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REVIEW | TARGETED ONCOTHERAPY

PRECISION ONCOLOGY: MYTH OR REALITY?
Slavyanskaya TA"? & Salnikova SV'?

" Peoples' Friendship University of Russia, Moscow, Russia

2 Institute of Immunophysiology, Moscow, Russia
Cancer incidence rates are growing at an alarming pace pressing for the development of innovative personalized approaches to treating this disease. The absence
of clinical symptoms in the early stages delays the onset of adequate treatment. Traditional therapies are not always as effective as they should be and do not
guarantee long-lasting relapse-free survival. Metastatic cancers pose a particular challenge to healthcare professionals. This review touches upon the immunologic
mechanisms underlying the development of malignancies, talks about conventional and innovative therapeutic modalities, such as targeted, gene or specific
immunotherapies, and analyzes the literature on the use of different approaches that form a basis for precision oncology.

Keywords: cancer, nonspecific immunotherapy, cytokine therapy, targeted therapy, monoclonal antibodies, immune checkpoints, cancer vaccines, gene therapy,
nanotechnologies, precision medicine

Author contribution: Slavyanskaya TA conceived and planned this review, collected, analyzed and interpreted literature data, reviewed the manuscript, provided
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MPEUN3NOHHAA MEOULIMHA B OHKOJIOIMN: MU® NN PEAJIbHOCTb?

T. A. CnassiHckaa'? &= C. B. CanbHukosa'?

" Poccuinckumin yHnBepcuTeT apy»>k6bl Haporos, Mocksa, Poccust

2 VIHCTUTYT nMmyHodmanonorim, Mocksa, Poccust
BypHbI POCT 4mMCna OHKONOMMYECKMX 3a00M1eBaHNA BO BCEM MUPE OMKTYET HeOOXOAMMOCTb Pa3paboTKM HOBbIX, MHHOBALMOHHBIX 1 MEPCOHAIM3NPOBaHHbIX
MOAXOOO0B K UX nedeHnto. OTCYTCTBME KIMHUYECKUX MPOSIBNEHWI HA PaHHUX CTaausix 60Me3HN He NO3BONSIET CBOEBPEMEHHO Ha3HauMTh aeKBaTHYIO Tepanmio.
TpaanuMoHHble MeTOAbI NeYeHns, He Bceraa obnapatoLLye yooBNeTBOPUTENbHOM 3PEKTVBHOCTEIO, HE MPEAOTBPALLAIOT peLvaVBMPOBanHMe, He obecnevvBaioT
[OCTaTOYHYIO PEMUCCUIO W MPOACIKUTENBHOCTL XM3HM 6OMBHOrO. 3HaYMUTENbHBIE TPYAHOCTV MPEACTABNAET COOOM NIeHeHe NHBA3NBHOMO, METACTATUHECKOrO
paka. B cTatbe npencTaBneH Kparkuii 0630p MMMYHONOMMHYECKNX MEXaHM3MOB Pa3BUTUS 310KA4YECTBEHHBIX HOBOOOPA30BaHNIA, COBPEMEHHBIX TPALNLMOHHBIX
1N MIHHOBALWIOHHbIX METOLOB JIeHeHVst paKa, a TakKe aHanms nmTepaTypHbIX AaHHbIX MO UCMONb30BaHWIO METOLOB TapreTHOW, reHHOW Tepanin, cneumu4eckom
MMMYyHOTepanum 1 Apyrx NoaxoAoB, Jexallyx B OCHOBE MPELW3VOHHON MeaMLIMHbBI B OHKOIOMN.

KnioueBble crioBa: pak, Hecneumpuryieckas IMMyHOTEpanus, LMTOKUHOTepanus, TapretTHast Tepanmsl, MOHOK/OHabHbIE aHTUTeNa, UMMYHHbIE YeK-MOVHTbI,
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Fighting cancer is still a top priority for global healthcare. The
overall success achieved in treating a wide range of diseases
[1-3], including malignancies [4—10], over the past few decades
is indisputable. Advances in molecular biology, genetics and
immunology have shed light on the immunogenetic and
immunobiological features of tumors and expanded our
knowledge of the protective role of the innate and adaptive
immunity against cancer. There is convincing evidence that
the efficacy of immunotherapy depends on the immunologic
components of a tumor. Research into the mechanisms
underlying cancer development and the processes unfolding
in the tumor microenvironment [11] has paved the way to new
strategies and integral approaches to treating malignancies
[12-14]. The discovery of new therapeutic targets and the
development of innovative methods for personalized therapy can
improve treatment outcomes in patients with cancer (4, 5, 15, 16].

The role of the innate and adaptive immunities
in anticancer defense

Rapid proliferation of cancer cells is caused, in the first place,
by a breach in the immune defense (the cancer-immunity cycle)
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that allows cancer cells to evade the immune system. Three
phases of immunoediting, a model of cancer development,
include elimination, equilibrium and escape that either control
or promote tumor growth. In the elimination phase, the initiated
T-cell response is guided against malignant cells. During the
equilibrium phase, limited immune control allows cancer cells
to be in a state of dormancy and mutate. The inhibitory attacks
of T cells drive the escape phase characterized by both local
tumor growth and the spread of metastases [17-19].

Innate immunity

Malignant cells are eliminated by natural killers (NK), natural
killer T cells (NKT), gamma-delta T cells (yd-T), macrophages,
and granulocytes.

NK play the key role in non-specific elimination of tumor
cells. Their functions are regulated by cytokines (IL2, IL15), co-
stimulatory molecules (CD40, CD70, CD80, CD86, ICOS) and
killer activation receptors (NKp30, NKp44, NKp46, NKp80)
that, apart from producing IFNy and perforins, mediate the
effector function of NK and inhibitory receptors (KIR, CD94)
[18, 19].
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NKT cells constitute a subset of lymphocytes expressing
both NK markers and T-cell differentiation antigens. The
effector function of NKT relies on the presence of granulocyte-
macrophage colony-stimulating factor (GM-CSF) and IL12 [20].
NKT are crucial regulators of immune response that confer
protection against tumor nascence, growth and metastasis.

yo-T cells localized in the epithelium of the skin,
gastrointestinal tract and urogenital system are a bridge
between the innate and adaptive immunities. They can act as
antigen-presenting cells (APC) [18].

It is impossible to estimate the contribution of granulocytes
and macrophages in the early stages of carcinogenesis. In the
advanced stages, macrophages promote tumor growth [18].

Adaptive immunity

Antigen presentation by APC is essential for activating the
adaptive immunity. In most cases antigen presentation is
done by dendritic cells (DC); however, endothelial cells, B
lymphocytes and even cancer cells can also act as APC [19].
Apart from that, DC are involved in inducing and maintaining
self-tolerance.

In healthy individuals, an adequate immune response is
initiated by signal exchange between DC and T helper cells
(Th) that can come into direct contact with each other or
“‘communicate” at a distance. Their direct interaction is facilitated
by a group of molecules on a T-cell membrane. Specifically, a
number of consecutive interactions occur between CD2, MHC
class Il complexed to an antigen, CD40, ICAM |, CD 80/86,
and CD 83 on the surface of APC and the following receptors
on the Th surface: CD58, TCR, CD154, CD11a/CD18, CD28,
and CD152.

The signal is transmitted into the cell by a group of second
messengers, the most well studied being inositol trisphosphate,
calmodulin and a group of kinases associated with T-cell
receptors. The result of their direct and indirect interaction is
the activation of Th1 and Th2 and, respectively, cellular and
humoral immunity.

In terms of anticancer defense, the cell-mediated immune
response is more important than the humoral immune
component. T cells express a variety of receptors known for the
ability to stimulate or inhibit the activation of their secretors (Fig. 1).
The effect of T-cell activation is determined by how much
those receptors are involved. Research into co-inhibitory T-cell
receptors, as well as into monoclonal antibodies (mAb) that
block inhibitory molecules on the surface of immunocompetent
and tumor cells, seeks to improve the efficacy of the antitumor
immune response.

A few in vivo studies have demonstrated that antibody-
dependent cellular cytotoxicity also contributes to the elimination
of cancer cells. In advanced stages of cancer, the humoral
immunity prevents malignant cells from being killed [18, 19].

A tumor, especially a nascent one, does not produce
antigens that would distinguish it from healthy tissue and is not
recognized by the body as “foreign”.

During the equilibrium phase, tumor cells that survived
previous attacks continue to mutate and proliferate, and
angiogenesis is activated. DC and macrophages emerge in
the tumor microenvironment. A tumor clone is formed from
the mutated cancer cells. In this phase, the immune system
behaves like it did in the surveillance phase, but oncogenic
processes prevail over protective immunological reactions, and
the tumor gradually grows in size.

The escape phase is characterized by a shift towards
immune suppression regulated by cytokines, an imbalance

in the number of effector and suppressor immunocompetent
cells, defective antigen recognition and presentation, and
impaired signal transduction into the cell [19].

Cytokines are regulatory peptides secreted by the body.
Transforming growth factor beta (TGF-B ) is a regulatory
peptide that participates in a variety of biological processes,
including carcinogenesis, wound healing, and maintenance
of immunological homeostasis. TGF-B, exerts its biological
functions via types | and Il serine/threonine receptors (TGF-BRI,
TGF-BRIM). This cytokine promotes immunological tolerance
by sending signals to CD4+ and CD8*-lymphocytes and
NK cells. TGF-B guides the differentiation of CD4+ cells into
regulatory subpopulations (CD4+*CD25* T-regulatory cells or
natural Tregs), inhibits the expression of perforins, granzyme
B and FAS-ligand in CD8*-lymphocytes, suppresses the IL12-
induced production of IFN-r by NK [20-22].

Interleukin IL10 exerts its functions via IL10R1 and IL10R2
receptors localized on the surface of DC and Th cells. It
inhibits the production of IL12 and co-stimulatory molecules,
downregulates the expression of MHC class Il antigens on DC,
disrupting their maturation, and blocks cytokine secretion by
CD4+-cells [19]. The IL23 heterodimer consists of two subunits,
one of which (p40) is identical to that of IL12. Both IL23 and
IL12 are secreted by innate immunity cells but regulate the
functions of adaptive immunity components. IL12 promotes
T-cell maturation and triggers the production of IL6, IL15, IL18,
TNFB, and GM-CSF, while IL23 promotes the differentiation of
immature cells into Th17 and stimulates the secretion of IL17,
IL17F, IL6, and TNFa. Some studies have demonstrated that
IL23 stimulates angiogenesis by upregulating the expression of
matrix metalloproteinase 9 (MMP9) [18, 19, 22].

Vascular endothelial growth factor (VEGF) is a major
proangiogenic factor produced by both tumors and immune
competent cells. So far, 7 VEGF isoforms are known of
which VEGF-a has the most significance for angiogenesis
and immunomodulation. VEGF inhibits DC maturation and
promotes the secretion of immature myeloid cells (iMC) that, in
turn, suppress T-cell activity [19].

The tumor microenvironment is the main battlefield in the
fight between the immune system and a tumor. In the escape
phase, the proportion of immature DC and Tregs in the general
cell population increases. Mature DC express on their surface
CD40, CD80, CD83, and CD86 and secrete high levels of IL12.
VEGF, IL6, TGF-B, IL10, COX-2, PGE2, and gangliosides found
in the tumor microenvironment prevent DC from differentiating
and maturing, rendering impossible an adequate immune
response [19].

Regulatory T cells are components of the adaptive
immunity. They are derived from immature T cells and suppress
the effective immune response by regulating the functions
of effector cells. At present, 3 Treg types are distinguished:
CD4+CD25Foxp3*, Treg1 and Treg2 cells (formerly known as
Th3); both Treg1 and Treg?2 cells are induced Tregs. Besides
them, there are suppressors with a CD8* phenotype but their
function is still poorly understood. The major role in immune
suppression in cancer patients is played by CD4+*CD25* Tregs
originating in the bone marrow. Their concentrations are highly
elevated in patients with breast, colorectal, lung, or pancreatic
cancers. These cells arise from the same precursors as Th
cells in the presence of the increased concentrations of TGF-f3,
IL10 and VEGF. The mechanism underlying the suppressor
effect of CD4+*CD25* Tregs is associated with the secretion of
suppressor cytokines (TGF-B, IL10), competition for ligands
(IL2), induction of DC tolerance, and in some cases their direct
lysis [23].
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Molecular abnormalities in DC and lymphocytes are another
important characteristic of the escape phase. Specifically, this
phase is characterized by the loss of expression of MHC class |
and Il molecules, CD80, CD86, and CD154 on the surface of
tumor cells, as well as low expression of Th TCR &-chain [23].

Not only the functional activity of lymphocytes is disrupted
in cancer development; the expression of integrins on the
surface of tumor cells and their composition also change.
This can reduce the strength of cell-cell contacts and promote
neoangiogenesis. The abnormal expression of selectins (CD44,
ELAM-1) on the surface of cancer cells correlates with poor
clinical outcome.

Gangliosides significantly contribute to the suppression of
lymphocyte response in the tumor microenvironment. Among
them are GD1a, GD2, GD3, GM1, and GM2 expressed on
the surface of cancer cells and then shed into the extracellular
matrix. They are capable of suppressing the function of
tumor-infiltrating lymphocytes (TILs) by interfering with signal
transduction. The impaired effector function of lymphocytes is
reflected in the reduced expression of granzyme B and kinases
complexed with TCR-p59fyn and ZAP-70.

A declining proliferative index, the reduced expression of a-
and B-subunits of the IL2 receptor, and the low phosphorylation
degree of the protein encoded by Rb all signal compromised
immunity. Such changes typically affect peripheral lymphocytes
and tumor-infiltrating cells but their severity varies. The
expression levels of IL2 receptor, TCR &-chain, CD54, and
some other molecules amount to about 80% for peripheral
lymphocytes (relative to the norm observed in healthy
individuals) and 30% for tumor-infiltrating lymphocytes [23].
The changes listed above are typical for patients with local or
disseminated cancers.

Summing up, the immune system has a pivotal role in fighting
malignancies. In patients with cancer, immunodepression is
multifactorial; the situation is often exacerbated by the ability of
a tumor clone to resist the attacks of effector cells. At the same
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time, the understanding of key mechanisms underlying tumor
growth and its escape from immune surveillance has become a
springboard for specific immunotherapy that forms a basis for
precision oncology.

Innovative methods of treating malignancies

The idea of using nonspecific immunotherapy (NSIT) in
patients with cancer is not new. The BCG vaccine alone or
in combination with IL or anti-IL monoclonal antibodies (mAb
against IL) has been long used to prevent recurrences in patients
with urothelial cancer (UC) [6, 24]. It has been established that a
combination of BCG-based NSIT and some toll-like receptors
(TLR2, TLR4, TLR9, TRAIL) reduces the relapse rate. TLR7 and
TLR9 agonists have also shown promise in a series of clinical
trials [25].

At present, increasing attention is being paid to adaptive
immunotherapy, a method based on inoculating the patient
with his/her own immune cells activated in vitro [6].

Targeted therapy with mAb has become a real breakthrough
in the management of cancer. mAb bind to the growth factors
and receptors that are abundantly expressed by many human
cancers and, therefore, can be regarded as a potential
therapeutic target [26]. Researchers are currently studying the
antitumor effect of therapeutic agents involved in angiogenesis,
including VEGF, EGFR (epidermal growth factor receptor) and
some others [27].

Angiogenesis inhibitors are also in the focus of scientific
research. However, little is known about their effect on a
tumor’s blood vessels. Studies of VEGF inhibitors (AGO13736
and VEGF-Trap) have shown that these molecules halt
angiogenesis or cause the existing tumor vessels to regress.
They induce early and persistent changes in endothelial cells,
pericytes and the vascular basement membrane in RIP-Tag2
transgenic mice with spontaneous pancreatic islet cancer
and in mice with subcutaneously transplanted Lewis lung
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Fig. 1. T-cell activating and inhibitory receptors [21]. T cells express a variety of receptors known for the ability to stimulate or inhibit the activation of their secretors.
The effect of T-cell activation is determined by how much those receptors are involved. Inhibitory receptors: CTLA-4 — cytotoxic T-lymphocyte antigen 4, a negative
regulator of T-cell activation; PD-1 — programmed cell death 1 receptor. PD-1 plays an important role in the negative regulation of the immune system by preventing the
activation of T cells, increasing self-tolerance and reducing autoimmunity; TIM — T-cell immunoglobulin mucin protein BTLA or B- and T-lymphocyte attenuator — an
antigen that attenuates B- and T-cell functions; it participates in the regulation of T cells in the immune response. It is encoded by the BTLA gene. BTLA is expressed
following T-cell activation and stays on the surface of Th1, but not Th2 cells. VISTA — V-domain Ig suppressor of T-cell activation; LAG-3 (CD223) — lymphocyte-
activation gene. Activating receptors: CD28 — a co-stimulatory receptor; OX40 — a co-stimulatory receptor; GITR — a glucocorticoid-induced TNF receptor; CD137 — a
co-stimulatory receptor; CD27 — a co-stimulatory receptor; HVEM — a membrane protein from a superfamily of tumor necrosis factor receptors 14 (TNFRSF14) and

a herpes virus entry mediator
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carcinomas. For example, an over 70% decline in vascular
density was observed following treatment with angiogenesis
inhibitors; the remaining endothelial cells acquired a normal
phenotype and expressed less EGFT [27].

Integrins facilitate contacts between cells and the
extracellular matrix, control cell proliferation, survival, migration,
and adhesion [28]. The role of integrins in immune surveillance
in general and their expression levels in particular are being
studied extensively. At present, several integrin-targeting
mAb are undergoing clinical trials, including etaracizumab
and cilengitide [29, 30]. Although etaracizumab (a mAb that
recognizes integrin avpB3) demonstrated its efficacy against a
range of tumors in phase | clinical trials, the results were not
confirmed during phase Il [29]. By contrast, the efficacy of
cilengitide (@ mAb that recognizes integrins avB3 and avb)
against glioblastomas and its good tolerance were confirmed in
phase | and Il clinical trials; in 69% of cases, 6-month relapse-
free survival was observed [31].

Other molecules may also have a potential to become
therapeutic targets, especially those participating in
transmitting signals that suppress immune response in the
tumor environment. Many leukocytes express an integrin-
associated protein CD47 (membrane receptor protein) on
their surface. It is capable of binding to beta-3-integrin,
thrombospondin-1, signal-regulatory alpha protein (SIRP-a)
and other signal proteins involved in the regulation of T-cell
activation, cell migration, phagocytosis, and other activities of
the immune system. CD47 is expressed by tumors and cancer
stem cells, allowing the latter to survive and therefore leading to
late relapses. A combination of CD47 and mAb has proved to
be effective against acute lymphocytic leukemia, acute myeloid
leukemia, and leiomyosarcoma in mouse models. At present, a
phase | clinical trial is ongoing aimed at studying CD47 inhibition
in patients with UC and acute myeloid leukemia [32].

Tumor necrosis factor receptors (TNF-R), such as
glucocorticoid-induced TNF-R (GITR, CD357), CD27,
OX40 (CD134) and 4-1BB (CD137), are a family of proteins

Antigen

responsible for transducing additional co-stimulatory
signals required to activate T lymphocytes that participate in
eliminating cancer cells. In order to use this important signaling
cascade, agonistic mAb and specific ligand complexes were
developed capable of interacting with TNF-R and initiating
further reactions [33]. Varlilumab, a human IgG1 agonistic mAb
targeting CD27 (aCD27), has already successfully completed a
phase | clinical trial. Experimental studies in mice have shown
that its combination with antiPD-1 leads to 100% elimination of
tumor cells due to the ability of aCD27 to stimulate cytotoxic T
lymphocytes. The response to varlilumab was stronger than to
a combination therapy with aPD-1/aCTLA-4 [33].

The colony stimulating factor 1 receptor (CSF1R) is a cell
surface receptor expressed by macrophages and monocytes.
CSF1R signaling activates macrophages (M) and promotes
their transformation into phenotype M2 (M2 macrophages
participate in type 2 T-helper-mediated immune reactions
and stimulate cell proliferation and angiogenesis). CSF1R
blockade or depletion of cells expressing CSF1R facilitate
macrophage differentiation into type M1; M1 macrophages
stimulate the production of proinflammatory cytokines and
cytotoxic molecules and are also involved in type 1 T-helper
immune reactions. The efficacy of CSF1R inhibition has been
demonstrated in the experiments conducted in animals [34].
Currently, a combination of a CSF1R inhibitor Plexxikon
(PLX8397) and pembrolizumab is undergoing phase | and I
clinical trials in patients with progressing malignancies. A few
companies have synthesized mAb targeting CSF1R (FPAOOS,
Five Prime Therapeutics; Emactuzumab, Hoffmann-La Roche).

Successful immunotherapy is impossible without understanding
the processes occurring in the tumor microenvironment. The
scope of tumor infiltration by T cells is a crucial factor, which can
be estimated by studying macrophages, vascular endothelial
cells, fibroblasts, and immunosuppressive metabolites, such as
kynurenine, in the tumor microenvironment [7].

Tregs are potent immunosuppressors present in the tumor
microenvironment. Experimental attempts were made to inhibit
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Fig. 2. The mechanism of neoantigen recognition and immune checkpoint blockade [42]. Anti-PD-1, anti-PDL-1 and anti-CTLA-4-antibodies block signaling pathways,
facilitating neoantigen recognition and T cell activation. CD4+ — T cells expressing cluster of differentiation antigen 4 (CD4); recognizes MHC class Il antigens; CD28 —
T cells expressing cluster of differentiation antigen 28; CTLA-4 — antigen 4 associated with cytotoxic T lymphocytes; IFN — interferon; PD-L1 — programmed death-
ligand 1; PD-1 — programmed cell death 1 receptor; pMHC — peptide-major histocompatibility complex receptor complementary to TCR; TCR — a T-cell receptor
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Tregs by mAb and DC-based vaccines [7]. Tregs accumulate in
the blood, ascitic fluid, metastases, and primary tumors. Clinical
studies of daclizumab, sorafenib, sunitinib, and imatinib
demonstrate that these mAb reduce Treg levels in patients with
cancer, correlating with survival rates [7, 8]. A few research
teams investigated the inhibitory effect of Tregs in combination
with infiltrating myeloid-derived suppressor cells (MDSC) on the
immune response to cancer progression in patients with renal
cell carcinoma and soft tissue sarcoma [8]. In a preclinical studly,
MDSC exhibited sensitivity to a TRAIL-receptor 2 (TRAIL-R2)
agonist. A phase | clinical trial has shown that TRAIL-R2 (DS-
8273a) effectively lowers MDSC levels in 50% of patients with
advanced UC, melanoma or hepatocellular carcinoma, but
does not affect neutrophils, monocytes and other lymphoid
and myeloid populations. A drop in MDSC negatively correlates
with relapse-free survival [7, 8].

Low peripheral blood Tregs and a shift in the immune balance
towards an effective immune response can be achieved by
administering tyrosine kinase inhibitors (sorafenib). In a clinical
study, neoadjuvant therapy with sorafenib caused a significant
drop in the proportion of tumor-infiltrating Tregs in comparison
with patients who did not receive the drug: 17.3% vs 28.1% on
average (p = 0.046) [35]. The activity of Tregs in patients with
renal cancer, leukemias, and gastrointestinal stromal tumors
can be downregulated by daclizumab, sorafenib, sunitinib, and
imatinib [36, 37].

Studies of the tumor microenvironment have stressed
the role of intercellular adhesion molecules. Poor intercellular
adhesion is typical for the majority of epithelial cancers. The
key component of intercellular adhesion in epithelial tissue is
E-cadherin. The loss of its expression is observed in almost
85% of lobular breast carcinomas; besides, its expression is
extremely suppressed in esophageal, gastric and hepatocellular
carcinomas [38]. Slowly growing and benign tumors preserve
normal levels of E-cadherin expression. The suppression or
the total loss of E-cadherin correlates with tumor invasiveness,
metastatic spread and poor clinical outcome [39].

The discovery of regulatory molecules responsible for
preventing the hyperactivation of T lymphocytes and their
programmed death has paved the way to an innovative
method of targeted immunotherapy called immune checkpoint
blockade (ICPB). It has already received approval as a standard
therapy for many types of cancer. There have been experiments
with neoadjuvant and adjuvant ICPB regimens. Tumors with
identical histological characteristics demonstrated suppressed
the immune system in a variety of different ways. They
modulated PD-1 expression or had different levels of infiltrating
lymphocytes in their microenvironment [40, 41]. ICPB is used to
block a tumor’s systems of control and restore the anticancer
immune response (Fig. 2). Among immune checkpoint blockers
are anti-CTLA-4 (ipilimumab), anti-PD-1 (pembrolizumab and
nivolumab) [43] and anti-PD-L1 (avelumab, atezolizumab). All
of them have been proved to be highly effective against a number
of malignancies, including advanced UC. The success of PD-1 and
PD-L1 inhibitors reminds us of the versatility of immunotherapy as
a cancer-treating modality. These drugs have become a standard
therapeutic option for a few types of malignant tumors.

A combination of standard chemotherapy (CT) and
ipilimumab stimulates the activity of CD4+-and CD8+*-T-cells, as
well as the production of proinflammatory cytokines (IL2, IL12)
and GM-CSF [44]. However, since ipilimumab is very toxic, its
use in patients with UC is limited. Pembrolizumab has been
approved for first- and second-line treatment of metastatic UC,
whereas nivolumab is recommended as a second-line therapy
after platinum-based CT regimens have been exhausted [9].
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Clinical trials show that PD-1 and CTLA-4 pathways have
an irregular role in inhibiting the immune response to cancer
growth [10, 45]. A combination of nivolumab and ipilimumab
has proved to be more effective in patients with metastatic
melanoma than monotherapy. In 2016, a combination therapy
with these two drugs was approved for inoperable or metastatic
melanoma [43]. Durvalumab and avelumab (antiPD-L1 inhibitors)
have also been approved for clinical use [46].

Immunotherapy of malignancies with 4-1BB agonists
renders possible in vivo tumor elimination [33]. At present, two
agonistic mAb against human 4-1BB (a4-1BB) are undergoing
clinical trials (urelumab, IgG4 mAb, and utomilumab, IgG2 mAb)
[33, 47]. To guide the immune response against tumor cells,
a drug (PRS-343) has been developed consisting of agonistic
mAb against 4-1BB and mAb against HER2 (trastuzumab) [33].

Another area of research looks at the possibility of inducing
an antitumor immune response by activating the genes involved
in innate immunity signaling via STING (a transmembrane
protein 173 that contributes to immune response modulation
by stimulating production of type | interferon, IFN-I) and TLR.
In a preclinical trial, TLR boosted the secretion of cytokines
inducing the immune response mediated by Langerhans cells,
macrophages and lymphocytes, and stimulated proliferation of
T cells via a protein kinase pathway. At the same time, TLR
agonists inhibit tumor growth, averting the suppression of the
anticancer immune response in the tumor microenvironment
[48]. For example, Imiquimod (a TLR agonist) is reported to be
effective against glioma, melanoma and breast cancer in 72%
of patients [49]. In addition, some authors suggest that TLR
agonists can be used as adjuvants for cancer vaccines [18, 49-51].

The T-cell chimeric antigen receptor (CAR) has recently
been in the focus of scientific research. It is a membrane
receptor capable of binding to a specific cancer antigen and
containing an intracellular domain that activates a T cell in
the presence of this antigen [52]. CAR-T cells can initiate co-
stimulatory signaling (for CD28 or CD137) that activates T cells
and entails a sustained immune response [53].

Another strategy is a combination immunotherapy involving
the use of oncolytic viruses, such CD40L- or 4-1BBL-
expressing adenoviruses. This type of treatment is intended to
stimulate immunity against cancer by delivering specific agents
into the tumor microenvironment that are capable of triggering
T-cell reactions, alone or in combination with other immunologic
drugs [54]. However, design of such combinations targeting the
cells of a particular tumor poses a certain challenge.

A number of therapeutic combinations are being tested at
the moment in prostate cancer and sarcoma models, including
an agonistic mAb against OX40 with atezolizumab (@PD-L1);
an agonistic mAb against OX40 with bevacizumab (the latter is
a recombinant humanized anti-VEGF mAb); and an agonistic
mADb against (PF-04518600) with an agonistic mAb against a4-
1BB (NCT02315066) [565]. Avelumab (mAb against aPD-L1) can
be used in a range of combinations, including avelumab +
4-1BB agonist (PF-05082566); avelumab + an agonistic mAb
against OX40 (PF-04518600); avelumab + mAb against
colony stimulating factor 1 (PD 0360324); Avelumab + mAb
against 4-1BB and mAb against OX40 (NCT02554812). The
combination therapy with mAb against OX40/CTLA-4 has been
shown to improve survival and promote tumor regression [56, 57].

At the moment, there are ongoing phase | clinical trials
of the following combination of drugs in patients with stage
[I/IV melanoma: humanized IgG1 mAb that do not contain
aglycosyl (an agonist of the glucocorticoid-induced tumor
necrosis factor receptor, GITR) + nivolumab or ipilimumab or
both drugs [58].



OB30P | TAPFTETHAA OHOKOTEPAINA

GR-MD-02 is a constituent of another interesting
therapeutic combination. It is a drug that specifically inhibits
Galectin-3. Galectin-3 is a marker of tumor transformation
that participates in the regulation of all processes involved in
tumor progression. It is active in many different cancers, and its
expression levels correlate with a tumor’'s metastatic potential
and poor clinical prognosis. Besides, Galectin-3 can have a role
in immune suppression. Preclinical trials have shown that GR-
MD-02 combined with against OX40 or inhibiting checkpoints
improves survival and causes tumor regression, as compared
to the regimens based solely on immunotherapy [56]. These
findings inspired a phase | clinical trial in patients with advanced
cancer in which a combination of a GR-MD-02 inhibitor and
ipilimumab or pembrolizumab was tested (NCT02117362,
NCT02575404) [33].

Indoleamine 2,3-dioxigenase 1 (IDO1) is a promising
therapeutic target. It causes T-cell proliferation to decline and
promotes neovascularization, disrupting interferon gamma
effects [59]. Currently, IDO1 inhibitors are being tested
in combination with other immunomodulating agents; for
example, a phase lll trial of a PD-1 inhibitor (pembrolizumab) is
being carried out in patients with melanoma [60].

Advanced cancer is normally associated with EGFR
hyperexpression by cancer cells. The efficacy of cetuximab
(C225) has been tested in phase Il and lll clinical trials. Cetuximab
is a recombinant chimeric mAb exhibiting high specificity to
an extracellular EGFR domain and capable of competing with
natural ligands (EGF, TGF-a) for binding to the receptor. The
drug was synthesized from a mouse mAb (M225) attached to a
fragment of human IgG1 to reduce immunogenicity. This drug
used alone or in combination with cisplatin was then tested for
efficacy. Two of 52 patients with progressing head and neck
tumors achieved partial remissions [61].

Although most patients benefit from targeted therapy,
some of them fail to achieve a full therapeutic response. This
dictates the need for developing other, more effective treatment
modalities. The use of cancer vaccines and oncolytic viruses
that boost antitumor immune response by facilitating the
presentation of antigens to T cells is an innovative approach
that can improve the efficacy of cancer treatment [33, 54].

In animal models, whole-cell vaccines, which are essentially
cancer cells deprived of the ability to divide, induced a strong
anticancer immune response, but their clinical trials were not
successful [13, 62, 63].

Peptide vaccines based on the synthetic Survivin peptide
(@ complex of specific tumor-associated peptides and NY-
ESO-1 + GM-CSF with a BCG-NSIT adjuvant) may also hold
some promise. A few studies have shown that a personalized
peptide vaccine (PPV) consisting of a combination of 4 peptides
improves survival rates twofold [54, 63].

Attempts are being made to combine DC vaccines with
co-stimulatory agonists of anti OX40 or with mAb against anti
4-1BB. The preliminary results of the studies conducted in mice
demonstrate that combination vaccines ensure a better immune
response in comparison with DC -based vaccines in transgenic
Her-2/neu animals, leading to the complete elimination of the
tumor [33, 64-67].

A phase |l clinical trial of a DC-based Lapuleucel-T vaccine
is ongoing. It is seeking to assess survival, safety and immune
reactions in patients at a high risk for relapse (hypersecretion of
HER-2 + bladder antigen UBC, NCT01353222) [68].

Autologous DC vaccines can initiate and enhance antigen-
specific tumor reactions by activating both Th and cytotoxic T
cells [67]. This approach is being actively studied in Russia in
patients with advanced cancer who have no other therapeutic

options left [4, 5, 69]. Autologous DC vaccines have already
completed or are now undergoing phase |l trials.

Because malignancies are sensitive to immunotherapy,
cancer vaccines are seen as a promising therapeutic option
[70]. Some of them are based on a cancer-testis antigen
(NY-ESO-1), the synthetic Survivin peptide or its combination
with IFN-a, and DC with supplemented blockade of the co-
stimulatory B7-H1(PD-L1) molecule [71]. However, all those
studies are few or still in the planning stage or have no clinical
application yet.

Nanomedicine offers unique approaches to treating
cancer with novel chemotherapy and immunotherapy drugs.
Nanoparticles (NP) have been proposed to increase the
therapeutic efficacy and mitigate the adverse effects of CT
by directing chemotherapy agents towards cancer tissue and
improving their bicavailability [72, 73].

Immunoswitch is a new technology, in which mAb and
agonistic mAb bind to nanoparticles [73]. Immunoswitch NP
are coated with two different antibodies capable of blocking
the signal that inhibits the PD-L1 immune checkpoint and
stimulating T cells via 4-1BB costimulatory pathways. /n vivo
research studies have demonstrated a significant delay in
tumor growth and improved survival following administration
of immunoswitch NP in mouse melanoma and colon cancer
models in comparison with treatment with soluble antibodies
and NP complexed with antibody inhibitors or stimulators.
Immunoswitch NP are reported to improve the density, specificity
and function of tumor-infiltrating cytotoxic lymphocytes [73].

Functionalized with specific mAb, NP can be used as a
platform for targeted drug delivery to tumor cells, improving
therapeutic outcomes and minimizing the side effects of
treatment [73-76].

Nevertheless, molecular and cellular mechanisms underlying
immune tolerance to tumors remain understudied. Today, NK
cells are new promising therapeutic candidates, although their
use is now limited to cases of hematological cancer. An experiment
conducted in transgenic mice has revealed that natural killers
can bind to a platelet-derived growth factor DD (PDGF-DD) via a
NKp44 receptor and subsequently halt tumor growth [77].

Gene therapy, including CRISPR-technologies for genome
editing, is another new and vigorously developing approach to
anticancer therapy.

CONCLUSIONS

Precision (personalized) oncology is becoming a reality.
Targeted therapy, nanotechnologies, immune checkpoint
blockers, anticancer vaccines, molecular genetic research and
the search for new promising targets and ways to overcome
immunological tolerance will facilitate the diagnosis and
treatment of cancer in its early stages, help oncologists to tailor a
therapy to a specific patient and ultimately improve the patient’s
quallity of life. Precision medicine based on a multidisciplinary
approach to diagnosis, treatment and rehabilitation of cancer
patients is gradually winning over conventional approaches. To
benefit the patient, the advances of oncoimmunology should
be used in combination with chemo- and immunotherapies.
The most effective therapeutic options should be offered
first, otherwise the patient will lose the chance to receive any
treatment if all other therapies have been exhausted. Clinical
efficacy (total survival rates, relapse-free survival and control
of the disease), safety (toxicity control), efficiency, and the
quality of life are essential components of successful therapy.
Treatment strategies vary depending on cancer localization and
its biological characteristics.
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Congenital core myopathies are a clinically and genetically heterogenous group of congenital myopathies that share a specific histopathological feature: areas
of reduced oxidative activity in muscle fibers. The relationship between clinical, genetic and morphological characteristics of this group of disorders remains
understudied. The aim of this work was to compare clinical presentations and morphological phenotypes of patients with congenital myopathies/myodystrophy to
the data yielded by massively parallel exome sequencing. Eight children were included in the study: 2 boys and 6 girls aged 3 to 14 years. Their biopsy material
was analyzed by light and electron microscopy. Sequencing was performed on HiSeq2500. Mutations were detected in 7 (87.5%) of 8 participants. Six children had
8 mutations in the genes associated with congenital core myopathies; one patient had 2 mutations in the LAMA2 gene implicated in merosin-deficient muscular
dystrophy. The proportions of patients with mutations in RYR7 and SEPNT were equal (42.86%). Of 10 detected mutations, 3 had not been previously described,
including ¢.7561G>Ain RYR1, c.485C>Ain SEPN1 and p.Cys1136Arg in LAMA2. The clinical and morphological features of core myopathies suggest that genetic
causes of this group of disorders should not be limited to RYR7 and SEPN1 genes only. This necessitates the search for and the study of other genes implicated
in congenital myopathies or myodystrophy using state-of-the-art molecular genetic tools.
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KINMMHWYECKUE N MONEKYNAPHO-TEHETUHECKUE XAPAKTEPUCTUKA NMALMEHTOB
C MOP®OJIOIM'MYECKOW KAPTUHOW BPOXKAEHHOW CTEP>XKHEBOW MUOMNATUA
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BpoxaeHHble CTEpXHEBbIE MUOMATUN — 3TO KIMHUYECKN N FEHETUHECKW FreTepOoreHHas rpynna BPOXKAEHHbIX MUOMaTUM, OBLLWIA MMCTONATONOMMHECKUA MPU3HaK
KOTOPbIX — HanM4Me y4aCTKOB C YMEHBLLEHHOW OKUCANTENBHOM aKTUBHOCTBIO MPU 61MONCUN MbiLLLL. B3aMMOCBASb KIMHNKO-FEHETUHECKIX, NaTOrEHETUHECKIX
1 MOPEONOrMHECKIIX XapaKTEPUCTUK STON rpynnbl MUONaTUiA A0 KOHLA He ndydeHa. Llenbto nccnefoBaHmst 66110 NpoaHanvampoBaTh COOTBETCTBYE KIMHUKO-
MOPMONOTNHECKNX XaPaKTEPUCTUK MaLUMEHTOB C BPOXAEHHBIMU MVONaTUAMU/MUOANCTPOMUAMM 1 PESYNETATOB SK3OMHOMO CEKBEHMPOBAHMS, MOMYyHYEHHbIX
MeToAaMm MacCoOBOro MapannensHoro cekBeHnposarnsa (MPS). B nccnenosaHum y4acTBoBam 8 Aeten (2 Manb4mka 1 6 gesodek 3—14 net). Mopdonornieckuin
aHanM3 NPoBOAMIN C MOMOLLLIO CBETOBOW U 9IEKTPOHHON MUKPOCKOMNUN. MONeKynsipHO-reHeTUHEeCKUIA aHanM3 NpoBoanM ¢ noMoLLpto MPS Ha nnaTtdopme
HiSeq2500. MyTauum 6binn obHapy»eHbl B 87,5% cnydaeB (y 7 13 8 obcnepoBaHHbIX): y 6 obcrnefoBaHHbIX (8 MyTauuil) — B reHax, OTBETCTBEHHbIX 3a
BPOXXAEHHbIE CTEPXKHEBbBIE MMOMAaTUKM, 1y OOHOrO NaumeHTa (2 Mytaummn) — B reHe LAMAZ, OTBETCTBEHHOM 3@ MEPO3MH-HEraTVBHYIO MbILLEYHYIO ANCTPOMMIO.
[lonn naumeHToB C BbISBNEHHbIMM MyTauusaMi B reHe RYRT v myTaumsmmn B reHe SEPNT ofMHaKoBbl U cocTaBunm 42,86% cpeay NaumeHToB C MyTaumsimMu,
13 10 MyTaumii, BbIsIBIEHHbIX Y 06CNeA0BaHHbIX NMaLMeHToB, 3 MyTaLmmn onncaHbl Brnepsble: B reHe RYRT — ¢.7561G>A; B reHe SEPNT — c.485C>A; B reHe
LAMA2 — p.Cys1136Arg. COBOKYMHOCTb KIMHUYECKMX 1 MOPONOrMHECKNX MPU3HAKOB, XapakTePHbIX A1 CTEPXKHEBbIX MOMATUN, He MO3BONAET OrPaHNYUTL
MOJEKYSISIPHO-FEHETNHECKII MONCK NPUYMHBLI 3a60neBaHns reHamu RYRT 1 SEPNT, 4TO MprBOOuT K HEOBXOAMMOCTU UCCNEA0BaTb APYrve reHbl, OTBETCTBEHHbIE 3a
pasBuTNE BPOXAEHHBIX MUONATUIA/MUOAMCTROMNIA, C MCMONB30BaHMEM COBPEMEHHBIX MOMNEKYISPHO-TEHETNHECKIX METOLOB.

KntouyeBble cnoBa: BpOXKAEHHbIE MMOMAaTUM LIEHTPAIBHOTO CTEPXXHS, BDOXAEHHbIE MHOrOCTEPXKHEBBIE MyonaTum, reH RYRT, reH SEPNT, reH LAMAZ2, MblleyHas
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Congenital myopathies constitute a clinically and genetically
heterogenous group of neuromuscular disorders with complex
pathogenesis, diverse symptoms and different inheritance
patterns [1]. In the affected patients, the loss of muscle function
is a result of structural pathology of muscle fibers in the absence
of dystrophic changes in muscle tissue [2].

There are a few classic forms of congenital myopathies
that can be distinguished histologically, the most common
being central core disease, nemaline myopathy, multiminicore
myopathy, and centronuclear myopathy [2].

Each of these forms has a number of genetic subtypes
differing in the severity of presenting symptoms and the
patterns of inheritance. This should be accounted for when
deciding on an adequate treatment strategy or providing
genetic counseling.

Because some congenital myopathies are quite rare,
genetically heterogeneous and share symptoms with other
neuromuscular disorders, their differential diagnosis and
accurate classification pose a challenge, making it difficult to
estimate the actual prevalence of these subtypes and their
morphological phenotypes or to assess their contribution to the
floppy baby syndrome. The limitations of existing sequencing
methods complicate the situation even further.

Congenital myopathies have been studied since 1956
when central core disease was first described. However,
the etiopathogenesis and the associations between clinical
presentations and genetic phenotypes of congenital core
myopathies are still not fully clear.

Morphologically, all core myopathies are characterized by
areas of reduced oxidative enzyme activity in type 1 muscle fibers,
sarcomere disorganization and almost complete depletion of
mitochondria visible during a histochemical examination [3, 4].

Core myopathies can be broken down into two major types:
central core disease and multiminicore myopathy.

According to the literature, hereditary core myopathies
are largely caused by mutations in the genes coding for two
proteins of the sarcoplasmic reticulum: the ryanodine receptor
(RYRT) and selenoprotein N (SEPNT1) [5, 6].

The ryanodine receptor gene (RYRT) is located on
chromosome 19g13.1 and comprises 106 exons. The receptor
itself is a calcium release channel of the endoplasmic reticulum
membrane. In skeletal muscles, this receptor is embedded in
the sarcoplasmic reticulum membrane, where it interacts with
the dihydropyridine receptor located on plasma membrane
invaginations known as transverse tubules. Electrical signals
that travel along the sarcolemma activate calcium release from
the sarcoplasmic reticulum following the coupling of the two
receptors, and the muscle contracts [7—9]. Mutations tend to
occur more often in the ryanodine receptor gene (RYR7) than
in the gene coding for selenoprotein N (SEPN7). Mutant RYR7
variants are associated with a few pathological conditions,
such as an autosomal dominant or autosomal recessive central
core disease, in the first place (OMIM entry #117000), and, less
often, multiminicore disease (OMIM entry #255320) with an
autosomal pattern of inheritance [10, 11]. Mutations in RYR7
are associated with an increased susceptibility to autosomal
dominant malignant hyperthermia (OMIM entry #145600), a
predisposition to severe and potentially lethal adverse reactions
to volatile anesthetics and/or muscle relaxants [12].

Central core disease is driven by ultrastructural changes
and the loss of enzyme activity (exerted by mitochondrial
enzymes, in particular) in the center of skeletal muscle fibers.
Histologically, these “cores” differ from the peripheral areas of
the fibers, so their morphology is the major diagnostic criterion
for this disorder [13] (Fig. 1 and 2). Central core disease usually

has an onset in early infancy. Among its typical symptoms are
motor development delay, low muscle tone, and weakness
of proximal muscles (facial muscles are spared). Skeletal
manifestations are not rare, including congenital hip dislocation
and scoliosis. Hypotonia does not progress with age.

The SEPN1 gene is located on chromosome 1p36-p35,
comprises 13 exons and codes for selenoprotein N, a
glycoprotein of the endoplasmic reticulum and a selenium
mediator. Selenoprotein is an important component of many
metabolic pathways and antioxidant systems. It also helps to
maintain calcium homeostasis in muscle tissue by stimulating
oxidative enzymes and regulating the oxidative state of
ryanodine receptors. Deficit in selenoprotein N promotes
oxidation in myotubes and entails deregulation of superoxide
dismutase and catalase. This causes oxidative stress;
dysfunctional ryanodine receptors can no longer control
calcium release from the endoplasmic reticulum, disrupting
calcium homeostasis in muscle tissue [9, 11, 14]. Mutations
in SEPN1 are associated with multicore myopathies (OMIM
entry #602771) and congenital rigid spine muscular dystrophy
(OMIM entry #602771), which has a similar phenotype [15]. The
inheritance pattern here is autosomal recessive.

¥

Fig. 1. Skeletal muscle tissue of a 21-year-old patient with congenital central core
myopathy. Histochemical analysis of succinate dehydrogenase activity in frozen
sections (x200; the method was proposed by Sukhorukov VS) using the nitro BT
method by Nachlass et al. (1957). The total absence of enzyme activity is observed
in almost all longitudinal sections of the examined muscle fibers (the arrows)

Fig. 2. Skeletal muscle tissue of a 1-year-old patient with congenital central core
myopathy Histochemical analysis of succinate dehydrogenase activity in frozen
sections (x200; the method was proposed by Sukhorukov VS) using the nitro
BT method by Nachlass et al. (1957). The total absence of enzyme activity is
observed in almost all cross-sections of the examined muscle fibers (the arrows)
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Histologically, multicore myopathies are characterized by
the presence of multiple cores in skeletal muscle fibers that
do not necessarily affect the center of the fiber (Fig. 3). In
RYR1-associated multiminicore myopathy, the cores are quite
massive [9, 11]. In SEPNT-associated myopathy, minicores are
abundantly present in the muscle tissue [9, 11].

Multiminicore myopathy is a congenital myopathy that
develops in infancy and manifests itself as a floppy baby
syndrome. The symptoms include low muscle tone, delayed
motor development, proximal muscle weakness, spinal
deformities, early onset of scoliosis, and chest deformities.
Facial muscle weakness is also typical.

The similarity of clinical presentations between core
myopathies and other congenital myopathies, the complexity
of these diseases, and the existence of different combinations
of muscle tissue abnormalities complicate the differential
diagnosis. The diagnosis of congenital myopathy is based
on the assessment of both clinical and morphological
presentations and the results of molecular-genetic tests.
Patients with structural myopathies do not always share the
same clinical and morphological phenotype. Although such
myopathies are linked to the mutations in the RYR7 and SEPNT
genes, there is a hypothesis suggesting that other genes may
also be involved; some authors also hypothesize the polygenic
nature of these neuromuscular conditions [2]. In light of this, it
may be relevant to explore clinical, morphological and genetic
aspects of congenital core myopathies in parallel.

The aim of this study was to compare clinical and
morphological features and the results of massively parallel
exome sequencing in patients with clinical symptoms and
histological evidence of congenital core myopathies.

METHODS

The study was carried out in 8 children (2 boys and 6 girls) aged
3 to 14 years. The study included patients of both sexes with
no family history of neurological disorders who were diagnosed
with congenital myopathy and whose histological samples
suggested core myopathy; the patients also underwent
molecular genetic testing. The following exclusion criteria were
applied: the absence of morphological signs of core myopathies
in biopsy samples.

The patients’ medical records were analyzed. Biopsy
samples were studied by light and electron microscopy
following the protocols supplied by the manufacturers. Prior to
light microscopy, the samples were either paraffinized or frozen
and then stained.

1. Fresh tissue sections were prepared by immersing the
samples in liquid nitrogen and then slicing them on a Microm
HM 505 N cryostat microtome (Microm Tech.; USA). Paraffin
sections were prepared by fixing biopsy material in 10% neutral
(pH 7.4) buffered formalin following the manufacturer’s protocol
and then slicing it on the microtome.

2. Hematoxylin-eosin staining of both frozen and paraffinized
sections was performed according to the standard protocol.
Succinate dehydrogenase activity in the frozen sections was
measured using the standard nitro blue tetrazolium-based
technique proposed by Nachlass in 1957 [16].

3. Prior to electron microscopy, the samples less than 1 mm?
in size were prefixed in a 2.5% solution of glutaraldehyde in
a phosphate buffer (pH 7.4) at 0 °C. After being washed in
a phosphate buffer (pH 7.4), the samples were fixed in 1%
osmium tetroxide at 2—4 °C for 1 h. Then, the samples were
dehydrated in a series of ascending ethanol concentrations,
washed in acetone 3 times and embedded in Epon resin using
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a technique proposed by Luft [17]. The slices were prepared on
the REICHERT Nr. 321850/E ultratome (Reichert tech.; Austria)
and stained with lead citrate and sodium uranyl acetate as
proposed by Reynolds in [18]. The sections were examined
under a transmission electron microscope JEOL JEM-100B
(Jeol LTD; Japan).

Exome sequencing was performed using the HiSeq2500
platform (lllumina; USA) according to the manufacturer’s protocol.

1. Amplification products were labeled using the BigDye
Terminator v3.1 Cycle Sequencing Kit (Thermo Fisher
Scientific; USA) according to the manufacturer’s protocol.
Sanger sequencing was carried out on an ABI PRISM 3500
Genetic Analyzer (Applied Biosystems; USA) according to the
manufacturer’s protocol.

2. Sequencing data was processed in Cutadapt ver. 1.14
(Cutadapt; USA), BWA ver. 1.14 (lllumina; USA), FastQC ver.
0.11.5 (llumina; USA), GATK HaplotypeCaller ver. 3.7 (GATK
HaplotypeCaller; USA), and snpEff ver. 4.3p (SnpEff; USA).
Pathogenicity and conservation of mutations were assessed
based on the data extracted from dbNSFP, Clinvar, OMIM,
and HGMD databases. SIFT 1.03 (SIFT; USA) and Polyphen2
ver. 2.2.2 (Polyphen2; USA) utilities were used to predict
potential pathogenicity of the detected mutations. Information
about the frequency of the mutations was obtained from the
1000Genomes project, EXAC and other databases. The
annotations and pathogenicity of the detected mutations were
predicted as proposed by the Standards and Guidelines for the
interpretation of sequence variants developed by ACMG, AMP
and CAP [19].

3. Clinical interpretation of sequencing data was aided by
OMIM (https://omim.org/), Varsome (https://varsome.com/),
ClinvVar (https://www.ncbi.nlm.nih.gov/clinvar/), The Human
Gene Mutation Database (http://www.hgmd.cf.ac.uk/ac/index.php),
and some other genetic databases according to the guidelines
for MPS data interpretation [20].

RESULTS

The patients had similar clinical symptoms typical of congenital
structural myopathies: the floppy baby syndrome in infancy
and delayed motor development. Gait was also affected: some
patients were unable to walk on their own; spinal deformities
were observed. Neurological symptoms included low muscle
tone and strength, weak or absent tendon reflexes in the upper
and lower limbs. Biochemistry tests revealed normal creatine

Fig. 3. Skeletal muscle tissue of a 3.5-year-old patient with congenital multiminicore
myopathy Histochemical analysis of succinate dehydrogenase activity in frozen
sections (x200; the method was proposed by Sukhorukov VS) using the nitro BT
method by Nachlass et al. (1957). Cores are abundant in almost all longitudinal
sections of the examined muscle fibers (the arrows)
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phosphokinase (CPK) levels in 3 children under 5 years of age;
in 5 children aged 7 to 14 years CPK was either high but within
the reference range or slightly elevated above the norm (Table 1).
Cores were observed in the biopsy samples of 5 patients
(patients 1, 2, 3, 7, and 8) diagnosed with central core disease;
histological analysis suggested multiminicore myopathy in
3 patients (patients 4, 5, and 6).

Mutations were detected in 87.5% of cases (7 of 8 examined
patients). Six children had mutant variants of RYR7 and SEPN1
implicated in congenital myopathy. One patient had a mutation
in LAMAZ2 associated with merosin-deficient muscular dystrophy
(Table 2).

DISCUSSION

Sequencing data are well-correlated with the clinical
presentations and morphological features of the patients:
in 3 patients with a morphological phenotype of central core
disease (patients 1, 2 and 3), mutations were observed in gene
RYRT1; 3 patients with a morphological phenotype of multicore
myopathy (patients 4,5 and 6) had mutations in gene SEPN1
(Table 2). The proportions of patients with mutations in RYR7
and SEPN1 were equal and amounted to 42.86 % each relative
to all the examined patients with mutations.

Three patients had 4 mutations in RYR7. Of those mutant
variants, 3 were not described previously, including ¢.11798A>G,
€.14387A>G and ¢.14581C>T [21, 22, 23].

According to the literature, mutations ¢.11798A>G and
¢.14387A>G are associated with sporadic central core disease;
our patients who carried them (patients 1 and 2, respectively)
were also heterozygous.

Patient 3 had 2 mutations (c.14581C>T and ¢.7561G>A) in
the RYR1 gene that were presumably compound heterozygous,

which suggests an autosomal recessive pattern of inheritance.
Mutation ¢.14581C>T is known to occur in patients with
sporadic central core disease but can also be recessive
[27]. Mutation ¢.7561G>A was not described previously. The
presence of 2 mutations in one patient suggests an autosomal
recessive pattern of inheritance.

Three patients had 4 mutations in the SEPNT gene. Mutations
c.611dupA, ¢.713dupA, and ¢.583G>A were described previously
[24, 25]

C.611dupA is a frameshift mutation that produces a
shortened dysfunctional protein. This mutation was homozygous
in patient 5, which is consistent with an autosomal recessive
pattern of inheritance.

Another frameshift mutation c¢.713dupA was detected
in a compound heterozygous patient 4. It is described as a
cause of rigid spine muscular dystrophy (OMIM entry #602771)
in homo- and heterozygous French patients [24]. Genetic
variant ¢.583G>A carried by patient 4 was characterized by
the prediction software as likely pathogenic; genetic databases
refer to it as benign. Therefore, its role in the disease still needs
to be elucidated.

Mutation ¢.485C>A is a previously unknown mutation
that was heterozygous in patient 6. This means that multicore
myopathy diagnosed in this patient cannot be confirmed by
the genetic test, although morphological and clinical findings
suggest otherwise. At the same time, we cannot rule out
SEPN1- associated multicore myopathy because mutations in
the second allele of the gene might have been overlooked due
to the technical limitations of massive parallel sequencing.

Sequencing revealed the absence of RYRT and SEPN1
mutations in 2 patients (patients 7 and 8) who had been
diagnosed with myopathy/myodystrophy before the genetic test
and had a morphological phenotype of central core disease.

Table 1. Symptoms of the patients with morphological signs of core myopathies revealed by histological analysis

Symptoms / Patient 1 2 3 4 5 6 7 8
Weight and height 3310/50 3540/55 2480/48 2800/49 3780/53 3060/50 2859/50 3500/54
at birth (g/cm)
Congenital hip B _ ' . _ B _ . _
dislocation/dysplasia + (dislocation) + (dysplasia)
Delayed motor
- + + + + - ++ +
development
Muscle strength 4 points 4 points 4 points 2-3 points 4 points 2-3 points 1-2 points 3-4 points
Cannot walk at Has not walked Was never
Gait Myopathic the moment Myopathic Myopathic Myopathic snncoef 2g:ars able to walk Myopathic
. . Thoracic and
Spinal deformities Thoracic . Thoracic . Curvature of lumbar spine | Rigid spine | Kyphoscoliosis Scoliosis Scoliosis
hyperkyphosis hyperkyphosis the spine Lo
scoliosis
. . Hip, knee, ankle, Hip, knee
Joint contractures Ankle joint - - Hip, kngg and Ankle joint Hip, kneleland elbow and wrist and ankle
ankle joints ankle joint L .
joints joint
Reduced reflexes in
) + + + ++ + ++ ++ ++
upper and lower limbs
Breathing problems + +- N/A +++ + + N/A +
Reduced intellectual
. - + + - - - - - -
capacity
Plosis of Weak facial
Severe the upper muscles.
Additional symptoms - - - o - eyelid, chronic L -
malnutrition _— occipital
hypoventilation epilens
syndrome pliepsy
CPK levels, un/L
(normal range of 78 66 79 188 284 174 290 194
15-190)

Note: 1 — boy, 4 years; 2 — girl, 3 years; 3 — girl, 5 years; 4 — girl, 8 years; 5 — boy, 7 years; 6 — girl, 11 years; 7 — girl, 14 years; 8 — girl, 7 years.
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Table 2. A list of mutations detected in the patients with morphological signs of core myopathy

Detected mutations and genotypes
Patient Diagnosis before the Gene ; i i Reference
genetic test Exon Transcript Nucleotide Amino acid Genotype
Ne Ne substitution
Congenital structural
1 myopathy. Central core RYR1,199g13.2 86 NM_000540.2 | c.11798A>G p.Tyr3933Cys | Heterozygous [21]
disease
2 Congenital myopathy RYR1,199g13.2 100 NM_000540.2 | c.14387A>G p.Tyr4796Cys | Heterozygous [22]
; 101 NM_000540.2 | ¢.14581C>T | p.Arg4861Cys | Heterozygous [23]
3 Congenital structural RYR1, 19q13.2
myopathy 47 NM_000540.2 | c¢.7561G>A | p.Val2521Met | Heterozygous | Not described
5 NM_020451.2 c.713dupA p.Asn238fs Heterozygous [24]
4 Congenital myopathy SEPN1, 1p36.11
5 NM_020451.2 c.583G>A p.Ala195Thr Heterozygous [25]
Congenital myopathy SEPN1, 1p36.11 4 NM_206926.1 c.611dupA p.Asn204fs Homozygous [24]
6 Congenital myopathy SEPN1, 1p36.11 4 NM_206926.1 c.485C>A p.Ser162* Heterozygous | Not described
; 50 NM_000426.3 c.7147C>T p.Arg2383* Heterozygous [26, 28]
7 Congenital structural LAMAZ, 6q22.33
myopathy 23 NM_000426.3 ¢.3406T>C p.Cys1136Arg | Heterozygous | Not described
8 Congenital muscular - - - Undetected | Undetected Unknown -
dystrophy

Note: 1 — boy, 4 years; 2 — girl, 3 years; 3 — girl, 5 years; 4 — girl, 8 years; 5 — boy, 7 years; 6 — girl, 11 years; 7 — girl, 14 years; 8 — girl, 7 years; * — a stop codon.

Patient 7 had 2 presumably compound heterozygous
mutations in the LAMA2 gene (14.28% of total detected
mutations). Mutant LAMAZ2 variants are associated with type
23 limb-girdle muscular dystrophy (OMIM entry #618138)
and congenital merosin-deficient muscular dystrophy (OMIM
entry #607855) that follow a dominant recessive pattern of
inheritance.

The LAMA2 mutation ¢.7147C>T (p.Arg2383*) detected in
patient 7 results in the synthesis of a shortened dysfunctional
protein. Its homozygous variant was previously described
in a 4-year-old girl [28] who had typical symptoms of type A
merosin-deficient muscular dystrophy, including congenital
hypotonia, muscle weakness, elevated CPK of 1,556 |U/L and
white matter abnormalities seen on MRI. Besides, patients
afflicted with this disorder can have seizures and structural
brain abnormalities. In patients with congenital laminin alpha 2
deficient muscular dystrophy, severity of the clinical symptoms
varies, but the causes underlying this phenomenon are
not fully understood and might be associated with RNA
missplicing [26].

The second detected mutation in the LAMA2 gene is a
nonsynonymous substitution ¢.3406T>C (p.Cys1136Arg) that
was not described previously. Nonsynonymous substitutions
can result in the formation of alternative splice sites, synthesis
of new protein isoforms and conformational changes to the
protein structure that affect its function. Therefore, the role of
the detected mutation in the development of the disease needs
to be elucidated.

The symptoms observed in patient 7 were different from
those described above. The differential diagnosis included
Werdnig-Hoffmann disease and congenital structural myopathy.
Epilepsy was benign and was not considered a symptom.
Histological findings suggested central core disease. However,
the clinical, morphological and genetic data collected from
the patient should not be regarded as controversial. The
mechanism underlying the formation of cores in muscle fibers
and the time it takes remain understudied [2]. Formation of
cores might be the result of disrupted mitochondrial activity. The
study of muscle tissue biopsy samples obtained from patients
with different forms of congenital myopathy/myodystrophy at
different stages of the disease will broaden our knowledge of
the interactions and the order of involvement of proteins and
muscle tissue components into the pathological process.
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No clinically relevant genetic variants associated with
neuromuscular disorders were detected in patient 8. However,
this might have been due to the technical limitations of massive
parallel sequencing.

The absence of mutations in the RYRT gene in 2 patients
(7 and 8) with a preliminary diagnosis of congenital myopathy/
myodystrophy and a morphological phenotype of central core
disease confirms the need for extensive molecular genetic
testing in such patients. At the same time, in the presence of
additional clinical symptoms rarely seen in a particular condition
(in our case, patient 7 had seizures) the probability of detecting
other molecular-genetic abnormalities increases. This also
speaks for the necessity of research into the mechanisms
underlying congenital myopathies and myodystrophy and their
morphological manifestations.

We have also discovered correlations between CPK activity
and the detected mutations. As a rule, CPK levels suggest the
location of lesions in patients with neuromuscular disorders,
their acuteness and duration. RYRT mutations were present
only in the patients with normal CPK levels. The highest CPK
was observed in the patient with a homozygous SEPNT
mutation and also in the patient who carried mutations in
the LAMA2 gene associated with the most severe form of
congenital myopathy. Perhaps, CPK can be used to measure
pathogenicity of a molecular-genetic abnormality (the presence/
absence of a protein or the loss of its function) that leads to the
disease and causes secondary myodystrophy.

CONCLUSIONS

Our findings confirm that myopathies characterized by
the presence of cores in muscle fibers are genetically
heterogenous. Mutations in the RYR7 and SEPNT genes
are the major genetic cause of core myopathies in Russian
patients, which is consistent with the findings of our foreign
colleagues. The majority (75%, 6 of 8 patients) of RYR7 and
SEPN1 mutant variants carried by our patients were described
previously. Two previously unknown mutations need to be
studied further in order to elucidate their clinical relevance.
Our work shows that histological findings cannot be used as
the only criterion for the differential diagnosis of congenital
myopathies. Morphological phenotypes typical for core
myopathies can also be seen in other congenital myopathies
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or myodystrophy. This means that clinical, morphological
and genetic correlations should be studied in-depth to
understand the mechanisms underlying the development of
the disease and to come up with effective therapies in the
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Adenosine-to-inosine (A-to-1) RNA editing is a common mechanism of post-transcriptional modification in many metazoans including vertebrates; the process
is catalyzed by adenosine deaminases acting on RNA (ADARs). Using high-throughput sequencing technologies resulted in finding thousands of RNA editing
sites throughout the human transcriptome however, their functions are still poorly understood. The aim of this brief review is to draw attention of clinicians
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MPUPOOHOE PEOAKTUPOBAHUE PHK C 3SAMEHOW AJEHO3VHA HA UHO3UH MOXKET YHYACTBOBATb
B NMATOIEHE3E BOJIESHEN YEJIOBEKA

A. A. Kntodnnkosa B2, C. A. MoLLKOBCKMI

Hay4Ho-vccnenoBaTenbCKuin IHCTUTYT GromMeanUMHCKo xummn venn B. H. Opexosuida, Mocksa, Poccus
Poccuiickinii HaumoHanbHbIN CCNeaoBaTENbCKNA MeANUMHCKNIA YHUBepcuTeT nvenn H. W. Muporosa, Mockea, Poccus

Pepaktposarue PHK ¢ 3amMeHoi aieHnHa Ha MHO3WH SBRSeTcs Havibonee pacnpoCTPaHeHHbIM MPUPOAHBIM MEXaHM3MOM MOCTTPaHCKPUMLIMOHHOM MOAVMMKaLMM
Y PasHbIX MHOMOKIETOYHbIX OPraHM3MOB, BKIIOHYas MO3BOHOYHbIX, Y KaTanmampyetca epmeHTamm cemenctea PHK-3aBncrMbix ageHodvHaesammnHad ADAR.
HenasHvie nccnefoBaHms ¢ MCNoNb30BaHNEM BbICOKOMPOU3BOAUTENBHOMO CEKBEHMPOBAHUS HYKNEVHOBBIX KUCNOT MNO3BONMAM BbISIBUTb ThICAHM Y4ACTKOB Takoro
pefakTUPOBaHNS 1 Yy YenoBeka, OAHaKO (OYHKLMS MHOMVX U3 HUX OCTaeTCH He A0 KOHLIA ACHOM. Mbl XOTUM MprBAeYb BHYMAaHWE KITMHULIMCTOB W CMeLyanmcToB
no 6uomeuumHe kK ADAR-onocpenoBaHHOMY pefakTpoBaHnio MPHK 1 ero BO3MOXXHOMY y4acTuio B pa3BuTUv 60ne3Hen HEPBHOM CUCTEMbI, MPOTVBOBUPYCHbIX
VIMMYHHBIX PEaKLIMI 11 3/10Ka4ECTBEHHbIX ONyXOmnein.

KnioueBble cnoa: PHK-3aBucrmas ageHodnHaesammnHasa (ADAR), pepakTupoBarie PHK, MMYHUTET, 3f10kaqecTBEHHAs Onyxosb, HempoaereHepaTBHble
3aboneBaHnst
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RNA editing is one of mechanisms of post-transcriptional
modification of nucleotide chemical structure. Here we review
RNA editing as a natural phenomenon distinguished from
programmable genome editing tools such as RNA editing with
CRISPR-Cas systems in bacteria. The most common type of
natural RNA editing is adenosine to inosine (A-to-1) deamination
catalyzed by RNA-specific adenosine deaminases (ADARS).
The process is called “editing” as such modifications in many
cases lead to changing the informational content of the RNA.

In humans, three genes encoding ADAR proteins are
found; ADAR1 (encoded by adar gene) and ADAR2 (encoded
by adarb1 gene) proteins have enzymatic activity while ADAR3
(encoded by adarb?2) acts as an inhibitor of editing [1]. Active
ADAR enzymes are binding to dsRNA and converting adenosine
(A) to inosine (1) by deamination. Codon changes can arise from
such editing. Deamination in coding regions of RNA may result
in recoding of proteins as inosine typically mimicks guanosine
during translation [2].

ADAR-mediated RNA editing was unknown till 1987;
recently, the process was shown to be widespread in genomes
of most animals and associated with different functions. Thus,
RNA editing was reported to be particularly common in some
Protostomia — cephalopods, in particular — as compared to
other invertebrates and was supposed to sustain molecular
plasticity under changing environmental conditions and the
evolutionary conservatism at the same time [3].

In mammals, RNA editing occurs as well. In a recent large-
scale transcriptome research, the process was investigated
comprehensively and more than 20,000 editing sites in human
and mouse were identified. More than two thousand human
editing sites were reported to lead to amino acid substitutions
in the encoded proteins [1]. A variety of transcriptome editing
sites is called "RNA editome" similarly to other molecular "-omes".

Until recently, RNA editing role was unclear. However, using
knockout rodent models allowed to demonstrate that ADAR1
was mainly associated with control of innate immune responses
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while ADAR2 regulated signal transmission and excitability in
the central nervous system [4]. ADARs edit various substrates
including matrix RNA, short and long non-coding RNA as well
as viral RNA, that have only one thing in common: double
stranded RNA. The scale of the phenomenon was estimated
only recently, and due to its complexity the data on RNA editing
functions in different objects are accumulated slowly.

Let us consider the significance of phenomenon of natural
editing RNA observed at the proteome level in humans and
laboratory animals as a process possibly contributing to
development of antiviral immune responses, nervous system
diseases and cancer.

RNA editing in the central nervous system

RNA editing occurs actively in the central nervous system (CNS).
It is associated mainly with ADAR2 enzyme [1]. Such editing
is known to make point substitutions in related sequences of
voltage-gated ion channels and G protein-coupled receptors
of the nervous system. RNA editing events in GluK and GIuA
glutamate receptors are well studied. Normally, RNA editing
results in an amino acid substitution of glutamine for arginine
in one of the glutamate receptor subunits during development
of the nervous system. The receptors containing the edited
subunit become Ca?*-impermeable while channels containing
unedited subunits are Ca*-permeable. Neurons with such
subunits are subject to a "physiological' excitotoxicity due
to an increase of glutamate content in synapses. It is known
to result in neuronal death and be an important factor of
development of some neurodegenerative disorders, a spinal
neurodegeneration at amyotrophic lateral sclerosis (ALS), in
particular [5]. Mutations in adarb1 could contribute to epilepsy
and diseases involving neuronal plasticity defects such as autism
and Martin-Bell syndrome [4]. In mice, the ADAR2 knockout
resulting in appearance of unedited glutamate receptors is lethal
as it causes overexcitement in brain cells with strong epileptic
seizures.

RNA editing and virus-induced immunity

Some findings point to ADAR1 implication in immunity
including immune responses to infection with RNA viruses. It
was shown that ADAR1 enzyme can play a role in mechanisms
of protection against viral infections and inflammation. Thus,
ADAR1 can edit the hepatitis C virus RNA limiting its replication
[6]. The adenosinedeaminase was shown to edit influenza virus
to a greater extent compared to measles virus — on the one
hand, this can make influenza virus nonfunctional, while on the other
hand, can promote mutagenesis and evasion from immunity [7].

Type | interferon is known to induce ADART increasing
synthesis of its long p150 form however, such activity interferes
with formation of stress granules against measles virus. Thus,
ADART1 is considered to be a suppressor of innate immune
responses in this case [8].

Missens mutations leading to amino acid substitutions
in ADART reduce activity of RNA editing and cause Aicardi-
Goutieres syndrome (AGS). AGS is characterized by progressing
encephalopathy and interferonopathy mimicking a viral infection
[9] that demonstrates the involvement of ADART into immune
response.

RNA editing and cancer

The results of the recent research performed within The Cancer
Genome Atlas (TCGA) project facilitated systematization of
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data on genomes and transcriptomes in different tumor
types [10]. The use of available sequencing data made it
possible to obtain RNA editing libraries. Significant RNA
editing differences have been observed between cancerous
and normal tissues. For most of the tested cancer types
including head and neck cancer, breast cancer and thyroid
carcinoma, the increased RNA editing levels were reported
that was associated with high ADAR1 expression levels in
tumors [11].

Occurrence of RNA editing events in brain cells becomes
higher with age however, may decrease in glioblastoma [12].
Similar to cancer driver somatic mutations, RNA editing events
can promote tumor progression. Thus, both in vitro and in vivo
experiments provided data on a protein playing an important
role in cell growth and proliferation due to maintaining the
homeostasis of polyamine in cells. RNA editing of AZIN1
(encoding antizyme inhibitor 1) by ADAR1 results in a serine-to-
glycine substitution at residue 367 of AZIN1. The edited form
has a stronger affinity to antizyme and induces a cytoplasmic-
to-nuclear AZIN1 translocation resulting in a more aggressive
behavior of tumor [13]. Thus, the edited protein can be
considered a potential therapeutic target.

Some RNA editing events can be used as predictive
markers and have an effect on tissue response in cancer
therapy. For example, a glycine-to-arginine substitution at
position 764 (R764G) in glutamate receptor GRIA2 and an
isoleucine to valine substitution (1635V) at COG3 protein
responsible for vesicle-mediated transport between the Golgi
complex and endoplasmic reticulum, increase sensitivity of
mitogen-activated protein kinase kinase (MAPKK) to kinase
inhibitors [14]. ADAR2 onco-supressing properties are of particular
interest in studying glioblastoma. ADAR2-mediated editing
the CDC14B phosphatase responsible for DNA damage can
modulate a cell cycle pathway involving the Skp2/p21/p27
proteins and inhibit growth of glioblastoma [12].

Although a large amount of information on ADARs and
RNA editing has been already accumulated, the biological
significance of RNA editing remains largely unknown. In most
cases it is not clear whether the editing events are implicated
in transcriptome regulation or provide proteome functional
plasticity or perhaps related to molecular noise. ADARs are
known to edit a variety of dsRNA substrates such as matrix
RNA, short and long non-coding RNA as well as viral RNA.
The scale of this phenomenon becomes recently clear with
a progress in studying RNA modifications at a genome-
wide scale [1] that however require further functional
confirmation.

Thus, ADART activity is known to be connected with antiviral
immune responses as well as regulation of cellular responses
to Type | interferon. The general opinion is that ADAR1 activity
has a proviral impact and in case of viral absence it suppresses
undesirable cellular immune responses (for example, mutations
in adar gene cause Aicardi-Goutieres syndrome with a
childhood encephalitis and interferonopathy). The activity of
ADAR2 was reported to be involved in regulation of the central
nervous system, for example, in the form of excitatory stimuli
(Fig. 1).

It was also reported that RNA editing events can play a
crucial role in development of cancer. The activity of ADART is
likely to have oncogenic effect. The edited AZIN1 protein can
be considered a potential therapeutic target. The edited form
of COG3 protein can serve as a predictive marker and have
an effect on cellular response in cancer therapy [15]. In case
of CDC14B, PODXL, GABRAS3 and IGFBP7 proteins, ADAR2
editing may probably have oncosupressing effects [4].
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Fig. 1. ADAR effects associated with human diseases. Changes in ADART activities are assiciated with immune protection against viral infections and inflammation and
with certain types of cancer; RNA editing in glutamate receptors normally occurs in CNS. ADAR?2 effects are associated with both positive and negative impacts on

tumor progression while its deficiency may cause various CNS disorders

CONCLUSIONS

Based on the above-referenced examples, ADAR-mediated
RNA editing is an evolutionarily ancient mechanism having
various, yet understudied, functions in embryonic development
of the central nervous system in particular. In pathological
conditions such as neurodegenerative diseases and malignant
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HIGH-SPEED BRAIN-COMPUTER COMMUNICATION INTERFACE BASED
ON CODE-MODULATED VISUAL EVOKED POTENTIALS
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Brain-computer interface (BCI) technologies are actively used in clinical practice to communicate with patients unable to speak and move. Such interfaces imply
identifying potentials evoked by stimuli meaningful to the patient in his/her EEG and interpreting these potentials into inputs for the communication software. The
stimuli can take form of highlighted letters on a screen, etc. This study aimed to investigate EEG indicators and assess the command input performance of a
promising type of BCI utilizing the so-called code-modulated visual evoked potentials (CVEP) appearing in response to a certain sequence of highlights of the desired
letter. The operation of the interface was studied on 15 healthy volunteers. During the experiments, we changed the speed of stimuli demonstration and inverted the
order of flashing. It was established that the optimal speed of stimulation significantly depends on individual traits of the person receiving the stimuli, and inversion
of their sequence does not affect operation of the interface. The median accuracy of selection of commands was as follows: 1 s stimulation cycle mode — 0.96
and 0.95 (information transfer rate 142 and 141 bit per minute); 2 s stimulation cycle mode — 1; 0.5 s cycle — 0.33. The evoked potentials were most expressed
at the Oz site. It was assumed that CVEP-based brain-computer interfaces can be optimized through individualization of the set of stimulation parameters.
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BbICOKOCKOPOCTHOW KOMMYHUKALMOHHbIA UHTEP®ENC MO3-KOMIMbIOTEP
HA OCHOBE KOAIMPOBAHHbIX 3PUTESIbHbIX BbISBAHHbIX MOTEHLMAOB

P. K. MpuropsiH' = [1. B. ®unatos'?, A. 4. KannaH'
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2 MexaH1KO-MaTemMaTHeckuii thakynsteT, MOCKOBCKUI FroCyAapCTBEHHbIN yHBepeuTeT nMern M. B. JlomoHocosa, Mocksa, Poccust

TexHonornn nHTepdencos mMosr-komnbtotep (MMK) akTUBHO MCMONB3YIOT B KIMHUYECKOW NMPaKTUKe ANs 00eCneveHnss KOMMyHUKauum C nauneHTamu,
He CMOCOBHBIMU K peym 1 ABMKEHVSIM. BBOL, KOMaHf, B KOMMbIOTEP NOCPEACTBOM TakX MHTEPMENICOB OCYLLECTBNSIOT Ha OCHOBE BblaeneHst B 93T BbI3BaHHbIX
MOTEeHLMANoB B OTBET Ha 3HaYMMble A1 MOSb30BaTeNs CTUMYIIbl, HANPVMeP NOACBEYeHHbIe Ha dKpaHe BykBbl. Lienbto paboTbl 66110 UcCnefoBaTh nokasatenu
B3I 1 apheKTNBHOCTL BBOAA KOMaHL, B nepcrnekTnesHoM Tune VIMK Ha oCHOBe Tak HasblBaeMbiX KOAMPOBaHHbIX BbI3BAHHBIX MOTEHLMANOB, BO3HUKAOLLWX B
OTBET Ha OMNpefeneHHylo NoCNefoBaTeNbHOCTb NOACBETOK HyXHON BykBbl. Ha 15 300p0oBbIX [06POBOMbLAX M3ydan paboTy Takoro MHTepdelica Ha pasHbix
CKOPOCTSIX Mofa4qn CTUMYMbHbIX MOCNEA0oBATENBHOCTEN MPU UX MHBEPTUPOBaHWM, KOrAa MOACBETKY W ee OTCYTCTBME MEeHsM MecTamu. [lokasaHo, 4To
OMTUMaIBHOE 3HAa4YEHVEe CKOPOCTU CTUMYMALMM MMEET 3HAYMTENbHYIO MHOMBMOYaNbHYIO BapuabensHOCTb, a MHBEPCUS CTVMYSIBHON MOCNefoBaTeNsHOCTY He
0Kas3blBaeT BUSHNSA Ha paboTy nHTepdeica. MeayiaHHas TOYHOCTb BbIGopa KOMaHa, COCTaBua: B peXmMax ¢ LIMKIOM cTuMynsumm 1 ¢ — 0,96 1 0,95 (ckopocTb
nepefayv nHdopmaumm 142 n 141 6UT/MUH); B peXXnMe o CTUMYbHBIM LkIoM 2 ¢ — 1; ¢ umknom 0,5 ¢ — 0,33. MakcumMarnbHyto BbIPaXXEHHOCTb BbI3BaHHbIX
noTeHumanos Habmopaanu B oteeaeHnn Oz. CaenaHo NpeanonioXkeHre O TOM, YTO OMTVMU3aUMsa HEMPOUHTEPMENCOB Ha OCHOBE KOAMPOBAHHbBIX BbI3BaHHbBIX
MOTEHLMANOB BO3MOXHA Ha OCHOBE MHAMBMAYaNbHOrO Noadopa NapameTpoB CTUMYMSLIAN.
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Brain-computer interface (BCI) is a technology that allows  screen, like letters needed at the given moment. BCI systems
patients with speech and movement disorders to control a  translate such mental efforts into computer input commands
computer through the analysis of correlates of their neuronal by registering specific EEG markers peculiar to such efforts
activity. BCI requires the user to focus attention either on  [1-3]. Interfaces that make use of visual potentials evoked, for
internal images, e.g., limb movements, or on objects on the  example, by flashing objects on the screen, offer a wide range
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of EEG-detectable commands, their amount being the same
as that of on-screen stimuli. P300 component is the traditional
EEG marker signaling of the user's attention to a specific
event, like flashing a certain letter [4, 5]. Such interfaces have
lately been actively introduced into the medical rehabilitation
practice to enable communication with patients suffering from
severe speech and movement disorders [6]. Their reliability in
translating commands given by cognitively intact patients is
sufficient, but the speed of operation is quite low, which is a
drawback. For example, a comparison of BCI capabilities as
used by healthy people and patients with amyotrophic lateral
sclerosis has revealed that the text typing rate does not exceed
2-3 letters per minute with each target object shown 14 times.
With the accuracy in both groups exceeding 95%, such a rate
translates to 11-14 bits per minute (bpm) [7], which makes BCI
using P300 as marker uncomfortable even for healthy people.
Code-modulated visual evoked potentials (CVEP) promise to
speed up BCI transfer rates. CVEP is a joint EEG-detectable
response to the special irregular frequency sequences of
flashes of the required on-screen object. Such sequences
stimulate a steady state visually evoked potential (SSVEP)
registered by EEG, which is phase-locked with stimulation.
Phase synchronization, which is also peculiar to SSVEP-
enabled BCI featuring regular frequency stimulation, allows the
evoked potential to retain the properties of the stimuli sequence
to a certain degree, in particular — its cyclicity, autocorrelation
and spectral characteristics. Presenting a number of visual
stimuli through a number of different sequences that correlate
with each other at least minimally allows distinguishing between
the evoked potentials brought by different stimuli through a
correlation analysis. There are various sets of binary sequences
with suitable cross-correlation properties, such as the Gold
codes, Barker codes and m-sequences. They are used to
identify signals carried on the same frequency in various
spheres, like mobile communications and satellite navigation.

M-sequence is a pseudo-random binary sequence that has
a single peak of autocorrelation function at zero shift. With a
cyclic shift, one m-sequence can produce several sequences
not correlated with each other, which facilitates its application
in BCI featuring a large number of stimuli, as it shortening the
classifier learning period. To distinguish between the potentials
evoked by different stimuli, it is necessary to assemble a
learning sample. Such a sample should contain potentials
corresponding to each stimulus. With each stimulus using its
own binary sequence generated by a single m-sequence, it is
enough to get the reference evoked potential peculiar only to
that binary sequence. Then, it is possible to detect the target
stimulus by shift of the correlation function's peak between
spatially filtered sections of the recorded EEG and that reference
evoked potential. As a result, the duration of learning does not
depend on the number of different stimuli, which allows using
the amount of stimuli sufficient to print a text.

Canonical correlation analysis of EEG allows reliable
detection of short instances of code-modulated evoked
potentials synchronous with the flashes of the currently needed
on-screen object. The number of stimuli activation repetition
cycles therein can be as low as 2 or 3. Thus enabled BCI offer
information transfer rates in excess of 100 bpm [8]. Both EEG
and electrocorticogram [9] allow registering code-modulated
evoked potentials; they can be used to optimize BCI operation
to adjust to error-related potentials and to utilize color gamut in
the stimulus environment [11].

Seeking to find the optimal modes of code-modulated
on-screen object flashing for BCI, we tested operation with
different sequences and rates of stimuli flashes.
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METHODS
Participants

Fifteen healthy volunteers (7 female and 8 male) aged 18-30 years
participated in the study. The inclusion criteria were: no
history of neurological diseases, including epilepsy; normal or
corrected vision. The exclusion criteria were: age different from
the required; history of neurological diseases; vision problems.

EEG registration

We used the Neurovisor-BMM 40 EEG amplifier (Meditsinskiye
Computerniye Systemy; Russia) to record biopotentials, and
22 channels (FCz, C3, C1, Cz, C2, C4, CP3, CP1, CPz, CP2,
CP4, P5, P3, Pz, P4, P6, PO3, POz, PO4, O1, Oz, O2) with
AFz as a grounding electrode and two averaged ear electrodes
as reference. Before recording, we checked the interelectrode
impendance; the recording was started after the resistance
was brought to the values below 10 kOhm. The sampling rate
was 500 Hz.

Experimental rig

The experiment was controlled from a computer using custom
software developed by the authors in C++. The stimuli were
shown to participants on a 24-inch display with a refresh rate
of 120 Hz. The participants sat in a chair approximately 60
cm away from the display. A photosensor was used to ensure
synchronization of EEG recording and stimuli presentation.

Stimuli presentation

The objects were presented in 32 square cells (4 by 8 table)
containing letters on a black background. The stimulation was
effected through changing the color of the cell from black to white.

The color change algorithm was determined by a 63-bit
m-sequence. Each cell changed color in accordance with its
own m-sequence derived from the basis sequence through
2-bit cyclic shifts. Thus, activation of the first cell followed the
basis sequence, that of the second cell was shifted by 2 bits,
of the 10th — by 18 bits, etc. Overall, we used two basis
m-sequences: basis—[0,0,0,0,0,1,1,1,1,1,0,1,1,1,1,0,0,1,1,
1,0,1,0,1,1,0,0,0,0,1,0,1,1,1,0,0,0,1,1,0,1,1,0,1,0,0,1,0,0,
0,10,0,1,1,0,0,1,0,1,0,1,0]and inverted —[1,1,1,1,1,0,0,0,
0,0,1,0,0001,10,001,01,0,0,1,1,1,1,0,1,0,0,0,1,1,1,0,
0,1,001,0,1,1,0,1,1,1,0,1,1,0,0,1,1,0,1,0,1,0, 1].

There are no other 63-bit m-sequences that are not cyclic
shifts of these. The inverted sequence is similar to the basis
one in terms of autocorrelation properties, but it generates a
significantly different visual stimulation.

In the course of our experiment, we tested four modes
of BCI, each with its own m-sequence and stimulation rate.
The first two modes featured basis and inverted sequences,
respectively. The period was 1 second. Parameters of the third,
"slow" mode — basis sequence and 2-second period, those of
the fourth, "fast" mode — period of 500 ms.

Thus, the duration of one bit in white and black colors in
standard, fast and slow modes were approximately 16, 8 and
32 ms, respectively.

Structure of the study

Each volunteer participated in 4 experimental sessions. The order
of modes was selected at random after briefing and electrodes
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placement. Each mode session began with the classifier
learning from the participant's viewing one of the stimuli for
40 full sequence presentation periods. After that, the participant
had to enter 32 commands following a predetermined order of
concentration on stimuli. Entering a command took a careful
look at a particular letter while concentrating on its flashes.
After a few seconds, the system produces an answer, which
could be correct or wrong. Then the stimulation is stopped.
Following a break of several seconds, the stimulation resumed
and the participant had to try to enter another command.

The command was considered entered when the classifier
reached a certain threshold. The accuracy of the choice of
commands was determined as the ratio of correctly entered
commands to the total number of input attempts.

Pattern classification

Canonical correlation analysis allows obtaining the weights of
channels used to spatially filter EEG and to isolate a significant
response to the sequence of stimuli. Weights obtained through
analyzing EEG readings recorded while learning were used to
decrease the signal's dimension. Learning yielded a single-
channel m-sequence response signal averaged over 40 full
periods. During actual operation, a one-dimensional signal
peculiar to demonstration of the m-sequence in full triggers
compilation of the function describing its correlation with the
signal obtained during learning. The command selected by
the user is determined by the shift of peak of this correlation
function. Determining the number of the target stimulus takes
division of the correlation function's time shift maximum by
the time of one bit implementation and the shift between
successive stimuli.

Data analysis

We used the scipy 1.1.0 package [12] to process the results,
normalized cross-correlation to build correlation maps and
applied the Wilcoxon test (Holm-Sidak multiple comparison
correction) to pairwise comparisons.

RESULTS

Assessment of classification accuracy
and information transfer rate

In slow mode, with the m-sequence period of 2 s, the median
accuracy of command selection reached 1 (Fig. 1). In basis
and inverted m-sequence modes the accuracy was 0.96 and
0.95, respectively. In the fast mode the median accuracy was
0.33, which makes it the only mode the accuracy of which
is significantly different from that of all other modes with the
multiple comparison correction applied (o < 0.05). However,
one participant showed the accuracy of 0.96 in this mode, a
result that cannot be explained by random reasons since it was
preceded by input of 32 commands.

The command input rate is another important property of
BCI. In the modes with m-sequence period of 1 s, the median
time required to identify one command was 2 s. In the slow
mode, the figure was 3.5 s, in the fast mode — 1.2 s.

Information transfer rate is an integrative indicator of the
BCI quality: it combines both the rate and the accuracy of
command selection. We used the Shannon definition as applied
to neurocomputer interfaces [13] to calculate the indicator.
The median information transfer rate in the basis and inverted
sequence modes was 141 and 142 bpm, in the slow mode —
93 bpm, while the fast mode yielded the smallest value: 37 bpm,
which is the result of low accuracy in command selection. In the
latter mode, however, one user was able to enter commands
accurately and showed the highest transfer rate of 287 bpm, with
the command input time being 1 second and accuracy of 0.96.
The information transfer rate at the m-sequence period of 1 second
was significantly different from the slow mode (Z = 2.7; p = 0.019).

The shape of evoked potentials
and topographic distribution of evoked activity

Figure 2 shows the shape of code-modulated evoked potentials
averaged relative to the first bit of the sequence, restored for
the zero-shift m-sequence.
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Fig. 1. Neurointerface utilization by users: indicators. 1 — command input accuracy; 2 — average command input time (in seconds); 3 — information transfer rate,
bpm; A — basis stimulus sequence; B — inverted; C — slow mode; D — fast mode
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As a quantitative characteristic, we used the correlation
between the averaged evoked potential and single potentials
corresponding to single m-sequences. Figure 3 shows the
maps of maximum values of normalized cross-correlations
between averaged evoked potentials and responses to single
sequences.

According to the figure, the degree of similarity between
evoked potentials reaches its maximum in occipital channels.
All modes that allowed a high accuracy of command selection
had the highest correlation degree at the Oz site. The maximum
correlation was registered in 8 channels: P4, P6, PO3, POz,
PO4, O1, 02, Oz. The absolute values of the cross-correlation
maxima do not differ significantly between the modes when
compared in corresponding channels. In the fast mode,
localization of evoked potentials was less pronounced, which is
probably one of the reasons behind the poorest results shown
by the participants.

DISCUSSION
Research of the CVEP-enabled BCI reveals a number of

interesting patterns that play a role in the development of a
high-quality medical heurocommunicator for a wide range of

OPUIMHAJTbHOE NCCIELOBAHVE | HEVPO®KW3MONOIIAS

patients. First of all, it is the ratio between rate, accuracy of
input and the overall information transfer rate peculiar to a
specific modification of the interface. Obviously, from the user's
viewpoint, the main property of a BCl is the information transfer
rate. The data obtained indicate that this type of interface is
capable of a transfer rate severalfold greater than that of the
traditional BCI making use of P300, which makes the new
interface a promising tool in the clinical practice. In the first
three modes, the information transfer rate is within the limits
usual for interfaces of this type [8, 14]. However, one participant
managed to reach the rate of 287 bpm in the fast mode, which
proved impossible for the majority of other participants. This
is an important fact; being unique for the sample, this result
substantiates the development of a BCI that would allow fine
tuning the parameters to individual characteristics of its user
with the aim to find their optimal combination (stimulation rate
in particular). Such an approach can help overcome the known
problems associated with adaptation of results of laboratory
research involving healthy participants to clinical practice [15].
Another problem it would solve is the so-called BCl-illiteracy,
i.e. inability of patients to learn to operate a brain-computer
interface [16]. There are different approaches to tackling these
problems, including modification of the training stage [17] and
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Fig. 2. Averaged evoked potentials registered during stimulation, all channels, shifted to zero shift relative to the basis m-sequence. The stimulus sequence is given in
gray. One curve — one channel of the averaged EEG. The potential averaged between all channels is given in black
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Fig. 3. Correlation function's maximum value maps, averaged for all participants, for averaged evoked potential of each channel (Fig. 2) and individual evoked potentials
for single m-sequences. This indicator allows assessing the intensity of potential in all channels
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the individualization of interfaces. Fine tuning the m-sequence
carrier frequency and its period could help find optimal values
that maximize the information transfer rate for each specific
user. In fact, this is a routine already practiced when tuning
P300-based BCI [18]. Unfortunately, modern displays, even
those with high refresh rates, do not allow sufficient flexibility
in adjustment of the stimulus sequence period frequency
for CVEP BCI. For example, in the context of this study we
were unable to demonstrate a sequence with the period of
0.8 seconds, which suggests that designing a special device
for such purpose would be feasible. Several such attempts
have already been made (based on evoked potentials) [19], but
the specific implementations presented offer a low information
transfer rate due to the small number of stimuli.

References

1. Kaplan AY. Neurophysiological foundations and practical realizations
of the brain-machine interfaces in the technology in neurological
rehabilitation. Hum Physiol. 2016 Jan 23; 42 (1): 103-10.

2. Wolpaw JR, Birbaumer N, McFarland DJ, Pfurtscheller G,
Vaughan TM. Brain-computer interfaces for communication and
control. Clin Neurophysiol [Internet]. 2002 Jun; 113 (6): 767-91.
Available from: http://www.ncbi.nim.nih.gov/pubmed/12048038.

3. Jeunet C, Lotte F, Batail J-M, Philip P, Micoulaud Franchi J-A.
Using Recent BCI Literature to Deepen our Understanding of
Clinical Neurofeedback: A Short Review. Neuroscience [Internet].
2018 May 15 [cited 2018 Jul 24]; (378): 225-33. Available from:
https:/Amww.sciencedirect.com/science/article/pi/'S0306452218302045.

4, Akram F, Han H-S, Kim T-S. A P300-based brain computer
interface system for words typing. Comput Biol Med [Internet].
2014 Feb [cited 2014 Jun 1]; (45): 118-25. Available from: http://
www.ncbi.nim.nih.gov/pubmed/24480171.

5. Yeom SK, Fazli S, Ller KRM, Lee SW. An efficient ERP-based
brain-computer interface using random set presentation and face
familiarity. PLoS One. 2014; 9 (11): 1-13.

6. Guger C, Allison BZ, Edlinger G. Emerging BCI Opportunities from
a Market Perspective. In Springer, Dordrecht; 2014 [cited 2018 Jul
16]: 85-98. Available from: http://link.springer.com/10.1007/978-
94-017-8996-7_7.

7. McCane LM, Heckman SM, McFarland DJ, Townsend G, Mak JN,
Sellers EW, et al. P300-based brain-computer interface (BCI)
event-related potentials (ERPs): People with amyotrophic lateral
sclerosis (ALS) vs. age-matched controls. Clin Neurophysiol
[Internet]. 2015 Nov 1 [cited 2018 Jul 16]; 126 (11): 2124-31.
Available from: https://www.sciencedirect.com/science/article/
pii/'S138824571500067X.

8. Bin G, Gao X, Wang YV, Li Y, Hong B, Gao S. A high-speed BCI
based on code modulation VEP. J Neural Eng. 2011; 8 (2): 025015.

9. Kapeller C, Kamada K, Ogawa H, Prueckl R, Scharinger J, Guger C.
An electrocorticographic BCI using code-based VEP for control
in video applications: a single-subject study. Front Syst Neurosci
[Internet]. 2014 Aug 7 [cited 2018 Jul 17]; (8): 139. Available from:
http://journal.frontiersin.org/article/10.3389/fnsys.2014.00139/
abstract.

10. Spuler M, Rosenstiel W, Bogdan M. Online Adaptation of a c-VEP
Brain-Computer Interface(BCI) Based on Error-Related Potentials
and Unsupervised Learning. Baumert M, editor. PLoS One

Jlutepatypa

1. Kaplan AY. Neurophysiological foundations and practical realizations
of the brain—-machine interfaces in the technology in neurological
rehabilitation. Hum Physiol. 2016 Jan 23; 42 (1): 103-10.

2. Wolpaw JR, Birbaumer N, McFarland DJ, Pfurtscheller G,

CONCLUSIONS

The results of this study suggest that optimizing BCI operation
for a user requires fine tuning the parameters depending on the
individual characteristics of each such user. We have shown
that inverting the coding stimulus sequence does not affect the
accuracy of selection of commands by BCI users, which translates
into equal applicability of both direct and inverted stimulation
modes. At the same time, faster modes of BCI operation with
the sequences twice shorter proved to be suboptimal for the
majority of participants of the experiment. The significant individual
differences in accuracy and information transfer rate revealed by
this study suggest that it is possible to optimize BCI through its
fine-tuning to the specifics of the given patient.

[Internet]. 2012 Dec 7 [cited 2018 Jul 17]; 7 (12): €51077. Available
from: http://dx.plos.org/10.1371/journal.pone.0051077.

11. Nezamfar H, Salehi SSM, Erdogmus D. Stimuli with opponent
colors and higher bit rate enable higher accuracy for C-VEP BCI. In:
2015 IEEE Signal Processing in Medicine and Biology Symposium
(SPMB) [Internet]. IEEE; 2015 [cited 2018 Jul 17]: 1-6. Available
from: http://ieeexplore.ieee.org/document/7405476/.

12. Jones E, Oliphant T, Peterson P. {SciPy}: Open source scientific
tools for {Python}. 2001.

13. Yuan P, Gao X, Allison B, Wang Y, Bin G, Gao S. A study of the
existing problems of estimating the information transfer rate in
online brain-computer interfaces. J Neural Eng [Internet]. 2013
Apr 1 [cited 2018 Jul 16]; 10 (2): 026014. Available from: http://
stacks.iop.org/1741-2552/10/i=2/a=026014"7?key=crossref.0e89
a1992040af23792558b5b8301¢c22.

14. Wei Q, Gong H, Lu Z. Grouping modulation with different codes
for improving performance in cVEP-based brain—-computer
interfaces. Electron Lett. 2017 Jan 10; 53 (4): 214-6.

15. Kleih SC, Kaufmann T, Zickler C, Halder S, Leotta F, Cincotti F,
et al. Out of the frying pan into the fire—the P300-based BCI
faces real-world challenges. Prog Brain Res [Internet]. 2011 Jan 1
[cited 2018 Jul 16]; (194): 27-46. Available from: https://www.
sciencedirect.com/science/article/pii/B9780444538154000194.

16. Spezialetti M, Cinque L, Tavares JMRS, Placidi G. Towards EEG-
based BCI driven by emotions for addressing BCl-lliteracy: a
meta-analytic review. Behav Inf Technol [Internet]. 2018 Aug 3
[cited 2018 Jul 16]; 37 (8): 855-71. Available from: https://www.
tandfonline.com/doi/full/10.1080/0144929X.2018.1485745.

17. Jeunet C, Cellard A, Subramanian S, Hachet M, N’Kaoua B,
Lotte F. How Well Can We Learn With Standard BCI Training
Approaches? A Pilot Study. 2014 [cited 2018 Jul 16]; Available
from: https://hal.archives-ouvertes.fr/hal-01052692/.

18. Carabalona R. The Role of the Interplay between Stimulus Type
and Timing in Explaining BCl-lliteracy for Visual P300-Based
Brain-Computer Interfaces. Front Neurosci [Internet]. 2017 Jun
30 [cited 2018 Jul 16]; (11): 363. Available from: http://journal.
frontiersin.org/article/10.3389/fnins.2017.00363/full.

19. Aminaka D, Rutkowski TM. A Sixteen-Command and 40 Hz
Carrier Frequency Code-Modulated Visual Evoked Potential BCI.
In Springer, Cham; 2017 [cited 2018 Jul 16]: 97-104. Available
from: http://link.springer.com/10.1007/978-3-319-64373-1_10.

Vaughan TM. Brain-computer interfaces for communication and
control. Clin Neurophysiol [Internet]. 2002 Jun; 113 (6): 767-91.
Available from: http://www.nchbi.nim.nih.gov/pubmed/12048038.
3. Jeunet C, Lotte F, Batail J-M, Philip P, Micoulaud Franchi J-A.

BULLETIN OF RSMU | 2, 2019 | VESTNIKRGMU.RU



OPUIMHAJTbHOE NCCIELOBAHVE | HEVPO®KW3MONOIIAS

10.

11.

Using Recent BCI Literature to Deepen our Understanding of
Clinical Neurofeedback: A Short Review. Neuroscience [Internet].
2018 May 15 [cited 2018 Jul 24]; (378): 225-33. Available from:
https:/Awww.sciencedirect.com/science/article/pii/'S0306452218302045.
Akram F, Han H-S, Kim T-S. A P300-based brain computer
interface system for words typing. Comput Biol Med [Internet].
2014 Feb [cited 2014 Jun 1]; (45): 118-25. Available from: http://
www.nchi.nlm.nih.gov/pubmed/24480171.

Yeom SK, Fazli S, Ller KRM, Lee SW. An efficient ERP-based
brain-computer interface using random set presentation and face
familiarity. PLoS One. 2014; 9 (11): 1-13.

Guger C, Allison BZ, Edlinger G. Emerging BCI Opportunities from
a Market Perspective. In Springer, Dordrecht; 2014 [cited 2018 Jul
16]: 85-98. Available from: http://link.springer.com/10.1007/978-
94-017-8996-7_7.

McCane LM, Heckman SM, McFarland DJ, Townsend G, Mak JN,
Sellers EW, et al. P300-based brain-computer interface (BCI)
event-related potentials (ERPs): People with amyotrophic lateral
sclerosis (ALS) vs. age-matched controls. Clin Neurophysiol
[Internet]. 2015 Nov 1 [cited 2018 Jul 16]; 126 (11): 2124-31.
Available from: https://www.sciencedirect.com/science/article/
pii/'S138824571500067X.

Bin G, Gao X, Wang Y, Li Y, Hong B, Gao S. A high-speed BCI
based on code modulation VEP. J Neural Eng. 2011; 8 (2): 025015.
Kapeller C, Kamada K, Ogawa H, Prueckl R, Scharinger J, Guger C.
An electrocorticographic BCI using code-based VEP for control
in video applications: a single-subject study. Front Syst Neurosci
[Internet]. 2014 Aug 7 [cited 2018 Jul 17]; (8): 139. Available from:
http://journal.frontiersin.org/article/10.3389/fnsys.2014.00139/
abstract.

Spuler M, Rosenstiel W, Bogdan M. Online Adaptation of a c-VEP
Brain-Computer Interface(BCIl) Based on Error-Related Potentials
and Unsupervised Learning. Baumert M, editor. PLoS One
[Internet]. 2012 Dec 7 [cited 2018 Jul 17]; 7 (12): €51077. Available
from: http://dx.plos.org/10.1371/journal.pone.0051077.
Nezamfar H, Salehi SSM, Erdogmus D. Stimuli with opponent
colors and higher bit rate enable higher accuracy for C-VEP BCI. In:

BECTHVK PIMY | 2, 2019 | VESTNIKRGMU.RU

12.

13.

14.

15.

16.

17.

18.

19.

2015 |IEEE Signal Processing in Medicine and Biology Symposium
(SPMB) [Internet]. IEEE; 2015 [cited 2018 Jul 17]: 1-6. Available
from: http://ieeexplore.ieee.org/document/7405476/.

Jones E, Oliphant T, Peterson P. {SciPy}: Open source scientific
tools for {Python}. 2001.

Yuan P, Gao X, Allison B, Wang Y, Bin G, Gao S. A study of the
existing problems of estimating the information transfer rate in
online brain-computer interfaces. J Neural Eng [Internet]. 2013
Apr 1 [cited 2018 Jul 16]; 10 (2): 026014. Available from: http://
stacks.iop.org/1741-2552/10/i=2/a=026014"7?key=crossref.0e89
a1992040af23792558b5b8301¢c22.

Wei Q, Gong H, Lu Z. Grouping modulation with different codes
for improving performance in cVEP-based brain—-computer
interfaces. Electron Lett. 2017 Jan 10; 53 (4): 214-6.

Kleih SC, Kaufmann T, Zickler C, Halder S, Leotta F, Cincotti F,
et al. Out of the frying pan into the fire—the P300-based BCI
faces real-world challenges. Prog Brain Res [Internet]. 2011 Jan 1
[cited 2018 Jul 16]; (194): 27-46. Available from: https://www.
sciencedirect.com/science/article/pii/B9780444538154000194.
Spezialetti M, Cinque L, Tavares JMRS, Placidi G. Towards EEG-
based BCI driven by emotions for addressing BCl-lliteracy: a
meta-analytic review. Behav Inf Technol [Internet]. 2018 Aug 3
[cited 2018 Jul 16]; 37 (8): 855-71. Available from: https://www.
tandfonline.com/doi/full/10.1080/0144929X.2018.1485745.
Jeunet C, Cellard A, Subramanian S, Hachet M, N’Kaoua B,
Lotte F. How Well Can We Learn With Standard BCI Training
Approaches? A Pilot Study. 2014 [cited 2018 Jul 16]; Available
from: https://hal.archives-ouvertes.fr/hal-01052692/.

Carabalona R. The Role of the Interplay between Stimulus Type
and Timing in Explaining BCl-lliteracy for Visual P300-Based
Brain-Computer Interfaces. Front Neurosci [Internet]. 2017 Jun
30 [cited 2018 Jul 16]; (11): 363. Available from: http://journal.
frontiersin.org/article/10.3389/fnins.2017.00363/full.

Aminaka D, Rutkowski TM. A Sixteen-Command and 40 Hz
Carrier Frequency Code-Modulated Visual Evoked Potential BCI.
In Springer, Cham; 2017 [cited 2018 Jul 16]: 97-104. Available
from: http://link.springer.com/10.1007/978-3-319-64373-1_10.




ORIGINAL RESEARCH | NEUROPHYSIOLOGY

ADAPTING THE P300 BRAIN-COMPUTER INTERFACE TECHNOLOGY
TO ASSESS CONDITION OF ANOREXIA NERVOSA PATIENTS
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Brain-computer interface based on the P300 wave (P300 BCI) allows activating a given command according to the electroencephalogram (EEG) response to a
predetermined relevant stimulus. The same algorithm enables detecting a subjectively important item (i.e., one triggering emotional response) in an environment
even without actively drawing attention to it. Such systems allow assessing the personal significance of certain information, which can be used in the diagnostics
of disorders of emotional perception or value system, e.g., eating disorders. This study aimed to investigate the EEG responses of anorexia nervosa patients
(diagnosis F50.0, n = 12, age 11-16 years) to the stimuli with different perceived emotional significance, as well as to validate application of P300 BCI to detect the
focus of attention to subjectively important stimuli. The inclusion criteria were: diagnosed anorexia nervosa (diagnosis F50.0); active rehabilitation. We registered
the EEG while presenting images with different content to the patients. The event-related potentials (ERP) were detected and analyzed with the help of MATLAB
7.1 (MathWorks; USA). Statistica 7.0 software (StatSoft; USA) was used for statistical analysis of the data. We have discovered that in passive viewing paradigm,
images of body parts of emaciated people among other images caused ERP with higher amplitude than images of food. Moreover, the accuracy of detection was
higher for images of body parts: 89% against 59%, respectively. Thus, we have proven the validity of applying P300 BClI to detect covert emotional foci of attention
and added to the existing knowledge about the mechanisms of development of anorexia nervosa.
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AJANTALMA TEXHONOMMN UHTEP®ENCOB MO3I-KOMIMBLIOTEP HA BOJIHE P300
ANs1 OLEHMBAHUA COCTOAHUSA BOJIbHbIX HEPBHOW AHOPEKCUEN

M. . TannH' = E. A. KocudeHko!, A. B. Cokonos??, O. M. NoaHHucaHL?, V1. M. Apedber?, A. A. Bacosa??, A. {. KannaH'

" Bronorudeckuii hakynsTeT, MOCKOBCKMIA FrOCyAapCTBEHHbIN yHBEpcuTeT nveHn M. B. NlomoHocosa, Mocksa, Poccust
2 Hay4Ho-npaKTU4ecKmin LEHTP NCUXUHYECKOro 300P0Bbst AeTel 1 MoapocTkoB nMeHw. I. E. Cyxapesol, Mocksa, Poccuist
3 POCCUINCKMIN HaUMOHabHBIN UCCNeAoBaTENbCKUIA MeVLMHCKN yHBepeuTeT UMmeHn H. . Tuporosa, Mocksa, Poccust

VIHTepdenc mosr-komnbtotep Ha ocHoBe BOsHbl P300 (MIMK-P300) no3sonsieT ¢ NOMOLLBIO nokasaTtenen anekTposHuedanorpammbl (S36), NofyHeHHbIX Npy
peakuun Ha 3afiaHHbll 3apaHee CTUMYN, akTVBMPOBaTb COOTBETCTBYIOLLYIO LieneByto komaHay. C MOMOLLIO aHaNorMYHOro airoputMa MOoXHO BbIAenTb 13
OKPY>KAIOLLIEro KOHTEKCTa CyObeKTUBHO BbIAENSOLLMACS MO SMOLMOHASBbHBIM XapakTepUCTUKaM CTUMYN Aavke 6e3 NPUBAEHEHNS K HEMY aKTUBHOIO BHUMaHWS.
Takve crCTemMbl MO3BOSIAT OLEHMBATL 3HAYMMOCTb A1 YeloBeKa OMPeAesieHHoN MHAOPMaLWN, YTO MOXHO MCMOMb30BaTh MPU AMArHOCTUKE HapyLLEeHWN
3MOLWIOHAIBHOrO BOCTIPUSITUS UMM CUCTEMBI LIEHHOCTEN, HanpuMep, Npuy HapyLLeHUsX N1LLIEBOro noBeaeHus. Liensto viccneposaHys 66110 nayqinTs O3M-peakummn Ha
npeabsiBAeHne CTYMYOB Pasn4HON SMOLIMOHaTBHOM 3Ha4MMOCTV 60nbHBIM ¢ avarHo3oM F50.0 «HepeHasa aHopekcus» (0 = 12, BogpacT 11-16 neT) 1 npoBepuTb
rMnoTe3dy O BO3MOXXHOM AETEKTUPOBaHMN (POKyCa BHUMaHUS K CyObEKTMBHO 3Ha4MbIM CcTmynam Ha ocHose IMK-P300. Kputepuin BKIKOYEHNA NauLneHToB
B mMccrnepoBaHve: Hanmdne avarHoda F50.0 «HepBHasi aHopekcus»; nepuog peadbunutaumm. Pervctpuposany 93 Ha (hoHe MpeabsBAeHUs N306pakeHni
Pas3nNMYHOro CopepXKaHVs. Bbiaensanm v aHanmsnpoBany NoTeHLmasbl, cBA3aHHble ¢ cobbimuamu (NMCC) ¢ nomolpto cpeabl MATLAB 7.1 (MathWorks; CLLIA).
CraTncTn4ecKuii aHann3 faHHbIX BbINOMHANM C MOMOLLBIO nakeTa nporpamm STATISTICA 7.0 (StatSoft; CLUA). Kak nokadano nccnegoanve, npeabsasneHne B
YCNOBVISIX MACCVBHOMO BHMaHUS 300paXKeHNI YacTell Tena NCTOLLEHHbIX Nofel Ha hoHe MPOYMX M306padKeHNit Bbi3biBaIO Honee BbiCokue amnamnTyapl MNCC,
4eM NPV NPEeSbABNEHUM N30OPaDKEHNIA MULLM. ANTOPUTM MO3BONA TakxKe Pacrno3HaBaTb peakLmn BHMMaHMs B O3l nonb3osaTens Ha oba Tvna n3o0pakeHnin
Cpeav OCTasTbHbIX CTUMYJIOB, MPW 3TOM TOYHOCTb PACMO3HaBaHWA A1 N300PadKEeHW HacTen Tena Obina CyLLEeCTBEHHO Bbille (89% npoTvs 59%). 310 AoKasbiBaeT
BO3MOXHOCTb Mcnonb3osaHns VIMK-P300 ang pacnosHaBaHus HEABHbIX SMOLMOHATTbHBIX (DOKYCOB BHVUMAHUA W JOMOSHAET CyLLEeCTBYOLIME 3HAHWS O
MexaHM3Max PasBrUTUS HEPBHOM aHOPEKCHN.

Kntouesble cnosa: nHTepec moar-komnibtotep (VIMK), anektposHuedanorpamva (93IN), noTeHumansl, cesdanHHble ¢ cobbimuamm (MCC), 3putensHoe BHYMaHME,
BosnHa P300, HepBHas aHOPEKCUst, HapyLLIeHWe NLLIEBOrO NMOBEAEHWS, PACCTPOMNCTBO Npuema niLLmn
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Brain-computer interface technology (BCI) is currently being
accepted as a standard research tool by more and more
neurophysiology laboratories in the world [1]. BCl is a system
developed and designed to enable people with lost or damaged
motor functions to command external devices by decoding
specific electroencephalogram (EEG) patterns [2]. There is a
high demand for such interfaces in medicine: they are used
to control auxiliary units [3, 4], for rehabilitation purposes [5],
and also for communication [6]. Therefore, BCl is the subject of
many research efforts.

At its current level, in certain conditions BCI allow highly
accurate interpretation of the operator's commands as
analyzed from EEG, which signals of the possible extension
of the technology's potential sphere of application. First of all,
the approaches and algorithms used in BCI can be used not
only to recognize specific commands resulting from an arbitrary
concentration of attention, but also to detect implicit foci of
attention to external stimuli or one’s own internal states. Such
involuntary shifts of attention or, on the contrary, absence of
attention markers in the EEG readings under certain conditions,
can help diagnose various mental disorders in the context of
instrument-assisted examinations.

There is a number of BCI versions that would allow
designing a system for this purpose; the most appropriate of
them is the interface enabling interpretation of the P300 wave,
the P300 BCI [2, 6, 7], which offers external stimuli-commands
and thus enables its operator to select commands. Determining
such commands takes sequential activation of the stimuli (e.g.,
flashing letters on a display) and analysis of the response
thereto. If the amplitude of the event-related potentials (ERP) is
high, the stimuli is considered to be important for the operator,
which translates into selection of the corresponding command.
P300, a well-studied wave, is the main component of ERP: its
amplitude is highest in response to rare and important stimuli.

EEG registers a specific response to an external stimulus
in case the BCI user actively concentrates on the relevant
command. However, the P300 wave and other EEG-detectable
signs of attention to an event may be caused by stimuli
that attract the person's attention indirectly, i.e. they are not
immediately and clearly interesting to that person but probably
possess some significance due to subjective experience,
current psycho-emotional status [8, 9], which justifies the
involuntary attention. Thus, the P300 BCI stimuli presentation
paradigm also allows deriving the peculiarities of perception of
specific information from the person's EEG readings, as well
as detecting the focus of implicit interest to the certain classes
of external stimuli. The patients would not have to react to a
specific class of stimuli; rather, such a system would simply
require them to look at the presented sequences of stimuli
[10], thus exploiting the so-called passive attention paradigm.
The feasibility of such an approach is based on the fact that
even without a conscious response to a stimulus, biological or
emotional, it can anyway trigger a reaction [11] because it is of
significance to the person. Therefore, for the BCI purposes such
a stimulus can be considered a "target" stimulus, which allows
further classification based on the analysis of EEG readings.

The most logical option for such examination methods is to
use emotional content in a mix with neutral content [12]. The
systems making use of these methods would automatically
detect overexcitement in people whose job implies high
emotional load [13]. They would also enable instrument-
assisted diagnosing of the emotion perception disorders, such
as autism [14, 15].

Applying the methods exploiting P300 BCI to assess the
state of patients with eating disorders is as interesting. In
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particular, they can be shown a number of visual stimuli related
to anorexia, and their EEG readings, analyzed, can serve as
an additional indicator of treatment effectiveness. Earlier, it was
shown that anorexia nervosa patients fail to perceive emotional
stimuli normally [16], and that failure is EEG-detectable. Besides,
the P300 wave and other ERP components registered in such
patients feature some specific characteristics if recorded when
they solve a task requiring concentration of attention, which
signals of deterioration of some brain functions [17].

Some previous research efforts aimed to identify the
peculiarities of EEG readings resulting from presentation of
visual stimuli in various conditions. However, to date, there is
no prototype of a system that would recognize the focus of
interest to certain classes of stimuli based on the EEG signal.
Therefore, this study aimed to find the specific features of ERP
triggered by presenting the stimuli of varying emotional value
to anorexia nervosa patients whose attention is in the passive
mode, as well as to validate application of P300 BCI to detect
the focus of attention to subjectively important stimuli.

METHODS

Twelve adolescent girls (11-16 years old), patients at the
Scientific-practical Children's and Adolescents Mental Health
Centern.a. G. Sukhareva, participated in the study. The inclusion
criteria were: diagnosed anorexia nervosa (diagnosis F50.0);
active rehabilitation. The exclusion criteria were: severe somatic
pathology; high degree of protein and energy deficiency; strict
bed rest. We recorded EEG of the participants while they were
looking at the screen showing sets of photographic images.

The angular dimensions of the images were 12.9 x 9.6°;
they were presented against a gray background following the
oddball paradigm: the stimuli appeared sequentially in the center
of the screen, which remained empty otherwise. The stimuli
were shown for 200 ms, the interval between them was 500 ms.
There were two types of images: pictures of food and body
parts of emaciated people. As for the neutral (“insignificant”)
stimuli, they were images of objects, animals, geometric figures,
landscapes, etc., taken from the IAPS database [18], which
was also the source of some images of food. The majority of the
significant stimuli was selected following the analysis of online
channels covering anorexia. Before being shown to the patients,
all images were assessed by the doctor that treated them. The
sets included 6 images, 5 insignificant and 1 significant. Each
set of stimuli presented was covered by a single EEG recording
lasting less than a minute; the recordings were separated by
short pauses. The presentation took form of the sequences
of stimuli, each showing the images once, in a random order.
One EEG recording consisted of 10 sequences of stimuli. Each
participant received the sets in a pseudo-random order; the
records with the stimuli (food and body parts) were rotated. The
total number of "food" and "body parts" stimuli records usually
equaled 10 and 12, respectively (each patient).

The EEG registration was monopolar, sites Cz, P3, Pz, P4,
PO7, PO8, O1, 02, reference electrode on the lobe of the left
ear. We used the NVX52 amplifier with a sampling frequency
of 500 Hz. BCI2000 software (www.bci2000.0rg) enabled data
recording and stimuli presentation control.

MATLAB 7.1 (MathWorks; USA) was used to isolate and
analyze ERP. We bandpass filtered the EEG signal in the
range of 0.5-20 Hz (Butterworth filter), and then divided it into
epochs relative to the moment the stimulus was presented
with boundaries from 0.1 to 0.7 s. After removing the epochs
containing oculomotor artifacts from the array, we divided the
epochs into target ("significant") and non-target ("insignificant").
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The type of the image (food or body part) was another criterium
for division. The number of target and non-target epochs was
equalized through eliminating some of the latter. The epochs for
target and non-target stimuli were equalized separately. Thus,
for each participant we received target and non-target ERP in
all EEG channels and in two blocks. Besides, the difference
ERP were determined through subtracting non-target curves
from target curves.

The amplitudes of P300, N1 and LPP components were
measured as a maximum or a minimum value in time window
selected individually for each participant. The P300 component
amplitudes were measured in the Cz and Pz channels, those
of the N1 and LPP components — in channels PO7, PO8, O1
and O2. Not all participants had the entire range of components
registered in all channels, therefore the results contain the
number of patients (n) that underwent this or that analysis.

Using the Fisher's linear discriminant, we modeled an
approach to classification of the P300 BCI target commands
with the aim to assess the effectiveness of EEG-enabled
identification of special responses to significant stimuli. The
classifier learned and was tested through cross-validation
of two classes, target and non-target stimuli. In each testing
attempt, the classifier was tasked with identifying one most
prominent stimulus out of six. If the identified stimulus was
significant, the attempts was deemed successful.

Based on the ERP amplitude calculations and the level of
accuracy of classification, we calculated the averages of each
value in both blocks by processing the data in STATISTICA 7.0
software (StatSoft; USA). When the samples distribution was
normal, we used the paired samples t-tests, when it was not —
Wilcoxon signed-rank test.

RESULTS

The individual difference curves of the majority of anorexia
nervosa patients had peaking N1 (latency 120-180 ms), P300

(850-450 ms), and LPP (550-700 ms). These peaks are also
seen on the target and non-target ERP averaged over the
entire group, as well as on difference curves (Fig. 1). The
ratio of amplitudes of target and non-target ERP seen on the
difference curves allows deducing the intensity with which
significant stimuli attracted attention compared to insignificant
stimuli. Since the individual latency of peaks varied and not all
participants had all peaks in their EEG readings, some ERP
components in the averaged picture appear blurred and poorly
pronounced, so Fig. 1 is the reflection of the situation on the
whole. Table below contains the average values of all analyzed
components in the target, non-target and difference curves.

In both blocks, the amplitude of the P300 component was
higher on target curves than on non-target ones both in the Cz
(0 <0.01;n=11and p < 0.01, n = 12, paired samples t-tests)
and Pz (p < 0.01, n =12 and p < 0.01, n = 11) channels, food
and body parts images, respectively (table). Comparison of the
P300 amplitudes of two difference curves describing two types
of stimuli did not reveal significant differences (Fig. 2).

The N1 component target ERP amplitudes were higher
than non-target for both food images (p < 0.05, n = 9; p < 0.05,
n=10;p <0.05 n=9;p<0.05 n=11, in sites PO7, PO8,
01, 02, respectively, paired samples t-tests) and images of
body parts (p < 0.01,n=9; p<0.01,n=12; p < 0.01,n = 12;
p < 0.01, n = 11, Wilcoxon test). Despite the fact that body
part images triggered higher average N1 difference curves
amplitudes than food images (Fig. 1 and Table), only P08
site has shown significant differences between the two types
of stimuli (p < 0.05, n = 10; Wilcoxon test) (Fig. 2).

The LPP component had the greatest amplitude in the
occipital sites. Its target ERP amplitudes were higher than non-
target for both food images (p < 0.01,n=8; p <0.01,n =9;
p <0.05 n=8;p<0.01,n=09, in sites PO7, PO8, O1, 02,
respectively, paired samples t-tests) and images of body parts
(p<0.01,n=9;p<0.01,n=10; p <0.01,n=10; p < 0.01,
n = 10). On average, the images of body parts caused higher
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Fig. 1. Group mean differential ERP (n = 10). Stimuli: black line — images of food, gray line — images of body parts of emaciated people. Vertical — amplitude (mkV),
horizontal — time (ms). Vertical dashed line (O ms) reflects the time of stimulus presentation. Above each curve — name of EEG site

BULLETIN OF RSMU | 2, 2019 | VESTNIKRGMU.RU



OPUIMHAJTbHOE NCCINELOBAHVE | HEVPO®W3NONOIIAS

Table. P300, N1 and LPP amplitude values, response to presentation of stimuli (images of food and images of body parts of emaciated people). Mean + standard

error of mean, mkV

Images of food Images of body parts
P300
Site Target Non-target Differential Target Non-target Differential
Cz 45+1.1 1.4+07 5.8+0.9 41+0.6 0.6+0.4 59+0.9
Pz 5.0+0.6 21+0.6 55+0.9 57+0.8 22+08 6.0+0.8
N1
PO7 -6.1+1.6 -3.0+0.9 -39+1.0 -45+1.8 0.5+0.9 -73+1.6
PO8 -5.8+2.1 -2.7+1.4 -4.7 1.1 -6.6+1.6 -22+1.8 -8.7+1.6
O1 -46+2.2 -1.7+16 -45+1.1 -41+1.8 0.1+1.7 -6.3+0.7
02 -48+23 -24+18 -40+0.8 -43+1.9 -0.3+2.2 -6.4+0.6
LPP
PO7 0.7+0.8 -2.1+0.9 42+06 6.8+2.7 -1.6+0.8 109+24
PO8 04+1.2 -2.1+0.9 41+0.8 49+1.0 -0.8+1.0 8.0+1.3
O1 -04+1.3 -36+1.2 4.4 +0.9 25+1.4 -2.9+0.8 84+14
02 -1.5+1.0 -4.5+1.1 45+0.8 1.8+1.2 -29+0.9 85+1.4

LPP amplitudes than food images, however, the differences
were significant only at sites PO7 and PO8 (p < 0.05, n = 7;
p < 0.05, n = 8, respectively) (Fig. 2).

Figure 3 shows the average accuracy of significant stimuli
classification among the neutral ones (both blocks). The average
classifier recognition accuracy for the food image stimuli was
59.1 + 5.3%, which is lower than that for the emaciated body
parts images that equaled 89.1 + 2.3% (p = 0.0002, n = 12,
paired samples t-tests).

DISCUSSION

The main result of this study is identification of a number of
features of ERP peculiar to passive perception of emotionally
significant images, as well as the proven possibility to use EEG
readings to detect attention to such stimuli when mixed with
neutral content, the accuracy of such detection being close to
that of the current BCI systems.

It is known that people running a high risk of eating disorders
are sensitive to emotionally significant stimuli associated with
the body shape weight [19]. This level of sensitivity is subjective;

12

_
o

o]

Amplitude (mkV)

in case of anorexia nervosa, it can be explained by the special
attitude the patients have towards their bodies, including
development of the dysmorphophobia / dysmorfomania
syndrome against the background of low self-esteem [19, 20].
We have discovered that food or emaciated body part images
result in higher ERP amplitudes, which means such images are
important to the patients, although the intensity of response
was different for the two types considered.

Based on the available literature, we could explain the
higher ERP amplitude associated with the significant stimuli by
the fact that they are presented rarely compared to the neutral
stimuli in the mix, i.e., as the oddball paradigm has it, rare target
stimuli provoke a more intense response [21]. At the same time,
the oddball paradigm we utilized in our study was modified: its
classic version implies using two greatly different simple classes
of stimuli, whereas we had the stimuli equally heterogeneous
both within the significant/insignificant classes and between
the classes. This fact suggests that the differences registered
in the present study result not from the specific features of
the images but solely from the subjective significance of the
semantic content of this group of stimuli. Thus, presentation

cz Pz || Por POB

O1

o2 || Po7 PO8 01 02

P300 N1

M Images of food

LPP
M Images of body parts

Fig. 2. Group mean P300, N1 and LPP component amplitude, two types of stimuli (images of food and images of body parts of emaciated people). Mean and standard

error of mean. Difference between blocks: *—p < 0.05, # —p < 0.1
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of the images of body parts caused a significantly stronger
reaction (as reflected by ERP) than those of food, although
both such stimuli were equally likely to be important to the
participants. An assumption based thereon is that the stimulus
that is unlike the majority of other stimuli shown triggers intense
response because it is of special emotional value to the patient
and not solely because it is a rare component of the given mix.
This assumption is further confirmed by the fact that the P300
wave amplitude that reflects the frequency characteristics of
the stimulus was the same for the two types of images, while
all other ERP components and classifier accuracy depended
on the type of stimulus.

One of the most important results of this work is the extremely
high accuracy of classification of subjectively significant images
based on the EEG-detectable response: for food images it was
59%, for images of body parts — 89%. It should be noted
here that the tasks set before the participants did not require
them to actively concentrate on the stimuli shown. This level
of accuracy is far higher than the 16.7% random recognition
rate, when participants select one of the 6 stimuli at random.
Moreover, it is close to the values achieved with the help of
P300 BCI, the use of which implies active concentration on
the target stimulus-command and disregard of all other stimuli
[22, 23].

The research described in this paper is largely a pilot
study; its practical value is the effort to adapt the existing BCI
approaches to the purposes of development of methods and
systems to detect subjective foci of attention. Therefore, one
of the limitations of this work is the absence of a control group
of healthy subjects. At the same time, we can consider mixes
with food images to be the control component compared to
mixes with body part images: the two produced different ERP
components, although they were equally likely to prove significant
to the patients and featured the same set of insignificant stimuli
(see above). The results are comparable to those attained by
the authors in the context of another recent study that had
healthy people performing a similar task: they were passively
viewing various images on a screen, the mix featured some
that were emotionally different from the rest but not subjectively
significant to the participants [12]. The component amplitudes
reflecting response to the different stimuli were lower than in
this work, and the accuracy of classification was 40-45%.
Some data suggest that anorexia nervosa patients respond
weaker (as revealed by ERP) to the food-related visual stimuli
than healthy people [24]. We have discovered that images of
body parts of emaciated people triggered a significantly more
intense EEG-detectable response than images of food. This
may mean that the latter can attract attention better and are
especially important to anorexia nervosa patients.

The N1 component reflects the processes of fixation on a
certain stimulus; it is associated with emotional perception [25],
which allows deducing the level of attention the patients pay to
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INFLUENCE OF DENTAL PROSTHETICS TECHNOLOGY ON THE DYNAMICS OF EARLY PREDICTORS
OF DESTRUCTIVE INFLAMMATORY PROCESS IN THE PERIIMPLANT ZONE

Tlustenko VP, Bayrikov IM, Trunin DA, Gusyakova OA, Komlev SS =
Samara State Medical University, Samara, Russia

An objective assessment of the morphofunctional characteristics of the state of soft tissues and bone structures adjacent to the dental implant allows to control the
dynamics of the processes of osseointegration in the jaw-dental implant system. The aim of the work was to investigate the level of the B-CrossLaps, C-reactive
protein (CRP), osteocalcin markers after orthopedic treatment of patients using dental implant supported advanced dental restoration technologies, to perform a
biochemical analysis of the oral fluid of patients after restoration using dental implants and new two-part dental implants. In patients of the index group (52 people), the
removable prostheses with metal frame and fixing elements or the commercially available dental implant supported removable prostheses were installed. For the
patients of the control group (12 people), the commercially available dental implant supported removable prostheses of acrylic plastics were constructed. For all
the patients after 6 months the level of B-CrossLaps, CRP, osteocalcin markers in the oral fluid was analysed. In patients of the index group, the average content
of B-CrossLaps was 0.0126 + 0.002 ng/ml, in the control group it was 0.0147 + 0.002 ng/ml. The average content of the CRP in patients of the index group was
0.358 + 0.019 mg/, in patients of the control group it was 0.78 + 0.01 mg/!l. In patients of the index group, the average content of osteocalcin was 1.46 + 0.25 ng/ml,
in the control group it was 1.98 + 0.31 ng/ml. It has been shown that biochemical markers of the oral fluid can be used to predict complications after the dental
implants installation. Restoration with two-part dental implants of modern design is associated with fewer complications.

Keywords: removable dental prostheses, two-part dental implant, B-CrosslLaps, CRP, osteocalcin metabolic markers
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BNNAHUE TEXHONOIMN NMPOTE3NPOBAHUA 3YB0B HA AUHAMUKY PAHHUX NMPEOVUKTOPOB
BOCMNAJIUTENbHO-AECTPYKTUBHOIO MPOLIECCA B NEPUMMIMIAHTATHOW 30HE

B. M. TnycTteHko, V. M. Baitpvikos, . A. TpyHuH, O. A. I'ycsikosa, C. C. Komnes B2
Camapckuin rocyaapCTBEHHbIN MeanUMHCKUIA yHrBepcuTeT, Camapa, Poccust

O6beKTVBHas OLieHKa MOPGOMYHKLMOHATBHBIX XapaKTEPUCTUK COCTOSHUSI MSATKUX TKAHE U KOCTHBbIX CTPYKTYP, MPUNEXaLLMX K ASHTaIbHOMY UMMIaHTaTy,
MO3BONSET KOHTPONMPOBATbL AMHAMUKY MPOLLECCOB OCTEOUHTErPALN B CUCTEME HYEMOCTb — AeHTanbHbI uMmnnaHTar. Lienbto paboTbl 6bi10 1ccnenoBaTh ypoBHM
MapkepoB PB-CrossLaps, C-peakTuBHbIN 6enok (CPB), ocTeokabLyHa Nocne OpTONeANHECKOro NeHeHrst NaUmneHToB C MPYIMEHEHNEM YCOBEPLLEHCTBOBaHHbIX
TEXHOMOMMIA MPOTE3MPOBaHNA 3y6OB C OMOPON Ha [AeHTaNbHble UMMNaHTaThl. [POBECTU OUOXUMUYECKUIA aHanM3 POTOBOW XKMOKOCTU MauMEHTOB Mocse
NpPOTE3MPOBaHKS Ha [eHTasbHbIX UMMIaHTaTax U HOBbIX Pa3bopHbIX AeHTaNbHbIX WUMMMaHTaTax. llaumeHTam OCHOBHOWM rpynnbl (52 YenoBeka) U3roToBMAN
CbeMHble OpTONEANHECKNEe KOHCTPYKLMM C METAIIIMHECKNM KapKacoM 1 (OUKCUPYIOLLMMIX SfieMeHTamMM G OMOpPOoi Ha pas3bopHble AeHTalbHble UMMIaHTaTbl 1
CbEMHbIE OPTOMEAVHECKYIE KOHCTPYKLIVIM C OMOPOIA Ha CEPUIAHO BbINyCKaeMble AeHTabHbIE UMMIaHTaTbl. J1A NaLyeHToB KOHTPOMBHON rpymrbl (12 yenosek) Obiin
M3rOTOBMEHb! ChEMHbIe OPTOMNEeAVHECKME KOHCTPYKLN 13 aKPUOBbIX MacTMace C OMOPOi Ha AeHTasbHbIE VMMIaHTaTbI, BbiMyCKaeMble cepuiiHo. Bcem naupeHTam
Yepes 6 MecsILeB nccnefoBanm ypoBHU MapkepoB B-CrossLaps, CPB, ocTeokanblLyHa B pOTOBOW »KNAKOCTL. Y MauMeHTOB OCHOBHOW rpynnbl COAepXKaHue
B-CrossLaps B cpeaHem coctasuno 0,0126 + 0,002 H/mn, B KOHTponbHOM rpynne — 0,0147 + 0,002 H/mn. Cogeprkanne CPB y naumeHToB OCHOBHOW rpymribl
B cpeaHem cocTasuno 0,358 + 0,019 Mr/n, y naumeHToB KOHTPOIbHOM rpynnbl — 0,78 + 0,01 Mr/n. B ocHOBHO rpynne coaepykaHne ocTeoKanbLmHa B CpeaHem
coctasuno 1,46 + 0,25 Hr/Mn, B KOHTPOMbHOW rpynne naumeHToB — 1,98 + 0,31 Hi/mn. MNMokadaHo, H4To BUOXUMNHECKME MapKePbl POTOBOW XXMAKOCTA MOXXHO
1CMob30BaTh A5 MPOrHO3MPOBaHNS OCNIOXHEHNIA MOCTE YCTAHOBKUN AEHTaNbHbBIX MMMIaHTaToB. MpoTe3npoBaHne YCOBEPLLEHCTBOBAHHBIMI KOHCTPYKLMAMI
Ha Pa3bopPHbIX AEHTANBHBIX UMMIAHTaTaX CONPSKEHO C MEHLLLMM KOSIMYECTBOM OCIIOKHEHWIA.

KntoyeBble CNoBa: CbeMHble OPTOMNEAMHECKME KOHCTPYKLMN, pa3bopHbIf AEHTasbHBIA MMMIaHTaT, MeTabonmyeckire nokasatesm B-CrossLaps, CPB, octeokanbLiyH
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When treating patients with partial and complete absence of  measures. An objective assessment of the morphological and
teeth using dental implant supported prostheses, it is important ~ functional characteristics of the state of soft tissues and bone
to plan the surgical intervention, select the implant system  structures adjacent to the dental implant is essential. It allows
and the prosthesis, predict the outcome of the chosen set of  to prevent errors that can lead to disruption of the processes
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of osseointegration in the jaw — dental implant system and
contribute to the development of early and late destructive
inflammatory complications [1].

After installation of commercially available dental implants,
two-part dental implants and orthopedic treatment with
improved prostheses, it is necessary to study the factors that
serve as indicators of the preclinical stage of development of
inflammatory destructive disorders. For this purpose, the studies
of the oral fluid as a biological media that provides homeostasis
of the tissues in the periimplant zone are conducted [2-4].

The regeneration of bone tissue around the implant after a
dental implantation operation is a combination of processes of
structural and functional recovery after damage. The process
of ossification is based on the mechanisms of transformation
of undifferentiated cells into osteoblasts, the process of
osteoinduction, as well as the emergence of a matrix that
ensures the deposition of bone stock. Indicators reflecting
the processes of destruction and the state of mineralization—
demineralization of bone tissue include osteocalcin, C-reactive
protein (CRP), the cleavage product of C-telopeptide of the |
type collagen (B-CrosslLaps) [5-8].

Osteocalcin is a non-collagen calcium-binding protein
of the bone matrix, consisting of 49 amino acid residues.
It is synthesized almost exclusively by osteoblasts and is
involved in the processes of mineralization, it is a marker of
bone remodeling. B-CrossLaps is a bone resorption marker.
CRP is a typical protein of the acute phase of inflammation,
which is considered to be the most sensitive laboratory marker
of infection, inflammation and tissue damage. In its structure,
the CRP consists of five identical polypeptide subunits, forming
a cyclic disc-shaped pentameric structure. Synthesis of CRP
occurs in hepatocytes and is regulated by anti-inflammatory
cytokines. In presence of inflammation, infection, or traumatic
injury, the CRP levels quickly increase. In the oral fluid, the level
of CRP reaches its maximum 24 hours after activation of its
synthesis in hepatocytes, [9-12].

Complications of dental implantation occur in 6-23% of
cases. According to epidemiological studies data, in patients
who use dental implant supported prostheses for a long time,
the signs of mucositis are present in 80% of cases, and the
signs of periimplantitis are present in 28-56% cases. Clinical
manifestations of dental perimplantitis are predicated by the
presence of the destructive inflammatory process. A significant
number of publications shows the great informative value of the
qualitative and quantitative assessment of indicators of the oral
fluid of patients, and the ability to use indicators of oral fluid as
a prognostic instruments for dental implantation [13-15].

The aim of the work was to determine the levels of the
B-CrosslLaps, CRP, osteocalcin markers after orthopedic
treatment of patients using advanced implant supported
restoration techniques.

METHODS

The study included 52 patients of the index group and 12
patients of the control group. Criteria for inclusion of patients in
the study: any gender; partial absence of teeth, Kennedy class
I and Il. Exclusion criteria: dentofacial anomalies; the presence
of diseases of the endocrine system and of the gastrointestinal
tract.

Patients of the index group were divided into two subgroups:
index group 1 and index group 2. Index group 1 included 12
patients: 4 men and 8 women aged 45-65 years. In the patients
of this group, the removable prostheses with a metal frame and
fixing elements were installed. Telescopic crowns and clasps

were used. 28 two-part dental implants of our design (Patent
of Russian Federation Ne 2593349) were installed.

Index group 2 included 40 patients: 15 men and 25 women
aged 45-65 years. In patients of this group, the commercially
available dental implant supported removable prostheses
(85 dental implants) were installed. The fixing elements were
located in the metal frame of the removable prosthesis.

For the patients of the index group, the removable
prostheses were constructed of thermoplastics, nylon with
a metal frame (Patent of Russian Federation Ne 2588488).
Introduction of molded frame into thermoplastic made it
possible to evenly distribute the load on the abutment teeth
and dental implants, to obtain the possibility of stabilization
along the plane, to improve the fixation of the prosthesis.

The control group included 12 patients: 3 men and 9 women
aged 45-65 years, for whom the commercially available dental
implant supported removable prostheses made of acrylic
plastics were constructed. The fixing elements were located in
the basis of a removable prosthesis; depending on the defect
of the dental arcade, 2-3 dental implants were installed.

When examining patients, the dental status was assessed.
All participants were subjected to biochemical analysis of
oral fluid samples by determining the following metabolic
parameters: B-CrossLaps, CRP, osteocalcin. Study of the
metabolic processes of oral homeostasis is a non-invasive
research method. Evaluation of metabolic processes in the
bone tissue of patients of control and index groups was
performed 6 months after orthopedic treatment. At the stage
of biochemical analysis of saliva, patients did not have signs of
acute somatic diseases.

The quantitative analysis of B-CrosslLaps and osteocalcin
in the oral flud was performed by the solid-phase tube
method with ECL reaction on the basis of the streptavidin-
biotin technology with ruthenium label using the Elecsys-2010
(F. Hoffmann-La Roche; Switzerland) automatic ECL laboratory
unit. Evaluation of CRP was performed on the Cobas Integra
400 plus (F. Hoffmann-La Roche; Switzerland) biochemical
analyzer. The following diagnostic kits (F. Hoffmann-La Roche;
Switzerland) were used: a set of calibrators for evaluation of
B-CrosslLaps, N-MID osteocalcin, a reagent kit for quantitative
analysis of B-CrossLaps, N-MID osteocalcin, C-reactive protein Lx.

Statistical processing of the obtained data was performed
using Student's t-test on a personal computer running the
Microsoft Windows 10 operating system using the SPSS
Statistics 21.0 (license Ne 20130626-3; USA) statistical
software package.

The parametric Student's t-test was used, as well as the
Kruskal-Wallis one-way analysis of variance and the Mann-
Whitney U-test.

RESULTS

The table presents the values of metabolic parameters of
samples of oral fluid from patients of the control and index
groups taken 6 months after orthopedic treatment.

In the index group, the average content of B-CrossLaps in
the oral fluid was 0.0126 + 0.002 ng/ml, in the control group
it was 0.0147 + 0.002 ng/ml. During the bone resorption,
telopeptides with remnants of collagen molecules enter the
oral fluid.

In the index group, the average content of CRP was
0.358 + 0.019 mg/l, in the control group it was 0.78 + 0.01 mg/I.

To assess the metabolic processes in the bone tissue
of patients after orthopedic treatment, we evaluated the
osteocalcin content in the oral fluid. In the index group, the
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Table 1. B-CrossLaps, CRP, osteocalcin metabolic markers in patients of the control and index groups 6 months after dental implantation

Index group
Parameters Reference values Control group
1 2
B-CrossLaps (ng/ml) 0.01 + 0.001 0.0123 + 0.002* 0.0128 + 0.002* 0.0147 + 0.002
CRP (mg/l) 0.1 + 0.001 0.241 £ 0.013* 0.476 + 0.024* 0.78 + 0.01
Osteocalcin (ng/ml) 1.11 +0.11 1.33 + 0.26* 1.58 + 0.24 1.98 + 0.31

Note: * — the significance of differences compared to the data of the control group (o < 0.05).

average value was 1.46 + 0.25 ng/ml, in the control group
the average value was 1.98 + 0.31 ng/ml. Osteocalcin, the
bone matrix protein, containing the y-carboxyglutamic acid,
promotes the fixation of calcium ions and enables mineralization.
Osteocalcin exhibits chemotactic properties in relation to the
precursor cells of osteoblasts and osteoclasts, attracting them
to the osteogenesis zone.

In the index group, the biochemical parameters in 3 patients
had the following values: B-CrossLaps — 0.0295 + 0.002 ng/ml,
CRP —1.17 + 0.03 mg/l, osteocalcin — 2.92 + 0.11 ng/ml. In
the control group, in 3 patients there were the following values:
B-CrossLaps — 0.0463 + 0.002 ng/ml, CRP — 1.49 + 0.01 mg/,
osteocalcin — 3.11 + 0.17 ng/ml. The obtained values of
metabolic parameters of patients of the control group indicate
presence of characteristic for periimplantitis destructive
processes in the bone tissue. The number of complications in
the index and control groups of patients was 5.8 and 16.7%,
respectively.

DISCUSSION

The state of oral homeostasis after the dental implantation
operation was studied by determining indicators of the
metabolism of the oral fluid of patients in the control and index
groups, reflecting the presence of destruction processes, the
state of mineralization and demineralization of bone tissue.
The study of early predictors [2, 6, 11] of the destructive
inflammatory process in the periimplant zone allows to control
the dynamics of the processes of osseointegration in the jaw —
dental implant system. Metabolic indices of B-CrossLaps, CRP,
osteocalcin reflected the intensity of the inflammatory response
characteristic of the traumatic process during the dental
implantation operation.

CRP analysis is an objective method of screening the
inflammatory activity in patients of the control and index
groups after dental implantation using commercially available
dental implants, two-part dental implants and after orthopedic
treatment using improved prostheses.

To assess the metabolic processes in the bone tissue of
patients after dental implantation, we evaluated the osteocalcin
content.

The method of studying oral fluid as the main homeostatic
environment of the oral cavity objectively reflected the response

References

1. Aziz S. Hard and soft tissue surgical complications in dental
implantology. Oral Maxillofac. Surg Clin North Am. 2015; 27 (2):
313-8.

2. Guobis Z, Pacauskiene |, Astramskaite |. General diseases
influence on peri-implantitis development: a systematic review. J
Oral Maxillofac Res. 2016; 7 (5): 9-14.

BULLETIN OF RSMU | 2, 2019 | VESTNIKRGMU.RU

of oral tissues during destructive inflammatory processes that
occurred in patients of the control and index groups after
the dental implantation operation. In the presence of minor
inflammatory events, changes in the metabolic indices of the
oral fluid occurred associated with the delivery of the destroyed
protein macromolecules fragments, the insufficiently oxidized
metabolic products.

An increase in the level of osteocalcin in the oral fluid
indicated a decrease in the mineralization in the periimplant
zone and the plastic resources of the bone tissue in patients
of the control group. The increased content of CRP reflects the
severity of the inflammatory response, which allows to obtain
additional evaluation criteria for characterizing the pathological
process. Patients in the control group after 3 months of anti-
inflammatory and antimicrobial therapy experienced a decrease
in the level of biochemical parameters.

Lower levels of inflammation in patients of the index group
compared to the control group are attributed to the use of
improved prostheses and fixing elements supported by titanium
abutments of the two-part dental implants.

When analyzing the results of osteomatrix protein content
in saliva, a rapid increase in B-CrossLaps decay fragments
and an increase in the concentration of osteocalcin and CRP
were found. These data indicate the specificity of the revealed
violations of the biochemical composition of the oral fluid during
the acceleration of osteoclastic processes in patients with
complications.

A characteristic indicator of enhanced bone resorption is
an established increase of the content of collagen fragments
(B-CrossLaps), osteocalcin, CRP.

CONCLUSION

The results of our research confirmed that metabolic markers
such as B-CrossLaps, CRP, osteocalcin, in patients after dental
implantation are informative for predicting complications when
using different types of dental implants. A lower percentage
of complications and a smaller deviation from normal level
of the inflammation indicators in patients of the index group
compared to the control group are presumably associated
with the use of improved prostheses and fixing elements
supported by titanium abatments of the two-part dental
implants.

3. Lohmann CH, Rampal S, Lohrengel M, Singh G. Imaging in peri-
prosthetic assessment: an orthopaedic perspective. EFORT
Open Rev. 2017; 2 (5): 117-25.

4. Greenstein G, Carpentieri J, Cavallaro J. Nerve damage related
to implant dentistry: incidence, diagnosis, and management.
Compend Contin Educ Dent. 2015; 36 (9): 652-9.



10.

OPUTMHAJIbHOE UCCJIEQOBAHNE | CTOMATOJIOI A

Alikhasi M, Alsharbaty MHM, Moharrami M. Digital Implant
Impression Technique Accuracy: A Systematic Review. Implant
Dent.2017;26(6): 929-35. DOI: 10.1097/1D.0000000000000683.
Atrushkevich VG, Shkolnaya KD. Osobennosti mineral'nogo i
kostnogo obmena u pacientov v zavisimosti ot haraktera techenija
parodontita. Lechenie i profilaktika. 2017; 2 (22): 85-92.
Alrabeah GO, Brett P, Knowles JC, Petridis H. The effect of metal
ions released from different dental implant-abutment couples on
osteoblast function and secretion of bone resorbing mediators. J
Dent. 2017; 66: 91-101. DOI: 10.1016/}.jdent.2017.08.002.
Boronat-Catala M, Catala-Pizarro M, Bagan Sebastian J. Salivary
and crevicular fluid interleukins in gingivitis. J Clin Exp Dent. 2014;
6 (1): 175-9.

Casado PL, Aguiar DP, Costa LC. Different contribution of BRINP3
gene in chronic periodontitis and periimplantitis: a cross-sectional
study. BMC Oral. Health. 2015; (15): 33. DOI 10.1186/s129083-
015-0018-6.

Plyuhin DV. Soderzhanie produktov svobodnoradikal'nogo

JNutepatypa

1.

Aziz S. Hard and soft tissue surgical complications in dental
implantology. Oral Maxillofac. Surg Clin North Am. 2015; 27 (2):
313-8.

Guobis Z, Pacauskiene |, Astramskaite |. General diseases
influence on peri-implantitis development: a systematic review. J
Oral Maxillofac Res. 2016; 7 (5): 9-14.

Lohmann CH, Rampal S, Lohrengel M, Singh G. Imaging in peri-
prosthetic assessment: an orthopaedic perspective. EFORT
Open Rev. 2017; 2 (5): 117-25.

Greenstein G, Carpentieri J, Cavallaro J. Nerve damage related
to implant dentistry: incidence, diagnosis, and management.
Compend Contin Educ Dent. 2015; 36 (9): 652-9.

Alikhasi M, Alsharbaty MHM, Moharrami M. Digital Implant
Impression Technique Accuracy: A Systematic Review. Implant
Dent.2017;26(6): 929-35. DOI: 10.1097/1D.0000000000000683.
Atpyukesnd B. I, LLkonbHas K. [1. OcobeHHOCTN MUHepanbHOro
N KOCTHOTrO O6MeHa y MauMeHTOB B 3aBVICMMOCTM OT XapakTepa
Te4eHnsa NapodoHTUTa. JledeHne n npodunaktika. 2017; 2 (22):
85-92.

Alrabeah GO, Brett P, Knowles JC, Petridis H. The effect of metal
ions released from different dental implant-abutment couples on
osteoblast function and secretion of bone resorbing mediators. J
Dent. 2017; 66: 91-101. DOI: 10.1016/j.jdent.2017.08.002.
Boronat-Catala M, Catala-Pizarro M, Bagan Sebastian J. Salivary
and crevicular fluid interleukins in gingivitis. J Clin Exp Dent. 2014;
6 (1): 175-9.

11.

12.

13.

14.

15.

10.

11.

12.

13.

14.

15.

okislenija v kostnoj tkani i ishod dental'noj implantacii. Medicinskaja
nauka i obrazovanie Urala. 2016; 1 (85): 105-7.

Kozlova MV, Mkrtumyan AM, Belyakova AS. Reguljacija
metabolicheskih processov kosti pri dental'noj implantacii.
Kremlevskaja medicina. Klinicheskij vestnik. 2018; (2): 30-9.
Riega-Torres JC, Villarreal-Gonzalez AJ, Cecefias-Falcon LA,
Salas-Alanis JC. Sjogren’s syndrome (SS), a review of the subject and
saliva as a diagnostic method. Gac Med Mex. 2016; 152 (3): 371-80.
Modi A, Morou-Bermudez E, Vergara J, et al. Validation of two
point-of-care tests against standard lab measures of NO in saliva
and in serum. Nitric Oxide. 2017; (64): 16-21. DOI: 10.1016/j.
niox.2017.01.009.

Alkan EA, Tuter G, Parlar A, et al. Evaluation of peri-implant
crevicular fluid prostaglandin levels in augmented extraction
sockets by different biomaterials. Acta Odontol Scand. 2016; 74
(7): 532-8.

Fernandes MH, Gomes PS. Bone Cells Dynamics during Peri-
Implantitis: a Theoretical Analysis. J Oral Maxillofac Res. 2016; 7 (3): €6.

Casado PL, Aguiar DP, Costa LC. Different contribution of BRINP3
gene in chronic periodontitis and periimplantitis: a cross-sectional
study. BMC Oral. Health. 2015; (15): 33. DOI 10.1186/s12903-
015-0018-6.

Mnoxvn . B. ConeprkaHne NpomyKkTos cBOOOAHOPaAVKaIbHOMO
OKWCNEHWSI B KOCTHOWM TKaHW 1 UCXOA, AEHTA/IbHON UMMIaHTaLmN.
MenyumHckas Hayka 1 obpasoBaHue Ypana. 2016; 1 (85): 105-7.
Koznosa M. B., MkptymsiH A. M., Benakosa A. C. Perynsaums
METabONMMHECKYIX MPOLIECCOB KOCTY MNPV AEHTASTBHOM MMIaHTaLN.
Kpemnesckas MegmupmHa. KnnmHndeckun BecTtHuk. 2018; (2): 30-9.
Riega-Torres JC, Villarreal-Gonzalez AJ, Cecefias-Falcon LA,
Salas-Alanis JC. Sjogren’s syndrome (SS), a review of the subject
and saliva as a diagnostic method. Gac Med Mex. 2016; 152 (3):
371-80.

Modi A, Morou-Bermudez E, Vergara J, et al. Validation of two
point-of-care tests against standard lab measures of NO in saliva
and in serum. Nitric Oxide. 2017; (64): 16-21. DOI: 10.1016/j.
niox.2017.01.009.

Alkan EA, Tuter G, Parlar A, et al. Evaluation of peri-implant
crevicular fluid prostaglandin levels in augmented extraction
sockets by different biomaterials. Acta Odontol Scand. 2016; 74
(7): 532-8.

Fernandes MH, Gomes PS. Bone Cells Dynamics during Peri-
Implantitis: a Theoretical Analysis. J Oral Maxillofac Res. 2016; 7
(3): e6.

BECTHUK PIMY | 2, 2019 | VESTNIKRGMU.RU



ORIGINAL RESEARCH | DENTISTRY

A PROGNOSTIC MODEL FOR THE PREDICTION OF GENERALIZED CHRONIC PERIODONTITIS
IN PATIENTS WITH METABOLIC SYNDROME
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The pathogenesis of periodontitis involves a complex inflammatory cascade initiated by biofilm bacteria. The susceptibility to or the risk of developing the disease
is determined by the body’s response to the invasion, specifically, by the strength of the inflammatory response and the differential activation of immune pathways.
In this paper, we propose a model for predicting the risk of severe chronic generalized periodontitis (GCP) in patients with metabolic syndrome based on the levels
of tumor necrosis factor alpha (TNF-a) in the periodontal pocket exudate. The analysis of oral cavity cytokine profiles conducted in 537 patients with GCP and
comorbid metabolic syndrome showed that increased TNF-a correlated with the severity of GCP: higher levels of TNF-a were observed in patients whose condition
was more severe. The prognostic model built in Statistica. 10 allowed us to use TNF-a as a prognostic criterium for GCP severity. We determined the cut-off point
above which a high risk of severe GCP can be concluded with 91.2% sensitivity and 70.8% specificity. The spreadsheet in Microsoft Excel 2010 automatically
computed the risk of severe GCP from a patient’s TNF-a concentrations in the PP, which makes the model convenient for routine clinical use in dentistry.

Keywords: periodontitis, metabolic syndrome, cytokines, tumor necrosis factor, TNF, prognostic model

Author contribution: Petrukhina NB and Shikh EV conceived the study, analyzed and interpreted the obtained data; Zorina OA analyzed and interpreted the
obtained data; Kartysheva EV collected the samples, analyzed the literature and interpreted the obtained data; Kudryavtsev AV prepared the manuscript draft and
analyze the literature.

Compliance with ethical standards: the study was approved by the Ethics Committee of I.M.Sechenov First Moscow State Medical University (Protocol
No. 10-15 dated November 18, 2015). All patients gave informed consent to participate.

Correspondence should be addressed: Ekaterina V. Kartysheva,
Bolshaya Pirogovskaya 2, bld. 4, Moscow, 119991; 89057676464@mail.ru

Received: 24.09.2018 Accepted: 31.03.2019 Published online: 14.04.2019
DOI: 10.24075/brsmu.2019.026

MPOrHOCTUYECKAA MOAEJb AJ1 OLIEHKN XPOHUYECKOI O rEHEPAJTTIM3OBAHHOIO
NAPOOOHTUTA Y NALUMEHTOB C METABOJINHMECKUM CUHOPOMOM

H. B. MeTpyxuHa'?, O. A. BopuHa'?, E. B. LLInx', E. B. KapTbiwesa'=, A. B. KyopsiBLes?

" [epBblin MOCKOBCKMIA FOCYAAPCTBEHHbIN MEAVUMHCKIMIA YHMBEPCUTET MeHn . M. CedeHoBa (CedeHoBckmin YHnBepcuTeT), Mockea, Poccus
2 LleHTpanbHbli1 Hay4HO-MCCNeaoBaTeNbCKNA MHCTUTYT CTOMATONOMM 1 HetoCTHO-NMLEBON xupyprin, Mockea, Poccus

[NaToreHe3 NapofoHTUTa BKIKOHAET CIOXHbIA UMMYHHbI BOCNANIUTENBHbIA Kackap, KOTOPbI MHLMMPYETCS 6akTepusMin BUOMNIEHKN, a BOCMPUUMYNBOCTL U
BEPOSTHOCTb Pa3BuTVS 3ab0NeBaHVs ONPeEenseTca peakUmen opraHnama YenoBeka, B HYaCTHOCTY, BEMMHMHON BOCMAMTENBHOrO OTBeTa U AnddepeHumansHomi
aKTVBaLmer UMMYHHbIX NyTen. Llenb nccnenoBaHns — padpaboTaTb MPOrHOCTUHECKYO MOAENb ANt OLEHKW PYICKa Pa3BUTUS TSXKENOW CTENEHN XPOHUHYECKOro
reHepaM3oBaHHOrO MapofOHTVTa B 3aBMCUMOCTW OT cofep»kaHus dakTopa Hekposa onyxonm-a (PHO-a) B skccypate napopoHTanbHoro kapmana (1K)
naupeHTa. Mpu KIMMHUKO-MHCTPYMEHTaIbHOM 06cnenoBaHn 537 naumeHToB C XPOHNHECKUM reHepaiM3oBaHHbIM NapOAOHTUTOM 1 METaBOIMHECKIM CUHOPOMOM
YCTaHOBNEHO, YTO YpPOBeHb MoBbilleHnst PHO-a B copepkmMom MK koppenvpoBan co CTEneHbto TSKECTU XPOHUYECKOrO reHepanM30BaHHOrO MapoLoHTUTa
(XI'T): Bonee BbICOKME 3HAYEHWS LIMTOKMHA COOTBETCTBOBANM Oonee Tshkenoi cteneHn. PaspaboTaHHas B nporpamme Statistica. 10 nporHocTudeckast Moaenb
[ana BO3MOXHOCTb Mcnonb3oBaTth ypoBeHb PHO-a B copgepxunmvom MK naumeHTa B KadecTBe MPOrHOCTUHecKoro kputepust Tedenns XTI OnpepeneHo
KPUTNHECKOE 3Ha4EHNEe, MPU MPEBbILLEHMM KOTOPOTO C ANarHOCTUHECKOM YyBCTBUTENBHOCTBIO 91,2% 1 cneumdrn4HOCTBO 70,8% MOXHO 3aKITFOUMTb O BBICOKOM
pucke passuTus Tshxenoi ctenenn XM, CospaaHHoe okHo B nporpamme Microsoft Excel 2010 no3BonsieT aBToMaTUHeCKy PacCHUTbIBATL PUCK Pa3BUTIS TSHXKENOM
ctenenn XM B 3aBUCUMMOCTM OT MHAVBULAYABHOIO 3Ha4eHns KoHLeHTpauum @PHO-a B cogeprkmomM MK naumeHTa, 4To AenaeT faHHyo Mofenb yoobHom ans
NPUMEHEHVA Bpa4amn-CcToMaTonoramu.
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Tumor necrosis factor alpha (TNF-a) is one of the early
proinflammatory cytokines that plays a key role in periodontal
tissue destruction [1]. Clinical studies have demonstrated that
elevated TNF-a is a risk factor for the progression of periodontal
diseases. TNF-a mediates periodontal tissue destruction via at
least two different pathways. Firstly, it stimulates production
of osteoclasts that cause alveolar bone resorption [2, 3].
Secondly, TNF-a promotes the body’s early immune response
to periodontal pathogens and regulates synthesis of matrix
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metalloproteinases (MMP) capable of damaging connective
tissue. Besides, it is reported that TNF-a levels are increased
systemically in patients with obesity or metabolic syndrome [4].
Adipose tissue cells secrete TNF-a; therefore, accumulation
of excess fat leads to chronic systemic inflammation [5, 6]. It
has been shown that TNF-a levels also correlate with insulin
resistance [7]. TNF-a is a paracrine mediator: its local activity is
aimed at reducing sensitivity of adipocytes to insulin [8]. There
is a reciprocal connection between periodontal disease and
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metabolic syndrome. The severity of systemic inflammation in
patients with metabolic syndrome can affect local inflammation
in the periodontium, while the products of periodontal
inflaonmation can stimulate secretion of systemic cytokines.
In this study we propose a prognostic model for predicting
the risk of severe generalized chronic periodontitis based
on TNF-a concentrations in the exudate from a periodontal
pocket (PP).

METHODS

We examined 537 patients (243 females and 294 males;
45.25% vs. 54.75%, respectively) aged 35 to 65 years with
clinically diagnosed generalized chronic periodontitis (GCP)
and metabolic syndrome. The patients were distributed into
3 age groups: group 1 included patients aged 35-44 years,
with the mean age of 41.7 + 2.1; group 2 consisted of
patients aged 45-54 years, with the mean age of 52.2 + 1.2;
group 3 comprised individuals aged 55-65 vyears, with
the mean age of 63.4 + 1.1. Our study included patients of
both sexes aged 35 to 65 years, with clinically diagnosed
GCP, comorbid metabolic syndrome and a body mass index
> 25 kg/m?, who gave written informed consent to participate.
The following exclusion criteria were applied: age under 35 years;
hematologic disorders; diseases of the central nervous
system, both congenital and acquired; malignancies (cancers,
sarcomas); decompensated chronic conditions (myocardial
infarction, systemic thromboembolism); pregnancy.

Exudate samples were collected onto filter paper strips
introduced into the PP for 30 s. Then, the strips were transferred
into Eppendorf tubes containing 1 ml of sterile normal saline
and left there for 40 min. After that, the strips were taken out
with tweezers, and the content of the Eppendorf tubes was

analyzed. TNF-a levels were measured using ELISA kits by
BIOSOURCE (Europe S. A.; Belgium); spectrophotometry was
done by a microplate reader at 450 nm wavelength. Cytokine
concentrations were determined from a standard curve and
expressed as pg/ml.

The next step was to create a prognostic model for
predicting the risk of developing severe GCP based on
TNF-a concentrations. A primary data matrix was generated
in Statistica.10 (StatSoft; USA). Model coefficients were
calculated in the output spreadsheet and included into the
mathematical expression. Then, a ROC curve was constructed
and a cut-off point was determined. The cut-off point allows
using the model for practical tasks: new data can be assigned
to one of the 2 classes depending on their position relative to
the cut-off point. Besides, we applied the ROC-curve analysis
to assess the diagnostic efficacy of our model by calculating
the AUC value (Area Under Curve) using a trapezoidal rule.

RESULTS

Based on the obtained TNF-a concentrations (Table 1), a
prognostic model was built for predicting the risk of developing
severe GCP.

The mathematical expression below can be used to
calculate the risk of severe periodontal tissue destruction based
on the TNF-a concentrations in the PP. The measured TNF-a
concentrations should be plugged into the following formula:

W=-3.2+1.2-log,, (¥),
where W is a risk of developing severe GCP calculated from the

cytokine profile of the oral cavity and Y'is a TNF-a concentration
in the PP expressed as pg/ml.

Table 1. Levels of the key proinflammatory cytokine TNF-a in the PP exudate in patients with GCP and comorbid metabolic syndrome

Parameter 35-44 years 45-54 years 55-65 years
Sex M | F M | F M | F
Mild GCP
TNF-a (pg/ml) 5768041949 | 58496+21.54 | 6117842167 | 634.57:235 | 64567237 | 678.45:249
Moderate GCP
TNF-at (pg/mi) 84544+3276 | 8765:337 | 84834245 | 99856215 | 94581:32.33 | 1045.33+31.56
Severe GCP
TNF-a (pg/mi) 878933211 | 91123:3167 | 90578+356 | 114587+3511" | 1234.56+3317 | 1341.54+33.98

Note: * — shows that the difference is significant.

W=-3.2046 + 1.2177%l0g, (x)
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Fig. 1. The graph shoes the relationship between the risk of developing severe
GCP and the TNF-a concentrations in the PP
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Fig. 2. The ROC-curve represents a relationship between the diagnostic
sensitivity and specificity in predicting the risk of severe GCP from the cytokine
profile of the oral cavity
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Fig. 1 is the graphic representation of the relationship
between the risk of developing severe GCP and the TNF-a
concentrations in the PP. The risk for severe GCP increases as
TNF-a levels grow in the PP.

The risk W for developing severe GCP was calculated
for each study participant from TNF-a concentrations in the
PP. Then, the ROC analysis was conducted to determine a
critical (cut-off) value for W (0.3), above which a high risk for
severe GCP could be predicted with maximum specificity and
sensitivity.

W = 0.3 means that the risk for severe GCP is high; W < 0.3
means it is low. The diagnostic sensitivity of the method is
91.2%, whereas its specificity is 70.8%.

Fig. 2 features a ROC curve for different values of the
prognostic coefficient W. Table 2 shows sensitivity and
specificity of the method at which W = 0.3 had the highest
sensitivity and specificity.

The AUC value of 0.862 + 0.05 (z = 7.3; p < 0.001) and the
confidence interval of 0.765-0.959 suggest that W has a high
diagnostic significance in predicting severe GCP based on the
cytokine profile of the oral cavity.

W was computed in Microsoft Excel 2010; individual TNF-a
concentrations were entered into the highlighted cell (Fig. 3).

DISCUSSION
TNF-a plays a key role in the pathogenesis of periodontal

diseases. When bacterial lipopolysaccharides permeate
periodontal tissue, macrophages assisted by CD14-
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lymphocytes activate a number of innate and adaptive immunity
mechanisms through specific receptors. An inadequately
strong immune response leads to chronic inflammation and
periodontal tissue destruction [9, 10]. Prostaglandin E2, IL13
and TNF-a are key proinflammatory mediators that activate
tissue metalloproteinases and thereby stimulate bone resorption
by osteoclasts and induce damage to the periodontium [11]. A
number of nonimmune periodontal cells, such as epithelial cells
and fibroblasts, can recognize and respond to proinflammatory
IL1B and TNF-a. Tissue metalloproteinases produced by
neutrophils, macrophages, fibroblasts, and osteoclasts
promote proteolysis of collagen, gelatin and elastin, destroying
the connective tissue components of tooth-supporting
structures. Among the members of the TNF superfamily are
osteotropic factors, such as the receptor activator of NF-kB
ligand (RANKL) and RANK themselves that are synthesized by
osteoclasts and promote bone resorption [12]. The binding of
the RANK ligand to the RANK receptor is accompanied by a
fusion of a few precursor cells into a mature multinucleated
osteoclast that immediately starts to destroy bone tissue
(Fig. 4).

In light of this, the study of TNF-a levels in the PP of patients
opens new possibilities for predicting the severity of GCP.

CONCLUSIONS
We have found that elevated TNF-a concentrations in the PP

correlate with the severity of GCP in patients with metabolic
syndrome: higher TNF-a levels are associated with a more

Table 2. Sensitivity and specificity of the method at different values of the prognostic coefficient W used to predict the risk of severe GCP from the cytokine profile of

the oral cavity

Parameter W [s)'ef"fs’l‘t‘l’:tt'; Cl for DSn D;sg(:giﬁi Cl for DSp
>0.29 94.44 81.3-99.3 62.5 40.6-81.2
>0.3" 91.67 77.5-982 70.83 48.9-87.4
>0.32 86.11 70.5-95.3 70.83 48.9-87.4
>0.33 83.33 67.2-936 70.83 48.9-87.4
>0.34 80.56 64.0-91.8 70.83 48.9-87.4
~0.35 72.22 54.8 - 85.8 70.83 48.9-87.4
>0.36 69.44 51.9-837 75 53.3-90.2
>0.38 66.67 49.0-81.4 79.17 57.8-92.9
>0.4 63.89 46.2-79.2 83.33 62.6 - 95.3
> 0.41 61.11 435-76.9 87.5 67.6-97.3
>0.45 61.11 435-76.9 91.67 73.0-99.0
>0.46 55.56 38.1-72.1 91.67 73.0-99.0
~05 44.44 27.9-61.9 91.67 73.0-99.0
>0.51 36.11 20.8-53.8 91.67 73.0 - 99.0
>0.52 27.78 142452 100 85.8 - 100.0

Note: * — marks the cut-off point.

1 1200 pg/ml

: TNF-0 concentrations in a patient’s periodontal pocket

0.50

-

The risk for severe GCP

|
-

Cut-off point (calculated using ROC analysis) | 0.3 |

| Diagnostic sensitivity 91.7

i . ! |
| Diagnostic specificity 70.8
!Z statistic ) 73
[P <0.001
[ Area under curve (AUC) [os62 |

Fig. 3. A spreadsheet in Microsoft Excel 2010 used for automatic calculations of the risk for severe GCP based on the oral cavity cytokine profile
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Fig. 4. Integration of proinflammatory and osteotropic factors in bone resorption

severe course of the disease. The proposed prognostic model
based on the TNF-a concentrations in the PP is a promising
and informative noninvasive method that can be used to predict
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ANALYSIS OF DIVERGENCE BETWEEN THE AXES OF DENTAL IMPLANTS INSTALLED
USING A CLASSIC FREEHAND TECHNIQUE

Ivaschenko AV, Yablokov AE B4, Fedyaev IM, Tlustenko VP, Rotin NE, Tugushev W
Samara State Medical University, Samara, Russia

Accuracy is a common challenge in dental implant placement. A successful clinical outcome is largely determined by accurate positioning of the implant at the
prepared site and proper angulation. This study aimed to compare the divergence between the axes of the implants installed using a classic freehand technique.
Cartesian coordinates of implant necks were determined on the CT images of 34 patients in the XOY (horizontal) plane, followed by the coordinates of implant
apices. The obtained data were submitted to the original software developed by the authors (patent 2018661716) that automatically computed an angle between
the insertion axes of the installed implants. We found that in 87% of cases, this angle was significantly greater (up to 27°) than recommended by implantation
dentistry guidelines (7°). In 100% of the studied cases, the implants were not parallel; in sector 1, the deviation was 27° 4.

Keywords: dental implantation, navigation system, freehand placement
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AHAJIN3 YTNOBbIX OTKNIOHEHUI MEXKAY OCAMW OEHTAJIbHbIX UMMJIAHTATOB,
YCTAHOBJIEHHbIX MO KJIACCUMECKOWN METOOVKE

A. B. MBaLerko, A. E. d6nokos =2 1. M. ®epgses, B. M. Tnycterko, H. E. PotuH, B. B. Tyrywies
Camapckuin rocyapCTBEHHbIN MeauUMHCKUIA yHBepcuTteT, Camapa, Poccus

Hanbonee pacnpocTpaHeHHO CNOXHOCTBIO MPY MOCTAHOBKE UMIMJIAHTATOB SBAETCSA 3aTPyAHEHHbI BbIGOP MPOCTPAHCTBEHHOMO MONOXEHUS UMMaHTaTos. [pu
VHTErpaLymn UMNIaHTaToB B NMOMOCTb PTa ABE TPETU ycrexa ornepaLyin 3aBrCsT OT TOro, HACKOMBKO TOYHO Bpady BbIGEPET MO3UNLMIO 1 Yron HaK/oHa MMMiaHTaTa.
OpfHOW 13 BavkHbIX MPOBIeM Mpu YCTaHOBKE MMMIaHTaTOB SBMSETCS MX MO3MLMOHNPOBAHME B KOCTHOM oXKe. Llenbto paboTbl 6bI10 NPOBECTH CPaBHUTENbHDI
aHaIN3 YrNOBbIX OTKIOHEHWA AEHTasTbHbIX MMMIAHTATOB, YCTAHOBEHHBIX MO KACCUHECKOM METOAVKE, MO «MeTofdy CBOBoaHON pyki» («free hand»). icnons3osanu
CcnenytoLLWiA anropyUTM 1ccnenoBanHus. B AekapToBoi cuctemMe koopamHaT Ha KT-cHiMke B nnockocTy XOY (ropu3oHTasbHas MNOCKOCTE) ONpenensinvm KoopamHaTb
Leek CpaBHMBaEMbIX UMMnaHTaToB y 34 1ccnefyemMbix MauMeHToB. 3aTemM HaxoaunM KOOPAMHATbI anmKkaslbHbIX YacTell BCEeX WUCCneayemblX UMMIaHTaToB.
MonyyeHHble KoOpaAMHATLI MOMELLanM B padpaboTaHHyto Hamy nporpammy OBM Ne 2018661716 «[porpamma pacyeta yrnoBbiX OTKIIOHEHWA AeHTaNbHbIX
VIMMIaHTaTOB», KOTOpasi aBTOMATUYECKM BbIYMCSNA YITIOBOE OTKIIOHEHME MEX[Y OCSIMU YCTAHOBIEHHBIX UMMIAHTATOB. PacyeT yrioBbiX OTKOHEHWIA MEXay
OCSIMW ieHTaSbHbIX UMMIAHTATOB Y MaLWeHTOB B MOCEOoNepaLVioHHOM nepuofe nokasan B 87% cnydaeB 3HaYUTENbHOE OTKIOHeHWe yrna (4o 27°) Mexay
OCAMUN UMMJIAHTATOB MO CPaBHEHNIO C OBLLENPUHATBIMI B AEHTASIbHOW UMMNaHTonorum npegenamu (0o 7°). B 100% n3ydaemMbix crnydaeB He Obl1o OTMEHEHO
napannefibHoN YCTaHOBKN AEHTasIbHBIX UMMIAHTATOB; aHaM3 Pe3yssTaToB AeHTaNbHON UMMNaHTaLUMN B 1-M CEKTOPE BbISIBUI YIIOBble OTKIIOHEHNS B 27° 4.

KnioueBble cnoBa: AeHTanbHasa uMnnaHTaums, HaBurauyvonHas nnatopma, MeToq CBoOOAHON PyKu

Nudopmauus o Bknage asTopoB: A. B. VBalleHko — HammcaHve ctaTtbn, paspaboTka AmsariHa UCCnegoBaHns, nogbop KAMHWYECKOro marepuana;
A. E. 46nokoB — HanvcaHve ctaTbi, Noadop KIMHNHECKOro Matepuana, aHanma nonydeHHbix daHHblx; V. M. ®enseB — pagdpaboTtka ansanHa nccneqoBaHuns,
penaxkTupoBaHue ctatbu; B. M. TnycTeHKO — pefakTvpoBaHue, aHanmMa noslydeHHbIX daHHblx; H. E. PotuH — pagpaboTtka avsainHa nccnegoBaHvs, nogoop
KNMHM4ecKoro matepuana; B. B. Tyryles — paspaboTka ansaiHa UCCNefoBaHns, penakTmpoBaHme.

CobniopeHne 3TU4ECKNX CTaHAA@PTOB: VICCefoBaHye NMPOBEAEHO B COOTBETCTBUM C STUHECKUMM CTaHAapTaMM OKasaHWsi CreLmanv3npoBaHHOM MeaMLIVIHCKOM
nomouw (Mpvkad MuHcTepcTBa 3apaBooxpaHeHs Poccum ot 24 nekabpsi 2012 1. Ne 1525H) 1 0006peHo aTnHecKM KommteTom CamMapckoro rocyaapcTBeHHOro
MeanLWHCKOro yHmBepcuTeTa (Mpotokon Ne 673/17 ot 11 ceHTsibpst 2018 1) Bce naupeHTsbl nognvcanin MHhopMMpOBaHHOE Cormacie Ha y4acTue B UCCnenoBaHun.
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Accurate positioning and proper angulation of a dental implant
determine successful treatment outcomes and contribute to
the durability of an implant prosthesis. In Russia, the freehand
approach has become a gold standard in implant dentistry
[1]. The decision about implant positioning is guided by a
surgeon’s professional expertise. A misangled implant poses a
serious problem for further treatment. According to the official
guidelines, the maximum acceptable divergence between the
implants is 7° [1]. A few researchers report that in some cases

the freehand technique can result in a substantial divergence
of up to 35° [2].

Angulation can be significantly improved by using surgical
navigation systems that guide the placement of a dental implant
[3, 4]. Such systems minimize angular deviation from an implant’s
axis, bringing it to the acceptable 7° [5-7]. However, these
platforms are not widely applied in clinical routine because
they are too costly and can be only used by specially trained
surgeons [8-11]. In light of this, freehand surgery still remains
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one of the most popular methods of implant placement that,
unfortunately, can negatively affect treatment outcome if
performed unskillfully [12-15].

Stability of dental implants can be evaluated by measuring
osseointegration of the installed implant using such systems as
Periotest or Osstell ISQ [16, 17].

The aim of this study was to compare divergence between
the insertion axes of dental implants installed using a classic
freehand technique.

METHODS

The study was carried out at the facilities of the Maxillofacial
Surgery Unit of Samara State Medical University between
2015 and 2018. All patients underwent clinical examination.
Their medical histories were also taken; complaints, unhealthy
habits and comorbidities that could cause postoperative
complications or be regarded as contraindications for dental
implantation were noted down. The study included 32 partially
edentulous patients of both sexes, aged 18 to 65 years, with
no comorbidities. The majority of the participants (53.1%) were
females aged 26 to 66 years (Table 1). Dental implantation was
performed using a classic freehand technique. Postoperatively,
the patients underwent a CT scan (Vatech Pax Duo scanner;
Vatech; Korea).

RESULTS

A follow-up clinical examination was conducted in the
postoperative period. The patients’ complaints (including those
of pain) and body temperature were taken; facial configuration,
tissue condition at the site of surgery, implant excursion, sutures
and gingiva formers were evaluated.

The MISS and DENTIUM dental implants (Israel) were
installed following a conventional two-step protocol. The
procedure was carried out by a dental surgeon specialized in
implant dentistry. The number and size the installed implants
are given in Table 2.

Ten patients were randomly selected for a CT scan (Vitech
Pax Duo) in order to estimate the average divergence between

Table 1. Demographic characteristics of the patients
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the axes of the installed implants. The angles were calculated
using the following algorithm (software patent 2018661716):
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A total of 22 implants were analyzed in 10 patients.

Briefly, Cartesian coordinates of necks of the compared
implants were determined on the CT image in the XOY
(horizontal) plane (Fig. 1A) followed by the coordinates of
apices (Fig. 1B). The obtained data were fed to the software
developed by the authors of this study (patent 2018661716
issued September 12, 2018); the software computed the angle
between the axes of the installed implants.

Then, the data were structured and analyzed, and the
dynamics of angular deviations were determined.

In 100% of the studied cases, the implants were not
parallel. In sector 4, the implants were minimally divergent. On
average, the angle between the insertion axes ranged from
2° 58" to 5° 4, falling into the accepted range of deviations.
In sectors 2 and 3, the angles between the insertion axes of
the installed implants varied from 3° 4" and 17° 96" (sector 3)
and from 1° 83" to 17° 75" (sector 2), suggesting an unsatisfactory
implantation result. In sector 1, the deviation reached 27° 4°,
which might have resulted from difficult anatomy. Summing up,
the most significant divergence was observed in sector 1.

DISCUSSION

The divergence between the insertion axes of the installed dental
implants was significant (27° 4') in 87% of cases, falling outside of
the acceptable values (Fig. 2). In this study, the axis was defined
as a geometric center of an implant shaped as a regular cylinder.

The most significant divergence was observed in the
projection of sector 1, which is consistent with the findings of

Age Sex 18-25 26-44 45-65 Total Number of patients, %
Males 1 3 4 8 25
Females 1 17 24 75
Total 2 20 10 32 100
Table 2. The number and size of the installed implants
Number ) . .
Diameter 1 implant 2 implants 3 implants Total Number, %
3.3 ¢ 10.0 («MISS») 4 2 0 6 16.2
3.6+ 7.0 («Dentium») 0 1 0 1 2.7
3.75 ¢ 8.0 («MISS») 6 2 0 8 21.6
3.75 « 10.0 («<MISS») 2 2 0 4 10.8
3.75 ¢« 11.5 («<MISS») 5 1 0 6 16.2
4.0 « 10.0 («MISS») 0 0 1 1 2.7
4.2 « 8.0 («MISS») 4 1 0 5 13.5
4.2 «10.0 («<MISS») 3 0 0 3 8.1
4.2 +11.5 («MISS») 3 0 0 3 8.1
Total 27 9 1 37 100.0
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Fig. 1. A schematic representation of measurements performed by the original software developed by the authors. A. Neck coordinates of the implants. B. Apical

coordinates of the implants
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—— Sector 2 0 0 0 17.75 | 9.82 6.39 1.83
Sector 3 0 0 0 3.4 16.88 | 17.96 0
—— Sector 4 0 0 0 0 5.4 2.58 6.93
Fig. 2. Statistic values of divergence between the axes of the installed implants
other researchers [6, 12, 15]. The lowest statistically significant ~CONCLUSIONS

values were + 0.5°. In the present study, the teeth were assigned
to 4 sectors, according to the WHO classification: sector 1,
teeth 1.1 to 1.8; sector 2, teeth 2.1 to 2.8; sector 3, teeth 3.1
[0 3.8; sector 4, teeth 4.1 to 4.8.

Understanding the effects of divergence between the
installed implants on treatment outcomes and the importance
of accurate implant placement is critical for the health of the
entire dentofacial system.
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EFFECT OF VARIOUS TYPES OF REMOVABLE APPLIANCES AND DENTAL IMPLANTS ON THE ORAL
MICROBIOCENOSIS DURING ORTHOPEDIC TREATMENT

Tlustenko VP, Bairikov IM, Trunin DA, Komlev SS B, Zhestkov AV, Lyamin AV
Samara State Medical University, Samara, Russia

The problem of complications arising after dental implantation is still relevant. The aim of the work was to investigate the effect of various types of removable
appliances and dental implants on the oral microbiocenosis during orthopedic treatment of 64 people: 12 patients of the first index group, 40 patients of the second
index group and 12 people of the control group. 6 months after the implants were installed, as a result of a microbiological study of the oral cavity, the differences
were found in the qualitative composition of the microflora of the mucous membrane around the neck of the dental implant. In the first index group representatives of
normal microflora prevailed. In 100% of cases Streptococcus vestibularis was isolated, from more than half patients S. oralis, S. mitis, Rothia mucilaginosa were
isolated, S. gordonii was isolated from one patient. In the second index group, a significant diversity of microbial species was observed, including enterobacteria,
which were isolated from 22.5% of the examined patients. In the control group, in addition to representatives of the normal microflora of the oral mucosa
S. vestibularis (75.5%), S. oralis (50.0%), Neisseria subflava (66.7%) and Haemophylus parainfluenzae (50.0%) were found. From all patients of the control groups
S. gordonii was isolated, as well as the other potentially pathogenic streptococci species, S. anginosus and S. constellatus by 66.7%. The type of removable
appliances and dental implants used affects the microflora composition of the oral cavity, and, consequently, the further prognosis and the risk of complications.
Collapsible dental implant supported removable prosthetic appliances with a metal frame and fixing elements, telescopic crowns and clasps less than other types
of prosthetic appliances change the qualitative composition of the microflora of the oral mucosa around the neck of the dental implant.

Keywords: microbiocenosis, implantation, collapsible dental implant, removable prosthetic appliances
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BJIMAHUE PA3JIN4HbIX BUOOB CbEMHbIX KOHCTPYKLWIA U AEHTAJIbHBbIX UMMJTAHTATOB
HA MUKPOBMOLIEHO3 NOJIOCTU PTA NPU OPTOMNEANYECKOM JTIEHEHUU

B. M. Tnycterko, V. M. Barpukos, . A. TpyHuH, C. C. Komnes B, A. B. XKecTtkos, A. B. JlsmuH
Camapckuin rocyaapCTBeHHbIA MeanumnHeKn yHrBepcuTteT, Camapa, Poccus

Mpobnema 0CNOXXHEHUIN, BO3HMKAIOLLMX MOCAEe NPOBEAEHUSt AEHTaNbHOW MMMAaHTaLmy, ocTaeTcs akTyanbHoW. Liensto paboTbl 6bi10 MccnenoBats BAUSHUE
PasNYHbIX BUAOB ChEMHbBIX KOHCTPYKLMIA 1 AEHTasIbHBIX MMMIaHTaTOB Ha MUKPOBMOLIEHO3 MOMOCTY PTa Mpy OPTONeanYeCcKOM NedeHnr 64 venosek: 12 nauyeHTos
1-11 ocHOBHOW rpynnbl, 40 NaUMEeHTOB 2-1 OCHOBHOW rpynnbl 1 12 4enoBek rpynnbl KOHTPONS. Yepe3 6 MecsaLeB Nocne yCTaHOBKN MMMaHTaToB B peaynsrare
MVKPOBUONOrMHYECKOro UCCNefoBaHMS NONOCTY pTa Bbin BbISIBIEHbI PasNYMA B Ka4eCTBEHHOM COCTaBe MMKPOMIOPbI CAM3MCTON 0O0M0YKM BOKPYT LLEVKN
[OeHTanbHOro MMnnaHTarta. B ocHoBHoM rpynne 1 npeobnafanv npeactaBmteny HopmMassHor Mukpodnopsl. B 100% cnyyaes BblaeneH Streptococcus vestibularis,
6ornee Yem y NMofoBMHbI NaLMEHTOB BbldeneHb! S. oralis, S. mitis, Rothia mucilaginosa, S. gordonii BbiaeneH y ogHoro nauveHTa. B ocHoBHOM rpynne 2 oTMe4eHo
3HaYMTENbHOE Pa3Hoobpa3ne BUOOB MUKDOOPIaHM3MOB, BKITKOHas SHTePObaKTepUM, KOTopble Oblin BblaeneHbl y 22,5% obcnefoBaHHbIX. B KOHTPOMbHOM rpynne
MOMVMO NpeAcTaBUTENEN HOPMANBHOM MUKPOMIOPbI CIIM3NCTON 060N04KI MONOCTI PTa 0OHapy»eHbl S. vestibularis (75,5%), S. oralis (50,0%), Neisseria subflava
(66,7%) n Haemophylus parainfluenzae (50,0%). Y BCex nauMeHTOB KOHTPOSBHON rpymnbl Obin BbiaeneHsl S. gordonii, a Takke Apyrie BuAbl NOTEHLMAbHO
naToreHHbIX CTPEMTOKOKKOB — S. anginosus v S. constellatus no 66,7%. Bua ncnonb3yembix CheMHbIX KOHCTPYKLMIA 1 AeHTaNbHbIX UMMIaHTaTOB BIMSIET Ha
COCTaB MUKPOMNOPbI MOIOCTU PTa, a, CNefoBaTeNbHO, Ha AasIbHEALLNIA MPOrHO3 1 PUCK PasBUTUS OCIOXHEHUI. CbeMHbIE OpTOneanHeckne KOHCTPYKUMN C
METASIINHECKNM KapKaCOM ¥ (OUKCUPYIOLLMI SMEMEHTaMM, TENECKOMMHECKMIN KOPOHKaMI 11 3aMKOBbBIMI KPEMEHUSIMI C ONOPOI Ha pa3bopHble AeHTarbHbIe
VMMMaHTaTbl MeHee APYriX BUAOB KOHCTPYKLMIA N3MEHSIOT Ka4eCTBEHHbIN COCTaB MUKPOMIOPbI CM3NCTON 060M04KN MOAOCTU PTa BOKPY LLEVIKV AeHTaNbHOro
VMnnaHTara.

Knio4yeBble cnosa: MI/IKDO@I/IOLJ,GHOB, AeHTanbHaa nMnnaHTauns, pa360pr||71 ,EI'GHTaJ'IbeIIz nMnnaHTaT, CbeMHble opToneanyecKrne KOHCTPYKUMN
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Despite significant achievements in solving technical issues, the  presented in the oral cavity and colonizing surfaces of materials
problem of complications after the dental implants installation ~ of which dental implants and removable appliances are
is still relevant in modern dental implantology [1]. The most  constructed [2-5].

common are mucositis and periimplantitis, in the development In literature, the ability of microorganisms to adhere to the
of which microorganisms take an active part, both normally  surface of dental implant abutments and removable prosthetic
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appliances is described. As test microorganisms, bacteria are
most often evaluated, which are not fundamental in terms of
the development of pathological processes associated with the
use of dental implants [6-8].

Additional difficulties in evaluating oral microbiota when using
removable prosthetic appliances and dental implants arise from
the imperfection of the applied laboratory diagnostics methods
and improperly constructed research design. Researchers are
most commonly limited to a general assessment of anaerobic
and/or aerobic microflora without regard to its species diversity;
to using nothing but methods based on the detection of DNA
of microorganisms, representatives of pathogenic complexes;
in some cases, methods which are obviously unacceptable
for purposes of assessment of oral cavity microflora are used,
for example, test systems developed to evaluate microflora of
other loci of the human body [9-11].

This approach can lead to contradictory results when
assessing the qualitative and quantitative composition of oral
microflora, and also make it difficult to evaluate the role of
microflora representatives in the development of complications
associated with the dental implants installation; qualitative
and quantitative composition of microflora when comparing
the influence of similar prosthetic appliances constructed
of various materials. Moreover, pathogenicity factors and
complex architectonics of the interaction of various types
of microorganisms during the colonization of the surfaces of
dental implants and removable prosthetic appliances by normal,
pathogenic and transient microflora are not taken into account.

The aim of the work was to investigate the effect of various
types of dental implants on the oral cavity microbiocenosis.

METHODS

Microbiological investigation was performed in 64 patients
with various types of dental implants (22 men and 42 women
aged 45-65): 12 patients of the first index group, 40 patients
of the second index group, the control group was formed of
12 people. Criteria for inclusion in the study: presence of
unilateral and bilateral free-end edentulous spaces. Exclusion
criteria: presence of diseases of the circulatory system;
presence of cancer.

The collection and transportation of biological material was
carried out in accordance with the requirements of the 4.2.2039-05
«Method of collecting and transporting of biomaterials in
microbiological laboratories» guidelines. Samples of material for
microbiological investigation were collected from the mucous
membrane of the oral cavity around the neck of a dental implant
with sterile cotton swabs, which were placed into transport
media for aerobic and anaerobic microorganisms immediately
after collection. The material was transported to the laboratory
in 2 hours under isothermal conditions at 22-24 °C.

In the laboratory, the material was inoculated on the solid
media: blood agar, HiCrome universal differentiation medium
(HiMedia; India), agar for anaerobic microorganisms (HiMedia;
India), selective media for isolation of staphylococci — mannitol
salt agar (HiMedia; India), for isolation of fungi — Sabouraud
agar (HiMedia; India), for enterobacteria — Endo agar (HiMedia;
India), for non-fermenting gram-negative bacteria — cetrimide
agar (HiMedia; India). Cultivation was performed under aerobic
and anaerobic conditions using the anaerobic culture jars and
the BD GasPak™ EZ Container Systems commercial gas
generating pouches (BD; USA) for 48-72 hours at 35-37 °C.

The microorganisms isolated were identified using MALDI-
ToF mass-spectrometry with the Microflex LT unit (MALDI
Biotyper 3.1, Bruker Daltonik GmbH; Germany).
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The material was collected 6 months after the orthopedic
treatment of patients. The qualitative composition of the isolated
microflora was assessed taking into account the grouping of
microorganisms depending on their potential pathogenetic
effects on the oral mucosa and bone tissue.

In total, 328 strains of microorganisms of 26 genera were
isolated and identified.

Evaluation of the microflora composition of the oral mucosa
around the neck of the dental implant was performed in
64 patients. Depending on the design of the dental implant and
the removable prosthetic appliance, all patients who underwent
a microbiological study were divided into three groups.

1. The 1st subgroup of the index group (index group 1)
included 12 patients for whom the collapsible dental implants
supported removable prosthetic appliances with a metal frame
and fixing elements, using telescopic crowns and clasps were
constructed (patent of Russian Federation Ne 2593349). After
the operation of implantation and irreversible bone resorption
with the proposed implant design, it became possible to
detach the intermediate part from the osseointegrated apical
part and use the apical part to fix the abutment, the removable
prosthetic appliance.

2. The 2nd subgroup of the index group (index group 2)
included 40 patients, for whom the commercial dental implants
supported removable prosthetic appliances were constructed,
the fixing clasps were located in the metal frame of the
removable prosthesis.

3. The control group included 12 patients, for whom the
commercial dental implants supported removable prosthetic
appliances of acrylic plastics were constructed, the fixing elements
were located in the basis of a removable prosthetic appliance.

RESULTS

All' microorganisms colonizing the mucous membranes of
the oral cavity may have a certain pathogenic potential,
but in some of them it is more pronounced, in others it
seldom occurs. Thus, we conditionally divided the isolated
microorganisms into representatives of the normal biota of
the oral mucosa (Streptococcus salivarius, Streptococcus
vestibularis, Streptococcus parasanguinis, Streptococcus
oralis, Streptococcus sanguinis, Streptococcus mitis, Rothia
dentocariosa, Rothia mucilaginosa, Neisseria macacae,
Neisseria subflava, Neisseria flavescens, Haemophilus
parainfluenzae, Lactobacillus salivarius, Gemella haemolysans),
microflora that participates in pathogenic processes at various
levels (Streptococcus anginosus, Streptococcus gordoni,
Streptococcus constellatus), microflora, less characteristic
for the oral mucosa, but usually not involved in pathological
processes (Acinetobacter junii, Staphylococcus capitis,
Staphylococcus epidermidis, Staphylococcus warnerii,
Streptococcus pneumoniae), microflora with high pathogenic
potential that is not typical for the oral cavity (Enterobacter
cloacae, Citrobacter freundii, Escherichia coli). A separate
group consisted of the Candida genus fungi.

During the qualitative composition analysis of the microflora
of the oral mucosa around the dental implant in patients of
the studied groups the data were obtained presented in the
following table.

The analysis of the obtained data revealed the following
features of the qualitative composition of microorganisms in
the microbiocenosis structure of the oral mucosa around the
dental implant neck.

A distinctive feature of the microflora of the 1st index
group patients was the predominance of normal flora in a
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significant part of the patients examined. In 100% of cases
Streptococcus vestibularis was isolated, from more than half
patients Streptococcus oralis, Streptococcus mitis, Rothia
mucilaginosa were isolated. Enterobacteria and Candida fungi
were not isolated in this group of patients. However, a rather
frequent isolation of saprophytic microflora, uncharacteristic for
the oral mucosa, should be noted, which was found in half of
the patients.

The 2nd index group was characterized by a significant
variety of microorganisms. In patients, the dominant group
of microorganisms had not been revealed. Nevertheless,
the microflora was more often represented by normal
microorganisms characteristic for the oral mucosa, among
which Streptococcus vestibularis prevailed. From one-third
of the patients potentially pathogenic microorganisms were
isolated. But, in our opinion, the fact that from 9 patients
enterobacteria, which are uncharacteristic for this locus and
possess significant pathogenic potential, were isolated, had the
greatest value in this group, both for production of proteolytic
enzymes, and for direct participation in the development of
infectious complications of various localization.

Streptococcus vestibularis and Streptococcus oralis, as
well as Neisseria subflava and Haemophilus parainfluenzae as
representatives of the normal oral microflora prevailed in the
control group. The other representatives of the normal flora
were isolated from less than 50% of the examined patients
in the control group. A distinctive feature of the microflora
in patients of the control group was the wide distribution of
microorganisms that play an important role as triggers in the

pathogenic microflora colonization. Streptococcus gordonii
was isolated from all patients of the control group, having an
increased adhesive ability, which is realized by microorganisms
with pronounced pathogenic potential. Besides, Streptococcus
anginosus and Streptococcus constellatus were isolated from
more than a half of the control group patients. Only in the control
group the Candida genus fungi were isolated, represented by
the one single Candida albicans species (it was isolated from
one third of the patients).

Thus, in patients of the 1st index group, the implantological
treatment carried out using collapsible dental implants and the
orthopedic treatment demonstrate the smallest change in the
qualitative composition of the microflora of the oral mucosa
around the neck of the dental implant. It should be noted that
no representatives of the “red” paradontopathogenic complex
were isolated from patients of all groups.

In addition to the qualitative composition, the frequency
of isolation of microorganisms by groups and genera was
analyzed taking into account their potential participation in the
pathological process. Due to the significant influence of certain
types of streptococci on pathogenic processes, it was decided
to divide them into two groups: “having potential pathogenic
significance” and “normal flora representatives”.

Data on the frequency of isolation of representatives of
different groups of microorganisms from patients are presented
in Fig 1.

The following microflora features were identified. In the 1st
index group, when analyzing the frequency of isolation of various
groups of microorganisms representatives, the significant

Table. Qualitative composition of the microflora of the mucous membrane around the dental implant (number of strains in absolute numbers and proportion of strains

of the total number of microorganisms isolated from the group)

Microorganism species Control group Index group 1 Index group 2
Streptococcus salivarius 2 (16.7%) 2 (16.7%) 12 (30.0%)
Streptococcus vestibularis 9 (75.0%) 12 (100%) 24 (60.0%)
Streptococcus parasanguinis 0 2 (16.7%) 8 (20.0%)
Streptococcus oralis 6 (50.0%) 10 (83.3%) 12 (30.0%)
Streptococcus sanguinis 3 (25.0%) 0 15 (37.5%)
Streptococcus mitis 4 (33.3%) 6 (50.0%) 12 (30.0%)
Streptococcus anginosus 8 (66.7%) 0 0
Streptococcus gordonii 12 (100%) 1(8.3%) 9 (22.5%)
Streptococcus constellatus 8 (66.7%) 0 0
Streptococcus pneumoniae 3 (25.0%) 4 (33.3%) 4 (10.0%)
Rothia dentocariosa 3 (25.0%) 2 (16.7%) 3 (7.5%)
Rothia mucilaginosa 0 8 (66.7%) 18 (45.0%)
Neisseria macacae 3 (25.0%) 0 3 (7.5%)
Neisseria subflava 8 (66.7%) 2 (16.7%) 18 (45.0%)
Neisseria flavescens 0 2 (16.7%) 4 (10.0%)
Haemophilus parainfluenzae 6 (50.0%) 1(8.3%) 8 (20.0%)
Lactobacillus salivarius 2 (16.7%) 4 (33.3%) 3 (7.5%)
Gemella haemolysans 0 2 (16.7%) 4 (10.0%)
Acinetobacter junii 0 1(8.3%) 0
Staphylococcus capitis 0 2 (16.7%) 0
Staphylococcus epidermidis 4 (33.3%) 2 (16.7%) 8 (20.0%)
Staphylococcus warnerii 3 (25.0%) 2 (16.7%) 0
Enterobacter cloacae 0 0 6 (15.0%)
Citrobacter freundii 0 0 2 (5.0%)
Escherichia coli 0 0 1(2.5%)
Candida albicans 4 (33.3%) 0 0
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Fig. 1. Frequency of isolation of microorganisms from patients of different groups (%). MMM® — potentially pathogenic microflora, HM — normal microflora

predominance of normal microflora was observed, represented
by streptococci, lactobacteria, representatives of the Rothia,
Gemella genera. Opportunistic pathogenic Neisseria were less
common than in the control group, and staphylococci were
also less common.

In the 2nd index group, streptococci — representatives of
normal microflora, Neisseria, as well as bacteria of the Rothia
genus were the leaders by their incidence rate. However, it
should be noted that this was the only group of patients from
which enterobacteria were isolated.

In the control group, potentially pathogenic streptococci
were found in 100% of the patients, which, of course, may
have a negative effect in relation to the risk of complications
in the early period after the implant is installed. Streptococci —
representatives of normal flora were isolated from more than
70% of patients. There was a decrease in the frequency of
isolation of other normal microflora representatives, which
were detected in less than 50% of the examined patients from
the control group, with the exception of the Neisseria genus
representatives. As described above, Candida fungi were
isolated from one-third of the patients.

DISCUSSION

When analyzing the incidence degree of representatives of
various microorganisms groups on the mucous membrane of the
oral cavity around the neck of a dental implant, certain patterns
were identified. In the control group, potentially pathogenic
microorganisms prevailed characterized by increased adhesive
activity, as well as the Candida genus fungi, which may be due
to the specific location of the fixing elements in the basis of
acrylic prostheses supported by cobalt-chrome abutments of
commercial dental implants. The absence of complications
in patients included in the study is due to the fact that, along
with the potentially aggressive microflora, the normal microflora
representatives were also rather common in the control group.
In the index group 1, the optimal microbiological relationships
were identified, both in terms of the qualitative composition
of microflora and of the inoculation frequency of oral mucosa
normal microbiota inhabitants. In this group, there was the lowest
isolation frequency of potentially pathogenic streptococci,
there was no candida and enterobacteria inoculation. The
index group 2 was characterized by the maximum variety of
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both qualitative composition and isolation frequency of various
microorganisms groups. Together with normal microflora, the
potentially pathogenic streptococci as well as enterobacteria
were identified, which, in our opinion, is the greatest threat in
relation to the post-implantation complications formation [4, 7, 9-11].

It should be noted that almost all microorganisms having
pathogenic potential were isolated under strict anaerobic
conditions, which may be an indirect indicator of their active
participation in the process of adaptation to the altered
conditions on the mucous membranes around the neck of the
dental implant. Significant changes in the qualitative composition
of microflora and in the isolation frequency of various groups
of microorganisms among patients in the control and index
groups demonstrate the need for careful selection of the design
of a dental implant, of an abutment, of a removable prosthetic
appliance. In this case the main goals are minimization of
the negative impact of a “foreign” object (dental implant) on
intermicrobial interactions that can lead to the predominance
of potentially pathogenic microorganisms with pronounced
adhesive properties in the microbiocenosis, as well as the
elimination of mucus membranes colonization with transient
microflora with a high pathogenic potential, which can act as a
trigger of the mucositis and peri-implantitis development. The
negative impact of implants was confirmed by data obtained
during the study: the predominance of microorganisms with
high adhesive potential among the control group patients; a
wide variety of transient microflora and enterobacteria in the
index group 2.

The oral cavity microflora is a complex association of
microorganisms, the qualitative and quantitative composition
of which is influenced by various external and internal factors.
Prosthetics using dental implants supported removable
prosthetic appliances inevitably affects the mucous membranes
microbiota. These changes can be conditionally “neutral” in
relation to the prevailing groups of microorganisms, or they can
lead to significant changes in the microflora composition, when
representatives of normal microbiota are displaced by transient
microorganisms, the number of which increases significantly on
the mucous membranes of the oral cavity due to the use of
removable prosthetic appliances.

It should be noted that the material of which dental implant
abutments, fixing mechanisms and removable prosthetic
appliances are constructed can influence the redistribution of
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the prevailing groups of microorganisms, increasing the number
of bacteria and fungi with enhanced adhesive properties in the
population of microorganisms on the surface of the dental
implant abutment and on the oral mucosa, which is in direct
contact with them. Such changes may remain subcompensated
for a long time due to the adaptation mechanisms of bacterial
survival in biofims, but sooner or later they will lead to the
accumulation of pathogenic potential of microorganisms,
changes in the qualitative composition of microflora, colonizing
the dental implant neck and the oral mucosa around it.
Involvement in the process of initially potentially pathogenic
streptococci, which include Streptococcus gordoni and a
number of other microorganisms isolated from patients of the
control group, will inevitably lead to an increase in the adhesive
ability of other microorganisms, in particular, having proven
pathogenic action, which is confirmed by the data described
in the scientific literature [4, 7, 9]. Involvement in the process of
colonization and change of the dominant microbial population of
enterobacteria, staphylococci, fungi can be considered a serious risk
factor for the development of post-implantation complications.
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WU3YYEHUE TUMA NPOTUBOMUKPOBHOIO AENCTBUA HOBbIX COEOUHEHUA, CUHTESUPOBAHHbIX
HA OCHOBE 3SAMELLIEHHbIX BEH3AMUHONHAO10B

M. C. CtenaHeHko'=2, C. A. dmatukmn?, HO. A. KocTuHa', E. [. CnacTHukos!, A. A. baTapluesa’

T MeonunHCKNIA MHCTUTYT, HaumoHanbHbIN ncenegoBatensckuii MopaoBCKUA rocyaapCTBeHHbIN yHMBepcuTeT nmern H. 1. Orapésa, CapaHck, Poccust
2 MopAOBCKUI rOCYAapCTBEHHbIM Nefarornieckinii MHCTUTYT uMeHn M. E. EBceBbeBa, CapaHck, Poccust
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For centuries humanity has been fighting a battle against
infectious diseases. Discovery of antimicrobial agents was a
crucial milestone in treating and eliminating infections, but it
also yielded understanding that bacteria have mechanisms
promoting resistance to antibiotics [1-3]. Today, drug
resistance in bacteria is a mounting concern. Research into
the mechanisms underlying this phenomenon is fundamentally
important for developing novel approaches to countering
bacterial infections [4, 5]. Resistance to a wide range of drugs
seen in major clinically important microorganisms is a global
threat [6, 7].

Microbiological surveillance conducted over the past
few years has revealed an alarming increase in the number
of multidrug-resistant bacterial strains. For example, in
comparison with methicillin-susceptible strains, methicillin-
resistant S. aureus do not respond to gentamicin, clindamycin,
rifampicin, tetracycline, chloramphenicol, ceftaroline, ciprofloxacin,
and erythromycin more frequently; P aeruginosa are resistant
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to cephalosporins, such as cefepime and ceftazidime,
and piperacillin-tazobactam, imipenem, and meropenem;
Enterobacteriaceae are resistant to at least three classic
antibiotics, such as cefotaxime, ceftazidime, cefepime,
aztreonam, etc. [8-10].

The search for and the development of novel antimicrobial
agents are crucial for overcoming antibiotic resistance. The
need for highly effective and safe antibacterial agents has been
emphasized by the government of the Russian Federation [11].

Previously, we synthesized a few indolilamides and
pyrroloquinolines from substituted 4-, 5-, 6-, 7-aminoindoles
that representing the compounds, which contain cyclic or
noncyclic  N-(indolyllamides and pyrroloquinolines, exhibit
antimicrobial activity against gram-positive and gram-negative
microorganisms [12-14].

This study sought to identify the type of antimicrobial activity
exhibited by the novel compounds synthesized from substituted
aminoindoles.
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METHODS

The type of antimicrobial action of the synthesized compounds
was tested on the test strain of Staphylococcus aureus ATCC
6538-P from the Museum of Live Cultures (State Research
Center for Applied Microbiology & Biotechnology). The
microorganisms were exposed to the studied compounds
for different time periods at room temperature as described
in [15]. The compounds were diluted to a number of different
concentrations in the physiological saline and then poured into
test tubes (1 ml per tube). The control tubes did not contain
the studied compounds. The microorganisms were suspended
in the physiological saline; 1 ml of the resulting suspension was
added to each test tube (a final concentration of 1.5 « 10° CFU/m).
At this concentration, the turbidity of the bacterial suspension
was 0.5 McFarland [16, 17]. Turbidity was measured using
a commercial kit (Sensititre; UK). The optical density of the
suspension was determined spectrophotometrically. The
bacterial suspension was prepared from a colony grown on
slant agar for 24 h. One hundred pl of the physiological solution
containing bacteria and one of the studied compounds were
pipetted into the tubes filled with 1 ml of a Mueller Hinton broth
(MHB) (M391; HiMedia Laboratories Pvt. limited; India) after 5,
10, 15, 30, 60, 120, and 240 min following the preparation of
the bacterial suspension. By varying the time of the exposure
to a fixed concentration of a studied agent, one can assess
the potential and actual effects of the latter, including the
effect produced by a minimum inhibitory concentration or its
dynamics over time. The properties of antimicrobial compounds
can change depending on the medium used and the bacteria
themselves [15].

The final concentration of S. aureus in the suspension was
approximately 5 « 10° CFU/ml in each test tube. The following
concentrations of the synthesized compounds were tested:
25 pg/ml for the cyclic amide 5D, 125 pg/ml for the cyclic
amide 7D, 62.5 pg/ml for the amide S3, 59 pg/ml for the cyclic
amide HD, and 1 pg/ml for azithromycin [11-13]. Azithromycin
chosen for comparison is a classic drug with a bacteriostatic
effect; its MIC,, for S. aureus is 0.01-2 pg/ml [18]. The test
tubes were placed into an incubator and left there for 5 days
at 37 °C. The growth of the microorganisms was regularly
monitored by examining the tubes macroscopically under
transmitted light. Additionally, the optical density of the culture
media was measured using a photoelectric colorimeter Apel
AP-101 (Energopromavtomatika; Russia). The measurements
were performed in 1 ml sterile cuvettes at 600 nm wavelength.
The optical density of the microorganisms cultured in the
presence of an antimicrobial compound was compared to the
optical density of the microorganisms cultured in the absence
of thereof. In total, 4 series of experiments were carried out.

The compounds tested in this work were derived from
substituted 4-, 6- and 7-aminoindoles. Their structural formulas
are provided below.

1. The cyclic amide with the laboratory code 5D is a derivative
of the substituted 4-amino-2-phenylindole 4-hydroxy-8-
phenyl-4-(trifluoromethyl)-1,3,4,7-tetrahydro-2H-pyrrolo[2,3-h]
quinoline-2-on

O
NH
CF
Ph

TZ o

5D
2. The noncyclic amide with the laboratory code S3 is a
derivative of substituted 6-aminoindole:

N-(1,5-dimethyl-2-phenyl-1H-indole-6-yl)-4,4,4-trifluoro-3-
oxobutanamide
Me

Ph
HN

o
:/
SN

F,C O

S3

3. The cyclic amide with the laboratory code 7D is a
derivative of substituted 6-aminoindole: 9-hydroxy-5-methyl-2-
phenyl-9-(trifluoromethyl)-1,6,8,9-tetrahydro-7H-pyrrolo[2,3-1]
quinoline-7-on

Me
N—ph
HN N
H
o OH
CF,
7D

4. The cyclic amide with the laboratory code HD is a
derivative of substituted 7-aminoindole 6-hydroxy-2,3-
dimethyl-6-(trifluoromethyl)-1,6,7,9-tetranydro-8H-pyrrolo[3,2-h]
quinoline-8-on

Me

HO Me

A\

N
F.C o
NH

0 HD

The names for the studied compounds were generated by
ACD/LABS Name Generator MarvinSketch 4.7.7.0. (ChemAxon
Ltd.; Hungary) according to the IUPAC nomenclature. The
structural formulas of the compounds were drawn in ISIS Draw
2.4. (MDL Information Systems; USA).

The obtained data were processed using the analysis
of variance. Significance of differences was measured by
Student’s t-test [16].

RESULTS

Bacterial growth was observed when the optical density (D) of
the culture media exceeded 0.21. The culture medium used as
a negative control (5 « 10° CFU/ml) was stored in a refrigerator
and had D = 0.0083.

In the control tubes, bacterial growth was visible to the
unaided eye 24 h following inoculation (Fig. 1). The optical
density of the culture medium (0.26 and above) was also
indicative of bacterial growth after 24 h of incubation (Table).
After two days of incubation, D reached 0.39; after 3 days,
0.51; after 4 days, 0.56; after 5 days, it was 0.6. Summing up,
the bacterial mass increased by 50%, 30%, 9%, and 7% after
2, 3, 4 and 5 days of incubation, respectively (Fig. 2). A decline
in growth rates can be explained by the depletion of nutrients in
the culture medium.

Azithromycin inhibited the growth of S. aureus for 3 days.
After 4 days of culture in the presence of azithromycin taken at
its MIC, visible bacterial growth was noticed macroscopically
under transmitted light (Fig. 3). The optical density of the
culture medium started to increase after 2 days of incubation
(see Table). The D value of the culture medium samples with
azithromycin differed significantly from that of the control
(o < 0.05). After 4 days of culture, the optical density of the culture
medium increased to 0.23-0.25, relative to its initial value, but
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bacterial growth still was significantly delayed throughout the
experiment in comparison with the control samples. Delayed
growth, which became noticeable only after day 4, suggests
the absence of a bactericidal effect. At the minimum inhibitory
concentration, azithromycin delays bacterial growth and has a
bacteriostatic effect.

During the first 24 h of incubation, no visible growth was
observed under transmitted light in the bacterial cultures
exposed to the cyclic amide HD. After 2 days of incubation, the
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situation did not change. After 3 days, turbidity appeared in all
the cultures exposed to the HD compound. The optical density
of the samples measured 24 h after inoculation suggests
the inhibition of S. aureus growth following exposure to the
HD compound (Table; Fig. 4). After 2 days of incubation, this
cyclic amide significantly inhibited bacterial growth (o < 0.05).
Throughout the entire experiment, the optical density of the
samples containing HD at the minimum inhibitory concentration
was lower than that of the control samples. This means that

0.7 1
o 0.6
= €
5 5 0.5 4
>0
=2 0.4 A
% €
° Q2 0.3
EE
= 3 0.2 1
@)
0.1 A1
0 T T T 1
day 1 day 2 day 3 day 4 day 5
Days of culture
Fig. 1. The optical density of the culture medium with S. aureus ATCC 6538-P throughout 5 days of culture
Table. The growth of S. aureus ATCC 6538-P that studied by the optical density of the culture medium
Exposure time
Days of Control Compounds 5 min 10 min 5 min 30 min 1h 2h 4h
measurements
Control 0.22 + 0.01 0.22 +0.02 0.25 + 0.04 0.26 + 0.02 0.23 + 0.05 0.27 +0.08 0.25 +0.02
Azithromycin 0.05 + 0.01* 0.05 +0.01* 0.05 + 0.01* 0.05 + 0.01* 0.07 + 0.03* 0.07 + 0.02* 0.06 + 0.01*
HD 0.07 £ 0.01* 0.07 + 0.02* 0.07+0.01* 0.08 + 0.03* 0.07 + 0.01* 0.06 + 0.02* 0.05 + 0.001*
Day 1 0.26 + 0.03
S3 0.12 + 0.02* 0.12 + 0.02* 0.10 + 0.01* 0.10 + 0.02* 0.09 + 0.03* 0.09 + 0.02* 0.09 + 0.02*
7D 0.07 + 0.02* 0.07 + 0.02* 0.07 + 0.01* 0.08 + 0.02* 0.06 + 0.01* 0.06 + 0.01* 0.06 + 0.01*
5D 0.010 +£ 0.001* | 0.010 + 0.001* | 0.010 + 0.001* | 0.010 + 0.003* | 0.010 + 0.001* | 0.010 + 0.001* | 0.010 + 0.002*
Control 0.38 + 0.07 0.38 + 0.09 0.38 +0.12 0.37 +0.08 0.43 + 0.09 0.39 + 0.04 0.44 + 0.01
Azithromycin 0.09 + 0.06* 0.09 + 0.05* 0.12 + 0.04* 0.15 + 0.02* 0.15 +0.01* 0.15 + 0.04* 0.11 £ 0.02*
HD 0.18 + 0.04* 0.18 + 0.02* 0.15 + 0.03* 0.14 + 0.03* 0.09 + 0.01* 0.08 + 0.01* 0.07 + 0.02*
Day 2 0.39 + 0.06
S3 0.25 + 0.02 0.27 +0.02 0.24 +0.03 0.20 + 0.01* 0.19 + 0.03* 0.20 + 0.01* 0.20 + 0.01*
7D 0.15 + 0.04* 0.15 + 0.02* 0.14 + 0.03* 0.19 + 0.04* 0.15 + 0.02* 0.15 +0.01* 0.13 £ 0.03*
5D 0.011 £ 0.002* | 0.012 + 0.001* | 0.012 + 0.002* | 0.011 +0.002* | 0.011 +0.001* | 0.011 + 0.003* | 0.011 + 0.002*
Control 0.45 + 0.02 0.45 + 0.04 0.48 + 0.02 0.49 + 0.08 0.51 +0.03 0.46 + 0.02 0.51+0.01
Azithromycin 0.13 £ 0.07* 0.13 + 0.05* 0.17 + 0.02* 0.20 + 0.01* 0.20 + 0.01* 0.19 + 0.02* 0.18 + 0.02*
HD 0.28 + 0.11 0.28 + 0.08 0.28 + 0.02 0.24 + 0.05* 0.22 + 0.03* 0.21 + 0.04* 0.23 + 0.02*
Day 3 0.51 +0.05
S3 0.32 + 0.1 0.32 + 0.07 0.34 + 0.04 0.29+0.5 0.29 + 0.04 0.27 + 0.05 0.26 + 0.03
7D 0.18 + 0.03* 0.18 + 0.02* 0.17 + 0.01* 0.25 + 0.04 0.20 + 0.01* 0.19 + 0.01* 0.18 + 0.01*
5D 0.014 £ 0.002* | 0.013 + 0.003* | 0.014 + 0.003* 0.02 + 0.007* 0.014 + 0.002* 0.02 + 0.002* 0.02+0.002*
Control 0.53 + 0.01 0.53 +0.03 0.56 + 0.03 0.56 + 0.01 0.58 + 0.01 0.54 + 0.01 0.57 + 0.01
Azithromycin 0.24 + 0.05* 0.25 + 0.03* 0.27 +0.07 0.33 +0.03 0.34 + 0.02 0.25 +0.038 0.23 + 0.03*
HD 0.35 + 0.09 0.35+0.12 0.36 + 0.09 0.36 +0.10 0.32 + 0.07 0.36 + 0.09 0.30 + 0.06
Day 4 0.56 + 0.02
S3 0.42 +0.03 0.42 + 0.04 0.39 + 0.02 0.36 + 0.03 0.35 + 0.06 0.35 +0.04 0.33 + 0.04
7D 0.27 +0.02 0.27 + 0.04 0.27 + 0.06 0.33 +0.03 0.33 + 0.04 0.25 + 0.03 0.23 + 0.01*
5D 0.03 + 0.007* 0.03 + 0.008* 0.03 + 0.003* 0.04 + 0.011* 0.07 + 0.013* 0.07 + 0.01* 0.09 + 0.01*
Control 0.54 +0.03 0.54 + 0.05 0.57 +0.03 0.57 + 0.01 0.59 + 0.01 0.55 + 0.04 0.58 + 0.03
Azithromycin 0.25 + 0.05* 0.26 + 0.02* 0.28 + 0.09 0.38 + 0.1 0.36 + 0.06 0.26 + 0.02* 0.25 + 0.01*
HD 0.43 +0.05 0.43 + 0.09 0.43 + 0.06 0.53 + 0.05 0.43 + 0.09 0.46 + 0.04 0.37 £ 0.9
Day 5 0.60 + 0.02
S3 0.43 + 0.06 0.43 +0.05 0.40 +0.13 0.37 + 0.11 0.36 + 0.07 0.35 + 0.04 0.35+0.03
7D 0.31 +0.12 0.31 + 0.09 0.31 + 0.04 0.42 + 0.05 0.35 + 0.02 0.31 £+ 0.03 0.25 + 0.02*
5D 0.04 + 0.009* 0.04 + 0.01* 0.06 + 0.012* 0.07 + 0.011* 0.08 + 0.002* 0.09 + 0.01* 0.11 £ 0.01*

Note: * — differences from the control samples are significant at p < 0.05.
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MIC of the HD compound delays bacterial growth and has a
bacteriostatic effect.

On day 1 of incubation, no visible growth was observed
under transmitted light in the samples exposed to the S3
compound. After two days of incubation, there was visible
growth in the tubes containing cultures exposed to amide S3 for
5,10 and 15 min; no visible macroscopic growth was observed
in the remaining tubes. On day 3, turbidity was noticed in the
tubes. The S3 amide significantly delayed bacterial growth
on days 1 and 2 of culture (p < 0.05) (Table; Fig. 5). In the
following few days, the rates of D growth demonstrated a
gradual decline in comparison with the control samples. A
2-day delay in the bacterial growth suggested the absence
of a bactericidal effect. Thus, the S3 compound used at the
minimum inhibitory concentration delays bacterial growth and
has a bacteriostatic effect.

The cultures exposed to the 7D compound demonstrated
no visible growth under transmitted light during the first 24 h of
incubation. After 2 days of culture, the situation did not change.
After 3 days of culture, turbidity was noticed in the colonies
exposed to the 7D compound for 30 min. After 4 days, turbidity
became macroscopically visible in all the cultures from this
series of samples. The optical density of the samples exposed
to the 7D compound was decreasing significantly for 3 days
following the onset of incubation, as compared to the controls

(Table; Fig. 6). Throughout the experiment, bacterial growth
was significantly delayed in the samples exposed to the 7D
compound. Thus, the MIC of the cyclic amide 7D delays
bacterial growth and has a bacteriostatic effect.

Throughout the experiment, no bacterial growth was
noticed under transmitted light in the colonies exposed to the
compound 5D. The optical density of the inoculated culture
medium indicated inhibition of the tested S. aureus strain
throughout 5 days of incubation (Table; Fig. 7). The D value of
the samples was significantly different from that of the control
tubes (p < 0.05) throughout the experiment, but still tended
to increase. Perhaps, the concentration of the 5D compound
in the culture was close to bactericidal. We conclude that
the cyclic amide 5D delays bacterial growth and has a
bacteriostatic effect.

Summing up, the cyclic amide 5D derived from 4-amino-
phenylindole, the amide S3 and the cyclic amide 7D derived
from substituted 6-aminoindoles, as well as the cyclic amide
HD derived from substituted 7-aminoindoles, delayed the
growth of S. aureus ATCC 6538-P for at least 1 day. Apart
from the S3 compound, the studied compounds continued
to inhibit bacterial growth on day 2 of culture. Visible bacterial
growth and an increase in the optical density of the culture
medium were observed after 48 h of incubation in the tubes
exposed to the compound S3 for 5, 10 and 15 min. After 3
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Fig. 2. The optical density of the culture medium with S. aureus ATCC 6538-P after exposure in the physiological saline during 5 days of culture
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Fig. 3. The optical density of the culture medium with S. aureus ATCC 6538-P after exposure to azithromycin
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Fig. 5. The optical density of the culture medium with S. aureus ATCC 6538-P after exposure to the compound S3

days of incubation, visible bacterial growth was observed in
all the tubes exposed to the compounds HD and S3. After
4 days of incubation, visible bacterial growth was observed in
the samples exposed to the compound 7D. No visible growth
of S. aureus ATCC 6538-P was noticed throughout 5 days of
the experiment in the samples exposed to the compound 5D,
although the optical density dynamics suggested an increase in
the bacterial population.

The type of antimicrobial action of the studied compounds
synthesized from substituted 4-, 6-, 7-aminoindoles that have
the strongest antimicrobial effect is comparable to that of
azithromycin, a classic antibiotic with a bacteriostatic effect.

DISCUSSION

Over the past decades, the chemistry of indoles and their
derivatives has been in the focus of experimental research.
Indoles are basic components of many natural and synthetic
compounds that possess a physiological activity, such as
tryptophan or serotonin, a biogenic amine. Aminoindoles with
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an amino group in the benzene ring arouse particular interest.
Like any other aromatic amines, these compounds have a
lot of derivatives with an amino group component [12-13].
Previously, we studied interactions between [3-dioxycompounds
and substituted aminoindoles with different positions of the
amino group in the benzene ring. We developed methods for
the synthesis of 16 aminoindoles and their 32 derivatives —
indolilamides, enamines and pyrroloquinolines. Their MIC and
spectra of antimicrobial activity were also determined.

While studying a novel antimicrobial compound, it is
important to determine its minimum inhibitory concentration,
identify the type of antimicrobial activity or its range, explore
the mechanism underlying the biological effect, etc. The type
of antimicrobial activity is usually determined by comparing
MIC and minimum bactericidal concentrations (MBC); such
method allows researchers to only arbitrarily classify a new
compound based on its effect on the bacterial cell [16]. The
method applied in this study involves the use of brief exposures
to the compound in question [15]; it allowed us not only to
identify the type of antimicrobial activity but also to prove that
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Fig. 7. The optical density of the culture medium with S. aureus ATCC 6538-P after exposure to the compound 5D

the synthesized compounds retain their antimicrobial properties
regardless of the duration of exposure, the properties of
the medium or the activity of microorganisms themselves.
Throughout the experiment, the growth of S. aureus ATCC
6538-P was generally delayed following exposure to any of
the studied compounds, although the optical density of the
bacterial population may have been increasing. Considering
the proven bacteriostatic effect of the compounds used at
minimum inhibitory concentrations, we hypothesize that
the mechanism underlying the antimicrobial effect of 4-, 6-,
7-aminoindole derivatives does not involve a possible effect on
the cell wall or the cytoplasmic membrane that eventually leads
to cell death. Perhaps, the studied compounds have a certain
effect on the DNA of the bacterial cell (DNA damage or any

additional mechanism that is not accompanied by DNA breaks)
or on protein synthesis. In the next step, we are planning to
study the mechanisms underlying the antimicrobial activity of
4-, 6-, 7-aminoindole derivatives.

CONCLUSIONS

We have proven that derivatives of substituted benzaminoindoles
used at minimum inhibitory concentrations produce a
bacteriostatic effect and delay the growth of S. aureus ATCC
6538-P. Our findings encourage us to continue research into
the synthetic derivatives of 4-, 6-, 7-aminoindoles and the
feasibility of their application as antimicrobial agents in clinical
practice.
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DYNAMICS OF HEMOSTASIS PARAMETERS AND ENDOTHELIAL DYSFUNCTION MARKERS
IN PATIENTS WITH THERMAL INJURY

Morrison VW', Bozhedomov AYu? =

' Saratov State Medical University, Saratov, Russia
2 Pirogov Russian National Research Medical University, Moscow, Russia

Burn injuries kill thousands of people. The aim of this study was to investigate the dynamics of systemic inflammatory response parameters, endothelial dysfunction
markers and hemostasis impairment in patients with thermal burn injuries. The study was conducted in 51 patients aged 16 to 80 years presenting with moderate
to severe thermal burns. The systemic inflammatory response was assessed based on the levels of tumor necrosis factor a (TNFa), a number of interleukins (IL6,
IL12), the C-reactive protein, and the monocyte chemoattractant protein 1 (MCP-1). Hemostatic impairments were inferred from the results of coagulation tests
that measured the activated partial thromboplastin time (APTT), the prothrombin index (Pl), the prothrombin time (PT) and the platelet count. Endothelial dysfunction
was analyzed based on the levels of vascular endothelial growth factor (VEGF), total endothelin (TE) and circulating endothelial cells. The dynamics of the listed
parameters were studied over 45 days following the injury. Endothelial dysfunction markers peaked on days 3-15 (VEGF 828.9 + 993.2 pg/mL, TE 3.0 + 1.7 fmol/mL,
CEC6.4+£6.010%, IL6 264.4 + 131.2 pg/mL, TNFa 41.4 + 111.9 pg/ml, C-reactive protein 128.3 + 52.4 nmol/mL). Coagulation was significantly impaired during
the same period (APTT 41.4 + 17.7 s, P 83.6 + 15.4%, PT 22.3 + 10.0 s). By day 30-35, blood concentrations of proinflammatory cytokines and inflammation
mediators had declined (TNFa 3.9 + 9.6 pg/mL, IL6 49.0 + 35.9 pg/mL, C-reactive protein 81.9 + 341 nmol/ml); in that phase, the coagulation potential was
continuing to decrease (APTT 51.8 + 34.1 s, P11 82.9 + 19.4%, PT 24.9 + 21.4 s). The study demonstrates that damage to the endothelium results from both injured
tissue breakdown and inflammation mediators. The risk of thromboembolic and hemorrhagic complications is the highest on days 7 through 15 following thermal
injury. Further research is needed to study the mechanisms of endothelial damage in patients with thermal burns.

Keywords: burns, endothelial dysfunction, hemostasis, hypocoagulation, systemic inflammatory response
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OVHAMUKA MOKASATEJIEW TEMOCTASA U SHOOTEJIMANIbHON ANCOYHKLUUN
MPU TEPMUYECKOW TPABME

B. B. MoppucoH', A. HO. Boxxegomor? =

T CapaToBCKMiN rocyapCTBEHHbIN MeONLMHCKIIA yHUBEpCUTeT nMmeHn B. V1. Padymosckoro, Capatos, Poccuist
2 POCCUNCKMIA HAUMOHaTbHBIN MCCNefoBaTENbCKUIN MeVLIMHCKWIA yHBepCUTET UMmeHn H. . Muporosa, Mocksa, Poccust

O>Koru oCTatoTCS MPUYNHOM CMEPTHOCTU COTEH ThbicAH ofeit. Liensto paboTbl 6bI10 M3y4nTb AMHAMVKY MSMEHEHWI MoKa3aTenen CUCTEMHOM BOCMaMTENbHOM
peakunmn, aHAOTENNATBHOM ANCHOYHKLMI 1 HAPYLLEHWI reMocTada y MoCTPafaBLUMX OT OXXOroB. Y 51 nauyeHTa B Bo3pacTe 16-80 neT ¢ TepMUHECKV MU OXXOrami
cpenHel 1 TSKenow CTemneHel n3ydani BbIpaXKEeHHOCTb CUCTEMHOIO BOCMANEHMs MO YPOBHAM hakTopa Hekposa onyxonm o (PHOa), nHTenenkmHos (IL6, 1L12),
C-peaKTVBHOro NpoTerHa, MOHOLMTaPHOMO XeMoaTTpakTaHTHoro npotenHa-1 (MCP-1). CocTosiHMe reMocTasa OLeHBa Ha OCHOBaHWMN KOarynoMeTPUHECKIX
1CCNefoBaHWiA (aKTMBMPOBaHHOE MapLmanbHoe TpoMbonnacTnHoBoe Bpemst (AMTB), npotpomounHoBbIn nHAEKC (TMTTU), mpotpombuHosoe Bpems (MTB) u
[p.), KonmyecTsa TPOMOOLMTOB; AUCHYHKLMIO SHAOTENUS — MO YPOBHSM BaCKYO3HAOTENManbHoro poctoBoro axktopa (VEGF), obuiero aHpotenvHa (3T),
LIIPKYAIVIPYIOLLIMX SHAOTENManbHbIX KNETOK. MokasaTteny ndyy4anm B anHamuke Ha 1-45-e CyTKM C MOMEHTa MOoSly4YeHUst TPaBMbl. HanbonbLLyto BbID&XKEHHOCTb
ONCHYHKLMN SHOOTENNA 1 BOCMAIMTENBHOW peakumn BoisBumm Ha 3—-15-e cytku (VEGF 828,9 + 993,2 nr/mn, obwmn sHootenvH 3,0 + 1,7 dmone/ma, LIGK
6,4 + 6,0 « 10%/n, IL6 264,4 + 131,2 nr/mn, PHOa 41,4 + 111,9 nr/mn, C-peakTvBHbIN 6enok 128,3 + 52,4 HMonb/Mn). B aTOT e nepuof, 6biNo 0TME4eHo
BbIP&XKEHHOE yrHeTeHne koarynaumm (A9TB 41,4 + 17,7 ¢, MTW 83,6 + 15,4%, MTB 22,3 + 10,0 c¢). K 30-45-M cyTkam NpoMCXOAno yMeHbLLEHNE KOHLEHTPaUMM
MPOBOCMAMTENBHbIX LIUTOKMHOB 1 MeAMaTopoB BocnaneHusi B kposu (PHOa 3,9 + 9,6 nr/mn, IL6 49,0 + 35,9 nr/mn, C-peakTnBHbii 6enok 81,9 + 34,1 HMonb/mn)
1 fanbHelLee CHIKEHNEe KoarynsiLMOoHHOrO noTeHumana kposu (AHTB 51,8 + 34,1 ¢, MTIN 82,9 + 19,4%, MTB 24,9 + 21,4 c). OTMeYEHO CHIKEHVe NnokasaTenei
remMokoarynaumn. INokasaHo, YTO MPOVCXOAMT MOBPEXAEHVE SHAOTENMS COCYAOB Kak MPOoAykTamu, nonafaiolMn U3 OXKOroBbIX paH, Tak v Measatopamu
BOCMaMTENBHON peakumn. PUCK TPOMBOIMOONNHECKNX 1 FEMOPPArnHECKX OCNIOKHEHNUIA MakKCUManeH ¢ 7-x No 15-e cyTkn oxxoroBot 6onesHn. Tpebytotcs
[anbHelwne bonee AeTanbHble NCCNEA0BAHNS MEXaH3MOB MOBPEXAEHNS SHAOTENNS MPU OXOrax.

KntoueBble cnoBa: OXorv, aHAoTennanbHas ANCAYHKLMA, reMocTas, MnoKoarynsaums, CUCTEMHasA BOCNaUTENbHAA peakumsa
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There is increasing evidence of a complex interplay between
systemic inflammation, hemostasis and endothelial dysfunction
observed in severe pathology [1]. Burn injuries are not an
exception, especially when the burn size exceeds 10% of
total body surface area. The primary cause of death in burned
patients is multiple organ dysfunction syndrome (MODS)
resulting from the inability of adaptation mechanisms to cope
with severe trauma-induced stress, hypermetabolism and
damage done by the toxic products of tissue destruction [2, 3].
Although the pathophysiology of burn injury is relatively well
studied, burns still kill thousands of people each year, posing a
significant economic burden.

MODS is driven by a cytokine storm resulting from
hyperproduction of cytokines. This phenomenon leads to
systemic endothelial damage, disrupts microcirculation and
transcapillary exchange [4, 5]. Therefore, endothelial dysfunction
should be regarded as an important MODS manifestation and
its contributor [6].

This study aimed to investigate the dynamics of hemostasis,
systemic inflammatory response and endothelial dysfunction
markers in patients with thermal injury.

METHODS

This prospective study was conducted in 51 patients (37 males
and 14 females) aged 16 to 80 years undergoing treatment
at Saratov Center of Thermal Injuries. The mean age of the
participants was 40.5 + 36.2 years (M + o). The study included
patients with fire or scald burns with a prognostic index over
30 calculated as an area of small first to third degree burns
+ 3 areas of deep third to fourth degree burns (the index was
proposed by G. Frank in 1960). On average, the Frank index
was 80.1 + 63.2 (M £ o). The following exclusion criteria were
applied: age under 16 and over 80 years (age significantly
affects the organism’s response to thermal injury); electrical
or inhalation injury (the lesion size did not correlate with the
severity of the condition); pregnancy; clinically uncompensated
comorbidities at the time of admission. The death rate among
the patients was 37%.

The patients were brought to the hospital within 1 h to 3 days
after sustaining injury. Their serum samples were collected
and assayed for endothelial dysfunction biomarkers, including
vascular endothelial growth factor (VEGF) (reagents by
Biosource, EuropeS.A; Belgium), monocyte chemoattractant
protein 1 (MCP-1) (reagents by Vector Best; Novosibirsk) and
total endothelin (reagents by BiomedicaGruppe; Austria). ELISA
assays were performed in a StatFax 2100 microplate reader
(Awareness Technology Inc.; USA). We also measured the
levels of IL6, IL12 and tumor necrosis factor a (TNFa) using the
kits by Biosource, EuropeS.A, Belgium. Circulating endothelial
cells (CEC) were counted by phase-contrast microscopy
using a method proposed by J. Hladovec and modified by
N. Petrischev [7]. The severity of inflammation was inferred
from C-reactive protein (CRP) levels measured by solid-phase
enzyme immunoassay (Vector Best; Novosibirsk). Hemostasis

Table 1. Markers of endothelial dysfunction

dynamics were assessed based on fibrinogen levels, the
prothrombin time (PT), the prothrombin index (PI), the activated
partial thromboplastin time (APTT), and platelet count. Some
factors of endothelial dysfunction are described in Table 1.

Fasting blood samples were collected from central or
peripheral veins at 8 am. The tests were performed on days
1, 3, 5, 15, 30, and 45 following the injury. The number of
patients fluctuated at different stages of the study because
some of them were admitted to the hospital later than 1 day
after the injury, some were discharged when their condition
had improved, and some died. All of them received treatment
according to the standard procedures for burn care adopted
in the hospital.

Blood samples of 20 healthy volunteers were used as a
control. Of those individuals, 12 were men and 8 women with a
mean age of 37.5 + 18.4 years.

Statistical analysis

The obtained data were processed in Statistica v10.0 (StatSoft;
USA) and expressed as a mean and a standard deviation from
the mean (M + o). The groups were compared using Student’s
t-test, which is usually applied to the samples with normal
distribution. Differences were considered significant at p < 0.05,
a standard value used in medical and biological research. The
distribution type was determined by the Shapiro-Wilk test. The
distribution in the sample was considered normal at p > 0.05.

RESULTS

Coagulation parameters were quite stable during the entire
post-injury period. Over time, though, Pl started to decline
gradually, whereas PT and APTT started to grow. This may
have been caused by the depletion of protein reserve, infusion
therapy and antithrombotic agents.

The levels of fibrinogen, one of the acute-phase
proteins, peaked on day 7 (5.6 = 2.2 g/L) during the acute
autointoxication phase.

The dynamics of platelet levels were different. The highest
platelet count was observed on days 15 through 30 (5655.3 +
344.9 « 10%L). Platelets were also significantly elevated in the
survivors, in contrast to non-survivors.

The most pronounced hemostatic changes were seen
during the acute autointoxication phase or sepsis (days 7
through 15). That period was marked by hypercoagulation and
an increasing risk of thromboembolic complications (Table 2).

The highest concentrations of proinflammatory cytokines
and acute-phase mediators (TNFa, CRP, IL6) were observed on
days 3 through 7, corresponding to the acute autointoxication
phase of the burn injury (Table 3).

In contrast, the levels of IL12, which stimulates proliferation
and differentiation of lymphocytes, reached their peak in the
recovering patients (131.3 + 70.7 pg/mL) and demonstrated
the lowest values in the acute autointoxication phase or sepsis
(85.7 = 22.9 pg/mL).

Name Description
A potent angiogenic and mitogenic factor; its levels rise in response to hypoxia or cancer, during wound healing or gestosis. It is secreted
VEGF N N
by endothelial cells, macrophages, fibroblasts, and some other cells [8]
CEC CEC levels rise in response to vascular endothelial damage, increased necrosis of endothelial cells, hypoxia, sepsis, sever intoxication,
atherosclerosis, other cardiovascular diseases, and gestosis [9]
ET is involved in the local regulation of vascular tone. It is an antagonist of endothelium-derived relaxing factor NO and an indirect indicator
Endothelin of its activity. Contributes to the progression of cardiovascular pathology and is involved into blood flow centralization during massive
blood loss. ET is secreted by endothelial cells [10, 11]
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Monocyte chemoattractant protein 1 (chemokine) is secreted
by a variety of cells, including fibroblasts, endothelial cells and
macrophages and recruits monocytes to an inflammation site.
MCP-1 had two peaks: during acute autointoxication (381.7 +
560.49 pg/mL) and during recovery (514.7 + 740.9 pg/mL).
The second peak was more pronounced.

The highest concentrations of endothelial dysfunction
markers were observed on days 3-7. On day 7, VEGF rose
30-fold, in comparison with the controls (828.9 + 993.2 pg/mL).
That period was also marked by an elevated blood plasma count
of desquamated endothelial cells (as high as 5.9 + 6.0 « 10%/L;
Table 4). This suggests acute hypoxia of the endothelium, its
intense desquamation and increased apoptosis or necrosis.

The concentrations of cytokines and endothelial dysfunction
markers were compared in the patients with normal coagulation
and coagulopathy. Hypocoagulation was inferred from APTT >
35 s and Pl < 85% (Tables 5, 6). Decreased coagulation co-
occurred with significantly increased levels of acute-phase
proteins (CRP, IL6, TNFa), VEGF, CEC, and low (in comparison with
patients with normal coagulation) IL12, MCP-1, and endothelin.

Table 2. Hemostasis dynamics in patients with burn injuries, M + o

ORIGINAL RESEARCH | PATHOPHYSIOLOGY

DISCUSSION

We have found that a rise in the levels of proinflammatory
cytokines co-occurs with coagulopathy and an increase in
endothelial dysfunction markers. Previously, we studied cytokine
concentrations in patients with thermal burn injuries of different
severity and noticed that endothelial dysfunction markers
followed a phase pattern. Those markers rose significantly in
patients with mild and moderate burns, peaked in patients with
severe but not fatal burn injuries, and declined in the end stage
of MODS in non-survivors [12]. It is known that endothelial
dysfunction triggers activation of prothrombotic mechanisms
and increases coagulability, promoting disseminated
intravascular blood coagulation. Compromised vessel wall
integrity results in the hyperproduction of endothelin, which
stimulates activation of all phases of hemostasis; endothelin
levels rise in patients with severe trauma [13, 14].

Our findings suggest that the levels of proinflammatory
cytokines and endothelial dysfunction factors in severe burn
injuries are inversely proportional.

Day 1 Day 3 Day 7 Day 15 Day 30 Day 45 Controls
Parameter n=>50 n=51 n=49 n=40 n=236 n=19 n=20
APTT s 39.6+25.4 M4£177 419+253 40.2+27.0 5045314 51.8+34.1 262428
(p, = 0.02) (p=0.5; p, = 0.05) (p=0.88; p, = 0.03 (p=048;p,=027) | (p=0.001;p =0.03" | (o=0.80;p,=0.04y
Pl 90.9 = 14.1 86.5+13.3 83.6+15.4 83.1 165 823175 82.9+19.4 1011563
h (p, = 0.25) (p=0.03;p =002/ | (p=0.09; p =0.01y (p=0.86; p, = 0.01)¢ (p=0.07; p, = 0.01) (p=0.82; p, = 0.03)" A0
T s 195+ 6.3 22.2+17.6 22.3+10.0 21.8+8.0 24.9+21.4 22.9+135 1264 0.9
' (p, = 0.04) (p=0.22; p, = 0.04y p=0.82; p_=0.03) (p=096; p, = 0.01) (p=0.11; p, = 0.04) (p=0.52; p, = 0.04y 00
Fibrinogen, 3414 5220 56+2.2 50+ 2.1 47:18 4217 335069
gL (p,=0.11) (p=0.001; p,=0.04y | (p=043;p =0001¢ | (p=006;p, =0.001) | (p=0.22;p,=0.001) (p=0.03; p, = 0.05) ke
Platelets, 319.6 +197.0 209 + 122.9 316.0+214.6 555.3 + 344.9 467.8 = 237.9 454.3+294.4 0304 29949
o 10°/L (p,=0.27) (p=0.001; p, =047 | (p=0.001;p,=009)" | (0=0.001;p, =004 | (p=0.04;p,=0.03"* (p=0.03; p, = 0.03) i

Note: p — the specified and the previous stages of the study are compared; * — the differences between the specified and the previous stages of the study are
significant (o < 0.05); p, — the patients compared to the controls at the specified stage of the study; © — the differences between the patients and the controls are

significant (p < 0.05).

Table 3. Cytokine dynamics in patients with burn injuries, M + @

Day 1 Day 3 Day 7 Day 15 Day 30 Day 45 Controls
Parameter n=50 n=51 n=49 n=40 n=36 n=19 n=20
TNFa. pa/mL 42.3 +46.6 32.2+99.3 4141119 17.8 +47.9 39+9.6 82=+121 02403
' P9 (b, = 0.04) (p=0.79; p, = 0.03) (p=0.85; p, = 0.02) (p=0.45; p = 0.03) | (p=0.26; p =0.003) | (p=0.30; p, =0.01) e
IL6, 1141 +172.8 264.4 +131.2 203.8 + 180.9 67.8 +63.4 49.0 +£35.9 68.9 + 66.3 42 +34
pg/mL (b, = 0.008) (p=0.05; p_=0.001) (p=10.39; p,=0.001)¢ (p=0.07; p,=0.001) | (p=0.51;p,=0.001) | (p=0.51; p =0.001) .
IL12, 46.9 +53.8 39.4 +32.9 35.7+£22.9 549+41.0 81.83 +50.0 131.3+70.7 31432
pg/mL (b, = 0.001)< (p=0.63; p, = 0.001) (p=0.45; p,=0.001) | (p=0.03; p,=0.001)* [ (p=0.06;p, =0.001) | (p=0.02; p, =0.001)< T
C-reactive protein, 43.2 + 46.6 128.1 + 49.6 128.3 + 52.4 85.1 +41.7 81.9 + 34.1 110.3 £ 57.7 19411
nmol/mL (p, = 0.001)< (p=0.001; p,=0.001)* [ (p=0.93; p =0.001) | (p=0.001; p, =0.001)" | (p=0.79; p_=0.001) [ (p=0.08; p_=0.001) T
MCP-1. po/ml 198.9 + 191.7 319.1 £ 238.3 381.7 + 560.49 229.9 +210.3 287.1 £231.9 514.7 + 740.9 141+365
P9 (b, = 0.001)¢ (p=0.04; p_=0.001) (p=0.5; p_=0.009) (p=0.11; p =0.001) [ (p=0.29; p,=0.001) | (p=0.11; p = 0.009) I

Note: p — the specified and the previous stages of the study are compared; * — the differences between the specified and the previous stages of the study are
significant (o < 0.05); p, — the patients compared to the controls at the specified stage of the study; © — the differences between the patients and the controls are

significant (p < 0.05).

Table 4. Dynamics of endothelial dysfunction markers in patients with burn injuries, M + o

Day 1 Day 3 Day 7 Day 15 Day 30 Day 45 Controls
Parameter n=50 n=51 n=49 n=40 n=36 n=19 n=20

VEGF, 546.4 + 692.8 476.4 + 626.9 828.9 + 993.2 544.4 + 570.9 505.6 + 551.1 958.1 + 1025.6 287 1 157

pg/mL (0,=002¢ | (p=068;p,=0.003 | (p=0.06;p,=0.001) | (p=0.11;p,=0.001) | (p=0.77; p,= 0.001) | (p=0.04; p,=0.001y | 271>
Endothelin, 32:32 30£17 297 £1.32 24412 23+1.1 2413 042504

fmol/mL (p,= 0001y | (p=088;p =000t | (p=076;p =0001y | (p=0.11;p =0001y | (p=0.71:p =000y | (p=0.93; p =000y | *42*0:

33:25 47:33 59+4.9 6.4+6.0 37+3.1 29:16
.
CEC, 101 (b, = 0.48) (p=009;p,=005 | (p=028p =003 | (p=062;p =00d¢ | (p=002p =029 | (p=033p =078 | 28*19

Note: p — the specified and the previous stages of the study are compared; * — the differences between the specified and the previous stages of the study are
significant (o < 0.05); p, — the patients compared to the controls at the specified stage of the study; * — the differences between the patients and the controls are

significant (o < 0.05).
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Table 5. Differences in the values of blood coagulation parameters in burn patients with normal coagulation and coagulopathy, M + o

Group

APTT, s

PT, s

Pl, %

Fibrinogen, g/L

Platelets, « 10%/L

Normal coagulation

31.3+29

19.0 + 3.6

89.1+13.4

42+12

391.5+215.4

Hypocoagulation

54.5 + 27.9 (p = 0.001)*

20.9 = 5.0 (p = 0.01)"

81.8 + 12.8 (p = 0.001)*

4.9 +1.4 (p=0.001)"

391.2 + 216.9 (p = 0.99)

Note: * — the difference between the two groups is significant (o < 0.05).

Table 6. Differences in the levels of cytokines and endothelial dysfunction markers in burn patients with normal coagulation and coagulopathy, M + o

Group CRP, nmol/mL IL6, pg/mL TNF, pg/mL | IL12, pg/mL | MCP-1, pg/mL | VEGF, pg/mL ET, fmol/mL CEC, « 10%/L
Normal coagulation | 75.0 + 49.1 50.3 + 63.9 9.1+285 | 68.6+556 | 308.2+231.6 | 5785+523.9 | 296+27 4.4+36
Hybocoagulation 97.4+47.7 | 14521383 | 455+ 114.3 | 48.3+46.4 | 252.8+238.2 | 712.3+7450 | 2.41=1.3 5.0+ 4.9
ypocoag (p = 0.04)* (p =0.35) (p=0.10) (o =0.08) (o =0.26) (p = 0.35) (p=0.21) (p=0.37)

Note: * — the difference between the two groups is significant (o < 0.05).

Cytokines stimulate production of free radicals, lysosomal
enzymes and cationic proteins by phagocytes and cytotoxic
lymphocytes and activate humoral factors (complement
components, properdin, kinins), causing endothelial dysfunction.
In response, endothelial cells secrete autocrine and paracrine
regulatory factors, such as VEGF and endothelin. When
activated by proinflammatory cytokines, endothelial cells
increase expression of adhesion molecules and launch
degranulation of Weibel-Palade bodies (vesicles inside a
vascular endothelial cells), thereby destabilizing the endothelial
lining, reducing resistance to blood clotting and increasing
permeability of blood vessels [15]. Damage to the vascular
endothelium results in excessive cell desquamation. Growing
VEGF concentrations aim to regulate neoangiogenesis in
response to the endothelial damage induced by hypoxia in the
acute autointoxication phase of burn injury and to promote
tissue regeneration in the recovery period (days 30-45) [13].
Most likely, the function of the inducible NO synthase is also
altered significantly, because there is evidence that blood NO
metabolites decline following thermal injury [16]. Therefore, a
rise in endothelin levels could be compensatory. Also, there are
reports that this factor participates in blood flow centralization
in other severe pathologies [10].
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OSTEOARTHRITIS OF THE KNEE IN THE ELDERLY: IS KNEE REPLACEMENT ALWAYS JUSTIFIED?
Lychagin AV, Garkavi AV B, Meshcheryakov VA, Kaykov VS

Faculty of General Medicine, |. M. Sechenov First Moscow State Medical University, Moscow, Russia

Osteoarthritis is a condition that mostly affects the elderly population and tends to be localized to the knee joint. At old age, active treatment options are limited by
co-morbidities and a higher risk for surgical complications. Therefore, the search for strategies that could become a temporary alternative to knee replacement is
a pressing concern. The aim of this study was to analyze how justifiable is total knee replacement in elderly patients with knee osteoarthritis and to propose a less
aggressive therapeutic alternative to this surgery. The study included 178 patients over 60 years of age with clinically established knee osteoarthritis who had been
previously recommended knee replacement but chosen not to undergo it. The choice of a treatment strategy tested in the study was based on the original grading
scale for the evaluation of the knee joint dislocation syndrome. The treatment consisted of therapeutic arthroscopy and intraarticular injections of hyaluronic acid
and platelet-rich plasma (PRP). The data were processed in Statistica 12. Data analysis revealed that 39.3% of the participants did not have compelling indications
for knee replacement. The proposed combination therapy with intraarticular PRP injections and arthroscopy allowed all the patients to delay knee replacement for
at least a year; unaided by arthroscopy, intraarticular injections worked well for only 40%.

Keywords: knee arthroplasty, total knee replacement, arthroscopy of the knee, intraarticular injection
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OCTEOAPTPO3 KOJIEHHOI O CYCTABA Y NMOXWJIbIX — BCErAA J1n ONPABOAHO
AHOOMNMPOTE3NPOBAHUE?

A. B. JlbidarvH, A. B. Tapkasn &2, B. A. Mewepsikos, B. C. Kalikos
JleqebHbIn hakynsTeT, [1epBbit MOCKOBCKUIA FOCYAaPCTBEHHbIN MEAVLIMHCKWIA yHBepcuTeT nmenn . M. CeveHoa (CeveHoBckuin YHBepcuTeT), Mocksa, Poccus

OcTeoapTpo3 — 3abosieBaHie NMPeVMyLLECTBEHHO NOXWIbIX JIOAEHR, 1 MO NIOKaIM3aLUmn Nepeoe MECTO YBEPEHHO YAEPXKMBAET KOMEHHbI cycTas. VIMeHHO B
MOXWIIOM 1 CTapHECKOM BO3PAacTe BO3MOXHOCTb aKTVBHOMO fleHeHNs MaLnMeHTOB C roHapTPO30M OrpaHnyeHa nx NoMMOpPGUOHOCTHIO, & TakKe MOBbILLIEHHbIM
orepauvoHHbIM PYCKOM. [103TOMy BECbMa aKTyasieH MOVCK METOAVK JiedeHIsl, CNOCOBHbIX XOTst Bbl HA BPEMs CTaTb a/lsTepPHATVBOM SHOOMPOTE3MPOBAHNIO
KoneHHoro cycrasa. Llenbto vccnegoBaHyst Gbi1o NpoaHaManpoBaTh OnpaBaaHHOCTL onepaLn aHAOMPOTE3NPOBaHYISI KONIEHHOMO CycTasa y MauvieHTOB
MOXXNJIOrO ¥ CTapPHECKOro Bo3pacTa C roHapTPO30M 1 padpaboTaTb KOMMIEKCHYIO CUCTEMY NEeYEHIs, COXPaHsItoLLYto cycTaB. B nccnenosaHnmn yqactsosany 178
naumeHToB cTaplue 60 eT, KOTOPbIM PaHee OblNO MPELNIOKEHO, HO HE BbIMOSIHEHO 3HOOMPOTE3VPOBAHNE KOJIEHHOrO CycTaBa Mo NOBOLY BEpUMULIMPOBAHHOMO
roHapTposa. [na onpeaeneHns neqebHo TakTUKy UCTOSb30Ba OPUrHABHYIO BasiibHYHO CUCTEMY OLEHKI AVCIOKALWOHHOMO CHHAPOMA KOMIEHHOIO CycTaBa.
[MpUMeHsiNM codeTaHne caHaUMOHHOW apTPOCKOMNN C BHYTPUCYCTaBHbIM BBESAEHMEM MallypOHOBOW KMUCOThI U 06orallieHHon TpomGoumTamn aytornaambl (PRP).
[na aHanmaa pesysnstaToB ONpenessifii CTaTUCTUHECKYIO 3HAYVMOCTL OTMEHEHHBIX OT/IMHMIA MO CTaHAAPTHOMY MakeTy nporpamm «Statistica 12.0». MokagaHo, 4To
39,3% nauneHToB 3HA0NPOTE3NPOBaHYE BbIIo MPEANoKeHO 6e3 AOCTATOUHbIX OOBEKTUBHBIX OCHOBaHWIA. MPOBEAEHNE KOMIMMIEKCHOIO NIEYEHVIs, COYETAIOLLEro
BHyTpWCycTaBHyto PRP-Tepanunio ¢ npensapuTesibHO MPOBEOEHHON CaHaLMOHHOW apTPOCKOMNMen, CTano ankTepHaTUBOV SHAOMPOTE3NPOBaHMIO [N BCEX
MaUVEHTOB Kak MVUHVMYM Ha rofl, & BHYTPVCYCTaBHas Tepanisi 6e3 apTpoCKOnnM — Tombko Ans 40%.

KntoueBble cnoa: 3HAOMPOTE3VPOBaHYE KOJIEHHOTO CyCTaBa, apTPOCKOMUS, BHYTPUCYCTaBHas MHBEKLIMOHHas Tepanus

WHdopmaumsa o Bknape aBtopos: A. B. JlbMarH — cospaHune Wwkanbl oueHkn ctenedn [JCKC, nnaHnpoBaHne UcCnefoBanHunsi, BbIMOHEHVE onepaumn
aPTPOCKOMMK, NMOCIEONEPALMOHHOE HabMIoAeHe, CUCTEMATU3aLMSA U aHaIM3 pedynbTatos; A. B. lapkasn — nnaHnpoBaHme 1 co3aaHne ansaiHa nccnenoBaHns,
onepauun apTPOCKOMNMK, BHYTPUCYCTaBHbIE UHBEKLMW, HabNoAeHe NaLMEHTOB B AMHAMUKE, CUCTEMATU3aLMA 1 aHanM3 pesynsTatoB, ODOPMIIEHME CTaTbi;
B. A. MeLLepskoB — apTPOCKOMKS, BHYTPUCYCTaBHbIE MHBbEKLIMN, HAOMOAEHME 1 aHKETMPOBaHMe naumneHToB; B. C. Karkos — apTpockonus, BHyTPUCYCTaBHbIe
VNHBEKLMN, HAOMOAEHNE 1 aHKETUPOBaHNE NaLMeHTOB.

CobniofeHne aTU4eCKMX CTaHJAaPTOB: 1CCNeAoBaHMe 0f0OPEHO aTnHeckM kommnteTom GrAOY BO lMepsbit MITMY nm. . M. CeveHoBa (npoTokon Ne 17-18,
2018 r.); BCe NauveHTbl nognncann 4O6POBONLHOE NH(POPMMPOBAHHOE COMnacue Ha y4acTne B MPOBOAVMMOM UCCNEA0BaHNM.
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Osteoarthritis of the knee is one of the most common orthopedic On the one hand, conservative treatment of knee
conditions. Presenting with pain and the loss of joint function,  osteoarthritis in elderly patients with marked age-related
it debilitates the patient leaving them unable to engage in the  changes in the joint merely seeks to achieve temporary relief.
usual daily activities. Most typically, osteoarthritis affects the  On the other hand, advances in arthroplasty techniques
elderly, causing a dramatic impact on their social life, making  have made knee replacement safer, less traumatic and more
them dependent on others and leading to depression [1-5]. available [6-12].
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In recent years, arthroplasty in the elderly has been on
the rise because the indications for this procedure have been
expanded [13-15]. Sometimes, the severity of medically
diagnosed knee osteoarthritis seems to leave no other option for
an aging patient but a knee replacement; other, less aggressive
treatments, such as arthroscopy, systemic medication therapy,
intraarticular injections, or physical rehabilitation, are not even
considered by the physician. But if we really think about it,
doesn’t it deprive patients of the chance to avoid a surgical
intervention that, in spite of the advances in the medical
science, still poses certain health risks [16, 17]?

Unfortunately, there is no universal approach to establishing
compelling indications for endoprosthetic knee replacement;
therefore, this surgery may not always be a reasonable or
adequate therapeutic option.

The aim of this study was to analyze how justifiable is
total knee replacement (TKR) in elderly patients with knee
osteoarthritis and to propose a less aggressive alternative to
this surgery.

METHODS

We had 178 retired patients aged 60 to 82 years in our care
who had been previously offered to undergo TKR but chosen
not to for a variety of reasons (fear of surgery, a long waiting
list, etc.). The patients agreed to try an alternative treatment
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strategy and then revisit the idea of surgery. The study included
patients aged over 60 years with a previously established
diagnosis of knee osteoarthritis and a recommendation to have
knee replacement surgery, who gave written informed consent
to try a different treatment strategy developed by the authors of
this work. The treatment course and the follow-up observation
period lasted for 1 year each. The following exclusion criteria
were applied: severe comorbidities that significantly limited
patients’ ability to walk or were a direct contraindication for the
offered rehabilitation; intraarticular fractures with persisting joint
incongruence; failure to cooperate.

The grading scale proposed by Lychagin AV [18] was applied
to determine the severity of the knee joint dislocation syndrome
(KJDS) in the examined patients. The following parameters were
evaluated: degeneration of the articular cartilage, paraarticular
bone damage, joint instability, the narrowing of the joint space,
and the total WOMAC score. Each parameter was scored on a
scale of O to 4; the maximum total score was 20 points.

The total of 0-5 points scored on this scale suggested that
a patient could benefit from a conservative medication therapy;
6-12 points, a complex treatment including arthroscopy and
intraarticular injections should be offered; 13-20 points, a
patient should be advised to undergo TKR.

Of 178 patients with stage Il/lll knee osteoarthritis
(according to Kellgren—Lawrence classification) who had been
recommended to undergo TKR, only 108 (60.7%) scored 13 points

Table 1. The evaluation of the severity of the knee joint dislocation syndrome (KJDS) expressed in points

Changes to the anatomy or function Severity of pathology Score (points)
normal 0
Grade 1-2 1
gr/ti'fﬂtqul?gtrzzrrttitl]arggc(gs;sification by ICRS) evaluated Grade 3 P
Grade 4 (slight defect < 2.5 cm?) 3
Grade 4 (significant defect > 2.5 cm?) 4
- normal 0
— osteoporosis 1
Paraarticular bone region - cysts 2
- mild bone deformity 3
- pronounced bone deformity 4
No instability detected 0
Compensated (grade 1) 1
Joint instability Subcompensated (grade 2) 2
Uncompensated (grade 3) 3
Arthrogenic contractures 4
0-5 0
6-30 1
Narrowing of the joint space (%) 31-50 2
51-75 3
76-100 4
<30 0
31-50 1
WOMAC score (points) 51-70 2
71-90 3
>90 4
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and above; this confirms that surgery is justifiable for such
patients (Fig. 1).

The patients were distributed into 3 groups. Group 1
consisted of 54 patients who received intraarticular platelet-
rich plasma (PRP) injections; group 2 was constituted by 64
individuals who received intraarticular injections of hyaluronic
acid. The patients from group 3 received systemic medication
therapy (chondroprotective agents + non-steroidal anti-
inflammatories).

Knee arthroscopy was performed on 118 patients who
had scored 6 or more points on the KJDS scale. Of them
32 (59.3%) were from group 1, 44 (68.8%) from group 2, and
42 (70.0%) from group 3 (Fig. 2).

RESULTS

The patients were divided into several groups based on the
severity of osteoarthritis. The severity of the condition was
inferred from their total KUDS scores that reliably showed
whether the patient needed knee replacement; unlike this
scale, radiographic findings do not always correlate with
patients’ complaints of pain and decreasing lifestyle, so we
did not use them as a criterium. Of 178 patients who had
been recommended TKR, as many as 70 turned to have no
compelling indication for surgery (Table 2).

This, however, does not mean that by the end of observation
the patients were fully determined to never revisit the idea of
a surgical intervention, but rather suggests that they were
satisfied with the outcomes of an alternative treatment strategy

No indications for TKR
(KJDS < 13 points),

39.3%

Indications for TKR
(KJDS > 13 points),
60.7%

Fig. 1. Indications for knee replacement based on the KJDS score in patients
who had been previously recommended to undergo TKR

for the time being and did not intend to have TKR in the
nearest future.

Of 70 patients who had been offered to undergo TKR
without having a compelling indication for it (KUDS < 13
points), only 15 (21.4%) still thought that surgery would
be beneficial for them, even after completing the treatment
course. Those were mostly patients from group 3 (no
intraarticular injections administered): 13 individuals out
of 28, or 46.4%. All patients from group 1 (100%) and
22 patients from group 2 (91.7%) decided they no longer
wanted knee replacement (Fig. 3).

Of 108 patients with severe articular damage and
indications for TKR (KJDS > 13 points), 39 (36.1%) still thought
about having surgery after completing the treatment course.
Therefore, it can be assumed that 69 (63.9%) patients believed
that their condition had significantly improved (Fig. 4).

The patients receiving intraarticular injection therapy
benefited the most from the treatment course and saw it as
a real alternative to surgery (86.1% in group 1 and 77.5%
in group 2). At the same time in group 3, 25 of 32 patients
(78.1%) still considered TKR as an option because they were
not satisfied with the result, although 90.6% of those patients
had received therapeutic arthroscopy.

DISCUSSION
The efficacy of intraarticular injections and therapeutic

arthroscopy at the onset of treatment can be assessed
separately or in combination with each other.

70
60
50
40
30
20

10

Group 1

Group 2 Group 3

Il Arthroscopy Il No arthroscopy

Fig. 2. The distribution of patients based on therapeutic arthroscopy

Table 2. Patients’ attitude to TKR a year after completing the suggested treatment course

Number of patients who received Number of patients who did not receive
therapeutic arthroscopy therapeutic arthroscopy
Number of patients who agreed to try a
different treatment strategy instead of TKR Of them, number of patients willing Of them, number of patients willing
Total to reconsider TKR after completing Total to reconsider TKR after completing
the treatment course the treatment course

Group 1 No compelling indication for TKR 18 5 0 13 0
(n=54) | TKR justified 36 27 0 9 5 (55.6%)
Group 2 No compelling indication for TKR 24 15 0 9 2 (22.2%)
(n=64) | TKR justified 40 29 2 (6.9%) 11 7 (63.6%)
Group 3 No compelling indication for TKR 28 13 4 (30.8%) 15 9 (60.0%)
(n=860) | TKR justified 32 29 22 (75.9%) 3 3 (100%)
Total No compelling indication for TKR 70 33 4 (12.1%) 37 11 (29.7%)
(n=178) | TKR justified 108 | 85 24 (28.2%) 23 15 (65.2%)
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If we look at the efficacy of intraarticular injections alone,
we should note that of 118 patients from groups 1 and 2, who
had previously considered a possibility of surgical intervention,
42 had no compelling indications for surgery. After completing
a course of intraarticular PRP or hyaluronic acid injections, only
2 (4.8%) patients still thought of undergoing TKN versus 13 (46.4%)
out of 28 patients in group 3 who had no injection therapy.

Seventy-six patients from groups 1 and 2 had serous
indications for surgery and received intraarticular injections. Of
them, only 14 (18.4%) did not give up the idea of surgery after
completing the treatment course.

In group 1, 32 of 54 patients received therapeutic
arthroscopy. If we look at the efficacy of this procedure
performed at the beginning of the treatment course, we will
see that none of those 32 patients was still willing to undergo
TKR a year after completing the treatment course. In group 2,
44 of 64 patients received arthroscopy, and only 2 (4.5%) of
them decided they were satisfied with the result. In group 3,
42 of 60 patients received therapeutic arthroscopy, and TKR
was still considered by 18 of them (42.9%) a year later, whereas
14 (77.8%) of 18 “arthroscopy-free” patients still thought they
would benefit from TKR (Table 2).

Unsurprisingly, in patients who had no compelling indications
for TKR, our treatment course tended to be a good alternative

30

28

25

20

15

10

0

Group 1 Group 2 Group 3
m The total number of patients

m The number of patients
recommended to undergo TKR

still considering TKR

Fig. 3. The attitude of patients who had no compelling indications for TKR to this
surgical intervention after completing the suggested treatment course

After arthroscopy
35 4
30 29
25 +
20
15
15
10 - 9
542 4 4
0 - T T T 1
Group 1 Group 2 Group 3 Total

M Decided against TKR Decided in favor of TKR

to surgery. After arthroscopy, 29 (87.9%) of 33 patients said
they had benefited from it. The proportion of such patients in
groups 1 and 2 was 100%. Thirty-seven (77.1%) of 48 patients
who had not received arthroscopy were able to delay or avoid
TKR; the proportion of such patients was 100% in group 1,
81.8% in group 2 and 62.5% in group 3 (Fig. 5).

Of all the patients who had objective indications for TKR,
71.7% (61 of 85 individuals) decided against after the treatment
course. The proportion of such patients was 100% in group 1,
93.1% in group 2 and only 24.1% in group 3, which confirms
the efficacy of intraarticular PRP injections included into the
complex therapy of knee osteoarthritis. Arthroscopy was
not performed in 23 patients who had objective indications
for TKR. Of them, only 8 (34.8%) benefited temporarily from
the suggested therapy course, more specifically intraarticular
injections: 4 (44.4%) of 9 patients in group 1 and 4 (36.4%) of
11 patients in group 2 (Fig. 6).

CONCLUSIONS

1) Endoprosthetic knee replacement is often overused in
elderly patients with osteoarthritis who do not have compelling
indications for this surgical procedure. The KJDS grading
scale proposed by Lychagin AV shows that only 60.7% of

45

40

40

Group 1 Group 2 Group 3

The total number of patients
recommended to undergo TKR

The number of patients

u still considering TKR

Fig. 4. The attitude of patients who had compelling indications for TKR to this
surgical intervention after completing the suggested treatment course

No arthroscopy
40 H

35 —

Group 1 Group 2 Total

Group 3

M Decided against TKR W Decided in favor of TKR

Fig. 5. The impact of arthroscopy on the attitude to TKR in patients with no compelling indication for TKR
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After arthroscopy
70 4
61
60
50
40
30 27 0t
22

20
10 7

o EN
0 - T T 1

Group 1 Group 2 Group 3 Total

W Decided against TKR Decided in favor of TKR

No arthroscopy

Group 1 Group 2 Group 3 Total
B Decided against TKR M Decided in favor of TKR

Fig. 6. The impact of arthroscopy on the attitude to TKR in patients with compelling indications for TKR

such patients have objective indications for surgery. 2) A
combination therapy with arthroscopy and intraarticular PRP
injections ensures durable improvement that can delay TKR for
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THE NEW METHOD OF PELVIC PACKING AGAINST CONTINUING INTRAPELVIC BLEEDING
RESULTING FROM THE UNSTABLE PELVIC RING FRACTURES
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Unstable pelvic ring fractures are one of the common causes of death of patients with concomitant injuries. The existing methods applied to treat such conditions
can cause a number of complications and have contraindications. We have described a successful clinical case of intrapelvic hemorrhage arrest in a patient with
multiple injuries. in this case, we applied the new method combining minimally invasive angioembolization and easily applicable and effective balloon tamponade.
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HOBbI CMOCOB TAMMNOHALbI TA3A NMPU NMPOAO/THKAKLLEMCA BHYTPUTAZOBOM KPOBOTEYEHUN

K. A. ErvasapsiH', [. V. lopanerko', . A. Ctapuunk?, A. M. Jlbicko'=d

T POCCUIACKINIA HaLWIOHaNbHBIV MCCNELoBaTENbCKUA MEOVLIMHCKNIA YHUBEPCUTET UMeHW H. . Muporosa, Mocksa, Poccus

2 CeBepo-3anafHblii rocyapCTBEHHbI MeANUMHCKNIA yHUBepcuTeT nmeHn N, V. Mednrkosa, CankT-INeTepbypr, Poccust
HecTabunbHble NOBPeXXAeHWst Ta30BOro KoflbLia MPOAOMKaIOT OCTaBaTbCS OAHOM 13 Hanmbonee YacTbIX MPUHMH NETaNbHOrO 1Cxoda Yy NaLWeHTOB C COYETaHHOM
TPaBMOW, a CyLLIECTBYIOLLME CMOCOBB! IMEOT PSiZ, OCNIOXKHEHWIA 1 MPOTUBOMOKa3aH!A. Hamu onmcaH yerewwHbIi KNMHUYECKUIA CyHaii OCTaHOBKIW BHYTPUTA30BOMO
KPOBOTEYEHVS! Y MaLMEHTa C MHOXXECTBEHHBIMM TPABMamK, B KOTOPOM C LiENbIO 06bEAVNHEHNS MPENMYLLIECTB Maiol MHBa3MBHOCTY aHMMO3MO0M3aLWn, MPOCTOTbI
VCMOMHEHVSt 1 BO3LENCTBYSE HA OCHOBHYIO MPUYMHY KPOBOMOTEPU TaMnoHazpl Ta3a MPUMEHeH HOBbIN Crocob BHYTPUTA30BOM OCTAHOBKW KPOBOTEYEHUS Mpu
MOMOLLY GaNINIOHHBIX YCTPOWCTB.
KntoyeBble cnoBa: coHeTaHHas TpaBMa, MHOXKECTBEHHAs TpaBMa, MoNMTpaBMa, nepenoMbl KOCTel Tasa, BHyTPMTa30BOE KPOBOTEYeHVe, TaMnoHaa Tasa
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The considerably high mortality rate, medical and social
consequences associated with unstable pelvic ring injuries
make the problem of arresting intrapelvic hemorrhage an
urgent one [1]. Latest research shows that in 25% of cases
pelvic ring damage is concomitant with other injuries [2-4]. Up
to 60% of such situation end in death; in every third case the,
the reason is unarrested pelvic hemorrhage [5-9].

Over the years, practitioners and scholars have developed
and improved a number of methods to arrest pelvic hemorrhage,
including angioembolization, pelvic tamponade and REBOA
(Resuscitative Endovascular Balloon Occlusion of the Aorta)
[10-16]. All of them are unique, and each has both positive
and negative aspects. Pelvic tamponade arrests venous
bleeding, which is a more common condition; the procedure
is invasive, implies considerable blood loss and poses a risk
of infection. Angioembolization can cause ischemic damage,

which leads to necrosis and intracranial hemorrhage [17-22].
We have developed a new pelvic hemorrhage arrest method
that combines minimal invasiveness of angioembolization and
pelvic tamponade's ease of application and blood stopping
properties. The idea behind the new method is a derivative of
the uterine balloon tamponade commonly used in obstetrics and
gynecology to arrest uncontrolled intrauterine hemorrhages [23].

Description of the clinical case

Patient S., 26 years old, a construction worker, suffered a fall
from the 2nd floor (height of about 12 meters) onto a concrete
slab. Pre-hospital, the patient received infusions and analgesics.
On admission, he was intubated, his bladder and veins
catheterized, emergency infusions and analgesics replaced with
more adequate solutions; his arterial blood pressure (ABP) was
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of 107/70 mmHg, heart rate — 113 beats per minute, diuresis
rate normal. The patient's Glasgow Coma Scale score was 9.
Laboratory tests have shown that his hemoglobin and hemotacritis
were normal with pronounced leukocytosis (up to 29.9 « 10%/1),
alkalipenia (9.8 mmol/l) and lactate of 4.8 mmol/l in the
background. Ultrasound examination revealed no fluid in
pleural and abdominal cavities and a small amount in the pelvic
cavity. The patient's hemodynamics at admission was stable,
his pelvic ring showed clinical signs of mechanical instability,
therefore, he received a pelvic bandage and was sent to the
PAN CT examination (whole body computed tomography),
which revealed a C1 concomitant pelvic ring injury according
to AO (Arbeitsgemeinschaft fur Osteosynthesefragen) / OTA
(Orthopedic Trauma Association) classification (Fig. 1). Also, he
suffered a closed head injury, parietal brain lobe contusion (right),
fractures of the nose bones, left orbit walls, closed fractures of
the right shoulder's large tubercle with slight displacement of
the fragments, Lisfranc injury (right foot), scrotal hematoma
(ISS = 29 points).

During the CT examination, the patient's ABP dropped
abruptly to 60/30 mmHg and heart rate increased to 150
beats per minute; he was given 0.3 pg/kg/min of 0.2%
norepinephrine  (vasopressor support) and urgently taken
to the operating room to stabilize the front of the pelvic ring
with an external fixation device placed over acetabulum and
to apply a C-shaped frame to the back of the pelvic ring. The
emergency measures taken to stabilize the pelvic ring raised
the patient's ABP to 85/40 mmHg and reduced his heart
rate to 130 beats per minute. The vasopressor support was
continued. After mechanical stabilization of the pelvic ring,
hemodynamic instability persisted for 15 minutes, which lead
us to a decision to arrest hemorrhage therein with the help
of a balloon (balloon tamponade). We injected anesthetic
solutions into the soft tissues of the access incision area and
made a puncture-cut measuring 2-3 cm directly above the
pubic symphysis and along the anterior midline of the body.
Using blunt instruments, we separated subcutaneous tissue,
reached the pyramidal muscle and separated its fibers the
same way, then introduced a trocar with a mandrin into
retropubic space. Next, the trocar was guided paravesically
towards left or right sacroiliac joint in the corresponding lateral
cellular tissue space (Fig. 2). Once the mandrin was removed,
we inserted the balloon device along the trocar, which was
a Zhukovsky balloon (Ginamed, Russia) used to arrest
intrauterine bleeding. The device includes a plastic frame up
to 25 cm long and up to 8 mm in diameter, and a rubber
balloon measuring up to 11.5 cm. Then the trocar was removed,
and the protocol was repeated in the opposite direction. The
balloons were filled with sterile saline simultaneously. During
filling, the resistance felt on the piston of the Janet’s syringe
was gradually increasing; when the balloons received 110 m,

Table. Dynamics of the patient's condition indicators before and after surgery
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the piston started moving backwards, which we took as a sign
of sufficiency of the inflation. To monitor position and integrity
of the balloon devices we made intraoperative X-ray scans
with the help of Philips BV Endura (Netherlands) imaging
system (Fig. 3). The ends of the balloon devices were kept
outside; the wound was layer sutured (Fig. 4). The minimally
invasive pelvis tamponade done as described above raised
the patient's ABP to 110/47 mmHg and decreased his heart
rate to 115 beats per minute. The patient was transferred to
the intensive care unit soon after surgery. in the course of the
first 24 hours, his hemodynamics stabilized at 115/70 mmHg,
heart rate — at 100-110 beats per minute. By the end of
the first day vasopressor support was gradually discontinued.
Table describes the dynamics of the patient's condition
indicators. Diuresis was at a sufficient level, with no signs of
bleeding. Forty-eight hours after admission, with the patient's
hemodynamic and laboratory test indicators stable, we
decided to deflate the balloons by 50 ml while continuing to
monitor his condition. Since his condition was stable, on the
third day it was decided to dismantle the C-shaped frame and
lock the posterior sections of the pelvis with a screw, as well
as to remove the balloons from the true pelvis cavity (Fig. 5).
On the fifth day after admission, the patient was transferred to
the specialized traumatology and orthopedics department for
further treatment with daily checkups of the operative wound.
It was healing with primary intention and showing no signs of
inflammation and pathological discharge, which allowed final
stabilization of the pelvic ring on the 10th day and transferring
the patient to outpatient care on 16th day (Fig. 6, 7).

Fig. 1. 3D CT model of the pelvic ring injury: red ovals show the right sacroiliac
joint rupture and the pubic symphysis rupture

Indicator/time Admission First hour after surgery End for(f)me;g::itsi?o:ours

ABP (mmHg) 60/30 110/47 115/70

Heart rate (beats/min) 150 115 100-110
Hemoglobin (g/l) 149 128 92
Hematocrit (%) 44.2 38.4 27.2
Leukocytosis (10%/1) 29.9 33 11

Lactate (mmol/l) 4.8 7.4 2.8
Alkalipenia (mmol/l) -9.8 -14 2.7
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Discussion of the clinical case

International community issues guidelines covering treatment
of patients with unstable pelvic ring injuries on a regular basis.
The most relevant of such guidelines recommend mechanical
stabilization of the pelvic ring by external fixation devices as the
first step and intrapelvic hemorrhage arrest as the second one,
with preference given to tamponade since venous bleeding
occurs in 8 out of 10 cases while arterial bleeding is registered
in every 2 out of 10 cases only [24]. If pelvic tamponade does
not stabilize the patient's hemodynamics, it is recommended
to perform angioembolization of the bleeding vessels through
a catheter [24]. According to the guidelines, if the patient's
injuries cause both mechanical and hemodynamic instability,
it is necessary to first stabilize the pelvic ring mechanically
and then tamponade the cavity, as we did in the clinical case
described above. In that case, this intervention was sufficient to
stabilize hemodynamics. Another advantage of the developed
method is the ability to control inflation of the balloon devices,

which allows gradually deflating them as soon as 24 hours after
deployment while monitoring hemodynamic indicators and
learning the source of bleeding. Use of sterile and neutral saline
solution is an equally important aspect: if the balloon breaks,
the solution flowing out of it into the body will do no harm,
which reduces the risk of complications.

It should be noted that the global trend to minimize invasion
during medical interventions is obvious in pelvic surgery,
to0o. A paper published in 2015 describes a clinical case of
a small pelvic tamponade through bladder catheterization
and inflation with 500-600 ml of normal saline [25]. There
was an absolute contraindication to this method, however:
violation of the urinary tract's integrity. Tamponade with a filled
bladder in the early postoperative period allowed stabilization
of the patient’s hemodynamics, but, with the signs of renal
failure becoming more vivid, bladder had to be deflated,
which lead to destabilization of the patient’s hemodynamics
and laparotomy. in December 2016, a group of researchers
conducted an animal experiment and published the results

Fig. 2. Schematic representation of the direction of installation of balloon devices in
the pelvic cavity: B — bladder, U — uterus, R — rectum, OS — sacrum, Oi — os
innominatum, PS — pubic symphysis. The balloons deployed in the lateral space
of the pelvis is in blue

Fig. 4. External appearance of the patient's pelvic region with unstable pelvic
ring injury and development of intrapelvic hemorrhage after stabilization by
external fixation devices and deployment of the balloon devices in pelvic cavity:
C — C-shaped frame for the back of the ring, IFD — External Fixation Device for
the front, B — balloon devices

Fig. 3. Intraoperative patient's pelvis X-ray scan, unstable pelvic ring damage
and development of intrapelvic hemorrhage after stabilization by external fixation
devices and deployment of the balloon devices in the pelvic cavity (balloons
circled by red)

Fig. 5. Appearance of the patient's wound with tubes of balloon devices,
before removal, 3rd day. The wound has no signs of inflammation; there is no
pathological discharge along the balloon devices. in the right half of the picture —
external fixation device on the front of the pelvic ring
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Fig. 6. Postoperative wound, first day after removal of the balloon devices. The
postoperative wound heals by primary intention, without signs of inflammation
and pathologic discharge; the sutures are consistent. In the left half of the picture —
external fixation device on the front of the pelvic ring

thereof, suggesting to tamponade pelvis with a balloon device
in the perivascular space [26]. The test group in this experiment
was compared to the regular pelvis tamponade group and
the control group (no pelvic bleeding arrest); the comparison
proved balloon tamponade to be a minimally invasive and
effective method. However, it should be noted that placing the
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INTERRELATION OF NON-DRUG CORRECTION OF MENOPAUSAL DISORDERS AND FUNCTIONING
OF THE PITUITARY-THYROID SYSTEM IN WOMEN WITH METABOLIC SYNDROME

Berihanova RR™ Minenko IA?

" Central clinical hospital of civil aviation, Moscow, Russia
2 Sechenov First Moscow State Medical University, Moscow, Russia

In perimenopausal women, the frequency of thyroid diseases and metabolic syndrome (MS) increases. In this work, the effect of non-drug correction programs for
menopausal disorders on the structural and functional state of the thyroid gland in patients with MS was evaluated. For that, five groups of women (330 people
total) aged 45-50 years with climacteric syndrome (CS) against the background of MS were examined. For the index group and the experimental groups the following
was used: basic treatment, exercise therapy, drinking balneotherapy, additional oral intake of multivitamins and minerals, as well as physical therapy — vibrotherapy,
chromotherapy, music therapy, aromatherapy, aeroionotherapy in various combinations. In the control group, only basic treatment was used. The levels of thyroid-
stimulating hormone (TSH) and free thyroxine (free T4) in serum were determined, a sonographic study of the thyroid gland was performed. According to the
study results, the use of correction programs using physical therapy methods improved the functioning parameters of the pituitary-thyroid system in the surveyed
patients. In women with moderate-severity CS, the best results were obtained while simultaneously using all the mentioned above physiotherapy methods: during
the transition period the TSH decreased by 6.5%, during the postmenopausal period — by 5.6%, the level of free T4 increased by 6.5% and 6,6% respectively
(o < 0.05, applied to both parameters). It can be concluded that non-drug programs, including physical therapy, have a protective effect on the thyroid gland
function. In case of moderate-severity climacteric syndrome, the program with simultaneous use of vibrotherapy, chromotherapy, music therapy, aromatherapy;,
aeroionotherapy has priority.
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B3AUMOCBA3b HEMEOUKAMEHTO3HOW KOPPEKLINW KITMMAKTEPUYECKNX PACCTPONCTB
N ®YHKLUNOHUPOBAHUA MTMNO®U3APHO-TUPEOUAHOWN CUCTEMbI Y XKEHLLINH
C METABOJINHECKM CMHOPOMOM

P. P. BepuxaHosa™ . A. MyHeHKO?

" LleHTpanbHasa knmHnydeckasn 6onbHMLA rpaxkaaHckoi aBraumm, Mockea, Poccus
2 [epBbIli MOCKOBCKWIA FOCYAAPCTBEHHBIN MEAVLHCKIIA YHBEpeuTeT nMenn . M. CeveHoBa, Mocksa, Poccus

Y XKEHLWH B MeprMeHonay3e YactoTa TUPeouaHOM natonorum n metabonmndeckoro cuHgpoma (MC) ysenndmneaeTcs. B gaHHoOM paboTe oLeHnBanmv BAUSHVE
HENeKapCTBEHHbIX MPOrPaMM KOPPEKLIM KIIMMAKTEPUHECKIX PACCTPOVCTB Ha CTPYKTYPHO-(DYHKUMOHAIbHOE COCTOSIHME LUMTOBMAHOM »enesbl (LLPK) y naumeHTok
¢ MC. nsa atoro obcnegoBanu nNate rpynn xxeHWwmH (Bcero 330 Yenosek) 45-50 net ¢ knmakTepunyeckum cuHgpomom (KC) Ha dhoHe MC. Y oCHOBHOW rpynnbl v
rpynn CpaBHEHNUA NPUMEHANN: 6A30BOE NeHeHne, eHebHyro U3KYNBTYPY, MUTLEBYIO OanlbHeOTEPaNMIO, AOMONHUTENBHbIA NEPOPasbHbIA MPUEM NMOMBUTAMVHOB
1N MMHEPANoB, a Takxke uanoTepanmio — BUOPOTEpPanMio, XPOMOTEPanuo, MenoTepaniio, apoMarepanmio, aspoMoHOTepanmio B PasnyHbIX codeTaHusx. B
rpynne KOHTPONS MPUMEHANM ToMbKo 6a30Boe Neverne. Onpenensnm ypoBHU TMpeoTponHoro ropmoHa (TTI) 1 cBoboaHOro TMpokcuHa (TACB) B CbIBOPOTKE
KPOBW, MPOBOAVN axorpadudeckoe mnccnepgosarne LLPK. CornacHo pesynstatam MCCNeAoBaHVs, MPYMEHEHWE MPOrpaMM KOPPEKLM G UCMONb30BaHNEM
hr3NOTEPANEBTNHECKINX METOLOB Y/YHLLIMIO NapameTpbl (DyHKLMOHMPOBaHNS rMnodr3apHO-TUPEOUAHOM CUCTEMbI Y 0b6cneaoBaHHbIX. Y xeHLmH ¢ KC cpeaHeit
CTeneHn TSHKECTU NyHLne pe3ynbTaTbl MOYHMIN NPy OOHOBPEMEHHOM UCMONB30BaHUM BCEX MEPEUMCEHHbBIX METOLOB (Pr3noTepanmn: B NEPEXOAHOM nepuoae
TTI cHu3mnes Ha 6,5%, B nepuog noctMeHonaysbl — Ha 5,6%, ypoBeHb T4CB yBENMYMNCA COOTBETCTBEHHO Ha 6,5% 1 6,6% (p < 0,05, oTHocUTCA K 060UM
napameTpam). MoXxHO cenatb BbIBOL, YTO HenekapCTBeHHbIe MPOrpaMMbl, BKIKOHatoLLme hranoTepaniio, 0bnafatoT NPOTEKTUBHBIM BAVSIHEM Ha (DYHKLMIO
LLK. Mpun KC cpegHelt CTeneHn TSHxecTV MPeVMYLLECTBO MMEET NporpaMMa ¢ OAHOBPEMEHHbBIM MPUMEHEHeM BUOpOTepanum, XxpoMoTepanimn, MenotTepanin,
apomartepanin 1 aaponoHOTEPaNK.

KntouyeBble cnoBa: KnMMakTepu4ecKmnii CUHAPOM, METAB0IMHECKMIA CUHAPOM, TUPEOVAHbIV cTaTyc, usnoTepanis

NHdopmauus o Bknage aBTopoBs: P. P BepuxaHoBa — c6op 1 06paboTka MaTepranos, aHanmna nonyyYeHHbIX AaHHbIX, HanucaHne TekcTa; V. A. MuHeHko —
KOHLIENUYIS ¥ IN3aiiH NCCNefoBaHus.

CobniofeHne 3TMYeCKnX CTaHAapToB: VICCnefoBaHVe MPOBOAMM COMACHO MeXAyHapoaHbIM aThHecknmM TpedosaHuam BO3 (npasuna GCP — Good Clinical
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At the stage of extinction of ovarian function, conditions
are created for the formation of polymorbid pathology [1-3].
Often a woman enters the menopause having the background
of somatic ill-being, in particular, having metabolic syndrome
(MS), the prevalence of which in the overall population in
developed countries is 25-40% [4]. In the period of aging
estrogen deficiency, the frequency of occurrence of MS
increases [5-7]. Involutional changes in the body are also
associated with an increase in the frequency of thyroid diseases
[8-10]. Perimenopausal thyroid dysfunction in the thyroid
gland is found in 19.5% of women living in the iodine-deficient
region, and hypothyroidism is most often detected — 16.7%
[11]. The presence of conjugation points in the pathogenetic
chains of menopause, MS and thyroid diseases determines the
aggravation of metabolic-endocrine disorders by the principle
of mutual complication of comorbid conditions [12, 13]. At the
forefront of therapeutic measures aimed to stop age disorders,
the menopausal hormone therapy of systemic and local action
is worth [14]. However, the presence of contraindications to
menopausal hormone therapy, the use of a large number
of medicines for comorbid pathology, hormonophobia,
characteristic for many women, preclude the appointment of
estrogen preparations [15]. The need to search for effective non-
drug technologies aimed to correct metabolic and endocrine
disorders and maintain a decent quality of life in women with
MS in peri- and postmenopausal period becomes obvious. The
aim of the work was to assess the impact of complex non-drug
correction programs for menopausal disorders in patients with
MS on the structural and functional state of the thyroid gland.

METHODS

Clinical study of 330 women was performed. The duration of
the observation was six months.

Using randomization method the five groups of surveyed
patients were formed (see below). Each group was divided into
two subgroups depending on the total modified menopausal
index level: subgroup 1 — patients with mild climacteric
syndrome (CS), subgroup 2 — patients with moderate severity
CS. Index group (A) — 60 women, who used the «A» treatment
complex; first experimental group (B) — 59 women, who used
the «B» complex; second experimental group (C) — 66 women,

Table 1. The number of patients and the applied methods of treatment in groups

who used the «C» complex; third experimental group (D) —
70 women, who used the «D» complex; control group (E) —
75 women, who used the «E» complex (Table 1). At the stage of
assessment of endocrine profile in dynamics, it was expedient
to divide the subgroups into subsubgroups according to the
period of the woman’s life: perimenopausal period (P) and
postmenopause (M).

The groups had no statistically significant differences in
age, social status, level of education, region of residence,
genital and extragenital pathology spectrum.

Inclusion criteria: 45-50 year old women (average age
47.2 + 3.2 years) in the perimenopausal period or early natural
postmenopause (up to two years); the presence of the original
MS, diagnosed according to the recommendations of experts
of the Russian Scientific Society of Cardiologists on diagnosis
and treatment of metabolic syndrome (second revision, 2009);
duration of MS from two to five years; the presence of CS of
mild or moderate severity, typical complicated form (against
the MS background); no menopausal hormone therapy in the
personal medical history; no thyroid gland dysfunction initially.

Non-inclusion criteria: the presence of gross mental disorders,
alcohol and drug addiction, acute diseases of the cardiovascular
system, acute inflammatory diseases, hemorrhage and liability to it,
malignant or unverified neoplasms, tumors in growth stage or in a
condition requiring surgical treatment; signs of severe organ failure;
presence of original thyroid dysfunction according to hormonal
tests; presence of 3rd degree intestinal dysbacteriosis; diabetes
mellitus presence; vaginitis presence.

Exclusion criteria: individual intolerance to physical factors;
individual intolerance to the components of the vitamin and
mineral preparations. There were no such patients.

Basic treatment was used in all groups. It included the
normalization of lifestyle and sleep, nutritional treatment,
increased physical activity. The patients controlled the
components of the treatment themselves. Principles of
treatment: personalized approach, consisting in the individual
calculation of the basal metabolism, physical exercises in
the comfort zone for each patient, temperature conditions
also in the comfort zone for the patients, carrying out of
antihypertensive therapy for hypertensia; nutritional therapy
during the entire observation time; lifestyle correction (all study
participants were motivated to quit smoking). In the index

Index group (A), First experimental Second experimental Third experimental Control group (E),
n=60 group (B), n=59 group (C), n= 66 group (D), n=70 n=75

P 17 17 18 19 20

S“bgrl"‘t‘.p ! 32 30 34 36 38
population M 15 13 16 17 18
P 13 15 17 18 20

Subgroup 2 28 29 32 34 37
population | 15 14 15 16 17
Complex «A» Complex «B» Complex «C» Complex «D» Complex «E»

Applied methods

Basic treatment

Basic treatment

Basic treatment

Basic treatment

Basic treatment

Exercise therapy

Exercise therapy

Exercise therapy

Exercise therapy

Drinking balneotherapy

Drinking balneotherapy

Drinking balneotherapy

Drinking balneotherapy

Additional oral use of
multivitamin and mineral
preparation

Additional oral use of
multivitamin and mineral
preparation

Additional oral use of
multivitamin and mineral
preparation

Additional oral use
of multivitamin and
mineral preparation

vibrotherapy,
full-spectrum and
selective
chromotherapy,
music therapy,
aromatherapy,
aeroionotherapy

vibrotherapy,

music therapy,
aromatherapy,
aeroionotherapy

full-spectrum
and selective
chromotherapy,
music therapy,
aromatherapy,
aeroionotherapy
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group there were 12 smokers (20.0%), in the first experimental
group 11 smokers (18.6%), in the second experimental group
14 smokers (21.2%), in the third experimental group 14
smokers (20.0%), in the control group 16 smokers (21.3%).
Of them 6 women (10.0%) from the index group, 5 women
(8.5%) from the first experimental group, 6 women (9.1%) from
the second experimental group, 7 women (10.0%) from the
third experimental group and 7 women (9.3%) from the control
group smoked more than 10 sigarettes a day. These patients
either quit smoking or reduced the number of cigarettes
smoked per day to five. There were no patients among those
who constantly took antihypertensive drugs before being
included in the study. When a cardiologist diagnosed arterial
hypertension during the study period, patients received
standard antihypertensive therapy — moxonidine (Physiotens)
200 pg orally 1 time a day (Order of the Ministry of Health of
the Russian Federation dated November 9, 2012, Ne 708H «On
approval of the standard of primary health care for primary
arterial hypertension (hypertensive disease)»). Antihypertensive
therapy in the index group was received by 11 (34.4%) patients
from A1 subgroup and 13 (46.4%) patients from A2 subgroup;
in the first experimental group — 11 (36.7%) patients from
B1 subgroup and 14 (48.3%) patients from B2 subgroup; in
the second experimental group — 12 (35.3%) patients from CH1
subgroup and 15 (46.9%) patients from C2 subgroup; in the third
experimental group — 13 (36.1%) patients from D1 subgroup
and 16 (47.1%) patients from D2 subgroup; in the control group —
14 (36.8%) %) patients from E1 subgroup and 17 (46.0%) patients
from E2 subgroup. Of these, in the index group during the
observation period only for one patient (3.6%) of the A2 subgroup
there was a need to double the daily dose of moxonidine (from 200
10 400 pg), in the second subgroups of the first, second and third
experimental groups there were 2 (6.9%), 3 (9.4%) and 3 (8.8%)
such patients respectively. In the control group in E2 subgroup, it
was necessary to increase the dose of moxonidine for 4 (10.8%)
patients, and for one of them up to 600 ug per day.

Basic treatment

Basic treatment was performed during the whole observation
period. Nutritional treatment. To calculate the individual daily
caloric need, the basal metabolic rate was calculated using
the formula recommended by WHO: BM = (0,0342 « M +
3,5377) « 240, where BM was basal metabolism value (kcal),
M was body mass (kg). Then determined the total energy
consumption, adjusted for the coefficient of physical activity:
E = F « BM, where E was total energy consumption (kcal),
F was correction factor (1,1 — low, 1,3 — moderate, 1,5 — high
activity), BM was basal metabolism value (kcal). For a gradual
decrease in body weight, a diet with a lower energy value was
taken, subtracting 600 kcal from the total energy consumption
value. Split meals were recommended, 5-6 times per day,
taking small portions at the same time. The diet included foods
containing complex carbohydrates (cereals, fruit, vegetables),
rich in dietary fiber; the use of simple carbohydrates, saturated
fats, salt (up to 3 g per day) was limited, coffee and alcohol were
not allowed. Physical activity was recommended considering
the state of health and tolerance. Daily walking in the fresh air
for 30 minutes was offered. In addition to quitting smoking, all
patients were motivated to keep up the work-rest regime.

Excercise therapy

Was used during the entire observation time. A daily morning
hygienic gymnastics (10-15 min) was conducted in the form
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of a set of exercises aimed to improve the overall tone of the
cardiovascular system and to remove muscle hypertonia,
as well as daily training of the pelvic floor muscles (Kegel
Exercises), focused on strengthening the periureteral and
perivaginal muscles, the anal sphincter, the increase in the
functional volume of the bladder without the participation of the
abdominal, gluteal and femoral muscles [16].

Drinking balneotherapy

A balneotherapy course was performed from the very beginning
of the study, repeated after three months. The duration of
each course was four weeks. The ingestion of Essentuki No. 4
mineral water in a volume of 180-300 ml (3 ml per 1 kg of body
weight) at room temperature 30 minutes before main meals
(8 times a day) was prescribed.

Additional oral use of multivitamin and mineral preparation

The oral intake of vitamin and mineral preparation was
prescribed: 22 balanced components, including iodine in the
form of potassium iodide in the amount of 225 ug (Menopace®,
registration number Ne 1 N015844/01; Vitabiotics Ltd; UK) and
calcium carbonate with colecalciferol (D3 vitamin) (Calcium-D3
Nycomed, registration number Ne [T NO13478/01; Nycomed
Pharma; Norway). Menopace® was taken daily in 1 capsule
with or after a meal. The treatment course duration was six
months. Calcium-D3 Nycomed, containing 1250 mg of calcium
carbonate (equivalent to 500 mg of elemental calcium) and
5 pg (200 IU) of colecalciferol (D3 vitamin) was taken orally
1 tablet twice a day for one month, the course was repeated
after three months.

Physical therapy

For the complex health effects the multifactor physical
therapy unit Spectra Color SPA System (Sybaritic Inc., USA,
registration certificate of the Ministry of Health of the Russian
Federation Ne 97/532 dated May 22, 1997) was used. When
combining physical factors and procedures, their compatibility
was taken into account in accordance with the Annex to «The
list of necessary medical services and procedures available
in specialized sanatoriums to the patient according to the
profile of his disease. Methodical instructions» (approved by
the Ministry of Health of the Russian Federation on December
22, 1999, Ne 99/229). The exact dosage of each influencing
factor according to the degree of intensity and time of exposure
was carried out. General vibrotherapy was carried out for
15 minutes: with the help of multipoint vibration transmitters
mounted in the capsule bed, the effect of a manual massage
was created, providing anesthetic and relaxing effect, as well as
contributing to the rapid removal of fatigue and restoration of
muscle performance. A vibration mode with a varying frequency
from 10 to 60 Hz and an increasing amplitude up to 7 mm was
used, the vibration frequency increased during 8-10 s. Full-
spectrum chromotherapy was carried out for 30 minutes, using
wavelength from 760 to 400 nm. Selective chromotherapy was
applied (the green light was used for 30 minutes, wavelength
530 nm). Through a stereo sound system with a CD player,
passive (receptive) musical therapy was carried out using
relaxing melodies for 30 minutes. Aromatherapy oils were
sprayed through the four-channel system inside the capsule
for aromatherapy: lavender (Lavandula officinalis) and common
fennel (Foeniculum vulgare). Aeroionotherapy (cooling the
face with ionized cool air with a predominance of negative
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ions) was applied for 30 minutes. Sessions in the conditions
of the Spectra Color SPA System physical therapy unit were
performed twice a week for 30 minutes, the course consisted
of 10 sessions. The course was repeated after three months. A
total of 20 procedures were performed during the observation.

Measurement methods

Assessment of the severity of climacteric disorders was
performed using the modified menopausal Kupperman index
(version by Uvarova EV, 1983) [17]. Using the automated
IFA processor NEXgen (Adaltis S.r.l.; Italy) and the hormone
diagnostic reagents (Alkor Bio; Russia) the serum levels of
thyroid stimulating hormone (TSH) (reference values: 0.23-
3.4 plU/ml) and free thyroxine (free T4) (reference values:
9.5-22.6 mmol/l) were determined. Ultrasound examination
of the thyroid gland was performed on the expert class
multifunctional system MylLab 70 (Esaote; ltaly) using the
4-13 MHz linear sensor with color flow mapping. When
performing the sonography of the thyroid gland the size and
structure of the gland was assessed, as well as the presence,
size and type of blood flow of the nodules.

Methods of statistical data analysis

Sample size was not previously calculated. Statistical analysis
of the research results was carried out using a standard
software package STATISTICA® for Windows 6.0 (StatSoft Inc;
USA). Quantitative indicators are presented as the number of
cases (n) and the average error of the arithmetic mean (m). The
significance of differences in the mean values was determined
by Student's t-test. For comparison of relative indicators
characterizing the frequency of a particular characteristic the
non-parametric method according to the Pearson x2 criterion
was used. Differences were considered statistically significant
when p < 0.05.

RESULTS

Structural changes on the part of the thyroid gland, according
to sonography, were more common in women with moderately
severe CS than in women with mild CS: 105 (65.7%) and
90 (562.9%) women respectively (p < 0.05). The structure of
the deviations according to the thyroid sonography data of the
examined patients is reflected in Table. 2.

After six months of observation, according to the
sonography data, two patients of the E2-M subgroup (control
group) were first diagnosed with nodules. In the remaining
groups, the number of patients with structural changes in the
thyroid gland according to the sonography data remained
unchanged.

In most patients initially the thyroid gland had normal size.
Sonographic monitoring was performed after six months of
treatment. The Table. 3 presents the average values of the

volume of the gland in the subgroups of examined patients in
the dynamics, before treatment and after six months of therapy.
It should be noted that in patients with moderately severe CS
the volume of the thyroid gland was significantly higher than in
patients with mild CS. After six months of therapy, the average
volume of the thyroid gland significantly decreased in patients
with mild CS in subgroups A1, B1 and C1 — by 11.3%, 7.2%
and 7.6% respectively (o < 0.05 compared with pre-treatment
rates; p > 0.05 when comparing rates between subgroups).
Among patients with moderate-severity CS, a significant
decrease in the average thyroid volume was found only in A2
subgroup — by 10.7 % (p < 0.05). In subgroups 2 of all three
experimental groups, a slight decrease in thyroid volume was
noted, but it was not reliable. The tendency for this indicator
to increase in the E1 and E2 subgroups of the control group
attracted attention, but the changes were not statistically
significant (o > 0.05).

By the time of the beginning of the study, patients of all
groups had no abnormal thyroid function — the mean values
of free T4, TSH were within the reference intervals, however,
in participants of the study with moderately severe CS the
free T4 level was lower, and the TSH level was higher than the
corresponding indicators of patients with mild CS. In addition, it
was noted that in patients in the period of early postmenopause,
the level of free T4 was lower, and the level of TSH was
higher in comparison with patients in the perimenopausal
period (p < 0.05). After six months of treatment, the average
values of TSH and free T4 in all subgroups corresponded to
the euthyroid state. However, after six months of therapy,
subclinical hypothyroidism was detected in one (6.3%) patient
of the D2-M subgroup, and in the control group the greatest
increase in the frequency of hypothyroidism was demonstrated —
it was observed in 2 (11.1%) patients of the E1-M subgroup,
in 3 (16.7%) patients of the E2-P subgroup and in 4 (23.5%)
patients of the E2-M subgroup.

The dynamics of changes of the levels of TSH and free T4
in the groups of surveyed patients is presented in Table. 4. After
six months of therapy in all subgroups of the index group the
level of TSH decreased significantly — in A1-P by 10.0%, in
A2-P — by 6.5%, in A1-M — by 7.3%, in A2-M — by 5.6%
(p < 0.05), and the level of free T4 increased by 8.1%,
6.5%, 7.7%, 6.6% respectively (p < 0.05). Patients in the
perimenopausal period with mild CS from the first and second
experimental groups also demonstrated a significant decrease
in TSH and the increase in free T4: in subgroup B1-P, the level
of TSH decreased by 5.1%, in subgroup C1-P by 8.8%, and
the level of free T4 increased by 6.5% and 7.1% respectively
(o < 0.05). It should be noted that there were no statistically
significant differences between the subgroups A1-P, B1-P and
C1-P. In other subgroups of the experimental groups, there
was a slight decrease in the level of TSH and an increase in the
level of free T4, however, changes of characteristics relative to
baseline were not reliable. In all subgroups of the control group,
there was a decrease in the level of free T4 and an increase in

Table 2. Structural changes of the thyroid gland in the groups of surveyed patients according to the results of ultrasound investigation

Index group, First experimental group, Second experimental Third experimental group, Control group,
Nature of n =36, abs (%) n= 34, abs (%) group, n =39, abs (%) n=41, abs (%) 1= 45, abs (%)
change
Al,n=17 | A2, n=19 | B1,n=16 B2,n=18 C1,n=18 C2,n=21 | D1,n=18 D2, n=23 E1, n=21 E2, n=24

SAEZZS 5(94) 5(26.3) 5(31.3) 6(33.3) 6(33.3) 7(33.3) 6 (33.3) 8 (34.8) 7 (33.3) 8(33.3)
Palpable 6 (35.3) 7 (36.8) 5(31.3) 6 (33.3) 5(27.8) 6 (28.6) 6 (33.3) 7 (30.4) 6 (28.6) 7 (29.2)
abnormalities ' ’ : : . . . . . .
nebpind | 6@s3) | 7@es) | 6678 | 6@y | 7es9 | swEsl | 6@y 8(34.8) 8(38.1) | 9(37.5)
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the level of TSH, and in the subgroups E2-P, E1-M and E2-M, the
changes were statistically significant: Accordingly, the level of
TSH increased by 5.5%, 5.6% and 6.3%, and the free T4 level
regressed by 4.4%, 5.1% and 7.8% (p < 0.05), which indicated
a decrease in thyroid function.

DISCUSSION

We found a high frequency of structural changes in the thyroid
gland according to the results of ultrasound investigation
in women with MS; in women with a moderately severe CS,
sonographic abnormalities in the structure of the thyroid were
more common than in women with a mild CS. According to
literature data, in peri- and postmenopausal women, the thyroid
diseases increase by 2-2.5 times [18]. A higher incidence of
thyroid diseases in patients with MS compared with persons
not suffering from MS was indicated [19, 20]. Our results
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suggest a decrease in thyroid function in women with ageing,
which is consistent with literature data [21].

Therapeutic programs were formed taking into account
the mechanism of action of each applied factor and the
pathogenesis of disorders characteristic for CS and MS. The
programs were based on diet and normalization of lifestyle,
which corresponds to the recommendations of experts from
Russian Scientific Society of Cardiologists on diagnosis and
treatment of metabolic syndrome (2009) [22], as well as
recommendations of Russian Society of Obstetricians and
Gynecologists for the management of women in menopause
(2016) [23].

The use of drinking mineral waters is justified by their
stimulating effect on metabolism by improving functional
interactions in the entero insular system, increasing the
sensitivity of tissues to insulin, enhancing the utilization of
glucose by the liver, activating antioxidant defence enzymes.

Table 3. The average volume of the thyroid gland in the groups of surveyed patients (M + m, ml)

Index group, First experimental Second experimental Third experimental Control group,
Control point n==60 group, n =59 group, n =66 group, n=70 n=75
A1,n=32 | A2,n=28 | B1,n=30|B2,n=29 | C1,n=384 | C2,n=32 | D1,n=36 | D2,n=34 | E1,n=38 | E2,n=37
Before treatment 16.69 + 18.07 = 16.17 + 18.14 + 16.26 + 18.25 + 16.22 + 18.21 + 16.29 + 18.22 +
0.44 0.50° 0.42 0.54° 0.33 0.54° 0.29 0.55° 0.27 0.51°
After six months 14.81 + 16.14 + 15.0 + 17.79 15.03 + 17.63 + 15.78 + 17.85 + 16.61 + 18.71
of treatment 0.32% 0.35% 0.36* 0.35°" 0.28* 0.28°* 0.27* 0.24°* 0.34* 0.28°*

Note: * — p < 0.05 compared with the index group rates; # — p < 0.05 compared with pre-treatment rates; ° — p < 0.05 when comparing rates between subgroups

1and 2.

Table 4. The results of hormonal studies in the groups of surveyed patients (M + m)

TSH, plU/I (0,23-3,4 uME/m) Free T4, pmol /I (9,5-22,6 mmol /)
Subgroup Before treatment After six months of treatment Before treatment After six months of treatment
Index group, n =60
A1-P n=17 2.61+0.06 2.35 + 0.05* 13.81 £ 0.35 14.93 + 0.34*
A2-P,n=13 2.76 + 0.05° 2.58 + 0.03* 12.59 + 0.36° 13.41 + 0.30%°
A1-M, n=15 2.87 +0.04 2.66 + 0.03* 12.36 + 0.18 13.31 + 0.15*
A2-M, n=15 3.04 + 0.04° 2.87 + 0.03%* 11.83 + 0.16° 12.61 £ 0.14%°
First experimental group, n =59
B1-P, n=17 2.55 +0.05 2.42 + 0.04* 13.83 + 0.31 14.73 + 0.38*
B2-P, n=15 2.78 +0.07° 2.69 + 0.03° 12.61 £ 0.28° 13.03 + 0.20°*
B1-M, n=13 2.90 + 0.04 2.75 + 0.4* 12.28 + 0.17 13.11 £ 0.13*
B2-M, n=14 3.01 + 0.04° 2.90 + 0.04° 11.87 £ 0.11° 12.2 £ 0.09°*
Second experimental group, n = 66
C1-PRn=18 2.61+0.02 2.38 + 0.03* 13.88 + 0.20 14.86 + 0.20*
C2-P, n=17 2.76 + 0.05° 2.71 + 0.03° 12.68 + 0.19° 12.86 + 0.16°*
C1-M, n=16 2.85 +0.02 2.73 + 0.02* 12.34 + 0.11 13.19 + 0.07*
C2-M, n=15 3.03 £ 0.02° 2.96 + 0.03°* 11.88 £ 0.11° 12.13 + 0.09°*
Third experimental group, n= 70
D1-P n=19 2.64 +0.02 2.51 +0.03* 13.75+0.18 14.01 +£ 0.16*
D2-P, n=18 2.77 + 0.06° 2.75 + 0.03°" 12.69 + 0.16° 12.8 £ 0.15°*
D1-M, n=17 2.86 + 0.02 2.77 + 0.02* 12.36 + 0.10 12.48 + 0.08*
D2-M, n=16 3.01 + 0.02° 2.99 + 0.05° 11.99 + 0.10° 12.11 £ 0.7
Control group, n=75
E1-B, n=20 2.62 +0.02 2.64 + 0.03* 13.72 £ 0.22 13.52 + 0.23*
E2-p, n=20 2.74 +0.05° 2.89 + 0.06%* 12.63 + 0.17° 12.07 + 0.33%*
E1-M, n=18 2.86 + 0.02 3.02 + 0.07% 12.36 + 0.09 11.73 + 0.24%
E2-M, n=17 3.01 +0.02° 3.20 + 0.07#* 11.91 £ 0.10° 10.98 + 0.28%*

Note: * — p < 0.05 compared with the index group rates

1and 2.
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Drinking balneotherapy is pathogenetically justified in patients
with MS and CS. It has been shown that its use in comprehensive
rehabilitation programs for combined pathology in MS patients
normalizes the carbohydrate and lipid metabolism [24].

The need for taking vitamins is determined by their
performance as biocatalysts and antioxidants. Vitamins are
involved in the formation of hormones, have the ability to change
the sensitivity of the receptors to them, thereby contributing to the
normal functioning of the endocrine, nervous, cardiovascular
systems of the woman’s body [25]. The importance of adequate
daily iodine intake can hardly be overestimated. lodine is
necessary for the synthesis of triiodothyronine and thyroxine,
which affect all types of metabolism, regulate the balance
of reproductive sex hormones [26]. The feasibility of iodine
prophylaxis in mature women is also indicated in the literature [27].

The use of low-frequency vibrotherapy is based on its ability
to reduce vascular tone, improve microcirculation, tissue trophism
due to stimulation of skin mechanoreceptors, primary endings
of muscle spindles, and effects on the autonomic nervous
system [28]. The use of full-spectrum and selective (green light)
chromotherapy is based on their ability to coordinate the activities
of the hypothalamic-pituitary system and the endocrine glands
due to the effect on melatonin production by affecting the visual
analyzer, the extraocular photoneuroendocrine system and
the skin [29]. Musical therapy was included in the treatment
complex due to the presence of a sedative effect, realized due
to the rhythmic effect of melodies on various brain regions. It
is shown that it increases the effectiveness of complex therapy
for patients with cardiovascular pathology [30]. The use of
aromatherapy is based on its ability to regulate the functioning
of the endocrine system, to reduce the effects of psycho-
emotional stress through the effects on the olfactory sensory
system [31]. Aeroionotherapy was included in the program,
taking into account the biological effects of negative aeroions
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A RATIONALE FOR THE USE OF ANTHROPOMETRIC MEASUREMENTS AND BIOELECTRICAL
IMPEDANCE ANALYSIS AS EFFICACY CRITERIA FOR SUMMER CAMP HEALTHCARE

Gavryushin MYu B, Sazonova OV, Gorbachev DO, Borodina LM, Frolova OV, Tupikova DS
Samara State Medical University, Samara, Russia

The proportion of obese and overweight children is alarmingly high. This dictates the need for promoting healthy lifestyle and eating habits in children. Summer
camps provide a wide range of activities to improve children’s health. However, methods used to assess children’s nutritional status during a camp session need
to be analyzed in depth, and a rationale should be provided for the use of bioelectrical impedance analysis (BIA) and anthropometric measurements as efficacy
criteria for summer camp healthcare. We examined 125 boys and 221 girls aged 8-15 years spending their summer holidays at 3 different camps. Measurements
were taken twice: on days 1 and 2 upon arrival to a camp and 2 days before leaving for home. In each camp, both positive and negative health weight dynamics
were observed. The overall weight dynamics in children from camps 1 and 2 were statistically insignificant (o = 0.415 and p = 0.585), in contrast to camp 3 where
those changes were significant (o = 0.025). BIA revealed that less than 44.34% of children had gained skeletal muscle mass during their stay at the camp, whereas
weight loss was associated with both decreased fat and skeletal muscle masses. BIA confirms the results of anthropometric measurements and also provides
information about the diet offered to children and their level of physical activity. Therefore, the use of anthropometric measurements and BIA could be an informative
method for assessing the efficacy of healthcare in summer camps.
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HAYYHOE OBEOCHOBAHUWE NMPUMEHEHUA PE3YJIbTATOB AHTPOMNOMETPUYECKINX
WCCNEQOBAHUI N BUOUMIMEOAHCHOIO AHAJIM3A B KAYECTBE KPUTEPUEB OLIEHKU
SOPEKTUBHOCTW O3A0POB/EHUSA OETEW B NETHUX JIATEPAX

M. 1O. TaBptoumH B2, O. B. CasoHosa, [. O. fopbades, J1. M. BopoauHa, O. B. ®ponoea, . C. Tynvkosa

CamapcKkuii rocylapCTBEHHbIN MeAVLIMHCKMIA yHBepcuTeT, Camapa, Poccust

B coBpemMeHHbIX YCOBUSX »KM3HW BbiCOKa AONA AeTel C M3ObITOYHOM Maccolr Tena u oxuvpennem. O4eBuaHa HEOOXOAVMMOCTb O3LOPOBMEHVS AETEW,
CMOCOBCTBYIOLLErO KOPPEKLUMM MULLEBOrO cTaTyca. Ha BbiNonHeHne 3To 3apa4qn HanpasneHa paboTa OETCKUX OpraHM3auunii oTabixa v O340POBNEHUS, B
TOM Y1Cne NeTHVX narepeit. HeobxoayMbl aHanmM3 pasnnyHbIX METOLOB OLIEHKW M3MEHEHUIA NMLLEBOIO cTaTyca AETel B Te4eHWe NarepHoin CMeHbl 1 Hay4YHOe
060CHOBaHNE BO3MOXKHOCTU MPUMEHEHWSI Pe3yNsTaToB BUOMMMNEAaHCHOro aHanmsa coctasa Tena (BUVA) 1 aHTpONOMETPUHECKMX USMEPEHUI B KadecTBe
KpUTEPMEB OLIEHKN 3PMEKTUBHOCTN O3[0POBNEHNS AeTel B narepsx. Obcneposanbl 125 Manbynkos 1 221 geso4ka B Bo3pacTte 8—15 neT, oTAbIxatoLume B Tpex
[EeTCKuX narepsix. iccnegosanns NpoBoanan B 2 atana: Ha 1-1, 2-n AHW 3ae3fa 1 3a 2 AHA A0 OKOHYaHWS NarepHON CMeHbl. B Kaxxaon opraHmsaLim BbisiBNeHb!
[ETW, Y KOTOPbIX 32 NepVOA, NTarepHOM CMeHbl OTMeYeHa Kak MONOXUTENbHAs, Tak 1 oTpuLaTenbHas TeHAEHUMS 3MeHeHns maccbl Tena. ObLwas TeHAeHUMS K
N3MEHEHNIO Macchl Tena cpepu aetet B narepsx Ne 1 1 Ne 2 6Bbinia ctatnctndecku HesHaqmma (o = 0,415 n p = 0,585), a B narepe Ne 3 0TMe4eHa 4OCTOBEPHASA
TEHAEHLMS K U3MEHEHWIO Macchl Tena oTApbIxatoLLmx (o = 0,025). Mo faHHbIM BA, NoBbILLEHE MacChl Tena B TEHeHVe NarepHo CMeHbl He 6onee Yem B 44,34%
Cny4aeB COMPOBOXAANOCH AO/MKHBIM MOBLILLEHVEM CKENETHO-MbILLEYHOV COCTaBNSIOLLEN, @ CHIDKEHME MacChl Tena BKIIOHaIO MOTEPIO Kak >KMPOBOW, Tak 1
CKENETHO-MbILLEYHOM COCTaBNstoLLMX. B/A He Tonbko JOMOMHAET pedynsTaTbl aHTPONOMETPUYECKMX UCCNENOBAHA, HO 1 MO3BONSET CAENAaTb MPEANONOKeHe
0 (HaKTUHECKOM MWUTaHWUM 1 YPOBHE ABWraTeNbHON akTMBHOCTU AeTell. COOTBETCTBEHHO, MPVIMEHEHNE aHTPOMOMETPUHECKIX UCCNEAOBaHUA B COBOKYMHOCTU
C AaHHbIMN BA MOXET Cny>KWTb B Ka4eCTBe MH(POPMAaTVBHOIO METOANHECKOrO MOAXOAA K OLeHKe a(hEKTUBHOCTY O3L0POBNEHNS AETEN B NETHWX Narepsix.

KntoueBble cnoBa: rurvieHa aeten 1 nogpocTkoB, (M3NHECKOe PasBmUTHE, aHTPONMOMETPUSA, B1OMMNEAAHCHbIN aHanNM3, NULLEBON CTaTyC, PaLUMOH NUTaHKS

Nhdopmarms o Bknage astopos: M. tO. MaBpIoLLIMH — MIaHMPOBaHWE NCCNEA0BaHUSA, COOP AaHHbIX, aHAM3 AaHHbIX, MHTeprpeTaums pesynstaros; O. B. CazoHosa —
NIaHMPOBaHVe NCCRenoBaHns, nHTepnpeTaums pedynsraros; [. O. lopbades — aHanma nnTeparypbl, TOAroToBKa YepHoBYKa pykoncy; J1. M. BopognHa — aHanua
JaHHbIX, MHTepnpeTaumsa pedynstatos; O. B. Pponosa — pegaktnposaHue ctatbu, aHammad nuteparypel; [. C. TynrkoBa — noarotoBka YepHOBUKA PYKOMUCH.

CobniogeHne 3TMHECKUX CTaHAapTOB: MCCNeNoBaHe 0gobpeHo akcnepTHon kommceren PrbOY BO Cam MY MuHagpasa Poccum (mpotokon Ne 8 oT 13
CeHTA0ps 2018 ). Bee yHacTHMKM MccnenoBaHns (Mn X 3aKOHHbIE MPEACTaBUTENN) MOAMNCAN MHPOPMMPOBAHHOE COrTacKhe Ha y4acTue B MCCNeaoBaHunm.

D<] Ans koppecnonaeHumn: Myixann FOpbesuy MaBproLLInH
yn. HYanaesckas, o. 87, r. Camapa, 443099; m.yu.samara@mail.ru

Cratbsi nonyyeHa: 10.12.2018 CtaTtbsa npuHsATa K nevatu: 29.03.2018 Ony6nvkoBaHa oHnaiiH: 12.04.2019

DOI: 10.24075/vrgmu.2019.024

Harmonious physical development is a critical indicator of
a child’s health [1, 2]. Unfortunately, over 25% of school-
age children and adolescents cannot boast physical fitness
[3-5], and the proportion of obese and overweight children is
alarmingly high [1, 3, 6-9]. This situation is largely attributed to
a contemporary lifestyle and diet that would ideally promote
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normal growth and development, protect against diseases and
help children to adapt to the environment [10, 11].
Unbalanced diet and unhealthy eating habits in the critical
periods of child development delay growth and may promote
disease [12-14]. In recent years, the incidence of obesity in
the Samara region has been stably high, reaching 54.1 cases
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per 10,000 children in 2016. These figures are well above the
average rate of 36.7 reported in the Russian Federation [15].

This dictates the need for instiling healthy lifestyle and
eating habits in children. Summer may be a good time for
taking measures, as many children spend their holidays in
summer camps. The camps are expected to provide a wide
range of activities, as well as improve a child’s health. Nutrition
is a crucial factor that affects the overall health, growth and
development, contributing to the efficacy of health programs [16].

Advances in modern science have been instrumental in
elaborating the efficacy criteria for summer camp healthcare.
The guidelines on the Methods for the assessment of the efficacy
of health initiatives in health resorts for children (2.4.4.0127-
18; adopted instead of 2.4.4.0011-10), recommend using
a grading scale for measuring the dynamics of height, body
weight, muscular strength, and respiratory function in children
during a summer camp session [17]. The expert panel of
the Ministry of Healthcare of the Russian Federation on the
hygiene in children and adolescents has approved a protocol
ROSHUMZ-15-2014 on the Comprehensive assessment of the
efficacy of health initiatives in health resorts for children (Protocol
No. 4 dated May 6, 2014). The protocol proposes a method for
assessing the efficacy of health programs for children based on
the dynamics of height, weight, cardiovascular and respiratory
function, physical fithess, and morbidity rates during a camp
session. Some researchers also recommend using a cardiac
exercise test [18] and tests of physical [19] and mental activity [20].

We believe that such protocols should also focus on the
assessment of a child’s nutritional status and the analysis of
its dynamics during a summer camp session. This can help to
reduce the incidence of nutrition-related diseases [21].

The methods proposed earlier are intended to analyze
changes to anthropometric parameters in children with a
variety of physical statuses. Recently, other approaches have
been introduced, involving the use of diagnostic equipment for
the assessment of a child’s nutritional status [21, 22], including
bioelectrical impedance analysis (BIA). However, the feasibility
of BIA for such tasks still needs to be investigated.

The objective of this study was to provide a rationale
for the use of bioimpedance analysis and anthropometric
measurements as efficacy criteria for summer camp healthcare.

METHODS

The study was conducted in 346 children and teenagers (125
boys and 221 girls) aged 8 to 15 years from 3 summer camps
located in the Samara region. The camps were selected from
those recreational organizations whose directors agreed to
cooperate. More than one camp was included in the study
to ensure the probability of encountering different patterns of
changes to the anthropometric and bioimpedance parameters.
Each camp had playgrounds, sports facilities and dining halls.
Specialized sports camps were not included in the study. The
daily schedules were standard. The study enrolled the residents
of the Samara region whose medical histories placed them into
health groups | or Il. Children who had chronic conditions or
pronounced peripheral edemas, were undergoing medication
therapy at the time of the study, permanently resided outside
of the Samara region, or whose parents refused to give their
consent to participate were excluded.

Measurements were performed twice: on the first and second
days upon arrival to the camp, and two days before leaving
for home. A camp session lasted 21 days. Anthropometric
measurements were taken following a standard unified
method [23]: height was measured using an anthropometer

(Kafa; Russia) with a 0.5 cm precision; body weight was
measured on the electronic medical scales EMS-150-Massa-K
(Massa-K; Russia) with a 60 g precision. The children’s physical
development was assessed using a modified regression scale
for the Samara region [24]. Body composition was estimated
on the ABC-01 analyzer (Medass; Russia) operated at 50 kHz
frequency. A standard tetrapolar method was applied; it is based
on 4 electrodes placed over the hand and ankle of a child lying
in the supine position. During the procedure, the angle between
the right shoulder and the vertical body axis was 45°; the right
forearm was parallel to the vertical body axis; the feet were
positioned shoulder width apart. Bioimpedance measurements
were taken in the morning before meal or 2.5-3 hours after
meal. No vigorous physical activity or physiotherapy preceded
the procedure. The following parameters were estimated: total
fat mass (FM), skeletal muscle mass (SMM), and the basal
metabolic rate (BMR) [25, 26]. The obtained data were saved
in Microsoft Excel 2010 (Microsoft; USA) and later processed in
Statistica ver. 13.1 (StatSoft Inc.; USA). Body weight dynamics
during a camp session were analyzed using the Wilcoxon
test for paired samples. Changes in the total proportion of
children with normal physical development (NPD), body weight
deficit (BWD) and excess body weight (EBW) were analyzed
using McNemar's chi-squared test. Between the camps, the
dynamics were compared using Pearson’s chi-squared test.
Differences (M = m, where M is an arithmetic mean, m is an
arithmetic mean error) were considered significant at p < 0,05.

RESULTS

Changes in the physical development during a camp session
were analyzed and compared between children from 3 different
camps. Data on camp 1 are shown in Table 1.

In camp 1, 62 children with NPD (47.7%), 19 children with
BWD (14.6%) and 31 children with EBW (23.8%) retained their
physical status. A positive trend was observed in 8 children
with BWD (6.2%) and 5 children with EBW (3.8%), whose
physical development could be described as normal by the
end of the session. Negative dynamics were observed in
4 children (3.1%): although their physical health was normal
when they arrived at the camp, they lost weight and developed
BWD during their stay. One more child (0.8%) was physically fit
upon arrival, but later gained weight and thus joined the EBW
group. The general trend in weight change was nevertheless
insignificant (o = 0.415).

The analysis of changes in the proportion of children with
NPD, BWD and EBW in camp 1 did not reveal any significant
differences inside those groups (Table 2).

In camp 2, 56 children with NPD (48.7%), 16 children with
BWD (13.9%) and 31 children with EBW (27%) retained their
health status (Table 3).

A positive change was observed in 5 children with BWD
(4.3%) and 2 children with EBW (1.7%), whose physical
development was characterized as normal at the end of their
stay at the camp. Three children (2.6%) had developed BWD
and 2 children (1.7%) had gained weight, thus moving to the
EBW group by the end of the camp session (Table 4). Similarly
to camp 1, the overall body weight dynamics were insignificant
(o = 0.585).

Weight trends in each separate health group (NPD, BWD,
EBW) were also insignificant (Table 4).

In camp 3, 62 children with NPD (61.4%), 13 children with
BWD (12.9%) and 6 children with EBW (5.9%) retained their
health status. Positive changes were observed in 6 children
with BWD (5.9%) and 5 children with EBW (5.0%), who had
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moved into the NPD group. Negative dynamics were observed
in 9 children who had developed body mass deficit by the
end of their stay. In camp 3, the overall weight dynamics were
reliable (p = 0.025) (Table 5).

There were more children in camp 3 who had lost weight
during their stay than those who had gained it (p = 0.025). Of
14 children (12.2%) who had lost weight, 9 had BWD at the
end of the camp session and 5 had moved into the NPD group.
Six children with initial BWD had gained weight and moved into
the NPD group by the end of their stay. Importantly, weight loss
during a camp session can be regarded as a positive health
effect only for initially overweight children. For children with
NPD and BWD such changes are not beneficial.

We analyzed the dynamics of body weight in children with
different physical statuses during their stay at a summer camp

Table 1. Analysis of overall body weight dynamics in camp 1
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(Table 6). For children who were initially fit or overweight, the
changes were statistically insignificant. For example, in camp
1 the children with NPD weighed 47.05 + 1.1 kg upon arrival
and 47.34 + 1.12 kg (p = 0.347) before leaving for home. At
the same time, the children with weight deficit demonstrated a
significant increase in their body weight by the end of a camp
session. In camp 2, such children weighed 39.78 + 1.48 kg
upon arrival and 41.37 + 1.66 kg (p = 0.002) at the end of the
camp session.

Bioimpedance analysis is expected to confirm such positive
body weight dynamics. During their stay at camp, children
are supposed to receive a balanced diet and enough physical
exercise, which will be reflected in their bioimpedance results.
Fat mass will decrease, whereas skeletal muscle mass and the
basal metabolism rate will grow. In camps 1 and 2, the average

End of session
Beginning of session Total
NPD BWD EBW
AbeC. 62 4 1 67
NPD
% 47.7 3.1 0.8 51.5
A6C. 8 19 0 27
BWD
% 6.2 14.6 0 20.8
Abe. 5 0 31 36
EBW
% 3.8 0 23.8 27.7
Abc. 75 23 32 130
Total
% 57.7 17.7 24.6 100
Table 2. Changes in the proportion of children with NPD, BWD and EBW during a camp session in camp 1
NPD BWD EBW
Dynamics
n % n % n %
Increase 13 10 4 3.1 1 0.8
Decline 5 3.8 8 6.2 5 3.8
No changes 112 86.2 118 90.8 124 95.4
Total 130 100 130 100 130 100
Statistical significance, p 0.096 0.388 0.219
Table 3. Analysis of overall body weight dynamics in camp 2
End of session
Beginning of session Total
NPD BWD EBW
Abs. 56 3 2 61
NPD
% 48.7 2.6 1.7 53
Abs. 5 16 0 21
BWD
% 4.3 13.9 0 18.3
Abs. 2 0 31 33
EBW
% 1.7 0 27 28.7
Abs. 63 19 33 115
Total
% 54.8 16.5 28.7 100
Table 4. Changes in the proportion of children with NPD, BWD and EBW during a camp session in camp 2
NPD BWD EBW
Dynamics
n % n % n %
Increase 8 7 2.6 2 1.7
Decline 5 4.3 6 5.2 2 1.7
No changes 102 88.7 106 92.2 111 96.5
Total 115 100 115 100 115 100
Statistical significance, p 0.581 0.508 1
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values of those bioimpedance parameters increased slightly,
suggesting that the children had been receiving a balanced diet
and sufficient physical exercise throughout their stay, but those
changes were statistically insignificant. In camp 3, both fat and
skeletal muscle masses decreased significantly. This may have
been due to the inadequate diet, insufficient physical activity or
a poorly structured daily schedule. Insignificant changes in the
metabolism rate confirm our hypothesis (Table 7).

FM, SMM and BMR were measured in each child. Based
on the measurement results, 7 groups were distinguished
(Table 8). Groups 1 and 3 consist of the children who received
enough exercise and healthy diet. In group 2, the children
were physically active, but food intake did not compensate for
energy expenditures. In group 4, the children were also quite
active, but their diet was too rich in calories. The children from
groups 5, 6 and 7 lacked physical activity and consumed too
many calories (Table 8).

The largest proportion of children who demonstrated
positive changes in their body composition (groups 1-3) was

Table 5. Analysis of overall body weight dynamics in camp 3

observed in camps 1 and 2 (44.61% and 44.34%, respectively).
At the same time, the number of children whose fat mass had
increased while their skeletal mass had not was also quite high
in camps 1 and 2. In camp 3, 19.8% of children had gained
FM by the end of their stay but lost SMM or retained it at the
initial level. Body weight dynamics in camp 3 inferred from the
anthropometric measurements are confirmed by the presence
of a significant proportion of children constituting groups 1-3.

DISCUSSION

The anthropometric measurements identified children with
negative body weight dynamics observed during their stay at
a summer camp: the initially fit children had developed body
weight deficit or gained weight by the end of the camp session.
This is an alarming trend, especially because it was observed
in all three studied camps. In camp 3, body weight dynamics
were statistically significant and were not always positive.
Some physically fit children and their weight-deficient peers

End of session
Beginning of session Total
NPD BWD EBW
Abs. 62 9 0 71
NPD
% 61.4 8.9 0 70.3
Abs. 6 13 0 19
BWD
% 5.9 12.9 0 18.8
Abs. 5 0 6 11
EBW
% 5 0 5.9 10.9
Abs. 73 22 6 101
Total
% 72.3 21.8 5.9 100
Table 6. A summary table of children’s body weight dynamics during a camp session in camps 1-3
Beginning of session End of session Difference*
Camp Upon arrival Jod
M SD? m M SD m M SE®
NPD 47.05 9.03 1.1 47.34 9.16 1.12 0.29 0.3 0.347
Camp 1 BWD 40.49 6.64 1.28 41.56 7.72 1.49 1.07 0.4 0.014
EBW 61.92 10.3 1.72 62.59 10.5 1.75 0.67 0.55 0.228
NPD 47.47 8.26 1.06 47.33 8.67 1.1 -0.14 0.29 0.627
Camp 2 BWD 39.78 6.77 1.48 41.37 7.63 1.66 1.6 0.46 0.002
EBW 61.16 10.18 1.77 61.51 10.83 1.89 0.35 0.46 0.458
NPD 42.94 7.02 0.83 43.14 6.9 0.82 0.2 0.32 0.543
Camp 3 BWD 35.73 5.12 1.17 37.28 5.69 1.31 1.55 0.36 <0.001
EBW 57.66 12.21 3.68 57.07 12.85 3.87 -0.59 0.9 0.524
Table 7. Bioimpedance parameters in children from camps 1-3
Beginning of session End of session Difference*
Camp BIA parameter °
M' £ n? P s’ M+m P s M SE®
FM (kg) 10.89 £ 0.44 7.7-13.9 11.29 £ 0.49 7.3-143 0.4 0.29 0.473
Camp 1 SMM (kg) 21.23 + 0.46 17.5-25.1 21.35+0.45 18-25.1 0.12 0.4 0.687
BMR (kcal/m?) 857.04 + 4.98 824 - 888 865.27 + 5.38 835 - 894 8.23 0.65 0.262
FM (kg) 12.32 £ 0.56 8.1-16.5 13.09 + 0.38 8.3-17.9 0.77 0.35 0.198
Camp 2 SMM (kg) 20.45 +0.34 16.6 -24.3 20.84 + 0.56 17.2-245 0.39 0.46 0.478
BMR (kcal/m?) 832.54 + 5.34 798 - 867 846.01 £ 4.78 813-879 13.47 0.58 0.061
FM (kg) 12.35 £ 0.55 8.7-15.9 10.89 + 0.44 7.3-143 -1.46 0.46 0.039
Camp 3 SMM (kg) 23.43 + 0.57 19.3-27.5 21.81 +0.55 18.5-25.3 -1.62 0.42 0.041
BMR (kcal/m?) 873.32 £ 5.45 849 - 897 862.51 +5.29 836 — 889 -10.81 0.51 0.155
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Table 8. Dynamics of bioimpedance parameters in children from camps 1-3 during a camp session

Group Dynarmics Number of children (%)
Camp 1 Camp 2 Camp 3
1 Decreasing FM, stable SMM, increasing BMR 17 (13.07) 14(12.17) 12 (11.89)
2 Decreasing FM, increasing SMM, decreasing BMR 12 (9.23) 16 (13.91) 11 (10.89)
3 Decreasing FM, increasing SMM, increasing BMR 29 (22.31) 21 (18.26) 17 (16.83)
4 Increasing FM, SMM, BMR 14 (10.77) 14 (12.17) 13 (12.87)
5 Increasing FM, stable SMM, decreasing BMR 20 (15.39) 17(14.79) 19 (18.81)
6 Increasing FM, decreasing SMM, decreasing BMR 24 (18.46) 14 (12.17) 20 (19.8)
7 Increasing FM, decreasing SMM, increasing BMR 14 (10.77) 19 (16.53) 9(8.91)

gained weight, which can be regarded as a positive effect, but
there was also a big proportion of children who lost weight
during their stay. BIA confirms the results of the conducted
anthropometric measurements. Based on the dynamics of
fat mass, skeletal muscle mass and basal metabolism rates
measured in each child, we can assess the quality of nutrition
at camps and its impact of children’s health. Weight gain that
serves as a criterium of healthy physical development and
therefore suggests a positive effect of a health program can
also result from an increase in fat content [17, 20, 25]. If children
receive a balanced diet and are provided with physical activities
that match food intake, changes in the body composition will
not be manifested as an increase in fat mass. Skeletal muscle
mass can grow or remain stable throughout a camp session
[18, 19, 25]. In our study, weight gain was accompanied by
a healthy increase in skeletal muscle mass, as well as by an
unhealthy increase in fat mass in many children. At the same
time, weight loss during the camp session was not always
associated with a drop in fat mass, but in some cases was
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Ever more people across the world are affected by fibrotic
scarring of the retina that can cause significant visual
impairment or even blindness [1]. An epiretinal membrane
(ERM) is a product of abnormal cell proliferation on the inner
surface of the retina and at the vitreomacular interface [2]. It is
a fibrous tissue that contracts, causing the retina to pucker and
promoting formation of a macular hole [2, 3].

The major contributors to this ocular disorder are posterior
vitreous detachment (PVD), the anatomy of the internal limiting
membrane (ILM), which has microscopic pores, and abnormal
blood supply to the macula [4-6]. According to the literature,
ERM is constituted by various cell types, including glial cells
(Muller cells, astrocytes and microglial cells), hyalocytes,
macrophages, retinal pigment epithelial cells, and fibroblasts
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[7-8]. ERM formation is initiated when these cells, regardless
of their origin, transdifferentiate into myofibroblast-like cells
that abundantly secrete transforming growth factor beta 1,
causing the membrane to contract [9-10]. The most intense
cell proliferation takes place long before ERM becomes
symptomatic. Once the membrane has been formed on the
retinal surface, cell proliferation stops [11].

In the early stages of the disease, cell proliferation can be
inhibited using a variety of different methods, such as intravitreal
injections of high doses of glucocorticoids, radiation therapy
or administration of cytostatic agents [12]. These methods,
however, have a high risk of adverse effects and therefore
are not popular in clinical practice. At present, two strategies
are normally used in patients with ERM: surgery to remove the
membrane (vitrectomy) and monitoring without treatment [13].

In spite of significant advances in the understanding of the
mechanisms underlying ERM formation, the conditions under
which vitreoretinal cells transdifferentiate into myofibroblasts
are unknown. It is also unclear whether surgical removal of the
membrane should be performed in asymptomatic patients or
can be safely delayed until visual acuity starts to deteriorate or
a patient develops metamorphopsia. Unfortunately, there is no
guarantee that the lost vision will be restored after surgery. In
addition, post-operative relapses are not a rare thing [12].

Laser therapy is an interesting modality for treating
pathologies of the vitreomacular interface [14-15]. The wise
choice of laser settings (wavelength, exposure time, power)
minimizes damage to the retina and ensures a good therapeutic
effect [16-17]. Recently, the authors of this work have patented
a new, clinically tested method for treating patients with
early stages of preretinal macular fibrosis; the method is a
combination of selective photocoagulation of the ERM by a
yellow laser and subsequent stimulation of tissue regeneration
by a series of subthreshold laser micro-pulses [18]. Such laser
therapy induces ERM regression, improves visual acuity and
increases light sensitivity of the retina.

Further evolution and clinical application of the proposed
method will largely depend on the understanding of its
therapeutic mechanisms. Research into biological and physical
interactions between the laser beam and structural retinal
components can significantly expand our knowledge in this
field. a useful tool here is mathematical modeling that accounts
for the laser settings needed to achieve a therapeutic effect
[17-20].

We have developed a physico-mathematical model
that predicts biophysical effects of laser exposure on retinal
tissues. The aim of this study was to investigate and analyze
the biophysical response (the dynamics of temperatures and
acoustic oscillations, protein denaturation, and stimulation
of tissue regeneration) of structural retinal components to a
quasi-continuous-wave laser beam and a subsequenta series
of laser micropulses.

METHODS

Based on the experiments conducted in animal models (rabbits
and primates), we determined the conditions required to induce
local changes to intact chorioretinal tissue by laser radiation
and identified the underlying mechanisms [17, 19].

These findings, coupled with the knowledge of spectral,
optical and physical properties of intraocular structures, laid
a basis for developing a physical model of the interactions
between the laser beam and ocular fundus tissues (Fig.1)
[19]. The mathematical description of this model was used to
determine and optimize laser settings needed to preserve the
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Fig. 1. A topographic representation of the chorioretinal complex. 1— the
retinal pigment epithelium (10 pm in thickness), 2 — the layer of photoreceptors
(60 pm), 3 — the outer nuclear layer (110 pm), 4 — the inner nuclear layer
(200 pm), 5 — the inner limiting membrane (260 pm)

healthy structure of the retina and inhibit cell proliferation in the
early stages of ERM.

The model is a multilayer system in which the geometrical
dimensions and physical/optical properties of the layers
correspond to those of major anatomical structures of
the ocular fundus [21]. It accounts for the patterns of laser
beam propagation in the anterior part of the eye, light
absorption and scattering in the neuroepithelium and the
choroid, and some other factors, including the presence of
blood flow in the choroid with a speed gradient in the zone
extending from Bruch’s membrane to the sclera. Laser
beam energy is absorbed by melanin granules and
converts into heat. In the model, the optical properties of
the intraocular structures located in the anterior part of the
eyeball corresponded to those found in individuals above
40 years of age. The concentration of the pigment in the retinal
pigment epithelium (RPE) was assumed to be 0.2, which is a
typical concentration for a Caucasian patient.

The proposed method for treating ERM uses a combination
of grid laser photocoagulation (577 nm wavelength, power of
50 mW, pulse duration of 0.05 s, spot size of 100 ym, distance
between the coagulates of 150 pm) and subthreshold laser
micropulses (677 nm wavelength, burst length of 30 ms,
micropulse duration of 50 ps, duty cycle of 4.7%, repetition
rate of 1,000 Hz, spot size of 100 um, power of 50 mW) [18].
These parameters were used as initial conditions for further
computations.

The distribution of temperatures in the chorioretinal complex
was determined by a numerical solution of a two-dimensional

a a
(Z)Cp(Z)— + FOW,v)==—|m (Z)—l + — (Z)— +Qt)q(r. Z, k,s);

2 =

we, =S s | 2 2y - T
Tim1 s

Fig. 2. The heat equation for layer i of the model. T (r, Z, t) is a temperature
rise above the physiological norm (37 °C); Cp (), p &), n (&), are specific heat
capacity, density and thermal conductivity, respectively; Q(f) is time-dependent
intensity of the absorbed radiation; g is volumetric heat generation, k and s
are light absorption and scattering; F¥ is a function determined by the rates of
radial (V) and axial (U) convective heat transfer; R, and E_, are spot size (exp (-1))
and Gaussian beam irradiance at the interface between two adjacent layers
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heat equation [19, 22] Fig. 2 shows the equation applied to
describe each layer of the model. The size of the irradiated
area of the pigment epithelium was assumed to be 100 pm,
corresponding to the spot size. Radial irradiance distribution
was considered to be Gaussian. The laser wavelength was 577 nm.
Given the age of patients and the typical optical loss in the
anterior part of the eye, the power of the laser beam absorbed
by the chorioretinal complex was assumed to be 0.035 W
[21, 23]. Then, given that the beam radius R was 50 pm,
irradiance received by the inner limiting membrane was
E = 4.5 «10%° W/m?. The pulse shape, which defines the
Q (t) function, was rectangular.

RESULTS AND DISCUSSION

Below, we describe the temperature profile of the retina
irradiated by laser pulses with the parameters specified above.
The distribution of temperatures along the laser beam axis
(r = Q) is shown in Fig 3. Curve 1 in Fig. 3 reflects the degree
of tissue heating (T (£, r = Q)) by the end of the pulse. The
averaged value k. of yellow light absorption by RPE is
3-10*m". About 30% of energy of the incident light is absorbed
by pigment granules of RPE, whereas 70% propagates further
into the capillaries and the choroid, and is absorbed by blood
hemoglobin, causing tissue heating (Curve 1 in Fig. 3).

The part of the choroid adjacent to RPE is heated to the
temperatures that exceed that of RPE. This area acts as a
buffer, ensuring propagation of heat to the inner layers of the
neuroepithelium and preventing the heat flow from traveling
deeper into the choroid. Attenuated heat reaches the internal
limiting membrane 0.3 s after the onset of exposure. Cooling
continues for a few more seconds, stimulating photothermal
tissue regeneration in all structural components of the
neuroepithelium.

The relatively low absorption value k. (in comparison with
k of the green spectrum) means that the degree of a patient’s
retinal pigmentation has only a mild effect on the damage
threshold. This fact, as well as the lack of absorption of
the yellow spectrum by macular pigments, makes the
proposed treatment modality especially beneficial for patients
[20, 21, 24].

Fig. 4 shows the dynamics of tissue cooling and heating
T (t, Z, r = 0) in the retinal layers lying in the proximity to the
laser beam axis; the colored areas on the graph indicate a
dominating optical and thermal effect of laser radiation on the
retinal tissues.

Exposure to 0.05-second-long laser pulses results in a
temperature rise by about 35 °C and causes denaturation
(coagulation) of RPE and proteins of the retina [19, 25]. Under
such conditions, about 70% of the protein molecules undergo
irreversible damage; therefore, the temperature specified above
is considered to be a critical threshold. A temperature rise above
the threshold value aggravates damage to tissues. In Fig. 3.
The area heated above the threshold value is designated as the
area of denaturation.

Laser-induced heating of tissue by 10 to 25 °C does not
cause irreversible damage, but instead has a therapeutic effect
that involves stimulation of retinal tissue regeneration [26]. In
the picture, this area is referred to as the area of photothermal
stimulation.

Laser-induced heating of tissue by 25 to 35 °C is
characterized by a competition between tissue destruction and
regeneration. It is difficult to tell which process is dominating;
mathematical modelling cannot give an accurate answer. In the
figure, this area is termed the staging area.

Summing up, our model predicts denaturation of RPE
protein structures and total or partial local coagulation of the
retina in the described irradiation modes (Curve 1, Fig. 4).

The most pronounced photothermal therapeutic effect on
the tissues is observed in the area of inner and outer nuclear
layers and part of the inner plexiform layer and ganglia. Here,
exposure time is determined by the rate of tissue cooling. It
takes the tissues a few seconds to cool down, which is many
times longer than the duration of irradiation itself. In the retinal
region close to the internal limiting membrane where ERM is
formed, the probability of photothermal stimulation remains
finite but still decreases considerably (see Curve 5 in Fig. 4).
This means that laser-induced direct stimulation of ERM growth
is highly unlikely. Figure 5 shows 10, 25 and 35 °C isotherms
in the r, Z plane; they are given to illustrate radial distribution of
temperatures under the studied conditions. The temperature
ranges correspond to the data provided in Fig. 3.

Thus, the reduction of pulse duration down to 0.03 s shifts
the zone of effective photothermal stimulation closer toward
the inner nuclear layer. By contrast, an increase in the pulse

T(2); heating 0.05 s, cooling 0.25 s

Retina RPE Choroid
80.0
70.0
/ ~u
60.0 \ Time (s)
:(5 / a 1— 0.05
ry 500 Lazer light /’/‘ 4 - o
= > — 0.3
§ 40.0 —| > » 4
[}
30.0
3 7/
= 20.0 /
10.0 7
0.0 Z (um)
-300 -200 -100 0,0 100
AR R P b e
etdn de NN

Fig. 3. A relationship between the degree of retinal tissue heating and the
thickness Z (r = 0) of the chorioretinal complex by the end of the pulse, t = 0.05 s
(1) and during tissue cooling 0.09 s (2), 0.2 s (3) and 0.3 s (4) after the onset of
irradiation
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Fig. 4. Heating and cooling dynamics T (t, Z, r = 0) in the retinal zones
corresponding to the thickness Z, of layer 1 (the retinal pigment epithelium, 10 pm),
2 (the layer of photoreceptors, 60 um), 3 (the outer nuclear layer, 110 um), 4 (the
inner nuclear layer, 200 um), and 5 (the inner limiting membrane, 260 pm). The
blue color marks the area of irreversible protein denaturation at temperatures that
exceed the physiological norm by 25 °C. The area of photothermal stimulation
with the temperature rise ranging between 10 and 25 °C is shown in red; at
these temperatures the therapeutic effect is achieved, and irreversible protein
denaturation is almost negligible. The staging area marked in purple is where
tissue regeneration stops and irreversible protein denaturation begins
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length up to 0.07 s promotes heating of deeper layers and ERM
and, therefore, can directly stimulate its growth.

Thermomechanical effects of laser
micropulses on biological tissue

More intricate mathematical modeling is required to predict
the thermomechanical effect of short laser pulses on biological
tissue [27, 28]. Short pulses induce mechanical (acoustic)
oscillations. For yellow laser pulses of 50 ps in length
generated at 50 mW, the amplitude of mechanical oscillations
approximates decimal fractions of a bar (1 bar = 1 atm).
Mechanical (cavitation-induced) damage to biological tissue
occurs above the threshold value of 30-40 bar [28, 29].

At power set to 50 mW and a pulse duration of 50 ps, the
temperature rise in the hottest spot of the pigment epithelium
(along the beam axis) does not exceed 0.15 °C. Given that the
repetition rate is 1,000 Hz, the next short pulse arrives in 10° s
(1 ms). Regardless of the degree of heating, cooling occurs
slowly. RPE does not cool down completely in the intervals
between the pulses, and, therefore, accumulates heat from
pulse to pulse. The interval of 0.03 s is enough to ensure a
steady temperature rise of 2 °C. The critical rise above
the physiological temperature is 30-35 °C. Generally, the heating
and cooling of the retina follow the patterns shown in Fig. 2-4.
However, in this case the temperature rise is 20 times lower.

Thus, at the selected stimulation mode, the thermomechanical
effect of laser radiation on retinal tissues is very mild. We can
almost rule out the probability of inducing thermal damage to
the neuroepithelium. The therapeutic effect is determined by
the thermomechanical impact of low-intensity laser radiation
with the specified parameters.

The efficacy and safety of the proposed method can be
illustrated by the following clinical case. Patient I., 68 years
of age, presented with complains of decreased visual acuity
and distorted vision in the right eye. During the examination,
uncorrected visual acuity was 0.6; best-corrected visual acuity
was 1.0. Biomicroscopy of the right eye revealed clear optical
media. The optic disc was pale-pink, with sharp edges. a
“cellophane” membrane was noticed in the macular zone.
Z(um) Heating 0.5 s, 50 mW
250

200

RPE

R-(m) 75 50 25 0 25 50 75 R+(EmM)

Photothermal stimulation
10-25°C

The staging area
25-35°C
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The patient underwent multispectral imaging of the retina in
the Multicolor mode with the following monochromatic filters:
blue (BR; 488 nm), green (GR; 515 nm) and infrared (IR; 820 nm);
spectral optical coherence tomography (SOCT), En Face opitical
coherence tomography angiography (OCT-A) (Spectralis OCT;
Heidelberg Engineering, Inc., Germany) and microperimetry
(MAIA, CenterVue; ltaly). Multispectral imaging revealed the
yellow-green foci indicative of ERM prominence (Fig. 6A).
Measured by microperimetry, the average light sensitivity of
the central retina was 26,3 dB (Fig. 6B). An OCT scan through
the fovea discovered a hyperreflective line intimately associated
with the internal limiting membrane; the foveal pit was flat. The
thickness of the central retina was increased (257 pm). The
outer limiting membrane, the junction between the inner and
outer photoreceptor segments, the retinal pigment epithelium,
and the choroid were intact (Fig. 6C).

Based on those findings, the patient was diagnosed with
stage O-1 preretinal macular fibrosis of the right eye. The
patient was offered to undergo laser therapy: a combination
of grid laser photocoagulation at 577 nm wavelength and
subthreshold laser micropulses at 577 nm wavelength
(8 sessions, separated by a month).

The first stage of treatment included grid laser
photocoagulation of the retina excluding the avascular zone.
The following laser settings were applied: wavelength of 577 nm,
power of 50 mW, pulse duration of 0.05 s, spot size of 100 um,
distance between the coagulated spots of 150 pm. Two weeks
after the session, a follow-up examination was conducted;
uncorrected visual acuity improved to 0.7, best-corrected
visual acuity was 1.0.

Multispectral imaging in the Multicolor mode revealed
thinner, blurred ERM contours along its entire length, apart from
the avascular zones, where coagulation spots remained (Fig. 7A).
Measured by microperimetry, the average light sensitivity of the
retina was 26.5 dB (Fig.7 B). SOCT visualized the flat fovea and
the same hyperreflective line fused to the retinal surface (ERM).
The thickness of the central retina had decreased to 253 pm.
The outer limiting membrane, the junction between the inner
and outer photoreceptor segments, the choroid, and the retinal
pigment epithelium were intact (Fig. 7C).

Cooling 0.3 s

Z (um)

R-(m) 75 50 25 o 25 50 75 R+ (M)

Thermal denaturation
>35°C

Fig. 5. Distribution of temperatures T (r, 2) in retinal tissues during heating (A) and cooling (B) by the end of the laser pulse (t = 0.05 s) and at t = 0.3 s (cooling) in the

sagittal plane
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Six months after completing the second part of the
treatment course that included 3 sessions of subthreshold laser
micropulses (with a month interval between each two sessions),
the patient underwent a follow-up examination; uncorrected
visual acuity became 0.9, whereas best-corrected acuity was 1.0.

Multispectral imaging conducted in the Multicolor mode
revealed regression of the central part of ERM (Fig. 8A).
Measured by microperimetry, the average light sensitivity of the
retina 26.6 dB (Fig. 8B). SOCT images revealed formation of
the foveal pit; the thickness of the central retina had decreased
to 246 pm. The outer limiting membrane, the junction between
the inner and outer photoreceptor segments, the choroid,
and the retinal pigment epithelium were intact (Fig. 8C). Post-
operative SOCT images demonstrated that coagulation sites
corresponded to the sites of photothermal stimulation showed
in Figures 3 and 4.

CONCLUSIONS

We have developed a new laser combination therapy for
treating the early stages of ERM. The first clinical tests have
confirmed its efficacy and safety. Mathematical modeling
allowed us to study the dynamics of thermomechanical
effects of laser radiation on the structural components of the
neuroepithelium during the exposure. We have also described
the major mechanisms underlying the therapeutic effect of laser
radiation in patients with ERM.

Fig. 6. The ocular fundus before the treatment: (A) a Multicolor photo showing the
surface and the boundaries of ERM in yellow and green (marked by red arrows);
(B) microperimetry of the macular zone, the average light sensitivity was 26.3 dB;
(C) SOCT of the retinal membrane surface showing a hyperreflective line fused to
the inner limiting membrane; the foveal pit is flat (the yellow arrow); the thickness
of the central retina is 257 pm (c)

References

1. Leask A, Abraham D. TGF- signaling and the fibrotic response.
The FASEB Journal. 2004; 18 (7): 816-27.

2. Kachalina GF, Kasminina TA, Ivanova EV, Kuranova Ol. Laser
treatment of transudative maculopathy caused by the epiretinal

Fig. 7. The ocular fundus after the first session of grid laser photocoagulation;
(A) a Multicolor photo of the fundus shows thinner, blurred ERM contours in
the macular zone (the red arrow); (B) microperimetry of the macular zone: the
average light sensitivity is 26.5 Db; (C) SOCT reveals a hyperreflective line fused
to ILM, the foveal pit is flat (the yellow arrow), the thickness of the central retina
is slightly decreased (253 pym). The green arrow on the OCT image marks laser

coagulates; the retinal layers are structurally unchanged

Fig. 8. The ocular fundus after the completed treatment course: (A) a Multicolor
photo of the fundus showing ERM regression; (B) microperimetry: the average
light sensitivity is 26.6 dB; (C) an OCT image showing a thinner hyperreflective
line (ERM) and formation of the foveal pit (the yellow arrow); the thickness of the
central retina is 246 pm

membrane. Modern technologies of treatment of vitreoretinal
pathology. S. Fyodorov Eye Microsurgery Federal State Institution.
2012; 94-6.

3. Patronas M, Kroll A, Lou P, Ryan E. a Review of Vitreoretinal

BULLETIN OF RSMU | 2, 2019 | VESTNIKRGMU.RU



METO[ | O®TAJIbMONOT A

10.

11.

12.

13.

14.

15.

16.

Interface Pathology. International Ophthalmology Clinics. 2009;
49 (1): 133-43.

Ponomareva EN, Kazaryan AA. The electroretinogram and
the pattern of optical coherence tomography in patients with
idiopathic epiretinal membrane. Russian Ophthalmological Journal.
2013; (2): 66-9.

Guidry C. The role of Miller cells in fibrocontractive retinal disorders.
Progress in Retinal and Eye Research. 2005; 24 (1): 75-86.
Harada C, Mitamura Y, Harada T. The role of cytokines and
trophic factors in epiretinal membranes: Involvement of signal
transduction in glial cells. Progress in Retinal and Eye Research.
2006; 25 (2): 149-64.

Zhao F, Gandorfer A, Haritoglou C, Scheler R, Schaumberger M,
Kampik a et al. Epiretinal Cell Proliferation in Macular Pucker and
Vitreomacular Traction Syndrome. Retina. 2013; 33 (1): 77-88.
Joshi M, Agrawal S, Christoforidis J. Inflammatory Mechanisms
of Idiopathic Epiretinal Membrane Formation. Mediators of
Inflammation. 2013; (2013): 1-6.

Hinz B, Phan SH, Thannickal VJ, et al. The myofibroblast: one
function, multiple origins. Am J Pathol. 2007; (170): 1807-16.
Zakharov VD, Borzenok SA, Gorshkov IM, Kolesnik SV, Kolesnik Al,
Miridonova AV. Etiological and pathogenetic aspects and role of
vitreoretinal interface structures in idiopathic epiretinal membranes
formation. Practical medicine. 2018; (114): 71-76.

Kachalina GF, Doga AV, Kasmynina TA, Kuranova Oll. Epiretinal fibrosis:
pathogenesis, outcomes, treatment methods. Ophthalmosurgery.
2013; 4: 108-10.

Kuranova OI. The study of the effectiveness of micropulse laser
irradiation with a wavelength of 577 nm in macular edema after
surgical removal of idiopathic epiretinal membrane [dissertation].
2014.

Bu S, Kuijer R, Li X, Hooymans J, Los L. Idiopathic epiretinal
membrane. Retina. 2014; 34 (12): 2317-35.

Bolshunov AV. Questions of laser ophthalmology. M., 2013; 316.
Krasnov MM, Saprykin PI, Doronin PP, Nikolskaya GM, Akopyan VS,
Mamedov NG. Electron-microscopic examination of the fundus tissue
during laser coagulation. Bulletin of Ophthalmology. 1973; (2): 9-12.
Fedoruk NA, Fedorov AA, Bol'shunov AV. Morphological and
histochemical effects of subthreshold laser therapy on the

JNutepatypa

1.

2.

Leask A, Abraham D. TGF- signaling and the fibrotic response.
The FASEB Journal. 2004; 18 (7): 816-27.

KavanuHal. ®., KacmbiHnHa T. A., ViBaHoBa E. B., KypaHosa O. .
JlagepHoe neveHrie TpaHCCyaaTUBHOM MakynonaTu, BbI3BaHHOM
Hanm4mem anMpeTVHasIbHON MembpaHbl. COBPEMEHHbIE TEXHOMOMM
JIeYeHNs1 BUTPEOPETUHA/IbHOW naTonorin. B cOopHMKe Te3NCOB.
OreY «MHTK «Mukpoxupyprust masa». 2012; 94-6.

Patronas M, Kroll A, Lou P, Ryan E. A Review of Vitreoretinal
Interface Pathology. International Ophthalmology Clinics. 2009;
49 (1): 133-43.

MoHomepésa E. H., KagapsH A. A. CTpyKTypHO-(yHKLVOHaSTbHbIE
OCOBEHHOCTU MaKyISPHOW 30HbI CETHATKL MPW MAMONaTUHECKOM
AMMPETUHANBHOM MeMBpaHe. Poccuitckuii ohTanbMON0OrMHecKIin
xypHan. 2013; (2): 66-9.

Guidry C. The role of Miller cells in fibrocontractive retinal disorders.
Progress in Retinal and Eye Research. 2005; 24 (1): 75-86.
Harada C, Mitamura Y, Harada T. The role of cytokines and
trophic factors in epiretinal membranes: Involvement of signal
transduction in glial cells. Progress in Retinal and Eye Research.
2006; 25 (2): 149-64.

Zhao F, Gandorfer A, Haritoglou C, Scheler R, Schaumberger M,
Kampik A, et al. Epiretinal Cell Proliferation in Macular Pucker and
Vitreomacular Traction Syndrome. Retina. 2013; 33 (1): 77-88.
Joshi M, Agrawal S, Christoforidis J. Inflammatory Mechanisms
of Idiopathic Epiretinal Membrane Formation. Mediators of
Inflammation. 2013; (2013): 1-6.

Hinz B, Phan SH, Thannickal VJ, et al. The myofibroblast: one
function, multiple origins. Am J Pathol. 2007; (170): 1807-16.

BECTHVK PIMY | 2, 2019 | VESTNIKRGMU.RU

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

10.

11.

12.

13.

14.

15.

16.

17.

chorioretinal complex/ Bulletin of Ophthalmology. 2013; (5): 73-81.
Zheltov Gl, Romanov GS, Romanov OG, Ivanova EV. Selective
effect of laser pulses on the retinal pigment epithelium. Physical
basis. New in ophthalmology. 2012; (3): 37-43.

Tahchidi HP, Kachalina GF, Kasmynina TA, Tebina EP. The method
of combined laser treatment of the initial stage of epiretinal fibrosis
RF Ne 2634684. 02.11.2017.

Zheltov Gl. Effect of intense optical radiation on eye tissue:
research and applications. Extended abstract of candidate’s
thesis [dissertation]. 1996.

Zheltov Gl. Biophysics of the destructive action of the above-
threshold laser radiation on the fundus tissue. Il All Russian
seminar: "MAKULA 2006". Report in the conference proceedings.
2006; 71-85.

Jacobs S. Safety with Lasers and Other Optical Sources, by
D. Sliney and M. Wolbarsht. Medical Physics. 1981; 8 (5): 725-6.
Karslow G, Eger D. Thermal conductivity of solids. M.: Science,
1964; 488.

Linnik LA, Zheltov Gl, Glazkov VN, Puhlik ES, Privalov AP. Change
of energy thresholds of laser coagulation of retinal tissues with the
age of patients. Ophthalmological journal. 1988; 6 (302): 355-8.
Zheltov Gl. Effects of above-threshold laser radiation on the
fundus tissue. Ophthalmology in Belarus. 2009; 3 (03): 24-40.
Barnes FS. Bological Damage Resulting from Thermal Pulses.
In: Wolbarsht ML, Ed. Laser Application in Medicine and Biology.
Ntw York: Plenum Press, 1984; 205-22.

Klepinina OB Subthreshold micropulse laser treatment with
a wavelength of 577 nm in the treatment of central serous
chorioretinopathy. Tambov, 2014; 61.

Romanov OG, Romanov GS, Zheltov GI. Numerical modelling
of photo-thermal and photo-mechanical effects in absorbing
biological structures under action of short laser pulses
Proceedings of SPIE. 2013; (8803). DOI: 10.1117/12.2032462
Zheltov G, Lisinetskii V, Grabtchikov A, Orlovich V. Low-threshold
cavitation in water using IR laser pulse trains. Applied Optics.
2008; 47 (20): 3549-54.

Oraevsky A, Jacques S, Esenaliev R, Tittel F. Pulsed laser ablation
of soft tissues, gels, and aqueous solutions at temperatures below
100 °C. Lasers in Surgery and Medicine. 1996; 18 (3): 231-40.

3axapos B. [., bop3aeHok C. A., loplukom . M., KonecHuk C. B.,
KonecHuk A. V., MvpupoHosa A. B. OTuonartoreHeTudeckme
acneKTbl 1 Ponb CTPYKTYP BUTPEOPETUHANBHOMO MHTEpdeElica B
(HOPMMPOBaHNN  NAMOMNATUHECKMX SMUPETUHANBHBIX MemMOpaH.
[MpakTnyeckas meamumHa. 2018; (114): 71-6.

KavanmHa I ®., Oora A. B., KacmbiHuHa T. A., KypaHosa O. V.
OnMpeTrHanbHbIN MBPO3: NaToreHes, NCXompl, Cocodbl NIEHEHS.
Odpransmoxupyprus. 2013; (4): 108-10.

KypaHosa O. W. M3y4eHne adhhekTUBHOCTY MUKPOUMMYIBECHOrO
J1a3epHOro BO3AENCTBUS [UMHOM BOSHbI 577 HM MY MakyIsipHOM
OTeke MOC/e XMPYPrui4eckoro yaaneHus namMonaTu4eckomn
ANMpPETMHaNbLHOM MemMbpaHb! [anccepTtaums]. 2014,

Bu S, Kuijer R, Li X, Hooymans J, Los L. Idiopathic epiretinal
membrane. Retina. 2014; 34 (12): 2317-35.

BonbluyHoB A. B. Bonpocsl nasepHon odransmonorim. M., 2013;
316 c.

KpacHoB M. M., CanpbikvH 1. ., OopoHuH I, 1., Hikoneckas . M.,
AkonsiH B. C., Mamenos H. I 9nekTpoHHO-MMKPOCKOMMYecKoe
N3y4eHrie TKaHel rmas3Horo aHa npuw nasepkoarynsuum. BecTHrk
othransmonorum. 1973; (2): 9-12.

Ddepopyk H. A., ®egopos A. A., BonbLuyHos A. B. Mopdonorndeckie
N TUCTOXVMUYECKME OCOOEHHOCTN CybBnopOroBOro na3epHoro
BO3MENCTBUSA Ha CTPYKTYPbl XOPWOPETUHABHOIO KOMIeKca.
BecTHuk odranemonorumn. 2013; (5): 73-81.

XKentos I. N., Pomaros I. C., PomaHoB O. I, BaHoBa E. B.
CenekTVBHOE OeCTBYE Na3epHbIX UMMYNbCOB Ha PETVHANBHbIN
NUFMEHTHBIA  anuTenun.  Pudndeckne OCHOBbI. Hosoe B
othransmonorum. 2012; (3): 37-43.



18.

19.

20.

21.

22.

23.

24.

METHOD | OPHTHALMOLOGY

Taxumom X. T., KadanuHa I ®., KacmbiHuHa T. A., TebuHa E. 1.
Cnocob KOMBMHMPOBAHHOMO Na3ePHOIO NIEHEHNS Ha4aIbHOV CTaaun
AMMPETUHaNBHOrO rbpoaa. MNateHT PO Ne2634684. 02.11.2017.
XKentoB I. W. BospencTeBne WHTEHCUBHONO OMTUYECKOro
N3y4YeHNs Ha TKaHW [Masd: WUCCNEfOoBaHUs U MPUIOKEHUS
[anccepTaupms]. 1996.

Kerros [ V1. Briodmaika AeCTPYKTVBHOMO AENCTBISA HAAMOPOrOBOro
Na3epHOro NU3ny4veHrs Ha TkaHn rasHoro aHa. Il Bcepoccuiickuin
cemuHap: «MAKYJIA 2006». [Joknan B COOpHVKE MaTepunasnos
KOHbepeHumn. 2006; 71-85.

Jacobs S. Safety with Lasers and Other Optical Sources, by
D. Sliney and M. Wolbarsht. Medical Physics. 1981; 8 (5): 725-6.
Kapcnoy T., Erep [. TennonpoBoAHOCTb TBepAblx Ten. M.:
Hayka,1964; 488.

TnHAvk 1. A, XKerros ™. 1., Thaskos B. H. Myxnuk E. C., Mpvisanos A. 1.
VI3MEHeHVe SHEPreTHECKIX MOPOroB Na3epoKoarynsaLmn TKaHew
CeT4aTKN C BO3PacToM 605bHbIX. OPTansMONOrM4ecKuin XKypHa.
1988; 6 (302), 355-8.

XKentos I. V. dencTBre HaonoporoBOro 1a3epHOro U3yYeHns

25.

26.

27.

28.

29.

Ha TkaHu rmasHoro gHa. Odransmonorus B benapycu. 2009; 3
(03): 24-40.

Bamnes FS. Bological Damage Resulting from Thermal Pulses.
In: Wolbarsht ML, Ed. Laser Application in Medicine and Biology.
Ntw York: Plenum Press, 1984; 205-22.

KnennHuHa O. B. CybnoporoBoe MUKPOVMMYSIbCHOE fla3epHOe
BO3AEVCTBME AJIMHOM BOSHBI 577 HM MPUY NeHeHnn LeHTPanbHOM
CEepO3HON xopropeTHonaTun. Tamoos, 2014; 61.

Romanov OG, Romanov GS, Zheltov Gl. Numerical modelling
of photo-thermal and photo-mechanical effects in absorbing
biological structures under action of short laser pulses
Proceedings of SPIE. 2013; (8803). DOI: 10.1117/12.2032462.
Zheltov G, Lisinetskii V, Grabtchikov A, Orlovich V. Low-threshold
cavitation in water using IR laser pulse trains. Applied Optics.
2008; 47 (20): 3549-54.

Oraevsky A, Jacques S, Esenaliev R, Tittel F. Pulsed laser ablation
of soft tissues, gels, and aqueous solutions at temperatures
below 100 °C. Lasers in Surgery and Medicine. 1996; 18 (3):
231-40.

BULLETIN OF RSMU | 2, 2019 | VESTNIKRGMU.RU



METHOD | OPHTHALMOLOGY

COMBINED LASER TREATMENT OF EARLY IDIOPATHIC EPIRETINAL MEMBRANE:
CLINICAL EVALUATION OF THE DEVELOPED TECHNIQUE
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Process of development of epiretinal membrane (ERM) on the retinal surface of macular area is one of the important problems associated with vitreoretinal
pathologies. Up to the present day, there has not been developed an effective method to arrest fibrosis at the early stages of its development. This study aimed to
evaluate efficacy and safety of the new combined laser technique designed to treat early idiopathic ERM (stages 0-1). Ninety-two patients aged 64.7 + 9.6 years
(mean) participated in the clinical research. They were divided into three groups: treatment group (n = 32), patients whose ERM was treated following the new
combined laser technique; comparison group (n = 30), patients who underwent grid laser coagulation; control group (n = 30), no treatment, observation of the
natural course. Based on the results of examination of the patients, we assessed uncorrected visual acuity, best corrected visual acuity, central retinal thickness,
central retinal sensitivity. Assessed against the results registered in comparison and control groups, the developed combined laser treatment technique applied in the
treatment group proved to be highly effective in maintaining/improving visual functional indicators and stabilizing/improving morphofunctional indicators throughout
the entire period of observation. As pertains to the morphological and functional structures of sensory retina, the technique enabled retinal sensitivity improvement
at different stages of observation, which reflects its safety and efficacy.

Keywords: idiopathic epiretinal membrane, subthreshold micropulse laser exposure, combined laser technology, optical coherent tomography
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KIMHUNYECKASA OLLEHKA PA3PABOTAHHON TEXHOJNOIMMMN KOMBMHUPOBAHHOIO JIASEPHOIO
JIEHEHNA NMPU HAYANbHbIX CTAOUAX NOANONATUHECKOW SNMNPETUHAJIbBHOUN MEMBPAHbDI

X. M. Taxuuan'?, T, ®. KavanmHa? , T. A. KacMbiHnHa?, E. 1. TebuHa® =

" Poccuirckmin HaLwmoHanbHbI MCCReaoBaTeNlbCKUIA MEAVLIMHCKI YHUBEPCUTET uMeHn H. . Muporosa, Mocksa, Poccus
2 HayuHo-1ccrnenoBatensCkuii LIEHTP opTasibMOsonn, POCCUMCKIIN HaLMOHaUTbHbIA UCCIEO0BATENBCKU MEOULMHCKIA yHVBEpCUTET meHn H. . Miuporoea, Mockea, Poccus
8 MepmaTpuyeckuii haxynsTeT, POCCUIICKUI HAaLWIOHANBHBIN NCCNenoBaTeNbCKU MEOVLIMHCKIIN YHUBEPCUTET UMeHn H. . Muporosa, Mocksa, Poccust

OpHoM 13 akTyanbHbIx MPobieM BUTPEOPETVHAMBHOM MaToNorn SBASETCH MPOLECC (POPMUMPOBaHMS aNMPETUHANBbHOM MeMbpaHb! (OPM) Ha peTuHanbHoM
MOBEPXHOCTY MaKy/SPHO 30HbI. [l0 HACTOSILLIErO BPEMEHM He CYLLIECTBYET a(h(PEKTUBHbIX METOLOB, OKa3bIBAIOLLIVX aHTUMPOAMGEpaTUBHOE 1 aHTUKOHCTPUKTOPHOE
nevicTere Ha (hbPO3HbIN NPOLECC Ha HaYabHbIX 3Tanax ero pa3suTus. Lienbio nccnenoBaHns SBnanach oLeHka ahheKTNBHOCTI 1 6e30MacHOCTY TEXHOMO N
KOMBVHMPOBAHHOMO 1a3ePHOMO le4eHNs MaLMEHTOB C HaYasbHbIMK cTaauamm (0—1 cTaauns) narnonatmdeckoin SPM. B knHYeckoe nccnenosaHmne Obiim BKIIIOHeHbI
92 nauvenTa (64,7 + 9,6 net). OcHOBHytO rpynny coctaBum 32 nauyeHTa (32 rnasa), KOTopbiM Obl0 MPOBEAEHO Na3epHOE NeYeHre No KOMOUHNPOBAHHOM
TexHonornn. pynny cpaeBHerus coctasunm 30 naumeHToB (30 rnas), feyeHne KOTOPbIX OCYLLECTBASNOCH C MPUMEHEHMEM JIAa3epHON Koarynauum no Tuny
«peLUeTKn». B KOHTponbHYto rpynmy Obinn BktoudeHs! 30 naumeHToB (30 mas), y KOTopbIX ObI10 YCTAHOBMAEHO AMHAMUYECKOE HaOMOAeHVEe 3a eCTECTBEHHBIM
TeyeHneM npomgepaTnBHOro npoLiecca 6e3 NasepHoOro 1 KOHCEePBAaTVBHOMO fliedeHus. 1o pesynstatam ohTanbMoornieckoro obcnefoBaHmns npoBoAnIach
OLeHKa HEeKOpPernpoBaHHOM OCTPOTLI 3PEHUS, MakCKManbHO KOPPErvpoBaHHON OCTPOTbI 3PEHNS, LIeHTPaNIbHOM TOMLLMHBI CETHYATKN W LieHTPpasbHON
CBETO4YBCTBUTENBHOCTUN ceTHaTKN. PagpaboTaHHas TeXHONOMMSt KOMOMHMPOBaHHOMO NIa3ePHOro fleHeHMst mokasana BbICOKYHO 3(hdEKTUBHOCTb, 3aKSOHAIOLLYIOCS
B COXPaHEHNW/YBENMHEH 3PUTENBHO-(PYHKLIVIOHATBHBIX MOKa3aTeNen 1 CTabunmaaLmn/ynyHLLeHi MophodyHKLIMOHaLHbIX MOKa3aTeney CeT4aTKN B TeHEHNe BCEero
nepviofa HabntoaeHns. BeaonacHocTb 1 adEKTUBHOCTL paspaboTaHHON Na3epHON TEXHONOMM B OTHOLLIEHW MOPMOMYHKLMOHABHBIX CTPYKTYP CEHCOPHOM
CEeTHaTKN OTPaKanach B yBEMMHEHWI NOKa3aTenen CBETOHYBCTBUTENBEHOCTY CETHATKM B Pa3fnYHble CPOKN HaOMOAEHS.

KnioueBble cnoBa: navionartiyeckas anvpeTuHansHas membpaHa, cybrnoporoBoe MMKPOUMIY/IbCHOE fladepHoe BO3AENCTBIE, KOMOVHMPOBaHHas flasepHast
TEXHOSOrS, ONTUYECKAs KOrepeHTHast Tomorpacus

NHdbopmauus o Bknage aBTopoB: X. 1. Taxumngy, I @. KavannHa — koHuenuus 1 ausarH nccnegosanus; E. M. TebuHa — cbop 1 obpaboTtka matepuana;
T. A. KacMblHMHa — nasepHoe nevervie nauvenTa; T. A. KacMblHuHa, E. M. TebuHa — HanmcaHne TekcTa; X. . Taxunan — pegakTupoBaHue.
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In the recent years, numerous researchers studied the problem Despite the considerable progress in understanding
of formation of connective tissue in the eye [1-4]. However,  etiological, pathological and genetic mechanisms of formation
there is one special vitreoretinal pathology, macular fibrosis,  of epiretinal membrane (ERM), some questions pertaining to the
which causes significant deterioration and even irreversible loss  development idiopathic ERM remain unanswered [5]. The main
of visual function in working age population. factors contributing to the development of this pathology are:
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impaired biomechanical processes at the vitreoretinal interface,
namely, posterior vitreous detachment (PVD); micropores in
the internal limiting membrane (ILM); pathological changes
of the macular microvasculature [6-8]. Regardless of the
pathogenetic mechanism of ERM development, migration and
proliferation of various cell types play a key role in its formation
and progression, the cells being glial cells (Muller retinal cells,
astrocytes and microglia), hyalocytes, macrophages, retinal
pigment epithelium (RPE) and retinal surface fibroblasts [9, 10].
Influenced by cytokines and growth factors, these cells
transdifferentiate into a phenotype similar to myofibroblasts [11].
With aseptic inflammation in the background, myofibroblasts
undergo apoptosis [11, 12]. In fibrosis, myofibroblasts activate
and, when persisting for a long period of time, cause excessive
deposition of collagen followed by its remodeling [13]. Evidence
obtained through ophthalmoscope examination [14] and with
the help of a number of current fundus pathology investigation
methods allows isolating three main stages (grades) of ERM
development: stage 0 — cellophane maculopathy, stage 1 —
crinkled cellophane maculopathy, and stage 2 — macular
puckering. Depending on the stage, clinical manifestations of
the disease vary from total lack of symptoms to a significant
visual function deterioration [15]. To date, there are no safe and
effective methods that allow slowing down cell proliferation and
progression of fibrosis in its early stages.

Globally, medical researchers and practitioners successfully
subject late-stage ERM to vitreoretinal surgery, having
accumulated significant related experience. However, despite
the positive surgery results, numerous histological studies have
shown that ILM peeling damages Muller cells and compromises
retina architectonics and biomechanical strength [16, 17]. As a
result, complete restoration of vision after such surgery occurs
in 5-25% of cases only [18]. Moreover, this kind of treatment
is prescribed in case the clinical symptoms, i.e. visual function
alteration and/or deterioration, are pronounced. Up to the
present, the main tactic for managing ERM patients has been
dynamic observation [19].

Thus, development of an effective and safe early-stage ERM
treatment technique yielding stabilization and/or improvement
of vision and functional indicators is an urgent problem.

Given the urgency, such a technique was developed in the
Research Center for Ophthalmology of Pirogov Russian National
Research Medical University. The technique combines grid
laser photocoagulation and exposure to 577 nm subthreshold
micropulse laser light (RF patent Ne. 2634684, 02.11.2017), the
two techniques that differ in their mechanism of action [20]. This

study aimed to evaluate efficacy and safety of the combined
laser technique designed to treat early idiopathic ERM (stages 0-1).

METHODS

Ninety-two patients aged 64.7 + 9.6 years (mean) participated
in the clinical research. The inclusion criteria were: early
idiopathic epiretinal membrane (stage 0-1) with concomitant
lens pathology: pseudophakia or early cataract.

All patients were randomized into three groups depending
on the treatment tactics. The treatment group included
32 patients (32 eyes); they underwent laser treatment following
the combined technique developed at the Research Center for
Ophthalmology of Pirogov Russian National Research Medical
University. The comparison group consisted of 30 patients
(80 eyes); their treatment was laser coagulation, "lattice"
type. The control group included 30 patients (30 eyes); they
received neither laser nor conservative treatment, and natural
proliferation of their fibroses was under dynamic observation.

The new technique is a combination of grid laser
photocoagulation and subthreshold micropulse laser irradiation
[20]. We used IRIDEX 1Q 577 retinal surgery laser (IRIDEX
Corporation, Mountain View; USA) that works in continuous
and micropulse modes.

Grid laser photocoagulation was the first stage of the
treatment. We irradiated the entire surface of ERM except for the
avascular zone; the wavelength was 577 nm, power — 50 mW,
pulse duration — 0.05 s, spot diameter — 100 um, distance
between coagulates — 150 pm. After two weeks, ERM was
exposed to subthreshold laser micropulses (second stage of
the combined laser treatment technique); the wavelength was
577 nm, pulse packet duration — 30 ms, micropulse duration —
50 ps, pulse ratio — 4.7%, spot diameter — 100 um, power —
50 mW (Table 1). Since we registered no significant changes
after the 4th session, treatment group patients had only
3 sessions of subthreshold micropulse laser treatment, each a
month apart.

All patients underwent standard ophthalmic and special
examinations: multispectral with various filters (Blue, Green,
Infrared Reflectance, MultiColor), spectral optical coherent
tomography (SOCT) «Spectralis OCT» (Heidelberg Engineering,
Inc; Germany ) and microperimetry MAIA (CenterVue; Italy).

All participants were examined before treatment and 3
months, 6 months, 1 year, 2 years, 3 years, 4 years and 5 years
after treatment. Treatment and comparison group patients also
underwent examination after each stage of laser treatment.

Table 1. Protocol of the developed combined laser treatment technique for idiopathic ERM

Grid laser coagulation
Wavelength (nm) 577
Spot diameter (um) 100
Emission power (mW) 50
Micropulse duration (us) 50
Number of applicates 60-90
Energy parameters Subthreshold micropulse laser exposure
Wavelength (nm) 577
Spot diameter (um) 100
Emission power (mW) 50
Micropulse duration (us) 50
Micropulse packet duration (ms) 30
Pulse ratio (%) 4.7
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Central retinal sensitivity was used as the basis for clinical
assessment of safety of laser treatment.

We assessed uncorrected visual acuity (UVA), best corrected
visual acuity (BCVA), central retinal thickness (CRT), central
retinal sensitivity (CRS). These indicators were subjected
to normal distribution; methods of parametric statistics
(paired sample t-test) were applied to the data acquired
to compare benchmark figures and results of treatment at
different observation timepoints. Single-factor analysis of
variance (ANOVA) was used to assess the significance of differences
in comparison of results from more than two independent
groups. The differences were considered statistically significant
at p < 0.05.

Table 2. Clinical and functional results of treatment of patients (clinical groups)

METHOD | OPHTHALMOLOGY

RESULTS

Results of initial examination of patients from the treatment
group (32 eyes): UVA — 0.45 + 0.31, BCVA — 0.9 + 0.13,
CRS (microperimetry data) — 26.3 + 1.65 dB, CRT (OCT data,
mean) — 282.8 + 27.1 ym.

In the comparison group (30 eyes), the pre-surgery indicators
were: UVA — 0.44 + 0.26, BCVA (mean) — 0.86 = 0.15, CRT
(mean) — 26.3 + 1.57, CRT (mean) — 292.4 + 62.2 um.

Initial indicators registered in the control group (30 eyes) were
as follows: UVA (mean) — 0.64 + 0.23, BCVA — 0.87 + 0.14, CRS
(mean, microperimetry data) — 27.1 + 1.52 dB, CRT (mean) —
301.4 + 44.8 um.

Observation period Treatment group Comparison group Control group ANOVA, p
Mean uncorrected visual acuity
Before treatment 0.45 + 0.31 0.44 + 0.26 0.64 +0.23 0.01
3 months 0.57 £ 0.3 0.47 + 0.27* 0.63 + 0.23* 0.08
6 months 0.59 + 0.31* 0.43 +0.27¢ 0.6 + 0.24* 0.13
Year 1 0.61 +0.31* 0.42 +0.27* 0.56 + 0.26" 0.04
Year 2 0.61+0.3" 0.42 + 0.27* 0.53 + 0.25* 0.03
Year 3 0.6 + 0.3* 0.42 +0.27¢ 0.48 + 0.26* 0.03
Year 4 0.61 +0.2* 0.42 +0.27¢ 0.45 +0.27* 0.01
Year 5 0.61 +0.29* 0.41 +0.27* 0.43 + 0.28" 0.01
Mean best corrected visual acuity
Before treatment 0.9 +0.13 0.86 + 0.15 0.87 £ 0.14 0.53
3 months 0.95 +0.1* 0.85+0.16 0.85 +0.14* 0.007
6 months 0.95 +0.1* 0.85+0.16 0.85 + 0.14* 0.007
Year 1 0.95+0.1* 0.83 +0.17* 0.83+0.17* 0.001
Year 2 0.95+0.1* 0.81 +0.18* 0.8 +0.17* 0.000
Year 3 0.94 +0.1* 0.78 + 0.19* 0.75 +0.2* 0.000
Year 4 0.94 + 0.1* 0.76 + 0.19* 0.7 + 0.23* 0.000
Year 5 0.94 +0.1* 0.73 £ 0.21* 0.68 + 0.24* 0.000
Mean central retinal sensitivity
Before treatment 26.3+1.65 26.3 +1.57 271 £1.52 0.13
3 months 27.0 +1.5* 26.6 + 1.68 26.8 + 1.56* 0.61
6 months 271 +1.5* 26.5+1.73 26.6 + 1.62* 0.51
Year 1 271 +1.5* 262 +1.5 26.2 + 1.68* 0.06
Year 2 271 +1.5" 25.9 + 1.52* 26 + 1.68* 0.01
Year 3 271 +1.5* 25.7 + 1.69* 25.7 +1.78* 0.002
Year 4 271 +1.5* 25.6 +1.71* 255 +1.92* 0.000
Year 5 271 +1.5* 25.5 +1.79* 25.4 +1.88* 0.000
Mean central retinal thickness
Before treatment 282.8 +27.1 292.4 +62.2 301.4 +44.8 0.37
3 months 277.6 +42.9 291.7 + 63.6 308.8 + 45.1* 0.06
6 months 2775+ 425 293.6 + 64.6 316.6 + 43.2* 0.01
Year 1 277.7 +44 .4 300 + 65.6" 323.6 + 43.6* 0.003
Year 2 2771 +415 303.9 £ 65.1* 331.5 + 49* 0.000
Year 3 2749 + 41.2* 304 + 63.9* 338.1 + 48.1* 0.000
Year 4 274.9 + 41.8* 306.5 + 63.4* 345.9 + 48.1* 0.000
Year 5 2751 + 42.2* 309.7 + 63.2* 349.7 + 49.1* 0.000

Note: * — significant difference from benchmark data, paired sample t-test (o < 0.05), ANOVA (p < 0.05).
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Fig. 1. Mean UVA dynamics, all groups. Treatment group — yellow line; UVA increased significantly from the 3rd to the 12th month of observation, results persisted
throughout the observation period. Comparison group — green line; mean UVA was increasing significantly up to the 3rd month, from the 6th month onward to the end
of the observation period the indicators were decreasing significantly. Control group — red line; mean UVA was falling significantly throughout the observation period
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Fig. 2. Mean BCVA dynamics, all groups. Treatment group — yellow line; BCVA increased significantly from the 3rd to the 12th month of observation, results persisted
throughout the observation period. Comparison group — green line; within the first 3 months of observation, mean BCVA changes were insignificant, but from the
12th month on this indicator was decreasing gradually, the difference being significant. Control group — red line; mean BCVA was falling significantly throughout the
observation period
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Fig. 3. Mean CRT dynamics, all groups. Treatment group — yellow line; the analysis of mean CRT did not reveal significant differences from the benchmark data within
the first 6 months, but from the 12th month on, this indicator was increasing significantly. Comparison group — green line; the analysis of mean CRT did not reveal
significant differences from the benchmark data within the first 6 months, but from the 12th month on, this indicator was increasing significantly. Control group — red
line; mean CRT was increasing significantly from the 3rd month on to the end of the observation period
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Fig. 4. Mean CRS dynamics, all groups. Treatment group — yellow line; mean CRS increased significantly from the 3rd to the 12th month of observation, results
persisted throughout the observation period. Comparison group — green line; within the first 12 months of observation, mean CRS changes were insignificant, but
from the 2nd to the 5th year of observation the indicator decreased significantly. Control group — red line; mean CRS was decreasing significantly from the 3rd month

on to the end of the observation period

Table 2 presents analysis of clinical and functional results of
treatment and dynamic observation of patients with idiopathic
ERM.

In the control group, mean UVA and BCVA were decreasing
significantly throughout the observation period (Fig. 1, 2).
According to the OCT data, mean CRT was increasing
significantly from the 3rd month on (Fig. 3), while mean CRS, on
the contrary, was significantly increasing from the 3rd month on
(Fig. 4). Multispectral imaging revealed continued proliferation
on the retinal surface (Fig. 5A, B).

In the comparison group, the mean UVA was increasing
significantly up to the 3rd month and decreasing from the 6th
month on (Fig. 1). Within the first 3 months of observation, mean
BCVA changes were insignificant, but from the 12th month
on this indicator was decreasing gradually, the difference
being significant (Fig. 2). The analysis of mean CRT did not
reveal significant differences from the benchmark data within
the first 6 months, but from the 12th month on, this indicator

was increasing significantly (Fig. 3) and ERM was developing
(Fig. 6A, B). Computer microperimetry did not register significant
changes of mean CRS within the first 12 months, but from the
2nd to the 5th years it was decreasing, and these changes
were significant (Fig. 4).

Comparing the results registered in treatment, comparison
and control groups we established that only patients of the
treatment group enjoyed significant improvement of visual and
functional indicators (UVA, BCVA and CRS) combined with
decreasing CRT and idiopathic ERM involution, these results
staying stable throughout observation (Fig. 7A, B). In the
comparison group, the indicators improved for a short period
of time (up to the 3rd month), and then began to gradually
deteriorate; in the control group, such deterioration, significant,
was registered at all observation timepoints (Fig. 1-4).

Laser treatment did not inflict biomechanical damage to the
retina in treatment and comparison groups, as confirmed by
the results of computer microperimetry and SOCT.

Fig. 5. Control group. Patient E, 58 years old. Results of the initial examinations: ERM surface and boundaries visualized yellow-green through multispectral imaging
(Mutticolor) (A); mean CRS (computer microperimetry data) — 24.9 dB (B); SOCT revealed a hyperreflective line on the ILM surface corresponding to the ERM, foveal
pit morphology preserved (C). Results of examinations at the end of the 1st year of observation: multispectral imaging showed continued proliferation of ERM with
new foci (yellow arrow) and continued growth of the fibrosis area (green arrow) (D); Mean CRS — 23.5 dB (E); SOCT revealed persistence of ERM on the ILM surface,

foveal pit morphology preserved (F)
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Fig. 6. Comparison group. Patient S., 56 years old. Results of the initial examinations: ERM surface and boundaries visualized yellow-green through multispectral
imaging (Multicolor; white arrow) (A); mean CRS (computer microperimetry data) — 28.2 dB (B); SOCT revealed a hyperreflective line on the ILM surface corresponding
to the ERM (white arrow), foveal pit morphology preserved, CRT — 239 um (C). Results of examinations at the end of the 2nd year of observation: multispectral imaging
showed laser coagulates and the resulting ERM involution spots (white arrow), ERM activation spots (green arrow) and new fibrosis foci (blue arrow) (D); mean CRS —
27.8 dB (E); SOCT revealed an aimost complete absence of hyperreflective line (ERM) (white arrow), corresponding to the Multicolor visualized zone (white rectangle),

foveal pit morphology preserved, CRT — 237 um (F)

Fig. 7. Treatment group, Patient |, 68 years old. Results of the initial examinations: ERM surface and boundaries visualized yellow-green through multispectral imaging
(Multicolor; red arrow) (A); mean CRS (computer microperimetry data) — 26.3 dB (B); SOCT revealed a hyperreflective line on the ILM surface corresponding to the
ERM, foveal pit morphology flat (red arrow), CRT — 257 pm (C). Results of examinations at the end of the 5th year of observation: multispectral imaging showed total
involution of ERM (D); mean CRS — 26.6 dB (E); SOCT revealed a less "solid" hyperreflective line (ERM) and forming foveal pit morphology (red arrow), CRT — 234 um (F)

CONCLUSIONS

Assessed against the results registered in comparison and
control groups, the suggested combined laser treatment
technique applied in the treatment group proved to be highly
effective in maintaining/improving visual functional indicators

and stabilizing/improving morphofunctional indicators throughout
the entire period of observation. As for the morphological and
functional structures of sensory retina, the combined laser
treatment technique is a safe option, which is proved by the
retinal sensitivity improvements registered at the different
timepoints of the observation period.
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