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enu, 3agaun ¥ TeMaTUKa )XypHa/ia

HayuHbIi1 perieH3UpyeMbIii MeJULMHCKHH )KypHa «BecTHuk Poccuiickoro yHuBepcuTeTa Apy»KOb! HapogoB. Cepust: MeuIHa» BBIXOJUT
e)xeKBapTaibHO ¢ 1997 roga.

Lenb >)KypHaaa — MHTEPUPOBATh Pe3y/IbTaThl HAYUHBIX UCC/IeIOBAaHUN U OOraThiil OMBIT 0TeUeCTBEHHBIX U 3aPYDeXKHBIX CIIeLHA/TUCTOB
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Ha pacCMOTPEHUH B IPYIUX HAyUHbIX KypHasax.
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LIMOHHBIX METO/0B.
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Abstract. Relevance. Post-infarction aneurysm of the left ventricle significantly reduces the length and quality of life of
patients. The results of comparisons of different methods for surgical restoration of the left ventricle are ambiguous and often
contradictory, complicating the choice of an effective treatment strategy and the ability to objectively assess the survival prospects
of such patients. The aim of the meta-analysis is to assess the one-year survival of patients after surgical reconstruction of the left
ventricle, to determine the functional class of heart failure, and to study the morphological and functional characteristics of the
heart. A comparative analysis of the results of the meta-analytic assessment of patient survival after left ventricle reconstruction
using the DOR (SAVER) method will be performed in comparison with other treatment methods. Materials and Methods. As
a result of a systematic search in two specialized databases (PubMed, Google Scholar), 1,875 articles were selected. A total of 15
studies were included in the final analysis. The total number of patients in these studies was 1,089. To objectify the assessment
of the effectiveness of different surgical approaches, two patient groups were formed. The first group underwent only surgical
reconstruction of the left ventricle using the Dor procedure or surgical anterior ventricular endocardial restoration (SAVER);
the second group received other methods of surgical ventricular reconstruction, depending on the surgical feasibility. Results.
The mean age of the examined patients was 62.1 (95% CI: 60.2—64.1) years. The study included 56% (95% CI: 42—-69) men.
Anterior aneurysm occurred in 87% (95% CI: 74-99) of patients. The mean EuroSCORE value corresponded to 9.7% (95%
CI: 7.3-12.1). Before the operation, the patients had a high functional class of heart failure according to NYHA [3 functional
class (95% CI: 2.82-3.1)], low left ventricular ejection fraction [31.3% (95% CI: 29.2-33.3)], dilation of the heart chambers
[EDVI—131.7 mL/m2 (95% CI: 113.1-150.2)]. Meta-analysis of the difference in mean values of ejection fraction in patients
before and 1 year after surgery showed an increase of 10.1% (95% CI: 8.01-12.1, p < 0.001). Meta-analysis of the difference in
mean values of EDVI and NYHA functional class of heart failure in patients before and 1 year after surgery showed a decrease
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of 38.8 ml/m2 (95% CI: 28.1-49.6, p < 0.001) and 1.52 (95% CI: 1.3-1.8, p < 0.001), respectively. Conclusion. The meta-
analysis showed that one year after surgery, survival rates are 94%, with statistically significant increases in ejection fraction and
decreases in functional class of heart failure according to the NYHA scale. The studies did not reveal significant differences in
patient survival and clinical outcomes one year after operations performed using different surgical methods. The results indicate
the effectiveness of left ventricular surgical reconstruction, providing prolonged improvement in patients’ functional status.
However, it should be noted that there was significant heterogeneity among the studies.

Keywords: postinfarction left ventricular aneurysm, surgical ventricular reconstruction; ventricular
restoration; dor procedure; ventricular, endoventricular plasty, mid-term survival
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Introduction

Left ventricular dysfunction caused by ischemic
heart disease and myocardial infarction is the
main cause of chronic heart failure worldwide
[1-5]. One of the most severe complications of acute
myocardial infarction is post-infarction left ventricular
aneurysms [6, 7]. This condition significantly reduces
the duration and quality of life for patients. The
incidence of left ventricular aneurysm in patients after
myocardial infarction ranges from 10 to 35% [8]. More
than 95% of true left ventricular aneurysm cases are the
result of transmural myocardial infarction caused by
acute occlusion of the left anterior descending artery
or the dominant right coronary artery.

Postinfarction disorders lead to scar transformation,
thinning of the wall of the left ventricle and its

10

ischemic remodeling [9]. Subsequently, compensatory
hypertrophy of the remaining cardiomyocytes occurs
with a change in their spatial location, which is
accompanied by a change in the normal geometry,
volume and mass of the left ventricle. Echocardiography
at an early stage of remodeling reveals a local violation
of contractility (akinesis, dyskinesis) with thinning of
the wall, dilation and spherication of the left ventricle
[10]. These spatial and geometric changes lead to an
increase in tension of the wall of the left ventricle,
deterioration of microcirculation and further tonic
dilation of its cavity. Deterioration of the systolic
function of the left ventricle and its dilation cause the
progression of heart failure.

Due to the insufficient effectiveness of conservative
treatment methods, there is a need to search for and
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develop new surgical approaches, as well as to evaluate
long-term treatment outcomes and analyze their
effectiveness [11-14]. Current guidelines recommend
considering left ventricular aneurysmectomy during
coronary artery bypass grafting for patients with
NYHA functional class III-IV heart failure, large left
ventricular aneurysms, high risk of thromboembolism,
or ventricular arrhythmias. Surgical reconstruction of
the left ventricle can be considered as an operation
aimed at reducing the adverse effects of remodeling
by excluding dyskinetic and scarred areas of the left
ventricle, preventing further dilatation and restoring
geometry [15-18].

The basic principles of surgical treatment of
left ventricular aneurysms and their modifications
were proposed by Cooley, Jatene and Dor more than
half a century ago. In general, these methods can be
divided into two categories: linear and geometric
reconstruction. Currently, the Dor procedure and its
modifications are widely used. The analysis of the
results of studying the anatomical and physiological
features of the heart in the case of post-infarction
aneurysm, as well as the concepts of surgical
treatment and methods of performing operations
in leading medical institutions around the world, has
allowed us to formulate the principles of optimal
correction of all affected heart structures in patients
with post-infarction left ventricular aneurysms.

In the process of reconstructing post-infarction
left ventricular aneurysms, it is crucial to achieve an
optimal balance between the benefits of reducing left
ventricular wall stress due to volume reduction and
the necessary cavity size that ensures adequate stroke
volume [9]. At present, there are no reliable methods
of predicting postoperative morphofunctional changes
in the heart, which makes it difficult to calculate an
adequate end-diastolic volume and ejection fraction.
This causes certain difficulties in clinical practice,
since prognostic assessment of these indicators before
surgery is extremely important for determining the
effectiveness of its performance, choosing further
treatment strategies and evaluation of patients’
condition in the long term. In addition, the results
of studies aimed at comparing different methods of
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surgical left ventricular repair are often ambiguous
and even contradictory, which does not allow making
unambiguous conclusions and complicates the choice
of an effective treatment strategy. Unfortunately,
the available data on the mid-term and long-term
results of surgical treatment of such patients remain
very limited. This creates certain difficulties in
understanding how different treatment methods affect
the survival and quality of life of patients.

The aim of the meta-analysis is to assess the one-
year survival of patients after surgical reconstruction
of the left ventricle, to determine the functional class
of heart failure, and to study the morphological and
functional characteristics of the heart. A comparative
analysis of the results of the meta-analytic assessment
of patient survival after left ventricle reconstruction
using the DOR (SAVER) method will be performed in
comparison with other treatment methods.

Materials and methods

Search for Publications and Selection of Studies

Information was searched for the period from
January 1, 2000 to December 31, 2024 in electronic
databases using the PubMed and Google Scholar
platforms. The search algorithm was developed in
strict accordance with the requirements set out in
the PRISMA guidelines governing the preparation
of reports for systematic reviews and meta-analyses
[19]. It included research searches using search
queries, keywords (including MeSH), and logical
operators. The search queries and data selection were
conducted only in English. In order to maximize
the sensitivity of the search and obtain the most
complete results, various terms and keywords related
to the topic under study were combined. Keywords
in the research in the PubMed database: (Surgical
ventricular reconstruction) OR (Surgical ventricular
restoration) OR (Dor procedure) OR (ventricular
aneurysmectomy) OR (Ventriculoplasty) OR
(Ventricular aneurysm repair) OR (endoventricular
plasty) OR (ventricular endocardial restoration)
OR (endocardial patch) OR (ventricular infarct
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exclusion) AND ((medium-term results) OR (long-
term results))).

The following word combinations were searched
in the Google Scholar database: Surgical ventricular
reconstruction, surgical ventricular restoration, Dor
procedure, ventricular aneurysmectomy, ventriculoplasty,
ventricular aneurysm repair, endoventricular plasty,
ventricular endocardial restoration, endocardial patch,
ventricular infarct exclusion.

Inclusion/exclusion criteria

This meta-analysis analyzed only full-text studies
of adult patients who underwent left ventricular
reconstruction for ischemic cardiomyopathy. It should
be emphasized that all included studies had to have
a follow-up duration of at least one year after surgery.
This condition made it possible to obtain more accurate
and reliable data on the results of surgery and on the
patients’ condition in the mid-term period. All methods
of surgical reconstruction of the left ventricle were
included in the meta-analysis, which makes it more
comprehensive, covering a wide range of approaches
used in cardiac surgery.

In addition, a detailed subanalysis of patients after
surgical reconstruction of the left ventricular using
the Dor procedure or surgical anterior ventricular
endocardial restoration (SAVER) was performed. These
types of surgical operations have common principles
with minimal differences and are often considered
equivalent in the literature [9]. Studies in which left
ventricular reconstruction was not performed, as well
as patients with non-ischemic cardiomyopathy, were
excluded. In addition, the analysis did not include
publications in which the duration of follow-up of
patients after left ventricular reconstruction was less than
one year. This decision is due to the fact that the limited
follow-up period will not allow for a full assessment
of the results of the operation and the potential risks of
complications in the medium term.

The meta-analysis included publications
describing the preoperative period (stage I), the
short-term postoperative period (stage II), and one
year after surgery (stage III). In order to objectively
evaluate the effectiveness of different surgical
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approaches, two groups were distinguished: group 1
patients underwent only surgical reconstruction of the
left ventricular using the Dor procedure or surgical
anterior ventricular endocardial restoration (SAVER);
Group 2 patients underwent various surgical
ventricular reconstruction methods, depending on
surgical expediency (Table 1). In the second group,
surgeons chose the method of surgical reconstruction
based on their own preferences and the clinical
situation. Publications of clinical cases, abstracts,
conference presentations, editorials, reviews, and
expert opinions were also excluded, as these materials
do not contain sufficient systematic data necessary
for conducting a meta-analysis.

Extraction and synthesis of study data

As aresult of a systematic search in two specialized
databases, a total of 1875 articles dedicated to surgical
reconstruction of the left ventricle in patients with
ischemic cardiomyopathy were identified. This list
included both prospective and retrospective studies
on the subject. After careful analysis and exclusion of
duplicate materials that could affect data objectivity,
a final total of 962 publications remained. A detailed
selection process was then conducted, during which
the titles and abstracts of each article were assessed.
This allowed for the exclusion of 698 articles that did
not meet the pre-established criteria.

Thus, a total of 264 articles were included in the
final list, which underwent full-text analysis. Out of
these, only 15 studies met all the necessary inclusion
criteria. The total number of patients involved in these
studies amounted to 1089. The PRISMA diagram
(Figure 1) clearly illustrates the search, filtering, and
selection strategy of the articles, which is crucial for
understanding the methodology of this meta-analysis.

The validity and methodological quality of the
selected non-randomized studies were assessed using the
Newcastle-Ottawa Scale (NOS), which is recommended
by the Cochrane Collaboration. The average score on the
NOS for the included studies was 6.5. Table 1 provides
detailed information regarding the design of individual
studies as well as the baseline characteristics of the
patients.
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Fig. 1. PRISMA schematic diagram of the search strategy.
Note: PRISMA — Preferred Reporting Items for Systematic Reviews and MetaAnalysis.

Table 1
Overview of the studies included in the systematic review
Author, year of Nurr;ber Study Average age, Stud iod Surgical
ublication 0 type years tudy perio techniques
P patients (M + SD)
) ’ January 1991 — Surgical reconstruction of the left
Donato et al., 2001a [20] 207 Retro-spectively 58+6 December 1996 ventricle by the Dor procedure
) . June 1997 — August Surgical reconstruction of the left
Donato et al. (1),2001b [21] 44 Retro-spectively 58+6 1998 ventricle by the Dor procedure
Fujii et al., 2004 [22] 14 Pro-spectively 67 +10 - Endoventricular circular patch plasty
(Dor procedure)
Kokaji et al,, 2004 [23] 30 Pro-spectively 61+11 1996-2003 Endoventricular circular patch plasty
(Dor procedure)
Surgical ventricular reconstruction
Lee et al, 2007 [24] 49 Pro-spectively | 59.7+9.88 2001-2006 by means of the Dor procedure
or surgical anterior ventricular
endomyocardial restoration (SAVER)
Bove et al, 2009 [25] 23 Pro-spectlyely, 68 +8 20052008 Endoventricular circular patch plasty
retro-spectively (Dor procedure)
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Table 1 Continued

Number Average age, .
ool A v B Sy
P patients P (M +SD) q
. ; . February 2001 — Surgical reconstruction of the left
Tekumit et al., 2010 [8] 67 Retro-spectively 64.8+8.9 June 2009 ventricle by the Dor procedure
y . January 2000 — Endoventriculoplasty; modified Dor
Pocar etal, 2010 [19] 3 Retro-spectively 652176 December 2007 procedure; linear repair techniques
Skelley et al., 2011 [16] 87 Retro-spectively 6110 Januaryzgggz ~April Endoventriculo-plasty
Autoventriculoplasty (septalplasty
Marchenko et al of LV and IVS, modified Stoney
2011 [17] N 116 Retro-spectively - 2005-2008 technique); endoventriculoplasty
with a synthetic patch (Dor-Cooley-
Matas technique)
y ] September 2002 — Dor procedure; linear closure; septal
Cho etal. 2012 [14] 60 Retro-spectively 658 September 2010 anterior ventricular exclusion (SAVE)
’ ) _ Surgical anterior ventricular
Hwang et al., 2014 [12] 63 Retro-spectively 62.7+9 1999-2005 endocardial restoration (SAVER)
Septal anterior ventricular exclusion
Kato et al., 2015 [13] 15 Retro-spectively 63.21+9.5 2004-2012 (SAVE); overlapping procedure; linear
closure
Linear ventriculoplasty, endocardial
; . From January 1999 — patch reconstruction (Dor
Chenetal, 2022[18] /8 Retro-spectively 55.3+11.4 March 2021 procedure); modified left ventricular
reconstruction
Solowjowa et al., ’ ) November 2005 — .
2022 [27] 205 Retro-spectively 63.4+11.2 January 2016 Modified Dor procedure

Methods of left ventricular surgical
reconstruction presented in the meta-analysis

In the publications of Donato, M. et al. (2001a,
b) analyzes surgical reconstruction of the left ventricle
by the Dor procedure in patients with anterior transmural
myocardial infarction [20, 21]. Coronary artery bypass
grafting was performed simultaneously with the
reconstruction of the left ventricle. Both publications are
included in the meta-analysis, because the retrospective
analysis collected information about patients who
underwent surgery at different time periods, and
the patient groups did not overlap. This ensures the
independence of the results and allows for a more
accurate interpretation of the data obtained.

In the Fujii H. study and co-authors (2004), the
author discusses the use of endoventricular circular patch
plasty, performed according to the Dor procedure [22].
The technique described in the publication Kokaji K. et
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al. (2004), is largely similar to the approaches proposed
earlier by Dor V. [23].

In a clinical study conducted by Lee S. et al.
(2007), patients underwent surgery for left ventricular
surgical reconstruction using the Dor procedure
or surgical anterior ventricular endomyocardial
restoration (SAVER) [24]. At the same time, 45 patients
underwent concomitant coronary artery bypass grafting.
Ventricular and mitral valve function was assessed using
transesophageal echocardiography.

In the publication by Bove T. and co-authors.
(2009) the authors reported that the reconstruction
was performed using endoventricular patch plasty as
described by Dor et al. An intraventricular balloon was
used to give the left ventricle an elliptical shape and
control the volume of the left ventricle [25].

In 2010, Tekumit H. et al. performed surgery
to remove a left ventricular aneurysm using the
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Dor procedure [8]. In cases where coronary artery
bypass surgery was performed, grafts taken from the
left internal thoracic artery and/or saphenous vein
were used to restore blood flow. In addition, mitral
annuloplasty was performed in patients diagnosed
with grade IIT or IV mitral regurgitation. None of
the patients required the implantation of a permanent
pacemaker.

In a study conducted by Pocar M. and co-authors.
(2010), the author discusses various approaches to
surgical reconstruction of the left ventricle of the heart
[15]. Several methods were used, among which were:
implantation of an oval bovine pericardial or Dacron
patch; modified Dor procedure with no internal patch;
linear closure when the residual area was small. One of
the features of this study was the use of longitudinal septal
plication with interrupted sutures. This method was used
in 10 cases, of which 8 additionally used an intracavitary
patch, and in 2 cases not. The Guilmet overcoat technique
was used to close the ventricular septal defect in two
patients. Bypass surgery of the left anterior descending
artery was performed in 26 patients (84%).

According to a publication by Skelley N.W. et al.
(2011), before the reconstruction of the left ventricle,
coronary artery bypass grafting was performed [16].
Depending on the condition of the heart valve apparatus,
annuloplasty or mitral valve replacement was performed
during the operation. Surgical reconstruction of the left
ventricle was performed through ventriculotomy, which
was performed in the distal part of the anterior wall.
After the thrombus was removed, the left ventricle was
carefully examined for scar tissue. In most patients,
an intraventricular balloon was inserted into the
left ventricle, which allowed the chamber size to be
controlled and provided optimal conditions for further
reconstruction. At the next stage, a purse-string suture
was placed around the edge of the intraventricular
balloon. In cases where ventricular defects exceeded
2-3 cm, Dacron polyester patch was used to close them.
Otherwise, for smaller defects, linear closure was used.

In the study of Marchenko A. and co-authors.
(2011), the author performed surgical reconstruction
of the left ventricle using autoventriculoplasty in
49% of cases [17]. It was septaloplasty of the left
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ventricle and the interventricular septum using
the modified Stoney technique. In 51% of cases,
endoventriculoplasty with a synthetic patch was
performed using the Dor—Cooley—Matas method.
Surgical correction of the mitral valve was performed
in 34 patients with grade 3—4 mitral regurgitation.
At the same time, annuloplasty with rigid ring was
preferred in 60% of cases. Suture annuloplasty
or annuloplasty with xenopericardium band was
performed in 28% of patients, and mitral valve
replacement was performed in 12% of patients.

Cho Y. and co-authors. (2012) compared different
surgical methods of left ventricular reconstruction. In most
cases, surgical reconstruction of the left ventricle using the
Dor procedure was performed (40 patients) [14]. Septal
anterior ventricular exclusion (SAVE) was applied to 8
patients with ischemic cardiomyopathy and severe scarring
who underwent repeated anterior-septal infarction using
a large xenogenic patch measuring 8 % 4 cm. Linear left
ventricular plasty was performed in 12 patients. During
the operations, an intraventricular balloon inflated to the
estimated diastolic volume of the left ventricle was used
to avoid excessive volume reduction.

Hwang H.Y. et al. (2014) analyzed the results of
surgical anterior ventricular endocardial restoration
(SAVER) [12]. The left ventricle opened parallel
to the left anterior descending coronary artery. An
endoventricular circular pursestring suture was placed
circumferentially in the transitional zone between the
normal and diseased myocardium. An intraventricular
balloon was used during the operation. Coronary
revascularization was performed after the SAVER
operation. Most revascularizations were performed
under an on-pump beating heart. Mitral annuloplasty
was performed in patients in whom preoperative
echocardiography revealed moderate or greater mitral
regurgitation. One patient underwent mitral valve
replacement.

According to some authors Kato Y. et al. (2015),
the choice of the most optimal cardiac surgical methods
of ventriculoplasty surgery is significantly determined
by the localization of the postinfarction scar [13]. In
patients with anterior septal infarction, the septal anterior
ventricular exclusion (SAVE) or overlapping procedure
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was used, and in patients with posterior infarction, linear
closure was used.

In later studies, Chen L. and co-authors. (2022)
raised questions about the main approaches to surgical
reconstruction of the left ventricle, which are applied
depending on the characteristics of the aneurysm
and the preferences of surgeons [18]. These methods
include Cooley linear ventriculoplasty, endocardial
patch reconstruction (Dor procedure), and modified
left ventricular reconstruction. Modified reconstruction
of the left ventricle described by Zheng Z. et al. [26],
includes several key stages. First of all, the surgeon
applies an endoventricular pursuestring suture using
a linear suture in the area of scar tissue. The suture is
then tightened to form an opening of about 2 cm in
diameter, thus reducing the volume of the ventricle
and maintaining its satisfactory geometry. The
operation is completed by analogy with standard linear
ventriculoplasty, which implies further closure of the
ventricle and restoration of its normal structure.

Solowjowa et al. (2022), analyzed the results of
left ventricular reconstruction surgery using a modified
Dor procedure with multiple Fontan sutures around the
perimeter of the aneurysm without the use of a patch in
combination with coronary artery bypass grafting [27].
In 12.2% of patients with specific local findings, for
example, a defect in the interventricular septum after
extensive anteropical myocardial infarction, a patch
was required to close the defect. Mitral valve surgery
was performed in patients with echocardiographically
confirmed mitral regurgitation > grade 2.

Statistical analysis

Statistical data processing was carried out using
the OpenMeta software (Beta 1.0 version, 2015).
The baseline characteristics of patients and clinical
outcomes are presented as mean values with 95%
confidence intervals (CI). Continuous data were
combined using meta-analysis with a random effects
model. The heterogeneity of the data was assessed
using Cochran’s Q test and the I? test. Survival data
1 year after surgery, collected from each study, were
pooled to obtain a weighted average and a 95%
confidence interval.
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Results

General characteristics of patients

The mean age of the examined patients was
62.1 years (95% CI: 60.2—-64.1). The heterogeneity
indicators are presented in Table S1. The study included
56% (95% CI: 42—-69) men. Angina pectoris occurred
in 79% (95% CI: 68-90) of the patients. The time
from the onset of myocardial infarction to the surgical
reconstruction of the left ventricle was 6.3 years (95%
CI: 2.9-9.7). An anterior localization aneurysm was
found in 87% (95% CI: 74-99) of patients. At the
same time, a thrombus in the ventricle was detected
preoperatively in 27% (95% CI: 19-35) of cases. The
mean EuroSCORE was 9.7% (95% CI: 7.3-12.1).

The most commonly associated diseases in patients
in the meta-analysis are diabetes mellitus [36.7%
(95% CI: 31.1-42.3)], atrial fibrillation [10.7% (95%
CI: 4.5-16.9)], ventricular extrasystole [23.1% (95%
CI: 14-32.2)], stroke or transient ischemic attack [10.4%
(95% CI: 8.7-12.2)], and impaired kidney function
[13.7% (95% CI: 9.8-17.5)].

Preoperative characteristics

In most cases, before surgery, patients had a high
functional class of heart failure according to NYHA
[3 functional class (95% CI: 2.82-3.1)], which is
caused by morpho-functional disorders of the heart.
Such patients have low left ventricular ejection fraction
[31.3% (95% CI: 29.2-33.3)], dilated heart cavities
[EDVI— 131.7mL/m? (95% CI: 113.1-150.2);
ESVI—91.8 mL/m? (95% CI: 79.6-104.1)], increased
pulmonary capillary wedge pressure [15.4 mmHg (95%
CI: 13.4-17.5)]. Despite severe impairments, relatively
satisfactory cardiac index values were maintained in
patients [2.7 L/min/m? (95% CI: 2.4-2.9)] and the stroke
volume index ndex [45.5 mL/m? (95% CI: 30.9-60.1)].
The average degree of mitral regurgitation was at the
level of 1.72 (95% CI: 1.4-2.04).

Operative characteristics
The duration of cardiopulmonary bypass was 144.8
minutes (95% CI: 118-171.6), and the aortic cross-clamping
time was 82.7 minutes (95% CI: 72.2-93.3). In 88.7% (95%
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CI: 81.5-95.9) of cases, coronary artery bypass grafting was
performed simultaneously with left ventricle reconstruction.
The average number of grafts during coronary artery bypass
grafting was 2.5 (95% CI: 2.2-2.8). Additionally, mitral
valve surgery was required in 20.1% (95% CI: 14.3-25.8)
of cases. An intra-aortic balloon pump was used in 25.5%
(95% CI: 17-34) of cases.

Postoperative results

After surgical reconstruction of the left ventricle, the
patient demonstrated a significant reduction in volumetric
parameters [EDVI—81.71 ml/m? (95% CI: 70.5-92.9);
ESVI—50.7 ml/m? (95% CI: 44.5-56.9)], which was
maintained during the first year after the operation
[EDVI—85.96 ml/m? (95% CI: 72.9-99.07); ESVI—
52.1 ml/m? (95% CI: 45.7-58.5)]. After the surgical
intervention, the cardiac index was 2.8 L/min/m? (95%
CI: 2.48-3.18), and the stroke index was 38.9 mL/m?
(95% CI: 24.4-53.6). The left ventricular ejection fraction
after geometric reconstruction in the early postoperative
period reached 40%, and one year after the operation —
41%. The pulmonary capillary wedge pressure and mitral
regurgitation after the operation were 11.5 mmHg (95% CI:
8.9-13.9) and 0.7 grade (95% CI: 0.22—1.16), respectively,
and one year after the operation, these indicators reached
12.97 mmHg (95% CI: 8.64-17.3) and 1.14 grade (95%

Studies Estimate (95% C.I.)

CI: 0.85-1.44). The NYHA functional class after surgery
was 1.58 (95% CI: 1.4-1.7), and one year after the
operation it was 1.57 (95% CI: 1.3-1.83).

Dynamics of the left ventricle end-diastolic
volume index

The study included 11 publications with a total of
759 patients. A meta-analysis was performed on the
difference in mean values of EDVI in patients before
and after surgery. As shown in forest plot (Figure 2),
after surgery, the final value of this indicator statistically
significantly (p<0.001) decreased by 46.8 ml/m?2 (95%
CI: 35-58.5). We adopted the random-effects model
because heterogeneity was significant (Tau? = 293.9;
Q(df - 10) =97.7; p < 0.001; I?2 = 90.8). According
to the data presented in forest plot (Figure 3), before
surgery and one year after it, the value of EDVI
decreased by 38.8 ml/m? (95% CI: 28.1-49.6,
p<0.001) with significant heterogeneity (Tau? = 198.8;
Q(df —10) = 53.01; p < 0.001; 12 = 84.9). In the course
of the meta-analytic assessment conducted to determine
changes in EDVI, no statistically significant changes
were identified a year after surgery compared to the early
postoperative period (MD=-5; 95% CI=-12.9-2.9;
p = 0.21). Heterogeneity was significant (Tau? = 85.4;
Q(df —9) = 31.9; p < 0.001; 1> = 78.0).

Di Donato (a) 2001 80.000 (68.533, 91.467) —
Di Donato (b) 2001 74.000 (47.244, 100.756) ]
Fujii 2004 35.000 (6.840, 63.160) n

Kokaji 2004 51.000 (35.363, 66.637) —

Bove 2009 46.100 (35.805, 56.395) ——

Tekumit 2010 20.600 (13.232, 27.968) ——

Pocar 2010 33.100 (23.557, 42.643) —

Hwang 2014 31.700 (25.653, 37.747) ——

Kato 2015 61.000 (31.057, 90.943) ]
Solowjowa 2022 48.700 (40.028, 57.372) ——

Overall (1*2=90.79 % , P< 0.001) 46.758 (35.006, 58.511)

Mean Difference

Fig. 2. Forest plot for the meta-analysis of EDVI before and after surgery
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Studies Estimate (95% C.I.)

Di Donato (b) 2001 61.000 (34.092, 87.908) ]

Fujii 2004 31.000 (3.198, 58.802) n

Kokaji 2004 41.000 (22.939, 59.061) ]

Bove 2009 40.500 (30.298, 50.702) —

Tekumit 2010 32.800 (25.526, 40.074) —B—

Pocar 2010 29.600 (19.500, 39.700) —m

Cho 2012 59.700 (47.529, 71.871) [

Hwang 2014 15.600 (8.799, 22.401) ——

Kato 2015 56.000 (25.797, 86.203) ]

Overall (12=84.91 % , P< 0.001) 38.845 (28.123, 49.567) —_—
T ‘I T 1
20 4 60 80

0
Mean Difference

Fig. 3. Forest plot for the meta-analysis of EDVI before and one year after surgery

Dynamics of the left ventricle
end-systolic volume index

In the study, a meta-analysis of 10 publications was
conducted, which included 434 patients. A meta-analysis
of the difference in mean values of ESVTI in patients
was performed before and after surgery. According
to the data presented in forest plot (Figure 4), after
surgery, the final value of this indicator decreased
by 39.4 ml/m? (95% CI: 29.6-49.2, p < 0.001) with
significant heterogeneity (Tau? = 223.4; Q(df — 9) =87.6;
p < 0.001; I?2 = 88.6). The data displayed in forest
plot (Figure 5) indicate a reduction in ESVI before

surgery and one year after the surgical intervention by
35.15 ml/m? (95% CI: 27.4-42.6, p < 0.001), though
substantial heterogeneity was observed among the
studies (Tau? = 105.2; Q(df — 9) = 38.8; p < 0.001;
12 = 76.8). The results of the meta-analysis did not reveal
significant differences in the end-systolic volume index
between the measurements recorded one year after the
surgical intervention and those in the early postoperative
period (MD =-0.95; 95% CI: —4.6-2.74, p = 0.62). The
studies showed moderate heterogeneity (Tau? = 12.75;
Q(df -9) =15.7; p = 0.05; 12 = 49.2).

Studies Estimate (95% C.I.)

Di Donato (a) 2001 66.000 (56.589, 75.411) —B—

Di Donato (b) 2001 70.000 (46.605, 93.395) ]

Fujii 2004 27.000 (0.678, 53.322) -

Kokaji 2004 53.000 (37.508, 68.492) ]

Bove 2009 38.500 (31.072, 45.928) —l—

Tekumit 2010 16.100 (7.487, 24.713) —B—

Pocar 2010 28.200 (21.143, 35.257) —B—

Skelley 2011 29.700 (17.360, 42.040) — m

Hwang 2014 24.100 (14.567, 33.633) —m—

Kato 2015 52.000 (25.332, 78.668) »

Solowjowa 2022 40.800 (32.614, 48.986) ——

Overall (1*2=88.58 % , P< 0.001) 39.377 (29.550, 49.205) q—:_:;,
I ‘I T 1
20 40 60 80

Mean Difference

Fig. 4. Forest plot for the meta-analysis of ESVI before and after surgery
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Studies Estimate (95% C.I.)
Di Donato (b) 2001 60.000 (37.134, 82.8686)
Fujii 2004 31.000 (4.321, 57.679)
Kokaji 2004 47.000 (30.755, 63.245)
Bove 2009 36.700 (29.417, 43.983)
Tekumit 2010 20.800 (12.855, 28.745)
Pocar 2010 26.300 (18.700, 33.900)
Skelley 2011 40.100 (28.305, 51.895)
Cho 2012 44,800 (34.832, 54.768)
Hwang 2014 16.700 (6.380, 27.020)
Kato 2015 50.000 (23.607, 76.393)

Overall (1*2=76.81 % , P< 0.001) 35.149 (27.402, 42.896)

1 n
L
: =
e
u |
—i
=
| -
b i
»
<¢:—

Mean Difference

Fig. 5. Forest plot for the meta-analysis of ESVI before and 1 year after surgery

Dynamics of left ventricular ejection fraction

In the study, 11 publications were analyzed,
involving 657 patients. As shown in forest plot
(Figure 6), after the surgery, the final value of EF
significantly increased (p < 0.001) by 9% (95% CI:
6.6—11.4). Adopting the random-effects model, the
heterogeneity between the studies was significant
(Tau?=13.8; Q(df — 10) = 67.3; p < 0.001; I2 = 83.7).
Forest plot (Figure 7) presents data indicating that one
year after the operation, EF increases by 10.1% (95%

CI: 8.01-12.1, p< 0.001) compared to preoperative
levels. Heterogeneity was significant (Tau? = 6.7;
Q(df-10) =29.5; p < 0.001; 12 = 69.5). Through the
meta-analysis of EF, we studied the treatment
outcomes after surgery and one year post-operation.
No statistically significant differences in EF were
obtained (MD =-2.41; 95% CI: —4.9-0.072, p = 0.057).
Significant heterogeneity was observed between the
studied stages (Tau? = 7.39; Q(df — 11) = 19.6; p = 0.007;
12 = 64.2).

Studies Estimate (95% C.I.)

Di Donato (a) 2001 13.000 (10.5%90, 15.410) —B—

Di Donato (b) 2001 16.000 (10.773, 21.227) B

Fujii 2004 15.000 (4.214, 25.786) ]

Kokaji 2004 18.000 (12.595, 23.405) B

Bove 2009 8.000 (3.517, 12.483) =

Tekumit 2010 4.100 (2.266, 5.934) ——

Pocar 2010 7.800 (5.111, 10.489) ——

Skelley 2011 8.600 (5.357, 11.843) —

Hwang 2014 5.100 (1.641, 8.559) —a—

Kato 2015 5.600 (0.010, 11.190) =

Chen 2022 4.500 (1.584, 7.416) —a—

Solowjowa 2022 9.000 (6.477, 11.523) ——

Overall (1*2=83.65 % , P< 0.001) 8.999 (6.583, 11.414) c=:$:>
I ! T T T 1
5 10 15 20 25

Mean Difference

Fig. 6. Forest plot for the meta-analysis of EF before and after surgery
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Studies Estimate (95% C.I.)
Di Donato (b) 2001 12.000 (7.154, 16.846) =
Kokaji 2004 16.000 (12.943, 23.057) »
Bove 2009 12.000 (7.462, 16.538) .
Tekumit 2010 11.800 (8.763, 14.837) —B—
Pocar 2010 9.900 (7.035, 12.765) ——
Skelley 2011 10.300 (-1.585, 22.185) -
Marchenko 2011 6.000 (4.126, 7.874) ——
Cho 2012 8.400 (4.841, 11.959) —
Hwang 2014 8.600 (6.370, 10.830) ——
Kato 2015 7.100 (1.320, 12.880) B |
Overall (1*2=69.49 % , P< 0.001) 10.073 (8.009, 12.136) <>
T T T 1

5 10 15 20
Mean Difference

Fig. 7. Forest plot for the meta-analysis of EF before and one year after surgery

Dynamics of pulmonary capillary
wedge pressure (PCWP)

In this study, 4 publications were analyzed, which
described the results of examinations of a total of
348 patients. The main focus was on the change in the
PCWP indicator before and after surgical intervention.
For a deeper analysis, a meta-analytic assessment of the
differences in mean PCWP values in patients before and
after the operation was conducted. The results presented
in forest plot (Figure 8) demonstrate a statistically

significant (p = 0.001) overall reduction of this indicator
in the early period after surgery by 4 mmHg (95%CI:
1.6-6.3), with significant heterogeneity observed
(Tau?=3.6; Q(df — 3) = 8.13; p=0.043; 12 = 63.1). The
meta-analytic assessment did not reveal significant
changes in PCWP one year after the operation
compared to preoperative levels (MD = 3.4 mmHg;
95% CI:-0.74-7.5, p = 0.107). Significant heterogeneity
was noted among the studied parameters (Tau? = 9.32;
Q(df-2) = 6.6; p=0.037; 12 = 69.7).

Studies Estimate (95% C.I.) |
Di Donato (a) 2001 2.000 (0.651, 3.349) B EEm—
Di Donato (b) 2001 4.000 (0.554, 7.446) .
Kokaji 2004 7.000 (3.651, 10.349) : L]
Tekumit 2010 4.000 (-0.078, 8.078) -
Overall (1*2=63.13 % , P=0.043) 3.953 (1.571, 6.335) {3
T ‘\ T T 1

Mean Difference

Fig. 8. Forest plot for the meta-analysis of PCWP before and after surgery

Dynamics of changes in cardiac index
and stroke volume index
In this study, a meta-analysis of four scientific
publications was conducted, which described the
results of examinations of a total of 486 patients.
A meta-analysis of the difference in mean cardiac
index (CI) values in patients before and after the

20

operation was performed (Figure 9). During the meta-
analytic assessment aimed at identifying changes
in cardiac index, no significant changes were found
postoperatively compared to the preoperative period
(MD =-0.11; 95% CI: -0.23-0.01, p = 0.07). The
heterogeneity observed was moderate (Tau? = 0.007;
Q(df — 3) =5.5; p=0.14; 1> = 45.3).
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A meta-analysis of stroke volume index (SVI) based
on three scientific publications, including 312 patients
(Figure 10), revealed a reduction in this indicator in

the early postoperative period by 7.47 mL/m? (95%
CI: 5.7-9.2, p < 0.001) with insignificant heterogeneity
(Tau? = 0; Q(df — 2) = 0.315; p = 0.854; 12 = 7.47).

Studies Estimate (95% C.I.) L
Di Donato (a) 2001 0.000 (-0.116, 0.116)
Di Donato (b) 2001 -0.100 (-0.351, 0.151) il
Kokaji 2004 -0.200 (-0.464, 0.064) n
Solowjowa 2022 -0.210 (-0.359, -0.061) ]
Overall (1*2=45.29 % , P=0.140) -0.111 (-0.233, 0.010) ——
T T T T 1

04

03 02 -01 0

Mean Difference

Fig. 9. Forest plot for the meta-analysis of cardiac index before and after surgery

Studies Estimate (95% C.I.)
Di Donato (b) 2001 5.000 (-4.840, 14.840)
Hwang 2014 7.200 (4.022, 10.378)
Solowjowa 2022 7.700 (5.584, 9.816)
Overall (1*2=0 % , P=0.854) 7.467 (5.734, 9.201)

0

T T T T T
2 4 6 8 10
Mean Difference

Fig. 10. Forest plot for the meta-analysis of stroke volume index before and after surgery

Dynamics of Mitral Regurgitation

The study included 4 publications, with a total of
318 patients. A meta-analysis was performed to assess the
difference in mean MR values in patients before and after
surgery. As indicated by the forest plot (Figure 11), after
the surgery, the overall value of this parameter decreases
by 0.75 grade (95% CI: 0.25-1.25, p = 0.003). There
was great heterogeneity between studies (Tau? = 0.244;
Q(df — 3) = 68; p < 0.001; I?2 = 95.6), so we pooled
the data under the random-effects model. According

to the data presented in the forest plot (Figure 12), one
year after surgery, there was a reduction in MR by 0.62
grade (95% CI: 0.2—-1.04, p = 0.004) with significant
heterogeneity (Tau? = 0.25; Q(df — 5) = 81.5; p < 0.001;
2= 93.8). Additionally, one year after surgery, an increase
in MR by 0.2 grade (95% CI: 0.05-0.33, p = 0.009) was
observed compared to the early postoperative period, with
no heterogeneity observed among the studies (Tau?= 0;
Q(df — 2) = 0.043; p = 0.98; 12 = 0).

Studies Estimate (95% C.T.)
Tekumit 2010 0.700 (0.445, 0.955) — =
Pocar 2010 0.030 (-0.157, 0.217) —— !
Kato 2015 1.700 (1.315, 2.085) : =
Solowjowa 2022 0.660 (0.534, 0.786) —-
Overall (1"2=95.59 % , P< 0.001) 0.748 (0.247, 1.248) —_—
T . T T 1
0 05 1 15 2

Mean Difference

Fig. 11. Forest plot for the meta-analysis of mitral regurgitation before and after surgery
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Studies Estimate (95% C.I.)
Bove 2009 1.800 (1.256, 2.344) =
Tekumit 2010 0.500 (0.276, 0.724) -
Pocar 2010 -0.140 (-0.343, 0.063) ———
Marchenko 2011 0.200 (0.042, 0.358) ——
Cho 2012 0.200 (-0.086, 0.486) ——
Kato 2015 1.500 (1.065, 1.935) =
Overall (1*2=93.87 % , P<0.001) 0.620 (0.196, 1.044) —_— T T
T : T T 1
0 045 1 15 2

Mean Difference

Fig. 12. Forest plot for the meta-analysis of mitral regurgitation before and one year after surgery

Dynamics of NYHA Functional Class
in Heart Failure

This study analyzed data from 325 patients
presented in four publications. Meta-analysis allowed
for the assessment of the difference in mean NYHA
functional class values before and after surgery.
According to the results shown in forest plot (Figure 13),
after the operation, the overall value of this parameter
significantly decreases by 1.5 (95% CI: 1.28-1.72,
p < 0.001). Heterogeneity was significant (Tau? = 0.03;

Q(df — 3) =9.73; p = 0.021; 12 = 69.1). The obtained
results confirm the effectiveness of surgical intervention,
which contributes to the improvement of patients’
functional state. According to the data presented in the
forest plot (Figure 14), there was a reduction in NYHA
by 1.52 (95% CI: 1.3—-1.8, p < 0.001) before surgery
and one year after it, with significant heterogeneity
(Tau? = 0.08; Q(df — 5) = 35.35; p < 0.001; I> = 85.8).
This indicates an improvement in patients’ condition
that persists for a long time after surgery.

Studies Estimate (95% C.I.)

Kokaji 2004 1.620 (1.212, 2.028) n

Bove 2008 1.800 (1.407, 2.193) =

Tekumit 2010 1.500 (1.297, 1.703) ]

Solowjowa 2022 1.280 (1.160, 1.400) —J—

Overall (I*2=69.16 % , P=0.021) 1.495 (1.273, 1.717) e —
T T : T T 1
12 14 16 18 2

Mean Difference

Fig. 13. Forest plot for the meta-analysis of NYHA functional class before and after surgery

Studies Estimate (95% C.I1.)

Lee 2007 1.800 (1.545, 2.055) n

Bove 2009 1.800 (1.401, 2.199) ]

Tekumit 2010 1.460 (1.254, 1.666) n

Pocar 2010 1.460 (1.143, 1.777) ]

Marchenko 2011 1.100 (0.965, 1.235) —Jl——

Cho 2012 1.600 (1.367, 1.833) ]

Overall (1*2=85.85 % , P<0.001) 1.518 (1.264, 1.773) —_—
T T T ‘ T T 1
1 12 14 16 18 2

Mean Difference

Fig. 14. Forest plot for the meta-analysis of NYHA functional class before and one year after surgery

22

XUNPYPT A



Mamalyga ML. RUDN Journal of Medicine. 2026;30(1)

Postoperative mortality and one-year survival
after surgical left ventricular reconstruction
The meta-analytic assessment conducted to
study postoperative mortality includes 11 different
publications, analyzing a total of 951 patients. According
to the data presented in the forest plot (Figure 15),

the level of postoperative mortality was 5.4% (95%
CI: 3.8-7.1). There was great heterogeneity between
studies (Tau? = 8.6; Q(df — 10) = 1998.6; p < 0.001;
I?2 = 99.5), so we pooled the data under the random-
effects model.

Studies Estimate (95% C.TI.)

Di Donato (a) 2001 8.100 (7.841, 8.359) 1 B

Di Donato (b) 2001 4.200 (3.308, 5.092) ——

Kokaji 2004 3.300 (2.155, 4.445) —a—

Lee 2007 6.100 (5.148, 7.052) -

Bove 2009 13.000 (10.139, 15.861)

Tekumit 2010 5.900 (5.206, 6.594) .,

Skelley 2011 4.600 (4.127, 5.073) —-

Marchenko 2011 3.500 (3.191, 3.809) L 3 .

Cho 2012 1.600 (1.195, 2.005) - :

Hwang 2014 7.900 (7.060, 8.740) — -

Chen 2022 1.300 (1.016, 1.584) i} :

Solowjowa 2022 7.300 (7.054, 7.54¢) .

Overall (1*2=99.45% ,P<0.001) 5.448 (3.762, 7.133) {3}
T T : T T T T 1
2 4 ] g 10 12 14

Fig. 15. Forest plot for the meta-analysis of postoperative mortality

The study of patient survival after surgical left
ventricular reconstruction has provided fundamentally
important information about the mid-term outcomes
of this procedure (Figure 16). This research analyzed
eight scientific articles involving 788 patients who

Studies Estimate (95% C.I.)
Di Donato (a) 2001 0.980 (0.979, 0.981)
Kokaji 2004 0.930 (0.913, 0.947)
Tekumit 2010 0.909 (0.901, 0.917)
Pocar 2010 0.970 (0.959, 0.981)
Marchenko 2011 0.950 (0.946, 0.954)
Cho 2012 0.970 (0.904, 0.976)
Chen 2022 0.987 (0.984, 0.990)
Solowjowa 2022 0.827 (0.823, 0.831) -
Overall (1*2=99.88 % , P< 0.001) 0.940 (0.902, 0.979)

underwent the surgery. The results indicated that
one year after the surgical intervention, the survival
rate was 94% (95% CI: 90-98), with significant
heterogeneity (Tau? = 0.003; Q(df-7) = 6023.9;
p <0.001; 12 = 99.8).
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Fig. 16. Forest plot for the meta-analysis of patient survival one year after left ventricular reconstruction surgery
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Subanalysis of patients after surgical reconstruction
of the left ventricle using the Dor (or surgical anterior
ventricular endocardial restoration) technique

Surgical reconstruction of the left ventricle
using the Dor technique is one of the most frequently
performed operations in patients with complicated
forms of coronary heart disease. It should be noted
that the surgical anterior ventricular endocardial
restoration (SAVER) surgery technique described in
the literature has minimal differences from the Dor
operation, and in the English literature it is often
considered as an analog of the Dor procedure [9].
Therefore, in the meta-analysis, these types of surgical
ventricular reconstruction were considered in one group.
The subanalysis of patients who underwent surgical
reconstruction of the left ventricle is an important stage

Studies Estimate (95% C.I.)
Di Donato (a) 0.980 (0.979, 0.981)
Kokaji 0.930 (0.913, 0.947)
Tekumit 0.909 (0.901, 0.917)
Subgroup 1 (1*2=99.34 % , P=0.000) 0.940 (0.886, 0.994)
Pocar 0.970 (0.958, 0.981)
Marchenko 0.950 (0.946, 0.954)
Cho 0.970 (0.964, 0.976)
Chen 0.987 (0.984, 0.990)
Solowjowa 0.827 (0.823, 0.831) &
Subgroup 2 (1*2=99.91 % , P=0.000) 0.941 (0.876, 1.005)
Overall (1*2=99.88 % , P=0.000) 0.940 (0.902, 0.979)

in assessing the medium-term results of this surgical
procedure. A meta-analytical study conducted a detailed
assessment of a sample of patients who underwent
surgical ventricular reconstruction. During the study,
two groups were identified: group 1 patients underwent
only surgical reconstruction of the left ventricular using
the Dor procedure or surgical anterior ventricular
endocardial restoration (SAVER); Group 2 patients
underwent various surgical ventricular reconstruction
methods, depending on surgical expediency (Table 1).
The main purpose of the subanalysis was to assess
the survival rate of patients who underwent surgical
reconstruction of the left ventricular using the Dor
procedure or SAVER, compared with patients who
underwent various surgical ventricular reconstruction
methods, depending on surgical expediency.

|
—— i
—_—
e
k&
+
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1
T T * T 1
0.85 09 095 1

Fig. 17. Meta-regression analysis of patient survival in groups 1 and 2 one year after surgical reconstruction

The subanalysis was performed on the basis of 8
publications with a total of 497 patients. The results
of the studies did not reveal a statistically significant
difference between the groups by age, preoperative
EDVI, ESVI, EF, and NYHA class of heart failure.
In group 1, the degree of mitral regurgitation was
0.8 grade higher (95% CI: 0.28—-1.25) compared
to group 2 (p=0.002). There was no difference in
the number of shunts and coronary artery bypass
grafting operations in combination with surgical
ventricular reconstruction. The meta-regression
analysis of survival (Figure 17) did not reveal

24

statistically significant differences between the
two groups (p = 0.98).

The restoration of blood flow in hibernating areas
of the myocardium after surgical reconstruction of the
left ventricle and aortocoronary bypass leads to an
improvement in systolic function [9, 10]. Additionally,
reverse remodeling results in a reduction of hypertrophy,
volume of the left ventricle, and restoration of its
structural and geometric parameters. Since this
process takes several weeks to months, assessing the
patient’s condition in the mid-term period is particularly
important for predicting the clinical status of the patient.
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The results of the meta-analysis showed that the
increase in the ejection fraction after surgery was
9% (95% CI: 6.6—11.4). Moreover, these changes are
maintained throughout the first year. Thus, one year
after the surgery, no statistically significant differences
in EF were found (MD = 2.1; 95% CI =-0.21-4.4;
p=0.075) compared to the early postoperative period.
In the meta-analysis presented in the study by Ferrell
(2022), it was found that before the surgery, the
ejection fraction increased by 30% [28.8-31.2], and
in the early postoperative period, it increased by 40.9%
[39.4-42.4] [11]. Similar results were obtained in the
study by Dor et al. (2011), according to which, one
year after left ventricular surgical reconstruction, the
left ventricular ejection fraction (LVEF) increased
from 26% to 44% [28].

Unlike these data, the STICH (Surgical Treatment
for Ischemic Heart Failure) study provides important
information about the impact of coronary artery bypass
grafting on patients with ischemic cardiomyopathy [29,
30]. According to these results, in the studied patients,
the ejection fraction after surgery increased only from
21 to 27%. Apparently, the peculiarities of the surgical
strategy for patients with ischemic cardiomyopathy
indicated that coronary artery bypass grafting combined
with drug therapy in such patients was associated
with a higher risk of mortality within the first month
compared to the group receiving only optimal medical
treatment. The results of most studies have shown that,
after surgical reconstruction of the left ventricle, there
is a significant increase in ejection fraction. This is
due to a decrease in wall stress and an increase in the
contractile ability of the heart muscle following the
removal of scar changes and the restoration of the
elliptical shape of the left ventricle [31]. However,
when considering the long-term perspective, especially
in the 10-year interval, the results of the STICH study
indicate that the group of patients receiving coronary
artery bypass grafting combined with drug therapy
demonstrated higher survival rates compared to those
who underwent only medical treatment without surgical
intervention.

The study by Cleland J.G. et al. (2003) found
a positive effect of carvedilol on left ventricular ejection
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fraction. This is likely related to the improvement in the
function of both hibernating and ischemic myocardium
[32]. The use of carvedilol may serve as an important
alternative or adjunct to revascularization in patients
with hibernating myocardium. Similar results have been
observed with other beta-blockers. Their use contributes
to an increase in myocardial perfusion duration during
diastole and a reduction in heart rate, which creates the
conditions for reverse ventricular remodeling.
According to the results of the meta-analysis,
in 88.7% (95% CI: 81.5-95.9, p < 0.001) of cases,
coronary artery bypass grafting (CABG) was performed
simultaneously with left ventricle reconstruction. During
the CABG procedure, the number of bypasses averaged
2.5 (95% CI: 2.2-2.8, p < 0.001). Several studies have
highlighted the significant role of revascularization in
improving clinical symptoms and patient survival [14,
15, 17]. For instance, in the meta-analysis conducted by
Allman (2002), a strong correlation was found between
myocardial viability, assessed through non-invasive
testing methods, and improved survival of patients post-
revascularization [33]. The study involved 3088 patients,
with a mean ejection fraction of 32 + 8%. The follow-up
for these patients lasted an average of 25 + 10 months.
The results indicated that among patients with viable
myocardial regions, revascularization was associated
with a 79.6% reduction in annual mortality (16%
vs.3.2%, chi-square = 147, p < 0.0001). Furthermore,
a direct correlation was observed between the degree
of left ventricular dysfunction and the effectiveness of
revascularization (p < 0.001). All of this underscores
the necessity of assessing myocardial viability
before making decisions regarding revascularization.
Meanwhile, among patients without viable myocardial
regions, the mortality rate was intermediate.
According to the results of the study, there was
a reduction in mitral regurgitation of 0.75 grade
(95% CI: 0.25-1.25, p = 0.003) after the operation.
The decrease in MR before the surgery and one
year postoperatively was 0.6 grade (95% CI: 0.2—1,
p=0.004). In the meta-analytic assessment conducted
one year after the operation, an increase in MR of
0.2 grade (95% CI: 0.05-0.33, p = 0.009) was observed
compared to the early postoperative period. Surgical
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intervention on the mitral valve was required in 20.1%
(95% CI: 14.3-25.8, p < 0.001) of cases.

Mitral insufficiency is a common complication of
heart failure, occurring in 50% of patients. The degree
of mitral insufficiency directly correlates with patient
survival [9]. Mitral insufficiency can develop as a result
of dilation of the fibrous ring, prolapse of the mitral valve
due to left ventricular geometry alteration, and ischemic
dysfunction of the papillary muscles. In most cases,
patients with post-infarction left ventricular aneurysm
develop secondary mitral insufficiency, often referred
to as “functional.” In this case, the leaflets, fibrous ring,
and papillary muscles remain unchanged, but there is
inadequate coaptation or restriction of mobility. The
dysfunction of the papillary muscles, which leads to
their lateral displacement along with the posterior
lateral wall of the left ventricle, is often mentioned in
the pathogenesis of mitral insufficiency. Risk factors
contributing to the development of mitral insufficiency
include age, sex, previous myocardial infarction, extent
of myocardial infarction, recurrent myocardial ischemia,
and multivessel disease [9]. Currently, the question of
the appropriateness of performing mitral valve repair
in patients with moderate insufficiency remains a topic
of discussion.

According to the results of the meta-analysis, after
the surgery, the NYHA functional class decreased
by 1.5 (95% CI: 1.28-1.72, p < 0.001). One year
after surgical reconstruction of the left ventricle, the
NYHA functional class remained reduced by 1.5 (95%
CI: 1.26-1.8, p < 0.001) compared to the preoperative
level. This decrease indicates the effectiveness of the
surgical intervention aimed at improving the functional
status of patients and confirms that the achieved effect
is maintained for 1 year post-surgery.

Recent scientific studies have confirmed that
surgical reconstruction of the left ventricle can be an
effective treatment method for patients with ischemic
cardiomyopathy, which is characterized by severe
left ventricular dysfunction and the formation of
aneurysms. The application of this strategy leads
to a statistically significant improvement in left
ventricular ejection fraction (LVEF), a reduction in
functional class according to the New York Heart
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Association (NYHA) scale, and an increase in patient
survival [34].

A retrospective analysis by Williams et al.
demonstrated improvement in NYHA functional class
in patients with severe heart failure who underwent
left ventricular reconstruction. The results confirm the
safety and efficacy of left ventricular reconstruction,
both as a standalone procedure and in combination with
coronary artery bypass grafting (CABG). The choice of
the optimal surgical strategy depends on the individual
characteristics of the patient, the severity of heart failure,
the presence of comorbidities, and the anatomical
features of the left ventricle. It should be emphasized that
the need for left ventricular reconstruction is determined
using modern imaging techniques, such as multi-slice
computed tomography and cardiac magnetic resonance
imaging, which allow for detailed visualization of the
left ventricle’s anatomy and help determine the optimal
volume of surgical intervention. The postoperative
period requires careful monitoring and rehabilitation,
including medication therapy, physiotherapy, and
assessment of left ventricular function.

The meta-analysis of the survival of patients who
underwent surgical reconstruction of the left ventricle
of the heart provided clinically significant information
on the mid-term outcomes of this operation. The results
of the studies showed that one year after the surgical
intervention, the survival rate was 94% (95% CI:
90-98). The meta-regression analysis did not reveal
statistically significant differences in the survival of
patients undergoing surgical reconstruction of the
left ventricle using the Dor procedure or SAVER,
compared to patients who underwent surgical ventricular
reconstruction using other surgical approaches
(p = 0.98).

It should be emphasized that the prognosis for
patients with post-infarction left ventricular aneurysms
is largely determined by the baseline ejection fraction
value. In the Artery Surgery Study (CASS), it was
found that the 12-year survival rate for patients with
an ejection fraction of less than 35% receiving medical
treatment does not exceed 12%. In contrast, for patients
with an ejection fraction between 35 and 50%, this rate
is 54% [9].
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Limitations

A comparative analysis of data between patients
who underwent left ventricular reconstruction in
conjunction with coronary artery bypass grafting and
those who only had coronary artery bypass grafting
could not be conducted. The reason was the lack of
comprehensive information on this topic in scientific
research.

In this systematic review, publications were
analyzed regardless of the sample size of patients. The
number of participants ranged from 14 to 207. It is
possible that if we had limited the minimum number
of participants, the results could have been different.
Furthermore, one of the limitations can be considered
the selection of studies in which patient observations
were conducted for at least one year.

In the future, it seems reasonable to conduct a more
detailed study of mitral valve surgeries, as well as to
evaluate the effectiveness of different surgical methods
for left ventricular reconstruction.

Conclusion

The meta-analysis showed that one year after
surgery, survival rates are 94%, with statistically
significant increases in ejection fraction and decreases
in functional class of heart failure according to the
NYHA scale. The studies did not reveal significant
differences in patient survival and clinical outcomes
one year after operations performed using different
surgical methods. The results indicate the effectiveness
of left ventricular surgical reconstruction, providing
prolonged improvement in patients’ functional status.
However, it should be noted that there was significant
heterogeneity among the studies.
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AnHoTanusi. AkmyanbHocmb. [locTrH(apKTHas aHeBpH3Ma JIeBOTO JKeTy/l0uKa 3HaUMTelbHO CHIDKAeT MPOI0/DKUTETbHOCTh
Y KaueCTBO >KU3HU TNAL[eHTOB. Pe3y/ibTaThl CpaBHEHHs pa3HBIX CTIOCOOOB XUPYPruyeCKoro BOCCTAHOB/IEHHS JIEBOTO JKeTyJ0uKa
HeoZIHO3HAUHBI ¥ HePeJKO MPOTHBOPEUMBEI, UTO YCIOKHsIET BEIOOP 3)(eKTHBHOM CTpaTeryuy JieueH!s: M BO3MOKHOCTb 0OBEKTHBHO
OL|eHUTh NIePCTeKTHBY BbDKMBAaEMOCTH TaKUX MaryeHToB. Llenb MeTa-aHam3a — OLleHWTb BEDKMBAEMOCTh MAljeHToB yepe3 1 rog
TI0CJIe XMPYPrUudeCcKoil PeKOHCTPYKLIMH JIEBOTO >KeJTy/|0uKa, OTpe/iesuTh (PYHKIMOHAIBHBIN K/1acC Cep/ieqHON Hel0CTaTOuHOCTH
1 U3y4uuTh MOp(O-QyHKIMOHAIbHbIE XapaKTePUCTUKHY Ccep/ilia. BBITTOTHUTE CPAaBHUTE/bHBIN aHa/In3 pe3y/bTaToB MeTa-
aHaJIMTHYeCKOM OL|eHKW BbDKMBAE@MOCTH TaljUeHTOB I10C/Ie XUPYPruieCcKoil peKOHCTPYKIMH JIEBOTO JKeTyZi0uKa 10 MeTOJHKe
DOR (SAVER), B coniocTaBneHuu € ApyTMMH MeTOJaMu JieueHust. Mamepuanbl u Memoodbl. B pesynbrare crucTeMaTnyeckoro
TIOMCKa 10 /IBYM CIIeljuanu3rpoBaHHbIM 6a3am gaHHbIX (PubMed, Google Scholar) oro6pano 1875 crareii. B okoHuaTenbHbIN
aHa/m3 ObLI0 BK/IFOUEHO 15 uccienoBanuii. O6Iijee KOJIMUECTBO MALMEHTOB B 3TUX MCC/IeI0BaHUsIX coctaBuwio 1089. B mensx
00BEeKTUBH3ALMHY OLIeHKH 3P (eKTUBHOCTH Pa3HBIX XUPYPrudeCKUuX Moaxo0B Oblio chOPMUPOBAHO [iBe TPYIIIBI MaljieHTOB.
B nepBoif — npoBoAMIack TOMBKO XUPYypruyeckasi peKOHCTPYKIIHSI JIEBOTO >KeTy/jouka 1o MeToZivKe [Jopa miu omneparust
SAVER (surgical anterior ventricular endocardial restoration); BoO BTOpoil — NPUMEHSUIChH U IPyTHe MeTO/[bl XUPypPryudeCcKoi
PEKOHCTPYKLMH JIEBOTO >Key/J0UKa, B 3aBUCUMOCTH OT XUPYPrivecKol 1jenecoobpasHoCcTu. Pe3yibmambt u 0bcyscdeHue. CpeHuii
BO3pacT 00C/e/[0BaHHBIX MaLeHToB coctaunt 62.1 (95% CI: 60.2-64.1) roga. B ucciegoBanyy npuHUMaiy yuactre 56% (95%
CI: 42—69) my>kunH. AHeBpHU3Ma Iepe/jHel JIoKaiu3alyu BcTpedanacsk y 87% (95% ClI: 74-99) nauuenTtoB. CpeziHee 3HaUeHHe
EuroSCORE coorBerctBoBaso 9.7% (95% Cl: 7.3-12.1). [lo onepanyu y MarjiieHTOB OTMeuasICsi BHICOKHM (DYHKIMOHATbHBIN
KJacc cepgeuHoi Hegocraroynoctu 1o NYHA [3 functional class (95% CI: 2.82-3.1)], Hu3kas ¢pakmust BLIOpoca JeBoro
enynouka [31.3% (95% CI: 29.2-33.3)], pacummpenue nonocted cepaa [EDVI— 131.7 mL/m? (95% CI: 113.1-150.2)]. Merta-
aHa/M3 pa3sHOCTH CPeJJHMX 3HaueHHH (HpakIyy BEIOpOCa y TIALMeHTOB [0 U Yepe3 1 Tof IocCie orepanyy CBH/IeTeTbCTBYET O ee
nioBbienny Ha 10.1% (95% CI: 8.01-12.1, p < 0.001). MeTa-aHanmi3 pasHocTy cpefnux 3HaueHnit EDVI u ¢yHKIMOHansHOTO
KJ1acca cepieuHol Hegloctarounoctu o NYHA y marueHToB /10 v uepe3 1 rofi rocJie ornepaijuy rnokasaj CHkeHve Ha 38.8 mi/m?
(95% CI: 28.1-49.6, p < 0.001) n 1.52 (95% CI: 1.3-1.8, p < 0.001) cooTBeTcTBeHHO. BbI80ObI. MeTa-aHanmu3 1okasaJi, uTo yepe3
TOJI TIOCJIe OTIeparii BEDKUBAEMOCTh cOCTaBsisieT 94%, TP 3TOM CTaTUCTHUECKU 3HAUMMO yBeluurBaeTcs Gpakius BeiOpoca
Y CHWKaeTcsl (DyHKIMOHAIBHBIN K/acc cep/ieuHor HeZocTaTouHOCTH 110 1mKane NYHA. ViccnemoBaHust He BBISIBUIM 3HAUMMBIX
pas3nurii BBDKMBAaeMOCTH MajeHTOB U UX KJIMHAYeCKUX Pe3y/IbTaToB Yepe3 rof Mocje orepawyii, BbITOJHEHHBIX Pa3HbIMU
XUPYprudecKUMH MeTofamu. [TosryueHHbIe pe3y/bTaTbl CBUETeTbCTBYIOT 00 3¢ (eKTHBHOCTH XUPYPriuuecKoi peKOHCTPYKLMH
JIEBOTO JKeTyZouKa, obecrieurBarolieli IPOJIOHTMPOBaHHOe yiyullleHHe (hyHKL[MOHA/IBHOTO COCTOSTHUS TlaleHToB. OJHaKOo
HeoOX0JMMO OTMETHUTB, UTO MEXKY UCC/Ie/J0BaHUsIMU HabJTF0ianach 3HaUUTe/IbHas TeTepOreHHOCTb.

KinroueBsble ci1oBa: [ToctrHdapkTHast aHeBpr3Ma JIEBOTO JKemy/i0uKa, XMPyprudeckasi peKOHCTPYKLIVS JKeJTyZioukKa, orepariys
[lopa, 5H/|0BEHTPHKY/IOI/IACTHKA, CpejHeCPOUHast BBDKHBAeMOCTh

Nudopmanusn o punancupoBanun. VccnenoBanue He nMesio pMHAHCOBOM MOAEPIKKH.
Hudopmanys o KOHGIMKTe HHTepecoB. ABTOD 3asiB/isieT 00 OTCYyTCTBUH KOH(IMKTOB UHTEPECOB.
JTHYeCKOoe yTBep>K/eHHe — HelprMeHHMO.

biarogapHoCcTH — HENpUMeHHMO.
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XupypruquKaﬂ TaKTUKa npu TAXeNnoun TpaBMeé U O6MOpO)KeHI/IFIX
B NMNOJIAPHbLIX permoHax B yCanoBuax orpaHu4eHHbIX pecypcoB

T.A. CKypsiaroB' 2 >

I IHCTUTYT KMHUUYeckol MeaunivHel uM. H.B. Ckmdocosckoro, [1epBbiii MOCKOBCKHUI roCyapCTBeHHBIN MeJULIMHCKUN
ynauBepcuteT uMm. .M. CeueHoBa, 2. Mockaa, Poccutickas ®edepayus
2 CtaHL[Ms CKOPOU M HEOT/IOXKHOHM MeurnHcKon oMoty um. A.C. ITyukoBa, e. Mockea, Poccutickass @edepayust
< timofey.skurlatov@gmail.com

AnHOTammA. AkmyaibHocmb. TsbKerast TpaBMa 0CTaeTCst OAHOM M3 BeYIIMX ITPUYMH NIPeIOTBPaTUMON CMepPTH B MHpe.
B ycnoBusix pa3BuToii HH(PACTPYKTyphl CTaHZAPTOM SIB/ISIETCS PAHHEe BBIIOJHEHHEe OKOHUATeTbHOT0 XUPYPIrUyecKkoro BMe-
11aTeIbCTBA B CIelMai3upOBaHHOM IeHTpe. B yaaneHHbIX apKTUYeCKHX TI0Ce/IeHNsIX, Ha MOJSIPHBIX CTAaHLMAX U Cyflax Takast
CTpaTervisi HeJOCTYDKUMA M3-3a JleprIrTa pecypcoB, OTCYTCTBHS CIIEL{MaIMCTOB U 3a/lepKeK 3BaKyalliH, T03TOMY XUPYpT Y Bpau
0011[eli IPAaKTHKH BbIHYK/|eHbI IPUHAMAaTh KPUTHUECKHE PelLleHus], OT KOTOPBIX HaNpsMYIO 3aBHCSAT UCXO/bI iedeHus. Llenb.
OO600LUTE MeXIYHAPOJHBIM OIBIT OKa3aHUsI XUPYPTrUUeCKOM MOMOILH [P TSDKEIOW TpaBMe ¥ 0OMOPO)KEHHSIX B MOJISIPHBIX
pervoHax, MpoaHaJTu3upOoBaTh NMpuUMeHeHHe MPUHIUIIOB damage control surgery/damage control resuscitation (DCS/DCR)
u prolonged field care (PFC) B ycoBusix orpaHUeHHBIX PeCyPCOB, a TAK)Ke ITOKa3aTh POJIb TelleMeIUI[UHbBI U COTPYAHUYeCTBa
B MOJ/IeP>KKe XUPYPrudecKux peleHnid. Mamepuabl u MmemoObi. [IpoBeJieH HappaTHUBHBIH (Scoping) 00630p UTepaTyphbl
3a 1990-2025 rr. o 6a3am PubMed/MEDLINE, Embase, Scopus, PUHIL] u Cochrane Library, a Tak>xe 10 HaljHOHa/IbHbIM
PYKOBOZCTBaM 110 BOEHHOM, MOJIEBOM U MOJISIPHOM MeuIuHe. Bkmovanick mybmikauy no DCS/DCR/PFC, nonsipHOH XUpypruu,
00OMOpO’KeHUsIM, IBaKyaluH, TeJleMeULFHe U OpPraHu3aliy MeIULIMHCKOM MOMOILY B APKTHKe U AHTapKTHKe. Pe3yibsmamal
u obcyacdeHue. TTokasano, uto npuHOunel DCS/DCR, copMUpoBaBLIecs B BOBHHOM XUPYPIryH, aJalTUPYeMbI K MOISPHBIM
YCJIOBUSIM U TIO3BOJISIFOT MO3TAITHO BECTH MALMEHTOB C TSDKEJIOW TPaBMOU U 0OMOPOKeHUsIMU TIPH [I/TUTE/TBHOM 3BaKyarun
U fedunute pecypcoB. KimoueBbIM CTaHOBUTCS BLIOOD MecTa ¥ 00bEMa BMeLIaTe/IbCTBa C yYeTOM JIOTUCTHKH, BO3SMOKHOCTeN
aHeCTe3HOJIOTHH ¥ PeaHUMaLliH, COCTaBa KOMaH/Ibl M PUCKOB 3BaKyalliH B CI0XKHBIX MeTeoyc/IoBHsiX. ODOCHOBaHa KOHLIEMLINS
“IIONIIPHOTO XUPYPrUUeCKOT0 MOAY/Isi” KaK KOMITAKTHOTO aBTOHOMHOTO OTeparjiOHHO-peaHnMariMOHHOTO 0J10Ka, a TakkKe
OTTMICAHBI MTOAXOABI K COPTUPOBKE ¥ XUPYPruueCcKoi TaKTHKe MPH 0OMOPOXKEHHUSIX B YCIOBUSIX IJTUTE/TBHOMN U30/ISLIMH. Bbl8oObl.
[MosTanHast TakTHKa JieueHus: TpaBMbl ¢ ipuMeHeHrneM DCS/DCR/PFC B Mo/sipHbIX PerroHaX M03BOJISIET COIIACOBaTh 00BEM
orepaLyy C peajbHbIMK PeCypCaMy U 3BaKyallMOHHBIMK BO3MOKHOCTSIMH, CHUKasl PUCK (paTasibHBIX 0C/IoxKHeHHH. O6001IeHHbIA
OTTBIT BOEHHO-TIOIEBOM W TIOMSIPHOM XUPYPTrUM MOXKET MCTI0/Ib30BaThCs MPU Pa3pabOTKe TIPOTOKOJIOB MOMOILIH TIPH TSKeJIOH
TpaBMe B CeBepHBIX perrMoHax M (JOPpMHUPOBAaTh 3afies /sl AaJbHeNIINX NCC/IeZlOBaHUM TPaBMbl B BLICOKOTOPHBIX palloHax
Y TIePCIIeKTHBHBIX KOCMUYeCKUX MUCCHSIX.

© Ckypnaros T.A., 2026
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Surgical strategy for severe trauma and frostbite
in polar regions under limited resource conditions

Timofey A. Skurlatov'? >

1 Sklifosovsky Institute of Clinical Medicine, I.M. Sechenov First Moscow State Medical University (Sechenov University),
Moscow, Russian Federation
2 A.S. Puchkov Moscow Ambulance and Emergency Medical Care Station, Moscow, Russian Federation
< timofey.skurlatov@gmail.com

Abstract. Relevance. Severe trauma remains one of the leading causes of preventable death worldwide. In well-resourced
systems, early definitive surgery in a specialized trauma center is the standard of care. In remote Arctic settlements, polar stations and
ships, this approach is often unattainable because of limited equipment and personnel, lack of specialists, and prolonged evacuation
delays; therefore, a surgeon or general practitioner must make time-critical decisions that directly determine outcomes. Aim: To
summarize international experience in surgical care for severe trauma and frostbite in polar regions, analyze the applicability of
damage control surgery/damage control resuscitation (DCS/DCR) and prolonged field care (PFC) in resource-limited settings, and
outline the role of telemedicine and inter-facility collaboration in supporting surgical decision-making. Materials and methods.
A narrative (scoping) review of the literature (1990-2025) was performed using PubMed/MEDLINE, Embase, Scopus, RSCI,
and the Cochrane Library, as well as national and institutional guidelines on military, field, and polar medicine. Publications
addressing DCS/DCR/PFC, polar surgery, frostbite, evacuation, telemedicine, and organization of medical care in the Arctic and
Antarctica were considered. Results and Discussion. Principles of DCS/DCR, originating from military surgery, are adaptable
to polar conditions and enable staged management of severe trauma and frostbite when evacuation is delayed and resources
are scarce. Key determinants include selecting the location and extent of intervention with respect to logistics, anesthesia and
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critical care capacity, team composition, and evacuation risk in adverse weather. The concept of a “polar surgical module” is
justified as a compact autonomous operating and critical care unit; approaches to triage and surgical tactics for frostbite during
prolonged isolation are also discussed. Conclusion. A staged strategy using DCS/DCR/PFC in polar regions aligns operative
scope with real resources and evacuation capabilities, reducing the risk of fatal complications. The synthesized experience from
military-field and polar surgery can inform protocols for severe trauma care in northern regions and provide a foundation for
further research in high-altitude environments and prospective space missions.

Keywords: severe trauma, frostbite, polar regions, surgical management, damage control surgery, damage control resuscitation,
prolonged field care, combat-related trauma, evacuation, telemedicine, polar medicine
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BeeneHue

TspKesast TpaBMa OCTaeTCsl OHOM M3 BeyILMX MPU-
YKH TPe/I0TBPaTUMOUN CMEPTHOCTH B MMPHOE Y BOEHHOE
BpeMsi. B k/1accrueckoit Mozien TpaBMaro1oruuecKou
TIOMOIIIY K/TFOUeBBIM CUMTAETCsl KaK MOYKHO Ooriee paH-
Hee BbITNIOJTHEHNe OKOHYaTeIbHOr0 XUPYpPruyeckoro
BMelldTe/IbCTBA B YC/JIOBUAX XOPOLIO OCHAIlleHHOI'O
craumoHapa. O/lHaKo B CUTyaLUsiX OrpaHUYeHHBIX
pecypcoB — Ha TeaTpe BOEHHBIX JelCTBUM, B U30-
JIMPOBaHHBIX apKTUUeCKUX TOCeKax, Ha MOJISPHbIX
CTaHLUAX U Y/id/IEeHHBIX OCTPOBAX — TdKad CTpaTerus
Hepe/IKO OKa3bIBaeTCsl HEBLITIOJIHUMOM: CPOKH 3BaKy-
dllH UCUNC/IAOTCA YaCaMU U CYyTKaMH, BO3MO>XKHOCTH
aHeCTe3U0JIOTUU Y peaHUMal|ui OrpaHuueHbl, a OJUH
XUPYPr WK Bpau 00111eil MpaKTUKU BBIHYKZEH TpH-
HHMarThb pelleHUs], OT KOTOPbIX HarpsiIMyl0 3aBUCST
ucxogel [1-7].

SURGERY

OTBeTOM Ha 3TH BbI30BbI CTasia KOHLEMLHMS 103~
TaITHOTO JieueHusi TpaBMbI C UCIO/b30BaHWeM damage
control surgery (DCS — xupyprust KOHTPOJIsl TOBPEeX-
nenuit), damage control resuscitation (DCR — peanu-
Maryst KOHTpOJIsI TIoBpeskaeHui) v prolonged field care
(PFC — nipo/ioHrMpoBaHHOe T0JIeBOe BefieHue). JTU
TIOZIXO/Ibl ODUEHTUPOBAHbI HA PaHHMI KOHTPOJIb JKU3He-
YTPOXKarOLIMX HapylleHW! 1 BbINOTHEHHe MUHUMA/bHO
[IOCTaTOUHOTrO 00bEMa BMelllaTeTbCTBA Ha KaXK/[OM
YPOBHE C MOC/eAYIOLIMM [TepeEHOCOM OKOHUYAaTeTbHOU
XUPYpPruu B 6osiee TIOATOTOB/IEHHBIN CTaLMOHAp [2—4,
8-11].

OTpe/bHBIN M/1aCT JaHHBIX 10 OKa3aHUI0 MTOMOLLA
B YCJIOBHUSIX JJIUTEBHOW U30/SILUY U OrPaHUUYEeHHOU
9BaKyal[iu Tpe/icTaB/ieH B paboTax, MOCBSIeHHbIX
XHUPYPruvyecKruM C/iyyasiM U OpraHu3aluy MeJuLuH-
CKOU TIOMOIIYA Ha @aHTaPKTUYeCKUX CTAHLUSIX, BK/TFOUast
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TesleMeJULIMHCKY!O ITO//IeP)KKY U ONMCaHHble KelChbl
camomnomoiiy [12—15]. Opranv3aijioHHbIe U TaKTUUe-
CKHe acTieKThl MeIUIIMHCKOTO obecrieyeHus, a TakKe
otleHKa 3(h(heKTUBHOCTH BOEHHO-Me/TUITUHCKUX CUCTEM
Y MO XOZI0B K JI0rOCIIUTAa/IbHON ITOMOLLY TIPU COBpe-
MEeHHbBIX KOH(JIMKTax JOMO/HSAOT PAMKY MPUHATHUS
pelleHnH B YC/IOBUSIX OTPaHUYeHHBIX pecypcoB [16-18].

ApkTHKa 1 AHTapKTHKa MpeCTaB/Is0T CoO0M
rpeziesIbHbIM BapUaHT TaKOW CpeJbl: KpaliHe HU3Kasi
MJIOTHOCTh HacCeJieHHs, C/I0)KHble KIMMaTuyeCcKue
YCJIOBUS, 3aBUCUMOCTb OT aBUALMOHHOU 3BaKyaLju1
Y JIIMTe/TbHbIe Tepuo/ibl (haKTUUeCKOU U30/SLIMU coYe-
TaIOTCS C IIMPOKKUM CIIEKTPOM MaTO/I0IUH — OT TPaBM
1 0OMOpOKeHHH /10 HEOT/IOXKHON ablOMHUHA/TbHOMN
Y rHOMHOM xupypruu [19-27]. [1pu geduriute npo-
(UIBbHBIX CHELUATUCTOB U OTPaHUUEHHOM aHecTe-
3HM0JIOTMYeCKOM obecrieueH UMEHHO TaKTHueCKUN
BbIOOD — «BBITIOIHUTH OTPAHUUEHHOE BMEILaTe/IbCTBO
Ha MeCTe» WJIN «CTabu/IM3upoBaTh U 3BaKyHpOBaTh» —
CTAaHOBUTCS LIeHTPa/JbHOM 3aJadeli MoJSIpPHOr0 XHU-
pypra.

Hecmotpsi Ha Ha/mure 0630pOB 110 BOEHHOM TpaBMe
Y MeJULIMHCKOMY 00eCIieyeHHIO TIO/ISIPHBIX PErMOHOB,
BOIPOCHI XUPYPriyeCKOi TAKTUKHU MPHU TSDKEJION TpaBMe
1 00OMOpOYKEHUSIX B MOJISIPHBIX PErHOHaX, BLIOOP 00b-
éMa BMelIaTebCTBA U OpPraHU3allMOHHBIX MOZesei
TIOMOLIIM Yallle BCero paccMaTpyBaroTcs parMeHTap-
HO. [IpaKTuKyroieMy XUpypry TPyAHO COMOCTaBUTh
OIBIT pa3HbIX CTPaH U MOHATh, KaKHWe 371eMeHThI
MOJKHO MPSIMO TIePeHEeCTH B ero peanbHOCTh [1-4,
19-32]. Hacrosiuii 0630p aZipecoBaH XUpypram,
aHeCTe3uo/I0raM-peaHrMaro/ioraM v BpauaM CKOpPOM
TOMOLI[M, pabOTarOLMM WM TJIAHUPYIOIIUM pPaboTy
B YCJIOBUSIX OTPAHUUEHHBIX pPeCypCOB.

Ilesb HacTosAIEr0 0030pa — 0000IIUTE MEXIY-
HapO/JHBIN OMBIT OKa3aHWsl XMPYPruuecKor oMol
TIPY TSKEJIOW TpaBMe M 0OMOPOXKeHUSIX B TIOSIPHBIX
pervoHax, MpoaHaIu3upOoBaTh NPUMeHEeHYe PUHLIMIIOB
DCS/DCR/PFC B yc/10BUSIX OTpaHUYEHHBIX PeCYPCOB,
a TaK)Ke M0Ka3aThb POosb TeleMeJULIMHbI U MeXXYHapOZ-
HOI'0 COTPYAHUUYEeCTBA B MOAep>KKe XUPypruyecKnx
peLLeHUIi: BBIMO/IHATh OrPaHUUEHHOEe BMeLlaTeIbCTBO
Ha MeCTe UM CTPEMUTBHCS K MaKCUMa/lbHO paHHeKn
sBakyaiuu [1-18, 23-27].

34

Matepuanbl n metogbl

[TpoBeseH HappaTHBHLIH (scoping) 0630p /uTe-
patypsl 3a riepuoz, 1990-2025 rr. [ToMCcK BBINOTHAICA
B 6a3ax PubMed/MEDLINE, Embase, Scopus, Cochrane
Library u PUUHLI, a Take 10 CIIMCKaM JIUTepaTypbl
B K/TFOUEBBIX 0030pax U PyKOBOZCTBAaX IO BOEHHOM,
TI0/1eBOM U TOJISIPHOW Me/IULIMHe U TesleMe/iuLiviHe [1-7,
12, 15, 18, 20-23, 26, 28-33]. [lonoMHATEeTLHO yUTeHbI
PYKOBOZCTBA U IOKTPHUHA/IbHBIE JOKYMEHTHI [10 Me/IN-
LIUHCKOMY 00eCIieueHHI0 COBPEMEHHBIX BOOPY>KeHHBIX
KOH(JIMKTOB 1 OIepaLyii B yC/I0BUSIX OrpaHUUeHHbIX
pecypcos [1-6, 8, 9, 16-18, 23-25], a TakKe MaTepuarbl
HAL[MOHA/IbHBIX aHTaPKTUYeCKUX ITPOrpamMM 1 paboThbl
no meguivHe Kpaiinero Cesepa [12, 15, 2022, 28-32].

B 0630p BK/TIOYAICH:

e MeXX/yHapOJHble 1 HallMOHa/IbHbIE PYKOBOZCTBA
T10 BOEHHOM U I10J/IeBOM XUPYPrUH, a TAK)Ke 110 KOHL|ell-
uusm DCS/DCR/PFC [1-11, 16-19, 23-27];

e paboThl IO OpraHU3aly MeAULIMHCKON U XU-
pypruuyeckoyr momMouid B ApKTHUKe U AHTapKTHKe,
Ha yJlaJleHHBbIX OCTpPOBax u cygax [12, 15, 20-22,
28-32];

e nybOnUKaIK o TesleMeJULIMHe U YBaKyarjuu
B MOJISIPHBIX pervoHax [13, 30-34];

e UCC/e[jOBaHUs 110 0OMOPOKEHUsIM U IPYyTUM
XOJIOZIOBBIM MOPa’KEHHUsIM, BK/IH0Yast laHHbIE TIOMSIPHBIX
9KCTeIULUN U aHTapKTUUYeCKUX CTaHLui [2—4, 8—11,
20-22, 28-32, 35-40];

e KJIMHWYeCKHe Hab/oieHnsl U CepyH CTyyJaeB,
OTpa’karolLjiie peasibHble CLieHapUH MOJISIPHOW XUPYPruu
Y ITUTe/IbHOM 3BaKyaumu [12-15, 22, 28-32, 34].

[ToucK MPOBOAMIICS C UCTIOIB30BaHUEM KOMOU-
HalMl K/II0OUeBBIX CJI0B Ha aHIVIMMCKOM U PYCCKOM
sA3bIKax: severe trauma, damage control surgery,
damage control resuscitation, prolonged field care,
frostbite, cold injury, polar medicine, Arctic, Antarctic,
evacuation, telemedicine, austere environment, 1o-
JIIpHas MeJWLIMHA, APKTUKa, AHTapKTHKa, TsKeslast
TpaBMa, 0OMOpOKeHHUs], TejileMe/IULIMHa, IBaKyaLus
u ap. [1-18, 20-34].

OcCHOBHOe BHHMaHHUe yZe/siioCh MyOnuKaLusm,
COJlep>KallM JJaHHbIEe O CTPYKTYPe TPaBMbl, 0COOEHHO-
CTsAX 0OMOPOYKEeHHI, BOSMO>KHOCTSIX XUPYPriUueckoro
BMelllaTe/bCTBA Ha Pa3HbIX YPOBHSX MeJULIMHCKON
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TIOMOILI[H, a TaKXKe (haKTopaM, BJIUSIFOILIMM Ha XUPYPIU-
YyeCKoe pellieHre: CPOKU U Criocob 3BaKyariuu, OCHa-
IIIEHHOCTh YUPeXXIeHUM, OTbIT KOMaH/[bl, JOCTYITHOCTh
TesieMe/IUIIUHbI U MTHTeHCUBHOM Teparmu [12—15, 2022,
28-32, 34].

BoeHHO-Nonesas xmMpyprua u KoHLuenwuuu
DCS/DCR/PFC

IBomonusa damage control surgery u damage
control resuscitation

Konnerust damage control surgery (DCS) 6bi1a
chopmynupoBana B Hauae 1990-x rT. Rotondo u coasT.
KaK OTBeT Ha BBICOKY!O J1eTa/IbHOCTb ITPU S3KCTPEeHHbBIX
BMeLlIaTeNbCTBaX y MaLeHTOB C MaCCHBHOM KPOBOIIOTe-
peli U BbIpaykeHHOM Koaryrornatveit [2]. OcHoBHast uziest
3aKJTFOUaiach B BBITIOJTHEHUM OTPAHUYEHHOT0 00BEMa
oreparLyy, HalpaBJIeHHOTO Ha OBICTPBIM KOHTPOJIb
KPOBOTEUEeHUs U 3arpsi3HeHus1 (KOHTPOJIb UCTOUHUKA),
C HaMepeHHbIM 0TKa30M OT HeMe/IJIeHHOTO BOCCTaHOB-
nenusi aHatomud. [Tocse crabunu3anyy B OT/AeeHUN
peaHuMaLU U KOPPeKLMY TMII0TePMUH, KOaryJsiornaTuu
Y aLu/i03a MPOBOAWIICS BTOPOM 3Tall — OKOHYaTe/IbHast
PEKOHCTPYKTUBHasi Xupyprusi [2—4].

[TapannenbHO pa3BrBanach KoHLenus damage
control resuscitation (DCR), opueHTHpOBaHHasi Ha paH-
HIOI0 TeMOCTaTUUeCKYH0 pecyCLUTaLu0, MUHUMU3a-
L[MI0 KPUCTA/IZIOU/I0B, TIPULIe/IbHOE UCII0/Ib30BaHUe
KOMIIOHEHTOB KPOBU M KOPPEKLIMIO Koarysonatui [ 3, 8,
13, 14]. B ganpHeMIIeM 3TH MOAXO0/bI ObLT UHTErPH-
poBaHbI B pykoBozcTBa Joint Trauma System u Tactical
Combat Casualty Care (TCCC) u cTasu 0CHOBOMU
CTaH/lapTU3MPOBaHHbBIX aITOPUTMOB [10TOCIUTATbHON
Y TOCIUTAa/IbHOM TTOMOLLY TIPU TsKeslol TpaBMe [8,
11-13, 17].

DCS/DCR cmeCcTWI1 akLeHT C MOMbITKU «Heaslb-
HOW» OJJHOMOMEHTHOM Oornepalyuy Ha KOHTPOJIb (13-
0JI0TMH (KpOBOTeYeHHs], KoaryJsonaryuu, TurnoTepMun)
" «pa3buieHne» XUPypPryuy Ha JjBa JTara: criaceHue
JKU3HU U NTOC/IeIYIOLYH0 PEKOHCTPYKLMIO. B rossp-
HBIX YCJIOBUSIX UMEHHO 3Ta JIOTMKa — MUHUMAaJ/IbHO
[,0CTaTOYHOe BMeLlaTe/IbCTBO BMeCTO MOJIHOTO, HO PU-
CKOBAHHOT'0 — OKAa3bIBAeTCsl KpPUTUUYECKH BaXKHOM.

SURGERY

1.2. Prolonged field care u onbiT
COBpPeMeHHbBIX KOH()/IUKTOB

B coBpemeHHbIX KOH(MKTax (AdranvcraH, Vpak,
orepaLuy CrielyanbHbIX CHJT) Ha MepBbli M/1aH BbIILIA
npo6siema prolonged field care (PFC) — curyarum,
KOI/ja TsDKeJIO paHeHbI MalMeHT BbIHY>KAeH HaXOAUTbCS
B YCJIOBUSIX OTPaHMUEHHBIX peCypCOB MHOTHE Yachl
1o 9Bakyatmu [9, 10, 12]. ITpununel PFC BktouatoT:

® TIPUOPUTET KOHTPOJISI KPOBOTEUEHUs U JibIXa-
TesbHbIX MyTew;

e paHHee [pUMeHeHNe reMOCTaTHueCKUX CPe/iCTB
Y TpaHC(y3UM KPOBHU/TINIa3MBbl;

® TI07/lep)KaHKe TeMIlepaTyphbl Tefa U rpoQuak-
TUKY TUTIOTePMUH;

® MOHUTOPUHT KU3HEHHO Ba)KHbIX (DYHKLUH
B IMO/IEBBIX ycioBusx [9—11, 15-17].

AHanu3 faHHBIX BOEHHOM TpaBMbl NOKasas,
uTo cuctemaruueckoe BHeapeHue DCS/DCR/PFC
u cradgaptoB TCCC (tactical Combat Casualty Care,
TaKTHUeCKasi TOMOILb MOCTPajaBLIuM B 6010) rpu-
BeJIO K CHU)KEHUIO Npe/JOTBPaTHMOM J1IeTalbHOCTU
Y y/IyUIlIeHUI0 UCX0J0B B 60eBbIX feiicTBusx [11-13,
17, 18]. 1s1s moISIpHOTO XUPypra 3TO 03Ha4yaeT, UTo
TIpoBepeHHbIe B O0EBBIX YC/IOBUSIX a/lTOPUTMBI MOTYT
CIy’KUTb TOTOBBIM KapKacoOM TaKTHUKH B yCIOBUSX
Kpaiinero CeBepa, rze Bpemsi [0 TpaBMOLIEHTPa CO-
NOCTaBUMO C BOGHHOM 3BaKyarjyei.

Oco6eHHOCTU TpaBMbl U XUPYPru4ecKom
NMOMOLLU B NMOMSIPHbIX pernoHax

Poccuiickas Apkruka u Kpaiiauii CeBep

B poccuiickoit Apktuke u Ha Kpaiinem CeBe-
pe ceTb MeJIMLIMHCKUX yUYpeXXeHWUW npescTaBieHa
(benbalIepCKO-aKyIIepCKUMH TTyHKTaMH, aMmOyJia-
TOPUSMH, HeOOJBIITUMU paliOHHBIMU OOTBHULAMU
Y HeCKOJIbKMMU MeXPallOHHBIMU LIEHTPaMHU, OCHall|eH-
HBIMU orepaljoHHbIMH [20, 21]. CaHuTapHas aBUALIUs
M03BOJISIET 9BAKYMPOBATh MALIMEHTOB B perMOHA/IbHbIe
u (hefiepasbHbIE LIEHTPbI, HO BO3MOKHOCTH 3BaKyaL[uU
OrpaHuyYeHbl IOr0Jj0M, CBETOBLIM /IHEM U [JOCTYITHO-
CThIO OOPTOB.
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[1pu TspKenol TpaBMe WKW OCTPOM XUPYpPruueckon
TIaTO/IOTMH Bpad Masioi OOTBHULIBI [IO/DKEH PEellUTh, BO3-
MO>KHO JI1 JIOKa/IbHOe OrpaHUUYeHHOe BMelllaTeIbCTBO
(Harpumep, J1IanapoOTOMUS C TAMITOHA/I0M, HaJIO)KeHHe
CTOMBI, (PaCLIMOTOMHUSI) WJIK HY>KHO TIpeJTIPUHUMATh T10-
TMILITKY HeMe/|ieHHoM 3BaKyaruu [20, 26, 27]. B 06oux
C/lydasix 3HaUMMbl TUTIOTePMUS, TPYLHOCTH MOHUTO-
puHra u fjleyLuT KPOBHY M npenaparos. [lis xupypra
3/leCb PUHLMIMAIBHO Ba’KHO He CTO/IBKO «yMeThb BCE»,
CKOJIbKO TOUHO TIOHUMATh TIpe/iesibl 6e30macHoro 06séMa
orepaLyu B JaHHBIX PeCYPCHBIX YCIOBUSX.

Hopgerus u apxunenar IInunoeprexn
(/Iouriiup6roeHn, bapeHnoypr)

Ha [Inui6epreHe 6a30BbIM yUpeXJeHUEM siB-
nsieTcs rocnuTanb B JIoHriinpOroeHe, CriocoOHBIN
BBITIO/THATH OTPaHUUeHHbI 00bEM KCTPeHHOW XUPYP-
MY ¥ CTabuIM3aLuio TPaBMUPOBAaHHBIX; POCCUMCKUI
rocesiok bapeH1|6ypr opreHTHpPOBaH Ha bosiee TIpo-
CThle BMeIllaTe/IbCTBa C MOC/Ie/[yIollel IBaKyaljuei
nanreHToB B JIOHriiupOIoeH Wi Ha MaTepPUKOBYIO
Hopgeruto [21, 22, 29].

Tpex/ieTHUI aHa/U3 TPaBM, CBSI3aHHBIX B OCHOBHOM
CO CHEroxo/laMH, MoKa3aJi, uTo OOIBLIMHCTBO TIOBPEXK Ie-
HUU NIPUXOANUTCS HA KOHEYHOCTH, OZJHAKO BCTPeYaroTCst
pa3pbIBbI Ce/ie3eHKU U TT0YEeK, TsKesble TTepesioMbl
v YMT; neTasbHBIX UCXOJ0B He 3aperucTpUpoBaHo, UTo
CBSI3bIBAETCSI C UETKO OT/I&)KEHHOW CUCTEMOM 3BaKyaLin
Y TOTOBHOCTBIO FOCITUTA/IS K SKCTPEHHOW XUPYpruu [22,
29]. C TOuKM 3peHUsI TAKTUKU 3TO MPUMeEP MOJeH,
r/le JIOKaJbHbIA YPOBEHb BbINO/HSeT posib DCS-3Ta-
Ta, a MaTepPUKOBBIE LIEHTPbl — 3Tara OKOHYaTeIbHON
PEKOHCTPYKLUH.

I'pennanpus (KoposesctBo [JaHus)

MepuiHcKas cucteMa ['peHiaHIuu nipeCcTas-
nsieT 060l MHOTOYPOBHEBYIO CTPYKTYPY: (enbaiiiep-
CKUe MMyHKTbI U HeOosbIve 00/IbHULIBI B TTOCeKaX,
HEeCKO/IbKO 00siee KPYIHBIX PerioHalbHBIX [JeHTPOB
Y BO3MO)XHOCTB 9BaKyaldu B [laHUIO TIPU TSDKeI0N
narojoruu [21, 30, 31].

TenemMenuiLMHa MO3BOJIsIET KOHCY/IbTHPOBATh
CJIO’KHBIE CTy4yau U BBIOMpaTh MeX/y JI0KaTbHbIM BMe-
1aTe/IbCTBOM M 3BaKyauuyeid. B cepuu HabmopeHmit
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T10 OCTPbIM HEOT/IOXKHBIM COCTOSIHUSIM TeJleMeJULIMHCKIe
KOHCY/IBTAI[UH B Psifie C/TydaeB MO3BOJTHIN U30e)KaTh
3BaKyalliH, a B [PyTUX — CTaOW/IM3UPOBaTh MAL[IEHTOB
7o IpybBITHsI caHuTapHOM aBuaLyu [30, 31]. [st xupyp-
ra 3TO 03HayaeT, YTo pelieHre o0 Heobxoaumoctu DCS
WM, Hao00pOoT, 00 OTKa3e OT oreparjiy MPUHUMAaeTCsT
He B OIMHOUKY, 8 COBMECTHO C 5KCI1epTaMHU LieHTpa.

AHTapKTHUYeCcKHe CTaHLIMHU

AHTapKTHUeCKHe CTaHL[U Pa3HbIX CTPaH 0ObIYHO
00CITy>KUBAIOTCSI OJHUM BpauoM (MHOTIa XUPYPriuuecko-
O NMpOQUJIsi), KOTOPBIM HECET OTBETCTBEHHOCTH 3a BeCh
CTeKTp NaTo/I0rMy — OT CTOMATOJIOTUH IO SKCTPEHHOMN
xupypruu [12, 15, 28]. Scoping review no xupypru-
YeCKOW 3M1JeMHUOIOTUU aHTapKTUYeCKUX CTaHLIUK
3a 1904-2022 rr. mokasas, yTo HauboJsiee 4aCcTbIMU
BMelllaTe/IbCTBaMU SIB/ISIFOTCS alllleHI3KTOMUH, OIle-
paLuu 10 MOBOAY I'PbDK, THOMHAS XUPYPrusi U TPaB-
MaToJioThyecKure nporieaypsl [12, 28].

[1py1 HEBO3MOXXHOCTH 3BaKyal[dH 3/1eCh 4acTo
peanu3yetcst KpaiiHss ¢popma DCS: orpaHuyeHHbIe
1o 00BEMY Orepanyu, BbITIOJTHEHWe MaHUTTY/ISLIAN
HeMe/ULIMHCKUM [1epCOHA/IOM M0J PYKOBOZACTBOM
Bpaua, TejieMeJULMHCKas MOAJep>KKa CreLiuairiCcToB
Ha «00sbI1I0N 3eMsie». B TakuX yCIOBUSX IMEHHO CTPO-
rasi CaMOOTPaHUYeHHOCTb XUPypra B BbIOOpe 00béMa
BMelllaTe/IbCTBA Y [I03TATHOCTh JIeUeHUs! OMpe/ie/IsitoT
WCXOZ.

Cepep CIIIA u Kanapp!

B ceBepHbix pernonax CIIA u Kanazer (Ansicka,
ceBep KaHa/ibl) LIMPOKO MCIOb3YIOTCS PUHLIUITBI
PFC u DCR, 3auMcTBOBaHHbIe U3 BOEHHOI Me/IULIHBI,
B COUETAHHWHM C BO3AYIITHOU 3BaKyaliell Ha OOJbIITHe
paccrosiausi [9-11, 19, 21, 22, 25]. 3aech, Kak ¥ B Ap-
KTHKe, KJTFOUeBLIMU OTPaHUUUBAIOIIUMH (haKTOpaMu
SBJISIFOTCS TIOTO/Ia, HaTMure OOPTOB U /IJIUTE/IbHOE
BpeMs JOCTaBKU MaljeHTa B TPaBMOLIEHTP. XHUPYPIru
Y Bpauu yJaJleHHbIX CTalroHapoB B CeBepHOW AMepuKe
paboTaroT B JIOTHKe, OJTM3KOH K TOJISIPHOM: JIOKA/TbHBIN
KOHTPOJIb TOBPEXEHWH + TIJlaHhpyeMasi dBaKyaLus
B LieHTp ypoBHs [-II. CpaBHHTeNbHAs XapaKTepHUCTHKA
Mo/iesieid OpraHU3aluy XUpypruyeckoi MoMoLLH B M10-
JISIPHBIX peruoHax Tpe/icTaB/ieHa B Tabm. 1.
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Tabnuya 1

CpaBHUTeNbHas XapaKTepucTMKa Mojeneil opraHu3aLmm XMpypruyeckoi nomMoLLy B NOMSIPHbIX permoHax

BasoBbiin Bpems aBakyaumm
PervoH / BoaMoxHoOCTH OCHOBHbI€ MHCTPYMEHTbI
ypOBeHb Hanuuwne xvpypra o B BblICOKOCMELMannsmu-
CtpaHa NOKanbHOW XMpyprum N ynyylleHWs UCXOL0B
NOMOLLM POBaHHbI LeHTP
Poccuitckas ®ATM, manbie | He Bcerpa (4acto | He6onblume nonocTtHble | Yacbl-cyTky, 3aBucuT | MpuHumnbl DCS/DCR, ca-
ApKTuKa palioHHble 60/1b- | Bpay obLueit NpakTy- | onepauum, NpocTas Tpae- | OT NOroApl, HaNMuusA ca- | HaBrauus, TenemeamumnHa
1 KpaitHuin HULbI, MeXpai- | K1 unm aHecTeauoror, | matonorusi, DCS-BMelua- | HaByaumm 1 paccTosiHus | ¢ heaepanbHbIMU LiEHTpamy,
CeBep OHHbIE LIEHTPbI | XMpYpr MO BbI30BY) TenbCTBa MO NOKa3aHNAM 06y4yeHune nepcoHana
focnuTanb | [exXypHbi Bpay | OKCTpeHHas xupyprua | Kak npasBusao yachbl
~ o | YeTkas cuctema aBakyaLmm,
JToHriinp6LoeHa, | ¢ XMpYpruyeckumu | cpefiHei CNOXHOCTH, | (0 MaTepUKOBOM
Hopserus / pasBuTasn TeneMeauLmHa,
am6ynatopus | HaBblkamu cTabunusaums Tsxenbix | HopBerum), BO3MOXHbI "
Lnnu6epreH yyacTue B HaLMOHanbHOWM
BapeHu6ypra nauMeHToB, NOArOTOBKA | 3afepPXKu U3-3a noroAbl
cucTeMe 3[paBoOXpaHeHnst
K 9BaKyaLum
Manbie 60onbHu- | B page LueHTpoB ecTb | ba3oBas obLuas U TpaBMa- | Yacbl-CyTku o KpynHbIX | TenemeauumHa, cTaHaap-
MpeHnanaus Lubl B ropoaax, | Xupypru; B Manbix | Tonormyeckas XMpyprus, | LeHTpoB 1 JaHumn TU3MPOBaHHbIE MPOTOKOSbI
(EaHm) pernoHasnbHble | 60nbHMLAx — Bpaumn | DCS no nokasaHusm 3aBaKyauuu, nHTerpaums
LieHTpbI 06LLeln NPaKTUKK B CUCTEMy 3[ipaBOOXPaHEHMA
[aHun
OauH Bpay | O6blYHO OAuH Bpay, | OrpaHUYeHHbI CreKT CyTKUK-Hepenu, 3aBucuT
A P A p P p yT A DCS-nogxog, TenemeauumHa,
Ha CTaHumu (Y4a- | MHOrAA C XMpyprde- | BMeLLaTeNbCTB (anneHaaK- | OT Ce30Ha, Noroapl U No-
AHTapKTUyeckune MeXayHapofHas koonepa-

CTaHUWN pa3HbIX
cTpaH

cTo 6e3 y3komn
cnew. no xvpyp-
rmv)

CKUM OMNbITOM

TOMMUSI, FepHMONIACTUKA,
ZpeHupoBaHue, npocTas
TpaBMaTosIorvisi)

FTMCTUKN

uusA, TWwaTenbHbiA 0T60pP
nepcoHana

PaitoHHble 6onb- | B KpynHbIx LeHTpax | basosas o6lyas v TpaBma- | Yacbl-CyTkM A0 TpaBMo- | MpUMeHeHne NpUHLMMNOB
Cesep CLUA HULibI, OMOPHbIE | -XUPYPrK N TpaBMa- | TONIOrMyeckas Xmpyprus, | LeHTpoB ypoBHs 1=l PFC v DCR, passuTtas caHu-
" KaHzp,bl NYHKTbI, PErno- | TONOTW; B yAaNeHHbIX | CTabunmsaums CoCTOSHMS, TapHas aBnaLms, UCronb3o-
HanbHble LieHTPbl | MyHKTax — Bpayu | MOAroToBKa K aBaKyaLum BaHWe BOEHHbIX NPOTOKO/IOB
06LLiei NPaKTUKK (TCCCwm ap.)
Table 1
Organisation of surgical care for severe trauma in selected polar regions
. . . Evacuation time . .
. Basic level of . . Available surgical . . Main tools to improve
Region / Area Surgical provider to a high-specialty

medical facility

procedures

center

outcomes

Russian Arctic
and Far North

Feldsher-midwife
stations, small
district hospitals,
inter-district
centers

often a general
practitioner or

surgeon on call

Not always a surgeon;

anaesthesi-ologist,

Minor abdominal
procedures, simple
trauma surgery, DCS
interventions when
indicated

Hours to days,
depending on
weather, availability
of air medical
transport and

DCS/DCR principles,

air medical evacuation,
telemedicine with federal
centers, staff training

distance
Longyearbyen rrEwrc? deégaigcg’osrg;?s%;f Usually hours Well-defined evacuation
Norway / Hospital, On-call physician with | stabilization of Sgrr\zglr;l'adnedla s fglzt;r:c’jii?r\:sl?rﬂid ration
Svalbard Barentsburg surgical skills severely injured ossib{eldue t);) into the natio'nal h?ealth—
outpatient clinic patients, preparation P
for evacuation weather care system
Greenland Small hospitals Surgeo.n.s In some Basic general and Hours to days to Telemefﬂcme, standardized
. . . centers; in small evacuation protocols,
(Kingdom of in towns, regional : trauma surgery, DCS large centers and ) L .
hospitals — general S integration into the Danish
Denmark) centers o when indicated to Denmark
practitioners health-care system
Antarctic One physician at Usually a single Limited range Days to weeks, DCS apprpach, .
) : L . of procedures . telemedicine, international
stations of the station (often | physician, sometimes ._ | depending on -
. . . ; (appendectomy, hernia cooperation, careful

different without formal with surgical ) - - season, weather ; -

- - - ’ repair, drainage, simple . selection and training of
countries surgical specialty) | experience and logistics

trauma surgery) staff
SURGERY 37
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Ta6nuya 1 Continued

Region / Area

Basic level of
medical facility

Surgical provider

Available surgical
procedures

Evacuation time
to a high-specialty
center

Main tools to improve
outcomes

Northern USA
and Canada

Rural hospitals,
outposts, regional
centers

Surgeons and
trauma surgeons in
major centers; general
practitioners in remote

Basic general and
trauma surgery, stabili-
zation and preparation

for evacuation

Hours to days to
level |-l trauma
centers

Application of PFC and
DCR principles, well-de-
veloped aeromedical
evacuation, use of military

outposts

trauma protocols (e.g.
TCCC)

MpumeHeHue npuHuunos DCS/DCR/PFC
B NONAPHbIX YCIIOBUAX

B nonspsbix pernonax koHuenumn DCS/DCR/PFC
CTaHOBAITCS MPAaKTHUeCKUM UHCTPYMEHTOM aflanTaliu
MOMOLLIY K peasbHbIM pecypcam. Ha ypoBHe manbix
CTaLIOHapOB U MOJISIPHBIX CTAHLIMI OCHOBHOM 3a7iaueid
SIBJISIETCS CTabW/IM3alust MalyeHTa, KOHTPO/Ib UCTOU-
HUKa KPOBOTeUeHUsI U MH(PEKLIMOHHOTO 3arpsi3HeHus,
MHWHUMHU3ALYs1 OTIePaLMOHHOM arpeccuy 1 obecrieueHre
yCnoBuUM /s fanbHellel sBakyauu [1-7, 15-22,
24, 27].

IIpaKkTH4YecKue XMpypruueckue 3ajauu
MOJIIPHOr0 XUpypra

B peanbHBIX yCI0BUSIX apKTUYECKUX CTALIMOHAPOB
Y TIO/ISIPHBIX CTaHLMM KPYT BMellaTe/1bCTB, BBIITO/IHS-
eMbIX no npuHLunamM DCS, oTHOCUTe/bHO TUMTUYEH
Y BKJIFOYaeT:

e SKCTPEHHYIO J1arlapOTOMUIO C TaMITIOHAZ 0
OpIOILIHOI MOI0CTH, KOHTPOJIEM UCTOUHHKA KPOBOT-
eueHUs1 1 BpeMeHHbBIM 3aKpbITHeM OPIOIIHOM CTeHKU
(oTKpHITast 1aniapoCcToMa, BaKyyM-aCCUCTHPOBaHHas
TIOBSI3KA);

® CIUIH3KTOMHIO [IPU HEKYIMPYeMOM KpOBOTe-
YEHWUU U3 CeIe3eHKU;

e Hapy)KHOe JpeHUpPOBaHUe U pasrpy30uyHble
BMelllaTe/IbCTBA NPU MepgopaLvu MOIbIX OPraHoB
(bopmupoBaHue CTOM, BbIBeJleHHe TeT/IN KUILKH)
BMECTO CJIOKHbIX PEKOHCTPYKLIMM KU aHaCTOMO30B;

e BpeMeHHYIO CTaOU/IM3aLHIO I1epesioMOB (BHeLI-
Hs1s1 (PMKCALYsl, CKelIeTHOE BBITSDKEHNE) TIPU OTCYyTCTBUU
YCJIOBUM /151 OKOHUATe/IbHOI0 OCTeOCUHTe3a;

e [1eKOMITIpeCCHBHbIE BMellaTe/TbCTBa (paciuoTo-
MMM [1PU KOMITAPTMEHT-CUH/POMe, ZIeKOMITpeCCUBHAs
KPaHUOTOMMUSI/KPAHUSKTOMUS B UCKJTFOUMTE/TBHBIX CUTY-
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alMsX MPU HaTMYMU MUHUMaIbHOTO MHCTPYMEHTapHst
U OITbITA);

e 00paboTKy KOMOMHUPOBAHHBIX ¥ MH(ULIPOBAH-
HbIX paH C paJMKaabHbIM HCCeYeHueM HeKPOTHYeCKUX
TKaHel 1 OTKPbITHIM BeJileHreM paHbl [1-4, 5-7, 15-18,
21-22, 24].

Brib0op KOHKpeTHOro 060béMa BMelIaTeIbCTBa
orpe/ie/isieTCsl He TOJIbKO aHaTOMUel TTOBPeXXeHMUs,
HO U pecypcamy IyHKTa: Ha/IMuleM KPOBHU 1 KpoBe3ame-
HUTesel, BO3MO)KHOCTSMU aHeCTe3M1 U MOHUTOPHHTa,
KBasMdUKale e[MHCTBEHHOTO XUPypra Win Bpaya
00111eii MPaKTHKH, a Tak/Ke MPOTrHO3UPYEMBIMU CPOKaMU
3Bakyaruu [8-11, 15-17, 19-22, 27]. B 3TOM KOHTeKCTe
npuHImel DCS/DCR/PFC niepecTatoT ObITh aOCTPaKT-
HOU JOKTPUHOW U TNpeBpalliatloTCsl B TpaKTU4eCKUi
aZIrOPUTM TPUHATHS KOHKPETHbBIX XUPyPruuecKux
pelleHuH — OT 0TKa3a OT aHaCTOMO3a B I0/1b3y CTOMBbI
70 Bbibopa BHellHel (yKcalii BMeCTo BHYTPEHHEro
OCTEeOCHHTe3a.

TeMnepaTrypHbIM MeHe)KMEHT Ts)Ke10i TPaBMbI
B YC/IOBHSAX X0J10/a

B mosisipHBIX peruoHax rpobseMa rurnoTepMun
npuoOpeTaeT K/FOUeBOe 3HaUeHHe: MOCTpaJaBIIni
YacTo MOCTyMaeT B CTALIMOHAP YK€ OXJIaXKEHHBIM,
a TPaHCTIOPTHPOBKA U OTepalvoHHast He Bcersa obe-
CTIeYMBalOT a/leKBaTHBIN TETJIOBOM pexkuM. ['urorep-
MUl YCU/TMBaeT KOary/ornaTuio U MeTabommue CKUi
auuzio03, GopmMuUpys «IeTalbHYI0 TPUAAY» TPaBMbI
Vi TIOBBIIIIasi PUCK HEKOHTPOJTMPYEMOTO KPOBOTEUeHUsI
" HecocTosgTenbHOCTH DCS-BMemmarenscTs [3, 18, 27].
OfHOBPEMEHHO 3KCTieprMeHTa/IbHbIe U KTMHAYeCKHe
JlaHHbIE TI0Ka3bIBalOT, YTO KOHTPOIUPYEMOE CHIUKe-
HUe TeMIlepaTypbl Tejla PY MaCCUBHOM KPOBOTIOTepe
MOJKET 3aMe/IJIITh MeTaboMM3M | MPO/IIeBaTh BpeMs,

XUNPYPT A



Skurlatov TA. RUDN Journal of Medicine. 2026;30(1)

JIOCTYTIHOE 7151 XUPYPruueckoro KOHTPOJIS TIOBPEeXK-
JIeHWH, YTO JIeTJI0 B OCHOBY KOHIIETIIIUM emergency
preservation and resuscitation (EPR) [20, 35, 36].
B monisipHOY TIpaKTHKe 3T iBa acTrieKTa — MPo(H/IaKTHKa
CJTy4aiiHOM TUTIOTEPMUU Y OCTOPOYKHOE HCTI0/Tb30BaHKe
TOTeHI[1a/la KOHTPOTMPYeMOM TMITOTePMHUU — JIO/DKHBI
paccMaTpUBaThCS Kak eiiHasi 3a/laua TeMIiepaTypHOro
MeHe/PKMeHTa: akTUBHOE COrpeBaHue TaIfieHTa, 1mo/0-
rpeB WH(Y3MI U KOMIIOHEHTOB KPOBH, MUHUMU3aL[UsT
5KCTIO3ULIMH, UCITO/Ib30BaHHEe TETUIbIX OIePariMOHHBIX
U, TIPY KPUTUYECKOH 3a/Iep>KKe IBaKyariu, 00Cy K jeHre
BO3MO>KHOCTH TTPUMEHEHHSI TIPOTOKOJIOB ITyOOKOM THITO-
tepmur EPR (emergency preservation and resuscitation,
SKCTPEHHOEe COXpaHeHHe U peaHUMallis B CITeIa/Ii31-
pOBaHHBIX 1jeHTpax) [18, 27, 35, 36].

Point-of-care guaraocruka
(POCUS u ’3kcnpecc-1aboparopusi)

Orpannyennsiii foctyn K KT (KommnbroTepHast To-
Morpadwusi), KpyrJI0CyTOUHOM J1abopaTopyuy U peHTTeHy
Jenaet point-of-care AUarHOCTUKY OJHUM U3 K/TFOUEBbIX
WHCTPYMEHTOB MOJIIPHOTO xupypra. [TopraTuBHOe
y/BTPa3ByKOBOE MCC/Ie/JOBaHUE Y MOCTeN 60/IbHOTO
(point-of-care ultrasound, POCUS) 11o3BoJisieT BbIMoJI-
HATb FAST/eFAST-npoTOKO/IbI, OLleHWBaTh Ha/IMuyue
CBOOOZHOM YKUIKOCTH, TTIOBPEX/€HUS TTapeHXUMaT03-
HBIX OPTaHOB, TI/IeBpasibHbIe OCI0KHEHHUsI U Oa30BbIe
rapameTpbl yHKLIMU Cep/iLia, @ TAKKe KOHTPOJIMPOBaTh
s¢dektuBHOCTE DCS-BMetatenbcTs [8, 11, 22]. [do-
nionHenne POCUS skcripecc-naboparopueli (Jlakrar,
reMoryiobuH, reMaTOKPUT, KOAryJsiijusi, KUCJIOTHO-
OCHOBHOE COCTOSTHHE) TI03BOJIsIeT Oosiee 060CHOBaH-
HO pellaThb, BO3MOKHO JI1 OTPAHUUYUTHCS JIOKa/IbHBIM
BMelIIaTeTbCTBOM WM HeoOXoquMa CpoYHast 3BaKyaLust
B 1leHTp Oosiee BbICOKOTO ypoBH# [21, 22, 31, 37].

CoBpemeHHbIe 0030pbI oAYepKuBaroT, uto POCUS
B I0JIEBBIX U PeCypPCHO-OTPAHUUYEHHBIX YC/IOBUSIX —
OT BOEHHBIX KOH(IMKTOB /10 BEICOKOTOPbSI U MUKPOT'pa-
BUTAL[MM — MOBbIIIAeT JUarHOCTUUECKY0 TOYHOCTh
Y BAUSIET Ha BBIOOP XMPYpPruueckoit TakTuku [9—-11,
25, 31, 37]. s monsipHOro XMpypra U Bpada o01ei
nipakTuky ocBoenrne POCUS u 6a3oBoro Habopa point-
of-care TeCTOB CTaHOBUTCS TaKUM ke 00si3aTenbHBIM
HaBbIKOM, KaK BjaZieHre TUMuHbiMU DCS-oneparpsivu.

SURGERY

HNHeKurU U cencuc B W30/ IMPOBaHHbBIX 0a3ax

3aziepKKa BaKyallyu, orpaHUYeHHbIN JIOCTYTI K TI0-
BTOPHOM XUPYPruyecKkoi caHalliyd U aHTUOMOTHKaM,
BBICOKasl TUIOTHOCTh MPO’KUBAHKS B 3UMYIOIUX KOJIIEK-
THBaX W HaJMuve WHBAa3UBHBIX YCTPOWCTB (KaTeTepsl,
JIPEHA’KN) TIOBBIIIAIOT PUCK PAaHHUX WH(EKITMOHHBIX
OCJIOKHEHUM MOC/ie TPaBMbl U YPreHTHBIX OrnepaLyii.
B aHTapKTHUYeCKUX cepusiX HaOJIOjeHU OTMeueHa
3HAUUTE/TbHAsH /10JIs THOMHO-BOCITATUTE/IbHBIX 3a00-
JieBaHUHM (paHeBble UH(EKIHH, abciiecchl, (hIerMOHbI,
ITHEBMOHUH), HEPEJKO TPeOYIOIUX MTOBTOPHBIX BMe-
1IaTe/ILCTB U JJINTe/ILHOro Habmromenus [12, 15, 28].

[nst monsipHOM XUPYPTUM MPUHLUTIMAbHBI:
MaKCHUMaJ/IbHO PaiiKa/ibHasi IepBUYHasi XUpypruye-
ckast obpaboTka paH, ()opMHUPOBaHHE CTOM BMECTO
PUCKOBAaHHBIX aHACTOMO30B, KOPOTKUE pal[iOHabHbIe
KyPChl aHTUOMOTHKOB U3 OrPaHUUEHHOTO (hOpMYyJIsipa,
CTpOTUii KOHTPO/Ib 3a KaTeTepaMu 1 JIpeHayKaMu, PaHHSISI
MOOW/IM3aLMS TTAlUeHTa, a TAaKKe UCTI0Tb30BaHHUe TeJle-
Me/TULIVHBI /I7IsI PAHHETO BbISIB/IEHUSI TIPU3HAKOB CErcuca
Y KOPPEKTUPOBKM aHTHOaKTepUaibHOM Teparmu [12, 15,
21, 28, 31]. [Ipy HEBO3MOKHOCTH IBaKyarjui UMEHHO
couetaHue asekBaTHOro DCS-BMelnaresnbCTBa U rpa-
MOTHOW NPOTUBOUH(EKLIMOHHOW TaKTUKU OTIpe/ieisieT
WCXO[I.

O0OMopo)KeHHs1 U KOMOUHHPOBAHHBIE
XO0JI0[0BbIe TPABMbI

B nonspHbIX peroHax TspKesiasi MexaHUuecKast
TpaBMa 4acTO COUYeTaeTCs C JIOKaJIbHBIMU 00MOpo-
JKEHUSIMU U CUCTEMHOM TUIIOTepMUeii: CHeroOXo/Hble
Y JIbDKHbIE aBapyy, TaZleHYs1 B TIOJIbIHBIO, TPAaBMbI Ha Ma-
ny6e WM JbAY, J/IUTeNIbHOe MpebbiBaHie Ha XOIOAHOM
BeTpy [20-22, 28-31]. B 3TUX yC/I0BUSAX NT€PEIOMBI
IMUHHBIX KocTeid, UMT (uepernHo-mo3roBasi TpaBma)
Y TIOBPEXX/JEHHUS1 MATKUX TKaHEe Hepe/IKo COMPOBOXKA-
I0TCS1 0OMOpPOKEeHUSIMU KHUCTeH, CTOT, JIULA U yIIeH,
MpYYeM YacTOTa TaKMX COYeTaHU BO3pacTaeT 1o Mepe
yZia/leHUst OT KPYIHbIX CTal[MOHAPOB U yBeIUUeHHUs
BpeMeHHU [0 3BaKyauuu [20-22, 29-31].

C Xxupypruueckoil TOUKU 3peHust obMopoxe-
HUsl TPeOYIOT KOPPeKLUU CTaHJapPTHOU TaKTHUKU
damage control. Ha nepBruHOM 3Tarne rnpuopure-
TOM OCTAIOTCS )KHM3HeCcIacarlljie BMellaTe/ bCTBa:
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OCTaHOBKA KPOBOTeUeHMUs, iIeKOMIIpeccust (BK/IroUast
(hacrimoToMuY NpU CUHJPOMe KOMITapTMeHTa), orpa-
HUYEeHHas PeBU3Us U TyasjeT paH, CTabuaIu3aius
HeCTaOW/IbHBIX IMepesIOMOB C TIOMOIIIBIO armapaToB
BHellHel ukcanuu [20, 22, 27]. PagukaibHbie
HEKpPIKTOMHHU U TeM OoJjiee aMIyTaluu Ha GoHe
r1y0oKuX 00MOpPOXKeHUH, KaK TTPaBUII0, OTK/Ia/IbIBa-
10T 10 cTabuIn3aruy reMoJUHAMUKH, COTPeBaHMS
1 (hopMUpOBaHUs UeTKOM JleMapKalluOHHOW JINHUM;
Ha IOJISPHOM JTarle JO0TyCTUMBbI TOJIKO OTPaHUYeH-
Hble HEKPIKTOMUU U OTKPBHITOE BeZleHWe paHbl TIPU
yrpo3e uHGEKIUW Wi HEKPOTUYeCKOTO Cercuca
[20, 22, 27, 35].

BpemeHHOe xupypruueckoe BejleHHe BK/IIOUAeT
TpUMeHeHue BaKyyM-Teparnuu (Mpy Hajmuuu 060-
PYZI0BaHUsl), UCTI0/Ib30BaHUe BPeMEeHHbBIX MOKPBITUMN

(KO)KHBIE Y CUHTeTHUeCKHe MOKPbITHs, «Oronornye-
CKHe TIOBSI3KW» ), STallHble PEBU3MH PaHbl C HIHTEPBAJIOM
24-72 Jaca v IJlaHUpOBaHUe YPOBHS amIlyTal[iy UIn
PEKOHCTPYKTHBHOTO BMelllaTe/IbCTBa MOC/Ie TejieMe-
JULIMHCKOM KOHCYJ/IbTALIUM C LIeHTPOM, UMEeIOLUM
OMBIT XUPYPrUU X0JI00BbIX NopaykeHuu [20-22, 30,
31, 33, 35]. B npoekTUpyeMmbie MPOTOKOJIbI MTOJISIPHOTO
XUPYPrudeckoro MoAy/si 1jesiecoobpa3Ho BK/IHOUATh
YeK-JIUCThI OLIeHKH CTeTleHH 00MOPOKeHUsI, KPUTePUH
[J151 CDOUHOW XUPYPryuveCcKom JeKOMITPeCCUU U PAHHUX
HEKP3KTOMUM, a TakKKe CTaHAapTU3UPOBaHHbIE CPOKU
1 00beMbl OTCPOUYEHHBIX AMITYTALMK U PEKOHCTPYKLWH,
COIVIaCOBaHHbIe C OMOPHBIM LieHTpoM. KiroueBsie
KJIMHUUeCKHe CTerleHu 0OMOpOKeHUs U TIpaKTHuye-
CKYe OPUEHTUPHI [J1s1 IPUHATUS pellleHUH NIpHUBe/eHbl
B Tab. 2.

Ta6nuya 2

KnuHnueckue ctenexun 06M0pO)KeHVIﬂ U KNnoYyeBble OPUEHTUPbI AN XUpypra B NOJIAPHbIX yCI0BUAX

CTeneHb 06MOPOXEHMS

KnuHu4eckue npuaHakm
(nocne corpesaHus)

3HaueHue AN xupypra / TakTUKa B NoJISPHbIX YCIOBUAX

| cTeneHb
(noBepxHOCTHas)

Mo6nefHeHWe, LMaHO3 KOXM, Npe-
XOAALLas aHeCTesus, OTeK; My3sblpeii
HeT, YyBCTBUTENbHOCTb YaCTUYHO
BOCCTaHaB/IMBaeTcA

Kak npaBwIio, KoHCepBaTUBHOE BEAEHWE, XMPYPriyeckoe BMeLLaTeNlbCTBO
He TpebyeTcs. BaXKHO UCKNIOUMTb 6onee rny6oKue 30HbI, JOKYMEHTMPoBaTb
06BbEM MOPAXEHUS Y He NeperpyxaTb NoAsPHbIA MOAY/b NaLueHTaMu,
He Tpe6yoLMMM OnepaTUBHON MOMOLLY.

Il cteneHb
(noBepxHocTHas
C ny3bIpsAMK)

IMy3blpyu ¢ NPO3paYHbIM COAEPXKU-
MbIM, YMEPEHHbII OTEK, BblpaXXeHHas
60/1€3HEHHOCTb MOC/Ie COrPeBaHUs;
COXpaHeHMe KanunsipHoro Kpoeo-
ToKa

XMpypqueCKaﬂ TaKTUKa MMHUMaJibHa: BCKPbITUE HanpaAXeHHbIX Mny-
3blpen npu yrpose pa3pbiBa, acenTn4yeckas noBA3ka, VIMM06VIJ'IVI3aL|,VIF|.
PagunkanbHble HEKPIKTOMUK U amMnyTalnn He NoKasaHbl. [MaumneHT MoXxeT
OCTaBaTbCA Ha NOJIAPHOM 3Tane npu HaJiIninm BO3MOXXHOCTU Ha6moneva
M perynsapHbiX nepeBA30K.

Il cteneHb
(rny6okas)

My3bipy c reMopparnyeckum
COAEPXUMbIM, BblpaXeHHbI OTeK,
CHUXXEHMEe UMK OTCYTCTBUE YyB-
CTBUTENIbHOCTH, LMaHOTUYHAnA UK
yepHas OKpacka KOoxXw, Tyropenbie
(«ApeBecHble») TKaHW.

TpebyeTcs aTanHoe XMpYpruyeckoe BefeHne: OrpaHNyYeHHbIe HEKPIKTOMUK
npv NpusHakax MHOeKLUUM Nan BNaXKHOWM raHrpeHbl, OTKPbITOe BefeHue
paHbl, Npu Hanuuum obopyroBaHus — VAC-Tepanusi. YpoBeHb OKOHYaTe/IbHOM
amnyTauum, KOXXHO-NacTuyeckme BMeLLaTeNIbCTBa U OCTEOCUHTES MO BO3-
MOXHOCTU OTKNaAbIBaloT A0 GOPMUPOBaHUA AeMapKaLMOHHOW TMHUN
N TeneMeANLMHCKON KOHCYNbTaLMmn Co cneLnanmanpoBaHHbIM LIEHTPOM.

IV cTeneHb
(TOTaNbHbIN HEKPO3)

TNy60KNA HEKPO3 KOXXM, MOAKOX-
HOW KNEeTYaTKN, MblLUL, U/Un KOCTEN;
«MyMubUKaunsi» cerMeHTa, oTCyT-
CTBUWE YYBCTBUTESIbBHOCTU U KPOBO-
TOKa, YKOPOYEHME NPU NOpaXKeHUK
nanbLeB

B ycnoBusix nonsipHoOro Moayns NpuopuTeT — CTabunmaaums naumeHTa
¥ npodunakTuka cencvca. OKOHYaTeNbHbIV ypoBeHb amnyTaLumu (Ha ypoBHe
YXM3HECNOCO6HbIX TKAHEN NPOKCUMMasibHEE 30HbI HEKPO3a) MaaHupyoT
Mocre corpeBaHusi, NOBTOPHbIX PEBU3UIA U KOHCY/IbTaLIMM OMOPHOTO LIEHTPa.
Ha nepBuYHOM 3Tane foMyCTUMbI TONIbKO CPOYHbIe HEKPIKTOMMUM MPU UH-
(eKLMOHHDBIX OCNTOXHEHUSIX, APEHNPOBaHUE, BPEMEHHas BHeLLHSIs hvkcaums
NpY COYETaHUM C NepesioMaMm U NMOAroTOBKa K 3BaKyaLuu.

Kom6uHupoBaHHas
TpaBMa + 06MOpOXeHUe
(nto6as cTeneHb)

CoueTaHue nepenomos, YMT, Tpas-
Mbl IPYAW/XMNBOTa U Pa3NINYHbIX CTe-
neHel 06MOPOXKEHUSA KOHEYHOCTEW,
NMUa, YWHbIX PAaKOBWH; YacTo — Bbl-
pa)xeHHass cucTeMHas runoTepmMus

06beM BMeLlaTeNbCTB Ha 30He O6M0p0)KeHVIF| NOoAYMHEH NpUHUMNaM
damage control: NPUOPUTET — OCTaHOBKa KPpOBOTEYEHUA, leKOMINpeCcCHus,
Hapy>XXHad (bVIKcaLI,VIFl nepenomMoB, KOHTPOJIb UICTOYHUKa NEPUTOHUTA.
AFpeCCVIBHbIe amMnyTtauun m O6LLIVIprIe HEKP3KTOMUU Ha XONoA0oBbIX
cerMeHTax oTknagbiBaroTCA A0 CTa6M!’IVI3aLI,VIVI nauneHTa n nepeBsoja
B CI'IeLI,VIaJ'IVI3VIpOBaHHbIl7I LEeHTP; 06a3aTeNlbHO aKTUBHOE corpeBsaHue
nrteneMeamumHCKaa KoOHCynbTauums.
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Table 2

Clinical degrees of frostbite and key surgical decision points for the surgeon in polar conditions

Degree of frostbite

Clinical signs (after rewarming)

Implications for the surgeon / tactics in polar conditions

Grade |
(superficial)

Pallor and cyanosis of the skin, tran-
sient anesthesia, oedema; no blisters,
sensation partially returns.

Management is usually conservative; surgical intervention is not required.
It is important to exclude deeper zones of injury, document the extent of
frostbite and avoid overloading the polar module with patients who do not
need operative care.

Grade Il
(superficial with blisters)

Clear fluid-filled blisters, moderate
oedema, marked pain after rewarm-
ing; capillary refill is preserved.

Surgical tactics are minimal: decompress tense blisters at risk of rupture,
apply aseptic dressings and immobilise the affected part. Radical necrecto-
mies and amputations are not indicated. The patient can remain at the polar
level provided that observation and regular dressing changes are feasible.

Grade lll
(deep)

Haemorrhagic blisters, marked
oedema, reduced or absent sensation,
cyanotic or black skin, firm «wooden»
tissues.

Staged surgical management is required: limited necrectomies when there are
signs of infection or wet gangrene, open wound management, and VAC therapy
if equipment is available. The definitive level of amputation, reconstructive
procedures and osteosynthesis should, whenever possible, be postponed
until a clear demarcation line forms and a telemedicine consultation with
a specialist center has been obtained.

Grade IV
(total necrosis)

Deep necrosis of the skin, subcuta-
neous tissue, muscles and/or bones;
«mummification» of the segment,
absence of sensation and blood
flow, shortening of the digit in finger
involvement.

In the polar module the priority is to stabilize the patient and prevent sepsis.

The definitive level of amputation (at the level of viable tissues proximal
to the necrosis zone) is planned after rewarming, repeated inspections
and consultation with a referral center. At the primary stage only urgent
necrectomies for infectious complications, drainage, temporary external
fixation in cases with associated fractures and preparation for evacuation
are acceptable.

Combined
trauma + frostbite
(any degree)

Combination of fractures, traumatic
brain injury, chest/abdominal trauma
and various degrees of frostbite of
the extremities, face and ears; pro-
nounced systemic hypothermia is
common

Interventions on frostbitten areas follow damage-control principles: priorities
are hemorrhage control, decompression, external fracture fixation and control
of intra-abdominal sepsis. Aggressive amputations and extensive necrectomy
on cold-injured segments are postponed until the patient is stabilized and
transferred to a specialized center; active rewarming and telemedicine
consultation are mandatory.

TenemeauymHa
B MONSAPHOMN XUPYpPruun

ApkKTHueckas 30Ha:
Poccus u gpyrue crpansl CeBepa

TenemeuiHa SIBSIETCS KTFOUEBBIM UHCTPYMeEH-
TOM TIO//IePXKKU XUPYPIrOB U Bpauel 00I1el MPaKTHKH
B M30/IMPOBAHHBIX PervoHax, rfe AOCTYT K Crieliua-
JIU3WPOBAaHHOM MOMOIIM OTPaHUUeH, a 9BaKyalus
MOYKeT ObITb OT/IO’KeHA Ha uachl ¥ CyTKU [28-32]. [1ns
TIO/IIPHOM MeIULIMHBI OHA (haKTUUeCKU CTaHOBUTCS
«BUPTYa/bHBIM MHOTOTIPO(QUIBHBIM KOHCUJTAYMOM>,
K KOTOPOMY OJJUH-€JUHCTBEHHbI! Bpau MOKET TO/IKITIO-
YyaTbCsl U3 apKTHUeCKOTO TTOCE/Ka, ¢ 6opTa Cy/iHa Win
aHTapKTUuecKol craHiuu. [Ipy 3ToM TesieMeauIiHa
MPSIMO B/IMSIET Ha XUPYPrudecKyro TaKTUKY: TT03BOJISIET
YTOYHUTH TIOKAa3aHHs K orepaljii, CKOpPeKTUPOBaTh
00BEM BMeIlIaTe/IbCTBA M ONTUMAa/IbHO CTUIAHUPOBATh
3BaKyalUo.

SURGERY

B Apktuueckoii 30He Poccun TenieMeTUIIMHCKYE
KOHCY/IbTallUM UCTO0JIb3YIOTCS AJ1s1 JUCTAHLIMOHHOU
WHTepIIpeTaly JUarHOCTUUYeCKUX JJaHHBIX, 00CyX-
JleHUs1 TAKTUKHW TIPY YPreHTHOM TaToJIOTUU U NPUHSI-
TUs pereHust 06 3Bakyauuu [28]. Ha npakTrke 310
BKJ/TFOYAET:

e nepenauy JKI' (anekrpokapavorpadusi), peHT-
reHorpamm U pe3y/bTatoB Y 3U (ynbTpa3ByKOBOe UCCiie-
JIOBaHUE) B peTvoHa/bHbIe U (efiepabHble 1IeHTPhI;

® Te/eKOHCU/IMYMBI 110 MOBOAY OCTPbIX XUPYPIu-
yeCKrX 3a00/1eBaHNH (areHUIUT, Tiepdopariys rooro
OpraHa, yiiem/ieHHble IPbDKW) U TPaBMaTo/I0ornyecKux
1 (0): 0] 0 (315150

e COBMECTHOe C BpauaMU CTaplliero YpoBHS
peleHre, BO3MOKHA JIM JIOKa/IbHas OrepaLiys 1o MpuH-
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urnam damage control v He0OX0AUMO MaKCUMAJTbHO
ObICTPO OpPraHMU30BBIBAThH IBAKYALUIO.

Cucrtematnueckuii 00630p TesieMeJUITUHCKUX
CepBUCOB B ADKTHKE MOKa3bIBAET, UTO TejleMeInLIHa
MpUMeHsIeTCs [1/1s1 IIMPOKOTO CIeKTpa 3a,ad — OT Te-
J1epaZiuoNIorvy 1 TeJIeKOHCY/IbTalWi 10 AUCTaHL[MOH-
HOTO MOHUTOPUHTA MallMeHTOB B sKcreAuLiusx [33].
B psge ctpan (Hopserus, Kanaza, Janus/I'peHnan-
nusi, ceBepHble pernoHbl CIIIA) onucaHbl Mojiesiu,
rZle Bpad B yZlaJIeHHOM I10CeJIKe WINA Ha CyJHe MOXKeT
KPYIVIOCYTOUHO CBSI3aThCs C TPaBMAaro/I0roM, XMPYpProm
WM aHeCTe3U0/I0TOM YHUBEPCUTETCKOTO TOCIIUTAS,
repejaTh UM U300pa)keHus1 U BU/I€0, a 3aTeM peasiu-
30BaTh PeKOMeH/IOBaHHbBIN 00bEM BMellaTe/IbCTBa U/H
TO/ITOTOBUTh MallMeHTa K 3BaKkyauuu [29-31, 33].

Xupypruyeckui akiieHT. B apKTuuecKux ycoBUsiX
TesieMeJULIMHA TT03BOJISIET He TOJTbKO YTOUHSTh [JUarHo3,
HO Y pa3/ie/IuTh OTBETCTBEHHOCTH 3a BLIOOP 00BEMa
BMelllaTe/IbCTBa MeXK/ly MECTHBIM BPauoM U 3KCIepTamMu
OTIOPHOTO TieHTpa. /st Xvpypra Maaoi 60/bHULBI 3TO
CHM>)KaeT PUCK KaK upe3MepHO arpecCUBHOM, TakK U He-
JIOCTaTOYHOM OTeparivu ¥ 00/1eryaeT pelieHre B T0/b3y
DCS vnv 0TcpoYeHHOM OKOHUaTe/TbHOM XUPYPruu Mocjie
sBaKyauuu. CiejoBaTeslbHO, HAa aDKTUYECKOM Harlpas-
JIEHUU TesieMeJULIMHA pellaeT Cpa3y HeCKOIbKO 3a/1au:

® IMarHOCTUYECKY!O (Tesepasrosorusi, AUCTaH-
LMoHHOoe Y3U, olleHKa TsHKeCTU TPaBMbl);

® TaKTUUeCKyIo (BbIOOp MeXX[y JIOKaJTbHBIM
DCS-BMeliiaTeibCTBOM U 3BaKyalyeit);

® OpraHM3aLMOHHYIO (ONTUMHK3AaLUs MapLUpPyTH-
3allUM U BpeMeHU CTapTa CaHUTapHOW aBUALIUM).

TenemeguIMHa HAa AaHTAPKTUYECKUX CTAHI[UAX

Ha aHTapKkTHUeCcKuX CTaHLUAX TereMeIULMHCKast
TMoJJiep>KKa CTaza CTaHAapToM. SIoHCKMe U OpuTaHCKUe
MPOrpaMMbl OMHCBIBAIOT PeryJIsSiPHbIe TeJIeKOHCUIYMBbI
C YHUBEPCUTETCKUMHU KJIMHUKaMH, UCII0/Ib30BaHKe
TeniepaZionoruu, AuctaniuonHou DKI' v BuieocBs3u
IUTs 00CY>KIIeHUsT XUpypruueckux ciaydaes [30, 31].

@daKTUUYeCKU OJWH Bpay Ha CTaHLIUM M0JIydaeT
BO3MOYXKHOCTb:

® KOHCY/JIBTUPOBAThCS C XUPypramu, aHecTe-
310JI0TaMH-peaHuMarTo/I0raMy, TpaBMarToJ0raMu
W JPYTUMHU CHeluaInCcTaMy;
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e 00CcyX/aTh MOKa3aHus K oreparyu, eé 00béM
1 TeXHUKY B YC/JIOBUSIX OIPAaHUUEHHBIX PeCypCOB;

e [I0/Iy4aTh NOJAEPIKKY IIPU BefleHUH I1al{ieHTOB
B [TOC/Ie0NePaliOHHOM Tepro/ie U TPU 0CI0KHEeHUSIX.

IIpu 3TOM TesieMeAULIHA BLICTYIIAET He TOJIbKO
KaK MHCTPYMEHT BbIOOpa TAaKTHUKH, HO U KaK CPeZCTBO
TICUXOJIOTMYeCKOU MO/ ep>KKY Bpaya, KOTOPbIA HeCET
€JVHOJTMYHYIO OTBETCTBEHHOCTb 3a UCXOZ, TSKETBIX
C/ly4aeB B [TOJIHOW U30JISALINN.

XupypruuecKui akmeHT. /I/1s Bpaua aHTap-
KTUUYeCKOM CTaHLIUM TesleMeULIMHa YacTo SIBJ/IeTCs
€IMHCTBEHHBIM CITI0COOOM TMOTYUYUTh MO TBEPIKIeHHe
WM KOPPEKLMIO pelleHusl «0reprUpoBaTh / He Orepu-
poBaTb». B ycoBusIX, Korna NOBTOPHAs 3BaKyaLs WH
TIOBTOPHOE BMeIIIaTe/IbCTBO MOTYT ObITh HEBO3MOKHBI,
TakKas MoAJep’KKa CHIKAeT BEPOSITHOCTD (PaTaibHbIX
OIIMOOK TIPY TIEPUTOHKTE, TPaBMe JKUBOTA WK TSHKENOM
YyepernHo-MO3roBOW TPaBMe.

Oco6bie (hopmMbI MOIAPHOI
Te/ieMeANLIMHbI U CaMo/IedeHus

OTaenbHBIN, BO MHOTOM TI0Ka3aTe/IbHbIN N30/
TejieMeJULIMHCKOM MOMOIIY B YC/JIOBUSAX TTOJHOU
n3ossALMy onvcaH Taub U coaBT.: Bpad, paboTaBiiuii
Ha cTaHLuu Ha FO>KHOM TI0/TH0Ce, TIPOBO/IU caMoJieye-
HHe T07] JUCTaHLIMOHHBIM HaO/TIO/IeHreM CTIelaTiuCTOB
Ha «DOJBIIION 3eMyie», UCTIONb3Ys TeJleMeJUIIMHCKIe
KOHCYJIbTAL[UM /711 BEIOOpAa TaKTUKWA U KOHTPOJISI
3a CBOMM cocCTosiHueM [32]. 3ToT ciayuait moguép-
KMBAEeT, UTO TejieMeJULIHa B TIO/SIPHBIX PErMOHax
MOYKeT MCII0JIb30BaThCs He TOJIBKO /151 O 1eP>KKU
Bpauell B OTHOLIEHWHU JIPYTUX MaLjMeHTOB, HO U JJ/1s1
OpraHM3aIi OTHOCUTE/TbHO 6e30MacHOT0 CaMOJIeUeHHsT
MPU OTCYTCTBUU BO3MO)KHOCTH 3BaKyallUU U 3aMeHbl
MeJULIMHCKOTO MepcoHara.

B apyrux my0OnvKaiusix ormucaHbl:

® IMCTAHLMOHHOE COMPOBOXEeHHe NaleHTOB
¢ OKC (ocTpblif KOpOHapHBIM CHHAPOM) Ha OOPTY CyZI0B
B @aHTApKTUUYEeCKUX BOZAX;

®  TeJIeKOHCY/bTALMU MPU MOJ03PEHUN Ha OCTPbIN
anmeHJULIMT UK OC/I0KHEHHBIE TPaBMBbI, KOT/la pellieHre
00 omepanyy WM BbDKUAATETbHOW TaKTHKe TIPUHU-
MaJjioCb COBMECTHO CYZIOBbIM BpauoM U OeperoBbIMU
CrieLManiCTaMu;
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® MOHHWTOPHHI COCTOSIHUSI YUaCTHUKOB JKCITe/IU-
I[UH C UCTI0/Tb30BaHUEM TeJIEMETPHH U TePUOUe CKUX
TenekoHCybTami [30-32].

XupypruueckKui akieHT: HaJluuue TejgeMe-
OUIMHCKOM TIOJIeP)KKH TT03BO/ISeT PACIIUPUTh
JIOTTYCTUMBIHN ara30H BbDKU/AaTe/TbHOW TaKTHUKH,
He TIPOITyCKasi TIPU 3TOM MOMEHTa, KOr/ja MalyeHTa
BCE-TaKM HEOOXOMMO OTIepPUPOBATh UJIHM CPOUYHO
3BaKyMpOBaTh. DTO KPUTUYHO [JIs1 YCIOBUH, Tae
IMOBTOPHAsl 3BaKyaliysi WK MOBTOPHAs omepalus
MOTYT OBITh HEBO3MOXXHBI.

B mossipHO# XUpPYpruu TesieMeIUIHA He 3aMeHsIeT
OYHOTO XHMPYPra, HO [Ie/IaeT ero «4acThIo» pacripe/e-
JIEHHOM KOMaH/Ibl, CBSI3bIBasi OTJa/AEHHBIIN IOCT C MHO-
ronpoGUILHBIM LIEHTPOM U TI03BOJISISI [IEPEHOCHUTH OITBIT
KPYIHOT'O CTalliOHapa B YC/IOBHUS OJJHOM TajiaThl WK
MaJIeHbKOU OTiepaliMOHHOM Ha Kparo CBeTa.

IlepcrieKTUBBI HCKYCCTBEHHOI'0 HHTE/1/IeKTa,
CHCTEeM MO/IieP)KKH PeleHHi 1 TeJ1epo00THKH

B pamkax mossipHOU MeAULIUHBI [1epPCIIeKTUB-
HBIM HallpaB/IeHUEeM SBJIIeTCS UCI0/Ib30BaHNe CHU-
CTeM MOJAep>KKU NPUHATUS PellleHU U alfOpUTMOB
MAaIIMHHOTO 00yueHus [ TpUaka ¥ TaKTU4YeCKOTro
IJIaHUpOBaHus Npu TpaBMe. Ha ocHOBe JaHHBIX
0 MexXaHH3Me MOBpeXJeHHs, )KU3HEHHO Ba’KHBIX
TI0Kasare/six U BpeMeHH /IO IBaKyaluy Takhe CUCTe-
MBI MOTYT TpeJjiaraTe Bpauy BapHUaHThI: JTOKaJbHOe
DCS-Bm™meriaTenbCTBO, OTCPOYEHHAs OTepaLus Ui
HeMme/[lJieHHas 5BaKyaLusi, 0CTaBasiCh IPU 3TOM HaJ-
CTPOMKOM HaJl KITUHUYECKUM MBILIJIEHHWEM, a He ero
3ameHoH [30-32, 41-44].

[oroHeHneM K TesleMe/IMLIFHe BBICTYTAl0T 3KC-
repyUMeHTa/IbHbIe MOJIe/TN TesiepOOOTHKY: IUCTaHLIU-
OHHO YIIpaBJ/isieMoe Y/IbTpa3ByKOBOe HCC/Ie[j0OBaHue,
po06OT-aCCUCTUPOBAaHHbIE MAHUTTY/ISILIUN U TPEHAXKEPHI
¢ 0bpaTHOM CBsI3bI0, TTO3BOJISIOIIME OTpabaThIBaTh
HaBblkM DCS-onepanuii B yC/I0BUSX OrPaHUYEHHBIX
pecypcoB [41-44]. [Toka 3TH TeXHOJOTHUH OCTalOTCs
Ha YPOBHE MUJIOTHBIX TIPOEKTOB, OHAKO /IS [TO/ISIPHOM
XUPYPTrUU OHH MOTEHLIMABHO MOTYT CTaTh CTI0COO0M
«IOCTaBUTb» KCIIEPTH3Y KPYITHOTO LJeHTpa Ha U30/IH-
POBaHHBIN MOCT U NPeZCTAB/ISIOT OLHO U3 K/TFOUEBBIX
HarpaB/IeHUH OyyIUX WCCeJOBaHUM.

SURGERY

MexxayHapoaHoe coTpyaAHUYECTBO
B NOJSIIPHON XUpPYprum

MexxyHapogHOe COTPYLHUUYECTBO SIBJISeTCS
BTOPBIM KJ/IFOUEBBIM OTIOPHBIM CTOI00M TOJISIPHOU
XUPYPIUM HapsAy € TeseMefuLrHOM. [TpakTnuecku
HU OJJHA CTpPaHa He B COCTOSIHMU 0becrmeunBaTh
TOJIHBIM CIIeKTP BbICOKOTEXHOJIOTUYHOU MTOMOILN
Y 3BaKyalUy BO BCeX TOUYKaX APKTUKHU U AHTap-
KTUKHU TOJIBKO CBOMMHU CHJIaMH; [T03TOMY Mapli-
PYThI MeMLINHCKOW 3BaKyal|iu, TeJTeKOHCUTUYMBbI
U 00yueHMe TIlepCOHasia U3HauaJbHO CTPOSITCS Kak
MHOTOCTOpPOHHUE.

ApKTHUYeCcKoe COTPYAHUYECTBO

B ApkTuKe elCTBYIOT MeKJyHapo/Hble COoryia-
IIIeHUS TI0 TIOMCKY | criaceHuto (SAR), caHuTapHOU
aBUaL[K U 00MeHy pecypcamu. T1py KpyTHBIX MHLIU/EH-
Tax MeJULIMHCKasi TOMOLL[b YaCTO OKa3bIBaeTCs CUIaMU
HEeCKOJIbKUX CTPaH, a MapLUPYThl 3BaKyaLluU TSHKEBIX
TMALIMeHTOB TIPOXOAAT uepe3 OmKaliiie apKTHUeCKIe
a3pOJpOMbI U TIOPThI, HE3aBUCHUMO OT TOCYapCTBEHHbBIX
TPaHMLI.

5151 ceBepHBIX perMOHOB Poccry MexKyHapoJHOe
COTPYZLHMYECTBO MPaKTUUYeCKU MPOSIB/ISETCS B:

e KOOpAMWHALMU MOKMCKOBO-CIacaTe/IbHbIX Orle-
pauuii (SAR) B npurpaHUyHbIX MOPCKUX aKBaTOPUSIX;

e o0OMeHe OIMBITOM I10 OpPraHU3al[y CAaHABUALIUM
u npumMeHeHnr0 DCS/DCR-1oaxo10B B OTa/1éHHBIX
CTal[MoHapax;

®  yUaCTWM MOJISIPHBIX Bpaueli B MeKAYHAPOAHBIX
ceMUHapax U TPeHUHrax Io TpaBMe B 9KCTpeMaslbHbIX
YCJIOBUSIX.

TenemeIUIMHCKKE CETH, OTIMCAHHbIE BbIlIe, (aKTH-
YyeCKH SIBJISTFOTCST pAO0OUMM MHCTPYMEHTOM pean3ariii
3TUX JOTOBOPEHHOCTEN: OHU TI03BOJISIFOT OMepaTUBHO
KOHCY/TbTHPOBATh TIAlJUeHTOB, BLIOMPATh MapLIPYThI
3BaKyalluy U COIJIaCOBBIBaTh 0ObEM BMeIllaTeTbCTBA
MeX/ly HeCKOJIbKMMHU LIeHTPaMH.

Xupypruueckui akueHT. [Ins xupypra B ap-
KTUUeCKOM CTal[OHape MeXXyHapOJHOe COTPYJHHU-
YeCTBO O3HaUaeT BO3MOXKHOCTh OMUPAThCS He TOJBKO
Ha COOCTBEHHBI OTIBIT ¥ PeCYPChI, HO U Ha MOJ/IEPIKKY
1[eHTpa Oojiee BBICOKOTO YPOBHSI, B TOM UHCJ/Ie HAaX0-
JALIEerocs 3a npejenamMmu CBOei CTPaHbl.
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AHTapKTH/A KaK Moje/b
MHOT'OCTOPOHHET0 B3aUMO/ieHCTBUSA

AHTapKTH/Ia Mpe/ICTaB/IsIeT CO00M YHUKATbHYH0 MO-
JleJIb MHOTOCTOPOHHEH koonepay. CTaHL[MK Pa3HbIX
CTpaH (QYHKIMOHUPYIOT B paMKax 00I1eli JOroBOpHOM
0a3bl, MpeyCMaTpUBAFOIIIEeH:

e 0o0MeH WH(pOpMaIel 0 MeAUIIUHCKOM 00CTa-
HOBKE U BO3MOKHOCTSIX TIOMOLL{Y;

®  B3aMMHYIO MOA/IEPXKKY B SKCTPEHHBIX CUTYallU-
X (9BaKyalys TSOKE/TBIX TAl[eHTOB yepe3 O/IKakIIyro
TI0 PacrioNIOKeHUI0 CTaHLIUIO, He3aBUCUMO OT (iara);

®  UCIO/b30BaHHUE OOIIUX JIOTUCTHUECKUX PeCcyp-
CoB (Cy/10B, aBUALVN) /I/Isi TPAHCTIOPTUPOBKY TaLIeHTOB
U1 MearKaMeHToB [12, 15, 28, 32, 33].

TenemeULIMHCKYE pellleHus], pa3paboTaHHbIe /ISt
TO/ISIPHBIX 9KCIIEeULIUM, BK/IIOYAIOT COIJIaCOBaHHbIE
(hopmathbI nepeiaur U300pa>KeHUH U JAHHBIX MOHUTO-
pUHTa, 00IIIMe TIPOTOKOJTBI TeIeKOHCY/BTALMM U yuacTHe
B MHOTOLIEHTPOBBIX HUCCJ/IeZIOBaHUSIX TTOJIIPHON Me/In-
1! [30-33].

MesxayHapoiHOe COTPYAHUUeCTBO B AHTapKTH/ e
BKJIFOYaeT TPU YPOBHSI:

e CrpareruuecKui — JOTOBODBI U COIVIAIlIeHMS],
orpe/iesIsiFoILMe MPUHLMITBI B3aMMOIIOMOLLU Y UCTIONb-
30BaHUs UH(PPaCTPYKTYPHI.

e OmnepaTruBHBIN — COIVIALLIEHUS] MEXAY TMPO-
rpamMMaMHU OT/Ie/TbHBIX CTPaH, PUKCUPYIOLIe KOHKpeT-
HbIe MapIIPyThI 9BaKyal[il U 0OMeH peCypCaMu.

o  KimHHUYecKuit — e)xe[HeBHbIE TeJIeKOHCHII-
YMBbI ¥ KOHCY/IbTallUX 110 peasbHbIM MallieHTaM, Korja
XUPYPIy U aHeCTe3WOJI0TH K3 pa3HbIX CTPaH COBMECTHO
MPUHUMAIOT TaKTUUECKHUE pelleHusl.

XupypruuecKkuu akueHT. Hanuurie MHOTOCTO-
POHHUX COTVIALLIEHUI U OT/Ia)KeHHbIX Te/leMeAULMHCKIX
KaHaJIOB TI03BOJISIeT Bpauy aHTapKTUUeCKOW CTaHL[UU
npuMeHsTh NpuHUKMIEl DCS, paccunTthiBast Ha ocezny-
IOILIYIO 9BaKyaliio U PEKOHCTPYKLIMIO B LIeHTpe Oosiee
BBICOKOTO YPOBHSI, JaXKe eC/IM OH HaXOAUTCA MoJ, ¢riaroM
ZIPYTOW CTpaHbI.

Busyanu3sanus ceTy COTPyAHHUYECTBA
OcCHOBHBIe HarpaB/eHUsI MeXKyHapOJHOI0 B3a-
HMMOZIeCTBYSI, MapLIPyThl 9BaKyal|uy U K/HOueBble
Te/ieMeIMLIMHCKYE y3/1bl B APDKTUKE U AHTapKTUZe
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MOT'YT OBITh TIPE/ICTaB/IEHbI B BUZIE €JUHOU CETH, 00b-
eIUHSTIONe} Hal[MOHAIbHBIE TIPOTPaMMBI U TTOJISIPHBIE
cranuuu [12, 15, 28, 32, 33].

KnuHnyeckue
W opraHusauMoHHble NpuMepbl

Haubosiee n3BeCTHBIM K/IMHUYECKUM PUMEPOM
XUPYPruueckoro BMellaTe/TbCTBa B MOSIPHBIX YC/IOBU-
X ocTaétcs camoornepanys JI.A. PorozoBa mmo noBogy
OCTpPOr0 anmneHAULIMTa Ha aHTapPKTUUeCKOM CTaHLIUU.
OrpaHryeHHbBIN 00BEM BMeIIIaTe/TbCTBa, BBITIOTHEHEe
JIVIIB YKM3HEHHO He0OXOJUMOM OTepaljiy B YCIOBUSIX
MHHHMaJ/IbHOTO Habopa UHCTPYMEHTOB U OTCPOYKa
PEeKOHCTPYKTHUBHOTO 3Tara XopoLlo WITHCTPUPYIOT
npuHiun DCS: yCcTpaHUTh HEMOCPEACTBEHHYIO YTPO3y
JKU3HU U He BbIXQJUTh 3a MpeZe/ibl BO3MOXKHOCTelN Cpe/ibl.

JpyruM LLIMPOKO LIUTUPYEMBIM ITPUMEPOM SIBISIETCS
vcropusi Bpaya J. Nielsen Ha cranuyu AMyHceH-CKOTT
Ha HOyxHoMm momroce. B mieprof| mosipHOM 3UMBI, KOT/ia
3BaKyarysi Obljia OJTHOCTBIO HEBO3MOJKHA, Y Heé BbISBHU-
A TI0ZI03pUTeIbHOe 06pa3oBaHKe B MOJIOUHOM JKeJese.
IyuarHocTrKa ¥ BbIOODP TAKTHUKH JIeU€HUS 1[€/TUKOM
OMUPA/IMCh Ha TeJIeMeJULIMHY: 110 KaHa/iaM CBSI3U [TPOBO-
[WINCH TeJIeKOHCUTMYMBbI C XUPYPraMU U OHKOJIOTaMH,
noZ, ux koHTposieM Nielsen BbinosHMIA 1TOJ, MECTHOM
aHecTe3Wel OMOIICHIO M Hauasia MPOTHUBOOMYX0JIeBOe
JleyeHue, rpenaparbl U pacXoJHble MaTepyasbl s
KOTOpOTO ObUIM JOCTaB/IeHbI aBUacOpocoM. 1o BO3-
00HOB/IEHUS TIONIETOB HAO/IOZIeHNe ¥ KOPPEKITUS Tepa-
UM TaK)Ke 0CYILeCTB/ISUIMCh AUCTAaHI[MOHHO [ 13, 33].
OTOT CLieHapuii IOKa3bIBaeT, UTO B YCJIOBUSIX MOHON
M30JISILUM TesieMeJULIMHa MOXKeT YaCTUYHO KOMIIeH-
CUPOBaTh OTCYTCTBHE OUHOIO CIeLaln3upOBaHHOIO
KOHCH/TMYMa ¥ 00eCIeunTh MpoBeieHre He0OXOAUMBIX
MaJIbIX XUPypPruuecKrux BMellaTeIbCTB U CJI0)KHOTO
neyeHust 6e3 OXKUIAHUSI BOCCTAHOBJIEHHUS] TPAHCIIOPT-
HOTO coo01eHus. B 0630pax 1o mosisipHOM MeAUIIHe
OMNKMCAaHbI U Jpyrye CUTyaluu, KorJa TejeMeuLHa
WCIO/Ib30Ba/Iach /1S MOJEePXKKU CIIOKHBIX pelleHn:
JUCTaHLIMOHHOE Y/IBTPa3BYKOBOe UCC/Iel0BaHue, OLleHKa
TIOKa3aHWH K JIariapoCKOTIY WJTH JIarlapOTOMUHU, BIOOD
00bEMa BMeIlIaTe/IbCTBa MPU OrPaHUYEHHOM aHeCTe-
3M0JIOTUUeCKOM 00ecrieueHuH U BO3MOXKHOU 3a/iepikKe
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Polar medical network: evacuation routes and telemedicine (schematic)
MNonspHas MednUWHCKAA CeTh: 3BaKyaUMUsa U TenemMmennunHa (cxema)

AN
Northern USA / Canada / CeBep CLLUA/KaHabl
y g

Antarctica / AHTapkTuga

.

Australia-NZ / ABcTpanga-Hoeana 3enaHons

Antarctic stations / AHFSDRTHUSCKIE CTAHUMY
e outh America / OxxHaa AMepuKa

South Africa-Europe / KOXHas Adpuka-Espona

Evacuation-route (air/sea) / MapwpyT 3Bakyatun (aBua/Mmope)
= = Telemedicine link (satellite) / CnyTHUKOBasa TenemeguUnHa
Key nodes (regions) / Kno4eBble y3bl (pernoHb!)

Puc. 1. [MonsipHasi MeAMLMHCKanA CeTb: MapLUPYThl 9BakKyaLuu 1 TenemeanumHbl (cxema)

MpumeydaHme: Ha cxeme nokasaHbl KntodeBble pervoHbl ApkTukiu (Poccuiickas ApkTuka, Hopserus/LLUnuubepreH, MpeHnaHams, Ansicka,
CeBepHada KaHafa) 1 oTaenNbHble CTaHUMKM B AHTApKTWAE, COAMHEHHbIE TIMHUSIMU BO3MOXHOIN aBaKyaLmmn 1 TeneMeanuUmMHCKIX
KaHanoB. CTpenkaMu 0603Ha4YeHbl BEPOSITHbIE MapLUPYTbl TPAHCNOPTUPOBKM NALUMEHTOB M HaNpaBieHWA TENEKOHCUIMYMOB
MEeX LY apKTUYECKUMM Y3N1aMM U aHTapKTUYECKUMM CTaHUUAMM.

Fig. 1. Polar medical network: evacuation routes and telemedicine links (schematic)

Note: The map shows key Arctic regions (Russian Arctic, Norway/Svalbard, Greenland, Alaska, Northern Canada) and selected
Antarctic stations, connected by potential evacuation routes and telemedicine links. Arrows indicate probable patient transfer
pathways and directions of teleconsultations between Arctic hubs and Antarctic stations.
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3Bakyauuu. YacTe 3THX CljeHapHeB oTpabaTbiBaiach
B BHU/Ie CUMYJISILIMM C 3a/lep>KKOM CUMTrHasia, UMHUTUDPY-
IoLL[e} CITyTHUKOBYIO CBsA3b [12, 28, 33].

Kapauronoruueckuii onbIT TakKe 1eMOHCTPUPYeT
pOJIb TesleMeMLIMHBL: Y/ja/IéHHOe UHTepIIpeTUPOBaHye
IKTI' u sxokapauorpaduu UCronb3yeTcs [/ pele-
HUs, CJIeflyeT /I BBINIOJIHATh Ha MeCTe MUHKMMAaJIbHO
VMHBa3WBHOE BMeIlIaTe/IbCTBO, MPOZO/KaTh KOHCEpBa-
TUBHYIO Teparvio Wiu UHULMUPOBATh HeMe/JIEHHYH0
3BaKyallMIo, He Mo/JBeprasi nalyeHTa HeornpaBJaHHOMY
PUCKY TPaHCIIOPTUPOBKU WJ/IU OIlepaLiyu.

KpymHbie cepry HabmogeHN TIOKA3bIBAOT, KaK 3TH
TIOZIXO/bl Pear3yoTCs B [T0BCeIHEBHOM MTPAaKTHKe TIPU
OCTPBIX XUPYPTrAYeCKUX COCTOSTHUSX (OCTPBIN YKUBOT,
TpaBMa, 0CJIOKHEHHbIe uH(peKMn). [llrpokoe ucnosnp-
30BaHUe Te/leMeULIMHCKUX KOHCY/IbTalUi, CTaHzap-
TU3MPOBaHHBIX MPOTOK0I0B DCS/DCR 1 nostanHoro
T/IaHUPOBAHMS 9BAKyalliy aCCOLIMMPOBAHO C CHYDKEHUEM
JIeTa/IbHOCTU Y YaCTOThI OCJIOXKHEHWU! TPU COXPaHeHNU
TIPHYEM/IEMOTO YPOBHS PYCKa Ha K&)KJOM 3Tare JUCTaH-
LJMIOHHOTO 00CY>K/IeHHsI ¥ AUHAMHUeCKOTO HabTrofieH st
[30-32].

Xupypruueckui akneHrt. [lepeunciieHHbIe
KJIMHUYeCKUe MPUMepbl JeMOHCTPUPYIOT 00Luii
TIPUHLIUIL: B TIOJISPHOU Cpejie K/II0UeBbIM peCcypCcoM
SIB/IsSIeTCS1 He Habop MHCTPYMEHTOB, a OpraHU3aLus
MaplipyTa namnydeHTa U JOCTYH K 3KCIIePTHOMY
MmHeHn0. DCS/DCR/PFC, noaaep>kaHHbIe TejieMe-
JULMHOM M MeXIYHapOJHbIM B3aUMO/leiCTBUEM,
MO3BOJISIIOT BEIOMPATh MUHUMA/bHO [10CTaTOYHBIN
00BEM BMeIIaTeIbCTBA C TIpHEeMJIEMbIM YPOBHEM
pHCKa Ha Ka)K/IOM JTarle.

KoHuenuusa nonsapHoro
XVPYpPruyeckoro Mogyns

OnbIT BOEHHO-T10/IeBOU XMPYPIUU U MOJISIPHOU
MeJULIMHBI [T03BOJIsIeT CPOPMYIUPOBATH KOHLIEMLIUIO
CTaHJAPTU3MPOBAHHOTO «IOJISIPHOT0 XMPYPruueckoro
MO/Y/IsI» — KOMITaKTHOTO O/I0UHOTO Mo pa3esieHus,
Cr1oco6HOT0 06eCTIeUNTD BHITOTHEHVE YKHU3HeCTIaCaFOLX
BMelaTenbCTB 1o npuHLmnam DCS/DCR/PFC B yomoBusix
Kpaiinero CeBepa, AHTapKTUKU U JIPYTUX U30TMPOBaHHBIX
peruonHoB [1-4, 8-12, 15, 19-21, 28-31, 33].
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C npakTHueCcKOM TOUKM 3peHMs] TAaKOU MOAY/b
nipeicTaBisieT coO0l coueTaHue:

* PHEMHO-PeaHMMALIMOHHOM 30Hbl, I7ie BbINOJ-
HSIFOTCSI COPTPOBKA, TIEPBUUHAs OL{eHKa T10 TIPUHLIUATIaM
ABCDE, vHTeHcHBHag Tepanus U peanusanus DCR
(KOHTpOJIb ABIXaTeIbHBIX MyTel, reMoCcTaThuecKas
pecycuuTanus, npodunakTika runorepmui) 3, 8—11,
17, 18, 23-25, 27];

e MaJiol omepanMOHHOM, OCHALLEHHOMN J/15
BBITTOJIHEHUSI OTPAaHHUUEHHOTO CTIIeKTPa BMeIIaTe/TbCTB
damage control (;1arapoToMusi C TaMIOHA/0M, CIIIeHIK-
TOMUS1, (POPMUPOBaHKE CTOM, BHELLHsIsI (PUKCALIMS Tiepe-
JIOMOB, (hacLIMOTOMUH, ApeHUpYIoLLie ornepayu) [1-4,
6, 7, 15, 19, 20, 22, 26, 27];

¢ 30HBI KPaTKOBpPeMeHHOr0 Hab/rofeHusl, rje
TALeHT MOKET HaXOAUTHCS [0 9BAKYALMH WK TIepeBOoia
Ha crenyroimii atan [12, 15, 20-22, 28, 30, 31];

® TeXHHUYeCKoro 0/10Ka, BK/IFOUAIOI[ero Cu-
cTeMy IoziorpeBa HH(Y3UOHHBIX PaCTBOPOB, MUHHU-
MaJibHBIN HabOp CTepUIN3aLMOHHOTO 000PYA0BaHMS,
Kucnopo/, anmnapatsl UBJI u moHuTopuHra [15,
20-22, 26, 27];

® y3/Ia CBAI3H U Te/IeMeHIINHbI, 00ecrieurBa-
FOII[ero KPYITIOCYTOUHBIN JOCTYTI K TeJIeKOHCUTMyMaM
C KpyIHbIMU 1ieHTpamu [13, 28-31, 33, 34].

Ki1roueBoii IPUHLIUII MOJISIPHOTO XUPYPrydeCKOro
Moaysisi — opueHTanusa Ha DCS, a He Ha «ITO/THBIN»
00bém xupypruu. O6opygoBaHue U JIOTUCTUKA
1oI0UPArOTCS UCXOAsT U3 He0OXOAUMOCTH OBICTPO
BBITTOJTHUTH OTPAaHUYEHHOe, HO >KM3HeCIacaroliye
BMelllaTe/IbCTBA B YCIOBUSX Je@ULIUTa BpeMeHH,
KPOBH U aHeCTe3UO0JIOTHYeCKHUX PecypcoB, a He U3
CTpeMJIeHHsI K YHUBepCaIbHOCTH /000 1jeHoi [2—4,
6, 8-11, 17-19, 23-25].

CocTaB ocHalleHHsl MOZY/Isl MOJKET BK/IFOUaTh:

e (0a30BbIii HAOOP UHCTPYMEHTOB /I/ISI JIAIapoTo-
MUY ¥ TaMITOHA/IbI OPIOILIHOM MO/I0CTH;

e Habop /1 HApYKHOU (DUKCAITUU JAJTUHHBIX
KOCTeM U Ta3a;

® UHCTPYMEHTHI /1Jis1 BBITIOJIHEHUS TPeraHaluu
WU [IeKOMITPeCCUBHOW KPaHUOTOMMY B UCKJTFOUUTE/Tb-
HBIX CUTYaLUsX;

e obopyaoBaHue [i/Isi perMOHAapHON aHeCcTe3un
1 0a30BoOI 001IIeli aHeCTe3uH;

XUNPYPT A



Skurlatov TA. RUDN Journal of Medicine. 2026;30(1)

® pacxofiHble MaTepHaJibl /751 aKTUBHOI'O COTpe-
BaHUs MaLlMeHTa, COrpeBaHusl MUH(Y3Ul U KPOBU;

e KOMIUIEKT CPeZCTB /st ObICTPOI TpaHCdy3un
Y, IPU BO3MOKHOCTH, 3aTOTOBKM KPOBHY Ha YPOBHE
moayss [1-4, 6, 7, 15, 19, 20, 22, 26, 27].

OmunTeIbHOM 0COOEHHOCTHIO TIO/ISIPHOTO XUPYP-
TMUeCKOT0 MOZYJISl SIB/ISIeTCsl TeCHast UHTerpaLys C Terle-
MeIULIMHCKUMU CrcTeMaMu. Pabouee MecTo xupypra uim
Bpaya 0011[eil PaKTHUKK TIpe/iTioiaraeT BO3MOKHOCTE:

e Triepefauu B peasbHOM BpeMenu JKI, Y31,
PEHTTeHOBCKUX U, Tipy Harmunu, KT-n3006paxeHnid;

® BH/EOCBSA3M C XUPYPramMH, aHeCTe3HU0/I0TaMU
Y TPaBMaToJIoraMH OTOPHBIX LIeHTPOB;

® COBMECTHOTO TJIaHUPOBaHUsI 00bEéMa BMellla-
TeJbCTBA (HarpuMep, BbIOOP B T0JIb3y CTOMBI, a He aHa-
CTOMO3a; Hapy>KHOU (pUKCaLK, a He BHYTPEHHEro
ocreocuHTe3a) [13, 28-31, 33, 34].

B nepcriekTrBe KOHL|eMLUS MOJISIPHOTO XUPYP-
TMUeCKOT0 MOZYJSI MOXKeT ObITh MCITOb30BaHa Kak
yHu$uUIEpoBaHHas 1/1aTgopMa /17151 TPOeKTUPOBAHMS:

e (CTallMOHapOB B yAaJ6HHBIX apKTHUUeCKHUX
MOCE/IKaXx;

e MeAUIIMHCKUX OJI0KOB HAay4YHO-UCCJIe0-
BaTeNbCKUX CTaHIUH;

®  XUPYPruueckyux MoAy/en Ajisi SKCeAULMOHHbIX
KopabJiel U Cy1oB CHabKeHUsT;

e TPOTOTHUIIOB aBTOHOMHBIX MeJWULMHCKUX
MO/1yJiel [Ji7isi BLICOKOTOPHBIX Jlarepeii U JJINTe/TbHbIX
KOCMUUecKux Muccuii [12, 15, 20-22, 24, 28, 30, 31,
33, 34].

[TonsipHBIN XUPYpPruyecKruii MOAY/Ib MpeCTaBIIsIeT
co0oii He TOJTBKO apXUTEKTyPHOEe WK WHKeHepHoe
pellieHre, HO U KOHI|eHTPUPOBaHHOe BOILIOIIeHHe
npuHiunoB DCS/DCR/PFC B cTpyKTypHpPOBaHHOM
TIPOCTPAHCTBE, I71e KK/l MeTP U KaXK/bIi MpUOop
MOJUMHEH 3a/laue COXpPaHeHHsI )KU3HU TaLjyeHTa Jo Ie-
peJiaurt ero B IieHTp Oosiee BLICOKOTO YPOBHS [1-4, 6,
8-11, 17-19, 23-25, 28-31, 33].

1 2
Entrance / Bxoa __ = Exit / 3Bakyaunsa
a i 6
o — . —

Puc. 2. MonsapHbIi XMPYypruyeckuii Moy b: CXeMaTUYeCKoe YCTPOMCTBO KOMMAKTHOTO KOHTEMHEPHOMO 610Ka

Mpumeyarme: Momynb pasfenéH Ha WecTb MPOHYMEepPOBaHHbIX 30H: (1) peaHnMaLMst U COPTUPOBKa ¢ NposeaeHnemM ABCDE-
oueHkn, DCR v reMocTaTM4eckon pecycumtaumm; (2) 30Ha KpaTKOBPEMEHHOTO HabFOAEHNS Nepes dBaKyaLmei Unm NepeBoioM;
(3) onepauwoHHan ans BMelaTenscTB B hopmate damage-control surgery (DCS); (4) cknap v noructuyeckast 3oHa [i1s 3anaca
pacXofdHbIX MaTepPWanoB, TEMION OAEXAbl, HOCUOK 1 PE3EPBHOr0 060pyA0BaHNS. CTpenkaMu nokasaH TUMMYHbBIA NyTb NaymneHTa
OT BX0Aa Yepes peaHMaLnio 1 DCS K Habno4eHWIO U AanbHelLLerh sBakyaLuy; (5) TEXHUYECKNI 610K C CUCTEMaMM NOAOrpeBa
MHDY3MIA M KPOBM, UCTOUHMKAMM KUCNIOPOAa, annapatamu MBJ1, MOHWTOpPUHIa 1 6a30BOM cTepunusauuy; (6) yaen TenemMeamumHbl
NS TenekoHeunnymoB 1 nepeaadn 9K, Y3W, peHTreH- n KT-n3obpaskeHnin B onopHble LeHTpbl. HymepaLma 30H COOTBETCTBYET
(YHKLMOHANBbHOMY Ha3HAYeHWHO, @ He TIMHEMHOMY PacnooXEHNIO; MapLIpYT NauneHTa: Entrance — 1 — 3 — 2 — Exit.

Fig. 2. Polar surgical module: schematic layout of functional zones in a container-based unit

Note: The module is divided into six numbered areas: (1) resuscitation and triage zone for ABCDE assessment, DCR and haemostatic
resuscitation; (2) short-term observation bay before evacuation or transfer; (3) operating room for damage-control surgery (DCS);
(4) storage and logistics area for consumables, warm clothing, stretchers and reserve equipment. Arrows indicate the typical
patient pathway from entrance through resuscitation and DCS to observation and further evacuation; (5) technical block with fluid
and blood warming systems, oxygen supply, ventilators, monitoring and basic sterilization; (6) telemedicine unit providing real-time
teleconsultations and transfer of ECG, ultrasound and X-ray/CT images to higher-level centers. Zone numbering reflects function
rather than left-to-right placement; patient pathway: Entrance - 1 — 3 — 2 — Exit.
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MpakTuyeckune 3agauum NONAPHOro Xupypra

B npakTrueckoit paboTe MOMSPHOTO XUPypra uiu
Bpaua-yHHBepcasa K/IH0ueBbIM CTAHOBUTCS He CTOJIbKO
B/Ia/leHre MaKCUMaJTbHO LIIMPOKUM CTTeKTPOM OTlepaTHB-
HBIX TEXHUK, CKOJIbKO YMeHHe BbIOpaTh MUHUMAaJ/IbHO
JI0CTAaTOYHBIM U 0e30IacHbIA 00BEM BMelllaTe/IbCTBa
B KOHKDeTHOU pecypcHoii cutyaruu. Haubosnee Tu-
MTUYHBIE 3a/la4y BK/TFOUAIOT:

e TIpuHsATHe pelIeHUs 0 MeCTe U BpeMeHH
onepanun. Beibop Mexxy HemMe//IeHHbIM BMelllaTe b~
CTBOM Ha CTaHLIMK/B MaJIOM CTaL|IOHape ¥ OTCPOUeHHOU
omepaljieil B OTIOPHOM IL[eHTpe C YUéTOM BpeMeHU
3BaKyal{1{, TIOrO/{HbIX YC/IOBUM U COCTOSIHUS TIaLjieHTa.

e BeinosnHeHnue orpannyeHHsix DCS-Bmema-
TeJIbCTB. JlarapoToMusi C TaMIIOHaZl0l ¥ BpeMeHHbIM
3aKpBITHEM OpIOITHOM TI0JIOCTH, CTIEHIKTOMUS, (hop-
MHpOBaHUe CTOM, BHeIIHss (UKCaLUsi I1IepesioMOoB,
(acupoToMIy 1 pagrKaibHast XMpypriuyeckasi obpaboTka
paH B YC/IOBUSIX OTPaHUUEHHOT0 MHCTPYMEeHTapysi U aHe-
CTe3U0I0THYeCKUX pecypcoB [1-4, 5-7, 15-18, 21-24].

e YnpaB/ieHHe PUCKOM OCJO0XHeHUU NMpH
HEeBO3MO)XHOCTH 3BaKyaruu. O1leHKa JOIyCTUMOU
CTeTeHU «HeJl0JIeueHHOCTU» (Harmpumep, BeIOOp
B I10/1b3y CTOMBI BMECTO aHaCTOMO3a), TIpo(uiakTrKa
MH(EKIMOHHBIX ¥ TPOMO03MO0THUeCKUX 0CTIOKHEHUH,
akTHBHasi 60pr0a C TUTIOTepMUell U Koarysionaryei [ 3,
8, 13-16, 23].

e VHTerpanus Te/ieMeJUIUHCKON MOJAEPIKKH
B TaKTHKY. 3ar1poC TeJIeKOHCY/IbTaLUH, JUCTaHLIMOHHAs!
WMHTeprpeTanus AaHHbIX Busyanusanuu (OKT, Y3U,
KT), coBmecTHOe C 3KcIiepTaMu IJlaHupOBaHUe orle-
paLyu 1 TI0C/IeonepalyoHHoro Habmoaenus [28-33].

e Opranu3zanuoHHas posb. KoopguHauus
paboThl KOMaH/IBI (jaXke eC/TM OHa BK/TFOUaeT B cebst
HeMe/JULIMHCKUM TTepCoHaJI), pacripe/ie/ieHre pecypCoB,
BeZleHre JOKyMEeHTALUH /171l TTOC/Ie[yOL[ero aHaIr3a
1 00yueHws.

YnpaBienue 001610 U CO3HaHHEM
npu AeduiuTe pecypcoB
OrzesibHOM 3ajaueil siB/isieTCs yrpaB/ieHue 60Jibio
Y CO3HaHUeM TpH JeduLinte pecypcoB. B mosspHbix
YCIOBUSIX [Ja/IeKO He BCerja JO0CTYIHbI UHrasALU-
OHHbIe aHeCTeTUKH, MHOTOypOBHeBasi UH(Y3MOHHAsI
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aHa/re3usi ¥ MOHUTOPUHT ITyOWUHBI CeJal[y; TTPY 3TOM
TMaleHThbl YaCTO HaXO/ATCS B My TH MHOTHE Yachl WU
JlaXke CyTKU. PyKOoBO/ICTBA 110 TaKTUUeCKOM TTOMOILIU
MOCTPA/IABIITMM B OO0 U TI0JIEBOM aHeCTe3U0JIOTUH
PEKOMEH/IYIOT OIUPaThCst Ha KOMOMHALIMY KeTaMyHa,
OTIMOW/I0B, HECTEPOU/THBIX NPOTUBOBOCHA/UTETLHBIX
CpeJICTB U perMOHapHOM aHeCTe3WH, a/laliTHPOBaHHbIe
K BO3MOYKHOCTSIM KOHKPETHOTO TyHKTa [5, 6, 18, 19,
23]. Onst MOASIpHBIX CTALIMOHAPOB 1je/iecooOpa3Ho
3apaHee 0TPab0TaTh CTaHAAPTHBIE CXeMbI aHA/IbI'€3UH
Y Ce/lal[vy /ISl TUITUYHBIX ClieHapueB (HeCTaOWITbHbIHN
MalMeHT C TSHKEIOW TpaBMOMH, /IuTebHas 9BaKya-
1¥s, TIOBTOPHBIE CAHAI[UOHHBIE OTIepaLii) U 00yUUTh
repcoHaa pacro3HaBaTh PaHHUe TIPU3HAKU Tepefio-
3UPOBKH, [IeJTUPUS U [IbIXaTebHOW HeJJOCTaTOUHOCTH
Ha ¢oHe X0/0/a, TUTIOKCMU U Heflockimanus [18, 20,
23, 24].

IInanupoBaHue BO3BpalleHUs!

K npodeccuoHaIbHOM U (pr3nuecKoii aKTUBHOCTH

Emié oqHa HefjoorieHéHHas 00/1aCTh — TJIaHUPO-
BaHHe BO3BpalleHUs K podeCcCrOHaIbHON Harpy3Ke
(return-to-duty / return-to-climb) y nosisspHUKOB, BO€H-
HOCTY>Kall[MX, aJbITMHUCTOB, MOPSIKOB U Criacaresei.
Haxe 110C/1e ycrieliHo BbINojHeHHOro DCS-Bmeltia-
Te/IbCTBA U PEKOHCTPYKLIMY MaLlMeHT MOXET UMeTh
JUTe/IbHbIe OTPaHUYEeHUs 110 Harpy3Ke, pabore
B X0JIOZle, Ha BbICOTE WU B YCIOBUSX U30/sILUH. Jlos-
roCpoyYHbIe Hab/IroieHNs 38 yUaCTHUKAMU TIOMSPHBIX
Y BBICOTHBIX 9KCIeJULIMI MMOKA3bIBAOT, YTO TPaBMbI
OIMOPHO-/IBUraTe/IbHOrO arrapara u noc/aeCTBUs XU-
PYPruyecKux BMeLIaTebCTB CyIleCTBEHHO B/IUSIFOT
Ha BO3MOYKHOCTb TIPOJI0/DKATh paboTy 110 CrieranbHO-
ctu [21, 22, 28]. D10 noguépkrBaeT HeOOXOJUMOCTh
PerucTpoB, OLIEHUBAIOILMX He TOJIbKO BbDKMBAEMOCTb,
HO ¥ (PyHKIIMOHATbHbIE UCXO/bI U CITIOCOOHOCTH BO3-
BpalleHus K ITpe)KHeMy YPOBHIO aKTUBHOCTHU B 3KC-
TpeMaJ/ibHbIX MPOQeCcCrsX, BKIOUas BbBICOKOTOPHBIN
¥ KOCMHUeCKU KOMITIOHeHT Oyayimx Muccuii [17,
21, 28, 39, 40].

YesioBeueckud akTop M KOTHUTHBHAs Harpy3kKa

Ortie/ibHBIM OrPaHUUMBAIOLLMIM 3BeHOM I1OJISIPHOM
XUPYPIUM BbICTYIIaeT uesioBeueckuid pakrop. Mceneno-
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BaHMs KOMaH/, BBINOHSAIOLMX TPaBMaTO/I0IMUeCKYH0
peaHrMallvIo, NOKa3bIBalOT, UTO KaYeCTBO KOMMYHHKa-
L[UM, paclipefie/ieHre poJiel, CUTyalOHHasl 0CBeJOM-
JIEHHOCTb Y JIU/IePCTBO HAMPSIMYIO B/IUSIFOT HA TIO/THOTY
BBITIO/THEHMSI [TPOTOKOJIOB M YaCTOTY OLIMOOK, HEPeIKo
He MeHbllle, UeM YPOBeHb TeEXHUUECKOT0 OCHALL[eHUs
[44]. B akcriepuMeHTabHBIX paboTax mpe/ioKeHbl
KOJTMUEe CTBEHHbIE MH/MKATOPbI COITIACOBAHHOCTH Jieii-
CTBUIM KOMaH/Ibl ¥ IIPOJIeMOHCTPUPOBAHO, UTO LieJIeBble
TPEHUHTW U CUMYJISILUOHHBIE 3aHATHUS yJyUllatoT
KOOp/IMHALIMIO ¥ 00BeKTHBHBIE TI0Ka3aTeny KauecTBa
TIOMOLLU TIPU TSDKENOU TpaBme [44].

B nonsipHBIX yC/I0BUSX K 5TUM (paKTopam Jo-
OaB/ISTFOTCST XPOHUYECKUI HeJJOCHIT, MOJISIpHasi HOUb,
W30JISILIHsL, OTPAaHUYeHHBIN COCTaB KOMaH/bl U HE00-
XOJHMMOCTb COBMeEILaTh HECKOBKO posiel (XHUpYPT,

aHeCTe310JI0T, OpraHu3aTop 3BaKkyaLur). CoBpeMeHHbIe
0630ps1 o human factors nmoguépkuBaroT, YTO 1MOJ00-
Hast KOMOMHALS [TOBbILIIAeT KOTHUTUBHYIO HarpysKy,
CcriocoOCTByeT CpbIBaM BHUMAaHUS U YBeTUUHBAeT
PUCK TaKTHYeCKUX OLIMOO0K, 0COOeHHO MpU PeJKHX,
HO KPUTHUYECKUX CLeHapusx [45]. Oto menaet 06s-
3aTe/IbHBIMM MCII0/Ib30BaHNe MPOCThIX UeK-/THUCTOB,
3apaHee OTPabOTAHHBIX AJITOPUTMOB, PETY/SIPHBIX
KOPOTKHX CUMYJISILIMOHHBIX TPEHWHIOB U aKTHBHOE
BHe/IpeHHe KOTHUTHUBHBIX «ITOZCKa3UYMKOB» (B TOM
yKcie 0OCHOBaHHBIX Ha VIN), KoTOpble He 3aMeHsI0T
KJIMHAYeCKOe MBIIJIeHe, HO CTPaxyloT OT HauboJee
TUITUYHBIX N1POMYCKOB. CBOZ K/IHOUEBbIX MPaKTHUeCKUX
3a/1au TMOJIIPHOTO XUPYPra B YC/IOBUSIX OTPaHUYeHHBIX
pecypcoB IpeficTaB/ieH B Tab1. 3.

Ta6nunya 3

KnioueBble npakTU4ecKue safayv nossipHoro Xupypra B ycnoBusix orpaHM4eHHbIX pecypcoB

CoaepxaHue

npaKTVNECKI/Ie KOMMeHTapuun

MWHUManbHO HEO6X0AMMOE BMELLATEIbCTBO
(KOHTPOJIb KPOBOTEUEHWS, BPEMEHHasi CTabuIu-
3auysi NOBPeXAeHWI) C 0TKa30M OT OKOHYaTeNb-
HOW PEKOHCTPYKLUK B YCIIOBUAX HECTABUIbHOW

TpebyeT npefgBapuUTesibHOW OT-
paboTKM anropuTMOB U YETKOIO
NMOHUMaHMA rpaHnL BMeLLaTebCcTea

OrpaHuyeHre KpUCTanIoua0B, NpUopuUTeT KPoBw/
nnasmbl (MpY HaNM4YKUK), KOHTPOJSIb TMMOTEPMUU
U KoarynonaTuu, inuTeNnbHOE NoaAepXuBatoLLee

Hy)KHbI 3anacbl pacxoAHWUKOB,
NPOTOKO/1Ibl MOHUTOPWUHTIa, o6yqume
nepcoHana

OpraHusaums KpyriocyTo4HOro 4ocTyna K Tesne-
KOHCUNIMYMaM (XMpYpr, aHECTE3UOOT, KapAKOSOr),
nepepava nsobpaxenuit (KT, Y3U, KT)

BakHbl CTaHAapTU3UPOBaHHbIE
NPOTOKOJbl CBA3U U pe3epBHble
KaHarbl (MHTepHeT/CNyTHUK/paauo)

OueHKa BpeMeHW aBaKyaLmu, Norofapl, JOCTYMNHO-
CTW 6OPTOB, TOTOBHOCTU NPUHMMAIOLLLETO LIEHTP3;

HeobxoauMbl 3apaHee oTpaboTaH-
Hble cxeMbl B3anmogenctems ¢ SAR
(nouck n cnaceHue) 1 aBrauuen,
HECKOJIbKO pe3epBHbIX MapLLpPyTOB

AKTUBHbI KOHTPONb TeMnepatypsbl (yTenne-
HWe, NOAOrPeB UHOY3MUIA), paHHAA AMarHocTuka
1 Koppekuusa KoarynonaTuu, MMHMMK3aL s

B nonsipHbIx ycnoBusix 6opbba ¢ rv-
notepMmen — KIoHEeBOW INeMeEHT
DCR

TpeHNPOBKM NO CLeHapUsIM TSHXKENON TpaBMblI,
Y&TKMe ponu B 6purafe, B3anMoaencTeme co cna-
caTensiMu, aBnaLmei, akunaxxamu cysos

3apjava YpoBeHb nomMoLu
Manbliii cTaumoHap, nonsp-
Has CTaHUMs, CYAHO
[MpumeHeHne H YA
npuHuunos DCS
duraunonorum
[lorocnuTtanbHbIA 3Tan,
Peanusauus Marbli cTaumoHap
DCRwu PFC
neyeHve Ao aBakyaLuum
TenemepuumnHckas | Bce ypoBHM, 0CO6EHHO M30-
noaaepxka JIMpOBaHHbIe NYHKTbI
peLueHunn
CTaHuus, Manblin cTaumo-
MapupyTtusauns o
Hap, pervoHanbHbIN LEHTP
1 NnaHupoBaHue
MCNOJIb30BaHME «OKHa Morofbi»
3BaKyaLumm
orocnuTasbHblA 3aTan
MpodunakTtuka A !
onepauuoHHas
runoTepMum
1 Koarynonatuu
KpoBomnoTepu
Bce ypoBH#M
MoproToBka yp
KOMaHAbl
1 B3anMopencTane

B ycnoeusax Kagpoeoro geduunta
Ba)kKHa paLyoHanbHas pacrpefenéH-
HOCTb 3aZjay Mexay BpauoM, denba-
LLIepOM, MeLICECTPOV U HeMeLMKaMm
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Table 3

Key practical tasks for a polar surgeon in limited-resource settings (task, level of care, content, practical comments)

Task

Level of care

Content

Practical comments

Application of DCS
principles

Small hospital, polar
station, ship

Only the minimum necessary intervention
(haemorrhage control, temporary stabilization of
injuries), with deferral of definitive reconstruction
in the setting of physiological instability

Requires prior rehearsal of algorithms
and a clear understanding of the limits
of the intervention

Implementation of
DCR and PFC

Prehospital stage,
small hospital

Restriction of crystalloids, priority use of blood/
plasma (if available), control of hypothermia and
coagulopathy, prolonged supportive care until
evacuation

Requires adequate stock of consum-
ables, monitoring protocols and staff
training

Telemedicine support
for decision-making

All levels of care,
especially isolated
sites

Organisation of 24/7 access to teleconsultations
(surgeon, anaesthesiologist, cardiologist); trans-
mission of images (ECG, ultrasound, CT)

Standardized communication protocols
and backup channels (internet / satellite
/ radio) are essential

Routing and evacua-
tion planning

Station, small hos-
pital, regional centre

Assessment of evacuation time, weather, aircraft
availability, readiness of the receiving center; use
of «weather windows»

Requires pre-established schemes of
interaction with SAR (search and res-
cue) and aviation services and several
backup routes

Prevention of
hypothermia and
coagulopathy

Prehospital stage,
operating room

Active temperature control (insulation, warming
of infusions), early diagnosis and correction of
coagulopathy, minimization of blood loss

In polar conditions, prevention and
treatment of hypothermia is a key
element of DCR

Team training and
coordination

All levels

Scenario-based training for severe trauma, clearly
defined roles within the team, coordination with
rescue services, aviation and ship crews

Under staff shortage, rational distri-
bution of tasks between the physician,
paramedic, nurse and non-medical
personnel is critical

durypa nossipHOro XUpypra 00beiuHseT KIUHHU-

¥ OCTPOU XHUPYPIrUueCcKoM MaTo/JI0OTUU B TIOJISIPHBIX

UYeCKYH, OPraHu3aljMOHHY U KOMMYHUKAIL[MOHHYO
KOMIIOHeHThI. OT ero rotoBHOCTH K DCS-niogxozny, Bia-
JeHust 6a30BBIMU TEXHUKAaMH M YMEHUS CIT0/Tb30BaTh
MeXXTyHapOZHbIe CeTH COTPYIHNYeCTBa 3aBUCUT UCXO,
eTMHUYHBIX, HO KpaiiHe TSHKEJbIX C/TyuaeB TPaBMBbI
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Ha puc. 3 u 4.

. NokaneHbli M ~ P ~
ecTo TpaBMbl » yPOBEHb » ansin > 'erMoHaNbHbIRA >
[nonnpnuﬁpperuuul (denvpwep / cTauMoHap UeHTp TpasMouenTp
Bpay CTaHWHK)
FunoTepmus, MepsuyHan OLEHKa, DCS, OkoH4yaTensHasn CnoMHele
KpoBOTEYeHKe, DCR, crabunuzaums, XWUPYPrus, PEKOHCTPYKLWK,
orpaHWYeHHbIe pecypckl TenemMeavUMHa NOAroTOBKa K 3BaKyaLWu OPUT peabunutaumna
Puc. 3. MapuipyT1sauns TAXENOro NONAPHOro naumeHTa
Local
Place of injury > level > Small N Regional Trauma
(polar region) (paramedic / hospital centre > centre
station doctor)
Hypothermia, Primary assessment, DCS, Definitive Complex
bleeding, DCR, stabilisation, surgery, reconstructions,
limited resources telemedicine preparation for evacuation ICU rehabilitation

Fig. 3. Care pathway for a severely injured patient in polar regions

pervoHax. [Ipesyaraemasi MapIipyTH3aLUs TSHKEJIO
TPaBMHPOBAHHOTO MAL[eHTa B MOJIIPHOM PervioHe U asi-
TOPUTM BbIOOPA MEXK/Y JIOKAIbHBIM BMellaTeIbCTBOM
t¢bopmara damage-control u 3BaKyaLueli rmoka3aHbl
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Taxénbin
TPAaBMHMPOBaHHBIA
nauWweHT B nonapHomMm
peruvoHe

FreMmogMHaMHUYECKH
HecTtabuwnen?

JononHWTeneHan
AHArHOCTHKA,
TeneKoHCYNbTaLMWA,
nnaHoBan 3paKyauuna

JeaKyaumsa
BOZMOXHa B Té4YeHHe
DanMxanwmx
Yyacos?

MuHnMansHoe NokanbHubiih DCS +
BMELlaTenbLCTBO (ecnu DCR, ctabunuzaumna,
HYHO) + BeicTpan OTCpOYeHHaRn
3IBaKyauMa 3IBaKyauus

Puc. 4. YNpOLEHHbI anropnt™ Bblbopa: nokansHbIn DCS nnn sBakyaums

Severely injured patient
in a polar region

Hemodynamically
unstable?

Additional diagnostics,
teleconsultation,
planned evacuation

Evacuation possible
within the next
hours?

Minimal intervention Local DCS + DCR,
(if needed) stabilisation,
+ rapid evacuation delayed evacuation

Fig. 4. Simplified decision algorithm: local DCS versus evacuation

SURGERY
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OrpaHuyeHuUs U HanpaB/ieHus
6yayLwmx uccnegoBaHum

Wwmetomiasicst iuTepaTtypa Mo XUPYPruv TpaBMbl
B MOJISIPHBIX PETMOHAX XapaKTepU3yeTCsl psiZioM orpa-
HUYeHUH. BOMBIIMHCTBO My O/IMKAI[Ui TTPe/ICTaB/ISIOT
co0o¥i peTpoCIeKTUBHBIE CePUH HaO/TIOIEH U, OTTMCaHUS
OT/Ie/IbHBIX KIIMHUYeCKHX CJTy4YaeB WM OTYEThI SKCIIeI1-
L[1i4, YTO 3aTPyZHsIeT KOMYeCTBEHHYIO OLIEHKY UCXO/I0B
Y CpaBHEeHMe pa3/InuHbIX Mojesiei oMoty [19-24].
[Hannble 1o poccuiickoit ApkTrke u Kpaiinemy CeBepy
Tipe/icTaB/ieHbl KpaliHe OrpaHUUeHHO U (pparMeHTap-
Ho [25-27]. B psage ciyuaeB DCS/DCR/PFC B ronsipHbIX
YCJIOBUSIX OTMCHIBAIOTCS Yepe3 SKCTPAIloJIsILIMIO OTbITa
BOEHHO-TI0/IeBOM XUPYPIUX U IKCITeIUITMOHHON Me/TULTH-
HbI Oe3 JieTaslbHOM aZianTallH K Crielu(HKe CeBePHBIX
Tepputopwmii [1-4, 5-7, 8-11, 19-22, 27].

[TepcrieKTUBHBIMY HarpaB/IeHUSIMU UCC/IeT0BaHUMA
SIB/ISIFOTCS CO3IaHKE MEXKTYHAPOJHBIX PETUCTPOB TO/SIPHOIO
TpaBMaTr3Ma M HeOTI0KHOW XUPYPruuecKol MaToIoruH,
crangaptu3anus npotokosioB DCS/DCR/PFC gnst Ap-
KTUKHM U AHTapKTHKHU, pa3paboTKa e[IMHbIX KPUTEPHEB
TIPUHSITUS pellieHysi 00 orepaLiy ¥ 3BaKyarvH, a TakKe
olieHKa 3(h(PeKTUBHOCTU TelleMeJULIMHCKUX MoZesieit
TIO/I/IeP’KKHM XUPYPrOB U Bpaueit 0011ieit IPaKTUKK B U30-
JIMPOBaHHBIX perroHax [19-22, 24, 28, 30-32]. Ocoboe
BHMMaHUe 3aC/Ty)KUBAlOT TPY CKBO3HbBIX HarpaB/eHUs,
VHTETpUPYIOLLIe T0JIEBYIO, TIOISIPHYIO, TOPHYIO M KOCMU-
YeCKyr0 XMpypruto: (1) MpoeKTUpOBaHKe U TeCTUPOBAHKE
aBTOHOMHBIX XUPYPTrUUeCKUX MOAY/IeH [Jis1 apKTUUeCKHX
TMOCE/TKOB, BLICOKOTOPHBIX JIarepei, MOPCKUX SKCITeTULTHI
Y TIePCIIEeKTUBHBIX OPOUTATBHBIX/TyHHBIX MUCCHH; (2)
Y3yJeHe YTIpaB/isieMOU TUIMOTePMUAN M METOJWK emergency
preservation and resuscitation Kak UHCTpyMeHTa «3alliT-
HOTO THUIOOHO03a» TIPY TSHKENOoM TpaBMe; (3) MCC/ieZioBaHe
pereHepalvy U 3a)KUBJIEHUSI KOCTHOM 1 MSITKUX TKaHeu
B YCJIOBUSIX XOJI0/Ia, TUTIOKCUY ¥ MUKPOTPaBUTALH C Lie-
JIbIO TIOC/IEIYIOIIErO TIEPeH0Ca STUX 3HAHWH B OOBIYHYHO
XHAPYPruveckyto npakTuky [20, 27, 35-40].

BbiBOAbI

[TosTarHas TakTHKa jieuyeHust TpaBMbl C IPUMeEHe-
HreM DCS/DCR/PFC B NOMSpHBIX pervoHax ro3BOJIsieT
a/lanTUPOBaTh 00BEM OTepalvy K peasbHbIM pecypcam
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¥ 9BaKyaLOHHBIM BO3MOKHOCTSIM, CHIDKast PUCK (haTab-
HBIX 0C/IO’KHeHHH. OO00IIeHHBIH OTTBIT BOGHHO-TIO/IEBOI
¥ TIOJISIPHOM XUPYPTUM MOYKET OBbITh UCTIONb30BaH NPy
pa3paboTKe MPOTOKOJIOB MOMOILM TIPH TSHKEION TpaBMe
B CeBepHbIX perroHax Poccuy 1 pyrux CTpaH, a Takke
CIY>KUTb METOZI0/IOTMUeCKOM OCHOBOM [171s1 TIOC/Ie/IytO-
IIMX UCC/Ie0BaHUM TPaBMbl B BbICOKOTOPHBIX paiioHax
U TIepPCTIeKTUBHBIX KOCMUUECKHUX MUCCHsIX. [lepcriekTrB-
Hble HarpaB/eH!s BK/TIOUAOT pPa3paboTKy aBTOHOMHBIX
XUAPYPryuuecKux MOJy/Iel, POTOKO/IOB KOHTPOTUPYEMO#
ruriotepmu (EPR), co3naHue TeneMeULIMHCKHAX CUCTEM
Y PErUCTPOB TIOJISIPHOM TPaBMbI C MOZI@/TUPOBaHKEM JBa-
KYaL[OHHBIX CL{eHapUeB, a TAK)Ke U3yueHle pereHeparyu
TKaHel B 9KCTPeMaJIbHbIX YCI0BUSX. [l0MOMHUTETBHO
C/leflyeT yuMThIBaTh B/IUSIHKE JIOKA/IbHOM (B TOM uMC/Ie
arrapaTHOW) TMIIOTEPMHHY Ha KJIeTOYHbIe TPOLIeCChI
Y MUKDOLIMPKY/ISILIUIO, YTO MOXKET UMeThb 3HaueHue
TpY BbIOOPe TaKTUKU TEMITePaTyPHOTO MeHe/)KMeHTa
B YC/IOBUSIX Xomo/a [46, 47].
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Employing seamless mesh implants during Lichtenstein hernia repair
with the use of insights enabled by artificial intelligence

Andrey V. Protasov ', Mekhaeel Sh. F. Mekhaeel g, Sameh M.A. Salem
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Abstract. Relevance. Globally, there are now 32.53 million hernia cases, up from about 23.92 million during the previous
3 decades. Many authors lack statistical knowledge, which could jeopardize healthcare. The aim was to use artificial intelligence
as a statistical technique to assess the potential effects of Adhesix™ self-gripping mesh implants, Hertra™ mesh implants, and
Lintex™ glue-fixed mesh implants on the outcomes of inguinal hernia patients who underwent open inguinal hernia repair in
Lichtenstein. Materials and Methods. We performed 120 Liechtenstein-compliant inguinal hernia repair procedures on three evenly
split patient groups (n = 40) using Adhesix™, Hertra™, and Lintex™ mesh implants. The parameters for comparison were the
time-frame of the procedure, hospital-stays, challenges afterwards surgery, and issues that arose during the brief follow-up. Results
and Discussion. Patients of the first group were hospitalized for shorter periods of time than those in the second and third groups
(group A-4.9 bed /day, group B-4.9.5 bed /day, and group C-4.95 bed /day), with no statistically significant differences. Patients
in the first group experience a significantly shorter procedure time, followed by those in the second and third groups (27.8 min,
31.4 min, and 38.9 min respectively). Unlike the third group, which included 3 patients with postoperative discomfort and 1 with
postoperative seroma formation, the first and second groups’ postoperative hospitalization stays were free of complications.
In contrast to the third group’s 2 patients who experienced mesh migration and hernia recurrence, the first and second groups’
patients experienced no complications during the short-term follow-up. Conclusion. Compared to Lintex™ mesh implants, the
operative times using Adhesix™ and Hertra™ are significantly shorter with no post-operative complications or hernia recurrence.

Keywords: hernia, mesh implants, polypropylene, glue, artificial intelligence
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Introduction

When it comes to surgical mesh fabrication,
polypropylene (PP) is the most widely used material
worldwide [1]. It is nonabsorbable, electrostatically
neutral, extremely hydrophobic, nonpolar, and has
a high tensile strength. It can be found in mono
or multifilaments, coated or uncoated, heavy or
lightweight forms [2]. Fuse Deposition Modelling
(FDM) in 3D printing surgical meshes [3] reduces
the tensile strength of the mesh and creates multiple
contact points between the mesh and surrounding
tissues, as opposed to the mobile joint points that are
achieved through knitting in non-pre-shaped meshes.
This results in a significant reduction in both operative
time and postoperative pain [4].

In terms of surgical time, postoperative seroma/
hematoma production, urinary retention, and even
more, recurrence rates, the use of pre-shaped surgical
meshes is better to that of non-pre-shaped suture-
fixed ones [5, 6]. Many theories explain why the
application of self-adhering pre-shaped meshes
causes less postoperative pain than sutured ones by
linking the pathophysiology of early postoperative
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inguinal pain to not only surgery-related causes but
also tissue trauma from surgical field preparation,
mesh inflammatory reaction, and mesh fixation.
Furthermore, cost-effective research demonstrated
that self-adhering pre-shaped meshes were more
cost-effective to use than ordinary sutured meshes,
despite their higher price [7, 8].

Tissue adhesives have been proposed as an
alternative to permanent fixation devices in hernia
repair with the aim of reducing perforation-associated
complications and chronic pain. The adhesives can be
divided into three main categories: biologic products
(e.g., fibrin), synthetic glues (e.g., cyanoacrylate
based), and genetically engineered polymer protein
glues. Fibrin sealant has been used extensively in
all surgical disciplines for tissue adhesion, suture
support, hemostasis, wound care, and endoscopic
treatment of bleeding. Cyanoacrylate based glues
have been investigated in numerous scientific studies
as hemostatic agents, topical dressing, and adhesives
in soft tissues, in ophthalmology, odontostomatology,
osteosynthesis of bone fracture and, recently, as drug
carriers. They were also used in gastroenterology for
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esophagus varix treatment, in maxillo-facial surgery,
and in vascular surgery for arterious anastomoses [9].

The accuracy of diagnoses, clinical judgment,
and patient outcomes have all been transformed by
the application of artificial intelligence and statistical
science in medicine, especially surgery. The crucial
significance statistical frameworks play in organizing
and approving medical research is shown by current
research. When assessing clinical outcomes, especially
in surgical operations, fundamental statistical parameters
like sensitivity, specificity, and predictive values are
still crucial. Likewise, statistically verified artificial
intelligence (AI) models improve surgical accuracy
and outcome prediction [10,11].

Another popular statistical technique is regression
analysis, for which Lee suggests standardized uses for
continuous variables in clinical research [12]. Machine
learning algorithms are becoming more widely used
in a variety of fields, including radiology and surgical
risk assessment. These algorithms provide doctors
with dynamic models that get better with time and
additional data [13]. The strength of statistical science
in controlling chronic illnesses is further demonstrated
by the use of machine learning in complicated areas,
such as blood glucose prediction in Type 1 diabetes.
In this situation, the precision, scalability, and
reproducibility of research are greatly impacted by the
data analysis methods selected. Although many people
use Microsoft Excel for simple data management
and visualization, Python offers more flexibility and
computational resilience. With the help of libraries
like Pandas, NumPy, SciPy, and scikit-learn, Python
allows for sophisticated statistical modeling, real-time
data analysis, and automation on a scale that Excel is
unable to rival [14, 15].

The growing relevance of machine learning in
medical research was reviewed by Garg and Mago
[16], who emphasized how Python makes it easier
to construct algorithms for diagnostic and therapy
planning. Additionally, Fang explains how statistical
techniques guarantee increased reproducibility and
transparency in biological research when applied
using programming environments such as Python.
Additionally, Python is a better option for medical
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researchers working with high-dimensional clinical
datasets due to its connection with hospital information
systems and compatibility with big data platforms.
With these developments, Python is now more suited
to construct intelligent healthcare systems and serves
as a supplement to statistical science [17].

The aim of this work is to enhance the results of
Lichtenstein, the gold standard technique for anterior
hernia repair [18], given that the global market for
hernia repair is expected to reach $6.3 billion in the
next few years [19].

Materials and methods

Patients

Between January 2022 and March 2025, our team
conducted 120 patients with inguinal hernias who
underwent anterior inguinal hernioplasty with seamless
implants during Liechtenstein. The study took place at
RUDN University’s Department of Operative Surgery
and Clinical Anatomy, located at the Clinical Federal
Hospital Ne 85 in Moscow, Russia. We used patient card
control, which allowed us to select all of the relevant
help criteria. As summarized in Table 1.

Inclusion criteria

1. Patients with a unilateral, main inguinal hernia
and no additional hernias.

2. Patients in the age range of 21 to 71.

3. Both men and non-pregnant women.

4. Patients were treated using the Lichtenstein
method.

5. Patients beforehand.

Disqualification standards

1. People who have bilateral, recurrent inguinal
hernias or other hernias that occur concurrently are
excluded.

2. Individuals who are over 71 or under 21.

3. Expectant mothers.

4. Patients who expressed their desire for
laparoscopic surgery.

5. Individuals in need of urgent care.
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Table 1

Control card for the patients

1) Admission timing and date.

2) The release date and time.

3) Total hospital stay (beds per day).

4) Preoperative information on the patient:
Name, surname, and middle name.
The card’s number.

Gender.

Age.

Profession.

Address.

Telephone number.

Patient grievance.

The length of the hernia.

Hernia size.

Hernia site (left or right).

Type of hernia: direct or oblique.
The external inguinal ring’'s dimensions.

S3TATTS@reo0 T

5) Information obtained during surgery:
a. Anathesia kind.

c. Size of the hernial sac.
d.  Surgery-related issues.
e. Time of operation.

6)_Post-operative care:
. Complications during hospitalization.

Related comorbidities: assessing the influence of connective tissue diseases and figuring out the risk
factors affecting the patient’s quality of life.

b.  The mesh implant that was used (kind, size, and technique of anchoring the mesh).

a
b.  Concerns arose during the six-month postoperative short-term follow-up.
Research methodology group. The average age was 51.45. Thirty-two patients

A combination of a prospective and retrospective
analysis.

For the purposes of our investigation, we divided
the 120 participants in our clinical trial into three equal
groups (n = 40).

Adhesix™ self-gripping mesh implants (Figure 1)
were used in Group A; 40 male patients make up this

had a right inguinal hernia, while eight patients had
a left. There is a 24:16 ratio of oblique to straight
inguinal hernias. The averages of age, duration of
herniation, hernial and external henial ring, are
summarized in Table 2.

Table 2
Averages of age, duration of herniation, dimensions of hernia and external henial ring for group A
Metric Mean Standard Error Median Mode Standard deviation Range Min Max
Age (years) 51.45 3.03 53 70 13.56 43 27 70
Duration of Herniation |, 75 8.58 7.5 6 38.39 117 3 120
(months)
Hernia Length (cm) 6.9 0.61 6 6 2.71 9 3 12
Hernia Width (cm) 4.68 0.28 4.5 4 1.26 4.5 2.5 7
Hernia Height (cm) 3.75 0.45 3.5 1.28 4 2 6
Hernia Volume (cm?) 85.35 21.11 39 12 94.41 276 12 288
External Inguinal Ring 2.5 0.11 2.5 2.5 0.51 2 15 35
Size (cm)
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Hertra™ pre-fitted mesh implants (Figure 2) were
used in Group B; 36 men and 4 women. 55.95 years
old was the average. This group consists of twenty
patients with right inguinal hernias and twenty patients
with left inguinal hernias. Oblique to direct inguinal
hernias is 20:20 in ratio. The averages of age, duration
of herniation, hernial and external henial ring, are
summarized in table 3.

Glue-repaired Lintex™ mesh implants
(Figure 3) were used in Group C; there were also 14
female patients and 26 male patients. The average
age was 58.89 years. Of the patients, 26 had a right
inguinal hernia and 14 had a left. 21:19 is the oblique
to direct inguinal hernia ratio. The averages of age,
duration of herniation, hernial and external henial
ring, are summarized in Table 4.

Averages of age, duration of herniation, dimensions of hernia and external henial ring for group B able:3
Metric Mean Standard Error Median Mode g;sgctig: Range Min Max
Age (years) 55.95 2.96 63 64 13.26 a1 27 68
Duration of Herniation (months) 227 441 18 24 19.70 58 2 60
Hernia Length (cm) 7.35 0.88 6 5 3.95 13 2 15
Hernia Width (cm) 4.7 0.33 4.5 4 1.49 5 2 7
Hernia Height (cm) 3.29 0.61 3 2 1.60 4 2 6
Hernia Volume (cm?3) 86.3 28.05 31 25 125.46 498 6 504
External Inguinal Ring Size (cm) 2.35 0.19 2.5 1.5 0.83 2.5 1.5 4
Table 4
Averages of age, duration of herniation, dimensions of hernia and external henial ring for group C
Metric Mean Standard Error Median Mode (jsésgc:gg Range Min Max
Age (years) 58.89 1.66 62 62 10.07 40 30 70
Duration of Herniation (months) 58.89 1.66 24 24 39.13 178 2 180
Hernia Length (cm) 58.89 1.66 7 6 3.71 15 2 17
Hernia Width (cm) 58.89 1.66 4 4 1.83 8 2 10
Hernia Height (cm) 58.89 1.66 3 3 1.79 7 2 9
Hernia Volume (cm?3) 58.89 1.66 48 48 259.29 1524 6 1530
External Inguinal Ring Size (cm) 58.89 1.66 25 25 0.76 2.5 1.5 4
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The main complaints of the patients are summarized

Fig. 3. Glue-repaired Lintex™ mesh implant

e
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After collecting the medical histories of the patients

in Table 5. in the three groups, we discovered the following
comorbidities as summarized in Table 6.
Table 5
Main complaints of the patients
Group A Group B Group C Grand total
Painless Slowly growing o o o o
inguinal mass 30/40 (75%) 18/40 (45%) 17/40 (42.5%) 65/120 (54.167%)
constant inguinal pain during 3/40(7.5%) 7/40 (17.5%) 10/40(25%) 20/120 (16.67%)
Groin pain during standing 4/40(10%) 7/40 (17.5%) 6/40(15%) 17/120(14.167%)
Groin pain upon lifting heavy 2/40(5%) 6/40(15%) 7/40(17.5%) 15/120(12.5%)
objects
Pulling pain in the groin 1/40(2.5%) 2/40(5%) 0/40(0%) 3/120(2.5%)
Grand total 40/40 (100%) 40/40 (100%) 40/40(100%) 120/120(100%)
XNPYPTINA
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Table 6
Patients’ associated comorbidities

Group A Group B Group C Grand total
HTN 2/40 (5%) 2/120 (1.67%)
HTN+CHF 10/40 (25%) 4/40 (10%) 14/120 (11.67%)
HTN+CHD 4/40 (10%) 2/40 (5%) 6/120 (5%)
HTN+ Ch. Gastritis 4/40 (10%) 2/40 (5%) 6/120 (5%)
HTN+ Ch. Cal. Cholecystitis 2/40 (5%) 1/40 (2.5%) 3/120 (2.5%)
HTN+ Varicose veins 2/40 (5%) 1/40 (2.5%) 3/120 (2.5%)
HTN+ Type Il D.M. 2/40 (5%) 1/40 (2.5%) 3/120 (2.5%)
HTN+ Dyslipidemia 2/40 (5%) 2/120 (1.67%)
HTN+AF 1/40 (2.5%) 1/120 (0.83%)
Sinus Bradycardia 1/40 (2.5%) 1/120 (0.83%)
COPD 2/40 (5%) 1/40 (2.5%) 3/120 (2.5%)
Varicose veins 4/40 (10%) 1/40 (2.5%) 5/120 (4.17%)
Urolithiasis 1/40 (2.5%) 1/120 (0.83%)
Type Il D.M. 2/40 (5%) 2/120 (1.67%)
Grand total 8/40 (20%) 26/40 (65%) 18/40 (45%) 52/120 (43.3%)

Statistical analysis

The statistics module of the Python programming
language, which is machine learning-based statistical
software with artificial intelligence support, was used
to perform the calculations. Descriptive statistics, such
as arithmetic mean (M), standard error, median, mode,
standard deviation (s), range, minimum (Min), and
maximum (Max), were used to statistically examine the
collected data. Windows 11 was the operating system.
8 GB of RAM is needed for the system.

Results and discussion

The comparison-based criteria
I. The time for operation.
The average operating time for patients in group (A)
who had surgery with Adhesix™ self-gripping mesh
implants was 27.8 minutes; for patients in group (B)
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who had surgery with Hertra™ mesh implants fixed
by a single polypropylene suture to the pubic bone, it
was 31.4 minutes; and for patients in group (C) with
Lintex™ glue-fixed mesh implant was 38.9 minutes as
summarized in Table 7.

The average operating duration of 3.6 minutes does
not appear to differ statistically significantly between
groups A and B, according to the p-value of 0.90.

The p-value (< 0.0001) shows a statistically
significant difference in operative time between groups
A and C, with an average of roughly 11.1 minutes.

The p-value (< 0.0001) shows a statistically
significant difference in the average operating duration
(~7.5 minutes) between groups (B) and (C).

In terms of operating time, these figures show
a statistically significant difference between the use of
Adhesix™ self-gripping mesh, Hertra™ mesh fastened
by single stitch, and Lintex™ mesh fixed by glue.

61



Protasov A.V., Mekhaeel M.Sh.E, Salem S.M.A. Bectuuk PYJH. Cepust: Megunusa. 2026. T. 30. Ne 1

Table 7
The average operative-time for the 3 group
Metric Group A(Adhesix™) Group B(Hertra™) Group C (Lintex™)

Mean 27.8 314 38.9
Standard Error 1.5 1.76 217
Median 26.5 28.1 33.75
Mode 25 28.1 30

Std Dev 6.7 7.88 13.24
Range 21.8 30.6 63.75
Min 21 26.25 18.75
Max 38 35 825

II. Hospitalization (day/bed)

Hospital stays for group (A) patients who had
surgery with Adhesix™ self-gripping mesh implants
lasted an average of 4.9 days; group (B) patients
who had surgery with Hertra™ mesh implants
that were secured to the pubic bone with a single
polypropylene suture lasted 4.95 days; and group (C)
patients who had surgery with Lintex™ implants
that were secured with glue lasted 4.95 days, as
summarized in Table 8.

The average length of stay in the hospital was about
five days, similar for all groups.

The p-value of 0.90 indicates that there is no
statistically significant difference in the length of
hospitalization for either group.

These numbers showed that the three study groups’
hospital stays did not differ statistically significantly.

II1. Recovery issues dfter surgery

During their hospital stay following surgery, we
found that everyone in group (A) was trouble-free.

No problems exist between any of the group
members for the patients in group (B).

Conversely, we found that three patients in
group (C) had postoperative pain that was reduced
following NSAID use. One patient had seroma. The
other group members did not experience any pain.
During the hospital stay following surgery, none of
the patients in group (C) experienced any further
issues.

Table 8
Hospitalization (day/bed)
Metric Group A(Adhesix™) Group B(Hertra™) Group C (Lintex™)
Mean 4.9 495 4.95
Standard Error 0.34 0.23 0.19
Median 4.5 5 5
Mode 4 5 5
Std Dev 1.52 1.05 1.15
Range 5 4 5
Min 3 3 3
Max 8 7 8
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IV. Issues with the short-term follow up.

During the six-month short-term follow-up, we
noticed that all of the patients in group (A) had no issues.
There were no repetitions.There are no problems among
the patients in Group (B). There were no repetitions.
Among the patients in group (C), we found two who
had mesh migration and recurrence.

So, the three types of seamless implants that
Lichtenstein uses for open inguinal hernioplasty are
self-gripping mesh (Adhesix), mesh implants (Hertra)
that are fastened to the pubic bone with a single wire,
and mesh implants (Lintex) that are fixed with glue.

Discussion 1. Patients who had surgery in the first
group were hospitalized for shorter periods of time than
those in the second and third groups (group A-4.9 b/d,
group B-4.9.5 b/d, and group C-4.95 b/d), but there
were no statistically significant differences.

Discussion 2. Patients in the first group take
a lot less time to complete the process than patients
in the second and third groups (groups A, B, and
C, respectively; 27.8 minutes, 31.4 minutes, and
38.9 minutes).

Discussion 3. Unlike the third group, which
included three patients with postoperative discomfort
and one with postoperative seroma formation, the first
and second groups’ postoperative hospitalization stays
were free of complications.

Discussion 4. Unlike the third group, which
included two patients with mesh migration and
hernia recurrence, the first and second group patients
experienced no complications during the short-term
follow-up.

Conclusion

Compared to Lintex mesh implants, the operative
times for inguinal hernioplasty with an anterior approach
using self-gripping mesh (Adhesix), mesh implants
(Hertra) fixed by a single polypropylene to the pubic
bone, and mesh implants (Lintex) fixed by glue are
significantly shorter (11. minutes and 7.5 minutes,
respectively). In contrast to Lintex™, which experienced
three post-operative pain cases and one seroma case,
Adhesix™ and Hertra™ experienced no issues during
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the post-operative hospital stay. In the short-term follow-
up, the first group experienced no issues, the second
group experienced none, and the third group experienced
two mesh migrations and a hernia recurrence.
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AnnHoranusa. AkKmyaibHocmb. B HacTosIee Bpemst BO BCeM MUpe 3aperuCcTpUpoBaHo 32,53 MWIIMOHA C/lydaeB TPbDKH,
0 CPaBHEHUIO C IPUMepPHO 23,92 MWUIMOHAMH 3a MpebIAyLe 3 fecsaTuieTrs. MHOTMM aBTOpaM He XBaTaeT CTaTUCTUYeCKUX
3HaHHWH, YTO MOXKET TIOCTABUTh TOZ, yrpo3y 37 paBooxpaHeHHe. Llesib coCTosiia B TOM, UTOOBI UCIIOb30BaTh UCKYCCTBEHHBIN
VIHTEeJIJIeKT B KauyeCTBe CTaTUCTUYeCKOTO MeTo/a /i/Is OL|eHKH TMOTeHIMaabHOro BAusHusT CaMo(UKCHPYIOIIMXCS CeTyaThIx
nmriantatoB AdhesixTM, HertraTM u LintexTM Ha pe3y/bTaThl JieueHUs TTAIIMEHTOB C TTaXOBOU IPbDKeH, MepeHe X OTKPBITYI0
TJIaCTHKY TIaX0BOM IpbbKH JInxTeHiTeitH. Mamepuanbt u Mmemoodbl. Mbl BeimoHuM 120 mporje/iyp 1axoBoi rapHHAOIIIACTUKH
110 JIUXTeHIUTeliHy, Y TPeX paBHOMEPHO pacripeie/leHHbIX Py naryeHToB (n = 40) ¢ UCIoNb30BaHMeM CeTUYaThIX MMILIAHTATOB
Adhesix™, HertraTM u LintexTM. IlapameTpam# /jjisi CpaBHeHHs1 ObITH TIPOJO/DKUTEBHOCTB MPOLIeAYPbI, POJ0/DKUTETEHOCTD
nipeObIBaHus B OOTBHHULIE, OCTIOKHEHHS B TTOC/IE0TIePALIMOHHOM MepHo/ie, BO3HUKILIVE BO BPeMs KDaTKOr0 HalOmrozieHus. Pe3yabmanibi
u obcydcOeHue. TlareHTHI MEPBOU IPYIITBI ObITK FOCIMUTAIM3UPOBaHbI Ha O0/iee KOPOTKHE CPOKH, UeM TMarjueHThl BTOPOi
v TpeTbelt rpymm (rpynmna A — 4,9 nHst B cyTKH, rpymna B-4,9,5 nus B cytku u rpyra C-4,95 fiHs B CyTKH), 63 CTaTUCTUUeCKU
3HaUMMbIX Pa3/IM4YMM. Y TAMeHTOB U3 TIepBOM IPYIIbI BpeMsi IPOoLieyphl 3HAUNTeIbHO COKpaIljaeTcsl, 38 HUMU CJIeYIOT
TIal[eHThl U3 BTOPOH U TpeTbeli rpymm (27,8 muH, 31,4 MuH 1 38,9 MUH COOTBETCTBEHHO). B oT/inune oT TpeThel rpyrrisl,
B KOTOPYIO BOLLIM 3 MalMeHTa C MoC/IeonepaoHHbBIM JUCKOM(OpPTOM 1 1 ¢ o6pa3oBaHHeM MO C/IeornepaliOHHON CePOMBEI,
MoC/IeonepalioHHOe TipebbiBaHKe B CTalMOHape MepBol M BTOPOM TPYIIIT POTeKasio 6e3 0CIoKHeHUH. B oTnrune ot aByx
TALMeHTOB TPeThEeH TPYIbI, Y KOTOPHIX Ha0/IK0/ja/1ack MUTPALIUSI CETKH W PeLIU/UB TPbDKH, TIALMeHTHI IePBOM ¥ BTOPOM TPy
He WCIIBITBIBAJIM OC/IOKHEHHH B TedeHHe KOPOTKOTO Tepro/ia HabmoeHust. Bbigoob!. I10 cpaBHEHHUIO C CeTYaThIMU UMILTaHTaTaMU
LintexTM, Bpemst onieparuu ripu ucross3oBanuu AdhesixTM u HertraTM 3HauuTe/IbHO COKpalijaeTcst 6e3 rnocieoneparioHHbIX
OCJIO’)KHEHUH WM pelii/ivBa IPhDKH.

KoroueBble €/10Ba: rpbiKa, CeTYaThble MMIJIAHTAThI, ITOJIUITPOTIH/IEH, K/el, NCKYCCTBEHHBI MHTE/UIeKT

Nudopmanusa o puHaAaHCMPOBAaHMHK: ABTODHI He TI0/ydany (PMHAHCOBOM TOAAEeP)KKU /151 TTPOBe/|eHHsI NCC/elOBaHNH,
Y My0O/IMKaLIK 3TOH CTaThy.

3asBneHue 0 KOHGUIMKTe HHTepeCcoB. ABTODHI 3asiB/ISIOT 00 OTCYTCTBUHU KOH(/IMKTa MHTEPECOB.
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Bxknap aBropoB. M.II1.®. Mekxaeaib, C.M.A. CasieM — KOHIeMLUs U An3aiiH uccienoBanusi; A.B. TIpoTacoB — pefiakTUpoBaHUe
pykorucH. Bce aBTOpbI BHEC/IW 3HAUMTE/BHBIN BK/Ia/, B pa3paboTKy KOHIIEINL[UH, TPOBe/IeHHe HCCIeJOBaHUs U TOJITOTOBKY
CTaThH, 03HAKOMUJIUCH C OKOHYATe/TbHOU Bepcrel v of00puy ee iepe myOvKarper.

JTHuyecKoe yTBep)kaeHue. ViccienoBanye 0j00peHo Komuccuei 1o 6uostuke ®T'BHY HUU mopdosioruu uenoBeka (IIpoTokos
Ne 3, or 01.02.2019).

BaarogapHocTH. MBI BhIpa)kaeM Hallly Iiiy0okyto 6;1arojapHOCTb MeUIIMHCKOMY TepCOHaNy KJIMHUYeCKOH O0MbHUIIbI
Ne 85 ®eziepanibHOro MeMKO-61oioruueckoro areHtTcTBa (PMBA), Mocksa, Poccutickas ®@efiepaliysi, 0COOeHHO MeicecTpam
Y OpiMHaTOpaM OTJe/eHUs KJIMHUUeCKOW aHaTOMUM U ONlepaTUBHOW XUPYPruM, KOTOPble IIOMOIVIA HaM 3aBepLIUTh 3Ty
WCC/Ie[I0BaTe/IbCKy 0 paboTy. Mbl TakKe BbIpa)kaeM 0/1aroZlapHOCTb TAL{MeHTY, KOTOPbIN COIVIACU/ICS Ha TO, UTOOBI ero ciryyai
ObUT PACCMOTPEH U OMy0O/MKOBaH.

NudopmanoHHoe coryiacue Ha myOiMKanuo. [TalyeHTs! TpeJjoCTaBUIN A00POBOIbHOE NH(OPMHUPOBAHHOE COTIacHe
Ha 00paboTKy MepcoHasbHBIX JAHHBIX U MMyO/IMKALHIO.
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Auto-graft vs 3D printed implant in reconstruction
of frontal bone region

Alexander Yu. Kugushev' ', Andrey V. Lopatin>* ", Farah Sadek? 8, Suzan Dagher®

! N.I. Pirogov Russian National Research Medical University, Moscow, Russian Federation
2 RUDN University, Moscow, Russian Federation
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Russian Federation
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Abstract. Relevance. Fibrous dysplasia is a pathological condition characterized by the substitution of normal bone with
fibrous tissue. The progression of this disorder generally stabilizes with increasing age. Clinically, it may manifest as painless
swelling and facial asymmetry. Radiographic examination reveals well-defined margins, intramedullary expansion, maintenance
of a smooth cortical contour, and ground-glass appearance. Histologically, the condition is distinguished by the presence of fibrous
tissue replacing bone, along with irregularly arranged and randomly oriented bony trabeculae. Current treatment approaches
frequently involve surgical intervention utilizing custom-fabricated polyether ether ketone (PEEK) implants or autogenous bone
grafts, such as calvarial grafts. Materials and Methods. In the Department of Maxillofacial Surgery of the Russian Children’s
Clinical Hospital (RCCH) — a branch of the Federal State Autonomous Educational Institution of Higher Education Russian
National Research Medical University named after. N.I. Pirogov of the Ministry of Health of the Russian Federation of Moscow, 65
patients, from 2016 to 2023, were treated for histologically confirmed fibrous dysplasia in the frontal bone. Among them, 2 patients
(7 years old girl, and 17 years old boy) were treated with 3D implants made from PEEK, and 2 patients (6 years old boy, and 9
years old girl) were treated with calvarial graft. Results and Discussion. The application of 3D implants has effectively enforce
the primary stability of the reconstructed area. The lesion was successfully addressed, achieving an optimal aesthetic outcome
characterized by a combination of strength, lightweight properties, and biocompatibility, without any observed complications
or failures. Notably, recurrences have been recognized in patients who underwent treatment with calvarial grafts over five years
after the operation. Conclusion. PEEK is a thermoplastic polymer characterized by its non-absorbable and nonporous properties,
which allows for intraoperative modifications and provides optimal imaging characteristics in the postoperative period. On the
other hand, it has been observed that auto-grafts may exhibit a higher risk of failure compared to custom-fabricated implants.

Keywords: frontal bone, fibrous dysplasia, polyether ether ketone, 3D implant, calvarial graft
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Introduction

Fibrous dysplasia (FD) is primarily a benign,
hamartomatous, developmental dysplastic bone lesion
that impacts multiple skeletal bones [1]. The majority
of affected individuals are female, presenting with bone
tumors and tumor-like lesions [2]. FD is characterized by
a developmental anomaly that results in the replacement
of normal bone tissue with fibro-osseous material, which
exhibits varying degrees of osseous metaplasia [3-5].
This condition is not limited to a single bone; rather,
it may be localized to a specific anatomical region [3].
While these lesions primarily affect the maxilla, they
can also extend across sutures to involve adjacent or
contiguous bones, including the sphenoid, zygomatic,
temporal bones, frontonasal bones, and the base of the

SURGERY

skull [6, 7]. Craniofacial fibrous dysplasia can lead to
facial deformities, asymmetry, and, in severe instances,
blindness due to the involvement of the orbital bones
and subsequent compression of the contents within the
orbital canal [8-10].

In addition, the diagnosis is complicated by the
variety of radiographic manifestations due to the staging
of the disease [11]. The principal classifications of
fibrous dysplasia include monostotic, polyostotic, and
craniofacial forms [12, 13]. Polyostotic fibrous dysplasia
may be associated with McCune-Albright syndrome
and Mazabraud syndrome [14]. In the case of McCune-
Albright syndrome, multifocal FD is often accompanied
by café au-lait spots, endocrine abnormalities, and
precocious puberty. Conversely, Mazabraud syndrome
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is characterized by the association of fibrous dysplasia
with muscular myxomas [14, 15].

The radiographic findings are characteristic.
There is a diffuse enlargement of the affected region
accompanied by the destruction of bone tissue, which
presents as alternating small areas of increased density
and decreased density. This results in a “ground glass”
appearance [16].

Reconstruction of frontal bone has been explored
in the literature, and various materials are available
for rehabilitation, like auto/allografts, and alloplastic
materials, including bone cement, titanium meshes, and
patient-specific implant (PSI) [17, 18].

Materials and methods

In the Department of Maxillofacial Surgery of the
Russian Children’s Clinical Hospital of the Russian
National Research Medical University named after
N.I. Pirogov of the Ministry of Health of the Russian
Federation in Moscow, 65 children received surgical
treatment for a frontal bone dysplasia from 2016 to
2023. The beginning of treatment for all these patients
started with bi-coronal incision, following by anterior
scalp flap, then craniotomy of the frontal bone was
performed for resection of the affected area. Among
the 65 children, 52 of them were treated with 3D
implant made from PEEK implant and the remaining
13 patients had auto bone graft (calvarial graft).

From this group, 4 patients were selected for this
article; 2 patients (7 years old girl, and 17 years old boy)
which had multi-spiral computed tomography (MSCT)
followed by 3D implant (PEEK) reconstruction. Other
patients (6 years old boy, and 9 years old girl) had the
same diagnosis process but were treated differently by
using calvarial graft from cranial partial bone. A post-
operation CT scan was made for a check-up every one
year until the next eight years.

The diagnose of all cases was conformed with
post-operation histological examination results that
showed multiple bone fragments with pathological
tissue of moderate cellularity with irregular shape,
areas of maturation along the periphery, and
moderate cellularity with irregular shape convoluted
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bone trabeculae of non-lamellar structure without
osteoblastic.

The choice of treatment was taken on the bases of
patient’s ages, volume of affected area and the parents’
own wish.

Results and discussion

Clinical case 1

Description of the clinical case

A 7-years-old girl presented with painless swelling
over the left side of her frontal bone region since 2019,
CT scan of the skull was performed, and she was
primary diagnostic with polyostotic form of fibrous
dysplasia. The patient had no history of trauma, or
other associated disease related to FD. Consulted in the
outpatient department of the RCCH for the first time
in 2022, where hospitalization was recommended and
the patient was admitted to the maxillofacial surgery
department.

Diagnosis

The MSCT imaging revealed affected osseous
structure diffuse ill-defined expansible ground glass
lesion appearance involving craniofacial region. Notably
there was a periosteal thickening along the anterior
surface of the left frontal and partial bone. Clinically,
a change in the configuration of the face was visualized
without pain (Figures 1, 2).

Treatment
The reconstruction of the orbital roof and frontal
bone was planned and conducted by using a customized
modeled implant based on polyetheretherketone (PEEK).
Fibrous dysplasia of parietal bone was removed and the
defect was closed using a custom made hydroxyapatite
prosthesis (Figure 3).

Observation
Following an improvement in the patient’s
condition after 2 weeks post-operative follow-up, the
child was discharged under the care of specialists at
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their place of residence. During the 3 years of follow up osteogenesis was noted between the PEEK implant and
observation, MSCT scan control did not reveal any data  the bone (Figure 4).
of progression of the disease. Additionally a successful

Fig. 2. Preoperative axial computed tomographic image exhibiting characteristic ground-glass opacification of fibrous dysplasia
involving the left frontal

Fig. 3. MSCT (3D cut) scan showing post-operative surgery in 2022, with implant fixed by mini plates and mini screws on the left
frontal bone and hydroxide appetite prosthesis in the left partial bone
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Fig. 4. Three years follow up control by MSCT on: @ — 2023; b — 2024; ¢ — 2025

Clinical case 2
Description of the clinical case

A 17-year-old male had a multi-slice computed
tomography MSCT scan due to asymmetry
observation in his forehead on the end of September
2023 which raised suspicions of a pathological
formation. Upon consultation at RCCH at the
beginning of July 2024, the patient was admitted in
to the maxillofacial surgery department for further
treatment and observation.
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Diagnosis

The MSCT imaging revealed edema, deformity
structure exhibits uneven compaction resembling
a “ground glass” appearance in the right frontal bone
(Figure 5). A diagnosis of fibrous dysplasia of the right
frontal bone was established.

Additionally, a preoperative three-dimensional
image and axial computed tomographic scan illustrate
the distinctive ground-glass opacification characteristic
of fibrous dysplasia affecting the left frontal, temporal,
and sphenoid bones.
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Fig. 5. A preoperative coronal computed tomographic image obtained on September 2023, reveals dysplastic growth of the left
temporal bone, which is associated with frontal involvement and displacement of the orbital contents

a

b 1 e c

Fig. 6. A synthesis polyethertherketone (PEEK) implant. a — 3D PEEK Customized Implants designed individually for the patient to
replace bony voids in the cranial and craniofacial skeleton; b and ¢ — intraoperative view following fixation of polyetheretherketone
(PEEK) implant with mini-plate and mini-screws

Treatment
A synthesis polyethertherketone (PEEK) implant
was fixed by mini plate and mini screw to the affect
area (Figure 6).

Observation
In the postoperative period, the patient received
antibacterial therapy with combination of infusion
pain killer and dexamethasone. The patient was
discharged home in a stable condition after 2 weeks
from operations.

SURGERY

Clinical Case 3

Description of the clinical case

A 6 years old boy has been ill since 2016,
when a forehead asymmetry was first noticed by
his parents. After one month later, a CT scan was
performed and a bone density formation was found
in the area of the zygomatic arch of the frontal
bone and in the area of the parietal bone on the
left (Figure 8). The patient was admitted to the
maxillofacial surgery department for treatment in
RCCH on 2016 after consultation.
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Fig. 7. MSCT postoperative on July 2024. (a) MSCT with three-dimensional reconstruction checkup (b) postoperative coronal
and axial computed tomographic image with 3D, showing no recurrence signs of the disease

Fig. 8. Appearance of the child upon admission at RCCH on 2016, with forehead highlighting the gross asymmetry
of the left supraorbital rim in comparison to the contralateral side. The skin above the formation is unchanged

Diagnosis Locally, a bone density formation is visualized and
MSCT of the skull shows the affected osseous palpated in these areas, originating from the bones
which is related to polyostotic craniofacial form of (Figure 9).
fibrous dysplasia in the left frontal bone and left parietal
bone (25%40 mm in size and 7 mm in thickness).

Fig. 9. Preoperative axial CT image exhibiting characteristic homogeneously dense appearance of fibrous dysplasia involving
the left frontal bone
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Treatment
A split auto-graft taken from the left parietal bone
was remodeled to fit in the left frontal bone defect then
fixed by mini-plate and mini-screw following by placing
and fixing the internal cortical graft in the defect of the
left parietal region (Figure 10).

Observation
In the postoperative period, the patient received
antibacterial, infusion and symptomatic therapy.
Healing by primary intention with the bone

configuration looking normal. The patient was
discharge home after 2 weeks from the operation day.
He was monitored each year in RCCH by a follow up
MSCT of skull. Recurrent episodes of this condition
was revealed in 2022. MSCT showed evidence of
bone regeneration and recurrence, with “hazy ground
glass” appearance again in the same treated area in the
left frontal bone region. (Figure 11). In 2025, a MSCT
has been done again, and we noticed fast progression
of FD in the same affected area (Figures 12, 13).

b

Fig. 10. A split auto-graft. a — MSCT with three-dimensional reconstruction check-up, one day after the operation;
b — Postoperative axial CT image

Fig. 11. MSCT scan showing recurrence of FD on the left frontal bone in 2022

SURGERY
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Fig. 12. MSCT revealed of fibrous dysplasia on the left frontal bone in 2025

Fig. 13. Axial and sagittal computed tomographic image exhibiting characteristic ground-glass opacification
of fibrous dysplasia involving the left frontal bones in 2025

Clinical Case 4

Description of the clinical case

A 9 year old girl presented volume formation
and growth in the right frontal bone in the winter
of 2021. Due to no complain by this formation, the
patient did not received any treatment back then. The
patient was admitted to the RCCH for the first time
for examination and treatment 2022, where a MSCT
was done, due to notable facial asymmetry.
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Diagnosis
MSCT of the skull shows monostatic fibrous
dysplasia in the right frontal bone (5x5 cm). A focus
of fibrous dysplasia with damage to the frontal bone
and orbital roof was revealed. Additionally, edema
and deformity in the right frontal bone was observed
(Figure 14).
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a

Fig. 14. The edema and deformity in the right frontal bone.
a — 3D computed tomography image shows increased dimensions of the right frontal bone;
b — axial computed tomography image with expansion of right frontal bone

Fig. 15. Post-operation MSCT with three-dimensional reconstruction check-up

Treatment

A split graft from the cranial vault was planned.
A 5%5 cm fragment was taken from the adjacent area of
the unchanged frontal bone, which was subsequently split
into 2 fragments with the return of the inner cortical plate
to the donor area, and the outer cortical layer was cut into
3 fragments and re-modeled. The graft fragments were
fixed to each other and to the skull bones (Figure 15).

Observation
In the postoperative period, the girl was under
observation in the intensive care unit for 24 hours.
The postoperative period is satisfactory and a course
of antibiotic, infusion, and symptomatic therapy was
administered.

SURGERY

The patient had some complications and changes in
the right frontal region, with the presence of an epidural
hematoma and air spreading to the area of the supra- and
lateral walls of the right orbit after few days from the
operation. In the soft tissues of the right orbit there are
postoperative consolidations and edema. The lymph
nodes of the neck, parotid and submandibular regions
are enlarged, with a cyst of the temporomandibular
joint. After treating and stabilizing the condition with
analgesics and antibiotics, the patient was discharged 2
weeks later, after completing course of treatment under
intensive observation in the department.

The recommended treatment modalities for
craniofacial dysplasia can be categorized into three distinct
groups: observation, pharmacological intervention, and
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surgical intervention. Surgical treatment remains the
preferred approach for this condition, as it aims to rectify
or prevent deformities and functional impairments [19].
Furthermore, multi-slice computed tomography (MSCT)
is instrumental in the diagnosis and treatment planning
for fibrous dysplasia (FD) [20, 21]. The optimal surgical
intervention for FD in the craniofacial region involves
the utilization of customized polyetheretherketone
(PEEK) implants or calvarial autografts [22]. Numerous
studies have highlighted the advantages of employing
PEEK, particularly in our clinical case studies, which
indicate that the regions of the frontal bone treated
with prefabricated PEEK implants — designed using
preoperative CT scans — exhibited no signs of recurrence
and maintained stable operative areas with favorable
osteogenic conditions. PEEK has gained prominence in
the medical field as an implant material, particularly in
surgeries addressing fibrous dysplasia, due to its excellent
thermal stability and biocompatibility, which promote
osteointegration alongside its antibacterial and mechanical
properties [23].

Conversely, some researchers advocate for the
use of calvarial auto-grafts as a treatment option,
citing benefits such as reduced issues related to
bone availability, diminished donor site morbidity,
and favorable tissue compatibility, which allows
for a precise fit [24]. However, the findings
presented in this article reveal certain limitations
associated with this treatment approach. Notably,
the surgical procedure often necessitates additional
sites, which can lead to various complications,
including exposure of the biomaterial (membrane
or graft) to postoperative infections, neuro-sensory
disturbances, and extended time required for bone
reshaping, as well as the potential for hemorrhage
and pain. Therefore, careful consideration of donor
site selection and associated morbidity is essential.

The optimal treatment for craniofacial fibrous
dysplasia involves the complete resection of the
affected bones followed by immediate reconstruction
using unaffected cranial bone grafts. Recently, the
use of polyetheretherketone (PEEK) implants for
reconstructing the affected area has become the
predominant strategy for managing fibrous dysplasia in
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the craniofacial region, and is now considered the first-
line intervention for this condition. The advantageous
properties of PEEK, including its biocompatibility,
flexibility for anatomical reshaping, and the ability to
contour independently, contribute to the stability of
the reconstructed area. This technology enables the
achievement of aesthetically favorable cranioplasty
outcomes at a cost-effective rate, without compromising
patient results, and has demonstrated good stability with
no indications of recurrence. In contrast, auto-grafts
have shown limitations in achieving stable clinical
outcomes and have been linked to a recurrence of fibrous
dysplasia, along with postoperative complications.

Conclusion

Even though auto bone implant have been the
go-to treatment plan for fibrous dysplasia in the most
studied literature for its biocompatibility and have been
considered as the first line treatment, but PEEK implants
have showed promised results for its 3D shape, less
trauma for patient (no need for donor site), and we are
not limited in volume, the looking at the fact that fibrous
dysplasia can affect multiple bone, polyetheretherketone
(PEEK) 3D printed implants are the suitable type of
implants and are recommended as a first line treatment.
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AnHoTanus. AkmyanbHocmb. PUOpO3Hast IUCTIIa3Usi — MaTOJ0TMYeCKOe COCTOSTHUE, XapaKTepHU3yHoIlieecst 3aMellieHueM
HOPMaJTbHOM KOCTH (prOPO3HOM TKaHb0. [IporpeccupoBaHue 3TOr0 pacCTPONCTBA OOBIYHO CTaOUIM3UPYETCsT C BO3PACTOM.
KnvHUYe Ky 3T0 MOXKeT TIPOSIBJISITHCS B BU/le 6300/1e3HEHHOT0 OTeKa M aCUMMEeTPHH JiMlja. PeHTreHo/ornueckoe UCCiieJoBaHue
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BBISIB/ISIET YETKO OUepUeHHble Kpasi, UHTpaMe/ly/UIIpHOe pacllupeHre, COXpaHeHHe [V1aJIkoro KOPTUKaIbHOI0 KOHTYpa U BUJ,
MaToBOro CTeKa. [MCTO/I0OrHUeCKy 3TO COCTOSIHUE OT/TMUAeTCs HanuureM (GUOPO3HOH TKaHH, 3aMeHSsIIoIel KOCTh, a TaKxKe
HEPETY/ISIPHO PaCTONIOKeHHBIMU U OeCIopsiIOUHO OPUEHTHPOBAHHBIMU KOCTHBIMU TpabeKkynamu. COBpeMeHHbIe TIOXO0/bI
K JIEYEHHIO YaCTO BK/IHOYAIOT XUPYPruyecKoe BMelllaTebCTBO C UCIO0Ib30BaHWEM U3rOTOB/IEHHBIX Ha 3aKa3 UMIJIaHTaTOB
n3 nonusdupapupkerona (IT33K) nmm ayToreHHbIX KOCTHBIX TPAHCIUIAHTATOB, TAKMX KaK TPAHCIIJIAHTAThI CBOJA Ueperta.
Mamepuanbi u MemoObl. B 0TaeneH!r uemtoCTHO-MLEBOM XUPYPriv PoccriicKo JeTCKOi KimuHudeckou 6ombHuLb! (PIKB) —
¢bumana PIAOY BO «Poccuiickuil HalMOHAIbHBIN UCCIe/I0BaTe/TbCKUN MeUIIMHCKIN YHUBepcuTeT uM. H.W. TTuporosa» c 2016
o 2023 T. MPOBOAMIIOCK JieueHre 65 MaLeHTOB C TUCTOIOTMYeCKH TIOATBEPXKAEeHHOW (pruOpo3HOM JucTia3uel 100HOW KOCTH.
W3 Hux 2 manueHTam (eBouke 7 JIeT U MajbuuKy 17 jieT) ObUTH BBITIOHEHBI OTIepPaLi|y C UCMO/Ib30BaHKeM 3D-MMIIaHTaToB
u3 PEEK, a 2 nauyeHTam (MasibuuKy 6 jieT u jleBouke 9 jieT) — orepaluu C UCI0/Ib30BaHWeM TPaHCIJlaHTaTa U3 KOCTH CBOJa
yeperna. Pe3ynbmambi u 06cysxicdeHue. TIpuMmeHeHre 3D-UMIIaHTaToB 3()(HEKTUBHO YCUTUIIO MEPBUUHYIO CTaOUIBHOCTh
PEKOHCTPYMPOBaHHOM 00/1acTH. TTopakeHHe OBIIO YCIIELTHO YCTPAHEHO, JOCTUTHYB ONMTUMAIbHOTO 3CTETUYECKOTO Pe3y/bTaTa,
XapaKTepHU3YHOLLErocsi COUeTAHUEM TIPOUYHOCTH, JIETKOCTH U OMOCOBMECTHUMOCTH, 0e3 KaKHUX-/THO0 HabJTFOaeMbIX 0CI0XKHEHUH
WK Heygau. B 4acTHOCTH, peryIMBbI ObLIH BBISIBJIEHBI Y TALMEHTOB, MPOLIEALINX JTeUeHHe C UCTO/Ib30BaHUeM TPaHCIJIAHTAaTOB
CBO/Ia Yeperia B TeUeHHe TISTH JIeT MocIe ornepalyi. Bbigodbl. PEEK — 3T0 TepMOMIacTUYHBIN 10/IMMep, XapaKTepH3YIOIUics
CBOMMH HEPacCachIBAIOLIMMUCS ¥ HETTOPUCTBIMUA CBOMCTBAMH, UTO 1103BOJIsIET TPOBO/IUTH MHTPAoIepalliOHHbIe MOJU(PUKAUN
1 obecrieyrBaeT ONTUMAa/bHbIe XapaKTePUCTUKY BU3Ya/TU3aLiK B MOC/e0NepaluoHHbIN iepros. C Apyroi CTOPOHbI, ObII0
OTMeYeHO, UTO ayTOTPAHCIIJIaHTaThl MOTYT /IeMOHCTPHPOBATh O0Jlee BBICOKWI PUCK Heyziad 10 CPABHEHUIO C M3TOTOBI€HHBIMU
Ha 3aKa3 UMIIaHTaTaMM.

KitroueBsle c/10Ba: 100Hasi KOCTh, pruOpO3Has AuCIIasus, moamadupIhUpKeToH, 3D-UMIIaHTaT, TPAHCTIAHTaT CBO/iA Yepera

Nudopmanus o puHaHCHMpoBaHuH. ViccnejoBaHe He TOTy4asio HUKAaKKUX ClieljanbHbIX TPAHTOB OT (PMHAHCHPYIOLUX areHTCTB
B TOCy/lapCTBEHHOM, KOMMepYeCKOM MJIM HEKOMMepUeCKOM CeKTOpax.

Bknap aBTopoB. A.FO. KyryiueB — KOHLeMNLWs, AW3aiiH, XUPypruueckoe jiedeHHe, aHaIn3 UCXOJHbBIX JaHHbIX, HalluCaHue
pykormcu. A.B. JlonatiiH — HayuHOe KOHCY/ILTUPOBaHKe, OKOHUaTenbHOoe ofiobpeHue pykormch. @. Cazek, C. [larep — yJactie
B aHajM3e JIaHHBIX, 0030pe MyO/IMKaLWii U HalMCaHWsi PyKONMCH. Pykoruch Oblia IpourTaHa U ofobpeHa BCeMU aBTOpaMy,
Y BCce TpeOOBaHWMs K aBTOPCTBY ObLH coOmofeHbl. KaXk/[plif aBTOp CUMTaeT, UTO PYKOITUCh TIPeCTaB/IsieT CO60ii uecTHYI0 paboTy.

HNudopmanysa 0 KOHQIMKTe HHTEPECOB. ABTOPbI 3asiB/ISIFOT 00 OTCYTCTBUU KOH(IMKTA UHTEPECOB.
JTHUeCKoe YTBepKAeHne — HelIPUMEeHUMO.
BbarogapHoCTH — HETIPUMEHUMO.
HNudopmupoBaHHoe coryiacie Ha My0/IMKanuio0. Bce maiyieHTsbl WM UX POAUTEH [jaiu 100pOBO/IbHOE UH(DOPMUPOBAHHOE
coryiacre Ha y4JacTue B UCC/IeJOBaHUU B COOTBETCTBHUM C XeTbCUHKCKOH JleKapanyei BceMUpHOM MeIUI[HHCKON acCOMALIiN
(XenbcuHKCKas gekmnapanusi BMA — OTudeckue TIPUHLUTIBI MeJULIMHCKUX UCCe0OBaHUN ¢ yuacTueM roaent, 2013 r.)
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Musculoaponeurotic layer structural alterations of the anterior
abdominal wall in ventral hernias: insights from CT texture analysis

Andrey V. Protasov , Liya B. Kanakhina 8, Olgal. Mazurova

RUDN University, Moscow, Russian Federation
< glb.1994@mail.ru

Abstract. Relevance. Postoperative ventral hernias (POVH) remain a significant surgical challenge, characterized by remodeling
of the musculoaponeurotic layer of the anterior abdominal wall and loss of functional integrity. Computed tomography (CT) texture
analysis enables an objective assessment of tissue microarchitecture, facilitates the identification of structural changes, and optimizes
preoperative planning and surgical decision-making. Aim. To evaluate structural changes in the musculoaponeurotic layer of the
anterior abdominal wall in healthy individuals and patients with W2 and W3 POVH using texture analysis, identify intergroup
differences, and determine the topographic-anatomical characteristics of affected tissues. Materials and Methods. This study included
90 patients (30 without hernias, 30 with W2-POVH, 30 with W3-POVH) examined between 2020 and 2024. All patients underwent
multislice computed tomography (MSCT), and axial slices were segmented using Roboflow. The resulting masks were analyzed
for texture characteristics, including brightness (mean_gray), contrast (contrast), correlation (correlation), kurtosis (kurtosis_gray),
skewness (skewness_gray), standard deviation (std_gray), LBP, wavelet analysis, and gabor filtering. Statistical analysis included
ANOVA, the Kruskal-Wallis test, and Tukey’s post-hoc analysis. Results and Discussion. Texture analysis revealed significant
differences in Wavelet and Gabor response (p < 0.0001). Group 2 exhibited marked structural alterations, while Groups 1 and 3
demonstrated similar tissue characteristics (p > 0.05), suggesting adaptive remodeling in patients with severe hernia defects. Further,
Group 2 showed significant changes in contrast (p < 0.0001), correlation (p < 0.0001), and kurtosis (p = 0.001), while brightness
(mean_gray) and homogeneity (homogeneity) did not differ significantly (p > 0.05). Conclusion. The most pronounced structural
disorganization was observed in W2-POVH patients, indicating morphofunctional instability. In contrast, W3-POVH patients
exhibited adaptive changes, suggesting compensatory remodeling. These findings confirm the progressive nature of morphological
changes in POVH and highlight the importance of texture analysis for personalized surgical planning.

Keywords: textural analysis, postoperative ventral hernia, musculo-aponeurotic layer, structural changes, adaptive changes,
fibrosis, surgical tactics
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Introduction

Postoperative ventral hernia (POVH) is
a common complication following abdominal
surgeries, with an incidence rate ranging from 9%
to 20% within the first year postoperatively [1].
According to studies, this rate increases to 22.4%
within three years after laparotomy [2]. The primary
pathogenic factors contributing to the development
and progression (recurrence) of POVH include
degenerative changes in the postoperative scar area
and the musculoaponeurotic layer of the anterior
abdominal wall, particularly in patients with high-risk
factors for hernia formation [3, 4].

From a biomechanical perspective, the linea
alba endures the highest mechanical loads in patients
with postoperative ventral hernias [3]. Consequently,
deformation of the linea alba results in unbalanced
lateral forces due to intra-abdominal pressure and
involuntary contractions of the oblique and transverse
muscles, leading to their retraction and shortening. This
muscle shortening may cause irreversible contractures
or reversible spasticity, further contributing to the lateral
displacement of the rectus abdominis muscles, hernia
formation, and its progression.

SURGERY

Prolonged herniation, especially in large and giant
hernias, leads to remodeling of the abdominal wall
muscles. Chronic exposure to pathological protrusion
results in muscle atrophy, excessive fibrosis, and
microcirculatory disturbances [5]. These changes are
associated with a loss of muscle elasticity and strength,
complicating surgical treatment and increasing the risk
of recurrence. However, depending on the defect size
and the extent of tissue involvement, the morphological
and functional changes in the anterior abdominal wall
may vary significantly. Preoperative assessment of the
musculoaponeurotic layer remains a complex task, as
conventional imaging techniques do not always allow
for quantitative evaluation of structural alterations.

Modern approaches to medical image analysis
include texture analysis, which enables the detection
of subtle changes in tissue structure by assessing its
heterogeneity, density, and spatial organization.

Computed tomography (CT) is an X-ray-based
imaging modality that registers the attenuation of X-ray
radiation as it passes through biological tissues. CT
images are generated due to variations in the linear
attenuation coefficient (p), which is determined by
the tissue’s composition and density. The primary
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quantitative parameter used in CT imaging is the
Hounsfield Unit (HU, Hounsfield Units), calculated
using the following equation [6]:

HU = 1000 % _H T Hwater
Hwater — Hair
where [4,.ter — 1S the attenuation coefficient of water,

a U,ir —is the attenuation coefficient of air, l— represents
the attenuation coefficient of the tissue.

Each tissue type has a specific range of Hounsfield
Units (HU): air (= —-1000 HU), fat (% —100 HU), soft
tissues (0-80 HU), and bones (700-3000 HU). Thus, the
grayscale intensity in CT imaging is directly correlated
with the radiological density of tissues and their atomic
composition.

Traditional visual analysis of CT slices is limited by
subjective interpretation in disease diagnostics, whereas
quantitative methods, such as texture analysis, enable
a detailed assessment of tissue heterogeneity.

Traditional diagnostic approaches, including visual
assessment, morphometry, and manual classification,
remain fundamental tools in medical imaging. Visual
interpretation of images, based on subjective evaluation
of grayscale gradients and anatomical structures, is
widely used in clinical practice. However, this approach
is characterized by a high degree of subjectivity,
influenced by the individual perception of the physician,
which can lead to variability in diagnostic outcomes.
Additionally, the sensitivity of visual analysis is limited,
making it challenging to detect subtle structural changes,
while the absence of quantitative parameters prevents
standardization in diagnostics.

Morphometry, as a method of quantitative
assessment of anatomical structures, involves measuring
their size, shape, and volume. In medical practice,
morphometric parameters such as tissue thickness,
pathological volume, and degree of deformation are
used for disease diagnosis and prognosis. However,
this method is limited by its inability to account for
histological tissue heterogeneity, making it insufficient
for a comprehensive characterization of structural
changes. Furthermore, morphometric analysis requires
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significant time investment and manual data processing,
reducing its efficiency in routine clinical applications.

The application of texture analysis in CT
imaging allows for a quantitative assessment of tissue
heterogeneity, revealing structural patterns that are not
detectable through conventional diagnostic methods.
Unlike visual analysis and morphometry, texture analysis
relies on numerical parameters, eliminating subjective
bias and improving reproducibility. This method exhibits
high sensitivity to microscopic structural alterations
and enables multiparametric analysis, including the
evaluation of contrast, homogeneity, correlation, and
other characteristics. Automating data processing
significantly accelerates diagnosis and facilitates large-
scale data analysis, which is particularly critical for
personalized treatment planning. Thus, the integration of
texture analysis into clinical practice enhances medical
imaging capabilities by providing a standardized,
reproducible, and precise method for diagnosing
structural tissue changes.

Texture analysis is based on mathematical modeling
of the spatial distribution of pixel intensities and
enables the computation of parameters such as contrast,
correlation, homogeneity, entropy, and other statistical
features [7, 8].

One of the most widely used methods is the Gray-
Level Co-occurrence Matrix (GLCM), which models
the probability of pairs of pixels with specific grayscale
values occurring at a fixed spatial distance from each
other [9]. The key parameters of GLCM include: contrast,
which characterizes the degree of difference between
neighboring pixels and is calculated using the formula:
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Correlation, which measures the linear dependence
between grayscale levels and is calculated using the

formula:
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where (i} are the mean grayscale values, and g; and
ojare the standard deviations of grayscale levels in
the image. Homogeneity, which evaluates the degree
of texture smoothness and is calculated using the
formula:
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This parameter measures how uniform the
distribution of grayscale intensities is, assigning
higher values to images with low contrast and smooth
transitions between pixel intensities.

The Local Binary Patterns (LBP) method analyzes
the microtexture of an image by encoding differences
between the central pixel and its neighboring pixels into
a binary code. First introduced by Ojala et al., LBP is
a powerful tool for microtexture analysis [10]. It is based
on comparing the intensity of the central pixel with its
surrounding pixels and generating a binary code that
reflects local variations in brightness.Formally, LBP is
defined as follows:

P-1
LBP = Z s(p—1,)x2P,5(x) = {
p—0

1,x=>0
0,x<0

where I, — the intensity of the central pixel, Ip —
represents the intensities of the neighboring pixels,
P — number of neighbors, $(x) is a step function that
assigns binary values based on the difference in intensity.

The LBP method enables texture classification based
on local gradient variations, making it a valuable tool
for analyzing medical images, including oncological
diagnostics, the assessment of structural tissue changes,
and the identification of pathological features in
histological specimens.

Wavelet analysis is a multi-scale image processing
technique that decomposes texture into components
with different spatial-frequency characteristics [11, 12].
Unlike the traditional Fast Fourier Transform (FFT),
which analyzes an image in a fixed frequency domain,
Wavelet transformation provides simultaneous
localization in both space and frequency, allowing for
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a more detailed characterization of structural patterns.
Mathematically, the Wavelet decomposition of a signal
is defined as the convolution of the original image f(x,
y) with a basis function yi(x, y):

W(x,y,s) =
= | | f&",y) * (sx' = x,sy" — y)dx'dy’

where s — denotes the scale parameter, which controls
the level of decomposition, 1 (X, ¥) — represents the
scaled and translated wavelet function

The application of Wavelet Energy allows for the
assessment of texture energy distribution across different
frequency ranges, making this method particularly
useful for analyzing soft tissue structures, identifying
anomalies, and predicting pathological changes [13, 14].

Gabor filters are directional filters that enable the
analysis of periodic structures and spatial-frequency
characteristics of an image [15]. They model the spatial-
frequency sensitivity of visual cortex receptors and are
widely used in texture analysis for extracting distinctive
image features. The two-dimensional Gabor function
is defined by the following equation:

G(x,y,1,0,y,0,v) =

2 2
x'“+y2y!

=exp (— T) cos (Znﬁ‘, + w)

where x’=xcos0+ysin@, y’=-xsinf+ycos0,
A (wavelength) controls the spatial frequency of the
filter, @ (orientation) defines the direction of the filter,
o (scale) determines the standard deviation of the
Gaussian envelope, y (aspect ratio) adjusts the ellipticity
of the Gaussian function, ¢ (phase offset) shifts the
cosine function.

In addition to the Gray-Level Co-occurrence
Matrix (GLCM), texture analysis of medical images
utilizes statistical parameters that characterize the
distribution of pixel intensities. One of the key metrics
is the mean gray level (mean_gray), which represents
the average intensity of pixels and reflects the density of
the examined tissue. Another essential parameter is the
standard deviation of the gray level (std_gray), which
quantifies the variability of intensity values, allowing
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for an objective assessment of structural heterogeneity
in the image.

To analyze the shape of the intensity distribution,
the skewness (skewness_gray) metric is used, which
indicates the asymmetry of the distribution relative to the
mean intensity. Negative skewness suggests the presence
of predominantly darker regions, whereas positive
skewness indicates the dominance of brighter areas.
Another critical metric is kurtosis (kurtosis_gray), which
reflects the “sharpness™ of the intensity distribution
and is particularly useful for detecting outliers and
anomalous pixel values, making it especially important
for evaluating heterogeneous structures.

The application of these statistical characteristics
in CT texture analysis enables a detailed assessment
of tissue microarchitecture, identification of deviations
from normal structure, and classification of pathological
changes. Texture analysis not only reveals the
morphological features of tissues but also provides
a quantitative assessment of their alterations, making it
a promising tool in the diagnosis of various pathologies.

The use of Wavelet analysis, Gabor filtering, and
Local Binary Patterns (LBP) for evaluating the textural
characteristics of the musculoaponeurotic layer of the
anterior abdominal wall offers greater precision in
differentiating tissue conditions in patients with ventral
hernias [16, 17].

Modern quantitative CT image analysis techniques
continue to evolve, providing new opportunities for
objective assessment of anatomical structures and
pathological alterations. Beyond classical texture
analysis — comprising methods such as GLCM, LBP,
Wavelet analysis, and Gabor filtering — deep neural
networks, machine learning, and radiomics have gained
significant attention. These advanced techniques allow
for a more detailed analysis of medical images by
automatically extracting features and incorporating
them into predictive models.

Deep learning is a powerful tool for medical
image processing, enabling automatic segmentation,
classification, and pathology detection. The foundation
of these methods lies in convolutional neural networks
(CNNs), which can extract relevant features without the
need for manual selection of textural characteristics [18].
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The architecture of Convolutional Neural Networks
(CNNs) consists of several key components:

e Convolutional layers, which apply filters to
input images and extract texture-based features.

e Pooling layers, which reduce the dimensionality of
the feature space and enhance robustness to spatial shifts.

e Fully connected layers, which are used for
classification or regression based on the extracted
features.

One of the most effective architectures for medical
imaging is U-Net [19]. This neural network model
is specifically designed for image segmentation and
is widely applied in radiology. Unlike traditional
segmentation algorithms, U-Net employs an encoder-
decoder strategy, allowing it to capture both local and
global image features simultaneously.

Deep neural networks are also utilized in automated
pathology detection, including the recognition of tumors,
fibrosis, and degenerative tissue changes [20]. However,
the primary limitations of this approach include high
computational complexity, the need for large annotated
datasets, and limited model interpretability.

In addition to neural network-based approaches,
classical machine learning algorithms play a significant
role in CT image analysis. Techniques such as gradient
boosting (XGBoost, LightGBM), random forests
(Random Forest), and support vector machines
(SVM) [21] enable the development of predictive
models based on quantitative image features, including
textural, morphometric, and intensity-based parameters.

A key advantage of machine learning algorithms
is their ability to combine diverse datasets and
efficiently operate on relatively small sample sizes.
For instance, the random forest method constructs
ensembles of decision trees, reducing overfitting risk
and enhancing model stability. Meanwhile, gradient
boosting demonstrates high accuracy in classification
and regression tasks by sequentially training weak
models and integrating them into a unified system.

Radiomics is a methodology for multiparametric
image analysis, involving the extraction and quantitative
assessment of textural, morphometric, and spatial
features. This approach enables the identification of
hidden patterns that are inaccessible through traditional
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visual analysis or even through individual machine
learning techniques [22].

The radiomics pipeline consists of several key
stages:

e Image segmentation, identifying the region of
interest (ROI).

e Feature extraction, including textural
characteristics, shape descriptors, and intensity metrics.

e Data filtering, removing non-informative
parameters.

Model development, creating predictive models
using machine learning techniques.

One of the primary advantages of radiomics is its
potential for personalized diagnostics and prognostic
analysis. In oncology, this method is widely applied
for tumor aggressiveness assessment, therapy response
prediction, and patient risk stratification [23]. By
analyzing the textural characteristics of tumor formations,
it is possible to identify radiomic signatures that correlate
with molecular tumor features and clinical outcomes.

Deep learning, machine learning, and radiomics
represent promising approaches for quantitative CT image
analysis, expanding the capabilities of traditional visual
assessment and textural feature extraction. Deep learning
enables the automatic extraction of meaningful features,
machine learning facilitates predictive modeling based
on textural parameters, and radiomics integrates a broad
spectrum of quantitative image characteristics.

Despite their high accuracy, the clinical implementation
of these methods requires standardization, validation, and
the development of reproducible data processing protocols.
Further research on the integration of Al-driven approaches
will contribute to enhancing diagnostic accuracy and
improving the personalization of medical decision-making.

Aim

The objective of this study was to assess structural
changes in the musculoaponeurotic layer of the anterior
abdominal wall in healthy patients and those with ventral
hernias of W2 and W3 categories using texture analysis
of CT images. The study aims to identify quantitative
and qualitative differences between groups based on
key textural parameters and to evaluate the nature of
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structural tissue changes depending on the stage of the
pathological process.

Materials and methods

This study was conducted at the Federal State
Budgetary Healthcare Institution Clinical Hospital No.
85 of the Federal Medical and Biological Agency of
Russia and the Private Healthcare Institution “Clinical
Hospital RZD-Medicine” named after N.A. Semashko.
The dataset included 90 patients who underwent
examination or treatment between January 2020 and
September 2024. All patients provided informed
voluntary consent to participate in the study according
to the Helsinki Declaration of the World Medical
Association (WMA Declaration of Helsinki — Ethical
Principles for Medical Research Involving Human
Subjects, 2013) and personal data processing. The study
was approved by the Ethics Committee of the Medical
Institute of the RUDN University, Moscow, Russia
(protocol No. 28 dated May 16, 2024).

For analysis, three independent groups were
formed: group 1 (N=30): patients without postoperative
ventral hernias (POVH) who were examined or treated
for unrelated chronic pathology. Group 2 (N=30):
patients diagnosed with W2 POVH. Group 3 (N=30):
patients with large or giant ventral hernias (W3), who
were candidates for preoperative botulinum therapy
before surgical intervention.

All patients underwent computed tomography (CT)
of the thoracic cavity, abdominal cavity, and pelvic
organs (three anatomical regions) (Figure 1).

In the axial CT series, segmentation of the anterior
abdominal wall muscles was performed, including
the external oblique muscle (m. obliquus externus
abdominis), internal oblique muscle (m. obliquus
internus abdominis), and transverse abdominal muscle
(m. transversus abdominis) on both the right and left
sides. The segmentation of anatomical structures was
carried out using the Roboflow platform (https://
app.roboflow.com) through automated segmentation
methods with manual correction when necessary. The
U-Net convolutional neural network was used as the
baseline algorithm for segmentation (Figure 2).
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Group 1

Group 2

Group 3

Fig. 1. Example of a CT series in the axial projection for segmentation

Fig. 2. An example of a CT scan and the corresponding mask of the musculo—aponeurotic layer
of the anterior abdominal wall on the right

To enhance the accuracy of annotation, manual
correction of segmentation masks was performed
following automated segmentation, allowing for
the minimization of errors associated with tissue
heterogeneity and intensity gradient variability.

For the correct analysis of CT image texture
characteristics, preprocessing was applied, including
pixel intensity normalization, artifact suppression,
and contrast optimization. Normalization was
performed using intensity standardization, following
the formula:
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where: I — is the normalized intensity, I — the original
pixel intensity, 4 — the mean intensity of the image,
& — the standard deviation of intensity values.

This procedure minimized variability in scanning
conditions and standardized gray-level intensity
across all images. To eliminate artifacts caused by
noise, metallic objects, and tissue density variations,
a Gaussian filter and bilateral filtering were applied.

XUNPYPT A



Protasov AV, Kanakhina LB, Mazurova OI. RUDN Journal of Medicine. 2026;30(1)

Contrast enhancement was performed using histogram
equalization, which redistributes gray-level intensities
based on their cumulative distribution. The integration
of a comprehensive preprocessing approach, including
normalization, artifact suppression, and automated
segmentation, ensured standardization of CT images
and improved the reproducibility of subsequent texture
analysis.

For data processing and analysis, statistical
methods, machine learning techniques, and
visualization tools were employed. Descriptive
statistics included the computation of mean values,
standard deviations, and parameter distribution analysis
within each group.

Texture analysis was conducted across the three
patient groups, evaluating parameters such as mean gray
level (mean_gray), contrast, homogeneity, correlation,
kurtosis (kurtosis_gray), skewness (skewness_gray),
standard deviation of gray levels (std_gray), Local
Binary Patterns (LBP), Ibp_mean, and lbp_var. The
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analysis utilized LBP, wavelet transform, and Gabor
filtering.

To assess group differences, analysis of variance
(ANOVA) and the nonparametric Kruskal-Wallis
test were applied, enabling the identification of
statistically significant differences. In cases where
significant differences were detected, post-hoc
Tukey’s test was performed for multiple group
comparisons.

All computations and visualizations were conducted
using Python 3.11 libraries, including NumPy, SciPy,
scikit-learn, Matplotlib, and Seaborn.

Results and discussion

The gray density (brightness) analysis of the
segmentation masks revealed that Group 1 exhibited
the brightest masks (right_mean_gray = 116.41,
left_mean_gray = 117.82), which may indicate lower
tissue density (Figure 3).
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Fig. 3. The density of gray in masks between groups (a and b). Kruskal-Wallis test with post-hoc Tukey's test,
*p < 0.05 considered significant

Group 3 exhibited the darkest masks (right_
mean_gray = 106.46, left_mean_gray = 107.82),
suggesting a potential increase in tissue density or the
presence of fibrotic changes. Group 2 demonstrated
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intermediate values (right_mean_gray = 115.14, left_
mean_gray = 114.89), reflecting a transitional nature of
structural alterations in the musculoaponeurotic layer
of the anterior abdominal wall (Figure 4).
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Fig. 4. Graph of gray level distribution (gray density in masks)
by groups

Descriptive statistics revealed differences between
groups in several key characteristics, as confirmed by
analysis of variance (ANOVA) and the Kruskal-Wallis
test. Statistically significant differences (p < 0.05)
were observed for contrast and correlation on both
the right and left sides, specifically: right_contrast
(p < 0.0001), right_correlation (p < 0.0001), right_
homogeneity (p < 0.001), left_contrast (p < 0.0001),
and left_correlation (p < 0.0001). At the same time,
features such as right_energy, right_lbp_mean, left_
energy, and left_Ilbp_mean did not exhibit significant
differences between groups, suggesting the similarity
of these parameters across different clinical categories.
Texture analysis demonstrated that the Wavelet Energy
metric differed significantly between groups (ANOVA:
p <0.0001, Kruskal-Wallis test: p < 0.0001) (Figure 5).
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Fig. 5. Wavelet Energy indicator between groups. ANOVA:
*p < 0.0007, Kruskal-Wallis test: * p < 0.0001
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Post-hoc Tukey’s test confirmed significant
differences between Groups 1 and 2 (p < 0.0001) as
well as between Groups 2 and 3 (p < 0.0001). However,
no statistically significant differences were observed
between Groups 1 and 3 (p = 0.3279), indicating that
the muscle structure in Group W3 (Group 3) is more
similar to normal tissue (Group 1) than to Group 2 (W2).
The Gabor filtering method also identified significant
differences between the groups (ANOVA: p < 0.0001,
Kruskal-Wallis test: p < 0.0001) (Figure 6).
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Fig. 6. Gabor filtering indicator between groups. Statistical
analysis: ANOVA and Kruskal-Wallis test; *p < 0.0001
considered significant

Statistically significant differences were observed
between Groups 1 and 2 (p < 0.0001), whereas
differences between Groups 1 and 3 did not reach
statistical significance (p = 0.0801). These findings
suggest a trend toward normalization of muscle structure
in Group 3.

Comparison of the right and left sides within each
group revealed significant differences in Group 3 for the
contrast parameter (p = 0.00015), which may indicate
asymmetrical tissue changes. In Group 1, a significant
difference was observed for correlation (p = 0.033),
reflecting structural muscle characteristics. In Group 2,
no statistically significant differences between sides
were detected (p > 0.05), indicating symmetrical tissue
properties in this group.

The results confirm that different stages of ventral
hernias are associated with distinct types of changes in
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the musculoaponeurotic layer of the anterior abdominal
wall. Our findings are consistent with the results reported
by Parshikov V. V. et al. [24], who demonstrated that the
anatomical structure of the musculoaponeurotic layer
undergoes significant alterations in ventral hernias,
including changes in tissue density, fibrosis, and muscle
remodeling.

Furthermore, it is well established that the use of
botulinum toxin in preoperative preparation is based
on the phenomenon of muscle contracture, which is
particularly pronounced in W3 hernias [25]. The results
of our study also support this finding, showing increased
tissue density and reduced elasticity in W3 patients,
which necessitates preoperative muscle relaxation for
successful surgical treatment.

Thus, the observed structural changes complement
existing scientific data on the mechanisms of ventral
hernia formation and may contribute to the optimization
of treatment strategies. Texture analysis of CT images
provides an objective, quantitative assessment of
pathological changes, making it a valuable tool for
diagnostics and surgical decision-making. However,
further research is required to evaluate the prognostic
significance of the identified textural characteristics
and their impact on surgical outcomes.

Conclusion

According to the obtained data, Group 1 (healthy
patients) exhibits the most homogeneous muscle
tissue structure, with the least changes in contrast
and correlation, confirming their functional integrity
and absence of pathological alterations. Group 2
(W2) demonstrates the most pronounced structural
muscle changes, characterized by decreased contrast,
altered pixel correlation values, and modified texture
parameters, as identified through Wavelet analysis
and Gabor filtering. The darkest segmentation masks
were observed in Group 3, suggesting hypertrophic or
compensatory changes in W3 patients, whereas tissues
in W2 patients appear to be in a state of dysfunction
and instability.

In terms of textural characteristics, Group 3 (W3)
is closer to healthy patients (Group 1) than to Group 2,
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suggesting the presence of compensatory mechanisms
in muscle tissue under conditions of long-standing
hernias. This hypothesis is supported by the stable and
homogeneously increased muscle density, along with
similarity in the distribution of textural parameters
between Group 3 and the control group.
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CTPYKTYpHble U3MEHEeHUA MbILLEeYHO-aNnoHEeBPOTUYECKOIro CJ0
nepeaHen 6pIOLLHON CTEHKU NPU BEHTPaJIbHbIX IFPbIXKax:
AaHHble TeKCTypHoro aHanu3sa KT

A.B.IIporacoB , JI.b. KanaxuHa g’ O.11. Ma3ypoBa

Poccuiickuil yHuBepcHTeT ApyKObI HAPOJOB, 2. Mockea, Pocculickas @edepayus
< glb.1994@mail.ru

AnHoTammsa. AkmyanbHocmb. [TocneonepaluoHHble BeHTpasibHble rpebku (IIOBIY) mpescTaBsitoT coboii cepbe3Hyro
XUPYPryuuecKyro npobsiemMy, XapaKTepHu3yHoLeiicsi peMOZeTMPOBaHHeM MBILIEUHO-AIIOHEeBPOTHUYECKOT0 CJI0sI IepeiHell OPIOIIHON
CTeHKH ¥ TIoTepe ero (GpyHKLIHMOHAIbHOM LjesiocTHOCTH. [IpriMeHeHe TeKCcTypHOro aHasm3a B KT mo3BomuT 00beKTHBHO OLeHUTh
MMKPOapXUTEKTOHUKY TKaHeH, BBISIBUTb CTPYKTYPHbIe M3MeHeHHs M ONTUMU3HPOBATh MPe/0NepaljiOHHOe TUIaHWPOBaHKE U TAKTUKY
XUPYPryaueckoro jeueHust. Leb — OLeHUTh CTPYKTYPHBIe M3MeHeHHs MbILIeUHO-allOHEeBPOTHUECKOTO CJI0sI IepeiHelt OpIoIHON
CTEHKU Y 3[,0POBbIX NaleHTOoB U nanueHToB ¢ W2 1 W3 —TIOBI' ¢ moMoLIbi0 TeKCTYPHOTO aHa/In3a, BbIIBUTb MeXTPYIIOBbIe
pasiuumrsi ¥ 0COOEHHOCTH Tororpado-aHaTOMUUECKOM OpraHy3aluy TKaHeld. MaTepHasibl M MEeTOZbI. B peTpocreKTHBHOe
uccnefoanure BkoueHbl 90 marenToB (30 6e3 rpeik, 30 ¢ W2-TTOBT, 30 ¢ W3-TTOBI'), o6cnenoBannbix B 2020-2024 rr.
Bcewm marjuenTtam BeimonmHeHo MCKT 6promiHoi onocTy. laee akcrabHbIe cpe3bl ObITH CerMeHTHPOBaHbl Ha OHJIAMH-
ninardopme Roboflow. [TonyyeHHble MacKy aHaIM3MPOBAIMCh TI0 TEKCTYPHBIM XapaKTepPUCTHKAM: SIPKOCTb, KOHTPAaCTHOCTb,
KOppesisitiysi, KypTo3, aCMMMETpHs], CTaHZapTHOe oTK/oHeHue, LBP, BeiineT- u I'abop-aHanus. [Iis1 craTucTHYeCKoM 06paboTku
ucrionb3oBanbl ANOVA, kpurepuii Kpyckana—Yonnuca u post-hoc aHanu3 Teloku. Pe3yabmambi u 06cyscoeHue. TeKCTypHbINA
aHaJIM3 MbILLIEYHO—allOHEBPOTHUECKOTO CJI0si ITepeHell OPIOIITHON CTeHKH BBISIBU/ 3HAUMMbIE Pa3Iduusi MeXKAY TPYTIaMu
o Betienet- u l'abop-ananu3y (p < 0,0001). [TarmeHTsI TPYTITIbLI 2 CYILeCTBEHHO OTIMYaIUCh OT TPy 1 U 3, Tor/ja Kak rpyTibl
1 ¥ 3 1eMOHCTPUPOBAIU CXOXKUE XapaKTepPUCTUKU TKaHel (p > 0,05), uTo MOXKeT CBU/IeTe/IbCTBOBATh 00 a/janTalliOHHbIX
M3MEeHEeHUsIX y MalHueHTOB ¢ HanboJsiee BbIPA’)KeHHBIMH IPBDKEBBIMH JleeKTaMu. Y Tal[ieHTOB TPYIIkl 2 HaO/IoaTCs
BhIp@KeHHbBIe U3MEeHeHUsT CTPYKTYPBI MBIIIIL, UTO TTOATBEP>KAAeTC sl 3HAUMMBIMH Pa3/IMUUsIMU 110 KoHTpacTHocTH (p < 0,0001),
koppessituu (p < 0,0001) n xKypro3ucy (p = 0,001). Ilpu 5ToM cpefjHsIst IPKOCTb 1 OIHOPOJHOCTD He MOKa3aay CTaTUCTUYeCKH
3HAUMMBIX pa3Muuuil Mexxy rpymmamu (p > 0,05), uTo yKa3bIBaeT Ha CXOXKeCTh 00IL[ero pacrpe/ie/ieHrsi THTeHCUBHOCTeH CHTHasa.
BriBozbl. Hanboree BeipaskeHHBIe TTPU3HAKK CTPYKTYPHOM Jle30praHr3ariii MbIIeYHO-allOHEBPOTHUECKOTO CJI0sI BhISIBIIEHBI
y naipieHToB ¢ W2-TIOBT, uto yKa3biBaeT Ha MOPGOGYHKLHOHANIBHYI0 HecTabunsHOCTh. B rpyrme W3-IIOBI npeobnazarot
ajlanTallviOHHbIe MPOoIiecchl. BhIsiBlIeHHbIE 3aKOHOMEPHOCTH TIO/ITBEPIK/AAI0T 3TalTHOCTh MOP(O/IOrHUe CKUX U3MeHeHUH TIpr
ITOBI" 1 nofYepKUBAKOT 3HAUMMOCTb TEKCTYPHOI'O aHa/lIn3a /iJisi IepCOHa/IM3MPOBAaHHOIO XUPYPruieCcKoro jaHupOBaHUsl.

KroueBble c/10Ba: TEKCTYPHBINA aHa/IN3, OC/Ie0TeparjioHHast BeHTpasbHasi TPbDKa, MbIILIEYHO-allOHeBPOTHYE CKHUI CJIOH,
CTPYKTYDHbBIe WU3MeHeHWs1, aflanTalliOHHbIe U3MeHeHUs1, Grubpo3, Xupypryuueckas TakTHKa.
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Hudopmanus o puHancupoBanuu: paboTa BbINo/HeHa 6e3 GUHAHCOBOM MOAJEPKKH.
Nudopmanus o KOHQIUKTe HHTEPeCoB. ABTODHI 3asIB/ISIFOT 00 OTCYTCTBUM KOH(IMKTOB HHTEPECOB.

Bknap aBropos: A.B.TIporacos, JI.b. Kanaxuna, O./. Ma3ypoBa — KoHLeNLUs ¥ Au3aiiH ucciegosanus; O.M. Ma3ypoga,
A.B.TIporacoB — c6op u 06paboTka matepuasos; JI.b. KaHaxuHa, A.B. [IpoTacoB — aHa/mu3 Mo/lyYeHHbIX JaHHbBIX, O./1. Ma3ypoga,
A .B.TIporacoB — HamnucaHue TeKCTa U peJaKTUpOBaHUe TeKCTa

BiarogapHoCcTH — HENPUMEHKMO.

HNudopmannoHHoe coryiace Ha myOaIuKanuio. [TalMeHThl MpejoCTaBUIn A0OPOBOIbHOE HH(POPMUPOBAHHOE COT/IacHe
Ha 06pabOTKy MepcoHa/IbHbIX JaHHBIX U MyO/IHKALHIO.
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CLINICAL CASE REPORT
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Application of monoclonal antibodies
in primary chronic osteomyelitis of the mandible in children

Alexander Yu. Kugushev' ~, Andrey V. Lopatin>3 ', Suzan Dagher? >

IN.I. Pirogov Russian National Research Medical University, Moscow, Russian Federation

2 RUDN University, Moscow, Russian Federation
® Dmitry Rogachev National Medical Research Center of Pediatric Hematology, Oncology and Immunology, Moscow,
Russian Federation
> suzandager@yandex.com

Abstract. Relevance. Primary chronic osteomyelitis (PCO) is a rare condition that poses diagnostic challenges, primarily
affecting children between the ages of 5 and 17. It can occur in various bones, including the mandible in the maxillofacial region.
The complexity of distinguishing PCO from infections, tumors, metabolic disorders, and other inflammatory conditions has led to
misdiagnoses, resulting in inappropriate treatment strategies and recurrent episodes. Currently, there is no standardized treatment
protocol for PCO, with most therapies starting with non-steroidal anti-inflammatory drugs (NSAIDs) to manage symptoms.
The purpose of this case report is to find a new treatment approach by using monoclonal antibodies such as Denosumab in the
treatment protocol. Monoclonal antibodies like Denosumab have shown promising results by targeting the RANKL-RANK
interaction, inhibiting osteoclast activity, and reducing inflammatory bone resorption. Materials and Methods: In the Department
of Maxillofacial Surgery of the Russian Children’s Clinical Hospital — a branch of the Federal State Autonomous Educational
Institution of Higher Education Russian National Research Medical University named after. N.I. Pirogov of the Ministry of
Health of the Russian Federation of Moscow from 2015 to 2023, 45 children underwent inpatient treatment for primary chronic
osteomyelitis (PCO). Of these, 17 children received combination therapy, which included decortication with removal of all
granulomatous tissue and administration of the drug Denosumab, and that is after receiving negative culture results which
conforms the diagnose of PCO. From these 17 patients, a 9-year-old girl with a persistently relapsing course was selected for
this article. Results: The treatment methods employed in this clinical case successfully increased the density of the affected
area. However, if small cystic components were retained and the sanitation of the granulated tissues was incomplete, a relapse
occurred, necessitating repeated surgical treatment. Conclusion: By using this approach, we found that the intervals between
collapses have been prolonged; leaving no doubt that the addition of Denosumab to the treatment protocol has played a significant
role in achieving this optimal result by maintaining remission stability, even after the symptoms disappeared.

Key words: primary chronic osteomyelitis, rare diseases, auto inflammatory bone diseases, denosumab, antiresorptive
treatment
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Introduction

Primary Chronic Osteomyelitis (PCO) is a rare
autoinflammatory disorder mostly affecting children
and adolescents and lacks a bacterial origin. The term
«Chronic Non-bacterial Osteomyelitis» was first
introduced by Bjorksten et al. in 1980 to describe
a clinical state marked by the persistent occurrence of
chronic sterile osteomyelitis [1-3].

This disease, along with any other autoimmune
disease, is characterized by the spontaneous activation
of the innate immune system, which results in bone
inflammation [4—7]. This phenomenon is evident through
recurrent cycles of remission and exacerbation, manifesting
as episodes of pain and fever accompanied by sterile
cultures that do not respond to antibiotic treatment [8, 9].

The suspicion of PCO arises in the absence
of clear indicators of bone infection, such as pus,
fistula formation, or sequestrum. Consequently,
the diagnostic process is challenging and typically
involves the exclusion of other bone pathologies
through radiographic imaging and, when necessary,
biopsy [10, 11].

SURGERY

In the absence of placebo-controlled trials,
treatment of PCO relies on personal experience, case
collections, and expert opinion. Nonsteroidal anti-
inflammatory drugs (NSAIDs) such as Ibuprofen and
Naproxen, are regarded as the first-line treatment,
demonstrating efficacy in pain management and
inducing remission in approximately 43% to 83%
of patients. In patients who are refractory to NSAID
or in individuals with vertebral lesions, more
aggressive treatment is commonly applied, including
corticosteroids, sulfasalazine (SSZ), methotrexate
(MTX), or TNF-«a inhibitors [12, 13].

Due to the pivotal involvement of RANK and
its ligand RANKL in the primary pathophysiological
mechanisms associated PCO, Denosumab as
a monoclonal antibody that specifically targets RANKL,
an acronym for Receptor Activator of Nuclear Factor-
Kappa B Ligand [14, 15], has recently been employed as
a therapeutic intervention. By inhibiting the activation
of RANKL on the surface of osteoclasts, Denosumab
subsequently influences the RANK receptor. This
blockade of the interaction between RANKL and
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RANK effectively hinders osteoclast differentiation,
functionality, and longevity, thereby leading to
a reduction in bone resorption [16-20].

Material and methods

At the Department of Maxillofacial Surgery of the
Russian Children’s Clinical Hospital (RDKB), a branch
of the Federal State Autonomous Educational Institution
of Higher Education at the Russian National Research
Medical University named after N.I. Pirogov, under
the Ministry of Health of the Russian Federation in
Moscow, 45 children received inpatient treatment for
primary chronic osteomyelitis (PCO) from 2015 to 2023.

Among these patients, a 9-year-old girl with
a persistently relapsing course was selected for
this article. In her clinical case, debridement and
decortication were performed, involving the resection
of granulomatous fibro-osseous tissue from the affected
area. Subsequent culture and morphological analysis
verified the aseptic characteristics of the inflammatory
condition. Following this, a single administration of the
monoclonal antibody Denosumab was performed. Prior
to the administration of the monoclonal antibodies, the
patient underwent standard biochemical assessments
of blood and urine to exclude the possibility of renal

) .
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dysfunction, and informed consent was secured for the
off-label application of the medication.

The patient’s parents provided informed voluntary
consent to participate in the study according to the
Helsinki Declaration of the World Medical Association
(WMA Declaration of Helsinki — Ethical Principles for
Medical Research Involving Human Subjects, 2013)
and personal data processing.

Clinical case description

Description of the clinical case: A 9-year-old female
patient had been ill since February 2020, when she first
exhibited facial asymmetry accompanied by pain in the
lower jaw. A lower jaw anomaly was identified through
multi-slice computed tomography (MSCT) conducted
at her place of residence. Subsequently, a surgical
procedure was performed, during which a biopsy was
obtained, leading to a diagnosis of fibrous dysplasia of
the left half of the lower jaw.

Over the following year, the patient experienced
recurrent episodes of her condition, necessitating her
admission to RDKB hospital in January 2021 for further
evaluation and treatment. Upon her admission, notable
asymmetry of the lower jaw was observed, attributed to bone
deformation in the left body of the lower jaw (Figure 1).

Fig 1. Patient’s visual evaluation when admitted to the hospital for the first time
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Diagnosis
The MSCT imaging reveals edema and deformity in
the left segment of the mandible. The affected osseous
structure exhibits uneven compaction resembling
a «ground glass» appearance, accompanied by localized
areas of softening and disruption of the cortical layer.
Notably, there is a periosteal thickening along the

anterior surface of the altered bone, measuring up to
2.5 mm. Additionally, the mandibular canal demonstrates
widening, and the compaction of bone extends into
the right segment over a distance of 10 mm. The left
masseter muscle appears slightly hypertrophied, and
the surrounding soft tissues exhibit edema, with linear
compaction extending to the skin (Figure 2).

Fig. 2. MSCT scan in January 2021 shows the affected area that includes the body, angle and the ramus of the left half
of the mandible. It can also be noted the widening of the mandibular canal on the left side

Treatment

In light of the clinical and radiographic findings,
a surgical intervention was conducted involving the
excision of fibrously altered tissues using Volkmann
spoon and a bur until the sclerotic margins of the
cavity were palpated. In the area corresponding to
tooth 3.8, the cortical layer was excised, and the
rudimentary structure of tooth 3.8 was extracted.
The excised tissue was subsequently sent for culture
and histopathological analysis. The postoperative
course was uneventful, during which antibacterial and
symptomatic therapies were administered, along with
a single dose of 60 mg of the monoclonal antibody
Denosumab.

Histological analysis of the provided bone
material revealed fragments of spongy bone with
areas of osteolysis and reactive bone formation.
The intertrabecular spaces were occupied by
loose fibrous connective tissue, which contained
minimal foci of productive, non-granulomatous

SURGERY

inflammation. The results from the culture did
not demonstrate any microbial growth, thereby
conforming the sterilized status of the PCO.
Following an improvement in the patient’s
condition, the child was discharged under the care
of specialists at their place of residence.

Observation

Throughout the subsequent year, no relapses
were observed; however, in the month prior to the
second admission which was in April 2022, the patient
experienced mild pain on the right side of the lower jaw,
necessitating readmission to the RDKB. A MSCT scan
conducted upon admission revealed a softening focus
measuring up to 5 mm in depth and 1 cm in diameter
located at the angle of the right half of the lower jaw,
accompanied by a cystic cavity in the vicinity of the
roots of tooth 3.5. Additionally, an irregular structure
of the body of the left half of the lower jaw was noted
(Figure 3).
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Consequently, a decision was made to perform
decortication on both sides and to excise the fibrous-
altered tissues utilizing Volkmann spoons until the
sclerotic margins of the cavity were palpated. Since
the patient’s general condition and radiological
findings before the second admission were not as
serious as her condition when she was first admitted,
and since we had already given the patient a dose of
60 mg of denosumab, which is considered a rather
high dose, and for fear of complications of this drug
such as osteonecrosis of drug use, it was decided
not to repeat the dose in the postoperative period,
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Fig. 3. MSCT scan in April 2022 exhibits the extension of the bone destruction on both halves of the mandible

which was uneventful, and the patient received
antibacterial treatment (Medaxone, Metrogyl) along
with symptomatic therapy.

Discussion

Monitoring the patient’s condition in the year
following reveals that the regions of bone destruction
were filled, despite the retention of the irregular
morphology of the external contour of the mandible.
Notably, the child remained pain free throughout this
period (Figure 4).
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Similarly, a MSCT scan conducted in June 2024,
one year later, revealed evidence of bone regeneration,
with the external contour of the mandible returning
to its typical dimensions and morphology (Figure 5).

Although Denosumab is most commonly used to
treat osteoporosis in the elderly and postmenopausal
women, it is now being considered as a first-line
treatment for primary chronic osteomyelitis. We can see
the added benefit of using Denosumab in the treatment
plan in achieving stable remission, extending the time
period between relapses and consolidating resorption
zones. This is illustrated by comparing the patient’s
condition prior to hospitalization, marked by frequent
relapses within a single year, to the following year,
during which the patient experienced no pain.

Conclusion

The therapeutic interventions used in this clinical
case effectively enhanced the density of the impacted
region. Nevertheless, in instances where minor cystic
elements were not completely removed and the
decontamination of the granulated tissues was inadequate,
a recurrence ensued, prompting the need for additional
surgical intervention. The utilization of Denosumab
postoperatively contributed to the maintenance of disease
remission. The most commonly used doses among adult
patients are 120 or 60 mg. However, since our patients
are children and their anthropometric parameters differ
from adults, it was decided to adjust the dose based on
the weight and height of the children. This decision
was made to choose smaller doses to prevent the risk

Fig. 4. MSCT scan in May 2023 showing the recovering process of the mandible with the remaining of uneven contour
of the left half of the mandible

SURGERY
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Fig. 5. MSCT scan in June 2024 exhibiting the evidence of bone regeneration and positive dynamic of the treatment protocol.
It can be clearly seen the positive effect of adding Denosumab to the treatment protocol in keeping the good outcome
of the operation

of osteonecrosis as it is known as the most common
complication after using the Anti-resorptive drugs,
while ensuring effective rehabilitation and prolonging
the periods between relapses.

The inquiry regarding the differential response
to Denosumab treatment among patients persists as
a topic for future discussion and scientific investigation.
Specifically, it remains unclear why certain individuals
achieve satisfactory outcomes with a single dose, while
others require multiple doses to attain the desired
therapeutic effect.

It is essential to determine the correct dosage,
treatment duration, and administration frequency of these
medications to achieve optimal results and minimize the
risk of postoperative complications typically associated
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with this class of drugs. Consequently, a comprehensive
strategy for managing PCO should include antiresorptive
therapy. The incorporation of monoclonal antibodies
represents an innovative approach to PCO management,
aimed at enhancing treatment efficacy.
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MeTabo/IMyeCKUX HapyLIeHWH U APYTUX BOCHATUTETbHBIX COCTOSTHHN MpUBe/ia K OLIMO0YHBIM JUarH03aM, UTO TIPHUBEJIO
K Hea/leKBaTHbIM CTpaTerysiM JiedeH!s U peLiMBUPYIOLMM 3M1307aM. B HacTosiiee BpeMs He CyILeCTBYeT CTaH/|apTU3UPOBaHHBIN
nipoToKos jiedenust I1XO, rpu 3ToM OOMBIIMHCTBO Teparvii HAUMHAIOTCSI C HECTePOU/IHBIX TPOTUBOBOCIIA/IUTE/BHBIX IPeTapaToB
(HIIBIT) g5t neyenust cuMnToMOB. Llesbio JaHHOTO OTYeTa O C/Tyuae sIB/ISIeTCs TIOMCK HOBOT'O TOAX0/1a K JIeUEHHIO C UCTIOMb30BaHUEM
MOHOKJIOHAJTbHBIX aHTUTEJ, TAKUX KaK IEHOCYyMa0, B IPOTOKOJIE jieueHHst. MOHOK/IOHA/IbHbIe aHTUTEJa, TaKUe KaK JIeHoCyMao,
TI0Ka3a/1i MHOTOO0EIIAroIIMe pe3y/ibTaThl, BO3AeHCTBys Ha B3aumopeiicteue RANKL-RANK, UHrubupyst akTHBHOCTb OCTEOK/IaCTOB
Y YMEHbIIIasi BOCTIA/IUTEe/IbHYO pe30p0Luio Koct. Mamepuasb! u Memoobi: B oT/e/IeHy YeiFoCTHO-TULIEBOM XUpypriuu Poccuiickoi
[IeTCKOM KIMHUUeCKor 60sbHuULbI — dumrana @TAOY BO «PoccuiicKuil HaljOHaIbHBINA UCC/Ie/[0BaTe/IbCKUN MeIUIIMHCKUH
yHuBepcuteT UM. H.J. [TuporoBa» Munszpasa Poccun no . Mockse ¢ 2015 no 2023 1. 45 feTeli NpOXOAWIN CTaljMOHapHOe
JieyeHHe 110 MTOBO/Aly MepBUYHOr0 XxpoHrnueckoro octeomuenura (I1XO). U3 Hux 17 feTsim NpoBoAuIach KOMIIEKCHasl Teparius,
BKJIFOUABILIAs IEKOPTUKALIMIO C yJa/leHUeM BCel TPaHy/IeMaTo3HOM TKaHHW 1 Ha3HaueHHe Tpernapara ieHocyMab, 1 3To Tocie
TIOSTyYeHUsT OTPULIATeIbHBIX Pe3y/IbTaToB TI0CeBa, UTo noATBepxkaaeT quarHo3 [1X0. M3 atux 17 naiueHToB [/ JaHHOMN CTaTbu
Obl1a BoIOpaHa ZieBouKa 9 JIeT C YIIOPHO PeLUIUBUDPYIOLINM TeueHrueM. Pe3yabmambi u 06cyscoeHue. TIpuMeHeHHBIH B JaHHOM
K/IMHUUYECKOM CJTydae MeTOZ, JleueHHsI TT03BOJIN YCIeIIHO YBe/TMUMUTD TJIOTHOCTh NOpaykKeHHO! 30Hbl. OZIHaKO NIPU COXpaHeHU!
MeJIKUX KMCTO3HBIX OYary ¥ HeroJIHOM CaHallvy IPaHy/eMaTo3HbIX TKaHel BO3HUKA/ pelii/ivB, TpeOyouii TOBTOPHOTO
XUPYPryUecKoro JiedueHus1. Bbigoobl. [Tpy UCI0Ib30BaHUM JAHHOTO TI0JX0/Ia MbI 0OHAPYKWJIU, UTO MEePUO/bI MEXX/Y PeLIUIMBaMU
VAJIMHSIIOTCS, UTO HE OCTaB/IsIeT COMHEHUH B TOM, UTO BK/TFOUEHHe JIeHOCyMaba B TPOTOKOJI JIEUEHHUS! ChITPasio 3HAUUTE/TbHYHO POJb
B ZIOCTV)KEHUU CTOMKON PEMHUCCHU 3a CUeT TO/|iepXKaHusi CTabUIbHOCTU Pe3y/IbTaToOB [JaXKe T0C/Ie UCU€3HOBEHUS CUMITTOMOB.

KiroueBble c/10Ba: MePBUYHO-XPOHUUECKUM OCTEOMUETHT, PeIkue 3a00/ieBaHusl, ayTOBOCATUTebHbIe 3a00/1eBaHUs
KOCTeH, fleHocyMab, aHTPe30pOTUBHOE JIeueHHe

Mudopmanus o puHancupoBanuu. VceneoBanue He [01y4aso rpaHTa OT GUHAHCUPYIOIIMX areHTCTB B FOCY/japCTBEHHOM,
KOMMepueCKOM HJIH HEKOMMEPUEeCKOM CeKTopax.

Bkiag aBropos. A.FO. Kyryiies BHec Bk/iaj, B pa3pab0OTKy /iM3aiiHa PyKOMUCH, aHA/IN3 UCXOHBIX JAHHbBIX U HAlMCAHUEe
yepHOBHKa pyKornucu. A.B. JlonatuH — pa3paboTka Ju3aliHa pyKOITUCH, aHa/I|3 TI0JYUeHHbIX [JaHHBIX ¥ OKOHYATeTbHOe
yTtBepxkaenHue. C. Jlarep — HarucaHue PYKOMUCH, aHa/TU3 IaHHBIX U ITyO/IMKaI|i TI0 TeMe CTaTbU. PYKOIUCh Oblsa IpOUMTaHa
1 of00peHa BCeMH aBTOPaMH.

HNudopmanus o KoH(IMKTe MHTEpecoB: ABTOPHI 3asiB/ISIIOT 00 OTCYTCTBUY KOH(IMKTA UHTEPECOB B OTHOILIEHUH TTyO/TUKALN
JTaHHOU CTaThU.

JTUUecKoe yTBep)KJAeHue — HerpruMeHHMO.

BbiarogapHocTH — HelIpUMEHUMO.

HudopmupoBanHoe cornacue Ha myoymMkanuio: Bee naipeHTsl famu 106poBoibHOe MH(HOPMUPOBAHHOE COIVIacHe Ha yuacTHe
B MICCJIE[JOBAaHUH B COOTBETCTBUU C XeJTbCUHKCKOU JieKapanueit BceMupHO MeAUITMHCKONW accoumanmu (XelbCUHKCKast
neknapanys WMA — DTrdeckue MPUHIUIBI MeAUIIMHCKUX UCC/IeJOBaHUM C yuacTreM uesoBeka, 2013 r.) u Ha 06paboTKy
TepCOHAJIbHBIX IaHHBIX.

3asB/IeHHe 0 AOCTYIHOCTH JaHHBIX: JJaHHbIe, IOATBEPIK/JA0I1ie BbIBOZbI 3TOTO UCC/IeJOBaHus, JOCTYIHbI 110 3alIpOCy
y COOTBETCTBYIOIIMX aBTOPOB. [JaHHbIe He SIB/SOTCS 00IeI0CTYHBIMU U3-3a OTPAHUUEHUN KOH(MUEHIIMaTbHOCTH WIN
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Abstract. Relevance. Monomorphic maculopapular cutaneous mastocytosis (mMPCM) is a rare and diagnostically challenging
form of cutaneous mastocytosis, often mimicking other pigmentary and papular dermatoses. The increasing incidence of mMPCM
and the complexity of its differential diagnosis underscore the need for effective, non-invasive diagnostic methods. The aim
of the study was to evaluate the dermoscopic features of mMPCM and compare them with findings from optical coherence
tomography (OCT) and histopathological criteria, aiming to establish a non-invasive diagnostic algorithm. Materials and Methods.
The study included 30 patients aged 14-30 years with mMPCM, observed at the Moscow Scientific and Practical Center of
Dermatovenereology and Cosmetology, Russia from 2022 to 2024. All patients underwent clinical examination, dermoscopy,
and, in selected cases, OCT imaging. Dermoscopic and OCT findings were systematically compared with histopathological
results from skin biopsies. Results and Discussion. Dermoscopic examination of mMPCM lesions revealed increased yellow-
brown pigmentation, preservation of skin appendages, unchanged vellus hairs, pigment pseudonetwork, and a weakly expressed
asymmetric vascular pattern. Darier’s sign was more frequently detected under dermoscopy than on clinical examination. OCT
imaging visualized clusters of mast cells as round or oval low-intensity signal zones, most often located in the reticular dermis,
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corresponding to histological mast cell infiltrates. The combination of dermoscopy and OCT allowed differentiation of mMPCM
from other subtypes of cutaneous mastocytosis based on the depth and distribution of infiltrates. Notably, non-invasive methods
provided valuable information for diagnosis and monitoring, reducing the need for routine biopsies. Conclusion. Integrating
dermoscopy and OCT into the diagnostic workflow for mMPCM offers informative, non-invasive alternative to traditional
histopathology, facilitating early and accurate diagnosis as well as monitoring of disease dynamics and therapeutic efficacy. This
study is among the first to systematically compare dermoscopic and OCT findings with histopathological features in mMPCM,
highlighting the unique diagnostic potential of these non-invasive techniques for rare forms of cutaneous mastocytosis.

Keywords: Non-invasive diagnostics, dermoscopy, OCT, optical coherence tomography, monomorphic maculopapular
cutaneous mastocytosis, Lumen Stratis, MosDerma
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Introduction

Mastocytosis is a complex heterogeneous
multisystem disease associated with pathological
activation or accumulation of neoplastic mast cells
(MCs) in one or more organs [1, 2]. It has been
demonstrated that abnormal activation of clonal MCs
is characteristic of all clinical forms (subtypes) of
mastocytosis [3]. Hartmann K. et al. in 2016 published
a consensus report that proposed a classification of
cutaneous mastocytosis [4]. Skin lesions in adults
with mastocytosis are defined as a monomorphic
type of maculopapular cutaneous mastocytosis
(MPCM), whereas in children several subtypes are

DERMATOLOGY

distinguished: single and multiple mastocytomas,
diffuse (DCM), polymorphic MPCM (pMPCM)
and monomorphic MRCM (mMPCM) [5]. The
monomorphic type of MPCM is usually diagnosed in
adults, less often in the pediatric population. In most
patients, the onset of the disease occurs after 2 years
of age, closer to puberty. mMPCM is characterized
by small, brown, maculopapular lesions of uniform
shape and size, located primarily on the trunk and
thighs (Figure 1).

In adolescents and adults, lesions may look like
melanocytic nevi, making differential diagnosis difficult
(Figure 2).
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Fig. 1. Typical lesions in monomorphic MPCM

Fig. 2. mMMPCM lesions (green arrows) and melanocytic nevus (red arrows)

In mMPCM, blister formation is rare. Blisters
in mMPCM are rare. This is explained by the
pathomorphological features of mMPCM, in which mast
cell infiltration is mainly located in the reticular dermis
with preservation of the papillary dermis, whereas in
polymorphic MPCM and DCM, dense mast cell infiltration
is observed in the papillary dermis [5]. In children with
mMPCM, the rash has a lower tendency to spontaneous
regression and persists into adulthood. Serum tryptase
levels vary from normal to significantly elevated values [4].

The increase in the incidence of cutaneous
mastocytosis [6, 7], the increase in the number of patients
with monomorphic (“adult”) type of maculopapular
cutaneous mastocytosis (mMPCM) and diffuse cutaneous
mastocytosis (DCM), and the complex process of
differential diagnosis dictate the need for more widespread
implementation of non-invasive diagnostic methods. In
recent years, new papers describing the dermoscopic
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features of mastocytosis have been published [8]. At
the same time, publications describing the capabilities
of optical coherence tomography (OCT) in mastocytosis
are insufficient [9, 10].

Objective
To evaluate dermatoscopic semiotic signs of
monomorphic type of maculopapular cutaneous
mastocytosis and compare them with the results of optical
coherence tomography and histopathologic criteria.

Material and methods

The study included 30 patients aged 14 to
30 years diagnosed with maculopapular cutaneous
mastocytosis, who were observed at the Moscow
Scientific and Practical Center of Dermatovenereology
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and Cosmetology, Russia from 2022 to 2024. The
classification of clinical forms and types of cutaneous
mastocytosis was carried out in accordance with the
current WHO classification [2]. The clinical examination
included anamnesis and physical examination of the
study participants. The diagnosis was confirmed by
histological examination.

Dermoscopy of rashes was performed on all patients
using a device for dynamic clinical and instrumental
monitoring of patients with skin lesions “MosDerma”
(Patent for Utility Model No. 177110 dated 17.04.2017).
Immersion and polarization dermoscopy with 20-fold
magnification was performed. To avoid capillary
collapse, the pressure on the rash was minimized.
In patients with a widespread skin process, at least
two elements were assessed to consider all possible
dermoscopic patterns. Subsequently, the identified
dermoscopic patterns were compared with clinical signs
and the severity of mediator symptoms in various forms
of mastocytosis for each patient.

Optical coherence tomography was performed
in 3 patients. An optical coherence tomograph for
non-invasive examination of the internal structure of
human superficial tissues “OKT-1300-E” (high-speed
modification (92000 A-scans per second), developed
by BioMedTech LL.C (Russia) was used. The device
is equipped with a specialized probe for examining
external biotissues with 3D modeling of optical
“sections”. Technical characteristics of the device:
radiation wavelength — 1300 nm, radiation power at
the object 0.75 mW (below the level permissible by
the AMSI standard), spatial resolution — 8—20 pm,
scanning depth— up to 2 mm, scanning area 5x5 mm,
image acquisition time — 20 seconds.

The Lumen Stratis software developed at
Lobachevsky University was used for image processing

and analysis (certificate of state registration of the
software “Visual statistical analysis of skin structure
images obtained by non-invasive methods (Lumen
stratis)” No. 2024615567 dated 03/11/2024). The
software is written in the Python 3.10 programming
language in the open-source development environment
PyCharm Community Edition 2023.2.3. Required type
and version of the operating system: Windows 7/8/10/11.
The Lumen Stratis software performs the following
tasks: fast loading (without a converter) of OCT images;
visualization of statistical analysis of images, carried
out in a dialogue with the user; saving the results of the
study in the formats.bmp,.JPG,.tmg,.dat,.png and txt.

Results and discussion

Dermoscopy

The frequency of detection of dermatoscopic patterns
in patients with mMPCM is presented in Table 1.

Darier’s sign with wheal formation was detected
in 10 patients (7 men and 3 women). Darier’s sign
was detected only by dermatoscopic examination in
20 patients (14 men and 6 women).

Dermoscopy of monomorphic macular lesions
reveals an increase in yellow-brown color, preservation
of skin appendages, unchanged vellus hair shafts,
pseudonetwork pigmentation (Figure 3a), a weakly
expressed asymmetric vascular pattern, and moderate
erythema in adjacent areas (Figure 3b). When defining
Darier’s sign, a more pronounced vascular pattern is
determined, but with a predominance of the pigment
component, which is associated with a deeper location of
the mast cell infiltrate in the reticular dermis (Figure 3c).
In pMPCM, predominant localization of the mast cell
infiltrate is observed in the papillary dermis.

Table 1

Frequency of detection of dermatoscopic signs
in patients with mMPCM (n=30)

Gender Yellow-brown coloration Pigment pattern, Peripheral erythema Pronounced vascular
pseudonetwork pattern
Male (n=21) 21 (100,0%) 19 (90,5%) 19 (90,5%) 4(19,1%)
Female (n=9) 9 (100,0%) 4 (44,4%) 3(33,3%) 3(33,3%)

DERMATOLOGY

105



Kasikhina E.I et al. Bectunk PYIH. Cepus: Meguruna. 2026. T. 30. Ne 1

Fig. 3. Dermoscopy of MMPCM lesions: a —mild manifestations; b — pronounced manifestations of mMPCM,;
¢, d — positive Darier’s sign (description in text)

a b
Fig. 4. OCT images of healthy skin: a —made using “OKT-1300-E"; b — processed by the Lumen Stratis software

Optical coherence tomography regardless of the location and age of the patient.

The images of healthy skin of various anatomical ~Within the optical equivalents of the lower part of
locations showed a typical five-layer structure of skin the epidermis, the papillary layer of the dermis and,
images without pathological inclusions (Figure 4). in some cases, the reticular layer of the dermis, round,
The same changes in varying degrees of severity oval and elongated dark zones of low signal intensity
were observed in the images of all foci of mastocytosis, were clearly defined. The zones were of different
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sizes, with relatively clear boundaries (Figure 5),
and corresponded to the histological description of
mastocyte clusters (Figure 6) in shape, size (from
100 microns and more), characteristics and location
(marked with red circles).

When identifying clusters of mast cells, these zones
were differentiated from skin vessels, also represented

by zones of low signal intensity. According to the
available data, the resolution of this modification of the
OCT device allows for the detection of pathologically
dilated vessels within the papillary layer of the dermis
only in patients with pathology of the main vessels
(varicose veins, malformations) [11]. There were no
such pathologies in the examined patients.

e

f

Fig. 5. OCT images of the skin of the lateral part of the trunk of a patient with mastocytosis in the area of a wheal
(Darier's sign +) (a) and inflammatory macule (¢), non-inflammatory macule (e) and OCT images
of similar areas processed by the Lumen Stratis software (b, d, f)
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C

Fig. 6. Male-patient, 14 years old. Non-inflammatory macules of mMMPCM: a — toluidine blue staining, magnification x 200;
b — hematoxylin-eosin staining, magnification x 200; Mastocyte clusters — red arrows; ¢ — dermosopy of the lesion

In addition, it has been previously shown that
vessels in OCT images of vertical skin sections are
represented by slit-shaped, oval and tree-shaped areas
of low signal with clear boundaries, without a contour
in the case of visualization of venules or with a light
contour in the case of visualization of arterioles [11].
When analyzing OCT images of pathomorphological
elements in patients with mastocytosis, the absence of
clear boundaries was noted in areas of low intensity,
defined as clusters of mast cells (Figure 5).
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Thus, the OCT images within the epidermis and
upper dermis visualized the desired clusters of mast
cells. Attempts to visualize these objects using high-
frequency ultrasound were unsuccessful. This was
primarily due to the low resolution of the method, as
well as the lack of the ability to clearly and in detail
visualize the epidermis and dermo-epidermal junction
zones of most interest to us, which are practically
inseparable from the “sensor-gel-skin” interface in
high-frequency ultrasound images.

LEPMATOJIOT NA



Kasikhina EI et al. RUDN Journal of Medicine. 2026;30(1)

Clinical examination is the first line in the diagnosis
and treatment approach of cutaneous mastocytosis.
However, dermoscopy and OCT are complementary
tools that can improve the diagnosis of CM,
monitor treatment, and provide pathophysiological
characterization of the lesions.

To date, there are few studies regarding non-invasive
methods of visualizing the lesions in CM. Dermoscopy
is a simple method of assessing the lesions, useful as
a first approach to many dermatoses associated with
pigmentary disorders, and is commonly used in addition
to clinical assessment [12]. OCT was first used for

skin imaging in 1997 and has undergone significant
technological advances since then. The high resolution
and moderate penetration depth of OCT allows the
method to fill the imaging gap between high-frequency
ultrasound and reflectance confocal microscopy [13, 14].
The ability to visualize skin morphology and dermal
blood flow using OCT allows for the evaluation of the
functional and structural characteristics of inflammatory
lesions in CM. Table 2 shows the correspondence of
dermoscopic, OCT and histopathological features of
lesions in mMPCM.

Table 2

Correspondence of dermatoscopic, OCT and histopathological features of lesions in mMPCM

Type of lesions Dermoscopy

OCT Histopathology

Non-inflammatory
macules

Yellow-brown coloration,
pigment pseudonetwork
(Figure 6a, b)

Rounded and elongated dark zones of low signal
intensity of various sizes with relatively clear
boundaries (Figure 5e, f)

The epidermis of normal thickness with
hyperpigmentation of basal keratinocytes
without pigment loss, infiltrates in the
reticular dermis (Figure 6¢)

Inflammatory
macules, papules

Peripheral erythema,
punctate vessels, pigment
pseudonetwork (Figu-re 3b, )

The above signs in combination with optical
signs of edema (decrease in signal intensity
and increase in the height of the optical layers)
within the optical equivalents of the epidermis
and dermis (Figure 5c¢, d)

Superficial perivascular mast cell infiltrates
in the papillary and reticular dermis
(Figure 7)

Wheals (Darier's
sign)

Erythema and linear
dilated vessels (Figure 3c),
intense redness with
barely discernible pigment
pseudonetwork (Figure 3d)

Pronounced optical signs of edema in the
form of a decrease in signal intensity within all
visualized layers, an increase in the depth of
the useful signal, a decrease in the clarity of the
boundaries, an increase in the visualization of the
optical equivalents of vessels within the reticular
layer of the dermis (Figure 5a, b)

The dermis is somewhat edematous,
the vascular pattern is enhanced, the
endothelium is swollen, the vascular
lumens are dilated, there are scattered
perivascular infiltrates of mast cells,
fibroblasts, histiocytes and eosinophils
(Figure 8a, b)

In the clinical diagnosis of mMPCM, the most
difficult are non-inflammatory spots, which are caused
by mast cell infiltrates, histologically determined in the
reticular dermis. On OCT images, they can look like
apparently healthy skin (Figure 5e). Dermoscopy at
the onset can observe a pale yellow-brown coloration
with a gradual formation of a pigment pseudonetwork,
which is associated with hyperpigmentation of the basal
layer of the epidermis (Figure 6).

When the infiltrates are located in the papillary
dermis, both macules and papules can be observed
in patients (Figure 7). Dermoscopic examination

DERMATOLOGY

demonstrates a bright yellow-brown staining
of the lesion with a peripheral vascular pattern
(Figure 3b, c). OCT visualizes a bright pattern of
vascular reaction to mast cell infiltration of the
papillary dermis (Figure 5c, d).

A prominent Darier’s sign in systemic mastocytosis
may be an indicator of massive mast cell degranulation
and serve as a marker for anaphylaxis. Dermoscopy
shows a predominantly vascular pattern (Figure 8).
Histologically, both deep and superficial perivascular
mast cell infiltrates can be identified.
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Fig. 7. Monomorphic type of MPCM, patient T., 27 years old.

a — a skin fragment with a subcutaneous adipose tissue area, lined with an epidermis of normal thickness with
hyperpigmentation of basal keratinocytes. Hematoxylin-eosin staining, magnification x 40; b — superficial perivascular
infiltrates in the dermis (red arrows). Hematoxylin-eosin staining, magnification x 200; ¢ — an admixture of tissue mast cells
of an elongated shape is detected in the infiltrate (red arrows). Some mast cells spread interstitially. Toluidine blue staining,
magpnification x 200; d — inflammatory macules, papules of mMPCM

Conclusion
Clinical and histopathological examinations play

an important role in the diagnosis of inflammatory
skin diseases. Rare diseases, including mastocytosis,
tend to debut in children and adults, imitating
various skin diseases. Non-invasive skin diagnostic
methods, such as dermoscopy and OCT, can be useful
in disease identification and differential diagnosis.
Histopathological examination is useful as a clarifying
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diagnosis. Non-invasive methods can be used in routine
practice to monitor the effectiveness of drug therapy
and the dynamics of clinical manifestations.

Although the role of dermoscopy and OCT in
routine clinical practice is not fully defined, non-
invasive skin visualization shows promising results
in cutaneous mastocytosis due to the correlation with
histopathological features.
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c

Fig. 8. Systemic mastocytosis. a — hyperpigmentation of keratinocytes of the basal layer, superficial perivascular infiltrates
in the dermis. Hematoxylin-eosin staining, magnification x 200; b —an admixture of mast cells is detected in the infiltrate.
Toluidine blue staining, magnification x 200; ¢ — cutaneous manifestation of indolent systemic mastocytosis;

d —dermoscopy of the lesions
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HeunHBa3uBHasa gnarHocTuka MOHOMOpd)HOI'O TUNa
MNMATHUCTO-NANyJ1Ie3HOro KOXXHoro MmacToLuTo3a

E.M. Kacuxuna®? ~ = K.C. ITerpoa® ', M.H. OctpernoBa' ,
B.IO. Ypxyxy- >4, O.H. ToeBa® ', E.K. Cyxuna' ', A.A. KopoboBa®

'Poccuiickuii yHUBepcuTeT Jpy>KObl HAapoZoB, . Mockea, Poccutickas Dedepayus
“MOCKOBCKMI Hay4YHO-TIpaKTHUeCKuii LleHTp AepMaToBeHeposIoTuK 1 KocMeTosioruy, 2. Mockea, Poccutickas @edepayus
*HarjoHanbHbIH HcciefoBaTenbckuid Huskeropogckuil rocyfapcTBeHHbIN yHUBepcuTeT uM. H.U. JlobaueBckoro, . HuocHull
Hoezopod, Pocculickas ®edepayus
“PoccuiicKyil HaLOHAMBHbIN MCC/IeoBaTeNbCKUNA MeJULIMHCKUN yHUBepcuTeT uMeHy H.J. TTuporosa, e. Mockea,
Pocculickass @edepayus
> kasprof@bk.ru

AHHOTaMsA. AKmyaabHoCMb. MOHOMOP(®HBIHN THIT MATHUCTO-TIATY/IE3HOTO KOXKHOTO MacToruTo3a (MIITIKM) — 310 peakast
Y IMarHOCTUYECKU CIOKHAsi JopMa KOXKHOTO MaCTOLIMTO3a, YacTo Tpebyroias quddepeHiLraabHON JMarHOCTUKY C ApyTrue
TIMTMEeHTHBIMU U TIamyJ/ie3HbIMHU ZilepMaTo3aMH, UTo To/[4epKrBaeT HeoOXoAMMOCTh TToucKa 3((eKTHBHBIX HeMHBA3WBHBIX
JUarHoCTUUeCKUX MeTozioB. I]enb. OueHuTs fepmaTockonuueckye rprsHaku MITITKM v conocTaBUTh UX € pe3y/bTaTaMu
ortruueckoi korepertHoi Tomorpaduu (OKT) ¥ rucTOnaTooruueCKUMU KPUTEPUSIMU C 11eJ1bI0 Pa3paboTKH HEMHBA3UBHOTO
[IMarHOCTUUECKOTO ajroputMa. Mamepuan u memoobl. B uccienoBanve 0bli1 BKItoueHbl 30 MaljieHToB B Bo3pacTe oT 14
1o 30 net ¢ guarnozom MITIIKM, HabmogaBimxcst B 'BY3 «MockoBckuii LIeHTp JiepMaToOBeHepOJIOrud U KOCMETOIOTUN
B niepuog, ¢ 2022 o 2024 rof,. BceM naijpeHTam NMpOBOAWIUCH KIIMHUUECKUM 0CMOTP, ZIepMaTOCKOITHS, a B OT/Ie/IbHBIX CTydasix —
OKT. Hepmarockonuueckre v OKT-npu3Haky cuctemMariueCcKyd CpaBHUBAIUCH C TUCTOIATO/IOTMUeCKMMU pe3y/ibTaTaMU KOKHBIX
6uoricuii. Pe3ynbraThl v 06CyXJeHMe. [lepMaToCKONMuecKoe ucciaegoBanre ouaroB MITITKM BBISIBUIO yCUJIEHHE JKEJITO-
KOPUUYHEBOI MUTMeHTaL1, COXPAaHHOCTb MPU/ATKOB KO)KH, HeM3MeHeHHbIe MYIIKOBbIe BOJIOCHI, ICEBJONTMTMEHTHYIO CeTh
1 c/1ab0 BbIPA)KeHHbIN aCUMMETPUYHBIN COCYAUCThIN pucyHOK. CumrTom JTapbe uaiije Orpezesiics TP JepMaToCKOITUU, YeM
npu KiuHUUYeckoMm ocMotpe. OKT BU3yanu3vpoBaia CKOIUIEHUS TyUHBIX K/I€TOK B BH/Ie OKPYIVIBIX WM OBaJbHBIX 30H HU3KOH
WHTEHCUBHOCTH CUTHAJA, IPeUMYIIeCTBEHHO B PETUKY/ISIPHOM JlepMe, UTO COOTBETCTBOBAJIO THCTOJIOTHUE CKUM UH(GUIbBTpaTaM
Ty4HbIX KeToK. CoBmerrienre fepmarockoriv 1 OKT mo3somno auddepenippoBars MITTTKM oT Apyrux rMoATHIIOB KOKHOTO
MacCTOLIMUTO3a Ha OCHOBAaHWM TyOWHBI U pacripeeneHnss THPUIBTPATOB. Ba)KHO OTMETUTD, UTO HEMHBA3UBHbIE METO/IbI
TPeJ0CTaBU/IH LIeHHY0 MH(OPMALWFO /17151 AMarHOCTUKKA U MOHUTOPWHTA, CHI3UB HEOOXOAUMOCTb DYTHHHBIX OHOICHE. BBIBOJBL.
Bktouenne fepmarockorimu 1 OKT B fuarHocTryeckuii anroputm MITTTKM obecrieuriBaeT MHPOPMATHUBHYO, HEUHBA3UBHYHO
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a/ITepHATUBY TPAAULIMOHHOMN THCTOMNATO/ION MM, CITIOCOOCTBYSI paHHel ¥ TOUHON JMarHOCTHKe, a TAKKe MOHUTOPUHTY TUHAMUKN
3aboseBaHust ¥ 3PeKTUBHOCTH Teparnuu. JJaHHOe MCCIe/l0BaHue SIBJISIETCS] OJJHUM W3 MEPBBIX, T/Ie CUCTEMHO COTIOCTAB/ISIFOTCS
nepmatockoruueckue 1 OKT-npu3Haku ¢ TUCTOIOTHUYecKUMU ocobeHHocTsiMu MITITKM, uTo 1o juepKuBaeT yHUKa/IbHbIN
JMarHOCTHUYe CKUH MOTeHLMa/ TUX HEMHBA3UBHBIX METO/IOB /7SI PeAKUX (hOPM KO’KHOTO MaCTOLIUTO3a.

KinroueBble (j10Ba: HeMHBA3WBHAs IUArHOCTHKA, AepMmatockorsi, OKT, onriueckast korepeHTHast ToMorpadwisi, MOHOMOP(HBI
MaKyJiomary/e3HbIi MacTOLMTO3 KoxkU, «Moc/lepma», Lumen Stratis

Nudopmanus o punancupoBanun. VccnenoBanue He MMesio (MHAHCOBOM TOAZIEPIKKH.
Mudopmanys o KOHGIMKTe HHTePecoB. ABTOPHI 3asiB/ISIFOT 00 OTCYTCTBUH KOH(IMKTOB UHTEPECOB.

Bxkunap aBropoB. E.M. KacuxuHa — pa3paboTka /ju3aiiHa UCC/ie[JoBaHus1, MPOBeZieHHe HeMHBA3UBHOTO 00C/Ie10BaHusl, aHa/IN3
JAHHBIX, HAalTMCaHWe TeKCTa, pefakTupoBanue pykormcy. M.H. OcTpelioBa — pa3paboTKa Ju3aiiHa UCC/Ie0BaHus], HarlMCaHue
TeKCTa, pefjlakTupoBaHue pykonucu. B.}O. ¥nyxy — paspabotka ju3aiiHa nccieoBaHus, pelakTHpoBaHre PYKOIHCH.
K.C. IlerpoBa — pa3paboTKa i3aiiHa HCCIe[OBaHs, IPOBeJeHe HEMHBA3UBHOIO 00C/Ie/[OBaHYsI, aHA/IU3 IaHHbBIX, HallMCaH1e
TeKCTa, pefiakTpoBanye pykorcy. O.H. ['oeBa — pa3paboTka Ay3aiiHa ncciiejoBaHus, [IPOBejeHre HeMHBa3UBHOIO 00C/Iej0BaHuys,
anamm3 faHHbIX. E.K. Cyxuna — 0630p mteparypsl. A.A. KopoboBa — 0630p /iuTepatyphl. Bce aBTOpbI BHECH CYILieCTBeHHbIN
BKJIaZ B pa3paboTKy KOHLIEMLVH, TIPOBe/IeH e UCC/Ie0BaHHSI U TIOATOTOBKY CTaThH, a TAK)XKe MPOUUTAIM U 0[00PU/IA OKOHUATETbHYO
BEPCHIO Tepe/] myOiuKaryei.

JTHUecKOe yTBepKAeHHe. ViccnenoBaHue Ob110 05006peHo JIoKanbHbIM 3THUeckuM KomuTeToM I'BY3 «MockoBckuii LeHTp
JlepMaToBeHepo/ioruu U kocmeTtonorun» Ne 58 ot 31 mapra 2022 roga.

BbiiarogapHoCcTH — HerprMeHHMO.

HudopmanroHHoe coryiacue Ha my0ymKanuro. [laneHTs! IpejoCTaBUIM A0OPOBOIEHOE HH(OPMUPOBAHHOE COTTIacHe
Ha 00pabOTKy MepCcOHaTBHBIX JaHHBIX U MTyOIHKALHIO.
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Effect of polydeoxyribonucleotide therapy on the regeneration
of long-term non-healing postoperative skin defects

Alexey G. Baranovskiy' ', Yelena Yu. Shapovalova' ', Yuri G. Baranovskiy'
Boris I. Kuzminov' ', Svetlana V. Harchenko' ', Igor A. Lugin' ~, Lilian A. Kutuzova' ,

Tatiana P. Sataieva' ', Sergey V. Popov’> ~, Kamil R. Bakhtiyarov’ ', Daniil Yu. Yuferov’ ',

Grigory A. Demyashkin? >

"Vemadsky Crimean Federal University, Simferopol, Russian Federation
RUDN University, Moscow, Russian Federation
< dr.dga@mail.ru

Abstract. Relevance. Chronic wound healing currently remains a serious problem due to its frequency and associated
complications. Polydeoxyribonucleotide therapy, which promotes angiogenesis and tissue regeneration, offers a promising
treatment. Aim: to analyze the proliferative and apoptotic activity of regenerative wound surface cells in biopsy samples of
long-term non-healing postoperative skin defects at the stages of its healing during polydeoxyribonucleotide therapy. Materials
and Methods. We used 24 C57/B1 white mice aged 4—-6 months weight 32 + 0.01g, divided into control (n = 12) and main
(n = 12) groups. In the main group 0,38 ml of polydeoxyribonucleotide solution was injected into the bottom and around the
surgical ischemic skin defect. On days 4, 7, 10, and 12 after wound modeling, biopsies were embedded in paraffin, stained with
hematoxylin and eosin. Biopsy cells in a state of mitotic division, proapoptosis, and with expression of the anti-apoptotic Bcl-2
gene were identified immunohistochemically using primary antibodies Ki-67 (Monoclonal rabbit [SP6] Cell Marque, USA),
p53 (Polyclonal rabbit, (GTX50438) GeneTex Inc, USA) and Bcl-2 ([N1N2), (GTX100064) GeneTex Inc, USA), respectively.
Secondary antibodies (HiDef Detection™ HRP Polymer system, Cell Marque, USA) conjugated with horseradish peroxidase,
were used as secondary antibodies. To adequately represent the structure of the regeneration, the biopsy sections were additionally
stained with Mayer’s hematoxylin. The index of antigen-positive cells was determined by counting their number per 100 cells
at a microscope magnification x1350, followed by calculation of the index as a percentage. Statistical analysis included testing
for normal distribution using the Shapiro-Wilk test, the Mann-Whitney test for pairwise comparisons, and group data were
described using the median, first and third quartiles (interquartile range). Results and Discussion. By day 12 in the main group,
the granulation tissue of the biopsy specimens was at the beginning of the third stage of the wound process, while in the control
group the second stage of the wound process continued. A stable cell population was formed in the main group 2 days earlier
than in the control group. Conclusion. Polydeoxyribonucleotide therapy turned out to be safe and tolerable and accelerated the
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healing of long-term non-healing postoperative skin defects by 16,67+0,01% by stimulating the proliferative activity of dermal
fibroblasts, regulating the expression of the anti-apoptotic gene Bcl-2 and the proapoptotic gene p53 in fibroblast differon cells.
Keywords: polynucleotides, long-term non-healing postoperative skin defects, wound process, proliferation, apoptosis
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Introduction

One of the priority tasks of modern medicine is
the development of medical science and innovations in
the healthcare sector. It involves the development and
implementation of new effective technologies for the
treatment of socially significant diseases [1]. Chronic
wound healing currently remains a serious problem
due to its frequency and associated complications [2].
Chronic wounds, including long-term non-healing
postoperative skin defects, are also a severe
complication of many diseases associated with a local
decrease in blood flow in venous and arterial vessels
and microcirculation [2].

Advances in understanding the biology of chronic
ischemic wounds have led to the development of
small molecule nucleic acid nucleotide therapies
that stimulate angiogenic activity and modulate the
repair process with exciting potential for clinical
application [3]. Many literatures data report that
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nucleotides secreted by cells into the extracellular
space in response to damage take part in all stages
of wound healing. They activate the corresponding
nucleotide receptors [4].

On this basis a new class of medicinal substances
has now emerged — polydeoxyribonucleotides (PDRN).
PDRN can be extracted from the sperm of salmon fish.
PDRN contains deoxyribonucleotide polymers with
50-2000 nitrogen base pairs [5].

It is known that PDRN is a combination of purine
and phosphodiester bonds forming a monometric unit
of pyrimidine nucleotides, which selectively bind the
A2 purinergic receptor. This complex promotes cell
growth of fibroblasts and epidermocytes, as well as
neogenesis [6]. Experimental study indicates an increase
in the mobility and proliferation of human fibroblasts
at the wound site, depending on the concentration of
PDRN [7].
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In the available literature, there is practically no
information about the proliferation of regenerative wound
surface cells and proapoptosis of the same cells in the wound
healing process of long-term non-healing postoperative
skin defects against the background of PDRN therapy. In
this regard, the purpose of the study was to analyze the
proliferative and apoptotic activity of regenerative wound
surface cells in biopsy samples of long-term non-healing
postoperative skin wound at the stages of its healing against
the background of PDRN administration.

The aim of this study: to analyze the proliferative
and apoptotic activity of regenerative wound surface
cells in biopsy samples of long-term non-healing
postoperative skin defects at the stages of its healing
during PDRN therapy.

Materials and methods

Animals for in vivo study

The study used 24 white male laboratory mice of the
C57/B1 line, 4-6 months old. The sample size (n = 72)
was calculated using the on-line Sample Size Calculator
at a given confidence level of 95% and a permissible
error of 4% by the formula

n=z2xpx(1—p)/e2,

where: z = 1.96 at a confidence level (a) of 95%,
p = proportion (expressed as a decimal fraction), e = error.
All animals were divided into control and main groups
(three mice for each studied day in each studied group).

The experiments were carried out in compliance
with all principles of humanity contained in the
European Community Directive (86/609/EC) and the
Declaration of Helsinki. The method of forming a model
wound is described in the work of Baranovsky Yu. G. et
al., 2016 [8]. In the MG, the model wound was injected
immediately after surgery with 0.38 ml of PDRN
“Plenhyage Medium” from I.R.A. Istituto Ricerche
Applicate Sri (Italy).

Morphological study
After 4, 7, 10 and 12 days, the recovering ischemic
skin defect was excised during repeated surgery under
anesthesia of a 2.5% avertin solution 0.3-0.4 ml
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intraperitoneal injection. The biopsy specimen was
placed in a 10% solution of buffered neutral formalin.
The surgical wound was sutured and the mice were
returned to the vivarium after healing.

According to the generally accepted method,
the material was impregnated with paraffin. Survey
staining of the sections was carried out with Mayer’s
hematoxylin and eosin.

Immunohistochemical study

Regenerative tissue cells in a state of mitotic
division were identified immunohistochemically using
primary monoclonal antibodies Ki-67 (Monoclonal
rabbit [SP6] “Cell Marque”, USA), which bind to
the nuclear antigen that functions in cells in a state
of proliferation. Cells in a state of proapoptosis
were identified based on the expression of the tumor
suppressor gene p53 in their nuclei using monoclonal
antibodies to p53 (Polyclonal rabbit, (GTX50438)
GeneTex Inc, USA). The anti-apoptotic protein Bcl-2,
which blocks apoptosis and prolongs cell life, was
identified by monoclonal antibodies to Bcl-2 [N1N2],
(GTX100064) GeneTex Inc, USA). This protein is
involved in maintaining the balance between cell
proliferation and differentiation.

Universal antibodies (HiDef Detection™
HRP Polymer system, Cell Marque, USA) were
used as secondary antibodies, allowing the
detection of rabbit primary antibodies conjugated
to an enzyme complex based on horseradish
peroxidase. Visualization was carried out in the
diaminobenzidine — hydrogen peroxide system.
To adequately represent the structure of tissue and
cell nuclei, biopsy sections of a healing ischemic
skin wound of mice were additionally stained
with Mayer’s hematoxylin for 3 minutes. For each
marker, control studies were performed to exclude
pseudopositive and pseudonegative results.

Quantitative analysis
The index of antigen-positive cells was determined
by counting their number per 100 cells at a magnification
of an Olympus %1350 light microscope. The percentage
of antibody positive cells were calculated as an average
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based on the results of 30 studied visual fields of each
biopsy in the CG and MG.

Statistical analysis

The normality of data distribution was checked using
the Shapiro-Wilk test [9]. Pairwise comparisons were
made between the control and main groups of mice after
4,7, 10 and 12 days from the start of the model wound
healing. Because the distribution of the data was not
normal, the Mann-Whitney test was used for pairwise
comparisons, and group data were described using the
median, first and third quartiles (interquartile range) [9,
10]. All calculations were carried out in the statistical
environment R version 4.2.3 [11]. The data obtained were
visualized using the Ggplot2 package [12]. Significance of
differences was accepted at a significance level of P < 0.05.

Results and discussion

On day 4 after the wound modeling, the epidermis
in CG and MG mice is not determined, and the skin
defect is covered with a voluminous scab (Figure 1a).
The edges of the wound were limited by a stitched
silicone ring. Histological examination revealed that

the scab is formed by fibrin, which contains mostly
dead and destructured inflammatory cells. The scab is
more voluminous in the CG [13]. Directly under the
scab lies a thin layer of granulation tissue in the second
proliferative stage of the wound process with collagen
fibers and rare blood vessels. The rest of the defect is
filled with white adipocytes rising from the hypodermis.

In CG and MG cells in a state of proliferation
(Figure 1b) are scattered throughout the granulation
tissue and the interquartile range of the index of these
cells is 9.42—-11.52 and 17.28-21.12, respectively
(Table). Cells expressing the anti-apoptotic gene Bcl-2
are more numerous and have the same localization in the
granulation tissue of both groups. The interquartile range
of their index is 18.1-22.4 for the CG and 35.5-43.4
after the introduction of PDRN. The numerical value of
the median index of cells with expression of the anti-
apoptotic gene Bcl-2 in the MG is 48.99+0.01% greater
than that in the CG. Cells in a state of proapoptosis
are not detected. This ratio of the numerical value of
the median of proliferating cells and cells in a state of
proapoptosis in the regeneration of the CG and OG
allows us to classify this cell population as a growing
cell population [14].
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Fig. 1. Biopsy section of the MG on the day 4 after surgery to simulate an ischemic skin defect. Scab (1) and granulation
tissue (2). a — Hematoxylin and eosin staining. Magnification: x200. b — cells in a state of proliferation (3). Staining with
monoclonal antibodies to Ki-67. Visualization in the diaminobenzidine—hydrogen peroxide system, magn. x400
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Comparison of statistical samples of cell indices in the state of proliferation (Ki-67), proapoptosis (p53) rable
and arrest of apoptosis (Bcl-2) in biopsy samples of regenerating wounds of the control and main groups
Day Main grgupmedian (1-3 quartiles), Control group medi?n (1-3 quartiles), p-value _Stu'died
interquartile range interquartile range indices
4 19.20(17.28-21.12) 10.47 (9.42-11.52) <0.01 Ki-67
50.06 (45.05-55.07) 20.93(18.84-23.02) <0.01 Ki-67
10 63.34 (57.01-69.67) 51.95 (48.76-53.15) <0.01 Ki-67
12 71.27 (68.58-78.40) 64.22 (57.80-65.64) <0.05 Ki-67
4 39.42 (35.5-43.4) 20.11 (18.1-22.4) <0.01 Bcl-2
53.41 (48.1-58.8) 27.17 (24.4-29.9) <0.01 Bcl-2
10 30.55 (27.5-33.6) 57.73 (52.0-63.5) <0.01 Bcl-2
12 22.05(19.8-24.3) 60.27 (54.2-66.3) <0.01 Bcl-2
4 0.00 0.00 pS3
7 7.97 (7.17-9.71) 0.00 p53
10 42.19 (37.97-46.41) 0.00 pS3
12 69.52 (62.57-76.47) 3.3(2.97-3.63) p53

On day 7, the position of the restrictive silicone
ring around the wound did not change in both groups.
The surface of the wound is a scab. On microscopic
examinations the scab contains fibrin and a small
amount of cellular debris. At the studied stage of
regenerative tissue histogenesis, complete epithelization
of the skin defect in the MG was recorded, while in
the CG the central areas of the defect did not achieve
this result. After PDRN administration, the epidermis
is significantly thicker due to the appearance of
an additional third row of epidermocytes [13]. The
thickness of granulation tissue of biopsy specimens
also increased statistically significantly in both
groups. Active healing of an ischemic skin defect is
accompanied by an increase in the index of fibroblast
proliferating cells.

In the CG and MG, the interquartile range of the
index of Ki-67-positive cells was 20.93 (18.84-23.02)
and 50.06 (45.05-55.07) respectively (Table). As
a percentage, the numerical value of the median of
dividing cells in MG biopsy samples is 51.18% greater
than those in CG biopsies.

The interquartile range of the index of cells with
expression of the anti-apoptotic gene Bcl-2 is 27.17
(24.4-29.9) in the CG and 53.41 (48.1-58.8) in the
MG. As a percentage, the numerical value of the median
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of cells with the active Bcl-2 gene is 48.99% greater
during the administration of PDRN compared to that
in the CG (Table). At the same time among the cellular
elements of the MG regenerative tissue present cells
positive for apoptosis marker p53. The interquartile
range of the index of cells in a state of proapoptosis is
7.97 (7.17-9.71). The cell population of both groups
can still be classified as a growing cell population due
to the high numerical value of the median index of
proliferating cells, which is facilitated by the high
numerical value of the median index of cells expressing
the anti-apoptotic gene Bcl-2.

On the day 10.4 + 0.01 of the postoperative period,
spontaneous separation of the silicone ring from
the wound was observed in MG mice, while it was
present in CG mice. On day 10, the entire surface of
the wound in both groups is covered with regenerated
epidermis. After puncturing the PDRN wound (MG)
epidermis is noticeably thicker and has more pronounced
differentiation into layers of the forming stratified
squamous partially keratinized epithelium [13].
Fragmented scab remains above the epidermis in MG
(Figure 2a). The basis of biopsy specimens at this stage
of wound healing is granulation tissue, which appears
more differentiated in the MG.
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Fig.2. Biopsy section of the MG on day 10 after surgery to simulate an ischemic skin defect. Epidermis (1) and granulation
tissue (2). a — Hematoxylin and eosin staining. Magnification: 400. b — cells in a state of proapoptosis (3). Staining with
monoclonal antibodies to p-53. Visualization in the diaminobenzidine—hydrogen peroxide system, magn. x 200

Numerical value of the median of regenerative
tissue cells of all studied biopsy samples in a state
of proliferation continue to actively increase. In the
CG and MG, it increased compared to the previously
described period of wound healing by 59.71% and
20.97%, respectively (Table). In the MG, the median
of cells with the Ki-67 marker is 17.98 + 0.01% higher
compared to that in the CG. Against the background of
PDRN-puncture, the numerical value of the median of
apoptotic cells from days 7 to 10 increased by 81.51%
(Figure 2b). In the CG there are no cells with expression
of the proapoptosis gene p53 (Table).

The numerical value of the median index of cells
with expression of the anti-apoptotic gene Bcl-2 among
the population of biopsy cells from the CG increased
by 52.95% compared to the 7th day of regeneration.
At the same time in the MG the numerical value of
median Bcl-2-positive cells decreased by 42.80%, which
likely the regenerated cells actively participate in the
process of eliminating excess cellular elements. In the
CG, the numerical value of the median index of cells
with the Bcl-2 marker is 47.08% higher. Based on the
fact that the numerical value of the median index of
proliferating cells reliably exceeds the numerical value
of the median index of cells in a state of proapoptosis
(Table), the cell population in both groups on the day
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10 of regenerative tissue histogenesis can be assessed
as a growing cell population.

On day 12, the ring around the model wound
was absent in mice of both groups. In biopsy sections
in the stratified squamous partially keratinized
epithelium of the epidermis the number of rows of
epidermocytes increased and differentiated into four
layers: basal, spinosum, granulosum and cornium. The
epidermis is widest and looks more differentiated after
PDRN- therapy (Figure 3a). Among the cells of the
stratum basale and stratum spinousum Ki-67-positive
proliferating cells, are well contoured. Under the
epidermis in the expanding, fibrosing and differentiating
granulation tissue, cellular elements with a positive
reaction to the Ki-67 marker are also present.

The numerical value of the median index of
Ki-67-positive cells increased by 11.13% compared
to day 10 of wound healing. In CG biopsies the
numerical median index value of proliferating
epidermis cells is noticeably thinner than in the MG
[13]. In granulation tissue it increased statistically
significantly by 19.11 + 0.01% over day 7 to day 10
(Figure 3b). However, when comparing the numerical
value of the median index of Ki-67-positive cells in the
structures of biopsy specimens from the CG and MG, it
statistically significantly 9.89 + 0.01% higher in mice
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Fig.3. Biopsy section of the MG on day 12 after surgery to simulate an ischemic skin defect. Epidermis (1) and granulation
tissue (2). a — Hematoxylin and eosin staining. Magnification: x200. b — cells in a state of proliferation (3). Staining with
monoclonal antibodies to Ki-67. Visualization in the diaminobenzidine—hydrogen peroxide system, magn. x200

of the MG. The numerical value of the median index
of cells with arrested apoptosis after PDRN therapy
decreased by 37.08% compared to the day 10 of the
model wound regeneration, allowing the elimination of
cells from the composition of the regenerative tissue.
Thus, the numerical value of the median index of
p53-positive cells over the same period increased by
37.87%. The depletion of granulation tissue in cellular
elements indicates the beginning of the process of
fibrosis [14].

In the CG, the numerical value of the median
index of cells with Bcl-2 gene expression continued
to increase, but the increase was 4.21%, which is
statistically insignificant. In this regard, on day 12
of the model skin defect healing cells with an active
apoptosis gene p53 were detected for the first time.
Their interquartile range is 3.3 (2.97-3.63) (Table).
A comparison of biopsy samples from the CG and MG
at this stage of regenerative tissue histogenesis revealed
that among the cellular elements, the numerical value of
the median index of cells with expression of the Bcl-2
gene is 63.40% higher in the CG than in the MG. The
numerical value of the median index of cells in the state
of proapoptosis — 95.25% higher in the MG (Table).
Based on the fact that in the cell population of MG
biopsies, the numerical value of the median index of
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cells in a state of proliferation statistically does not
differ from numerical values of the median index of
cells in a state of proapoptosis, such a cell population
can be classified as a stable cell population. The cell
population of CG biopsies continues to grow.

The stated research topic is practically not covered
in the domestic literature, probably due to the need for
a specialized sterile laboratory, highly qualified scientific
and support personnel who have undergone specialized
training, and the high cost of the pharmacological
preparation of polydeoxyribonucleotides, which is not
produced in the Russian Federation and is distributed
by network marketing as pharmacological preparation
for cosmetic correction of facial skin. A few works by
foreign authors [6, 15] reflect successful attempts to use
pharmacological preparations of PDRN (the range of
which is quite wide in the European and North American
pharmacological industry) in the clinical practice of
surgeons in the treatment of long-term non-healing
ischemic skin defects, which occur in 1-2% of the elderly
population and seriously worsening the working capacity
and quality of life of the population. At the same time, the
cellular mechanisms of healing of ischemic skin defects
after PDRN therapy remain unclear.

During all the days of healing of the ischemic
model wound we studied, the difference between the
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indicators of the MG and CG was significant. On days 4
and 7 the difference between the CG and MG was most
pronounced. Subsequently, the difference decreases,
nevertheless remaining statistically significant (Table).
The proliferative activity of regenerative tissue cells is
higher after PDRN therapy.

By the 12th day of healing of an ischemic model
wound, mice of both groups observed the absence
of a silicone ring limiting the wound and complete
epithelization of the wound. After puncturing an ischemic
skin defect with polydeoxyribonucleotides, it accelerates the
healing of the defect by 16.67 + 0.01%, which is ensured
by the active proliferation of fibroblast differon cells,
predominantly differentiated specialized fibroblasts (Table).
However, on day 12 of regenerative tissue histogenesis
in the MG granulation tissue is at the beginning of the
third stage of the wound process, while in the CG the
second stage of the wound process continues. A stable cell
population is formed in MG 2 days earlier than in the CG.

Our findings align with the results reported by
Azhikova et al. [16, 17], who demonstrated that tissue
repair stimulators (such as panthenol) enhance granulation
and epithelization without extensive scarring. This
supports the efficacy of the regenerative agents used in
our study in significantly reducing healing time.

The index of cells with expression of the anti-apoptotic
gene Bcl-2 in the CG is statistically significant and increases
up to day 12 of wound healing. In the MG it statistically
significantly decreases by day 12, which leads to a sharp
increase in the index of cells with p53 gene expression and
their elimination from the population by apoptosis. This
elimination is necessary for fibrosis of granulation tissue
in the third stage of wound healing process.

Conclusion

An injection of a PDRN solution into the edges and
bottom long-term non-healing ischemic skin defects
appears to be a strong candidate for the innovative
treatment of chronic ischemic skin defects and the
prevention of excessive scarring. PDRN therapy turned
out to be safe and tolerable and accelerates the healing
of long-term non-healing ischemic skin defects by
16.67+0.01% by stimulating the proliferative activity

DERMATOLOGY

of dermal differentiated specialized fibroblasts and
regulating the expression of the anti-apoptotic gene
Bcl-2 and the apoptosis gene p53 in the nuclei of
fibroblast differentiated cells.
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BnusaHue Tepanuu Nonnpae3oKCMPUOOHYKIEOTUAAMMU HA pereHepaLuio
ANUTENbHO He3a)XXUBAIOLWUX NOC/IeonepaLuOHHbIX Ae(EKTOB KOXXU
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AuHoTanus. AKmyanbHoCmb. JleueHre XpOHUUYECKUX PaH Ha CErof{HSIIHUN [IeHb 0CTAeTCsl Cepbe3HOM MPobieMoli BBU/Y UX
PacIipoCTPaHEHHOCTH U COIMYTCTBYIOLUX OC/I0KHEHUH. Teparivisi MoJu/ie30KCHPUOOHYK/Ie0THIAMMU, CIIOCOOCTBYOIIAst aHTHOTeHe3y
Y pereHepariy TKaHeM, sIB/ISeTCs TIepCrIeKTUBHBIM MeTo/joM jeueHus. lesb: aHanu3 nposudepaTUBHON 1 anonToTHye cKon
aKTUBHOCTH KJIETOK PereHepaTOpHOro TMCTUOHA B OMOMITaTax /I/IMTeTbHO He3a)KMBAKOLIMX TI0C/Ie0TepariioHHbIX Jie(eKTOB KOXKU
Ha 3Tarnax 3aXUBJ/IeHHs Ha (OHe Teparuu ToJ11e30KCHPHOOHYKIeoTHAaMU. Matepuasbl U MeToapbl. B paboTe ucnonb3oBanu
24 6enbix Mbiim muaun C57/Bl B Bo3pacte 4-6 mecsiieB u Becom 32 + 0,01 1, paszie/ieHHbIX Ha KOHTPOJTbHYIO (n = 12) ¥ OCHOBHYIO
(n = 12) rpynmel. B ocHoBHO# rpymiie 0,38 M1 pacTBOpa Mo/T|e30KCUPUO0HYK/IE0TH/I0B BBOV/IM B [THO U KPasi XUPYPriuyeCcKoro
WIIeMU3UpOBaHHOrO fedekTa koxku. Ha 4, 7, 10 u 12-e cyTKH 1oc/ie MO/ie/IMPOBaHMs paHbl OMONTAThI 3a/IMBad B rapaduH
Y OKpAIIMBA/M TeMaTOKCUIMHOM U 303UHOM. K/leTKu OHOTITaTOB B COCTOSITHUM MUTOTHUECKOTO JieJIeHUs], TPOariornTo3a u ¢
9KCIIpeccrell aHTUANONTOTUUEeCKOro reHa Bcl-2 BBISBIAIN UMMYHOTMCTOXMMAYECKH C UCMOIb30BaHUEM MEePBUYHbIX aHTUTE
Ki-67 (MoHok0HambHBIe Kposmubk [SP6] Cell Marque, CIITA), p53 (mosmknonanbHble Kpormrubd [GTX50438] GeneTex Inc,
CIIIA) u Bcl-2 ([N1N2], [GTX100064] GeneTex Inc, CIIIA) cooTBeTCTBeHHO. B KaueCTBe BTOPUUHBIX aHTUTE UCTIOIB30BaTH
cucremy HiDef Detection™ HRP Polymer (Cell Marque, CIIIA), KOHbIOTUPOBaHHYO C TIepPOKCH/Ia30M XpeHa. [1s afjeKBaTHON
BU3yaJIM3alvK CTPYKTYPbI pereHepara cpe3bl OMOMNTATOB Z0MOHUTETBHO A0KpalliBaid TeMaToKCUIMHOM Matiepa. VHzaekc
aHTHUTeH-TI0/I0KUTEe/IbHBIX K/IeTOK OIpezessuiv MyTeMm ux nogcyera Ha 100 K/1eToK Mpy yBe/rueHUU MUKpockora 1350 ¢
TIOC/IeYIOIMM pacueToM UH/IeKca B rporjeHTax. CTaTUCTUUeCKUl aHa/lu3 BK/IFOUasl IPOBEPKY Ha HOPMabHOCTh pacrpe/iesieHns
¢ oMo11bio Tecta Hlanupo—Yuka 1 UCMob30BaHWe KpUTepyust MaHHa—YUTHU [i/1s1 TIONapHbIX CpPaBHEHWH; JaHHble TPYIII
OTMCBIBAJTA C MTOMOIL[BI0 Me/JViaHbl, IEPBOTO U TPETHETO KBapTH/IeH (MeXXKBapPTUIBHBIN pa3Max). Pe3ynbrarel u 06cyxaeHue. K 12-m
CyTKaM B OCHOBHOM T'pyTIIie rpaHy/IsAIMOHHas TKaHb OMOINTATOB HAaXO/[U/1ach B Hauasie TpeThel (pa3bl paHeBOro mpoiecca, Toraa
KakK B KOHTPOJILHOM IpyTITie TIPOA0J/bKanachk Bropasi aza paHeBoro mpoijecca. CtabubHast KJIeTOUHas MOMYJISALUsS B 0CHOBHOM
rpymrie copMUpoBanach Ha 2 JiHs PaHbIIle, UeM B KOHTPOJIbHOM. Bbi6o0bl. Tepariust o/v/ie30KCUPUO0HYK/Ie0TH/IaMH 0Ka3aiach
6e301acHO ¥ XOPOILIO MTePeHOCUMOI; OHa YCKOPH/Ia 3a)KMBJIEHHE [JIUTETbHO He3a)XHBaKOLIHMX M0C/Ie0NepaiioHHbIX /1e(eKTOB
KOKH Ha 16,67 £ 0,01% 3a cueT CTUMYJIALIUU NPOMQepaTHBHON aKTUBHOCTH (hUOPOOJIACTOB Z€PMBI, PETY/ISIIKA SKCIIPECCUU
AHTHATIONTOTHYECKOTO TeHa Bcl-2 u nmpoanonToTuyeckoro reHa p53 B KiieTkax ¢pubpobnactiyeckoro gquddepoHa.

KitroueBble C/10Ba: TOMMHYKIEOTH/IBI, AJTUTETFHO He3a)KUBAKOIIIe TI0CIeorepalioHHbIe e(heKThI KOXKH, paHeBOH MpoLiecc,
riponudepariys, arorTo3

HNudopmanys o puHaHCHPOBAHUM. ABTODHI 3asIB/ISIIOT 00 OTCYTCTBUY (PMHAHCHUPOBAHMUS.

Bkap aBTopoB. ['A. [leMAIIKWH — KOHLeNUUs U Au3aiiH uccienoBanus. E.FO. [IlanoBasioBa — KOHLIENLUS U AU3alH
uccnenosanus. A.I. BapaHoBckuii — c6op 1 06paboTka JaHHbIX, HarMcaHue Tekcta. FO.I. BapaHoBckuii — c60p u 06paboTka
[laHHBIX, HarMcanue TekcTa. C.B. XapueHko — cOop 1 00paboTKa AaHHbIX, HarrcaHue Tekcta. VLA, Jlyrud — cbop v o6paboTka
[IAHHBIX, HarcaHue Tekcra. JI.A. KyTty3oBa — cbop 1 06paboTKa ilaHHbIX, HarrcaHue Tekcra. C.B. TToroB — c6op u 06paboTka
ZaHHBbIX, HarrcaHue Tekcra. T.IT. CaratieBa — cbop u 06paboTKa AaHHBIX, HarucaHue Tekcta. K.P. BaxTtuspos — cbop u
00paboTka JaHHbIX, Hanucanue Tekcra. [.FO. FOdepoB — cbop 1 06paboTka JaHHbIX, HAaTlMCAHUE TEKCTA.
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Nudopmanys o KOHQINKTe HHTEPeCcoB. ABTOPHI 3asIB/ISIIOT 00 OTCYTCTBUM KOH(IMKTA MHTEPECOB.

JTHuUecKoe yTBepxKAeHHe. Bce MaHUMTY/ISIINY TTPOBOUINCH B COOTBETCTBUH C «MeXXTyHapOAHBIMUA PeKOMeH IallusiMU
T10 TIPOBE/IEHUIO Me/JUKO-OHO/IOrUeCKUX UCCTIeJOBaHMI C UCTIONb30BaHHueM >KMBOTHbIX» (EDC, CrpacOypr, 1985 1) 1 XebCUHKCKOM
Jekaparueli BceMupHol MeMIIMHCKOM accorpanuu. MccnenoBanue oj00peHo JIOKaIbHBIM 3THUeCKUM KomuteToM PTAQY
BO «KpriMckuti desiepanbHbii yHuBepcuteT nMeHU B.W. BepHagckoro» (mpotokorn Ne 11 ot 05.12.2022 1.).
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Virus-induced changes in peroxisomal markers among
HIV-infected patients

Evgeny V. Butorov
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Abstract. Relevance. It is been currently known that viruses rewire the metabolic machinery host’s cell to promote successful
viral replication via reprogramming host energy flows, resource, metabolic tools and further, the reorganization of cellular
structures. Recent studies indicate that the human immunodeficiency virus significantly reduces the number of peroxisomes
in infected cells. However, there is still no clear understanding of the reasons for this apparent HIV intervention. The aim of
the study was to confirm the hypothesis about the causes of the decrease in the number of peroxisomes in HIV infection. In
this study, changes in several hematological markers of peroxisomal metabolism were assessed in connection with data on the
unique role of these organelles in the catabolism of the amino acid L-lysine, the level of which correlates with the level of viral
RNA in the blood plasma of HIV-infected individuals. Materials and Methods. A study was conducted on the levels of total
cholesterol, catalase, L-lysine, and its derivative L-carnitine among HIV-infected individuals (controllers and patients with
rapidly progressive disease) in comparison with similar indicators in cohorts of HIV-infected patients and healthy individuals.
Results and Discussion. The study confirms the presence of significant differences in plasma levels of markers associated with
peroxisomal metabolism, such as catalase, cholesterol, and the amino acid L-lysine, in the compared groups of HIV controllers
and patients with rapidly progressing disease. The most negative changes in peroxisomal markers were detected among patients
with accelerated HIV disease progression and, to a lesser extent, in individuals from the overall cohort. Conclusion. The results
of this study indicate that HIV interference with host peroxisome biogenesis is accompanied by a concomitant dysregulation of
peroxisomal enzyme systems and L-lysine-related substrates. Virus-induced reprogramming of the catabolism of this essential
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amino acid indirectly confirms the hypothesis of a key role of L-lysine in the HIV life cycle and is a factor in the successful
implementation of the reproductive strategy of the human immunodeficiency virus.
Keywords: HIV, peroxisomes, L-lysine amino acid, cholesterol, catalase, HIV controllers, HIV rapid progressors
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Introduction

Viruses do not possess their own metabolic
tools. Therefore, they use and alter the metabolism
of infected cells to ensure an optimal environment for
their life cycle. The main goal of any virus is effective
replication in a suitable host cell type and production
of progeny for new infections. Reproductive strategies
involve reprogramming cellular metabolic pathways
to provide an increasing number of pools consisting of
free nucleotides and amino acids. This is necessary for
energy-intensive processes of viral genome synthesis
and virions assembly[1-6].

The available data indicate common metabolic
changes induced by most viruses studied, such as
changes in central carbon utilization pathways, induction
of aerobic glycolysis, also known as the Warburg effect,
upregulation of fatty acid synthesis and glutaminolysis,
manipulation of host protein metabolism, and related
aminogram abnormalities [7—15]. Simultaneously,
each virus species implements its own highly specific
alterations in cellular metabolism that mirror the
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needs of the respective pathogen for certain molecular
compounds.

It is also widely known that viral intervention
and related metabolic changes are accompanied by
the induction and development of oxidative stress and
inflammation through mitochondrial and peroxisomal
dysfunctions in cells. There is no doubt that the profound
functional alterations in these important organelles
of cellular metabolism are associated with their
involvement in the antiviral signaling system and in
the further implementation of the antiviral response
by the host organism, which allows infected cells to
survive and eliminate an infectious process [16-20].

On the other hand, reprogramming peroxisomes’
functional activity and their significant quantitative
variability may be an important part of viral strategy. It
is also a supporting factor for the effective reproduction
of viruses that cause long-lasting chronic infections.
In particular, human cytomegalovirus (HCMV),
herpes simplex virus type 1 (HSV-1), and Kaposi’s
sarcoma-associated herpesvirus induce biogenesis and
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morphological changes in peroxisomes and support their
replication [3, 18, 21, 22]. In contrast, hepatitis C virus
(HCV) [23]and some flaviviruses, such as West Nile,
Dengue, and Zika, are known for their active inhibition
of peroxisomal antiviral functions. They significantly
decrease peroxisome number by sequestering and
degrading a critical biogenesis factor [23-25].

It has recently become apparent that human
immunodeficiency virus (HIV) has also been associated
with the inhibition of peroxisome biogenesis factors.
On average, HIV-infected cells contained 30—-65% less
peroxisomes compared to uninfected ones [26-28].
However, the reasons for multidirectional changes in the
number of these organelles remain unclear. According
to our assumption, the reasons are primarily associated
with cellular metabolic reprogramming: to meet the
energy and building needs of viruses, and not only to
evade the host’s antiviral response. Accordingly, the
aim of our study was to answer the question: Why does
HIV need to reduce the number of peroxisomes? To
achieve this goal, we tried to assess the alterations in
some hematological markers of peroxisome metabolism
among HIV-positive patients in relation to the intensity
of the infectious process, taking into account the data
of our earlier studies [29, 30].

Previously, it was shown that there is an inverse
correlation between HIV-1 ribonucleic acid (RNA)
and L-lysine amino acid levels. Excess intake of this
essential substrate causes an increased viral load, and
vice versa. We assumed that viral load-dependent
plasma fluctuations in the levels of L-lysine in HIV-
infected persons are associated with viral intervention in
peroxisomal activity, because the initiation of L-lysine
catabolism occurs only in these organelles.

Materials and methods

We conducted a case-control cohort study among
HIV-infected patients followed up at the Surgut
Municipal Center for HIV/AIDS prophylaxis, Russian
Federation. Samples were obtained from forty-six
individuals, classified into two groups: a group of two
elite controllers and 18 viremic controllers, hereafter
referred to as HIV controllers (n = 20), and a group
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of patients with fulminant disease progression as HIV
rapid progressors (n = 26).

According to the accepted classification [31],
patients with undetectable charge or less than
50 copies/ml and CD4 cells counted as more than
800 cells/pL for more than 20 years of follow-up in the
absence of antiretroviral therapy (ART) were considered
elite controllers. The subgroup of viremic controllers
included HIV-infected persons with a mean viral load
less than 50 copies/ml, rare blips up to 2000 copies/ml,
and CD4 cell counts > 500 cells/pL for more than 18
years of follow-up, also without ART. The key criterion
for identifying patients with rapid progression of the
disease was the period from the onset of verified HIV
infection to death from AIDS, the average duration of
which was, unfortunately, only 2.5 years. Therefore,
with the mean number of viral particles of more than
500.000 in ml of plasma and CD4 cell counts less than
350 cells/pL for the entire observation period.

Viral load and hematological, immunological, and
peroxisomal markers were measured at the start of
the study and every subsequent 3 months among HIV
controllers (166 samples) and HIV rapid progressors
(139 samples). The patients’ baseline characteristics
and targeted hematological parameters were
compared with those of HIV-infected individual and
healthy donors as controls. The HIV-positive cohort
included 250 individuals with analogical age, sex,
and an average verified disease duration of 7.4 years.
Patients on ART were excluded from the comparison
groups and controls, with the exception of HIV rapid
progressors, about 50% of whom received therapy
in the last months of their lives in the AIDS stage.
Reference values for the analyzed parameters were
established in an HIV-negative cohort of 85 regional
donors.

The ethics committee of the Surgut Municipal
Center for HIV/AIDS prophylaxis approved of the study,
and blood samples were obtained after informed consent
from all participants. All methods were performed in
accordance with the relevant guidelines and regulations
of the ethics committee of the Surgut Municipal Center
for HIV/AIDS prophylaxis. Detailed characteristics of
the groups and controls are presented in Table 1.
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Overnight fasting venous blood samples for
measurement of hematological and immunological
parameters, HIV-1 RNA levels and amino-acid profiles
were collected in 5 ml tubes containing 1.6 mg/ml K?
EDTA (BD Vacutainer®, USA). For targeted I-lysine
analysis, venous blood was deproteinized with 3%
sulfosalicylic acid, carefully mixed, and immediately
centrifuged at 3500 rpm; 10 min to remove plasma proteins.
Aliquots (200 pL) were pipetted into Eppendorf tubes,
stored, —40 °C and analyzed within the following fortnight.
Each metabolite was detected spectrophotometrically
after a post-column reaction with the ninhydrin reagent
using an automatic amino acid analyzer (L-8800, Hitachi,
Japan). Blood samples for measurement of HIV-1 RNA
levels were centrifuged (3500 rpm; 10 min), and aliquots
plasma of 1.0 ml were pipetted into Eppendorf tubes and
stored at —40 °C til ready for use.

Quantification of HIV-1 RNA was performed
by quantitative competitive reverse-transcriptase
polymerase chain reaction (RT-PCR) using the
commercially available Amplisens® HIV-monitor-
FRT kit (Amplisens®, Russian Federation) with
a sensitivity limit of 50 HIV-1 RNA copies/ml and
a real-time PCR cycler (Rotor-Gene Q, QIAGEN,
Germany). A laboratory survey of immune function
was conducted using a flow cytometer according to the
method of defining CD3, CD4, and CD8 lymphocyte
counts (Coulter Epics XL, Beckman Coulter, USA).

Plasma total L-carnitine levels were measured using
an enzymatic UV test kit (Roche Diagnostics GmbH,
Germany). Serum catalase activity was determined
spectrophotometrically at 240 nm using the method
described by Abei H. [32].

The Student’s t-test with a 95% confidence
interval was applied to compare the hematological,
immunological, and virological parameters and
peroxisomal markers among HIV controllers, HIV
rapid progressors, and controls. The correlation
between HIV-1 RNA and CD4 and cholesterol levels
was estimated using Pearson’s correlation coefficient.
Data are reported as mean * standard deviation (SD),
and P values 0.05 were considered to indicate statistical
significance. Statistical analyses were performed using
the statistical software package.
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Results and discussion

Baseline clinical characteristics of comparison
groups

We ascertained patients’ general attributes
among HIV controllers and HIV rapid progressors:
age (40.9 + 2.3 and 40.8 £ 5.4 years, respectively),
sex (only males), co-infection HCV (100% and
92%) and drug use (95% and 84%). However,
HIV-infected patients from compared groups have
obvious differences in such criteria as, duration of HIV
infection (18.7 £ 3.1 and 2.5 + 1.4 years), the presence
of progressive stages [B, C] of the disease (15 and
84%, respectively) and purpose of HAART (only in
50% of HIV rapid progressors). In the control group 1
(HIV-positive cohort) were included only men (mean
age 42.4 + 5.8 years), average duration of the disease
was 7.4 + 3.2 years, without HAART, 94% of patients
had experience of drug use, HCV co-infection was
detected in 90% of cases, at stages A (90%) and B (10)
of HIV infection (according CDC guidelines, 1993).
Control group 2 (HIV-negative cohort) consisted of
healthy male donors with an average age of 38.3 + 6.2
years.

Baseline clinical characteristics of comparison
groups and controls are summarized in Table 1.

Immunological and virological parameters
of HIV-infected patients in comparison groups

The obtained data showed obvious differences
in basic immunological and virological disease
markers between HIV controllers and HIV progressors
(Table 2). In the combined group of controllers
and slow progressors, the average viral load was
2.707 + 197 copies/ml over the next 18 years. At the
same time, the average number of HIV-1 RNA copies in
rapid progressors was 607.600 + 82.440 copies/ml over
2.5 years of observation from the moment of infection
to death due to HIV (P<0.001). The mean level of
viral load in samples of the HIV-positive cohort was
136.000 + 9.614 copies/ml (P<0.001 for all comparison

groups).
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Table 1
Clinical data of HIV-infected patients in comparison groups and healthy control subjects
Control 1 Control 2
. HIV controllers and slow HIV rapid
Clinical data rogressors (n=20) rogressors (n=26)
prog - prog N HIV-positive cohort (random HIV-negative cohort
sampling) (n=250) (donors) (n=85)
Age (years) 40.9+2.3 408+54 42.4+58 38.3+6.2
Sex (male/female) 20/0 26/0 250/0 85/0
Duration of the disease 18.7+3.1 25+1.4 7.4432 -
(years)
CDC stages of HIV
infection A (1,2, 3)/B (1, 2, 17/3/0 4/2/20 226/24/0 -
3)/c(1,2,3)
Prescribing highly active
antiretroviral therapy 20/0 12/14 250/0 -
(without/under HAART)
Drug use (yes/no) 19/1 22/4 235/15 0/85
HBV/HCV 0/20 2/24 26/224 0/0
BMI (kg/m?) 24.65+3.72"25 22.23 + 2.46%4 23.31+2.34 23.96 +2.67
Note:

THIV controllers versus controls 1, P<0.05 or less;

2HIV controllers versus controls 2, P<0.05 or less;

SHIV progressors versus controls 1, P<0.05 or less;
4HIV progressors versus controls 2, P<0.05 or less;
SHIV controllers versus HIV progressors, P<0.05 or less.

We found significant differences in absolute CD4
cell counts among patients in the compared groups.
The plasma average value of this immunological
parameter in HIV controllers (931 + 307 cells/pL)
was considerably higher than that in rapid progressors
(329 £+ 187 cells/pL, P < 0.001), HIV entire cohort
(481 £ 199 cells/pL, P < 0.001), and lower than our
reference values (1231 + 389 cells/pL, P < 0.01).
The present study shows that the mean absolute
CD4 cell counts markedly decreased in HIV rapid
progressors (329 + 187 cells/pL) compared with
controls 1 (481 + 199 cells/pL, P < 0.001) and 2
(1231 + 389 cells/pL, P < 0.001).

The plasma average levels of CD8 lymphocytes
were higher in the group of HIV controllers
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(1164 + 450 cells/pL) than in rapid progressors
(1048 £ 434 cells/pL, P < 0.05) and healthy controls
(813 £ 310 cells/pL, P < 0.05). Hence, we detected
that the mean values of CD8 lymphocytes in HIV rapid
progressors were evidently lower than those in donors
(P <0.05). At the same time, no significant differences
were found between the average absolute CD8 cell
counts in controllers and rapid progressors compared
to HIV-positive cohort (P > 0.05).

The lowest CD4/CD8 ratio was detected in HIV-
infected males from the group of rapid progressors
(0.31 £ 0.19) compared with the same parameters in
HIV controllers (0.90 + 0.39, P < 0.001), the control
group 1 (0.50 + 0.24, P < 0.01), and healthy controls
(1.58 + 0.51, P<0.001). We retrospectively observed
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Table 2
Virological and immunological parameters of HIV-infected patients in comparison groups and healthy control subjects
Control 1 Control 2
Immunological HIV controllers HIV rapid progressors(n = 26)
parameters and slow progressors(n = 20) (number of samples = 139) HIV-positive cohort HIV-negative
(number of samples = 166) (random sampling) (n = 250) | cohort(donors) (n = 85)
(number of samples = 250) | (number of samples = 85)

Viral charge 2.707 £197'5 607.600  82.440° 136.000 +9.614 -
(copies/ml)

CDA4 (cells/pl) 931 +307"2°% 329 +187%4 481 + 199 1231 + 389

CD8 (cells/pl) 1164 + 45025 1048 + 4344 1075 + 463 813 +310
CD4/CD8 ratio 0.90+0.39"2°5 0.31+0.19%4 0.50+0.24 1.58 £ 0.51

Note:

THIV controllers versus controls 1, P<0.05 or less;

2HIV controllers versus controls 2, P<0.05 or less;

SHIV progressors versus controls 1, P<0.05 or less;
“HIV progressors versus controls 2, P<0.05 or less;
SHIV controllers versus HIV progressors, P<0.05 or less.

that the mean CD4/CD8 ratio was mildly decreased
among HIV controllers and slow progressors, with
the exception of two elite controllers with constant
immunological parameters.

Hematological markers related to the functional
activity of peroxisomes in compared groups
of HIV-infected patients and controls

The concentrations of total cholesterol, catalase,
L-lysine (Lys), and its derivative (L-carnitine), as
hematological peroxisome-related markers, were
evaluated between HIV controllers and HIV rapid
progressors in comparison with the entire patient cohort
and healthy donors.

The present survey showed that the average
levels of total cholesterol (Chl) in rapid progressors
were significantly lower than those in HIV controllers
(P <0.01), control 1 (P < 0.01), and control 2
(P < 0.01). At the same time, the mean Chl values
in the controllers were higher than those in the control
group 1 (P < 0.05) and lower than those in the control
group 2 (P < 0.05).

We found that the mean L-lysine amino acid levels
were significantly decreased in both HIV controllers
(P < 0.001 for all controls) and rapid progressors
(P < 0.001 for all controls) compared to the controls.
The lowest concentrations of Lys were detected among
patients with accelerated progression of HIV infection
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(118.5 + 111.7 pmol/L). The same tendencies were
observed for the average plasma levels of L-lysine
derivative (total L-carnitine (TC)) in HIV rapid
progressors.

Our data revealed that the average concentrations
of TC were evidently decreased compared to those in
controls 1 and 2 (P < 0.001 for all parameters). At the
same time, the mean L-carnitine level was markedly
higher in the controllers than in the entire HIV cohort
(P < 0.05) and lower than that in healthy donors
(P <0.05).

The average level of serum catalase (CAT) was
significantly lower in the HIV rapid progressors’ study
group (1.72 + 1.15 specific activity in U/mg of protein)
than in HIV controllers (P < 0.001) and controls 1 and
2 (P <0.001 and P < 0.001, respectively). At the same
time, the mean level of CAT in the HIV controllers
group (2.97 + 1.32) was evidently higher than that in
the control group 1 (P < 0.05) and did not differ from
the level of our reference values (P > 0.05).

In the present study, we observed a weak negative
correlation between serum cholesterol and HIV-1 RNA
levels and, conversely, a positive correlation between
Chl and absolute CD4 cell counts in the HIV-positive
cohort (r =-0.13, P <0.036 and r = 0.11, P < 0.047,
respectively). A comparison of peroxisomal markers
in HIV-infected patients and healthy control subjects
is shown in Table 3.
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Table 3
Hematological markers related with peroxisomes’ functional activity
HIV controllers and HIV rapid Control 1 Control 2
PerOXIksomaI slow pr?gzrgssors progressors (n = 26) HIV-positive cohort HIV-negative
markers 16§>n - )I (139 samples) (random sampling) (n = 250) | cohort(donors) (n = 85)
(166 samples) (number of samples = 250) | (number of samples = 85)

Total cholesterol (Chl) (mmol/I) 4.26+0.79"2%5 3.44 + 0.49%4 3.91+0.96 4.90 +0.48
L-ysine amino acid (umol/L) (Lys) 146.0£117.2"25 118.54111.754 236.1 £ 148.7 265.6 + 143.2
Total L-carnitine (TC) (umol/I) 39.1+56 19.5+5.4 324+6.7 448+63
Catalase (CAT) (1U/L)U/mg 2.9741.32" 1.7241.15% 2.57+1.94 3.2141.46
of protein

Note:

THIV controllers versus controls 1, P<0.05 or less;

2HIV controllers versus controls 2, P<0.05 or less;

SHIV progressors versus controls 1, P<0.05 or less;
4HIV progressors versus controls 2, P<0.05 or less;
SHIV controllers versus HIV progressors, P<0.05 or less.

Despite substantial progress in HIV science
and antiretroviral therapy (ART) in the past years,
HIV infection is the leading cause of morbidity and
mortality worldwide, and the goal of eradicating the
disease remains elusive. Many links between the virus
replication cycle, the mechanisms of chronic immune
inflammation, and the formation and reactivation of
latent viral reservoirs that sustain HIV persistence
remain relatively obscure. Arguably, the key to these
tasks is a thorough understanding of the metabolic
interactions between the human immunodeficiency
virus and host target cells with respect to HIV infection
pathogenesis.

There is no doubt that an increase in HIV
comorbidities, including changes in brain tissue [33-35],
dyslipidemia, insulin resistance, cardiovascular, liver,
kidney, bone, and nonalcoholic fatty liver diseases
in both naive and HIV-infected persons under ART
[36—38]is the result of final metabolic alterations at the
organism level due to the unknown biochemical details
of virus-host relationships at the molecular level.

Similar to all viruses, HIV is an obligate
intracellular parasite that relies entirely on the energy,
nucleotides, amino acids, or lipids of the host to copy
its own genetic material, synthesize viral proteins,
and assemble new virions. Pathogenic changes in
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infected cells ultimately reflect the implementation of
a reproduction virus strategy via reprogramming host
resources, metabolic tools, and reorganization of cellular
structures. Recent studies have shown that some viruses
actively alter peroxisomal biogenesis.

Peroxisomes are essential subcellular and highly
dynamic metabolic hubs that contain over 50 different
enzymes and perform variety cellular functions [3,
39-41]. It is also known that in humans, catabolism
of the essential amino acid L-lysine is initiated only
in peroxisomes containing unique L-lysine oxidase.
While the precise role of peroxisomes in the life cycle
of most viruses is unclear, recent data suggest their
critical importance in the host antiviral defense system.

At the same time, it is unlikely that these
multifunctional cellular hubs are involved only in the
host innate immune response and antiviral signaling
system. The plastic nature of peroxisomes allows
them to play dual roles in the progression of human
viral infections. Peroxisomes rewire their metabolism,
structure, and biogenesis.

Both the host and pathogen may leverage the
functions of these multifunctional organelles to achieve
antiviral defense or support cellular processes for virus
replication and spread [42—43]. In connection with this,
the roles of peroxisomes in HIV biology are diverse.
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Virus-induced dysfunction and loss of these organelles
are fundamental aspects of the viral reproductive
strategy and HIV infection pathogenesis.

To answer the goal of our research, we tried to
connect the available data on the unique importance
of peroxisomes in the metabolism of L-lysine amino
acids and the results of previous findings that showed an
inverse correlation between plasma Lys and HIV-1 RNA
levels. We assumed that a decrease in the number of
peroxisomes and their functional activity are associated
with targeted viral intervention in L-lysine amino acid
catabolism.

The priority of the present study was to analyze
certain peroxisomal markers among HIV-infected
individuals in relation to the intensity of the infectious
process. To accomplish the assigned task, we formed
two contrasting groups of patients according to the
criteria for disease progression. We enrolled in the
first group the so-called HIV controllers (n=20), with
an average duration of HIV infection 18.7 years. The
second group included patients (n=26) with fulminant
disease progression within 2.5 years from the moment
of infection to AIDS-related death.

The obtained data showed significant differences
in immunological and virological parameters
between the compared groups of HIV controllers and
progressors. We also observed that the average levels
of peroxisomal markers, such as total cholesterol (Chl)
and catalase (CAT), were evidently decreased among
patients with fulminant progression of HIV infection
compared to those capable of controlling virus
replication.

Cholesterol plays a key role in the pathogenesis of
many infectious agents that modify their metabolism
to meet their needs at different stages of the life cycle
and weaken the host’s immune response. Although
the participation of peroxisomes in the pathogenesis
of cholesterol remains unclear, the mevalonate
pathway or pre-squalene segment of this multistep
process is localized in these organelles [44—47]. In
addition, recent findings indicate that the peroxisome
proliferator-activated receptor (PPARSs) system is
involved in cholesterol metabolism and the maintenance
of homeostasis in humans [48].
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Available data indicate that HIV relies on
cholesterol at many stages of its replication cycle
including entry, assembly, and release. It is clear that
membrane-associated Chl in target cells is critical
for HIV infection and syncytium formation [49-52].
Inhibition of Chl synthesis by lovastatin was followed
by a decrease in the number of HIV particles. This
confirms the importance of intracellular cholesterol
in viral assembly [55, 54]. Undoubtedly the active
use of this substrate’s resources by HIV leads to the
development of hypocholesterolemia, which correlates
with a high viral load in infected patients.

It is assumed that the depletion of cholesterol
resources is associated with demyelination processes
and the development of HIV-associated neurocognitive
disorders, severity of the inflammatory response,
metabolic dysregulation, organ dysfunction, and
disease prognosis [55]. In regard to this, the worst
Chl levels correspond to the terminal stages of HIV
infection and to the group of patients with a rapid
disease progression.

The next step of our study was to assess the plasma
changes of a unique peroxisomal marker, L-lysine
amino acid (Lys), the catabolism of which is triggered
only in peroxisomes. The mean concentrations of this
substrate were evaluated in groups of HIV controllers
and rapid progressors versus HIV-positive and HIV-
negative cohorts. We found that the average levels of
Lys were significantly reduced in both patient groups
that were able to control HIV replication and those with
accelerated progression of the infection compared to
the two controls. However, the mean concentration of
this amino acid among HIV controllers was markedly
higher than that among HIV rapid progressors.

The low plasma levels of Lys and its derivatives in
HIV-infected patients [58] can be explained by consider
the available data on the limiting function of host amino
acids in the replicative cycle of viral systems. It is well
known that deficiency of these host substrates leads to
a fundamental changes in infected cells’ metabolism,
especially in the control of successful viral reproduction.
Based on this reliable information, we hypothesized
that the host’s essential L-lysine amino acid plays a key
role in the HIV life cycle.
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In this regard, a decrease in Lys levels among
HIV rapid progressors is the result of the endless huge
production of viral particles, which requires sufficient
resources for this amino acid. In fact, the human
immunodeficiency virus interferes with the biogenesis
of peroxisomes to reduce their number and enzymatic
activity, in particular L-lysine oxidase [58, 59], and
redirect the flow of L-lysine amino acids for their own
needs.

Based on the obtained data, it is possible to answer
the question about the reasons for the impact of HIV on
peroxisome biogenesis with the following statement:
a targeted reduction in the number of peroxisomes
and their metabolic activity is associated with viral
intervention in the catabolism of L-lysine amino acid
for its intracellular accumulation and subsequent use
in the virus life cycle.

In the context of this hypothesis, some topics and
open questions concerning the biology of HIV and the
pathogenesis of the disease acquire completeness or
other interpretations.

In particular:

* The effects of reducing the viral load and
preventing HIV-associated brain inflammation in
infected persons after treatment with thiazolidinediones,
in particular rosiglitazone, etc. [18, 60—68]. These
antidiabetic drugs are known to enhance peroxisomal
activity through peroxisome proliferator-activated
receptors-y (PPARs-y), which are also involved in the
control of systemic inflammation and is suppressed
by the HIV-1 accessory protein R (Vpr) [69]. The
relative recovery of the pool of these organelles’ and
their enzymatic activity contributes to the redirection
of L-lysine to the needs of the infected organism and
the limitation of its use by the virus, followed by
a noticeable decrease in HIV-1 RNA blood levels.

* Negative changes in L-carnitine plasma
concentrations in HIV-infected patients [18, 70-72].
Arguably, the reason for this imbalance also lies in the
active consumption of L-lysine resources by the human
immunodeficiency virus, which reduces the synthesis of
LC, despite their partial intake from food. The role of
this Lys derivative in the processes of cellular apoptosis
and metabolism is well known, and its deficiency may be
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related to premature age-related changes in HIV-infected
persons.

» The recurrence of varicella-zoster virus (VZV)
is associated with high HIV-1 RNA and low L-lysine
plasma levels [73-76]. Undoubtedly, the infectious
processes trigger a large-scale reprogramming of
cellular metabolic pathways that are accompanied by
noticeable alterations, including the amino acid profile.
The concentration of L-arginine (Arg) is important in
the life cycle of VZV, and it is likely that a change in the
Lys/Arg ratio may cause disease relapse. In this regard,
data on the effectiveness of restricting dietary L-arginine
and prescribing high doses of L-lysine amino acids in
the treatment of recurrent herpes zoster are becoming
more convincing.

* HIV tropism towards certain body tissues. The
gray matter in the brain, Peyer’s patches, and lymph are
very attractive for the human immunodeficiency virus
[18, 62—84, 77]. We assume that this phenomenon is
associated with the access of immune target cells to Lys
located in these lysine-rich tissues or their participation
in the assimilation and transportation of this essential
amino acid after its intake with food. For this reason,
macrophages and long-lived infected cells form potential
reservoirs of HIV, primarily in the brain and lymph
nodes, where the necessary resources are available for
virus replication [78-82].

* High levels of HIV-associated neurocognitive
disorders (HAND) [18, 27, 83-90]. It was recently
established that virus-induced loss of peroxisomes
is associated with the development of HAND in
HIV-infected patients. The proposed mechanism of these
disorders includes the altered expression of miRNAs
in infected cells, subsequent depletion of the pool of
peroxisomes responsible for myelin formation, and
functioning of the central nervous system. Therefore, it
is not surprising that the most pronounced consequences
of HIV intervention in the biogenesis of these cellular
metabolic hubs are manifested in a large percentage
of brain tissues sensitive to both virus-induced Lys
deficiency and concomitant peroxisomal dysregulation
of plasmalogen and cholesterol synthesis.

* Antiviral effects of L-lysine-a-oxidase (LysOx)
in vitro and in vivo. It is well known that this enzyme is
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highly selective for L-lysine amino acids, in addition to
antitumor, antimetastatic, and antibacterial properties,
and has unique antiviral activity, particularly against
herpes simplex virus 1 and 2 (HSV-1 and HSV-2), tick-
borne encephalitis virus (TBEV), and HIV [58, 91, 92].
An in vitro study showed that the production of viral
particles and the level of Lys in HIV-infected cells
are significantly reduced when LysOx is added to the
medium [93, 94]. Similar results were obtained in an
in vivo experiment. It is assumed that the cytotoxic and
antiviral effects of this enzyme are associated with its
attachment to the cellular surface, local accumulation of
hydrogen peroxide, and development of apoptosis and
necrosis of the affected cells. In our opinion, L-lysine
play an important role in HIV biology, and the depletion
of Lys is the main reason for the decrease in viral load,
taking into account the fact that H,O, activates the
processes of HIV transcription.

» To date, unanswered questions remain regarding
the role of uncharged tRNALys packed in the HIV
capsid [95-97]. It is well known that the human
immunodeficiency virus requires cellular tRNALYys
as a primer to initiate reverse transcription on entry
into a target cell. Undoubtedly, the start of this process
will be successful after the activation of this highly
specific primer with free covalent L-lysine. In this
regard, the presence of a sufficient concentration of
this amino acid in the cytosol facilitates initiation of the
HIV reproductive cycle. Moreover, several uncharged
primers are packaged in a capsid to increase the chances
of survival of virus progeny during the formation of
new virions.

Overall, our results indicate that HIV intervention in
the biogenesis of host’ peroxisomes is accompanied by
the concomitant dysregulation of peroxisomal enzyme
systems and substrates. The most pronounced negative
changes were found in catalase, cholesterol, and L-lysine
amino acid levels in HIV rapid progressors and, to
a lesser extent, among persons from the total HIV-
positive cohort.

There is also no doubt that the so-called disease’
controllers have certain mechanisms that prevent
viral reprogramming of these organelles, which is
confirmed by CD4 cell counts within reference values,
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undetectable viremia, and unchanged concentrations
of the analyzed markers, with the exception of Lys.
It is likely that the decrease in L-lysine levels among
HIV controllers is a genetically determined process
that makes it difficult to use this essential amino acid
for the virus’s needs. At the same time, among HIV
rapid progressors, this mechanism seems to be lost,
which allows the virus to redirect Lys flux for the
production of viral particles.

In connection with this, there is evidence that
excessive Lys consumption may increase the risk of high
HIV replication and vice versa [29]. Limited dietary
L-lysine intake is also a metabolic factor that determines
the non-pathogenic course of simian immunodeficiency
virus (SIV) infection and the absence of AIDS-like
symptoms [98—105] in its natural hosts.

Conclusion

In summary, the results of this study confirmed
significant differences in the plasma levels of certain
hematological markers related to peroxisomes, such
as catalase, cholesterol, L-lysine amino acid, and
its derivatives [L-carnitine] in compared groups of
HIV controllers, rapid progressors, and controls. The
most negative changes in these peroxisomal substrates
were observed in patients with accelerated disease
progression. We tried to connect the results of the
present study with the data on the unique role of
peroxisomes in catabolism of L-lysine, the recent
findings on a significant reduction in the pool of
cellular peroxisomes due to HIV infection, and the
evidence of an inverse correlation between the plasma
concentrations of this amino acid and viral load. It is
obvious that virus-induced metabolic reprogramming
of peroxisomes occurs to create an excess of L-lysine
in the cell cytosol for the successful implementation
of the HIV reproductive strategy. Thus, our current
findings support the hypothesis that L-lysine definitely
plays a limiting role in the human immunodeficiency
virus life cycle, and its access to the resources of
this essential amino acid increases the risk of high
levels of HIV-1 RNA, immunosuppression, and AIDS
development. A better understanding of this fact may
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contribute to the development of novel approaches for
the therapy and regulation of HIV infection through
metabolic intervention.
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BupycuHAyLUpPOBaHHble U3MEHEHUS! NEPOKCUCOMalIbHbIX MapKepoB
npu BUY-undekyun

E.B. byropos

Llentp npodunaktriku 1 60psdsI co CITU/, 2. Cypeym, Pocculickasi @edepayus
< butorov888@gmail.com

AnHoTanus. AknmyaibHocmb. OOLeN3BeCTHO, UTO [Jisl YCIIeITHOW peasr3alii CBOero )KU3HEeHHOTO LIMK/Ia BUPYChI
TriepecTpanuBaroT MeTabo/Iiue CKHH armapar KJeTKU X03s1Ha TI0CPeICTBOM TTeperporpaMMHUPOBaHHST TIOTOKOB SHEPIHH, PeCyPCOB
Y MeTabo/IMueCKMX MHCTPYMEHTOB KJIETKH C TIOC/Ie/Iyoleld peopraHu3aljieil KIeTOUHbIX CTPYKTYP. Pe3y/bTaThl HeZlaBHUX
WCCIelOBaHUM CBH/IETeNbCTBYIOT, UYTO BUPYC UIMMYHOZe(UI{MTa UesoBeKa 3HAYUTeTbHO CHIYKaeT KOTMYeCTBO TIePOKCHCOM
B MH(UIMPOBaHHBIX KyeTKaxX. OZIHAKoO ZI0 CHX ITOp HEeT YeTKOro MOHMMaHMsI OueBMAHOTO BMelaresibctBa BUY B sToT mporjecc.
Llens HalIero uccief0BaHusl — MOATBEPAUTH MPeANOIOKeHUe O MPUYMHAX CHIKeHUs KOJIMueCTBa epokcucoM npu BUY-
vH(eKLY. B HacTosIIeM MCCiie[0BaHIH TIPOBe/IeHa OLjeHKa M3MeHeHH HeKOTOPBIX TeMaTo/IoryeCKIX MapKepoB MeTabosi3mMa
TePOKCHCOM B CBSI3U C [JaHHBIMH 00 YHMKAabHOW POJIM 3THUX OpraHesul B Karabo/u3Me aMUHOKHUCIOTHI L-/TH3HHa, YPOBEHb
KoToporo Koppesnupyet ¢ ypoHeM PHK Bupyca B nyiasme kposu BUU-nnuipoBanHbIx uL]. Mamepuaabl u Memoobi.
[TpoBeneHo MccieloBaHKe YPOBHEH 00L[ero XojaecTeprHa, KaTanassl, L-IM31WHa U ero Mpou3BOHOTO L-KapHUTHHA Cpeau
BUY-uHOULMPOBAHHBIX (KOHTPOJIEPHI U TIALIMEHTHI C OBICTPO TIPOrpeCCHPYOLIUM 3a00/1eBaHHeM) B CDaBHEHHH C aHAJIOTMYHBIMH
rokasaresisiMu KoroptT BUU-uH(UIIMPOBaHHBIX TALMEHTOB U 3/10POBLIX JUL. Pe3yabmambi u obcyxicoeHue. ViccienoBaHue
MO TBEPKJAeT Ha/IMuKe CYIeCTBeHHBIX Pa3/IMuMi B TI/Ia3MeHHBIX YPOBHSX MapKepOB, CBSI3aHHBIX C MeTa00/IM3MOM TIEPOKCHCOM,
TaKMX KaK Karajiasa, X0JieCTepyH ¥ aMUHOKHC/I0Ta L-/TM3KH B CpaBHUBaeMBbIX rpyriax BY-KOHTPOJIIEPOB ¥ MaLeHTOB C ObICTPO
MporpeccUpyroyum 3aboneBanrieM. Harbosiee HeratiBHBIe M3MeHEeHHs! TIepPOKCUCOMAa/IbHBIX MapKepOB ObITH BhISIB/IEHBI CPeIH
MaLMeHTOB C YCKOPEeHHBIM MporpeccupoBanieM BUYU-uHbeKIMY 1, B MEHbIIIeH CTeTleHH, Y JIUL| U3 001ieii KoropTel. BbigoobL.
Pe3y/bTaThl HACTOSIILIETO MCC/IeZ0BaHUs CBU/IETETBLCTBYIOT O TOM, UTO BMellaTensCcTB0 BIYU B GroreHe3 epoKCHCOM X035HHA
COTIPOBOXKJAETCSI COMTYTCTBYFOLIMM HapylleHHeM Pery/isiliid CUCTeM TepOKCHCOMaTbHBIX (ePMEHTOB U CyOCTPaToOB, CBS3aHHBIX
¢ L-m3uHoM. BupycHHZyLIMPOBaHHOE MepenporpaMMUpPOBaHKe KaTtabo/r3Ma JaHHOM 3CCeHIMaTbHOM aMMHOKHUC/IOTBI KOCBEHHO
TIOJTBEP>KAeT TUTIOTe3y O K/IF0UeBOU postu L-ymi3uHa B )kusHeHHOM 1ukiie BIY u siBnsieTcst pakTOpOM yCIIEITHOM pear3aiin
PernpojyKTUBHOM CTpaTeruy BUpyca UMMyHozeHLIMTa YeoBeKa.

KmroueBsie cioBa: BIY, nepokcucomsl, aMMHOKHUCIOTA L-13uH, XonectepuH, Karanasa, BUY-konTposieps:, BUY-
TIPOrpeccopsl

Hudopmanus o punancupoBanuu. ABTOp He rosyyasn (pUHAHCOBYIO MO/IEPXKKY [IJis1 UCC/Ie/IOBAHUSI, HATTMCAHUSI U My O/TMKaL[in
JTAHHOM CTaThbU.
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Nudopmariiusi 0 KOHPIUKTe HHTEPECOB. ABTOD JIeK/IapUPYET OTCYTCTBHE KOH(IMKTa UHTEPECOB.
JTUUecKoe yTBep)KAeHue — HerpUuMeHHMO.

BnarogapuocTu. ABTOp 6/1arofaput coTpyaHMKOB jabopartopun KY XMAO-FOrpsr «1entp CITV/I» 3a mo/iep>KKy U TpoBe/ieHre
PYTUHHBIX I'eMaToJIorMyeCKUX aHai30B.

HudopmuporaHHoe coryiacue Ha my0/JIMKaLHI0 — HENPUMEHUMO.
IMoctynmna 02.04.2025 IpunsTa 30.04.2025.

Jna uutupoBanus: Butorov E.V. Virus-induced changes in peroxisomal markers among HIV-infected patients / BecTHUK
Poccuiickoro yHuBepcureTa ipy»k6bl HapogoB. Cepust: Megunyna. 2026. T. 30. Ne 1. C. 124-138. doi: 10.22363/2313-0245-
2026-30-1-124-138. EDN: DNCDTM

OmeemcmeeHHblil 3a nepenucKy: BytopoB EBrennii BiaguMuposuu — Bpau-smuaemuonor KY XMAO-HOrpsor «LleHTp 110
npoduaktrike u 6opsbe co CIIN/», dunuan B 1. Cypryte; 628412, a/st 500 r.Cypryt, XMAO-FOrpa, Poccutickas Denepariys,
E-mail: butorov888@gmail.com

Bbytopos E.B. SPIN 6162-9574, ORCID 0000-0003-2822-1297

Corresponding author: Evgeny Vlad. Butorov — epidemiologist of the The Municipal Center for HIV/AIDS prophylaxis;

628412, P.O. Box 500, Surgut, Russian Federation, E-mail: butorov888@gmail.com
Butorov E.V. ORCID 0000-0003-2822-1297

138 NHOEKLIIOHHBIE BOJTESHN



.ﬁ BectHuk PY[QH. Cepus: MEAULIUHA 2026;30(1)
F’ RUDN Journal of MEDICINE. ISSN 2313-0245 (Print). ISSN 2313-0261 (Online) http://journals.rudn.ru/medicine

DOI 10.22363/2313-0245-2025-30-1-139-158
EDN EDXHIW

REVIEW
Ob30P

Bacteriophages: an alternative to antibiotics
in the era of antimicrobial resistance
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Abstract. Relevance. Antibiotic resistance is one of the most urgent global health challenges, caused by the widespread and
often inappropriate use of antibiotics and by evolutionarily entrenched bacterial adaptation mechanisms. By 2050, antimicrobial
resistance is projected to cause up to 10 million deaths annually, underscoring the urgent need for novel therapeutic strategies.
In this context, bacteriophages — viruses that specifically infect bacteria— emerge as a promising alternative to antibiotics.
This review analyzes the primary mechanisms by which bacteria develop resistance, including 3-lactamase-mediated drug
inactivation, efflux pump activity, target modification, and horizontal gene transfer, as well as the clinical significance of the
ESKAPE pathogen group. We discuss phage classification into lytic and lysogenic types, their morphological characteristics,
and life cycles. Special attention is given to modern methods of phage delivery (oral, topical, parenteral, and inhalational) and to
phage—host immune interactions, including antibody production and immunomodulatory effects on macrophages, neutrophils, and
lymphocytes. A dedicated section addresses the clinical applications of phage therapy in surgery and chronic wound management.
We summarize outcomes from cardiothoracic, abdominal, and orthopedic surgical settings, combined phage—antibiotic regimens,
and the implementation of vacuum-assisted wound therapy with phage instillation, all of which demonstrate accelerated healing,
reduced microbial burden, and fewer postoperative complications. Conclusion. Phage therapy offers several advantages — high
specificity, efficacy against multidrug-resistant strains, compatibility with antibiotics, and minimal side effects. On the other
hand, its broad clinical implementation requires addressing challenges such as standardizing phage preparation manufacturing,
establishing centralized phage banks, developing algorithms for strain selection in personalized therapy, and addressing regulatory
barriers. Further randomized clinical trials and the creation of an appropriate legal and regulatory framework are essential for
the full utilization of phages as an effective tool in the fight against antibiotic resistance.

Keywords: antimicrobial resistance, bacteriophages, alternative to antibiotics, chronic wound treatment, surgery, purulent
surgery, phage therapy, multidrug-resistant infections
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Introduction
Antibiotic resistance has become one of the main

threats to modern medicine, calling into question the
effectiveness of traditional methods for treating bacterial
infections. The constant increase in the number of
antibiotic-resistant strains of bacteria is forcing the search
for alternative approaches to therapy. One of the research
areas in this direction is the study of bacteriophages —
viruses that selectively infect bacteria without harming
the human body. The use of bacteriophages in medicine,
known as phage therapy, was successful in the last
century, but interest in it temporarily waned with the
advent of antibiotics. Today, in the context of the growing
crisis of antibiotic resistance, phage therapy is being
revisited as a potential solution.

Antibiotic resistance

Antibiotic resistance is a complex biological
phenomenon that reflects the ability of bacteria to
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adapt to the effects of antibiotics through evolutionarily
established mechanisms and genetic variability [1].
This phenomenon is seen not only as a result of
modern human activities, including the irrational
use of antibiotics, but also as a natural adaptation of
bacteria that formed long before humans existed. After
the introduction of new antibiotics, the emergence
of resistant strains of bacteria that were previously
sensitive to these drugs is inevitable. The variety of
resistance mechanisms contributes to the development
of resistant phenotypes in bacterial pathogens, rendering
the treatment of human infections caused by them
extremely difficult [2, 3].

Antibiotics are the primary means for preventing
and treating bacterial infections. However, their
widespread and often irrational use contributes to the
development of antibiotic resistance — the ability of
bacteria to adapt and resist the action of antimicrobial
drugs. This complicates the treatment of infections,
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increases their spread, and raises the level of morbidity
and mortality [4].

Between 2000 and 2018, global consumption of
antibacterial drugs increased by 46% [5]. This increase is
particularly noticeable in low- and middle-income countries,
where access to antibiotics is growing [6]. According to
experts, by 2050, antimicrobial resistance could cause up
to 10 million deaths worldwide each year [7].

Antibiotic resistance is one of the leading global
health challenges. It threatens the effectiveness of
treatment for diseases such as pneumonia, tuberculosis,
sepsis, and gonorrhea. The World Health Organization
warns that new resistance mechanisms are spreading
rapidly, reducing the clinical value of antibiotics [8].

Without the implementation of comprehensive
measures to control and prevent resistance, there is
a real risk of entering a post-antibiotic era, when even
routine infections and minor injuries could become
fatal.

Strategies to combat antibiotic resistance include
surveillance, reducing the use of antibiotics in livestock,
improving access to quality medicines, and developing
new therapeutic alternatives such as nanoparticles and
bacteriophages [5, 9].

Mechanisms of antibiotic
resistance development

Bacteria are constantly competing for resources,
which leads to the evolution of chemicals that can inhibit
or eliminate other microorganisms [10].

Bacteria develop resistance mechanisms very
quickly due to selective pressure. Defensive mechanisms
against antibacterial drugs include the following
[10-12]:

1. Destruction or modification of antibiotics.
Certain bacteria produce enzymes that can eliminate
or modify antibiotics, rendering them inactive against
microorganisms, such as several classes of beta-
lactamases and the like.

2. Efflux pumps. Bacteria can use special proteins
to pump antibiotics out of their cells, reducing their
concentration to an ineffective level.
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3. Alteration of cell wall permeability. Bacteria can
change the permeability of their cell walls to prevent
antibiotics from entering the cell.

4. Antibiotic target modification. Bacteria can
alter the structure of the molecules to which antibiotics
bind, rendering the antibiotics ineffective.

5. Metabolic changes or auxotrophy. Bacteria
can modify their metabolic pathways to reduce the
effectiveness of antibiotics.

6. Target protection proteins. Bacteria can
synthesize proteins that protect the targets of antibiotics.

7. Cell morphology changes. Bacteria can change
their cell shape to reduce the impact of antibiotics.

8. Cooperative resistance in a colony. Bacteria can
interact within a colony to enhance overall resistance
to antibiotics.

9. Horizontal gene transfer. This mechanism
enables bacteria to acquire new genetic material from
external sources, facilitating the exchange of a diverse
array of genes that encode traits advantageous for
adaptation to their local environment [13, 14]. This is
achieved through conjugation, transduction, and natural
transformation, which allows resistance genes to spread
rapidly among different species of bacteria [15].

The ESKAPE pathogen group
and their characteristics

The ESKAPE group is a collection of six
nosocomial pathogens known for their ability to “evade”
the effects of antimicrobial drugs. These pathogens
include Enterococcus faecium, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter baumannii,
Pseudomonas aeruginosa, and Enterobacter spp [12].
They have natural resistance to a number of antibiotics
due to various resistance mechanisms, including
the exchange of plasmid-encoded resistance genes
through horizontal gene transfer, which leads to an
increase in the level of antimicrobial resistance in these
microorganisms [16].

1. Enterococcus spp. These are gram-positive
cocci, facultative anaerobes, and gastrointestinal
commensals that can survive in various conditions [17].
They can cause infectious diseases in humans,
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particularly in patients with weakened immune systems.
More than 50 species of this microorganism have been
described, yet enterococcal infections are most often
caused by two species: E. faecalis and E. faecium.
E. faecalis is the most pathogenic species, although
E. faecium is more resistant to various antimicrobial
drugs [18].

2. Staphylococcus aureus. These are gram-positive
cocci that can cause a wide range of diseases in humans,
as well as various infectious complications, particularly in
surgery. They are facultative anaerobes and are catalase-
and coagulase-positive cocci [19]. This microorganism
poses a significant threat due to its ability to quickly adapt
and develop resistance to antibiotics. Staphylococcus
aureus can cause systemic and deep infections
(endocarditis, osteomyelitis, pneumonia), hospital-acquired
infections (surgical wound infections, catheter-associated
infections), skin and soft tissue infections (boils, abscesses,
cellulitis, phlegmon), and others.

The literature describes three antibiotic-resistant
forms of S. aureus: methicillin-resistant Staphylococcus
aureus (MRSA), which is resistant to methicillin
and other beta-lactam antibiotics [20]; vancomycin-
intermediate Staphylococcus aureus (VISA); and
vancomycin-resistant Staphylococcus aureus (VRSA).
The latter two forms are resistant to vancomycin, one
of the last effective antibiotics against S. aureus [21].

3. Kilebsiella pneumoniae. This is a gram-negative
bacterium of the Enterobacteriaceae family. This
microorganism is opportunistic — it lives in the intestines
of humans and animals and under certain conditions can
cause serious infections. K. pneumoniae is one of the
leading etiological agents of nosocomial pneumonia,
especially among immunocompromised patients. It
also causes infections of the urinary tract, including
cystitis and pyelonephritis. K. pneumoniae is involved
in the pathogenesis of intra-abdominal inflammatory
processes, such as peritonitis and abdominal abscesses,
especially after surgery or traumatic injuries.
Additionally, it can cause postoperative wound
infections [22,23]. Numerous strains of K. pneumoniae
exhibit high resistance to antibacterial drugs, including
beta-lactam antibiotics (penicillins, cephalosporins)
and carbapenems. Certain strains of K. pneumoniae
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produce enzymes called carbapenemases, which can
inactivate carbapenems — the last line of antibiotics
effective against a number of multidrug-resistant
microorganisms [24]. Strains demonstrating carbapenem
resistance are classified as CRKP (carbapenem-resistant
Klebsiella pneumoniae) [25].

4. Acinetobacter baumannii. This is an aerobic
gram-negative bacterium, which is a common causative
agent of nosocomial infections [26]. A. baumannii
contributes to infectious complications such as
pneumonia (especially in patients on mechanical
ventilation), urinary tract infections (common in
patients with catheters or other medical devices), wound
infections (often occur in patients with open wounds), as
well as sepsis and bacteraemia. There are mechanisms
of resistance, including the production of B-lactamases,
efflux, and modification of the antibiotic target [27,28].

5. Pseudomonas aeruginosa. This is a gram-
negative opportunistic pathogen that is widespread in
the environment and frequently found in hospitals. It
exhibits natural resistance to a number of antibiotics and
can cause serious infections, especially in patients with
weakened immune systems [29, 30]. The pathologies
associated with this microorganism include pneumonia
(especially common among patients on mechanical
ventilation and can be associated with the development
of lung abscesses), urinary tract infections, and skin and
soft tissue infections. The mechanisms of resistance in P.
aeruginosa are related to the production of -lactamases,
efflux, and mutation of antibiotic targets [31].

6. Enterobacter spp. This is a genus of gram-
negative bacteria of the Enterobacteriaceae family.
The most common pathogens are Enterobacter cloacae
and Enterobacter aerogenes [32]. They form part of
the commensal intestinal microbiota in both humans
and animals, but can also cause a number of serious
infectious diseases, including urinary tract infections;
pneumonia (especially in patients on mechanical
ventilation); bacteremia and sepsis; intra-abdominal
infections (peritonitis and abdominal abscesses
can occur due to the spread of infection from the
gastrointestinal tract). They employ the following
resistance mechanisms: production of extended-
spectrum beta-lactamases (ESBL); certain strains of
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Enterobacter spp. produce enzymes that eliminate
carbapenems; presence of mechanisms for developing
antibiotic resistance through efflux pumps; mutation of
antibiotic targets [33].

Pathogens from the ESKAPE group pose a serious
threat to public health due to their ability to adapt to
existing antibiotics and quickly develop resistance
to new drugs. Therefore, addressing these pathogens
necessitates the development of new treatment
strategies, including combination therapy, new classes
of antibiotics, and improved methods of infection
prevention.

In response to the widespread threat of antibiotic
resistance, the World Health Organization has developed
a Global Action Plan aimed at minimizing the impact
of antibiotic resistance on the health of humans and
animals. The “One Health” concept unites the efforts
of various international organizations, such as the Food
and Agriculture Organization of the United Nations and
the World Organization for Animal Health, to provide an
integrated approach to ensure a coordinated response to
this threat, considering the integrated nature of human,
animal, and environmental health [34, 35]. At the national
level, a number of countries, including Japan, Tanzania,
and China, have developed their own action plans to

combat antibiotic resistance, aimed at monitoring and
reducing the spread of antibiotic resistance. An important
element in the fight against antibiotic resistance is raising
public awareness about the causes and consequences of
this threat, which helps to form the right attitude towards
the use of antibiotics [7].

In the face of the growing global threat of antibiotic
resistance, there is an increasing need to develop new
effective methods for treating bacterial infections that
are resistant to antibiotics. In this context, experts
are increasingly viewing bacteriophage therapy as
a promising alternative. Although interest in using
bacteriophages to treat infectious diseases was rekindled
in recent years, current research has confirmed their
significant therapeutic potential. Whether used alone or
in combination with antibiotics, bacteriophages remain
a promising replacement for traditional antibacterial
agents [2, 36, 37].

Tables 1 and 2 present the most critical dangerous
antibiotic-resistant pathogens according to the World
Health Organization (WHO). This challenge requires the
development of alternative treatment methods, which is
stimulating renewed interest in the use of bacteriophages
in medical practice [38].

Table 1
List of priorities for the development of new antibiotics according to the World Health Organization [39]
Priority Types of pathogens Resistance to antimicrobials
Acinetobacter baumannii Carbapenem-resistant
Pseudomonas aeruginosa Carbapenem-resistant
Critical Enterobacteriaceae*
(*Enterobacteria include: Klebsiella pneumonia, Escherichia Carbapenem-resistant, third-generation
coli, Enterobacter spp., Serratia spp., Proteus spp. v Providencia cephalosporin-resistant
spp., Morganella spp.)
Enterococcus faecium Vancomycin-resistant
Methicillin-resistant, vancomycin-intermediate and
Staphylococcus aureus - -
vancomycin-resistant
High Helicobacter pylori Clarithromycin-resistant
9
Campylobacter Fluoroquinolone-resistant
Salmonella spp. Fluoroquinolone-resistant
. : Third-generation cephalosporin-resistant,
Neisseria gonorrhoeae . .
fluoroquinolone-resistant
Streptococcus pneumoniae Penicillin-resistant
Medium Haemophilus influenzae Ampicillin-resistant
Shigella spp. Fluoroquinolone-resistant
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Table 2

Comparative overview of bacterial pathogen priority tiers, 2017 versus 2024. According to SatiH. et al., 2025 [40]

Priority tier

2017

2024

Critical

Acinetobacter baumannii, carbapenem-resistant; Pseudomonas
aeruginosa, carbapenem-resistant; Enterobacteriaceae,
carbapenem-resistant, third-generation cephalosporin-resistant

A.baumannii, carbapenem-resistant; Enterobacterales,
third-generation cephalosporin-resistant; Enterobacterales,
carbapenem-resistant; Mycobacterium tuberculosis, rifampicin-
resistant

High

Enterococcus faecium, vancomycin-resistant; Staphylococcus
aureus, meticillin-resistant, vancomycin intermediate and-
resistant; Helicobacter pylori, clarithromycin-resistant;
Campylobacter spp, fluoroquinolone-resistant; salmonellae,
fluoroquinolone-resistant; Neisseria gonorrhoeae, cephalosporin-
resistant, fluoroquinolone-resistant

Salmonella enterica serotype Typhi, fluoroquinolone-resistant;
Shigella spp, fluoroquinolone-resistant; E. faecium, vancomycin-
resistant; P aeruginosa, carbapenem-resistant; non-typhoidal
Salmonella, fluoroquinolone-resistant; N. gonorrhoeae, third-
generation cephalosporin-resistant, fluoroquinolone-resistant;
S. aureus, meticillin-resistant

Medium

streptococcus pneumoniae, penicillin non-susceptible;
Haemophilus influenzae, ampicillin-resistant; Shigella spp,

Group A streptococci, macrolide-resistant; S. pneumoniae,
macrolide-resistant; H. influenzae, ampicillin-resistant; group

fluoroquinolone-resistant

B streptococci, penicillin-resistant

Bacteriophages

On September 10, 1917, F. J. d’Herelle published
a brief note in the journal “Comptes rendus de
I’ Académie des sciences”, describing a new type
of microbe, which he characterized as an “obligate
intracellular parasite” of bacteria [41]. This discovery
became a turning point in d’Herelle’s career, earning
him international recognition, honorary academic
degrees, a Nobel Prize nomination, and a long-lasting
yet controversial scientific reputation. D’Herelle’s
work, published in 1917, includes the first clear and
experimentally grounded description of a bacteriophage.
Although in 1915 F.W. Twort provided observations of
phenomena that he called “glassy transformation” and
“transmissible lysis”, he did not offer an explanation
for the viral nature, intracellular parasitism, or the
ability of the infectious agent to reproduce serially
[42]. On September 15, 1917, Dr. Emile Roux presented
d’Herelle’s note to the Academy of Sciences, introducing
the medical community to an invisible microbial
antagonist of the dysentery bacillus; this antagonist
was named a bacteriophage [43, 44].

In the USSR, as well as in the rest of the world,
research was conducted on the use of bacteriophages in
the treatment of infectious diseases and the search for
other effective means to solve this problem. For instance,
prior to the advent of antibiotics, Z.V. Ermolyeva was
investigating bacteriophages and lysozyme, which is
mentioned in an article by Yu.V. Belchich (a review of
the monograph by A.V. Gorshenin “History of scientific
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activities by the Soviet microbiologist Z.V. Ermolyeva
on the study and use of antibacterial agents in the
1930s”). The article describes the significance of
Ermolyeva’s contribution to science, namely the creation
of a new direction in medical bacterial biochemistry, the
development of antibacterial drugs based on lysozyme
and bacteriophages, active training of personnel in
the field of microbiology, and the fight against
infectious diseases [45]. This significantly increased
the effectiveness of medical practice and improved the
health of the USSR population, and her work received
international recognition.

In the modern medical community, a significant
number of specialists remain skeptical about the
potential of phage therapy for treating severe bacterial
infections. The first successful attempts to use virulent
bacteriophages to treat several infectious diseases in
the first quarter of the 20th century did not receive
further active development, as antibiotics appeared on
the historical scene and demonstrated high effectiveness
in combating bacterial infections [46].

Phages are small viral particles that are sensitive
to certain strains of bacteria and can specifically infect
bacteria, effectively eliminating the bacterial cells [47].
Currently, phage therapy is experiencing a resurgence
of interest as an alternative to antibiotics in the fight
against resistant bacterial infections [48-50].

The interest in phage therapy is driven by a number
of primary factors. Firstly, the increasing number of
antibiotic-resistant bacteria poses a serious health threat,
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necessitating development of alternative treatment
methods. Phage therapy, due to the high specificity
of bacteriophages, can effectively combat bacterial
infections while minimizing the impact on beneficial
microbial flora and reducing the risk of side effects.
Scientific and technological advances, such as
progress in molecular biology and biotechnological
production, allow for a deeper understanding of the
mechanisms of interaction between bacteriophages

and bacteria, and the development of more effective
therapeutic strategies. Additionally, phage therapy
is being explored as a potential strategy to address
multidrug-resistant infections and can be combined
with antibiotics to enhance the therapeutic effect.
These factors, along with economic and social aspects,
stimulate interest in phage therapy from both the
scientific community and potential funders. Structural
model of bacteriophage is presented on Figure 1.

Capsomer

Fig. 1. Structural model of bacteriophage T4 virion. According to Rao V.B. et al,, 2023 [51]

Advantages and disadvantages
of using phage therapy

The use of bacteriophages (phages) to treat
infections, including chronic wounds, demonstrates
several advantages that render them a promising
alternative or addition to traditional antibiotic
therapy [52]. The main advantages of using
bacteriophages include:

1. High specificity: bacteriophages selectively
target specific strains of bacteria without disrupting
the beneficial microbiota of the host. This reduces the
risk of dysbiosis and other side effects associated with
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the elimination of beneficial bacteria. Bacteriophages
are highly specific viruses that can effectively target
pathogenic bacteria and eliminate them, rendering them
a promising alternative to antibiotics in the treatment
of infections [50]. In N.S. Kuptsov’s study, it is shown
that commercial bacteriophage preparations effectively
eliminate strains of Staphylococcus aureus, Klebsiella
pneumoniae, and Pseudomonas aeruginosa, but their
effectiveness remains low against Enterococcus
faecium [53]. Although certain monoisolates of
bacteriophages also showed activity against these
pathogens, commercial preparations have shown
enhanced effectiveness.
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2. Effectiveness against multidrug-resistant
bacteria: phage therapy can be effective even against
antibiotic-resistant bacteria. This is of great importance
given the growing challenge of antibiotic resistance.
Bacteriophages are highly specific viruses that can
effectively target and eliminate pathogenic bacteria,
rendering them a promising alternative to antibiotics
in the treatment of infections [50]. Phage therapy
has demonstrated its effectiveness in combating
outbreaks of healthcare-associated infections caused
by antibiotic-resistant bacteria such as S. aureus and
K. pneumoniae [54].

3. Compatibility with other treatment methods:
bacteriophages can be used in combination with
antibiotics and other standard treatment methods,
enhancing the overall effectiveness of therapy [55].

4. Minimal side effects: since bacteriophages are
natural components of the ecosystem, they demonstrate
a favorable safety profile in clinical use and exhibit
a low level of toxicity [56, 57].

5. The ability to adapt: due to their nature,
bacteriophages can quickly adapt to changing conditions
and bacterial mutations, remaining effective despite
resistant bacterial mutants [58, 59].

6. Convenience of use: modern research allows
for development of convenient forms of bacteriophage-
based preparations, such as ointments, creams, and gels,
which are easy to use in clinical practice.

However, there are also disadvantages to using
phage therapy [60]:

1. Specificity to bacteria. Phages have high
specificity for certain strains of bacteria, which requires
identifying and selecting the appropriate phage for
each specific case of infection. This can complicate
the treatment process, as different patients may require
different phage preparations.

2. Development of bacterial resistance. Bacteria
can develop resistance to phages, analogous to their
development of antibiotic resistance. Although it
happens less frequently than the development of
resistance to antibiotics, this challenge still requires
attention.

3. Immune response. The use of phages can
stimulate the human immune system to produce
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neutralizing antibodies, which may reduce the
effectiveness of therapy. It is especially critical when
therapy extends over a prolonged period.

4. The need for extensive libraries of diverse
bacteriophages. Successful phage therapy requires
well-characterized libraries of phages ready for use.
Developing and maintaining such libraries requires
significant resources and effort.

5. Regulatory restrictions. In numerous countries,
there are strict regulatory barriers to the approval of
phage therapy, which slows down its implementation
in medical practice.

Separately, the debatable issue of the possibility
of the participation of bacteriophages in the transfer
of antibiotic resistance genes should be noted. Modern
research shows that phages can have various effects
on bacteria, contributing to both the development of
sensitivity and the formation of antibiotic resistance. One
of the possible mechanisms is the horizontal transfer of
genetic material containing antibiotic resistance genes
(ARGS) by transduction [61]. The use of cocktails
containing lytic phages, their clinical efficacy, confirmed
by cytomorphological analysis, the administration of
bacteriophage drugs after receiving phagogram results,
and the certification of phages with their sequencing,
make it possible to minimize the possibility of this
phenomenon. At the same time, the availability of data in
the literature indicating the potential role of phages in the
spread of antibiotic resistance requires further research.

Despite these promising results and advantages, as
well as the disadvantages of using bacteriophages (the
need for refrigerated storage, frequent dosing), additional
randomized clinical trials are needed to fully establish
the effectiveness and safety of phage therapy [56].

Classification and morphology
of bacteriophages

Based on their life cycle bacteriophages can be
classified as either lytic or lysogenic. Lytic (virulent)
phages: after infecting a bacterium, these phages
multiply rapidly and eliminate (lyse) the host cell,
releasing new phage particles [60]. This process is
called the lytic cycle.
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Lysogenic (temperate) phages — these phage
particles integrate their genetic material into the
genome of the host bacterium and remain there in
a latent state until conditions become favorable for
transitioning to the lytic cycle [62]. Unlike lytic
phages, lysogenic phages integrate their nucleic acid
into the genome of the bacterial host. The phage
genome can consist of DNA (double-stranded or
single-stranded) or RNA (also double-stranded or
single-stranded) [63].

In the review article by Liang Huang and Ye Xiang
bacteriophages that infect gram-positive bacteria exhibit
various morphological characteristics depending on
their tail appendages type: podoviruses have short non-
contractile tails, siphoviruses have long non-contractile
tails, and myoviruses have long contractile tails [64].
These differences in morphology are associated with
adaptation to specific conditions for infecting and
penetrating host cells. The main structural components
of bacteriophages include the capsid, which protects
the genetic material, and the tail apparatus, which plays
a primary role in the infection process by allowing the
virus to attach to the cell wall and membrane of the
host and deliver its genetic material into the cell. An
important element is also the connector, which joins
the head of the capsid to the tail and performs several
functions, including initiating capsid assembly, holding
the packaged genome, and mediating tail assembly. The
process of infecting a cell with a bacteriophage occurs
with the virus recognizing and attaching to the surface
of the host cell via special receptors. The virus then
injects its genetic material into the cytoplasm of the
cell, leaving the empty capsid outside. Inside the cell,
the viral genetic material is used to synthesize viral
proteins and replicate the viral genome. The assembled
viral components merge to form new viral particles. In
the final stage, the progeny virions exit by lysing the
cell or by budding from its membrane, preserving cell
viability and perpetuating infection

Phage delivery methods

There are several main methods for delivering
bacteriophages [65]:
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1. Oral administration

Oral administration is one of the most common
methods for delivering bacteriophages. This method
is used to treat gastrointestinal infections and various
systemic diseases. A major challenge is that the acidity
of the stomach can eliminate the phages, therefore it
is necessary to develop special protective coatings or
capsules to increase their stability [66].

2. Topical administration

Topical use of bacteriophages includes the
application of ointments, creams, gels, or sprays
to treat skin infections, wounds, ulcers, and other
superficial lesions [67]. This method allows phages to
be delivered directly to the site of infection, bypassing
the gastrointestinal tract.

3. Parenteral administration

Systemic delivery involves intravenous,
intramuscular, or subcutaneous administration of
bacteriophages [52]. This method is used to treat more
severe infections, when rapid distribution of phages
throughout the body is required. However, it necessitates
a high degree of purification of the preparations and
consideration of possible immune reactions of the
organism.

4. Inhalation

Inhalation is used to deliver phages to the
respiratory tract, especially in the treatment of
respiratory infections [68]. This method allows for
quick delivery of phages to the site of infection, but
it requires special equipment and preparation of the
phage solution.

Immune response to phage therapy

When a foreign agent (antigen) enters the body,
the immune system of humans and animals initiates the
process of synthesizing specific protective proteins —
antibodies (immunoglobulins). This adaptive response
plays a primary role in protecting the body from pathogenic
microorganisms and toxic substances. However, the high
variability of potential threats determines the ability of the
immune system to respond not only to pathogens, but also
to other agents, including non-pathogenic microorganisms
such as bacteriophages [69].
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In the book section “Phage as a Modulator of
Immune Responses: Practical Implications for Phage
Therapy”, Andrzej Gorski describes fundamental
research on the interaction between bacteriophages and
immune system cells and their potential applications,
particularly in the field of phage therapy [70]. Two main
aspects of these interactions are considered:

1. The immunogenicity of bacteriophages. The
ability of bacteriophages to elicit specific immune
responses, including the production of antibodies against
viral antigens. The mechanisms of this process and its
potential consequences for the effectiveness of phage
therapy are being investigated;

2. The immunomodulatory activity of
bacteriophages. The indirect effects of bacteriophages
on the functions of immune system cells, such as
phagocytosis, cytokine production, and the proliferation
of T and B cells. These studies provide a valuable insight
on how bacteriophages can influence the course of
infections and the effectiveness of treatment.

The leading aspects of immunogenicity include
antibody production and cellular immune response.
Regarding the former, bacteriophages can stimulate the
body to produce antibodies that specifically recognize
and neutralize phage particles. This can significantly
limit the effectiveness of phage therapy, as antibodies
can bind to phages and interfere with their interaction
with bacteria. As for the cellular immune response, there
is less data on the cellular response to bacteriophages,
but there is evidence that phages can trigger cellular
reactions similar to those observed during viral
infections. For instance, they can stimulate the
proliferation of T lymphocytes and other immune system
cells. Bacteriophages can also affect immune system
cells by altering their functions. Phages can influence
the ability of macrophages and neutrophils to ingest and
eliminate pathogens. Various studies show that phages
can either enhance or suppress phagocytosis depending
on the experimental conditions. Bacteriophages can
affect the synthesis of various cytokines, such as
interferons and interleukins, which can influence the
overall course of infection and inflammation.

There is evidence that phages can modulate the
proliferation and function of lymphocytes, which
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can have both positive and negative effects on the
immune response. Thus, bacteriophages assume dual
immunomodulatory functions in interactions with
the mammalian immune system. On the one hand,
they elicit specific immune responses, including the
production of antibodies and cellular reactions, which
can limit their therapeutic effectiveness. On the other
hand, bacteriophages can modulate the functions of
immune cells, such as macrophages and lymphocytes,
influencing phagocytosis, cytokine production, and cell
proliferation, which exhibits the potential to create new
therapeutic strategies. However, when using phages
therapeutically in patients, the expected formation of
antibodies was not always observed, or proved to not
enhance the effectiveness of the phages in combating
bacterial infection [71-73].

Bacteriophages, as viruses that infect bacteria, can be
used for creating vaccines and therapy due to their ability
to interact with the immune system [74]. Phage-based
vaccines use phage display technology, which allows
antigens to be attached to phage capsids, stimulating an
immune response. Additionally, bacteriophages can serve
as carriers of epitopes, which are small antigen fragments
recognized by the immune system. In a therapeutic
context, bacteriophages are used to eliminate pathogenic
bacteria in phage therapy, particularly effective against
antibiotic-resistant infections. Moreover, bacteriophages
can enhance the immune response by stimulating
phagocytosis and the activation of T lymphocytes.
Despite the advantages of high specificity and low
toxicity, there are risks associated with possible allergic
reactions and the development of resistance in bacteria.
This requires further research and optimization for safe
and effective use.

Chronic wounds

Chronic wounds are tissue injuries in which the
healing process is disrupted, and they do not achieve
complete anatomical and functional integrity [52]. Such
wounds are often associated with vascular, endocrine
disorders, or prolonged mechanical pressure. The
challenge related to chronic wounds is relevant for
global healthcare, as it affects significant segments of
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the population. According to various estimates, 1 to 2%
of the population in developed countries experience
chronic wounds at certain point in their lives [75]. The
incidence of chronic wounds is increasing, which is
due to the ageing population, the rise in obesity and
the associated risk of developing diabetes mellitus.
Chronic wounds negatively affect the quality of life
of the patient and their environment, leading to pain,
reduced functional activity, psychoemotional disorders
such as stress, anxiety and depression, as well as social
isolation.

Wound healing

Wound healing is a complex and carefully
regulated process that plays a leading role in
maintaining the barrier function of the skin and its
other functions. This process can be influenced by
various factors, both modifiable and non-modifiable,
and includes several phases, each with its own
characteristics and potential complications. The skin
is the largest organ in the human body; it acts as
a waterproof mechanical barrier between the organism
and the environment, thereby preventing the loss of
various biological components of the organism and
providing protection against external aggressive factors
[76]. The skin is often subjected to various injuries
of chemical, physical, or mechanical origin. After
any such impact, the wound healing process occurs
immediately, consisting of four consecutive phases
and lasting a certain amount of time.

The wound healing process includes the following
phases: hemostasis, inflammation, proliferation, and
remodeling. These phases can overlap and occur
simultaneously, requiring a comprehensive approach
to treatment to ensure that the healing process is not
interrupted and proceeds without complications [77-79].

1. Hemostasis. During hemostasis, vasocon-
striction occurs, platelets aggregate, and a thrombus
(fibrin clot) is formed, which restores the protective
properties of the skin and maintains its structural
integrity. Fibrin also promotes cell migration to the
site of injury and stimulates the proliferative activity
of fibroblasts [80, 81].
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2. Inflammation. The inflammation phase occurs
immediately after the skin is injured, initiating healing
processes. The inflammation phase lasts approximately
4-6 days, during which neutrophils, monocytes, and
lymphocytes migrate to the damaged area. Monocytes
differentiate into macrophages, which engage in
phagocytosis and secrete reactive oxygen species,
cytokines, and a spectrum of mediators that drive
angiogenesis, inflammation, and fibrosis [52, 81-83].

3. Proliferation. During the proliferation phase,
primary processes such as angiogenesis, synthesis of
connective tissue (fibroplasia), and re-epithelialization
occur [52, 77, 84, 85]. During this stage, granulation
tissue forms, filling the wound cavity. Fibroblasts
are activated and acquire the ability to contract,
thereby promoting the approximation of the wound
edges. Simultaneously, migration and proliferation
of keratinocytes surrounding the wound edges occur,
leading to the closure of the affected area.

4. Tissue remodeling. This is the final stage of
the healing process, which occurs several weeks after
the injury and can last up to one year [86]. During this
period, the newly formed tissue undergoes restructuring
and strengthening, which ultimately leads to the
formation of a scar. Scar tissue generally exhibits greater
thickness and lower elasticity compared to the original
skin [76].

Impaired wound healing

Wound healing disorders are a complex issue
associated with numerous factors, both local and
systemic. The main factors affecting wound healing
include: infectious agents, occurrence of biofilms
in the wound, systemic diseases, and the impact of
medications.

e Infections: bacterial agents, especially bacteria
of the genera Proteus and Pseudomonas, significantly
slows down the wound healing process [87].

e Hypoxia and inflammation: chronic wounds
are characterized by persistent inflammation and, as
a rule, bacterial biofilms, which complicate healing
and prolong the transition to the proliferation phase of
the wound process [88];
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e Wound size: greater depth, complex topography,
and larger wound dimensions correlate with an increase
in the duration of the healing process [87];

e Type I and II diabetes mellitus: impaired wound
healing in patients with diabetes mellitus is a significant
clinical complication associated with complex
pathophysiological mechanisms. Hyperglycemia,
characterized by elevated plasma glucose levels,
promotes the formation of bacterial biofilms and
impedes the effectiveness of treatment measures.
Chronic inflammation and polymicrobial infections
also significantly impede normal tissue regeneration.
Additionally, reduced angiogenesis activity, expressed
as decreased formation of new blood vessels, impairs
the recovery processes. Dysfunction of fibroblasts,
which play a primary role in healing, exacerbates these
impairments. The combination of these factors leads
to significant difficulties in wound healing in diabetic
patients [89-92].

e Clinically significant atherosclerosis is
a major systemic factor affecting wound healing [87].
Atherosclerotic changes in blood vessels impede the
wound healing process due to impaired vascular function
and a chronic inflammatory response. These factors
contribute to reduced angiogenesis and cell proliferation,
which impairs the regeneration processes [93-95];

e Medications: numerous drugs, such as
chemotherapy agents and immunosuppressants, non-
steroidal anti-inflammatory drugs, as well as certain
antibacterial drugs, can have a negative impact on
wound healing [96].

Other factors contributing to impaired wound healing
include age, poor nutrition, chronic diseases, immune
dysregulation, and genetic aberrations [88,97-99].

Microorganisms in wounds

Microorganisms present in chronic wounds
significantly impact the delay in the healing process.
The spread of bacterial infection in a wound can impede
the immune response. Evidence of bacteria in a wound
goes through various stages, from initial contamination
to colonization by microorganisms. With prolonged
presence of bacterial agents, bacterial biofilms form,
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leading to critical colonization. This stage is often
accompanied by an unpleasant odor. Surrounding tissues
may also become infected, leading to deep or systemic
infections [86].

Exposed subcutaneous fat, necrotic tissue within
wounds of diverse etiology, and a weakened immune
system of the patient provide optimal conditions for
the colonization and growth of microorganisms in the
wound [100]. Contamination by bacterial agents occurs
through endogenous pathways and directly from the
surrounding skin [101].

The most common bacteria found in chronic
wounds are Staphylococcus aureus, Escherichia
coli, Pseudomonas aeruginosa, Proteus mirabilis,
and Klebsiella pneumoniae. These microorganisms
can cause both mono-infections and polymicrobial
infections, which complicates treatment [102—104].

Bacteriophages in surgery

Bacteriophages have found application in various
fields of surgery: cardiothoracic, abdominal, purulent,
traumatology, and orthopaedics. Phage therapy has
shown its effectiveness in treating infections associated
with cardiothoracic surgery, especially in cases where
traditional antibiotic therapy is unsuccessful. According
to a study by E. Rubalskii et al., eight patients with
infections caused by antibiotic-resistant bacteria were
successfully treated with phages. It was noted that
the target bacteria were eliminated in seven out of
eight patients without serious side effects [105]. In
cardiosurgical practice, infections of vascular grafts are
one of the significant problems due to the difficulties
in therapy and the high mortality rate. Bacteriophages
can be used both for the prevention and treatment of
these infections, and both monotherapy and a combined
approach with antibiotics are possible. However, the
successful phage therapy implementation requires
standardization of methods for delivering bacteriophages
to the site of infection, which will allow achieving the
necessary local concentration and minimize the systemic
spread of phage agents [106]. The use of combined
therapy with bacteriophages and antibacterial drugs
during surgical treatment of affected tissue areas is also
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of interest. For instance, in a clinical observation by
K. Racenis et al., a positive clinical effect was achieved
using a combined therapeutic approach, specifically
the use of the synergy between a bacteriophage and
an antibiotic along with surgical intervention in
a patient with a left ventricular assist device (LVAD)
and recurrent infection with multidrug-resistant P.
aeruginosa [107]. A systematic review demonstrated
the safety and effectiveness of phage therapy in treating
infectious complications in cardiac surgery. In the
analyzed clinical studies involving 40 patients, 70.3%
achieved complete resolution of the infectious process,
while 10.8% showed significant improvement. Adverse
events associated with the use of phages were minimal
and had no direct connection with the therapeutic agent
itself [108].

Data demonstrate that the use of polyvalent
bacteriophages in the treatment of postoperative
purulent-inflammatory complications in emergency
abdominal surgery can reduce the development of
antibiotic-resistant strains and the risk of nosocomial
microbial associations, as well as reduce the number of
postoperative complications [109]. In his dissertation
research, A.N. Morozov’s describes that the use of
bacteriophages in the perioperative period during
laparoscopic appendectomy leads to a significant
reduction in the number of postoperative complications
and an improvement in the quality of life for patients
[110]. Animal experiments and clinical trials have
demonstrated that bacteriophages contribute to faster
tissue recovery and a reduction in inflammatory
processes compared to traditional antibiotic therapy.
Additionally, patients treated with bacteriophages
exhibited lower levels of leukocytes and C-reactive
protein, as well as more stable temperature readings
in the surgical area, indicating the benefits of their use
in surgical practice.

Bacteriophages are also becoming a promising tool
in the treatment of infections in traumatology, especially
in cases of antibiotic resistance. A clinical observation
by T. Ferry et al. describes a case of successful use
of personalized phage therapy in a patient with
a recurrent infection of a knee joint prosthesis caused by
a multidrug-resistant strain of P. aeruginosa is described
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[111]. In E.A. Fedorov’s dissertation research phage
therapy is considered a primary element in improving the
outcomes of treatment for deep periprosthetic infection
[112]. The study showed that phage therapy offers
several potential advantages compared to traditional
antibiotic treatment methods. Bacteriophages are able
to penetrate the exopolysaccharide matrix of biofilms,
destroying bacteria within the biofilm, which makes
them effective against antibiotic-resistant bacteria.
Additionally, bacteriophages can be successfully
impregnated into polymethyl methacrylate (bone
cement) used in endoprosthetics.

The author concluded that the use of bacteriophages
in combination with antibiotics led to a significant
improvement in the treatment outcomes for deep
periprosthetic infections of staphylococcal etiology. In
the group where phage therapy was used, the treatment
effectiveness was 95.5%, while in the comparison group
it was only 69.0%.

Surgical treatment of purulent wounds.
Bacteriophages in the treatment of wounds
and wound infections

In the fundamental work Wounds and Wound
Infections by M.I. Kuzin and B.M. Kostyuchenok,
a method of active surgical treatment of wounds and
wound infection is described which remains relevant
to this day [113]. The most important method and the
gold standard for treating purulent wounds of various
etiologies and locations is the surgical treatment of
the purulent focus, aimed at removing all necrotic and
non-viable tissues and preparing the wound bed for
healing. This is confirmed by numerous articles and
literature reviews of recent years [114-117].

The goal of surgical treatment of a purulent-necrotic
focus is to ensure wide access, its adequate drainage,
removal of nonviable tissue that harbors infection,
and prevention of its further spread. The main surgical
technique is the radical excision of necrotic tissue.
Effective surgical management requires halting infection
spread along the anatomical planes of subcutaneous
tissue, fascial layers, tendon sheaths, and intermuscular
compartments. The approach should be anatomical and
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low-traumatic, providing a good view of the wound
and freedom for surgical manipulations [113]. The
preferred surgical corridor follows the most direct route
to the infection focus. However, in various situations,
utilization of a minimally invasive (remote) approach
is essential to preserve critical neurovascular bundles,
internal organs, joint capsules, and serous membranes.

Surgical intervention should be performed promptly
upon confirmed diagnosis. In cases of extensive areas
of damage, staged surgical treatments and necrectomy
procedures may be required.

Currently, alternative and additional methods of
influencing the wound process are being introduced and
widely used, such as the use of biological antibacterial
drugs (phage therapy), as well as physical methods
of treatment, for instance, ultrasonic cavitation, local
negative pressure wound therapy (NPWT), plasma
flows, ozone therapy, etc [118].

NPWT is used to treat various types of acute and
chronic wounds, including ulcers, surgical infections,
and complex injuries. It facilitates wound repair via
multiple fundamental mechanisms: improving blood
circulation by opening the capillary segment of the
microcirculatory bed, which subsequently enhances
redox processes in the wound [119]. Additionally, it
involves macrodeformation of tissues, drainage of
extracellular inflammatory fluids, stabilization of the
wound environment, and microdeformation of the
wound bed [120].

Research on the use of bacteriophages in surgery
has been conducted for an extensive period of time,
indicating increased effectiveness when applied in
surgical practice. In his dissertation, R.N. Islamov
concluded that a polyvalent bacteriophage is effective
in vitro, suppressing the growth of the most relevant
microorganisms causing nosocomial purulent-septic
complications [121]. The introduction of bacteriophages
into the preoperative prevention regimen for surgical
infections contributes to a significant reduction in the
number of suppurations of the surgical wound and
extrawound complications.

In R.S. Sufiyarov’s dissertation, it is primarily
noted that complex surgical treatment using enzyme
preparations and a polyvalent pyobacteriophage shows
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better results compared to traditional methods [122].
The use of the proposed methods leads to a reduction in
the average length of stay of patients in the hospital and
a decrease in the number of postoperative complications.

We have presented our experience with treating
wounds using negative pressure therapy with
instillation of a polyvalent bacteriophage after
radical surgical treatment of the purulent focus. The
advantages of vacuum therapy have been described
above. Recent studies demonstrate that instillation-
enhanced NPWT achieves superior healing outcomes
compared with standard NPWT. In an observational
study, H. Duan et al. describe that a vacuum system
with instillation effectively removes remnants of
necrotic tissue, promotes wound healing, and controls
infection in patients with necrotizing soft tissue
infection [123]. In a clinical observation, J. Kilo et al.
describe a patient with a severe purulent complication
after implantation of a left ventricular assist device
(LVAD) is described [124]. For local wound treatment,
the local negative pressure therapy with instillation
method was successfully applied, showing durable
therapeutic success. In a large clinical study,
V.A. Potapov describes a method for using a combined
vacuum-assisted dressing with oral administration and
local irrigation with bacteriophage solutions in patients
with deep sternal infection [125]. The authors of the
article obtained better results compared to traditional
methods, especially in the presence of multidrug-
resistant microorganisms.

The first publication documenting successful
use of negative pressure therapy with bacteriophage
instillation was a clinical observation by V.A. Mitish et
al [126]. The article presents a clinical observation of
complex surgical treatment of a patient with rheumatoid
arthritis and a long-term non-healing wound in the right
gluteal region, which formed after surgical treatment
of a post-injection abscess. The successful use of
a domestic negative pressure device with the ability to
instill is noted, indicating sustained clinical benefits.
In this clinical observation, all the advantages of using
vacuum wound therapy were demonstrated, confirmed
by cytological and microbiological examinations at all
stages of treatment.
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Conclusion

Antibiotic resistance represents one of the most
urgent threats to public health, requiring an immediate
search for alternative treatments for bacterial infections.
Bacteriophages represent a promising alternative to
antibiotics due to their unique properties.

Bacteriophages exhibit high specificity, allowing
them to effectively eliminate pathogenic bacteria while
minimizing the impact on beneficial microbial flora.
Their ability to adapt to changes in bacterial structure
and resistance to antibiotics offers broad opportunities
for combating multidrug-resistant infections. Modern
advances in molecular biology and biotechnology
significantly improve the understanding of the
mechanisms of interaction between bacteriophages and
bacteria, paving the way for next-generation therapeutic
strategies.

However, despite significant advantages, the use of
bacteriophages faces certain challenges, including the
requirement for personalized phage selection on a per-
patient basis for each patient, the possible development
of resistance in bacteria, and regulatory barriers. To
integrate phage therapy into routine clinical care,
further research is required to confirm the safety and
effectiveness of this method, as well as to streamline
regulatory pathways for its authorization.

In conclusion, bacteriophages represent an
important tool in the fight against antibiotic resistance,
and their potential deserves close attention from the
scientific and medical communities.
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BaKTepMOd)aI'MZ aJibTepHaTuBa aHTMOMOTUKAM B INnoxy
aHTMGMOTMKOpe3MCTeHTHOCTVI

I'.B. Xamugy e ‘z, FO.C.ITacxamoBa®? ', B.A. Mutumu®?
A.A. YmakoB® ', C.A. OpymkeBa®’ ~, C.[I. MaromegoBa®’ ~, B.K. bopaHeHkos'

"Poccuiickuii yHUBepCUTET ApY>KObl HApOAOB, 2. Mockea, Poccutickas ®edepayus
2 HatjmoHa/ibHbIM MeUIIUHCKUIN UCCIe/[0BaTebCKUI 1IeHTp Xupypruu uM. A.B. BuiiHeBckoro, 2. Mockea, Pocculickas
Ddedepayus
< gkhamidulin@mail.ru

AHHoTanus. AHTMOMOTUKOPE3UCTEHTHOCTh MPe/CTaBIsieT coO0M o/fHy U3 Hanbosiee OCTPBIX I7I00aNbHBIX MPo6/IeM
3/ipaBOOXpaHeHus1, 00yCIOB/IEHHYIO IIMPOKKM U YaCTO Hepal[ioHaIbHBIM TIPUMeHeHeM aHTUOMOTHKOB, a TAaK)Ke IBOJTFOLIMOHHO
3aKpervieHHbIMY MeXaHU3MaMH azianTaryy bakrepuid. [1o oreHkam, K 2050 T. eXKerofjHo U3-3a yCTOHUMBOCTH K TIPOTUBOMUKPOOHBIM
niperniaparam OyzeT ymupars 10 10 MJTH uesioBeK, uTo TpebyeT CPOYHOTO TIOMCKA HOBBIX TepareBTHUeCKUX CTpaTeruil. B atom
KOHTeKCTe OakTeprodary — BUPYChI, CrIeNU(rUeCcKy MHPUIMPYIOLIYe OaKTepuK — BBICTYTIA0T MHOr000eIjatolieli albTepHaTUBON
aHTHOMOTHKaM. B 0030pe aHaIM3UPYIOTCS K/THOUeBble MEXaHW3Mbl Pa3BUTHsI aHTMOMOTUKOPE3UCTeHTHOCTH, BK/TFOUasi MTHAKTHUBALUIO
TIperaparoB [3-nakramasamu, paboty 3¢ ¢UIOKCHBIX HACOCOB, MOJU(UKALINIO MUIIIEHEH U TOPU30HTA/IBHBIN ITePeHOC TeHOB,
a Takke ocoboe 3Hauenue rpyrrbsl ESKAPE natoreHoB B KJTMHMUECKOM MpakTHKe. PaccMoTpeHs! Knaccudukaius (aros
Ha TUTUYECKHe U JIM30TeHHbIe, UX MOP(OJornuecKre 0COOEHHOCTH U >KU3HeHHbIe UKIIbl. Ocoboe BHUMaHWe yJeneHo
COBpeMeHHbIM MeTO/laM [J0CTaBKH1 (paroB (MepopaibHO, MECTHO, NapeHTepaibHO, UHTa/ISLIMOHHO) U B3aUMOZEeHCTBUIO (haroBoit
Teparuy C IMMYHHOM CHCTeMO# X035IMHa, BK/IFOUast IPOAyLIMpPOBaHKe aHTUTe/T 1 UMMYHOMOZY/IUPYIoLre 3¢deKTbl Ha Makpodaru,
HeUTpodUsIb! ¥ TUMPOLUTEL. OT/e/IbHbIN paszen NoCBAllleH MpakTUUeCckoMy TIPUMeHeHHI0 (paroTepanyy B XUPYPruu U JieueHnu
XPOHUYECKHUX PaH: OMUCaHbI pe3y/bTaThl KIMHUUEeCKUX HaO/MoAeHnH B KapAWOTOpaKalbHOM, abloMUHAIBHON U OPTOTIeAYe CKOM
XUPYPrUM, IpUMeHeHus (aroB B COUeTaHUU C aHTMOMOTUKAMM, a TaKyKe BHeJIpeHHe BaKyyM-aCCUCTUPOBAaHHOMW Teparvu
¢ MHCTWIIsILMed 6akTepruodaros, YTo IeMOHCTPUPYET YCKOPEeHUe 3a’KUBJIeHNs], CHIPKeHHe MUKPOOHON 00ceMeHeHHOCTH
Y KOJTMUECTBA MOC/Ie0NepariMoHHbIX 0C/IOKHEHUH. Bbigoobl. Takum o06pa3omM, Teparnusi bakTprodaramu obsaziaet psiziom
MIPEUMYILeCTB — BbICOKOH CHelU(PUUHOCTHIO0, 3((eKTUBHOCTHIO TPOTHUB MY/IbTHPE3UCTEHTHBIX 1LITAMMOB, BO3MOXXHOCTBIO
COUeTaHUs! C aHTUOMOTHKAaMU M MUHUMaJTbHBIM YPOBHEM MOOOYHBIX 3((eKToB. BMecTe C TeM ee IMPOKOe KIIMHUYECKOe BHe/[peHHe
TpebyeT pelleHus 3a/jau 10 CTaHAAPTU3aL[|UX MPOU3BO/CTBA (DaroBbIX TPENapaToB, CO3AHHUIO L|eHTPaTM30BaHHbIX ()arobaHKoB,
oTpaboTKe a/roOpUTMOB 1O/[00pa IITaMMOB /IJIsl TIepCOHA/IM3MPOBAHHON Teparivy U MPeo/i0/IeHHI0 Pery/IsTOPHBIX OapbepoB.
[HanbHee paHJOMU3MPOBaHHbIE KITMHUYeCKHe UCC/IeJOBaHUs U pa3paboTka HOPMaTUBHO-TIPAaBOBOM 0a3bl HEOOXOANMBI 1St
TIO/THOLIEHHOTO UCTI0/Ib30BaHMs (haroB Kak QeKTUBHOrO MHCTPYMeHTa B 60pb0e C aHTHOMOTUKOPe3UCTEHTHOCTHIO.

KoroueBble cjioBa: AHTHOMOTHKOPE3UCTEHTHOCTD, OakTeprodary, ajibTepHaThBa aHTHOMOTHKAM, JIeueHre XPOHUUEeCKUX
paH, XUpyprus, THOMHas XUpyprus, ¢arorepanusi, MyJIbTUPe3UCTEHTHbIe UH(EKLINN
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Hudopmanus o GpuHAHCMPOBAHUH. ABTOPHI 3asIB/ISIOT 00 OTCYTCTBUM (PUHAHCOBOH TMO/IIEP>KKH M CITIOHCOPCKOM MOMOILY TIPU
TIPOBe/IeHUH [JJAHHOTO HCC/Ie/I0BaHUSI.

Bkuajg aBropoe. ' B. Xamuaynus — dopMyarMpoBKa Liesield, pa3paboTka NCC/IeI0BaHuUs, 0030p IMTEPaTyphl, KPUTHUECKHUM aHa/I13
HayuYHbIX UCTOYHUKOB, HallMCaHWe, peJakTHPOBAHKE U YTBEP)K/jeHre OKoHuaTenbHOoH Bepcuu pykornucy. FO.C. TTacxanoBa —
cOop M crucTeMaTH3al|sl HayuHbIX JAHHBIX, aHa/IM3 COBPEMEHHBIX IMOJX0/I0B K MCIOIb30BaHMI0 OakTeprodaros, MoAroToBKa
pazfenoB mno kaaccudukanyu (haroB ¥ MeXaHHU3MaM [IeMCTBUs; KpUTUUeCKasi 1opaboTka pykorucu. B.A. MuTuiin — aHamm3
COBpeMeHHBIX MeTO/|0B /JMarHOCTHKH U JIeUeHHsI XPOHUUEeCKUX PaH, oLeHKa 3 GeKTUBHOCTH (haroTeparnuiu Mpy rHOMHBIX
paHax, 0030p KJIMHUYECKUX MCCIeA0BaHUH MO MpUMeHeHHto 6akTeprogaros. A.A. YillakoB — TMOUCK JIUTEPATYPbI, 0TOOP
COOTBETCTBYIOIMX HAayUHbIX MyO/IMKalUi, MOATOTOBKA pa3/ena 0 MexaHU3Max Pa3BUTHsI aHTUOMOTHKOPE3UCTEHTHOCTH U X
K/IMHUUecKux nocnenctBusix. C.A. OpymKeBa — aHa/IM3 MUKPOOMO/IOTHYECKHX IaHHBIX, CHCTeMaTHh3alyst HHGOpMaLyu O
knaccuduxamu 1 Mmopdosoruu 6akrepriodaros. C.[]. MaromeoBa — oOLjeHKa HayYHOMH /J0CTOBEPHOCTH TPe/CTaBIeHHBIX JaHHBIX
Y TIPOBEPKA COOTBETCTBUSI CTaH/apTaM HayuHol nybnvkaryu. B.K. BopaHeHKOB — peJjakTHPOBaHKe PYKOTIHCH. Bce aBTOpBI
BHEC/TM 3HAUYMTE/IbHBIN BK/Ia/l B TIOATOTOBKY PYKOITHCH, TPOUYNTA/IN U YTBEPW/INA OKOHUATe/IbHYHO BEPCHUIO TIepe/| MyOIuKaLiei.

HNudopmanys o KOHQIMKTe HHTePeCcoB. ABTOPHI 3asiB/ISIIOT 00 OTCYTCTBUM KOH(IMKTA MHTEPECOB.
JTHYeCKoe YTBep)KAeHne — HelIPUMEHUMO.

BiarogapHocTH — HelIPUMEHUMO.

HudopmupopanHoe coryiacue Ha My0/JIMKaLHI0 — HENPUMEHUMO.
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Antibiotic use density in trauma intensive care unit
at a tertiary care hospital in Western Rajasthan

Deepak Kumar Verma ', Anusuya Gehlot ~, Neeta Kumari = Rajkumar Rathore

Dr. Sampurnanand Medical College, Jodhpur, Rajasthan, India
P> neeta771@gmail.com

Abstract. Relevance. The excessive use of antibiotics is a public health issue that has hampered poor and middle-income
nations and is linked to rising healthcare expenses and antimicrobial resistance, which is regarded as an important risk to world
health. In addition, resistance raises expenses, prolongs hospital stays for patients, and causes mortality. Defined daily dose (DDD)
represents the average adult daily maintenance dose of a specific drug applied according to its primary indication. Antibiotic use
density is expressed as defined daily doses/ 100 patient- days. Aim. The aim of this study is to evaluate the pattern of usage of
antibiotics and to find out antibiotic use density in trauma intensive care unit (ICU). Materials and Methods. In this prospective
observational study prescription data of 100 consecutive patients at admission into the trauma ICU was audited. Patients of
all age of either gender admitted in the trauma ICU during the study period, which have been prescribed with antibiotics. The
study was conducted over a period of eight months from August 2022 March 2023. During this period, all the included patients
were followed up for their entire duration of stay in trauma ICU. Results and Discussion. The prescriptions of 100 consecutive
patients admitted into the ICU were analyzed. On analyzing co- morbidities it was noted that 79% were affected with contusions
in brain/ intracerebral hemorrhage/ subdural hematoma followed by 5% with pnumothorax. According to DDD/100 bed days in
our study piperacillin+tazobactam (10.64), cefoperazone+sulbactam (5.21), amikacin (7.5), vancomycin (3.2) and linezolid (3.2)
were most consumed drugs in trauma ICU patients. Conclusion. Present study results conclude that overuse of antibiotics can
cause antibiotic resistance, increased duration of stay in hospitals and reason of mortality.

Key words: antibiotics use density, trauma ICU, antibiotics resistance
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Introduction

Increasing healthcare costs and antimicrobial
resistance, which is considered a major threat to global
health, are associated with the overuse of antibiotics,
a public health problem that has plagued low- and
middle-income countries [1]. Antibiotic resistance is
partly caused by hospitals’ overuse of antibiotics [2].
Furthermore, resistance results in increased costs, longer
hospital stays for patients, and increased mortality [3].
By using evidence-based strategies, antibiotic resistance
can be decreased [4]. Over time, the pattern of
antimicrobial resistance (AMR) shifts, differing between
nations and even within hospitals in the same nation [5].
The intensive care unit (ICU) consumes much more
antibiotics overall than ordinary hospital wards, despite
the fact that antibiotics are one of the most often given
medication classes among all hospitalized patients [6].
There is ample evidence that up to 50% of antibiotic
prescriptions are given incorrectly, despite several
recommendations from governmental and professional
organizations [7]. Monitoring and assessing the use
of antibiotics in the intensive care unit on a regular
basis is crucial. The defined daily dose (DDD) and the
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anatomical therapeutic chemical (ATC) categorization
system are highly recommended by the World Health
Organization (WHO) as a measuring unit for medication
usage research [8]. The average adult daily maintenance
dose of a particular medication administered in
accordance with its principal indication is known
as the defined daily dose, or DDD. The formula for
density is defined daily dosages per 100 patient days.
The aim of this study is to evaluate the pattern of usage
of antibiotics and to find out antibiotic use Density in
trauma ICU.

Materials and methods

This prospective observational research was
conducted using the Case Sheets of patients who were
admitted to the trauma intensive care unit between
August 2022 and March 2023. This study was carried
out in the Dr. S.N. Medical College and Hospital’s
pharmacology department in Jodhpur. When 100
consecutive patients were admitted to the trauma
intensive care unit, their prescription data was audited.
The study comprised patients of any age, male or
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female, who were admitted to the trauma intensive
care unit during the study period, had been administered
antibiotics, and were willing to participate. Patients
who were not provided antibiotics and who did not
meet the WHO'’s definition of a medication usage study
were not included.

All of the enrolled patients were monitored
throughout this time for the length of their trauma
intensive care unit stay. All patients’ initial demographic
information, including name, age, gender, hospital
number, and clinical diagnosis, was documented.
Additional factors were recorded, including the total
number of medications administered during the hospital
stay, the ailment for which the patient was hospitalized,
the length of the intensive care unit stay, mortality,
and the total number of antibiotics provided. The
medications that were prescribed while the patient was
in the intensive care unit were recorded. The Anatomical
Therapeutic Chemical (ATC) categorization method
(ATC/DDD version 2010) was used to categorize the
medications [8].

Prescribing Indicators:

1) The average number of medications per
prescription was calculated by dividing the total number
of prescriptions written for the various medicines under
study.

2) The proportion of pharmaceuticals supplied
under the generic name was determined by dividing
the number of prescriptions for generic drugs by the
total number of medications administered, and then
multiplying the result by 100.

3) The percentage of prescriptions that contained
an injection was calculated by dividing the number
of patient interactions during which an injection or
antibiotic would be given by the total number of surveys.
The result was then multiplied by 100.

4) The percentage of drugs provided from the
National List of Essential Medicines (NLEM) 2022
was calculated by dividing the number of medications
from the hospital’s essential medicine list.

The following formula was used to compute
the antibiotic use density (AD), which was given as
DDD/100 patient-days (DDD100) [9].

PHARMACOLOGY

AD = drug consumption in the study period (Gm)x
x 100 / DDD (Gm) x study period x bed strengthx
X avg. occupancy

Statistical analysis: Mean + SD was used to express
the data. A Microsoft Excel sheet was used to enter
all of the data into a master chart, after which it was
statistically analyzed. SPSS software was used for all
of the analyses. P-values less than 0.05 were regarded
as statistically significant.

Results and discussion

One hundred consecutive patients who were
hospitalized to the trauma intensive care unit had their
prescriptions examined. There were 25 female patients
and 75 male patients. The majority of patients admitted
to the trauma intensive care unit were between the ages
of 35 and 65 (Table 1). Antimicrobial resistance may
be driven differently in rural regions. Because fewer
healthcare facilities are available, there may be less
access to antibiotics overall, yet abuse can still happen
because people are unaware of how to use them properly.
Antibiotics are frequently sold over-the-counter in India
without a prescription; this practice may be especially
prevalent in rural regions with inadequate access to
healthcare [10].

The number of antibiotics prescribed was compared
with gender, age, and length of treatment in the study.
It was discovered that the majority of patients received
three prescriptions for each antibiotic, which was
statistically significant (P<0.05) when compared to
all groups that received one, two, or more than three
prescriptions. In a similar vein, Priyadharsini et al.
discovered that 57% of the population was male and
the majority of the patients were between the ages of
40 and 60 [11].

According to the analysis of the research
population’s co-morbidities, 79% of the participants
had head contusions, intracerebral hemorrhages, or
subdural hematomas, while 5% had pneumothorax
(Table 2). According to the analysis of the research
population’s co-morbidities, 79% of the participants
had brain contusions, intracerebral hemorrhages, or
subdural hematomas, while 5% had pnumothorax.
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According to earlier research, the other reasons for about trauma due to factors including poverty, education,
admission in a study were head damage (32.39%), political and religious beliefs, and a nation’s geographic
difficult instances of acute abdomen (25.35%), and and economic trends, ICU admissions vary from one
cardiovascular problems (21.94%) [12]. Information center to another [13].

Demographical distribution of patients according to the number of antibiotics prescribed in trauma ICU fable
Demographic No. of Antibiotics
Data N 1 Antibiotics 2 Antibiotics 3 Antibiotics > 3 Antibiotics prvalue
Gender Male 75 13 14 45% 3 P<0.05
Female 25 1 6 16* 2
<35 32 6 6 19% 1
Age 35-65 54 6 11 33* 4 P<0.05
> 66 14 2 3 9 0
< 6 days 41 6 7 24* 4
Duration of P<0.05
stay 6-10 days 28 5 7 16* 0
>10 days 31 3 6 21%* 1
Note: P<0.05 (Z test) is considered significant.
Table 2
Co-morbid conditions of patients on admission in trauma ICU
Ne Disease Condition No. Of patients (%), n = 100
1 Acute febrile illness 1
2 Anti- nuclear antibody 1
3 Biliary tract cancer 1
4 Contusion in Brain/ICH /SDH 79
5 Cardiac arrest 1
6 Cervical injury 1
7 Cranioplasty 1
8 Facial nerve palsy 1
9 Gall bladder surgery 1
10 Gl obstruction 1
11 Intestinal obstruction 1
12 Nephrolethotomy 1
13 Peritionities 1
14 Pneumothorax 5
15 Postpartum hemorrhage 1
16 Septic arthritis 1
17 Seizure 1
18 Superior orbital fissure 1

Note: ICH — intracerebral hemorrhage; SDH- subdural hematoma; Gl- gastrointestinal.
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The mortality rate was 54% in trauma intensive
care unit. 46% patients were transferred to different
wards of the hospital (Table 3). The average duration of
stay in trauma ICU was 8.58 days and average number
of drugs prescribed was 8.98. The average duration of
antimicrobials including all prescribed antibiotics to 100
traumas ICU patients was 5.91. The average length of
stay for patients in a U.S. research was 5.2 + 9.8 days,
and the overall death rate was 33% [14]. 8.58 days was
the average length of stay in the trauma intensive care

unit, and 8.98 medications were provided on average.
For 100 trauma ICU patients, the average duration of
antimicrobials, including all given medicines, was 5.91.
In a study reported from a trauma ICU, mean + SD
number of drugs was 9.1 + 6.5 [15]. In another study
the number was 12.1 + 7.6 [14]. The average number
of drugs should be kept as low as possible to minimize
the risk of drug interactions, development of bacterial
resistance and hospital costs [16].

Table 3
Patients characteristics and drugs prescription
Patients Characteristics TICU (n = 100)
Mortality 54
Mortality before 07 days 29
Mortality after 07 days 25
Transfer to ward 46
Average duration of stay in ICU (Mean + SD) 8.5816.21
Average no. of drugs prescribed (Mean + SD) 8.98+2.80
Average duration of antimicrobial agents (Mean + SD) 5.9141.66

Note: TICU- trauma intensive care unit; ICU- intensive care unit; SD- standard deviation.

We have expressed the frequency of medication
prescriptions using the DDD/100 bed-days technique
and the ATC categorization. We have determined
DDDs for the medications given to trauma intensive
care unit patients. The medication use metric that we
have employed is the DDD per 100 bed days (Table 4).
Because of the 100% occupancy rate during the trial, the
occupancy index in the DDD/100 bed-days computation
was 01. In grams, the DDD dosage and ATC code of
each antibiotic or combination were obtained from
the WHO ATC/DDD Toolkit, which is accessible on
the authorized website www.atcddd.fhi.no. Except
for cotrimoxazole, every antibiotic was administered
intravenously. The sum of all prescribed units times the
antibiotic’s potency in grams was used to determine
each antibiotic’s total dosage.

In our analysis, the most often used
medications among trauma intensive care unit
patients were piperacillin+tazobactam (10.64),
cefoperazone+sulbactam (5.21), amikacin (7.5),
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vancomycin (3.2), and linezolid (3.2) based on DDD/100
bed days. However, according to a research, penicillins
with beta-lactamase inhibitors were the most often
utilized class of antibiotics, followed by quinolones and
second-generation cephalosporins [17, 18]. meropenem,
ceftriaxone, and amoxicillin clavulanate consumption
in ddd / 100 Bed days were 61.41, 24.24, and 10.91 in
another investigation [19]. With their ever-increasing
use and misuse, microorganisms have developed
antimicrobial resistance in India and worldwide.
Klebsiella pneumoniae’s imipenem susceptibility
dropped from 65% in 2016 to 43% in 2021, according
to the Indian Council of Medical Research’s (ICMR)
2021 annual report in India, while Escherichia coli’s
imipenem susceptibility dropped from 86% in 2016 to
64% in 2021 [20]. A study done by Sharma et al. also
found that the sensitivity of Klebsiella pneumoniae
to meropenem decreased from 15% in 2018 to 2.5%
in 2022, while the sensitivity of Klebsiella to colistin
decreased from 96% in 2018 to 28% in 2022 [21]. The
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incidence and prevalence of antimicrobial-resistant- A number of variables, such as the severity of the
bacterial infections has attained incongruous levels disease, the requirement for extended hospitalization,
during 21st century and threatens global public health as  and the frequent use of broad-spectrum antibiotics, are
a silent pandemic, necessitating urgent interventions [22, linked to the formation and spread of bacterial resistance
23]. One significant factor affecting patient mortality in intensive care units.

and morbidity is bacterial resistance to medications.

164

Antibiotic use density according to DDD/100 patient-days along with ATC code in trauma ICU able 4
S.N. Antibiotics ROA ATC CODE DDD (gm) DDD/100 Bed Days
A. Group-Beta lactamase
i Cephalosporin
1 Cefixime v JO1DD08 0.4 0
2 Ceftazidime \% J01DD02 4 0.32
3 Cefotaxime \% J01DDO1 4 0.57
4 Ceftriaxone [\ J01DD04 2 2.10
5 Cefepime+Tazobactam v JO1DEO1 4 0.48
6 Cefoperazone+Sulbactam v J01DD62 4 5.21#
ii. Penicillin
1 Amoxicillin+clavulanic acid v JO1CR0O2 3 0.72
2 Piperacillin+Tazobactam [\ JO1CRO5 14 10.64#
3 Ticarcillin+ Clavulanicn Acid v JO1CRO3 15 0.25
iii. Carbapenems
1 Meropenem v JO1DHO02 3 2.42
2 Imipenem+Cilastatin [\ JO1DH51 2 1.76
iv. Monobactam
1 Aztreonam | \% | JO1DFO1 | 4 | 1.14
V. Sulfonamides
1 Cotrimoxazole v JOTEEOT | 4 | 0.17
B. Group- Macrolide
1 Azithromycin | omal | JOTFA10 | 03 | 0
i Fluro- Quinolone
1 Levofloxacin v JOTMA12 0.5 1.05
2 Ciprofloxacin v JOTMAO02 0.8 0.24
C. Group-Aminoglycoside
1 Amikacin v JO1GB06 1 7.5#
2 Clindamycin v JO1FFO1 1.8 6.17
D. Group-Nitroimidazole
1 Metronidazole v JO1XDO1 15 1.30
GAPMAKOMOI A
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Ending tabl. 4

S.N. Antibiotics ROA ATC CODE DDD (gm) DDD/100 Bed Days
E. Anti-Viral
1 Remedsvir v JO5AB16 0.1 0
F. Group- Others
1 Vancomycin [\ JO1XAO01 2 3.224#
2 Teicoplanin [\ JO1XA02 0.4 1.63
3 Rifampicin v JO04ABO03 0.6 0
4 Linezolid \% JO1XX08 2 3.29
5 Polymyxin B \% J01XB02 0.15 2.93

Note: ROA — root of administration; ATC — anatomical therapeutic chemical; DDD- defined daily dose.

Conclusion

The current study’s findings indicate that excessive
antibiotic usage can lead to antibiotic resistance, longer
hospital stays, and higher death. The institution’s
antimicrobial policy should be rigorously applied on
a regular basis, with a committee participating to ensure
the availability of standard treatment regimens and to
monitor prescription trends.
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YacToTa ucnonb3oBaHUss aHTUBMOTUKOB B OTAENT€HUU UHTEHCUBHOM
Tepanuu TpaBMaTosiorMyeckoro npodpunsa B MHOronpoguibHo’
6onbHuLe B 3anagHoM Pag)kacTtaHe

J.K. Bepma , A. I'exsiotr ~, H. Kymapu 8, P. Parxope

MepuiHCKUH Konepk uM. g-pa CamrypHaHaHzga, 2. Jocodxnyp, Padxcacman, HHdus
P neeta771@gmail.com

AHHOTanusa. AKmyaabHocmsb. Upe3MepHOe MCTI0/b30BaHie aHTUOUOTHKOB SIBJIsSIeTCs IPoO/ieMoii 0011je CTBEHHOTO
3/lpaBOOXpaHeHus], KOTOpasi HAHOCUT yiriepb Oe[HBIM 1 CpeJJHUM CTpPaHaM U CBsi3aHa C POCTOM PacXo/|0B Ha 3/[paBOOXpaHeHHe
Y aHTUMUKPOOHOM Pe3rCTeHTHOCThIO, KOTOPasi paCCMaTPUBAETCsI KaK Ba)KHBIM PUCK /IS 3710POBbsI HACEIeHHsI BO BCEM MHDE.
Kpome Toro, pe3srcTeHTHOCTh YBe/IMUMBAET PACXO/ibl, IPO//ieBaeT NpeObIBaHUe MalMeHToB B O0/IbHULIE U TIPUBOJUT K CMEPTHOCTH.
OripenienenHast cyrouHas o03a (OC/I) npencTasssieT cob0# CpeiHIO CYyTOUYHYIO TO//[ep>KUBAIOLIYO0 103y KOHKPETHOTO Tperapara
TSI B3POCJIBIX, TPHMEHSIEMYIO B COOTBETCTBUH C €r0 OCHOBHBIM ITOKa3aHUeM. [1/I0THOCTh MCII0/Ib30BaHUSI aHTHOMOTHKOB BBIPA)KAETCS
Kak orpe/ie/ieHHble cyTouHble f03bl/100 naryeHTo-aHeil. Leab. Llens AaHHOT0 HMCCie/j0BaHMsI — OLIeHUTh XapaKTep UCI0/Ib30BaHUs
AHTHOMOTHKOB U OTIPEJIE/TUT YaCTOTY MX TIPUMEHEHUs B OT/leJIeHUM MHTEHCUBHOM Teparuy TpaBMarosiornyeckux 6ombHeix (OUTT).
Mamepuanb! u MemoObl. B 3ToM NpOCTIeKTHBHOM 00CepBalMOHHOM MCCITe/JOBaHUY OBbITH TPOAHA/TM3UPOBaHbI IaHHbIE O Ha3HAYEHUSIX
antTnbroTrkoB 100 narpeHTam, nocsiefoBaresibHO nocTynuBiiuM B OUTT TpaBMaTosioruueckux 6obHBIX. B uccieoBaHye Obuiy
BKJTIOUEHBI MAIMeHThHI BCEX BO3PACTOB M 000X 10/10B, roctynuBime B OUTT B TeueHHe nepuo/ia UCC/Ie0BaHUs], KOTOPbIM ObLH
Ha3HaueHbl aHTHOMOTHKHY. VcciieioBaHte TPOBOUIOCH B TeUeHre BOCbMU MeCsIlieB, ¢ aBrycta 2022 nio mapt 2023 roga. B Teuenue
3TOTO Mepro/ia BCe BKIIFOUeHHbIe TIal[MeHThl Hab/Iiojaiiuch Ha MPOTsDKeHWH Bcero Tiepuofa npebwiBanusi B OUTT. Pe3yabmambl
u obcyxcoerue. Tlpy aHanmM3e COMyTCTBYIOUIMX 3a00sieBaHU ObLIO OTMEUeHO, uTo y 79% TareHToB HaO/mojanuch yimob
TOJIOBHOTO MO3Ta/BHYTPUMO3rOBOe KPOBOM3/IUsIHUE/CyOypabHast reMaroMa, a y 5% — rmHeBMoTopakc. CoriacHO JaHHbIM
OC/I/100 koiiko-iHel, B HaIlIeM MCC/Ie[0BAHUN HaKOoJIee uacTo UCTI0/Ib3yeMbIMU MPerapaTamMu y MaljieHTOB TPaBMaTo/I0rMYeckoro
OT/le/IeHUs] THTEHCHBHOM Teparnvu ObLM nurnepaluuiH+Tazobakram (10,64), edomnepason+cynsbakram (5,21), amukaiyH (7,5),
BaHKOMMIMH (3,2) u inHe301uf (3,2). Bbigoobl. Pe3ynbTaThl HaCTOSIIETO MCC/Ie[0BaHUs MIOKa3bIBalOT, YTO Upe3MepHoe
WCIIO/Ib30BaHNe aHTHOMOTUKOB MOXKET TIPUBECTH K PAa3BUTHIO aHTUOMOTHUKOPE3UCTEHTHOCTH, YBEJTMYEHUIO MTPO/I0JDKUTENBHOCTH
ripeObIBaHMsI B OOJTHHHIIE U TTOBBILIEHHUO0 CMEPTHOCTH.

KiroueBble €J10Ba: TJIOTHOCTDb UCIIO/Ib30BAHUSI aHTUOMOTHKOB, TPaBMAaTO/IOTMUYeCKOe OT/e/leHr e UHTeHCUBHOMW Teparviy,
AHTUOMOTHKOPE3UCTEHTHOCTD

Mudopmanust o puHaHCMPOBaHUHU. ABTOPHI He N0/TyYany (PMHAHCOBOM MOAIEePKKHU /151 IPOBeIeHNs UCCI/IeJOBaHUsI, HalTMCaHUsT
Y yO/IMKaLUK JIAHHOM CTaThH.

Bkunap aBropoB. [1.K. BepmMa — KOHI|eMLust NCCIej0BaHust, COOP [JaHHBIX, TOITOTOBKA PYKONUCH. A. T'e/10T — aHajM3 MoJTyueHHbIX
naHHbIX. P. Patxope — c60p 1 06paboTka royueHHbIX JaHHbIX. H. Kymapu — HamnucaHue TekcTa.

HNudopmanys o KOHQIUKTe HHTEPeCoB. ABTOPBI 3asIB/ISIFOT 00 OTCYTCTBUM KOH(IMKTOB UHTEPECOB.
JTHUYecKoe yTBepKAeHHe. [lepe/; HauasioM UCC/Ie0BaHYs ObIIO TIOMyUeHO pa3pelieHre STUYeCKOro KOMUTETa YUPEeXKeHUsT
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BiiarogapHocTi. Mbl UCKpEHHEe L[eHUM COTPYAHHUYECTBO KaXK/JOT0 YUaCTHUKA. MBI TaK)Ke XOTHUM BbIPa3WTh 0/1aroflapHOCTh
MeIULIUHCKOW KOMaH/le ¥ TEXHUUYeCKOMY TIepCOHaTy roCyZapCTBeHHOTO MeIULIMHCKOTO KOJIIe/iKa U OOBHULIBI UM. JI-pa
Camnypnanazzga, r. [bxoaxmnyp, Pampxacran, MHaus.

HudopmanmoHHoe coryiacue Ha myoMKanum. [TMcbkMeHHOe coriache Ha MCC/e[JOBaHKe U TyOIMKaIM0 COOTBETCTBYIOIeH
MeIUIIMHCKOW MH(OPMaLy OBIJIO TTOTyYeHO OT TIAal[ieHTOB B COOTBeTCTBUU C Jleknaparieit BMA 110 3THKe MeIUIUHCKAX
WCCIeOBaHMM C y9acTHeM desioBeKa (XenbCUHKCKasl Jeknapanys), 2013 .
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