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BIOMATERIALS ARE AN IMPORTANT AREA OF BIOMEDICAL TECHNOLOGIES
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The review describes the use of biomaterials (polymeric biomaterials in particular) in the development of medical and biological
products and devices, such as implants and endoprostheses; components of bioactive and pharmaceutical agents; carriers
for bioengineering applications; sorbent agents and membrane systems used for the purification and separation of biological
media; artificial biocatalysts, and general purpose biodegradable products. This review is provided with a short reference list
of relevant monographs and reviews predominantly by Russian authors.

Keywords: artificial materials, biomaterials, polymer, endoprosthesis, implant, biodegradation

><] Correspondence should be addressed: Mikhail Shtilman
Miusskaya pl., d. 9; Moscow, Russia, 125047; shtiimanm@yandex.ru

Received: 21.10.2016 Accepted: 24.10.2016

BUOMATEPUAADbI — BAXXHOE HANPABAEHUE BUOMEAULIMHCKUX TEXHOAOIUU
M. N. LLtnnbman =

YuebHo-Hay4 HbIN LeHTP «bromatepuarnbi»,
Poccuimckinin xuMmnko-TexHonorndeckmin yHmsepcutet umenn . V1. Mengeneesa, Mockea

O630p MOCBSILLEH MCMONb30BaHNIO GYOMAaTEPVANoB, NPENMYLLIECTBEHHO MOMMMEPHbIX, AN CO3AaHNA U3Oenuii 1 npena-
PaTOB MEOMKO-O1ONOMMHECKOro HagHauYeHNs — UMMIaHTATOB U 9HAOMPOTE30B; KOMIMOHEHTOB GMOMOMMYECKN aKTUBHbIX 1
NeKapCTBEHHbIX MPenapaToB; HOCUTENEeN, NpeaHasHaAYeHHbIX A1 MCMOMb30BaHNA B OMOMHKEHEPHBIX MeTodax; COpPOEeHTOB
N MeMOPaHHbBIX CUCTEM, MPUMEHSIEMbIX [N OYMCTKU U pasaeneHns GUONMorMHecknx cpef; UCKYCCTBEHHbIX GroKaTanvsa-
TOpOB; GroaerpaanpyemMbix M3aenuin obllero HasHaqeHust. O630p CHabXXeH KPaTKVM CMMCKOM IUTepaTypbl, COCTOSILLMM
B OCHOBHOM 13 MOHOMPaUii 1 HEKOTOPbIX 0630POB B JaHHOM 061acTH, N3AaHHBIX MPEVMYLLIECTBEHHO Ha PYCCKOM A3bIKe.

KnroueBble cnoBa: 1CKYCCTBEHHbIE MaTepuasbl, 6VIOMaTGpI/IaJ'IbI, nonnmep, aHOoNPOTES, MMIMJIaHTAaT, 61/|o,u,erpa,u,au.l/|ﬂ
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In the international literature, materials that interact with living
tissues, organs and organisms are commonly referred to as
“biomaterials”. The methods of their production, research and
application have been actively evolving in recent decades. To a
large extent they determine the current level of development of
such areas of knowledge as medical science, pharmaceutics,
cosmetics, biotechnology, agriculture, and food industry (life
sciences and technologies).

There are scientific journals on biomaterials that generally
have a very high impact factor, namely Biomaterials,
International Journal of Biomaterials, International Journal
of Polymeric Materials and Polymeric Biomaterials, Journal
of Biomaterials, Journal of Biomaterials Science, Journal of
Biomedical Materials Research, Journal of Biotechnology
and Biomaterials, Journal of Controlled Release, Advances
in Materials Science and Engineering, Journal of Functional
Biomaterials, Journal of Materials Science: Materials in
Medicine, and others. A number of international encyclopedias
and reference books have been published covering various
issues related to biomaterials, such as [1, 2]. A high-quality
textbook Biomaterials Science underwent 3 editions (in
1996, 2004, and 2013) and is recommended for the US
universities [3]. The following international and national
societies work actively to develop this area of science, conduct

international conferences and congresses, and publish their
own journals: International Society for Biomedical Polymers
and Polymeric Biomaterials, International Union of Societies
for Biomaterials Science and Engineering, International Society
of Controlled Release, Society for Biomaterials (US), European
Society for Biomaterials, Canadian Biomaterials Society, UK
Society for Biomaterials, and others. The size of the global
biomaterials market has become quite noticeable (see the table
below).

The development, research and manufacturing of medical
and biological supplies and products are regulated by GMP
(Good Manufacture Practice) standards. Despite the fact that
metals, carbons, inorganics and composites are important
members of the biomaterials family, polymers are particularly
special as it is possible to obtain polymer-based articles and
agents that not only have the required physical and technical
characteristics, but also can swell and dissolve in water, which
is unnatural for other groups of biomaterials. As a rule, polymeric
biomaterials are produced in relatively small quantities, but
they are significantly superior to other groups of the polymeric
materials in terms of range and diversity of properties [4].

The field of biomaterials is a prominent interdisciplinary
field where the achievements of chemistry, physics, medicine,
biotechnology, metallurgy, and electronics are applied. This

BULLETIN OF RSMU | 5, 2016 | VESTNIKRGMU.RU
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The size of the global market of biomaterials and biomaterial-based products

Object Margitlslze. Annual growth. % Source
. . 62.1 (2015) [ResearchMarket. 2016]

Biomaterials 115.2 (2020) +10.3 [Marketinteligence. 2016]
70.8 (2015) .

Implants 115.8 (2020) +10.3 [Allied Market Research. 2016]

Materials for treatment of wounds and burns 11.9(2015) +8.0 [Allied Market Research. 2016]
20.5 (2020) ’

i . 6.9 (2015) )
Medical adhesives and cements 14.2 (2022) +10.7 [Medcajet.2016]
Catheters 70.8 (2015) +10.6 [Allied Market Research. 2016]
. . ’ ) 11.9 (2015) .
Materials for cell and tissue engineering 45.5 (2022) +21.0 [SmitheryApex. 2016]

determines the aspects of training of specialists who plan to
work in this field. Currently, specific undergraduate and master
degree programs are available in more than 250 universities
around the world (mostly in the US). In Russia the master degree
programs are available in D.Mendeleev University of Chemical
Technology, St. Petersburg Polytechnic University, Siberian
Federal University (Krasnoyarsk), Moscow State University of
Design and Technology.

Several most important applications of biomaterials can be
distinguished [5]:

— materials for implants and endoprostheses, including
biodegradable endoprostheses used in cardiovascular surgery,
bone surgery, ophthalmology, and dentistry, in soft tissue
replacement and wound and burn treatment, in the production
of resorbable suture material, etc;

— materials for systems with biological, especially medicinal,
activity;

— materials for bioengineering (cell, tissue and genetic)
technologies used as carriers and scaffolds for living tissue
growth and delivery of genetic material into the cell;

—materials for the separation (usually sorption and
membrane) systems that find their application in medicine and
biology and used in hemodialysis and hemosorption devices,
including those with electrosensitive coating;

— materials for biochemical analysis and synthesis used in
microarrays and carriers for polypeptide and polynucleotide
synthesis;

— materials for systems with enzymatic activity that contain
immobilized enzymes, organelles and cells;

—materials for products that do not come into direct contact
with blood and lymph, for example contact lenses and devices
for external osteosynthesis;

— general purpose biodegradable materials, including those
that can be degraded by microorganisms after use.

Polymeric implants [4-9]

Polymeric materials are a base for many groups of implants —
objects implanted into the body by surgical methods where
they “work” fully or partially surrounded by living tissues. The
implants that replace removed internal organs or their fragments
are commonly referred to as endoprostheses.

Depending on how well the implant material can
decompose exposed to the surrounding environment, either
a gradual decrease in the weight and volume of the objects
implanted into body (biodegradation) is observed or, in case
of indecomposable or slowly decomposable material, the thin
tissue membrane (capsule) is formed around the implant, which
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is a protective reaction of the organism to a foreign object
[10-17].

Currently, implants are widely used in surgery. The largest
group of implants is the implants used in cardiovascular
surgery, bone and soft tissues surgery, ophthalmology, and
dentistry. Some implant groups comprise various products
used in patients with skin defects, including wounds and burns,
and those used as suture materials, etc.

Implants for the cardiovascular system [18-27]

For the manufacturing of cardiovascular implants that
contact with blood (endoprostheses of vessels, cardiac
valves, or the whole heart, circulatory support systems, such
as endoprostheses of the left ventricle, pulsating balloons
implanted into the aorta, coating of electric cardiac pacemaker
leads), high hemocompatibility materials are used. These
materials must not induce destruction and denaturation of the
molecular and cellular components of blood, affect the salt and
water balance and blood pH, or trigger formation of blood clots
(thromboresistance).

Among the polymers with improved hemocompatibility,
the “segmented” polyurethanes have found their practical
application (such as block copolyurethanes with flexible blocks,
e.g. polyetherorpolyester resins, polycarbonates, polysiloxanes,
and blocks that ensure good intermolecular interaction), as
well as polyethylene terephthalate, fluorine-containing carbon-
chain polymers (expanded polytetrafluoroethylene, fluoron),
polysiloxanes, and carbon-bearing composites.

But the search for materials with even better
hemocompatibility is going on. The most promising here
are hydrogel-coated surfaces, surfaces with immobilized
thrombolytics and anticoagulants, and endoprosthesis surfaces
with immobilized endothelial cells.

Examples of the prostheses used in cardiovascular surgery
are shown in Fig. 1-3.

Implants for the skeletal system [1, 3, 6, 9, 28, 29]

Implants are also widely used in bone surgery for the replacement
of damaged or removed parts of bones, elements of structures
of artificial joints, fixators for fracture repair in osteosynthesis.
For their manufacturing, polymers and composites with carbon
and inorganic fillers, such as hydroxyapatite, are used.

Polymers used in bone implants must either possess high
resistance to biodegradation (e. g., polymers used for joints
endoprostheses), or decompose if the goal is to gradually
replace the implant with living tissue (e. g., fixators for internal
osteosynthesis, sealing compounds).



Among non-biodegradable polymers used to create
bone implants, ultrahigh-molecular-weight  polyethylene,
polysulfones and polyformaldehyde are worth mentioning.
Polyesters of hydroxycarboxylic acids, especially glycolic,
lactic and hydroxybutyric, and their copolymers, are becoming
increasingly important in the manufacturing of biodegradable
implants that form non-hazardous metabolizable fragments
when decomposing inside the body.

Polyacrylates (the so-called acrylic cement), poly-a-
cyanoacrylates, and copolyurethanes serve as a polymeric
base for adhesives and cements used for the attachment of
endoprostheses of joints and bone fragments.

Fig. 4 and 5 show the examples of prostheses of hip and
knee joints

Soft tissue implants [5, 7]

The best-studied implants for soft tissue replacement are
breast endoprostheses - polysiloxane rubber bags with soft
filler injected through the catheter before or after implantation.
Despite the mass use of such implants, the filler issue has not
been completely solved, as polysiloxane gels, oil emulsions and
saline solutions used in some implants have certain drawbacks
in terms of safety and mechanical characteristics.

REVIEW | BIOMATERIALS

For the filing of postoperative cavities in soft tissues,
elastic materials, including expandable and hydrogel materials
(polysiloxanes, polyurethane foams), are used. For the
replacement of some internal membrane elements, for example,
during the repair of the abdominal and thoracic walls, the use
of polymeric mesh was suggested; once the mesh (polyolefin
or expanded polytetrafluoroethylene) is placed inside the
body, connective tissue starts to gradually grow through and
around it.

The adhesives for soft tissue bonding during or after surgery
are not widely used yet, although PEUR-, cyanoacrylate-, and
protein-based adhesives developed for this purpose show
good results in some cases. Among the known disadvantages
of such systems are difficulty to provide a sufficient level of
adhesion and hardening impeded by intense water supply to
the bonded tissue, and low bonding strength.

Certain groups of biomaterials implanted into the soft
tissues comprise soft polymeric implants, injectable polymeric
systems for cosmetic purposes, and polymeric mesh.

Endoprostheses of ligaments and tendons [5, 7]

Endoprostheses of ligaments and tendons are of great
importance in orthopedic surgery. Here, porous tapes of

Fig. 1. Examples of structural heart valve endoprostheses: (A) disc endoprosthesis (Specialnoye konstruktorskoe buro medicinskoy tematiki, Russia); (B) bi-valved
endoprosthesis (MedInzh, Russia); (C) three-valved endoprosthesis CorBit (Bakulev Scientific Center of Cardiovascular Surgery, Russia)

Fig. 2. Examples of vascular stents: (A) self-expanding wire stent Alex (Komed, Russia); (B) MULTI-LINK VISION Coronary Stent made with laser processing of a tube

of an alloy of cobalt and chromium (Abbott Vascular, USA)
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Fig. 3. Woven crimped bifurcation vessel endoprosthesis made of PET - fluorlone
(PGTO Sever, Russia)

Fig. 4. Parts of the hip endoprosthesis by Endo Plus (UK)

Fig. 5. Parts of the Consensus knee prosthesis by Hayes Medical (USA)

polyethylene terephthalate and foamed polytetrafluoroethylene
have found their application. The use of biodegradable
polyesters of hydroxycarboxylic acids for the replacement of
ligaments and tendons is actively studied. Such endoprostheses
are designed to be replaced by living tissue.

[t should be noted that muscle tissue endoprostheses have
not been developed yet, although there are a number of studies
on polymers that change their size depending on the electrical
and physical characteristics of the environment.
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Coatings for wounds and burns [5, 7]

Much effort has been made to create effective coatings for
wounds and burns. The complexity of the problem is mainly
determined by the fact that different stages of the healing
process require materials with different combinations of
characteristics (gas-permeable film and disperse sorbent,
isolating and biologically active materials). However, the industry
produces a significant range of such materials, including those
containing several polymeric layers with different functions, in
which various combinations of polymers, such as silicone block
copolymers, polyesters of hydroxycarboxylic acids, PEUR,
polyvinyl alcohol, alginates, collagen, chitosan, chondroitin
Sulfates, and some of others are used.

Polymeric implants in dentistry [5, 7]

Polymeric filling materials are a good example of how polymeric
implants can be used in dentistry. Of particular interest are
various hardening low molecular weight or oligomeric systems
that contain unsaturated (meth)acrylate groups, epoxy
compounds, and transition metal polycarboxylate complexes.
At the same time, it should be noted that currently existing
dental endoprostheses are made from metals and inorganic
biomaterials.

Implants in ophthalmology [5, 7]

Polymeric implants have important role in ophthalmology.
Thus, eye lens implants have found their application here,
namely: monofocal and multifocal intraocular lenses made
from polymethylmethacrylate and acrylate copolymers, and
silicone materials; implantable contact lenses and intracorneal
segments from polymethylmethacrylate, copolymers of
collagen and acrylates; devices that reduce the intraocular
pressure — shunts (silicone tubes) and valves manufactured
from polyolefins, polymethylmethacrylate, and cross-linked
silicones.

Suture materials [5, 7]

A separate group of widely used implants is comprised of suture
materials, or rather, their filar component. The kits of suture
filaments that usually contain functional polymeric coating in
addition to the multifilament part are produced by many firms.
Currently, sutures from both non-biodegradable polymers
(polypropylene, polyamides, expanded polytetrafluoroethylene,
polyethylene terephthalate, silk, cotton, flax) and biodegradable
materials (catgut, polyesters of hydroxycarboxylic acids)
are widely used. The polymeric coatings of suture filaments
(polysiloxanes, copolymers of ethylene oxide and propylene
oxide, copolymers of N-vinylpyrrolidone and acrylates) contain
dyes, haemostatics and antimicrobial agents.

Polymers in the bioactive systems [30-40]

Polymeric biomaterials are used to create systems with different
biological activity, i. e. the ability to affect biological objects,
including the human body, by regulating their vital functions
through stimulation, inhibition or development of certain
features. The extreme manifestation of the biological activity is
the biocidal action, when exposure to a substance (biocide)
leads to the object’s death.

Bioactive systems with polymeric components or fragments
are designed for implementing various types of activity: they can



stimulate biological processes or inhibit them and have biocidal
properties. Such systems can be divided into two groups;
the first comprises forms with non-chemically incorporated
bioactive substances (BAS), the second comprises polymeric
bioactive substances.

Forms containing BAS that have no chemical bonds with
polymers

Systems containing polymers in which bioactive substances
have no chemical bonding with polymeric components are
widely used in medicine. Such systems are insoluble in water,
and the incorporated active substance enters body tissues
owing to diffusion or system decomposition, including erosion.
We can divide such products into two groups: those in which
polymeric components do not affect the rate of BAS release
and those in which polymeric components determine the rate
of BAS release.

The examples of polymeric components that do not
affect the rate of BAS release are powdered polymeric fillers
of tablets, components facilitating their molding and ensuring
they do not stick to molds. Here, starch, polyvinyl alcohol and
other biologically neutral polymers are commonly used

The forms with non-chemically added BAS become
increasingly important; here, the polymeric component
determines the rate of BAS release to living tissues. Such
insoluble systems, as well as polymers from which BAS
is released due to the gradual degradation of its chemical
bonding with a polymeric carrier (to be described later), are
commonly referred to as systems with controlled release of
the active substance. These systems can eliminate or reduce
the impact of a narrow range of doses and concentrations
required for producing a desired effect, which is beneficial for
the patient, because excesses can lead to adverse reactions
as the medication is not only delivered to the target organ, but
also distributed throughout the body providing acute toxic,
allergenic and carcinogenic effects. This complicates accurate
dosing of the BAS. In addition, adverse reactions do not allow
administering such amounts of BAS that can provide a long-
term effect. With BAS susceptible to leaching, volatilization or
biodegradation (which is often observed when using pesticides)
and structural changes (typical for protein drug compounds),
a positive effect is achieved through the use of excessive
doses of the medication or its multiple administration, which
considerably increases the costs.

The principle of controlled release is used in many forms
of BAS. Thus, tableted forms of medications are widespread
and well-known. They are most often used as preparations for
enteral administration, but tableted forms for subcutaneous
implantation are also known.

Polymeric tablet coatings delivering the drug to the desired
area of the gastrointestinal tract have become widespread. For
example, polymers used to create such coatings, marketed as
Eudragit (Germany), contain ionogenic groups that determine
the solubility of polymers in the environments with different pH.
Thus, tablets coated with a polymer containing basic groups,
for example copolymers of dimethylaminoethyl methacrylate
with methyl or butyl methacrylates decompose in the acidic
environment of the stomach. At the same time, tablets
coated with polymers that contain acidic groups, for example
copolymers of acrylic acid and ethyl methacrylate or metacrylic
acid and methyl methacrylate, are stable in the stomach and
decompose in the intestinal tract where pH ranges from 7.2
10 9.0.
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Prolonged effect of the medication and reduced adverse
reactions (unpleasant smell or bitter taste) make it possible to
manufacture it as micro- and macrocapsules.

Widespread are various macromolecular systems in which
the BAS is incorporated in the polymeric mass, from where it
enters the body due to diffusion or after the gradual dissolution
of the carrier. BAS-containing polymeric medicated films are
used in ophthalmology for the prevention of coronary disease.
They are storable and easily attach to the mucosal surface
of the eye and gum (transmucosal preparations). For drug
delivery, other polymeric systems are used, which work in a
similar manner, for example coatings of suture materials or
BAS-containing fibers themselves, catheters with antiseptics
introduced into the polymeric mass, and others.

Transdermal systems (multilayer therapeutic systems glued
to the skin) are one of the most promising forms of polymer-
based drug substances used in adhesive patches and special
devices. In general, the transdermal systems consist of an upper
coating layer; a diffusion layer or a BAS- containing reservoir;
a polymeric film that controls delivery of the active substance
by diffusion; an adhesive layer that retains the system on the
skin and ensures a direct contact with it; and a protective film
of the adhesive layer removed before the system is glued to the
skin. The diffusant is released from the BAS system, penetrates
through the skin, reaches the subcutaneous blood vessels and
spreads throughout the body.

Recently, a great deal of attention has been paid to
nanosized carriers of medications, especially, liposomes,
including modified amphiphilic polymers, nanospheres,
dendrimers, and nanoaggregates. The optimal administration
routes of colloidal systems that contain nanoparticles are
injections (e.g., intravenous), inhalation, and oral administration.
Nanoparticles are also used in eye drops.

Under development are BAS delivery systems that
can function under specified conditions or in response to
environmental conditions. Such systems are referred to “smart”
or “intelligent” systems, or feedback-based systems. To some
extent, they simulate the processes occurring in the body and
can be physiologically optimal therapeutic systems if adjusted
properly.

Another approach ensuring the delivery of a drug to
the affected organ is based on introducing ferromagnetic
substances to the drug followed by the exposure of the organ
to the magnetic field.

[t should be noted that the polymers with controlled release
of BAS are used not only in medicine. Examples of such
polymers are fertilizers encapsulated in a polymer shell that
considerably reduces their consumption, fumigation devices
and prolonged release forms of pheromones used in insect
traps, and polymeric antifouling paints used to coat bottoms
of ships.

Bioactive polymers

Of great importance are polymers whose bioactivity is
determined by their macromolecular nature. In some cases
they mimic natural polymers and can be used to replace natural
components of blood. A good example here is macromolecular
components of blood substitutes. Such polymers mimic two
important functions of blood proteins: they maintain blood
osmotic properties (components of antishock substitutes
or blood substitutes with a hemodynamic effect) and ensure
formation of complexes with toxic substances that enter
the bloodstream (components of blood substitutes with

BULLETIN OF RSMU | 5, 2016 | VESTNIKRGMU.RU



06530P | BUOMATEPUAADI

a detoxifying effect). Oxygen carriers and their polymeric forms
(modified hemoglobin) are also used as blood substitutes.

Blood substitute components are used as water-soluble
non-ionogenic polymers. Polymers used to obtain components
of blood substitutes with a hemodynamic effect must have a
sufficiently high molecular weight (at least 50-60 kDa). Here,
polymers of natural origin can be used as a base after certain
chemical modification that can decompose inside the body
and then be excreted from it. They include dextran, partially
hydroxyethylized starch and denatured protein gelatin derived
from collagen.

The polymeric components of blood substitutes with
detoxifying properties are polymers with a molecular weight of
about 10 kDa. They are easily excreted in the urine, so in these
products the carbon-chain polymers are used, such as poly-
N-vinylpyrrolidone (Hemodez and Neohemodez by Biohimik,
Russia), poly-N-(2-hydroxypropyl)methacrylamide  (Duxon,
Czech Republic), and polyvinyl alcohol (Polidez by Himitek,
Russia). These polymers exhibit strong toxicant-complexing
properties.

[t should be noted that the production volume of the
polymeric components of blood substitutes with hemodynamic
and detoxifying effects exceeds the production volume of other
medical polymers.

Water soluble polyelectrolytes, polymers with cationic,
anionic, and N-oxide groups also exhibit biological activity, such
as microbicidal, adjuvant, coagulant, or anticoagulant; among
them is polyoxidonium (copolymer of N-oxide 1,4-ethylene
piperazine and (N-carboxyethyl)-1,4-ethylene piperazine
bromide) that has immunomodulating properties and can be
used as an adjuvant for synthetic vaccines.

We should also mention a few high-molecular compounds in
which BAS or a group determining the activity of the substance
are linked with the polymer by a chemical bond that does not
break as the system is being used. Among such compounds
are stabilized (immobilized) enzymes, including those used for
the formulation of water-soluble drugs. Bound to a polymeric
carrier or a modifier, the enzyme becomes more resistant to
denaturation; for insoluble forms, such binding allows the
enzyme to participate in the enzymatic process multiple times.
The best studied are products based on dextran-modified
enzyme streptokinase (Omela, Russia) used as an effective
fibrinolytic agent.

Another example of systems with permanent bonding
(immobilization) is a group of immunoactive polymers that
are conjugates of a polymeric carrier and active, usually low
molecular weight group (hapten) that stimulates receptors of
immune cells. The research in this area led to the development
of a series of vaccines - conjugates of polyoxidonium with a
number of antigens, such as hemagglutinin and neuraminidase
of three influenza viruses: A (H1N1 and H3N2) and B (Grippol
by NPO Petrovax Farm, Russia), timothy grass pollen allergoid
(Timpol), birch pollen allergoid (Berpol), and wormseed pollen
allergoid (Polpol).

Bioactive polymers

Significant disadvantages of low molecular weight drugs,
bio-regulators and biocides are their nonoptimal doses
and concentrations, limited action period, rapid incidental
consumption, and insufficient solubility, all of which can be
eliminated or considerably reduced by using BAS in the form
of a chemical compound hydrolysable over time, with polymer-
based carriers or modifiers. Such chemical compound is
actually a new bioactive polymer whose chemical structure
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differs from that of the original polymeric carrier. The chemical
bond between the BAS and the polymeric carrier may degrade
at a certain rate, usually by hydrolysis, sometimes involving
enzyme systems. The rate of this gradual (prolonged) release
can be controlled by the polymeric structure or the structure
of a biologically active system. Therefore, such systems, as
well as previously discussed forms with regulated BAS release,
can be called systems with controlled BAS release (controlled
release systems).

In contrast to insoluble drug formulations, polymeric BAS
derivatives can be produced in the water-soluble form, which
determines broad possibilities for their use. In these systems,
controlled release of an active substance provides for the long
action of the medication without overdosing and therefore side
effects. Production of polymers that ensure target delivery
of the medication to the affected organ is a major area of
development of new systems with controlled release of an
active substance.

Derivatives of poly-N-vinylpyrrolidone, poly(N-2-
hydroxypropyl) methacrylamide, polyvinyl alcohol and dextran
are often used as polymeric carriers for the described group
of systems.

[t should be noted that in addition to polymers with
therapeutic properties, there are systems that exhibit
bioregulatory or biocidal activity against other groups of
organisms; for example, they regulate plant growth or have
fungicidal properties [41-43].

Polymers in bioengineering [44, 45]

The processes and methods falling within the concept of
“bioengineering” are principally aimed at optimizing the vital
function of cellular systems in order to obtain practically
valuable producers and tissues that can be used for the
replacement of tissues and organs. Practical implementation
of bioengineering methods relies to a large extent on the use
of various polymeric carriers and substrates. Although the
methods related to bioengineering are subdivided into cell,
genetic and tissue engineering, in actual practice they often
complement each other.

Cell engineering represents a field of biotechnology and
is based on the cultivation of cells and tissues capable of
producing the required substances in vitro (outside the body).
Cell culture is often performed using porous microcarriers,
such as derivatives of DEAE-dextran or sephadex (cross-linked
dextran). Interior cultivation of cells can be implemented if cells
are encapsulated in semipermeable polymeric microcapsules
whose shell (cross-linked polylysine, agarose) allows nutrients
to get through.

Tissue engineering aimed at cell culture for the regeneraion
of damaged or lost tissues is one of the most promising areas
of medicine and is based on the formation of the desired tissue
structure from the cells seeded on a specific substrate (stem
cells in particular).

As a discipline, tissue engineering was based on projects
aimed at creating “artificial” tissues and organs and research
on transplanting cells and biologically active components to
the carriers to repair lesions in various tissues of the body.
The basic principle of this approach is the development of
biodegradable carriers combined with donor cells and/or
bioactive substances and their implantation into the damaged
organ or tissue. To grow the tissue in the body, the cultured cells
must stay on the carrier for some time: when its biodegradation
is too rapid, the cells can be washed from it with the body



fluids. On the other hand, if the substrate “lives” for too
long, it interferes with the normal process of tissue or organ
regeneration. Among the polymers satisfying the described
requirement are polyglycolide, polylactide, copolymers of
glycolic and lactic acids, polycaprolactone, polypropylene
fumarate, polyanhydrides, and polyorthoesters.

Genetic engineering makes use of the achievements of
such sciences as molecular biology, cytology and genetics
and is similar to targeted drug delivery in terms of nature of
scientific approaches and techniques, since its ultimate goal is
the delivery of nucleic acids or their fragments into the cell. The
most appropriate technique for delivering the genetic material
into the cell is endocytosis of its complexes with polymeric
carriers, usually polycations (polyethyleneimine, polylysine and
others). This method (transfection) has significant advantages
over other methods of genetic material delivery, such as
sonoporation, electroporation, microinjection, or the use of viral
carriers. The most advanced biological objects in which genetic
engineering techniques can be applied are microorganisms
and plant cells, although there have been a number of works
recently in which genetically engineered animals were used. For
humans, genetic engineering can be an effective remedy for
genetic disorders and predisposition to certain diseases.

Polymers in biocatalytic processes [46-49]

Development of artificial biocatalysts based on modified
enzymes is of great importance for medical bioengineering or
systems for bioanalysis, as noted in this review in the relevant
sections. Besides, these biocatalysts play a very important
role in industrial biotechnology. This is due to the significant
disadvantages of enzymes extracted from living tissues, in
particular the instability of their globular structure in response to
various influences (susceptibility to denaturation). This applies
to both simple and complex enzymes that have a non-protein
component (coenzyme) in their structure, in addition to protein
components. Another significant technological disadvantage of
enzymes is their solubility in water, which participates in most
enzymatic industrial cycles and hinders enzyme separation
after the process is completed and its further re-use.

Those disadvantages were to a large extent neutralized
by binding the protein macromolecule of the enzyme to the
insoluble carrier that can be quite easily separated from the
reaction mixture and re-used in stirred-tank reactors or column
reactors in continuous processes. Furthermore, the binding
of the enzyme macromolecule to the carrier increases its
conformational stability and stabilizes it in the presence of
denaturing factors.

The carriers used to obtain immobilized enzymes come in
various forms, such as granules, fibers, membranes intended
for filling columns, helices, rings, tissues, etc. Although for the
manufacturing of such carriers, especially granular, inorganic
materials are also used, most of the industrial carriers for
immobilized enzymes are made from polymers or their
composites with inorganic materials.

To date, a significant number of methods of binding of
enzyme macromolecules to a carrier have been developed.
They are based either on enzyme adsorption on the carrier
surface, chemical binding of a protein globule to the functional
groups of the carrier, or its inclusion into the polymeric mass
of the carrier. Protein inclusion in polymeric mass is used for
the formation of fibers and fims (membranes) that must exhibit
enzymatic activity.

The cells themselves can be used as biocatalytic systems
if they are immobilized, primarily by microencapsulation or
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inclusion into hydrogel granules (derived from agarose or
polyvinyl alcohal, etc).

Polymers in the separation processes [5]

The processes of sorption and membrane separation, used in a
variety of technologies, have found wide application in medicine
and biology. In addition to the isolation and purification of
products of various biotechnological reactions, they are used
for the purification and detoxification of biological fluids, such
as blood and lymph.

Polymeric biomaterials used in these processes come
in direct contact with blood or lymph and must be highly
hemocompatible Just as polymeric implants that “work” in the
blood stream, they must not cause blood clots, injure formed
elements, cause denaturation of the protein components and
release toxic compounds.

The membrane method of blood purification (hemodialysis
and hemdfiltration) performed in hemodialyzers consists in
removing harmful substances and toxins from the blood, when
the dialyzable liquid (blood) flows by one side of the polymeric
membrane and the dialysis fluid flows by the other side. When
using ultrafiltration membranes, low- and medium molecular
weight substances pass through them under the influence of a
concentration gradient, but high-molecular weight components
of blood do not pass through. If the dialysis fluid pumped in
counterflow to the dialyzable liquid is replaced with fresh fluid
quite frequently, harmful substances can be removed from the
dialyzable liquid.

Polymeric  ultrafiltration membranes are also used for
blood oxygenation carried out in the oxygenation unit cells of
the “artificial heart-lung” machine. Here, blood flows by one
side of the membrane, and a gaseous medium enriched with
oxygen flows by the other side. Thus, due to the difference in
the partial pressure, oxygen enters the blood stream. Carbon
dioxide passes through the membrane in the reverse direction.
This device is indispensable in surgeries performed on the
cardiovascular system.

Membrane separation is also used for the decontamination
of drug solutions, when methods of stronger impact on the
disinfectant, such as heat or radiation sterilization, are not

applicable.
Sorption is used to purify various biological fluids: blood
(hemosorption), blood plasma (plasmasorption), lymph

(lymphosorption), lymph plasma (plasma-lymphosorption). The
sorbents used in such processes are granular or powdered
systems that are usually subdivided into nonselective, capable
of absorbing several substances, and selective used for
extracting specific sorbates.

Selective sorbents are polymeric systems containing
functional groups that ensure ion exchange or biospecific
binding to the extractable substance, including immune
sorption.

A separate type of sorption decontamination processes
is enterosorption related to the use of sorbents that extract
toxins from the gastrointestinal tract. For this purpose, the
sorbents based on activated carbons are used, as well as
polymeric sorbents based on lignin, cellulos and crosslinked
polyvinylpyrrolidone.

Polymers in bioanalytical systems and synthesis of
biopolymeric analogues [5]

The use of polymers in various bioanalytical devices and
medications is extremely important for the development of
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medical and biological sciences and technologies. It should be
noted that application of polymers in biomedicine is determined
not only by the specific branch of this science, but also by the
fact that polymer-based devices for bioanalysis come in direct
contact with living tissues, such as biological fluids and cell
suspensions.

Among the research methods used in biochemistry,
biology and medicine are bioanalytical methods, such as
electrophoresis and immunoelectrophoresis (on plates, discs,
in columns and capillaries), that make use of polymeric
carriers, such as agarose and polyacrylamide gels and their
modifications; various chromatographic methods based
on the use of polymeric sorbents, including affinity- and
immunosorbents; enzyme immunoassay that makes use of
polymeric substrates; latex agglutination test systems based
on the “curdling” of polymer latexes derived from polymeric
microspheres whose surface is modified by a component of
the antigen-antibody pair.

Polymers are an important component of various
biosensors, such as membrane-electrode devices containing
immobilized enzymes. Moreover, special attention has been
paid recently to the fast bicassay methods based on the use
of biosensors.

Polymeric carriers are a crucial component of polypeptide
and polynucleotide synthesis. Only after the discovery of solid-
phase methods for their preparation, it became possible to
solve extremely difficult or impossible tasks, such as separation
of the products of the addition reaction from the initial products
and reagents given their solubility in water, and preservation of
macromolecular chains in the course of optical isomer synthesis.
Also, solid-phase synthesis techniques for the preparation of
polysaccharides have been developed. The evolution of this
approach described in many publications enabled to obtain a
large number of synthetic polypeptides and polynucleotides,
and in many cases their synthesis was automated.

Solid-phase  amino acid sequencing of natural
macromolecules based on the use of polymeric carriers is no
less important; here, the stepwise cleavage of the terminal
fragments, combined with the amino acid analysis of the
biopolymer, reveals the sequence of the respective links in the
macromolecule.

Biodegradable polymers of general purpose [5, 11]

In recent years, much attention has been paid to the
development of biodegradable materials of general purpose.
It is predicted that such environment-friendly materials will be
widely used not only in medicine, but in the manufacturing
of degradable packaging, disposable items, special types
of clothing, etc. Several groups of such materials are worth
mentioning.

Natural polymers, especially polysaccharides and proteins,
and their modifications are still used as before. Cellophane
remains a very popular packaging material. Composites based
on acetate cellulose and starch hold some promise too.
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Composites based on polyolefins and starch are promising
film materials with a large tonnage capacity and a high
biodegradation rate. Products based on these composites can
be quickly fragmented and absorbed by soil microorganisms.

An important group of biodegradable polymers comprises
polymers of hydroxycarboxylic acids, primarily polylactic acid
(polylactide), large-tonnage production of which has been
launched in some countries in recent years.

Non-implantable medical polymeric devices and
products [5]

Among these products, contact lenses should be noted in
the first place; they are manufactured in large quantities in the
developed countries. Despite the fact that they are placed on the
cornea, they are washed with the tear fluid and therefore must
have high biocompatibility. Strictly speaking, contact lenses are
not implants because they do not come in direct contact with
the body liquids, such as blood and lymph. The most common
materials for contact lenses are cross-linked silicone systems
with good optical characteristics and high gas and vapor
permeability, copolymers of 2-hydroxymethylmethacrylate
and ethylenebismethacrylate, and in some cases crosslinked
copolymers of acrylamide.

Polymers play an important role in the medical industry as
raw materials for the manufacturing of orthopedic and dental
equipment. This area of polymer application is of special
interest and is not the subject of this review

CONCLUSION

As seen from this brief review, the materials and products
based on the different types of high-molecular compounds
are very widely used in medicine and biology. There are some
specific aspects of their application that distinguish this field
from other areas of chemistry and technology of high-molecular
compounds. Firstly, most polymers for biomedical application
are produced in small quantities or come as specially prepared
and carefully purified batches of conventional polymers. In
some cases, the annual demand for these polymers does
not exceed a few kilograms or tens of kilograms. Secondly,
many of these polymers are manufactured using small-size
equipment, often made of glass, according to the principle of
flexible manufacturing systems. Thirdly, since many of these
products come in direct contact with a living organism, their
manufacturing must meet GMP requirements. Finally, during
the development of such products one should consider
that they must be approved by the government agencies.
These factors have a strong impact on training programs for
researchers and technicians who plan to work with polymers
employed in medicine and biology.

Anotherimportant aspect of this area of knowledge is related
to the constant updating and improvement of the methods
of application of polymeric materials and products, which
necessitates a serious effort aimed to improve the structures
and properties of the polymers and to develop new high-
molecular compounds that meet the specified requirements.
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THE USE OF IMPLANTS FOR SURGICAL TREATMENT OF CONGENITAL
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Congenital diaphragmatic hernia (CDH) is an absolute indication for surgical treatment. In case of extensive defects of the
diaphragm, such as diaphragmatic aplasia, the use of implants is required. So far, there is no unanimous opinion on the type
of the implant. The article presents a comparative analysis of treatment of 40 newborns with left pseuso-CDH. All patients
received thoracoscopic repair of the diaphragmatic cupula. The patients were divided into two groups according to the type
of the implant: 16 newborns received Ecoflon synthetic implants (Ecoflon Scientific and Production Complex, Russia) and
24 newborns received Permacol biologic implants (Tissue Science Laboratories, UK). The study demonstrated the advantage
of the biologic implant over the synthetic one: the surgery took less time (106 minutes compared to 144 minutes with Ecoflon,
p <0.05); relapses were also more rare (28 % and 54 %, respectively; however, p was >0.05); no implant rejection was observed
(with Ecoflon, two patients responded with inflammation, p <0.05).
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NPUMEHEHUE UMIMAAHTOB B KOPPEKLIUU AUA®PATMAABHOM FPbIKU
Y HOBOPOXXAEHHbDIX

A. tO. PagymoBckuin'2, O. I. Mokpywmna'# & B, C. Lymuxun'S, H. ®. LLlanos', J1. B. MeTposa’®

"Kahenpa OeTCKom X1pyprin, neanaTpuyeckmnii haxynsTter,
Poccuinckunin HaumoHanbHbIN NCCneaoBaTensCKUn MeQULIMHCKUIA YHUBEpCUTET UMeHn H. . Mruporosa, Mocksa

2OTneneHne TopakanbHOW X1pyprin,
[eTckas ropofckast kKnuHndeckas 6onbHuua Ne 13 nvenn H. @. dunatosa, Mockea

8 OToeneHve XMpyprim HOBOPOXXAEHHbIX,
[eTckas ropofckast kKnuHnydeckas 6onbHMua Ne 13 nvenn H. @. dunatosa, Mockea

BpoxxpoeHHas anadparmansHas rpbbka (BAIN — naTtonorus, Kotopas TpedyeT 0b6s13aTenbHOM XUPYPri4eckon Koppek-
. Mpy 3HaqnTenbHbIX AedekTax anadparmMbl, HaNpUMep annasuy ee Kynosna, 3a4acTyl0 BO3HWMKAET HeOoOXOOMMOCTb
B VICMOMBb30BaHUN MMMAaHTaLMOHHBIX MaTepuanoB. o ChX Mop HET eAMHOM TOYKM 3PEHMS MO BOMPOCY Bbibopa VMMnaH-
Ta. B ctatbe npencTaBneHbl pesynsTaTbl CPaBHUTENBHOMO aHanmnsa fieveHrs HoOBOpOXXAeHHbIX (N = 40) ¢ NeBOCTOPOHHEN
noxHon BAIL Bcem naumeHTam 6bina BbIMOMHEHA TOpakoCKonMMyeckasi nnactuka Kyrnonaa gudparmel. 1o Tmiy Mcnonb3o-
BaHHOro MMMNaHTaLMOHHOrO Matepuana AeTei pasfeninv Ha ABe rpynnbl: AN nepsot (N = 16) NPUMEHSNN CUHTETNYEC-
Kve uMnnaHTbl «9kodnoH» («HIMK "OkodnoH"», Poccus), ans BTopon (n = 24) — 6uonorideckre MMnnaHTbl Permacol
(Tissue Science Laboratories, BenukobputaHus). Pesynstatbl MCCNeOoBaHUs mokasanv npevMylilecTsa  buonornyec-
KOro UMMMaHTa: Bpems onepauuy npu ero Mcnofib3oBaHu 66110 MeHblle (106 MyH npotuB 144 MUH NpY MCNoMb30Ba-
HUM «OkobnoHa», p <0,05); YMcno peumanBoB — Takxke MeHblle (28 % npotue 54 %, ogHako p >0,05); cnyyaes oT-
TOPXKEHWST MMMNaHTa He 6bio (MpY MCnoNb3oBaHUK «OKoMNoOHa» Y ABYX MaUMEHTOB Hadanocb BocnaneHve, p <0,05).

KntouyeBble cnoBa: HOBOPOXAEHHbIe, BPOXOeHHasA umad)parMaanaﬂ rPbbKa, TopakocKonua, NMMnaHT, I/IMI'IJ'IaHTaLI,I/IOHHbII7I
mMatepuan, «9konoH», Permacol

><] Ans koppecnoHpgeHumn: MokpyLumHa Onbra leHHaneesHa
yn. OctpoBuTaHOBa, 4. 1, . Mocksa, 117997; mokrushina@yandex.ru

Cratbsl nony4eHa: 18.10.2016 Ctatbsa npuHATa B nevatb: 25.10.2016

Congenital diaphragmatic hernia (CDH) is a potentially fatal  introduced. However, many issues of CDH treatment are still
malformation that leads to death without surgical treatment. For ~ a matter of discussion, such as criteria for selecting a particular
effective diagnostics and management of various pathologies  surgical technique, indications for endoscopic surgery and a
in newborns with low weight and narrow chest, advanced  surgery type, especially in the case of extensive defects of the
video equipment and tools for mini-invasive surgery have been  diaphragm, and the choice of patch type if a patient does not
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have sufficient tissue for grafting. The vast clinical experience of
the medical institution is often the key to an adequate solution.

Surgical treatment of CDH is aimed to close the
diaphragmatic defect by bringing its edges together and
fixing them with interrupted sutures. Difficulties may arise if
the defect is large (e.g. diaphragmatic aplasia) and the edges
cannot be brought together even after the posterior leaf has
been mobilized. In this case, patch repair is indicated [1-8]. The
research [9] showed that in infants with diaphragm aplasia the
postoperative survival rate was 57 %, compared to the survival
rate of 95 % in patients with smaller defects.

We have analyzed a number of studies [3, 4, 6, 8] on
primary repair of the diaphragm in infants with diaphragmatic
aplasia and discovered that the most frequently used types of
patches were synthetic non-absorbable patches; biological
and composite non-absorbable materials were the second
most frequent type. Generally, the highest relapse rate was
seen in patients with biological implants (approximately 30 %
of cases), however, with the other two types of materials it
was almost the same (approximately 26 %). More significant
differences were seen between the implants produced by
different manufacturers [5, 9, 13].

The aim of our research was to compare the efficacy of
the synthetic implant Ecoflon (Ecoflon Scientific and Production
Complex, Russia) and the biological implant Permacol (Tissue
Science Laboratories, UK) in the surgical treatment of congenital
diaphragmatic hernia in newborns.

METHODS

The study included 40 neonates with left pseudo-CDH treated
in N. F. Filatov Pediatric City Hospital No. 13, Moscow, Russia,
from 2008 to 2015. All children received thoracoscopic repair
of the diaphragmatic cupula with implants. Depending on the
type of material, the neonates were divided into two groups:
group 1 included 16 children who received the Ecoflon implant,
and group 2 included 24 children who received the Permacol
implant. Al children were born full-term, with an average
body weight of more than 3 kg. Further details are given in
table 1. No statistically significant intergroup differences were
revealed. Comorbidities were mainly congenital heart defects
and genetic syndromes (Edwards syndrome in three cases and
Patau syndrome in one case); extrapulmonary sequestration
was observed in one patient from group 2.

All - children received thoracoscopic repair of the
diaphragmatic cupula with implants. The surgery was performed
after stabilization of the general condition of the neonates.

The patient was placed in the right lateral decubitus
postition on the operating table. The surgeon and the assistant
stood at the patient's head, the monitor was located opposite.
The reconstruction of the diaphragm was performed using

three trocars (3 and 4 mm in diameter). CO, pressure in the
pleural space was maintained at 3-7 mmHg, CO, flow rate
was 1-2 I/min. The trocars were placed through the following
portals: the endoscopic portal in the third intercostal space
along the midaxillary line; the instrumentation portals in the
third or fourth intercostal space along the posterior axillary
line and in the third intercostal space along the anterior axillary
line. After the examination of the pleural cavity, the abdominal
organs were successively brought down into the abdominal
cavity. The edges of the diaphragm were mobilized on the
perimeter of the defect, thorough mobilization of the rear lip
off the upper pole of the left kidney and the retroperitoneal
space was conducted. After the retained muscular tissue of the
diaphragm was brought together, interrupted suturing without
tension was applied. A patch was formed from the implantation
material corresponding to the size of the defect. Finally,
drainage of the pleural space was performed. All children had
postoperative prolonged mechanical ventilation (MV) until their
cardio-respiratory function was normalized and spontaneous
breathing was recovered.

The implant materials had to meet a number of specific
requirements: they should be durable and flexible, have good
modeling properties, be resistant to the liquid environments of
the body and infections, non-responsive, hypoallergenic, and
non-cancerogenic.

The synthetic material Ecoflon (Fig. 1) was first used in
2008 for thoracoscopic repair of extensive defects of the
diaphragm. It is polytetrafluoroethylene-based and has a
special nodular fibrillar structure with considerable porosity
(up to 90 %). Ecoflon implants are flexible, elastic, and resistant
to bending, twisting and external squeezing in unfavorable
anatomical conditions. There are two functionally different
surfaces: a microporous surface that prevents the formation
of adhesions, and a macroporous surface that initiates the
growth and development of fibroblasts. The disadvantages of
the material include its relative susceptibility to infection, which
is associated with multifilament and microporous components
that cover bacterial agents. The Ecoflon implant is 1 mm
thick. After an Ecoflon patch was formed, it was introduced
through the wound and fixed along the perimeter of the defect
with interrupted sutures with the microporous side facing the
abdominal cavity. The surgical knots were tied extracorporeally.

The biological material Permacol (Fig. 2) has been
successfully used since 2012. This implant is made of pig
skin and is basically a pure cross-linked collagen and elastin
free of cellular structures and fatty tissue. This material does
not have any antigenic properties and induces minimal
inflanmatory response that is no different from the normal
reparative process. The collagen fibers form the framework
for the reparative tissues and vascularization. Due to its cross-
linked structure, it is resistant to tissue and bacterial enzymes,

Table 1. Comparative characteristics of newborns with congenital diaphragmatic hernia

Index Group 1 (n =16) Group 2 (n = 24) P-value
Sex, m/f 10/6 10/14 -
Gestational age, weeks (min; max) égétﬁg) (gggj?g) p >0.05

. . 2880.0 + 645.0 3378.1 £ 473.0

Birth weight, g (1950.0; 4300.0) (2580.0; 4600.0) p>0.05
Age at the time of surgery, days ?1'70.171 OE; ?1'00.191 O‘; p >0.05
Comorbidities 3 (19 %) 6 (25 %) p >0.05
Antenatal diagnosis 13 (81 %) 20 (83 %) p >0.05
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Fig. 1. Synthetic implant material Ecoflon (Ecoflon Scientific and Production
Complex, Russia)

Fig. 2. Biological implant material Permacol (Tissue Science Laboratories, UK)

therefore, it is non-resorbable, non-deformable, and ensures
the continuous strengthening of soft tissues without causing
adhesions. Permacol does not stimulate suppuration and can
be used in patients with controlled infections or at high risk of
surgical site infections. The material thickness is 0.5 mm. The
implant was introduced through the right trocar portal. Then its
edges were sutured to the retained muscular rims, the anterior,
medial and posterior regions of the diaphragmatic cupula with
interrupted sutures. In the absence of a muscular layer, the
lateral part of the defect was sutured to the chest wall with full-
thickness sutures.

The following parameters were analyzed: surgery duration,
location of the liver in the pleural space, MV duration and
the number of cases when high-frequency MV (HF MV) was
used, hydrothorax duration and the number of chylothoraces,
the onset of enteral feeding and the number of cases of
gastroesophageal reflux (GER), the frequency of relapses and
implant rejection, and also the number of deaths.

Patients with chylothorax received the antisecretory drug
Sandostatin (Novartis Pharma, Switzerland) intravenously. The
starting dose was 80 mg/kg a day; the maximum dose was
120 mg/kg a day. Treatment duration was determined
individually for each patient.

In patients with GER laparoscopic Nissen fundoplication
was performed.
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Recurrent congenital diaphragmatic hernia is clinically
manifested through progressing respiratory distress and
dysphagia. However, in order to detect asymptomatic relapses,
control chest X-rays were performed in all patients 1, 3, 6 and
12 months after surgery. In doubtful cases, multislice helical
computed tomography of the abdominal and thoracic cavities
was performed. Once the diagnosis was confirmed, revision
surgery was performed.

The C-reactive protein and white blood cell count were
used as inflammation markers.

Parents gave written informed consent.

RESULTS

The surgical treatment results are presented in table 2.

Fixation of synthetic implants took longer than preparation of
a biologic patch: mean time was 144 and 106 min, respectively
(p <0.05). The presence of the left lobe of the liver in the left
hemithorax indicates the severity of the diaphragmatic defect
corresponding to subtotal or total aplasia. Severe defects were
more frequent in group 2 than in group 1, but differences were
not statistically significant.

The mean duration of MV in both groups was almost the
same. However, patients in group 2 required HF MV more often
compared to group 1, which indicated a more severe cardio-
respiratory dysfunction. However, the intergroup difference in
this parameter was not statistically significant — perhaps, due
to a moderate sample size.

One of the postoperative complications is chylothorax. In
patients with congenital diaphragmatic hernia, chylothorax
is thought to be the result of increased superior vena
cava pressure in the presence of concomitant pulmonary
hypertension. Another hypothesis is that chylothorax is a
response to inflammation. In any case, chylothorax is preceded
by hydrothorax, whose duration depends on the degree of
pulmonary hypoplasia. The average duration of hydrothorax
and the number of chylothoraces were similar in both groups.
However, only one patient from Group 1 required Sandostatin
therapy for over 3 weeks, while in group 2 there were 3 such
patients.

An important indicator of a normal postoperative period
was the start of enteral feeding and baby’s ability to consume
the amount of food normal for his/her age. As shown in table 2,
enteral feeding started much earlier for the patients in group 2
compared to the patients in group 1: in average, on day 6 and
12, respectively (p <0.05). One of the possible causes here was
the absence of inflammation revealed by the blood test.

Gastroesophageal reflux is caused by the dilation of the
esophageal hiatus after the reconstruction of the diaphragmatic
cupula. This complication was seen in both groups with almost
equal frequency: 4 and 5 cases in group 1 and group 2,
respectively (p <0.05). Our study showed that GER occurring
after diaphragm repair is resistant to standard treatment and
requires surgical correction.

Relapses were observed in 6 cases (54 %) in group 1
and in 5 cases (29 %) in group 2, but the difference was not
statistically significant. In group 1 an infectious complication
was detected in 2 patients: patch rejection was observed 2 and
3 months after surgery. The rejection manifested clinically as
granuloma formation on the lateral surface of the chest in the
site of the full-thickness suturing. Removal of granulomas and
ligatures was performed for both patients, but the inflammatory
process persisted, which determined the necessity of surgical
intervention. Through the incision on the chest it was revealed
that the bottom of the fistula channel was the implant.
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Table 2. Results of thoracoscopic repair of congenital diaphragmatic hernia in newborns using Ecoflon and Permacol implants

Index Group 1 (n =16) Group 2 (n = 24) P-value
Intraoperative characteristics
Duration of surgery, min (min; max) (1 33,1-1 gg) ::56’ f216()) p <0.05
Location of the liver in the pleural cavity 4 (25 %) 8 (33 %) p >0.05
Characteristics of respiratory intensive care
Duration of MV, days (min; max) 24561 26808) ch? 2270‘; p >0.05
Number of cases of HF MV 2 (12 %) 8 (33 %) p >0.05
Characteristics of hydro- and chylothorax
Duration of hydrothorax, days (min; max) 244063 ;720? 24407’ §720€j p >0.05
Number of cases of chylothorax 4 (25 %) 5 (21 %) p >0.05
Characteristics of enteral status
Onset of enteral feeding, days after surgery (min; max) 222 (i $520(; (2501 111?0) p <0.05
Number of cases of gastroesophageal reflux 4 (25 %) 521 %) p >0.05
Characteristics of implant condition
Number of relapses 6 (54 %) 5 (29 %) p >0.05
Number of cases of implant rejection 2 (12 %) 0 p <0.05
Survival rate
Number of deaths 5 (31 %) 7 (29 %) p >0.05

The latter was freely removed from the chest cavity. No changes
in the implant material were identified macroscopically.

Death occurred in 13 cases: 5 (31 %) patients in group 1 and
7 (29 %) patients in group 2 (p >0.05). The lack of statistically
significant differences demonstrates that postoperative lethality
was not caused by the diaphragmatic defect, but resulted
from severe cardio-respiratory dysfunctions and intractable
pulmonary hypertension, i. e. was a consequence of pulmonary
hypoplasia and the severe cardio-respiratory pathology
resistant to any therapy.

DISCUSSION

The Permacol implant allows for shorter surgery time since it
can be introduced into the thorax through the trocar channel
without removing the trocar. Given that Ecoflon is thicker and
has less compressibility, one of the operation trocars must
be removed to extend the incision at the site of the trocar
placement; next, the implant must be placed into the pleural
cavity and after that the trocar can be re-introduced. Another
factor influencing the duration of the surgery is the process of
the implant fixation. Specifically, Ecoflon must be positioned
with the macroporous surface facing the chest and the
microporous surface facing the abdominal cavity, while both
Permacol surfaces are identical and their position is irrelevant
for fixation. Another technical difficulty in fixing Ecoflon is its
ability to absorb light making it hard to determine how accurate
the implant is fixed to the edges of the diaphragmatic defect.
Nowadays, various types of implant materials are used
for correction of major defects of the diaphragm [11, 13, 14].
However, the survival rate of newborns with this pathology is
low, so it is very difficult to compare the results of treatment
by the type of the implant. Nevertheless, scientific research in
this field yields important results. Thus, the guide of Molloy [11]
presents the scientific analysis of the use of implant materials of
various types and the experimental data. Also, the advantages
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of biologic implants have been shown: they ensure better
tissue regeneration than synthetic implants and do not cause
inflammation. Some publications report recurrent congenital
diaphragmatic hernia when prostheses are used for its repair.
Riehle et al. [8] conducted a number of studies using the
Gore-Tex/Marlex implant and observed a relapse in only one
of 28 patients, i. e. in 3.6 % cases. At the same time, Mitchell
et al. [10] conducted a comparative analysis of efficacy of
repair with Gore-Tex and Permacol implants and reported
relapses in 8 of 29 patients (28 %) who had received the
implanted Gore-Tex, and zero relapses in all 8 patients with
the implanted Permacol. Grethel et al. [4] also conducted a
comparative analysis of efficacy of repair with synthetic and
biologic implants. Their study showed that after Gore-Tex
implantation, relapses occurred in 17 of 57 patients, while after
Surgisis (a bioactive material) repair, relapses occurred in 12 of
27 patients.

Thus, currently there is no consensus on the use of implant
materials. However, most authors believe that the use of
biological materials is more promising because the latter are
better integrated into the patient's own tissues and do not
cause inflammatory response, which depends not only on the
properties of the material, but also on the specific aspects of
conservative therapy in the postoperative period.

CONCLUSIONS

Our study has found no statistically significant differences
between the synthetic implant material Ecoflon and the
biological implant material Permacol with regard to the survival
rate, the number of relapses and the occurrence of gastro-
esophageal reflux. However, Permacol is more beneficial for
patients with extensive defects of the diaphragmatic cupula: it
allows for shorter surgery time and earlier enteral feeding and
causes no inflammatory response.
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THE USE OF SYNTHETIC SLINGS IN SURGICAL TREATMENT OF EPISPADIAS IN BOYS
Demidov AA =

Scientific Research Institute of Pediatric Surgery,
Pirogov Russian National Research Medical University, Moscow, Russia

The treatment of urinary incontinence in epispadias, which is malformation of the lower urinary tract, is a pressing problem due
to the severity of congenital anatomic and functional pathology and the lack of a universal treatment to achieve urinary control.
The aim of the study was to develop basic principles of surgical treatment of epispadias-related urinary incontinence.
Additionally, we aimed to introduce into clinical practice the use of synthetic implants (synthetic slings) and evaluate treatment
outcomes. The total of 20 boys aged 7-15 years received surgical treatment for subtotal and total epispadias. The first stage
of surgical reconstruction was Cantwell’s phallo-urethroplasty followed by the placement of synthetic slings TVT, TVT-O, and
AdVance. The children began to accumulate up to 250-550 ml of urine in any position of the body at relative rest and on effort,
and were able to hold urine for up to 3 hours and to empty the bladder completely with normal flow. The total loss of urine per day
decreased 10-15 times and did not exceed 10-30 ml. The lower urinary tract was evaluated using urodynamic (uroflowmetry,
urethral profilometry) and electrophysiological (electroneuromyography) methods. Restoration of urethral anatomy leads to
improved accumulative ability of the detrusor, and use of synthetic slings is a low-invasive and highly effective surgical method
for treating urinary incontinence.
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CUHTETUYECKME CAUHIU B KOMNAEKCE XUPYPI'MYECKOIO AEMEHUSA
AMMUCNAAUNY MAABYUKOB

A. A. demmpos =

HNW xnpyprum oeTckoro Bo3pacta,
Poccumnckinin HaumoHanbHbIN MCCNeaoBaTenbCKUn MeaNLMHCKUN yH1BepcuTeT nMmenn H. W. MNMinporosa, Mockea

[Mpobnema neveHVst HelepXXaHKs MOYM MPK SNCNaan — NOPOKE Pa3BUTUS HXKHIX MOYEBBIX MyTel — sSBNSieTCs Hambonee
CNOXHOW 1 aKTyasnbHOWM B CBSA3U C THXKECTHIO BPOXKAEHHbBIX aHAaTOMO-(YHKLIMOHABHBIX HAPYLLEHWIA 1 OTCYTCTBUEM YHVBEP-
CcalbHOro MeTofla IeHeHIs, MO3BOSIAIOLLIErO B MOSHOW Mepe AOCTUHb YNPaBIseMOoro akta MoYencryckanuvs. Liensto nccnepo-
BaHWsi Obla padpaboTKa OCHOBHbBIX MPUHLIMIOB XMPYPIUYECKOro NIEYEHNsT HeAepXKaHs MO Npy Snucnaanm U BHeOpeHue
B KJIMHNYECKYIO MPAKTUKY UMMIAHTOB (CUHTETUHECKNX CAIMHIOB) C MOCAEAYIOLLEN OLEHKONM Pe3ynsTaToB NeHeHnst JaHHOro
nopoka passuTus. [poBeaeHO onepaTnBHOE feveHne CyoToTalbHOM 1 ToTaslbHOM anucnagmn y 20 mManbyivkoB 7—15 ner.
Ha nepBoM aTane Xnpypruyeckon pekKoHCTPYKLUMM BbinonHeHa dannoypeTponnacTuka rno metoay Kaxreenna (Cantwell), Ha
BTOPOM — MpoBeAeHa UMMniaHTaums cuHTeTndeckmnx cnvHros TVT, TVT-O, AdVance. detu ctann Hakannmeatb 0o 250-550 Mn
MOYM B HOBbIX MONOXKEHNSIX Tena, B COCTOAHNM OTHOCUTENBHOIO MOKOS U MPW HaMPSPKEHUW YAEpXK1BaTb MoYy A0 3 Y, nos-
HOCTBIO OMOPOXKHATL MOYEBOW My3blpb MO MO3bIBY HOpMasbHbIM MNOTOKOM. OB6LLIMEe MOTEPU MOYM B CYTKM YMEHBLUMINCH
B 10-15 pas n He npesbilanm 10-30 Mn. Ons OLUEHKN COCTOSAHMS HKHUX MOYEBbLIX MyTEN MCMONb30Ban ypoaHamm-
Yeckue (ypodnoymMeTpusi, NpomUnoMeTprs YPeTPbl) 1 3NekTPOMN3NONOTMHECKINE (SNEKTPOHENPOMMOrpadus) METOAbI UC-
cnepoBaHvs. BoccTaHOBEHNE YPETPaIIbHOM aHaTOMUN MPUBOAUT K Y/yHLIEHWIO HAKOMUTENBbHOW CMOCOOHOCT AETPY30pa,
1CMNOMNb30BaHNE CUHTETUHECKNX CIIMHIOB SIBSIETCS MasioTpaBMaTUHHbIM 1 BbICOKO3(MEKTUBHBIM XVPYPrUYECKUM METOAOM
YCTPaHEHVS HEIEPXKaHNST MOYM.

KntoueBble cnosa: snvcnagns, Manbyvik, ypeTponnactnka, CIvHr, MMnnaHT

Ans koppecnoHaeHummn: Jemnaos AnekcaHap Anekcanaposmny
LLImuToBCKMIA Np-4, 4. 29, cTp. 3, . Mockea, 123317; demidoval10@list.ru

Cratbsi nonyyena: 12.10.2016 Ctatbsi npuHaTa B nevartb: 21.10.2016

Epispadias is a rare congenital malformation occurring in 1 in
100,000 births, with male : female ratio of 1 : 3.5 [1]

The most pronounced clinical symptoms of epispadias
are urinary incontinence and absent urine output that force
the child’s parents to seek medical advice. Over the last 150
years, the efforts of the medical community have been focused
on the search of effective surgical treatments to fully restore
bladder function and stimulate its normal filling and emptying.
The history of this search provides examples of incredible
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ingenuity [2-4]. Numerous publications demonstrated that
most of the authors relied on isolated observations. Due to
limited clinical experience and the use of a single surgical
technique, the results of the intervention were unpredictable
and often associated with poor outcome, so the problem
remained unsolved. For a hundred years, the idea of surgical
reconstruction and creation of an artificial sphincter mechanism
using bladder tissues, autologous myofascial flaps or
homografts did not materialize [2, 5].



[t should be noted that in the middle of the XX century
even time-proven variations of urethral sphincteroplasty were
effective in no more than 50 % of cases. Half of the children
received multiple surgeries. According to Derzhavin, who in
1962 proposed internal urinary sphincter reconstruction using
the muscles of the urinary bladder trigone (the method is still
used), 28 of 58 children with epispadias received revision
surgeries. In N. E. Savchenko City Clinical Hospital, Derzhavin’s
and Young-Dees’ methods were effective in 86.9 and 61.9 %
of cases, respectively; however, 42 % of patients had revision
surgeries [2].

Initially, the unsatisfactory results were attributed to failure
to comply with the author’s surgical technique. Another reason
was discovered later. Epispadias is often accompanied by
bladder hyperactivity and myelodysplasia associated with
impaired innervation of the pelvic floor. It was found that an
integral indicator of the severity of the structural and functional
changes in the lower urinary tract of epispadias patients
was the degree of pubic symphysis diastasis: a greater gap
was associated with more severe bladder dysfunctions and
innervation defects of the pelvic floor muscles and consequently
with unsatisfactory results of traditional surgical treatment [6].

The doctors of the Department of Urology and Neurourology
of the Scientific Research Institute of Pediatric Surgery have
a 40-year experience in managing patients with epispadias.
Throughout all these years, a need for fundamental changes
in the traditional approaches to epispadias treatment has
been gradually arising. It is believed that treatment should
consist of several stages: urethral reconstruction followed
by sphincterplasty and subsequent elimination of residual
micturation disorders using minimally invasive techniques
(paraurethral gel or collagen implantation); the final stage
includes correction of cosmetic defects.

The aim of this study was to formulate the basic principles of
a novel approach to surgical treatment of urinary incontinence
in boys with epispadias based on the use of implants (synthetic
slings) and to assess treatment outcomes.

METHODS

Since 2000, we have observed 20 boys of 7-15 years of
age with epispadias (11 patients with subtotal form and
9 patients with total form). The main complaint was stress
urinary incontinence, which appeared or increased as the
abdominal pressure exceeded the intraurethral pressure.
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The diagnosis of congenital malformation of the lower urinary
tract was based on the clinical examination and standard and
specialized test, such as intravenous urography, cystography,
cystoscopy, uroflowmetry, and electrophysiological and
urodynamic tests.

Clinical examination of boys left no doubts about the
diagnosis of epispadias. Described in the literature in detail,
the defect is obvious. A primary technique used to identify the
defect is a standard physical examination sufficient to classify
the disease as total or subtotal [2]. Further use of specialized
techniques is necessary to detect concomitant renal and
urinary tract defects and to assess the condition of the bladder
and ureteral openings, pubic symphysis diastasis, sphincters
and innervation of the pelvic floor muscles.

In the observed boys, the visible symptoms suggested a
typical form of epispadias. In the supine and sitting positions,
the children accumulated from 30 to 200 ml of urine in
the bladder. The upright position led to increasing urinary
incontinence aggravated by coughing and movement. The
anterior wall of the urethra was cleft along the entire length; the
external opening of the urethra had a funnel shape. Diastasis
of pubic symphysis was 17.1-37.5 mm (compared to 7-8 mm
in healthy individuals). In two cases during cystography bilateral
grade |l vesicoureteral reflux was detected; in one of them
reflux was complicated by chronic pyelonephritis.

During cystometry, detrusor hyperreflexia was detected
in 17 children. Electromyography revealed impairement of
segmental somatic innervation in 11 children.

The severity of the pelvic floor dysfunction was evaluated
by electroneuromyography and cough orthostatic profilometry,
which helps to detect pelvic floor failure. Upon natural bladder
filing possible with the child lying horizontally, uroflowmetry
often registers a urodynamic dysfunction expressed as urgent
urination.

After epispadias was diagnosed, Cantwell’s
phallourethroplasty was performed as the first stage of the
treatment plan (Fig. 1).

Described in 1894, this surgical technique was used to
reconstruct the urethra in an epispadias boy [7]. It is quite
effective and solves the main task of the first stage, namely,
the restoration of urethral anatomy. In males with epispadias,
this urethroplasty option should be considered the procedure
of choice.

The second stage was the implantation of synthetic slings:
TVT (Tension-free Vaginal Tape), TVT-O (Tension-free Vaginal

Fig. 1. Cantwell’s phallourethroplasty: (A) penis before the surgery; (B) the final stage of the surgery, with Foley catheter Ch10 inserted
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Tape Obturator) and AdVance performed as an independent
minimally invasive technique.

Surgical technique. A semilunar incision was made across
the perineum; the bulbous urethra was isolated down to the
pelvic floor. Needles with a Prolene mesh tape were passed
either side of the urethra through the obturator foramen to
exit via skin incisions or guided through the retropubic space
towards the anterior abdominal wall. The tape was positioned
over the bulbous urethra and then pulled until urine leakage
induced by anincrease in abdominal pressure fully stopped. The
following synthetic slings were used: GYNECARE TVT (Ethicon,
Switzerland), GYNECARE TVT-O (Ethicon, Switzerland) and
AdVance (AMS, USA). The Prolene tape ends were trimmed off
and placed under the skin. The incisions were closed.

Postoperatively, the bladder was drained with a catheter
for up to seven days. To prevent infectious complications, the
antibiotic therapy was administered for 7 days.

We believe that in boys over the age of 10 with obvious
pelvic floor prolapse, implantation of the AdVance sling is
preferable, as it allows loop tensioning and creating a larger
area of the controlled compression of the urethra.

Stages of the implantation of TVT-O (Fig. 2), TVT (Fig. 3) and
AdVance (Fig. 4) slings are shown below.

RESULTS

Phallourethroplasty helped to restore the urethra completely
in all the boys. However, in four children urethral fistulas were
observed. In all cases, the fistula tract was suture ligated and
fistulas were closed.

Thus, the reconstruction of urethra was successfully
completed in 20 children with epispadias. The restoration
of the urethral anatomy was accompanied by fundamental
changes in the bladder function. The immediate and long-term
(>5 years) result of the surgery was the crucial change in the
urine transport through the lower urinary tract.

In all cases, the first phase of the micturation cycle (storage)
was restored. Children began to accumulate up to 150-
350 ml of urine in any positions of the body; as the bladder
filled, the urge appeared; voluntary urination was characterized
by normal flow and the absence of residual urine; the nature
of urinary incontinence changed: it occurred when patients
changed the position to vertical and after a sudden and sharp

increase in intra-abdominal pressure (induced by cough, brisk
walking, etc.). The total loss of urine per day decreased more
than 5 times and did not exceed 50-370 ml.

Indications to loop sphincteroplasty, which is the second
stage of surgical correction, were considered individually. The
main criteria were the physical development of a child and
the condition of tissues at the potential surgical site. In our
experience, sphincteroplasty can be performed 6-12 months
after the first stage of surgical treatment.

The choice of the sling should be based on the results of
clinical and instrumental test. Both the amount of urine passed
in the vertical position of the body (such as on exertion) and
the degree of innervation impairment reflected by urodynamic
parameters should be considered. The most important here
is intraurethral pressure gradient measured by orthostatic
profilometry (Fig. 5, 6).

Urethral pressure profilometry was performed using Delphis
B-94-R01-BT Urine Analyzer (LABORIE, Canada).

In the 2-15-year follow up of the sling surgery, bladder
capacity in the vertical position varied from 150 to 550 ml in all
children. The boys were able to hold urine in any position of the
body at relative rest or on effort up to 3 hours and emptied the
bladder completely after getting the urge; the flow was normal
and no residual urine was present. In 5 boys, total urine loss did
not exceed 5-10 ml per day; 15 other children were completely
continent. Reliability of the results derived from the good clinical
effect, which allowed us to skip statistical data processing.

DISCUSSION

Regardless of the severity of the urethral cleft, penis deformities
and other manifestations of the disease, the primary complaint
that forces parents to seek medical advice of the urologist is
child’s urinary incontinence, the most obvious and bothersome
symptom that affects both the child and his/her environment,
which in turn can aggravate the disorder. Children and
teenagers are particularly vulnerable, especially in certain
“critical” periods of life when they undergo psychological
and physiological changes (enter a new social environment -
kindergarten, school, or adult society).

Although there are numerous publications on this problem,
many controversial issues are yet to be discussed. One of them
is the classification of the pathology. Classification of epispadias

Fig. 2. Implantation of the TVT-O synthetic sling: (A) placement of the sling: the Prolene tape is placed under the bulbous urethra, the ends are brought out through the
obturator foramen; (B) final appearance after the surgery: perineal skin sutures and tape exit sites
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Fig. 3. Implantation of the TVT synthetic sling performed on a boy with epispadias:
TVT tape exit sites on the anterior abdominal wall

Fig. 4. Implantation of the AdVance synthetic sling. (A) the bulbous urethra is
isolated; (B) preparing to fix the synthetic tape over the urethra

The sling is placed over the bulbous urethra and pulled until urine leakage induced
by an increase in intra-abdominal pressure fully stops.
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by Savchenko and Derzhavin published in 1976 is considered
to be the most comprehensive [2]. However, its practical value
with regard to the choice of treatment is minimal.

The most prominent results were obtained by Derzhavin
who in 1962 proposed the internal sphincter plasty using the
muscles of the urinary bladder trigone [8]. It is still considered
one of the most effective methods of surgical correction of
urinary incontinence in epispadias.

The choice of surgical techniques for urinary incontinence
treatment in epispadias patients should be based on the
detailed analysis of the anatomical and functional properties of
the defect [9, 10].

Before the surgery, the surgeon faces a difficult task —
the choice of surgical technique, and they have to decide
whether to start with urethroplasty or sphincteroplasty. In our
experience, it is reasonable to restore the integrity of the lower
urinary tract first, i.e. to perform urethroplasty. There are a lot of
surgical techniques for urethroplasty that can be performed on
males and females with various malformations of the external
genitalia.

The Cantwell technique for treating epispadias in men
has been proved to be one of the most effective [7]. It was
successfully applied during the surgery on an 11-year-old boy
with epispadias and described in May, 1894. In addition to
restoring the anatomy of the urethra, the surgery restored
voluntary urination. From our observations a firm conclusion can
be made that not only the sphincter apparatus of the bladder,
but also the urethra is involved in the complex mechanism of
continence.

The surgical correction of incontinence in the “sphincters-
pelvic floor” system is based on the use of the so-called loop
surgeries. In the second half of the 20th century, loop (sling)
surgeries were introduced into pediatric practice based on
the use of autologous tissue: free muscle, fascial, skin or
vaginal flaps, vascularized muscular, aponeurotic or muscular-
aponeurotic segments of the rectum, pyramidal or oblique
muscles of the anterior abdominal wall, the tensor fasciae latae
muscle, and gluteal muscles [11, 12].

Since 1989, we have been using various autologous
tissues, mainly vascularized muscular-aponeurotic flaps of the
rectum and pyramidal muscles of the anterior abdominal wall.
However, the lack of efficacy in long-term periods (over 2-3
years) forced us to continue the search for materials that could
be used for surgical treatment of urinary incontinence [13].
At some point, we used velour vascular grafts. Then, a new
method for treating stress urinary incontinence in women was
suggested: implantation of the free synthetic loop (TVT); the
tape was passed through the retropubic space and brought up
to the abdominal skin incision. The technique was suggested
by Ulmsten and Petros in 1990 and was based on the idea
of urethral occlusion on exertion resulting from the contraction
of the anterior abdominal wall muscles [14-19]. In 2000 our
clinic pioneered the use of a new implant type, synthetic
slings, in children. Later in 2002 and 2003, modifications were
proposed to the technique: the Prolene tape was passed
through the obturator foramen (TOT and TVT-O surgeries)
[3, 20-22]. In 2006, a new sling technology, Advance, was
introduced into clinical practice. Our clinic was the first in the
Russian Federation to suggest the use of Prolene tapes (TVT,
TOT, TVT-O; AdVance) for surgical treatment of stress urine
incontinence in children of both sexes with malformations and
pelvic floor innervation impairments.

Among the advantages of this medical technology over
other pediatric surgeries, such as myofascial loop surgery, are
minimal invasiveness (it is less traumatic, faster and allows for
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Fig. 5. Patient Ch., 8 years. Cough urethral pressure profile prior to sling surgery

Reduction of urethral pressure gradient to 40 cm water (normal values are 70—
100 cm water), significant pressure reduction on exertion.

a shorter postoperative rehabilitation period), higher efficacy
and simplicity.

Multiple causes and the exceptional complexity of
pathogenic mechanisms and clinical symptoms in epispadias
demand sufficient rationale for surgical exposure in patients
with incontinence. Full control over urination in children
with epispadias is hard or sometimes impossible to achieve
[23-26]. This proves once again that surgical correction of
the defect should be performed in the following sequence:
urethroplasty — sphincteroplasty — elimination of residual
urination disorders — improvement of cosmetic defects.

One should always be aware of surgical failures when
urinary incontinence is formally retained [6]. Classification
of this pathology is also an issue. Currently, we differentiate
between imperative, stress, combined and overflow urinary
incontinence. All these forms of incontinence are found in
epispadias and can be used as a criterion when deciding on
treatment strategies. In some of our observations, we saw that
imperative incontinence, which was erroneously attributed to
the failure of the reconstruction of the sphincter apparatus, was
easily eliminated with medication therapy. Thus, revision surgery
was no longer necessary in those cases. Before deciding on
revision surgery, the clinical form of the pathology and causes
of incontinence must be identified.

After detrusor function has been restored, we can proceed
to the next treatment stage. In cases of isolated lesions of the
sphincter apparatus and weak pelvic floor (sphincter deficiency)
the abdominal pressure is higher than the pressire inside the
urethra, which results in stress incontinence [27]. The typical
symptom here is loss of urine on effort or exertion (such as
coughing, laughing, changing body position, lifting objects,
etc.); it helps to assess indications for sling surgeries.

Based on our experience, the following indications for sling
surgeries were formulated:

— intractable urinary incontinence on exertion;

— sufficient bladder capacity (at least 150 ml);

— low pressure inside the bladder in the storage phase
(under 20 cm water);

— low profile of intraurethral pressure;

— negative cough test;

— positive external compression test of the urethra;
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Fig. 6. Patient Ch., 8 years. Cough urethral pressure profile 12 months after sling
surgery

Urethral pressure gradient is 100 cm water, with high gradient of pressure profile
on exertion.

— minimal changes in the urodynamics of the upper urinary
tract.

[t is possible that in some cases minimally invasive
technologies (paraurethral administration of bulking agents) or
pharmacotherapy may determine treatment outcome.

To assess the effectiveness of surgical treatment of urinary
incontinence in children, we used the following criteria: urine
continence for 1.5 h or longer at different body positions and on
exertion; restored voluntary urination (if possible) characterized
by sufficient urine flow in the absence of residual urine.

No complications, such as sling displacement, were
observed for any type of synthetic slings (TVT, TOT, TVI-O;
AdVance) used in this study [28].

CONCLUSIONS

For surgical treatment of urinary incontinence in boys with
epispadias, a stage-by-stage approach should be applied,
the first stage being phallourethroplasty followed by the sling
surgery after the detrusor has restored its capacity and the
ability to adapt to changing urine volume. For the second
stage, the use of synthetic slings is recommended.

The main urodynamic indicator of the weakened pelvic floor
is urethral profilometry data.

High pressure inside the bladder and the urodynamic
disorders of the upper urinary tract are contraindications to
sling surgery.

To summarize, we have carried out surgical treatment
of boys with anatomical defects and urinary incontinence
resulting from sphincter deficiency upon restoration of bladder
storage function involving implantation of different sling types
(we recommend synthetic materials). Complex and reliable
evidence required for deciding on treatment strategies ensured
positive outcomes including control over urination in most
patients with epispadias and helped to minimize the number
of revision surgeries. Coupled with improvement of cosmetic
defects, this allowed the patients to successfully socialize and
achieve a high quality of life.

Surgical treatment of such rare malformations as epispadias
should be carried out in specialized surgical centers.
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TWO-STAGE REPAIR OF FINGER FLEXOR TENDONS IN CHILDREN WITH CHRONIC
TENDON RUPTURES IN FIBRO-SYNOVIAL CANALS

Alexandrov AV'? = Rybchenok VV?, Lvov NV', Aleksandrova NE', Palinkash AM?

"N. F. Filatov Children’s Municipal Clinical Hospital No. 13, Moscow, Russia
2Pirogov Russian National Research Medical University, Moscow, Russia

Two-stage repair is a well-developed method that is commonly used to repair chronic ruptures of flexor digitorum profundus
tendons. However, its use in pediatric hand surgery is limited due to the absence of tendon implants adapted for children.
The article describes a modified Paneva-Holevich/Hunter technique for two-stage tendon reconstruction using original, oval,
Lavsan-reinforced silicone prosthetic implants of four sizes (depending on patients’ age). The surgery was performed in
34 children aged 1.5-17 years. Long-term outcomes were assessed in 12 patients (8 boys and 4 girls) using the Total Active
Motion scale. The follow-up period was 30 months. The average active range of motion accounted for 178.8° in boys and
218.8° in girls. The results of treatment (TAM %) were considered good in all the girls (average score of 84.3 %), and in those
boys who received surgery for fingers IV and V (average score of 80.0 %). The boys who received tendon repair for fingers
Iland Ill had “good” and “poor” results (average score of 67.0 %). The proposed method of two-stage tendon repair of chronic
tendon ruptures in fibro-synovial channels in children was shown to provide good results with minimal complication rates and
acceptable donor site deficiency.

Keywords: two-stage tendon repair, tendon silicone prosthetic implants, tendons of flexor digitorum profundus, chronic
ruptures
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ABYX3TAMHAS TEHAONAACTUKA CYXOXXUAUM CTUBATEAEN NAABLIEB
KUCTUY AETEU C 3BACTAPEABIMU NOBPEXXAEHUSIMU B 30HE ®UBPO3HO-
CUHOBUAABbHbIX KAHAAOB

A. B. Anekcangpos'? =, B. B. Pbib4eHok?, H. B. JlbBoB', H. E. AnekcaHgposa', A. M. MannHkaru?

' [letckas ropoackas KnnHudeckast 6onbHuLa Ne 13 nmenn H. ®©. Gunatosa, Mocksa
2 PoCccuinckimin HaLmoHasbHbIA MCCNeaoBaTebCKUA MeOVILIMHCKIA yHUBEPCUTET uMeHn H. V. Muporosa, Mockea

[iByxaTanHasd TeHOoNnacT1ka — XOpOLO pas3paboTaHHbIN METOS, NIEYEHNS 3acTapesbiX MOBPEXAEHNIA CyXOXUNIA FyOOKNX
crubarenen nanbLEeB KUCTW, OAHAKO €ro MPUMEHEHWE B ETCKON KMCTEBOW XMPYPIv OrpaHN4MBaETCs OTCYTCTBMEM afanTipo-
BaHHbIX AN15 AeTel 9HOOMPOTE30B CyXOXnan. B cTaTtbe onmcaHa moandukaumsa Metoga ABYXaTanHOM TeHaon1acTnkm MNaHe-
BOM-Xonesud 1 Hunter ¢ ncnonb30BaHNeM OpUrMHaNBHBIX CUMKOHOBBIX SHAOMPOTE30B OBATbHOIO CEYeHNst, apMMPOBaHHbIX
JIaBCaHOBOW JTIEHTOW, YEThIPEX TMMOPAa3MEPOB, COOTBETCTBYIOLLIX Pa3NNYHbIM BO3PACTHbLIM Mpyrnnam. Beinv npooneprpoBaHsbl
34 pebeHka B Bo3pacTe 1,5-17 neT, y 12 13 H1x (8 ManbymMKoB 1 4 0eBOYEK) Obi OLEHEHbI OTAANIEHHbIE PE3YNbTaThl neye-
HUA no wkane Total Active Motion (cpok HabntopeHns — 30 mec.). CpedHnin akTVBHbIA OOBEM ABVKEHNI MOBPEXOEHHOrO
nanbua B rpynne MansimkoB coctaBun 178,8°, B rpynne aeBodek — 218,8°. Xopolune pedynetatsel nederus (TAM %) 6bin
OTMeYeHbl y BCex OeBoYeK (B cpeaHem 84,3 %), a Takke y ManbHYMKoB, KOTopbIM onepuposam IV n V nanblpl (B cpegHem
80,0 %). Y Manb4mkoB, koTopbiM oneprposanu |l v Il nanbubl, Habntoganm XxopoLuve 1 Mnoxve pesynstarthl (B cpeaHem 67,0 %).
MpennoXXeHHbIN METOL, ABYX3TANHOW TEHOAOMNACTVKA MPY 3aCTapesibix MOBPEXAEHNSX CYyXOXUIMN B 06nact hrmbpo3HO-Cu-
HOBVAJTbHBIX KaHa0B Y AETelr NO3BONAET AOCTUHb XOPOLLEro pesynsrara C MUHUMAaTBHBIMU OCIOXHEHNAMY 1 MPUEMAEMbBIM
[LOHOPCKUM JEePULIATOM.

KnroueBble cnoa: AByxartariHad TeHaonsiacTrka, CyxXOXXmJibHble CUITMKOHOBbIE SHOOMPOTE3bI, CYXOXUINA Fﬂy6OKI/IX crmba-
Tenen nanbLeB KNCTU, 3acTapesible NoBPEXXOAEeHNA
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Chronic ruptures of the flexor digitorum profundus tendons in
children remain a pressing issue of pediatric hand surgery. This
is a relatively uncommon injury [1], but its consequences are
extremely negative for children. Long-term results of treatment
remain unsatisfactory for a number of reasons: complexity of
the initial diagnostic assessment, a large number of missed
tendon injuries (up to 30 %); a small diameter of tendons,
which hinders the use of multiflament sutures and does not
allow the reconstructed tendon to achieve the desired strength.
In addition, the lack of cooperation and motivation in young
patients precludes early active rehabilitation [2, 3].

The most challenging is the injury of flexor digitorum
tendons in zone 2. This zone extends from the distal palmar
crease (proximal end of the first annular ligament, or A1 pulley)
to the middle of the middle phalanx. In this zone flexor digitorum
superficialis and flexor digitorum profundus tendons criss-cross
and glide into a narrow fibro-synovial canal. Injuries in zone 2
are associated with a high risk of scarring after surgical repair,
which prevents normal sliding of tendons [4-6]. Bunell [7] called
this zone “critical” and “no-man's-land” (Fig. 1).

Two-stage repair is a well-established method of flexor
digitorum profundus tendon repair in cases of extensive scarring
in the area of the fibro-synovial canal. Various modifications of
this method have been proposed [8-17]. However, the use of
this method in pediatric hand surgery is impeded due to the
absence of prosthetic implants adapted for children. Using
our experience in tendon repair according to Paneva-Holevich
[9, 10] and Hunter [8, 12] techniques, we have developed an
original method of two-stage repair with silicone oval Lavsan-
reinforced implants (developed jointly with Medsil, Russia).
The implants are available in four sizes for children of different
age. The use of these implants allows for the adaptation of
the existing protocols of postoperative passive and active
rehabilitation for children. Currently, a state patent for these
implants is being filed.
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Fig. 1. Location of zone 2 (no man’s land)
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The aim of the study was to assess the efficacy of treatment
of chronic flexor digitorum profundus tendon ruptures in children
using a modified two-stage repair and original implants.

METHODS

In 2010-2016, in the Department of Reconstructive
Microsurgery of N. F. Filatov Children’s Municipal Clinical
Hospital No. 13 (Moscow), there were 34 patients aged 1.5 to
17 years with chronic ruptures of flexor digitorum produndus
tendons in the fibro-synovial canal. Most tendon injuries were
caused by knives (n = 18), an edge of a metal fence (n = 11)
and glass (n = 5). The time of injury was approximately 54-90
days before admission.

Two-stage repair of flexor digitorum profundus tendons
was performed in all children. At the first stage we used a
Brunner zigzag skin incision (Fig. 2) that provided wide access
to the fibro-synovial canal. The canal was opened; scar tissues
and tendon remnants were excised. A-2 and A-4 pulleys were
retained or reconstructed. As opposed to Paneva-Holevich
and Hunter techniques, the proximal stumps of the flexor
digitorum superficialis and flexor digitorum profundus tendons
were retrieved and then sutured side-to-side and to the fibrous
tissues with moderate tension at the base of the proximal
phalanx. This enabled us to increase elasticity, improve the
contractile function of the injured flexors, and avoid the “muscle
tenotomy” effect. A silicone prosthetic implant was placed
under the retained or repaired pulleys. Its distal end was fixed
to the distal phalanx under the stump of the flexor digitorum
profundus tendon, and the proximal end was placed freely
under the flexor tendons on the palm (Fig. 3). Forimmobilization,
the patients wore the dorsal plaster splint for 4 weeks. Passive
range of motion exercises were started to achieve the full range
of passive flexion immediately after the first stage of repair.

N o f e
o = ,
= ==

Fig. 2. Brunner zigzag incision
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Fig. 3. The first stage of flexor digitorum profundus tendon repair: fixation of the silicone prosthetic implant

Fig. 4. The second stage of flexor digitorum profundus tendon repair: fixation of the autograft

The second stage of repair was performed 2-2.5 months
later. Incisions were made in the distal phalanx, palm and middle
third of the forearm (Fig. 4). The flexor digitorum superficialis
tendon was retrieved from the middle third of the forearm, cut
and transferred to the palm. Using the prosthetic implant as a
guide, the autograft was passed through the canal to the distal
phalanx and fixed transosseously. The excess of the fibro-
synovial canal was dissected proximally to allow free movement
of the autograft. Proximal tendon suturing was performed using
the Pulvertaft technique. The graft tension was adjusted so that
the repaired finger was at less angle of flexion than adjacent
ulnar finger.

In the postoperative period, patients wore the dorsal plaster
splint (flexion at the radiocarpal joint was 30°, flexion at the
metacarpophalangeal joints was 70°) for 5 weeks. Range of
motion exercises and physiotherapy were started on day 3
after the surgery. We used early active-passive mobilization in
our rehabilitation program.

The results of treatment were assessed with the scale (Total
Active Motion) scale. The total range of motion was determined

as the sum of the angles of active flexion in the operated finger
joints. The score was calculated as the ratio of the damaged
finger TAM to the healthy finger TAM multiplied by 100 %.
A score of 100 % was considered “excellent”; a 75-99 % score
was considered “good”; a 50-74 % score was considered
“satisfactory”, less than 50 % score was considered “poor”.
The long-term results were evaluated in 12 of 34 patients (30
months of the follow-up).

RESULTS

Table shows the long-term results of treatment of 12 children
with chronic ruptures of flexor digitorum profundus tendons
measured by the range of active motion using the TAM
scale. According to the absolute TAM value, the active range
of motion was by 40° greater in boys than in girls. Excellent
results were seen in boys who had received repair of finger
tendons IV and V (average score of 80 %), good and poor
results were seen in patients who had received repair of finger
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Long-term results of surgical treatment of children with chronic ruptures of flexor digitorum profundus tendons by two-stage repair using tendon silicone prosthetic

implants (assessed with Total Active Motion scale)

No. Age Finger TAM® TAM %
Boys
1 3.0 1] 115.0 44.0
2 3.0 Il 210.0 67.0
3 3.3 1] 180.0 69.0
4 4.0 I\ 190.0 79.0
5 5.0 \% 185.0 86.0
6 12 Il 195.0 72.0
7 15 \ 195.0 75.0
8 17 110 160.0 44.0
M 7.8 - 178.8 67.0
Girls
9 2.3 \% 200.0 81.0
10 4.0 110 195.0 75.0
11 4.5 \ 230.0 85.0
12 12 1] 250.0 96.0
M 5.7 - 218.8 84.3

tendons Il and Ill (average score of 67 %). Good results (84 %)
were observed in all girls.

DISCUSSION

Two-stage repair of chronic ruptures of flexor digitorum
profundus tendons in adults is a well-established method
with detailed postoperative rehabilitation protocols. However,
this method has not been properly adapted for children. A
characteristic anatomical feature of children is a small size of
the flexor tendons and the fibro-synovial canals. In addition,
young children have a low ability for cooperation. We believe
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APPLICATION OF THE BALLOON SKIN EXPANSION METHOD IN PEDIATRIC
RECONSTRUCTIVE SURGERY

Khagurov RA'25 Alexandrov AV', Ribchenok V', Samorukova NN, Velskaya Yul', Lvov NV', Koval SYU'

"Department of Reconstructive and Plastic Microsurgery,
N. F. Filatov Children’s Municipal Clinical Hospital No.13, Moscow, Russia

2Departement of Pediatric Surgery, Pediatric Faculty,
Pirogov Russian National Research Medical University, Moscow, Russia

The article describes the treatment of children with vast scar deformities and extensive benign soft tissue neoplasms. The method
is presented in a clinical case of successful skin restoration using balloon skin expansion. The opinion and recommendations
of the authors on optimal treatment of these defects and decrease of possible complications using laser Doppler flowmetry
for evaluation of the state of microcirculation in the skin flap are based on the results of the long-term use of this method in the
Department of Reconstructive and Plastic Microsurgery of Filatov Children’s Municipal Clinical Hospital No.13.
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The method of balloon skin expansion, first proposed by an
American scientist C. Newman in 1957, has been successfully
used in plastic and reconstructive surgery. The method is
based on such properties of normal soft tissues and skin as
elasticity and growth potential. It was described by a number
of Russian and international authors. The scientists showed the
advantages of this method [1-6].

An expander is a device for temporary implantation under
the skin, which increases and stretches when filled with fluid.
After attaining enough tissues, the expander is removed and
the obtained stock of tissues is used for grafting. Expanders
differ by size, profile, shape (round, oval, rectangular, in the
form of a half-moon) and volume to which they can stretch.
All expanders, both domestic and foreign, have a certain
mandatory set of constructional elements and consist of bio-
compatible materials — silicone or latex. A balloon formed by
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a thin elastic membrane (smooth or textured) and a filling valve
are compulsory constructional elements of expanders. The
volume of the expander varies from 3 to 2000 ml. There are
expanders with a high and low profile and with a strengthened
base which allows stretching tissues in strictly given direction.
Expanders with textured surface have a number of advantages:
the fibrous capsule formed around them is more elastic; they
do not shift and have a built-in valve. Comparing intratissue
expanders in use, it may be noted that latex ones have a higher
expansibility degree, while silicone expanders have higher
strength properties with virtually the same biological response
of surrounding tissues to both materials [1, 3-10].

Recently, the balloon skin expansion method has been
widely used in pediatric plastic surgery for treatment of
cicatrical deformities in the area of face, neck, trunk and limbs.
Patients with benign neoplasms of complicated anatomical



location constitute a sizable group of patients in which a single-
stage radical surgical removal of the neoplasm cannot always
be performed. Therefore, such patients need long-term staged
treatment frequently resulting in forming vicious cicatrix of soft
tissues replacing tumor tissue. A separate group of patients
is composed of children with cicatrical alopecia arising from
injuries, burns or purulent inflammations. Cicatrical defect and
cicatrical alopecia are serious cosmetic issues causing a patient
constant distress, and in adolescence they provoke disturbance
of social adaptation of a child among peers [3-5, 10].

For now, many morphological, histological and functional
aspects of tissue endoexpanders have been studied. The
studies of stretched skin flaps carried out in animals and
humans showed that minor changes occurred in epidermis
during tissue stretching. Using laser Doppler flowmetry, it was
found that during expansion in the process of stretching, skin
perfusion did not decrease but on the contrary did increase.
This indicates that skin vessels participate in expansion.
It is very likely that the vascular system is the main factor
determining the degree of soft tissue stretching. Blood supply
in a flap formed using the expander is effected on account of
increase of vascularization of border zones and neoformation of
vessels in the flap, their adaptation to stretching and formation
of a vascular-fibrous capsule. In as little as several days after
start of expansion, increase in the number of arterioles and
venules occurs [1-5, 11-13].

The method of balloon skin expansion has been used in the
Department of Microsurgery of of Filatov Children’s Municipal
Clinical Hospital No.13 since 1993. A solid experience has
been accumulated in treatment of patients with alopecia,
deformities, and skin and soft tissue congenital abnormalities.
Additional instrumental methods of control of the state of
the skin flap above the expander has been developed and
embedded in practice, a mathematical method of calculation
of the area of each flap has been developed which led to
decrease in the number of complications and expansion time.
53 patients at the age from 1 month to 17 years were treated
in the Department. Among them were 23 children (15 girls,
8 boys) with posttraumatic alopecias of the hairy part of the head,
19 children (12 girls, 7 boys) with extensive benign neoplasms
of soft tissues, and 11 adolescents with scrotum hyperplasia.

Clinical case

A female patient Sh., 5 years old, was admitted to the
Department of Microsurgery of Filatov Children’s Municipal
Clinical Hospital No.13 with soft tissue necrosis of the parieto-
occipital area.

The child was bitten by a dog 1 month before admission.
The initial surgical debridement of the wound of the parieto-
occipital area was performed in a primary care facility. Later the
necrosis of the skin flap of the parieto-occipital area developed
(Fig. 1). In the Department of Reconstructive and Plastic
Microsurgery, the necrectomy and free dermatoplasty were
performed (Fig. 2).

As a result of the treatment, the wound defect was fully
closed, the free skin flap showed signs of full recovery; however,
later alopecia of the parieto-occipital area was formed with the
size of 15.0 x 15.0 cm (Fig. 3, 4).

Six months later the tissue latex endoexpander was
implanted. The endoexpander was manufactured in the
Scientific Research Institute of Rubber and Polymer Goods
(Russia) (Fig. 5). Filling of the expander began on postoperative
day 14 after removal of sutures. The expansion was carried
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out using 10-20 ml sterile saline solution 2 times a week
under control of laser Doppler flowmetry. Two months after
installation of the expander, when maximum volume was
achieved and the required stock of plastic material was formed,
surgical treatment was performed — the removal of the tissue
endoexpander and skin grafting with local tissues. As a result
of the treatment, we managed to eliminate the alopecia patch
in the right parietal region (Fig. 6).

Subsequently, the balloon skin expansion was repeated
twice in this patient, and 1.5 years after the start of the
treatment, the alopecia in the parieto-occipital region was fully
eliminated (Fig. 7, 8).

DISCUSSION

The cosmetic result of treatment was evaluated as good. The
alopecia patch was fully eliminated. Postoperative scars were
normotrophic. Turgor and sensitivity of the skin flap above the
expander were retained.

Application of tissue expanders in each patient requires
accurate preoperative planning in selection of shape, size,
profile, expander volume and the number of expanders. It is
necessary to assess localization, size and configuration of a
skin lesion subject to excision, to choose nearby zone or zones
of normal soft tissues which expansion will allow achieving an
excess sufficient for transplantation in the form of a local flap
and closing of a tissue defect without tension. It is necessary to
make sure that scar tissue incapable of stretching and growing
adequately does not get into a zone of planned expansion;
otherwise it will lead to non-uniform skin expansion, suture line
disruption, exposal of the expander and development of local
infection. It is also important that a surgeon should take into
account individual skin traits of a patient in advance [1, 2, 6,
11,12, 14, 15].

Tissue necrosis over the expander is one of the most frequent
complications of the described method. The skin expansion
under control of laser Doppler flowmetry may decrease the
number of such complications. Using laser Doppler flowmetry,
it was found that the indices of perfusion oxygen saturation in
blood and specific consumption of oxygen in tissues increase

Fig. 1. Female patient Sh., 5 years old. Necrosis of the skin flap of the parieto-
occipital area
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Fig. 2. Female patient Sh., 5 years old. Surgery stages: (A) Removal of the necrotic skin flap of the parieto-occipital area.; (B) Free skin grafting from the anterior
abdominal wall; (C) the wound defect is fully covered with the skin flap

Fig. 3. Female patient Sh., 5 years old. Clinical photograph taken 14 days after Fig. 4. Female patient Sh., 5 years old. Alopecia of the parieto-occipital region
surgery. The wound defect is fully closed, the full engraftment is observed

v"

Fig. 5. Female patient Sh., 5 years old. The tissue endoexpander implanted in Fig. 6. Female patient Sh., 5 years old. Clinical photograph after elimination of
the right parietal region alopecia in the right parietal region
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Fig. 7. Female patient Sh., 5 years old. Clinical photograph after implantation of
two tissue endoexpanders

during expansion regardless of shape and size of the expander
as well as of its localization and the number of endoexpanders
implanted in the same anatomical region [1, 2, 4, 5, 15, 16].

CONCLUSIONS

There are different options of surgical repair of skin and
surrounding tissues: local flap grafting, local grafting with
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THE EFFICACY OF SYSTEMIC ENZYME THERAPY IN THE COMPLEX TREATMENT
OF TROPHIC ULCERS OF VENOUS ETIOLOGY
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The current strategy for the treatment of venous trophic ulcers (VTU) suggests differentiated approach and a combination
of conservative and surgical methods. This paper presents the results of the study of efficacy of systemic enzyme therapy
(Phlogenzym by Mucos Pharma, Germany) in patients with varicose veins of lower extremities (CEAP class C6) and stage |, Il
and Il VTU. The study included 38 patients aged 12 to 82 years. The patients were divided into the experimental (n = 20) and
the control (n = 18) groups. The treatment lasted 1 month. Silcofix Professional wound dressings (Pharmaplast, Egypt) were
used. All patients received Detralex (Les Laboratoires Servier, France) and wore class 2 and 3 knee-high compression socks.
Patients of the experimental group also received Phlogenzym for 30 days (3 tablets 3 times a day). Total ulcer epithelization
was observed in 8 (40 %) patients by week 3, and in 18 (90 %) patients by the end of treatment compared to 4 (22 %) and
9 (50 %) patients in the control group, respectively. In the control group, the regenerative process in the area of the ulcerous defect
was less prominent compared to the experimental group. Immunoassays revealed a significant reduction in CD4+CD2589" cells
and increased levels of CD4*CD45RO* T-lymphocytes in the experimental group, corresponding with the observed positive
clinical response. The use of immunomodulatory drug Phlogenzym contributed to a more rapid regression of clinical symptoms
of chronic venous insufficiency and faster healing of stage I-lll venous trophic ulcers.
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3OOEKTUBHOCTb CUCTEMHOW 3H3UMOTEPAINMUU B KOMMNAEKCHOM
AEMEHUU TPOOUYECKUX S13B BEHO3HOIO rEHE3A

V. M. Bacunbes'? ™, J1. . Borparew?, C. B. LLiep6uH®

"Hay4Ho-06pa3soBaTesibHbIf MeANKO-TEXHONOrMYECKMIA LIEHTP,
MOCKOBCKIIA rOCYAapCTBEHHbIN TEXHNYECKNIA YHUBEPCUTET UMeHn H. O. Baymana, Mockea

2Kadenpa takynsreTckorn xvpyprim Ne 1, nedebHbii hakynsTerT,
Poccuincknin HaumoHanbHbIN MCCnenoBaTenbCKUM MeOVLIMHCKI YHBepCUTET uMmenHn H. W. Muporosa, Mocksa

¢ Kadhenpa Mopdonornm, Meamko-61onornieckoro akynsTeT,
Poccuincknin HaumoHanbHbIN MCCnenoBaTenNbCKUM MeaVLMHCKMIM yHBepCUTeT uMmenn H. W. MNMruporosa, Mocksa

CoBpeMeHHasi CTpaTernst U TakTuKa NeHeHnst BEHO3HbIX Tpodmyecknx A3B (BTH) mpeanonaratoT anddepeHUmMpoBaHHbiii
noaxon, U KOMOMHaUMIO KOHCEPBaTVBHBIX 1 XMPYPrMHYECKMX METOAOB. B paboTe mpencTaBneHbl pe3ynsrarthl MCCenoBaHns
3P PEKTUBHOCTM CUCTEMHOM 3H3MMOTEPanun (MpenapaT «PnoraHaum», Mucos Pharma, lepmanns) y naumeHToB ¢ BapuKos-
HbIM PaCLLNPEHMEM BEH HIKHNX KOHEYHOCTEN KNHMYeckoro knacca C6 ¢ BTA B Il ctagum paHeBoro npouecca. B nccneno-
BaHMK y4acTBOBa/M 38 mauUmeHToB B Bo3pacTe oT 12 Ao 82 net. OHuM 6binn pa3aeneHsbl Ha OCHOBHYHO (N = 20) 1 KOHTPROSbHYHO
(n = 18) rpynmbl. Jledenne gavnock 1 mMec. Vicnonb3oBann paHeBble MoBA3KM nnHelkn Silcofix Professional (Pharmaplast,
ErvineT), Takxe BCce naumeHTbl npuHnmanu «eTpanekc» (Les Laboratoires Servier, ®paHLmst) 1 HOCUM rofbdbl 2—3 cTeneHu
KoMMpeccun. B 0CHOBHOW rpymnne B MPOTOKON NleHeHnst BKtoUMm «PnoraHanm»: kypc 30 aHelt, no 3 TabneTku 3 pasa B AeHb.
B pesynsrate nonHas anutenusaumns s3ebl Ha 3 Hedene neveHns obina otMedeHa y 8 (40 %) naumeHTOB, K KOHLLY NeHeHns —
y 18 (90 %), Torga kak B KOHTponbHOM rpynne —y 4 (22 %) n 9 (50 %) COOTBETCTBEHHO. Y MaLMEHTOB KOHTPOBHOW Mpynmbl
pereHepaTvBHble MPOLECCHI B 06M1aCTV A3BEeHHOIO AedekTa bl cnabo BblpaXkeHbl MO CPaBHEHWIO C OCHOBHOW MPYMMOW.
VIMMYHOMOrMYeCKIiA aHanmna nokaaar CyLLIECTBEHHOE CHXKeHVEe cofepkanms CD4+*CD255 -k neToK 1 NoBbILLIEHWE CoaepKa-
HUsA T-numdoumToB ¢ deHoTrnom CD4+*CD45RO* B OCHOBHOW rpymnne, YTO COOTBETCTBOBASIO HAONOAAEMbIM MONOXKNTENBbHBIM
N3MEHEHNAM B KIIMHUHECKOW KapTuHe. BKIoYeHe B MPOTOKON NeHEHVS MMYHOMOZyIMpytoLLiero npenapata «PaorsH3vm»
cnoco6cTBOBaIO 60M1ee BbICTPOMY PErpeccy KIMHNHYECKX CUMATOMOB XPOHUYECKOW BEHO3HOM HEAOCTATOYHOCTY U YCKOpe-
HUO pereHepaunn BTA B -l cTagun paHesoro npouecca.

Knto4yeBble cnoBa: Bapyko3HOe PacLUMPEHVE BEH HKHNX KOHEYHOCTEN, BEHO3HasA TpouHeckas s38a, adanTUBHBIA M-
MYHUTET, Cyoronynaums nmmgoumMToB
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Varicose veins of lower extremities (VV) are one of the most
common pathologic conditions of the peripheral vessels of
lower extremities leading to the development of venous trophic
ulcers (VTU) in some cases [1, 2]. VTU of lower extremities are
a serious problem in modern medicine: in 10 % of cases VTU
are persistent and non-responsive to conservative therapy [3].
Relapse rates remain high and range from 4.8 to 31.6 % after
surgery and from 15.0 to 100.0 % after complex conservative
treatment [4]. It is clear that attempts to influence individual
components involved in the pathogenesis of the disease are
not effective.

Recent studies show that in the treatment of venous ulcers,
elimination of venous hypertension and valvular incompetence
seen as the main causes of chronic venous insufficiency (CVI)
[6-7] does not provide a desired effect. It is necessary to treat
microcirculatory disorders that lead to chronic inflammation
in the ulcer, constant leukocyte infiltration and changes in the
metabolism of endothelial cells [8]. A characteristic feature of
chronic inflammation is an imbalance between the humoral
and cell-mediated immunity; however, only limited data are
currently available on the role of immune disorders in the
pathogenesis of VWV [9, 10]. The few and rather contradictory
results of the studies of the immune status of patients with
VTU indicate that the severity of trophic disorders depends not
only on the anatomical characteristics of the vein, but also on
the inadequate response of immune cells, which is a chronic
damaging factor [11-14].

One of the understudied methods of VTU treatment is
systemic enzyme therapy (SET). Several studies have shown
its efficacy, in particular when using Wobenzym (Mucos
Pharma, Germany) for the treatment of CVI of various etiology
(post-thrombotic syndrome disease and varicose vein
disease) [15, 16]. The aim of this study was to evaluate the
efficacy of conservative therapy supported with systemic
enzymes (Phlogenzym by Mucos Pharma).

METHODS

The study included 38 patients with VV (C6) who received
treatment for 1 month. The inclusion criteria were stage I-lll
recurrent VTU with the area of the ulcerous defect up to
30 cm?, and patients’ age from 18 to 82 years. The exclusion
criteria were the presence of a concomitant pathology: type 1
and 2 diabetes, atherosclerosis of lower extremities, systemic
vasculitis, rheumatoid arthritis, hormone and immune therapy.

The patients were divided into two groups. The control
group received conservative treatment: wound dressings,
compression and phlebotropic drug therapy. It included
18 patients (mean age of 60.1 + 10.5 years) and consisted of
12 (66.7 %) women and 6 (33.3 %) men; 10 (55.6 %) patients
were >60 years of age. The experimental group received
conservative treatment and systemic enzyme therapy with
Phlogenzym for 30 days, 3 tablets 3 times a day. It included
20 patients (mean age of 61.2+12.6 years) and consisted
of 13 (65.0 %) women and 7 (35.0 %) men; 13 (65.0 %) patients
were >60 years of age. Each group included 4 patients with
stage lll VTU and 3 patients with stage | VTU; the rest of the
patients had stage Il VTU.

In the course of treatment, wound dressings Silcofix
Professional (Pharmaplast, Egypt) were used. In patients with
stage | VTU, absorbent dressings (Fibrosorb, Fibroclean Ag)
were used. Atraumatic povidone-iodine dressings (Silkofix
POVI) were applied on the defect with persistent fibrin deposits
after exudation has decreased. In patients with stage II-lll
VTU, hydrocolloid dressings with silver ions (Fibrocold Ag)
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were used. At the first sign of epithelialization, hypoadhesive
mesh coatings with a lipidocolloid complex (Fibrotul, Fibrotul
Ag) were used. All patients received Detralex (Les Laboratoires
Servier, France) for 1 month and wore knee-high compression
stockings (classes 2 and 3).

Fasting venous blood samples were taken forimmunological
analysis in the morning using Vacuette blood collection systems
(Greiner Bio One, Germany). Lymphocyte surface receptors
were evaluated by multiparameter immunofluorescent staining
with monoclonal antibodies (IQ Products, the Netherlands).
Before and after treatment, absolute and relative counts
of lymphocytes in the peripheral blood with the following
surface antigens were determined using laser flow cytometry
(FACSCalibur platform, Becton Dickinson, USA) and Simulset
and CellQuest software (BD Biosciences, USA): CD19+,
CD3*, CD3*CD4*, CD3*CD8*, CD3*CD25*, CD4+*CD25*krant
CD4+*CD45RA*, CD4+CD45R0O*, CD45RA, CD45R0.

For the quantitative assessment of CVI symptoms (“heavy
legs”, pain, swelling, cramps) and the analysis of the wound
healing dynamics (healing of the ulcer and the condition of
the surrounding tissues), we used the Venous Clinical Severity
Score (VCSS) and the ulcer and skin condition score. VCSS
was used before and after treatment; ulcer assessment was
performed before treatment and after 1 month of treatment.
To assess the discomfort in daily activities, the Visual Analogue
Scale (VAS) was used.

Bacteriological analysis of ulcer discharge was performed
at the initial visit and after 2 weeks of treatment. The cultures
were assessed using semiautomatic analyzers Sceptor and
Crystal (Becton Dickinson).

Statistical analysis was performed using Statistica 6.0
software (StatSoft, USA). Statistical significance was determined
using Student's t-test. The differences between mean values
were considered statistically significant at p <0.05. The data in
the tables are presented as M £ m.

All patients provided written informed consent. The study
protocol was approved by the Ethics Committee of Pirogov
Russian National Research Medical University in 2013.

RESULTS

Complete healing of ulcers in the control group was observed
in4(22.2 %) patients after 3 weeks of treatment and in 9 (50.0 %)
patients after 5 weeks. In the experimental group regeneration
was much faster: complete epithelialization of the ulcer was
observed in 8 (40.0 %) patients after 3 weeks of treatment
and in 18 (90.0 %) patients by the end of treatment (Table 1).
Healing was confirmed by the evaluation of such parameters
as wound pain, hyperpigmentation, maceration, hyperemia
and eczematous dermatitis. In the experimental group, we
observed faster ulcer surface clearing of purulent and necrotic
tissues, reduction of induration and hyperemia, more active
formation of granulation tissue, and marginal epithelialization
(Table 2). The patients of the experimental group also reported
more significant pain relief and reduction of discomfort in the
area of the ulcer in the course of treatment compared to the
control group (Table 3).

Microbiological tests conducted before treatment identified
the presence of Staphylococcus aureus in 40 % of patients
and its microbial associations in 10 % of patients. After 2
weeks of treatment, only non-pathogenic and opportunistic
microbes below the critical level of contamination were found
in all patients.

In both groups, the analysis of cell subpopulations showed
no significant changes in the absolute and relative counts of
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Table 1. The results of treatment with and without Phlogenzym in patients with stage I-lll venous trophic ulcers

Healing Experimental group (n = 20) Control group (n = 18)
Week 1 0 0
Week 2 0 0
Week 3 8 (40.0 %) 4(22.2 %)
Week 4 7 (35.0 %) 2111 %)
Week 5 3 (15.0 %) 3 (16.7 %)

peripheral B-lymphocytes (CD19*-cells), T-lymphocytes (CD3*-
cells) and major subpopulations of T-lymphocytes (CD3*CD4+-
and CD3*CD8*-cells (Table 4).

The analysis of Treg-lymphocytes showed a significant
decrease in the absolute and relative counts of CD4+*CD2589n
cells after treatment in patients who received Phlogenzym
(p <0.05) (Table 4). Conversely, in the control group increased
levels CD4+*CD25*81" cells were detected. Also, a significant
increase in the relative count of peripheral CD4*CD45RA*
T-lymphocytes was seen in the control group, while the
experimental group demonstrated an increase in peripheral
CD4+*CD45RO* T-lymphocyte count.

The analysis of CD45-T-lymphocytes revealed almost no
changes in CD4*CD45RA*/CD4*CD45RO* and CD45RAY/
CD45R0O ratios after treatment in the control group, while the
experimental group demonstrated a significant decrease in
these parameters (Table 4).

DISCUSSION

The results of the lymphocyte subpopulation analysis and
lymphocyte functional activity in patients with VV (C6) showed
beneficial clinical effects of systemic enzyme therapy with

Table 2. Assessment of ulcers and surrounding tissues before treatment and after 1 week of treatment

Experimental group (n = 20) Control group (n = 18)
Parameter
Before treatment After 1 week of treatment Before treatment After 1 week of treatment

Wound pain 24+21 1.3+1.2% 29+19 2.4 +1.6*
Hyperpigmentation 1.0 1.0 1.0 1.0
Maceration 0.4+0.5 0.2 +0.3* 0.4+0.5 0.3+0.5
Hyperemia 0.7+ 0.5 0.2 + 0.3* 0.7+ 0.5 0.4 + 0.5*
Eczematous dermatitis 0 0 0 0

Note. The results are presented as M + m. * — p <0.05 when comparing two values within a group.

Table 3. Assessment of CVI symptoms severity and the degree of patient’s discomfort before and after treatment

Experimental group (n = 20) Control group (n = 18)

Parameter
Before treatment After treatment Before treatment After treatment
Severity of clinical manifestations of CVI, the average score (VCSS scale) 5.6+05 2.4 +0.7* 57+05 3.9+0.7F
The degree of patient’s discomfort, the average score in cm (VAS scale) 49+21 0.3 +0.8" 55+1.1 1.2 +1.4*

Note. * — p <0.05 when comparing two values within a group.

Table 4. Peripheral lymphocyte subpopulations in patients with VV (C6) who received treatment with and without Phlogenzym

Parameter Experimental group (n = 20) Control group (n = 18)
Before treatment After treatment Before treatment After treatment
CD19* 7.7 +0.79 8.8+0.9 9.0+0.9 102+1.3
CD3* 73.1+1.76 74619 69.1+1.7 729+1.6
CD3*CD4* 47.0+2.2 484 +£2.2 443 +24 47.0+1.9
CD3+*CD8* 247 +2.8 239+1.7 222 +1.7 248+ 2.1
CD3*CD25* . 41+03 3.4+03 76+1.2 54+04
CD4+CD25+Briant i 3.2+0.3 2.4 +0.2* 24+03 3.5+0.3*
CD4*CD45RA 16.8 2.0 16.3 + 2.1 15.8 £1.7; 20.4 £2.0*
CD45RA 57.4+1.8 54.0 + 1.8* 53.3 £ 2.5; 63.0 + 2.3*
CD4+*CD45RO* 26.7+1.6 30.9 + 1.5* 259+14 284+ 1.1
CD45R0O* 36.5+1.9 44.8 + 2.2* 38.6 £2.5 41.6+2.0
CD4+*CD45RA*/ CD4*CD45R0O* 0.7 + 0.1 0.5 +0.1* 0.6 + 0.1 0.7 + 0.1
CD45RA*/CD45R0O* 1.6 +£0.1 1.3+0.1* 1.4+0.1 1.5+0.1

Note. The results are presented as M + m. * — p <0.05 when comparing two values within a group.
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Phlogenzym, a statistically significant reduction in the number
of regulatory CD4+*CD25*9" T-cells and an increase in
CD4+CD45R0O* memory cells.

The described lymphocyte subpopulations are associated
with the inhibition of the synthesis of proinflammatory
cytokines and the antigen-presenting function of dendritic
cells and macrophages, cell apoptosis induction, decreased
generation of type 1 and 2 T-helpers (Th1, Th2) and reduced
cytokine production by the latter. This leads to a less effective
immune response and contributes to the development of
chronic inflammation [17]. An important advantage of memory
T-cells that constantly circulate in all organs and tissues
of the body even in the absence of any inflammation over
naive T-lymphocytes is their ability to detect antigens and
eliminate them long before they reach secondary lymphoid
structures [18].
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A COMPARISON OF GENDER DIFFERENCES IN CLINICAL AND ANGIOGRAPHIC
CHARACTERISTICS IN YOUNG ADULTS WITH MYOCARDIAL INFARCTION

Balaian NM =, Shebzukhova MM, Grachev NS, Muradianc AA, Shostak NA

Acad. A. |. Nesterov Department of Faculty Therapy, Pediatric Faculty,
Pirogov Russian National Research Medical University, Moscow, Russia

The article presents the analysis of clinical and angiographic characteristics and risk factors of myocardial infarction (Ml) in men
and women aged <45 years. The study included 35 patients with acute Ml (15 females, 20 males) of the 14th Department of
Cardiology, N. I. Pirogov City Clinical Hospital No. 1 (Moscow). The average age of female and male patients was 41.2 and
39.6 years, respectively. The majority of patients of both sexes had ST-elevation Ml (STEMI) (88.6 %), among which Q-wave MI
accounted for 60.0 % of cases and typical Ml accounted for 71.4 % of cases. Sixty percent of patients of both sexes had no
previous history of CHD. Aimost all risk factors (dyslipidemia, hypertension, early family history etc.) were seen more often in
women compared to men, except smoking which was found to be a risk factor in 55 % of men vs. 6 % of women (p <0.05).
The coronary angiography data showed the prevalence of the right type of coronary circulation (70 % of patients) and single-
vessel disease (80 %) with coronary stenosis of more than 75 %. The time to diagnosis was 2.1 times greater in women than in
men accounting for an average of 9.2 and 4.3 hours, respectively. The main causes of delayed MI diagnosis before admission
were late patient referral or diagnostic errors.
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rEHAEPHOE CPABHEHUE KAMHUKO-AHIMOrPAGUYECKUX OCOBEHHOCTEN
UHOAPKTA MUOKAPAAY NALUWMEHTOB MOAOAOIO BO3PACTA

H. M. BanasH =, M. M. LLIe6ayxoBa, H. C. Ipayes, A. A. MypagaHL, H. A. LLlocTak

Kathenpa dakynsteTckon Tepanim nmeHn akagemunka A. V. HectepoBa, negnatpruyeckmii akynsTterT,
Poccuinckunin HaumoHanbHbIN MCCnenoBaTensCKUn MegULIMHCKUIA yH1BepcuTeT umMeHn H. V1. Muporoea, Mocksa

B cratbe NpeAcTaBneHbl pesynasTaTbl MCCNeAoBaHVsa MO OMPedeneHnio  KIMHMKO-aHrorpauyeckx 0CcobeHHOCTeN
1 (haKTopoB pucka pas3BuTuSa MHpapkTa Mrokapaa (VMIM) y My>XHMH U KeHLMH Monoxe 45 net. B nccnenosanHue BKIO-
dnm - 35 60nbHbIX OCTPbIM VIM (15 XKeHLMH 1 20 My>X4rH), naumeHToB 14-ro Kapavonorm4eckoro otaeneHus fopoackon
KNnHW4eckon 6onbHULpbl Ne 1 nvenn H. W. Tporoea (Mockea). CpeaHuii BO3pacT »KeHLUMH cocTaBun 41,2 roga, Myx-
4mH — 39,6 roga. B nogasnstoliem 6onblUMHCTBE ciydaeB BeTpedancsa VIM ¢ nogbemom ST (88,6 %), Q-obpasytoLumin
(60,0 %), TUNUYHBIA BapuaHT (71,4 %). Y 60 % Monoapix naumeHToB 060X NMOOB B aHaMHE3e OTCYTCTBOBa/M cMITOMbI VIBC.
MpakTnyeck BCce n3ydeHHble akTopbl pUcKa (AUCaMnuaeMust, aptepuanbHas rnepTeHans, paHHUn ceMelrHbIi aHaMHE3
1 Op.) BbIN CBONCTBEHHbI XEHLLMHAM B 60bLLEN CTENEHN, YeM My>KHMHaM. ICKNoHeHMe COCTaBUIO KypeHe, KOTOPOE ABNS-
JIOCb PUCKOM A1 55 % My>KHUMH U TONbKO A1 6 % »eHLUH (p <0,05). [aHHble kopoHapoaHrorpau NPoaeMOHCTRNPOBAN
npeBanMpoBaH1e NPaBoro Tuna KOPOHaPHOro KpoBocHabeHNs (70 % nauneHToB) 1 OAHOCOCYAMCTOro nopakeHns (80 %)
C CY>XEHMEeM KOpOHapHbIX cocyoB 6osee 4eM Ha 75 %. Ha Bepudrnkaumio anarHosa IM y >xeHLmH Tpatinm B 2,1 pasa 60/b-
LLe BPEMEHW, HYEM Y My>K4MH: B cpedHeM 9,2 1 4,3 4 cooTBeTcTBEHHO. OCHOBHBLIMM MPUYMHAMI Mo3aHen anarHocTukm VIM Ha
[JorocnuTansHOM aTane bl HECBOEBPEMEHHOE ObpalLLleHe NaLMEHTOB K Bpady UM HENMpPaBUAbHbIM OMarHo3.

KnioyeBble croBa: VHMapKT Muokapda, MOSOAON BO3pacT, aHrmorpaduyeckme AaHHble, reHaepHble OCOBEHHOCTU,
hakTop pucka

><] Ans koppecnoHaeHuun: banaaH HuHa MypagosHa
JNeHnHekni np-T, 4. 8, kopn. 10, kab. 217, r. Mockea, 119049; nina.balaian@yandex.ru
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Coronary heart disease (CHD), the lethal manifestation of
which is myocardial infarction (Ml), is one of the main causes

and lipid deposition in the vessel wall, which may eventually
lead to atherosclerosis [6, 7]. Furthermore, the mortality rate

of death in the developed countries [1]. It has been commonly
considered as a disease of men, and the risk of its development
in women has often been underestimated [2].

Male gender is a risk factor of CHD, especially in people
under 45 years of age [3, 4]. Low incidence of CHD in women
of this age is associated with a protective effect of the blood
estrogen on the endothelium [5]. Numerous studies have
shown that the decrease in estrogen in menopausal women is
associated with the development of the endothelial dysfunction
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after the first MI and surgical myocardial revascularization in
women is higher than in men [8, 9]. It was found that 26 %
of women and 19 % of men over 45 years of age die within a
year after the first Ml. Five-year mortality rates are 47 % and
36 %, respectively [10]. Complications, such as heart failure
and stroke, are more likely to develop in women [10].

The pathogenesis of CHD in women is not fully understood;
it is not always possible to timely diagnose and cure the
disease [3]. High female mortality from MI may be associated



with the underestimation of the severity of coronary pathology
and various risk factors as well as patients’ negligence to their
health. Numerous studies have shown that many women with
acute coronary syndrome do not receive appropriate therapy
[11-13], coronary stenting [11-14] or timely reperfusion
12,13, 15-19].

Researchers are increasingly interested in the gender
aspect of cardiovascular diseases in young adults, as their
early diagnosis and treatment have a significant social and
economic impact. Nevertheless, the data on the characteristics
of the CHD pathogenesis in young women are still scarce
[3]. The present study is aimed to determine the clinical and
angiographic characteristics and risk factors of myocardial
infarction in men and women under 45 years of age.

METHODS

The study included 35 patients with acute MI (15 females,
20 males) of the 14" Department of Cardiology, N. I. Pirogov
City Clinical Hospital No. 1 (Moscow). The average age of
female and male patients was 41.2 and 39.6 years, respectively.
The inclusion criteria were age <45 years and the presence of
myocardial infarction (in accordance with the diagnostic criteria
described in [20]). Exclusion criteria were age >45 vyears,
concomitant cardiovascular pathology, and severe pathology
of the liver and kidneys. All patients gave informed consent.

We have analyzed the patients’ data obtained through
questionnaires and the results of a standard clinical check-up
that included anthropometric measurements, body mass index
(BMI) calculation, history taking, health assessment at the time
of our study (reduced tolerance to physical exercise during a
treadmill test), assessment of the risk factors (smoking, alcohol
consumption, eating habits, family history, hypertension,
diabetes, lipid profile and intake of oral contraceptives). The
results of the following laboratory and instrumental tests were
also used:

— lipid profile (cholesterol, low-density lipoproteins (LDL),
high-density lipoproteins (HDL), triacylglycerols and atherogenic
index);

— cardiotests (measuring the levels of creatine kinase-MB,
troponin and myoglobin);

— blood coagulation profile (international normalised ratio,
activated partial thromboplastin time, prothrombin index and
fibrinogen);

— chest X-ray;

— electrocardiogram (12 standard leads at rest);

— transthoracic echocardiography using the Aplio MX
ultrasound scanner (Toshiba, Japan); to assess left ventricular
hypertrophy and systolic and diastolic dysfunctions, the end-

CTATbS | KAPAUOJIOIUSA

systolic and end-diastolic volumes and left ventricular ejection
fraction were measured;

— coronary angiography using the Infinix VC-i (Toshiba)
angiography system (the procedure was performed on
12 women and 18 men).

Data were statistically processed using BioStat 2009 5.8.3.0
(AnalystSoft, USA) software. To determine the significance of
differences (p <0.05), Student’s t-test was applied.

RESULTS

The majority of patients (88.6 %) had ST-elevation Ml (STEMI),
among which Q-wave MI accounted for 60.0 % of cases
and typical Ml accounted for 71.4 % of cases (Table 1). Forty
percent of patients of both sexes had no previous history of
CHD (angina pectoris or previously diagnosed CHD). The
average time to MI diagnosis in women was 2.1 times greater
than in men (p <0.05) accounting for an average of 9.2 h. The
main causes of delayed MI diagnosis before admission were
late patient referral or diagnostic errors.

Analysis of key cardiovascular risk factors has shown
that all of them, except smoking, are more typical in women
(Table 2, Fig. 1). Only 7 % of the patients had no risk factors,
whereas 1 out of 3 women had a combination of two factors;
over 50 % of women had a combination of three risk factors.

Assessment of the coronary bed characteristics based on
the coronary angiography data revealed that 70.0 % of patients
had the right type of coronary circulation and single-vessel
disease (80.0 %) with >75.0 % coronary stenosis (Table 3,
Fig. 2). Interestingly, no patient in the female group had
multivessel disease, which confirms the literature data on the
rarity of this form of disease in younger adults [20]. Lesions
were most commonly found in the anterior interventricular
artery (in 4 women and 5 men) and right coronary artery (in
3 women and 7 men). Only one woman and two men had a
normal angiogram, in other cases atherosclerotic coronary
stenosis of varying degrees was found (Fig. 2).

The diastolic dysfunction was found to be the most frequent
MI complication in both groups observed in 55.0 % of men and
60.0 % of women (Fig. 3). The systolic dysfunction was less
common: it was found in 45.0 % of men and 20.0 % of women.
The left ventricular aneurysm and arrhythmias were found only
in the female group.

DISCUSSION

Dyslipidemia was the most common risk factor in our study,
both in men and women, which correlates with the data from
international studies involving young patients [3]. It was shown
that blood cholesterol levels directly correlated with the CHD

Table 1. Characteristics of myocardial infarction (M) in young adults (<45 years) (* — p <0.05)

Parameter Women (n = 15) Men (n = 20) Total (n = 35)
Average time to diagnosis. h 92+24 43 +2.1* 6.5+45
MI without ST-elevation 4 (26.7 %) 0 4 (11.4 %)
MI with ST-elevation 11 (73.3 %) 20 (100.0 %) 31 (88.6 %)
Q+) 7 (46.7 %) 14 (70.0 %) 21 (60.0 %)
Q@) 8 (53.3 %) 6 (30.0 %) 14 (40.0 %)
Typical Ml 10 (66.7 %) 15 (75.0 %) 25 (71.4 %)
Atypical Ml 5 (33.3 %) 5 (25.0 %) 10 (28.6 %)
MI complications 10 (66.7 %) 12 (60.0 %) 22 (62.8 %)
History of CHD 6 (40.0 %) 8 (40.0 %) 14 (40.0 %)
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Table 2. Quantitative characteristics of some of the risk factors of cardiovascular disease in young adults (<45 years) with myocardial infarction (* — p <0.05)

Parameter Women (n = 15) Men (n = 20)

Systolic blood pressure, mmHg 163.0 + 29.9 176.0 + 27.4*
Diastolic blood pressure, mmHg 88.0 +13.2 98.0 + 19.7
Body mass index, kg/m? 33.0 + 6.1 32.0 + 6.1
Waist circumference, cm 102.0 £ 24.7 111.2 £ 8.9*
Smoking index (pack-years) 22+6.1 14.2 + 15.2*
Cholesterol, mmol/I 50+1.1 52+13
Triacylglycerols, mmol/| 1.6+0.3 1.6+04
HDL, mmol/I 1.5+04 1.7£17
LDL, mmol/l 23+0.2 24+141

Diabetes

Obesity

Overweight

Smoking *

Early family history

Hypertension *

Dyslipidemia
20 30

B Men (n=20)

60

40 50 70 80 90 100

B Women (n=15)

Fig. 1. The prevalence of key risk factors in young adults (<45 years) with myocardial infarction. The proportion of patients with at least one risk factor is shown, %

(" — p <0.05)

risk. Blood cholesterol level above 6.76 mmol/l indicated a risk
of developing CHD and a 4-5 fold risk of Ml compared to the
individuals with normal cholesterol levels [2].

It is known that arterial hypertension, which is a risk factor
for CHD, is more common in women over 65 than in men of the
same age [1]. Hypertension was the second most common risk
factor in our study, and despite the small study population, we
discovered the same tendency in younger adults (<45 years):
80 % of women and 50 % of men were susceptible to high
blood pressure (Fig. 1). The risk of death from CHD in women
with hypertension was 10 times higher than in young women
without hypertension, and 1.5 times higher than in men [1].
The data collected by the American Heart Association (AHA)
confirm that hypertension is one of the major risk factors of Ml
in women, population attributable risk here being 36 %, which
indicates a possibility of reducing Ml incidence by 36 % on
eliminating the risk factor [8].

We have also found that women had a family history of early
CHD and MI more often than men (73 % and 60 %, respectively).
The international literature emphasises the importance of this
factor for younger patients [3, 21], especially males [22].

Almost half of our female patients were overweight, one-
third were obese. According to the Framingham Heart Study,
the risk of CHD in obese women is 2 times higher than in
women with normal body weight [23]. This conclusion was
confirmed by the Nurses' Health Study [1, 24].

In the developed countries, smoking is one of the most
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common risk factors for CHD among people of both sexes
under 45 years of age [1]. Young women are especially sensitive
to the effects of nicotine [25] and young adults make up a
greater proportion of smokers [22]. According to the studies
from China and other countries, 70 to 90 % of young patients
with acute myocardial infarction are smokers [3, 26, 27]. Young
patients with ST-elevation Ml are also more likely to smoke than
older patients [3].

It is generally known that diabetes mellitus [DM] significantly
increases the risk of CHD and IM [1]. In our study diabetes
was found in every third woman and every fourth man. It
was shown that the risk of Ml associated with the metabolic
syndrome is significantly higher in young women than in elderly
women [28]. Furthermore, DM is associated with a higher risk
of cardiovascular disease in women compared to men [29, 30].

In our study, the equal proportions (60 %) of men and
women under 45 years of age had Ml as the first clinical
manifestation of CHD. The typical form of Ml was diagnosed in
75 % of men and 67 % of women, while the incidence of atypical
forms was slightly higher in women. This is consistent with the
data obtained by other researchers [31-33]. We also found
that in younger women coronary stenosis was less frequent
and less severe than in young men. The same tendency was
observed by Lebedeva et al. [2]. According to the AHA, the
gender aspect of clinical manifestations affects the quality of
CHD diagnosis and management of patients: women are often
misdiagnosed, their myocardial revascularization is delayed,



Table 3. Coronary angiography in young adults with myocardial infarction
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Parameter Women (n =12) Men (n = 18) Total (n = 30)
Left type of coronary circulation 1 (8.3 %) 5 (27.7 %) 6 (30.0 %)
Right type of coronary circulation 8 (66.7 %) 13 (72.3 %) 21 (70.0 %)
Balanced type 3(25.0 %) 0 3(10.0 %)
Single-vessel disease 10 (83.3 %) 14 (77.7 %) 24 (80.0 %)
Two-vessel disease 2 (16.7 %) 1(5.6 %) 3(10.0 %)
Multivessel disease 0 3 (16.7 %) 3(10.0 %)
Intact vessels 1 9.1 %) 2 (10.0 %) 3(10.0 %)

Women (n = 12)

Il Normal W<5% W >75%

® ©

Men (n = 18)

Bl Normal W<75% MW >75%

Fig. 2. The distribution of patients within the group by the degree of the coronary artery constriction, %

Diastolic dysfunction

Systolic dysfunction

First degree pulmonary hypertension

Left ventricular aneurysm

Arrhythmias and conduction disorders

H Men (n = 20)

20

60

30 40 50 70

B Women (n = 15)

Fig. 3. The incidence of myocardial infarction complications in young adults (<45 years). The proportion of patients with at least one complication type is shown, %

and mortality caused by MI among them is increasing [2, 8].

A number of studies have shown that women with Ml
receive therapy later than men [34-37]. Kaur et al. [37] reported
that the average time elapsed from the onset of Ml symptoms
to the moment the patient finally visited the doctor was 53.7
and 15.6 h for women and men, respectively. Our data were
different: 9.2 + 2.4 and 4.3 + 2.1 h, respectively (p <0.05).

CONCLUSIONS

Ml was the first clinical symptom of the coronary heart disease
in 60 % of cases in men and women under 45 years of age.

Women started to seek medical advice 2.1 times later than
men. This indicates a lack of suspicion among doctors and
awareness among female patients concerning the risk of M,
especially in young women. Men and women were typically
diagnosed with ST-elevation MI, Q-wave MI and typical Ml;
however, atypical Ml was more often seen in women. The most
common risk factors for Ml were dyslipidemia, hypertension,
family history of CHD and overweight. Our analysis showed that
young women were at greater risk of CHD than young men.

The causes of early atherogenesis in young women require
further research. Raising awareness of MI symptoms among
young women is also highly important.
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TREATMENT AND REHABILITATION OF CHILDREN
WITH ELECTROTHERMAL INJURY

Rubtsov VW' Tsap NA', Shtukaturov AK?

"Department of Pediatric Surgery, Pediatric Faculty,
Ural State Medical University, Yekaterinburg, Russia

2 Pediatric Burn Center,
Children’s City Clinical Hospital No. 9, Yekaterinburg, Russia

Electrothermal lesions are most often seen in pediatric injuries. This type of injury is uncommon, but is one of the leading
causes of death and disability in children. Using medical records, we analyzed the outcomes of the treatment and rehabilitation
of children with electrothermal lesions (n = 51) admitted to Pediatric Burn Center, Children’s City Clinical Hospital No. 9
(Yekaterinburg, Russia) over the period from 2010 to 2015. The patients were divided into two groups: Group 1 (39 children)
had injuries from electrical household appliances and Group 2 (12 children) sustained high-voltage injuries. Primary surgical
debridement was performed on all children; the extent and depth of the burns were established. The next step of surgical
treatment for Group 1 included necrectomy and single-stage dermatoplasty; in Group 2 necrectomy and the first stage of skin
grafting (formation of a skin flap) were performed. Subsequently, all patients in Group 2 received skin grafts for final closure of
the skin defect. The duration of treatment in Group 2 was 2 times longer than in Group 1, due to larger burn areas (an average
of 12 % vs. >5 %), longer burn shock (>24 h vs. 10 h), higher complication rate, and multiple stages of surgical treatment. Six
patients from Group 2 received surgical amputation. However, the division into groups according to the physical properties of
the electric current can be beneficial for the development of more effective treatment algorithms.

Keywords: electrical current, electrothermal lesion, electrical injury, combustiology, children, pediatric injuries
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OCOBEHHOCTU AEYEHUSI U PEABUAUTALIUU AETEMN
C 3AAEKTPOTEPMUYECKOU TPABMOU

B. B. Pybuos'™, H. A. Llan', A. K. LLITykaTypos?

"Kadhenpa AETCKON XMpyprn, NeAnNaTpPUHECK akymnsTeT,
YpanbsCKuii rocyfapCTBEHHbI MEOVLMHCKINIA YHUBEpPCUTET, EkatepuHbypr

2 [1eTCKMN OXXOroBbI LIEHTP,
[eTtckas ropoackast KnmHudeckasa 6onbHnua Ne 9, EkateprHbypr

ONEKTPOTEPMUHECKNE MOPKEHNS XapakTepHbl AN AETCKOro TpaBMatuamMa. OTOT BuA TPaBMbl BCTPEHaETCA PEeAKo, HO
3aHMaeT OfHO M3 MEPBbIX MECT B CTPYKTYPE MPUHMH NETaslbHbIX MCXOO0B UM WHBaNMOHOCTU Yy AeTen. B ctatbe no ncto-
pusM BONIE3HN NPOaHaNM3NPOBaHbI PE3YNETaTbl leHeHNs 1 peabunuTaum AETEN C SNEKTPOTEPMUHECKUMN MOPaKEHNSMI
(n =51), Haxoamewmxcs B 2010-2015 rT. Ha neyeHnn B [JETCKOM O)KOMOBOM LIEHTPe [eTCKOM MOpOACKOM KMMHNYECKOW B0Sb-
HuLp! Ne 9 (ExkatepuHbypr). ChopmmpoBany Ase rpynmbl: B NepBoOn 39 AeTer MoayHnnm TpaBMbl MPY KOHTakTe ¢ ObITOBbIMMA
anekTponpubopamu, Bo BTOPOM 12 oeTei NocTpaaanm OT BbICOKOBOMBTHOMO TOKa. [epBUYHYIO XMPYPIHECKYo 06paboTKy
NPOBOAMM BCEM AETAM, YCTaHaBIMBaIM CTeMneHb 1 rMyOrHy O)KOroB. Ha cnefytoLliem a1ane B NepBov rpynne MpOBOANN
HEKPSKTOMMIO 11 OQHOSTAMHYHO MIacTUKy, & BO BTOPOW — HEKPSKTOMMIO 1 MEPBbIV aTan MnacTuki ((POpMMpOBaHme NOCKyTa).
B nmocnegytolem Bo BTOPOW rpynne BbIMONHSANM BTOPOW 3Tan MAacTUKLA KOXHBIMU JIOCKYTaMy pasdHbIX BUOOB OJ19 OKOH4Ya-
TENbHOMO 3aKpPbITUSA AedeKTa KOXW. BbIACHNN, YTO MPOOOIMKUTENBHOCTb IeHeHNst AeTel BO BTOPOW rpynne 6bina B 2 pasa
fosbLUe, YeM B MepBOW, BCNEACTBME OOMbLUEN MoLaan oXoroB (B cpegHeM 12 % npoTvB MeHee 5 % B MepBoi rpynne),
OosbLUEN MPOOOIMKUTENBHOCTI OXXOrOBOrO LLoKa (6onee 24 4 no cpasHeHWo ¢ 10 4 B CpeaHeM B MEPBOW rpynne), passu-
THEM OCIOXXHEHWI, MHOTO3TAMHOCTLIO NledeHnst. Bo BTOpon rpynne y 6 naunMeHToB MPpUMEHUIM aMmiyTauuio. TeM He MeHee
neYeHne oeTer C pasfaeneHieM Ha rpymnbl C yHETOM (DUSNHECKMX XapakKTEPUCTUK TOKa MEPCNEKTUBHO A9 CO3faHusa 6onee
SPPEKTUBHBIX ANTOPUTMOB MOMOLLIN.
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Electrothermal injury is considered a specific burn injury type
because of the nature of the damaging factor, the electric
current. It causes both local and systemic injury. The type of
pediatric electrothermal injury depends on the age and social
activity of the child. Young children are more likely to be injured
by electrical household appliances, whereas teenagers are
more likely to sustain high-voltage shock.

[t is not possible to assess the total or regional incidence
of electrothermal injury in children, since a large number of
patients do not seek medical attention, and in rare cases death
occurs at the scene of an accident before first aid can be
provided [1-3]. In the overall structure of hospital admissions,
electrothermal injuries account for 1-8 %, according to the
data from a number of burn centers [4].

Children admitted to a hospital after sustaining an
electrothermal injury need surgical treatment aimed at restoring
skin integrity and eliminating functional disorders. Due to a
low incidence of electrothermal injuries and the severity of
the sequelae, the physicians should be particularly careful
when dealing with young patients and strictly adhere to the
algorithms of medical treatment considering the dependence
of the severity of a patient's condition on the physical
characteristics of the electric current [4-5]. Typical of this type
of burns are deep and spreading lesions of subcutaneous
tissue, neurovascular structures or muscles, through which the
electric current travels faster than through the skin surface, as
resistance in these body areas is different [6-8].

Current literature, both Russian and international, does not
provide sufficient data on how the characteristics of the electric
current influence treatment decisions. There are single case
reports, descriptions of shock treatment principles, intensive
care and skin repair techniques. But there is no standardized
approach to the management of patients who sustained
injuries from different types of electric current [9-11]. The
aim of this study was statistical analysis of the treatment and
rehabilitation outcomes in children with different electrothermal
injuries admitted to the Pediatric Burn Center, Pediatric City
Clinical Hospital No. 9 (Yekaterinburg).

METHODS

We performed a retrospective analysis of medical records of
children with electrical injury treated in the Pediatric Burn Center
over the period of 2010-2015. The study included 51 children

(89 boys, 12 girls). About half of the children were 3-years old
or younger (24 patients), 10 patients were 13-15 years old
(adolescents), 9 patients were 8-12 years old (primary school
age), 8 patients were 4-7 years old (preschool children). The
patients were divided into two groups according to the source
of the electric current: group 1 included 39 (76 %) children with
electrothermal lesions from electrical household appliances;
group 2 included 12 (24 %) children with high-voltage shock.

The choice of surgical treatment depended on the
characteristics of the electric current. Primary surgical
debridement was performed in all children; the extent and depth
of the burns were established. The next step was different for
both groups: necrectomy and single-stage dermatoplasty was
performed in group 1, while necrectomy and the first stage of
skin grafting with the formation of a skin flap were performed
in group 2. Subsequently, the patients from group 2 underwent
the second stage of dermatoplasty with various skin grafts
for final closure of the skin defect. Enzyme therapy and scar
dermatoplasty were also performed for better cosmetic effect
in group 2.

The localization of lesions, burn areas, burn shock duration,
overall treatment time, and the level of disability were evaluated.

RESULTS

The incidence of electrothermal injuries in the Pediatric Burn
Center, Children’s City Clinical Hospital No. 9, was <5 % of
the total number of children admitted to the Center over the
period of 2010-2015. No deaths were observed. The results
of treatment and rehabilitation of patients are shown in table.
In group 1, an electrical injury of a hand with limited area grade
lIB-IV burns was most often seen at the site of direct contact
with the current, and the lesion area was less than 5 %. The
duration of burn shock was less than 24 h (10 h in average).
In group 2, burn location was different and involved the head,
neck, back, and upper limbs; burn areas were larger (from 5 to
15 %, an average of 12 %), burn shock was longer (over 24 h)
and neurological symptoms were observed.

The children from group 1 were closely monitored until
the formation of the demarcation line. This allowed for sparing
surgical debridement followed by skin grafting. In group 2,
aggressive surgical treatment was chosen to rescue the
damaged segment of the body. Here, treatment duration was
2 times longer compared to group 1. The disability rate in

Results of treatment and rehabilitation of children with electrothermal lesions based on the characteristics of the electric current

Parameter Group 1 (n = 39) Group 2 (n=12)

Current characteristics 220B/5A >1000 B /100 A

Burn area <5 % of the body 5-15 % of the body
I-IA. (n = 14) B
Burn grade BV, (n = 25) HIB-IV. (n = 12)

Less than 24 h,

not always manifested More than 24 h

Duration of burn shock

Combined injury - 12 cases

1) Primary surgical revision

1) Primary surgical revision 2) Debridement (primary and secondary), including
Treatment 2) Debridement amputation
3) Single-staged skin grafting 3) Multi-staged skin grafting
4) Dressings 4) Dressings
5) Rehabilitation
Number of cases of disability - 6 cases
Time of treatment, bed-days 3-34 9-75
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group 2 was 50 %. In 6 cases, amputation was performed
due to inability to preserve the integrity of tissues. Also, in
group 2 patients, heart pathology (ectopics), neurological
disorders (paresthesia, paresis, and other disorders of the
peripheral innervation) were observed. These children were
referred to cardiologists and neurologists in a primary care
facility for further rehabilitation.

Electrothermal injuries were most common in children under
the age of 3. In all studied cases, they were caused by home
appliances and resulted from the lack of parental control. The
second largest group with regard to the incidence of injuries
was constituted by adolescents with high-voltage injuries
resulting from the lack of age-appropriate activities during
leisure time: children were unsupervised by adults. Eighty three
percent of children resided not in Yekaterinburg but in other
populated areas of the Sverdlovsk region.

DISCUSSION

Treatment and rehabilitation of children with high-voltage
electrothermal lesions required more time, which was due
to the combined nature of the injuries, a larger burn area,
prolonged burn shock, disorders of the cardiovascular, nervous
and respiratory systems, and multi-staged treatment in both in-
patient and out-patient care facilities. Distributing patients into
groups allowed us to develop algorithms of care based on the
characteristics of the electric current and the severity of injury
that directly influenced the strategy of surgical treatment and
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THE HYPOTHESIS OF TISSUE-SPECIFIC ACTION OF DIPHTHERIA TOXIN
Aleshin AV =
Pirogov Russian National Research Medical University, Moscow, Russia

Diphtheria is an infection caused by toxigenic strains of Corynebacterium diphtheriae. The pathogen releases the toxin that
affects heart, kidneys, adrenal gland, as well as spinal and cerebral nerves. Tissue- and organ-specific action of diphtheria toxin
is considered to be associated with the blood supply to these organs. We propose the hypothesis that takes into account the
physical and chemical properties of the toxin molecule (positively charged R-domain in the B subunit) and cell expression of
different types of the HB-EGF receptor and CD9 co-receptor, which are responsible for the toxin penetration into the cell. The
proposed hypothesis explains the possible mechanisms of diphtheria complications.

Keywords: diphtheria, diphtheria toxin, Corynebacterium diphtheriae, HB-EGF receptor, CD9 co-receptor, tissue specificity,
organ specificity.

Acknowledgements: author thanks professor Lyudmila Kafarskaya from Pirogov Russian National Research Medical University for encouraging his interest in the
scientific work and for invaluable advices in the preparation of the manuscript.

<] Correspondence should be addressed: Anton Aleshin
Altufevskoe shosse, d. 62a, kv. 40, Moscow, Russia, 127549; aleshanton@gmail.com

Recieved: 26.06.2016 Accepted: 13.10.2016

TMNOTE3A TKAHECNELWW®UYHOCTU AEUCTBUA AUDTEPUMNHOIO TOKCUHA
A. B. AnewwunH &
Poccuinckunin HaumoHanbHbIN MCCnenoBaTensCKUn MeQULIMHCKNIA yH1BepcUTeT MeHn H. V1. Muporoea, Mocksa

OncbTrepus — MHMDeKLVS, Bbi3blIBaeMas TOKCUreHHbIMI LUTaMMamin BakTepun Corynebacterium diphtheriae. Bo36yauTtens Bbl-
OENseT TOKCUH, KOTOPbI BO3OENCTBYET Ha CepALe, MOYKM, HaAMOYEYHVKN, CIMIMHHOMO3IOBbIE 1 YePEenHO-MO3roBblE HEPBBI.
TkaHe- 1 opraHoCcneLMUYHOCTb AENCTBUS AMDTEPUNHOIO TOKCHHA MPUHATO CBA3bIBATb C OCOOEHHOCTAMN KPOBOCHaOXE-
HIS yKa3aHHbIX OPraHoB, OAHAKO B CTaTbe MPeanioXKeHa rnotesa, y4nTbiBatoLLasd PUSNKO-XMMUNYECKE CBONCTBA MOSIEKY/IbI
TOKCMHA (Hanm4yve MONOXUTENBHO 3apskeHHOro R-gomeHa B cybbeanHule B Monekynbl) 1 NpeacTaBneHHOCTb B KIIeTKax
pasnunyHoro Tuna peuentopa HB-EGF n kopeuentopa CD9, ¢ KOTOPbIMM TOKCUH CBA3LIBAETCA A1 MPOHNKHOBEHUS B KIETKY.
[aHo 06BACHEHVIE BO3MOXHbIX MEXAHN3MOB OCIOXXHEHW MPY AUdITEPUN C YHETOM MUMOTESbI.

KntoueBble cnoBa: andrepus, audtepuinHbin TokcuH, Corynebacterium diphtheriae, peuentop HB-EGF, kopeuenTtop CD9,
TKaHeCcneummn4HOCTb, OpraHoCneLmOUYHOCTb

BnarogapHocTtu: asTop 6narofaput npodeccopa Jiiogmuny Kadapcekyto 13 POCCUIACKOrO HaLMOHAIBHOMO MCCEeLoBaTeNbCKOrO MEAVLIMHCKOrO YHUBEPCUTETA
nMeHn H. . Mporosa 3a pa3suTie NHTepeca K Hay4HOW paboTe U LigHHbIe COBETbI NPV MOATOTOBKE PYKOMUCK.
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Diphtheria is a classic toxemic infection caused by
Corynebacterium diphtheriae, a gram-positive bacterium, and

Structure of the toxin and its penetration into the cell

most importantly by its toxin. The pathogen penetrates the
mucous membranes of the oropharynx, nasopharynx, larynx
and trachea and sometimes those of eyes and genitals. A local
inflammatory focus is formed accompanied by necrotic cell
death, blood plasma coagulation, edema, and formation of a
whitish-gray coating over the mucosal surface. In the multilayer
epithelium of the nasopharynx, epiglottis and vocal cords, the
membrane is inseparable from the underlying tissue, while in
the monolayer epithelium of the larynx, trachea and bronchi
the membrane is easily separated and may cause airway
obstruction and asphyxia.

The toxin secreted by toxigenic strains of C. diphtheriae
enters the bloodstream and selectively affects the heart,
kidneys, adrenal glands, and spinal and cranial nerves [1]. In
this paper, we present the hypothesis that the tissue and organ
specificity of the toxin can be explained by both physical and
chemical properties of the molecule as well as by the structure
of the cell membranes of the target organs.

Diphtheria toxin (DT) is a protein with a molecular weight of
58 kDa (535 amino acid residues, isoelectric point, pl, of 5.9).
[t consists of two subunits (A and B); the a subunit exhibits
nuclease activity [2] and ADP-ribosyltransferase activity towards
elongation factor EF-2. It blocks the cellular mechanism of
protein synthesis, which results in cell apoptosis. The B subunit
consists of the transmembrane (T) domain and the receptor
binding (R) domain responsible for binding to HB-EGF [3].

The a subunit of the toxin is delivered into the cell in
several steps (Fig. 1). In the first step (pH of 7.4, DT electrical
charge of —9.44), the R domain of the B subunit mediates the
binding of the toxin to its receptor HB-EGF and co-receptor
CD9 [3]. In the second step, clathrin-dependent endocytosis
of the toxin occurs; the clathrin-coated vesicles containing
DT are shortly transformed into early endosomal vesicles.
While PIP phosphatase and the heat shock protein Hsp70
separate the primary clathrin coat from the vesicles [4], and
new components (COPI proteins, Arf, Rab, etc.) begin to
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Fig. 1. The mechanism of toxin penetration into the cell

adhere to it [3, 4], the proton pump acidifies the medium inside
the vesicle, thus lowering the pH to 6.0 [4] and changing the
electrical charge of DP to —1.16. In the third step, the pH
within the vesicle drops to 5.0-4.5 [4], and the protein charge
becomes positive (from 12.02 to 24.04). These conditions are
necessary to modify the conformation of the T domain of the
toxin B subunit and to form a pore in the vesicle. The T domain
consists of 9 transmembrane helices (TH), which in turn are
packed into three layers: the first comprises amphiphilic
TH1-TH3, the second comprises hydrophobic TH5-TH7, and
the third comprises TH8 and TH9 forming the central core [3].
TH1 closely interacts with the catalytic subunit and also has
sites for binding to COPI complex, which plays a crucial role in
the A subunit translocation (along with TH2-TH4). In the fourth
stage, a free subunit inactivates elongation factor EF-2.

Tissue and organ specificity of the toxin

The tissue specificity of the toxin can be explained by its physical
and chemical properties, namely, the presence of the R domain
(@amino acid residues 432-535 [3]) that ensures the interaction
between the toxin and HB-EGF. The positive charge of this
domain (8.2 at pH of 7.4, pl of 10.43) determines the ability of
the toxin to bind to a negatively charged membrane receptor.
If a cell membrane can be imagined as an equivalent to an
electrical circuit, then it has both capacitive (C) and resistive
properties (R) defined by the components of the membrane
itself (phospholipids and proteins). One side of the membrane
is charged positively and the other is charged negatively [5].
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A deficit of cations on the inner membrane creates a negative
charge inside the cell, while their excess on the outer
membrane surface creates a positive charge on the outside.
Na~/K+ ATPase serves as a kind of battery (E) establishing
a voltage difference by pumping 3Na* out and 2K+ into
the cell. Such are the passive electrical properties of the
membranes [5]. Inturn, the excitable cells are able to redistribute
ions during depolarization. This phenomenon is the basis of
our hypothesis explaining the tissue specificity of the toxin. The
excess of cations outside the membrane that generates the
resting potential repels DT, and temporary ion redistribution
during the action potential attracts it. There are also specific
lipids: gangliosides that impart special properties to highly
specialized cells, such as neurons and cardiomyocytes. In
these cells, gangliosides may account for 5-10 % of the
total lipids [4]. Sialic acids present in the molecular structure
of gangliosides generate a strong negative charge, which
determines their tropism towards positively charged molecules.

In the modern literature, organ specificity of DT has been
linked to the peculiarities of the blood supply to the targeted
organs [1]. However, neither liver nor the gastrointestinal tract
are affected by the toxin, even though they receive up to 25 and
10 % of the cardiac output, respectively. Here, the assumption
is that the organ specificity of the toxin can be attributed to
the presence of HB-EGF and CD9 and their ratio in different
cell types. According to RefExA database [6], HB-EGF is
present in large amounts in the spinal nerves (Spinal_c), thyroid
cells (Thyroid), pulmonary epithelium (Lung), smooth muscle
tissue (Sm_mscl), cardiomyocytes (Heart), renal epithelium
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Fig. 2. Expression of the HB-EGF (A) and CD9 (B) in human tissues (according to RefEXA database [6])

(Kidney_2), stomach epithelium (Stomach), and intestinal
epithelium (Colon2, Colon3) (Fig. 2A). The concentration of the
co-receptor CD9 is high in most cell types, except for the skeletal
myosymplasts (Sk_mscl), liver cells (Liver), spermatogenic
epithelium (Testis), and hematopoietic bone marrow cells
(Bone_mar) (Fig. 2B). To have any effect, the diphtheria toxin
requires both HB-EGF and CD9, a criterion which is met by the
cells of the heart, lungs, gastrointestinal tract, kidneys, thyroid
gland, spinal and cerebral nerves.

Complications of diphtheria in the light of the hypothesis

The first complication of the hypertoxic form of diphtheria is
myocarditis [1]. It can be explained by the presence of a plateau

phase in the excitation of the cardiomyocytes, which prolongs
the duration of depolarization, as compared to that in the cells
of other excitable tissues. This is followed by tubular nephrosis
[7], adrenal hemorrhage [8], and by neuritis and polyneuritis
several weeks after, sometimes even after recovery [9]. This
sequence is associated with the substrate specificity of the
toxin to EF-2, which is normally present near the ribosomes
and the rough endoplasmic reticulum. In neurons, these
organelles are located only in the soma; the toxin enters the
cell most often through axons and dendrites; in order to reach
its substrate, the subunit a then uses intracellular mechanisms
of protein transport from the projections to the cell body,
i. e., retrograde transport. Use of such mechanisms has been
reported for many toxins [10]. However, transport here is very
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slow, approximately 1 mm/day, which is why the damage to
the nervous system usually occurs at a later stage [9].
Nephrosis may be associated with the renal filter structure:
the pores are located in its narrowest segment, and the
glomerular basal membrane allows passage of non-negatively
charged molecules weighting up to 69 kDa, which is associated
with the presence of the negatively charged glycocalyx on
the surface of the cell membrane [5]. Evidently, DT is filtered
into the Bowman-Shumlyansky’s capsule where it enters the
proximal tubules by endocytosis facilitated by its interaction
with the megalin-cubilin complex [5]. DT is an acidic protein,
S0 the penetration described is possible only if a molecule has
a strong positive pole that will be pulled by the glycocalyx.
Subsequently, instead of being cleaved by lysosomal enzymes,
the a subunit of the toxin penetrates the cytosol of the tubular
epithelium, which leads to nephrosis [7].
The above confirms that characteristics of blood
supply explain only the adrenal hemorrhage caused by DT [8].
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The blood flow through the adrenal glands is extremely vigorous
(three major arteries and approximately 25-30 arterioles).
This makes the organ vulnerable to pressure changes and
susceptible to thrombogenesis under conditions of extensive
blood loss, toxemia and shock, when the blood supply to vital
organs is amplified to the detriment of other less important
organs [11].

CONCLUSIONS

The proposed integrated hypothesis explains both the
mechanism of action of diphtheria toxin and its impact
on the infectious process in general, which lends a better
understanding of the pathogenesis of diphtheria. The proposed
hypothesis provides a basis for improved methods of treatment
of the hypertoxic form of the disease, and a framework to study
the mechanism of action of other toxins.
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