotor network
(Fig. 3, b 2) were represented at all levels of the
hemisphere, with increased intensity (Table 2), ap-
proaching normal topography. Bilateral activation
of the frontal components was observed in the ex-
ecutive functions network (Fig. 3, b 3). The left
frontoparietal network (Fig. 3, b 4) with a clear acti-
vation of both of its components was seen. While
there were no significant changes in the auditory
network (Fig. 3, b 5), the presence of fragments of
the speech RSN (Fig. 3, b 6), undetectable prior to
r'TMS, was noted.

Case 3. Patient Ya., 31 years old, suffered a
traumatic brain injury with severe left frontal lobe
contusion, diffuse axonal damage, multiple small
cortical-subcortical hemorrhagic foci, intraventricular
and subarachnoid hemorrhages and subsequently
developed hyporesorptive hydrocephalus according
to MRIL.

At the time of the examination before rTMS,
4.5 years after injury, the patient's consciousness
was assessed as MCS- according to the CRS-R scale,
manifested as akinetic mutism according to the
consciousness recovery assessment system [33].
In the motor domain, we detected predominantly
right-sided tetraparesis with increased muscular
tone in the arms; brainstem signs from the midbrain
level and gross pseudobulbar syndrome. MRI scans
(Fig. 4) showed enlargement of the lateral ventricles,
more pronounced in the anterior horns, amid brain
atrophy prevailing in the frontal lobes.

Seventeen days after the course of rTMS (10
sessions in the F3-F4 areas), the patient's condition
did not change, and he was still rated as MCS on
the CRS-R scale. Though when asssessed according
to the alternative classification [33], the patient be-
came emotionally reactive while still having akinetic
mutism. Pyramidal tetraplegia persisted, but without
a significant increase in muscle tone; there were
brainstem signs corresponding to the midbrain le-
sion, as well as a gross pseudobulbar syndrome.

Fig. 4 depicts the studied RSN fMRI of patient
Ya. before (Fig. 4, a) and after rTMS (Fig. 4, b).

Before stimulation, components of 5 of the 6
resting fMRI networks under study were detected
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Fig. 3. Changes in RSN fMRI of patient B.

Note. a — before the therapeutic rTMS course; b — after stimulation. The RSN fMRI: 1 — DMN; 2 — sensorimotor; 3 — executive
functions; 4 — frontoparietal; 5— auditory; 6 — speech, frontal component.

such as DMN, sensorimotor, executive functions,
fronto-parietal, temporal, and even speech. Similarly
to Patient B., the network activation was fragmentary
and predominantly unilateral, asymmetrical in na-
ture. We detected a frontal component of the DMN,
activation of the left motor cortex sensorimotor
network, the left frontal cortex executive functions
network, the parietal component of the right fron-
to-parietal network, and the left parietal component
of the speech network (Fig. 4, a 1-5, respectively).

After stimulation, RSNs were still represented
only by separate components, predominantly in
the left hemisphere. The topography of the senso-
rimotor and executive networks did not change
(Fig. 4 b 2, 3, respectively). The parieto-occipital com-
ponent of the DMN (Fig. 4, b 1), the parietal component
of the frontal-parietal network (Fig. 4, b 4), and the
frontal component of the speech network (Fig. 4, b 5)
were activated, all in the left hemisphere. Noteworthy
is the appearance of a near-normal configuration
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Fig. 4. Changes in RSN fMRI of patient Ya.

Note. a — before the rTMS course; b — after stimulation. RSN fMRI: 1 — DMN; 2 — sensorimotor; 3 — executive functions; 4 —

fronto-parietal; 5— speech; 6 — auditory.

of the auditory network with its bilateral compo-
nents (Fig. 4, b 6). The intensity of the majority of
the network signals visually manifested itself with-
out pronounced changes, but with a trend toward
a quantitative decrease after rTMS (Table 2). Only
for the left frontoparietal network did this parameter
increase.

Discussion

In all three patients with PCU states, resting
fMRI networks significantly differed from normal

ones both in the number of RSNs detected (reduced
quantity) and in their spatial organization. They
were asymmetric and had abnormal temporal syn-
chronization of the activity of intra-network com-
ponents. These results agree with the available lit-
erature data [32, 35]. Characteristic abnormalities
also include the reduction in some network com-
ponents, primarily cortical ones, while stem and
basal components remain intact [36]. The lowest
number of RSNs was detected in patient M., who
was in a vegetative state before rTMS. In two ceses
with akinetic mutism, the network abnormalities
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Table 2. Maximal intensity of RSN fMRI before and after stimulation.
Patient Network
DMN Sensorimotor Salience Frontoparietal = Temporal Speech

before after before after before after before after before after before after
M. 11.3 17.8 13 19.1 10.3 12.8 9.4 14.3 14.3
B. 114 29.6 15.7 20.4 12 17.4 21 30.7 9.4 9.2 15.4
Ya. 22.2 18.6 15.7 14 333 11.2 12.5 20.7 11.3 11.3 10.8

mainly concerned spatial organization of the cortical
components, which had been previously reported
in the literature [37].

These topographic network abnormalities were
essentially similar in patients B. and Ya. who were
in the AM before rTMS, but with different stimulation
efficiencies. In this regard, the results of the study,
as well as our earlier evaluation of fMRI motor net-
work connectivity [38], indicate significant diagnostic
yield of resting fMRI parameters. The combination
of fMRI recorded at rest and during any activity
seems to be more efficient for prognostic purpos-
es [38, 39]. In this study, rTMS served as test activation
to a certain extent.

The common effects of rTMS in all patients
include greater reactivity of the left hemisphere,
regardless of the lateralization of the predominant
brain lesion in patients with STBI (which we pre-
viously observed in healthy subjects as well [17])
and marked functional changes primarily in the
components close to the stimulation areas (left
frontal and anterior temporal areas) which were
significant for the formation of almost all of the
RSN studied.

Positive neural network effects of rTMS, ac-
companying improvement of M. and B. patients to
MCS+, manifested as a trend to normalization of
spatial organization of RSNs significant for PCU
state. This normalization included simultaneous
synchronisation of all components with one network
and appearance of networks not detected before
stimulation (probably «sleeping» in lower levels of
consciousness). Mainly it concerns bilateral acti-
vation of symmetric frontal or motor areas, as well
as frontal and parietal regions of the left hemisphere.
We believe that these changes are caused by restora-
tion of some interhemispheric and extended in-
trahemispheric (fronto-parietal, etc.) functional
connections. Significance of these functional and
structural connectivities for development and re-
gression of PCU was shown in several multidisci-
plinary studies [40-43]. Quantitatively confirmed
Increase in intensity of resting networks after a
course of rTMS was revealed in patients with a

positive clinical effect of rTMS (qualitative im-
provement of the status). However, the assessed
RSN fMRI «total volume» parameter did not change
in parallel with the clinical evolution.

A qualitative improvement in the consciousness
of patient M., who had a short-term course of rTMS
early after traumatic brain injury while receiving
continuous drug therapy, was remarkable. This
result indicates the promising use of rTMS to activate
the natural processes of neuroplasticity. Additional
placebo-controlled studies are required to clarify
the effect of rTMS in accelerating recovery in the
early posttraumatic periods.

Less prominent consciousness recovery in
patient Ya. (within the MCS-level) was manifested
by activation of additional neural network com-
ponents of the RSN without normalization of the
spatial organization of each network (i. e., without
signs of restoration of extended intrahemispheric
connectivity), but with activation of symmetrical
components of the temporal network, reflecting
probable restoration of individual interhemispheric
connections.

The feasibility of functional cerebral interac-
tions development is largely determined by the
morphology of the STBI, i. e., the conduction path-
ways and brain substance [44], which is confirmed
by MRI data from the above patients. In this regard,
the timing after injury is crucial. The striking
clinical and neural network positive result of rTMS
was shown in patient M. early after the STBI. Stim-
ulation of patient Ya. 4.5 years after trauma has
been the least effective.

Conclusion

Therapeutic rTMS of the frontal hemispheres
can activate resting neural networks or their indi-
vidual components with a tendency to normalize
the RSN topology.

Our observations showed the promise of rTMS
as a therapeutic intervention, as well as the feasibility
of using RSN fMRI for diagnostic purposes in PCU
following STBI.
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Summary

Identification of complications and control of comorbidities are essential in monitoring the patients with
chronic disorders of consciousness and predicting their outcomes. The researchers of the Department of
Biotechnological and Applied Clinical Sciences of the University of L'Aquila (Italy) developed the Comorbidities
Coma Scale (CoCoS) for a comprehensive assessment of such patients. Lack of an officially validated version
of the scale hampers its use in Russia, while using versions which have not been completely validated prevents
clinicians from obtaining reliable results when examining patients with chronic disorders of consciousness.

Aim. To develop the official Russian language version of the Comorbidities Coma Scale, considering various
linguistic and cultural parameters, as a part of the 1st stage of the validation study.

Material and methods. The first stage of validation was completed: direct and reverse translation of the scale
was performed by two independent medical translators. The translated version was assessed by an expert board
including an expert translator, neurologists, and critical care specialists. Pilot test and two meetings of the expert
board, before and after testing, were arranged to assess the results and approve the final Russian version of the scale.

Results. During the first meeting of the expert board, corrections were made in the Russian language ver-
sion of the scale in terms of language and cultural adaptation. Pilot testing was carried out based on the inclu-
sion and exclusion criteria. The researchers had no difficulties in understanding and interpreting the instruc-
tions for the scale. The second meeting of the expert board was held thereupon, and the final version of the
Russian language version of the scale was adopted, which is available on the website of the Center for Validation
of Health Status Questionnaires and Scales of the Research Center of Neurology.

Conclusion. The first stage of validation, i. e., linguistic and cultural adaptation, was carried out at the Research
Center of Neurology (Moscow, Russia). For the first time, the Russian version of the scale for assessing comorbidi-
ties in patients with chronic disorders of consciousness was presented and approved for the practical use. The fu-
ture publications will address the psychometric results of the scale such as sensitivity, validity, reliability.

Keywords: Comorbidities Coma Scale; CoCoS; chronic disorders of consciousness; vegetative state; unre-
sponsive walkefulness syndrome; minimally conscious state; validation
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HeBpoJsorudeckuil UHCTUTYT, YHUBepcurer JI'Akyna,
Bwua Berotiio, 67100, JI'Akynsa, Utanusa

Juia murupoBanus: H. A. Cynonesa, M. A. ITupados, IO. B. Pabunkuna, /]. I’ IOcynosa, A. A. Bumun, O. A. Kupuuenro,
H. I Bysean, K. A. Auko, /. B. Cepzees, A. B. 3aiiues, JI. A. Jleeocmaesa, E. I” f3esa, E. C. Il]lepbarosa, I1. bynoxyw, H. M. Pamuandanu,
Dp. [Tucmotia. I11kaJia OIEHKY COIyTCTBYIOIINX 3a00/IeBaHUH ¥ apeaKTUBHBIX arrieHToB (CoCoS): TMHIBOKYJIBTYPHAS a/1all-
TaI¥sI PyCCKOSI3BIYHOM BepcuH (coodmmenue). Obwas peanumamonozus. 2022; 18 (2): 65-75. https://doi.org/10.15360/1813-
9779-2022-2-65-75 [Ha pycck. 1 aHIL |

Pe3rome

BoIfAB/IEHHE OCJIO}KHEHUN 1 KOHTPOJIb HAJl Te4YeHUeM COITyTCTBYIOITUX 3a00/IeBaHU ABJISIETCA BayKHEN-
IIUM 3TAlOM B OTCJIEKMBAHUU JUHAMHUKU U MIPOTHO3€ UCXO0B y MAIlHEHTOB C XPOHUYECKUMHU Hapylle-
HUAMHU CO3HAHUSA. [[JIs1 IpOBeieHN s OI[eHKU COCTOSIHUA Y JaHHOU KaTeroOpyH NallieHTOB COTPYAHUKAMU Jie-
nmapTaMeHTa OMOTeXHOJIOTUYeCKUX U IPUKJIQIHBIX KINHIYECKUX HayK yHuBepcuTreTra L'Aquila (UTamus)
Ob171a pagpaborana mkama — Comorbidities Coma Scale (CoCoS). OtcyTcTBHE 0pUIMATBHO BaTUIAPOBAH-
HOI BepCUU JAaHHOMH IITKaJIbI 3aTPyAHsET ee IpUMeHeHue B Poccuy, a UCIIOJIb30BaHNe BepCUH, He TpomIeS-
IIUX BCe HeOOXOAUMBIe 3Talbl BaJIUJAIIUN, IPEIATCTBYeT MOTyYeHUIO JOCTOBEPHBIX Pe3yJ/IETaToB P 00-
CJIeJOBaHUU MMAIIEeHTOB C XPOHMYECKUMHU HapyIIeHNAMHI CO3HAHUS.

Iesn. Pa3paboTka opunmraabHOMN pycCKOsA3bIYHOM Bepcuu IIIKaJIbI OIIEeHKH COITyTCTBYIOMMUX 3a001eBa-
HUH y apeaKTUBHBIX NAI[UEHTOB C y4eTOM A3bIKOBBIX U KYJIETYPHBIX 0COOEHHOCTEH ee IoJIb3oBaresiell B paM-
Kax IIpoBeJieHUs 1-ro aTamna BaJuJalliOHHOTO UCCIe0BaHus.

MarepuaJ 1 MeToAbL. [IncbMeHHOe pa3pellleHre Ha afanTaruio kaabl CoCoS 66110 TOTyYeHO COTPY-
HUKAaMU I'PYIIILI BAJUAAIAA MEKIyHAPOAHBIX IIIKaJ M OIPOCHUKOB HayuHoro nentpa nespoJsoruu (PIHY
HITH, . MockBa, Poccus) y paspaboTunka opurnHaabHol Bepcun Francesca Pistoia. [TpoBestu mepBbIii aTan
BaJIUJAIN: BBITIOJIHEH IPSAMOM 1 00paTHBIN mepeBo] IKaJIbI IByMs He3aBUCUMBIMHU METUIIMHCKUMU IIe-
peBogunKkamu. [IpousBesieHa OlleHKA pa3paboTaHHOH BepCUU 9KCIEPTHON KOMUCCHEH ¢ yIacTueM nepe-
BOJYUKA-3KCIEPTa, HEBPOJIOTOB U AHECTE3MO0JIOTOB-PeaHNMaTo I0roB. [IpoBesi TUI0THOE TeCTUPOBaHUe
Ha 15 manueHTax ¢ AUarHO30M XPOHIUYECKOT0 HAapYIIIeH!s CO3HAHUA U IBa 3aceJJaHUs IKCIePTHOU KOMUC-
CHUU JI0 U IT0CJIe TeCTUPOBAHUS /I OI[eHKU Pe3y/IETaTOB U YTBEP K AeHUA OKOHYATe/IbHOU PYCCKOA3BIYHON
BEPCHU IITKaJBbL.

Pe3yseraThl. B X071€ ITepBOro 3acefaHus IKCIePTHON KOMUCCUH BHECIU MOMPaBKU B PYCCKOSA3BIYHYIO
BEPCHIO IITKAJIBI B paMKaX A3bIKOBOH U KYJIBTYPHOH aflaTallvy: ObLIN N3MEeHEeHbI eIUHUIIbI H3MepeHus J1a-
6OopaTopHBIX TOKa3aTesael ¢ Mr/ 1 Ha MMOJIb/JI B 7-M U 14-M IIyHKTax (OIjeHKa INTUKeMUU U KOHIIEHTPaIlUuu
KpeaTWHUHA, COOTBETCTBEHHO). I3MeHeH TepMUH «HaJaopTalbHble COCYIbI» Ha «OpaxuonedaabHbIe apTe-
pun» B 10-M IyHKTe, COIIOCTaBJI€HbI IPeIJIO)KeHHbIe BAPUAHTHI OBPEKIEHNA MATKUX TKaHe! CO CTafusaMu
pas3BuTHUs npoJseskHel cormacio NPUAP — EPUAP [18] B 21-M IyHKTe, J00aBJIeH TapaMeTp UHAEKC MacChl
tesia (MMT) i1 onleHKM BBIPasKEHHOCTU HEeIOCTAaTOYHOCTU IIUTAHUs. B X0/le MUJIOTHOTO TECTUPOBAHUS C
y4eToM KpUTepHeB BKIIOYEHHUA U UCKIIOUEHUS CJI0KHOCTEeH TPU MOHUMAHUN U UHTepIpeTaluu
MHCTPYKIMH MIKAJIBI y UCCIIefoBaTes el He BO3HUKJIO. [Io UToraM coCcTosisIoCh BTOpOe 3acejaHue
9KCIIEPTHON KOMHUCCHUH, Ha KOTOPOM IIPUHAJIA OKOHYATeIbHBIM BApUAHT PyCCKOS3BITYHOM Bep-
cun mKansl. OH JOCTYIIEeH AJ1s1 03HAKOMJIEHHUS Ha caliTe IPYNIIbI BAIUIAINYI MeKIYHAPOIHbIX
mKaa u onpocHukoB ®TEHY HIIH https://www.neurology.ru/reabilitaciya/centr-validacii-
mezhdunarodnyh-shkal-i-oprosnikov, a Takske mo QR-koxy:

3akmmouenue. Ha 6aze @PTEHY HIIH BBITTOTHIIN IePBBIH aTall BaIUAAINYI — JUHIBOKYJIBTYPHYIO afal-
Tanuio. BuepBele MpeACTaBUIN U PEKOMEHJ0BAIN K UCIOJIb30BaHUIO PYCCKOA3BIYHYIO Bepcuio I1TKkaJsIbl
OIIeHKU COITyTCTBYIOMMUX 3a00/1€BaHUH ¥ apeaKTUBHBIX ITAIlIEHTOB. B MocaeayIonux nyoanKanusax 6yayT
IIpeJICTaBJIeHbI Pe3YJIBTaThl OI[eHKY IICUXOMEeTPUYEeCKUX CBOMCTB (YyBCTBUTEIBHOCTD, BATUTHOCTD, HAEK-
HOCTB) PYCCKOSI3BIYHOH BepCUU JAaHHOMH ITKAJIBL.

Karouesuoie cnosea: Comorbidities Coma Scale; CoCoS; Komopouonocmes; conymcmeytousue 3a001e6aHUSL;
XpOHUUecKUe HapyuleHUst CO3HAHUS,; 6e2emamuéHoe COCMOosHIe; CUHOPOM apearxmuerHozo 600pcmeosa-
HUsL; COCIOSIHUE MUHUMALbH020 COSHAHUSY; 6ALUOAUUSL

KoH(INKT HHTEpeCcoB. ABTOPHI 3asBJIAIOT 00 OTCYyTCTBUU KOH(MINKTA UHTEPECOB.

BiarogapHoOCTh. ABTOPBI BBIPA)KAIOT 6J1ar0apHOCTb COTPYIHUKAM OT/IeJIeHN aHeCTe3N0I0T MU -peaHMa-
UM C ITa/IaTaMy peaHuMaly U nHTeHcuBHOU Tepanuy @TEHY HITH 3a moMoIs B cOope 1 aHaIN3€e TaHHbIX.

BBeleHMe  popa115 npy wacTHMHOM HIIH TTOTHOM OTCYTCTBHM

XpoHndeckue HapyuieHnusA codHanusAa (XHC) — Npu3HaKOB 0CO3HAHHOIO IOBeNeHUsA (0CO3HAHUSA

9TO COCTOSTHUS, YaIlle Pa3sBUBAIOIIHECS TIOC/Ie KOMBI  OKPY:KaIOIIel MefCTBUTETLHOCTH U COOCTBEHHOM
¥ XapaKTepU3YIOIINeCS BOCCTAaHOBJIEHNEM OOIPCT-  JIMYHOCTH), IJIAIITHAECS He MeHee 28 THel OT Mo-
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MEeHTa BO3SHUKHOBEHUA HapylIeHUs CO3HaHuA [1].
OcnoBHble cuaApoMbl XHC MpencTaB/ieHbI Bere-
TaTUBHBIM COCTOSTHHUEM WJIA CUHAPOMOM apeak-
tuBHOTO O0/pcTBOBanusA (BC/CAB) [2], u cocTosi-
HMeM MHUHUMaJbHOro co3Hanusa (CMC) «MuHYyC»
WJIN «ILJII0C» [3].

Onpenenuts Nporuoa y nanueHTos ¢ XHC —
JOBOJIBHO CJIOKHAA 3a/1a4a B CBSI3U C TPYLHOCTHIO
MIPOBeEHUS T0JITOCPOYHBIX UCCIEJOBAHUM Y 9TOU
KaTeropuu MaryeHToB U OIeHKU BJIMSHUS 00JIb-
IIIOr0 KOJIMYECTBa (paKTOPOB Ha TeueHue 3aboJie-
BaHUA. TeM He MeHee, HaJIM4YKe OCJA0KHEHUH 1/ U
COTNYTCTBYIOIIUX 3a00JI€BAaHUNA SIBJISETCS OIHUM
13 00IIenpU3HaHHBIX (PAKTOPOB BOCCTAHOBJIEHUS
CO3HATeJbHOH 1eATeJIbHOCTH, (PYHKIIMOHAJIbHOU
HEe3aBUCUMOCTH U, B IIeJIOM, OTIPEeIEJITIONINX ITPO-
THO3 B OTHOIIIEHWY BbIKUBAHUS, YTO OJITBEPSKAAET
€ro KJINHUYECKYIO0 3HaYMMOCTb.

B Hacros1ee Bpems CylleCTByeT HECKOJIBKO
MEYKIyHApOIHBIX UHIEKCOB U IIKaJ /I OLeHKU
koMopbugHocTy: cuctema Cumulative Illness Rating
Scale (CIRS) [4], uwHIEKC KOMOPOUIHOCTU
Charlson [5], uanekc Kaplan-Feinstein [6], uagekc
cocymiectByommux 6osesneir (ICED) [7], repuar-
pUYEeCKU HMHIEKC KOMOPOUITHOCTH [8], MHIEKC
(ysrmonansHON KoMopounHocTH (FTT) [9], mHIEKC
Total Illness Burden Index (TIBI) [10]. Orpanuyenue
B MCII0JIb30BAaHUU TaHHBIX KJIMHUYECKUX UHCTPY-
MEHTOB COCTOUT B TOM, YTO OHM pa3pabOoTaHbI JJIs
MMallMeHTOB C APYTMMU [MAarHo3amu, CIEKTp CO-
MY TCTBYIOIIUX 3a001€BaHU KOTOPBIX OTJINYAETCS
0T BCcTpevaroniyxcs y nanuenTos ¢ XHC. icnonb3ysa
MpeJiCTaBJeHHbIE BBIIIE ITKAIbl U UHIEKCHI, He-
BO3MOSKHO HaJIesKHO OLleHUTD Yy nanueHToB ¢ XHC
TaKWe COCTOSIHUA, KaK JIellpeccus, IoTeps CJyxa,
NpeJIIecTBYIONie KOTHUTUBHbIE HApYyIIIeHUsI U3-
3a OTCYTCTBUSI OCO3HAHHOIO IOBEEHUS.

BoisiB/IeHHE OCJIOKHEHUUM M KOHTPOJIb Hajl
TeYeHHEM COITYTCTBYIOIIHX 3a00/IeBaHUI SIBJISIETCST
BaKHEHUIITNM 9TallOM B OTCJI€KUBAHUY TUHAMUKUA
Y IPOTHO3€ UCXOJI0B JAHHOU KaTerOpUH MalleHTOR.
BbLj10 TOKAa3aHo, 4TO JeKOMIIeHCallisl coMaTruyve-
CKOH ITaTOJIOTHUM 3HAYUTEJIbHO BJIUAET HAa BHIKU-
BaHMe, BOCCTAaHOBJIEHNE CO3HAHUS U (PYHKIIUO-
HaJbHOM He3aBUCUMOCTH [11, 12]. C aTO¥ 1IeJIBIO B
2019 r. coTpyIHHKaMU JerapTaMeHTa OMOTeXHO-
JIOTUYECKUX U IPUKJIATHBbIX KJINHUYECKUX HAyK
yauBepcurera L'Aquila (MTanus) 6p11a paspado-
taHa [1IkaJia OTIeHKHY COITYyTCTBYIOIIMX 3a00IEBaHUI
Yy apeaKTUBHBIX ManueHToB (arnea. Comorbidities
Coma Scale — CoCoS) [13].

[IIkasa BkJIIOYaeT 24 KaTeropuu, Kaskaast m3
KOTOPBIX OCHOBaHA Ha HAJWYUU WM OTCYyTCTBUU
KOHKPETHBIX COITYTCTBYIOIINX 3a00JIeBaHUN U CTe-
MEHU WX TSHKEeCTU. KaTeropmu natojorudeckux co-
CTOSIHUU BRJIIOYAIOT: WH(EKIIUU JIbIXaTeJbHbIX U
MOYEBBIBOJISIIINX ITyTel, HeMH(MEKIIMOHHBIE 3200-
JIEBAHWSI IbIXaTeIbHBIX ITyTeH, 3ab0s1eBaHus cepia

UIEMUYECKON WJIM HEUIIIEMHUYECKON 3THOJIOTHH,
HapylIeHUs CEpAeYHOr0 pUTMa, apTepUaIbHYIO -
TIePTEH3UI0, CaXapHbIN ArabeT, TapOKCU3MaATHHYIO
CHUMITAaTUYECKYI0 TUIIePAKTUBHOCTD, 3a00JIeBaHus
nepudepryeckux U OpaxuonedagsbHbIX apTepUi,
nepudepruyeckrx BeH, 3a00/1eBaHUs TelaToONIH-
ApHOU CHCTEMBI, KeJIyJJOYHO-KHUIIIeYHOTI'0 TPAKTa,
MOYEK, CYIOPOYKHBIE MPUCTYIBI, ruapoIiedaIunio,
Ha/IM4UeE IIepPeIOMOB, YCTPOMCTB IJ15 IO IePIKaAHMS
SKU3HEEATeTbHOCTH, IIPOJIesKHEH, aHEMUIO, 3a00-
JIeBaHUs CyCTaBOB, 3JI0Ka4eCTBEHHbIE OITyX0JIH, He-
JIOCTaTOYHOCTb IIUTaHNS, IPEIIeCTBYIOIIYIO NHBA-
aunu3anyo. CTerneHb TSKeCTH KasKION U3 KaTeropun
OIIEHMBAETCS C HOMOIIIBIO MTPEJIOKEHHBIX BApUAH-
TOB. Harrpumep, TA2KeCTh peCIIMPaTOPHBIX MH(EKITUN
OLICHMBAETCA Ha OCHOBAaHUMU OTCYTCTBUSA/HAINYUA
CHUMIITOMOB, IIOTPEOHOCTH B JIEYEHUU U PEAKITUN Ha
JleueHue, a TSHKeCTb aHEMUM OMpeJiesisieTcsl Ha OC-
HOBAHMU COJIEPIKaHUs reMorioOrHa [13].

[TpuMeHeHMe Kbl TPEOYET U3YUEHUS UC-
TOpUM 3ab0JIeBaHUs, OIEHKY COMAaTHYeCKOT0 U
HEeBPOJIOTUYECKOTO CTaryca ITallueHTa, JaHHBIX
WHCTPYMEHTATbHBIX U JIaDOPATOPHBIX MCCJIEN0-
BaHUi. B ciaydae ecsam MaHHBIX JJIs1 aHAJIN3a He-
JTIOCTaTOYHO, HEOOXOTMMO OTMETHUTH TYHKT «OIIEHKA
HEeBO3MOJKHa», KOTOPBIN MpeJaraeTcs mocJae
Ka)KJION Kateropuu 3abosieBaHusi. CTOUT OTMe-
TUTh, YTO TPU OTMETKE «OIleHKa HEBO3MOMKHAa»
1o IByM U OoJiee TOKa3aresisiM, BO u30eskaHue
HeNpaBUJIbHOTO ONIpeJieIeHUsI CTETIEHU TAKECTHU
COTNYTCTBYIOIINX 3a00JIeBaHU, CyMMa 0aJ/IJI0B HE
yuuTbeiBaeTcs. [lo pedynbraTaM IpoBeageHHOU
OIIeHKM PaCCYMTHIBAeTCs1 00Iast cymMa 6aJsijios,
KOTOpasi TOKa3bIBaeT oTcyTcTBue (0 0a1710B) UIn
HaJIM4Y¥e COMYTCTBYIOIINX 3a00€BaHUIN JIETKOHN
(1-24 6amnna), ymepeHHOH (25-48 6a/1710B) UITH TSI-
sKeJIoH (49-72 6aJjijia) CTEeIlleHu.

Pa3paboTymKy mIkaJsbl MPOBEJIN BaTUIAIOH-
HOe HCCJIeIOBaHNEe OPUTUHATbHOU BEPCUY Ha BbI-
6opke 13 162 MAIMEHTOB C HAPYIIIEHUSIMU CO3HAHUS
(koma, BC/CAB, CMC) TpaBMaTn4eckoi 1 HeTpaB-
MaTU4eCcKOU STUOJIOTHHU. Bhljia oJsiyueHa BbICOKas
COIIaCOBAHHOCTH OII€HOK Bpavyei-9KCIIEPTOB MPHU
MMOBTOPHOM TECTHUPOBAHMWH, KOTOpAs MOKa3aJa,
YTO MIKaJIa MOKET OBITh MCIIOJIb30BaHa JIJIs BbI-
SIBJIEHUSI CONYTCTBYIOITNX 3a00JI€BaHU B ITOBCE-
JTHEBHOU KJIVMHUYECKOU MPAKTUKeE, a TAKKE JJIs
U3y4YeHUs UX BJUAHUA Ha TporHoa [13]. Crour ot-
MEeTHUTh, YTO Ha HACTOSIIIAN MOMEHT I10 pe3yJIsTaTam
rorcka o 6ase manabix PubMed 1 Google Scholar
opurvHajJbHOe uccaegoBanue 2019 r. Aasjaerca
€JMHCTBEHHbIM, IepeBOJ] Ha Apyrue I3bIKU U afall-
TaIys MIKaJIbl [J1s1 HeaHIVIOSI3bIYHOMN MMOMYJIAIN
He TTPOBO/TUJIUCH.

715 moJTy4eHn s HaJesKHbIX pe3yJI5TaToB IIpU
00cJieoBaHNU MAIIMEHTOB C HApPYUIEHUSMU CO-
3HAHUSI, UCIIOJIb3Ys Pa3/IMYHbIE 3apyOesKHbIE ITTKa-
JIbI, HeOOXOMMO BAJIUIUPOBATH BBIIIEYIIOMSIHYThIE
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JIMarHOCTUYeCKHe NHCTPYMEHTHI JJIs1 PYyCCKOSI3bIY-
HBIX IAIIMEHTOB, YUUTHIBAsI sI3bIKOBbIE U KYJIETYP-
HbIe 0coO0eHHOoCTH [14-16].

OTcyTcTBUE IPOIEeyPhl BATUIALNY IIPEIIST-
CTBYyeT BO3MOKHOCTH COIIOCTABJIEHNSI Pe3yJIETaTOB
C JAaHHBIMU, ITOJIyYEHHBIMU APYTUMHU HCCIeI0Ba-
TesassMu. [I[puHUMas Bo BHUMaHue, 4To 1mkasna Co-
CoS siBJIsieTcst HAJEKHBIM M HEOOXOMUMBIM HH-
CTPYMEHTOM [1J151 OIL[€HKU TSYKECTU COMYTCTBYIOLINX
3abosieBanuii y nanueHToB ¢ XHC, paspaborka
o(puIanbHON PYCCKOSI3BIYHON BEpCHUU IIIKAJIbI,
IpolIeAIei aTamn JUHIBOKYJIBTYPHOH afanTanuu
C mocJieqyIonieil OleHKOU MCUXOMeTPUUYECKUX
CBOWCTB, OyJIeT ClTOCOOCTBOBATh OBBIIIIEHUIO 10~
CTYITHOCTH IIKAJIbI JIJ151 UCIIOJIb30BAHMSI B PYCCKO-
TFOBOPSIIINX CTPAHAX, & TAK)Ke IOBBICUT JOCTOBEP-
HOCTB IOJTyYeHHBIX Pe3yJIBTAaTOB.

[Iesib paboThI — paspaboTka opUITHATHEHON
pyccrosi3apIdyHON Bepcuu mikajbl CoCoS u npose-
JIeHNUY TUJIOTHOTO TECTUPOBAHUS B paMKaX IIEPBOTO
aTana BaJMAALMOHHOTO KUCCJIENOBaHUS JAaHHOIO
KJIMHUYECKOTO MHCTPYMEHTA.

MarepuaJ 1 MeToAbI

IIucpbMeHnHOe paspelleHre Ha aJanTaiuio IIKaJjIbl
CoCoS 6BLI0 ITOTYYEeHO COTPYIHUKAMU I'PYIIITHI BaJIA/IA-
LMY MesKIyHapOOHBIX IIKaJI U OIIPOCHUKOB HayuHoro
nenTpa Hesposiornu (PI'BHY HIIH, . Mocksa, Poccus)
y paspabordrka OpurruHaIbHOM Bepcruu Francesca. Pistoia.
JIMHTBOKY/IBTYpHYIO afalTallli0 IPOBOLUIIM COIVIACHO
OOIIENPUHATEIM pekoMeHanusaM [17]. TlepBbIid aTam
BRJIIOYAJI B ce0s1 MPSIMOI IIepeBO]] IITKAJTBI C aHIIMHCKOTO
Ha PYCCKUH A3bIK ABYMS He3aBUCUMbIMU MeAUIIMHCKAMU
nepeBogurnkamu. Cjeayiomuil atan BR/IOYaI (opmMu-
poBaHMe KOMOMHHUPOBAHHON BEPCHUHM W3 IOJIyYE€HHBIX
TIepeBONIOB U 0OPATHBIN MEePEBO] HAa aHTTIMACKUH SI3BIK
HOCHTEJIIMU SI3BIKA C MEJUIIMHCKUM 00pasoBaHUEM.
[TpoBeyieHa olleHKa pa3paboTaHHOHN BEPCUU 9KCIIEPTHON
KOMVICCHEH ITOf] IIPe/iceAaTeIbCTBOM IIePeBOTINKA-IKC-
repTa, He IPMHUMABIIIETO paHee yJacTusA B padoTe HaJ
IepeBOLIOM. B cocTaB KOMUCCHUM TaKsKe BOILIU CJIeYIO-
IIMe CIeIaINCThI: HEBPOJIOTH, paboTaroIye B OT/iesIe-
HUW peaHuMaIuu 6osiee 5 JeT, aHECTe3N0JIOTH-PeaHt-
MaroJI0TH, MeIUIIMHCKUE [IePEBOIUNKH.

[IpoBeJi MI0THOE TECTUPOBAHKE Ha 15 manuenTax
C IMarH030M XpOHUYECKOI'0 HapyIlleHUsI CO3HAHUS, IIPO-
XOIMBIINX JICUCHHE B OT/IeJICHUU AHECTe3U0JI0T U -pea-
HUMAIIUH C TajaTaMy peaHUMalii U MHTEHCUBHOM Te-
panuu ®TEHY «Hay4IHBIH IeHTP HEBPOJIOTHUN».

Kputepusamu BKIIOYEHHU B UCCJIeJOBAHNUE ITOCTY-
SKAJI0 HAJIMYME OCTPOro (KoMa) MJIM XPOHUYECKOTO Ha-
pyllIeHus CO3HaHUA Y ITallieHTa crapiie 18 jer npu Ha-
JINYUY IMCbMEHHOI'O COIVIACHA NTpeICTaBUTe IS [IalleHTa.
Cpenu KpuTepueB UCKIIOUeHHUs OBLIN: AJIUTETHHOCTh
XpOHMYECKOTro HapyIleHusl CoO3HaHUA OoJsee 1 ropa, a
TaKsKe HaJnJue >KU3HEYTPOKAIOIINX COCTOSTHUN.

Ha oBTOpHOM 3aceJaHUN IKCIEPTHOH KOMUCCUU
NIpOBeJeHa OLIeHKa pe3y/IbTaToB IIMJIOTHOIO TeCTUPO-

BaHUA U YTBEPMKIAEHA OKOHYATE/JbHAasA PyCCKOA3bIYHAs
BepCus HIKaJbIL.

Pe3ysbTaThl ¥ 00CYK/IEHHE

ComtacHO JaHHBIM MUPOBOU JIUTEPATYPHI Y
nanueHToB ¢ XHC mpakTuyecku Bcerga IIPUCYT-
CTBYIOT COITYTCTBYIOIITME 3a00JIeBaHMs], BIHSIOIIIHE
Ha IporHo3 u ucxon [11-12]. HekoTopble U3 aTux
3a00JIeBaHUN MOYKHO OTHECTH K IPEMOPOUITHBIM
COCTOSIHUSAIM (Hanmpumep, apTepruasibHasi TUIIEPTeH-
315, HapylLIeHWs CepAedvyHOro puTMa), TOrga Kak
JIpyrue ABJIAIOTCA OCJI0KHEHUSMU OCHOBHOIO 3a-
6oJieBaHUs (B TOM YHUCJIE, Pa3BUTHE KOHTPAKTYP U
MpOJIesKHENH BCJIEICTBUE IJINTETHHON UMMOOMIIH-
3al1M U He B TIOJTHOM Mepe OCYII[eCTBUMOTO YXO/1a).

BrlnenepeunciieHHbIE COCTOSTHUS BbI3bIBAIOT
JeKOMIIEHCAIIUI0 COMaTru4ecKoro CcTaTyca, 4To CIo-
COOHO OTPAaHUYHUTH BO3MOKHOCTH IIPOBEIEHUS
BOCCTAaHOBUTEJILHOI'O JICYEHUS U YMEHBIIUTD Be-
POSITHOCTh (PYHKIITMOHAJIBHOTO BOCCTAaHOBJIEHUS.

Bo Bpewmsi 3acejaHus 9KCIEPTHOU KOMUCCUU
OCHOBHBIE CJIOKHOCTH, BO3HUKIIINE B IIpoIecce
nepeBoja 1 OpMUPOBAHNU OKOHYATEJIbHOM pycC-
CKOSI3BIYHOM BepCHH, ObLIN CBSI3aHBI C aiaTaruei
MIEPBOHAYAJIFHOTO CMBICJIA QHIVIOSI3BIYHOTO TEKCTA.
O6cy>xnav qBa BapuaHTa HazBaHusA «[[kasa oreH-
KU COIMTYTCTBYIOIINX 3a00JIEBAHUH Y apEaKTUBHBIX
rmarueHToB» U «I1Ikaja olleHKN KOMOPOUTHOCTH Y
apeaKkTUBHBIX MAIlMEHTOB» 110 pe3yJbTaTaM Auc-
KyCcCuH OBLJIO IPUHSTO PEIIeHNe OT/AaTh TPeaoy-
TeHUe [TePBOMY BapHaHTY Kak O0JIee ITOIXOAIIEMY
C METUIIMHCKOU M ITMHTBUCTUYECKOM TOUYKY 3PEHUSI.
Takske, BO BpeMsI 3ace/laHusI KOMUCCUU OBIJIO BHE-
CeHO HECKOJIbKO MONPABOK B II€JISAX NOBBIIIEHUS
MH(OPMATUBHOCTH U JOCTYITHOCTH JJ1s HOHUMAaHUS
HOCHUTeJISIMU PYCCKOI'0 AI3BbIKA (T. €. B paMKax A3bI-
KOBOU U KYJBTYpHOU agamnranuu). B yactHocTH,
OBbLI MU3MEHEHbI eqUHUIIBI U3MepeHus1 Jabopa-
TOPHBIX ITIOKa3aTeJsiel ¢ MT/ 11 HAa MMOJIb/JI B 7-M U
14-M nyHKTax (OljeHKa ININKEMUU U KOHIIeHTpaun
KpeaTUHWHA, COOTBETCTBEHHO). VI3MeHeH TepMUH
«Ha/TA0pTaTBHBIE COCYIbI» Ha «OpaxuoledasbHbIe
aprepun» B 10-M IIyHKTe, COIIOCTaBJI€HBI IIPELJIO-
sKeHHbIEe BAPUAHThI TTIOBPEKIEHUSI MATKUAX TKAHEN
CO CTaAUsIMU PA3BUTHUS TMPOJEKHEN COTIaCHO
NPUAP — EPUAP [18] B 21-M nyHKTe, 10OaBJeH
napametp uHaekc maccel tesaa (MMT) niia onesku
BBIPQYKEHHOCTH HEJIOCTATOYHOCTHA MUTAHUSI.

CiieqyoImuM aTanoM CTaJlo IpoBeleHne IIN-
JIOTHOT'O TECTUPOBAHMUS C yyacTyeM 15 manueHToB
¢ nauTenbHOCTHIO XHC, cOTsTacCHO KPUTEPHUSAM UC-
KJIIOYeHu s, MeHee ogHoro roga. O1eHka mo 1kaJsie
IIPOBOAMJIACH IBYMs HCCJIefOBaTeJIIMU Ha CJe-
IYIOIIUHN NeHb IOoCJie MOCTYIJIeHUsT aluenTa u
yepes HeJleJIIo IIOCJIe IIEPBOT0 00C/IeJ0BAHUSA JIJIS
OIleHKM IUHAMUKHU COCTOSAHUS. MeanaHa U MeK-
KBapTUJIbHBIN MHTEPBaJI BO3pacTa MaliueHToB Co-
crtaBuiu 30 (23-46) jet. 113 15 manuenToB ¢ XHC ¢
nuarHosom «BC/CAB» cocraBuio 7, «CMC» — 8.
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CroskHOCTe! IPU MOHUMaHUU U MHTepIpeTalun
MHCTPYKIIUH Yy HCcleloBaTesiell He BOSHUKJIO.

Ilo pesynsraram NUJIOTHOTO HCCJIEIOBaHUA
IIPOBeJIeHO IOBTOPHOE 3acefjaHue dKCIIePTHOU KO-
MUCCHU U YTBEPYKJEeH OKOHYAaTeJbHBIN BapUaHT
PYCCKOAA3BIYHOM BEpPCUHU IIKAJIbL.

C pycckoA3bIdHOl Bepcueld [1Ikasbl olleHKN
COIIYTCTBYIOIINX 3a00JIeBaHUI Y apeaKTUBHBIX I1a-
IIHEeHTOB MOYKHO 03HAKOMUTLCA B IPUJI0KEHUH, a
TaKsKe Ha caliTe IpyIIbl BaauAauu
MesKIyHapOJHBIX IITKaJI ¥ OIIPOCHU-
koB @I'BHY HIIH https://www.neu-
rology.ru/reabilitaciya/centr-vali-
dacii-mezhdunarodnyh-shkal-i-
oprosnikov u mo QR-konxy:
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IIpuioxenue
IITkaJia OLIEHKH COIYTCTBYIOIIHMX 3a00/IeBaHU
y apeakTUBHBIX nanueHToB(CoCoS)

1. AH®EKIIUHU JbIXATEJIBHBIX IIYTEA

0. OTcyTCTBYIOT

1. CuMITOMBI, IOATBEP;KAEHHBIE WX He TOATBepPsKIeHHbIe HHCTPyMeHTa/IbHBIMI/ Ta00PaTOPHBIMHU
JAHHBIMU, TpeOyIoIIHe NI He TpeOyolue JedeHns

2. PenmauBUpYIOIIYEe WA PE3UCTEHTHBIE K TEPATUH NH(EKITUN
3. CenTU4yecKU NIOK

O O1eHKa HEBO3MOKHA

O Panee cyrmiecTBoBaBiiee 3aboJieBaHme

O BrnepBble quarHOCTUPOBAHHOE 3a00JIeBaHIIE

O Kaxk BriepBbIe IMarHOCTUPOBAHHOE, TAK U PAHEE CYIIleCTBOBaBIIIee 3ab0eBaHe

2. AH®EKIIUA MOYEBBIBO JAILIMX ITYTEA

0. OrcyTcTBYIOT

1. Hannuve n3aMeHeHUH B aHa/IM3€e MOYH (JIEHKOIUTYPHsI) IPU OTCYTCTBUN CUMIITOMOB

2. Hanuume n3MeHEHUN B aHAIN3€ MOUYH (JIEHKOIUTYPHUS), a TAK)Ke CUMIITOMOB (JTUXOPAJIKa, Te-

Marypus, u3MeHeHne (GU3NIECKUX CBOMCTB MOYH), TPEOYIOIINX JIeueHHsd, MO0 HaIu4ne pe-
3HCTEHTHBIX K Tepanuy NHQeKIui
3. CenTudecKui HIOK

] O1leHKa HEBO3MOSKHA

| Panee cymiectBoBaBiiee 3aboJieBaHme

| BniepBbie guarsHoctTrpoBaHHOe 3abosieBaHue

| Kaxk BriepBble 1MarHOCTHPOBAHHOE, TaK U pPaHee CyllleCTBOBaBIllee 3aboseBaHe

3. HEMH®EKIIMOHHBIE 3ABOJIEBAHHUA JbIXATE/IbHBIX IYTEA
0. OTcyTCcTBYIOT

1. BeccumntomHOe 3a00JieBaHue JasKe IIpyu HaJINYNKY B aHaMHE3€ 06CTPYKTHBHBIX WJIN pECTPUK-
TUBHBIX 00JIE3HEH JIETKUX

2. O6CTPYKTI/IBHBIC nJIn pECTPUKTHUBHBIE 6oJ1e3HN JIETKUX, Tpe6y1011_u/1e JIEUEHHA UJIM XOPOIIIOo
KOHTPOJIMPpYEMBIE C ITIOMOIIBIO IIPOBOANUMOTIO JIEUEHUA

3. O6CTPYKTI/IBHBIC NJIN PECTPUKTHUBHBIE 00J1e3HU JIETKUX C peI_[I/IJlI/IBI/IPYIOIJ_[eﬁ nJn He Imoaaaro-
I.].[eflCH JICHEHHIO ,I[LIX&TGJIBHOﬁ HEeJOCTAaTOYHOCTBIO

O O1ieHKa HEBO3MOYKHA

O Panee cy1iecTBoBaBiiee 3ab60JieBaHE

O BrnepBble quarHoCTHPOBaHHOE 3a00JIeBaHIIE

O Kak BriepBbIe IMAarHOCTUPOBAHHOE, TAK U PAHEE CYIIIECTBOBAaBIIIee 3a00eBaHe

4. OPTAHUYECKOE 3ABOJIEBAHHUE CEPIIA (A1iieMHYeCKO HJIH HEUIIIEMHUYECKOMH 3THOJIOTHH)

0. OrcyrcTByer

1. BeccMMIITOMHBIN 9aMTM30/] UJIU HAJTWYXE 3TIM30/1a B aHaMHe3€e 6e3 0CTaTOYHBIX CHMIITOMOB

2. Opplka (4acrora apIxaHus > 20 B MUHYTY W/WJIM HAJIA4YUE CUMIITOMOB, II03BOJIAIOIIVX 3aIl0-
IO3PUTH CTEHOKAPNIO, TIepr(epruIecKe OTEKH JETKOU UM YMEPEHHO! CTETIeHH ITPY HAJTMIIT
WHCTPYMEHTAJIFHBIX PU3HAKOB 3a00JieBanusI cepra (rmo qanasiM DKI, Y3 cepria)), XopoIro
KOHTpoJIMpyeMasi IPOBOAUMBIM JICYEHUEM

3. Kapamorenusiii mok (cuctosmaeckoe AJl < 90 MM PT. CT., IpU3HAKU runonepdysnu, BRIOIast
OJIUTYPUIO U CHUSKEHUE CepJevyHOro BhIOpOCca, MPU HAJWYUU WA OTCYTCTBUU CHMIITOMOB

OT€eKa JIETKUX)

O O1uleHKa HEBO3MOSKHA

O PaHee cy1iecTBOBaBIIIee 3a00JIeBaHIE

] BriepBbie guarHocTrpoBaHHOE 3ab0JIeBaHNE

O Kaxk BriepBbIe TUarHOCTUPOBAHHOE, TAK U PaHEE CYIIIeCTBOBaBIIee 3aboieBaHme

5.HAPYIIEHUA CEPAEYHOIO PUTMA ITPM OTCY TCTBUM OPTAHMYECKOTI'O 3ABOJIEBAHUS
CEPALIA

0. OrcyrcTByIOT
1. Hapymienus 6eccCUMIITOMHBI€e, IPUCYTCTBYIOT TOJIBKO N3MeHeHUs Ha KT
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[TpUCYTCTBYIOT CHMIITOMBI (HAIPUMED, AMU30bI CTORKOM TaXUKapAuH, OpaguKkapAni), KOTopble
KYIIUPYIOTCS C TIOMOIIBIO JIEYeHU S

. 3aboJjieBaHue He noaaaeTCAa KOHTPOJIIO ITPYU ITIOMOIIIY TEPAIINK

O O1uleHKa HEBO3MOsKHA

O Panee cymiectBoBaBIiee 3aboJieBaHme

O BrniepBble quarHoCcTUpOBaHHOE 3a00JIeBaHIIE

O Kaxk BriepBbIe IMarHOCTUPOBAHHOE, TAK U PAHEE CYIIleCTBOBABIIIee 3ab0IeBaHe

6. APTEPUAJIbBHAA TUITEPTEH3UA

0.
1.

N

Ol O1leHKa HEBO3MOSKHA
] Panee cytmiecTBoBaBIliee 3a00JieBaHEe
| BriepBble AuarHocTrpoBaHHOe 3abosieBaHue
] Kaxk BriepBbIe TUAarHOCTUPOBAHHOE, TAK U PaHEE CYII[eCTBOBaBIIee 3aboieBaHe
7. CAXAPHBIN JTUABET
0. OrcyTcTByer
1. HapymeHue ToJIepaHTHOCTH K IVIIOKO3¢€ (InKeMus 5,6-6,9 MMOJIb/ 1)
2. CaxapubIii fuabet (mmKeMusi > 7,0 MMOJIb/JT), KOTOPBIN KOHTPOJUPYETCSI C IIOMOIIIBIO IIPOBO-
JUMOTO JIeYeHU s
3. HekOHTpOJIMPYEeMbIH caxapHBIN rabeT NIk HaTMYre XpPOHNYECKUX 0CJI0KHEHU N
O O1leHKa HEBO3MOKHA
O PaHee cy1miecTBoBaBIllee 3a00JieBaHue
O BnepBble fuarHocTHpoBaHHOe 3a00JIeBaHe
O Kaxk BriepBbIe IMarHOCTUPOBAHHOE, TAK M PAHEE CYIIleCTBOBaBIlee 3a00ieBaHe

OtcyTcTBYyeT

AprepuasibHasi TUTIEPTEH3NSI B aHaMHe3€e WM IIOTpaHuvyHasi apTepuasbHasi TUIIEPTEH3 s, He
TpebyIolas JiedueHUusI

AprepuanbHasi THIIEPTEH3USI, KOTOPAasi XOPOIIIO KOHTPOJIUPYETCS C IIOMOTIIHIO JIEUEHUST

. ApTepI/IaJII)HaH TUNEepPTEeH3usd, KOTOpadA HE KOHTPOJIMPYETCA C IOMOUIBIO JIEUEHUA

8. ITAPOKCHU3MAJIBHAAI CUMITATUYECKAA TMITEPAKTUBHOCTD

(Taxukapausa (UCC >120 ynapoB/MHH), TaXUITHO3 (4aCTOTA IbIXxaHUsA > 30 B 1 MUHYTY), apTepruaabHasa
TUIIEPTEH3UsI (CUCTOINYECKOe apTepuanbHoe JaBjaeHue > 160 MM pT. CT.), TUIIEPTEPMUS UJIU TU-
IIoTEpMUs1, 0OOMIBHOE ITOTOOT Ie/IeHNe, fellepeOparoHHas UIU TeKOPTUKAIIMOHHASA 1103, TOBbI-
LIeHHE MBIIIIEYHOI'0 TOHYCAa, IUJI03PEKIMsl, IOKpPaCHEeHUe JINIA)

0.

OTCyTCTBYIOT

1. Hasmyre 0MHOTO U3 CUMIITOMOB
2.
3. CocTostHUE HEe KOHTPOJIMPYETCSI C TOMOIIBIO JIEUeHU ST

Hanuune aByx uiau 60Jiee CHMIITOMOB, TPEOYIOITUX TPOBEAEHNs JJeYeHNsT 1 KOHTPOJIS

] O1uleHKa HEBO3MOSKHA

(]
(]
(]

Panee cymiectBoBasiiee 3aboJieBaHme
BriepBbie JUarHOCTUPOBaHHOE 3a00JIeBaHUE
Kaxk BriepBble fMarHOCTHPOBAHHOE, TaK U paHee CyIlleCTBOBaBIllee 3aboeBaHme

9. 3ABOJIEBAHUE IIEPU®EPUYECKUX APTEPUIA

0.
1.

OTcyTCcTBYeT

Panee cymecTBoBasIlee 3a00J1eBaHe NTepudepruecKrx apTepuii, IoATBEPsKIeHHOe TaHHBIMU
Y3/ nim HanuuueM B aHaMHe3e IIyHTUPYIoIell onepanuu

Tpodudeckne namMeHeHUs KOKU UM MHCTPYMEHTaJbHbIE JaHHbIE, CBUIETEJbCTBYIONIINE O
HaJIMYHUH aHEBPU3MBbI OPIOITHOH a0PTHI

. TToBepXHOCTHBII HEKPO3, TPEOYIOIINI TPOBEIEHN S aMITy TN

O O1reHKa HEBO3MOYKHA

O Panee cymecTBoBaBiiee 3ab0JieBaHE

O BrnepBble quarHOCTHPOBaHHOE 3a00JIeBaHIE

O Kak BriepBbIe IMAarHOCTUPOBAHHOE, TAK U PAHEE CYIIIECTBOBaBIIlee 3a00IeBaHNe

10. 3ABOJIEBAHUE BPAXUOIIE®AJIbHBIX APTEPHUI

0.
1.
2.

OTtcyTCcTBYyeT

CTeHO03 O[THOM apTepUH, OTXOSAIIEN OT JYTU a0PThI < 70%

CreH03 00enx apTepuil, OTXOASAIINX OT IYTHU A0PTHI < 70% UJIU CTEHO3 OHOU apTEePUH, OTXO-
IAme ot gyru aopTsl > 70%, UM Ha/Jduuhe B aHaAMHe3e KapOTUAHOU 3HAAPTEPIKTOMUU C
OJTHOU CTOPOHBI
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3. CreHo3 00enx apTeprii, OTXOISAIINX OT AYTH a0PTHI >70% WM HAJIMYKe B aHaMHe3€ KapOTHTHOMN
9HJJAPTEPIKTOMUH C JBYX CTOPOH

O O1leHKa HEBO3MOsKHA

O Panee cymiectBoBaBiiee 3aboJieBaHme

O BrnepBble quarHocTUpoOBaHHOE 3a00JIeBaHIIE

O Kaxk BriepBbIe IMarHOCTUPOBAHHOE, TAK U PAHEE CYIIleCTBOBaBIIIee 3a00IeBaHe

11. BABOJIEBAHUE INTEPUOEPUYECKHNX BEH

0. OrcyrcTByer

1. Heocsio)kHeHHass BaprKo3HasA 00J€3Hh BEH WJIM HaJIN4HMe B aHaMHe3e TpoMOogiedbuTa 6e3
OCTATOYHBIX SABJIEHUH

2. Henmocraro4HOCTh NIyOOKMX BEH HIPKHUX KOHEYHOCTEH C mepudepuyecKIMI OTEKAaMU JIETKON
WJIM YMEPEHHOH CTelleH! UJIH C eJUHUYHBIM 31IM30/10M TPOMO0aMO0JINY JIETOYHOU apTepuu

3. TocTTpomMO0(hIEOUTHYECKUI CHHIPOM C TSYKEJIBIMU OTeKaMH M/ PEeIUANBUPYIOIINMY 311 -
30/1aMH TPOMO03aMOOJINH JIETOYHOH apTepuu U/ UIu TpOo(PUUEeCKUMU sI3BAMU

O OneHKa HEBO3MOKHA

O Panee cymiecTBoBasIiee 3a001eBaHNe

] BriepBbie guarHocTrpoBaHHOE 3ab0JIeBaHNE

| Kak BrepBble [UarHOCTUPOBAHHOE, TAK U paHee CyllleCTBOBaBlllee 3aboJieBaHue

12. 3ABOJIEBAHU A T'EIIATOBUJIMAPHOM CUCTEMBI

0. OrcyTcTBYIOT
1. BeccumnToMHOe 3aboJieBaHMe UJIU IlepeHeceHHbIH BUPYCHbIH remarut B uiau C, Hanuuue B
aHaMHe3e 0eCCUMIITOMHOH KeJTYHOKaMeHHOH 00J/Ie3HH, X0JIeLIUCTIKTOMUN

2. HemaBHO nepeHeceHHbIN TenartuT (< 1 roga), HEAaKTUBHBIA XPOHUUYECKUHN TeNaTuT
3. Iluppos neuenu kiaacca B/C o knaccudurarnum Yatinmga—I1bi0
O O1eHKa HEBO3MOYKHA
O Panee cymiecTBoBaBiiee 3aboJieBaHIe
] BriepBbie AuarHocTrpoBaHHOE 3ab0JIeBaHNe
O Kaxk BriepBbIe TUAarHOCTUPOBAHHOE, TAK U PaHEE CYIIleCTBOBaBIIee 3aboieBaHme

13.3ABOJIEBAHU A JKEJTYJOYHO-KUIIIEYHOI'O TPAKTA

0. OrcyTcTBYIOT

1. BeccumnToMHOe 3aboJsieBaHNEe C BO3MOKHBIM HaJIW4YeM B aHaMHe3e XUPYPIUYecKoro Uiu Me-
JUKaMeHTO3HOTIO Jie4eHUs

2. TacrpoasodareanbHass pedIIOKCHAsA 60JI€3Hb, FACTPUT C KJINHUYECKU BBIPAYKEHHBIMH CUMII-

TOMaMU, 000CTpeHNE SI3BEHHO 60JI€3HM, TUBEPTUKYJIUT, KOTOPHIE XOPOIIIO KOHTPOJIUPYIOTCS
C IIOMOIIIBIO TPOBOJVUMOTIO JIEYEHUST

3. OcrokHEHUs IEPEYNCIEHHBIX BhIIIE 3a00JIeBaHUi (00CTPYKITHs, Tepdopariysi, KpOBOTEUYEHHE)

O O11eHKa HEBO3MOsKHA

| Panee cymiectBoBaBiiiee 3aboJieBaHmne

| BniepBble AuarHocTrpoBaHHOe 3aboJsieBaHue

0 Kax BnepBble [UarHOCTUPOBAHHOE, TAaK U paHee CyIleCTBOBaBIIee 3aboJieBaHme

14. 3ABOJIEBAHUA ITOYER

0. OTcyTCcTBYIOT

1. BeccumnromMHOe 3a00J/IeBaHIEe WJTM HAJTMYYE B aHAMHeE3e 3a00J1eBAHMs II0YEK VJTA XUPYyPIIYECKOTO

BMeIIaTeIbCTBA 10 TOBOAY HedposinTHa3a (KpeaTnHuH < 132,6 MKMOJIb/ 1)

HeocsosxHeHHOe 3ab0J/ieBaHMe ITo4YeK (KpeaTHHUH 132,6-221,1 MKMOJIB/J1) Win HepoauTras

3. OcnoskHeHHOe 3aboJseBaHMe TT0UYeK (KpeaTUHUH > 221,1 MKMOJIB/J1), TpeOylollee MPOBeIeHNsI
Vajin3a UJIv TPAHCIIJIAaHTAI[AU TTIOYKHU

N

Ol O1uleHKa HEBO3MOSKHA

O PaHee cytiecTBoBaBIIIee 3a00JieBaHEe

O BriepBbie quarHoctTupoBaHHOE 3ab0jIeBaHUE

O Kaxk BriepBbIe IMarHOCTUPOBAHHOE, TAK U PAHEE CYIIleCTBOBaBIIIee 3a00eBaHe

15. CYJOPOKHBIE ITPHUCTYIIbI

0. OTcyTCTBYIOT

1. EnuHMYHBIE CYIOpOKHBIE IPUCTYILI (HallpAMeD, IPHU IIOBBIIIEHUH TeMIIepaTyphl Tesa WA Me-
TabOJINYECKUX HapYIIeH!sIX), He TpeOyIolye IPOBeIeH s IPOTUBOINMUIENTHYECKOH Teparnun

2. PenunuBurpyomye CyJOpOsKHbIE IPUCTYIIBI, TPEOYIOIIFE IPOBEIEHN s IPOTUBOIINIENTHIECKON
Tepanuu

3. O,Z[HOKpaTHOE WJIN IIOBTOPHOE PAa3BUTHE IIIUJICIITUYIECKOI'O CTAaTyCa
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OHeHKa HEBO3MOJXHA

Panee CyLlieCTBOBaBIIEE 3a6OHeBaHI/Ie

Bl'[epBI)Ie AUAarHoCTUPOBAaHHOE 3a6OHeBaHI/Ie

Kaxr BIIEPBbBIE JUATHOCTHUPOBAHHOE, TAK U paHEE CyLI€ECTBOBABILIEE 3360J’IEBaHI/Ie
16. THJIPOLIE®AJINA

0. OrcyrcrByer

1. HopmorensuBHasA ruapouedasus

2. T'mpponedanus,Tpedyrolasi IPOBeJeH!s BeHTPUKYJIOIEePUTOHEeaIbHOIO ITyHTUPOBAHUS U/ WX
JeKOMIIPECCUOHHOM KPaHUO3KTOMUU B OCTPOM Ilepuoje

3. Tunpomnedanus, Tpedylomiasi MPOBeAeHUsI 9KCTPEHHOU TEeKOMIIPECCHOHHON KPaHUOTOMUU
MOCJIe TOCTTUTAJIN3AINY B PeabUINTAllMOHHBIN [IEHTP

ooogdg

] O1uleHKa HEBO3MOSKHA
O Panee cytiecTBoBaBIliee 3a00JieBaHe
| BnepBble AuarHocTrpoBaHHOe 3abosieBaHue
O Kaxk BriepBbIe TUAarHOCTUPOBAHHOE, TAK U PaHee CYIIleCTBOBaBIIee 3aboieBaHme
17.ITEPEJIOMbI
0. OTcyTCTBYIOT
1. 3aKpBITHIH ITepesioM Oe3 CMeIeHUs
2. OTKpPBITHI TIEpPeJIOM WJIN 3aKPBITHIN TTEPEJIOM CO CMEIIeHUEM
3. OTKpPBITHIH ITEPEJIOM CO CMEIIEHUEM
O O1eHKa HEBO3MOKHA
O Panee cymiecTBoBaBIiee 3aboJieBaHIE
O BrnepBble quarHOCTUPOBaHHOE 3a00JIeBaHIE
O Kaxk BriepBbIe IMarHOCTUPOBAHHOE, TAK M PAHEE CYIIleCTBOBaBIIIee 3a00ieBaHe

18. HAJIMYUE YCTPOMCTB JIJIA IO AAEPYKAHU A YKU3HENEATEJIbHOCTH

(TpaxeocTomMuyeckasi TpyOKa, Ha30raCTPaJIbHBIA 30H]I,TaCTPOCTOMA, MOYEBOU KaTeTep, dIHUIIN-
CTOCTOMA, IIeHTPATbHBIH BEHO3HBIN KaTeTep)

0. OrcyTCTBYIOT

1. TosbKo 1 ycTpoO#CTBO

2. JlBa ycTpoiicTBa

3. Bosble ABYX yCTPOHUCTB

] O1nleHKa HEBO3MOSKHA

O Panee cymiectBoBasiiee 3aboJieBaHme

O BnepBbie guarHocTrpoBaHHOe 3abosIeBaHNe

O Kaxk BiepBbIe fMarHOCTHPOBAHHOE, TaK U PaHee CyIlleCTBOBaBIlee 3aboeBaHme
19. AHEMUA

0. OtcyTcTByeT

1. Auemus jerkoi crernenu (Hb 120-100 r/J)

2. Auemus cpenqHel Wiy Tsokeon crenedu (Hb 60-99 /)
3. AHemus Tskedsoi crernenu (Hb < 60 r/im)

O O1neHKa HEBO3MOYKHA

O Panee cy1iecTBoBaBiiee 3ab0oJieBaHE

O BrnepBble quarHOCTHPOBaHHOE 3a00JIeBaHIIE

O Kak BriepBbIe IMAarHOCTUPOBAHHOE, TAK U PAHEE CYIIIECTBOBaBIIIee 3a00IeBaHe

20.3ABOJIEBAHH A CYCTABOB

0. OrcyrcTBYIOT

1. BeccuMmnToMHOe 3aboJieBaHME WV CLIOPAAMYECKN BO3HUKAIOIIASA 00J1b; PEHTTeHOJIOTHYEeCKIe
MIPU3HAKH JIET€HEPATUBHOTO UJIM BOCIAJUTETHLHOTO 3a001€BaHs

2. Tlepcuctupyiomiass 6016, OTpaHUYeHre 00beMa IBUKEHNN JIETKON WJIM YMEPEHHOU CTeNeHH,
00JIb KyIIPYETCS C TOMOIIIHIO ITPOBOIMMOTO JIEUeHUs, HAJIMYHE B aHaMHe3€e ITIPOTe3NPOBAHUS
Ta300eJpeHHOT0 WJIF KOJIEHHOTO CyCTaBa

3. Tlepcuctupyioriasi 6076 C OrpaHUYeHNEM 00'beMa ABUKEHNH TSKeI0H CTeTleH!, BhIpaskeHHast
nedopMaryis cycraBa, HaJudre TeTepOTONNYeCKON 0CCU(UKAIIIN U OCTEOM.

O O1uleHKa HEBO3MOKHA

O Panee cymiectBoBaBIiee 3aboJieBaHme

O BrniepBble quarHoCTHpOBaHHOE 3a00JIeBaHNE

O Kaxk BriepBbIe fMarHOCTHPOBAHHOE, TAK M PAHEE CYIIleCTBOBaBIIIee 3ab0IeBaHe
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|

21.ITPOJIEKHH

0. OTCyTCTBYIOT; BOSMOSKHO ITOKpAaCHEHNE MHTAKTHOM KOKY, He Micue3alollee ITpY Ha/laBJINBaHUH,
JIOKQJIN3YIOIeecs], Kak MPaBuJI0, HaJ KOCTHBIM BBICTYIIOM (1 cTerneHs)

1. JledekT KOKHM He Ha TMOJHYIO ee TOJIIWHY B BHJle HEIIYOOKON OTKPBITON PaHBI C PO3OBBIM
THOM 0€e3 HEKPOTHUYECKOTO OTIeISIeEMOTO (2 CTETIeHb)

2. TlopaskeHue TKaHe! Ha BCIO IyOMHY. MOsKeT ObITh BIIHA IIOIKOKHASA KJIETYATKA, HO CYXOSKUJIHA,
MBIIIIIBI, KOCTh He 00Ha’KeHbI. MOKET MPUCYTCTBOBATH HEKPOTUYECKOE OT/eJIsIEMOE, OJJTHAKO
OHO He IIPEMATCTBYeT OIleHKe NIyOWHBI AedeKTa TKaHu (3 CTeTneHb)

3. TlopaskeHure TKaHel Ha BCIO NIyOMHY C OOHA)KeHEeM KOCTH, CYXOKWJIVS MM MBIl Ha He-
KOTOPBIX YYaCTKax JHA PaHbI MOTYT IIPUCYTCTBOBATh HEKPOTUYECKOE OT/eJIsIeMOe WU CTPYI
(4 cTenneHb)

Ol O1uleHKa HEBO3MOSKHA

O Panee cymiectBoBaBiiee 3aboJieBanme

| BnepBbie guarHocTrpoBaHHOE 3ab0/IeBaHNe

O Kaxk BiepBbIe 1arHOCTHPOBAHHOE, TAK U PAaHee CyIlleCTBOBaBIlee 3aboeBaHme
22.3JIOKAYECTBEHHBIE OITYXOJIN

0. OrcyrcTByIOT

1. JluarHos ycTaHOBJIEH U JledeHUe IIPOBe/ieHo > 5 JIeT Ha3aj

2. JluarHos yCTaHOBJIEH U JieueHle IIPOBeIeHO < 5 JieT Ha3a[,

3. TepmunanbHas cTagusA 3710Ka4eCTBEHHOMN OITyX0JIH
O O1eHKa HEBO3MOSKHA
O Panee cymiectsoBasiiiee 3aboJieBaHne
O BrniepBble AuarHocTHpoBaHHOe 3abosieBaHue
O Kaxk BriepBble AMarHOCTUPOBAHHOE, TaK U paHee CyllleCTBOBaBIllee 3a00jeBaHue

23. HEJOCTATOYHOCTDb ITMTAHU A

0. OrcyrcrByer

1. Jlerkoe HapyIIeHVe, ONPeeJIsIeTCs TOJIBKO M0 (PU3NYECKIM ITapaMeTpam

2. YMepeHHOe HapyIIeHre, ONpeesIsieTcs Mo (u3nIeCKNM ITapaMeTpaM U peayJisraTaM jabopa-
TOPHBIX UCCIeT0BaHMH (ambOyMuH 25-34 1/1)

3. Tskesioe HapyllleHNE, OTPeEAeTCs 10 (PU3MYECKIM ITapaMeTpaM U Pe3ysIsTraTaM JJabopaTOPHBIX
rcciienoBaHui (anbOyMuH < 25 1/.1)

O O1ueHKa HEBO3MOsKHA

O Panee cymiectBoBaBIiee 3aboJieBaHme

O BriepBbIe AuarHocTrpoBaHHOE 3a00JIEBaHNE

O Kaxk BriepBbIe IMarHOCTUPOBAHHOE, TAK U PAHEE CYIIleCTBOBaBIIIee 3ab0IeBaHe

24. TIPEJUIECTBYIOIIIASA UHBAJINIU3AITU A

(B pe3ysibrare 3a00JieBaHMs1/ TPABMBI)

0. TIpenmiecTBylonias MHBAJIUAN3AIUA OTCYTCTBYET

1. IlpenmiecTBylomas MHBAJUIU3AINA JIETKON CTENIeHN CO CHM)KEHHEM He3aBHUCHUMOCTHU B IIO-
BCe,[[HeBHOfI JKU3HU, TIOCTOPOHHAA ITIOMOIIb B BBITTO/JTHEHUHN ITIOBCENHEBHDBIX 1€J1 HE Tpe6yeTCH

2. TlpenmiecTBylolias HHBAJIWIU3AIMA yMEPEHHOU CTelleH!, TpeOyeTcs TIOCTOPOHHAA ITIOMOIIH B
BBITIOJTHEHHH ITIOBCEIHEBHBIX IEJI

3. IIpepmiecTByromas MHBAIUAN3AIA TAKEIOH CTelleH! (alfeHT IPUKOBaH K ITOCTe N, UMEIOTCS
HapyIeHus (PyHKIIMYU Ta30BbIX OPTaHOB, ITOJHOCTHIO 3aBUCUT OT IIOMOIIIN OKPYIKAIOIINX)

O [ OrmeHka HEBO3MOXKHA |

Bapuant orBera «OLieHKa HEBO3MOYKHA»!

Ecsi B MEIUIIMHCKOM JOKYMEHTAIINHY MAeHTa HeJJOCTAaTOYHO JAHHBIX JIJI5I OIleHKU

Kakoro-/nbo nmapaMerpa, Heo6Xx0IUMO BbIOpATh BapuaHT oTBeTa «O1eHKa

HEBO3MOYKHa» ¥ O0BSICHUTH MPUYUHY 9TOTO B CIIEIUATHLHO OTBEIEHHOM IT0JIe (HUKE):

Jluteparypa

Pistoia E, Carolei A., Bodien Y.G., Greenfield S., Kaplan S., Sacco S., Pistarini C., Casalena A., De Tanti A., Cazzulani B., Bellaviti G., Sara M., Giacino
J. Comorbidities Coma Scale (CoCoS): Psychometric Properties and Clinical Usefulness in Patients With Disorders of Consciousness. J Frontiers
in Neurology, 2020. 10: 1042. DOI: 10.3389/fneur.2019.01042
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Summary

Neoangiogenesis is the key process determining myocardial regeneration after infarction. The urokinase-
type plasminogen activator receptor (UPAR) is known to play an important role in the regulation of endothelial
cell function and postnatal angiogenesis. However, uPAR its involvement in the regulation of the properties of
vascular progenitor cells remains poorly studied.

Aim: to evaluate uPAR expression on the surface of resident cardiac vascular progenitor cells (rcVPCs) and
its impact on angiogenic cell properties in vitro as well as postinfarction cardiac vascularization.

Materials and Methods. We used immunofluorescent analysis of cryosections of a murine myocardial in-
farction model to characterize vessels and rcVPCs, and evaluated the angiogenic properties potential of vascu-
logenic progenitor cells using the «tube assay» and induction of inducing differentiation in a specialized medium.

Results. We have found that the majority of Sca-1+ rcVPCs express the urokinase receptor and endothelial
cell markers on their surface and are capable of proliferation and integration into the newly formed vessels in
the injured area, indicating their possible involvement in the contribution to vascularization process after in-
farction. After acute ischemic injury, the accumulation of vasculogenic progenitor cells (8+2 and 27+7 cells per
visual field, respectively; P=0.032) and vascularization processes (85+11 and 166+25 capillaries per visual field,
respectively; P=0.033) were observed in myocardium of uPAR-/- animals, compared with wild-type animals.
Our studies demonstrated that Sca-1+ rcVCPs derived from uPAR-/- murine hearts demonstrated a reduced
ability to form capillary-like structures and endothelial differentiation compared with Sca-1+ rcVCPs from
hearts of wild-type mice.

Conclusion. Thus, uPAR deficiency may lead to impaired vasculogenic properties of Sca-1+ rcVCPs, which
is likely due to the loss of regulatory influence of specific ligands and the ability to interact with signaling me-
diators such as integrins. From the viewpoint of regenerative medicine, the modulation of uPAR activity can
be considered as a potential target promising approach for targeted regulation of vasculogenic progenitor cells
properties and postnatal angiogenesis.

HIGHLIGHT

The urokinase-type plasminogen activator receptor is involved in the regulation of the angiogenic proper-
ties of Scal+ vasculogenic progenitor cells.

Keywords: urokinase receptor; vasculogenic cells; vasculogenesis; angiogenesis
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Introduction

Myocardial infarction is characterized by
massive myocardial cell death and associates
with genetic, molecular and cellular alterations,
leading to changes in cardiac structure and size
and causing gradual loss of heart function [1-3].
Acute ischemic damage of cardiac muscle triggers
reparative response with the formation of a new
vascular network and restoration of tissue per-
fusion being an integral component of it. The
classical mechanism of vasculogenesis, i.e., new
vessel formation from circulating endothelial
progenitor cells from bone marrow, has been
shown to contribute minimally to the revascu-
larization of the damaged myocardium [4, 5].
Formation of new vessels occurs exclusively due
to the endogenous pool of endothelial cells and
resident cardiac vasculogenic progenitor cells
(rcVPCs) present in the myocardium [4]. Several
research groups have isolated and characterized
cardiac-derived rcVPCs based on the expression
of the Sca-1 surface marker. This population of
cardiac cells is characterized by lack of expression
of endothelial (CD31) and hematopoietic markers
(CD45), they exhibit a profile of mesenchymal
cell surface markers (CD34-, CD29+, CD90+,
CD105+ and CD44+) and have been reported to
be capable to differentiate toward endothelial
and smooth muscle cells [6-8]. Despite a long
history of studying these cells, the precise mech-
anisms controlling the vasculogenic behavior of
rcVPCs remain poorly understood.

This study suggested that the urokinase-type
plasminogen activator receptor (UPAR) may be
involved in the regulation of rcVPC status. uPAR
is anchored in the membrane via the GPI anchor,
which ensures its mobility within the membrane
bilayer and allows local concentration of urokinase
proteolytic activity toward the cell movement.
The cascade of proteolytic reactions triggered by
urokinase, including local formation of plasmin
and activation of matrix metalloproteinases, pro-
motes the destruction of the extracellular matrix
in the path of the moving cell, the activation of
growth factors, and the release of growth factors
sequestered in the matrix [9-11]. However, in ad-
dition to the activation of extracellular proteolysis,
most cellular responses modulated by the uroki-
nase system require transmembrane signaling,
which is mediated by the interaction of uPARs
with intermediary proteins that provide signal
transmission via intracellular pathways regulating
cell status.

The aim of the study was to evaluate the ex-
pression of uPAR on the surface of rcVPCs and
uPAR impact to the in vitro angiogenesis and postin-
farction cardiac vascularization.

Material and Methods

Animals. Male C57BL/129 mice (wild-type)
and uPAR gene knockout mice (uPAR-/- mice) [12],
provided on a free-of-charge basis by the Faculty of
Fundamental Medicine of the Lomonosov Moscow
State University, were used in this study. Animal
genotyping was performed by PCR in accordance
with the protocol of the developer company. The
experiments were approved by the ethical commit-
tee of Cardiology Research Medical Center.

Myocardial infarction modeling. Experimen-
tal myocardial infarction was induced according to
the protocol described earlier [13]. There were 15
mice in each group (C57BL/129 (wild-type) and
uPAR gene knockout (uPAR-/- mice)).

Vessel detection in the murine myocardium.
Cardiac cryosections were fixed in 4%
paraformaldehyde solution, washed in PBS buffer
solution, stained with antibodies to von Willebrand
factor (vW) (BD, USA) for 1 h, then washed and
stained with antibodies conjugated with Alexa Fluor
594 (Invitrogen, USA). For the detection of smooth
muscle alpha-actin, additional staining with anti-
bodies conjugated with FITC dye (Sigma) was per-
formed. Characterization of Sca-1+ rcVPCs was per-
formed by staining the samples with antibodies to
Scal (Biolegend, USA), uPAR (Santa Cruz, USA),
CD34 (Abcam, USA), CD34 (Abcam, USA) markers
for 1 h, then washing and staining with antibodies
conjugated to Alexa Fluor 488, 594 (Invitrogen,
USA). Cell nuclei were stained with DAPI (Sigma,
USA). Vessels morphometric analysis was per-
formed by counting the number of v+ capillaries
and vW+Scal+ vessels per visual field using the
Image J software (NIH, USA).

Sca-1+ rcVPCs culture establishment. To ob-
tain Sca-1+rcVPCs, murine hearts (Wt and uPAR-/-)
were removed from the thoracic cavity, washed in
Krebs-Ringer solution with heparin, transferred
into enzymatic solution (collagenase A (Roche),
working concentration 1 mg/ml), and incubated in
a Hybaid (Thermo Scientific, USA) shaker 2 times
for 30 min at 37°C. After that, hearts were with-
drawn, 5 ml of enzyme inactivation medium was
added to the obtained cell suspension, and cen-
trifuged at 300 g for 10 min. The precipitate was re-
suspended in the IMDM medium containing 2%
fetal calf serum, B27 supplement, 20 ng/ml EGF
and 40 ng/ml bFGF and transferred to gelatin-
coated cups. The next day, the resultant cell culture
was used to perform immunomagnetic selection
using commercial selection kits and MS columns
from Miltenyi biotec. At the first stage, hematopoi-
etic cell depletion was performed using «Lineage
Cell Depletion Kit» and then positive selection of
Sca-1+ rcVPCs using the Cardiac Progenitor Cell
Isolation Kit (Sca-1) was completed. Immunomag-
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netic selection was performed according to the
reagent kit manufacturer's recommendations.

Formation of capillary-like structures of
Sca-1+ rcVPCs on Matrigel surface. The ability of
Sca-1+ rcVPCs to endothelium-like behavior was
evaluated using the model of formation of capil-
lary-like structures on Matrigel surface. Cooled Ma-
trigel (BD Bioscience, USA) in 350 uL volumes was
applied to a 24-well culture plate and incubated for
1 h at 37°C until complete polymerization to gel
texture. Cells were removed from the culture plates
using Accutase solution and resuspended in EGM-2
(Endothelial Cell Growth Medium-2) supple-
mented with VEGF (10 ng/ml). Endothelial cells cul-
tured in EGM-2 supplemented with VEGF (10 ng/ml)
were used as a positive control. The cells were
plated in wells with Marigel in the number of
80,000 per well. After 5 hours, the cells were fixed
with 1% formalin solution. Microphotographs of 5
randomly selected fields in each well were ob-
tained using an Axiovert 200M inverted micro-
scope (Zeiss, Germany). Image J software (NIH,
USA) was used for calculations.

Differentiation of Sca-1+ rcVPCs into en-
dothelial cells. To induce cell differentiation in the
vascular direction, the differentiation medium de-
scribed earlier [14] was used (DMEM/F12 supple-
mented with 10% fetal calf serum, insulin-transfer-
rin-selenite, and 10 ng/ml VEGF). The differentiation
medium was replaced every 24 hours. The cells were
cultured for 14 days. Endothelial differentiation was
tested by immunofluorescent staining of cells with
von Willebrand factor antibodies (DAKO, USA) and
secondary antibodies conjugated with fluorescent
labeling. Quantification of cells differentiated in the
endothelial direction was performed using Image J
software (NIH, USA).

Microscopy and image analysis. Myocardial
cells and cryosections were analyzed using an Ax-
iovert 200 M fluorescence microscope (Carl Zeiss,
Germany) and AxioVision 3.1 software (Carl Zeiss,

Germany).
Statistical analysis. The normality of the data
distribution @~ was  assessed  using  the

Kolmogorov-Smirnov test. Significance of differ-
ences between the samples was assessed using
Mann-Whitney U-criterion. Statistical analysis of
the results was performed using Statistica 8.0 soft-
ware (StatSoft, Inc.). Data were presented as
meanztstandard deviation (M+SD).

Results

On day 5 post myocardial infarction, there was
a 2-fold decrease in the total number of capillaries
in uPAR-/- animals in the necrotic area (Fig. 1, ¢),
compared with wild-type animals (85+11 and 166+25
capillaries per visual field, respectively; P=0.033),

indicating impaired myocardial vascularization after
acute ischemic injury.

Taking into account the identified differences
in the formation of vessels, the content of vasculo-
genic progenitor cells which may participate in this
formation, was analyzed. Compared with wild-type
mice, a 3-fold decrease in the number of Sca-1+
progenitor cells (Fig. 1, a, d) (27+7 and 8+2 cells per
visual field, respectively; P=0.032) that can differ-
entiate in the vascular direction and release proan-
giogenic growth factors was observed in uPAR-/-
animals [6]. Most Sca-1+ rcVPCs expressed the
urokinase receptor on their surface (Fig. 1, b) and
were characterized by a lack of hematopoietic
cell markers (CD34 and CD45), which precludes
their bone marrow origin. We found that some
Sca-1+ rcVPCs co-localized with endothelial cell
markers (CD31, vW) and were part of the newly
formed vessels in both the necrosis zone and the
peri-infarct area.

In view of the identified signs of reduced vas-
cularization of the injured zone in uPAR-/- animals,
we conducted experiments to evaluate the angiogenic
properties of these cells in vitro (Fig. 2).

Our studies showed that Sca-1+ rcVPCs ob-
tained from the hearts of uPAR-/- mice showed a
reduced ability to form capillary-like structures
compared with Sca-1+ rcVPCs from the hearts of
wild-type mice (Fig. 2, a, b). Morphometric calcu-
lations showed (Fig. 2, ¢, d) that the total length of
vascular structures (57969+6998 (Scal+uPAR-) and
83302+6464 (Scal+Wt) relative units; P=0.037) and
their branching capacity (1900+397 (Scal+uPAR-)
and 33224501 (Scal+Wt); P=0.036) was reduced in
Sca-1+ rcVPCs compared with control cells. The im-
paired endothelial-like behavior associated with im-
paired endothelial differentiation ability of Sca-1+
rcVPCs induced by the dedicated medium (Fig. 3).
Culturing Sca-1+ rcVPCs (from uPAR-/- and wild-
type murine hearts) promoted the formation of
capillary-like structures. Meanwhile, the ability of
Sca-1+ rcVPCs obtained from uPAR-/- hearts to
form vWF+ vascular structures was 5 times lower
compared to cells from wild-type hearts (7+4
(Scal+uPAR-) and 33+17 (Scal+Wt) von Willebrand+
cell structures per visual field; P=0.01) (Fig. 3).

Discussion

Our research show that some Sca-1+ rcVPCs
express endothelial cell markers on their surface
and are capable of proliferation and integration
into the newly formed vessels in the injured zone,
indicating their possible participation in vascular-
ization after infarction. Urokinase receptor was
found on the surface of most Sca-1+ rcVPCs, which
can participate in the regulation of rcVPC function
through interaction with urokinase and/or vit-
ronectin [15, 16]. When uPARs interact with specific
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Fig. 1. Scal+ resident cardiac vasculogenic progenitor cells express von Willebrand factor (vW) and urokinase receptor (uPAR).
Note. a— vW (red), Scal (green). b— uPAR (red), Scal (green). Yellow staining indicates co-localization of signals. c — quantitative
assessment of capillary content in the zone of postinfarction necrosis (day 5 after myocardial infarction) in wild-type and uPAR-/-
mice. d— quantitative assessment of Scal+vW+ capillary content in the zone of postinfarction necrosis (day 5 after myocardial in-
farction) in wild-type and uPAR-/- mice. For Fig. 1-3, data are presented as meanztstandard deviation (M+SD). * — P<0.05.

ligands [17-19], intracellular signaling cascades are
activated, promoting adhesion, cell proliferation,
and vascular differentiation [20-22]. Consequently,
this kind of interaction might serve as a potential
stimulus for the regulation of rcVPC functions. In-
deed, reduced accumulation of Sca-1+ vasculogenic
progenitor cells and impaired postinfarction vas-
cularization were observed in the heart of uPAR-/-
animals after acute ischemic injury compared with
wild-type animals. In addition, Sca-1+ rcVPCs derived
from uPAR-/- mice hearts exhibited reduced en-
dothelium-like behavior (formation of capillary-
like structures) and angiogenic differentiation in
vitro, compared with Sca-1+ rcVPCs from wild-type
mouse hearts. Disrupted interactions between uPARs
and integrins result in the suppression of the activity
of Rac and Cdc42 minor Rho GTPases, thereby in-

hibiting their participation in the rearrangement
of the cytoskeleton and cell motility, which leads to
the loss of the cells' ability to integrate into the
forming vessels and participate in vasculogene-
sis [23]. The revealed changes are similar to the
ones observed in vasculopathy in patients with sys-
temic scleroderma, where uPAR cleavage between
the first and second domains by MMP12 is seen [24,
25]. Overproduction of MMP12 in endothelial cells
and uPAR dysfunction led to suppression of uPA-
induced migration, invasion, proliferation of vascular
cells and formation of capillary-like structures on
matrigel surface [26, 27]. Moreover, adding the anti-
MMP-12 monoclonal antibodies promoted recovery
of endothelial cell angiogenic activity including
ability to migrate, invade and form vascular struc-
tures [24, 27]. Furthermore, the same researcher
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Fig. 2. Representation of the ability of Sca-1+ rcVPCs isolated from wild-type murine hearts (a) and uPAR-/- (b) to form capil-
lary-like structures in vitro.

Note. ¢, d— quantitative assessment of the total length of vascular structures formed by Sca-1+ rcVPCs from the hearts of uPAR-/-
and wild-type mice and their branching ability.* — P<0.05.

Fig. 3. Representation of the differentiation ability of Sca-1+ rcVPCs isolated from the hearts of uPAR-/- and wild-type mice.
Note. a, b— staining of Sca-1+ rcVPCs with antibodies to von Willebrand factor (vWF) (endothelial cell marker) (green) after culti-
vation in differentiation medium. c— quantification of the number of vVWF+ structures after cultivation in differentiation medium.
* — P<0.05.
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team showed that uPAR cleavage in endothelial
cells in systemic scleroderma leaded to loss of inte-
grin-mediated uPAR binding to the actin cytoskele-
ton [28-30] thus abrogating a key step in vascular
formation.

Conclusion

The uPAR deficiency leads to impaired vascu-

logenic properties of Sca-1+ rcVPCs, which is prob-

10.
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Summary

In Russia and European countries, the incidence of pressure (decubitus) ulcers in sedentary patients with
severe comorbidities, spinal trauma, and cerebral accident sequelae varies from 3 to 40%, reaching 80% in
the chronic critical illness. The final result of conservative treatment of pressure ulcers (PU) with adequate
correction of comorbidities and proper care of the immobilized patient depends largely on the choice oflocal
interventions.

Aim of the review: to demonstrate the range of effective methods of physical treatment of pressure ulcers
suitable for conservative treatment.

Materials and methods. We selected and analyzed 80 scientific publications. Sources were selected from
the PubMed, Scopus, and RSCI databases of medical and biological publications. The following methods were
covered: negative pressure wound therapy, ultrasonic methods, hydrosurgical treatment, plasma flows, laser
therapy (including low-level laser therapy), <hardware» acceleration of regenerative processes, including elec-

trical stimulation, as well as a combination of these methods.

Results. The variety of physical methods of wound treatment, on the one hand, provides an opportunity
to select an individual therapy program. On the other hand, each method has its own limitations and con-
traindications. That is why in practice various combinations of these methods are reasonable.

Conclusion. For several objective reasons, no reduction of PU incidence in clinical practice is expected.
Therefore, studying the issues of evidence-based clinical effectiveness and economic feasibility of various con-
servative techniques of decubitus treatment to find best solutions in this area is warranted.

Keywords: pressure ulcer; bedsore; surgical technology; physical treatment
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Introduction

Bedsores, or decubitus ulcers (DU), are one of
the major health care problems worldwide. They
affect patients with severe comorbidities, spinal
trauma, and cerebral accidents. In Russia and Eu-
ropean countries, the incidence of DU in sedentary
patients with the above-mentioned comorbidities
varies from 3 to 40%, reaching 80% in chronic
critical illness due to severe brain damage [1-5].

In immobilized patients, it is extremely difficult
to completely avoid factors contributing to DUs
(e. g., constant high pressure on the skin and soft
tissues, friction and body movements, moist skin),
which complicates their treatment [1, 6-9]. In ad-
dition, the severity of the underlying disease entails
depletion of plastic reserves of the patient's body,
which is usually followed by anemia, pneumonia,

and protein-energy deficiency [10-13]. All the above
mentioned conditions dramatically slow down the
wound healing, sometimes for many months, and
due to heterogeneity of macroscopic changes one
can simultaneously observe areas of necrosis and
granulation tissue [14, 15].

When radical surgical correction of DU is not
feasible, prolonged conservative therapy is the only
treatment option [16, 17]. Comprehensive approach
including conservative measures aimed at stabilizing
the patient's status, eliminating the source of ex-
ternal pressure, correct positioning in bed, and
active surgical ones, such as debridement and
drainage of the infection focus [8, 17-24], should
be employed [8, 17-24]. The use of new physical
treatment methods, up-to-date wound dressings,
and pharmacological formulations to create optimal
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conditions for the healing of the wound defect are
crucial in this situation [17, 25-38]. Undoubtedly,
the success of conservative therapy directly depends
on the size of the decubitus ulcer; however, some
authors have reported cases of successful treatment
of stage III-IV DU during 4-6 weeks with the ap-
propriate addition of methods stimulating tissue
repair [17, 24, 39, 40].

The aim of the review is to show the range of
effective physical treatment methods for decubitus
ulcers suitable for conservative treatment.

To evaluate the physical methods, we searched
the English-language PubMed and Scopus databases
of medical and biological papers, as well as the
Russian RSCI bibliographic system for publications
dated within the last 20 years.

General description
of physical treatment methods

A separate vast area in conservative therapy
of chronic non-healing wounds, including DUs, in-
volves topical treatment with physical and chemical
agents. In this case, a particular method can be
used not only alone, but also as a part of an integrated
treatment, ensuring adequate forced necrolysis
(cleaning decubitus ulcers from fibrin, pus and
dead tissues), stimulating regeneration and wound
epithelialization [4, 14, 17, 41].

Physical factors of mechanical and wave en-
ergy. Vacuum therapy of wounds based on negative
pressure generation in the DU area is currently
widely available [42-45]. Its therapeutic effect is
achieved not only by forced cleaning of the lesion
from bacteria and necrotized tissues, but also due
to normalization of pH of the wound environment,
enhancement of microcirculation in the wound
area and lymph flow, control of edema and exudation.
There are also biological effects such as stimulation
of granulation tissue, microdeformation and re-
duction of inflammation [46]. This method is effective
as a part of an integrated treatment of purulent and
necrotic soft tissue lesions, including DU, fistulas,
trophic ulcers, peritonitis. In addition, vacuum ther-
apy is successfully used in highly contaminated DUs
(e. g., as aresult of fecal contamination) [47]. Advances
in technology and development of portable negative
pressure generators have promoted this technolo-
gy [25, 26, 45]. Recently, researchers suggested using
vacuum therapy with fluid (such as normal saline)
instillation (NPWTi-d) to increase the efficiency of
the procedure [48, 49]. Such a combination improves
wound cleansing and accelerates granulation tissue
formation.

The use of ultrasound is one of the well-es-
tablished methods. The therapeutic efficacy of this
technique is based on the destructive effect of os-
cillating waves without a significant increase in
tissue temperature [50]. Two ultrasound treatment

types used in DU therapy include ultrasonic blade
debridement and ultrasonic cavitation [50]. The
latter causes destruction of non-viable tissues con-
taining much fluid or calcifications due to formation
of microbubbles in liquid medium under the effect
of high amplitude ultrasound wave [28, 51]. Mean-
while, «selective destruction» is performed, because
healthy tissues contain a large number of elastic
elements such as vessels and ducts which are less
responsive to the ultrasonic wave. In addition, meta-
bolic shifts generated during ultrasonic cavitation
trigger a wide range of photochemical reactions,
which, for example, cause mast cell degranulation,
increased prostaglandin activity, disintegration of
bacterial cell membranes [50]. The bactericidal
effect of ultrasonic cavitation can be enhanced by
using an antiseptic solution acting as an acoustic
medium [28, 50]. Moreover, the use of non-contact
devices with relatively constant settings can reduce
the inflammatory response despite the lack of sig-
nificant changes in the bacterial load. Ultrasonic
devices requiring direct contact with the wound
decrease bacterial load by reducing the biofilms [51].
Thus, the physician can choose which component
of the infectious inflammation needs more attention
at a specific stage of treatment.

Mechanical debridement of pressure ulcers
also includes hydrosurgical treatment, which allows
to selectively remove bacteria and nonviable tissues
from the decubitus avoiding damage to the sur-
rounding viable tissues [52]. A high-speed (up to
1600 km/h) fine-dispersed flow of normal saline
is generated in the device under ultra-high pressure.
The jet movement is tangential to the wound. Like
a scalpel blade, it cuts necrotic tissue, fibrin
deposits, preserving surrounding viable tissues [53].
Thus, a clean and smooth surface of the decubitus
is quickly formed. This intervention, however, re-
quires general anesthesia.

Physical factors of thermal energy include
laser radiation and plasma technology. Over the
past 15-20 years, plasma flows (PF) have become
widespread in clinical practice. The studies have
shown such advantages of the technology as virtually
bloodless dissection of necrotic tissue, high quality
hemostasis due to high-energy exposure, wound
surface sterilization due to «hard» ultraviolet irradiation
(A<250nm), high ozone concentration (>0.5 mg/m?)
in the operating field [54]. More importantly, optimal
conditions are created for tissue regeneration primarily
due to the stimulating effect of intermediate ionization
products and exogenous nitric oxide (II) of the air-
plasma jet (NO-therapy). According to A. Shulutko
et al. (2018), the use of plasma «scalpel» in 290
patients with purulent necrotic soft tissue lesions
reduced the number of surgical debridement sessions
by 1.5-2 times (P<0.05) with the significant reduction
of intraoperative blood loss [55]. As a result of va-
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porization of necrotized areas, purulent wound trans-
forms into a predominantly burn wound, which ac-
celerates the healing process (duration of all phases
of the wound healing decreases by 1.5-1.8 times)
and increases the likelihood of favorable outcome.
Qualitative changes were also confirmed by cytological
and histological examination. The non-contact char-
acter of procedures in all modes, absence of any
side effects, full «compatibility» with topical med-
ications, various wound dressings and other physical
treatment methods should be considered undeniable
advantages of PF [54].

In recent years, the use of laser energy in
surgery has been the most popular due to laser-in-
duced wide range of optical and photobiological
effects. Both surgical and therapeutic laser modes
are used in the treatment of DU. In the contaminated
surgery, YAG-Ho-, CO2-, and YAG-Nd-laser systems
have proved to be highly effective [56]. Due to the
superthermal effect, reliable hemostasis, high quality
debridement and high-energy necrolysis of the ul-
cerated wound surface (vaporization effect), as well
as total decontamination of DU are provided. As a
result of these effects, the duration of suppurative
inflammation phase significantly decreases [57].
The use of a high-power and high-density laser
beam is indicated for debridement [58].

Low-energy laser technology (LELT) is now
successfully used for local treatment of pressure
ulcers, as well as chronic non-healing purulent
wounds and trophic ulcers [59-62]. The therapeutic
efficacy of this technique is due to its positive
effect on energy metabolism, decrease in the in-
tensity of peroxidation, normalization of pH of
the wound environment, improvement of tissue
regenerative potential, lymph circulation and mi-
crocirculation in the area around the wound [61,
63] Specific biochemical mechanisms of the positive
effect of LELT have been shown in the study by J.
Taradaj et al. (2018) who reported expression of
anti-inflammatory cytokines and increased con-
centration of angiogenesis factors induced by low-
energy laser [62]. In addition, an antibacterial
effect due to the free radical and reactive oxygen
species production in the target area can be ob-
served, which helps to combat antibiotic resist-
ance [64]. Even a local immunomodulating effect
of the technique has been noted. Thus, in the
paper by M. Brauncajs et al. (2018), the anti-in-
flammatory effect of LELT was demonstrated when,
after comparing the results of 6 patients who re-
ceived a course of laser stimulation, a significant
decrease in the level of protein cathelicidin LL-37
(chemoattractant for immune cells) in DU tissues
was noted [65]. The authors emphasize the im-
munomodulatory and indirect antimicrobial prop-
erties of the technique. The use of various modes
of laser energy in combination with other con-

servative methods allows more complete and
faster preparation of deep decubitus for plastic
intervention [60].

Several publications on the use of therapeutic
laser in the treatment of pressure ulcers have been
published recent years. Thus, S. Palagi et al. (2015)
described a case report of successful conservative
treatment of a patient using modern wound dressings
and LELT, which reduced the size of a large decubitus
ulcer from 7x6 cm to 1.5%x1.1 cm [56].

Some authors suggest combining the thera-
peutic laser treatment with other physical methods
described earlier (magnetotherapy, photodynamic
treatment, ultrasonic cavitation, etc.) [28, 59]. In
particular, L. Rosa et al. (2017) succeeded in achieving
complete epithelialization of a deep decubitus of
the heel area in an 82-year-old diabetic woman
using a combination of photodynamic therapy,
LELT and topical cellulose-based membranes for
wound healing [66].

In a review by R. Machado et al. (2017), all
known laser studies concerning DU were analyzed
with a total of 386 publications found in Medline,
PEDro, Cochrane, and CENTRAL databases [59].
The 4 selected and analyzed papers described LELT
variations with various wavelengths (658, 808, 904,
and 940 nm). The authors of the review concluded
that the most significant clinical effect can be ex-
pected with regular treatment of DU with a mono-
chromatic wave of 658 nm for 1 month. Positive ex-
perience of the use of LELT to treat various types of
chronic wounds can be found in the earlier publi-
cations of Russian specialists [54, 55].

Device-based methods for accelerating the
regeneration. Being the most extensive and het-
erogeneous group in terms of technology, these
methods are widely used in phase 2 of the compli-
cated wound process in DU. They include high-
frequency low-power impulse therapy, magnetic
therapy, photodynamic therapy, periodic exposure
to direct electric current, hyperbaric oxygenation,
ozone therapy, phonophoresis with antiseptics,
ultraviolet irradiation in suberythemic doses, elec-
trophoresis with antibacterial and anti-inflamma-
tory drugs, treatment of pressure sores with pul-
sating jet [67-75]. The last three techniques have
also proven to be beneficial in controlling inflam-
mation around the wound. Although data on effi-
cacy of individual techniques were reported in
2016-2020, the Cochrane reviews do not always
confirm this positive effect. The reason may lie in
methodological limitations, lack of quality funda-
mental works, insufficient number of observations,
and/or incorrect study design. This is especially
relevant for various techniques of electromagnetic
stimulation and local thermal treatment of decu-
bitus [69, 74]. Thus, when evaluating the effect of
high amplitude pulsed current on decubitus ulcer,
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the authors concluded that despite the positive
effect of reducing the area of pressure ulcers when
using complex therapy, the data needed to be con-
firmed by more high-quality studies due to the
small number of included research trials [76]. In
most studies, the assessment of effectiveness of
physical methods and comparative analysis were
performed on small samples (up to 40 cases).
Whereas some researchers are cautiously positive
about efficacy of electrostimulation for healing of
pressure ulcers, but the level of evidence is not
high enough for definitely recommending it to
treat decubitus ulcers [77].

Combination techniques. Researchers are in-
creasingly aware that monotherapy for treating
chronic non-healing wounds has limited efficacy,
so combinations of different local treatment tech-
niques are proposed. The combination of vacuum
therapy, ultrasound cavitation and hydrosurgery
(«VivanoTec» system, «Sonoca-180» machine and
«Versajet» system, respectively) showed good results
in the treatment of stage III-IV DU in 49 patients
with spinal trauma (S. Shapovalov et al., 2016). The
use of this combination approach reduced the treat-
ment period by 3 times and thus accelerated the
preoperative preparation for decubitus defect re-
construction [53].

Yu. Tsupikov (2007) described the results of
the combined technique of DU management based
on the combination of interactive or specialized
wound dressings and local ozone therapy. According
to the authors, this technique provides 1.3 times
shorter healing time and 1.5 times shorter prepa-
ration time for reconstruction of pressure ulcers [78].
Similar studies can be found in the international
literature [79]. W. Baek et al. (2020) based on sta-
tistical analysis of a small prospective sample (72=38)
indicated a significant (P=0.001) acceleration of
DU reduction with vacuum therapy (NPWT) and
lipid-colloid wound dressings when compared with
NPWT alone [26].
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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) published 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 Jan 2022

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 con-
fidential 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,
Scientific 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.

When preparing papers reporting the
results of prognostic studies, STARD 2015: An
Updated List of Essential Items for Reporting
Diagnostic Accuracy Studies, http://www.equator-
network.org/reporting-guidelines/stard/ should
be used.
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Basic 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

available)
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) The paper outline and references 150-280 words. Sections: scope of the
problem (introduction/background), aim, material and methods, results,
conclusion

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

as text or infographics,

an optional section following

the summary)

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  Conflict of interest, funding of the study should follow the Keywords para-
sections graph.
Acknowledgements (optional) and authors’ contribution (preferably)
should be placed at the end of the paper
Mustrations, including tables Original paper — up to 8
Short communication — no more than 2
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 — 25-40
Short communication — 8-25
Review — 80-120
Format: please see the «References Formatting» section
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PARAMETER

INSTRUCTIONS

Formatting

Font

Times New Roman, 12 points
The section titles should be typed in bold

Spacing and Indentation

Line spacing— 1.5

Interval before and after the paragraph — none
Interval between sections — one extra spacing
First line indent — 1.25 cm

Fields 2.5 cm on all sides
Page numbering In the lower right corner
Note

If the manuscript
is accepted for publication

It is necessary to discuss with the editorial board the terms of translation
of the paper into English/Russian.

The figures and photos should be provided as separate files in the follow-
ing formats: graphs and charts as Excel files, figures and photos as jpeg
files.

Scanning resolution

Figures and other line-based images — 1200 dpi;
Photographs, radiographs — at least 300 dpi;
Photographs, radiographs with text — at least 600 dpi.
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