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Abstract

Descriptive statistics provides tools to explore, summarize and illustrate the research data. In this tutorial we discuss two main
types of data — qualitative and quantitative variables, and the most common approaches to characterize data distribution
numerically and graphically. This article presents two important sets of parameters — measures of the central tendency
(mean, median and mode) and variation (standard deviation, quantiles) and suggests the most suitable conditions for their
application. We explain the difference between the general population and random samples, that are usually analyzed
in studies. The parameters which characterize the sample (for example, measures of the central tendency) are point
estimates, that can differ from the respective parameters of the general population. We introduce the concept of confidence
interval — the range of values, which likely includes the true value of the parameter for the general population. All concepts
and definitions are illustrated with examples, which simulate the research data.
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OcCHOBHbIE nMpUMHLUMUNbI NTPpUMEeHeHuUusA onucarenbHOM
CTaTUCTUKM B MEAMLLIMHCKMX McCcrnepgoBaHmMAX
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AHHOTauus

OnucarenbHas CTaTUCTHKa — AUCUMNNHA, KOTopas 06beanHAeT MeToAb! OLEHKM, 060BLLEHNS U NPEACTaBNEHNS LaHHbIX.
B aToMm pykoBOLCTBE aBTOPbI NPEACTABASIOT A4Ba OCHOBHbIX TUMNA AaHHbIX: KAYECTBEHHDBIE W KONMYECTBEHHbIE NEPEMEHHDIE,
a TaKke Haubonee pacnpoCTpaHeHHbIE NOAXOAb! K YUCMOBOMY W rpachuyeckoMy OMMUCaHWI0 WX pacnpedenenuin. B cra-
Tbe OnuCaHbl ABa OCHOBHbIX Habopa napameTpoB: Mepbl LEHTpanbHOM TEHAEHUMM (CpeaHee apudMeTYeckoe, MeanaHa,
MoZa) ¥ Bapuaumm (CTaHgapTHOE OTKITOHEHWE, KBaHTUMM), @ Takke NPeasioxeHbl NOAXo4bl K MX NpakTUYecKoMy npuMeHe-
HWI0. ABTOPbI OGBACHSIOT pasnnuuns Mexay reHepanbHON COBOKYMHOCTBO W CryyaiHbiMi BbiGOpkamu, KoTopble 06bl4HO
CTaHOBATCS NPEeAMETOM HayuHbIX UCcCneaoBaHuMi. [oka3aTenu, KoTopble XxapakTepuaytoT BbIGOPKY, HanpuMep Mepbl LieH-
TpanbHOWM TEHAEHLWMW, NPEACTABNSAIOT TOYEYHbIE OLEHKW, KOTOpble MOTYT OT/INYaTbCS OT COOTBETCTBYIOLMX XapaKTepu-
CTUK o6Lwen nonynsaumu. PykoBOACTBO MO3HAKOMUT YMTaTeNs C KOHLENUMen AOBEpPUTENBbHOTO WHTepBana — Auanas3oHa
3HAYeHUI, KOTOPbIN C ONPEAENEHHON BEPOSTHOCTLI0 COAEPKUT UCTUHHOE 3HAYEHIE COOTBETCTBYIOLLETO NapameTpa obLen
nonynsuun. Bce npegcTaBneHHble KOHLENUMW 1 onpegeneHns NpounmioCTpupoBaHbl NpUMepamu, KoTopble UMUTUPYIOT
AaHHble pearbHbIX MEAULIMHCKX UCCreLoBaHWi.
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List of abbreviations
Cl - confidence interval
IQR - interquartile range

One of the most famous and influential statisticians
of the 20" century Ronald Fisher wrote in his work
‘On the mathematical foundations of theoretical
statistics’ that ‘...the object of statistical methods
is the reduction of data. A quantity of data ...is
to be replaced by relative few quantities which shall
adequately represent the whole’ [1]. This quotation
perfectly reflects the essence of descriptive statistics,
the branch of statistics devoted to the summarization
and description of data, which provides tools
to explore data sets and illustrate the data. Medical
research can combine data from hundreds or
thousands of observation units (individual patients,
animals, cells, or other objects) that cannot be
understood individually. However, researchers are
usually interested in a limited number of parameters
(for example age or smoking status), which can
be summarized and illustrated using the principles
of descriptive statistics to get the impression about
the whole studied sample. In other words, we aim
to express the properties of the entire sample with
several measures or one figure.

Data exploration and summary is the first and one
of the most important steps in statistical analysis.
The aim of this step is to describe and summarize
the collected data properly to understand their
features. As a result, scientists identify a suitable
parametric model, which describes the distribution
of the data. This phase is crucial because this model
defines further approaches to the testing of statistical
hypothesis. Thus, the main aims of descriptive
statistics are to explore the research data, identify
data distribution, detect errors, and reveal unusual
values (outliers). Descriptive statistics also helps
to assess the proportion of missing data and bias.
In general, an adequate and clear presentation
of the data indicates that the researcher has collected,
analyzed, and interpreted them correctly.

The aim of this tutorial is to present the basic
methods of data description for different types
of variables, including their graphical presentation.

General population and random samples

One should keep in mind that we usually
analyze a random sample derived from the general
population, for example, a group of patients with
myocardial infarction, randomly chosen from

SCr — serum creatinine
SD - standard deviation
SE - standard error

one or several tertiary centers. However, when
we analyze the sample, we aim to make some
conclusions about the general population (in this
example all real-world patients with myocardial
infarction), which cannot be analyzed directly. Each
value calculated from the sample is an estimate for
the population parameter (for example, arithmetic
mean of some parameter in the sample is an estimate
of the population mean), and they are called point
estimates. Since point estimates are inferred from
a random sample under some uncertainty all our
statements will be probability statements. To better
understand some concepts presented in this article
we recommend that you recall the basic definitions
of probability theory and set theory presented
in the first tutorial [2].

TYPES OF VARIABLES

In statistics a variable is a characteristic that
describes the studied object (patient, animal, cell
line etc.) and can take different values (‘vary’). The
choice of variables depends on the study objectives.
Exposures and outcomes are also variables from the
statistical point of view (more on exposures and in
outcomes in different study designs in the previous
tutorial) [3]. The examples of variables include sex,
age, concentration of a biomarker, gravidity (number
of pregnancies), tumor grade, history of smoking
etc. The initial step of any experimental analysis
includes the selection of variables and assessment of
their measurement scale. There are two main types of
data — quantitative and qualitative (Fig. 1).

Quantitative variables (numerical, metric) can
be measured numerically, or in other words their
magnitude can be represented by a metric scale, for
example, they can be counted or measured in meters,
kilograms, mmol/L, or any other units. Quantitative
variables are classified into continuous and discrete
variables.

Continuous variables can take an unlimited number
of values between any two points of measurement,
including whole numbers and fractions. For example,
weight, bilirubin concentration, and body temperature
are continuous variables.

Discrete variables can only take a limited
number of values, that are usually whole numbers.
For example, number of disease relapses or number
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FIG. 1. Types of variables.
PWUC. 1. Tunsl nepeMeHHBIX.

of cells per high-power field of the microscope are
discrete variables.

Qualitative variables (categorical) cannot be
measured, instead they are classified as categories. For
example, hair color cannot be measured on a metric
scale, but it can be classified into several groups
(categories): black, blonde, red, etc. Qualitative
parameters can be further divided into ordinal and
nominal.

Ordinal variables are ordered according to a rank.
For example, tumor grades are not measured on ametric
scale, nevertheless higher ranks represent more severe
disease.

Nominal variables are unordered (for example,
place of living, occupation, etc.). One of the most
common types of nominal variables are binary
variables (dichotomous) that can only take two values
(developed the studied outcome or not, survived or
died, male or female).

Sometimes statisticians use additional
classifications for different variables, that are not
described in this review. The details can be found
in textbooks on biomedical statistics [4].

SUMMARIZING CONTINUOUS DATA

Data distribution and histograms

Aswehavealready mentioned the aim of descriptive
statistics is to describe some data that are usually
derived from a random sample of patients (or other
observations). Each parameter can take different
values, and the scientists are usually interested in the
assessment of probability of each outcome.

First, we can visualize data distribution. We need
to sort all observed values in the ascending order and
group into small ranges (intervals) of the same size,
called bins or class intervals. Then, we count how often
the observed values fall into different bins in the studied
data sample. Graphical representation of this method is
called histogram. The width and the quantity of bins
depends on the range of values that are grouped into
a bin. The less the range — the narrower are the bins.

For example, we measure serum creatinine (SCr)
level (mcmol/L) in a random sample of 20 patients.
The results ranging from the lowest to the highest
are the following: 133.5; 133.8; 138.0; 138.2; 139.3;
142.2;143.1; 144.1; 145.0; 149.0; 149.1; 149.3; 151.0;
151.9; 152.5; 152.8; 153.4; 153.8; 158.7; 158.9.

Each blue bar on the histogram presented in Figure 2
represents a bin (a small range of SCr concentration
on X-axis). The height of each bin represents the
number of patients with SCr concentration inside
the bin concentration range (Y-axis). As you can see,
there are two patients with SCr level between 130 and
134.9 memol/L, three patients with SCr between 135
and 139.9 mcmol/L, three patients — with SCr between
140 and 144.9 mcmol/L etc.

Usually, we want to assess the probability
of a patient having some random SCr value (call it
X, for example) within our range of concentration.
However, frequency histograms only show the counts
of each outcome, but not their probability. To access
this probability, we need to construct a probability

Frequency / Yacrora

1

0
130 135 140 145 150 155 160

Serum creatinine, mecmol/L / KpeaTuHuH CBIBOPOTKH, MKMOJIb/JT

FIG. 2. Frequency histogram of serum creatinine concentration
distribution.

PWUC. 2. l'ucrorpamma pacrpeesieHus 49acToT KOHILEHTPaIH
KpeaTHHHHA.
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distribution. We need to normalize the histogram
by dividing the count in each column by the
number of observations multiplied by the class
width. The resulting plot is called the density
plot (Fig. 3). The shape of the histogram has not
changed, but now it demonstrates probability
density function, and the area of each bin (column)
is equal to the probability of some event (basically
SCr concentration taking the value within some
interval). The area under the whole histogram
(in blue) is equal to 1.0 (100%) as it equals the sum
of probabilities ofall possible outcomes in the sample
space. It should be noted that the Y-axis values do
not indicate the probability, and we should measure
the area in each bin instead.

The area under the histogram is equal to the sum
of areas of all bins. And as the width of each bin is
equal to 5 and the height can be derived from the
values on the Y-axis, we can calculate the area (S)
under the entire histogram to check our previous
definitions:

S = (0.02x5) + (0.03x5) + (0.03x5) + (0.04x5) +
(0.06x5) + (0.02x5) = 1.0.

It is equal to 1.0 (or 100%). We can calculate
the probability of any given event (in our case
the probability of SCr value in a certain interval)
in a similar way. For example, the probability
of obtaining the value between from 130

0.07

0.06

o
o
(33

o
o
=

o
o
w

Density / [TlnotHocTs

o
o
N

0.01

0.00
130 135 140 145 150 155 160

Serum creatinine, mcmol/L / KpeaTuHUH CEIBOPOTKH, MKMOJIIB/T

FIG. 3. Density histogram of the serum creatinine concentration
with a probability density function (red curve).

PUC. 3. T'ucrorpamma pacnpezesieHUst INIOTHOCTH BEPOST-
HOCTEeH KOHIIEHTPALMM KpeaTHMHUHA CHIBOPOTKU C (yHKIUEH
IUIOTHOCTHU BEPOSITHOCTEH (KpacHask KpUBas).

to 134.9 mcmol/L is equal to (0.02x5) = 0.1
(or 10%). Similarly, we can calculate the probability
of obtaining SCr concentration of less than
145 mcmol/L. It is equal to the area of bins from
the lowest value to 144.9:

(0.02x5) + (0.03x5) + (0.03x5) = 0.4 (or 40%).

The example above only describes 20 individual
observations, but in clinical research a scientist often
analyzes extremely large samples of continuous
values. In large samples we can choose finer
intervals for each column — as a result the histogram
becomes smoother resembling a curve (Fig. 4).
Area under curve can be found by making a definite
integral between two points on X-axis, and it
will be equal to the probability of an individual
measure (observation) to fall into the predefined
limit between these two values. Hence the finer
the interval we take, the smaller the probability will
be of the SCr concentration falling exactly within
these limits because the area under the curve will
be smaller.

Numerical description of continuous data

distribution

Histogram demonstrates distribution of the values
graphically, but it can also be characterized
numerically. There is a set of parameters that
describe different cut points of the data distribution.

0.030

0.025

0.020

0.015

Density / [TnotHOCTB

0.010

0.005

0.000
100 120 140 160 180 200

Serum creatinine, mcmol/L / KpeaTuHUH CEIBOPOTKH, MKMOJIIB/JT

FIG. 4. Probability density distribution for 25 000 random
observations of serum creatinine concentration with a
probability density function (red curve).

PWUC. 4. Pacnipenenenue mioTHOCTH BeposiTHOCTe# st 25 000
Clly4yalHbIX U3MEPEHUI KOHLIEHTPALMH KPEaTUHUHA CIBOPOTKU
¢ (hyHKIHEH NIOTHOCTH BEPOATHOCTEH (KpacHasi KpuUBas).
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Quantiles are cut points that divide the entire
range of values (probabilities) into equal intervals.
In the example with SCr, more than 10% (0.1)
of values are located below 135 (or in the other words
the probability of a value to fall into the interval
below 135 is 10%). Thus, 135 is a 0.1 (10%) quantile.
In the same example 145 is a 0.4 (or 40%) quantile.

Some quantiles have special names that are used
depending on the number of intervals created. One
of the most common types of quantiles are percentiles
(100 intervals, or in other words the probability given
as percentage). Percentiles are often used to describe
population statistics in medicine. For example,
the phrase ‘the 90™ percentile of weight for 3-year-old
boys is equal to 17.41 kg’ means that 90% of 3-year-
old boys weigh less than 17.41 kg.

Another commonly used type of quantiles are
quartiles, which divide the distribution into four equal
intervals. The 0.25 quantile (or the 25th percentile),
which separates 25% of the values, is called the first
quartile (or the lower quartile, Q ). The 0.5 quantile
(or the 50th percentile) is called median (or the second
quartile, Q,). Fifty percent of all values are located
below the median and another 50% above the median.
And the 0.75 quantile (or the 75% percentile) is called
the upper or the third quartile (Q,). In the example
above the lower quartile is equal to 141.5, median
is equal to 149.1, and the upper quartile is equal
to 152.6 mcmol/L.

Describing central tendency and variance

There are several parameters that are used
to describe distribution of continuous variables,
some of which describe central tendency while
the others describe variance. Central tendency (also
called measure of central tendency, location or center
of the distribution) represents the most typical value
for a probability distribution. Median, mean and mode
are the most common parameters that measure central
tendency.

Mean (arithmetic mean, abbreviated p for
the general population and X for the sample) is a sum
of all values, divided by their total number (n).

n

n

X =

Mean is not the best way to describe asymmetric
distributions since it might be affected by the presence
of outliers (extremely large or extremely small
values). In the example above sample mean is equal
to 146.9 mcmol/L.

PYKOBOACTBO MO BMOMEANLMHCKOW CTATUCTUKE

Median (%) is the 0.5 quantile, described
in the previous section. In contrast to mean, median
would not change significantly (‘less sensitive’)
in the presence of several (even extremely large)
outliers. If the number of observations is odd, median
is calculated the following way:

~ X
¥ = (n+1)
2

If the number of observations is even, it is equal to:

L e TG
X = .

2

Median is a very convenient parameter because
it can be used to describe different types of data
distribution (not only normal).

Mode is the most frequent value of the studied
variable (or the absolute maximum of the distribution —
the highest point on the histogram).

Median, mean and mode are different measures
which take different values in most distributions.
However, in symmetrical distributions, including
normal distribution, their values are equal (Fig. 5SB).
Normal distribution (Gaussian) is a probability
distribution that is symmetric about the mean (a bell-
shaped curve), or in other words, the closer the value
is to the mean, the higher is the frequency.

In real-life settings most distributions are not
perfectly normal. Additional parameters, which
describe the distribution are skewness (measure
of asymmetry), and kurtosis (measure of the combined
weight of a distribution’s tails relative to the center
of the distribution). In a positively skewed distribution
most values are clustered around the left tail, and
the right tail is longer (Fig. 5A). On the opposite,
in a negatively skewed distribution, most values are
located around the right tail, and the left tail is longer
(Fig. 5C).

Kurtosis is a measure which describes the shape
of the tails of the distribution (Fig. 6). Platykurtic
distributions (negative kurtosis) are flatter with
shorter tails (‘light’ tails) because less values are
located in tails. Leptokurtic distributions (positive
kurtosis) are sharper, and their tails are longer
(‘heavy’ tails) as there are more values located in the
tails. Normal distributions are mesokurtic and have
no skew.

There are several parameters that describe
variation (or spread of the data), including range,
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A B

J

Mode / Mona
Median / Menuana

Mean / Cpennee

N

Mean / Cpennee
Mode / Moga
Median / Meaunana

Mode / Moga

/

Median / Mennana

Mean / Cpennee

FIG. 5. Different types of probability distribution: A — Positive skew. B — Zero skew (symmetrical distribution). C — Negative

skew.

PWUC. 5. Paznuunbie Turist pacipeaencuus Bepostaocteit: A — [lonoxurensusiii koahduiment acummerpun. B — Koaddurment

acUMMETpUH paBeH HyIo (cuMMmeTpuyHoe pacnpenenenue). C —

A B

JAWAN

OtpuuarenbHbIi K03)UIUEHT ACHMMETPHH.

J\

FIG. 6. Distributions with different kurtosis: A — Platykurtic (negative kurtosis). B — Mesokurtic (zero kurtosis). C — Leptokurtic

(positive kurtosis).

PUC. 6. Pactipenernenmus ¢ pa3nuuabiMi Kodddunmentamu sxcrecca: A — IlmatukypTudeckoe pacnpenesienne (OTpUIaTe bHBIN
ko3¢ dunmeHT sKkcuecca). B — Mesokypruueckoe pacnpeneneHue (ko3dduimenT skciecca paeH Hymo). C — JlenTokypTuieckoe

pacripeneneHue (MoJ0KUTENbHBIN K03 UIIHEHT KcIecca).

interquartile range (IQR), variance and standard
deviation (SD).

Minimum and maximum are the smallest and the
largest values in the studied sample, respectively.
In the example with SCr, concentration minimum is
133.5, and maximum is 158.9. Range is the difference
between the maximum and the minimum values.
It does not provide information about distribution
of the data between these values. Range might be
very large in large samples that include outliers.
This measure of variation can be misleading if it is
interpreted without additional data.

Variance and SD are among the most common
ways to assess the spread of the data. Most individual
values of some variable deviate from the mean
value. Deviation is equal to the difference between
the individual value and the mean. The closer
the values are to the mean, the smaller are their
deviations, and vice versa. Deviations for values larger

10

than mean will be positive, and for values smaller than
mean they will be negative. Hence it is not possible
to calculate the average for deviations because it
will be equal to zero. To overcome this variance is
calculated as the sum of squares of deviations, divided
by the number of observations minus one (this
denominator is called degrees of freedom):

Z?=1(Xi—f)2

Var = —

However, reporting variance is a bit impractical
because it is measured in square units, for example,
variance for height measured in meters will be
expressed in squared meters. That is why traditionally
the dispersion of the data is reported using the SD
(abbreviated as o for the general population or
SD for the sample), which is simply a square root
of the variance:
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SD =+Var.

It should be noted that SD is measured in the same
units as the variable and the respective mean. That
is why many authors present the studied variables
as mean + SD with appropriate units, for example,
“mean SCr concentration was equal to 1469 +
7.6 mcmol/L”. However, in non-normal distributions
the values of SD and mean can be misleading and
counterintuitive, so it is better to report median and
IQR. For normal distributions 68.27% of the data
lie within one SD from the mean, 95.45% (which is
almost equal to the 95% confidence interval (CI) — see
next paragraph) — within two SD from the mean, and
99.73% — within three SD from the mean.

IOR is the difference between the lower and
the upper quartiles that were described in the previous
section. IQR provides information about the spread
of the middle 50% of the data. IQR is less sensitive
to the size of the sample size and does not depend
on the presence of extremely high or extremely low
values.

A g

©
S
3
B-‘ 4
g
g 3
=
g
=
1
0
130 135 140 145 150 155 160
Serum creatinine, mcmol/L / KpeaTHHUH CEIBOPOTKH, MKMOJIB/JT
B

130 135 140 145 150 155 160

Serum creatinine, mcmol/L / KpeaTuHUH CEIBOPOTKH, MKMOJIIB/TT

FIG. 7. Histogram (A) and box-plot (B) demonstrating the
same distribution.

PUC. 7. Tucrorpamma (A) u auarpamma pasmaxa (B), niuto-
CTPHPYIOIIHE OJHO M TO JKE pacrpesieeHue.

PYKOBOACTBO MO BMOMEANLMHCKOW CTATUCTUKE

Box-plots

Quartiles, including median, as well as minimum
and maximum are graphically represented by
the box-plot diagram (or box-and-whiskers diagram).
Figure 7a shows the probability density histogram
and the box plot diagram for the same set of data
(see example with SCr concentration distribution).
In the given example the bold line inside the box
illustrates the median, the sides of the blue box are the
upper and the lower quartiles and the whiskers show
the minimum and the maximum values (Fig. 7B).

However, in some cases the whiskers can represent
1.5 x IQR above the upper quartile and 1.5 x IQR
below the lower quartile, and all other values that do
not fall into this range are marked as outliers. Outliers
are data points that significantly differ from other
observations (Fig. 8). They are usually represented as
separate dots on the chart. Box-plots can be preferable
to histograms when you want to present or compare
the same continuous variable in several subgroups
because there can be several box-plots in one figure

(Fig. 8).

Confidence Interval

While sample mean is a point estimate (provides
a single value) for the population mean, CI is
an interval estimate (which provides a range of possible
values). 95% confidence interval (CI) includes 95%
of the values of the data sample. 95% CI is located

180
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140
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N
o

100

I

o

Hemoglobin, g/L / 'emorno6uH, /71

oo
o

D
o

Group 1/Tpynna 1 Group 2/ T'pynna 2

FIG. 8. Box-plots demonstrating hemoglobin median with
95% confidence interval, interquartile range, and outliers in
two groups of patients.

PUC. 8. [luarpammsbl pasmaxa, H300pakarollde MeEIHaHy
KOHIIEHTpaLMU remMornoduHa ¢ 95% noBepUTEbHBIM UHTEP-
BAJIOM, HHTEPKBAPTUIIBHBIA pa3Max W BHIOPOCHI B IBYX IPyII-
Hax IMalUeHTOB.
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between the 0.025 quantile and 0.975 quantile.
In some texts CI is defined as a range of values that
contains the true mean value (population p) with
a probability of 95%. However, a more precise but
less intuitive definition of the 95% Cl is the following:
‘if the level of confidence is set at 95%, it means that
if data collection and analysis could be replicated
many times, the CI should include within it the correct
value of the measure 95% of the time’. Hence if 100
different samples are taken and a 95% CI computed
for each sample, then approximately 95 of the 100
CI will contain the true population mean value (W)
[5]. Thus, CI indicates the potential random error
in the sample. However, you cannot know the true
value of the studied parameter in the entire population
(unless you generate data to perform a complex
simulation), so there is no way to check whether
it really falls within the CI or not. The lengths of CI
depend on the absolute sample size. In general, large
sample sizes will produce smaller range 95% CI’s
and vice versa. Sometimes, researchers use 99% CI
located between the 0.005 and 0.995 quantiles, or 90%
CI. The wider CI you use, the higher the chance that it
contains the true value [6].

CI can be calculated for almost any point estimate,
including median, mode, ratio, etc. For example,
Figure 8 demonstrates box-plots, where ‘notches’
around the median demonstrate the 95% CI for
the median.

Standard error (SE) measures the deviation
of a sample statistic (point estimate) from
a population statistic. SE depends on sample size
and SD of a statistic. The larger the sample size and
the smaller the SD, the lower the SE. If the SE is too
large, the data is biased, and we cannot infer correct
conclusions. In the real-life setting we rarely know
the true values of the population statistics, and SE is
usually calculated on the basis of point estimates.

It should be mentioned that calculation of 95% CI
is usually required for hypothesis testing, and it must
be reported for the values, which describe effect size
in clinical research. However, it is rarely plausible
to provide CI and SE for the description of initial
parameters in the manuscript.

NUMERICAL AND GRAPHICAL

PRESENTATION OF QUALITATIVE DATA

Traditionally, qualitative variables are presented
as absolute values and frequencies (%). If the number
of categories is more than two, these parameters
should be reported for each category. For example:
“Among 95 patients on renal replacement therapy 72

(76%) were treated with hemodialysis, 20 (21%) —
with peritoneal dialysis, and 3 (3%) received kidney
transplant”. If data for some patients are missing, this
should also be reported.

An alternative way to report binary outcomes
is odds. Odds are the ratio between the probability
that the outcome will occur and the probability that
the outcome will not occur. For example, in the studied
group of 100 patients, 20 developed myocardial
infarction and 80 did not. The probability (p) of MI
is equal to: 20/100 = 0.2. The probability that MI
will not occur is equal to (1 — 0.2) = 0.8. According
to the definition odds are calculated as:

p
(1-p)

Thus, odds of MI are equal to 0.2/0.8 = 0.25 or
‘1 to 4°. In other words, in every five patients, one
will develop MI, and four will not. Odds are rarely
reported per se, but they are often used to assess
the relationship between two binary variables, for
example the presence (or absence) of the risk factor
and outcome, by calculating odds ratio (more on that
in the previous) [3].

ClIs can be calculated for binominal distributions
as well as for continuous. 95% CI for a proportion
indicates that there is a 95% chance that this range
contains the true value of the proportion of the entire
population (or that in 100 random samples obtained
from the population in 95 the CI will include the true
value). There are several ways to calculate 95% CI for
a proportion (Clopper-Pearson, Wald, modified Wald)
that can be done in most of the statistical programs.

Qualitative data can be visualized using different
types of diagrams, for example, bar diagrams. In bar
diagrams each bar represents the frequency of each
category of the variable either in absolute numbers
or percentage (Fig. 9A). In contrast to histogram, bar
diagrams contain gaps between different categories,
and no area calculation is required to assess probability
of outcomes. Another type of chart for qualitative
data is pie diagram, where the whole circle represents
100% of data, and each separate segment — different
categories (Fig. 9B).

Sometimes it is useful to transform quantitative
data into qualitative categories to demonstrate
the proportion of patients that have the values
within different intervals. For example, if you report
glomerular filtration rate in a group of patients with
kidney disease you can present not only mean = SD,
but also divide the values of this variable into several
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intervals that seem important and present them as
categories, like <15 mL/min, 15 — 59.9 mL/min, and
>60 mL/min. Then you can describe the proportion
of patients comprising each category.

HOW TO CALCULATE AND PRESENT

DESCRIPTIVE STATISTICS

While it is very important for the researcher
to understand different descriptive parameters
and the way they are calculated, it is not plausible
to analyze the data manually. We recommend using
statistical software like SPSS, Stata, R, etc., for all
analyses. For example, all sample distributions and
plots for continuous data in this publication were
generated in R. However, there are several matters
that should be taken into account to obtain adequate
data and present them properly.

One of the most important practical issues, which
is often overlooked by postgraduate students, is
the coding of the variables. All statistical programs
operate with numbers, so the database should only
include variables coded as numeric values for each
observation. It is easy to do it for quantitative data —
one should just input the obtained values, using
the identical metric scale for all observations. For
example, patients’ height must be recorded either
in meters or in centimeters for all patients, but you
cannotuse both. Ifthe data are provided in a different
scale for some observations, you must transform
them before starting any other calculations. All
qualitative variables should be coded in numbers,
for example ‘0 if the patient survived and ‘1’ if the
patient died.

A g0
72
g 70
=
o}
£
g 60
=
£ 50
=
=2
> 40
= 30
(=5
k) 20
g 20
g
z 10
3
Hemodialysis / Peritoneal dialysis /  Kidney transplant /
lemopmanu3a [lepuToHeanbHell  TpaHcnnaHTauus
avanua MoYKM

PYKOBOACTBO MO BMOMEANLMHCKOW CTATUCTUKE

When reporting quantitative data, you should
choose which parameters are the most adequate
to describe your sample. Mean with SD, 95% CI,
median with IQR can be calculated for most types
of data distributions, but some of these parameters
might be less suitable than others (despite being
mathematically correct). You can (and should)
calculate all these parameters during the preliminary
analysis. Nevertheless, only one set of parameters
is usually reported in the publication. Traditionally,
it is recommended to report mean + SD (sometimes
providing minimum and maximum in the brackets)
for normally distributed data. For non-normally
distributed quantitative variables, median with
the lower and upper quartile values (in brackets)
will be more informative. Sometimes, if you report
mean and SD for non-normally distributed variables
the numbers might be confusing. For example,
the value of SD might be larger than mean: ‘mean
postoperative follow-up period was 11.8 £ 12.1 days.
It seems that in some patients follow up time was
negative, which is impossible in real life. In fact,
these values have probably been calculated correctly,
however they describe non-normally distributed
variable. In this case median and IQR would be more
suitable: ‘median postoperative follow-up period
was 8 [5; 19] days.

Thus, it is extremely important to assess the type
of distribution. In fact, there is a complex classification
of distributions, but for qualitative data we usually need
to decide first whether it is normal or not normal. There
are several graphical and numerical methods (so called
normality tests) to test this assumption: Shapiro—Wilk

B Kidney
transplant /
TpancrulanTanus

Peritoneal [ g 10K 3 (3%)

dialysis /
IlepuroneanbHbIi
JManms;
20 (21%)

Hemodialysis /
T'emonnanms;
72 (76%)

FIG. 9. Graphical representation of the qualitative data. A — Bar diagram. B — Pie diagram.
PUC. 9. I'papmueckoe mpeacraBieHne KOINUECTBEHHBIX qaHHBIX. A — CTonoukoBast quarpamma. B — Kpyrosast ntuarpamma.
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Table. Example of characteristics of the studied groups of patients
Ta6nuua. anMep npeacTaBlieHNA XapakTepuCcTUK uccnegyembix rpynn nauueHToB

Group 1/ pynna 1 Group 2/ 'pynna 2
n=129 n=131
Male sex / Myxckon non, n (%) 74 (57.4) 68 (51.9)
Hemoglobin, g/L / FemornobuH, r/n 132 +19 128 +17

Serum creatinine, memol/L / KpeaTHuH CbIBOPOTKM / MKMOIbB/N

201.1[118.4; 378.5] 231.9[126.7; 344.6]

Note: qualitative nominal variable (male sex) is provided in absolute numbers and frequencies. Quantitative variables are given either as mean + SD for
normally distributed data or as median [Q,, Q,] for non-normally distributed data in both groups.

[MpumeyaHue: Ka4eCTBEHHast HOMUHaNbLHas nepemeHHas (My)KCKOI;I I'IOJ'I) npeacrasneHa B abCoNIOTHBIX 3HAYEHMSIX U YacTOTax (%). KonuyectseHHble
nepemeHHble npeacTaBneHbl nnobo Kak cpegHee * ctaHgapTHOE OTKIMOHEHWe Ansg HopManbHO pacnpeaeneHHblX AaHHbIX, nmbo kak MeauaHa [Q1, Q3]

Ana HeHopManbHO pacnpeaeneHHblX AaHHbIX B obeunx rpynnax.

test, Kolmogorov—Smirnov test, Lilliefors test
(a modification of the Kolmogorov—Smirnov test),
Anderson—Darling test, quantile-quantile plots (Q-Q
plots) and several others [7]. We do not provide any
details about normality tests in this article because
this is a part of inferential statistics, a special case
of hypothesis testing. One of the most commonly used
and powerful normality tests is Shapiro—Wilk test,
which can be performed in all up-to-date statistical
software [8]. Some researchers recommend Shapiro—
Wilk test as the best normality test.

The normality test and parameters chosen for data
description must be provided in Methods section
of the publication. Always report the total number
of individual observations in the sample and in each
subgroup for both qualitative and quantitative data!

If you create histograms, it is important to choose
an adequate number and width of bins. There
are several approaches described in the literature
(Sturges’ rule, Scott’s rule, Freedman and Diaconis’
rule, etc.) [9]. Some authors suggest to choose the
number of bins equal to the square root of the number
of observations [10].

Descriptive statistics is often presented in tables,
where each row represents a variable and each column—
a group of patients (table). The first column contains
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variable names and measurement units. The total
number of observations (patients) in each group must
be provided in the headers. To illustrate distribution
of the parameter of interest in the first and the second
group, you can provide a box-plot instead (Figure Box-
plot). It should be mentioned that different statistical
software utilizes various approaches to the calculation
of quartiles, as a result the values of the upper and
lower quartiles and the shape of box-plots might vary
for the same data sets [11].

This tutorial covers only the most basic principles
of descriptive statistics. Further details can be found in
textbooks on statistics in medicine [4, 6].

CONCLUSION

Similar to descriptive studies that provide basis
for generating proper hypotheses and planning further
research, descriptive statistics helps to understand
the sampled data and lays the foundation
for further inferential analysis. Every medical student,
postgraduate student, doctor and researcher should
be able to interpret and calculate the basic point
estimates and intervals to be able to understand how
the sample data relate to the general population, assess
the published data properly, and provide adequate
reports in their own research.

BKINTA1 ABTOPOB

H.M. bynanos, A.lO. Cysopos, O.b. butocc, J[.b. MyHn6aut,
A.A. 3aukun u M.IO. Hanunckast ygacTBOBanM B HallMCAHUU
tekcra pykonucu. O.b. bmtoce u J[.b. MyHOnUT BRIMONHSIN
MONCK W aHanu3 JUTeparypsl mo teme ob63opa. O.b. bioce,
J.b. Myn6aut u /[.B. BytHapy pa3pabotanu oOuryro KOHLEI-
LMI0 CTaThbH M OCYILECTBISUIM PYKOBOACTBO €€ HAIUCAHUEM.
Bce aBTOpBI yyacTBOBaJIM B OOCYXKAEHUM U PEAAKTUPOBAHUU
paboThl. Bce aBTOpHI yTBEPIMIIM OKOHYATENIBHYIO BEPCHUIO ITy-
OGIUKaIH.

14 CEYEHOBCKMI BECTHHUK T. 12, Ne 3, 2021 / SECHENOV MEDICAL JOURNAL VOL. 12, No. 3, 2021



REFERENCES / JINTEPATYPA

1 Fisher R.A. On the mathematical foundations of theoretical
statistics. Philosophical Transactions of the Royal Society
of London. Series A, Containing Papers of a Mathematical or
Physical Character. 1922. Vol. 222. P. 309-368. https://doi.
org/10.1098/rsta.1922.0009

2 Bulanov N.M., Blyuss O.B., Munblit D.B., et al. Venn diagrams
and probability in clinical research. Sechenov Med J. 2020; 11(4):
5—14. https://doi.org/10.47093/2218-7332.2020.11.4.5-14

3 Bulanov N.M., Blyuss O.B., Munblit D.B., et al. Studies and
research design in medicine. Sechenov Med J. 2021; 12(1): 4-17.
https://doi.org/10.47093/2218-7332.2021.12.1.4-17

4  Kirkwood B., Stern J. Essential Medical Statistics. 2nd ed.
Blackwell Publishing; 2003; 512 p. ISBN: 978-0-865-42871-3.

5 Rothman K. Random error and the role of statistics. Epidemiology:
An Introduction. 2nd ed. Oxford University Press; 2012: 148—-163.
ISBN: 9780199754557.

6  Motulsky H. Intuitive Biostatistics. 4" ed. Oxford University Press;
2018; 568 p. ISBN-13: 978-0190643560. ISBN-10: 01906435605.

PYKOBOACTBO MO BMOMEANLMHCKOW CTATUCTUKE

7  Ghasemi A., Zahediasl S. Normality tests for statistical analysis:
a guide for non-statisticians. Int ] Endocrinol Metab. 2012 Spring;
10(2): 486-489. https://doi.org/10.5812/ijem.3505. Epub 2012
Apr 20. PMID: 23843808. PMCID: PMC3693611

8 Mohd Razali N.M., Wah Y.B. Power comparisons of Shapiro-
Wilk, Kolmogorov-Smirnov, Lilliefors and Anderson-Darling
tests. J Stat Model Anal. 2011; 2: 21-33.

9  Nuzzo R.L. Histograms: A useful data analysis visualization. PM
R.2019 Mar; 11(3): 309-312. https://doi.org/10.1002/pmrj.12145.
Epub 2019 Mar 7. PMID: 30761760

10 Spriestersbach A., Réhrig B., Prel J.B., et al. Descriptive Statistics:
The specification of statistical measures and their presentation
in tables and graphs — Part 7 of a series on evaluation of scientific
publications. Dtsch Arztebl. 2009; 106(36): 578-583. https://doi.
org/10.3238/arztebl.2009.0578

11 Langford E. Quartiles in elementary statistics. Journal of Statistics
Education. 2017; 14(3). https://doi.org/10.1080/10691898.2006.1
1910589

INFORMATION ABOUT THE AUTHORS / UH®OPMALIUA OB ABTOPAX

Nikolay M. Bulanov*’, Cand. of Sci. (Medicine), Associate
Professor, Department of Internal, Occupational Diseases
and Rheumatology, Sechenov First Moscow State Medical
University (Sechenov University).

ORCID: https://orcid.org/0000-0002-3989-2590

Alexander Yu. Suvorov, Cand. of Sci. (Medicine), Chief
Statistician, Centre for Analysis of Complex Systems,
Sechenov First Moscow State Medical University (Sechenov
University).

ORCID: https://orcid.org/0000-0002-2224-0019

Oleg B. Blyuss, Cand. of Sci. (Phys. and Math.), Associate
Professor, Department of Paediatrics and Paediatric Infectious
Diseases, Sechenov First Moscow State Medical University
(Sechenov University); Senior Lecturer, School of Physics,
Astronomy and Mathematics, University of Hertfordshire.
ORCID: https://orcid.org/0000-0002-0194-6389

Daniil B. Munblit, PhD, Professor, Department of Paediatrics
and Paediatric Infectious Diseases, Sechenov First Moscow
State Medical University (Sechenov University); Honorary
Senior Lecturer, Inflammation, Repair and Development
Section, National Heart and Lung Institute, Faculty
of Medicine, Imperial College London.

ORCID: https://orcid.org/0000-0001-9652-6856

Denis V. Butnaru, Cand. of Sci. (Medicine), Vice-rector for
Research, Sechenov First Moscow State Medical University
(Sechenov University).

ORCID: https://orcid.org/0000-0003-2173-0566

Maria Yu. Nadinskaia, Cand. of Sci. (Medicine), Associate
Professor, Department of Internal Medicine Propaedeutics,
Gastroenterology and Hepatology, Sechenov First Moscow
State Medical University (Sechenov University).
ORCID: https://orcid.org/0000-0002-1210-2528

Bynanos Huxouaii MuxaiaoBuy™, Kau. Mel. HayK, JOLEHT
kadeapsl BHYTPEHHUX, IPpodeccHoHaNbHbIX Oone3Hel U peB-
marosioruu ®IAOY BO «Ilepseiit MI'MY um. 1.M. Ceueno-
Ba» Munzapasa Poccun (CeueHOBCKHUIT YHUBEPCUTET).
ORCID: https://orcid.org/0000-0002-3989-2590

CyBopoB Anexcanap FOpbeBuu, kana. Meq. HayK, TIIABHBIN
craructuk llerTrpa ananms3a cinoxsbeix cuctem GIAOY BO
«lIeperit MI'MY um. .M. CeuenoBa» Munzapasa Poccun
(CeueHOBCKHIT YHHUBEPCHUTET).

ORCID: https://orcid.org/0000-0002-2224-0019

Buroce Oser bopucoBuy, ka1, ¢pu3-Mar. HayK, JOLEHT Kage-
JpBI eUATPUU U JETCKUX UH(EKIMOHHBIX OonesHel GITAOY
BO «lepsbiit MIMY um. U.M. Ceuenosa» Munzapasa Poc-
cun (CeueHOBCKUI YHUBEpPCUTET); CTapLIMil IIPENoaBaTeib
HlIxome!l HU3UKH, aCTPOHOMHH M MaTeMaTHKH YHHBEPCHTETa
Xaprdopammpa.

ORCID: https://orcid.org/0000-0002-0194-6389

Myuoaut Januna Bopucosuy, PhD, npodeccop xadenpsr
HeJUaTpuU U JETCKUX UHPEKIUOHHBIX Ooneszneit PIAOY BO
«IIepBbiit MMV um. N1.M. CeueHoBa» Munsapasa Poccuu
(CeuenoBckuii YuuBepcuteT); IloueTHblil crapmuii npemno-
Japarenb CeKIMU BOCHAJEHUs, PEreHepanuud M pa3BUTHA
HauunoHansHOro HHCTUTYTa cepAua U Jerkux, MeauuuHCKui
(dakyneret, UMnepckuii komtemx Jlonpona.

ORCID: https://orcid.org/0000-0001-9652-6856

Byrnapy Jlennc BukropoBu4, KaHJ. Mel. HayK, IPOPEKTOP
no Hay4yHoi pabore PTAOY BO «Ilepsriit MIMY um. .M.
CeuenoBay (Ce4eHOBCKHH YHUBEPCUTET).

ORCID: https://orcid.org/0000-0003-2173-0566

Hapunckass Mapus FOpbeBHa, ka7 Menl. HayK, JOLEHT Ka-
(enpsl MporeIeBTUKY BHYTPEHHUX OO0JIe3HEH, racTpoIHTEPO-
noruu u rernatonorun GI'AOY BO «Ilepseiit MIMY mm. .M.
CeuenoBa» Munszzapasa Poccun (CedyeHOBCKHI YHUBEPCHTET).
ORCID: https://orcid.org/0000-0002-1210-2528

CEYEHOBCKMI BECTHHUK T. 12, Ne 3, 2021 / SECHENOV MEDICAL JOURNAL VOL. 12, No. 3, 2021 15


https://orcid.org/0000-0001-9652-6856

BIOMEDICAL STATISTICS TUTORIAL

Alexey A. Zaikin, Cand. of Sci. (Phys. and Math.), Deputy
Director, Centre for Analysis of Complex Systems, Sechenov
First Moscow State Medical University (Sechenov University);
Professor of Systems Medicine, Institute for Women’s Health
and Department of Mathematics, University College London.
ORCID: https://orcid.org/0000-0001-7540-1130

& Corresponding author / ABTOp, OTBETCTBEHHBII 38 [IEPEITHCKY

3aukuH Anekceii AHATOJbEBUY, KaH/A. (QU3.-MaT. HayK, 3aMe-
crutens aupexropa Llentpa aHanusa cnoxssix cucreM OIAOY
BO «IIepseiit MMV um. .M. Ceuenosa» Munzapasa Poccun
(CeuenoBckuit YHUBEpCUTET); Ipodeccop CUCTEMHOM MeUIu-
Hbl FIHCTUTYTa JKEHCKOIO 310pPOBbs U Kadenpbl MaTeMaTUKH,
‘YHusepcureTckuil komnek JIongona.

ORCID: https://orcid.org/0000-0001-7540-1130

16 CEYEHOBCKMI BECTHHUK T. 12, Ne 3, 2021 / SECHENOV MEDICAL JOURNAL VOL. 12, No. 3, 2021



| BUMOMEOMLNHA

Review / 0630p ‘ W) Check for updates
https://doi.org/10.47093/2218-7332.2021.293.03 (c<)

Current and novel theranostic modalities
for knee osteoarthritis

Bahareh Sadri', Shirin Nouraein!, Nikoo Hossein-Khannazer?, Javad Mohammadi!,
Massoud Vosough?**~
! Faculty of New Sciences and Technologies, University of Tehran
North Kargar str., Tehran, 14399-57131, Iran
? Gastroenterology and Liver Diseases Research Center, Research Institute for Gastroenterology and Liver
Diseases, Shahid Beheshti University of Medical Sciences
Bldg No. 2 SBUMS, Arabi Ave, Daneshjoo Blvd, Tehran, 19839-63113, Iran
3 Department of Regenerative Medicine, Cell Science Research center, Royan Institute for Stem Cell Biology
and Technology
Nr. 2 Hafez Alley, Banihashem, Resalat, Tehran, 16635-148, Iran

Abstract

Osteoarthritis is the second most common disorder after heart disease. This progressive degenerative disease affects the
knee joint more than any others. The exact etiology of knee osteoarthritis is not clear, however, there are many predisposing
factors such as obesity, age, gender, efc., that can increase the incidence and prevalence of this disease. Early diagnosis
in knee osteoarthritis is very important. Despite the variety of diagnostic methods, lack of a valid and reliable diagnostic
approach to detect the disorder in early stages has always been a challenge for researchers. Establishing an efficient
therapeutic protocol for these patients is another crucial challenge. Recently, in addition to conventional treatments, which
are surgical and non-surgical, tissue engineering and regenerative medicine as novel therapeutic modalities have received
remarkable attention. In this paper, current diagnostic and therapeutic methods for knee osteoarthritis are discussed and
potential biomarkers for early diagnosis and monitoring the clinical condition are discussed.

Keywords: knee osteoarthritis; cartilage regeneration; tissue engineering; stem cell therapy; biomarkers; mesenchymal
stromal cells; regenerative medicine
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TpagUuUMOHHbIE U HOBbIie MEeTOoAbl NIeYeHUs ocTeoapTpUuTa
KONIEHHOro CycraBa C MCNnoJfib30BaHUEeM TepaHOCTU4YEeCKOoro
nogxopa

Bb. Cagpu!, I1I. Hypan!, H. Xycceiin-Xannasep?, JI. Moxammaau!, M. Boco>™
I @axynomem nosvix nayk u mexnonozauti, Tecepanckuit Ynueepcumem
ya. Cesepnviii Kapeap, e. Tecepan, 14399-57131, Upan
2 Hayunvlil yenmp 2acmposnmeponozuu u 3a601e8aHull nevet,
Hayuno-uccneoosamensckuil uHCmumym 2acmpoIHmeponocu U 3a601e6anutl neyeHu,

Meouyunckuit ynusepcumem umenu Illaxuoa Bexewmu

xopn. Ne 2, npocn. Apabu, 6ynveap Hanewoncy, Tecepan, 19839-63113, Upan

3 Omoenenue pecenepamusnoti meouyumnnl, Hayuno-ucciedosamensckull yenmp yumonozuu,
Posauckuii uncmumym 6uonozuu u mexHono2uu cmeoi08blx K1emox
2-11 nepeynox Xaghes, Banu-Xawem, Pecanam, e. Tecepan, 16635-148, Upan

AHHOTauus

OcTeoapTpuT — BTOPOE MO pacnpocTpaHeHHOCTU 3aboneBaHne nocne GonesHel cepaeyHO-CoCYanCTON CUCTEMbI. JTO
nporpeccupytoLlee aereHepatBHoe 3abonesaHne nopaxaeT B 60MbLUEN CTENeHN KONEHHbIN CycTaB. ToYHas aTuonorus
0CTE0apTpUTa KOMEHHOTO CycTaBa He SICHa, OOHAKO CyLLECTBYET MHOXECTBO npeapacnonaralwmx aktopos, Takux kak
OXWpEeHWe, BO3pacT, NON W Apyrve, KOTOPbIE MOTYT yBENNYUTL 3a00NeBaeMoCTb U pacnpoCTPaHEHHOCTb 3Toro 3abonesa-
Hus. O4eHb BaxHa paHHSsA AMarHoCTKa 0CTeoapTpuUTa KONEHHOro cycTaBa. HecmMoTps Ha pa3Hoobpasne AnarHoCTUYECKMX
MeTOA0B, OTCYTCTBME HAZLEXHOr0 AMArHOCTUYECKOTO NOAX0Aa AN BbISBIEHNS pacCTPONCTBA HA paHHUX CTaaumsx BCeraa
ObIno npobnemoint ans uccneposatenei. ELle ofHO BaXHON 3agaven SBnseTcs cosgaHne apdekTUBHOTO TepaneBTuye-
CKOrO NPOTOKOMNa ANs 3TUX NauMeHToB. B nocnegHee Bpemsi, B AONOMHEHWE K TPAAULMOHHBIM XMPYPIUYECKAM U HEXUPYP-
MMYECKUM METOAaM NeYeHus, MPUMEHSIOTCS METOAMKA TKAaHEBOW MHXEHEPUM M pereHepaTUBHON MeaMLMHBI B KayecTse
HOBbIX TEPaNEeBTUYECKNX METOAO0B, MPEACTABNAOLLMX 3HAUUTENBHBIN MHTEpEC. B aToi cTaThe 06CyXaatoTcs COBPEMEHHbIE
MeTOAbl AMarHOCTUKW U NTeYEHNs OCTeOapTPUTa KONTEHHOTO CyCTaBa, a Takke 06Cy)xaaloTCs NoTeHUmManbHble GroMapkepb!
ANs paHHen 4UarHOCTUKA M MOHUTOPWHIA KNMHUYECKOTO COCTOSIHMS.

KnioyeBble cnoBa: 0CTE0ApPTPUT KONEHHOTO CyCTaBa; pereHepaLus CyCTaBHOTO XpsLla; TKaHeBas MHXEHepUs:; Tepanus
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List of abbreviation

OA - osteoarthritis

KOA - knee osteoarthritis

MRI — magnetic resonance imaging

WOMAC - Western Ontario and McMaster Universities
Osteoarthritis Index

KOOS - knee injury and osteoarthritis outcome score
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HA - hyaluronic acid

NSAIDs - non-steroidal anti-inflammatory drugs
UKA - Uni-compartmental knee arthroplasty
TKA - total knee arthroplasty

MSCs — mesenchymal stromal cells

PRP - platelet-rich plasma

HIGHLIGHTS KNIOYEBbIE MOJIOXEHUA

Osteoarthritis is the most common joint disease.
Lack of blood supply, limited nutrition, and constant mechanical pres-

sure applied to the joints lead osteoarthritis to be a progressive disease.

Epidemiological studies show that knee joint is exposed to the risk of
osteoarthritis more than the other joints.

Disruption of the physiological balance between anabolic and catabolic
activity of the chondrocytes can be identified as the etiology of knee
osteoarthritis.

The entire joint structure such as subchondral bones, meniscus, liga-
ments and etc. could be affected by knee osteoarthritis.

Local and systemic evaluation of the biomarkers can be useful in the
early diagnosis of the knee osteoarthritis.

Regenerative and immunomodulatory characteristics of mesenchymal
stromal cells have made them a preferred cell source in cartilage tissue
engineering.

Cell-based scaffold-free therapies not only accelerates the cartilage
repairs but also reduces the need for surgery and the complications of
scaffold implantation.

Osteoarthritis (OA) is the most common joint disease
that can lead to disability and pain in patients and affect
their quality of life [1]. The most important feature of
OA is the articular cartilage degeneration [2].

Due to the lack of blood supply, limited nutrition,
and constant mechanical pressure applied to the tissue
which disrupts the balance between the anabolic and
catabolic pathways, the ability of spontaneous carti-
lage repair is reduced [3]. This disorder is reported in
different joints such as knee, hip, spine, etc. which bear
weight. According to epidemiological studies, knee os-
teoarthritis (KOA) is the most common type of OA [4,
5]. Primary, with the emergence of KOA, femoral and
tibial cartilage gradually degrade and subsequently lead
to patellar cartilage involvement and injury [6]. The inci-
dence and prevalence of this disease cannot be attributed
to a specific etiology or mechanism. Therefore, compli-
cated interactions between metabolic, genetic, mechani-
cal and biochemical factors have always been suggested
as a leading factor in the initiation and progression of this
disease [7, 8]. In addition, local factors such as trauma,
obesity, and hypermobility of the joint can contribute to
the progression of KOA [9]. Although the etiology of the
disease has not been clearly established, clinical studies

OCTeoaprVIT — Hanbonee YacToe 3abonesaHne CyCTaBOB.

K nporpeccupoBaHmio 0cTeoapTpuTa MpUBOAAT TPOGMYECKIE HApYLLIE-
HIUi M MEXaHWNYECKOE BO3[IENCTBYE Ha CyCTaB.

[o AaHHLIM 3NMAEMUONOrNYECKUX UCCTIeA0BaHNI, Hanbonee YacTo
pUCKY Pa3BUTUsI OCTEOAPTPUTA MOLBEPKEH KONEHHBIN CYCTaB.

B kauecTBe Npu4nHbI OCTE0APTPUTA KOMEHHOTO CyCTaBa paccMaTpuBa-
€Tcs HapyLUeHue uauonordeckoro GanaHca Mexay aHabonuyeckon
1 KaTaBoNMYECKO aKTUBHOCTBIO XOHAPOLMTOB.

Mpu 0CTE0APTPUTE KONEHHOTO CyCTaBa MOPaXaTCs BCE CTPYKTYPbI
CyCTaBa, TaKie Kak CyOXoHApanbHas KOCTb, MEHIUCK, CBSA3KM U ApyTye.

[nsi paHHel AMarHoCTUKM 0CTE0APTPUTA KOSIEHHOTO CycTaBa MOXET
Mcronb30BaTbCs OnpegerneHne GoMapkepoB B KPOBM U CYHOBUAMBHOM
KMAKOCTM.

PeFeHepaTMBHbIe 1 “MMyHOMoAynupyLline 0COBEHHOCTU ME3EHXU-
ManbHbIX CTPOMasbHbIX KNETOK caenanu ux npeanovTnTenbHbIM UCTOY-
HWKOM KIETOK B TKAHEBOW VHXeHepun xpﬂmeaoﬂ TKaHW.

KneTouHas Tepanus 6e3 1cnonb3oBaHus KapKaCOB He TONbKO yCKkopaeT
BOCCTaHOBIIEHNE XpALLa, HO TaKKe CHXaeT I'IOTpe6HOCTb B Xupyp-
TM4ECKOM BMELLATENbCTBE W CHKAET KOSMYECTBO OCIIOKHEHWN NpK
MMNNaHTaunn Kapkaca.

have shown that obese and elderly people and women
are more exposed to KOA[10, 11].

Pain, stiffness, swelling, effusion, crepitus, joint
weakness, limitation in movement, sensitivity to cold,
and decreased function have known as clinical symptoms
of KOA that all or some of them are reported by patients.
Pain as one of the main symptoms of KOA has been seen
in most patients and due to the reciprocity of changes in
cartilage, bones remodeling, osteophytes formation, and
inflammation caused by cartilage destruction [12]. To as-
sess clinical symptoms, the use of diagnostic equipment
for diagnosis and monitoring the progression of KOA is
common. One of the main diagnostic methods is radiog-
raphy. In addition to radiography, other imaging-based
systems such as magnetic resonance imaging (MRI),
computed tomography scan, arthroscopy and nuclear
medicine-based techniques have been used to detect
KOA related changes [13]. Despite different diagnostic
methods, it is difficult to diagnose OA in the early stages.
In this regard, the evaluation of specific biomarkers in
physiological fluids has been proposed as a diagnostic
method for early diagnosis.

Despite of the various therapeutic approaches,
finding a definitive cure for KOA remains a concern
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for researchers and physicians. Most of the current
therapeutic methods that have been used to prevent
further damage, can only reduce the pain. In gene-
ral, conventional treatments for KOA are classified
into two major categories: surgical and non-surgical
therapies [14]. Non-surgical treatments — including
pharmacological and non-pharmacological approach-
es, have been recommended by American College
of Rheumatology (ACR) as the first line treatments
for KOA [15]. If the first line treatments were not ef-
fective, particularly in patients with higher grade of
KOA, surgical treatments will be recommended for
the patients [16]. Although these therapies are still
widely used for the treatment of KOA, in recent years
biological treatments such as cell therapy and tissue
engineering have received great attention [17, 18].
The purpose of this review article is to evaluate the
epidemiology and etiology of KOA and to explain cur-
rent therapeutic and diagnostic methods.

EPIDEMIOLOGY

KOA is one of the prevalent types of OA worldwide,
especially in developed countries. According to an epi-
demiological study in Norway, KOA with 7.1% preva-
lence was the most common type of arthritis compared to
hip and hand arthritis with 5.5% and 4.3%, respectively
[19]. Furthermore, in a systemic analysis that evaluated
evaluated global burden of 289 diseases between 1990 to
2010, KOA was considered for 83% of OA burden [20].
In addition, the evaluation of patients with KOA in terms
of age, gender and place of residence, provides meaning-
ful information on the choice of appropriate treatment
methods and also prevention of disease.

The results of these studies have shown that among
the young, the rate of KOA is significantly low and main-
ly caused by trauma. While, among 50-year-old people
or elder, KOA has been known as the main cause of
knee pain [21, 22]. KOA among individuals elder than
50 years old has doubled since the mid-20" century [23].
Moreover, females are exposed more than males, gen-
erally. According to a study in US, 6.1 million people
suffered from KOA who were 45 to 64 years old. The
total number of 3.6 million women and 2.5 million men
were registered in this study. Also, in the evaluation of
people older than 65 years, the number of patients with
KOA was 6 million, in which 3.8 million were women
and 2.2 million were men, respectively [24].

ETIOLOGY

KOA is known as the series of progressive articular
disorders that the exact cause of its occurrence is un-
known. However, any factor which can disrupt the phys-
iological balance between anabolic and catabolic activity
of the chondrocytes can be identified as the etiology of
KOA. KOA has been attributed to the involvement of
several etiological factors, these factors are mainly clas-
sified into systemic and local factors [8, 25].

Metabolic or endocrine diseases can also increase the
risk of KOA. Some of these diseases which can promote
KOA are as follows: rickets, acromegaly, hyperparathy-
roidism, diabetes and gout. Moreover, any other disease
that leads to bone marrow edema, inflammation of syno-
vial tissue and disorders such as chondrocalcinosis can
increase the risk of KOA, dramatically [26, 27].

Furthermore, some exogenous risk factors such as
obesity, trauma and sedentary lifestyle can activate dif-
ferent pathological pathways in KOA. For instance, in
traumatic patients, increasing serum level of cytokines
and chemokines as well as activation of the NF-kB path-
way have been observed [28, 29].

PATHOPHYSIOLOGY

The emergence of KOA is the result of an imbal-
ance in anabolic and catabolic pathways in chondrocytes
[30]. Disruption of this balance causes some irreversible
changes in the knee joint. The first events which happen
in KOA are the dysfunction of the chondrocytes and ma-
trix degradation [31]. However, this is not the only patho-
logical change caused by KOA. The entire joint structure
such as subchondral bones, meniscus, ligaments, synovi-
al membrane, joint capsule and periarticular muscles can
be affected as well [32]. Significant structural changes in
KOA have been illustrated schematically in Figure.

One of the most important symptoms of KOA is the
presence of osteophytes. After the degradation of articu-
lar cartilage as an initial sign of KOA, bone remodeling
occurs in response to this destruction. Therefore, abnor-
mal bone remodeling process in the subchondral bones
leads to osteophytes formation [33]. Subchondral bone
sclerosis and subchondral bone cysts are other symp-
toms of KOA which can be seen in the latest stages of
the disease. By the progression of the disease, some an-
giogenic factors are generated because of progression
in the bone remodeling process. Increased blood flow
to the subchondral bones can lead to bone sclerosis and
cyst formation in these areas [34]. Furthermore, inflam-
mation of the synovial membrane, synovitis, is another
pathological symptom of KOA. Synovitis can lead to se-
vere knee swelling which is accompanied by pain [35].

DIAGNOSIS

The diagnosis is mainly made by physical examina-
tion, imaging and laboratory tests. While, under certain
circumstances, nuclear medicine-based techniques such
as scintigraphy may also be recommended for better di-
agnosis.

Physical examination

In the first stage, it is important to obtain a history of
the disease and its related events, as well as to ask about
the history of other diseases in the patients. Then, evalu-
ation of the symptoms which mentioned above by physi-
cians and sometimes by the use of some questionnaires
such as Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC), Visual Analogue Scale
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B. Osteoarthritic knee joint

Inflammation of the synovial
membrane

Subchondral bone sclerosis
Fibrillated cartilage
Meniscal tear
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Subchondral bone cyst

FIG. Structural comparison of osteoarthritic knee with healthy knee. A: healthy knee joint with soft bone surface, normal meniscus
and articular cartilage. B: in osteoarthritic knee, osteophytes, bone cysts and sclerosis occurred in subchondral bones. Fibrillated
cartilage, meniscal tear, and inflammation of synovial membrane are other abnormalities could be seen in osteoarthritic knee joint.
PUC. Cpasuenne cTpyKTypbl 310pOBOT0 KOJIEHHOIO CyCTaBa i PH OCTE0apTPHTE. A: 310POBBIil KOJICHHBIH CYCTaB C MSITKOM KOCT-
HOU IIOBEPXHOCTHIO, HOPMaJIbHBIM MEHHCKOM U CYCTaBHBIM XPAILOM. B: Ipu ocTeoapTpute KOJIEHHOIO CYCTaBa B CyOXOHIPAIbHOM
KOCTH (hopMUpPYIOTCS OCTEO(UTHI, KOCTHBIE KUCTBL U CKIIEPO3. J[pyrie U3MeHEHUsl, KOTOPble MOXKHO YBUJIETh IIPU OCTE0APTPUTE
KOJIEHHOTO cycTaBa: (pUOPHIUINPOBAHHBIN XPAIIL, pa3pblB MEHUCKA U BOCIIAJICHUE CUHOBHAIBHON 000I0UKH.

(VAS) and Knee Injury and Osteoarthritis Outcome
Score (KOOS) leads to diagnosis of KOA [36-38]. In
addition to examining these symptoms, a full physical
examination should be performed by the orthopedic phy-
sician.

Although physical examination is necessary for the
diagnosis of KOA, it is not sufficient to evaluate and de-
termine the progression of the disease. Other diagnosis
methods are usually used in cooperation with physical
examination to more accurately diagnose and determine
the grade of disease that is required to choose an effec-
tive treatment.

Imaging-based diagnosis

Imaging-based methods have been known as one of
the common methods which are used to accurately diag-
nose KOA by evaluating the morphological changes that
have occurred. Depending on the patient’s condition, one
or more of these methods are required by the orthopedic
physician.

Radiography is the most appropriate diagnostic
method among various imaging techniques. KOA is
diagnosed with morphological changes such as osteo-
phytosis, appearance of cysts, joint space loss or nar-
rowing, subchondral sclerosis and abnormalities in the
bone such as rounded femoral condyle. Then, by ob-
serving one or more of these features in the radiography
analysis, the progression degree of KOA is diagnosed.

The Kellgren-Lawrence classification is the most im-
portant classification to determine the progression ex-
tent of KOA divided into five grades which have been
determined as follows: grade 0: absolute absence of ra-
diographic features; grade 1: beginning of osteophyte
formation and doubtful joint space narrowing; grade 2:
definite osteophytosis and possibility to observe joint
space narrowing; grade 3: multifarious osteophytes,
sclerosis, joint space narrowing and probability of bone
deformation; grade 4: giant osteophyte, intensive scle-
rosis and joint space narrowing, bone deformation, no-
tably in the head of femur [39]. Although radiography
provides an objective measurement of KOA, it does not
give a complete view of the soft tissue. For instance,
degenerative changes of ligaments, meniscus and carti-
lage, whose early diagnosis can lead to the prevention
of KOA, cannot be detected by radiography.

MRI has received much attention in the diagnosis of
KOA, especially early KOA, damage to soft tissue struc-
tures such as ligaments injuries, meniscuses rupture, sy-
novitis changes, bone marrow lesions and effusions can
be diagnosed by MRI. Furthermore, the importance of
MRI is in the ability to diagnose early KOA [13].

More imaging-based methods include computed to-
mography scan, sonography, arthroscopy and scintigra-
phy, which are less commonly used for the diagnosis of
KOA.
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Laboratory tests

Laboratory tests can be used as another method for
diagnosis of KOA. The use of this diagnostic method is
not as common as the methods which are suggested in
the previous sections, but it may be useful for a more
accurate diagnosis depending on the patient’s condition.
Laboratory tests on blood, urine and synovial fluid are
usually performed to assess the presence or absence of
inflammatory diseases that may lead to symptoms such
as the symptoms of KOA. In suspected cases of inflam-
matory diseases such as gout and rheumatoid arthritis,
the use of laboratory tests can help diagnose KOA and
exclude the inflammatory diseases or confirm the pres-
ence of them [40].

Measurement of biomarkers

One of the novel diagnostic methods for KOA as an
inflammatory disease, is the measurement of specific
biochemical markers in blood, plasma, urine, and sy-
novial fluid samples. Evaluation of these biomarkers
provides useful clinical information. In 2006, Bauer
and colleagues proposed the BIPED classification for
KOA biomarkers. This classification is based on the
effectiveness of biomarkers in the Burden of disease,
investigative, prognostic, Efficacy of intervention, and
Diagnostic [41]. Ten years later, Kraus et al. evaluated
18 biomarkers as predictors of KOA. They measured
these markers in 194 patients with KOA over 12 and 24
months. The results of this study showed the compat-
ibility of the level of these markers with radiographic
images of patients and the severity of the disease during
this period [42].

Assessment of KOA biomarkers in the blood were
considered more than synovial fluid and urine due to
availability. In this regard, cartilage oligomeric matrix
protein and hyaluronic acid (HA) in blood are among
biomarkers that are very common for diagnosing KOA.
Cartilage oligomeric matrix protein is a component of
cartilage tissue and synovial fluid. Since this protein is
present only in this organ, its measurement in the blood
can indicate the destruction or repair of the cartilage
tissue [43]. HA as another marker, is one of the heavy
molecules of glucosamine, which is a component of con-
nective tissue.

Studies have shown that the presence of HA in the
blood is associated with synovial fluid volume [44].
Furthermore, other biomarkers exist in this field and ex-
amining several biomarkers can lead to a more accurate
diagnosis of KOA. For instance, matrix metalloprotein-
ase (MMP)-1, MMP-3 and MMP-13 can be considered as
diagnostic markers that their levels in blood are directly
related to reduction of cartilage volume [45]. C-terminal
crosslinking telopeptide of type II (CTX-II) is another
momentous biomarker that it’s level in blood and urine
indicates the amount of destruction in the cartilage [46].
Moreover, examining the level of some cytokines such
as interleukin (IL)-1, IL-6, IL-10, IL-8, IL-11 and tumor
necrosis factor (TNF)-a can be useful in evaluation of the

progression of the disease or it’s improvement [47, 48].
Evaluation of these biomarkers is mainly done by the use
of Enzyme-Linked Immunosorbent Assay (ELISA) [49].

Local (in synovial fluid) and systemic (in blood) eval-
uation of the biomarkers which mentioned above, can be
useful in the early diagnosis of the disease. Evaluation of
these inflammatory markers besides the available disease
evidence such as joint space narrowing and the volume
of cartilage which are obtained by imaging-based meth-
ods, lead to early diagnosis of the KOA. Furthermore,
by the use of these data, the extent of progression or im-
provement of the disease under various treatments can
be achieved.

TREATMENT

Different techniques have been published for KOA
treatment that some of them are known as the standard
treatment, and others are still in the investigation [50].
Choosing treatment methods are depending on several
parameters, which are pain and knee function, KOA
stage, and patient-related factors such as age, level
of physical activity, and patient’s comorbidities [51].
Conventional treatments are divided into two main class-
es, surgical and non-surgical. While, in the last decade,
several innovative methods such as cell therapy related
to tissue engineering and regenerative medicine have
been considered.

Non-surgical treatments

Non-surgical treatments are the primary methods
used for the treatment of this degenerative disease [52].
Because of their ease, safety, and cost-effectiveness,
they are known as pain relief treatments. In this regard,
Osteoarthritis Research Society International (OARSI)
released an updated guideline in which they recommend-
ed arthritis education and exercise for patients with KOA
as a core treatment [53]. Moreover, ACR proposed non-
steroidal anti-inflammatory drugs (NSAID) and intra-ar-
ticular glucocorticoid injections as the first line treatment
for KOA in addition to recommendation for exercise and
weight loss [15]. Generally, non-surgical treatments are
divided into two groups, which are pharmacological and
non-pharmacological treatments.

Non-pharmacological treatments

Non-pharmacological treatments are the first line
therapeutic strategy for majority of the patients. As al-
ready mentioned, obesity is one of the main etiologies
for initiation and development of KOA; hence weight
management and proper physical exercise are known as
non-pharmacological approaches in OA [54]. Walking
canes and biomechanical interventions like braces are the
other primary non-pharmacological methods for KOA.
In this regard, studies showed that usage of knee braces
and foot orthoses could positively relieve pain and stiff-
ness of the knee [55]. Although walking canes are appro-
priate for KOA, they are not appropriate for multi-joint
OA because they may increase weight loading on other
affected joints [56].
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Pharmacological treatments

Pharmacological treatments are the second group
of non-surgical treatments. Different medicinal com-
ponents have been investigated to relieve the pain and
reduce the KOA complications. These drugs are mostly
used in the mild to moderate stages [57]. NSAIDs are
the common drugs which are used as first-line KOA
treatment. Studies showed that NSAIDs can control the
pain better and have lower risks, compare to other drugs.
However, it has led to the appearance of the cardiovascu-
lar disorders among patients who used selective NSAIDs.
Hypertension, congestive heart failure, and renal toxicity
are known side effects of NSAIDs. Intra-articular steroid
administration is the other pharmacological treatment for
KOA. In 1960, Wright et al. showed an effective pain
relief after steroid injection. However, there were some
reports of cartilage damage and infectious arthritis, that
causing limitation of this drug [58].

HA injection, is widely used as a pain relief therapy
to improve joint function [59]. HA as an important com-
ponent of articular cartilage has different functions in the
knee, which includes synovial joints lubrication, shock
absorption, and structure stabilization and also has di-
rect effects on the function of synovial cells. However,
some allergic side effects have been seen in HA injec-
tion related to the origin of this product (animal derived
glycosaminoglycan, such as cockscomb tissue). Pain and
swelling after injection could be related to the high mo-
lecular weight and different pharmaceutical formulations
of HA [60]. The other major challenge of treatment with
HA is the multiple injection requirement in order to get
to the desired efficiency. Multiple injections itself could
have more cost, pain, and possibility of infection [61].

Glucosamine is known as one of the popular phar-
macological treatments in KOA [62]. Remarkable pain
relief in the patients in mild to moderate stages with
lower side effects is the advantage of this therapy. It is
commonly used as an alternative treatment, especially
for mild to moderate KOA. However, it cannot be deter-
mined as a treatment since there was not any difference
between glucosamine and placebo in recent studies [63].

Surgical treatments

If non-surgical techniques fail to improve the condi-
tion, surgical techniques could be prescribed. Standard
surgical treatments for KOA include arthroscopy, oste-
otomy, knee arthroplasty [64]. Although mosaicplasty,
a technique for cartilage repair using osteochondral au-
tograft transplantation, is known as another surgical op-
tion [65]. The choice of appropriate procedure depends
on several factors, including the stage of KOA, age of
the patients and comorbidities.

Arthroscopy includes two separate techniques, la-
vage and debridement of the knee [66]. Evidence shows
that there is not any significant difference between these
two techniques and placebo surgery for patients with
KOA. Although arthroscopy as a minimally invasive and
low-cost surgery is preferable by patients, these patients
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could not benefit from arthroscopy due to its short-lived
effectiveness [5]. Although arthroscopic lavage and de-
bridement could be a useful treatment approach for the
patients with symptomatic meniscal damage with lock-
ing symptoms [67, 68].

In the advanced stage of KOA, Joint arthroplasty is
a well-accepted, safe and cost-effective method. This ap-
proach is mostly used for the patients who did not respond
to other treatments. Nevertheless, this technique is limited
in the durability of prosthetic components, which is about
15-20 years [69]. Uni-compartmental knee arthroplasty
(UKA) and total knee arthroplasty (TKA) are two differ-
ent types of arthroplasty. The grade of KOA and involved
compartment of the joints are two key factors to determine
suitable arthroplasty technique. UKA recommended more
than TKA because of shorter recovery period, better per-
formance, and better subjective feeling due to the natural
knee tissue which is used. However, UKA is usually pro-
posed only for the patients whose medial compartment is
involved with KOA, and TKA suggested for patients with
lateral compartmental KOA [70].

Osteotomy is another surgical technique mostly used
for the patients with uni-compartmental KOA in early
stages. In knee osteotomy, the tibia or femur is cut and
then reshaped to relieve the pressure on the damaged
knee joint. This technique was widely used for a long
time; however, due to its complications such as failure to
healing and stiffness of the knee after surgery, has been
replaced with arthroplasty [71]. Recent development of
new locking plates and the tendency to open-wedge os-
teotomy without bone graft led to a revival of osteotomy
for younger patients [72].

There are some techniques that can help cartilage
repair. One of these techniques is the autologous os-
teochondral transplantation (mosaicplasty). In this
technique, one or several cylindrical plugs which have
been taken from the peripheries of the femoral condyles
transfer to the defect sites. This procedure can be open
(for large defects) or arthroscopic (for small defects)
[65]. Minor integration, limited graft availability, and
technical difficulties are the disadvantages of this pro-
cedure [73].

Tissue engineering

Needs for a method to repair the cartilage with less
cost and high efficiency led to the entrance of tissue en-
gineering and regenerative medicine in KOA treatment.
The purpose of KOA treatment is to reduce or eliminate
pain, correct deformity, improve or restore joint func-
tion, and improve quality of life. Various regenerative
medicine approaches including mesenchymal stromal
cells (MSCs), platelet-rich plasma (PRP), and amniotic
fluid in combination with cartilage tissue engineering
methods could present novel techniques to repair the
Cartilage tissue [74].

Recently, cartilage tissue engineering developed
as a result of progress in biomaterial science. In tis-
sue engineering cells are seeded onto a scaffold which
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mimicking the extracellular matrix (ECM). Polymeric
scaffolds in different forms were the first group of scaf-
folds used for cell culture in tissue engineering [75].
Vacanti et al. in an animal study showed that synthetic
polymer of polyglycolic acid (PGA) could be a useful
scaffold in the cartilage tissue engineering [76]. In 2006
Wang et al. combined adult human chondrocytes (hCHs)
with aqueous-derived porous silk fibroin scaffolds for in-
vitro cartilage tissue engineering. They compared their
results with a previous study in which they used MSC.
Both studies showed that silk fibroin scaffold would be
a good choice in cartilage tissue engineering [77]. In
2017, they also proposed nanohydroxyapatite-chitosan-
gelatin micro-scaffolds (HaCGMs) as a new injectable
scaffold for cartilage repair in subchondral bone lesion
rabbit model. The results showed suitable swelling ra-
tios, bioactivity, porosity, stiffness and also showed high
cellular infiltration [78]. Choosing the appropriate cell
source is another important issue of tissue engineering
and regenerative medicine. The cell sources usually
used for cartilage tissue engineering are chondrocytes,
fibroblasts, and MSCs. Recently, MSCs absorb the re-
searcher’s attention in order to use them as a suitable cell
source in the cartilage tissue engineering [79].

Mesenchymal stromal cells

The use of chondrocytes in applications of cartilage
tissue engineering has some limitations, in donor-site
morbidity, cell de-differentiation, and the limited lifespan
[80]. It has been shown that MSCs do not produce these
concerns. Due to regenerative and immunomodulatory
characteristics of MSCs, they have become an alterna-
tive cell source in cartilage tissue engineering in the last
decade [81]. Friedenstein et al. and Chamberlain et al.
were the first researchers that used MSCs to treat OA [82,
83]. Pittenger et al. demonstrated that the MSCs could be
cultured and amplified without loss of multipotent differ-
entiation potential [84]. MSCs could be found in several
tissues such as bone marrow, periosteum, trabecular bone,
fat pad tissue, synovial membrane, skeletal muscle, and
deciduous teeth. Moreover, they could differentiate into
the variety of cell lineages such as osteoblasts, adipocytes,
chondrocytes, and myocytes [79].

Another requirement for cartilage regeneration in
order to achieving high therapeutic effect is implanta-
tion methods. In this way, tissue engineering helps to
develop scaffolds as a carrier and nutrient supply for the
stem cells in the microenvironment [85]. The common
biomaterials that have been used for MSCs implants are
Collagen, HA, electrospun fibers and recently novel tis-
sue engineering approaches such as Agili-C, Hyalograft
C, and Chondrotissue [86]. In the first line, safety and
efficacy of any procedure have been analyzed in vitro. In
this regard, the osteogenic differentiation of BM-MSCs
associated with an aragonite-based scaffold (Agili-C™,
CartiHeal Ltd.) was evaluated. The results of their study
showed that this method could be effective in regenera-
tion of osteochondral defects [87]. In the next step and

in an animal model investigation, Kayakabe et al. used
HA gel sponge as a carrier to transplant the autologous
bone marrow stem cells to the rabbit joint model. The
result demonstrated that it can effectively repair dam-
aged articular cartilage. After 12 weeks, cartilage repair
was observed, which means that the HA gel sponge can
positively affect cartilage regeneration [88]. Moreover,
the efficacy of AD-MSCs and carboxymethyl chitosan
on OA in rabbit model was investigated in 2020. Total
number of thirty New Zealand rabbits in five different
groups underwent intra-articular injection after making
defects in their joints. The results of this study demon-
strated that injection of AD-MSCs and carboxymethyl
chitosan leads to cartilage repair [89]. In the other pre-
clinical study, Guo et al. have utilized autologous MSCs
bio-ceramic B-triphosphate scaffold to treat OA in sheep
model [90]. The other animal study, which was done in
2017, introduced 3D-printed poly(e-caprolactone) scaf-
fold in combination with MSCs as a functional prod-
uct for articular cartilage regeneration in rabbit model
[91]. Investigation about cartilage tissue engineering and
MSC:s therapy has been continued with clinical trials. In
this regard, the efficacy of filtered bone marrow aspirate
containing MSCs in combination with biomimetic col-
lagen-hydroxyapatite scaffold in KOA was investigated
on 15 patients. This research showed significant im-
provement in the status of the patients [92]. PRP is one
of the cartilage growth factors which is rich in TGF-f,
Koh et al. reported that the injection of MSCs in combi-
nation with PRP into the joint cavity showed significant
improvement in the treatment of OA [93]. Besides the
usage of carriers, MSCs has been injected locally which
has many advantages not only enhance joint repair, but
also reduce OA-induced degeneration which is the sim-
plest method for treating OA [94].

Although scaffolds, especially biological ones, have
a good impact on cartilage repair, injection of cells with-
out scaffold is currently used in most clinical trials. This
technique not only accelerates the cartilage repairs but
also reduces the need for surgery and pain of scaffold
implantation [95]. Impressive in vitro and in vivo results
in cartilage repair using MSCs have led to the develop-
ment of various clinical trial studies using MSC for the
treatment of KOA. Akgun et al. were one of those who
conducted a single center, randomized, and controlled
trial. They demonstrated that MSCs can effectively ac-
celerate the repair of cartilage defects [96]. Numerous
clinical trials [97-105] have been performed in this field
that some of them mentioned in Table.

Clinical trials using MSCs injection for the treatment
of KOA have demonstrated this treatment as a succes-
sive approach. However, it has some issues that should
be considered. Autologous or allogeneic cell source is
still a challenge that several studies have been working
on. Besides the cell source, cell contamination is the
other criterion that should be paid attention to in each
study [106].
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Table. Clinical studies of knee osteoarthritis treatment with intra-articular injection of mesenchymal stem cells
Ta6nuua. KnuHunyeckue nccnegoBaHnUA NPpUMeHeHUA BHYTPUCYCTaBHbIX I/IH'beKLIMl7| Me3eHXMMalnbHbIX CTBOJIOBbIX KNETOK
B NeYEHNN OCTE0apTPUTa KOJIEHHOrO CyCcTaBa

Type of study / Methods / MMeasurement/ Result / Author [ref] /
Tun uccnegoBaHus JleyeHue ETOAL! OLIEHKN PesynbTar Aetop
adekTuBHOCTH [ueTounuk]
Non-blinded RCT/  Autologous BM-MSCs (1.46 + 0.29) x  IKDC, Lysholm Improvement for all scores. MR after 1y Wong K.L.
OrtkpeiToe PKU 107in conjunction with microfracture  and Tegner scores,  showed significantly better MOCART scores etal. [97]
and medial opening-wedge high tibial MRI / LLkans! IKDC, for the cell-recipient group /
osteotomy / Aytonornynbie MCK KM Jiucxonbma YnyyLleHve nokasaTeneii no BCeM Lukanam.
(1.46 £ 0.29) x 107 B coyeTaHUM u TerHepa, MPT B rpynne MCK KM nonyyeHb! 3Ha41mo nyy-
C BbICOKOM TMOMasbHON 0CTEOTOMMEN wwe pesynbtathl MPT Yepes rog no Lkane
MOCART
Triple-blind placebo- Autologous BM-MSCs 40x108 / WOMAC, VAS / The BM-MSCs treated group had significant ~ Emadedin M.
controlled RCT / AytonornyHsie MCK KM 40x108 WOMAC, BALL clinical improvement as compared to the pla- etal. [98]

TpoiHoe cnenoe
nnawe6o-koHTponu-
pyemoe PKA

Double-blind RCT/
[lBonHOe cnenoe
PKW/

Phase I/l study /
/ccnenosaHue
I/l hasbl

Double-blind place-
bo-controlled RCT,
phase Il study /
[lBoHOe cnienoe
nnave6o-KoHTpo-
nupyemoe PKW,
thazal ll

Phase I/l study /

WcenenosaHne
I/l hasbl

Phase I/ll study /
/ccnenosanue
I/l hasbl

Double-blind RCT,
phase I/l /
[lBoHoe crienoe
PKW, dhasa Il

Three groups: allogeneic MSCs
50x108 (group A) and 150x108 (group
B) and a sodium hyaluronate (con-
trol group) following partial medial
meniscectomy / AnnoreHHble MCK
50x108 (rpynna A) n 150%108 (rpynna
B) nocne YacTnyHo MeamansHom

MEHUCKIKTOMUU

Autologous MSCs
40.9 x 105+ 0.4x108/
AytonoruyHsie MCK

40,9108+ 0,4x108

Allogeneic MSCs in four different
doses: 25, 50, 75, and 150x10°/
AnnoreHHble MCK B yeTbipex
pasnnyHbIX gosax: 25%, 50x, 75x

1 150x10°

Autologous MSCs 30.5x108/
AytonornyHble MCK 30,5% 108

Stimulated autologous BM-MSCs /
CTMynupoBaHHbIe ayTonornyHbIe

MCK KM

Three groups: hyaluronic acid at
baseline and after 6 mo, single-dose
(20x109) at baseline, and repeated
UC-MSCs doses at baseline and 6 mo
(20%10%) / Tpm rpynnbl: rnanypoHoBast
KucnoTa uexogHo v vepes 6 mec. MCK
13 nynoBuHbI (20x108) ogHokpaTHO
1 ABYKPATHO: UCXOZHO M Yepes 6 Mec.

MRI, self-explan-
atory question-
naires / MPT,
OMPOCHMKN

Walking time, VAS
and MRI / Bpemsi
xoabobl, MPT,
BALL, peHTreH

VAS, ICOAP and
WOMAC / BALL,
ICOAP n WOMAC

MRI and KOOS /
MPT n KOOS

VAS, WOMAC /
BALL, WOMAC

WOMAC, MRI /
WOMAC, MPT

cebo group in all clinical endpoints /
Mo BCEM KIMHUYECKUM KOHEYHBIM TOYKaM
6onee 3HaunMbIn adhdekT B rpynne MCK KM
1o CpaBHEHMIO C rpynmnoit nnave6o

Increased meniscal volume determined by
quantitative MRI in 24% of patients in group A
and 6% in group one-year post meniscectomy.
Patients in groups A and B experienced a sig-
nificant reduction in pain compared to control
group / YBennyeHne obbema MeHucka CrycTs

rog no aaHHeiM MPT y 24% nauneHToB B
rpynne Auy 6% B rpynne B. B rpynnax Au B
OTMEYEHO 3HaYNUTENbHOE YMeHbLUeHVe Bonu

MO CPABHEHWIO C FPYNMOil KOHTPONS

Decrease in the intensity of pain since day 8
after the infusion, that was maintained after
12 mo. T2 mapping showed signs of cartilage
regeneration in all patients at 12 mo post-
treatment / CHixeHWe NHTEHCMBHOCTY Gomm
¢ 8 oHa, coxpaHeHue adhdekTa yepes 12 mec.
lMpn3Haky pereHepaumm xpsiLa y Bcex nauu-
€HTOB No T2-kapTMpOBaHWIO Yepe3 12 mec.
A 25x108 cell dose may be the most effec-
tive among the doses; WOMAC, ICOAP, and
VAS scores decreased by the time of the final
follow-up period / [lo3a 25%10° okasanack ca-
Mot adhdhekTUBHOM. [NokasaTenu no Lkanam
WOMAC, ICOAP un BALL cHuaunnch
K nepuoay 3aBepLueHus HabnogeHus

Significant improvement in the KOOS and
knee cartilage thickness / 3HaunTensHoe
ynyywwenne KOOS v ToNWpHbI CyCTaBHOMO
XpSLLA KOrEHHOTo cycTaBa

Significantly reductions in pain and increased
quality of life after 6 mo / 3HaunTensHoe
YMeHbLUeHre 6omnu 1 ynyyLleHne kayecTea
XU3HW Yepes 6 Mec.

UC-MSCs treatment is safe and superior to
active comparator at 1-year follow-up / Neve-
Hne MCK 13 nynoBuHbl 6e3onacHo v npesoc-

XOAWT Npenapat cpaBHEHWs Npu HabnogeHum
B TeyeHne 1 roga
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MpodomkeHue mabnuysbi 2
Type of study / Methods / Measurement / Result/ Author [ref] /
MeTtoabl oueHku AsTop
Tun uccnepoBaxms Neyenne PesynbTar
achpekTMBHOCTU [McTOYHMK]
Single-blind place- Three groups: AD-MSCs (10x108), WOMAC, MRI,  Combination of AD-MSCs and LIPUS could be Nasb M. et al.
bo-controlled RCT/  AD-MSCs (10x10¢) and LIPUS, nor- VAS / more effective in pain relief / CouetaHne MCK [105]
MpocToe cnenoe mal saline injection and LIPUS / Tpu ~ WOMAC, MPT, KT u LIPUS Gonee achchekTMBHO B yMeHbLLE-
nnauebo-koHTponu-  rpynnbl; MCK KT (10x109), MCK XXT BALL Hum 6onn
pyemoe PKA (10x108) n LIPUS, nHbekums nsoto-
HW4eckoro pacteopa v LIPUS
Non-blinded RCT/  Three groups: autologous AD-MSCs ~ KOOS, WOMAC,  AD-MSCs (single and double dose) therapy  Freitag J. et al.
OrtkpeiToe PKU (100x109) single and double dose (at MRI/KOOS, appears to be a safe and effective / Tepanus [18]
baseline and 6 mo), control group / WOMAC, MPT ~ MCK KT (ogHokpaTHOE 1 BYKpaTHOE BBEAE-

Tpu rpynnbi: MCK KT (100%109)
OLHOKPaTHO M ABYKPATHO (MICXOAHO M
yepe3 6 Mec.), KOHTpOMbHas rpynna

Hue) 6e3onacHa u achhekTnBHa

Note: AD-MSCs, BM-MSCs, UC-MSCs - adipose, bone marrow, umbilical cord derived mesenchymal stem cells; RCT — randomized controlled trial;
MRI — magnetic resonance imaging; ICOAP - intermittent and constant osteoarthritis pain; IKDC - International Knee Documentation Committee;
KOOS - knee injury and osteoarthritis outcome score; LIPUS — low-intensity pulsed ultrasound; MOCART — magnetic resonance observation of cartilage
repair tissue; VAS - visual analogue scale; WOMAC — Western Ontario and McMaster Universities Osteoarthritis Index

Mpumeyanmne: MCK KT, MCK KM — me3eHxumanbHble CTBOMOBbIE KIETKM KUPOBON TKaHW, KOCTHOMO Mo3ra; PKW — paHaomMuanpoBaHHOE KOHTpOnupye-
Moe uccnepoBaHue; MPT — marHUTHO-pe3oHaHcHas Tomorpadmst; BALL — Bu3yanbHo-aHanorosas wkana; ICOAP — nepemexarowascs 1 nocTosiHHas
Bonb npu octeoaptpute; IKDC — MexayHapoaHbIit KOMUTET MO [OKyMeHTaLum obcnefoBanmus koneHHoro cyctasa; KOOS - oueHka ncxoaa TpasMbl
1 0CTE0aPTpO3a KOJSIeHHOro cycTaea; LIPUS — uMnynbCHbIA ynbTpassyk HU3kon nHTeHcuBHOCTM; MOCART — MarHUTHO-pe30HaHCHast OLeHKa BOCCTa-
HoBneHus xpswiesoit Tkahu; WOMAC — nHaekc BbipaxeHHOCTW ocTeoapTpuTa YHueepcuteTo 3anagHoro OHtapuo u MakMacTepa.

CONCLUSION

KOA is counted as a second disease among individu-
als. Hence investigations to find appropriate methods
for diagnosis and treatment are always in the interest of
researchers. By the advance of biomaterial and tissue
engineering, a new sight has been opened in this area.
Biomarkers and MSCs are the most effective factors in
the development of new methods for KOA diagnosis and
treatment.

Diagnosis of KOA in the early stages can lead to
more effective and less costly treatment for the dis-
ease. Despite the existence of many common diag-
nostic methods, the diagnosis of KOA in the early
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Study of the physical and biological properties of
nanocomposite materials obtained with laser radiation

Uliana E. Kurilova™, Alexander Yu. Gerasimenko
National Research University of Electronic Technology
1, Shokin Square, Zelenograd, Moscow, 124498, Russia

Abstract

The new method of the formation of nanocomposite materials based on carbon nanotubes for the regeneration of connective
tissues has been developed.

Aim. Study of the structure, mechanical characteristics and biocompatibility of the obtained materials.

Materials and methods. The experimental samples of nanocomposite materials were based on multi-walled and single-
walled carbon nanotubes, the matrix was bovine serum albumin. A layer of liquid dispersion of the components on a silicon
substrate or in a container was irradiated with laser radiation to form the solid nanocomposite material. The microstructure
of the obtained samples was analyzed with X-ray microtomography, the tensile strength was investigated using a testing ma-
chine. Fibroblast cells were incubated with experimental samples for 3, 24, 48, and 72 h and then fixed with glutaraldehyde.
Cell growth during incubation with samples was studied using optical and atomic force microscopy.

Results. It was found that a slight decrease in tensile strength and increase in the degree of deformation were observed with
an increase in the concentration of carbon nanotubes. At the same time, the mechanical parameters of the samples correspond-
ed to the requirements for materials for the restoration of connective tissue defects. Microscopic studies indicate good adhesion
of cells to the nanocomposite material, no toxic effect of the samples on the cells was found. After 3 hours of incubation, the
cells had their original rounded shape, after 24 hours of incubation cells began to proliferate on the sample’s surface and were
spindle-shaped. After 48 and 72 hours, the cells practically formed a monolayer on the surface of the samples.

Conclusion. The results of the study show that the structural and mechanical parameters of the developed nanocompos-
ite materials meet the requirements of biomedicine. It was also shown that nanocomposite materials do not suppress cell
growth and can serve as a scaffold for the regeneration of damaged tissues.

Keywords: carbon nanotubes; serum albumin; scaffold; laser structuring; atomic force microscopy; tissue engineering;
fibroblasts; connective tissue defects
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UccnepoBaHme cpusnueckmx m 6monornueckKkmx
CBOMCTB HAHOKOMMO3UTHbIX MaTepuanoB, NOJMTyYeHHbIX
C MCNOJIb30OBaHUEM Na3epHOro U3ny4yeHus

V.E. Kypuiosa™, A.10. T'epacumenko
DIAOY BO «Hayuonansuwiti ucciedo8amensckuil yHugepcumem
“Mockosckuti uHcmumym 31€eKmpOHHOU MeXHUKU " »
ni. lokuna, 0. 1, 2. 3enenoepad, e. Mockea, 124498, Poccus

AHHOTauus

PaspaboTaH HOBbIN MeTOA POPMMPOBAHINS HAHOKOMMO3UTHBIX MaTEPUANoB Ha OCHOBE YrNEpOAHbIX HAHOTPYBOK An1s pere-
Hepauun COeanHNTENbHbIX TKaHEN OpraHn3ma.

Llenb. /ccnepoBarue CTPYKTYpbl, MEXaHUYECKUX XapaKTEPUCTUK 1 BUOCOBMECTUMOCTH NOSTyYEHHbIX MaTEpPUanoB.
Matepuanbi n metogbl. OCHOBOW SKCNEPUMEHTabHBIX 06pa3LI0B ABNANNCL MHOMOCTEHHbIE 1 OQHOCTEHHbIE YrNepOoaHbIe
HaHOTPYOKW, B Ka4ecTBe MaTpuLbl UCMONb30BanCcs Oblunii CbIBOPOTOYHBIA anbbymuH. Crnoit kugkon aucnepcui Komno-
HEHTOB Ha KPEMHWEBOWN MOAMOXKE MM B EMKOCTW 0bpabaTbiBancsa nasepHbiM U3nyyeHnem ¢ obpasoBaHnemM 06bEMHOrO
HaHOKOMMO3WTHOrO MaTepuana B TBepaoi ase. MuKpocTpykTypa nonyyeHHbIx 06pasyos bbina nccnegoBaHa METOAOM
PEHTIEHOBCKOM MUKPOTOMOrpagum, NPOYHOCTb Ha Pa3pblB UCCREA0BaNnach C MOMOLLbIO CMbITaTENbHOM MallmMHbI. KneTtku
hmbpobnacTbl MHKYOMPOBaMMCh C SKCIEPUMEHTarbHEIMM 0Opasuamu B TeueHne 3, 24, 48 n 72 yacos, a 3aTeM UKCUPO-
BanuCb rryTapoBbIM anbaernaoM. POCT KNeTok BO Bpems uHkyGauum ¢ obpasuamu Bbin M3yyeH ¢ NOMOLLbIO ONTUYECKON
1 aTOMHO-CMIOBON MUKPOCKOMMMK.

Pe3ynbTatbl. YCTaHOBMEHO, YTO C YBENUYEHNEM KOHLEHTPALMK YrNepoaHbIX HaHOTpYBok HabnopaeTcs HebonbLLoe CHU-
KEHWE NPOYHOCTM U yBENNYEHNE CTeneHn gedopmaruv. [Mpu aToM MexaHuyeckue napameTpbl 06pasLioB COOTBETCTBOBAM
TpeboBaHuaM, NPEABbABNSEMbIM K MaTepuanam 4ns BOCCTaHOBNEHUS AeEKTOB COEAMHUTENbHbIX TkaHelk. Mukpockonuye-
CKIe MCccrefoBaHns ykas3blBaloT HA BbICOKYO CTeneHb afaresun B NpoLecce B3auMOAENCTBIS KNETOK C HAHOKOMMO3UTHbBIM
MaTepuanom, TOKCUYECKOro AeicTeusl 06pa3LoB Ha KNeTkM He Bbino obHapyxeHo. Yepes 3 yaca uHKybauum KneTku MMenu
nepeoHavanbHyto okpyrnyto dopmy. KneTkn Ha obpasuax nocne 24 4acoB WHKyDaLuy Hayanm pacnpoCcTpaHATLCs No Mo-
BEpPXHOCTM 06pa3LoB 1 MMenun BepeTeHoobpasHyto dhopmy. Yepes 48 1 72 yaca KneTku NpakTUieckn 0bpa3oBbiBanit MOHO-
CrOW Ha NOBEPXHOCTW 06pas3LioB.

3aknroyeHue. PesynbTaThbl UCCNef0BaHUS MOKA3bIBAKOT, YTO CTPYKTYPHbIE 1 MEXaHUYECKIe MapamMeTpbl paspaboTaHHbIX Ha-
HOKOMMO3WTHbIX MaTepuasnoB yaOBMETBOPAT TpeboBaHMAM GrnoMeamnumHbI. Takke Bbino nokasaHo, YTO HAHOKOMMO3UTHbIE
MaTepuarbl He NOAABNAKT POCT KNETOK 1 MOTYT CIY)KWUTb B KAYECTBE Kapkaca Ans pereHepaLyn NoBpeXaeHHbIX TKaHEN.

KnioueBble cnoBa: yrnepoaHble HaHOTPYOKM; CbIBOPOTOUHBIN anbbyMuH; Kapkac; nasepHoe CTPYKTypUpOBaHUE; aTOMHO-
CcUroBasi MUKPOCKONMS; TkaHeBas MHXeHepust; hrnbpobnacTbl; AedeKTbl COeANMHNTENBHON TKaHU
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Today one of the most rapidly developing areas of
biomedicine is biophotonics. Laser radiation is widely
used for theranostics of a wide range of diseases. A large
number of biocompatible materials, in particular, scaf-
folds for tissue engineering, can be obtained with the
technology of laser polymerization [1]. To increase the
similarity of such materials to the natural extracellular
matrix and thereby improve the proliferation of cells in
their volume, various nanoparticles can be embedded in
them [2].

Among the requirements for such materials, the most
important are biocompatibility, biodegradability, the
presence of the pore system, good mechanical properties
and acceptable surface structure [3]. The most widely
used materials which meet these requirements are natu-
ral or synthetic polymers and their combinations [4-6].
However, low mechanical strength and insufficient bio-
compatibility limit their use [7].

Reinforcing components can be added to polymers in
order to make their mechanical characteristics better —
nanoparticles of metals, carbon (nanodiamonds, nano-
tubes, nanofibers, graphene and its derivatives) [8—10].
The addition of carbon nanotubes (CNT) to biocompat-
ible polymers, alongside increasing the strength, also
promotes the formation of surface unevennesses, which
improves the adhesion of cells to the material [11-13].
CNT are electrically conductive; thereby they can be lo-
cated in the volume of the material under the influence of
laser radiation in the required manner [14].

In this work, the characteristics of a nanocomposite
material produced by laser treating of water dispersions
of single-walled (SWCNT) and multi-walled (MWCNT)
carbon nanotubes with albumin were investigated. The
structure was analyzed with X-ray microtomography,
and the tensile strength was investigated using a testing
machine. Biocompatibility with fibroblasts was investi-
gated in vitro using microscopic methods. The resulting
nanocomposite materials can be used as scaffolds for the
regeneration of damaged tissues.

MATERIALS AND METHODS

The experimental samples were based on CNT
(Russia). The matrix material — bovine serum albumin
(Germany) — was chosen for its ability to bind tissues
well during laser welding using albumin as solder [15].

As the first operation, the aqueous dispersion of CNT
was created with a magnetic mixer ELMI MS-01 (ELMI,
Latvia). The concentration of CNT in the samples was

0.1 and 0.01 wt. %, the concentration of albumin was
25 wt. %. For obtaining more uniform dispersion, the
CNT were further processed by a submersible ultrasonic
homogenizer Sonicator Q700 (Qsonica, USA). At the
next stage, bovine serum albumin was dissolved in the
dispersion, after that dispersion was mixed completely
with a magnetic mixer and an ultrasonic bath Sapphire
(Sapphire, Russia). At the last stage, the dispersion was
sprayed over a silicon base or poured in a clean con-
tainer and irradiated with a laser until the solid film was
formed. It took a layer of dispersion several (5-10) sec-
onds to be completely dried. The dispersion in the con-
tainer was treated with a laser setup for several (7-8)
minutes until a rubbery state was achieved. Irradiation
was performed using a continuous-wave semiconductor
laser LSP (IPG Photonics Corporation, Russia) with a
wavelength of 810 nm. The radiation power was 5.5 W,
the beam profile was Gaussian and 10 mm in diameter.
After laser irradiation, the final sample had the form of a
scaffold of CNT inside the albumin matrix. The micro-
structure of the samples of nanocomposite material was
investigated by X-ray microtomography using Skyscan
1174 (Bruker, USA) X-ray tomography. The following
parameters were selected: voltage at the X-ray tube cath-
ode was 26 kV; current at the cathode of the X-ray tube
was 400 mA; rotation step was 0.15 (~ 4000 shadow pro-
jections); the spatial resolution was 12 microns.

To study the mechanical properties, the dumbbell-
shaped samples were prepared. The samples had dimen-
sions of 3.5%3.5%1.4 mm. The distance between the grips
was 2.5 mm, the loading rate was 1 mm/min, and the
maximum load was 50 N. The samples were tested on
Instron 3343 (Instron, USA) universal testing machine.

In vitro studies with the cell culture were performed
using fibroblasts. The cells were incubated with experi-
mental samples for 3, 24, 48, and 72 h and then fixed
with glutaraldehyde for microscopic studies. The chang-
es in cells spreading and morphology during incubation
of them with samples of nanocomposite material were
studied using optical and atomic force (AFM) micros-
copy. Optical microscope Biolam M-1 (LOMO, Russia)
was used for optical microscopy, and Bruker Dimension
Icon (Bruker, USA) was used for AFM.

RESULTS

3D visualization of the internal structure of nano-
composite material samples is shown in Fig. 1. The
results of the complex analysis of samples show that
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FIG. 1. 3D visualization of samples of nanocomposite material. a — sample with SWCNT (0.01 wt %), b — sample with SWCNT
(0.1 wt %), ¢ — sample with MWCNT (0.01 wt %), d — sample with MWCNT (0.1 wt %).

PUC. 1. 3D-Busyanu3anus 06pasioB HAHOKOMIIO3UTHOTO MaTepHaia. a — 00pasel] ¢ OJHOCTEHHBIMH YIIIEPOIHBIMH HAHOTPYO-
kamu (0,01 mac.%), b — obpaser] ¢ OJHOCTEHHBIMH yIIIepoAHbIMU HaHOTpyOKamu (0,1 mMac.%), ¢ — oOpaser; ¢ MHOTOCTEHHBIMU

yreponHbsiME HaHOTpyOKamu (0,01 mac.%), d — oOpaser] ¢ MHOTOCTEHHBIME yIiIepogHbIMU HaHOTpyOKkamu (0,1 mac.%).

24 hours

48 hours 72 hours

FIG. 2. Optical microscopy images of the nanocomposite material based on MWCNT with fibroblasts. Magnification: x10.
PUC. 2. U306paxeHusi HAHOKOMIIO3UTHOTO MaTepHala Ha OCHOBE MHOTOCTEHHBIX YIIEPOAHBIX HAHOTPYOOK ¢ (pubpobiacTamu,
TI0JIy4EHHBIE METOZIOM ONTHYECKONH MUKpPOCKONUH. YBenuueHue: x 10.

with an increase in concentration from 0.01 to 0.1%,
porosity increases. All samples had the same amount of
open pores. The sample with a lower concentration of
SWCNT (0.01 wt. %) had a homogeneous structure with
anumber of small pores with a diameter of about 0.4 mm
and micropores with a diameter of 65 pm. Sample with
0.1 wt. % SWCNT had a homogeneous structure with
micropores 43 um in diameter. Sample with 0.01 wt. %
MWCNT had a series of micropores with an average di-
ameter of 37 um. Sample with 0.1 wt. % MWCNT con-
tained micropores with an average diameter of 49 um.
Table summarizes the results of studies of tensile
strength and elongation. It was found that with the

increase in CNT concentration, there was a slight
decrease in tensile strength (3% for samples with
SWCNT and 5% for samples with MWCNT) and
an increase in the degree of deformation (12% for
samples with SWCNT and 15% for samples with
MWCNT).

Optical microscopy made it possible to obtain images
of the distribution of the cells along the surface after in-
cubation with experimental samples (Fig. 2).

After 3 hours of incubation, the cells had their origi-
nal rounded shape and were practically not distributed
over the surface of the samples (Fig. 2a). The cells were
up to 50 um in size with short processes up to 10 pm

Table. Mechanical characteristics of samples of nanocomposite materials
Ta6nuua. Mexanunueckue XapPaKTepUCTUKn 06pa3u03 HAHOKOMMNO3UTHbIX MaTepuanoB

Sample / Obpasen

Average tensile strength, MPa /
CpefHaAa NpoYHOCTb Ha pa3spbis, MMa

Average relative extension, % /
CpepnHee oTHOCUTENBHOE YANMHEHHe, %

SWCNT (0.01 wt %)
OpHocTeHHble yrnepoaHble HaHoTpy6km (0,01 mac.%)

SWCNT (0.1 wt %)
OpHocTeHHble yrnepoaHble HaHoTpy6km (0,1 mac.%)

MWCNT (0.01 wt %)
MHorocTeHHble yrnepoaHble HaHoTpy6ky (0,01 mac.%)

MWCNT (0.1 wt %)
MHorocTeHHble yrnepoaHble HaHoTpy6ku (0,1 mac.%)

3.7 12.2
3.6 13.7
3.8 1.7
3.6 13.5

Note / Mpumeyanne. SWCNT - single-walled carbon nanotubes; MWCNT — multi-walled carbon nanotubes.
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48 hours

72 (_)urs

FIG. 3. Atomic force microscopy images of the nanocomposite material based on SWCNT with fibroblasts.
PUC. 3. 1300paxeHnss HAHOKOMITO3UTHOTO MaTepHania Ha OCHOBE OJHOCTECHHBIX YIICPOIHBIX HAHOTPYOOK ¢ (pubpodmacTamu,

IMOJTY4YCHHBIC C ITIOMOIIBIO aTOMHO-CUJIOBOM MHUKPOCKOIIUH.

in length, more actively occupied more inhomogeneous
areas of the samples.

The cells on the samples after 24 hours of incubation
had a spindle-shaped shape with increased proliferation
over the surface of the samples (Fig. 2b). The cell layer
was denser than the cell layer after 3 hours of incubation.

After 48 and 72 hours, the cells practically formed a
monolayer on the surface of the samples (Fig. 2c, d), the
shape of the fibroblasts became more elongated in com-
parison with the previous periods.

The grown cell cells were seen in more detail using
an atomic force microscope (Fig. 3). Areas of size 90 um
were examined. AFM images made it possible to clearly
define changes in cell morphology.

AFM makes it possible to analyze the structure of the
surface and its microrelief with high resolution — down
to the nanometer scale. The samples were analyzed us-
ing the semi-contact method, often used for biological
samples. NanoScope Analysis software was used for
processing the resulting images. Cell nuclei and nucleoli
were observed in the centre of each cell, up to 3 in each
nucleus, as well as cell processes that attached to the
sample. It was seen more cells after 72 hours of incuba-
tion compared to the previous periods.

DISCUSSION

Damages of connective tissue are now extremely
common among people of both young and old age. At
the same time, the regenerative capacity of such tissues
is limited, so they, as a rule, are replaced by autografts
or artificial materials. Transplantation of an autograft
into the damaged tissue site leads to additional surgical
intervention, while artificial materials disintegrate over
time and can damage the surrounding healthy tissues.
Thus, the field of tissue engineering is extremely prom-
ising, since it allows one to overcome the mentioned
disadvantages.

Bioactive nanomaterials can also be used as coatings
for artificial structures, increasing their biocompatibility.
A key factor in successful tissue regeneration is an effec-
tive combination of scaffold materials and patient’s cells.

A number of requirements are imposed on the materials
of the scaffolds, one of them is porosity. The main task
of porosity in scaffolds is a fairly accurate mimicking of
the natural extracellular matrix, consisting of collagen,
elastin and other components. In this case, the inner sur-
face of the pores should facilitate the adhesion of cells
to it and the parts of the porous network should com-
municate with each other. The pores in the scaffolds are
also necessary for the transport of nutrients to the cells
and the disposal of their waste products. The porosity
of the developed samples of the nanocomposite material
estimated from the tomographic images is sufficient for
effective tissue growth on them.

To ensure the ability of tissues to withstand the load
during regeneration and to adequately support proliferat-
ing cells, it is necessary for tissue-engineered scaffolds
to have a certain strength. The tensile strength of the na-
tive soft connective tissues is about 3 MPa [16]. Thus,
the tensile strength of the obtained samples exceeds the
strength of native tissues. The tensile strength of the scaf-
fold is inversely related to the porosity, while the type
of nanotubes did not significantly affect the mechanical
properties of the nanocomposite material samples.

Cell proliferation is one of the main indicators of
the efficiency of the developed scaffold. The obtained
images of fibroblasts incubated with samples of nano-
composite material indicated good adhesion of cells to
the material. No toxic effect of the sample on the cells
was found at all the cultivation times, their morphology
corresponded to the morphology of cells in the control
samples, the cells in the process of growth had the cor-
rect size and shape.

CONCLUSION

Nanocomposite materials based on SWCNT and
MWCNT has been developed. Material can be ob-
tained in a form of a film on a base or in a form of vol-
ume samples in a container. The formation of nano-
composite materials is carried out by treating the wa-
ter dispersion of albumin and CNT with laser radiation
of the following parameters: wavelength of 810 nm, a
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laser beam diameter of 10 mm, a power of 5.5 W, ir-
radiation time of 5—10 seconds (for samples on a base)
or for 7-8 minutes (for samples made in a container).
The final sample had the scaffold of CNT structured
with a laser inside the albumin matrix. This scaffold
was electrically conductive and had high mechani-
cal strength. Biocompatibility in vitro was proven by
results of AFM and optical microscopy of fibroblasts
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AHHOTauus

Llenb. YcTaHOBUTL BNUSIHWE 3KCNEPUMEHTaNbHOM MHTpaabaoMuHanbHon runepteHann (MA) Ha 3y6ouentocTHyto cuctemy
KpbIC B OTAANEHHOM NEpUoAe Ha OCHOBE M3YYeHWs NPOBOCNANUTENbHBIX LMTOKMHOB M MOPCONOMMYECKOTO aHanm3a ane-
MEHTOB BWCOYHO-HWKHEYENCTHOrO cycTasa (BHYUC) 1 critoHHbIX xenes.

Matepuanbl u meToabl. JKCNepUMeEHT NpoBedeH Ha 60 HOBOPOXAEHHbIX Kpbicax, MogenvpoeaHue VA npoBoannock
nyTeM BBEAEHUS B BPIOLLHYI0 NONOCTb KonnareHa Ao 3afaHHOro ypoBHS MHTpaabaoMuHanbHOro aasnenust. Kpbicbl Bbinm
paBHoMepHo (n = 20) pasgeneHbl Ha 3 rpynnbl: 1-a — KOHTPONb; 2-9 1 3-9 — ¢ nerkon u Tskenon WA COOTBETCTBEHHO.
Yepes 10 n 120 gHeit onpeaeneHo coaepxanue IL-18, MCP-1, NGAL B cbIBOPOTKE KPOBM METOAOM MYNbTUMNMEKCHOMO aHa-
nu3a, yepes 10 gHen VEGF-C — meTtogom ELISA. Yepes 120 gHeit npoBeaeHo mMopdonoruyeckoe uccnegosaHme BHUC
1 CIIIOHHBIX Xene3 Ha Mukpockone Leica DM2000.

PesynbTartbl. Yepes 10 n 120 gHen copepxanne NGAL, IL-18 n MCP-1 B cbiBOpPOTKE KpOBW BO 2-#1 1 3-11 rpynnax no cpas-
HEHWIO C KOHTpoNeM BbIfIo CTAaTUCTUYECKN 3HAYMMO NOBbILEHO; KOHUeHTpauus MCP-1 yBenuumBanack NponopLyuoHansHo
TshkecTn VAT ¢ DOCTMKEHMEM MaKCUManbHbIX 3HaYeHuii B 3-i rpynne. Yepes 10 aHet ypoeHb VEGF oTHOCUTENBHO rpyn-
Mbl KOHTPONS OblN 3Ha4MMO NOBbILLEH BO 2-1 rpynne (p < 0,02). Bocnanenne BHYC B rpynnax 2 n 3 Habnoganoch 3HauMmo
yale, Yem B rpynne koHtpons (p = 0,0002). B rpynne 3 ANCUMPKYNSTOPHbIE HAPYLWEHUs W AereHepauynst KOCTHOrO Mo3ra
BHYC, a TaKke BocnaneHue, AMCUMPKYNSTOPHbIE HApYLIEHWS W runepniasus NMGOUIHON TKaHW CIIIOHHBIX Xene3 Habnio-
AannCb CTAaTUCTUYECKM 3HAYMMO Yalle No CPaBHEHWIO ¢ 1-1 1 2-1 rpynnamu.

3aknioueHue. B otganeHHoM nepuoge npu akcnepuMenTansHoit VAL ycTaHOBNEHO NOBLILLIEHWE YPOBHEN MapKepoB BOC-
naneHns 1 rMnoKCuM B CbIBOPOTKE KPOBM KPbIC; BbIPAXKEHHOCTb CMHOBUWTA U CManafeHuTa HapacTtana C yBenuyeHuem
YPOBHS MHTPaabaOMWHANBHOrO AaBNEHUs; MakCManbHble N3MEHEHWNS! MapKepOB BOCMAneHns 1 Mopomnornyeckue uns-
MeHeHns BHYC v critoHHbIX Xenes KpbIC OTMEeYanich B rpynmne ¢ TSenomn cteneHbto WA,

KntoyeBble cnoBa: r1nokcusi; BUCOUHO-HMXKHEYENOCTHOM CyCTaB; MHTEPNENKMH-18; MOHOLMTapHbIN XeMOaTTPaKTaHTHbIN
NpOoTENH-1; BaCKyNO3HAOTENNaNbHbIN PaKTOP POCTa; CIIOHHBIE XKene3bl; AKCNEPUMEHT; KpbIChbl

Py6puku MeSH:

BHYTPUBPIOLUHAA TMNEPTEH3NSA — XMMUYECKW BbI3BAHHBIN

KONNATEH — BPE[IHbIE BO3AEACTBMKA

CTOMATOIHATUYECKWE BONE3HW — NATONOMNA

CTOMATOTHATUYECKME BONE3HW — XMMUYECK BbI3BAHHbIN

CTOMATOIHATUYECKAA CUCTEMA - POCT U PASBUTUE
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Abstract

Aim. To establish the effect of experimental intra-abdominal hypertension (IAH) on the teeth-jaw system of rats
in the long-term period based on the study of pro-inflammatory cytokines and morphological analysis of the elements
of the temporomandibular joint (TMJ) and salivary glands.

Materials and methods. The experiment was carried out on 60 newborn rats; IAH was modelled by injecting collagen into
the abdominal cavity to a predetermined level of intra-abdominal pressure. The rats were evenly (n = 20) divided into
3 groups: 1st — control; 2nd and 3rd — with light and severe IAH, respectively. Serum levels of IL-18, MCP-1, NGAL were
determined by multiplex analysis after 10 and 120 days, VEGF-C - after 10 days — by ELISA. The morphological examination
of the TMJ and salivary glands was performed using a Leica DM2000 microscope after 120 days.

Results. After 10 days and 120 days, blood serum levels of NGAL, IL-18 and MCP-1 were statistically significantly increased
in groups 2 and 3 compared to the control; the concentration of MCP-1 increased in proportion to the severity of the IAH
with the maximum values in group 3. After 10 days, the level of VEGF was significantly increased in group 2 compared
to the control group (p < 0.02). Inflammation of the TMJ was observed significantly more often in groups 2 and 3 than in
the control group (p = 0.0002). In group 3, circulatory disorders and bone marrow degeneration of the TMJ, as well as
inflammation, circulatory disorders and hyperplasia of the lymphoid tissue of the salivary glands were statistically significantly
more often compared to groups 1 and 2.

Conclusion. In the long term, experimental IAH showed an increase in the levels of markers of inflammation and hypoxia
in the blood serum of rats; the severity of synovitis and sialadenitis grew with an increase in the level of intra-abdominal
pressure; the maximum deviations in inflammation markers and morphological changes in the TMJ and salivary glands of
rats were observed in the group with severe IAH.

Keywords: hypoxia; temporomandibular joint; interleukin 18; monocytic chemoattractant protein-1; vascular endothelial
growth factor; salivary glands; experiment; rats

MeSH terms:

INTRA-ABDOMINAL HYPERTENSION — CHEMICALLY INDUCED

COLLAGEN -ADVERSE EFFECTS

STOMATOGNATHIC DISEASES - PATHOLOGY

STOMATOGNATHIC DISEASES - CHEMICALLY INDUCED

STOMATOGNATHIC SYSTEM — GROWTH & DEVELOPMENT

For citation: Morozova N.S., Mamedov A.A., Lakomova D.Y., Maltseva L.D., Morozova O.L. Long-term changes in the
dentoalveolar system of rats after experimental intra-abdominal hypertension. Sechenov Medical Journal. 2021; 12(3): 38—
46. https://doi.org/10.47093/2218-7332.2021.12.3.38-46
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Cnu1cok cokpaLLeHuiA:

HIF — hypoxia inducible factor, hakTop, MHAYLMPYEMbIA TUNOKCHEN
IL-18 — interleukin-18, uHtepneiikuH-18

MCP-1 — monocyte chemoattractant protein-1, MmoHouuTap-
HbI XeMOATTPaKTaHTHbIA NPOTENH-1

NGAL — neutrophil gelatinase-associated lipocalin, nunoka-
JIMH, acCOLMMPOBAHHBIN C XenaThHa30M HeNnTPodKIoB

HHuTpaadmomunanbHas runeprensus (MAILY) — ycroii-
YHBOE WIJIM IIOBTOPSIONICECS IIOBBIIICHHE HMHTPaad-
nomuHaneHOTO naBneHust (MAJ]) Beime 12 MM pT. CT.
[1]. ¥V 30% nereit UAI' compoBoxaaeTcss pa3BUTHEM
opranHo# nucyHKIuU [2], a mMOKa3areau CMEPTHOCTH
COXPAHSIOTCS Ha BBICOKOM YpOBHE W nocturaior 60%,
a B rpynne HoBopoxaeHHbIX — 70—-90% [3].

OpxHKMMU U3 NIEPBBIX KIMHUYECKUX NpossiaeHuit UAT
SBJISIOTCS] TUIIOKCHSI M TUIIepKanHus. PesyiasraramMu uc-
CJIEJIOBaHUIl yCTAHOBJIEHO, YTO JUINTENIbHAS THIIOKCHS
Yy KpBbIC BBI3BIBAET IOBPEXKICHUE BUCOYHO-HUKHEUE-
mocTtHoro cycrasa (BHUC), TkaHeil CIIOHHBIX XKeles,
CHIDKCHUE CEKPETOPHOW (PYHKIIMU M M3MEHEHHE COCTa-
Ba CIIOHBI. | MCTOJOrMYECKU aHAJIU3 CIIOHHBIX JKEJe3
KpBIC TIOKa3all CTPYKTypHbIE U3MEHEHHUSI CEKPETOPHBIX
KJIeTOK [4].

M3BecTHO, uTO 1000€ MOBPEXKIEHUE OpraHa COMpo-
BOXKJIACTCSI MTOBEHIIICHUEM B OHOJIOTHYECKUX HKHIKOCTIX
MOJIEKYJIAPHBIX MAapKePOB BOCHAJIEHUs U THIIOKCHH [5].

Lenp uccnenoBaHus — YCTAaHOBUTH BIIMSHHUE JKC-
nepuMeHTabHOH WAL Ha 3y0OYeNOCTHYIO CHCTEMY
(34C) xpbIC B OTHAJEHHOM IIEPHUOJIE HA OCHOBE H3yue-
HUSI TIPOBOCHAUTEIBHBIX [IUTOKHHOB M MOP(OIOTHYC-
ckoro aHanu3a aneMeHToB BHUC u clltoHHBIX kelnes.

MATEPUAINbI U METOAbI

IIpotokon uccienoBaHus 0nO0OPEH JOKATEHBIM J3TH-
yeckuM komuretoM GI'AOY BO «Ilepsoiit MIMYVY um.
N.M. CeuenoBa» (mpotokon Ne 16-19) ot 04.12.2019.

VEGF - vascular endothelial growth factor, BackynosHgote-
NnanbHbIN dhakTop pocTa

BHYC — BMCOYHO-HXKHEYENKOCTHOM CyCcTaB

34C - sybouentocTHas cuctema

WAT — nHTpaabaoMuHanbHas runepTeHsns

WAL - nHTpaabaommHanbHoe aaBneHne

HccnenoBanuss Ha OKCHNEPUMEHTANBHBIX  KMBOTHBIX
npoBoamwiuck B coorBerctBuu ¢ ['OCT 33215-2014
or 01.07.2016', TOCT 33216-2014 or 01.07.20167
1 PyKkoBOIICTBOM 110 COEpKaHUIO U HCIIOIB30BAHUIO Jia-
6opatopHbIxX xkuBOTHEIX (Guide for the Care and Use of
Laboratory Animals, 8th edition)®.

Hna monenupoBanust MAIT ncnosnbp30Bauch CaMKu
KpbIc JIMHUHK Wistar ¢ BeiBogkaMu (1o 7—10 KpbIC y Kaxk-
Joii ocoOu). BrIOOP KUBOTHBIX ObLIT OOYCIOBJIEH CXOJ-
ctBoM cTpoenrss BHUC u mpomyKToB CEeKpeLuu CIoH-
HBIX JKeJIe3 C TAKOBBIMHU Y yesioBeka. Kaxxaas camka ¢ mo-
METOM CoOZep)Kajach B OTAENbHOW IMOJUKapOOHATHOM
KJIeTKe (II0Cie IpeBapuTeIbHON Ae3uHPEKINH 1 00pa-
6otkn) mpu Temmneparype 19-23 °C u kpymiocyTo4YHOM
cBeToBOM peskuMe (12 gacos cBerta, 12 4acoB TEMHOTHI),
€O CBOOOZHBIM JOCTYIIOM K Bozie U ene. [TomeT Haxoau-
Csl Ha €CTECTBEHHOM BCKapMJIMBAHMU.

Pacuer HeoOxoquMoro pasmepa BbIOOPKU BBIIIOJIHEH
C TIOMOIIBI0 OTKPBITOIO MPOTPaMMHOIO obecreueHus
G*Power 3.1% ¢ y4eToM ClieyIOIINX MapaMeTPOB: OJJHO-
(aKTOPHBII TUCTICPCHOHHBIA aHaJI3, OOJNbIIIAsT BETNIH-
Ha 3ddekra (Cohen’s f = 0,40), ypoBEeHb 3HAYUMOCTH
0,05, momruocts 0,80, 3 rpymmel uccnenoanwms. Pacaer
MOKa3aJl, YTO HeOOXOMUMBII 00BEM BHIOOPKH COCTABIIS-
et 60 ocobeid.

MonenupoBanne WAL mom KOHTpOIIEM BHYTpPH-
My3BIPHOH MAaHOMETPHUM B OPIOLIHYIO IOJOCTH BBOIU-
U CTEPWIbHBIH 00BhEMOOOPaA3yIONIMI KOJIIareHOBBIHA
¢muiep B KOIHYECTBE, HEOOXOAMMOM [UIS CO3IaHHS

' https://www.internet-law.ru/gosts/gost/61242/
2 https://www.internet-law.ru/gosts/gost/62388/

* PyKOBOACTBO IO COAEP)KAHUIO M HCIIOIb30BAaHHUIO TaDOPAaTOPHBIX JKMBOTHBIX. BockMoe m3nanue / mep. ¢ aHr. moj pen. U.B. Benosepuesoi,

J.B. bunosa, M.C. KpacuisnmxoBoii. M.: UPBUC, 2017. 336 c.
4 https://gpower.software.informer.com/3.1/
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3anmanHoro ypoHs MA/I. [TogpoOHOe onrcanue Moaenn
HAT y HOBOPOXKJICHHBIX KpbIC OBLIO MPUBEICHO HAMHU
B MPEABIAYIIEM HCCIIEI0BaHNH [5].

Hogropoxnennsie kpbickl Wistar (n = 60) ObLH pas-
JICJICHBI HA TPH TPyHIbI (puc. 1):

1-1 rpymma (n = 20) — KOHTPOITb;

2-s rpynma (n = 20) — skcniepumenTtanbHas AT ner-
koit crenenu (MAJ] = 613 MM pPT. CT.) IPOIOIKUTENH-
HocThIO 10 mHEl;

3-s rpymma (n = 20) — skcniepumenTtanbHas MAT Ts1-
xkenoit crerieHn (MAJl = 14-20 MM pT. CT.) IPOIOIKH-
TeIbHOCTHIO 10 gHEH.

ITepBast Touka mccnenoBanus: yepe3 10 muel mocie
coznanus AT 30 sxkuBoTHBIM (110 10 KpBIC U3 KaxI0i
rpymIbl) OblTa MPOBEACHA 00Mmas aHeCTe3us mpernapa-
TaMUu THApOXJIopHaa keraMuHa (90 MI/KT) ¥ KCHJIa3HHA
(10 mr/kr). ITocne ycTpaHeHHsT pOTOBUYHOTO peduierca
" pediekca oTaepruBaHus Janbl ObUT BBITOJIHEH 3a00p
KPOBH H3 MTOJIOCTH JIEBOTO Kenmynodka. [lomydennsre 00-
pastbl ceIBOPOTKH KpoBu XpaHwm nipu t —80 °C B mpo-
Oupkax ¢ Kpbllikamu «OnneHaopdy». [lo 3aBepireHun
MaHHITYISIIIHA SKUBOTHBIX BBIBOIIUIN M3 IKCIIEPUMEHTA
ITyTeM JCKAUTAINH C COOIONCHAEM MTPaBUII 3BTaHA3HU
cornacHo TpeboBaHUsAM 1. 12 XembCHHKCKOW JeKiapa-
vy BceMupHOW MEAMIIMHCKON acconualyyd O TyMaH-
HOM OTHOIICHUH K KHBOTHBIM.

Bropas Touka uccnemoBanusi: gyepe3 120 mHei mocie
HAT ocraBmmmces 30 xuBoTHBIM (10 10 KpBIC U3 KaX-
JOH TPYMITEI) TIpOBeneHa OOIIas aHecTe3Hs BHIIMICyKa-
3aHHBIMH TIpenapatamu. [locie BBeqeHNST B HAPKO3 BBI-
MOJTHEH 3a00p KPOBH M3 IIOJIOCTH JICBOTO JKEIYIOYKA,
MpoBeIeHBI onepaiuu 1o 3abopy BHUC, okonoynrHbx

NATOPUNINOSIOTMNA. SKCTMTEPUMEHTANBHBIE MCCITEQOBAHUA

CIIFOHHBIX jkene3. [IpaByto xxenesy u nebiit BHUC ¢uk-
cupoBanr B 10% ¢opmanuHe U 3anuBany B mapaduH.
[MapaduuoBbie cpe3sl BHUC u cimoHHBIX Jkene3 okpa-
[IMBaJIM TEMAaTOKCWIMHOM W 303WHOM. [lo mcreueHmn
OTIepaIyii YKHBOTHBIX BBIBOIIUIN U3 DKCIIEPUMEHTA TEM
K€ CIT0COOOM, UTO U TOCTE TEPBOM TOUKH HCCIIEA0BA-
HUs. V3ydeHne OMOTICHMHOTO MarepHaja Ha CBETOOII-
THYECKOM YPOBHE H €ro ()OTOCHEMKY OCYIIECTBIISUIN
Ha Mukpockorie Leica DM2000 (Bemrap, I'epmanus)
CO BCTPOEHHOH IH(PPOBOH (PoTOKaMEpOH.

B nepBoii 1 BTOpON TOYKaxX HCCIEIOBAHHS B CBIBO-
POTKE KPOBH ONPENEIUIA CONCPKAHUE CIETYIOIINX
nutokuHOB: 1L-18 (interleukin-18 — wHTEpIeiiknH-18),
NGAL (neutrophil gelatinase-associated lipocalin — mu-
MOKAJINH, aCCOUMHAPOBAHHBINA C JKEJIATUHA30M HEUTpPO-
¢unos), MCP-1 (monocyte chemoattractant protein-1 —
MOHOIIUTAPHBIN XeMOATTPAaKTaHTHBIN MpOTenH-1) ¢ 1o-
MOIIBIO MYJTETHIUIEKCHOTO aHAaJIH3a ¢ IIPIMEHEHHEM I10-
yeyHo manenn (Bio-plex MAGPIX and PC, Bio-Rad).
s onpenenenuss VEGF-C B mepBoit Touke (vascular
endothelial growth factor C — BacKyit03HI0TEIHATBHBII
(bakTop pocta Tun C) UCTIOIB30BAH TeCT-cUcTeMbl BCM
Diagnostics u Bender Medsystems (ABcTpusi) U1 TBEp-
nodaznoro mMMmyHopepMmeHnTHoro ananm3a (ELISA)
Ha ananmu3arope Stat Fax 2010 (Stat Fax, CIIA).

Bo BTOpO#i TOUKE MCCIIeTOBaHMS TPOBOIMIIA MOP(O-
noruueckoe ucciaenosanne BHUC u ciIrOHHBIX Keles.
B o0enx cTpykTypax OICHHBAIUCH BOCIIAJICHHUE U IHC-
nupkynsitopasie Hapymenus, B BHUC — merenepanus
KOCTHOTO MO3Ta, B CIIOHHBIX XeJe3aX — THIePIUIa3ns
TUMQPOUIHON TKaHH. BBEIOOp CPOKOB MPOBEICHHUS MOP-
(omorudeckoro mccienoBanus Ha 120-e CyTKH TOCTe

HoBopoxnennsie kpoickl Wistar / Wistar newborn rats

n=:60

v

v

1-s Touka (10-4 neHp) /
First assessment (10" day)

2-s1 Touka (120-ii neHb) /
Second assessment (120" day)

PUC. 1. Cxema nccienoBanus.
FIG. 1. Scheme of the study.

I'pynmna 1 (KoHTpO.JIB) I'pynna 2: Jlerkag UAT I'pynna 3: Tsxenaa HAT
UAJ: 2+ 1 MM pT. cT. / UAJ: 9 + 2 mm pr. cT. / UAJ: 17 £ 2 MM pT. cT. /
Group 1 (control) Group 2: Light TAH Group 3: Severe IAH
IAP: 2+ 1 mm Hg IAP: 9+ 2 mm Hg IAP: 17 +2 mm Hg
n=20 n=20 n=20
> n=10 > n=10 > n=10
> n=10 > n=10 —» n=10

Mpumeyanue: NAT — nHTpaaboomuHansHas runepteHavs; VAL — uHTpaabaomMnHansHoe AaBnexme.

Note: IAH - intra-abdominal hypertension; IAP — intra-abdominal pressure.
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monenmupoBanus HWAID oOwbscHsUICS (OpMHPOBaHHUEM
K 9TOMY BPEMEHH IOJTHOTO KOMIUIEKTa 3yOOB M CO3peBa-
HueM Bcex uiemeHToB 3UC.

CTaTMCTMYeCKUIN aHanu3 gaHHbIX

IIpoBepky rumore3bl Ha HOPMaJIBHOCTL paclpese-
JIEHUsI IPOBOAWIIM ¢ moMonibio Tecta [anupo — Yiika.
KonuuecTBeHHBIN TaHHBIE NPEACTABIECHB! B BUIE MeIua-
Hbl (Me) 1 uHTepKBapTHIIHLHOTO pasMaxa (MKP, 25-#, 75-i
TpOIeHTIIH). Pa3mirare Mex Iy He3aBHCHMBIMA BEIOOpKa-
MH OLIEHHMBAJIM C MCHOJIb30BaHUEM Kputepus Kpackena —
Yommica (C IeNBI0 KOPPEKIIMH MHOKECTBEHHBIX CpaBHE-
HUI TIPUMEHsUIach TonpaBka JlaHHa), /1Sl CpaBHEHHS He-
IapaMeTpUYecKuX aHHBIX HMCHOb30BaJCSd TOUHBINA KpH-
Tepuii Oumepa. JlaHHbIe 00pabaThBAUCh C MOMOIIBIO
nporpammel Statistica 13.0 (TIBCO, CIIA).

PE3YIIbTATDI

MNMepBasa Touyka uccnenoBaHuA

Conepxanne NGAL, IL-18 u MCP-1 B criBopoTKe
KPOBH BO 2-1 TPYIIIIE TI0 CPABHEHHIO C KOHTPOIIEM OBLIO
CTaTUCTHYECKH 3HaunMO ToBbIteHo (p < (0,02; p <0,005;
p < 0,006 cooTBeTCTBEHHO). AHAOTUIHBIE U3MEHEHUS
JIAHHBIX [IUTOKWHOB MONYyYeHbl 1 B 3-i1 rpynme (p < 0,02;
p <0,005; p<0,007 coorBeTcTBeHHO) (TabIMI. 1).

Ypoeernb VEGF B cBIBOpOTKE KPOBH OTHOCHTEIIEHO

IPYIIIbI KOHTPOJISI OBbLT 3HAYUMO MOBBIIIEH BO 2-i rpyII-
nie (p < 0,02) (ta6m. 1).

BTopas Touka uccnenoBaHusa

Conepxxaane NGAL, IL-18, u MCP-1 B ceiBopoT-
K€ KPOBU BO 2-# TpyIIie MO CPaBHEHUIO C KOHTPOJIEM
OBLTO cTaTHCTHYECKH 3HAUYMMO moBsimeHo (p < 0,01;
»<0,04; p<0,001 cOOTBETCTBEHHO). AHAJIOTUYHBIC U3-
MEHCHHS JaHHBIX IUTOKWHOB IOIXYYEHH U B 3-if TpyI-
e (p < 0,01; p <0,017; p < 0,008 cCOOTBETCTBEHHO)
(tabn. 1). Ilpu 3TOM BO 2-if TOYKE KOHIICHTpAIIHS

MCP-1 yBennuuBamach MPOMOPIHOHATBHO TKECTH
HUAT ¢ moctmxkeHreM MakCUMalIbHBIX 3HAYEHUN B 3-U
rpymme (p < 0,01) (Tabmn. 1).

Anamm3  mopdonornyeckoro  crpoenuss BHUC
Brpymiie 1 (KOHTPOJIb) TIOKa3all, YTO CHHOBUAIBHEIE 000-
JIOYKH, TIOKPHIBAIOIIIE THAJIMHOBEIN XA, COICPKAIN
KPOBEHOCHBIE W JTUM(paTHUECKUE KaIIULIPEI, HEpBHBIC
OKOHYaHMs, JIEMEHTBI KOCTHOW M KOCTHOMO3TOBOM TKa-
HU, UMeld (PUOPO3HBIN THIT CTPOSHUS U COCTOSIIH U3 CH-
HOBHOITUTOB, pacIoJiaratoluxcs Ha GUOPO3HOH TKaHH,
MpeACTaBlIeHHONH (QUOpPOOITACTHISCKUMH 3JIEMEHTaMHU
Y OKCTPAIEIUTIONIIPHBIM MaTPUKCOM.

Bo 2-ii rpymime cHHOBHATIBHBIE 000JIOYKH, TIOKPBIBAO-
IIYe THATMHOBEIA XTI, OBUTM YMEPEHHO M HE3HAIH-
TENBHO HHIIHTPHUPOBAHBI TUM(POTUCTHOIIUTAMH U TIIa3-
MaTHYeCKUMH KieTkaMy. OTMEYaIoch 04aroBoe CITyIIv-
BaHWE CHHOBHOIIMTOB C WX THIEPIUIa3UeH, HO C coXpa-
HeHHeM (QuOpo3HOTO THIA cTpoeHus (puc. 2A). B nByx
CITy4asiX BOCTIANINTENBHBIC H3MEHEHHSI COOTBETCTBOBAIIU
CHHOBUHUTY YMEPEHHOU CTENECHH aKTUBHOCTH, B CEMH —
HU3KOW CTENIEHW aKTUBHOCTH. M3MEHeHMH KOCTHOM
Y KOCTHOMO3TOBOM TKaHH B 3TOM TPyMII€ HE OTMEYEHO.

B 3-ii Tpymnme cuHOBHANbHBIE OOOJIOYKH OBLIH
3HAYMTEIIBHO  WHQWIGTPUPOBAHBl  JTUM(OTHCTHO-
MUTAaMH H TUTa3MaTHYeCKUMHU KieTkamu (puc. 2B).
BocmanurensHeIit HHQUIBTPAT y TpeX >KUBOTHBIX pac-
MPOCTPaHSIICSA Ha XPSIIEBYIO TKAHb C Pa3BUTHEM ydacT-
KOB JIM3HCA. PermcTpmpoBanock 09aroBoe CITyIIHBa-
HIE CHHOBHOLUTOB W WX THIEPIUIA3UA. YCTaHOBJIICHO
pacrpocTpaHeHHe  BOCIAJIHMTENHFHOTO  HHQMIBTpaTa
Ha TPWIEKANIYIO KUPOBYIO TKaHb, pa3pylIeHHE KOCT-
HOW ¥ KOCTHOMO3TOBOW TKaHH. TakuM oOpasom, y mpe-
oOanarorero yucia Kpeic (n = 9) HabmonaNCsS CHHOBH-
UT BBIPOKCHHOW CTEIICHN aKTUBHOCTH.

Amnanmu3 MOpP(OIOTHIECKOTO CTPOCHHUS CITIOHHBIX JKe-
JIe3 CMEIIaHHOTO THMA B TpymIe 1 mokasa, 9To HOoCIea-
HHUE OBUIM TPEICTABICHEI aJbBEOSIPHBIMU KOHIIEBBIMHU

Tabnuya 1. LluTokMHOBLIN Npodunb CbIBOPOTKU KPOBU B AUHAMUKE IKCNepPUMEHTaNbLHOro uccnegoBanus (n = 30)
Table 1. Serum cytokine profile in the dynamics of the experimental study (n = 30)

Ipynna1/Group1 Tpynna2/Group2 3nayenue p?’/ T[pynna3/Group3 3Hauenue p°/ 3HaueHue p°/
(n=10) (n=10) p? value (n=10) p° value p° value
1-51 Touka uccneposanus (10-1 AeHb) / First assessment (10™ day)
NGAL, Hr/mr / ng/ml 0,881[0,29; 1,54] 3,33[2,44; 5,83] 0,02 5,87 [1,63; 61,8] 0,02 0,57
IL-18, nr/mn / pg/ml 0,47 [0,31; 0,54] 1,51 [1,35; 2,26] 0,005 1,55 [1,41; 2,27] 0,005 0,5
MCP-1, nr/mn / pg/ml 0,46 [0,41; 0,51] 1,55 [1,49; 2,95] 0,006 3,44 [2,42; 3,51] 0,007 0,05
VEGF, nr/mn / pg/ml 65,5 [55,5; 75,5] 84 [62,5; 188,2] 0,02 62 [53; 68,5] 0,2 0,02
2-9 Touka uccneposanus (120-11 aeHb) / Second assessment (120" day)
NGAL, Hr/mn / ng/ml 14,6 [11,3; 17,1] 123,6 [101,7; 159,4] 0,01 87,6 [86,4; 112,9] 0,01 0,06
IL-18, nr/mn / pg/ml 1,35[1,21; 1,53] 2,33[2,26; 3,51] 0,04 2,27[1,76; 2,7] 0,017 0,85
MCP-1, nr/mn / pg/ml 0,84 [0,41; 1,26] 2,41[1,5; 2,84] 0,001 32[2,7;3,8] 0,008 0,01

lMprMeyaHue: AaHHble NpeaCTaBMneHbl B BUAE MEAMaHbI W MHTEPKBAPTUIBHOTO pasmaxa (25-1, 75- NpoueHTUnn); p* — cpaBHeHMe rpynmbl 2 ¢ rpyn-
noi 1; p° — cpaBHeHwe rpynnbl 3 ¢ rpynnoii 1; p° — cpaHeHue rpynnbl 3 ¢ rpynnoii 2; IL-18 — untepneitkuH 18; MCP-1 — MOHOLMTapHbI XeMoaTTpak-
TaHTHbIN poTenH-1, NGAL — nunokanuH, accoummnpoBaHHBbIN C xenaTnHason Hentpodunos; VEGF — BackynoaHaoTenmanbHbIi daktop pocTa.

Note: data are presented as median and interquartile range (25th, 75th percentiles); p* — when comparing group 2 with control; p° — when comparing
group 3 with control; p°—when comparing group 3 with group 2; IL-18 — interleukin-18; MCP-1 — monocyte chemoattractant protein-1; NGAL — neutrophil
gelatinase-associated lipocalin; VEGF - vascular endothelial growth factor.
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I (ATOOM3MONIOMMA. SKCMEPUMEHTANBHBLIE UCCNEAOBAHUSA

PUC. 2. Mopdomorudeckne mpenaparbl CTPOSHHS BUCOYHO-HIDKHEUESTIOCTHOTO CYCTaBa KPBIC B 9KCIIEPUMEHTAIBHBIX TPYII-
nax. Okpacka reMaToKCHIMH-303uHOM, x40. A — yMepeHHass MHQUIbTPALKS CHHOBUAIBHBIX 000J0YEK JTUM(OTUCTHOIMTAME
(u3 2-ii rpynmbl). B — BeIpakeHHass HHOWIBTPAIHMS CHHOBHAIBHBIX 000JI0UEK JIMM(POTHUCTHOMTAMU (U3 3-if TpyIIIbI).

FIG. 2. Morphology of temporomandibular joint in rats in the experimental groups. Staining with hematoxylin and eosin,
magnification x40. A — moderate lymphohistiocytic infiltration of synovial membranes (from group 2). B — pronounced
lymphohistiocytic infiltration of synovial membranes (from group 3).
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PUC. 3. Mopdoiormyeckue mpenaparsl CIFOHHBIX JKeIe3 KPbIC B AKCIIEPUMEHTAIBHBIX Ipyminax. OKpacka reMaToOKCHUIHH-303H-
HOM, *400. A — HOpMaJILHOE CTPOEHHE ATBBEONISIPHBIX M MPOTOKOBBIX CTPYKTYP (U3 1-it rpymmsl). B — BeIpakeHHAs] HHOHIBTpa-
st TUM(POTUCTUOLUTAMH (U3 3-H TPYIIIIBI).

FIG. 3. Morphology of salivary glands in rats in the experimental groups. Staining with hematoxylin and eosin, magnification
x400. A — the normal state of alveolar and ductal structures (from group 1). B — pronounced lymphohistiocytic infiltration (from

group 3).

OT/IeNlaMU C TIPU3HAKaMH OEJIKOBO-CHHTETHYECKOH aK-
THBHOCTH (0€KOBBIN THIT). Busyanusuposanuce BEIBOA-
Hble HPOTOKH, OKPYKEHHbIE TOHKON COEAUHHUTENbHO-
TKaHHOM TPOCITIONKOM, B TPEX CIIydasix — OCIKOBBIE IMO-
aynyHus (puc. 3A).

Bo 2-ii rpynne cTpoeHHE CIIOHHBIX Xelle3 He OT-
JTUYaNock ot 1-i rpynmsl. B 3-i rpynme 6oabmnHCTBO
KphIC (17 = 8) OBUTH C IPU3HAKAME CHATAJCHNUTA: CTPO-
Ma (IpEeUMYLIECTBEHHO MEpPUAYKTalbHas) MAaCCUBHO
WHOUIBTPUPOBaHA JUM(OTUCTHONUTAMU |  ILIa3-
MaTU4YecKuMU kieTtkamu (puc. 3B). B pernonapHsix
TUM(paATHYECKUX y37aX BBIABICHBI MPHU3HAKHA THIIEP-
m1a3uu TUMQOUTHONW TKaHU. Y JBYX KPBIC IATOIOTHUU
HE BBISIBJICHO.

CpaBHHTENBHBIN aHaM3 MOP(OJIOTHUECKHX H3Me-
Henuidd 06pasnoB BHUC u CIOHHBIX Keje3 IpencTaB-
aeH B Tabmuie 2. B rpynmax 2 u 3 Bocnanenne BHUC

HAONIONANOCh CTATHCTHYCCKH 3HAYUMO 4Yalle, 4YeM
B rpynme koHTpois (p = 0,0002).

B rpymnme 3 aucuupKyisTOpHBIE HAPYIICHUS U JIeTe-
HepaIus KOCTHOro Mo3ra npu nzydennu BHUC, a taxoke
BOCIAJICHUE, AUCIUPKYIATOPHBIC HAPYIICHHS U THIIEP-
wra3us TUMGOUIHON TKAHW CIIOHHBIX JKelle3 HaOro-
JATUCh CTaTHCTHYECKU 3HAYUMO Yallle [0 CPAaBHEHHUIO
¢ 1-it u 2-it rpynmamu (p = 0,0002).

OBCYXOEHUE

Ha ¢one AT noBpexmarorcst Bce OpraHbl U CHCTe-
MBI Opranmu3ma uejoBeka. YBenuuenue WAl npuBoaut
K IUC(HYHKIUH BCEX OPTaHOB OPIOIIHOM MOJOCTH U 3a-
OpIOLIMHHOTO MPOCTPAHCTBA 32 CUET MaTOJIOTMYECKOTO
M3MEHEHUs] KPOBOOOPAICHHUS: CHI)KCHHS IPUTOKA ap-
TEepUaJbHOM KpPOBH, OOCTPYKLMH BEHO3HOIO OTTOKA,
MUKPOLUPKYJIATOPHBIX HapyIIeHui [6].
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Tabnuya 2. Mopconoruyeckue MaMeHeHUsi B BACOYHO-HUKHEYENTIOCTHOM CYCTaBe U CNOHHBIX XKenesax Yy Kpbic
BO BTOPOIA TOYKE MCCIIeA0BaHUA
Table 2. Morphologic changes in the temporomandibular joint and salivary glands in rats at the 2nd assessment of the study

BucoyHo-HKHeYenCcTHoI cycTaB /
Temporomandibular joint

CnioHHble kene3bl / Salivary glands

Xapakrepuctuka / Characteristic  pynna1/ [pynna2/ [pynna3/ 3navenne | PYMNat | Tpynna2/ Tpynna3/ 3navenme

Group 1 Group 2 Group 3 o value Group 1 Group 2 Group 3 o value
(n=10)  (n=10) (n=10) P'P (n=10)  (n=10) (n=10) P'P

Bocnanenue / Inflammation, n - 9 9 0,0002 - - 8 0,0002

[OncumpKynsaTopHble HapyLueHuns / i 1 9 0.0002 i i 10 0.00001

Circulatory disorders, n ! '

[ereHepaLys kocTHOro moara / i i i i i

Degeneration of bone marrow, n L 0,00001

MMnepnnasns nMMQOULHON TkaHw / i i i i 10 0.00001

Hyperplasia of lymphoid tissue, n

B xozne uccnenoBaHus yCTaHOBJIEHO, YTO COZAEpIKa-
aue IL-18, MCP-1 1 NGAL B ChIBOpOTKE KPOBH OBLIO
CTaTUCTHYECKH 3HAYNMO MOBBIIIEHO BO 2-i U 3-i rpyt-
Max 1mo cpaBHEHHIO ¢ KoHTponeM depe3 10 u 120 muei
nocie monemupoBanust AT Tlpu sTtom MakcumanbHbIE
3HAYCHHUs OMOMapKepOB HAOIOIANCH IPpU OoJiee TsKe-
moit crenean A" — B 3-i1 rpynme. IloBeimenune 3Tux
IUTOKWHOB B CHIBOPOTKE KPOBHU OBLIIO OOHAPYKEHO Y HO-
BopoxkaeHHBIX ¢ MATD [7]. OcHoBHoM (yHkmmeid 1L-18
n MCP-1 sBnsieTcst oOecrniedeHre MUTpaud MOHOIIUTOB
B OYard MOBPEXICHUS KIIETOK ¢ (POPMUPOBAHUEM MOHO-
MUTapHO-MaKpodaraabHOro HWHOWIBTpaTa, YTO CTa-
HOBUTCSI (paKTOPOM pHCKA TEPCHCTCHIIMH BOCIIAJICHUS
U IIEpeX0/la €ro B XpOHUYECKOE [IPU OBPEXKIECHUN Opra-
HOB ¥ TKaHe# B ycnoBusax UAT [7].

B nuteparype umerorcs JaHHbIE, COMIACHO KOTOPBIM
B XOJI€ NPOBEJEHNUS UMMYHOTUCTOXUMHUYECKOTO aHaJu-
3a U MOJMMEPA3HOHN IIENHON pEeakUUy B TKAHHU MOBPEXK-
JICHHON CITIOHOW KeJe3bl WIACHTU(UIIUPOBAH BBICOKUN
ypoBeHnb 3kcnpeccnd NGAL n marpuunoit PHK NGAL
COOTBETCTBEHHO. bbla ycTaHOBIEeHa mpsMas Koppe-
JALMST MEXIY CTENEHbIO BOCIAJIEHMS CIIOHHBIX JKEJe3
Y KOHIIEHTpanuen B Hel qanHoro nutokuHa [§]. Kpome
TOTO, BBISBJIEHO, YTO IIOBBILLIEHUE COACPIKAHUSA YKa3aH-
HOTO MapKepa B CITIOHE U CBIBOPOTKE KPOBH MOXKET OBITH
CBSI3aHO HE TOJBKO C MOPaKEHUEM JKEJIE3UCTON TKaHH,
HO ¥ C THHTUBHUTOM U mapagoHTuToM [9, 10]. Bo3amoxHo,
MOJTyYeHHbIC HAMY BBICOKHE 3HAYCHHSI YKa3aHHOTO OHMO-
MapKkepa B CHIBOPOTKE KPOBU OBUIM CIICACTBHEM IIaTO-
JIOTHYECKUX W3MEHEHUN B TKAaHAX POTOBOM IIOJOCTH,
YTO COTIIACYETCS C TUTepaTypHBIMU AaHHBIMU [11].

VYposenb VEGF-C Obur moBeieH Bo 2-i rpyrie,
YTO YKa3bIBAJIO Ha MOOWJIM3AaLNI0 MEXaHM3MOB aJanTa-
IIUM B BUJE aHTMOT€HE3a C MOMEHTA Hadaja JAEeHCTBUS
THITOKCHYECKoTo (akropa. Biusaue rumokcun Ha opra-
HU3M XOPOILIO U3Y4YEHO, OJJHAKO €€ POJIb B MO IEPIKaHUI
3]10pOBbsI IIOJIOCTH pTa A0 CUX Nop He sicHa. CycTaBHOMI
XPSII — YHAKAIbHAS TKaHb, KJIETKA KOTOPOI MOTpedis-
10T 3HAUYMTEIHHO MEHBIIIE KUCIOPOAa, deM apyrue [12].
CycTaBHOM XpsIll HE UMEET COCYAO0B, [I03TOMY BCE IUTa-
TeJbHbIE BEIECTBA, BKIIIOUAsl KUCIOPOJ, HOCTaBIIAIOTCS

44

K XOHJPOIUTaM IyTeM TU(GQPYy3ud U3 CUHOBHAIBHOMN
KHIKOCTH. B HOpMe maHHas CTPyKTypa CYIIECTBYET
IpH HA3KOM JaBieHHH Kucioponma (~5%). Hecmotps
Ha TO YTO XOHIPOIUTHI CTOHKO TEPEHOCAT NEPUIIAT
KHCJIOPOZIa B T€UEHHE UINTEIHLHOTO BPEMEHH, TIPH TIPO-
JOJDKUTENEHO HU3KOM €r0 HalpsHKEHHH CKOPOCTH CHH-
Te3a Marpukca M BBIPAOOTKH HSHEPTUH 3aMEIIISeTCs
[11]. B oTBeT Ha THIIOKCHIO aKTHBHUPYIOTCSI PAa3INIHBIC
MyTH perynsanuu, Bkimouas aktuBanuio HIF (hypoxia
inducible factor, dakTop, HHIYIUPYEMBIi THIIOKCHEH),
KOTOPBIA PeryaupyeT MeTadoiIu3M M SKU3HCHHBIN ITHKII
kietkn [12]. Huskoe nanpspkenue kucmopona u HIF-
la — ¢axTopHI, ONPENEIIIONINEe COCTOSIHAE CYCTaBHBIX
XOHJIPOLUTOB KaK BO BpeMsI IOICPKAHUS TOMEOCTa3a
XpsIa, TaK ¥ 1Ipy pa3BuTad matosorud. HIF-1o — dak-
TOP TPAHCKPHUIILINH, PETyIHPYIOMNI MeTaboIn3M Kie-
TOYHOW DHEPTHH, aHTHOTEHE3, allonTo3 W Ipoiudepa-
IIUIO KJIETOK, CHHTE3 MaTPUKCa CyCTaBHBIMH XOHIPOIIH-
TaMH ¥ XOHJPOIMTAMH IIACTHHKH pocTa [13].

AR. Terrizzi wu coaBr. [l4] ycTaHOBHIIH,
YTO TPU TIEPHOJMYECKOM TUIOKCHH Yy KpPbIC, HaXOAs-
NIMXCS B YCJOBUAX OapoKamephl, HAOIONAajCs IMOBbI-
nmeHHblid  katabomusm HIF-1o. IlonydyeHHBIE naHHBIE
YKa3bIBAIM Ha HU3KUI ypOBEHb TPAHCKPHUIIINN T'€HOB,
HEOOXOMMMBIX ISl ajanTalid K CTPECCOPHOMY (ak-
TOpY. DTO NPUBOIWIO K AUCKOOPIMHAINH B padore 3a-
MIATHBIX MEXaHU3MOB, 00€CICYNBAIOINX HOPMAJIHHYTO
¢dyHKIHIO JKele3. BrIpaKeHHBIH BOCHIAIUTEIBHBIN OT-
BET aCCOIMUPOBAJICS C BBICOKMMH ITOKa3aTEISIMU IIPO-
crarasauHa E2 B TKaHAX ZECHBI, YTO MOTIIO OOBSICHUTH
THITOCATUBALIMIO Y B3POCIBIX KPBIC B JKCICPHMEHTE.
Mopdonornyeckuii aHaIM3 MPH TOMOIIN ICKTPOHHON
MHUKPOCKOIIMY TO3BOJIMII OIPENEITUTh aloNTO3 KIETOK
B al[IHyCax M BCTaBOYHBIX IPOTOKAaX, a Takke HU3KOE
KOJIMYECTBO CEKPETOPHBIX TI'paHyl, KOTOpbIe OBLTH He-
PaBHOMEPHO pacIpelesieHbl B aIllHycax IOXHIDKHEYe-
JIFOCTHOM CITFOHHOM Jkeme3sl [ 14].

JuTenpHas THIIOKCHS, acCOLUHMPOBAHHAS C TSDKE-
ot VAT, mpuBommia K BBIPAKEHHBIM CTPYKTYPHBIM
HapymeHusiM aneMeHToB 3UC KpeIC 1O CpaBHEHHIO
¢ rpymmoi nerkoir MAI' m xonTponsa. HaOmromamuch
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IUCIUPKYIATOPHEIE HApYIICHUS, THIIEPIDIa3us JTUMQO-
WIHOM TKaHW, JeTeHepaIis KOCTHOTO MO3Ta.

Taknm 00pa3oM, YCTaHOBIEHO, UTO C YBEINYCHHEM
HNAJl mopdosornyeckue u3MEHEHUST HaOIIOMATNCh OJT-
HOBPEMEHHO BO BcexX cTpykrypax 3UC u Hocuim Golree
BBIPAYKEHHBIN XapaKTEP Y KPBIC C TSKEIOW CTEIEHBIO
HAT. OuenuBas xapakrtep m3MeHeHus: ypoBueu [L-18,
NGAL, MCP-1, VEGF-C B cpIBOpOTKE KPOBH, YCTaHO-
BIJIM, YTO HAaWOOJNBIIAs KOHIIEHTPAIWs JAaHHBIX ITHTO-
KHHOB OTMEYajach B TPYIIE ¢ MAKCUMAIGHBIMH 3HaYe-
ausmMu A u conpoBoxaanack rpyObIME MOPQOIIOTH-
yeckumu u3MeHeHusiMu 3iemeHToB 3UC. [lomyueHnsie
JaHHBIE TIOMYEPKUBAIOT CHCTEMHBIN XapaKTep IOBpPEX-
JCHUS B OTBET HA THUIIOKCHIO.

HeGonpmas BeiOOpka u MoxmenupoBanue WAL
Ha HOBOPOXKICHHBIX KPBICAX, KOTOpPBIE O0Nee yCTOHIUBEI

BKITAQ ABTOPOB

0O.JI. Mopososa u A.A. MamenoB pa3paboTaiu OCHOBHYIO KOH-
LENIUI0 ¥ AU3aiH UCCIENA0BAHMs, a TAKKEe TPOBOAMIN PENaKTy-
py crarsu. H.C. Mopo3osa u JI.JI. MasbueBa npoBOIMIN dKCIIe-
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YTBEpAUIN OKOHUATENbHYIO BEPCUIO ITyONUKAIIIH.
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JiurnpoBaHue remoppovaarnbHbIX apTepun
c n 6e3 npumeHeHua ynbTpa3ssykosou Honnnep-
HaBurauumm B nneYeHuMm remoppouganbHou 6onesHu:
OAHOLEHTPOBOE paHAOMU3UpPOBaHHOE UccnepoBaHue

I1.B. llapskos, M.A. ITonoBues™, FO.C. MenkoBa, A.B. Anexéep3ane, H.H. Kpslios
®@I'AOY BO «llepsviiit Mockogckuil 20cy0apcmeeHHblil MeOUYUHCKUL YHUBEPCUMEm
um. UM. Ceuenosa» Munzopasa Poccuu (Ceuenosckuil Ynusepcumem)
ya. Tpybeykas, 0. 8, cmp. 2, 2. Mockea, 119991, Poccus

AHHOTaUMS

Llenb nccnepoBaHus. CpaBHuTenbHas oUeHka apdEKTUBHOCTM NPUMEHEHWS HOBON METOAMKA XMPYPrYECKOro NeYeHns
remoppongancHon 6onestn (I'b) — nuruposanns remoppougancHbix aptepuid (TA) ¢ npegBapuTenbHbIM NanbnaTopHLIM
onpeaeneHnem ux nokanuaawym u AONONHEHHON MyKonekcuei remoppounganbsHbix y3nos (1Y) — no cpasHeHuto ¢ HAL-RAR-
TEXHONOrnen.

Matepuanbl U meToabl. B paHIOMU3MPOBAHHOE KOHTPONMPYEMOE KAMHUYECKOE MCCEAOBaHWe BKAKYEHbI NaLMEeHTHI
=18 net ¢ cumntomatuyeckoi ['b Il v Il crenenmn no Golligher. Mpynny uccneposanus (n = 75) onepuposani npu NOMOLLM
nanbnaTopHOro onpegeneHns nokanusauum I'A n SONONHANM Mykonekcueit. B koHTponbHoi rpynne (n = 75) ucnonb3osanu
HAL-RAR. MepBuyHas koHeuHas Touka (25-30-i gHM nocne onepauuu): yactoTa peumamea cumntomos b, BTopuyHble
KOHEYHbIE TOUKM: YacToTa OCNIOXHEHWA B NOCNEoNepaLyoHHOM Nepruoae, MHTEHCUBHOCTL 60K NO BU3yanbHO-aHaIoroBom
wkane ot 1 go 10 6annos, y40OBNETBOPEHHOCTb NALMEHTOB pe3ynbTatamu fieveHus no 10-6annbHoi Wwkane
PesynbTartbl. [10 MCXOAHBIM XapakTepucTukam (BO3pacT, Nof, MHAEKC Macchl Tena, ctaaus b, YacTota KIMHUYECKMX cumn-
TOMOB) rpynMbl HE pasnuyanuck. Peunans aHanbHbIX KPOBOTEUEHMIA B rpynne uccnenosans passuncs y 11%, B rpynne KoH-
Tpons — y 14% naumenTos, peunams nponanca Y —y 3 n 5% naumenToB cooteeTcTBeHHO (p > 0,05). MocneonepavuymoHHble
OCINOXHEHUs 0TMeYeHbI Y 6 (8%) B rpynne uccneposaHns u 4 (5%) B rpynne koHTpons (p > 0,05). HTeHcBHOCTL Gonn Ha 2-e
1 25-30-e cyTku nocne onepawum coctaBuna cooTeeTcTBeHHO 6,3 [4,8; 7,4] 1,2 [0,6; 2,5] 6anna B rpynne uccnenoBaHus
n6,5(4,9;7,3n2,1[1,9;4,1] — 8 rpynne koHTpons (p > 0,05). YO0BNETBOPEHHOCTb NALMEHTOB pe3ynbTaTaMu IeYeHNs Yepes
12 mec. oueHeHa B 8,7 [7,9; 9,2] n 9,4 [8,2; 9,6] B rpynnax uccrenoBaHus 1 KOHTPONS COOTBETCTBEHHO (p > 0,05).
3akntoyenue. Jiurnposanue A ¢ npegBapuTEnbHBIM NanbnaTopHbIM ONPEAEneHeEM UX NoKanu3aLmn 1 LOMNOMHEHHOM
mykonekcueit Y umeet cxogHble ¢ HAL-RAR nokasatenu apdekTMBHOCTW neyYeHnst B OTHOLIEHUM YCTPaHEHUS reMOppo-
naanbHbIX KPOBOTEYEHWN 1 Nporanca y3ros.

KntoyeBble cnosa: remopponaansHas 60nesHb; MMrMpoBaHne reMopponaanbHbIX apTepuin; NanbLeBas MeToAMKa; MyKo-
MeKcKs; TpaHCaHanbHOe YLWMBaHWE BHYTPEHHUX FEMOPPOUAaribHbIX Y3r0B
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Haemorrhoidal artery ligation with and without Doppler
guidance in the treatment of haemorrhoidal disease:
a single-centre randomized study

Petr V. Tsarkov, Maxim A. Popovtsev*’, Yulia S. Medkova, Aftandil V. Alekberzade,
Nikolay N. Krylov
Sechenov First Moscow State Medical University (Sechenov University)
8/2, Trubetskaya str., Moscow, 119991, Russia

Abstract

Aim. To evaluate the efficacy of haemorrhoidal artery ligation (HA) with a preliminary palpatory determination of its localiza-
tion supplemented by mucopexy of haemorrhoids as a new surgical method in the treatment of haemorrhoidal disease (HD)
and to compare it with HAL-RAR technology.

Materials and methods. The randomized controlled clinical trial included patients over 18 years old with Goligher’s grade I,
1l or IV symptomatic HD. We operated on patients in the study group (n = 75) using palpatory determination of the localiza-
tion of HA and subsequent mucopexia. In the control group (n = 75) we used HAL-RAR. The primary endpoint (25-30 days
after surgery): recurrence rate of HD symptoms. Secondary endpoints: postoperative complication rate, pain intensity on a vi-
sual-analogue scale from 1 to 10 points, patient satisfaction with the treatment results on a 10-point scale.

Results. According to the initial characteristics (age, gender, body mass index, stage of HD, frequency of clinical symptoms),
the groups did not differ. Anal bleeding relapse developed: study group — 11%, control group —14%; relapse of haemorrhoids
prolapse: 3% and 5% respectively (p > 0.05). Postoperative complications were noted in 6 (8%) in the study group and 4
(5%) in the control group (p > 0.05). The intensity of pain on the 2nd and 25-30 days after surgery was 6.3 [4.8; 7.4] and 1.2
[0.6; 2.5] points in the study group and 6.5 [4.9; 7.3] and 2.1 [1.9; 4.1] in the control group, respectively (p > 0.05). Patient
satisfaction with the treatment results after 12 months was estimated at 8.7 [7.9; 9.2] and 9.4 [8.2; 9.6] in the study and
control groups, respectively (p > 0.05).

Conclusion. HA ligation with a preliminary palpatory determination of its localization and supplemented with mucopexy of
haemorrhoids is no less effective than HAL-RAR in preventing haemorrhoidal bleeding and prolapse of the nodes.

Keywords: haemorrhoidal disease; ligation of haemorrhoidal arteries; finger technique; mucopexy; transanal suturing of
internal haemorrhoids
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Cnu1cok CoKpaLLeHmii:

I'A — remoppouganbHble apTepum

I'b — remoppougansHas 6onesHb

'Y — remoppougancHble yanbi

Y3[H - ynbTpassykosas Jonnnep-Hasurauus

Jo 10% manueHToB ¢ reMOppONIaEHON 00JIe3HEBI0
(I'b) moxBeprarorcs XupypruueckoMy JieueHuto. OaHoit
13 Haubojee monmyisapHbIX Mertoauk jgedenus ['b II-111
CTaauil SBIAETCS JUTUPOBAHHE T'E€MOPPOUAATBHBIX
aprepuii (I'A) u TpaHcaHaimbHas MYKOIIEKCHS IpoJia-
Oupyroleil TkKaHd BHYTPEHHUX I'€MOPPOUAATIbHBIX Y3-
noB (I'Y) — xomOunupoBannas HAL-RAR-texnonorus
(HAL — haemorrhoidal artery ligation, RAR — recto anal
repair) [1, 2]. [lepBoHadansHO A5 nukBuganuu 'Y pasz-
BUBAJIM MyKomekcuio. C 1eNblo IOMCKa U JTUTUPOBAHUS
T'A — nesaprepusaruu 'Y B xome HAL — K. Morinaga
U CcO0aBT. [3] MpeIOKMWIN UCIOJNB30BaTh YIABTPa3BYKO-
Byto Honmnep-nasuranuto (Y3JH). ITocne HeogHokpar-
HOTO MOATBepkacHUS ) (HEKTHBHOCTH U OS30MACHOCTH
u3onupoBaHHoi mpouenypst HAL [4, 5], P.P. Dal Monte
u coaBr. [6], a 3arem J.L. Faucheron u coasr. [7] xoM-
OuHupoBaiIM ne3aprepuzanuio 'Y ¢ ux Mykomekcueit
(HAL-RAR).

Wsyuenne omnbita npumeHenus HAL-RAR moz-
TBEPAWIO €€ BBICOKYIO I(P(PEKTHBHOCTD NPH JICUCHUU
MManueHToB ¢ ool craaueit I'b. B Hacrosimee Bpems
MIPOBOMSTCS HCCIICAOBAHUS 10 OICHKE 3()(HEKTHBHOCTH
u 6e3omacHoct HAL-RAR B cpaBHEHHH C APYTHUMHU Me-
togamu jeyeHus [8—11]. Beicokas momyiasipHOCTb 3TOH
METOAMKH OOBSCHSIETCI MUHHMAaJbHOH HWHTEHCUBHO-
CTBIO OOJICBOTO CHHAPOMA H BO3MOKHOCTBIO BEPHYTHCS
K MPUBBIYHOHN JKU3HU Ha CIEAYIOLIUI IeHb MOCe ore-
pauuu.

JlurupoBanue ['A cyuTalOT KIIOUEBBIM MMaTOr€HETH-
yeckuM acnektoM JieueHus I'b, ata meTonuka pacmpo-
CTpaHseTCs] TIOBCEMECTHO, B TOM YHMCJIE B MEAMLHUH-
CKHX OpraHu3alusx 0e3 crenuagbHOro 000pyIOBaHUS.
[Toromy akTyanbHOM 3amadell sBiIseTcA OLEHKa (-
(eKTHBHOCTH TPOBEICHUST BMemarenbcTBa 0e3 Y3/IH.
B mHacrosammii MOMEHT OOJBIIMHCTBO HCCIIEIOBAHUMN
HAIIPaBJICHO Ha CpaBHEHHE d(PPEKTUBHOCTH Pa3THIHBIX
noaxooB B neueHnu I'b, mpu 3ToM cyiiecTByeT HeOOIIb-
10¢ KOJIMYECTBO paboT, OICHUBAOMINX () (PEKTUBHOCTD
murupoBanust [A Oe3 npumenenus Y3AH, nanpumep
C MyKONEKcueH, KoTopas, B ommuuue ot HAL, He Tpe-
OyeT MPUMEHEHUsI BBICOKOTEXHOIIOTHYHOTO 000pyIoBa-
HUS U O3BOJISIET JOOUTHCS PE3yNIbTaToOB, COIOCTaBUMBIX
C paauKaIbHOU reMoppouadkromueii [12].

Lenp  uwccnenoBaHusA:  CpaBHHUTENbHAas  OLCH-
Ka 3(Q(EeKTUBHOCTH MNPUMCHECHUs HOBOH METOIUKU

XUPYPIUA

HAL — haemorrhoidal artery ligation (nuruposanue remop-
pongansHbIX apTepui)

RAR - recto anal repair (TpaHcaHanbHas Mykonekcus npo-
nabupytoLLen TkaHW BHYTPEHHUX reMOpPOMAanbHbIX Y3110B)

xupypruyeckoro jeuenus ['b —nuruposanus ['A ¢ npen-
BapUTENBHBIM NaJbIATOPHBIM OINpPEACICHUEM HX JIOKa-
JU3alliy W JOIOJIHEHHON MyKkonekcueil I'Y — mo cpas-
HeHuto ¢ HAL-RAR-TexHomOrHei.

MATEPUAINBbI U METOObI

B pabore mnpencrtaBieHbl pe3yibTaTbl MOHOLECH-
TPOBOTO  PaHAOMM3HPOBAHHOTO  KOHTPOJIHMPYEMO-
ro  KJIMHUYECKOTO  HCCJIEJOBaHUS, MPOBEIEHHOIO
B KiMHHKE KOJIONPOKTONOTMHM H MaJlOMHBAa3UBHOM
XUpypruu MHCTUTYTa KIMHUYECKOW METUIIMHBI HM.
H.B. CkmudocoBckoro (YHHBEPCHTETCKON KIMHHYC-
ckoit OompHMLBI Ne 2) Knunuueckoro nentpa ®IAOY
BO «IlepBblifi MOCKOBCKHII TOCYIapCTBEHHBIH MeAH-
uuHckuit yausepceurer uM .M. CeuenoBa» MuH3apaBa
Poccun (CeuenoBckuit ynuBepcuter) c¢ 01.11.2017
no 31.01.2020.

HccnenoBanue onoOpeHo nokaibHeIM KomuteTom
no stuke (mporokosn Ne 10-19 or 17.10.2017), 3ape-
ructpupoBano Ha ClinicalTrials.gov (NCT04119401),
OITyOITUKOBAH MPOTOKOJ McciaeaoBanus [13].

B wuccnemoBanue BKIIOYANM ManUeHTOB 18 et
U cTaplle MY>KCKOTO U XKEHCKOro noiua. Kpurepuu BKIto-
yeHus: cuMmnroMarudeckuil remoppoi Il u III crenenn
no Golligher; oTcyTcTBHE MPYroro MCTOYHHMKA aHAIb-
HOTO KPOBOTEYEHHUs, KpoMe reMoppost (10 TaHHBIM TO-
TaJbHON KOJIOHOCKOIHHM); MOAMUCaHHE TOOPOBOJIBHOTO
UH(GOPMHPOBAHHOTO COMNIACHS HAa ydYacTHE B HCCIEIO-
BaHMH. Kputepum uckitoueHusi: OEpeMEHHOCTb; Xpo-
HUYECKas aHallbHasl TPELMHA C BBIPAXXEHHBIM CIIa3MOM
COUHKTEpa; HAIHYHE aHOPEKTAJBHBIX CBHUINCH; Jro0as
npeabIAyIIas onepamnus no yaaaeH!o reMoppos (BKIto-
yasi MUHU-WHBa3UBHBIE MIPOLEAYPHI); t00ast cTagus Ko-
JIOPEKTAJILHOTO PaKa; MpHUeM IepopaibHbIX aHTUKOAry-
JITHTOB TIPU BPOXKICHHBIX HAPYIIEHUSIX CBEPTHIBAIOIIEH
CUCTEMBI.

Hcxonno g yvactusi oueHeH 171 mamueHrt.
BxiroyeHre ManueHToB B MCCIEJOBAaHUE MPOMCXOIUIIO
B MOJMKJIMHUYECKOM OTAEJICHUU TOCcTe MOANUCaHUs A0~
OpOBOIBHOTO HH(GOPMHUPOBAHHOTO COIVIACHS HA y4acTHE
B HCCJIEJIOBAaHUM NPU COOTBETCTBUU KPUTEPHUSIM BKIIIO-
yeHus (puc.).

HUrorosas BenmurHa BEIOOPKH — 1 50 manmeHToB — pac-
CUHTaHA C YYETOM JKCIEPTHBIX oLeHOK. C LeNpo mpo-
BEJCHUS HCCIENOBaHUS NPEABAPUTEIHHO ObUI CO3daH
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O1LeHeHO A7 y4acTHs B UCCIEI0BAHUU
(n=171)

HUckmoueno (n =21)
* HecoorBercTBre kpurepusm BrutoueHus (n = 18)

A4

* Orka3 yyactBoBath (n = 2)
* Jlpyrue npuuaunsl (n = 1)

PannomusupoBano
(n=150)

[

v

I'pynna nccnenosanust (n = 75)
[TansueBoe onpenenenue 'A,
Je3apTepusalys + MyKoIeKcus
OnepuposaHo (n = 75)

v

v

I'pynmna xontpoist (n = 75)
HAL-RA

Omnepuposano (n = 75)

v

Ornenka
(n=175)

HepBI/I‘IHBIe 1 BTOPUYIHBIC
KOHEYHBIE TOUKH
(25-30-1 mens, 12 mec.)

OrneHka
(n=175)

v

v

[oteps xonrakra (n = 26)
Onenka (n = 49)

BropuuHas koHe4Hast TOUKa
(18 mec.)

[oreps xonrakra (n =23)
Ornenka (n = 52)

PWUC. ITorokoBas auarpaMma BKIIFOYCHHS [ALHEHTOB B HCCIICOBaHHUE

FIG. Flowchart of patient inclusion in the study

PaHAOMHU3ALMOHHBIM JINCT BCEX HCHBITYEMBIX C HC-
MOJIb30BaHKEM OHJaiH-cepBuca Research Randomizer
(Version 4.0) [Computer software] (Urbaniak G.C.,
Plous S., 2013)'. Pangomusanus — ciy4ailHOe Ha3Ha-
YyeHue (MPUCBOEHHE) — MPOUCXOAMIIA B TOJIHMKIMHUKE
B JeHb omepauuu. O ee pesyiapratax ONepUPYIOLIUil
XUPYpPr y3HaBaj TOJIBKO IOCIIE Ha4yajla aHECTE3UH, YKe
B ONEPALOHHOMN.

I'pynny wuccnempoBanus (n = 75) onepupoBaiu
6e3 npumenenuss Y3/IH c mpenBapuTenbHBIM Hasblia-
TOPHBIM OmpeeNeHHeM JIoKanu3auuu [A ¥ JonoaHsIIN
MyKonekcuel. B koHTponbHO# rpynme (7 = 75) ucrnois-
3oBamn HAL-RAR.

IloarotoBKky mpsMOW KHIIKM Tepes onepanuei
He npoBoawiId. Onepanuy B 00eUX rpyInnax BbIIOIHAIN
oJ1 ANy pajibHON anecTe3neil. KoHTpounps nocneonepa-
UOHHOIW Oonu oOecreynBalii Ha3HAYCHHEM HECTepo-
UIHBIX TPOTUBOBOCIAIMTENBHBIX MPENapaToB Ha CPOK
HE MEHee 5 JHEN.

B rpynne uccrnenoBanus myascanuto [A onpenens-
JIM TAJIBIIATOPHO B OOJIACTH aHOPEKTAJIbHOTO COEIMHE-
HUS, 3aT€M UX JHUTUPOBAIM U MPOBOAUIN MYKOIEKCHIO
I'Y. B xonTposnbHoii rpymnme onepanuio HAL-RAR BbI-
MOJHSIM KOMIUIEKTHBIMU PEKTOCKOIIAaMHU «AHTHOAWH-
IIpokro» (AO HII® «bHUOCC», Poccus) u THD (THD
S.P.A, Utanus). LLIBbl HaKnagpIBadl B COOTBETCTBHH CO
CIEYIOUIMMH PUHIMIIAMU: MEPBBIH Z-00pa3HBIid 1I0B
Ha apTepuio («IKOPHBI») HaKIaJgblBaId HaJ aHOPEK-
TaJIbHBIM NIEPEXOJIOM B TOUKE MAKCUMAJIBHO OTYETINBON
MyJABCAIlUU COCYJIa C 3aXBAaTOM MBIIIEYHOIO CJOS KHIII-
KM, Jajee — JUIsl OCYIIECTBICHUS! MYKOIIEKCUM — B JIUC-
TaJbHOM HampaBlieHuN (OPMHUPOBATU HEMPEPHIBHBIN

0OBHBHOI1 IIIOB C IaroM 5 MM, 3aBepIIAIOIIMIACS Ha pac-
cTosiHUM 8-12 MM mpokcuUMajnbHee 3y04aToil TUHMU.
VY3en 3aTAruBaiu M0 HApaBICHUIO «CHAPYKU-BHYTPb»
OT TMOCJEAHEr0 1I1Ba, (UKCUPYIOLIETO CIU3UCTYIO,
K TIEPBOMY «SIKOPHOMY». MYKOIIEKCHIO B IpyIINe Ucclie-
JnoBaHus BeIONHAIM 1o Farag [12], a B KOHTPOJIBHOM —
M0 CTAHAAPTHOM TEXHUKE B COOTBETCTBUH C KOHCTpPYK-
TUBHBIMU OCOOCHHOCTSAMU peKTockomna [2].

B o6eux rpymnmnax npu HaJU4UUd COOTBETCTBYHOIIUX
MOKa3aHUK MPOBOAUIINCH JOMOIHUTEIbHbBIE BMEIIaTelNb-
CTBa: yJaJleHUe MepuaHaNibHON 0aXpOMKH, €AMHUYHOTO
HapykHoro [V, monmuma aHaJBHOrO KaHalla, Hccede-
HUE XPOHMYECKOM aHAIbHOHN TPELIUHBI, MPOTEeKAIoIe
0e3 cra3zma cUHKTEpa.

B xauecTBe nepBUYHON KOHEYHON TOUYKHU UCCIIEN0BA-
HUs B cpoku 25-30 nmHell mocie onepanuy OLEHUBAIU
4acTOTy PeUUAMBa JIFOOOTO M3 HayalbHBIX CHMIITOMOB
WK TTOSIBIIEHUSI JTI000r0 HOBOTO cuMiitoMa I'b: ananbHOe
KpOBOTE€UYEHHE BO BpeMs AedeKaluu U/Uil BblaJeHUE
T'Y. Knuanueckuii 0CMOTp U PETUCTPALMIO PE3YIIBTATOB
JIe4eHHsl IPOBOAWI XUPYPI, HE IPUHUMABIINN y4acTus
B omnepauuu. Kpome 3Toro, yuyuThIBaiIyd NPOJOKUTENb-
HOCTb ONEpaluy, KOJIMYECTBO JIUTUPOBaHHBIX [A u my-
KOTIEKCHUH1, IOMTOTHUTEIbHBIX MaHUITYJISIHNA, TPOJOIKHU-
TEJIBHOCTH CTAIMOHAPHOTO JIEYECHUSI.

BropuyHbIME NOKa3aTENAMU UCXOJ0B CITY>KUIIH: 00-
11ast 4acTOTa OCIOKHEHUH B MOCJIEONEePAllMOHHOM IIepH-
oJie; CyObeKTUBHAsI OLIEHKA MAaIlUeHTOM MHTEHCHUBHOCTH
O6onu (BpeMeHHbIE paMKH: 2-¢ cyTkd U 25-30-i1 aun),
KOTOPYIO M3MEpsUIM B O6aJuiax, ¢ UCIOJIb30BaHUEM BH3Y-
aJbHO-aHAJIOTOBOW LIKanibl B Auanazone oT 1 go 10, roe
1 — «ner 60am», a 10 — «camas cuibHas 00Jb, KOTOPYIO

! https://www.randomizer.org/
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| XUPYPIUSA

MOXHO ce0e TIPEICTAaBUTHY»; YHOBICTBOPEHHOCTH Ia-
[MeHTa pe3yibrataMu JjiedeHus: no 10-6ammpHO# miKa-
ne (mpu 3ToM 10 GayuIoB OTpaXkaeT caMyl0 BBICOKYIO,
a 1 6aJI1 — caMyro HU3KYIO yIOBJIETBOPEHHOCTS) uepe3 12
u 18 mec. JJonomaurensHo yepes 18 mec. omeHnBaIMCh
CUMIITOMEI pernuauBa. B cpoku B cpemrem 6omnee 18 me-
CAIIEB yTpayeHa CBsI3b C 26 MalMeHTaMu B TPYIIIE HC-
CJIeZIOBaHUs U 23 — B TPYyIIe KOHTPOJIS (pHC.).

CrarucTuveckuii aHaIu3

i mpoBepkM HOPMalbHOCTH  paclpeaeieHus
JTaHHBIX MCHOJIb30Bainu Kpurepuu [llammpo — VYwuika
n KommoropoBa — CmupHoBa. KonmdecTBeHHBIE TOKa-
3aTeNId, COOTBETCTBYIOIME HOPMAJIBHOMY paclpenese-
HUIO, IIPE/ICTABIICHbI B BUJIE CPEIHET0 3HAYEeHUS U CTaH-
JApPTHOTO OTKJIOHEHMsI, HE COOTBETCTBYIOILIME — B BUJIE
MEeIuaHbl 1 HHTEPKBAPTIIIHHOTO pa3Maxa (25—75-i1 mpo-
neHTuIM). CpaBHEHUE KOJIMYECTBEHHBIX JaHHBIX IIPOBO-
JWIOCH C TIOMOLIbIO HemapHoro kpurepust CTbIOAEHTa,
kputepusi Manna — Yutau. KareropuansHbie iepeMeH-
HBIC TIPE/ICTABIICHEI KaK a0CONIOTHBIC 3HAYEHSI U JTOJIH,
BBIP@XXECHHBIE B IPOLEHTAX; JUIsl UX CpPaBHEHUS IpPHU-
MEHSICS TOYHBIM TecT Duiiepa, KpUTEPHUl XU-KBaIpaT
[Mupcona. CrarucTUUECKU 3HAUUMBIMU CUUTAIHN Pa3iu-
qust ipu p < 0,05.

CraTucTU4eCcKUi aHaJIW3 BBIIOJIHEH C HUCIOJIb30Ba-
aueM nporpammsl IBM SPSS v.23.0 (SPSS: An IBM
Company, CIIIA).

PE3YNbTATDI

Jlemorpaduieckie u KIMHHYECKAE XapaKTePUCTUKH
OIEPUPOBAHHBIX MAIIUCHTOB TPEACTABICHB B TaOIH-
e 1. Pazimuwmii B Bo3pacte OONBHBIX, TCHIEPHOM COCTa-
Be, UMT nammenToB He OBLIO.

Pacnpenenenune mo cragusm (I wmm III) T'b crarm-
CTUYECKH 3HAYMMO HE OTIMYAIOCh MEXKIY TpYyIIIaMHu,
60-63% nmenn 111 craguro 3a6oneBanus. B obenx rpym-
Tax IMpy NEPBUYHOM O0PAICHHUH KAJIOOBI Ha BBITIAICHUE
I'Y u BhIIENeHNE KPOBU TpH Ae(eKannuu MpeabsBisuia
60—88% manueHToB, y OOJIBIIMHCTBA MAIUCHTOB OBLIO
COYETaHHE HECKOJIBKUX CUMITTOMOB I'B.

PenuauB aHanbHBIX KpPOBOTEYEHMH W BBINAJEHUA
I'Y B rpynne uccnenosanus cocrasui 11%, B rpymme
KkoHTpoJs — 14%, peunaus nponanca — 3 u 5% coot-
BETCTBEHHO, pa3HUIA MEXY IPyNIaMU CTaTUCTUYECKH
HE 3HauuMa.

CpenHsis NPOJOIKUTENBHOCTh BBIIOJHEHUS XH-
PYPTUYECKUX BMELIATEIbCTB B IPYIIax HCCIEIOBaHUA
U KOHTPOJSA CTAaTUCTUYECKH 3HAYMMO HE OTIMYaiach.
VY TONOBHHBEI MAaIIEHTOB B OOCHX TPYHIIaX BO BpeMs
OTIepaTUBHOTO BMemIaTeNnbcTBa TurupoBaim 3 TA, y 15—
21% -2 uy 11-12% — 4 TA. Pa3nuuuii o KOIU4YECTBY
JUrupoBaHHbIX A Mexay rpynmnaMu He YCTaHOBJIEHO
(Tabm. 2).

KonugecTBo BBINOIHEHHBIX MYKOIIEKCHUH CTaTUCTHYE-
CKH He pa3inyajoch Mexay rpynnaMu. KonuuecTso u va-
CTOTa BBINIOJIHEHUs JONOJIHUTEIbHBIX NPOLELYp pe3eK-
IIMOHHOTO XapaKTepa 3HaYMMO He OTIHYAIUCH (Tab. 2).

[TocneonepaliOHHbIE OCIOXHEHHUS Pa3BUBAINUCH
y HEOOJBIIOW YacTH MAIMEeHTOB. B Tpyrme uccienopa-
HUS II0CJIEONEPAlMIOHHOE KPOBOTEUEHHUE 3aperucTpu-
poBaHo y 1 w B Tpymie KOHTPOJIS — y 2 TMAalueHTOB.
Bce smu3onpl ObUTH CBsI3aHBI ¢ TPOPE3BIBAHUEM IIBOB
Ha JTUTHPOBAaHHBIX ['Y 1 OBUTH KyIHpOBaHEI TOBTOPHBIM
BBITIOTHEHUEM JUrupoBanwsi [A mon smuaypabHON
aHeCTe3Wel B yCNOBUAX onepanuoHHou. [Ipoume Ha-
omonenust (3 ¥ 5 MaIMEeHTOB B TPYIIE UCCICAOBAHUS
U B IpyNIe KOHTPOJIS COOTBETCTBEHHO) HE3HAYUTEIIb-
HBIX SIHU30INYECKUAX BBIICICHUN KPOBH OBLTH CBS3aHBI
C HapyLIEHHUEM JIUEeThl U KyIUPOBAJIUCh CAMOCTOSTENb-
HO B TEYEHHWE PAHHETO IMOCJIECONEPALIOHHOIO NepHona
IIpHU COONIONEHUH PEKOMEHMAINH 10 AWeTe M MEIUKa-
MEHTO3HOMY JIeUeHuI0. B rpymnre uccnenoBanus ormMeue-
HBI 4 311M30/1a TPOoMO03a JTUTUPOBAHHEIX ['Y, B KOHTPOJIb-
HOU — 2. B olHOM HaOIIOICHUN B KOHTPOJIBHOH TpyIIIie
MOTPeOOBAIOCH BBITOJHEHHE TPOMOIKTOMHUU, PEBU3UU
AQHAJIBHOTO KaHaJjla CO CHATUEM IIBOB C JUTHPOBAHHOIO
I'Y. B npyrux HaOIOIECHUSX CUMIITOMBI OBLIH KyITHPO-
BaHbl HAa3HAYEHUEM CUMITOMAaTHYECKOIO MEAMKAMEH-
TO3HOTO JieueHus. B onHOM cilydae B rpymne uccieno-
BaHUs Pa3BUJIICS OCTPBII MAPAPOKTHUT C IOCIEIYIOLUM
(hopMupoBaHHEM UHTEPCHUHKTEPHOTO CBHINA B PaHHEM

Tabnuya 1. lemorpadpmyeckue 1 KNMMHUYECKUEe XapaKTepUCTMKKU NALMEHTOB B rpynnax MccneaoBaHUsA U KOHTPONS
Table 1. Demographic and clinical characteristics of study and control groups

Xapakrepuctuka / Feature

I'pynna uccnegosanus / Study group  pynna koHnTpons / Control group  3HaueHue p /

(n=175) (n=175) p value

Boaspacr, net / Age, years 401+938 431+£124 n.s.
MyxuunHel / men, n (%) 40 (53%) 43 (57%) n.s.
WMT, kr/m? / BMI, kg/m? 243+41 255+4.8 n.s.
6 Il craguum / HD |1l stage, n (%) 47 (63%) 45 (60%) n.s.
YKanobbl / symptoms, n (%)

aHanbHble kpoBoTeveHus / anal bleeding 45 (60%) 55 (73%) n.s.

BbinageHue 'Y / prolapse of haemorrhoids 66 (88%) 56 (75%) n.s.

6onb / pain 21 (28%) 23 (31%) n.s.

Mpumeyanue: UMT — nHaexc macebl Tena; b — remopponaansHas 6onesHb;

Note: BMI - body mass index; HD — haemorrhoidal disease.

I'Y — remoppougancHsle y3nbl; n.s. — not significant, He 3Haunmo.
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SURGERY

Tabnuya 2. OueHka 3¢pcheKTUBHOCTM NleYeHUsi: NepBUYHbIE U BTOPUUHbLIE TOYKM
Table 2. Evaluation of the effectiveness of treatment: primary and secondary outcomes

M'pynna uccnegosanus /| pynna koHTpons /

Kputepum oueHku / Evaluation criteria Study group Control group 3navenve p/
(n=75) (n=15) p value
MepBuyHas Touka (25-30-1 gHu) / Primary outcome (25-30 days)
peunanB aHanbHbIX kposoTeyeHui / anal bleeding recurrence, n (%) 5 (11%) (n = 45) 8 (14%) (n = 55) n.s.
peunans Buinagenus MY / haemorrhoid prolapse recurrence, n (%) 2 (3%) (n = 66) 3 (5%) (n = 56) n.s.
HononnutenbHas oueHka (0-14 gHein) / Additional evaluation (0-14 days)
lMpogomknTenbHOCTL onepaumu, MuH. / Duration of operation, min 287 7,7 31,3+8,9 0,056
KonuuecTo nurvpoBanHbix A / Number of bandaged HA
1 2 (3%) 2 (3%) n.s.
2 16 (21%) 11 (14%) n.s.
3 40 (54%) 45 (60%) n.s.
4 13 (17%) 8 (11%) n.s.
5 3 (4%) 5 (7%) n.s.
6 1(1%) 4 (5%) n.s.
KonunyecTso mykonekcuii / Number of mucopexia
1 1(1%) - n.s.
2 2 (3%) 3 (4%) n.s.
3 17 (23%) 18 (24%) n.s.
4 39 (52%) 41 (55%) n.s.
5 11 (14%) 8 (10%) n.s.
6 5 (7%) 5 (7%) n.s.
[JononnuTensHble MaHunynsywm / Additional manipulations 40 (53%) 35 (47%) n.s.
[MpopomKMTENBHOCTL CTaLMOHAPHOTO ieyeHus, AHm / Duration of hospital stay, days 3,4[2,6; 4,4] 2,5[2,1;3,2] n.s.
BropuyHble Toukm / Secondary outcome
lMocneonepaumoHHble ocnioxHeHus / Postoperative complications, n (%) 6 (8%) 4 (5%) n.s.
WHTeHCHBHOCTL Bonm No aganTupoBaHHoN Lwkane 10-6annsHol wkane NukepTa,
6annbl / Pain intensity according to the adapted 10-point Likert scale, points
2-e cyTku nocne onepauuu / 2 days after the operation 6,3 [4,8;74] 6,5[4,9;7,3] n.s.
25-30-e cyTku nocne onepaumu / 25-30 days after the operation 1,2[0,6; 2,5] 21[1,9;41] n.s.
Y n0BNETBOPEHHOCTb NALMEHTOM pe3ynbTatamu neyeHus no 10-6annsHoi Lwkane,
6annbl / Patient satisfaction with treatment results on a 10-point scale, points
yepe3 12 mec. / after 12 months 8,7[7,9;9,2] 9,48,2;9,6] n.s.
yepe3 18 mec. / after 18 months 881[7,2;91](n=49) 891[7,0;92] (n=52) n.s.
HononHutenbHas oueHka (18 mec.) / Additional assessment (18 months)
Onn3oanyeckne pekTanbHble KPOBOTEYEHNS nocne aedekauim / 5 (10%) 8 (15%) ns
Episodic anal bleeding after defecation, n (%) (n=49) (n=52) -
Onusognyeckoe Bbinagenve 'Y / Episodic prolapse of haemorrhoids, n (%) 8 (16%) (n = 49) 7 (13%) (n = 52) n.s.
Mpumeyanue: A — remopponaansHbIe apTepum; N.s. — He 3HAYNUMO.
Note: HA — haemorrhoidal arteries; n.s. — not significant.
nocieonepaquoHHoM nepuone. IIpomomkurensHOCT CyObeKTHBHAsI  YIOBIICTBOPCHHOCTh  IMAIIMEHTOB

CTallMOHAPHOTO JICUCHHUs] B TpPYINIAX HCCIEIOBAHUSL
Y KOHTPOJIS HE pa3nyaiach U He MpeBbimana 3—4 CyTok.

IepBas nedexaryst y OONBITUHCTBA MAIMEHTOB 00e-
UX TPpyHn HaOmonanach Ha 2-¢ CYyTKH IIOCIIe OIepanuu
U COIpPOBOXKIANACh MaKCHMAJIBGHBIM YpOBHEM Oo0iH
[0 BH3YaJIbHO-aHAJIOTOBOH IIKajie 3a BECh MEPHON Ha-
Omronenus. B mocnenyrommye THH HHTEHCUBHOCTH OOITH
3HAYMTEBHO YMEHbINANACh, U K 25—30-M cyTkam Gosee
93% manueHToB B 00EHX IpyIIax He HCIBITHIBAIN 3TOT
cumrToM. B cpoxu mo3xke 6 Mec. 007b, HETIOCPEICTBEH-
HO CBSI3aHHYIO C BBIIIOJHEHHBIM XHPYPTHYECKHM JIede-
HHEM, HEe OTMeYall HU OJVH U3 PECIIOHICHTOB.

pesynpraramu neuenus depe3 12 u 18 mec. B rpynmax
HE OTIINYajach.

JononHuTenbHAS OICHKA, TIIPOBEICHHAS —depes
18 Mec., mokazana coxpaHeHHe MePUOJUICCKH BO3HUKA-
toriero BeiieneHus: kposu y 10—15% u smmzoamdaeckoe
BhITIaZicHNE y370B Y 13—16% manuenToB, pa3HUIa MEX-
Iy TPyHIIaMH He 3HaYNMA.

BrimonHeHHOE  XHPYPrHYECKOE JIEUeHHE HE CTallo
OKOHYATENFHBIM B CBSI3H C PeHUAMBOM cUMITOMOB ['B
y 6 manueHToB. OTKpPHITas TeMOPPOUIIKTOMHUS BBITION-
HeHa B rpynine uccienoBanus 2 (3%) nanuenram, B KOH-
TpoibHOH — 4 (5%), pa3HuLla HE 3HAYMMA.
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OBCYXOEHUE

CpaBHeHHE S(PQPEKTHBHOCTH JIByX BapUaHTOB Jie-
3aprepu3auuu 'Y B OTHOIIEHUN yCTpPaHEHUsI FeMOppo-
WIaTHHBIX KPOBOTEUEHHUH M TIPOJIATICA Y3JIOB CBUICTENb-
CTByeT 00 OTCYTCTBHH NPEUMYIIECTB WHCTPYMEHTAIIb-
HOW METOJIWKHU HAaJ MajbLEeBOW, HECMOTPS Ha TOYHOE
OTIpeZieTICHHE JIOKaam3auui ['A WMEHHO C IMTOMOIIBIO
Y3/H.

CTpyKTypa U 9acToTa IIOCIICONICPAIIMOHHBIX OCIIOXK-
HeHUil B cpoku jo 30 qHEH mocie omepamnud B 00eHx
rpynmnax OONBHBIX CBHICTENBCTBYIOT O 0O€30MacHOCTH
METOJIMKH MaHyallbHOH ne3aprepm3aruu ['A, comocra-
BHMOHM C TaKOBOW IIPH HCIIOJIB30BAHUU KIIACCHYECKOTO
Bapnanta HAL-RAR c V3/IH.

Ponp n3onmmpoBanHoro nurupoBanus ['A ¢ ux npea-
BapuTeNbHON wuaeHTHduKanuein Y3JIH Hemocrarou-
HO HM3BECTHA, 3a UCKJIIoYeHHeM pabot J.P. Schuurman
U coaBT. [14, 15], B KOTOpPBIX OBbLIH MPOAHATU3UPOBAHBI
pe3yIBTaThl  PaHAOMHU3UPOBAHHOTO KIMHUYECKOTO WC-
ciefoBanus 1o cpaBHeHuo 3@ dekrnBHocTt HAL-RAR
U MyKomekcud. [IpeamouTeHne aBTOp OTHAal MYyKOIIEK-
CHH, OCHOBBIBASICH Ha TOM, YTO B 00JacTH aHOPEKTaIlb-
HOTO COEIUHEHUS MOTYT OTCYTCTBOBATh KPYITHEIE IHIC-
TaJIbHbIE BETBH BEPXHEHN MPSMOKHUIIEYHON apTEPUH, KO-
TOpBIe CIOCOOEH OOHAPYKUTH YIBTPA3BYKOBOHM NATUHK,
13-32 HAJIMYUS Pa3BETBICHHOH CeTH 0OMIEHO aHACTOMO-
3UPYIOMUX MEKIY CO00i MENKHX TepMHUHAJIBHBIX BET-
BEU 3TOM apTepUH.

Kpome Toro, xox TepMuHaibHBIX BeTBer ['A moutn
HUKOTZAa HE UMEET CTPOTO BEPTHKAIHHOW OpHEHTAIIWH,
a pacrojaraercs Mmoj yrioM K OCH aHaJBFHOTO KaHaia
[15]. B Takoit cuTyaruu (pUKCaIHs JIATaTypPhl HETTOCPE/-
CTBEHHO IO WJI HaJ| YABTPa3ByKOBEIM JaTYUKOM (B 3a-
BHCHMOCTH OT KOHCTPYKIIMH aHockoma ¢ Y3/IH) moxer
HE 00eCICUHTH MEePEBA3KY COCYAa.

Jlyis Toro 4ToOBI JOOUTHCS CYIIECTBEHHOTO CHHIKE-
HUS KPOBOTOKA, HEOOXOIMMO HAKJIabIBaTh OOJIBIIE JIH-
raTyp | MepeBsA3bIBaTh Bce 0OHAPYKUBAEMEBIC TATIHKOM
cocyabl. HekoTopbie aBTopsl [16] yOexaeHbI, 4TO HE0O-
XOMMO JIMTUPOBATh OT 6 70 8 T'A (MuHUMYM 6), TprUeM
HEKOTOpbIe HccieaoBatTenu [17] momyepkuBaroT Heo0Xo-
JIUMOCTh JIUTUPOBaHUS 10 16 HalileHHBIX apTepuid (OT
4 o 16, B cpenneM — 9). OHaKO Jake B 3TOM Cllydae
peUnaNB B TEUEHHE 5 JET Mocje ONepanud BO3MOXEH
B 35,6% [18].

Cremyer nu TUTHPOBATh BCE, Ja)Ke CAMbIC MEJKHE
TepMHUHAIBHBIC BeTBH ['A (C TPyZOM BBISBIISIEMEIE C HC-
nonp3oBanneM Y3/[H), ecnu 9acTh manneHToB Bce paB-
HO BEpHETCA K Bpayy ¢ KIIMHUYECKOW KApTUHOW peluau-
Ba ['b? 1o HamieMy MHEHUIO, B OOJBIIIMHCTBE HAOIIONE-
HUH mynbcanyst [A OTYETIIMBO OIpeAessieTesl MajlblieM
XHpypra B TeX e TOYKaxX, B KOTOPHIX OHU BEISIBILIOTCS
VABTPA3BYKOBEIM JAaTYUKOM. XOTS HCCIEHOBAHUS, IO-
CBSILCHHBIC BHINOJHEHUIO H30JIMPOBAHHONW MYKOIICK-
CHH, KOCBEHHO CBUAETEIBCTBYIOT 00 OTCYTCTBHH HEO00-
XOAMMOCTH TIPENHU3UOHHOTO nurupoBanust [A [14, 19,
20], B cimydae BbIsIBIIEHUS Imynbcanuu ['A mpu nanbineBom

XUPYPIUA

HCCIIEZIOBAaHUY, IO HallleMy MHEHMIO, UX BCE-TAaKH Clie-
JyeT IepeBsI3bIBaTh N€Pe]] BBIIIOJTHEHUEM MYKOIIEKCHH.

Jluruposanue T'A o0OBsicHSICTCS HEOOXOTUMOCTHIO
BO3JICHCTBOBaTh HE TOJNBKO HAa AMCTPOMUICCKUH (ak-
top pazeutusa ['b (nponanc I'Y), HO ¥ Ha cOCyTHUCTHIN
(M30BITOYHOE HAITOJHEHHE KPOBBIO T'e€MOPPOUIAIBLHBIX
cruierennii). Kpome Toro, yMeHbIasi K HUIM IPUTOK KPO-
BU, MO)XKHO MUHUMHU3UPOBATh PUCK Pa3BUTHSI TpoMOO3a
murupoBaHHbIX ['Y, 4TO sABiIsSIETCA BEPOSITHBIM OCIIOXKHE-
HreM u mykonekcuu, 1 HAL-RAR.

OTcyTcTBHE HEOOXOOMMOCTH JIMUTHPOBAHUS KaK MU-
HUMYM 6 T'A, nake eciii OHU He OOHApY)KEHBI YJIBTpa-
3BYKOBBIM JAaTYMKOM B TUIHMYHBIX TOYKaX, KaK TOIrO
TpeOyeT coBpeMeHHbIH npotokor HAL-RAR [16], mox-
TBEp)KIAeTCsA pe3yJbTaTaMM JIEUEHUS B CPaBHUBAEMBIX
rpyImax Hamiero uccienoBaHus. Tak, »KamoOBl Ha Tpo-
JOoJDKaroIeecs BBIACICHHE KPOBH Tocie aedexamun
B KOHTPOJBHOM Tpymme yepe3 18 mec. mocne omeparun
BCTPEYAINCH HECKOIBKO Yamle U ObIIH 0OTMEUYEHBI Y 15%
pecnoHIEeHTOB, a B rpymme uccienosanus — y 10%,
HO pa3HMIIa CTaTUCTHYECKU He 3Hauumma. Kpome Toro,
€CIIN XUPYPT HE CMOT OOHApPYXHUTh TOCTaTOYHOTO UHC-
Ja mynbcupyromux I'A 1 IurupoBarh UX, pUCK pPELUAU-
Ba FeMOPPOUJAIBHBIX KPOBOTEUEHHHM HE IOBBIILIAETCS
IIPU YCIIOBUM aJ€KBaTHOTO BBITOJIHEHUSI MyKOIIEKCHH.

OTCcyTCTBHE pa3HMULBI MEXIY CpPEAHHUM KOJIude-
CTBOM BBINOJIHEHHBIX MYKOIIEKCUH U JINTUPOBAaHHBIX ['A
B TpyIIax UCCICIOBAHUS U KOHTPOJIS OOBICHAETCS TEM
(bakToM, 9TO B OONBINMHCTBE HAOIIOJCHUN KaK YJIbTpa-
3BYKOBOH JaTYHK, TaK U Majell XUPypra MOTyT oOHapy-
)uUTh OoT 1 710 6 T'A (wame Bcero — 3), B TO BpeMs Kak KO-
JTUYECTBO Tponadupyrommx ['Y, Kak mpaBuiio, ocTaeTcs
crangaptaeiM (3 'Y B TunmuHbIX Toukax). Kpome Toro,
XUPYPI BBIHYXKIIEH BBIOJIHATH MYKOINEKCHIO HE3HAYU-
TeNBbHO Tponabupyromux ['Y B cirydae, eciii OHH pac-
TIOJIOKEHBI Ha OJTHOM OCH ¢ TUTUPOBaHHOM ['A.

BepositHo, 30 heKTHBHOCTD YCTpaHEHUS! CHMIITOMOB
I'b MOeT 3aBUCETh OT TOTO, HACKOJILKO XHPYPT OBLI CO-
CPEJOTOYEH Ha KayeCTBEHHOM M IIOJHOM BBIIIOJIHEHUU
MYKOIIEKCHH, a He Ha HWACHTH(HUIIMPOBAHHBIX M JHIH-
poBanHbix ['A. OTCyTCcTBHE TpH 3TOM CTaHJAPTHBIX
quts BemotHeHUsT HAL-RAR pekTockonoB MoXeT 00-
JETYNTh OOBEKTUBHYIO OIIEHKY JIOKAJIHM3aIllUH, COCTO-
SHUS, a TaKXKe CTeneHu mnponanca ['Y, mOCKOJIBKy cam
PEKTOCKOII, BBEIICHHBI B aHAJbHBIH KaHAI, CIOCO0-
CTBYET CHIDKCHHMIO KpOBEHaIoysHeHus ['Y, cmemaer ux
B KpPaHHAJIbHOM HAIIPABJICHHUHM, YTO HUCKAXKAET B Ilazax
xupypra uctuauyto craguio I'b. OcraBasich cocpenoro-
YEeHHBIM Ha CHTHaJaX, moiydaemerx npu Y3JIH, xupypr
CTapaeTcsl IUTMPOBATh BCE BBIABICHHBIE TaTYUKOM apTe-
pun, IpeHedperas 3a4acTyi0 Ka4eCTBCHHBIM H TOJHBIM
BBIIIOJIHEHUEM MYKOIIEKCHH TaM, I11€ 9TO JeHCTBUTEIIBHO
HE00X0OMMO.

[TprnoOpeTeHne OOCTAaTOYHOTO OIBITA TIPH OCBOE-
ann Metogukn HAL-RAR, ob6ecneuennonn Y3/IH, mo-
3BOJISIIOIIEN CTaHIApTU3HPOBAaTh OMNEPATUBHBIM MOA-
XO0[l, TIO3BOJIAET XUPYPTry CO BPEMEHEM PacIIUPUTh CBOU
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SURGERY

BO3MOXKHOCTH Ha JTare Ae3aprepusanuu ['Y 3a cuer
OTIOpHI JINIIF HAa CBOE 3PEHHE M TaKTHIHHBIC OITyIIe-
HHUS, & HE HA CIOXKHBIA JOPOTOCTOSIIMI OTHOPA30BBIN
nHCTpyMeHT. OnHako S.R.Q. Naqvi 1 coaBT. He JOIOI-
HSJTM TaKOW BapWaHT JHUTUpoBaHUA [A Mykomekcuein
[21]. OO0 3¢ dexkTHBHOCTH OINepainy CBUACTEIHCTBOBA-
Y HU3Kasg yacToTa penuauBa KpoBoTedeHUH (2,06%)
U croiikoro mpodianca (4,12%). B rpymme, cocrosmmeit
n3 70 manuenToB, S.M. Hussain u COaBT. IMTHPOBaHUE
I'A mon BU3yaJIbHBIM KOHTPOJIEM TOIONHSIIA MYKOIICK-
CHEH, peIuauB Ipoanca ObUT 3apeTUCTPUPOBAH JIHIIH
B 1,42% [22]. Ognako cpoku HaOIIOICHUS 32 OOJTHHBIMHU
B 000X COOONICHHUAX OBLTH OIpaHUYEHBI JIHWIIL 6 Mec.
OTH (haKTHl CBUACTEIBCTBYIOT B TIONB3Y HEOOXOANMOCTH
VBEIMUCHHST KOJIHYECTBA CIICIHATBHBIX HCCIICIOBAHHUN
B OOJBIIUX TPYMIIaX OONBHBIX C [UTATEIBHBIMHA CPOKaMHU
UX HaOIIOIEHUS.

[MoydeHHbIe pe3ybTaThl KOCBEHHO CBHICTENLCTRY-
IOT O TIOCTaTOYHOH 3 (HEKTUBHOCTH B O€30MTACHOCTH ITe-
peBsi3ku [A TOMBKO B MIPOESKIMY KITWHIYECKH 3HAUUMBIX

BKINAQ ABTOPOB
II.B. IlappkoB sIBiIsi€eTCS aBTOPOM M NEPBBIM HCIOIHUTENIEM
OPHTMHAIBHOTO  METOoZa  JAe3apTepu3allid  TIeMOpPpPOUAANb-

HBIX apTepuii, IIaBHBIM pa3pabOTYUKOM KOHLCNIMH CTaThH.
M.A. TlonoBueB npoBen cOOp U CTAaTUCTUUECKUH aHATN3 JaHHBIX,
n3y4nn aureparypHsie uctounukd. }0.C. MenxoBa nposena coop
U CTaTUCTUYECKUH aHanmu3 JaHHBIX. A.B. Anexbep3ane yyacTBo-
BaJl B pa3pabOTKe KOHLEHLUM CTaTb, NMPOBEJ HHTEPIPETALHIO
nony4ueHHbIx fanHbIX. H.H. KpbUioB npoBes aHanu3 Moay4eHHbIX
JAHHBIX ¥ JAHHBIX JINTEPATYPbI, IIOATOTOBUII OKOHYATEIIbHbIN Ba-
pHMAHT TEKCTa CTaThbH. Bce aBTOpbI YyTBEPAMIM OKOHYATEIbHYIO
BEPCHIO CTaThH.
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HeBponornueckue HapyweHu s y naumMeHToB
c long COVID cuHapoMOM M MeToAbl KNTeTOYHOM Tepanum
ANA UX Koppekuuu: o63o0p nureparypbi

N.C. Joaronosios', I.JI. Menrkesuu'?, M.IO. Prikos"™, JI.B. Unuanosckas'
'@I'BOY BO «Tsepckoii 2ocyoapcmeentblil Mmeouyunckull yrusepcumemy Munzopasa Poccuu
ya. Cogemckas, 0. 4, e. Teepw, 170100, Poccus
? Knunuka «Hetiposumay
Kawupcroe w., 0. 23, 2. Mockea, 115478, Poccus

AHHoTauus

B 0630pe npeacTaBneHo TekyLlee NOHUMaHe YacToTbl Pa3BUTIS U XapakTepa HEBPOMOTMYECKNX HapYLLIEHUI Y NaLMEHTOB
¢ TaK HasbiBaeMbiM long COVID cungpomom. O6CyxaatoTcs CUMNTOMBI, NpeanonaraeMble NaTtouanonornieckne Mexa-
HW3MbI, (DAKTOPbI PUCKa, MOMCK CNOCODOB NIEYEHUs U peabunuTauum ¢ MCMONb3OBAHNEM CODCTBEHHbIX FTEMOMNOITUYECKMX
KneTok nauumeHTa. [poBeaeH NoucK HayyHbIX CTaTen, BKMYas onybnnkoBaHHbIe B PELEH3MPYEMbIX XypHanax, MHAEeKCH-
pyembix B PubMed, Web of Science, Scopus 1 PUHL,. BkntoueHue ctBonosbix knetok (CK) B nporpammel peabunutamm
NawLMeHTOB C pa3HoobpasHbIMM noBpexxaeHusMI 1 3abonesaHuamn LIHC — nepcnekTBHOE HanpaBneHue 1cerneaoBaHuii.
MexaHn3ambl Tepanuu nospesxaeruin LIHC, 6asnpytolumecs Ha ncnonb3oBaHUM CTBOMOBbIX NAKOPUMNOTEHTHBIX KIETOK B3pOC-
noro Tvna, B TomM yucne CA34*, BknoYaoT MHOXECTBO acnekToB. Ha doHe TpaHcnnaHTayum CK MoryT BoccTaHaBnuBaThes
NOBPEXAEHHbIE HEPBHbIE KNETKM M OKPYXAIOLLME TKaHW, BKIKOYAs HEMPOHDI W IMNanbHbIe KNETKM, YTO NoMoraeT obecneynTb
LienoCTHOCTb NYTW HEPBHOW NPOBOAMMOCTU W, TakuM 06pa3om, BOCCTAHOBUTb HEPBHYIO dhyHKLUMIO. Tepanus CK moxeT no-
[aBNsATb reHbl, y4acTBYIOLLME B BOCNANEHUN M anomnTo3e, a Takxe akTUBUPOBATL reHbl C HEMPONPOTEKTOPHLIM JEACTBUEM,
TEM CaMbIM 3aLUMLLAs CTMHHOMO3rOBbIE HEMPOHBI OT BTOPUYHOTO NOBPEXAEHMS. [JaHHOE HanpaBneH1e KNeTOYHON Tepaniiu
MOXeT BbITb 1Cnonb30BaHo Ans neyexuns long COVID cuHapoma.

KnioueBble cnoBa: KNETOYHbIE TEXHOMNOMMI, rEMONoaTiYeckue ctBonosble kneTkn; COVID-19; C[34*; nocTkoBWUaAHbBIN CUH-
apom; anutenbHbin COVID-19; peabunutaums; KopoHaBupyc

Py6pukn MeSH:

COVID-19 — OCNNOXHEHWA

HEPBHOW CUCTEMbI BONE3HW - TEPANISA

HEPBHOW CUCTEMbI BONE3HW - 3TUONOM A

AHTUIEHbI CD34 - TEPANEBTUYECKOE NPUMEHEHWE

CTBOJOBbIX KNETOK TPAHCITAHTAUWA - METObI

Onsa umtuposanua: Jonrononos U.C., MeHTkesuy I.J1., Puikos M.HO., YnuyaHosckas J1.B. HeBponoruyeckue HapyLleHus
y nauueHToB ¢ long COVID cuHapoMoM 1 MeToabl KNETOYHOM Tepanuu Ans ux Koppekuun: 063op nutepatypbl. CeveHos-
ckui BeCTHUK. 2021; 12(3): 56-67. https://doi.org/10.47093/2218-7332.2021.12.3.56-67
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| COVID-19

Neurological disorders in patients with long COVID
syndrome and cell therapy methods for their correction:
a literature review

Igor S. Dolgopolov!, George L. Mentkevich!?, Maksim Yu. Rykov'*, Lesya V. Chichanovskaya'
"'Tver State Medical University
4, Sovietskaya str., Tver, 170100, Russia
2 Clinic “Neurovita”
23, Kashirskoe highway, Moscow, 115478, Russia

Abstract

The review presents the current understanding of the incidence and nature of neurological disorders in patients with
the so-called long COVID syndrome. Symptoms, putative pathophysiological mechanisms, risk factors, search for methods
of treatment and rehabilitation of patients using the patient’s own hematopoietic cells are discussed. A search was carried out
for scientific articles, including those published in peer-reviewed journals indexed in PubMed, Web of Science, Scopus and
RSCI. The inclusion of stem cells (SC) in rehabilitation programs for patients with various injuries and diseases of the central
nervous system (CNS) is a promising area of research. The mechanisms of CNS damage therapy based on the use of adult-
type pluripotent stem cells, including CD34*, consist of many aspects. On the background of SC transplantation, damaged
nerve cells and surrounding tissues, including neurons and glial cells, can be restored, which helps to ensure the integrity
of the nerve conduction pathway and, thus, restore nerve function. SC therapy can suppress genes involved in inflammation
and apoptosis, as well as activate genes with neuroprotective action, thereby protecting spinal neurons from secondary
damage. This line of cell therapy can be used to treat long COVID syndrome.

Keywords: cell technologies; hematopoietic stem cells; COVID-19; CD34*; post-COVID syndrome; long COVID;
rehabilitation; coronavirus
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Cnuncok cokpalieHui: coronavirus 2, KOpOHaBMPYC TSHKENOrO OCTPOrO pecrnupa-
COVID-19 - COronaVlrus Disease 2019, HoBoe KOpPOHaBM-  TOPHOrO CMHApOMA — 2

pycHoe 3abonesaHue ['CK - remonoaTuyeckue CTBOMOBbIE KNETKM

IL — interleukin, nHTepnemnkuH 3B - remaToaHuedanmyeckuis bapbep

Long COVID - nocTkoBMAHbIA CUHAPOM CK — cTBONOBbIE KNETKU

SARS-CoV-2 — Severe acute respiratory syndrome-related  LIHC - ueHTpansHas HepBHas cuctema
............................................................................... o
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KNIOYEBBIE MOJIOXXEHUA HIGHLIGHTS

Long COVID cuHopom SBnsieTcs HOBbIM BbI30BOM 41151 CUCTEMbI 34pa-
BOOXPaHEHUSI.

HeBponoruyeckue HapyLieHus y naumerTos ¢ long COVID cuHgpomom
pasHoo6pasHbl N0 CBOMM MPOSIBIIEHUSIM U TSXKECTU.

Cy6KoMneHcpoBaHHbIe XpoHUYeckue 3aboneBanmns SBNAITCS akTo-
pamu prcka HeBponoryeckux ocnoxHerni long COVID cuHgpoma.

Hesponornyeckue HapyLierus y naumenTos ¢ long COVID cuHgpomom
0Ka3blBAKOT CYLLECTBEHHOE BRMsHIE Ha MOPOMAHOCTb U MHBaNMAN3a-
LM MaLMeHTOB

MeTogb! Tepanuu 1 peabunutaumn long COVID He paspaboTaHbl.

KneTouyHas Tepanus ¢ UCnonb30BaHUEM aYTONOrMYHbIX reMonoaTnye-
CKWX CTBOMOBbIX KMETOK B3POCAOro THMa nokasara CBO ahdeKTnB-
HOCTb y NAUNEHTOB C TpaBMaTUYECKUMU, ULLIEMUYECKUMI U NOCTBOCNA-
JINTENbHBIMW NMOPAXXEHUSMM LIEHTPANbHON HEPBHON CUCTEMBI.

Wcnonb3oBaHne C34" reMonoaTn4eckux CTBONOBBIX KIETOK nepude-
PUYECKON KPOBW MOXET ObITb NPEAIOXEHO B kauecTBe 6e30macHoro
meToaa Tepanuu nauneHTam ¢ long COVID cuHapomom.

[Tocne mepBbIX cOOOIIEHHIT 0 HOBOM KOPOHABUPYCHOM
3aboneBannu (COVID-19) B Kurae B xonne 2019 rona
uH(EeKIWs1, BEI3BaHHAS KOPOHABUPYCOM TSDKEIIOTO OCTPO-
ro pecnmparoproro cusapoma (SARS-CoV-2), OeicTpo
pacmpocTpaHWIach, BBI3BAB DIOOANBHYIO IAHICMHUIO.
B To BpeMs Kak KIMHHYECKHE HCHBITAaHWUS OC30ITaCHBIX
1 3 (PEKTUBHBIX POTHBOBUPYCHBIX ar€HTOB IPOIOIIKA-
I0TCS, a TPOTPaMMbI pa3pabOTKH BAKIMH yCKOPSIOTCS,
Bce OOIBIITYEO 03a00UE€HHOCTD BBI3BIBAIOT JIOJTOCPOYHBIE
nocnencteus uHpekmu SARS-CoV-2 [1].

CormracHO HMEIOIINMCS B HACTOSIIIEE BPEMSI JaHHBIM,
SARS-CoV-2 moxeT mopaxarb B OpTaHH3ME KaKIbIi
OpraH, IPUBOAS K OCTPHIM IOBPEKACHUSIM U JIOJTO-
CPOYHBIM TIOCIEACTBISIM, IIPUYIEM MOCIeTHIE d(D(PEKTH
CTaJi OYEBUIHBI TOJIBKO HepaBHO [2]. [To mepe Hakomte-
HUSI JaHHBIX KIMHIYECKUX U TaOOpaTOPHBIX HCCIIeN0Ba-
HUW CTaHOBUTCS O4eBUAHBIM, uTO BUpYyC SARS-CoV-2
CIOCOOCH MHIYLIUPOBATh KaK MPSIMOE, TaK M OMOcpe-
JIOBAaHHOE TOPaKEHUE IEHTPATbHON HEPBHOW CHUCTEMBI
(ITHC). Bo Bpems octpoii (a3pl HHPEKIUK Y YacTH Ma-
IIIECHTOB HAOIIONAIOTCS HEBPOJIOTHYECKUE CHUMIITOMEI,
TaKkpe Kak TOJIOBHAS OOJIb, TOJIOBOKPYXXKEHHE WM Iie-
pebpoBacKyIsIpHOE HapyIICHHE NaKe IPH OTCYTCTBHU
BBIPAKCHHOTO PECIHPATOPHOTO W BOCIAJIHUTEIHFHOTO
cunapomos [3, 4]. Cioco6HOCTh Bupyca SARS-CoV-2
MOpaXkaTh KJIETKH HEPBHOW CHCTEMBI HeceT B cebe mo-
TEHIUAIBHBIE PUCKH JIOJITOCPOYHBIX HEBPOJIOTHYCCKUX
ocnoxaernit. «Iloct-COVID-19-cunapom», uim «xpo-
auueckuii COVIDy, cuHonum — long COVID (nanee
[0 TEKCTY HCIOIB3YEeTCS 3TOT TEPMHH), XapaKTepH-
3YIOIIUICS HapymieHneM (YHKIMHA HE TOJNBKO JETKUX
BCJIEJICTBHE JIETOYHOTO WHTEPCTHIMAIBHOTO (hrubpo3a,
HO 3aTParuBalolUil BCE YPOBHU HEPBHOU CHCTEMBI, MO-
JKET OKa3bIBATh CEPHE3HOE BIMSHHE Ha KAYE€CTBO KHU3HU
[5-7]. BrickazaHo mpeanosoKeHHe, YTO MOBPEKICHHE
HeliponoB, BbizBaHHOe SARS-CoV-2, Takxke Moxer

Long COVID syndrome is a new challenge for the healthcare system.

Neurological disorders in patients with long COVID syndrome differ in
their manifestations and severity.

Subcompensated chronic diseases are risk factors for neurological
complications of long COVID syndrome.

Neurological disorders in patients with long COVID syndrome has a
significant effect on the morbidity and disability of patients.

Methods of therapy and rehabilitation of long COVID have not been
developed yet.

Cell therapy using autologous adult-type hematopoietic stem

cells has shown efficacy in patients with traumatic, ischemic, and
postinflammatory central nervous system injuries.

The use of peripheral blood CD34* hematopoietic stem cells can be
proposed as a safe method of therapy for patients with long COVID
syndrome.

OBITh JBIDKYIIEH CHJIOH XPOHUYECKHX JIeTeHEpaTHB-
HBIX 3a00JieBaHUil HepBHOU cucTeMbl [6]. HezaBucumo
OT TIPSMOTO WM OIIOCPEJOBAHHOTO BO3JCHCTBHS BH-
pyca, TOBPEKIACHUE IEHTPAIBHOW M Tiepudeprueckon
HepBHOM cuctemsl Beaenctsue COVID-19 moxer crats
HEOOPaTHUMBIM.

CriexTp, XapakTep ¥ BIHSHHE HEBPOJIOTHUCCKUX
ocnoxxaeranit COVID-19 Ha 310poBhe HHANBHIIA U €70
KageCTBO JKU3HH €IIe HeIOCTATOYHO XOPOIIO OIHCAHBI
¥ M3yYCHHI B CBSI3U C OTHOCHUTEIBHO MAJIBIM IIEPHOOM
HaOMIONEHNsI, KOMIUIEKCHBIM XapakTepoM MaToJIOTHU
¥ HEOONBIINM YHCIOM Hay4YHBIX HCCICIOBAHUI C BHI-
COKHMM YPOBHEM JJOKA3aTEIbHOCTH, OCBAIIEHHBIX 3TOH
npob6neme. [lo 3TUM ke TpUYrHAM He pa3paboTaHbI
MEpHI JICYCHNS U MPOPUIAKTHKHA OTCPOUYCHHBIX U TTO3/I-
HHUX HEBPOJIOTHYECKUX HAPYUICHUH Y JIUII, IEPEHECIINX
COVID-19. HecmoTps Ha TO 94TO MeXaHU3MBI (POPMHUPO-
BaHMS 3TUX HAPYIICHUH O KOHIIA HE BELSICHEHEI U ITEPH-
0] KaTaMHECTHUECKOTO HAOIIOACHUSI OTHOCHTEIBHO He-
BEJIMK, Ha HACTOSIIINII MOMEHT OYEBHIHO, UTO (popMHpY-
eTcsl MOy nanueHToB, nepenecmux COVID-19,
Yy KOTOPHIX HaONIONAIOTCS CTOMKHE HEBPOJIOTHIECCKHE
Hapymenus. Cumnromsl noBpexnaenuss [THC u mepu-
(depryecKuX HEPBOB Y HUX COXpaHAIOTCs Oosee 12 He-
JeNTb T0CJIe BBI3JOPOBICHHUS OT BUPYCHOH HHGEKIHN
M HETaTHBHO BJIMSIOT HA KaYE€CTBO >KU3HU U COCTOSTHHE
30POBBSL. DTa TPYyIIIa MAIIMEHTOB TPeOyeT IOCTOSHHOTO
MEIUIIMHCKOTO COIPOBOXICHHS BpadyaMH pa3HBIX CIIe-
[MUATBHOCTEH ¥ MEIUKO-TICUXOJIOTHIECKON peabuinTa-
MM, MEPHI KOTOPOH! ere He pa3paboTaHEbI.

Hcnonp3oBanue cTBonoBbix kieTok (CK) B3pocmoro
THUIA, B TOM YHCJIC TEMOMOITHYECKIX CTBOJIOBBIX KJIE-
Tok (I'CK), siBnsieTcsl OTHOCUTEIBHO HOBBIM, IMEPCIIEK-
TUBHBIM HAIPaBICHUEM PETCHEPATHBHOM MEIUIIMHEL,
MIO3BOJISTIOIINM C YCIIEXOM IIPOBOIHTEH PEAOIIIHTAIIIIO
MalMeHTOB C pe3unyanbHbiMu nopaxenusimu [THC,
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BEI3BAHHBIMH COCYIUCTHIMH, TPaBMAaTHICCKHUMH U HH-
(hexnnoHHbIME TTpHuHHaMH [8—10].

B cBsa3u ¢ OTHOCHTENBHO HEOONBIINM IIEPHOIOM,
MPOIIENIIAM C Havaja Pa3BHUTHs NMAHIEMUH, B JIUTE-
parype mMeeTcs Majo paloT, OIEHHBAIOUIMX MO31-
HUE HEBPOJIOTHUECKHE HAPYIICHHs IMAIMEeHTOB C long
COVID. U eme Menblie padOT TMOCBSIIEHO CXeMam
Tepaluy W PeaOdMINTAlH IS JAaHHOTO KOHTHHTCHTA.
Bxurouenre B mporpamMMbl peaOWIMTAIMY ITAIlHEHTOB
¢ long COVID u HEBpOJOTHYECCKUMH MPOSBICHUIMH
Tepanuu ¢ ucnoib3oBanrneM aytojorudabix ['CK moxer
MTOTCHIHAIIFHO pPAaCCMATPHBATHCS B KadecTBE IIPHBIE-
KaTeJIbHOW OIIIUM W MMEET IOJ] cO00H TeopeTHdecKoe
¥ TIPaKTHIeCKOe 000CHOBaHUE.

Ienp o030pa: ommcaTh MaTO(QHU3HOIOTHICCKUE Me-
xaau3mel ioBpexaeHus: [THC mpu COVID-19; onpene-
JHUTh YacTOTy W XapakTep HEBPOJIOTHYECKUX HapyIe-
Hu# y manueHToB ¢ long COVID cuHIpoMoMm, a Takxe
WX BIMSHHE HA MOPOWIHOCTD M Ka4eCTBO JKU3HH; OIle-
HUTH TOTCHIIMAIBHYIO0 BO3MOKHOCTH KJIETOYHOU Tepa-
IIAM C WCIIOIh30BaHMEeM Tremonodtnueckux C/[347 kie-
TOK B3POCJIOTO THIIA JUIS JICICHHS TAKHX ITAI[IIEHTOB.

Ilonck MOTEHIHAIBHO PENEBAHTHBIX CTATE€d OCY-
mecTBisuics B 6a3ax manasix MEDLINE / PubMed, Web
of Science, Scopus u PUHII.

NMATO®U3NONOIMMMYECKUE

MEXAHU3MbI NOBPEXOEHUA

LEHTPANIbHOU HEPBHOWU CUCTEMbI

NMPU COVID-19

IlepBonaganpHO cumtamoch, d9to SARS-CoV-2
HE MOXET MPEeoIoJieBaTh TeMaTodHIedamnieckuii 0a-
peep (I'DB), omHako MOcMepTHBIE WCCIENOBAHUS IIe-
pebpanbHoit naronorun manueHToB ¢ COVID-19 ¢ uc-
MOJIb30BAHUEM TPEXMEPHONH MHKPOMIIOUIHON MOICITH
I'DOb uenoBeka 3acTaBWIM TMEPECMOTPETH 3Ty TOUKY
3penus [11]. Bo-nepBrIX, pemnentop CBSI3bIBaHUS Oell-
ka SARS-CoV-2 spike (S), aHTHOTEH3HH-TTPEBPAIIAIO-
i pepMeHT-2, MUPOKO IKCIPECCUPYETCS Ha DHIO-
TeJIMAJIbHBIX KJIETKaX MUKPOCOCYIOB FOJIOBHOI'O MO3Ta.
Bo-BTOphIX, 0€70K S MOXKET B TOW WJIM WHOU CTENECHU
HanpsMYIO TOBpexaarh nenoctHocts I Ob. B-tperpux,
0eoK S MOXET BBI3BIBATH BOCIANUTEIBHYIO peakx-
LUI0 SHJOTEIHAIbHBIX KIETOK B MHUKPOLMPKYIATOP-
HOM pyciie, KoTopas u3MeHseT QyHkmuoo DB [12,
13]. Otu pmannbie moaTBepxkmaroT, uto SARS-CoV-2
MOXeT Hapymarh [’ Db u mpoHWKaTh B MO3T, a Takke
CIOCOOCTBYET TIOSBICHUIO HEBPOIOTHICCKUX CHM-
NITOMOB, 00pa3oBaHUI0 (aradbHBIX MHUKPOTPOMOOB
U JaXe BO3HHKHOBEHHIO JHIE(haNIHWTa, CBI3aHHOTO
¢ COVID-19 [2, 11]. Kpome Toro, 4TOOBI INEepecedb
I'Ob, SARS-CoV-2 MoxeT mpOHHKaTh B MO3T TIOCPE/I-
CTBOM TPaHCCHHAIITUYECKOTO IEPEeHOCa, KaHAJIOB 3pU-
TENBHOTO M 0OOHATEIHHOTO HEPBOB U DHIOTEINATBHBIX
kieTok cocynoB [11-14]. Taxxe cymecTBylOT TaHHbBIE,
yt0 SARS-CoV-2 MOXeT uCHoiab30BaTh KIETKH HM-
MYHHOM CHUCTEMBI (Makpodaru) s paclpocTpaHeHUs

COVID-19

1Mo Tenmy W nmpoHukHOBeHUs uepe3 ['Ob, Tak HazpIBae-
MBI MEXaHU3M «TPOSTHCKOTO KOHs» [15].

He nocnenHioo poib Kak B OCTPOM, Tak U B OTCPO-
YEHHOM IMOBPEKACHUM HEPBHOM CHCTEMbI UIPAOT BBI-
3bIBAEMBI BUPYCOM MACCUBHBIM CHHAPOM CHCTEMHOIO
BOCIIAJICHUSI W CHENU(PHUIECKOS IOpPaKEHHE MUTOXOH-
Jpuil. CUCTEMHOE YBEJTMUEHHUE COAEPKaHU MEIUaTOPOB
BOCIAJICHUS, TaKuX Kak wHTepieiikua 6 (IL-6, interleu-
kin-6), IL-12, IL-15 u dakTopa Hekpo3a onyxoiu aibda,
Ha3BIBAEMOE «IUTOKHHOBBIM IITOPMOM», MOXET 00b-
SICHUTh MYJIBTHOPTAaHHOE TTOBPEXKICHUE, 0OHAPYKCHHOE
y HekoTophix naruenToB ¢ COVID-19, a Taxke BiusiHAC
SARS-CoV-2 na ITHC. BricBoOOKIeHHE OOJIBIIONO KO-
JIMYECTBA MIPOBOCHAIUTENBHBIX [IUTOKUHOB YBEIUUUBAET
nponutaeMocts cocyzioB B [IHC u BeI3bIBaeT HapyIieHne
CBEPTHIBAEMOCTH KPOBH C OOpa30BaHHMEM MUKPOTPOM-
00B, o0Oieryas npoaukHoBeHne SARS-CoV-2 yepe3 Db
B mo3r [11, 16]. Pe3ynsrarsl MarHMTHO-PE30HAHCHOMN
toMorpaduu mosra B pexxume FLAIR (Fluid attenuation
inversion recovery, peXUM HWHBEPCHH-BOCCTAHOBJICHUS
C pemyKIMeil CHUTHaJIa OT CBOOOJHOW KHUIKOCTH) Y Tia-
nueHToB ¢ COVID-19 ¢ HeBpoiormuecknuM MOpaskeHH-
€M IOKa3ajdyd U3MEHEHHUS B MEIUAJIbHOM BUCOYHOM I0JIe,
MYJBETH(OKAJIBHBIE TOPAKCHHUS B OEIIOM BEILIECTBE TOIOB-
HOTO MO3Ta ¥ MUKPOKpOBOM3NusTHUS [ 17].

HNudexius SARS-CoV-2 npuBOIUT K MTOBPEKICHUIO
OpPraHOB Ha KJIETOYHOM YPOBHE HECKOJIBKHUMH CIOCO-
oamu. I'enom PHK SARS-CoV-2 u Bce cyOreHOMHEBIC
PHK wuHTErpHpYyIOTCS B MUTOXOHAPUATBHBIA MaTpPUKC
X031MHa, YTO BBI3BIBAET BUPYCHO-MUTOXOHIpHUAIBHOE
B3aUMOJIEIiCTBHE, NMPUBOAALIEE K pEeIUIMKAalUM BUpyca
u tpanckpunram PHK SARS-CoV-2 B mutoxoHmpHsix
KJIETOK. B KoHedHOM cueTe HH(OUIMPOBAHHBIE KIIET-
KM, BKJIOYas HEHPOHBI, MOT'YT IOABEPIHYTHCA HEKPO-
3y, amoInTo3y WM AUCOYHKIMH H3-32 OKHUCIUTEIHHOTO
CTpecca ¥ IPUTOKa MOHOB KaJbIys Ha (hOHE HAPYIICHUH
(dbyHKIMK MUTOXOHpUH [18]. beIcTpas perumkanus Bu-
pyca, npsiMoe NOBPEXICHHE KJIETOK U aKTHBALUA HM-
MYHHOM CHUCTEMbI U MEIMATOPOB BOCHAJICHUS, BKIIIOUas
LIUTOKUHBI, ABJISIOTCS BEPOATHBIMU IPUYMHAMHU OCTPBIX
cumntoMoB COVID-19 1 MOTYT O0OBSACHATH IOJITOCPOY-
Hble niociencTBust HHPeku SARS-CoV-2, B ToM ymc-
Jie B OTHOILIEHUH BCEX OTIEJIOB HEPBHOM CHCTEMBI.

B narorenese nmo3qHHUX HEBPOJIOTMYECKUX OCIIOKHE-
HUiA, HECOMHEHHO, UTPAIOT POIIb U ATPOTCHHBIE (haKTOPBL.
JnurensHOE IpUMEHEHHE CTEPOHUIOB B OONBIINX 1103aX,
Pa3IMYHBIX COCYIUCTBIX IPEnapaTtoB, MOHOKJIOHAJIBHBIX
AHTUTEJ, HAlIPABJICHHBIX Ha pa3JIMuHbIC 3BEHbS BOCIIAIU-
TEJIBHOTO KACKa/1a, TPOBEACHUE JIIMTENBHON anapaTHON
JBIXaTeIbHON TIOIICP)KKA SIBILIFOTCST (DaKTOpaMu, KOTO-
pbl€ aKTUBHO BIIMSIOT Ha KPOBOTOK B T'OJIOBHOM U CIIMH-
HOM MO3re M HalpsIMyl0 WJIM KOCBEHHO BO3AEHCTBYIOT
Ha MeTabONM3M HEPBHBIX KIETOK. llpocriexnBaemast
TEHJICHLIUSA K YBEJIMYEHHUIO YacTOThl M TSHDKECTH HEBPO-
JIOTUYECKHUX OCJIOKHEHUH B CIydasx TSKEIOro TEeUEHUsS
COVID-19 uHbeKH U y TOKWIBIX OOJBHBIX CBHUJIC-
TEJILCTBYET B MOJIb3Y JAHHOTO MIPEATIONOKEHHS.
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COVID-19

HEBPOJIOTMYECKHUE OCJTIOXHEHWA,

CBA3AHHbLIE C COVID-19

UactoTa HEBpOJOTHYECKUX OCHOXKHEHHH SARS-
CoV-2 Ha HACTOAIIMH MOMEHT TOYHO HEU3BECTHA,
HO MIMEETCS TeHACHIMA K TOMY, YTO MAIMEHTHI C TsKe-
noii popmoit COVID-19 yaiie UMEIOT HEBPOJIOTHUECKUE
CUMIITOMBI, YeM MAIUEeHTHI ¢ JISTKOH (Gopmoii [19].

lomoBHas 60ITB, MUANTHS, TOJIOBOKPY>KEHUE U YTOM-
JSIEMOCTh SBJSIFOTCS HamOoJiee YacTO ONHCHIBAGMBIMU
Hecnenuduueckumu cumrromamu long COVID. B pe-
TPOCIEKTUBHOM HCCIeoBaHNH 214 manueHToB, mocry-
nuBmux ¢ COVID-19 B 6onpHuUIy Yxanu, y 36,4% Ob1mu
Kakue-1u00 HeBpoJioTHueckue mposiBieHus. B 24,8%
CllydacB pedb HUia 00 HW3OJIHPOBAHHOM IOPaKCHUHU
LIHC, B 21,4% mnopaxamuch nepudepudecKie HEepBHI,
B OCTaJIbHBIX CITydasx pedb IUIA 0 KOMOMHHPOBAHHOM
MOPAXCHUH, BKJIIOYAs BETETATHBHYIO THC(YHKIUIO.
Hanbonee gacTBIMH HEBPOJIOTHYECKAMH CHMIITOMaMHU
obutn ronoBokpykenue (17%), romosras 6ons (13%),
HapymieHue Bkyca i obonsHus (8% ). HeBpomornaeckue
CHMITTOMEBI YaIie BCTPEYATUCH Y MAIEHTOB C THKEIOH
¢dopmoit COVID-19: 45,5% mpotus 30% c nerkoit [20].

TooBHast 60Jb — caMblid PacIIPOCTPAHEHHBIA CHM-
nroMm y manueHtoB ¢ COVID-19. B perpocnektuBHOM
nccnenoBanud W.J. Guan u coasT. [21], BKIrO9aromeM
6onee 1000 marenToB ¢ COVID-19, y 139 (13,6%) ot-
Medanach roJIoBHas 00JIb, 13 HUX B 15% ciydaeB HaOIio-
Jamach TOJOBHAs 0OJb, PE3UCTEHTHAs K MPOBOAMMON
TepaInmuy.

AHOCMHUS W JUCTEB3UsI OYCHb PACIPOCTPAHCHBI
y mamuedaToB ¢ COVID-19 naxe mpu OTCyTCTBHH Ka-
TapaJbHBIX CHMIITOMOB M MOTYT IOSBHTHCS BHE3AITHO
[22]. PacnpocTpaHeHHOCTh OOOHSTEIBHOH W BKYCO-
BOM JUCQYHKIMK OblIa IPpOaHAIU3UPOBaHa B PETHCTPE
ciyvaeB u3 12 eBponeiickux OoibHHIL B obmiei ciox-
HoctH 417 manuentoB ¢ COVID-19 ot nerkoii g0 yme-
PCHHOU CTETEeHN TSDKECTH 3aBEPINIUIA HCCIIEIOBaHHE.
Hapymenust 000HsSHUS U BKyca oT™MeTHiH 85,6% u 88%
MAIIEHTOB COOTBETCTBEHHO, & OOOHATENbHAS JUCPYHK-
1Usi ObUTa HaYaJIbHBIM cuMITOMOM y 12%. ¥V 18% ma-
IIIEHTOB HE OBUTO PHHOPEW WM 3aJIKEHHOCTH HOCA,
HO B 3Toi moxnrpynme y 80% OpliIa aHOCMHESI WIIH THIIOC-
mus [23]. Qucres3us u anocmust y 10% nanueHTOB MO-
TYT COXPaHATHCS B TEUCHHE 6 MECAIEB W Ooiee Iocie
VCYE3HOBEHHSI IPYTUX CUMITTOMOB [4].

Ounedanonarust — eme OIWH CHHIPOM, KOTOPBIH
MoxeT paszuBarbes nipu COVID-19. Puck uameneHus
TICUXIYECKOTO COCTOSTHIS BEIIIIE Y TIOXKIUIBIX TTAI[HEHTOB,
NpY HAJIWYWW: KOTHUTHUBHBIX HApyIIEHWH B aHAMHE3e,
(bakTOpOB pHUCKa (THUIIEPTOHMSI, CaXapHBIN aUadeT B cTa-
JIUU CyO- VI JICKOMITCHCAIUH ), COITYTCTBYIOIIHX 3200-
neBanuit [18, 19]. [TauneHTs ¢ MpeANIECTBYIONINM He-
BPOJIOTHUECKUM MOPAKCHUEM IOABEPKCHBI TOBBIIICH-
HOMY PHCKY SHIedaronaTid Kak HavaJbHOTO CHMIITO-
Ma COVID-19. B nuccnenosanuu L. Mao u coabt. [20]
15% manuenTtoB ¢ Tsoxenoi popmoit COVID-19 nmenn
U3MEHEHHbI ypoBeHb CO3HaHHUA B omimuue or 2,4%

C JIETKOM W CpemHeTsDKeNoi (opMamu 3a00JIeBaHUS.
OHneganonarus, cBazanHas ¢ COVID-19, MmoxeT ObITh
BBI3BaHA TOKCHYECKAMH M META0OINIECKIMH TIPHYIHA-
MH, a TakKe IeHCTBHEM THIOKCHH TN JIEKapCTB, MPH-
MEHSEMBIX IS JICYCHUST KOPOHABHPYCHOH WH(PEKINH.

B ocTpelii mepuonm KopoHaBUpPYCHOH HHGMEKIHN
OTIMCAHbl IWHUYHEBIC CIydaW Pa3BHTHS SHIE(DAIUTOB,
TeMOpparnIecKuX WHCYIBTOB, HEKPOTHUECKUX JHIE]a-
JONATHH U TEMHUEIHHU3UPYIOMINX CHHIPOMOB II0 THITY
cunapoma ['milena — Bappe. Pannsist muddepennmans-
Has JIMarHOCTHKAa HeoOXoauMa Jijisi o0ecrevueHus Tpa-
BUJIBHOM JIe4eOHON CTpaTeTruu, MOCKOIBKY 3TH CUMIITO-
MBI TaKkKe€ MOTYT BO3HUKaTh y manuentoB ¢ COVID-19
C TSDKEJIOH THITOKCHEH, OOYCIIOBICHHOW IMOpa)KeHUEM
nerkux. OmyOMUKOBaHO IO MEHBIICH Mepe I1Ba Ciydast
KOpPOHABUPYCHOTO dHIedanmTa [20, 21].

[Noxknnple MAIMEHTHl ¢ COCYOHMCTHIME (haKTOpaMu
pHICKa IoaBepraioTcs 0ojee BEICOKOMY PHUCKY pa3BUTHS
1epeOpOBACKYIAPHBIX OCIOKHEHUH Ha (oHe WHpEK-
mun COVID-19, yem Mononble momud 0e3 COMyTCTBY-
IOIUX 3a0oieBaHuil. B peTpoCHeKTHBHOM HCCIe0Ba-
Huu, BKIodaomeM 221 manumenta ¢ COVID-19, y 11
(5%) OBUT OWMATHOCTHPOBAH WIIEMHYECCKUHA WHCYIET;
y 1 (0,5%) — TpomM0O3 BEHO3HOTO CHHYyCa TOJIOBHO-
ro mosra u 'y 1 (0,5%) — kpoBouznusHHE B IOJIOBHON
MO3T. DakTopaMu pHCKAa HMHCYJIBTa OBUIHA: ITOKHIOH
BO3pacT (cpemHuit Bo3pact 71,6 roma), Tsokenas Gopma
COVID-19, nanmnuue B aHaMHE3€e THICPTOHHUH, IWa-
Oera waK 11epeOPOBACKYIISPHBIX 3a00JICBaHUN WA BbI-
pa’keHHas] BOCHAUTEIBHAS M TPOKOATYISHTHAS peak-
st (nopbiienne C-peakTHBHOTO Oenka W D-mumepa
cootBercTBeHHO) [1]. B cepum, mpuBeaennorr L. Mao
n coanT. [20], omucaHBI NSATH MAIMEHTOB C MHCYIETOM
(B 4 cnyyasix WIIEMHYECKUM), Y KOTOPBIX Ha (OHE TH-
skenoro teueHuss COVID-19 ormeuanock NoBbILIEHHE
ypoBHsI D-nmumepa, TpoOMOOIINTOIICHUS ¥ TIONHOPTaHHAS
HEIOCTATOYHOCTD. [IpenmonaraeMpIM MEXaHU3MOM I1a-
ToreHesa pasputus uHcyisra ipu COVID-19 asnsercs
ToT (akt, uro BUpyc SARS-CoV-2 cBs3bIBacTcs ¢ pe-
[ENTOPaMU aHTHOTEH3MH-TIPEBPAIIAIONIEro pepMeHTa-2
Ha DHAOTENHANBHBIX KIETKaX, BBI3BIBAas MOBBIIICHUE
apTepuanbHOTO AaBieHus [23], 4To HApSIAy C HATMIHUEM
TPOMOOIIUTOIIEHNH 1 HAPYIICHUH CBEPTHIBAEMOCTH KO-
BU SBJISETCSA (hAaKTOPOM, KOTOPBIH MOXKET CIIOCOOCTBO-
BaTh YBEIMUEHHUIO PUCKA KaK MIIEMHYECKOTO, TaK M Te-
MOpparu4eckoro MHCYIbTa. OIHOBPEMEHHO CHHAPOM
CIUTOKUHOBOTO IITOPMay MOXKET OBITH elle OTHUM J[0-
MOJTHUTEIBHBIM (DAKTOPOM pHCKa pa3BHUTHS 1epeOpoBa-
CKYJISIDHBIX 3200JICBaHH.

He cymecTByeT eanHOTO OnpeieNIeHUs TEPMIHA «JUTH-
tenpHbI COVIDy, nmu long COVID [24]. BonbmuHCTBO
aBTOpPOB TOBOPAT O «croiikom COVID-19-curmpomer»
(momoctpom/miponorpkaromemces COVID-19), ecnu cum-
TITOMBI HITH TTOCTIEACTBHS COXPAHAIOTCS B TIEPHOI MEXIY
4 u 12 nepensimu, a TepmMuH «xporndeckuit COVID-19,
nwm «mocT-COVID-cuHapom», MCHONB3yeTCsl B OTHO-
[ICHUH CHMIITOMOB 0€3 albTepHATHBHOTO OOBSCHEHHS,
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MIPUCYTCTBYIOMUX 4epe3 12 u Goiee Hemesb OT Hadaia
Oosre3nu [5, 24]. B cBsi3u ¢ 0COOCHHOCTSIMH (PHHAHCH-
POBaHUS CHCTEMBI 3IPABOOXPAHEHHS B Ps/ie 3amaIHBIX
CTpaH acCOIWAINN TTAIMEHTOB MPENIOYNTAIOT HCIIONb-
30Barh TepMuH «1muTensHbd COVID-19y, wmm, ans Ho-
curenell aHnmiickoro s3bika, long COVID, omacasics,
YTO TEPMHHBI KIIOCT-», «XPOHUUECKHID WIH «CHHIPOM»
MOT'YT HETaTHBHO MOBIHUATH HA MPOIIECC OKA3aHMUS IIOMO-
IIY TTAIUEHTaM ATOM rpymisl [25].

PasnuynbIe maTONMOTHYECKUE CHMITTOMBI COXPAHSIOT-
cs1y 20% marieHToB yepe3 5 Henens u 6onee ueM y 10%
MAIIMEHTOB — Yepe3 3 MecsIa Iocie HadalIbHbBIX MPOSB-
nenuit COVID-19 [26]. WccnenoBanne, mpoBeACHHOE
B Hunepnannax ¢ ygyactueMm B OCHOBHOM aMOYIIaTOPHBIX
MAIIMEHTOB C HETSDKENBIM TEUYCHHEM HHQEKINH, ITOKa-
3aJI0 BBICOKYIO YacTOTy BO3HHKHOBEHHSI Pa3IMYHBIX,
B TOM YHCIIC HEBPOJIOTHUYECKIX, CAMIITOMOB uepe3 3 Me-
Csilla ¥ 3HAUYUTEIBHOE YXYAIICHUE COCTOSHUS 30POBBS
M0 CyObEKTUBHBIM OIICHKaM IanueHToB. Toibko 7,2%
cuuTanu ceds 3M0pOoBBIMHU yepe3 3 Mecsna (1o cpaBHe-
Huto ¢ 85% 10 3apaxkeHus), B To Bpems Kak 28,6% cuu-
Tanu cebst He3mopoBbIMH (TI0 cpaBHeHHIO ¢ 0,6% 10 3a-
paxenus Bupycom SARS-CoV-2) [27].

[IpocnekTuBHOE WCCIenOBaHIe, OCHOBAaHHOE Ha Ha-
omoneHn 3a 4182 aMOymaTOpHBIMY TAIIUEHTAMH, BBIS-
BIJIO HaJIIgue cuMIToMoB y 13,3% GoibHBIX uepes 4 He-
nenu, y 4,5% depe3 8 menens u'y 2,3% uepe3 12 u 6o-
nee wenenb nmocine COVID-19 [28]. Long COVID mpo-
SIBIISUICS. YTOMJIIEMOCTBIO, TOJIOBHOM OOJIBIO, OJBIIIKON
u aHocmueil. OOHapy)KEHO, YTO OH Yallle BCTpEYacTcs
y KEHIIWH, TIOKUIIBIX JIIOACH W JINII C BEICOKUM HHCK-
COM MAacCHI Tela.

[IBenckoe mccienoBanne, Oazupyromeecs Ha aHa-
JU3e PETYISPHOTO o0ciienoBaHus 323 MEIUIIMHCKUX pa-
OOTHHKOB, CepoTno3UTUBHBIX Ha SARS-CoV-2, mokazaio
HAJIMYWE 110 KpaliHEN Mepe OJTHOT0 YMEPEHHOTO WIIH TI-
kenmoro cumnToma B 15% ciayuyaeB B TeueHne 8 mecsiieB
1o cpaBHeHHIO ¢ 1072 cepoHEraTMBHBIMU COTPYIHUKA-
Mu. HeBponorndeckne CHMIITOMEI, BKIIOYash aHOCMHIO
1 YCTAJIOCTh, HaOmroaamuch B 9 u 4% nporus 0,1 u 1,5%
cooTBeTcTBeHHO (p < 0,05 B 000uX cirydasx) [29].

Kimmandgeckue cuMnToMel, cBs3annble ¢ long COVID,
MOTYT BO3HHKATh Ja)Ke y JIOICH, KOTOPhIE IEePEHECIN
SARS-CoV-2 B yierkoii uiax OeCCHMIITOMHON (popmax.
OTH CHMITOMBI, KaK IPaBIIIO, HOMUMOP(HBL U CBSI3aHEI
¢ mopaxkenuem [{HC. Ilpu 3TOoM aBTOpBI OTMEUaAIOT UX
JUHAMIYECKOE Pa3BUTHE B TEUCHHUE HECKOIBKUX HENENb
unu MecsneB [26]. Hexotopsie u3 JONTOBpEMEHHBIX
CUMIITOMOB, O KOTOPBIX COOOMAJIOCh B paboTax, OT-
CYTCTBOBAJIM B OCTpoii ¢aze undpekun [30]. Hanbomnee
YacTBIMH CHMIITOMAaMH SIBJISIOTCSI CHIIBHAs YCTalOCTh
C YyBCTBOM JuckoMdopra mocie QU3NIeCKUX YIpaxk-
HeHW, KOTHATHBHEIC HApYIIEHHs (CHIDKCHHE KOHIICH-
Tpaly BHUMAHHUS, TAMSTH, HEXBaTKa CJIOB), CECHCOPHBIE
(1ryM B y1iax, ToJIOBOKPY>KEHHE ), TOJIOBHASI 00JTb, OJIBIIII-
Ka, Kallelb, 00JIb U CTECHEHNE B TPYIH, CepAllcONCHIE,
HapyIICHUE 3amaxa ¥ BKyca, OMUHO(Arus, IOTINBOCTb,
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MBIIIEYHO-CYXOKHUIbHEIE OO0, TapecTe3nu («IyBCTBO
JKKCHHS»), PacCTpOiCTBA THUIIEBapeHUsT (aHOPEKCHS,
00JIb B )KUBOTE, AMCIICTICHSI, TUapes ), KOXKHBIC TIPOsIBIIe-
HUS (31, KpallMBHUIIA), BEIIIAJICHIE BOJIIOC, HAPYIICHUS
CHa, Pa3IpakKUTEeIHHOCTb, OECIIOKOHCTBO M JETIPECCHSI.
Hepenko HabmonaeTcst cuHApoM GuOpomMHuanTuu, KOTo-
phlii Takxke otHOCAT K long COVID [31].

Y mepenectimx COVID-19 Moryt HaGmonmarbes
PSR TICUXUATPUIECKUX CHMITOMOB, COXPAHSIOLIMXCS
WM TIPOSIBISTIOIINXCST Yepe3 HECKOIBKO MECSIIIEB II0CIIe
TepBOHAYANBHOTO 3apakeHns. B koropre 3 402 yenoBek
yepes 4-6 Hexens nocie Hayasia COVID-19 B 56% ciy-
gaeB HaOJIIOAIOCH IO MEHBIIEH Mepe OHO U3 HapyIie-
HUH B ICUXWYECKOH cdepe (IoCTTpaBMaTHIecKoe CTpec-
COBOE PacCTPOMCTBO, NENpECcCHsI, TpeBora, OeCCOHHMIIA
u 00CeCCHBHO-KOMIYJILCHBHAS CHMIITOMAarnka) [32].
TpeBora, mempeccus W HapyIICHUs CHA IPUCYTCTBOBA-
T IPUMEPHO Y YSTBEPTH IMAIIEHTOB depe3 6 MecsIeB
HaONIONIEH!sI B HMCCIICMOBAHUH, OIYOJMKOBAHHOM KH-
Talickumu yaeHbIMU [33]. KpynHomacmTaOHbINA aHATH3
naHHbeIX 62 354 manmentos, nepenecmux SARS-CoV-2
1o 1aHHbIM 54 MeaumuHcKuxX opranuzanuii B CLIA, mo-
KazajJ, 4TO 4acTOTa MEPBHYHO BO3HHKILIETO WM PEIH-
JIFBa MMEIOIIETOCS IICHXUYECKOTO 3a00IeBaHMs COCTa-
Buna 18,1% B cpok ot 2 1o 13 Hemenb OT MOCTAaHOBKHU
muarao3za COVID-19. O6miass BEpOSTHOCTh JIHArHO3a
HOBOTO IICHXHYECKOTO 3a0osieBaHus cpenu 44 759 ma-
[IMEHTOB 0€3 N3BECTHBIX paHee NICHXUYCCKHUX 3a00ieBa-
HUN B TeueHue 13 Hemenb U Oosee I0ciie HOCTAHOBKU
muarao3za COVID-19 cocrasuna 5,8% (TpeBoxkHOE pac-
cTpoiictBo — 4,7%; pacctpoiicTBO HacTpoeHHus — 2%;
oecconnnna — 1,9%). Bce atn nokasarenu ObUIHM 3HAYH-
MO BEIIIIE, YEM B COMOCTABIUMBIX KOHTPOJIBHBIX TPYIIIax
naruenToB, He OoneBmmx COVID-19, HO y KOTOpBIX
OBUTM IarHOCTHPOBAHEI TPHIII WK IpyTHe HHPEKIHH
JIBIXaTeNbHBIX TyTel [34].

Taknm 00pazoM, HEBPOJIOTHIECKas U ICHXOHEBPOIIO-
THYeCcKas CHMIITOMAaTHKa, NIEPCUCTUPYIONIas y JIUI, Te-
penecmmx wHOekmuto SARS-CoV-2, npuBOIUT K CHU-
JKCHHIO KaueCTBa JKU3HU, CHIXKAeT paboTOCIIOCOOHOCTb,
MOXET IOTCHIIHATGHO HETaTUBHO CKAa3bIBATHCA HA IIO-
Ka3aTeJsIX MHBAIMAN3AINY, BBHI3BIBACT HEOOXOAMMOCTH
4acToro oOpaileHus 3a MEIUIIMHCKOW MoMOIIbI0. Bee
9TOT TPENCTABIIET CEPHE3HBIA BBI30B COBPEMEHHOMY
3[PaBOOXPAHCHUIO W CTABUT HEBPOIOTHUECKYIO peadu-
mutanuio manueHToB ¢ long COVID B kadecTBe akTy-
aIbHOM 3a1auH.

KNETO4YHAA TEPANMUA

B PEABUITUTALUUN NALMEHTOB .

C 3AEOH!EBAHVI$IMVI LUEHTPAJIbHOU

HEPBHOU CUCTEMbI

B mocnennme romer Bkmtouernne CK B mporpamMmbr
peabHUIUTaNY TIAIMEHTOB ¢ pa3HOOOPA3HBIMHU MTOBPEXK-
neHusiMu U 3a6oneBanusiva [THC nocrenenHo npespa-
TUJIOCh B HOBOE, MEPCIEKTUBHOE HAIMPABICHHUE HCCIIE-
noBanuit. CK oTHOCATCS K KIIETKaM, KOTOpbIe 00J1a1atoT
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CIOCOOHOCTHIO TIPONIU(EPUPOBATh U CAMOOOHOBIISATHCS
IIPU OTpECIeHHBIX YCIOBISIX U OuddepeHpoBaTses
BO MHOTHE Ipyrue (YHKIHMOHAIBHBIC KICTKH, BKIIIO-
4yasg HEUPOIIMIO, YHAOTEIUOLMUTHl W CaMH HEUPOHBI
[35]. B HacTosimiee Bpemsi Bce Oonbllie U OONBINE DKC-
MEPUMEHTOB Ha JKUBOTHBIX U KIMHUYECKUX HCIBITAHUH
MOKa3bIBAIOT, 4TO Hcnoib3zoBanue CK s nedenus 3a-
6oneanuit [[HC mMoxeT uMeTh MOJIOKHUTENBHBIN Tepa-
neBTHYECKUH 3(pdekT n obecneynBarh yCKOpEHUE BOC-
CTaHOBJICHUS (QYHKIIMU HEpBHOU crcteMbl [10].

[Marodm3nonornaeckne MeXaHU3MBI, YIaCTBYIOIIHE
B noBpexaeanu kietok [[HC, yHuBepcanpHBI HE3aBU-
CHMO OT HOBPEXIAIOIIETro areHTra. Pas3mmgams oTMeda-
IOTCS TOJIBKO B TIEPBOM (ha3e BO3ICHUCTBUS HA HEHPOHHI,
KJIETKA MHKPOOKPYKCHHSI W TPHJIEKALNINX COCYIOB,
TO €CTh B paHHEH (paze MaroJIoruIecKoro mporecca, Iie
OCHOBHYIO pOJb MOXET HIpaTb HEIOCPENCTBEHHO IIO-
BpexaroImui Gakrop. B ocHoBe mo3mHe# (asbl nexar
BOCTIAJINTENBHEBIC PEaKIINH, THIIOKCHS TKaHEH U artonTo3
HEpPBHBIX KJIETOK. DTOT IJIUTENBGHBIA BOCIAIHTEIBHBIN
MPOIECC NMPUBOAUT K 3HAYUTEIHHOW HEHPOTOKCUYHO-
CTH, JeTpafalliil MUEIHHA U PyOIIeBaHUIO TIINH, a TAKKE
K BBICBOOOXKICHUIO MHOYKECTBA HEHPOBOCHIATUTEIBHBIX
MEJIMaTOPOB, BKITIOYAS [IMTOKUHEI ((pakTop HEKpo3a OIy-
xoun anbda, [L-1b, IL-6, I1L-20), XeMOKHHBI (MOHOIIH-
TapHbBIi XeMoTakcudeckuii pakrop — MCP-1), moneky-
JBI KIETOYHOH anre3nd (MMMYHOTTIOOYNHHBI, KaaArepH-
HBI, HHTETPUHBI), aKTUBHBIE (OPMBI KHCIOpOda M Ma-
TPUKCHBIE MeTatonporeassl [8, 11, 16, 36].

HenaBaue nccienoBaHus MOKa3alld, YTO TEpaIus Io-
Bpexaennii [THC, Gasupyromascs Ha HCIONB30BaHUU
CTBOJIOBBIX ILTIOPHIIOTCHTHBIX KJIETOK B3POCIIOTO THIIA
13 KOCTHOIO Mo3ra, B ToM uncie C/134*, MokeT ObITh BbI-
COKOA((EKTUBHON TIPHU PE3UTYaTbHBIX MOBPESKICHUSIX,
BO3HUKIINX B PE3YNBTaTe COCYINCTHIX U TPABMATHIECKIX
nHmAeHToB. Ha done nmpumenennss CK moryt Boccra-
HABJIMBATHCS TOBPEXKICHHBIC HEPBHBIC KIIETKH U OKPYKa-
IOIMe TKAaHW, BKJIIOYasi HEHPOHBI M TIHANbHBIE KIICTKH,
YTO TIOMOTaeT 00ECHEeUNTh IEIOCTHOCTD ITyTH HEPBHOU
MPOBOAMMOCTH M TaKUM 0Opa3oM BOCCTAHOBHTH HEpB-
Hyto ¢yskmmto [10, 37]. B To e Bpemst CK B3aumozeid-
CTBYIOT C OKPY’KalOITUMH TKAaHSIMH, BBIIEISS B MEXKKIIe-
TOYHOE TPOCTPAHCTBO pA3NUYHBIE HEHPOTpodhHUeCKHe
(haxTOpBI, M3MEHSST MHKPOOKPY)KCHHE ITOBPEIKICHHOTO
ydJacTKa M yCKOpSSl pOCT aKCOHOB, B TO BpeMs KakK BCTa-
BOYHBIC HEHPOHBI, U depeHInpyronecs Ha oHe BO3-
nericTBus TpaHCIIaHTHpoBaHHBIX CK, MOTYT BBI3BIBaTh
pa3pacTanne akCOHOB ¢ 00Opa30BaHWEM HOBBIX CHHAIICOB
[38]. Tepamust CK MOKeT mOAaBIIsITh T€HBI, yYaCTBYIOIIIHE
B BOCIIAJICHUN U allONTO3€, a TAaKKe aKTUBHPOBATH T€HEI
C HEUPONPOTEKTOPHBIM JIEHCTBUEM, TEM CAMBIM 3aIlHILAs
CTIIMTHHOMO3TOBEIE HEHPOHBI OT BTOPUYHOTO ITOBPEKICHHUS
[38]. Hexotoprie BBeneHHbIe B MecTo moBpexaeHust CK
MOryT IuddepeHIINPOBATHCS B TNIHAILHBIE KIETKH H CIIO-
COOCTBOBAaTh MUEIMHU3AINH U (QYHKIHOHAIEHOMY BOC-
CTaHOBIICHUIO Y TTAIlIEHTOB C TPaBMOH CIMHHOTO MO3Ta
1 uHCYBTamu [39].

B nmocnennue roasl Bce OOnblie W OOJBIIE HCCIE-
JOBAaHWH HAYalll COCPENOTAYMBATHECS HA NPUMECHEHHU
ayronornyasix CJ[133%, CI34" T'CK, xoTopsie mmeroT
HEeNBI PAl HPEHMYIIECTB TEeped TOHOPCKUMHU KIIET-
KaMu B JleueHUM 3a0oiieBaHuil M moBpexaeHuid [THC
[40-42]. L.L. Xiong u coasr. [43] BBOomuu I'CK KpBbI-
caM TOCJIe MOICIUPOBAHUS TPAaBMBI CHHHHOTO MO3Tra
1 0OHAPYKUIIH, 9TO 3TO CITOCOOCTBYET HEBPOJIOTHYECKO-
My BOCCTAaHOBIICHHUIO ITOCPEACTBOM oOpa3oBanus 5-HT-
TIOJIO’KUTENBHBIX BOJIOKOH U OJIUTOICHIPOIIUTOB B CITHH-
HOM MO3T€, HHTHOMPOBAHMS THIIEPIUIA3HH ACTPOIUTOB
Y TIOBBIIICHUS YPOBHS AKCIPECCHH MHUTOTE€H-aKTHBHPY-
Moii mporennknHasbl 1 (MEK-1 mitogen-activated ki-
nase — 1), omocpenaoBanHol HelporpoduaOoM-3 (NT-3,
Neurotrophin-3).

I'pynma smoHckHUX y4eHbIX Bo maBe ¢ H. Yoshihara
[44] mpeacraBmia 1aHHBIE Teparuyd XPOHUYECKOTO IIO-
Bpexaenus [IHC y kppic myTeM TpoekpaTHOTO BBene-
wus ['CK ClI34" munys ['Ob. Otmedanocs mpopacra-
HHE aKCOHOB 4epe3 O0JaCTH, JIHIICHHBIE aCTPOLUTOB,
U yMEHBIICHHE OOpa30BaHMS KHCTO3HBIX MOJOCTEH.
MoHOHyKJI€apHbIe KISCTKH KOCTHOTO MO3Ta BBIICIISUTH
HeHTpU(YTHPOBAaHUEM B TpaJWCHTE IUIOTHOCTH H HC-
MIOJTB30BANI 0€3 KyIGTHBHPOBAHUS U TPaHCIUIAHTA-
[HH KPBICAM C XPOHUYECKOM TPABMOM CHIMHHOTO MO3ra.

[TepBeie ucmbiTanus kiaeTok aytomormudbix ['CK
KOCTHOTO MO3Ta, IIOAy4YCeHHBIE B HCCIETOBAHHIX
I ¢a3pl, mpoaeMOHCTpUPOBAIN, YTO OHU MOTYT 0€30-
MIACHO BBOAWTHCSA IIAIIUCHTAM C MOCJIEACTBUSIMH HH-
CyNIbTa Pa3NUYHBIMHU ITyTSMH, B TOM YHCJE HEIoCpen-
creenno B IJHC. I'pynma mcmanckux wmccienoBareneit
C. Suarez-Monteagudo u coaBT. [45] uUMIIIaHTHpOBA-
ma (1,4-5,5)x10° KIeTOK MOHOHYKJIEApHOW (paximu
M3 KOCTHOTO MO3Ta ITyTeM CTEPEOTAKCHUECKON MHBEK-
UM B OYar MOPAaXCHUS IIATH MAalHUEHTaM C HHCYIBTOM
B To3HEH (aze. DTo ucciuenoBaHue MOKa3alo, 9TO BHY-
TPUMO3TOBas TpaHCIUIaHTams ayTtoixorunaasix ['CK xo-
poIo mepeHocuTes U O6e3omacHa. Y 3 U3 5 manueHToB
OTMEYEHO JIONITOCpoUHoe (0oJee 6 MecCsIIIeB) yiaydlIeHue
B HEHPOTICHXHATPHIECKOM CTaTyCe.

[Tpu BHYTpHApTEpHATHFHOM WM BHYTPHBCHHOM BBE-
JCHAU AayTOJOTUYHBIX MOHOHYKIIEAPOB, COAEPIKAIINX
CTBOJIOBBIC KJIETKH, B OCTPOH U MOAOCTPOH (hazax uiie-
MHUYECKOTO HHCYIBTa Takke OBUIa IPOIEMOHCTPHPO-
BaHa 0e30MMacHOCTh HAaHHBIX IyTed BBeneHHs. OmHAKO
IpU BHYTPHCOCYAMCTOM IIyTH BBEICHHS HCIONB3yETCS
3HAYUTEIBHO Oombimas mo3a kiaetok (50-600)x10° mo-
HOHYKJICapOB), YeM TIPH HETOCPEICTBEHHOM BBEICHUU
B [JHC (MHTpaMo3roBbIe, HHTpPAaTEKAIbHBIC WIH UHTPA-
BEHTPHKYJSIPHBIE HHBEKIWH), UYTO SBISETCS OTrpPaHH-
YUBAIOIKAM (DakTOpOM ISl aMOYITaTOPHOTO TONYYCHUS
Marepuaia OT MAalWeHTOB, KaK IPaBHIO, TpeOyeT WX
KPaTKOCPOYHOM TOCTIMTANN3alN U CYIIECTBEHHO yBe-
JUYMBACT PUCKH PAa3BUTHS TTOOOYHBIX 3(h(HEKTOB U CTO-
UMOCTB JiedeHus [46, 47]. [Ipu 3TOM, KaK 1mo3aHee ObLIO
MOKa3aHoO, OHopacHpeneliieHre BHYTpHAPTCPHAILHO
U BHYTPHUBEHHO TPaHCILIAHTHPOBAHHBIX ayTOJIOTUYHBIX
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MOHOHYKJICAPHBIX KIJIETOK, ITONYYCHHBIX M3 KOCTHOTO
MO3Ta, COTIOCTaBHMO C BBEICHHEM 3HAYUTEIFHO MCHbB-
[IeTO MX KOJWYeCTBA HEMOCPEICTBEHHO K 0Yary mopa-
kerwnst B IITHC [48].

[IpoBenenHoe paHIOMH3HPOBAHHOE HCCIICIOBAHIE
I ¢a3pl, Brimowaromee 120 MaMEHTOB C HHCYJIETOM
B octpoii (aze (mepBbie 7—30 mHei), rae ayToIOrH4-
HBIE KJIETKH KOCTHOTO MO3Ta BBOAWINCH BHYTPHBEHHO,
HE TIOKa3aJl0 KIMHUYECKHX TPEUMYIIECTB 10 CpaBHE-
HUIO ¢ Tpynnoi miane6o [49]. Hanporus, npu uHTpare-
kajgpHOM myTH BBeneHust [ CK u3 pacyera 1x10° momo-
HyKJICapHBIX KJIETOK KOCTHOTO MO3ra Ha 1 Kr Beca ma-
[MeHTa y 24 TMaIUEHTOB B MO3HEH (a3e HIEMUIECKOTO
MHCYJBTa OTMEUCHO YITyUIICHHE HEBPOJIOTHICCKUX CHM-
nToMoB. OTHAKO B JAHHOM HCCIICIOBAHUH OTCYTCTBOBA-
na rpymmna cpasHerwus [50].

B apyrom uccienosanmnu ¢assl I/1la 6pi1a okazana
3aBHCHMOCTH CTETIEHH BOCCTAHOBJICHHS HEBPOJIOTHYE-
CKUX (PyHKIHI OT ZO3BI BHYTPHBEHHO BBOIMMEIX KIIETOK
[51]. Uccnenoranme M. Barish gononauTebHO 06HApY-
KIJIO, YTO YIy4IICHHE HEBPOJOTHYSCKUX CHMIITOMOB
IIpY TIPIMEHECHUH KIICTOYHOM TEeparuy ayTOIOTHIHBIMU
CK MoxeT OBITh CBSI3aHO C IMMapaKpUHHBIMHU 3 dekramu,
00YCIIOBJICHHBIMH CEKpEIHel BacKyJIOIHIOTEIHAIBHO-
ro ¢akrtopa pocra (VEGF, vascular endothelial growth
factor) u Heliporpoduueckoro pakTopa roJIOBHOTO MO3-
ra (BDNF, brain-derived neurotrophic factor) [52].

BBeznenue B mpakTUKy TaKoro IapaMeTpa, KaK KOJH-
gectBo CJ134" KJ1€TOK BO BBOIMMOM Marepuase, 03BO-
a0 Oojiee YETKO XapaKTepHU30BaTh CTBOJIOBEIC KIIET-
KM W TpHOMU3UTBECA K CTaHAAPTU3AINHA METOAWKH.
KomnaectBo BBoguMBIX CK — BasKHEIN acIEKT, BIIHSIO-
U Ha TepareBTHUeCKUH 3(P(EKT KIETOUHBIX IMpera-
paroB. B OONBIIMHCTBE HCCIIEAOBAHHM, MOCBSIICHHBIX
Tepalny TPABMaTUIECKUX M COCYIUCTHIX ITOBPEKIC-
uuit ITHC, no3a cymiectserno Bapsupyet ot 10* mo 103
B 3aBHCHMOCTH OT BHAA KJIETOK, CII0CO0a BBEICHWS,
BpEMEHH BBEICHHUS OT MOMEHTAa MHIUACHTAa M IPYTHX
(bakTopoB. OnyOIMKOBaHHbBIE pabOTHI Ha JTA0OPATOPHBIX
JKHUBOTHBIX, TTOCBSIIICHHBIC PEaOMIUTAIINN C HCIIONB30-
BaHMEM KJICTOYHBIX MPENaparoB, ONPENEISIOT MUHH-
MaJbHYIO 3 (PEeKTHBHYIO 103y IIETEBBIX KIIETOK B COCTA-
Be KJIeTo4HOro mpenapara kak (1-5)x10° na 1 BBenenne
(npu BBenenuu HemocpenctseHHo B [IHC — unTpaBeH-
TPUKYISIPHO, HHTPATEKAIFHO, HETOCPEICTBEHHO BOKPYT
WIA B MECTO TOBPEXICHHS B IPOIECCE OMEPaTHBHO-
TO JICYeHHs), OTMEYas IMOJOKUTEIBHYIO KOPPEISIUIO
C KIMHHYECKUMHU J(PPEeKTaMH MO0 Mepe YBEIMUSHHS
JO3EI IIeJIeBEIX KJIeTOK. OHAKO ONTHMABbHAS 1032 ayTo-
nornysbix ['CK, nmpuMeHsieMBIX B mporiecce MpoBeeHUS
KJIETOYHOM TE€panuy Npy NOPAKEHUH HEPBHOW CUCTEMBI,
JI0 cHUX TIop He ompenenena [53].

Cpennsist noza ['CK CJI34" B KIIMHUYECKHX HCCIIe-
JOBaHMSX, BBOAUMAS ITAIIUCHTY OMHOKPATHO HETIOCPE-
crBenno B ITHC, xomebmercst ot 5x10° mo (1-10)x10°
Ha 1 BBenenue [10, 40, 54]. B uccienosanuu M. Zakerinia
¥ cOaBT. [55], omyOnukoBanHOM B 2018 1., 80 marpieHTaMm

COVID-19

C Ppa3IMYHBIMHA HEBPOJOTHICCKUMH 3a00JIEBaHUSIMHU
OIHOKPAaTHO MHTPATEKAJIHHO TPAHCILIAHTHPOBAIN ayTO-
nornuaabie CK. MoHOHYKII€apHBIE KICTKH, TTOTydeHHBIE
13 KOCTHOTO MO3Ta, pa3AeisUIi Ha TPaAueHTe INIOTHOCTH
(PUKOI-THITAaK, IPOMBIBAIIN F CYCIICHIHPOBAIIN B COJICBOM
pacTBope C IeTbi0 000TaIIeHIsI BBOAUMOTO MaTepHaa.
OtnocutensHoe conepkanne ['CK onennBanocs mo xo-
muaectBy C/[34°C/138  kieTok mpu MPOTOYHOW ILIUTO-
MeTpuu. BBenenue npoBonuiock uepes 3—4 yaca mocie
3abopa KOCTHOTO MO3ra B cpemHeit go3e 5,6x10° CJ[34".
Kimmangeckoe yiaydmieHne HEBPOJIOTHICCKUAX (DYHKIHH
orMedanock v 9 (75%) u3 12 manueHToB ¢ 00JE3HBIO
ITapxuncona, y 20 (71%) u3 28 nauueHToB ¢ AETCKUM
nepeOpansHBIM TapannaoM, y 6 (86%) u3 7 manueHToB
C THITOKCHYECKAM MOPaXCHUEM TOJOBHOTO MO3ra, y 2
3 4 MaMeHTOB C paccestHHBIM CKIIepo3oM, y 4 u3 5 ma-
[IMEHTOB C arpodueld Mo3xKeuka, 1y 7 U3 9 MmanueHToB
C IPYTHMH TIPHOOPETEHHBIMU HEHACIEICTBEHHBIMU He-
BPOJIOTHUCCKUMH  3a0oneBaHusMu.  [lomoxkurensHas
JMHAMHKa OblJa OTMEUeHa depe3 2—4 Helenu OT Hava-
7a KIeTouHor tepamuu U B 90% MOCTHUIIIA CBOETO MakK-
cumyma B niepuof 8—12 nexens. B nenom xnuHIUECKOE
yayumenue Habmonanocsk y 60% nanuentoB. He Opi10
KOHCTAaTHPOBAHO M3MEHEHHUH B HEBPOJIOTHICCKOM CTaTy-
Ce MAlMeHTOB C TPABMOU CITMHHOTO MO3Ta, COIIPOBOYK/Ia-
FOIIEHCS TIOTHBIM ITOTIEPEIHBIM MTOBPEKACHIEM, a TAKKe
y MAIUCHTOB C ayTU3MOM H OOKOBBIM aMHOTPO(pHIeCKUM
ckiepo3oM. [To6odHbIe A3PPEKTHI Tepaniu OrpaHUIHNBA-
JIMCH JIETKUMU KPAaTKOBPEMEHHBIMH TOJIOBHBIMHU OOJISIMU
¥ PBOTOM Y HECKOJBKHX MAIMEHTOB [55].
CrargapTru3anis BBOIUMOTO KJIETOYHOTO IIperapara
MIpeACTaBIsIeTCS TeM Ooiee Ba)KHOW, UTO B IMOCTICTHEE
BpEMS aKTHBHO HAYMHAIOT UCIIOIB30BaTh He Tonbko ['CK
kocTHOTO Mo3ra, Ho U I'CK, moirydenHble U3 nepudepu-
yeckori kpou. [lomyuenne I'CK u3 mepudepuueckoit
KPOBH HMEET psiA NperMYIIecTB. Bo-TepBrIX, HE Tpe-
OyeT HamWuusl ONEpaIlOHHOW W TMPOBEACHUS OO
WJIM MECTHOW aHECTE3MH MALMEHTY. BO-BTOPBIX, MOXKET
OCYIIECTBIATHCS MPAKTHUCCKU BCEM HEBPOIOTHIECKUM
MMalMEHTaM U He UMEET MIPOTUBONOKAa3aHuil. B-TpeTpux,
MOXET IIPOBOANUTHCS MHOTOKPATHO M 00ECIIeUnBAaTh I10-
TpeOHOCTh MAalMeHTa B MPOBEOCHUU UINTEIHHOW BOC-
CTaHOBUTENbHOUN KieTtouHod Teparmmu. [Ipu atom I'CK,
Hecymye Ha cBoed moBepxHoctu mapkep C/34, momy-
YeHHBIE U3 NepuepUIecKoil KPOBH, IO CBOMM OHOJIO-
THYECKIM M MMMYHOJIOTHYECKHM CBOMCTBAM HE OTIIH-
YaroTCsl OT TAKOBBIX M3 KJIETOK KOCTHOTO Moara. Ilocie
JEeMOHCTpanuu 3QQPekTuBHOCTH TpaHcruanTamuu CK
KPOBHU TIPH JICUCHUH XPOHHYECKOW HIIEMHH TOJIOBHOTO
MO3ra y KpbIC JaHHbIE O Oe30macHOCTH U 3(dekTns-
voctu npumenenns ['CK C/134" w3 mepudepuueckoit
KpOBH OBUIHM TOATBEPKAEHBI B HccienoBanuu 11 ¢assl
[56]. I'pymmoit kuTakickux y4eHsIX 15 manmuentam ¢ uH-
CYIIBTOM B XPOHHYECKOH (ha3e OBUTH CTEPEOTaKCHUCCKU
TPaHCIUIAHTUPOBAHBl MOOWIM30BAHHBIE IIPH IOMOIIN
TPaHyJIOMUTAPHOTO KOJIOHUECTHUMYIUPYIONIETO (haKTopa
aytonornynble, cenekrupoBanasie ['CK Cl[34" B mo3e
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(3-8)x10°. ABTOpPBI OTMETH/IM YIyYIICHHE HEBPOJIOTHU-
YEeCKUX W (PYHKIMOHAIBHBIX MOKa3aTeJIel y MaIrieHToB
B TpyTIIe, MOTy4aBIe geaeHue [S57].

B nmenom pesymerarer mpumenennst ['CK, momyden-
HBIX M3 KOCTHOTO MO3Ta WM Iepu(epuveckoil KpoBH,
HE OTJIMYAJIUCh OT TAKOBBIX NPH UCIIOIb30BAHUU ME3EH-
XUMaIIbHBIX KJIeTOK [58]. [Ipu 3TOM B XpOHUYECKO#t (haze
IIPU COCYIMCTHIX TIOBPEXICHUSX (MHCYIBTaX) U TPaBMa-
THYECKUX TOBPEXIEHHUSX TOJNIOBHOTO/CIIMHHOTO MO3Tra
KJIETOUHBIE MEXaHU3MbI, YYaCTBYIOLIUE BO BTOPUYHOM
MOBPEXJIEHUHY HEHPOHOB, aKCOHOB U MUKPOTJINH, HE pa3-
JIMYAIOTCS, KaK U MEXaHU3MBI periapalyy OBPEKICHHbIX
tkaneit. ['CK CJ134, nony4eHHbIe u3 niepudeprueckon
KpPOBH WJIM KOCTHOTO MO3ra, UMEIOT PsJl IPEUMYILECTB.
Bo-niepBrix, onn nporukatot uepe3 ' Ib u ocymecTsis-
IOT MUTPALMIO B OYard MOBPEXKIEHUS B TKAHAX MO3ra,
9YTO 0COOCHHO Ba)KHO MPU UX BHYTPUBECHHOM BBE/ICHHH.
Bo-BTOpBIX, IOKa3aHa HX CITOCOOHOCTH K HEHPOHAIBHOM
T depeHTUpoBKe. B-TpeThuX, 3TH KIIETKA MOTYT OBITh
CPaBHHTENBHO JIETKO, B peaJlbHOM MacmTade BpeMEeHU
U B IPAaKTUYECKU HEOIPAaHUUYEHHBIX KOJMYECTBaX, IOIy-
YeHbI OT CaMOro MalMeHTa Kak JJIs BBEJCHUs B HaTHB-
HOM BHUJE, TaK U A KyJIbTUBUPOBaHUA. B-ueTBepTHIX,
HAKOIICHO JJOCTaTOYHOE KOJWYECTBO HH(POpMAUU
00 ux TepaneBTHYECKON 3(PPEKTHBHOCTH KaK B Cllydae
octpoii aszer noBpexxaenus [{HC, Tak u npu JredeHun
HAa MO3IHUX 3Tanax TPaBMaTHYECKOW WIM HIIEMUYECKON
0o0JIe3HEelH TOJIOBHOIO M/HMIIM CIIMHHOTO Mo3ra [59-61].

Ayronornunsie I'CK, momydeHHbIE OT caMOTo Marm-
€HTa, HE BBI3BIBAIOT MMMYHOJOTHUYECKHX KOH(QIMKTOB
M, COOTBETCTBEHHO, HE TpeOyIOT MPOBEACHUS HMMYHO-
CYIIPECCUBHOI Tepalnuy B OTIMYME OT JOHOPCKUX (aj-
JIOTEHHBIX) M KCEHOTCHHBIX KJIETOK. Takum o0pa3oM,
y OONBEHOTO HE MPOHMCXOIAWT HAPYIICHUH B €CTECTBCH-
HBIX MEXaHU3Max MMPOTHBOUH(EKIIMOHHOTO W IPOTHUBO-
omyxoneBoro koutpods. [Ipu atom ayromormunsie I'CK
OTHOCHUTEJIBHO JIETKO IMOJYYUTh M KYJIBTHUBHPOBATh

BKITAQL ABTOPOB

N.C. JonromosnoB pa3paboTan KOHLENIHUIO HaydyHOH paboThl, co-
cTaBul 4epHOBUK pykonucu. ['JI. MeHTkeBUY Hamucana TEKCT,
IUIAHUPOBAI M aHAIW3UPOBaJ HaydHyto padory. M.IO. PrixoB
HaIThcan TEeKCT, aHAIM3UPOBa HayuHyI0 paboTy, BBIOIHUI KPH-
THYECKHH MEPECMOTp C BHECEHUEM IIEHHOTO HHTEIIEKTYaIbHOTO
conepxanus. JI.B. UnuanoBckast HanMcana TEKCT, aHaIu3upoBasa
Hay4HYI0 pa0oTy, BBIMOJHHUIA KPUTHUECKUH IMEPECMOTp C BHe-
CEHHEM IIEHHOTO MHTEIUIEKTYalIbHOTO COAepKaHus. Bce aBTOphI
NPUHUMAIN y4acTHE B OOCYKACHHU U PelaKTUPOBAHUHU PaOOTHI.
Bce aBTOpBI 0100pHIN OKOHYATENBHBIA BAPUAHT ITyOIHKAIINH.
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3AKINKOYEHUE

Uactora HeBponorudeckux ocnoxkaenuit COVID-19
Ha HACTOSILMH MOMEHT TOYHO HE M3BECTHA, HUMEETCS
TEHJICHIIUS K TOMY, YTO TAIMEHTHI C TSHKEION (opMoi
3a00JIeBaHMs Yalle MMEIOT HEBPOJIOTUYECKHAE CHUMIITO-
MBI, YeM TAIIUECHTHI C JIETKOH (hOPMOH.

SARS-CoV-2 Bo3meiicTByeT Ha KIIETKA TOJIOBHOTO
MO3ra KakK HamnpsMyro, mpoHukas uepes ['Ob, Tak u onoc-
pEIOBAaHHO, Yepe3 MEXaHU3M Pa3BUTHsI CUCTEMHOM BOC-
MAJUTENIBHOM pEakMM W TOPAKEHWE MUTOXOHIPH,
YTO TIPUBOAUT K (POPMHUPOBAHHIO HEBPOIOTHIECKUX OC-
JIO)KHEHUU. B pa3BUTHMM TO3MHHUX OCHOXHEHWM Cymie-
CTBEHHYIO POJb WIPAIOT U ATPOTCHHBIC (haKTOPHI: TIPH-
MEHEHHUE CTEPOUJIOB U APYTUX MPOTHUBOBOCHAIUTEIBHBIX
[IpenaparoB, aHTUKOATYJSIHTHas Tepamus, IpenapaTbl
MOHOKJIOHAJIBHBIX aHTUTeN. OYeBUAHO, YTO MaHAEMUS
IIpUHECIa BOJIHY HOBOI'O XPOHHYECKOIO MHBAIMIU3HUPY-
IOIIEro COCTOsTHUSI, HasbiBaeMoro long COVID, kotopoe
3aCITy’KUBAET CEPbE3HOI0 BHUMAaHUSA HAaydHOTO U MEIU-
IIITHCKOTO cO00MIecTB. XOTS €CTh HaJe’kK1a Ha TO, UTO pas-
PabOTKH BaKIMH MO3BOJIAT CACPIKaTh MAHIEMUIO, KpaiHe
BRXHO MNPOJOJDKUTH H3y4Y€HHE KIMHUYECKUX IIpOsBIIE-
HUI, MEXaHI3MOB BO3HHKHOBEHHS, IIOUCK CIIOCOOOB JIe-
YeHHs1 W peabwimTanuu narueHToB ¢ long COVID-19-
cHHApPOMOM. Pa3HooOpasue HEBPOJIOTHUECKHX CHMIITO-
MOB JUKTyeT HEOOXOAMMOCTH PAa3BUTHS KOMIDIEKCHBIX
MOAXO/IOB K 3ToM mpobneme. OMHOM U3 BOBMOXKHOCTEH ee
peLleHUs B MTO3IHEM NIEPUOIE TIOCTKOBUIHOTO CHHIPOMA
MOXKET CTaTh KJIETOUHAs TEPAITHs C UCTIONB30BAaHIEM COO-
CTBEHHBIX I'€MOIIOITHYECKUX KIJIETOK IMallMeHTa, KOTopas
MoKa3asa CBOO 3PPEKTUBHOCTh U OTHOCUTEIBHYIO 0e30-
[IACHOCTH NP BOCHAJIUTENbHBIX, COCYAUCTHIX U TpaBMa-
Tryecknx nopaxkenwsx [THC.
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Cnyuau n3onupoBaHHOro runonaparvpeosa,
pa3BMUBLUErocs B No3gHeM Bo3pacTe
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AHHoTauus

l'MnonapaT1peos — peakoe SHAOKPUHHOE 3aboneBaHune. B 6onblLUMHCTBE CriyYaeB y B3POCMbIX NALWMEHTOB NPUYKUHON -
nonapaTupeosa SBMAeTCS NOBPEXAEHUe U yaaneHne oKONOLMTOBMAHBIX Xenes Npu XUPYpruyeckux BMeLlaTensCTBax
B 0b6nacT wew; apyrvie NpuymHbl HAbnoAAKTCA PeaKo.

Onucanue cnyyas. Y MyX4uHbl 52 neT ¢ anNu304amu Cyaopor, MHTEHCUBHOM GOMbi0 B MblLLaX, NPOrpeccUpyroLLmxX
B TeYeHWe 7 NEeT M PE3UCTEHTHBIX K NEYEHUO MUOpenakcaHTamu, aHKCUONUTUKAMU U HECTEPOUAHLIMU NPOTUBOBOC-
nanuTenbHbIMU CPEACTBAMW Npu 06CNe0BaHNN BbISIBNEHa rMNoKanbLMEMUS, CHXXEHWE NapaTropMOHa B KPOBM W No-
BbILLEHWE CYTOUHOMN 3KCKpeLun KanbLus ¢ MoYor. OKONOLLMTOBUAHbIE Xenesbl N0 AaHHbIM YNbTPa3ByKOBOro Uccneno-
BaHWS He ONpeaensnucb. YCTaHOBNEH AMarHo3 ManonaTUYeckoro runonapaTtupeosa. JleyeHue npenapatamut kanbLms
W aKTUBHbIMKM MeTabonMTamm BuTaMmHa D NpuBeno K BbIpaXEHHOM NONOXUTENbHON AYHAMUKE KITMHWYECKUX CUMMNTOMOB
1 nabopaTopHbIX NokasaTenen.

O6cyxpeHue. M'mnonapaTnpeo3 B COCTaBe reHETUYECKMX CUHAPOMOB MCKIIOYEH B CBA3M C No3aHUM AebioTom 3abonesa-
HWS U OTCYTCTBMEM COMYTCTBYIOLMX 3abONeBaHWi. YNbTpa3BykoOBOE UCCNEA0BaHNE NapaLLMTOBUAHBIX Xene3 No3Bonmmno
UCKIIOYNTb MeTacTasupoBaHue U 6oneaHn HakonneHus. [ns UCKNIYEHUs peakux BapuaHTOB CUHAPOMANbHOrO rynonapa-
TMpeo3a C No3gHUM Aebl0TOM B BUAE W30NMPOBaHHON rMnoKanbLMeEMN PEKOMEHAOBAHO UccneaoBaHue 22-1 u 10-i xpo-
MOCOM Ha Hanuume MyTaLui.
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Isolated idiopathic hypoparathyroidism that developed
in adulthood: a case report

Guzel E. Runova™, Anna V. Oderiy, Irina V. Glinkina, Yulia P. Sych, Sofia E. Moshenina,
Valentin V. Fadeev
Sechenov First Moscow State Medical University (Sechenov University)
8/2, Trubetskaya str., Moscow, 119991, Russia

Abstract

Hypoparathyroidism is a rare endocrine disease. In most cases in adult patients, the cause of hypoparathyroidism is damage
or removal of parathyroid glands during surgical interventions on the neck; other causes are rarely observed.

Case report. A 52-year-old man with episodes of seizures, intense muscle pain, progressing for 7 years and resistance to
treatment with myorelaxant, anxiolytics and nonsteroidal anti-inflammatory drugs was examined and hypocalcemia associ-
ated with low parathyroid hormone and excessive urinary calcium excretion was found. Ultrasound examination didn't reveal
any changes in parathyroid glands. The patient was diagnosed with idiopathic hypoparathyroidism. Treatment with calcium
supplements and active metabolites of vitamin D led to an improvement in clinical symptoms and laboratory parameters.
Discussion. Hypoparathyroidism as part of several genetic syndromes was excluded due to the late- onset of the disease
and the absence of concomitant diseases. Ultrasound of the parathyroid glands made it possible to rule out metastasis and
storage diseases. It is recommended to perform genetic testing of the chromosomes 22 and 10 to exclude rare variants of
syndromic hypoparathyroidism with the late-onset in the form of isolated hypocalcemia.

Keywords: isolated hypoparathyroidism; isolated hypocalcemia; late-onset of hypoparathyroidism; convulsive syndrome;
calcification of the basal ganglia; Fahr’s syndrome; seizures in an adult patient
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INTERDISCIPLINARY PROBLEMS

I'mmomaparuipeo3 — 3T0 SHAOKPUHHOE 3a00JIeBaHUE,
XapakTepusyomnieecs THIOKaIbIIUeMHeH IpH HOpMaib-
HOM WM CHI)KEHHOM YPOBHE MapaTHPEOUIHOTO TOPMO-
Ha (ITTT) [1]. [To maHHBIM YTTHAEMHOIOTHIECKIX HCCITe-
noBanuil, mpoBeneHHsx B Hanmn, CIIIA u Hopserunm,
PacTIpOCTpaHEHHOCTh  THIONAPATHPE03a  COCTABIICT
10,2-37 cnyuaes Ha 100 000 Hacenenus [2—-5]. CBenenuit
0 pacIpOCTPaHEHHOCTH 3TOM maronoruu B Poccuiickon
Odenepanny HET B CBS3M C OTCYTCTBHEM KpyITHOMAC-
mTa0HBIX McchenoBanuii [6]. Hanbonee wactod nmpuyu-
HOW pa3BUTUS rUIonaparupeosa (oxkoio 75%) sBiaseTcs
TIOBPEK/ICHHE WIN yHaJCHUE OKOJOIIMTOBUIHEIX XKeje3
B XOJI€ XHPYPrHIECKOTO BMEIIATEIhCTBA B OOIACTH IIIEH
[7, 8]. PacnpocTpaneHHOCTh THIONApPATUPEO3a, HE SIB-
JSFOIIETOCST OCIIOKHEHHEM XHPYPIHYIECKOTO JICUCHHS,
COIIACHO pe3yJibTaTaM HCCICAOBAHU, MPOBEICHHBIX
B Jlanum, coctaBusier Bcero 0,7-5 cimydaeB Ha 100 000
Hacesenwus [3]. OnHaKoO NCTUHHYIO €TO YaCTOTY OIEHUTH
TPYAHO: B MOMYIIIIMH MMEETCSI HEONpeIelIeHHOe YHC-
70 U1 ¢ OECCUMITOMHBIMH U, KaK CIEACTBHE, HeIMa-
THOCTUPOBAHHBIMH (OpMaMHU 3a00JICBaHHUsS, HAIPUMEP
TIpU CHHJIpOME JeNeruu XxpoMocombl 22q11.2 [3].

Bcenencreue camxenus yposus [ITI Bo3Hukaer ru-
MOKaJIbITHeMHusI, 00YCIIOBJICHHAs YMEHBIIIEHHEM pe30p0-
IIUU KaJIBITUS M3 KOCTeH M ero peabcopOIny B TOYKAX,
a Tax)ke HapylIeHWeM CHHTe3a B modkax 1,25-nerumpo-
KCHKaJbIH(epoa U BCACHIBAaHWS KAJIBIHS B KUIICYHU-
Ke. DTO MPUBOIMT K Pa3BUTHIO CIETYIONINX KIMHUYE-
CKUX MPOSIBJICHUN:

e (QuOpWUIApHBIE TOAECPTUBAHMS CKEICTHOW MYCKY-
JaTyphl, HAOIIOAAIOTCS TIOIOKUTENBHBIE CHMITOMBI
XBocrteka, Tpycco, Betica;

*  CHa3Mbl IIAAKOW MYCKYIaTyphl, IPOSBISIONIHECS Jia-
PUHTO- ¥ OpOHXOCIa3MOM, Aucharuei, ppoToH, 1ua-
peen, 3anopamu;

* BereTaTMBHAS CHMIITOMATHKA: cepaneOueHue, 0onu
B 00JIaCTH cepiia, 03H00, JKap;

* TpoduUuecKHe HApyIICHUs: U3MCHEHHE POCTa BOJIOC,
HOTTeH, e(heKThl 3yOHOH dMalli, CyXOCTh KOXKH, Ka-
TapakTa;

* BHEKOCTHas KaJblM(HKALKsA, B TOM UYHCIIe 0a3alb-
HBIX TaHIJIMEB, KOTOPas MOXET KIMHIHYECKH IPOSB-
JATBCS. CYOOPO’KHBIM CHHAPOMOM IO THITY JITHJIEH-
TUYECKUX TIPHUIAAKOB, a TaKKe DKCTPAHPAMUAITHON
CHMITTOMAaTHKOW C XOPE0aTeTO30M WM MapKHHCO-
HHU3MOM;

*  IICHXMYCCKUE U3MECHEHHUS: IETPECCHs, CHIDKCHHUE TTa-
MSITH, HEBPO3BI, aTPECCUBHOCTE;

*  KapOHOMHOIIATHs, CepAeUHasl HEIOCTaTOYHOCTD; Y-
nuHenue uaTepBana QT, nusepcus 3yoma T' [9].
[uarno3 rumomnapatupeo3a BepuUIUPyeTcss Ha OC-

HOBAaHWY CHIDKCHUS YPOBHS OOIIEr0 M HOHU3UPOBAHHO-

ro KaJbllUsg B codeTaHWu ¢ Tumnepdocdaremueii; ypo-

BeHb [ITT" cHMKEH MK HaXOAMTCS Ha HWKHEW TpaHuLe

pedepeHcHOro HHTEpBaIa.

Oco0eHHOCTE MPEICTaBICHHOTO KJIIMHAYECKOTO
CiTydasi 3aKJII0YaeTCsl B BBUIBICHUH IEPBUYHOTO H30-
JMPOBAHHOTO THUIIOMAPATHPEO03a Y B3POCIIOTO MAlUEHTa
[IPY OTCYTCTBMH aHAMHE3a OIIEPATHBHBIX BMEIATEILCTB
W CTHTM JU33MOpHOTeHe3a.

ONMUCAHUE CITYYAA

Myxurnaa 52 set, He palboTaromuil (B MPOILIOM,
n0 2018 1., apTUCT IHUpKa HA JbAY), B HOsIOpe 2019 rona
MOCTYIIJI B KIMHUKY SHIOKPHHOIIOTHH C KajJo0aMu
Ha SNH30IBI CYJOPOT, HHTCHCHBHYIO OOJHh B MBIIIIAX,
TPEMOp PYK B ITOKOE, HAPYIICHHE aKKOMOIAIIUH, CIIOXK-
HOCTh apTHUKYISIIHH, AUC(HATHIO, OUIYIIEHHE «TyMaHa
B TOJIOBE» (CHIDKEHHE KOHIICHTPAIUH BHUMAHUS).

AHnamue3 3aboneBanus: B 2012 roqy BriepBbIe BOSHUK
SIMN30J TEHEPAIN30BaHHBIX CyIopor. B nanpHelmem
pPELUANBEI CYIOPOT BO3HHUKAIM KaXkasle 3—4 Mecsia,
10 TIOBOZIY Y€ro HEOAHOKPAaTHO BBHINONHSIACH MAarHWT-
HO-pe3oHaHcHas Tomorpadus (MPT) ronoBHoro Mo3ra,
opranmveckoi maronoruu He BbIABIeHO. C 2016 Toma
CTaJl OTMeYaTh BBIpAKEHHBIC OOMM B MEBIIIIAX, OLIY-
IIeHNe «TymaHa» B roioBe. HaOmomancs HeBpoOIoOToMm,
TEpareBTOM, IPOBOAMIIOCH JEUEHHEC MHOPEIAKCAHTAMH,
AHKCHOJMTHUKAMH, HECTEPOUIHBIMHA MPOTHBOBOCIIAIH-
TenbHBIME cpencTBamMu 0e3 3ddekra. C 2018 . u3-3a
BBIPQ)KEHHOTO 0OJICBOTO CHHIpOMa OBUT BBIHYXIEH
OCTaBUTH PabOTY.

B mae 2019 r. BriepBbIe pa3BUIICS SMU30]1 TEHEPAIH-
30BaHHBIX CyIOpOr ¢ moreped co3HaHudA. [lo manHBIM
MPT ob6napyxeHbl Tu(dy3HbIC H3MEHEHHS OEJIoro Be-
IIeCTBa TOJIOBHOTO MO3ra. OOIMIEKIMHNIECKHE aHaTH3EI
W3MEHEeHHH He BBISBIIIN. B cenTsaope 2019 1. mpoBeneHa
koMmbroTepHas Tomorpadus (KT) rosoBHOro Mo3ra, BbI-
SIBJICHA KaNbIIN(UKAIs 0a3aNbHBIX TaHIJINEB, BIICPBHIC
HCCIIENOBAaH YPOBCHH OOIIETO KaJblUs B KPOBH, KOTO-
poIid ObLT cHYDKEH 110 1,16 Mmodbs/i (2,08-2,65).

AHaMmHe3 XW3HHU: KypeHue Tabaka mo 20 curaper
B JIcHb B TeueHWe 33 neT. YnorpedieHne NMCUXOaKTHB-
HBIX IIPETapaToB, 3JIOYIOTPEOICHHE aJKOTOJIEM OTpPH-
naeT. Xupyprudeckue BMEIIaTeIbCTBA B 00IACTH IIIEH,
ayTOMMMYHHBIE 3a00JIeBaHUs B aHAMHE3€ OTCYTCTBYIOT.
HacnencTBeHHOCTH He OTATONICHA.

OOBEKTHBHO: 00IIee COCTOSHUE CPENHEH TKECTH,
14 GamoB 1o 1Ikajge koMbl [1a3ro, poct 174 cm, Bec
64 xr, nagexc maccel Tena 21,1 kr/m?. KokHBIH MOKpPOB
OOBIYHOW OKpacKH, CyXxoW. BrIpaxkeHHOE HampspKeHUE
MBI KOHEYHOCTEH, HEBO3MOKHOCTH HONHOCTHIO OT-
KPBITH POT, 3aTPyJHEHUE MPU BIOXE, APOKaHHE MOI00-
ponka. CummntoMbl XBocTeka v Tpycco oTpHUIaTebHBIE.
Uactota apixarenbHBIX ABWkeHHA 19 B mmH. [lymbe
60 ya. B MHH, pUTMHYHBIH, apTepuaabHOE aBICHUE
90-110/50-70 MM pT. CT.

IIpu maGoparopHOM HCCICIOBAaHUU HAOIIONAIOCH
BBIPOKCHHOE CHIDKEHHE YpPOBHEH OOIIero M HMOHH3U-
POBAaHHOTO KaJBIHSA, CYTOYHOH OKCKPEIHH KaJIbIIHs

nocryna: 03.03.2021).

Knunnueckue pexomennanuu. ['unomnapatupeo3 y B3pocibix. https://raeorg.ru/system/files/documents/pdf/518 gipoparatireoz.pdf (mara

70 CEYEHOBCKMI BECTHHUK T. 12, Ne 3, 2021 / SECHENOV MEDICAL JOURNAL VOL. 12, No. 3, 2021



¢ mouoii (tabmn.). Konmenrtpamus IITI B chiBOpoTKe
kpoBH coctaBmna <0,3 mMomw/n (1,3—6,8). OTMeueHO
CHIDKCHUE MarHus, MOBBIIICHHE HEOPTraHUIEeCKOro (oc-
(opa; ypoBeHb Kajusl, HATpus, MeIOUHOU (hocdarassl,
KpeaTHHWHA CHIBOPOTKH, BHTaMHHA D, CKOPOCTH KITy-
6ouxoBoii ¢mieTpanuu (MDRD) Haxoaumuch B mpene-
nax peepeHCHBIX 3HAYCHUH.

BrImomHeHO yIBTPa3BYKOBOE HCCIICJOBAHHE OKOJO-
OIUTOBUAHBIX JKEJe3 Ha amIapare SKCIEPTHOTO Kiacca
Aixplorer (SuperSonic Imagine, ®paHIus): OKOJOIIH-
TOBUIHBIC KeJIe3bl B THIIMYHBIX M TOCTYITHBIX BH3yaJH-
3all MECTaX BO3MO)KHON SKTOIMH HE OIPEAEISUINCE.
Taxoxke BH3yanM3WpOBaHA CTPYKTypHO HEH3MEHEHHAas
OIMTOBUAHAS Kele3a, 0e3 NPH3HAKOB ayTOMMMYHHOTO
ropaxenus (puc. 1).

MEXONCUUMIITMHAPHBIE NMPOBNEMBI

YyureiBast apTepHalibHyI0 THIIOTEH3HUIO, UCCIIEI0BaH
0a3abHEIH YPOBEHb KOPTHU30JIa B CHIBOPOTKE KPOBH, KO-
TophIi coctaBui 541 HMomb/11 (119-618), uTo IO3BOIH-
JIO C BBICOKOM BEPOATHOCTHIO HCKIIIOUUThH IEPBUUHYIO
HAJIOYEYHUKOBYIO HEZIOCTaTOYHOCTh B PAMKaxX ayTOUM-
MYHHOT'O IOJIMIJIAHAYASPHOTO CUHApPOMa 1-ro THma.

Jluarno3. Ha ocHoBaHMM OTCYTCTBUSI BH3yalu3a-
LMY MAapallATOBUIHBIX eJe3, cHKeHus ypoBHA [1TT,
KaJbIUsS B KPOBH M CYTOYHOM Mode, a Takxke runepgoc-
(haTeMHH YCTaHOBJICH HIUONATHUCCKUH TUIONapaTupe-
03 (E.20.0).

Jleyenue. B cBs3U ¢ BRIpaKEHHON KIMHUYECKOHN Kap-
TUHOW TMITIOKAJIbLIUEMHUH — JIAPUHIOCIIa3MOM, HAJIMUHEM
CYIOPOT ¥ MHTCHCUBHBIM OOJIEBBIM CHHAPOMOM — IIPO-
BOAWJIACh BHYTPUBEHHAS! MH(Y3WS TIIIOKOHATA KaJBITUSL

PUC. 1. y.]'ILTpaSByKOBoe HCCIICA0BAaHUC HlPITOBI/I)IHOﬁ 1 OKOJIOIIUTOBUAHBIX KCJIC3.

(A) IlonepeuHoe ckaHUPOBAHUE Ha YPOBHE CPEIHEN U HIXKHEH TpeTH 1oj1el MUTOBUIHOM xeje3bl (MecTa TUIIUYHOI JoKaIu3a-
[[MH OKOJIOIIATOBH/IHBIX JKeJIe3): BU/IHA TKAHb IIIUTOBUIHOMN jKeNe3bl OOBITHOW CTPYKTYPBI, OKOJOIIMTOBUIHBIC HKEJIE3bl B TUITA-
HBIX MecTax (110 3a/{Heil HOBEPXHOCTH JIONICH IIUTOBUIHOM XKeJe3bl) He BU3yaIM3UPOBAHBI.

(B) IIpononsHOE CKaHMPOBAHKE: Y HIDKHETO MOJIF0CA U MO 33/IHEi ITOBEPXHOCTH MPABOH O LU TOBHAHOM JKeJIe3bI OKOJIOIUTO-
BUJIHBIC XKeNe3bl B TUITMYHBIX MeCTaX (CTPENIKN) HE BU3YaTH3UPOBAHBI.

(C) TIpononsHOE CKaHUPOBAHHUE: Y HIDKHETO IIOJIFOCA U IO 3a/THEi TOBEPXHOCTH JICBO TOJH IIUTOBHIHOMN JKEIe3bl OKOJIOIUTO-
BUJIHBIC XKeJe3bl B TUITMYHBIX MeCTaX (CTPENIKN) He BU3YaTH3HPOBAHBI.

FIG. 1. Ultrasound examination of the thyroid and parathyroid glands.

(A) The transverse scanning: at the level of the middle and lower thirds of the thyroid lobes (typical localization of the parathy-
roid glands), the thyroid tissue has a normal structure, and the parathyroid glands are not visualized in typical locations (along the
posterior surface of the thyroid lobes).

(B) The longitudinal scanning: at the lower pole and along the posterior surface of the right lobe of the thyroid gland, the parathy-
roid glands are not visualized in typical locations (arrows).

(C) The longitudinal scanning: at the lower pole and along the posterior surface of the left lobe of the thyroid gland, the parathy-
roid glands are not visualized in typical locations (arrows)
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INTERDISCIPLINARY PROBLEMS

C TOCJEAYIOMNM TIEPEX0I0M Ha TEPaIHIO IePOpaTbHBI-
MH TIperapaTaMi KalbIis B KOMOWHAIIMHA C MarHHEM
U anb(a-KaIbIII0IOM O]l KOHTPOJIEM YPOBHS OOIIETo
W MOHHM3MPOBAHHOTO KaIbIHs, pocdopa, Maraus, Kpea-
THHUHA B KpoBH (TaOIL.).

Hcxon u pe3yabTarsl MOCaedyloliero Haoiome-
Hua. Ha ¢oHe mpoBoauMoil Tepanmuu OTMEYEHO 3Ha-
YUTENBEHOE YITydIIEHHE COCTOSHHS: 3IMH30I0B CYHOpOT
HE 0TMEYaNIOCh, KYIIPOBaHa OOk B MBIIIIIAX U TPEMOP,
BOCCTAaHOBWJIACh APTHUKYJLSIIMSA M IJIOTaHUE, JOCTHTHY-
TO TIOBBIIICHUE YpPOBHEH OOIIEro W MOHH3UPOBAHHOTO
KaJIbIUs, MarHus, CHIDKEHHE YPOBHSI HEOPTaHUIECKOTO
hocdopa.

Brimmican ¢ pekOMEHAAIMSIMA MPONODKUTE TIPHEM
Kanbius kapoonara 4000 MT B JIeHb U alib(ha-KaJIbIUI0-
Jla 2 MKT B JICHb C KOHTPOJIEM YPOBHEH KalbIus, hocdo-
pa, KpeaTHHUHA B KPOBH; CyTOYHOM IKCKPEIINHU KaJIbIIHS
u pocdopa ¢ MOUOii.

IIpu amOynaropHoM HaOmOIEHUH depe3 4 Mecsia
MIOCJIEe TOCTITAIN3AINY BBISBICHO 3HAYUTEIFHOE TIOBHI-
HIEHHWE CYTOYHOM IKCKPELUMH KaJblHs C MOYOM IO CpaB-
HEHWIO C UCXOJHBIM YpoBHeM (Tali.), 4To moTpeboBa-
JO CHIDKCHHS CYTOYHOW O3Bl MPENapaTroB KalbITHS,
a B JalbHEHIIeM 1 akTUBHOH (popMbl BuTamMuHa D ¢ 1ie-
JHI0 YMEHBIIICHHUST BCACHIBAHUS KaJbIHS B KUIICYHHKE.
Taxoke ObUT Ha3HAYEH THAPOXIOPTHA3UI IS YMCHBIIIE-
HUS CYTOYHOM DKCKPEIIUHU KaJIbIUs (Tald.).

OBCYXOEHUE
JlaHHBIM KIMHUYECKUN Ciydad HAaDBIAHO WILIO-
CTpHUpYyET BOHUKHOBEHNE IIEPBUYHOTO N30JINPOBAHHOTO

TUIONapaTpeo3a y NalMeHTa BO B3POCIOM BoO3pac-
T€ TIpU OTCYTCTBUM OIIEPATUBHBIX BMEIIATEIILCTB
B 0o0macTW ImeW, a TaKkKe CTUTM IU3IMOpHOTeHE3a.
NnronaTtuyeckuil TUMONApAaTUPEO3 ABISIETCS PEAKOU
MIaTOJIOTUEHN, YaCTOTa BCTPEYAEMOCTH KOTOPOU COCTaB-
nset 0,002% [3, 10]. B mpencraBineHHOM cilyyae codera-
HHE HU3KOTO YpoBHA Kanbius u [T mo3Bonmiio cy3uts
KpYyrI' IMarHOCTUYECKOT0 MOMCKa 10 TUIONapaTupeosa,
UCKJIFOYUB IICEBIOTUIIONAPATUPEO3 U BBIPAKEHHBIN Jie-
¢unuT BuTamMuHA D Kak MpHYMHY THITOKAIBIIHEMHH.
VYHUKaJIBHOCTh KJIMHUYECKOTO CiIy4as 3aKJIIo4aeTrcs
B BBISBJIICHUH Yy NAIlMEHTa CPETHETO BO3pacTa, AJIUTeNb-
HOE€ BpeMs HaOJroJaBILEerocs y TepaneBTa U HeBpoJIora,
runonaparupeosa. IIpu 3ToM y manueHTa oTcyTCTBOBaA-
T B aHAMHE3€ XHPYPrHUeCKUe BMEIIATeIhCTBA B 00Ma-
CTH IIIeH ¥ ayTOMMMYHHBIE 3a00JI€BaHHSA, YTO SBISIETCS
IPUYMHON pPa3BUTHUSA THUIIONApaTHPEO3a y B3POCIBIX
B TIOJIABIISIONIEM OOJIBITUHCTBE CITydaen (puc. 2).
JlmarHocTrka THITOKAJIBIMEMUH B BO3pacTe 52 Jer
UCKJIIOYAET HAJIMYKEe CEeMEHHOro M30JIMPOBAaHHOIO TUIIO-
mapaTupeosa, sl KOTOPOro XapaKkTepHa MaHU(ecTamus
B JIETCKOM Bo3pacte. OTCyTCTBUE MCXOAHOW I'MIEepKallb-
LUy PUH JaJI0 HaM BO3MO)KHOCTb UCKIIIOYHUThH QyTOUMMYH-
HYIO JOMHHAHTHYIO THIIOKaJbLUEMHUIO C THIEpKaJbLU-
ypueit 1-ro u 2-ro Tama. OTCyTCTBHE OKOIOITUTOBUIHBIX
JKeJie3 B TUIIMYHBIX U JOCTYIHBIX BU3yaJIN3allMd MECTax
BO3MOKHOM AKTOIHNH, a TAK)KE IIPU3HAKOB UX KOMIIPECCUU
TI03BOJIAJIO HCKITIOYUTH METAaCTa3upOBaHUe M O0JIe3HH Ha-
KOIUICHUS KaK PUYUHY CHIOKeHHs nponykuuu [1TT.
l'unonaparupeo3 B cocTaBe psila TEHETHYECKHX
CHUHIPOMOB OBLI HCKJIIOYEH B CBSI3U C OTCYTCTBHUEM

Tabnuya. inHamuka GUOXMMMYECKNX MOKa3aTenen U KIMHUYECKUX CUMNTOMOB Ha hoHe NPOBOAUMON Tepanuu
Table. Dynamics of biochemical parameters and clinical symptoms during therapy

PedrepeHcHbIN

12.11.2019  04.03.2020 25.03.2020 15.05.2020 02.06.2020 uHTepBan /
Reference range

AnbbymuH, r/n / Albumin, g/l 42 50 51 50 35-52
KpeatuHuH, mkmons/mn / Creatinine, umol/ml 91 103 95 - 59-104
Kanbumit o6wwmit, mvons/n / Total calcium, mmol/l 1,17 1,95 2,09 1,81 1,97 2,08-2,65
KanbLuin MOHW3MPOBaHHbIA, MMONb/T /
lonized calcium, mmol/l 0,54 0.95 0.92 i i 115-1,35
Marnui, mmonb/n / Magnesium, mmol/l 0,64 0,83 0,76 0,75 - 0,65-1,05
HeopraHuyeckuit dooccop, Mmons/n / 307 201 191 219 181 0.78-165
Inorganic phosphorus, mmol/l ' ' ' ' ' ' '
CyTO4Has KCKPeLms KarbLys ¢ MOYOi, MMOMb/CyT /
24 hour urinary calcium excretion mmol/24 hour YEd . S e il ARSI
CyTouHas aKckpeLms hocdopa ¢ MoYoit, MMonb/cyT / i i
24 hour urinary phosphorus excretion mmol/24 hour 238 213 12,9-40
Kanbums kapboHar, r/aexb / Calcium carbonate, g/day 3 4 2,5 15 15
Konekansuudepon, mkr (ME)/geHs /
Colecalciferol meg (IU)/day 40 (1600) 40 (1600)  25(1000)  15(600) 15 (600)
Anba-kansLugon, Mkr/igets / Alfacalcidol, meg/day 2 2 2 1 1
Mmapoxnoptuaaug, mr/ Hydrochlorothiazide, mg 50
KnuHnyeckne nposiBneHms runokanbLuemmm / BoipaxeHsl / Hert / Het / Het / Het /
Symptoms of hypocalcemia Moderate Absent Absent Absent Absent
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y TAaIWeHTa TaKhX KIMHUYSCKUX XapaKTEePUCTHK,
KaK CTHTMBI JTU33MOpHOTCHE3a, aHOMAJHMH Pa3BHTHUS
BHYTPEHHHX OpraHoB (OTCYTCTBHE JMCMOP(HU3MOB
JIMIIa, pacileIUIeHnsl HeOa, HapyIeHWH ciryXa U O0OHS-
HUS, a TaKXKe IMOPOKOB ceplilla B aHaMHe3e), 3aJIepiKKa
(hM3HYIECKOTO U YMCTBEHHOTO pa3BuTHs. BaxkHo momdep-
KHYTh, YTO B OTIMYKME OT OOJBITHHCTBA FCHETUYCCKHUX
HapyIICHUH, COMPOBOXKIAIONINXCS THUIONAPATHPEO30M,
KOTOpBIE UMEIOT XapaKTePHYIO KIMHUUYSCKYIO KapTHHY,
cuuapoM neneruu 22q11.2 MoxxeT mpoTeKarh B JIETKOH

MEXONCUUMIITMHAPHBIE NMPOBNEMBI

W30IUpOBaHHON Qopme. Takum 00pa3oM, ero cBoeBpe-
MEHHas TMarHOCTHKA MOXeT ObITh 3aTpyaHeHa [11-13].
PacripocTpaneHHOCTB 3TOH MyTaIu COCTaBIAET 1 ciy-
qait Ha 3000 >xuBopoxkAeHHBIX [11].

Takum 00pa3oM, y areHTa AUarHoCTUPOBAH HIHO-
narndeckuii runonapatupeos (E.20.0). Jlist uckmroueHust
pPEeIKHUX BapHaHTOB CHHIPOMAIBHOTO THIIONAapaTHpeo3a
C TIO3HUM J1e0I0TOM B BHJIE H30JUPOBAHHON TUIIOKAIIb-
IIIEMUN PEKOMEHIOBAHO MIPOBEICHUE HCCIICIOBAHUS
mukponenenuii B 22 u 10 xpomocomax. BrisaBnenue

Omnpenenenne /
Definition

Pacnpocrpa-
HEHHOCTD /
Prevalence
[2-6]

tHog0orusa /
Etiology

CuMnTombl /
Symptoms

JAuarnocruka /
Diagnosis

Jleuenme /
Treatment

IIporno3 /
Prognosis

SHIOKPHUHHOE 3200JICBaHNE, XapaKTePHU3YIOIIeeCcsl THIIOKAIbIMEMUEH IpU HOPMaJIbHOM WU CHH-
KEeHHOM ypoBHe maparupeongHoro ropmona (ITTI) / endocrine disorder characterized by hypo-
calcemia associated with normal or decreased parathyroid hormone (PTH) level

pacnpoctpanenHocts B Jlanuu, CIIIA u Hopseruu cocrasnser 10,2-37 cnyqaeB Ha 100 Thic. Ha-
cenenust (cBenenus o P® orcyrcrsyror) / the prevalence of hypoparathyroidism in Denmark, USA
and Norway is 10.2—37 cases per 100,000 (no information available for the Russian Federation
PacIpOCTPaHEHHOCTh THITONAPATHPE03a, HE ABILSIFONIETOCS OCI0KHEHHEM XUPYPrHIECKOTO Jie-
yeHwus1, coctaBisieT 0,75 caydaeB Ha 100 000 nacenenus B SAnonun, Jlanuu u CIIIA / the preva-
lence of hypoparathyroidism, which is not a complication of surgical treatment, is 0.7—5 cases per
100,000 people in Japan, Denmark and the USA

XHpyprudecKre BMemarenscTa B oonacty men / cervical surgical procedures;

ayTOMMMYHHOE MTOpaKeHUE apalIuTOBUAHBIX Xkene3 / autoimmune damage of the parathyroid
glands;

TeHeTHYeCKUe 3a00JIeBaHus, 3aTParuBalOIINe Pa3BUTHE NAPAITUTOBUIHBIX XKEJIe3 H/HIIIH Ipo-
nyknuto [ITT / genetic diseases affecting the development of the parathyroid glands and/or the
production of PTH,;

IIPHOOPETEHHbIH, HET€HETHIECKUI THIIONapaTupeos (THIT0/THIIepMarHieMus, HH(MIBTPATHBHBIC
3aboseBanus, Uppaaranys men) / acquired, nongenetic hypoparathyroidism (Mg disturbances,
infiltrative diseases, neck irradiation)

(GbuOpMILISIpHBIE IOIEpPrUBaHMsI CKeIeTHOM Myckynarypsl / fibrillar twitching of skeletal muscles;
MOJIOKUTENbHbIE CUMIITOMBI XBocTeka, Tpycco / positive Khvostek’s and Trousseau’s signs;
CrHa3Mbl TIIJIKOW MycKysaTypsl / spasms of smooth muscles;

cepareoreHme, 00U B 00IaCTH ceparia, 03H00, sxap / palpitations, heart pain, chills, fever;
TpodHruecKre HapyleHus, karapakra / trophic disorders, cataracts;

BHEKOCTHAsI KaJbI(HKaIus, Kaapliudukams 0a3aapHbIX TaHIHEB / extraosseous calcification,
calcification of the basal ganglia;

ncuxuyeckne u3MeHenus / psychical disorders;

KapJMOMHUOMATHsI, CeplieuHast HeAOCTaTouHOCTh / cardiomyopathy, heart failure

HU3KUI YPOBEHD KAJIbIHs B COYETAHUHU C BBICOKUM ypoBHEM (hocdopa B kposH / low calcium
level and high phosphorus level in serum;
cHmxkenne ypoBas [1TT / decreased PTH level

aKTHBHBIC METa0OMUTHI BUTaMKUHAa D B cOUMETaHUU C TMpenaparaMu Kanbius / active vitamin D
metabolites in combination with calcium supplements

OnarompHsTHBIN IPU CBOEBpEMEHHOM Havase Jiedyenusi / Favorable with timely start of treatment

PUC. 2. Tunonaparupeos
FIG. 2. Hypoparathyroidism

Mpumevanue: MTT — napaTMpeonaHbIA FOPMOH.
Note: PTH - parathyroid hormone.

CEYEHOBCKMI BECTHHUK T. 12, Ne 3, 2021 / SECHENOV MEDICAL JOURNAL VOL. 12, No. 3, 2021 73



INTERDISCIPLINARY PROBLEMS

Mukpoxaenenuid 22q11.2 He TMOBIUUIO OB Ha TAKTHUKY
JIEYEHHSI, HO CTaJ0 OBl OCHOBAaHHMEM JJIsI 0OCIIEIOBAHMS
POICTBCHHUKOB TAIUCHTA.

BaxxHO TIOAUEPKHYTh HEOOXOJUMOCTh KOHTPOJIS
CYTOYHOH 3KCKpEIUK Kbl Ha (OoHE JIeYeHUs y ma-
IUCHTOB C THITOIIAPATHPEO30M, TaK KaK Jaxke NMPH CHU-
JKCHHOM YpPOBHE KaJIBIIUS B KPOBH MOXKET HAOIIOIATh-
Csl TUIEPKAIBIUYPHUS B CBS3M C BBIMAJCHUEM d(deKTa
IITT Ha peabCopOIUIO KaNBIUSA B IOYKAX, YTO IMOBHI-
IIaeT pucK pasBuTHs HedponuTrasza/HepoKaIbIIMHO3A
Ha ()OHE TUTICPKAJIBIINYPHU.

JlocTrkeHre TeNIeBbIX 3HaYeHUH Kanbius U Gocdo-
pa B KpOBH 3HAYHUMO HE TOJIBKO JIJIsl H30aBICHHS OT KJIH-
HAYECKUX CHMMIITOMOB THITOKAJLIIMEMHH, HO U C IEIBIO
CHIDKEHHS pPUCKa KaTbIU(DUKAIIUN, B TOM YHUCIIE TIOYEK
¥ TOJIOBHOTO MO3ra.
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PapgukanbHoe nevyeHue OClNOXXHEHHOM XeJNMYHOKAMEeHHOM
6onesHm Yy NALMEeHTOB CTap4YeCKOoro so3pacTrTa:
onucaHue Tpex KnmHNYeCKumx cny4vdaes

A.E. Kycros'?, B.U. Xpynkun?, U.B. Top6aueBa®*, A.C. Boporbinues?, A.IQ. Eme/bsinoB?
'TBY3 «l'ocnumans 0ns eemepanos sotin Ne 2y Jlenapmamenma sopasooxpanenus 2. Mockeul
Boneoepaockuii np-m, 0. 168, 2. Mockesa, 109472, Poccus
2@PI'AOY BO «llepeviii Mockoeckuil 20cy0apCcmeenHblit MeOUYUHCKUL YHUBEDCUMEN
um. U.M. Ceuenosa» Munzopasa Poccuu (Ceuenosckuil ynusepcument)
ya. Tpybeykas, 0. 8, cmp. 2, 2. Mockea, 119991, Poccus

AHHOTauus

Y nauueHToB CTapyeckoro BO3pacTa, CTPafatLLMX OCHOXHEHHOW XenyHokameHHon 6onesHbto (KKB), 3auacTyio orpaHnym-
BaKOTCS NPUMEHEHNEM TONBKO MarOMHBA3WUBHbBIX BMELLATENbCTB.

Onucanue cnyyae. [peacTaBneHbl TpU KMMHUYECKUX Criyyas ocnoxHeHnun XKKB y naumeHToB cTaplue 75 neT, KoTopbiM
paHee BbINOMHEHbI MaroOMHBA3WBHbIE BMELLATENBCTBA U B PAAMKaNbHOM XUPYPrMYECKOM IEYEHUM OTKa3aHO B CBSI3M C KO-
MOpPBUAHOCTBI. Y ABYX MaUMEHTOB 3TO MPUBENO K Pa3BUTMIO THOWHOIO XOMaHmuTa W NOMMOPraHHOM HeLOCTaTOMHOCTH,
noTpeboBaBLUMX SKCTPEHHOM rocnuTanu3aumn. Ha nepeom atane npoeefeHsl APEHNPYIOLLME OnepaLn Ha XeNYHbIX Npo-
TOKax; Aanee coCTosHWe CTabunmanpoBaHo nog HabniogeHnem MynbTUANCUMNAMHAPHON Gpuragbl; Ha BTOPOM aTane ye-
pe3 nanapoTOMHbI JOCTYN chOPMUPOBaHbI BUNNOANTECTUBHBIE aHACTOMO3bI Ha BbIKMKOYeHHO! no Py netne. CumnTombl
MOMHOCTbIO KYNMPOBaHbI, PELAMBOB He OTMEYEHO. B apyrom crnyyae, y 6eCCMNTOMHON NaLMeHTKI, rocnuTaniuanpoBaH-
HOM ANs NNaHOBOW onepawyu, BO BpeMs nanapoToMuy 0BHapyXeH X0neuncToayoAeHanbHbIn CBULL C MATPaLMEN KaMHS
11 MONTHO OBCTPYKLMEHA UM TOHKOM KULLIKM.

O6cyxaeHue. KomopbuaHocTe camy no cebe He cnegyeT paccMaTpuBaTh Kak abCoMOTHOE NPOTMBOMOKa3aHUE K paau-
kanbHOMY nevernto ocnoxHeHnHon XKKB y nauueHToB ctapuyeckoro BopacTa: ocnoxHenus XXKB B GonblwnHCTBE Cryya-
€B MNPEBLILLIAOT PUCKM ONEpaTMBHOTO BMelaTenbCcTBa. PaankancHoe neveHne ocnoxHeHHon XXKB y naumeHToB cTaplue
75 NeT BO3MOXHO B YCNOBUSIX BEAEHWS MyNbTUAMCLMNNMHAPHOK Bpuragon.

KntoyeBble cnoBa: nanapockonuyeckas XoneumucTaKTOMUs; MeXaH14eckas XenTyxa; XonefoxonuTias; XonaHruT; xoneao-
XONMUTOTOMUS; YPECKOXKHAS YpecrneyeHOYHash XONaHMoCTOMMS

Py6puku MESH:
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XUPYPTMYECKME ONEPALINIA MANTOMHBA3WMBHBIE - METObI
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Radical surgery for complicated cholelithiasis in elderly
patients: three clinical cases

Alexey E. Kustov'?, Valery I. Khrupkin?, Irina V. Gorbacheva®*, Alexander S. Vorotyntsev?,
Andrey Y. Emelyanov*
! Hospital for war veterans No. 2 of Moscow Healthcare Department
168, Volgogradsky avenue, Moscow, 109472, Russia
2Sechenov First Moscow State Medical University (Sechenov University)
872, Trubetskaya str., Moscow, 119991, Russia

Abstract

Management of complicated cholelithiasis (gallstone disease) in elderly patients is often limited to the use of only minimally
invasive interventions.

Case report. We report three clinical cases of gallstone disease complications in patients over 75 years old who had pre-
viously undergone minimally invasive surgery and who was refused radical surgical treatment due to comorbidity. In two
patients, this led to the development of purulent cholangitis and multiple organ failure, which required emergency hospital-
ization. At the first stage, biliary drainage was performed; then the multidisciplinary team managed to stabilize the condition
of the patient; at the second stage, biliodigestive anastomoses were formed through laparotomic access on a loop turned off
by the Ru. Complete relief of symptoms was achieved and no relapse was observed.

In another case, cholecystoduodenal fistula with stone migration and complete obstruction of the small intestine was found
during laparotomy in an asymptomatic patient hospitalized for elective surgery.

Discussion. Comorbidity should not be considered as an absolute contraindication to radical surgery of complicated cho-
lelithiasis in elderly patients: gallstone disease complications in most cases exceed the risks of surgical intervention. Radi-
cal surgery of complicated gallstone disease in patients over 75 years old is possible in condition of patient management
by a multidisciplinary team.

Keywords: laparoscopic cholecystectomy; mechanical jaundice; choledocholithiasis; cholangitis; choledocholithotomy; per-
cutaneous transhepatic biliary drainage
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CnMCOK COKpaLLeHWiA:
XKKB - xenuHokameHHas 60nesHb
MPXII" — mMarHUTHO-pe3oHaHCHas XomnaHrmonaHkpeaTuko-

rpagous

OcnoxHenwus xenmaHokameHnHoi 6osesan (JKKB), Ta-
KM€ KaK OCTPHIM XOJICIMCTHT, XOJICIOXONUTHA3, CTCHO3
OOJIBIIIOTO TYOAEHAIFHOTO COCOYKA, XOJAHTHUT, MEXaHHU-
YecKas JKeNnTyXa, TpeOyIomue SKCTPECHHOTO XUPyprude-
cKkoro jeueHus, paspusarorcsa y 20—40% or Bcex mauu-
€HTOB U 'y 72% nanuenrtos crapiue 75 net [1-3].

JlammapockonndecKkast  XOJEIUCTIKTOMHS  SIBIISICT-
CSl «30JIOTHIM CTaHJAPTOM» XHPYPTHUECKOTO JICUCHUS
KalIbKYJIC3HOTO XOJICIUCTUTA, OJHAKO BBIOOp Jeuel-
Hoit Taktuku npu ocnoxkHeHmsx JKKb ¢ pazsutmem
XOJICZIOXOJINTHA3a OCTACTCSI B HACTOSAIIEE BpPEeMsl IHC-
KyTabenpHpIM. OTHOMOMEHTHBIE OTEpaIlii H3JICUHBa-
IOT TAlMCHTa 332 OAHY TOCIUTAIN3ANNI0, HCKIIOYAIOT
pEeUHMINBBEI OCIOXKHEHHM, NHUCIOKAIMIO ApPeHaxen [4,
5], omHAKO COMPSIKEHBI C BHICOKUM PHCKOM Pa3BHUTHS
MIOCJICOTIEPAIMOHHBIX OCJIOKHEHHH B CTAapIINX BO3-
pactHbIX rpynmax [6, 7]. Y TakuxX ManmueHTOB CaMOu
pacmpocTpaHeHHO# n apdexTuBHOi (75-93%) cuuta-
eTCs dTaltHasl TaKTHKA JICUCHUS: MAJIOMHBA3HBHAS pe-
TpPOTpagHas W aHTCTpagHasl IEKOMIPECCUs U CaHAIUs

PUC. 1. MaruutHo-pe30HaHCHAasT XOJaHTHOTTAaHKPeaTHKOTrpa-
¢ust: xKeHIMHa 85 JIeT, FOCIUTAIU3UPOBAHHAS 110 TIOBOMY TI0-
JIMOPTaHHON HETOCTATOYHOCTH.

FIG. 1. Magnetic resonance cholangiopancreatography:
An 85-year-old woman who was hospitalized with multiple
organ failure.

I'Ipwmeanme: MHOXXECTBEHHbIE J_'Le(beKTbl HanonHeHnsa B Npoekuun ne-
BOrO AOMNEBOr0 NPOTOKA (CUHSAS CTperka), 0BLLEero neYeHoUHOro (kenTas
cTpenka) v obyero xenyHoro (6enas cTpenka).

Note: multiple filling defects in the projection of the left lobe duct (blue
arrow), common hepatic duct (yellow arrow) u common bile duct (white
arrow).

Y3W - ynbTpaseykoBoe UCCneaoBaHne
YUXC - upeckoxHas YpecneyeHoUYHas XonaHrMocToMus
OlNCT - aHgockonuyeckas NanunnochUHKTEPOTOMUS

JKEITIHBIX TPOTOKOB C IOCIEYIONICH JarnapoCcKomnie-
CKOHM XOJICTIUCTIKTOMUCH [4, 7, 8].

B cBsI31 ¢ BEICOKMM PHCKOM JICTAIEHOTO MCXO/IA Y T1a-
IIEHTOB TIOXKHJIOTO M CTAPYECKOTO BO3PACTA C TSHKEIBIM
KOMOPOUAHBIM (POHOM MaJIOMHBAa3WBHEIC BMEIIATEIECTBA
MOTYT CTaTh OKOHYATEIILHBIM METOIOM XHPYPTHUECKOTO
nedenus [6, 9]. [IpoGieMbl BOSHUKAIOT IPH HEBO3MOXKHO-
CTH aJeKBaTHOHM CaHaIMM OMJIMApHOTO TPAKTa: KPYIHBIC
KOHKPEMEHTBI, IPOTSHKEHHBIM CTEHO3, TapadarepalibHbIH
IMBEPTHUKYIN. BEIONHEHNE MUHN-WHBA3UBHEBIX JIPECHUPY-
OIINX PETPOTPaIHBIX U aHTETPaIHBIX Onepanuii 6e3 BMe-
IIaTEIECTBA HA JKEITYHBIX IPOTOKAX MPUBOIUT K PEIUIN-
BY XOJIaHTUTa U XKeNTyXu y 7—47% Takux manueHToB [0,
7, 10]. Do 3acTaBnsieT Ipy HATTMYNH KUZHEYTPOKATOIINX
OCJIOKHEHH BBITIONHATH OINEPAlMM B SKCTPEHHOM IIO-
PSIIKE W IPUBOINT K YBEIMICHHUIO YaCTOTHI OCTIOKHEHHN
(o 30%) u neramsHOCTH [4, 10].

Ha mpumepe Tpex mamueHTOB crapuie 75 neT, mpo-
XOAMBIIMX JieueHWe B [ocrurane /uisi BETEpaHOB BOWH
No 2, memoHCTpHpyeTcs BO3MOXHOCTHh PagUKaIbLHOTO
nedenus: ocnoxaeHni XXKb u HeoOOCHOBaHHOCTE OT-
Ka3a OT UX IJIAHOBOTO XHPYPIUIECKOTO JICICHUS 10 pas-
BUTUS OCJIO)KHEHUI.

OMNMUCAHUE CNYYAEB

Cayuait 1: :xkenmuna 85 Jer pgocraBieHa
03.04.2017 . B oTOeneHue peaHNMAIH C BRIPAKEHHBIMU
MIPOSIBJICHUSIMH TIOJIMOPTaHHOM HEJIOCTAaTOYHOCTH (Talll.).

B 1987 . mo moBoxy ocnoxkuenHo XKKb Beimonnena
XOJICTIUCTIKTOMHUS, XOJIETOXOIUTOTOMHUS, IPOBOIHIIOCH
HAapy)XHOE JIPEHUPOBAHUE OOIIETO XETYHOTO IPOTOKA
o Kepy. CamouyBCTBHE OCTaBAIOCh YIOBICTBOPUTEIb-
HbIM 10 saBaps 2017 rona, korna pa3Buiiach MExaHH4Ie-
CKasl JKeNTyXa, M0 MOBOAY KOTOPOW BBIITOJHEHA dpec-
KOXKHas upecrniedeHouHass xonanruoctomus (YYXC)
4gepes JIEBBIN JOJIEBOU MPOTOK, YTO MPUBEJIO K pasperie-
HUIO CHMIITOMOB. DHIOCKOINYECKAas! JINTOIKCTPAKIIUSL
HE TIPOBOIMJIACH B CBSI3M C BBISBICHHBIM Iapamnarrii-
JSIPHBIM JTUBEPTHKYJIOM OOJBIIMX pa3MepoB. B mapre
2017 T. TTOBTOPHO TOCHHTAIM3UPOBAHA C PEIHIUBOM
MEXaHUYECKOH JKENTYXH, CHMIITOMAaMH XOJAHTHTA.
[To gaHHBIM MarHUTHO-PE30HAHCHOMN XOJIAHTHOIIAHKpE-
aruxorpaduu (MPXTII") oOHapyKeHBI MHOXKECTBESHHBIC
KOHKPEMEHTHI B 00IIEM >KEITYHOM, OOIIEM ITEYCHOYHOM
W JIEBOM J1oJieBoM TipoToke (puc. 1). [IpoxoaumocTs Ou-
JIMAapHOTO ApeHaka OblIa BOCCTAHOBJICHA, KIIMHUICCKHE
TIPOSIBIICHUS KEITYXHU U XONaHTUTa KylIMpOBaHHL. B cBs-
3M C BBICOKHM OIEPAIlHOHHO-aHECTE3NOIOTHIECKUM
puckoMm (ASA IV kiacc) paaukaibHOE XHPYpPrHUECKOe
JICYEHNE XOJIAHTUOJUTHA3a HE MPeyIaraioch (Tadi.).
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| MEXXOVCLMNIIMHAPHBIE MPOBNEMbI

Tabnuya. XapakTepucTvka NaLMeHTOB CTap4yecKoro Bo3pacra ¢ Xen4HokaMmeHHON 60ne3HbIo
Table. Characteristics of elderly patients with cholelithiasis

XapakrtepucTuka /

Characteristic Cnyuai 1/ Case 1

Cnyvaw 2/ Case 2 Cnyvaii 3/ Case 3

Mon; BoapacT, net /

Sex: eHwwmHa / Female, 85
ex; age, years

1987: XoneymucTakToMms, XOnNeaoxo-
NIUTOTOMMS, HAPYXHOE APEHNPOBaHIe
obuero xenyHoro npoToka no Kepy /
Cholecystectomy, choledocholithotomy,
external drainage of the common bile
duct by Kehr
2017 aHB. — MmapT. PeuuamnsupyioLyas
MexaHu4eckas xentyxa, Y4XC /
2017 Jan.—March. Recurrent mechanical
jaundice, PTCS

AHamHe3 /
Anamnesis

[arta noctynne-

Hus / Date of 03.04.2017
admission

LLIKF 10-11 6annos, t 36,2 °C, YCC
»Kano0bl 1 oc- 100 B muH., Al 70/50 MM pT. CT., aHy-
HOBHbIE KIUHY- pusi, YMEPEHHOW UHTEHCUBHOCTM TSHY-
yeckue faHHble / was 6onb B snuractpum / GCS 10-11,

Complaints and
basic clinical data

t 36,2 °C, HR 100 per min.,
BP 70/50 mm Hg., anuria, moderate
intensity pulling pain in the epigastrium

['emorno6uH, r/n /

Haemoglobin, g/L e

NeiikoumTbl, X108 /

Leucocyte, 109 4,7 (casur Bneso) / (left shift)

Bunupy6uH obLmi,

Mkmonb/n / Total 14,2
bilirubin, umol / L

ANT, Ean/

ALT, U/L 36

LW, Ea/n / AF, UL 467
KpeaTuHuH

MKMOnb/n / 412

Creatinine, umol / L

MeTogbl BU3yans-
HOW AMarHoCTukK /

. L 1 neBom aonesom npotoke / MRCP:
Diagnostic imaging

multiple stones in the common bile,

CHMETES common hepatic and left lobe duct
PeangyarbHbl xonaHrmonuTu-
[wnarHos / o :
Diaanosis a3, rHonHbIN xonaHruT / Residual
g cholangiolithiasis, purulent cholangitis
MBC. CteHokapans Hanpsxerus 2 OK.
ConyTcTayiowme Hapoxcwsmanb@aﬂ copma d)l/lﬁplfl]‘l]‘lﬂ-
v npeacepami. I'b 3 ctagum 3-7 cTe-
3abonesanms /
. neHu, puck 3. HK 3 ®K no NYHA / CHD.
Concomitant :
disease Stable angina glas§ 2. Paroxysmal form
of atrial fibrillation. HD 3 stages
3 degrees, risk 3. Class 3 (NYHA)
Knacc / Class ASA v

2014: MexaHnyeckas xentyxa, MNCT /

MPXIT: MHOXeCTBeHHbIe KoHKkpeMeHTbl  MPXTII: paclumpermne 06Liero Xen4yHoro
B 06LLEM XENYHOM, 0BLLEM NEYEHOUHOM

eHwwmHa / Female, 77 Myxuymna / Male, 80

2014: MexaHuyeckas xentyxa, IMCT /
Mechanical jaundice, EPST
2018: Octpblit xoneumeTuT. Nleyenve —
koHcepBaTtuHoe / Acute cholecystitis.
Conservative treatment

Mechanical jaundice, EPST
2015: BunuapHeiin naHkpeatuT. Jle-
yeHue — koHcepsaTueHoe / Biliary
pancreatitis. Conservative treatment

31.05.2018 05.10.2019

LLKT - 13 6annos, t 39 °C, xenTyxa,
YCC 110 B muH, ALl 170/90 mm pr. CT.,
aHypusi, TAHyLLasi 6onb B NpaBoil
nosicHuyHoi obnactn / GCS - 13,

t 39 °C, jaundice, HR 110 per min,

YKano6 Het (nnaHoBas rocnuTanu-
3aums). YCC 64 B mun, ALl 140/90
MM pT. cT. / No complaints (planned
hospitalization). HR 64 per min., BP

140/90 mm Hg BP 170/90 mm Hg, anuria, pulling pain
in the right lumbar region

129 99

6,2 15,7
10,2 93,5
35 106
98 383
102 395

YUXT: pedekt HanonHeHus B 06LLEM
XENYHOM NPOTOKE 33 CYET KPYMHOro
koHkpemeHTa / PTCG: filling defect in the
common bile duct due to a large stone

MPOTOKA, KPYMHbIA KOHKPEMEHT
B xen4Hom ny3bipe / MRCP: dilation of
the common bile duct, a large stone in
the gallbladder

XonewumcToxoneaoxeanbHbii CBMLL,
CMHAPOM Mupn3an 4-i TUN, THOMHBbIN
xonaHruT / Cholecystocholedocheal
fistula, Mirizzi syndrome, type 4, purulent
cholangitis

BeccMNTOMHBIN XoneuucToayo-
AeHanbHbIn cauwy / Asymptomatic
cholecystoduodenal fistula

MBC. CTeHokapausi HanpsikeHus 2—-3
®K. I'b 3 cTagum, 3- cTeneHu, puck 4.
HK 3 ®K no NYHA. CaxapHbiit gnabet

2 Tuna (cybkomneHcauys). fvnotu-
peoa / CHD. Stable angina class 2-3.
HD 3 stages 3 degrees, risk 4. Class

3 (NYHA). Type 2 diabetes mellitus
(subcompensation). Hypothyroidism

v v

MBC. CreHokapaus HanpsikeHns 2-3 OK.
MUKC HensBeCcTHO! AaBHOCTY.
' 3 cTagum, 3-i cTeneHu, puck 4.
HK 3 ®K no NYHA/
CHD. Stable angina class 2-3.
PICS unknown date. HD 3 stages
3 degrees, risk 4. Class 3 (NYHA)
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INTERDISCIPLINARY PROBLEMS

MpodonxeHue mabnuybi

XapakTtepucTuka /

Characteristic Cy4an 1/ Case 1

Cnyuyan 2 / Case 2 Cnyyvan 3/ Case 3

1-11 atan: Y4XC / Stage 1: PTCS
2-1 aTan (4epes3 5 aHew): anapoTomus,
X0negoxonuToToMus, (opMMpoBaHNe
renaTukoeloHoaHacTOMO3a Ha Bbl-
Knto4eHHomn no Py netne ¢ coxpaHe-
HueM xomnaHrmocTombl / Stage 2 (after
5 days): laparotomy, choledocholitotomy,
formation of hepaticoejunoanastomosis
on a disabled loop by Ru with
preservation of cholangiostomy

Bmelatenscrea /
Interventions

[InuTenbHoCTb Ha-
GnoaeHna u cum-
nTombl / Duration
of follow-up and
symptoms

42 mec., CUMNTOMOB HeT /
42 mo., no symptoms

18 mMec., CUMNTOMOB HeT /
18 mo., no symptoms

NanapoTomus, pe3ekums XenyHo-
ro ny3bips, yLmBaHue gedekta B
CTEeHKe ABEHAALATUNEPCTHON KULLKM,
X0nefoXoTOMMS, XONe[0X0CKonuS,
XOneA0X0eloH0aHacToOMO3 Ha Bbl-
kntoueHHom no Py netne / Laparotomy,
gall bladder resection, suturing of a
defect in the wall of the duodenum,
choledochotomy, choledochoscopy,
choledochoejunoanastomosis on a
disabled loop by Ru

1-i1 atan: YUXC / Stage 1: PTCS
2-f 3Tan (Yepe3 5 aHei): nanapoTomus,
hopMMpOBaH1E XONELMUCTO-XONEeA0X0-
9HTEpPOaHacTOMO3a Ha BbIKITOYEHHOM
no Py netne / Stage 2 (after 5 days):
laparotomy, the formation of cholecyst-
choledocho-enteroanastomosis
on a disabled loop by Ru

15 mec., CUMNTOMOB HeT /
18 mo., no symptoms

Mpumesanne: ASA— American Society of Anesthesiology, AmepukaHckoe o6iiecTso aHectearonoros; NYHA - New York Heart Association, Hito-Mopkckas
Kapauonornyeckas accoumaumst; ANT — anaHnHoBasi TpaHcamuHasa; I'b — rneptoHudeckas bonestb; MBC — nwemmnyeckas 6onesHs cepaua; MPXIT —
MarHuTHO-pe30HaHCHas xonaHruonaxkpeatukorpadus; HK — HegoctatouHocTs kpoBoobpalLeHus; MKC — nocTuHgapKTHbIN kapavocknepos; K — dyHk-
LUmoHanbHbIN knace; YCC - vacToTa cepagyHbIx cokpatenmit; YUXI — upeckoxHas YpecneyeHoqHas xonaHruorpadms; Y4XC — upeckoxHas ypecneve-
HouHas xonaHrnoctomust; LUKT — wkana koMbl Mmasro; L — wenoyHas docdatasa; AMCT — sHoockonnyeckas nanuniochuHKTEPOTOMUS.

Note: ASA — American Society of Anesthesiology; NYHA — New York Heart Association, ALT- alanine aminotransferase; HD — hypertensive disease;
CHD - coronary heart disease; MRCP — magnetic resonance cholangiopancreaticography; Cl — circulatory insufficiency; PICS — postinfarction cardio-
sclerosis; FC — functional class; HR — heart rate; PTCG — percutaneous transhepatic cholangiography; PTCS - percutaneous transhepatic cholangios-
tomy; GCS - Glasgow coma scale; AF — alkaline phosphatase; EPST — endoscopic papillosphincterotomy.

B nauane ampens 2017 1. mpousonuia AUCIOKAIUS
OuIMapHOTO JIpeHa)ka ¢ pa3BUTHEM T'HOMHOTO XOJNaHTH-
Ta, TMOJMOPraHHOM HEIOCTATOYHOCTH (HapyLIEHUE CO-
3HaHUS, apTepuaIbHas TUIIOTEH3US, aHYPHsl), [10 TOBOLY
KOTOPBIX 3KCTPEHHO rocnuTanu3upoBaHa. [1o maHHbIM
yABTpa3BYKoBOro uccienoBanus (Y3UW) BeIABIEHBI TPU-
3Haku OwnmapHo# runeprensuu. 04.05.2017 r. BeImON-
HeHa YYXC uepe3 mpaBblil J01€BOM MPOTOK, MOJIydyeHa
THOWHAs JKeJ4b, MIPU 0aKTEPUOJIOTMYECKOM HCCIe0Ba-
Huu BbisiBIIeHa Escherichia coli 107 KOE/mi.

BripaboTana MyJIbTUAUCHUILUIMHAPDHAS  TaKTHKa
pelonepaluoOHHON MOATOTOBKH C y4acTHEM aHecTe-
3MOJIOTOB-PEaHUMATOJIOTOB, XUPYpProB, Kapauojora,
HeBpoJora, yponora. IIpoBoaunace wuH]y3HOHHAS,
aHTHOaKTepuaabHas, JE3MHTOKCMKALMOHHAs, aHTH-
KOaryJsiHTHasi, aHTHarperanTHas, aHTHapUTMHYecKas
TEpaIus ¢ MOJOKHUTEIBHBIM (P (PHEKTOM.

09.04.2017 r. BbIIOJIHEHa JAIAPOTOMUS, XOJe-
JOXOJIUTOTOMHUSI,  (OPMHUPOBAHHUE  TEIMATHKOCIOHO-
aHacromo3a 1o Py ¢ coxpaHeHHEM XOJaHTHMOCTOMBI.
ITocneonepallMOHHBIN MEPHO OCIOKHUIICS MAaCCUBHON
reMOOWITHeH, KylMpOBaHHOW KOHCEpPBATUBHO. J[peHax
U3 JKEIYHBIX MPOTOKOB ynajeH Ha 14-e cyTku, paHa 3a-
JKWJIa TMEepBUYHBIM HarshkeHueM. KonTtponbHoe Y3U
yepe3 1 Mec. Moka3ano OTCyTCTBHUE NMPU3HAKOB OMiInap-
HOI THIePTEH3UH; TabopaTopHble TIoKazaTenu (Ouupy-
oun, AJIT, II|®, kpeaTnHuH) — B mpeaenax pedepeHc-
HBIX 3Ha4eHui. HaOmomeHne MpomobKeHO B TEUCHHUE

3,5 JICT: 3MMU3000B XKCITYyXHW W XOJIaHT'UTa, IMPU3HAKOB
JKEJTYHOU TUICPTEH3NU HE OTMCYAJIOCH.

Cayyaii 2: oxeHmuHa 77 JleT TOCTynuiIa
31.05.2018 r. ans mIaHOBOW JTaapOCKOIMMYECKOH XoJie-
nucTakromun. B anamuese: B 2014 roay mo noBoay Me-
XaHUYECKOH KENTyXU NMPOBEACHA IHAOCKOIIMYecKas ma-
mntochuakreporomus (DIICT), ocnoxHUBIIAsICS pe-
TponyoaeHanbpHoU nepdopanueii (o qanasiM MPXTIT).
B 2015 . — rocnuTanu3aiys 1o MoBOMy OWIIMAPHOTO
naHkpeatuta. OT XOJELHMCTIKTOMHUHM BO3IAEPKUBAIUCH
M3-32 BBICOKOTO OMNEPAMOHHO-aHECTE3UOIOTNYECKOTO
pucka: ASA IV (tabn.).

locnuranuzupoBaHa B 1iaHoBoM nopsake. [lo gan-
HeiM Y3U u MPXIID' BBIABIEHO paciIMpeHue OOILero
JKETYHOTO MPOTOKA, KPYMHBI KOHKPEMEHT B >KEITYHOM
My3bIpe, B CBA3U C YEM OT JIalapoCKOMUYECKOro JA0CTY-
na otkazaiuch. 15.06.2018 1. BeImosHEHa 1anapoTOMUS,
oOHapyXeH KpyIHBIH KOHKPEMEHT, OOTYpHUpYIOLuil
npocBeT Towell kumku B 50 ¢M IUCTallbHEE CBA3KH
TpeiiTua, BBI3BIBAIOLINI €€ MOJHYI0 HEMPOXOAMMOCTH
(puc. 2). Murpanus kKaMHS TpOHM30LUIA Yepe3 Xolie-
LUCTONyOJeHANBHBIA cBULl. Ilpou3BeneHa pe3eKIus
JKEITYHOTO Iy3bIps, YIIUBaHUE He(eKkTa B CTEHKE IBeE-
HAALATUIIEPCTHON KHILKH, XOJEIOXOTOMHMS, XOJEI0XO0-
ckomusi. B mpocBeTe ®emuHbIX TPOTOKOB KOHKPEMEHTOB
HE BBISIBJIIEHO, OTMEUYEHbI IPU3HAKH MPOTSKEHHOTO CTe-
HO3a JUCTAJIBHOIO OTAeNa OOIIEeTo ETYHOro MPOTOKA.
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ChopMupoBaH KeITYCOTBOASIINN aHACTOMO3 C TETIeH
TOLIEH KUIIKH 110 Py Ha ypOBHE S3HTEPOTOMUH MOCIIE W3-
BIIEYEHUS KEeIMYHOro kamHs. [locieonepannoHHbIN me-
pHoa poTeKa miaako. B Teuenne 18 mec. HabmroneHus
COCTOSTHHE YIOBIICTBOPUTEIRHOE, NPU3HAKOB Owmmap-
HOU TUIIEPTEH3HUH HET.

Cayuaii 3: my:xuuna 80 JeT 3KCTpEHHO TOCIHUTA-
musupoBad 05.10.2019 1. B yponorudeckoe OTAeleHUE
C TOJ03pEHUEM Ha OCTphiid muenoHedputr. B 2014 r.
10 TOBOTy MeXaHu4deckor xentyxu Beimonmaena JIICT,
B IOCIEIYIOIIEM CHMIITOMOB HE OTMEYajoch 10 Mas
2018 1., Korma pa3BUIIach KIMHUKA OCTPOTO XOJNEIHUCTH-
Ta, KyIMpOBaHHas KOHcepBaTuBHO. Onepauus He Npea-
Jarajgach M3-3a BBICOKOIO OIEPALMOHHO-aHECTE3UOJIO0-
THYECKOTO prcKa (Tald.).

[IpoBenenHoe npu MOCTYIDICHUHN 00CIIEIOBaHUE HC-
KIIIOUMJIO ypoJIorMuecKyro mnarojoruro. I[lo naHHBIM
VY3U BbIsSIBIEH CMOPIIEHHBIA KETIHBIA MY3bIph, KPYTI-
HBIf KOHKPEMEHT B IPOCKIMH OOIMIEro IEeYeHOYHOTO
MIPOTOKA U BBIPAXKEHHOE PACIIMPEHHE BHYTPUIIEYEHOU-
HBIX NPOTOKOB — CHHAPOM Mupn33u. Ha BelmmonHeHHOM
YPECKOKHON YPECIICYCHOUYHON XOJaHTHorpaduu ompe-
JeIsics ieeKkT HaloJIHEHUS B OOIIEM KEITIHOM IPO-
TOKE 3a CUET KPYITHOTO KOHKpeMeHTa (puc. 3).

ITo moBoxy OWIIMAPHOW TUMEPTCH3WH C Pa3BUTHEM
rHoitHoro xosmanrura 10.10.2019 r. Bemmonnena YYXC
yepes IpaBblil MEYEHOYHBIN MPOTOK, YTO MPUBEIIO K IO-
JIOXKUTENBHON TUHAMHUKe cMMNTOMOB. Kak u B ciydae 1,
BEIpaboTaHa MYJIBTHANCHHIUIMHAPHAS TaKTHKa IIPEIo-
MIEPAIIIOHHON TTOITOTOBKH, ITPOBOANIACH HH(Y3HNOHHAS,
aHTHOAKTepHaNbHAs, IE3WHTOKCUKAIIMOHHAS, aHTHU-
arperaHTHas Tepamnusi ¢ IOJIOKHUTEIbHBIM 3(hheKToM,
YTO [TO3BOJIMIIO YePE3 5 CYTOK BBIIOJIHUTh PAIUKAIbHYIO
ollepalyo JIaapoTOMHBIM JocTynoM. Ilpu peBusumn
OpIOIIHON MOJOCTH B TONNEYCHOYHOM IIPOCTPAHCTBE,
IIeHKe JKeIYHOI'O ITy3bIpsl BbISBIEHA BBIpa)K€HHAsI BOC-
MaNnuTeNIbHAsT MHOWIBTpAns TKaHEeH, OTCYTCTBUE IH-
(epeHInpoBKH CTPYKTYp. JKeauHslil my3bIph HE UMET
MIPU3HAKOB JECTPYKIHH, €r0 IPOCBET BCKPHIT U yAaJIEH
KPYITHBI KOHKPEMEHT. YCTaHOBIIEHO, YTO >KETYHBIN ITy-
3BIPb COOOIAETCS C MPOCBETOM OOMIETO KEITTHOTO MPO-
TOKa 4epe3 CBUIIIEBOE OTBEPCTUE AUAMETPOM Ooiee 2 cM
(xonenucToxosenoxeanbHbIi ¢cBUMT). OT XOJIEIUCTIKTO-
MUH OBIIO PEIICHO BO3IEPKATHCS B CBSI3H C BBICOKHM
PUCKOM TOBPEKACHUSI TPYOUaTHIX CTPYKTyp. Paspes
CTEHKH JKEJIYHOTO Iy3bIps MpPOAJIEH B IIONEPEYHOM Ha-
MIpaBICHUH Ha TEPENHIOI0 CTEHKY OOMIETO >KETYHOTO
MPOTOKa, CGHOPMUPOBAaHA  XOJECIIHCTOXOJIETOXOCTOMA
pasmepoM 6%3 cM. JIJist OMITHOANTECTHBHOTO aHACTOMO-
3a UCIOJb30BaHa METIA TOIIEH KHUIIKH, BBIKIIOYEHHAS
W3 TIHIIEBapeHHs Y-00pa3HBIM MEKKHIICYHBIM aHa-
cromo3oM. llocneonepanMOHHBIA TEPHUOA OCIONKHUII-
Csl TIOBEPXHOCTHON WH(EKIUEH paHbl U JKUIKOCTHBIM
CKOIUIEHHEM B TIOANEYEHOYHOM NIPOCTPAHCTBE, KOTOPbIE
HE MOoTpeOOBaM NOBTOPHOH omneparu. Ha KOHTpOJIb-
HOM xomamruorpaduu 10.11.2019 1. monTBepkaeHa

MEXONCUMMITMHAPHBIE NMPOBIEMbI

. /'/’

PUC. 2. Untpaoneparmontast Gpororpadus: KeHmHa 77 Jer,
TOCTIMTAJM3UPOBAHHAS IS TUIAHOBOHM JIAITapoCKOIHYECKON
XOJICHIUCTIKTOMUH (CHMIITOMOB HE OTMEYAIa).

FIG. 2. Intraoperative photography: a 77-year-old woman
who was hospitalized for elective laparoscopic cholecystec-
tomy (she did not notice any symptoms).

lMpumeyaHme: B MPOCBETE TOLLE KULLKW KOHTYPUPYETCS KPYMHbIA KOHKpE-
MeHT (0603HaueH cTpenkamm), 0BTYpUPYHOLLMIA MPOCBET TOLLEN KALLIK.

Note: a large stone is in the lumen of the jejunum (indicated by arrows),
causing bowel obstruction.

azexkBarHas (QyHKIMS OMIIMOAMIECTHBHOTO aHACTOMO3a,
rermaToXoJaHrHoCTOMA yllaieHa. B TeueHne cieayonmx
14 Mec. cOCTOSHUE YNOBJIECTBOPUTEILHOE, IPU3HAKOB
OMIMapHON THIIEPTEH3UH HET.

OBCYXOEHUE

JatenbHOe, O0CIOKHEHHOE B YacTo 0e3005eBoe Te-
yenue XKKB y nun ctapueckoro Bozpacra — 10CTaTOYHO
TUIWYHAS CUTyalus. B mpencraBieHHBIX HA 00CYXIe-
HHE CiIydasx o0paliaeT BHUMaHUE TOT (aKT, 9TO ¥ BCEX
MAIMEHTOB MPUMEHSUTUCH Pa3INIHbIC MAJTOMHBAa3UBHEIC
BMEIIATEeNBCTBA, HO B PaJUKAIBHOM JICICHUH OBUIO OT-
Ka3aHO B CBSI3U BBIPAXEHHOI COMyTCTBYIOIIEH MaToso-
el cepleuHo-cocyaucTol cucteMsl kiacca ASA IV.
Oto mpuBeno B AByX ciaydasx (Ne 1 u 3) K pa3BUTHIO
TSDKEJIBIX OCTIOKHEHMH, TaKUX KaK XOJNAHTHT W IOJIHOP-
raHHasi HeJJOCTaTOYHOCTh, MOTPEOOBABIINX YKCTPCHHON
rociiutanu3anuu. [lo moBogy rHOMHOrO XOJIaHTHTA Ma-
IIIEHTaM TOTPeOOBaJIOCH MPUMEHEHHE IPEHUPYIOUTUX
oTIeparii Ha )eTIHBIX TPOTOKAaxX Kak IIEPBOTO ATarla XU-
PYPTHUECKOTO JICYCHHUS, YTO COOTBETCTBYET COBPEMEH-
HBIM TPeOOBAaHUAMH TIPH JICICHUH JAHHBIX OCIOKHEHUH
[5, 6, 11]. Nanee BeaeHHE MAMEHTOB OCYIIECTBISIIOCH
MYJIBTUANCIMIUIMHAPHONH OpUTagoil, dYTo IO3BOJIMIIO
CTaOMIN3UPOBAaTh COCTOSHHE M BBIIIONHUTH BTOPOI
(panvkanpHBIA) dTal JeYeHHS Yepe3 S5 AHel: depe3 Jia-
MapOTOMHBIH JOCTYN C(HOPMUPOBAHBI OMIMOIUTECTHB-
HbIE aHACTOMO3bI Ha BBIKIIIOYEHHOU Mo Py metne. Dto
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PUC. 3. UpeckoxHas YpecriedeHOIHas TelaTuKOXOIaHTHOCTOMUSI, XOIaHrHorpadust: Myxxdunta 80 JieT, rocuTaIn3upOBaHHbIH
II0 TT0BOy Ooell B paBoil MOSCHUYHOM 00IacTy.

FIG. 3. Percutaneous transhepatic hepatocholangiostomy, cholangiography: an 80-year-old man who was hospitalized for pain
in the right lumbar region.

Mpumeyarue: 1 — o6LMA NEYEHOYHbIA NPOTOK, 2 — OBLLWIA XENYHbIA NPOTOK, 3 — KPYMHBIA KOHKPEMEHT B MPOCBETE OBLLEr0 XENYHOro npoToka,
4 — CMOPLLEHHbI XENYHbIN My3blpb, 5 — XONeLUUCcToXoneaoxearbHbli CBULL,.

A — npu BBELEHUN KOHTPACTHOrO BELLECTBA ONPEAENAETCS KPYMNHbI AEEKT HANONMHEHUS B CPeaHEN TPETH 0BLLEro Ken4yHoro NpoToka, obycnoBneH-
HbIA MUrpaLmen KpyMHOTo KOHKPEMEHTA Yepes XOMNeLMCTOX0NeA0XEAMNbHBIN CBULL;

B - cxema pa3sutus cuHgpoma Mupuaam, IV Tun: 60nbLUON KamMeHb 13 KEMYHOTO My3bipsi MUTPUPOBar B 06LLMA XeN4HbI NPOTOK nocpeacTeoM ¢op-
MWPOBaHMS XONeELMCTOXOMNE0XeanbHOro CBULLa.

Note: 1 - common hepatic duct, 2 — common bile duct, 3 - a large stone in the lumen of the common bile duct, 4 — shrunken gall bladder, 5 — cholecysto-
choledochal fistula.

A - when a contrast agent is injected, a large filling defect is detected in the middle third of the common bile duct due to the migration of a large stone
through the cholecysto-choledochal fistula (Mirizzi syndrome, type 1V);

B — schematic representation of Mirizzi syndrome development, type IV: a large stone from the gallbladder migrated to the common bile duct through

the formation of a cholecysto-choledochal fistula.

MIO3BOJIMJIO KYNHPOBaTh CHUMIITOMBI M IIPEIOTBPATUTH
pa3BUTHE PEUUANBOB B TEUEHHE ITOCIEIYIOUIETO IIe-
puona HaOmroneHus: 42 u 15 mec. Cremxyer OTMETHTH
YHHUKAJIBHOCTB CITydast 3: TI0 KIacCH(pUKAIMHA CHHIPOMA
Mupu3z3u y nanuenta Hadomonaics [V tun [12], xoTo-
PBIi BCTpeYaeTcsi O4eHb PEIKO.

[IpencraBneHHsnii ciay4yail BTOpPOHM  TAI[MEHTKH
C XOJICIINCTOMYOCHATFHBIM CBHUIIOM YHHKAJIECH TEM,
YTO TP TMOJHOW OOCTPYKIIMM KaMHEM TOHKOM KHIITKH
MalnyeHTKa HEe HWCIBITHIBANA CHMIITOMOB TOHKOKHIIICY-
HON HETPOXOANMOCTH M €€ TOCITUTAIM3anus ObuIa Iia-
HOBOH, a OOHapy>XeHHBI KaMeHb JVCTajbHEe CBSI3U
Tpeiitia cTan onepannOHHON HAXOIKOM.

Ha nam B3, KoMOpOMIHOCTH cama 1o cebe
n IV xmacc mo ASA He AOMKHBI paccMaTpHUBATHCS
Kak NpUYAHA IS OTKa3a OT PaXuKalIbHOTO JICUCHUS
ocnoxxaenHnor JKKb y mamumeHTOB cTapdyeckoro BO3-
pacTa, HOCKOIBKY MOTEHIHAIbHBIE CEPhE3HBIE OCIIOXK-
HEHHsI B OONBIIMHCTBE CIy4YaeB MPEBBHIIIAIOT PUCKU

OTIEpaTUBHOTO BMEIIATeNbCcTBA. Tak, O NaHHBIM JINTe-
parypsbl, JI€TATbHOCTD IIPH MPOBEJICHUH XUPYPTrUIECKO-
TO JICYCHUS XOJEMOXOMUTHA3a 0e3 pasBUTHS THOWHBIX
ocnoxuennit coctasisier 0,9-2,5% [3, 10], B To Bpems
KaK JIETaIbHOCTh OT XOJIAHTHOTCHHOTO CETChca U Me-
XaHWYECKON >KenaTyxu MoxeT gocrturarb 70% [2, 9].
IIpu 3TOM HEOOXOAMMO YUYHUTHIBATH, YTO BBITIOJHEHUE
JIByXATAITHOTO JICYCHHS IMOTCHIIMAILHO YBEIMYMUBAET
PUCK pa3BHUTHS (aTalbHBIX OCIOXHCHHH M Harpy3Ky
Ha CUCTEMY 3JI[paBOOXpaHCHHUS.

3AKNKOYEHUE

VY NanMeHTOB CTap4ecKoro BO3pacTa C OCIOXKHEH-
HeIM TedeHueM JKKB BhImoiHeHNe paguKabHBIX BMe-
[IaTETECTB C OKOHYATEIHbHOW CaHAIMEW YKEIMYHBIX MPO-
TOKOB M 00€CIIEYEeHHEM JKETIEOTBEACHHS C HCITOIB30-
BaHMEM OMIIMOJUTECTUBHBIX aHACTOMO30B MOKET OBITH
Oe3omacHOW 1 3(h(HEeKTUBHON MPOLIEAYPO, B TOM YHCIie
MOCJIE BHITTOJTHEHUS MAJIOMHBA3UBHOM JIEKOMIIPECCHHU.
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A.E. KycroB u U.B. I'opbaueBa BHecIM OCHOBHOH BKJIQJ B pa3-
paboTKy KOHLEMIMU CTaThu, IPHHUMAJIN Y4acTHE B JICUCHUH Ia-
uuentoB. A.C. Bopoteiaues, B.M. Xpynkun u A.}O. EMenssHoB
TIOJITOTOBHIIM TICPBBIH TEKCT PYKONUCH, HPHHUMAIN Yy4acTHE
B JICYCHUH MAIIUCHTOB, MOATOTOBKE MILIIOCTPATHBHOTO MaTepHa-
7a. Bece aBTOpPBI y4acTBOBAIM B OOCY)XACHUH M PELaKTHPOBAHUH
pabotel. Bee aBTOpBI 0100pHIM OKOHYATEIBHYIO BEPCHIO ITyOIIH-
KalluH.

JINTEPATYPA | REFERENCES

1 Peery A.F, Crockett S.D., Murphy C.C., et al. Burden and cost
of gastrointestinal, liver, and pancreatic diseases in the United
States: Update 2018. Gastroenterology. 2019 Jan; 156(1): 254—
272.el1. https://doi.org/10.1053/j.gastro.2018.08.063. Epub 2018
Oct 10. Erratum in: Gastroenterology. 2019 May; 156(6): 1936.
PMID: 30315778

2 Costi R., Gnocchi A., Di Mario F., Sarli L. Diagnosis and manage-
ment of choledocholithiasis in the golden age of imaging, endos-
copy and laparoscopy. World J Gastroenterol. 2014 Oct 7; 20(37):
13382-13401. https://doi.org/10.3748/wjg.v20.i137.13382. PMID:
25309071

3 Bencini L., Tommasi C., Manetti R., Farsi M. Modern approach
to cholecysto-choledocholithiasis. World J Gastrointest Endosc.
2014 Feb 16; 6(2): 32—40. https://doi.org/10.4253/wjge.v6.12.32.
PMID: 24567790

4 Bradley A., Sami S., Hemadasa N., et al. Decision analysis of
minimally invasive management options for cholecysto-cho-
ledocholithiasis. Surg Endosc. 2020 Dec; 34(12): 5211-5222.
https://doi.org/10.1007/s00464-020-07816-w. Epub 2020 Jul 24.
PMID: 32710213

S Qian Y, Xie J., Jiang P, et al. Laparoendoscopic rendezvous
versus ERCP followed by laparoscopic cholecystectomy for
the management of cholecysto-choledocholithiasis: a retrospec-
tively cohort study. Surg Endosc. 2020 Jun; 34(6): 2483-2489.
https://doi.org/10.1007/s00464-019-07051-y. Epub 2019 Aug 19.
PMID: 31428853

6 Saad W.E., Wallace M.J., Wojak J.C., et al. Quality improve-
ment guidelines for percutaneous transhepatic cholangiography,
biliary drainage, and percutaneous cholecystostomy. J Vasc Interv
Radiol. 2010 Jun; 21(6): 789-795. https://doi.org/10.1016/j.
jvir.2010.01.012. Epub 2010 Mar 21. PMID: 20307987

7 JlmarHocTHKa M JICYEHHE OCTPBIX XHPYPrUYCCKHX 3aboieBa-
HUI OpraHoB OpPIOLIHOI TOJIOCTH B YYPEXKICHUSAX 3/IpaBOOXpa-
Henust Mocksebl. Ilox pen. A. B. lllaOynuna. 2-e u3n., mpomn. M.:
MockoBckue yuebnuku, 2019. 64 c. ISBN 978-5-7853-1542-6

8  Palermo M., Fendrich ., Ronchi A., et al. Laparoscopic common
bile duct exploration using a single-operator cholangioscope.
J Laparoendosc Adv Surg Tech A. 2020 Sep; 30(9): 989-992.
https://doi.org/10.1089/1ap.2020.0534. Epub 2020 Jul 20. PMID:
32707008

9  Festi D., Reggiani M.L., Attili A.F,, et al. Natural history of gall-
stone disease: Expectant management or active treatment? Results
from a population-based cohort study. J Gastroenterol Hepatol.
2010 Apr; 25(4): 719-724. https://doi.org/10.1111/j.1440-
1746.2009.06146.x

MEXONCUUMIITMHAPHBIE NMPOBNEMBI

AUTHORS CONTRIBUTIONS

Alexey E. Kustov and Irina V. Gorbacheva made the main con-
tribution to the concept of the article, took part in the treatment
of the patients. Alexander S. Vorotyntsev, Valery I. Khrupkin and
Andrey Y. Emelyanov prepared the draft of the manuscript and
illustrations, took part in the treatment of the patients. All authors
participated in the discussion and editing of the work. All authors
approved the final version of the publication.

1 Peery A.F, Crockett S.D., Murphy C.C., et al. Burden and cost
of gastrointestinal, liver, and pancreatic diseases in the United
States: Update 2018. Gastroenterology. 2019 Jan; 156(1): 254—
272.el1. https://doi.org/10.1053/j.gastro.2018.08.063. Epub 2018
Oct 10. Erratum in: Gastroenterology. 2019 May; 156(6): 1936.
PMID: 30315778

2 Costi R., Gnocchi A., Di Mario F., Sarli L. Diagnosis and manage-
ment of choledocholithiasis in the golden age of imaging, endos-
copy and laparoscopy. World J Gastroenterol. 2014 Oct 7; 20(37):
13382-13401. https://doi.org/10.3748/wjg.v20.i137.13382. PMID:
25309071

3 Bencini L., Tommasi C., Manetti R., Farsi M. Modern approach
to cholecysto-choledocholithiasis. World J Gastrointest Endosc.
2014 Feb 16; 6(2): 32—40. https://doi.org/10.4253/wjge.v6.i2.32.
PMID: 24567790

4 Bradley A., Sami S., Hemadasa N., et al. Decision analysis of
minimally invasive management options for cholecysto-cho-
ledocholithiasis. Surg Endosc. 2020 Dec; 34(12): 5211-5222.
https://doi.org/10.1007/s00464-020-07816-w. Epub 2020 Jul 24.
PMID: 32710213

5 Qian Y., Xie J., Jiang P, et al. Laparoendoscopic rendezvous
versus ERCP followed by laparoscopic cholecystectomy for
the management of cholecysto-choledocholithiasis: a retrospec-
tively cohort study. Surg Endosc. 2020 Jun; 34(6): 2483-2489.
https://doi.org/10.1007/s00464-019-07051-y. Epub 2019 Aug 19.
PMID: 31428853

6 Saad W.E., Wallace M.J., Wojak J.C., et al. Quality improve-
ment guidelines for percutaneous transhepatic cholangiography,
biliary drainage, and percutaneous cholecystostomy. J Vasc Interv
Radiol. 2010 Jun; 21(6): 789-795. https://doi.org/10.1016/j.
jvir.2010.01.012. Epub 2010 Mar 21. PMID: 20307987

7 Diagnostika i lechenie ostrykh khirurgicheskikh zabolevanii or-
ganov bryushnoi polosti v uchrezhdeniyakh zdravookhraneniya
Moskvy. Pod red. A.V. Shabunina. 2-¢ izd., dop. [Diagnosis and
treatment of acute surgical diseases of the abdominal cavity in
health care institutions in Moscow. Ed. by A.V. Shabunin. 2rd edi-
tion, expanded]. Moscow: Moskovskie uchebniki, 2019. 64 p (In
Russian). ISBN 978-5-7853-1542-6

8  Palermo M., Fendrich 1., Ronchi A., et al. Laparoscopic common
bile duct exploration using a single-operator cholangioscope.
J Laparoendosc Adv Surg Tech A. 2020 Sep; 30(9): 989-992.
https://doi.org/10.1089/1ap.2020.0534. Epub 2020 Jul 20. PMID:
32707008

9 Festi D., Reggiani M.L., Attili A.F, et al. Natural history of
gallstone disease: Expectant management or active treatment?
Results from a population-based cohort study. J Gastroenterol
Hepatol. 2010 Apr; 25(4): 719-24. https://doi.org/10.1111/j.1440-
1746.2009.06146.x

CEYEHOBCKMI BECTHHUK T. 12, Ne 3, 2021 / SECHENOV MEDICAL JOURNAL VOL. 12, No. 3, 2021 83



INTERDISCIPLINARY PROBLEMS

10 Singh A.N, Kilambi R. Single-stage laparoscopic common bile
duct exploration and cholecystectomy versus two-stage endo-
scopic stone extraction followed by laparoscopic cholecystec-
tomy for patients with gallbladder stones with common bile duct
stones: systematic review and meta-analysis of randomized tri-
als with trial sequential analysis. Surg Endosc. 2018 Sep; 32(9):
3763-3776. https://doi.org/10.1007/s00464-018-6170-8. Epub
2018 Mar 30. PMID: 29603004

11 Zhou Y., Wu X.D., Zha W.Z., et al. Three modalities on common
bile duct exploration. Z Gastroenterol. 2017 Sep; 55(9): 856-860
(In English). https://doi.org/10.1055/s-0043-112655. Epub 2017
Aug 1. PMID: 28763814

12 Chen H., Siwo E.A., Khu M., Tian Y. Current trends in the man-
agement of Mirizzi syndrome: A review of literature. Medicine
(Baltimore). 2018 Jan; 97(4): e€9691. https://doi.org/10.1097/
MD.0000000000009691. PMID: 29369192

10 Singh A.N, Kilambi R. Single-stage laparoscopic common bile
duct exploration and cholecystectomy versus two-stage endo-
scopic stone extraction followed by laparoscopic cholecystec-
tomy for patients with gallbladder stones with common bile duct
stones: systematic review and meta-analysis of randomized tri-
als with trial sequential analysis. Surg Endosc. 2018 Sep; 32(9):
3763-3776. https://doi.org/10.1007/s00464-018-6170-8. Epub
2018 Mar 30. PMID: 29603004

11 Zhou Y., Wu X.D., Zha W.Z., et al. Three modalities on common
bile duct exploration. Z Gastroenterol. 2017 Sep; 55(9): 856-860
(In English). https://doi.org/10.1055/s-0043-112655. Epub 2017
Aug 1. PMID: 28763814

12 Chen H., Siwo E.A., Khu M., Tian Y. Current trends in the man-
agement of Mirizzi syndrome: A review of literature. Medicine
(Baltimore). 2018 Jan; 97(4): e€9691. https://doi.org/10.1097/
MD.0000000000009691. PMID: 29369192

MHO®OPMALIUA Ob ABTOPAX / INFORMATION ABOUT THE AUTHORS

KycToB Autekceii EBrenbeBuY, KaHj. MeJl. HayK, 3aB. XUpypruye-
ckuM otnenenueM ['BY3 «locnurane it BeTepaHoB BOHH Ne 2y
J13 . MockBsr; accucteHT kadeapsl odmiel xupypruun GIAOY
BO «IlepBbiit MI'MVY um. .M. Ceuenosa» Munsapasa Poccun
(CeueHOBCKHI YHUBEPCUTET).

ORCID: https://orcid.org/0000-0003-3738-1081

Xpynkun Banepuii UBaHoBHMY, 1-p Men. Hayk, mpodeccop
kadeaps obmel xupypruu ®IAOY BO «Ilepsoiit MITMY um.
.M. CeuenoBa» Munsapasa Poccun (CeueHOBCKUH YHHBeEp-
CHUTET).

ORCID: https.//orcid.org/0000-0002-9838-8239

Top6auesa Mpuna BukTtoporna™, xaua. Mea. Hayk, JOUEHT
kagenps! obmeit xupypruu ®IAOY BO «Ilepsriii MI'MY um.
.M. CeuenoBa» Munznpasa Poccun (CeueHoBckuit YHUBEp-
CUTET).

ORCID: https.//orcid.org/0000-0002-1060-1163

BoporbiHueB Asekcanap CTaHHCIABOBMY, KaHI. MeJ. Hayk,
noueHt kadenpel obmeit xupyprum PIAOY BO «Ilepsbrit
MI'MY um. U.M. CeuyenoBa» Munsnpasa Poccun (CeuenoBckuit
‘YHuBEpcuUTeT).

ORCID: https.//orcid.org/0000-0002-3686-4789

EmenbsinoB Anapeii FOpseBuY, kaHa. Men. HayK, JOLEHT Ka-
tdenper obmeit xupyprun ®IAOY BO «IlepBeiii MI'MY um.
N.M. CeuenoBa» MunsnpaBa Poccun (CeueHoBckuii YHHBEp-
CHUTET).

ORCID: https://orcid.org/0000-0002-9688-4079

& ABTOp, OTBETCTBEHHBIH 3a mepermcky / Corresponding author

Alexey E. Kustov, Cand. of Sci. (Medicine), Head of the Depart-
ment of Surgery, Hospital for war veterans No. 2 MHD; Assistant
Professor, Department of General Surgery, Sechenov First Mos-
cow State Medical University (Sechenov University).

ORCID: https://orcid.org/0000-0003-3738-1081

Valery 1. Khrupkin, Dr. of Sci. (Medicine), Professor, Depart-
ment of General Surgery, Sechenov First Moscow State Medical
University (Sechenov University).

ORCID: https://orcid.org/0000-0002-9838-8239

Irina V. Gorbacheva™, Cand. of Sci. (Medicine), Associate Pro-
fessor, Department of General Surgery, Sechenov First Moscow
State Medical University (Sechenov University).
ORCID: https://orcid.org/0000-0002-1060-1163

Alexander S. Vorotyntsev, Cand. of Sci. (Medicine), Associate
Professor, Department of General Surgery, Sechenov First Mos-
cow State Medical University (Sechenov University).

ORCID: https://orcid.org/0000-0002-3686-4789

Andrey Y. Emelyanov, Cand. of Sci. (Medicine), Associate Pro-
fessor, Department of General Surgery, Sechenov First Moscow
State Medical University (Sechenov University).
ORCID: https://orcid.org/0000-0002-9688-4079

84 CEYEHOBCKMI BECTHHUK T. 12, Ne 3, 2021 / SECHENOV MEDICAL JOURNAL VOL. 12, No. 3, 2021



C;qﬂ)ﬂﬂﬂ OrAQY BO «Mepsbii MTMY um. .M. CeyeHoBa» MuH3agpaea Poccun
VHHBEPCHTET (CeyveHoBckui YHuBepcuTer)

HAVK 0 JKH3HH




