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Abstract- The aging process of the face is characterized by transformations in the skin, bone,
and adipose tissue. As the understanding of these changes has expanded, so too has the range
of available filler products in the market. To maximize the effectiveness of hyaluronic acid, it is
crucial to have a comprehensive understanding of its rheological properties. The numerous
commercially available brands of hyaluronic acid differ in several aspects, such as the purity of
their raw materials, methods of manufacturing, concentration of hyaluronic acid, presence and
level of cross-linking, and ability to provide volume and withstand degradation. Aiming at the
most assertive use of this product, features as viscosity (n), complex modulus (G*), elastic
modulus (G"), tan d, cross-linking, concentration and swelling factor must be addressed,
correlating them with their expected clinical effects.
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Optimizing Hyaluronic Acid: A Comprehensive
Review of Rheological Insights for Clinical Practice
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Absiract- The aging process of the face is characterized by
transformations in the skin, bone, and adipose tissue. As the
understanding of these changes has expanded, so too has
the range of available filler products in the market. To
maximize the effectiveness of hyaluronic acid, it is crucial to
have a comprehensive understanding of its rheological
properties. The numerous commercially available brands of
hyaluronic acid differ in several aspects, such as the purity of
their raw materials, methods of manufacturing, concentration
of hyaluronic acid, presence and level of cross-linking, and
ability to provide volume and withstand degradation. Aiming at
the most assertive use of this product, features as viscosity
(n), complex modulus (G*), elastic modulus (G"), tan d, cross-
linking, concentration and swelling factor must be addressed,
correlating them with their expected clinical effects. These
factors can have a significant impact on the outcome of
Orofacial Harmonization during and after dermal injection. This
article offers insight into the rheology of hyaluronic acid for
clinical use, examining its principal characteristics and relating
them to their anticipated clinical effects. It is clear that a broad
understanding of the rheology of fillers is essential for safe and
effective aesthetic procedures, which can result in greater
cost-benefit for both the professional and the patient.
Keywords.: cohesiveness, extrusion force, hyaluronic
acid, rheology, skin quality improvement, swelling
degree, facial aging, dermal fillers, aesthetic procedures,
injection techniques.

[ INTRODUCTION

ncreased understanding of facial aging has led to the
introduction of several products for aesthetic use.
Hyaluronic acid (HA) - based fillers have expanded in
proportion to knowledge in availability and manufacturer
diversity.
HA fillers currently account for about 80% of all
fillers used for rejuvenation and volume correction [1].
These products have low complication rates, good
durability, are relatively inexpensive, may be broken or
degraded through a mechanism of enzymatic action
(lysis) by injection of hyaluronidase[1, 4, 6].
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HA is a natural linear polysaccharide of high
viscosity and high molecular weight, found in the
extracellular matrix, vitreous humor, and cartilage [4, 13,
17]. Its total amount in a 70 kg individual is
approximately 15 g, and its average turnover rate is 5
g/d. Approximately, 50% of its amount in the human
body is concentrated in the skin and has a half-life of 24-
48 hours. The natural process of degradation involves
mainly two mechanisms: enzymatic degradation and
degradation by free radical action [4,13].

Molecule of HA consists of alternating units of
N-acetyl-D-glucosamine and glucuronic acid. This
molecule is part of almost every tissue in vertebrates.
Chemically, it is a hydrophilic macromolecule with -
COOH and -OH functional groups (hydroxyl and
carbosyl group). lts solubility in water is high, and it
forms highly viscous solutions. In physiological
conditions, the carboxyl group (-COOH) interacts with
sodium ion (Na+) [4], attracting water molecules, so it is
considered a hygroscopic molecule, so cross-
connections formed the reticulation of the molecule,
expanding according to its absorption of water. From
this phenomenon the viscoelasticity occurs [28].

The functional group -OH (hydroxyl) is linked to
the GLCNac anomeric carbon that donates a proton
(H+) to -OH from the GLCA anomeric carbon (C1), and
thus the C1 OH is now positively loaded oxygen and
oxygen C3 is negatively charged, he attacks carbon Cf
and releases H20, thus forming the HA disaccharide
(Figure 1. HA is a linear macromolecule composed of
repeating disaccharide units) [29].

Such solutions show unique viscoelastic
properties. It is synthesized by a class of integral
membrane proteins known as HA synthases, which
lengthen HA by repeated addition of glucuronic acid
and N-acetyl-d-glucosamine groups to the growing
sugar (Figure 1. HA is a linear macromolecule
composed of repeating disaccharide units). They can
form intramolecular hydrogen bonding, which leads to
three-dimensional structures. HA can trap water within
its structure and can form gels, which inside the body
can provide flexibility to the animal tissue and lubrication
the set of bundles surrounded by dense connective
tissue, in muscular tissues. lts role in the body is strictly
connected with its properties, it plays an important role
in ECM (extracellular matrix) by several specific and
non-specific interactions.
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The role of HA usually depends on its molecular
weight. For example, low weight HA is essential in
healing and scar formation, whereas high molecular
weight HA may support tissue integrity [20]. It can be
used in tissue repair because it is able to promote

mesenchymal and epithelial cell migration and
differentiation. It is also helpful for the growth of
epithelial tissue cells, eosinophil, macrophages, and a
few animal tissues cells [20, 27]. Biological properties
make it very good material for tissue engineering [20].

HYALURONIC ACID (Repeating disaccharide)
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Hyaluronidase

HiCG
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Figure 1: HA'is a linear macromolecule composed of repeating disaccharide units. Each disaccharide unit consists
of two sugar molecules: glucuronic acid (C1) and N-acetylglucosamine (C3 and C4), represented in brackets. The
chemical bonds between units are called glycosidic bonds, which occur between carbon 1 (C1) of one unit and
carbon 4 (C4) of the next unit. The molecular structure of HA is highly hydrophilic, meaning it has a natural affinity for
water. This is because of the functional hydroxyl groups (-OH) and carboxyl groups (-COOH), which are highly polar,
meaning they have an unequal distribution of electrical charge, with a partial positive charge on hydrogen and a
partial negative charge on oxygen and carbon. Water is also a polar molecule, with an uneven distribution of
electrical charge due to its H20 structure. The hydrogen atoms in the water molecule have a partial positive charge,
while the oxygen atom has a partial negative charge. This polarity causes water molecules to interact attractively with
HA molecules. Hyaluronidase is an enzyme naturally present in the human body that breaks glycosidic bonds in HA.
It acts by cleaving the B(1->4) bonds between disaccharide units, converting HA from its viscous, high-molecular-
weight form into lower-molecular-weight fragments.

a) The structure of the skin and forces acting on HA
fillers

The skin has many vital functions, including
protection against external physical, chemical and
biological aggressors, as well as preventing the body
from excessive water loss and a role in thermoregulation
[15]. The integumentary system is formed by the skin
and its derived structures, divided in three layers: the
epidermis, the dermis, and the subcutaneous tissue.
These layers are referred to as an epidermis of stratified
squamous epithelium, a basement membrane zone
(BMZ) and a fibrous neurovascular dermis which
supports on a hypodermis or subcutaneous fat [16].

At the outermost level, the epidermis is mainly
composed of sheets of keratinocytes (Figure 2. Skin
Structure and Appendages) but also contains non-
epithelial cells, including antigen-presenting dendritic

© 2023 Global Journals

Langerhans cells as well as melanocytes and Merkel
cells[16, 21]. Reinforcing the epidermis is to the dermis,
that accommodates the vascular, neural, lymphatic and
adnexa of the skin (Figure 2. Skin Structure and
Appendages) [21].
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Figure 2: Skin Structure and Appendages: Epidermis: it is the outermost layer of the skin, composed of several
layers of epithelial cells. It provides a protective barrier against environmental factors and pathogens. Dermis: it is
the layer beneath the epidermis and consists of connective tissue. It contains blood vessels, lymphatics, nerves, and
various structures like hair follicles, sweat glands, and sebaceous (oil) glands. Collagen and elastin fibers in the
dermis provide strength and elasticity to the skin, still HA free provides hydration, wound healing, nutrient transport,
protection, volume and elasticity. Subcutaneous Tissue (Hypodermis): this tissue lies below the dermis and is
mainly composed of fat cells (adipocytes).It acts as an insulator and provides cushioning and energy storage.

The middle layer, the dermis, is connective
tissue itself which are the cells and the fibers that
compose them. Such cells are: fibroblasts, fibrocytes,
macrophages, lymphocytes, plasmocytes, mast cells
and adipose cells. Its papillary layer is the most
superficial and thin, made up of loose connective tissue.
The reticular layer, deepest and thicker, consists of
dense non-patterned connective tissue. The primary cell
type is the fibroblast, which produces matrix extracellular
structural proteins, glycosaminoglycans (which hydrate
the tissue due to the high-water binding capacity of
hyaluronic acid), collagen and elastin fibers (Figure 2.
Skin Structure and Appendages). Both contain many
fibers and elastic, responsible, in part, for the elasticity
of the skin. In addition to blood and lymphatic vessels
and nerves, the following structures are also found in the
dermis: hair, sebaceous and sweat glands [21].

The hypodermis is situated within the
subcutaneous tissue, primarily composed of loose
connective tissue. It plays a crucial role in facilitating the
smooth movement of the skin over the underlying
structures. Depending on an individual's nutritional
status and overall health, this layer may exhibit varying
amounts of adipose tissue. Their consists of small
clusters of fat cells known as adipocytes (Figure 2. Skin
Structure and Appendages). The thickness of the
subcutaneous layer can vary significantly depending on
the specific anatomical location of the body [21].

The Superficial Muscle Aponeurotic System
(SMAS) connects the facial muscles to the dermis and

aims to transmit, distribute and amplify the activity of all
facial muscles. True ligaments are easily identifiable
structures that connect the skin to the underlying
periosteum (the membrane that covers the outer surface
of the bone). And false retention ligaments are more
diffuse condensations of fibrous tissue that connect the
superficial and deep fascia to the skin [30]. In muscle
tissues, HA can retain water, which provides lubrication
to the dense connective tissue (Epimysium, Perimysium,
and Endomysium) that surrounds its fibers.

After injection, the fillers are subjected to
compression, shear, stretching, torsion by muscle
movements, weight of soft tissue, pressure on external
surfaces (e.g., face while sleeping), and gravitational
force. All these forces modify the shape, distribution,
time and the degree of correction of the filled defect
(figure 5. This schematic representation illustrates the
relationship between cohesiveness and viscosity in an
HA gel, emphasizing their effects on the gel's behavior
and shape when injected into the dermis and figure 6.
Schematic representation of the cohesion and viscosity
of an HA gel reveals a pivotal correlation). The gel's
fluidity is greatly enhanced by its low viscosity and low
cohesiveness, which results in a lack of unity. On the
other hand, a gel that has low viscosity but high
cohesiveness maintains its structural integrity while still
remaining fluid. This balance also influences the level of
force necessary to extrude the gel through a syringe and
needle. When examining a filler with high viscosity and
strong cohesiveness, it manifests as a denser and more
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cohesive gel, demanding greater force for extrusion.
Conversely, in the absence of cohesiveness, the gel fails
to maintain its unity after being injected into the dermis.
In summary, the delicate balance between viscosity and

cohesiveness significantly influences both the physical
properties of the gel and its performance during
injection, shaping the final outcome in dermal
applications) [1,11].

Ve
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Figure 3: Dynamic forces of the HA in different planes of the dermis. Superficial Dermis: when it is injected into the
superficial dermis, it remains close to the skin's surface. The forces acting on it are primarily associated with facial
expressions and muscle movements. It in this plane can help address fine lines and superficial wrinkles, providing
subtle volume enhancement. Mid-Dermis: injecting it into this plane allows it to interact with collagen and elastin
fibers, which provide structural support. Forces in this plane involve both muscle movement and the skin's natural
tension. It placed here can help restore volume, correct moderate wrinkles, and enhance facial contours. Deep
Dermis or Subcutaneous Tissue: it injections in the deep dermis or subcutaneous tissue reach areas with more
robust support structures, including fat compartments and ligaments. The forces acting on it in this plane relate to
the underlying bone structure and the pull of facial muscles. It is suitable for addressing deeper wrinkles, volume

loss, and providing structural support for facial features.

Considering the previous statement, depending
on the region of the face where the HA is implanted, it
will be submitted to 2 types of forces, each one causing
a product deformation in a different plane. The first, in a
horizontal plane parallel to the skin surface, is the shear
or torsion force. The second, which is the
compression/stretching force, is applied in a vertical
plane perpendicular to the surface. Mechanical facial
strains involve a combination of these 2 types of forces,
and depending on the region in concern, one type of
strain may be predominant (Figure 3. Dynamic forces of
the HA in different planes of the dermis) [13, 14]. To
what extent these forces act on the product depends on
several factors, such as the plane of injection (i.e.,

© 2023 Global Journals

superficial versus deep) and anatomical location.
Although the indications and instructions for use by the
manufacturer are important, the skills required to create
an aesthetic effect is dependent on the accuracy of the
person performing the facial analysis and performing the
filler [19].

b) The Rheology versus its applications

Rheology is a section of mechanics which
studies the deformation and flow of matter, particularly
in light of its limits of resistance to deformation.
Introducing this concept is important to understand the
application of HA from the perspective of this property,
as will be listed and explained below.



Understanding the rheological and biophysical
fundamentals will result in clinical implications that
facilitate the appropriate choice for Orofacial
harmonization treatments [1,2,10]. For example, the HA
filler applied when the aim is to restore volume has
different rheological characteristics from those indicated
for the treatment of fine skin lines. Therefore, the fillers
indicated for each aim and area will have different
properties.

Several studies can provide insights into
material behavior under different temperature stresses.
Therefore, the study of a new formulation requires
multiple steps to demonstrate safety, efficacy and
stability to ensure consumer protection and satisfaction.
During formulation of fillers, use and storage time,
exposure to possible external factors such as physical
damage, microbiological and chemical influences can.

These features influence the integration
between the HA and the surrounding soft tissues and
they determine the filler's ability to modify the anatomical
layer volume, based on this statement, clinical planning
can show different HA for different anatomical areas and
even the same areas with different goals.

The obijective of this study is to carry out a
review on the rheology of HA fillers, characterizing and
understanding the mechanical and viscoelastic
properties of this polysaccharide in various contexts,
including its concentration, temperature, and the
presence of other components. This research will
facilitate enhanced utilization of the product across a
range of applications within tissue engineering and
aesthetics area, leading to more effective and
personalized clinical applications. As we delve deeper
into understanding hyaluronic acid and its role in facial
harmonization, the subsequent sections of this article
will explore various aspects, starting with the
manufacturing technology, followed by an examination
of its physical-chemical properties and will culminate in
a detailed exploration of its rheological features. These
sections collectively shed light on the multifaceted
aspects of HA-based fillers and their applications in
clinical practice.

II.  MANUFACTURING TECHNOLOGY

HA is made naturally in the human body, has a
half-free radical action. For this reason, the HA used as
a filler needs to be modified through a process called
crosslinking. HA fillers differ in their manufacturing
technologies, formulations, additives, and clinical
indications [2]. The HA used for the manufacture of
fillers is mainly produced with biotechnology, from the
fermentation of microorganisms, such as the genus of
Streptococcus aerobic bacteria. This is biocompatible
with the human body, as the structure of HA is highly
conserved in different species [8].

Bacterial fermentation produces non-
crosslinked HA of varying lengths. HA chains must
undergo a stabilization process to avoid rapid enzymatic
and oxidative HA 9 adapted resorption [1, 4, 8]. To
achieve this goal, the HA polymerization is enhanced by
a crosslinking process that adds a molecule, called
BDDE (1,4-butanediol diglycidyl ether) linking the
polymer chains to each other [1,4, 17,18] (Figure 3.
Dynamic forces of the HA in different planes of the
dermis). BDDE is the crosslinking agent with the lowest
toxicity, its amount is limited by the FDA (Food and Drug
Administration) to a residual level of unreacted BDDE
<2 parts per million (ppm) [1]. BDPE, which stands for
"1,4-butanediol di-(propan-2,3-diolyl)ether," is derivatives
formed throuth of nucleophiles during the cross-linking
process the epoxide groups of BDDE. This results in the
formation of a three-dimensional network that prevents
rapid dissolution to improve the mechanical and
physical properties. This processes, crosslinking
significantly reduces the rate at which the body
metabolizes the filler, prolonging its presence in the
treated area. This results in longer-lasting effects and
improved structural support. Additionally, crosslinked
fillers are better equipped to resist degradation,
maintaining their shape and volume over time.
Crosslinked HA has been used for over 15 years and it
is well tolerated. It has structural properties similar to
native tissue, excellent biocompatibility and good
integration [2, 1]]. Over time, unreacted BDDE is
degraded through hydrolysis [4].

Crosslinked HA has structural properties similar
to native tissue, excellent biocompatibility and good
integration. In areas where long-lasting results are
desired, such as the midface or temples, fillers with
higher cross-linking are preferred [4].

Hyaluronidase naturally occurs in various
organs (such as the testis, spleen, skin, eyes, liver,
kidneys, uterus, and placenta) and body fluids (tears,
blood, and semen). There are six known types of
hyaluronidase (hyaluronidase 1-4, PH-20, and HYALP1).
Hyaluronidase 1, encoded by the HYAL1 gene, is
prevalent in major organs
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Figure 4. This schematic representation illustrates the differences between natural, cross-linked HA and the process
of physical crosslinking. Natural HA: represented by the blue line as a linear molecule composed of repeating

disaccharide units.

Cross-Linked HA: represented by the blue line connected by the orange, at higher

magnification, in which there are additional, BDDE ou BDPE connecting bonds between HA chains. These bonds,
often formed through chemical processes, create a network or matrix. Crosslinking enhances the stability and
longevity of HA fillers when used for cosmetic purposes. The degree of cross-linking can vary, influencing the gel's
cohesiveness and resistance to degradation. Physical Crosslinking: is a technique that allows for HA modification
without the use of chemical agents, such as changes in temperature, pH, or the application of external forces to

induce cross-linking.

However, the natural linear form of HA
molecules is susceptible to rapid degradation by
hyaluronidase, rendering it unsuitable as a filler due to
its inadequate consistency and short half-life. To
overcome this limitation, it is essential to modify the
physical properties of HA to increase its resistance to in
vivo degradation [7]. In practice, dermal HA s
composed of both unmodified HA (without crosslink)
and crosslinked HA (with crosslink), forming a polymeric
network that achieves the desired durability and stability
[6,7].

Unlike the linear polymer, the crosslinked
network is able to swell in aqueous media without
dissolving, it behaves rheologically as a gel-like material,
shows a viscosity that decreases with shear rate under
flow conditions, and it is less sensitive to degradation by
hyaluronidase. It thus gives the injected HA gel
hydration, projection (filler effect), injectability, and a
longer tissue permanence than linear HA[18].

Production methods are used to alter the
molecular technologies available on the market with
their respective manufacturers, indications for use, type
of filler marketed, and HA concentration (mg/ml) [11,19].
The technology manufacturing too will influence in the
action of the natural hyaluronidase, to action order for it
to dissolve a HA filler, it must be able to access the
intramolecular bonds. Interfer in this access include the
number of crosslinks and the concentration of HA. The
more crosslinking, the more difficult it is for
hyaluronidase to access its binding inside the HA filler.
For this reason, fillers with high crosslinking require a
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long time to dissolve with by this enzyme action. In
addition, the higher the concentration of HA, the slower
it will be dissolved by hyaluronidase [22].

It is important to remember that the hyaluronic
acid gel will always be degraded by the action of the
hyaluronidase enzyme, and it is important to pay
attention to the amount of hyaluronic acid injected
versus the dose of hyaluronidase, which can directly
determine the final degradation time of the product
(dose-dependent  responses).lts use has safety
implications in the context of HA filler procedures. It
serves as an important tool in managing filler-related
complications, such as overcorrection or vascular
occlusion. However, its use must be carefully
considered and administered by trained professionals to
minimize potential risks, including allergic reactions or
tissue damage [23].

Manufacturing parameters such as high
temperatures and strong acidic and alkali pH are
sensitive for the HA chains. Indeed, the usual
manufacturing conditions (heat, alkali pH, and
sterilization) are prone to degrade HA gels and release
low-Mw soluble HA (sHA) [11]. Therefore, it is necessary
to explain the manufacturing processes available.
XpresHAn technology, which has varying degrees of
crosslinking to provide different levels of flexibility and
support while maintaining natural movement in areas of
dynamic expression. The NASHA technology (Non
Animal Stabilized Hyaluronic Acid) produces firmer gels
based on molecular entanglements and small amounts
of chemical crosslinking, with controlled particle sizes at



different levels. The OBT technology (Optimal Balance
Technology) is based on four different levels of
crosslinking, producing gels from very soft to
intermediately firm, providing different levels of tissue
support [24]. Vycross technology, which combines low-
molecular weight and high-molecular weight HA to
improve the crosslinking efficiency of the HA chains.
Preserved Network technology, designed with reduced

synthetic crosslinking due to preserved natural HA
polymers [25]. Cohesive polydensified matrix (CPM) HA
is also characterized by a higher mean molecular weight
of non—cross-linked (soluble) HA than in other currently
available products, the variable cross-linking is intended
to confer resilience and retention of structural integrity
[26].

Table 1. Classification of dermal fillers according to manufacturers, manufacturing technology, HA concentration,
product type and indications [11,19].

Manufacturer  Manufacturing Technology =~ Concentration Type Indication
(mg/mL)
Galderma NASHA™ 20 Restylane® Fine lines.
Skinboosters™ Vital Superficial dermis
Galderma NASHA™ 16 Restylane®
Skinboosters™ Vital
Light
Allergan Vycross™ 12 Juvederm® Volite™
Allergan Vycross™ 15 Juvederm® Volbella™
Teoxane Preserved Network 15 TEOSYAL® RHA 1
Merz CPM™ 20 Belotero® Soft
Galderma NASHA™ 20 Restylane® Lido
Galderma OBT™/ XpresHAN™ 20 Restylane® Refyne™ Fine and medium
Technology lines, lips;
Galderma OBT™/ XpresHAN™ 20 Restylane® Defyne™ Superficial to mid
Technology dermis
Galderma OBT™/ XpresHAN™ 20 Restylane® Volyme™
Technology
Allergan Vycross™ 17.5 Juvederm® Volift™
Teoxane Preserved Network 23 TEOSYAL® RHA 2
Teoxane Preserved Network 23 TEOSYAL® RHA 3
Merz CPM™ 22.5 Belotero® Balance
Galderma NASHA™ 20 Restylane® Lyft™ Lido | Volume (restoration,
Allergan Vycross® 20 Juvederm® Voluma™ sculpting)-
Teoxane Preserved Network 23 TEOSYAL® RHA 4 | Subcutaneous and
Merz CPM™ 26 Belotero® Volume supraperiosteal
Merz CPM™ 25.5 Belotero® Intense
111. PHYSICAL-CHEMICAL PROPERTIES injectability allows for smoother and more precise

In the context of clinical orofacial harmonization
procedures, understanding the composition and
concentration of hyaluronic acid (HA) in dermal fillers is
of paramount importance. Manufacturers often provide
the total HA concentration in the gel, but they usually do
not distinguish between the amount of insoluble
crosslinked HA and soluble non-cross-linked HA within
the biopolymer. The soluble portion of HA is intentionally
included to optimize the filler's viscosity, making it easier
to inject through a needle. It's worth noting that this
soluble HA is readily metabolized by the body. As a
result, the total concentration stated for commercially
available fillers should be viewed as more of a reference
value rather than an absolute measurement [1].

Soluble HA enhances the filler's viscosity, which
makes it more fluid and easier to extrude through a
needle during the injection process. This improved

placement of the filler in the target area. Also contributes
to the initial volume of the filler, allowing it to provide
immediate results in terms of volume enhancement and
wrinkle reduction[1, 33, 34].

However, the presence of it also has
implications for the longevity of the filler, because is
easily metabolized by the body, which means that over
time, may gradually break down and lose its volume-
enhancing effects and this can vary from person to
person but typically occurs over several months[14].

The ideal concentration of hyaluronic acid (HA)
is 20mg/mL or higher. This concentration enables
significant volume expansion when the filler is injected
into the target tissue, resulting in a prolonged effect that
enhances its structural integrity. Furthermore, it retards
the rate at which the body metabolizes the filler. This
concentration should demonstrate a viscosity that
strikes a balance between ease injection for delivering
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adequate support and structure to the treated area of
the face [1, 7].

Therefore, this concentration it presents better
cost-effectiveness, because can achieve the desired
results with smaller volumes, patients may require less
product, and clinicians can achieve their treatment goals
with fewer syringes of filler. Then it offers a balance
between ease of injection, longevity of results, and cost-
effectiveness [1, 7].

In clinical practice, dermal fillers primarily
consist of high molecular weight HA (HMw). These fillers
exhibit unique viscoelastic and biophysical properties
based on their chemical compositions, including HA
concentration, Mw of HA, and the specific crosslinker
used in their formulation. The molecular weight of HA
plays a pivotal role in providing structural and
physicochemical integrity to the filler, and it directly
influences its viscosity, in addition can influence how it
behaves in various facial areas during injection [33].
HMw and Low molecular weight HA represent two
distinct options in dermal fillers. HMw HA offers several

advantages, including its tendency to provide longer-
lasting results when compared to LMw fillers. It is
metabolized more slowly by the body, contributing to its
durability. Also offers robust structural support,
effectively addressing deeper wrinkles and areas with
volume loss and diminished tissue integrity. Additionally,
it can promote tissue integrity by stimulating collagen
production. On the other hand, LMw HA provides a
more natural appearance and offers a softer and more
fluid texture, making it particularly suitable for areas with
fine lines and delicate contours. Furthermore, it
facilitates easier injection and yields quicker results [34,
34].

Both also have disadvantages, as HMw HA
fillers look less natural in the treated area due to their
thicker consistency and have limited spreadability. While
LMw HA fillers are less durable, they provide limited
structural support and are metabolized more quickly.
Therefore, the choice between HMw and LMw AH fillers
depends on the patient's specific aesthetic goals and
treatment area (graphic 1) [33, 34].

Comparison of HMw and LMw HA in Dermal Fillers

Effect

Metabolism

Filler duration

IV T LY Tystwall  structural support (tissus lift)

« Tissue integrity (stimulate collagen production) B Fine lines and delicate contou

Filler wrinkles

Consistancy [ERALEE @ Softer and more fluid

High molecular weight (HMw)

Low molecular weight (LMw)

Graph 1: This chart illustrates the advantages and disadvantages of using HMW-HA and LMW-HA in dermal fillers
across various characteristics. The comparison covers factors such as effect, metabolism, filler duration, volumizing
capacity, wrinkles filler, spreadability and consistency of the gel. HMW-HA offers extended longevity and robust
structural support but may be less suitable for fine corrections. LMW-HA, on the other hand, excels in ease of
spreading, making it ideal for fine lines and precise results. However, it tends to have a shorter duration and may

require more frequent touch-up sessions.

This understanding of HA characteristics and
concentration is crucial for clinicians aiming to achieve
optimal results in facial harmonization and other
aesthetic procedures.

IV. RHEOLOGICAL FEATURES

Rheology, a subfield of physical chemistry,
delves into the study of how different materials respond
to deformation and flow, whether they are solid, semi-
solid, or liquid. It examines the ability of matter to
maintain its shape, which is a defining characteristic of
solids, and this property is known as stiffness. Stiffness
is evaluated using elasticity, which measures a
material's resistance to deformation. Hooke's law
establishes a mathematical relationship between the
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elastic strength, stress applied, and deformation
induced in a material. This understanding of rheology is
fundamental in exploring how substances deform and
flow [1, 2].

To analyze a gel for injection into the skin layers
the most main features are viscosity (n), complex
modulus (G*), elastic modulus (G’), tan delta - 6 (G”),
cross-linking, concentration and the swelling factor (the
absorption factor) [2,6,7,19].

Fluids are shapeless, thus they are unable to
resist deformation. They have an intrinsic and specific
feature: viscosity (n). It can be defined as the ability of a
fluid to resist flow [1,3]. This tells the pressure required
to determine the flow of a fluid (for example: water and
honey) [1].



Viscosity is a measure of a fluid's resistance to
flow. It determines how easily a substance flows or
moves when subjected to an applied force. Liquids with
high viscosity are thick and flow slowly, while those with
low viscosity are thin and flow more easily. Viscosity is
influenced by factors such as temperature and the
internal friction of the fluid's molecules [12].

The viscosity of a dermal filler is related to the
concentration of non-crosslinked and crosslinked HA,
the degree of crosslinking, the molecular weight
distribution, the average particle size of the gel, and the
manufacturing process. It is crucial that hydrogels have
low viscosity at high shear (100 s-1), so that they can be
extruded through a small-caliber needle. High viscosity
under low shear is in fact comparable to the condition of
the hydrogel after injection or when resting in the
package [12]. If the viscosity is too high, the injection of
the fillers becomes difficult to apply. Adding free HA
reduces the viscosity, because hydration effect
increases the overall viscosity of the filler, making it
thicker and more gel-like, it trap water within its
structure, lead to the formation of gels, enhances its
volumizing capacity can influence the texture and
consistency of the filler. However, professionals lack
information on the amount of free HA present in the
product (i.e. soluble and insoluble fractions). The total
concentration of commercially available HA is a
reference value, so this parameter is not absolute for
assessing the filler’s performance[13].

From a clinical perspective, it is crucial for these
fillers to demonstrate low viscosity when subjected to
high shear forces. This characteristic enables smooth
extrusion through a fine-gauge needle during the
injection process, ensuring precise and controlled
injection in target tisues. This, in turn, reduces
discomfort for the patient during the injection and
facilitates even distribution of the filler. Achieving even
distribution is essential for achieving natural-looking
results, particularly in delicate facial areas.

Conversely, high viscosity under low shear
conditions is like the state of the hydrogel within the
product vial or after injection into the target area. This
condition, after injection ensures that the filler maintains
its shape and position over time, it provides structural
support and volume, helping to lift and restore sagging
or deflated areas of the face and minimized migration.
Lower viscosity is often preferred, especially in areas
with fine lines or where precise distribution is necessary,
such as the lips or tear troughs. It allows for smoother
and more controlled injection[13].

Complex viscosity is a crucial parameter that
assesses the gel's capacity to withstand shear forces
within a tissue following injection. In addition, the elastic
modulus, another significant factor, gauges the
hydrogel's inherent stiffness and its interactions with the
surrounding environment. These parameters collectively
influence the hydrogel's ability to effectively withstand

the tensile forces exerted on it following injection,
primarily arising from the dynamic movements of facial
muscles [2,6].

These last two parameters directly impact a
gel's ability to endure the shear and tensile forces
experienced within facial tissues post-injection.

The measure of the total energy needed to
deform a material using shear stress is complex
modulus, which indicates the overall resistance to
deformation of a material, regardless of whether that
deformation is recoverable (elastic) or non-recoverable
(viscous). This measure is favorite to quantify the gel
hardness, being it is a good indicator of projections in
clinical applied, in which the stiffness or hardness of the
HA filler has direct relation: the higher the magnitude of
the complex modulus, the stiffer the material [30].

The complex modulus combines both elastic
and viscous responses of a material to deformation. It is
used to characterize a material's overall resistance to
deformation, considering both its ability to return to its
original shape (elastic behavior) and its tendency to flow
or deform irreversibly (viscous behavior) when subjected
to stress. It is particularly important in the study of
materials' response to dynamic forces and shear stress.
It is represented as a complex number, often in the form
G* = G' + G", where G' represents the elastic modulus
and G" represents the viscous modulus[30].

The complex modulus, referred to as G*, is a
comprehensive measure that takes into account both
the elastic modulus (G') and viscosity modulus (G"). It's
crucial to highlight that the filler material should strike a
delicate equilibrium between its ability to be pliable,
enabling it to flow smoothly through the needle, and its
structural robustness, ensuring it retains its intended
shape once it's injected into the soft tissues. The
injection procedure itself comprises several distinct
phases, starting with the material's passage through the
needle and culminating in its seamless integration into
the adjacent soft tissues. Therefore this filler needs to
possess adequate malleability to navigate the needle
without resistance while maintaining structural integrity
to provide the desired cosmetic enhancement. This
balance ensures a successful and aesthetically pleasing
outcome. For precise sculpting in areas like the nose or
jawline, higher G* values are beneficial, allowing for
better control during injection [30].

Typically, the clinical choice of G’ is guided by
the extent of correction needed and the treatment plan
in place. In cases where a deeper injection plan is
warranted to provide robust support for achieving a
higher degree of correction, it is advisable to opt for
hydrogels with a higher (firmer) G*. These firmer
hydrogels excel in their corrective capacity when it
comes to deep deposition and the creation of elevations
or projections, especially in areas like the malar cheek,
chin, and jaw, where they can be strategically placed
against the bone for enhanced projection. In such
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scenarios, they exhibit superior compressive strength,
effectively countering the intrinsic forces within the
deeper tissue planes [19].

On the other hand, if the injection plan involves
shallower planes with less pronounced corrections,
hydrogels with a lower G* (softer) can be a suitable
choice. However, it's worth noting that these softer
products can also be employed in deeper planes to
achieve clinical effects when necessary. Additionally,
they can be layered atop higher G* products to attain
the desired outcome [19].

Elasticity, in the context of materials and
mechanics, refers to the property of a substance to
return to its original shape and size after it has been
deformed or stretched[1, 7].

Elastic modulus (E) is the ratio between Stress
(o) and Strain (g), in other words, it is the stress applied
to the material over the strain that induced it. To better
understand the concept of stress, if an external
compressive force is applied in a solid its molecules are
pushed together, and they accumulate a repulsive force.
The internal pressure, determined by the repulsive force,
is the stress. Therefore, stress is the internal pressure
that material is subject to when external forces are
applied and this is a measure of how much the
dimension of an object has changed [1]. In simpler
terms, it quantifies how a material responds to an
applied force and how much it deforms under that force.
Practitioners need to consider how these materials
respond to the forces applied during the injection
process and how they behave within the target tissues
(Figure 7 Material Properties: Elasticity, Viscosity, and
Viscoelasticity)[1, 7].

Elastic modulus (G') is a measure of the stored
energy in a material in which shear deformation has
been employed. In other words, it can be thought of as
the proportion of the total stiffness (the complex
modulus - G*) of a material that is attributable to elastic
deformation. It represents the fraction of energy G'
stored during deformation which can be used to recover
its original shape when the deformation is removed.
Combined, G' and G" define the complex modulus, or
G*, which represents gel is resistant to deformation
[1,7,10]. With higher G*, the material is stronger and
less deformable (Figure 3. Dynamic forces of the HA in
different planes of the dermis and Figure 5. This
schematic representation illustrates the relationship
between cohesiveness and viscosity in an HA gel,
emphasizing their effects on the gel's behavior and
shape when injected into the dermis) [1].

Viscous modulus (G") represents the amount of
energy that is absorbed by a substance when it
experiences deformation [1,7]. A gel with a higher G
value is more viscous or thicker, which means it
demands a greater amount of force to be extruded
through a needle [7]. For example, if we have two gels,
one with a low G" and another with a high G", and we
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attempt to push them through a needle, the gel with the
higher G" will resist the flow more strongly and require
more force to pass through the needle compared to the
one with the lower G". This is because the higher G"
indicates a greater ability of the gel to absorb and
dissipate energy when subjected to strain, resulting in
increased resistance to flow.

For professional, a higher G' value indicates that
the material is stronger and less prone to deformation. A
gel with a higher G" indicate heightened resistance is a
result of the higher G", signifying the gel's greater ability
to absorb and dissipate energy when subjected to
strain. They must be aware of these G" values as they
directly impact the ease and precision of material
delivery during procedures (Figure5. This schematic
representation illustrates the relationship between
cohesiveness and viscosity in an HA gel, emphasizing
their effects on the gel's behavior and shape when
injected into the dermis.).

Tan delta (8) is the measure of the elasticity
versus viscosity balance in the gel, and it is defined by
G" and G' ratio. Gels characterized by a high (d), with
values close to one, are predominantly viscous (e.g.
honey), while those characterized by a low (d), with
values close to zero, are predominantly elastic (e.g.
gelatine) [7].

Swelling Factor (hydration capability) occurs
due to the insoluble HA and the cross-linking degree
can impair the penetration and binding of the water
molecule[1]. The expansion after injection adds the
volumeizing effect [1, 7] and, if excessive, it may lead to
unwanted effects such as becoming palpable and
edema [1, 3]. In vivo swelling depends on the structure
of the surrounding tissue, its fluid balance and pH value
[8].

The closer to the equilibrium state of hydration
(saturation) of a gel the smaller the swelling will be after
injection. If below equilibrium (unsaturated), it will easily
absorb water from the surrounding fluid until it reaches
equilibrium. This feature varies from product to product
and it depends on the hyaluronic acid concentration and
the physical constraints imposed by the cross-linking.
Usually, the higher the cross-linking and the G*, the
lower the swelling factor [19].

This hydration capability is significant because it
contributes to the volume-enhancing effect of the filler
after injection. However, excessive swelling can result in
unwanted side effects, including palpable lumps and
edema. In vivo, the extent of swelling following injection
is influenced by several factors. These include the
structure of the surrounding tissue, the local fluid
balance and the pH value of the environment. In cases
where the gel is below equilibrium (unsaturated), it will
readily absorb water from the surrounding fluid until it
reaches the equilibrium state. This property is crucial in
areas like the cheeks or nasolabial folds, in which can
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quickly restore volume in the cheeks, offering an instant  cross-linking and higher G* values tend to exhibit less
rejuvenating effect [19]. swelling after injection, which can be advantageous in

Typically, a higher degree of cross-linking and a  clinical applications where precise control over volume
higher value of G* (complex modulus) result in a lower enhancement and reduced risk of side effects are
Swelling Factor. This means that products with strong  desired[25].
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Figure 5: This schematic representation illustrates the relationship between cohesiveness and viscosity in an HA gel,
emphasizing their effects on the gel's behavior and shape when injected into the dermis. A highly cohesive gel is
represented with robust intermolecular connections, forming a structured network. In the dermis, cohesiveness
ensures that the gel maintains its shape, doesn't excessively spread, and provides structural support, as the draw.
The increased dermal projection can be observed in the graph. When viscosity is higher, the gel appears as thicker,
while lower viscosity results in a more fluid consistency. Therefore plays a significant role in how the gel flows during
injection and its ability to conform to dermal contours.
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Figure 6. Schematic representation of the cohesion and viscosity of an HA gel reveals a pivotal correlation. The gel's
fluidity is greatly enhanced by its low viscosity and low cohesiveness, which results in a lack of unity. On the other
hand, a gel that has low viscosity but high cohesiveness maintains its structural integrity while still remaining fluid.
This balance also influences the level of force necessary to extrude the gel through a syringe and needle. When
examining a filler with high viscosity and strong cohesiveness, it manifests as a denser and more cohesive gel,
demanding greater force for extrusion. Conversely, in the absence of cohesiveness, the gel fails to maintain its unity
after being injected into the dermis. In summary, the delicate balance between viscosity and cohesiveness
significantly influences both the physical properties of the gel and its performance during injection, shaping the final

outcome in dermal applications.

Cohesiveness is described as the force
between particles in the same substance that acts to
bind them together [1,5]. In the case of fillers,
cohesiveness is an expression of the internal adhesion
forces that hold the individual crosslinked HA units
together [25] (Figure 5. This schematic representation
illustrates the relationship between cohesiveness and
viscosity in an HA gel, emphasizing their effects on the
gel's behavior and shape when injected into the dermis
and Figure 6. Schematic representation of the cohesion
and viscosity of an HA gel reveals a pivotal correlation).
A high cohesiveness simultaneously with a low viscosity
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accompanies homogeneous tissue integration [5]. This
property contributes to the natural and harmonious
appearance of the treated area, such as lip
enhancement, cheek contouring, and jawline definition.
Less cohesive fillers may spread more easily, potentially
causing uneven distribution or migration. In contrast,
highly cohesive HA formulations are less prone to
migration, reducing the likelihood of irregularities or
asymmetry, which can be essential for achieving
harmonious facial proportions.

Viscoelasticity is the capacity to undergo
deformation up to a certain point when subjected to



shear stress and then return to its original shape once
the force causing the deformation is removed (see
Figure 7. Material Properties: Elasticity, Viscosity, and
Viscoelasticity) [1,5]. Subsequently, the types of HA gels
can be categorized based on their viscoelasticity and
cohesiveness, factors that determine their resistance to
mechanical stresses (their ability to flow slowly) and their
capability to revert to their original form. Viscoelasticity
primarily relates to resistance against deformation in the
horizontal plane, such as lateral shear or torsion,
whereas cohesiveness pertains to resistance in the
vertical plane, encompassing compression and
stretching [13, 14]. In essence, it is the amalgamation of
these properties that enables AH to be molded during
application and, simultaneously, to preserve its shape
and volume over time. However, when considering the
elastic modulus, it clinically signifies the gel's rigidity and
its capacity to maintain its shape post-injection. High
viscoelasticity ~ fillers are  suitable  for  cheek
augmentation, providing long-lasting volume and
contouring[14].

Enhancing the polymer's molecular weight and
degree of crosslinking has been a well-established
approach to improve mechanical strength and
prolonging degradation rates. Depending on its
concentration and the extent of crosslinking, the
product's shelf life can range between 6 to 18 months.
Estimating the post-injection product duration is
challenging, given its dependency on numerous factors
including skin type, age, patient's lifestyle, the treated
area, injection technique, and even aspects of the
manufacturing process such as crosslinking [13].

The high degree of crosslinking too reduces the
HA's hydrophilicity while increasing its hardness [4]. The
gel hardness relates to its resistance to be deformed. It
varies with HA concentration, degree of crosslinking,
and particle size. Usually, softer gels are suitable for
filling surface layers and are generally not intended for
lifting or greater volume, for which stiff gels are
proposed [14].

Highly crosslinked HA gels with a high G
(elasticity) are recommended in situations where
minimizing swelling is crucial. This is particularly
important in regions where excessive water absorption
might result in unfavorable outcomes or the formation of
pockets, they are effective for volumizing the midface,
as they provide sustained support and contouring. Than
fillers should be used cautiously as they are stiff and not
suitable for areas with significant motor skills[14].
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Figure 7: Material Properties: Elasticity, Viscosity, and Viscoelasticity: An elastic material, depicted in the diagram in
purple color, exhibits a property known as elasticity. After deformation, when a force is removed, the material
promptly returns to its original shape and size. A viscous material, shown in the schematic in cyan color, lacks the

elastic property of immediate shape recovery. Instead, it

undergoes deformation when a force is applied, and when

the force is removed, the material does not return to its original shape. Viscous materials, such as honey, flow
continuously under the influence of an applied force. A viscoelastic material, depicted in the diagram in green color,
exhibits a combination of both elastic and viscous properties. After deformation, it partially returns to its original
shape over time when the force is removed. Understanding the properties helps predict how filler respond to

deformation and stress.

The study of a new formulation requires multiple
steps to demonstrate safety, efficacy, and stability to
ensure consumer protection and satisfaction. During
formulation of fillers, use and storage time, exposure to
possible external factors such as physical damage,
microbiological and chemical influences can lead to
instability to varying degrees [12]. For example, a
thermal stress can change the product viscosity and the
loss of storage modulus (Figure 3. Dynamic forces of
the HA in different planes of the dermis). The rheological
features influence the integration between the HA and
the surrounding soft tissues and they determine the
filler's ability to modify the anatomical layer volume,
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based on this statement, clinical planning can show
different HA for different anatomical areas and even the
same areas with different goals.

Dermal quality and the degree of correction
necessary are references to choice what the product
may be selected by G*, however, it is important to
emphasize that G* is just one of the rheological
characteristics of hyaluronic acid gel. These variables
differ between patients, and their nature will determine
what degrees of strength and firmness are appropriate
for the filler. It is also important to consider how it will be
injected for the best result, whether distributed or
punctual. In consensus, products with lower G’ is



usually more indicated, because they are softer and
easier to distribute in the tissue, in thinner skin, where
there is palpability/visibility [19].

Higher G' products are recommended for
deeper injection plans, where they offer greater support
and corrective capacity, especially in areas such as the
malar cheek, chin, and jaw, where the product needs to
be placed against bone for projection. On the other
hand, lower G' products, which are softer, are typically
used for shallower injection planes with less severe
corrections. In areas where dynamic facial expressions
play a significant role, such as around the mouth, lower
G' products may be preferred. These softer fillers can
accommodate the natural movement of the muscles
without creating an overly rigid appearance. They
provide a subtle enhancement while allowing for natural
facial expressions. In some cases, a combination of
lower G' and higher G' products may be used in layered
injections to achieve a balanced and customized result.
Ultimately, the choice of G' in dermal fillers, even in
areas involving facial motricity, should be tailored to the
specific needs and aesthetic goals of the patient, taking
into consideration both the depth of injection and the
dynamic nature of the facial muscles [19].

The delicate balance between flexibility and
structural robustness in HA fillers is crucial for achieving
natural-looking results and patient satisfaction. This
balance plays a pivotal role, as it ensures that the filler
integrates seamlessly into the dynamic facial tissues
while providing the necessary support for the desired
cosmetic enhancement [20].

Several advantages become apparent how
natural-looking results, in which the flexibility allows the
filler to adapt and move harmoniously with the facial
expressions and muscle contractions; patient comfort,
on that the flexibility reduce discomfort or sensations of
tightness in the treated area; longevity and satisfaction
are verify in robust HA, be can provide enduring support
to the tissues, extending the duration of the results; the
flexibility of HA fillers allows for versatility in addressing
various aesthetic concerns, from fine lines to deep
wrinkles and volume loss and reduction risk of
overcorrection, are supported on right balance that
ensures that the filler doesn't overcorrect or create
unnatural contours [20].

HA fillers have varied considerably in terms of
concentration, injection strength, particle size and
rheological properties. These variations can result from
the underlying technology used to create each filler,
which in turn impacts its molecular structure and clinical
performance [13]. Therefore, practitioners rely on
manufacturer's  recommended  indications  when
choosing fillers. However, rheological properties are
measured under different conditions by different
manufacturers. Nevertheless, this information is useful
for choosing the type of acid according to your clinical

need to obtain satisfactory results with minimal amounts
of material.

V. CONCLUSION

A key aspect of using HA in facial treatments is
understanding its rheology, which influences product
quantity and offers numerous benefits:

e Treatment Precision: Knowledge of HA rheology
aids in precise filler placement, which is crucial for

natural-looking  results.  For  example, lip
augmentation benefits from low-viscosity HA fillers
to evenly distribute product and avoid
overcorrection.

e Volume Restoration: High-molecular-weight HA with
a hight elastic modulus, often denoted as G, is
chosen for areas like the cheeks. This selection is
made because it offers exceptional structural
support, which helps in achieving long-lasting
results. The high G' value indicates increased
stiffness and resistance to deformation, ensuring
that the filler maintains its shape over time and
effectively supports of the facial contours.

e fine Line Correction: Delicate areas, such as crow's
feet, benefit from low-viscosity, low-molecular-
weight HA fillers to prevent lumps or bumps.

e Combination Therapies: Understanding rheological
compatibility is vital when combining treatments like
botulinum toxin injections with HA fillers for
comprehensive rejuvenation.

e Preventing Vascular Complications: Knowing the
flow characteristics of HA fillers helps avoid vascular
issues.

e Reduced Product Usage: Selecting the right HA filler
minimizes product consumption, lowering treatment
costs.

e Lower Risk of Complications: Precise filler selection
based on rheology reduces complications, saving
costs associated with their management.

e Taillored Treatments: Rheological knowledge
enables customized treatments based on each
patient's unique needs.

e Patient Education: Educating patients about
rheology promotes trust and safety awareness.

In your journey in aesthetic area, remember that
knowledge of HA filler rheology ensures safer, more
cost-effective, and satisfying treatments for both
practitioners and patients.
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Intestinal Neuroendocrine Tumor: A Diagnostic
Approach, Clinical Evolution and Review

Tumor Neuroendocrino Intestinal: Uma Abordagem Diagnostica, Evolugao Clinica
E Revisao

Gabiriela Inocente Kikuchi “ & Jéssica Lais Caregnato de Meira ®

Resumo- Introdugdo e objetivo: o tumor neuroenddcrino
intestinal & um céncer raro, com incidéncia de 1-2/100.000
habitantes. A maioria dos casos é assintomatico e de
diagnéstico tardio. O objetivo deste trabalho é apresentar um
caso raro de tumor neuroenddcrino intestinal (no fleo distal),
bem diferenciado, com sintomas inespecificos e
caracteristicos da doenga.

Apresenfacdo do caso: Homem, 56 anos, tabagista,
diagnosticado com neoplasia neuroenddécrina  bem
diferenciada, grau 1 histolégico (G1), localizado em fleo
terminal, apés laparotomia exploradora.

Discussdo: E uma neoplasia rara que acometendo
principaimente o trato gastrointestinal. Quase sempre de
crescimento lento. A clinica é inespecifica na maioria dos
casos, e o principal sintoma é a dor abdominal. H& grande
potencial de metastase, dependendo do tamanho do tumor,
localizagdo e grau histolégico. Exames de imagem e
laboratoriais podem auxiliar no diagnéstico. A escolha da
terapia depende do estadiamento, e pode ser desde a
ressecgao total do tumor & quimioterapia antitumoral.

Conclusdo: Apesar de raros, a incidéncia dos TNEs intestinais
vem aumentando com os anos, fazendo-se necessario seu
conhecimento clinico e reconhecimento, possibilitando
diagnéstico e tratamento precoces, melhorando o progndstico
destes pacientes.

Palavras-chave: carcinoma neuroenddcrino. sistemas

neurossecretores.  tumor  carcindide.  neoplasias.
neoplasias intestinais.
Absiract-  Infroduction and  objective: The intestinal

neuroendocrine tumor is a rare cancer, with incidence of 1-
2/100.000 inhabitants. Most cases are asymptomatic and late
diagnosed. The aim of this work is to present a rare
neuroendocrine intestinal tumor case (in the distal ileum),
well-differentiated, with nonspecific and characteristic disease
symptoms.

Case presentation: 56-year-old male smoker diagnosed with
well-differentiated neuroendocrine neoplasia, histological
grade 1 (G1), located in the terminal ileum, after exploratory
laparotomy.

Discussion: 1t is a rare neoplasm that mainly affects the
gastrointestinal tract. Practically always slow-growing. The
clinic is nonspecific in most cases, and the principal
indication is abdominal pain. There is great potential for
metastasis, depending on the tumor size, location and

Author a o: Médica pela Universidade Cesumar - Unicesumar, Maringa
— PR. e-mails: gabikikuchi@hotmail.com, jessicacmeira@outlook.com

histological grade. Imaging and laboratory tests can assist in
diagnosis. The therapy selection depends on the stage, and
can range from total tumor resection to antitumor
chemotherapy.

Conclusion: Although rare, intestinal TNEs incidence has
been increasing over the years, requiring clinical knowledge
and recognition, and enabling early diagnosis and treatment,
to improve these patients’ prognosis.

Keywords: neuroendocrine carcinoma. neurosecretory
systems. carcinoid  tumor.  neoplasms. intestinal
neoplasms.

.  INTRODUCAO

tumor neuroendécrino é derivado das células

Oenterooromaﬂns—like nas criptas de Lieberkuhn.

Considerado raro, com incidéncia de 1-
2/100.000 habitantes, mas esta vem aumentando com o
advento de melhores técnicas diagndsticas.! O local
mais comumente acometido é o trato gastrointestinal
(TGI), afetando principalmente intestino delgado,
apéndice cecal e reto.?

A maioria dos casos é assintomatico, sendo o
diagnostico ainda tardio. Esse, tem por base dosagem
de aminas, comumente secretados pelos tumores, além
da tomografia computadorizada, exame de escolha
para determinar metastases. O tratamento curativo é a
resseccéo cirlrgica do tumor.™ ® O objetivo deste
trabalho é relatar um caso* de tumor neuroenddcrino
localizado no ileo distal e ressaltar a importancia do
diagnostico e ressecgao precoce.

[I. RELATO DE CASO

J. B. S., 56 anos, encaminhado ao Hospital
Municipal de Maringd — PR queixando-se de dor
abdominal difusa, tipo cdlica, de forte intensidade ha 20
horas, associada a vomitos. Sem historia de perda de
peso prévia, febre ou hiporexia e astenia. Portador de
hipertenséo arterial sistémica (HAS), Diabetes Mellitus
tipo 2 e hipercolesterolemia. Em uso de Metformina,
Losartana, Sinvastating, Gliclazida e Omeprazol.
Tabagista (30 magos/ano) e etilista social. Sem historia
familiar para neoplasias. No exame fisico, bom estado
geral, descorado 1+/4+, hidratado, afebril, eupneico.
Pressao arterial 140/80 mmHg, frequéncia cardiaca 80
bpm, frequéncia respiratéria 18 rpm e temperatura
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36,8°C. Abdome: globoso, flacido, pouco distendido e
timpéanico, doloroso a palpacdo difusamente, mais
intenso em fossa illaca direita, ruidos hidroaéreos
presentes. Sem dor a descompressao.

Apresentou: Hb 16,3 g/dl; VG de 49,3%; 12.650
leucdeitos/mm3; 4% de bastdes e 256.000 plaquetas e
Proteina C reativa (PCR) de 19,8 mg/| (Referéncia: até
5mg/l). Tomografia Computadorizada (TC): “Discreto
aumento do contetdo liquido/gasoso no intestino
delgado com alguns niveis hidroaéreos; pequena
quantidade de liquido livie na cavidade pélvica;
diverticulos no sigmoide sem processo inflamatério”.
Paciente foi submetido a laparotomia exploradora por
abdome agudo obstrutivo. No intra-operatério,
identificado pequena quantidade de liquido livre,
grande distensé&o de todo o delgado, a partir do angulo
de Treitz até seu terco médio, com ponto abrupto de
afilamento no qual a palpacéo identificou-se nodulo
endurecido e aderida a luz intestinal, causando a
obstrucdo. Realizada enterectomia segmentar com
enteroenteroanastomose mecanica: Paciente iniciou
dieta no segundo poés-operatério e recebeu alta no
quinto  pos-operatério, sem intercorréncias. No
anatomo-patolégico da peca: “Neoplasia
neuroenddcrina bem diferenciada, grau 1 histoldgico
(G1), medindo 0,5 cm no maior eixo, localizado em
intestino delgado. A profundidade da invaséo foi até a
subserosa, com indice mitdtico de 1 mitose / 10 CGA e
estadiamento patoldgico (TNM, 8a ed, 2017) pT3 pNO.
Nao foram detectados invaséo angiolinfatica, necrose
tumoral, infiltragédo perineural, depdsitos tumorais em
mesentério. A margem cirdrgica proximal e distal
estavam livres e a margem cirurgica radial estava livre e
distando 1,5 cm da lesdo. O tecido adiposo mesentérico
estava livre de neoplasia’.

Aceite do comité de ética:
CAAE: 35552720.2.0000.5539;
Numero do parecer: 4.194.802

[11. DisCcuUssAO

Os tumores neuroendocrinos (TNE)  séo
tumores bem diferenciados, derivados da hiperplasia e
crescimento  descontrolado do  sistema  celular
neuroenddcrino difuso, que sdo localizadas em varios
orgaos, acometendo o TGl (55%), sistema respiratério
(80%) ou locais mais raramente, rins e ovarios.
Originam-se nas células enterocromafins nas cristas de
Lieberkuhn e surgem de células intra-epiteliais.® 5 O
local mais comum de acometimento é o intestino
delgado (29%), seguido pelo reto (14%), estdbmago e
apéndice (5%).°

Sdo neoplasias raras, com incidéncia de 1-
2/100.000 habitantes’, consideradas um mal silencioso,
por ficarem tantos anos assintomaticos (5-7 anos). " 8
Geralmente o diagndstico é tardio, embora a incidéncia
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dos TNEs vem aumentando devido ao advento de
melhores técnicas endoscopicas e de imagem.? A
incidéncia superou os adenocarcinomas.? Os fatores de
risco mais descritos na literatura sdo os considerados
nao comportamentais, com predominancia feminina em
pacientes com até 60 anos, e maiores riscos em afro-
americanos, hispanicos e asiaticos, além da forte
associagdo entre histéria familiar positiva de céancer.’
Outros estudos relatam maior prevaléncia em
homens." 1

Aparentam ser esporadicos, mas também ha
um componente genético relacionado, a delecdo no
gene supressor tumoral PLC beta3 que leva ao
crescimento celular descontrolado. E ja foi descrito
também em sindromes familiares, neoplasias
neuroenddcrinas  multiplas  (NEM-1 e NEM-2) que
acometem individuos mais jovens."

De acordo com seu sitio de origem,
apresentam diferentes perfis de producao hormonal:
tumores com origem embrionaria no intestino anterior
(Foregut), acometem o trato respiratério e o timo, na
fase adulta, e sdo responsaveis pela liberagao,
principalmente de 5-hidroxitriptofano e ACTH, causando
rubor facial. Ja& no intestino médio (Midgut), se
manifestam em jejuno, fleo e cdlon direito, sendo os de
maior frequéncia e com maior liberagao de serotonina.®
1218 1% Quando originarios do intestino posterior
(Hindgut), acometem o coélon esquerdo e o reto,
possuindo baixa producao de serotonina, sendo assim,
rara a apresentacdo como sindrome carcinoide.'> Na
maioria dos casos, possuem crescimento lento, o grau
de diferenciacéo e a taxa de proliferagéo (taxa mitotica
e KI-67) predizem o comportamento clinico.® ® 16

O sintoma mais comum (40%) é a dor
abdominal, devido efeito mecéanico compressor do
tumor, isquemia mesentérica, resposta desmoplasica
secundaria  ao tumor, por comprometimento
vascular/metastases e enterorragia.® '* Com o avangar
da doenga, pode surgir a sindrome carcinéide: Rubor
facial, diarreia secretéria, broncoespasmo, cianose e
flutuacdo da pressao arterial. ' 7 Essa sindrome
acomete uma minoria dos pacientes e quando ocorre,
indica fases mais avangadas da doenca e provaveis
metastases. '

TNEs possuem grande potencial de metastase
sendo estas chances dependentes do tamanho do
tumor, localizagéo e grau histol6gico.’™ ' No caso dos
intestinais, quando menores de 1 cm as chances de
metéastases sdo cerca de 2% e quando maiores que 1-
2cm tem chances de 50-90%. '3 %°

Devido aos fatores citados acima, as
classificacbes dos tumores neuroendoécrinos sao
complexas e confusas. ® A maioria das classificagoes,
leva em conta principalmente a taxa de proliferagcao
(indice de mitose e Ki-67) e a extensdo da
disseminagao tumoral. indice ki-67 <3% classifica o
como de baixo grau, de 3-20% grau intermediario e



>20% de alto grau. Pela classificagao da OMS, as
neoplasias neuroenddcrinas sdo separadas em dois
grupos quanto ao grau de diferenciacao: Tumores bem
diferenciados (grau 1 e 2), sélidos ou glandulares, com
nulcleos uniformes, cromatina grosseira e pontilhada e
prognostico melhor. E carcinomas neuroenddcrinos
(CNEs), que seriam carcinomas de alto grau, parecidos
com os de pequenas células, pouco diferenciados
(grau 3) e rapidamente progressivos e agressivos.?’

Quanto a secrecéo de hormdnios, os tumores
podem ser classificados em funcionais ou nao
funcionais. S&o considerados, ainda, como fatores de
gravidade o grau de invasado angiolinfatica, necrose
tumoral, infiltracdo perineural e a invaséo a tecidos
vizinhos ou residuos tumorais nas proximidades.’ %' A
classificacao TNM leva em conta a
profundidade/invasao, acometimento de linfonodos e
metastases.?

De acordo com o atual (oitava edicdo, 2017)
sistema de estadiamento TNM do American Joint
Committee on Cancer (AJCC)/Union for International
Cancer Control (UICC), esses tumores sao divididos em
dois grupos: tumores jejunoileais (tabela 1) e
duodenal/ampola (tabela 2).%

Quando h& a suspeita do tumor, os exames
indicados sdo: pesquisa na urinéria do acido 5-hidro-
xiindolacetico (5-HIAA), Util em pacientes com TNEs do
intestino medio, pela alta produgéo de serotonina;
dosagem da cromogranina  pois  aumentam
proporcionalmente com o aumento da carga tumoral.'®
2425 Quanto aos exames de imagem, podem auxiliar a

tomografia computadorizada (TC), ultrassonografia
endoscoépica e endorretal (USER), ressonancia nuclear
magnética (RNM) e videocépsula endoscépica podem
ser Uteis para diagnoéstico, localizagéo e estadiamento
da doenga.®*

O tratamento depende do grau do tumor;
pacientes com tumores grau 1 e sem metastase, se
beneficiam com resseccao local do tumor e tratamento
clinico para os sintomas (antagonistas de serotonina);
ja em casos de metéastases irressecaveis ou tumores de
graus elevados, o tratamento € a quimioterapia,
podendo ser beneficiados com terapia
antitumoral 232328

Com relagdo ao caso descrito, um TNE bem
diferenciado (grau 1), localizado e sem metéastases, o
tratamento definitivo foi a excisdo cirdrgica além da
investigacdo de outros TNEs no intestino durante a
cirurgia, ja que em 25% dos casos é encontrado TNEs
multiplos no local 2”28

De acordo com um estudo epidemioldgico de
2017, foram confirmados como fatores progndsticos, a
idade, sexo, local de acometimento, indice de
proliferagéo, grau de diferenciagcdo e estagio do tumor,
sendo que as taxas de sobrevida melhoraram muito
com as melhorias na terapia e no reconhecimento mais
precoce.?’ A sobrevida nos préximos 10 anos em casos
de TNE intestinal depende principalmente do estagio do
tumor, sendo que no estagio 1 ha 95% de chance; no
estagio 2A ha 95%, no estagio 2B ha 77%, no estagio
3A ha 68% , no estagio 3B ha 77% e no estagio 4 ha
42%.23‘ 29,30

a) Elementos De Apoio Para Analise Dos Resultados E Discussao

i. Tabelas, quadros, figuras e quadros:

Imagem 1: Tomografia Computadorizada (TC) do caso relatado
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Tabela 1. Estadiamento TNM dos tumores neuroenddécrinos do jejuno e fleo — AJCC/UICC 82 edigao.
Neuroendocrine tumors of the jejunum and ileum TNM staging AJCC UICC 8th edition

T category T criteria
X Primary tumor cannot be assessed
TO No evidence of primary tumor
T1 Invades lamina propria or submucosa and less than or equal to 1em in size
T2 Invades muscularis propria or greater than lcm in size
T3 Invades through the muscularis propria into subserosal tissue without penetration of overlying serosa
T4 Invades visceral peritoneum (serosal) or other organs or adjacent structures

N category N criteria

NX Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis has ocurred

N1 Regional lymph node metastasis less than 12 nodes

N2 Large mesenteric masses (>2 cm) and/or extensive nodal deposits (12 or greater), especially those that encase the superior mesenteric

vessels

M category | M criteria

MO No distant metastasis

M1 Distant metastasis
Mila Metastasis confined to liver
Mlb Metastases in at least one extrahepatic site (eg, lung, ovary, nonregional lymph node, peritoneum, bone)
Mle Both hepatic and extrahepatic metastases

Fonte: STROSBERG, Jonathan. Staging, treatment, and post treatment surveillance of nonmetastatic, well-differentiated
gastrointestinal tract neuroendocrine (carcinoid) tumors. UpToDate, 2020.

Tabela 2: Estadiamento TNM dos tumores neuroenddcrinos do duodeno e ampola de Vater — AJCC/UICC 8°
edicao.

Neuroendocrine tumors of the duodenum and ampulla of Vater TNM staging AJCC UICC 8th edition

T category | T criteria
TX Primary tumor cannot be assessed
T1 Tumor invades the mucosa or submucosa only and is <1 em (duodenal tumors).
Tumor =1 e¢m and confined within the sphincter of Oddi (ampullary tumors).
T2 Tumor invades the muscularis propria or is =1 em (duodenal).
Tumor invades through sphincter into duodenal submucosa or muscularis propria, or is =1 em (ampullary).
T3 Tumor invades the pancreas or peripancreatic adipose tissue
T4 Tumor invades the visceral peritoneum (serosa) or other organs

N category | N criteria

NX Regional lymph nodes cannot be assessed
NO No regional lymph node involvement
N1 Regional lymph node involvement

M category | M criteria

MO No distant metastasis

M1 Distant metastases
Mla Metastasis confined to liver
Milb Metastases in at least one extrahepatic site (eg, lung, ovary, nonregional lymph node, peritoneum, bone)
Milc Both hepatic and extrahepatic metastases

Fonte: STROSBERG, Jonathan. Staging, treatment, and post treatment surveillance of nonmetastatic, well-differentiated
gastrointestinal tract neuroendocrine (carcinoid) tumors. UpToDate, 2020.
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IV. CONCLUSAO

TNE intestinal é¢ uma neoplasia rara, com
quadro clinico inespecifico ou assintomatico, sendo por
muitas vezes diagnosticado acidentalmente em
cirurgias de emergéncia. Sua incidéncia vem
aumentando devido a melhores técnicas diagndsticas
disponiveis. O diagnéstico precoce tem grande valia
pois reflete em um melhor prognéstico do paciente. O
tratamento curativo é a excisdo cirlrgica total. E,
portanto, o diagndstico e resseccdo tem grande
impacto na sobrevida dos pacientes.
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Glaucoma as a Neurodegenerative Disease

V.E. Korelina® & I.R. Gazizova®

Abstract- Primary open-angle glaucoma (POAG) remains one
of the most controversial eye diseases. Ophthalmologists do
not have a consensus on the etiology and pathogenesis of
POAG. It is obvious that glaucoma is no longer considered as
an exclusively ocular disease associated with impaired
hydrodynamics. The search for the causes of the inexorable
progression of optic neuropathy has taken researchers far
from the eyeball. According to modern concepts, glaucoma is
considered as a neurodegenerative disease, located on the
border of the professional interests of neurologists and
ophthalmologists. Experimental and clinical studies reveal
degenerative processes in glaucoma not only in the retina and
optic nerve, but throughout the entire visual pathway.
Structural changes in the brain in POAG are similar to those in
a number of neurodegenerative diseases, for example,
Alzheimer’'s and Parkinson's diseases. These changes
correlate with clinical characteristics and severity of glaucoma.
More recent studies have shown that neurodegeneration in
glaucoma is also associated with neuroinflammatory
processes affecting both the retina and brain. Characteristic
signs of central nervous system (CNS) degeneration may
precede the death of optic nerve fibers. Can
neurodegeneration in glaucoma be considered a top-down
process, or do events begin to unfold in the retina and
gradually move into the brain?

Keywords:  glaucoma,  retinal  ganglion  cells,
neurodegenerative disease, neuroinflammation,
neuroimaging.

I.  Bsgenenue

epBUYHAS OTKpBITOYroibHas riaykoma (ITOVT)

ocTaeTcs OIHHM W3 CaMBIX IPOTHBOPEUYHBEIX

3aboneBaHuil r1a3. Y o()TalbMOJIOTOB HET SIHHOTO
MHEHHUS 00 ormosormn um  marorenese [IOVT.
Od4eBHIHO, YTO TIIAyKOMa IepecTalia pacCMaTPUBATHCS, KaK
HUCKJITIOYUTENFHO TJia3HOe 3a0oJieBaHUE, CBA3aHHOE C
HapyIICHHEM TUIPOIMHAMUKH. [Monck TIPUYHH
HEYMOIMMOTO TIPOTPECCHUPOBAHUS ONTHUECKON HeHpomaTuu
YBEJ HWCCIeoBaTeNell maneko OT riazHoro sbinoka. Ilo
COBPEMCHHBIM PECTABICHUIM riaykoma
paccMaTtpuBaeTcs, Kak HelpojaereHepaTuBHOe 3a00IeBaHuIe,
HAXOMAIICECs Ha TPaHUIC MPOPECCHOHATBHBIX HHTEPECOB
HEBPOJIOTOB 1 o(ranpmoiioros [31, 41, 54].
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DKCIIepUMEHTATBHEIC u KITMHHYCCKHE
UCCIICIOBaHMs OOHAPYKUBAIOT JIETCHEPATUBHEBIC MPOLECCHI
NPU TJIAYKOME HE TOJIBKO B CETYAaTKE M 3PUTEIHHOM HEPBE,
HO U Ha BCEM MPOTSLKEHHUHU 3pUTENbHOTO myTH. [65, 88, 91,
93].

CTpyKTypHBIE W3MEHECHHs TOJOBHOTO MO3ra MpH
Ioyr aHAJIOTUYHBI TaKOBBIM npu psane
HeHpOJeTeHePaTUBHBIX 3a00JIeBaHUI, HampuMmep, OOJIe3HU
Anpureiimepa u Ilapkunacona [81, 92]. Dtu usMeHeHHS
KOPPEeNUpPYIOT C KIMHAYECKAMH XapaKTePUCTHKAMH U
TSOKECTBIO TJAyKOMBL. bormee mo3mHMe HMCCIETOBaHUS
MOKa3alii, 4YTO HEHpoAereHepamus NpH TIayKOME TaKKe
CBA3aHA  C HEHPOBOCHAIUTEIFHBIMI  TIPOIIECCAMH,
3aTparuBaroOIIMMH KaK CETYaTKy, TaK M FOJOBHOM M03r[78].
XapakTepHble TpPHU3HAKA  JETCHEPALMU  [CHTPAITLHOU
HepBHol cuctembl (LIHC) mMoryTt mpeainecTBoBaTh THOETH
BOJIOKOH 3puTeibHOr0 HepBa[55]. MOXHO M CUUTAThH
HEHpOIereHeparuio npu riiaykoMe IPOLIECCOM
HUCXOJIAIIMM WJIM COOBITHS HAYWHAKOT Pa3BOPAYUBATHCS B
CeTYaTKe W TMOCTENCHHO TMPOJBHUTAIOTCS B TOJIOBHOM
M03r?Bonpoc 0cTaeTest OTKPHITHIM.

II.  Heiiponereneparms [pu [Toyr

Bonesur  Ambireiimepa  (BA) u  Oonesns
IMapkuHcona (BIT) SIBIISTEOTCSI Hauboee
PacmpoCTpaHEHHBIMH HelpoIereHepaTHBHBIMA

3a0oneBaHuAMH. KITIOUEBBIM ITATOr€HETHYECKHM COOBITHEM
npu BII u BA cuuraercs HakomneHue HEHPOTOKCHUYHBIX
OEJIKOBBIX OTJIOXKEHHH B Pa3lUYHBIX CTPYKTypax MoO3ra. o-
cunykinenna (o-cuH) mpu BII, Tay-Oenka (p-tau) u f-
ammtonna (AB) npu BA[62].

BA xapakrepusyerca moTepeil HEMpPOHOB U
CHHAIICOB B KOpE TOJIOBHOTO MO3ra, YTO MPUBOIUT K
KOTHUTHBHOMY Je(QUINTY, MpOTrpeccCUpyloel TmoTepe
NaMATH U JeMeHIH. OTINYUTeNbHBIMUA IPU3HAKaMH 3TOTO
3a00JIeBaHNS SIBIAIOTCS BHEKJICTOYHBIE OTJIOXEHHs OeTa-

amumonna (AB) ©  BHYTpHHEHPOHAIBHBIC —CKOIUICHHUS
runephochOpHITHPOBAHHOTO Tay-0enka (pTau). Otu
OTIIOXEHHS TaKKe OOHAPYKHBAIOTCA B CETYATKE U

3pUTENBEHOM Hepse [67].

BII mpencraBnser co0oif HeHpoOAEreHEPATUBHOE
JIBUTATEJIbHOE PACCTPOICTBO ¢ Mporpeccupyrouleil morepei
Jno(haMUHEPTUYECKMX  HEHPOHOB. DTO  CONMPOBOXKIAETCS
BKJIIOYEHHEM Tejell JIeBH, COCTOSIMM M3 arperatoB o-
cunykienHa. [Ipu BI1 Takke oOHapyKUBAIOT JIEr€HEPAITUIO
Jo(haMUHEPTHYECKUX KIIETOK ceTdaTku [58].

I'maykoma, HeipojerenepaTuBHoe 3aboJieBaHHe
3PUTEITBLHOTO HEpBa, XapaKTepU3yeTCs rHOENBI0
raarmo3Heix  kietok  certuatku  (TKC) ¢ mortepei

3puTenbHbIX QyHKIwMA [85, 95].
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Uto 00OBeAMHSET ITH, CTOJNb pa3Hble HA TMEPBBIHA
B3rI, 3a0osieBaHusn? Bo-NEpBBIX, TpaHCCHHANTHYECKHUI
U HeHpoaereHepariy, KoTJa MIPOMCXOIHUT
HETIOCPEICTBEHHBIN Mepexo JereHepaTUBHOTO Iporecca ¢
OOJBHBIX, M3MEHEHHBIX KJIETOK Ha WHTAKTHBIE. BO-BTOPHIX,
rubeNb  ONPENCeNICHHOTO THMAa HEHPOHOB ¢ OOIIMM
MEXaHU3MOM KJICTOYHOW CMEPTH B pPE3yJIbTaTe amomnTo3a.
Bce 31tu 3a0onieBaHMSI MMEIOT XPOHHYECKOE TEUYCHHUE C
MEJICHHBIM TPOTPECCUPOBAHKUEM, MPHUBOISIIUM K TMOTEpe
¢yHKIUH. XapakTepHO TAKXKE YBEIMYCHUE 3a00JIeBACMOCTH
¢ Bo3pactom [16, 74, 81, 92].

VY maiueHToB ¢ 00JIe3HBI0 AIbIreliMepa riiaykoMa
BCTpedaeTcss B O pa3 dHamie, 4eM y HX CBEPCTHHKOB M3
KOHTPOJBbHOH rpynmbl. OOHApYKEHHBIE MIPH 3TOM J1e(EKTHI
moJiel 3peHns ObITN WACHTUYHBI TJIayKOMHBIM H3MEHEHUSM
[14, 39].

Metaananus 25  HMCCIEIOBAaHUH, HM3YYaBIINX
COCTOSIHHE CETYATKH MAlMEeHTOB ¢ 0OJIe3HBIO AIbITeiiMepa
(887 ©OompHBIx BA, 216 ¢ JI€rKHMH KOTHUTHBHBIMH
HapymeHusIMA 1 864 310pOBBIX YEIOBEKa M3 KOHTPOJIBHOM
IPYIIbBI) [MOKA3al TMOJIOKHUTENbHYI0 KOPPESIIUI0 MEXITy
TOJIIUHOW CJI0sT HEpBHBIX BOOKOH cetuatku (CHBC) u
BBIPYKCHHOCTBIO KOTHUTUBHBIX HAPYIICHUA.
UccnenoBatenu cBs3biBaioT cMmepTh ['KC ¢ matonoruei
royioBaoro mosra npu BA [19, 36, 81].

BrIpaXXeHHYIO JTUCCOIMAIMIO CTPYKTYPHBIX U
(YHKIMOHAJBHBIX MapaMETPOB CETYATKA W 3PUTEIBHOTO
HEpBa y MAIMECHTOB ¢ 00JEe3HBIO AJbIreliMepa oOHapyKUIa
B cBoeM wuccienoBanuu Ilamromkuua JILA. (2015). Ilo
MHEHHIO aBTOpa YBEJIMYCHUE MHIEKCA TTTOOAIBHBIX TOTEPh
I'KC sBusercss Hambojiee YyBCTBUTEIBHBIM MapKepOM
HelpollereHepaTHBHBIX W3MEHEHHH Ha YPOBHE CETYATKH Y
ManueHToB ¢ Oone3Hbio  Aunbnreiimepa. Ilpm  OomnesHu
AnbureiiMepa U IJIAayKOME B HEHWpOJEreHepaTUBHBIN
MPOIICCCBOBIICYCHEI ~ KaK  NepUepUYecKue, TaK H
LEHTPAJILHBIC OTJENIBl 3PUTCIBHOTOAHANIN3ATOPa, HPUYEM
IIPH TJIAYKOME OH IPOTEKAeT 00Jice arpeCCHBHO.

Mo manusv Angela C. Gauthier and Ji Liu (2016)
MIPOCIICIKUBACTCS MOJIOKHUTEIbHAS CBSI3b MEXITY
TNIAYyKOMHBIMU U3MCHCHUSAMH U CMCIIAHHOW NeMeHIuel. 13
1168 TOKHJIBIX MalHEeHTOB, HaXOIMBIINAXCS B
uccnenoBannu, OonpHbie [IOYIT OBUIM  CKJIOHHBI K
pasButuio BA B 3 pasa wame. [laimentsr ¢ BIl wame
CTpaZaiy TJIAyKOMOM, 4eM oOciemayemMble M3 KOHTPOJIBHON
TPYIIIIBL

YpoBeHb [10Ka3aTeIbCTB IMATHOCTHYECKOH pOJIH
CeTJaTKH JJIs paHHero BBIABICHHS BA pacteT, TeM caMbIM
mpoABHTasl Tia3 Kak OmoMapkep HeHpoJereHepaTHBHBIX
3abonesanuii BA [15, 77, 81]. AHamoruuHsie pacCyKICHUSA
MOJKHO caemnartb " B OTHOIIICHUN OpyTUX
HelpoJlereHepaTUBHBIX 3a00JICBaHUM, B TEPBYIO OdYepelb
BIl, xoTs paHee 3T0 3a00JicBaHHE pacCMAaTPUBAIOCH Kak
IBHUTaTeJIbHOE  paccTpoiicTBo[6].  MHTepecHo, 4TO
MOpGHOPYHKIIMOHAIEHBIC HM3MCHEHHUS TJIa3 M TOJIOBHOTO
MO3ra MOTYT BO3HHKaTh 3a MHOTO JIET JO Hadaia
JIBUTATCNIBHBIX  HapymieHwid. [lo  MHEHHIO  MHOTHX
HCCIIeAOBATEINCH 3TO YOSTUTEIHFHO CBHICTEIBCTBYET O TOM,
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YTO TJIa3, MOKHO paccMaTpHBaTh, TaKkKe, Kak OnoMapkep
Havana 0onesnu [lapkuncona [34, 56].

B TOxe Bpems Bu3yanm3amMs ITOJKOPKOBBIX
3pUTENBHBIX IyTeH MOXKET OBITh HOBBIM CIIOCOOOM paHHEH
JIMAarHOCTHKH TIIAyKOMBbI[72].

Xots obmue wmsmeHenus [[HC B 3HAUMTENBHOMU
CTENEHN KOPPEJIUPYIOT CO CTAJMEH IIIayKOMBI U TSHKECTHIO
3aboneBanus [18], BO MHOIMX HCCIIEIOBaHHUIX MOKA3aHO,
Kak OOIIMpHBIE H3MEHEHHsS ceporo M Oeyoro BellecTBa
MOTYT OBITb OOHapyXeHbl YK€ Ha paHHUX CTaAMAX
riaykoMHoi 6omne3nu [38]. DTO MOATBEPIKIAET THIIOTE3Y O
ToM, uTo Topakenue [[HC sBnsercs He TOIBKO BTOPUYHBIM
SBJICHWEM, CBS3aHHBIM C MOPaKEHHEM 3PUTECIHFHOTO HEPBA,
HO MOXET TMPEACTaBIATh €000 pe3yabTaT aKTHBHOTO
KackaZa TIaTOJIOTHYECKUX MEXaHHW3MOB, pPa3BHBAIOLIUXCS
HE3aBHUCHMO OT JereHepalid 3pHUTEIbHOTO  HepBsa.
[IpuHNMas BO BHUMaHHE BCE BBIINICONMHMCAHHBIC N3MEHEHHS
3pUTENBHBIX W HE3PUTEIbHBIX CBA3€H MO3ra, MOXKHO
TPEIIONIOKNATE, YTO MAalHWeHTHl C TJIAYKOMOW MOTYT
CTpajaTh JTUCHYHKITUSIMHE MO3TOBOM 00paboTKH,
JOKAJIIM30BaHHBIMA ~ HAa  pa3HBIX  YPOBHSX,  BKJIIOYas
3pUTENIbHBIE U 3PHUTEILHO-MOTOPHBIC 3a/aud, HaMsAThb M
SMOIMY, BHUMaHUE U JPyrue MYJIbTUMOJAIbHBIE (QYHKINU
mosra [5].

Metoms! oLeHKH 1 MOHUTOpUHTra nopaxkenuit [THC
npu rilaykoMe pHUOOpeTaIoT BCE Oostbiee
3HaueHHe. MarHuTHoO-pe3oHaHcHass ToMorpadust  (MPT)
OIMPOKO  WCIONB3YEeTCS B  KadyecTBE HEWHBA3WBHOTO
WHCTPYMEHTa BH3YAIM3alWH JJIS OLIEHKH BHYTPHUYEPEITHBIX
CTPYKTYP. TpanuunonHas MPT — 3TO
BBICOKOYYBCTBHUTEIBHBIN METOJ JIarHOCTHYECKOM
BH3YaJIM3alliH, OJHAKO, TJIAyKOMHBIE W3MEHEHHs OH He
¢ukcupyer [3]. Jns BbISBICHUS TJIAYKOMBI HCIOJB3YIOT
HOBBIE METOJBl HEWPOBM3yalW3aIliH, OCHOBAaHHBIE Ha
TpaauLMOHHON MPT: KOJIMYECTBEHHAA MPT-
Mopdomerpusi; ¢yHkumoHanbHass MPT, 3aBucsimias ot
YPOBHSI OKCHUTEHAMU KpoBH, AH((HY3MOHHO-B3BEIICHHAS
BU3yaJM3allMsi; MarHUTHO-PE30HAHCHAsE CHEKTPOCKOIIHS
(MPC); G Py3nOHHO-TEH30pHAS BH3yaJIn3aIus;
Bu3yanuzanus Aud@dy3HOro sKcuecca; W BU3yallU3alus C
neperocom Hamarunuensoctu [10, 32, 86].

KonunuectBeHnHsie MOP(OJIOTHYECKHE
HCCJIEIOBAHMS MO3BOJISIIOT OLEHWTh M3MEHEHHs1 o0bema U
TOJIIIMHBI Pa3IMIHBIX CHCIU(YUICCKUX CTPYKTYP TOJIOBHOTO
Mo3ra OompHBIX Tiaykomoil. OOBeM BceX CTIPYKTYp
3pUTETHHOTO TYTH Yy TMAIUCHTOB C TJIayKOMOH OBLI
3HAYUTEIbHO yMeHbIeH. Ocoboe BHUMAaHHE  YICNSIOT
3aTBUIOYHON JOJIe W PACIIOJIOKEHHBIM TaM 3PUTEIEHBIM
meHTpaM. B HemaBHUX OTYeTaxX C MCIONB30BaHUEM METOHa
oobemHOit MPT HaOmogamoch yYMEHBIICHHE IUIOIATH
u/win o0beMa 3pPHUTEIBHONW KOPBHI B OOOMX MONYMIAPUIX
MaIUEeHTOoB ¢ riaykomoii [64, 70].

VY IIayKOMHBIX MAlMEHTOB C BBICOKUM YPOBHEM
BI'/IObII0 OOHapy>KEHO YMEHBILIEHHE TOJIIMHBI KOPHI B

OounaTepaabHOU BepXHeH BHCOYHOU HU3BUIIMHE,
OounaTepanbHOU BEpXHEH TEeMEHHOU U3BUINHE,
OunaTepanbHOM  JaTepajbHOW  3aTBUIOYHONW  W3BUWIIMHE,



JIEBOM BepeTEHOOOpa3HOW W3BHWIIMHE, JIEBOH MenuaibHOU
opOUTOPPOHTATLHOW M3BHIIMHE, TIPABOM TPEAIICHTPATHHON
M3BWJIMHE W TIPaBOUW BEpXHEH JIOOHOW W3BWJIMHE, a TaKKe
yMeHbIOIeHHEe o0BeMa  ceporo  BemiecTBa  IPaBOTO
THIIIOKAMIIa, JIBYCTOPOHHSS CKOPJIyNIa ¥ ABYCTOPOHHHHA
tamamyc [8].

@ynukiuonansiass  MPT  (ODMPT)  mossosser
OLICHUTh (YHKIMIO KOPBIN VIVOHA OCHOBE LiepeOpaIbHBIX
MeTabOoINIECKHX W3MEHEHHH, BBI3BaHHBIX ee

aKTUBHOCTHI0.OTO Hamboiee 4acTO HUCIOJIb3YeMbIH MeToJ
nojydeHuss nHpopMauuu o pabote Mo3ra. HemHBa3uBHBIH
METOJ BHU3yalM3allid, B KOTOPOM JIe30KCUIE€MOTJIOOWH
UCTIONB3yeTCs] B KauyeCTBE €CTECTBEHHOI'O KOHTPACTHOIO
BEIIECTBA A1l MOHUTOPHMHIA YPOBHS KHCIOpPOJa B KPOBH
MO3ra B pEKHME PpEaNbHOro BpeMeHH. M3MeHeHns
colepKaHMs KHCIOpPOJa B KPOBH KOCBEHHO OTpPa)karoT
aKTUBHOCTH JIOKANBHBIX HeiipoHoB. [Ipu rmaykome GMPT
MOKa3bIBAET BBIPA)KEHHOE CHW)KEHUE aKTUBHOCTH BO BCEX
0o0nacTsX, CBS3aHHBIX CO 3pEHHEM. OTH H3MCHEHUS
koppenuposanu ¢ faHHbIME OKT o TonmuHe ciiost HEPBHBIX
BoslokoH u I'KC [21]. ¥V 6Gomsabix IIOVYI Takke ObuH
0OHaApY)KEHBI HAPYIICHUSI CBSI3U MEXKAY 3PHTCIBHON KOpO
W JAPYI'MMH  3pUTEJIbHBIMH  O0JIACTSAMH;  HM3MEHEHHE
aMIUTMTYJbl HU3KOYACTOTHBIX KOJIeOaHW; aHOMaibHas
CHOHTaHHAsl AaKTHBHOCTb B HECKOJIKMX O0O0JacTIX MO3ra;
CHWKEHHE KOpPKOBOM AaKTHBHOCTM B 3pUTEIBHOW KOpeE,
BKJIOUasl LEHTPAJIbHYI0 00acTh. Bee 9TH n3MeHeHus MOryT
OBITH WCMOJNB30BaHBl KakK d3((EKTUBHBIE KIMHUYECKUE
HMHAWKATOPHI TTIAyKOMBI.

Juddy3uonno-e3seniennas Busyanusaius (JIBB)
UCTIONB3YyeTCsl JUIsl pacueTa COOTHOLIEHHS KPOBOTOKA
MEXAy BHYTPHUUYEPEITHOH IOJIOCTBIO U Cy0apaxHOMIaIbHBIM
MPOCTPAHCTBOM 3pUTENBHOrO HepBa. belio  0OHapyskeHo,
YTO OSTOT MOKa3aTelb y MAlMEHTOB C HOPMOTEH3HBHOU

IJIAyKOMOW  3HAYMTENFHO HIKE, YeM Y  3JI0POBBIX
YYaCTHHKOB ~ KOHTPOJBHOW  TPYHIBL. DTO  OTKPHITHE
IpeArosaraer, qTO HapylIieHue JMHAMHKA
CIIMHHOMO3I'OBOM  KMIKOCTH MOXXET HWIpaTh poOlb B

naTo(hU3HOTIOTHH TIayKOMBI HU3KOTO MaBieHus [22].

Nuddysuonno-tenszopuas Busyanuzanus (JITH)
npencraBiusier coboir  meronq MPT, ocHoBaHHBIH Ha
oOHapyxeHHH JIUQPy3Ur MOJEKYJI BOABI B HEPBHBIX
BOJIOKHAaX M akcoHax. [103BOJIsIET KOJIMYECTBEHHO U3MEPSTh
LEJOCTHOCTh MHUKPOCTPYKTYp W TKaHelin Vvivo.lllupoko
UCTIONb3YeTCs JUIS W3YYEHHsl Pa3iMYuid Iy4yKoB Oeyoro
BEIIECTBA 3PHUTEIBHOIO MYTH y IAIMEHTOB C IJIAYKOMOIA.
MHUKpPOCTPYKTYpHBIE pa3inuus OOHApYKEHBI B 3PUTEIILHOM
HEepBe, 3pUTEIIBHOM TPAKTe, IIePEeKpecTe 3PHUTEIBbHBIX
HEpBOB, 3pUTENBHOM JYYUCTOCTH M 3aTBUIOYHON [J0JE Y
OosbHBIX THaykomoi [21].

Hcnone30BaHHe HOBBIX METOIOB BH3yaJH3alUH
MO3BOJISICT BBIIOJHATH 0OJiee PaHHIOK, 10 CPAaBHEHHIO C
OOIIENPUHSATHIMH 0 TaIIbMONIOrHUECKUMHU
uccienoBaHusMu, nuarHoctuky [HOVT.

III.  Muroxounpuansnas Juchyukuus mpu [IOYD

Poms  MHUTOXOHApPHWANBHON  AUCPYHKIMH B
Pa3sBUTHH U TPOTPECCHPOBAHUM TJIAYKOMHON ONTUYECKON
HeWpomaTiu AKTHBHO oOcyxaercs TocieHee
necstunetue [26, 27]. IMEHHO MHTOXOHIPHAIBHBIA MyTh
aronTo3a KJIETOK TaHIJIMO3HOTO  CJHOSi  CeTYaTKu H
3pUTENILHOTO HEPBa MPH IJIAYKOME CYUTAIOT OCHOBHBIM [37,
84]. Usmenenus muroxouapuii npu [TOYT Obutn mokasaHbl
B OKCIICPUMEHTAIBHBIX M KIIMHUYECKUX UCCICAOBAHISX [23,
52]. Koau4ecTBO MHUTOXOHIPHH OYCHb BEIMKO B JHUCKE
3pUTENILHOTO HEpBa, 4YTO OOYCJOBJIEHO MOBBIIICHHOM
noTpeOHOCTHI0 B AT® KJIETOK C BBICOKOW MeTabOIMIecKOn
AKTHBHOCTHIO [76]. IMEHHO 3Ta YacTh 3PUTEIHLHOTO HEpPBa
HanOoJjee ys3BUMa K BO3JACHCTBUIO MOBBIILICHHOTO YPOBHS
BT . Bricka3biBatoTcs IIPEATIOIOKECHHUS, 4TO
MHUTOXOH/IpHAIbHAsT JUCHYHKIUS Y HEKOTOPBIX JHOJEH
SIBJSIETCS.  MIPEAPACIIONAralouM  (akTopoM B Pa3BUTUHU
novyr [12, 20, 35, 60, 71]. BeposTtHO, MyTanuu
murtoxonapuanbion JTHK (MtJHK) u smepuoit JTHK,
KOTOPBIC KOJUPYIOT OSNIKK OHOreHe3a MUTOXOHIPHUA, MOTYT
NPUBOIUTH K  abeppanld  CTPYKTYpl W QYHKIUH
MHUTOXOHJIPUH, TEM CaMbIM CIIOCOOCTBYS PAa3BHTHIO H
nporpeccupoBanuto [TIOVYT [48].

MHUTOXOHAPUSAM TMPUHAUICKUT KIIOYeBas pPOJb B
pa3BUTHH HEWpO/EreHepalnt U amonTo3a KIETOK CeTYATKU
Y 3pPUTEJILHOTO HEPBa IPHU IIIayKoMe.

MuroxoHapUanbHas TUC(QYHKUIUS BO3HUKAET B
pe3yibTaTe COBOKYMHOCTH MHOTHX (hakTopoB. C Bo3pacTom
npoucxoauT Hakomnenue MyraHntHoW MTJHK. Tlpum
OUONIOTMYECKOM  CTapeHHH  MPOUCXOAUT  HAKOIUICHHE
CBOOOIHO-PAJIUKATBHBIX CYIMEPOKCHI-aHHOHOB, BO3HUKAET
«OKHCITUTENbHBIN cTpecc». Tak jxe BO3MOXKHO TeHETHYECKU

JEeTepMUHUPOBAHHOE HapylleHHe KJIETOYHOTO
9HeprooOMeHa M CHIXKEHHE (QYHKIUH MHUTOXOHIPHUH.
OTKpBIBAIOTCS ~ MUTOXOHJPHAJbHBIC  TOPBI,  KaJbIUH

ycTpemisieTcs B MaTpukc. Hapymierne romMeocrasa KajabIus
ABNSCTCA  IYCKOBBIM  MEXaHM3MOM B Pa3BUTHH
HeWpoJereHepaly, MNPOUCXOMASIIE M0  MEXaHU3MY
«MeTabomaeckoii» skcaiitorokcnanoctd. [Ipu HaOyxanun
MHUTOXOHJIPUHA TIPOUCXOIUT BBICBOOOKACHHE aKTHBATOPOB
Kacmassl (Takux, kKak nuroxpom C) u HeoOparnmas Tudeisb
HEPBHOM KIJIETKA B pe3yibrare amnomnro3a. Kierka c¢
MOBPEKICHHBIMU MHUTOXOHAPUSIMHA HeCTocoOHa
NPOU3BOJUTE JOCTATOYHOE KOJIWYECTBO OSHEPIUU  JUIs
HOJJIEP)KAHUSI  CBOCH  IKM3HEAEATEIBHOCTH, HE MOXKET
COXpaHATh  HEOOXOAWUMBIA  YpPOBEHb  KallbIMsl U
BBIPA0ATHIBACT IMOBBINICHHOE KOJHMYECTBO IMOBPEIHKIAIOIIIX
€€ MOJIEKYJI-OKUCIUTENCH.

K  nmpyrum  ¢aktopam  OTHOCAT  pa3BUTHE
OKHCIUTEIBHOTO CTpecca W3-3a IIOBBIIMICHHOTO YPOBHS
TaKUX CBOOOIHBIX PAJAHNKAJIOB M IIUTOTOKCHYECKHUX areHTOB,
KaK CHHIJICHTHBIH KHCIOPOM, THAPOIEPEKUCH, MPOIYKTHI
MEPEeKUCHOTO OKWCJICHHS JIMIOHUIOB, CYNEPOKCHA-aHHUOH
pammkan. Ha »tom ¢oHe 3HaYMTENHHO BO3pacTaeT
KOHIICHTPAIUS ~ MEXKICTOYHOTO HelpoTpaHCMUTTEpa
riIyTaMaTa. YBEJIHYCHHE €ro KOHICHTPAWH TPHUBOIUT K
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TJIyTaMaTHOU 3KCAUTOTOKCUYHOCTH u arnorTo3y
TaHTJINO3HBIX KJIETOK CETYATKH.
Muroxouapun — notpebisitor  6omee 90 %

MOCTYIHBIX MOJIEKYJI CBOOOJHOrO Kuciaopoxa, 15 % wus
KOTOPBIX MPEBPAIAIOTCS B AaKTHBHBIE (DOPMBI KHCIOPOAA
(ADK) nmaxke B HOPMAIBHBIX (DU3HOIOTHUECKUX YCIOBUSIX.
CpenHsisi  pecnupaTtopHass  aKTHBHOCTh  MHUTOXOHIPHI
CHIDKAeTCS C BO3PACTOM, YTO MPUBOIUT K 0OJee BBICOKOU
npoxykuun AD®K u 00pa3oBaHHMIO CBOOOIHBIX PaJNKAIOB
[17]. TIpousBoacTBO MuTOXOHIpUadbHOH AT® cHmKaercs,
a xonmmuectBo ADK yBenmnuuBaercst ¢ Bo3pacrom [50, 66].
Mexanus3Mm rubenu ranriano3usix kinetok cerdatku (I'KC)
Mpu TJIIAYKOMHOW ONTHYECKOW HeWpomaTuu BCJIEACTBUE
aTonTo3a aHAJIOTUYEH APYTUM ONTHYECKHM HEBPOIATHM,
CBSI3aHHBIM C AUCQYHKIMAMH MuToxoHapuit [9, 97]. Kak
W3BECTHO, KIIOYEBYIO pOJb B IIporecce HeoOpaTuMon
3arporpaMMHUPOBAHHON rubenn KIICTKH UTPAroT
MUTOXOHAPHM C H3MCHEHHBIMH  GyHKmumsamu  [59].
HccrenoBanus Ipy MHAYIMPOBAHHOM TIOBBIIICHUH YPOBHS
BI'Jl Ha »sKcnepUMEHTAIBHOM MOJENU TIAyKOMBI KpbIC
MOKa3ald, YTO MHUTOXOHIApuanbHas aucyHkmus u AlF
(amomrTo3uHAYHUpYOUMY  (PAKTOP) HIrPalOT PEHIAIONIYI0
poib kak npu rubenu ['KC, Tak u B IereHepanuu akCOHOB
sputensHOro Hepsa [52]. Kak M3BECTHO, MUTOXOHAPHH —
BHYTPHUKJICTOYHBIC OPTaHEILIBI, BEIPA0ATHIBAIOIINE YHEPTUIO
B Bume aneHosuHtpudochara (ATD) B pesyabrate
OKHUCITUTEIHHOTO tdhochopunupoBanus Pa3IHYHBIX
cyoctpatoB. Hapymenne (yHKIMM MHUTOXOHIPUH IO
BBICBOOOXKICHHIO DJHEPTrUM OPTaHMYECKUX BEHIECTB U
aKKyMYJSIIIAM €€ B BHAEC MAaKpOIPTUIECKHX (ochaTHBIX
COCIMHEHUN WrpaeT BaXHYIO poib B marorenese [IOVT.

CHwKeHME  JbIXaTeqbHOW — QYHKIHH  MHTOXOHAPHIA,
M30BITOUHAS TPOAYKIMS AaKTUBHBIX (OPM  KHCIOpOIa
(ADK), yBelMYeHHE OKHCIHTEIBHOIO  IMOBPEKICHHS

MTAHK npuBomdT K HapyUIEHHIO TKAaHEBOI'O IbIXaHUS U
BHYTPUKJICTOYHON CUTHAJIM3aLlUH, pa3BUTHIO
MUTOXOHAPHAIBHOIO OKCHIATUBHOTO CTpecca M amomnTo3a.
[oBbIllIeHNEe KOHIEHTPALMM aKTUBHBIX (OPM KHCIOpoJa
BHYTpH MuToxoHApui MTIHK npuBoaut k ee Mmyranuu
3HauMTeNbHO ObicTpee (mo 20 pa3), Hexenw B SIICPHOM
JHK.

OuyeBuAHO, YTO MyTallMd, BO3HHUKAIOIIUME B
crpykrype MTIAHK, ™Moryr HeraTMBHO BIMSITH Ha
(yHKIMOHUPOBAHHE KOMIIJIEKCOB OKHUCITUTEIIHFHOTO
dbochopunmupoBanuss.  OmHako  paboOT,  CBA3BIBAIOIINX

myTtanTHble BapuanThl MTIHK u knmHM4eckue mposiBiaeHus
3a0o0yieBaHMs, HE Tak MHOTO. Tak, cekBeHupoBanue MT/IHK
maieHToB ¢ IIOYT mMo3BOMMIO BBIABUTH 27 HOBBIX
HECHHOHMMHUYHBIX (MPUBOJSIIMX K 3aMEHE aMHHOKHCIIOTHI
B CTpyKType Oenka) MyTamuii, 22u3 KOTOPBIX ObLIH
OTHECEHBl K TMOTEHIMATFHO MATOTEHHBIM. MHTEepecHO
Takke, 4ro koiuuectBo komuid MTJHK B rpymnme
MAlMeHTOB BapbUpOBajo B Oojee IIMPOKOM JHaIa3oHe,
HeXeMM B KOHTponmbHOW rpymme [1]. B nopyrom
uccienoBanun Obutn  mpoaHammsupoBansl 101 mT/IHK
nanuerToB ¥ 7 1MTJHK KOHTpOJIBHON rpymniisl mocie Toro,
KaKk HE yAajoch OOHapykuThb Mmyrtanuu B sinepHor JIHK,
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accormmupoBanable ¢ [IOYT. CpaBHeHHE HYKICOTHIHBIX
mocienoBarenapHocTeit MTIHK mokasano, uto B reae ND5
marmeHToB ¢ IIOYIT  HECHHOHMMHYHBIE  3aMEHBI
pacrioyaralotcsi JAOCTOBEPHO dHalle, YeM B KOHTPOJIbHOW
rpynmne. OOpaTHas TEHACHIHS HAOIIOAAeTCS ISl TeHOMa
ND1 u ND2. Takxke aBTOpHI HCCIICOBAHUsS HAOIIOMATN
VBEJIIMYCHUEC HYKJICOTHJIHOTO pa3HoOOpasuss B  TICHE
12SrRNA  mauueHToB 10 CPaBHEHHIO C KOHTPOIBHOM
rpynmoii. CpaBHEHHE MAMCHTOB W KOHTPOJBHOMN TPYIIIBI
no mnpuHamiexxkHoctssM ux MTAHK x omnpeneneHHbIM
ramiorpynmnaM He TMO3BOJHMJIO  BBISBHTH  KaKUX-JIHOO
3aBucumocteid [49]. Emie OJHO HCCIIeIOBaHHE KacaaoCh
u3ydeHus nocienosatensHocti MTIHK appoamepukaniies,
crpamatonux I[TOYT. ABTOpbl OOHAPYXHUIH HECKOJIHKO
nonmuMop(HU3MOB, paHee HE TPEACTaBICHHBIX B 0Oasze
naunaeix MITOMAP (https://www.mitomap.org/MITOMAP)
B accomuanuu ¢ [IOYT. OgHako HalieHHbIE MyTallMl He
BBIICPKAIM KPUTEPHEB OTHECEHHS K IATOTCHHBIM [46].
Anamm3  MtJHK y 20 mamueHTOB ¢ [VIAyKOMOWM
HOPMAJIBHOTO [ABJCHUSA T03BONIMI  OOHapyxuth 148
Pa3NIUYHBIX HOBBIX ITOJUMOPQHBIX CAUTOB, U3 KOTOPHIX TPH
(m.4883C>T, m.9540T>C, m.14766C>T)
CTaTUCTHYCCKH 4Yallle BCTPCUAINCH B TPYIIE MAIEHTOB C
[OVYT. IlpumenuB mompaBky bondepponu, aBTOpHI
BBLICIMIN JIMIIb CHHOHUMHYHYIO MyTaiuio m.4883C>T
[83]. B mpyrom wuccienoBaHud ObLia MpOAHATU3UPOBAHA
mT/IHK 16 mamenrtos ¢ IIOYT u3 Uuauu u 16 manueHToB
u3 Upnannuu. ABTOphl OOHAapyXWiu 7/ HOBBIX U 8 paHee
U3BECTHBIX ToMUMopdHbIX BapuantoB MTJHK [51]. B
SIMIOHCKOM HCCJICJIOBAaHUM MPHUHSIN ydacTre 123 MalueHTa,
u3 KOTopbiX 89 ¢ riaykoMold HOpMaJILHOTO JaBieHus u 34
C TEPBUYHOW OTKPBITOYrOJIbHOW TiiaykoMo. Mcmousb3ys
konuuecTBeHHy1o IILIP, aBTOpBI HCClenOBaHUs CpaBHUIU
kommuecTBO konuit MT/IHK B 00pasmax KpoBH MAIllUEHTOB C
ITIOYT' u xoHTposbHOW Tpymnmbl. bblma mMokazaHa CBSI3b
Mexnay konuuectBom komud MTJHK u usmepennoit c

MTOMOTIBIO JIa3epHOM criekgayorpaduun cpenHei
CKOPOCTBIO «Pa3MbIBAHUS TKAHH» (CHMKEHHC KPOBOTOKA) B
rOJIOBKE  3puTenbHOrO  HepBa  [7].  Accouuanus

npuHaanexxHoctd MTIHK k onpenenenHol ramnorpymnmne ¢
passutuem [IOVYT Oputa m3yuena Ha 90 manmenrax u 95
IpeJCTaBUTENAX KOHTposnbHOM rpynnel. Ilokxasano, d4to
npuHamiekHocts MTAHK k rammorpynme U, a Takke
HekoTopble peakue mnomumopdusmbl B reHe ND2 wmoryt

OKa3bIBaTh  MNPOTEKTHBHBIH  3(GQeKT Ha  pa3BHUTHE
3abonesanust  [47]. Jlpyroe  Gonblioe  KOTOPTHOE
HCCJIEIOBAaHHUE OBLIO BBIITOJTHEHO Ha 4081
adpoamepukaHmnes, u3  Kortopeix 1919  smisrorcs

nanueHTamu ¢ IIOYT. Brimo obHapyXeHO, 9TO MYKYWHEI,
HE NpUHAJIeKAIHE Taluorpymnne L, IMeroT NOBBIIICHHBIH
puck pasputmst I[IOYI. Jlammas pabora eme pa3
MOATBEPIKIaeT HEOOXOAWMOCTh IEPCOHAIM3UPOBAHHOTO
MoaX0Ma, KaK K JAMAarHOCTHYECKOMY CKPHHHHTY, Tak M K
acuennio IIOYT [75]. B wmemnoM mpeacTaBiCHHBIE K
HACTOSIIEMY BPEMEHH JaHHBIE HE MO3BOJIIIOT [eNaTh
OJTHO3HAYHBIC BBIBOJBI 00 acCOIMAIMM  KOHKPETHBIX
myTtanuii u kommuectBe komuit MTJHK ¢ marorenesom



riaykoMsl. KpoMe Toro, HH I OHO M3 MPEICTaBICHHBIX
MyTanuii He ObIIa cO37aHa KIIETOYHAS JWHUS JUIS OLECHKH
ee (yHKIMOHAIBHBIX TMOCHENcTBUH. TakuM o00paszoMm,
MOXHO 3akitounth, uto ponb MTJHK B mnarorenese
TJIAayKOMBI BCE emle He gokazaHa. OnmHako, HMCCIeIOBAaHHUS
mytanuii MTIHK 3HaunTensHO ymaydmiaT Halle NOHUMaHHE
TEHETHYECKON OCHOBBI I1aykoMbi[98].

[V.  Heiiposocnanenne IIpu [IOYD

PasButne HelpoaereHepaTUBHBIX IPOIIECCOB B

HAcTOsIIee BpeMs CBS3BIBAIOT C  HEHPOBOCHAJICHHEM.
MHorouncieHHbIe HCCIICTOBAHUSA MTOITBEPKIAIOT
KIIOYEBYI0 pOJb BOCHAJCHUS B  IPOTPECCHPOBAHHUU

OOJIBIIMHCTBA JIeT€HEPATUBHBIX MPOIIECCOB HEPBHOW TKaHH.
B OTBET  Ha  JIoOBIE MaTOr€HHBIE (axTopsI
(MeTabomiueckue, TOKCHUECKHE, NH(EKINOHHEIE,
TpaBMaTHYECKHE, B TOM YHCIC W XPOHHYECKHH cTpecc)
BOCIIAJICHHE TPHUXOAUT HA TIOMOIIb, KaK 3allUTHBIHA
MeXaHHM3M. BbI3bIBacMbIi MMMYHHBIH OTBET HPUBOIMT K
AKTHBAIMH [TPOBOCIIAIIUTEIbHBIX [INTOKUHOB, 3aITyCKAIOIINX
HEKOHTPOJIMPYEMBIH Tpolecc Tudenu HEHpOHOB M TIIMH.

Takum o00pa3oMm, HeWpoBOCHAJIEHHE — MHOTOYPOBHEBBII
KJIETOYHBINA MEXaHH3M, o0ecIIeYnBarOIni
KOMIICHCATOPHYI0 ~ PEAaKOWI0  HEPBHOM  TKaHM,  HO

MPUBOAAIIMIA B TMOCICAYIOIIEM K Heiponereneparuu [11,
33, 82]. B ceruatke 3a WMMYHHBIC PEAKIIMHA OTBEYACT
HEUpOTIHS.

I[To MHEHHIO MHOTMX aBTOPOB, B Pa3BUTHU
HEWPOBOCHANCHUSI  KJIIOYEBYID pOJIb  HMIPAIOT  KIETKH
Mukpornuu  [42, 44, 79]. HeWpoHBI CEKPETHPYIOT
CHeluanbHble CHUTHANbHBIE MENTHAb.. B  HOpPMalbHBIX
3IOPOBBIX TNIa3aX YENIOBEKA, KOTJIa HEMpPOHAM HE Yrpoxaer
OMACHOCTh, AKTHBHOCTh MakpodaroB mojasisiercss [68].
[Ipu HapylIEHUM TOMEOCTa3a MHKPOTJINS AKTUBUPYETCS U
oOHapyxuBaeT roToBHOCTh 3amumare ['KC ot mro0bIx
noBpexnaeHnii. Makpodarn npuodperaoT ame0OBHAHYIO
(dopMy, CTaHOBATCS TOJBHKHBIMA M CIIOCOOHBIMH K
¢darommro3y. Tak MHUKPOTIHS TOMOTaeT MPEIOTBPATUTH
JMaTbHENIINe HapYIIEHHsT B CETYaTKe, OYMIIAs TKaHb OT
MOBPEKICHHBIX WM MEPTBBIX HEPBHBIX KICTOK [43].
BreigenseMbrit npu THOENM HEWPOHOB TJyTaMaT, TakKke
ymamsiercss Mukporiueit [45]. M3BecTHO, YTO TiyTamar,
XpaHslIMACS BHYTPH KIETOK, HE BpeleH, HO BO
BHEKJIETOYHOM  MPOCTPAHCTBE OH MOXET  BBI3bIBAThH
9KCAaWTOTOKCHYHOCTh. 3aluinas HEHpPOHBI OT TIyTaMmara,
MHUKpOTJIUSI  OPOSIBISIET ~ CBOIO  AHTHAINONTOTHYECKYIO
aKTHBHOCTb. Kpome  ToroO, KIETKH  MHUKpPOTJINU
OpOAYIUPYIOT — HelipoTpoduueckue dakroper [96] wu
OKa3bIBAIOT AHTHOKUCIUTEIHHOE JCHCTBHE, BhIpAOATHIBAS
aHTHoKcuaanTHeie pepments [40, 80].

AKTUBHPOBABIIUCH, Makpodard BeIOPACHIBAIOT B
MEKKICTOYHOE MIPOCTPAHCTBO OenKu CHUCTEMBI
KOMIUIUMEHTA, [UTOKMHBI ¥ XEMOKHUHBI, ISl MPUBJICYCHUS
OOJIBIIIETO  KOJMYECTBA HMMMYHHBIX KICTOK KpPOBH B
ceryarky [100]. Tlox BIHSHHEM NUTOKHHOB, MHKPOTJIHSI
CHUHTE3UPYET MaTpPHUKCHBIE METaJUIONPOTENHA3HI.
BcenenctBue Takoro CcuHTE3a MPOUCXOOUT  YCHIICGHHBIN

pacmaj KOJIJIareHOBBIX BOJIOKOH PEIIETYATOHN IJIACTHHKH W
(hopmupoBaHue TIayKOMHOHM ONTHKOHEHponaThu. Beicokoe
comepkanne MetammtonporenHas npu ITOYT orMewanoch
MHOTMMH HccienoBareasivu [4, 99].

CoxpaHAss  BBICOKHM  ypOBEHb  aKTHBHOCTH,
MHUKPOTJIMSI  TIPOJOJDKAST  BBIACNATH  BOCIAINTENIFHBIC
LUTOKHHBI, Takue Kak (akTop Hekposa omyxonu (TNF-a),
uarepneiikud 1 (IL-1B), IL-6, nuranasr Fas u akruBHBIC
tdopmer kuciiopona  (APK). HepBuast TKaHb OCOOCHHO
YyBCTBUTEJbHA K NoOBpexnaromemy aeiicrsuro ADK, gro
MOXXET OBITh CBSI3aHO C BBICOKUM TmorjiomeHuemM O,
HEOOXOIUMBIM s TIPOU3BOJICTBA AT®. bonbiine
konmmuectBa AT®  HEOOXOAMMBI  JIIsT  TOJJCPIKAHUS
BHYTPHUKIICTOYHOTO  HOHHOTO  TOMEOCTa3a  HEHPOHOB
MOCPENICTBOM OTKPBITHS W 3aKPBITHS HOHHBIX KaHAJOB,
KOTOPBIC  YYacTBYIOT B JICHCTBHHM PacHpOCTPAHCHUS
noteniaia u Heiipocekperuu [90]. Kak yxe u3BeCTHO,
MpOIIECC CTAPCHHS HEPa3phIBHO CBsI3aH CO CHIDKCHHEM
CHOCOOHOCTH KJIETOK pearupoBaTh Ha OKUCIUTEIbHOE
noBpexacaue. CieJ0BaTeNbHO, aKTHUBHBIE hopmbl
KHCJIOpOJIa U a30Ta, UMEIOT TEHACHIIMIO HAaKaIUTMBAThCS B
craperomux HeWpoHax. CoOcTBeHHAass AaHTHOKCHIAHTHAs
CHCTEeMa, B CBOIO oOuepenb, He MOXeT 3((EeKTHBHO UM
MIPOTHBOICHCTBOBATH. HefipoTokcuaeckuit ¢ dexr
HAaKaIUTMBAeTCs, HapyIIaeTcss B3aWMOOTHOIIEHHE HEPBHOMN
TKaHH ¥ COCYOHCTOHM, YTO CIIOCOOCTBYET pa3BHUTHIO
MHUTOXOHIPHAJIbHON AUCHYHKINN, HAPYIISHHIO TPAHCIIOpTa
HOHOB. OKHCITUTEIbHBII cTpecc, M3MCHCHHE
mutoxoHapuaneHoit JIHK, yBenuueHune KoHIEHTpauuu
Ca?" gpastorcs  MOIIHBIMM  (DAKTOpPAMH  YCKOPEHHS
aontoza ['KC wu pasButuio HeipoaereHepaTUBHOTO
nporuecca [13].

Takum 00pa3oM, MHKpPODJIAS TIPH TIIayKOMe
OKa3pIBaCT CHadajga HEHWPONPOTEKTOpPHOE, a  3aTeM
HEHPOTOKCHYECKOE JACUCTBHE. AKTUBUPYAICh HA pPaHHHUX

CTaIMsAX, ObICTPO MUTPUpPYET K MecTy
noBpexaeHus. Makpodarn CTaOMIM3HUPYIOT
MHUKpPOOKpPY)KCHHE CETYaTKH 3a CcueT Qaronuro3a Hu
CEeKpeLUH MPOTUBOBOCHAIUTENIBHBIX IUTOKUHOB, TEM

cambIM 3amumas 3putenbHblit HepB U ['KC. OpgHako Ha
MO3JHEH  CcTajuM  TJAayKOMbl  CBEpXaKTHBHUPOBAaHHAs
MUKPOTJIUS [TPOAYLUPYET IPOBOCHATUTENbHbIE IUTOKUHBI,
KOMIUIEMEHT U JpyrHe TOKCHYEeCKHe (DAKTOPhI, KOTOpPBIC
BBI3BIBAIOT YCKOpEHHE aromnTo3a I'KC u
Helpo/iereHepanuio.

B wuMMyHOperymsiuuM ceT4yaTKM Y4YacTBYIOT HeE
TOJBKO KIICTKH MHKPOTJINH, HO ¥ MAKPOTJIHMU (aCTPOLHUTHI
KieTku Mrosepa) [2]. B HopMmanbHO# ceTyaTke 3TH KICTKH
o0ecreuynBaOT IUTaHHE U CTPYKTYPHYIO HOAJCPKKY,
Y4YacTBYIOT B METa0OJIM3ME U PEryaupyroT romeocras. OHu
KOOPJMHUPYIOT Jpyr C JAPYroM, cJels 3a COCTOSHUEM
HEWpOHOB, C  TOMOIIBIO  (arouuTo3a,  CEKpPEeLuH
BOCIHAJIUTENBHBIX ~ LUTOKUHOB M HEHPOTPO(pHUECKHUX
¢dakTopoB [28]. Takum 00pa3oM, MHUKPOIIIHAS ¥ MaKPOTJIHUS
(GYHKIMOHHUPYIOT COOPYKECTBEHHO, M MKy HHMH BCeTr/a
CyIIEeCTBYeT TOHKHI OaJaHc.
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ACTpOILHTHI, 3aHUMAIOIINE CTpaTernieckoe
MOJIOKEHHE MEK/TY SHIOTEIMATBHBIMU KJIETKaMH COCYJIOB U
HEWpPOHAMH, peEarupyloT Ha  CHTHAJIbl  OMACHOCTH,
HCXOJISIIME OT HEHPOHOB W HAa BELIECTBA BBIICISEMbIC
AKTHBUPOBAHHOW MuKporiuedl. [Ipu HE0OXOAUMOCTH OHHU
YBEJIMYMBAIOTCS B pa3Mepe © HAYMHAIOT  BBLICIATH
Helpoperymsitopasle nmentuabl, Hampumep, BDNF (brain
derived neurotrophic factor) meiiporpoduueckuii daxtop
MO3ra, KOTOPBIH CIOCOOCTBYET BBDKHBAHHIO
MOBPEXKAEHHBIX HEHPOHOB.

B TOXe Bpemsi, OHH CEKPETUPYIOT HUOPUILIAPHBIC
OeNKM, BOCCTAHABIMBAIOIIAE BHEKJIETOYHBIH MATPUKC W
(dbopMupys TITHANBHBINA py6elr, YT0 GIIOKUPYET aKCOHATbHBIN
TPAHCIIOPT, OTPAHUYUBAET BO3MOXKHOCTH BOCCTAHOBIICHUS
MOBPEXIEHHOrO  akcoHa.  [Ipomecc  (GopMupOBaHUs
[JIHaJbHOTO pyOlla MpH 3KCIEPUMEHTAIbHOW TiIayKome
AumukoB H.M. wu coasr. (2012) omnwmceiBaer, Kak
JIeTeHEepaTUBHbIE W3MEHEHHS HEPBHOW TKaHU C 3aMEHOU
HEWpPOHOB Ha HeE3peNble acTPOLUTHI, KOTOPBIE HE MOTYT
MOJIHOLIEHHO BBIMOJHATH CBOIO OMOPHYIO, TPO(QUUECKYIO U
samuTHy0 GyHkuun [93]. B rinansHOM pyOlie acTpOLUTHI
BBIPA0ATHIBAIOT MHTMOUTOPHI POCTA aKCOHOB (XOHIAPOUTHH-
cyabaT  OPOTEOTNIUKAHBI) —  3TO  CHOCOOCTBYET
POrPECCHPOBAHKIO aTPO(UH BOJIOKOH 3PUTEIBHOTO HEPBA.
Krnetkn Mromepa WIrpamOT  pEUIAIOIIyHd  polb B
NOAZePKAHMK roMmeoctasa ceTyatkd. OHH  COCOOHBI
BBIACIATH TIIyTAMUHCHUHTETa3y, 00CCICYHBAIOLIYIO 3aIUTY
I'KC oT TOKCHYECKOTO JeicTBus riryTamara.
VIMMYHOTHCTOXUMHUYECKHE HCCIIeI0OBAHUS CeTYaTKH
BBISSBWIM  YCWIICHHOE  BBIICICHHE  MIOJUICPOBCKUMHU
KiIeTkamu  raytamuHcuHTeTassl W NO-cuHTETassr  y
JKMBOTHBIX C aIpeHAMH-UHAYIUpyeMoi riaaykomoit [102].
Taxoke kireTkn Mrojutepa CriocOOHBI BRICBOOOXKIATh (PakTop
pocta HepBoB [30]. OmHako, BBIACISIEMBIA TTHATBHBIM
pyOIlOM BHMEHTHH, HE CIIOCOOCTBYET BO30OHOBIECHUIO
pocTa akCOHOB, a (DAaKTHYECKH AaKTUBUPYET JETpalalHio
Tkaun  [61]. Takum  oOpa3oMm,  IpeyBeIMUYCHHBII
PEaKTUBHBIM OTBET MAKpOTJIHH TMPHBOAUT K Jerpajiaiuu
BHEKJICTOYHOT'O MATpPHUKCa, YTO CIIOCOOCTBYET MPOTHOY
pelIeTYaTo! MIACTHHKY U (QOPMHUPOBAHUIO IKCKABAI[HH.

Ilo mammeiMm ReichenbachA., BringmannA.
(2020) Ha paHHe#l cTaguy IJayKOMBI aCTPOLUTHI M KICTKH
Mrosiepa OrpaHHYMBAIOT PACIIPOCTPAHCHUE BOCHAJICHHS U
NpOrpecCHpoBaHUe TINAyKOMbl. HO B HO3AHHX cTagusx
3a00JIEBaHUSI CBEPXAKTUBHBIE TJIMAIbHBIC KIETKA 00pa3yroT
IWIZENINGISE pyOuBI, KOTOpEIE YCYTyOIsIOT
MPOrPecCUpOBaHUE TIIAyKOMBI [61].

MHoOTHe HCCIeI0BaTeNId CXOIATCS BO MHEHUH, YTO
aKTHBAllMsl MHKPO- M  MaKpOIJIMKM MpU  TJIayKoMe
npeautectByet norepe I'KC u siBiseTcss OHUM U3 MEPBBIX
COOBITH MOBPEXKICHUS HEPBHOU TKaHu [69)].

[Ipu HeliponereHepatuBHBIX 3aboneBanusx [[THC
(mammpumep, BA, BII) Takke omncaHa aKTHBAIlUSI MHKPO- W
MaKpOTJIMM M MOKa3aHO Y4YacTHE HEUPOBOCHANICHHS, Kak
MyCKOBOTO (hakTopa B pa3Butuu 3aboseBanus [82].

W3BeCTHO OTPOMHOE YHCIIO TPUITEPHBIX (HAKTOPOB,
3aIyCKAIONUX AKTUBAIUIO MUKPOTJIMU M BOCHATHTENbHBIN
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OTBET (MIIEMHS, XPOHUYECKHH CTPECC, BBICOKHMH YPOBEHBb
BHYTPHUIJIA3HOTO  [IABIICHUs), a TaKKe TIeHEeTHYecKas
MPEIPACTIONOKEHHOCTh  KOHKPETHOTO HWHAMBHAYYMa K
JAHHOMY BOCHAIUTENLHOMY OTBeTY [57].

[ToBBIMIEHHBIH YPOBEHD BHYTPUTIIA3HOTO JABJICHUS
(B[CI) u3 OCHOBHOTO TATOTEHETHYECKOTO MEXaHH3Ma
pazButust IIOVI mnocTemeHHO 3aHAN MECTO OOHOTO W3
(akTOpOB pHCKa, HapsIy C BO3PAcTHBIMH H3MEHEHMSMH,
HACJIEJICTBEHHOCTBIO M COITyTCTBYIONIEH COMaTHYECKOU
MaTOJIOTUEH.

Cuutaercs, 4To XpoHHYeckoe MoBeimieHne BI'/]
NpUBOAMT K Hakormienuto AP u p-tay B 'KC, 4ro, B cBOIO
ouepeb, CIIOCOOCTBYET MOTepe HEHpoHOB [29].

IIpu rnaykome omiokenusi A NpUCYTCTBYIOT BO
BCEX CIIOSIX CETYATKH, BKIIOYAS CION TaHTIIMO3HBIX KIETOK,
CJIOW HEPBHBIX BOJIOKOH, CJIOW (OTOpPElEnTOpOB U
BHYTPEHHUU TJIEKCU(OPMHBII cIoi, rae OHU
CIOCOOCTBYIOT (OCPOPMIMPOBAHUIO W HAKOIUICHUIO Tay
O6enka B BHae amop¢ubix omiaoxennidi B I'KC [73]. B
SKCIIEPUMEHTE BEISBICHA IpAMas KOPPEISIUs MEXIy [-
tau, otnoxxenusimu AP u rudenpro I'KC [105]. MuTepecHo,
yTo moBbIieHHOe BI'J] yBennumBaeT HakoIUICHHE Tay H
rudens ['KC, a nogasnenue Tay cnacaer I'KC. Bosee Toro,
ornokeHHsT AP HHULMUPYIOT KacKald COOBITHH, KOTOpBIC
AKTUBHPYIOT AaCTPOIMTHI CETYATKH UM MUKPOTIHIO C
CeKpelrel  BOCHAJIMTENBHBIX  LUTOKHHOB,  BKJIIOYAs
untepneiikun-1p (IL-1p), IL-6 u pakTop Hekpo3a omyxonu o
(TNFa). Bmecte ¢ Ap-renepupyembiMu ADK oHE co3parot
TOKCHYECKOE MHKPOOKpPYXXEHHE, IpUBOJsIIee K rubdenu
I'KC u ucronyennto CHBC [89]. BenencTBre HakOILICHHS
OeTa-amMmmwiionza M THOSIH AaKCOHOB 3pPUTEIBHOTO HEpBa
MPOMCXOOUT HAapyIICHHEe MEXKCHHANTHICCKAX CBA3eH U
pa3BUTHE [EeTeHEPAaTHBHBIX W3MEHEHWH B IPOBOISIINX
MyTSAX BCETO 3pUTEIBHOTO aHAIN3aTOpa.

V. SaknoucHue

Takum 00pazoMm, MHOTHE (AKTOPHI, B TOM YHUCIIE
aKTUBALlUA  TJIHAIBHBIX  KJIETOK, MHUTOXOHJpHaIbHas
TUCYHKIUS, OKUCIUTEIBHBIH cTpecc U Je(eKTh B
MMMYHHOM OTBETe, 3aIyckaioT mnporecc amonto3a [KC u
MOBPEXXICHNE 3PUTENBHOTO HEpBa. AKTHUBAIMA HEHporinu

Ha TIEPBBIX TOpax WrpaeT 3allUTHYI0 pojib, HO B
MOCTEOyIomeM  OPHUBOAWT K  TaKk  HA3bIBAEMOMY
UTOKHHOBOMY  INITOPMY, HapymiaromeMmMy ToMeocTas

CeTYaTKM W WMEIOMIEMY TpParmdecKue MOCIEACTBHUS IS
3peHHUSI.

3HaHUS HEHPOXUMHYECKHX MEXaHHW3MOB Pa3BUTHUS
HelpoJereHepalud Mpu IJIayKOMe MO3BOJIIOT MOJy4YaTh
UHQOPMALIMIO O Havaje MaTOJIOTHYECKOTO IMpolecca Ha
JNOKIMHUYECKOM JTame. YMEHUE OLEHUBaTb YpPOBEHb
aKTUBHOCTU TJIMAIBHBIX KJICTOK CETYATKH ITOMOJKET
BBISIBIIITh CIICU(PUUSCKUE OMOMAapKephl HAYHHAIOIICTOCS
IJIayKOMHOTO Tpoliecca. PaHHSS AHAarHOCTUKA TJIAyKOMBI
co3aaet OOJIbIIe IMAHCOB TIOMACTh B TEPAMEBTHUECKOE OKHO
Y TIPOTUBOCTOSITH HEOOPATHMBIM TTOCIIEACTBYSIM.

HeiipoBocnanenue siBIsieTCd OJHUM W3 KIIIOYEBBIX
(hakTopoB BO3HHUKHOBCHHS u MIPOTPECCUPOBAHUS



riaykomsl. [loHnManne B3aMMOICHCTBUS MEXITy KICTKaMU
MaKpO- ¥ MHUKPOTJIMU HEOOXOIUMO Ui pa3pabOTKH HOBBIX
JIEKapCTBEHHBIX TIPEMapaToB [UIS JIEYCHUS TIIAyKOMBI.

Ocoboe BHUMaHWE yJeNseTcs TIONBITKAM  CO3JaTh
KOHTPOJIHPYEMOe HeHpoBOCTIAJICHHUE. O6cyxmaercst
BO3MOKHOCTb perynupoBaTh aKTUBHOCTH TJIUH,

CTUMYJIMPOBaTh BHIOpOC Heiporpoduueckux (akTopoB H
MOJIABIISITH €€ THIIEPaKTHBHOCTb.

VYriy0OneHHOe M3y4eHHEe MEXaHM3MOB, JISKAIIUX B
OCHOBE HMMYHHOTO OTBETa, MOIJI0O OBl  OKa3aTh
MOJIOKUTETBHOE BIHMSHHUE HA TEPanuio raaykombi[99].

Financial Disclosure: No author has a financial or
property interest in any material mentioned.

There is no conflict of interests.
Cnncoknuntepatypsl

1. Abu-Amero, K. Mitochondrial abnormalities in
patients with primary open-angle glaucoma / Abu-
Amero K., Morales J., Bosley T. //Investigative
Opthalmology & Visual Science. — 2006. — V.
47(6):2533. — doi: 10.1167/iovs.05-1639

2. Adornetto, A. Neuroinflammation as a target for
glaucoma therapy / Adornetto A., Russo R., Parisi V.
// Neural Regen Res. — 2019. — V. 14(3). - P. 391-
394. — doi: 10.4103/1673-5374.245465.

3. Advanced morphological and functional magnetic
resonance techniques in glaucoma / Mastropasqua
R.[et al]// Biomed Res Int. — 2015:160454. —
doi:10.1155/2015/160454

4. Altered expression levels of MMP1, MMP9, MMP12,
TIMP1, and IL-1 Pasa risk factor for the elevated IOP
and optic nerve head damage in the primary open-
angle glaucoma patients / MarkiewiczL. [etal.] //
Biomed Res Int. — 2015. - V.15:812503. - doi:
10.1155/2015/812503

5. Altered large-scale brain functional connectivity in
ocular hypertension / Giorgio A. [et al.] // Front.
Neurosci. - 2020. - V. 14:146. - doi
10.3389/fnins.2020.00146

6. Armstrong, R.A. Visual symptoms in Parkinson’s
disease / R.A. Armstrong // Parkinsons Dis. —
2011:908306. — doi: 10.4061/2011/908306

7. Association between mitochondrial DNA damage
and ocular blood flow in patients with glaucoma /
Inoue-Yanagimachi M. [et al.]/ British Journal of
Ophthalmology. — 2019. — V. 103(8). — P. 1060-1065.
—doi:10.1136/bjophthalmol-2018-312356

8. Brain morphological alterations of cerebral cortex
and subcortical nuclei in high-tension glaucoma
brain and its associations with intraocular pressure /
Wang Y.[et al.] // Neuroradiology. — 2020. — V. 62(4).
—P. 495-502. —doi: 10.1007/s00234-019-02347-1

9. Calandrella, N. Degenerative and apoptotic events
at retinal and optic nerve level after experimental
induction of ocular hypertension / Calandrella N.,
Scarsella G., Pescosolido N., Risuleo G. // Mol Cell

10.

11.

12.

13.

14,

15.

16.

17.

18.

10.

20.

Biochem. — 2007. — V. 301(1-2). — P. 155-163. —
doi: 10.1007/s11010-006-9407-0

Campbell, J.S. Potential and limitations of diffusion
MRI tractography for the study of language /
Campbell J.S., Pike G.B. // Brain Lang. — 2014. - V.
131. - P. 65-73. — doi: 10.1016/j.bandl.2013.06.007
Changes in gene expression in experimental
glaucoma and optic nerve transection: the
equilibrium between protective and detrimental
mechanisms / Yang Z. [et al.]//Invest Ophthalmol
Vis Sci. — 2007. — V. 48(12). — P. 5539-5548. — doi:
10.1167/iovs.07-0542.

Chrysostomou, V.  Oxidative  stress  and
mitochondrial  dysfunction in  glaucoma /
Chrysostomou V., Rezania F., Trounce I., Crowston
J. // Curr Opin Pharmacol. — 2013. - V. 13(1). — P.
12-15

Coenzyme Q10 inhibits glutamate excitotoxicity and
oxidative stress-mediated mitochondrial alteration in
a mouse model of glaucoma/ Lee D. [et al.]//Invest
Ophthalmol Vis Sci. — 2014. -V. 55(2). — P. 993-
1005. — doi: 10.1167/iovs.13-12564.

Cognitive dysfunctions in glaucoma: An overview of
morpho-functional mechanisms and the impact on
higher-order visual function / Arrigo A. [et al.] //
Front. Aging Neurosci. — 2021. — V. 13:747050. —
doi: 10.3389/fnagi.2021.747050

Colligris, P. Ocular manifestations of Alzheimer's
and other neurodegenerative diseases: The
prospect of the eye as a tool for the early diagnosis
of Alzheimer's disease / Colligris P., Perez de Lara
M.J., Colligris B., Pintor J. // J Ophthalmol. —
2018:8538573. — doi:10.1155/2018/8538573
Common aspects between glaucoma and brain
neurodegeneration / S.C. Sacca // Mutation
Research — Reviews in Mutation Research. — 2020. —
V. 786:108323. — doi:10.1016/j.mrrev.2020.108323
Cooper, J. Analyses of mitochondrial respiratory
chain function and mitochondrial DNA deletion in
human skeletal muscle: Effect of ageing / Cooper J.,
Mann V., Schapira A. // J Neurol Sci. — 1992. — V.
113(1). - P. 91-98. - doi: 10.1016/0022-
510X(92)90270-U

Decreased retinal vascular density in Alzheimer’s
disease (AD) and mild cognitive impairment (MCI):
An optical coherence tomography angiography
(OCTA) study / Wang X. [et al.] // Front. Aging
Neurosci. - 2021. - V.12:572484. - doi
10.3389/fnagi.2020.572484

Den Haan, J. Retinal thickness in Alzheimer’s
disease: A systematic review and meta-analysis /
Den Haan J., Verbraak F.D., Visser P.J., Bouwman
F.H. // Alzheimers Dement (Amst). — 2017. - V. 6. —
P.162-170

DiMauro, S. The clinical maze of mitochondrial
neurology / DiMauro S., Schon E., Carelli V., Hirano

© 2023 Global Journals

H Year 2023

(F)


http://doi.org/10.1007/s00234-019-02347-1�
https://doi.org/10.1016/j.bandl.2013.06.007�

E Year 2023

(F)

21.

22.

283.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

M. // Nature Reviews Neurology. — 2013. = V. 9(8). —
P. 429-444

Disruption of brain network organization in primary
open angle glaucoma / Minosse S.[et al.]// Annu Int
Conf IEEE Eng Med Biol Soc. — 2019. - V. 2019. - P.
4338-4341

Egorov, E.A. Mitochondrial morphological changes
of trabecular area cells in patients with primary
open-angle glaucoma / Egorov E.A., Alekseev V.N.,
Gazizova |R., Martynova E.B. // RMJ. Clinical
ophthalmology. — 2016. — Ne 3. — P. 137-139.
Elevated hydrostatic pressure triggers mitochondrial
fis- sion and decreases cellular ATP in differentiated
RGC-5 cells/ Ju W. [et al.] // Invest Ophthalmol &
Visual Science. — 2007. - V. 48. — P. 2145-2151

Flow dynamics of cerebrospinal fluid between the
intracranial cavity and the subarachnoid space of
the optic nerve measured with a diffusion magnetic
resonance imaging sequence in patients with
normal tension glaucoma / Boye D.[et al.] // Clin
Exp Ophthalmol. - 2018. - V. 46(5). — P. 511-518
Gauthier, A.C. Neurodegeneration and
Neuroprotection in Glaucoma/ Gauthier A.C., Liu J.
// Yale J Biol Med. — 2016. - V. 89(1). — P. 73-79.
Glaucoma: Focus on mito chondria in relation to
pathogenesis and neuroprotection/ Osborne N.N.
[et al.]// Eur J Pharmacol. — 2016. — V. 15(787). — P.
127-133

Glaucomatous optic neuropathy evaluation project:
a standardized internet system for assessing skills
in optic disc examination / Kong Y.X. [et al.] // Clin
Experiment Ophthalmol. — 2011. — V. 39. — P. 308-
317

Glia-neuron interactions in the mammalian retina/
VecinoE. [etal.] //Prog Retin Eye Res. — 2016. — V.

51. - P. 1-40. - doi: 10.1016/j.preteyeres.
2015.06.003.
Hart, N.J. Ocular indicators of Alzheimer's:

Exploring disease in the retina / Hart N.J., Koronyo
Y., Black K.L. Koronyo-Hamaoui M. // Acta
Neuropathol. — 2016. - V. 132. — P. 767-787. - doi:
10.1007/s00401-016-1613-6.

Hernandez, M.R. The optic nerve head in glaucoma:
role of astrocytes in tissue remodeling / Hernandez
M.R. //Prog Retin Eye Res. — 2000. — V. 19(3). — P.
297-321. — doi: 10.1016/s1350-9462(99)00017-8.
Hirooka, K. Dysfunction of axonal transport in
normal-tension glaucoma: a biomarker of disease
progression and a potential therapeutic target /
Hirooka K., Yamamoto T., Kiuchi Y. // Neural Regen
Res. — 2021. — V. 16(3). — P.506-507. — doi:
10.4103/1673-5374.293145.

Hoch, M.J. Advanced MRI of the optic nerve / Hoch
M.J., Bruno M.T., Shepherd TM. / J
Neuroophthalmol. - 2017. - V. 37(2). - P. 187-196.
Inflammasomes in neuroinflammation and changes
in brain function: a focused review / Singhal G. [et

© 2023 Global Journals

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

al] // Front Neurosci. — 2014. — V. 8315, -
DOI: 10.3389/ fnins.2014.00315.

Inner retinal thinning as a biomarker for cognitive
impairment in de novo Parkinson's disease / Sung
M.S. [et al.] // Sci Rep. — 2019. — V. 9(1): 11832. —
doi:10.1038/s41598-019-48388-7

Ito, Y. Mitochondrial dynamics, transport, and
quality control: A bottleneck for retinal ganglion cell
viability in optic neuropathies / Ito Y., Di Polo A. //
Mitochondrion. — 2017. - V. 36. - P. 186—192
Jones-Odeh, E. How strong is the relationship
between glaucoma, the retinal nerve fibre layer, and
neurodegenerative diseases such as Alzheimer’s
disease and multiple sclerosis? / Jones-Odeh E.,
Hammond C.J. //Eye (Lond). — 2015. — V. 29(10). —
P. 1270-1284

Kamel, K. Mitochondrial dysfunction in ocular
disease: Focus on glaucoma / Kamel K., Farrell M.,
O'Brien C. // Mitochondrion. — 2017. — V. 35. — P.
44-53

Kasi, A. In vivo imaging of structural, metabolic and
functional brain changes in glaucoma / Kasi A., Faiq
M.A., Chan K.C. // Neural Regen Res. — 2019. - V.
14(3). — P. 446-449

Keenan, T.D. Associations between primary open
angle glaucoma, Alzheimer's disease and vascular
dementia: record linkage study / Keenan T.D.,
Goldacre R., Goldacre M.J. // Br J Ophthalmol. —
2015. - V. 99(4). - P. 524-527.

Kettenmann, H. Physiology of microglia /
Kettenmann H., Hanisch U.K., Noda M., Verkhratsky
A. // Physiol Rev. — 2011. = V. 91(2). — P. 461-553. —
doi: 10.1152/physrev.00011.2010.

Liao, C. Retinal dysfunction in Alzheimer’s disease
and implications for biomarkers / Liao C., Xu J.,
Chen Y., Ip N.Y. // Biomolecules. — 2021. -V.11(8):
1215. - https://doi.org/10.3390/biom11081215
Mechanisms underlying inflammation in
neurodegeneration / Glass C.K. [et al.]// Cell. -
2010. — V. 140(6). — P. 918-934. — DOI: 10.1016/
j.cell.2010.02.016.

Microglia shape presynaptic  properties at
developing glutamatergic synapses / Basilico B. [et
al] // Glia. — 2019. - V. 67. — P. 53-67. — DO
10.1002/glia.23508.

Microglia-blood vessel interactions: a double-edged
sword in brain pathologies / DudvarskiS.N. [etal.]//
Acta Neuropathol. — 2016. — V. 131(3). — P. 347-363.
—DOI: 10.1007/s00401-015-1524-y.

Microglia-Muller glia cell interactions control
neurotrophic factor production during light-induced
retinal degeneration / Harada T. [et al.] //J Neurosci.
- 2002. - V. 22(21). - P. 9228-9236. — DOI:
10.1523/UJNEUROSCI.22-21-09228.2002.
Mitochondrial DNA variant discovery in normal-
tension glaucoma patients by next-generation
sequencing /Jeoung J. [et al]/ Investigative



47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Opthalmology & Visual Science. — 2014. — V. 55(2).
—P.986.-DOI: 10.1167/iovs.13-12968
Mitochondrial  DNA  variation and  disease
susceptibility in primary open-angle glaucoma /
Singh L.N. [et al.] // Investigative Opthalmology &
Visual Science. — 2018. — V. 59(11):4598. — DOI:
10.1167/iovs.18-25085

Mitochondrial dysfunction in glaucoma:
Understanding genetic influences / Lascaratos G.
[et al.] // Mitochondrion. — 2012. — V. 12(2). - P.
202—212. - DOI: 10.1016/j.mito.2011.11.004
Mitochondrial genome analysis of primary open
angle glaucoma patients / Banerjee D. [et al.]//
PLoS ONE. - 2013/ - V. 8(8):e70760. — DOI:
10.1371/journal.pone.0070760

Mitochondrial respiratory chain activity in the human
brain as a function of age / Ojaimi J. [et al.]// Mech
Ageing Dev. — 1999. — V. 111(1). - P. 39—47. - DOI:
10.1016/S0047-6374(99)00071-8

Mitochondrial transfer RNA variants and primary
congenital glaucoma / Yi Q. [et al.]/ Mitochondrial
DNAA DNA Mapp Seq Anal. — 2016. — V. 27(4). - P.
2405-2407. — doi:10.3109/19401736.2015.1028050
Munemasa, Y. Modulation of mitochondria in the
axon and soma of retinal ganglion cells in a rat
glaucoma model / Munemasa Y., Kitaoka Y.,
Kuribayashi J., Ueno S. // J Neurochem. — 2010. - V.
115. - P. 1508-1519

Neuroinflammation in primary open-angle glaucoma
/ Vernazza S.[et al.]// GCM. — 2020. — V. 9(10): 3172.
—doi: 10.3390/jcm9103172.

Nuzzi, R. Changes of visual pathway and brain
connectivity in glaucoma: a systematic review /
Nuzzi R., Dallorto L., Rolle T. // Front Neurosci. —
2018. - V. 12: 363. — doi: 10.3389/fnins.2018.00363
Ocular neurodegenerative DISEASES:
Interconnection between retina and cortical areas /
Marchesi N. [et al.] // Cells. — 2021. V.10(9):2394. —
doi.org/10.3390/cells10092394

Oculo-visual abnormalities in Parkinson’s disease:
possible value as biomarkers / L. Guo [et al.] //
Mov. Disord. — 2018. — V. 33. — P. 1390-1406

One protein, multiple pathologies: multifaceted
involvement of amyloid B in neurodegenerative
disorders of the brain and retina / Gupta V. [et al.]//
Cell Mol Life Sci. — 2016. — V. 73(22). — P. 4279-
4297. - doi: 10.1007/s00018-016-2295-x.

Orr, C.F. An inflammatory review of Parkinson's
disease / Orr C.F., Rowe D.B., Halliday G.M. //Prog
Neurobiol. — 2002. — V. 68(5). — P. 325-340.
Protective effect of mitochondria-targeted peptide
MTP-131 against oxidative stress-induced apoptosis
in RGC-5 cells / Chen M. [et al.] /Mol Med Rep. -
2017. - V. 15(4). - P. 2179-2185. — DOI
10.3892/mmr.2017.6271

Real-time imaging of single neuronal cell apoptosis
in patients with glaucoma / Cordeiro M.F [et al.] //

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Brain. — 2017. — V. 140(6). — P. 1757—1767. — DOI:
10.1093/brain/awx088

Reichenbach, A. Glia of the human retina /
Reichenbach A., Bringmann A. // Glia. — 2020. — V.
68(4). — P. 768-796. - doi: 10.1002/glia.23727.
Retinal changes in Alzheimer's disease— integrated
prospects of imaging, functional and molecular
advances/ Gupta V. [etal.] // Progress in Retinal and
Eye Research. — 2021: 82 -. doi: 10.1016/j.
preteyeres.2020.100899

Retinal glial changes in Alzheimer's disease — a
review / Fernandez-Albarral J.A. [etal.]// J Ophtalm.
- 2019. — V. 12(3). — P. 198-207. - doi: 10.1016
/j.optom.2018.07.001.

Role of structural, metabolic, and functional MRI in
monitoring visual system impairment and recovery /
Sims J.R.[et al.]// J Magn Reson Imaging. — 2021. —
V. 54(6). — P. 1706-1729

Rolle, T. Editorial: Glaucoma and brain: Impact of
neurodegeneration on visual abilities and related
biomarkers / Rolle T., Rossi G.C.M., Brusini P. //
Front. Aging Neurosci. — V. 14:919775. - doi:
10.3389/fnagi.2022.919775

Sacca, S. Glaucomatous outflow pathway and
oxida- tive stress / Sacca S., Izzotti A., Rossi P.,
Traverso C. // Exp Eye Res. — 2007. V. 84(3). — P.
389—-399. - DOI: 10.1016/j.exer.2006.10.008
Sharma, S. Biomarkers in Alzheimer's disease-
recent update / Sharma S., Lipincott W. // Current
Alzheimer research. —2017. V. 14. — P. 156-164
Sierra, A. Janus-faced microglia: beneficial and
detrimental consequences of microglial
phagocytosis / Sierra A., Abiega O., Shahraz A,
Neumann H. // Front Cell Neurosci. — 2013. - V. 7:6.
— DOI: 10.3389/fncel.2013.00006.

Sommer, A. The Trojan horse — neuroinflammatory
impact of T cells in neurodegenerative diseases /
Sommer A., Winner B., Prots |. // Molecular
Neurodegeneration. — 2017. — V. 12(1):78. — doi:
10.1186/s13024-017-0222-8.

Structural analysis of glaucoma brain and its
association with ocular parameters / Gracitelli C.P.B.
[et al.] // Journal of Glaucoma. — 2020. — V.29 - Iss.
5.—P. 393-400

Structural and functional rescue of chronic
metabolically stressed optic nerves through
respiration / Harun-Or-Rashid M.[et al.] // The
Journal of Neuroscience. — 2018. — V. 38(22). — P.
5122-5139

Subcortical visual pathway may be a new way for
early diagnosis of glaucoma / Y. Sun [et al.] //
Medical Hypotheses. —2019. - V. 123. — P. 47-49
Tau accumulation in the retina promotes early
neuronal dysfunction and precedes brain pathology
in a mouse model of Alzheimer’s disease / Chiasseu
M. [et al] // Mol Neurodegener. — 2017. — V.
12(1):58. — doi: 10.1186/s13024-017-0199-3.

© 2023 Global Journals

E Year 2023

(F)


https://www.sciencedirect.com/journal/medical-hypotheses�
https://www.sciencedirect.com/journal/medical-hypotheses/vol/123/suppl/C�

E Year 2023

(F)

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Tezel G. Oxidative stress in glaucomatous
neurodegeneration: mechanisms and
conseguences / Tezel G. // Prog Retin Eye Res. —
2006. - V. 25. — P. 490-513. — DOI: 10.1016/
j.preteyeres.2006.07.003

The association of mitochondrial DNA haplogroups
with POAG in African Americans / Gudiseva H. //
Exp Eye Res. — 2019. - V. 181. - P. 85-89. — DOI:
10.1016/j.exer.2019.01.015

The distributions of mitochondria and sodium
channels reflect the specific energy requirements
and conduction properties of the human optic nerve
head / Barron M.J. [et al.]// Br J Ophthalmol. — 2004.
—-V.88(2). - P. 286-290.

The eye as a biomarker for Alzheimer's disease /
Lim J.KH. [et al.] // Front. Neurosci. — 2016. —
V.10:536. — doi: 10.3389/fins.2016.00536

The role of microglia in retinal neurodegeneration:
Alzheimer's disease, Parkinson, and glaucoma /
Ramirez A.l.[et al.] // Front. Aging Neurosci. — 2017.
V. 9:214. — doi: 10.3389/fnagi.2017.00214
Verkhratsky, A. Glial physiology and
pathophysiology / Verkhratsky A., Butt AM. -
Oxford: WileyBlackwell-dJohn Wiley & Sons; 2013. -
551 p.

Vilhardt, F. Microglia antioxidant systems and redox
signaling / Vilhardt F., Haslund-Vinding J., Jaquet V.,
McBean G. // Br J Pharmacol. — 2017. — V. 174(12).
—P.1719-1732. - DOI: 10.1111/bph.13426.

Visual features in Alzheimer's disease: From basic
mechanisms to clinical overview / Cerquera-
Jaramilo M.A.et al] // Neural Plast. -
2018:2941783. — doi: 10.1155/2018/2941783

Voet, S. Microglia in central nervous system
inflammation and multiple sclerosis pathology / Voet
S., Prinz M., van Loo G. // Trends Mol Med. — 2019.
- V. 25(2). - P. 112-123. - doi: 10.1016/].
molmed.2018.11.005.

Whole-mitochondrial genome sequencing in primary
open-angle glaucoma using massively parallel
sequencing identifies novel and known pathogenic
variants / Sundaresan P. [et al.]/ Genetics in
Medicine. — 2014. - V. 17(4). — P. 279-284. — DOI:
10.1038/gim.2014.121

Yang, X.J. Role of mitochondria in the pathogenesis
and treatment of glaucoma / Yang X.J., Ge J., Zhuo
Y.H. // Chin Med J (Engl). — 2013. - V. 126(22). — P.
4358-4365.

Youngblood, H. Update on the genetics of primary
open-angleglaucoma / H. Youngblood, M.A.
Hauser, Y. Liu // ExpEyeRes. — 2019. V. 188:107795.
—doi: 10.1016/j.exer.2019.107795.

Yu, F. Advanced MR imaging of the visual pathway /
Yu F., Duong T., Tantiwongkosi B. // Neuroimaging
Clin N Am. —2015. - V. 25(3). — P. 383-393
ATnexcees, B.H. JleueOHbIit naToMopdo3
SKCHEPUMEHTAIBHON TJAYKOMBI. 3KCIEPUMEHTAJIHLHOE

© 2023 Global Journals

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

uccienosanre / Anekcee B.H., Kopemuna B.E.,
Mapteimoa E.B. // VIl Bcepoccuiickas —1mikoJa
odragemosoro. C6. Hayu. Tp. — M., 2008. — C. 17—
23.

AnexceeB, B.H. Mopdonoruueckne ocobeHHOCTH
UCHTPAJIBHBIX OTJCIIOB 3PUTEIBHOTO aHAIU3aTOpa MpH
9KcHepuMenTanbHol riaaykome / B.H. Anekcees, U.P.
Tasusosa, JI.H. Hukurtun // CoBpeMeHHBIE TEXHOIOTUH
JMUATHOCTUKU ¥ JICUCHUS TpPU MOPAKEHHUIX OpraHa

3peHusi: Marepuansl  koHdepenuuu, CII6, 12-13
cenrsiops 2013 r. — CII6.: BMenA, 2013. — C. 13-14.
Anekcees, B.H. Heiiponporexuust HOBBIM

AQHTUOKCUJIAHTOM PeKkcop TpH DKCIEpUMEHTAIbHOM
rinaykome / Anexcees B.H., Kopennna B.E., [llama Y. //
Knununueckas odransmonorus. — 2008. — Ne3. — C. 82—
83.

AnexceeB, B.H. HoBble MonexymnsipHO-OnoIornieckue
aCIeKTHl HeWpoereHepanuy npy riaaykome / Asekcees
B.H., I'azuzosa W.P. // Knuandeckas ohranbMoIorus. —
2014. — Ne2. — C. 85-90.

Tl'azuzoBa, 1.P. I'maykoMa Kak HeWpoJereHepaTUBHOE
3aboneBanne / W.P. TasmsoBa // KiunHnueckas
oramemomnorus. — 2014, — Ne3. — C. 123-127.
T"azuzoBa,l1.P. Hosrlie ACIIEKTBI naToreHesa
TJIAayKOMHOW ONTHYECKOW HeWpomaTtuu:. aBTopedepat
JUC. ... JOKTOpa MEIUIIMHCKUX HayK 14.01.07,
14.03.02 / TasusoBa Wnbmupa Pugosha, [Mecro
samuTel: Boen.-men. akan. um. C.M. Kuposa]. — CIIG,
2013. - 42 c.

ToI0BHOM MO3T W OTKPBITOYTOJbHas riaykoma / H.M.
AnnukoB [u gap.] // Tlpaktudeckas memunuaa. — 2012,
— Ne4(59). - C157-161.

Eropos, E.A. Ponp HelipoBocnajeHuss B IATOTEHE3E
TIIayKOMHOM onTudeckoil Heiipormaruu / Eropos E.A.,
Kopenuna B.E., Uepennuuenko J[.B., T'asuzosa U.P. //
Kiuaudeckas odramsmororus. — 2022. — Ne 22(2). —
C. 116-121. - doi: 10.32364/2311-7729-2022-22-2-
116-121.

Epuues, B.IL CpaBHUTEIbHBIHI aHau3
MOP(]OJIOTHYECKUX N3MEHEHHH B 3pUTENILHBIX LEHTPaxX
[py MEPBUYHOlN riiaykoMe W Ooie3Hu Aublireiimepa /
B.I1. Epuues, B.Il.Tymanos, JI.A. Ilanromkuna, A. A.
dénopos // Tnaykoma. — 2014, — Ne13(3). — C. 5-13.
Kopenuna, B.E. M3yueHue KOppeKIHU NEPEKHCHOTO
OKHCIICHUS JIMITUIOB AHTHOKCHUAAHTAMHU npu
9KCIIEPUMEHTAJIBHON TllayKoMe (IKCHEepHMEHTAIbHOS
HCCIIeI0BaHME) aBTOpedepar muc. KaHAnAaTa
meuuuackux Hayk  14.00.08 / Kopenuna Bukropus
EBrenseBna, [Mecto 3amuThl. BocH.-Mexm. akam. HM.
C.M. Kupoga]. — CII6, 1999. — 21 ¢. : un

Ma3zynnn, W.O.  HacnenctBeHHas — onTHYecKas
Heliporratus Jlebepa / Masynun U.O., Bomonsko H.B. //
Bectauk opramemonormu. — 2018. — Ne134(2). — C.92.
—DOI: 10.17116/oftalma2018134292-96
Mutroxonnpuanpras JHK xak ¢aktop pa3BuTus
IIIAYKOMHOM orrtrdeckoi Hediponaruu / M.P. Tasmszosa
[u mp.] // Odramemororus. — 201910 — Ne16(4). — C.



99.

100.

101.

102.

479-486. - https://doi.org/10.18008/1816-5095-
2019-4-479-486

HoBele  momxomsl K OLEHKE  BBHIPAKEHHOCTH
BOCHIAJIMTENLHBIX HAPYLIEHUH B [IATOTEHE3€e IIEPBUYHOM
OTKPBITOYTroJibHOM riaykomel/ TpynoB A.H. [u ap.] //

Amnepronorus 1 ummyHojorus. — 2016, — Ne17(2). C.
107-111.

OcobeHHoctn naToreHesa TIepBUYHOMN
OTKPBITOYTOJIGHOW ~ TJIAYKOMBI ~ CHOPMaJIM30BAHHBIM
BHYTPHUIJIa3HBIM  JaBJICHHEM,  HOBBIE  IOIXOJBI

KKOMIUTeKcHOMY Jiedennto/ Yepusix B.B. [m ap.] //
Bromierens CO PAMH. — 2014. — Ne34(3). — C. 6-12.
ITanromkuHa, JLA. Knunuko-mopgonornueckue
0COOCHHOCTH 3PHUTEIBHOTO MYTH MPHU TIIAYKOME W IMPH
OonesHn  AnbureiiMepa:  aBTOpedepar  JuC.
KaHIugaTa  MEAMLMHCKHX  HAyK: 14.01.07 /
Manrornkuna  Jliogmuna — AnekcanapoBHa, [Mecrto
3amuTel: Hayd.-uccien. wH-T r71a3. GomesHeit]. — M,
2015. - 24 c.

Camycenko, M.A. Mopdonornueckue MpOSBICHUS
neqeOHOro maToMopdo3a TIayKOMaTO3HON ONTHIECKOI
HEHpONaTHM TPH  OKCIIEPUMEHTAIBHON Tilaykome /
Camycenko M.A., Anekcees B.H, AOyszaiien B.H. //
I'maykoma. — 2003. — Ned4. — C. 3-9

© 2023 Global Journals

Global Journal of Medical Resecarch ( F) Volume XXIII Issue VIII Version I EYmr 2023



Global Journal of Medical Research (F) Volume XXIII Issue VIII Version I E Year 2023

GLAUCOMA AS A NEURODEGENERATIVE DISEASE

© 2023 Global Journals

This page is intentionally left blank



_%/é GLOBAL JOURNAL OF MEDICAL RESEARCH: F
Global Jurnals Inc. D ISEASES
Volume 23 Issue 8 Version 1.0 Year 2023
Type: Double Blind Peer Reviewed International Research Journal
Publisher: Global Journals
Online ISSN: 2249-4618 & Print ISSN: 0975-5888

Thrombotic Complications in Children in the Postcovidae

Period: Clinical Cases
By G.M. Saatova, B.A. Musurkulova, A.]J. Bolotbekova, R. Almazbekova,
A.B. Furtikova & M.K. Koshukeeva

Resume- The high incidence of arterial thrombosis and venous thromboembolic complications in
patients with SARS-CoV-2 coronavirus infection indicates the need for an in-depth study of the
pathogenetic moments of procoagulant status and a more rational approach to preventive
measures.

The aim of the work was to study clinical cases of thrombotic complications in children
with coronavirus infection to substantiate the principles of practical approach to treatment and
prevention.

This article presents clinical cases of thrombotic complications after COVID-19 in four
children 12 months, 12, 16 and 3 years of age.
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Thrombotic Complications in Children in the
Postcovidae Period: Clinical Cases

TPOMBOTHUYECKME OCJIOXKHEHHW V IETEN B TIOCTKOBWTHOM
I[NEPUOJE: KIIMHUYECKUE CIIVUAU

G.M. Saatova ®, B.A. Musurkulova °, A.J. Bolotbekova *, R. Almazbekova ©,
A.B. Furtikova ¥ & M.K. Koshukeeva °

Pesiome- Bplcokass 4YacTOTa apTepHANBHBIX TPOMOO030B H
BEHO3HBIX TPOMOO0IMOOTHYECKUX OCT0KHEHUN Y MAIHEHTOB C
KopoHaBupycHoii unpexnueii SARS-CoV-2 cBuaereqbcTByeT
0 Heo0X0UMOCTH YIIy0JIeHHOI0 H3y4YeHHsl MATOreHeTHYeCKHX

MOMEHTOB NMPOKOATYJISIHTHOTO craryca " Oosee
PalHOHATLHOIO noaxoaa K npopHIAKTHYECKUM
MepONpPHATUSAM.

Heabo paGorbl ObLIa HM3yYeHHEe KIMHHYECKHX

cJIy4aeB TPOMOOTHYECKHX OCJIOKHEHMil y JeTeil, NepeHecHnx
KOPOHABHPYCHYI0 HH(peKnuio /isi 000CHOBAHHUS NMPHHIMIIOB
NMPaKTHYECKOI0 MOAX0/a K JIeYeHHI0 H NMpoduIaKTUKe.

B craTtbe mnpeacTaBAsAIOTCH KIMHHUYECKHe CJIy4an
TPOMOOTHYECKHX OCJIOKHeHHii mocie nepenecennoii COVID-
19 y yernIpex aereii 12 mecsines, 12, 16 u 3 aer.

B nepsom u BTOpPOM cilydasix y ieTell ¢ BPO:KIeHHbIM
NMOPOKOM CepAlla Iocjde IepeHeceHHOH KOPOHABMPYCHOM
TMHEBMOHUH BBISIBJEeHBI TPOMOOTHYECKHE OCJIOKHEHHSI B BH/E
TpoM0a B MNpaBoM IMpeAcepaAuHM M TPomMba B MeYEHOUHOM
cerMeHTe HMIKHell 1MoJioii BeHbl. B TpeTbeMm ciydae BbIsIBJIeH
OKKJIIO3MOHHBIN TPOoM003 001eii M HApY:KHOH NMOAB3I0IIHBIX
BeH CJieBa M HAPY KHOIi MOAB3/101HOIi BeHbI cnipaBa. IIpu 3TomM
y pebdéHka BbIsIBJeH BTOPMYHBIH aHTH(OCHOIMIUIHBIH
cuHIpoM. B kiMHH4YeckoM ciayyae y pebOeHka 3 Jer mocie
nepeHeceHHoil  KopoHaBupycHoii umHpekmun COVID-19
Pa3BIJIOCH OCTPOE HapylleHHe MO3rOBOT0 KPOBOOGPAaLIeHHs ¢
HIIEMHYECKHM HHCYJbTOM B OacceiiHe cpeaHeil Mo03roBoi

apTepuu.
Kmiouesvie  cnosa:  Jemu, COVID-19, mpomoos,
2UNEPKOazyIsayUs,  Cocyovl, HOCMKOBUOHbLU  CUHOPOM,

8pOJCOeHHble NOPOKU cepoyd, UHCYIbM, MpoMbomudeckue
OCI0JCHEHUS, NPOPUNAKIMUKA.

Hesurme- The high incidence of arterial thrombosis and venous
thromboembolic complications in patients with SARS-CoV-2
coronavirus infection indicates the need for an in-depth study
of the pathogenetic moments of procoagulant status and a
more rational approach to preventive measures.

The aim of the work was to study clinical cases of
thrombotic complications in children with coronavirus infection
to substantiate the principles of practical approach to
treatment and prevention.

This article presents clinical cases of thrombotic
complications after COVID-19 in four children 12 months, 12,
16 and 3 years of age.

In the first and second cases of children with
congenital heart disease after coronavirus pneumonia,
thrombotic complications in the form of a thrombus in the right
atrium and a thrombus in the hepatic segment of the inferior

Author a: e-mail: saatova@mail.ru

vena cava were detected. In the third case, occlusive
thrombosis of the common and external iliac veins on the left
and the external iliac vein on the right was detected. In this
case, the «chid was diagnosed with secondary
antiphospholipid syndrome. In a clinical case, a 3-year-old
child developed acute cerebral circulation disorder with
ischemic stroke in the middle cerebral artery basin after a
COVID-19 coronavirus infection.

Keywords: children, COVID-19, thrombosis,
hypercoagulability, ~ blood  vessels,  post-Covidae
syndrom, congenital heart disease, stroke, thrombotic
complications, prevention.

[. Brenenue

yOnuKamu Mo uccieJOBaHUAM CHCTEMBI TeMOCTa3a

npu COVID-19 y nereli He Tak MHOTOYHCIICHHBI,

Kak y B3pOCIIbIX.

PacctpoiictBa remocraza B BuAe TpomMOO30B B
Pa3IMYHBIX COCYIUCTBIX OaccelHax SBISIOTCS OIHOW W3
ocHOBHBIX mpuynH cMmeptu npu COVID-19, mpuyem wnx
yrpo3a COXpaHseTCsi U TOCJe BBI3JOPOBICHHS B paMKax
MOCTKOBUTHOTO CHHJIPOMA.

Bricokast 4acToTa apTepHaibHBIX TpPOMOO30B H
BEHO3HBIX TPOMOOIMOOIMYECKHX OCIOKHEHUH, HepenKo
NpUBOASIIMX K  rubennm  MamueHToB € HOBOH
KopoHaBupycHoi mHOpekmuerr SARS-CoV-2, HecMoTpsi Ha
MPOBOUMYIO AHTUTPOMOOTHYECKYIO TepaInuio,
CBHJECTENBCTBYET O  HEOOXOAMMOCTH  yIIIyOJIEHHOTO
M3y4YCHUS TATOTCHETHIECKUX MOMEHTOB IPOKOATYJITHTHOTO
cratryca M Ooliee  palMOHAJIBHOTO  MOAXOJAa K
npodunaktuueckum  MepompusitiuaMm  (Lim - W.  2019).
OcoOblii MHTEpEC BBI3BIBACT Pa3BUTHE TPOMOOTHYECKHX
ocnoxHeHu# y pexonpaneceuaTosCOVID-19.

B cratbe mnpejacTaBiIeHBl KIMHUYECKUE CIydan
JIeTeH, Y KOTOPBIX IIOCJIE IIEPEHECEHHOM KOPOHABUPYCHOMU
nH(eKIMH cHOPMUPOBATINCH TPOMOBI B TOJIOCTH CepAla,
(hneboTpoM003 TIYOOKHX BEH HIDKHUX KOHEYHOCTCH,
UIIEeMHUYECKUI TpOMOO3 COCYyI0B MO3ra.

Lenv uccredosanusn: W3y4UTb KIMHUYECKUX CIIydaeB
TPOMOOTHYECKUX OCJIOKHEHHH Yy JeTed, IepeHecInx
KOPOHAaBHPYCHYIO MH(EKIMIO 111 000CHOBAHUSI IPUHIIMIIOB
MPaKTHYECKOT0 MOAX0/a K JICUEHHIO ¥ MPO(HIAKTHKE.
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II.  Kmunuueckue Cnyuan

Hetu ¢ BpoxkneHHbIMEH Topokamu cepima (BIIC)
MOTYT OTHOCHUTHCS K TPYIIIE BBICOKOTO PHCKa B CiIydae
3abonesannss COVID-19. Tem He MeHee, BCIEACTBUE
TeTepOTEHHOCTH BPOXJACHHBIX MOpokoB cepamna (BIIC) u
CIIEKTpa BTOPHYHBIX OCJIOKHEHHWH, PO PUCKOB Y HUX
OTIIMYAIOTCSL.

a) Kmunuueckuil cayuau Gopmuposarus
sHympucepoeuno2o mpomba y pebenka ¢ BIIC nocre
nepenecennou COVID-19

Manvuux A. A. 04.01.2021 200a pooscoenus (12 mecsyes).

Hama nocmynnenuss 6 omoenenue KapOUOPeSMAmoniouu
Hayuonanenozo yenmpa oxpanvl mamepuncmea u 0emcmeda
(HL{OMu/]): 09.12.2021

JHama svinucku: 18.01.2022 2

Knunuueckuii ouaenos: BIIC. [egpexm medxcnpedceponoti
nepe2opooxu (AMIIII). Ocmpas 08YCMOpPOHHAS
HUIICHEA0.1e8As. nueemonusi. Cocmosinue nocine
nepenecenHoll Koponasupycrou ungexyuu. Tpomb ¢ npasom
npeocepouu.

2021 1. mo 24.11.21r rocnuranuzauusi 1O TMOBOAY

KOPOHAaBHPYCHOU HHPEKITUN c JIBYCTOPOHHEH
MMOTUCETMCHTAPHON  TMTHEBMOHHEH C  OOCTPYKTHBHBIM
cuaapomom, JH Il-l1l crenenn. JledyeHue: aMOUIUILIAH
400mr  4p/nenb,  uedpTpuakcon  600Mr 1p/nens,

nekcameraszon 4mraydwuina 0,9 B/B KamelnbHO, remapHH
0,1m1, tmmpokc 35wmi, manaut 10 M1 B/B  KamelbHO,
Oepoayai 1o 7 karl, BEpOIIMIHUpOH ¥2 Tad.

06.12.2021 roma mpu MIaHOBOM 00CIEAOBaHUU Ha
OXOKI' BbisiBIEeHO 00pa3oBaHHME B MPABOM IPEACEPIUH

(TpomO). Cocrosinue TSDKEJIOE. BripaskeHHBII
TOPU30HTANIbHBIA HHUCTArM. KOXXKHBIE MOKPOBBIM CIU3UCTHIC
OnenHble, OOBIYHON  BIAXKHOCTH, BBICHIIAHWHA  HeT.

[epuogudeckn HapacTaeT ojplmka 10 64 B MuH. SPO, 60-
87-96%. Ilpm ayckynpranud HaJ JIETKHMH JIbIXaHHE
JKECTKOE, pACCEesIHHbIE  MEJIKONy3bIpYaThle M CyXHe
NPOBOJIHBIE XPUIBL. ['paHUIBI OTHOCHTENILHOM CepAeYHOM
TYNOCTH pacUIMpeHbl B IONepedHuKe. TOHBI cepaua
PUTMHUYHBIE, TPUIIYLICHBI, CHCTOJIMYECKMHA Inym B 3-4
MexXpeOepbe clieBa OT TpyauHbl. Yacrora cepaedHbIX
cokpamenuit (HCC) -170 B wmwmH. JKHMBOT MSTKHUH,
0e3005e3HeHHBIN TTpU manmsnanuy. IledeHs M cene3eHKa B

V peGeHKka ¢ POKICHHS AMarHocTHposan BIIC:; — TPenenax Bo3pacTHOH HOpMBEL. OtekoB HeT. Cryn w
OTKpHITHIHA aopTanbHEI npoTok (OAIT). IMIIIL. Jleroynas ~ MOYCHCIYCKAHUC PETYIAPHBIC.
runeprensns. Yacto GoeeT MPOCTYIHBIMH 3a60MeBanmsmy, A \AHHbIE 00CIIe/I0BaRHS:
3MU30/1bl FOCNUTANIM3AMHY 110 ToBoAYy nmHeBMoHuu. C 11.11.
Tabnuya 1: OOMIMNA aHATH3 KPOBH
P Tp - Jleiik - JInm -~ o COD3 -
Aara x10"%/n HB r/n 10%n 10%n % Mid% | Gran % MM/4
10.12.21 4,87 146 252 11,2 67,6 9.1 23.3 2
14.12.21 4.82 140 258 9.8 49.6 10.2 40.2 5
21.12/21 5.00 142 311 14.3 52.6 9.6 37.8 9
29.12/21 4.98 143 309 18.7 294 6.3 12.0 2
14.01.22 4.93 140 319 105 495 8.3 42.2 11
Tabauya 2 BUOXUMHYECKHU aHAIN3 KPOBU
O6u.6ma | Tumon. | e, -~ | Kpearwmm | 0,0 | ACT/AIT | Mouesnna
Aara mkmous/ | TTpoda, Beuok, /i " MMOJIB/JT MKKAT/J1 MMOJIb/J1
J e MKMOJIb/1
10.12.21 50 4,53 61,8 38,5 4,57 69,3/43,4 2,85
en/n
21.12.21 4,20 1,74 63,8 60,80 9,37 0,22/0,24mm 3,47
OJIB/1T
03.01.22 5,36 1,74 Mm/c 66,3 3,84 0,30/0,34mm 6,1
OJIB/1
Tabnuya 3: MUKpPOIJIEMEHTHI KPOBU
Jlata Kaxbwnit | o, o iivmonn/n | CPB PO HKeaeso
MKMOJIb/JI
10.12.21 2,15 Mm/c Orp. oTp 9,9
14.12.21r 2,20 50
13.01.22 1,78 oTp 12,9
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Taonuya 4. CBepThIBaOILAsl CUCTEMA KPOBU

Mara IIporpomOuHOBOE IIporpoMOUHOBBIH MNO ®ubpuHOTeH
BpeMsi HHJEKC

13.12.21r 12,2" 109,8% 10,9 1,36 r/n

21.12.21 18,9" 73,1% 1,3 1,30r/n

28.12.21 12,8 110% 0,9 1,42r/n

03.01.22 90,9 14,7% 6,78 1,94r/n

13.01.22 21,1 61,2% 1,63 5,58r/n

17.01.22 53,0 25,2% 3,95 3,38 r/n

Antnrena k xoponaBupycy SARS - CoV-2 or OKT ot 13.12.21r: purm cunycossiit, HCC 150 yn
10.12.21r 1gG — mnonoxwurenshsie (KI1=16,5), IgM - B MuH., 3JeKTpuueckass OCh Ceplla OTKJIOHEHa BIIPABO.
OTpHIATENIbHBIE. CunycoBast TaXUKapAus, THIIEpTpodus MpaBoro xeaynodkKa.

VY3U BHyTpeHHux opranoB oT 10.12.21r: medens,
JKEJYHBIA MY3bIpb, IOJDKENyIOYHAas >KeJie3a, CeJle3eHKa,
MTOYKHU — 0€3 IXOCTPYKTYPHBIX H3MCHCHHU.

OXOKT or 09.12.21r. BIIC: JMIIII (cekyHIOHBIA THIT).
DXOreHHOe 00pa3oBaHHE B IOJIOCTH IMPABOTO MpEACEpaus
1,7 x 1,6 cm. [lepukapauansHas )KUAKOCTB (puc. 1).

Figure 2 Echo Cardiogram from 09.12.2021.gpeg

JKCJIIyJOYKa.

Figures 1 and 2 go here. File name: Figure 1 Echo Cardiogram from 09.12.2021.gpeg

Puc. 1, 2 9XOKT ot 9.12.21 roaa B MexXIpeacepaHoi neperopoake neekt auamerpom 0,5 cM, TUI CEKYHAYM, cOpOC
KpOBH cieBa Hampaso. Ilo JarepanbHOI CTEHKE INPaBOro KelyJodyka INepukapauanbHas >kuakocTs - 0,9 cM, Ha
Bepxymke - 0,5 cM. B mosmoctn mpaBoro mpencepansi axorenHoe obpaszoanue 1,7x1,6 cMm. I'mmeprpodmst mpasoro

Bbeuo mpoBeneHo JedeHHE: aHTHOAKTEpHalbHAS
tepanus (ammumuuinH 350Mr x 4 p/menp Ne6; neduxcnm
30 ma 1 p/mesp Nell; amwmkanua 110 wmr  B/B),
aHTuKoarynsHTHas Tepanus (remapud 500 EJ] mo 0,1 x 4
P/AeHB T/K C IOCTENIEHHOM OTMEHOH, BapdapuH 2,5Mr Y 1ab
—1/2 T —I1/3 T B J1eHb), MOYETOHHBIC TpenaparThbl
(Bepommmupon ¥2Tab X 1 p/neHs), MPOTHBOBOCTIAIATETbHAS
tepanus (udyden 3,0 M x 2 p/neHs).

Cocrosiarie Ha (OHE JIeUeHUsI CTAOMITH3UPOBAIIOChH,
OJIBIIIKM HET, caTypaluio yJepKuBaeT Ha ypoBHe 93-96%,
NEpUOANYECKH  pacCesiHHble  MPOBOAHBIE  Xpunbl. B
JMHAMHKE 5XOT'€HHOE O00pa3oBaHHE B IIOJIOCTH IIPaBOTO
NpeICcepansl COXpaHsIeTCs ¢ TEHJIEHIMEeH K YMEHBIICHHIO J10
1,1 x 1,0 cM. OcMOTpeH KapaUOXUPYProM - «IOKa3aHUM K
SKCTPEHHOMY OIEpaTUBHOMY JieueHHI0 HeT». [IpomoinkeH
Bapdaput 2,5mr mo 1/4 Tab x 1 pa3 BeuepoM IUTENHHO.
Beimucan ¢ ymydieHueM.

PexoMeHI0BaHO MOBTOPHUTH aHAIW3 KPOBH Ha
cBepTHIBaOIIyIO cucteMy depes 4 nas (MHO, IITB, IITH).
KouTponbnslii ocmotp uepe3 7 nHeil. 9xoKI™ u ocmotp B
KapANOXUpPyprom uepes 1 mecsil.

b) Kaunuueckuit cnyuati mpomba neuenouno20 cecmenma
HudICHell noJoll ensvl y pebenka ¢ BIIC
Pebenox JK.T.: 14.01.2009 200a pooicoenus.

Jlama nocmynnenus: 14.06.2021

Knunuueckuti  ouaenos:  BIIC.  Awomanus  paszeumus
mumpanenozo kranana (MK) ¢ Hedocmamounocmuio
MUMPATLHO20 xkaananalll cmeneHu (anomanus
NANULIAPHBIX MbLULY MK). Ommnocumenvhas

Hedocmamounocms  mpuxycnudanvrozo knanana (TK)III
cmenenu. Bvicoxas necounas eunepmensus (BJII'). CHOK |-
. Anghexyuonnviii snooxapoum?

Cunopom bBaooa-Kuapu (mpomb 6 nudsichell nonou eexe).

THocmxosuonwiii cunopom.

PebeHok xamyeTcs Ha OZBIIIKY B TIOKOE, C1aboCTh,
OBICTPYIO YTOMJIAEMOCTh, OTEKH Ha JIMIE, KOHEYHOCTSX,
HapyleHUe CaMOYyBCTBHS.

BIIC 0bin BoisiBIIeH nmo3aHo - B 2020 roay (B 11 -
JIETHEM Bo3pacTe), Korga oOOpaTHJIM BHHUMaHHE Ha
CUMIITOMBI CEpAECYHOM HEJNOCTaTOYHOCTH. beccumnToMHO
nepesec COVID-19 (MDA IgGSARS-Cov-2- tutp 16,5).

Cocrosiane Tspkenoe. CaModyBCTBHE CTpajaer.
TenocoxkeHne acTeHWYECKOe, IOHMKEHHOTO IHTAaHUS,
OTEKM Ha HW)KHUX KOHEYHOCTSX, Ha juue. ['pyaHas kierka
nedopmupoBana, mmiIHMHApHYecKoW (Gopmbl.  JlpixaHue
JKECTKOE, XpHUIIOB HeT. TOHBI cepAla SCHBIE, PHTM
NPaBWIbHBIA, BBICIYIIMBACTCS TPYOBIH CHCTONMYECKHUIH
nryM Ha Bepxymke. O0ymacTb cepala U3MEHEHa, BHIOyXaer,
3aMeTHa myibcanus. Habyxanwme M myiabcamus COCYZIOB
mend. Bepxymeunsiit Tomdok ycmireH B |V-Vmexpebepre.
I'panumbl  OTHOCHTENBPHONW TymOCTH: TmpaBas Ha | cM
KHapy>Kd OT Kpasi TpyauHbl, BepxHss Ha |lmexpebepwe,
neBass Ha 1,5 c¢M KHapyXu OT JI€BOH CPEeIHEKIIOUUYHOU
muann. YCC 100-108 ynapos B munyty, Y/l 18 B MuHyTy.
XKuBoT 00bI4HOI hopMBI, MATKHI 0€300J1€3HECHHBIH, TIEYEHb
yBesnudeHa. CTyll 1 MOUEUCITyCKaHHEe PETYIISIpHOE.
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Tabnuya 5. OOMWUA aHATTU3 KPOBU

IMoka3aTenu KpoBH 15.06.21 22.06.21

DpHUTPOIHTHI * 10%/n 4,26 4,25

Hb, r/x 123 125

1T 0.8 0,9

TpomGoutsr *10%/1 378 386
JIEHKOINTEI *10%n 74 7,6
D03uHOGUITBL, Y0 1 1
/51,% 4 2

c/s1,% 52 53
Jlmmcoumtsr, % 40 41
MononuTsL, % 3 3
cod 4 4

Tabnuya 6: CBepTHIBAIOIIAs CUCTEMA KPOBH:

I1TB

16,7

THU

77,8%

MHO

1,21

OubpuHOTEH

2,4

OOmmii apanu3 Moum oT 15.06.2021: uBer c/k,
MPO3PavyHOCTh IOJIHAS, OTH.INIOTHOCTH 1020, peaknus
KHCIIas, TI0K03a-0Tp., 6emok 0,675 r/m, Jleikouutsl 2-3-4 B
moje 3peHms, OpTPomuTHl 6-7-§ B MoONe 3peHH,
Oxkcanatei++; aHanu3 Mo4yu Mo HeunnopeHko: JeHKOIUTHI
2,750,5ptpouutst 6,000

OO6mmuii ananu3 Mouu ot 22.06.2021r.: I{Bet c/x,
[IPO3payHOCTh IOJIHASA, OTH.IIOTHOCTH 1015, peakuus
KHCJasi, TIIOK03a-0Tp., OEJOK CIIeAbl, OJIHT.IUIOCKUUEN.,
Jleiikorutel  1-3-4-4; amamm3 mouum mo HeummopeHko:
nerikonuts 2,500.

Tabnuya 7 BUOXUMUYECKAN aHAJIH3 KPOBH:

O6m1. bumupyOuH, MKMOJIB/JT 18,65 19,4
Tumosnosas nmpoda, EJ] 3,51 2,16
OO6muii 6eNoK, I/1 66,0 69,0
MoueBHHA, MMOJIL/T 7,24 8,42
Kpeatnuun, MKMOJIB/ 1T 70,0 59,0
ACT,EJ/J1 59,0 36,0
AJIT, EI/JT 95,0 50,0
caxap 511 5,18
Ca 2,47 2,57
dochop 1,48 1,67

CPb 13,0

Hncmpymenmanvnvie 06cnedoganus

OKT om 15.06.2021: snekTpudeckasi ocb cepAia OTKIOHEeHa
BMNpaBo. PUTM CHUHYCOBBIA C TEHAEHIMEH K TaXWUKapIUHU.
OKT' mpuzHaku THIEPTPOPUU JIEBOTO TpEICEpIus, 000nux
KEITYTOUKOB.

e V3U OpromHOH mosoctm w modek oT 17.06.2021:
KapmnanpHass medeHb.  DOXO-TIPU3HAKM  TEIATHTA,
XOJIeIUCTOXOJIaHTUTa. ToKcHdIeckas HepomaTusl.

e  DOXO-kr ot 14.06.2021: BIIC. Aromanus pazsutus MK
c HEIOCTATOYHOCTEIO MK [llct.(anOoMamust
mammwuapaeix  Memmn - MK).  He  uckimrouaetcs
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WHQPEKIUOHHBIN JHIOKApANT. JIMIaTanus BCeX OTICIIOB
cepaua. OtHocutenbHas HegocraToyHocTh TK —
et BJIT.

e V3U or 18.06.2021: naHHBIE 32 TPOMO NEYEHOYHOTO
CEerMEeHTa HUKHEU IMOJI0N BEHBI, FelaTOMETaInio, aCIlUT
(puc.3).

Figure 3 goes here. File name: Figure 3 Ultrasound from

18.06.2021.gpeg

Puc. 3. VY3U or 18.06.2021: pmanHble 3a
SMOOJIOTEHHBIH TPOMO TEYCHOYHOTO CETMEHTa HIDKHEH
MTOJION BEHBI, TETIATOMETaJINIO, aCITUT



IIposeneno nevyenue: ubymnpoden mo 1 tad. 2 pasa
B jgeHb Ne®, dypocemua mo 1,5 mu. 2 pasa B JieHb B/M,
BEPOIINUPOH 1m0 1 Tab. 2 pa3a B ICHb.

Amnmiuiuige 1o 1 rp. 4 pasa B JieHb B/B CTpYIiHO,
reHtaMunuH mo 60 Mr. 2 pasa B JIeHb B/B CTpyHHO Ne8,
ypeoaekc o 1 kancyne 1 pa3 B nieHb, naHaurut mno 1 tab. 3
pasa B A€Hb, OMENpPa3ol Mo 1 Kamcyne yTpoM Imepexn enon
Nel.

Iemapun o 800 Ex (0,2) 4 pasa B neHp Ned, 3atem
mo 1250 E/T (0,25) 4 pa3a B 1eHb I/K BOKPYT ITyIIKa.

PexomennoBan koHTposnb OXOKI, OKI' uepes
Henenmro, Y3U opraHoB OpFOMIHON TOJOCTH IIOBTOPHTH
24.06.2021, xpoBb Ha CBEPTHIBAIOIIYIO CUCTEMY KaxIble 3
JHs, KpPOBb Ha MPOKAIBIMTOHUH.IIpOJOIKHUTE IpUEM
npenapatoB: (gypocemua mo 1,5 mi. 2 paza B I€Hb B/M,
amMmuuWwuiMH mo 1 rp. 4 paza B JeHb B/B CTPyHHO
(06:00,12:00,18:00,00:00), Bepommupon o 1 Tabd. 2 pasa B
JeHb JINTEIBbHO, ypcomekc mo 1 kamcyme 1 pa3 B JeHs,
naHaHruH no 1 Tab. 3 pasa B neHs, renapud no 1250 EJl
(0,25) 4 pasa B 1eHb I/K BOKpPYT ITyIIKa.

B LEJIOM, JeTH MeHee TIOJIBEPIKEHBI
Pa3BUTHIO TSKeJIbIX (POPM KOPOHABHPYCHOH HH(eKIHU
(Karikalan S. 2022). Onnako, B ciiyuyae HaJU4YUsl Y HUX
cepbe3HbIX NaToJIor uii cepaua, pu
napummpoBanun COVID-19, crmexyer y4uThIBaTH UX
MIPEALIECTBYIOIIEE COCTOSTHUE W UMETh BBULY BO3MOXKHOCTH
pasBUTHS TIOPAXEHHWH, OOYCIOBIEHHBIX HapyHICHUSIMHA
CBEPTHIBAIOIIEH CHCTEMBI KPOBH.

Ha ximHMYecKUX npuMepax HpoJEeMOHCTPHPOBAHA
npoOiieMa BBISABIEHUST W JIEUCHHsS TpomOo3a TIPaBOTO
IpeAcepans U MEYCHOYHOTO CETMEHTA HIDKHEH MOJIOH BEHBI
y IeTe, IepeHeCIINX KOPOHABUPYCHYIO HHPEKIIHIO.

Koarymsumonaele  M3MEHEHMs, CBS3aHHBIE C
COVID-19, MIPE.IIOIarafoT HaJIN4Yne
THIIEPKOATYIISLIHOHHOTO COCTOSTHHS, YBETMUMBAIOLIETO PUCK
TPOMOIMOOIMUECKUX OClIo)KHEHUH. B 30He pucka Tpombo3a
HaXOJISITCS BCE JIETH B TIOCTKOBHHOM MEPUOJIE, B TOM YHUCIIE
narrenTos ¢ BIIC.

Hcxoast w3  NpencTaBiCHHBIX — KIMHUYECKHX
CITy4aeB, BO3MOXEH BBIBOJ O HEOOXOIMMOCTH MPUMEHEHHS
(apMaKoNoruueckoil MpoQHIAKTUKK TPOMOO30B y BceX
MalMeHToB Tpynmel pucka, nepenecinx COVID-19 wu
PEKOMEHJIOBaTh Ha3HAa4e€HHE UM MPOQHIAKTHYECKUX 103
antukoarynsHToB.  [lammentam  BIIC,  mnepenecumum
KOPOHABHHMPYCHYIO WH(EKIHNIO, HEOOXOIMM peryJspHbIH
sxorpapuyecKuii KOHTPOJIB!

Bcerna crmemyer oOLeHHMBaTH PHCKH, INPEXIE 4YeM
MIAIMEeHT TIePEeCTaHeT NPUHUMATh OOBIYHBIC JIEKAPCTBa.

Panee cymectBoBaBmias naronorus cepaua (BIIC)
SIBJISIETCSI OCHOBHBIM (DakTOPOM pHCKa HEOIaronpusiTHOrO
ucxona (Bigdelian H. 2021; WHO 2021; KlokF.A. 2020).

CoBceM  HelIaBHO  IOSBWINCH  OTAECJIBHBIE
MyOMUKanuy O TIOBBIICHHOM pPHCKE OCIOXHEHHH OT
KOpOHaBHpyca y TAIUCHTOB, IPHHUMAIOINX TaKHe
JIeKapcTBa, Kak KalTONpPWI, JHAIANPHI, JO03apTaHd [p.
OnHako MOKa HET JOCTOBEPHBIX JOKa3aTeNbCTB J@HHOTO

npeanosioxkeHud. [lo  3ToM mnpuuMHe, pEKOMEHIALUU
KapAUOJIOTHYECKUX OOIIEecCTB Ha JaHHBIH MOMEHT He
colepKaT yKa3aHMW Ha TO, 4YTO JIEYCHHE OTUMU
IpenapaTamy CleayeT NIPHOCTAHOBUTb.

c) Knunuueckuii cayyaii mpomb6o3a cocyoo8 HUNCHUX
KOHeuHoCcmel Y OMHOCUMENbHO 300p08020 pebeHKa

nocie  NepeHeceHHOl  KOPOHABUPYCHOU — UHpeKyuu
COVID-19
Pe6enok K.C.20.09.2005 roma poxxnenus, 16 ner
[Hara MOCTYIUICHUS B OT/EeNeHHe

KapauopeBmaroioruu: 25.03.2022

Knununueckuit auarno3: TIocTKOBUIHBIA CUHIPOM,
BTOPUYHBIN aHTH(OCHOTUITHAHBIH CUHAPOM:
OKKITIO3MOHHBI  Tpom003 obmeit  m HapyKHOU
TIOJIB3IONTHEIX BEH CJ€BAa W HAPYKHOHM ITOJB3/IOIIHON BEHBI
cIipaBa, TIOBEPXHOCTHOW O€IPEHHON BEHBI CJIEBa, OCTPOE
teuenue (accommupoBanHas SARS-COV-2 wundexkumeii).
CocrosiHMe TOCHe UMIUIAHTaUWM  KaBa-QumibTpa  OT
26.01.2022r. Cunapom Moa4 -Teprepa.

Jlerom 2021 roma pebenok mnepenec COVID-19
(ITLIP +). B suBape 2022 rona HaxoAWJCs B KOHTaKTe C
601pHEIMCOVID-19, orMmeuanace nuxopaaka. B koHie
SHBapsli BHE3allHO MOSBWINCH CHJIBHBIE OONM B JIEBOH
HIDKHEH KOHEYHOCTH M IOAB3IOIIHOW 00JIaCTH, B
aMOymaTopHBIX ycioBusx mposeneHo Y3JIIT cocymoB
HIDKHUX KOHEYHOCTEH, The OBII BBISBICH AaKyCTHYECKH
CBe)XHH OKKIIO3HMOHHBIN TpOoM003 OOIIeH I10B3I0ITHON
BeHHbI (OI1B), Hucxoasmuii TpoM003 HIDKHEW MMOIB3IONITHON
BeHbl (HIIB), o6mreit 6enpennoii Bensl (OBB) ciesa.

26.01.2022 rochnUTaNM3UPOBaH B  YaCTHYIO
KIuHUKY “buxapn” ¢ nmuarnozom: Cunapom Mes-TepHepa.
TpomM603 oO1ielt U Hapy>KHOU MOAB3JOIIHBIX BEH ClieBa U
HapyXHOU MOJIB30UTHON BEHBI cIIpaBa. ADC
accormupoBannbiii ¢ CKB.

ITo TshKEeCTH COCTOSHHH, B OKCTPEHHOM MOPSIKE
MpOBE/IeHa aHTHOTpadus, B CBI3H C OCTPHIM TpoMOO30M
ObUT  WMIUTAHTHPOBaH  KaBa-QWIBTP ©  IPOBEACHA
WHQY3USaKTHIN301, aHTUKOATYIsSHTHAs Tepanus. Ha sroi
TEpamuy: TIOJHAS TOCTTPOMOOTHYECKAS pEKaHATIU3AIIHS.
Yepe3 meHb OTMEYaJcCs pPEIUINB TPoMOO3a, CTa3 KPOBU B
BEHAaX TOJICHH.

Jlaboparopuro mapkepst ADC u CKB: noseIienne
antuten Kk kapauwonunuuylgM, 19G, IgAwusorunos B
BBICOKMX THTpax; B2 rmukomporemny IgM, 1gG,
IgAn3oTHmoB B BBICOKMX THTpax, J-Iumep 10000HT/ M,
CPb-180mr/m, YCKOpEHHOE COD hi(e) 43Mm/4.
locrimranus3upyercss B OTAEICHUE KapIHOPEBMATOJIOTUH
HILIOMu/l mutst yTouHeHHs TMarHo3a 1 o100pa TepartiH.

OO1iee COCTOSIHUE NMPH TOCIUTAIM3ALUH TSHKENOE.
OTek M YIUIOTHEHHE Ha BCEM IPOTSDKEHUH JIEBOW HWKHEH
koHeuHocTH.[ nnepemus KOXH o BHYTpEHHEH
MOBEPXHOCTH JIEBOM TOJICHH, MECTHas rureprepmus. B
nerkux napixanwe Oe3 xpumoB. Y[l 18 B mma SpO2-99%.
Cepneunsie TOHBI npuraynieHsl, putmuaasie, YCC 88-98 B
muHyTy, Al - 110/70. XXUBOT MATKHIA, OOJIM BOKPYT ITyTIKa,
Ie4YeHb HE yBEJIMUCHA.
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Jlabopamopno

Figure 4goes here. File name: Figure 4General blood
test.gpeg

Pucynok 4. IlokazaTenu aHanu3a KpoBu

OAM (om 28.03.21): 1uBeT coON/KeNTHIHA, TMpo3paydHas,
OTH.IIIOTHOCTH- 1020, peakius Kucias, 6eJI0K HET, TIF0K03a-
OTp., dMUT 1. 3-4-4, nevikonuthl 2-3-4-4, cOmM OKCH. +,
aHanmn3 Moun o Hudenopenko setikonutsr 2750

OAM (om 12.04.21): uBer CcoN/KeNTHIH, Ipo3pavHasi,
OTH.IITOTHOCTH-1013, peakmus xucnas, OEJIOK HET, TITFOK03a-
OTp., THT III. eIWH., IeHKouTs 1-1-3, conmn okem. +

buoxum an. xpoeu(om 28.03.22): CPb — 20,0 mr/m, o0ux
OowmupyOuH-8,45 MKMOJIB/, THMOJIOBas mpoba- 2,43 en,

obmmit 6emox — 77,1 1/p, moueBmHa — 4,51 MMOIB/I,
KpeaTHHUH- 68,3 MKMOJIB/I, caxap KpoBu-5,52; ACT-63,2,
AJIT-99,5, ACJIO +, P® — orp., Ca -2,13, Fe — 84
MMOJL/1, P-1,29

(31.03.22): Bp. cBeptoiBanue mo Jlu —Yaiity — 9’38, I1TB-
14,37, I1ITU-85,7%, MHO-1,17, AYTB - 25,3",
¢ubpuroren — 3,9%

(04.04.22): TITB-12,7"; TITU-98,4%, MHO-1,03, AUTB —
24,17, ¢pubpuHoreH — 4,2

Buoxum an. kposu(om 08.04.22): obur ownupyoun-7,73
MKMOJIB/JI, TAMOJIOBasi 1poba- 3,51 en, obmuii 6emok — 70
r/p, MOueBUHA — 5,37 MMOJIb/JI, KpEaTHHUH- 77,4 MKMOJIB/JI,
caxap kposu-4,47; ACT-15, AJIT-43,0, Ca -2,29, P — 1,43

Tabnuya §: CBepThIBAIOIIAs CUCTEMA KPOBH

Jara o0cienoBanus ITB aTHn MHO AUYTB DuopUHOreH

08.04.2022 131" 95,2% 1,06 24,07 4,2%

12.04.2022 15,5" 76,1% 1,28 38,0 4,3%

14.04.2022 15,6" 75,3% 1,28 32,0 3,9%
AymoummynHnas OUASHOCMUKA (om 06.02.2022): ~ MarucTpaibHEIA HE H3MEHEHHBIN, IPOCIEKHUBAETCSA HA BCEM
Antudochomumuanaetii  cuHapoM AT K KapawonmunmuHy — IPOTSHKEHUH IO CTOIL.

890,0 ME/mn  (mopma 0-10); antuTena k 6eta-2 DK BapHaHT HOPMBL.
raukopnporenty  -580,0  ME/mn (mopma  0-10); B otnmenenme mpoBeaeHa Tepamus: (hpaKCHIIApHH

BOJTYAHOYHBIN aHTHKOAryJsIHT -1,23+

Aymoummynnas ouaenocmuka (om 31.03.2022): Antutena
k kapmmommnuaylgG -90,46, 1gM-35,75, anTHAnepHBIC
agTHTeNa Ha cyOctpate Kimetok HELP-2 —cBeuenne
OTCYTCTBYET

Tenemuueckoe uccredosanue (om 08.02.22): Tpombouns
pacupeHHas. BrlsiBiieH moiauMopgu3M B reTepo3uroTHOM
dopMe, IpeApacHoNOraloIi K HApYIICHHI0 OOMEHa
(o1aTOB, TUIIEPrOMOICTHHEMHH.

Vaempaszeykosas Ouaenocmuxa namonozuu 6eH HUICHUX
Koneynocmeu  (om  22.03.22):  cocTosHME  TOCIEe
HMIUIAaHTAlMU KaBa-QuibTpa B oOyacTu (GUIbTpa TPOMO
23x18 wMM. Jlesas mHudicHAA KOHeuHOCMb: JAaHHBIE 3a
OKKJTFO3UOHHBIH Tpom003 OIIB, Tpom603 HapIIB, Tpom603
OBB, IIbBB u BeH rosieHd C MpU3HAKaMW HadalbHOU
pekoHanmzauuu  Ha OBB. Aprepum —  KpPOBOTOK
MAaTHUCTPATbHBIA He H3MEHEHHBIH, IPOCIEeKUBACTCS HA BCEM
NPOTSDKEHUH 10 CTOIL. [Ipasas HUdCHAS KOHEYHOCHIb:
rryOOKHMe W T/K BEHBI H/K TPOXOIUMBIC, CKHUMAEMBI,
KOMITPECCHOHHBIE ~ MPOOBI  TOJNIOKUTENbHbIE,  KJIAMaHbI
cocrostenbHele. [IpokpammBanne B pexxumax LK u D/1
MoJHOe. ApTepuM — KPOBOTOK MAarucTpajbHbIH, He
HU3MEHHBIH, TPOCIEKUBAETCS HA BCEM MPOTSIKCHUH
noctyna (puc.5).

Figure 5 goes here. File name: Figure 5State after
implantation.gpeg

Puc. 5. 06.04.22: CocrostHue Iociie UMILIaHTAlluA
kaBa-¢uieTpa, HIIB u 30Ha ¢uiabTpa mpoxoaumeie, 06e3
MPHU3HAKOB TpoMOo3a. JIeBass HUKHsI KOHCYHOCTH JAaHHBIC
3a OKKIIFO3HOHHEIH Tpom003 OIIB, Tpom603 HIIB, TpoM603
ObB, IIbB u BeH TrojieHH C TMpU3HAKaMW HadaIbHON
pexkanamm3anuu  Ha  OBB. Aprepum —  KpOBOTOK
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0,6 x3 m/k Ne2 = 0,6x 2 i/ Nel 20,6 x3 n/x Nel 2 0,6 x2
/k Nel= 0,3 x2 n/k Nel=> 0,3 x1 i/x Nel; aBero 500 mr x 1
pa3 B aeHb Ne6; nmexca 8mr > 16Mr >8mr Ha Qus.p-pe
100,0 ¢ nepexonom Ha Meapod B TabneTkax; uedrpu 2,0 B/B
kam. Ne5; mmakBenmn 1 Ta0.B o0Oex Nel9; wmecTHO
anIuiMKalM ¢ Masplo  BumiHeBckoro; buoBeH MOHO
(BHyTpHBeHHBIH uMMyHoOrNoOynnH) 0,4 Tp/Kr(kypcoBas
J03a B TeueHWe 5 aHei); Bapdapur/ATal. Ne5-> 2 Tab
yrpom Ne9; menpon 16mr yrp.l1 ta6.,1 tab obem —>ytp.l
Tab.,1 Tab 0ben,1/2 Bedepom; aciimpuH kapauo 0,1 Beuepom;
sHajanpui ¥2tab x 2 pasa B aeHb Ned - Y2 yrpom Ne2

B pesymbraTe Ile4eHHS COCTOSHHE MajbuMKa
3HAYUTENBHO  YJIYYIIMIIOCH, 0OJNEeBOM  CHHApPOM  HE
OCCIIOKOUT, BHU3YAJIbHBIX H3MCHEHHUI CO CTOPOHBI JICBOU
KOHEYHOCTH HEeT, XoTa npu mnpoeaenuun Y3 cocymos
MpHU3HAKK TPOMOO03a COXPAHSIOTCS, MOSBUIIACH YACTUYHAS
peKaHaIu3aIys COCyI0B.

B nmanmnom wimHuueckom cinydae COVID-19
CIIPOBOIIMPOBAT  Pa3BUTHE ayTOMMMYHHOTO COCTOSIHUS,
momobHoro A®JI cuHApomy, HazeiBaemoro «COVID-19-
uHAyImpoBaHHEIH ~ ADJI -  TOHOOHBIA  CHHIPOMY.
AnTHQOCOONUMUAHEIT  CHHAPOM —  ayTOMMMYHHOE
3aboJeBaHne, KOTOpoe MaHU(ECTHPYET KaK BCHOZHBIN WIIH
apTepHaNbHBIA TpoMOO03.

IToaTBepxaeHreM NaHHOTO 3a00JEeBaHUS SBUIOCH
MOBBIIICHUE TUTPA aHTHUTEN K OeTa-2-TJIMKONPOTenHy-1 Hin
KapIHOJIMIUHY, OBBIIICHHAS KOHIICHTPALIUS BOJYaHOYHOI'O
aHTHKoaryisHTa. Y MHorux mamuentoB ¢ COVID-19
ormeuaercs yanmuHerne AUTB, uto MoxxeT OBITH MapkepoM
MOBBIIICHUS  YPOBHS  BOJYAHOYHOTO  AHTHUKOAryJSHTA
(Radke, Frenzelt 2020).

[oBsIIeHNE YPOBHS BOJIYAHOYHOT'O
aHTHUKoarynsHTa y nauueHtoB ¢ COVID-19 acconuupyercs



CO 3HAYUTEIBHBIM YBEJIMYCHHEM DPHCKAa TPOMOOTHYECKHX
OCJIO)KHCHUH, JaHHBI MapKep MOXET OBITh HCIOJB30BaH
U1l 0TOOpa TAIMEeHTOB, KOTOPHIM IeIeco00pa3Ho BBOAMTD
noJHyo (JieueOHyto) nosy renapuna (Karikalan S. 2022).
A®JI cuHApOM MOXET OBITh TPEXOMSLINM Yy
TeHETHYECKH MPeIPACIONI0KEHHBIX MIAIMeHTOB.
Karactpoduueckuit antudocomunuaHelii CUHAPOM IpH
Tsoxenom tedeann COVID-19 He MCKITIOYaeT BEPOATHOCTH
pasBUTHSI B KauyecTBE  OJHOTO M3  IPOSIBICHUHN
TPOMOOGDMINH, UMEIOIIEH MECTO Yy TAaKUX MAIlMEHTOB.

d) Kuunuueckuii ciyuaii ocmpozo HapyuleHuss Mo3208020
kposoobpawenus (OHMK), uwwemuueckuii uncyivbm 6
baccetine cpedHell M03206801U apmepuu y pebeHKa nocje
nepetecenHou kopouasupycroti ungexyuu COVID-19

Hesouka C.A. 2017 rona poxxaenus (3 roaa).

OcHnognou Ouaeroz: OHMK. Wmemuueckuil WHCYNBT B
OacceifHe cpemHell MO3roBOi  aprepuu  cmpaBa, C
1 Gy3HbIM MOpakeHUEM IIPaBOro MOJTYIIapHs,
BCJIC/ICTBHE TEPEHECEHHOW KOPOHABUPYCHOM HHQEKIHH.
JIeBOCTOPOHHSIS TEMUIUIETHS.

Conymcmesyrowuii: Hedponarus. AHTHOHOTHKO-
acconuupoBaHHas auapes. JKenezoneuUUTHAs aHEMUS
yMmepeHHO# ctereHd. Octpelit (apuHTHT. JIBYCTOPOHHUIMA
KOHBIOHKTHBHUT. MunnmansHas HEJO0CTaTOYHOCTh
MUTPAIBHOTO KJIalaHa.

Pebenok or 6 OepeMEHHOCTH 5  PpOJIOB.
bepemennocTh mpoTekana Ha (oHe TOKcHKO3a 10 3-4
Mecsnes, nepenecaia OPBU B 1 tpumectpe. CoctouT Ha
yuaere ¢ 3 Hepenn. Ananmmsel Ha BYU - otpunarensusie. Bo
BpeMsi OepeMeHHOCTH Ha 2-3 TpumecTpe moBblmanocs AJl.
Ponel B cpoke 39 Henmens, skcrpennele, mytem KC mo
npuunHe noseimenust AJL ro CAJl 210 mm pt ct. BITP 3400
rp. 3akpuyaina cpasy, K Ipyau MPUIOKEHa Ha 2 IeHb, cocalla
akTHBHO. [loyrydeHHbIE TPUBUBKY — 10 KaJICHIAPIO0.

HacnencteeHHocTs He oOTATOIIEHA. POACTBEHHBIE
Opaku otpumaer. Bo BpeMs OepeMEHHOCTH IpHHHMAJIA
HOZOMapHH, 371EBUT, (POINEBYIO KHCIIOTY.

Pe6enok nepenec COVID-19 (ot 04.07.2020. TTLIP
SARSCO0V -2 0I0KUTENbHBIH)

28.07.20  yrpom  peOeHOK  CTal  BSUIBIM,
OTCYTCTBOBAJI alNeTHT, OTMEYAJOCh PE3KOe OrpaHHYCHHE
JBIDKCHUH B JIEBBIX KOHEYHOCTSIX. B 3TOT e 1eHb
0o0paTHINCh B TOJNMKIMHUKY IO MECTy JKHTEIIBCTBA, TIE
OBUT OJTHOKPATHBIH MPUCTYI CYIOPOT Ha ()OHE JIMXOPAIKH.
BBenen nuazenam B/M, peOEHOK ObLI TOCIUTAJIM3UPOBAH B
peaHMMAIMI0 MO0 TKECTH COCTOSHHS B YTHETEHHOM
CO3HAaHMWH, C HAJIWYHEM CYAOPOT TOHHKO-KIOHHYECKOTO
XapakTepa ¢ moTepeil co3HaHus, addexramu, Ha (oHE
MOBBIIICHUsT  TEMIIEpaTypel Tena 10 39  Tpamycos.
IMpucyTcTBOBaNO  OTrpaHMYEHWE JBIDKCHHH B JIEBBIX
KOHEYHOCTSIX, HAJINYNEC TeMOPPAarn4ecKHX BBICHITAHUA Ha
HIDKHUX KOHe4YHOcTsiX. Ilo TsbkecTH cocrosiHME Oblia
TOCHHUTAIN3UPOBAaHA B PEAaHUMAIIHIO.

Bouienenst MPT mpusnaku sHIedanura crpasa,
OHMK 1no wuimeMudeckoMy THIIA CIIpaBa, U BBICTABJICH
nuarao3 “MeHUHTO’HIeATUT HEYTOYHEHHON 3THOJIOTHH.
OHMK 1o wumemuyeckoMy THIy. JIBycTOpOHHsA
MTHEBMOHUS .

[TomyyeHo nedeHue: aHTHOAKTEpHAJIbHAs, TOPMOHAJbHAS,
nH)Y3MOHHAS ¥ CHMITOMAaTHYeCcKast Tepanun. J|nHaMIUKH He
HaOJII0/IAI0Ch, COCTOSTHHE pe0eHKa OCTaBalloCh TSKEIBIM,
TeMriepaTypa tena Oblia B npenenax 37,7-38,5C.

Hesponocuyeckuii cmamyc: Co3Hanne - xoma (3 6 mo
IOKT). Ha ocmotp He pearumpyer. Ha 3BykoBble
pasapaxuTenu He pearupyeT. Yepen okpyrioi hopmel. bP
3aKpHIT. 3padykd JAWAMETPOM CpEedHed BeIWYWHBI, D=S,
peakisl 3paykoB Ha CBET OTCYTCTByeT, D=S. JIBWKeHHUs
mIasHeix 1070k HeT. Kocormasuss HeT, HHCTarmMa He
oTMeueHo. Jlunmo cummerpuuHoe. MBbIIEUHbII  TOHYC
TOHMKEH 10 TUIIOTOHUYECKOMY TUITY BO BCEX KOHEUHOCTSIX,
D<S. JleBoctoponnsisi  remuruierus.  CyXOXUJIbHbIE
pediekchl  cnpaBa  CHHKCHBI, ClIeBa  OTCYTCTBYIOT.
PuruaHoOCTh 3aTHIIOYHBIX MBIIIII.

NIHSS nHa moment mnoctymieHus B HIIOMu/l (7 nenb
UHCYJBTa)- 26 0.

NIHSS na 10 nens nuCyIBTA- 26 6.

NIHSS na 17 nens uncynsta- 21 6.
ComaTudeckuil cratyc. CocrosHHE TsaXKeIO€ 3a

CUeT HeBpOHOFquCKOﬁ CUMIITOMAaTUKA W T[PU3HAKOB
HWHTOKCHUKAIIUH.

Koxa u BUIUMBIC CIH3UCTBIC 6JIGI[HOI7I OKpacCkKu,
oTMEC4Hal1aCb reMmopparndeckas CBbIIIb Ha HWKHUX

KoHeuHOCTsX 1o 11 mua Oomesnm. IlemymieHme KoXH
MTOTyIIeYeK MMajblleB PYK W HOT U MHACTCHUS IOSIBIUIUCH HA
25 nmeHb Oone3HH. 3aTBUIOYHBIE W OKOJIOYIIIHBIC
auMbaTudecKue y3ibl ObUIM yBEJIHYEHBI, 0€300/Ie3HEHHBIE.
3eB runepemupoBaH. HocoBoe nwixanme cBobomnoe. Han
JETKUMHU  JbpixaHue  kectkoe.  CepledHble  TOHBI
TNPUTJIYIICHB, PUTMHYHBIE, WIYMOB HeT. JKuUBOT mpu
najblaldd MSITKUM, NeYeHb U cesle3€HKa HE YBEIMYEHBI.
Cryn xuaxuii, 6€3 TaToJIOrHIecKUX MpUMeceH, 10 6-7 pa3 B
neHb. Mouencmyckanue depe3 Mo4eBoil katerep. [Iutanue
yepe3 Ha3oracTpalbHBIN 30HA mo 22 g Oone3nu. Ilocie
BOCCTAHOBIICHHS TJIOTaHHsA, Yy peOcHKa oTMedYanach
Oynumust.

Jlannvie nabopamopnozo 0o6credosanus.

Uccnenoanne wmazka wa IILP COVID 19 -
nojoxutenbHeld (o1 04.08.20r);

UccnenoBanue kpoBu Ha SARS CoV — 2, 19G
COVID 19 — KII 7,8; antutena x kopoHaBupycy SARS
CoV -2, IgM COVID 19 —KII 1,07 (ot 21.08.20r).

Oeppurur — 82,1; mr/mull — qumep 5,10 mr/mo;
Oubpunoren «A» - 9,4 r/m Bp. pekamprmpukanuu 115,
IITB 20, IITH 80,0; MHO 1,2; AYTB 40.

oOmuii 6esok - 40,0 r/m;
npoKaxpIuTOHUH 0,6 HI/MIT;
CPb otpunarensHbIid.

Jlannvle uHCcmpymMeHmanbHo20 06Cc1e008aHUA!

MPT ot 31.07.20r. - Tpu3HaKW, Haubolee
BEpOSATHO, Kak TmposBiIeHHWe »dHIedamura cmpasa. He
uckmoyeHo OHMK 1o nmmeMudeckoMy THITY.
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Figure 6 goes here. File name: Figure 6MRI from
31.07.2020.gpeg

Figure 7 goes here. File name: Figure 7MRI
from 31.07.2020.gpeg

He ncximogero OHMK 1o mmemMmgeckoMy THITY.

Puc. 6, 7. MPT ot 31.07.2020 r. - mpu3Haku, HauOoOJee BEPOSATHO, Kak MPOSBIICHUE dHIe(aTnTa crpasa.

Figure 8,9 goes here. File name:
Angiography from 07.08.2020.gpeg

Puc. 8, 9. MPT anruorpadus ot 07.08.2020r —
KapTHhHa 066,Z[HGHI/IH KOHEYHBIX BETBEH CpCAHUX MU 3aJHUX
MO3TOBBIX aprepuifi ¢ o0eux cropoH. [mnommasus
MONEepEYHOT0 CUHYCA CJICBa

Figure 6 MRI

VY3U ronosHoro mosra — tpom603 B BCMA crnipasa

9XO KI'- muHHManbHasi HEAOCTATOYHOCTh MUTPAIBHOTO
KJIaraHa, TaXUKapIusl.

OKI'— putm cunycoBbeii. UCC 160 ya. B mun. D0C
OTKJIOHEeHa BrpaBo. HemomHas Osiokama TpaBOM HOXKKH
nyuka ['uca.
PenrrenorpaMma  opraHoB  IpyaHOI
JIBYCTOPOHHSISI IPUKOPHEBAs THEBMOHUSI.
Jleuenne maroreHeTHueckoe (aHTHArpeTaHTHAs WU

KJICTKH:

TOPMOHOTEPAITHS), CUMIITOMAaTUYECKOE (HIIBC,
nH(pY3UOHHAS U AHTUONOTHKOTEPAIHN).
Ilocne  npoBepeHHON — Tepamuu  OTMEYallach

moyioxkuTeNpHas nuHamuka: Peppurnn - 30,84 ur/mm; D-
aumep - 0,53; dubpunoreH A - 4,6.

Ha penrtrenorpamMMe OpraHoB IpyAHOH KIETKH B
JMHAMHKE ONpesenseTcs NHQUIBTpaIus ¢ 00eMX CTOPOH B
craguu paccaceiBanus. NIHSS (36 nens uncynbra)- 13 0.

JlaHHBIH ~ KIMHUYECKHH ciydall — sIBISeTCS
MOJTBEPAKAECHHEM BO3MOXKHOIO HApyLIEeHHs MO3TOBOrO
KpOBOOOpaIeHus BCJICACTBHE MIEPEHECEHHOM
KOPOHABUPYCHOW MH(DEKIHH.

Iopaxenne ITHC B manHOM cirydyae MOKET OBITH
CIIEICTBHEM  MYJIBTHBOCIIAIUTENBHOTO CHHAPOMA, TIPH
KOTOPOM MOPAXAaIOTCS Cpa3y HECKOIBKO CHCTEM JAETCKOTO
opranm3Ma. Paszymeercsi, BO3MOXXHBI Jpyrde HPHUIUHBI
UIIEMHUYECKOT0  HHCylnbTa Yy  JieTed,  Hampumep,
aHaTOMHUYECKHE 0COOEHHOCTH COCY/IOB.

Xota netu nepeHocat COVID-19 nerue B3pocibIX,
B PEIKUX CIy4asXx Yy HUX pa3BUBAIOTCA OIIaCHBIE
HEBPOJIOTHYECKUE CHHJIPOMBI. Kaxk noKasai
MEXIYHApOJIHBIA OKCIEPTHBIA 0030p, ONMyOJIMKOBAaHHBIN B
ThelLancet, y MalEHTOB MITQJIIETO BO3pacTa,
mepeboneBmux  COVID-19, BO3MOXHBI — IOpaXCHUS
TOJIOBHOTO MO3ra (BIUIOTh JJO MHCYJbTA), HEPBHOW TKaHU U
no3Bonoununka (ReyesGil M. 2019; ESO 2023; Bowles L.
2020; Harzallahl. 2020)

AHTHKOATyJISHTHAsT TEPaIus >KeNaTelIbHO JOJDKHA
OBbITH MpeCTaBIeHA IIepopaIbHBIM IpUEMOM
AQHTUKOAryMsSHTHBIX IPEerapaToB M MOHHUTOPHPOBATHCS
mokazaremsivu  MHO u AUTB exenHeBHO B OCTpOM
MIEPHOJIC HHCYIIBTA.

II1.  O6cyxnenue

Bbicokas yacToTa apTepHaibHBIX TPOMOO30B M
BCHO3HBIX TPOMOOIMOOIMYECKUX OCIIOKHEHHUH Y TTAl[HCHTOB
¢ HOBOW KopoHaBupycHOl uHpekmuer SARS-CoV-2,
CBHICTEIBCTBYET O  HEOOXOIMMOCTH  yIIIyOJICHHOTO
W3YYCHHS NATOrCHETHYECKHMX MOMEHTOB MPOKOATYISTHTHOTO

© 2023 Global Journals

craTyca M  Oojiee  palHOHAIBHOIO  MOAXOJAa K
NpoUIaKTHYECKUM MEPONPHATHSIM y JaHHON KaTerophu
L.

Kpome TOTO, 3HAYUMOCTh HapyIIeHUH
CBEPTHIBAEMOCTH KpoBH y Jerel, nepeHecnmx COVID-19,
CTaHOBUTCA Bce Oosiee  OYEBHUAHOW, TOCKOJIBKY Yy
3HAYUTENGHOW 4YacTH TMAlMEHTOB pPa3BHUBAIOTCS, WHOTIA
HepacIlo3HaHHBIE, BEHO3HBIC u apTepHaJbHbIC
TpoMO0IMOOINIECKUE OCTOKHEHUSI.

Tpomboobpa3oBanue (apTepuasbHBIE W BEHO3HBIE
TpOMOO3bI, MUKPO- ¥ Makpo-) y HAIMEHTOB, MEPEHECIINX

COVID-19, w™oxer OBITH BBI3BAHO OJHIOTEIMAIBHOMN
quchyHKIUCH u SHIOTEIHUUTOM, CIUTOKHHOBBIM
IIITOPMOMY, THIIOKCHYECKUM MTOBPEIKICHUEM,

TUMEPKOATYJSIMEH  W/WIM  TOBBIICHHOH aKTHBHOCTBIO
TpoMOoIMTOB. Ha CeroqHsmHuii IeHb POIb XPOHHYECKOTO
BOCHAJICHUS (B MIEPBYIO OYEPE]b, YHIOTEIIMUTA — BACKYJIUTA
c MHUKPOTpoMOO3aMu i MHUKPOIUPKYJISITOPHBIMHU
HApPYIICHUSIMHU) U JPYTUX UMMYHHBIX PEaKIHid CUHUTACTCS
TJIaBHOM TeOopHel NaToreHe3a MoCTKOBUIHOTO CHHIPOMA.

C TOBBIIIEHHBIM TPOMOOOOpa30BaHMEM CBs3aHA
BBICOKAsl 9aCTOTa TPOMOOTHUYECKUX OCTIOKHEHUH KOBHIHON

WHQEKIHA, OOYCIIOBIICHHBIX  TOBBHIIICHHEM  (aKTOPOB
MPOKOATYJSINWM, TakuX Kak (uOpuHoreH, D-mumep,
MIPOTPOMOHMHOBOE BPEMHL.

Bce 3TO ompemenser  CIOXKHOCTE — HoaOopa

MEJIMKaMEHTO3HOM IaTOreHEeTUYECKON Tepanuu JaHHOU
BUPYCHOH  MH(EKIMHM, B  YaCTHOCTH  INPHUMEHEHHS
AQHTUKOATYJITHTOB, BCJICACTBUE pPHCKAa Te€MOPparnyeckKux
OCJIO)KHEHHI, KaKk B OCTPOM Iepuojic 3a0oJieBaHusl, TaK H
nocie — B (OpME OTCPOYCHHBIX TPOMOIMOOIHMYECKUX
OCIIOKHEHUH.

Hcxonst w3 pe3ynbTaTOB HCCIEIOBaHMS, MOXKHO
c/lenaTh 3aKII0YEHUE O HEOOXOAMMOCTH CTPOTO NPUMEHSThH
(hapmaxooruueckyro MpoQuIakTUKy TpoMOO30B y Bcex
nauuenTtos, nepereciinx COVID-19, rpynmbel pucka, u
HACTOSITEJIbHO PEKOMEHJI0BaTh IMPOPHIAKTUYECKHE O3Bl
AQHTHUKOATYJISTHTOB.

Ha cerogusmuuii 1neHp 0co00  aKTyalbHBIM
OCTaeTCsl BOIPOC: SIBISIETCSl JIM TOCTKOBUIHBIA CHHIPOM
ocnmoxaernemM  COVID-19 wm  mpoaoipKarommMcs
MaTOJOr MYECKUM MPOLIECCOM, 4TO SIBJISICTCSI
NPUHIUIHAIBGHBIM  YCIIOBUEM [UIi OOOCHOBAaHUSI TaKTHKH
BE/ICHHS TALMCHTOB.

V. 3AKJIIOYEHUE

IIpencraBnsss  psx KIMHUYECKHX  CIIydaeB
TPOMOOTHYECKUX  OCJIOKHEHHIA y  JAeTed  1ocie
MepeHEeCeHHON COVID-19, aBTOPHI CTPEMHIIIUCH
MOATBEPUTH TEOpETHYECKHE TIPEATION0KEHHS 0

BEPOSITHOCTH TaKHWX OCJIOKHEHHUH M WX pa3HooOpasmu. B
JTAHHOM COOOIIEHUN OTPaXEHBI BAPUAHTHI TPOMOOTHUECKHUX
OCJIO)KHEHUI1 1ociie KOpOHaBUPYCHOM MHpEKIun y nereit ¢
BIIC, a Taxke ciyyan TpoMOO30B BEH KOHEYHOCTEH M


https://www.thelancet.com/journals/lanchi/article/PIIS2352-4642(20)30362-X/fulltext�

COCyIOB MO3ra |y JeTe ¢  HeOnaromosydHbIM
IPeMOpPOUTHBIM (HOHOM.

C Hamrel TOYKM 3pEHMs], NIPEICTABICHHBIC JaHHBIC
JIOJDKHBI apTyMEHTHUPOBaTh KIMHHUIMCTOB Ha BO3MOXKHOE
Oosiee paHHee IPUMEHEHHE IPEBEHTHUBHBIX Mep IO
OTHOIICHHI0O K TPOMOOTHYECKHM OCJIOXHEHHSIM Y BCEX
nanuenTos, nepenecmnx uHMeknmo COVID-19, a Takxke
Ha paHHEE BBISBICHHE HAYaJbHBIX IPHU3HAKOB TAaKHUX
OCJIOKHECHHUH.

B cBmu c stuM HeoOxomuma pa3paboTka u
ampoOarus anropuTMOB TPOQPIIIAKTHKH TPOMOOTHUYECKUX
OCIIO)KHEHMH Yy  Jerel ¢  NEpEeHECEeHHOM  HOBOMU
KOPOHaBHPYCHOM MH(]EKIINEeH He3aBUCHMO OT €€ TSKECTH.

Ha panHOM »Tame eme IpeACcTOMT AajibHEHIIee
0000mIeHNe KIMHAYECKOTO MaTephalia 1o ONmKaimmMm u
OTJAJICHHBIM HCXO0JaM TpPOMOO30B COCYIOB Ppa3IU4HBIX
CHUCTEM OpraHu3Ma, uTO OYyJeT OCHOBOW M JOKAa3aTelIbHOM
0a30ifi HEOOXOAMMOCTH COBEPILCHCTBOBAHUS JICUCHHUS H
peabunUTaun MOCTKOBU/IHBIX OCJIO)KHEHUH,

00YCIIOBJICHHBIX (POPMHUPOBAHUEM JIEPEKTOB TeMOCTa3a.
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WH(POPMHUPOBAHHOE COTJIACHE HA MyONHKALUIO PEe3ylbTaToB
ero oOcrmemoBaHMS W JieUeHHWs (JaTta  MOANHCAaHUS
JOMMITTIT)»).

HUCTOYHUK ®PUHAHCHUPOBAHUA

Kinandeckoe HaOIOICHUE BBINOJHEHO B paMKax
HayuHo-uccrnenoBatensckoit  pabotel  HanmonansHOro
LlenTpa OXpaHBI MaTEPUHCTBA U JSTCTBa NPH (UHAHCOBOI
noanepxke MuHHCTepcTBa  00pa3oBaHHs M HAyKH
Keiprei3ckoii PecriyGnukwy,
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Are Known Lung Dose Limits Valid for All Patients?
By Dalenogare, M. O., Andrade, C. F., Zardo, L., Leal, M. H. & Matiello, J.

Federal University of Rio Grande do Sul
Introduction- Radiotherapy is one of the pillars of the treatment of lung cancer and it can be used
as an ablative therapy alone in the early stages of the disease or combined with chemotherapy in
more advanced stages (1). Despite its curative role in many settings, radiotherapy is not without
side effects. One of the most unwanted side effects is radiation pneumonitis (RP). RP is an
inflammatory response resulting from damage to the irradiated lung parenchyma (2) that typically
occurs within six months of treatment completion (3).

Several factors appear to be associated with the risk of developing RP and its severity,
including patient-related, tumor-related, and treatment-related dosimetric factors, as well as
tumor size and location (4). Patients receiving chemoradiotherapy or with prior lung resection are
also in the group of patients at high risk of developing RP (5-6). However, the analysis of all these
variables in the calculating toxicity potentials is uncommonly performed due to the lack of
suitable algorithms.
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I. [NTRODUCTION

adiotherapy is one of the pillars of the treatment
:{of lung cancer and it can be used as an ablative

therapy alone in the early stages of the disease or
combined with chemotherapy in more advanced stages
(1). Despite its curative role in many settings,
radiotherapy is not without side effects. One of the most
unwanted side effects is radiation pneumonitis (RP). RP
is an inflammatory response resulting from damage to
the irradiated lung parenchyma (2) that typically occurs
within six months of treatment completion (3).

Several factors appear to be associated with the
risk of developing RP and its severity, including patient-
related, tumor-related, and treatment-related dosimetric
factors, as well as tumor size and location (4). Patients
receiving chemoradiotherapy or with prior lung resection
are also in the group of patients at high risk of
developing RP (5-6). However, the analysis of all these
variables in the calculating toxicity potentials is
uncommonly performed due to the lack of suitable
algorithms.

There is essential heterogeneity among patients
receiving radiotherapy. Currently, the rate of lung cancer
in non-smokers has been increasing synchronously with
the increase in the diagnosis of adenocarcinoma and
inversely with the diagnosis of squamous cell carcinoma
and small cell lung cancer (7). In any case, the number
of smokers and patients with previous lung diseases
who develop lung cancer is high (8). Such diseases
include chronic obstructive bronchopulmonary disease

(COBPD) and interstitial lung disease (ILD) and are
significant risk factors for cancer. A study published in
2015 demonstrated that patients with COBPD had a
higher incidence of pneumonitis associated with
consolidation in the irradiated volume (52%) than those
without COBPD (16%) (9). The benefits of radiotherapy
are well known, but it is essential to pay attention to the
particularities of patients to adjust their treatment to
minimize pulmonary complications and improve clinical
outcomes (10).

Lung densitometry is a method that can
differentiate healthy tissue from emphysematous or
fibrotic tissue (11, 12). This diagnostic method
measures lung density and classifies the tissue
according to its ability to attenuate X-rays in computed
tomography  (CT) studies. CT lung density
measurements are expressed in Hounsfield units (HU)
(13), and the different densities obtained characterize
the tissue, reflecting the degree of lung damage. For
example, decreased X-ray attenuation occurs in
emphysema and cystic lung disease, whereas
increased X-ray attenuation occurs in pulmonary
fibrosis.

In patients with lung cancer who are candidates
for radiotherapy treatment, densitometry provides
additional information about the patient's clinical

condition (14,15), in addition to the possibility of visually
mapping the whole lung tissue and its different densities
(figure 1).

Figure 1: Visual representation of emphysema (blue), normal tissue (pink), and fibrosis (green)
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[I.  MATERIALS AND METHODS

Patients receiving lung stereotactic body
radiotherapy (SBRT) for early-stage primary lung tumors
(stages | and Il) between 2017 and 2022 at Santa Casa
de Porto Alegre, Brazil, were selected. Patients with CT
scans with a millimetric slice thickness obtained at 120
kV and 80 mAS during forced inspiration were included.

All CT scans were examined for their lung
density characteristics. Lung density measurements
were made on radiotherapy planning CT scans,
obtained with a 64-slice CT scanner (Ingenuity Core 64;
Philips Healthcare, Cleveland, OH, USA). The structures
of interest were outlined using the Eclipse radiotherapy
planning system v15.6 (Varian Medical Systems, Palo
Alto, CA, USA). The structures of interest were defined
as “Right Lung,” “Left Lung,” and “Lungs” (both lungs
drawn as a single structure) and automatically
segmented, as were the structures corresponding to the
different density ranges to be analyzed.

CT lung density measurements are expressed
in HU, a quantitative scale for describing radiodensity

image Thrashoiding

divided into 2048 density values, where water is
arbitrarily defined to be 0 HU, air is defined as —1000
HU, and bone density as 1000 HU (16). Quantitative
indices of emphysema show low attenuation values,
corresponding to the proportion of lung volume with
attenuation between —1000 and —-950 HU (17).
Functional lung volume can be measured with
attenuation between —950 and —700 HU, and for
fibrosis, attenuation values range from —700 to —200
HU (18).

The structures corresponding to the attenuation
ranges were obtained using the “Image Thresholding”
tool (figure 2), which allows manual selection of HU
values. They were defined as “Emphysema” for
attenuation ranging from —1000 to —950 HU, “Normal
Tissue” (functional lung volume) for attenuation ranging
from —949 to —700 HU, and “Fibrosis” for attenuation
ranging from —699 to —200 HU. The attenuation values
of =949 HU and —699 HU were used to avoid data
duplication. The volumes were then measured and
recorded in a table.

For maresl selecion use e mouse io-select a range in fhe histogram

miricow or e e alives moansily.
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Figure 2: Image Thresholding Tool

Given its importance in the clinical and
oncological treatment of patients with lung cancer,
emphysema was divided into three groups. Emphysema
was considered insignificant when it involved less than
5% of the total lung volume, and severe emphysema
was defined as involvement more significant than 15%
(19). Fibrosis was considered a single group.

Continuous variables are expressed as mean
(SD) if normally distributed. Categorical variables are
expressed as counts and percentages. Continuous
variables were compared using t-tests or the Wilcoxon

© 2023 Global Journals

rank sum test. Data were analyzed in SPSS, version 29.0
(SPSS Inc., Chicago, IL, USA).

[11. RESULTS

CT data from 39 patients were analyzed. The
mean patient age was 71.5 years, and most were
female, accounting for 61.5% of the sample. The most
common histological type in biopsied patients was
adenocarcinoma (62.5%), and the tumor site showed no
predilection for any particular lobe.



Table 1: Baseline characteristics of the sample

Variable

n=39

Age (years) —mean = SD [min — max]

Sex — n(%)
Male
Female

Staging — n(%)

Primary tumor with pathological diagnosis

No pathological diagnosis, or inconclusive

Histological type — n(%)
Adenocarcinoma
Squamous cell carcinoma

No biopsy

BED (Gy) — mean = SD [min — max]

Tumor site — n(%)
RLL

LLL

RML

RUL

LUL

71.7 + 7.9 [55 - 87]

15 (38.5)
24 (61.5)

31 (79.5)
8 (20.5)

20 (51.3)
12 (30.8)
7 (17.9)
152.2 + 37.2 [85 - 180]

9 (23.1)
9 (23.1)
1(2.6)
10 (25.6)
10 (25.6)

BED, biologically effective dose; RLL, right lower lobe; LLL, left lower lobe; RML, right middle lobe; RUL, right upper lobe; LUL, left

upper lobe.

Of the total sample, 26 patients (66.7%) had no
or insignificant emphysema (less than 5% of the total
lung volume), 7 (17.9%) had 5% to 15% of whole lung
tissue with emphysema, being defined as mild-to-
moderate emphysema, and 6 (15.4%) had severe
emphysema, with greater than 15% of the total lung
volume being emphysematous. Tissue with attenuation
areas corresponding to fibrosis was found in 7.5% (SE,
1.21).

Table 2: Percentages of emphysema, normal tissue, and
fibrosis on CT scans obtained at sustained maximal

inspiration
Inspiration
Percentages Mean + SE
Emphysema 5,51 +1.30
<5% 26 (66.7%)
5% to 15% 7 (17.9%)
>15% 6 (15.4%)
Normal 82.1 = 1.56
Fibrosis 75 =1.21

IV. DIsCUSSION

There is consensus on the indication of
radiotherapy in non-operated patients, both in the early

and advanced stages of disease. A 5-year tumor control
rate of 90% can be achieved with ablative radiotherapy
(20-22) or hypofractionated radiotherapy for early-stage
tumors (23), generally with low toxicity, but not without
toxicity, with reports of grade 5 toxicity (24), especially in
more centrally located tumors. In the treatment of more
advanced tumors, the 5-year local control rate is less
than 30% (25), with high rates of severe pneumonitis
(grades 3 to 4) affecting one-third of patients when
radiotherapy is combined with chemotherapy (26, 27),
the standard of care for locally advanced tumors (28).
When evaluating radiotherapy planning, dose
limits for irradiation of normal lung tissue are tabulated
generically. Studies on lung toxicity in three-dimensional
treatment suggest that the mean dose to both lungs,
excluding tumor volume, should remain below 20 Gy. In
comparison, it is prudent to limit the lung volume
receiving 20 Gy to 30%, perhaps reaching 35%
(Vaoey=30-35%) (29), regardless of tumor stage. In
ablative radiotherapy, the allowed doses have a different
absolute number, but they also treat all patients with
dose escalations, regardless of patients’ pre-existing
lung function and tumor stage. Such doses are
Vo0, <10%, not exceeding the limit of 15%. In addition,
the doses must not exceed 12.5 Gy for the critical
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volume of 1500 cc and 13.5 Gy for 1000 cc (30-31). The
use of Vy-based dose analysis (“V” volume of normal
lung receiving a dose of “X” Gy) is attractive because
this metric can be readily obtained via the dose-volume
histogram (DVH). However, as pointed out in the
QUANTEC report on pulmonary toxicity, Vy cutoffs may
not be universal. The percent volume receiving a dose of
“X” may depend on the treatment technique and does
not allow the inclusion of other toxicity factors
associated with the actual final toxicity (32).

In general, in the dose limits suggested in the
literature, patients with severe lung disease have their
normal tissue considered within the same dose limits as
those for patients without any functional changes. The
tissue volume considered normal is the tissue without
tumor (32, 33), that is, excluding the target volume.
Therefore, emphysematous or fibrotic areas, known to
be entirely non-functional, are regarded as “normal”
tissue in the volume.

For lung density analysis, we only included
patients with a well-documented inspiration breath-hold
technique. For this reason, we chose to analyze patients
who would receive SBRT, as this group has a more
detailed CT analysis than patients who receive
conventional fractionation. It is known, however, that
most patients receiving SBRT have clinical conditions
unfavorable to surgery, which is still the standard
treatment for early-stage tumors (34, 35), whether due to
chronic lung disease or other comorbidities. Therefore,
our sample has more patients with advanced lung
disease than the group of all patients with lung cancer.

Despite the small sample size, the data
corresponding to mild-to-moderate emphysema (17.9%)
in patients with lung tumors are consistent with data
from the literature (36). In the current study, severe
emphysema was present in 15.4% of patients, which
implies that these patients have limitations, that is,
symptoms of their underlying lung disease. When
receiving ablative or conventionally fractionated
radiotherapy, these patients are more likely to develop
clinical and radiological pneumonitis.

V. CONCLUSION

Several studies have demonstrated that
accurate quantification of lung density can be helpful in
various clinical applications, such as the diagnosis and
monitoring of lung diseases, medical procedure
planning, and assessment of treatment response. In this
study, it was possible to expand the use of tools
currently available in the SBRT protocol, such as CT
scan at inspiration and resources available in the
planning system. The results based on lung
densitometry provide essential information about the
clinical characteristics of patients who are candidates for
radiotherapy treatment, which can be helpful for future
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research and understanding specific lung conditions,
allowing a personalized DVH assessment.

In conclusion, radiation dose-volume effects on
the lung play an essential role in the developing
pulmonary complications after radiotherapy. A
personalized approach, considering risk factors and
using advanced techniques, can help minimize these
effects and, consequently, improve the quality of life of
patients undergoing treatment.
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its guidelines, authorship criteria must be based on:

1. Substantial contributions to the conception and acquisition of data, analysis, and interpretation of findings.
2. Drafting the paper and revising it critically regarding important academic content.
3. Final approval of the version of the paper to be published.
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The corresponding author should mention the name and complete details of all co-authors during submission and in
manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication
of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for
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copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after
acceptance to choose your copyright policy. You may follow this form for copyright transfers.
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PREPARING YOUR MANUSCRIPT
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Manuscript Style Instruction (Optional)

e  Microsoft Word Document Setting Instructions.

e  Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e  Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e Large images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit

repetition, sources of information must be given, and numerical methods must be specified by reference.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data
for figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and
with a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

TIPS FOR WRITING A GOOD QUALITY MEDICAL RESEARCH PAPER

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of medical research then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.

. © Copyright by Global Journals | Guidelines Handbook

XV



6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.
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20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.

21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e  Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
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Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e  Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.

e Use paragraphs to split each significant point (excluding the abstract).

e Align the primary line of each section.

e Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

O O O

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.
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The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.

Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

0 Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

0 Resources and methods are not a set of information.
0 Skip all descriptive information and surroundings—save it for the argument.
0 Leave out information that is immaterial to a third party.
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Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.

Content:

0 Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

0 Inthe manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.

0 Present a background, such as by describing the question that was addressed by creation of an exacting study.

0 Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.
0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."
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Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.

Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.
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