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Rehabilitation of patients after a new coronavirus
infection COVID-19 at the second and third stage
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Alexey S. Kovalev', Sergei V. Tolmachev'
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BACKGROUND: Patients who have undergone a COVID-19 infection are in need of comprehensive rehabilitation, taking the
polysyndromic manifestations of the post- COVID syndrome and comorbidities into account.

AIM: The purpose of this article is the need to evaluate the effectiveness of medical rehabilitation programs for patients who
underwent a COVID-19 infection at the second and third stages of medical rehabilitation from the standpoint of evidence-based
medicine.

MATERIALS AND METHODS: 330 medical rehabilitation programs for patients who had a COVID-19 infection were exam-
ined. All patients underwent functional tests: control of blood oxygen saturation (Sp0,), spirometry, Stange, and Gench tests,
testing on the Borg exercise tolerance scale and the MRC dyspnea scale; the EQ-5D quality of life questionnaire was completed.
Patients were divided into 2 representative groups (160 and 170 people). The average duration of treatment was 14 days.
The methods of physical and rehabilitation medicine: therapeutic exercises, breathing exercises, and inhalation therapy were
applied to the patients in the observation group. Patients in the observation group underwent rehabilitation treatment programs
depending on comorbidities and severity of symptoms in organs and systems. The survey was conducted at 2 control points:
1 day (first), and 14 day (second).

RESULTS: The observation group showed significantly better recovery results (p < 0.05). The average values of the Stange
and Gench samples showed a positive trend. There was an improvement in the subjective assessment of the tolerability of the
6-minute walk test on the Borg scale, a decrease in the severity of dyspnea on the MRC dyspnea scale, and an improvement
in the quality of life on the EQ-5D scale.

CONCLUSION: The structure of the rehabilitation programs used in the clinic of medical rehabilitation and recovery treat-
ment was analysed, showing positive results that have indicated the effectiveness of the methods of physical and rehabilitation
medicine in patients with various manifestations of post-COVID syndrome.

Keywords: COVID-19; efficiency; medical rehabilitation; pathology; physical and rehabilitation medicine; post-COVID
syndrome; rehabilitation treatment.
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Peabunurauus nauueHToB, nepeHeclUUX HOBYIO
KopoHaBupycHyio uHpekuuio COVID-19, Ha BTopomM
U TpeTbeM 3Tanax

[1.B. Kosnen', T.P. Abycesa" 2, C.C. Xo3aunosa" 2, E.®. Kongpuna' 2, 1.A. Moabepeskuua’,
B.H. Mwyk', T.H. Kapnosa', U.B. KoHonnsanku', A.C. Kosanes', C.B. TonimMaues'

! BoeHHo-MeanuMHCKas aKagemus, CaHkT-Tetepbypr, Poccus;
2 CeBepo-3anajHblit rOCYAapPCTBEHHbIA MEAVLMHCKII YHUBEpCUTET uMenm W.A. Meunnkosa, CankT-Metepbypr, Poccusa

AxkmyaneHocme. [laumeHTbl, NepeHecLUne HOBYKO KOPOHABMPYCHYI0 MH(EKLIMIO, HYXAAI0TCA B KOMMJEKCHOW peabunuta-
LKW, YUUTBIBAs MOMCUHAPOMANTbHBIE NPOSBIEHWS MOCTKOBUAHOMO CMHAPOMA W COMYTCTBYIOLLYIO MaToA0ryI.

Lleny uccnedosaHus — oueHUTb 3DGEKTUBHOCTL NPOrPaMM MeMLMHCKON peabunutaumum naumueHToB, NepeHecLUnX Ho-
BYI0 KOpOHaBMpycHyto uHdekumio COVID-19, Ha BTOPOM U TpeTbeM 3Tamax 3TOi peabunmuTaumm ¢ NosuLMK A0Ka3aTesbHOV
MeJULMHBI.

Mamepuaner u Memodel. bbino obcnepoBaHo 330 YenoBek Mo NporpamMme MeAMLMHCKOW peabunutaumu naumeHToB,
MepeHecLUMX HOBYIO KOpPOHABMPYCHY0 MH@eKumio. BceM MM npoBoamnmnch GyHKUMOHaNbHbIE Npobbl: KOHTPOSb HaChILLEHUS
KpoBu KucnopofoM (Sp0,), cnupoMetpus, npobsl LTtaHre u [eHya, TecTMpoBaHWe Mo LUKane NepeHoCUMOCTU GU3NYECKUX
Harpy3oK bopra v wkane ogpiwky MRC, a Takke 3anosHANCA ONPOCHUK KavectBa wu3Hu EQ-5D. MaumeHTbl bbinu pas-
AeneHbl Ha 2 penpeseHTatuBHble rpynnbl (160 n 170 yenosek). CpeaHAs NPoOAOKMTENBLHOCTb Kypca JIeYeHns cocTaBua
14 pHeii. B npouecce peabunutaumm NauMeHTOB rpynnbl CPaBHEHWUS UCMOJb30BaNNCh MeToAbl (MU3NYeCKon U peabunuta-
LMOHHOM MefMLMHbI: NleyebHas rMMHACTUKa, [blxaTebHble YNpaXKHeHWs, WHransLMOHHAA Tepanus, a NauMeHTOB rpynmbl
HabmoaeHs — nporpaMMbl BOCCTaHOBUTENBLHOMO JIEYEHUs! B 3aBMCMMOCTM OT COMYTCTBYHOLLIEN NaToNIoruu W BbIpaXKeHHo-
CTU CMMMNTOMOB CO CTOPOHbI OpraHoB U cucteM. 0bcnefoBaHne NpoBOAUNIOCH MO 2 KOHTPOJbHBIM TouKaM: 1 AeHb (nepBsas),
14 peHb (BTOpan).

Pesynemamel. pynna HabntogeHust nokasana AOCTOBEPHO Nydlume pesynbTaTbl BoccTaHoBneHus (p < 0,05). CpeaHue
3HayeHus npob LUtaHre u MeHYa cBMAETENBCTBOBAM O MOOKMTENBHOM AMHAMUKE. Bbio 0TMEYEHO YnyulleHWe KayecTBa
u3Hu no wkane EQ-5D n cybbeKTMBHOM OLLEHKW NepeHOCMMOCTM TecTa C 6-MUHYTHOM xoasboi no wkane bopra, a Takke
YMeHbLLEHME BbIPaXKeHHOCTW OfbILLKK Mo WwKane ofpiwky MRC.

3arnoyeHue. AHanu3 CTPYKTYpbl peabunuTaumMoHHbIX MPOrpamMM, MPUMEHSEMBIX B KIIMHUKE MeAULMHCKOW peabunntaumum
1 BOCCTAHOBMTENBHOrO NeYeHus, Nokasan aQheKTMBHOCTb NPUMEHEHUS! METOA0B (U3MYECKON U peabunuTaLmMoHHoOWH Meau-
LiMHBI NPX NIEYEHUM NALMEHTOB C Pa3fINyHbIMU NPOSIBIEHUAIMU NOCTKOBUAHOTO CMHAPOMA.

KnioueBble cnoBa: BOCCTAHOBWUTENbHOE JIEYEHWe; MeAMLMHCKas peabunurauus; HoBasi KOPOHaBMpYCHas MHGbeKUMS
COVID-19; naTonorus; NOCTKOBUAHBIA CUHAPOM; GU3nYecKas v peabunmtaumoHHas MeanumnHa; 3G eKTUBHOCTb.
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BACKGROUND

Although the number of patients with acute corona-
virus disease 2019 (COVID-19) worldwide is decreas-
ing, the pandemic is still not under full control, and the
post-COVID syndrome is a challenging problem because
of the lack of systematization of multiorgan sequelae.
Many patients (16%-87%) experience post-COVID syn-
drome, with pneumologic and neuropsychologic symp-
toms being the most frequent manifestations. Pulmo-
nary fibrosis was the most common organ complication
found in patients with post-COVID syndrome. The num-
ber of symptoms of acute COVID-19, disease sever-
ity, and high serum D-dimer levels have been associ-
ated with a high risk of post-COVID syndrome, which is
listed in the International Classification of Diseases as
U09.9 “Condition after COVID19 unspecified.” It can sig-
nificantly affect the health status of surviving patients
[1-3].

In general, the spectrum of clinical manifestations of
both novel coronavirus infection (NCI) itself and post-
COVID syndrome is extremely variable. In most cases,
the respiratory system is affected; however, the most
lasting effects are noted on the nervous system. The
most frequent neuropsychiatric symptom was sleep
disturbance (cumulative prevalence, 27.4% [95%, confi-
dence interval 21.4%-34.4%]), followed by fatigue (24.4%
[17.5%-32.9%]), objective cognitive impairment (20.2%
[10.3-35.7%]), anxiety (19.1% [13.3%-26.8%]), and post-
traumatic stress (15.7% [9.9-24.1%]). Neuropsychiatric
symptoms are common and persist in patients even af-
ter recovery from NCI. The literature on long-term se-
quelae is still growing; however, available data suggest
a high prevalence of insomnia, fatigue, cognitive impair-
ment, and anxiety disorders in the first 6 months after
infection [4—6]. The number of patients with complaints
of musculoskeletal pain after NCI was also increasing.
Thus, in a systematic review consisting of a sample of
14,639 hospitalized and 11,070 nonhospitalized patients
with NCI, the overall rates of postcoital myalgia, joint pain,
and chest pain were 5.65%-18.15%, 4.6%-12.1%, and
7.8%-23.6%, respectively, at different follow-up periods
(after 30, 60, 90, and =180 days) during the first year af-
ter infection. The time trend analysis showed a decrease
in the prevalence of musculoskeletal pain after NCI from
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symptom onset until day 30, increased after 60 days,
and a second decrease after =180 days [7]. This makes
it important to consider multidisciplinary rehabilitation
programs in the follow-up of patients of working age.
For 2021-2022, >3300 publications on the rehabilitation
of patients with NCI, including 113 systematic reviews,
have been deposited in the PubMed and Cochrane da-
tabases, with >1700 studies and 70 systematic reviews
in 2022.

Owing to the large flow of patients with moderate,
severe, and extremely severe NCI, physical and reha-
bilitative medicine in patients with post-COVID syn-
drome must be defined. On average, nearly one-third
of NCI survivors were rehospitalized within the first
5 months after discharge and more than 1 in 10 died
(4 and 8 times higher than in the general population).
The rates are higher for persons aged >70 [8].

The study aimed to evaluate the effectiveness of me-
dical rehabilitation programs for patients with NCI in the
second and third stages of medical rehabilitation from
the perspective of evidence-based medicine due to the
large flow of people with post-COVID syndrome.

MATERIALS AND METHODS

Given the polysyndromal manifestations of chronic
NCI, the development of rehabilitation programs should
be based on a syndrome-pathogenetic approach. This ap-
proach is used in programs for patients with post-COVID
syndrome at all rehabilitation stages in the medical re-
habilitation and restorative treatment clinic of S.M. Kirov
Military Medical Academy. From September 2020 to De-
cember 2021, 330 patients with NCI of varying severity
levels were treated. Of these patients, 197 were in the
medical rehabilitation clinic (second stage), and anoth-
er 133 underwent rehabilitation on an outpatient basis
(third stage). Patients in the second and third stages were
evaluated using the rehabilitation routing scale SHRM2
score. They were divided into two representative groups:
the observation group (n=170) and the comparison
group (n = 160).

Individual rehabilitation programs for the observa-
tion group were developed depending on the prevailing
manifestations of post-COVID syndrome and taking into
account evidence-based recommendations [9] (Table 1),

Table 1. Evidence-based rehabilitation techniques for patients with post-COVID syndrome

Main |

Additional |

Auxiliary

Physical exercise (1, A)
Breathing exercises (1, A)
Inhalation therapy (1, A)
Noninvasive ventilation (2, B)

Continuous positive airway pressure (2, B)
High-intensity laser therapy (2, B)
Therapeutic massage (3, B)
Hydrokinesotherapy (2, B)
Neuromyostimulation (2, B)

Low-frequency magnetotherapy (3, B)
Climatotherapy (3, B)
Oscillatory modulation of
breathing (3, B)
Short-wave diathermy (3, B)

00k https://doiorg/ 1017816/ rmmar 109250
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using the scale for assessing the severity of functional
disorders in post-COVID syndrome [10].

The level of cogency of evidence and the validity of
recommendations for specific treatment methods were
weighted and ranked according to the regulatory docu-
ment (GOST R56034-2014) and the order of the Minis-
try of Health of the Russian Federation No. 103n dated
28.03.2019 “On approval of the procedure and terms for
the development of clinical recommendations, their re-
vision, the standard form of clinical recommendations
and requirements for their structure, composition and
scientific validity of the information included in clinical
recommendations.”

Classes of Recommendations. Class 1 includes con-
ditions under which, according to research data and/or
the general opinion of experts, the performance of pro-
cedures or a particular treatment method is useful, ef-
fective, and advantageous. Class 2 refers to conditions
under which research evidence is inconsistent, and ex-
pert opinion about the usefulness and/or effectiveness
of a procedure or specific treatment method differs.
Class 3 includes conditions in which according to avail-
able data and the general opinion of the experts, the pro-
cedure is not useful or effective and in some cases may
cause harm.

Levels of evidence. Level A refers to evidence from
multiple randomized clinical trials or meta-analyses.
Level B refers to data from a single randomized clinical
trial or large nonrandomized studies.

Breathing exercises and physical therapy were con-
ducted on all patients of the Medical Rehabilitation and
Restorative Treatment Clinic.

The comparison group utilized the physical and reha-
bilitation medicine methods of the main group according
to the evidence-based patient rehabilitation technology
table.

In the group with post-COVID syndrome receiving care
in the clinic for medical rehabilitation and restorative
treatment, restorative treatment programs were applied
depending on the concomitant pathology and severity of
symptoms in respiratory, cardiovascular, nervous, and
other systems.

Patients with prevailing symptoms in the respiratory
and cardiovascular systems underwent a course of po-
sitional and postural drainage, inhalation therapy with
mucolytics, haloinhalation therapy, and low- and high-
frequency magnetic therapy in combination with ultrap-
honopharesis/electrophoresis of anti-fibrotic drugs.

In the rehabilitation program for patients with respira-
tory insufficiency and prevention of heart attack and stroke,
a course of interval hypoxic-hyperoxic therapy consisting
of 3-7 procedures was an obligatory component.

Patients with psychoneurological manifestations re-
ceived a course of transcranial and general magneto-
therapy, darsonvalization of the scalp and collar zone in

Tom 41,N8 3, 2022
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combination with a course of psychotherapy, electroson
therapy, breathing exercises with arbitrary muscle rela-
xation, and manual therapy.

Patients with muscular and musculoskeletal disor-
ders should have increased tolerance to physical activity
by performing physical exercises to improve strength and
endurance, such as mechanotrainers, robotic simulators,
biofeedback simulators, and massage.

A universal method used in rehabilitation programs
for patients with polysyndromal manifestations is low-
frequency low-intensity magnetotherapy. The average
treatment duration was 14 days.

Upon admission to the clinic and at the end of the re-
habilitation treatment, all patients underwent a standard
examination: subjective status was assessed, physical
examination, functional tests such as blood oxygen satu-
ration (Sp0,), spirometry, Stange and Hench tests, Borg
exercise tolerance scale, and MRC dyspnea scale were
evaluated, and the EQ5D quality-of-life questionnaire
was completed.

STUDY RESULTS AND DISCUSSION

Based on the results of the analysis of the dynam-
ics of individual indicators monitored at the beginning
and end of medical rehabilitation of patients with NCI,
the blood oxygen saturation indices normalized in the
comparison group from 92.03 +0.30 (90%-96%) to
96.76 + 0.32 (93%-99%, p < 0.05) and in the observa-
tion group from 92.78 + 0.37 (90%-97%) to 98.22 + 0.23
(96%-100%, p < 0.05) (Fig. 1). The mean values of the
Stange and Hench tests in the observation and compari-
son groups showed positive dynamics (Fig. 2). In the ob-
servation group, the Stange test before treatment was
39.14 + 1.44 s; after treatment, 55.31 + 1.63 s (p < 0.05);
Hinch's test before treatment, 34.18 + 1.43 s; after treat-
ment, 48.34 + 1.24 s (p < 0.05). In the comparison group,
the Stange test values before and after treatment were
35.74 + 1.44 s and 53.32 £ 1.63 s (p < 0.05), respec-
tively. Hinch’s test values before and after treatment
were 33.12 + 1.42 s and 42.54 + 1.42 s, respectively
(p < 0.05).

According to spirography data, the vital capacity of
the lungs of the main and control groups with respiratory
system diseases was within the physiological norm in the
presence of clinical symptoms.

The subjective assessment of the tolerability to the
6-min walk test using the Borg scale from 4.33 + 0.27
(2-5 points) to 0.86 + 0.15 (0-2 points) in the observation
group and from 4.45 + 0.26 (2-6 points) to 1.91 £ 0.18
(1-3 points) (p <0.05) in the comparison group
(Fig. 3).

The severity of dyspnea according to the MRC dys-
pnea scale decreased from 3.33 + 0.34 (4 to 1 point)
to 1.33 £ 0.15 (2-1 point) in the comparison group and
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ison and observation groups before and after rehabilitation (Sp0,),
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Fig. 3. Dynamics of the subjective assessment of tolerability to the
6-min walk test according to the Borg scale in the comparison and
observation groups before and after rehabilitation

from 3.84 £ 0.21 (41 point) to 0.67 + 0.15 (1-0 point)
(p < 0.05) in the observation group (Fig. 4).

In the analysis of patients’ quality of life, the pres-
ence of health problems of varying degrees in patients
of both groups remains. According to the EQ5D ques-
tionnaire, patients in both groups reported improved
health and quality of life. In patients in the observa-
tion group, the before and after treatment values were
1.48 £ 0.18 and 1.12 £ 0.14, respectively (p < 0.05).
In the comparison group, the values before and after
treatment were 1.76 + 0.23 and 1.18 + 0.13, respectively
(p < 0.05).

CONCLUSION

The analysis of rehabilitation programs used in the
clinic for medical rehabilitation and rehabilitative treat-
ment has shown the possibility and effectiveness of
using physical and rehabilitation medicine methods
in patients with various manifestations of the post-
COVID syndrome. The rehabilitation needs of patients
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Fig. 4. Dynamics of dyspnea severity reduction according to
the MRC dyspnea scale

with NCI are increasingly recognized with a focus on
combating respiratory and neuromuscular dysfunc-
tion. Nevertheless, our data and data from worldwide
scientific sources indicate an urgent need to develop
new educational and training programs aimed at inter-
disciplinary rehabilitation of patients with post-COVID
syndrome.
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bopbba ¢ uHpekuuen, BoizBaHHoM SARS-CoV-2:
ONbIT U NEepcrneKTUBbI

K.B. paHos, K.B. Kosnos, 0.B. Manbues, .. Muknyw, B.B. LLlapabxaHos, K.B. KacbsHeHkKo,
B.B. lNopauenko, .M. l0pkaes

BoeHHo-MeauunHcKas akapemus, CaHkT-lletepbypr, Poccus

AxkmyaneHocme. HoBas KopoHaBupycHas WHGEKUMS — upesBblyalHas CuTyauus MeXayHapogHoro Macuitaba.
BoeHHo-MeauumHcKan akagemus umenn C.M. Kuposa, B ToM uncne Kadeapa v KIMHUKA MHAEKUMOHHBIX 6onesHei (C KypcoMm
MeJMLMHCKOI Napa3uTomorm U TponuYeckux 3aboneBaHni), akTUBHO y4acTByeT B bopbbe ¢ NaHAeMuel, a TakKe 3aHUMaeT-
€S U3Y4YEHMEM NaTOreHe3a, AMarHOCTUKY U JIeYeHUs AaHHOTO 3aboneBaHms.

Lleny — cucteMaT3MpoBaTh BbINOHEHHYKD B BoeHHO-MeaMUMHCKOW akafeMun paboTy B oTHOLLIEHUM Bopbbbl ¢ HOBOM
KOpOHaBMPYCHON UH(EKLMEIA.

Mamepuanel u Memodel. B HacTosLL el cTaTbe AaHa KpaTKas XapaKTepucTUKa UCCNeA0BaHNUA, NPOBEAEHHBIX B OTHOLLIE-
HWM 3TOro 3aboneBaHms.

Pesynemamel. MNpepctaeneH B3rnsg Kadenpbl Ha MHdeKumto, Bbi3BaHHylo SARS-CoV-2, KpaTKo OTpaXeHbl OCHOBHble
MoKasaTtenu paboTbl KIMHUKM MHDEKLMOHHBIX 6onie3Heli B bopbbe ¢ HOBOI KOPOHaBUPYCHOM MHEKLMEN U NPOAEMOHCTPUPO-
BaHbl COBCTBEHHbIE UCCef0BaHUA B 061acTu 3T0ro MHGEKLMOHHOro 3aboneBaHus.

3arnoyenue. Ha ocHoBaHUM NpofenaHHoOl HamMW HaydHoW paboTbl, MMEIOLLErocs OnbiTa JIeYeHUs NaLMEHTOB C HOBOVA
KOPOHaBMPYCHOM MHbeKUMeit copMyMpOBaHbl 0CHOBHbIE BbIBOALI M PEKOMEHLALMM:

1. HeobX0AMMO YYMTbIBaTb KIMHUYECKYH0 0CODEHHOCTb HOBOW KOPOHABMPYCHOWM MHMEKUMM — ANMTENbHbIA HavambHbIi
nepuog (1o 8 cyT), 4To CO3AaET UAMIO3UK MHUMOrO 6iaronosyyns 1 cnocobCTBYET NO3LHEN FOCMIUTANN3ALMUA.

2. lMonuMepasHas LienHas peakums He ABNAETCA MaeanbHbIM METOLOM AWarHOCTUKM, YTO CO3JaeT BEpPOATHOCTb Mosyye-
HWS NIOXHOOTPULATENbHOTO pe3ynbTaTa. B aToii cBA3M KNMHUKO-3NMAEMMONIOrMYecKas U PeHTreHonornyeckas auarHocTUKm
ABNAKOTCA ONpefensioLmMm.

3. OpraHu3aums paHHero aKTUBHOIO BbISBNEHUS DOMbHBIX BCEMM KIMHWYECKUMM (OpMaMu MHDEKUMM, BbI3BaHHOM
SARS-CoV-2, n cBoeBpeMeHHas WX rocnuTanM3aums CnocobCTBYHOT YMEHBLUEHWID PUCKA Pa3BUTUS TSKENOro TeuyeHus,
OCJIOXKHEHWI M 3MMLEMMOSIONMYECKOI 0NacHOCTU 60SbHBIX.

4. KoMnneKkcHas NpoTMBOBUPYCHAsA W aHTUKOAryNaHTHas Tepanus LoMXKHa ObITb paHHel (L0 5 cyT 0T KIIMHUYECKO MaHu-
tecTaumm), ynpexpatoLLen, HanpasieHHOW Ha CHUXEHWE BEPOSTHOCTW Pa3BUTUS MHEBMOHMWIA C AbIXaTesbHOM He0CTaTO4HO-
CTbl0 M TPOMD030B BETBEV NIErOYHON apTepun.

5. MpoTnBOBOCNANUTENBHAsA Tepanus MOBbLILIAET BbIKMBAEMOCTb MALMEHTOB C TSKENbIM TEYEHUEM HOBOW KOPOHOBMpYC-
HOM MHOEKLMM M [OMMHA Ha3HAYaTbCA KaK MOXHO PaHbLUe C NPEBEHTUBHON LieSIbio MpU NePBbIX MAHUMANbHBIX KIIMHUKO-
nabopaTopHbIX NPU3HaKaX rMNepBOCNanUTENIbHON peakLmu.

KnioueBble cnosa: COVID-19; uHrubutopbl WJ1-6; kKnuHudeckas natoduanonorus; natoreHetudeckas tepanus; SARS-CoV-2;
3M1EKTPOHHAA MUKPOCKOMUS; STUOTPONHAs Tepanus.
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Fighting SARS-CoV-2 infection: experience and prospects

Konstantin V. Zhdanov, Konstantin V. Kozlov, Oleg V. Mal'tsev, Panteley I. Miklush,
Valerian V. Sharabkhanov, Kristina V. Kasyanenko, Vera V. Gordienko, Igor’ M. Yurkaev

Military Medical Academy, Saint Petersburg, Russia

BACKGROUND: COVID-19 is an international emergency. The Military Medical Academy, including the Department and Clinic
of Infectious Diseases (with a course in medical parasitology and tropical diseases) are actively involved in the fight against the
COVID-19 pandemic, and are also studying the pathogenesis, diagnosis and treatment of this disease.

AIM: to systematize the work done at the Military Medical Academy in relation to the fight against a new coronavirus
infection.

MATERIALS AND METHODS: This article provides a brief description of the studies conducted in relation to COVID-19.

RESULTS: The department’s view of the infection caused by SARS-CoV-2 is presented, the main indicators of the work
of the clinic of infectious diseases in the fight against COVID-19 are briefly reflected, and their own research in the field of this
infectious disease is demonstrated.

CONCLUSION: Based on our scientific work, our experience in treating patients with a new coronavirus infection, the main
conclusions and recommendations are formulated:

1. It is necessary to take into account the clinical feature of COVID-19 — a long initial period (up to 8 days), which creates
the illusion of imaginary well-being and contributes to late hospitalization.

2. PCR is not an ideal diagnostic method, which creates the possibility of obtaining a false negative result. In this regard,
clinical, epidemiological and radiological diagnostics are decisive.

3. The organization of early active detection of patients with all clinical forms of infection caused by SARS-CoV-2, and their
timely hospitalization helps to reduce the risk of developing a severe course, complications and epidemiological danger of
patients.

4. Complex antiviral and anticoagulant therapy should be early (up to 5 days from the clinical manifestation), proactive,
aimed at reducing the likelihood of developing pneumonia with respiratory failure and thrombosis of the LA branches.

5. Anti-inflammatory therapy increases the survival of patients with severe COVID-19 and should be administered as early
as possible with a preventive goal at the first minimal clinical and laboratory signs of a hyperinflammatory response.

Keywords: clinical pathophysiology; COVID-19; electron microscopy; etiotropic therapy; IL-6 inhibitors; pathogenetic therapy;
SARS-CoV-2.
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OPTHATIBHBIE MCCTTE [IOBAHMA

Mo onpenenennto BceMupHoii opraHu3aLmm 3apaBooxpa-
HeHus, Ype3BblyaiHON CuTyaLyMeid B 0bnactu obLiecTBeHHo-
ro 3paB0OXPaHEHMS, UMEIOLLEN MeXAYHapOAHOe 3HaueHNe,
CUMTaeTCs IKCTpaopaMHapHoe cobbiTe, KOTOpoe NpeacTas-
NseT PUCK ANS 3A0POBbS HACeNIEHUs B PYrUX CTpaHax M3-3a
MeXyHapoAHOro pacnpocTpaHeHus 6one3Hu, a Takxe cro-
cobHoe noTpeboBaTh CKOOPAMHMPOBAHHBIX MEXAYHAPOAHbIX
OTBETHbIX Mep. B cOOTBETCTBUM C AaHHBIM OMpeeNieHUEM,
HoBas KopoHaBupycHas uHgekums (COVID-19) aensetcs
upesBblYalHO CUTyaLMelt MexayHapoHoro MaclTaba.

Mo AaHHBIM caiiTa cTonKopoHaBupyc.pd, 3aboneBaeMocTb
COVID-19 B Poccum no coCTOsHMIO Ha cepefvHy anpens
2022 r. coctasnsna 3,5 % (17778928 cnyyaes) ot rnobanb-
HoM 3aboneBaeMocTW. MHorMe MeaMUMHCKUE YUYpeXaeHus
Poccum, B ToM uncne BoeHHo-MeAMUMHCKas akafeMus UMe-
Hn C.M. Kupoea (BMepA), ydacTByloT B OKa3aHUM MOMOLLIA
BonbHbIM ¢ COVID-19 [1]. 3a 2021 r. B BMepgA 6bino npo-
neyeHo 56,1 % BoeHHOCYXKaLLMX C 3TUM AanarHo3oM, 23,3 %
nauueHToB no cucteMe 0643aTeNbHON0 MeAMLIMHCKOrO
cTpaxoBaHus, 20,5 % npounx nbroTHeIX nauueHTos. [lo oT-
yeTy rnaBHoro uHdekumonucta MO PO, pacnpepenenve na-
LMeHToB Mo dopMaM 3aboneBaHus Buirnaneno Tak: 41,74 %
COCTaBfiANa MHannapaHTHas uHbekums; 36,7 % — octpas
pecnupaTopHas MH(EKLMA BEPXHUX AbIXaTeNbHbIX NYTeN;
21,56 % — BMpYCHOE MOpPaXKEHME NETKMUX.

PacnpeneneHne rocnuTanMsuMpoBaHHbIX MaLMEHTOB
¢ COVID-19 no KnMHM4eckuM hopMaM B 3aBUCHMOCTU OT Npe-
obnapatoLiero BapuaHTa SARS-CoV-2 B 2020-2021 rr. Bce na-
LIMEHTbI BHOCWIUCH B COOTBETCTBYIOLLMA perucTp [2] (Tabn. 1).

PocT KonmuyecTBa BMPYCHBIX MOPaXKEHWN JIETKUX Y ro-
CMUTaNM3UPOBaHHbIX NaLMEHTOB CBA3aH C 0COBEHHOCTS-
mu Tedenus COVID-19, Bbi3BaHHOM pa3HbIMM BapuaHTamMu
SARS-CoV-2, a TakxKe N0r14HbIM COBEPLLEHCTBOBAHWEM aM-
BynaTopHon noMoLLu.

B knmHuKe uHdeKumoHHbIX 6onesHen BMepA 3a 2020 r.
bbino nponeveHo 1609 naumentoB ¢ COVID-19, u3 Hux
CO cpefHen TxecTblo 3abonesaHns 80 %, c TsxenbIM ero
TeyeHneM — 19 %; B 2021 r. — 2053, npu 3TOM CO cpefiHel
TAXECTbo — 62,3 %, ¢ TaxenbiM TedeHnemM — 17,7 %.

lMoka3aTenu paboTbl OTAENEHUA peaHUMaLUU U UHTEH-
CMBHOW Tepanumn KIIMHUKM MHBEKLMOHHBIX BonesHen BMepA
B 2020-M (KonM4ecTBO NponeYeHHbIX NaumeHTos — n = 115)
n 2021 r. (n = 175) B cpaBHeHuM ¢ aaHHbIMKU DepepanbHoro
[OMCTaHLMOHHOIO KOHCYNbTaTUBHOIO LIEHTPa aHecTe3nosorm
1 peaHumartonorum Mepeoro MockoBCKOro rocyAapCTBEHHOIO
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MeamumHcKoro yHusepeuteta (NMMIMY) um. U.M. CeyeHosa
(n=1522) bbinn cnepyoWNMMK: NETanbHOCTb COCTaBUNA
29,5 % B 2020-M (Bo3pacT 64,7 (23-91) ner, Koliko-geHb 17,5
(3-61) pHeit) n 30,8 % B 2021 r. (Bo3pact 62,1 (39-87) ner,
KOMKo-AeHb 12 (2-31 AHe)) B KIMHWKE WMHQEKLMOHHBIX
bonesHeit BMegA, B OPUT NIMIMY B 2020 r. netansHocTb
cocTaBuna 65,4 % (MeauaHa BospacTa 62 roaa, KoWMKo-AeHb
16 (9-27) pHew).

JletanbHocTb 0T MHbeKuuK, Bbi3BaHHOM SARS-CoV-2,
no coctosHuio Ha MapT 2022 r. octaBanacb BbICOKOM: [JI0-
banbHo B Mupe — 1,7 %; B Poccun — 2,9 %; B r. CaHKT-
Metepbypre — 3,3 %; B BMegA — 3,2 %; B Boopy»KeHHbIX
cunax PO — 0,1 %. Mo pe3ynbratam aHanu3a, NpoBefeHHO-
ro Ha Kadeape MH(EKUMOHHbIX bonesHen BMepA, B CTpyk-
Type KOMOPOMOHOCTY Y YMepLUMX Yallle BCEro BbISBNSANMCH
nwemMuyeckas bonesHb cepaua, XpoHWUYECKas CepAeyHas
HeL,0CTaTOYHOCTb, OXWPEHWe, caxapHbld auabet 2-ro Tvna
un oHkonorus. [uarHo3 COVID-19 noaTBepxaeH Ha BCKPbI-
v y 100 % ymepLumx (sBASICA OCHOBHBIM KIIMHUYECKUM
AMarHosoM y 62,5 %). CpesHuii Bo3pacT yMepLUMX COCTaB-
nan 65 (42-78) net, 50 % — crapwe 73 net. 62,5 % naum-
eHTOB Oblnn rocnutanuavpoBaHbl Ha 10—15-e cyT, npu aTom
CpenHeTsKeNoe TeYeHUe Ha MOMEHT rocnuTanu3aLmm oTMe-
yanocb Yy 62,5 % naumneHToB, CPeaHMI KOMKO-AeHb COCTaBUN
17,2 ohs.

YuutbiBas rnobanbHoe pacnpoctpaHeHue COVID-19
B 2020-2021 rr., cneunanuctsl BMegA, B 7. u. bonee 20 cne-
LManucToB Kadeapbl M KIIMHUKWN MHPEKLMOHHBIX 6one3Hell
(c KypcoM MeMUMHCKOI Napa3nToONOrMM U TPOMUYECKUX 3a-
BoneBaHmit), A1 OKa3aHUA METOLMUYECKOW M MpaKTUYECKOl
MoMoLLM yupexaeHuaM MunspgpaBa PO bbinm HanpaeneHbl
B pasnuyHble pernoHbl Poccum (MockoBckas, Tynbckas,
lNckoBckan, Kypranckas, MpkyTckas obnactu, pecnybnauku
Kapenus, CesepHast Ocetus, ToiBa, r. XabapoBck), bamxHee
u nanbHee 3apybexbe (Mtanus, Cepbus, Kasaxcran) [4, 5].

[ins nonHoueHHOro n 3GheKTMBHOrO OKa3aHWUs Meau-
UMHCKoW noMowwm npu COVID-19 Heobxoaumo 3HaTb Kiu-
HWYeCKytlo natoduamnonoruo atoro 3abonesanms. Kak y Bcex
OCTPbIX MH(EKLMOHHBLIX 3a00NeBaHMIA, y HEro O0TMevaeTcs
XapaKTepHas TPeXCTaAuiHas LMKIMYHOCTL (HayanbHbIV ne-
PWOA, pasrap U ucxogpl).

Cragus | (HaYanbHbI NEpUo, WM paHHANA MHbeKLMS,
C Havana 3abonesaHus no 6-8-e cyT). Y bonblMHCTBA na-
LMEHTOB KJIMHUYECKM MpOSABNAETCA Hecneunmduyeckumu
CMMMTOMaMM, TaKUMM KaK He[LOMOraHue, IMX0pajaKa 1 cyxol

Tabnuua 1. [lvHamuka pacnpegenexus kiuHudeckux ¢opm COVID-19 B 3aBucumocTv oT BapuaHTa Bo3byautens SARS-CoV-2

B 2020-2021rr., %

a-BapuaHT 6-BapuaHTt
®opma 3abonesaHus
03-07.2020 | 10.2020-02.2021 04-08.2021 09-12.2021
BupycHoe nopaeHue nerkmx 24,2 64,5 61,0 84,5
0P3 48,1 355 39,0 15,5
WMHannapaHTHas MHpeKums 27,7 0 0 0
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Kawwenb. B TeyeHme 3toro nepuoga SARS-CoV-2 akTuBHO pe-
MIWLMPYETCS, B NMEPBYI0 0Yepefb B BEPXHUX AbIXaTeslbHbIX
nyTax. MonobHo SARS-CoV (cBA3aHHbIN co BCmbIKoi SARS
B 2002-2003 rr.), SARS-CoV-2 cBs3biBaeTcA C peLento-
paMu aHrMOTEH3MHMPEeBpaLLaloLero depMeHTa 2-ro Tuna.
3™ peuienTopbl B B0MBLLOM KOMMYECTBE NPUCYTCTBYIOT B 3MK-
TENMU NEFKUX W TOHKOW KWLLKYM YeNoBeKa, IHA0TENUM COCy-
[0B. B pesynbTtate B03ayLIHO-KanenbHOro nyTu nepefayu
M CPOACTBA K JIETOYHLIM PeLenTopaM aHrMoTeH3UHNpeBpa-
watowlero dhepMeHTa 2-ro TMna MHGEKLMOHHBIA NpoLecc
06bI4HO NPOABNISAETCA NErKUMM PecrmpaTopHBIMU U CUCTEM-
HbIMM cMMNTOMaMu. JleyeHne Ha 3TOW CTaguu B NepBylo
oYyepedb MpeAanonaraeT UCMoNb30BaHUE MPOTUBOBUPYCHBIX
npenapaTtoB 1 CUMNTOMaTUYECKO Tepanuy.

Cragus Il (TMnUYHBIA Nepuog, pasrapa, NeroyHast MHpeK-
uus, ¢ 6—8-x cyt 3abonesanus no 20-25-e cyt). [daHHas
CTaflsi XapaKTepu3yeTcs BUPYCHOM pensiMKauuen u neroy-
HbIM BOCManeHvWeM. Ha 3ToM 3Tane y nauueHTOB pa3BuBa-
eTCA BMPYCHOE MOPaXeHWe JErkux C KaluneM, IMXopagKoi
W, B HEKOTOPBIX CRyyasx, rmnokcuent. Mpu penTreHorpadum
WM KOMMbIOTEPHOW ToMorpaduu rpyaHON KIeTKU BbiSBNS-
0T [BYCTOPOHHWE WH(WUNLTPATHI UK 3aTEMHEHWS MO TUMY
«MaTOBOro CTeKMa». B aHanMsax KpoBu onpeaensioT UM-
(oneHno, NOBbILIEHNE MAPKEPOB CUCTEMHOIO BOCMANEHUS.
MeHHo Ha 3TOM 3Tane 6onblKMHCTBY NauueHTos ¢ COVID-19
TpebyeTcs rocnuTanu3aumns Ans TwatenbHoro HabnoaeHus
W nedyeHus. JleyeHue COCTOMUT M3 MOAAEPIKMBAOLLMX Mep
1 BOCTYMHbIX NPOTMBOBUPYCHBIX Npenapatos. |l ctaguio 3a-
boneBaHusa cnepyet noapasnenstb Ha craguio lIA (6es ru-
nokcuu, ¢ 6—8-x mo 12-15-e cyt bonesnmn) u ctaguio |IB
(C rMnoKcumel, UMTOKMHOBBIM WwTopMoM M OPAC, ¢ 12-15-x
no 20-25-e cyT 3aboneBanus). Ha paHHen ctagum (I1A) B He-
KOTOpbIX C/ly4asx BO3MOXHO 06oiTUCL Ge3 npuMeHeHus
rnokokopTukocTeponaos (TKC). OfHaKo ecnm BO3HUKaeT ru-
nokeus (I1B), naumeHTbl HYXAaloTCA B peCnMpaTopHoOn nog-
LEPKKEe U NPUMEHEHUM NPOTMBOBOCMANMTENIBHON Tepanuu
(TKC, ynpexpatoLas TapreTHast aHTULMTOKMHOBAs Tepanus).

[l cTagus — npu NecCMMUCTMYECKOM CLieHapuu naro-
reHesa — cucteMHoe runepsocnanenme (¢ 20-25-x cyt
bonesnu). Ctagusa NposBNSeTCS CUHAPOMOM BHENETOYHOrO
CUCTEMHOrO0 NaToNorMyeckKoro runepeocnanexus. Ha atom
CTaflu1 MapKepbl CUCTEMHOIO BOCMaNIEHMS BbIPaXeHO MoBbI-
weHbl. COVID-19 npuBoanT K MMMyHOLEDULNTY: CHUMEHUIO
KOJMYecTBa XENINEpHbIX, CYNPEeCCOPHbIX M PerynsTopHbIX
T-kneTok. WccnenoBaHus nokasan, YTo Y MauMeHToB C To-
XeNbIM TeYyeHUeM 3aboneBaHUs 3HAUUTENIBHO MOBbILIEHbI
BOCNaNMUTeNbHble LIMTOKUHBI M BUoMapKepbl, Takue Kak WJT-2,
Wi-6, WI1-7, rpaHynouMTapHbliA KOIOHUECTUMYIUPYHOLLWIA
takTop, MakpodaranbHblii BocnanuTesbHbld benok 1-a,
taKTop Hekposa onyxonu-a, C-peakTuBHbin 6enok (CPB),
tepputnH 1 D-gumep. Ha atoii cTagum pa3suBatoTcs Apixa-
TeNbHas HeAO0CTaTOYHOCTb, PYrue CUCTEMHbIE MOpPaXKeHus
OpraHoB, 4acto — cencuc. Tepanus Ha Il ctagum orpaHu-
UMBAETCA UMMYHOMOZYNMPYIOLLMMM CPeLCTBAaMU ANS YMEHb-
LUEHMS| CUCTEMHOrO BOCMaNeHUs 40 TOro, KaK OHO NMpuUBEAET
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K nosmopraHHon aucdyHKuuu. B aton dase akTMBHO npu-
MeHsoT [KC, a aHTULMTOKMHOBas Tepanua yKe He NoKasaHa.
B uenom, nporHo3 npu paseuUTWM 3TOM CTagUM HeonpeneneH-
HbIi MK HebnaronpusTHLIN [6—8].

CoTpyaHuKamm Kadeapbl MHEKUMOHHBIX 6onesHei BMegA
uccnepoBaHbl TpoMboTuueckue ocnoxHenns COVID-19.
3JT0T BOMpOC 00CyXAancs yueHbIMKU akagemum B xoae MBTO
«Apmus-2021» Kak npobnemHbliii [9]. BbisBneHo, uto Hau-
bonee BbICOKUIA PUCK TPOMBOTUHECKUX OCNOXHEHWUN Habko-
Larca Y NaLMEeHTOB C 0XMpeHWeM (puck Bospactan B 18 pas).
Hanuuue octporo HapyLueHus M03roBoro KpoBoobpallexus
B aHaMHe3e, a TakXKe BO3pacT NaLMeHTOB He OKa3blBanM CTa-
TUCTUYECKM 3HAUMMOTO BAUSIHUS Ha YacToTy pa3BUTUS TPOM-
DOTUYECKMX OCNIOKHEHMUIA.

B KnuHuKe MHbeKUMOHHbIX 6one3Heit BMenA BobisiBneHa
B3aMMOCBA3b HEKOTOPbIX CUMNTOMOB 3a00/1eBaHUA C TAXeE-
cTbio TeyeHuss COVID-19 (a u & BapumaHTbl): aHocMMA Yalue
onpefenanach y nauueHToB ¢ ierkum Tedennem (p = 0,09).

Mpn COVID-19 Habniopaetca TMnuyHas nabopaTopHas
KapTuHa: nelikonenus (33,7 %); numdonenus (82,1 %); Tpom-
bouutonenus (36,2 %); noswitwenne JIAI 6onee 250 ep./n
(41,5 %); nosblweHne depputuHa bonee 250 en./n (86 %);
BbICOKME KOHLeHTpauun D-auMepa (nosinsioTcs aaxe y na-
umeHToB ¢ OPBW).

CPB, npoKanbLUMTOHUH NpY KOPOHABMPYCHON MHEBMOHUM
M3HayanbHO 0bbIYHO HaxoAATcs B mpepenax pedepeHcHbIX
3HaYeHMI U He3HAUNUTENIbHO NOBbILLEHBI. B nepuog, pasra-
pa 3aboneBaHus, Kak Npasuo, oTMeyaeTcs nosbilieHne CPb
MpU COXpaHeHUM HOPMasIbHbIX 3HaYEHWUN MPOKaNbLUTOHUHA.
MosbiweHue CPB 1 NpoKanbUMTOHMHA B AWMHAaMUKe CBUAE-
TENbCTBYET O NPUCOEAMHEHUN BaKTepuanbHOM MHGEKLMM
W KOPPENMPYET C TSKECTBH) TEYEHUS, PacnpOCTPaHEHHOCTLH
BOCMaNUTENbHON MHOUNIBTPALMKM 1 NPOTHO30M Mpu baKTepu-
anbHbIX OCIIOXKHEHUSAX.

MeToaumKoii Beibopa crneunpuyecKon AMarHoCTUKU SAB-
nseTca nonvMepasHas uenHas peakuus (MUP) B pexwme
peanbHoro BpeMeHu (amnnmdumKaums), YyBCTBUTENbHOCTb
76-92 %, cneumdmunocte — 100 %. Cpena Bbibopa — oT-
LEeNIIeMOe CO CITU3UCTOM HOCO- U POTOrNOTKU. [pn 3TOM 0AMH
1 Bonee oTpuaTenbHbIi pesynbTat He uckoyaet COVID-19.
Ceponoruyeckue MeToibl AUArHOCTUKW HOCAT BCIOMOraTeslb-
Hble dyHKumm [10, 11].

B MuHobopoHbl Poccun ¢ mapta 2020 r. npoBoamTcs
MPEeBEHTUBHOE CMJ/IOLIHOE TECTUPOBaHWE BOEHHOCTYXKaLLMX
U rpaXkaaHckoro nepcoHana metofoM MLUP (ao 11,5 Thic. Te-
cToB) [12-14].

AKTVBHO WccnenyoTCA AONONHUTENbHBIE MeToAbl Aua-
rHocTuKu. TaK, B BMe A n3yueHbl BO3MOXHOCTM 3NIEKTPOHHOM
MWKPOCKOMUM NpYW UcCnefoBaHWM 61onTaTos cAm3ncTon obo-
NOYKU HOCOTIOTKM C LIENbHO BbIABJIEHWUS XapaKTEPHbIX U3MeHe-
HWW XU3HEHHOro Lmkia Bupyca SARS-CoV-2 B 3aBucuMocTH
oT da3sbl UHPEKLMOHHOTO NpoLiecca U KIMHUYECKOW (hopMbl
COVID-19. Pe3ynbTaThbl 31eKTPOHHOW MUKPOCKOMUM TKaHU HO-
COTTIOTKY Y MALMEHTOB C Pa3fUYHbIMU KITMHUYECKUMU (opMa-
MU MHBeKLMK, Bbi3BaHHOW SARS-CoV-2: npu nHannapaHTHo




OPTHATIBHBIE MCCTTE [IOBAHMA

topme B KNeTKax BUPYCHbIE YaCTWLbI BbISBEHBI He Obinu;
npu OPBW Bupyc onpenensncs B HayanbHOM Mepuofe,
nepuofe pasrapa U peKoHBanecLeHUuW; B Ciyyae BUpYyC-
HOro MopakeHus JIerknx — TONbKO B Ha4anbHOM Mepuoge,
O[IHAKO MMEHHO npu 3Toi dopme 3aboneBaHus BuU3yanu-
3upoBanacb Haubonbluas KOHLEHTPAUMUs BUPYCHBIX YacTwL,
SARS-CoV-2 B Be3nKynax 1 KieTKax B LieNIoM.

BeposTHO, Ans pasBUTMS BMPYCHOTO MOPAaMEHUs fer-
KMX BUPYC LOJIKEH HAKOMUTLCS B BBICOKUX KOHLLEHTPALMAX
B Be3uKynax. [locne 3Ttoro npu CAMSHUM TNagKUX BE3MKYI
C Nj1a3MaTnyecKoi MeMbpaHoi NPOUCX0ANUT 0GHOMOMEHTHOE
BbICBODOXKEHNE U3 KIETKU 3HAUMTeNIbHO Bonbluero Komu-
yecTBa BUPUOHOB (B cpaBHeHun ¢ OPBW), uto cnocobeTByeT
bonee TAXENOMy NaToreHeTUHECKOMY NPOLIECCY W BbICOKOIA
BEPOSTHOCTW reMaToreHHoi AucceMmHaumm Bupyca [15].

Mpn neyenmn COVID-19 npuMeHSIOT BaKHbIA NPUHLMN:
cTporoe cobnofieHWe cTaHLapTa JieYeHus ¢ UHAMBULYaSb-
HbIM MOAX0A0M K Ka)aoMy naumenty. CTpaterum Tepanuu
naumeHToB ¢ UHdeKumeld, Bbi3BaHHOW SARS-CoV-2, ocHoBa-
Hbl Ha KITMHUYECKWX HabMIlOAeHNSX M TMOTETUYECKON NoJb3e
ong bonbHoro. Bee oHu TpebyloT OLEeHKM ¢ Mo3uumin Hage-
Xallel KIMHUYeCKON NPaKTUKN.

KoMnnekcHo M no MoKasaHusM MPUMEHSIIT 3TUOTPON-
HYl0 UM naToreHeTUdeckyr Tepanuio. B Poccum ucnonbsytot
crefylolime npenapartbl A8 3TMOTPONHOMO neyeHus: «Mon-
Hynupasup», «DaBunupasup», «Pemaecnsup», «YMudbeHo-
Bup», «MHTepdepoH-anbha 2B», «AHTUKOBMAHAA Nna3Mman,
«MMMyHornobynuH yenoseka npotue COVID-19», «Perpak-
BUMab», «CoTpoBuMab», «bamnaHusnMab + 31eceBuMab»,
«KacupuuMab + Mmpesumab», «HupMatpensup + PutoHa-
BUp», «PrnamMunosupy.

B kauecTBe MpoTMBOBOCMANMTENILHOM Tepanuu npuMe-
Hatotca: TKC, UI-1 nHrnbutopsl («AHakuHpax); UI-6 nHru-
outopsl («ToumnusyMab», «OnokusyMab», «JleBUnumMad»);
UMMyHOTNI06YNMHBI («MeHTornobuH»); JAK-uHrnbutopel («ba-
PULIMTUHNGY, «PYKCONMTUHMGY). BONBLUMHCTBO M3 ONMCaHHBIX
BblLLie NpenapaToB NPUMEHSAIT B BOEHHO-MeAULMHCKUX Op-
raHusaumax Munuctepctea 06opoHbl PO npu COVID-19.

Ha kadenpe uHpeKuMoHHbIX 6onesHen BMepA wnccne-
[0BaHa KMHWYecKas 3¢ deKTUBHOCTL M 6e30MacHOCTb Npu-
MeHeHWs «PuamMunoBupa» npu NEYeHUM NaLMEHTOB C WH-
teKuwen, BbiaBaHHoi SARS-CoV-2. Mpenapat fosuposancs
B pexkume «off-label» no cxeme 250 Mr 5 pas B cyT. Uccne-
[0BaHMe MOKasano, YTo paHHee Hayano MpoTUBOBUPYCHOM
Tepanun «PuamunoBupoM» (10 72 4 0T MOMeHTa nosBre-
HWSA KIIMHUYECKWUX CUMMTOMOB 3ab0JieBaHNs) N0 CPaBHEHMIO
C NpUMeHeHWeM KoMbuHaumm «YmudeHosupa» ¢ «Pubasu-
PUHOM» B AOMOJIHEHWE K CTaHAPTHON Tepanuu MalMeHToB
Monogoro Bo3pacta ¢ COVID-19 accoummpoBaHo co ctatu-
CTUYECKU 3HAUMMBIM KIIMHUYECKUM YIyYLLIEHNEM W YCKOpe-
HWEM CPOKOB 3/IMMUHALMK BUPYCA CO CAM3MCTON 0600YKM
HOCO-, POTOrNIOTKM MO AaHHbIM MLUP [16].

TaK e NpoBoAMNIach OLEHKa KIMHMYeCKon 3ddeKTuB-
HOCTM M 6Ee30MacHOCTU WHraNALMOHHOMO MPOCTALMKIMHA
(mnonpocT) y naumentoB ¢ COVID-19. Bbino yctaHoBneHo
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CTaTUCTUYECKM 3HAYMMOE CHUKEHME JJIUTENbHOCTU JIMXO-
PagKu, BbIpaXXEHHOCTU U ANUTENBHOCTM CMHAPOMaA obLueil
MHAEKLMOHHON MHTOKCUKALMMW, MPOAOIIKUTENBHOCTM KaLLAS
B MUCCriedyeMoi rpynne, a Take AOCTOBEPHOE YBENMYeHUe
HEKOTOpPbIX MOKa3aTenel KIWMHWMYECKOro aHanu3a KpoBH
(tpoMbouuTel, TMMdoumTL). B MccnefoBaluM nokasaHa Te-
paneBTMYecKas 3QPEKTUBHOCTL M XOPOLLKIA Npodunb bes-
OMaCcHOCTU MHranALUMOHHOTO MPOCTaLMKIMHA Y NaLMEHTOB
¢ COVID-19 cpenHen ctenenu Taxecty [17].

Ha kadenpe uHeKUMOHHbIX DonesHen uccnepoBaHa
npoTuBoBocnanuTenbHas Tepanusa npu COVID-19. B aHanus
Bbinm BKIOYeHb! 550 NaumreHToB ¢ 3TMM 3aboneBaHueM (75 %
MYXUMHBI, cpeaHuin BospacT 51 (25-86) rop). Mo cTeneHu
TSIKECTW NMaLMeHTbI pacnpefenunuch cnesyolwmM obpasom:
Taxenoe TeyeHne — 99 (18 %), cpenHetsenoe — 451
(82 %), U3 HMX MOHOKJIOHaNbHble aHTUTena (MKA) Kk WUJ1-6
U ero peuentopam npumensamnch y 59 naumentos (10 %)
(neBennMab y 12 naumeHToB, 01I0KM3yMab — 32, ToumMnnsy-
Mab — 15). OnpegeneHo, 4To NPOTUBOBOCNANUTENbHASA Tepa-
nus [OCTOBEPHO YTyyLlaeT UCXOf 3abonieBaHus Npu paHHEM
Hayane (B0 5 cyT ¢ MOMeHTa rocnuTanu3aLmm) B yCIoBUAX
MHDEKLMOHHOMO OTAENEHNS, KOrAa MaLMEeHT COOTBETCTBYET
KpUTEpUAM CPeLHETSIKENOro TeueHns 3aboneBanus. Jletanb-
Hble UCXobl OblM AOCTOBEPHO acCcOLMMPOBaHbI C MO3AHUM
Hayanom Tepanum MKC coBmectHo ¢ MKA.

Mpu aHanm3e be3onacHOCTH TapreTHO aHTULMTOKMHOBOM
Tepanum BoisiBNeHo, 4to y 40 % naumenTos ¢ COVID-19 otMeya-
NOCb CHUXEHWE HACbILLLEHNS KPOBW KUCOpoAoM Yepe3 12—72y
nocne npuMeHennss MKA. [laHHbIN eHOMeH Y psfa nauu-
EHTOB, BEPOATHO, CBA3aH C BbICTPbIM KyMMpOBaHWEM OTEKa
MHTEPCTULMA B pe3ynbTaTe NpuMeHeHust UHrmbutopos WJT-6
WAW €ro peLenTopoB, W, COOTBETCTBEHHO, CHUMEHMWIO KOM-
MEHCATOPHbIX MeXaHW3MOB, HaMpaBiEHHbIX Ha YNyyLleHue
BEHTUNALMOHHO-NEPPY3UOHHOrO COOTHOLLEHUA B YKE MO-
BPEXAEHHBIX COCYaX JIerkux 1 anbeonax. KnuHuyeckm atot
(eHOMEH NpVBOAUT K BPEMEHHOMY CHUMXEHWH) OKCUTeHaLMH
apTepuanbHoW KpoBM W CBSI3aH C MO3[HAM MPUMEHEHUEM
MKA (nosgHee 2-ro [Hs HaxoX[AeHWs B CTaLMOHape), Ha-
JIMYMEM TUNEPTOHUYECKON BoNe3HM, leMUYeckon bonesHu
CepALa, OXMUPEHUs, MOBLILLEHHOMO COAEPIKAHUS THKO3bI
B BEHO3HOI KPOBMW, MOHOLIMTOB, CHUXEHNA anbbyMuHa.

CotpynHukammn Kadenpbl UccnefoBaHa 3hdEKTUBHOCTb
“MMyHHOM nnasmbl () peKoHBanecLeHToB Mpu NeyeHun
COVID-19. BaxkHbIM KpuTepueM 3 HEKTUBHOCTU JIeYeHUs B-
nseTcsa nofaenexne penvkaunn SARS-CoV-2. Ha doHe npo-
BOAMMOM Ha3uCHOI Tepanuu y NaLMeHTOB U3 rPymMbl KOHTPONS
oTpuuaTenbHble pesynbTathl [LP Ha puboHyKnenHoByio Kuc-
noty (PHK) SARS-CoV-2 6binu nonyyeHsbl Ha 17,38 + 3,25 cyt
0T Hayana 3abonesaHus. B To e Bpems y mauueHTOB no-
cne TpaHcdysum nepsoii fosbl UM PHK SARS-CoV-2 B oT-
[EeNIIeMOM CO CAM3UCTOW POTO-, HOCOMNOTKM He onpefens-
nacb Ha 6,73 £ 1,01 cyt (p < 0,05). InHaMMKa M3MeHeHwiA
Sp0, cTaTMCTUYeCKM 3HAYMMO He pasnnyanach B 3aBUCUMO-
CTW OT npoBoamMon Tepanuu. Tak, y peuunuentoB UM cta-
BunbHas HopManusaums LaHHOro NoKasaTesis NpoMcxoamna
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Tabnuua 2. XapaKTepUCTUKM BaKUMHUPOBAHHbIX M HeBaKLMHMPOBaHHbIX NaumeHTos ¢ COVID-19

lNokasatenb

pynna N2 1 (BaKumHMpoBaHHbIe), n = 105

pynna Ne 2 (HeBaKuMHMpOBaHHbIe), n = 105

Bospact, M + SD (SE)
MysxcKoii non, cnyyam (%)
Koiiko-gHu, M + SD (SE)

32,64 £ 17,50 (1,7)
36 (73,5)
11,27 + 4,77 (0,46)

35,21 +£17,22(1,8)
38 (77,6)
15+ 6,05 (0,44)

[lpumeqarue. M — cpepHee; SD — cTaHAapTHOE OTKIOHEHWe; SE — cTaHhapTHas olmbKa.

B cpepHeM Ha 7,93 + 0,61-e cyT, a B rpynne KoHTpons —
Ha 8,32 + 0,76-e (p > 0,05). Cpoku nepesofa u3 oTAe/EHMS
peaH1MaLMy 1 MHTEHCMBHOW Tepaniy B nanaty y obenx rpynn
CTaTUCTMYECKM 3HAYMMO He pa3nuyanuchb [18, 19].

Take Ha Kadenpe bbina npoBefeHa cpaBHUTENbHAsA
XapaKTepucTMKa MHdeKumm, Bbi3BaHHOM SARS-CoV-2, y nuu,
BaKLMHUPOBAHHLIX M HeBaKUMHWPOBaHHbIX oT COVID-19
(tabn. 2).

69 % 13 rpynnbl BaKLMHUPOBAHHLIX ObINW NPUBUTHI LBY-
M koMmnoHeHTamm [amM-KOBW[-Bak (n = 72). B pesynbtate
uccnefoBaHus BbISIBIEHO, YTO BaKLMHALMSA CHUKAET [Jn-
TeNbHOCTb FOCMUTaNM3aumMK. TaKKe BbISBIIEHO, YTO TeYeHWe
COVID-19 y BaKUMHMPOBaHHbIX MaLMEHTOB AOCTOBEPHO fer-
ye (y 91,4 % HeBaKUMHMPOBAHHBIX MALMEHTOB 0TMEYaNnoch
CPeLHETAXEN0e U TSXeNoe TeyeHWe 3aboneBaHWs NpoTUB
41,9 % BaKUMHUPOBAHHBIX).

Y BaKUMHMPOBaHHbIX MaLMEHTOB AOCTOBEPHO pexe Aua-
rHocTupoBanack nHeBMoHus (p < 0,001), a pesynbTaThl KOM-
MblOTEPHON TOMOrpaduu Nerkux yalie CcoOTBETCTBOBANY
nerKoi ctenenn nopaxenus (KT-1) (p < 0,05), Hexxenm y He-
BaKLMHMPOBaHHbIX. VccnejoBaHmMs 3TOro BOnpoca CoTpyAHU-
KaMu aKapemuu paHee onybnMKoBaHbl U AOCTYMHbI B 6onee
noapobHoM Buae [20, 21].

Ha ocHoBaHuM uccnefoBaHuii (B TOM uucie NpoBeLeH-
HbIX COTPYAHUKaMW Hallel Kadenpbl) U MMEtOLLLerocs onbiTa
pabotbl ¢ nauneHtamu ¢ COVID-19 6binn chopMynmpoBaHsi
cnejytoLLme 0CHOBHbIE BbIBOAbI M PEKOMEHaLmM:

1. HeobxoanMo yumnTbIBaTb KJIMHUYECKYID 0COBEHHOCTH
3Toro 3aboneBaHWs — ANUTENbHbIA HavanbHbI Nepuos
(0o 8 cyT), uTo co3paeT MNMO3MID MHUMOTO Bnarononyyms
1 cNocobCTBYET NO3LHEN FOCMUTANN3aLMUN.

2. TIUP He saBnseTcs upeanbHbIM METOAOM AMarHo-
CTUKM, 4TO CO3AaeT BEPOATHOCTb MOJSTYYEHUS JIOXKHO-
OTpULATENbHOrO pesynbTata. B 370l CBA3W KAMHMKO-
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3NMAEMMONIOTUYECKAsA U PEHTTEHONOMMYECKas AUarHOCTUKa
ABNAETCA ONPeAeNAOLLEN.

3. OpraHu3aumsa paHHero aKTMBHOIO BbIIBNIEHUS B0Mb-
HbIX BCEMU KJIMHUYECKUMM GopMaMn UH(EKLIMK, BbI3BAHHOI
SARS-CoV-2, 1 cBoeBpeMeHHas MX rocnuTanu3aLyms cnocob-
CTBYIOT YMEHbLLUEHWI0 PUCKA Pa3BUTUS TAXKENOr0 TeYeHus,
OCJIOXKHEHWIA M 3MMILEMMOIONMYECKON 0NacHOCTU BONbHBIX.

4. KoMnneKkcHas NpoTMBOBMPYCHas WM aHTUKOArynsHTHas
Tepanus AoMKHa ObITb paHHel ([0 5 cyT OT KIMHUYECKO! Ma-
HubecTauum), ynpexaatoLien, HanpaBneHHOM Ha CHUXeHWe
BEPOSATHOCTM Pa3BUTUS MHEBMOHWI C AblXaTeNbHOI HefJocTa-
TOYHOCTbH M TpOoMb030B BeTBel J1A.

5. MpotneoBocnanutensHast Tepanua (TKC, MoHok0-
HanbHble MHrMbuTopbl UJ1-6 M ero peuenTopoB, WHranALMKU
MNONpPOCTa) MOBBILLIAET BbIXXMBAEMOCTb MALMEHTOB C TAXE-
nbiM TeyeHneM COVID-19 u ponHa HasHayaTbCA KaK MOXKHO
paHbLLe C MPEBEHTUBHOM LIENIbI0 NPU NePBbIX MUHUMATbHBIX
K/IMHUKO-N1ab0paTopHbIX MPU3HaKax rMnepBOCMaNMTENIbHOM
peaKLuu.
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UcTounnk dmHaHcupoBanus. GuHaHcMpoBaHWe AaHHoM pabo-
Tbl He NPOBOLAMNOC.
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3ddeKTUBHOCTD NPUMEHEHUS
Me3eHXUManbHbIX CTPOMasbHbIX KJIETOK
ANA Nle4eHUs pBaHO-YLIMOEHHbIX paH
B YCNOBUAX FTMNOTEPMUMU U TUNOKCUM

M.B. Bonkosa', B.B. Bosiputuies’, A.B. Tpopumenko', C.IN. Poibankui?, E.B. Kosanesa?,
C.A. Bupiokos', 1. dunbkos', M.0. [lypbiMaHos'
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2 YuetuTyT MMmyHostorum DepiepanbHoro MeanKo-61onornyeckoro arenTcTea Poccum, HayuHo-McCiiej0BaTeNbCKMIA LIEHTP TOKCUKOSIOrM
W TUTMEHNYECKON perniaMeHTaumu buonpenapatos, CepryxoBCKuiA ropofickoii oKkpyr, MockoBckas obnactb, Poccus

AxkmyanibHocme. APKTUYECKME YCNOBUS OC/IOXKHSAIOT NaTOreHe3 pasfinyHbIX TPAaBM KOXM U MSAMKUX TKaHed. [ns Tepanuu
[JaHHbIX 3300N1eBaHMIN paccMaTpUBAETCA BO3MOXHOCTb MPUMEHEHUS MYNIbTUMNOTEHTHBLIX ME3EHXMMaSIbHbIX CTPOMAIbHbIX Kie-
TOK, CNOCOBCTBYHOLLMX NponMdepaLmm KNETOK rpaHyISpHON TKaHW, aHTUOreHe3y W COKPaLLEHM0 LJIUTENbHOCTU BOCTanMUTEb-
HoM dasbl Npu 3aXKMBNEHUM paHbl bnarofaps CeKpeLnn LIMTOKMHOB U GaKTopoB pocTa.

Llene — oueHKa 3EKTUBHOCTM KIETOYHOW Tepanuu Ha MOAENM PBaHO-YLUMONEHHOM paHbl Y KPbIC, HAaXOAALLMXCA
B YC/I0BMSIX TUMOKCUM U TUNOTEPMUM.

Mamepuanel u Memodel. YnBOTHbIE COfepKanuch B YCNOBUSAX KuMaTuueckon Kamepbl (15 % kucnopoga, 4 °C) B Te-
yeHue 48 u. TpaBMy HaHoCWAM Yepe3 24 4 nocnie NMOMELLEHWS B KOHTPOAMpYeMble YCoBus. BBefieHMe CTBOMOBLIX KIETOK
ocyLLecTBNAAM Yepes 1 cyT nocne HaHeCeHWs paHbl. [Ing MHBEKLMM UCNONIb30BaM Me3eHXUMabHbIE CTPOMASIbHBIE KIETKM,
MosyyeHHbIe U3 KpacHOro KocTHoro Mo3ra Kpbic Wistar. Mcnonb3yemas KineTouHas KynbTypa MMena CoOTBETCTBYIOLLMN CTBO-
NOBbIM KJeTKaM MMMyHodeHOTUN 1 0bnaaana cnocobHocTbio AUdhepeHLMPOBKY B OCTEOrEHHOM, XOHAPOreHHOM W aauno-
FeHHOM HanpaBneHusix. B xone uccnefoBaHus y KpbIC OLEHUBANM CTeMeHb BOCMANMTENBHOM PeakLuuy B TPaBMUPOBaHHbIX
TKaHAX W HanuuMe BO3MOXHbIX NATONOMMYECKUX BbIAENEHUIA U3 PaHEBOro KaHana, NpoBOAWAM W3MePEHUS TONLLMHBI MO-
BPEX/EHHOM Nanbl.

Pesynemamel. [1ns onucaHus npolecca BOCMajeHWs NpoBeAEeH MMCTONOMMYECKUA aHann3 Ha 6-e u 21-e cyT nocne Ha-
HeceHus paHbl. Ha 6-11 aeHb nccnefoBaHns 0TMeydeHa cnabas MHbMbTpaumus IMMAOLMTOB B MBbILLIEYHOW TKaHM Y KpbIC, KOTO-
pbIM BBOAMIIM Me3eHXMMaJIbHble CTPOMAJIbHbIE KIETKM, YTO MOXET CBMAETENbCTBOBATL 0 6oNiee paHHEM nepexojie paHeBOro
npoLiecca B NponndepaTuBHyio (asy.

3aknoyeHue. YCTaHOBNEHO CTUMYNMPYIOLLEE BIMSHWE CYCMEH3UM Me3eHXMMabHbIX CTBOJSIOBbIX KJIETOK Ha AMHAMUKY
CHWXKEHWS 0TeKa TpaBMMpOBaHHoro beapa Ha 10 % no cpaBHEHMIO C KOHTPOSIbHOM FpyNMoM.

KnioueBble cyioBa: runokcus; rmnoTepMuAa; XmMBoTHaa MoLesb; KNEeTOYHbIN NMPOAYKT, paHO3aXusnqwuiee LeNcTBUE;
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The effectiveness of the use of mesenchymal
stromal cells for the treatment of lacerated wounds
under conditions of hypothermia and hypoxia

Marina V. Volkova', Valery V. Boyarintsev', Alexander V. Trofimenko', Sergey P. Rybalkin?,
Elena V. Kovaleva?, Stanislav A. Biryukov', Gleb I. Filkov', Michail 0. Durymanov'

! Moscow Institute of Physics and Technology (National Research University), Dolgoprudny, Moscow Region;
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BACKGROUND: Patients Arctic conditions complicate the pathogenesis of various skin and soft tissue injuries. For the
treatment of these diseases, the possibility of using multipotent mesenchymal stromal cells, which promote the proliferation
of granular tissue cells, angiogenesis, and reduce the duration of the inflammatory phase during wound healing due to the
secretion of cytokines and growth factors, is being considered.

AIM: In order to evaluate the effectiveness of cell therapy, experimental studies were carried out on the model of a lacer-
ated wound in rats under conditions of hypoxia and hypothermia.

MATERIALS AND METHODS: The animals were kept in a climate chamber (15% oxygen, 4°C) for 48 hours. Injury was ap-
plied 24 hours after placement in controlled conditions. The introduction of stem cells was carried out a day after the wound
was applied. Mesenchymal stromal cells obtained from the red bone marrow of Wistar rats were used for injection. The cell
culture used had an immunophenotype corresponding to stem cells and had the ability to differentiate in the osteogenic, chon-
drogenic and adipogenic directions. During the study, the degree of inflammatory reaction in injured tissues and the presence
of possible pathological discharges from the wound canal were assessed in rats, and the thickness of the injured paw was
measured.

RESULTS: The stimulating effect of the suspension of mesenchymal stem cells on the dynamics of reducing the edema of
the injured hip by 10% was established compared to the control group. To describe the process of inflammation, a histological
analysis was performed on the 6" and 21%! days after the wound was applied. On the 6™ day of the study, a weak infiltration
of lymphocytes in the muscle tissue was noted in rats that were injected with MMSC, which may indicate an earlier transition
of the wound process to the proliferative phase.

CONCLUSION: The stimulating effect of the suspension of mesenchymal stem cells on the dynamics of reducing the edema
of the injured hip by 10% was established compared to the control group.

Keywords: animal model; cell product; hypothermia; hypoxia; injury; regenerative medicine; stem cells; wound healing
action.
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OPTHATIBHBIE MCCTTE [IOBAHMA

AKTYAJIbHOCTb

OgHMM M3 caMblX PacnpocTpaHeHHbIX BWOB TpaBM
B MUpe AIBASAIOTCA MEXaHUYecKue TpaBMbl PasfIMUHOIO Xa-
pakTepa. B Poccuiickoii ®epepaumm Kaxabii rog, perucTpu-
pyeTcs HECKOJbKO MUIIJIMOHOB ClyyYaeB NoA06HbIX TpasM [1].
MHorocTaMiHbI  NPOLECC 3aXKMBJIEHWUS MeXaHUYeCKMX
NOBPEXAEHUIA MOXET ObiTb OCNMOMHEH BIMSHWEM BHELL-
HWX (akTopoB. HanpuMep, B ycnoBusix APKTUYECKOW 30HbI
Poccuitckon Defepaumm nepeoxnaxieHne opraHusMa npe-
MATCTBYET pereHepaTBHbIM npoueccaM [2]. Bospenctaue
HW3KUX TEMMepaTyp M TMNOKCUMM MPUBOLUT K CYKEHUK CO-
CYZ0B U CHWXEHMI0 KPOBOCHADXKeHUsI TKaHel B LiesioM [3].
B cBA3u ¢ 3TMM aKTyanbHOM 3apaven siBnseTcs paspaboTka
HOBbIX NOLXO0L0B A5 YCKOPEHUSA 3aXKMUBNEHUS MEXaHUYECKUX
MoBpeXaeHui [4].

BaHyto ponb B mpoLecce 3a)KMBIEHUS UrPaloOT TaK Ha-
3blBaEMble CUrHasbHbIE MONEKYSTbI, BKIIKOYAsA LUTOKUHBI, Xe-
MOKWHbI W aKTOpbl POCTa, KOTOpble KOOPAMUHUPYIOT (Gu3mo-
NoruyecKkvie NpoLecchl BOCCTaHOBNEHUS TKaHel [3]. [aHHble
MOJIEKYITbl BbIPabaTbiBatoTCA pa3nMUHbIMU KNIETKaMU paHeBo-
o MUKPOOKPYKeHHS, YTo obecreynBaeT, C O[JHON CTOPOHBI,
3/IMMMHALMIO MOMABLLUMX B paHy NaToreHoB, a C pyroi —
BOCCTaHOB/IEHWe BapbepHOM (YHKLMM KOXHOTO NOKpOBa.
B cBA3M C 3TMM NepcnekTUBHON CTpaTerueii neveHus no-
nobHoro popa 3aboneBaHuii sBnsieTcA pa3paboTka Guome-
OMUMHCKUX KIETOYHbIX MPOAYKTOB. B KauecTBe OCHOBHOM
K/ETOYHOW KynbTypbl MOTyT BbiTb BbIOPaHbl MyNbTUMOTEHT-
Hble Me3eHXUMabHble CTpoManbHble KieTku (MMCK), cno-
CObHbIe OKa3bIBaTh paHo3aXUBNALLEE AelicTBUe bnarofaps
MapaKpMHHOM CEKPeLMM LIMTOKMHOB U (aKTopoB pocTa [6, 7],
KOTOpasi COXpaHAeTCA B TEUYEHWEe MepBbIX AHEW nocne BBe-
neHus [8]. Takum obpasoM, MMCK cnocobeTsytoT nponnde-
PpaLMK KNETOK rpaHyspHON TKaHM, aHTMOTeHe3y W COKpaLle-
HWIO ANUTENbHOCTY BOCManuTeNbHOM (asbl NpY 3aXMBIIEHUN
paHbl [9, 10].

Lene daxHol pabomel — n3yyeHne BAMSHUS BHYTPUMbI-
LweyHon MHbeKkumn MMCK Ha cKopocTb 3aXMBIeHUs pBaHo-
YLUMONIEHHON paHbl HA XKMBOTHOWM MOZENN KPbIC, COLEPKaB-
LUMXCS B YCNOBUSAX TUMOKCUM W TUMNOTEPMUN.

MATEPUAJIbl U METO/IbI

MMCK 6bi mosiyyeHbl M3 KpPacHOr0 KOCTHOro Mo3-
ra kpbic Wistar cornacHo ctaHgaptHoMy npoTokony [11].
KnetouHyw KynbTypy Bblpawmeanu B cpege DMEM
(Gibco, CLUA) c 10 % 6blubeit 3MOpHOHaNBHON ChIBOPOTKY
(Gibco, CLUA), 3aMeHUMbIMKU amMmuHOKucnoTamm (Capricorn
Scientific, Fepmanus), 100 eq./mn nenuumnamHa u 10 MKr/mn
ctpentomuumHa (Man3ko, Poccus). KynbTuBmpoBaHue
KneToK npoBogunu B atMoctepe 5 % yrnekucnoro rasa
npu Temnepatype 37 °C v BnaxHoct 95 % B MHKybaTope
Smart Biotherm (Biosan, J1aTaus).

C uenbto aHanu3a (peHOTUNA KNETKYU CHUMANM C MOMOLLbH
pacTeopa BepceHa 1 oKpaLLMBanu pacTBOpaMu1 aHTUTEN NPOTUB
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CD105 (BiOrbyt, orb187245), CD90 (BioLegend, 206105),
CD73 (Bioss, bs-4834R-A488), CD44 (BioLegend, 203906),
CD29 (BioLegend, 102205), CD45 (BioLegend, 202205),
CD34 (Abcam, ab223930), CD31 (Abcam, ab28364),
CD14 (Abcam, ab182032), CD11b (Abcam, ab25533), co-
pepxawmmn 0,5 % 6blybero CbIBOPOTOUHOMO anbbyMuHa.
AHanuaupoBanu ¢ Ucnonb30BaHWEM NPOTOYHOMO LIUTOMETpA
CytoFLEX (Beckman Coulter, CLUA). Ha ocHoBaHuu nokasa-
Teneii npsaMoro 1 6oKoBoro ceeTopaccesHUs Bblbupan oam-
HOYHble KneTku u peructpuposanm 10000 cobbituii.

Ina nnddepeHUMPOBKM KNETOUHOW KySbTypbl B OCTEO-
FEHHOM, XOHLPOTEHHOM W aAMMOreHHOM HanpaBieHUsX
KINEeTKU KyNbTUBMPOBAIM C UCMO/Ib30BAHUEM KOMMEPYECKUX
Habopoe StemPro® Differentiation Kit (Gibco, CLLUA) B coot-
BETCTBUM C NPOTOKONIaMU NPOM3BOAUTENS. 3aTeM NPOBOAMIH
OKpacky anddepeHUMpoBaHHbIX U HeandhepeHUMPOBaHHbIX
(koHTponb) MMCK kpacutensmu Alizarin Red S, Safranin O
1 Sudan IIl cooTBeTCTBEHHO. M1306paxeHns KNeTok nonyyanm
C nomoLLbto MUKpocKona Axio VertA1 (Zeiss, ['epMaHus).

JKCNepUMEHTbI Ha XMBOTHBIX MpOBOAMAMCH Ha base
HAL, TBN — ¢unmana OIEY «MHL, “MHCTUTYT MMMyHO-
norun” ®MBA» B cooTtBeTcTBUM C [paBuUnamMn Haanexa-
Lieli NabopaTopHOM NPaKTUKU, YTBEPKAEHHBIMU MPUKa30M
N2 1991 07 01.04.2016 r. M3 P®, 1 TpeboBaHMAMM ryMaHHOMO
0bpalLeHmns ¢ KMBOTHBIMU. B KauecTBe TecT-cucTeMbl Dbl
ucnonb3oBaHbl Kpbickl Wistar, npuobpeTeHHble B MTUTOMHUKe
Or6YH HUEMT OMEA, dunmnan «Ctonbosasi».

[ins aKcnepuMeHTa Ucnonb3oBany Mofesb pBaHO-YLLMG-
NeHHol paHbl befipa y KpbIC, KOTOPbIX COAEPXKanM B KIIMMa-
TMYECKOI KaMepe B TEYEHWE CYTOK [0 M MOCNe HaHeceHus
MeXaHU4YeCKol TpaBMbl B YCNOBUSAX runoTepMun (Temnepa-
Typa 4 °C) n runokemm (15 % kucnopona B atMocdepe) [12].
[lo noMelleHnss B KNMMaTMUeCKylo Kamepy, a TaKxe
uepe3 24 1 48 4 y KMBOTHBIX U3MEPSNM TeMnepaTypy Tena.

PaHy HaHOCMAM C MOMOLLBIO YUCTOrO CTEPUNBHOMO Me-
TaN/MYecKoro CTEPIKHS KPYroro CeyeHus ¢ BbICTYNoM nocrne
o6pabotku 70 % cnnpToM Koxu befipa B 0651acTh HaHeceHus
TpaBMbl. CTepxeHb OmycKanu myTeM cBobOAHOr0 nafeHus
Ha 6eapo Kpbickl ¢ BbICOTbl 80 CM BHYTPM HanpaBAsoLLEH
Tpy6bl. BeepeHue cycneHsmm MMCK (2 MnH KneTok B M)
unn duspacTeopa B MArKME TKaHW NPOBOSMAM MYTEM WH-
(GuUNbLTPMpOBaHMS BOKPYT paHbl Yepes 24 Y nocne HaHeceHus
TpaBMbl.

Mpn obcnesoBaHun obnacTm MexaHWYeckoW TpaB-
Mbl Y KpbIC OLEHMBaNM CTeneHb BOCMaNUTENbHOW peakuui
B TPaBMMPOBAHHbIX TKAHAX W HaNMuMe BO3MOXKHbIX NaToso-
TMYECKMX BbILENEHU U3 paHeBOro KaHana. Onpepenexue
CTEMEHW OTEYHOCTU NPOBOAMIMN NYTEM U3MEPEHUS TOLLMHBI
MOBPEKAEHHON Nanbl C NMOMOLLbIO BHELUHEro MUKpPOMETPa
HENGLIANG (Lang Tools, Kutai). M3amepenue TonwwmHbl be-
Apa NpoBOANM [0 HaHeceHUs TpaBMbl, a Takxe Ha 3, 9, 16
1 21-1 fieHb nocne ee HaHeCeHuS.

[ins onucaHus nmpouecca 3aXuBNEHWUS NPOBOAWIMN -
CTONIOFMYECKUIA aHanM3 TKaHen paHbl, KoTopble 0Tbupanu
Y TPEX KpbIC KaX/0W M3 rpynn Ha 6-e CyT Noc/e HaHeceHus
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MeXaHW4ecKoi TpaBMbl 7191 OLeHKW MophOIorMyeckon Kap-
TUHbI MEPBOrO 3Tana 3a)KMBJIEHUs PaHbl, @ TaKXKe y 0CTaB-
LUMXCA B KaXaoM rpynne 7 Kpbic Ha 21-e cyT nocnie HaHe-
CeHWsi TpaBMbl. M3yyeHne rUCTONOrMYeCKUX npenapaToB
OCYLLECTB/ISNM MO/ CBETOBbIM MUKpockonoM CX41 (Olympus,
AinoHms).

PE3YJIbTATbI U ObCYXXAEHUE

BbigeneHHble U3 KpacHoro KOCTHoro Mo3ra Kpbickl MMCK
obnapaloT cnocobHOCTLI0 afre3nn K NIacTuKy M aKCnpeccu-
PYKOT Ha CBOEW MOBEPXHOCTW COOTBETCTBYHOLLME MapKepbl
CD105, CD90, CD73, CD44 1 CD29 [13]. Mpw 3TOM 3Kcnpeccus
mapkepos CD45, CD34, CD31, CD14 n CD11b meHee 2 % nog-
TBEPAET BbICOKYIO YUCTOTY U OHOPOAHOCTb MOJTyYEHHOM
NepBUYHON NMHUK. PesynbTaThbl aHanusa ¢eHoTMna npeg-
CTaBneHbl Ha puc. 1.

MonyyeHHble aMHMM MMCK cnocobHbl puddepeHumpo-
BaTbCSl B OCTEOTEHHOM, XOHAPOreHHOM M afMMOreHHOM Ha-
npaenenusx (puc. 2) [13]. Mpu ucnonb3osanum Alizarin Red S
MPOMUCXONT OKpaLLMBaHWE MUHEPaNM30BaHHOI0 BHEKIETOY-
HOro MaTpuKca 0cTe0bNacToB No CpaBHEHHUIO € HefuddepeH-
unpoBaHHbiM MMCK. OkpalumBaHWe MMpOBbIX BKITHOUYEHWI
Sudan lll nopTeeppaet auddepeHumnposry MMCK B agu-
nounTbl. XOHAPOLUMUTHI UAEHTUULMPYIOTCA NMYTEM OKpaLLu-
BaHusa Safranin O rnOK03aMUHIIMKAGHOB BO BHEKJIETOYHOM
MaTpuKce.

Vol.41(3)2022

Russian Military Medical
Academy Reports

C uenbto oueHKM 3DGEKTUBHOCTU KIIETOUHOTO NPOLYK-
Ta AN1S Tepanun TpaBM B apKTUYECKMX YCNOBUAX KUBOTHbIX
noMeLLany B crieumanbHo pa3paboTaHHy KIMMaTUYeCKyio
Kamepy.

PesynbTathl KOHTpONA TeMMepaTypbl Tena Kpebic (tabn. 1)
MOKa3aNn CHUXeHWe ee cpepHero 3Havenus Ha 1 °C B Te-
UeHMEe BPEMEHM HAXOX[IEHMA B KIMMATUYECKON KaMepe.
[na Kpbic TeMnepatypa Tena Hwxe 37 °C ABnseTca NoHu-
YKEHHOMN U CBUAETENLCTBYET 0 runotepmuu [14].

[ins npoBefeHNs pasnyHbIX UCCNeA0BaHUNA UCTONb3YIOT
JKMBOTHBIX C MCCEYEHHOM PaHOMA, KOTJa C UX CMIMHBI aKKypaT-
HO BbIPE3aeTCa YacTb KOXM onpefenieHHoro pasmepa [15].
HaHeceHue TpaBMbl MeTaniMyecKuM CTepxHeM B cB0bOA-
HOM NajeHun obecrneynBaeT NONTy4eHUe PBaHO-YLIMOEHHOV
TpaBMbl. BeicTyn Ha cTepxHe 0becneunBaeT MpoOHUKatLLMiA
MeXaHWYEeCKMiA pa3pbiB KOXM W MbllL, beapa, a caM cTep-
JKEHb BbI3bIBAET KOHTY3WIO MATKUX TKaHew (puc. 3).

Ha 3-i1 neHb nocne TpaBMbl 1 Ha 2-i — NoC/e BBEAEHUA
cycnensum MMCK unu duspactBopa 0TMeYeHo yBennyeHue
TONWMHbI 6eapa y KOHTPONbHBIX M MOAOMBITHBIX MUBOTHBIX
B MPOEKLMW paHeBoro KaHana (tabn. 2). TpaBMUpOBaHHbIE
nanbl y XXUBOTHBIX ObIIM OTEYHBIMM M MIIOTHBIMU MPU Nasbna-
LiUW, paHeBOM KaHan Obi 3aKpbIT HEBOMBLLIMX CYXVUM CTPYMOM,
BblI€NEHWUIA U3-1M0j, HETO HE Dblo.

Ha 6-i peHb Mopdonoruyeckas KapTuHa paHbl y no-
[OMbITHBIX U KOHTPOJIbHBIX MBOTHBIX Bblna CXOXen u co-
0TBETCTBOBaNa pereHepatMBHoOM (ha3e paHeBOro npoLecca.

CD105
98,3 %

CD90
99,2 %

CD73

92,0 %

CD44
90,2 %

cD29
98,6 %

CD45

CD34

CD31

cD14
1,6 %

cDi1b
1,2 %

’ 0,6 %

Puc. 1. ®eHotn MMCK Kpbichl: pacnipesieneHue KNeToK, OKpaLLeHHbIX aHTUTeNlaMu NpOTUB MOJOMUTENbHBIX (BEPXHUI psif) U OTpULA-
TebHbIX (HUXHUA pAA) MapKepoB

Ta6nuua 1. CpeHsa TemMnepaTypa Tena Kpbic B NepUoj HaxoXAeH!s B KIMMaTUYeCKoN Kamepe

WcxopHas | Yepes 24 y Yepes 48 4
37,9+0,3 37,005 36,3+£0,3
Tabnuua 2. lokasaTenu n3MepeHus TONLMHLI befipa KpbiC B X04e HabmoaeHui
TonwwmHa beapa B fieHb UCCNEA0BaHUS, MM
lpenapat - - - - -
0-i peHb 3-11 oeHb 9-i oeHb 16-1 peHb 21-% peHb
®uspactBop 98+0,6 11,7 £0,6 11,3+£0,6 10,2+0,3 94+05
MCK 93+0,4 12,4+ 0,6 10,8 +0,8 9.1+0,3* 8,1+0,6*

* pasnuume ¢ nokasateneM rpynmbl «Pu3pacTBop» CTAaTUCTUYECKM 3HaUMMO Mo U-Kputepuio MaHHa—Yuthu npu p = 0,05.
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Alizarin Red S

IndbdepeHumpoBanHble MMCK

HeanddepeHumpoBaHHble MMCK

Safranin 0
3 7 .';';5, €~:“ \ Lyl -

Sudan Il
i x*

Puc. 2. InddepeHumposka MMCK kpbicbl B octeoumtsl (Alizarin Red S), xoHapouutsl (Safranin 0) u agunoumsl (Sudan 1l)

lpu 3TOM Y KMBOTHBIX, KOTOPLIM BBOAMAM (KU3pacTBOp, OT-
Meyanu IMMQoLMTapHYI0 MHOMLTPALMIO MEXAY BONOKHaMH
COXPaHMBLUENCS MBbILLEYHOM TKaHW. Y KpbIC, KOTOpPbIM BBOAM-
nm MMCK, nopobHas nHdunbTpaums bbina cnabo 3aMeTHa,
UTO MOXKET CBULETeNbCTBOBaTh 0 bonee paHHeM nepexofe
BoCnanuTensHon a3kl paHeBoro npolecca B nponmdepa-
TUBHY!O.

Ha 9-i neHb ycTaHoBNEHO CHUXeHWe ToflmHbl befpa
Yy Kpbic. [loBepXHOCTb paHEBOro KaHana y BCeX KWBOTHbIX
Bbinia MOMHOCTLIO MOKPbITA 3MUTENWEM, CTPYMbl HA NMOBEpX-
HOCTW oTcyTcTBOBa/M. [1pK Nanbnaumm NOBPEXAEHHOW KO-
HEYHOCTM 0TMEYEHO OTCYTCTBME OTEYHOCTU TKAHEM.

Ha 16-1 1 21-1 oHM BbINKM YCTaHOBNEHbI CTAaTUCTUYECKH
3HauMMble pasnuuKa B TONLWMHe Beaep KpbiC MOAOMbITHOM
1 KOHTPOJIbHOM rpynn. 3HauYeHMs TOMLLUMHBI B KOHEYHBINA CPOK
UCCNeL0BaHMA Y HMBOTHbIX, neveHHbx MMCK, okasanuch
MEHbLLE UCXO[HbIX, YTO CBULETENLCTBYET O BHICOKOW CTEMEHN
3pesiocTn pybLoBOM COEAMHUTENBHOW TKaHU U HOBOObpa3o-
BaHHOW MbILIEYHOW TKAHM B 30HE PEreHepaLuu.

Ha 21- peHb nocne HaHeceHWs TpaBMbl COTMIACHO MUCTO-
NIOTMYECKOMY aHaM3y 0TMeyeHa BbICOKas CTeneHb pereHepa-
LMW 1o BCeWl TONLLMHE paHee MOBPEXAEHHbIX TKaHEM Y BCeX
MOJOMbITHBIX U KOHTPOJIbHBIX JKMBOTHbIX. INUTENMIA U Aep-
Ma B MecTe TPaBMbl UMESIN HOPMaJIbHYH TUCTONOMUYECKYH
CTPYKTYpY, NOA LepMoil Ha MecTe paHEeBOr0 KaHana UMenochb
pa3pacTaHue Cios MIOTHOW BOMOKHWUCTOW COeAVHUTENbHO
TKaHW, MecTaMu AP Y3HO MEXKY BONOKHAMM MbILLIEYHOM
TKaHW. Ha puc. 4 nokasaH TOMCTbIA C/IOM NAOTHOW BOJIOK-
HWUCTON COeaMHUTENBbHOI (pPyOLIOBOM) TKaHM MeXay LepMoii
1 MbILLEYHOM TKaHb0. B BbIHOCKe NpeficTaBMeHbl CKOMIEHMS
CUAEPOLIMTOB M COEAMHUTENBHOM THAHM.

DO https://doiorg/ 10.17816/rmmar 109211

b

Puc. 3. Bua cKBo3HOW pBaHO-YLLMONEHHO paHbl C HapyXHoI (a)

1 BHYTpeHHel (b) noBepxHocTu bespa

Puc. 4. Mopdonorus yyactka 3axwuBLLeli paHbl B 0b6iacTu TpaB-
Mbl bepa y Kpbickl, neveHoir MMCK. Okpacka remaToKCWIMHOM
1 303UHOM
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3AKJTIOYEHUE

B pesynbTate npoBeeHHOro Ha MOAEAM MeXaHU4YEeCKOM
TPaBMbl UCCNELOBAHMS YCTAHOBNIEHO CTUMY/MPYIOLLEE BIM-
AHne cycneHsu MMCK Ha 3axuBneHne pBaHO-yLIKMOIEHHOM
paHbl y KpbIC MOCNe HaXoXAeHUs B TeuyeHue 48 u B ycno-
BUSX TUMOKCUM W TUNOTEpPMUM. [IMHAMUKA CHUXKEHUS OTeKa
TPaBMUPOBaHHOrO Oefpa B MOAOMLITHOM rpymnmne NPoUCXoauT
Ha 10 % ObicTpee, YeM B KOHTPOJIbHOM. TakUM 0bpasoM, uc-
nonb3oBaHue MMCK ans neyeHns MexaHu4ecKux TpaBM siBNS-
eTCS NEepPCreKTUBHBIM TepaneBTUYECKUM MOAX0A0M, KOTOpbIN
MOXET YCKOPUTb MPOLIECC 3aXKUBMEHUS.

AOMNOJIHUTENIbHAA UHOOPMALUA

UctouHuk duHaHcupoBaHua. Pabota BbinonHeHa
npu NoALepXKe rpaHta B Gopme cybcuamm no cornaieHuio
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AHanus peaTeNbHOCTU HEWTaTHbIX GOPMUPOBAHUMA
Cnyx6bl MeguLMHbI KaTacTpod MuHucTepcTBa
o6opoHbl Poccuitickon ®epepauumn npyu AMKBUAALUU
MeAMKO-CaHUTapHbIX NOCNEeACTBUMA Ype3BblYaHbIX
CUTYaLMi U NYTU ee COBEpLUEHCTBOBAHUS

A.T. OByapeHKo, P.H. JleMeLlKuH

BoeHHo-MeanumHcKas akapemus, Cankt-[letepbypr, Poccus

Llenne uccnedosaHus — aHanu3 LeATENBLHOCTW HELUTATHbIX GopMUpoBaHuii ChyKbbl MeauumMHbl KatacTpod MuHucTep-
cTBa 060poHbl Poccuiickoii Oepfepaumuy Npy IMKBUAALMM MeJMKO-CaHWUTaPHbIX NOCNeACTBUN Ype3BblYalHbIX CUTYaLMiA U NyTH
€e COBEpLUEHCTBOBaHMS.

Mamepuanel u Memodsl. MaTepnanamu UCCNeAOBaHUA NOCNYKUIM Pa3NUYHbIE UCTOPUYECKUE OKYMEHTHI U LOCTYN-
Hble NIMTEPATYpHbIE UCTOYHUKY, XapaKTepusylolume AeATeNbHOCTb MeAMLMHCKOW cnyxbbl BoopyeHHbIx cun Poccuiickoii
®epepaumv (CCCP) B xoae NMKBMAALMN MELMKO-CAHUTAPHBIX NOCAELCTBUIA UPe3BbIYaHbIX CUTYaLMIA Pa3NMYHOM0 XapaKTepa
MUPHOTO BPeMeHW. BbINONHEH KOHTEHT-aHanM3 MaccuBa UCTOPUYECKUX AOKYMEHTOB C NOCNELYIOLLei COAepXKaTeNbHON UH-
TepnpeTaumeii LS BbISBIEHUS NPOBIEMHBIX (haKTOPOB B MPAKTUHECKON AeATENbHOCTM HeLTaTHbIX GopMupoBaHuii Cryxobl
MeauumHbl Katactpod MuHuctepcTa obopoHbl Poccuiickoit ®efiepaumn. MonyyeHHble pesynbTaThl 6bimu cBefieHbl B 06LLyH0
UCCNeAoBaTeNbCKy0 MaTpULYy C LieNb0 ONpefeNieHnst X KOHKPETHOro BK1aja B AeATENbHOCTb MeAMLMHCKUX paboTHUKOB,
NpUBIIEKAEMBIX B COCTaBE Pas3fMyHbIX rpynm, bpurag, v bbinv nofBeprHyThl GaKTOPHOMY aHanu3y, YTo NO3BOSIAIO0 MOJYYeH-
Hble paHXVpOoBaHHble (MOPAAKOBLIE) OTBETHI 3KCNEPTOB 00paboTaTh A1 NOCNeAyHOLLEN MHTEPRPETALMN.

Pesynemamel. B pesynbtate NpoBefeHHOr0 McciefoBaHUs Hambonee 3HauMMol npobnieMoii cTana «cnabas ocHalleH-
HOCTb Me[MUMHCKUX paboTHMKOB MeAMLMHCKUMM U3LEeNUsMM, NeKapcTBEHHbIMU CPeACTBaMU U CaHUTapHO-X03ACTBEHHBIM
UMYLLIECTBOM, He0bX0auMbIM s paboTbl B 30He YC», @ HauMeHee 3HaYMMbIM — «BO3MOXKHOCTb NPOBeAeHUs 6e3omnacHom
OLIeHKM 06BEKTOB OKpYXKatoLLEN Cpefibl Ha MHAVKALUMI0 BO30yauTeNs MHhEKLUMOHHOW NPUPOALI, XMMUYECKOr0 3apaXKeHus U pa-
[JMaLMOHHOTO 3arpsi3HEHUSY.

3arnioyeHue. B pesynbtate NpoBeeHHOT0 aHanu3a npobiieMHbIX BOMPOCOB NPOQeCCMOHaNbHONM LeATeNbHOCTA MeLyLMH-
CKWX pabOTHMKOB M3 COCTaBa HelTaTHbIX hopMupoBaHmMin Cryxbbl MeauLMHBI KaTacTpod MuHucTepcTBa 060poHbI PoccuiicKoil
®epepauvm bbim onpefieneHbl Haubonee 3HauYMMble 0606LLatOLLIME (aKTOPbI: «BCECTOPOHHEE 0BecreyeHne HewTaTHbIX hop-
MupoBaHuin Crybbl MeamUmMHBI KaTacTpod» (BKNag dakTopa B 0bwwyto aucnepcuto — 30,3 %); «npodeccroHanbHas aesTenb-
HOCTb HeLTaTHbIX GopMupoBaHui Crybbl MeauUmMHbl KatacTpod» (12,3 %); «ypoBeHb FOTOBHOCTM HELLTATHbIX hOPMUPOBaHMIA
Cnyx6bl MeuumHbl KaTactpod» (10,1 %). MonydyeHHble pe3ynbTaThl NO3BOMAKT CBOEBPEMEHHO NPUHUMATb PELLEHUS OpraHaMm
yrpaBneHns MeSULMHCKUM 00ecrieYeH eM pasHoro YPOBHSA MO OpraHM3auuu JMKBUAALMM MeLVKO-CaHUTapHbIX NOCneLcTBUN
upe3BblYaiiHbIX CUTYaLMiA C MPUB/IEYEHUEM HelUTaTHbIX GOpPMUPOBaHUiA B BUAE OTPSALO0B, bpurag, rpynnbl.

OCHOBHbIMM NYTAMU COBEPLUEHCTBOBaHNA (YHKLMOHUPOBaHUS HelTaTHbIX GopMupoBaHuic CnyxObl MeauUMHbLI KaTa-
cTpod Munnctepctea 0bopoHbl Poccuiickoin Defepaumm npu IMKBUAALMM MeAMKO-CaHUTapHbIX NOCNEeACTBUAN Ype3Bblyan-
HbIX CUTyaLWi CriedyeT CuMTaTh ONTUMM3ALMI0 UX OPraHM3aLMOHHO-LLTATHOW CTPYKTYPbI, YNYYLIEHWe KayecTBa OCHALLEHUS
MeJMLIMHCKUMU U MaTepuasnbHO-TEXHUYECKUMM PECYPCaMM, a TaKKe MOBbILLEHWE YPOBHSA FOTOBHOCTW BOEHHO-MeLULIMHCKUX
CNEeLMannCToB K AECTBUAM N0 NpeSHa3HAYEHMI0.

KnioueBble cnoBa: Gpuragbl; BOEHHO-MeAWLMHCKUE OPraHv3auuu; rpynnbl; MeAULMHCKUE PabOTHWKM; HelTaTHble
tdopmupoBanus; Cnyxba MeanLMHbI KaTacTpod; Ype3BblyaiHble CUTYaLUMN.
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Analysis of the activities of non-staff units

of the Disaster Medicine Service of the

Ministry of Defense of the Russian Federation

in the liquidation of the medical and sanitary
consequences of emergencies and ways to improve it

Alexander P. Ovcharenko, Roman N. Lemeshkin
Military Medical Academy, Saint Petersburg, Russia

AIM: Analysis of activities and ways to improve the functioning of emergency units of the Disaster Medicine Service of the
Ministry of Defense of the Russian Federation in eliminating the medical consequences of emergency situations.

MATERIALS AND METHODS: The materials of the study were various historical documents and available literary sources
characterizing the activities of the medical service of the Armed Forces of the Russian Federation (USSR) during the elimination
of the medical consequences of emergencies of various peacetime. A content analysis of an array of historical documents was
carried out with subsequent meaningful interpretation to identify problematic factors in the practical activities of non-staff units
of the Disaster Medicine Service of the Ministry of Defense of the Russian Federation. The identified problematic questions (n = 10)
were formulated, grouped and presented in the form of a corresponding questionnaire with a subsequent survey of military
medical specialists (n = 440). The findings were compiled into a common research matrix to determine their specific contribu-
tion to the activities of healthcare professionals engaged in different teams and were factorally analyzed, allowing the resulting
ranked (ordinal) expert responses to be processed for subsequent interpretation. The consistency of respondents’ opinions was
estimated using a rank correlation coefficient — the Kendell concordance coefficient (W).

RESULTS: As a result of the study, the most significant problem issue was “the poor equipment of medical workers with
medical products, medicines and sanitary equipment necessary for work in the emergency zone”, and the least significant was
“the possibility of conducting a safe assessment of environmental objects for indication of the causative agent of infectious
nature, chemical contamination and radiation pollution”. Based on the fact that the total number of problematic questions was
10, all of them were narrowed to 3 fundamental internal (hidden) generalizing factors as a result of factor analysis: “compre-
hensive provision of emergency units of the Disaster Medicine Service of the Ministry of Defense of the Russian Federation”
(the factor’s contribution to the general dispersion is 30.3%), “professional activity of emergency units of the Disaster Medicine
Service of the Ministry of Defense of the Russian Federation” (12.3%), “level of readiness of emergency units of the Disaster
Medicine Service of the Ministry of Defense of the Russian Federation” (10.1%).

CONCLUSION: As a result of the analysis of problematic issues of the professional activities of medical workers from
non-staff units of the Disaster Medicine Service of the Ministry of Defense of the Russian Federation, the most significant
generalizing factors were identified: «comprehensive provision of non-staff units of the Disaster Medicine Service» (the fac-
tor’s contribution to the general dispersion is 30.3%), “professional activity of non-staff units of the Disaster Medicine Service”
(12.3%). The obtained results allow making timely decisions by the medical support management bodies of various levels on
the organization of the elimination of the medical consequences of emergency situations with the involvement of emergency
formations in the form of detachments, brigades, and groups. The main ways to improve the functioning of emergency units
of the Disaster Medicine Service of the Ministry of Defense of the Russian Federation in the elimination of the medical conse-
quences of emergency situations should be considered to be the optimization of their organizational and staff structure, im-
proving the quality of equipment with medical and material and technical resources, as well as increasing the level of readiness
of military medical specialists for action on purpose.

Keywords: brigades; Disaster medicine service; emergencies; emergency formations; groups; medical workers;
military medical organizations.
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OPTHATIBHBIE MCCTTE [IOBAHMA

BBEJAEHUE

YpesBblyaiHble cutyaumn (HC) pasnmyHoro xapakte-
pa OT/IMYAIOTCA BHE3AMHOCTb0, Pa3pyLUEHNEM COLMAIbHON
MHOPACTPYKTYpbI, BO3HUKHOBEHMEM MAaCCOBbIX CaHUTapHbIX
1 6e3B03BpaTHbIX noTepsb [1, 2]. 06LWenpuHATas TepMMHO-
norvs onpepensieT MefuKo-caHuTapHble nocnepcteus YC
KaK KOMMJIEKCHYI0 XapakTepuctuky YC, BKIKOYaloLLyo co-
JepxaHue, 06BbeM W OpraHu3auuMie MeLUKO-CaHUTapHOro
0becneyeHmns, BENMYMHY W XapaKTep BO3HUKLLMX CaHWUTap-
HbIX MOTEepb, HYXAeMOCTb MOPaXKEHHbIX B Pa3fUYHbIX BU-
[aX MeOMLMHCKON MOMOLUM, YCIIOBUS MpOBefeHus Neyeb-
HO-3BaKyaLMOHHbIX MeponpusaTuid B 3oHe YC, n3MeHeHus
CaHWUTapHO-3NMAEMUONOTMYECKOW 00CTAHOBKM, CHOXUB-
wencsa B pesynbrate YC, BbIXOL U3 CTPOS UM HapyLUEHME
LEeATeNIbHOCTU MeMLMHCKUX OpraHu3aLmi pasfnyHoro npo-
¢uns, HapyweHue xusHeobecneyeHUs HacesneHUs B 30He
YC u npuneratowumx K Heii Tepputopusix. B atux ycnoeusx
BO3HWMKAET pe3Koe HecooTBETCTBME MeXAY OCTPOW MoTpeod-
HOCTbH0 B OKa3aHWUM MeLULMHCKOW MOMOLLM B KCTPEHHON
M HEeOT/IOXHOW (hopMax MaccoBOMY KOJMYECTBY PaHeHbIX,
BONBHBIX U MOpaXEHHbIX U BO3MOXHOCTAMU UMEIOLLMXCS
CUN U CPeACTB MECTHBIX OpraHOB 3paBOOXPAHEHMS, MHO-
rAa C UX MOJIHOM WM YaCcTUYHON LLe30praHu3aLmeit CUcTeMbl
ynpaeneHus. CaHuTapHas v anugemuonoruyeckas obcra-
HoBKa B o4are YC 00bI4HO pes3Ko HapyLleHbl, 4TO Co3LaeT
YCNoBMs [ BO3HUKHOBEHWS! MAaCCOBbIX MHPEKLMOHHbIX 3a-
bonesaHuin (3nmaemuii). B nogobHoi cutyauum Ha cnyxby
MeauumHbl Katactpod (CMK) noxutcs 6onbluas Harpyska,
CBA3aHHas C HeobX0AMMOCTbH JIMKBULALMM MeAULMHCKUX
nocneacteun YC. Bcepoccuiickas CMK, sBnascb ogHoi
M3 rnaBHbIX QyHKLMOHaNbHLIX NoAcucTeM EanHoii rocypap-
CTBEHHOM CUCTEMbI mpenynpexaeHns u nuksugauuu YC,
0bbeauHseT cnyxbbl MeauuMHbl KatacTpod MuH3gpasa,
MuHobopoHbl (MO) M MuHucTepcTBa BHYTpeHHUX gen PO,
a Takke cunbl u cpeactea OAOQ «Poccuitckue xenesHble
poporux», QefepanbHoro MeayMKo-b1ONOrMYecKoro areHT-
ctBa PO n gpyrux denepanbHbX OpraHOB UCMOHUTENBHO
BNacTW, OAHUM W3 HanpaB/eHuA LLeATeNbHOCTU KOTOPbIX SIB-
NAeTCA MMKBULALMSA MeLUKO-CaHUTapHbIX nocnencTamii HC.
OCHOBHbIM NPUHLMNOM NeyebHO-3BaKyaLMOHHbIX MEpONpUsi-
TWI B HAaCTOSLLEe BpeMS SBNAETCA ILLIENIOHMPOBaHHOE (3TanHoe)
NeyeHme ¢ 3BaKyaLmen no HasHadvenmio [3]. CBoeBpeMeHHOe
OKasaHue MeAMLMHCKOM MoMoLum B HeobxoguMoM obbeme
KPUTUYECKU BaXKHO ANS PaHeHbIX, DOMbHBIX U NOPaXEHHbIX
B YC, ocobeHHO HaxofALWMXCA B TSAKENOM COCTOSHUM [4].
OnTUManbHbIM CLiEHapUEM SBNSETCS MUHUMMU3aLMs 3TarHo-
ro JIeYeHUs: 3a OKa3aHWeM MepBoi MOMOLLM BbIMOJIHSETCS
MeJMLMHCKas 3BaKyauus B MeJMULMHCKUE OpraHu3aLum co-
OTBETCTBYHOLLIEr0 MPOGMNA 4115 0Ka3aHUA Creumuanu3mupoBaH-
HOM MeauumMHcKoi nomolum (CMIT), B TOM uncne BbICOKOTEX-
HONOTMYHOM [5, 6]. 3amaum, CTPYKTYpa, COCTaB CUM U CPeACTB,
nopsaoK aesatensHoctn CMK MO PO usnoxeHbl B NpuKase
MO PO ot 30 pekabpsa 2017 r. N2 844 «06 yTBepwAaeHUM
Monoxenus o Cnybe MeanUmMHbI KaTacTpod MuHucTepcTBa

Tom 41,Ne 32022
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obopoHbl Poccuiickoit ®epepaunn». MeamuMHCKas noMolLb
noctpagasLumM B YC 0Ka3blBaeTCA Ha OCHOBE KIIMHUYECKWX
PeKOMeHAALMN N0 MeAuLMHE KaTacTpod M y4uTbIBaeT Cy-
LLIeCTBYIOLLME aKTyaNM3MpOBaHHbIe CTaHAAPTbI €€ OKa3aHus.
B KIMHUYeCKMX peKoMeHLaLuMsAX Mo BeeHMI0 NaLMEHTOB XU-
PYPruyeckoro npoduns ¢ TSKesoW TpaBMOiA CYLLECTBEHHOe
MECTO OTBEAEHO W3JI0MEHWUIO TAKTUKM 3anporpaMMUPOBaH-
HOr0 MHOr03TamnHOro Xmpypruyeckoro nedenus [7, 8.

B npouecce npaKkTMYecKol AeATenbHOCTU CeLnanmcToB
HewwTaTHbIX dopmupoBanuin (HD) B xoae NMKBMAAUMM Me-
OMKO-CaHWTapHbIX nocneacteuii YC BO3HMKAET MHOXECTBO
NPensTCTBUIA U 3aTPYLHEHW OPraHU3aLMOHHOr0, TEXHUYe-
CKOro, MeAULIMHCKOr0 M NpaBOBOro xapakTtepa. Ha ceroa-
HALLHW [eHb OCTAKTCA pe3epBbl LS COBEPLUEHCTBOBAHMS
pesarensHoct CMK MO P® no nuKBMAALMM MeOULMHCKUX
nocneacteuii YC, B ToM umncne ¢ yyactueM HO. HescHbiMu
NPeACTaBNAOTCA BEKTOPbI [LaNbHEWLIEr0 PasBUTUS QYHK-
uvonupoanus HO B coctaBe Beepoccuiickoii CMK MO PO.
[aHHble haKTopbl OMpeaensioT aKTyanbHOCTb NPOBEAEHHOIO
uccneLoBaHuA.

Llens uccnedosaHus — aHanu3 AeATENbHOCTA U NyTK
COBEpLLUEHCTBOBaHUS yHKUMOHMpoBaHua HO CMK MO PO
NP1 NUKBUAALMM MeNKO-CaHUTapHbIX nocneactamin YC.

MATEPUAJIbI U METObI

[lns [ocTMKeHUs MOCTaBNEHHOW Lenu uccnefoBaHue
pasgenunu Ha 2 3tana. [lepBbIM 3TanoM BLINMOSHWAM pe-
TPOCMEKTUBHBIA aHanM3 WUCTOPUYECKUX acrneKTOB JIMKBU-
[auMM Me[MKO-CaHUTapHbIX nocneacteuii YC pasnmuHoro
XapaKTepa, B ToM uucie ¢ ydactuem CMK MO P®. Beinon-
HEH KOHTEHT-aHaNM3 MaccuBa WUCTOPUYECKUX AOKYMEHTOB,
OMUCHIBAIOLLMX OPraHU3aLui M pe3ynbTatbl (QYHKLMOHU-
poBaHUs MeguuMHCKoi cnyxbbl 1 CMK MO P® no nvkeu-
AauuM MefuKo-caHuTapHbIx nocneacteuit YC pasnmunoro
XapaKkTepa Kak Ha Tepputopuu PO (CCCP), Tak u B opyrux
CTpaHax C Mocrefylollei cofepaTeNlbHoM UHTepnpeTauu-
en [N1s BbiSIBNEHUs HaKTOB U TEHAEHLMN U3YYeHHBIX [OKY-
MeHTOB. BTopbiM 3TanoM npoBeny NpoCneKTMBHOE U3YYeHUe
npobnemM ¢yHKkumoHuposanus HO CMK MO PO®. Mpobnembl
chopMynMpoBanu Ha OCHOBaHWW aHanM3a OnbiTa JIMKBUAA-
UMM MeaMKOo-CaHuTapHbIx nocneacteuii YC, BbINMOAHEHHOMO
Ha MepBOM 3Tane McCrefoBaHWsA, M NpeAcTaBUIM B BUAE
COOTBETCTBYIOLLEN aHKeThl. [locne 3Toro NpoBeAeHO aHKe-
TMpoBaHue 440 Bpauyen-crneunanucTos, BXOAALMX B COC-
TaB HO CMK MO PO®. KaxpoMy U3 aHKeTMpyeMbIX BblaH
onok u3 10 BonpocoB. PasHonnaHoBble npobnembl (Pr)
CBEJEHbI B MHYH UCCNEAO0BATENbCKYI0 MaTpULly C Liefblo
ONpeAeneHns UX KOHKPETHOro BKNaAa B LeATeNbHOCTb Me-
OMLMHCKUX paboTHUKOB, NPMBJIEKAEMBIX B COCTaBe pasfind-
HbIX rpynn, 6purag. B uccnepnoBatenbckylo MaTpuuy BoLU-
nu: cnabas 6asoBas 0CHOBA B BMAE aKTyanM3MPOBaHHbIX
HOPMAaTMBHbIX MPaBOBbIX AOKYMEHTOB, PernaMeHTUPYHOLLMX
LesATeNbHOCTb MeMLMHCKMX PaboTHUKOB B pasfMuHbIX pe-
#uMax YC u B cocTaBe HewTaTHOro opmupoBanus (Pr 1);
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cnabas oCHaLLeHHOCTb MeAMLMHCKMX PaboOTHUKOB MeAMLIMH-
CKAMM U30ENUAMM, NeKapCTBEHHbIMU CpeaCcTBaMM U CaHM-
TapHO-X03AWCTBEHHBIM UMYLLIECTBOM, He06X0AMMBIM Afsl pa-
6otbl B 30He YC (Pr 2); cnabas NoArotoBKa MeaMLMHCKUX
paboTHWKOB Mo BOMPOCaM OpraHM3aLyy MeJULMHCKON 3BaKy-
auum, B TOM YuCNe caHUTapHO-aBuaumoHHou (Pr 3); Hecsoe-
BPEMEHHOE W HEeKayeCTBEHHOE MOBbILIEHWE KBaUPUKaLMK
MeJMLMHCKUX pabOTHUKOB U3 COCTaBa HeLUTaTHbIX hopMUpo-
BaHWM No BonpocaM ux AestenbHocT B yenosusix YC (Pr 4);
HaJu4Me COBPEMEHHbIX CPEACTB 3alUMThl OT NOPaKaLLMX
(aKTopoB pa3nnyHbIX (MHPEKLUMOHHBIX U HEMH(DEKLMOHHBIX)
BuaoB YC (Pr 5); oTcyTcTBME HEOOXOAMMBIX HABLIKOB M yMe-
HWN (B TOM YMCNE M KOMMYHWUKaLMOHHbIX) ¥ MeLULMHCKUX
paboTHMKOB B Cy4ae MX NpuBNieYeHus Ans pabotsl B cocTa-
Be HeLTaTHbIX GOpMUPOBaHUii 3a pybexoM (Pr 6); nopaaok
B3aUMOJENCTBUA C OpraHaMm yrnpaBneHns 1 Me AULMHCKUMH
creumanucTaMn Apyrux MUHUCTEPCTB, areHTCTB U CNyO,
NPUBJIEKAEMbIX AN JIMKBUAALMM MeLMKO-CaHUTapHbIX Mo-
cnenctauii YC (Pr 7); BO3MOXKHOCTb NpoBefieHUs be30nacHoil
OLIEHKM 0OBEKTOB OKPYKaloLLel Cpeabl Ha MHAMKALMI0 BO3-
ByouTens MHPEKLMOHHOW NPUPOALI, XMMUYECKOrO 3apaxe-
HWSA U paguaumoHHoro 3arpsasHenus (Pr 8); cobnioseHue yc-
NOBMIA TPYLa W 3aLLMTa UHTEPECOB MeMLMHCKUX PaboTHUKOB
B C/ly4ae WX NPUBJIEYEHUS B COCTaBE HELUTATHbIX hopMUpo-
BaHWN ANS BbINOSHEHUS CBOWX (DYHKLMOHANbHbIX 0683aHHO-
cTer B 30He YC (Pr 9); 3HaHWe U BbINOSHEHUE MeANLIMHCKUMY
paboTHMKaMmM TpeboBaHWiA NOpAAKa OKa3aHWA MeaMULMHCKOM
MOMOLLM Ha OCHOBE KIIMHWYECKMX PEKOMEHAALMIA C y4eToM
CTaH[aApTOB, a TaKXe MeAMKO-TaKTUYecKol 06CTaHOBKM
B KOHKpeTHol 30He YC (Pr 10). Kaxagomy 13 Bonpocos cne-
LiManucT NpMcBamBan OLLEHKY Mo TpexbannbHOM cucTeMe: «He
BaXHO» — 1-e paHroBOe MECTO; «BaXHO» — 2-€; «04eHb
BAXHO» — 3-€ MeCTO C MPUCYKLEHNEM COOTBETCTBYIOLLErD
banna.

[lns cTaTMCTUYeCKOro aHann3a nosyyeHHbIX AaHHbIX Bbl-
bpanu papg nporpamm, Haubonee MPUroAHbIX 48 PeLIeHus
BO3HMKalLWWMX 3afay. B yactHocTw, ucnonb3oBanack npo-
rpamma PAST', B KOTOpOIi peann3oBaHbl COBpEMeHHbIe,
Haubonee HafieXHble HenapaMeTpuyeckue npouesypbl cTa-
TUCTUYECKOTO OLIEHMBAHWUA W MPOBEPKM CTaTUCTUYECKON 3Ha-
uMMocTv HabmoaaeMblx addekToB. KateropmanbHble AaHHbIe
npescTaBneHbl B BULE eAVHUL, U NpoLieHToB (nonen). Henpe-
PbIBHbIE JaHHbIe NpeACTaB/eHbl B BUAE «cpeaHee (CTaHpapT-
Hoe OTK/OHeHue)». OLeHKa 3HaUMMOCTU pasnnuuus YacToT
HabnAeHMI N3y4aeMbIX MPU3HAKOB BbIMOSIHEHA C UCTOfb-
30BaHMEM HernapameTpuyeckoro Kputepua x2. [Ins oueHKu
CTaTUCTUYECKON HEOAHOPOAHOCTU B AMArHOCTUYECKMX Tabnu-
LLax COMpSXKEHHOCTM 2 x 2 MO TO4YHOMY KpuTepuio Ouiepa
MCMOMb30Ba/IM MHTEPaKTUBHBIN KanbKynsTop Fisher's exact
test p-value calculator, 2 x 2 and 2 x 3°. Pasnuuma Mexay
nepeMeHHbIMW MPU3HaBanUCb 3HauuMbiMM npu p < 0,05.
OcHoBHOM 06bEM MOMyYeHHbIX AaHHbIX ObIT MoABEPrHYT

! http://folk.uio.no/ohammer/past/.
2 https://www.coggenomics.org/software/stats.
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CTaTUCTMYECKON 00paboTKe C NPUMEHEHUEM MPOrpaMMHOr0
npoaykTa IBM SPSS Statistics 25. CornacoBaHHOCTb MHEHMIA
PECrOHAEHTOB OLEHUNM C MOMOLLbI0 PaHroBOro Koadguumu-
eHTa Koppensaumm — Ko3dduumeHTa KoHKopaaumu Kew-
penna (W). Pesynbtathl uccnegoBaHus Gbi nogBeprHyTh
(aKTOpPHOMY aHanu3y, 4to NO3BOJIUNO 00PabOTaTh PaHKMPO-
BaHHble (NOpsAKOBbIE) OTBEThI 3KCMEPTOB [71A Noc/eaytoLL el
MHTEprpeTaLum.

PE3YJIbTATbI U UX OBCYXXAEHUE

Mpu aHanu3e opraHusaumm NevebHO-3BaKyaLMOHHOMO
obecneyeHnss MocTpafaBLLIero HaceneHWs U pe3ynbTaToB
JIMKBULLALMM Me AMKO-CaHUTapHbIX nocnepcTamii HYC npupoa-
HOro XapaKTepa, BO3HMKLUMX B MOCNEBOEHHbIE FOAbl (3eM-
netpscenus B Awxabane B Houb € 5 Ha 6 oKkTsbpsa 1948 1.,
TawkeHTe 26 anpens 1966 r., Mepy 31 mas 1970 r.), bbina
NPOAEMOHCTPMPOBaHA NPaBUIbHOCTb CIeA0BaHUS NPUHLMNY
NPUBAMMKEHNS MeAMNLMHCKON NOMOLLM K 04ary MaccoBbIX Ca-
HWTapHBbIX NOTepb, U B MEPBYK 04Yepefb UMEHHO creuuany-
3MpoBaHHOM xupypriveckoi nomoluy (CXIM). beicTpo Hana-
YKEHHas CMCTEMA OKa3aHWs MeMLIMHCKOW MOMOLLM BKITKOYana
pa3BepTbiBaHWe psifa NoneBbIX rocnutaned, 0bopyaoBaHue
MOSMKIMHAYECKUX OTAENEHUA U YETKO OpraHWU30BaHHY0 Me-
OMLMHCKYI0 3BaKyaLmio. 3T Mepbl NO3BOUIIU Y3KeE C NEPBbIX
OHei pabotbl B ovare YC adeKTMBHO OKasbiBaTb Meau-
LMHCKYlo nomoLub, B ToM uucne CXM. B xope nukeupaumm
nocneacTeuii 3emnetpscenns B Apmsanckoin CCP 7 pexabps
1988 r. cunamn rpynnbl MeauUMHCKOro ycunenust (TMY)
COBMECTHO C OpraHamy rpa[aHCKOro 3[paBo0XpaHeHus
B a3ponopTy Obin pasBepHYT 3BaKyaLMOHHbIA MPUEMHUK
LNs NOCTPafaBLUMX, 3BaKyMPYEMbIX BO3AYLUHbLIM TpaHCMop-
TOM B neyebHble yupexpaeHus EpesaHa n Tounmcn. Cunamu
1 cpeAcTBaMM JIeHWHAKAHCKOrO rapHU30HHOTO BOEHHOIO ro-
cnvtans (BlN), onepatusHoii rpynnel LieHTpanbHoro BoeHHo-
MeauumHckoro ynpasnenus MO CCCP, a Takxe otpsaga CMI
(293 yenoBeka) bObiN pa3BepHYT MHOTOMNPOQUILHBIA FOCMU-
Tanb Ha 450 KoeK, opraHu3oBaHbl MeJMLMHCKas COPTMPOB-
Ka paHeHblX, OKa3aHue KBaNM(ULMPOBaHHON MeAULIMHCKOI
nomoLum 1 3Bakyauma B B Mocksbl 1 JlennHrpapa [9-11].
boraTbli U BO MHOFOM TparuyecKuin onbIT, NpUOBPETEHHBI
B XOA€ JIMKBMAAUMW nocnefcTBuid pasnmuHbix YC, no3so-
nun cosgatb CMK MO PO, B ocHoBY feATeNbHOCTM KOTOPOI
Obin 3an0XeH MPUHUMN MPUBNIEYEHUS CU U CPeACTB BO-
€HHO-MeJMLMHCKUX OpraHu3auuii LeHTPaNbHOTO U OKPYX-
HOro MofuMHeHus. B BOEHHO-MeAMLIMHCKUX OpraHM3aumsax
ObinnM  copMupoBaHbl BpadebHo-cecTpuHcKue bpuragpl,
bpuragel CMI1, B TOM uyncne pagMonornyeckue, NOABUNK-
Hble TPYNMbl CaHUTapPHO-3NWULEMUONOrMYECKOr0 npoduns,
KOTOpble BblIM OPUEHTUPOBAHBI Ha OKa3aHWe KBanUdUUM-
poBaHHoM u CMI1 npu aBapusx u Katactpodax (B YacTHO-
CTW, PagMaLMoHHbIX), NpoBefieHNe NPOTUBOINULEMUYECKNX
(NpodunakTUYecKnx) MeponpuUsATUIA, a TaKKe CO3AaHbl OT-
LeNbHble MeMLIMHCKWE OTPSAbI CMELManbHOr0 HasHayeHus
(omepo CnH).
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Ha coBpemeHHoM 3Tane npumepoM pestenbHocT CMK
MO P® MoxeT cnyuTb IMKBUAALNS MeAMKO-CaHUTApPHBIX
nocneacTBUN TeppopucTuyeckoro akta 1 ceHtabpa 2004 r.
B cpeaHen wkone N° 1 Becnana (Pecnybnuka CeBepHas
Ocetns). Co CTOpOHbI MeAMLMHCKOI Cny:KObl Boopy»eHHbIX
cvn (BC) PO onst oka3aHWs Me AMLIMHCKOM NOMOLLM FpayaaH-
CKOMY HaceneHuio bbino npueneyeHo 40 Bpayen, 31 Yenosek
W3 YMcna CpefHero MennepcoHana, BblgeneHo 18 enuHu
TEXHUKM U pe3epBHble KOWKW BOEHHO-MeMLIMHCKUX OpraHu-
3auuii. MeaumumMHCKas 3BaKyaLms paHeHbIX BOEHHOCTYaLLmMX
CUNOBbIX CTPYKTYP OCYLLECTBASNAch CaHUTapHbIM aBTOTPaH-
cnoptoM B 236-# Bl (r. BnagnkaBKas) 1 caHUTapHbLIM CaMo-
netoM AH-72 B rocnutanu LieHTpa (1 yenoBeka — B [NaBHbIi
BOEHHbIW KnnHuyeckmin rocnutanb (TBKI) um. H.H. bypaeHko
1 10 — B 3-i LleHTpanbHbIi BOEHHBIA KIMHUYECKUIA rOCMn-
Tanb (UBKI) nm. A.A. Buwxescroro) [12, 13].

MeauumHckas cnyxba BC PO npuHuMana yyactve B nvK-
BUALMM MELMKO-CAHUTapHbLIX MOCNeACTBUN CTUXMMHOIO
benctus Ha Tepputopun XabapoBcKoro kpas M AMypckoit
obnactu B aBrycte-ceHTsibpe 2013 r. beinn 3anencTBOBaHLI
301-11 BoeHHbiii kinuunyeckuin rocnutanb (BKI) (r. Xaba-
POBCK), BOeHHble rocnutanu (r. bnarosewweHck, r. beno-
ropck, r. bupobuakaH, r. EkatepuHocnaBka, r. CBoboAHbIN);
CTPYKTypHble noppa3penedua 1029-ro LeHTpa roccaH-
anuaHaasopa (UIC3H) (r. benoropck u r. JlecosaBopck),
cneuuanuctbl 736 TnasHoro LIFC3H. MeauumHckue otpags
creuuanbHoro HasHayeHus 6binm npepctaenedbl 301-Mm
(r. XabapoBck) u 1586-m BKI (r. Mogonbek). Kpome
TOr0, BOEHHO-MEMUMHCKWE OpraHu3auuu OoKpyra bbinu
ycunenbl bpuragamm CMIT TBKI wum. H.H. Bbypaetko,
LBKT nm. M1.B. Mangpeblika, 3-ro LUBKI um. A.A. BuwHesckoro,
BoeHHo-MeauumMHcKom akanemumn (BMeaA) um. C.M. Kuposa:
yeTblpe TepaneBTUYecKue Opuragbl (No ofHoi Opurage
B dunmanax u CTpyKTypHblx noppasgenenusx 301-ro BKI
B XabapoBcke, bukuHe, benoropcke, bnaroselleHcke); oaHa
nHbeKuMoHHas bpuraga — B BOEHHOM rocnuTane r. bupo-
bumkaH; ofHa MHbeKuMoHHas bpuraga ycununa noneBoil
MHoronpodunbHbIi rocnutanb BUMK «3awmra» Mun3apaBa
Poccuu, npubbIBLMiA B asponopT [3emru (r. KoMcoMonbeK-
Ha-Amype). [lns oKa3aHust MeAMULMHCKON NOMOLLM FpaXaaH-
CKOMY HacesieHuio bblno pa3BepHYTO ABa MeAMLIMHCKMX NOCTa
B H. . Tponukoe 1 B r. KoMcoMonbcK-Ha-AMype, a B BOEHHO-
MeJMLMHCKWX opraHu3aumsax BocTouHoro BoeHHoro okpyra
bbino 3ape3epBupoBaHo 460 KOeK, B BOEHHbIX CaHAaTOPUAX
n poMax otabixa — 308 Komko-mecT. Bcero 3a nepuop pa-
6oTbl B [lanbHEBOCTOYHOM PeruoHe CUnaMu MeULMHCKOM
cnyx6bl BC PO bbina okasaHa MeaMUMHCKas noMolb bonee
YeM 2,5 TbiC. MECTHbIX XUTeNeit 1 NPUBUTO UMMyHObMONOMM-
yecKuMMM npenapatamu bonee 23 Toic. yenoek [14].

MeamumHckan cnyxba BC PO npuHumana yyactue B fvK-
BMOALMM MOCNEACTBUN BCMbILLKM CUMBMPCKON A3BbI B fIMa-
no-HeHeuroM aBToHOMHOM okpyre (AHAQ). 25.07.2015r.
B AManbckoM paiioHe SHAO Obin BBeAEH KapaHTWH W3-3a
atoro 3abonesaHus. [Ina nukeupaumv nocnefcTsui B Ha-
LIMOHANbHOM LIeHTpe ynpaeneHus obopoHon PO Obin co3aaH
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V13BecTua Poccuinckon
BoeHHo-MeauLIMHCKOM aKaaeminn

OnepaTMBHbINA LWTab rpynnuUpPoBKM C LieMbH YNpPaBAeHUs cu-
namu u cpeacteamu LieHTpanbHoro BoeHHoro okpyra (LBO)
B0 B3auMogencteun ¢ PocnoTpebHagsopoM, MuH3gpaBoMm
1 MYC P®. OcHoBHOM 3aaayeit bbiN0 HeLoNyLLEeHUe BO3HUK-
HOBEHMS U pacnpocTpaHeHus cnyyaes 3aboneBaHus cubup-
CKOW A3BOW cpeam inyHoro coctaBa BC PO, npuenekaemoro
K JIMKBUZALMM 04ara, M MecTHOro Hacenenus. B uensx ycu-
NEHUS LUTATHBIX CUA U CPeACTB MeaMUMHCKOM cnyxbbl LIBO
Bbinn npueneyetsl cneumanuctsl M3 BMegA um. C.M. Kuposa,
3-ro UBKTI um. A.A. BuwHesckoro u 736-ro InasHoro LIFC3H.

JbdeKTvBHbIE [eNCTBUSA BOEHHO-MEAULMHCKUX CreLm-
anucToB MOATBEpPXAeHbl 1 B Hopbbe ¢ HOBOW KOpOHaBMU-
pycHoii uHderumenn (COVID-19). B ucnonHeHne nopyyeHus
npe3uaeHTa PO B. lyTuHa 1 no npockbe MTanbsHcKoi Pec-
nyonuku 22-25 mapta 2020 r. PO Hanpasuna B 3Ty CTpaHy
okono 100 BoeHHbIX BUpYconoroB M cneumanuctos MO PO
B 0bnacTu anuaemuonorum, 8 BpauebHoO-cecTpUHCKMX bpu-
rag, a Takxe 060pynoBaHue 1 IUArHOCTUKU U NPOBEEHMS
Ae3HBEKUMOHHBIX MeponpusTuid. B UtanbaHckon Pecny6-
nvKe cBoAHble oTpsabl MO PO BbINOAHANM NocTaBReHHble
3ajaum (Be3vH(EeKLMS COOPYHKEHUIN U 3[,aHNI KaK CHapyXy,
TaK M BHYTPUM — MaHCMOHATOB, AOMOB A/ NpecTapenblX,
CaHaTopueB W rocnuTanel, a Take AO0por ¢ TBEpAbIM Mo-
KpbITUEM U MAoLLafen) B HaMbonee nocTpajaBLUen 0bnacTu
(Jlombapaus, nposuHuUMK Bpelumna v bepramo). B Pecnybnuke
Cepbus cBoaHbIM 0TpsigoM MO PO 6bin npoBeeH KOMNEKC
Ae3MHAEKLMOHHBIX MeponpusTuii bonee YeM Ha 100 0bb-
eKTax B 25 ropogax. BpauebHo-cectpuHckue bpuragbl MO
P® nposenu ocMOTp U MpUHANM y4acTUe B JIEYEHUW OKOJIO
500 nauwueHToB, MHGULMPOBaHHbIX COVID-19.

TakuM 06pa3oM, peTpoCneKTUBHBIN aHanM3 UMEIoLLerocs
onbiTa JMKBUAALMW MeAMKO-CaHUTapHbIX nocneactamii YC
no3sosun chopMynmpoBaTb OAMH U3 BaXKHEWLUMX MPUHLIM-
noB neyebHo-3BaKyaLMOHHOro obecneyeHns NOCTPaAaBLLMX
B YC Ha coBpeMeHHoli 3Tane passutus CMK MO PO. OH 3a-
K/l0YaeTCA B MaKCUMasbHOM NPUBIKEHUM MeMULMHCKON
MOMOLLM K 04ary MaccoBbIX CaHWUTapHbIX noTepb B 30He YC
C NPUOPUTETOM OKa3aHUs MeMLMHCKOMN NOMOLLM B 3KCTPEH-
HOW W HEOTNOXHOW opMax U npu HeobxoaMMOCTH C noche-
LyloLleli MeMLMHCKONM 3BaKyaumel B MeOMUUMHCKWe opra-
HWU3aLWKW, AN Yero BO3MOXKHO NpUBMEYEHUE MeAMLIMHCKUX
paboTHMKOB pasninyHoro npodunsa B COCTaBe HELUTATHbIX
dopmuposanmin (HO) CMK. B xoae n3yyeHus ocobeHHoCTel
JKBUL,ALMY MEeMLIMHCKUX NOCNeACTBUN NPUBELEHHBIX B pe-
TPOCMEKTUBHOM YacTh paboTbl YC Hamm bbin chopMynmpoBaH
psA NpobieMHbIX BOMPOCOB, C KOTOPbIMU CTOJIKHYNIUCH Cre-
unanmctel HO CMK MO P®. OnpoLueHHble 3KCMepTbl U3 CO-
ctaBa HO BOEHHO-MeLUUMHCKMX OpraHu3auuin LeHTpanb-
HOFO M OKPYXHOro MOLYUHEHUS pacnpefenunn npobnembl
M0 YMeHbLLUEHWI0 UX 3HaUMMOCTY (Mo TpexbannbHoM LKane)
cnepyowmm obpasom: Pr 2 (2,59 + 0,53) > Pr 6 (2,50 + 0,55) >
>Pr7(2,43+0,59)>Pr9(2,40+0,58)>Pr5(2,39 +0,56) >
=>Pr10(2,39+£0,57)>Pr1(2,35+0,57)>Pr4 (2,35 £ 0,61) >
>Pr3(2,28+£0,61)>Pr8(2,23 £ 0,55), roe camoil 3HauMMolA
cTana «cnabas OCHaLLeHHOCTb MeAMLMHCKUX pPaboTHUKOB
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MEJMLMHCKAMW U3LENUAMM, NEKapCTBEHHBIMU CpeaCcTBaMu
M CaHUTapHO-XO3SAMCTBEHHBIM UMYLLECTBOM, HEODX0ANMBIM
Ans pabotbl B 30He YC», a HaUMeHee 3HAUUMOI — «BO3-
MOXHOCTb NpoBeeHs be30MmacHoi oLEeHKM 06BEKTOB OKpY-
JaloLLen cpefibl Ha MHAMKaLMo Bo3byauTens MHAEKLMOHHOM
NpUpOLbI, XMMUYECKOTO 3apa)KeHus M pafuaLMoHHOro 3a-
rpsA3HeHus». B pesynbTate GaKTOPHOro aHanM3a NpocTpaH-
CTBO WUCXO[HbIX MPU3HAKOB ObINO CyxeHo 0 3 dyHLaMeH-
TanbHbIX BHYTPEHHUX (CKpbITbIX) hakTopoB. Mepsbiit dakTop
(bakTop 1) pacmpedenwn CBOI Harpysky Ha cCrepyloLime
JKECTKO B3aMMOKOppenupyloLLye npobnembi:

+ cnabas 6asoBas 0CHOBa B BWAE aKTyalMU3WUpOBaHHbIX
HOPMaTMBHbIX NPaBOBbIX [LOKYMEHTOB, periiaMeHTupyLo-
LWMX LeATeNbHOCTb MeAMLIMHCKMX paboTHMKOB B pas-
NMYHbIX pexkumax YC u B coctae HO (0,72);

+ HECBOEBPEMEHHOE M HEKAYECTBEHHOE MOBbILIEHUE
KBanMUKaLMM MeIULMHCKUX paboTHUKOB M3 cocTa-
Ba HO no Bonpocam ux aestenbHocTy B ycnosusx YC
(0,70);

+ cnabas OCHALLEHHOCTb MeAMUMHCKUX paboTHMKOB
MEIMLIMHCKUMMN U3[eNAMH, JIEKapCTBEHHBIMU cpej-
CTBaMM W CaHUTapPHO-XO03AWCTBEHHBIM MMYLLECTBOM,
HeobXoAuMbIM ans pabotsl B 30He HC (0,65);

+ cobniofieHne yCnoBUA TpyAa M 3alLMTa MHTEPECOB
MEJMLIMHCKUX PaboTHUKOB B Crly4ae UX MpUBREYEHMS
B coctaBe HO ans BbINONHEHUs CBOMX (YHKLMOHANb-
HbiX 06s13aHHoCTel B 30He YC (0,64).

Bropoit dakTop (hakTop 2) pacnpenenun CBOK HarpysKy

Ha CriefytoLLmMe eCTKo B3aMMOKOppeNvpyloLLye npobnembi:
 BO3MOXHOCTb NpoBefeHWs be30nacHoM OLEHKW 00b-
EKTOB OKpY)KaloLLeN Cpefibl HA MHAMKALMIO BO3byau-
Tens UHPEKLMOHHOW NPUPOSbI, XMMUYECKOr0 3apae-

HWS W pagmaumoHHoro 3arpssHenus (0,73);

* MOpPSLOK B3aUMOLENCTBMA C OpraHaMu ynpaBneHus
M MeAUUMHCKUMU CheumanucTamm ApYyrux MUHM-
CTEPCTB, areHTCTB U C/yX0, NPUBNEKaeMbIX ANS JINK-
BMAaLMM MeIMKO-CaHuUTapHbIx nocnenctamin HC (0,69);

¢ 3HaHWe W BbINOJIHEHME MEJMLMHCKAMM paboTHUKaMM
TpeboBaHWi NOpsAAKA OKa3aHWA MeLULMHCKOM NoMo-
LM Ha OCHOBE KJIMHUYECKUX PEKOMEHAALMN C Y4ETOM
CTaHAapTOB, a TaKXKEe MeJMKO-TaKTUYECKOI 06CTaHOB-
K1 B KOHKpeTHoli 30He YC (0,69).

Tpetuit daktop (bakTop 3) pacnpenenun cBok Ha-
TPY3KYy Ha CnefylLue XecTKO B3auMOKOppenupylLue
npobnembi:

¢ HaNM4ue COBPEMEHHBIX CPEACTB 3aLLMThI OT NOpaalo-
WX (haKTopoB pasfiMyHbIX (MHAEKLMOHHBIX U HEUH-
deKumoHHbIx) Buaos YC (0,76);

* OTCYTCTBME HEOOXOAMMbIX HaBbLIKOB U YMEHUIA (B TOM
uncne N KOMMYHUKALMOHHBIX) Y MEAMLIMHCKMX paboT-
HWKOB B Cllyyae WX npuBneyeHus Ans pabotsl B co-
CTaBe HelUTaTHbIX (opMMpOBaHMiA 3a pybexoM (0,74);

+ cnabas NoAroToBKa MeAMLMHCKUX paboTHUKOB Mo BO-
npocaM opraHu3aLun MeIMLMHCKOMN 3BaKyaLuy, B TOM
yncne caHuTapHo-aBMaumoHHow (0,6).
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Bbinn onpepeneHbl 3HauMMble pasnuumMs Mexay pac-
cMaTpuBaeMbiMu npobnemamu (x-keagpart lupcoHa cocTa-
Bun 168,9, p < 0,001). ina onpepenexus cornacoBaHHOCTH
MHEHUI 3KcnepToB bbin paccunTaH Koad@UUMEHT KOHKOp-
paumm Kenpanna (W), kotopbiii coctasun 0,04. CteneHb
COTNacoBaHHOCTW 3KCMEPTOB OKa3anacb BbICOKOW, YTO ro-
BOPUT O €IMHOM BOCTIPUSTUM CMBIC/IOBON Harpysku KauyecTs
Mo MpeACTaBNeHHbIM Npobnemam.

3AKJIOYEHUE

Wccnepnosanne npobnem npodeccuoHanbHon aesTenb-
HOCTV MeAMLMHCKMX paboTHMKoB M3 coctaBa HO CMK MO
PO no3sonunu nonyuntb ee MepapxXMYecKyl CTPYKTYpy.
B pesynbTaTe npoBeAeHHOro MUccnefj0BaHWA HaM YAanoch
chopMynMpoBaThb TpK GyHLAMEHTaNbHbIX 0606LLaLWMX daK-
Topa u3 obLero yucna npobnem, KoTopble BAMSIOT Ha Op-
raHmsaumio gyHkumoHuposahus HO CMK MO PO: «Bcecto-
poHHee obecneyenne HO CMK» (Bknag daktopa B 00Lyto
amcnepenio — 30,3 %); «npodeccroHanbHas AesTenbHOCTb
H® CMK» (12,3 %); «ypoBeHb rotoBHocT HO CMK» (10,1 %).
Ha ocHoBe mony4eHHbIX AaHHbIX IOTMYHBIM NPeACcTaBNseTCa
onTuMM3aums dyHKuMoHMpoBaHusa HO CMK ¢ HanpaBneHnem
BEKTOpa YCUNWI Ha Haubonee 3HauuMble NpobneMbl U napan-
nenbHbIM NpoBefieHneM bonee yriybaeHHbIX UccneLoBaHUi
B JaHHOM obnactu. LlenecoobpasHbiM ABnseTcs ynydlle-
HWe B3aUMOAENCTBUA Mexay coboit cotpyaHukoB HO CMK.
OpraHusaumusi oKasaHWsi MeguuMHCKOW nomowwm npu YC,
B TOM YuCNe MeAMLMHCKOW 3BaKyaLuu, HanpsMylo 3aBUCUT
OT YNpaBJIEHYECKOr0 BO3LEMCTBUS Ha MOMYYEHHblE U WH-
TeprpeTUpOBaHHbIe pe3yNbTaThl 3KCMEPTHOro onpoca. Bos-
MOXHOCTb CBOEBPEMEHHOIO OTKJIMKA OpPraHoB YrnpaBJieHus
MeauumHckuM obecneyeHnem CMK MO PO Ha uMmetowmecs
3anpocbl CO CTOPOHbI Bpayei-CneumanucToB, NpUHUMalo-
WKMX yyacTue B NIMKBMAALMM MeAMKO-CaHWUTapHbIX nocnes-
ctBui YC B cocTaBe HelwTaTHbIX GopMupoBaHui (OTpSAbI,
Opuragpl, rpynnbl), 61aroNpuATHO CKaXKeTcs Ha 3P HEKTMB-
HOCTU UX (YHKLMOHWUPOBAHUA M NMOJIOXKMTENBHO OTPA3MTCS
Ha obLLen cucTeMe nevebHO-3IBaKyaLMOHHOMO obecreyeHus
BCMK.

Takum 06pa3oM, OCHOBHBIMW MYTSIMU COBEPLUEHCTBOBA-
HWA QYHKLUMOHMPOBaHUS HewwTaTHbIX (opmupoBalin CMK
MO P® npu nMKMoaLMM MeyKo-CaHUTapHbIX NOCNEeACTBUI
Ype3BblYalHbIX CUTyaLMI He0BX0AMMO cuMTaTb:

* OMNTMMU3ALMK OPraHWU3aLMOHHO-LUTATHON CTPYKTYpbI
¥ MaTepuanbHOr0 OCHALLEHUS HeLUTaTHbIX (hopMUpo-
BaHuin CMK MO P® B cooTBeTCTBME C npeanonarae-
MbIMW 33fa4aMu U NPOdECCUMOHANbHBIMU KOMMETEH-
LMSIMM ee CreLuanucToB;

- obecneyeHune roTOBHOCTH HeLUTaTHbIX HOpPMUPOBaHUI
CMK MO PO, cucTeM nx onoBeLLeHUs K OeiCTBUAM
no npeAHasHauyeHnto B ycnosusx YC;

¢ CO3[4aHMe M paLMOHaNbHOE WCMOMb30BaHWE Meau-
LMHCKMX W MaTepuanbHO-TEXHUYECKUX PEcypCoB LA
paboTbl HelwTaTHbIX popmupoBanmin CMK MO PO B YC.
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Mpn 3TOM C y4yeToM MMerLmxcs NpodeccmoHanbHbIX
KOMMETEHUMIA BOEHHO-MeIULIMHCKUX CNEeLUanncToB U3 BO-
€HHO-MeANLMHCKUX OpraHM3aunii LeHTPanbHOro noj-
UWHEHUS, HAKOMJIEHHOT0 M NpOaHanM3UPOBaHHOIO BhbILLE
OMbiTa Ha TPETbEM YPOBHE MeMLMHCKOr0 obecrneyeHus
cnepyet dopMupoBaTb MHOronpodunbHble Creuuanmau-
poBaHHble xupyprudeckue MY. Takue rpynnbl npegHa-
3HayeHbl AN oKa3danua CXI1 B cokpalleHHOM obbeMe pa-
HEHbIM W MOPAXEHHBIM, YCUIIEHUSA LUTATHBIX MeAULMHCKNX
BOMHCKMX YacTel W MOApa3feNieHnid Npu uX neperpyske,
C03[aHus CreLManu3npoBaHHbIX rocnutanei Ha base 06-
Lexupypruyeckux. Ipynna MoxeT ycunmeatb Ntoboe LuTat-
HOe MeJMUMHCKOe NoapasgeneHue He Huxe Mepo CnH.
B coBpeMeHHbIX YCNOBUAX CYLLECTBEHHO BO3pacTaeT 3Ha-
yeHue CMI, B TOM unce BbICOKOTEXHONOMMYHOI MO Npo-
ounio «xupyprus» (CBMIX), B cucteMe MeaMUMHCKOMO
obecneyenus noctpagaswux B YC. Ha 6ase BoeHHO-Meau-
LMHCKMX OpraHv3aumi, pacnosoxeHHbIx Hanbonee 6113ko
K 0Yaram caHuTapHbIX NoTepb, NPOUCXOAUT nepenpodunu-
3aums nepBblX 33 CYET CUNT U CPeACTB MHOrOMPOdUIBLHON
Cneuuanm3vpoBaHHOM XMpYPruyecKomn rpynnbl, NOC/e Yero
3TW OpraHM3auuu roToBbl K NpUeMy NOCTPajaBLUMX U OKa-
3aHuto cokpateHHon CBMIX. B nepByto oyepeb 3To cBA-
3aHO C MOCTOSIHHBLIM YBEJIMYEHMEM YUCNIA MOCTPASaBLUMX
C TSXKENbIMA MHOXECTBEHHLIMU W COYEeTaHHbIMU TPaBMa-
MU M PaHEHUSIMU, NMPU KOTOPbIX €AUHCTBEHHO BO3MOXHbLIM
BapMaHTOM CMACeHUs XWU3HU CTAHOBMUTCS CBOEBPEMEHHOE
oka3aHue CMI. PewaeTcs 3Ta 3agaya nyTteM opraHusauum
OKa3aHusa cokpawieHHon CBMIX, KoTopyto peanu3ytoT asy-
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The application of modern psychophysiological
hardware and software complexes in prediction
of resistance to combat psychological stress

Evgeniy A. Chernyavskiy, Natalya V. Zelenina, Vladislav V. Yusupov, Anton V. Grigorov

Military Medical Academy, Saint Petersburg, Russia

Modern concepts about the dynamics of states of servicemen following combat mental trauma are presented.
Psychological mechanisms of the development of post-traumatic stress disorder are described. The results of the psy-
chological examination of servicemen-combatants are briefly summarized. It is shown that 40% of them have negative
psychological consequences of combat stress in the form of signs of partial post-traumatic stress disorder, which correlate
with manifestations of neurotic disorders. Signs of partial post-traumatic stress disorder in healthy military combatants
reduce the self-assessment of the quality of life but do not significantly affect the professional aspect of social functioning
in favorable conditions, which does not allow identifying the presence of negative psychological consequences of combat
stress by commander expert assessment.

In addition to the psychological examination, the servicemen underwent stress testing on the “Rehacor” hardware psy-
chophysiological software complex, which consisted in the fact that the subject was alternately presented with stress stimuli
consisting of video and audio sequences on the monitor screen and in headphones in accordance with a pre-compiled scenario.
In the course of stress testing the physiological parameters of the subject were recorded. In military personnel with signs of
partial post-traumatic stress disorder, a decrease in the threshold of sensitivity to stress was found, which in combat condi-
tions can lead to the development of acute stress-induced mental disorders and be the reason for the growth of violations,
mistakes, the adoption of incorrect operational and tactical decisions, the demoralization of personnel, the growth of sanitary
and irretrievable losses and losses of military equipment and weapons.

Based on the physiological parameters obtained during stress testing, a method for diagnosing signs of partial post-trau-
matic disorder has been developed. This method makes it possible to objectify the identification of the negative psychological
consequences of combat stress and can be used in the interests of psychological and psychiatric intelligence.

Keywords: combat psychological stress; military combatants; psychological and psychiatric intelligence; partial post-
traumatic stress disorder; psychophysiological hardware and software complex; psychophysiological stress testing;
stress resistance.
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Ucnonb3oBaHue coBpeMeHHbIX NCUX0GU3U0IOrMHECKUX
annapaTtHO-NporpaMMHbIX KOMIJIEKCOB
B NPOrHO3MpOBaHMUM YCTOMUMBOCTU K 6oeBOMyY cTpeccy

E.A. YepHssckun, H.B. 3enenuna, B.B. H0cynos, A.B. ['puropos

BoeHHo-MeauumHcKas akapemus, CaHkt-[letepbypr, Poccus

B ctatbe npuBeaeHbl COBpEMEHHbIe MPEACTaBNIEHNS 0 AMHAMUKE COCTOSHWIA BOEHHOC/Y)KALLMX nocne 60eBoi ncuxum-
Yeckol TpaBMbl. OnMcaHbl MCUXOMOMMYECKME MEXaHW3Mbl Pa3BUTUSI MOCTTPABMATMYECKOrO CTPECCOBOTO PacCTPOMCTBa.
N3nosKeHbl pesynbTaThl NCUXONIOMMYECKOr0 006C/Ief0BaHMA BOEHHOCIYKALLMX-KOMOaTaHToB. oKasaHo, uto y 40 % u3 Hux
UMEloTCA HeraTUBHbIE MCUXONOMMYECKMe MocneaCcTBIUS BoeBoro cTpecca B BUAE NPU3HAKOB NapLManbHOro NocTTpaBMaTuye-
CKOTO CTPECCOBOro paccTpoMCTBa, KOTOpbIe B3aUMOCBSA3aHbI C MPOSBIEHUSMU HEBPOTUYECKOrO perucTpa. MpusHaku napum-
arnbHOro MOCTTPaBMaTUYECKOr0 CTPECCOBOrO PacCTPOICTBA Y 3[0POBbIX BOEHHOCTYKALUMX-KOMOATaHTOB CHUXKAIOT CaMOOLIeH-
Ky KauecTBa XKM3HW, HO He OKa3blBaKT 3aMETHOrO BAMSHWSA Ha NPOdECCUOHAMBHBINA aCMEKT COLMAbHOTO (YHKLMOHUPOBAHUSA
B ﬁﬂaFOI'IpVIHTHbIX YyCNnoBuUAX, 4YTO He no3BoJidAeT VI,U,GHTVId)VILlVIpOBaTb Hann4yme HeratMBHbIX MCUXOJIOMMYeCcKnx I'IOCJ'IE,U,CTBVIVI
boeBoro cTpecca no 3KCNepTHbIM OLEHKaM KOMaHAMPOB.

lMoMMMO MCMXoNoruyeckoro 0bcnefoBaHNs BOBHHOCYXaLUMe NPOXOAUM CTPeCC-TeCTUPOBaHWE Ha annapaTHOM MCUXO0-
¢u3nonornyeckoM nNporpaMMHOM KoMnnekce «Peakop», KOTOPOe COCTOSNO B TOM, YTO 06CnelyeMoMy Ha 3KpaHe MOHUTOPa
W B HayLWIHWKW B COOTBETCTBUM C NpeBapUTeNIbHO COCTAaBIEHHBIM CLIEHapueM MooYepeaHo NpeLbsBisiM CTPecC-CTUMYbI,
COCTOSILLME M3 BULEO- U ayAMOpsAAoB. B xofe cTpecc-TecTUpoBaHUs perucTpupoBani $husvonoryeckme nokasarenu obene-
AyeMoro. Y BOEHHOCTYXaLLMX C NpU3HaKaMW NapLuUanbHOro NoCTTpaBMaTUYECKOro CTPECCOBOr0 paccTponcTBa obHapyKeHo
CHWXKEHME MOpOora YyBCTBUTENBHOCTM K CTPECCY, YTO B YCI0BUAX HOEBbIX AEACTBUN MOXET MPUBOAUTL K Pa3BUTUID OCTPbIX
CTPEeCC-MHAYLMPOBAHHBIX MCUXMYECKUX PACcCTPONCTB U ObITb MPUUMHOIA POCTA HAPYLLIEHWI, OLLIMOOK, NPUHSATUS HENPaBUIbHbIX
0rMepaTMBHO-TaKTUYECKUX PEeLLEHNI, LeMOpanM3aLmmn IMYHOro COCTaBa, PocTa CaHUTapHbIX U 6e3B03BpaTHbIX NOTepb W Mo-
Tepb H0EBOI TEXHWUKW 1 BOOPYXKEHMS.

Ha ocHoBaHWUM pu3monor1yeckux nokasarenen, NoayYeHHbIX NpK CTPecc-TecTUpoBaHUK, paspabotaH cnocob auarHocTm-
K1 NPU3HAKOB NapLManbHOro NocTTpaBMaTMYeCKoro paccTpoicTaa. 10T cnocob no3BoniseT 06bEeKTUBM3MPOBATL BbISBNEHWE
HeraTMBHbIX NCUXONOTMYECKUX MOCNeACTBUN BOEBOro CTpecca U MOXKeT BbiTb MCNOb30BaH B MHTEPECaX NCUX0NIOro-ncuxma-
TPUYECKOI pas3BeKy.

KnioueBble cnoBa: 60eBoW NCUXOOrMYECKUN CTpecc; BOGHHOCJ'IY)KaLIJ,VIe-KOMﬁaTaHTbI; napuuasibHoe nocTtTpaBMatun-
YyecKoe cTpeccoBoe paCCTpOVICTBO; Ncuxosoro-ncnxnaTpnyecKaa paseenKa; I'ICVIXOdJVIBVIOJ'IOFVI‘-IECKVIVI annapaTtHo-npo-
FpaMMHbIﬁ KOMIMJIEeKC; HCMXO¢M3MOJ10FVI‘-IECKOE CTpecc-TeCTupoBaHue; CTpECCOyCTOVIqMBOCTb.
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BACKGROUND

Combat stress is one of the main damaging factors of
military operations, which can lead to significant person-
nel losses because of the development of mental disor-
ders. Mental disorders related to combat mental trauma
can be acute or delayed. Acute mental disorders are tran-
sient mental disorders of varying severity that last sev-
eral hours or days. Posttraumatic stress disorder (PTSD)
is the most common among delayed mental disorders,
which can be noted for several weeks, months, or years.
Statistical data on the prevalence of mental disorders
was contradicting because of the different nature of ac-
counting and assessment criteria, such as diagnostic
approaches, nature or stage of the armed conflict, and
category of the servicemen examined. Thus, in 1945,
during the fighting on Okinawa Island, Japan, relocates
from the combat zone, because of combat psychological
stress in American troops, accounted for 48.8% of the to-
tal number of wounded. In the Korean conflict, this figure
decreased to 20%-25%, and during the Vietnam War,
it increased significantly again, reaching 35%.

According to various data from American researchers,
PTSD is clinically diagnosed in 12.5%—44.0% of combatants,
and individual signs, partial PTSD (PPTSD), are detected in
63.0%-91.5% of healthy military personnel, often accom-
panied by deviant forms of behavior (suicidal, addictive,
delinquent, etc.). Thus, by the early 1990s, approximately
100 thousand Vietnamese veterans committed suicide and
40 thousand combatants lived aloof from the world. Many
American sources emphasize that the number of suicides
far exceeds the number of those killed in the war. A high
violence rate and issues in family relations and social con-
tacts were noted among this category of veterans [1].

Numerous and sometimes contradictory concepts
have described mechanisms of PTSD development, based
on the physiological, psychological, phenomenological,
sociocultural, and other levels of research. Currently, the
category of concepts that best explain the mechanisms
of PTSD development includes biopsychosocial models
of the occurrence of this disorder, in which three groups
of pathogenetic factors (biological, psychological, and
social) correspond to three groups of etiopathogenetic
mechanisms (psycho-traumatic situations, personality
characteristics, and disease aspects). An example of such
an approach is the A. Maercker multifactorial concept [2].
In this concept, three main groups of factors, the com-
bination of which causes PTSD, were deemed important:

1) Factors associated with a traumatic event, namely,
injury severity, suddenness, and uncontrollability.

2) Protective mechanisms of coping, namely, the ability
to comprehend the event and the presence of social support.

3) Risk factors, namely, age, negative past experi-
ence, history of mental disorders, intelligence level, and
socioeconomic living conditions.
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As one of the mechanisms, PTSD is considered a dis-
order of intrapsychic adaptation following exposure to
combat psychological stress. Adaptation after exposure
to psychological traumatic stress can develop depend-
ing on the situation, i.e., positive, negative, and mixed
scenarios. Following an injury, the initial period of an
acute emotional reaction to stress lasts for 1 month, and
gradually, the severity of the primary experiences weak-
ens and disappears completely. With positive adaptation,
the gradual reconstruction of the destroyed inner world,
system of basic life values, and connections with the
environment occur based on constructive coping strat-
egies. Positive assessments of the event are retained
in the mind, and the resulting traumatic experience is
perceived as having an unconditionally positive effect
on later life.

Three main categories of the consequences of trau-
matic experience are positively assessed, namely,
(1) these are changes in self-perception and self-esteem
(“became stronger,” “new opportunities appeared,” and
“| know what | stand for”), (2) changes in relationships
with others (“began to understand people better” and
“learned to appreciate friendship”), and (3) changes in
the general philosophy of life and the ideological founda-
tion of being (“learned the value of life,” “learned to enjoy
life,” “learned to understand the complexity of life,” etc.).
Successfully overcoming the negative psychological con-
sequences of traumatic experiences results in the person-
al growth of a participant in a traumatic situation. In this
case, the positive coping strategy is action-oriented, i.e.,
involvement in active social activity and the use of ac-
quired experience as a source of achievement motivation.
In this case, the stress resistance of military personnel
increases. With impaired adaptation, experiences gained
are not processed, and painful memories are forced out
of consciousness. The leading coping strategies are non-
constructive behaviors, namely, avoidance, self-isola-
tion, and self-accusation. Various clinical manifestations
of PTSD emerge. Unconstructive coping strategies lead to
a decrease in social contact and self-isolation and can be
complicated by various forms of deviant behavior. In the
violation of adaptation, incomplete mental processing of
traumatic experience and the development of a complex
of prenosological posttraumatic conditions occur, which
can manifest as a decrease in working capacity, prone-
ness to conflict, unsociability, and various complaints
of deterioration in well-being. The stress resistance of
a serviceman in this case is low [3-7].

MATERIALS AND METHODS

Combatants (n = 40), who performed special tasks
>6 months ago, underwent a psychological examina-
tion (standardized interview, determination of the expert
assessment of military personnel by unit commanders,
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operator performance indicators, the Mississippi
scale (MS) questionnaire, symptomatic neurotic disor-
der questionnaire, and quality-of-life questionnaire 12)
and stress testing on the hardware—software complex
(HSC)"Reacor” (NPKF Medicom MTD, Taganrog). During
stress testing, participants were alternately presented
with stress stimuli consisting of video and audio se-
quences on the monitor screen and headphones in accor-
dance with a precompiled scenario. During stress testing,
physiological parameters were recorded using four chan-
nels, namely, electrocardiogram (heart rate [HR], beats/
min and respiratory arrhythmia of the heart [HR RAH],
beats/min), respiratory recursion (RR), e.g., galvanic skin
response (GSR), %; photoplethysmogram (systolic wave
amplitude [SWA], pm).

RESULTS

The results of the cluster analysis in terms of MS indi-
cators enabled identifying two groups of participants with
significantly different cluster centers, where 16 people
had 56.94 points and 24 had 40.3 points (p < 0.000). Thus,
the PPTSD group accounted for 40% of all participants,
whereas the rest of the servicemen were assigned to
the control group (CG). PPTSD signs correlated with the
manifestations of the neurotic register. Among neurotic
manifestations, signs of somatovegetative disorder were
found in 62.5% of cases; affective stressing in 50%, sleep
disorders in 43.8% of cases, and anxiety—phobic disorder
in 43.8% of cases. Military personnel with PPTSD signs
also have a statistically significant decrease in the scores
in the self-assessment of quality-of-life indicators such
as general health, mental health, and social function-
ing. The negative correlation of quality-of-life indicators
with PPTSD signs indicates that this disorder affects the
quality of life. Results of expert assessment by unit com-
manders and operator performance were not significantly
different between servicemen with and without PPTSD
signs. Thus, PPTSD signs in healthy military combatants
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reduce the self-assessment of the quality of life but do
not have a noticeable effect on the professional aspect of
social functioning in favorable conditions [8].

Analysis of the results of stress testing at the HSC
“Reacor” revealed that none of the studied parameters
(HR, HR RAH, RR, and GSR), except SWA, differed in the
CG and PPTSD group. SWA, starting from the stage of
audio stimulation, was statistically significantly lower in
the PPTSD group and correlated negatively with the indi-
cators of the MS technique (Fig. 1).

Thus, military combatants with PPTSD were estab-
lished to present with altered physiological reactivity,
manifested as a decrease in SWA. Apparently, it is caused
by the narrowing of the peripheral vessels because the
HR does not change. The results indicate a decrease
in the threshold of sensitivity to stress in combatants
with PPTSD signs, which under combat conditions can
increase the frequency of violations, and mistakes, in-
correct operational and tactical decisions, development
of acute stress-induced mental disorders, demoraliza-
tion of personnel, combat, and noncombat sanitary, ir-
retrievable losses, and losses of military equipment
and weapons.

Based on the results of the discriminant analysis,
a method was developed for the psychophysiological
diagnostics of PPTSD in healthy military combatants,
based on linear classification functions (LCF) using SWA
indicators obtained during stress testing. We present
a technique of using the developed method on specific
examples of several military combatants. We substitute
the SWA indicators obtained during the stress testing at
the HSC “Reacor” at the stages of rest, start, and finish
(SWA,., SWA, ., SWAi.) into the equations:

LCFT = -1.13671 x SWA ., + 0.67812 x SWA,, +
+1.55106 x SWA;, ., — 1.91536;

LCF2 = 1.57987 x SWA_,,
+0.08717 x SWA;;,, — 2.53516.

LCF1 and LCF2 values were determined, and if LCF1
is greater than LCF2, then the serviceman has PPTSD

- 0.48947 x SWA_., +

start

background

—&— PPTSD —=— Control *p < 0.05

Start [nitiall  Instrucion1  Video  Instruction2  Audio

Rest  Instruction 3 Electrical Final Finish

stimulation background

Fig. 1. Dynamics of SWA changes by stages of stress testing in military personnel with PPTSD and KI" military personnel
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signs, and if LCF2 is greater than LCF1, then he/she does
not have them.

Example 1. According to the results of stress testing,
serviceman N., who performed special tasks, had SWA
of 2.63 pm, SWA,,,, of 2.41 pm, and SWA;, of 3.39 pm.
These values were substituted into the equations for LCF,
and LCF1 of 1.99 and LCF2 of 0.74 were obtained. LCF1
was greater than LCF2, which indicated that the service-
man had PPTSD signs.

Example 2. According to the results of stress test-
ing, Serviceman M., who performed special tasks, had
SWA, ., of 0.85 pm, SWA,,,, of 0.96 pm, and SWA;, g, of
0.89 pm. These values were substituted into the equa-
tions for LCF, and LCF1 of —0.85 and LCF2 of —1.58 were
obtained. LCF1 was greater than LCF2, which indicated
that the serviceman had PPTSD signs.

Example 3. According to the results of stress testing,
Serviceman L., who performed special tasks, had SWA
of 3.05 pm, SWA,,_, of 2.62 pm, and SWA,,;, of 2.62 pm.
These values were substituted into the equations for LCF,
and LCF1 of 0.46 and LCF2 of 1.23 were obtained. LCF2
was greater than LCF1, which indicated that the service-
man had no PPTSD signs.

The developed method was registered in the State
Register of Inventions of the Russian Federation, and the
Military Medical Academy received a patent for the inven-
tion dated June 24, 2019 [9]. In contrast to the currently
generally accepted survey methods, this method enables
objectifying the identification of PPTSD signs.

CONCLUSION

HSC Reacor is a research tool not suitable for mass
screening because it requires rapid assessment in a short

REFERENCES

1. Shamrey VK, ed. Psychiatry of wars and disasters. Saint Peters-
burg: SpetsLit Publisher; 2015. 431 p. (In Russ.)

2. Maercker A, Schitzwohl M, Solomon Z, eds. Post-traumatic
stress disorder: a lifespan developmental perspective. Seattle:
Hogrefe&Huber; 2008.

3. Lazebnaya EO. Overcoming the psychological consequences of ex-
posure to extreme (traumatic) stress: post-traumatic stress adaptation.
In: Dikaya LG, Zhuravlev AL, eds. Psychology of adaptation and so-
cial environment: modern approaches, problems, prospects. Moscow:
Institute psihologii RAN Publishing House; 2007. P. 561-575. (In Russ.)
4. Mattson E, James L, Engdahl B. Personality factors and their
impact on PTSD and post-traumatic growth is mediated by coping
style among OIF/OEF veterans. Mil Med. 2018;183(9—10):e475-e480.
DOI: 10.1093 /milmed / usx201

5. Murphy D, Palmer E, Lock R, Busuttil W. Post-traumatic
growth among the UK veterans following treatment for post-trau-
matic stress disorder. J R Army Med Corps. 2017;163(2):140—-145.
DOI: 10.1136/jramc-2016-000638

Vol.41(3)2022

DA https://doi.org/ 1017816/ rmmar83952

Russian Military Medical
Academy Reports

time. However, at present, psychophysiological software
systems are becoming more portable, convenient, and
affordable. Wireless data collection, various computing
platforms, including portable ones, such as laptops or
mobile phones, open up broad prospects for the use of
the developed method in the interests of psychological
and psychiatric intelligence, which is aimed at, within
medical intelligence, the prediction of the possible con-
sequences and dynamics of the situation for planning and
organization of psychological and psychiatric care under
special operations.

In the continuum of modern trends, this study is in
the automation of psychological and psychophysiologi-
cal methods for diagnosing pre-nosological and adverse
functional conditions of military personnel to create high-
tech devices and equipment with artificial intelligence
components that can process large amounts of data and
enable remote express diagnostics and forecasting of the
state and behavior under combat conditions and assess
the risk of neuropsychic breakdowns and behavioral de-
viations.

ADDITIONAL INFORMATION

Funding. The study had no external funding.

Conflict of interest. The authors declare no conflict of in-
terest.

Ethical considerations. The study was approved by the
local ethics committee of the S.M. Kirov Military Medical Aca-
demy, Ministry of Defense of the Russian Federation.

Author contributions. All authors made a significant con-
tribution to the study and preparation of the article, read, and
approved the final version before its publication.

6. Schubert CF, Schmidt U, Rosner R. Posttraumatic growth
in populations with posttraumatic stress disorder — a syste-
matic review on growth-related psychological constructs and
biological variables. Clin Psychol Psychother. 2016;23(6):469-486.
DOI: 10.1002/cpp.1985

7. Tsai J, El-Gabalawy R, Sledge WH, et al. Post-traumatic growth
among veterans in the USA: results from the National Health and
Resilience in Veterans Study. Psychol Med. 2015;45(1):165-179.
DOI: 10.1017/s0033291714001202

8. Zelenina NV, Nazarov SS, Marchenko AA, et al. Features of ad-
aptation after psychological traumatic stress among servicemen
who performed special tasks. Bulletin of the Russian Military Medi-
cal Academy. 2018;(3(63)): 153-158. (In Russ.)

9. Patent N° RU2692454 C1 Russian Federation, MPK A61V 5/00
(2006.01). A method for psychophysiological diagnosis of indi-
vidual signs of chronic post-traumatic stress disorder in military
combatants [Text] / Zelenina NV, Nazarov SS, Marchenko AA, et al.;
Published on 24.06.2019, BI N2 18. (In Russ.)




OPTHATTBHBIE MCCTTE[IOBARMA

CMUCOK JIUTEPATYPbI

1. TMcvxmatpus BoH v katactpod / Mog pea. B.K. Lampes. C6.:
Cneuflnt, 2015. 431 c.

2. Maercker A., Schiitzwohl M., Solomon Z., eds. Post-traumatic
stress disorder: a lifespan developmental perspective. Seattle:
Hogrefe&Huber, 2008.

3. JlazebHas E.O. MpeoponeHune NCUXonorMyeckux nocneq-
CTBUM BO3AENCTBMS 3IKCTPEMaAnbHOro (TpaBMaTuyecKoro)
CcTpecca: NOCTTpaBMaTWyecKas CTpeccoBas apantaums. B KH.
Mcmxonorvs apanTauumn U coumanbHast cpeaa: CoBpeMeHHbIe Nof-
xofibl, npobnembl, nepcnextussl / Moa pea. J1.I. Oukoin, AJ. XKy-
paBnesa. M.: UHctutyT ncuxonormm PAH, 2007. C. 561-575.

4. Mattson E., James L., Engdahl B. Personality factors and their
impact on PTSD and post-traumatic growth is mediated by coping
style among OIF/OEF veterans // Mil. Med. 2018. Vol. 183, No. 9-10.
P. e475-e480. DOI: 10.1093 /milmed / usx201

5. Murphy D., Palmer E., Lock R., Busuttil W. Post-traumatic growth
among the UK veterans following treatment for post-traumatic stress
disorder // J. R. Army Med. Corps. 2017. Vol. 163, No. 2. P. 140-145.
DOI: 10.1136/jramc-2016-000638

AUTHORS' INFO

Evgeniy A. Chernyavskiy, M.D., major of medical service,
adjunct; ORCID: https://orcid.org/0000-0002-1097-2749;
eLibrary SPIN: 9674-3636; Author ID: 873187,

e-mail: cherskij@list.ru

*Natalya V. Zelenina, Ph.D. (Biology), Associate Professor;
address: 6, Akademika Lebedeva str., Saint Petersburg, 194044,
Russia; ORCID: https://orcid.org/0000-0002-8130-7690;
Scopus Author ID: 6701602986; eLibrary SPIN: 1173-1255;
Author ID: 326460; e-mail: zelnatvas@mail.ru

Vladislav V. Yusupov, M.D., D.Sc. (Medicine), Professor;
ORCID: https://orcid.org/0000-0002-5236-8419;

Scopus Author ID: 57177317400; eLibrary SPIN: 9042-3320;
Author ID: 787045; e-mail: vmed_37@mil.ru

Anton V. Grigorov, Colonel, Deputy Head of the Military Medical
Academy, chairman of the attestation commission of the academy

* Corresponding author / ABTOp, 0TBETCTBEHHbI 33 NEPenmcKy

Tom 41,N8 3, 2022

DA https://doi.org/ 1017816/ rmmar83952

V13BecTua Poccuiickonm
BoeHHo-MeaMLIHCKOM aKaaemMmm

6. Schubert C.F., Schmidt U., Rosner R. Posttraumatic growth in
populations with posttraumatic stress disorder — a systematic re-
view on growth-related psychological constructs and biological vari-
ables // Clin. Psychol. Psychother. 2016. Vol. 23, No. 6. P. 469-486.
7. Tsai J., El-Gabalawy R., Sledge W.H., et al. Post-traumatic
growth among veterans in the USA: results from the National Health
and Resilience in Veterans Study // Psychol. Med. 2015. Vol. 45,
No. 1. P. 165-179. DOI: 10.1017/s0033291714001202

8. 3enennHa H.B., Hazapos C.C., Mapuenko AA., 1 ap. OcobeHHocTv
afanTauMm nocrne McuxMUecKoro TPaBMaTUMYecKoro CTpecca y Bo-
EHHOCNY)KALLMX, BBIMOMHABLUMX CrieumanbHble 3aaadun // BecTHuk
Poccuickon BoenHo-MeguumHckon akagemun. 2018. N2 3 (63).
C. 153-158.

9. Mar. N2 RU2692454 C1 Poccuitckas ®epepaumsa, MINK A61B 5/00
(2006.01). Cnocob ncvxodmr3nonorMyecKoin AMarHoCTUKM OTAESbHBIX
MPU3HAKOB XPOHMYECKOr0 NOCTTPAaBMATUYECKOr0 CTPECCOBOMO pac-
CTPOICTBA Y BOBHHOCTYKALLWX-KoMbaTaHToB [TexcT] / 3eneHuHa H.B,,
Hasapos C.C., Mapuenko AA, v ap.; onybn. 24.06.2019, BM Ne 18.

0b ABTOPAX

EBrenuin AnekcaHppoBuy YepHABCKUI, Maiiop Mef. Cyxobl,
aabioHKT; ORCID: https://orcid.org/0000-0002-1097-2749;
eLibrary SPIN: 9674-3636; Author ID: 873187,

e-mail: cherskij@list.ru

*Hatanbs BacunbeBHa 3eneHuHa, KaHf. 610N, HayK, JOLEHT;
agpec: Poccus, 194044, r. CankT-leTepbypr, yn. AKageMuka
Jlebepesa, A. 6; ORCID: https://orcid.org/0000-0002-8130-7690;
Scopus Author ID: 6701602986; eLibrary SPIN: 1173-1255;
Author ID: 326460; e-mail: zelnatvas@mail.ru

Bnaaucnas BuktopoBuy HcynoB, foKT. Mef. HayK, npodeccop;
ORCID: https://orcid.org/0000-0002-5236-8419; Scopus Author
ID: 57177317400; eLibrary SPIN: 9042-3320; Author ID: 787045;
e-mail: vmed_37@mil.ru

AnToH BHaﬂMMMpOBM‘-I I'puropoa, MOJIKOBHUK, 3aMeCTUTESb
HavanbHVKa BoeHHO-Me AMLMHCKON aKkafeMuu, npeacenaresib
aTTecTaLMOHHOM KOMUCCUM aKageMmm




V13BecTua Poccuiickon
OPUTHATTBHBIE MCCIEIOBAHIAA Tom 41, N0 3, 2022 BoeHHO-MeaVILIMHCKOM akaaemimn
283

Y[K 57.085.23
DOI: https://doi.org/10.17816/rmmar104363
HayuHas cTatbs

lMonyyeHue U KyNbTUBMpPOBaHME MYNbTUNOTEHTHbIX
Me3eHXUMaJIbHbIX KJIETOK CTPOMbI MyNoBMHbI YeJsioBeKa
B labopaTopHOM 3KCnepuMeHTe

B.E. YepHos, M.0. CokonoBa, A.K. UBaHoBa, A.C. byHToBcKas, E.W. Kopewwosa, A.E. TpaHauHa,
A.C. ®pymkuHa, 0.H. XapkeBuy

BoeHHo-MeamumHcKas akapemus, Cankt-lletepbypr, Poccus

AkmyaneHocms. BapToHOB CTyAeHb MynoBMHbI YENOBEKA ABMISAETCS OLHUM U3 UCTOYHWUKOB MYSbTUMOTEHTHBIX ME3EHXM-
MaJbHbIX CTPOMabHbIX KNeToK. Monynaumsa KNeTok, noiyyeHHas U3 NociepofoBoro bruomarepuana, xapakTepusyercs Bbl-
COKMMU NponndepaTUBHBIMKA U pereHepaTopHbIMK CBOCTBaMW. Bbifenenne KynbTypbl MyNbTUNOTEHTHBIX Me3eHXUManbHbIX
CTPOMAbHBIX KNETOK U3 NYMOBUHBI He NpeACTaBAseT yrpo3bl 3A0POBbI0 1 XU3HU JOHOPA.

Llene — onTMM3aumMs yCNoOBWIA AN NOJTyYeHWUS BOCMPOM3BOAMMONA MONYAAUMWA MyNBTUMNOTEHTHBIX ME3eHXWUMallbHbIX
CTPOMaJbHbIX KNETOK BapToHOBa CTyAHS NYNOBWHBI YeNOBEKA Al MPUMEHEHMS B KITETOYHBIX TEXHOMOMUSAX, TKAHEBOW MHKe-
HepUM W NepPCMEKTUBHBIX TEXHONOMUAX BOEHHON MeULMHBI.

Mamepuansl u Memodel. B uccnegoBaHnn anpobupoBaHbl 0CHOBHbIE NPUEMbI U METO/LbI BbIAENEHUS KYSbTYPbl KNETOK
CTPOMbI MyNOBWHBI, NPOBEAEHA ONTUMM3aLMs MpoLecca KyNbTUBUPOBAHUS ANS MOBbILEHUs ero 3ddeKTMBHOCTM U Co-
KpaLLeHWs CPOKOB HapacTaHus brioMacchl KNeToK. MccnenoBaHo BAMAHWE KOMMOHEHTOB NUTATeNbHOW CPefbl Ha KNETKY,
nonyyeHHble U3 BapToHOBa cTyAHA MynoBuWHbI YenoBeka. B HacTosLllee BpeMs He CyLLecTBYeT YHMBEPCAIbHOr0 COCTaBa
POCTOBOM CPefbl, B Pa3fINYHbIX UCCNEA0BAHUAX UCMOMb3YIOTCA NUTATENbHbIE CPefbl 0T Pa3HbIX NPOU3BOAMUTENEN, OTIMYAKD-
Wmecsa coctaBoM. Hanbonee obcyxaaemMbiM BonpocoM sBnseTcs nofbop CbIBOPOTKM, BXOASALLEN B COCTAB NUTATENbHOI
cpenpl.

Pesynemamei. B paboTe npoBefeHa cpaBHWUTENbHAs OLEHKAa MATU PasfMuHbIX CbIBOPOTOK. [loKasaHo, yTo Haubonee
cTabunbHble Gu3noNOrMYeckue MokasaTenu HabmopaloTcs y 0bpasLoB CYCMeH3WW KNeToK nmpu [A0BaBieHun CbIBOPOTOK
FBS (SKPK, Poccusi) n FBS (Capricorn, CLLA). UccnenoBaHue BAMSHUA TUMOKCUM Ha KyNbTYPY KIETOK B COMETaHWM C Haubonee
3 dEKTUBHBIMUA CbIBOPOTKAMM, MOKA3asio, YTO TMMOKCMYECKUA CTPECC AENCTBYET KaK aKTUBATOpP MepBUYHON nponudepavmm
KneToK. OLeHKa BMAHNA CbIBOPOTKW U FMMOKCUW Ha KyNbTYpY KIETOK NPOBOAMNAC BU3YasibHO MPU MUKPOCKOMNUU, B 3aBUCH-
MOCTW OT U3MEHEHWI MOP(ONIOrMM KNETOK MPU KyNbTUBUPOBAHUM U Pe3ySbTaToB TECTUPOBAHWUA AEMCTBUS CbIBOPOTOK MO WH-
TEHCMBHOCTU [ibIXaHusl CBOBOAHbIX M MIMMOBUAM30BaHHbIX KIETOK NpW AeCTBUM MHTMBUTOPOB AbixaTenbHoro MeTabonmsma.

3aknoyenue. B pesynbTate 3KCNEpUMEHTOB YCTAHOBEHO BAIMAHWE TUMA CbIBOPOTKM HAa WHMLMALMIO 3KCMaHCHUW KIETOK
13 NePBUYHBIX IKCTIAHTOB W AaNbHEMLLYH NponMdepaLmio KNeToK in vitro. TUMOKCUA NPY 3KCMO3WLMKU NEPBUYHBIX 3KCMJIaH-
TaTOB YCMIMBAET 3KCMAHCUI0 KIETOK U3 TKaHW GparMeHToB BapToHoBa cTyaHS.

KnioueBble cnoBa: BapTOHOB CTYAEHb NYNOBUHbI; KNIETOYHbIE TEXHOJIOTUHK; KNeTOYHbIA MeTabonuamM; KynbTUBUpOBaHue
Me3eHXUMaJIbHbIX KJIETOK; MYJIbTUNOTEHTHbIE Meé3eHXUMaJlbHble KJIETKU CTPOMbI; MPOBU30PHbIE OpPraHbl; IKCMAHT.

Kak uutnpoBarb:

YepHos B.E., Cokonosa M.O., VeaHoBa AK. ByHToBckas A.C., Kopewosa E.W., TpauauHa AE., ®pymkmHa A.C., Xapkeswuu O.H. Monyuenve
V1 KyNbTUBMPOBaHWE MyJIbTUMOTEHTHBIX ME3EHXMMAJTbHBIX KIIETOK CTPOMBI MYMOBMHbI YenoBeKa B NlabopaTopHOM aKcnepumenTe // 3Bectus Poccuiickoi
BoeHHo-MeanumHCKoi akagemun. 2022, T. 41.N° 3. C. 283-291. DOI: https://doi.org/10.17816/rmmar104363

Pykonucb nonyyena: 02.03.2022 Pykonucob ogo6pena: 13.09.2022 Ony6nukoBaHa: 30.09.2022
&
3KO®BEKTOP Jnuenana CC BY-NC-ND 40

© KonnexTvis aeTopos, 2022



284

Russian Military Medical
ORIGINAL ARTICLES Vol 41 (3) 2022 Academy Reports

DOI: https://doi.org/10.17816/rmmar104363
Research Article

Iniciation and cultivation of multipotent
mesenchimal human umbilical stroma cells
in a laboratory experiment

Vladimir E. Chernov, Margarita 0. Sokolova, Anastasia K. Ivanova, Aleksandra S. Buntovskaya,

Elena I. Koreshova, Aleksandra E. Trandina, Anna S. Frumkina, Ol'ga N. Kharkevich
Military Medical Academy, Saint Petersburg, Russia

BACKGROUND: Wharton's jelly of the human umbilical cord is one of the sources of multipotent mesenchymal stromal
cells. The cell population obtained from the postpartum biomaterial is characterized by high proliferative and regenerative
properties. Isolation of a culture of multipotent mesenchymal stromal cells from the umbilical cord does not pose a threat
to the health and life of the donor.

AIM: Optimization of the technique for isolating a reproducible population of multipotent mesenchymal stromal cells
from Wharton's jelly is an urgent task in biomedicine, which can accelerate the process of obtaining donor cells for cell
therapy and tissue engineering.

MATERIALS AND METHODS: In the study, the main techniques and methods for isolating the culture of umbilical cord
stroma cells were tested, the cultivation process was optimized to increase its efficiency and reduce the time of growth of
cell biomass. The effect of the components of the nutrient medium on the cells obtained from Wharton'’s jelly of the human
umbilical cord was studied. Currently, there is no universal composition of the growth medium; in various studies, nutrient
media from different manufacturers are used, which differ in composition. The most discussed issue is the selection of
serum, which is part of the nutrient medium.

RESULTS: In the work, a comparative evaluation of five different sera was carried out. It has been shown that the
most stable physiological parameters are observed in cell suspension samples with the addition of FBS (SKPK, Russia)
and FBS (Capricorn, USA) sera. A study of the effect of hypoxia on cell culture in combination with the most effective sera
showed that hypoxic stress acts as an activator of primary cell proliferation. The assessment of the effect of serum and
hypoxia on cell culture was carried out visually using microscopy, assessment of changes in cell morphology during cul-
tivation, and the results of testing the action of sera by the intensity of respiration of free and immobilized cells under the
action of inhibitors.

CONCLUSION: As a result of the experiments, the influence of the type of serum on the initiation of cell expansion from
primary explants and further cell proliferation in vitro was established. Hypoxia during exposure of primary explants en-
hances the expansion of cells from tissue fragments of Wharton's jelly tissue.

Keywords: cell metabolism; cell technology; explants; mesenchymal cell culture; multipotent mesenchymal stromal cells;
provisional organs; Varton's umbilical cord jelly.
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OPTHATIBHBIE MCCTTE [IOBAHMA

AKTYAJIbHOCTb

lpMeHeHMe annoreHHbIX KNETOYHbIX MPOAYKTOB B Me-
OMLUMHCKOW MPaKTUKe ABNIAETCS MepcreKTUBHOM 0bnacTbio
BroMeaMUMHDI, HYXOAIOLEeNCcs B pa3BuTUN ObICTPbIX U Ma-
NOMHBA3MBHbIX CMOCODOB MONMyYeHUs LOHOPCKUX KIIETOK.
Ha caiite clinical trials.gov no coctosHuio Ha 2021 r. 3aperu-
ctpupoBaHo 10781 3apybexHoe uccnepoBaHue, KacaroLee-
CAl IPUMEHEHNSA B MEAULIMHCKOW MPAKTUKE MyNbTUNOTEHTHBIX
Me3eHXMMabHbIX CTpoManbHblx knetok (MMCK). MMpu atom
3HauuTeNbHas MX AO0NA NOCBALLEHA M3YYeHMI0 MOTeHuMana
npumeHeHust MMCK nynoBuHbI npu pasninyHbx 3aboneBaHusx.
[poBM30pHbIE OpraHbl Kak BHE3IMOpPUOHaIbHbIE CTPYKTYpbI
nocne poXpeHus pebeHKa yTpauMBalT CBOK 3HAYMMOCTb
W B TO Xe BpPeMs MPeACTaBAsioT LEHHOCTb KaK MCTOYHUK
Aana nonyyenus Kynobtypbl MMCK in vitro, obnapatowumii Bbl-
COKMM NponudepaT1BHLIM U pereHepaTopHbIM NOTEHLMANOM,
a TaKKe NPOCTOTON, HEMHBA3WBHOCTBIO M HEBBICOKOM 3aTparT-
HOCTbIO MOJTyYeHus.

B psage nybnmkaumin cooblyaetcs o cnaboi UMMyHHOTeH-
HOM aKTMBHOCTU TKaHel MynoB1HbI YeNI0BEKA, HEKOTOPBIMM UC-
Cref0BaHMAMM bbiia NPOAEMOHCTPUPOBaHA YCMELLHOCTb NpU-
meHeHnss MMCK nynoeuHbI Npu pa3nnyHbix 3aboneBanmsx [1].
bbino nokasaHo, yto MMCK, nonyyeHnHble M3 BapToHoBa
CTYAHSA NynoBuHbI, 6e30macHbl B NpMMeHeHUM 1 obnagatoTt
3HaumMTENIbHBIM NPOTUBOBOCMANUTENLHLIM 3ddeKToM [2]. Ha-
npuMmep, NpUMEHeHWe UX Npu AuabeTnyeckol Hedponatu
3ajlepxuBano nporpeccupoBaHve 3aboneBaHns U OKasbl-
BaJio penapaTuBHOE BO3AENCTBME Ha MOBPEXAEHHbIE TKaHH
1 byHKLMI0 noyeK . ToiuepKUBAETCA TakKe YCNeLHOCTb NpU-
meHeHuss MMCK nynoBuHbl npu neveHun octeoapTputa [3].
PesynbTathl 3TUX UCCEA0BaHUIA CBUAETENLCTBYIOT 00 aKTy-
anbHOCTU AanbHenwleil pa3paboTky NMPOTOKONOB NOAYYEHMS
MMCK BapTtoHoBa CTyAHS MynoBUHbI YeNloBeKa ANis npuMe-
HEHWSA UX KaK KOMMOHEeHTa 61oMe AMLIMHCKMX KIeTOYHBIX Npo-
DYKTOB U1 TKaHEUHIKEHEPHBIX KOHCTPYKLMIA [4].

Metoauka nonyyenms MMCK BapTtoHoBa cTyaHs nyno-
BMHbI B HACTOSLLiee BPEMS He UMEEeT CTPOroro pernaMeHTa,
M03TOMY CyLLLeCTBYET HE0OX0AMMOCTb ONTUMM3ALMM €€ TaKUM
00pa3oM, 4ToObl BbICOKUIA YPOBEHb MPOAYKLMW KIIETOUHOIO
MaTepuana BOCMPOM3BOAMICA MPU KaXAO0M 3KCMNaHTaLmm.
lpeacTaBneHHbIe B MTepaType AaHHble 0 cnocobax Bblgene-
HWS KNETOK U3 TKaHel MynoBMHbI YeloBeKa MHOroobpasHbl,
B CBAI3W C YeM CyLLecTBYeT HeobX0AMMOCTb MX cucTeMaTH-
3aumv v Bbibopa onTMManbHbIX BapuaHTOB JlabopaTopHbIX
1 TEXHOJIOTMYECKWX PELLEHUA AN BOCTIPOM3BOAMMONO Kyfb-
TBMpoBaHma MMCK [5]. Momumo npouenypbl BblaeneHus
KNETOK A8 MOCNeAYHLLEero yBefMYeHUs MOnynsaummu Tpe-
ByeTcs ONTMMM3aUMA YCNOBUIA KyNbTUBUPOBAHUS, OLEHKM
KayecTBa U Jn3HecnocobHOCTW NonyyeHHbIX KneToK. Cpeau
MeTO[10B, MO3BOMSIOLLMX CTUMYAMPOBATb MUIPaLMI0 KIETOK

! Clinical Research of UC-MSCs in the Treatment of Diabetic Ne-
phropathy (UC-MSCs) Identifier: NCT04562025 [Electronic resource]. -
URL: http:// https://clinicaltrials.gov/ct2/show/NCT04562025 (date of
treatment: 24.09.2020).
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3 3KCMNIAHTOB M UX Nponudepauuio B KynbType in vitro, uc-
MOMb3YIOT MMMOKCUYECKUIA CTPECC MPW NEPBUYHON 3KCMNaH-
Taumm [6]. NpuMeHsIoT yBennyeHe NpoLEHTa COAepXKaHus
CbIBOPOTKM B POCTOBOM Cpeje ANs KylbTUBMPOBaHMS W pas-
NMYHble cocTaBbl pocToBbiX cpea [7]. CBoicTBa CbIBOPOTHM,
UCMONb3YeMOM KaK KOMMOHEHT POCTOBOM Cpefbl, B CUNy
MHOXeCTBa (haKTOpOB, BMSAIOLLMX HA ee COCTaB Npy Npous-
BOACTBE, MOIYT 3HAYMUTENIBHO OT/INYATBLCS, YTO OTpaXaeTcs
Ha pe3ynbTaTe NoNy4eHUs NepPBUYHONA KyNbTypbl KNeToK [8].
B nocnepHue rofbl npuMeHseTcs 3amelleHue deTanbHoM
CbIBOPOTKM KPOBY XMBOTHBIX ayTOIOMMYHOM CbIBOPOTKOM Na-
LiMEHTa UM MpUMeHeHWe 6eccbiBOPOTOYHBIX Cpef. Takve Me-
TOLbI CHUKAIOT MPOAYKTUBHOCTb MPOLIECCA KYNbTUBUPOBAHMS,
HO ABNALTCS NPeANoYTUTENbHBIMU 4151 KIeTOUYHOM Tepanuu [9].
OpHMM M3 METOLOB OLEHKW BAMSIHUSA KOMMOHEHTOB MuTa-
TeSIbHbIX CPef, Ha MM3HECNocobHOCTb KNETOK U AMHAMUKY
(1310N0rMUECKMX NPOLLECCOB B KYNbTYpe TKaHKU UCMOMb3YHoT
U3MepeHne MHTEHCMBHOCTU ApbixaHus. [10]. N3meHeHue mH-
TEHCUBHOCTM AblxaHua (Bblaenenns 0,) unn rnukonusa (o6-
pasosaHus CO,), MHAYLMPYeMoe KOMMOHEHTaMU NUTaTesbHOM
cpegbl, MOXET BbITb MHCTPYMEHTasbHO M3MEepEeHO U ABNSETCS
3aBUCUMbIM OT [,03bl U3MeHAEMOro KoMnoHeHTa [11].

CnenyeT o0TMeTUTb, YTO MpuW paboTe ¢ TKaHEBbIMM 3KC-
MNaHTaMu in vitro ecTb BEPOATHOCTb MUrPaLLu U3 parMeH-
Ta TKaHWU KNETOK [PYrux TUMOB, He XapaKTepHbIX ANS TKaHH
BblbpaHHOr0 3KcniaHTa. 310 MoryT bbITb 3HAOTENMANbHBIE,
rMafKOMbILLEYHbIE KIETKW CTEHKU COCY0B, CMOCOBHbIE K aj-
re3uu KIeTKU KPOBM, He UMEKOLLME NapaKpUHHON aKTUBHOCTH
MMCK » Hecywme Ha cBOel MOBEPXHOCTM creunduyeckme
MONeKynbl ructocoBMectuMocTh [12]. 3To co3paet npensr-
CTBME K MPUMEHEHMIO a/JIOTeHHbIX KNETOK UM Npegnonaraet
HeobxoAMMOCTb UMMYHODEHOTUNMPOBAHMS MOTYYEHHON No-
nynaumu. Hanuuve nopnepxuBaroLmnx GYHKLMIA BHEKIETOY-
HOr0 MaTpMKCa, a TaKKe BbICBOOOXKAEHWE (aKTOpoOB pocTa
U3 TKaHEeBOrO JKCM/IaHTa OKa3blBalT CTUMYAMpYlOLLEe BO3-
OeiCTBUE Ha NPOLYKTMBHOCTb KyNbTUBMPOBaHUS KNeTok [13].

Llenbio Hawewn paboTbl Obina ONTUMM3aUMs YCNOBUK
ANis nonydeHus BocnpoussoguMmoi nonynauun MMCK
BapToHOBa CTyAHSA NynoBWHbLI YenoBEKa [ MPUMEHEHUS
B KIETOYHbIX TEXHOJOMUSIX, TKAHEBON MHXEHEPUM U MEPCTIEK-
TUBHbIX TEXHOJOTUAX BOEHHOW MEAULIMHI.

MATEPUAJIbl U METO/IbI

TKaHb NyNoBMHbI MoNyYanu OT 6 3[0pOBbIX AOHOPOB
B Bo3pacTe 25-35 neT nocne noy4yeHUst MHHOPMMPOBAH-
HOro cornacus Npy onepaLyy NaHoBOro Kecapesa CeYeHus
Ha OCHOBaHWW 3aK/YeHus aTudeckoro Komuteta N2 230
ot 17.12.2019 r. MonyyeHHble 06pa3Libl HeMeAeHHO TpaHC-
nopTMpOBann B nabopaTopuio B CTEPUNIBHOM (GU3MON0U-
yeckoM pacTBope. [ns akcnnaHTaumu otbupanmn yyacTku
BapToHoBa cTyaHsa 6e3 cocynoB W GparMeHTOB aMHMOTUYE-
CKOM MeMbpaHbl MynoBMHbI. JKCMNaHTbI BbICEBa/M B KySb-
TypanbHble (IaKoHbI MoLWaablo 25 cM? 1 KyNbTUBMPOBANK
A0 (opMMpOBaHMA MOHOCSI0A B TeyeHue 21 cyT B pocTOBOM
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Ta6nuua 1. CbiBOPOTKM, MCMOJIb30BaHHbIE B IKCIEPUMEHTE LIS KyNIbTUBUPOBAHMS KIETOK MYNOBUHbI

N n/m CbiBOpOTKa CokpalLeHHoe Ha3BaHue MponssoguTens

1 Fetal Bovine Serum FBS; Gibco, CLLA

2 Fetal Bovine Serum FBS,c HyClone, CLLA

3 Fetal Bovine Serum FBS, Capricorn, CLLA

4 CbIBOpOTKa KPYMHOro poraToro CKoTa KPC Buonor, Poccus

5 Fetal Bovine Serum SKPK FBS¢ Buonor, Poccus

cpepe, coctoswen u3 DMEM F/12 ¢ pobasnenvem 10 %
coiBopotku KPC (Buonor, Poceus) (n=6), 10 % deTanbHom
cbiBopoTku FBS (Gibco, CLUA) (n = 6), 10 % ¢eTanbHoi cbi-
BopoTkn FBS (Capricorn, lepManus) (n = 6). [Ina oueHKu
B/ISIHUS CbIBOPOTOK Ha MUTOXOHAPUANbHOE [blXaHWe Kile-
TOK UCMOMb30BaM TaKxe cpefy ¢ GeTanbHbIMU CbIBOPOTKA-
mu FBS (HyClone, CLLA) (n = 6) n FBS (SKPK, Poccus) (n = 6)
B 10 % KoHueHTpaumn. Ci1CoK CbIBOPOTOK, UCMO/b30BaHHbIX
B 3KCMepUMeHTaX, NpuBefeH B Tabn. 1.

KynbTypy Knetok KynbTWMBMpPOBanW npu Temmepatype
37 °C, copepxanumn 5 % CO, B aTMocdepe nHKybaTopa 1 oT-
HocuTenbHoW BnaxHocTv 95 %. Henonwyto (30-50 %) 3ame-
Hy POCTOBOM CpefAbl NPOM3BOAMAMN Kaxable 3—4 cyT. VHTeH-
CMBHOCTb POCTa MONYNALMM KIETOK OLLEHUBANN BU3yaslbHO
npu MOMOLLM MHBEPTMPOBAHHOrO MMKpockona Primovert
(Carl Zeiss, lepmaHus). Mpu hopMUpoBaHUM MOHOCNION KNET-
K1 CHUManu cMecbio TpuncuHa-Bepcena B cooTHoweHun 1 : 3
W MOACYMTBIBANM YMCIIO KIETOK BPYYHYI0 M Ha aBTOMaTuye-
CKoM cyeTumke Knetok TC20 (BioRad, CLLIA).

NMMyHOdeHOTMNMpOBaHME  MOMYYEHHOW  KyNbTypbl
He mpoBogunun. [Ing UCKIOYEHUs BEPOATHOCTU MpeuMyLLe-
CTBEHHOTO NpPOPACTaHUsl OCTATOYHbIX [NAAKOMBILIEYHBIX
KNEeTOK COCY,0B NMYMOBWHBI MOMYNALMI0 KNeToK 1 naccaxa
MMMYHOLMTOXMMUYECKM OKPaLLIMBa/Iu Ha HasMume riajKoMbl-
LeYyHoro akTuHa (a-smooth muscle actin) (Sigma, finoHus).
MpenapaTtbl QUKCMPOBaNM CMeCbi0 aLeToHa UM 3TUNIOBOMO
cnupTa B CoOTHOwWeHUK 1: 1, nepBUYHbIE aHTUTENa HaHo-
cunm Ha npenapatbl B pa3segeHun 1: 500 u nHkybuposanm
B TeYeHMe Houm npu Temnepartype +4 °C BO BNa)KHOM Ka-
Mepe. [pUMEeHANM BTOPUYHbIE aHTUTENA, KOHBIOMMPOBaHHbIE
¢ dntoopoxpomoM AlexaFluor 488 (Abcam, AHrnus), agpa o-
KpalLmBanu cpefoii ans 3aktouenHns npenapatos SlowFade
Glass Soft-set Antifade Mountant ¢ DAPINuclear (Invitrogen,
CLLUA). Habniopenns npoBoamnny Ha KOH(OKaIbHOM MUKpPO-
ckone LSM 880 (Carl Zeiss, I'epManus). ®nioopecueHumio
BO30Y)KAann NasepoM C ASMHON BOMHbl 405 HM, feTeKumei
410-495 HM 1 aproHoBbIM Na3epoM C ASIMHON BONHbI 488 HM,
netekumen 495-605 Hm.

[lns oLEHKN aKTMBHOCTU AeNCTBUA (eTanbHbIX CbIBOPO-
TOK B POCTOBOM Cpefie Obin NocTaBieH 3KCMEPUMEHT MO U3-
MEPEHNU0 MHTEHCUBHOCTUM MMUTOXOHAPUANBHOTO [bIXaHUS
K/EeTOK Npu BO3AENUCTBUM YeTblpex QeTasibHbIX CbIBOPOTOK,
MPUMEHSIEMBIX B HALUMX 3KCTEpPUMEHTaX. TUM M MPOUCXOK-
JEHWe CbIBOPOTOK NnpuBeAeHbl B Tabn. 1. MNpu atom feicTaune
coiBopoTku KPC B aKCnepuMeHTe C OLeHKOW UHTEHCUBHOCTM
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ObIXaHWs He MCCNefoBanoch, MOCKOMbKY POCTa KIETOK
Ha cpefe C 3TOW CbIBOPOTKOW He Habniopanock. WHTeHcmB-
HOCTb JbIXaHuUs CYCMEeH3UM KIETOK, MOyYeHHbIX U3 MyrnoBU-
Hbl, MPU BO3[ENCTBUM CTPECCOBLIX (haKTOpoB — BoKaTopoB
ObIXaHWS: ONUIrOMUUMHA, aHTUMKLUMHA A 1 FCCP (kapbonun
uMaHug-n-(tpudTopMeToKcH) GeHUNMMLpasoH) — oLeHMBa-
JI1 N0 CKOPOCTM NOrNOLLEHNS KUCII0POAa, KOTOPYH BbIYUCAS-
/M N0 AMHAMMKE U3MEHEHWS! KOHLLEHTpaLMM pacTBOPEHHOrO
0, B poctoBoit cpefe, coaepxalueit 10 % cbiBOpOTOK, YKa-
3aHHbIX B Tabn. 1.

1. i3MepeHus ocyLLecTBNAAM Ha aHanM3aTope KIeToy-
Horo metabonusma XFe 96 SeaHors (Agilent Technologies,
CLIA) B COOTBETCTBUM C MHCTPYKLMEN NPOU3BOLMUTENS.
[ns oueHKM BRUSHUS KOMMOHEHTOB MMTAaTeNbHONM cpefpl
Ha JKMU3HECNOCOBHOCTb U MHTEHCMBHOCTb MUTOXOHLpPUANb-
HOFO [bIXaHUs MOMYyNAUMM KNETOK MYMOBMHbI MPUMEHS-
nch 4 pasnuudble coiBopoTku: FBS;, FBS,., FBS,, FBS..
CoiBopoTka KPC npu aToM He ucnonb3oBanach.

2. PesynbTaThl, NOMyYeHHbIe MPWU MEPBUYHON IKCMNaH-
Tauum dparMeHToB BapToHOBa CTynHS, cpaBHMBanM nocne
BbluMCneHna owubky npouenta [14]. Cratuctmyeckas 06-
paboTKa ¥ NpesCTaBNeHe pe3ysbTaToB MHTEHCUBHOCTH Abl-
XaHWsl MPOM3BOAMANCh MPU MOMOLLYM BCTPOEHHBIX MPOrpamMMm
aHanusaropa SeaHors aBTOoMaTuyecku B npouecce paboThl
npubopa.

PE3YJIbTATbI

Hauano Murpaumu oaMHOYHBIX KIETOK M3 3KCMIAHTOB
BO BCEX 3KCMEPUMEHTaNbHbIX rpynnax 0TMeYanu Ha 6-e cyT
nocne 3KcnnaHTauumu. Hambonee aKTMBHBIN POCT BbISB-
nanca B dparMeHTax, 3axsaTblBaloLMX nepudepuyeckue
Y4acTKM TKaHM, mpuserallime K cTeHKe nynosuHbl (puc. 1).
3JKcnnaHTaumsa TKaHu BapToHoBa cTyaHsA mepudepuyecKoi
YacTu COCyAOB He MpWBOAMNA K (OpMUPOBaHWK MOHO-
cnos B KynbType. B TeueHue akcnepumeHTa oTMeYanu no-
SIBNIeHWe B KynbTypanbHblX (lakoHax B3BecU BCeACTBUE
MOCTEMNEHHOr0 pa3pyLleHWUs KOMJareHoBOro MatpuKkca
3KCNNaHTOB.

B TeueHue akcnepumenTa He 6bi1o nonyyeHo 100 % 3d-
(EeKTMBHOCTW NpopacTaHWsa ouara KIeTOK OT KaX(Aoro 3Kc-
MnaHTa TKaH1 MyNoBMHbI BO BCEX OMbITHBIX rpynnax. [aHHbie
0 4acToTe MpopacTaHWs 3KCMAHTOB U KOMYECTBE KIETOK,
MOSTyYeHHbIX Ha 21-e CyT KyNbTUBMPOBaHWS, NpeLCcTaB/ieHbl
B Tabn. 2.
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a

b

Puc. 1. Knetku nynoBuHbl, NoslyyeHHble OT 3KCMNaHTa Ha 21-e CyT KyNbTMBMPOBaHMS. VIHBEPTMPOBaHHAs MUKPOCKOMWS, yBelUYeHue

x100 (a), x200 (b)

Tabnuua 2. Pe3ynbtathl KyNbTUBMPOBAHMS KIETOK MYNOBUHBI HA POCTOBLIX CPEAAX, COLEPHKALLMX Pa3fNYHbIE CbIBOPOTKY

BapmaHT cbiBopoTHY

MpusHak - -
KPC, Buonot FBS;, Gibco FBS,, Capricorn
Mopdonorus KneTok JnuTenuononobHas ®ubpobnacTHas ®nbpobnacTHas
C npeobnafaHneM LMUTOMIa3Mbl

(®opMupoBaHMe MoHoC0S - + +
00OLLIee KONMYECTBO 3KCMNAHTOB, efl. 36 36 72
KonnyectBo 3KcniaHToB

. 0 6 13
¢ nponudepauuen, ea
JddexTnBHOCTb Nponudepaumm, % 0 16,67 + 6,127 18,06 + 4,534
0bLLee KOMYECTBO KIETOK, Ki1/MA EnnHnuHble KneTku 7,07 x 104 8,43 x 10°
BbI1BaeMocTb KeTok, % - 69 +0,0303 95 +0,0237

B TeueHue 3KcnepuMeHTa oTMeYanu NosBNEHWE MOM-
MOPGHBIX KNETOYHbIX KONMOHMIA. [py Mcnonb3oBaHWM Chbi-
BopoTkn KPC MoHOCNOWHOW KynbTypbl NpW 3KCMaHTaLuu
KIETOK MyNoBMHbI YeNOBEKa NoTy4eHo He bbino, Habnoaanu
O[IMHOYHbIE 3NUTENMONoL0bHbIE KNeTKU ¢ npeobnafaHueM
LMTOMNa3Mbl B SIAEPHO-LMTOMIA3MaTUYECKOM COOTHOLLIEHUM.
Mpyn ncnonb3oBaHUM deTanbHbIx cbiBopoToK FBS; 1 FBS, oT-
Meyvasnocb hopMMpoBaHKe MoHOC108 U GubpobnacTHas Mop-
(onorus KNeToK, Npy1 3ToM Habmoganu oJMHAKOBYI YacToTy
(hopMMpoBaHMs 30H pocTa BOKPYr 3KCMaHTOB B MPUCYTCTBUN
Ka[10M 13 CbIBOPOTOK B pOCTOBOW cpefie. B xoae akcnepu-
MEHTa MaKCKUMaJlbHOE KOJIMYECTBO KJIETOYHOrO MaTepuana
BbINI0 NOJYYEHO NPY KyNbTUBMPOBAHWM Ha POCTOBON Cpefe,
BKJIIOYalOLLLEN CbIBOPOTKY FBS., npoLeHT »u13HecnocobHbIx
KNEeTOK Npu 3ToM bbin1 Hanbosiee BbICOKMM W cocTaBun 95 %
0T 06LLero Yncna yuTeHHbIX KIETOK.

Mpy TeCTMpOBaHWM CbIBOPOTOK MO KPUTEPHIO OLIEHKU WH-
TEHCUBHOCTM JbIXaHWS CBOOOLHBIX M MMMOOUNIN30BaHHbIX
K/ETOK YCTaHOB/IEHO, YTO AENCTBUE CbIBOPOTOK PasfiM4HOIo
NPOMUCXOXKIEHUS HA COCTOSHWE MONYYEHHBIX KIETOK pasnu-
yaetcs (puc. 2).

MaKcuManbHo MHTEHCHBHOE 6a30Boe AbixaHue Habntofa-
N0Cb NMPY HaX0KAEHUN CYCMEH3UM KITETOK B POCTOBOM CPefe,
conepxaleit 10 % coiBopotkn FBS,.. Hanbonee crabunb-
Hble NOKa3aTenu AblxaHus, Kak 6a30Boro, TaK 1 Npu Bo3eN-
CTBMM aHTUBMOTUKOB, BNOKMPYIOLMX LMKIbI AbIXaTeNbHOro
MeTabonmaMma, HabnofatoTcsa y 06pasLoB CycneH3un KeToK
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npu BO3eNCTBUN CbiBOPOTOK FBSg n FBS.. NHTeHCMBHOCTL
ObIXaHUs CYCMEH3MM KIIETOK B POCTOBOW CPefe, COLepaB-
el eTanbHyto CbIBOPOTKY npoussoautens FBS;, He3Haum-
TeNIbHO M3MEeHSAMAach KaK Npy U3MepeHun 6a3oBoro AbixaHus,
Tak W Npu BO3LENCTBUM BNOKATOPOB KOMMOHEHTOB [iblXa-
TenbHoro MeTabonnsMa, octaBasicb OTHOCUTENBbHO CTabusb-
HOW B TeUeHWe BCEro npoLecca M3MepeHus.

Mpy MMMYHHOrUCTOXMMUYECKOM WMCCNEA0BaHWUN Mpu-
cyTcTBMA B umMTonnasMe a-smooth muscle actin He BbI-
ABNIEHO, OTMeyYanocb MNosBNeHMe aBTOMOOPECLEHLNN.

Cell Mito Stress Test
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Puc. 3. lMonynaums KNeToK NynoBUHbI, NOAY4YeHHast NPU UCMOJb30BaHMK CbiBOpoTKM FBSC. OKpalumBaHue reMaToKCUIMHOM W 303MHOM (a, b),
MMMYHOLIMTOXMMUYECKAs PEaKLMS Ha FafKOMBILLIEYHbIA 0-aKTUH KIIETOK, MOJIyYEHHbIX U3 MYNoBUHbI (C), MMoMeTpus (d)

CneundmnyecKoro oKpaLLMBaHWUS LMTOCKeNETa, XapaKTepHOro
LNS TNafKOMbILIEYHbIX KIETOK, B UCCNeLyeMbIX MOMyNALMAX
MoyyeHo He bbino (puc. 3).

OBCYXEHUE

MonyyeHne nepsuyHOM KynbTypel MMCK BapToHoBa
CTYAHS NMYMOBUHbI YeSIOBEKA COMPSXKEHO C PALOM TPYyAHO-
cTen. B HacTosiLiee BpeMs He CyLLEeCTBYeT YHUBEPCANbHOIO
CcOCTaBa pOCTOBOM cpefbl, B pa3fiyHbIX UCCNeS0BaHUAX UC-
MoMb3yloTCA NUTaTeNbHble CPefbl OT PasHbX MPOU3BOAMTE-
Nel, oTAnyawwmecs coctaBoM. Haubonee obcywaaeMbiM
BOMPOCOM ABNSieTCA NOA60P CbIBOPOTKM, BXOASLLENA B CO-
CTaB NuTaTeNbHON cpefbl. KOHLEHTpaLms U TMN CbIBOPOTKY,
MPUMEHSIEMON KaK KOMMOHEHT POCTOBOW Cpefbl, ABMSETCS
O[HUM M3 KITo4eBbIX (aAKTOpOB, MOLAEPIKMBAIOLLMX pOCT
K/eTOK. B pasnuuHbix uccnefoBaHUsAX UCMONb3YKOTCA NUTa-
TenbHble Cpefbl OT Pa3HbiX NPOM3BOLUTENEN, OTIMYALOLLMECS
cocTaBoM. B xone paboThbl Bbino ycTaHOBNEHO BAMSHME NpHU-
MEHSIEMO CbIBOPOTKM Ha CKOPOCTb M MAOTHOCTb (hopMUpo-
BaHWA KOJTOHWI BOKPYT 3KcnnaHToB. CbIBOPOTKA, NONyYeHHas
13 KpoBu B3pocsioro meoTHoro (KPC), He MHMumMMpoBana uH-
LYKUMIO mposmMdepaumm 1 MArpaumuy KNeToK NpW 3KCMNaH-
Taumn parMeHTOB TKaHW NMYMOBUHBI, U1 MOHOCTOMHOMN KyJlb-
TYpbl KIETOK B TEUEHUE 3KCMEPUMEHTA MOJTYYeEHO He Bbino.
370 MOXHO 0OBACHUTb OTCYTCTBMEM B CbIBOPOTKE KPOBH
B3pOCJIOro XMBOTHOrO (aKTopoB, CrocobCTBYHLLMX MUTpa-
UMM KEeTOK M3 3KcnnaHTa [6]. B npucytcTBumM deTanbHbIx
CbIBOPOTOK MPOWUCXOAM 04aroBblii POCT BOKPYr 3KCMaH-
TOB, OHaKO YpOBeHb MPOAYKUMW KNETOYHOr0 Matepuana
cnycTs 21 cyT KynbTMBMPOBaHWA CYLLECTBEHHO Pa3nmnyancs.
B nutepatype uMeloTcs faHHble 0 TOM, 4TO CBOMCTBA (e-
TaNbHbIX CbIBOPOTOK Pas/iMYHbIX MpOM3BOAUTENEN MOryT
3HauMTesIbHO BapbupoBaTh [7]. B HaweMm 3akcnepuMeHTe
npucytctene FBS. B pocToBoi cpefe cTtuMynuposano Mak-
CUManbHY0 Mponndepaumnio HoBbIX KIeToK. Bo Bcex rpyn-
nax B TeYeHWe 3KCMepUMEHTa B POCTOBOM Cpefie 0TMEeYanoch
YMepeHHOe KOJIMYeCTBO B3BECH, MPEACTaBNEHHOW dparMeH-
TaMM BHEK/IETOYHOTO MaTpPUKCa MynoBUHbI. Take U3BECTHO,
YTO NpUCYTCTBME (DparMeHTOB pa3pyLUalLLEerocs KosareHa
1 MPOTEOr/IMKAHOB B KyNbType CMOCOBHO BbICTyNaTh B posin
NpoanonToOTUYECKUX MHAYKTOPOB, CHUXAIOLLMX TeMM pocTa
nonynaumu [5, 12]. Mpu He3annaHUPOBAHHOW 3KCMNAHTALUK
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(parMeHTOB COCYA0B NYNOBUHbI, NEPUOANYECKM NPOUCXOAVB-
LUEN B X0e 3KCNEPUMEHTOB, (DOPMUPOBAHMS KOJOHWUIA BOKPYT
3KCMIaHTa He Habmoanoch, perucTpupoBanach aaresus vLb
OJVMHOYHbIX KIETOK. JKCrnaHums parMeHToB TKaHM BapToHo-
Ba CTY[HA, MPaHNYaLLMX CO CTEHKaMK MynoBWHbI, MPUBOAMNA
K OPMMPOBaAHMIO KPYMHBIX KOMOHWA NpU MHTEHCUBHOW Mpo-
mvdepaumn Knetok. OTcyTcTBUE MMMYHHOI peakLun ¢ MapKe-
poM a-smooth muscle actin, sBnstowmMcs cneunduyeckum
MapKepOM LIMTOCKENeTa rM1aKOMbILLEYHbIX KIIETOK, B TOM YMC-
ne MrodmbpobnacToB M rnafKOMbILIEYHBIX KIETOK COCYZ0B,
XapaKTepu3yowmxca BbICTpoi nponmdepaumen B KynbType
in vitro, N03BOAMNO NPEANONOKUTL NPUHALEKHOCTb MOJY-
UeHHOW NoNyNALMK K Me3eHXUMabHbIM KIeTKaM C MHTEHCHB-
HbIM pocTOM. [TonyyeHHble B 3TOM 3KCMepUMeHTe pesynbTathl
COOTHOCATCA C AaHHbIMU APYTUX IMTEPATYPHBIX UCTOYHUKOB,
B KOTOPbIX 0TMEYaeTCs, YTO CBOMCTBA CbIBOPOTKM, UCMOMb3Y-
eMOii KaK OfIMH U3 OCHOBHbIX KOMMOHEHTOB pOCTOBOM CPeAbl,
MOTyYT 3HAYUTENBHO OTAIMYATLCS, YTO OTPaXaeTcs Ha pe3ynb-
TaTe Nnony4eHns NepBUYHON KyNbTypbl KNeToK [7].
Mopdonornyeckuii aHann3 KonoHui, GopMUpyeMbix BO-
Kpyr 3KCNNaHToB, AEMOHCTPUpOBan 0TiMuMs B (eHoTune
KeToK Ha 21-e cyT KynbTuBMpoBaHus. pn ncnonb3oBaHuu
(eTanbHbIX CHIBOPOTOK npeobnapana ¢pubpobnacTHas Mop-
(ornorus, Npu UCNoNb30BaHUM CbIBOPOTKW KPOBK B3pOCIIONo
JKMBOTHOTO — 3NMTeNMOMAHas, ¢ npeobnajaHueM LMTO-
nnasMbl B SLEPHO-LMTOMIA3MaTUYECKOM COOTHOLLEHUU.
OLeHKa MHTEHCMBHOCTU MUTOXOHAPUANBHOTO AblXaHus Kie-
TOK NpW NPUCYTCTBUW B POCTOBOI CPEfE Pa3fIMYHbIX CbIBOPO-
TOK N03BOAMAA NOAYYUTb MHPOPMALWMI0 O COCTOSHUM JKU3HE-
CnocobHOCTW KNETOK, HaXo[ALLeNcs B NPAMOIA 3aBUCUMOCTH
OT YPOBHS MOTOLLEHNA KUCMOpPoAa UX nonynsumeir. AHanums
MHTEHCUBHOCTM NOTPebnieHns KUCIOpOAa CycneH3ne Kie-
TOK NMOKasan, 4yto Hambonee MHTEHCUBHOE Da3oBoe [bixaHue
HabntopaeTcs y CycneH3uu KETOK NpU BO3AENCTBUM ChbiBO-
potku FBS,.. Hanbonee crabunbHble nokasatesnn AbixaHus
Kak 6a30Boro, TaK 1 Npy BO3AENCTBUN aHTUOMOTUKOB, BAOKK-
PYHOLLMX LMK/l AbIXaTenbHOro Metabonusma, Habnopanmcb
y 00pa3LoB CyCrneH3uM KNETOK Npu BO3LeNCTBUN BeTanbHbIX
cbiBOpoTOK FBS¢ 1 FBS,.. Pe3ynbtatbl, nostydeHHbIe npu oLeH-
Ke MHTEHCUBHOCTW [bIXaHWUA KIIETOK, MO3BONIAIOT Pa3feNuTb
CbIBOPOTKM B 3aBUCUMOCTU OT UX BO3AEHCTBUA HA MHTEHCMB-
HOCTb [bIXaHWs Ha TpU FPynMbl: CbIBOPOTKA, YCUIMBAIOLLas
WHTeHCMBHOCTb 6asoBoro AbixaHua (FBS,); cbiBopoTky,
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noafepuBaloLiue CTabunbHy0 MHTEHCMBHOCTb Kak 6a3o-
BOrO [ibIXaHWA, TaK M NOrNOLLEHNS KNCIIOPOAA NpY AeCTBUN
bnokatopos AbixaTenbHbix LMK (FBSg; FBS,), 1 cbiBopoT-
Ka, yrHeTatowwas 6asosoe ApixaHue (FBSg). MoHocnoiHble,
XOpOLUO pacTywiue KNeToYHble KyNbTypbl bW MonyyeHs
B NPUCYTCTBUW B POCTOBOM Cpefie CbIBOPOTOK, MpU AeACTBUN
KOTOpbIX MHTEHCUBHOCTb AblXaHUs MeHsnack cnabo, a cbiBo-
POTKa, ycunmBaioLLas 6a3oBoe AbixaHue, CTUMYNIMPOBasa 3KC-
MaHCUI0 KNETOK W3 IKCMNAHTOB, HO CHUXana UHTEHCUBHOCTb
JanbHemnLero pocta KynbTypbl. 3T pesynbTaTbl N03BONSHOT
CYMTaTh, 4YTO BO3[EMCTBUE, OKa3bl3biBaEMOE KOMMOHEHTaMy
Pa3NMYHbIX CbIBOPOTOK, PasfMyYaloLLMXC MPOUCXOXKAEHN-
€M, CMocobHO CTUMYNMpoBaTb MUTpaLmio U nponndepaumio
KNETOK MynOBWHbI MpYU MOAYYEHUN NEPBUYHON KyNbTYpbI.
Ho ons ontummM3aumm coctaBa nuUTaTesbHbIX cpef, Bbibopa
ONTUMabHOW CbIBOPOTKW, @ Takxke Ans bonbliei addek-
TUBHOCTM MPOLLECCOB 3KCMAHCUM WU COXPaHEHWSA JKMU3Hecmno-
COBHOCTM MONYYEHHbIX KNETOK HeobX0AMMO MPOAOCIIKEHMe
JKCMEpPUMEHTOB. VI3BECTHO, YTO YCWNEHWe WHTEHCUBHOCTU
ObIXaHus CBA3aHO C MHTEHCUMBHOCTBIO JeicTBUS (aKTOpOB,
BbI3bIBAKOLLMX peakumio ctpecca Knetok [15]. lpuMeHeHne
MeTOAa W3MEepeHUs MHTEHCUBHOCTM MUTOXOHZPWANbHOIO
ObIXaHWs N03BONSET [aTb OLEHKY YCTOAYMBOCTU AbIXaHus
KIETOK Npy BO3AENCTBMM CYMMbl KOMMOHEHTOB CbIBOPOTOK
B CpPaBHEHWUW C JEUCTBMEM CTPECCOBbIX (haKTOpOB, ONioKaTo-
POB LMKIOB AblxaTenbHOro MetabonnsMa. Bo3moxHo, 3To
Mo3BOSUT C BosbLLEN 3QPEKTUBHOCTLIO BbIOMpaTh KOMMOHEH-
Tbl NUTaTENbHBIX CPef, U MPOrHO3UPOBaTh XKM3HECTOCOBHOCTL
KIIETOK B TEYEHME IKCMEepPUMEHTA.

MpoJyKTUBHOCTb NONYYEHUS KYNbTYpbl KNETOK BapToHo-
Ba CTY[HS MYMOBWHbI XapaKTepU3yeTcs HEKOTOPbIMU 3aKo-
HoMepHocTAMU. Bo-nepBhiX, yMepeHHoe npucyTcTBue dak-
TOPOB CTPECCa, TaKMX KaK MMMOKCUS, NONOXMUTENbHO BAMSET
Ha CKOpPOCTb MUrpaLyy KIeTOK U3 3KCMNaHTa U NPOLYKTUB-
HOCTb KynbTMBMpOBaHWSA. Bo-BTopbIX, cylecTByeT onpege-
NeHHas 3aBMCMMOCTb OT TUMa W Ka4yecTBa CbIBOPOTKM, Mpu-
MEHAEMOI NpU KyNbTUBMPOBaHUM KneTok [14]. B pesynbtate
paboTbl anpobupoBaH NMPOTOKON BOCMPOM3BOAMMOrO Nosyye-
HuA KynbTypbl MCK BapToHOBa CTyAHA MynoBuHbI Ye0BEKa,
npoBefeHa OLeHKa 3G EKTUBHOCTU NPUMEHEHNS DEeTaNbHbIX
CbIBOPOTOK PasfMyHbIX NPOU3BOANUTENEN, METOAOM UMMYHO-
(eHoTMNMpOBaHUA WCKIKOYEeHa BEpOSTHOCTb nmponudepa-
LW TNaAKOMBILLEYHBIX KIETOK COCYA0B MPW 3KCMAaHTaLmu
(parmeHToB BapToHoBa CTyAHS NynoBWHbI YenoBeKa. MMnoK-
CUS MONIOXKUTENBHO BAMSET Ha CKOPOCTb MUTPaLMM KIETOK
W3 3KCMIaHTa U NPOLYKTUBHOCTb KYNbTUBMPOBAHHS.
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Bbigodel. 1. KpaTKoBpeMeHHasi TMNOKCUA BAMSAET Ha 3¢-
(EKTMBHOCTb MUrpaLmMmM KIEeTOK W3 3KcrnaHTata. 2. CbiBo-
POTKM Pa3fIMYHOr0 MPOMCXOMAEHWS OKasbiBAlOT pasfMyHoe
LeiCTBME HA MHTEHCMBHOCTb MUTOXOHAPWANIBHOMO AbIXaHus
Me3eHXUMarbHbIX, KNETOK MONyYeHHbIX U3 MyNOBUHBI Yeno-
BeKa. 3. Hanbonee adpeKTMBHOM CbIBOPOTKOM U3 M3YUHEHHbIX
aBnsetca detanbHaa coiBopoTka Capricorn (FBS,).

3AKJIOYEHUE

B uccnepoBaHum anpobupoBaHbl OCHOBHbIE MPUEMbI
M METOAbl MOMYYEHUs KyNbTypbl ME3EHXUMANbHbIX KIIETOK
MynoBMHbI YenoBeKa, NpOBeJeHa ONTUMKU3aLWA YCIOBWM
nosTy4YeHns BOCMPOU3BOAMMON MOMYNALMM KNeToK BapToHo-
Ba CTY[LHA MyNnoBMHbI. YCTAHOBNEHO, YTO KPaTKOBpPEMEHHas
TUMOKCUSA U TUM CbIBOPOTKM, UCMOMb3YEMON KaK KOMMOHEHT
POCTOBOW Cpefibl, OKa3bIBAlOT BAUAHME HA CKOPOCTb M Mpo-
OYKTMBHOCTb pocTa nonynsauun. Metoz, aMepeHust MUTOXOH-
APUaNbHOTO AbIXaHUS MOXET ObITb MCMONb30BaH [1S OLEHKM
LEeWCTBUA CbIBOPOTOK, MPUMEHSEMbIX KaK KOMMOHEHT nuTa-
TeNbHOM CPefbl ANs KyNbTypbl KITETOK MyMOBUHBI.

lpUMeHeHMe annoreHHbIX KNETOYHbIX MPOAYKTOB B Me-
OVLVHCKON MpaKTUKe AIBNSIETCA MEpCneKTUBHOW 0bnacTbio
BroMeaMUMHDI, HYXAAIoLEelcs B pa3BUTUN ObICTPbIX U Ma-
NIOMHBA3MBHbIX CMOCOBOB MONYYEHUA [OHOPCKUX KIETOK.
MepBuuHas Kynbtypa MMCK, nonyvaemas n3 npoBU3OpHbIX
OpraHoB, MNpefcTaBAseT LeHHOCTb KaK KIIeTOYHbIA MarTe-
puan, obnajaliLmnii BbICOKMM NponnudepaTMBHBIM U pere-
HepaTOpHbIM MOTEHLMANOM, a TaKKe XapaKTepu3yHLLMIACS
MPOCTOTOM, HEMHBA3WUBHOCTBIO M HEBBICOKOW 3aTPaTHOCTbIO
nosyyeHuns.

AONOJIHUTENBbHAA UHOOPMALUA

WUcTouHuk dmHaHcpoBaHua. PaboTa BbinosHeHa B paMKax
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HanpaBneHus coBepLieHCTBOBaHMSA labopaTopHOM
AUarHOCTUKU COLMUANIbHO 3HAUYUMbIX reMOKOHTAKTHbIX
BUPYCHbIX MHGEKUMUA B BOCHHO-MEAULMHCKUX
opraHu3auuax

E.C. Opnoga, t0.W1. bynaHbkos, A.A. CeunH

BoeHHo-MepunumHckas akapemus, CaHkT-lletepbypr, Poccus

MpencTaBneHbl aKTyanbHOCTb NPUMEHEHUS MOJNIEKYNSPHO-BMONOrMYeckuX MeToA0B auarHocTuku BUY-uHdekumm u re-
MOKOHTaKTHbIX BUPYCHBIX renaTuToB B BOEHHO-MeOULMHCKUX OpraHW3aLusX U OMbIT BOMbLIMHCTBA 3apybexHbIX CTpaH, aK-
TUBHO WCMOMb3YHLIMX COBPEMEHHbIE MOJNEKYNSPHbIE METOLONOMMW ANs OMArHOCTUKM MHQEKLMOHHBIX 3aboneBaHui.
[NoKa3aHa NepcneKTMBHOCTb UCMOMb30BaHUS anbTePHATUBHOIO HOCUTENS BUONOrMYECcKOro MaTepuana «CyXoi Kanim» CbiBo-
POTKM WM Na3Mbl AN AUarHOCTUKM MHDEKLMIA C MPUMEHEHNEM 3KCMPeCcC-TeCTOB U MOSIEKYNAPHO-B1OOTMYECKNX METOAOB,
a TaKXKe BO3MOXHOCTb NPOBEAEHUS AUCTAHLMOHHOMO AMCMAHCEPHOr0 AMHaMUYeCKoro HabmiogeHuns Npy coumanbHO 3HauM-
MbIX FTEMOKOHTaKTHbIX BUPYCHBIX MHAEKLMAX Y BOEHHOCITYKALLMX.

Mpennaraetcs BO3MOXKHas cxeMa nabopatopHoro TecTupoBaHus Ha BMY-uHbeKUmIo ¢ UCMoNb30BaHMEM B KaYecTBe JKC-
NepTHOro MeToAa NOSMMepPa3sHOM LENHON peakumuu, a TakKe TEeCT-CUCTEM, MO3BOJIAIOLLMX ONpeaensiTb 4ABHOCTb MHOULMPO-
BaHWS, 0COBEHHO B Cy4asX C COMHUTESbHBIMM pe3yibTaTaMu UMMYHHOIO 6110TTUHra.

PaccMoTpeHbl NepcneKkTMBHbIE MONEKYNSPHO-TeHeTUYeCKNe MeTOAUKW AN BHeApEeHUs B nabopaTopusx BOEHHO-Meau-
LIMHCKMX OpraHu3aumii: «rHesfoBas» (nested) nonmMmepasHas LienHas peakuus, netieBas U30TEpPMUYECKas aMmaMpuKaums
(Loop mediated isothermal amplification), undpoBas nonMMepasHas LenHas peakuys, UCrosb30BaHWe KOMOMHUPOBaHHbIX
TECTOB Ha OCHOBE MOSMMEpPasHOW LIEMHOM peaKumn (Macc-CreKTPOMETPUYECKUI aHaU3 aMMIIMKOHOB), CEKBEHMPOBAHME.
CdopMynnpoBaHbl OCHOBHbIE HaNpaBfieHUs! COBEPLLEHCTBOBaHWS NabopaTopHOl AWMarHOCTUKM COLMANbHO 3HAYUMBIX reMo-
KOHTaKTHbIX BUPYCHbIX MH(MEKLUMIA B BOEHHO-MEMLMHCKUX OpraHM3aumsix: OMTUMWU3aUMS JIOTUCTUKW MpeaHanuTUYecKoro
3Tana AMarHOCTUKM C pacLUMPEHUEM CMeKTpa BalMAMPOBaHHbIX METOAO0B KOHCepBaLuW M gocTaBkv npob B nabopatopum
(B T. 4. «Cyxas Kanns»); COKpaLLeH1e AJUTENbHOCTW aHaMTUYECKOro 3Tana AMarHoCTUKM nyTeM 6onee LUMPOKOrO KIMHM-
YECKOro MCMoJb30BaHMs 3KCMPeCcC-TECTOB M NMOSMMepPa3sHOW LIeMHOM peakuun (BKIKYasA M30TEPMUYECKUIA BapWaHT); NoBbl-
LUEHME YyBCTBUTENIBHOCTM U CMELMPUYHOCTI METOJ0B CEPONIOTMYECKON U MOMEKYNSPHOW AMarHOCTUKU; COBEPLLEHCTBOBaHNE
METO/0/107MM BanMAALMM U UHTEpPNpeTaLMm pesynbTaToB JlabopaTopHOM AMarHOCTMKW Npu obecneyeHnn BoeHHO-BpayebHoil
3KCMepTU3bI.

KnioueBble cnoBa: BUpYCHbIN renatut; BUY-uHdeKums; MMMYHHbIN 610TUHT, UMMYHOGDEPMEHTLIN aHanu3; nabopaTopHas
[NarHocTUKa; MoNieKynapHo-buonornyeckue MeTofbl; COLManbHO 3HauUMMble 3aboneBaHus; «cyxas Kannsy; uudposas
nonvMMepasHas LienHas peakums.
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Directions of the laboratory diagnostics improving
of the socially significant hemocontact viral infections
in the military medical organizations

Elena S. Orlova, Yuriy I. Bulan'kov, Aleksey A. Sechin

Military Medical Academy, Saint Petersburg, Russia

In this study we have shown the relevance of the nucleic acid testing for the diagnosis of the human immunodeficiency
virus infection and hemocontact viral hepatitis in the military medical organizations as well as the experience of majority
of the foreign countries that actively apply modern molecular methodologies for the diagnosis of infectious diseases.
The possibility of using the rapid tests, molecular biology techniques and an alternative carrier of the biological material —
the “dry drop” method, the potential of this method of biological material preparation in infectious diseases diagnostics in
case of laboratory remoteness and for follow-up observation of patients with socially significant hemocontact viral infec-
tions is shown.

New algorithm of human immunodeficiency virus infection laboratory testing using polymerase chain reaction as an
expert test followed by methods of determination of recency of acquisition of human immunodeficiency virus antibodies
especially in questionable laboratory result cases are proposed.

Promising molecular genetic methods for implementation in laboratories in military medical organizations such as nest-
er-polymerase chain reaction, loop-mediated isothermal amplification, digital polymerase chain reaction, mass spectrom-
etry of polymerase chain reaction — amplicons, Deoxyribonucleic acid sequence are observed. We have defined the main
approaches to improve laboratory diagnostics of social significant hemocontact viral infections in military medical organizations:
optimization of logistics of pre-analytical step with expansion of validated biomaterial samples storage and delivery methods
(including “dry drop”); reduction in the duration of analytical phase through increase in the clinical use of polymerase chain re-
action testing (including isothermic variant); improving the sensitivity and accuracy of serological and molecular diagnostics;
development of validation methodology and laboratory tests results interpretation While ensuring military medical expertise.
The necessity of specialists training in new diagnostics techniques and result interpretation, improving regulatory frame-
work on examination and registration of human immunodeficiency virus positive military officers, determination of the legal
status of cases with unfinished human immunodeficiency virus diagnostic process in order to ensure timely preventive and
treatment care events and to objectify statistical recording of this category.

Keywords: dried blood spot; enzyme-linked immunosorbent assay; HIV infection; laboratory diagnostics; molecular genetic
methods; PCR; socially significant diseases; viral hepatitis; Western blot.
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OPTHATIBHBIE MCCTTE [IOBAHMA

AKTYAJIbHOCTb

CoumanbHo 3HauuMble 3abosieBaHMs OTHOCATCA K YnCiy
Hanbonee aKTyanbHbIX NpobneM COBpPEMEHHOro 3[paBOOX-
PaHEHUs! U OCHOBHbIX Yrpo3 AJ1S1 300poBbs HaceneHus. Jla-
bopaTopHble MeToAbl UCCNEeA0BaHUA NpU OUArHOCTUKE WH-
(eKUMOHHBIX O0Ne3HeN WrpaloT BeAyLLyt, a B LESIOM psfe
KIMHWYECKUX CUTYaLMI PeLLAIoLLyto posib He TONIbKO B Aua-
FHOCTUKE, HO U B OMPeeeHNM KOHEYHOro ucxona 3abone-
BaHUS.

B HacTosiLee BpeMsl nepef cneuyUanucTamm CTOST HOBble
3a/iauv No NOBBILIEHMI0 HAAEKHOCTU U Penpe3eHTaTMBHOCTH
MeTO[I0B AMAarHOCTUKU W NEYeHUs COLMAIbHO 3HAUMMBIX re-
MOKOHTaKTHBIX BUPYCHbIX MHeKumi (C3IB), uto Bo MHOroM
3aBMCUT OT YPOBHA MHPOPMATUBHOCTY J1abOPaTOPHBIX MeTO-
[0B UCCEL0BaHNS U PacLUMPEHUs SMUArHOCTUYECKUX BO3-
MOXHoOCTeil. PauuoHanbHoe WCMoNb30BaHWE TeCcT-CUCTEM
Ha 0CHOBE NMPEeANOKEHHBIX MPUHLMMOB Ha OTAENbHbIX 3Tanax
obcnenoBaHus maumeHTa No3BonsieT U3bexaTb HEHYMKHbIX
MHOFOKpaTHbIX MCCNef0BaHuUH, MOCKONbKY MCMONIb30BaHMe
KOMIJIEKCHOrO MOAX0AAa K AMarHoCTUKe U Bblbop BbICOKO-
UYBCTBUTENBHBIX U CrieuuMdUyHbIX TECTOB MO3BOASAIOT One-
PaTMBHO YCTAHOBWTb AMArHo3 M aKTUBHOCTbL npouecca [1].
CrnoxuvBLuUmecs anroputMbl nabopatopHoii anarHoctuku C3IBA
(opMUpOBaNMCh B OTAIMYHBIX OT COBPEMEHHBIX KIIMHUKO-3MM-
JEMUONIOTMHECKVX YCIOBUSX U TPEBYIOT COBEPLLIEHCTBOBAHMA.

Lene — u3yyeHne BO3MOXHOCTM pacLUMpeHns MoKasa-
HWI K COYETaHHOMY NPUMEHEHUI0 MOMIEKYNSpHO-6ronornye-
CKWX MeTOA0B M MUMMYHOXpoMaTorpadmyecknx aKkcnpecc-Te-
CTOB B anroput™Max nabopatopHoii auardoctukn C3IBA.

MATEPUAJIbl U METOAbI

B uccnenoBaHuM UCMofib30BaHbl JaHHble, NPeACTaBeH-
Hble B OTKPbITbIX JIUTEPATYPHbIX UCTOYHWKAX, BbINOHEH CU-
CTEMHbII aHaNK3 COfiepIKaHns HOPMaTMBHO-MPaBOBbIE AKTOB
Poccuiickon Qepepauny (P®), MuHucTepcTBa 3apaBooxpa-
HeHus PO (M3 P®), Munuctepcta obopoHbl PO (MO PO),
Kacawwwumxca nabopatopHoii guarHoctuku C3MBU, maHHbIX
nabopaTopHbIX MUCCNeA0BaHUM, NPeACTaBNEHHbIX B OTKpbI-
TOW MeYaTM W BbINOHEHHBIX cneuuanuctamn OFBBOY BO
«BoeHHo-MeaMumMHCKaA akapemus uMenn C.M. Kupoa»
MO P® (BMegA) npu npoBefeHUM 3KCMEpPTHON AMArHOCTU-
Kn BUY-uHbeKumn y BoeHHoCyKawmx 3a nepuog ¢ 2010
no 2021 r. ¢ ucnonb3oBaHWeEM MeToA0B JlabopaTopHoM auna-
FHOCTUKM (MMMYHOGDepMeHTbIn aHanu3 (MDA), MMMyHHbINA
onottuHr (M), MoneKynapHo-61onoryeckuii MeTog — no-
nuMepasHas LenHas peakums (MLUP) B pexkume peanbHoro
BpPEMEHM).

PE3YJIbTATbI

AKTyaJ'IbHOCTb Hallero wuccienoBaHUsa 06ycnoaneHa
TeMm, 410 npoﬁneMa coBepLleHCTBOBAHUA I'IpO(bMJ'IaKTVI-
KU N OUAarHOCTUKU VIHCI)EKLI,VIOHHbIX 3aboneBaHuii sBNsiETCA
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Ba)kHeliLel B CMCTeMe MpOTUBO3NMAEMUYECKOro obecne-
YEeHMS KaK HacenleHWs B LeIOM, TaK M BOEHHOCNYXKaLLUMX
Boopy»eHHbix cun (BC) PO [2, 3].

3apaun nabopatopHoi amarHocTuku BUY-undekummn
MOXHO NOSPa3aeNuTb Ha ABe Kateropuu: 1) anugemmonoru-
UeCKMe: OLEHKa W ycTaHoBNeHWe AuarHo3a BUY-undekuny;
2) KNIMHUYECKME: OCYLLLECTBIEHME UCMAHCEPHOrO AMHaMUYe-
CKoro HabmiofieHns 3a coctosiHneM BAY-nHdUumMpoBaHHoro,
MOHUTOPUHT 3 dEKTUBHOCTM aHTUPETPOBMPYCHOI Tepanuu.

OCHOBHbIM [JOKYMEHTOM Ha CErofHALWHWUNA [eHb, pe-
rNaMeHTUpPYIOWMM anroput™M NabopaTopHOi AMarHOCTUKM
BMY-mHdeKLMM 1 reMOKOHTaKTHBIX BUPYCHBIX FenaTuToB, SB-
NAOTCA CaHMTapHble npaBuna U HopMbl CaullvH 3.3686-21
«CaHuTapHo-anuaeMuonoruyeckue TpeboeaHus no npo-
bunakTke UHPEKUMOHHBIX BonesHeli», BBELEHWE KOTOPbIX
pacLMpWI0 BO3MOXHOCTU WCMOMb30BaHUSA MOJIEKYNAp-
HO-TEHETUYECKUX METOAO0B B KauecTBe MOATBEPHAALLMX
TecToB. B paMKax AaHHOro [OKyMeHTa MpennuchbiBaeTcs
0bs3aTenbHOe MpOBefEHWe aHanM3a CTeMeHW reHeTuye-
ckon 6mmsoct wrammoB BUY nyteM «reHoTUnuMpoBaHus
U QUNOreHeTMYECKOr0 aHanM3a HyKNeoTUAHbIX nocnefo-
BaTeNbHOCTEl B KayecTBe [OMOSHUTENBHOTO MHCTPYMEHTa
Mpu MPOBELEHWUM 3MUAEMMUONIOTMYECKOrO paccyiefjoBaHus
cnyyaeB BMY-nHbeKumMM, npesnonoMuTENbHO CBA3aHHbIX
C OKa3aHWeM MeAMLMHCKOW MOMOLLM, UAW APYriX CIOMHbIX
cnyyaeB».

3a nmepuog ¢ 2010 no 2020 r. cpean Guonornyeckmx
MaTepuasnoB, [OCTaBMIEHHbIX [ NPOBEAEHNUS IKCNEPTHO
AnarHoctmkn BUY-mHbekumm y BoeHHocyxawwmx, ot 11,1
00 24,3 % vMenu MonoXwuTenbHble pesynbTathl NpuU onpe-
neneHun aHtureHa BUY u aHTMTEn ¢ noMolublo puarHo-
cTuyeckux TectoB (MDA M MMMYHOXEMUNIKOMUHUCLLEHTHBIN
aHanus (MUXJ1A)) u oTpuuaTeNbHble UM COMHUTENbHLIE pe-
3ynbTathl B VB npu onpegeneHuy aHTUTeN K 0TAeNbHbIM ben-
Kam BMY. Buonoruyeckuit MaTepruan Hanpaensnca NoBTOPHO
B J1abopaTopuio 3KCMEepTHON AuarHocTukn BUY-uHbekummn
B BMepA mns BbiNofHeHMs pedepeHTHbIX McCefoBaHuii
B IOA 1 3KcnepTHbIX UccneaoBaHui MeToaoM Vb B TeueHne
nocneaytowmx 6 Mec. AHTUpeTpoBupycHas Tepanus (APBT)
LaHHBIM BOEHHOC/Y)ALLUMM B MEPUOA LMHAMUYECKOTO JMC-
naHcepHoro Habntoaenus (IJIH) He HasHauanace.

Wutepnpertauns pesynbtatoB B UMb B 3aBucuMocTy
OT CreKTpa OnpefensieMbiX aHTUTeN K OTAeNbHbIM benkam
BMpYyCa MOXET ObITb pasHas: MoNOXUTENbHbINA, 0TpULATENb-
Hblli ¥ COMHUTENBHBINA. [lBa nocnefHWX pe3ynbTata TaKKe
He MCKIIYaT WHOULMPOBaHHOCTL obcneayemoro, Tpeby-
toT panbHenwero [JH v obcnepoBanus B cneuuanusnpo-
BaHHbIX MEJMLMHCKUX OpraHu3aumsX, HO He HaKNaAblBakT
Ha BMY-no3uTMBHOIO HUKaKMX HOPUAMYECKUX 0043aTeNbCTB
MO CHWKEHMIO PUCKa pacnpocTpaHeHus uHbekumn. CKopocTb
pa3BuTA cepornpeBaneHTHOCTU B Vb oT MoMeHTa MHUUMpo-
BaHWA pasnuyHa u Konebnetcs ot 3 Mec go 1 rofa B 3aBUCHK-
MOCTM OT PasfinyHbIX NpuunH [4]. K0puanyeckui ctatyc Tako-
ro naumeHTa HesceH. 1o HalWWM JaHHbIM, JONS NALMEHTOB,
He BO3BpALLAOLLMXCA [ NPOBEAEHUS NOATBEPHAAIOLLErD
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UcCnenoBaHus B 3KcnepTHble nabopatopum MO PO u uek-
TpbI N0 NpodmnakTuke u 6opsbe co CMNA M3 PO, pocturaet
34 %.

C 2010 r. NUP B Ka4ecTBe pedepeHTHOro MeToga uc-
nonb3yeTcs Y AeTell NepBoro rofa Xu3xu (Mpu nepuHaTanb-
HOM WMHGOWLMPOBaHWK), Y B3POC/bIX AaHHBIA METOL B Kaye-
cTBe pedepeHTHOro bbin pekoMeHAoBaH Tosbko ¢ 2016 T.
Ho HesaceH cTatyc NUP ¢ Toukn 3penHns permctpaummn 3abo-
NeBaHWA W NpoBefieHNs TaKUX [eNCTBUN, KaK BOEHHO-Bpa-
yebHas komuccus (BBK). Mpu atom co3patotcs npobnems,
CBA3aHHbIE C (QYHKLMOHAMbHBIM MCMOMIb30BaHNEM BOEHHO-
CIy)KaLLWX pasHbiX pofoB 1 BUAoB BC ¢ y4eToM BO3MOKHbBIX
K/IMHUYECKUX NpOsBNEHWA 3aboneBaHus, NPOLOSIKEHUEM
BO3[ENCTBUS BpeAHbIX GaKTOpPOB BOEHHOTO TPYLa, CHUMKeE-
HWeM MOBMBHOCTH BOEHHOCYKALLLEro 0 OKOHYaHus labo-
paTopHoro 0bcnefoBaHus (B T. Y. KapbepHbIA pocT).

Cutyaumu, TpebyloLime 3KCTPEHHOTO PeLLeHNs B MnaHe
Ha3sHaueHuss APBT B ycnoBusix BOeHHO-MeAWLIMHCKUX opra-
Hu3aumi (BMO), BctpeyatoTcs Hepeako. lpueeseM aBa Kim-
HWUYECKUX NpUMepa.

BoeHHocnyxkawmn A., 2000 r. p., noctynun B BMO
23.01.2021 r. ¢ AnarHo30M: MHMEKLUMOHHBIA MOHOHYK/IEO03.
Mpn unccnepoBanmm 26.01.2021 r. cbiBOpOTKM B0NbHOMO
Ha Hanuuue MapkepoB BUY 6binu nonyyeHbl nonoxuTenb-
Hble pe3ynbTaTbl, MccnefoBaHne MetoaoM Wb, BeinonHeHHoe
28.01.2021 r., — pe3ynbTaT COMHUTENbHBIA, NOJYYeH creay-
foLLMiA BenKoBbIN Npodunb: p25, p34, p52, p 55, gp160. C ue-
b0 YyTOYHEHUs auarHo3a BUY-uHbexumm u obocHoBaHHOCTM
Ha3sHaueHuss APBT npu octpoit BUY-uHbekumum 02.02.2021 .
BbINOHEHO MccnefoBaHWe MeTofoM [LP-auarHocTuk —
Mosly4YeH MONOXUTENbHBIA pe3ynbTat. [NoNoKuTeNbHbIA pe-
3ynbtat B noBTopHOM Wb 6bin nonyyeH Tonbko 11.02. 2021 r.

BoenHocnyxawmin b. 1984 r. p., noctynun 8 BMO
20.02.2021r. ¢ pMarHo3oM: nNoCTUHGMEKLMOHHas acTe-
Hua. Mpu uccnepoaHun 01.03.2021 . cbIBOPOTKM KPOBU
Ha Hanuume MapkepoB BUY Bbinv nonyyeHbl nonoxuTeNb-
Hble pe3ynbTaThl; uccnegoBaHue MetogoM Wb, Beimon-
HeHHoe 04.03.2021r., — COMHUTENbHBIN; NOMYYeH cne-
Ayowmin 6enKoBblid cnekTp: p25, pb5. C Lenbl yTouHeHus
AMarHo3a u obocHoBaHHOro HasHadenust APBT npu octpon
BUY-nndpekumm 10.03.2021 r. BbINOSHEHO WCCNefLOBaHKE
metogoM [MLP-auarHocTMkM — pe3ynbTaT NoNOXKUTENb-
Hbli. MonoxuteneHein pesynbtat Ub ¢ nosHbIM 6enKoBbIM
cnektpoM nonyyeH 16.03.2021 r. [JaHHOMy naumeHTy npo-
BOAMIIOCH UCCNIe0BaHNE C LIeSbio BbIICHEHUS ero BUPYCHO
HarpysKku, KOTopasi Ha MOMEHT NOCTaHOBKY iUarHo3a cocTas-
nsana 1030819 konmi/mn.

CornacHo HauMOHaNbHbIM HOPMATMBHLIM aKTaM YXe
Ha CKPMHMHTOBOM 3Tane AMarHOCTUKW UCMONb3YTCA Auna-
FHOCTUYECKME KOMOMHMPOBaHHbIe Ar/AT (aHTUreH/aHTUTEN0)
TeCTbl YeTBEPTOro noKoneHus. B 0bHoBREHHbIX peKoMeHaa-
LMAX He paccMaTpuBaeTCs BapuaHT TeCTUPOBaHMS C MOMo-
wbto MOA-cucteM TpeTbero nokonenus [9, 6]. Uccnenosa-
Hue metoaoM UP B pefakumsax HOpMaTUBHBIX LOKYMEHTOB
CUMTaeTCA «PeKOMeH[0BaHHbIM». [paBoBOM CTaTyC TaKoro
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TEePMUHA HesiceH. B caHUTapHbIX npaBunax v METOANYECKUX
YKa3aHWAX HeT 0[JHO3HAYHbIX YKa3aHWN Ha poslb 3NUAEMUO-
NIOTUYECKMX PUCKOB W KIIMHWKM B MpOLiECCe COKpaLLeHus
U ycKopeHusi nabopaTopHoi AmarHocTUKW. JlabopaTopHbii
[VarHoCTUYECKUIA anropuTM OTOPBaH OT KIMHWYECKUX Mpo-
ABNIEHUA MMMyHoLeuUMTa, NO3TOMY WCKYCCTBEHHO 3a-
TArMBaeTCA M fopoxaeT. B pedepeHc-nabopatopumn nep-
BMYHO-TIONIOXKUTENbHAA CbIBOPOTKA MUCCNEAyeTcs MOBTOPHO,
NpW NOYYEHWUN OTPULLATENbHBIX Pe3yNbTaToB — ABaM[bl.
Mpu NoNy4eHnn NONOKUTENBHBIX Pe3yNbTaToB UCCIeA0BaHMSA
B pedepeHc-nabopatopuu cbiBopoTKy uccnenytoT B Ub.

Mpu npuMeHennn MeTopa MLIP B KauecTee pedepeHTHo-
ro Metoga auarHoctuku BMY ana B3pocnoro KOHTWHreHTa
BO3HMKAIOT BOMPOChI: 1) KaK TpaKToBaTb pe3ynbTaT KCMepT-
HOr0 MCCNENO0BaHUsA B CEAYILLMX Cydasx: eciv UMerT
MECTO 3MUIEMMONIOTMYECKME PUCKU, HO pe3ynbtaT UMb —
OTpULATENbHBINA; 2) UMEKTCA KNWMHUYECKME NpOSBAEHUSA
BUY-uHdeKumMm, HO He xBaTaeT MOSHOTO MepeyHs 6enkoB
obonoyku BUY ansa yueta nonoxutensHoro pesynbrarta B Ub,
0cobeHHO M0 CpaBHEHMIO C PEKOMEeHAALMel NpOU3BOANTENS
TecT-cucteMsl [7, 8]?

Bo3MOoXHOCTb MCMO/b30BaHNA B KaYeCTBE NOATBEPKAl0-
wero Tecta [P B CanlnuH 3.3686-21 onpegeneHa cnenyto-
wmM obpasoM: «[pu HeobxoaUMOCTU COKpaLLEeHWUst CPOKOB
yCTaHoBNEeHUs amarHo3a BUY-uHdekumm n HesamepuTenb-
Horo HasHaueHust APBT naumeHTy B KayecTBe NOATBEPKAAK-
Lero McCnefoBaHUs BMECTO MMMYHHOrO WX JIMHEHHOro
6noTa MoxKeT bbITh NpoBeaeHo onpegenenne PHK BUY Mo-
NeKynApHO-61oNOrMYecKUMN MeToAaMU... NpU MOYy4eHUM
HeonpeeneHHoro pe3ynbrata B UMb ¢ 6enkoBbiM npoduneM,
BK/lOYaloLLeM benku cepiueBuHbl (gag), p24, npoBoasT-
A UccnenoBaHue ana amarHoctvku BUY 2 u onpepenenune
IHK/PHK BWY MonekynspHo-61onorMyeckuMm MeTogamu».
Ha doHe Bce Bo3pacTatoLLen YyBCTBUTENLHOCTU CKPUHUHIO-
BbIX MeTOA0B YyBCTBUTENBbHOCTL Wb coxpaHsieTcs KoHcepBa-
TMBHO HW3KOW, YTO NPUBOAWT K YBENUYEHUIO JONN «OTpULA-
TesbHbIX W HeonpeaeneHHbix Mb», kpatHocTn npoBeaexmns b
W, COOTBETCTBEHHO, YLOPOXKaHUI0 1abopaTopHOI AnarHocTU-
KM, YBENMYEHWH JJIMTENBHOCTU AMArHOCTUYECKOro Nepuosa,
L0MONHUATENBHOM MNCUXOOrMYECKON Harpy3ke Ha nauueHTa,
OTCYTCTBMIO BO3MOXHOCTM OCBULETeNbCTBOBaHNA BBK 1 Ha-
3HayeHus APBT.

Cneumanuctol CWA nonHocTelo oTkasanuce ot Wb
KaK 3KCMepTHOro MeTofa, 3aMeHUB ero MoseKynsipHbIMU
meTofamu. B cnyyae comHuTenbHbIx pesynbtatos [1LP peko-
MeHZYeTCs NOBTOPUTb UCCNIE0BaHNUE C MOBTOPHBIM B3ATUEM
00pa3u0B KpoBu. 0BHOBMEHHBIN AMArHOCTUYECKMIA aNrOpUTM
CDC tectupoBaHus Ha BUY-nHbekumio npeaycMaTpmBaeT mc-
nonb3oBaHue MOA-Tecta 4-ro nokoneHus Ha BUY Ha nepsom
Luare, TOYHO TaK 3Ke, Kak 1 B PD. B ciyyae nonoxuTensHoro
Tecta Ha BTOpOM Luare npoBogutcs auddepeHumpyroLwmii
BWY-1/BWY-2, 1. e. yTouHsieTcs Tun Bupyca. 3T0T 3Tan fiB-
nseTcs pedepeHTHbIM U NO3BONSET ONpeLensTb JIOKHOMO-
noxwuTenbHble pesynbTatel MDA nepsoro wara. B cnyyae
MONOXUTENBHOTO pe3y/bTaTa yCTaHaBAMBAETCA [AMarHos
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BUY-uHderummn. B cnyyae oTpuLaTeNbHOMO UM COMHUTENb-
HOro pesynbTaTa BTOPOro LUara NPOBOAMUTCA TPETUM Liar —
KayecTBeHHbI aHanu3 PHK BWY MeTopnom nonuMepasHoii
LenHoi peakuu (MLP), 1 npu NonoxuTeNnsHOM pesynbTate
yCTaHaBnMBaeTCs AnarHo3 octpoi BUY-uHdexumm [9].

BesannapatHble akcnpecc-TecTsbl (3T) — 3T0 TecTkl, KO-
TOpble MOXHO BbINOHUTL 6€3 cneumranbHoro 0bopynoBaHus
MeHee yeM 3a 60 MuH. B KauecTBe uccnepyemoro Matepua-
Na MOXET UCMO/b30BaTbCs KPOBb, CbIBOPOTKA, N1a3Ma KpoBu
1 cntoHa (oKonofeceHHas uakocTb). 3T pasfinyHbl No MeTo-
Ly NpOTEeKaHus peakuun W CMeKTpy onpefenseMblX MapKe-
poB. B HacTosLLee BpeMs UX YyBCTBUTENBHOCTb U CrieLmdmy-
HOCTb He YCTYMakoT aHaNorMYHbIM NOKa3aTeNAM CTaHAapPTHbIX
NOA [5].

B cooTBeTCTBUM C AEACTBYIOLLMMM HOPMATUBHBIMM [LOKY-
MeHTaMM 0051acTb MPUMEHEHNS NPOCTLIX W BLICTPLIX TECTOB
B PO orpaHnyeHa. Kaxpaoe uccneoBaHue Matepuana ¢ npu-
MeHeHMeM NpOCTbIX/BbICTPbIX TECTOB A0MKHO CONPOBOXAATb-
Csl MapanenbHbIM TeCTUPOBAHMEM TOM e MOPLMM KPOBH
B CTaHAapTHbIX MeToamkax (MDA, UXNIA, UB). Ho ¢ yueTom
COMOCTaBMMO BbICOKOW YYBCTBUTENBHOCTU U CMELMBUYHOCTH
HekoTopble 3T MOrM BbITb BKIKOYEHBI B anropuTMbl labopa-
TOPHO [AWarHoCTUKW. BaxHbIM 06CTOATENLCTBOM ABNSAETCA
T0, YTO B KayecTBe Buonoruyeckoit npobbl MOXKET MCMosib-
30BaTbCA MaTepumar, Nosy4YeHHbIN HEMHBA3WBHBIM METOLOM.
MMyHoxpomaTorpadmueckme 3Kcmpecc-TecTbl TeCTUPOBa-
HWS CIIOHBI M OKOJTO4ECEHHOW KWUOKOCTU UMEIOTCS W aKTUB-
HO MCMONb3YKOTCA B CKPUHUHIOBBIX 3MWUAEMUONOTMYECKMUX
MUccnefoBaHusX.

BkntoueHre nonoxuTenbHbIX pesynbTatoB 3T B CKPUHMHT
1 pedepeHTHBIN 3Tan AUarHOCTUKW B COMETaHUM C 3KCMepT-
HbIMW MeToaamu Ha ocHose TLIP MoeT cyLlecTBeHHO co-
KpaTWUTb AMarHOCTUYeCKWUA Nepuof, Ans BonblumnHCTBa Bonb-
HbIX NPY MUHUMAJIbHOW BEPOATHOCTM NI0XKHOMOSIOXMUTESIBHOMO
pesynbTata. TexHnyecku 3T NpoCTbl B UCMIOSHEHUM W He Tpe-
byloT poporocTosiiero nabopatopHoro o6opyAoBaHuMA.
TeMnbl NOBBILIEHNS KA4ecTBa W AMArHOCTUMECKUX BO3MOXK-
HocTen 3T onepexaroT TeMrbl U3MEHEHUS HOPMATUBHBIX [10-
KYMEHTOB M0 WX KIIMHUYECKOMY UCMO/b30BaHU0. OCHOBHBIMY
«3NULEMMONOrMYECKUMU» NpenMyluecTBamu 3T sBnswoTCS:
BO3MOXHOCTb UCMOJIb30BaHNSA HEMHBA3MBHbIX U MajlOMHBa-
3MBHbIX MeTOAO0B 3abopa MaTepuana; COKpalleHue 3Tarnos
OMarHoCTUKW W Kpyra JIUL, BOB/EYEHHbIX B 3TOT MpoLecc;
BO3MOXHOCTb MaccoBoro 6e3anmapatHoro obcnefoBaHus
B MOJIEBbIX YCNOBUAX M CaMOTECTUPOBaHWE ANS KIOYEBbIX
W YAI3BUMBIX FPYNM HaceneHus.

CneumanucTaMn HayyHO-MCCNEAO0BATENbCKUX U Meau-
LMHCKMX opraHusaumin P® BbINOMHANMCL WCCNeL0BaHuUs
Mo OLEHKE MPOrHOCTMYECKONM LIEHHOCTU pesynbTaToB Mof-
TBEPKAaloLLero TectupoBaHus BUY-uHdekumm Metopa-
mu Wb, aHanusa p24-aHtureHa w MLUP u dopmupoBaHmio
PeKOMeHaLMiA Mo MoBbILLeHNH 3DdEKTUBHOCTM anropuTMa
BbisBNeHUs BMY-nHbeKuMM B ycnoBrsx BbICOKOrO YPOBHS
ee pacnpoctpaHeHHocTn [10-12]. BobisBneHa 3aBucumocTb
MEXAy YPOBHEM p24-aHTUreHeMuum W GOpPMUPOBaHUEM

Tom 41,Ne 32022

DOl https://doiorg/ 10.17816/rmmar84029

V13BecTua Poccuinckon
BoeHHo-MeauLIMHCKOM aKaaeminn

cepokoHBepcun Yy BUY-uHdumumpoBaHHbix. cnonb3osanue
KpuTEpMa NpOrHOCTUYHOCTK p24Ar MoxKeT cnocobcTBoBaTh
COKpALLEHWI0 KONMYecTBa UCCne0BaHUM M CPOKOB MocTa-
HOBKM [I1arHo3a.

Mpennaraetca Bo3MOXHas cxeMa nabopaTopHoro Tectu-
poBaHus Ha BMY-uHdeKuMIo ¢ Mcnonb30BaHWEM B KayecTBe
3KcnepTHoro MeToaa MNLUP. B cnyyae nonyyenns otpuuatens-
Horo pe3ynbTara B [1LP u Wb B pamkax [JIH nauneHTy peko-
MEHJYeTCA NPOiTW NOBTOPHOE TECTUPOBaHWe Yepe3 3—6 Mec.
B cnyyae coMHutenbHbIx pesynbtatoB Wb u MLP pekomenay-
eTcsa onpegenexne p24Ar.

BecbMa nepcneKTUBHBIM MOXET BbITb UCMONb30BaHUE
TeCT-CUCTEM, MO3BONSKOLLMX ONpefensTb LABHOCTb UHOM-
umMpoBaHus. PaspaboTtaHbl flabopaTopHble LMArHOCTUKYMb
(Moanduraum U®DA unu sKcnpecc-TecToB), OCHOBaHHbIE
Ha OLEHKe TUTpa U aBMAHOCTM aHTuTen K BUY, ¢ nomo-
LLbI0 KOTOPbIX MOXHO OTAMYKUTL HeflaBHiow BUY-nHbekumto
OT AnMTENbHO TekyLueit [13]. TecT npegHasHayeH ans uccne-
noBaHusa BAUY-1 no3nTnBHBLIX 06pa3LoB ¢ NOATBEPHAEHHBIM
MoMoXUTENbHLIM pe3ynbtatoM B Mb. BoamoxHo uccnepo-
BaHWe 06pa3sLoB C HeonpefeneHHbIM UKW HeraTUBHbIM pe-
3ynbTaToM uccnefoBaHus B UMb, B KOTOpbIX NOATBEPKAEHO
Hanmuve BUY-1 PHK n/unn aHtureHa p24. Cneumanuctamu
naBHoro LeHTpa MocyAapcTBEHHOMO CaHUTapPHO-3MNMAEMUO-
NIOrMYecKoro Haasopa (cneumanbHoro HasHavenus) MO PO
NpoTecTUpoBaHbl MaTepuanbl 16 BOEHHOCMYXALLMX C Brep-
Bble YCTAHOBMEHHbIM AuarHo3oM: BUY-uHdekums ¢ uenblo
MOATBEPKAEHUS CPOKOB MHbMUMpoBaHus. Bo Bcex cnyyasx
paHHee WHGbUUMPOBaHWEe ObINO MOATBEPKAEHO LaHHLIMMU
3NMAEMUONOTMYECKUX paccnefoBaHnd W nabopaTopHoro
0bcnenoBaHMa npeanonaraeMbiX UCTOYHWUKOB WHQEKLMM.
Mpu coKpalLeHun AAMTENBHOCTY ONpeaenieHHoro pa3paboT-
YnKaMm NoporoBoro Kputepus (9 Mec oT MOMeHTa MHPUUK-
POBaHMs) MepCreKTUBbl UCMOMb30BaHUsA MOA00HBIX TUMOB
uUccnefoBaHuiA MOTYT 3HAUYUTENBHO PaCLLMPUTHCS.

06cyxpas Bonpockl JlabopaTopHOW AMarHOCTUKM remo-
KOHTaKTHBIX BMPYCHbIX renatutoB (BI), Heobxogumo oTMe-
TUTb, YT CaHllnH 3.3686-21 cMarvatoT TpeboBaHmMs no cpas-
HEHUIO C [AEeNCTBYIOLMMM HOPMATUBHBIMU [LOKYMEHTaMy
K 00513aTeNIbHOMY BbIMOJIHEHWI0 MOMEKYNAPHO-TeHETUYECKUX
uccnenoBaHWA Ha 3Tane MocTaHOBKM NlabopaTopHoro Aua-
rHO3a: BUPYCHbINA renatut. Ho ans KoHTpons 3ddeKTUBHOCTH
MPOTUBOBMPYCHOM Tepanuu Npu IeYeHUN AaHHbIX MHOEKLMN
KOMMJIEKCHas JOCTYMHOCTb MOJIEKYNISAPHO-TEHETUYECKUX Me-
TOAOB OCTPO HeobxoauMma Ans obecneyeHWs UCMONHEHUS
LeCTBYIOLLMX NPOTOKO/IOB JIEYEHWS W CTAHAAPTOB OKa3aHus
MeJMLIMHCKOM NOMOLLM.

B BMO MO P® ycnelHo npoBOAMTCA 3TMOTPOMHas
NpoTUBOBMPYCHas Tepanus xpoHudeckux Bl B u C, pac-
CMaTpuBaeTcs BO3MOXHOCTb nposefenus APBT ans BUY-
MHOWLMPOBaHHbIX BOBHHOCNYKALLMX, HO MOKa HeT pedepeHT-
HbIX LLEHTPOB M0 yrybneHHoi labopaTopHoi AuarHocTuke Bl
u BUY-mHbeKuMM ¢ onpefeneHWeM reHOTUMUYECKON pe-
3UCTEHTHOCTM K MpPOTMBOBMPYCHBIM MpenaparaM (npsMo-
ro NpOTUBOBMPYCHOIO [AENACTBMUSA), Hay4YHO-METOLUYECKOMY
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0b0CHOBaHUI0 HanpaBnieHui COBEpLUEHCTBOBaHWA nabopa-
TOPHOM AMarHOCTUKM 3TWX 3aboneBaHuid. 3T BOMpoCkl pe-
watoTcs cneuynanuctamm M3 PO, yacto 6e3 y4eta BO3MOXK-
HocTen 1 NoTpebHOCTEN CUNOBLIX BEAOMCTB.

Cchepa npuMeHeHUs NPOCTBIX/BLICTPLIX TECTOB ANA Ana-
rHocTMku Bl TakoKe ocTanack npexHeii n Tpebyet obsa3atenb-
HOM NOCTaHOBKY labopaTopHoro TecTa B pyTuHHOM UDA. On-
HWM 13 HepeLLEHHbIX BOMPOCOB J1JabopaTopHOM AMarHOCTUKM
0CTaeTcsa BbIABMIEHUE OKKyNbTHOro renatuta B (OKIB) [14].
B kauecTBe nepcnekTuBHoro Metofa AauarHocTuku OkMB
MOHO paccMaTpuBaTh MeTOf, KOIMYECTBEHHOW OLEHKMU KO-
BaJIEHTHO-3aMKHYTOMN KOJbLIEBOM [1e€30KCUPUOOHYKIIEMHOBOIA
KUCOTbI Y 60MIbHBIX C XPOHUYECKWM BUPYCHBIM renatutoM B
B MYHKLMOHHbIX 6ronTatax neyenu [15, 16]. Ceponornyecku-
My Mapkepamm OKI'B npu xpoHnyeckmx 3aboneBaHusx neveHu
MOryT BbITb CYMMapHbIe aHTUTENa K AAEPHOMY aHTUrEeHY BU-
pyca renatuta B (anti-HBc) unu nedektHble YacTuubl BUpYyca
renatuta B, BbisiBIfieMble TOMIbKO YCOBEPLLEHCTBOBAHHBLIMY,
MOAMOULMPOBaHHBIMU ANArHOCTUHECKUMM TECT-CUCTEMaMMU.

MeauumHckue opranmsaumm MO PO, umetolme B cBOEM
cocTaBe nabopatopum UH(EKLUMOHHOM UMMYHONOMUM, Ha-
XOAATCA Ha 3HAUMTENILHOM Y[aNeHUM 0T MEeCT pa3MeLLeHus
nnyHoro coctaBa. CnepoBaTenibHO, OTCYTCTBYET WK Orpa-
HWYEHa BO3MOXHOCTb XpaHEHUs W TPaHCMOPTUPOBKM Ouo-
MaTepuana B BUAE KPOBW (CLIBOPOTKM) WM MNa3Mbl, TaK
KaK OOHWUM U3 HeobX0AMMbIX YCNOBUIA LIS NPOBEAEHMS
LOCTOBEPHbIX N1abopaTopHbIX MCCNeA0BaHUI SBNSETCS CO-
briogeHe TeMnepaTypHOr0o M BPEMEHHOTO PEXWUMOB.
[epcrneKTUBHBLIM HanpaBfieHWEM COBEpLUEHCTBOBAHMSA an-
roputMa nabopatopHoii auarHoctukm C3IBU MoxeT BbiTb
bonee LUMPOKOE W NETUTUMHOE UCMOJNb30BaHWE anbTepHa-
TMBHbIX 06pa3L0B BUONOrMYECKMX KUAKOCTEN. Mbl cunTaeM,
yto ocoboe BHMMaHMWe, crefyeT YAenuTb MeTody «CyXoil
Kannux», Kotopbli ucnonbsyetcs B MO PO npu nabopatop-
Hol auarHocTuke BUY-uHdeKumm ¢ npuMeHeHneM MeTof0B
NDA n UB. CoxpaHHocTb aHtuTen K BWUY npu mcnonb3osa-
HWM [aHHOTO TEXHONOMUYECKOr0 NpUeMa TPaHCMOpPTUPOBKY
1 KOHCcepBaLmm buonornyeckux Npob oTMevanach B TeYeHMe
Heckonbkux net [17, 18].

370T MeToL No3BONsET QUKCUMPOBATb Ha CreuuanbHON
¢bunbTpoBanbHoK byMare He TOMBKO KPOBb, HO M Nna3My,
CbIBOPOTKY W ipyrue B1oiorMyeckue X1AKOCTM (Mouy, KneT-
KN BYKKanbHOTO 3MUTENMs, pacTUTENbHYI0 TKaHb, KyNbTypbl
KINETOK, KOMOHUW MMKpOOpraHusmoB). loutn moboii K-
HWYeCKuii 0bpaseL, MOXeT XpaHUTbCA Ha (WNbTPOBAJIbHON
bymare s nocnefyloLlero aHanM3a, XoTs KpoBb U3 Nab-
La sBnsgeTca Haubonee yaobHOM U LUMPOKO MCMOJb3YEMOMN.
06bnactb NpUMEHEHWS [AaHHOTO MeTofja BecbMa LUMpOKa:
cKpuHuHr C3MBW, MoHWTOpUHI 3ddeKTMBHOCTU NpOTUBO-
BUpycHon Tepanuu npu BUY-mHbeKuMM M reMoKOHTaKTHbIX
BMPYCHbIX renaTtuTax, AMarHoCTUKa MHGbEKLMOHHbIX 3abo-
NeBaHUH, AOK/MHUYECKME U KITMHWUYECKUE UCCNEAO0BaHus,
NeKapCcTBEHHbIN MeTabonnaM, hapMaKoKUHETUYeCKMe/ToK-
CUKOKWHETMYECKME UCCNEAO0BaHUSA, MAEHTUDUKALMUS TUYHO-
CTW, ONpefenieHne OTLOBCTBA, MAEHTU(UKALMA HKUBOTHBIX,

Vol.41(3)2022

DOl https://doiorg/ 10.17816/rmmar84029

Russian Military Medical
Academy Reports

apXMBMPOBaHWE KJIOHOB, Na3MUAHBIA CKPUHUHT, FTEHOMUKA,
TpaHCreHHas MAeHTUGUKaLMA, aMNaMdUKaLMs NOSTHOrO re-
HOMa, BuobaHKMHr, dapMaKkoreHoMuKa, STR aHanus, Mo-
nekynspHas buonorus, mynstunnekcHas MLUP, cekBeHupo-
BaHue nocne MUP amnandumkaummn, konmyectseHHas MLP.
370T MeTop, 0bnagaeT pALOM HEOCMOpUMBIX NPEUMYLLECTB
nepes 00bl4HbIMU BMONOrMYECKUMI MaTepuanamm.

Hawe BHMMaHWe npuUBNEKaeT WCMOMb30BaHWE 3TO-
ro Metofa npobonofroToBku buonoruyeckoro Matepuana
AN OUArHOCTUKM MH(EKUMOHHBbIX 3aboneBaHuii, 0cobeHHO
yunTbIBas TOT (aKT, 4TO NpOBeAEHUe MOATBEpPXAAloLLIEero
3Tana AMarHoCTMKU M oueHKa 3ddektuHocTn APBT Mo-
IYT OCYLLEeCTBNATLCA TOMbKO B NabopaTopusix 3KcnepTHO
[VarHoCTVKU, KOTOpble PacrofioXeHbl B KPYMHbIX LIEHTpaX.
C y4eToM TeppuTOpUanbHBIX 0CODEHHOCTEN Hallero rocy-
[apcTBa M TEHAEHUMIA Ha ONTUMU3ALMIO CUCTEMbI 3ApaBo-
OXpaHeHWs!, OKa3aHWUA CreLmanu3MpoBaHHON MeaMLMHCKOM
MOMOLLM [LaHHbIA METO/, MOXHO paccMaTpuBaTh KaK byayluee
NabopaTopHOi ANArHOCTUKMU.

B HacTosAwmin MoMeHT pa3paboTaHbl KaK MMMOPTHbIE,
TaK M 0TEYeCTBEHHble TECT-CUCTEMBI, MO3BONSKLLNE Bbl-
aBnaTb nposupycHyto [HK Bupyca ummyHopmeduuuta ye-
noseka (BMY-1) B KIMHMYECKOM MaTepuarne, B T. Y. 3/oaTe
«cyxoi Kannmx», metogoM [P (NucliSENS EasyQ HIV-1
v 2.0, bioMérieux, CAP/CTM HIV-1 qualitative test version 2.0,
Roche, AmnauCeHc [HK-BWY-FL, WutepJlabCepsuc).
Ho BKmtoYeHne ux B anroput™ amarHoctuku BUY-uHdekummn
B MeAMUMHCKMX opraHu3aumax MO PO ¢ ucnonb3oBaHueM
[aHHOr0 anbTepHaTUBHOMO HOCKTENA BuonoryecKoro Mare-
puana B HacTosLLee BpeMsl UMEET CrefytoLLMe OrpaHNyeHus:
1) HeobX0AMMOCTb UCMONb30BaHUS CreLManbHoi GUNLTPO-
BasIbHOW ByMary; 2) BHeApeHUe BO BCEX MEJMLMHCKUX opra-
HW3aLMAX e[MHOW CTaHAApPTHOW OnepaLMoHHOW NpoLenypbl
npoborofroToBky bruoMatepuana; 3) OTCyTCTBUE B UHCTPYK-
LMAX K TeCT-CUCTEMAM POCCUICKOro Npon3BoAcTBa s NDA
1 Wb Ha BMY, npuMeHseMbIM B anroputMe 3KCMepTHON Amna-
THOCTUKM, YKa3aHWs Ha BanMOMpOBaHHOE WCMOJb30BaHUe
3/110aTa «CyXUX Kanenb» Maa3Mbl U CbIBOPOTKM KPOBMU.

Hamu 6binv anpobupoBaHbl U BHEPEHbI B MPAKTUKY pag,
PaLVOHaNM3aTOPCKUX NPEANOXKEHMIA N0 NPUMEHEHUI0 METOAA
«cyxom Kaniux»: 1. Cnocob coxpaHHocTh aHTUTen K BUY meto-
[0M «CYXO0ii Kanau» 1S 0becrneyeHmns LIMTENbHOMO XpaHeHus
cbiBopoToK BUY-nHurumMpoBaHHbIX nmu. 2. Cnocob TpaHcnop-
TUPOBKYM U XpaHeHus Npob CbIBOPOTKU KpoBU Ans obcrnefoBa-
HWA Ha aHTUTeNa K Bupycy renatuta C. 3. Cnocob TpaHcnopTh-
POBKY U XpaHeH!s Npob CbIBOPOTKM KPOBM ANs 00CNe0BaHMS
Ha HBsAg Bupyca renatuta B. 4. Cnocob TpaHCnopTUpoBKM
M XpaHeHusi npob CbIBOPOTKM KPOBW ANs 00CnefoBaHus
Ha uMMyHornobynutbl IgM Bupyca renatuta A. 5. Monumep-
Hblii NepPeHOCHON NAaHLIeT Ans 3aroToBKK Buonoruyeckoro
MaTepuana MeToAoM «CyXou Kanimy». 6. Cnocob obessapamu-
BaHuMs BMONOrMYECcKOro MaTepuarna, 3aroToBlEHHOr0 METOA0M
«CyXOW Kannn», ynbTpadmoneToBbiM 061yyeHneM ans obe-
cneyeHus 6e30MacHOro XpaHeHus U TPaHCNOPTUPOBKY ChiBO-
poToK BUY-MHPMUMPOBaHHBIX BOEHHOCIYKALLWMX.
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OAHUM W3 NepCneKTUBHBIX HANPaBNEHMIA SBMISETCS UCMOSTb-
3o0BaHme nested — [LIP ¢ ucnonb3oBaHnem AByx nap npaii-
MEpoB W MPOBEAEHVEM [ABYX MOCNEeA0BaTeNbHbIX PeaKLyn,
BTOpas nmapa npanmepoB amnnduumpyet ydactok JHK BHy-
TP NPOAYKTa NepBOi peakumy. TaK e Kak BO3MOXHbIe nep-
CMEKTUBHbIE MOJIEKY/IAPHO-TEHETUYECKUE METOAMKM, UCMOSb-
3yeMble B nabopatopusx BMO MO PO, MoxxHo paccMaTpuBart:
LAMP-MUP, umdposyto MLUP, ucnonb3oBaHne KoMOUHMpO-
BaHHbIX [LIP-TecToB (Macc-CNeKTPOMETPUYECKUI A aHanu3
MLIP-aMnaMKoHOB), BHEAPEHWE MONEKYNAPHO-TEHETUHECKUX
MeTO10B (CEeKBEHUPOBaHWE) C LIENbH0 U3YYeHUs FeHOTUMMYECKON
PE3UCTEHTHOCTU K MPOTMBOBMPYCHBIM NpenapataM [19, 20].

BbiBOAbl

HanpaBneHusiMM COBepLUEHCTBOBaHUSA nabopaTopHoM
amarHocTuku C3MBU B MO P® MoryT siBnsThCS:

¢ ONTUMW3ALMA JIOTUCTUKM NpeaHasMTUYecKoro 3Tana
AVarHOCTUKM C paclLMpeHneM CreKTpa BannavpoBaH-
HbIX MeTO[L0B KOHCEpBaLMU W A0CTaBKuM npob B niabo-
paTopuu (B T. Y. «CYXOM Kannn»);

¢ COKpalleHue ANUTENBHOCTW aHaNMTUYECKOoro 3Tana
LVarHoCcTUKM nyTeM Bonee LUMPOKOrO KIIMHUYECKOro
ucnonb3oBanusa 3T u MNUP (BKntoyas U30TepMUYECKNUIA
BapuaHT);

¢ TMOBbILIEHME YYBCTBUTENLHOCTU U CELMBUYHOCTU Me-
TO[L0B CEPOJSIOrNYECKON M MONEKYNSPHON AMUarHOCTUKY;

* COBEpLUEHCTBOBaHWE METOAO0NOrMM Banuaaumm 1 WH-
TeprpeTaummn pe3ynbTaToB labopaTopHOW AUarHoCTU-
K1 Npu obecneyeHnn BOEHHO-BPayebHOI 3KCNepTM3bl
BOEHHOCITYALLMX.

3AKJTIOYEHUE

Takum obpasoM, anroputMbl auarHocTukm C3MBU
HY)X[Al0TCA B NepecMoTpe B NOMb3y MNOATBEPXKAalo-
WMX MEeTOAOB, MO3BONAKLNX C BbICOKOA CKOPOCTbi
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1 MPOrHOCTMYECKOW LEHHOCTbIO pe3ynibTaTa ycTaHaBMBaTh
Hanuuue WHdeKUMM B nNepBoM obpasLe KPoBU WU UHOM
Buonormyeckom cybcTpate, B3ATOM Y MaLMEHTa, C LEJbHO
MOBbILUEHMS CBOEBPEMEHHOCTH J1e4ebHbIX U MPOTUBO3MU-
AeMUYecKUX MeponpuaTuid. lNpeanaraeTcs MCNOAb30BaHKe
MPOCTbIX DObICTPbIX TECTOB C BbICOKOW YYBCTBUTESIbHOCTbIO
1 CneundUYHOCTbLI0 B anropUTMe AMArHoCTUKM, YTO NO3BO-
JIUT COKPaTUTL ee AAUTeNbHOCTb. Heobxoauma Banupoauus
MeToga «cyxoit Kannu» ana UOA, TLP tecT-cuctem oTeye-
CTBEHHOr0 NPOM3BOACTBA C LiefIbio NEPBUYHON AMArHOCTUKM
n OOH. LlenecoobpasHo BHeapeHWe TeCT-CUCTEM, MO3BO-
NAWNX ONpeaennTb CPOKM MHOULMPOBaHMSA, 0CODEHHO
B C/Ty4asX C COMHUTeNIbHbIMU pesynbTaTtamn Mb. Heobxo-
OMMO COBEpLUEHCTBOBaHME HOpPMaTMBHOM 6asbl no obcne-
A0BaHuto 1 pernctpaumm BUY-uudmumpoBaHHbix. O4eBngHa
HeobXxoMMOCTb ONpeAesieHNUs IPUAMYECKOro cTaTyca uL
C He3aBepLUeHHOW anarHocTukon BUY-uHdeKumm ¢ uensio
CBOEBPEMEHHOCTU MPOTMBO3NUAEMUYECKUX M NeyebHo-
NPO(UNAKTUYECKUX MepONpUATUA U 0BOBEKTMBHOCTM CTa-
TUCTUYECKOTO Y4eTa AaHHOM KaTeropuu nuu, Takke Tpe-
DyeTcsi NOAroToBKa CMeLManncToB labopaTopHON CRyHObI
Mo HOBbIM MeTOAaM WCCNeA0BaHWA W WHTepnpeTauumn
UX pe3ynbTaToB.

AONOJIHUTENBbHAA UHOOPMALUA

UcTouHuk dmHaHcupoBaHusa. OuHaHCMpoBaHWe AaHHol pabo-
Tbl He MPOBOAUNOCH.

KoHdnuKT uHTepecoB. ABTOpbI [eK/IapupyIOT OTCYTCTBUE SIB-
HbIX 1 MOTEHLMaNbHbIX KOH(IMKTOB MHTEPECOB, CBA3aHHbIX C Ny6-
JIMKaLMeNn HacTosLLLEN CTaTbK.

3JTnyeckas aKkcnepTusa. HacTosilas cTaTbsl He COLEPHUT Ka-
KMX-NMB0 WUCCNef0BaHuiA C y4acTUEM JIOAEH U KMBOTHBIX B Kaye-
CTBe 0OBLEKTOB U3yyeHNs.

Bknap aBTopoB. Bce aBTOpbl BHEC/M CYLLUECTBEHHbIA BKIA[,
B MpOBefeHWe WCCefoBaHUS M MOAFOTOBKY CTaTbW, MpOYM
1 00,00pnnn GuHanNbHY Bepcuto nepen nyonuKaumen.
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MMTOXOHApMaﬂbeIe CeTU KJIeTOK KyMyJioca
U Ka4yeCTBO OOLUTOB

E.B. Nandepos', H.N. Tanunbckas?, K.C. Macuesa®, K.B. 06beakoBa?, A.M. [3raau?

! WucturyT umtonormm PAH, Cankr-Metepbypr, Poccus;
2 HayyHo-vccre0BaTeNbCKUIA MHCTUTYT aKyLLepCTBa, TMHeKonori 1 penpoaykTtonorun umenn [1.0. OtTa, CakT-Metepbypr, Poccus;
3 BoeHHo-MeauuUMHCKan akaaemms, CaHkT-TMetepbypr, Poccus

AxkmyaneHocme. MUTOXOHLPUW UTPaIOT JKM3HEHHO BaXKHYK POSib B MOLAEPIKAHMM HOPManbHOr0 (yHKLUMOHMPOBAHMA
00LMTOB, BHYTPUYTPOOHOrO pa3BuTUS IMBPMOHA W SBASKOTCA BaXHBIM MHAMKATOPOM KauecTBa M (YHKLUMOHAMNbHOW MOSIHO-
LLlEHHOCTM 00UMTOB. MUTOXOHAPUanbHas AUCPYHKUMSA 00LMTOB KOPPENMPYET C HapyLIEHWEM OMJI0LOTBOPEHUS U Pa3BUTUEM
3MOpMOHA, YTO KIIMHUYECKU NPOSBNIAETCA DeCnnoaneM, HapyLEHNEM UMMNIAHTALMK U peLyKumel 3MOpUoHa. 3HauUTENbHYI0
pOSib B LMUTOMIA3MaTUYECKOM CO3pEBaHUM 0OLMTOB U (hOPMUPOBAHWM LOCTAaTOYHOMO MUTOXOHAPUATBHOTO NYNa UrpatoT KIeT-
K1 KyMmyrioca.

Llestb: npoBecTV CpaBHUTENBHBIN aHaNIN3 MEXAY COCTOSIHUEM MUTOXOHAPUATbHBIX CETEN KIETOK KyMYca U KayecTBOM
0OLIMTOB.

Mamepuanel u Memodel. B uccnegosaHme BKIIOYEHO 22 NaLMEHTKM B BospacTe oT 28 fo 37 neT BKuMTeNbHO (cpea-
HWi Bo3pacT 32,3 + 1,2 roaa) ¢ TpybHO-NepuUToHeanbHbIM GakTopoM becnnoaums. B npouecce NpoTOKO0B BCMOMOraTesbHbIX
PenpoLyKTUBHbIX TEXHONOrMIA NOMy4eHo 74 oouuTa, M3 KoTopbix 39 Bbln0 XopoLLero KayecTsa, a 35 UMeNu HeraTuBHbIE MOp-
donornyeckne npusHaku. OAHOBPEMEHHO C oouMTaMK M3 QONNMKYNSAPHOW KUAKOCTU BbiK BbiAENeHbl KINETKU KyMyIoca,
KOTOpble OKPaLUMBAINCh MPUMU3IHEHHBIM MUTOXOHAPUANbHLIM (II0OPECLIEHTHBIM KpacuTeneM. MeToaoM KoHdOKanbHoM
MUKPOCKOMNMWM BbIMOJTHANCA aHaNN3 TPeXMEepPHOM opraHn3aumm MutoxoHapui B 20—30 KiieTkax 04HOro nyna GonmKyspHoil
HUAKOCTU. [1NS OLLeHKM MUTOXOHAPUANbLHO CETU UCMOb30BaNMCh ClefyloLLye NapaMeTphbl: BPeMS 3aTyxaHus QoopecLieH-
LMW U €€ UHTEHCUBHOCTb.

Pesynemamel. Bpemsi 3aTyxaHus hnyopecLieHUMW B KIETKax KyMyACa, B3ATbIX M3 GONMKYNAPHONA XUAKOCTH, OKpYKa-
foLLIeVi 00LMT XOPOLLEro KayecTsa, bbino focToBepHo Boilwe (p = 0,032) aHanornyHoro noKasatens B ciyyae MAeHTUGUKaLMK
0O0LMTOB C HEraTUBHLIMU NMPU3HAKaAMM.

3arnwoyenue. CTpyKTypa MUTOXOHAPUANBHBIX CETEN B KIETKax KyMyntoca koppenupyeT (r = 0,76) ¢ KauecTBOM 00LIMTOB.

KnioueBble cnosa: BcrioMoraTesibHble penpoayKTUBHbIE TEXHOJIOTUU; KQ4eCTBO 00LUNTOB; KNETKU KyMynioca; MUTOXOHOPU-
dJibHbleé CETU; HEBbIHALLUNBaHUe 6epeM€HHOCTVI; penpoayKTuBHaA chepa; ANLEKNETKMN.
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MaHdepos E.B., Tanunbckas H.W., Macvesa K.C., 06beakosa K.B., 3rasH A.M. MuToxoHapUanbHble CETU KIETOK KyMysloca U KayecTBo 00LMTOB //
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Mitochondrial networks of cumulus cells
and oocyte quality

Egor V. Panferov', Natalya I. Tapilskaya?, Kristina S. Masieva’,
Ksenia V. Ob’edkova?, Alexander M. Gzgzyan?

! Institute of Cytology Russian Academy of Science, Saint Petersburg, Russia;
2 QOtt Research institute of obstetrics, gynecology and reproductology, Saint Petersburg, Russia;
3 Military Medical Academy, Saint Petersburg, Russia

BACKGROUND: Mitochondria play vital roles in oocyte functions and they are critical indicators of oocyte quality which
is important for fertilization and development into viable offspring. Quality-compromised oocytes in which mitochondrial
dysfunction plays a significant role are correlated with infertility, developmental disorders and embryo loss. A significant
role in the oocytes of cytoplasmic accumulation and a sufficient amount of the mitochondrial pool of oocytes is played by
the cumulus cells surrounding it.

AIM: to conduct a comparative analysis between the state of mitochondrial networks of cumulus cells and the quality
of oocytes.

MATERIALS AND METHODS: The study included 22 women aged 28 to 37 years inclusive (mean age 32.3 + 1.2 years)
with tubal infertility. During the assisted reproductive technology procedures, 74 oocytes were obtained. 39 good quality
oocytes and their cumulus cells were compared with 35 bad quality oocytes and their cumulus cells respectively.
After puncture of ovarian follicles cumulus cells were isolated and stained with fluorescent dye for cell tracing and mito-
chondrial imaging in vivo. The method of confocal microscopy was used to analyze the three-dimensional organization of
mitochondria in 20—30 cells of one pool of follicular fluid. The following parameters were used to evaluate the mitochon-
drial network: fluorescence decay time and fluorescence intensity.

RESULTS: The decay time of fluorescence in cumulus cells associated with a good quality oocyte was significantly
higher (p = 0.032) than in the case of identification of oocytes with negative signs.

CONCLUSION: The structure of mitochondrial networks in cumulus cells correlates (r = 0.76) with the quality of oocytes.

Keywords: assisted reproductive technologies; cumulus cells; eggs; miscarriage; mitochondrial networks; oocyte quality;
reproductive sphere.
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OPTHATTBHBIE MCCTTE[IOBARMA

AKTYAJIbHOCTb

Hapywenns ¢epTunbHOCTM SBASIETC pacTyLiend npo-
bnemoi B pa3BUTLIX CTpaHax, MpW 3TOM accoLMMpOBaHHas
¢ becnnogmeM MUTOXOHApPWanNbHas AMCOYHKUMS Bbina npo-
LEMOHCTPUPOBaHA Y MEHLLMH KaK Npu onpeAeNieHHbIX coMa-
TUYeCKMX 3aboneBaHuMsAX, TaK MAMONATMYECKOM bBecnioouu.
MUWTOXOHAPUM 0OLMTOB B OT/IMYME OT COMATUYECKMX KIIETOK
obecneunBatoT BbIpaboTKy ATD FAMKONUTUYECKUM U NEHTO-
30¢ocdaTHbIM NyTAMY, @ He MyTeM OKMCAMTENbHOTO ocdo-
pUIMPOBaHUSA, 4TO 06eCMeYnBaEeT aKTUBHYIO 3HEPTETUYECKYIO
apaHXMPOBKY Ha paHHWX 3Tanax aMbpuoreHesa. 3HauuTeNb-
HYK0 pofib B JOCTUXKEHWUM 0OLMTaMM LIMTONIA3MaTUYeCcKoro
co3peBaHus U HOpMUPOBAHUM [OCTAaTOYHOTO MUTOXOHAPU-
anbHOro nyna OOLMTOB MrpaloT OKPYaOLME ero KIeTKy
Kymyntoca [1].

(OYHKUMOHANbHBIE  MUTOXOHAPUANbHbIE  HapyLIeHUs
ABMIAIOTCA B3aMMOCBA3aHHbIM  (PaKTOPOM MHOTQYMCIIEH-
HblX 3abonieBaHuii, B TOM 4ucfie W B PENpOAYKTUBHOM
chepe [2]. [aHHbIW Te3uc npuBen K NpeAnonoXeHuio,
YTO Kak aHOMarbHble MeTaboninyeckue MapKepbl MUATOXOH-
LPUA, TaK U KONIMYECTBEHHbIE U KaYeCTBEHHbIE HapyLUEHUS
(YHKUMOHNPOBaHNUA MUTOXOHLPUANbHBIX CETEeH accoLumpo-
BaHbl C HEBNAronpuATHLIM PenpoAYKTMBHBIM MPOrHO30M [3].
MoBbILLEHHbIE MapKepbl OKCUAATUBHOTO CTPECCa Y MEHLUMH
PenpoAYKTMBHOrO BO3pacTa acCOLMMPOBaHbI KaK C MMTO-
XOHAPUANbHbIMU OMCOYHKLUMAMMU W HanuuMeM penpomyk-
TMBHO-3HauMMOM natosiorueii (Hanpumep, CUHAPOM MOM-
KUCTO3HbIX IMYHUKOB), TaK W C BBICOKMM PUCKOM becnnopus
W HeBblHaLLMBaHUA bepeMeHHoCTH [4]. C opyroit CTOpOHbI,
MapKepbl OKCMAATUBHOTO CTpecca ABSIOTCA Pe3ysbTaToM
CYOKIIMHUYECKMX HapYLLEHWIA, B TO BPEMS KaK A0 NMOSB/EHUS
nabopaTopHbIX MapKEPOB YXe Ha MPOTSAXKEHUW OMpefeneH-
HOTO BPEMEHW WMEIOTCA YNbTPaCTPYKTYPHbIE M3MEHEHUS,
oTpaXkarolwime (GYHKUMOHANbHBIM NOTEHUMan KNeTok [5].
OQHMM U3 TaKUX U3MEHEHWI ABNSETCS COCTOSHUE MUTOXOH-
ApUanbHbIX CeTel B DYHKLUMOHANMBHBIX W BCIOMOraTesbHbIX
Knetkax [6].

Lene uccnedosaHusi — NpOBECTU CPABHUTENbHbIN aHa-
JIU3 MEX[Y COCTOSIHUEM MUTOXOHAPUANbHBIX CETEN KIETOK
KYMyloca M Ka4eCTBOM 00LMTOB.

MATEPUAJIbl U METOAbI

Wccneposanue 6bino nposeseHo Ha MaTtepuane, nony-
YEHHOM NMPY BbINOHEHUM MYHKLMU QONIMKYNOB B MPOTOKO-
nax BCMOMOraTeNibHbIX PenpoAyKTUBHLIX TexHonoruii (BPT)
otaeneHus penpogykronorum HUW akywwepctsa, rHeKono-
rum n penpogyktonorum um. [1.0. Otra. Mpu uccnegosaHum
GONNMKYNAPHOWA KMUAKOCTW, NOSTYYEHHOW OT 22 NauMeHTOK
B Bo3pacTe 0T 28 f0 37 neT BKIUMTENIBHO (CpefHUiA BO3-
pact 32,3 + 1,2 roaa) c TpybHO-NepuToHeanbHbIM (GaKTOpoM
becnnoaus, nocne otbopa 00LUMTOB ObIK BbIAENEHDI KIETKH
KyMyrtoca, Noc/ie Yero CycrneH3us BbicenBanach Ha noKpoB-
Hble CTEKNA B LUECTUITYHOUHBIX KyNbTypasibHbIX MaHLIETax.
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Mocne cyTouHoit MHKybBaumm npu Temnepartype 37° C knet-
KA OKPaLIMBaNUCb MPUWKU3HEHHBIM MUTOXOHLPUANbHLIM
KpacuteneM (MUTOTpeKepoM) B TedeHWe 45 MuH B becchbl-
BopoTo4HOM cpede. OuKcaums Ha NpeaMeTHble CTEKNA Bbl-
nonHanack B 10 % pacTBope HerTpanbHoro 3abydhepeHHoro
(opmManuHa B TeueHue 10 MuH. Busyanusauus ocywectens-
nacb Npy NomoLM KoHdoKanbHoro Mukpockona Leica TCS
SP5 1l ¢ aHanutueckon cuctemoir SMD FLCS. [ins aHa-
NM3a TPeXMEpHOW OpraHM3auuum MUTOXOHAPUIA C KaXaoro
npenapata Bblbupanocb ot 20 go 30 KneToK, ANA Kaxaou
U3 KOTOPbIX CHUMANCA Z-CTeK, MOHOCTbH) 3aXBaTbIBaOLLIMIA
BCEe MWUTOXOHAPWM B KneTke. PasMep Bokcens nopbupancs
B COOTBETCTBUM C KpuTepueM HaikBucTa il BO3MOXKHOCTH
NpOBefeHUs MPOCTPAHCTBEHHON [EKOHBOJOLMM, KoTopas
OCyLLecTBAANACh NMpU MOMOLLUM CMeLManbHoi KoMMbloTep-
HOI NpOrpaMMbl, paccyMTLIBatOLLEN (YHKLMK paccemBaHus
TouKu. onyyeHHble B pesynbTate LEKOHBOMIOLUMMA LaHHbIE
CermMeHTMpoBanuch B nporpamme Bitplane Imaris ¢ ucnonb-
30BaHMeM Moayns Filament Tracer. B cTaTucTU4eCKuiA aHa-
JU3 BKJIOYaNUCh CPefHMe 3HayeHus napametpa Filament
Length ons kaxKaoi KNeTky, BKIOYaeMble B aHanu3 Kak na-
paMeTp AJIMHbI BETBU MUTOXOHAPUANBHONM CETH, @ TaKIKE KO-
NIMYECTBO TaKuX BeTBei ceTu. BetBu anuHomn Menee 0,7 MKM
MPUHAMANKCh 3a apTedaKT CerMeHTaLUM U He YYMTbIBAUCH
npu 0bpaboTke AaHHbIX. YUCNo BETBEWN MUTOXOHLPUANBHOM
CETW KOCBEHHO OLIEHMBANOCh MO CpeHEMY BPEMEHH 3aTyxa-
HWA GryopecueHumm (t, Mc).

B panbHeliweM pe3ynbTaTbl UCCNEA0BAHUS MUTOXOH-
OpUanbHbIX CeTel KIeTOK KyMymioca CPaBHUBAIUCH C Kaye-
CTBOM NoJly4eHHbIX B npoTokonax BPT oouutoB. Kavectso
0OLMTOB OLIEHMBANOCh HAa OCHOBaHWM BHELLHEro BUAA LMTO-
MnasMbl, BUTENNIMHOBOrO Closl, nonsipHoro Tenbua. Wccne-
[,0BaHWe BbIMOSIHEHO B MOJIHOM COOTBETCTBUM C MPUHLMMNAMM
XenbCUHKCKOW feknapaumm BceMupHoii  accoumaumm
«3TUYECKME MPUHLMNBI HAYYHBIX U MEAMLIMHCKUX UCCeno-
BaHMIA C y4acCTUEM YesoBeKax», AEHCTBYIOLMMU NOpAAKaMM
M CTaHApTaMM OKa3aHWsi MeMLIMHCKOM MOMOLLM, a TaKxe
OPYrUMU PerynsaTopHbiMi TpeboBaHMAMM K MpOBeSEHMI0
KJIMHUYECKUX UCCNeA0BaHUA U HabmoaaTenbHbIX MporpamMm
B Poccuitckoii ®epepaumm.

PE3YJIbTATHI

Mo pesynbTataM OLEHKM 3MOPUONIOrUYECKUX MPOTOKO-
noB bbino nonyyeHo 74 oounta, npu atom 39 oounToB Bbinm
XOPOLLEro KayectBa W OT/IMYANMCb FOMOrEHHOM LuMTOMnnas-
MOM OAHOPOJHOr0 LBETa M OTCYTCTBUEM IPaHyNsPHOCTH,
35 00UMTOB UMENU HEraTUBHbIE MPU3HAKU U XapaKTepK3oBa-
JIUCb HaM4MeM BaKyosien, TEMHOM OKPACKOM, BKITKOYEHUAMY,
AedopMaumeit n/unu rpaHynspHocteio. CpeiHee Bpemsi 3a-
TyXaHus B KJIETKax KyMysoca npy 00LMTax XOPOLLEro Kave-
cTBa coctasmio 3,11 (2,64; 3,53) Mc, 6bin0 OCTOBEPHO BbiLLe
MpU aHanu3e [aHHbIX KIETOK NpW 00UMTaX C HeraTMBHBIMU
npusHakamu u coctaemio 0,97 (0,60; 1,95) mc (U = 276,5,
p =0,032). KoppensiuMoHHbIA aHannU3 pPaHXMPOBaHHbIX
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3HaueHuit (no CnupMeHy) NpoLeMOHCTPUPOBAN, YTO BPeMS
3aTyxaHus hnyopecLieHLMM UMENO CUIIbHYH NPSMYI0 Koppe-
naunio (r = 0,76) ¢ uncnoM BeTBEN MUTOXOHAPUANBLHON CETU.
TakuM 0bpasoM, cTeneHb pa3BeTBNeHUs (CTPYKTypa) MUTO-
XOHAPUaNbHOW CETU KIETOK KyMyrioca KOPPeNMpyeT ¢ Kave-
CTBOM 00UMTa.

Mpy McCnefoBaHUM BHYTPUKIIETOUHOW CTPYKTYpbI Kile-
TOK KyMyJtoca Obiio YCTaHOBJIEHO, YTO YBESIMYEHUE AJIMHbI
BETBEN MUTOXOHAPWANbHON CceTM 0bpaTHO KoppenupoBano
C KONM4eCTBOM MUTOXOHApPUIA. OCcHOBLIBasCh Ha 3TOM daK-
T€, MOXHO NpeAmnosoXuTb, YTO B AaHHOM Clyyae 3T0, CKO-
pee BCEro, ABASAETCA CleacTBUEM (paKLMOHUPOBaHMS CETH,
a He HapacTaHusi Maccbl MUTOXOHAPUN MyTEM UX [eNeHNns,
MOCKONbKY OMOreHe3 MUTOXOHLPUIA He COMPSKEH C pacna-
[OM MUTOXOHApWanbHbIX ceTen [7]. [locToBepHbIX pasnnumi
B MHTEHCUBHOCTU (IyOpecUeHUMU He MOMYYeHo, OJHAaKO
MpW YBENIMYEHUN AJIMHBI BETBEW YBENIMYMBAETCA UHTEHCUB-
HocTb yopecLieHUmm, yTo bbino yCcTaHOBMIEHO Ha OCHOBa-
HWM YMEHBLUEHUS CPEHEr0 3HAYEHUS T NPU CHUXEHUU YBe-
JMYEHUS| CPELHEN OJIMHbI BETBU MUTOXOHAPUANBHOM CETH.
BeposiTHo, AaHHble U3MEHEHMS CBA3aHbI C TeM, YTO 1S pa-
00Tbl 3NEKTPOH-TPAHCMOPTHOM Lienu co3paatotcs bonee bna-
ronpuATHbIE YCNOBMSA U/ B boniee KpynHbIX MUTOXOHAPHK-
X TEHEPUPYETCS MeHbLLE aKTUBHbIX GOpM Kuciopoaa inbo
oHW bonee addekTnBHO HerTpanu3ytotcs [8]. MonydeHHble
pa3nnumMs B KIETKaX KyMymoca MOXKHO CBAi3aTb C MeXaHu3-
MOM CaMOKOHTPONI KayecTBa W KONNYecTBa MUTOXOHAPUNA
K/eTKoW. VIMeloTca AaHHble, YTO C YBEMYEHUEM FeHepaLmi
aKTMBHbIX GOpM Kucropofa Bce Oonbluee KOMMYECTBO BHY-
TPUKIIETOYHBIX 3/IEMEHTOB OKa3bIBAKOTCSA MOBPEXAEHHBIMY,
YTO NPUBOAMT K BONee aKTMBHOMY OTAENIEHUIO OT CETU MMU-
TOXOHAPUIA C MOBPEXAEHHBIMA KOMIMIEKCaMU 3NEKTPOHHO-
TPaHCMOPTHOM CETU B pe3y/bTaTe MOAUDUKALMM aKTUBHOCTU
annapara geneHus MutoxoHapui [9]. CpeaHsas aamHa BeTBu
MWUTOXOHPMaNbHOM CETU NPU 3TOM TaKXKe HECKOJBKO YMeHb-
LuaeTcs.

PasBuTMe HayyHO-TEXHWMYECKOro Mnporpecca 3a cyeT
BHEZIpEHUS MOJNEKYNAPHO-TeHEeTUYeCKUX METOLOB [MarHo-
CTMKM KayecTBa 3MOpWOHa B BUAE NpeavMIIaHTaLUOHHOV
FEHETMYECKOW [MArHOCTUKY PELLMIO BOMPOC 3MOpUOHanb-
HOM CeNeKumm, T. e. 0TOOpa reHeTUYECKM MOSTHOLEHHBIX 3M-
Op1OHOB 1 BbIOPAKOBbLIBAHMS aHEYMNOMAHbLIX 3MOPUOHOB.
OpHaKo B HacTosilLee BpeMsl JOCTAaTOMHO OCTPO CTOMT Mpo-
bnema oTCyTCTBUA MMMNAHTALMM FeHETUYECKM MOTHOLLEHHBIX
3MOpWOHOB Jae Npu HOPMasbHOM COCTOSIHUM SHL0METpPUS,
YTO NpY AOCTAaTOYHOM KONMYECTBE PenpofyKTMBHOrO Mare-
puana eLue bonbLUe YCNOoXKHSET MPOLECC CeneKLmumn 3MbpuoHa
Ans nepeHoca. Hactoswas pabota ABnseTcs NUNOTHBIM Npo-
EKTOM M0 OLIEHKE MUTOXOHAPUANLHOMO NOTEHLMANa 00LMTOB,
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OCHOBaHHbIM Ha OLEHKE CTPYKTYpbl MUTOXOHApPUALHOM
CETW OCHOBHBIX KJIETOK, OKPYKAlLLMX OOLMT, — KINETOK
KyMyJiioca, KOTOpble M3BJIEKAIOTCA BMeCTe C SAWLLEKIIETKOM
npu NyHKumn donnukynos B npotokonax BPT. Otcytcteue
BO3MOXHOCTH, 3@ UCKITIoYeHEM MOPHONOTMYECKNX JaHHbIX,
BbIMOJIHUTbL OLIEHKY 00LMTa CTUMYNMPYET Hay4HbIM MOMUCK
MapKepoB KayecTBa penpoayKTUBHOro Matepuana. B nepebie
yacbl IMOpUOreHe3a MUTOXOHAPUM 00LMTa SBNSKOTCA UCTOY-
HWKOM 3Hepruv L1 pasBMBAIOLLErocs IMBPUOHA, KOTOPbIN
MoJTy4aeT MUHUMAJIbHOE KOSIMYECTBO MUTATESbHBIX BELLECTB
[0 MOMeHTa uHBa3um Tpodobnacta B aHgomeTpuii [10].

Jlioboi BapuaHT HEWHBA3WBHOWM AN IMDBpMOHa AnarHo-
CTWKM ero BO3MOXHOM0 KayecTBa MOXET paccMaTpuBaThCs
KaK BapWaHT NpeAMKTMBHOW aHaNUTUKX B Bonpocax aMbpuo-
HasbHOW CeneKumy, basnpyHoLLMIACA Ha OLLEHKE UX MepCreK-
TMBHOCTW. B pononHeHu K uHbopmaumm o6 otcyTcTBuM
reHeTUYeCKMX aHOManuil y 3MOpUOHa CBEAEHNA O KayecTBe
3MOPMOHa, OCHOBAHHBIE HA [aHHbIX O COCTOSIHUWM MUTOXOH-
JpUanbHbIX CETEN KIETOK KyMystoca, MoryT ObITb KpaliHe no-
nesHbIMK Ans Bblbopa aMbpuoHa-KaHamaaTa Anis nepeHoca
B MOIOCTb MaTK!.

Ecnm cocTosiHME MUTOXOHAPUANbHBIX CETEN KNETOK KyMy-
Toca MMeeT J0CTaTOuHYH CTeNeHb KOpPensLMmM C KauecTBOM
U KOJTMYECTBOM MUTOXOHZPUI 00LMTA, 3TO MOXET ObITb BapK-
aHTOM HEWHBA3WBHOM [MArHOCTUKW OMpeLeNeHns KadyecTsa
3MOpWOHa, NOMYYEHHOro NpU OMMOLOTBOPEHUM in Vitro 0o-
LIMTOB C U3BECTHLIMU AaHHbLIMM.

BbiBoa. Ha ocHoBaHuM dntoopecLieHUM MUTOXOHLPHIA
B KJETKax KyMynoca YCTaHOBJIEHO, YTO CTPYKTypa MWTO-
XOHIPWanbHbIX CeTeN B KIETKaX, POPMUPYIOLLMX Hemocpes-
CTBEHHOE OKPYMEHMEe 00LMTa MpU Co3peBaHWUM (QOJMKYNA,
KOppenMpyeT C Ka4yeCcTBOM 00LMTOB M, COOTBETCTBEHHO, Ka-
4ecTBOM 3MOPUOHOB.

AOMOTHUTENIbHAA UHOOPMALNA

UcTounmk dunaHcmpoBahms. PuHaHcupoBaHWe AaHHoN pabo-
Tbl He MPOBOAMIOCE.

KoHpnukT uHTepecoB. ABTOPbI JeKnapupyloT OTCYTCTBME
SBHBIX M MOTEHLMANbHbIX KOHMMKTOB WHTEPECOB, CBA3aHHbIX
¢ nybnnKaumeli HacTosLLel CTaTby.

3JTnyeckas skcnepTusa. Mccnenosanne BbIMOMHEHO Ha buo-
JIOrMYeCKOM MaTepuana, MoAsiexalleM 0ba3aTeNlbHON YTUAM3aLMK,
B CWsle Yero 04006peHue SIOKanbHOro 3TMYECKOro KOMUTETa He Tpe-
byetcs.

Bknap aBTopoB. Bce aBTOpbI BHECNM CYLLECTBEHHBIA BKITAA
B NPOBeJEHMe MCCNe0BaHUA 1 MOATOTOBKY CTaTby, NPOYM M 0406-
punn uHanbHyto Bepcuio nepes nybankavmen.

2. Duckney P.J., Wang P., Hussey P.J. Membrane contact sites and
cytoskeleton-membrane interactions in autophagy // FEBS Lett.
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AnnoreHHble ocTeonsacTM4ecKue MaTepuansl
ANA PeKOHCTPYKTUBHOW XUPYprum 60eBbiX TpaBM

B.B. Xomuneu, K.A. Bopobbes, M.0. Cokonosa, A.K. iBaHoBa, A.B. KoMapos

BoeHHo-MeanumHcKas akapemus, Cankt-[letepbypr, Poccus

KonnyecTso onepaumii C MCMOb30BaHWEM OCTEOMIACTUYECKUX MaTepuasnoB eXerofHo BO3pacTaeT, 4To obbAcHAeTcA
YBE/INYEHUEM YMUCNA BbICOKOTEXHOMOMMYHBIX OMepaLMid, PEKOHCTPYKTUBHBIX BMELLATENbCTB NMPU KOCTHOM NaTosiorik, OHKO-
opToneaum, fieopMaLmsax KoCTel, a TakKe AedeKrTax TKaHel, NonyyeHHbIX B pesynbTate 60eBoil TpaBMbl. KOCTb, Kak 00beKT
TPaHCNAAHTaLUMKU ABNAETCA MPEeANoYTUTENbHON, NOCKObKY MPUMEHEHUe KOCTHOW TKaHW M MaTepuanos, W3rOTOB/EHHbIX
Ha ee OCHOBe, C03AaeT HeobX0AUMble YCNOBUS Ans B1ONOrMYECKOro BOCCTAHOBNEHUA KOCTU KaK opraHa.

CoBpeMeHHoIi TeH[eHLMeN CTano pa3suUTMe TEXHONOMMIA pereHepaTMBHON MeaWLMHBI U pa3paboTka MOANDULIMPOBAHHBIX
MaTepuanos C y/yyLleHHbIMU 1 33[laHHbIMU CBOWCTBAMW — OCTEOMIACTMYECKWe MaTepuarbl nepectani bbiTb CcTaTMYecKuMm
KOHCTPYKLMAMM, @ NPUCYLLAA UM paHee MHepPTHOCTb CMeHWach GYHKLMOHAIbHON aKTUBHOCTBH.

B ctatbe onucaHbl ba3oBble NpenMyLLEeCTBa KOCTHOM TKaHW 1 annoreHHbIX 0CTEONacTUYeCKUX MaTepuanos A UX nep-
CMEKTMBHOTO NMPUMEHEHNA B PEKOHCTPYKTMBHO-BOCCTaHOBUTEBHON XVPYPritv ONOPHO-ABUraTesIbHOro annapara. [pusoasTcs
AaHHbIe N0 OMbITY NPUMEHEHUS AOHOPCKUX KOCTHBIX TKaHEeM 1A rOMONIAcTUKM B KIIMHUKE BOEHHOW TPaBMaToNorum U opTo-
neamn BoeHHo-MeaMuMHCKoN akagemun umeHn C.M. Kuposa. PaccMaTpuBatoTcs npenMyLLECTBa ainjioreHHbIX AeLienionspu-
3MPOBaHHbIX TKaHEeN 4151 NPUMEHEHUA B KIIMHUYECKOI U Hay4YHOM npakTuke. lokasaHa BaXKHOCTb COXPAHEHUS apXUTEKTYpbI
HaTUBHOW TKaHM [ YCMeLUHOW TpaHCnnaHTaumn Koctu. [leuennonapusauns SBnsetca MeToAoM, NO3BOMAILNM yAanuTb
BCE MMYHOreHHbIe areHTbl U3 TKaHel U 0praHoB, BKJTKYas KNeTKK 1 octatouHylo [IHK, coxpaHss ecTecTBeHHbIN COCTaB U ap-
XUTEKTYpY BHEK/IETOYHOro MaTpukca Ans Haubonee 3peKTUBHOrO NpPUMEHEHWs ansoreHHoW KOCTHOW TKaHu. [puMeHeHue
AeLennioNapu3npoBaHHOiA anaoreHHoN KOCTHON TKaHW, OYULLIEHHO A0 MUHEpaNbHO-KOMNareHoBoro MaTpuKkca uiu AeMuHe-
pann30BaHHOW, ABNsAETCA Hanbonee NPaKTUYHbIM BapMaHTOM cpeau NpOYMX OCTEOMNacTUUECKUX MaTepuanoB Npy Hammummn
HeobxoaMMOCTH 3aMeLLeHNs KpYMHbIX parMeHToB KOCTH.

KnioueBble cnoBa: annoreHHble Matepuanbl; AeLenioNapu3MpoBaHHas KOCTb; KOCTHbIN AedeKT; KOCTHas MnaTonorus;
KOCTHbII TPaHCMNaHTaT; 0CTEONNACTUYECKME MATepHasibl; PEKOHCTPYKTUBHO-BOCCTAHOBUTESIbHAs XMUPYPrus.
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v 6oesbix TpaeMm // M3sectus Poccuiickoit BoeHHo-MeamumHeKon akagemumn. 2022. T. 41. N2 3. C. 309-314. DOI: https://doi.org/10.17816/rmmar109090

Pykonucb nonyyena: 30.06.2022 Pykonucb opo6pena: 13.07.2022 Ony6nukoBaHa: 30.09.2022
&
3KO®BEKTOP Jnuenana CC BY-NC-ND 40

© KonnexTvis aeTopos, 2022



Russian Military Medical
SCIENTIFIC REVIEWS Vol 41 (3) 2022 Academy Reports

DOI: https://doi.org/10.17816/rmmar109090
Review Article

Allogeneic osteoplastic materials for reconstructive
surgery of combat injuries

Vladimir V. Khominets, Konstantin A. Vorobev, Margarita 0. Sokolova,

Anastasia K. Ivanova, Artem V. Komarov
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The number of operations with the use of osteoplastic materials is increasing annually, which is explained by the in-
creasing number of high-tech operations, reconstructive interventions for bone pathology, oncoorthopedics, bone deformi-
ties, as well as tissue defects resulting from combat trauma. Bone as an object of transplantation and is preferable because
the use of bone tissue and materials made on its basis creates the necessary conditions for biological restoration of bone
as an organ.

The modern trend is the development of regenerative medicine technologies and the development of modified materials
with improved and predetermined properties — osteoplastic materials ceased to be static structures and their inertness
gave way to functional activity.

The article describes the basic advantages of bone tissue and allogenic osteoplastic materials for their prospective use
in reconstructive and reconstructive surgery of the musculoskeletal system. Data on the experience in the use of donor
bone tissues for homoplasy at the clinic of military traumatology and orthopedics of the Kirov Military Medical Academy
are presented. The advantages of allogeneic decellularized tissues for use in clinical and scientific practice are considered.
The importance of preserving the architecture of native tissue for successful bone transplantation is shown. Decellulariza-
tion is a method that allows the removal of immunogenic agents from tissues and organs, including cells and residual DNA,
preserving the natural composition and architecture of the extracellular matrix for the most effective use of allogeneic bone
tissue. The use of decellularized allogenic bone tissue purified to a mineral-collagen matrix or demineralized is the most
practical option among other osteoplastic materials when large bone fragments need to be replaced.

Keywords: allogeneic materials; bone defect; bone graft; bone pathology; decellularized bone; osteoplastic materials;
reconstructive and reconstructive surgery.
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HAYYHBIE OB30PHI

TKaHb YenoBeKka — YHWKanbHas buonoruyeckas mare-
pusi. o cBoeMy CTPOEHMIO M YHKLMOHANBHBIM CBOWCTBaM
OHa HenmoBTOpPMMA U B CNy4asX MaCcCUBHBIX MOBPEXAEHUN
MPU MUHHO-B3PbIBHbIX, OCKObYATbIX U OFHECTPENbHBIX pa-
HeHwii bblBaeT HEBOCMOHUMA 3@ CYeT COBCTBEHHbIX pere-
HepaTuBHbIX pecypcos [1, 2]. Vicnonb3oBaHWe ayToNOrMYHbIX
TKaHel Ans TpaHCMIaHTaLum bbIBaeT orpaHUYeHo UK HeBO3-
MOXHO, M B 3TOM CJly4ae NepBOM anbTepHaTUBOM CTaHOBAT-
€S annoreHHble TKaHm [3]. B oTnnume ot gpyrux octeonna-
CTMYECKMX MaTepuanoB BMONOrMHECKOro U CUHTETUYECKOTO
MPOUCXOXKAEHNS, NPU NPUMEHEHUM anioreHHOW [OHOPCKON
KOCTU COBNIOAAeTCa OAMH M3 aBHbIX MPUHLMMIOB TpaHC-
MAAHTONOMMU — MPUHLMN BHYTPUBULOBOW CMeLMPUYHOCTH
TKaHe#.

Ewe B XVIl B. npou3BoaMnM MexBuaoBble Nepecagku
TKaHel, a C pasBuTMEM OMOTEXHOMOTMM TpaHCMAaHTaLms
cTaHoBunacb Bce bonee u bonee coBeplleHHOW W bes-
onacHoi [4, 5]. B HacTosee BpeMs W3 pasiMyHbIX [o-
HOPCKMX 30H MOryT ObITb MONyYeHbl TKaHW, KOTopble 3a-
TEM nofBepratorcs 0bpaboTke Bo u3bexaHWe OTTOPKEHWS,
nHdeKuMoHHoro 3aboneBaHus, Bocnanexus. Hambonee pac-
NpOCTPaHeHHbIM 00BEKTOM [ TPaHCMNaHTaLMK ABASIOTCS
KOCTHble TKaHW. BONbLIMHCTBO paHEeHMIn COMpOBOXIAeTCS
pa3pyLUEHUEM KOCTEH U KOHTY3MEW OKPYMKalLMX MSATKUX
TKaHei, YT0 MPUBOAMUT K YXYLLIEHWU TPODUKU U pasBUTMIO
OC/IOXKHEHWH B BUE 0BLUMPHBIX KOCTHBIX fiedeKToB, Tpebyto-
LUMX MPUMEHEHUs 3aMeLuatolLmx Matepuanos. lpuMeHeHme
KOHCEepBUPOBAaHHBIX TKaHeM [ BOCCTAHOBUTENbHBIX Onepa-
MM Ha OMOPHO-ABUraTeNlbHOM annapate — OAMH U3 nony-
NAPHBIX METOA0B XMPYPrUYECKOro NIeYEHUs B KITMHUKE TpaB-
MatosioruM u optonenuu BoeHHo-MeaMUMHCKON aKapemuu
nmenn C.M. Kuposa (BMenA). bonbluoii BKNaf B pa3Butue
KocTHoii romonnactuky BHec C.C. TkaueHKo, KoTopbii onyb-
JIMKOBaN AaHHble 0 Nepecajike KOHCEpPBUPOBaHHOW KOCTU
1197 nauventam — y 1028 (85,9 %) u3 Hux bbinn Gnaro-
npusTHele ucxodbl, a y 169 (14,1 %) — oTpuuaTtenbHble.
YacTb 13 HWX aBTOpbl 06BACHANN HELOCTaTOUHbIM MOHUMA-
HWEM B TO BPEMS MEXaHM3MOB TPAHCMIAHTALMOHHOW UMMY-
Honorum [6]. Ha 6a3e Hay4HO-MCCNen0BaTENbCKOrO LEHTPa
BMepgA npoponxatot paspabatbiBaTbcs Cnocobbl 06paboTKu
KOCTHOW TKaHM U CO3[a0TCA HOBbIE OCTEOMNIACTUYECKUE Ma-
Tepumasnbl Ha ee OCHOBE C YNy4LUEHHLIMW CBONCTBAMY ANA pe-
KOHCTPYKTMBHOMN XMpyprum 6oesoi TpaeMmbl [7, 8].

Mo knaccudmkaumn Nandi, Bce ocTeonnacTuyeckue Ma-
Tepuanbl NOLPa3fensTCa no BUONOTMYECKUM U QYHKLMO-
HaNbHbIM CBOMCTBAM — OCTEOMHAYKTUBHOCTb, OCTEOKOHAYK-
TUBHOCTb W OCTEOr€HHOCTb. 30/10TbIM CTaHAAPTOM CYUTAETCH
ayTONOrMYHBIN KOCTHBIM TPaHCMIaHTaT, 06naaaroLLmnii BCceMm
TpeMs cBoiicTBaMu. OfHAKO OrpaHUYeHHOEe KONMYECTBO [0-
CTynHoro A1a 3abopa KOCTHOro Matepuana AenaeT Ucnosib-
30BaHWe ayToTpaHCMIaHTaTa 3aTpyAHUTENbHBIM UK HEBO3-
MOXHBIM [J11 HEKOTOPBIX FPYNN naumeHToB [3].

CoBpeMeHHble MeTOAbl XMPYPruM KOCTHbIX AedeKToB
C MCMONb30BaHWEM anNoTpaHCcNaHTaToB obecneunBarT
BO3MOXXHOCTb JIEYEHUS CNOXHbIX NOBPEXAeHUA. Hanpumep,

Tom 41,Ne 32022

DGk https:// doi.org/ 1017816/ rmmar 109090

V13BecTua Poccuinckon
BoeHHo-MeauLIMHCKOM aKaaeminn

B OHKOJIOTMYECKON XMPYPruM PEKOHCTPYKLUMS KOHEYHOCTEN
C MOMOLLbI0 an0TpaHCNIaHTaToB M03BOASET BOCMOMHUTbL
AedeKT KocTn nocne obwmMpHoM pesekuuu onyxonu. Koct-
Hble anoTpaHCMIaHTaTbl BCe Yallle UCMoNb3yoTca AN nia-
CTUKM KOCTHOM TKaHM NpU Hanniuy AedeKToB KpUTUYECKOro
pa3Mepa, UMeKLLMX OrpaHNYEHHbIE CBOWCTBA 3aXMUBNEHNUS.
OpHaKo CTOMT NoAYepKHYTb, YTO Npu paboTe ¢ annoreHHsbI-
MU KOCTHBIMM TKaHAMU eCTb PUCK MUIPaLMmM K PeLMNUEHTY
KNETOK, HeCyLUMX Ha CBOEM MOBEPXHOCTU cheumduyeckue
MOJIEKY/bI TMCTOCOBMECTUMOCTH, YBENMYMBAIOLLMX BEPOSAT-
HOCTb pa3BUTWA BOCManeHMs, CNoCOBHOr0 NPUBECTU K He-
COCTOSATENbHOCTM TpaHcnnaHTata [9]. TeM He MeHee npu-
MEHeHMe [LOHOPCKOM KOCTHOM TKaHW AaeT BO3MOMHOCTb
nony4yaTb KpynHble QparMeHTbl afnfioreHHoro Marepuana
LN PEKOHCTPYKTUBHOM XUPYpPrum. WX MOXHO Takxe no-
Ny4nTb MPU MCMOSIb30BAHUM KCEHOTEHHOro MaTepuana.
lpeBOCXOACTBO aNfIOrEHHOW KOCTU HAfL KCEHOreHHbIMU
KOCTHbIMM 3aMeHUTENAIMU BbINI0 [LOKa3aHO KaK B AOKIIMHU-
UeCKMX, TaK U B KIIMHUYECKMX McCrefoBaHuax bnarogaps
HanMuMK B HUX HeobX0OMMBIX CTUMYNSTOPOB KOCTHOMW pe-
reHepaumm [10].

Jeuenntonsapusaums ABNSeTCS METOLOM, NO3BOMSHOLLUM
yOanUTb BCE UMMYHOrEHHBIE areHTbl U3 TKaHel WU OpraHos,
BKJ/IlOYas KNeTku U octatouHylo [1HK, coxpaHus npu 3tom
ECTECTBEHHbIN COCTaB M apXUTEKTYPY BHEK/ETOUHOTO MaT-
puKca ans Haubonee aQHEKTUBHOTO NPUMEHEHUS asIOTeH-
HOW KOCTHOM TKaHMW.

[leuennionapn3oBaHHbIii MAaTPUKC UMUTUPYET HaTUBHYHO
MWKPOCpeAy, COXpaHsieT cneuuuUecKylo OpraHu3auuio
U CTPYKTYPY, CXOAHYI0 C KOCTHOW TKaHblo, TEM CaMbIM 06-
neryasl OCTEOMHTErpaLMio TPaHCNIaHTUPYEMbIX GparMeHToB
matepmana [11].

buoMatepuansl Ha 0CHOBe [eLennionapu30BaHHOro Ma-
TPUKCa NPUMEHSIOTCS B KauecTBe brockapdonaos B MHKe-
HepuUW KOCTHOM TKaHW. 3T BroMaTtepuanbl UrpaloT BaKHYH0
posb B 0becneyeHnn MexaHU4ecKoro, uamnyeckoro u buo-
XMMWYECKOr0 MUKPOOKPYXeHUS, HeobxoauMoro ocTeo-
bnactam ans nponudepaumu u BbhxuBaHuA. [euennons-
PV30BaHHbIA BHEKNETOYHBIA MATPUKC MOXET NPUMEHATLCS
KaK B BUAE LienbHbIX PparMeHToB, TaK U B BUAE MMApOrens
1 3D-nevatHbIx Kapkacos [11].

HeobxoanMMo noayepKHYTb BaXHOCTb COXPaHEHWs ap-
XUTEKTYpbl TPaHCMIaHTUpYeMON TKaHW Haubonee CXOAHOIA
C HaTMBHOM. [lns 0bneryeHns ocTeoMHTErpaLym AOHOPCKOro
y4acTKa KpaliHe BaXKHbl TaKue XapaKTepUCTUKK, KaK Hanuune
MOpUCTOCTH, ONpeAeNieHHbIX pa3mepa v dopMsl nop [11].

[ins cTuMynauMmM octeoreHesa QparMeHTbl LeLenons-
PV3MPOBaHHOM TKaHU MOXHO NMOABEPTHYTb [AOMNOJHUTENBHOV
noctrobpabotke. Tak, MogMdUKaLMA KCEHOrEHHOro KOCTHOMO
3aMeHuTens KonnareHoM tmnos | u lll yxe nokasana 6o-
nee WHTEHCMBHOe BbicBobOAeHWe dakTopoB VEGF, PDGF
n TGF-b no cpaBHEHMIO C KOCTHbIM 3aMeHWTeNeM 6e3 fo-
noNHUTENbHOW mocTobpaboTkm KonnareHamu. Pemopenu-
POBaHWe KOCTW B 3TOM CNyyae MAET yCrellHee, TaK KaK Ha-
OntoaalTCA CUrHanbl pereHepaumm KocTu, Takue Kak BMP-2,
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FGF-2, TGF-b1 n VEGF [10]. A ruanypoHaTcoAepaLumii Kce-
HOrEeHHBI/ TPAHCMNAHTAT B OMbITaX in Vivo Ha NlabopaTopHbIX
JKMBOTHBIX MOKa3bIBaeT NOCTEMNEHHYI0 MHTErpaLmio B HOBO06-
Pa30BaHHYI0 KOCTb, 3aBEPLUAILLYIOCA NOJTHBIM 3aXKUBNEHUEM
KocTHoro aedexta [12].

[Ing co3paHua npoToTMNa AeLennonspusvupoBaHHONM
KOCTHOW TKaHW, NMPUroHOM K TpaHCnnaHTaumu npu 6boe-
BOW TpaBMe, HeobX0aMMO OLeHMBATb MHPEKLMOHHYH be3-
0MacHOCTb U FTUCTOCOBMECTUMOCTb MOJTyYEHHBIX MaTepUanos.
OcTeoreHHyl) aKTUBHOCTb M MMMYHOT€HHOCTb MaTepuasnos
HeobXoMMO OLEHUTb C MOMOLLbK TECTOB Ha LMTOTOKCHUY-
HOCTb, Nponudepaumio 0cTe0bnacToB, HanMuMe OCTaTOYHON
OHK v nponndepaunio nuMdoumToB nepudepryeckon Kpo-
BM yenoseka [13]. [lnsa nonyyeHns peuennonspusoBaHHOrO
MaTpuKca KOCTM TpebyeTcs BbICOKOCMELMANU3NpoBaHHas
nabopaTtopus, YTO 3HAUYUTENBHO CHUMAET TEXHONOMMYHOCTb
€034aHusA NofobHbIX TpaHCMNaHTaToB. Takke npouecc ae-
Lennnapusaumum conposoxaetca obpaboTkoit xuMuye-
CKAMM BELLECTBAMU — KOHLLEHTPMPOBAHHBIMU KUCOTaMMy,
nepruaposneM u T. fi., MaTepuan CTaHOBUTCA HEBOCMIPUAMYH-
BbIM K aAresuu KynbTUBMPYEMBIX KIETOK, COOTBETCTBEHHO,
HeobxoouMbl METOAbl MPEOSONIEHNS AAHHOW HEBOCMPUMM-
umBocTu [14].

YuutbiBas cneumdmKy 3aroToBKW anfioreHHOr0 KOCTHOMO
MaTepuarna, HeobXoauM Takxe NoAbop NOAXOLALLMX CNOCOo-
60B KoHCepBaLmMu 1 06paboTKM hparMeHTOB KOCTHOM TKaHM.
Heobxoaumo TiatenbHoe niaHWpoBaHWe pa3paboTku cno-
coboB Aevuennonapusaumm, LeNMNUAU3aLmMm ¢ NpoBeLeHNeM
u1ccnefoBaHuiA Ha 610~ 1 TeMOCOBMECTUMOCTb, U3YYeHNe TKa-
HEBOW peakuuu Ha umnnaHTauuo cornacHo MOCT IS0 10993.
B npoTvBHOM cniydae mpu MMNAaHTaLMM PeLMnUeHTy MoryT
BO3HWMKaTb HEbMaronpuaTHbIe peakumn B BULE 3aMefseHus
npouecca peBacKynspusauuu, yxyALleHus nocnenyroLuei
ocTeouHTerpaumu. lpucyTcTBue NIUNUAOB B TKaHW MOXKET
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TaKXKe CTaTb MPUYMHON OTTOPIKEHUS U MHGULMPOBAHUS.
[15, 16]. ®u3MKo-XMMMYECKMe CBOMCTBA M Buoaerpapaums
Pa3nuuHbIX BUAOB OCTEOMIACTUYECKUX MaTepuanoB Moryt
0T/IMYaTbCA, NO3TOMY TaKXe HeobxoAuMo oOLeHMBaTb Npo-
Liecchl pe3opbumm nonyyeHHbIX 06paswoB in vivo. OTcyTcTBME
TLLATENbHOW M MHOTOCTaAMiiHOW 06paboTKM MOXKeT npuBe-
CTU K aKTMBaLMW aHTUreHHOW aKTMBHOCTM BMONOrMYecKoro
MaTepuana, BO3HUKHOBEHMIO MH(EKLIMOHHOTO 3aboneBaHus
1 BocnaneHus npu Tpacnnantaumm [17].

lpuMeHeHWe [eLennoNspu3MpOBaHHON  ansoreHHo
KOCTHOM TKaHW, 0YMLLIEHHOW [0 MUHEPanbHO-Ko//1areHoBOoro
MaTpuKca WK AeMWHepanu30BaHHOM, ABNseTcs Haubonee
MPaKTUYHBIM BapMaHTOM Cpeay MPOYMX OCTEOMIaCTUYECKMUX
MaTepuanoB Npy HanM4MM HeobX0AMMOCTU 3aMeLLEeHUs Kpyn-
HbIX (parMeHTOB KocTu. 0bnafas HaTMBHOW apXMTEKTYPOM,
OCTEOKOHAYKTUBHBIMM, OCTEOMHAYKTUBHLIMU CBOWCTBaMMU,
annoKoCTb CNocobCTBYET CKOpeiLLeii pereHepaLuy NoBPeX-
[EHHOr0 y4acTKa. A TaKkKe xapaKTepu3yeTcs BO3MOXHOCTbIO
nonyyeHns 6oMbLLOrO KOMMYeCTBa KpYnHbIX (parMeHTOB
Buomatepmana ons TpaHCMnaHTauuu, AnS Yero Heobxoaum
TLLATeNbHBIA KOHTPO/b OYMCTKW LOHOPCKOT0 KOCTHOMO Ma-
Tepuana, UCK/IYalLLMA PUCK BO3HUKHOBEHWUSI MacCUBHBIX
BOCMANMTENbHBIX PEAKLMA UK UH EKLMN.

AONOJIHUTENBbHAA UHOOPMALUA

UcTouHuk dmHaHcupoBaHusa. OuHaHCMpoBaHWe AaHHol pabo-
Tbl He MPOBOAUNOCH.
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JIMKaLMeNn HacTosLLLEN CTaTbK.
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DyHKLMOHaNbHbIE HAapYLLIEeHUa CUCTeMbl AblXaHUSA
nocne nepeHeceHHOM HOBOM KOpPOHABUPYCHOM
uHbeKuum

0.M. CaBywkuna™ 2, A.A. 3aitues” 3, E.B. Kpiokos*, A.B. YepHar?, M.M. Manatuenko',
W.L. Kynaruna® 3, C.A. Yepros', H.A. Aceesa'

! TnaBHbI BOEHHBIN KIMHAYECKWIA rocnnTanb MeHm aKafeMuka H.H. Bypaenko, Mocksa, Poccus;
2 HayuHo-MCCeA0BaTENbCKUIA MHCTUTYT MysibMoHosoruM, Mockea, Poccus;

3 MoCKOBCKMIt rOCYAaPCTBEHHbIN YHUBEPCUTET MULLEBLIX NPOM3BOACTB, Mocksa, Poccus;

“ BoeHHo-MeamuMHCcKan akanemus, CankT-etepbypr, Poccus

HoBas kopoHaBupycHas uHdeKums — uHbeKuMoHHoe 3aboneBaHue, Bbi3biBaeMoe BupycoM SARS-CoV-2 u xapaktepu-
3yloLLieecs BbICOKUM YPOBHEM 3ab051eBaEMOCTM U NieTanbHOCTU. OHa OKa3blBaeT BAMAHWUE Ha BCe OpraHbl U CUCTEMbI U HacTo
MPOTEKAEeT C MOpaXKeHWeM Nerkux M AblxaTenbHOW HEeA0CTaTOYHOCTHI0. Y 3HAuUMTENbHOW YacTW MaLMeHTOB Mocie OCTPOro
nepuoaa HoBOW KOPOHABMPYCHOW MHGBEKLMM COXPaHAKTCA CUMMTOMBbI 3aboneBanus, Npy 3ToM Hanbonee NpobneMHbIMK SIB-
NAOTCA pecnmpaTopHble M3MeHEHUs, COXpaHSIOLLLEeCs B pAAE CIydaeB LJIMTENIbHOE BPEMS.

Lienbto npoBefeHHbIX MCCNeL0BaHWN Obio U3ydeHWe (BYHKLMOHAMbHBIX NOKa3aTeneil pecnypaTopHOi CUCTEMbI NaLMeH-
TOB NOC/1€ NEPEHeCceHHON HOBOW KOPOHaBUPYCHON MHQEKLMM.

B npeacraBneHHom 063ope noaBeneH utor Hawen pabotsl B 2020-2021 rr. BceM naumeHTaM HapsLy € TPaAMLIMOHHBIMM
NEroYHbIMM QYHKLMOHANBHBIMU UCCeoBaHUAMM (CnupomeTpuei, boaunnetnamorpaduen u audPysnoHHLIM TECTOM) TaK-
e BbINOJIHANNUC UMMY/IbCHAs OCLMIIIOMETPUS, BbIMbIBaHME a30Ta NPW MHOKECTBEHHOM AbIXaHWW, OnpefeneHne MaKcu-
MaJbHbIX MHCTIMPATOPHOrO W 3KCMMPATOpPHOr0 AaBfeHW! B MOJOCTM pTa. TakuM 00pa3oM, Mbl OLEHUBANN BEHTUSALMOHHYHO
M ra3o00MeHHyl0 YHKUMIO DPOHXONErouHOM cucTeMbl, (YHKLMOHANbHOE COCTOSIHUE Nepudepuyeckux OTAENO0B JErKMX,
BKJIH0Yast MeNKUE AbIXaTesbHble MyTW, PAaBHOMEPHOCTb JIEFOYHOM BEHTUISILMM U CUMTY AbIXaTeSbHbIX MbILLL, B pasHble CPOKM
BbI3[,0POB/IEHWSA MOCIE HOBO KOPOHABMPYCHOM MH(EKLMM, B TOM Yncrie HA GOHe MeAMLMHCKON peabunutaumu.

B 3akntoueHre MOXKHO CKa3aTtb, YTO KOMMIEKCHas YHKUMOHANbHAs OLEHKA CUCTEMbI [bIXaHUS SBMIAETCA BaXHBIM KITMHU-
YECKMM WMHCTPYMEHTOM, MO3BONSHOLLMM NJaHMpOBaTb (hapMaKoTepanuio, COCTaBNATb MHAMBUAYasbHbIE MPOrPaMMbl MeAULIMH-
CKO peabunutaumm naumeHToB, NEpPEHECLUMX HOBYIO KOPOHABUPYCHYIO MHAEKLMIO, U MPOBOAMTL HabniofeH e B AMHAMMUKE.
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COVID-19 (Coronavirus disease 2019) is an infectious disease caused by the coronavirus SARS-CoV-2, characterized by
a high level of morbidity and mortality. A new coronavirus infection affects all organs and systems and often occurs with
lung damage and respiratory failure. In a significant part of patients after the acute period of COVID-19, the symptoms of the
disease persist, but the most problematic symptoms are the ones regarding lung damage that persists for a long amount
of time.

This review summarizes the results of our research in 2020-2021. The purpose of the conducted studies was to es-
timate the functional parameters of the respiratory system in patients that have been infected by COVID-19. Along with
conventional pulmonary function tests (spirometry, body plethysmography and diffusion test), impulse oscillometry, the
multiple-breath nitrogen washout test, determination of the maximum inspiratory and expiratory pressures were per-
formed in all patients. Thus, we evaluated the ventilation and gas exchange function of the bronchopulmonary system, the
functional state of the peripheral parts of the lungs, including the small airways, the uniformity of pulmonary ventilation
and the strength of the respiratory muscles in different periods of recovery after COVID-19, including the follow-up after
medical rehabilitation.

To sum up, comprehensive functional assessment of the respiratory system is an important clinical tool that allows the
planning of pharmacotherapy and to create individual programs of medical rehabilitation of patients who had COVID-19.
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small airways disfunction; virus-associated lung damage.
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HAYYHBIE OB30PHI

HoBsas kopoHaBupycHas uHdekums (COVID-19), BbisbiBae-
Mas BupycoM SARS-CoV-2 (ot aHrn. severe acute respira-
tory syndrome coronavirus 2), sBnseTcsi Haubonee aKTyanb-
HOM Mpobnemoi NpaKTUYECKOro 3ApaBOOXPaHEHNS B CBA3M
C KpaiiHe BbICOKOI 3ab051eBaEMOCTbI0 M BOMBLIMM YMCIIOM
neTanbHblx ucxopos. M3sectHo, uto COVID-19 Bbi3biBaeT
BMpYC-acCOLMUPOBAHHOE MOPAXEHUE NErKuX, KOTopoe na-
TOMOPhONOTNYECKN pacLieHnBaeTca Kak auddysHoe anb-
BEOJIAAPHOE MOBPEXAEHME, COMPOBOXALLEECH TMNOKCUEN
W AbIXaTeNlbHON HeAocTaTouHOCTLH [1]. «3010TbIM» CTaHAAp-
TOM [7191 BbISIBNIEHUS 1 ONpeSeneHns CTeNeHu BbIPaXeHHOCTU
nopaxeHnus nerkux npu COVID-19 sBnseTtca KoMnbloTepHas
ToMorpadums (KT) opraHoB rpyaHON KITETKW C BbICOKUM pas-
PeLLEHMEM.

OpHaKo BaXHbIM KpUTEpWUEM MOHMMaHMsA reHe3a nopa-
JKEHWS DPOHXONErOYHOM CUCTEMbI MPU LaHHOM 3aboneBa-
HWW, MOHOTLI BbI3,0POBNIEHUS WU OMNpeLeNneHUs NoKasaHuii
AJ1 NOCNeAyLLEro IEYeHUs U MeMLMHCKON peabunuta-
unm (MP) sBNAKOTCA NOKa3aTeNM PecnupaTopHO QyHKLMN.

TakuM 06pasoM, LieMblo HaLMX UccnesoBaHuii ABNSNOCh
n3yyeHue (YHKUMOHANbHbIX MOKa3aTenend pecrnupaTopHoil
CMCTeMbl NaumeHToB nocne nepeHeceHHoro COVID-19 ¢ no-
MOLLbK TPaAMLMOHHBIX JIETOYHbIX (YHKLMOHANbHbIX Te-
ctoB (JIOT), TaKMX KaKk cnvpoMeTpus, boaunneTuamorpadus,
AN bY3MOHHBIN TECT, @ TaKKe WMMYNbCHOW OCLMIIOMET-
pum (MOC), BbIMbIBaHWSA a30Ta NP MHOXECTBEHHOM AblXa-
Hun (BAM[L), onpefeneHnst MaKCMMasbHbIX MHCMMPATOPHOr0
W 3KCMMPATOPHOr0 AABMEHWA B MOMOCTM pTa (MoKasaTeneil
MIP n MEF cooTBeTCTBEHHO).

Tak, B Halle nepBoe MccrefoBaHWe ObINO BKIOYEHO
32 naumeHTa, 84 % MyXu4nH, CpefHUIA BO3paCT KOTOPbIX CO-
cTaBun 48 net. MakcuManbHbI 06beM MopaeHus Neroy-
HOW TKaHW B OCTpbIV nepuof, 3aboneBaHus no paHHbIM KT
y 3TUX NauueHToB coctasun B cpegHeM 51 %. B cpegHem
Ha 49-i neHb 0T Hayana 3aboneBaHWs BCeM MM Bbiam Bbl-
MOJIHEHbI cupoMeTpus, boaunnetusMorpadusa u andoy-
3MOHHBbIA TecT. [pu aHanM3e NOMyYeHHbIX MOKa3aTeneil
CUCTEMbI [bIXaHUs YCTAHOBJIEHO, YTO HapylleHue audby-
31oHHOM cnocobHocTn nerkux (OCJ1) aBnsetca Haubonee
YacTbIM (YHKUMOHAMBHBIM OTKIIOHEHWUEM BHELLHETO [ibIXaHus
nocne COVID-19, TaKk Kak y 56 % nauueHToB 6biN0 BhisBME-
HO CHVXXeHMe mapameTpa TpaHcdep-daKTopa MOHOOKCUAA
yrnepoga (DLCO). HanpoTue, BEHTUNALMOHHBLIX HapyLUEHWN
y GonbluMHCTBa MauueHToB (84,4 %) BbIABNEHO He ObINo.
KpoMe Toro, bbino nokasaHo, yto cHuxenue DLCO 6bino
NpeuMyLLecTBEHHO ferkon ctenenun (>60 % oT momKHOro).
Nckntovenne coctaBuimn 5 naumneHToB (15,6 %), nepeHecLumx
Tsxenoe TeyeHne COVID-19 ¢ MaccuBHbIM NopaxeHneM 060-
WX NErKUX U COXPaHSAIOLLMMUCA U3MEHEHNAMU MO AaHHbIM KT
Ha MOMEHT BKJIIOYEHUS B WUCC/IELO0BaHME, Y KOTOPbIX b0
3apeructpupoBaHo cHuxeHue DLCO ymepeHHOM u Taxenon
CcTeneHu.

Ha ocHoBaHuM npoBeAeHHOr0 MccnefoBaHus bbino cae-
NaHO 3aKnYeHne, YTo bonbHbIM, nepeHecwum COVID-19,
LenecoobpasHo BbiNonHATbL u3Meperue [CIT u npy Hannmuum
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M3MEHEHWUA YMEPEHHOM W TAXENOM CTENEHW MNaHMpOBaTb
(apMaKoTepaneBTUYeCKME MEPOMNPUATUS MO WX KOPpeK-
unm [2].

Manee 06beM BbIDOpKY Obin yBENMYEH [0 44 NaLMEHTOB,
13 Hux 35 (79,5 %) MyumH, cpefHWiA BO3PacT KOTOPbIX cocTa-
Bun 48 net. Bcem naumeHTaM TakoKe Bbinv BbINONHEHbI TPAAK-
uMoHHble JIOT. B 3aBUCUMOCTH OT BENIMYMHBI MaKCUMasbHOTO
nopaxeHus nerkux no faHHeiM KT naumeHTsl bbinn pasge-
neHbl Ha 2 rpynnbl: 1-a rpynna (22 naumeHta) — KT-1u 2
(NopaxkeHue nerkux B OCTPbIA Nepuof 3aboneBaHus MeHee
50 %); 2-a rpynna (22 naumenta) — KT-3 u 4 (nopaxenue
Nerkux B ocTpbi nepuog 3abonesanns 50 % u bonee). Pe-
3ynbTathl paboTbl MOKa3anu, YTO TEHAEHUMS K MpeumyLie-
cTBeHHoMy Hapywenuto [ICJ1 nocne nepeneceHHoro COVID-19
COXpaHsanach, TaK Kak yepe3 30—60 gHel nocne 3aBepLueHns
neyeHus B cTaumoHape Y 52 % nauueHToB ObiN0 BbISBIEHO
cHwxeHne DLCO, Torfa Kak BEHTUAALMOHHbIE MOKasaTenn
B CpeLHEM MO rpynne oCTaBajuCb B Npejesiax HopMasb-
HbIX 3HayeHuin. KpoMe Toro, BbiNo MoKasaHo, YTo CTeneHb
(YHKUMOHAMbHBIX HapYLLEHWUA CUCTEMBI [bIXaHWs B MEPUO
paHHero BbI3[OPOBNEHUSA 3aBUCENA OT MOLLAAN NOPaXKEHUS
NEroYHoN TKaHM B OCTpbIi Nepuog, 3abonesanus [3].

PesynbTaThl NOMyYeHHbIX HaMW AaHHbIX COrNacylTCs
¢ AaHHbiMM Torres-Castro R. ¢ coaBT., KoTopble MoKasanu,
uto nocne nepeHeceHHoro COVID-19 B paHHioto a3y peKoH-
BanecLieHuMn (1o 3 Mec oT Hayana 3aboneBaHus) 4actoTa
cHmxenmna [1ICI1 coctaBnseT 39 % (noBepuTenbHbIN MHTEPBaN
(ON) 24-56 %), pecTPUKTMBHBIX BEHTUMALMOHHBIX HapyLue-
Han — 15 % (OWN 9-22 %), obcTpyKumM AbixaTenbHbIX ny-
Tein (AN) — 7 % (N 4-11 %) [4]. Takum obpa3om, aBTopbI
cOenanu BbiBog, YTO Haubonee 4acTbiM (yHKLMOHANbHBIM
HapyLUEHWEM CUCTEMbI JbIXaHWs B PaHHEM MOCTKOBUAHOM
nepuofe aBnsetca Hapywenue [CI1.

HabniofeHune 3a nauveHTamu B Nepuoz BbI3[A0POBIEHUSA
nocne COVID-19 noKa3blBaeT, YTO Y HacTU U3 HUX AJIMTENBHOE
BPEMS COXPaHAeTCS AO0CTATOMHO LUMPOKMIA CMeKTp anab,
TaKMX KaK OfbILIKA, YCTanoCTb, YTOMASEMOCTb, MbILLIEYHAs
cnabocTb, HapyLUeHWe CHa, Kaluefb, TaXuKapaus, YTo Jano
OCHOBaHWe ANs BBEJEHWUS HOBOTO TEPMUHA: NMPOAOCIIKAK-
wuitca cumntoMatnyeckuii COVID-19 (long-term COVID-19).
C Lenbio BbISIBNEHWS NPUYMH Kanob 1 cocTaBIEHUS UHAWBU-
[yanbHbIX nporpaMMm MP B nepeyeHb 0bcnefjoBaHNUA TaKMX
MauMeHTOB JOMKHbI ObITb BKIIOYEHBI B TOM Yncie hyHKLMO-
HaslbHble UCCNeA0BaHNSA CUCTEMBI AbIXaHNS.

Takum 06pa3oM, Liesibio Hallen crieaytoLen paboTbl ABu-
nach OLeHKa AMHAMUKM QYHKLMOHaNbHbIX NOKa3aTenen cu-
CTeMbl bixaHus y 6onbHbix, nepeHecwmnx COVID-19 [5]. beino
BbINOJIHEHO MPOCMEKTUBHOE NPOLOJSILHOE MCCNEf0BaHue,
B KoTopoe 6bin BKKYeH 31 naumeHT, u3 HUX 84 % Myum-
Hbl, MeJMaHa Bo3pacTta KoTopbIx cocTasuna 49 net. Mo pak-
HbiM KT B ocTpblii nepuop, 3aboneBaHus y 06cnies0BaHHbIX
Mau1eHTOB BbIM BbISBNEHbI MHTEPCTULMANBHBIE M3MEHEHUS
NEroyHoMn TKaHu, xapaktepHble ans SARS-CoV-2. MeauaHa
MaKCUMarbHOW MIOLLaaVW NopaXeHWs Nerkux B ocTpyto dasy
no gaHHbiM KT B uenom no rpynne coctaBuna 67 % (KT-3).




SCIENTIFIC REVIEWS

Ha MoMeHT BbINOMHEHMA YHKLUMOHAMBHBIX MCCeL0BaHWi
CUCTEMBI [bIXaHUsA Y NALMEHTOB COXPAHSANUCL OCTaTOYHble
M3MEHEHMS B NIETKWUX PasfINYHOMN CTENEHM BbIPAXEHHOCTH.

OyHKUMOHaNbHbIE UCCNE0BaHUA PECTIMPATOPHON BYHK-
umm bbinn mpoBefeHbl B ABa 3tana: 1-i — B CpefHeM
Ha 44 peHb 0T Hayana 3aboneBaHus, 2- — B CpegHEM
uepe3 102 gHa nocne 1-ro, U BK/KOYaIM Kak TpaaULMOHHbIE
JIOT, Tak n UOC.

AHanu3 nonyyeHHbIX [aHHLIX MOKasan, YTo BO Bpe-
Ms 1-ro uccnefoBaHus B CPeLHEM MO rpynne nokasatenu
TpaauumonHbIX JIOT 6binn B npesienax HopManbHbIX 3HaYe-
HWK, 3a uckoueHueM [CJ1, kotopas 6bina cHkeHa y 77 %
MaLMeHTOB B NErKOW (Ha rpaHWLe C YMepeHHO) CTeneHu.
Bo Bpems 2-ro uccneposanus, Yepes 102 gHa nocne 1-ro,
B CpeJHeM Mo rpynne coxpaHsnock Hapywenue [1C/Ty 58 %.
Mpu cpaBHUTENBHOM aHanu3e ABYX rpynn Obiio BbisBNE-
HO CTaTUCTMYECKW 3HAYMMOE Y/yULLEeHUEe BEHTUNALMOHHOM
1 ra3006MeHHON QYHKLMI NErkux.

Mokasatenum MOC B cpefHeM Mo rpynne COXpaHAIMCH
B Mpefenax HopManbHbIX 3HaueHuit. OpHako B 26 % cnyyaes
Bbin BbISBNIEHBI UNKM CTanu bonee BbIpaXKeHHbIMU NaToo-
rMYyeckue OTKIIOHeHMA Takux noka3atenen NOC, kak R5-R20
(abcontoTHas yacToTHas 3aBMCUMOCTb pPe3nCTaHca Ha YacTo-
Te ocumnnaumiA 5 u 20 lu), yto ABNAETCA NPU3HAKOM AMC-
oyHKumM Menkux [N u AX (nnowaab peakTaHca), KOTOpbIi
XapaKTepu3yeT pUriLHOCTb nepudepuyecKnx OTAEN0B ner-
KUX, HECMOTPA Ha NONOXUTENbHYI0 AMHAMUKY MOKa3saTeneil
TpaguumoHHbx JIOT, B HeKOTOpbIX cyyasx faxe npu ux
HopManu3aumu [6, 7]. CnepnoBatesibHO, B NaH 00ces0BaHms
nauuentos, nepeHecwumx COVID-19, uenecoobpasHo BKto-
yatb MOC c uenblo CBOEBPEMEHHOIO BbISIBNEHMWS U KOPPEKLIUH
(YHKUMOHANBHBIX HApYLIEHWIA CUCTEMBI AbIXaHWUSA, KOTOpbIE
He YAaeTcs YCTaHOBUTbL C NMOMOLLbI0 TPAaAULMOHHBIX JIOT [5].

Mpy OvMHaMUYECKOM HabnaeHMM 3a naumeHTamu nocse
nepeHeceHHoro COVID-19 obpaluaeT Ha cebst BHUMaHMe 3Ha-
uMTeNbHO Boslee BbICOKAs YacToTa BbisiBneHus Hapyluenms [1C/1
B paHHWUM Nepuof, BbI3LOPOBIEHNS N0 CPABHEHUHO C LaHHbIMM,
MoJyYeHHbIMWA Ha NpeablayLMX 3Tanax uccnefoBaHus [5).
C Halleii TOUKM 3peHus, YBENIMYEHWE YacToTbl HaboaaeMo-
ro OTKJIOHEHWs! 0DYC/IOBMIEHO TEM, YTO MALMEHTbI C TSKENbIM
TeueHneM COVID-19 6onee KoMnnaeHTHbI HabMOAEHMIO B An-
HaMWKe, OHW OXOTHee NPUXOLAT Ha MOBTOPHbIE 06CNefoBaHMs,
KoTopble HeobXoMMo NPOBOAMTD C LieSIbl0 MOHUTOPUPOBAHMS
COXPAHSIOLLMXCS HapyLLEHWI WU onTUMM3aumm nporpamMm MP.

KpoMe Toro, obpaluaet Ha cebs BHUMaHWe AnMTENBHO
coxpaHsitowwmecs (bonee 3 Mec) HapyLleHWst ra3o00MeHHoM
byHKUMM nerkux nocne nepeHeceHHoro COVID-19. Ananus
NMTEpaTypbl MOKasaj, YTo MosBAseTcs Bce OoMblue AO0Ka-
3aTenbCTB HapyLUEHWS JIErOYHOM reMOAMHaMUKM B naTore-
He3e COVID-19. Tak, cornacHo MHeHuio B.V. Patel ¢ coasr.,
MpW NPOHMKHOBEHWM B opraHu3M Bupyc SARS-CoV-2 cBasb-
BaeTCs C peLenTopamMu aHrMoTeH3WHNpeBpaLLatoLero dep-
MeHTa 2-ro Tvna, 60N1bLLIOe KOIMYECTBO KOTOPbIX 3KCMpeccH-
pyeTcs B 3HA0TENMM JIETOYHbIX COCYL0B, 4TO 00ycnoBnMBaeT
TAXKEN0e NOBPEXAEHNE SHLOTENMANbHBIX MEMOpPaH JIero4HbIX
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Kanunnsapos, Bbi3biBas aHrMOMNaTWio, TPOMBO3 U HapyLeHWe
nepdy3um nerkux [8]. M.B. CamcoHoBa c coaBT. npu aHanu3e
TUCTONOMMYECKUX U3MEHEHMIA B NErKUX MOKa3anu, 4to Hau-
Bonee yacTo B 0TAaneHHOM MOCTKOBMAHOM MNepuofie BbiSiB-
NAKTCA HapYLLIEHUS MUKPOLIMPKYNIALMK, COMPOBOXAAOLLME-
€A MENKMMU y4acTKaMu OCTPOro MoBpexzeHus nerkux [9].
BbinosHUB 0LHO(OTOHHYK 3MUCCUOHHYK KOMMbHITEPHYHO
Tomorpacdwmio nerkux (OM3KT) 136 naumeHTam, nepeHecLLMM
COVID-19, B.N. 3onoTHUUKas € COaBT. MPULU K BbIBOAY,
4To Yy BCeX 00CNneaoBaHHbIX BOMbHBIX, HE3aBUCUMO OT CTe-
MeHN TSIKECTU NepeHeceHHoro 3aboneBaHus No faHHbIM KT,
BbISIBNISIOTCS HapYLLEHUS! MUKPOLMPKYNsAumm B nerkvx [10].

B cBoto ouepeab H.A. KapyeBckas ¢ coaBT. npoBenin uc-
CcnefoBaHue, Liefiblo KOTOporo bbiia iMHaMUyecKas oLeHKa
MOCTKOBUAHBIX M3MEHEHWUI C MOMOLLbI0 PEHTrEHONorMye-
CKWX, PaAMOHYKIMOHBIX, (YHKLUMOHANBHBIX 1 NabopaTopHbIX
MeTof0B uccneposanus [11]. B uccneposanue 6bin BroyeH
71 naumeHT nocne nepeHeceHHon COVID-19 Taxenoro Te-
yeHus ¢ 0bbeMoM nopaxkeHus He MeHee 50 % (KT-3, KT-4).
B rpynne naumenTOB, 006CnefoBaHHbIX B MO3AHWE CPO-
Ku (c 61-ro no 180-i LeHb nocne BbIMMCKW M3 CTaLMOHa-
pa), MOKasaTeNi BEHTUNALMOHHON (YHKUMM NErKux bbiu
B Mnpejenax HopMbl, Toraa Kak cHuxenue [ICJ1 B paHHoi
rpynne otMeyanocb y 33 % nauueHToB. TakuM 0bpasoM,
aBTOPbI CLeNanu 3aKTYEHUE, YTO B NEPUOA BbI340pOBIe-
Hus nocne COVID-19 Hanbonee 3HaUMMbIM GYHKLMOHANBHBIM
u3MeHeHueM sBnsieTcs cHukenune [ICT1, a Takoke nokasanm,
uTo cTeneHb cHuxeHus [1CJ1 3aBucena ot obbeMa nopaxeHus
napeHxX1Mbl IETKUX B 0cTpol dase 3aboneBaHus, 4to corna-
CYeTCA C AaHHbIMU HALUMX UcCnepoBaHuii [2, 3, 5]. BeinonHue
BEHTUNALMOHHO-NEPDY3UOHHYID CLIMHTUIPaduio B pexume
O®3KT/KT, H.A. KapueBcKas ¢ C0aBT. BbiSBUAM LepULMUT
nepdysnun Nerkux ¢ SBHOW TEHAEHLMEN K ero yMeHbLUEHWHO
B bonee nosgHWe CPOKK.

CnepnosatenbHO, pa3yMHO NPeANOoNIoXUTb, YTO BeAYLIUM
MexaHu3MoM cHukenus [1CJT B nocTKoBMAHOM nepuofge
MpW OTCYTCTBUM BbIPaXKEHHBIX PEHTTEHONOMMYECKUX U3MEHE-
HWI NEroYHoON TKaHW, BEPOSTHEE BCETO, AIBNSETCA HapyLUeHe
MWUKPOLIMPKYNALMM B ManoM Kpyre KpooobpalLeHus. oaTo-
My usmepeHue napametpa DLCO uenecoobpasHo BbINOAHATH
BCeM nauueHTaM, nepereciumm COVID-19, ¢ uenbto Boisiene-
Husa cHkenus [CJ1, ee afeKBaTHOM KOppeKLUMW U OUHAMU-
yeckoro HabmogeHus Ha GoHe ieyeHus.

B pexoMeHpauumsax no BeAeHWH HOMbHBIX, MEpPEHeCLUMX
COVID-19, Mbl HanpgeMm NpaKTMYeCcKoe MNpUMEHeHMe [aH-
HbIM uccnepoBanusaMm [12]. Tak, y maumeHTOB C OAbILIKOM
npu GU3MYECKON Harpy3Ke 6e3 NpU3HaKOB MOPAXeEHUs ner-
Kux no faHHbiM KT yepes 3—-6 Mec nocne BbIMUCKU U3 UH-
(EeKLMOHHOrO cTaLMoHapa U ¢ pesynstatamu JIOT, fokyMeH-
TUPYIOLLUMM COXPAHEHHBIE JIEr0YHblE 00BEMBI U CHUMEHHBIN
DLCO, nocnepyioLas oLeHKa AO/KHA BKIOYaTb IXOKapam-
orpadvio Ans onpefeneHns aBNEHUS B NIErOYHON apTepum
1 BbISIBIEHWS U3MEHEHMIA CO CTOPOHbI MPaBbIX 0TAEN0B Cepl-
ua, a Takke KT ¢ KOHTpacTHbIM YCUIEHWEM LIS BbISB/EHUS
MOpaX<eHMs neroyHbix cocynoB. B pape cnyvaes KT
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C KOHTPACTHbIM YCUIIEHWEM He MOXET WCKIYUTL Xpo-
HWYeCKYld TPOMO03MOONMIO NEroyHOW apTepumn, B CBSI3U
C YeM pPeKOMEH[0BaHO MCMosib30BaTh Bo3MOXHOCTH OD3KT
u oByxaHepretudeckon KT. Takke B HEKOTOPbIX Clyyasx Le-
necoobpasHo NpUBMEYEHNE aHTONYIbMOHOTpaduy.

Pe3ynbTathl NepeyuncneHHbIX Bbille QYHKLUMOHAMbHBIX U BU-
3yanu3vpyHLLMX METOLL0B UCCIEA0BAHNSA JIETKUX Aa0T BaXKHYIO
MHbOpPMaLMIo ANA COCTABMIEHNS MHAMBUAYATbHBIX NPOrpamMM
MeavumMHckon peabunutaumm (UNMP). Lienbio MP naumexToB
nocne nepeHeceHHoro COVID-19 sBnsetca BoccTaHOBNEHWe
(YHKLMOHANbHBIX HApYLLIEHWUA PECTIMPaTOPHOM CUCTEMBI, TPaHC-
nopTa KUCNopoga 1 ero noTpebrieHns TKaHAMM, ToNepaHTHOCTH
K QU3MYECKUM Harpy3KaM, NMCUX03MOLMOHANbHON CTabunbHo-
CTW, aKTUBHOCTM M y4aCTusi B NOBCEAHEBHON W3HM [13].

B HaweM rocnutane npu HapyweHun [CJ1 HasHayanach
nasepoTepanus C LeNbio YNYULLIEHWS JIEFOYHON MUKPOLIMPKY-
NALMKA, YMEHbLLEHMS arperauyy TpoMBOLMTOB, MOBbILLIEHMS
TPOMBOPE3NCTEHTHOCTH, YMEHBLUEHUS MPOHULLAEMOCTU CO-
CYZOB M 3KCCyLauuu, NpOTUBOBOCNANUTENIBHOMO [ENCTBUA.
JlazepoTepanus akTMBHO coyeTanachb C Ha3HAYeHUEM HU3-
KOYaCTOTHOW MarHuToTepanuu Ans YAyuleHUs NoKanbHoro
KpOBOCHabeHusi 1 MeTabonu3Ma, TOpMOXeHUs Bblbpoca
MCTaMMHa U UHbIX (haKTOPOB BOCMANEHMUS U3 TYUHbIX KIETOK
1 6a30dunoB, NOBBILIEHUA COAEPIKAHUA renapuHa B TKaHAX
W KPOBW, YCUIIEHWSA JIOKANbHOMO TpaHCKanUNsApHoro obMe-
Ha. [pn pecTpPUKTUBHOM TUMe BEHTUNALMOHHBIX HapYLLEHWiA
B UMMP 6binn BKIIIOYEHBI MEAMLMHCKUIA MaccaX rpyaHown
KIETKU C KOpPEeKLMel MbILeYHbIX TPUITEPOB U MUodacuy-
anbHbIM PENU30M JbIXaTeNbHbIX MblLL, Npy 0bcTpykumm [
NPUMEHANUCL UMNYNbCHbIE CUHYCOMAANBHO MOAYNMPOBaH-
Hble TOKM Ha FpyaHyto KneTky [14, 15].

Mocne npoxoxzaeHus Kypca MP BbINOSHANMCH NOBTOPHbIE
(bYHKUMOHaNbHBIE UCCNEA0BaHNSA CUCTEMBI AbIXaHWSA BCEX Ma-
LIMEHTOB, aHanM3 pe3ysbTaToB KOTOPLIX MOKasan ynyylleHue
neroyHon BeHTURsALUMM 1 [ICJ1, a Takxe 6bino ycTaHOBNEHO
yMeHbLUeHWe ofbILkK (no wkane mMRC) u ynyJiuenve Kade-
CTBA XM3HM NaLMeHTOB (OLieHKa NPOBOAMNIACH M0 BU3yasbHO-
aHanoroBo LWKane KadyectBa ¥usHu — VAS), uto cBupaeTenb-
CTBOBaJI0 06 3G PEKTUBHOCTM NPUMEHSAEMBIX Hamn MeToaoB MP
B nepuop BoccTaHoBneHus nocne COVID-19 [14-16].

lpnHMMas Bo BHUMaHWe 3Ha4MMoCTb uccnepoBanusa [CJ1
nocne nepexecexHoro COVID-19, Hamm Bbina onybnmkoBaHa
NeKums, NOCBALLEHHAs TEOPETUYECKUM OCHOBaM AU(dy3u-
OHHOFO TeCTa Y ero KIIMHMYeCKOMY NPUMEHEHMIO, B TOM Yncne
y 6onbHbIX, nepeHectumx COVID-19 [17].

Ha cnepytowieM 3Tane Hawein paboTbl Mbl UCMOMb30Ba-
7N MeTO[, BbIMbIBaHMs a30Ta NPU MHOXECTBEHHOM [bIXaHWK
C Le/bK OLEHKM paBHOMEPHOCTU JIEFOYHOM BEHTUAALMM
y nepeHectumx COVID-19 naumeHTos [18]. Mo faHHbIM fuTe-
paTypbl X HalWWUM COBCTBEHHBIM MCCNEAOBaHMAM, KaK Oblio
OnucaHo Bbile, Haubonee YacTbiM (YHKLMOHAMbHBIM OT-
KNOHEHWEM CUCTEMbl [bIXaHWsi B PaHHWW Mepuof Bbi3fo-
ponenus nocne COVID-19 asnsetca Hapywehve [CJ1, pexe
BCTPEYAETCSA PECTPUKTUBHBIA TUM HapYLUEHUS BEHTUNALMM,
ewle pexe — obctpykumsa [M1. 0aHaKOo AaHHBIX 0 HapyLLEeHUM
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PaBHOMEPHOCTM JIErOYHOW BEHTUAALMM NOC/IE NePEHECEHHO-
ro COVID-19 B gocTynHoM HaM nuTepaType HangeHo He Bbino.
B nonepeuHoe uccnegosaHue bbinu BKIOYEHBI 35 Naum-
eHTOB (97 % MyX4MH, CpefHuMiA BO3pacT KOTOPbIX COCTaBUN
44 ropa). Bcem naumeHTaM Bbinn BbINOHEHBI CIMPOMETPUS,
bonunnetusmorpadus, uccneposanue [JCJ1, BAMI, MOC
Ha 72-1 feHb 0T Havana 3abonesanus COVID-19. HepasHo-
MEPHOCTb NIEro4YHOM BEHTUNAUMM Obina BbisBneHa y 40 %
DosbHbIX, Torpa Kak Hapywenue [ICJT — y 23 %, obcTpyk-
ums AN —y 11,4 %, pecTpUKTUBHBIA TUM BEHTUNALMOHHBIX
HapyweHuii — y 8,6 %. Kpome Toro, 6bian BbiSiBNEHbI naTo-
NoTMYecKue OTKITOHeHWS Takux nokasatenen MOC, kak AX,
KOTOpbIA, KaK ObNo CKa3aHo BbILUe, XapaKTepusyeT purng-
HOCTb Mepudepuyeckux otaenos nerkux, 1 R5-R20, uto sB-
NAETCS NPU3HAKOM AUCHYHKLIMM MENKUX [bIXaTeNlbHbIX MyTen
(OMAN), B 20 u 14,3 % cnyyaeB cooTBeTCTBEHHO [18].

CnepoBatenbHO, MOXHO C OMpeAeneHHol CTeneHbi
YBEPEHHOCTU YTBEPXAaTb, YTO B MaTONOrMYECKUIA Mpo-
uecc COVID-19 BoBnekaeTcsa He TONIbKO MapeHXUMa JIErKuX,
HO 1 auctanbHble otaensl [, npuyem AMUI agnsetcs Hau-
Donee yacTbiM (YHKLMOHANbHLIM OTKIIOHeHWeM COVID-19,
3a KoTopbiM cnepyeT Hapywewue [ICIT [19]. Takum obpasom,
PaBHOMEPHOCTb JIErOYHOM BEHTUNALMM LienecoobpasHo uc-
CnefoBaTh Y NaUMEHTOB, Y KOTOPbIX MOC/E MEPEHECEHHOro
COVID-19, npoTeKaloLLero ¢ NopaxeHWeM fnerkux, Ha GoHe
Xanob Ha OAbILKY MPU He3HAUUTENbHBIX (U3NYECKUX Ha-
rpysKkax nokasaTenu TpaguumoHHblx JIOT coxpaHsioTcs
B Mpefenax HopMasbHbIX 3HAYEHWUH, C TeM YTOBbI CKOppeK-
tmpoBatb UIMMP ¢ y4eToM conyTcTBYOLLEN NATONOMUN.

KpoMe Toro, Hamm bbina NofAroToBieHa NIEKLMS, B KOTO-
PO Mbl paccMOTPENM pasHble NOAXOAb! OLEHKW paBHOMEp-
HocTu BeHTUnALMM 1 M1, B TOM uncne nocne nepeHeceH-
Horo COVID-19. U3 Tpex BOCTYMHBIX Ha CErofHALHWNA AeHb
MeTOJI0B AMarHOCTUKM [aHHO naTonoruu, a uMenHo BAM/,
MOC, a TakKe pacyeT UHAEKCa He3HEKTUBHOCTU IErOYHOM
BeHTURALUMM (MHaekc PCF — poorly communicating fraction)
C MOMOLLbI0 COBMECTHOTO NpUMeHeHust 6oaunneTamorpa-
Guv 1 auddysmoHHOro TecTa, CaMbIM ONTUMAJbHBIM, N0 Ha-
LeMy MHeHuio, siBnseTcs MeTog BAM/ [20].

Lenblo crepytollero Hallero uccneoBaHus Obiio oue-
HWUTb cUNy AbixaTeNbHbIX Mblwy, (M) y GonbHbIX, nepe-
Hecwmx COVID-19, u BbISBMTL B3aMMOCBSA3b MapaMeTpoB
MIP u MEP c apyrumn QyHKUMOHANbHBIMM MOKa3aTensmmu
cucTeMbl AbixaHus. OcHoBaHWEM Ans NpOBeLEeHUs 4aHHOro
UccneoBaHUs MOCAYXUIO TO, YTO CHUXeHWe cunbl [IM aB-
NseTCs YacTbio 06LLero CMHAPOMa HeliponaTuu U MMonaTuy,
obycnosneHHoro TeueHneM COVID-19.

CHxenune cunbl [IM cnepyeT oxupath B Cyqasx Kpaii-
He Taxenoro TeyeHus COVID-19, a uMeHHo y nauueHTOB
C CMHOPOMOM MOCNEACTBUIA WHTEHCUBHOWM Tepanum (MUT-
CMHPOMOM), MPW KOTOPOM BbISBASKOTCA TaKne OTKIOHEHUS,
KaK cnabocTb CKeNleTHOM MyCKyNaTypbl € yMeHbLLEHNEM 00b-
eMa ee Macchl, CHUXKeHWe pu3nyeckon pabotocnocobHocTy,
pucdyHKumMA auadparMbl C BO3MOXHBIM PasBUTUEM ee
atpoduu. Mamepenne napametpos MIP u MEP B auHamuke
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Yy TaKuX NaLMeHTOB NO3BOAMT Bonee KOppeKTHO nogobpartb
MOPOroBYl0 Harpy3Ky, YCTaHaBNMBAEMYK Ha [bIXaTeJIbHbIX
TpeHaxepax, NpMMeHsieMbIX B nporpamMme MP, 1 nporHosu-
POBaTb UCXOL, BbISIBNEHHBIX HApYLLEHWI.

Takum obpasoM, B obcepBaLMOHHOE MOMepeYHoe Uc-
CnefoBaHue ObinM BKIKOYEHbI 36 NauMeHTOB (26 MyMuWH,
MeJMaHa Bo3pacTa KoTopbix coctaBuna 47 net). Kputepu-
€M BKJIOYEHUS ObIN Hanuuve MOATBEPIKLEHHOTO AMAarHo3a
nepeHeceHHoro COVID-19 cpeaHeTsKeNoro MM TsXeNoro
TEYEHWS, OCNIOXHEHHOrO ABYCTOPOHHUM BUPYCHBIM MOpae-
HueM nerkux. Kputepuem ucknioyenns bbino XpoHuyeckoe
neroyHoe 3aboneBaHue B aHaMHe3e. BceM naumeHTaM B npo-
Liecce OHOr0 BM3UTa ObiMM BbIMOMHEHBI BYHKLUMOHANBHBIE
UCCNEeAO0BaHUA PeCnMpaTopHOi CUCTEMBI, @ UMEHHO CMMpO-
meTpus, boaunnetnsmorpadms, namepenue [C11 v cunbl M.
AHanus nonyyeHHbIX pe3ynbTaToB NOKa3a, uTo Y NaLMeHToB,
nepeHectumx COVID-19, cHuMeHWe CUNbl SKCMMPATOPHON My-
CKynatypbl BbisiBnsetca B 31 % cnyyaeB, MHCNWMpaTOpHO# —
B 14 % cnyyaeB. CraTucTUYeCKM 3HAYMMON B3aMMOCBS3Y
napametpoB MIP n MEP ¢ nokasaTtensiMi BeHTUAALMM U Jie-
rO4HOro ra3oobMeHa ycTaHoBNEHO He bbio [21].

CnepoBatenbHo, uccneoBakve cunbl [IM uenecoobpas-
HO BKJII0YaTb B NfaH 06cne0BaHUA NaLMEHTOB, NepPeHeCLLMX
COVID-19, ¢ uenbto CBOEBPEMEHHOIO BbIABIEHNUS UX AMC-
byHKLMM 1 Koppekummn UTMP.

Heobxoaumo otMetuth, yto COVID-19 nMeeT wmpokui
CMEeKTp HeraTMBHOro GU3noNIorMYecKoro Bo34encTBUs, Ko-
TOpOMYy B BonbLUel CTeneHn NoBepPKeHbI MaLMEHTBI C Xpo-
HU4ecknMm 3aboneBaHuamu. Kpome Toro, COVID-19 MoxkeTt
OC/IOKHATBLCA B TOM YKCTie NopaxeHneM nerkux. Cneposa-
TeJIbHO, Y BONBHBIX XPOHUYECKUMU 3ab0NeBaHUAMMU DpOH-
XOMNEroyHol cucTeMbl UM 3aboneBaHUAMU, TpebyoLLMMU
Ha3Ha4YeHMsa NIeKapCTBEHHbIX MpenapaToBs, KOTOpbIE Y Ya-
CTW NaLMEHTOB WHAYLMPYKT JIEKApCTBEHHbIA MHEBMOHUT
unu 6poxnonut, COVID-19 MoxeT npoTekaTtb bonee Taxe-
no n 0bycnoBMBaTh BbIpaXKeHHbIE QYHKLMOHAMbHbIE Hapy-
LeHWa BpoHXoNeroyHoi cuctembl. Tak, Ha npuMepe 6onb-
HOro aHkunosupywwmM cnoHaunutoM (AC) HaMm ypanochb
npoHabnioaaTh AMHAMUKY GYHKLMOHANbHBIX MOKa3aTeneil
CUCTEMBI [blXaHua A0 W nocne nepeHecenHoro COVID-19.
Mbl moKasanu, 4TO B paHHWUWA Nepuoj PeKOHBaNeCLeH-
umm y 6onbHoro AC Ha ¢oHe MCXOAHBIX BEHTUAALIMOHHBIX
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1 ra3000MeHHbIX HapYLLIEHW 0TMeYanuch bosiee BbIpaXKeH-
Hble U3MeHeHus nokasatenel JIOT, uTo yKasblBaeT Ha He-
obxoauMocTb bonee AAUTENBHOMO NEYEHUs U NPOBEAEHMS
o6a3atenbHon MP TakuM naumeHTaM nocne nepeHeceHHoro
COVID-19 [22].

lMopgons utor npogenaHHon paboTe, MOXHO CKasaTb,
YTO MOpaeHMe JIErOYHOM TKAHW U HapyLIeHWe NEeroYHol
MUKPOLMPKYNSALMM — 3TO OCHOBHble maTtoMopdonoruyec-
Kue OTKNOHEHUS, KOTOpble ABMAKTCA MPUYMHON HapyLue-
HUS PecnUpaTopHOi (YHKLMM NErkux B MOCTKOBMOHOM
nepuoge. [1ns cBoeBpEMEHHOI0 BbIAB/IEHUS QYHKLMOHAb-
HbIX NMOCNEACTBMM 3TUX HapylleHwit B mnaH obcnepoBa-
HUS nauueHToB, nepeHecwwux COVID-19, uenecoobpasHo
BKJ/Il0YaTb HapsLy cO cnupoMeTpuen AuddysnMoHHbIN TecT
C Lenblo UCCnefoBaHUs ra3o00MeHHON QYHKUMM NEerkux,
bopunnetuamorpaduio LN BbISBNEHUS PECTPUKTUBHOMO
TMNa BEHTUALMOHHBIX HapyLIeHWUH, UMNYNbCHYI0 OCLIUA-
NIOMETPUI0 AN AMArHOCTUKM (YHKLMOHANBHOTO COCTOS-
HUA nepudepuyeckux OTLENOB NIErkux, MeTof BbiMbiBa-
HWS a30Ta NpYU MHOXECTBEHHOM [bIXaHUU OIS BbISIBIEHUS
HepaBHOMEPHOCTU JIeroYHOW BEHTUAALMM, UCCNe0BaHUe
CUMbl bIXaTenbHbIX MbIWL Ans onpepenexus 3ddeKTus-
HOCTW uX paboTbl. TakuM 06pa3oM, KOMMEKCHOE QYHK-
LUMOHanbHoe obcnefoBaHWMe NaLMEHTOB, MepPeHecLUnX
COVID-19, no3BonuT CBOEBPEMEHHO AWarHoOCTUpPOBaTb
(QYHKUMOHaNbHbIe HapYLIEHWs PecrMpaTopHOM CUCTEMBI,
NPOBOAMTL WX afleKBaTHYH KOPPEKLMI0 U KOHTPONMpOBaTh
B AMHaMUKe.

AOMNOJIHUTENbHAA UHOOPMALUA

UcTouHuk dmHaHcupoBaHus. OuHaHCMpoBaHWe AaHHoM pabo-
Tbl HE NMPOBOAMNIOC.

KoHdnukT uHTepecoB. ABTOpbI LEKNapUPYOT OTCYTCTBUE SIB-
HbIX ¥ NOTEHLMaNbHbIX KOH(DIMKTOB MHTEPECOB, CBA3aHHbIX C Myb-
NIMKaLMEN HACTOSALLEN CTaTbM.
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3D-neuyaTb U MeAULMUHA

C.A. Nenewok, K.I. lonoBko

BoeHHo-MeauumHcKas akapemus, CaHkt-lletepbypr, Poccus

B coBpeMeHHbIX yCIoBMSX BO3MOXKHOCTA NPUMEHeHNs B MeauuyHe 3D-neyatv paclumMpsoTCs M oHa 3aHMMaeT okoso 11 %
MWUPOBOr0 PbiHKa aaauTUBHOrO npom3BoacTa. B BoeHHo-MeamumHcKol akageMun uMenn C.M. Kuposa u BoeHHOM MHHOBa-
LMoHHOM TexHononuce «3PA» 3D-neyatb ucnonb3yeTcs Ans obyyeHus, NpefonepaLlMoHHOro MiaHUPOBaHMUs, CO34aHUs LNH
W JIOHreT, U3rOTOBSIEHUS! HEMHBA3UBHBIX M3LENMIA DYHKUMOHANBHOMO Ha3HAYeHNs, CO3[aHMsA BCOMOraTesbHbIX CpeaCcTB npo-
dunaktvku COVID-19.

C uenbto onpeaeneHns NepcrnexkTMB Pas3BUTUS U3Y4eH 3apyOeKHbIN OMbIT NpUMeHeHUs 3D-neyaTn B MeaMLMHe 3a Nocnea-
Hue 5 ner.

YcTaHoBNEHO, YTO Ans 00y4eHUs CO3AaeTCA peecTp KIMHUYECKMX LlaHHbIX no 3D-neyatw, neyatatotcs 3D-mMomnenm ans umu-
TMPOBaHMS COMPOTUBNIEHMS TKaHei npu onepaumn. C NOMOLLbI NPefonepaLyroHHOro NiaHMpoBaHUsA pa3feneHbl CUaMcKue
6nm3Heupl, Ha 3D-Mopensax CTOM W3 3NaCTUYHOW CMOMbI Bpauu 06Y4aKTCA XMPYPrUYECKUM OMepauusaM, Kapavosormieckue
MOZENN MCMONb3YKTCA [ MPOrHO3MPOBaHWA PUCKA OCTOXHEHWW MPW TPAHCKATETEPHOW WMMMMAHTaLMM MCKYCCTBEHHOIO
aopTabHOro KilanaHa, a Takke peneTUuMM onepauuii ¢ BpOXKAEHHbIMM aHOManuaMK cepaua. M3rotoenslTca MHAMBUAYaNb-
Hble UMMIaHTaTbl AN NOSICHAYHOMO M LIENHOTO OTAEN0B MO3BOHOYHMKA, 3aMeHbl MOBPEMAEHHOr0 y4acTKa rpyAHON KIeTKU
1 pebpa, panaHrv nasbLa, 3HAONPOTE3bl Ta300€APEHHOr0 1 KONIEHHOIO CYCTaBOB. B KauecTBe BCMOMOraTesibHbIX U3eUI CO3-
LAK0TCA MHAMBULYANBHbIE XMPYPrUYECKUe MHCTPYMEHTBI A1 Onepauuii C Manoi TpaBMaTUUHOCTbH, OPTOMEANYECKME CTESBKM,
3MaCTUYHbIE CTEHTHI ANS YPETPbI U CeTHaTble CTeHThI Tpaxeu. [na 3D-neyatv npefnaraloTcs HoBble MaTepuarbl M3 NosiMaMm-
na (PA11), nonmadmpadmpKeToHa, CNiaBoB TUTaHa, paccachbiBalOLLErocs nosMMepa 1 bruocoBMecTMon cMonbl. MosBunoch
HOBOe MporpamMMHoe obecneyeHune 3D-neyaTv U yCOBEpPLUEHCTBOBaHbI CyLLeCTByloLMe. B cTomatonormm nevarawTcs nepco-
HanM31poBaHHble bpeKeTbl W analiHepbl. C noMoLbto 3D-neyaTn CO3Aa0TCA MHAMBUAYANbHBIE MHOTOC/ONMHbIE NONUTAbNETKMY,
YMHble TabNeTKK, BbiMycKatoLmMe fieyebHble BeLLecTBa No KOMaHAe co cMapT(hoHa, LETCKUe KeBaTesbHble TabneTku. B uccne-
L0BaTENbCKUX LENsSX HaneyaTaHbl CNeaytoLime YCTpOMCTBA: UMUTUPYIOLLME CEPAEYHYH0 TKaHb C AaTYMKaMM LI OTCIEXMBa-
HWSA BO3ENCTBMS JIEKAPCTBEHHBIX CPEACTB M TOKCMHOB; MPOrHO3WpPYHOLLIME MHAMBMAYATbHYH peaKLymio MaTepuana 6uoncuiHoi
ONYX0JIM Ha Jie4YeHme; AUarHOCTUPYIOLLME HEKOTOPbIE MHDEKLIMOHHbIE 3ab01eBaHNsA C UCMOb30BaHMEM CMapTdOHa U KPeMHM-
€BOro MUKpOQIIOMAHOro Ymna.

MpumeHeHne 3D-neyatn B MeaMUMHE UHAMBUAYANNU3MPYET M MOBBLILLAET KAa4YecTBO MeAULMHCKON NOMOLLM.

KnioueBble cnoBa: nMnnaHTathl; MaTepuansl 3D-neyatu; obpasoBaHue; nepcneKTUBLI pasBUTHS; NPesonepaLmoHHoe
NnaHWpoBaHue; nporpaMMHoe obecneyenne; 3D-nabopatopus; 3D-nevatb B MeAULMHE.
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3D printing and medicine

Stepan A. Peleshok , Konstantin P. Golovko
Military Medical Academy, Saint Petersburg, Russia

In modern conditions, the possibilities of using 3D printing in medicine are expanding, and it occupies about 11% of the
global additive manufacturing market. At the Kirov Military Medical Academy and the ERA Military Innovation Technopolis,
3D printing is used for training, preoperative planning, the creation of splints, the manufacture of non-invasive functional
products, and the creation of COVID-19 prevention aids.

In order to determine the prospects for development, foreign experience in the use of 3D printing in medicine has been
studied over the past 5 years.

It is established that a register of clinical data on 3D printing is being created for training, 3D models are being printed to
simulate tissue resistance during surgery. With the help of preoperative planning, Siamese twins are separated, doctors are
trained in surgical operations on 3D models of elastic resin feet, cardiological models are used to predict the risk of com-
plications during transcatheter implantation of an artificial aortic valve, as well as rehearsals of operations with congenital
heart anomalies. Individual implants are manufactured for the lumbar and cervical spine, replacement of the damaged area
of the chest and rib, finger phalanges, hip and knee replacements. As auxiliary products, individual surgical instruments for
operations with low trauma, orthopedic insoles, elastic stents for the urethra and mesh stents of the trachea are created.
New materials made of polyamide (PA11), polyesteresterketone, titanium alloys, absorbable polymer and biocompatible
resin are offered for 3D printing. There are new 3D printing software and updates of existing ones. Personalized braces and
aligners are printed in dentistry. With the help of 3D printing, individual multi-layered polytablets, smart tablets that release
medicinal substances on command from a smartphone, children’s chewing tablets are created. For research purposes,
the following devices have been printed: simulating cardiac tissue with sensors to track the effects of drugs and toxins;
predicting the individual response of the biopsy tumor material to treatment; diagnosing some infectious diseases using
a smartphone and a silicon microfluidic chip.

The use of 3D printing in medicine individualizes and improves the quality of medical care.

Keywords: 3D printing in medicine; development prospects; education; implants; preoperative planning; software; 3D laboratory;
3D printing materials.
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HAYYHBIE OB30PHI

BBEAEHUE

ApouTvBHbIE TEXHOMOMMM (CMHOHMMBI: TPEXMepHas ne-
yatb, 3D-nevatb) B nocnefHee BpeMs BCe yalle HaxoAAT
npyvMeHeHne B MeauupHe [1].

PoiHOK npoussoacTBa 3D-npuHTEpOB ceivac AMHaMmMY-
HO pasBMBaeTCs W, KaK OXUAaeTcs, BblpacteT ¢ 9,9 mnpg
ponn. B 2018 r. po 42,9 mnpa ponn. CLUA k 2025 r. Mpo-
rHosupyetcs, 4to o0bbem npogax B 2019-2025 rr. bygert
pactn B cpegHeM Ha 20-21 %. OTMevaeTcs MHAMBUAYaIM-
3auMs UCMOMb30BaHWA TexHonoruu. TonbKO B CTOMAToso-
rmm, no AaaHHbiM SmarTech, pocT puiHka B 2020 r. goctur
3 mnpa gonn. Mo paHHbIM otyeta Wohlers Report 2018,
MeauumHa 3aHuMaet 11,3 % MUpoBOro pbiHKa ajAuTUBHOIO
npousBoacTea. CornacHo uccnefoBaHuio KomnaHun Market
Research Future (MRFR), coBoKymnHble TeMnbl F0fj0BOr0 po-
cTa rnobanbHoro peiHka 3D-nevatt MeULMHCKUX YCTPOMCTB
B 2018-2023 rr. ouenmBatotcsi B 18 %. B 2018 r., no gaHHbIM
Healthcare 3D Printing Market Analysis, 06LLmi1 MpoBoit fo-
XOA OT NPUMEHEHUS MEeAMLMHCKUX u3genmin 3D-nevatn co-
ctasun 660,4 MiH ponn.

3D-neyatb — npouecc fobaBneHns pasnuyHbIX MaTe-
puanoB, NOCPELCTBOM KOTOPbIX TPEXMEpHble (U3n4ecKue
CTPYKTYpbl OPMUPYIOTCA MOCNMOMHO M3 KOMMbHOTEPHBIX
mogpenei. TexHonorus cospanus dusmyeckux 3D-Mopenen,
a TaKXe MaKeToB, W3AENUIA, UMMNNAHTATOB B MeAMUMHE
W3 JaHHbIX MOBEPXHOCTHOTO CKaHMPOBAHWUSA U/UIWM aHaTOMM-
YECKMX W306paXKeHWn HEMHBA3MBHbIX UCCef0BaHMI (KOM-
nbtotepHas Tomorpadms (KT), MarHMTHo-pe3oHaHcHas ToMo-
rpadus (MPT)) npeactaBnsieT cobo MHOro3TanHbIi NpoLecc:
nonydyeHne m3obpaxeHus, cosfaHue UMGOPOBOM Mogenu,
MOCTPOEHME CUCTEMbI MOAJEPIKEK W paspesaHue MoAenu
Ha crou, TpexMepHas neyaTb U nocTobpaboTka B 3aBMCMMO-
cTv ot cnocoba 3D-neyatu. [lJaHHasa TeXHonorus No3sonset
neyaTaTb MHOXeCTBOM MaTepuasnoBs, BapbupyIOLLMX OT TUTa-
HOBBIX CMNaBoB A0 KonnareHa [1].

Boibop HanpaBnenus, Metoga U Matepuana 3D-nevatu
3aBUCUT OT TOrO, YTO MOANEXWUT neyatu. Hampumep,
npu 3D-neyaTy KOCTHbIX KAPKACcOB CPeAM OCHOBHbIX HanpaB-
NeHui (3KCTpy3us, hoToNoNMMEpPU3aLMUS U FPaHyNIMPOBaHKe)
B MEPBYI0 0Yepesb UCTONb3YOTCS CeAytoLLmMe MeToabl: no-
C/I0AHOr0 HacnoeHus Matepuana (FDM) — 34 %, ctepeonu-
Torpacms (SLA) — 23 %, pexe UCMONb3YOTCSA CENEKTUBHOE
nasepHoe nnasnelne — 15 % u ceneKTUBHOE NasepHoe cre-
Kanue (SLS) — 13 % [2].

MepauvumHa cTana ofHol M3 nepBbIX OTpacnei, KoTopas
OLieHWUNa U Hayana Mcnonb3oBaTb BO3MOXHoCTH 3D-nevatu.
HeT Huuero bonee MHAMBMAYaNbHOMO, YeM TENIO YESIOBEKA.
Mo3ToMy aKTyanbHbIM ABNSETCS MPOM3BOLCTBO MEPCOHaNM-
3MpOBaHHbIX MAKETOB, MOJENeN, UMMNaHTaToB, MHCTPYMEH-
TOB, MPOTE30B.

CBMAeTeNbCTBOM  aKTyaNlbHOCTW  MCMOAb30BaHUS
3D-neyat B MeguuMHe Takxe sBnseTca locTaHoBNeHMe
MpasutensctBa Poccuitckon ®epepaumm o1 20 oKTAbps
2021 r. N2 1779 o co3panum B . O6HMHCKe KanycKoi
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06/1aCTM MHHOBALIMOHHOTO Hay4YHO-TEXHOJIOMMYECKOr0 LiEHTpa
«[lapK aTOMHbIX M MeAULIMHCKUX TEXHONOrUA», TAe OLHUM
U3 YeTbIpEX OCHOBHbIX HaMpaBJIEHUN LESTENbHOCTU ByayT
afAMTUBHblE TEXHOJOTWW, HOBbIE MaTepuanbl, NasepHble
TEXHOJIOMUM.

AkTvBHas pesTenbHoCTb Mo BHeapeHuto 3D-neyaty B Bo-
EHHYI0 MeULIMHY OCYLLECTBSETCA C yyacTueM BoeHHo-Me-
AMUMHCKoI akagemun uM. C.M. Kuposa (BMenA) n BoeHHoro
MHHOBaLMOHHoro TexHononuca (BUT) «3PA».

B BMepA ¢ 2017 r. pnsa obecneyeHns 0bpa3oBaTenbHOM0
U KJIMHUYECKOro npoueccoB pabotaeT nabopatopust UCKYC-
CTBEHHBIX OpraHoB.

B pamKax HayyHo-McCriefoBaTeNbCKOro Kiactepa B Le-
NSIX MOMCKA, Pa3BUTUSA U BHeLPEHUS NepesoBbIX UeK, paspa-
BOTOK 1 TeXHONOrMiA B MHTEpecax YKpenaeHus obopoHocrno-
cobHocTv PO no HayyHoMy HanpaBneHuto «buotexHnyeckue
cucteMbl 1 TexHonorum» B BUT «3PA» B 2018 r. co3paHa uc-
nbiTaTesbHas fabopatopus BUOMeAULIMHCKUX U afANTUBHBIX
TEXHONOMMA N1 U3ydeHus TexHonorun 3D-ckaHMpoBaHus,
undposoit 0bpabotkn panHbix KT, MPT, mMopenupoBanus
u 3D-neyatn Mofenien OpraHoB, TKAHEN U MpeaMeToB Me-
OMUMHCKOTO Ha3HauyeHusi Ans WUCMomb30BaHWA B BOEHHO
MeauLMHE.

Leneto uccnedosaHus ABNSETCA U3y4YeHWe HOBLIX Ha-
npaBneHui B TexHonorun 3D-neyatv B MUpe 3a nocnepHue
5 net Ansa nocnenyoLen nx anpobauum 1 BHeSPEHUS B Me-
LVLMHY.

PE3YJIbTATbI U OBCYXXAEHUE

Jlabopatopuamu 3D-nevatn B BMegA n BUT «3PA»
0CBOEHbI 5 HanpaBieHWn aeaTenbHocTU. 310 0byyeHue [3],
npefonepaunoHHoe NnaHMpoBaHWe [4], co3paHue LWKH
W NOHreT [5], M3roToBNEHME HEMHBA3MBHBIX U3LENMNA QYHK-
LIMOHAMNbHOT0 Ha3HaYeHus, CO3AaHNe CPeaCcTB MPOGUIAKTUKY
COVID-19 [6]. MaTepumanbl No 3TMM HanpaBNEHUAM U3N0Xe-
Hbl B pedepupyeMbix MyBAMKaLMsX, AONOXEHbI HA KOHe-
PeHUMSX, B T. Y. B paMKax Hay4yHO-[,eNoBOM MpOrpamMbl,
a TaKXKe BbICTABOYHOW [EATENIbHOCTU MeXAYHapOAHOro
BOEHHO-TeXHUYeckoro dopyma «APMUS» B 2017, 2019-
2021 rr. [7]. U3paHbl oBe MeTOOMYECKME PeKOMeHAaLuu
no 3D-neyatn.

B ynpoLienHoM Buge TexHonoruio 3D-nevyatn B Meauum-
He MOXKHO MPOAEMOHCTPUPOBATH Ha NPUMepe CO3[aHMS LLUUH
(NoHreT) METOAOM MOC/IOMHOIO HamnaBMIEHUs MIACTUKOM,
rze 0CHOBHbIE 3Tanbl — 3T0 NOSy4YeHUe pe3ynbTaToB Mcche-
[0BaHUA nauueHTa ¢ nomolubio KT u/unm nosepxHoCTHOMO
3D-cKaHWpOoBaHMs U NEPEBOS, UX B LLUGPOBY0 MOAENb, 3aTEM
mopenupoBaHue, 3D-neyatb  noctobpaboTka [5].

Iinga wrpokoro BHeapeHus B npaktuky 3D-nevatn npo-
BoAuTCS 06yyeHue M opraHu3yeTcs B3aUMOAENCTBUE C LieH-
TpanbHbIMU BOEHHO-MeAVLMHCKAMM opraHu3auuamm (8, 9].
[ins atoro 3apelcTBYHOTCA BO3MOXHOCTU TeneMeauLMHbI,
a TaKe C ee NMOMOLLBI0 OPraHW30BaHO MOJyYeHUe 3asBKY
Ha neuyatb [10].
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[nga passutnsa 3D-neyatn n3yyeHbl 3apybexHble paspa-
6oTkn' 1 HeKoTopble 0630pHble NYBAMKALMM 3a NOCheaHMe
5 ner.

Wcnonb3oBaHne 3D-neyatv B MUPOBOM MeauuuHe MAeT
Mo TeM e HanpaBleHWsM U BKIItoYaeT: obydenne [11-15],
npefonepaunoHHoe nnanuposanue [13, 15-19]1, nsrotos-
neHve umnnatatoB [11, 20-23] n u3penuin MeaULMHCKO-
ro npumeHenus [18, 24-26], a TaKke NpUMeHeHMe neyaTu
B ctoMatonorum [19, 25], dapmaumm [27-29] v ¢ uccneposa-
TenbckuMu Lensmu [30-37].

C obpasoBatenbHom Lenbio cneuuanuctsl n3 Paguono-
ruyeckoro obuiectBa CesepHoit AMepukmn (RSNA) u Amepu-
KaHCKOro Komje[Ka pagmonoruu npucTynunm K co3faHuio
peecTpa KIIMHUYECKMX LaHHbIX no 3D-mevatn ans gocryna
K aHanm3y 1 npuMepam npumeHenus 3D-neyatn B MeaMLMHE.

[lns UMWUTMpPOBaHMS CONPOTUBNIEHUS TKaHel Npu onepa-
MM Ha NO3BOHOYHMKeE Ha 3D-npuHTepe HaneyaTaHbl Moaeu
MO3BOHKOB MOSCHUYHOO W LLEAHOr0 OTAEN0B U3 MOMNAKTU-
Aa (PLA) n nonvBmHUNOBOrO Cnmpra.

YueHble n3 YuusepcuteTa HxHom ABcTpanum cospa-
I0T U3 anacTuyHol cMonbl 3D-Mogenu cton Ans obyuyeHus
Bpayeli XUpypruyeckum onepauumsM. 310 CBA3aHO C TeM,
uTo B ABCTpanuu exerofHo neyart 10 ThiC. A3B U BbINOAHAT
OKOMO 4,5 ThIC. aMmyTaLWiA.

B HaumoHanbHoOM BoeHHO-MeaMUMHCKOM LIeHTpe YonTepa
Pupa (CLUA) Ha 3D-npuHTepe HaneyaTaHbl HeMpoaHaTOMMU-
Yeckue Mofenu, Jalolime npeAcTaBneHWe HeWpoxupypram
0 CJTOXHbIX CTPYKTypax kpoBocHabenus (ncbi.nlm.nih.gov).

OcyuiecTBnseTca neyatb U3AeNUA MeAMLMHCKOTO Ha-
3HayeHMs, B YaCTHOCTU WHAMBMOYaNbHbIX XWMPYPrUHECKUX
WHCTPYMEHTOB ANs OMepauuy ¢ Manol TpaBMaTUYHOCTBIO.
Tak HaneyaTaH BUNONAPHBLIA XMPYPrUYecKuit 3axum BonbT
JJ191 TaNapoCKONUYeCKuUX onepaumin Ans 3axuMa u Koaryns-
LMK (NpUIKMraHmWs) cocyaoB M TKaHeii (bitegroup.nl).

YuyeHble u3 TaiBaHa Ha 3D-npuHTepe Hanevatanu op-
Toneauyeckue ctenbku. OHM BbinonHun 3D-cKaHuMpoBaHue
CTynHW, co3panu ee STL-aiin, oTpeaaKTMpoBanm ero B npo-
rpaMmHoM obecneveHun (M10) Autodesk Meshmixer u Ha-
neyatanm Ha 3D-npuntepe Infinity X1 no texHonorum FDM
n3 PLA. Hactpoiky 3D-neyatu ocywectensim B 10 Cura.

bnaropaps 3D-neuatn B Benukobpuranum yoanock pas-
JenuTb C MOMOLLbIO MPesonepaLMoHHOro NiaHUpoBaHUs
cnaMmckux bnmsHewos. beina cosgaHa undposas Mofenb Ux
MO3ra, Yepena v npuneraLLmx TKaHeml, U3 MArkoro nnacTu-
Ka M3roTOB/MEHO HECKOJbKO HaneyaTaHHbIX Ha 3D-npuHTepe
MOZeNen, U Mocie UX M3Y4YeHUs YCMELLHO BbINOJHEHO onepa-
TUBHOE BMELLATEeSIbCTBO.

B lapBapackoM yHuBepcuteTe ocywiectBunmn 3D-neyatb
KapaMONoruiyeckux Mofenei Ans nporHo3vpoBaHMs pucka
OC/IOXXHEHUI NpU TPaHCKATETEPHOW MMMNAAHTALMW UCKYC-
CTBEHHOrO aopTasibHOrO KJianaHa M noabope TOYHOro pas-
Mepa MMMnaHTara.

! http://zdrav.expert/index.php; https://www.3dpulse.ru/news/;
https://biomolecula.ru/articles/ v gp.
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B CLLIA ¢ nomMoLwbio 3D-neyatv npeAonepaLuyroHHoro nia-
CTUKOBOTO MaKeTa CO3[lanu OTCYTCTBYIOLLYI0 TPaxXek U3 YacTu
nuLLeBoa y 4-MecsyHoro pebeHKa.

3D Systems c OpHeart Ha ocHoBe MPT ¢ nomouubto 10
D2P npoussenu Ha 3D-npuntepe ProJet 660 Pro u3 nevar-
Horo matepmana VisiJet 3D-mMopmenu ans noaroToBKM U pe-
METULMM CIOXKHBIX OMepaumii y feTel ¢ BPOXKAEHHBIMU aHo-
ManuaMK cepALa.

DePuy Synthes neyataet Ha 3D-npuHTEpe MMNNAHTaTbI
CONDUIT Interbody Platform pns nosicHuyHoro u LweitHoro
0TAENO0B MO3BOHOYHMKA, COMOCTaBUMbIE MO 3M1aCTUYHOCTH
C rybuyaTomn TKaHbi0 YesI0BEYECKMX KOCTEMN.

YueHble 13 LLIBeiLLapcKoM BbICLLEN TEXHUYECKOW LLKOSbI
Lropuxa npeacTaBuiM HOBOE peLLEHMe — OHM C 3KCMepu-
MEHTaNbHOM LieNblo Haneyatanu Ha 3D-npuHTepe 3nacTuu-
HbI CTEHT, KOTOpbIN B 40 pa3 MeHbLLe 00bIYHbIX M MOAX0AUT
ONs nepecajiku B ypeTpy pebeHka.

B BupmuHreMe (BenukobputaHus) nepecaxeH Hameuva-
TaHHbIA Ha 3D-NpuHTEpe TUTAHOBBIWA NPOTE3 A 3aMeHbl M0-
BPEXAEHHOr0 Y4acTKa rpyaHoi KneTtky (eos.info).

Cneumanuctbl no 3D-neyatn s Aurora Labs n Yuueepcu-
TeTa 3anagHoii ABCTpanumu CO34al0T U3 TUTaHa UMMNAHTaThI
L5 NO3BOHOYHMKA Pa3fINyHbIX (OpM.

3D-ceTyaThblil CTEHT Tpaxeu U3 MeAULMHCKOTO CUIMKOHA
B BuAe ByKkBbl «C» MPUMEHWAN N1 NeYeHUs HeMpoXoau-
MOCTW AbIXaTeslbHbIX MYTeM, BbI3BaHHOM PaKoM ropna nmbo
TpaBMoiA.

B LleHTpe npoMbILLNeHHbIX UccneaoBaHuin Keebeka uc-
nonb3ytoT 3D-neyatb ANs CO3AaHWA UMMAHTATOB YENoCTU.

MeaunumHckas komnanus Conformis (CLUA) npeactaBuna
[Be MOJeNIM HaneyaTaHHbIX Ha 3D-npuHTepe MHAMBULYaNb-
HbIX UMMIaHTaTOB Ta300ejpeHHOro cycTaBa.

B bonrapuu ocywiecTtBunM nepecapKky HaneyaTtaHHOro
Ha 3D-npuHTepe pebpa: Ha ocHoBe LMbpPOBOro M30bpaxeHus
Koctu B 3dbgprint noarotoBuan Mogenb K 3D-neyatn u Ha-
neyaTasM UCKyccTBeHHoe pebpo Ha 3D-npunTepe 3DGence
3 NosMaMmaa C 0TBEPCTUSMM AMAMETPOM 3 MM.

B Hupepnanpax paspaboTtaH HoBbIl CNocob NonHoM 3a-
MEHbI KOJIEHHOT0 CycTaBa B aMbyNaTOPHbIX YCNOBMSX C Mo-
MoLLblo 3D-TeXHONOrW.

Mo aaHHbIM KT ¢ nomolwubto 3D-neyatv BOCNpOU3BOAMIM
BMCOYHYI0 KOCTb M Ha OCHOBE ee pa3MepoB neyatanu UM-
MNaHTaThl CPeLHero yxa i BoccTaHoBNeHUs cnyxa (RSNA).

B CLWA cneumanmctbl Alexander Orthopedic Associates
u Additive Orthopedics nepecagunu naumeHTy HaneyaTaH-
Hbli Ha 3D-NpuUHTEpe UMNAHTAT KOCTU AWCTaNbHOW hanaHr
nanbLa.

B MHAOHE3MNCKOM YHMBEPCUTETE M3y4aloT BO3MOX-
HocTb 3D-nevatn 2 ¢pukcatopos U3 PLA (pasmep 2 x 5 cM)
A5 onepaLmii Ha NO3BOHOYHMKE, pacnonaratoLwmnxcs Mexay
MO3BOHKaMK U U3MEHSIOLLMX CBOIO GOPMYy B 3aBUCMMOCTM
OT YC/I0BUIA OKPYIKaloLLIe# Cpefpbl.

WccnepoBatenn u3 Ynusepcuteta bendacta nsyvatot
BO3MOXHOCTW NeyaTu pelueTkn u3 PLA (aueiika 1 MM) ¢ fo-
6aBneHnem 2 % AMrHUHA ANS NeYeHns paH.




HAYYHBIE OB30PHI

C nomowbto 3D-neyat cospaloTca U3AeNUa Ans ucche-
A0BaTeNbCKMX Lenen. PoboTusnpoBaHHas pyka, YacTUyHO
BbIMOMHAOLAA QYHKUMM CYpAONepeBoAYMKa, HameyataHa
B AHTBepneHckoM yHuBepcuteTe (Benbrus). C nomolubio
aBTOMATM3MPOBAHHOW CUCTEMBI 3Ta pyKa MepeBOAMT TeKCT
Ha A3bIK }eCToB.

Wccnepnosatenu apeapackoro yHMBepcuTeTa Hamneva-
Tanu Ha 3D-npuHTepe cepfue Ha uume W3 Noaynpo3payHo-
ro CMHTETMYECKOr0 Marepuana, WUMUTUPYIOLLEro CTPYKTYpY
1 QYHKUMM cepAeyqHOmn TKaH. B ycTpoicTBe pacnonaratotcs
MWUKPOCKOMWUYECKME AaTYMKY, CMOCOBHbIE OTCNEXMBATh CO-
KpalLieHve Npy BO3AEWCTBUN Ha UMM Pa3fINYHbIX JIEKApCTBEH-
HbIX CPeLICTB 1 TOKCMHOB, BbILENAEMBIX Pa3NM4HbIMK bones-
HEeTBOPHbIMM MUMKpOOpraHu3Mamu. HaneuyaTaHHoe cepaue
He SIBNAETCA MMMNIAHTATOM AJ1S1 YeN0BEKa, a NMPeAHa3HaueHo
JMLWLb ANs NPOBELEHUS HAYUHbIX UCCEe0BaHUIA.

Wccneposatenu u3 MaccauyceTcKoro TeXHOOMMYecKoro
MHCTUTYTa HaneyaTanu Ha 3D-npuHTepe yCTPOMCTBO, KOTOPOE
NpOrHO3MpyeT WHAMBUAYANbHYI0 peakuuio MaTepuana buon-
CUIAHOW OMYXOJIN Ha JieYeHue.

B CLUA paspaboTaH KOMMIEKC AMArHOCTUKU UHGEKLM-
OHHbIX 3aboneBaHuii. B KayecTBe peTekTopa UCMOMb3yoTCS
00bI4HbIN MOBUMBHLIN TeNeoH M LUArHOCTUYECKMA KpeM-
HWEBbIA MUKPOMIIOUAHBIV YN Pa3MEPOM C KpeauTHYI0 Kap-
TOYKY, CO3[,aHHbIA ¢ nomoLlbio 3D-nevatu.

Wcnanckas komnaHus Xkelet BbinycTuna Ha pbIHOK 3aMe-
HWTeNb runca AAs NeyaTu LWWH NpU HEOCTIOKHEHHBIX nepe-
nloMax, KoTopble nevatatotcst Ha 3D-npuHTepe. 3aMenuTeNb
runca BOJOHENPOHNLAEM, He Bbi3bIBaeT 3yAa, JIErko CHUMa-
€TCA U MOXET BbITb MCNOb30BaH NMOBTOPHO.

B obnactv cTtoMatonorum Komnauus Light Force
Orthodontics (CLLIA) Ha ocHoBe o6nayHoi nporpammbl CAD
pa3paboTana NoHOCTbH NEPCOHANM3MPOBaHHbIE HaneYaTaH-
Hble Ha 3D-npuHTepe bpekeTbl.

Voodoo Manufacturing usrotonsiet B TeueHne 5 aHei
cTOMaTosoruyeckne anamHepbl ¢ nomoubio 3D-neyatw
LNS KOppeKkuuu nonoxeHus 3ybos. [pyrve opraHusauum
neyaTawT ux 3 Hep.

OcBamBaetca 3D-neyaTb HOBbIX JIEKApPCTBEHHbIX GOpM
B (hapMauuu. pynna yueHbIX U3 YHUBEPCUTETCKOrO Komnes-
*a JloHgoHa u apyrue ucnonb3oBanu SLA ana 3D-nevatu
MHOroC/oiHbIX (2 1 Bonee) nonutabnetok B dopme uM-
JMHAPA, KOMbLa M KOJlbLia C pacTBOPUMBIM HaMOJSIHUTESIEM,
XapaKTepu3yloLWMXcsl MHAMBUAYaNbHBIM NOAX0AOM W TOYHO-
CTbl0 4,03MPOBOK (Mdpi.com).

YueHble fokasanu LenecoobpasHocTb 3D-neyatu yMHbIX
TabneToK, NepefatoLLmxX AaHHble Ha CMapTGOH U BbINyCKat-
Wwmx neyebHble BellecTBa No KoMaHze. B akcnepumeHTe
YCTPOWCTBO CMOCOOHO HAaXOAMTLCA B MENYLKE B TeUEHWe
MecsLa.

BputaHckas koMnaHus FabRx paspabotana nepcoHanu-
3MpoBaHHble eBaTeslbHble TabneTkn Ans eTen ¢ pefKuMm
HapyleHneM obmeHa BellecTB — nenunHo3oM. OHu co-
LEepxaT aMMHOKUCTOTHbIE Jo6aBKY W3 U30MenLmMHa U Banu-
Ha B COOTBETCTBMM C BO3PacTOM, BECOM U KOHLIEHTpaLMen
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usonenumHa B Kposu. Kypc Ha mecsy (28 «npuHTNETOB»)
neyaratT 8 MuH.

HaneuataHHble Ha 3D-npuHTepe TabneTku OT anunencum
Spritam (Aprecia Pharmaceuticals) ogo6pensbl FDA. KonTpo-
NMpys MEepCoHanM3upoBaHHOEe BbLICBODOOXAEHME NEeKapCTB
3 CMECM aKTUBHBIX KOMMOHEHTOB UMW MHOTOCOMHBIX Tabne-
TOK, MOXHO YNyyLUmMTb UX 6e30macHoCTb U 3hHEKTUBHOCTD.

OcBamBaeTcsa neyaTb HOBbIMW MaTepuanamu. Shapeways
npeanaraet buopasnaraemblii Matepuan PA11 Ha ocHoBe
HeMsI0Ha M KacTOPOBOro Macna A CO3AaHuUsA LUKH, OpTe30B
1 NpoTe30B MeToAoM SLS Ha obopynosanum EOS.

BbinonHeHa neyatatb KOCTHBIX MOPUCTBIX MMMNAHTAaTOB
n3 nonmadupacdupretoHa (M3I3K) no Metomy npomssofn-
cTBa cnocobom Hamnasnenus Huteii (FFF) (FDM). MokasaHo,
yTo SLS MeHee 3KoHOMMYHO, YeM FFF (FossiLabs).

Evonik npencraeuna Hosblii Matepuan VESTAKEEP 3DF
Ha ocHoBe [133K 90 i4G pna 3D-neyat UMNIAHTATOB MO TEX-
Honorum FFF. [laHHbIn MaTepuan xapakTtepusyetcst buocos-
MECTUMOCTbH), 6MOCTabUNBHOCTBI0 U PEHTTEHONPO3PaYHOCTLH.

BellaSeno u Evonik npeanaraloT HamneyaTaHHble
Ha 3D-npuHTepe MMNAaHTaThl FPyAM U3 paccacbiBaloLLero-
cs nonvMepa RESOMER. Tak, HanpuMep, uMnnauTar Senella
MOCTEMEHHO paccachiBaeTcs B OpraHM3Me U 3aMeLLaeTcs
COBCTBEHHBIMM TKAHAMM, @ UMMNAHTaTbl U3 CUIMKOHA 3aMe-
HATCA Kaxable 10-15 ner.

Co3paaHbl HoBble BUALI bBrocoBMecTMMOli cMonbl Raydent
Surgical Guide Resin u Raydent Crown&Bridge Resin
ansa 3D-neyatn XMpypruveckux Moaenen, KOpoHoK U MOCTOB.
CepTuduKat paspeLuaeT ux MPUMeHeHWe B OpraH13me Yeo-
BeKa B TeueHue 30 gHen (Zortrax).

YyeHble 13 MenbbypHCKOro TEXHOIOMMYECKOro YHUBEP-
CUTETa YCUIMAW BbICOKOYACTOTHBIMW 3BYKOBBbIMW BOJIHA-
MU Ha 12 % BHYTPEHHIOW MUKPOCTPYKTYPY HaneyaTaHHbIX
Ha 3D-npuHTepe cnnaso. Ti-6Al-4V, cnonb3yeMblx Ans ne-
4aTh UMNAHTaTOB.

MosBuUAMCH HOBbIE NPOrpaMMbl 1 0BHOBNIEHNS CYLLLECTBY-
towmx. becnnatHas nporpamma Horos 4518 NpocMoTpa peHT-
TEHOBCKMX CHUMKOB, @ TaKXKe M300paKeHui, NosyyeHHbIX
B pe3synbtate MPT u KT, uMeeT OTKpbITbI UCXOLHBIN KOA,.
OyHKuMOHMpYeT B yacTn 3D-peHepuHra, UMeeT MHCTPYMEHT
BM3yann3aummn noeepxHocTeit. Qaiinbl 3KcnopTMpytoT B hop-
Mat STL pgnga BbiBoga Ha 3D-neuatb. HepoctaTok maHHOro
M0 — oTCyTCTBME BO3MOXHOCTH CErMEHTALIMN N300PAKEHNS.

MocTosHHO 06HOBAAETCA UMElOLLLEe OTKPbITbIA MCXOAHBIN
kop, M0 Blender.

M0 SketchUp no3BonsieT MoaenmpoBarb pasfinyHble Tpex-
MepHble 00beKTbl M 0bnafaeT A0CTaTOYHO LUMPOKUMU BO3-
MOXHOCTAMU.

Aether BbinycTUn s MeLMUMHCKOW BU3yanu3auuu
Ha OCHOBe WCKycCTBeHHOro uHtennekta [10 Automatic
Segmentation and Reconstruction, ocywecTBnsiowee aBTo-
MaTU3UPOBaHHYI0 CErMeHTaLMIo.

Komnanus 3D Systems nonyumna gnsa M0 D2P (DICOM-
to-PRINT) gononnutensHoe paspelenve no dopme 510(k)
ot FDA nns ucnosib3oBaHus B KapaMOSIOrm, HepOXUpYprm,
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YesloCTHO-nMLeBo xupypriv (YJ1X), ractposHTeponorum,
YpOA0ruK, HeBpOIOTUM U TPABMATOSOTUN.

BputaHckas komnanus Axial3D cosgaet nnatdopmy
Axial3D Assure, KoTopas no3BosisieT ynpaBisATb nabopato-
puaMK MeaunumHCKon 3D-nevatn.

FDA (CLLA) ytBepamna pexkomeHpauum ana 3D-nevatw
B MeauumMHe. B pykoBoncTBe, u3naHHoM 4 pekabpsa 2017 r.,
PacCMOTPEHbI acneKTbl NMPOEKTUPOBAHMS W UCMbITaHNUA Mo-
Jeneid, a TaKKe TpeboBaHMA K ux KavecTBy. OHO COpepUT
pa3gfenbl no Au3aliHy 1 NpoLeccy NPoM3BOACTBA, UCMLITAHUI
MOZEeNeN U COCTAaBNEHMIO UHCTPYKLWA.

Mpu co3paHun Mofenen Ha OCHOBe M300paXKeHwid, Ha-
npumep, nonyyeHHbIx Npu KT-cKaHMpoBaHWM, LOMKHbI Y4K-
ThbIBaTbCA MMHUMAaIbHOE KauecTBO M300paXeHus u ero pas-
peLLeHne, anroput™Mbl 06paboTkKu M30BpaKeHWi, KoTopble
MOryT U3MEHSATb pa3Mepbl MOAENM MO CPABHEHUH C peab-
HbIMM OpraHamu, a TaKXe COXPaHHOCTb W OMpeLeiuMoCTb
aHaTOMUYECKWUX OPUEHTUPOB, UCTONb3YEMBIX A aAanTaLmm
MOJEe/M.

B pasnene no ucnbitaHuio Mogenen npuoasTcsa Tpebo-
BaHWA K UX OMUCaHMIO, pe3yNibTaTaM MeXaHUYeCcKUX UcnbiTa-
HWI, U3MEPEHMI0 Pa3MepoB, XapaKTepUCTUKaM MaTepuana,
CTEPUNN3aLIMM M BUOCOBMECTUMOCTH.

CornacHo TpeTbeMy pasfeny, KaXaoe YCTPOCTBO AOMK-
HO UMETb MHCTPYKLMIO, B KOTOPOiA YKa3aHbl [aHHble nauu-
€HTa, HasHaueHne MOJENM W ero OKOHYaTesbHbIA [AMU3altH,
a TakXke npepynpexgeHue o HeobxopumocTw npensapu-
TeNbHOro 06cnefoBaHNUA NauMeHTa ANs UCKIKOYEHNS JH0BbIX
M3MEHEHWIA, MOTYLLMX 0T/IMYaTh MOLeNb OT peasibHO aHaTo-
MWUYECKOI CTPYKTYpbI.

OueHeHa 3KOHOMWYecKas LenecoobpasHocTb comep-
XaHusa MeauMUMHCKo nabopatopumn 3D-neyatv B 6onbHULE
B MaHuecTepe npu 3aTpaTax Ha nporpamMMHoe obecreyeHme
u 3D-npunTep PolyJet. B wrate nabopatopum 3 cneumanucta,
KoTopble pabotaiot ¢ 9 KoHcynbTaHTammu no YJIX npu neve-
HWM 1 peabunuTaummu NauMeHToB NOC/e paKa rofoBbl U Lew,
NMLIEBOI TPaBMbI UM BPOXEHHbIX aHoManuii. B cpenHem
bonbHMua cTankmeaetcsa ¢ 20 cnyyasmu paka u 8-10 Tpas-
MaMU eXErofHo.

lMepcnektvBbl pa3sutus 3D-neuatu B nabopatopusx
BUT «3PA» n BMegA cBsizaHbl C niaHUPYeMbIMU NeYyaTbio
MMMNAHTATOB U3 MOPOLLKA TUTaHa M ero CnaaBoB U BrUocos-
mectumoro 33K, co3naHneM npeaonepaunoHHbIX Mosenei
C MOMOLLbI0 MHOTOLBETHOM NeyaTh, 0CBOEHNEM CKaHWpOBa-
HWS U MOZLENMPOBaHUSA B CTOMATOMNOMMM, SKCNEPUMEHTASTbHON
3D-buoneyatbto.
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3AKJIOYEHUE

C yyactnem BMegpA n BUT «3PA» npoBefeHbl anpoba-
UMS 1 BHEAPEHWE B LieHTPasbHble BOEHHO-MeAULMHCKUE
opraHusaumm MO PO nepcoHanu3npoBaHHbIX MeAULIMHCKUX
W3[EeNWIA, U3roTOBNEHHBIX C MoMoLubio 3D-nevyatn (MakeTsl
npeLonepaLmoHHbIX (MaToNOrMYeCKUX) OpraHoB, LWKH U NaH-
reT, aHaTOMUYECKMX MOLLESIEN CIOXKHBIX KOCTEN U 3IEMEHTOB
CKenleTa YesloBeKa), A1 UCNOJIb30BaHUA B NpeAonepaLmoH-
HOM NNaHMpoBaHWK, 06y4eHU, NMOBbILLEHUN KBaNMUKALIMK
Bpayei, peabunutaumm, YTo B KOHEYHOM MTOTe [AO0MKHO
YNYYLIMTb KQ4ecTBO MU3HW 60NbHbIX NOCNe TPaBM W Apyrux
NaTonoruieckux COCTOSHUIA.

MpuMeHeHne 3D-neyat B MeULIMHE CTPEMUTENBHO pac-
LUMPSETCS, YTO MOXOXE Ha PeBOSIIOLMIO B 3[}paBOOXPaHEHMM,
W B YaCTHOCTH:

* MOBbILIAET KayecTBO 06pa3oBaHMA U NOCTAUMNIOMHOI

MOArOTOBKM Bpaels;

* yNyylwaeT BM3yanu3auMio C MOMOLLbI0 (U3NYeCKUX
MOoZenen 0praHoB, MOArOTOBKY, NaHUPOBaHWE U KIn-
HWUYECKUIA UCXOA CIOXHBIX OMepaumii;

* [1aeT BO3MOXHOCTb NEePCOHAN3MPOBaHHOM0 CO3aHus
MMMNaHTaToB;

* VHAMBMAYaNU3MpyeT NeKapcTBa M MeAULMHCKUE U3-
Lenus;

* noBbllWaeT 3hHEKTUBHOCTb M NPOU3BOAUTENBHOCTb
TpyLa MeMLMHCKIUX PaboTHUKOB;

* [leNaeT BbICOKOTEXHONIOMMYECKY0 MeLULMHCKYH Mo-
MolLLb bonee [OCTYMHOM.

MeaumumHa CTaHOBMTCS OJHOW W3 OTpacnie, B KOTOpPOM

npuMeHeHne TexHonormin 3D-neyatn noay4yaet Haubonbluee
pacnpocTpaHeHue.

AOMOTHUTENIbHAA UHOOPMALUA

UcTounmnk duHaHcupoBaHus. OuHaHcMpoBaHWe AaHHOM pabo-
Tbl He MPOBOLAMNOCH.

KoHdnuKT unHTepecoB. ABTOpbI [EKNapUpyIOT OTCYTCTBUE SB-
HbIX W MOTEHLMaNbHbIX KOH(JIMKTOB MHTEPECOB, CBA3AHHbIX C Ny6-
JIMKaLIMEN HacToSALLeN CTaTbi.

JITnyecKasa akcnepTu3a. HactosLwwan cTaTbs He COLEPKUT Ka-
Kux-nnbo uccnefoBaHuiA C yqacTueM Jtofel U KUBOTHBIX B Kaue-
CTBE 0OBEKTOB U3yyeHus.

Bknap aBTopoB. Bce aBTOpbI BHECNM CYLLECTBEHHbIA BKIaf,
B MpOBeLEHWe WCCNef0BaHWUS M MOATOTOBKY CTaTbW, MPOYM
1 0800punn GuHanbHYK BepCUio Nepen nybnuKauuen.

3. Kywwnapes C.B., WwupwuH AB. CosgaHune TpexmepHbiX
GU3NYECKMX MOLeNeil Ha OCHOBE W30BPaeHUn KOMMblo-
TepHoi ToMorpadum (nepsbiii onbiT) // W3Bectma Poccwmii-
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llepcnekTMBbLI NPUMEHEHUS KNIETOYHOW Tepanuu
ANSA NeYeHUs KOCTHOMO3roBou (popMbl 0CTPOM
ny4yeBoi 6one3Hu

B.W. Jlere3a, H.B. AkceHoBa, E.B. Myp3uHa, H.B. lNak, 0.M. Becenosa

BoeHHo-MeauumHcKas akanemus, Cankt-lletepbypr, Poccus

Tepanus KOCTHOMO3roBo¥i hopMbl OCTPOA Ny4eBOii 60NIE3HM HA OCHOBE CTBOJIOBBIX KIIETOK B HACTOSLLEE BPEMS HaXoAuTCS
Ha OCTpME Hay4yHOro MHTEpeca W 0XMAAEMbIX NEPCrEKTUB B CBA3M C UX BbICOKUM PEreHepaTUBHLIM MOTEHLMANOM, aHTUBOC-
nanuTenbHbIM W NPOTUBOPUBPOTUHECKUM AeicTBUMEM, CMOCOBHOCTBID CTUMYNMpOBaTh Nponmdepaumio U auddepeHUMpPOBKY
remMornoaTMyeckux KietoK. lokasaHo, yto nocne WHbY3WM nop, LENCTBUEM XeMOTaKCUYecKUX (hakTopOB CTBOSIOBbIE KIIETKM
MOryT MArPUPOBaTb B 04ary MOBPEXEHNS, COXPaHAS Mpu 3TOM cBoM hyHKUMK, rae cnocobHbl auddepeHUmMpoBaThCs B KITETKM
nopaKeHHbIX TKaHei 1 CnocobCcTBOBATb X BOCCTAHOBIEHMIO.

B pabote BbiNofHEH aHanM3 cOBPEMEHHbIX [aHHbIX 0 HOBbIX Pa3paboTKax M OMbiTe MPUMEHEHMS KNETOYHBIX NMPOAYKTOB
C NOTEHLMANOM penapaTUBHON pereHepaLyy, NoaYYEHHbIX U3 PasfiNiHbIX MCTOYHWKOB, 1A IEYEHUs OCTPOVA Jly4eBoil BonesHu.
Mpouecchl nponudepaumn 1 AuddepeHUMPOBKM KIETOK B CUCTEME KPOBU PErYNIMPYIOTCA MexaHW3MaMm 0b6paTHOM CBA3W B CO-
OTBETCTBMM C CUrHanamu, nocTynawoLmmm u3 bonee auddepeHUMpOBaHHBIX NYNOB, @ TaKKe CUrHanamu U3 Spyrux opraHoB
W TKaHem, NMPUXOLALLMX MO HEPBHBIM M IyMopanbHbIM NMyTAM. BaxkHylo ponb B 3TUX MmpoLieccax MrpaeT KpoBETBOPHOE MUKPO-
OKpYKeHue, co3faBaeMoe mbpobnactamu, Makpodaramm, 3HLOTENMOLMTAMU, TMMAOLMTaMK M [PYrUMU KNeTKaMu. BnusHue
3TOr0 MUKPOOKPYKEHWUS! MOXKET OCYLLIECTBAATLCA KaK MYTEM HEMOCPeACTBEHHbIX KOHTAKTOB MEXY KIIeTKaMK, TaK 1 Yepes Bbl-
paboTKy perynsTopoB — LMTOKMHOB.

[laHHble nUTepaTypbl NOKA3bIBaKOT, YTO B HACTOSLLEE BPEMS KIETOYHbIE TEXHONOTMM Hapsay C NPUMEHEHUEM LIMTOKMHOB
ABNSIOTCA OAHAM W3 Haubonee NepCNeKTMBHBIX HANPaBEHWI fIeYeHUs OCTPOI y4eBoi BonesHW. BaxHbIM NpenMyLLecTBOM
K/IETOYHOM Tepanim 0CTPOK Ny4eBoi 6onesHn SBNSETCA TO 06CTOATENBCTBO, YTO, B OT/INYME OT JIEYEHUS LIUTOKMHAMU U (aKTo-
paMu pocTa, oHa He TpebyeT Hanuuus onpefeneHHoro (6a3oBoro) ypoBHS CTBOMIOBLIX M MPOTEHUTOPHBIX KNETOK, ABNSIOLLMXCA
[NaBHON MULLIEHbIO 1A MPOSBNIEHNS 3P DEKTA LIMTOKMHOB.

MpencTaBneHHble fLaHHbIe CBUAETENLCTBYHOT 0 HECOMHEHHOM NEPCNEKTUBHOCTY KIETOYHOM Tepanuu ANS IEYeHWs Nopae-
HWI KOCTHOTO MO3ra, BbI3BaHHbIX BO3AEACTBMEM BbICOKMX A03 MOHWU3UPYIOLLMX U3NyYEHWIA.

KnioueBble cnoBa: reMonoaTUYecKuii CUHOPOM; KNIeTOYHada Tepanus; KOCTHbIiA MO3; MYJNIbTUMOTEHTHbIE Meé3eHXUMaJlbHble
CTBOJ10Bble KJIETKU; 0CTpaA ny4yeBas bonesHb; paonaunoHHbIE NOPaXeHUd; TpaHcnaHTaunAa.
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Prospects of cell therapy for hematopoietic
syndrome of acute radiation sickness

Vladimir |. Legeza, Natalia V. Aksenova, Elena V. Murzina, Natalya V. Pak, Olga M. Veselova

Military Medical Academy, Saint Petersburg, Russia

Cellular therapy of hematopoietic acute radiation syndrome is currently at the forefront of scientific interest due to the
high regenerative potential of stem cells, their anti-inflammatory and antifibrotic effects. Stem cells have a high ability to
stimulate the proliferation and differentiation of hematopoietic cells. It has been shown that after administration stem cells
are able to migrate to lesions under the influence of chemotactic factors. At the same time, they retain their functions and
can differentiate into cells of affected tissues and contribute to their recovery.

The article analyzes the current trends in the use of cellular products for the treatment of hematopoietic acute ra-
diation syndrome. The processes of cell proliferation and differentiation in the blood system are regulated by feedback
mechanisms. This occurs in accordance with signals coming from more differentiated pools, as well as signals from other
organs and tissues. They come along the nervous and humoral pathways. The hematopoietic microenvironment created
by fibroblasts, macrophages, endotheliocytes, lymphocytes and other cells is play an important role in these processes.
The influence of this microenvironment can be carried out both through direct contacts between cells and through the pro-
duction of regulators (cytokines).

At present cellular technologies are one of the most promising areas for the treatment of acute radiation syndrome
along with the use of cytokines. Cell therapy of hematopoietic acute radiation syndrome has advantages over the use of
cytokines and growth factors. It does not require a basic level of stem and progenitor cells, which are the main target for
the cytokine effect.

The presented data testify that cell therapy has been a promising approach in treatment of radiation injury of bone mar-
row caused by high doses of radiation exposure.

Keywords: acute radiation sickness; bone marrow; cell therapy; hematopoietic syndrome; multipotent mesenchymal stem cells;
radiation injury; transplantation.
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HAYYHBIE OB30PHI

AKTYAJIbHOCTb

Wctopus KneTouHol TepanuM pagvaLMOHHBIX MOPaXKeHNUN
HacuuTbiBaeT bonee 70 net [1]. Ewe B 50-x rT. npoLunioro Beka
B MHOIOYMCIIEHHBIX 3KCMEPUMEHTaIbHbIX UCCNeJOBaHMSX b0
MOKa3aHo, YTo, EC/I B OPraHM3M KWBOTHbIX, 0BNYYEHHbIX
B CMEpTEIbHbIX [03aX, BBECTU XM3HECTOCO6HbIE KOCTHOMO3TO-
Bble KINETKYW [LOHOPA, TPaHCMaHTaT NPUMKUBAETC — KOCTHBIN
MO3r 3aceNslT BBeAEHHbIE KPOBETBOPHbIE KITETKM, 3a CHET KO-
TOPbIX BOCCTAHAB/MBAETCA remMomno33 1 B paae CyJaeB yaaeT-
€A MPeLOTBPATUTL CMepTENbHbIN Ucxof, [2]. 06LLenpr3HaHHbIM
MEeTOJ,0M MPOTMBOPaAMALIMOHHOM KNETOYHOM Tepanuy SBnseT-
€S TPaHCMMaHTaumMs KocTHoro Mo3ra. OnucaHo 58 cnydaes ee
NPUMeHeHUs Npu ocTpoi NydeBoii boneskm (0J16), nonosuHa
M3 KOTOPbIX 3aKOHYWACh HEyLa4yHo — Y MaLMEHTOB pas-
BUIach 00/1E3Hb «TPAHCMMAHTaHT NPoOTMB Xo3siuHax» (PTIIX)
C nocnesyoLLen NoNMOpraHHoW HeA0CTaTOuHOCTBH, 3aKOH-
uMBLLElCS NeTanbHbIM McxofoM [3]. B HacToswee Bpems
MOKa3aHUs K annoTpaHCIaHTaLmMM KOCTHOMO3TOBbIX KNETOK
MpW JTy4eBbIX MOPAXKEHMSX CyLLLECTBEHHO OrPaHUYeHbI, YTO Mo-
Oy[aeT K MOMCKY HOBbIX 3(MEKTMBHBLIX M 6e30nacHbIX Ha-
MpaBfeHNA KIeTOYHOW Tepanuu 3Toi martonioruu, Haubonee
MNepPCreKTUBHBIM U3 KOTOPbIX ABMAETCA UCMOMb30BaHMe reTe-
POSIOMYHbIX ME3EHXUMarbHbIX CTBONOBbIX KNeToK (MCK) [4—6].

Tepanusa Ha ocHoBe MCK Ha cerofHsLIHMA AeHb Haxo-
[JMTCS Ha OCTpUE HaY4YHOr0 MHTEPECa M 0XKMAAEMbIX NepCreK-
1B [7] B CBSAI3M C UX BbICOKMM pereHepaTMBHbIM NOTEHLMANOM,
aHTUBOCTANIUTENbHBIM M NPOTUBOPUOPOTUYECKUM AENCTBUEM,
CMocobHOCTLIO CTUMYNIMPOBATL NponudepaLmio n audpdepeH-
LIMPOBKY reMonoaTuyeckux Kietok [8]. MokasaHo, yuto nocne
UHPY3uUM nop, AeicTBUEM xeMoTakcuyeckux daktopos MCK
CnocobHbl MUrpUpoBaTb B 0YarM MOBPEXAEHWA (cepaue,
HepBHas CUCTEMA, KOXKa, KOCTH, JKUP, XPSALLM, MbILLLbI U K1-
LLIEYHWK), CoxpaHsas npu aToM cBou dyHKkumm [9, 10], roe mMoryt
onbdepeHUMpoBaTLCA B KNETKU NOPaXKEHHbIX TKaHEeN U Cno-
cobcTBoBaTh MX BoccTaHoBneHuio [11, 12]. [laHHble nocnep-
HUX NeT cBupeTenbCTBYT 06 addekTuBHocTM MCK ans neve-
HUS MHODEKLMOHHBIX 3ab0N1EBaHNM, YTO MOXKET BbITb NOSIE3HO
LN CHUXKEHWS PUCKA PasBUTUA TSXKENbIX MHGEKLMOHHBIX
OC/IOKHEHWI, BbI3BaHHBIX Jy4eBbIM MOPAKEHWUEM XEeNnyao4-
HO-KWLLIEYHOr0 TPaKTa B CO4ETaHWUM C UMMyHocynpeccuent [13].

B HacTosiLee BpeMs e AMHCTBEHHLIM BUOMEAMULMHCKNM
K/eTOYHBbIM MPOAYKTOM, NPeAHa3HauYeHHbIM AN CHUXEHUS
TOKCMYeCcKUX 3MEKTOB pafMaLMOHHOTO MOpPaXKeHus, ABNS-
etcs npenapat PLX-R18, npeacTaBnsiowmi coboit nnaveH-
TapHble MCK. lNpenapart paspabotan B CLUA u nccnepyetcs
B ctatyce IND (Investigational New Drug — HoBoe nepcnek-
TUBHOE JIeKapcTBeHHOe cpefcTBo) PesiepanbHbIM areHTCTBOM
Mo HaZ30py 3a MULLEBLIMK NPOAYKTaMU U JIeKapCTBEHHBIMU
cpencTtBamm [14, 15].

Liene pabomsr — npoBecTM MH(OPMaLMOHHO-aHaNN-
TMYECKOe MCCNeA0BaHNE COBPEMEHHBIX AAHHbIX O HOBbIX
pa3paboTKax 1 OMnbiTe NMPUMEHEHUS KIETOYHbIX NPOAYKTOB
C NOTEHLMaNoM penapaTMBHOM pereHepaumu, noayyYeHHbIX
W3 Pa3/IMYHbIX UCTOYHUKOB, Ans neveHus 0J1b.
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PE3YJIbTATbI U UX OBCYXXAEHUE

OCHOBHOM CUCTEMOI KIETOYHOro 06HOBMEHWS CUCTEMBI
KpOBM y YENOBEKa U MUBOTHbIX SBMSAETCS KOCTHbIA MO3T.
B ero coctaBe moMuMo cobCTBEHHO KPOBETBOPHbIX KIIETOK
BbILENAOT CTPOMabHbIE 3/1EMEHThI, KOTOPble CO3[AT He-
06X0aMMOe MUKPOOKPYIKEHWE Ans X nponudepaumm, aud-
(epeHUMpoBKYM 1 co3peBaHus. CornacHo YHUTapHOM Mofienu,
KneTKamu, JalLLyMMW Ha4ano BCeM POCTKAaM KpOBETBOPEHMS,
ABNAKTCA NOSMMNOTEHTHbIE FEMONO3TUYECKUE (KPOBETBOPHbIE)
ctBonoBble Knetkn (TCK), KoTopble cNocofHbI K AeneHnto
HeorpaHuyeHHoe uucno pas. CnegyeT 0TMeTUTb, YTO K CTBO-
noBoMy nyny y YenoBeka oTHocutcsa nopsagka 0,3-0,7 %
KJETOK KOCTHOro Mo3ra, npu 3toM okono 90 % Haxopurcs
B CTafuu nokos KnetouHoro umkna (GO), uto co3paet no-
TEHUMan As BOCCTAHOB/EHMS MOPaXEHMIA KOCTHOrO Mo3ra
B pe3ynbTaTe BO3AENHCTBUA GaAKTOPOB pasfvyHOW NPUPOAHI,
B 4aCTHOCTM MOHM3MpYIOLLMX 13nyyeHun [16, 17].

Bo3zpencTere MOHM3MPYIOLLLET0 M3TyYeHNs 4,0303aBICUMO
BNMSIET Ha KPOBETBOPEHWE B KOCTHOM Mo3re. Cpasy nocne
06/1y4eHNs yacTb KNETOK CTBOJIOBOMO MyNia yTpaumBaeT npo-
N1depaTUBHYI0 aKTUBHOCTb, NPYU 3TOM MPOLOMKUTENBHOCTD
Bnoka MUTO30B B KIeTKax NponndepaTMBHO-CO3PEBAIOLLErD
nyna TeM JoJibLUe, YeM BhilLe A03a 065y4eHus. HacTb KneTok
nornbaet B MHTEpda3se, Apyras YacTb — Moc/e BOCCTAHOB-
NeHNs [eNieHns B 0OAHOM U3 bamkaiiwmx mMuto3os [18-20].
KneTku cospeatoLero nyna npu 06sydyeHUn NpaKTUYeCKM
MOJIHOCTbH0 COXPaHAKT KWU3HECMOoCcobHOCTb, Mpouecc ux
CO3peBaHUs M BbIXOfa B Mepudepuyeckyio KpoBb MPOAoS-
XaeTcs, Kak u 6e3 obnyyeHus. B pesynbrate B KOCTHOM
Mo3re DbICTPo yObIBAET YMCNO KNETOK, BHaYaNe HauMeHee
onbdepeHUmMpoBaHHbIX, a 3aTeM Bce bonee 3penblX, Tak
KaK ecTecTBEHHas WX ybblib He KOMMEHCUpYETCA NoCTyne-
HWEM HOBbIX KETOK W3 MCTOLLEHHbIX nynoB [21]. Hanbonee
PaAvoYyBCTBUTENBHBIMA SBASKOTCA CTBOJIOBbIE M KOMMUTU-
poBaHHble KieTkn — D, (cpeaHeneTanbHan KeTo4Has [03a,
npu KoTopo BbixuBatoT 37 % kneTok) coctaenset 1,5-1,9 p;
Donee ycToiumMBbl K AEWCTBMIO paguauuu Muenobnactbl
(D, = 3-3,5 Ip). loctaTouHO paaMope3nCTeHTHbIMU ABNAIOTCA
npoMuenounTsl 1 Muenountbl, Dy Ans KoTopeix cocTaBnset
8,51 10 ['p cooTBETCTBEHHO.

MpofoMKMTENBHOCTD JKM3HM 3penbiX KNeTOK (YHKLMO-
HasbHOr0 Myfa nocne paguaLvoHHOro BO3AeNCTBUS MeHseT-
€51 Mano, MoCKOJIbKY KIETOYHbIE 31eMEHTbI nepudepruyecKoil
KpoBW (NerKouuTbl, TPOMOOLUMTBI, 3PUTPOLMTLI) SBASKTCS
Hanbonee pagmnopesncTenTHbiMU: Dy coctasnisiet bonee 15 Ip.
Bcnencrue ecTecTBeHHOM YObIM LIMPKYIUPYOLLMX KIETOK
KpOBM NPy 3aBEPLUEHUM KNETOYHOIO LMKIa nocsie 06/1yyeHus
npomcxoauT BbICTPOe M3MEHEHWE KONMYECTBEHHOTO COCTa-
Ba KJIETOK KPOBW, BbIPAXKEHHOCTb KOTOPOro OMpeAensetcs
MPOLOMKUTENBHOCTBIO U3HW KIETOUHbIX 3/IEMEHTOB U OT-
CYTCTBMEM MOCTYMNieHUs B NepudepuyecKylo KpoBb HOBbIX
3penbix Knetok [21-23].

B pesynbrate npu 0bnyyeHun B fo3ax nopsagka 4-6 Ip
Pa3BMBAETCA arpaHyNoLmMTo3, Y1CI0 TPOMOOLIMTOB CHUXKAEeTCS
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[0 KPUTUYECKWX 3HaueHwii [24]. 3ToT nepuof ny4eBoro no-
PaXKeHWA ABNIAETCS Hanbosee TAXKENbIM U 4acTo GaTanbHbIM
ONs nauMeHTa 13-3a BbICOKOW BEPOSTHOCTU PasBUTUA MH-
(eKLMOHHBIX OCMOXHEHWUA U FeMOpParnyeckoro CUHAPOMa,
€CNIM He MPUHATb 3KCTPEHHbIX Mep Ans craceHus 6obHOro.
[lo nocnenHero BpeMeHW 3TU Mepbl CBOAMINCH K HasHaue-
HUIO aHTUOMOTMKOB, TpaHCdy3uii TPOMBOLMTOB, 3pUTPOLU-
TapHOW Macchl, NepenuBaHui0 NnasMbl W ApYrux CPeacTs
JETOKCUKALMK, T. e. CPeACTB NOALEPMKMUBAIOLLEN Tepanuu,
MO3BOMSKLLMX JOCTUYb 3Tana CMOHTaHHOrO BOCCTAHOBJIEHMS
KpoBeTBOpeHus. B To e BpeMs 04eBMAHO, YTO 3aMeCTUTb
BCE WM XOTS Obl DONBLUMHCTBO YHKLMIA MOrMBLLKMX reMono3-
TUYECKWX KIETOK C MOMOLLb0 MeMKaMeHTO3HbIX CPeACcTB
B TEYeHWe [O0CTaTOMHO AJMTENIBHOTO0 MNepuoja anniasuu
KOCTHOrO M03ra NpaKTU4eCKU HeBO3MOXHO. OfnH 13 nyTeil
peLleHns 3Toi NpobneMbl 3aKiYaeTcs B UCMOJb30BaHUM
TEXHOOIMA KNETOYHOW Tepanuu paguaLyoHHBIX NMOPAKEHMIA.

K HacTosLleMy BpeMeHM onucaHbl TPU OCHOBHBIX MeTo/a
KneTo4How Tepanuu OJ16 [24]:

« TpaHcnnanTauusa ICK koctHoro Mo3ra;

« TpaHcnnaHtauus CK nepudepnyeckon kposm (TCKIMK);

* TpaHCMIaHTaLms CTPOMasIbHbIX KNETOK (Me3eHXMMarlb-

HbIX, 3NUTENMANbHBIX U 4p.), MOAYYEHHbIX U3 pasnny-
HbIX TKaHeM.

ICK — 370 MynbTMNOTEHTHbIE CTBOMOBLIE KNETKM, 00-
najatowme cnocobHocTblo K anddepeHUMpoBKe U camo-
obHoBneHuo. Bonpoc o ToM, cMoxeT im uHy3sua [CK
nocne pagMauMoHHOro BO3AeWcTBMs cnocobcTBoBaTh BOC-
CTaHOBMEHMIO NyNa KNETOK nepudepuyeckoi KpoBu, LaBHO
DMCKYTUPYETCA B JIUTepaType U Cpeay KIMHUUMCTOB. Tepa-
NeBTUYECKUA MOTEHLMAN TPaHCMAaHTaLWUW KpOBETBOPHbIX
K/ETOK KOCTHOrO Mo3ra NoKasaH B uccnepoBaHusx E. Lorenz
u coasT., B 1951 r. ycTaHOBMBLUMX, YTO UHDY3US KIIETOK
KOCTHOTO MO03ra, Moy4YeHHbIX OT FOMOIOMUYHBIX UBOTHBIX,
uepe3 10-15 MuH nocne obsyyeHus B neTanbHbIX [03aX,
cnocobcTBOBana CHUMEHMIO NeTanbHOCTH Mblwweid Ha 30 %,
MOpCKUX cBUHOK — Ha 50 % [2]. lMpyn 3TOM MHDY3MS KeToK
KOCTHOr0 M03ra 0T FeTeposIor1YHbIX JKMBOTHbBIX XOTS U UMena
onpeesieHHbI TepaneBTUYeCKU 3QQEKT, HO He 3alumLLana
06nyyeHHbIX ocobeit oT rbenun. bonee BbicoKas CMepPTHOCTb
Mpu reTeposIorMyHoN TPAHCMIaHTaLMKU KOCTHOro Mo3ra bbina
obycnosneHa PTIX, onHako B To Bpems eLue He Bbiio yeT-
KOr0 MOHATUSA 0 AaHHOM OCTOXHeHWUM TpaHcnnaHTauum CK.

B nocnepytowme rofsl addEKTUBHOCTb TpaHCMIAHTaLMM
ICK HeopHOKpaTHO MofTBepXAanacb BO MHOMMX WUccieno-
BaHWAX Ha Pa3HbIX 3KCMEPUMEHTANbHBIX MOLENSX C OCTPbIM
PafMaLMOHHbIM CUHAPOMOM, OJHAKO HECMOTPS Ha MHOro-
obelLaolime pe3ynbTathl, MPU KIMHUYECKOM MPUMEHEHUH
addekTbl MHDY3uii [CK Bce eLwe cnopHsbl.

lMopobHas npouedypa MoxeT BbiTb MaKcMManbHo 3¢-
(heKTUBHOI B CNly4ae NpoBefeHMs TPaHCTNaHTaLMKU KOCTHOrO
MO3ra, NOoJTy4eHHOro oT OAHosMLeBoro bausHeua, umv cob-
CTBEHHOIO COXPaHMBLLIEN0 XM3HECMOCOBHOCTb KOCTHOrO MO3-
ra, B3ATOr0 M 3aKOHCEPBMPOBAHHOrO nepen 06nydYeHUeM.
EcTb naHHble 0 MONMOXMTENbHBIX pesynbTaTax nepecajku
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ayTONIOrMYHOr0 KOCTHOTO MO3ra, NpefBapuUTeNibHo 06nyyeH-
HOro C TepaneBTMYECKON Liefblo, B0MbHBIM NelKo30M, anna-
CTUYECKO aHeMUeN, a TaKKe MpU JIeYeHUM OCTIOXKHEHWI No-
cne nyyeBon 1 xuMuoTepanuu [21].

B KauectBe noTeHumanbHo 3hQEKTUBHOTO BapuaHTa
ayToTpaHCMaHTaLUMM KOCTHOTO Mo3ra Mpy KOCTHOMO3r0BOM
CMHIpOME paccMaTpuBanoch BBEEHWE KOCTHOMO MO3ra, B3si-
TOFO W3 3KPaHWMPOBAHHBLIX BO BPeMS 0DMy4eHUs Y4acTKOB,
4T0 MOrfo Bbl MPMBECTU K «PaCcCeNeHMo» FeMOMO3TUYECKUX
KINEeTOK-NpeALIeCTBEHHWUKOB U YBENMYEHWIO 00bEMa aKTUBHOM
reMonoaTU4ecKo TkaHu. Ho Ha npakTuke 3 deKTMBHOCTb 3T0-
ro crnocoba TpaHCMIaHTaLMM KOCTHOrO Mo3ra OKasanacb He-
3HaUUTENbHOM, TaK KaK CMOHTaHHas pereHepauys reMono3sa
B bonee 06/y4eHHbIX 30Hax Yalle BCEro MAET bbicTpee, YeMm
MPWXKMBIEHME W CO3PEBaHWE KIETOK-NpeALLEeCTBEHHUKOB ay-
TOTPaHCMIIaHTaTa, B3ATOr0 U3 Heoby4eHHOro yyacTka [25-27].

Hanbonee u3yyeHa BO3MOXHOCTb WCMO/b30BaHNA
npu OJIb nepecagku LOHOPCKOrO (annoreHHoro) KOCTHOro
Mo3sra. llpegnonaranocs, yto rnybokoe nojaBneHue Mexa-
HW3MOB MMMYHOJIOTMYECKON 3alUuThl Y PeLMmUeHTa [OMK-
HO CnocobcTBOBaTb MPUMMUBIEHUIO NMEPeCcaXeHHbIX KIIETOK
¥ NPUBOAMTL K CO3[,aHMI0 TaK Ha3blBaeMoW «pafyaLMOoHHOV
XUMEpbI», T. €. K CYLLECTBOBaHWK B OpraHU3Me peLunueH-
Ta KIETOK ABYX FEHOTUMOB, MPUYEM B KPOBETBOPHOM TKaHM
npeobnafatolMMM CTaHyT KNeTKW, NpoMCXoAslupe OT Ao-
Hopa. OAHaKo y3Ke nepBble KMHUYECKME UCMbITaHWSA TpaHC-
nnaHTauun ansoreHHoro KoctHoro mosra (TAKM) nokasanum
He TONbKO ero Hef,ocTaTouHyt 3hdeKTMBHOCTb KaK CpeaCcTBa
3aMeCTUTeNbHOW Tepanuu Ha nepuog, NoJHoW Myenofenpec-
CUM, HO U TO, YTO OH YaCTO CTAHOBMTCS UCTOYHUKOM TSXKETbIX,
HepeaKo (aTanbHbIX, 0CNOXKHEHUI [27].

OnHO M3 NepBbIX OMMUCAHHbLIX B IMTEPATYPE KIMHUYECKUX
ucnbitaHuit TAKM, nposegenHoe B UHctutyTe Kiopu (Mapuik,
OpaHuws) B 1958 r. Npu neveHn papnaLmMoHHOro nopaxe-
HWA Yy 4 MocTpafaBLUMX B aBapuu Ha 3KCMEPUMEHTaNIbHOM
snepHoM peakTtope (Bunua, H0rocnasus), okasanock Heyaad-
HbIM [28, 29]. Y noctpagaBwmx Habntoganca He TONbKO re-
MOMo3THYecKas, Ho 1 bonee Taxensie gopmbl OJ1B. Mpume-
HeHve TCK He npuBeno K 3HaUMMOMy BOCCTAHOBMEHMIO NyNa
KIETOK nepudepuyecKoit KpoBu, YTO, N0 MHEHWUIO aBTOPOB,
Bbino cBA3aHO C NO34HUMM CPOKAMU UX BBELEHUS.

Camyto bonbLLyto Ha CerofHALIHMA AeHb Fpynny NaLMeHTOB,
KoTopbIM bbina nposeseHa TAKM, coctaenstot 13 yenosex, 06-
NyYeHHbIX MpU TMKBUAALMK NOCNEACTBUIA aBapum Ha YepHo-
ObinbeKoit AJC. Y 11 GombHbIX OblM 0BHapyKeHbl AOKa3a-
TeNbCTBA MPUXMBEHUS TPaHCMAHTaTa, 0JHaKo Y 7 U3 HUX
pa3BUNach T. H. «BTOPUYHasA H0Ne3Hb» — UMMYHONOTMYECKas
PTMX, Tsokenble ocnoxHeHns npu HLA-HenoeHTUYHbIX TpaHC-
nnaHTauusx KocTHoro Mo3ra. M3 13 naumeHToB B UTOre BbIXM-
m aBoe (fo3bl 065yyeHus 5,8 u 9 Tp). Y oboux K 32—-35-M cyT
MPOM3OLLNIO OTTOPXKEHUE BPEMEHHO (YHKLUMOHUPYIOLLLEro
TPaHCN/aHTaTa B Havasie BOCCTaHOBMEHMS COBCTBEHHOrO re-
Mono33a [27]. Bo Bcex nepeumnciieHHbIX BhbiLLe Cydasx 0CHOB-
HbIMU NMPUYMHAMM NETANBHOMO UCX0AA ABUIMCH NOSMOPraHHas
He[L0CTaTOYHOCTb, acMeprunsies U BEHOOKKITO3VOHHas B0NesHb.
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Mo paHHbIM S. Asano (2012), TpaHCnNaHTaLMK annoreH-
Hbix [CK 6binv npoBegersbl okono 50 naumeHTam c 016 [30],
Mpu 3TOM MeJnaHa BbIKMBAEMOCTM 3TUX NaLMEHTOB He npe-
Bblwana 1 Mec, 4yTo 3acTaBnseT MccnefoBaTeNiel CTaBuTb
non, coMHeHue apdektueHocTb [CK npu octpom nyyeBoM
nopaeHuu.

MpUHMMas BO BHUMaHWe NONyYeHHble faHHble, Mexay-
HapofHas KOHbepeHUMs 3KCMEPTOB MO AOCTUKEHMIO KOH-
CeHCyca /18 OLIEHKM NOTeHUMaNnbHOro ucnonb3osanus TAKM
npu ocTpoM obnydeHun paspaboTana peKoMeHpauuu, cyTb
KOTOpbIX CBOAMTCA K cneaytowiemy [31-33]:

1) HLA-mpeHTUYHble TpaHCnnaHTaumMm (Mnm TpaHcnaH-
TaLMmM 0T NOJHOCTbH0 COBMECTUMBIX JOHOPOB-CUBCOB) € Hau-
MEHBLUMM PUCKOM MOTYT BbITb UCMOMb30BaHbI MPU OTHOCK-
TeNIbHO paBHOMEPHOM 06yyeHnn B AuanasoHe o3 10-15 Ip;
rannouaeHTUYHbIe TPAHCMIAHTaLMM AOMKHbI ObITb MOSHO-
CTbH UCKITIOYEHBI;

2) TAKM He pekomeHao0BaH npu 0by4eHuu B fo3ax Me-
Hee 10 p, npu HepaBHOMEPHOM raMMa-HeUTPOHHOM BO3/el-
CTBMM, COYETAHHOM UMW BHYTPEHHEM 06/TyueHuy;

3) ansa cHxenua pucka PTIX pekoMeHA0BaHbI pasnny-
Hble MOAX0AbI, BK/OYAKLLME: UMMYHOLENPECCUI PeLmni-
€HTa, NpeiBapuUTeNbHOE yaaneHue T-KIEeTOK U3 AOHOPCKOro
KOCTHOro M03ra, BBEJEHWUE PELMNUEHTY rPaHyN0LMTapHOro
WK TpaHynoumUTapHO-MaKpodaranbHoro CTUMYMPYHOLLMX
poctoBblx daktopoB (M-KC®, TM-KC®), couetaHHoe uc-
Mosib30BaHMe anforeHHbIX KNETOK KOCTHOro Mo3ra U CTBO-
NOBbIX KNeToK nepudepuyeckoir Kpou, TAKM, BssToro
0T [LOHOPa, NMPUMUPOBAHHOI0 FEMOMNO3TUYECKVMM POCTOBLIMY
(aKTopamu.

TpaHcnnanTaums CK uMeeT cepbesHble OrpaHUyeHus,
KoTopble Npex e Bcero 00ycnoBneHbl U3BECTHBIMU CIIOM-
HOCTAIMM C MOJyYEHWEM ayTONOMMYHBIX CTBOMOBBIX KJIETOK.
Mpu annorenHoi TICK y 79 % naumeHTOB AnarHocTupyet-
CA CMHAPOM «MPWXMBIIEHWUS», BO3HWKAIOWMA HE3aBUCUMO
ot PTINX 1 nposBAsioLLmiica IMXOpPaaKoW, CUHAPOMOM Kanui-
NSAPHOW YTEYKW B pe3ynibTaTe MOBPEKAEHUS MUKPOCOCYL0B
NErKWX, KOXHBIMU BbIChINAaHWUAMI W MOSIMOPTraHHON OUCPYHK-
umeit [34-35]. AnnorenHas TICK umeeT u gpyrue TpyaHo-
Pa3peLLMMbIE B HAcTOsILLEE BPEMS OrPaHNYEHMS, B YaCTHOCTH
cnoxHoctu ¢ nogbopoM HLA-coBMecCTUMbIX [LOHOPOB Kpo-
BETBOPHbIX KIIETOK, HE0BX0AMMOCTb NPEKOHAMULMOHMPOBAHMS
CK nepep TpaHcnnaHTaumei. NpumMeHeHne MMMyHocynpec-
COpoB C Lenblo npepotapallenus PTIX nocne annoreHHom
TICK TakKe MOXKeT CTaTb MPUYMHON PasBUTUA TAXENbIX
MHOEKLMOHHBIX OCNIOKHEHWUN U XWU3HEYrPOXKaLLMX COCTO-
AHuiA. Kpome Toro, coxpaHseTtca puck BosHukHoeeHus PTIIX,
UTO CYLLLECTBEHHO YCIOXHSET LOCTUMEHME BnaronpusTHoro
ucxopa. [laHHble hakTopbl B coYeTaHUM € HEBONbLUMM Kiu-
HWYECKMM 0MbITOM NeveHus naumeHTos ¢ 0J1b u oTcyTcTBMEM
K/IMHWYECKOTO OMbITa MPUBENM K OrPaHNYEHNI0 NPUMEHEHNS
TICK 1 HepLoCTaTOYHOM YCMELHOCTM Tepanuy KOCTHOMO3ro-
Boi opmbl OJ1B.

TeM He MeHee JaHHOe HampaBneHWe KIETOYHOW Tepanuu
MMEeT CBOM HECOMHEHHBIN MOTEHLMAN U, BOJHE BO3MOXHO,
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V13BecTua Poccuinckon
BoeHHo-MeauLIMHCKOM aKaaeminn

NPEeoLoNIEHNE UMEIOLLMXCS COXHOCTEN MOXKET 3HAUUTENbHO
NoBbICUTb 3G(EKTUBHOCTL KNETOYHOW Tepanum C UCMoSb30-
BaHueM 'CK 1 cnocobcTBOBaTh MOBLILLEHWIO BbIXUBAEMOCTH
M KayecTBa u3Hu naumentos ¢ 0J16 [36].

B nmocnegHue rofbl MHTEHCMBHO M3yyaloTcs W Apyrue
BO3MOXHOCTU MOBbILLEHNS 3 dEKTUBHOCTM U Be3onacHocTH
TAKM, B yacTHOCTM coueTaHMe NpoLeaypbl C BBEAEHUEM aH-
TMUepaMuaHbix aHTuten, MCK 1 sHaoTenManbHbIx KNeTok [4].
OnybnnKoBaHbl pe3ynbTaThl leeHns 32-1eTHero NauneHTa,
0bnydenHoro B go3se 14,5 Ip y-nyyamm ot $Co ucTounmKa
npu BHewTaTHoW cutyauum B Kutae B 2008 r. [37]. Beuay
3KCTPEHHOCTM CUTyaLuu, BbICTPOro pasBUTUS CUMMTOMOB
0J1b n otcytctBus [CK ot HLA-coBMeCTUMBIX LOHOPOB Obino
NPUHATO pewleHne 06 annoreHHoW TpaHcnnantaumm CK
B CoyeTaHun ¢ uHdy3nen MCK, KoTopble nMpoBoaMAnCh Ha-
UnHas ¢ 8-x cyT nocne Noay4yeHUs NaLMEHTOM CMEpPTESbHOV
[03bl UoHM3Mpytowero nsnydenns. MCK ot 10 goHopos no-
Cne KyNnbTMBMPOBaHUS BBOLMAM MALMEHTY BHYTPUKOCTHO
WM NOAKOXKHO B Kosndectse ot 1,1 go 11 x 107 knetok
(8 cpearem 5 x 107). Mocne nepsoit TpaHcnnaHTaummn MCK
0TMeyanocb BOCCTAHOBJIEHWE TEMOM033a, BbipaXatoLleecs
B CHUXEHUM TSXKECTM JIEMKO- M TPOMBOLIMTONEHNM, @ TaKKe
3aXMBMEHME NIYYEBbIX 0XOTOB KOXM. HecMoTpsa Ha To uTo
pas3BUBLUEECS TAXENIOE MOPaXKEHWe KULIEYHMKA NpUBENO
K pa3BuTMIO cencuca u rubenu naumeHTa, 6bI10 NoKasaHo,
uto npumeHenne MCK nossonuno npegotepatutb PTIIX.

TCKINK MoxeT bbITb NpoBefieHa B ABYX OCHOBHbIX Ba-
puaumax, UCTbITaHHbIX FaBHBIM 06pa3oM B OHKOreMaroso-
rmm, — nyTeM 06blYHOM TpaHcnnaHTauuu annoreHHbix CK
nnbo nyteM TpaHcnnaHTaumu CK, npuMMpoBaHHbIX reMo-
noatuyeckumu axktopammn pocta [26]. Cnepyet oTMETUTD,
YTo MOBWNM30BaHHbIE LIMTOKMHAMW KIETKU nepudepuye-
CKOW KpoBU NpMBOLAT K 6oniee HbICTPOMY BOCCTAHOBNEHUIO
YPOBHS rPaHyNIoLMTOB M TPOMOOLMTOB, YEM TPAHCM/IaHTaLMS
HaxXOASALMXCA B CTaAMM NOKOA KIETOK KocTHOro Mo3sra [17].
Wx npenMyLLecTBOM SiBNSETCA TO, 4T0 OHK Hapsgy ¢ CK, Biu-
flWMX Ha bonee nospHIOK hasy NPWKUBNEHUS TPaHCMIaH-
TaTa, cofepxar DoMblUOe KOMMYECTBO KOMMMTUPOBAHHbIX
MpeALLeCcTBEHHIUKOB, KOTOpbIE 00ECNEUMBAIOT PaHHIOK CTafuIo
MPWXMBNEHUS TPAHCMaHTaTa. 3HAUMTENBHO CHU3UTb PUCK OT-
TOPXKEHUst TpaHCNNaHTUpoBaHHbIX CK nepudepuyeckon kpo-
BW MO3BONSET NPUMEHEHNE MMMYHOCOPOMPYIOLLMX KOJIOHOK,
npu 3ToM 3ddeKT onpepenseTcs Kak oboralieHneM TpaHc-
nnaHTata CD34 KneTkamu, TaK M UCTOLLEHUEM Nyna T-KIEeToK.
Cuuraetcq, yto ans ycnewHoro nposefennsa TCKIK peunnu-
eHTy HeobxoauMo BBecTH 2-5 x 10° kneTok/kr [21].

OpHMM 13 nocnefcTBuiA 061yYeHUs B BbICOKUX 033X SIB-
NAETCS pasBUTUE MUKPO- M MaKpOaHTMOMaTUM B JKM3HEHHO
BaXKHbIX OpraHax, 0bycnaenuBatoLLee passutie ux audoys-
HoW aucdyHKLMM [38]. YcTaHOBNEHO, YTO HapyLLeHne QYHK-
LM U CTPYKTYpbI 3HAOTENManbHbIX Knetok (3K) cocyamctoii
CTEHKM, MHAYLUMPOBaHHOE 061yyeHneM, NPUBOANT K HEKpO3y
U TUNOKCMKM TKaHel. B yactHocTw, nyyeBoe noepexaeHune 3K
COCY[,0B KOCTHOTO MO3ra MOXET BbITb HACTONBKO TAXKENbIM,
yto TpaHcnnaHtMpoBaHHble [CK He cnocobHbl npuxmTbCA
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1 BOCCTaHOBUTL KPOBETBOPEHUE. MMetoLumecs AaHHble CBU-
JeTenbCTBYIOT, YT TpaHcnnaHTaums 3K cnocobersyeT pere-
HepaLwmn 0b5Ty4eHHbIX TKaHew, B T. 4. U KOCTHOro mo3sra [39].
Ypanocb fobutbcs TpaHchOpMaLmMM aMHUOTUYECKUX KNETOK
yenoBeKa B cocyauctble IK, KOTopble MOXHO BBOAUTb OHO-
BpeMeHHo unmn nocnefoatensHo ¢ FCK v kneTkamu-npes-
LUECTBEHHWUKAMW Yepe3 24 4 nocne pasnauMoHHOro BO3feN-
ctus [39].

Mexanun3ambl geiicteus 3K Ha noBpexxaeHHble 06nyyeHm-
€M TKaHu 10 KOHLa He u3yyeHbl. [peanonaraetcs, 4to TpaHc-
nnaHTupoBaHHble 3K cekpeTupyloT TKaHecneuuduueckue
aHrMOKPUHHbIE (haKTopbl pocTa, HeobXoauMble Ans NoAAep-
¥aHus roMeocTasa U HenocpeACcTBEHHOrO CTUMYNUPOBaHMS
pereHepaumm CK 1 KneToK-npeaLwecTBEHHUKOB, YTO CNOCo6-
CTBYET PEKOHCTPYKLMM COCYAMCTONM HULLIM KOCTHOTO MO3ra,
YCKOPEHUIO BOCCTaHOBNEHUA KpoBeTBOpeHus. K uucny aH-
TMOKPUHHBIX aKTOPOB, NPOAYLIMPYEMBIX CUHYCOMAANBHBIMA
3K KocTHoro Mo3ra, otHocaTcs Kit n Notch nuranabl, dakrop
pocTa 3HAOTENINA COCYL0B, @ TAKIKE LUMPOKUIA CMEKTP APYrUX
CTUMYNIMPYIOLLMX LIUTOKMHOB, KOTOPbIE KOOPAMHUPYIOT CaMo-
obHoBneHne n anddepeHumpory MCK [39]. [Lobaenenue
3TUX W [PYruX aHrMoreHHbIX (aKTopoB pocTa B KPOBOTOK
npu TpaHcnnaHTaumm K HeobxoauMo Ans NpeaoTBpaLLeHms
anonTo3a W UCTOLLEHMS CTBOJIOBOMO Myna.

B uenoM nonydyeHHble K HACTOALLEMY BPEMEHM AaHHbIE
CBULETENbCTBYHOT, YTO:

« TpaHcnnaHTaums u npuxkusnenve 3K B pasnuuHble
06/1y4eHHbIe OpraHbl, B T. Y. U KOCTHbIA MO3T, MHULK-
upyet 6onee BbICTPOE BOCCTAHOB/EHME NOBPEKAEHUIA
3a CYeT NpoLyKLMM OpraHocreLnpUYHbIX aHTMOKPUH-
HbIX QaKTOpOB poCTa;

+ Murpaumsa 3K B 0byyeHHble KPOBETBOPHbIE OpraHbl
cnocobCTBYeT PEKOHCTPYKLIMI NOBPEKAEHHOM0 MUKPO-
OKpYKeHusi, 0bneryas npuxmeneHune annoreHHbix [CK;

 npwxuenene 3K no3sonset chopMupoBaTb HOBbIE
KpOBEHOCHbIe cocyfpl, ynyywarowme TpoduKy nopa-
YEHHbIX paguaumeil TKaHeN.

0pHUM 13 Hauboree NEPCNEKTUBHBIX COBPEMEHHBIX METO-
[L0B KJIETOYHON NPOTUBOJYYEBOIA Tepanum ABNSETCS UCMOSb-
30BaHue MyfbtunoTeHTHbIX MCK (MMCK), yto obycrnoeneHo
WX BbICOKWUM pereHepaTopHbIM MOTEHLUMANoM, aHTUBOCNau-
TebHBIM U NPOTUBO(UOPOTUUECKUM [leCTBUEM, CMOCOBHO-
CTblO CTUMYNMPOBaTh Mpoiudepaunio U auddepeHLMpoBKY
remMonoaTUYeCKUX KIeToK [4].

Tepanus Ha ocHoBe MMCK MoxxeT okasaTbcs BecbMa 3¢-
(eKTUBHBIM NOAXOAOM, NONYYMBLUMM Ha3BaHWe «pereHepa-
TUBHas MeULIMHa», @ €e 0CHOBHAA Liefb — 3aCTaBUTb KIETKU
W TKaHW pereHepupoBaTb, 0OHOBMIATLCA W BOCCTAHABNMBATH
cBon dyHKumu. [locTuraeTcs 310 ycKopeHueM auddepen-
LMPOBKM KNETOK-NpeALLIecTBEHHUKOB UM akTusaumen CK,
Haxopaswwmxcs B geno [40].

CnocobHocTb K Murpauuu MCK nossonmna npepgno-
NOXMNTb, YTO TepaneBTUYecKui apdekt MMCK asnsertcs
pe3ynbTaToM MX BCTPauBaHUs B MOBPEX[EHHblE OpraHbi-
MULLEHU U JanbHeiilen nponndepaTMBHON aKTUBHOCTH,
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anddepeHUMaUmMy U BOCCTaHOBNEHUSA KNETOYHOW YMCIEH-
HoCcTU. B HacToslee BpeMs MHOrMe aBTOpbl MOALEPHKU-
BAlOT TEOPUI0 MApPaKpPUHHOIO AEWCTBUSA Me3EHXMManbHbIX
KNETOK U CYMTAOT ero OCHOBHbIM MeXaHU3MOoM, 0TBevalo-
MM 3a BocCTaHoBeHue Tkauu [40]. TMapakpuHHbIN 3¢-
dekt Tepanumu MCK in vivo 6bIn nokasaH B ciydasix mo-
BPEX/EHWA CepALa W NIErkuX B pesynbTaTe pafnaLoHHOro
Bo3aencTeua [41].

MMCK cunTaloTcs BaXHENLWMM 3NIEMEHTOM B pereHepa-
TMBHOM MeJMLUMHE 13-3a MOLLHOM CMOCOBHOCTU K CeKpeLum
LMTOKWHOB, UIMMYHHON PEryNALMM U MHOXKECTBEHHOW and-
(hepeHumpoBke [42]. KneTouHas Tepanus, CBA3aHHas ¢ Npu-
meHeHneM MCK, MoxeT noapasnenstbcs Ha 3 rpynnbi:

1) TpaHcnnaHTaumsa coMectHo ¢ ICK ans noanepxaHus
CUCTEMBI KPOBETBOPEHUS;

2) pereHepaums U BOCCTaHOB/IEHWUE Pa3NMYHBIX MOBPEK-
OEHHbIX TKaHel (KOCTHOW, 3NMTENManbHOM, CepeyHoi U Ap.);

3) nofaBneHne peakuMi, Bbi3bIBAKOLWMX OTTOPKEHUE
MepecaXeHHOro KOCTHOr0 MOo3ra, U APYruX ayTOMMMYHHbIX
MpoLLecCcoB.

NoHusupytolliee U3nyyeHue BbI3bIBAET anonTo3 KIETOK
KpOBETBOPHOI cucTeMbl, B T0 BpeMs Kak MCK octatotcs
YM3HECMOCOBHbIMM 1 CMOCOBHBI K Nponndepaumm n audde-
peHumpoBKe [43]. He ncknioyeHo, uto MMCK MoryT BhiSBNATL
nospexaenus [IHK v Brtouath cucteMy penapauuu, 0CHOB-
HbIM MEXaHW3MOM KOTOPOI SIBNAETCA 3KCMPECCUS BbICOKUX
ypoBHeit DDR 6enkos (ONA Damage Response), B 4acTHOCTH
LIMTOKVHOB, CHUXAKLLMX IKcnpeccuio benka p53 B 0bnyyeH-
HbIX KJIETKax, 4To NPWUBOAMT K MOJAB/IEHUIO anonTo3a 1 no-
3sonisieT MMCK BbixkuTb [44, 45].

Bce bonble uccnepoBaTenen MNpUMEHAKT Tepanuio
MMCK npu pafmaumMoHHbIX MOPaXKEHMAX, YTO CBSA3aHO
€0 CMOCcOHHOCTLH LIMTOKUHOB M POCTOBbIX (haKTOPOB aKTUBM-
poBatb U nputaruatb MMCK B ouar nopaxeHus (3To sBne-
HWe OMMCLIBAETCA Kak TpodmyecKoe peictame) [43].

Ananusupys 3Haummyro ponb MCK ans cucteMsbl Kpose-
TBOPEHMS, MOXKHO Npeanonoxutb, yto MCK npu coBMecTHOM
BeefieHun ¢ [CK [OMmKHBI NONOXMTENBHO MOBNMATL Ha UX
CNoCcOOHOCTb MPUWKMBNEHUA. TaKWe 3KCMepUMEHTasbHbIE
paboTbl yxe npoBefeHbl U onybanKoBaHbl [46, 47], a TakKe
HaLLNW CBOE NOATBEPXKAEHWNE B PAAE KIIMHUYECKUX UCCNeao-
BaHun [48, 49].

3AKJIYEHUE

MpencraBneHHble [aHHbIE MOKa3blBaKT, YTO B HACTOSA-
Llee BPEMS KJIETOYHbIE TEXHOMOTMM HapAZy C NPUMEHEHNEM
LMTOKMHOB, SIBMIAKOTCS OOHWUM M3 Haubonee nepcreKTuB-
HbIX HanpaBneHWA NeYeHWUs PafMaLMOHHBIX NOPAXKEHUN.
BaxHbIM npenmyLLecTBOM KieTouHon Tepanuu 0J16 sBnseTcs
T0 06CTOATENBCTBO, YTO, B OT/IMYME OT JIeYeHUs LIMTOKMHaMK
1 baKkTOpamu pocTa, 0Ha He TpebyeT Hanuus onpeseneHHo-
ro (ba3oBoro) ypoBHSi CTBOJIOBLIX M MPOrEHUTOPHBIX KIETOK,
SBNSIOLLMXCA [NIABHOW MULLEHB) NS NPOSIBNEHWS NPOTUBO-
nyyeBoro 3 eKTa LIMTOKMHOB.
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lpuBeAeHHbIE BbILE [aHHbIE CBUAETENLCTBYHIT, YTO MC-
nonb30BaHue noaunoTeHTHIX MCK aBnsetcs ogHUM U3 Hau-
bonee NepcneKTMBHBIX METOL0B KIIETOYHOW Tepanim yyeBbiX
nopakeHun. [oMUMO BbICOKOW MPOTUBONYYEBOM AKTUBHO-
ctv MCK obnapalot psfoM Lpyrux BaHbIX MPeuMyLLecTB
no cpaBHeHuio ¢ TAKM.

Cyas no [aHHbIM IUTepaTypbl, BECbMa MepPCMeKTUBHBIM
ON1S UCMOMb30BaHNUA MPU JTYYeBbIX MOPAKEHUAX METOAOM
KNETOYHON TEXHONOrMM SIBNSIETCA TPaHCMNaHTauus CTBO-
nosblx 3K, KoTopble npu BBELEHWM B KOCTHbIA MO3T pe-
KOHCTPYMPYIOT MUKPOOKPY)KEHME FeMOMO3TUYECKON TKaHM,
cnocobcTByOT GOPMMPOBAHWI0 HOBBIX KPOBEHOCHBIX COCY-
[0B, NpefoTBpaLLaloLLMX pa3BuTUe paSMaLMOHHO-UHLYLM-
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COVID-19 u aHTMMMKpOO6HaA Tepanus
A.A. 3aiues’ 2, A.M. Maxapesuy®

! TnaBHbIit BOBHHBIM KIMHWYECKMIA rocnTanb UMeHu akafiemuka H.H. Bypaenko, Mocksa, Poceus;
2 MOCKOBCKWIA rOCYapCTBEHHbIN YHUBEPCUTET MULLEBLIX NPOU3BOACTB, Mocksa, Poccus;
3 301 BOEHHBIN KIMHUYECKMIA rociuTanb, XabaposeK, Poccus

AxmyaneHocms. OgHa 13 npobneM BefieHUst H0MIbHBIX C HOBOM KOPOHABMPYCHOM MH(DEKLMEN — HepaLuoHabHoe Mpu-
MeHeHWe aHTUOMOTMKOB. AHTUDaKTepHanbHble NpenapaTkl He aKTUBHbI B OTHOLLIEHUM BUPYCHOM MHeKLmK, BKoyas COVID-19.
K coxanenuio, B peanbHON KIIMHUYECKOW NPaKTUKE COXPaHSETCS KpaliHe BbICOKMUI YPOBEHb NMPUMEHEHWs aHTUOMOTMKOB, [0-
cturatowwmii 70-80 %. HeobocHoBaHHas aHTMbaKTepuanbHas Tepanus NPUBOAUT K PAAY HEXeNaTeSbHbIX SBMEHUIA, KOTOpble
MOrYT 3HAUMTENIBHO YXYALUMTbL COCTOSIHME MaLMeHTa, a MOpoM U NPUBECTU K JKM3HEYrPOXKaloLMM MOCNeAcTBUAM. B faHHOM
KOHTeKCTe Haubosee BaxkeH BOMpPoc (GOPMyMPOBKW AMarHo3a. B yactHocTH, ynoMuHaHWe TepMMHA «MHEBMOHMS» B Cryyae
COVID-19 HeuenecoobpasHo HM C Hay4HOM, HU TeM boJiee C KIMHWYECKOW TOYKM 3peHus. Hanbonee npaBunbHbIM byaeT Ha-
3BaTb 3TOT NPOLECC «BUPYCHOE MUK BUPYC-acCOLMUPOBAHHOE MOPAXKeHUe NIerknx». 310 TepMUH NO3BOJIUT PaccTaBUTb NPUOPHU-
TeTbl B BblIOOpe TaKTUKM BefieHUs bonbHoro. To ecTb BUPYCHOE nopaxeHue (He NHeBMoHUA!) CNOABUIHET NPaKTUYECKOro Bpaya
K aHanm3y cuTyaumm, TpebytoLLen HasHaueHWs MPU HaZMYMK NOKa3aHUN NPOTMBOBOCNANMUTENBHON (MOHOKIOHANBHbIE aHTUTENa,
FMIOKOKOPTUKOCTEPOMADI) M @HTUKOAryNAHTHOW TepanuK, U NO3BOMUT U36eXKaTb HEHYXKHOMO B NOAABNAIOLLEM YUCE CUTYaLMiIA
Ha3HayeHUs aHTUMMKPOBHBIX NpenapaTos.

Llenne — cdopMynmpoBaTh KpUTepUM Ha3HaueHUs aHTMDaKTepuanbHoOW Tepanum y naumeHToB ¢ COVID-19.

Mamepuanel u Memodel. B ocHoBe UccnenoBaHua — 0030p M aHanu3 uTepaTypsl, Kacatowweiica COVID-19, dpopmynmpo-
BaHuWe BbIBOJOB U PEKOMEHAALMIA.

Pe3ynemamel. B peanbHoi 0Te4YeCTBEHHO NPaKTUKe COXPaHSETCS KpalHE BbICOKUIA YPOBEHb MPUMEHEHUS aHTUBMOTUKOB,
pocturatowmii 70-80 %.

3axsoyerue. HasHayveHne aHTMbaKTepuanbHoi Tepanuu y naumentoB ¢ COVID-19 onpaBmaHo TONIbKO NpU Hanuumm ybe-
DMTENbHbIX NPU3HAKOB baKTepuanbHoW MHGEKLMM — MOSBEHWe THOMHOM MOKPOTHI, MOBLILIEHNE MPOKAIbLUMTOHNHA KPOBM
bonee 0,25-0,5 Hr/mMn v ypoBHA NelikoumToB KpoBu 6onee 10 ThiC/MKN C NOBLILLEHWEM KONMYECTBA NaNoYKOALEPHbIX HEHTPO-
¢unos bonee 10 %.

KnioueBble cnoBa: aHTMbaKTepnanbHasa Tepanus; BUpycHoe nopaxenue nerkux; COVID-19; Kputepun HasHaveHWs aHTK-
B1oTnKoB; npokanbumToHuH; SARS-CoV-2; hopMynmpoBKa anarHosa.
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COVID-19 and antimicrobial therapy
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BACKGROUND: One of the problems with managing patients with a new coronavirus infection is the irrational use of
antibiotics. Antibacterial drugs are not active against viral infection, including COVID-19. Unfortunately, in actual clinical
practice, the level of antibiotic use remains extremely high, reaching 70-80%. Unwanted antibacterial therapy leads to
a number of undesirable phenomena that can significantly worsen the patient’s condition, and sometimes lead to life-
threatening consequences. In this context, the most important question is the formulation of the diagnosis. In particular, the
reference to the term “pneumonia”, in the case of COVID-19, is neither scientifically or clinically feasible. The most correct
would be to call this process — viral or virus-associated lung damage. This term will allow you to set priorities in the choice
of tactics leading the patient. That is, viral lesion (not pneumonia!) will induce the practical doctor to analyze the situation
requiring prescription in the presence of indications of anti-inflammatory (monoclonal antibodies, glucocorticosteroids) and
anticoagulation therapy, and will avoid unnecessary in the overwhelming number of antimicrobial prescription situations.

AIM: Formulate criteria for prescribing antibacterial therapy in patients with COVID-19.

MATERIALS AND METHODS: The study is based on a review and analysis of the literature on new coronavirus infection,
drawing conclusions and recommendations.

RESULTS: In actual Russian practice, the level of use of antibiotics remains extremely high, reaching 70-80%.

CONCLUSION: The prescription of antibacterial therapy in patients with COVID-19 is justified only if there are convincing
signs of bacterial infection — the appearance of purulent sputum, increased procalcitonin of blood more than 0,25-0.5 ng/ml,
an increase in blood white count of more than 10 thousand/mcl with an increase in the number band neutrophils more
than 10%.

Keywords: antibiotic therapy; COVID-19; criteria for the prescription of antibiotics; diagnosis formulation; lung viral lesion;
procalcitonin; SARS-CoV-2.
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JVICKYCCAM

AKTYAJIbHOCTb

OpHoi M3 Hambonee aKTyanbHbIX NpobneM BeaeHus
bonbHbix ¢ COVID-19 sBnseTca OTCYTCTBME YETKOTO MOHM-
MaHus cyTv 3aboneBaHuUs NpaKTUYECKUMM BpadaMy, YETKUX
W MOHATHBIX aNropuTMoB GapMaKoTepanuu, YTo BeLeT K He-
paLMOHaNbHbIM PEXMMaM JIeYeHUS U HeMpaBUIbHOMY NpH-
MEHEHW0 aHTMBMOTUKOB [1-4].

B AaHHOM KoHTEKCTe Hanbonee BaeH Bonpoc GpopMynn-
POBKM AMarHo3a. B yacTHOCTH, ynoMUHaHMe TEpMUHA «MHEB-
MoHus» B cnydae COVID-19 HewenecoobpasHo HU C Hay4HO,
HW TeM boniee C KIIMHUYECKOM TOYKW 3peHuns [2-4]. Hanbo-
nee NpaBWNbHbIM OyAeT Ha3BaTb 3TOT MPOLECC «BUPYCHOE
WAW BUPYC-acCOLMMUPOBAHHOE MOpaXKeHUe Nerkux» [2-4].
3To TepMUH NO3BOAMT paccTaBUTb MpUOpUTETHI B Bbibope
TaKTUKU BefieHus 6onbHoro. To ecTb BUPYCHOE MopaXKeHue
(He MHeBMOHMA!) cnoABMrHET NPaKTUYECKOro Bpaya K aHa-
N3y cUTyauuu, TpebytoLLiein Ha3HauYeHUs NpY HalIMYKK NoKa-
3aHWI NPOTUBOBOCMANNUTENbHOW (MOHOKIMOHAMbHbIE aHTUTe-
na, TIIOKOKOPTUKOCTEPOMABI) M aHTUKOAryNSHTHOW Tepanuu,
1 NO3BONMT U3beXaTb HEHYXHOrO B MOJABNAKLLEM YUCHe
CUTYaLMI Ha3HaYeHMs aHTUMUKPODHbIX NpenapaToB [2-4].

NMPUMEP ®OPMYJIUPOBKU OUATHO3A

[narxos. OcHoBHoe 3aboneBanue: COVID-19 (noaTeep-
[LEHHbI), TsHKenoe TeyeHue. [IBycTopoHHee BUpYCHOe nopa-
wenue nerkux (KT-3, 60 %). U07.1.

OCnoHeHUs: OCTPbIA PeCnMpaToOpHbIA AUCTPECC-CUHA-
pOM, 0CTpas AblxaTesbHas HeJ0CTaTOuHOCTb.

Kak BuauM, B cnyyae NpaBUSIbHOM TPAKTOBKM KIMHUYE-
CKOM CUTyaLMM He 0CTaeTCA COMHEHWIN B HEHYXHOCTM B Mo-
paenstoweM uncne cnydaes COVID-19 HasHayeHus aHTu-
MWKPOBHbIX MpenapaTos.

OpHaKo [0 HacTosLLero BpeMeHU 3TO OCTaeTcs Kpae-
YrOfbHBIM  KaMHEM MPaKTUYecKoro 34paBo0XpaHeHus.
Mo paHHbIM psapa uccneposakui, bonee 90 % nauueHToB
¢ COVID-19 B HacTosliee BpeMs MOyYalOT aHTUOMOTUKM,
B TOM YnC/e KOMOUHMPOBaHHYI0 TePanuio U NapeHTepasibHbIe
npenapatbl B aMbynatopHbix ycnosusx [5-7]. Cnoxusluas
cuTyaums byaet cnocobcTBoBaTh 3HAUMTENBLHOMY POCTY aHTU-
MWKPOBHOW Pe3NUCTEHTHOCTM U UMETb cepbe3Hble Hebnaro-
npusTHble nocneacTeus B byanyuiem. HeobocHoBaHHas aHTH-
baKkTepuanbHas Tepanus NpUBOAWT K PAZY HeXenaTenbHbIX
SIBNEHMIA, KOTOPbIE MOTYT 3HAYUTENbHO YXYALLMTb COCTOSHUE
naumMeHTa, a Nopoi WU NPUBECTU K XM3HEYrpoXaloLLMM no-
CNeSCTBUAM.

MeauumMHCKMMN  NpodeccoHanbHbIMKU - OpraHu3aums-
My [8] HeoAHOKpaTHO YNOMMHANOCh, YTO aHTUbaKTepUanbHble
npenapaTbl He aKTVBHbI B OTHOLUEHUM BUPYCHOW MHbEKLMM,
Bruitodas COVID-19. MopaeHnue nerkux npu COVID-19 MoxeT
BbITb CBA3AHO C MMMYHHBIMW MeXaHW3MaMu — CUHPOMOM
aKTUBaLWMM MaKpo(aroB ¢ pa3BUTMEM «LIMTOKMHOBOIO LUTOP-
Ma», Ha KOTOpbIA aHTMbaKTepuanbHble Npenapatbl He OKa-
3blBalOT BO3AelcTBMSA. [MoBbIlLeHNe ypoBHA C-peaKTMBHOrO
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benka u psaga apyrux nabopaTtopHbIX MapKepoB Bocnane-
Hua y nauventos ¢ COVID-19 B nopaenstowem uncne cny-
yaeB 00YCNOBMIEHO PasBUTUEM «TUMNEPUMMYHHOrO OTBETa»
1 He MOXET paccMaTpuBaTbCA Kak MpU3HaK bakTepuanbHoro
OCJIOXKHEHWSA W, COOTBETCTBEHHO, KaK MOBOJ, NS Ha3HAYEeHUS
aHTUbaKTepuanbHon Tepanun. EAMHCTBEHHbIM nabopatop-
HbIM MapKepoM, no3eonslmM auddepeHumpoBaTh bakTe-
pUanbHbIM U UMMYHHBIN NpoLecckl Yy nauuenTta ¢ COVID-19,
AB/SIETCS YpoBeHb NpoKanbuutoHuHa (MKT) B kposw.

Crout 3aMeTuThb, YTO ONpefeneHre BrioMapKepoB Bocna-
NeHus ABNSIETCS BECbMa NEPCMEKTUBHBIM HanpaBfieHueM, no-
3BONSAIOLLMM MPOBOAUTL AuddepeHLManbHy AUarHoCTUKY,
oLeHVBaTb 3QhEKTMBHOCTb Tepanum 1 Aaxe OnpeaensTb on-
TUMarbHYH NPOJOMKUTENIBHOCTb Ha3HAYeHUs aHTUOMOTUKOB
npu 6akTepuanbHbix Hdekumax [9-10]. Tak, MKT npu kopo-
HaBUPYCHOW MH(DEKLMM C MOPaXKEHMEM PECMMPATOPHBIX OT-
[eNI0B NIErkuX, KaKk npaBuio, HaxoauTca B npeenax pede-
PEHCHBbIX 3Ha4eHun [11-13].

B uccneposanum G. Zhang ¢ coar. Bbicokui yposeHb KT
HapAZy € MOXW/bIM BO3PACcTOM, XPOHUYECKUMU COMYTCTBYHO-
WMy 3aboneBaHUsAMM U CONYTCTBYHOLLEN MHbEKUMel yBe-
NM4MBan pUCK HeBNAronpUATHBIX KIIMHUYECKUX UcxofoB. Mo-
BbileHue ypoBHs KT 6bino otMedeHo y 32,1 % naumeHTos,
NPV 3TOM KOHLLEHTPaLWMM B rPyNnax TAKENOoro U HETAXKENO0ro
Teyenus COVID-19 poctoBepHo pasnuyanuch. B rpynne na-
LMEHTOB C TsxKenbIM TedeHneM COVID-19 y 92,3 % naumeH-
T0B ypoBeHb KT coctasun > 1 Hr/mn. Mpu atom yposHm MKT
He Oblny NOBbILIEHbI Y 60NbLUMHCTBA NauymeHToB ¢ COVID-19,
YTO YKa3blBaeT Ha OTCYTCTBME HEOOXOAMMOCTM Ha3HaYeHUs
aHTMbKoTuKoB [14].

TakuM 06pasoM, MPUHLMNUANBHO BaXKHO MpW BeLEHUM
naumeHTa ¢ nopaxeHueM nerkux npu COVID-19 moHuTopm-
poBaTb KaKk ypoBeHb C-peaktuBHoro b6enka, TaK v KT [2-4].
Y HUX B 3TOW KJIMHMYECKOW CUTyaLmW pa3Hble TOYKU NpUso-
JKEHUs — B MepBOM Clyyae aHanu3 aKTUBHOCTW CUCTEMHO-
ro mpoLecca W peLleHre 0 NpPOTUBOBOCMANUTENIbHON Tepa-
nuu, Bo-BTopoM (MIKT) — AnarHoCTMKa BHYTPMOOSIBHUYHBIX
BaKTepranbHbIX OCOXHEHNUH, TPEDYIOLLMX HAa3HAYeHUs aHTU-
BroTmMKOB.

Lenbin psp paboT [0KasbiBalOT, YTO BTOPUYHAA WH-
dekums y 6onbHbix ¢ COVID-19 passusaetcsa B 17,6 % [15].
Kak npaBuno, 3ato Tsenble NauMeHTbl, KOTOPbIM MPOBO-
[VMTCS UCKYCCTBEHHas BeHTUNAUMA nerkux. CpefHee Bpems
[0 MOSBNEHUS BTOPUYHBIX MHODEKLMIA COCTaBNSeT NopagKa
17 pHeid. B MeTa-aHanuse 24 uccnepoBaHus, BKIYatoLLe-
ro 3338 maumeHToB, YacToTa OaKTepuanbHoOW Ko-UHGEKLMM
Ha MOMEHT 00paLLeH1s 33 MeAULIMHCKOM NMOMOLLbH0 COCTaBU-
na 3,5 %; BTOPUYHbIE DaKTEpMasbHble MHDEKLMN OCTIOKHSANN
TeueHune COVID-19 y 14,3 % nauueHToB; B LienoM nponop-
LMA NaUMEeHTOB C baKTepuanbHbIMKU MHBEKLMSMU COCTaBUNA
6,9 %; baKkTepuanbHble MHBEKLMN Yalle PerucTpupoBauch
Y NaumMeHToB ¢ TskenbiM TedeHnem COVID-19 [16]. Ho He-
CMOTpS Ha 370, CPefHASA YacToTa MUCMONb30BaHUA aHTUOMO-
TMKOB, N0 MHEHMI0 3apybeXHbIX aBTOpOB, cocTaBnseT 74,0 %
[15-16].
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K coxanenuio, cneflyeT npusHaTh, YTO HECMOTPS Ha Bbl-
Leo3HaueHHble nybamkaumm B Poccum m TpeboBaHmsa Haumo-
HanbHbIX PekoMeHpaumii no Begenuio bosbHbix ¢ COVID-19,
B peasibHOM OTEeYecTBEHHOW MPaKTUKEe COXPaHSETCs KpauHe
BbICOKMIA YPOBEHb NPUMEHEHUS aHTMBMOTUKOB, [OCTUTAOLLMIA
70-80 %. MoMMMo 04eBMAHOTO HEraTMBHOIO BAUSIHWSA HA POCT
aHTUOMOTUKOPE3NCTEHTHOCTU CTOMT OTMETUTL M KpalHe Bbl-
COKWUA PUCK HEXEeNaTesbHbIX ABNEHMIA, KOTOpbIE COMYTCTBYOT
HenpaBW/IbHO Ha3HaYeHHOI aHTUOMOTUKOTEPanKK, B TOM YKcie
nofaBnsioLLiee BO3AE/CTBUE Ha MUKPOBMOTY KULLIEYHMKA, UMe-
IOLLYI0 CBA3b C TAKECTbIO nposenenuin COVID-19 [17].

TakuM 06pa3oM, HasHaueHWe aHTMDaKTepuanbHoW Tepa-
num naumenTam ¢ COVID-19 onpaBpaHo TONbKO NpU HaMuUm
ybeauTenbHbIX NPU3HaKoB baKTepuanbHoi MHGEKLMM — no-
ABNIEHME THOMHOM MOKPOTbI, noBbiweHue MKT kposu Bonee
0,25-0,5 Hr/mMn v ypoBHsA neitkoumuToB Kposy bonee 10 Tbic/MKN
C NOBBILIEHWEM KOJIMYECTBA NaNoYKOAAEPHbIX HEUTPOdUIOB
bonee 10 % (HeobxoaMMO yunTBIBaTb, YTO JIEMKOLMTO3 MO-
eT bbITb 00ycnoBneH Tepanueli rMIOKOKOPTUKOCTEPOMAAMMY,
a He bakTepuanbHoi MHdekumen). Mepedpasnpys, MOXKHO
CKa3aTb, YTO, BEPOATHO, eAMHCTBEHHBIM MOKa3aHWEM K Ha-
3Ha4eHWto aHTMbMoTMKoB y 6onbHbIX ¢ COVID-19 aBnsetcs
HO30KOMManbHas MHoeKuus. lpuMeHeHWe aHTUOMOTUKOB
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Yy MaUMeHTOB C HO30KOMUANbHOW MHEBMOHMEN Ha (oHe Te-
uenus COVID-19 nposoguTcs no obLymM npasunam — ¢ yye-
TOM TAXKECTM COCTOAHUA MaumeHTa, npeMopbuaHoro oHa,
(aKTopoB pUCKa MH(EKLMM, BbI3BAHHON PE3UCTEHTHBLIMM
bakTepuaMK, pe3ynbTaToB 3TMONOMUYECKOW AMarHOCTUKM
W, KOHEYHO, Ha OCHOBaHWM pe3ynbTaToB MUKpobuonormye-
CKOr0 UCCNef0BaHuA.

AONOJIHUTENBbHAA UHOOPMALUA

UcTouHuk dmHaHcupoBaHusa. OuHaHCMpoBaHMe AaHHOM pabo-
Tbl He MPOBOAUNOCH.

KoHdnuKT uHTepecoB. ABTOpbI [eK/IapUpyIOT OTCYTCTBUE SIB-
HbIX W MOTEHLMaNbHbIX KOHIMKTOB MHTEPECOB, CBA3aHHbIX C Ny6-
JIMKaLMen HacTosLLLEN CTaTbK.

JdTuyeckas 3kcneptusa. MccnepoBaHue He noAaBanoch
Ha PacCMOTPEHWe 3TMYECKOr0 KOMMTETA B CBA3M C TeM, YTO Obio
0CHOBAHO Ha aHanu3e 0Te4eCTBEHHOM W 3apybeXHoN nuTepaTypsl,
a TaKe coBCTBEHHOrO OMbITa AMArHOCTUKM W NIEYEHUS NaLMEHTOB
c COVID-19.

Bknap aBTopoB. Bce aBTOpbI BHECAM CYLLECTBEHHbIA BKMaL
B MNpOBeLEHWe WCCNef0BaHWA M MOATOTOBKY CTaTbW, MPOYM
1 0,06pnnn GuHanbHYK Bepcuio nepen, nybnvMKaumnen.
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