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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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The urinary bladder collects urine excreted from the kidneys
before it is disposed by urination. During the filling phase, the
intravesical pressure should remain constantly low in order to
ensure continuous flow of urine from the kidneys into the blad-
der and to prevent vesico-ureteral reflux. The maintenance of
bladder pressure is achieved by elastic properties of the bladder
wall alongside with the activation of efferent neuronal pathways
resulting in an inhibition of the contraction of detrusor smooth
musculature [1]. One of the mechanism in bladder relaxation
is an increase in the local production of the cyclic nucleotide
monophosphates cyclic AMP and cyclic GMP brought about by
the activation of adenylyl cyclase (AC) or the nitric oxide syn-
thase (NOS)/guanylyl cyclase, respectively. Intracellular levels
of cyclic AMP and cyclic GMP are regulated by phosphodies-
terase (PDE) enzymes, known to degrade cyclic nucleotides by
hydrolytic cleavage of the 3'-ribose-phosphate bond, thereby
terminating the biological activities of the molecules [2]. Due to
their central role in the control of intracellular signalling path-
ways and the considerable variations seen in the expression of
PDE isoenzymes in different tissues of the human body, PDEs
have become an attractive target for drug development. Since
the inhibition of PDE is linked to the relaxation of vascular and
non-vascular smooth musculature in several organs, including
those of the male and female urinary and genital tract, PDE in-
hibition has become an option to effectively treat male erectile
dysfunction (ED) and also lower urinary tract symptomatology
(LUTS) secondary to benign prostatic hyperplasia (BPH) [3,4].
The use of PDE inhibitors to target urinary stone disease/ureteral
colic, Peyronie’s Disease and premature ejaculation is still be-
ing considered [5-7]. With regard to the human detrusor, Truss
et al. (1996), who applied various biochemical methods, were
the first to report the activities of the PDE isoenzymes PDE],
PDE2, PDE3, PDE4 and PDES [8]. They also demonstrated re-
laxant responses of human detrusor strip preparations contracted
by the muscarinic agonist carbachol to the non-selective PDE
inhibitor papaverine and vinpocetine, a compound known to
selectively inhibit the activity of the PDE1 (cyclic AMP/cyclic
GMP PDE, dependent upon Ca*"/calmodulin), these effects were
accompanied by an increase in tissue levels of both cyclic AMP
and cyclic GMP [9]. Later, by means of immunohistochemistry,
the expression of PDE1, PDE3 (cyclic AMP PDE, inhibited by
cyclic GMP) and PDE4 (cyclic AMP-specific PDE) was demon-
strated in the smooth musculature of the human detrusor, immu-
nolabelling for PDES (cyclic GMP-specific PDE) was evident in
smooth muscle fibers and also localized in the endothelium and
smooth muscle cells of vesicular deferential arteries [10]. Initial
clinical data have revealed that the PDE1 inhibitor vinpocetine

© GMN

had beneficial effects in a cohort of patients presenting with ur-
gency and urge incontinence, triggered by detrusor overactivity
during bladder filling, who had failed standard pharmacological
therapy with anti-muscarinic drugs [11]. Since the pharmacolog-
ical enhancement of the activity of cyclic AMP/GMP pathways
offers a promising strategy to modulate in a selective manner the
function of the urinary bladder, the present study aimed to evalu-
ate further the mechanism of action of selective PDE inhibitors
on isolated human detrusor smooth musculature.

Material and methods. Zissue source

In accordance with the regulations of the Ethics Committee
of the Hannover Medical School (Hannover, Germany), hu-
man detrusor smooth musculature was obtained from patients
undergoing surgery for pelvic malignancies (cancerous lesions
of the urinary bladder). Macroscopically normal, non-tumorous
tissue was excised from the bladder dome or lateral walls and
immediately placed in a chilled (+4°C) tissue preserving solu-
tion (CUSTODIOL, Dr. Franz Kéhler Chemie GmbH, Alsbach,
Germany).

Tissue bath studies. Square-shaped strip preparations of hu-
man detrusor smooth muscle were mounted to a tissue bath
system (IOA 5306, Fohr Medical Instruments GmbH, Seeheim,
Germany) under standard conditions and challenged with ace-
tylcholine (1 uM). After a stable contraction had been achieved,
vinpocetine (PDEI inhibitor), rolipram (PDE4 inhibitor), MY
5445 and sildenafil (PDES inhibitors) were added to the bath
chambers (three concentrations each; 0.1 uM, 1 uM, and 10
uM) and the isometric responses recorded using a MacLabO
System (AD Instruments, Castle Hill, New South Wales, Aus-
tralia). The effects of said drugs following pre-exposure (for 5
min) of the tissue to a threshold concentration (0.02 uM) of the
NO donor drug sodium nitroprusside (SNP, known to stimulate
the activity of the cyclic GMP-producing enzyme guanylyl cy-
clase) or forskolin (a bacterial metabolite known to stimulate the
activity of the cyclic AMP-producing enzyme adenylyl cyclase)
were also examined on the tonic contraction brought about by
acetylcholine. In the study, forskolin, SNP and the non-specific
PDE inhibitor papaverine (0.01 uM - 100 uM) were used as ref-
erence compounds. For statistical analysis, the Student’s t-test
was used. A probability (p) value of less than 0.05 was consid-
ered statistically significant. The non-specific reversion of ten-
sion as a function of time was subtracted from the registrations.

Chemicals. Rolipram (Ro 20-1724) and MY 5445 were ob-
tained from BIOMOL (Plymouth, PA, USA), acetylcholine,
forskolin, papaverine and SNP from Sigma Chemical Co. (St.
Louis, MO, USA), sildenafil citrate was supplied by NicOx S.A.
(Sophia Antipolis, France), research quantities of vinpocetine



were generously provided by Gedeon Richter Pharmaceutical
Co. (Budapest, Hungary). All other laboratory chemicals were
purchased either from Merck KG (Darmstadt, Germany) or
Mallinckrodt-Baker BV (Deventer, The Netherlands).

Results and discussion. The cumulative addition of the ad-
enylyl cyclase activator forskolin or NO donor drug SNP (0.01
UM - 100 uM) resulted in a pronounced dose-dependent rever-
sion of the tension induced by acetylcholine (1 uM) of the detru-
sor smooth muscle strip preparations. Relaxation effects were
registered starting at a concentration of 0.1 pM (SNP: -20%) or
1 uM (forskolin: -25%), respectively (Fig. 1A). The reversion
of tension induced by vinpocetine, rolipram and MY 5445 in a
concentration of 10 uM was significantly different from the ef-
fects exerted by the lowest drug concentration applied (0.1 pM)
(p <£0.05, Student’s t test). However, only marginal responses of
the detrusor smooth musculature to the addition of the PDE in-
hibitors were registered. The reversion of tension measured was
in a range between -12% (vinpocetine/sildenafil) to -19%/-20%
(rolipram, MY 5445) (papaverine: -22%, Fig. 1B).

At the highest concentration applied (10 uM), sildenafil
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failed to induce a reversion of tension that was significantly
different from effect exerted by the lowest concentration of the
drug. Pre-exposure for 5 min of the detrusor smooth muscle
preparations challenged by acetylcholine (1 pM) to 0.02 uM of
SNP or forskolin prior to the addition of vinpocetine resulted in
a significant increase of the maximum reversion of tension to
-40% and -35%, respectively, and also ameliorated the efficacy
of the drug at concentrations of 0.1 uM and 1 uM. Similar ef-
fects were observed for the PDE4 inhibitor rolipram. After pre-
exposure to forskolin, rolipram also induced a more pronounced
reversion of tension (-50%). The maximum reversion of ten-
sion produced by the PDES inhibitor MY 5445 in response to
preincubation with SNP was increased to -45%. In contrast,
a threshold concentration of SNP did not significantly affect
the maximum reversion of tension brought about by sildenafil
(-12% vs. -19%) but added positively to the in vitro potency
(concentration causing a noticeable effect regardless of the mag-
nitude of the effect) of the PDES inhibitor. Out of the PDE in-
hibitors investigated, only rolipram reached an EC,-value. The
results are displayed in Fig. 2 (A-D).
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Fig. 1 (A and B). Reversion of the tension induced by acetylcholine (1 uM) of isolated strip preparations of human detrusor
smooth muscle in response to the cumulative addition of the adenylyl cyclase activator forskolin, nitric oxide (NO) donor sodium
nitroprusside (SNP) (A) and non-specific phosphodiesterase inhibitor papaverine (B) (10 nM - 100 uM, each,).

Asterisk indicates that the relaxation observed at a respective concentration is significantly different from the tissue response
elicited by the lowest drug concentration used. n=6 - 8 tissue strips originating from at least two different subjects
were used to generate a dose-response curve
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Fig. 2 (A-D). Reversion of the tension induced by acetylcholine (1 uM) of isolated human detrusor smooth muscle
in response to three different concentrations (0.1 uM, 1 uM, 10 uM) the PDEI-I vinpocetine (4), PDE4-I rolipram (B),
and the PDES-Is sildenafil citrate (C) and MY 5445 (D). PDE-Is were applied either alone or in combination
with a threshold concentration of forskolin or SNP (0.02 uM, each). Asterisk indicates that the effect of a drug concentration
is significantly different from the response exerted by the lowest concentration used. § indicates that the tissue response
is significantly different from those registered in the absence of forskolin or SNP, respectively. n=6-8 tissue strips originating
from at least two different subjects were used to generate a dose-response curve

To date, the enhancement of cyclic nucleotide production
brought about by NO-releasing drugs or selective inhibitors of
cyclic AMP and cyclic GMP degrading PDE isoenzymes rep-
resents an interesting pharmacological option to influence the
function of smooth musculature in the lower urinary tract. In
particular, PDE inhibitors have been intensively investigated in
vitro and in vivo with regard to their effects on tissues of the uri-
nary tract. There is vast evidence from animal and human stud-
ies that the relaxation of the urinary bladder during the filling
phase is mediated via an increase in cyclic GMP (presumably
resulting in the inhibition of the activity generated by interstitial
cells), a role for cyclic AMP has also been deduced from ex-
perimental as well as clinical investigations [3,4,5]. By means of
biochemical and immunohistochemical methods, the presence
of PDE1, PDE4 and PDES5 has been demonstrated in the smooth
musculature of the human detrusor [10]. In the present study, us-
ing isolated human detrusor smooth muscle and the tissue bath
technique, we have found that the PDEI inhibitor vinpocetine,
PDE4 inhibitor rolipram and PDES inhibitors sildenafil and MY
5445 were almost equieffective in antagonizing the tonic con-
traction induced by the muscarinic agonist acetylcholine. This
is, in part, in contrast to findings published earlier by Truss et
al., who reported that the effect of vinpocetine (50% reversion
of tension) was superior to the other PDE inhibitors they investi-
gated in their set-up (milrinone, rolipram, zaprinast, dipyridam-
ole) [9]. However, we did not exceed the drug concentration to a
maximum of 100 uM. Pre-exposure of the tissue to a threshold
concentration of SNP or forskolin enhanced the reversion of ten-
sion induced by the PDET1 inhibitor vinpocetine, PDE4 inhibitor
rolipram and PDES inhibitor MY 5445, while pre-exposure to
the NO donor SNP did not affect the maximum reversion of ten-
sion exerted by sildenafil, but significantly increased the potency
of the PDES inhibitor. This is well in agreement with previous
studies: Kedia et al., using isolated human prostate tissue ex-
cised from the transition zone, reported an increase in the re-
laxation brought about by the PDE4 inhibitors rolipram and RP
73401 in the presence of a threshold concentration (0.05 pM)
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of forskolin [12]. Synergistic effects of the PDES inhibitor var-
denafil and BAY 60-4552, a compound known to stimulate the
enzyme guanylyl cyclase in a manner independent of NO, on
the relaxation of the adrenergic tension of isolated penile erec-
tile tissue (corpus cavernosum) have also been described [13].
It seems likely that the action of PDE inhibitors requires an ad-
equate activity of the cyclic GMP and cyclic AMP producing
systems (guanylyl cyclase, adenylyl cyclase), as usually seen in
tissues in situ. This is supported by the observation that in a rat
model of bladder overactivity (BO), induced by partial urethral
obstruction, the combination of PDES5 inhibition by vardenafil
and stimulation of the activity of the guanylyl cyclase did not
result in an urodynamic improvement in BO that was superior to
the effects elicited by either of the compounds [14]. This might
also explain as to how selective PDE inhibitors, such as vin-
pocetine and tadalafil, despite their limited effectiveness in vi-
tro, can improve meaningful in randomized, placebo-controlled
clinical settings, in terms of the outcome parameters micturi-
tion frequency, bladder volume at first voiding desire, maximum
detrusor pressure and voided volume, symptoms of frequency,
urgency and urge incontinence in male and female patients with
OAB when compared to the non-treatment group [11,15,16]. In
conclusion, the present study provided hints that selective PDE
inhibitors tend to be more effective in systems characterized by
an enhanced production of cyclic nucleotides cyclic GMP and/
or cyclic AMP (such as urogenital tissues in situ). The findings
might provide a scientific basis to explain how PDE inhibitors
can beneficially affect storage and voiding functions of the uri-
nary bladder in patients with OAB.
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STIMULATION OF THE CYCLIC AMP/GMP SIGNALLING ENHANCES
THE RELAXATION OF ISOLATED HUMAN DETRUSOR SMOOTH MUSCLE
ACHIEVED BY PHOSPHODIESTERASE INHIBITORS

'Rahardjo H.E.,2Uckert S., *Maerker V., ‘Bannowsky A.,2 Kuczyk M.A., >*Kedia G.T.

"University of Indonesia, School of Medicine, Cipto Mangunkusumo Hospital, Department of Urology, Jakarta, Indonesia;
’Hannover Medical School, Division of Surgery, Department of Urology & Urological Oncology;
SUniversity Hospital Eppendorf, Department of Forensic Psychiatry, Institute for Sex Research, Hamburg;
“Imland Hospital GmbH, Department of Urology, Rendsburg;
SDIAKOVERE GmbH, Friederikenstft Lutheran Hospital, Department of Urology, Hannover, Germany

Phosphodiesterase (PDE) enzymes are considered being key
proteins in controlling the function of smooth musculature in
the human urinary tract. The use of PDE inhibitors (PDE-Is) to
treat erectile dysfunction and lower urinary tract symptomatol-
ogy (LUTS) secondary to benign prostatic hyperplasia (BPH) is
well established. It has been shown that PDE-Is can reverse the
tension induced by means of muscarinergic agents of detrusor
smooth muscle and enhance the production of cyclic nucleo-
tides. In clinical settings, the PDE]1 inhibitor vinpocetine had
beneficial effects in patients presenting with voiding dysfunc-
tions. This prompted us to evaluate further the mechanism of
action of PDE-Is on bladder smooth musculature.

Using the tissue bath technique, relaxant responses of human
detrusor smooth muscle, challenged by acetylcholine (1 M), to
vinpocetine (PDE1-1), rolipram (PDE4-1), MY 5445 and silde-
nafil (PDES5-Is) (0.1 uM, 1 uM, and 10 uM) were investigated
with and without pre-exposure of the tissue to threshold concen-
trations of the NO donor drug sodium nitroprusside (SNP) or
adenylyl cyclase activator forskolin (0.02 uM). The non-specific
PDE-I papaverine was used as a reference compound.
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The cumulative addition of forskolin or SNP exerted a pro-
nounced reversion of the tension induced by means of ACh,
starting at a concentration of 1 uM (forskolin, -25,6%) and
0.1 uM (SNP, -20%), respectively. There were marginal re-
sponses of the detrusor smooth musculature to the PDE-Is,
the relaxation measured ranged from -12% (vinpocetine/
sildenafil) to -19% (rolipram, MY 5445). Exposure of the
tissue to a threshold concentration of SNP increased the re-
version of tension induced by vinpocetine (-40%), rolipram
(-50%) and MY 5445 (-45%). An enhancement in the potency
of the drugs was also registered. A threshold concentration of
SNP did not significantly affect the maximum reversion of
tension brought about by sildenafil but added positively to the
in vitro potency of the PDES-1.

PDE inhibitors may tend to be more effective in systems char-
acterized by an enhanced production of cyclic AMP/GMP (such
as urogenital tissues in vivo). Our findings may explain how
PDE inhibitors can affect symptoms of the overactive bladder.

Keywords: phosphodiesterase inhibitors, detrusor smooth
musculature, cyclic AMP, cyclic, GMP.
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CTUMYJISILMASI CUTHAJIOB IUKJIMYECKHUX HY-
KJIEOTUJIOB AM®/TMd® VYJIYYIIAET PEJAK-
CALIMIO, BBI3BAHHYIO WMHI'MBUTOPAMU ®OC-
@®OJMICTEPA3BI, W30JIMPOBAHHOM IUIAJIKOM
MYCKYJIATYPbI JIETPY30PA YEJIOBEKA

"Paxapmko X.9., 2FOkepr III., *Mepkep B., ‘bannoBckuii A.,
Kyuux M.A., »Kequs I.T.

"Vuueepcumem Hnoonesuu, meduyunckuil paxynvmen, 6o1bHU-
ya Yunmo Maneynxycymo, omoenenue yponozuu, Jocaxapma,
Hnoonesus; *Iannosepckuil. MEOUYUHCKUU YHUSEPCUmMem, On-
Oellenue yponocuu U yporo2udeckoll OHKoro2uu, 3 Yuusepcumem-
CKas KIUHUKA Dnnenoopg, omoenenue cy0eOHOU NCuxuampuu,
Hucmumym cexcyanvhvix uccieooganuil, Iambype; *HUmnano
KAuHuKa, omoenenue yporoeuu, Penocéype; 3/luaxosepe @pu-
Oepukenwmugm, omoenenue yporoeuu, I annosep, I'epmanus

DepmenTsl hocdonnderepassl (PIID) cunTaroTcs KIFOUEBBI-
MH OeJKaMH, KOHTPOIUPYIOMUMHU (GYHKIHIO TIIAJKOH MYCKY-
JaTypsl MOYEBBIBOAAIINX IMyTed demoseka. lllmpoko m3Bect-
HO ucnonb3oBanue UHruOuTopoB MAD (MDPAD) s nedeHus
IPEKTUIILHOW AUC(YHKIMU M CHMITOMOB HIDKHHUX MOYEBBIX
myteit (CHMII) B pesynbrate 100OpOKa4ecTBEHHOW THIIEpILIa-
3un npencrarenbroi skenessl (AI'TDK). [Tokazano, uro MDD
MOTYT IPOTUBOJICHCTBOBATH COKPAIIECHNIO, BBI3BAHHOMY MYCKa-
PHHEPTUYECKUMH areHTaMU ITAaIKUX MBI AETPy30pa U yBe-
JHYHUBATh MPOAYKINIO IUKIMYECKUX HYKICOTHIOB (aJCHO3MH
1 TyaHo3uH MoHodocharsl - TAM®D/II' M®). B knmuHnIecKHX
nccnenoBanusx, uHruouTop ®/131 BHHOONETHH MMEN IOJI0-
JKUTENbHBIC S(QEKTHl y MAlUEHTOB ¢ HapyIICHHEM (PyHKIUH
MOYEHCITYCKaHHS, YTO MOCITYXKHIIO TOBOAOM JUTS AOTIOTHUTEIb-
HBIX HCClefoBaHnil Mexanm3ma aericteus DD Ha mmaakyro
MYCKYJIaTypy MOUYEBOTO ITy3bIPsL.

Hcnons3ys crangapTHOE 000py10BaHNE ISt H30METPUIECKIX
HCCIeIoBaHMi, n3y4deHsl 3¢ ekt BunnonernHa (MDIAD1), po-
nunpama (M®I24), MY 5445 u cunnenadpuna (UDADS)
(0,1 MmxM, 1 MxM u 10 MxM) Ha cokpaiieHne, BBI3BAHHOE
anetwiixoarnHoM (1 MkM), maakoit MycKynaTypsl JeTpy30pa de-
JI0BEKa, 0€3 U ¢ peaBapUTENbHBIM BO3ACHCTBHEM Ha TKaHb MO-
POTOBBIX KOHIIGHTpALUH JOHOpA OKCHIA a30Ta HUTPOMpPyCCHaa
Harpus (SNP) minm akTuBaTtopa aJeHUIATHHKIA3bl (OPCKOTHHA
(0,02 mxM). Hecriemmdpuuecknit MDJ1D namaBepuH MCIoab30-
BAJIM B KA9€CTBE KOHTPOIBHOTO COSIMHEHUS.

KymynsatuBaoe no6asnenue dopckonuaa wia SNP BbIzBano
BBIPAXKEHHOE pPacciIabiIeHne aleTUIXOINHOM-0TIOCPEIOBAHHO-
TO COKpAICHHUS, HAUMHAs ¢ KOHIeHTpaun 1MKM ((opcKommH,
-25,6%) u 0,1 MmxM (SNP, -20%), coorBercTBeHHO. Habmona-
JIICh MaprHHAIBHbBIE PEAKINU TIAAKOH MyCKynaTyphl A€TPY30-
pa Ha DD, npu 3ToM paccrnabieHue BappupoBaio oT -12%
(Bunnouerns/cunaeHadmwn) a0 -19% (pommmpam, MY 5445).
BosneiictBrue Ha TKaHb MOPOToBoi KoHIeHTpanuu SNP ycummio
paccrnabieHne COKpaIleHusl, BbI3BaHHOe BHHIOIETHHOM (-40%),
pommpamom (-50%) u MY 5445 (-45%). 3apeructpupoBaHo
TaKKe yCHJICHHE TOTEHIMH mpernaparoB. [loporoBas KoHIEHTpa-
st SNP He oka3ana 3HaYUTETLHOTO BIMSIHHS HA MaKCUMAallbHOE
paccnabieHne COKpaIleHusl, BBI3BAHHOE CHIIICHA(UIOM, OHAKO
MOJIOKUTEIILHO MOBJIKsUIA Ha IoTeHIrio MDJIDS5 in vitro.

WNuruduropsr /13 moryT ObITh Oonee 3 PEKTUBHBIME B CU-
cTeMax, XapaKTepU3YIOIINXCs YCHICHHON BBIpaOOTKOM TAMD/
ul' M®, Hanpumep, TKaHW MOYETIONIOBOI cucTeMsl in vivo. [lomy-
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YEHHBIC PE3YJIBTAThl MOTYT OOBSICHUTh MEXAHWM3M BIIUSIHHS WHIH-
ouropoB @/13 Ha CUMIITOMBI TUTIEPAKTHBHOTO MOUYEBOTO ITy3bIpSI.
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POSTOPERATIVE HEMORRHAGE AS A COMPLICATION
OF A PARTIAL NEPHRECTOMY: FREQUENCY, FEATURES AND MANAGEMENT

Styopushkin S., Chaikovskyi V., Chernylovskyi V., Sokolenko R., Bondarenko D.

City Clinical Hospital Ne4, Dnipro, Ukraine

Currently, partial nephrectomy (PN) is considered to be the
“gold standard” for the surgical treatment of renal tumors up to
7 cm (T1b) when technically possible [1,2]. These recommenda-
tions are based on the equivalent oncological results of radical
nephrectomy (RN) and PN, but an increased risk of chronic re-
nal failure after RN [3—7]. A number of authors have shown that
not only the size of the tumor affects the choice of the surgical
treatment, but also the volume of preserved functioning paren-
chyma, which expands the indications for performing PN [8].
Over the past decade, several nephrometric systems have been
implemented into practice in order to facilitate preoperative
decision-making, planning of surgery and predicting possible
complications of PN [8-10]. Bleeding is one of the most danger-
ous and serious complications; it occurs in 2-6% of cases after
PN [11-13]. This complication requires proper management,
namely: from observation to selective angioembolization and, in
rare cases, the need to perform salvage nephrectomy.

The aim of our work was to study the nature of possible post-
operative complications and determine the frequency and causes
of delayed postoperative bleeding as a result of PN.

Material and methods. In our department, from January 2008

to December 2019, 175 PN were performed by a single surgeon: 41
were laparoscopic. In 152 cases kidney cancer was detected. Table
1 shows the characteristics of the groups of operated patients with
traditional open access and laparoscopic surgery.

Diagnostic examination of patients included clinical exami-
nation, laboratory and instrumental (ultrasound, dynamic neph-
roscintigraphy, enhanced computed tomography (CT)) etc. We
used the R.E.N.A.L nephrometry scale for preoperative plan-
ning and predicting of the PN [9].

In terms of the stage of the kidney cancer, concomitant dis-
eases and their complications, sex and age, both groups of pa-
tients were comparable. In the LPN group, the average size of
the removed tumor was smaller, which is associated with a care-
ful selection of patients at the beginning of the development of
laparoscopic techniques [14].

In our study, the majority of patients (38% OPN\58% LPN)
had a tumor in the lower pole. A tumor of the middle part of
the kidney was detected in 33% of patients in the OPN group
and in 22% of patients in the LPN group. Rarely, the location of
the tumor was in the upper pole - 29% and 20% in both groups,
respectively.

Table 1. The characteristics of the groups of operated patients with traditional open access and laparoscopic surgery

Open partial nephrectomy (OPN)
(n=134)

Laparoscopic partial nephrectomy (LPN)
(n=41)

female— 60 (45%)

female— 23 (56%)

Patient’s sex

male— 74 (55%)

male— 18 (44%)

Median age, years

55 (33-79)

54 (48-75)

Side

right kidney — 72 (54%)

right kidney — 26 (63%)

left kidney — 62 (46%)

left kidney — 15 (37%)

Tumor localisation

upper pole— 39 (29%)

upper pole — 8 (20%)

median part — 44 (33%)

median part — 9 (22%)

lower pole— 51 (38%)

lower pole — 24 (58%)

Median tumor diameter, cm

3,8 (1,5-7,5)

2,9 (1,5-5,0)

RENAL score, points

9-10

6-7
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According to the stages of the tumor process, the patients
were divided as follows (OPN /LPN): stage T1a was diagnosed
in 56%/68% of the patients, stage T1b - in 23%/10% cases, stage
T3a - in 7%/12% of the patients respectively. Benign neoplasia
were histologically confirmed in 14%/10% of cases (Fig. 1).
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Fig. 1. Patient’s division according to a tumor stage

For the open partial nephrectomy, a retroperitoneal approach
was used in the 10-11th intercostal space. Resection was per-
formed in the border of the visually unchanged tissues. Quite of-
ten, it was necessary to use warm ischemia of the kidney (74%).
The use of the renal ischemia technique reduced intraoperative
bleeding and improved control of the cavity system and segmen-
tal vessels by reducing renal tissue turgor.

Moreover, the use of ischemia improved visualization and tissue
isolation, which makes possible to perform high-quality resection
of the entire tumor within healthy tissues, and also facilitated su-
turing of the renal parenchyma in the area of the resected tumor
surface. In the case of opening the collecting system of the kidney
(72%) or injury of segmental vessels (15%), they were hermetically
sutured with a monofilament N3-0, 26 mm needle.

To ensure the best hemostasis, the resection surface was tam-
poned with a SURGICEL hemostatic mesh, the renal parenchyma
was sutured with a monofilament NO in order to bring the wound
edges closer together and cover the post-resection defect. The last
stage of the operation is one of the most important, because insuf-
ficient sealing of defects leads to an uncontrolled bleeding.

After improving the technique and stages of the operation of
open partial nephrectomy, we proceeded to perform laparoscop-
ic operations. It should be noted that by this time we had already
accumulated sufficient experience in laparoscopy on the upper
urinary tract.

The key to a successful laparoscopic partial nephrectomy is an

adequate renal hemostasis in the time of the tumor excision and
reconstruction of the collecting system in a short time frame. To
achieve adequate hemostasis, we use the direct Satinsky clamp,
which provides a more reliable clamping of the renal vesicles and
requires significantly less time to remove the compression of the
renal sinus, thereby reducing the time of warm ischemia [14,17].

Resection of the tumor, as in the case of an open access, was
performed within the visually healthy tissues using “cold” scis-
sors. When the collecting system of the kidney was opened
(35%), it was hermetically sutured with a continuous suture
with a self-fixing V-Loc N3-0. The renal parenchyma was su-
tured continuously with a monofilament N0, 48 mm needle after
preliminary placement of SURGICEL hemostatic mesh in the
surface of the resected tumor.

To shorten the time of the parenchyma suturing and reduce
the time of warm ischemia, instead of forming knots, the ends of
the threads were clipped with HemoLock clips to create a paren-
chyma compression [15,16]. In the case when the laparoscopic
resection of the kidney was performed without warm ischemia,
before the tumor resection, provisional compression sutures
were applied on the parenchyma with monofilament thread NO
or N1. This was made to reduce the intensity of bleeding in case
of zero-ischemia.

In the OPN group, warm ischemia was performed in 74% of
cases with the average time of 14 (10-27) minutes . In the LPN,
warm ischemia was used in 82% of cases.with the average time
0f 26 (9-39) minutes (Fig. 2).

30

26 min
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Open partial nephrectomy Laparoscopic partial nephrectomy

Fig. 2. Median warm ischemia time

Results and discussion. Early (within 30 days) post-opera-
tive complications are shown in Table 2.

Table 2. Early (within 30 days) post-operative complications

Open partial nephrectomy (n=134) Laparoscopic partial nephrectomy (n=41)
Complication n (%) Clavien-Dindo grade n (%) Clavien-Dindo grade

Wound infection 3(2,2%) | 1(2,4%) I

Urine fistula 3(2,2%) Ill-a 2 (4,8%) Ill-a

III-b

Hematoma 2 (1,5%) 11 1(2,4%) III-a
Arterio-calix fistula 2 (1,5%) I1I-a 1(2,4%) II-b
Pulmonary embolism (PE) 1 (0,75%) IV-a --

Sepsis 1 (0,75%) IV-b --

Upper ureter damage 1 (0,75%) I1-b --

Main wassels intraoperative damage 2 (1,5%) I1-b --
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Complications include intraoperative injury of the main ves-
sels of the kidneys in 2 (1.5%) patients during OPN. The ves-
sels were sutured to stop the bleeding. Wound infection was
observed in both OPN (2.2%) and LPN (2.4%) groups. The inci-
dence of urinary fistula formation was noted in 2.2% of cases in
OPN group and in 4.8% of cases in LPN group.

The incidence of the urinary fistula formation was noted in
2.2% of cases in OPN group and in 4.8% of cases in LPN group.
In case of fistula formation, the kidney was drained with JJ stent.
If the urine flow through the wound drainage stopped during the
first week, JJ stent was removed after 4-8 weeks.

In one case, a patient with urinoma after 6 cm tumor open resec-
tion (RENAL = 10) experienced technical difficulties with ureter
stenting. The damage of 2\3 of the wall of the upper part of the ure-
ter was detected. This patient underwent re-lumbotomy, calix fistula
suturing, uretero-ureteral anastomosis, ureteral stenting.

The hematoma formation in the resection area was observed
in 2 (1.5%) patients in OPN group and in 1 (2.4%) patient in
LPN group. In the first case (Fig. 3.) complications were re-
solved conservatively (antibiotic therapy).

Post-LPN infected hematoma was punctured and aspirated
under US control (Fig. 4).

Fig. 3. Patient R., 60 y., male, after OPN (left kidney tumor up to 44 mm in the lower pole, RENAL=9);
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Arterio-calix fistula formation was detected in 3 patients
from both groups: in 2 patients (1.5%) in OPN group and
in 1 patient (2.4%) in LPN group. Some complications such
as urinary bladder hemotamponade PE and sepsis occurred
in patients with arterio-calix fistula, which complicated the
severity of the patients’ conditions and required intensive
therapy.

In our study, out of 175 partial nephrectomies, there were 6
(3.4%) patients with delayed postoperative bleeding. General
characteristics of patients, parameters of R.E.N.A.L nephrom-
etry and surgical parameters of patients from the delayed bleed-
ing group and from the group without bleeding are listed in
Table 3. It should be noted that such parameters as the average
tumor size and the operational risk were higher in the delayed
bleeding group of patients but there was no statistically signifi-
cant difference between the two groups of patients. Also, it can
be noted that the warm ischemia time was significantly shorter
in the group of patients with delayed bleeding, but not statis-
tically significant. The overall R.E.N.A.L score was higher in
the group of patients with delayed bleeding compared with the
group of patients without bleeding, and this difference is statisti-
cally significant.

¥

Hematoma and urinary fistula formation in the 4th postoperative day. JJ stent placed

Fig. 4. Patient Z., 51 y, female., post-LPN (right kidney tumor 19 mm on the border of middle and upper segments, RENAL=7);
Under-kidney hematoma formation on the 10th day
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Table 3. Baseline Comparison, R.E.N.A.L. score and operative parameters
between groups of patients without bleeding and with delayed postoperative bleeding

No bleeding group Delayed postoperative bleeding :
Parameter (n=169) group(n=6) p-value
Age (y) 57,248,6 60,3+8,3 0,735
Sex:
male. 109 4 0,534
female. 60 2
Side:
right 97 5 0,612
left 72 1
BMI (kg/m2) 25,9+7,4 29,3+7,7 0,423
ASA gradation 2,1+0,5 2,6+0,4 0,220
Tumor size (sm) 3,741,3 4,1+1,3 0,620
R 1,3+0,5 1,7+0,5 0,155
E 1,6+0,7 1,7£0,5 0,453
N 2,1+0,7 2,7+0,5 0,068
L 1,94+0,8 2,3+0,8 0,470
Nephrometry score 7,3+3,8 8,3+1,6 0,038%*
Warm ischemia time (min) 17+8.5 10+8.4 0,084
Blood loss (ml) 2354150 208+153 0,620
Type of operation:
OPN 131 (77,5%) 4 (66,6%) 0,442
LPN 38 (22,5%) 2 (33,4%)

*p <0.05 - statistically significant

The characteristics of patients with delayed bleeding are
shown in Table 4. 4 patients are from the OPN group and 2
patients are from the LPN group. The median nephrometry
parameter on CT scan was 8.3. The time of the onset of bleed-
ing was very different: from the 4th to the 30th postoperative
day. Only 2 out of 6 patients developed complications in the
first postoperative week. In 3 patients with delayed bleed-

ing, an arterio-calix fistula was formed: on 7th, 24th and 30th
postoperative day respectively. Urgent nephrectomy was
performed in one patient.

Superselective segmental renal artery embolization was
effective in one patient. In one patient, superselective seg-
mental renal artery embolization failed, and the PE was di-
agnosed. The main renal artery embolization was performed.

Table 4. Clinical characteristics of patients with postoperative bleeding

Warm
Postop- isch- Intraop-
. Tumor size | Operative | RENAL . erative
Age/sex Symptoms erative emia . Management
(sm) access score . bleeding
day time (ml)
(min.)
Us-control infected
SN Acute flank pain 10 1,9 LPN 7 14 50 hematoma
aspiration
ARY Gross hematuria 24 3,6 LPN 8 21 200 Nephrectomy
55\m Acute flank pain 10 4,1 OPN 6 0-isch- 200 Conservative treat-
emia ment
60\m | Acute flank pain 4 44 OPN 9 0-isch- 150 Conservative
emia treatment
55\m Gross hematuria 7 5 OPN 10 12 500 Embolization
70\ m Acute flank pain 30 5,7 OPN 10 13 150 Embolization
© GMN 15



In the discussion part, we would like to detalize 2 clinical cas-
es of the delayed postoperative bleeding after partial nephrec-
tomy with the formation of an arterio-calix fistula and bleeding
management.

Patient #3., 55 years., on the CT series (Fig. 5) middle seg-
ment right kidney tumor, 5.0 cm, R.EN.A.L = 10x (R-2, E-2,
N-3, L-3). Concomitant pathology: urolithiasis, calculus 9x7
mm of the contralateral left kidney, bilateral kidneys cysts, arte-
rial hypertension; a persistent form of atrial fibrillation (antico-
agulants intake - Rivaroxaban); obesity 3 st. (BMI 43 kg/m?).

Right-sided open partial nephrectomy was performed. The warm
ischemia time was 12 minutes. Intraoperative blood loss - 500 ml.
The result of a histological examination of the removed tumor:
kidney tumor - ccRCC, massive hemorrhages, Furman grade 3,
intra-pelvic growth, kidney capsule grows, adjacent adipose tissue
grows; resection borders- no tumor growth (T3aNOMORO).

On the 7th postoperative day, gross hematuria with blad-
der hemotamponade detected. Endoscopic management of he-
motamponade, 150 ml of blood clots were evacuated; the source
of hematuria was the right upper urinary tract. Anticoagulant-
based (Rivaroxaban) bleeding from the right kidney was diag-

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
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nosed. Low molecular-weight heparins were prescribed, hema-
turia was stopped, the patient’s condition improved.

On the 12th postoperative day, gross hematuria with blad-
der hemotamponade detected for the second time. Endoscopic
management of hemotamponade, 800 ml of blood clots were
evacuated; the source of hematuria was the right upper urinary
tract. Conservative hemostatic therapy was ineffective. Gross
hematuria was complicated with post-bleeding anemia. The
patient underwent nephroangiography - an arterio-calix fistula
was diagnosed (Fig. 6). Superselective segmental renal artery
angioembolization with polyvinylalcohol was performed. Gross
hematuria was managed.

On the 17th postoperative day (5th day after selective em-
bolization), the patient developed a bacterial toxic shock, uro-
sepsis. The patient was hospitalized into the intensive care unit,
management with positive effect. The patient was discharged
from the department on the 28th day after the kidney resection
operation. During the period of treatment, the patient underwent
blood transfusion in a volume of 1240 ml. Figure 7 shows CT
scans of the patient 12 months post-surgery, the right kidney
function is preserved.

Fig. 5. Patient #3., 55 years., CT series - 5.0 cm tumor, R. E.IN.A.L = 10x
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Fig. 6. A. Superselective segmental renal artery angiography, arterio-calix fistula
B. Post-superselective segmental renal artery embolization angiography
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Fig, 7. Patient #3., CT scans of the patient 12 months post-surgery

Patient #6, 70 y., on the CT series (Fig. 8) middle segment
right kidney tumor, 5.7 cm, R.EEN.A.L = 10a (R-2, E-2, N-3,
L-3). Concomitant pathology: bilateral kidneys cysts, arterial
hypertension; obesity 2 st. (BMI 35 kg/m?).

Open partial nephrectomy of the right kidney was performed.
Warm ischemia time was 13 minutes. Intraoperative blood loss
- 150 ml. The result of histological examination: kidney tumor
- ccRCC, papillary type 1; resection borders- no tumor growth
(T1bNOMORO). The drainage was removed on the 4th day. The
patient was discharged from the department on the 8th day.

On the 30th postoperative day, the patient developed a right
sided acute flank pain and shortness of breath. Laboratory
exam - Hb 85 g/, creatinine 178 umol/l. Ultrasound and CT
revealed a large right-sided retroperitoneal hematoma, right
hydronephrosis. JJ stent was placed. A drainage was installed
into the retroperitoneum under US control, to drain the uro-
hematoma (Fig. 9).

The patient underwent conservative hemostatic therapy, blood
transfusion, there was no data for the ongoing right kidney
bleeding.

© GMN

17



MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

Fig. 10. A, B - Selective angiography, arterio-venous fistula, contrast extravasation.
C, D - Superselective angioembolization of the segmental renal artery
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Fig. 11. A - contrast extravasation. B - Condition after embolization of the right renal artery

On the 3rd day after the delayed bleeding (33 days after kid-
ney resection), the patient developed a PE clinic. The patient
resumed bleeding from the right kidney because of anticoagu-
lant therapy - severe hematuria, the release of blood through
the drainage from the retroperitoneum. The patient underwent
nephroangiography - an arterio-calix fistula was diagnosed (Fig.
10). Superselective angioembolization of the segmental renal ar-
tery was performed. The gross hematuria was stopped.

On the next day after angioembolization, the patient has
shown repeated retroperitoneum bleeding. Control angiography
- extravasation of the contrast. Repeated superselective angio-
embolization was unsuccessful. Embolization of the right renal
artery was performed (Fig. 11).

Blood transfusion of erythrocytes in a volume of 1650 ml was
performed. Figure 12 shows a CT scan of a patient 21 days after
an embolization of the renal artery.

4

Fig, 12, Patient G., residual retroperitoneal hematoma, 21
days post-embolization
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Conclusions. R.E.N.A.L nephrometry system can be a good tool
in predicting delayed postoperative bleeding after PN, although this
complication is generally a rare occurrence after PN. In our opinion,
in order to predict delayed bleeding, in addition to the nephrometric
system, it should be taken into account the proximity of segmental
arteries to the edge of resection, the presence of coagulopathy and
antithrombotic therapy, and BMI level.

Selective angioembolization is the method of choice and, in
most cases, is effective enough to stop bleeding from the kidney
and preserve the organ.
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SUMMARY

POSTOPERATIVE HEMORRHAGE AS A COMPLICA-
TION OF A PARTIAL NEPHRECTOMY: FREQUENCY,
FEATURES AND MANAGEMENT

Styopushkin S., Chaikovskyi V., Chernylovskyi V.,
Sokolenko R., Bondarenko D.

City Clinical Hospital No4, Dnipro, Ukraine

Objective — to study the character of possible postoperative
complications and to define the reason and frequency of post-
operative hemorrhage as a complication of partial nephrectomy.

From January 2008 to December 2019 were performed 175
partial nephrectomy (PN) by a single surgeon in a high volume
center. 41 operations were laparoscopic partial nephrectomy
(LPN), 134 - open partial nephrectomy (OPN). In 152 cases
kidney cancer was detected. Physical status, tumor volume,
R.E.N.A.L. score, operative access, warm ischemia time (WIT),
postoperative bleeding and its severity and treatment options
were assessed in both groups of patients.

© GMN

Based on our study, R.E.N.A.L score may be a good tool in
prognosis of a delay postoperative bleeding after nephron spar-
ing surgery and this is statistically significant. On the other hand,
single R.E.N.A.L score characteristics can’t be reliable predic-
tors of a delay bleeding. It is possible that a lack of cases with
a significant postoperative bleeding in current study (6 of 175
cases) have some statistical restrictions. From our point of view,
for better prognosis of delay bleeding, aside from hephromet-
ric system it is important to take into account a proximity of a
segmental arteries to a resection border, presens of any type of
a coagulopathy and a preoperative antithrombotic therapy, obe-
sity. High R.E.N.A.L score index is connected with a risk of
significant postoperative bleeding, but this type of bleeding is
rare after any nephron sparing surgery. Postoperative selective
angioembolization is a method of choice and, in most cases, ef-
fective to stop kidney bleeding and nephron preservation.

Keywords: postoperative complications, postoperative hem-
orrhage, partial nephrectomy (PN).

PE3IOME

KPOBOTEYEHMUE IOCJIE PE3EKIIMU ITOYKHU: YA-
CTOTA, IPEAIIOCBIVIKA U MEHE/IKMEHT

Crénymxkun C.II., YaiikoBckmii B.II., Yepuuiiosckuii B.A.,
Coxkogenko P.B., bongapenko /1.0.

Topoockoul knunuueckuii 2cocnumans Ne4, J{nenp, Ykpauna

Lenbio MccieIoBaHus IBUJIOCH ONPEICIUTD XapaKkTep U Mpu-
YUHBI BO3MOYKHBIX ITOCJICONIEPAIUOHHBIX OCJIOKHEHUH M 9acTo-
TY HOCJICONEPALMOHHBIX KPOBOTEUCHHI OCIIE PE3SKLIUH [TOUKH.

Ha 6a3e I'opoznckoro kinangeckoro rocrnuranst Ne4 ¢ 2008 . mo
nexa0bpb 2019 1. BemonHens! 175 pesexuuii nouex (PIT), u3 Hux
41 omepauus — JlaapocKonuyeckas pe3ekuus mnouku, 134
omepaluy - OTKpbITas pe3ekuus nouku. B 152 cioyuasx Bbl-
SIBJICH paK Mouku. B o0eux rpymmax orneHeHsl o0Mmui cTaryc
nalueHTa, pa3Mep OIlyXoiu, nokasarenu mkaiasl R.E.N.A.L.,
ONEpaTUBHBIA JOCTYI, BpeMs TEIUIOBOM HIIEMHM, 4acTOTa
nocJjieonepauroOHHbIX KpOBOTe‘-{eHI/If/i H UX CTCIICHb.

OCHOBBIBasICh Ha pe3yJibTaTaX MPOBEACHHOIO HCCIEN0Ba-
Hus, mkana R.E.N.A.L MoxeT OBITh XOPOIITHM HHCTPYMEHTOM
IPOTHO3a OTCPOUYSHHBIX ITOCICONEePALIMOHHBIX KPOBOTEUSHUN
I0CJIe OPraHOCOXPAHSIOIEH XUPYPTUH, YTO CTATUCTHYECKU
3HauyuMo. C Ipyroil cTOpoHbl, UCIOIb30BaAHUE TOJIBKO LIKAJIbI
R.E.N.A.L He MoOXeT ObIThb HHCTPYMEHTOM IPOTHO3a OTCPO-
YEHHOT0 KPOBOTEUEHHs. BO3MOXKHO, HEAOCTATOUHOE KOJIHYe-
CTBO CIIy4aeB MOCJICONEePAHOHHOIO KPOBOTEUCHHUS B HAIIEH
pabore (6 Ha 175 ciydyaeB) UMEET HEKOTOpbIE CTATHCTHYE-
cKye orpaHuyeHus. J{Jsi Jydiiero mporuo3a OTCPOYCHHOTO
KPOBOTEUEHUSI, KpoMe He()POMETPHH, BaXKHO NPUHHUMATh BO
BHUMaHHUE OJIM30CTh CETMEHTAPHBIX apTEePHil K KPaw pe3ek-
[IMM, HAJW4YUe y MalUeHTa Kakoil-mubo (Gopmbl koarymomna-
TUU U IPEJONEePalUOHHYI0 aHTUTPOMOOTHUYECKYIO TepaIuIo,
OXKHPEHHE.

Bricokue mnoxazarenu uuzaekca R.E.N.A.L npsmonpomnop-
[IMOHAJIBHBl PUCKY 3HAYUTEIBHOrO IOCJICONEPALUnOHHOTO
KPOBOTCYECHU A, OAHAKO }laHHblﬁ BU KPOBOTCUCHUS ABJIACTCA
peoKUM TMociie JII000W OpPraHOCOXpAHSIOUIEH ONepaluu Ha
noukax. [locneonmepannoHHas cenekTUBHAs 3MO0IM3ALUA
SIBJSIETCS. METOJIOM BBIOOpA M, B OOJIBLIMHCTBE CilIydaes, d(-
d)eKTI/IBHa JJIs1 OCTAHOBKH IMOYECYHOT'0 KPOBOTCYECHUSA U COXpa-
HEeHus ee QyHKIHN.
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KIIMHUYECKAS OHEHKA PE3YJIBTATOB XUPYPIHMYECKOI'O JIEYEHUSA TAIIMEHTOB
C JEI'EHEPATUBHBIMMU IMOBPEXKJIEHUSMU KOPHSI MEIMAJIBHOTI'O MEHUCKA

Bypssnos A.A., JIvixoauii B.B., 3aqnnyenko M.A., Codonesckuii FO.J1., [Imennunpiii T.E.

Hayuonanvnwvii meouyunckuil ynusepcumem um. A.A. bocomonvya, kagheopa mpasmamonozuu u opmoneouu, Kues, Yxpauna

Pa3peiBoM KOpHSI MEHHCKa SBISIETCS OTPBIB C KOCTHBIM
(GparMeHTOM HIH paauaIbHBII pa3pblB MEHHCKA Ha PaccTo-
STHUM 10 1 ¢M OT MecTa ero mpHuKperieHus Ha 0onpuiedepuo-
Boi koctu [17]. IloBpexaeHns KOpHS MEAUAIBHOTO MEHHUCKA
ObIBAIOT TpaBMaTU4eCKUMH, 70% - JereHepaTUBHBIMU Pa3pPhl-
BaMu [3,9], koTophle Yalle BCTPEYAIOTCS Y )KEHIIIMH CPEIHETO
BO3pacTa U cocTaBisaioT oT 10 10 21% moBpexkaeHui 3aHero
pora MeauaibHOTro MeHHCKa [4,18].

B cBsi3u ¢ nporpeccuBHbBIM HAKOIJIEHMEM 3HAHMH O CTPYK-
TYPHO-(YHKIMOHAIBHBIX HAPYIICHUAX B MEHHMCKAX, KOJICHHOM
CyCTaBe, Pa3BUTHEM TEXHOJOTUH M XMPYPTUUECKHX TEXHMK
MOZIXO/BI K JICYEHHUIO MOBPEXKACHUH MEHHUCKOB MOCTOSHHO Me-
HSIFOTCSL.

bruomexanndeckue HapylleHHs HPH MOBPEXKACHHUAX KOPHS
MEHHUCKa SBISIOTCS «KPHUTHUECKUMH», NPUBOAAT K OBICTPOMY
IIPOTPECCUPOBAHUIO OCTE0APTPO3a KOJICHHOrO cycraBa [19] u
TpeOyIOT XUPYPTrUUECKOro JEUSHNs B OTIINUHE OT JIeTeHepaTHB-
HBIX MOBPEXKICHHI 3a/JHETO pora, KoTopbie IPp(eKTUBHO MOM-
BEPraroTcsi KOHCEPBATUBHOMY JICUEHHIO.

TpaiuuMOHHO Mg JIEYEHMS] TOBPEXIEHUM MEHHCKOB
MPUMEHSIOT YaCTUYHYI0 MEHHMCKIKTOMHIO, KOTOpas IEeMOH-
CTPUPYET YAOBIETBOPUTEIbHBIE KIMHUYECKUE PE3YIbTAThI
[12,15]. Ognako, yaCTHUHOE WM MOJIHOE yAAJIEHUE MEHUCKA
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MPUBOJUT K BOSHUKHOBEHUIO OCTE0APTPO3a, a IPU €ro HajlH-
YHUH - K ObICTpOMY IIporpeccupoBanuto [20].

Bompoc xupyprudeckoro JedeHHs 1ereHepaTHBHBIX TOBPEK-
JICHUH KOPHS MEMaabHOIO MEHUCKA 110 CEH JIEHb OCTAEeTCs OT-
KPBITBIM U TpeOyeT AalbHENIIEro H3yyeHHs.

Llens mccnenoBaHus - aHAIU3 PE3y/NbTAaTOB JIEUEHUS Mallu-
€HTOB I10CJ€ TPAHCOCCAIBHOTO IIIBA M YAaCTUYHOH MEHHCKAK-
TOMUH HPH JIeTCHEPATUBHBIX TTOBPEXKICHUSIX KOPHS MEHHCKA Yy
MAIMEHTOB C OCTE0APTPO30M KOJICHHOTO cycTaBa 1-2 craguu 1no
Kalgren-Lawrence.

Marepuan u metoanl. IIpoBeeHo MpoOCEKTUBHOE HcCIle-
JI0BaHHE 55 MaIMEeHTOB C JIETeHEPaTHBHBIMU MOBPEXKIACHUAMH
KOPHSI MEJIMAJIbHOTO MEHUCKA.

Kputepun BKiIIOUEHHUS: JIeTeHEPATUBHbBIE Pa3pPbIBbI KOPHS Me-
JMaIbHOTO MEHUCKA y MAIMeHTOB C MEIMAIBLHBIM OCTE0apTPoO-
3oM 1-2 craguu no Kalgren-Lawrence (K-L).

Kputepun HCKIIOUEHUS: 0CTE0APTPO3 KOJIEHHOIO CycTaBa 3 U
4 crenienn no K-L, comyTcTByromme pa3pbIBbI JIATEPATbHOTO Me-
HHCKa, BapycHas JedopManis KOJIEHHOTO cycTaBa Ooiee 7 Tpap,
OrpaHMYEHHE CTMOAHUS W/WIM pa3ruOaHus B KOJIEHHOM CyCTaBe
6omnee 10 rpaz, acenTUUECKUI HEKPO3 MEINAIBFHOTO MbIIeNKa Oe-
JIPEHHON M 00NbLIeOEPIIOBON KOCTH, OKHUPEHHE 2 U 3 CTEHECHH,
HAJIMYME TSHKEI0H COMATUYECKOM IIaTOIOI K.
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[TokazaHus K XUPYPruuecKOMY JICUCHUIO — HAJTMYUE MEXaHU-
YECKUX CUMIITOMOB IMOBPEKACHWA MEIUAIbBHOTO MEHUCKA, MJIU-
TEJILHOCTB 3aboseBanusi Ooiee 3 Mecsues, HedDPEKTUBHOCTH
KOHCEPBATUBHOI'O JICYHCHUSA (HeCTepOI/I)IHbIe IPOTUBOBOCHAJIN-
TeJsbHbIe Tpenaparsl, pusnorepanus, JIOK), noxareepikaeHHbII
pa3psiB MeauaabHOrO MeHucka Ha MPT.

Jis MarHOCTHKM JET€HepaTHBHOIO MOBPEKACHHUS KOPHS
MeIUaJIbHOTO MEHHMCKA UCIIOIB30BaIM apTPOCKOIHIO (puc. 1) u
MPT (1,5 Tecna), puc. 2.

medial femoral condyle

medial tibial condyle

Puc. 1. Apmpockonus nesoeo konennozo cycmasa, 6uo c id-
mepanvnozo nopmana. MMRT - paspvie kopus meouanibHo2o
MeHUCKa

Puc. 2. MPT nesozo konenno2o cycmaga cmpenkoil yKasamn
Paspole KOpHsL MEOUAIbHO20 MEHUCKA

Tun TMOBPEKACHUS KOPHA MEAHUAJIbHOI'O MCHUCKaA OLICHUBAJINA
COIVIACHO apTPOCKONUYECKON KJIacCU(DUKALUH, TTPEITOKESHHOM
La Prade et al. [14]. MccnenoBanu pe3yasTaTbl XUPYPrHYSCKOTrO
JICUCHHUA NIPU NOBPEXIACHUAX «KOPHS» MEAUAIIBHOTO MCHUCKa
2,3,4 tuna o La Prade.t

CreneHb MOBPEKACHUS XPsIlla MEAUAIBLHOTO MBIIIEIKA Oe-
JpeHHOil kocTH ouenuBanu 1o mkaite Outerbridge, BbiOMpast
y4acTOK ¢ HauboJee TSHKEIIBIM TOBPEIKICHUEM.

B 3aBrcuMocTH OT BUa XUPYPruieCKoro BMCIIaTeJIbCTBa 1a-
LIMEHTBI PACTIPEENEHbI Ha OCHOBHYIO (n =18) u rpyrmity cpasHe-
nus (n=37).

B rpymnmie cpaBHeHHS IPOBOIMIN YaCTHYHYIO MEHUCKIKTOMHIO
(n=37), xoTopas 3aKiodanach B yIaJIEHWH 3aIHETO pora U va-

© GMN

CTHYHO TeJla MeMaIbHOIO MEHHCKA IO/l aPTPOCKOIIMYECKUM KOH-
TposeM. [lanmeHTaM OCHOBHOH IpyIIbl IPOBOJWIN LIOB KOPHS
MEIHAJIbHOTO MEHHUCKA I0J] apTPOCKONNYECKUM KOHTPOJIEM C HC-
TI0JIb30BAaHUEM TPAHCTUOHATLHOM TeXHUKH «pull-outy [10].

CpenHuii BO3pacT MALMEHTOB B OCHOBHOM TIpyIIE COCTa-
BuI 53,61+4,92 ropa, B rpynme cpaBHeHus — 54,16+4,4 rona
(p=0,67), Tabnuua 1.

[ToB KOpHSI MEIUAIBHOTO MEHHCKA COCTOHMT M3 CICAYIOLINX
9TanoB: MOOMJIM3ALIMs TENA U 3a/IHET0 pora (3aJHeMeHalbHbIe
OT/IeJIBbI KarCyJsIbl KOJIGHHOTO CyCTaBa) MEANaIbHOIO MEHHCKA C
IIOMOIIBIO APTPOCKONUYECKUX HOXKHHUII, IIEHBUPOBAHUE CHUHO-
BHAJILHOI 000JIOUKH HAJl U [10J] MCHUCKOM, ()OPMUPOBAHHUE OTHO-
O MM JIByX KaHAJIOB B MEAMAJILHOM MBIIIIEIIKe OOJbIIeOepLeBoit
KOCTH C ITOMOIIBHO TI/I6PI3..]'I]>HOFO HaIpaBUTEIA, HAJIOKCHUE JABYX
IIBOB HA «KOPEHB» MEIHAIbHOTO MEHHCKA C MOMOIIBIO TIPOLIU-
Barenst «<FIRSTPASS MINI» ¢ ¢opmupoBanuem xotst Obl 0fHON
new 1o Tury «lasso-loop» (puc. 3), uto obecriednBaeT HaIeK-
HyI0 (PUKCAIMIO JereHepaTHBHO W3MEHEHHOH TKaHH MEHHCKA U
yMeHbl_L[aeT PUCKH TPOPE3BIBAHMS IBOB, ITPOBEICHUE 1IIBOB YE€PE3
TPaHCTHOMAIBHU KaHAIBI C (pUKcaryell Ha KOPTHKAJIBHOM CIIOC.
[py npoBeeHNH apTPOCKONNYECKOTO BMEIIATEIBCTBA TYPHUKET
HE HCIIOJIB30BAJICS.

Puc. 3. Apmpockonusi 1€6020 KOIEHH020 CYCmasd, 6uo ¢ Jid-
MEPANbHO20 NOPMANA, NPOUUBAHUEC KOPHS C (OPMUPOSAHUEM
nemau no muny «lasso-loop»

I'pynmbl manueHToB MO0 OCHOBHBIM IOKa3aresisiM (BO3PAcT,
II0JI, CTETICHb HOBPEKACHHS XPAIla MEIMAIBHOTO MBIIIEIIKA [0
Outerbridge, MHAEKC MacChl TeNa) SIBISIFOTCS COMIOCTAaBUMBIMH H
CpaBHUMbIMH (Tabnuua 1).

KinHugeckast olleHKa pe3ysbTaToB MPOBEIEHA J0 XHPYpIHu-
YeCKOro JIeYeHHs U crycts 1 1 2 roja mocie onepamuu ¢ uc-
TOJIb30BaHUEM OLIEHOYHBIX 1iKas Lyscholm u Tegner.

[IpoBenen pacuer cpeHUX YpOBHEH MoKa3arenei ¢ OleHKOH
UX BapuaOelbHOCTH M CTATHCTHYECKOH 3HAYMMOCTH — Cpel-
HsIsl aprudMeTHUeCKasi U CpelHee KBaIpaTHUecKoe OTKIOHEHHE
(curma). IIpoBepka HOPMAaJIBLHOCTH paclpeleCHus JaHHbIX
nposezeHa 1o kpureputo Llanupo-Yuika. I[Tpu cpaBHeHnu B3a-
MMOCBSI3aHHBIX JIAHHBIX (IO — [OCJIe JICUSHHUS) UCIIOIb30BaIN
HapHBIH t-TECT, a IPU CPABHEHUH HE3aBUCHUMBIX TPYII - KPUTE-
puii Manza-YutHu. CpaBHeHUE pacrnpeiesieHUi TalueHToB 110
HOJTy ¥ TsDKeCTH HoBpexaeHus xpsma (Outerbridge) B rpymmax
OLIEHUBAJIM IO KpUTepHIo Xu-KBaapar (2).

O1leHKa pe3ynbTaToB aHalM3a MPOBOJIMIACE C YPOBHEM CTa-
THUCTUYECKOM 3HAaYUMOCTH He Hike 95% (p <0,05).

Pe3yabrarel m o0cyxkaenne. KiimHnuecky 3Ha4MMBbIA pas-
PBIB KOPHSI MEIMAJILHOTO MEHHCKA HAOMIONAIH Yallle Y KSHIINH
(72,7%), yem y myxuuH (27,3%).
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Tabnuya 1. Cpagnenue nayuenmos 0CHOSHOU U SPYNNbL CPAGHEHUS NO NOTY, CPEOHEMY 803PACTIY,

unoexcy maccel mena (MMT) u cmenenu nospescoenus xpsiya no Outerbridge

ITapameTtpsl OcuoBuas rpynna n =18 I'pynna cpaBuenus n =37 p

o Myx. - 4 (22,2%) Mmyx. - 11 (29,7%) 0,557 *

! ke, - 14 (77,8%) KeH. - 26 (70,3%)
Cpennuii Bo3pact 53,61+4,92 54,1644 0,677 **
UMT (xr/m?) 32,1+1,85 31,8+1,92 0,688 **
[ToBpexkaeHust Xpsia MeTUaibHO- lct -5(27,8%) 1 ct - 11 (29.7%)
TO MBbIIIeTKa OCAPCHHOW KOCTH IO 2ct - 11 (61,1%) 2 crT. - 24 (64,9%) 0,747 *
Outerbridge 3cr -2 (11,1%) 3cr-2(5,4%)

npumeyanue: * - cpagrenue nokazameneu no kpumepuio Manna-Yumnu,; ** - cpaenenue nokazameneu no kpumepuio Xu-keaopam (x2)

Tabnuya 2. Pezynomamet oyenku no wikanam Lyscholm u Tegner oo onepayuu u cnycms 1 u 2 200a nocie onepayuu

OcHoBHas rpynmna I'pynna cpaBHeHuUst Pasmms mesry
xannl n=18 n=37 rpynnamMu P#
A (95% 1)
[kama Lyscholm mo omeparum 62,5+4,6 63,8+4,2 -1,3(-3,8-1,2) p=0,301
Lyscholm 1 rox nmociie nepanuu 88,5 £6,1 82,8+5,2 5,7(2,5-8,9) p=0,001*
Lyscholm 2 roma mocne onepauu 87,3+4,1 81,5+6,2 5.8(2.5-9.1) p=0,0012*
Tegner o onepanun 3.11+0,68 3,16+0,75 0,05 (-0,5-0,4) P=0,814
Tegner 1 rox nocie onepauuu 5,1£1,1 5,02+0,6 0,08 (-0,4—0,5) P=0,732
Tegner 2 ropa mocne onepauuu 5,3+0,5 5,03+0,4 0.27 (0.02 - 0.52) P=0,037%*

Jlo omeparum oneHka o mkaie Lysholm y mammenToB oc-
HOBHOM Tpymmsl cocTaBuia 62,5 + 4,6 6anna, B rpymnme cpas-
HeHus - 63,8 + 4,2 6amna (p=0,3) ouenka no mkane Tegner y
MAIMEHTOB OCHOBHOM rpymnmbl cocraBuna 3,11+0,68 Gamna, B
rpymme cpaBHeHus —3,16 + 0,75 6amna (p=0,8).

Cmycrst 1 ron mocie omepanuu oreHka mo mkane Lysholm
y MAIMEeHTOB OCHOBHOI Tpymnmbl coctaBmia 88,5+6,1 Oamn, B
rpymne cpaBHeHus — 82,8+5,2 6amna (p=0,001). Crycrs 2 roga
rocyie Onepanyy oleHKa no mkane Lysholm y manueHToB oc-
HOBHOM rpymiisl coctaBuna 87,34+4,1 6an, B rpymnime cpaBHEHUs
— 81,5 £6,2 6anna (p=0,001), rpadux.
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HUs 00 u noce neyenus (1200 u 2 2ooa) no wkane Lysholm.

Onenka no mkane Tegner ciycTst 1 rox mocie onepanuy y na-
LMEHTOB OCHOBHOM TpymIbl cocTaBuia 5,1+1,106amna, B rpynmne
cpaBHeHHs - 5,02+0,6 6anna (p=0,7). Ouenka mo mxaine Tegner
CITycTs 2 To/ia MOCIIe OIEPAlUK Y TTAIIMEHTOB OCHOBHOM IPYIIIIBI
cocraBmia 5,3+0,5 6anna, B rpynme cpaBHeHus - 5,03+0,4 Gan-
na (p=0,03), Tabmuma 2.

ViyuiieHre KpaTKOCPOUHBIX KIMHUYECKUX PE3yJbTaToB Jie-
YeHUSI OTMEYalM y IMAlMeHTOB, KaKk OCHOBHOMW, TaK M TPYIIIbI
cpaBHeHHs crycTs | u 2 roxa mocine onepanun OnHaKo, y ma-
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LHEHTOB OCHOBHOW TPYMIIBI, KOTOPHIM TPOBOIMIH IIOB KOp-
HS MEIMaIbHOTO MEHHCKAa HaOIIOfany JOCTOBEPHO IydIlHe
KIMHUYECKNE Pe3yNbTaThl YeM B TPYIIE CPaBHEHMS IO IIKaje
Lysholm coyctst 1 ron u 2 roga noce onepanuu (p<0,05).

Cremyer OTMETUTh, YTO JOCTOBEPHBIE OTIHYMS KIMHUYECKHX
PE3ynbTaToB TP OIEHKe IM0 IiKaje Tegner oTMEeYaanch TOIBKO
CITyCTsI 2 TOfa MOCTIe ONepariy, OCHOBHASI TPYTINA NMENa JTydIlie
pesymsrarsl (p<0,05). Y 2 manueHToB OCHOBHOM IPYMITHI U 2 TPYTI-
TIBI CPaBHEHUsI C TIOBPEKJICHUEM XPSIIa MEANUAIBHOTO MBIIIENKA
OenperHoit koctr 3 crenenn mo Outerbridge mo mxane Lysholm
OTMEYAJIHCh «yIOBICTBOPUTETLHBIE» PE3YIIBTATHI JTCUESHUSL.

B teuyenue 2 et HaOMIOAEHNS MAIIUEHTH OCHOBHOM M TPYTIIIEI
CpaBHEHHMS HE HYXIAJIHCh B YHIONPOTE3NPOBAHUHU HIIH KOPPH-
TUPYIOIIEN OCTEOTOMUHU.

ViydiieHue 0TMe4anoch y NMalueHTOB Kak OCHOBHOM, TaK U
TPYHIBI CPABHEHNUS C AET€HEPATUBHBIMHU Pa3phIBAMH KOPHS Me-
HHUCKa TpH Hagumyuu 3 creneHu 3a Outerbridge moBpexaeHus
XpsiIlfa MeINaIbHOTO MBIIIENKa OepeHHoi kocTH. Mcronb3osa-
HUSI IITBa KOPHSI MEHHCKA C XOHAPOMOAH(DUINPYIOMNMHI BMEIIIa-
TEMbCTBAMH BMECTO MEHHCKIKTOMHH MO3BOJIMIIO 3HAYUTEIBHO
YMEHBIIUTH 007IE€BON CHHAPOM.

V 32 (58,2%) marmeHToB pa3pbiB KOPHA MEAUAILHOTO MEHH-
CKa JIOKAJIM30BaJICsl Ha PACCTOSHUM 3-6 MM OT MecTa IpHKpe-
TIEHHUS, 9TO COOTBETCTBYeT 2b Trmmy noBpexaenus, y 7 (12,7%)
TANUEeHToB oTMedancs 2a tum, y 11 (20%) — 2¢ tum, y 2 (3,6%)
nanuenToB — 3 Tun u 'y 3 (5,5%) — 4 Tun MoBpexIACHUS KOPHS
MeHaTbHOTO MEeHHCKa Tabmuma 3.

B teuenne 2 ner HaOmrofeHWs B OCHOBHOW W TPYMIIE CpaB-
HEHUS TIOBTOPHBIX PEBH3MOHHBIX APTPOCKOMHYECKHX BMeEIIa-
TEIbCTB HE MPOBOANIIH.

CrnenyeT OTMETHTB, 4TO MOAM(DUIIMPOBAHHAS KIAaCCUPHKALIUS
La Prade moBpexaeHuii KOpHS MEHHCKa YYHTHIBACT XapakTep
Ppa3pbIBa KOPHS MEHHCKA U BETMUMHY Pa3phIBa, KOTOpas CBs3aHa
¢ ero akcTpy3ueii [10].
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Tabnuya 3. Pacnpedenenue no muny nospejcoenus KOpHs MeoudIbHo20 MEHUCKA Y NAYUEHINO08

Tum 1 -

Tum 2a 7(12,7%)
Tun 2b 32(58,2%)
Tun 2¢ 11 (20,0%)
Tum 3 2 (3,6%)
Tun 4 3 (5,5%)

UewMm Oombliie BeMWYHMHA pa3pbiBa B 0OIACTH KOPHS, TEM O0JIb-
1€ KCTPYy3Hsi MEHHCKA U Oosiee BBIPAKEHBI JIET€HEPATHBHbBIE
HM3MEHEHUS B KOJIEHHOM cycTase [11].

B GHOMeXaHHUYECKHUX HCCIEIOBAHUAX TOBPEXKICHUS KOPHS
MEHHCKA TPUBOIMIO K YBEINYEHHUIO KOHTAKTHOTO JABICHUS B
MeHaIbHOM KOMIapTMeHTe Ha 25% B CPaBHEHMHU C HHTAKTHBIM
MEHHCKOM, UYTO SBIISETCS MPEANOCBUIKOH MPOrpecCHpOBaHUS
ocTeoapTpo3a KoneHHoro cycraBa [8]. Takue moBpexaeHUsS
CBSI3aHBI C PA3BUTHEM CIIOHTAHHOTO ACENTHYECKOTO HEKpo3a
B MEAMAIBHOM KommapTMmeHTe [21]. YBenudeHue Harpys3ku Ha
CyCTaBHOM XpsIIl, KOTOPOE BO3HUKAET B KOJICHHOM CYCTaBe IpU
TOBPEXJICHUN KOPHA MEAMAbHOTO MEHHCKA, COMOCTaBUMO C
HW3MEHEHUSIMU, BO3HUKAIOIIUMHU TIPH TOTATbHONH MEHHMCKIKTO-
muu [1].

DKCTpy3us MEHHCKa Oojiee yeM Ha 3 MM, KOTOpasi BOSHUKAET
TIPYU TIOJTHOM WJIM YaCTUYHOM MOBPEXICHUN KOPHS MEHHCKA CO-
YETaeTCs CO 3HAUMTEIbHBIMH JIETEHEPATUBHBIMU U3MEHEHHAMH
B KOJICHHOM cycTtaBe [16]. Pa3pbiB KOpHS MEHHCKa paccMarpu-
BAIOT HE TOJIBKO KAK CIEACTBHE OCTE0APTPO3a KOJEHHOTO CyCTa-
Ba, HO U KaK OfIHY M3 NPUYHH Pa3BUTHS 0CTE0APTPO3a.

CoBpeMeHHbIE TOIXO/IbI K JTEUCHUIO MOBPEXKICHUN MEHUCKOB
BKJIIOYAIOT: KOHCEPBATUBHOE JIEUCHUE, apTPOCKOITMUECKYIO Ya-
CTUYHYI0 MEHHCK’KTOMHUIO, PEKOHCTPYKTHBHBIE BMeEIIATEIIhb-
CTBa, KOTOPbIE HANIPABJIEHbI HA COXPAHEHUE MEHHCKA (III0B, ayT-
MEHTALH ), TPAHCIUIAHTAIMIO MEHHCKA [S].

H3BecTHO, 4TO YacTHYHAs MEHHCKAKTOMHUSI MMEET Psif HeJoCTaT-
KOB, CBSI3aHHBIX C YBEJIMUCHHEM Harpy3Kd Ha CyCTaBHOM Xps [2,22]
U IPOrPECCUPOBAHKIEM OCTE0apTPO3a KOJIEHHOTO cycTaga [6].

Crnenyer oTMmerHTh, 4TO B HccienoBanmsix Krych AJ. wu
Johnson NR. monmHoe mim 4acTHYHOE ynaneHHE MEAUAIBHOTO
MEHHCKa MPH MOBPEXCHUSIX KOPHS HE YTyUIIHIO0 KITHHUIECKUE
pe3yabTaThl JEUSHNUs, a IPUBENO K OBICTPOMY MPOTPECCHPOBa-
HHUIO OCTe0apTpo3a M HEOOXOAMMOCTH 3HAOMPOTE3MPOBAHUS
KOJIEHHOTO cycTaBa B 54% ciyuaeB ysxke crycts 4,5 net [13].

WTtak, yacTHYHAs MEHUCKIKTOMHs JOCTATOYHO TPOCTast H
JeleBas TEXHOJIOTHsI, 00eCIEeUNBAIOIIAsl YIOBIETBOPUTEIbHBIH
KPaTKOCPOUHBIN Pe3ynbTaT U MOKET ObITh PEKOMEHI0BaHa MPH
3HAYUTEIIBHBIX JIETEHEPATHUBHBIX M3MEHEHMAX 3aIHEro pora u/
WU CIIOXKHBIX Pa3phIBax 3aJHETO POTa U KOPHs, KOTOPbIE IPUBO-
JSIT K 3HAYUTETBHON 3KCTPY3UM MEHHCKA U JIETal0T HEBO3MOXK-
HBIM €T0 IIOB U (PUKCAIHIO.

[IToB KOpHSA MEHHUCKA MPEATIONAraeT ero GUKCALHUIo 0T MeCTa
pa3spbiBa U CO3[aHHE YCIOBHUH A pereHepaluy U CpacTaHMs.
[Ipu 3HAYUTETBHBIX CTPYKTYPHBIX MOBPEXKICHHUAX U JAeTeHepa-
THBHBIX U3MEHEHUSIX TKAaHU MEHHCKA HCIOIb30BaHUE IIBA KOP-
HSI MEHHCKA COMHHTEIBHO.

[Ipumenenune pa3IUYHBIX (HUKCATOPOB U MPOILUBATENCH TPH
1IBE€ MEHNCKA NPUBOAUT K YBEINUEHHUIO CTOMMOCTH XHPyprude-
CKOTO BMEMIATENbCTBA, OJHAKO YMEHBIIAET MPOrPEeCCUPOBAHHE
0CTE0apTpo3a U HEOOXOAUMOCTD JaTbHEHIIIEro SHA0MPOTE3UPO-
BaHUsI KOJIGHHOTO CycTaBa [2].
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[loB KOpHS MEHHCKA SIBIAETCSI OTHOCUTENIBHO MPOCTON U ObI-
CTpOM onepanuei Mpyu HATMIUU COOTBETCTBYOLLETO MHCTPYMEHTa-
puist, KOTOpast IOTEHIUAIBHO MOXKET 3aMEUISITh IIPOTPECCHPOBAHNE
ocrteoapTposa [7] U, CIeqoBaTeNIbHO, SBIACTCS MaTOreHEeTHYECKH
0osiee 000CHOBAHHOM, YeM MEHUCKIKTOMHUSI.

[TpumeHeHue mBa KOPHS MEHHCKa CUHMTaeTcs IerecooOpas-
HBIM TPH JIETeHEPATUBHBIX MOBPEXIeHUsX 2 Tuma 1o La Prade,
KOTOpBIE SBIISIOTCS PAAMabHBIM Pa3pbIBOM C JIOKAH3aIHeH OT
0 10 9 MM OT MecTa MPUKPETIIICHUS] MEAUATBHOTO MEHHCKA.

BoccranoBneHne 1ETOCTHOCTH MEHHCKa MPH JereHepaTHB-
HBIX Pa3pbIBaX KOPHs MEIHATbHOTO MEHUCKA 3 U 4 CTENeHH Mo
La Prade HetenecooOpa3Ho n3-3a 3HAYUTENBHBIX TOBPEKICHHI
U BBIPAXKEHHBIX JETeHEePAaTUBHBIX N3MEHEHUH TKaHU MEHHCKA.

BeiBoa. /lerenepaTuBHbIE pa3pbIBbl KOPHS MEAMAIBHOTO
MEHHCKA IO CeH JIEHb OCTAIOTCS aKTyalbHOU MpoOieMoi, Tpe-
Oyromeil MpoBeAeHUs NaNbHEHINX HMCCIEIO0BAHUN U OIpenae-
JIEHUs ONTUMAaJIbHON TAaKTUKHU JiedeHHs. [Ipu nereHepaTHBHBIX
MOBPEXACHUAX KOPHS MeIMaNbHOTO MeHHcka 2 tuma mo La
Prade TpaHcoccanbHbIH OB ABISIETCS METOAOM BbIOOpaA, KOTO-
PBIH MTO3BOJISET MOTYUUTH JIyUIlINe KINHUIECKUE PE3ybTaThl B
CpaBHEHMH C YaCTUYHOM MEHUCKIKTOMHEH, a TakXkKe 3aMeUTUTh
MPOTPECCHPOBAHUE OCTE0APTPO3a KOJIEHHOTO CyCTaBa.
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SUMMARY

ASSESSMENT OF CLINICAL RESULTS OF SURGICAL
TREATMENT OF PATIENTS WITH DEGENERATIVE
MEDIAL MENISCUS ROOT TEARS

Buryanov O., Lykhodii V., Zadnichenko M., Sobolevskiy Yu,
Pshenychnyi T.

Bogomolets National Medical University, Department of trau-
matology and orthopedics Kyiv, Ukraine

Damage of the medial meniscus root is critical, because it
leads to rapid progression of knee osteoarthritis and requires
surgical treatment.

Purpose - to evaluate results of surgical treatment in patients
with degenerative medial meniscus root tear with 1 and 2™ K-L
knee osteoarthritis.

The results of treatment of 55 patients with degenerative
medial meniscus root tears were evaluated. MRI and arthros-
copy were used for diagnosis. Patients were divided into the
main group (n =18) and comparison group (n =37) patients. In
the comparison group, a partial meniscectomy was performed
(n,=37), which consisted of the removal of the damaged pos-
terior horn and part of the body of the medial meniscus under
arthroscopic control. In the main group (n =18) the suture of the
medial meniscus root was performed under arthroscopic control.

Before surgery, the score on the Lyscholm scale in patients of the
main group (n=18) was 62.5+4.6 points, in the comparison group
(n=37) - 63.8+4.2 points (p>0.05).One year after surgery, the
score on the Lyscholm scale in patients of the main group (n=18)
88.5+6.1 points, in the comparison group (n=37) - 82,8+5,2 points
(p<0.05). Two year after surgery, the score on the Lyscholm scale
in patients of the main group (n=18) 87,3+4,1 points, in the com-
parison group (n=37) - 81,5+6,2 points (p<0.05).

The suture of the medial meniscus root is the method of
choice that allows to get better clinical results compared to
partial meniscectomy, as well as slowdown the development of
knee osteoarthritis.

Keywords: meniscus root tear, knee, osteoarthritis, surgical
treatment.

PE3IOME

KIIMHUYECKAST OLEHKA PE3YJIIBTATOB XHPYP-
I'MYECKOI'O JIEYEHUS MAIHUMEHTOB C JEI'EHEPA-
TUBHbBIMHU NNOBPEXJIEHUSIMU KOPHSI ME/IUAJIb-
HOI'O MEHHUCKA

Bypsbsinos A.A., JIsixoauii B.B., 3aqunyenxo ML.A.,
CoooueBckuii FO.JI., [Tmennunsiii T.E.

Hayuonanonwiii meouyunckuil ynueepcumem um. A.A. boeomons-
ya, kaghedopa mpasmamonoauu u opmoneduu, Kuees, Ykpauna

Heﬂb HCCIICN0BAaHUS - aHAJIU3 PE3YJIbTATOB JICUCHUS IalU-
CHTOB IIOCJIE TPAHCOCCAJIbHOI'O MIBa U YACTUYHOW MEHHCKIK-
TOMHWU NTPU ACTCHEPATUBHBIX IMOBPEKACHUAX KOPHA MECHHUCKA Y
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MALMEHTOB C OCTE0APTPO30M KOJICHHOTO cycTaBa 1-2 craauu 1no
Kalgren-Lawrence.

[IpoBeaeHO NMPOCHEKTUBHOE UCCIIEOBAHUE 55 MAlMEHTOB C
JACTCHECPATUBHBIMU TTOBPEKACHUAMU KOPHA MEAUAJIBHOIO ME-
HHCKA. B rpyrme CpaBHCHHS BBITNIOJIHEHA YaCTU4YHasE MECHUCK-
sktomMus (n=37), B OCHOBHOH rpymnne (n=18) - moB KopHA
MeMaIbHOro MeHucka. CpeiHui BO3pacT MalMeHTOB B OCHOB-
HOH rpynmne coctaBui 53,61+4,92 rona, B rpymnie CpaBHEHUS —
54,16+4,4 rona. KinuHnyeckas oleHKa pe3y/bTaToB IIPOBEIEHA
JI0 XUPYPIrU4ecKoro JedeHus U ciycts 1 u 2 roga mocie onepa-
ILIUH C MCIOJIb30BaHUEM OlleHOUHbIX mKan Lyscholm u Tegner.

Jlo omepanuu ouenka o mkaine Lyscholm y narmueHTos oc-
HOBHOI# rpyImbl coctaBuia 62,5+4,6 Gayuia, B IpyIiie cpaBHe-
Hus - 63,8+4,2 6aia (p=0,3); oneHka no mkane Tegner y nanu-
€HTOB OCHOBHOM rpymisl cocraBmia 3,11+0,68 6amia, B rpymme
cpaBHenus —3,16+0,75 6amna (p=0,8).

Cnycra 1 rox nocie onepaiuu oleHka 1o mkane Lyscholm

y MalMeHTOB OCHOBHOM rpynmsl coctaBuia 88,5+6,1 Gamia, B
rpymnmne cpaBHenus - 82,8+5,2 6amna (p=0,001), cycrst 2 roxa
TocJie OIepanuy oleHKa 1o 1mkane Lyscholm y marueHTos oc-
HOBHOH rpynmnsl cocraBuia 87,3+4,1 Gaia, B rpynmne cpaBHe-
Hust — 81,5+6,2 6amna (p=0,001).

Onenka 1o mkaie Tegner criyers 1 rox mocie onepanuu y na-
LIMEHTOB OCHOBHOM Ipymmsl coctaBuia 5,1+1,1 6ana, B rpymnie
cpaBueHus - 5,02+0,6 6ayua (p=0,7). Ouenka 1o mmkane Tegner
CIycTs 2 Tofia MOCIIe ONepalny y IMalMeHTOB OCHOBHOU IpyII-
bl coctaBuia 5,3+0,5 Gayuta, B rpynme cpaBHenus - 5,03+0,4
baina (p=0,03).

ComnacHo oneHouHbIX 1kai Lyscholm u Tegner npu nerene-
PaTUBHBIX MMOBPEKACHUAX KOPHA MEAUAJIbHOIO MEHHUCKa 2 THUIIA
no La Prade TpancoccainbHBbIil LIOB SBISIETCS METOJOM BBIOOpA,
KOTOprﬁ IMO3BOJISIET l'IOJ'Iy'-{I/ITb nyl{ume KIIMHUYECCKUEC pe3y.nb—
TaThl B CPABHEHUH C YACTUYHON MEHHCKIKTOMHUEH, a TAKXKe 3a-
MEIMTh POrPECCHPOBAHIE OCTE0APTPO3a KOJIEHHOTO CyCTaBa.

@9boygdy
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rence-ols dobgogoo.

ho@omgdygaos  dgoosayg®o dgbolgol gglgol ©gygb-
90530900 ©5b0s5bgdgool Jmbg 55 35:3096@0L  3MML-
39dOamo ggeage. BgEodgool Xy gBdo doggmws bofo-
@mdMogo dgbolggd@mdos (n=37), dodoms© xa9xndo  jo
— dgposgnydmo dgboligol gglgols boggmo (n=18). doGomo-
©0 X980 353096 g0l Ladygomm sbsgds Igowaobs
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COBPEMEHHAS CTPATET WSl JIEYUEHUA BOJIbHBIX C PEIIUIMBAMHU BAPUKO3HOM BOJIE3HU
IMOCJIE SHJAOBA3AJIbHBIX BMEIIIATEJIBCTB

L2YepuookoB A.H., *Pamumsuiau B.I1., *[Toaros C.U., ‘Hukonaes A.M., ‘Arasin A.A., ‘Beabix E.H.

I@I'BOY BO «MT'VIIII», kagedpa xupypauu nospexcoenui, 340 «llenmp Dnebonozuuy, Mocksa;
SOI'BY « HMHUL] onkonoeuu um. H.H. Broxunay Munsopasa Poccuu;
*@IAOV BO Iepsviit MTMY um. U.M. Ceuenosa Munszopasa Poccuu (Ceuenosckuii Ynusepcumem), Poccus

Ilo naHHBIM COBpeMEHHON MEAMLIMHCKON HAYyYHOU JIUTepary-
PbI, BApHKO3HAsT OOJIC3HB SBISACTCS HAMOOJEE PacIpOCTpaHEH-
HBIM XHPYPIUYECKUM 3a00JIeBaHUEM, KOTOPOE, 110 JIAHHBIM JITH-
nemuosnorudeckux uccaenopanuit 2008-2018 rr., BcTpeuaercs
y 20-69% HaceneHMs SKOHOMHUYECKH PAa3BUTBIX CTpaH MHpa
[13,16,27]. B nocnenuue roxsl HaOIOAAETCS €KETOAHBIA pOCT
ypcia OONBHBIX, CTPAJAIONIMX BAPUKO3HBIM PACIIMPEHUEM BEH
HIDKHUX KOHEUHOcTeH [16], 4yTo CcBA3aHO C yBEJIMUYCHHUEM IIPO-
JOJIKUTCJIIBHOCTH KU3HHM, 3HAUYUTCIBbHBIM OMOJIOKCHHEM KOH-
TUHI'CHTA MMalMEHTOB, YJIYYIICHUEM AJUArHOCTHUKH IIaTOJIOTMH
BCHO3HOMN CHCTEMbI HI)KHUX KOHEYHOCTEH, H3MEHEHHEM 00pa3a
JKU3HH, TUTAaHKs, XapaKTepa TPYIO0BOU JeSTeIbHOCTH U BO3pac-
TaHHEM MEIUIMHCKON 00pa3oBaHHOCTH oOmiecTBa [15].

Ilo coBpeMEHHBIM CTAaTUCTUYECKUM JaHHbIM B Poccum Ba-
puxo3Hast Oose3Hb Habmromaercsi y 39 MHJUIMOHOB YeNIOBEK.
B pesynbrare nposenenHoro B 2015 rogy OZHOMOMEHTHOTO
MOMYJISIIMOHHOTO MCCIIEIOBAaHUS Cpeau Jkutesed benropoa-
CKOM 00nacTH, BapHKO3Has 0O0Jie3Hb BhIABICHA Yy 26,2% Il
crapuie 10 ner, npuyem 3aboneBanue Habaronanock y 27,9%
eHIMH 1 25,2% myxuuns [13]. CoriacHo JaHHBIM 00Cieno-
BaHUs JIeTeHl M MHOIPOCTKOB BapHKO3Has OOJIE3Hb OIpesess-
ercst B 10-12,8% cnyuaes, npuuém u3 Hux y 15,8% roHoreit
BBISBJISICS CYOTOTANIBHBIN U TOTAIBHBIN PEeIIOKC 10 CTBOJIAM
MarucTpaibHbix BeH [4]. HeykinoHHo mnporpeccupylomiee u
JUTUTENIFHOE TeUCHHE BApPUKO3HOH 0OJIC3HHU, BBIPAKCHHAs KJIH-
HHUYECKasi CHMIITOMATHKA, YaCTO€ Pa3BUTHE OCIOXHEHUH U pe-
[UIUBOB 3a00JICBAHNS, KOCMETHUCCKUI ME(PEKT 3HAUYUTEIBHO
CHIDKAIOT TPYIOCIOCOOHOCTh M Ka4eCTBO YKU3HU MAIMEHTOB
[9,10,15,16,18,19,21,23,32]. [TooToMy Ha CEroAHSILIHHHA JI€Hb
nedeHre OONIBHBIX C BAapUKO3HOH OOJIE3HBIO NPEICTaBISIET
OOJIBIIIYIO COLMANBHYIO, MEIUIIMHCKYIO X SKOHOMHYECKYIO IPO-
6nemy. ConpanbHbIi acreKkT JaHHOH mpoOiieMbl 00yCIOBICH
YPE3BBIYANHON PACIPOCTPAHEHHOCTBIO JAHHOTO 3a00JICBaHuS,
CHIDKEHHEM KayeCTBa JKM3HU M PabOTOCIOCOOHOCTH, MHBAJIHU-
JIM3alMed ManyeHToB ¢ BeHO3HOW martonorued. [Ipu stom co-
miacHo naHHbiM X VIII Bcemuproro konrpecca ¢ie6osioros
(4-8 depans 2018 rona MenbOypH, ABcTpaius), B MHAYCTPH-
aJbHO Pa3BUTHIX cTpaHax EBpomnbl, AMepuku U B ABCTpanuu
q)HHaHCOBbIe IOTEPHU, 3aTPav4€HHBIC Ha JICHECHHUC ITALlUCHTOB C
BEHO3HOU marosiorueii, cocrarisioT 0,5-1,5% Oromkera CTpaHbl.

C’I‘peMJ’leHI/IG K MUHUMM3ALUH Ol'[epaLlldOHHOﬁ TpaBMbl SBJISACT-
Csl OJTHOM M3 OCHOBHBIX TEHJICHLIMI COBPEMEHHOM MEAMIMHBI. 3a
HOCJICIHUE TO/bI OJaroapsi BHEAPSHHIO BBHICOKOTEXHOIOTHYHBIX
METOOB JICUCHUA CYLICCTBEHHO U3MECHMIIMCH ITIOAXO/bl K JICHC-
HUIO OOJBHBIX C BapHKO3HOI OOJIE3HBIO HIKHUX KOHEYHOCTEH.
OnHUM U3 OCHOBHBIX BEKTOPOB Pa3BUTHs XUPYPIrUU BEH SIBISCT-
csl pa3paboOTKa U MPUMEHEHUE SH/I0BA3AJIbHBIX METOIOB JICUSHUSI.
OCHOBHBIMHM M HanOoJiee MEePCHEKTUBHBIMHI H0BACKY/ISIPHBIMU
BMEIIIATeIbCTBAMU SIBIISIFOTCSL DHJIOBEHO3HAS JIa3epHAsi KoaryJisi-
must (OBJIK) u pamuovactotHas obmurepanus (PHO) [5,20]. B
pe3yabTarte MPUMEHEHHs JaHHBIX METOIMK I07 BO3ICHCTBHEM
PaZMOBOIHOBOTO U JIA3€PHOIO M3JTy4YEHHUsI IPOUCXOUT TepMHUUe-
CKOE MOBPEK/ICHHE BEHO3HOI CTEHKU C MOCIICIYIOLIeH COeMHI-
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TEJIbHOTKAHHOW OONuTepanueil BapHKo3HOTpaHC(HOPMUPOBAHHOM
BeHbL. [Ipu 3TOM HaOMIOMACTCs MUHMMAJIBbHOC BO3ICHCTBHE HA
IIapaBasajibHble TKaHH, 103ToMy nocie BbinonHeHus DBJIK, PHO
HaOIoaeTcss HE3HAUMTENbHBIM IOCICONepalioOHHbIH  0051eBOi
CHHJIPOM, MHHUMAJbHOE KOJMYECTBO HEBPOJOTHYECKUX pac-
CTPOIICTB, Oosiee ObICTpast peabMITHTALIUSI B CPABHEHUH C Pa3iny-
HBIMU BapuaHTaMu ctpunmnusra [8,20,26,28].

BHenpenue B KIMHUYECKYIO IPAKTUKY METOJOB dH/I0Ba3allb-
HOIO TEePMOJIN3a MO3BOJIMIO YMEHBIIHUTh KOJIUYECTBO PAaHHUX
MIOCJICONEPALMOHHBIX OCIOKHEHUH, YAyUIIUTh KOCMETHYECKUI
a¢dexr, mpoBoauTh NeueHne amOynaropHo. B Poccnu, no nau-
HeiM uccaenoanust CIIEKTP or 2013 roxa, nokazaHust K rnpu-
MEHEHUIO SHJI0BA3aIbHBIX BMELIATENILCTB BhICTABIUIUCH 30%
HalyeHTaM, Ha CeroJHsLIHUN JeHb dHI0Ba3aIbHbIH TEPMOIN3
BbInoNHsAETCS B 58-61% cityuaes.

[MpoBenéHHble paHAOMHU3MPOBAHHBIC HCCIICIOBAHUS HEIO-
CPEICTBEHHBIX M OTHAIEHHBIX PE3yJIbTAaTOB JOKa3aau 000CHO-
BaHHOCTb NPHMEHEHHS] METO/IOB DHJOBA3AJILHOTO TEPMOJIH3a
[26,28]. ITo naHHBIM MYJIBTHLIEHTPOBBIX UCCIIEIOBAHUN TEXHU-
YECKHU ycIexX JaHHbIX BMELIATe]IbCTB W HajekHas obimurepa-
uust BeHsl gocruraercs y 99,8-100% nanuento. B ornanénnom
nepuojie cycts 3-12 JieT nocie H0Ba3aIbHBIX ONEpalui Xo-
poire pesynbrarel HaOmonawoTes y 91-94% Gonbubix [1,17].
HaxoruieHne G0bIIOro OIbiTa, COBEPLICHCTBOBAHUE METOIUKH
u texHuku BeinonHenust IBJIK, PYO, npuMeHeHue coBpeMeH-
HBIX aIIapaToB ¢ UCHOJIb30BAaHUEM JJIMHHOBOJIHOBOI'O H3JTyye-
HUsI, 00JIee COBEPIICHHBIX THIIOB U METOJOB aBTOMATHYECKOM
TPaKIMH JIa3ePHBIX CBETOBOIOB MIPUBEJIO K PACIIUPEHUIO MTOKa-
3aHUH K NPUMEHEHMIO ATUX BAPMAHTOB OIEPATHBHBIX BMeEIa-
TenbCTB. B HacTosiliee BpeMsi HEKOTOPbIE aBTOPBI IPHUMEHSIIOT
OBJIK npu auamerpe MarucTpajibHbIX BeH Oosee 20 MM, Jo-
KaJIbHBIM PaclIMPEHHEM MPUYCTBEBOrO OT/eNa BEHBI 10 34 MM,
MHoronputokoBoit, H- u F- o0Opasnoii hopme cadeno-hemo-
PaJIbHOTO COYCThS, YIIBOGHUH CTBOJIOB IOAKOXHBIX BeH [7]. Ha
CTpPaHHULAX MEJULHCKON MeYaTH BbICKA3bIBACTCS MHEHHE, YTO
CTPHIIIHHT OOJIBILION U MaJIOH TIOJJKOXKHBIX BEH CJICIYeT BBINOJ-
HSTh TOJBKO NP TEXHUYECKHX MM aHATOMHYECKUX OrpaHUye-
HUSIX /TSI BBITIOJTHEHHS H/IOBEHO3HOM JIa3epHON KOATYJISLIHH.

OJ1HaKo, HECMOTPS Ha BBICOKYIO AP ()EKTHBHOCTh ATUX METO-
JIMK, TI0 JAHHBIM Psila OTEYECTBEHHBIX U 3apyOeIKHBIX aBTOPOB,
B OT/IJICHHOM [IEPHOIC PELIUIUBbI 3a00JI€BaHNsI BCTPEUAIOTCS Y
1-36% nauunenros [14,23]. [Ipu usyueHnn OTIaNEHHBIX Pe3yiib-
TaTOB YCTAaHOBJICHO, YTO B CPOKH OT 3 110 12 nieT pexkaHanu3anus
KOaryJIMpOBaHHOH BEHbl M pa3BUTHE peLUAMBA 3a00JICBAHHS
npoucxoaut B 0,4-18% cnyuaes [7,30]. [lo gaHHbIM paHaOMU-
3MPOBAHHBIX MYJBTHLEHTPOBBIX HCCIICJOBAHUI, YacToTa JaH-
HOI'O OCJIOKHEHHMSI BO3PACTaeT C yBEIMYCHHUEM JuaMerpa ca-
(denodemMopanbHOro COycThsl KOAryJIMpOBAaHHON BeHBI Ooiee
12-15 mM, npuyctbeBoro orzaena Gonee 16-18 MM, JOKaIbHBIX
pacuiMpeHuii cTBosia GONBIIO MOAKOKHOM BEHBI CBbIIIE 20 MM.
Habnronaercs Takike pocT Ynciia peKaHAIM3aHUi C YUIHHEHUEM
CPOKOB HaOJIIOICHUSI 32 ONIEPUPOBAHHBIMU OOJIbHBIMU. [0 nMe-
IOIMMCSI JINTePAaTypPHBIM JaHHBIM, BOCCTaHOBJICHHE MPOCBETA
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KOAryJIMpOBaHHOTO CTBOJIA TAK)XKE MPOHUCXOJUT B pe3yibTare
NPUMEHEHHs] HEIO0CTaTOYHON MOIHOCTH JIa3epHOr0 H3JIyue-
HusL, poseaeHus | muxiia PYO y nanmeHToB co 3HAYUTEIbHBIM
JuaMeTpoM BeHsl [1]. CreyeT oTMETUTb, YTO B HACTOSILEE Bpe-
MsI OKOHYATEJIbHO He pa3paboTaHa TaKTHKA JeUeHHsS] OONBHBIX
B 3aBUCHMOCTH OT JWaMeTpa, NPOTXKEHHOCTH, JIOKAJIU3aluu,
CPOKOB BO3HMKHOBEHHS YYaCTKOB peKaHAJIM3alMU KOaryIupo-
BaHHOTIO CTBOJIa 00J1b1I0N noaKoxkHOW BeHsl (BI1B) u anatomu-
YEeCKUX OCOOCHHOCTEH BIAJAIONIMX B HEr0 BapHUKO3HO-H3Me-
HEHHBIX nTpuTOKOB [14,30,31].

J1o mosiBIIeHHsT METO/IOB DH/I0BA3aJILHOIO TEPMOJIN3a ISl Jiede-
HUsl OOJTBHBIX ¢ BAPUKO3HOW OOJIC3HBIO MPUMEHSUTH METO HHTPA-
ornepalroHHoH ctBosoBoii ckieporeparnuu (MCC) [6,11]. ITo nan-
HBIM OTCYCCTBCHHBIX U 3apy6e)KHbIX JIMTEPATYPHBIX UCTOYHHUKOB
B OTHAJCHHOM MEPUOMEC PELUIMBLI BAPHUKO3HOW OOJIC3HH pa3BH-
BatoTcs y 2-6% nanuentos, neperecnx VICC. B nocnennue 3-4
rojia MCIOJb3yeTcs: Goree COBEpIICHHAs METOIMKA - MEXaHOXH-
mugeckas obmurepauus (MOCA). Ilpu BBIOTHEHHH MEXaHOXU-
MHYECKOW OONUTEepaliK MyHKIMOHHO B IIPOCBET MarkCTPalIbHOM
HOJIKO)I(HOﬁ BEHbI BBOAUTCA Kare€Tep, IMOCIIC PACKPBITUA U IMOCTE-
IICHHOI'O IOATATMBaHUSA yCT‘pOI‘?ICTBﬁ IMPOUCXOOUT TIOBPEKIACHUE
MHTHMbI OOJIBIION MOIKOKHOM BEHBI BPAIIAOIIMMCS TOHKUM Ha-
KOHCUHUKOM C OITHOBPEMCHHBIM BBEIICHHEM IMEHOOOPa3HOi (hop-
MbI ckilepo3anTa. CoyeTaHne B XOZe HPOLEAyPbl MEXaHHYECKOTO
U XUMHYECKOTO BO3JCHCTBHS HAa BEHO3HYIO CTEHKY IO3BOJISET
MOBBICUTH 3(P(PEKTHBHOCTL BMENIATEILCTBA. [10Cie BBITIOTHCHUSI
MEXaHOXUMHUYECKOM 0OMTepaluy HaOJIFoaeTCsl MEHbIIIEe KO-
YECTBO HEBPOJIOIMYECKHX PACCTPONCTB, IKXMMO30B B CPaBHEHUH
¢ OBJIK, PUO. Nmetorcst coobrieHust 00 yCrenHoM PUMEHEHNH
JTAHHOTO METO/[a JICYCHHsI Y MALEHTOB C PELANBAMH BAaPHKO3HOM
6ome3nu. [1o JaHHBIM CPaBHUTEILHOTO aHANIM3a OTHAAIEHHBIX pe-
3yJIBTATOB MEXaHOXUMHUUCCKasi OONUTEpaltis sIBiseTcst 6osee -
(DEKTUBHBIM METOZIOM JICUCHHSI B CPAaBHEHHH C IXOCKJICPOTEepaIi-
eit, onHako y 1-5,3% naumenTtoB uepe3 1-2 roza nociie OKOH4aHHs
JICUCHHS PA3BUBACTCS PEKAHAIM3ALMS CKIICPO3UPOBAHHON BEHBI U
pasBuTHe peranBa 3aboseBanus [3].

CremyeT OTMETUTD, YTO B HACTOSIIIIEE BPEMsI HE YCIIeTCs J0-
CTaTOYHOI'0O BHUMAaHUS aHAJIW3Y MNPUYHH Pa3BUTHUA PELHUIAKWBOB
BapHUKO3HOW OOJIE3HU IMOCIIE TPUMEHEHUS YHI0BA3AIBHBIX OIle-
pauuii ¥ perIeHnIo BOIPOCOB 10 BEIOOPY ONTHMAIIBHOTO METO/1a
JICUCHMS C YyUETOM MHAUBUAYAJIBbHBIX KIMHUYECKUX 0COOEHHO-
creii 3a0oneBanusd. B coBpeMeHHOIl tuTeparype UMEIOTCs eu-
HHUYHBIC l'[y6J'[I/lKaLII/II/I O IOBTOPHOM NPUMEHCHHUU DHA0Ba3aJlb-
HBIX METO/IMK y TAIIMEHTOB C PELUIMBAMH BapUKO3HOM O0JIe3HH
[14]. MpencraBineHHblit ONBIT JiedeHus, Ga3upyoLUumiics Ha He-
3HAYUTEIHHOM KOJMYECTBE HAOJIOACHHH, HE MO3BOJISIET OIpe-
JACIUTh MECTO JaHHBIX METOAMK B apCE€HAJIC COBpeMeHHOﬁ XH-
pypruu. OTCYTCTBYIOT KPUTCPUH, ITO3BOJIAIOLINE OCYILECTBUTh
ddepeHIPOBAHHBIN MOIXOJ K JICUCHUIO OOJIBHBIX C PELIU/IU-
BaMH BapMKO3HOU OOJIC3HHM 1OCIIe IPUMEHEHHUSI YHI0BA3aIbHBIX
BMeIIaTesibCTB. [103TOMy TpeOyeTcs oleHKa LelieCo00pasHOCTH
1 2(pHEKTHBHOCTH PA3IMYHBIX MAJIOMHBA3UBHBIX METO/IOB, HUC-
IOJIL3YEMBIX IIPU JICYCHUU HaHHOﬁ KaTeropuu 6OJ'H)HI>IX.

Marepuaa u metoabl. B xmuanke «Llentp dnedonorum» u
Ha 6azax kadenpsl Xupyprust nospexneanii MUUHO MI'VIIII ¢
staBaps 2008 mo sHBaps 2017 roga HAXOOWIIOCH Ha JIeueHUH 84
OOJIEHBIX C peIMIMBaMU BAPHUKO3HOH Ooe3HN B Oacceitne 60b-
110¥1 TONKO)KHOW BeHBI. Cpely MOCTYNHBIIMX OOJNBHBIX OBLIO
55 (65,5%) wenmmmH u 29 (34,5%) My>XK4uH, BO3PACT MAI[HEHTOB
BapbupoBai oT 19 mo 76 jet, cocraBuB B cpenHeM 46,2+10,2
roga. U3 mux 69 (82,1%) manmenTtoB Obim B Hambomee Tpy-
nocrocodHoM Bozpacte oT 20 10 55 mer, 94To monTBEepIKIaeT
OOIBIITYIO COIMANBEHO-IKOHOMHYECKYI0 3HAYMMOCTh JTaHHOU
npobremsl. KnnHndeckne MpOSBICHUS BapHKO3HON Oone3HH
3aukcupoBansl y 78 (92,9%) GonpHBIX. OCHOBHBIMU KIIMHU-
YeCKMMH MPU3HAKAMU PEIUINBA SIBUINCH TOSBICHNUE BAPHUKO3-
HO-M3MEHEHHBIX BEH Ha ONEPHPOBAHHOW KOHEYHOCTH, OOIH,
YyBCTBO TSDKECTH M OBICTPOH yTOMIIIEMOCTH B HOTaX, HOUHBIE
CYIOpOTH, KOCMETHYECKHE NpoOIeMsl, OTEKH. JMUTensHOCTH
CHUMIITOMOB 3a00JIeBaHUS BapbHpoBaia oT 1 roma no 34 ner u
B cpenHeM coctaBmia 14,8+1,9 ner. [larmenTs! noctynanyu ve-
pe3 1-14 net mocie mpoBeIEHHOTO TIEPBUYHOTO BMEIIATEIHCTBA
(cpemumii cpok 4,2+1,6). Panee B pa3nu9HBIX KIMHHUKAX dHJIO-
BEHO3HAs JIa3epHasi Koarymsnus ObUIa BHINONTHEHA 58 mMarueH-
TaMm, paJnovyacToTHas obnmurepanus — 21, MEeXaHOXHUMHUYECKas
obnuTepanyst — 2, HHTPAOIePalMOHHHAs KaTeTPHAsI CTBOJIOBAs
ckiepoodnmurepanus - 3. [Ipu 5TOM B 00IIETOPOACKHUX CTAIIO-
Hapax JedeHne mnposeneHo B 26 (31%) ciaydasx, B crienai-
3UPOBAHHEIX KIMHKKAX — B 58 (69%). Bo Bpems mocTymieHus
B KJIMHHUKU COTIIACHO MEXIYHApPOJHON KIacCH(HUKAIINU XPOHH-
4yeckrx 3a0omeBanuii BeH HIDKHUX KoHeuHocTeil CEAP ot 1995
rona (Clinical Etiological Anatomical Pathophysiological) k-
urdyecknit xkmace C2 BersaBieH y 25 (29,8%) manuentos, C3 -y
47 (55,9%), C 4-y 12 (14,3%) GONBHBIX.

Bcewm manmenTaM BBIOTHAIOCH YIBTPa3ByKOBOE AyTIIEKCHOE
AQHTMOCKAaHNPOBAHNE BEH HIDKHUX KOHEYHOCTEH C HCIIOIB30-
BaHueM anmapara MyLab 40 Esaote Group, (Urtamus). [IpoBo-
JUJIOCH TIIATEIbHOE M3yUeHNE aHATOMHUYECKHX OCOOCHHOCTEH
PEeLMANBOB BAPUKO3HOH O0NIe3HN B OacceifHe OONBIION TOIKOXK-
HOH BEHBI, TOYHOE OMPE/IETICHNE BCEX MaTONOTHIECKUX H3MEHe-
HHUH BEHO3HOTO OTTOKA. Takke BBIBIIN OOIMTEPHPOBAHHEIE
YYaCTKH BEH, KOTOPBIE MOIVIN SBIATHCS MPETIATCTBHEM IS TIPO-
BEJICHUSI JTA3ePHOTO CBETOBO/A MK 30HAa. Kpome sToro, nemamm
KapTHPOBaHNE TATOJOTHUECKUX YIACTKOB BEH HEMOCPEACTBEH-
HO Tiepen orneparueil. Y 43 manieHToB 0CyIeCTBISIN HHTPAO-
MEePAIOHHBIH YIIBTPa3BYKOBOH KOHTPOIb B XO/I€ OTIEPAIlNH HIIH
9XOCKIEPOTEPANNy, YTO MO3BOJMIO 3HAUYUTEIHHO MOBBICHTD
KadeCTBO BBITIOMHEHHS U ()(eKTHBHOCTH BMemIaTeabcTsa. [1o-
BTOPHOE TYTUIEKCHOE aHTHOCKAaHUPOBAHKE Aeanu Ha 3-4 CyTKH
nocye BeImonHeHus moBTopHOit DBJIK 11 nckimouenns tepmo-
WHIyIUPOBAHHOTO TPOMOO03a, P OCMOTpE OONBHBIX B OT/Aa-
TNEHHOM TIEPHOJIe, B CPOKH OT | rozia 710 3 JIeT mocie BMemareib-
CTBA C IETBI0 ONEHKH S(P(PEKTUBHOCTH JICUSHUS U BBISBICHHS
peruauBoB 3a0oneBanHus. B pesynbrare mpenoneparioHHOTO
oOcnenoBanus ObIIM yCTAHOBJIEHB! NPUYNHBI BOSHUKHOBEHHS
peunanBa 3a001€BaHus, IPeCTaBICHHbBIE B Tabmuie 1.

Tabnuya 1. Hcmounuku peyuousa apuxo3Hou Oone3Hu

HcroyHuku peuuausa Yacrora
IKyJ1bTs1 GOJIBIIION ITOJIKOKHOM BEHBI C IPUYCTHEBBIME BAPUKO3HO-U3MECHEHHBIMH TPUTOKAMH 14
IPexananu3anys CTBOJIA MaruCTpabHOM BEHBI 15
IPesnayanbHbII CTBOMI 3
IHecocTosTenbHOCTh KOMMYHUKAHTHBIX BEH Ha OeJipe U TOJICHU 45
IBapukosHast TpaHcdopMmarius yuactka ctBoja bI1B Ha ronenu 7
IBcero 84
© GMN 27



W3 tabmuusr 1 siBetByer, uto y 29 (34,5%) nauueHToB npuiu-
HOI1 ToBTOpA 3ab0seBaHus ObUIO 0Opa30BaHUE KYJIBTH OOJIBIION
MOJIKOKHOM BEHBI C BAapUKO3HOW TpaHC(hHOpMAICH MPHYCThe-
BBIX NPUTOKOB M pPEKaHAIM3aLHs OOIUTEPUPOBAHHOIO CTBOJIA
BIIB.

OCHOBHBIMHU IpUuiYvMHaMU BO3HUKHOBCHUS pPEKaHAJIM3alUU
SIBJISICTCSl HEJJOCTATOYHAsI MOIIHOCTh PaJMOBOJIHOBOIO, Jia3ep-
HOI'0 U3JIYyUYCHUS UM XUMHUYCCKOI'o BO3ﬂeﬁCTBHﬂ Ha BCHO3HYIO
CTEHKY, pacllMpeHne OKa3aHUH K NPUMEHEHHUIO ONEePAaTHUBHBIX
BMEIIATENIbCTB UM MEXaHOXMMHUYECKOU OGJTI/ITepaLII/II/I. Bruto
YCTaHOBJIEHO, YTO Y BCEX MAaIMEHTOB C pPeKaHalu3aluel Koa-
ryaupoBaHHOM BeHbl nocsie PYO B Xoze nepBUYHON OnepaLuu
HPOU3BOIMIH 110 | LUKITYy pagrodacToTHOH abmsiuuu. [Ipu aTom
IPOUCXOANIIO HEIOCTATOYHOE MOBpEXkAatolee AeHCTBUE dHEp-
TUM PaJMOYaCTOTHBIX KoJeOaHMi Ha BCIO NIYOWHY BEHO3HON
CTEHKH, YTO MPUBOAMIIO K BOCCTAHOBJICHHIO MPOCBETA KOAry-
nupoBaHHOH BeHbl. C 1EJbl0 MPOQUIAKTHKA BO3HUKHOBEHUS
PEeKaHaJIM3alMM BEHbI U YMCHBIICHUS KOJIUYECTBA PELIUJANBOB Y
6onbHBIX ¢ auamerpoM BIIB Gonee 11mMm cremyer npoBOAUTD
oT 2 10 4 UMKJIOB PaJMOYacTOTHOTIO BO3ZEHCTBHs Ui Oosee
HOJIHOTO TEPMHUYECKOT0 MOBPEKACHNSI CTCHKU U TOCIIeIYIOIIeH
HaJEKHOU 00NMTEepaly BapuKo3HOro cocyna. J{iis ymeHblue-
HMsl KOJIMUECTBA MalMeHToB ¢ KynbTell BIIB u Bapuko3Ho-u3-
MCHEHHBIMU NPUYCTHLEBBIMU TIPUTOKAMU CJIIEAYET BBINIOJIHATH
OBJIK Ha 2-3MMm jaucransHee cadeHopeMOopanbHOrO COyCThSI.
Taxolf MaHeBp MO3BOJIAET OOIUTEPUPOBATH OOJIBIIMHCTBO MPU-
YCTBEBBIX IIPUTOKOB, IPEHATCTBYS B ):laJ'leeﬁHJeM Ux Bapu-
KO3HOH TpaHcdopMmalyu, a TakKe peKaHaJIM3alMd MPOCBEeTa
KoarynupoBaHHoro creojia BIIB BcnencrBue HMHTEHCHBHOIO
HaTOJIOrNYECKOro peduiroKkca KPOBU MO THM IpuToKam. Emé
y 3 HalMEeHTOB 10 MOCTYIJICHUS B HAllly KJIMHHUKY IIPU UHTpPa-
OTICPAIMOHHON CTBOJIOBOM CKIICPOOOIHUTEpAIIMK OBLT HCIONb-
30BaH PacTBOP CKJIEPO3aHTa, KOTOPHIH MeHee d(P(EeKTHBeH 1Mo
CPaBHEHHMIO C TIEHOOOpa3HOW (GopMOIi CKIIEPO3UPYIOLIETO Mpe-
napara. [ToaToMy 111 CHIKEHUS BEPOSITHOCTH Pa3BUTHS peKa-
HaJIM3alMU CJIEAYeT MCIIOIb30BaTh CKIEPO3aHT B BHJE MEIIKO-
JIICHIEPCHOM MEHBI, KOTOPasi He CMEIINBACTCS C KPOBBIO M Ooee
3¢ deKTHBHO BO3ACHUCTBYET Ha IHIOTEINN BapUKO3HO-U3MEHEH-
HOI BEHBI. Pacnpeueneﬂue MMalnMECHTOB B 3aBUCHUMOCTH OT BH/IOB
peKaHaNIM3alny IPeACTaBICHbI B TA0IUIE 2.

Kak BuanHo 13 Tabmuie! 2, Hanbosee 4acTo HabIrAaIach pe-
KaHaJIM3a1ns paHee 00JIMTEPUPOBAHHOTO CTBOJIA OOJIBIIION MO~
KOKHOU BeHbI Ha BcEM mnpoTsbkeHuu. [llupuna npocsera peka-
JIM3UPOBAaHHON BeHbI Kosiebanack ot 4 1o 15mM. [Ipuuém ObLto
YCTAHOBJIEHO, YTO Y 12 ManueHToB B X0/e IEPBUYHON onepaunuu
POBOIMIIACH OOJIUTEPAIIHS CTBOJIA C THAMETPOM cadeHo-hemo-
paJIbHOTO cOyCThs Oosiee 13mm.

HecocrositenbHble eppopaHTHbIE BEHBI Oepa 1 TOIEHH KaKk
OCHOBHas IpUYMWHA Pa3BUTHUA pPEUUIUBA 3a00JIeBaHusl OBUTH
BosiBIICHBI Y 45 (53,6%) GonbHbIX. I3 HUX B obmactu paHee
HPOBEIEHHOI omnepanuu neppopaHTHbIE BEHbI OOHAPYKEHBI
B 26 ciydasx, BapuKo3Hasi TpaHc(opManys paHee HHTAKTHBIX

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

KOMMYHHMKaHTHBIX BeH HaOmoganacek emé B 19 ciyuasx. [luna-
METP HECOCTOATEIIbHBIX KOMMYHHUKAHTHBIX BEH BapbUpPOBaJ OT
3 o 9mm. HecocTosiTenbHbINA CErMEHT paHee MHTAKTHOTO CTBO-
na BIIB Ha roneHu HWxe ypoBHsS TEPMHUUYECKOTO BO3/IEHCTBUS
Obul auarHoctupoBaH y 7 (8,3%) OONBHBIX, pe3UIyalIbHbIH
CTBOJI, COXpaHI/lBLUI/IﬁCﬂ IOCJIC NIEPBUYHOI'0O BMCIIATEIILCTBA — Y
3. Takum obpazom, y 19 (22,6%) GONBHBIX pa3BUTHE PELIUIIH-
Ba 3a00JICBaHMST HE CBSI3aHO C paHee IMPOBEAEHHBIM JICUCHUEM U
ObLIO 00YCIIOBIICHO MPOTrPECCUPOBAHUEM BapUKO3HON 0O0JIE3HHU.
W3 Hux y 4 yenosek ObLIO BbIsIBICHO oxxupenue I craguu, y 2
- MHOTOKpaTHbIE OEPEMEHHOCTH, Y 6 - HECOCTOSITEIbHOCTh KJla-
NaHOB ITyOOKMX BeH, y 2 — Ta30BbIi BapuKo3, y 3 — MpUMEHsI-
JIach TOPMOHANIbHAsT KOHTpALCHIHs, 2 NaleHTa He COONIoaau
peraMeHT HOIICHUSI KOMIIPECCHOHHOIO TPUKOTaXKa B MOCIIEO-
HEePaLOHHOM [EPHO/IC.

Pa3J'lI/l'-[HbIe BapuaHTbl OIICPATUBHLIX BMELIATCILCTB BbI-
MoJHeHbl 64 mNanueHTaM, 3Xockieporeparnusi nposeneHa 20
OosbHBIM. BB160p Hambosee ONTUMAIBLHOTO METONA JICUCHUSI
OCyU.leCTBJ'IS[.]'lI/I C y‘léTOM I/IHI[I/IBI/I)IyaJ'[beIX KIIMHUYCCKHUX OCO-
OeHHOCTel 3a00JeBaHus, NPUUUHBI PA3BUTHUS PELUAUBA, aHa-
TOMHUYECKUX OCOOCHHOCTEH, JOKaIH3al11, POTSIKEHHOCTH U
JMaMeTpa BapHKO3HO-M3MEHEHHBIX BEeH. PacrpeseseHue mnauu-
CHTOB B 3aBHCHUMOCTH OT BHJA HpOBe}léHHOFO JICUCHUS TIPEI-
CTaBJIeHO B Tabiue 3.

Kak BumHOo w3 Tabmuisl 3, y 45 (53,6%) nmauueHToB ObLIH
NPUMCHECHbBI MAaJIOMHBA3MBHBIC METOAbl JICUCHHA. COFJ'laCHO
JaHHBIM JIUTEPATypPbl OTIMYUTEIBHONH OCOOEHHOCTHIO MOBTOP-
HBIX BMCHIATCJIBCTB y STOﬁ KaTe€ropuu IMalruEeHTOB SABJIACTCA
IMOBBILICHHAA TPAaBMAaTUYHOCTb M CKIIOHHOCTb K Pa3BUTHIO pE-
IMUIHWBOB. HOSTOM}/ HeO6X0)11/IMO CTPEMUTBHCA K NOBBILLICHUIO
Haﬂé)KHOCTI/I 141 yMeHbIJ_leHI/I}O TpaBMaTU4YHOCTHU, IPUMEHACMBIX
Je4eOHBIX TOCOOHI.

Jonroe Bpemst OBJIK u PUYO npousBomuau oTcTyns Ha
1-1,5cm oT OGeApeHHOW BEHBI, YTO MPUBOIUIO K OCTABICHHIO
KYJIBTH OOJIBIIION IMOAKOKHOM BEHBI C MPUYCTHEBBIMHU IIPUTO-
KaM{d ¥ TaTOJIOTHYECKUM BEHO-BEHO3HBIM PE(IIIOKCOM uepe3
cadeno-hemopanbHoe coycThe. [locie BBIIOTHEH s TAKOTo Ba-
pHaHTa 3HI0Ba3aJbHBIX BMeIIaTenbcTB KyiubeTs BIIB sBisercs
MOTEHIMAILHBIM UCTOYHUKOM PELIMIMBA BAPUKO3HOM OOJIC3HH.
B HacTosiiee BpeMms ciienyeT AenaTh Ja3epHy KOoarylsLuio
BIIB na paccrosiauu 0,3-0,5¢cM OT OGeApeHHON BEHBI, YTO MO-
3BOJISICT 00U TEpUpPOBaTh 10 80% NPUYCTHEBBIX IPUTOKOB, CHU-
3UTh BEPOSITHOCTh UX BapUKO3HOW TpaHC(OPMALIMHU BCIICICTBUE
MHTEHCHBHOTO KPOBOTOKA, MPEKPATUTh «Pa3MbIBAHHE» O0IHTE-
PUPOBaHHOI'O le/lyCTbeBOFO oT/AclIa U TEM CaMbIM yMeHbl_L[I/ITb
KOJINYECTBO pEeLUIUBOB 3aboseBanus. [y BeiOopa Hanbosee
ONITUMAJIBHOTO METOAA JICYHEHUA Y JlaHHOﬁ KaTeropuu GOHIJHI:IX
OoJIbIIIOe 3HAYCHHE UMEET ONpeeIeHHEe PasMepoOB KyJbTH, Xa-
pakTepa BnaaiCHUA B He€ U CTEICHU M3BUTOCTH BapUKO3HO-U3-
MEHEHHBIX IIPUTOKOB. 1_[0 JIAHHBIM IOYIIJIEKCHOI'O aHI'MOCKaHU-
poBanus auamerp cadeHo-heMopaabHOro COycThs Kosebascs
ot 7 1o 18 MM, uinHa KynbTH Bapbuposaia ot 30 10 40,2 MM, Y

Tabnuya 2. Xapaxmep pexananuzayuu cmeona bIIB

Bua pexanaausanuu KoaryJiupoBaHHoro crsoJia bIIB Yacrora
Ha Bcém nporsxenuu 7
IIpuycteeBoro otnena 2
JlucTanbHee MPUYCTHEBOTO OT/ENA 4
MHoxecTBeHHasi CETMEHTapHas 2
Bcero 15

28
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Tabruya 3. Xapaxmep memo0og ieuenusl, 6binOIHEHHbIX OOIbHBIM C PeYUOUBAMU BAPUKO3HOU DOLE3HU

Merton nedyenus Yacrora
Kpoccakromust, MUHHBIEOIKTOMUS 9
OBJIK kynstu BI1B 2
DXOCKIIEPOTEpANHst KyIbTH 3
OBJIK pekananusupoBanHoro creosia bIIB 8
DXOCKIIepOoTepanus peKaHaIu3upOBaHHOTO U pe3uayansHoro ctoia bIIB 6
Kpunodnedsxromus 2
Komb6unupoBanHast (pre0IKToMust 2
Dxockneporepanus ctBoia bIIB Ha ronenu 6
WuTtpaoneparrionHas KaTepHas ckiiepoodaurteparus crBoia bIIB Ha ronenu 1
Jlurnpopanue nepGopaHTHBIX BEH 28
OBJIK nepdopaHTHBIX BeH 12
Oxockieporepanus nepHopaHTHBIX BEH 5
Bcero 84

9 manueHToB ¢ MUPUHON KynbTH OoT 11 10 18 MM nox mecTHOH
AHECTE3MCH BBIMOIHUIN KPOCCIKTOMUIO, 2 AMCHTAM CCTall
OBJIK xynbTH 00JBIION TOAKOKHOM BeHbI. JIa3epHbIit cBeTOBO
TEXHUYCCKH MPOIIE MPOBOJANTH B KYJIBTIO JJTHMHHOU Oosiee 2,5 cM
WJIN Yepe3 NPUYCThEBOM MPUTOK MPH €ro MPSIMOJIMHEHHOM X0/
MU OTCYTCTBHUHU 3HauuTesbHOU u3BuTOCTH. PUO B Takoii cutya-
LUH JIeNIaTh HEIEeIeco00pa3HoO B CBA3U C OOJBINCH TOMIIUHON
KareTepa, JJIMHHOW paboueii yacTi 7cM U HEOOXOANMOCTBIO 00-
Jiee MOIIHOTO SHEPreTHUYCCKOTO BO3JCHCTBUS HA M3MCHECHHYIO
BEHO3HYIO CTCHKY, BCIICICTBHE paHEe MPOBEICHHON SHIOBA-
3aJbHOM omepanuu Win ckiepooonureparmu. Emé 3 nanueH-
TaM MPH HEBO3MOXKHOCTH MTPOBEICHHUS CBETOBOIA YePE3 MPUTOK
B KYJBTIO B CBSI3U C €r0 MaJlbIM JUAMETPOM HJIM U3BUTOCTHEO
MPOM3BEIN MUKPOICHHYIO 3XOCKIICPOTCPAIHIO KYJIBTH IIMPH-
HOM J10 7 MM.

TToBTOpHY10 2HIOBEHO3HYIO JIA3EPHYIO KOATyJISIHI0 peKaHa-
JIU3UPOBAHHOTO CTBOJIA BBIMOJHUIM § TAIMCHTAM MO TyMec-
LICHTHOW aHecTe3ueil. [y omepaTBHOTO BMEIIATEILCTBA HC-
none3oBany JasepHslii anmapar Dioderm INTERmedic Arfran
S.A., Ucnanust (muuHa BostHbl 1500 nm). B xome omepanuu
TPAKIMIO JIA3ePHOT0 CBETOBO/A OCYILECTBISUIN Bpy4YHYyH0. B 3
cllydasix TMpPU HEBO3MOXKHOCTH IMPOBEICHHS CBETOBOJA 4Yepe3
0OJIUTEPUPOBAHHBIN YYACTOK, CICIAIN MOOYCPETHYIO CErMCH-
TapHYIO KOAryJSIHI0 CTBOJA MOJKOXKHON BEHBI U3 OTICIbHBIX
MPOKOJIOB MPOKCHUMAabHEE U JIUCTajbHEC NpersTCcTBUs. [Ipu
BBUSIBIICHUM MHOKCCTBEHHOH CErMEHTApHON peKaHaIH3alul
TEXHUYCCKU MPOINE U OBbICTpEe CAEIaTh 3XOCKICPOTCPAIHIO.
ITokazaHueM K MPOBEICHHUIO JICUCHHUS OBLIIO BBISIBICHUE PE3HILY-
aJIbHOTO WJIM PeKaHAIM3UPOBaHHOTO cTBOJIOB BIIB auamerpom
Oosiece 3MM ¢ BIAJAIOIIMMH B HEr0 BapUKO3HOM3MCHEHHBIMH
MPUTOKAMH, Tep(HOPAaHTHBIMU BEHAMH U HATTMYIHUEC KITMHUYICCKUX
nposiBlicHUi 3a0oseBanus. [Ipu MeHbIIEM THAMETpE peKaHa-
JIU3UPOBAHHOTO CEIMEHTA BEHBI M OTCYTCTBHHM KJIMHHYCCKHX
CHUMIITOMOB BBITIOJTHCHHE JICUCOHBIX MEPOTIPHUSATHI CUUTAECM HE-
LIEJIECOOOPA3HBIM.

DXOCKJICPOTEPAIHIO PEKAHATM3UPOBAHHOTO U PE3UIAYIILHOTO
CTBOJIOB cliesianii B 6 citydasx. CKIepooOIUTepaIiio MpOBOIH-
mu 1 pa3 B 5-7 nHeid, B X0/ JICYCHUS TOTPEOOBAIOCH BBIMOIHE-
Hue ot 1 10 3 ceaHcoB 2XOCKJIEpOTEpaIuy, B cpeaHeM 2,2 Je-
4eOHBIX nporeayp. B kauecTBe ckiepo3anTa UConb30Bau 3%
pactBop mpenapara «Dubpo-seitn» (Fibro-vein, Terpagenni-
cynb(har HaTpusi) B BUIAEC MUKPOIUCIICPCHON TIEHBI H3TOTOBJICH-
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HOHM C MOMOIIBIO TPEXKAHAIBLHOTO MEPEXOJHUKA C KIIallaHoM,
paspaboranHoro L. Tessari 8 2000 romy [28].

Puc. 1. Ilpucomosnenue newnot (opmuvl CKIepPO3AHMA NO
cmandapmuou mexnuxe Tessari

O0BEM BBOZMMOIT B X0/I€ TIPOLIEAYPHI IIEHBI BApbHPOBAJ OT 5
110 10 mu1. BaxkHO y4uTBHIBaTh, 4YTO MHTPAONEPALIIOHHAS YIbTPa-
3ByKOBasl BU3yaJlu3allisi U KOHTPOJIb B X0z BblnosiHeHUs: DBJIK
U 9XOCKJIEPOTEpallUM 3HAYUTENILHO YIPOUIAOT IPOBEICHUE
BMEIIATEJILCTBA U MO3BOJISIIOT HAaJAEKHO JMKBUANPOBATH abCco-
JIFOTHO BCE HCTOYHHKH ITaTOJIOTHYECKOTO pedlIroKca.

KomOunupoBaHHas (ae0dOKTOMUs ciellaHa 2 IalueHTam
(KOpPOTKMIl CTPUNIUHT — 1, QUHHBIA CTPHUINHUHT -1), KpHOD-
ne6okomust — 2 6osbHBIM. M3 HUX B 3 ciydasx JaHHBIH 00bEM
olnepaluy Npou3BeIEH U3-3a OTKa3a MalEHTOB OT IIOBTOPHOI'O
BoinonHeHus: DBJIK. Onepaiyu BBIMOIHUTUCH 07 cy0apaxHo-
UJaJdbHON aHecTe3uell ¢ BHYyTpUBEHHOH cenauueil. [l kpuo-
skcTpakiuu ucnonb3oBaiu annapar ERBOKRYO CA ERBE
Elektromedizin, I'epmanusi, kpuo3oHa auameTpom 3.5 MM H
JUIMHOM 55 cM. CTpUNIIUHI BEHbI C IOMOLIbIO KPUO30HA HE-
3HAYUTEIBHOIO uaMeTpa, crasM Brajaromux B bIIB npurokxos
oJ ACHCTBUEM HU3KOW TeMIeparypbl, a TaKKe «XOJOHOBas»
aHaJbIe3usl CIOCOOCTBYET CHI)KCHHUIO WHTEHCHUBHOCTH KpO-
BOTEUCHHUS, YMEHBIICHUIO Pa3MEpOB PaHEBOro kaHajga Ha 10-
40%, COKpalleHUIO ILIOLIAJU [OCICONEPALUOHHBIX aMaToOM,
YMEHBIICHHUIO YPOBHSI HOCJICOINEPALIMOHHOII 00K 10 CpaBHe-
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HUIO C TPaauIMOHHON (uedskTomueii. Kpome atoro, mpume-
HEHUE KPUOIKCTPAKIUU ITO3BOJIACT YIYUIIUTH KOCMETHYECKHUI
3¢ deKT, MOoCKONBKY JUlsi yAaleHHs] BEHbl HET HEOOXOAMMOCTH
BBIITOJIHATE Ppa3pes3 Ha I'OJICHU. CneﬂyeT OTMETUTD, YTO IOBTOP-
HBIC BMELIATC/IbCTBA TPABMAaTUYHES U CJIOKHEE 110 CPAaBHEHUIO
C NEPBUYHBIMU OII€palUsAMH B CBA3U C IOCJICONEPALMOHHBIMU
pyOLIOBBIMM M3MEHEHMSIMU TKaHEH M IapaBa3ajlbHOM KieTdyar-
KM, HAJIMYUEM OOJMTepHPOBAHHBIX y4acTkoB cTBosa BIIB, uto
3aTpyAHsET MPOBEACHHE 30H/a JJIsl SKCTPAKIUKM BEHbI WJIH Jia-
3epHOr0 CBETOBOJA.

B KkauecTBe CaMOCTOSITEIBHOTO BMEIIATEIbCTBA AMU(ACIHU-
aNbHas MepeBsi3Ka M MEepPEeceueHUe HECOCTOATEIbHBIX Hepdo-
PaHTHBIX BCH TOJICHH W Oeapa mpou3BelcHa 28 marueHTaM,
DOBJIK — 12, axockineporepanus — 5 601bpHBIM. J[71s1 poduiak-
THUKH PEKaHAIN3aLUH BEHO3HOTO COCY/Ia IPHLEIBHYIO DXOCKIIe-
pOTEepanuo U Ja3epHy KOaryJasLMIO IPUMEHSIIN [IPU AUame-
Tpe nepdopaHTHBIX BeH He Oonee 7 M. [Ipu 3TOM MyHKIIHIO
C MOCJIEAYIOLIeH Koaryisiiuei u cKiepoodiuTepanuell mpoBo-
TV MaKCHUMAaITbHO OJIM3KO K MECTY HPOXOXKACHNS reppopaHT-
HOH BEHBI 4epe3 IMOBEPXHOCTHYIO (bacumo JUISL YBCIIMYECHUSA
3(1)(1)CKTHBHOCTI/I BMCIIATCJILCTBA M UCKJIIKOUCHUSA BO3MOXKXHOCTHU
06paSOBaHI/l${ «CJIETIBIX BEHO3HBIX MEIIKOBY. KOoMuecTBO IUru-
POBaHHBIX U OGHHTepHpOBaHHbIX KOMMYHHUKAaHTHBIX BEH Bapbu-
posaino ot 1 o 7.

YV 6 605BHBIX BBIIIOJIHEHA 9XOCKIepoTepanust Uy 1 6onbHOro
MHTPAOIEPAL[OHHAsT CTBOJIOBAsI KaTepHAas CKIEPOOOInTEepaLHs
HecocTosTensHoro crBosia bIIB Ha ronenu. Ilocie 3aBepruenus
JICUCHMSA Yy BCEX IALIMCHTOB B TCUCHUC 1 MeEcCila MPUMEHAIIN
KOMIIPECCHOHHBIN MenuuuHckuii Tpukotaxx Medi 11 pyHkIimo-
HasbHOTO Kiacca (I'epmanus).

Pe3yabrarsl u 00cy:xaenne. [locie npoBeneHst HOBTOPHBIX
BMemaresibetB y 18 (21,4%) OoNbHBIX pa3BHINCH MOOOYHBIC
3¢ dexThl, ocnokHeHUs (Tabnua 4).

Kax BuaHO m3 Tabmuipl 4, B MOCICONEPAMOHHOM MEPHOJIC
YaIe BCEro HaOMIOAAIMCh THIICPIUTMEHTAIINS B TPOCKIMU 00-
JIUTEPUPOBAHHONW BEHbI M yHAJIEHHBIX WM CICPO3MPOBAHHBIX
IPUTOKOB, KOTOpas pasBuiach y 8 (9,5%) nauuenros. Jlannoe
OCJIOKHEHHE HECKOJIBKO Yallle BCTPEYAIOCh IT0CIIE UCIIOIb30Ba-
HHsI MeTozia 3Xockieporepanuu (3 manueHTta) U ObLIO IOJHO-
CTBIO JINKBUANPOBAHO B PE3YJILTATE KOHCEPBATUBHOI'O JICUCHUSI.
Hesponornueckue paccrpoiictBa Habmonanmuck y 7 (8,3%) ma-
IIMCHTOB U B 6OHI)LHI/IHCTBC CJIy4acB KYIIMPOBaJIHUCh CaMOCTOs-
TEJIBHO B CPOKH OT 5 110 8 MECSILEB M10CIIE 3aBEPLICHUS JICUCHHS.
Toasko y 1 nanueHTa OTMEUCHBI YYBCTBO OHEMEHUS, ITOJI3aHUA
Mypali€ek» Ha Me}lMaJ’leOﬁ INOBEPXHOCTH T'OJICHU U CTOIIbI YC-
pe3 1 ol mocCJI€ BBIIMOJIHEHUSA NJIMHHOI'O CTPUIIIIUHTA. Co311a—
HUE PACTBOPOM aHECTETHKa PAaBHOMEPHOW M JOCTATOYHOW TI0
00bEMY MY(TBI IPH BBIIIOJIHEHHN TYMECLICHTHOM aHECTE3UH BO
BpeMs1 DOHA0BA3aJIbHBIX BMEIIATE/ILCTB IPUBOAUT K IPEAYITPEIK-
JICHUIO TEPMUYECKON TpaBMbl IIapaBa3ajbHbIX TKAHEH, KOXKHU U
CHW)KCHHUIO KOJIMYECTBA JAHHBIX OCJIOKHeHUi. Kpome storo,
IpUMEHEHHE KPHO- M KOPOTKOTO CTPHIIMHIA TaK¥Ke CIIoCo0-
CTBYET YMEHBIICHHIO YMCJIa HEBPOJIOTHUECKUX PACCTPOICTB.

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

HOJ’lyquHbIe pe3YJIbTaThl IMO3BOJIAIOT OTMETHUTD, YTO IPUMEHE-
HHE HXOCKJIEPOTEPIIMU HE COMPOBOKAAIOCH Pa3BUTHEM HEBPO-
JIOTMYECKHUX PAcCTPOIMCTB HHU B ofHOM ciy4ae. Jlumdornerne B
00J1acTH MaxoBoro JocTymna quarnoctuposano y 1 (1,2%) 6omb-
HOT0, MEPEHECHICTO TPAAUIIUOHHYIO (icOsKTOMUI0. [IpHunHOit
JaHHOI'0 OCJIOKHCHUS sABUJIACh TpaBMaTHU3alus J'll/lM(baTPI'-le—
CKHMX COCY/IOB ITPU BBIMOJHEHUH KPOCCOKTOMHUHU. OCIOKHEHHE
YCTPaHEHO B Pe3yabTare NPUMEHEHHUsS IMYHKIIMOHHOIO METOZAA
neyenusi. OOpa3oBaHKe B MPOCKIIMU BCHBI MAT00O0IC3HEHHOTO
TUIOTHOTO TsbKa rociie BbinonHenus: DBJIK nmoBepxHOCTHO pac-
TIOJIO’KEHHOM OOJIBIION OKOXKHOH BeHbl Habmonanu y 2 (2,4%)
60sbHBIX. VI3 HUX y 1 GOIBHOTO JaHHOE OCJIOKHEHHE BbI3bIBAJIO
3aTPYAHCHUE cru0aHust HOTH B KOJICHHOM cycTaBe, YTO CHUXKAJIO
ero ka4ecTBo ku3HU. OCIOKHEHUsI B 000UX Cllydast KyIUpoBa-
JIUCh CAMOCTOSITENIFHO B TeUeHHE 2-3 MeCsIeB.

VHTeHCUBHOCTE 0O0JIEBOrO CHHAPOMA IMOCJIE MPUMEHEHUS
pa3IMYHBIX METO/IOB JICUSHHsI OLIEHUBAIACh Ha 1 U 3 JIeHb nocie
BMEIIIATEJILCTBA C MOMOIIBIO BU3YaJIbHO-aHAJIIOTOBOM IIKAJIBI
(BAILI). BonbHO#M caMOCTOSITEILHO OTMeYasl YPOBEHb OOJIEBBIX
omymienuii Ha mkaie or 0 (orcyrcrBue 6omm) mo 10 Gamios
(1HeBbIHOCHMAs 60JIb). BeIpaskeHHOCThH 6OJIEBOTO CHHAPOMA TIPH
oueHke 1o mkane BAIII nocie BbIIONIHEHMS 3X0CKIIEpOTepanum
B cpenHeM coctaBmia 1,8+0,7 Gamia, mociie KpOCCOKTOMHU —
2,5+0,9 6amnos, OBJIK — 3,6£1,1, kpuocTpunmnuura — 4,2+1,3,
KOMOUHHUpOBaHHOH (rieoskromun — 4,8+1,3, MuHuMaIbHBIC
GoneBble omryiieHns mo 10-0anpHOI 1IKane HaOIIONAIUCE T10-
CJIe BBINOJIHEHUS 9XOCKJIEpPOTepauy, Haubosee BbIPaKECHHbIH
00J1eBOI CHHIIPOM OTMEUYEH Yy MALMEHTOB, IEPECHECLINX TPaau-
UOHHYIO (re6dkToMuto. [TannenTsl mocie JMKBUAALNT Ky/Ib-
TH C NPUYCTHEBLIMU IIPUTOKAMHU, JIUTMPOBAHUS U KOAI'yJISLIUU
nepQopaHTHBIX BEH, YXOCKJIEPOTEpaIuy BeJIH OObIYHBIN 00pa3
sku3HU. CpemHsisl JUIMTENBHOCTh HETPYHOCIIOCOOHOCTH I0CIe
BeimoaHeHust DBJIK 6vita B cpennem 1,340,6 nus, mociie mpu-
MCHCHHA Pa3IMYHBIX BapHaHTOB CTPUIIIMHIAa CPOK HETPYIO-
crocoOHocTH coctaBui 5,4+1,3 qust.

Amnanuz INOJIYYCHHBIX PE3YJIbTATOB IIO3BOJIACT CHUTATh, YTO
9XOCKJIEPOTEpAIUsl MOKET OBITh YCIEIIHO NPUMEHEeHa JUisi 00-
JUTEpali  PEKaHAIN3UPOBAHHOIO, PE3UIyallbIo CTBOJIOB,
kynsTd BIIB 1 nepdopaHTHBIX BeH 1uaMeTpoM He Oojee 7MM.
O00CHOBaHHOE NPUMEHEHHUE 3XOCKJIEpOTEepanuu pelUIUBHBIX
BapHKO3HBIX BEH MO3BOJIACT BBIIIOJIHATH JICYCHUE aM6ynaT0pH0,
0€e3 NpUMEHEHHs TYMECLICHTHON U MECTHOH aHEeCTe3UH, UCKIIIO-
YUTh Pa3BUTHE HEBPOJIOTHYECKUX PACCTPOUCTB, SIKOHOMUUECKH
BBIFOJIHEE APYTUX METOJOB JICUCHUs. BbINONIHEHNE TOBTOPHOM
OBJIK onpaBnaHo mpu JHaMeTpe BAPUKO3HBIX BEH Oosiee 7MM,
MO3BOJISIET W30eKaTh YIaJCHHs BEHBI U3 30HBI PYOLOBO-H3Me-
HEHHBIX TKaHCﬁ, CHU3UTb TPaBMAaTUYHOCTb BMEIIATC/ILCTBA,
YAY4LIUTh KOCMETUYECKUI pe3ysbTar JICUESHUs, yCKOPUTb CPOKU
peabuIINTaIY AIMEHTOB 110 CPABHEHUIO C Pa3INYHBIMU BapH-
AHTaMH CTPUIIIIUHTA.

B cpoku ot 1 roga 110 3 niet nociie 3aBepiieHs Je4eHHs ObUTH
obcienoBanbl 82 (97,6%) nauuenta. PesynbraTel OLEHHUBAIH
Ha OCHOBAaHMU HM3YyYeHHUs Kanod OOJIBHOrO, OCMOTpa OINEepH-

Tabnuya 4. Ilocreonepayuonnwvle 0C10M#CHEHUA U NODOYHBLE YD heKmbi.

Merton j1eyeHust YacroTa 0C/10:KHEHU T
lNmmepnurmenTanus 8
Hesponorudeckue paccTpoiicTsa 7
O0pazoBaHKe IIOTHOTO TsXkKa 2
Jlmvmdomnerne 1
Bceero 18
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Ta6/luua 5. Ilokazamenu kauecmea JHcusnu nepe() Ha4dajiom jedyernus u 4epes 1 200 nocne ezo 3aeepuilerus

IMapameTtpsl Jlo nauajia jieyeHust OK:)Ifll‘){‘:lsl-[[l::Inﬂﬂe(:{c;leHﬂ JAunamuka
Bosesoii pakrop 3,67+0,3 1,94+0,3 47,1%
ConpmanbHbiil GpakTop 2,22+0,3 1,434+0,3 35,6%
Ousnyeckuii pakTop 2,55+0,3 1,77+0,3 30,6%
[Mcuxonoruveckuii paxkrop 3,01+0,3 1,54+0,3 48,8%

pOBaHHOﬁ HMOKHEH KOHEYHOCTH, MTaHHBIX AYIUIEKCHOTO aHI'MO-
ckaHupoBaHus. B ortmanénnom mepuone y 1 (1,2%) G6onpHOrO
OTMETHJIM Pa3BUTHE PeLH/rBa OOJE3HH BCIEACTBHE HEOBACKY-
JIOTEHeH3a B Maxy I0CJe BHITOIHEHUs] KOMOMHUPOBAHHOM (ite-
6oxToMuH. [lalieHTy MPOM3BENIN 3XOCKIEPOTEPAIHIO TOHKHX,
HU3BUTHIX BCH Ha 66}1136. HCO6XO}II/IMO OTMETHUTB, YTO IMOCJIC BbI-
MOJIHEHHS 3H0Ba3aJbHbIX BMEIIATEIbCTB HEOBACKYJIOT€HE3 Ha-
omonaercst B 10 pa3 pexe.

W3yuenune nTnHaMMKH MOKa3aTellel KauecTBa KU3HU JI0 Haua-
Jia MPOBEACHUS U CITYCTS 'O ITOCJIC BBITIOJIHEHUS OII€paliiu NI
9XOCKIIEpOTEpAIIU TTO3BOJISACT IOJYUUTH Ba)KHEHIIINIE JJAHHBIC
0 peakIMM KaXJOro KOHKPETHOIo YeJOBeKa Ha, MMeEIoIIeecs
y Hero 3abojieBaHHe M MPOBEACHHOE JeueHue. TiiarensHoe U
BCECTOPOHHEE M3y4YeHHE COCTOSHHs OOJBHBIX M OIEHKA MOKa-
3aresield KayecTBa JKU3HU B OTAAIEHHOM NEPUOJE IO3BONISIET
BBIJACIINTH Hauboee ONTUMAJIbLHBIE BapUaHTbl MaJIOMHBA3HWBHBIX
BMEIIIaTeIbCTB Y MAIMEHTOB C PELHIMBAMU BApUKO3HON OoIe3-
HU HWKHHMX KOHEYHOCTEH. BbUIO MpOBENEHO H3yuyeHHE OCHOB-
HBIX TIOKa3aTesield KadyecTBa YKU3HU OOJIBHBIX C HCIOJIL30BAHHEM
omnpocuuka CIVIQ2 (Chronic Venous Insufficiency Questionnaire)
JI0 Havasla ¥ 4yepe3 1 rox mocie nposeneHus JeyeHns. Kauectso
JKHU3HU OLleHHBajIochk 0T 0 710 5 6asiIoB MO creruaIbHOMY Meped-
HIO BonpocoB. [Ipu aTom 0 6aioB COOTBETCTBYET MAKCUMAJIBHO
XOpOLIEMY Ka4eCTBY JKU3HH, 5 — XyIIEMY Ka4eCTBY KU3HU. [lomy-
YeHHBIE JAHHbIE MIPE/ICTABIICHBI B TAOIHIIE 5.

Kak BuiHO M3 Tabmuipl 5, cpaBHEHHE 3HA4YEHMi MoKa3aTe-
JIe KaduecTBa KHM3HM 10 Hadaia JEYEeHHs U CIyCTs Ioj Iocie
€ro OKOHYaHMs T10Ka3ano CyObeKTHBHOE YIydlleHHe (CHMXKe-
Hue 0ayuIoB) BCEX IMOKa3aTesei KauyecTBa JKU3HU B OTJAIEHHOM
nepuoze Ha 35,6-48,8% ot moonepannoHHBIX 3HaueHui. [pu-
MCHCHHE MaJIOTPaBMATUYHBIX METOHOB JICUCHUS Yy IMALlUCHTOB
C pelMAMBAMHU BapUKO3HOH OOJe3HH B OOJBIIMHCTBE CIydacs
00eCIeYIIO CYIIECTBEHHYIO TTOJIOKHUTEIIBHYIO IMHAMUKY Oolte-
BOT0, TICUXOJIOTUYECKOTO U COLMATIBHOTO (haKTOPOB.

PanHee BbIsBICHHE PELUIMBOB BapUKO3HOM OOJIE3HU U BCe-
CTOPOHHEE TUarHOCTHYECKOE UCCIIeI0BaHNE MAllUEHTOB MT03BO-
JISIET MMPOBECTU TOYHYIO TONMUYECKYHO JUArHOCTUKY U CBOCBPE-
MCEHHO€ JICYCHUE C NMPUMCEHCHHUEM MaJIOMHBA3WBHBIX METOHOB
nedenus. JuQepeHInpoBaHHBI MOAXOA, ONTHMHU3ALMS U
CTaHAapTu3anusl METOAOB XUPYPTUHUCCKOro JICUCHUS, MPUME-
HCHHEC MaAJIOMHBA3HMBHBIX MCTOJHK C y‘-[éTOM UHAUBUAYAJIbHBIX
0COOCHHOCTEH 3a00JIeBaHMsl y MALMEHTOB C PEIUANBAME BapH-
KO3HOI OOJIe3HH CIOCOOCTBYET YIYHYIIEHHIO HEMOCPEACTBEH-
HbIX, OTHANEHHBIX, (YHKIMOHAIBHBIX DPE3YJbTATOB JICYCHUS,
Ka4decTBa KU3HU OonbHBIX. Kpome 3TOro, nucnaHcepHoe Ha-
OJIO/IeHNE B PA3JIMYHBIC CPOKHU TOCIE BBIMHCKU M3 JIeueOHOro
YUPEXKIEHHs, KOMIIPECCHOHHAS TepaIus, PEryIsapHbIA NPUEM
BEHOTOHHMKOB HMEET BaXKHOE 3HAaUYEHHE B MPO(UIIAKTHKE Pa3BH-
THS TOBTOPHOI'O BOBHUKHOBECHUSA 3360HeBaHl/lﬂ.
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SUMMARY

ACTUAL STRATEGY OF TREATMENT VARICOSE
VEINS RECURRENCE AFTER ENDOVENOUS INTER-
VENTIONS

12Chernookov A., *Ramishvili V., 2Dolgov S., ‘Nikolaev A.,
‘Atayan A., ‘Belykh E.

'Moscow State University of Food Production, Department of
Damage Sorgery; *Center of Phlebology, Moscow,; 3Federal
State Budgetary Institution «N.N. Blokhin National Medical Re-
search Center of Oncology» of the Ministry of Health of the Rus-
sian Federation (N.N. Blokhin NMRCO); *Sechenov First Mos-
cow State Medical University of the Ministry of Health of the
Russian Federation (Sechenov University), Russian Federation

The aim of the study is to substantiate the surgical treatment
tactics of recurrence varicose veins after endovenous interven-
tions.

Early and long-term results of the treatment, quality of life
of patients with recurrence of varicose veins were studied.
Among the admitted patients, there were 55 (65.5%) women
and 29 (34.5%) men, the age of patients varied from 19 to
76 years. Of these, 9 patients underwent crossectomy, endo-
venous laser coagulation - 22, various stripping options - 4,
echosclerotherapy - 20, intraoperative catheter scleroblitera-
tion - 1, ligation of perforating veins - 28 patients. The choice
of the treatment method depends on the data of duplex angio-
scanning, the source of recurrence, the diameter and length
of the varicose veins. In the early postoperative period 18
(22.6%) patients had complications and side effects. Most of-
ten hyperpigmentation and neurological disorders developed,
which were observed in 8 (9.5%) and 7 (8.3%) cases. 2 (2.4%)
patients had a slightly painful dense cord after endovenous
laser coagulation. 1 (1.2%) patient had a lymphocele in the
inguinal incision area. This complication was eliminated by
use of the puncture treatment method.

Long-term results in terms of 1 to 3 years were studied in
82 (97.6%) patients. In the long-term period, 1 (1.2%) patient
noted the varicose veins recurrence due to neovasculogenesis
in the groin. The patient underwent micro-foam echoscle-
rotherapy. Patient's quality of life was studied by using the
CIVIQ2 questionnaire before and 1 year after treatment. It
was found that 4 main indicators of the quality of life in the
long-term period improved by 35.6-48.8% of the preoperative
values. At the same time, the most significant positive dynam-
ics of psychological (48.8%) and pain (47.1%) factors was
observed.

The results justify the need for a differentiated approach,
taking into account the individual characteristics of the dis-
ease, as well as the expediency of using minimally invasive
techniques in patients with varicose veins recurrence.
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PE3IOME

COBPEMEHHAS CTPATEI'UsI JIEYEHUS BOJIBHBIX
C PELIUIMBAMM BAPHUKO3HOM BOJIE3HM IOCJE
9H/JIOBA3AJIbHbBIX BMEIIIATEJIBCTB

L2 epuookoB A.U., *Pamumsuian B.II., 2Toares C.H.,
‘Hukosnaes A.M., ‘Arasin A.A., ‘besbix E.H.

!@I'FOY BO «MI'VIIIl», rkaghedpa xupypeuu nospexcoenuil;
2340 «llenmp Dnebonoeuu», Mocksa, 3DPI'BY «HMHUI] on-
xkonoeuu um. H.H. bnoxunay Munszopaea Poccuw *@I40Y BO
Ilepsviti MTMY um. U.M. Ceuenosa Munzopasa Poccuu (Ceue-
Hoeckutl Ynusepcumem), Poccus

Llens uccnenoBanusi — 000CHOBAaTh XMPYPTUUYECKYIO TaK-
THUKY JIe4eHHs1 OOJIBHBIX C PELMJUBaMH BAPUKO3HOU OOIe3HU
HOCJIe YHA0BA3aJIbHBIX BMEIIATEIbCTB.

[IpoBeneHO u3y4YeHUE HENOCPEICTBEHHBIX, OTAAIEHHBIX
pe3y/bTaToOB JICYCHHUS, KaueCTBa XKU3HM MAlUEHTOB C PeLH-
JIMBAaMHU BapuKoO3HOW Oose3nu. Cpenu MOCTYMUBIIHX 0OJb-
HBIX ObLTO 55 (65,5%) xenmun u 29 (34,5%) Myx4uuH, BO3-
pacT nalMeHToB BapbUpoOBal B npeaenax ot 19 no 76 net. U3
HUX KPOCCOKTOMHUSI BBINOJIHEHA 9 MalMeHTaM, SHI0BEHO3HAs
JlazepHas Koarynsauus — 22, pa3jiudHble BapUaHThl CTPHUII-
nuHra — 4, sxockiueporepanus — 20, MHTpaonepaluOHHAS
CTBOJIOBasl KaTreTepHasl CKiepoobiurepanus - 1, JUruposa-
HUE KOMMYHHHKAHTHBIX BCH - 28 00JbHBIM. BbIOOp MeTOna
JICUCHUS OCYILICCTBJIAIN B 3aBUCUMOCTHU OT JaHHBIX AYIIJICKC-
HOI'0 aHI'MOCKaHHWpPOBaHUA, UCTOYHHKA pe€UuaInBa, AUaMeTpa
U NPOTSKEHHOCTH BapUKO3HOM3MEHEHHBIX BeH. B panHeMm
nocJyieonepanoHHom nepuozne y 18 (22,6%) nauueHTos pas-
BUJIUCH OCJIOXHCHHS U moOouHbIe 3 dekTsl. Yale pasBuBa-
JIUCh TUTNIEPIIUTMEHTALUA U HEBPOJIOTUYECKHUE paCCTpOﬁCTBa,
KoTopble Habmoganucek B 8 (9,5%) u 7 (8,3%) ciyudasx, co-
OTBETCTBEHHO. Y 2 (2,4%) manueHToB OTMEYeHO oOpa3oBa-
HHE Mayo00JIE3HEHHOTO IJIOTHOTO TsDKA B MPOCSKLUH BEHBI
II0CJIC BBIIOJHEHUS] 3HJOBCHO3HOW Ja3epHOH KOaryJssiuu.
JIumdorene B 061acTH MaX0BOro JOCTYIIA JUATHOCTUPOBAHO
y 1 (1,2%) 6onpHOrO. OCNOXKHEHUE YCTPAHEHO B Pe3yJIbTaTe
NPUMEHCHUS ITYHKIIUOHHOI'O METOAA JICUCHUS.

OtnanéHHble pe3ynbTaThl B CPOKH OT 1 rofa 1o 3 net mnocie
3aBepLICHUS JIeueHUs u3ydensl y 82 (97,6%) naunenros. B or-
nanéunoM nepuozne y 1 (1,2%) GonbHOro OTMEYEHO pa3BHTHE
peunnuBa 3a00JIeBaHMs BCICICTBUE HEOBACKYJIOTCHEH3a B M1aXy.
[TaneHTy BBINIOJIHEHA MUKPOIIGHHAs dX0ocKieporepanus. [Ipo-
BEJICHO M3yYCHHE OCHOBHBIX I[IOKa3arejell KauecTBa HKU3HH
00sbHBIX ¢ Hcrosb3oBanueM onpocuuka CIVIQ2 no wavana u
cryctst 1 roz mocie mpoBeAeHHMs JIUSHHUsI. YCTAaHOBJICHO YITyd-
mieHye 4 OCHOBHBIX IOKa3aresiell KayecTBa JKU3HU B OTHAJIEH-
HOM Tiepuoze Ha 35,6-48,8% OT J0O0NepalMOHHbIX 3HAYCHHM.
ITpu sTom HabMOAAI0CH HAaNOOIIEe CYIIeCTBEHHAS TTOJIOKUTEIIb-
Has IMHAMUKa ricuxosioruueckoro (48,8%) u 6onesoro (47,1%)
IIOKa3aTeseH.

[Tonyuennsle pesyabrarbl OOOCHOBBIBAIOT HEOOXOIMMOCTH
1 GepeHIPOBAHHOTO MOAXO0AA ¢ YYETOM HMHAMBHIYaJIbHBIX
ocoOeHHOCTel 3a00eBaHus, a TaKXkKe 1LeJIeCO00pa3HOCTh MPU-
MCEHCHHS MaJIOMHBa3MBHBIX METOJAUK y NALIUCHTOB C pEeUXIUBa-
MM BapHKO3HOI1 O0JIe3HN.
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EFFECT OF ELECTRO- AND ULTRAPHONOPHORESIS OF THE PHYTOCOMPLEX
ON MICROCIRCULATORY AND BIOCHEMICAL PARAMETERS
IN PATIENTS WITH KNEE JOINT OSTEOARTHRITIS

Babaskin D., Litvinova T., Babaskina L., Krylova O., Savinova O., Winter E.

Sechenov First Moscow State Medical University, Russian Federation

Osteoarthritis is one of the most common rheumatic diseases
in the world [1-4]. Osteoarthritis affects all components of the
joint: primarily cartilage, as well as the subchondral bone, syno-
vial membrane, ligaments, capsules of the periarticular muscles
[5]. The pathological process in the joint often leads to a chronic
course of the disease, progression, disability, and a decrease in
the quality of life of patients, which is a serious medical and
social problem [6-8].

The main clinical symptoms of osteoarthritis are pain and
limitation of joint function [9-12]. Microcirculatory disruptions
in the affected joint and changes in biochemical parameters are
often observed during this disease [13-17].

Treatment of osteoarthritis is mainly aimed at reducing pain, cor-
recting functional failure of the joint, limiting the progression of
the disease, reducing the risk of exacerbations and involvement of
previously intact joints, improving the quality of life of patients, and
preventing persistent joint deformities and disability [18-23]. Treat-
ment of osteoarthritis includes medication and non-medication
methods, including physiotherapeutic ones [24-30].

Low-frequency electrotherapy with sinusoidal modulated
currents (SMC-electrophoresis), or amplipulse therapy, during
osteoarthritis has analgesic, neurostimulating, vasodilating, and
trophostimulating effects. Ultrasound therapy has anti-inflam-
matory, defibrosing, analgesic, reparative, and regenerative ef-
fects [31,32]. To enhance the therapeutic effect, physical factors
are combined with the use of medicinal substances (SMC-elec-
trophoresis, ultraphonophoresis). This is most relevant in the
rehabilitation of patients of an older age group, many of whom
take medications for underlying and concomitant diseases,
which greatly complicates the choice of treatment method.

The phytocomplex for electrophoresis and ultraphonopho-
resis, which is proposed for use in this study, is a dry extract
from grass and roots of the marsh cinquefoil, grass of alfalfa,
and multiple fruits (or cones) of ordinary hops (Technical Speci-
fication 9375-021-00003938-11 “Extract of marsh cinquefoil,
alfalfa and dry hops (phytocomplex)”) (33). It contains a set of
biologically active substances, including flavonoids, cumestans,
polysaccharides, steroids, essential oils, tannins, hydroxycin-
namic and phenolcarboxylic acids, essential amino acids, vita-
mins. and mineral components. This composition makes it pos-
sible to use the phytocomplex in medicine for inflammatory and
degenerative diseases of the musculoskeletal system, including
osteoarthritis.

Previous studies have shown the strong effect of SMC-elec-
trophoresis of the phytocomplex on clinical symptoms and qual-
ity of life in patients with osteoarthritis of the knee joint [34].

The research aimed to study the effect of the SMC-electro-
phoresis and ultraphonophoresis on disruptions in the microcir-
culation system in the affected joint area and on changes in con-
nective tissue metabolism parameters, metabolic processes, and
electrolyte metabolism in patients with knee joint osteoarthritis..

Material and methods. The study involved 72 patients. Clin-
ical trials of SMC-electrophoresis and ultraphonophoresis of the
phytocomplex in the treatment of patients with knee osteoarthri-
tis were authorized by the Interuniversity Ethics Committee of
the Association of Russian Pharmaceutical Universities.
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Criteria for including patients in the test were the following:
verified diagnosis of osteoarthritis of the knee joint in accor-
dance with the standards of the American College of Rheuma-
tology (ACR), presence of disruptions in the microcirculation
system in the knee joint area and biochemical parameters, first to
third radiological stage according to Kellgren-Lawrence grade,
absence of synovitis or presence of its small manifestations, in-
tensity of pain in the affected joint according to the visual ana-
logue scale (VAS) not lower than 40 mm, intake of Symptomatic
Slow Acting Drugs for Osteoarthritis (SYSADOA) according to
generally accepted schemes in a stable dosage for a minimum
of three months prior to the start of the study. Regular use of Non-
Steroidal Anti-Inflammatory Drugs (NSAID) in stable standard
daily average doses was also accepted. Patients signed a written
consent to participate in the study. Exclusion criteria: secondary os-
teoarthritis of the knee joint, intra-articular administration of any
drugs during six weeks before the start of the study, administration
of glucocorticoids during the last month, history of surgeries of the
joint under study, severe synovitis, pregnancy, breastfeeding, con-
traindications for the use of SMC and ultrasound therapy, individual
intolerance to biologically active substances of the phytocomplex,
presence of other rheumatic diseases, body mass index above 40
kg/m?, presence of severe comorbid diseases.

Among the patients included in the study, 70.8% (51) were
female and 29.2% (21) were male. The age of the examined pa-
tients ranged from 40 to 78 years. The median of the sample
and the interquartile range (25th and 75th percentiles) of the pa-
tients’ age, duration of the disease, and body mass index at the
time of the examination were 55.0 (47.5 and 62.5) years, 5.3 (2.7
and 7.8) years, and 30.4 (25.3 and 35.4) kg/m?, respectively. The
first radiological stage of osteoarthrosis was observed in 12.5%
of patients, the second stage was observed in 65.3%, and the
third stage was observed in 22.2%. In the majority of patients
(81.9%), the pathological process was unilateral and only in
18.1%, it was bilateral. A rapidly progressing course of the dis-
ease was observed in 4.2% of patients. Several patients included
in the study were diagnosed with concomitant diseases, includ-
ing arterial hypertension (41), coronary heart disease (25), dia-
betes mellitus (10), metabolic syndrome (5), and gastroduodenal
ulcer (15). In several patients, these diseases were combined.

All patients were randomly assigned (by the method of random
numbers generated using a computer program) to five groups, com-
parable by clinical and functional characteristics. Also, the study
involved ten practically healthy individuals of a similar age, the re-
sults of which were taken as normal parameters.

Patients of the first group (15) underwent a rehabilitation
program including SMC-electrophoresis of the phytocomplex
(SMC + PC) (Table 1). Patients of the second group (15) were
prescribed ultraphonophoresis of the phytocomplex (US + PC).
Patients of the third group (15) underwent treatment using am-
plipulse therapy (SMC). The fourth group (15) underwent ultra-
sound therapy (US) using methods similar to ones used in first
and second groups, but without the phytocomplex. The study
participants in the first four groups continued to receive drug
therapy, which did not change during the course of the physio-
therapeutic procedures. Patients of the fifth group (12) received
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Table 1. Assignment of patients to groups

Main groups

Comparison groups Control group

Healthy (normal) 1 2
(SMC + PC) (US +PC)

3 4 5
(SMC) (US) (MT)

Number of patients (n)

10 | 15 | 15

15 | 15 | 12

only medication (MT): basic SYSADOA (12 patients — 100%),
NSAID (2 patients — 16.7%), general tonic agents, and vitamin
preparations. The drug therapy of patients of the fifth group was
comparable to the drug treatment of the trial participants in the
first four groups.

Electrotherapy was performed on the area of the knee joint using
the transverse technique in the full-wave SMC mode with I and IV
types of operation for five minutes each. The modulation frequency
was 100 Hz, the modulation depth was 75%, the half-periods were
two and three seconds, the current strength was five mA, and the
exposure time was ten minutes. Ten daily procedures per course
were performed. The procedures were performed using an “Ampli-
puls-6” apparatus (“Electroapparat”, Russia).

A working solution of the phytocomplex for electrophoresis
was prepared ex tempore by dissolving the dry extract (10 parts)
in dimethyl sulfoxide (15 parts) and then adding warm (40°C)
distilled water (up to 100 parts). 20 ml of the working solution
was applied to disposable electrode pads for low-frequency
electrotherapeutic procedures (INNISS-med, Russia), which
were placed on the affected knee joint.

Ultrasound therapy was performed on the area of the knee
joint using a contact method and the labile technique in continu-
ous mode with an ultrasound intensity of 0.6 W/cm?. The dura-
tion of the procedure was eight minutes per joint and ten daily
procedures per course were performed. The procedures were
performed using the UZT-1.07F apparatus (Maloyaroslavets In-
strument Factory, Russia).

The working composition of the phytocomplex for ultrapho-
nophoresis was prepared by adding dimethyl sulfoxide (10 parts)
to the phytocomplex (10 parts). Then a special gel for ultrasound
therapy “Repak-T” (Product License 29/06081001/3590-02,
Geltek-Medica, Russia) was added (up to 100 parts). 1.5 g of the
working composition was evenly distributed over the area of the
affected knee joint.

The content of flavonoids in the working solution and work-
ing composition was 0.7% (in equivalent to quercetin) or 4% (in
equivalent to the dry residue of flavonoids). The concentrations

of the phytocomplex were experimentally selected as a result
of studying the transdermal delivery of biologically active sub-
stances of the phytocomplex under the action of SMC and ultra-
sound in model experiments [35,36].

To assess the state of microcirculation in the area of the af-
fected knee, the method of laser Doppler flowmetry was used
(a two-channel laser microcirculation computerized analyz-
er LABC (LAKK)-02, Research and Production Enterprise
LAZMA LLC, Russia). The following main microcirculatory
parameters were determined: level of capillary blood flow, mi-
crocirculation intensity, and microvessel vasomotor activity.

We used the following biochemical research methods:

— to evaluate the connective tissue metabolism, the content
of serum fibrinogen, C-reactive protein, hexoses, seromucoid,
ceruloplasmin, and mucoproteins was determined;

— to analyze the main metabolic parameters, the content of
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), alkaline and acid phosphatases was evaluated;

— to assess the state of electrolyte metabolism, the levels of
calcium, potassium, sodium, magnesium, and phosphorus were
determined.

All studies were performed before and after the course of
treatment.

Statistical processing of the results was carried out using
the SPSS. Statistics. v17. Multilingual-EQUINOX (SPSS Inc.)
software. The experimental, empirical distribution of variables
did not differ much from the normal distribution (Kolmogorov-
Smirnov test and the normal distribution graph). The data ob-
tained are presented as mean values (M) with standard devia-
tions (o). To assess the significance of differences, the Student
t-test was used. The critical level of significance in statistical
hypotheses testing in the study was 0.05.

Results and discussion. According to modern concepts, dis-
ruptions in the microcirculation system play an important role in
the development of dystrophic processes in the body, therefore,
we studied the state of this pathogenetic link in patients with
osteoarthritis of the knee joint (Table 2).

Table 2. The effect of the methods of SMC-electrophoresis and ultraphonophoresis
of the phytocomplex on the microcirculation disruptions in the affected knee joint in patients with osteoarthritis (M=+o)

Healthy Before After treatment
Parameter (normal) treatment Group
(#=10) 0=72) | 1@=15) | 2@=15) | 3@m=15) | 4@m=15) | 5@=12)
. 13.0+2.1
Level of capillary blood 18443 1 9.4+2.8 17.3£2.3 18.2+2.7 P p 16.7£2.2 9.2+2.5 P **,
flow, cu P P P ** 11‘,’3*2 ’ P* P **
Microcirculation inten- 51408 2.3+0.7 3.8+0.9 4.7+1.2 2.7+1.1 4.4+0.8 2.4£0.5 P **,
sity, cu T P xx P* P* Px* P* P* P* P
Microvessel vasomotor 20743 8 10.9+3.0 16.7+1.9 18.74£3.2 11.8+2.1 13.2+2.6 11.0£2.4 P **,
activity,% T P xx Px P P* P* P* P* P*
Here, in Tables 3 and 4, and in Figure 1: P, - compared to normal parameters,
P, — compared to parameters before treatment, P,— compared to parameters in the main group.
*- P<0.05, ¥*- P<0.01
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The examination of the trial participants before treatment re-
vealed significant disruptions both in the arteriolar and venular
parts of the microcirculatory system. They manifested them-
selves by a significant — almost twofold — decrease in the level
of capillary blood flow. This, according to several researchers,
leads to a decrease in the level of blood perfusion of the tis-
sues in the area of the pathological process. Along with this, a
2.2-fold decrease in the total intensity of microcirculation and
an almost twofold decrease in the total microvessel vasomotor
activity was observed.

A comparative analysis of the studied treatment methods
showed a significant corrective effect of SMC-electrophoresis
and ultraphonophoresis of the phytocomplex (groups 1 and 2)
on the microvessel vasomotor activity in the affected joint in
patients with osteoarthritis compared to monotherapy meth-
ods (groups 3 and 4) and drug treatment (group 5). Among the
pharmacophysiotherapeutic methods (groups 1 and 2), the use
of ultraphonophoresis of the phytocomplex (group 2) led to a
significantly better correction of microcirculatory disruptions.
After treatment using this method was performed, all the stud-
ied parameters of laser Doppler flowmetry reached the level of
healthy individuals. This may be fundamental in the formation
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of a therapeutic effect in patients with osteoarthritis of the knee
joint. Methods of amplipulse therapy (group 3) and ultrasound
therapy (group 4) also had a rather pronounced effect on the level
of capillary blood flow. They were inferior to pharmacophysio-
therapeutic methods (groups 1 and 2) in terms of the microvessel
vasomotor activity improvement but were significantly more ef-
fective in terms of capillary blood flow improvement compared
with drug treatment (group 5).

An objective diagnostic criterion in patients with osteoarthri-
tis is the disruption in the connective tissue metabolism. Ac-
cording to several researchers, the severity of the disease can
be assessed by the degree of the disruption. In this regard, the
biochemical markers of connective tissue metabolism were in-
vestigated (Table 3).

In the studied patients with osteoarthritis of the knee joint, a
significant increase in the studied parameters of connective tis-
sue metabolism (compared to the values in the group of healthy
individuals) was observed before treatment. The content of hex-
oses associated with protein (P>0.05) was the exception. The
most pronounced disruptions were in the following parameters:
seromucoid (1.5 times), mucoproteins (1.6 times), and cerulo-
plasmin (1.5 times). According to the literature, this often ac-

Table 3. The effect of SMC-electrophonophoresis and ultraphonophoresis
of the phytocomplex on metabolic disruptions in connective tissue in patients with knee joint osteoarthritis

After treatment
Healthy Before treat-
Parameter (normal) Group
-1 ment (n=72)
(n=10) 1 (n=15) 2 (n=15) 3 (n=15) 4 (n=15) 5 (n=12)
g;’r‘l‘(’)slfls) 6.20£1.30 | 7.4042.10 | 6.90+130 | 6.60£1.40 | 7.00£1.80 | 6.90£1.00 | 7.40+1.20
Fibrinogen 3.5020.80 5.60+1.60 4.10+1.20 4.00+0.80 4.60£1.30 4.60+0.90 5.60+1.40
(/) B P P P P P P, P*
C-reactive protein 1.60£0.50 3.00+0.80 2.50+0.70 2.10+0.40 2.70+0.50 2.40+0.40 2.90+0.60
(mg/1) P P ¥ P¥ P* px Px P P P
Seromucoid 240431 356+44 254429 242428 317432 284430 352435
(mg/l) P p* P L P P P
Ceruloplasmin T15+68 S511+£51 654+49 616+£55 699+63
mg/l 485448 p 580+54 p* px p P p ¥
1 2 1 1 1 3
Mucoproteins 0.45+0.06 0.74+0.19 0.54+0.14 0.49+0.12 0.64+0.16 0.60+0.08 0.70+0.15
(mmol/1) R P* P P P P P, P*
Table 4. Influence of the methods of SMC-electrophoresis and ultraphonophoresis
of the phytocomplex on disruptions in electrolyte metabolism in patients with knee joint osteoarthritis
Healthy Before freat. After treatment
Parameter (normal) R Group
-1 ment (7=72)
(n=10) 1 (n=15) 2 (n=15) 3 (n=15) 4 (n=15) 5 (n=12)
Calcium 2282041 | 8070 564042 | 2532031 | 2782012 | 267x026 | 2837039
(mmol/l) P P
P(ztlans;‘f/‘]r)“ 4.0240.50 | 4914082 | 4.33£0.60 | 4.31£0.58 | 4.49+0.57 | 4.29:0.70 | 4.86+0.60
(f;)iloull/lll) 141432 148+41 147429 144422 147+£30 146+29 148+33
Magnesium % % % «| 0.70+£0.08 0.57+0.08
(mmol) 0.9120.16 | 0.5620.11 P,* | 076:0.08 P, | 0.8820.19 P.* | 069009 P* | L "p s ps | ps ps
Phosphorus «| 0.95£0.17 «| 0.78+0.07 0.92+0.11 0.70+0.09
(mmol) 1226018 0.680.12P% | L5 p L 1182009 P, P prpxpr| prps
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Fig. The effect of SMC-electrophoresis and ultraphonophoresis of the phytocomplex
on metabolic disruptions in patients with knee joint osteoarthritis

companies damage to connective tissue. The content of C-reac-
tive protein was within the reference interval.

A comparative analysis of the studied treatment methods
showed that the ultraphonophoresis of the phytocomplex (group
2) had the greatest effect on the analyzed parameters. Its course
application contributed to the restoration of such parameters as
fibrinogen, seromucoid, mucoproteins, and ceruloplasmin con-
tent to the physiological norm. Among the traditional methods
of physiotherapy (groups 3 and 4), a significant corrective effect
of ultrasound therapy (group 4) on the seromucoid parameter of
connective tissue metabolism was established.

Additionally, the state of electrolyte metabolism in patients with
knee joint osteoarthritis was studied. Most of its parameters reflect
the state of cell membranes of various organs and tissues (Table 4).

During a biochemical study of the level of mineral components
in the blood serum of patients with knee joint osteoarthritis before
treatment, it was found that calcium content was 1.3 times higher
than normal while magnesium and inorganic phosphorus content
was 1.6 times and 1.8 times lower than normal, respectively. The
potassium and sodium levels were within the reference values; their
variations were negligible and insignificant (P>0.05).

The use of ultraphonophoresis of the phytocomplex (group
2) had the greatest effect on electrolyte imbalance: the levels
of magnesium and phosphorus after treatment were close to the
level of healthy individuals (group 1).

One of the important indicators for osteoarthritis, indicating
the severity of the dystrophic process, is metabolic disruptions.
In this regard, several metabolic parameters in the observed pa-
tients were studied (Fig. 1).

Examination of the studied patients revealed a significant
metabolic imbalance: an increase in the content of acid phos-
phatase (by 1.6 times) and ALT (by 1.5 times) with significantly
smaller increase in the content of alkaline phosphatase and AST
(by 1.3 times).

Of all pharmacophysiotherapeutic methods of treatment
(groups 1 and 2), only the use of ultraphonophoresis of the phy-
tocomplex (group 2) had an effect on the metabolic disruptions
and restored the content of ALT and alkaline and acid phospha-
tases to physiologically normal values. The effect of the mono-
therapy method (group 4) and especially drug therapy (group 5)
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on the content of ALT was significantly greater compared to the
ultraphonophoresis of the phytocomplex (group 2). A significant
corrective effect of the SMC-electrophoresis of the phytocom-
plex (group 1) on the imbalance of acid phosphatase was also
observed.

The pronounced anti-dystrophic effect of SMC-electrophore-
sis and ultraphonophoresis of the phytocomplex in patients
with knee joint osteoarthritis was based on the correction of
microcirculatory disruptions. The laser Doppler flowmetry
showed an increase in capillary blood flow, an increase in
blood perfusion in tissues, and a decrease in congestion ef-
fects in the venular microcirculation. Possibly, improvement
of blood circulation occurred mainly due to the effect of
physical factors. It is known that SMC improve blood cir-
culation mainly due to the direct effect on the sensitive and
autonomic nerve fibers, as well as due to reflectory improve-
ment of blood supply to the periarticular muscles [32,37]. As
a result of this, venous outflow and arterial influx increase
and lymph circulation is activated. Ultrasound causes local
vasodilation in the microvasculature and increases the volu-
metric blood flow in weakly vascularized tissues, their oxygen-
ation and metabolic rate [32,37].

SMT-electrophoresis and ultraphonophoresis of the phyto-
complex (the latter being the most effective method) improved
the metabolism in connective tissue in patients with knee joint
osteoarthritis, which was confirmed by the restoration of the
main studied parameters (seromucoid, fibrinogen, and mucopro-
teins levels) to normal values.

The use of SMC-electrophoresis and ultraphonophoresis of
the phytocomplex led to an improvement of the magnesium and
phosphorus electrolyte metabolism in patients with knee joint
osteoarthritis, which was confirmed by the restoration of the
magnesium mineral balance to the physiologically normal lev-
els. This was due to the complex integrated effect of the physical
factor and biologically active substances of the phytocomplex
on electrolyte metabolism. It is known that ultrasound, in ad-
dition to its main therapeutic effect, enhances the transdermal
penetration of active substances by increasing the permeability
of cell membranes, the diffusion rate and penetration depth, and
reducing the “delay time”[38-41].
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SMC-electrophoresis and ultraphonophoresis of the phy-
tocomplex contributed to the elimination of the metabolic im-
balance of acid phosphatase. Additionally, ultraphonophoresis
of the phytocomplex contributed to the normalization of the
content of ALT and alkaline phosphatase, which had a positive
effect on the improvement of the function of the knee joint in
patients with osteoarthritis.

Conclusions. As a result of the study, the effect of SMC-elec-
trophoresis and ultraphonophoresis of the phytocomplex on dis-
ruptions in the microcirculation system in the affected joint, as
well as changes in the connective tissue metabolism, metabolic
process, and electrolyte metabolism in patients with knee joint
osteoarthritis was established.

The obtained results provide the basis for further studies to as-
sess the overall effectiveness of the use of SMC-electrophoretis
and ultraphonophoresis of the phytocomplex in patients with
knee joint osteoarthritis.
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SUMMARY

EFFECT OF ELECTR- AND ULTRAPHONOPHORESIS
OF THE PHYTOCOMPLEX ON MICROCIRCULATO-
RY AND BIOCHEMICAL PARAMETERS IN PATIENTS
WITH KNEE JOINT OSTEOARTHRITIS

Babaskin D., Litvinova T., Babaskina L., Krylova O.,
Savinova O., Winter E.

Sechenov First Moscow State Medical University, Russian Fed-
eration

The goal was to study the effect of modulated sinusoidal
currents electrophoresis and ultraphonophoresis of the phy-
tocomplex on disruptions in the microcirculation system in
the affected joint area and on changes in connective tissue
metabolism parameters, metabolic processes, and electrolyte
metabolism in patients with knee joint osteoarthritis.

Seventy-two patients were randomly assigned to five
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groups. Patients of the first group were prescribed modulated
sinusoidal currents electrophoresis of the phytocomplex. The
second group was prescribed ultraphonophoresis of the phyt-
ocomplex, the third group was prescribed amplipulse therapy
(modulated sinusoidal currents), the fourth group was pre-
scribed ultrasound therapy, and the fifth group was prescribed
basic drug therapy. Drug therapy of patients of the fifth group
was comparable to the drug treatment of patients of the first
four groups. The concentration of the phytocomplex in the
working composition was 10%. Electrotherapy was carried
out in the full-wave modulated sinusoidal currents mode with
I and IV types of operation while ultrasound therapy was car-
ried out in continuous mode with an ultrasound intensity of
0.6 W/cm?. To assess the state of microcirculation, the laser
Doppler flowmetry method was used.

The pronounced anti-dystrophic effect after the use of modu-
lated sinusoidal currents electrophoresis and ultraphonophoresis
of the phytocomplex in patients with knee joint osteoarthritis
was based on the correction of microcirculatory disruptions:
an increase in the capillary blood flow, an increase in the blood
perfusion in tissues, and a decrease in congestion effects in the
venular microcirculation. The use of modulated sinusoidal cur-
rents electrophoresis of the phytocomplex (ultraphonophoresis
of the phytocomplex had an even greater effect) improved the
connective tissue metabolism and the content of seromucoid,
fibrinogen, and mucoproteins. The use of the studied treatment
methods improved magnesium and phosphorus parameters of
the electrolyte metabolism. Modulated sinusoidal currents elec-
trophoresis and ultraphonophoresis of the phytocomplex con-
tributed to the elimination of the metabolic imbalance of acid
phosphatase. Ultraphonophoresis of the phytocomplex also
contributed to balancing of the alanine aminotransferase and
alkaline phosphatase content. As a result of the study, the effect
of modulated sinusoidal currents electrophoresis and ultrapho-
nophoresis of the phytocomplex on disruptions in the microcir-
culation system in the affected joint area and on changes in con-
nective tissue metabolism parameters, metabolic processes, and
electrolyte metabolism in patients with knee joint osteoarthritis
was established.

The obtained results provide the basis for further studies
to assess the overall effectiveness of the use of modulated
sinusoidal currents electrophoresis and ultraphonophoresis of
the phytocomplex in patients with knee joint osteoarthritis.

Keywords: knee joint osteoarthritis, medicine electropho-
resis, phonophoresis, plant extract, electrotherapy, ultrasound
therapy.
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BJIUSAHUE METO/JIOB SJIEKTPO- U YJIBTPA®OHO-
D®OPE3A ®UTOKOMIIVIEKCA HA MHUKPOLUPKY-
JATOPHBIE U BUOXUMHNYECKHE ITOKA3ATEJIN
Y NAIIUEHTOB C OCTEOAPTPO30M KOJIEHHOI'O
CYCTABA

ba6ackun /I.B., JlutBunoa T.M., badackuna JI.U.,
Kpsuioa O.B., CaBunosa O.B., Bunrtep E.A.

Ilepswiti Mockosckuil 2ocyoapcmeeniiviil MeOUYUHCKULL YHUGep-
cumem um. U.M. Ceuenosa, Poccutickas @edepayus

Lenp nccnenoBanus — ONpeNeIUTh BIUSHUE METOIOB 3JICK-
Tpodopesa CHHYCOUAATBHBIMI MOTYTUPOBAHHBIMUA TOKAMH U
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yabsrpadoHodopesa GUTOKOMIUIEKCA Ha HAPYIIEHHs B CHCTe-
Me MHUKPOLHMPKYISIHA B 00JaCTH MOPaXEHHOTO CycTaBa, Ha
W3MEHEHHUs IoKa3aTeliel oOMeHa COEIUHHUTENIbHOW TKaHH,
MeTabOoJIMYECKOro MPOIecca U AIEKTPOIIMTHOr0 0OMeHa y ma-
LHEHTOB C OCTE0APTPO30M KOJIEHHOT'O CyCTaBa.

72 nmanueHTa paHIOMHU3UPOBAHHO paclipeaesIeHbl Ha 5 TPy
nanuentam | rpynmsl HaznadseH CMT-anekrpodopes purokom-
wiekca, Il rpynmer — ynsrpadgonodopes puroxommiexca, 11
rpynnsl — ammmnyiserepanus (CMT), IV rpynnsl — yasTpa-
3BYKOBas TEpamusl, NaueHTaM V rpyImnsl — «0a3ucHas» Meau-
KaMeHTO3Has Tepamnus. JlekapcTBeHHas! Tepanusl ManueHToB V
prﬂﬂbl cornocraBuMa ¢ MCIAUMKAMCHTO3HBIM JICHCHUCM IIallu-
SHTOB IIEPBBIX YeTbIpeX rpymi. KoHueHTparms GpUTOKOMILICK-
ca B pabouem cocrase — 10%. DiekTpoTepanuio IpoBOAWIN B
BolnpsiMieHHoM pexxume CMT npu [ u IV pone pabor, yasTpa-
3BYKOBYIO TE€PAIUIO — B HENPEPBIBHOM PEXUME NPU UHTEHCHUB-
HoCTH yibTpassyka 0.,6 Br/cm?. JIJist OLIEHKH COCTOSIHUSI MHKPO-
LUPKYJIALUY UCHONB30BaJIM METOA JIa3epHOM JOMIIEPOBCKOM
¢dnoymerpun. BeipaskeHHslii npoTuBoaucTpoduueckuii agpexr
npu npumeHennn CMT-anekrpodopesa u yasrpadoHodope-
3a (PUTOKOMIUIEKCA y MAlHUEHTOB C OCTEOAPTPO30M KOJICHHOIO
cycraBa 0asupoBalics Ha KOPPEKIHH MHKPOLUPKYJISATOPHBIX
Hapymel-u/[f/i U TIPOSABJIAJICA B BUAC ycymel-u/m KaruJuiIpHoro
KPOBOTOKA, YBEJIMYEHHs Mepdy3uu KPOBH B TKAHSIX U YMEHb-
LICHUs 3aCTOMHBIX SBJICHUN B BEHYIIPHOM 3BEHE MUKPOLIUPKY-
msiin. [lon Bnustauem CMT-anekrpodopesa GpuTokoMILIeKea,
B OoJblieil crenenu npu ynerpadonopopese GpUToKoMILIeKCa,
yiIyuInancst OOMeH COeANHHUTEIBHON TKAaHH MO COIEPIKAaHUIO Ce-
pomykounsa, pudpuHorena u MykonporenHos. [Ipu ucrosnb3o-
BaHUU UCCICAYEMBIX METOLOB JICUHCHUS OTMEYAJIOCH yﬂy'—lLL[eHI/le
COCTOSIHHSI JIEKTPOJIMTHOrO OOMEHA 10 IOKAa3aTessiM MarHHs
u docdopa. CMT-anekrpodopes u yasrpadonodopes duro-
KOMIUIEKCA CIIOCOOCTBOBAJIM YCTPAHEHHIO METa0O0IMYECKOro
qucbanaHca 1o mokasareiro kucioit docdarassl, a ynsrpado-
HO(Ope3 PUTOKOMILIICKCA - TAKXKE 110 COACPIKAHUIO aJTaHMHAMU-
HOTpaHcdepassl H 1mesouHoi hocdarassl.

B pesynbrare NpoBEAEHHOIO MCCIEIOBAHHS YCTaHOBIICHO,
yro CMT-anekrpodopes u ynsrpadoHodope3 GpUTOKOMILICK-
ca CHOCOOCTBYIOT yCTpaHEHHIO MeTabonnueckoro aucbanaHca
kucioit pocdarasel. Kpome Toro, yisrpadonopopes puroxom-
IUIEKCa CIIOCOOCTBYET HOPMAJIN3AINH COICPIKAHUS allaHHAMH-
HOTpaHc(epasbl U MIeNnodHON (ocdaraspl, YTO MOIOKUTEITEHO
BIMSCT Ha (QYHKIMH KOJCHHOTO CyCTaBa y OOJBHBIX OCTEOap-
TPO30M.
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APPLICATION OF ANTIBIOTIC-CONTAINING EAR DROPS
IN TREATMENT OF ACUTE OTITIS MEDIA

!Japaridze Sh., 'Lomidze L., 2Nakhutsrishvili I., 2Davituliani V., 2Kekelidze 1.

National Center for Otolaryngology, Japaridze-Kevanishvili Clinic,
Thilisi State Medical University, Department of Otolaryngology Georgia

Otitis is a very serious and noteworthy disease. In time and
adequate treatment guarantees to prevent complications and to
cure it. The antibiotic therapy plays a leading role in the treat-
ment of this disease. Sometimes however the symptomatic treat-
ment is sufficient: painkillers, fever controllers, utilization of
local nose and ear drops [5,13].

According to the results of various studies, the prevalence of
otitis media in one year and two-three year varies under 19%
and 32%, respectively. Streptococcus pneumoniae, Haemophi-
lusinfluenzae and Moraxella catarrhalis are the most common
bacterial pathogens of [4,8].

Otalgia appears the most common otitis symptom. It has pri-
mary and secondary forms. Theprimery forms include the ear
diseases, the main cause of which is the the eustachian tube
dysfunction. Thesecondary forms cover the otalgias that include
the sacral nerve, facial nerve, miscarriage, jaw inflammation,
odontogenicpain.The acute inflammation of the middle ear is the
most frequent cause of the ear pain in children. Primary otalgia
can be the bacterial or viral infectious as well as the mechanical
trauma or cochlear neuritis [11].

© GMN

The classification and treatment of otitis media are discussed
in the present paper. The course of the disease is atypical in some
cases that often combine with the properly diagnostic acute oti-
tis media [15]. The special attention demands theneonates an-
dadults with systemic chronic diseases [5,15].

In some otitis media instances the ear drops can play an im-
portant cure role. A number of studies have suggested that the
drops are appropriate for plaque ear lesions only [10].

The use of topical antibiotics in the form of ear drops is rec-
ommended during or after the plaque miringotomy. After the
miringotomymany patients develop otorrhea. In such cases the
utilization of topical antibiotics with a combination of cortico-
steroids is effective.

According toa double-blind randomized study in one of the
clinics in Germany: The use of ciprofloxacin and fluocimolace-
tonid in the ear drops reduces otorrhea from 7 days to 4 days. It
can be prescribed twice a day for 1 week [4].

In General and Family Medicine of the German Society pro-
vided guideline of chronic otitis media, we read that the patients
suffering from this disease should undergo ear toilet, cleaning
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of external auditory canal use of ear antiseptic solutions and lo-
cal antibiotic-containing ear drops (especially ofloxacin, and the
Profloxacin).If after this procedure the treatment will fail we can
use systemic antibiotic therapy [2,9].

Otitisexternais spread worldwide due to high temperatures
and humidity, more commonly found in tropical countries. In
90% of patients it is caused by bacterial infections such as: Pseu-
domonas aeruginosa (22-62%) and Staphylococcus aureus (11—
34%), polymicrobial infection - 8%, and fungi are rarely found
in this disease. Uncomplicated external otitis treatment includes
cleaning of external auditory canal, local antiseptic and antimi-
crobial therapy, as well as adequate NSAIDS.In the guideline
provided by the German Society of General and Family Medi-
cine about external otitis we read that after cleaning the external
auditory canal and assessing the risks, we begin local therapy
with antibiotics and corticosteroids. By this guideline, 65-90%
of patients develop clinical improvement in any disease after
7-10 days. Research has shown that the use of topical antibiotics
drops symptoms faster than placebo, so the disease can be cured
and also is reduced chance of relapse [6,12].

Fever is caused by inflammation of the hair follicle caused
by Staphylococcus aureus or Streptococcus pyogenes. Our treat-
ment should begin with drainage of furunculus, which should
then be treated with sterile diapers and antiseptic solutions. At
the beginning of treatment, local antibiotics are included in the
regimen, and general antibiotic therapy should be initiated at el-
evated temperatures.

In the treatment of acute or chronic stages , the main goal
is to stop the pain syndrome and restore hearing. This can be
achieved by combined treatment. One of the leading roles in the
complex treatment is the use of topical medicines - ear drops.
There is a target group of medications that works successfully in
perforating otitis media and has no ototoxic effect.They include
rifamycin and fluoroquinolones, while ciprofloxacin is the gold
standard among fluoroquinolones. They have a wide range of
action and act on both Gram-positive and Gram-negative mi-
croorganisms.

Research have been made on otitis media of different forms.
(External otitis media - 27; Acute perforated purulent otitis me-
dia - 35; Chronic mesothympanity - 32). The drops were applied
three times a day after ear repair. No side effects. None of the
patients showed resistance to treatment. In all cases remission
and recovery were achieved with or without systemic antibiotic
therapy [8,14].

Ear drops - may contain one or more active ingredients. Their
action is to reduce pain and discharge, to relieve itching, burning
and swelling. Possible side effects include an allergic reaction to
any of the components [1,3].

The list of ear drop antibiotics: ciprofloxacin (quinolones-
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acting on gram-positive and gram-negative bacteria), neomycin
(aminoglycoside group, they inhibit bacterial protein synthesis),
ofloxacin (quinolone), Polymyxin B (polymyxin), rifamycin (a
rifamycin antibiotic used in chronic middle ear inflammation
when perforation is noted on the plaque),Also thyrotricin. Glu-
cocorticoids: dexamethasone, hydrocortisone. Local anesthetics
include lidocaine, benzocaine and procaine [1].

The aim of the research was to determine the efficiency of
antibiotic-treated ear drops in the treatment of acute otitis me-
dia, in combination with mono or systemic antibiotics compared
to placebo.Data were analyzed using descriptive statistics, fre-
quency distribution of variables was determined and the results
were presented in appropriate numerics and percentages.

Material and methods. The research have been made in the
National Center for Ear-Nose Disease, January-July 2019. The
study involved 250 patients, ranging in age from 2 to 64 years.
Patients’ data is anonymous and cannot be identified. 125 pa-
tients were diagnosed with middle purulent otitis, 20 patients
with middle secretory otitis, 78 with external diffuse otitis, and
27 with external otitis media.

Pearson correlation coefficient was calculated to determine
the relationship between variables. The reliability coefficient (t)
was used to evaluate the result, indicating the probability of a
correct answer. For the study, we took t=2, which corresponds to
a probability of 95%.

Results and discussion. In addition, 10 patients with chronic
otitis granulation-polyptic exacerbations were examined. Drops
containing hormone and antibiotics were used in cases where
polyps and granulation almost completely covered the perfora-
tion of the plaque and made it impossible to get the medication
into the plaque. The patient was under daily observation. In 3-4
days, decrease in granulation size was observed, which allowed
visualization of perforation. After that, we will move on to only
non ototoxic antibiotic drops.

125 patients with acute or chronic exacerbated middle puru-
lent otitis without complications were studied. Treatment started
with monotherapy with antibiotic-containing ear drops. In 102
patients, discharge was discontinued on the third day, in 10 pa-
tients the discharge decreased from the third day, and in 13 pa-
tients the intensity of discharge remained unchanged. In these
individuals, systemic antibiotic therapy had to be initiated from
day 5, in the tenth day of treatment patients were treated com-
pletely (Table 2).

With regard to monotherapy for pain in middle-grade otitis
media, 27 out of 105 patients had completely relapsed from
day 3, 8 had decreased pain intensity by the eighth day, and 70
had recurred pain for a short time, requiring systemic antibiot-
ic treatment. Thereafter, in all cases, a complete recovery was
achieved (Table 3).

Table 1 Classification of otitis

Total amount Middle purulent otitis

Middle secretory perforator

Acute outer Diffuse Outer confined

250 125

78 27

Table 2. Results of monotherapy of middle purulent otitis media

Total amount Discharge was eliminated after three days Decreased after three days No changes
125 102 10 13
Table 3. Pain during middle purulent otitis after monotheraputic treatment
Total amount Pain relieved after three days Pain decreased after three days No changes
105 27 8 70
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Table 4. Effects of monotherapy on middle and secretory otitis media with ear and nose drops

Total amount Pain relieved after three days Pain decreased after three days No changes
12 2 5 5
Table 5. Outcome of monotherapy with diffuse and diffuse otitis exterior ear drops
Total amount Discharge was eliminated after three days Decreased after three days No changes
27 8 9 10

After antibiotic administration, all patients stopped Discharge.

As research has shown, monotherapy with ear drops is most
effective in the treatment of acute purulent inflammation of the
middle ear (without complications). And when it comes to other
signs of intoxication (dizziness, fever, headache) then systemic
antibiotics and other medications should be included.

As for secretory otitis, the most common symptom is hear-
ing loss, a feeling of numbness. At this time, it is necessary to
have direct combined treatment, which involves the use of nasal
blood-thinning drops, antihistamine drugs ,mucolytics and so
on.If a symptom of pain is present, then we have to use local
ear drops.In the study we have found that in all twenty patients,
hearing loss did not improve. After only nasal vasoconstrictor
treatment, congestion was reduced in 5 patients from the third
day, and after two weeks in all patients, hearing was restored.

External, both in diffuse and acute inflammation, it is neces-
sary and quite effective to use drops containing local antibiotics,
anesthetics and corticosteroids.
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SUMMARY

APPLICATION OF ANTIBIOTIC-CONTAINING EAR
DROPS IN TREATMENT OF ACUTE OTITIS MEDIA

!Japaridze Sh., '"Lomidze L., 2Nakhutsrishvili I.,
Davituliani V., 2Kekelidze 1.

!National Center for Otolaryngology, Japaridze-Kevanishvili
Clinic, Thilisi State Medical University, Department of Otolar-
yngology Georgia

Otitis is a serious and noteworthy disease. Only timely and
adequate treatment guarantees to cure it and prevent complica-
tions. The present study involved 250 patients, raining in age
from 2 to 64 years. Patients’ data were anonymous and cannot
be identified. 125 patients were diagnosed with middle purulent
otitis, 20 with middle secretory otitis, 78 with external diffuse
otitis, and 27 with external otitis media.The aim of the research
was to determine the efficacyof antibiotic-contained ear drops in
the treatment of acute otitis media, in combination with mono-
or systemic antibiotics. The data were analyzed utilizing the de-
scriptive statistics. The frequency distribution of variables was
also determined and the results were presented in appropriate
numeric values and percentages.

Keywords: Otitis media, ear drops, antibiotics, otalgia.

PE3IOME

HNCHOJb30BAHUE AHTUBUOTHUKOCOJEPKAIINX
YHIHBIX KAIIEJIb B IEYEHUHU OCTPOI'O OTUTA

Txanapuase LI.B.," JTomuaze JI.C., 2Haxyupuumsuian U.B.,
Nasutynuann B.H., 2Kexemunze U.B.

! Hayuonanshuvitiyenmp omopunonapuneonocuu — kaunuxa [ica-
napuose-Kesarnuwsuny, *ToOunucckuii 20cy0apcmeennsiii. Meou-
YUHCKUIL yHUBEpCUmem, omoeneHue yxa, 20pio u Hoca, I pysus

Lenpio ucciaenoBanus ObIIO OmpeaeiauTh 3PPEeKTUBHOCTH
AQHTHOMOTHKOCOJCPIKAIIUX YILIHBIX Kallellb B JICUCHUU OCTPO-
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r0 CPeJHOr0 OTHTa B COYETAaHMU C MOHOTEpaNnued WM Cuc-
TEMHBIMU aHTHOMOTUKAaMU. B uccienoBaHuy NpUHSIM ydacTue
250 manueHToB B Bo3zpacte oT 2 10 64 net. [laHHble nanueHra
SIBJISIIOTCS @HOHMMHBIMH. bBOJBIIMHCTBO manueHToB (n=125)
JIMarHOCTUPOBAHbI CO CPEIHUM IHOMHBIM 0THTOM, 20 — cO cpen-
HHUM CEpPO3HBIM OTHUTOM, 78 C HapyXHBIM AUQPQY3HBIM OTHTOM,

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

27 - ¢ HapyXKHbIM OIpaHUYEHHBIM OTUTOM. Pe3ynbrarh! Hccie-
JIOBAaHMS [1OKA3aJIM, YTO JICYCHUE CPEHEr0 M HApy>KHOIO OTHUTA
C UCIIOJIb30BaHMEM MECTHBIX Kallelb yXa M Hoca yJIydllaeT co-
CTOSIHUE IALMEHTOB ¢ 3 JHS, YTO IPOSBISIETCS B OOJICrYeHUH
00J11, YMEHBIICHUH WM TIOJHOM IPEKPAIlleHUH BBIACICHUH 13
yXa U IOTpeOIeHNs CUCTEMHBIX aHTUOMOTHKOB.

A9boydy

5b@odom@ogol dgdiggeo yu@ol Fggmgdol aodmygbgds 3§ g039 mBoBol 3390bogrmdsTo

"d.acogo®mody, lan.anmBody, 20.65 by 300 g0 0, 2g.053009@ 0560, %0. 3939000y

qga-g@-3bgodol gomgbgmo 396@®0, xoxsM0dg-Jggobodgomols gamobogo,
2mdogoliols babgardfogm LodgooEobm 9bogg@bodgdol ygm-ga@-gbgodols ©g3s@Esdgb@o, bsfs®mggemm

3gerggodo dmbsfomgmds doowm 2-64  Fangdols 250
3530963 3>, 125 35:3096@L, 56 godmggmgymms ¥IGog-
@ gbmdsl, s@gbodbgdmes s ho@Jmgsbo mBo@0,20-1 —
g5 bgg®gBAmOYmo mE0@0,78- — go@gms ogybydo
MB0B0, b 27- — godgms dgdmgedyemygmo m@odo.

3gerggols Jobobl Fomdmopagbps 873539 m@o@gdols
339GboambdoTo  sb@odom@Boggdols  Jgdizggmo  gy@ol
V390980L 9839 a0mdol goblsbmgds.

380309 @osEslBy®s, GmI Tgs s aodgms mEo-
Bob 33y@bognmds gydol s 3bgodol saommd®ogo

dmJdg0960ls Ig035396@ gd0l odmyggbgdom 3530gbEm
©oE  3OmEgbBTdo  dpamdsdgmbols  dbodgbganmgsbo
359dxmdglgools o6 LeOymo aobyy@bgdols Lodyoag-
4ol odgnggs do(gymo. ospgdomo gggddo dgod-
hbggs 339@bognmdbols @o(ygdowsb dgbody mgl, Mo
35dmobo@dgds gyu@opsb godmbswgbols dgdomgdsdo
ob Loy dgVy5905T0, Ggogomol sbyeodmgdsTo.
@egomy@o d3@bosmmds 53300 goL bmaswo dmd-
dggdols sb@odom@ogms Lob@gdydo aodmygbgdols
Lodo®mgdsls.

EFFECT OF SMOKING STEAM COCKTAILS ON THE HARD TISSUES OF THE ORAL CAVITY

ISevbitov A., 'Emelina E., 'Khvatov 1., 2Emelina G., 'Timoshin A., 'Yablokova N.

'IM. Sechenov First Moscow State Medical University (Sechenov University), Penza State University, Penza, Russia

Smoking tobacco is one of the most common harmful habits
of a person. statistics of recent years indicate an increase in the
number of smokers, including women and the younger genera-
tion.

In the modern world, the problem of studying the impact of
smoking steam cocktails on human health, as well as the devel-
opment of methods for preventing diseases that were caused by
the action of this habit, is one of the main directions of health
protection development, both in Russia and around the world.

It is known that smoking steam cocktails has a multi-compo-
nent effect on human health. Due to the general resorptive, toxic,
carcinogenic effects [2]. The oral mucosa and periodontal tissue
are the first gateways to tobacco smoke.

The earliest manifestations that can be detected in tobacco-
dependent individuals are changes in the oral mucosa and small
salivary glands. The resulting pathological processes in the oral
cavity are of both theoretical and practical interest [6,7].

Tobacco smoke affects the epithelial cells of the oral mucosa,
which leads to an increase in the rate of death of surface epi-
thelial cells, as well as the presence of keratinization foci and
an increase in the manifestations of fibrosis in the submucosal
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layer, this is proved by studies of various authors [9,13]. As a
result, pathogenic microflora penetrates into the tissues, and
its reproduction occurs much faster [11,13]. Chronic stomatitis
and cheilitis of smokers are manifestations of the influence of
smoking on the oral mucosa. These diseases are characterized
by swelling, but in this case it is absent. With a long course of
the disease, the color of the mucosa changes to bluish-brown,
and in the absence of treatment, focal atrophy can be detected.

It was found that oral candidiasis and tobacco smoking with
the help of steam cocktails are interrelated [1,4,8]. The fact
that the intensity of smoking contributes to the development
of acute candidiasis, as well as increases the growth of fungal
flora, has been proven experimentally and clinically [5,12]. It
is also proved that fungi of the genus Candida play a role in the
development and aggravation of malignancy processes, which
is clinically confirmed by frequent cases of a combination of
oncological diseases and candida infection [4]. It was found that
as a result of tobacco smoking, the phagocytic activity of leuko-
cytes and macrophages decreases. The amount of conditionally
pathogenic microflora increases, which leads to a violation of
non-specific immunity [10].
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Table. Assessment of motivation to quit smoking

Question

Answers

1. Would you quit smoking if it was easy?

Definitely not

Probably not

Maybe yes

Most likely yes

Definitely yes

2. How much do you want to quit smoking?

I don’t want to at all

Weak desire

In the middle degree

A strong desire

Definitely want to quit smoking

When studying the etiological factors of the development of
diseases of the tongue, not the last role of smoking of steam
cocktails has been established [5]. Long-term tobacco use leads
to hypertrophic changes in the filiform papillae of the tongue
and discoloration. Subjectively, patients report a decrease or
change in taste [3].

The aim of the research was to study the impact of smoking
steam cocktails on dental status.

Material and methods. This work was done at Sechenov
University with supported by the “Russian Academic Excel-
lence Project 5-100”.

The study of dental status was carried out by a detailed survey
and clinical examination of patients. As a result of the survey,
general somatic complaints and smoking experience were found
out. According to the patient, the data was recorded in question-
naires.

In the course of a detailed survey of patients, the subjective
state of the oral cavity was determined, namely, the presence of
dryness of the oral cavity, unpleasant smell, burning sensation,
pain in the tongue, impaired taste sensations, and whether there
was a metallic taste.

During the external examination, the symmetry of the face,
the condition of the skin, the presence of pathological elements,
skin color, and the presence of pathological changes were deter-
mined. After visual examination, palpation of the lymph nodes
of the maxillofacial region was performed. Also, in order to as-
sess the degree of mouth opening, a study of the temporoman-
dibular joint was performed. The state of the parotid salivary
glands was examined by palpation: size, consistency, soreness.
An examination of the red border of the lips was carried out,
with the help of which the presence of rashes, dryness, hyper-
keratosis was revealed.

During visual examination, the depth of the vestibule of the
oral cavity, the condition of the frenulum of the upper and lower
lips, their attachment point and length were assessed. Analyzed
the color of the oral mucosa, the presence of edema, hyperemia
of the mucous membranes. On the mucous membrane of the
cheeks, the presence of chronic injuries, dental prints was de-
termined, and the condition of the excretory ducts of the parotid
salivary glands was also examined. When examining the tongue,
the condition of the papillae, color, presence of injuries were
noted, and the size was determined.

Further, an examination of the dentition was carried out. The
color, shine, condition of the surfaces of the teeth were visually
assessed, carious and non-carious lesions, fillings, restorations,
the presence of three, diastemas, dentures, the presence of su-
pragingival and subgingival dental plaque, smoker’s plaque and
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tooth mobility were detected. The examination results were en-
tered into the dental formula. The intensity of dental caries was
determined by the sum of carious, filled and removed permanent
teeth in the subject - the DMF index.

After the examination, a survey of patients who use steam
cocktails was conducted on the topic: “Assessment of motiva-
tion to quit smoking” (Table).

Results and discussion. As a result of the conducted studies,
30 patients were comprehensively examined.

The question: “Would you quit smoking if it was easy?” was
answered

- “Definitely not” - 11 (36.7%)

- “Probably not” - 8 (26.7%)

- “Maybe yes” - 7 (23.3%)

- “Most likely yes “ - 2 (6.6%)

- “Definitely Yes” - 2 (6.6%) (Fig. 1).

40

35

30

M Definitely not
25 4
M Probably not
20 1 M Maybe yes

15 - W Most likely yes

10 4 m Definitely Yes

Would you quit smoking if it was easy?

Fig. 1. Assessment of the motivation for quitting smoking (1
question)

40

35

]
30 Ido not want at all

W Weak desire

25

20 + W In high degree

15 1 m5trong desire

10
m Definite ly want to quit

Smaoking

How much do you want to quit smoking?

Fig. 2.Assessment of the motivation for quitting smoking
(question 2)
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To the question: “How much do you want to quit smoking?”
answered

- “I do not want at all,” 11 (36,7%)

- “Weak desire” - 7 (23,3%)

- “In high degree” - 8 (26,7%)

- “Strong desire” - 3 (10%)

- “Definitely want to quit Smoking” - 1 (3,3%) (Fig. 2).

The analysis of tobacco-dependent patients by smoking ex-
perience was carried out and it was determined that 8 people
(26.7%) belonged to the first training group (smoking experi-
ence up to 5 years). In the second training group (more than 10
years) -12 people (40%). In the third study group (non-smokers)
- 10 people (33.3%) (Fig. 3).

The distribution of patients according by
smoking experience

W 1stgroup
M 2nd group
W 3rd group

Fig. 3. The distribution of patients according by smoking ex-
perience

When analyzing the clinical state of the oral cavity in patients
of these groups, the intensity of caries was evaluated. The fol-
lowing results were obtained.

The intensity of dental caries according to the DMF index in the
first group was 8,4. In the second—11,3. In the third-6,7 (Fig. 4).

Intensity of caries

W 1stgroup
M 2nd group
M 3rd group

Fig. 4. The intensity of caries

Conclusion. According to the survey data, it is clear that the
motivation to quit smoking is low. This is due to the fact that
most people do not consider smoking tobacco with the use of
steam cocktails an addiction or addiction. The results of the
study in patients who use and do not use smoking mixtures
showed that the intensity of caries sharply worsens depending
on the length of smoking, which indicates an increase in inflam-
matory and destructive changes in the hard tissues of the teeth.

It is recommended for dentists to conduct: a patient survey to
find out the smoking history, the level of tobacco dependence
using the test of the level of motivation; a study of the DMF
index in tobacco-dependent persons at the initial admission, and
in persons who do not use smoking mixtures. It is necessary to
conduct an examination every 12 months in order to identify the
dynamics of dental health.
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SUMMARY

EFFECT OF SMOKING STEAM COCKTAILS ON THE
HARD TISSUES OF THE ORAL CAVITY

ISevbitov A., 'Emelina E., 'Khvatov 1., 2Emelina G.,
'Timoshin A., 'Yablokova N.

I.M. Sechenov First Moscow State Medical University (Sech-
enov University), *Penza State University, Penza, Russia

The aim of the research was to study the impact of smoking
steam cocktails on dental status.

The study of dental status was carried out by means of a
questionnaire, a detailed survey and a clinical examination of
patients. The questionnaire was used to determine the level of
evaluation of motivation to quit smoking. During the survey of
patients, the subjective state of the oral cavity was determined,
namely, the presence of dryness of the oral cavity, unpleasant
smell, burning sensation, pain in the tongue, impaired taste sen-
sations, and whether there was a metallic taste. Then an external

© GMN

examination was carried out, an examination of the vestibule of
the oral cavity, an examination of the dentition itself. The inten-
sity of dental caries was determined.

According to the results of the survey, it is clear that the motiva-
tion to quit smoking is low. Data from the study in patients who use
and do not use smoking mixtures showed that the intensity of caries
sharply worsens depending on the length of smoking.

The obtained data indicate an increase in inflammatory and
destructive changes in the hard tissues of the teeth.

Keywords: tobacco smoking, prevention, oral cavity.
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BJIUSITHUE TABAKOKYPEHUSI ITAPOBBIX KOKTEI-
JIEN HA TBEPIBIE TKAHU IMOJIOCTH PTA

!CesouroB A.B., 'Emesmmna E.C., 'XBaros U.JI.,
Emeauna [.B., 'Tumomun A.B., 'SIo;iokosa H.B.

lepeviti MOCKOBCKULL 20CYOAPCMEEHHbIN MEOUYUHCKULL VHU-
eepcumem um. U.M. Ceuenosa (Ceuenosckuii Ynusepcumem),
[enzencruil 2ocyoapcmeennulil ynueepcumem, Poccust

Llenbro uccnenoBaHus SBUOCH ONpPEJEICHNE BIUSHUA Taba-
KOKYPEHUS MapOBBIX KOKTEIICH Ha 3110pOBbE UEJIOBEKA U pas-
paboTka METOAOB MPOGUIAKTHKH 3a00JCBaHUI, BBI3BAHHBIX
JecTBUEM TabaKOKypeHHsI.

B nccnenoanuu ydyactsoBanu 20 MalMeHTOB CO CTAXKEM Ky-
peHHUs NMapoBbIX KoKTelnel or 5-10 siet u 10 HeKypsIux JIuL.
HccnenoBaHne CTOMATOIOTMYECKOTO CTaTyca MPOBOAMIIOCH C
IIOMOIIBIO0 aHKETUPOBAHMUS, AETAIBHOIO OIPOCA U KIMHUYECKO-
r'0 OCMOTpa HauueHToB. [Ipyu moMoImu aHKeTUPOBAHUS OLICHU-
BaJIM YPOBEHb MOTHBALIMHU K OTKa3y OT KypeHus. B mpouecce
onpoca MAaIHEeHTOB ONpeNesIn CyObEKTHBHOE COCTOSHHE
II0JIOCTH PTa, B YACTHOCTU HAJIUYME CYXOCTH, HENPUSATHOTO
3araxa, 4yBCTBa JOKEHHs, OoJieil B obnacTu si3blka, Hapylie-
HUS BKYCOBBIX OIIYLICHWH, NMPHUCYTCTBUS METAJUIMYECKOTO
IpUBKyca. 3aTeM MPOBOJWIM BHEIIHUN OCMOTp, IpeIaBepUs
IOJIOCTH PTa M HEMOCPEACTBEHHO 3yOHBIX psinoB. Onpeners-
JIM MHTEHCHBHOCTbH Kapueca 3y0oB.

[To pe3ynbraraM aHKETHPOBAHUS BBLIBICHO, YTO MOTHBALIU
OTKa3a OT KypeHus Huskas. J[aHHbIe IPOBEIECHHOIO HCCIEN0-
BaHUS IOKAa3aJld, YTO MHTEHCUBHOCTb KapHeca pe3Ko yXy/lla-
eTCsl B 3aBUCUMOCTH OT CTaka KypeHus. [lomydeHHble qaHHBIC
BBUSIBHJIM YBEJIMUYCHHE BOCHAIUTEIBHBIX U IECTPYKTHBHBIX H3-
MEHEHHUIl B TBEpIbIX TKaHiX 3yOOB. ABTOpaMHu pa3paboTaHbl
pEKOMEHIAIMY 0 TPO(GUIAKTHKE 3a00JICBaHU, BBI3BAHHBIX
TabaKOKypEHUEM MapOBBIX KOKTEHIICH.
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CLINICAL RATIONALE OF CHOOSING A TOOTH-BLEACHING AGENT

Borysenko A., Dudnikova M.

Bohomolets National Medical University, Department of Therapeutic Dentistry, Kyiv, Ukraine

Among dental diseases prevalence of hard tooth tissues dis-
coloration is quite high [9]. Growing aesthetic demands of pa-
tients for tooth colour necessitate effective care about patients
with a change in colour of hard tooth tissues and today is the
actual medical and social problem [3].

Correction of colour changes of hard tooth tissues is a critical
element in modern aesthetic dental practice. Dentistry is increas-
ingly focused on developing of methods to ensure the satisfac-
tion of aesthetic needs of patients [1, 2, 4]. According to WHO,
nowadays over 90% of dentists in the USA actively use different
methods of teeth whitening [10]. Until recently, traditional treat-
ment of hard tooth tissues discoloration were usage of metal-
plastic or ceramic crowns [3, 11]. This technique is unjustified
in terms of maintaining dental hard tissues, because it requires
significant crown preparation. In recent years, for maximum
aesthetic result in the correction of hard tooth tissues discolor-
ation conservative methods of treatment had appeared, includ-
ing different types of whitening [4].

Popularity of tooth bleaching steadily grows and the meth-
ods of bleaching are accessible enough, however the problem of
their safety isn’t solved [8]. As known, the action of the various
bleaching systems and methods is in discoloration of organic
matrix of enamel prisms, in the insignificant decalcination and
dephosphorisation, causing expansion of superficial and deep
layers of enamel pores. As a result bleaching causes not only
discoloration of hard tooth tissues organic matrix but also its
partial death that is expressed in expansion of enamel prisms
and in the change of hydrodynamic processes in the enamel of
tooth. Gradual renewal of organic matrix of tooth enamel takes
place only in vital teeth. Thus, in the period of proceeding in an
organic matrix in enamel, teeth have an enhance able sensitive-
ness to the chemical and thermal irritants. During this period it
is risk of appearance of the “repeated discoloration” by products
containing dyes (tobacco, red wine, tea, coffee etc.), which can
decolorize teeth enamel more intensive than before bleaching.
To prevent development of such complications it is necessary to
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use different tooth desensitizers [6].

The aim of the study — increasing of efficiency of correction
of hard tooth tissues discoloration depending on a clinical situa-
tion and estimation of their efficiency.

Material and methods. The study was conducted on 135 pa-
tients with tooth discoloration.

Clinical — complex examination of patients with determina-
tion of hard tooth tissues color (Vita scale), indexes of individu-
al oral hygiene, intensity and prevalence of gums inflammation
for the study of efficiency of the applied medical and preventive
complexes of correction of hard tooth tissues discoloration de-
pending on a clinical situation; statistical — for determination of
authenticity of differences of the results [5,7].

Results and discussion. To solve goals and objectives of the
study a complex clinical dental examination of 135 patients with
hard tooth tissues discoloration of various etiologies had been
performed. All patients were divided into 3 groups.

I group (O-1) — 35 patients with hard tooth tissues discolor-
ation, who used abrasive bleaching toothpastes with RDA >100.

IT group (O-2) — 35 patients with hard tooth tissues discolor-
ation, who used peroxide containing bleaching toothpastes.

III group (O-3) — 35 patients with hard tooth tissues discolor-
ation, who used enzyme containing bleaching toothpastes.

IV group (control group) — 30 patients with hard tooth tissues
discoloration, who used abrasive bleaching toothpastes with
RDA <100.

In patients of control group during the initial examination
marked unsatisfactory individual oral hygiene, hygiene index —
OHI-S=1,99+0,20, API index =68.00+3.88%. In terms of long-
term examination of hygienic status patients tended to growth
and end of the study achieved initial data. Gums inflammation
tends to increase in a year and index PMA approached the ini-
tial data review. After 1 month, the number of teeth with hard
tooth tissues discoloration slightly decreased. However, after
12 months, their number almost returned to its initial state —
58.02% against 58.61%.
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Table. Comparison of the dynamics of change of the index OHI-S on the stages of the study between groups O-1, O-2 and O-3

Groups of the study
0O-1 0-2 0-3
Indexes
Value of the Value of the Value of the
. P . p . P
index index index
OHI-S (points) 1,30+0,11 <0,05 1,04+0,11 <0,05 0,70+0,12 >0,05
API (%) 63,80+2,25 >0,05 66,1842,35 >0,05 36,56+3,33 <0,05
PMA (%) 14,94+1,1 <0,05 14,28+1,2 <0,05 13,00+1,2 <0,05
Teeth with white shade of enamel (%) 59,52 >0,05 65,88 >0,05 67,75 <0,05
Patients of O-1 group, who used abrasive bleaching tooth- 80 8
pastes, during the initial examination had a poor oral hygiene 2ol %
— index OHI-S = 1,67+0,15, API index = 66.24+2.35%. After ° B
six months and a year in patients diagnosed with average hy- < 60 { -}
giene dominated sufficient interdental hygiene. In the long-term % 1,2§
examination inflammation of the gums decreased comparing to 5 1 , Q

the initial examination in 1.5 times. After 6 months study hard
tooth tissues discoloration were noted in 152 (36.19%) patients’
teeth. A year later, the number of teeth, which colour had been
improved rose to — 59.52%. Number of teeth with a darker shade
of enamel decreased by 9.75%. After 2 years, there was a stable
positive dynamics to improve the colour of teeth over the previ-
ous examination.

In patients O-2 group, who used peroxide containing bleach-
ing toothpastes, during examination of 420 teeth hard tooth tis-
sues discoloration were noted in 187 (44.53%) patients teeth.
After six months control examination had showed that the
number of discoloured teeth increased slightly and amounted to
146 (34.76%) teeth, after 12 months amounted to 140 (36.36%)
teeth and 24 months — 104 (41.27%), which is lower than before
treatment — 187 (44.53%). Overall, it shows the effectiveness
of a treatment in this group of patients. Level of individual oral
hygiene in patients of O-2 group, during the initial examination
was “bad”: OHI-S = 1,97+0,17, API=70.20+2.67%. In the long-
term examination hygienic status of the patients improved by
almost 2 times. Inflammation in the gums improved 1.5 times.
After 6 months performance index PMA in group O-1 (used
abrasive bleaching toothpastes) and O-2 (used peroxide contain-
ing whitening toothpaste) have not changed, however, after 12
months in the O-2 group PMA was slightly better compared to
O-1 group.

Patients O-3 group, who used enzyme containing bleaching
toothpastes, during the initial examination had hard tooth tissues
discoloration in 198 (47.14%) tooth. At the control examination
after 6 months the number of discoloured teeth decreased - 125
(30.23%) tooth. At the same time increased the number of whit-
ened teeth 293 (69.76%) teeth. After 12 months, the number of
discoloured teeth was 120 (32.25%). After 2 years, the number
of teeth that had a light shade of enamel was 67.95% (212 of 312
surveyed) teeth.

This indicates a positive lasting bleaching effect of the pro-
posed complexes (Table).

The initial level of hygiene in patients of O-3 group, accord-
ing to the index OHI-S, reached the upper limit mark «aver-
age « After 6 months hygienic condition of patients improved
by almost 3.5 times, level of interdental hygiene had improved.
The process of gums inflammation (initial examination —
PMA=19.47+1.7%) after 1 month had improved — PMA index
fell more than 1.5 times. After six months and a year, the number
of patients with PMA<10% had doubled comparing with this
initial examination (Fig. 1).
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Fig. 1. The effectiveness of hygienic complex in patients O-3 group

Thus, the proposed algorithms for whitening with usage of
oral hygiene facilities tested positive. However, obtained in the
long-term observation results showed that the most pronounced
bleaching effect with enzyme containing toothpaste. Thus, when
the re-examination of patients after 12 months, patients in group
O-3 decreased the number of teeth with a darker shade of enam-
el to 32.25% and in the re-examination within 24 months — to
32.05%. It is much better compared to the data of patients in the
control group — respectively 58.02% and 65.79%, O-1 patient
groups using abrasive toothpaste — respectively 40.48% and
43.84% of patients and O-2 group that used peroxide contain-
ing toothpaste — respectively 34.12% and 41.27% teeth (Fig. 2).
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Fig. 2. Changes in the number of changed colour of hard
tooth tissues in patients in the control, O-1, O-2, O-3 groups
during treatment (%)

Conclusions. Studies had shown the most pronounced effi-
cacy of enzyme containing whitening toothpaste in the complex
treatment and prevention of correction of hard tooth tissues dis-
coloration compared to other whitening toothpastes.
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The results to some extent consistent with published data,
which accentuated toothpaste with whitening effect, can be
recommended only for patients who don’t have defects of hard
tooth tissues, enamel erosion and periodontal diseases.

Clinical studies showed that the use of bleaching toothpastes
with an optimal level of abrasiveness minimize the risk of com-
plications after bleaching. What is more, it was founded that
abrasive toothpastes most appropriate to use in patients with
pigmented mineralized dental plaque; in the case of halitosis —
peroxide containing toothpaste, enzymes — in patients with le-
sions of deposits against the background of periodontal diseases.

Based on the results of the study individual algorithms for
treatment and prevention of hard tooth tissues discoloration had
been developed and tested with the usage of facilities for indi-
vidual oral hygiene of etiotropic directed action.
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SUMMARY

CLINICAL RATIONALE OF CHOOSING A TOOTH-
BLEACHING AGENT

Borysenko A., Dudnikova M.

Bohomolets National Medical University, Department of Thera-
peutic Dentistry, Kyiv, Ukraine

The aim - to study the efficiency of correction of hard tooth
tissues discoloration.

The study was conducted on 135 patients with tooth discol-
oration. Clinical — complex examination of patients with de-
termination of hard tooth tissues color (Vita scale), indexes of
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individual oral hygiene, intensity and prevalence of gums in-
flammation for the study of efficiency of the applied medical
and preventive complexes of correction of hard tooth tissues
discoloration depending on a clinical situation; statistical — for
determination of authenticity of differences of the results.

Patients of O-1 group, who used abrasive bleaching tooth-
pastes, during the initial examination, had a poor oral hygiene.
In patients O-2 group, who used peroxide containing bleaching
toothpastes, during examination of 420 teeth hard tooth tissues
discoloration were noted in 187 (44.53%) patients teeth. Patients
O-3 group, who used enzyme containing bleaching toothpastes,
during the initial examination had hard tooth tissues discolor-
ation in 198 (47.14%) tooth. The proposed algorithms for whit-
ening with usage of oral hygiene facilities tested positive. How-
ever, obtained in the long-term observation results showed that
the most pronounced bleaching effect with enzyme containing
toothpaste.

Studies had shown the most pronounced efficacy of enzyme
containing whitening toothpaste in the complex treatment and
prevention of correction of hard tooth tissues discoloration com-
pared to other whitening toothpastes.

Keywords: discoloration, dental hard tissues, bleaching fa-
cilities, individual oral hygiene

PE3IOME

KIIMHUYECKOE OBOCHOBAHMUE
CPEJCTB JJIs1 OTBEJIMBAHUS 3YBOB

BbIBOPA

Bopucenko A.B., lyntnuxosa M.O.

Hayuonanenwiii meduyunckuii yuusepcumem um. A.A. Boco-
Mmonvya, Kageopa mepanesmuueckoil cmomamonozuu, Kues,
Vipauna

ens — usyuenne 3pPEKTUBHOCTH KOPPEKIIUH H3MEHCHUSI
L[BETa TBEP/bIX TKaHEW 3y00B.

OGcienoBano 135 manueHToB ¢ M3MEHEHHEM LiBeTa 3yOOB.
IIpoBeneHO KIMHUKO-KOMIUIEKCHOE OOCIIeJOBaHHE MAllIEHTOB
C OompezesieHueM IBeTa TBEPIbIX TKaHel 3yba (ukana Buta),
rokasarejeu HH}IVIBH}IyaHbHOﬁ TATACHBI I10JIOCTH pTa, UHTCH-
CHBHOCTH U PAacCHpPOCTPAHEHHOCTH BOCIAJICHUS JECEH VIS H3-
yueHust d(p(PEKTUBHOCTH HPUMEHSEMbIX JedeOHO-poduIak-
THUYCCKUX KOMIUIEKCOB KOPPEKIHNU U3MCHCHUSA LIBETA TBEPIABIX
TKaHel 3y0a B 3aBUCHMOCTHU OT KJIMHHYeckol curyanuu. Cra-
THUCTUYECKUU METO/ IIPUMEHSAJICA JIs1 ONIPEACIICHUS JOCTOBEP-
HOCTH Pa3iuyuil pe3yabTaToB.

VY mnanuentos rpynmsl O-1, koTopble Hcmonb3oBanu abpa-
3uBHBIC oTOenuBaromue 3yoHble mactsl ¢ RDA >100, npu nep-
BAYHOM OCMOTPE BBIABJICHA HCYNOBJICTBOPUTECJIbHAsS T'UI'M€HA
MIOJIOCTH pTa. Y MalueHToB rpynisl O-2, IpUMEHSIBILUX 1EPOK-
cHJCOJepiKalie OTOCNNBAIOIINE MACThl, NMPU OOCIIETOBAHUH
420 3y00B n3MEHEHHE LIBETa TBEP/BIX TKaHEH 3y0OB OTMEUEHO
y 187 (44,53%). Y nanmenros rpymmnst O-3, npuMeHsBImX dep-
MEHTOCO/EpIKallie OTOENNBAIOIINE 3yOHBIE MACTHI, IPH Hep-
BHUYHOM OGCJ’[e):(OBaHI/II/I BBISABJICHO U3MEHCHUE LBETA TBEPABIX
TKaHel 3y6a B 198 (47,14%) cinydasx.

[MpeioxkeHHble aArOPUTMBI OTOEIMBAHUSI C HCIIOJIB30Ba-
HHUEM CPCACTB I'MI'ME€HBI IOJOCTHU PTa UMEIIU ITOJIO)KUTEILHBIN
pesynbrar. OJHAKO IOJyYeHHBIE B PE3ylbTare JUIMTEIbHOIO
HaOJIIOICHNsT TaHHBIE MOKa3aJH, YTO HauOoJiee BBIPAKCHHBIM
orOenuBaronM dhpexTom obranaroT (GepMeHTOCOIepIKAIIHIEe
3yOHBIE MaCThI.
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HpOBe)leHHble HCCJICAOBAHUS BBISIBUIIN HanOonee BBIPpaXXCH-
Hylo 3ddexTuBHOCTE (epMeHToCcoaepIKalell 0TOeIUBAIOIICH
3yOHOM MacThl B KOMITJIGKCHOM JICUCHUH, KOPPEKLUH U 1Podu-
JIAKTUKE U3MEHCHNS LIBETA TBEPABIX TKaHEH 3y6a B CpaBHECHHU C
JPYTHMHU OTOCTUBAIONIMMHU 3yOHBIMHU MTACTAMHU.
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METHODOLOGY FOR CONSISTENT COPYING OF THE OVERDENTURE RESTORATION
PARAMETERS FOR DENTAL IMPLANT PROSTHESIS IN THE TREATMENT OF TOTAL EDENTIA

IKladnichkin I., “*Ivanov S., 'Bekreev V., !Salata A., 'Trufanov V.

!Peoples’ Friendship University of Russia (RUDN University), Moscow, Russia;
2Sechenov First Moscow State Medical University, Moscow, Russia

Endosseous implants for the treatment of patients with com-
pletely absent dentition have been used for more than a dozen
years, however, prosthetics of patients with this diagnosis is still
a difficult task, since the doctor is required to restore not only
aesthetics and chewing function, but also phonetics [1,2].

Prosthetics of patients with complete loss of teeth who wish
to install implants and make prostheses based on dental implants
involves several stages. First, a new complete removable den-
ture (CRD) is made. Based on this prosthesis, the position and
number of implants are planned taking into account the choice of a
permanent orthopedic design. Surgical planning is carried out using
a template for implantation. Then, surgical treatment is carried out,
including implantation and, with a lack of alveolar bone volume,
preliminary or immediate bone grafting. When installing implants
with a torc above a certain value above a threshold, it is possible to
use temporary prosthetics based on dental implants with temporary
crowns immediately after implantation [3]. However, in many pa-
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tients, due to concomitant diseases, restrictions related to the age
and structure of bone tissue, the necessary values of torc are not
achievable. If the torc values are lower than the threshold, the im-
plants are closed with «plugs» and expect full osseointegration to
be achieved. After full osseointegration is achieved, new temporary
crowns are made, and then they switch to permanent prosthetics
based on dental implants [3-6].

The term «prototyping» in the traditional sense is a quick
«rough» implementation of the basic functionality for analys-
ing the operation of the system as a whole. In the prototyping
methodology, the basis of the orthopedic design is CRD, which
is a functional prototype on which the shape of artificial teeth,
the occlusal plane, interdental contacts, dynamic occlusion are
verified, central occlusion is fixed and mandibular articular pro-
cesses are positioned. In this case, the patient’s complaints and
wishes are taken into account to improve the «prototype» of the
prosthesis based on dental implants.
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It is known that patients accustomed to a full complete re-
movable denture note a quick adaptation, a small number of
complaints when reconstructing the shape of a new prosthesis
based on the old one [7]. There is a publication in which the
authors describe the use of their own complete removable pros-
thesis for a patient as an individual impression spoon in the case
of two implants installed [8]. However, such work is associated
with damage to the prosthesis, the difficulty of fitting to create
a spoon from it, which can be used to remove the impression
using closed tray techniques. In addition, the authors used this
technique only with two implants installed. There is also a pub-
lication in the scientific literature where the authors applied the
method of copying a prosthesis using printing on a 3D printer
[9]. In discussing the results of this study, the authors propose
using copies of the prosthesis as custom trays for the patient
in the future, which in essence is only copying the prosthesis
using a 3D printer in order to use it as an individual spoon, but
its parameters cannot be transferred to a permanent prosthesis
based on implants.

The transfer of CRD parameters to a temporary dental im-
plant-based orthopedic design can be defined as prototyping.
The basis of the developed technique proposed by the authors of
this study is to create a virtual custom tray from a CRD for the
patient and transfer its parameters using 3D technology to the
jaw model with crowns for prosthetics and support on implants
[10,11]. The development of this method seems relevant and
timely, since the requirements for the accuracy and effectiveness
of dental prosthetics are growing every year, and the need to
reduce treatment time.

Material and methods. A survey and comprehensive treat-
ment of 55 people with completely absent dentition was carried
out. In the I — studied group of patients (n = 30), the treatment
was carried out according to the developed prototyping tech-
nique, in the IT — control group (n = 25), the patients were treated
using the standard method: after the implants were opened, the
central ratio of the jaws was re-determined, and the teeth were
set. In group I there were 17 women and 13 men, whose average
age was 56.3 years, in group II there were 15 women and 10
men, whose average age was 59.9 years. The parameters of the
removable denture were transferred to temporary crowns using
a custom tray made by 3D printing.

The study is included patients without dentures, as well as
those patients who, despite of having a removable denture,
wished to replace it with a non-removable prosthesis based on
dental implants. The criteria for inclusion in the study of the
patient was the diagnosis of completely absent dentition, as well
as the diagnosis of partially edentulous, the treatment of which
involved the removal of the remaining from the teeth, followed
by the placement of dental implants. Each patient during the
prosthetics and after him for six months monthly underwent an
ultrasound of the TMJ to monitor joint function. In the presence
of patients’ complaints of clicks, pain, discomfort in the TMJ, as
well as the detection of ultrasound investigation signs of articu-
lar displacement, were prescribed MRI of the TMJ before and
after treatment.

Cone-beam computed tomography (CBCT) of the upper
and lower jaws was performed on an Orthopos tomograph,
Sirona, Germany. Ultrasound investigation TMJ was per-
formed on a SonoAce R3, Samsung, South Korea. During the
ultrasound of the TMJ, the position of the disk and its mobil-
ity were determined. To correct occlusion of temporary and
permanent dentures, 60-micron carbon paper from Bauch,
Germany was used. To adjust the thickness of the vestibular
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thickness of the dentures, plastic Re Fine, Yamahachi, Japan
was used.

For permanent prints, we used individual custom trays made
from Preci Tray, YETI, Germany, and Elite HD + Light and
Monophase, Zhermack, Italy impression materials. Occlufast
Rock, Zhermack, Italy, was used to record the jaw ratio. Patterns
were printed at Dental SG, Formlabs, USA. For the manufac-
ture of temporary crowns, we used material MFH, Nextdent C &
B, the Netherlands. Patterns for implantation we used material
White, Formlabs, USA

For bonding temporary prostheses and titanium substrates,
Re Fine A3, Yamahachi, Japan, was used. At all stages of the
work, we used original impression modules for the “pick-up
tray” technique, analogues, scanned Scan Body elements and
consumables for the IRIS and ASTRA implant systems. Non-
shrink plastic Refine Bright, Yamahachi, Japan, was used to
splint the impression coping together. For the production of
working gypsum models, IV class Fuji Rock, GC, Germany
and a gingival mask Gingifast Fast, Zhermack, Italy are used.
For accurate scanning of gypsum models, Helling 3D scanning
powder, Helling, Germany was used. Gypsum models were
scanned using a Shining 3D Auto Scan-IT scanner. The model-
ing of custom tray, temporary crowns based on dental implants
was carried out in the program Exocad Matera GmbH, Germany.
Custom tray and temporary crowns were made by 3D printing
using the SLA method on a FORM 2 printer, Formlabs, USA
(Fig. 1). The final polymerization of the printed 3D models was
carried out in Shuttle IV, Yeti, Germany. For temporary closure
of tap on temporary prostheses on implants with screw-retained
fixation, it was carried out using the material Temp IT Flow,
Spident, Korea.

Fig. 1. Prepared 3D model of a spoon for printing in Form
Labs 2

The stages of prototyping in the proposed methodology in-
clude the following:

— Diagnosis and manufacture of the CRD [5,12,13], includes
a set of manual, instrumental and hardware studies, including
ultrasound of the temporomandibular joints and CBCT of the
maxillofacial region. A complete removable denture is made,
which will be used as a prototype of a permanent one.

- Preoperative preparation for implantation based on func-
tional and aesthetic data obtained at the stage of diagnosis, an
individual surgical template is made with support on the bone.
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- Surgical stage at which the implantation operation is per-
formed. Initially, temporary implants are installed, a relocation
of the CRD made in stage 1 is performed to fix it on temporary
implants. Then, permanent implants are installed, bone graft-
ing and sinus lift (according to indications) are performed, and
a CRD is relocated [14, 15]. After 3-6 months, an operation is
performed to open permanent implants and remove temporary
implants.

- Production of a custom tray and production of a tempo-
rary prosthesis during which the production of custom tray
with support on the mucous membrane is performed using
the prototyping method (the prototype is CRD made at the
Ist stage of treatment). From the side of the gingival surface,
a layer of plastic is selected to adapt the prosthesis to the
gingival formers, and this prosthesis is used as an individual
impression spoon. The impression is removed by an adapted
prosthesis in the bite with an antagonizing jaw using a flow-
ing silicone mass. Then a gypsum model of the jaw is made
using the patient’s prosthesis. Thus, the existing prosthesis is
compared with the model of the jaw. In the future, the pros-
thesis after relocation to the oral cavity can be used by the
patient before prosthetics on implants. The gypsum model is

scanned to obtain a 3D model of the jaw with installed gingi-
val formers (Fig. 2) [16].

Fig. 2. 3D model of the gypsum model of the jaw with healing
abutment

The patient’s prosthesis is installed on the gypsum model of
the jaw and is also scanned, and a 3D model of the prosthesis is
created, superimposed on the jaw model (Fig. 3-8).

Fig. 3. 3D image of the gypsum model with a prosthesis
placed on it

Fig. 4. 3D copy of the prosthesis with holes in the area of the

gingiva formers

Fig. 5. 3D model of the custom tray with a handle superim-
posed on a 3D model of the jaw

© GMN

Fig. 6. A printed custom tray
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Fig. 7. The moment of impression and registration of occlu-
sion

Fig. 8. The removed custom tray from the oral cavity and the
mass specifying the occlusion

Fig. 9. 3D models folded together by the custom tray
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Fig. 11. The average number of visits for the manufacture and
correction of temporary prostheses in the study and control group

Then, working gypsum models of the jaws are made according
to standard methods, the models are plastered into the articulator by
means of a impression tray made according to our proposed method
and then scanned (Fig. 9). By known methods, temporary crowns
are made using custom tray, dentitions and alveolar arches are mod-
eled according to the shape of the custom tray (Fig. 10).

Thus, temporary crowns based on dental implants are obtained
as close as possible in shape and height to the CRD, which the
patient used and adapted in anticipation of the integration of
implants. After 1-3 months, temporary crowns are replaced by
permanent ones [14].

Results and discussion. During the treatment, 337 implants
were installed and 65 permanent dentures were made: 50 on the
upper jaw and 15 on the lower jaw. Prosthetics on one jaw were
performed for 45 patients, and 10 patients had prosthetics on
both jaws. In the study group, where the prosthetics were per-
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Fig. 10. Modeled temporary prosthesis using a spoon
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Control group Study group
Fig. 12. The average number of days of adaptation to tempo-
rary prostheses in the control and study group

formed according to the developed prototyping methodology,
the number of visits for manufacturing and subsequent correc-
tions of temporary crowns was significantly less than in the con-
trol group (Fig. 11), and the number of days of patient adaptation
to temporary crowns is decreased (Fig. 12).

Treatment of adentia using implant-prosthetic rehabilitation
is a long process [16-18]. It is necessary to provide the patient
at each stage of treatment with temporary dentures so that he is
socially adapted throughout the entire treatment period. In ad-
dition, the constant presence of properly made prostheses in the
oral cavity helps to adapt the muscles, TMJ and to restore the
height of the lower third of the face .In the control group of
patients, the number of corrections of temporary crowns per-
formed without orientation to the CRD was greater than in the
study group. It took more time to get used to temporary crowns
based on dental implants in the control group; patients experienced
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a need for height adjustment, uniformity in occlusion of the denti-
tion, and normalization of aesthetics. In the manufacture of tempo-
rary crowns on the upper jaw for patients, diagnostic performances
were made with acrylic teeth on wax to assess aesthetics; if the re-
sult was unsuccessful, it was necessary to re-set of the teeth, which
also increased the number of visits to the dentist.

Due to the developed prototyping methodology, it has become
possible to make dentures based on dental implants that corre-
spond to the parameters of the CRD, to which the patient is ac-
customed while waiting for the implants to be integrated.

Conclusion. A prosthesis made using the proposed methodol-
ogy for transferring the parameters of a temporary removable
prosthesis to a temporary one based on dental implants meets
all functional and aesthetic requirements, improves the quality
of prosthetics, reduces the manufacturing time of the prosthesis,
the patient’s adaptation time to it, and is the basis for improving
the quality of life of patients.
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SUMMARY

METHODOLOGY FOR CONSISTENT COPYING OF
THE OVERDENTURE RESTORATION PARAMETERS
FOR DENTAL IMPLANT PROSTHESIS IN THE TREAT-
MENT OF TOTAL EDENTIA

'Kladnichkin I., ?Ivanov S., 'Bekreev V., 'Salata A.,
"Trufanov V.

!Peoples’ Friendship University of Russia (RUDN University),
Moscow, Russia; *Sechenov First Moscow State Medical Uni-
versity, Moscow, Russia

The aim of the study. Development of a technique for trans-
ferring the parameters of a temporary removable prosthesis to a
permanent prosthesis based on dental implants.

Examination and complex treatment of 55 people with com-
plete loss of teeth were carried out. In the I-study group of pa-
tients (n = 30), the treatment was carried out according to the
developed prototyping method, in the control group II (n = 25),
the patients were treated using the standard method: after the im-
plants were opened, the central ratio of the jaws and the setting
of the teeth were re-determined. The transfer of the parameters
of the removable prosthesis to the temporary crowns was carried
out using an individual tray made by 3D printing.

One-jaw prosthetics were performed in 45 patients, and 10
patients received prosthetics on both jaws. In the study group,
where prosthetics were performed according to the developed
prototyping technique, the number of visits for the manufacture
and subsequent corrections of temporary crowns was signifi-
cantly less than in the control group, and the number of days of
adaptation of the patient to temporary crowns also decreased.

Treatment of patients with complete absence of teeth using the
developed prototyping technique made it possible to increase the
accuracy of the manufacture of temporary prostheses based on
dental implants, made it possible to shorten the time of prosthetics,
reduce the time of adaptation to the prosthesis and achieve high
aesthetic results, which makes this technique promising.

Keywords: dental implantation, completely absent dentition,
removable prosthetics, orthopedic dentistry, surgical dentistry,
TMJ disorders.
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PE3IOME

SOOPEKTUBHOCTb METOJUKHU IEPEHOCA TAPAMETPOB BPEMEHHOI'O CBEMHOI'O ITIPOTE3A
HA NOCTOSIHHBIN ITPOTE3 HA JIEHTAJIbHBIX UMILIAHTATAX

"Kaaanunukun ./, “Usanos C.10., 'Bekpees B.B., 'Canara A.W., 'Tpydanos B./L.

'Poccuiickuil ynugepcumem opyaicowt napooos (PYIIH), Mocksa, Poccust;
lepewiit Mockosekuil 2ocydapemeennviii meduyunckutl yrusepcumem um. M.M. Ceuenoea, Poccust

Ienbro uccieoBanus SIBUIOCH onpeseaeHue dGpQpekTHBHO-
CTH METOIUKHU IIEpeHOCa MapaMeTpOB BPEMEHHOIO CBhEMHOI'O
[IpOTE3a Ha IOCTOSIHHBIN NPOTE3 Ha JICHTAJIbHBIX UMIUIAHTATAX.

IIpoBeneHo obcinenoBaHe U KOMIUICKCHOE JISUCHHE 55 JIHII ¢
MOJIHOM moTepeii 3y6oB. B I rpymme nanuenTos (n=30) neucHne
IIPOBOJMIIOCH COIVIACHO Pa3pabOTaHHON METOAMKE IPOTOTHITU-
poBanwust, Bo Il koHTposbHOW TpymIie (n=25) ManueHThbl Jen-
JIUCh 1O CTaHJAPTHOM METOAUKE: MOCJE OTKPBITUS HMMILIAHTA
1ocje INPWKUBICHUS IIOBTOPHO ONpPENC/sUIM LEHTPaIbHOE
COOTHOIICHNE YeNIOCTeH 1 mojokenue 3yooB. IlepeHoc mapa-
METPOB CHEMHOIO IPOTE3a Ha BPEMEHHbIE KOPOHKU OCYLIECT-
BJISUICSL C IIOMOLIBbIO MHAMBUAYAIBHOM JIOXKKH, U3TOTOBIEHHON
meToaoM 3D-neuaru.

IIpoTe3upoBanue OAHONM YEIIOCTH BBHINOJHEHO 45 mnauu-

eHtaMm, 10 nmaunumeHTram - Ha 00EHMX 4YENIOCTAX. B OCHOBHOM
rpyIie, rjae NpoTe3upOBaHUE BBIMOIHSIOCH 0 pa3paboTaH-
HOM METOIUKE MPOTOTHUITHPOBAHUS, KOJIMUYCCTBO MOCCIICHUI
JUTSL U3TOTOBJICHHS M MOCICAYIONICH KOPPEKIIMUA BPEMEHHBIX
KOPOHOK OBLIO 3HAUUTEIHHO MCHBIIE, YeM B KOHTPOJBHOM
rpyIIe, a KOJMYeCTBO JHCH ajanTaluy nanueHTa K BpeMeH-
HBIM KOPOHKaM TaK)KE YMCHBIIHIOCH.

JleyeHune MaMEHTOB C MOJHBIM OTCYTCTBHEM 3y0OB C UCIIOJb-
30BaHUEM Pa3pabOTAHHOW METOIUKH MPOTOTHIIUPOBAHUS IO-
3BOJIMJIO TIOBBICUTH TOYHOCTH M3TOTOBJICHHS BPEMEHHBIX MPO-
TE30B HA OCHOBE JICHTAIbHBIX UMILIAHTATOB, COKPATUTh BPEMsI
MPOTE3UPOBAHUS U a[IalTAIlMU K MIPOTE3y U TOOUTHCS BBICOKHX
9CTETHUUYECKUX PE3YJIbTAaTOB, YTO CBUIECTEILCTBYET O BBICOKOH
a¢dexTrBHOCTH pa3paboTaHHOH METOIUKH.
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WMMYHHbBIE HAPYIIEHUSA U UX POJIb B MIPEPBIBAHNU BEPEMEHHOCTH

Touupunze K.J., Kunrpas H.IL., orus T.3., Hanapeumsuiau JI.H.

Tounucckuii eocyoapcmeaennviii meouyurckuil ynusepcumem, Knunuxa Yauasa, I'pysus

AKTyaJbHOCTh NPUBBIYHOTO HEBBIHAMINBAHUS OEpeMEHHO-
CTH ONpefenseTcs cTabMIbHON U JOCTATOYHO BBICOKOW 4acTo-
TOU ATOW marojoruu, xoropas cocranser 10-25% sxenaemoit
OepeMeHHOCTH, NpUIeM Ha Joio | TpuMecTpa mpuxoanTces 10
85% [25]. Ilo mannbIM JuTEparypsl [19,26], coBpeMeHHBIE Me-
TOZ(BI 00CIIEIOBAHHS TIO3BOJISIIOT OOHAPYKUTH IPHUUHY HPEpHI-
BaHMs OepeMeHHOCTH TONbKO B 50% cirydaeB. EcTe ocHOBaHUS
[peArnoarars, 4To ocrasmuecs npudunsl B 50-80% umeror B
OCHOBE UMMYHHBIC HapyllleHus. 3a nocieanue 20 jer pokasa-
HO y4acTHe OOJBIIOTrO YHCIJIA PA3IMYHBIX UMMYHOJIOTHYECKHX
(haxTOpoOB B TpoIIeccax OILIOJOTBOPESHUSI, IMILIAHTAIUH U TUIa-
neHranud. [Ipn 5ToM rokasarenbHas 6a3a O poNIM KaXIOTO H3
HUX B MATOTCHE3¢ PENpPOAYKTUBHBIX HEylad TOIBKO (HOPMUPY-
ercd [24].

MmMyHHas cuctema sIBIsieTCst OHOM U3 Hanboliee 3HAYMMBIX
CHCTEM OpraHM3Ma, 3aIUIIAIOIINX MaTepei 0T 00BEKTOB OKpY-
JKAIOLIEH cpelibl U IPeJOTBPAILAOIIUX OTTOp KeHHE I101a [25].
Krerku mrofa HecyT aHTUTeHBI KaK MaTepH, TaK U OTIa, OJJHAKO,
HECMOTPsI Ha 3TO, CYIIECTBYeT (DEHOMEH ,,MIMMYHOJIOTHYECKOTO
napajiokca” 6epeMEeHHOCTH, KOTOPBII CBS3aH C BOSHHKHOBCHH-
€M UMMYHOJIOTMYECKOM TOIEPAHTHOCTH. DHAOMETPUI MaTepu —
9TO ayTOTPAHCILIAHTAT, KOTOPBIH MO3BOJIACT aJUIOTPAHCILIAHTA-
Ty (TUI0/y) CyIiecTBOBaTh B HeM B Teuenun 38-40 nenens [26].
OpHUM U3 MEXaHM3MOB 3alllUThl IJI0Jla UMMYHHOH cHCTEeMOM
MarepH SIBISIIOTCS OJIOKUPYIOIINE aHTHTENA, KOTOPBIE YTHETAIOT
HHJTYIIUPOBAHHYIO aJUIOAHTHT€HAMH aKTHBHOCTH T XEITEpOB H
UTOTOKCHIeCKHUX T mMdonuToB.

Oco6ast postb B HOPMaJILHOM T€UCHNUH OEPEMEHHOCTH IIPHHA/T-
JISKHUT HaTypaIbHBIM KHJUIepaM repudepndeckoil kposu - pNK
kierkaM (natural killer cells), koTopsle pencTaBisIOT reTepo-
TEHHYIO TTOIYIIIHUIO TUM(OIUTOB CHCTEMBI BPOXKICHHOTO HM-
MyHuTeTa. OHU BOBJICUCHBI B MIMPOKHUI CIIEKTP OMOIOTHYECKHX
IIPOLIECCOB B OPraHU3Me, U 001aJal0T €CTECTBEHHO IIUTOJINTH-
4eckoif akTuBHOCTEIO [3,16,23]. Bo Bpems Gepemennoctr pNK
KIICTKM MUTPUPYIOT B MaTKy ¥ IPUHUMAIOT Y4acTHE B IIPOLIECCe
MHIUTAHTAaUUU W Jeuuayanuszaunu sugomerpus [10,21]. Ouu
YUYaBCTBYIOT B CJIOXKHBIX B3aUMOOTHOILCHUAX MEXKY KICTKaMHU
U UX UUTOKMHAMHM B MMMYHHOHI CHCTEME MaTepH, HapyLICHUE
OaaHca KOTOPBIX CIIOCOOHO IIPUBOAUTD K ITATOJIOTHH OepeMeH-
Hoct. NK KIICTKM yMEHBIIAIOT NMPOAYKIHIO (hpakTopa HEKpo3a
omyxomn (TFNa), nmpoxykiuro nurepinetiknna 2 (IL2) u unrep-
¢depona (gINF) T mumdonmTaMu, JOKaIM30BAHHEIMU B DHIO-
Metpun. NK KIeTKH CTHMYITHPYIOT IPOTYKINIO (haKTopa pocTa
sugotemust cocynoB (VEGF) wierkamm Tpodobnacra, yda-
CTBYIOT B ()OPMHPOBAHHN CIIMPAIBHBIX apTepUil SHIOMETpPUs,
criocobcTByst miporieccam anruorenesa [13,14]. TlossimenHast
UTOTOKCHIHOCTE NK KIIeToK MOXeT co31aTh MpoOJIeMBI B BBI-
HamwuBaHuH OepeMenHocTH [4]. [To Hen3BeCTHBIM 110 cei IeHb
npuanHaM NK KIeTKH MOryT ,,aTakoBaTh COOCTBEHHYIO Oepe-
MEHHOCTB”, IPUBOJS K OCTAHOBKE €€ Pa3BUTHs 10 12 Henelb.

Ilenbto uccnenoBaHus sIBUIOCH BBIIBICHUE B3AUMOCBSA3H M-
MYHOJIOTHYECKHUX ITapaMETPOB M HX POJIb B IIPUBBIYHOM HPEPHI-
BaHMHU OEPEMEHHOCTH Ha PAHHUX CPOKaX.

Marepuan u metoasl. O0ciie1oBaHO 28 KEHIHMH, HETTOCPEI-
CTBEHHO IT0CJIE OUEPEHOTO IPEephIBaHMs OepeMeHHOCTH 10 12
Henenb (OCHOBHAS TPYIIA), UMEIONINX B aHaMHe3e 2 U Oolee
CiTydaeB HpephIBaHus OepeMeHHOCTH n0 12 Henens. [pymmy
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KOHTpoJst cocTaBmwid 20 HeOepeMEHHBIX 30POBBIX JKEHIIWH,
HEe MMCIOINX B aHamHe3e abopTel. Kpurepnem nckirodeHHs
SIBJISIACh BBISICHEHHAsS! IPUYMHA MPUBEIYHOTO abopTa — aHOMa-
THSL Pa3BHUTHS IOJIOBBIX OPraHOB, BPOXKJICHHAs M MPHUOOpETeH-
Hast TpoMOOQ WIS, TOPMOHAITBHBIE HAPYIIEHHS, XPOMOCOMHEIE
QHOMAJTHH.

Bcem xeHIMHAM HPOBEICHO KOMIUIEKCHOE 00CIenoBaHME,
UCKIIIOYEHBI BBINICYKAa3aHHBIC BO3MOXKHBIC IPHIMHBI IIPEPHI-
BaHUs OepeMeHHOCTH, 3a0paHa KpPOBb Ha OIPEICIICHHE CO-
JIep’KaHUsl HaTypalbHBIX KHJUICPOB IepH(epuuecKoll KpOoBH
pNKCD16 + meronoM ¢iaroopecieHTHOH MHUKpockonuu Leica
DM750 ¢ npumenenuem antu CD16 + MOHOKIOHAJIBHBIX
aaturen MKA, npoussoactea OOO ,,Copbent”, Poccus. Ce-
Kpelusi IUTOKUHOB B CBIBOPOTKE KPOBU OINPEIEIsIach: HHTEP-
netikunos 1L2, IL6, IL10 myTem npuMeHeHHsT aHTUTEN (YUPMEI
Vector Best, Poccust; TFNo — Immuno diagnostic Ag, Germany;
VEGF (human) — Elisa kit-Enzolife Sciences Inc, USA) u gINF
—Vidia, Chekhiya Elisa meTonom, ¢ npumeneHneM nMmMyHOdEp-
MEHTHOTO IUIaHIIeTHOro aHamm3aropa Stat Fax 4200 ¢upmsr
AvarenesTechnology.

CraTHCTHYECKUH aHalM3 IIOMYYEHHBIX pe3yJIbTaToOB BBI-
MOJTHEH ¢ MOMOIIBI0 KOMIIBIOTEPHOH mporpaMmel Statistic for
Windows 6. AHanm3 HOMYy9YeHHBIX JJAaHHBIX HMPOBOAWIN ITyTEM
ompenenennst OR (oddsratio). Onpezenena 9yBCTBUTENEHOCTD
(SE) n cennduanocts Tecta (SP) ¢ 95% noBepuTenbHBIM HH-
tepBanoM (SI). st cpaBHEHUs TPyl NIPUMEHSUIH HerapamMe-
Tpuyeckuil kpurepuil Manna-Yuruu. Pasmuuus cuuranu 3Ha-
uuMbIMH 11pH p<0,05.

Pesynbrarel n o6cysaenne. IlanueHTs! OCHOBHOW U KOH-
TPOJIBHON TIPYMNIIEI OBLIM COIIOCTABHMBI ITO BO3PACTHBIM Xa-
pPaKTEpUCTHKAaM. Y BCEX JKCHIIMH OCHOBHOM IpYIIIBI TEKyILas
OepeMeHHOCTh IpepBaach 10 12 Hexens. AHAIN3 aHAMHECTH-
YEeCKHX JIAaHHBIX ITOKa3al, 4To y 18 (64,3%) keHIINH ¢ IPUBHIY-
HBIMH a0opTamy OepeMEeHHOCTh ObIIa IpepBaHa B ABYX CiIyda-
X,y 7 (25%) - B Tpex ciyuasx u'y Tpex (10,7%) sxeHImuH - B
YETBIPEeX CITydasX.

AHanu3 MMMYHOJIOIMYECKHX MAapKepoB IIOKa3all, YToO B OC-
HoBHOH rpynme (I) moBsimeno comepxanne pNK-CD16+ no
36,5%, (OR-14,7;SE-79%, Sp-80%), B rpyriie 310pOBBIX KCH-
MIH ero cozpepxkanue cocraBmio 27,5% (p<0,05) mpu morry-
CTHMOM OINTHMaJbHOM IOKazarene 26%, T.¢ IaHC IPepbIBaAHUS
OepeMEHHOCTH HpHU MOBHIIICHUN B IEepU(pepUIecKOd KPOBH
ypoBHst NKKIIETOK BEICOK, a pa3indyue MEeXIy JaHHBIMH 00-
clelyeMbIX IPYyII CTaTUCTUYECKH 10CTOBEpHO. [lonydyenubie
HaMH JIJaHHBIE COINIACYIOTCSI C JAHHBIMU JINTEPATyphI, JTOKa-
3BIBAIOIUMH, UTO MOBBIMIEHHAsT akTUBHOCTH NK KiIeTok, 1mo
BCEl BEPOSITHOCTH, SIBISIETCS OXHUM M3 (DaKTOPOB IpEphIBa-
HUSL OEpEeMEHHOCTH Ha paHHUX cpokax [4-6,12,15], oxHako
OIIPEJICNINTh, SBISCTCS JIM TOBBINICHHAs aKTHBHOCTH NK
KJICTOK NPUYNHON WIIM CIEICTBHEM INPHUBBIYHOTO IpPEpHIBa-
HUSL OEPEeMEHHOCTH 10 ceif JIeHb ocTaeTcs mpobiaemoit [20].
Psan aBTOpOB IpHIEPKUBAIOTCS IPOTUBOIOIOKHOIO MHEHUS
U CYNTAIOT, 9TO aKTHBHOCTh NK KIETOK NpH NPUBBIYHBIX
abopTax He MMeeT KIMHH4YecKkoro 3HayeHus [4,11,19], u HeT
JIOCTATOYHBIX JIAHHBIX 110 OI[CHKE YPOBHS dHIOMETPHAIBHBIX
KJIICTOK P 3HauuTeIbHOM yBennueHnn NK kiaetox mepude-
puueckoit kposu [9].
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Tabnuya. Jannvie umMmyHOL02UYECKUX UCCTE008AHUL

HeGepe- Pes. I'pynmbt OR Se Sp Cpenue 95%CI
TEeCTa
MeH- P
upre | MOTORH- 1l 95% CI 95% Ci 95% CI Group I Group 11
TeJbHBIN
79% 80%
Jla 2 | 4 14.7 36.1.36.8 73977 36.5 275
CDI6+ 24.0 20.4 <0,05
Her 6 | 16 | 145148 | 779-792% | 793-80.7% | 23.8-24.2 20.2-20.5
1.61-1.64 2.78-2.82
50% 80%
Jla 14 | 4 4.00 38.7.39.3 273977 39.0 275
TFo 11.6 11.3 <0.09
- - 0, - 0 . .
Her 14 | 16 | 3.97-403 | 49.6-504% | 79.3-80.7% | | <75 o4
79% 10%
Jla 22 | 18 0.41 016.9.3 05787 9.24 8.64
vINF NS
Her 6 2 | 0.404-041 | 77.9-79.2% 9.9-10.1% 4.00 2.35
' ' R R 3.97-4.03 2.33-2.37
100% 0%
VEGF | [la 61 12 - 543.6-553.0 | 308.1-313.5 5483 3108 <0,01
(21-30) ,
Her 0 0 - 99.1-100% - - -
67% 75%
VEGF Ha 8 2 6.00 635.6-646.6 | 553.2-562.8 641.1 5380 NS
(31-40) "o , 408.5 401.2
Her 4 6 | 595605 | 66.1-67.2%% | T44-T5.6% | 40 0" 0| 3078 4046
50% 70%
fla 46 233 14.1-143 | 11.63-11.83 14.2 173
2 7.47 8.33 NS
- - 0, - 0, * .
Her 14| 14 | 231-235 | 496-504% | 69.4-706% | T, £93.8.40
71% 40%
Ha 20 12 1.67 28.2-28.7 | 13.83-14.07 285 1395
e 7.70 7.45 oot
- - 0, - V) N N
Her 8 8 1.65-1.68 | 708-72.0% | 39.7-403% | o 739751
14% 90%
Hla 412 1.50 36.1-36.7 35.7-36.3 364 36.0
1h10 10.78 33.9 -
- _ 0 _ 0 . .
Her 24 | 18 | 149-151 | 14.2-144% | 892-90.8% | o700 336242

npumeuanue: paiuyus mexcoy epynnamu yemauasiuganucy U mecmom Manna-Yumnu, 20e p - ypogens 3navumocmu 0,05.
Pasnuuus: a) necywecmsennvt — NS; 6) snauumor — ¢ gepoamuocmoto <0,01; 8) 3nauumut — ¢ sepossimuocmoio <0,05

Kax usBectHo, NK KJI€TKH yMEHBIIAIOT IPOIYKIMIO UHTEP-
neiikuaoB TNFa, IL6 u IL2 [4,22]. AHanu3 moiaydeHHBIX TaH-
HBIX TTOKa3al moBbleHHOe conepskanne TNFa mo 39 pg/ml B
CpPaBHEHHU C TPYMIIOi KOoHTpous, rae conepkanne TNFo 6bu1o
HE3HAYUTENIFHO TOBBINIEHO M cocTaBmio 27,5 pg/ml nmpu mo-
myctumoit Hopme <20 pg/ml (OR-4,0; SE-50%; SP-80% mpu
95% CI, p<0,05). Uro kacaeTcst coaepx aHHUs HHTEPICHKH-
HOB, BBISBICHO JOCTOBEPHOE MOBBILICHHE conepkaHus 1L6
1o 28,5 pg/ml B cpaBHEHHHU C KOHTPOJIbHOH rpynmnoii (13,95
pg/ml) mpu nomyctumoit Hopme 3,7-10 pg/ml (OR 1,67; SE
71%, SP 40% 95% SI p,<0,01). Torna kak conepxxanue 1L2 u
IL10 Oputo HEe3HauuTENbHO MOBBIIIEHO - L2 1o 14,2 pg/ml,
B rpymnmne KoHTpous - 11,73 pg/ml, mpu momyctumoit Hopme
0-10 pg/ml (OR-2,33, SE 50%, SP — 70%; p-NS). IL10 moBsI-
meH 10 36,4 pg/ml, B koHTpOnbHOI rpymme - 36,0 pg/ml, mpu
Hopme 0-31 pg/ml (OR-1,50, SE 14%, SP —90%; p-NS). Conep-
xanue gINF memocroBepHO moBbimeHo 10 9,24 pg/ml, npu m0-
myctumoit Hopme 0-5 pg/ml (OR-0,41, SE-79%, SP-10%; p-NS),
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pasuuna conepkanusa gINF B conocTaBUMBIX Tpynmax Oblia He-
JOCTOBEpHA.

KonuuecTBo cocyaucTo-3HA0TENNAIBbHOTO (hakTopa pocTa
MIPOAHAIM3UPOBAHO C YYETOM BO3pPacTa >KEHIIUH: B BO3pacTe
21-30 net conepkanre VEGF 6bu10 moBeimeno 1o 548,3 pg/ml
npu gomyctumoir Hopme 130-180 pg/ml (p<0,01); a B Bo3pac-
te 31-40 net HemocToBepHO moBbImEeHO 10 641,1 (OR-6,0, SE-
67%, SP — 75%; 95% Clp-NS) npu onTuMansHO JOIMYyCTUMON
Hopme 280-500 pg/ml.

BeIsiBlIeHHBIE HAMH UMMYHHBIE CABHIY B3aHMOCBSI3aHBI U Xa-
paKTepu3yIOTCs MOBBIIIEHHEM akTHBHOCTH CD16+ HaTypaibHBIX
KiwiepoB nepudepudeckoil kposu (pNK) m yBenmmdeHneM mpo-
JIYKIMH HHTEPIICHKUHOB - (hakTopa Hekposa omyxomn TNFa u IL6.

Takum 00pa3oM, C BBICOKOH JOCTOBEPHOCTHIO MOXKHO YT-
BEPXKJIaTh, YTO BBIIIEU3II0KEHHBIE N3MEHEHHUs BBI3BIBAIOT Ha-
pYIICHNE PETYISIIUY UMMYHHOH CHCTEMBI MaTe€pU M MMMYHO-
JIOTUYECKON TONEPAHTHOCTU MO OTHOLIEHHIO K IUIOAY U MOTYT
SIBUTHCSI IPUYMHOHN TPEepBIBaHUs OEpEMEHHOCTH 10 12 Henens.
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SUMMARY

IMMUNE DISORDERS AND THEIR ROLE IN ABOR-
TION

Gotsiridze K., Kintraia N., Gogia T., Nadareishvili L.
Thilisi State Medical University, JSC Chachava Clinic, Georgia

Objective of the study - to identify the relationship of immu-
nological parameters and their role in termination of pregnancy.

28 women, with a history of 2 or more miscarriages in their
medical history, were examined immediately after the termina-
tion of pregnancy up to 12 weeks.

The control group consisted of 20 healthy non-pregnant
women. The content of natural killers of peripheral blood pNK
- CD16+, interleukins 1L2, IL6, IL10, TNFa; VEGF and yINF
were examined by the method of enzyme immunoassay.

In women with a history of recurrent miscarriage, immedi-
ately after the next termination of pregnancy in the first trimester
examinations revealed immune shifts characterized by increased
activity pNK - CD16+ compared with the control group - 27.5%
(p<0,01); also an increase in the production of interleukins:
TNFa to 39.0 pg/ml compared with the control group - 27.5 pg/
ml (p<0,05) and IL6 up to 28.5 pg/ml in the control group
13.95 pg/ml (p<0,01).

The above changes indicate a dysregulation of the immune
system what may be related to the termination of pregnancy in
the first trimester.

Keywords: abortion, natural killer cells, IL2, IL6, IL10,
TNFa; VEGF.
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PE3IOME

UMMYHHBIE HAPYIIEHUA U UX POJIb B IIPEPbBI-
BAHUU BEPEMEHHOCTH

Tomupunze K.J., Kunrpas H.I1, 'orus T.9.,
Hapapenmsuau JI.H.

Tounucckuii 2ocyoapcmeeHubvll MeOUYUHCKUL yHusepcumen,
Knunuxa Yauasa, I py3us

Lens nccnenoBaHms: BEISBICHNE B3aHMOCBSI3H HIMMYHOIIOTH-
YEeCKUX ITapaMeTPOB M X POJIb B IPEPHIBAHAN OEPEMEHHOCTH.

O06cnenoBaHo 28 KEHIINH, HETIOCPEICTBEHHO MOCTE OYepe-
HOTO TIpepbIBaHUs OepeMEeHHOCTH A0 12 Henmenb, UMEIOMNX B
aHamMHe3e 2 U Oonee ciydaeB HeBHIHAMINBAHMA. KOHTpOIBbHYIO
rpymmy coctaBuin 20 HeOEpPEMEHHBIX 3J0POBBIX KEHIIUH.

OmpeneneHo coaepxKaHue HATYPAIbHBIX KHIUIEPOB ITIEPH-
¢depuueckoit kposu pNK — CD16+, unrepneiikunst 1L2, IL6,
IL10, TNFa; VEGF u yYINF MeTonoM uMMyHHO()EPMEHTHOTO
aHaIn3a.

VY JKEeHIIWH, NMEIOMNX B aHAMHE3€ MPHUBLITHOE HEBBIHAIIN-
BaHNE, HETIOCPEACTBEHHO ITOCIIE OYEPETHOTO IPephIBaHMs Oepe-
MEHHOCTH B | TprMecTpe BBISABIEHB HMMYHHBIE CIBUTH, XapaK-
Tepusyomecs nopeimenneM aktuBHocTd pNK — CD16 + no
36,5% B cpaBHEHUH C KOHTPOJIBHOU rpymmoi — 27,5% (p<0,01)
1 yBenm4deHneM npofaykuun nateprneikiuHoB: TNFa 1o 39,0 nr/vn
B CPaBHEHHH C KOHTPONBHOI rpymmoit — 27,5 nr/mn (p<0,05)
u IL6 - mo 28,5 nr/mi B KOHTpONbHOH roymme - 13,95 mr/mn
(p<0,01).

BrrmrensnoxkeHHble U3MEHEHHs YKa3bIBAlOT HA HapyIICHHE
PETyISIIUY NMMYHHOH CHCTEMBI MaT€pPH M MOTYT SBUTHCS TIPHU-
YHHOW TpephIBaHI OepeMEHHOCTH B | TpuMecTpe.
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POST-TRAUMATIC HEADACHE. CURRENT VIEWS ON PATHOPHYSIOLOGICAL MECHANISMS
OF DEVELOPMENT AND CLINICAL SPECIFICS (REVIEW)

12Sirko A., 'Mizyakina K., 'Chekha K.

IState Institution, Dnipropetrovsk Medical Academy, Ministry of Healthcare of Ukraine,
Nervous Diseases and Neurosurgery Department, Postgraduate Education Faculty,
’Public Institution, Mechnikov Dnipropetrovsk Regional Clinical Hospital, Ukraine

Globally, approximately 69 mn people (0.9% of the world’s
population) suffer craniocerebral injury each year [10]. Cranio-
cerebral injury is one of the top causes of death and disability
and is the most common cause of disability among young peo-
ple [4,15]. Craniocerebral injuries can be classified by severity
(mild, moderate, severe), mechanism (closed, open, penetrating,
non-penetrating), and other features. The outcomes of cranioce-
rebral injury can vary widely, from complete recovery to perma-
nent disability and even death [36].

It is an undisputed that craniocerebral injury always entails
general health consequences that vary in clinical manifestations,
severity, intensity, and duration. They may persist for a long
time, contribute to further health deterioration and functional
limitations, as well as disability and reduced quality of life [35].
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Craniocerebral injury can adversely affect various aspects of
a patient’s quality of life, including cognitive, behavioral/emo-
tional, and physical effects that, in turn, affect interpersonal,
social, and occupational human activities. Moreover, cranioce-
rebral injury has a negative impact on family, society, and the
economy as a whole [40].

Material and methods. A literature review was performed
using the Pubmed database by selecting articles about post-
traumatic headache (PTHA) over 10 years (from 2010 to 2020).
The search was performed in English, Russian, and Ukrainian
using the following key words and terms: post-traumatic head-
ache, post-traumatic cephalalgia, headache after brain injury,
and post-concussion syndrome. All articles with information on
etiology, pathogenesis, clinic, diagnosis, differential diagnosis,
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neuroimaging, pathomorphological evaluation, and treatment
strategies for this pathology were included in the analysis. After
identifying all the articles that met the inclusion criteria and delet-
ing duplicate data, 47 literature sources on PTHA were selected.

Results and discussion. According to several authors, 58%
of patients after mild and 33% after severe traumatic brain injury
report having headaches for 12 months after injury [19]. Persistent
PTHA occurrence is about 0.2% [22]. According to the Danish
Headache Center, 400/3800 (11%) patients have persistent PTHA.
In 32-44% of the patients, post-traumatic cephalalgia persists for
at least 6 months and in 25% of those for 4 or more years [30,37].

A variety of pain syndromes, one of which is chronic pain, is
a well-described consequence of craniocerebral injury. Depend-
ing on pain type and injury severity, its occurrence ranges from
10% to 95% [33]. Chronic pain in craniocerebral injury patients
can have different origins. In some cases, the pain is due to tis-
sue damage during the traumatic event. The cause may be head
or trunk bones fractures or dislocations, cervical injuries, soft
tissue injuries, or peripheral nerves or plexuses injuries. Chronic
pain can be caused by secondary injury effects such as: compres-
sion paralysis, periarticular tumors, spasticity, etc.

Among the above pain syndromes, post-traumatic headache
(PTHA) has a special place due to of its high occurrence, ten-
dency towards chronization, and high degree of disadaptation
effect on the patient.

PTHA not only leads to significant disability but is also a
predictor of the overall outcome of mild craniocerebral injury,
especially brain concussion [24,27].

Despite the significant incidence of PTHA and related socio-
economic factors, many fundamental aspects of this problem
have not been considered adequately. Therefore, the aim of our
review is to highlight key points regarding the pathogenetic
mechanisms of development, key clinical features, and strate-
gies for optimal PTHA management.

According to the International Headache Classification
(ICHD-III beta version), PTHA is a secondary cephalalgia as-
sociated with head and/or neck injury, which develops within 7
days after the injury or after recovery of consciousness, or after
restoration of the ability to feel and report pain. A distinction is
made between acute PTHA, which regresses within 3 months
of a traumatic event and includes acute delayed headache as-
sociated with moderate to severe head injury and acute delayed
headache associated with mild head injury [20].

Persistent PTHA means PTHA that lasts more than 3 months.
As per ICHD-3, there are 2 types of persistent headache: PTHA
associated with moderate or severe traumatic head injury and
persistent PTHA associated with mild injury.

Note that ICHD-3 uses the term “persistent” rather than
“chronic” as chronic cephalalgia occurs more than 15 days a
month. This fact is not implied by the diagnostic criteria for
chronic PTHA, which do not involve its occurrence analysis. To
diagnose persistent PTHA, it is sufficient to establish a causal
link between the fact of head injury and the duration of pain for
3+ months [46].

Therefore, PTHA can be consequence of a craniocerebral in-
jury of any severity —mild, moderate, or severe — and usually
disappears within 3 months after injury. Surprisingly, PTHA de-
velops more frequently after a mild craniocerebral injury than
after more severe injury[31].According to various estimates,
headache occurs in 25-78% of people who suffered mild cranio-
cerebral injury. In addition, mild craniocerebral injury patients
have higher incidence, duration, and intensity of headaches
compared to those with severe injury [1].
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After a mild craniocerebral injury, headache may occur either
alone or in combination with other symptoms, such as vertigo,
fatigue, impaired memory or attention concentration, mild mne-
monic disturbances, anxiety, insomnia, sourness, depression, as
well as visual problems and autonomic dysfunction [25].If the
above symptoms are directly related to the injury, we can say
that the patient has a post-concussion syndrome. According to
Dan Levy et al., PTHA patients have a higher degree of post-
traumatic stress disorder.[8]

The most significant factors in persistent PTHA development
are older age, female sex, diagnosed primary headache, and/or
history of seeking medical attention for headaches [10, 45].

It is also known that the frequency and/or intensity of head-
ache attacks increases in patients with both diagnosed migraine
and HAT after a traumatic event [2].

Moreover, it has been noted that individuals with a family
history of various primary headaches have a higher risk of de-
veloping PTHA [39]. There is also sporadic data that various
craniofacial surgical interventions, particularly craniotomy, may
also be a PTHA risk factor [13].

In contrast, factors such as race, marital status, level of educa-
tion, alcohol consumption at the time of injury, craniocerebral
injury etiology, Glasgow Coma Scale severity score, and dura-
tion of unconsciousness have not shown any association with
PTHA [3].

Speaking of the pathogenetic mechanisms of PTHA, numer-
ous factors that may contribute to its development such as: axo-
nal damage, disrupted metabolic processes in cerebral tissues
and vessels, neuroinflammation, disrupted cerebral hemody-
namics, and changed brain-blood barrier permeability [7,18,23,
24] should be mentioned.

Currently, special attention is paid to such pathophysiologi-
cal mechanisms as trigemino-vascularo-thalamic system acti-
vation, central sensitization, and spreading cortical depression,
which probably play an important role in the PTHA pathogen-
esis [17,43]. According to current data, experimental animal
models indicate that mechanisms mediated through the calci-
tonin gene-related peptide probably underlie the development
of acute PTHA and stimulate the development of central sen-
sitization increasing vulnerability to headache triggers, thereby
contributing to headache chronization. This theory is supported
by the fact that early and prolonged calcitonin gene-related pep-
tide blockade after mild craniocerebral injury may represent an
effective option for preventive therapy and treatment of acute
PTHA [11,44].

Recent studies using advanced neuroimaging techniques sug-
gest the possibility of detecting post-traumatic structural, func-
tional, and metabolic cerebral abnormalities that cannot be de-
tected by conventional diagnostic tests [42].

The studies of structural and functional central nervous sys-
tem changes in PTHA patients are particularly interesting. For
example, according to Catherine D Chong et al, PTHA patients
have structural brain changes detected by neuroimaging. In par-
ticular, they have decreased cortical thickness of the left and
right upper frontal, caudal middle frontal and precentral regions
of the right supramarginal, right upper and lower parietal, and
precuneal regions compared to healthy individuals [6].

Interestingly, diffusion-tensor MRI shows different structural
brain changes in patients with PTHA and other primary cepha-
lalgia. For example, according to Catherine D Chong et al, per-
sistent PTHA patients have changes in tract diffusion indicators
other than in migraine patients. The most significant changes
in mean diffusion coefficient are noted in the anterior thalamic
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radiation, cingulum (angular fasciculi and callosal convolution),
inferior longitudinal fasciculi and uncinate fasciculi, left cortical
spinal tract on both sides, and right superior longitudinal fasci-
culo-parietal region. At the same time, there is a positive corre-
lation between changed diffusion tract indicators and headache
frequency, in both persistent PTHA and migraine patients [5].

Dumkrieger et al. also focused on differences in the brain
structure of migraine and persistent PTHA patients based on
magnetic resonance imaging data. The authors found significant
differences in static functional connectivity (SFC) and dynamic
functional connectivity (dFC) indicators between migraine and
PTHA for regions involved in pain development, including so-
matosensorial region and the hypothalamus. For example, dFC
significantly correlated with headache frequency in the PTHA
group. Moreover, dynamic functional connectivity (dFC) in the
persistent PTHA group had statistically significant correlation
with headache frequency in a pair of brain regions (right middle
cingulate and supramarginal gyrus) with due account for sex
and age. The authors concluded that such differences in func-
tional association may indicate pathophysiological differences
between persistent PTHA and migraine [14].

At the same time, Todd J Schwedt et al. found no differences
in the right lateral orbital frontal lobe, right supramarginal gyrus,
and left superior frontal lobe in persistent PTHA patients and
healthy reference group subjects, suggesting the need for further
study [41].

The important role of genetic predisposition, personality
traits, and, basically, patient expectations of headache devel-
opment after head injury should be also noted. PTHA does not
have any specific features. Based on its definition, a causal re-
lationship between cephalalgia and head injury is sufficient for
diagnosis. Nevertheless, several clinical subtypes of PTHA are
distinguished [8].

Like primary headache, most post-traumatic headaches can
be classified by type. According to the literature, migraine (up
to 61%) and tension headache predominate among PTHA types
[16].However, the majority (27% to 75%) of patients report
more than one headache type they suffer from [26].

Tension PTHA can occur sporadically or daily (persistent
headache), it can locally involve the entire head, be predomi-
nantly occipital, bifrontal, bitemporal, or have a “cap/helmet/
tight hoop” type. The pain is usually described as pressing or
dull, moderately intense as per VAS, not increasing with physi-
cal exertion.

Migraine-type PTHA meets the “wider” criteria of simple mi-
graine as per ICHD-3.Such pain is typically lateralized, burst-
ing, or throbbing, with accompanying photophobia and nausea.
However, migraine with aura, usually visual, is also possible.

It is interesting to note that mild craniocerebral injury can act
as a migraine provocateur, especially in adolescents with a fam-
ily history of migraine. Originally, this type of cephalalgia was
called a “footballer’s migraine” to describe young people who
played soccer and had migraine with aura attacks solely caused
by shocks to the head. Subsequently, other studies confirmed
that similar attacks can be caused by mild head injury in any
sport [34].

There is also an evidence that drug-induced headache and ex-
cessive use of analgesics complicate the course of post-traumat-
ic headaches [29].

In addition to the above, there are other PTHA types that may
occur in combination with a mild craniocerebral injury: occipital
neuralgia; trigeminal neuralgia/neuropathy; pain associated with
maxillotemporal joint dysfunction; CSF hypotension headache;
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headache associated with traumatic subarachnoid hemorrhage;
traumatic dissection of carotid or vertebral arteries; trigeminal
autonomic cephalalgia, such as cluster headache, hemicrania
continua, short-lasting unilateral neuralgiform headache attacks
with conjunctival injection and tearing (SUNCT), short-lasting
unilateral neuralgiform headache attacks with cranial autonomic
symptoms (SUNA), paroxysmal hemicrania. However, they are
not specific to craniocerebral injury and can occur sporadically.

At present, a multidisciplinary approach is preferred in the
post-traumatic headache therapy mainly because of the pres-
ence of many concomitant symptoms. This is especially true for
persistent PTHA.A comprehensive and systematic evaluation of
the patient involving allied specialists such as neurosurgeons,
psychotherapist/psychiatrists, maxillofacial surgeons, and neu-
rologists is advisable before prescribing the treatment. The treat-
ment consists of a combination of drug and drug-free methods.
Drug-free treatment of PTHA patients includes lifestyle modi-
fication, exercises, good sleep, hydration, and management of
stress or events triggering a headache attack. Both emergency
aid and preventive drugs are used for pharmacological PTHA
treatment [1,38,12].

Conclusion. Despite a long history of PTHA research, the is-
sues concerning diagnostic criteria, pathogenetic mechanisms,
clinical features, and strategies, in particular in patients after
severe craniocerebral injury, have not been considered properly.

The above data indicate the need to clarify many aspects of
the studied problem.
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POST-TRAUMATIC HEADACHE. CURRENT VIEWS
ON PATHOPHYSIOLOGICAL MECHANISMS OF DE-
VELOPMENT AND CLINICAL SPECIFICS (REVIEW)
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Headache after craniocerebral injury is an urgent problem
due to its frequent occurrence, tendency towards chronization,
and strong patient disadaptation effect. Despite the significant
incidence of post-traumatic headache (the PTHA) and related
socioeconomic factors, many fundamental aspects of this prob-
lem have not been considered adequately. Therefore, the aim of
our review is to highlight key points regarding the pathogenetic
mechanisms of development, key clinical features, and strate-
gies for optimal management of PTHA.

A literature review was performed using the Pubmed database
by selecting articles about post-traumatic headache (PTHA)
over 10 years (from 2010 to 2020).The search was performed in
English, Russian, and Ukrainian using the following key words
and terms: post-traumatic headache, post-traumatic cephalalgia,
headache after brain injury, and post-concussion syndrome. All
articles with information on etiology, pathogenesis, clinic, diag-
nosis, differential diagnosis, neuroimaging, pathomorphological
evaluation, and treatment strategies for this pathology were in-
cluded in the analysis. After identifying all the articles that met
the inclusion criteria and deleting duplicate data, 46 literature
sources on PTHA were selected.

According to the International Headache Classification,
PTHA is a secondary cephalalgia associated with head and/or
neck injury, which develops within 7 days of a craniocerebral
injury. A distinction is made between acute and persistent PTHA
associated with mild, moderate, and severe injury. To diagnose
persistent PTHA, it is sufficient to establish a causal link be-
tween the fact of head injury and the duration of pain for 3+
months. It is interestingly that individuals with mild craniocere-
bral injury have both higher incidence and higher duration and
intensity of PTHA compared to those with severe injury. Despite
the absence of specific characteristics, several clinical pheno-
types of PTHA are distinguished, the most common of which are
migraine-like and tensor types. The pathogenetic mechanisms
of PTHA development are complex and diverse. Since recently,
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special attention has been paid to activation of the trigemino-
vasculo-thalamic system, central sensitization, and GCRP-
associated mechanisms that probably play an important role in
the PTHA pathogenesis. Modern neuroimaging methods using
diffusion-tensor and functional MRI are important in the PTHA
diagnosis and differential diagnosis. PTHA treatment requires a
multidisciplinary approach and includes a combination of drug
and drug-free methods.

Despite a long history of PTHA research, the issues concern-
ing diagnostic criteria, pathogenetic mechanisms, clinical fea-
tures, and strategies, in particular in patients who suffered severe
craniocerebral injury, have not been considered properly. The
above data indicate the need to clarify many aspects of the stud-
ied problem.

Keywords: post-traumatic headache, post-traumatic cepha-
lalgia, headache after craniocerebral injury, cephalalgia after
head injury, post-concussion syndrome.

PE3IOME

INIOCTTPABMATHYECKASI T'OJIOBHASI BOJIb. CO-
BPEMEHHBIE IIPEJCTABJIEHUSI O IMATO®U3UO-
JJOTHYECKUX MEXAHU3MAX PA3ZBUTUS U OCO-
BEHHOCTSX KNIMHUYECKOI'O TEYEHUSA (OB30P)

12Cupko A.I., 'Mussikuna E.B., 'Uexa E.B.

Tocyoapcmeennoe yupescoenue JJHenponemposckas MeouyuH-
ckas akademuss MO3 Yrpaunwi, kageopa nepenvix 6onesneil u
Hetipoxupypeuu gaxyibmema noCiIeOUNIOMHO20 00PaA308aHUs,;
TV «[nenponempoeckas obracmuas Kiunuueckas OOLbHUYA
um. Meunukosa», Yrxpauna

Lenbio 0630pa SIBUIOCH OCBEIICHHE KIIFOYEBBIX MOMEHTOB I10
[IATOT€HETUYECKUM MEXaHU3MaM pPa3BUTHS, OCHOBHBIM KIIMHU-
YEeCKUM OCOOCHHOCTSM M CTPATErusiM ONTHMAJIBHOTO yIIpaBlie-
HUSL IOCTTPAaBMAaTHYECKOM IOJIOBHON OO0JIH.

[IpoBeneH nouck peTpoCIeKTUBHON U TeKylleil HaydHO! Jn-
Teparyps! nyouHoit 10 et (2010-2020 rox) no 6a3am JgaHHBIX
Pubmed, BbIOpaHBI CTaThH, MOCBSIICHHBIC MOCTTPaBMaTHYC-
ckoii ronoBHoii 6omu (ITTI'B). B ananu3 BitoYeHbI BCe CTAaTbu
¢ uHdopmarueit 06 3THONOTHH, MTaTOTeHEe3e, KITMHUKE, THarHO-
cruke, quddepeHranbHOi AMarHoCTHKE, HeWPOBH3YaTU3alH-
OHHO M 1MaToMop(OIOrMYECKOil OLIEHKE, a TAKIKE CTPATErUsIX
JiedeHus JanHoH narosnoruu. Oto6pano 46 NCTOYHUKOB JIUTEPa-
Typsl, kacaromuxcs IITI'B.

CortacHo  Mex/IyHapoqHOW KiIacCU(pUKALUK  TOJOBHOM
6omu, IITT'H onpenensercs kak BTopuuHas ledanrus, CBs-
3aHHas C TPaBMOM TOJOBBI W/WIN IIEH, KOTOpasi pa3BHUBAETCS
B TEUEHHE 7 JHEH Iociie NEepEeHECEHHON YepernHO-MO3roBOM
TpaBMbl. Beigenstor octpyto u croiikyto IITI'B, cBazanHyto ¢
JIETKOM, CPETHETSIKEIION U TSKEJIOW TPaBMOM, COOTBETCTBEHHO.
Jns ycranoenenust auarnosa croiikoit IITT'b nocrarouno Ha-
JIMYXST IPUIUHHO-CIISICTBEHHOM CBSI3M MEXy (hPaKTOM TPaBMBI
TOJIOBBI U TIPOJIOJDKUTEIBHOCTBIO Oosin Oosiee 3 mecsieB. Boi-
SIBJICHO, YTO Y JIUI] C JIETKOH 4ePEerHO-MO3T0BOM TPaBMOH BbIIIe
HE TOJIBKO YacTOTa BOSHUKHOBEHHS, HO IPOAOJKUTEILHOCTD U
unteHcuBHOCTh IITI'D B cpaBHEeHUM C IULIaMH, IEpEHECIINMU
TSDKeylo TpaBMy. HecMoTpst Ha OTCyTCTBHE CrelM(UUeCKUX
XapaKTEePUCTHK, BBIICISIIOT HECKOJIBKO KIMHUYECKUX (DEHOTH-
noB [ITT'B, nanbonee pacnpocTpaHEHHBIMU M3 HUX SIBISIIOTCS
MHIPEHENO00HbI U TEH30pHbIH BapuaHThL. [laToreHeruue-
ckre MexaHu3Mbl pazsutusi [ITT'B crnoxHBI 1 MHOr0OOpa3HEI.
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B nocnennee Bpemst oco6oe BHUMaHUE YIEAETCs aKTUBALUM
TPUTEeMUHO-BACKYIAPHO-TATAMHUUECKOM CHCTEMBbl, LEHTpalb-
Hoi cencutuzanuu 1 GCRP-accoumupoBaHHBIM MeXaHU3MaM,
KOTOpbIE, 110 BCEH BEPOATHOCTH, MIPAIOT 3HAYMMYIO POJIb B
narorenese [ITI'B. Ocoboe Mecto B auarHocTuke U audauar-
Hoctuke [ITT'B oTBOANTCS COBpEeMEHHBIM HEHpPOBU3yaIH3aLU-
OHHBIM METO/IaM C UCIIONIb30BaHueM (D (HY3HOHHO-TEH30PHOTO
u ¢yunkunonassHoro MPT. Jleuenune IITT'B TpeGyer mynbru-
JHCLMIUTHHAPHOTO MO/IX0/1a M COCTOUT M3 KOMOMHAIIMN MEHKa-
MEHTO3HBIX U HEMEINKAaMETHO3HBIX METOJIOB.

Ha ocHoBaHMM aHanmm3a M CHHTE3a HU3YyUYEHHOTO Hay4HO-
ro marepuaia no Bonpocy IITI'b cnenyer 3akmrouuts, 4TO
y JIML, NMEPEHECHINX TSKEIYI YEepeHHO-MO3IOBYIO TPaBMY,
JUArHOCTUYECKUE KPUTEPHUH, NATOI€HETUYECKHUE MEXaHW3-
MBI, KIMHUYECKHE 0COOCHHOCTH M CTPATEr vl JISUSHUS 110 Cei
JICHb HE M3YYCHBI.
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INFLUENCE OF A PSYCHOTYPE OF A PATIENT WITH MUSCULOSKELETAL DISORDER
ON THE DEGREE OF WORK DISABILITY

Fedorenko S., Onopriienko I., Vitomskyi V., Vitomska M., Kovelska A.

National University of Ukraine on Physical Education and Sport,
Department of Physical Therapy and Occupational Therapy, Kyiv, Ukraine

Disease prevalence among working-age population in Ukraine
is as follows: circulatory diseases (23.93%), respiratory diseases
(18.92%), diseases of the digestive system (10.7%), diseases of
the genitourinary system (7.89%); diseases of the musculoskel-
etal system and connective tissue (5.55%) are in the fifth place
and have growing extension dynamic [1].

Among musculoskeletal system (MSS) diseases, the most im-
portance is placed upon osteoarthrosis; inflammatory arthritis;
back pain; musculoskeletal injuries, including sports injuries;
crystalline arthritis (uretic arthritis and calcium pyrophosphate
disease) and metabolic diseases, mainly osteoporosis [2].

Within the last decade, musculoskeletal system pathologies
have moved up from the fourth to the third rank in the structure
of primary factors leading to disability of adult population [3].
MSS disease is a major work-related disease among EU em-
ployees, which accounts for more than 59% of work-related
diseases with above 2.5% extension rate among employees [4].
In the US, work-related MSS diseases of the people employed
in manufacturing and service sectors account for about half of
all types of musculoskeletal diseases [5]. Osseous-articular dis-
eases significantly impair people’s life quality through constant
pain, functional activity disorders, loss of movement, burden-
ing the lives of not only the patient and his/her family, but also
society as a whole [6]. MSS work-related diseases are related to
great expenses of employers and a state [7].

Much attention has been paid to the effectiveness of trauma
and MSS disease rehabilitation. Funds spent on rehabilitation
are frequently reimbursed [8,9]. The results of labor productiv-
ity restoration are important while studying rehabilitation of
employees [10].

Therefore, supplementing and generating new data on work
limitations and disability among people with MSS disorders,
on physical therapy impact can help to change slightly prior-
ity healthcare strategies. It has been previously reported that
patients with musculoskeletal system disorders have work limi-
tations in all WLQ spheres [11]. Keysor et. al. [12] also note
that disability level is high among people with musculoskeletal
system disorders, and emphasize the need to develop effective
programs of reducing work limitations and preventing disabil-
ity. Besides, there are data on the influence of patient’s psycho-
logical characteristics on the level of work limitations [13]. The
biopsychosocial paradigm is generally accepted. Based on these
data, it seems relevant to study the impact of physical therapy
on the dynamic of work limitations among patients with mus-
culoskeletal disorders, taking into account the type of attitude
to the disease. It is assumed that the results of the study may be
one of the factors shaping the biopsychosocial model physical
therapy. The purpose of the work was determined based on the
considered data and opinions.

Purpose: to determine specificities of work limitation dy-
namic amongst the patients with lower back and lower limbs
musculoskeletal disorders grouped by their psychotypes within
the outpatient program.

Material and methods. The Work Limitations Questionnaire
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(WLQ) measures the degree to which employed individuals
experience limitations on the job due to their health problems
and health-related productivity loss [14-16]. The WLQ has 25
items, aggregated into four scales [14,16]: “Time Management”;
“Physical Demands”; “Mental-Interpersonal Demands”; “Out-
put Demands”. Scale scores range from 0% to 100% and rep-
resent the reported amount of time for the previous two weeks
of the respondents [11,17]. Thus, a higher percentage (score,
index) corresponds to a worse result, i.e. greater work limita-
tions. The WLQ Index Score and WLQ Productivity Loss Index
(WLQ At-Work Productivity Loss Score) were calculated ac-
cording to the guidance [17].

To determine the type of attitude towards the disease, a ques-
tionnaire Type of Attitude towards the Disease was used. It was
developed at the Laboratory of Clinical Psychology at V.M.
Bekhterev Institute [18].

According to the literature data [19,20], which refer harmoni-
ous, ergopathic and anosognostic types of reaction to the “ratio-
nal” ones, patients were divided into G+ group (n=28, rational
types of reaction to the disease) and G— group (n=27, irrational).

Within 2013-2015, the possibility of working with patients
based on the IFC approach and biopsychosocial paradigm (func-
tion and activity disorders) was analyzed. The study involved 55
patients who completed a standard course of physical therapy
during 2013-2015. The criteria for joining the group were the
following codes of the International Classification of Function-
ing, Disability and Health: body structure s740, s750, s760
(s76002 Lumbar vertebral column); body function b710, b715,
b730, b735, b740, b770. The following broad including criteria
are determined by the fact that disorders in these structures affect
locomotor abilities of a person, maintenance of an upright position
and mobility. The patient was included in the study if he/she had
disability in one or two structures. The samples included patients
who had properly completed the questionnaires after signed an in-
formed consent form; worked at least 15 hours per week, did not
have comorbid conditions, and had systematically completed the
entire course. The research was approved by the Institutional Eth-
ics Committee (number 2/2013) and was carried out in compliance
with the international principles of the Helsinki Declaration of the
World Medical Association on ethical norms and rules for conduct-
ing medical research involving human.

A standard course of physical therapy comprised 12-15
classes (40—60 minutes each; therapeutic physical exercises and
mechanotherapy according to the doctor’s prescription), phys-
iotherapy (magnetotherapy, electromyostimulation according to
the doctor’s prescription) and massage (7-8 procedures). Course
duration was 5-6 weeks. Since the study was conducted at the
outpatient stage, after restrictions on physical activity were re-
moved, the emphasis was made on eliminating pain, increas-
ing movement amplitude in the joints, improving balance and
mobility. The methodology of applying these means of physical
therapy varied according to disorder localization, had some dif-
ferences, but common means or approaches to physical therapy
were also selected.
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Table 1. Indicators of work limitations according to the WLQ among orthopedic profile patients grouped by their psychotypes, %

Scales Group G* (n=28) Group G (n=27)
M=+SD Me (25%; 75%) M=+SD Me (25%; 75%)
Time Management 55.0+17.32 60.0 (40.0; 67.5) 71.85+16.94 70.0 (60.0; 90.0)*
Physical Demands 55.8+14.89 54.2 (45.8; 66.7) 59.88+14.30 58.3(50.0; 70.8)
Mental-Interpersonal Demands 50.09+9.24 50.0 (42.4; 57.7) 60.8+9.16%* 61.1(52.8; 66.7)
Output Demands 53.57+15.08 55.0 (40; 63.8) 66.11£15.28 65.0 (55.0; 80.0)*
WLQ Index Score 15.14£3.73 15.4 (11.0; 18.1) 18.4543.66 18.0 (16.1; 21.8)*
WLQ At-WPLS 13.9943.20 14.3 (10.4; 16.6) 16.79+3.04 16.5 (14.9; 19.5)*
notes: G* group— rational psychotypes, G~ group — irrational psychotypes,
WLQ — Work Limitations Questionnaire; At-WPLS — At-Work Productivity Loss Score; *p<0.01
" -
;.; Time Managem ent 16,85
@ Physical Demands 4,08
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Output Demands
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Fig. 1. The difference between the results of the patients grouped by a psychotype in work limitation indicators

All statistical analyses were conducted using SPSS 21.0 pro-
gram (Chicago, IL, USA). Meantstandard deviation (M£SD),
median (Me), upper and lower quartiles (25%; 75%) were mea-
sured. The nonparametric Mann—Whitney U-test and Student’s
t-test was used to determine differences between the groups.

Results and discussion. The average age in G+ group was
43+8.94 years, whereas in G— group it was 42.37+9.31 years
(p>0.05). The share of males was 50% and 45.5%, respectively
(p>0.05). The shares of patients in G+ and G— groups with low
back pain comprised 53.6% and 51.9%, with knee arthrosis
25% and 29.6%, with hip arthrosis — 10.7% and 7.4%, with knee
musculoskeletal injuries — 25% and 25.9%, with hip musculo-
skeletal injuries — 10.7% and 7.4%. No significant differences
between the groups in the distribution of pathology were found.
The study did not include patients with end-stage pathologies.

Initial results of work limitation analysis amongst the patients
grouped by the type of attitude to the disease are presented in
Table 1. While comparing the results of the groups, the existence
of conformity to normal distribution was taken into account.

We should note that no significant difference between the indica-
tors of the groups was observed on the «Physical Demands» scale,
which covers a person’s ability to perform tasks that involve physi-
cal strength, movement, stamina, coordination and flexibility.

The determined statistical differences confirmed the existence of
greater work limitations in the group of patients with irrational psy-
chotypes. Accordingly, the largest difference between the groups
was observed on the scales with determined statistical differences
(Fig. 1). The smallest difference was observed on the “Physical
Demands” scale, taking into account the maximum possible level
of index indicators (WLQ Index — 28.6%, and WLQ At-WPLS —
24.9% with restrictions on all scales on 100% level).

Before considering the specificities of work limitation dy-
namic among the patients with lower body disorders (Table 2),
we should note that all WLQ scales had significant improve-

© GMN

ments during a standard physical therapy course in both groups
(p<0.01). Table 2 presents final M+SD and Me (25%; 75%) in-
dicators; mean change indicator of the groups (Ax); the results
of comparing final indicators taking into account conformity of
distribution of the results to a normal one.

The “Time Management” scale had statistical improve-
ments in both groups: decrease of scale mean values comprised
23.04% and 20.74% in G" and G~ groups respectively (Table
2). Dynamic difference comprised 2.3%, which is 11.1% of the
decrease in G group. At the same time, G* group had no statisti-
cal advantage of Ax indicators (p>0.05). However, statistically
significant differences were determined between final Me (25%;
75%) indicators of the groups in favor of the group with ratio-
nal psychotypes (p<0.01). Difference between final mean values
comprised 19.1% in G" and G~ groups.

Specificities of the “Physical Demands” scale dynamic in G*
and G groups consisted in the fact that the decrease of scale mean
values comprised 24.55% and 20.06%. Decrease difference com-
prised 4.49%, which is 22.4% of the decrease in G~ group. Mean
value dynamic was more pronounced in the group with rational
psychotypes, but the significance of this advantage was not deter-
mined (p>0.05). A statistically significant difference in favor of G*
group was determined between final M+SD results of the groups on
the “Physical Demands” scale, which was not observed in the anal-
ysis of primary results. Thus, M+SD indicators were 31.2+6.76%
in G* group and 39.8+10.03% in G~ group (p<0.01). Difference be-
tween final mean values comprised 8.6%.

According to the results of the statistical analysis, specificities
of the “Mental-Interpersonal Demands” scale dynamic consist-
ed in the fact that the decrease of scale mean values comprised
16.17% and 12.14% in G" and G~ groups respectively. Dynamic
difference comprised 4.03%, which is 33.2% of the dynamic in
G~ group. Therefore, mean value dynamic was more pronounced
in the group with rational psychotypes, but the significance of
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Table 2. Indicators of work limitations according to the WLQ after repeated questioning according
to rational (G*) and irrational (G~) psychotypes, %

Scales Groups M+SD Ax Me (25%; 75%)
. G* 32.0£12.72 -23.04 30.0 (20.0; 35.0)*
Time Management
G 51.1+14.89 -20.74 50.0 (35.0; 60.0)
. G* 31.2+6.76* -24.55 33.3(25;37.5)
Physical Demands
G- 39.8+10.03 -20.06 41.7 (33.3; 45.8)
G* 33.9+4.98%* -16.17 33.3(28.5;38.2)
Mental-Interpersonal Demands
G 48.7+7.40 -12.14 47.2 (44.4; 55.6)
G* 37.5+10.58 -16.07 40.0 (26.3; 40)*
Output Demands
G 51.5+11.67 -14.63 50.0 (40.0; 60.0)
G* 9.89+2.20%* -5.25 9.79 (7.81; 10.81)
WLQ Index Score
G 14.02+2.81 -4.43 13.67 (11.65; 16.31)
G* 9.40+1.98%* -4.59 9.32(7.52; 10.24)
WLQ At-WPLS
G 13.04+2.43 -3.75 12.78 (11.0; 15.05)

notes: WLQ — Work Limitations Questionnaire; At-WPLS — At-Work Productivity Loss Score; *p<0.01

this advantage was not determined (p>0.05). At the same time, a
statistically significant difference in favor of G* group was deter-
mined between final M+SD results of the groups. Thus, M+SD
indicators were 33.9+4.98% in G* group and 48.7+7.40% in G~
group (p<0.01). Difference between final mean values of G* and
G~ groups comprised 14.8%.

The decrease of the “Output Demands” scale mean values
was 16.07% and 14.63% in G and G~ groups respectively. No
statistical difference between Ax indicators was determined. A
statistically significant difference was observed between final
Me (25%; 75%) indicators of the groups: 40 (26.3; 40)% in G*
group and 50 (40; 60)% in G~ group (p<0.01). At the same time,
difference between final mean values of the groups increased
slightly and comprised 14%.

Like the scale indicators, the WLQ Index Score had statis-
tical improvements in both groups (p<0.01). The decrease
of index mean values comprised 5.25% and 4.43% in G* and
G~ groups respectively. Dynamic difference comprised 0.82%,
which is 18.5% of the dynamic in G~ group. It should be noted
that the dynamic of Ax indicators had no statistical advantages
in any of the groups (p>0.05). However, a statistically signifi-
cant difference in favor of G* group was observed between final
M=SD indicators of the groups: 9.89+2.20% in G" group and
14.02+2.81% in G~ group (p<0.01).

The dynamic of WLQ At-WPLS indicator was statistically
significant (p<0.01). The decrease of the scale mean values com-
prised 4.59% and 3.75% in G* group and G~ group respectively.
No statistical difference between Ax indicators was determined
(p>0.05). Dynamic difference comprised only 0.84%, which is
22.4% of the decrease in G~ group. At the same time, a statisti-
cally significant difference was observed between final M+SD
indicators, as in the analysis of the first survey. Thus, M+SD
indicators were 9.40+£1.98% in G* group and 13.04+2.43% in
G group (p<0.01). As a result, difference between mean values
of the groups increased slightly and comprised 3.64%.

Considering dynamic indicators during physical therapy
course, it should be noted that all changes in work limitations
were positive; the most significant absolute quantitative changes
in the groups were observed in the “Physical Demands” and
“Time Management” scales (Fig. 2).
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Fig. 2. The indicators of scale dynamic according to the WLQ
in the groups of patients with rational (G*) and irrational (G")

attitudes to the disease during a physical therapy course

At the same time, the analyzed results of comparing dynamic
between G* and G~ groups are represented in Fig. 3, namely the
results of subtracting the values of G* group Ax indicator from
the values of G~ group Ax indicator. The diagram reflects dy-
namic advantages (with “-” sign) of the group with rational psy-
chotypes over the group with irrational psychotypes.

Time Management

Physical Demands
Mental-Interpersonal Demands -4.03
Output Demands

WLQ Index Score
WLQAt-WPLS

Scales

Advanatage,%
T T 1
0 -1 2 3 -4 -5

Fig. 3. Indicators of an absolute advantage in the work limita-
tion dynamic according to the WLQ of the patients with rational
psychotypes over the patients with irrational psychotypes

According to the results obtained (Fig. 3) the largest absolute
difference in dynamic between the groups was observed on the
“Physical Demands’ and “Mental-Interpersonal Demands” scales.

To get an indicator of a relative advantage of the group with ra-
tional psychotypes in the reduction of work limitations, we calcu-
lated a percentage, which is an absolute advantage (Fig. 3) of the
dynamic value of the group with irrational psychotypes (Table 2).
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The diagram (Fig. 4) reflects relative advantages of the dy-
namic in the groups with rational psychotypes over the dynamic
in the groups with irrational psychotypes.

Time Management

Scales

Physical Demands
Mental-Interpersonal Demands
Output Demands

WLQ Index Score

WLQAt-WPLS

30

13

10 0 2 35
Relative advantage,%

Fig. 4. Advantage in work limitation dynamic according to the
WLQ of the patients with rational psychotypes over the dynamic

of the patients with irrational psychotypes

When comparing the diagrams that represent absolute and
relative advantages, one can immediately notice the change of
indicators with the most significant differences. In particular,
the advantage of index indicators became more pronounced.
Relative advantage in the dynamic of the “Physical Demands”
and “Mental-Interpersonal Demands” scales remained the most
pronounced. This reflects the impact of the type of attitude to
the disease on work limitation dynamic among the patients with
musculoskeletal disorders.

After grouping the patients by the type of attitude to the dis-
ease, a number of significant differences in the indicators of
work limitations were observed. Three scales of work limita-
tions showed better results among patients with rational atti-
tudes to the disease, despite the absence of differences between
the groups in Physical Demands scale. Thus, patients with ir-
rational attitudes to the disease had greater limitations on three
scales, which is a result of peculiar perception of the disease, its
symptoms and assessment of its impact on the working process.

Though being slightly better, dynamic indicators did not regis-
ter any statistical advantages in G* group during physical therapy.
Therefore, the determined statistical differences in the results of the
groups were preserved slightly increasing. These results are impor-
tant for working out an individualized physical therapy program
according to the type of attitude to the disease, improving dynamic
of work limitation indicators, and probably the quality of life.

We did not manage to find any studies of the impact of the
type of attitude to the disease on WLQ indicators. In this way,
the results obtained supplemented the findings of a number of
authors focused on work limitations of the patients with muscu-
loskeletal system disorders.

In particular, Walker [11] report in their survey that patients
with rheumatoid arthritis had work limitations on all WLQ
scales: “Physical Demands” (27.5%), “Mental-Interpersonal
Demands” (15.7 %), “Output Demands” (19.4%) and “Time
Management” (28.6%).

Biiltmann et.al. [13] drew attention in her study to the depen-
dence of WLQ-16 indicators on the level of depressive symp-
tom among injured employees. Participants with high depres-
sion level were found to have worse indicators on the “Physical
Demands” and “Time Management” scales.

Schmidt [21] used the WLQ-25 questionnaire to calculate the
cost effectiveness of physical therapy for patients with muscu-
loskeletal pain. Physical therapy was found to reduce expenses
in the treatment group from an average level of § 3,846 per em-
ployee to § 2,087.
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According to our study, physical therapy is effective in re-
ducing work limitations, which confirms the results of other
researchers stating its role in restorative treatment. Alongside
with the disease severity, the factors increasing the likelihood
of disability include underestimation of physical therapy role
and absence of succession among healthcare institutions [22].

According to Danylova [23], 36.8% of the patients who
had on-the-job injuries fully recovered their working capac-
ity after timely rehabilitation, whereas only 9.1% of them
recovered after an untimely Zeidler [24] concluded that eco-
nomically outpatient rehabilitation is the best alternative as
compared to inpatient one in case of musculoskeletal dis-
cases. Pieber [25] referred sustained improvement of muscle
strength, pain reduction, improved performance and life qual-
ity to the long-term effects of the outpatient rehabilitation
program for patients with chronic low back pain.

Conclusions. The study confirmed the existence of greater
work limitations amongst the patients with irrational psy-
chotypes. The biggest difference between the groups was ob-
served on the “Time Management” scale. All questionnaire
scales had significant improvements during a standard physi-
cal therapy course in both groups. The most significant abso-
lute quantitative changes in the groups were observed on the
“Physical Demands” and “Time Management” scales. The
largest absolute difference between the groups was observed
on the “Physical Demands” and “Mental-Interpersonal De-
mands” scales. These results are important for future de-
velopment of individualized physical therapy programs and
improvement of work limitations dynamic among patients
with irrational attitudes to the disease, since it is necessary
to achieve better dynamic of the indicators among these pa-
tients.

REFERENCES

1. MO3 Vkpainu, Y «YICA MO3 Vkpainu». [lopiuna
JIOTOBI/Ib TIPO CTaH 3J0POB’sl HACEIICHHS, CAHITAPHO-CIIiIEMIYHY
CHUTYAIil0 Ta Pe3yJIbTaTh AiSUIbHOCTI CHCTEMH OXOPOHH 3710POB’sI
VYipainu. 2017 pik. Kuis: MBI «Menindopm»; 2018. 458 c.

2. Lewis R, Gomez Alvarez CB, Rayman M, Lanham-New S,
Woolf A, Mobasheri A. Strategies for optimising musculoskel-
etal health in the 21st century. / BMC Musculoskelet Disord.
2019;20(1):164.

3. ImaroB AB, XantoxoBa IS, Tonmynenko HO. Awnami3 po-
00TH CIY)KOM MEIUKO-COIaTbHOT CKCIIEPTH3H Ta OCHOBHHX
IIOKa3HUKIB epBUHHOT iHBasigHOCTI 32 2018 pik. // YkpaTHChKHI
BICHHMK MeIUKO-comianbHoi excreptusu. 2019;(1(31)):3-9.

4. Bambra C. Health inequalities, work, and welfare. In: Cock-
erham WC, Dingwall R, Quah SR, editors. The Wiley Blackwell
Encyclopedia of Health, Illness, Behavior, and Society. Oxford:
Wiley-Blackwell; 2014. p.989-92.

5. Ellis B, Silman A. Epidemiology: Measurement matters -
making musculoskeletal disease count. / Nat Rev Rheumatol.
2014;10(8):449-50.

6. Soares CO, Pereira BF, Pereira Gomes MV, Marcondes LP, de
Campos Gomes F, de Melo-Neto JS. Preventive factors against
work-related musculoskeletal disorders: narrative review. // Rev
Bras Med Trab. 2020;17(3):415-30.

7. Bhattacharya A. Costs of occupational musculoskeletal
disorders (MSDs) in the United States. // Int J Ind Ergon.
2014;44(3):448-54.

8. Fedorenko S, Vitomskyi V, Lazarieva O, Kashuba V, Andriei-
eva O, Vitomska M, et al. Influence Specificities of the Type

69



of Attitude towards a Disease on Physical Therapy Satisfaction
Among the Orthopedic Profile Patients and the Possibilities of
Attitude Improvement. / Journal of Physical Education and
Sport. 2020;20 (2):896-904.

9. Fedorenko SM, Vitomskyi VV, Lazarieva OB, Doroshenko
EYu, Vitomska MV, Onopriienko IV. Quality of life using the
EQ-5D-5L and the features of its dynamics among the orthope-
dic profile patients in outpatient program of physical therapy. //
Zaporozhye medical journal. 2020; 22 (3), 315-322.

10. Sternberg A, Bethge M. Measuring work functioning in
individuals with musculoskeletal disorders with reference to
the International Classification of Functioning, Disability, and
Health: a systematic literature review. // Int J Rehabil Res.
2018;41(2):97-109.

11. Walker N, Michaud K, Wolfe F. Work limitations among
working persons with rheumatoid arthritis: results, reliability,
and validity of the work limitations questionnaire in 836 pa-
tients. // J Rheumatol. 2005;32(6):1006-12.

12. Keysor JJ, LaValley MP, Brown C, Felson DT, AlHeresh
RA, Vaughan MW, et. al. Efficacy of a Work Disability
Prevention Program for People with Rheumatic and Mus-
culoskeletal Conditions: A Single-Blind Parallel-Arm Ran-
domized Controlled Trial. // Arthritis Care Res (Hoboken).
2018;70(7):1022-9.

13. Biiltmann U, Hogg-Johnson, Lee, Franche, Carnide, Steen-
stra, et al. 33 Measurement Properties of the 16-item Work Limi-
tations Questionnaire among injured workers with musculoskel-
etal disorders - Do depressive symptoms make a difference?
[abstr.] In: 23rd Conference on EPICOH 2013; June 18-21,
2013, Utrecht, The Netherlands. Occup Environ Med 2013; 70
Suppl 1:A11-2.

14. Lerner D, Amick BC 3rd, Lee JC, Rooney T, Rogers WH,
Chang H, et. al. Relationship of Employee-Reported Work Lim-
itations to Work Productivity. // Med Care. 2003;41(5):649-59.
15. Lerner D, Amick BC 3rd, Rogers WH, Malspeis S, Bungay
K, Cynn D. The Work Limitations Questionnaire. / Med Care.
2001;39(1):72-85.

16. Lerner D, Rogers WH, Chang H. The Work Limitations
Questionnaire. // QoL Newsletter. 2002;(28):9-10.

17. Lerner D, Rogers WH, Dulac M. An Author Webinar on the
Work Limitations Questionnaire In: Work Limitations Ques-
tionnaire [Internet]; 2019 June 17; Lyon: Mapi Research Trust;
2019. Available from: https://mapi-trust.org/eventcalendar/au-
thor-webinar-on-the-work-limitations-questionnaire-wlq/

18. Baccepman JIU, Mosnes bB, Kapnosa Ob, Bykc Afl. Ilcu-
XOJIOTHYECKasds AMAarHOCTHKAa OTHOIICHHSA K 60J'le3HH. CaHKT—
[erepOypr: CI16 HUITHU um. B.M.Bexrtepesa; 2005.

19. KanamnukoB HA, Kynuns CH. AcniekTsl B3auMOACHCTBUS
ImanyeHTa u Bpaya, BO3SMOXXHOCTb UX ONITUMHU3ALIUU B MEAULIUH-
ckoif mpaktuke (Yacte 2). / Therapia. YkpaiHCbKHN MEIMYHUIA
BicHuK. 2015;(7-8):36-9.

20. Scherbakova AM, Gudilina ON. The Comparative Charac-
teristics of Attitudes towards the Limited Capabilities of Own
Health in People with Congenital and Acquired Disorders of
Static-Dynamic Functions. // Psychological Science and Educa-
tion. 2010;15(5):77-86.

21. Schmidt J, Schwebach RG. Preliminary trial on the effec-
tiveness of early intervention manual therapy in reducing costs
of presenteeism due to musculoskeletal pain. / The J Health
Prod. 2007;2(1):26-32.

22. Schein RM, Schmeler MR, Holm MB, Pramuka M, Saptono

70

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

A, Brienza DM. Telerehabilitation assessment using the Func-
tioning Everyday with a Wheelchair-Capacity instrument. // J
Rehabil Res Dev. 2011;48(2):115-24.

23. Janunoa HB. CoBeplieHCTBOBaHHE — OpraHU3alUN
BOCCTAaHOBHUTEIILHOTO JICUCHHS M peabMInuTauy paboTaroIero
HacesieHus. // 3apaBooxpaHenue Poccwuiickoit ®denepanmu.
2009; (4): 23-7.

24. Zeidler JJ, Mittendorf T, Vahldiek G, Zeidler H, Merkesdal
S. Comparative cost analysis of outpatient and inpatient reha-
bilitation for musculoskeletal diseases in Germany. // Rheuma-
tology (Oxford). 2008;47(10):1527-34.

25. Pieber K, Herceg M, Quittan M, Csapo R, Miiller R, Wi-
esinger GF. Long-term effects of an outpatient rehabilitation
program in patients with chronic recurrent low back pain. // Eur
Spine J. 2014;23(4):779-85.

SUMMARY

INFLUENCE OF A PSYCHOTYPE OF A PATIENT WITH
MUSCULOSKELETAL DISORDER ON THE DEGREE
OF WORK DISABILITY

Fedorenko S., Onopriienko I., Vitomskyi V., Vitomska M.,
Kovelska A.

National University of Ukraine on Physical Education and
Sport, Department of Physical Therapy and Occupational Ther-
apy, Kyiv, Ukraine

Musculoskeletal diseases significantly impair the quality of
life and work limitation. Purpose: to determine specificities of
work limitation dynamic amongst the patients with lower back
and lower limbs musculoskeletal disorders grouped by their psy-
chotypes within the outpatient physical therapy.

The Work Limitations Questionnaire (WLQ) was used in
the research. The study involved 55 patients who completed a
course of physical therapy.

The data obtained confirmed the impact of the type of at-
titude to the disease on all indicators of work limitations
according to the WLQ, except for the “Physical Demands”
scale. The study confirmed the existence of greater work
limitations amongst the patients with irrational psychotypes.
The biggest difference between the groups was observed on
the “Time Management” scale. All questionnaire scales had
significant improvements during physical therapy in both
groups. The most significant changes were observed on the
“Physical Demands” and “Time Management” scales. The
largest difference between the groups was observed on the
“Physical Demands” and “Mental-Interpersonal Demands”
scales.

After grouping the patients by the type of attitude to the dis-
ease, a number of significant differences in the indicators of
work limitations were observed. Though being slightly better,
dynamic indicators did not register any statistical advantages in
group rational psychotypes during physical therapy. These re-
sults are important for working out an individualized physical
therapy program according to the type of attitude to the disease,
improving dynamic of work limitation indicators, and probably
the quality of life.

Keywords: musculoskeletal system, injury, recovery, physi-
cal rehabilitation, therapeutic exercises, functioning.
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PE3IOME

BJIMAHUE NICUXOTHUIIA TAHUMEHTA C HAPYIHEHUMEM OITOPHO-IBUT'ATEJIBHOI'O AIITTIAPATA
HA JMHAMMKY OIT'PAHMYEHUI TPYIOCIIOCOBHOCTH

®enopenko C.H., Ononpuenko U.B., Butromckuii B.B., Butomckass M.B., KoBeibckas A.B.

HayuonanvHwlil ynusepcumen usuiecko2o 60CRUMAaHUs u Cnopma YKpaumol,
Kagheopa duzuueckoti mepanuu u speomepanuu, Kues, Yxpauna

3aboneBaHnsl OMOPHO-BHTATEILHOTO almapara yXyAllaloT
Ka4eCTBO JKM3HH M OTPAaHHYHMBAIOT TPYAOCHOCOOHOCT.

Ilenp McclenOBaHUS - ONMPENETINTh CHEUUGUKY THHAMUKH
OrpaHUYeHUil TPYAOCIOCOOHOCTH Ha MPOTSHKEHUH amOynarop-
HO#1 iporpaMmbl (HU3HUECKO Tepariu y MalMeHTOB C HapyllIe-
HHSIMH OTIOPHO-JIBUTATEIIBHOTO arapaTa B HIKHEH YacTH CIHu-
HbI U HIKHUX KOHEYHOCTSIX, OTHOIICHHS K OOJIE3HH.

B nccre10BaHUH HCTIONB30BAJICS OMPOCHUK 110 OTPAHHYCHUIO
paborocniocobnoctr (OOP), KOTOpBI COCTOMT M3 25 IyHKTOB,
00BEIMHEHHBIX B YETHIPE MIKAJIBL: « YIIpaBlIeHHE BpeMeHeM»; «Du-
3U4ecKkhe TpeOOoBaHMsY; «MEHTAIBHO-MEKIIMYHOCTHBIC 3aIpo-
cbI»; «Crpoc Ha TPOMYKIMIO». 55 MAIeHTOB, MPOIIESAIINX Kypc
(u3IIecKoil Tepanmy, ONpoIIeHs! ¢ uerons3oBanueM OOP.

ITonyueHHbIC JaHHBIC TOKA3aJM BIMSHHE TUIA OTHOLICHUS K
3a00JICBaHUIO Ha BCE MOKA3aTeNH OrPaHUYCHUH TPYHIOCHoco6-
HOCTH, KpoMe MiKaibl «Pusndeckre norpedHocTy». Hccneno-
BaHHUE TOATBEPINIIO HAIUYHE OOJee Cepbe3HBIX OrpaHUYCHUIH
B paboTe y MAI[MEHTOB C HMPPALMOHAIBHBIMH TNCHXOTHUIIAMH.

HawnGonbmas pasania Mexxmay rpymiaMu HaGIroaanach Mo mka-
ne «YmpapieHHe BpeMeHeMm». B obenx rpymmax Bce MIKabl
OINIPOCHUKA ITOKA3aJIM 3HAYUTENHHOE YIydIIeHHe MOCie Kyp-
ca ¢msmyeckoil Tepanmu. Hanbonee 3HauMTENBHBIE H3MEHE-
HUS Habmoamics 1o mkanaM «dusmdeckne noTpedGHOCTH» U
«YnpasieHue BpeMeHeM». Hanbombast pa3HuIia MEKIy IpyI-
naMu HaOJTIofanach no mxainam «dusudeckne NOTpeOHOCTH» U
«MeHTaTbHO-MEXINIHOCTHBIC TOTPEOHOCTIY.

[Mocne TpynmMUPOBKY MAaMEHTOB 10 THITYy OTHOIICHHS K 3a-
00NIeBaHMIO BBISIBIICH PsIJ 3HAUYMMBIX PA3INYUi B ITOKA3aTEIsX
orpannueHni padorocnocodHocTr. HecmoTps Ha TO, 9TO MOKa-
3aTeNy AMHAMUKH OBUTH JIydIlle, CTaTHCTHYECKUX ITPEHMYIIIECTB
JTMHAMUKY B TPYIIE C PAI[HOHAIBHBIMH IICHXOTUIIAMHA Ha (hOHE
¢u3mdeckoii Tepanuy He 3adUKCHPOoBaHO. [TomydeHHbIC Pe3yiTh-
TaThl 3HAYNMBI U pa3pabOTKH MHIWBUIYAIBHOH IPOTPAMMEI
(u3udIecKoil Tepanuyu B COOTBETCTBUH C THIIOM OTHOIICHHS K
Oone3Hn, YIydlleHWs IUHAMHUKH IIOKa3aTesiedl OrpaHHIeHHs
TpyZa 1, BO3MOXKHO, KaueCTBA KU3HH.

@ 9boydg

Loy gb-353mdMsggdgemo o3s@s@ols wodmgggol 3Jmbg 35:3096@ 0L
Bbodm@o 3ol aogagbs dOmIoliygbs@mosbmbols dgbmeywogols @obsdogoby

1.9 96 3m, 0.06M309b3m, 3.50¢™3L 30, d.50FMIL 3505, o.30mgge s go0s

9305060l Bobo o seb@EolLs ©s L3m@E0L gAhmgbymo gboggdlodgdo,
R0b0g1Y00 0g@s300l ©s gHAMMIAS300l oMM, 30930, 13A>06

3320930L obobl [omImowagbws dOMI0oLybodosbm-
40l Ygboygogol ©obsdogol b3gzogogzol asbbsbmgds
B0bogydo  mg@sdool  s3dges@mmoygmo  3Gmy@sdols
30900bsMgmdol gobdsgenmdsTo 353096¢gdTo Loyt wgb-
359mdM 539090 535MoB 0l obosbgdgdom bydaols Jg9-
©> bofogls s Jggos oy®gddo ©osgsmgdgdolswdo
530 300gd9e go0l Lbgowslibgs Godol xaygngddo.

339350 aodmygbgdymos  gombge®o  dAMIoliybe-
®056mb0ls  Igbwyegolmsb  ©sgogdomgdom, @mIgeno3

dm03ogL 4 bgogam gog@mosbgdyga 25 396J@L: “o@mols
dodmgo”, “gobogy@o  dJmmnbmgbgdo”, “dgb@omy®-0b@gH-
3galmbsgnyg@o Immbemgboa gdgdo”, “dmmbmgbs 3Gmweyd-
305bY”. 53 gombgo®ols Jobgogom gsdmogzombs 55 3s0-
9630, OMdgeomsi 3o00Mgl Bobogydo mg@adools 3@ Lo.

domgdygamo  Jgegagdom  asdmgmobps  ©ssgs©gdo-
Lowdo @sdmyoegdgagdol Godol aogmgbs d@mdols-
965005bmbols gbwygol gggams dohggbgdganby,aod@s
“g0bogyo domnbmgbgdols”. 339300  oEsLEYG©S
d9domdsdo LgHombymo Jgbwyoggdol sOLgdmds 3o-
(309609030 0dsizombsgnyg@o  gloJmEodom. xy9ngol
Yo@ol  gggamsbg @owo  goblbgoggds s@obodbs 1 go-

© GMN

oo “EAmol doMmgs”. mdogg x39gndo gobogydo
0g@s300L 39@lLol Jgdgy gombgsmol yggms Lgoaols
dobggon aodmgamobps  360dgbganmgsbo  yodxmdg-
Lgos. yggersbyg godmbo@ymo gmomgdgdo smobodbs
Lgoggdomn “gobogygo dmnbmgbgdo” s “w@mol dom-
035", Xa989oLb dmdol yggasby wowo goblbgoggds
>00b0dbs  Lgoggdomn  “gobogygdo  dmnbemgbgdo” s
“096@ @ 9®-0b@ 9H 39O Lmbsgnyy@o dmmbmgboagdgdo”.

3530963 gd0l woxa9ngdol Jgdoymd ©ssgowgdolsw-
do @sdmgowgdygagdols Jobgogomn dOHmdolybodosbmdols
‘Ygbegogol dshggbgomgol dm@ol godmgmobos @ogo
d60dgbgarmgobo  aoblbgoggdsbo.  doybgosgs  0dobs,
M3 ©obsdogols dshggbgdargdo gz9mgbo 0ym, Go3z0mbe-
g@o gloJmdodgdol xa9ando gobogy®o mg@sdool
Rmbbg  LAHsGoLBZYM0  Y30@sBgbmdsbo  ©obsdogsdo
o ogoJlods. Jomgdyeo Jgogagoo 3b0dgbganmge-
bos gobogy®o mgHsdools 0bLogoEy®o, ssgswgdolisw-
do odmgogdygegdol Godol dglsdsdolbo, 3Gmy@dsdols
‘999 oggdobomgols  dOMIoLybos@osbmdol  dgboywgols
©0bsdogol  dohggbgdengdol s, dgbsderms, LogmEmb-
ol bodolbols gogdxmdglgdolomgob.

71



MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

ROLE OF THROMBODYNAMICS GLOBAL COAGULATION TEST IN IMPROVING TREATMENT
RESULTS IN PATIENTS WITH CORONAVIRUS INFECTION AT A COVID-19 HOSPITAL

Krylov A., Khorobrykh T., Petrovskaya A., Khmyrova S., Agadzhanov V., Khusainova N.

First Moscow State Medical University 1. M. Sechenov (Sechenov University), Russian Federation

In December 2019, a new coronavirus (SARS-CoV-2) caused
an outbreak of a potentially dangerous infection [1], defined by
the World Health Organization (WHO) as — COVID-19 (“Coro-
navirus disease 2019”). The most common clinical manifesta-
tion of a new variant of coronavirus infection is bilateral pneu-
monia (viral diffuse alveolar injury with microangiopathy), in
3-4% of patients the development of acute respiratory distress
syndrome (ARDS) was registered. Hypercoagulative syndrome
with thrombosis and thromboembolism is developed in a sig-
nificant proportion of patients, other organs and systems also are
affected (central nervous system, kidneys, liver, gastrointestinal
tract, endocrine and immune systems), sepsis and septic shock
may develop [2].

Gradual increasing inflammation in patients leads to an over-
straining of their immune system, a sharp increase in the produc-
tion of cytokines that stimulate the development of infiltrative
fibrosis, exudative damage to lung tissue, desquamation of lung
epithelial cells with loss of alveolar airiness [3]. This condition
is more like the development of alveolitis than true pneumonia,
the alveoli “sink™, and the lungs lose their ability to exchange
gas. The lung tissue becomes airless, with expressed edema and
areas of atelectasis [4].

SARS-CoV-2 uses the angiotensin converting enzyme re-
ceptor 2 (ACE2) which expresses at high levels in the lungs,
kidneys, gastrointestinal tract, liver, vascular endothelial and
arterial smooth muscle cells. COVID-19 is a multisystem in-
flammatory syndrome, as all these organs and systems are po-
tential targets for SARS-CoV-2 infection [5-7]. Therefore suc-
cessful treatment of COVID-19 is possible only with the use of
combination therapy, including the use of typical multi-purpose
drugs. Taking into account that COVID-19 is a serious threat for
worldwide, it is necessary to find new effective schemes for its
prevention and treatment.

Another feature of coronavirus infection is an significant
prothrombotic (procoagulative) status, accompanied by a large
number of thrombotic events, especially venous thromboem-
bolic complications (VTEC) [8,9]. Later, this phenomenon was
named “COVID-19-associated coagulopathy”. [10].

It is assumed that various mechanisms underlie prothrombotic
changes in COVID-19. These are disseminated intravascular co-
agulation (DIC), pulmonary intravascular coagulopathy (PIC)
or microvascular COVID-19 lung vessels obstructive throm-
boinflammatory syndrome (MicroCLOTS), secondary hemo-
phagocytic lymphohistiocytosis, thrombotic microangiopathy
(TMA), and endotheliitis [11,12].

Coagulopathy with a predominance of the hypercoagulative
phase of DIC-syndrome is a key link in the development and
advance of COVID-19-associated pneumonia. Disseminated in-
travascular coagulation syndrome accompanies clinical advance
from systemic inflammation response syndrome to severe sepsis
and septic shock. In turn, the advance of DIC leads to multiple
organ failure, which is associated with high mortality rates [13].

The main laboratory markers of coagulopathy are D-dimer
level, prothrombin time (PT), number of thrombocytes, and
changes in fibrinogen concentration. The concentration of D-
dimer in the blood is an important biomarker for predicting the
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severity of coronavirus infection in patients with COVID-19,
which is important for suspected thromboembolism. There is
evidence that if a patient with COVID-19 has a high level
of D-dimer on admission to the hospital, the risk of death
increases [14]. According to the results of a number of stud-
ies, patients with COVID-19 had a worse prognosis if they
showed signs of hypercoagulation (prolonged PT, APTT, in-
creased levels of D-dimer and other fibrin breakdown prod-
ucts, while the antithrombin activity was lower than the ref-
erence values) [15,16]. The D-dimer is commonly used to
confirm or eliminate thrombotic processes, such as deep vein
thrombosis or pulmonary embolism [17].

However, local coagulation tests can only assess the activ-
ity of individual parts of the hemostatic system and detect a
significant deficiency of factors (over 40%), but they have low
sensitivity and are not able to give information about the general
hemostatic state of the blood. Global coagulation tests (throm-
bin production test, thromboelastogram, thrombodynamics test)
provide an integral picture of the changes in the coagulation sys-
tem, taking into account all possible factors of influence.

The aim of the study was to evaluate the effectiveness of the
global coagulation thrombodynamics test for monitoring and
correcting the hemostasis system and to improve the results of
complex treatment in patients with SARS-CoV-2 in the COVID
hospital.

Material and methods. From April 2020 to December 2020,
245 patients between the ages of 27 and 89 with SARS-CoV-2
associated pneumonia were treated on the basis of the Univer-
sity Clinical Hospital No. 4 of the First Sechenov Moscow State
Medical University (Sechenov University) of the Ministry of
Health of the Russian Federation. The average age of the pa-
tients was 56.7+4.2 years. The gender distribution was as fol-
lows: 132 (53.9%) male patients, 113 (46.1%) female patients.
The vast majority of patients (167 - 68.2%) at the time of admis-
sion had one or more comorbidities that worsen the course of
COVID-19 associated pneumonia.

According to Table 1, the most common comorbidities were:
cardiac diseases, obesity and diabetes mellitus. The majority of
patients have two or more comorbidities.

All patients were examined clinically, instrumentally and us-
ing laboratory tests. The severity of fever (an increase in body
temperature above 37.5 C) was assessed at admission and during
treatment, and the level of respiratory failure was determined
using a pulse oximeter (SpO,).

Upon admission all patients underwent a PCR test. The
volume and nature of changes in the pulmonary parenchyma
against the background of viral pneumonia were evaluated
according to results of computed tomography, which was per-
formed at admission, repeated every 7 days, as well as with
the deterioration of the patients’ condition (increased respira-
tory failure, decreased saturation level). In accordance with
the Order of the Ministry of Health of the Russian Federa-
tion, the severity of viral pneumonia was assessed as CT-2
(more than 3 foci or areas of induration by the type of frosted
glass < 5 cm in maximum diameter, involvement of the lung
parenchyma 25-50%); CT-3 (induration of the lung tissue by
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the type of frosted glass in combination with foci of consoli-
dation, involvement of the lung parenchyma 50-75%); CT-4
(diffuse induration of the lung tissue by the type of “frosted
glass” and consolidation in combination with reticular chang-
es, involvement of the lung parenchyma > 75%).

Among the laboratory parameters, lactate dehydrogenase
(LDH) was particularly distinguished as a sign of lung tissue
destruction, C-reactive protein (CRP), interleukin-6 (IL-6)
levels, and the severity of leukopenia and lymphopenia as
factors of unfavorable prognosis. Assessment of the hemo-
static system in hospitalized patients was performed daily us-
ing local coagulation tests (LCT), including APTT, PT, TT,
PTI, INR, Fibrinogen, and D-dimer. From the global coagula-
tion tests, an integral coagulation thrombodynamics test was
used, which was performed on the 1%, 7" and 14" days 2-3
hours before the next injection of heparin. The main indica-
tors of the thrombodynamics test were: Tlag (lag time, delay
time of the beginning of the formation of a fibrin clot), V
(clot growth rate), Tsp (time of the emergence of spontaneous
clots), D (density of the fibrin clot).

All participating in the study patients were divided by simple
randomization into 2 groups that were comparable in terms of
gender, age, comorbidities, severity of viral pneumonia, and
general condition. The first group included 117 (47.7%) pa-
tients, their state of the hemostatic system was assessed and its
disorders were corrected using local coagulation tests. The sec-
ond group included 128 (52.3%) patients, for them, in addition
to local coagulation tests, an integral coagulation test was used
- the thrombodynamics test- to assess and correct the state of
the hemostatic system. Assessment and correction of hemostasis
were performed at the control points (1%, 7%, 14" day) of the
study, and more often if necessary.

Treatment of all patients with coronavirus infection was
carried out comprehensively in accordance with the tempo-
rary methodological recommendations of the Ministry of
Health of the Russian Federation [2]. Drug therapy included
Hydroxychloroquine+azithromycinormefloquine+azithromycin
or Lopinavir/ritonavir+recombinant interferon beta-1b. Accord-
ing to vital indications, due to an uncontrolled immune response,
58 (23.7%) patients of both groups were injected drugs based on
monoclonal antibodies that inhibit interleukin-6 (IL-6) receptors
once. In parallel, all patients with comorbid pathology received
appropriate treatment.

Taking into account the use of hydroxychloroquine, which
has cardiotoxicity, all patients were monitored daily by ECG to
exclude the development of disorders of the cardiovascular sys-
tem. Laboratory monitoring of the main blood parameters in all
patients was carried out at the time of their admission to the hos-

pital and in the future, as necessary, in the course of treatment.

According to the temporary guidelines of the Ministry of
Health of the Russian Federation [2], all patients were pre-
scribed anticoagulant therapy with low-molecular-weight
heparins (enoxaparin sodium) in preventive doses - 40 mg/
day subcutaneously in the anterior abdominal wall, and tak-
ing into account the data of the thrombodynamics test, the
dose of anticoagulants was increased to 80-160 mg/day (40
mg or 80 mg 2 times a day). The daily dose of LMWH was
adjusted according to the patient’s weight, laboratory data,
and the presence of comorbidities.

The main points of the study were the time of admission of
the patient to the hospital (1 point), the 7% day of treatment (2
point) and the 14" day — (3 point). The thrombodynamics test
was performed in group 2 patients at point 1 before the first in-
jection of LMWH, then at points 2 and 3. In the first group, the
thrombodynamics test was performed only at point 3.

Statistical data processing was performed using the SPSS
program for Windows, version 17. The results are presented
as an averagetstandard deviation. The differences between
the groups were analyzed using a bilateral Student test for
normally distributed data. The statistically significant value
was assumed to be p<0.05.

Results and discussion. At the time of admission to the clin-
ic, the general condition was stated as severe in 212 (86.9%)
patients, the condition of moderate severity - in 33 (13.1%)
patients. No patients needed artificial lung ventilation (ALV).
Standard O, therapy was prescribed to 215 patients, noninvasive
ventilation of lungs (NIVL) - to 30 patients.

A positive result of treatment was established with a positive
dynamics of the patient’s condition, a decrease in the area of
lung tissue damage, normalization of laboratory parameters,
including a decrease in the level of D-dimer when he was dis-
charged from the hospital. A negative result of treatment was
determined when the patient’s condition worsened, viral pneu-
monia progressed according to CT data, respiratory failure in-
creased (SpO, level decreased), the patient was transferred to
ALYV, and in the case of a fatal outcome of the disease.

The results of patients’ treatment in the first and second
groups were different. The dynamics of the main clinical indi-
cators against the background of treatment in patients of both
groups is presented in Table 2.

Table 2 data shows that both groups were comparable in clini-
cal symptoms and severity of the disease at the time of treatment
initiation.

The dynamics of the CT data of lungs and of the severity of
the patient’s conditions in both groups during observation are
presented in Figures 1 and 2.

Table 1. Comorbidities in patients with SARS-CoV-2 (n=245)

Number of patients
Comorbidities
Abs. %
Cardiac pathology 121 49.5
Oncological diseases 36 14.6
Type 2 diabetes mellitus 96 39.2
Obesity 102 41.7
Pulmonary diseases 40 16.2
Atherosclerosis 34 13.9
© GMN 73
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Table 2. Dynamics of clinical indicators in patients of both groups

Fig. 1. Dynamics of lung injury area based on CT scans

Positive dynamics of clinical symptoms was detected 1.8 times
more often in patients of the 2-nd group than in the 1-st group
(p<0.05). Fever and shortness of breath in the 2-nd group decreased
faster, the SpO, index recovered more rapidly, especially in patients
with severe hypoxia (with SpO,<90), the number of patients with
moderate and severe severity to the third point of the study in the
2-nd group was 1.8 times less than in the 1-st group (p<0.05). The
number of patients with severe lung lesions (CT-3 and CT-4) by the
third point of the study was detected in the 2-nd group 3.2 times less
often (p<0.01) compared to the 1-st group.

The number of deaths by the end of the study in the 1-st group
exceeded the indicators in the 2-nd group by 3.3 times (p<0.01),
and all these patients have the lung lesion area corresponded to
CT-4 stage.

Most of the patients (183 patients) were discharged on the
14%-15™" day for outpatient follow-up treatment with recommen-
dations, so the study was completed at the 3™ point. The remain-
ing patients continued inpatient treatment and were discharged
at a later date. Average bed-day in the 2-nd group (15+1.6 days)
was by 1.6 times shorter than in the 1-st group (24+7.2 days).
Hemorrhagic complications were not registered, despite the
therapeutic doses of LMWH in patients of 2-nd group.
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" . . " . .
At the time of admission The 7" day of inpatient The 14" day of inpatient
Amount treatment treatment
Clinical Group 1 Group 2 Group 1 Group 2 Group 1 Group 2
aspects (n=117) (n=128) (n=109) (n=123) (n=102) (n=123)
Fever, °C 117 (100) 128 (100) 76 (69.7) 18 (14.6) - -
Dyspnea 102 (87.2) 109 (85.2) 98 (89.9) 54 (43.9) 34 (33.3) 13 (10.5)
<90 24 (20.5) 22 (17.2) 49 (44.9) 18 (14.6) 17 (16.7) -
Sp02, % <95 83 (71) 89 (69.5) 42 (38.5) 66 (53.7) 34 (33.3) 10 (8.2)
More than 95 10 (8.5) 17 (13.3) 18 (16.6) 39(31.7) 51(50.0) 113 (91.8)
CT1 - - 7(6.4) 24 (19.5) 38 (37.2) 68 (55.3)
CT2 85 (72.6) 90 (70.3) 64 (58.7) 61 (49.6) 35(34.4) 44 (35.8)
CT3 32(27.4) 38(29.7) 28 (25.7) 30 (24.4) 22 (21.6) 11 (8.9)
CT4 - - 10 (9.2) 8(6.5) 7 (6.8) -
Severity of Mild degree 6(5.5) 14 (11.4) 71 (69.6) 102 (82.9)
patient’s Moderate degree 13 (11.2) 20 (15.6) 31 (28.4) 56 (45.5) 17 (16.7) 16 (13.0)
condition Severe degree 104 (88.8) 108 (84.4) 72 (66.1) 53 (43.1) 14 (13.7) 5@4.1)
Fatal outcome - - 8 (6.8) 5(.9) 7(6.4) -
100,0% -
90,0% -
80,0% -
70,0% -
mcTa 60,0%
50,0% 1 M Severe
ECT3
40,0% ® Moderate
mCcT2
30,0%  Mild
mcT1 zoJo% ]
10,0%
0,0% -

Fig. 2. Dynamics of severity of patient’s condition

The results of the hemostasis state of patients of both
groups against the background of the treatment are presented
in Table 3.

According to Table 3, all 245 patients at admission (1
point) had a high level of D-dimer, that was regarded as a
state of hypercoagulation and was required the appointment
of anticoagulants. At the same time, the dependence of D-di-
mer level on the area of lung damage was revealed. The level
of D-dimer was higher in patients with a large percentage of
lung tissue damage.

In 98 (83.8%) patients of the 1-st group at admission (1
point), moderate hypercoagulation was indicated by a num-
ber of LCT data, in particular, a decrease in PT, an increase
in PTI and fibrinogen. In group 2, the thrombodynamics test
confirmed the state of hypercoagulation at the time of admis-
sion in all 128 (100%) patients. At the same time, 50 of them
(39%) showed expressed hypercoagulation with the forma-
tion of spontaneous clots. Taking into account the data ob-
tained during the thrombodynamics test, all patients in this
group were prescribed therapeutic doses of LMWH (78 pa-
tients - 80 mg/day (40 mg 2 times a day), and 50 patients
- 160 mg/day (80 mg 2 times a day).
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Table 3. Results of the state of hemostasis in both groups of patients

o . . " . .
At the time of admission The 7™ day of inpatient The 14™ day of inpatient
Reference treatment treatment
Indicator
values Group 1 Group 2 Group 1 Group 2 Group 1 Group 2
(n=117) (n=128) (n=109) (n=123) (n=102) (n=123)
INR 0.8-1.3 1.0+0.5 0.9+0.57 1.1+0.2 1.25+0.3 0.8+0.1 0.9+0.5
PT 11-16 sec 6+2.4 9+2.7 10+1.1 12+1.17 1442.6 17+0.5
PTI 80-120% 120+5.8 121+5.7 101+£2.8 82+2.7 83+1.2 65+1.2
TT 14-21 sec 14+0.9 13+0.8 17+1.4 20+1.4 2140.7 224+0.9
APTT 25-39 sec 23+0.3 22+0.45 37+1.7 37+2.8 40+0.3 43+0.5
Fibrinogen 1.8-3.5 g/l 4.6+0.7 4.3+0.9 3.7+0.5 3.3+1.3 3.5+0.3 3.1+0.2
D-dimer t0 250 ne/ml 2377+ 2671+ 1714= 1672+ 1043+ 983+
) up & 979.385 1030.125 573.779 628.757 415.287 292.975
Tlag 0.6-1.5 min 0.68+0.26 0.9+0.24 0.94+0.31 1.16+0.23
Thrombo- V | 20-29 mkm/ min 31.85+2.54 18.08+3.12 3243.8 16.84+2.43
dynamics | Tsp >30 min 22.57+3.26 >30 2922435 no
fest b | 1500032000 34585+ 27769+ | 33164k ]
c.u. 3229.25 3925.36 3641.52

On the 7" day of complex therapy (point 2) according to the
D-dimer level, all patients of both groups remained in a state of
hypercoagulation. While other LCT in the 1-nd group patients
determinated moderate hypo - or normal coagulation in all cases
but in despite of treatment 10 patients noted a deterioration in
their condition (increased of dyspnea, decreased oxygen satura-
tion, etc.). In 8 (6.8%) patients to the 2™ control point, against
the background of negative dynamics of the condition, fatal out-
comes were noted.

At the same point, all 123 patients in the 2™ group were in a
state of normal and hypocoagulation, according to LCT data.
At the same time, despite the positive dynamics of the D-
dimer level, it remained increased in all patients. The integral
thrombodynamics test showed that the majority of patients
(93-75.6%) were in a state of moderate hypo - and normal co-
agulation. In 25 (20.5%) patients, a state of moderate hyper-
coagulation (expressed in excess of the V index to 32-33 mi-
crons/min) was detected, and in 5 (3.9%) patients - expressed
hypercoagulation with the formation of spontaneous clots.
They showed negative dynamics of treatment (progression
of respiratory failure, decreased oxygen saturation, transfer
to artifical lung ventilation), which could be associated with
the progression of viral pneumonia. They adjusted the thera-
peutic dose of LMWH. By the 2" point of the study, 5 deaths
were noted in group 2 (3.9%).

120 Tiz
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Fig. 3. Coagulation state of patients according to Thrombody-
namics test on 14" day of treatment

© GMN

By the 14" day of inpatient treatment (point 3), all 102 pa-
tients of group 1 were found to have hypo-and normal coagula-
tion, while the increased D-dimer level remained in all patients.
However, the use of the integral global thrombodynamics test
revealed a state of hypercoagulation in 64 patients of this group
(including 26 patients preparing for discharge from the hospital);
with the emergence of spontaneous fibrin clots in 11 patients, a
state of normal coagulation was detected in 22 patients, and only
16 patients were in a state of moderate hypocoagulation (Fig. 3).

The majority of patients in the 1** group (71 patients — 60.7%)
with positive treatment dynamics were discharged for outpatient
follow-up treatment on the 14" -15" day. Everyone was recom-
mended to take preventive doses of oral anticoagulants (OACs)
for up to a month. The data obtained by the thrombodynamics
test allowed recommending prolonged use of anticoagulants to
26 patients. Negative dynamics of treatment by the 14" day was
found in 38 patients of this group. They continued to be treated
in a hospital. In 31 patients, the dose of LMWH was adjusted
taking into account the data of the thrombodynamics test, which
helped to improve their condition and further discharge for out-
patient follow-up treatment. By the 3™ point of the study, 7 pa-
tients of the 1-st group had a fatal outcome. The overall mortal-
ity rate in the first group of patients was 15 (12.8%) cases.

On the 14" day of inpatient treatment in 112 patients of the
2-nd group, according to the thrombodynamics test, a state of
hypocoagulation (V<20 microns/min) was detected, and accord-
ing to LCT - in all patients, however, the level of D-dimer again
remained increased in all patients. All 112 patients had the posi-
tive results of treatment, and they were discharged for outpa-
tient follow-up treatment with recommendations for taking oral
anticoagulants (OACs) in the recommended therapeutic doses
for three months. Other 11 patients with status of moderate hy-
percoagulation (V>30 microns/min) according to the thrombo-
dynamics test, were continued treatment in the hospital due to
the severity of the disease. Later, all of them were discharged
for outpatient follow-up treatment with recommendations for
prolonged (up to 3-6 months) taking of OACs. The mortal cases
during last period in this group were not registrated.

Thus, the results of treatment of patients in the group with
hemostasis control using the global coagulation thrombody-
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namics test were statistically significantly better. The number
of patients who passed during treatment to a more severe stage
of the disease in the 2-nd group was by 1.8 times less than in
the 1-st group (p<0.05), the number of deaths was by 3.3 times
less (p<0.01), the number of patients with severe lung lesions
(CT-3 and CT-4) by the third point of the study was detected in
the 2-nd group by 3.2 times less often (p<0.01) compared to the
1-st group. Average bed-day in the 2-nd group patients (15+1.6
days) was by 1.6 times shorter (p<0.05) than in the 1-st group
(24+7.2 days). The dynamics of regression of the D-dimer level
was much more noticeable. At the same time, the dependence
of the negative dynamics of treatment of patients with COVID
infection, including fatal outcomes, on the detected hypercoagu-
lation, determined by the integral coagulation thrombodynamics
test, was established.

Despite the use of the developed treatment regimens for pa-
tients with coronavirus, the results of therapy are far from ideal.
The significant amount of severe forms of the disease and a high
mortality rate are actual . The study showed the need for a com-
prehensive approach to the treatment of each patient, taking into
account their individual characteristics, the state of hemostasis
and comorbidities.

Hospitalized patients with confirmed coronavirus had differ-
ent comorbid status. The presence of diabetes mellitus, cardio-
vascular pathology, metabolic syndrome, etc. initially worsened
the prognosis of treatment, both for the pathology they had and
for the COVID infection that had joined. These patients reacted
worse to treatment, showed negative dynamics of the course
of the disease, more often moved to a more severe form of the
disease, more often needed non-invasive ventilation of lungs
(NIVL) and ended up on a ALV, and as a result, more patients
were added to the numbers of fatal outcomes of treatment.

The so-called “cytokine storm” that develops in the patient’s
body is a consequence of the simultaneous avalanche-like acti-
vation of multidirectional proteases, the kinin-kallikrein system,
as well as pro- and anti-inflammatory cytokines, primarily the
pro-inflammatory cytokines interleukin-1 and interleukin-6 in
the blood of patients with COVID-19. To suppress the “cyto-
kine storm”, monoclonal inhibitors of interleukin-1 and inter-
leukin-6 are used, steroid hormones are used as immunosup-
pressive agents, but all of them have a narrow range of clinical
applications and it is more justified at the beginning of the devel-
opment of the “cytokine storm”.

It is not unreasonable to assume that the deterioration of the
patients’ condition is a direct consequence of microcirculation
disorders both in the lung tissue and in the periphery, which are
prolonged by hypercoagulative syndrome and microthrombosis
of arterioles and venules. In turn, hypercoagulative syndrome is
directly associated with the development of a “cytokine storm”,
with the effect of the virus on the vascular endothelium, causing
their thrombosis — thrombosis of small lung vessels is confirmed
by autopsy data [18]. Autoimmune inflammation of the vascular
endothelium with typical microthrombosis in the kidneys, in-
testines, heart, etc. was proven. It is the development of coagu-
lopathies already in the early stages of COVID-19 that allows
attributing this disease to prothrombotic conditions that require
active anticoagulant therapy.

The concentration of D-dimer in the blood is the second im-
portant biomarker of great importance in the case of suspected
venous thromboembolism (VTE). Some recent studies show
that if a patient with COVID-19 has a high level of D-dimer
when admitted to the hospital, then the risk of death increases
[19]. An increased concentration of fibrinogen and D-dimer
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in the blood of patients activates hypercoagulation. It is these
indicators that are useful in assessing the severity of a patient
with SARS-CoV-2 and are usually used to diagnose or exclude
thrombotic processes, such as deep vein thrombosis or pulmo-
nary embolism (PE).

In almost all patients admitted to the clinic with confirmed
SARS-CoV-2, standard laboratory parameters reflecting the
state of the hemostatic system were within the reference val-
ues, while increased, sometimes to high numbers, D-dimer val-
ues were detected. Based on the increase in this indicator, all
patients were diagnosed with hypercoagulation and were pre-
scribed anticoagulants. This is practically justified and appropri-
ate, taking into account the peculiarities of the pathogenesis of
COVID infection. However, it is necessary to take into account
the fact that the D-dimer level indicator is highly sensitive to
any inflammatory process in the body, with very low specific-
ity. In each patient with COVID-pneumonia, in response to the
developing massive inflammation in the lung tissue, the level of
D-dimer sharply increases, and its values depend on the area of
lung damage and the severity of the patient’s condition. In these
circumstances, there is no complete confidence in the quality of
the definition of hypercoagulative syndrome based on the data
of the D-dimer level alone. This is confirmed by the dynamics of
the D-dimer level against the background of anticoagulant ther-
apy in patients with COVID-pneumonia. A gradual decrease in
the values of the D-dimer, while maintaining a sufficiently high
reading, even in the presence of normal coagulation detected by
the global thrombodynamics test, may indicate that this indica-
tor is maintained by the inflammatory process in the lungs.

It should be understood that the D-dimer is not a harbinger,
but an indicator of a thrombotic event that has already occurred
in the body. In our study, these are multiple microthrombosis at
the level of microcirculation both in the lung tissue and on the
periphery. An increased D-dimer is an increase in the level of
fibrin degradation products during the lysis of an already formed
fibrin clot, therefore, this analysis is not sufficient to prevent a
thrombotic event. The prognosis requires the results of global
coagulation tests, which make it possible to assess the hemo-
static system as a whole at a specific time. Thus, the integral co-
agulation thrombodynamics test allows assessing the state of the
patient’s plasma hemostasis at the time of the test and to monitor
the growth of a fibrin clot in real time, which reflects the holistic
picture of its coagulation system and to adjust the dosage of an-
ticoagulants for the successful prevention of a thrombotic event.

The study showed that in the group of patients in which anti-
coagulant therapy was adjusted based on the data of the throm-
bodynamics test, they received more positive treatment results,
and in a larger number of patients they managed to achieve a
state of normal and hypocoagulation. Patients were statistically
significantly less likely to develop more severe forms of the dis-
ease, were less likely to be on ALV, and fewer deaths were re-
ported. Naturally, by the time of discharge from the hospital, the
majority of patients in both groups retained elevated levels of
D-dimer, and hypercoagulation detected in a number of patients
by the global thrombodynamics test required prolongation of an-
ticoagulant therapy at the outpatient stage of treatment.

Thus, the results of the study showed the need for an indi-
vidual approach when choosing a comprehensive treatment
regimen in all patients, especially in those with a burdened co-
morbid background. The severity of the patients’ condition and
the dynamics of their symptoms during treatment depend on the
state of microcirculation in the lungs and on the periphery and
the volume of their thrombotic lesion. Anticoagulant therapy
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prescribed as early as possible in adequate therapeutic doses
(UFH, LMWH) in all patients with a confirmed diagnosis of
SARS-CoV-2 with associated viral pneumonia allowed achiev-
ing generally positive treatment results. It should be noted that
the global coagulation thrombodynamics test is highly effective
for timely assessment and correction of the state of the hemo-
static system (hypercoagulation syndrome, state of thrombotic
readiness and prevention of PE) in the course of treatment in
this group of patients.

Conclusions. The state of microcirculation in the lungs and
on the periphery and the degree of its thrombotic damage deter-
mine the severity of the condition of patients with SARS-CoV-2
and affect the prospects for their treatment.

Local coagulation tests (LCT) and the level of D-dimer do not
always reflect the state of hypercoagulation in patients with SARS-
CoV-2 adequately and are dependent on the degree of lung damage,
which may affect the tactics and results of treatment.

The integral coagulation thrombodynamics test showed high
informativity for the prevention of VTE and for the correction of
hemostasis in patients with SARS-CoV-2.

Timely correction of anticoagulant therapy based on the data
of the global coagulation thrombodynamics test allowed im-
proving the results of complex treatment in almost one fifth of
patients with SARS-CoV-2 infection.
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SUMMARY

ROLE OF THROMBODYNAMICS GLOBAL COAGULA-
TION TEST IN IMPROVING TREATMENT RESULTS
IN PATIENTS WITH CORONAVIRUS INFECTION AT A
COVID-19 HOSPITAL

Krylov A., Khorobrykh T., Petrovskaya A., Khmyrova S.,
Agadzhanov V., Khusainova N.

First Moscow State Medical University .M. Sechenov (Sech-
enov University), Russian Federation

The aim of the study was to evaluate the effectiveness of the
global coagulation test of thrombodynamics for monitoring and
correcting the hemostatic system and improving the results of
complex treatment in patients with SARS-CoV-2 in the COVID
hospital.

From April 2020 to December 2020 on the basis of the Uni-
versity Clinical Hospital No. 4 of the First Moscow State Medi-
cal University named .M. Sechenov (Sechenov University) of
the Ministry of Health of the Russian Federation 245 patients
between the ages of 27 and 89 with SARS-CoV-2 associated
pneumonia were treated. The mean age of the patients was 56.7 +
4.2 years. All patients participating in the study were divided by
simple randomization into two groups. The volume of lesion of
the lung parenchyma was assessed according to the data of com-
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puted tomography. All patients were treated for SARS-CoV-2
in a comprehensive manner in accordance with the temporary
guidelines of the Ministry of Health of the Russian Federation
with the mandatory prescription of low molecular weight hepa-
rins (LMWH). Assessment and correction of the hemostasis sys-
tem in 177 patients (47.7%) of group 1 was carried out daily us-
ing local coagulation tests (LCT), including APTT, PT, TT, PTI,
INR, Fibrinogen and D-dimer level. The second group included
128 patients (52.3%), who, in addition to local coagulation tests,
used the integral coagulation test - the thrombodynamics test- to
assess and correct the state of the hemostatic system. Assess-
ment and correction of hemostasis were performed at the control
points (1, 7, 14 days) of the study.

Compared to LCT, the thrombodynamics test reliably more of-
ten revealed the state of hypercoagulability, which was promptly
corrected by increased doses of LMWH in group 2. Positive
dynamics of clinical symptoms were detected in patients of
group 2 1.8 times more often than in group 1 (p<0.05): fever
and shortness of breath in group 2 decreased faster, the SpO,
index recovered more rapidly, especially in patients with severe
hypoxia (with Sp0O,<90), the number of patients with moderate
and severe severity by the third point of the study in group 2 was
1.8 times less than in group 1 (p<0.05). Severe forms of lung
damage (CT-3 and CT-4) were detected in group 2 3.2 times less
frequently (p <0.01) compared with group 1, and the number of
deaths was 3.3 times less frequent (p<0.01) by the end of the
study. The average bed-day in group 2 of patients (15+1.6 days)
was 1.6 times shorter than in group 1 (24+7.2 days). Hemor-
rhagic complications were not recorded, despite the therapeutic
doses of LMWH in patients of group 2.

The severity of the condition of patients with SARS-CoV-2 and
the dynamics of their symptoms depend on the state of microcircu-
lation in the lungs and in the periphery and on the volume of throm-
botic lesions. Anticoagulant therapy prescribed as early as possible
in adequate therapeutic doses in patients with SARS-CoV-2 associ-
ated viral pneumonia made it possible to achieve positive treatment
results. The use of the global coagulation thrombodynamics test has
shown high efficiency for the timely assessment and correction of
the state of the hemostasis system.

Keywords: coronavirus infection, hypercoagulable syn-
drome, anticoagulant therapy, thrombodynamics test.

PE3IOME

BO3MOXHOCTHU INTOBAJIBHOT'O TECTA TPOMBO-
JUHAMUKU JJISA YIIYUHIUEHUSA PE3YJIBTATOB JIE-
YEHMSA BOJIbHBIX KOPOHABUPYCHOM HH®EKIIU-
EI B YCJOBHSIX COVID-CTAIIMOHAPA

Kpsuios A.1O., Xopoopsix T.B., IlerpoBckas A.A.,
XwmbipoBa C.E., Arajkanos B.I., Xycannosa H.P.

DIAY BO Ilepsviii MI'MY um. U.M. Ceuenosa (Ceuenoscxuii
Vuueepcumem), Poccus

Henb wccrnenoBanust — oueHUTh 3PPEKTHBHOCTD HCIOJIB30-
BaHMUs FJ'IO63,J'[])HOFO KOAryisiiMOHHOI'O Te€cTa TpOM60):[I/lHaMI/l](I/I
JUISL KOHTPOJISL 1 KOPPEKIUU CUCTEMbBI '€eMOCTa3a U yJIyUlICHUS
pEe3yIbTaTOB KOMIUIEKCHOTO JiedeHHs y mnanueHToB ¢ SARS-
CoV-2 B COVID-cranmonape.

C anpens mo aekadbps 2020 roma Ha 6a3e YHUBEPCHUTETCKOM
kiuHuueckor OonpHUIBI Ned [lepsoro MI'MY um. .M. Ce-
yeHoBa (CeueHoBckuil YHuBepcuter) M3 PO nponeueno 245
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nanueHToB ¢ SARS-CoV-2 accouuupoBaHHON IMHEBMOHHEH B
Bo3pacre ot 27 o 89 ner. Cpeanuii Bo3pact — 56,7+4,2 1. Beex
OOJIBLHBIX METOIOM MPOCTON paHAOMH3AIMK PA3/IEIUIN Ha JIBE
rpymibl. O0beM NOpaKeHHUs HAPEHXUMBI JISTKUX OLICHHBAIIH 10
JTAHHBIM KOMITBIOTEPHOIT ToMorpadun. Jledenue Bcex GOIBHBIX
no nosogy SARS-CoV-2 mpoBojuin KOMIIIEKCHO B COOTBET-
CTBHM C BPEMEHHBIMH METOIMYECKUMM PEKOMEHIauusMu M3
P® ¢ obs3aTenbHBIM Ha3HAYCHHEM HHM3KOMOJICKYIISIPHBIX Terla-
punoB (HMI'). OneHky U KOppEKTHPOBKY CHCTEMBI I'eMocTa3a
y 177 (47,7%) GonbHBIX | rpynIiel IPOBOAMIN €KEHEBHO TIPH
MOMOIIM JIOKaJbHBIX KoaryssiuoHHbIX TecToB (JIKT), Briro-
yapummx AUTB, TIB, TB, I[ITU, MHO, ¢ubpuHores u ypoBeHb
J-mumepa. Bo II rpynmy Brutoueno 128 (52,3%) mauueHTos,
koTopbiM, momuMo JIKT, nmpuMeHsuIn MHTerpaabHbIi Koaryis-
LMOHHBIH TECT - TECT TPOMOOJMHAMUKH, HA OCHOBAHUH JITAHHBIX
KOTOpOro kKoppekruposaiu 103y HMI. OueHky u KOppeKTUpOB-
Ky T€MOCTa3a MPOBOJWIM B KOHTPOJBHBIX TOUKaX HCCIEIOBa-
Hus Ha 1, 7, 14 cyTku.

B cpasuennu ¢ JIKT, Tect TpoOMOOANHAMUKY JOCTOBEPHO Yallle
BBISB/IUI COCTOSIHME THIEPKOAryJSLMH, KOTOPOE CBOCBPEMEHHO
CKOPPEKTUPOBaHO MOBBILIEHHbIMU o3amu HMI' Bo II rpymme.
[lonoxurenbHasi AMHAMUKAa KIMHUYECKUX CHUMITOMOB BBISBIIC-
Ha y HuX B 1,8 pasa wame, yem B I rpymnme (p<0,05): muxopanka
M OJIbIILIKA YMEHBIIANUCH ObIcTpee, SpO, BoccTaHaBMBasIcs Gosee
ObICTpBIME TeMITaMH, 0cobenHo npu SpO,<90, na 14 cyTku Komm-
4ecTBO OOJIBHBIX Cpe/IHEHt U Tshkeol creneHu Tspkectu Bo 11 rpyr-
nie Obuto B 1,8 pasa mensbiue, yem B I rpymnme (p<0,05). Tsoxernsie
(dopmsl iopakenns erkux (KT-3 n KT-4) Beisisienst Bo 11 rpymme
B 3,2 paza pexxe (p<0,01) B cpaBHeHMu ¢ | rpymmoi, a KoIn4ecTBo
JIeTaJIbHBIX UCX0/I0B - B 3,3 paza pexe (p<0,01) k koHILy rcceno-
BaHust. Cpeuuit Koliko-aeHs Bo 11 rpyrime 6onbHbIx (15+1,6 aHeit)
Ob11 B 1,6 pa3a MeHblue, yeM B I rpynne (24+7.2 nus). Hecmorpst
Ha JsieyeOnble 10361 HMI' y manmenTos Il rpynmsl remopparuye-
CKHX OCJIO’)KHEHHI He 3aperucTpUpOBaHo.

Tsxects cocrosnust 60ibHBIX SARS-CoV-2 u auHamuka ux
CHUMIITOMOB 3aBHUCAT OT COCTOSIHUSI MUKPOLIUPKYJISILIMU B JIETKUX
U Ha nepudeprn U OT 00beMa TPOMOOTHYECKOTO MOPAKCHUSL.
MaxkcumalibHO paHO Ha3HAYEHHAs B aJI€KBAaTHBIX JICUEOHBIX J10-
3aX aHTUKOATyIsIHTHas Tepanus y manueHtoB ¢ SARS-CoV-2
ACCOLIMMPOBAHHON BUPYCHOM I[THEBMOHMEH TIO3BOJIMJIA JIO-
OUTBCS TOJIOKUTENIBHBIX PE3YJIbTaTOB JeueHus. [IpuMeHenue
1100aJIbHOTO KOATYJISLHOHHOTO TeCTa TPOMOOANHAMUKH 1103BO-
JIMJIO CBOEBPEMEHHO OLICHUTh U AP (HEKTHBHO CKOPPEKTHPOBATH
COCTOSIHME CUCTEMbI I'eéMOCTa3a.
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LASER THERMAL ABLATION OF BENIGN THYROID NODULES AS AN EFFECTIVE,
SAFE AND MINIMALLY INVASIVE METHOD FOR TREATING NODULAR GOITER (REVIEW)

Petrov V., 'Molozhavenko E., 2Ivashina E., 'Sozonov A., 'Baksheev E.

"Tyumen State Medical University, *“Multidisciplinary Consultative and Diagnostic Center, Russia

Thyroid nodules (nodules of the thyroid gland — TG) are a
fairly common pathology. By the age of 80, about 80% of people
have one or more nodules in the TG, but the vast majority of
them are benign. Most of the newly discovered nodules are not
clinically relevant to the patient, since they are not malignant
and do not show any symptoms. The risk of developing carci-
noma among all nodules in the TG is 1-10% [22]. Most benign
nodules are not fatal to the human body and do not require any
special treatment; however, when a compression syndrome or
cosmetic defect occurs, treatment is necessary, including sur-
gery [4, 13, 18, 23]. Nevertheless, even if at the time of detection
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the nodule in the TG does not have a clinically significant effect
on the patient’s quality of life, there is a possibility that it will
appear in the future. Thus, according to the data of Russian and
foreign authors, most nodules increase in size [2, 43], which in
the future can lead to the formation of compression syndrome.
E.K. Alexander showed that an increase in the size of nodules
by more than 15% over 5 years occurred in 89% of observations
[2]. Approximately 5% of long-term colloidal nodules can lead
to the formation of functional autonomy and the development of
thyrotoxicosis, effective treatment for which is the removal of
hyperfunctioning TG tissue [21].
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Currently, most researchers agree on limiting the indications
for surgical treatment, which is justified only in the presence or
suspicion of carcinoma, compression of the neck organs, and
the presence of nodular/multinodular toxic goiter [16,20,21,36].

There are several treatments for nodular goiter: surgery, sup-
pressive therapy, radioactive iodine therapy, as well as minimal-
ly invasive treatments such as percutaneous ethanol ablation, ra-
diofrequency ablation, and high-intensity laser thermal ablation
(LTA). Surgical intervention is the most common treatment for
thyroid nodules. However, the risk of specific complications is
2-10%, which leads to a decrease in the quality of life of patients
and a significant increase in the cost of treatment [9,15]. Pro-
longed hospital stay, scarring, iatrogenic hypothyroidism, and
postoperative hypoparathyroidism can be cited as the most com-
mon disadvantages of surgery. If a second operation is required,
the risk of these complications increases significantly [15,19].
There is currently no consensus on the efficacy and safety of
suppressive therapy with levothyroxine, which casts doubt on
the possibility of using this method of treatment, especially in
large thyroid nodules [23]. All this dictates the need to search
for techniques aimed at reducing the frequency of surgical treat-
ment. Moreover, the main requirement for such techniques
should be not only their effectiveness but also a minimal im-
pact on the quality of life of patients, otherwise, their use can be
questioned. In this light, minimally invasive methods of treating
thyroid nodular pathology are more effective and safe.

Material and methods. To collect information on effective
methods of minimally invasive treatment of thyroid nodular
pathology currently used, we carried out a computer search in
the MEDLINE database, Pub Med (www.pubmed.gov), and US
National Library of Medicine National Institutes of Health. The
main search strategy was developed to search for articles on
minimally invasive therapy using a high-intensity laser in the
treatment of thyroid nodular pathology from 1999 to 2019. Key-
words: minimally invasive therapy of thyroid nodules; thermal
ablation of benign thyroid nodules; laser ablations for benign
and malignant thyroid tumors; guidelines for the diagnosis and
management of thyroid nodules.

Results and discussion. Minimally invasive medical inter-
ventions have been used for more than three decades. In 1983,
N. Sugiura [38] used percutaneous ethanol to destroy small he-
patocellular carcinomas. In 1983, S.G. Bown [5] suggested us-
ing a laser as a heat source for the destruction of liver tumors.
Subsequently, various minimally invasive techniques for the
treatment of liver tumors were proposed and successfully ap-
plied, such as radio wave ablation [6,27], microwave coagula-
tion [35], and cryodestruction [34].

Technological improvement of imaging techniques made it
possible to apply minimally invasive methods for the treatment
of thyroid nodular pathology. The idea of using injection meth-
ods for treating thyroid nodules is not new. The intensive devel-
opment of injection methods for the treatment of nodular goiter
started after a study published in 1990 by T. Livraghi et al. who
proposed the use of ethanol administration for the destruction of
nodules [25].

For more than half a century, the attention of researchers has
been attracted by the possibility of influencing the cells of tis-
sues and organs with high temperatures, including during tu-
mor degeneration, thus killing those cells. Local hyperthermia
caused by electrocoagulation and microwave hyperthermia is
not widespread due to the highly damaging effect on the sur-
rounding tissues [42].

Percutaneous ethanol ablation is most effective in treating
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cystic or predominantly cystic nodules [16]. The use of this tech-
nique in solid nodules is less preferable due to ethanol seepage
into the perodular tissue, which causes pain and other compli-
cations [12]. In the treatment of solid nodules, the most effec-
tive are radiofrequency and LTA, which locally create a high
temperature in the tissue of the nodule, leading to denaturation
of the protein and death of thyrocytes, followed by replacement
with connective tissue, which helps to reduce its size. The larg-
est number of studies on the application of these techniques in
the treatment of nodular goiter belongs to researchers from Italy
and South Korea. While Korean researchers prefer radiofre-
quency ablation, Italian researchers prefer high-intensity LTA.
Most of the works of Russian researchers concerning the mini-
mally invasive treatment of thyroid pathology are devoted to the
use of laser, which in Russian literature is called laser-induced
thermotherapy.

Attempts to use laser radiation sources for the interstitial
destruction of tumors of various localization have been made
for many years. In recent decades, prerequisites have appeared
for the development of laser minimally invasive treatment of
nodular goiter. Thus, the development and introduction of vi-
sual inspection techniques (high-resolution ultrasound (U/S))
into clinical practice, as well as the appearance of quartz optical
fibers capable of delivering high laser radiation energy directly
to the pathological focus, served as a powerful impetus for the
use of thermal effects of laser radiation on a thyroid nodule. This
method was justified by the experimental and clinical studies of
Professor V.A. Privalov et al. In 1997, they carried out an experi-
mental study of the effect of a high-intensity laser on thyroid tis-
sue with temperature control, as a result of which they obtained
convincing data on the safety of the worked-out modes of laser
exposure in the infrared range for the surrounding tissues and
organs [42]. After obtaining experimental data, LTA was first
used by O.V. Seliverstov in the treatment of patients with recur-
rent nodular goiter [43].

In foreign literature, the possibility of using a laser for the
treatment of benign thyroid nodules was first published in 2000
when C.M. Pacella et al. performed laser treatment of nodules
in two volunteers a few days before surgical removal of the TG
[28]. Two years later H. Degssing et al. published the result of
LTA of thyroid nodules in 16 patients, which showed a decrease
in the nodule size by an average of 46% 6 months after the in-
tervention [11]. Later S. Spiezia et al. showed the effectiveness
of this technique in the treatment of hyperfunctioning nodules
[37]. E. Papini et al. showed a significant decrease in the volume
of nodules and the complete disappearance of complaints after
LTA[31]. G. Gambelunghe performed LTA of thyroid nodules in
patients with a high risk of surgery. After two weeks, the volume
of nodules decreased by 22% and after 30 weeks, by 44% [14].

In 2007, a research group led by E. Papini conducted a com-
parative analysis of the effectiveness of LTA versus treatment
with suppressive doses of levothyroxine in 62 randomly grouped
patients with solid thyroid nodules. There was a significant de-
crease (about 42.7%) in the volume of nodules in the group of
patients who received LTA and no decrease in volume in the
group of patients receiving suppressive therapy [30].

R. Valcavi et al. for the first time conducted a three-year fol-
low-up to study the results of LTA in a group of 122 patients
with benign single thyroid nodules. Three years after surgery,
the authors observed a decrease in the volume of nodules by
about 47.8%, the disappearance of complaints in 73.0%, and an
improvement in the cosmetic effect in 71.3% of patients [31].

G. Amabile et al. evaluated the effect of one to three LTA
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sessions with an interval of 1 month in 51 patients with non-
functioning thyroid nodules and 26 patients with hyperfunction-
ing nodules. There was a significant decrease in the volume of
nodules in both groups by an average of 87% [13].

In 2011, H. Dossing et al published the results of a 10-year
follow-up after LTA in 78 patients with single benign thyroid
nodules, showing a decrease in the volume of nodules by an
average of 51% [10].

In 2014, G. Achille et al. published the results of LTA in 45
patients who complained of neck compression or cosmetic de-
fects caused by benign thyroid nodules performed between Oc-
tober 2009 and January 2011. The assessment was carried out
after 6 and 12 months. After 12 months of observation, the au-
thors showed a reduction in the size of the nodule by 20 ml in
85%, the disappearance of the cosmetic defect in 87%, and the
absence of compression syndrome in 88% of patients [1].

After the publication of several successful clinical results by
the American Association of Clinical Endocrinologists (AACE),
American College of Endocrinology (ACE), and the Italian As-
sociation of Clinical Endocrinologists (Associazione Medici
Endocrinologi) (AME) in 2010, LTA of thyroid nodules was de-
scribed as a safe and effective technique, but requiring the study
of long-term effects on the tissue of the nodule and TG [17]. Al-
ready in 2016, the updated joint AACE-AME-ETA recommen-
dations were published, according to which the available data
showed that LTA was a well-tolerated and effective procedure
that could be used to reduce the volume of large benign nodules
[16]. In the same year, the Korean Society of Thyroid Radiology
(KSThR) in its recommendations for ultrasound diagnostics and
imaging of the TG [36] indicated that thermal ablation showed
high efficacy and safety in the treatment of benign solid thyroid
nodules and could be considered a valid alternative to surgical
intervention. The KSThR guidelines indicate that recent sys-
tematic reviews and meta-analyses have demonstrated that both
radiofrequency and LTA can achieve significant reductions in
solid thyroid nodules, both of which are free of serious compli-
cations [1,3,10,17,24,31,33,39].

The laser equipment used to treat nodular goiter are diode la-
sers (with the wavelength of 800-980 nm) or Nd: YAG (yttrium-
aluminum-garnet) crystal lasers operating at a wavelength of
1060-1064 nm and an operating power of about 2-4 W. A quartz
optical fiber of 300-400 pm in diameter is used, which is inserted
into the center of the thyroid nodule through a puncture needle
of 21 gauge using visual ultrasound guidance. With prolonged
laser action, a carbonization section is formed at one point at the
end of the fiber, which adheres firmly to the latter and signifi-
cantly reduces the radiation power. To eliminate this factor, for-
eign authors suggest using several optical fibers simultaneously
for large nodules [29]. O.V. Seliverstov proposes to sequentially
move the fiber every 90-120 s [43].

Laser-guided thermal ablation is virtually free of major com-
plications. The literature describes such complications as dys-
phonia, skin burns, neck edema, cystic nodule transformation,
and transient stridor, which are quite rare [7, 15]. G. Achille et
al. noted dysphonia in only one of 40 patients, which completely
disappeared after 8 months of treatment [1].

Y.K. Aleksandrov indicates that the likelihood of complica-
tions associated with damage to the vessels, trachea, and esoph-
agus during LTA exists and that iatrogeny is largely associated
with the human factor and depends on the skill and experience
of the doctor. In an experiment at a high power of laser radiation
of 5 W, the authors observed tracheal injury in one animal [41].
In the literature available to us, we found only one description of
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such an observation in clinical practice. G. Di Rienzo described
tracheal injury during LTA in a patient with multinodular goiter,
which required surgical intervention [8].

E. Papini et al. indicate that LTA is relatively inexpensive. The
time taken for a complete procedure is just over 30 minutes,
and the costs are mainly related to the cost of optical fibers and
consumables [33].

In February 2018, in Milan (Italy), a meeting was held with
the participation of various specialists with knowledge in the
application of minimally invasive treatment of thyroid patholo-
gy: radiologists, endocrinologists, nuclear medicine physicians,
pathologists, and surgeons [26]. The Italian minimally-invasive
treatments of the thyroid group (MITT) was founded. In their
consensus, the group stated that LTA could be proposed as a
first-line treatment for solid benign thyroid nodules when clini-
cal symptoms were present [32].

Conclusion. LTA of benign thyroid nodules under visual
control is an effective minimally invasive procedure that can be
considered as an alternative to surgery for the treatment of be-
nign thyroid nodules. A study of the literature has shown that in
the overwhelming majority of observations, LTA leads either to
the disappearance of a significant decrease in the nodules. Un-
like surgical treatment, it is practically devoid of the likelihood
of formidable complications and, as a rule, passes without any
threatening consequences for the patient.

The introduction of imaging-guided LTA into clinical practice
and its inclusion in the algorithms for the provision of medical
care to patients with thyroid nodular pathology will significantly
improve the quality and availability of medical care for patients
with nodular goiter.
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SUMMARY

LASER THERMAL ABLATION OF BENIGN THYROID
NODULES AS AN EFFECTIVE, SAFE AND MINIMALLY
INVASIVE METHOD FOR TREATING NODULAR GOI-
TER (REVIEW)

'Petrov V., 'Molozhavenko E., 2Ivashina E., 'Sozonov A.,
'Baksheev E.

"Tyumen State Medical University, *Multidisciplinary Consulta-
tive and Diagnostic Center, Russia

To search for effective and safe methods aimed at reducing the
frequency of surgical treatment for nodular thyroid pathology.

1999-2019 literature review conducted using NLM databases.

There is more and more evidence in the literature on the ef-
ficacy and safety of minimally invasive treatments for thyroid
nodular disease. Based on the literature data, it was revealed that
the most effective technique for minimally invasive treatment is
laser thermal ablation of thyroid nodules under visual control.

© GMN

This technique can be considered an alternative to surgical inter-
vention in the treatment of benign thyroid nodules and, in most
cases, leads to a decrease or complete disappearance of the nod-
ule, clinical manifestations, or cosmetic defects. Unlike surgical
treatment, it is practically devoid of the likelihood of formidable
complications and, as a rule, passes without any threatening con-
sequences for the patient. While the use of laser thermal ablation
is expanding, the international medical community has begun to
incorporate this technique into treatment guidelines and is mak-
ing efforts to disseminate it in general clinical practice. Since the
method of laser thermal ablation can be considered an effective
alternative to surgical intervention for the treatment of benign
thyroid nodules, it is necessary to widely introduce it into the
general clinical practice in Russia and algorithms for providing
medical care to patients with nodular goiter. The introduction
of imaging-guided laser thermal ablation into clinical practice
and its inclusion in the algorithms for the provision of medical
care to patients with thyroid nodular pathology will significantly
improve the quality and availability of medical care for patients
with thyroid nodular pathology.

Keywords: thyroid gland, nodular goiter, laser thermal abla-
tion, minimally invasive treatment.

PE3IOME

JA3ZEPHASI TEPMOABJISILIUST Y3JIOBOI IATOJIO-
I'MA HATOBUIHOM KEJE3BI MTOJ{ BU3YAJTbHBIM
KOHTPOJIEM (OB30P)

Tlerpos B.I., 'Moaoxkasenko E.B., 2HBamnna E.T.,
!Cozonos A.H., 'Bakmees E.T.

Tiomenckuii 20cy0apcmeenibiil. MEOUYUHCKULL YHUBEPCUMEM,
Mynemuoucyuniunapmelli - KOHCYIbMAmMueHO-OUAZHOCIUYe-
ckuil yeump, Poccus

Lenb uccnenoBanus — MOUCK YPPEKTUBHBIX U OE30MaCHBIX
METOJIMK, HAlpaBJICHHBIX HA CHM)KCHHE YaCTOTHI MPOBEIACHHMS
OIEPaTHBHOTO JICUCHHUS MIPU y3JI0BOW MATOJOTHH LIUTOBHUIHOM
JKEJIEe3bL.

IIpoBeneHn 0630p JaUTEpaTYpPHBIX HCTOYHUKOB ¢ 1999 mo
2019 rr. ¢ ucnosas3oanrem 6a3 ganasix MEDLINE, Pub Med,
US National Library of Medicine National Institutes of Health.

BeisiBiieHo Bce Oonblie J10Ka3areiabCTB IP(EKTUBHOCTH U
0€30MacHOCTH MHMHHMAJIbHO WHBA3UBHBIX METOJIOB JICUCHHUS
Y3JI0BOH MATOJIOTMH IIMTOBUIHOM Kene3bl. Ha ocHOBaHWM naH-
HBIX JINTEPATYPbl YCTAaHOBICHO, 4TO Hanbosee A3pHeKTUBHOM 1
0e301acHOM METOJMKONH MHUHHUMAJILHO WHBA3UBHOIO JIEYEHMS
SIBJISIETCSI JIa3epHasi TePMOAOISLIHS y3JI0B IIUTOBUIHOM JKeJIe3bl
II0/] BU3yaJIbHBIM KOHTPOJIEM. YKa3aHHasi METOIMKA paccMaTpH-
BAeTCs KaK albTepPHATHBA ONEPATHBHOMY BMEILIATEILCTBY NPU
JICYCHUN J10OPOKAYECTBEHHBIX Y3JI0B LIMTOBUIHOM JKeJe3bl,
IPUBOJUT K YMEHBIICHUIO WM MOJHOMY MCUYE3HOBEHHUIO y3IIa,
KIMHAYECKUX TPOSIBJICHHH, KOCMeTHYecKoro fedekra. B omu-
YHe OT OIIEPATUBHOTO JICYCHHs, OHA IPAKTHYECKH JIUIIICHA BEPO-
SITHOCTH BO3HMKHOBEHUSI OCIIO)KHEHUH U, KaK MPaBUJIIO, IIPOXO-
T 0€3 KaKNX-JIM00 yrpOKaroLHUX TOCASACTBHI AJIs MTAllUeHTa.
Ha cerogusimauii IeHb MPUMEHEHUE JIa3ePHOI TepMOAOIISIIIUU
pacIIupsieTcst, MeXyHapoJHbIe MEIUIIMHCKUE COOOIIEeCTBa Ya-
CTO BKJIIOYAIOT JAaHHYIO METOJMKY B PYKOBOJCTBA IO JICYCHHIO
¥ TIPUJIAraloT YCHIINS AJIs €€ PAcIpOCTPAHEHHUS B OOIICKIMHU-
geckoil npaktuke. [TockombKy MeTOx Jla3epHON TepMoadIsIum
MOYKHO paccMarpuBaTh Kak 3(QQEKTUBHYIO U OE30MacHYIO allb-
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TepHaTl/lBy Ol'lepaTI/IBHOMy BMCLL[aTeJ'IbCTBy JUISL JICHCHUA [O0-
OpOKa4eCTBEHHBIX Y3JIOB LIMTOBHUHOM JKeje3bl, HEOOXOIHMO
IIMPOKO BHEAPATH €€ B OTEUECTBEHHYIO OOIIECKIMHUYECKYIO
HpaKTI/IKy u aJ'lFOpI/ITMbI OKazaHusd Me}lHLlHHCKOﬁ IMOMOIIM I1a-
[IMEHTaM C y3JIOBbIM 3000M. BHenpenune nazepHoii Tepmoabs-
WU 110 Bl/l3yaJ'[l>HblM KOHTpOHeM B ](HI/IHI/I‘IGCKy}O npaKTmcy UB
aJTFOpI/ITMbI OKa3aHUus Me}lHLlPIHC](Oﬁ IIOMOIIM ITallMEHTaM C y3—
JIOBOM TMATOJIOTHEH HIMTOBHIHOM HKeJIe3bl B 3HAYUTEIILHON Mepe
CIIOCOOCTBYET MOBBIILICHUIO KA4eCTBA U JOCTYITHOCTH OKa3aHHs
MEIULMHCKON TOMOLIM MAllUEHTaM C y3JI0BOHM IaTOJIOTHEHN Iu-
TOBHJIHOM JKEJIC3bI.
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CLINICAL FACTORS ASSOCIATED WITH THE RISK OF PULMONARY SARCOIDOSIS RELAPSE

Gavrysyuk V., Merenkova 1., Vlasova N., Bychenko O.

SO «National Institute of Phthisiology and Pulmonology named after F. Yanovsky
of National Academy of Medical Sciences of Ukraine», Kyiv, Ukraine

Sarcoidosis is a polysystemic disease of unknown nature,
characterized by the formation of epithelioid granulomas in vari-
ous organs without caseation necrosis. The disease is more often
is evident by the involvement of intrathoracic lymphatic nodes
and lung parenchyma, in some cases, clinical signs of damage to
the eyes, skin, heart, liver, spleen, kidneys, and central nervous
system occur [1].

Sarcoidosis affecting the lung parenchyma ranks first in most
countries of the world in the structure of interstitial lung disease.
The spread of sarcoidosis in the world averages 20 per 100,000
population, according to the generalized statistical data [2].
From the 1970s, there has been a steady increase in the inci-
dence of sarcoidosis and mortality of patients [3-5].
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The cause of sarcoidosis is unknown, so treatment is directed
against the granulomatous inflammation. To that effect, gluco-
corticosteroids (GCS) are the most widely used [6]. Their ef-
fectiveness in assessing the short-term results has been proven
in numerous studies [7-10]. Meanwhile, the study of long-term
results of GCS therapy showed a high rate of the disease re-
lapses, which are currently one of the most acute problems in
the management of patients with pulmonary sarcoidosis [11].
Sarcoidosis relapse rate ranges from 13% to 75%, depending on
the population studied [12-15]. Relapses usually appear within
the first month to the first year after the therapy end [14,15].

Significantly, one of the risk factors associated with the high
relapse rate of sarcoidosis is long-term use of GCS [14,16-19].
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The results of a study previously conducted in our clinic also
indicated that GCS therapy is a risk factor for relapse of sar-
coidosis, despite its high efficiency in assessing the short-term
results [20,21].

Information about other clinical risk factors that can be used
to form a clinical model of the phenotype of a patient with re-
current pulmonary sarcoidosis are presented in the literature in
single publications [17,22].

Objective: to investigate the clinical factors associated with
the risk of recurrent pulmonary sarcoidosis.

Material and methods. We examined 108 patients with new-
ly diagnosed pulmonary sarcoidosis (stage II - 102, stage III - 6).
There were 48 male and 60 female at the age of 24 to 64 years.
The diagnosis of pulmonary sarcoidosis was verified by high-
resolution computed tomography (CT).

All patients took GCS therapy with methylprednisolone at a
dose of 0.4 mg/kg body weight for 4 weeks, then - in a mode of
gradual tapering of the dose to 0.1 mg/kg by the end of the sixth
month. The treatment was continued until a clinical cure was
achieved with the disappearance of CT signs of lung parenchy-
ma involvement. Only patients who had successfully completed
the therapy were included in the study group. Severe side effects
or non-response to GCS requiring alternative treatment were ex-
clusionary for study entry.

After the end of therapy, the patients were followed up for
2 years with CT control in 6, 12, and 24 months. During the
follow-up period, 56 of them (groupl) had the development of
sarcoidosis relapse during the first year of follow-up (36 patients
had relapse during the first half of the year and 20 patients - dur-
ing the second one).

Relapse was defined as the appearance of new areas of sar-
coidosis with pulmonary involvement on CT in combination with
worsening or absence of clinical symptoms requiring re-treatment
[22]. During 2 years of follow-up, 52 patients (group 2) had no
relapses.

The study of the sarcoidosis relapse rate was carried out de-
pending on the following factors:

1) Sex; 2) Age; 3) Smoking, including one with an experience
of up to 5 pack years, 5 to 10 or more pack years; 4) Working in
conditions of air pollution with chemicals at the time of the onset
of the disease or in the past; 5) Nature of the onset of sarcoidosis
- an acute onset (including with Loéfgren’s syndrome), gradual
(without clinical implications); 6) Extrapulmonary involvement
(with the exception of Lofgren’s syndrome); 7) Concomitant
chronic diseases of internal organs; 8) Violations of the ventila-
tion function of the lungs, including bronchial obstruction, at the
time of diagnosis; 9) Duration of GCS therapy; 10) Side effects
of GCS therapy that do not require discontinuation of the drug.

The acute onset category included cases of the appearance of
clinical signs (fever, respiratory symptoms, signs of erythema
nodosum, articular syndrome, general weakness) within 7-10
days. The development of clinical semiotics (cough, shortness
of breath, general weakness, less often low-grade pyrexia) over
a period of several weeks was considered as a gradual onset of
pulmonary sarcoidosis.

Extrapulmonary manifestations (lesions of the skin, periph-
eral lymphatic nodes, joints, hepatomegaly without alternative
causes), with the exception of Loéfgren’s syndrome, were ob-
served in 17 patients (15.7%).

According to spirometry, disorders of ventilation function
were observed in 24 patients (22.2%), while a decrease in vital
capacity (VC) below 80% of the proper value was considered as
a sign of restrictive disorders, a decrease in the ratio of forced
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expiratory volume in the first second of expiration (FEV)) to a
forced VC below 70% (FEV /FVC — 70%) was considered as a
sign of bronchial obstruction.

Statistical methods. Significance of differences in quantitative
indicators expressed as the arithmetic mean and the error of the
mean (M+m) was determined using the Student’s t-test.

The analysis of the relapse rate depending on the putative risk
factors presented in the rate measurements was performed us-
ing the Pearson y2 test. The binding force between risk factor
and outcome was also assessed according to the Pearson contin-
gency coefficient.

Due to the fact that the rate of some factors was represented
by small values, Fisher’s exact test was used in addition to the
Pearson %2 test.

Results and discussion. As shown by the results of the analy-
sis (Table), the sarcoidosis relapse rate does not depend on fac-
tors such as sex, age, smoking, working in conditions of air
pollution with chemicals, duration of GCS therapy and the side
effects of GCS.

The most significant effect on the relapse rate is exerted by
the nature of the disease onset - patients with acute onset of sar-
coidosis, including those with Lofgren’s syndrome, rarely have
relapses after the end of therapy and vice versa: the gradual de-
velopment of clinical semiotics of sarcoidosis is significantly as-
sociated with the risk of relapse.

We have also revealed a reliably significant dependence of
the relapse rate on such clinical factors as the presence of the
concomitant chronic diseases of internal organs, the rate of ex-
trapulmonary manifestations and bronchial obstruction.

In addition to the literature and our earlier data [20,21] on the
role of the prestudy GCS therapy as a risk factor for recurrent
sarcoidosis, the results of the analysis made it possible to form a
clinical model of the phenotype of a patient with recurrent sar-
coidosis, which consists of the following factors:

1) Use of GCS in the sarcoidosis treatment

2) Slow rate of development of clinical symptoms
3) Extrapulmonary manifestations

4) Bronchial obstruction

5) Concomitant chronic diseases of internal organs

In 1986, C. J. Johns et al. [18] when observing 181 patients
found that relapses occurred in 75% of cases and every second
had repeated relapses after the end of GCS treatment. Among
patients who did not take treatment, the relapse rate did not ex-
ceed 51%.

In 1997, J. T. Gottlieb et al. [14] published an article, which pre-
sented the results of the observation of 337 patients with different
stages of sarcoidosis for 4 years. The authors found a higher relapse
rate in patients treated with GCS compared with patients who did
not take the drugs. Based on the observation results, it was con-
cluded that GCS might increase the risk of relapses.

GCS therapy is also referred to as risk factors for relapses in
later publications [11, 19].

The results of a study, which was previously conducted in our
clinic, also indicated that GCS therapy is a risk factor for the
relapse of sarcoidosis, despite its high efficiency in assessing the
short-term results [20,21]. The study featured 61 patients with
stage II pulmonary sarcoidosis with asymptomatic onset, which
were divided into two groups. Patients of group 1 (40 people)
were not ordered any treatment after diagnosis. After 3 months
of observation, patients with signs of spontaneous regression on
CT (27 people) continued observation without treatment, and
patients with no CT-dynamics of the process or signs of progres-
sion (13 people) were prescribed methylprednisolone according
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to the standard regimen. Patients of group 2 (21 patients) were
ordered GCS therapy at the first visit, and therefore the possibil-
ity of identifying the part of patients who would have had a clini-
cal cure even without therapy was excluded. After achieving a
clinical cure with verification of CT data, the patients were fol-
lowed up for 2 years. As a result, relapses in group 1 of patients
were detected in 4 (10.0%) cases, in group 2 - in 11 (52.4%)
cases, the level of significance of differences using the Fisher’s
exact test: p=0.00050 (<0.001). These data show that the activa-
tion of the process to a large extent also affected those patients
who would have had a clinical cure even without treatment,
while the only explanation for this fact is the medicamentous
intervention itself.

Thus, the literature data presented above and the results of our
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previous studies provide grounds for attributing GCS therapy to
risk factors for the relapse of pulmonary sarcoidosis, taking into
account the fact that the mechanisms of activation of granulo-
matous inflammation under the influence of this factor have not
been established at present.

Information about other clinical risk factors that can be used
to form a clinical model of phenotype of a patient with recurrent
pulmonary sarcoidosis are presented in the literature in single
publications [17,22].

Based on the results of a retrospective study involving 137
patients, Rodrigues S. et al. (2011) identified in their article four
types of sarcoidosis phenotypes, including the relapse pheno-
type, which included more severe dyspnea and extrapulmonary
manifestations of the nervous system and heart [17].

Table. Clinical factors associated with the risk of relapse of pulmonary sarcoidosis

Group 1 Group 2 o -
Clinical factor (relapses) (no relapses) Statistical Test Significance
=56 n=52 test value level (p)
Sex Pearson y2 test 0.119 0.731
24 (42.9%) 24 (46.2%)
male (n) Fisher’s exact test 0.84661 > (.05
Pearson 2 test 0.119 0.731
female (n) 32 (57.1%) 28 (53.8%) -
Fisher’s exact test 0.84661 >0.05
Age (years) 43.3+1.4 40.4+1.4 Student’s t-test. 1.465 > (.05
. Pearson 2 test 0.022 0.882
Smoking (n) 7 (12.5%) 7 (13.5%) -
Fisher’s exact test 1.00000 >0.05
including the experience of: 0 4.(7.7%) Pearson 2 test 4473 0.035
. 0
up to 5 pack years (n) Fisher’s exact test 0.05052 >0.05
Pearson y2 test 1.454 0.228
5 to 10 and more pack years (n) 7 (12.5%) 3 (5.8%) -
Fisher’s exact test 0.32352 >0.05
Wor.king in f:ondiFions . 8 (14.3%) 8 (15.4%) Pearson %2 test 0.022 0.882
of air pollution with chemicals (n) ' ' Fisher’s exact test 1.00000 >0.05
ic di i Pearson 2 test 4.399 0.036*
Chronic diseases of internal organs 26 (46.4%) 14 (26.9%) : X
() Fisher’s exact test 0.04651 <0.05
Disease onset: 5 (89%) 20 (385%) Pearson XZ test 13.219 <0.001**
acuteff (n) Fisher’s exact test 0.00045 <0.05
) . Pearson 2 test 7.079 0.008*
including Lofgren’s syndrome# (n) 3 (5.4%) 12 (23.1%) -
Fisher’s exact test 0.01099 <0.05
Pearson y2 test 5.035 0.025%*
gradual (n) 28 (50.0%) 15 (28.8%) -
Fisher’s exact test 0.03105 <0.05
. S Pearson 2 test 0.812 0.368
without clinical implications (n) 23 (41.1%) 17 (32.7%) -
Fisher’s exact test 0.42749 >0.05
ExFrapulm(jnary manifestations 13 (23.2%) 4(7.7%) Pearson y2 test 4.898 0.027%**
(without Lofgren’s syndrome) (n) Fisher’s exact test 0.035 <0.05
Disorders of pulmonary ventilation 14 (25.0%) 10 (19.2%) Pearson %2 test 0.519 0.472
at the first visit (n) Fisher’s exact test 0.49711 >0.05
. . . . Pearson y2 test 5.359 0.021%%*
including bronchial obstruction (n) 10 (17.9%) 2 (3.8%) -
Fisher’s exact test 0.035 <0.05
Duration of GCS therapy (months) 16.1£0.9 15.2+0.8 Student’s t-test. 0.747 > (.05
Side eﬁects of GCS therapy 28 (500%) 71 (40.4%) Pearson XZ test 1.006 0.316
not requiring discontinuation Fisher’s exact test 0.33956 >0.05

note: * — binding force between risk factor and outcome is weak (according to the Pearson contingency coefficient),
** _ binding force is medium; #— absence of this sign is considered as a risk factor
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Yi Zheng et al. (2019) studied the long-term results of GCS
treatment in 96 patients and found that relapse was observed in
30 (31.25%) cases. Multivariate analysis showed that smoking
experience and an increased percentage of circulating neutro-
phils were significant risk factors for recurrent pulmonary sar-
coidosis [22].

Along with the study of clinical factors associated with the
risk of relapse, it is necessary to note a number of genetic studies
that have shown that the presence of certain antigens of human
leukocytes and genetic variations of certain cytokines are pre-
dictors of various variants of the course of sarcoidosis, including
recurrent ones [23-26].

The work was done for the money of the state budget.

Conclusion. The clinical model of the phenotype of a patient
with recurrent pulmonary sarcoidosis should undoubtedly be
supplemented by radiological, immunological, biochemical fac-
tors associated with the risk of relapse, which requires additional
studies.
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SUMMARY

CLINICAL FACTORS ASSOCIATED WITH THE RISK
OF PULMONARY SARCOIDOSIS RELAPSE

Gavrysyuk V., Merenkova 1., Vlasova N., Bychenko O.

SO «National Institute of Phthisiology and Pulmonology named
after F. G. Yanovsky of National Academy of Medical Sciences
of Ukraine», Kyiv, Ukraine

Long-term outcomes of glucocorticosteroid therapy in pulmo-
nary sarcoidosis patients testify for high rate of relapses, which
nowadays are the most acute problem in providing care to these
patients.

Aim - to study clinical factors, associated with pulmonary sar-
coidosis relapse.

108 patients with newly diagnosed pulmonary sarcoidosis
were examined (stage II — 102 patients, stage III — 6 patients).
There were 48 male and 60 female, age from 24 to 64 years. The
diagnosis of sarcoidosis was verified by high-resolution com-
puted tomography (CT). All patients received GCS therapy with
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methylprednisolone 0,4 mg/kg for 4 weeks with subsequent
dose tapering down to 0,1 mg/kg by the end of 6" month. Treat-
ment was continued until clinical cure. Upon discontinuation of
therapy the patients were followed for 2 years using CT-control
in 6, 12 and 24 months. The relapse of sarcoidosis was registered
in 56 patients (group 1); no relapse — in 52 patients (group 2).
The rate of relapses was assessed in association with 10 clinical
factors. Significance of the differences between qualitative indices
was calculated as (M + m) and Student’s t value was calculated.
Pearson’s chi-squared test and Fisher’s exact test were used to ana-
lyze the rate of relapses in association with studied factors.
Clinical phenotype model of the patient with relapsing pul-
monary sarcoidosis was created. It updated the known litera-
ture data and confirmed previously demonstrated role of GCS-
therapy as the risk factor for sarcoidosis relapses. The following
factors correlated with higher rate of relapses: 1) use of GCS
therapy; 2) slow developing clinical symptoms; 3) extrapulmo-
nary lesions; 4) bronchoconstriction; 5) concomitant diseases.
Clinical phenotype model of patients with relapsing pulmo-
nary sarcoidosis should be complemented by radiological, im-
munological, biochemistry factors, associated with the risk of
relapse, which requires further research.
Keywords: pulmonary sarcoidosis, relapses, clinical risk factors.

PE3IOME

KJIMHUYECKUE ®AKTOPbI, ACCOLIUNPOBAHHBIE
C PUCKOM PEIIMIUBA CAPKONJ103A JIETKUX

I'aspuciok B.K., Mepenkosa E.A., Biacosa H.A.,
Brbruenko O.B.

Hayuonanvubvlii uncmumym gmusuampuu u nyIisMOHOLOSUU UM.
@I Anosckoeo HAMH Ykpaunol, Kues, Ykpauna

OtnajneHHble pe3yJbTaThl MIPUMEHEHHs TIIIOKOKOPTHUKOCTE-
pounos (I'KC) B sieueHrn OOJBHBIX CAPKOUI030M JICTKUX CBH-
JICTEIbCTBYIOT O BBICOKOM YacTOTE pPELMIUBOB 3a00JI€BaHMUS,
KOTOpBIE 10 CeH JIeHb SIBJISIFOTCSI OJHOM M3 HauboJsiee OCTPhIX
npo0OJieM B BeICHUN OOJIbHBIX.

Ienp wccenoBanus - OMPEACTUTh KIMHHYECKUE (HAKTOPHI,
ACCOLIMUPOBAHHBIC C PUCKOM PELUANBA CaPKOUI03a JICTKUX.

O0cnenoBano 108 MalMeHTOB C BIEPBbIC BBIIBICHHBIM CApKO-
unosom Jsierkux (II cragum — 102, I ctaguu — 6). MyxuuH - 48,
skeHimH — 60, Bo3pacT — ot 24 1o 64 ner. Jlnarno3 capkouiosa
JIETKUX BEpH(HIMPOBAH METOOM KOMITBIOTEPHON TOMOrpapuu
(KT) BbIcOKOrO paspemieHus. Bcem mnaumeHTam IpoBOAMIACH
I'’KC-tepanust MeTHIPeaHN30I0HOM B 103¢ 0,4 MI/KT Macchl Tena
B TeUeHHUE 4 HeJIeNb, 3aTeM — B PEIKUME ITOCTEIICHHOTO CHIKEHHS
110361 10 0,1 MI/KT K KOHITy IIeCTOro Mecsiua. Jledenue npoormka-
JIM 10 JOCTIDKEHUS KIIMHUYECKOro n3nedeHus. [locne okoHuaHus
Tepanuu 00JIbHbBIC HabroaKCh B TeueHue 2 jiet ¢ KT-koHTpoiem
crycta 6, 12 1 24 mecsua. Y 56 u3 Hux (I rpynmna) B nepron Habiro-
JICHUsI OTMEUCHO Pa3BUTHE PELMANBA CAPKOUI03a, Y 52 MalleHTOB
(I rpynna) peyMBOB HE OTMEYEHO.

IIpoBeneno mn3y4yeHue YacTOThl PELUAMBOB CAPKOMII03a B
3aBucuMocTd oT 10 knmHHYeckux (axkropoB. [J0CTOBEPHOCTD
pa3IuyYMi KOJMYECTBEHHBIX MT0Ka3aTesel, BRIPAXKEHHBIX B BUJIE
M=m, onpeaensuii ¢ noMoibto t-kpurepust CtbrogeHTa. AHa-
JIM3 4acTOThI PELHIMBOB B 3aBUCHMOCTH OT IIPEAINOIaraeMbIX
(akTOpoB pHCKa, MPEACTABICHHBIX B YaCTOTHBIX M3MEPEHHUSIX,
HPOBOJIMIIH C TIPUMEHEHHEM KpuTepust x> [TupcoHa; B 1OMOJHE-
HHE UCIIOIb30BAJIN TOYHbIN KpuTepuii duiepa.
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Pe3synbrarsl IpOBEEHHOTO aHAJIM3a MO3BOJIMIIN OIPEACIUTh
KJIMHUYECKUE (haKTOPBI, ACCOLMHMPOBAHHBIC C PUCKOM PELIUIUBA
capkouzo3a jerkux: 1) npumenenue I'KC B Tepanuu capkouno-
3a; 2) MEIUICHHbIE TEMIIbl Pa3BUTUS KIMHUYECKUX CHMIITOMOB;
3) sKcTpamylIbMOHANIbHBIE NOpakeHUs; 4) OpoHXuayibHas 00-
CTPYKLUS; 5) COMYTCTBYIOIUE XPOHUUECKUE 3a00I€BaHUS BHY-
TpeHHUX opranoB. KimHuueckas Moziesib (peHOTHIIA MALUEeHTa C
PEeLUANBUPYIOLIMM CapPKOUI030M JIETKHUX J0JDKHA OBbITh AOMOJI-
HEHa PaJuoJIOTHYCCKUMU, UMMYHOJIOTHYECKUMHU, OHMOXUMUYe-
CKMMH (haKTOpaMH, aCCOLUMPOBAHHBIMU C PUCKOM DPELM/IMBA,
41O TpeOyeT JONOIHUTEIbHBIX UCCIICI0BAHUM.
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KIIMHUKO-UMMYHOJIOTHYECKHE OCOBEHHOCTH
TEPIIECBUPYCHBIX 3ABOJIEBAHU HA ®OHE BUY

Jopow 1.H., JIsgosa T.U., Bosodyesa O.B., [lonos H.H., Copokuna O.I., Oruusenxo E.B.

Xapvrosckuti hayuonanvHwlil ynusepcumem umenu B.H. Kapasuna,
Kagheopa unpexyuonnvix 60ne3nell u KIUHUYECKOU UMMYHOL02UU, MeOUYUHCKULL (hakyibmem, Yrpauna

BUY-undexuuns yxe JaBHO aCCOLUUPYETCS C PIOM BOCIa-
JIMTENBHBIX, MHPEKIIMOHHBIX M HEOIUIACTUYECKUX 3200 1eBaHUI
KOXKH, KOTOPBIE XapaKTEePU3YIOTCS MIUPOKUM CIIEKTPOM KIIHHH-
yeckux nposineHuit [1]. B mpouecce mporpeccupoBanus naH-
Horo 3aboseBaHusi MaHU(ECTALM MOXKET XapaKTepHu30BaThCs
HaJIMYMEM OTAENBHBIX KOXKHBIX 3JIEMEHTOB, CBSI3aHHBIX C IEp-
BuuHOIl BIY-uHdekimeil, n MHUpOKUM CIEKTPOM JepMaTojIo-
TMYECKUX IPOSBICHUH, CBSI3aHHBIX C UMMYHHOM HEIOCTaTOU-
nocteto npu CITU /e [9]. Koxa siBisiercst caMbIM OOJIBIIAM |
HanOonee BU3yalM3UPOBAHHBIM OPraHOM YEIOBEYECKOro Telna,
€ro MIMMYHHas CUCTEMaA CITy>KUT MePBOH JTMHMEH 3aIuThl opra-
HHM3Ma OT MH(QEKLHH, T03TOMY OHA MOXKET ObITh OTpaKEHHEM
MHOTOYUCJICHHBIX ITIPOSBICHUN 3a00J€BaHUI NPU Pa3IUYHBIX
natosiorudeckux coctosHusx [10]. Craructuueckue DaHHbBIC
CBHUACTENBCTBYIOT, 4TO 710 90% BWY-unuUUMPOBAHHBIX TIa-
LHEHTOB CTPAJA0T KOKHBIMU 3a00JI€BaHUSIMHU, KOTOPbIE MOTYT
CONPOBOXKIATh pa3inyHble mepuoasl 6onesnu [7]. Tak, cpenu
ONIMOPTYHUCTUYECKUX HH(EKLIUI OOJIBIIYIO KATETOPUIO COCTAB-
JISIFOT TepIEeCBUPYCHBIE 3a00€BaHMUS KOXKHU, KOTOPbIE SBIISTFOTCS
CJICZICTBUEM PEAKTUBALIUK CKPHITOH MH(EKINH 1 BO3HUKAIOT Ha
(done UMMyHOE(DHLIMTA YEIOBEKa K MOTYT ObITh IEPBBIM IIPO-
asiaenueM BUY [8]. Kpome 3Toro, s Kakaoil craguu xapak-
TEpPHBI OIpe/IeNICHHbIE KINHUYECKHE MPU3HAKU, OTPaKarolne
yTHETEHHE UMMYHHOH CHCTEMBI, aCCOLMUPOBAHHOE C MCXO[-
HbIM ypoBHeM KieTok CD4". TakuM 00pa3oM, CHIEKTp KOXKHBIX
paccTpOMCTB 3aBUCUT OT YPOBHSI HUMMYHOCYIIPECCUH, KOTOPBIHI
orobpaxxaercsi konuuectBoM kietok CD4Y, oqHOBpeMeHHOro
ucnosnb3oBanuss BAAPT u xapakrepa sHAEMUYHBIX HHpEKLIHUi
[5]. AtunuuHbli BUA KOKHBIE HMOPAXEHUS yallle MMEIOT MpU
TsoKenoM TedeHnd BUU-unpexuny, a TsHkecTs JepMaroiornde-
CKUX MPOSABJICHUI KOppenupyeT ¢ ypoBHeM kinetok CD4* [2].

XpoHHuuecKasi akKTHBAaLUs UMMYHHOH CHCTEMBI 1 BOCTIAIEHUE
ObLIM ONPE/ENICHbI KaK OCHOBHBIE (haKTOPbI, BBI3BIBAIOILIME CO-
IYTCTBYIOLIME 3a00J€BaHUS M OTPHLATENIBLHO BIUSIOIIME HA UX
neyenue [6]. Baxno, uto ypoBHM akTuBauuu kak CD4", Tak u
CD8" T-num¢oruroB npu BUY-undekuun sBISOTCS CHITb-
HBIMH HIPEIUKTOpaMH IporpeccupoBaHus 3abosieBanus [3] u
BUPYCHOTO KOHTPOJS [4], OAHAKO HMPUYMHBI 3TOM AKTUBALUH
JI0 KOHIIa HEe SCHbI. MeXaHH3MBbl, BEyIINe K aKTHBALUU U HC-
toweHuto numponuro CD4’, mpexncraBisior 0coOblil HHTE-
pec, MOCKONbKY MOJJEPKKa UX Ha JOKHOM YPOBHE SIBIISIETCS
KPUTHYECKH BaXXHOH s mpemorBpamienus Havana CIINM/la.
[TockonbKy ypoBeHb kieTok CD4" xoppenaupyer co CTeneHbIo
BBIPAKEHHOCTH KOXKHBIX TPOSIBICHHUH, PAacIO3HABAHUE Xapak-
TEPHBIX FePHETHYECKUX NOPAXKEHNI MOXKET OOJICTYUTh PAHHIOK
quarHocTuky BUY, a ux cucremarusanys IOMOXKET KIMHULIU-
cTaM u30erarb JUArHOCTHYECKUX OLIMOOK, KOTOpbIE OOBIYHO
MIPUBOJIAT K MEIULIMHCKUM U BPEMEHHBIM 3aTpaTaM.

Llenpio JAHHOTO HCCNENOBaHUS SIBUIOCH ONpPENENEHNE KOp-
PEISIIMOHHBIX  3aBUCHMOCTEH MEXIy TSKECThIO KIMHHUYE-
CKUX TposiBieHud, ypoBHeM CD4" cpean mamuentoB ¢ BUY-
10o3uTUBHBIM U BIIY-HeraruBHbIM CTaTyCcoM.

Marepuan u meroabl. lccnenoBaHue NHPOBOAMIOCE Ha
6aze XapbKOBCKOW OONACTHOI KIMHUYECKOH HHQPEKIHOHHON
OONbHULIBI, KOTOpasl SIBISETCS KIMHUYECKOH 0a3oil kadenps
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UHQPEKIMOHHBIX OOJIe3HeH M KIMHUYECKOH HUMMYHOJIOTMH, C
COOMIONIEHNEM HTHYECKMX HOPM M MPHHIMUIOB | eNbCHHCHKOM
JieKaapauun BceMupHOM MEIMIMHCKOM accouualud O Ipo-
BEJICHUHM HAy4YHBIX MEAMIMHCKHUX HCCIENOBAaHMH C ydacTHEM
JenoBeka. Bce MalueHTsl mepes NpoBeIeHHeM 00CIea0BaH s
HOANUCAIN JOOPOBOJILHOE MH(GOPMUPOBAHHOE CONIACHE, OJI0-
OpEHHYI0 KOMHCCHEH 110 OHO3THKE.

Juarno3 BUY-undekiun ycraHaBIHBald B COOTBETCTBHU
C OOLICNIPUHATON MEPEeCMOTPEHHON KIMHUYECKOW KJIACCH-
¢uxaipn craguit BUY-undekuun y B3pOCIbIX U MOAPOCTKOB
(xnaccudukanuss BUY-undekun, 8 2006 roga, peKOMeHI0-
BaHHasl NpHUKa30M MUHMCTEPCTBA 31PABOOXPAHEHMs YKPaHHBI
or 12.07.2010 Ne 551).

[Ipoananu3upoBaHO KIIMHUYECKOE TEUEHUE IepreCBUPYCHON
nH(EKIMH ¥ TI0Ka3aTeld IMMYHHOTO cTatyca y 119 nanueHTos:
60 BMY-HeraTuBHBIX MAaIMEHTOB, BKIIOYEHHBIX B | rpymmy c
KIMHUYECKUMH TIPOSIBICHUAMH I'€PHECBUPYCHBIX HHGEKLUH 1
59 ¢ BUY-undexuueii, koropsie cocrasuiu 11 rpyrmiy. C nesbio
cuctemarusaiuu | rpynna Obuta pasjeneHa Ha 4 MOATpPYMIIbL:
IA — manumenTsl ¢ MHQEKLHeH POCTOro repreca MepBoro TUa
(n=17), IB — ¢ uH}pekuuer npocToro repreca BTOPOro TUIA
(n=16), IC — ¢ repniec3ocrepnoii unpexuueii (n=12) u ID — na-
ueHTsl ¢ nHdekuuei dnurreitna-bapp (n=15) (tadnuua 1).

Jlnst cuctemMaTu3anuy KIMHUYECKUX TPOSIBICHHN TepreTHye-
ckoii nHpekun y BUY-1onoKuTenbHbIX MalUEHTOB HCIOIb-
30Bad  MEXKIYyHapoaHyloo Kiaccudpukanuo BUY-undekimm
(tabmuua 2), kotopast npunsaTta L{eHTpoM 1Mo KOHTpoIo 3a00-
nesanuit (CDC), (BO3, 2007). Takum o6pasom II rpynna Gana
nozaesneHa Ha 3 noarpymnnsl: IIA — co Bropoit kmnHn4eckoi cra-
nueit BUY-undexuun (n= 19); IIB rpynna — ¢ tpereit knunnye-
ckoii craaueit BUU-undexunn (n=20); IIC rpynna — ¢ 4etBép-
TOM KiuHHYeckoil craaueit BUY-undekuun (n=20) (Tabauua
1). [TockonbKy ManeHToB ¢ EpBOi cTaaueii ObuI0 BCero 3, Bbl-
JETISITh UX B OT/EIBHYIO MOATPYIITYy MBI COUIH Heleaecooopas-
HbIM. CpefHuil BO3pacT MalueHToB: s | rpymmsl cocTaBmi
36,5+17; 11 rpynmel — 37+18. XapakrepucTHKa pacipeaeieHus
1o noty: Myx4uH — 58 (48,74%), sxenuwH — 61 (51,26%).

Kpurepusimu BKIIOYEHHS OONBHBIX B MCCIIEIOBAHUE ObLIU
Juist 00enx TPyI: BO3pacT MaueHToB oT 18 mo 60 et Biito-
YUTEJILHO; HAJIMYNE TePIICCBUPYCHOM MHPEKINH KITMHUYECKH 1
MOATBEPIKICHHOM ee akTuBHOI (Gopmbl Metogamu MDA, TTIP;
qutst rpymnsl II - couerannast BUY-undekiys, moaTBepiKIeHHAs
nmmyHopepmeHTHBIMU (UDA, IMMYHOOIOTTHHT) HIIH MOJIEKY-
nspubsiMu Metogamu (I1L[P).

AHanu3 uccriefoBaHMi BKIIIOYAN JaHHbIE KIMHUYECKHX Me-
TOJOB: KJIMHUYECKUH aHaJu3 KPOBU, KIMHMYECKMH aHAIu3
MOUH, KIMHUYECKUH aHalM3 CHMHHO-MO3TOBOM KUAKOCTH (JUIs
onpenenenust nopaxenuid [THC); OHOXMMHYECKHX METO/IOB:
HEYCHOYHbIE MPOOBI, NPOTEMHOrpaMMa, OMOXMMHYECKHI aHa-
JIM3 JINKBOPA; MOJIEKYISIpHbIX Meromos: TP mis Bepuduxa-
uuu BUY, BIII'-1, BIIT-2, BB3, BOb, BI'U-8 (ananu3 nukBopa
BKJIIOUUTENBHO); UMMYHO(EpMEHTHBIE (ONpeeieHne CoaeprKa-
Hus antuten Kk anturenam: BIIT-1, BIIT'-2, BB3, BOb, BI'U-8);
HMMMYHOJIOTHYECKUX METOOB (ypoBeHb KieTok CD4%); kynbTy-
paJbHBIX METOOB: aHAM3 KPOBU Ha CTepUIbHOCTH. MHCTpY-
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MEHTAJIbHbIE METOABI BKJIIOYAIH PEHTIeHOTpa(HIo, KOMIIbIO-
TepHyto ToMorpaduro. CraTucTnueckas 00paboTKa pe3ysibTaToB
MIPOBOAMIIACKH C Hcronb3oBanueM Microsoft Excel (Office Home
Business 2KB4Y-6H9DB-BM47K-749PV-PG3KT) u craru-
ctuueckoro makera IBM SPSS Statistics v. 22 (FacultyPack L /
N: L-GLBC-99H6WQ).

Pe3ysibTarnl U 00Cy:KIeHHe. B HanieM ucciaeqoBaHUN ObLT
H3yYeH CIEKTp reprecBUpycHbIX MHpekuuit cpean 119 namu-
entoB (n=119) (tabnuua 1). [Ipu npoBeneHUN J1aGOPATOPHOTO
noaTeepxkaeHus: merogoM [P wmu MDA mapkepbl akTHBHON
reprecBUpyCHOI MH(EKIMU ObUTH OOHApyKEHBI B KPOBU BCEX
MalMEeHTOB. B xozxe uccienoBaHus yCTaHOBIECHO, uTo B | rpyn-
Iie TAlMeHTOB ypoBeHb KieTok CD4" Obl1 B npeaenax HOPMEL.
OtHocurensHoe cHkenne CD4'-numdouuntos ormevanocs y
3 (2,52%) mauMeHToB 10 CTENEHH YMEPEHHOro UMMYyHOAE(HU-
muta y s [IA rpynnst (Tabnuna 3), 94To CBHAETEIbCTBOBAIO
0 HENPUBEP)KEHHOCTHU K Tepanuu. Y mnanueHToB [IB rpymmsl
obHapyxeH ymepeHnHbiit — 9 (7,56%) ciydaeB U BbIpayKeHHBIN
ummyHonepuut — 11 (9,24%). Y naunentos IIC rpynms! BbI-

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

SBJICHHBIN TsDKeNbIi — 6 (5,88%) u kpaiiHe TsDKenblii HMMYHO-
nedurmt — 14 (11,76%). Ipu BeIsiBICHUH TPpHYUH GOPMUPOBa-
HHS IMMYHO/Ie(DUIINTa HAMH OTMEYEHO OTCYTCTBHUE MJIM HU3KAs
npuBepxkeHHOCTh K BAAPT, 0 ueM cBUIETENBCTBOBAJIO COXpa-
HEHHUE BBICOKOTO YPOBHsI BUpycHOH Harpy3ku (BH) u cHixenune
NoKa3aresell HMMYHHOTO CTaTyca.

BUPYC ITPOCTOI'O I'EPIIECA I THUIIA. T'epneruue-
ckast nHdekiys B IA rpynmne Obita Beisiiena y 17 (14,29%)
OosibHBIX. KinHMueckass KapTHHA IPEICTaBIeHA JIOKAJIU3UPO-
BaHHOI abuanbHO# hopmol, Mopdosiornueckue EeMEHTBI
CBINHU NPEJCTABICHbI CIPYIIUPOBAaHHBIMU BE3UKYJIaMU C BEH-
YUKOM THIIEPEMHUHU, KOTOPbIE pa3phIBAJINCh ¢ 00pa3oBaHUEM
9po3uil ¥ JaNbHEHIIUM (OPMUPOBAHHEM CEPO3HBIX KOPOK.
Teuenue reprneTuueckoil MHOEKIIMH COCTABIISIO, B CPEIHEM,
12+2,1 nuei.

Bo IIA rpynne nndexius Obuia BeisiBieHa B S (4,2%) ciydasx,
3JIEMEHTBI BO3HUKAJIH B IPEIBAPUTEIIEHO KOMIPOMETHPOBAHHBIX
30HaX JIOKAJIU3allH, IEPBUYHBIM JIEMEHTaM IPeJIIIeCTBOBAIN
IIPOAPOMAJIbHBIC CUMIITOMBI: JKXKECHHUE U 3Y]l B 30HE [IOPAXKCHUS.

Tabruya 1. Konuuecmeo 601b1bIX, y KOMOPLIX OOHAPYICEHBL MAPKEPbI 2ePREemuUteckoll ungpeKkyuu

I rp_yrma A r_pyrma B r_pylma nc r_pylma Kpurepuii Mapcona P2
(n=60), (n=19), (n=20), (n=20), Bcero
3aboJeBaHue U YPOBEeHb 3HAYUMOCTH
KOJIMYECTBO | KOJHYECTBO | KOJHYECTBO | KOJIHYECTBO ciIyyaeB P
ciIyyaeB ciIyyaeB ciy4aeB ciIyyaeB P
Bupyc npocroro 1e@ A
reprieca nepBoro 117A(1F§y211911/a) 52%) | 7(5.88%) 11 (9,24%) 40 Ii‘e ’Z’;‘;EMQ’?{‘E
tuna (HSV-1) eI p p
Bupyc npocToro DA
reprieca BTOpOro ILB(EZ‘??) 11(9.24%) | 7(5,88%) 8 (6,72%) 42 X 3133 ;{6(; 1}4’6 Olil
Tuma (HSV-2) 70 p p
I'epmec 30cTep IC rpynma N 0 0 ¥*=4,9; p=0,18
(VZV) 12 (10,08%) 3 (4,2%) 6 (5,04%) 4 (3,36%) 27 PaBHOMEPHO
Onmreitna-bapp
ID rpymma o 0 o 1’=5.3; p=0,15
BUpYCHAst HH(EKIHS 15 (12,6%) 4 (3,36%) 9 (7,56%) 10 (8,4%) 38 PABHOMEPED
(EBV)
Bupyc repneca PP
BOCBMOTO THITA _ _ _ 3 (2,52%) 3 x ag;?(;hfe 01;:)1
(HHV-8) p p
Tabnuya 2. Cmaouu BUY-unghexyuu, coenacno kraccugpuxayuu, npunamoti Lenmpom no konmponio sabonesanuii (CDC)
Cragusa BUY-undpexuun AbcomoTHoe kKosim4ecTBO CD4- M ounTon
Cramus 1 (BUY-unrdexims) > 500 xi1r/MKIT
Cranus 2 (BUY-undexims) 350-499 xi/mMKkn
Cranus 3 (PasBusiuasics BUY-undexius) 300-349 kin/mMK
Cramus 4 (CTIN M) AbcomoTHOe KonmaecTBo 200 KII/MKIT HITH OTHOCUTEIbHOE KOMuuecTBO 15%

Tabnuya 3. Yposnu CD4+ y nayuenmos ¢ BUY-ungpexyueri

Cragus BUY-unpexuuu, ypoBeHb IIA rpynna IIB rpynna IIC rpynna
CD4" kieTok (n=19) (n=20) (n=20)
Cragus 2
> 500 Ki/MKT 16 (13,45%) 9 (7,56%) -
Cranus 3
499-349 Ky1/MKI 3(2,52%) 11(9,24%) -
Cragus 4 R
> 200 xi1/MKIT _ _ 12 (?,1836%3/)
> 50 K1/MKI (11,76%)
CpenHee U CTaHJApTHOE OTKJIOHCHUE 666+118* 475+182%* 58+63*
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3aboneBanue B 3 ciydasx Obuto BropuuHbiM: Ha (one OPBU
U OCTPOro OPOHXHTA, COMPOBOKAATIOCH HEMPOAOJDKUTEIILHOM
JIMXOpaJKOW MW yMepeHHOil Ooiblo. eprietnyeckue MposiBie-
HUsS B }laHHOﬁ rpyrme 6OHbelX BBIABJIAJIMCH B BUIAC I'€PIETHU-
yecKkoil MukcT-uHekuun n=3 (2,52%): B coueranun ¢ BIII-2
wi BOB. Teuenune xapakrepu3oBajoch HAIMYMEM THUITUYHBIX
MOP(OIOTHYECKUX IEMEHTOB ChIINH, JIUM(paieHonaTuei; 3a0o-
JICBAHUE CONPOBOXKAAIOCH IJIUTENbHOU Juxopaakol. TeueHue
repreTHYCCKOM HHPEKIMH COCTABIIIIO B cpenHeM 21+2,4 nHei.

Bo IIB rpynne manudecruas ¢popma BIII'-1 auarHoctuposa-
Ha'y 7 (5,88%) GonpHBIX B BUJIE TabuaibHOro repreca. Hauano
OBLTO OCTPBIM C CUMIITOMaMH OOIIEH MHTOKCHKAIIUH, MOSBIIC-
HHEM 03HO0a, BBHICOKOW JIMXOPAJKH, OTMeYaaach BBIPAKCHHAs
0O0JIC3HEHHOCTh MMpU JKeBaHHU. JIOKAaIbHO HAOIIOMANCS OTEK
CIIM3UCTOM, O4aroBasi THIEPEMUsi, HECKOJBKO IO3KEe OOHapy-
JKUBAJIMCh BE3UKYJIE3HBIC I'€PIICTUUCCKUE BbICBINIaHUA, KOTOPBIC
OBICTPO CIUBAINCH B OyJUIC3HBIC DJIEMEHTHI M Pa3peliainuch ¢
o0pa3oBaHUEM JPO3Hi, a B OIHOM CiIydae — sI3B; Ha 3TOM JTa-
TIe YBOJIIOIIMH CBIITK OTMEYaiach pe3kasi 00JIe3HEHHOCTh B 30HE
nopaxeHuss. Bo Bcex ciydasx HpuCOeAUHsIIaCh BTOPUYHAs
KOKKOBasi HH(QEKIHs, 4T0 00yCI0BIMBaIO GOPMUPOBAHUE JKET-
TBIX THOWHBIX KOPOK. XapaKTepHbIM IJIsI JAHHOM IPYIIIb ObLIO
peuuauBHpyolIee TedeHHe 3a00NeBaHMs: IOSBICHHE HOBBIX
25IeMeHTOB Ha (oHe mepBUYHbIX. OTMEYAINCh YBEIHYCHHE U
00JIC3HEHHOCTh PErMOHAPHBIX JTMM(aTHIecKuX y3ioB. Bee ciy-
Yan XapaKTepU30BaINCh 000CTPEHUEM XPOHUYCCKON HHDEKITHH
Ha ()OHE MEepBUYHOTO 3aboeBaHus — mHeBMOHUU (n=5, 4,2%),
toHswura (n=1, 0,84%) 1 OCTPOro HEKPOTU3UPYIOLIETO 53-
BeHHoro cromaruta (n=1, 0,84%). 3aboneBanne COMPOBOK/Ia-
JIOCh JUTMTENILHOU JIMXOPAAKOM, TEUeHUE TepHeTHYeCKOil MH-
(eKImn CoCTaBuIIO, B cpeaneM, 23+2,1 neHei.

I'epriernueckas nundexims Bo [IC rpymnme xapakrepruszoBanach
CKJIOHHOCTBIO K TeHEPaIIN30BaHHOMY HH(PEKIIMOHHOMY ITPOLIEC-
cy ¢ npeumyiecTBeHHbIM nopaxenueM LIHC, u BoisiBiiena y 11
MAIMEeHTOB B BUJE: MEHUHTUTA - 5 (4,2%) 1 MHOroO4aroBoro
sHieanmuta - 6 (5,04%) reprneTHUECKOil M TOKCOIMIa3MEHON
OTHOJIOI'MHU, C IPOABICHUAMU MHOXKXCCTBECHHBIX I/IH(beKLIPIOHHbIX
MOpaKeHU I MUKO3HOM STHOJIOTMH B COUETAHUH C TYOSPKYJIE30M.
HI/IEIFHOS NOATBEPKACH TUIIMYHBIMU W3MCHCHHUSAMU B JIMKBOPE
10cJjIe MPOBEICHUS JTIOMOAIbHOM IIHKIMH U XapaKTEePHbIMU U3-
menenusivu Ha MPT. TIpeObiBanne OONbHBIX B CTAL[IOHApPE CO-
CTaBUIIO, B cpesiHeM, 23+2.4 nHei.

BHUPYC INPOCTOI'O T'EPIIECA 11 THUIIA. B IB rpymnne
yactora Bepudukanuu cocrasmwia 16 (13,45%) ciyuaes, kiu-
HHUYeCKas KapTHHA MMeNa BUJ MOHOMOP(HON BE3HKYIE3HOM
ACUMMETPHUYHOM CBIITKM B aHOT€HUTAIBbHON 00nacTu. OCHOBHBI-
MU )KaJ'[O6aMI/l 6I)IJ'IPI '-lyBCTBO JKKCHUA U 3y11a B 30HC ITIOpaxe-
Hust. TeueHue reprneTHyeckoil HHPEKIUU COCTaBISUIO, B CPEll-
HeM, 1242.2 nuei.

Bo IIA rpynmne nndexuus Beisiiena B 11 (9,24%) cnydasx. Y
8 (6,72%) nanueHToB MpOTeKaa B BUIC MOHOMH(EKIINH C HAJIU-
YUEM THUITUMYHBIX BE3UKYJIC3HBIX MOp(bOJ'lOFPI'—leCKI/IX JJICMCHTOB
B FeHHTaﬂbHOﬁ O6.]'laCTPI, KIIMHUYCCKH JOMUHHWPOBaJia aHaJIbHas
¢dopma - 7 (5,88%). JlokanpHO HaOIHOMANICS OTEK CIM3HCTOM,
o4yaroBas ruriepemusi, TCHECHUE 6])1.]'10 3aTSAXKHBIM C l'lpl/leTCTBI/I—
€M BBICOKOW JIUXOPAIKH, CI1ab0CThIO, Pe3KOl 0O0JIC3HEHHOCTHIO
9JIEMEHTOB U PErHMOHAPHBIM JMM(AICHUTOM; MUKCT-MH(EKIHS
BbIABJICHA B 3 (2,52%) cinydasx, B couetanuu ¢ BIII'-1 u BOB,
XapakTepu3oBaJiaChb 3JIOKAYCCTBEHHBIM TCUCHUEM: TTOABJIICHUEM
CBEIKHX DJIEMEHTOB Ha (DOHE MEPBUUYHBIX.

Yacrora Bepudukauuu reprecBupycHoil uHpekuun Bo [1B
rpynne cocrasuia 5,88% (n=7), koropas XapaKTepu3oBa-
J1ach TIIABHBIM 00pa3oM B BHJE KOMOWHHMPOBAHHOW MH(EKINH
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¢ BIII'-1, IMB u BOb: n=5 (4,2%). DnemeHnram chblnu npen-
IIECTBOBAJIM HANPSDKEHHOCTh U OTEK KOXH, OLIYIIEHHE 3y[a
¥ OKEHHS, CHHAPOM HHTOKCHKALUHM C BBICOKOH JIMXOPAIKOM.
Jlokanu3zanusi — NpeuMyIIECTBEHHO B NIepuaHalibHOM 001acTH,
THUIUYHBIC BE3UKYIbI OBICTPO CIUBAINCH B OyJIJIe3HBIC dJIEMEH-
Thl, KOTOPbIE OTIMYAJIUCHh PE3KOH OOJIE3HEHHOCTHIO, CHIb Xa-
paKkTepHu30BalICsi BOZHUKHOBEHUEM HOBBIX JJIEMEHTOB Ha (oHE
npenecTByomux. Bo Beex ciryyasix oTMedanach peruoHapHas
nuMda eHOnaTHs U MPUCOSIUHEHNE BTOPUYHOI KOKKOBOH HMH-
(exuny, KoTopasi OCJIOXKHsIIA TEUCHHE: JIEMEHTBI SBOJIOLHO-
HHUPOBAIN C (OPMHPOBAHMEM JPO3UI U 5I3B, HA MOBEPXHOCTH
KOTOPBIX 00pa30BBIBAINCH F'HOMHbIE KOpPKU. TeueHue repneru-
YeCcKoU MH(MEKINK COCTABISIIO, B CpenHeM, 234+2,3 nHeil.

I'epriernueckas undexus Bo [IC rpynme uMena B reHe-
paM30BaHHOTO WH(EKIHOHHOTO mpoiecca n=8 (6,72%): me-
HUHTUT — 3 (2,52%) u sHuedamut — 5 (4,2%) reprernueckon
¥ TOKCOIUIa3MEHOH STHOJIOTUH, C MPOSBICHUSIMA MHOXECTBEH-
HBIX WH()EKIIMOHHBIX MOPAKCHUH MHEBMOLMCTHOW STHOJIOTHU
B COYETAHUM C TyOepKyJIe30M M BUPYCHBIM remarutom. [lna-
T'HO3 OBLT MOATBEPXKICH C MOMOIIBIO JFOMOATBHON MyHKIHH,
KT, MPT. IIpeObiBanne OOMbHBIX B CTallHOHAPE COCTABHJIO, B
cpenHem, 23£3,1 nHeit.

T'EPIEC 30CTEP. I'epniernueckast nudexiums B IC rpynmne
Obuta BeisgBieHa y 12 (10,08%) GonbHBIX, XapaKTepu30Baiach
OJJHOCTOPOHHEH OO0JIE€3HEHHOH BE3UKYJSPHOH ChINbIO, KOTOpast
BO3HHMKAJIa BJIOJIb MOPAKCHHBIX BETBEH HEpBOB. TeueHue rep-
METHYCCKON MH(EKIIMN COCTABIISIIO, B cpeaneM, 14+3,1 nHeil.

Bo IIA rpynne VZV-undekius Obuta BepupuIupoBaHa B 5
(4,2%) cnyuasix. Hauano Obuto OCTpHIM ¢ 0OLIEH MHTOKCHKA-
LMEH, TOSBJICHUEM 03HO0A U BBICOKOM JInxopaiaku. Chllu npej-
IIECTBOBAJIA JIOKAJIIM3UPOBAHHAS HEBPAJITUS, 3JIEMEHTHI ObLIM
Ipe/ICTaBICHbl PE3KO OOJIC3HEHHBIMH BE3UKyJIaMU Ha (oHe OT-
eKa U T’MIePEeMHH, KOTOPbIE B JAaJbHEHIIEM CIUBAINCH B ITy3bl-
pH, pacroioKeHne — B OCHOBHOM 10 XOJy BeTBeH Mexpedep-
HbIX HepBOB (n=4; 3,36%) u BeTBel TpOHHUYHOrO Hepsa (n=1,
0,84%). JnurenbHOCTh 3a00JI€BaHMsI, B CPEIHEM, COCTABIIsIIA
21+2.4 nueii.

I'eprietnueckast nndexuus Bo [IB rpynmne Obuta BbisiBlIeHA B
6 (5,04%) cayuasix. Mopgonorudeckue 2J1eMeHTbl HMENH Hpe-
MMYIIECTBEHHO aTMIMYECKUIl BUA: JUCCEMHUHUPOBAHHBIE OyII-
a6l Ha ¢one runepemuu n=4 (3,36%) B pe3yibrare IBOJIOLUH
00pa30BBIBATIMCH TIIYOOKHE $5I3BbI. BO Bcex ciydasix MpHCYT-
CTBOBaJIa pe3kasi 00JIe3HEHHOCTD, JIMM(paICHONATHsI U BBICOKAsI
nuxopazka. O01ee CoCTOSTHUE OBLITO TSHKEITBIM 32 CUCT SIBICHUN
MHTOKCUKALUKM M COYETaHUS] MHOXKECTBEHHBIX KO- M CyIlep-HH-
¢dexunii. Teuenne reprneTHyeckoil MHPEKIUH, B CPEIHEM, CO-
craBwiIo 25+2,3 nHEi.

I'epniernueckas nngexuus B 11C rpymme (n=4; 3,36%) umena
BUJ] MUKCT-UH(EKIIMU Ha (hOHE TeHEPATU30BAHHOTO MH(EKIH-
oHHorO npouecca: sHuedanura BIII-1 renesa u TokcoruazmMos-
HOM 9THOJIOTHH, C MPOSBICHUSIMH MHOXXECTBEHHBIX MH(EKIH-
OHHBIX TOPAKCHUH MHKO3HON M OaKTepHalbHOI THOJOTHH B
COYETaHMU C BUPYCHBIM rematutoM. Mopdonorudeckue ae-
MEHTbI UMEJU aTUIMYHBIA BUA: AMCCEMHHHPOBAHHBIC BE3HKY-
1Bl U B Oosbleil creneHu Oysuie3Hble aeMeHTsl (n=3; 2,52%)
C KpaiiHe BBIPaKCHHOM 00JC3HEHHOCTHIO M CUHAPOMOM HHTOK-
CHKaLlMH, SIBIICHUSIMU T1OJIMA/ICHONIATHH. JTUTeNbHOCTD Pedbl-
BaHUsS OOJNIBHBIX B CTAIMOHAPE COCTaBMiA, B cpeaHeM, 30+£10,2
JHEH.

SHIITEAHA-BAPP BUPYCHASI HHOEKIMSL. V ma-
tenToB ID rpynmns! kianHUYeckue npossieHus BOb-undekiyn
HE CONPOBOXKAAINCH JECPMATOIOIMYECKUMH IPOSIBICHUSIMU
1 BbIsABIEHB! y 15 (12,6%) GonpHBIX. OCHOBHBIMU >kKaji00amMu
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CpeaM TaHHOW KaTeropuu NalUMeHTOB ObLIM OBICTpas yTOMIIA-
€MOCTb, 001as ¢j1aboCcTh, SMOLMOHAIbHAS JTA0MILHOCTE, J€e-
MPECCUBHBIC COCTOSIHUS, OCCCOHHMIIA, TOJIOBHAs 00Jb, 03HOO,
nuckomopr B ropiie. [Ipu obcienoBanuy uMenu Mecto aumda-
JieHomarus, cyoheOpuiibHas JIMX0pajka, TUIIEPEMHsT POTOIIOT-
K. Y 4acTH MAlMEHTOB OTMEYaIach TeraToCIUICHOMETal sl

Bo IIA rpynne yactora BeisgiaeHust BOb cocrasuina 4 (3,36%)
ciyyasi, Bo IIB rpymmne — 9 (7,56%). OcHOBHBIMHU jKalobamu
6bIJ'IPI CﬂaGOCTb, BO3HUKHOBCHHE MBIIICYHBIX U CYCTAaBHBIX 60—
neid, oM B IpaBoM 1ozpedepbe, 3aTpyIHEHHOE HOCOBOE JIbIXa-
HHUE, HAPYIICHUE CHA, ITaMATU U BHUMaHUSL. PeaKTHBHpOBaHHaS[
¢dopma BOb-uHbpekuun xapakTepu3oBajiach IJIUTEIBHBIM pe-
[MMBUPYIOIIUM TeYeHHEM. Y MalHeHTOB OTMevaiach JuMpa-
JICHOTIATHsI, TelaToCIICHOMEerains, cyopeOpuInTeT, CHHAPOM
XPOHUYECKON ycTanocT. Y Bcex manueHToB BOB-undekmms
coueranach ¢ BIII'-1, BIIT-6. [Ipe6biBanue GOMBHBIX B CTALHO-
Hape COCTAaBUJIO, B CpeiHeM, 25+2,4 nHEeH.

Knununyeckast Manudecranus IepMaTolOrHIecKuX IPOsiB-
neHuit Obuta oOHapyxeHna y Oonbubix IIC rpynmsl B Bue Bo-
JIOCATOKJIETOYHON JICHKOIUIAKMU OOKOBBIX YYacCTKOB sI3bIKA — 5
(4,2%) G0NMBHBIX: HA HEM3MEHEHHON MOBEPXHOCTH OTMEUAIUCh
HUTCBUIHBIC 6en0—cepble 6J'I${LLIKI/I, KOTOPbIC BO3BBIIIAJINCH HAl
YPOBHEM KOXH, C OKPYITIBIMU KOHTYpaMU ¥ HEYETKUMU I'PAHU-
namu. Y 4 (3,36%) O0abHBIX— B COCTaBE MHOYKECTBEHHBIX MH-
(bexIuii; KOMOMHAITMHA HECKOIBKHUX THITOB FepIIeTHUECKO# (n=6;
5,04%), 6GakTepuanbHOW M MUKOTHUYCCKOM MHMEKIINH, KOTOPHIC
COINPOBOXKIANIUCH TOPAKEHHEM LIEHTPAJIbHON HEPBHOW cUCTe-
MbI. JITUTEIbHOCTE IPEObIBAHUS OOJILHBIX B CTAIMOHAPE COCTA-
BUJIA, B cpeaneM, 30+9,8 aueid.

BUPYC T'EPIIECA BOCBMOI'O THIIA. Tepreruue-
ckast un¢exuus B [ u IIA, I1IB rpynmax He 6buta o6Hapyxena. B
[IC rpynmne Ob110 BbIsABICHO 3 ciaydas capkombl Kanommu (n=3;
2,52%) B coueranuu ¢ BOB. Knunnuecku 3abosneBanue npore-
KaJ10 C ABJICHUAIMMU }ll/ICCeMI/IHI/IpOBaHHOI\/i CBIITU — Ha KOXKE OIIpe-
JIeISUTCh 0e300JIe3HeHHBIE YYaCTK aHIMOMAaTo3a 3aCTOHHOIOo
CHHIOLITHOTO L[BE€Ta OT 2 MM 1O 5 MM, KOTOpbIE€ BO3BBIILIAINCH
HaJl ee ypoBHEM. B mporecc Takke BOBIIeYeHa CIM3UCTasi 000-
JIOYKa MOJIOCTH PTa.

BriBoabl. KnnHuueckue mposiBICHUS U TEUCHUE I'eplecBU-
pycHbIX uH}pekuii Ha porne BUU-unpeKxunu TecHO CBSI3aHbI C
UMMYHHBIM CTaTycoM. Ha CIeKTp M 4acToTy AepMaTojoruue-
CKHUX TIPOSIBJICHHH 3a00JIeBaHUI KOXKH U CIM3UCTBIX 000JI0YEK
y BUY-uHGUUMPOBAHHBIX BIMSIOT CTENEHb BBIPAKCHHOCTH
UMMYHOZIe(pUIIHTA U CUCTEMHOE IPUMEHEHUE aHTHPETPOBUPYC-
HBIX IIpenaparoB. TsKecTh NPOSBIEHUM KOppelIupyer ¢ ypoB-
HeM kietok CD4": pu CHIDKEHMH MX YpOBHS Huoke 349 Ki/MKIT
HaO0JIIOIAJIOCh ATUIUYHOE TEUCHHE I'elPECBUPYCHBIX HH(EK-
1MH, a npu 3Ha4eHnn Menee 200 KII/MKIT — reHepaau3aus nH-
(EeKIMOHHOTO TpoIiecca.
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SUMMARY

CLINICAL AND IMMUNOLOGICAL FEATURES OF
HERPESVIRUS DISEASES ON THE BACKGROUND
OF HIV

Dorosh D., Liadova T., Volobuieva O., Popov M.,
Sorokina O., Ognivenko E.

V.N. Karazin Kharkiv National University, Department of Infec-
tious Diseases and Clinical Immunology, School of Medicine,
Ukraine

Herpesvirus infections (HI) are the most common HIV-asso-
ciated diseases. Due to the development of the HIV pandemic,
the incidence of HI against the background of HIV infection is
steadily increasing, and the implantation of HAART makes cer-
tain changes in the course of diseases of this category.

The aim of the study was to compare clinical and immuno-
logical data in different forms of HI in HIV-positive patients and
in patients with normal immune status.

From March, 2019 to April 2021, 59 HIV-positive and 60
HIV-negative patients were included in the study. The study
used clinical and laboratory methods: ELISA, PCR (HIV RNA,
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HSV-1, HSV-2, VZV, EBV, CMV, HHV-8), immunological
studies (CD3 +, CD4 +, CDS8 +, CD4 +/CD8 +, CD20 +). The
data were statistically processed using the IBM SPSS Statistics
statistical package.

The clinical features of herpesvirus skin diseases associated
with HIV is closely related to the immune status. The spectrum
of clinical manifestations and the incidence of skin and mucous
membrane diseases in HIV-infected people are influenced by the
severity of immunodeficiency and the systemic use of antiretro-
viral drugs. The severity of manifestations correlates with the
level of CD4 + cells: with a value below 349 cells/pl, an atypical
course was observed, and with a value of less than 200 cells/pl,
a generalized infectious process.

Keywords: human immunodeficiency virus, herpesvirus skin
diseases, clinical course, melatonin.

PE3IOME

KIMHUKO-UMMYHOJIOT'HYECKHE OCOBEHHO-
CTU 'EPIIECBUPYCHBIX 3ABOJIEBAHUI HA ®OHE
BUY

Hopoumr /I.H., JIanosa T.U., Bonodyesa O.B., Ilonos H.H.,
Copoxuna O.I'.,, OruuBenko E.B.

Xapvrosckuil Hayuonanonvid ynugepcumem umenu B.H. Kapa-
3UHa, Kageopa unpexyuonnvIx boaesHell U KIUHUYECKOU UMMY-
Hono2UU, MeOUYUHCKULL parkyrbmem, Ykpauna

Llensto MccnenoBaHus sBUIOCH CPaBHEHHE KIMHHKO-MMMY-
HOJIOTMYECKHUX JAaHHBIX MPU Pa3InyHbIX (OpMax reprecBHpyC-
HbIX HHQeKui y BUY-1103uTHBHBIX GOJIBHBIX U Y MALUEHTOB C
HOPMaJIbHBIM UIMMYHHBIM CTaTyCOM.

C mapra 2019 r. o anpess 2021 1. mpoaHaNIU3UPOBAHO KIIU-
HMYECKOE TEYECHHE IepIeCBUPYCHON MH(EKUNH M HOKa3aTeian
UMMyHHOTO cTtaryca y 119 manmentoB: 60 BUY-HeratuBHBIX
MALMEHTOB ¢ KJIMHUYECKUMHU IIPOSIBICHUSAMH I'epIIeCBUPYCHBIX
unpexuuit (I rpynna) n 59 - BUY-no3uTrBHBIE C reprecBu-
pycuoii undekuueit (II rpynma). Mcnonabp3oBaHbl KIMHHYECKHE
u naboparopueie Metonp: MDA, TILP (PHK BUY, BIIT-1,
BIIl-2, VZV, BOb, IIMB, BI'U-8), uMmMyHOJIIOTHUECKUE HC-
cinenosanus (CD3%, CD4, CDS8", CD47/CDS8", CD20"). Craru-
CTUYECKYI0 00pabOTKYy JaHHBIX MPOBOIMIN C HCIIOIb30BAHHEM
crarucrudeckoro nakera IBM SPSS Statistics.

KnuHnueckoe TeueHue reprnecBUPYCHbIX 3a001€BaHUN KOXKH
Ha ¢one BUY TecHO cBs3aHO ¢ MMMyHHBIM crarycom. Ha
CIIEKTp KIMHMYECKHX IpPOSABICHUH M 4acToTy 3abosieBaHUi
KOXH M CIIM3UCTBIX 00onouek y BUYU-uHpUIMpPOBAHHBIX BiH-
SIIOT CTENCHb BBIPA)KEHHOCTH MMMYHOAC(DHULUTA U CHCTEMHOE
IPUMEHEHHE aHTUPETPOBUPYCHBIX MIPENapaToB.

B xozxe uccienoBanusi ycTaHOBIICHO, 4TO B | rpynmne mauu-
€HTOB ypoBeHb KieTok CD4" naxomwics B mpenesiaX HOPMBI.
TsxecTh NMPOSABICHUI KoppenaupyeT ¢ ypoBHeM kietok CD4™:
P UX 3HAYCHUH Hivke 349 KiI/MKJI HaOMIOAAIOCh aTHIIMYHOE
TeyeHue, a npu 3HadeHur MeHee 200 KIJI/MKII — reHepain30BaH-
HbIH HHPEKINOHHBIN ITpoLecC.
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INTESTINAL MICROBIOTA IN ALZHEIMER’S DISEASE

Ivakhniuk T., Ivakhniuk Yu.

Sumy State University, Medical Institute, Sumy, Ukraine

Over the past decades, the problem of cognitive impairment
has confidently held one of the leading places in modern
clinical medicine. This is especially true for the older age
group. Moreover, the main cause of impaired functioning of
higher cortical functions is Alzheimer’s disease [3]. Cogni-
tive impairment and dementia are currently among the most
common causes of disability among patients of different ages.
According to the WHO, there are currently 47 million demen-
tia patients worldwide. This number will reach 75 million by
2030 and will almost triple by 2050 [31].

Analysis of literature on Alzheimer’s disease pathogenesis
has shown that the most common cause of cognitive impairment
was mixed (vascular-neurodegenerative) brain lesions. One of
the generally accepted hypotheses for the development of Al-
zheimer’s disease is the amyloid hypothesis, according to which
the cascade of the neurodegenerative process is triggered by a
violation of the metabolism of the amyloid precursor protein
(APP). A key link in this cascade is the formation and deposi-
tion of amyloid plaques in the brain parenchyma. In health,
APP is cleaved by the enzyme alpha-secretase into polypep-
tides of equal size, which are not pathogenic, i.e., do not tend
to aggregate. In early-onset genetically determined Alzheim-
er’s disease, the process of cleavage of APP by a-secretase is
disrupted. Cleavage of APP by B-secretase enzyme leads to
the formation of an insoluble membrane protein with a higher
molecular weight, the destruction of which by y-secretase, in
turn, leads to the formation of an abnormal isoform of amy-
loid protein (AB-42). AB-42 accumulates in the brain, lead-
ing to the formation of extracellular aggregates—amyloid
plaques—and triggering a cascade of pathological processes
leading to the development of neurofibrillary tangles and the
progression of Alzheimer’s disease [4].

The fate of amyloid protein in the brain is variable: it can ag-
gregate and be deposited in the form of amyloid plaques, thereby
disrupting the interaction between neurons and neurotransmitter
transmission, which, in turn, causes cognitive deficits; can be
utilized by cleavage by proteolytic enzymes such as neprily-
sin [15], chaperone molecules [16], lysosome and proteasome
enzymes [7,21]. A small part of the protein can be excreted
through the blood-brain barrier by interaction with the receptor-
binding protein of low-density lipoproteins (LRP1) [34], as well
as deposited in the walls of cerebral arteries of various sizes,
leading to the formation of amyloid angiopathy, changing the
architectonics of the vascular wall with the formation of fibri-
noid necrosis, hyaline degeneration of vessels with obliteration
of their lumen [27]. These changes are the initial mechanism of
hypoxic-ischemic brain damage in Alzheimer’s disease patients
and the development of mixed dementia.

Over the past ten years, many researchers have found a link
between gastrointestinal pathology and mental and neurologi-
cal diseases such as depression, anxiety, autism, schizophrenia,
and neurodegenerative disorders [24, 30]. Many scientists are
skeptical about such studies since the complexity of interactions
in a system called the gut-brain axis does not yet yield sufficient
results for definitive conclusions about the molecular mecha-
nisms of these interactions. However, the interest in such studies
is steadily growing.
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The main components of the microbiota-gut-brain axis are the
central nervous system (CNS), neuroendocrine and neuroim-
mune systems, the sympathetic and parasympathetic autonomic
nervous system, the intestinal nervous system, and, of course,
the intestinal microbiota. These components interact with each
other to form a complex multifactorial network. Through this
network, signals from the brain can influence the motor, sensory
and secretory activity of the intestine, and vice versa, visceral
signals from the intestine, mediated by the microbiota, affect the
brain function [23].

The classic signaling pathway of the intestinal microbiome
and the CNS functions through the regulatory mechanisms of
nutrition and satiety. Changes in diet can affect the availabil-
ity of various nutrients for the intestinal microflora and, conse-
quently, their qualitative and quantitative composition [30, 1].
It is known that the brain and, in particular, the hypothalamus,
plays a key role in the regulation of energy metabolism and food
intake. The hypothalamic-pituitary tract and brainstem are the
main centers of the brain that control appetite. The gastrointes-
tinal tract is closely connected with the hypothalamic-pituitary
system through neuroendocrine and sensory signals from the
intestine, in which peptides that control the brain’s response are
released. Food intake initiates a cascade of neural and hormonal
responses that trigger a central nervous system response. The
signal from mechanoreceptors is transmitted through afferent nerve
impulses to the vagus nerve and the dorsal nucleus of the solitary
tract, the neurons of which coordinate the motility of the gastrointes-
tinal tract. The projections from the nuclei of the solitary tract enter
the viscerosensory zone of the thalamus. Signals from the intestine
are also critical for appetite control and energy balance regulation,
glucose homeostasis, and fat metabolism. The intestinal microbiota
can be considered an important element of the endocrine system. It
carries out the enzymatic transformation of complex steroid com-
pounds and nitrogen derivatives (the latter enter the body with food
or are formed as a result of hydrolysis in the stomach or intestines
by pancreatic enzymes) classified as prohormones. Food consump-
tion induces the synthesis of various hormones in the intestine that
stimulate (ghrelin) or suppress appetite (peptide-like glucagon,
cholecystokinin, tyrosine-tyrosine peptide, pancreatic polypeptide,
and oxyntomodulin). The binding of hormones to receptors in the
hypothalamus leads to the synthesis of orexigenic or anorexigenic
peptides [8].

The microbiota begins influencing the body from the moment
of birth. External ascending signals from the intestinal microflo-
ra are important for early postnatal programming and brain de-
velopment [10]. Heijtz et al. [11] established that colonization of
intestinal microflora was essential for postnatal human brain de-
velopment and mental health. During intrauterine development
of the fetus, the brain forms at an increased rate. By the time of
birth, the brain reaches full formation in terms of neurons, but
the brain’s development does not stop after birth [10]. One of
the central mechanisms of interaction of the intestinal microflora
and the CNS is the influence on the hypothalamic-pituitary-ad-
renal (HPA) system. Intestinal bacteria affect the functioning of
the brain by modulating this axis. It has been shown that postna-
tal microbial colonization largely determined the development
of the hypothalamic-pituitary-adrenal axis [25].
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The intestinal microbiota can produce dopamine and its precur-
sors from food substrates, and almost half of the dopamine in the
body is produced in the gastrointestinal tract [29]. The microbiota
also produces acetylcholine, serotonin, norepinephrine, and other
biologically active substances [20, 29]. Another interesting fact is
that some microbiota representatives of the macroorganism can ac-
tivate glutamate receptors, which, in turn, are involved in the regu-
lation of synaptic plasticity and cognitive functions [18].

The intestinal microbiota of the human body has multifactori-
al effects on homeostasis. The study of the microbiota functions
in the human digestive tract and conditions leading to a violation
of the microbiota’s qualitative and quantitative composition is a
challenging task. Its successful solution can lead to completely
new therapeutic and preventive medicine strategies, the justified
prescription of various drugs that positively affect microbioce-
nosis and human health in general.

The study aimed to assess the qualitative and quantitative com-
position of the intestinal microflora in Alzheimer’s disease patients.

Material and methods. The intestinal microbiota was studied
in Alzheimer’s disease patients (n=37) aged 69+0.5 years. The
qualitative and quantitative composition of microbiota was stud-
ied using the microbiological research method [6]; identifica-
tion of microorganisms was carried out according to the scheme
given in Bergey’s Manual of Systematic Bacteriology [9].

The study included older adults (n 21) aged 72+0.3 years
without Alzheimer’s disease, diabetes mellitus, infectious pa-
thologies as a control group (reference group) to compare all
the studied parameters. The procedure for examining these in-
dividuals was following the standards of the ethics committee.

Adhesive properties of Bifidumbacterium spp. and Lactoba-
cillus spp. were determined by the method of V. I. Brilis et al.
[2]. The results were statistically processed using the Statistica
6.1 software package using the parametric Student’s t-test.

Results and discussion. Analyzing the results of microbio-
logical examination of feces of Alzheimer’s disease patients, we
found that 100% of the examined patients had various degrees of
manifestation of qualitative and quantitative dysbiotic changes
in the intestines: grade 1 dysbiosis was observed in 32.4+0.03%
of cases; grade 2 —in 27.0+0.02% and grade 3 — in 40.6+0.04%.

According to the latest intestinal dysbiosis trends, a clinical and
laboratory syndrome is understood as associated with changes in
the qualitative and/or quantitative composition of the intestinal mi-
crobiota followed by the development of metabolic and immuno-
logical changes that lead to gastrointestinal disorders [32].

It should be noted that grade 1 dysbiotic disorders of the intes-
tinal microbiota in Alzheimer’s disease patients in 75.0+£0.01%
of cases were latent, compensated, which was characterized by
insignificant quantitative changes in facultative aerobic and in-
digenous (Bifidumbacterium spp., Lactobacillus spp.) part of the
intestinal microbiota, and the absence of intestinal dysfunctions
according to the medical history. Other patients in this group
(25.0+£0.02%) had a history of intestinal dysfunction, which
manifested itself in the form of infrequent diarrhea.

In patients with grade 2 dysbiosis (27.0+0.02%), subcom-
pensated forms of dysbiotic disorders in the intestinal micro-
biota were recorded: qualitative changes (in parallel with quan-
titative ones) in the Escherichia coli population were observed
(compared with the indicators of the reference group), namely,
significant (p<0.05) increase in the degree of Escherichia coli
colonization with low enzymatic activity (up to 7-10% of the
total amount of E. coli) and a significant decrease (p<0.05) in
the degree of colonization of the intestine with Escherichia coli
with normal enzymatic activity up to 1g 5.69 CFU/g. In addition

© GMN

to these changes in the intestinal microbiota of these patients,
a significant (p<0.05) increase in the degree of colonization of
the intestine with pathobionts (opportunistic microorganisms) of
the Enterobacteriaceae family was observed: Klebsiella spp. up
to 1g 5.7 CFU/g (Ig 4.0 CFU/g in the reference group); Proteus
spp. up to 1g 4.69 CFU/g (the reference group —<1g 4.0 CFU/g);
Cirtobacter spp. up to 1g 4.47 CFU/g (the reference group —<1g
3.0 CFU/g); in 60.0+0.02% of patients in this group, hemolytic
species of staphylococci — Staphylococcus aureus were isolated
in the amount of 1g 3.0 — g 4.69 CFU/g (reference group 0 — <
log 2.0 CFU/g). All patients in this group had a history of gas-
trointestinal disorders.

A decompensated nature of dysbiotic disorders was observed
in 40.6+0.04% cases with Alzheimer’s disease patients, accord-
ing to the results of the microbiological study. Such patients had
a significant (p < 0.05), compared with the reference group, de-
crease in the degree of colonization of the intestine with obligate
anaerobic pathobionts — Bacteroides spp., Fusobacterium spp.,
Peptostreptococcus spp. Moreover, these indicators were 2 —
3.5 times lower than those of the reference group. It should be
noted that 66.7+0.04% of patients in this group had a significant
(p<0.05) increase in the degree of intestinal colonization with
Clostridium spp., namely C. difficile up to lg 6.47 CFU/g (the
reference group — < Ig 5.0 CFU/g). The intestinal microbiota in
patients of this group was characterized by a sharp qualitative
and quantitative (p<0.05) decrease in Escherichia coli with nor-
mal enzymatic activity up to lg 4.3 CFU/g (reference group — Ig
7.0 —1g 8.0 CFU/g) and quantitative dominance of pathobionts:
Klebsiella spp.; Proteus spp.; Cirtobacter spp.; Enterococcus
spp., S. aureus, Morganella spp., Providencia spp., Hafnia spp.,
Candida spp. — the total indicator was more than Ig 8.47 CFU/g
(the total indicator in the reference group was 1g 7.0 CFU/g), and
in 40.0+00.4% of the examined patients of this group, the intes-
tinal microbiota contained Pseudomonas spp. (g 4.54 CFU/g).

When studying the composition of the indigenous microbiota
represented by obligate anaerobic bacteria — Bifidumbacterium
spp. and aerotolerant anaerobes — Lactobacillus spp., which are
representatives of the parietal microbiota and protect the mucous
membrane from excessive colonization by potential pathogens,
it was found that their quantitative composition was significant-
ly lower (p <0.05) compared to the reference group. Moreover,
the lowest quantitative indicators of Lactobacillus spp. were ob-
served in patients with decompensated form 1g 4.48 CFU/g, and
Bifidumbacterium spp. — in patients with subcompensated form
of dysbiosis (Ig 3.7 CFU/g).

It should be noted that the international classification of dis-
eases, tenth revision, does not contain independent nosological
units — “dysbacteriosis” (“dysbiosis”) and “bacterial overgrowth
syndrome”. However, given the fact that patients with subcom-
pensated and decompensated forms of dysbiotic disorders of the
intestinal microbiota have a significant decrease (p<0.05) in the
quantitative composition of Bifidumbacterium spp. and Lactoba-
cillus spp. against the background of qualitative and quantitative
“shifts” in the composition of the opportunistic microbiota. This
violation may be critical and, in our opinion, should be studied.

This is because pathogenic microorganisms and pathobionts
of the gastrointestinal tract in health are under the control of
the microorganism’s immune system and the symbiotic micro-
biota. However, sometimes there is an increase in the number of
pathogens and pathobionts and/or an increase in their metabolic
activity, which can be associated with some diseases: diabetes
mellitus, metabolic syndrome, obesity, autoimmune diseases,
depression, some stress-induced and neurodegenerative diseas-
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es, etc. [12,14]. Molecules of the walls of microorganisms, for
example, lipopolysaccharides and amyloids, constantly activate
the body’s immune system, i.e., the macroorganism is under
constant pressure from the products of microorganisms. More-
over, with age, when the permeability of the blood-brain barrier
and the gastrointestinal tract barrier is disturbed, the destructive
consequences of this pressure only increase [22].

Alzheimer’s disease is characterized by an increased level of
chronic inflammatory reactions. Activated microglia is a potent
neuropathological stimulant leading to persistent inflammation in
the brain [14,28]. These progressive pro-inflammatory and neuro-
degenerative processes are presumably stimulated by an abnormal
response of the immune system [19], which, in turn, can be caused
by acute or chronic infection, and by various products of the host
microbiota [33], including intestinal pathobionts, which, under cer-
tain conditions, can cause etiopathogenesis.

There is evidence that most of the products and cell wall com-
ponents secreted by the microbiota are a huge class of strong
proinflammatory activators of the immune system, which can
cause the release of proinflammatory cytokines, complement
proteins, and activate microglia in the central nervous system
of the host organism [33]. Pathogenic exposure to the micro-
biota can increase the gastrointestinal tract’s permeability [17]
and the blood-brain barrier [33], which also increases amyloid
and other types of inflammatory reactions in the central nervous
system. Violation of the blood-brain barrier’s permeability may
underlie the pathogenesis of such neurodegenerative diseases as
Alzheimer’s disease [28] and other diseases.

Analyzing the above information, it should be noted that the
identified qualitative and quantitative changes in the composi-
tion of intestinal microbiota in Alzheimer’s disease patients are
serious and combined. An increase in the degree of intestinal con-
tamination with conditionally pathogenic microorganisms against
the background of a decrease in colonization resistance caused by
Lactobacillus spp. and Bifidumbacterium spp. can complicate the
course of Alzheimer’s disease. Moreover, some pathobionts can
cause other concomitant pathologies, for example, the fact that
66.7+0.04% of patients with a decompensated form of dysbiosis
had a significant (p<0.05) increase in the degree of colonization
of the intestine with C. difficile up to 1g 6, 47 CFU/g against the
background of a critical decrease in Lactobacillus spp. can lead
to exacerbation of existing or the formation of ulcerative colitis
caused by C. difficile (a history of ulcerative colitis was detected in
26.7+0.04% of patients in this group).

Considering the fact that the intestinal microbiota of patients
with Alzheimer’s disease showed a decrease in Lactobacillus
spp., we studied the adhesive properties of isolates of these bac-
terial strains. Such in vitro tests were carried out in the aspect
that the ability of microorganisms to take root in the gastroin-
testinal tract, creating an antagonistic effect against pathobi-
onts, at the initial stage of colonization is due precisely to their
adhesive properties. It was found that among all Lactobacillus
spp. isolates 28.9+3.2% of the strains had low adhesive activity,
49.5+4.7% — average, and 21.6+5.3% — high adhesive activity.

Therefore, reducing the inflammatory response [26] and dys-
biotic disorders of the intestinal microbiota can be an additional
therapeutic method to manage Alzheimer’s disease.

Probiotics, which include lactobacilli, are most often used to
correct dysbiotic conditions [13]. It should be noted that the in-
dicators of adhesive activity of Lactobacillus spp. isolates in the
conditions of repeated micro-aeration on defatted milk [5] were
higher by an average of 1.2 times (P <0.05), which may be a
promising area in the development of personalized autobiotics
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for the correction of dysbiotic intestinal disorders in Alzheim-
er’s disease and the creation of a bio-bank of cultures.

Conclusion.

1. Based on the data obtained during the microbiological study
of the intestinal microbiota in Alzheimer’s disease patients, var-
ious degrees of qualitative and quantitative dysbiotic changes
in the intestines were revealed: in 32.4+0.03% of cases, grade
1 dysbacteriosis (latent form) was observed; in 27.0+0.02% —
grade 2 (subcompensated dysbiosis) and in 40.6+0.04% — grade
3 (decompensated dysbiosis).

2. When studying the qualitative and quantitative composition
of Bifidumbacterium spp. and Lactobacillus spp., as the main
representatives of parietal microbiota and antagonists of coloni-
zation by potential pathogens and pathobionts, it was found that
their quantitative composition was significantly lower (p<0.05)
compared to the indicators of the reference group: the lowest
quantitative indicators of Lactobacillus spp. were observed in
patients with a decompensated form of dysbiosis 1g 4.48 CFU/g,
and Bifidumbacterium spp. — in patients with a subcompensated
form of dysbiosis (Ig 3.7 CFU/g).

3. Among all Lactobacillus spp. isolates from patients with Al-
zheimer’s disease, 28.9+3.2% of the strains had low adhesive activ-
ity, 49.5+4.7% — average, and 21.6+5.3% — high adhesive activity.

4. Indicators of adhesive activity of Lactobacillus spp. isolates
at repeated cultivation on defatted milk under micro-aeration
conditions were 1.2 times higher on average (p<0.05), which
may be a promising area in the development of personalized au-
tobiotics for the correction of intestinal dysbiotic disorders in
Alzheimer’s disease.
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SUMMARY

INTESTINAL MICROBIOTA IN ALZHEIMER’S DIS-
EASE

Ivakhniuk T., Ivakhniuk Yu.
Sumy State University, Medical Institute, Sumy, Ukraine

The study aimed to assess the qualitative and quantitative com-
position of the intestinal microflora in Alzheimer’s disease patients.

The paper presents the data obtained from a microbiological
study of the intestinal microflora in Alzheimer’s disease patients
(n=37) aged 69+0.5 years. The analysis of the microbiological
study of the feces of Alzheimer’s disease patients found that the
intestinal microflora of such patients had both qualitative and
quantitative dysbiotic changes of various degrees of manifesta-
tion. The composition of the intestinal microflora of these pa-
tients showed a significant decrease in Bifidumbacterium spp.
and Lactobacillus spp.: the lowest quantitative indicators of
Lactobacillus spp. were observed in patients with a decompen-
sated form of dysbiosis 1g 4.48 CFU/g, and Bifidumbacterium
spp. — in patients with a subcompensated form of dysbiosis (Ig
3.7 CFU/g). Indicators of adhesive activity of Lactobacillus spp.
isolates from Alzheimer’s disease patients in the conditions of
micro-aeration on defatted milk were higher by an average of
1.2 times (P <0.05), which can be used in the development of
additional therapeutic strategies — autobiotic therapy, which has
a positive effect both on the microbiocenosis and the state of
patients with Alzheimer’s disease.

Keywords: Alzheimer’s disease, intestinal microflora, amy-
loid inflammation, autobiotic therapy.

PE3IOME

MUKPOBHOTA KHIIEYHUKA ITPU BOJE3HU AJIbII-
TEMMEPA

HBaxuiok T.B., UBaxniok FO.I1.

CymcKotl 20cyoapceenvlil yHeepcumem, MeOUYuHCKUL UHCMu-
mym, Ykpauna

Lenp ucciemoBaHMsi — OLEHKA KAaueCTBEHHOIO M KOJHYe-
CTBEHHOI'O COCTaBa MHMKPOQJIOpPH! KHIICUHHKA Yy IMAIMEHTOB C
0ose3HbI0 AJbLirerimepa.
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B CTaTb€ M3JIOKECHBI JaHHBIC, ITOJIYYCHHBIC B pe3yanaTe MU-
KPOOHOJIOIMYECKOTO HCCIIEIOBAHUSI COCTOSHUSI MHKPOQIOpHI
KHUIIEYHUKA Y NalHeHTOB ¢ Oone3Hbio Aubnreiimepa (n=37) B
Bo3pacte 69+0,5 yeT. AHATU3 JaHHBIX MHUKPOOHOIOTHYECKOTO
UCCIICZIOBAHMSI UCIIPAXKHEHUH TMalMEHTOB C OOJIC3HBbIO AJIbII-
reiiMepa BBISIBHII, YTO B MHKPO(IIOpPE KHUIICYHHKA MAllMEHTOB
HpHCyTCTBy}OT KaK Kau4C€CTBCHHBIC, TaK U KOJHMYCCTBCHHBIC
IUCcOMOTUYECKHE H3MEHEHHUs pa3iudHoil cTtemeHu. B co-
cTaBe MHUKPO(QIOPHl KHIIEYHHKA BBISIBICHO JIOCTOBEPHOE
CHIDKCHHE CTeNeHU obceMeHeHus Bifidumbacterium spp. u
Lactobacillus spp.: Hanbonee HU3KHEC KOJUYCCTBCHHBIC MO-
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kazatenu Lactobacillus spp. 3aperncTpupoBaHbl y HallMEHTOB
¢ JieKoMIIeHCHpoBaHHOW (opmoii nucouosa lg 4,48 KOE/T, a
Bifidumbacteium spp. - y nallueHTOB ¢ CyOKOMIIEHCHPOBaH-
Hol popmoit qucounosa (Ig 3,7 KOE/r). [TokazaTenu aare3us-
HOW aKTUBHOCTU HM30JsTOB Lactobacillus spp. B ycnoBusix
MHKpOa’panni Ha 00€3KUPEHHOM MOJIOKE ObUTH BBIIIE, B
cpenHem, B 1,2 pasa (p<0,05), 4To MOXkeT ObITh UCHOIB30BA-
HO B pa3pa60TKe JOMOJHUTEIBHBIX TEPANEBTUYCCKUX CTpa-
TeFHﬁ, OKa3bIBAKOIIHUX IMO3UTHBHOC BJIIMAHHUEC HE TOJIBKO Ha
MHKPOOHOIIEHO3, HO M Ha COCTOSIHHE MAllUEHTOB C GOJIE3HBIO
Aunbureiimepa.
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ACTION OF SIMVASTATIN IN IMPROVING COGNITIVE FUNCTIONS IN VASCULAR DEMENTIA

Lazashvili T., Silagadze T., Kapetivadze V., Tabukashvili R., Maglapheridze Z., Kuparadze M.

Tbilisi State Medical University, Department of Internal Disease of Propedeutics, Georgia

Dementia is a topical issue in the modern world, including
Georgia. Statistically, the number of cases is increasing every
year, with 2018 as many as 35 million people worldwide suf-
fering from the disease. There were 805 cases of dementia in
Georgia in 2014. Since then, these data have been increasing
every year, and as of 2017, there have been 1,600 cases of de-
mentia. 70% of these syndromes are caused by Alzheimer’s
disease, and 30% by vascular and other dementia [1]. More at-
tention has been paid to such a sharp increase in statistical data.
According to the WHO experts, a significant problem for older
people is CNS disorders, in particular dementia [2,5,6], which
is prevalent among individuals aged 75 and above, around 11.2-
17.4%. Cardiovascular diseases are the second most common
cause of dementia [7]. Vascular dementia encompasses a wide
range of disorders and is diverse in both morphological sub-
strates as well as pathophysiological mechanisms and clinical
manifestations. The main forms of the disease are multi-infarct
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dementia, dementia caused by local infarcts of cognitive func-
tion zones, multi-infarct, brain hypoperfusion and haemorrhage
[9]. Despite such morphological and pathochemical polymor-
phisms, the clinical picture of vascular dementia along with
cognitive disorders is presented with certain neurological symp-
toms (paresis, static and coordination disorders, etc.). It is also
noteworthy that the cerebral arteriosclerosis is among the most
important pathophysiological mechanisms, which develops as a
result of micro-atheromatosis and lipohyalinosis of the vascular
wall and eventually leads to vascular remodelling, hypoperfu-
sion and white matter damage to the brain. Disease risk factors
include arterial hypertension, dyslipidemia, diabetes mellitus,
ischemic heart disease, malformations, arrhythmias and more. A
correlation is often observed between the listed diseases, which
further worsens the prognosis. For instance, A number of studies
have established a direct link between blood pressure levels and
blood lipid concentrations, impaired lipid metabolism is consid-
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ered a significant risk factor for ischemic heart disease. While
reducing the concentration of cholesterol and low-density lipo-
proteins using statins reduces the progression of coronary ath-
erosclerosis and the risk of developing ischemic disease. A num-
ber of studies have examined the association of dyslipidemia
with cognitive impairment in Alzheimer’s disease and vascular
dementia. In the latter case, the increase in low-density lipopro-
teins is mainly considered [10]. Studies in Alzheimer’s disease
have shown an increase in low-density lipoproteins, cholesterol
and triglycerides [11]. Depending on the pathogenesis and risk
factors, along with etiologic treatment involving the use of ace-
tylcholinesterase inhibitors, neuroprotectors, antidepressants,
disease prevention and treatment are one of the important areas
of treatment of concomitant diseases, lipid metabolism analy-
sis and dyslipidemia drug correction with HMG CoA reductase
inhibitors-statins, bile acid sequences and fibrates [3].

Mospan C.M. [10] study has shown Some evidence that
statins may actually have beneficial effects on cognition. This
article discusses management of statin therapy in patients with
cardiovascular risk who may experience cognitive decline or
have cognitive impairment, such as Alzheimer disease.

Rojas-Fernandez C.H. [11] thinks that Despite several reports
of statin-associated cognitive impairment, this adverse effect
remains a rare occurrence among the totality of the literature.
If statin-associated cognitive impairment is suspected, a trial
discontinuation can reveal a temporal relationship. Switching
from lipophilic to hydrophilic statins may resolve cognitive im-
pairment. The vascular benefits and putative cognitive benefits
outweigh the risk of cognitive impairment associated with statin
use; therefore, the current evidence does not support changing
practice with respect to statin use, given this adverse effect.

Power M.C. [12] consider that RCTs and well-conducted ob-
servational studies of baseline statin use and subsequent cog-
nition over several years of follow-up do not support a causal
preventative effect of late-life statin use on cognitive decline or
dementia. Given that much of the human research on statins and
cognition in the future will be observational, careful study de-
sign and analysis will be essential.

McGuinness B. [13] have good evidence that statins given in
late life to people at risk of vascular disease do not prevent cog-
nitive decline or dementia. Biologically, it seems feasible that
statins could prevent dementia due to their role in cholesterol
reduction and initial evidence from observational studies was
very promising. However, indication bias may have been a fac-
tor in these studies and the evidence from subsequent RCTs has
been negative.

Tahmina Nasrin Poly’s study suggests that the use of statin is
significantly associated with a decreased risk of dementia. Future
studies measuring such outcomes would provide useful information
to patients, clinicians, and policymakers. Until further evidence is
established, clinicians need to make sure that statin use should re-
main restricted to the treatment of cardiovascular disease.

Based on the review of various studies, it is clear that this
issue deserves attention. The purpose of this study was to de-
termine the efficacy and safety of statins in improving cognitive
function in patients with vascular dementia.

Material and methods. The study was conducted at the Geor-
gian Patriarchate’s Therapy Clinic, 31 patients were selected for the
study, 18 (58.1%) males, 13 (41.9%) females, 20 (64.5%) patients
were included in the study group, in the control group - 11 (35.5%).
Inclusion criteria - age 65-65 years, diagnosis, vascular dementia,
exclusion criteria: severe somatic abnormalities (heart, kidney, liver
failure). Before the study, patients were subjected to physical and
neurological examination, mental status was assessed by neuro-
psychological testing with mini-mental scaling, lipid metabolism
analysis by intravenous blood sample analysis using SIEMENS’
Biochemical Complete Automated Analyzer RXL MAX. Patients
were assessed 4, 8, and 12 weeks before and at the start of the study.
Twenty patients in the study group were given Simvastatin 80 mg
daily for three months, 11 patients receiving placebo therapy. Sta-
tistical processing of the data was performed using the statistical
software Epi-info 7.2.2.6. Version.

Results and discussion. 31 patients participated in the study.
18 (58.1%) males, 13 (41.9%) females, 20 (64.5%) patients were
included in the study group, in the 11 (35.5%) - control group.
According to the data obtained before the study, the mean level
of low-density lipoproteins in the blood was 9.25 mmol/I for the
study group and 8.9 mmol/L for the control group. At the end of
the study, the mean level in the study group was 5.18 mmol/L
and in the control group, it was 8.7 mmol/L. The study group
showed a decrease in the number of low-density lipoproteins by
48% and cholesterol by 54% (Table 1).

Before the study, the neuropsychological examination of pa-
tients assessed memory, orientation, attention, accountability,
and constructability through a mini-mental examination scale.
The mean score was 16.5 points for the study group and 16, 8
points for the control group. A mean decrease in the test score by
3% in the study group was observed 4 weeks after the start of the
study, while the control group remained the same. 8 weeks after,
a decrease in the study group was 4.2%; 8.3% in the control
group. 12 weeks after the mean total score decreased by 7.9% in
the study group and 10.7% in the control group (Table 2).

Table 1. Cholesterol and LDL level changes in dynamics

Before Treatment After Treatment
Study Group Control Study Group Control Group
(n=20) Group (n=11) (n=20) (n=11)
LDL The average concentration in the blood (mmol/L) 7,34 7,41 4,96 7,38
Cholesterol Level (mmol/L) 9,25 8.92 5,18 8,76
Table 2. Mean arithmetic scores obtained by the MMSE Scale
Mean arithmetic scores obtained by the MMSE Scale P
Test Conduction time
Study Group (n=20) Control Group (n=11) <0.05
Before Treatment 16,5 16,8 <0.05
4 weeks after 16,0 16,3 <0.05
8 weeks after 15,8 15,4 <0.05
12 weeks after 15,2 15,0 <0.05
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Research has shown that in patients with vascular dementia
who have a lipid metabolism disorder, improvement in lipid me-
tabolism following statin treatment does not lead to a decrease in
cognitive dysfunction. The study revealed deterioration of cog-
nitive functions in both the study and control groups.

The link between impaired lipid metabolism and impaired
cognitive function has not been fully studied, although it is a
fact that an increase in low-density lipoprotein and cholesterol
concentrations in the blood contributes to atheromatous dam-
age to the blood vessels, including the brain. This results in hy-
poperfusion and damage to the brain. Depending on the degree
of damage, cognitive functions are impaired. The processes are
irreversible and eventually lead to severe morbidity and profes-
sional disadaptation of patients [4]. It may be noted that im-
pairment of cognitive function is a manifestation of the natural
process of brain aging, although it may be present to varying
degrees - physiological changes, moderate or severe cognitive
dysfunction and dementia [8].

A meta-analysis of 56 studies in patients with post-stroke
dementia, conducted in 2019, found that atherosclerosis was
associated with an increased risk of developing post-stroke de-
mentia, while the use of statins after a stroke reduces the degree
and severity of cognitive impairment [12]. Based on data from
several randomized studies, a group of authors suggested that
controlling systolic blood pressure readings and using statins
to correct the lipid spectrum reduced the probability of devel-
oping cognitive impairment and the risk of developing severe
dementia. However, the same authors’ results are not enough
to accurately assess the positive or negative role of statins in
cognitive dysfunction development [13]. Some authors consider
statin therapy in elderly patients as a medical dilemma, considering,
on the one hand, its positive importance in the treatment of cardio-
vascular system diseases, on the other hand, focusing on the side
effects of medications. However, according to the same authors,
long-term therapy with statins in the elderly, who already have
some degree of cognitive dysfunction, treatment slows down the
process of dementia. Studies studying the effects of statins on cog-
nitive functions have identified two standpoints. Most studies have
shown a positive impact of statins in improving cognitive function,
although there has been a study in which some cognitive function
indicators have deteriorated with the use of simvastatin. A study
of 213 patients with ischemic heart disease undergoing moderate
and high-dose statin therapy revealed a high incidence of cogni-
tive impairment in such patients than the general population. No
correlation was found between cognitive function changes and age
groups; a weakly negative correlation was observed between statin
therapy duration and cognitive impairment.

Whether lipid metabolism disorders determine the degree and
severity of cognitive dysfunction even if it is possible to improve
cognitive function in patients with vascular dementia with hypo-
lipidemic therapy, the current data on these issues is insufficient
and contradictory; it does not provide a basis for concluding.

Conclusion. According to the given data from our study, it
should be pointed out that the correction of lipid metabolism
disorders in patients with vascular dementia through statins did
not reduce cognitive impairment and clinical improvement in
patients. Aggravation of cognitive dysfunction was noted in
both the experimental and control groups. However, it should be
noted that the study was conducted on 31 patients in one popu-
lation in one clinic, selected patients with moderate and severe
cognitive impairment who needed inpatient treatment. Hence, it
is essential to continue studying inpatients and outpatients with
mild and moderate cognitive impairment.
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SUMMARY

ACTION OF SIMVASTATIN IN IMPROVING COGNI-
TIVE FUNCTIONS IN VASCULAR DEMENTIA

Lazashvili T., Silagadze T., Kapetivadze V., Tabukashvili R.,
Maglapheridze Z., Kuparadze M.

Thilisi State Medical University, Department of Internal Dis-
ease of Propedeutics, Georgia

The purpose of this study was to determine the efficacy and
safety of statins in improving cognitive function in patients with
vascular dementia. As the most important etiological factors of
the disease are atherosclerotic vascular lesions, one of the im-
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portant areas of treatment is lipid metabolism analysis and drug
treatment for dyslipidemia.

31 patients were selected for the study, ages 65-65 years, 18
males, 13 females. Twenty patients were included in the study
group, treated with Simvastatin (80 mg daily dose). 11 patients
were included in the control group. They received placebo ther-
apy. Patients were examined every 4 weeks for 12 weeks using
a neuropsychological test with mini-mental scaling, and both
groups had low-density lipoprotein and cholesterol levels before
and after treatment.

In the 12-week post-treatment group, low-density lipoprotein
levels were reduced by 54% and cholesterol by 48%. Neuropsy-
chological status examination revealed deterioration of cogni-
tive functions and no difference was observed between study
and control group data.

Based on the data obtained from our study, it should be
noted that correction of lipid metabolism by statins in pa-
tients with vascular dementia did not lead to a reduction in
cognitive impairment and clinical improvement in patients
with vascular dementia.

Keywords: statins, cognitive functions, vascular dementia,
dyslipidemia.

PE3IOME

JEVMCTBUE CUMBACTATUHA HA KOTHUTHBHBIE
®YHKIUU ITPH COCYANCTOMN TEMEHIUHA

Jazamsuiau T.I., Cunaransze T.K., KaneruBanze B.U.,
Tad0ykamsuiau P.U., Marnanepuase 3.B., Kynapagze M.U.

Tounucckuil 20cyO0apcmeeHtblil MeOUYUHCKULL YHUSepcumen,
denapmamenm nponeoesmuxu eympennux oonesne, I pysus

HWcxons U3 TOro, 4T0 OMHUM U3 (HaKTOPOB Pa3BUTHSI COCYIH-
CTOH JIEMEHLMM SIBIAETCS aTepPOCKIEPOTHUYECKOE MOPaXKEHUE
COCy}lOB, BE€CbMa 3HAYUMbBIMU MPEACTABIAOTCA aHAJIU3 JIMIIU -
HOro 0OMeHa U MEeIMKaMEHTO3Has! KOPPEKLUS IUCITUITUICMUH.

Lenpro uccnaenoBaHus SBISAETCS ONPEIEIEHUE BIUSIHUS CUM-
BacTaTHHA Ha KOTHUTHBHbBIC (YHKUUH y OOJBHBIX COCYIHCTOM
JIeMEeHIIMeH.

Jlnst uccnenoBanust orobpan 31 mauueHt, B ToM uucie 18
MyX4MH ¥ 13 sxkeHIuH. Bo3pacT naumeHToB BapbuUpoOBal B
npenenax ot 65 ser u crapie. [lanueHTs pa3ieneHsl Ha JIBe
rpymmsl: nepsast rpymmna (n=20) GoJibHbIE, KOTOPBIM IIPOBOJIH-
JIoch JiedeHue cuMBacTaTuHoM (80 Mr JQHeBHas 103a), BTOpas
(xoHTpOJIBbHAS) Tpynna (n=11) GonbHBIE, KOTOPBIM MPOBOIMIH
wianedo-Tepanuto. OOciaeoBaHUE IALUEHTOB IPOBOAMIOCH
yepe3 Kakapie 4 Helean Ha MpoTsokeHnu 12 Hemenb. J{ist 00b-
SKTUBHM3AL[Md KOTHUTHBHOIO CTaTyca HCIOJIb30BaJIUCh HEUpPO-
TMICUXOJIOTUYCCKUE MECTO/bI UCCJIICA0OBAHWA, B YACTHOCTU MHUHH-
MEHTaJIbHasl IIKaJla OLEHKU MCHXMYECKOro craryca. B obenx
rpynnax IIPOBOAUIIOCH TAKXE OINPEACICHUE KOHLUECHTpALKUU B
KPOBHU XOJECTEPUHA U JIUIONPOTEHOB HU3KOH IUIOTHOCTH 10
Ha4dajia 1M I10CJIC OKOHYAaHUs JICUCHUA.

HccnenoBanue nokasano, 4to crycts 12 Henenb rnocie Ha-
qyajia JICUCHMUS y ManueHTOB I/ICCHC}I}'GMOF] prﬂnbl BBISIBJICHO
CHMKCHHE KOHILIGHTPALIMU XoJIecTepuHa B KpoBu Ha 48% u Ju-
MONPOTENI0B HU3KOM TuIoTHOCTH Ha 54%. WccrenoBanue ncu-
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XHYECKOr0o CTaTyca MoKa3ajio YXyILIIeHHe KOTHUTUBHBIX (YHK-
1uii B o6eux rpymnnax. [Ipu cpaBHeHNM oka3aTesneil KOrHUTHBIX
(YHKLMIT [TOCITE JIYSHUsI CYIIIECTBEHHON Pa3HULIBI MEXKIY JBY-
Ms IpYIIIIaMU HE BBISBIICHO.

Pesynbrarsl MpOBEJEHHOTO HCCIEJOBAaHMSA IO3BOJISIOT CHE-
JIaTh BBIBOJ, YTO KOPPEKLHMS HAPYILIEHWUH JIMIMIHOTO oOMEHa
CHUMBACTaTUHOM HE BBI3bIBAET YMCHBIUICHUS KOTHUTHUBHBIX Ha-
PYLICHUH ¥ YIy4IIeHHs KIMHUYECKOTO COCTOSIHUSI OOJIBHBIX
COCYAUCTOH JeMeHLMel, HECMOTpPsI Ha KOPPEKLHIO JIUITUIHOTO
obMeHa.
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SIRT1 CONTRIBUTES TO POLARIZATION OF PERIPHERAL BLOOD MONOCYTES
BY INCREASING STAT6 EXPRESSION IN YOUNG PEOPLE
WITH OVERWEIGHT AND LOW-RISK OBESITY

Kolinko L., Shlykova O., Izmailova O., Vesnina L., Kaidashev L.

Ukrainian Medical Stomatological Academy, Poltava, Ukraine

The paper has been written within the planned research sci-
entific work, carried out at Ukrainian Medical Stomatological
Academy, entitled “The study of the pathogenetic role of the
circadian molecular clock in the development of metabolic dis-
eases and systemic inflammation and the development of treat-
ment methods” State registration No. 0120U101166.

Obesity contributes to the formation of low-intensity sys-
temic inflammation with major participation of monocytes/
macrophages [4,5]. The true heterogeneity and versatility of
these cells is manifested by rapid phenotypic and functional
switching in response to microenvironmental signals. There
are three ways to promote polarization: epigenetic and cellu-
lar pathways that prolong or reduce the development and via-
bility of macrophages, tissue microenvironment and external
factors such as products of microorganisms and cytokines,
released during inflammation [16].

Based on the phenotype and secreted cytokines, two main
types of macrophages have been identified: classically activated
M1 and alternatively activated M2. The M1 phenotype is stimu-
lated with microbial products or proinflammatory cytokines
— interferon-y ligands (YIFN), tumor necrosis factor (TNF) or
Toll-like receptor (TLR) — lipopolysaccharide (LPS), yYIFN. M1
cells have a proinflammatory function mediated by the secretion
of cytokines TNFa, IFN type I, interleukins (IL) 1B, 6, 12 and
others, producing reactive oxygen species and nitrogen to ensure
effective microbial destruction, expressing the surface markers
MHC-I/II, CD80 and CD86 [8].

M2 is a “rest” phenotype that inhibits Th1/M1-induced in-
flammation, promotes tissue regeneration and is observed in
cases of infection-free healing, and mediates Th2-related pathol-
ogies such as asthma and helminthiasis. The M2 fraction can be
induced by canonical stimuli IL-4, IL-10, IL-13 and arginase-1
(Arg-1) and transforming growth factor  (TGFp).

M2 macrophages are characterized by a high level of secre-
tion of anti-inflammatory cytokines, such as IL-10 and a very
low level of pro-inflammatory ones, such as IL-12 [18].

Under different pathophysiological conditions, the same sig-
naling pathway may be involved in the polarization of M1 or M2
macrophages. Alternative macrophage activation regulates sys-
temic inflammation and plays an important role in the develop-
ment of metabolic disorders, though, the molecular mechanisms
of regulation of macrophage phenotype switching have not been
fully studied.

One of the essential ways to implement epigenetic mecha-
nisms is posttranslational modification of histone and nonhis-
tone proteins by their deacetylation using the sirtuin family
SIRT1-7 [24]. SIRT1 is the nicotinamide adenine dinucleo-
tide (NAD")-dependent deacetylase class III, which epigenet-
ically reprograms inflammation by deacetylation of histones
and transcription factors — nuclear factor kB (NF-«kB) and
activator protein 1 (AP-1), leading to transcriptional repres-
sion of inflammatory-related genes [26]. SIRT1 regulates
polarization of macrophages by controlling the inhibition of
the M1 subpopulation and stimulating the activation of M2
macrophages [27].
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SIRT1 may be involved in alternative macrophage activa-
tion. It has been found that the expression of SIRT1 is higher
in anti-inflammatory macrophages of the M2 phenotype, SIRT1
deficiency coordinates the stimulating conversion of M1 macro-
phages and inhibits alternative M2 activation [27].

Therefore, the aim of our study was to determine the reg-
ulatory role of SIRT1 in M1/M2 polarization of peripheral
blood monocytes in young people with overweight and Class
I obesity.

Material and methods. The study was conducted with the
permission of the Commission on Bioethics of the Ukrainian
Medical Stomatological Academy. Informed consent was signed
by all subjects.

30 subjects of both gender, aged 18-25 years have been exam-
ined. Anthropometric studies with the calculation of body mass
index (BMI) according to the formula: BMI =body weight (kg)/
height (m)? have been made. Groups were formed by the BMI:
the subjects with normal body weight (n=10, BMI 18.50-24.99
kg/m?), the subjects with overweight (n=10, BMI 25.00-29.99
kg/m?), the subjects with Class I obesity (n=10, BMI 30.00—
34.99 kg/m?).

Peripheral blood mononuclear suspension was isolated from
heparinized blood according to conventional technique by den-
sity gradient centrifugation of phycol-verografin (p=1.077 g/
ml®, Granum, Ukraine) followed by double washing in sterile
0.9% NaCl.

Monocytes were isolated by adhesion on the plastic plates in
RPMI-1640 medium with L-glutamine and sodium bicarbon-
ate (Sigma-Aldrich, USA), resuspended, using, upon counting
completion, suspension with a concentration of not less than
3-5%10° cells/ml, which in a volume of 0.5 ml was transferred to
the wells of the 24-well sterile plates.

E. coli lipopolysaccharide (LPS) (Sigma-Aldrich, USA) at a
dose of 100 ng/mL and yIFN (Ingaron, Pharmaclone, Russia) at
a dose of 100 ng/mL were used to induce polarization of mac-
rophages by the M1 phenotype [11,14]. To induce polarization
of macrophages by the M2 phenotype, recombinant human IL-4
(Sino Biological, Life Technolohies, USA) was added to the
incubation medium at a dose of 20 ng/mL [14]. Unstimulated
monocytes/macrophages were used as controls.

Cells and supernatant were selected for the study on day 3
and 7 of incubation at 37°C in an atmosphere with 5% CO,. Cell
suspensions were processed under sterile conditions.

The level of the statl, stat6 and sirt] gene expression was
determined by the polymerase chain reaction (PCR) in real-time
PCR. The total RNA was isolated from a biological sample us-
ing a set of reagents for isolation and purification of RNA with a
magnetic sorbent (UkrGenTech, Ukraine).

Determination of statl, stat6 and sirt] gene expression was
performed using the DT-light detection amplifier (DNA-Tech-
nology, Russia). The sequencing primers are shown in Table
1; the b-actin gene (Actin beta, ACTB) was used as a reference
gene [20,21,17].

For data analysis, the relative Ct method was used, calculated
by the formula 24,
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Table 1. Primers for determining gene expression

Gene Sequencing primers
statl F: 5’ - CCAAAGGAAGCACCAGAGCC - 3°
R: 5’ - AGAGCCCACTATCCGAGACACC - 3’
stat6 F: 5'- CTTTCCGGAGCCACTACAAG - 3'
R: 5' - AGGAAGTGGTTGGTCCCTTT - 3'
o F: 5’ - TCAGTGTCATGGTTCCTTTGC - 3’
s R: 5’ - AATCTGCTCCTTTGCCACTCT - 3’
LCTR F: 5’ - GACAGGATGCAGAAGGAGATTACT - 3°
R: 5’ - TGATCCACATCTGCTGGAAGGT - 3’

The level of IL-6 and IL-10 cytokines in the cell supernatant
was determined on day 7 of incubation; high-sensitivity C-reac-
tive protein (hsCRP) (Vector-Best, Russia) and serum TGFp1
(Affimetrix, eBioscience, Austria) was determined using the sets
of reagents for solid-phase enzyme-linked immunoabsorbent as-
say in compliance with the manufacturer’s instructions. The re-
sults were recorded using the LabLine-026 analyzer.

Statistical data processing was performed using the STA-
TISTICA 10.0 (StatSoft Inc., USA) and GraphPad Prism 8.00
(GraphPad Software Inc., USA) software. Data are presented in
the form of arithmetic mean (M) and its mean accuracy (m),
the median (Me), upper and lower quartiles (Q1-Q3). The
Shapiro-Wilk test was used to verify the normality of the data
distribution. Statistical processing was performed using the non-
parametric even Wilcoxon test and the odd Mann-Whitney test.
Spearman’s correlation analysis was used to determine the cor-
relation between the rates. Differences at p<0.05 were consid-
ered statistically significant.

Results and discussion. During incubation for 3 days, a sig-
nificant increase in the level of statl gene expression was ob-
served in cells, stimulated with M1 and M2 phenotype, in the
subjects of all study groups (Table 2). The most significant in-
crease was observed in LPS and yIFN-stimulated cells compared
to the expression level in unstimulated cells. Upon stimulation
of IL-4 monocytes, a significantly higher level of statl expres-
sion was determined in cells of the subjects with normal weight
and Class I obesity, compared to unstimulated cells.

The level of stat6 gene expression was significantly higher
in LPS and yIFN-stimulated cells in the subjects with normal
weight and Class I obesity. A significant increase in expression
level of IL-4-stimulated cells was found in the subjects with
overweight and Class I obesity.

The sirt] gene expression was significantly increased in LPS
and yIFN-stimulated and IL-4-stimulated macrophages in cells
of the subjects of all study groups, compared to the correspond-
ing rates of unstimulated cells.

Notably, the rates of sirtl expression in IL-4-stimulated cells
were higher compared to LPS and yIFN-stimulated cells. In cells
of the group with normal body weight, this difference was sig-
nificant.

The maximum rate of the expression level was observed in the
cells of the subjects with Class I obesity compared to unstimu-
lated cells (1.084 (0.574 — 5.650)*“ and 0.501 (0.203 — 0.877)
ACt p=0.005) (Table 2).

At the next stage, the level of statl, stat6 and sirtl gene ex-
pression in cells incubated for 7 days was determined (Table 2).
In LPS and yIFN-stimulated cells, the level of szat/ gene expres-
sion was significantly higher in cells of all groups compared to
the expression level in the corresponding unstimulated cells.
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The level of stat! gene expression in IL-4-stimulated cells of
all groups is significantly higher compared to unstimulated cells.
The highest level of expression was determined in cells of the
group with Class I obesity compared to the rates in unstimulated
cells (0.206 (0.036 — 0.466)** and 0.109 (0.029 — 0.217)2,
respectively, p=0.005).

The study of stat6 gene expression in LPS and yIFN- stimu-
lated macrophages has shown its significantly higher level in
the cells of the subjects of all study groups compared to the cor-
responding rates of unstimulated cells.

The level of stat6 gene expression in IL-4-stimulated mac-
rophages was significantly higher in the cells of subjects with
overweight and Class I obesity compared to unstimulated cells.
The highest expression rate was observed in IL-4-stimulated
macrophages in the obese subjects (0.017 (0.010 - 0.072)4 and
0.008 (0.006 - 0.041) 2, respectively, p=0.005).

In cells of the subjects with normal body weight, the level of
stat6 gene expression in IL-4-stimulated cells was significantly
lower than that compared to LPS- and yIFN-stimulated mac-
rophages. The level of sirt] gene expression was significantly
higher in LPS and yIFN-stimilated macrophages and IL-4-stim-
ulated macrophages of cells of the subjects of all study groups
compared to unstimulated cells.

Subsequently, we compared the levels of the statl, stat6, and
sirtl gene expression between the study groups (Table 3). No
significant difference in the level of the statl gene expression
was found.

When incubated for 3 days, a significantly higher level of
stat6 gene expression was detected in IL-4-stimulated cells in
subjects with overweight compared to the control group (0,008
(0,005 — 0,009)“ and 0,003 (0,002 — 0,005)2, respectively).

Significantly higher level of stat6 gene expression was also
found in unstimulated cells, LPS and yIFN- stimulated mac-
rophages and IL-4- stimulated macrophages in obese subjects
compared to the corresponding cells of the subjects with normal
body weight.

Incubation for 7 days showed a significantly higher level of
stat6 gene expression in the IL-4-stimulated cells of the over-
weight subjects compared to the control group. In the subjects
with Class I obesity, the stat6 gene expression was significantly
higher in the unstimulated cells and in IL-4-stimulated cells,
compared to the control group.

The sirtl gene expression during incubation for 3 days in
overweight subjects exceeded the data of the control group in
the unstimulated cells, LPS and yIFN-stimulated cells and IL-
4-stimulated cells. In cells of the subjects with Class I obesity
the sirtl gene expression exceeded the data of the control group
in unstimulated cells, LPS and yIFN-stimulated cells and IL-
4-stimulated cells.

103



MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

=TI puv NATL puv ST Yo paipjnuils §]7a2 ul S2jp.4 uo1ssa.4dxa ayj uaamjaq sadua.affip o aouvorfiudis ayy — d

‘§]]20 parpjnusun pup S0 paIpnulIS-g-J ‘Sjjao paIpnuilis-NAIL puv SJ Ul sapp. uoissaLdxa aiy) uaamM1aq saoudLdffip Jo 2ounIYiud1s ay — J :S210U

680°0=1d S00°0=d 1¥co=1d 800°0=d ¢Lzo=1d 800°0=d
S00°0=d e (299°0 - L8T°0) S00°0=d o on (1+0°0 - 900°0) S00°0=d (0sz0 o e Aysaqo | ssep)
(059°1 - 618°0) (8¢ %%,mo@ 0 €810 (TL0'0 - 010°0) (z0 m owoo 0) 800°0 (99t°0 - 9€0°0) - 1€0°0) (Liz %SMS 0 M spolqng
LL8O LT0°0 9020 8T1°0
v9¢0=1d 500°0=d ziro=1d 800°0=d ¢Lzo=1d 800°0=d
S00°0=d (£90°0 - 120°0) (L0°0 - #10°0) S00°0=d (S10°0 - $00°0) (10°0 - €00°0) S00°0=d (s91°0 (LLO'0 - 120°0) 1Y3PM.I40
(560°0 - $20°0) cc0'0 610°0 (LT0°0 - 800°0) 100%0 $00°0 (L1T°0 - LY0°0) ~9£0°0) €00 s s1algng
8700 600°0 80°0 950°0
960°0=1d 6r0°0=1d 90t°0=1d S00°0=d
3 ‘0=d 3 3 ¢ ‘0=d ¢ 3 3 < ¢ 3 ) Mm@g
S00°0=d mms.g ‘ (€00°0 - 100°0) 650°0=d m.g.c . (000 - 200°0) S00°0=d (L9T'0 (¥ST1°0 - L20°0) 1
‘ . (¥00°0 - T00°0) . : . (10°0 - $00°0) . . ‘ . . Apoq [euriou
(00°0 - £00°0) €00 2000 (900°0 - £00°0) 900°0 £00°0 (0£€°0 - L¥0°0) - L¥0°0) 7600 s s300(qng
£00°0 £00°0 681°0 811°0 ’ ’
uoneqndul jo / Aep uo
cico=1d £90°0=1d 96t°0=1d S00°0=d
‘o=d ‘o=d
S00°0=d smmﬁ.@%qe (LL80 - €0T°0) S00°0=d « m_.oo.c%ﬁe (L11°0 - €80°0) 800°0=d (ocgo (L1Z°0 - L10°0) £)189q0 T sser)
(0S9°S - ¥L5°0) 6650 105°0 (FS€°0 - #S1°0) 6510 S60°0 (L9T°0 - LT0°0) - 620°0) 1200 s spolqng
¥80°1 0120 vL0°0 1€1°0
80€°0=1d 900°0=d 960°0=1d ¢L0°0=d 06Z°0=1d $00°0=d
S00°0=d (4S0°0 - 610°0) (150°0 - #10°0) S00°0=d (1000 - £00°0) (00°0 - 200°0) 191°0=d (0sz'0 (zo1'0 - T200) YSPMIIA0
(€80°0 - #20°0) 8200 ¥20°0 (600°0 - S00°0) <00°0 #00°0 (¥S1°0 - 620°0) - $£0°0) 7€0°0 gm spolgng
0+0°0 800°0 $€0°0 9%0°0
820‘0=1d 650°0=1d 90t°0=1d S00°0=d
‘o=d ‘0=d Som
800°0=d mmx..e ‘ (5000 - 200°0) 1¥¢0=d m_s.c . (£00°0 - 200°0) S00°0=d (L8T0 (LLT'0 - 6£0°0) el
. . (S00°0 - 200°0) h . . (L00°0 - £00°0) h ‘ . . ) Apoq [euriou
(L00°0 - 900°0) €000 €00°0 (S00°0 - 200°0) <00°0 200°0 (L9T°0 - 1%0°0) - 150°0) 860°0 s spafqng
900°0 £00°0 121°0 661°0 ’ ’
uoneqndul Jo ¢ Aep uo
0l=u 0l=u 0l=u 01=u 01=u 0l=u 01=u 01=u 01=u
NIEA] SIP2 S[[9d SIP2 NIEA SI2
Il pajenuns S[[9d 1t pajenuns NIEAl 1l pajenuns NIEA]
pajenuns pajenuns pajenuns sdno.ao
1 -NATA paje[nuysun) - -NATA paje[numsun) - -NATA paje[nunsuz
pue -Sd'1 pue -Sd'1 pue -Sd'1
ov-C ‘IS ov-C ‘9IS ov-C ‘[IvIS

((€0-10) 2)) sdno.3 dpnys ay3 o sadvydo.sovul/sajfoouous ur uo1ssaidxa auad [1418 ‘9IDIS ‘[IDIS JO [242] Y] 7 21qV]

104



GEORGIAN MEDICAL NEWS

No 4 (313) 2021

Table 3. The level of the statl, stat6, sirt] gene expression in monocytes/macrophages of the study groups (Me (Q1-03))

Rates

Subjects with normal body

Subjects with overweight

Subjects with Class I obesity

weight n=10 n=10 n=10
Statl, 24t
0,032 0,071
Unstimulated cells, 0,098 © 022’ 20,102) (0,017 -0,217)
3 days of incubation (0,039 -0,177) ’ p=0 45’0 p=0,91
’ p1=0,821
0,131
LPS- and yIFN- 0,199 0:046 (0,029 - 0,330)
stimulated cells, (0.051 - 0.287) (0,034 - 0,250) —0.801
3 days of incubation ’ o p=0,496 p=
p1=1,000
ICI;I?S_ S;llg; 15:(@)(13 0,121 0,035 o 0207’(37(;1 267)
in(; bati}(,)n (0,041 - 0,267) (0,029 - 0,154) ’ 0 62,3
u p=0,273 1?1=6 st
0,032 0,109
Unstimulated cells, 0,092 (0.02 1’ -0.077) (0,029 - 0,217)
7 days of incubation (0,027 - 0,154) ’ p=0 38,5 p=0,623
’ p1=0,521
0,128
LPS- and yIFN- 0,118 0,056 (0,031 - 0,250)
stimulated cells, (0.047 - 0.267) (0,036 - 0,165) ~0.97
7 days of incubation ’ o =0,521 P~
Y P p1=1,000
IL-4-stimulated 0.08 0,206
cells, 7 days of 0,189 © 047’_ 0.217) (0,036 - 0,466)
incubation (0,047 - 0,330) ? p=0 49,6 p=0,678
’ p1=0,734
Stat6, 21
0,004 0,095
Unstimulated cells, 0,002 © 002’ -0,005) (0,083 -0,117)
3 days of incubation (0,002 - 0,004) ’ =0 22’7 p=0,0002
’ p1=0,0002
0,159
LPS- and yIFN- 0,005 0,005 (0,109 - 0,177)
stimulated cells, (0,003 - 0,007) (0,003 - 0,007) p=0,0002
3 days of incubation p=1,000 p1=0,0002
IL-4-stimulated 0.008 0,210
cells, 3 days of 0,003 © 005’ £0,009) (0,154 - 0,354)
incubation (0,002 - 0,005) ’ ’ p=0,0002
p=0,005 p1=0,0002
0.005 0,008
Unstimulated cells, 0,003 © 00’3 ~0.01) (0,006 - 0,041)
7 days of incubation (0,002 - 0,004) ’p=0 5 937 p=0,013
’ pl1=0,112
0,011
LPS- and yIFN- 0,006 0,007 (0,008 - 0,072)
stimulated cells, (0,005 - 0,01) (0,005 - 0,015) =0,054
7 days of incubation p=0,706 p1=0,082
IL-4-stimulated 0.009 0,017
cells, 7 days of 0,004 © 008, £0,027) (0,010 - 0,072)
incubation (0,003 - 0,006) ’ p=0 065 p=0,002
’ p1=0,054
© GMN 105
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Sirtl, 22
. 0,024 0,501
Unstimulated cells, 0,003 (0,014 - 0,051) (0,203 - 0,877)
3 days of incubation (0,002 - 0,005) ’ -0 00’02 p=0,0002
P p1=0,0003
0,559
LPS- and yIFN- 0,003 0.028 (0,250 - 1,310)
stimulated cells, (0,019 - 0,054) _
3 days of incubation (0,002 - 0,005) =0,0002 p=0,0002
Y P p1=0,0003
IL-4-stimulated 0.040 1,084
cells, 3 days of 0,006 © 024’ -0.083) (0,574 - 5,650)
incubation (0,006 - 0,007) ’ -0 00’03 p=0,0003
P p1=0,0003
0,019 0,483
Unstimulated cells, 0,002 © 014’ -0.047) (0,287 - 0,662)
7 days of incubation (0,002 - 0,003) ’ -0 00’02 p=0,0002
P=0 p1=0,0002
0,685
LPS- and yIFI- 0,003 0:035 (0,435 - 0,758)
stimulated cells, (0,021 - 0,063) =
7 days of incubation (0,002 - 0,004) =0,0002 p=0,0002
y p=0 p1=0,0002
IL-4-stimulated 0.048 0,877
cells, 7 days of 0,004 © 025’ - 0.095) (0,819 - 1,650)
incubation (0,003 - 0,005) ’ -0 0062 p=0,0002
p=0 p1=0,0002

notes. here and thereafter in Table 4: p — the significance of differences between the rates of groups with overweight,

Class I obesity and subjects with normal body weight;

pl1— the significance of differences between the rates of groups with overweight and Class I obesity

Table 4. statl/stat6 gene expression ratio (M+m)

Rates Subjects with normal Subjects Subjects
body weight n=10 with overweight n=10 with class I obesity n=10
3-day long incubation
statl/stat6 ratio 1,07 £0,29
) 1 ) ,
LPS- and yIFN-stimulated 45,83 £9.28 37’7620 i§,72 p=0,002
cells P p1=0,0003
. 0,51+0,14
+ ’ ’
p= p1=0,0003
7-day long incubation
statl/stat6 ratio, 10,76 + 3,81
LPS- and yIFN-stimulated 17,15+ 5,40 18’920i961’69 p=0,308
cells p= p1=0,241
statl/stat6 ratio, 3782 £ 8.87 12,12 £ 3,71 141’)150;:?’866
IL-4-stimulated cells p=0,026 p1=0,791

7-day-long incubation of cells of the subjects with overweight
was characterized by a significantly higher level of sirt/ gene
expression compared to the control group in unstimulated cells,
LPS and yIFN-stimulated cells and IL-4-stimulated cells. In
cells of the subjects with Class I obesity the sirt/ gene expres-
sion was also significantly higher in unstimulated cells, LPS and
yIFN-stimulated cells and IL-4-stimulated cells, compared to

the control group.

106

lated (Table 4).

To determine the direction of polarization of macro-
phages, the statl to stat6 gene expression ratio was calcu-

It has been established that the statl/stat6 ratio in LPS and
yIFN-stimulated cells, incubated for 3 days, was by 97.67% sig-
nificantly lower in the subjects with Class I obesity compared
to the subjects with normal body weight and by 97.17% lower

compared to the subjects with overweight.
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In the subjects with overweight, the statl/stat6 ratio in IL-4-stim-
ulated cells was significantly lower compared to cells of the control
group. The most significantly low stat/stat6 ratio was found in the
IL-4-stimulated cells of the subjects with Class I obesity (0.51 +
0.14 vs. 52.67 + 12.59 in group with normal body weight and 13.20
+ 3.58 subjects with overweight, respectively).

In cells incubated for 7 days, the difference in the ratio was small-
er (Table 4). In the subjects with overweight and obesity, the statl/
stat6 in IL-4-stimulated cells was significantly lower by 67.95%
and 65.50%, respectively, compared to the corresponding ratio in
the cells of the subjects with normal body weight.

Subsequently, on day 7 of incubation, the level of cytokines in
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-
=

Unstimulated cells  LPS- and yIFN- IL-4-stimulated cells

stimulated cells
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—_ P=0.004
= 4
2]
&
s 3
[~
Y »
=
, = N
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weight (n=10) (n=10) (n-10)

the cell supernatants was determined. In the subjects with Class
I obesity, the level of IL-6 in supernatants of LPS and yIFN-
stimulated cells was by 0.12% significantly higher compared to
unstimulated cells.

The level of IL-6 in the supernatants of IL-4-stimulated cells
of the subjects with normal body weight and overweight was
significantly lower by 0.18% and 5.5%, respectively, compared
to LPS and yIFN-stimulated cells.

The comparison between the study groups has shown that in
the supernatants of LPS and yIFN-stimulated cells of the obese
subjects, the level of IL-6 was by 3.34% significantly higher
compared to the subjects with normal body weight (Fig. 1A).
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Fig. 1. The level of cytokines and biomarkers in the biological fluids of the subjects:
(4) 1I-6 in cell supernatants, (B) 1I-10 in cell supernatants; (C) hsCRP in serum; TGFf1 in serum

The study of IL-10 in the overweight subjects has shown that
in the supernatants of unstimulated cells, the determined level of
IL-10 was by 72.13% significantly lower compared to the sub-
jects with normal body weight (Fig. 1B).

In supernatants of LPS- and yIFN-stimulated cells of the sub-
jects with Class I obesity, the level of IL-10 was by 20.67% sig-
nificantly higher compared to the corresponding rate of the group
with normal body weight. The level of IL-10 in the supernatants of
IL-4-stimulated cells in the overweight subjects was by 77.62% and
60,15% significantly lower compared to the subjects with normal
body weight and the subjects with Class I obesity, respectively.

The level of hsCRP and TGFf1 in the blood serum of the sub-
jects was further determined. The level of hsCRP was significantly
higher in the subjects with Class I obesity by 370.59% and 236.84%
compared to the subjects with normal body weight and overweight,
respectively (Fig. 1C). The concentration of TGFB1 in the blood
serum of the subjects with overweight and normal body weight did
not differ significantly. In the obese subjects, the level of TGFf1
was significantly higher by 82.19% and 46.36% compared to the
subjects with normal body weight and overweight, respectively
(Fig.1D).

Subsequently, correlation between the levels of sirt/ gene ex-
pression in the dynamics of incubation in individuals with dif-

© GMN

ferent body weight has been studied (Fig. 2).

Correlation analysis in the subjects with normal body weight
revealed a positive strong correlation between sirt/ gene expres-
sion in cells stimulated with IL-4 for 3 and 7 days (r=0.751,
p=0.023) (Fig. 2A).

In the subjects with overweight, a positive strong correlation
between sirt] expression in cells stimulated with LPS and yIFN
for 3 and 7 days was determined (r=0.733, p=0.020) (Fig. 2,
B); a moderate correlation between sirt/ expression in unstimu-
lated cells, 3 days of incubation and stimulated with IL-4 for 7
days (r=0.652, p=0.046) (Fig. 2C) and sirt! expression in cells
stimulated with IL-4 for 3 and 7 days was determined (r=0.663,
p=0.042) (Fig. 2D). The subjects with Class I obesity showed
positive strong correlation between sirt/ expression in LPS and
yIFN-stimulated cells for 3 and 7 days (r=0.742, p=0.018) (Fig.
2E) and the moderate sirt/ expression in IL-4 stimulated cells
for 3 and 7 days (r=0.669, p=0.040) (Fig. 2F).

At the next stage the correlation between the rates of sirt/
and stat6 gene expression have been determined. In the subjects
with normal body weight, a positive moderate correlation be-
tween sirt] gene expression in cells stimulated with IL-4 for 7
days and staz6 in cells stimulated with IL-4 for 3 days was found
(r=0.637, p=0.026) (Fig. 3A).
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Fig. 3. I. Correlation analysis sirt] with stat6 expression under conditions:
(A) 1I-4-stimulated for 7 and 3 days (normal body weight);
(B) 1l-4-stimulated for 7 and 3 days (overweight),
(C) Il-4-stimulated for 7 and 3 days (class I obesity).
II. Correlation analysis sirtl, statl and stat6 expression with cytokines and biomarkers under conditions:
(D) LPS- and yIFN-stimulated for 3 days (class I obesity);
(E) LPS- and yIFN-stimulated for 7 days (normal body weight);
(F) LPS- and yIFN-stimulated for 3 days (overweight);
(G) LPS- and yIFN-stimulated for 7 days (class I obesity)
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In the subjects with overweight, positive strong correlations
were formed between the sirtl expression in cells stimulated
with IL-4 for 7 days and stat6 in cells stimulated with IL-4 for 3
days (r=0.781, p=0.010) (Fig. 3B).

In the subjects with Class I obesity, positive correlations be-
tween the sirtl expression in cells stimulated with IL-4 cells for
7 days and stat6 in cells stimulated with IL-4 for 7 days were
found (r=0.710, p=0.025) (Fig. 3C).

Also, in obese subjects, a negative strong correlation be-
tween the sirtl expression in cells stimulated with LPS and
vIEN for 3 days and IL-6 in the supernatant of cells stimu-
lated with LPS and yIFN (r=-0.838, p=0.013) was observed
(Fig. 3 D).

The studies of correlation between the level of expression
and serum parameters in the subjects with normal body weight
showed the presence of negative moderate correlation between
statl expression in cells stimulated with LPS and yIFN for 7
days and serum TGFp1 (r=-0,640, p=0,026) (Fig. 3E).

In the group with overweight, a positive moderate cor-
relation between stat! expression in cells stimulated with
LPS and yIFN for 3 days and hsCRP was observed (r=0.673,
p=0.039) (Fig. 3F). In obese subjects, a positive moderate
correlation between the stat6 expression in cells stimulated
with LPS and yIFN for 7 days and serum TGFB1 was ob-
served (r=0.685, p=0.035) (Fig. 3G).

Obesity is currently recognized as one of the major health
problems worldwide. Obesity leads to the development of
chronic low-intensity systemic inflammation, the main factors
of which are an increase in the number of proinflammatory sub-
populations of macrophages in adipose tissue and deregulated
production and functioning of adipose tissue hormones and cy-
tokines.

Normally, in adipose tissue, macrophages are one of the main
types of immune cells, most of them belong to the “alternatively
activated” type 2 macrophages — M2, the M2:M1 ratio is con-
stituted approximately 4:1 [25]. In obesity, the infiltration by
monocytes, which differentiate into macrophages, increses. This
leads to polarization with the formation of a pro-inflammatory
phenotype, the development of adipose tissue inflammation and
insulin resistance [5].

SIRT1, as a key regulator of metabolism, is responsible for
a number of important processes — regulation of inflammation
mediated by deacetylation of NF-kB, metabolism and stress
through Forkhead Box Protein O (FOXO) and lipid metabo-
lism mediated by Sterol Regulatory Element-Binding Protein
(SREBP) [1,12]. SIRT1 regulates the activity of transcription
factors that are key participants in the inflammatory processes.
In particular, SIRT1 interacts directly with the RelA/p65 NF-xB
subunit and deacetylates lysine 310, an important site for NF-xB
activity [28].

Given the important role of SIRT1 in the regulation of
inflammation, we investigated how SIRT1 affects the pro-
cess of M1/M2 polarization of peripheral blood monocytes
in young people depending on the body weight. We used a
methodological approach to determine the regulatory role
of SIRT1 in the formation of the polarization profile of pe-
ripheral blood monocytes mediated by the major transcrip-
tion factors of the signaling cascade STAT1 and STAT6 in
the subjects with overweight and Class I obesity. The level
of expression of these factors under conditions of stimula-
tion of polarization on the M1 or M2 profile, the production
of cytokines directly by cells and their level in serum have
been studied.
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We obtained data indicating an increase in the level of the
sirt] gene expression with weight gain. The sirt/ expression
was significantly higher in the cells of obese > overweight >
healthy subjects. The highest rates of sirz/ expression have
been found in IL-4-stimulated cells of the subjects with Class
I obesity.

An increase in the expression level is observed in the dy-
namics of cell incubation, which is confirmed by the forma-
tion of positive strong and moderate correlation between the
expression level during the incubation for 3 and 7 days. No-
tably, it is observed in the subjects with normal body weight
in cells stimulated with IL-4 for 3 and 7 days, and in the sub-
jects with overweight and Class I obesity in LPS and yIFN-
stimulated cells.

Changes in the level of sirt] expression were identified in
some diseases, and in obesity and diabetes a decrease in the
sirt] level was more common [3].

Given the dependence of SIRT1 activity on the nutrient sta-
tus, it has been observed that weight loss in dietary and exercise
restriction in overweight patients is accompanied by increased
sirt] expression in peripheral blood mononuclear cells [7].

STATG6 is a key transcription factor for IL-4/IL-13 polariza-
tion by the M2 phenotype. According to Palma A. et al [19],
in the presence of IL-4 there is a rapid expression of major
regulators of M2a (STAT6, Peroxisome Proliferator-Activat-
ed Receptor y (PPARY) and Jumonji Jomain-Containing Pro-
tein D3 (JMJD3)), IL-10 production along with slow decline
in IL- 12 production.

We have found that the level of stat6 gene expression
was maximally expressed in the subjects with normal body
weight in stimulation with LPS and yIFN, and in the sub-
jects with overweight and obesity in stimulation with IL-4.
The comparison between the groups showed a significantly
higher level of stat6 expression in obese subjects in unstimu-
lated cells and in macrophages stimulated by the M1 and M2
profile (3 days) and M2 (7 days). No significant differences
in statl expression between the groups with different body
weight were detected.

Notably, the highest increase in both stat6 and sirt! expres-
sion was observed in IL-4-stimulated macrophages. Positive
strong and moderate correlations for IL-4-stimulated cells were
identified between the sirt] and stat6 expression, confirming the
regulatory effect of SIRT1 and promoting polarization toward
M2 phenotype formation by peripheral blood monocytes in the
subjects with overweight and Class I obesity.

Antagonism has been established between STAT6 and
STAT1, described for polarization of Thl and Th2 cells
by yIFN and IL-4, respectively [23]. Mutually antago-
nistic relationships link the transcription factors NF-xB
and STAT6 and STAT1 and STAT6 in a way that the an-
ti-inflammatory factor STAT6 helps to suppress the pro-
inflammatory transcription factor STAT1 and NF-«B [2].

Calculation of the statl/stat6 expression ratio to assess the
correlation between pro- and anti-inflammatory signaling
pathways showed that even under conditions of non-critical
weight gain, the ratio decreases, indicating redistribution of
polarization towards the anti-inflammatory phenotype. The
lowest rates of the statl/stat6 ratio were determined in the
cells of the subjects with Class I obesity, stimulated with LPS
and yIFN and IL-4 for 3 days. Also, the rate of statl/stat6
in the cells of the obese subjects, stimulated with IL-4 for 7
days, is significantly lower than in the subjects with normal
body weight.
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Levels of pro- and anti-inflammatory cytokines were deter-
mined to confirm the formation of the corresponding polariza-
tion profile. Weight gain is accompanied by the increase in the
size and/or number of adipocytes, which is accompanied by the
increase in production and the appearance of higher concentra-
tions of cytokines IL-1p, IL-6, TNF-a [9].

We have found that the supernatants of LPS and yIFN-
stimulated cells of the obese subjects had significantly higher
level of IL-6 compared to the subjects with normal body
weight. Correlation analysis showed a negative correlation
between IL-6 secretion and SIRT1 expression in LPS- and
vIFN-stimulated cells. Smith T.D. et al (2016) have reported
that LPS and yIFN-stimulated macrophages showed the high-
est secretion of inflammatory cytokines, including IL-6, com-
pared to levels in supernatants of unstimulated cells or cells
exposed to IL-4 [22].

IL-10 is an important anti-inflammatory cytokine produced
by T-cells and activated monocytes/macrophages. An increase in
the level of IL-10 in cells stimulated with the M2 phenotype has
been shown [22]. The findings show a significant increase in the
level of IL-10 in the supernatants of LPS and yIFN-stimulated
cells in the subjects with Class I obesity compared to the normal
weight group and a decrease in the supernatants of IL-4- stimu-
lated cells in the subjects with overweight compared to the sub-
jects with normal body weight.

To identify signs of chronic systemic inflammation in the sub-
jects, we determined the level of serum hsCRP and TGFp1.

CRP is an acute phase protein that is involved in the immune
response, its level increases with tissue damage, obesity, car-
diovascular disease, stroke, infections and inflammation. Serum
CRP levels are positively correlated with BMI [15]. Mahassni
S.H., Bashanfar N.O. [13] report about changes in CRP and
proinflammatory adipokines in young healthy individuals with
overweight and obesity with minimal changes in the immune
system and blood.

We have found that the level of hsCRP in the serum of the
subjects with Class I obesity was significantly higher compared
to the subjects with normal body weight and overweight, which
are in concordance with literature data.

TGFp1 is a polypeptide with potent immunosuppressive func-
tions, a member of the cytokine family of transforming growth
factor B. TGFB1 elevation occurs due to infiltration and activa-
tion of macrophages in the adipose tissue. Chielle E.O. et al. [6]
report that an increase in serum TGFf1 is observed in the over-
weight subjects and especially in obese individuals regardless of
the gender. TGF is positively correlated with body weight and
BMI in obese women [10].

We obtained similar data, according to which the level of
TGFB1 in the serum of the subjects with Class I obesity was
significantly higher compared to the subjects with normal body
weight and overweight. Correlation analysis showed a positive
correlation between TGFB1 and stat6 expression (p=0.035) in
contrast to a negative correlation between stat/ (p=0.026) in the
subjects with normal body weight.

Thus, the findings show that in peripheral blood monocytes of
the subjects with overweight and Class I obesity, SIRT1 imple-
ments a regulatory role mediated by the signaling cascade of
the STAT6 transcription factor with the direction of polarization
towards the anti-inflammatory phenotype. Significantly higher
level of sirtl gene expression in unstimulated cells, in stimu-
lation and its increase during the incubation period, indicate a
possible preconditioning of peripheral blood monocytes, which
counteracts the formation of the proinflammatory phenotype
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before recruiting monocytes into the adipose tissue. This effect
occurs in people with overweight and low-risk obesity, without
signs of metabolic pathology in the presence of minor signifi-
cant changes in markers of systemic inflammation.

Conclusions. SIRT1 promotes M2 polarization of peripheral
blood monocytes toward the anti-inflammatory phenotype in
young individuals with overweight and Class I obesity mediated
by increased expression of the stat6 gene. The direction of polar-
ization toward the anti-inflammatory phenotype is indicated by a
decrease in the statl/stat6 ratio and the formation of correlations
between sirt/ and stat6 expression for LPS and yIFN- stimu-
lated cells and IL-4-stimulated cells.
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SUMMARY

SIRT1 CONTRIBUTES TO POLARIZATION OF PE-
RIPHERAL BLOOD MONOCYTES BY INCREASING
STAT6 EXPRESSION IN YOUNG PEOPLE WITH OVER-
WEIGHT AND LOW-RISK OBESITY

Kolinko L., Shlykova O., Izmailova O., Vesnina L.,
Kaidasheyv 1.

Ukrainian Medical Stomatological Academy, Poltava, Ukraine

Obesity contributes to the formation of low-intensity systemic
inflammation with major participation of monocytes/macro-
phages. Nicotinamide adenine dinucleotide (NAD")-dependent
deacetylase class III SIRT1 regulates the polarization of macro-
phages, controlling the inhibition of the M1 subpopulation and
stimulating the activation of M2 macrophages.

The aim of our study was to determine the regulatory role of
SIRT1 in M1/M2 polarization of peripheral blood monocytes in
young people with overweight and Class I obesity.

30 subjects of both gender, aged 18-25 years have been ex-
amined. Groups were formed by the BMI: the subjects with nor-
mal body weight (n=10, BMI 18.50-24.99 kg/m?), the subjects
with overweight (n=10, BMI 25.00-29.99 kg/m?), the subjects
with Class I obesity (n=10, BMI 30.00-34.99 kg/m?). Peripheral
blood mononuclear suspension was isolated from venous blood.
E. coli lipopolysaccharide (LPS) at a dose of 100 ng/mL and
y-interferon (yIFN) at a dose of 100 ng/mL were used to induce
polarization of macrophages by the M1 phenotype. Unstimu-
lated monocytes/macrophages were used as controls. The level
of the statl, stat6 and sirt] gene expression was determined by
Polymerase Chain Reaction Real-time PCR.

The findings showed an increase in the level of the sirt/ gene
expression with weight gain. The highest rates of sirt/ expres-
sion were found in IL-4-stimulated cells of the subjects with
Class I obesity. It has been concluded that SIRT1 promotes M2
polarization of peripheral blood monocytes toward the anti-
inflammatory phenotype in young people with overweight and
Class 1 obesity, mediated by increased stat6 gene expression.
The direction of polarization toward the anti-inflammatory phe-
notype is indicated by a decrease in the stat/stat6 ratio and the
formation of correlation between the sirt/ and stat6 expression
in LPS and yIFN-stimulated cells and IL-4-stimulated cells.

Keywords: macrophages, macrophage polarization, SIRT1,
STAT1, STAT6, overweight, Class I obesity.

PE3IOME

SIRT 1 CIIOCOBCTBYET HNOJAPU3ALIUMA MOHO-
IUTOB NEPUPEPUYECKON KPOBU IIYTEM YCH-
JIEHUSA SKCHPECCHHU STAT6 Y MOJIOABIX JIAI C
MOBBIIIEHHOM MACCOM TEJA U JEIKHUM OXH-
PEHUEM

Koaunbko JI.M., lllasikoBa O.A., U3maiinoBa O.B.,
Becunna JI.9., Kaiinames W.I1.

Vrpaunckas meouyunckas cmomamonozuveckas axaoemus,
Honmasa, Ykpauna

Osxupenue cnoco0CcTByeT (GOpMHPOBAHHIO CHCTEMHOTO BOC-
MaJeHUs] HU3KOW HWHTEHCHBHOCTH, OCHOBHBIMH YYaCTHUKAMH
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KOTOPOTO CTAHOBSTCSI MOHOLMTBI/Makpodaru. HukornHamua-
nenuaaunykiaeotus; (NAD™)-3aBucumas neauneruiasa 11 kimac-
ca sirt] perymupyer HOJSIPH3aLHI0 MaKpo(haroB, OCYIIECTBISS
KOHTpOJIb 3a IMofaBieHueM cyononymsiuun M1 u ctumyaupys
akTHBauuio M2 makpogaros.

Lenbio uccnenoBanus sIBUIOCH ONPEAEICHUE PErYISTOPHON
ponu sirt] B M1/M2 mossipusanud MOHOIMTOB mepudepude-
CKOM KpOBM y MOJIOIBIX JIMI[ C IIOBBIIICHHOW Maccod Teia u
oxupeHueM | crenenu.

O6cnenoBano 30 yenosek oboero nosa B Bozpacre 18-25 ner.
Mo nnnexcy maccsl Tena (MMT) copmMupoBaHbI TPyIIIbI C HOP-
MajbHoi Maccoit (n=10, UMT 18,50-24,99 kr/m?), ¢ nOBbIIIEH-
Hoit (n=10, UMT 25,00-29,99 xr/m?), ¢ oxupenrem I crenenu
(n=10, UMT 30,00-34,99 kr/m?). CyCrieH31ur0 MOHOHYKJICAPOB
nepupepryeckoil KpOBH BBIACISUIM M3 BEHO3HOW KpoBH. J{is
UHIYKIMH TTOJsIpU3auy 1o GpeHotry M1 nenosp30Baiu JIUmo-
nomnucaxapun (LPS) E. coli 100 ar/mn u y-untepdepon (YIFN)

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
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100 ur/ma, o ¢penoruny M2 - IL-4 20 ur/mi. Kontponem Obuin
HECTUMYJIUPOBAHHBIE MOHOLMTBI/Makpodarin. YpPOBEHb IKC-
MpEeCCUU I'eHOB statl, stat6 v sirt] onpeaensii METOA0M TMOJIH-
MEpPa3HOH LETTHOW PEaKIK B PEIKUME PEaTbHOTO BPEMEHH.

nOJ’ly‘-{eHHble JIa@HHBIC CBUACTECIIBCTBYIOT O POCTE ypOBHﬂ JKC-
Ipeccuu resa sirt] B COOTBETCTBHH C ITOBBIILICHHUEM MACChI TCJ1A.
HawuGonbime 3Ha4eHNs SKCIIPECCHH Sirt] OTIPEe/IeNIeHbI y JIHIL C
OKUpPEHHUEM | cTemeHu B KIIeTKax, CTUMYIMPOBaHHBIX I1L-4.
[enaercs BbIBOA, 4TO sirt! cmocoOcTtByeT M2 mnosspusanuu
MOHOIIUTOB Nepr(eprUueCcKOil KPOBU B CTOPOHY HPOTHBOBOCIIA-
JIUTEIHHOTO (PEHOTHIA Y MOJIOJBIX JIUIL C TTOBBILICHHOW MacCoi
Tena U OKUpeHneM | cTerneHn onocpe10BaHHO YCHICHHUEM JKC-
npeccuu rexa stat6. O HanpaBlICHUU TOJIAPU3ALUM B CTOPOHY
IMPOTUBOBOCHAJIUTEIIBHOI'O (beHOTI/Il'la CBUAECTEIILCTBYET yMeHb—
[IICHUE BEJIHYUHBI COOTHOIICHUs statl/stat6 w GhopMupoBaHUE
KOPPEJLMOHHBIX CBA3EH MEXIy dKCIpeccuei sirt! u stat6 nis
KJeTOK, cTuMynupoBanHbix LPS u yIFN u IL-4.
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MCUXNYECKOE PACCTPOMCTBO KAK OBSI3ATEJbLHBIN
MEJUIMUHCKHA KPUTEPUI OT PAHUYEHHOM BMEHAEMOCTH

'AkumoB MLA., “[ToautoBa A.C., 2[lekapckuii C.I1., ’KoBasienko B.B., ‘Tenedanko .M.

'Hayuonansnas axademus enympennux oen, Kues,; *Joneyxuti opuduveckuti uncmumym MBI Vkpaunwi, Mapuynoin;
SJlyeanckutl 2ocyoapemeennulil ynugepcumem suympennux oen um. J.4. Juoopenko, Cesepodoneyx;
“Jlb606CKUL HAYUOHANLHBIL YHUGEPCUMEM 6emepUHapHoll Mmeouyutsl u ouomexnonocuil um. C.3. [icuykozeo, Ykpauna

DKOHOMHYECKast HECTAOMIBHOCTE B MHpPE, 00yCIIOBICHHAS
nangemueil koponaBupycHoit mHpexknuu COVID-19, BbI-
3BaHHOKU BupycoM SARS-CoV-2, Hanpspk€HHas IOIUTHYE-
ckasi 00CTaHOBKA M JApyrue (pakTOpHI, BHI3BIBAIONINE CTPEC-
COBBIC CUTyalluH, IPUBOAAT K YXYILICHUIO YMOLUOHAIBHOIO
HaIpPsDKEHUS, BOSHUKHOBEHHUIO ICUXUYECKUX PACCTPOMCTB U,
KaK pe3yJbTaT, COBEPIISHHIO IpecTyIIeHni (Ha obmeM done
YBEJIMYEHHUS UX o0miero xonudectsa). [lo maHHBIM cepBHca
Numbeo, na ntons 2020 roxa YkpauHa uMesna caMblil BEICO-
KHi 1oka3zarenb npecrtynHoctu (48,84) cpenu crpan Espo-
nel. Ha Bropom mecte mocie Yipauns! — IlIBenns (47,43),
Ha TpeThbeM — Opannwmst (47,37), nanee Monnosa, Upmanaus,
Benbrus, Beaukoopuranus, Uramus [1].

C y4€TOM BBILICIIPUBEICHHBIX JaHHBIX U3Y4YCHUE JIUL, COBEP-
LIAOMIMUX IPECTYILICHUS, YPE3BbIUaiHO aKTyallbHO U UMEET HE
TOJIBKO Hay4HOE, HO U IIPAKTUYECKOE 3HAUCHNUE, YTO OOBSICHSET-
Cs1 HeOOXOIMMOCTBIO COOMIONCHUS PUHITUIIA WHIUBHTyaIn3a-
LMY HaKa3aHUs, 3aJI0KCHHOIO B YTOJIOBHOM 3aKOHOAATEIbCTBE
U yBEJIUYCHUEM YUCIIA JHI ¢ ICUXUYECKUMH paccTpoiicTBamu,
KOTOpBIE BIIMSIIOT HA WX IOBEICHHE IIPU COBEpIICHHH oOIe-
CTBCHHO OIACHBIX JCSHUM.

B cyne6HO-nIcuxnaTpruaeckoi SKCIepTHON NMPaKTHKE IOCTTPaB-
MaTHYECKOE CTPECCOBOE PACCTPOMCTBO IUArHOCTUPYETCs BeChbMa
PEIKO - B OCHOBHOM, B CIIy4asiX COBEPLUCHMs JIMIOM IIPECTyILIe-
HUS; €I0 IPEUIaracTcs paccMaTpuBarh KaK MEIUIMHCKUI KpHUTe-
puii OrpaHUYEHHON BMEHAEMOCTH WX HeBMeHsiemoctd [3,11,23].

Wcxons u3 BBHIICH3I0KEHHOTO, 0c000€ 3HAYCHHE MTpHodpe-
TaeT OIpE/EICHUE IICUXUYECKOIO COCTOSIHUS JIML, COBEpPLIMB-
KX IPECTYIJICHUS, U B CIy4asX BBIABICHHS IICUXUYECKOIO
paccTpoiicTBa — HNpPUHSATHE HEOOXOAMMBIX Mep. [lcumxudeckoe
PacCTpoOiCTBO M COBEPIIEHHOE NMPECTYIUICHHE — 3TO Hpobire-
Ma, BbI3bIBAIOLIAs MHOTOYUCIICHHbIE AUCKYCCUM IICUXUATPOB U
IOPHCTOB, KOTOPYIO MOXKHO Pa3pelInTb, BEIPAOOTAB CIICIHAIIb-
HBIC NpaBJIa OOPAIEHUs C JINIAMH, IMEIOIUMH [ICHXNYECKOe
paccTpoilcTBO U COBEPIIUBIINMHU IPECTYILICHUS.

Iens nccnenoBanms — HAay4HOE OCMBICJICHHE POOIEMBI IICH-
XHYECKOTO pPAcCTPOHCTBA Kak 0053aTeIbHOTO MEAUIMHCKOIO
KPUTEpHUsl OTPAHUYCHHOM BMEHAECMOCTH B YTOJIOBHOM 3aKOHOZA-
TEeIbCTBE YKPAHHBI U HEKOTOPHIX 3apyOeKHBIX CTpaH, pa3pador-
Ka HOBBIX IIOAXOJ0B K OLIEHKE TAKOIO COCTOSHUSL.

Marepunan u meroabl. B uccienoBaHuu ucnonb3oBaHa co-
BOKYITHOCTH OOIIEHAYYHBIX U CHEIUAIBHBIX METOIOB HAYYHOTO
M03HAHUS (CPaBHUTEIBHO-TIPABOBON, CHCTEMHO-CTPYKTYPHBIH,
CTaTHCTUYECKUH, CHUCTEMHBII aHANINW3 IIPABOBBIX SIBICHUI).
B cenrs6pe 2020 roma ¢ MOMOIIBIO METOAA AHAIN3A M3yYCHO
1422 0OBHHHTEIBHBIX IPUTOBOPA, HaXoAsIuxcst B EquHoM ro-
CYJapCTBEHHOM peecTpe CyAeOHBIX pelIeHIH YKpauHbI U BBIHE-
CEHHBIX B OTHOLICHUY JIHLI, COBEPIIUBIIUX IPECTYIIICHUS B CO-
CTOSIHUU OrpaHMYEHHON BMeHsemocTu B nepuon ¢ 01.03.2014
r. mo 01.08.2020 r. Kpurepuem ordopa sIBISUIOCH HAIMYUE 3a-
KIIFOYEHHST CY[eOHO-TICHXUATPHUIECKON JKCIIEPTH3bI, COIIACHO
KOTOpPOMY JIMLIO BO BpeMsl COBEPLICHUS NPECTYILICHUS B CBSI3U
C MMEIOIINMCS Y HeTO IICUXHYECKUM PAacCTPONCTBOM HE OBUIO
CIIOCOOHO B MOJIHOI Mepe 0CO3HaBaTh CBOM JIeHCTBHUS (Oe3neit-
CTBHE) U (MJIN) PyKOBOAUTH UMHU.
© GMN

ABTOpaMH CTaThbU HCIOIb30BaNach MexayHaponHas cra-
THCTHYECKas! Kiaccudukanusi 6one3Heil 1 mpodieM 310pOBbs
(MKB-10), yrBepxnenHas BecemupHoii opranusanueil 31paBo-
oxpaneHus B 2007 r. Jlns BBIACHEHUS HEIOCTATKOB U CIIOPHBIX
IOJIOKCHUN YIOJIOBHOIO 3aKOHOAATEIbCTBA YKPAUHBI B KOH-
TEKCTE IICUXMYECKOTO pacCTPoiicTBa Kak 00s3aTeILHOTO MEAH-
LUHCKOrO NpHU3HAKA OIPaHMYCHHOH BMEHSEMOCTH IIPOBEICHO
CONOCTAaBJICHHE (C MPUMEHEHHEM CPAaBHHTEIHHOTO METOZA) CO
CXO’KUMH IOJOKCHUSAMH 3aKOHOAATEIbCTBA MHOCTPAHHBIX I'0O-
cynapctB. Kpome Toro, msydanuch ImyOIHKaIMd B CPEACTBAX
MaccoBOI HH(MOPMALUH ¥ HAyYHOH ITEPUOJINKE, aHATUTHICCKHE
MaTepuaoB.

Pesyabrarel n o0cy:kaenune. CyliecTByeT MHEHHE, 4TO
YHCIIO JIUI C ICHUXHUYECKUMHU 3a00JIeBAaHUSIMH CPEIU IIPABO-
HapyHIMTelIed AOCTaTOYHO BBICOKO. Tak, B €KErOfHOM OT-
4yeTe YIOIHOMOYEHHOTO I10 IpaBaM 3akiodeHHBIX (Kanana)
3a 2011-2012 roxsl ykazaHo, uTOo 36 % OCYXKACHHBIX NpU
HOCTYIICHUM B YIOJOBHO-UCIOJHUTEIIBHBIC YUYPEKICHUS
OBUIM NIPU3HAHBI HY>KIAIOMIMMHUCS B ICHXUATPUIECKON (TICH-
XOJIOTHYECKO) mopnepxkke; 45 % i My»ckoro 1 69% murg
JKEHCKOIO I10J1a 3TOH KaTeropud OKa3blBajlachb HHCTUTYLU-
OHallbHasg Icuxuarpuueckas nomoms [17]. Co BpemeHeM
YHUCIIO ICUXUYECKH OONBHBIX CPEAM CICLKOHTHHICHTA BO3-
pactaeT: Hanpumep, ¢ 1997 no 2010 roga nons ocy>kIeHHBIX
3a (enepaibHbIe MPECTYIICHNS, UMEIOINX IIPU MOCTYILIe-
HUU B YrOJOBHO-UCIOJHUTEIIBHBIC YUPEKACHUS CUMIITOMBI
CepbEe3HBIX IICHXMUYECKUX 3abosieBaHUi, Bo3pociaa 10 61 %
cpeau My>xuuH 1 10 71 % cpenu xenwus [18]. Uto xe kaca-
ercss YKpauHbl, TO JlenmapraMeHT 110 BOIIPOCAM UCIIOIHCHUS
YTOJIOBHBIX Haka3aHui MUHHCTEpCTBA IOCTULUM YUUTHIBACT
JUIIb CBeJeHHUS 00 M3MEHEHUH MEphI IIpecedeHus Ha Ooiee
MSTKYIO, Ha3HAUCHUH HaKa3aHWs B BHJC JHUIICHHUS CBOOOJEI,
HA3HAYCHUM HAKa3aHUs, HE CBA3AHHOIO C JIMIIEHUEM CBO-
00bI, ONpaBJaTeIbHBIC MPUTOBOPHI, a TaKXKe YHCIEHHOCTh
OCYXKJCHHBIX MYXKYMH, JKCHIIMH, HECOBEPLUICHHOIECTHUX,
JMI, OCYXJCHHBIX K IOKH3HCHHOMY JIMIIGHUIO CBOOOJBI.
VY4er nul, COBEPIIUBIIUX IPECTYILUICHUS B COCTOSHUU Orpa-
HUYEHHON BMEHSIEMOCTH, HE BEIETCS; HE OTOOPAXKAIOTCS ITH
JTaHHBIC U B Cy/IeOHOMH IpaKTHKe.

Bompoc 00 wuHIMBHAYaNbHOI OTBETCTBEHHOCTH SIBIISIETCS
OCHOBHBIM TIPH PacCMOTPEHHH COOJIOACHMS IIPaB UeIOBEKa,
KOIZIa peub HJET O JIMIAX ¢ HCUXUIeCKUMU 3aboeBanmsMu. Oc-
HOBOIIOJIOTAIOLIMM JJIsl YTOJIOBHOI'O IpaBa SIBJIAETCS [IPUHIIUI,
COIVIACHO KOTOPOMY (JIULIO IOJUICKUT OTBETCTBEHHOCTH JIHUIIb
B TOM Clly4ae, €CJId OHO B MOMEHT COBEpLICHUS NPECTYIIICHUS
OBLIO CIIOCOOHO OCO3HATh 3HAUCHUE CBOUX JACHCTBHH M PyKO-
BOAWTH UMH B cBeTe TpeOoBaHumii 3akoHa». IIpestomupyercs,
YTO BMEHSEMBIC COBEPIICHHOJICTHHE JIMNA MMEIOT MOJ00HYIO
BO3MOJKHOCTb, O €€ OTCYTCTBHUM CBHUJETCIbCTBYET HAJIUYUC
IICUXUYECKOI0 paccTpoiicTBa WM Bo3pacT. Hanudue Takoil Bo3-
MOXKHOCTU XapaKTEPU3YETCsl BBIPAKCHUEM «OTBETCTBEHEH 3a
cozxesinHOey [14]. [Ipr HecrTOCOOHOCTH HECTH OTBETCTBEHHOCTh
CUUTAETCS, YTO JIULO HE MOAJICKUT HAKA3aHUIO — B TAKUX CIIyda-
X K HEMY IIPUMEHSIOTCS COOTBETCTBYIOILUE IPUHYIUTECIIbHBIC
Mmepsl [15].
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B cootserctBun co cr. 20 «OrpaHuueHHas BMEHSAEMOCTb»
VYronoBHoro Kopekca YkpanHsl U110, IPU3HAHHOE CYJIOM OIpa-
HUYECHHO BMEHSEMBIM, T.e. CyOBEKTOM, KOTOPBI BO BpeMs CO-
BEPLICHUA yFOHOBHOFO l'lpaBOHapyl_]_leHI/lﬂ B CBsI3U C UMCIOIIIMMCH
y HEro NCUXUYECKUM PacCcTPOHCTBOM HE CIIOCOOHO TMOJIHOCTBIO
0CO3HaBaTh CBOU JAEHCTBUs/OE3eHCTBHE W/MIM PYKOBOAUTH
UMM, MOJUICKUT YTOJIOBHOI OTBETCTBEHHOCTH. Vcxons u3 3To-
ro, 110 HaIlleMy MHEHHIO, OFPAHUUYCHHYIO BMEHSIEMOCTb CIICYeT
OIpEACIUTb KaK BUJ BMEHICMOCTH, }Opl/lllI/IquKy}O XapakTepu-
CTPIKy TICUXHUYECCKOTO COCTOAHUA JINILA, B COOTBECTCTBUU C KOTO-
poii ero crmocoOHOCTh 0OCO3HABATH CBOM JICiCTBUS/Oe3neiCTBIE
W/WIN PyKOBOAUTH UMH BO BPEMsI COBEPIICHHUS YTOJIOBHOTO Mpe-
CTYIUICHUSA CyLL[eCTBeHHO OorpaHuM4yc€Ha BBUAY HaJIM4YWsd y HEro
MICUXUYECKOTO PacCTPONCTBA.

Yro kacaeTcs 3apyOe)KHOro 3aKOHOJATeIbCTBa, B riase 8.01
VYronosHoro konekca mrara Texac (CILIA) onpeneneno: «a) io-
Ka3aTcJIbCTBOM 3alllUTbl U CBUACTCIILCTBYET B I10JIL3Y 0631/11-me—
MOT0 YCTaHOBJIEHHE TOTO 00CTOSTENILCTBA, YTO JIUIIO B MOMEHT
COBEPILCHUS] HTHKPUMUHHUPYEMOTO eMy JEsHHs HE OCO3HABaJIO
IPOTHBOIPABHBIN XapaKTep CBOETO MOBEICHHS BCIICICTBUE Ha-
JIMYMS TSOKEJIOTO TICHUXMYECKOro 3a00JIieBaHMsI MIIM PacCTpPOM-
CTBa; b) TEPMHHOM «TSDKEJIOE MCHXUYECKOe 3a00JIeBaHUE HIIH
paCCTpOﬁCTBO)) HE OXBATBIBAKOTCs OTKJIIOHCHHS, BBISABJIAIOIIHUECCA
TOJIBKO IIPHU ITOBTOPHOM yFOJ'lOBHO IIPOTHUBOIPABHOM HJIM UHOM
AQHTHOOIIECTBEHHOM MOBeIeHUI» [22].

CyLIecTBYIOT U ApYrue Mnoaxonsl. Bo3MOXHOCTb CMSTYeHUs
HaKa3aHUsI CY/IOM 110 CBOEMY YCMOTPEHHIO B OTHOILICHUH Orpa-
HUYEHHO BMEHSIEMOTO JIMIA, KOTOPOE B TIOJIHOM Mepe He 0CO3Ha-
BaJIO (haKTUYUCCKUIT XapaKTep M OOMICCTBEHHYIO OMTACHOCTh CBOMX
JICWCTBUI U PyKOBOIUTH UMH, B Pa3HBIX BapHALUAX [IPEyCMOTpe-
Ha B YI'OJIOBHBIX KOACKCaX psiga MHOCTPAHHbBIX FOCleapCTB. Hanpn—
Mep, UL, TIPU3HAHHOE BMEHSIEMBIM, HE OCBOOOXKIACTCSI OT YTO-
JIOBHO# OTBETCTBEHHOCTH, HO Ha3HAYaEMOE €My HaKa3aHUEe MOXKET
ObITh cmsirdeHo» (§ 21 YK @PT) [5]. B coorBercTBHE CO cTaTheit
11 YK [IBetitiapuu, «eciny BO BpeMs COBEPIICHUSI TIPECTYITHOTO
JIesIHUS JIULO BCJISCTBUE PAcCTPOICTBA MyILIEBHOM AESTEIbHOCTH
WX CO3HAHUA HJIM BCJICACTBHC HEAOCTATOYHOI'O IICHMXHYCCKOI'O
pasBuTHsl 00Nanano IOHIKSHHON CHOCOOHOCTHIO OCO3HABATh
IPOTUBOIIPABHOCTBH CBOCTO IMMPECTYITHOI'O ACAHUSA UIIU ﬂeﬁCTBOBaTb
C CO3HAHMEM ATOH IPOTHBOIPABHOCTH, CY/Ibsi MOXET 110 CBOEMY
YCMOTPEHHUIO CMATYUTH Haka3aHue») [9]. CormacHo ct. 11 YK Jlar-
BHUU IIPH OTPaHUYECHHON BMEHSIEMOCTH JIMLA CYJ] MOXKET YYECTb 3TO
00CTOSITEILCTBO KaK CMSIMYAIOIIee HaKa3aHHe U MOJHOCTHIO OCBO-
60muTh 310 JHIO OT Hakazauwus [8]. Cormnacho ct. 39 YK Snonwun:
«Hakazanue 3a jelicTBre, COBEPIICHHOE CI1a00yMHBIM, MTOJUICKUT
cmsrgeHuio» [10].

IIpumeuarenbHO, YTO 3aKOHOJATENIb HE KOHKPETH3HPYET,
KaKHe MCHXUYECKHE PacCTPOicTBAa JalOT OCHOBAHUE CUHUTATh,
4TO JIMIO COBEPIIHIIO MIPECTYIUICHHE B COCTOSIHUM OTPaHUYCH-
HOI BMEHSIEMOCTH U, CJIEJOBATEIBHO, CYNTAIOTCS 00CTOSITEIb-
CTBOM, CMSITYAIONIMM OTBETCTBEHHOCTh. CIIEyeT COIIacHThCs
¢ T.I. IloHATOBCKOH B TOM, YTO B «IICUXMATPUUECKOM NPAKTUKE
HE CIIOKMJIOCH YETKOTO IPE/CTaBJICHHUS O OOJE3HEHHBIX pac-
CTpOﬁCTBaX IICUXWKH, KOTOPBIC, HE UCKIIHOYasd BMEHICMOCTH,
00yCJIaBIMBAIOT JIMIIb ONPEACICHHYIO MEpY OCO3HAHMS JINLIOM
3HAYCHUSI CBOUX ):[eﬁCTBHﬁ U BO3MOXXHOCTHU pyKOBOZ[I/ITb HUMU. ..
Kpome Toro... 110001 MCHXUATPUICCKUN AUATHO3, HE UCKITF0Ya-
IOLLMI BMEHSIEMOCTH, MOKET OBITH TOJLKO JMAarH030M Hebaro-
l'IOJ'Iy‘[I/Iﬂ, YETKUE I'PaHULbI KOTOPOI'0 ONPEACIUTb C TOYKH 3pe-
HHSI MEIMLIMHBI HEBO3MOXKHOY». OTCIONA JAeIaeTCsi BHIBOJ O TOM,
4YTO KPUTECPHUN OLECHKH 1'102106HI)IX cny'-[aeB MOTyT 6]>ITb TOJIBKO
COLMAJIBHO-TIOJIMTUYCCKUMU, UYTO SIBHO HC O6eCl’l€l{I/IBaeT paBEH-
CTBO I'Pa)</IaH Tiepes1 3aKOHOM [6].
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CTaBUTHCS BOIIPOC, YTO UIMEHHO HEOOXOIUMO CUUTATh MEAU-
LIUHCKUM KPUTEPHUEM OrpaHHYEHHOI BMeHseMocTu? MexnyHa-
pOMHas CTAaTUCTHYCCKas KiaccuuKanus 6one3Heit u mpoodiem
3n0poBbs (MKbB-10), yrBepknennas BecemupHoil opranusauu-
eil 3apaBooxpanenus B 2007 rony, B paszaene FO0-F99 npenyc-
MaTpUBAET PACCTPONCTBA TICUXUKHU U TOBeAeHUss. K HUM OTHO-
csarcs, FOO-F09. Oprannueckue, BKIIOYasi CUMITOMATHYECKHE,
ncuxuueckue paccrpoiictBa (FO0. Jemenuus npu Oones3Hu
Ansureiivepa G30, FO1. Cocynucras nemenuus, F02. Jlemen-
LML [IPH IPYTHX OONE3HsIX, KIIaCCU(DUIIMPOBAHHBIX B IPYTUX PY-
opuxkax, F06. [Ipyrue ncuxudeckue paccTpoiicTBa BCelcTBUE
HOpaXKEHUsT WM AUCQYHKIMH TOJOBHOTO MO3ra MIIH BCIICJCTBHE
comaruyeckoii 6omesnn), F10-F19. PaccTpoiicTBa CUXUKH 1 TTOBE-
JICHUSI BCJICICTBHE YIOTPEOICH s TICHX0aKTUBHBIX BerecTs (F10.
PaccrpoiicTBa IICHXUKN 1 TOBEACHHS BCIICACTBHE MOTPEOICHUS
ankorois, F11. PaccTpoiicTBa NCMXUKKU M TIOBEICHUSI BCICICTBHE
norpebienus onvonos, F12. PaccTpoiicTBa NCUXMKK U TTOBEIe-
HUS BCJICICTBHE MOTpeOeHns kaHadbuounnos, F13. Paccrpoiictea
MICUXMKH U TTOBEJICHHST BCJIC/ICTBUE TOTPEOICHNS! CEIaTHBHBIX W
CHOTBOpHBIX BemiecT), F20-F29. IlInsodpenus, mm3oTHIIOBbIE
COCTOSIHUSI U OpEIOBBIC PacCTPOICTBA.

J.B. CupoXuIuHOB CUMTAET, YTO MEIUIMHCKUI KpUTEpUil
OrpaHUYCHHON BMEHSIEMOCTH 00pasyeT cleayronye 6one3HeH-
Hble (OPMBI TICUXHYECKUX PACCTPOIMCTB: AJIKOTOJIU3M; ICHXO-
HaTys; HapKOMaHHMs; OCTATOYHBIC SIBJICHHS YEPEITHO-MO3TOBBIX
TpaBM; OJUTOQPEHHUs; MCUXUYSCKHE HAPYIICHHS, BO3HHUKAIO-
IIMe Ha OIPENEJICHHOM IEepHO/e OpraHHYeCKuX 3aboyieBaHuUi
TOJIOBHOIO MO3ra (OpraHM4YecKHe JAEMEHLUM); ICHXOICHUS;
SHMJIETICUS; COCYIHCThIE 3a00JIeBaHuUs; MaHHAKalIbHO-AEIpec-
CHBHBII IICHX03; LIM30(PEHHs; MCUXUUSCKHE HApyLICHHS
BCJIEICTBHE CH()UIMNTUUSCKOTO MOPAKEHHsI TOJIOBHOTO MO3ra;
MPOrpeCCUBHBIN Napanuy [7].

OpHako Hesb3s MCKIIOYaTh M TOTO, YTO OTHOCHUTEIIBHO He-
MHOTHE NCHXUUECKHE 3a00JIeBaHMs NPUBOST K TOCTOSHHOMY
paccrpoiicTBy ncuxuku. Hampumep, mpakTniecky Bce O0IbHbIC
mm3oppeHnell WM OUIOJISIPHBIM PACCTPONHCTBOM 3HAYUTEIb-
HYIO 4aCTh BPEMEHHU CIIOCOOHBI OTIIMYMUTE XOPOIIEe OT IJI0XOr0
U COIVIaCOBBIBATh CBOE IOBEJCHUE ¢ TPEOOBAHUAMHU 3aKOHA. by-
JIeT HelpaBOMEPHBIM (M OLIMOKOW HPH ONpEAeICHUH BMEHse-
MOCTH) CUUTATh, YTO JIIOOOH AMarHo3 caM 1o ceOe onpenenser,
CIMOCOOHO MJIH HET JIMLIO HECTU OTBETCTBEHHOCTB 33 CBOM ACHCTBUS
(XOTs1 HEKOTOPBIE U3 HUX U SIBJISIIOTCSI TAKOBBIMU: TAK, 3HAYHTENIb-
Hasi TONMKUH(DAPKTHAS IEMEHIIUSI WM CYLECTBEHHAs YMCTBEHHAsI
OTCTaJIOCTh IPEATIONAratoT XpOHUYECKHH, a He BPEMEHHBIH Xapak-
Tep PacCTPOICTBa NCUXUUYECKON JesTebHOCTH) [21].

Wzyuenne 1422 3akirodeHuil CcyneOHO-NICUXUATPUYECKUX
SKCIEPTU3 B OTHOLICHUU JIUL, COBCPIIMBIIUX IPECTYIUICHUS,
BbIABWIO: 1406 nuLl, MpU3HAHHBIX OrPAaHUYEHHO BMEHIEMBIMH,
185 cocrosnu Ha y4yere Bpada-IICUXUATPA 110 TIOBOAY YMCTBEH-
HOI oTcTanocTH, 222 UMeNu AWarto3 musodppenus, 296 — ym-
CTBEHHYIO OTCTaJIOCTb, B 74 ciiydasx oTMe4ajach Ta WIK UHAas
CTENeHb CIad0yMHsl B COUETaHUN C UMEIOIIMMUCS dMOLIMOHAIb-
HO-BOJICBBIMH HapylIeHHsMH, 148 — onmurodpenust B CTeneHu
JNEOMIBHOCTH € TCHUXOMATONOAOOHBIM IOBEICHUEM HWIIH 9MO-
LIMOHAJILHO-BOJICBOH HEYCTOHYMBOCTHIO, 148 — opraHuuyeckoe
PaccTpOCTBO JIMYHOCTH CJIOXKHOTO FeHe3a ¢ MHTEeIIEKTYaJIbHO-
MHECTHYCCKUM CHIDKCHUEM, HE TOCTUTAIOIINM c1aboymus, 185
— paccTporcTBO JnuHOCTH, 111 — smmsencust, 37 — SKCrUOUIH-
OHM3M U TIOCTTPABMATHUECKOE CTPECCOBOE PACCTPOUCTBO [2].

AHanu3 MOJy4YEeHHBIX AAHHBIX MOKa3aJl, YTO JIMILY, IPU3HAH-
HOMY OTPaHHYEHHO BMEHSIEMbIM, MOXKET OBITh HPHCYIIE JIT000e
paccTpoiicTBO NICUXUKK U moBeneHus. OpHako Haubosee pac-
npoctpaHeHHbIMU sBisitoTcest FO6. [lpyrue ncuxuueckue pac-



GEORGIAN MEDICAL NEWS
No 4 (313) 2021

CTPOMCTBA BCJICCTBHE MOPAKECHUsI, AUC(YHKIMU TOJIOBHOIO
Mo3ra win comaruyeckoit 6onesnu, F20. usodpenus, F65.
CekcyanpHble paccTpoiictBa, F70-F79. VYmcrBeHnas otcra-
noctb, F80. Crienduueckue paccTpoiicTBa pa3BUTHS PEUH.

Pesynbrarsl, nonyyennsie A.Jl. KononoBsiM [4], mo3Bosu-
JIM PacIpeeNuTh IICUXHUYECKUEe PACCTPONCTBA, NPUBOSIINE K
OrpaHNYEHHONH BMEHSIEMOCTH, CIIEIYIOIIUM 00pa3oM: OpraHu-
yeckue paccrpoiicta (F00-09) — 47,6%, ymcTBeHHas OTcTa-
nocts serkoit crenenu (F70-79) — 37,9%, paccrpoiictBa jny-
Hoctu u noBenenus (F60-69) — 11%, mmzodpenus B craguu
pemuccuu U mm3oTunuyeckue paccrporicrsa (F20-21) — 2,8%,
abdexruBHbie pacctpoiictBa (F30-39) — 0,32%, HeBpoTuue-
CKHE paccTporCTBa, Bbi3BaHHbIE cTpeccoM (F40-48) — 0,32%.

KaKOBbI HaI/IGOHee THUITMYHBIC l'lpeCTyl'[.]'leHl/Ifl, COBEPILIAEMBIC
JIMIIAMHU B COCTOSIHUM OIpaHWYeHHOH BMeHseMocTH? CornacHo
JaHHBIM HEKOTOPBIX 3apyOexHbIX HccienoBanuit [16,19-21],
OT/ICTIbHBIC TICHXUYECKUE 3a00JIeBaHUsT 00YCITaBINBAIOT COBEP-
IIEHHE ONpPEJESICHHBIX BUJOB MPECTYIUICHUN. AHa/IN3, IIpOBe-
JICHHBIH B TIOPEMHOM HcuxuaTpuyeckoil OonpHuIe B bpazminu
[12] ¢ umenpio ycTaHOBJIECHUS B3aUMOCBSI3€H HEKOTOPBIX IIpe-
CTyl'l.]'leHPIi’I C pasjIMYHbIMU IICUXUYECKUMU 3a6OHeBaHHﬂMH, Io-
Ka3aJ, 4To yOuiCcTBa IPU JOMalIHeM HaCHIMK Hanbojee 4acto
COBEPILIAKOTCA IICUXOoNaTaMu 1 yMCTBeHHO OTCTAJIBIMU JIMLIAMU,
HOCJIETHHAE TAKKEe COBEPIIAIOT TOpa3io OOJIbLIE MOJTOBBIX Mpe-
cryruieHui, yem nepsele. C. XomkuHe [13] B pesynbsrare aHa-
Jin3a BO3pPacCTHBIX rpyrm YCTaHOBUWJI, YTO JHLA C TAXKCIBIMH
NCUXUYECKUMH paccTpoiicTBamu (1m3odpeHus, OUIOIsIpHOE
appeKTHBHOE paccTpoiicTBo) B 2,5 pasa Gosee CKIOHHBI CO-
BEpLIATh YrOJOBHBIC IpPaBOHApYyUICHUs, U B 4 pa3a Ooiblue —
HAaCHUJIbCTBCHHBIC npeCTynneHm{, YEM IICUXUYECKHU 340POBbLIC
muna. VcenenoBanue B TIOPEMHOW ICHXHATPHUYECKON OOIIb-
Huie B bpasuwiuy BBISIBIIIO, YTO OOJNBHBIC MIM30(PPEHUCH HITH
JAPYIrdMH IICUXO03aMH Yall€ COBEPHIAOT HACUJIBLCTBEHHBIC ITPC-
cTymniaeHus, ocobenno youiictsa [20]. Tlo nanusmM M. Tommco-
Ha [21], nnutenbHOE ynmoTpeOieHHe HapKOTHMYECKUX CPEICTB
3HAQYUTECJIbHO IIOBLIIIACT BEPOATHOCTH COBEPLICHHUA IIPECTY-
IUICHHUH, 0COOCHHO CBSI3aHHBIX C HE3aKOHHBIM 000pOTOM Hap-
kotukoB. K. Mymona u Jlx. Kap6epr [16] npuium k BIBOIY, YTO
18% ocy>XaeHHBIX COBEPIIMIH PECTYILICHUS C LETbIO ITOTyYeHHs
CpeICTB I IPUOOPETEHNS] HAPKOTUKOB, IIPY 3TOM COBEPIUMBIINE
HACUJIbCTBEHHBIC IPECTYIUICHUSI PEKe YIOTPEOISUTH HApKOTHKH B
TEUCHHE MECSIa JI0 COBEPLICHHS MPECTYIUICHHUS, YeM COBEPILIHB-
e TPECTYIUICHUA ITPOTHUB CO6CTB€HHOCTM WK CBSA3aHHBIC C
HE3aKOHHBIM 000pPOTOM HApPKOTHKOB. [pyIIia yueHbIX BO IVaBe ¢
A. Cypannepom [ 19] BbisiBUIIa 3aBUCUMOCTB MEXITY COOOIICHUSMU
y'-lHTeJ'lei’I O CUMIITOMAx T'MIIEPAaKTUBHOCTU B ACTCTBE U COBEPLIC-
HHMEM BCEX BUJIOB IIPECTYIUICHHUH (KpoMe yIpaBIeHUs TPaHCIOPT-
HBIMH CPEICTBAMU B COCTOSAHUN OHbﬂHeHHﬂ).

Uro kacaeTrcst YKpauHbl, TO CpeIy MPECTYIUICHUH, CoBepLIa-
eMBIX JIMLIAMH, IIPH3HAHBIMH, COITIACHO 3aKIIOYECHHIO CYeOHO-
HCHXManHHCCKOﬁ OKCIIEPTHU3bl, OTPAHHYCHHO BMCHACMbIMU,
Hanbosee pPacrnpoCTPaHEHHBIMHU SIBISIFOTCS MTOCSATATENbCTBA Ha
cobcTBeHHOCTh — 584 (41%) npuroBopa, cpeau kKoTopbix 30%
— nestHus, npexycMmorpensbie cr. 185 «Kpaxa» YK Ykpaunst.
Bropoe MecTo 3aHMMAalOT YroJOBHBIE IPAaBOHAPYIICHHS B cepe
000pOTa HAPKOTUUECKUX CPEACTB, ICUXOTPOIHBIX BEIICCTB, UX
QHAJIOTOB WJIM TPEKypCOPOB M JPYTUE yroJIOBHBIC MPECTYILICe-
HUSI TIPOTUB 3110pOBbs HaceneHus — 298 (20,7%) npuroBopos,
cpenu KoTopbix 15,5% — HE3aKOHHOE MPOU3BOACTBO, U3TOTOB-
JIeHUe, TPHOOpPETEeHHe, XpPaHEHUE, MEePEeBO3Ka WM IePechuI-
Ka HapKOTHYECCKHUX CPEIACTB, INCUXOTPOIMHBIX BEUIECTB WK UX
anaioroB 6e3 e cowvita (ct. 309 YK Vkpaunsi). 3a HuMH
CJISAYIOT YTOJIOBHBIC MPABOHAPYIICHHs IMPOTHB OOILIECTBEH-
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HO#t GesomacHoctu — 221 (15,5%) npuroBop, cpean KOTOPBIX
6,3% — 3aBe1OMO JIOXKHOE coo0IIeHHe 00 yrpo3e 6e30MacHOCTH
rpaxkJaH, YHHYTOKCHUE WM OBPEKACHHE 00BEKTOB COOCTBEH-
HocTH (cT. 259 YK VYkpaussr).

OTHOCHUTENBHO APYIHX YTOJOBHBIX HPECTYIUICHUH CIeayeT
OTMETUTh, YTO HH OJHO JIMILIO, OCY)KICHHOE 3a YMBILUICHHOE
yowuiictBo (c1. 115 YK Vkpaunsl), He ObIJIO IPU3HAHO OTPaHU-
YEHHO BMEHSIeMBIM. B To jxe Bpemst 1o Jies1aM 00 YMBIIUICHHBIX
TSOHKKUX TeJlecHbIX oBpexaeHusx (cT. 121 YK Ykpaunsr) orpa-
HUYEHHO BMEHAEMbIM IIPU3HACTCS KAXKIBIA TPETUH U3 TEX, KOMY
Ha3Ha4YeHa CyAeOHO-IICHXUAaTpUIecKast IKCIIePTH3A.

OTzesnbHO ClIeyeT PaccMOTpeTh NPUMEHEHHE INPUHYAU-
TEJIBHBIX MEP MEIULIMHCKOIO XapakTepa K JIMIaM, COBEPIINB-
IIUM NPECTYIJICHUS M NPU3HAHHBIM OTPAHUYEHO BMEHSEMBbI-
MH. Cynbl YKpauHbl IPUAEP/KUBAIOTCS MOJOXKEHHUS O TOM, 4TO
IPUHYIUTENIBHBIC MEpbl MEIULMHCKOTO XapakTepa JOJIKHBI
IPUMEHATBCS TOJBKO IPU HAJIIMYUU B Jiejie 00OCHOBAHHOIO 3a-
KJTIOYEHUS HKCIIEPTOB-IICUXUATPOB O TOM, YTO JIMLO CTPajaeT
ICUXUYECKUM 3a00JIEBAHUEM MIIM UMEET JIPYyroe NCUXUYECKoe
paccTpoiicTBo, 4TO OOYCIOBIMBAeT €0 HEBMEHSIEMOCTb WIH
OTPaHUUYCHHYIO BMEHSIEMOCTb M CTaBUT Iepell HeoOXOAUMO-
CTbIO IIPUMEHEHMS B OTHOIIEHHM HEr0 NPUHYIUTEIBHBIX MEp
neyeHus. Crnemyer oTMeTuTh, 4yro moutd B 1000 ciyuasx k
OCYXJICHHBIM NPHMEHEHa aMOyJIaTopHast ICUXUATPUIECKast 110-
MOIIb B NPUHYAUTEIBHOM IOPSAJKE IO MECTY JKUTEIbCTBA, a B
222 — amOynaTtopHasi ICHXUATPUYECKasi TOMOILb [0 MECTY OT-
ObIBaHUS HaKa3aHUS, B TO BpeMs Kak, npumepHo, B 200 mpu-
roBOpax MOJIOKEHUE 0 HEOOXOAUMOCTH IPUMEHEHHS Mep Meu-
LIMHCKOT'O XapakTepa POUTHOPUPOBAHO.

AHanu3 npaBoNpUMEHUTENbHON npakTuku Jlanuu u bpa-
3WIMK BBIABMJI, YTO JIMLA, COBCPLIMBIIME NPECTYIUICHUS U
UMEIOIINe ICUXUYECKUE PacCTPOHCTBA, B BEChbMa PEAKUX
Cllydasix TOMELIAI0TCsS B ICUXHMATPUYECKHE OOJbHHIBI JUIs
JIeYeHHsI, HECMOTPSI Ha TEHJCHIMIO K POCTy oO0IIero 4ucia
COBEpUICHHBIX NPECTYIUICHUH B cTpaHe. HazHaueHue takoii
KaTerOpuu JIUI HNPUHYIUTENIbHBIX MEp MEIUIMHCKOIO Xa-
pakTepa MPOUCXOIUT B TOM Cllydae, €CJIM y HUX BBISBICHO
Cepbhe3HOE NCUXUUEcKoe 3a00JIeBaHNE U COBEPIICHO HACUIIb-
CTBEHHOe npectymienue. Hanpumep, muus x 20% nuu, ume-
IOIIMX MCUXUYECKUE PACCTPONCTBO M MOBTOPHO COBEPIIMB-
IIUX [PECTYMJICHUE, NPUMEHSIOTCS PUHYIUTEIbHbIC MEpBI
MEIULUHCKOTO Xapakrepa.

OpHako, B HEKOTOPBIX CIIydyasX MOCIEICTBUS NPECTYIICHHUS,
paccMOTpeHHe Jiefia B CyJie U BEIHECEHHUE IIPUTOBOPa, 0COOCHHO
B CIIy4asiX COJCPIKaHUs IOJ CTpa)kei, MOryT cTaTh (HakTopoM
KM3HEHHOT'O CTpecca U CIIPOBOLMPOBATH HAYAJI0 IICUXUYECKOTO
paccrpoiictBa. Yacto 0 HaIMUMK MICUXUATPUUECKUX 3a00JieBa-
HHUH Y TPECTYNHUKOB, IPUTOBOPEHHBIX K JIMIICHHIO CBOOOMBI,
MaJjlo 4TO M3BECTHO A0 COBEPILCHUS MU IIOBTOPHOIO HPECTY-
IUICHHUS.

BoiBoabl. IlomydyeHnHble pe3yabTaTbl U UCCICIOBaHUS 3apy-
OCXKHBIX YUCHBIX, CBHJETEIBCTBYIOT, YTO MCIOJIb30BAHUE 3a-
KOHOZIaTeJIeM MEIULUHCKOTO KPUTEpUsl OrpaHUYEHHON BMEHS-
eMOCTH (IICUXHUYECKOE PACCTPOMCTBO») HE IMO3BOJISET YETKO
chopMHUpOBaTh BUIbI 3200JICBaHUN M OTPA3UTh BCE BHIbI BO3-
MO>KHOU NICUXMYECKON MaTOJIO0TUH, a TAKKE CO3AaeT TPYIHOCTH
B IPaBOIPUMEHHUTEIbHON IPaKTHKE.

Cyzist 0 ICUXMYECKOM PacCTPOiicTBe Kak 00s3aTeIbHOM MEIH-
LIUHCKOM KPUTEPUM OrPAaHUYEHHOI BMEHSEMOCTH, NCUXHATPBI
YKa3bIBAIOT Ha TSDKEJIOE IICUXMYECKOE PACCTPOUCTBO, M0 KOTO-
pPBIM HOHMMAETCS PacCTPOMCTBO MCHUXUUYECKOH NeSATEIbHOCTU
(oMpadeHue CO3HaHUs, HapylLIeHUE BOCHPHATHUS, MBILIUICHUS,
BOJIM, SMOLIMH, MHTEIUIEKTa WM IIaMATH), JIMIIAIOLIee YeI0BeKa
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CIIOCOOHOCTH aJICKBaTHO OCO3HABaTh OKPY)KAIOLIYIO JEHCTBHU-
TEeJIbHOCTh, CBOE ICHUXHMYECKOE cocTosiHue u rnoseneHue. Ilo-
JOOHOE ONPEIENICHUE TSHKEIOro NMCHXHYECKOr0 PaccTpoiicTBa
yKa3bIBaeT HE Ha MEAULMHCKUI KPUTEPUH OrpaHUUYEeHHOI BMe-
HSEMOCTH, a Ha HEBMEHSAEMOCTb JIMIIA, COBEPLIMBLIErO OOIIe-
CTBEHHO OIACHOE JESHHUE, IPENYyCMOTPEHHOE 3aKOHOM 00 yro-
JIOBHOW OTBETCTBEHHOCTH KaK IIPECTYIUICHHE.

YyuThBas OTCYTCTBUE CpOKa IPUMEHEHHUs HAa3HAUCHHBIX
HNPUHYIUTEIBHBIX MEp MEAMLUHCKOIO XapakTepa, IpeacTaB-
JeTcs HeOOXOAUMBIM HOPMATHBHO 3aKPENUTh €ro B 3aKOHO-
JatenbcTBe YKpauHbl U pa3paboTarh KIacCH()UKALMIO MICHXHU-
YECKHUX PACCTPONCTB U KPUTEPUHU UX PA3ICICHUS C YUETOM UX
TSKECTH.
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SUMMARY

MENTAL DERANGEMENT AS A MANDATORY MEDI-
CAL CRITERION OF LIMITED SANTY

'Akimov M., *Politova A., *Pekarskyi S., ’Kovalenko V.,
‘Telefanko B.

!National Academy of Internal Affairs, Kyiv, Donetsk Law Institute
of Ministry of Internal Affairs of Ukraine, Mariupol, *Luhansk State
University of Internal Affairs named after E. Didorenko, Severodo-
netsk; *Lviv National University of Veterinary Medicine and Bio-
technologies named after S. Gzhytskyi, Ukraine

The aim of the article is scientific conceptualization of the
problem of mental derangement as a mandatory medical crite-
rion of limited sanity according to criminal legislation by expe-
rience of Ukraine and some foreign countries and development
of new approaches to such status assessment.

Empirical study base of the problem consists of judgments of
conviction taken from Unified State Register of Court Rulings
of Ukraine and carried out on persons who commit crimes in
the state of limited sanity from March 1%, 2014, till August 1*,
2020. Results of some foreign researchers’ studies of the prob-
lem in question have been used as well. A combination of gen-
eral and special scientific methods (comparative method, system
structural method, method of statistical analysis, method of legal
phenomenon system analysis etc.) has been applied to reach the
aim in view.



GEORGIAN MEDICAL NEWS
No 4 (313) 2021

In conclusion: medical criterion of limited sanity (“men-
tal derangement”) used by lawmaker does not allow defining
clearly types of illnesses, represent all possible types of psy-
chiatric pathology and also causes complications in law en-
forcement practice. It has been proved that increase of quan-
tity of people having mental derangements and quantity of
crimes committed by such people shows that non-application
of compulsory measures of medical care, correlational pro-
grams leads to repeated crimes commitment. Taking into ac-
count absence of duration of compulsory measures of medi-
cal care application, it has been suggested to stipulate this by
Ukrainian legislation and to develop classification of mental
derangements and criteria of their division into severe and
non-severe.

Keywords: limited sanity, mental derangement, compulsory
measures of medical care, criminal offence.
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IMCUXNYECKOE PACCTPOMCTBO KAK OBSI3ATEJIb-
HbIi MEJULMHCKHUIA KPUTEPUM OI'PAHUYEH-
HOW BMEHSIEMOCTH

AkumoB MLA., 2IloaurtoBa A.C., [Texapckmii C.I1.,
3Kosasienko B.B., ‘Tesrepanko B.M.

Hayuonanvnas axademus snympennux oen, Kuee; *oneyxuil
1opuouyeckuti uncmumym MBI Yrpaunoi, Mapuynons, 3JIy-
SAHCKULL 20CYOAPCMBEHHbLI YHUBEPCUMEM BHYMPEHHUX Oel UM.
D.A. JTuoopenxo, Cesepodoneyk, *JIb606cKull HAYUOHANbHbLL
VHUGEpcUmem 6emepuHapHol MeOUyuHol U OUOMEXHONOUL UM.
C.3. I'icuykoeo, Yrpauna

Llenb vccne1oBaHus — HAyYHOE OCMBICIICHHUE IPOOJIEMBI TICH-
XMYECKOTO PAcCTPOHCTBA Kak 0053aTeIbHOTO MEAUIMHCKOIO
KpPUTEpUSI OTPAaHUYCHHONW BMEHSIEMOCTH B YTOJIOBHOM 3aKOHO-
JIaTeJIbCTBE YKPAaWHbl U HEKOTOPBIX 3apyOC)KHBIX CTpaH, paszpa-
00TKa HOBBIX IIOJIXOJIOB K OLIEHKE IICHXUYECKOTO PacCTPOMCTRA.

DMIUpUYUECKOil 6a30i MCCIeAOBaHUS SIBHIUCH OOBUHHUTEITb-
HblE TPUTOBOPBI U3 EMMHOro rocyaapcTBEHHOTO peecrtpa cy-
NEeOHBIX pelIeHUi YKpauHbl, BHIHECCHHbIC B OTHOILCHUH JIHII,
COBEPILUMBILIKX IPECTYIUICHUS B COCTOSHUM OIPaHUYEHHOH BMe-
usemoctu B niepuoa ¢ 01.03.2014 r. mo 01.08.2020 1., a Taxxe
HCCIIeIOBaHMUS 3apyOeKHBIX YUSHBIX 0 JaHHOM npobneme. J{is
JOCTHIKCHHUS TTOCTABJICHHOM LIeJIN UCII0JIb30BaHa COBOKYITHOCTh
OO0IIeHAYYHBIX M CIICHUAJIBHBIX METOIOB HAYYHOIO MO3HAHHS
(CpaBHUTENILHO-IIPABOBOI, CHCTEMHO-CTPYKTYpPHBIH, CTaTUCTU-
YeCKUI, CHCTEMHBIHM aHaJIM3 IPABOBBIX SBJICHUMN).

ABTOpaMH CTaThM CAEJIAH BBIBOM, YTO HCIIOJIb30BAaHHE 3aKO-
HOZIaTeJIeM MEIULIMHCKOTO KPUTEPHsI OrPaHUYEHHON BMEHAEMO-
CTH (KIICHXMYECKOE PACCTPONCTBOY) HE MO3BOJISIET YeTKO cop-
MHPOBATh BHbI 32a00JI€BaHMI, OTPA3UTh BCE BHUIbI BO3MOXKHOM
NICUXMYECKOM MaTOJIOTHU U CO3JaeT TPYAHOCTHU B IIPABONpPHME-
HUTEJIbHON MPaKTUKE. YBEIHMUCHHUE KOIMUECTBA NPECTYIICHUH,
COBEPILUCHHBIX JTULAMM C ICUXUYCCKUM PACCTPONUCTBOM, J10Ka-
3bIBACT, YTO HEIPUMEHEHHE NPUHYAUTEIBHBIX MEp MEAUIMH-

CKOTO XapakTepa 1 KOPPEeISILMOHHBIX TPOrpaMM BEAET K COBEp-
ILICHUIO UIMHU OBTOPHBIX NMPECTYIICHUN. YYUTHIBAsI OTCYTCTBHE
CpOKa MPUMEHEeHHUs] Ha3HAUYCHHBIX IPUHYIUTEIBHBIX MEp MEIH-
LIMHCKOTO XapakTepa, NPeUI0KCHO HOPMATUBHO 3aKPEIUTh €ro
B YKPaHHCKOM 3aKOHOJIATENIbCTBE, a TAKKE Pa3paboTaTh KIacCH-
(DUKALHIO TICUXMYECKUX PACCTPOMCTB.
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MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

MOJIEKYJIAPHO-TEHETHYECKHE ACIHEKTBI PA3BUTHUSL
METHJIMAJOHOBOW AIIUJYPUM (OB30P)

Kapmaxanosa [.M., 'Ceipabi6aeBa JI.M., 'Kononen B.H., *Hyp6ayauna J.5., ’baiikagamosa JI.H.

13anaono-Kazaxcmanckuii meduyunckuil ynugepcumem um. Mapama Ocnanosa, 'kagedpa monexynapnoir ouono2uu
U MEOUYUHCKOU 2enemuKi, *kagedpa obweti spauednoti npakmuxu Ne2, SMeouyunckuii yenmp Axkmooe, Kazaxcman

MetunmanoHoBas auaypus (MMA) - reHeTHuecKu rere-
poreHHoe 3aboyieBaHHE M3 TPYIIbl OPraHUUECKHUX alUAypHH,
00yCJIOBJICHHOE HapyllIeHHeM MeTa0oau3Ma MEeTHIMAJIOHO-
BOU KHUCJIOTHI M KoOaiamuna (Butamuna B ) ¢ wactoroii 1:50000
HOBOpOXIeHHBIX. [Ipy MMA mnpoucxoaut HapyuieHue oOMeHa
MPOIMHOHATOB HA YPOBHE MpeBpalieHus MeTHIManoHun-KoA B
cykimHII-KoA, a Taroke HapyleHHe MeTaboan3Ma aMUHOKHCIIOT
C Pa3BETBIIEHHOM I1EMbI0 (MPEAIIECTBEHHUKN MPOMUOHATOB: H30-
JICHIMH, BaJIMH, METHOHHH, TPEOHHH), JKMPHBIX KHCIIOT C Heder-
HBIM UYHCIIOM aTOMOB yIieposia M XorecTepuHa [5,16]. Beinenstor
1Be ocHOBHBIE (hopmbl MMA: m3onmpoBaniyto MMA 1 KoMOUHY-
poBaHHYI0 MMA ¢ roOMOIMCTHHYPHEH/TOMOLIICTHHEMHUEH.

MMA o6ycnoBnens! redunnrom (mutQ u mut- MOATUIIE) MHU-
TOXOHApUaIbHOTO (epmenta L-meTmimanonun-KoA-myrassl
(MCM), HapyLeHUsIMH CHHTe3a KodakTopa AaHHOTO (hepMeH-
Ta (5-ameHo3unkobanamuna: moarunsl MMA cblA, cblB, cblC,
cblID, cblF, cblJ u cblX), a Takke HEAOCTATOUHOCTHIO METHIMA-
nonun-KoA-snumepasst [4,13,36,47,51,53].

M3onuposanusie MMA 00yciiOB/IEHB! B OCHOBHOM MYTallu-
amu B reHax: MUT, MMMA v MMAB (nontunst MMA mut,
cblA, cbIB), Te. nedexkToM MHTOXOHIpPHAIBHOTO (epMeHTa
MCM wuin HapyIeHHAMH CHHTE3a aJeHO3MIKoOamaMuHa (Ha-
pyluieHue MeTabonu3Ma BuTaMuna B, ). HeodXonmmo oTMeTHTh,
YTO JUIS JICYSHUsI U30JIUPOBAHHBIX MMA MPUMEHSIOT THIPOKH-
ckobanamun (BUTamMuH B ) n crienmanuzupoBanHoe yeuebHoe
nutanue [5,57].

MMA mnoxruna mut0 u mut- BeI3BaHb! MyTanueil rena MUT
(MUT 609058; OMIM: 251000), kKapTHpOBaHHOTO Ha XPOMOCO-
me 6p12.3 (https://www.omim.org/entry/609058). I'en coctout
u3 13 5k30HOB, uIeHTH(UINPOBaHO 386 MyTaIMii JaHHOTO TeHa
(MHCCEHC, HOHCEHC, CIUTalC callT MyTauuu, AeJeLuH, HHCEep-
un). Tun mytanun mut) IPUBOAUT K MOJTHOMY IPEKpaIleHHIO
cuHTe3a L-mermnmanonun-KoA-myTassl M XapakTepuU3yeTcs
Hanbosiee TSHKEJIBIMU KIMHUYECKUMH NPOSIBICHUSIMU M HeOua-
TOIPHUSITHBIM MTPOTHO30M, TOT/[a KaK THIT MyTallll mMut- IPHBO-
JIT K HU3KOHM ocTaTo4HON akTuBHOCTH (hepmeHTa MCM u pas-
BUTHIO Oostee nerkux Gpopm MMA.

MCM (aneHo3mnK0OaIaMUH-3aBUCUMBIN (DePMEHT) BBINOJ-
HACT (QDYHKIHMIO M30MEpH3alUK MeTHIMAIOHMI-KOA B Cykiu-
HII-KOA 11 BOBJIeUEHMS B LIUKJI TPUKAPOOHOBBIX KHCIOT [57].

Buoxumuuecky 3a0oeBaHNe XapaKTepU3yeTCs HaKOIIEHHEM
MeTunManoHoBo# kuciaotsl (MMK) u nmpomnmonara, 3-rugpox-
CHIIPOIIMOHATA U 2-METHJILUTPATa BBUJLYy aKTHBALIMU aJbTEpHA-
THUBHBIX ITyT€il OKHCIICHUS TIPONHOHATA.

[Tontum MMA cblA oOycnoBnen myranueil rena MMAA
(607481) na xpomocome 4q31.21 (OMIM: 251100); moarun
MMA cblB pazsuBaercs npu mytaiuu rena MMAB (607568)
Ha xpomocome 12q24.11. M3yuas ¢pyHnaMeHTalbHbIE MEXaHH3-
MbI pa3BuTusi MMA cblA tuna Plessl T. u coaBTops! ycTaHOBH-
1, 4to Bce Mytaunn MMAA (unentuduimposano 80 myra-
1MiT) CHIBHO CHIDKAIOT (DyHKIMOHANBHYO acconuanuto ¢ MUT
¥ TPEISTCTBYIOT Nepeadye KopepMeHTa ajeHO3MIKoOaIaMuHa
or MMAB k MUT [44].

I'en MMAB (OMIM: 251110; 42 myTtanuu) KOIupyeT Ko-
Ganamunanenosmwitpanchepasy (EC 2.5.1.17), koropas kara-
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JM3UPYET 3aKIIFOYUTEIIbHBIA dTan CHHTe3a Ko(pakTopa aJeHo-
3mIKko0aIaMMuHa: EPEeHOC a/IeHO3MWIbHOI rpynmbl o1 AT® Ha
kobanamuH ¢ obpasoBanueM AdoCbl (https://www.omim.org/
entry/607568). Penko Bctpeuyaetcs popma MMA, cBsi3aHHas ¢
HEJI0CTAaTOYHOCThIO pelentopa TpaHckobanamuna (TCN2) na
nasMatuueckoit MemOpane u MyTtanuei rena CD320, koTopblii
KapTHpoBaH Ha xpomocome 19p13.2. (OMIM 613646) [57].

Kom6uuupoBanuele MMA ¢ TOMOLMCTHHYPHEH/TOMOIH-
CTUHEMHEll BO3HUKAIOT B pe3ynbrare JedexToB Merabonusme
U BHYTPHKJICTOUHOTO IEpEeMeIleHHs KoOaJaMMHA C y4acTH-
€M HECKOJBKUX TeHOB Onorenesa muroxonapuit: MMACHC,
MMADHC, LMBRD1, ABCD4 u xapakTepu3ytoTcs OBBIIIEH-
HBIM YPOBHEM I'OMOLIMCTENHA U CHU)KEHBIM YPOBHEM aICHO3UJI-
kobanamuna (AdoCbl) n merunkobanamuna (MeCbl), kotopsie
ciyxar kodakropamu MCM 1 IUTO307bHOTO (hPepMEHTa METHO-
HMHCHHTA3bl COOTBETCTBEHHO.

MMA c¢ romouucrunypueii tumna cblC BbI3BaHA MyTaluei
resa MMACHC (OMIM 277400), xkapTUpOBaHHOTO Ha Xpo-
mMocome 1p34.1 [https://www.omim.org/entry/609831]. Wnen-
tupuimposansl 107 myranuit rena MMACHC (muccenc,
HOHCEHC, MyTalluu caiTa CIIaliCUHra, WHCEPLMH, AENELHHN).
belok, KoaupyeMblii JaHHBIM TE€HOM, JEHCTBYET KaK LIalepoH
BHYTPUKJICTOYHOTO TPAHCIOpTa KOOalaMUHA, KaTalu3HpyeT
rytatioH-(GSH-)-3aBucuMoe  ieanKuiaInpoBaHie alKHiIKoOa-
JIJAMUHOB U BOCCTAHOBUTEIIBHYIO PEAKIUIO ACHUAHUPOBAHUSA
aHokobGanaMuHa, o0pasys KoOaJaMHUH, KOTOPBIH SIBISETCS
HN3BCCTHBIM Cy6CTpaTOM JJIA ACCUMUWJIALIMN B aKTUBHBIC (I)OprI
kogaxkropa MeCbl u AdoCbl [30,31,57].

I'en MMADHC, nokanu3oBaHHbIH Ha Xpomocome 2q32.2,
KOJMpYeT OeJIOK, y4aCTBYIOLIN B HAYaIbHBIX CTAANSIX METa0o0-
au3ma kobanamuna (OMIM: 277410). Unentuduunposano 17
MyTaluii reHa (MUCCEHC, HOHCEHC, JiefIellny U nHcepuun). Bos-
MOXHBI TPU BapuaHTa pa3BUTUA (beHOTI/Il'la Ipu MyTalluu JaH-
Horo rena: 1) MMA noxrun cblD, 2) MMA ¢ roMolucTHHYpH-
eif Tuna cblD (cbID-MMA/HC), 3) romorctrHypust Trna cblD
(cblD-HC). B uccnenosanuu Stucki, M. u coaBt 6but0 mpose-
MOHCTPUPOBAHO, YTO Oenok, Koxupyemsiii reeom MMADHC,
COIEPXKUT pa3inyHble AoMeHbl s cuHTe3a MeCbl n AdoCbl:
MyTaHTHBIE aJIeNN, aCCOLMUPOBaHHbIe ¢ heHoTunom cblD-HC,
HPHUBOIAT K HapyuieHuto cuHresa MeCbl, Torna kak MyTaHT-
HbIe ajuIeny, cBs3aHHble ¢ penornnoMm MMA cblD cnocoGHbI
BOccTaHaBnuBarh cuHTe3 MeCbl; B KOMOMHHMPOBAHHBIX KIET-
kax cbID-MMA/HC axtuBarus GyHKIMH Oenka, KOAUPYyeMOro
reiom MMADHC, crocoGcTByeT yBennueHHIO 00pa3oBaHHs
AdoCbl n camxennto odpazosannst MeCbl [49].

MMA ¢ romonuctunypueii tina cblF oOycnosiena myrarmeit
redra LMBRD1 (OMIM: 277380), kapTHPOBaHHOTO Ha XpOMOCOME
6ql3. Benok, KomUpyeMblii TaHHBIM TEHOM, SIBISIETCS TIEPEHOCUH-
KOM KoOanaMuHa 4epe3 JIM30coManbHble MeMOpaHsI [48].

Myranus rena ABCD4 npuBoaunT k passutiio MMA ¢ romo-
uctuHypueit cbl) Tuna (https://www.omim.org/entry/603214).
JlaHHBIN TeH JIoKaau30BaH Ha Xxpomocome 14q24.3 (OMIM:
614857), xonupyer 0enok (C HECKOJIbKUMH TPaHCMEMOpPaHHbI-
mu oMeHaMu U (yHKumeid AT®-a3bl), KOTOPBIH y4acTByeT BO
BHYTPHMKJIETOYHOM TIpoueccunre utamuna B, [15]. B okcme-
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PUMEHTAJIBHOM HCCJICOBAaHUU YYEHBIX M3 SIIIOHUHM NPOJEMOH-
ctpupoBano, uto ABCD4 B3aumoneiictsyer ¢ 6enkom LMBD1:
i TpaHciokauun ABCD4 u3 sHI0MIa3MaTn4ecKkoro peTuKy-
JymMa B JIM30coMBbI Tpebyetcst 6eoxk LMBD1 [25].

MMA c¢ runepromorcTiHeMuein tuma cblX sBisercs
X-CICTUICHHBIM PELIECCUBHBIM HapyLIEHHEM MeTabou3ma, 00-
ycnosieHHbM MyTauueil rena HCFC1 na xpomocome Xq28. B
omtnume oT apyrux reHos, red HCFC1 He komupyer depmeHT
Merabonn3ma KobalaMuHa, a SIBISETCS KOPETYISITOPOM TpaHC-
KpUIIUK (EpPMEHTOB, YYacCTBYIOIIMX B MeTaboian3Me Kobaia-
MuHa [23]. MyTrauuu JaHHOTO r'eHa HOJABJISIOT ero (yHKIHIO B
aktuBanuu Tpanckpunuun MMACHC: B uccinenosanuu Yu HC
U COABT. BBIABJICHO 3HAUUTEIBHOE CHMIXKEHHUE 3KCIPECCHU KaK
MPHK MMACHC, Ttak u 6enka MMACHC B ¢ubpobnacrax
KOXKHM OT HHIUBHAYYMOB ¢ cblX [55].

Jedunut Gpepmenta MeTraMaIoHII-KoA-3mumepasbl, KOIH-
pyemoii renom MCEE (OMIM: 251120) Ha xpomocome 2p13.3,
MPUBOAMT K Jerkoit popme MMA [6].

Cunapom ucroieHuss mutoxonapuainsHoi JIHK pa3BuBaer-
cst ipu popme MMA, cBsizanHoi ¢ myTtanumsimu renoB SUCLA2
(13q14.2) u SUCLGI (2pl1.2) xommuiexca cykumHuiI-KoA-
cunrerassl. ['en SUCLA2 (OMIM: 612073), xapTupoBaHHBIN
Ha xpomocome 13q14.2, xomupyeT b-cyObeAnHHILY CYKIIMHHUII-
KoA-cunteraspl, (epMeHTa MHUTOXOHIPUAIBLHOIO MaTpHKCa,
KOTOPBIN KaTalnu3upyeT oOpaTUMbIid cUHTE3 CyKuuHUI-KoA u3
cykiunara u KoA. I'en SUCLGI (OMIM: 245400), nokaiu3o-
BaH Ha xpoMocoMme 2pl1.2, kogupyer a-CyObeJUHULY MUTOXOH-
npuanbHor cykuuHuiI-KoA-cunrerassl [9,18]. ¥V namuenTos ¢
myrtauusimu SUCLGI ormeuaeTcs ropasjio 0osee TsKenoe Teue-
HHe 3200JIeBaHNs B CPABHEHHH C MALMEHTaMH, UMEIOLIUMH MYy-
taruu B rene SUCLA?2 [42]. Tannbie popmber MMA oTHOCSTCS
K TPyIIIe MUTOXOHIPHAIBHBIX dHIE(haTonaTHi.

Tun HacjenoBaHMS HPU BCEX IEHETMUECKUX BapUaHTaX 3a
uckiroueHneM MMA ¢ runepromorucruaemueii Tuna cblX —
ayTOCOMHO-PELIECCUBHBIM.

[laroreneTnyeckre MeXaHU3Mbl pa3BUTUS HEHPOTOKCHYE-
ckux dddexroB mpu MMA 00ycloBIeHbl HHTPaMUTOXOHIPH-
QJIBHBIM HAKOIUICHHEM OPTaHWYECKHX KHUCIIOT BCIEACTBHE 0J10-
KHPOBKH KaTa®ojau3Ma aMUHOKUCIIOT. OpraHnuecKue KHCIOThI
OKa3bIBAIOT MHTUOMpYIOIee AeiiCTBUE HA JIBIXATeNILHYIO LICb,
[UKJ TPUKapOOHOBBIX KHUCJIOT, MUTOXOHAPHAIbHYIO KpeaTHH-
kuHa3y. llpoucxomut ucTolIEHHE MHUTOXOHAPHAIBHOIO IIyja
KoA u L-kapHuTHHA 32 CUeT 00pa30BaHUsI CIIOKHBIX 3(DHUPOB Op-
TaHUYECKUX KHUCIIOT C JaHHBIMHU COe€AMHEHUAMH. Bce 3To mpu-
BOJIUT K HapYIISHHUIO MpoLeccoB oOpazoBanus sHepruu. K ma-
TOJIOTMYECKUM MEXaHU3MaM, CII0COOCTBYIOLIUM ITOBPEKICHUIO
HepBHOH cucteMbl pu MMA, OTHOCHUTCSI TakKe OKCHJIaTHB-
HBI cTpecc Ha (hoHe 00pa30BaHMs PEaKTHBHBIX MOJICKYJ U CHHU-
JKEHUS! aHTHOKCUIAHTHOI'O CTaTyca. DKCIEPUMEHTAIbHBIMU HC-
CJIEIOBAaHUSAMH yCTAHOBJIEHA MUTOXOHJpUAJIbHASL TOKCUYHOCTh
MMK, B KOTOPBIX IPOJIEMOHCTPUPOBAHBI HAPYILICHUSI (DYHKIIUH
MHTOXOHJPHI, TeHepalusl aKTUBHBIX (HOPM KHCIOposia U ApY-
rue BTOpUYHbIe MeTabonnueckue Hapyuenus [35,37,43]. B uc-
cienoBannu Nizon M. u coast. [41,52] npu u3ydeHun OTaajIeH-
HBIX HEBPOJIOTMYECKUX HCXOJO0B y mnauueHtoB ¢ MMA myrtem
MHTErpaluy KIMHUYECKUX, OMOXMMHUYECKUX U T'€HETHYECKUX
JAHHBIX, YCTAQHOBJICHA IIOJIOXKUTEJIbHAS KOPPEIALUS MEXIy
YPOBHSIMH HAaKaIlJIMBAEMbIX OPraHUYECKUX KUCIOT U UX 2pupoB
¢ KoA u oTnaneHHbIMU HEBPOJIOTHUECKUMHU OCIOKHEHUAMH.

IIpu MMA HenocraToyHas aKTHBHOCTb METHJIMAJIOHWI-
KoA-MyTa3bl NpUBOAUT K 3HAYUTEIBHOMY HAKOIUICHHIO Me-
TUJIMAJIOHOBOHM M IIPOIIMOHOBOM KHUCIIOT, a TAK)KE MPOU3BOIHBIX
nponuoHmwI-KoA, Takux kak 3-rHApOKCUIIPOIHNOHAT, 2-METHII-
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LUTPAT (3a CYET aKTUBALUU AJIbTCPHATUBHBIX IIyTeH OKUCIICHUS
nponuoHara) u nponuoHmanuiyH [10]. ITponnonnn-KoA Ha-
KaIUIMBAeTCs. U KOHBIOTHPYETCSl CO CBOOOJHBIM KapHUTHHOM,
o0pazys nponuoHwIkapHUTHH (C3). Aumnkapautus (C2), C3
1 MMK sBrstorces Ouomapkepamu paHHed auarnoctuku MMA
B IIPOrpaMMe HEOHATaJbHOI'O CKPHMHMHIA HA HACJEICTBEHHBIC
0oJsie3HM OOMEHaA BEUIECTB; JaHHbLIE METAOOJIMTHI IOJIAI0T-
Csl KOJIMUECTBEHHON OLICHKE C IOMOLIbI0 METa0O0JIOMHYECKUX
IIOJIXOJIOB C HCIIOJb30BAaHUEM JKHIKOCTHOH Xpomarorpaduu-
TaH/IEMHOIl Macc-CIEeKTPOMETPUU HWJIM Ta30BOIl Xpomarorpa-
(UH-CIIEKTPOMETPUU B CYXMX IISITHAX KPOBH, IUIa3Me M MO4Ye
naruenTos [3,51].

Heo6xonuMo oTMETUTb, YTO NEPBOHAYAIBHO HCCIIEA0BATEN
aKLIEHTUPOBaAJIM cBOoe BHMUMaHue Ha MMK kak repBHYHOM TOK-
CHHE, TOT/1a KaK B [IOCIIEYIOUINX UCCICI0BaHUAX pacCcMaTpyuBa-
JIM KITFOYEBYIO POJIb 3-THAPOKCUIIPONIMOHATA U 2-METHIILUTpaTa
B Pa3BUTUM PA3IMYHBIX BTOPUYHBIX OMOXMMHUYECKHX H3MEHE-
HUH, HaOmonaemMbIx ipu MMA: MeTabonueckuii KeToannmos,
JIAKTOALU/103, TUNEPIIIMLUHEMHUs, BTOPUYHAs I'MIIEpaMMOHME-
MHMSI U TUTIIOTIIMKEMUSL. SIBISISICH MHTMOUTOPOM MHPYBaTKapOOK-
cuiasbl, MetriManonmi-KoA-myrasa Grnokupyer obpasoBaHue
okcasoarierara 1 hochoeHONHMPyBaTa, BAXKHOTO cyOcTpara st
DIIOKOHeoreHesa B medeHdn, MMK Hapymaer TpaHCMHUTOXOH-
JIPUAJIbHBIA MaJIaTHBIM YEITHOK, 2-METHIIUTPAT U TPOITHMOHUII-
KoA MHrHOHpPYIOT IbIXaTeNbHYIO LElb U LUK TPUKapOOHOBBIX
KHUCJIOT, CHOCOOCTBYS IPOIPECCUPOBAHUIO OMOAHEPreTHUECKUX
npobiem [38].

B uccnenosanun Costanzo M. u coaBT Ha KJIETOYHOI Moze-
1 u3osupoBaHHOH MMA, noiy4eHHOH IyTeM cTaOWIbHOTIO
orkiroueHuss rena MUT B kierounoit nmuuuun HEK293 ¢ wuc-
T0JIb30BaHHEM TEXHOJIOTHH pefakTipoBanus renoma CRISPR/
Cas9 mpoBeleH MPOTCOMHBIN aHANMU3 Ui OMUCAHUS OENIKO-
BBIX M3MEHCHMH, BO3HUKAIOLIIMX IIPU IOJHOM MOTEpe aKTUB-
HOCTH MeTuiManoHmI-KoA-myTa3sl.  PesynbraTbl  gaHHOTO
IPOTEOMHOIO aHalIW3a MPEJCTaBIAI0T HOBOE BUJACHHE HAa MO-
JICKYJISIPHBIE MEXaHU3Mbl KJIETOYHOIO MOBPEKICHUS, BKIIOYAs
U3MEHEHHs (MOAM(UKALNIO) KICTOUHON apXHUTEKTyphl U MOp-
(donorun: yCTaHOBICHO, YTO B PE3ylbTaTe MYyTalld H3MEHe-
HbI TIPOLIECCHI, CBS3aHHBIC C OpraHU3aLUell BHEKJICTOYHOIO
MaTpHUKca, IIUTOCKENIeTa, MEXKKICTOUHON aAre3ueil u MexKIie-
TOYHBIX KOHTakKTOB [16]. BenencTBue HaKOMIEHUS! TOKCUYHBIX
MeTabOJIMTOB B MHUTOXOHAPHAIBLHOM MAaTpPHUKCE Pa3BUBAIOTCA
CTPYKTYpHBIE, MOP(OJIOrHYeCKre HApYIIeHUsI B BHUIE (HOPMH-
pPOBaHUsT MEraMHUTOXOHIPHUH, (pParMEeHTHPOBAHHBIX KPHCT, a
TaKke (QYHKIMOHAJBHBIC HAPYILCHUS, MPOSBISIOIINECS B W3-
MEHEHHMHU TOTEHIMajla MUTOXOHPUAILHON MeMOpaHbl U SHEp-
rerudyeckoro Meradonusma [34]. IIpoTeoMHBIN aHaIKU3 BBIBUI
KOJINYECTBEHHBIC M3MEHEHMsI MUTOXOHAPHAIBHBIX OEJIKOB, a
nocieayronuii OnonHpOpMaTHYECKUIl aHaIU3 MHUTOXOHIPH-
aJIbHBIX OEJKOB - M3MEHEHHBIC CUTHAJIBHBIC IYTH, CBS3aHHBIC
¢ IeUIMTOM PHEPTUM U HAPYIICHUEM OKHCIUTEIbHO-BOCCTA-
HOBHUTEJIBHOTO romeocrasa [16,27]. Habmronanace akTuBarius
JKCIIPECCHU KapHUTUH naimbMmutomntpancdepassl 11 (CPT2),
(epMeHTa KaTaJM3UPYIOIIEro MPeBpalleHne UTHHHOIeNOouey-
HBIX AlWIKAPHUTHHOB OOpaTHO B JJIMHHOLICIIOYEYHBIC pa3-
HOBHUJHOCTH anui-KoA ¢ BO3BparoM KapHUTHHA B LIUTO30JIb,
nedurmt CPT2 sBnsercss NpUYMHON HapyLICHUH OKUCICHUS
KUpHBIX KucnoT [17,56]. Axrusanus CPT2 oOyciosiena mo-
TpeOHOCTHIO B JOCTABKE JUIMHHOLICTIOYCUHBIX )KUPHBIX KUCIIOT B
MHUTOXOHJIPUAIbHBIM MAaTPUKC B Ka4eCTBE TOIUIMBA AJIS KJICTKH,
B CBSI3M C YeM, aKTUBALMs DKCIIPECCHU TPAHCIIOPTHOIO Oenka
JUIMHHOLICTIOYEYHBIX JKUPHBIX KucioT (SLC27A4) u aueHowm-
KoA-penykrazel (DECR1) cBuzmeTenscTByeT O MOBBILIEHHOM
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CKOPOCTH OKHCJICHHUS JKUPHBIX KHCIO0T. Kpome Toro, akTuBanus
CPT2 yBennuuBaeT NpoM3BOJCTBO aKTHBHBIX (OpM KHCIOpO/Ia,
YTO CHOCOOCTBYET HMOBpEXkIeHUIO KIETOK [8]. [IporeomHbIil 1
OronH(pOpPMaTHUSCKUH aHAIIM3 [TOKA3aJl H3MEHEHUSI BE3UKYJISIP-
HOT'O TPAHCIIOPTa B KJIETKAaX IPU MyTalMy mut, IPOsBIIAIOIIHU-
€Csl B CHIDKEHHMH DKCIpeccur OelKoB MeMOpaH (arouuTapHbIX
BE3HKYJI, KoMIUIeKca [0nb/kH, ayTodarocom, ayToIM30COM, 4TO
CBsI3aHO C AUCQYHKIHEH MUTOXOHIpHi [16].

Knunndeckas kapruna uzonuposaHHoii MMA Bapeupyer B
npenenax OT TsDKEJIOW HeOHATalbHOM (OPMBI C OCTPBIM Hava-
JIOM M KPU30BBIM TEUCHUEM C KETOALUI030M, JeTaprueH, sHIe-
(asonarueii, remaroMerajirei U 3aJepiKKoi pa3BUTHs, 10 Ooee
nerkoi popMBI ¢ MO3JHUM HAYaJIOM ¥ MEHEE CePbe3HBIM HEBPO-
JIOTMYECKUM HcX0onoM. OCTpble HPHUCTYIBI CONPOBOXKIAIOTCS
PBOTOI, OTKa30M OT €[Ibl, BAJIOCTbIO, TUIIOTOHUEH, HApyILIEHUEM
JIBIXaHUsI, COHITUBOCTHIO, TUIOXOW MpuOaBKoi Macchl Tena. Me-
TabOJIMYECKUE KPU3bl MPOBOLUPYIOTCS (aKTOpamu, KOTOpbIE
HPHUBOIAT K YCWJICHHIO TPOLECCOB KJIETOYHOro Karabonn3ma
(MHTEepKyppeHTHbIe MH(EKIMHU, BaKIMHALMS, HpHeM Oelka u
JIUNUAOB B O0JIBIIOM KosimuecTBe). HakoruieHne opraHuyeckux
KUCJIOT U UX NPOU3BOAHBIX NMPUBOJUT K PA3BUTHUIO TSKEIOIO
MeTabOoINYeCKOro KeToalu103a, ¢ HOCJIeayIOIel runepaMmmo-
HUEMHEH, TUIIOITMKEMHUEH, TUIIepIIIUIMHeMuel. Bbicokast KoH-
LEHTpaLys B KPOBU NponuoHWIKapHuTHHA (C3) U ycuieHHas
€ro Mo4yevHasi KCKPELHsi CHOCOOCTBYET MCTOIICHHIO 3aracoB
KapHUTHHA M Pa3BUTHIO €r0 BTOPUYHOrO Aeduimra. boabumH-
CTBO OCJIO)KHEHUH (HEBPOJIOIMUYECKUE UBMEHEHUS U JIBUTATEIIb-
Hble HapyleHus1) MMA BO3HHKAeT B pe3yJsIbTaTe MOBPEKACHHS
roJoBHOro Mosra. HeBposjorudeckue NposiBICHUS CBSI3aHbI C
HapyIIEHNEeM MHUTOXOHJPUAILHOIO OKUCIUTEIBHOIO MeTado-
mm3Ma. J{ucdyHKIMs MUTOXOHAPHUN pa3BHBAeTCs B Pe3ylbTare
UHIHONpPOBaHMs CrielupUIeCcKuX PEPMEHTOB U TPAHCIIOPTEPOB,
OTpPaHUUYEHUS JOCTYIHOCTU CyOCTpPaToB AJIsI MUTOXOHIpPHAIb-
HBIX METa0OINYECKHX IyTeil U OKMCIUTENBEHOTO MOBPEKICHHS
[40]. K ocTpbIM U3MEHEHHSIM B TOJIOBHOM MO3I'€ MTPUBOMAT TaK-
K€ OJHOBPEMEHHO pa3BUBAOLIMECS THIIEpAaMMOHEMHUS], alli03,
oTeK Mo3ra, runonepdysusi, crocoOCTByOLIME HEOOPaTUMbBIM
HapyLIEHUSIM pa3BUTUA U 00yueHUs peOeHKa. XpOHUYECKOE T10-
BPEXXICHHE TOJIOBHOTO MO3Ta BIIUSIET Ha Oa3abHbIe FAHIIUHH U,
COOTBETCTBEHHO, IIPUBOJIUT K U3MEHCHUIO IBIKCHUI U TOHYyCa
[2,20]. O xpoHuueckoit nHTOKCUKaMu mpu MMA ¢ no3gHuM
HadaJioM 0e3 MeTabOJIMYECKUX KPH30B CBHUJIETENIBCTBYIOT I10-
CTOSIHHBIE HEBPOJIOTMUECKUE CHMIITOMBI BCIIEACTBUE ABYCTO-
POHHETrO yBEIMUYCHMs KOJIMYECTBA OYaroB IMOHMKEHHOH ILIOT-
HOCTHU 1 arpodun 6azaybHbIX ranrues [19,22,46].

Heo0XoauMo OTMETHUTL, YTO IIOKAa3aTellb OOLIEH BBDKUBA-
eMOoCTH mnanueHtoB ¢ MMA B mocienHee Bpemsi MOBBICHIICS,
JICTaJIbHOCTh NMOHU3MIach A0 40%, OIHAKO HEYTEeIIUTEIbHBI-
MH OCTAIOTCSI OT/aJICHHBIC Pe3yJIbTaThl, 0COOCHHO YTO KacaeT-
Csl HEBPOJOIMYECKHX OCIOXHEHHUH (YMCTBEHHAas OTCTaJIOCTb,
3aJep)kka 0o0IIero M HEWpPOMOTOPHOIO Ppa3BUTHA, CYIOPOIH,
JIBUTATEIbHBIC HAPYIUCHHS, HAPYILCHHUS 3PEHUS U IHCUXHUKH)
[1,21,38,39,57]. Cpenu s3KcTpaHEBpaJIbHBIX OCIOKHEHUH H30-
TUpoBaHHbIX GopM MMA Haubonee TSDKSIBIMHU  SIBISICTCS
nopaxenue nouek. MMA accouuupyercss ¢ paHHUM HadajloM
XPOHUYECKOW IMOYEUYHOH HEIOCTATOYHOCTH, 4acTo TpeOyrolei
TPaHCIUIAHTALMY IOYKH M1 KOMOMHUPOBAaHHOM TPaHCIUIAHTALIUU
[IOYKU U TICYEHH C LIEIBI0 METadoaMueckoi cradbummsanuu MMA
[7,14,28,29,32,33]. B HekOTOpBIX cilydasix y nauueHToB ¢ MMA
MOTYT Pa3BUThCS ONACHbIE UL )KU3HH CepliedHble apUTMHH, Kap-
JTHOMHOTIATHS ¢ Ie()UIIMTOM KapHUTHHA Witk Oe3 Hero [12,45].

Ilpu xombunupoBanHOit popme MMA ¢ roMoLUUCTHHYpPHU-
eit B panHeM Je0rote 3a00J1€BaHus y MAlMEHTOB HAOIIOqAaeTCs
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MYJIBTUCHCTEMHAsl HEJJOCTAaTOYHOCTh, Y IALUEHTOB C IO3AHUM
HayvasoMm - Gosee jierkas hopma ¢ MporpecCUpyroMU HEBPO-
JIOTMYECKMMHU CHUMIITOMAMU M IOBEICHUYECKHMMU HapyLICHUS-
mu. Tak npu paHHeM ae0l0Te y MALUEHTOB YacTO Pa3BUBAIOT-
csl MaKyJsionatusi ¥ HapyuieHue 3penus [54]. Iaropusnonorus
JTAaHHBIX HapYIIEHUH TECHO CBA3aHa C OKCHIATUBHBIM CTPECCOM.
Ipu nannoit popme MMA pa3BuTHE OKCHAATUBHOIO CTpecca
00yCJIOBJICHO COYETAHHBIM BKJIAJOM MHTOXOHJPUAJIBHBIX aK-
THBHBIX ()OPM KHCIIOPOAA 33 CYET FOMOLIMCTENHA M HAKOTIJICHHS
MMK. Jorge-Finnigan A. u coasr B ¢puOpobiacrax, HOIyueH-
HBIX OT ManueHToB ¢ MMA ¢ roMonucTHHYpHUEH, BBIIBIIIN 10~
BBIIICHHBIN YPOBEHb aKTUBHBIX (JOPM KHCIOpPOAA, aronTo3a H
AKTUBHBIX (OCHOpUINPOBaHHBIX (HOPM CTpecc-KuHa3bl p38 u
JNK (MuTOreHakTHBHpPYEMBIX NpoTeuHKuHa3) [24]. M3yuyenue
HPOTEOMHOTO MPOQUIIS HUPKYIUPYIOLIHX JTUM(QOLUTOB y HAIH-
entoB ¢ MMA u romouunctunypueit tuna cblC noka3zano Hapy-
IICHHE PETyISIMU OENKOB, YYaCTBYIOIIUX B KJIETOUHOH JETOK-
CHKallM1, 0COOCHHO B MeTabonu3Me rryratnona [11].

KomriekcHas quarsocrtuka MMA ocHOBaHa Ha OLIEHKE K-
HUYECKUX NPOSBICHUN M JAAaHHBIX aHaMHe3a, aHaju3e PoJoc-
JIOBHOH, pe3yybTarax OnpeaeiieHus MeTaboJIMTOB (aMHUHOKHC-
JIOT, allMJIKAPHUTUHOB, CBOOOJHOTO KaPHUTHHA) C MOMOIILIO
TaHgeMHoN macc-criekrpomerpun (TMC), ananusza opraHu-
YEeCKHX KHCJOT C IOMOIIbIO ra30Boil Xxpomarorpaduu, aHa-
nu3a mytanuit. Meronom TMC B cyxux HsTHaxX KpOBM IpHU
MMA BbISIBISIETCS MOBBIIIEHUE KOHUEGHTPALIMH TTPOMUOHUII-
kapuutuhHa (C3), pexe MEeTUIMaIOHUI-CYKIIMHUIKAPHUTHHA
(C4DC); B HEKOTOPBIX cllydasix HaOIIONAeTCsl MOBBILICHUE
cootnomenus C3/C2 u C3/CO npu HEM3MEHEHHON KOHIICH-
tpaunn C3 (CO — cBobonubiii kapuuTuH;, C2 - anuiIKapHU-
TUH). MeTozoM ra3oBoil xpomarorpaduu Hpu onpeaesieHIH
npoduis OPraHNYeCKUX KHCIOT B MOYE BBISBISIIOT IOBBI-
meHue konuenrpauun MMK u merunuurpara. [lpumenenue
OMOXMMHUYECKNX METOIOB M (pepMEHTATHBHOTO aHAJIN3a I0-
3BOJISICT MOJIYYUTh XapaKTEPUCTUKY NanueHToB ¢ MMA s
IIPOBEJICHUS MOJICKYISIPHO-TEHETUUECKOr0 aHaIMu3a (aHaan3a
myTtanuii) [26,50,58].

[locne npoBexeHust aHanaM3a MOYM Ha OpPraHUYECKHE KHC-
JIOTBI M ONpeeNICHUs] KOHLIEHTPAIMi TOMOLUCTENHA B ILIa3Me
[AllMEHTaM BBICTABIIACTCS IIPEIBApPUTEIbHBINA TUarHo3 Ha OCHO-
BaHUU CJIEIYIOIINX KPUTEpHUEB: 1) OueHb BBICOKHE KOHIICHTpA-
uun MMK B Moye ¥ HOpMasbHbIE MOKA3aTeM rOMOLIMCTEHHA
CBUJICTEIILCTBYIOT O HAJIMYUK MyTauuu mut-, mut ’, cblB, cblA
u cblD (var 2), KoTopble AUArHOCTUPYIOTCS MOJICKYIISIPHO-TeHEe-
TUYECKUMH METOIaMHM; 2) IpU HE3HAYUTEIbHOM IIOBBIILICHUU
koHueHTpaunu MMK B Moue u mokaszaressix roMOLMCTEHHA B
Ipezienax HOPMbI MAMEeHThl UMEIOT MyTaluu B reHax MCEE,
SUCLA2 u npu nobOpokauectBeHHBIX MMA; 3) 3HauuTelIbHOE
noBbllieHHe KoHUeHTpauun MMK B Moue M romouucrerHa
B IUIa3M€ CBHJICTENbCTBYeT O MyTauuu B reHax MMACHC,
MMADHC v LMBRDI (MMA cblC, cblF wumu cblD (var 1) tu-
o) [26, 57].

30JI0TBIM CTaHAPTOM AUarHocTUk MMA sBisieTcs MOJIeKy-
JISIPHO-TeHETHUYEeCKoe HcciieioBanue. Cxema poBeICHUs MoJIe-
KYJISIPHO-TEHETHUESCKOT0 aHAITM3a N30IMpoBaHHbIX hopm MMA:
NpH BUTaMUH B, -HEYyBCTBUTENBHBIX (POPMAX PEKOMEHIyETCs
uccnenosars redsl MUT u MMAB, B ciyuae 4yBCTBUTENIBHBIX
(opm Butamuna B, — renst MMAA u MMAB; B citydasx, koraa
myTauuu B renax MUT, MMAB v MMAA ne oGHapyXeHBI, Ipo-
BOJSIT uccienoBanue rena MCEE) [57]. Unentndukanus Myta-
Ui (onpeaesieHue TOYHON MOJICKYJISIPHON MTPUPOIbI) SIBISIETCS
3HAUUMOH C TOYKH 3pEHUs CTPATEruu JICYSHUS U NPOrHO3a 3a-
GoJieBaHuUS.
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AHanu3 cCOBpEeMEHHbIX JIMTEPATYPHBIX JAHHBIX MOKa3aJl, YTO
npu MMA, nomumo nossiieHust yposuss MMK B Ouosnoru-
YECKHUX KUIKOCTAX U MHTPAMHUTOXOHAPHAIBHOTO HAKOILUICHUS
OpPraHNYECKUX KHUCIIOT BCICACTBHE eduiuTa GepMeHTOB, TaK-
)K€ MPOMCXOIHUT IeHepalys aKTUBHBIX (GOpPM KHCIOpOJIa, HAKO-
IUICHUE 3-THUIPOKCUIIPONMOHATA U METWILUTPATa C pa3BUTUEM
BTOPUYHBIX METa0ONNYECKUX HAPYLICHHH, CHOCOOCTBYIOMINX
IPOrpeCcCUPOBAHUIO OMOIHEPreTHUECKUX MpoOieM, 4YTO Mpu-
BOJIUT K HApYIICHUIO KJIETOUYHBIX HPOLECCOB, TUCHYHKIINH MHU-
TOXOHJPUH, U3MEHEHHUIO KJIETOUHON apXUTEKTYphl, BTOPUUHBIM
M3MEHEHMSM OKUCIINTEIbHO-BOCCTAHOBUTEIBHOIO TOMEOCTAa3a.

I[Tporuno3 sapucur ot Tshkectd MMA (111 B ,-pesuctentnoit
¢dopmbl mut’ xapakrepHbl Oosiee paHHssi MaHH(eCTalys, He-
CcTaOWIBHOCTh TEUEHHsI U Oosiee BBICOKAsl CTEIEHb TSXKECTH
3a00/1€BaHMsA), TOKCHYECKOrO IOPaKEHHsI BHYTPCHHUX Opra-
HOB (TIOYKH, CepALe, MOMKEIyI0YHas JKelle3a) U CPOKOB Hada-
Jla CHEeLUaIN3UPOBAHHON TEepaluy C LENbI0 NMPEeayNpeKICHU]
NPUCTYTIOB MeTabonudyeckol nexomreHcanuu. Kpaiine BakHa
panHss nuaroctuka mMerogoM TMC, Tak Kak CBOEBPEMEHHO
HayaTtoe JiedeHue (IueTorepanus, NpuMeHEeHHe THAPOKCUKoOa-
JamuHa npu B -3aBucumoit Gopme) npesynpexaaer Hebnaro-
MPUATHBIA UCXOJ U MTO3BOJISIET JOOUTHCS BHICOKOW CTEIIEHH pea-
OUIUTALIMY JC€TEH ¢ JAHHOMW MTaTOJIOTUEH.

3akarouenne. Hosoe Buaenue mnarodusuonornn MMA
HpEe/IIoaraeT, YTo BTOPUUHBIC COOBITHS, TAaKHE KaK aKTUBALHS
BHYTPHKJICTOUHOIl CHIHAIM3aLUM, CBSI3aHHON c aeduuutoM
SHEPTUU U HapyIIEHHEM OKHCIHMTEIbHO-BOCCTAHOBUTEIBLHOIO
roMeocTasa, 3Ha4UTENbHO CHOCOOCTBYIOT BO3HUKHOBEHHIO T10-
BPEX/ICHUA TKAaHEH M KIMHUYECKUX NposBiIeHUH. OCHOBHBI-
MH BTOPUYHBIMU OCJHOKHEHUSIMM MMA SBISIOTCS 3a/iepiKKa
pa3BuTHs, TyOyJIOMHTEPCTHULMANBHBIH HEPPHUT C MPOrpeccu-
pyoleld TOYEeYHOH HEeIO0CTaTOYHOCTBIO, «METa0OoINYeCKU
UHCYIBT» (OCTpO€ M XPOHHYECKOE IOpakeHHe OazalbHBIX
raHIINEB), MHBAIMAMZUPYIOIIUE IBUraTe/IbHbIE PACCTPONCTBA
(xopeoaTero3, IUCTOHUS, Iapanapes, KBaJpuiapes), naHKpea-
TUT, aTpOQHsl 3pUTEIBHOTO HEPBa, TEHETHYESCKHU JCTSPMHHUPO-
BaHHBIH (QyHKIMOHANBHBIN UMMyHOneduuuT [26]. letanpHoe
U3y4YCHUE MOJIEKYISIPHBIX MEXaHU3MOB, yYacTBYIOUIUX B IaTO-
¢usnonorut MMA, MO3BOJISET OMPEACIUTh TOMOTHUTEILHBIC
Tepaneruueckue uenu [21,37].

PaccmarpuBaeMblie B 0030pe JaHHBIC, MX aHAIN3 M CHHTE3
JUKTYeT HEOOXOJMMOCTb BKJIIOYCHHs HEOHATOJOIOB, MeIHa-
TPOB, IETCKMX HEBPOJIOTOB M HE(POJIOTOB B IPYIIITY JICUCHHUS Ha-
CJIEZICTBEHHBIX HapyIICHUN 0OMEHa OpPraHu4eCKUX KHUCIOT, 11
OIIPEICNICHHUS UX POJIH B MOPAXKEHHN (yHKIIMOHAIBHBIX CHCTEM
OpraHOB, YCTAHOBJICHUsI HApyILICHUUII TICHXOMOTOPHOTIO Pa3BU-
Tus. IIpoBeieHHbIN aHAIN3 HAyYHOH JINTEpaTyphl MOKa3al, 4To
obcnenoBannio Ha MMA moasiexar HOBOPOXICHHbBIC M ACTH
PaHHEro BO3pacTa, y KOTOPBIX IOCJIe HEKOTOPOT'o IepHoa y0B-
JICTBOPUTEIIBHOTO COCTOSIHUS MOSIBIISIETCS PBOTA, OTBPAILLECHHE K
ezie, JIeTaprusi, TUIIOTOHHUS, CY[JOPOTH, KOMa, METabOINUECKUil
alua03, KeTOHYPHUS; JETH JII0OOro Bo3pacTra W3 ceMed, hMme-
101X O00ibHBIX ¢ MMA; €T ¢ NMOBTOPHBIMH HPHUCTYIIaMH
PBOTHI, COHJIMBOCTH, BSUIOCTH, T'MIOTOHHMH, KETOALMI03a, IO-
paKeHHEM HEepBHOW CHUCTEMBI, C 3aJep)KKoi (U3Hueckoro u
ncuxomMotopHoro pasutus. s auarnoctuku MMA undop-
MAaTHBHBIMH SIBJISIIOTCS: TPOGHIb alMIKaPHUTHHOB, OMOXHMH-
yeckue tecthl 1 noareepxaatomas JJHK-auarnocruka (BbisiB-
nenue mytauuii B renax MUT, MMMA, MMAB, MMACHC,
MMADHC, LMBRD1, ABCD4, SUCLA2 u SUCLGI). Ycra-
HOBJICHHE MOJICKYJISIPHO-TEeHETUUECKOrO Jiedpekra  (BBIsIBIIC-
HHUE MyTauuil) MO3BOJSIET CKOPPEKTUPOBATh TAKTHKY BEACHUS
6onpHOro ¢ MMA. YuuThIBasi ayTOCOMHO-PELECCHBHBIN THII
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HacienoBanuss MMA (kpome MMA tuma cblX), cembsiM, B
KOTOPBIX YK€ UMEIOTCSI ICTH C MOATBEPKICHHBIM JIHArHO30M,
HEOOXOAMMO IPOWUTH MEAUKO-TEHETHYECKYI0 KOHCYJBTALHIO,
TaK KaK PUCK MOBTOPHOTO POXICHUS OOJBHOTO peOCHKa MpU
JIAaHHOM THUIe HaciienoBaHusi cocrasisier 25%. IlpoBenenue
JIHK-auarHocTuky cTporo rnoka3aHo JUisi MpEeHATabHOW Jua-
THOCTHKH, WM MPCUMIUIAHTAIHOHHON JTUATHOCTHKH TPH JKC-
TPaKOPIOPATBHOM OILUTOJOTBOPCHHH.
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SUMMARY

MOLECULAR-GENETIC ASPECTS OF METHYL-
MALONIC ACIDURIA DEVELOPMENT (REVIEW)

'Zharmakhanova G., 'Syrlybayeva L., 'Kononets V.,
Nurbaulina E., *Baikadamova L.

'West Kazakhstan Marat Ospanov Medical University, 'depart-
ment of molecular biology and medical genetics, *department of
general medical practice, *Medical center Aktobe, Kazakhstan

The review summarizes the current literature data on the
inherited metabolic disorder of branched-chain amino acids
- methylmalonic aciduria, characterized by high mortality,
acute onset and crisis course. The paper presents the mo-
lecular genetic characteristics of the known thirteen differ-
ent genes (responsible for the synthesis of methylmalonyl-
CoA mutase, methylmalonyl-CoA epimerase and vitamin B,
metabolism), mutations of which lead to the development of
methylmalonic aciduria. The current knowledge about the
potential role of organic acids and their derivatives in the de-
velopment of metabolic decompensation, toxic damage to the
nervous system and internal organs is presented. Early diag-
nosis by tandem mass spectrometry is extremely important,
since timely treatment started (diet therapy, the use of hy-
droxycobalamin in the B ,-dependent form) prevent an unfa-
vorable outcome and allow a high degree of rehabilitation for
children with this pathology. Moreover, the identification of
the primary molecular genetic defect makes it possible to adjust
the patient management tactics and to carry out further prenatal
diagnosis of the pathology in subsequent pregnancies.

Keywords: inherited metabolic disorders, organic acid disor-
ders, methylmalonic aciduria, mitochondrial dysfunction.

PE3IOME

MOJIEKYJISIPHO-TEHETHYECKHUE ACIEKTHI
PA3BUTUSI METHJIMAJOHOBOU ANMJIYPHU
(OB30P)

"’Kapmaxanosa .M., 'CpipibiéaeBa JI.M., 'Kononen B.H.,
’Hyp6ayauna J.b., *baiikagamoa JI.H.

3anaono-Kazaxcmanckutl  MeOUyUHCKUl  YHUBEPCUMEM  UM.
Mapama Ocnanosa, 'kagpedpa monexynapnoi duonocuu u me-
OuyuncKou 2enemuxu, *kageopa obwel epauedHol NPaKmuKu
Ne2; SMeduyunckutl yenmp Akmobe, Kazaxcman

B 0030pe 060011eHBI COBpEMEHHBIE CBEICHUS JIUTEPATYPhI
0 HACJIEJCTBEHHOM HapyLICHHH O0OMEHa aMHHOKHCIIOT C pas-
BETBJICHHOM LIETbIO — METHIIMATIOHOBOMH allilypHH, XapaKTepH-
3yIOIIEHCS OCTPHIM HayajoM, KPH30BBIM TEUCHHEM M BBICOKOIT
CMepTHOCTBIO. IIpencTaBieHa MOJIEKY/IIPHO-TeHETHYEeCKast Xa-
PaKTEPUCTHKA M3BECTHBIX TPUHAALATH PA3INYHBIX TEHOB, OTBET-
CTBEHHBIX 33 CHHTE3 METHIMAIOHHI-KOA-MyTa3bl, METHIMAIIO-
Hi1-KoA-smmmepassl 1 MeTabonusm BuTamMuHA B ), MyTanun
KOTOPBIX MPHUBOAAT K Pa3sBUTHIO METUIIMAIOHOBOW alMyApHH.
TIpuBeneHbl COBPEMEHHbBIC MaHHBIC O IMOTEHIHAIBHON PO
OPraHMYECKHUX KHCIOT U MX MPOM3BOIHBIX B PAa3BUTHH MeTabo-
JIMYECKOI IEKOMITCHCAIMH, TOKCHYECKOM MOPaKCHUH HEPBHOIT
CHCTEMBI U BHYTPEHHUX OpraHOB. BecbMa 3HauMMa paHHss jua-
THOCTHKA METOZOM TaHAEMHOH Macc-CIEeKTPOMETPUH, TaK Kak
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CBOCBPEMCHHO HA4aToe JICUCHUE (IHETOTEeparnusi, IPUMEHEHUE
rujipokcrkodanamuna npu B ,-3aBucumoit dopme) mosposset
n30eXKaTh HEOMArOMPHUATHBIN MCXOM U JTOOUTHCS BBICOKOM CTe-
neHu peaduiuranuu JeTed ¢ JaHHOW marosiorued. MueHtu-
(uKays TEepBUYHOIO MOJICKY/SIPHO-TEHETHYECKOro aedexra
H03BOJISIET CKOPPEKTHPOBATh TAKTHUKY BEICHHUS OOJIBHOTO H IPO-
BOJIMTH B IAJIbHEHIIICM MPCHATATIBHYIO JHATHOCTUKY MATOJIOTHH
[PH MOCIEIYIOMNX OEPEMEHHOCTSIX.
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COVID-19 AND CHILDREN: COMPLICATIONS AND LATE OUTCOMES

Zhvania M., Kvezereli-Kopadze M., Kutubidze T., Kapanadze N., Gordeladze M., Iakobashvili A., Nakhutsrishvili E.

Thilisi State Medical University, G. Zhvania Pediatric Academic Clinic, Georgia

Covid-19 became a challenge for doctors around the world,
including pediatricians since December 2019, as novel infec-
tion named coronavirus disease 2019 (COVID-19) broke out
in Wuhan, China, and has been sweeping across the globe.
COVID-19 was officially declared a pandemic by WHO on 11
March 2020. The disease is caused by a newly identified strain
of severe acute respiratory syndrome (SARS) associated coro-
navirus, which was named SARS-CoV-2 after SARS-CoV that
caused the epidemic of SARS in 2002 [2,12].

SARS-CoV-2 belongs to the coronavirus family, which are
enveloped viruses with a spherical morphology and a single-
stranded RNA (ss RNA) genome. The spike glycoproteins (S
protein) cross through the peplos of the virus and form a crown-
like surface. Through the receptor binding domain (RBD) lo-
cated in the S1 subunit of the S protein, the virus can ligate to
the host cell receptor angiotensin-converting enzyme 2 (ACE2)
and invade into the cell [2]

The clinical spectrum of COVID-19, which is caused by
the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), ranges from asymptomatic to severe respiratory symp-
toms, extrapulmonary manifestations and death [8].
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Children of all ages appear to be susceptible to infection by
SARS-CoV-2, so far the majority of COVID-19 cases in chil-
dren are mild [3]. Few children with COVID-19 infection are
hospitalized, and fewer children than adults experience fever,
cough or shortness of breath. Although rare, hospitalization rates
appear to be highest among children younger than 1 year of age
and those with underlying conditions (chronic lung disease in-
cluding asthma, cardiovascular disease and immunosuppres-
sion) [7,9].

Persistent symptoms in adults after COVID-19 are emerging
and the term long COVID is increasingly appearing in the litera-
ture [9]. However, pediatric data are scarce. As pediatricians, we
are facing new entity- “long Covid” in children, though there is
limited data in the world. In a systematic review now published
in Acta Paediatrica, Jonas F Ludvigsson, pediatrician at Orebro
University Hospital and professor at the Department of Medical
Epidemiology and Biostatistics, Karolinska Institutet, reviewed
179 publications that might concern long COVID in children
(here defined as symptoms persistent two months after onset of
COVID-19), but none of these publications actually concerned
long COVID in children [10].
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In an accompanying case report in the same article, Ludvigs-
son describes five children with clinical COVID-19 who had
similar long-term effects to adults. The children were between
9 and 15 years old and four were girls. All five children had
fatigue, dyspnea, heart palpitations or chest pain and four had
headaches, difficulties concentrating, muscle weakness, dizzi-
ness and sore throats. All of the children had remaining symp-
toms 6-8 months after COVID-19 onset. Fatigue was the pre-
dominant symptom [1].

They assessed persistent symptoms in pediatric patients pre-
viously diagnosed with COVID-19. More than a half reported
at least one persisting symptom even after 120 days since CO-
VID-19, with 42.6% being impaired by these symptoms during
daily activities. Symptoms like fatigue, muscle and joint pain,
headache, insomnia, respiratory problems and palpitations were
particularly frequent, as also described in adults [5].

MIS-C is a rare but, sometimes life threatening condition as-
sociated with COVID-19. MIS-C is a new syndrome, and many
questions remain about why some children and adolescents de-
velop it after a COVID-19 illness, while others do not. While
the incidence of MIS-C is uncertain, it appears to be a rare com-
plication of COVID-19 in children. In one report, the estimated
incidence of laboratory-confirmed SARS-CoV-2 infection in in-
dividuals <21 years old was 322 per 100,000 and the incidence
of MIS-C was 2 per:100 000. Clinical presentation: Persistent
fevers (median duration four to six days) — 100%, Gastrointes-
tinal symptoms (abdominal pain, vomiting, diarrhea) — 60 to
100%, Rash — 45 to 76%, Conjunctivitis — 30 to 81%, Mucous
membrane involvement — 27 to 76%, neurological symptoms-
headache, lethargy, confusion — 29 to 58%; Respiratory symp-
toms — 21 to 65%, Sore throat — 10 to 16%, Myalgia — 8 to 17%,
Swollen hands/feet — 9 to 16%, Lymphadenopathy — 6 to 16%
[4,6,11].

According to literature, the frequency of cardiac involvement
in MIS-C is uncertain. In three large case series, approximately
30 to 40% of children had depressed LV function and 8 to 19
percent had coronary artery (CA) abnormalities. Children with
MIS-C, baseline ECGs may be nonspecific, though arrhythmia
and heart block have been described. Findings on initial echo-
cardiography may include CA dilation, left ventricular (LV)
systolic dysfunction, and pericardial effusion. The CA abnor-
malities can progress to aneurysm, including giant coronary an-
eurysms. In patients who have CA dilation/aneurysm on initial
echocardiogram, ultrasound is repeated every two to three days
until CA size is stable and then every one to two weeks for the
next four to six weeks [7].

In 2020-2021 at G.Zhvania Pediatric Academic Clinic of
TSMU, more we were closely watching children with Covid-19
both: on inpatient and outpatient basis. After the first Covid-19
case was documented in Georgia (26.02.2020) we’ve been see-
ing increased number of Covid-19 in children, as well as in
adults. Children are representing small number of infected and
hospitalized ones. The course of disease is mild, although we are
seeing severe cases (MIS-C) and some other complications and
so called long Covid syndrome.

60 patients have been observed: Females- 27 (45%), Males 33
(55%). Age range: 0-5yy 32 (53.3%), 6-10yy 17 (28.3%), 11-
17yy 11(19.4%). Among them: Previously healthy - 85%, with
preexisting disease-15%. Only 22 patients (36%) were hospital-
ized, the rest were observed on an outpatient basis.

Nosology and symptoms: MIS-C — 8 (13%), Arthritis/arthral-
gia — 3 (5%), Exacerbation of preexisting diseases — 4 (6%),
Pneumonia/atelectasis — 3 (5%), Isolated vasculopathy — 5
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(8.3%), ITP — 1 (1.6%), 4 children (6,6%), in whom the Co-
vid-19 triggered clinical manifestation of thalassemia minor,
other manifestations - Iron deficiency anemia — 8 (18%), Co-
agulopathy 4 (6.6%), Diabetis type 1 - 3 (5%), Dermatitis — 3
(5%), Acute lymphadenitis — 2 (3.3%), Jaundice — 1 (1.6%),
Polycythemia — 1 (1.6%), Neutropenia — 2 (3.3%) and other
general symptoms such as - Sleep disturbances — 2 (3.3%),
Isolated Headache — 1 (1.6%), Behavior pathology — 2 (3.3%),
Paroxysms — 3 (5%); We also had. All these children have con-
firmed Covid-19, or contact with documented Covid-19 at least
4 weeks prior to manifestation of symptoms - based on IgG and
IgM datas.

Our patients with MIS-C (8 cases-13%) presented with clini-
cal signs of Kawasaki - fever, rash, high ESR, CRP, high D-
dimer (max 5,2 mcg/mL), 3 patients presented with polyserositis
(pericardial, pleural, abdominal effusions, which resolved after
treatment). 3 patients were positive for ANA (1:640) and ANF
with nucleic cytoplasmic fluorescence.

One patient, 1 yy, presented after 6 weeks of confirmed Cov-
id-19, with positive IgG to Sars-Cov-2. She had Fever>10 days,
bilateral nonpurulent conjunctivitis, periorbital edema, cervical
lymphadenopathy, dry lips, red tongue, several erythematous
rashes on the skin, hepatomegaly, mild leukocytosis, anemia,
high ESR, CRP, high ferritin, aneurismal dialatation of the left
coronary artery, Z score-7.82. She discharged with diminished
dilatation and continued to improve on follow up.

The special interested was attributed to those laboratory val-
ues, which are showing the presence of immunological activity.
According to recently published data there is some association
between COVID-19 and autoimmune diseases, there are simi-
larities in the immune response in both disease conditions, and
organ damage in COVID-19 appears to be largely immune-
mediated, similar to autoimmune diseases. This may explain
the success of treatment with corticosteroids and some disease
modifying antirheumatic medications.

The evidence that COVID-19 can have long-term impact
children and adults as well, including those with asymptomatic/
symptomatic COVID-19. There is a need for more high-quality
pediatric SARS-CoV-2 research, looking for the mechanisms re-
sponsible for differences in symptomatology, susceptibility, and
infectivity.
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SUMMARY

COVID-19 AND CHILDREN: COMPLICATIONS AND
LATE OUTCOMES

Zhvania M., Kvezereli-Kopadze M., Kutubidze T.,
Kapanadze N., Gordeladze M., Iakobashvili A.,
Nakhutsrishvili E.

Thilisi State Medical University, G. Zhvania Pediatric Academic
Clinic, Georgia

Since December 2019, Covid-19 has become a challenge for
doctors around the world, including pediatricians. In most in-
fected children, the disease manifests itself in a mild or is char-
acterized by a subclinical course. At the same time, in some cas-
es, a severe clinical picture of the so-called late Covid disease
may develop, in the form of a multisystem syndrome and other
complications.

In 2020-2021 at the Academic Pediatric Clinic named after
G. Zhvania of Tbilisi State Medical University, we observed
60 children with post-Covid complications and late Covid syn-
drome. More than half (32 children - 53.3%) were under 5 years
of age, with a predominance of boys (33 children - 55%) who
had a Covid-19 infection 1.5-2 months before contacting us
with a positive antibody reaction. Most of them (51 children -
85%) were healthy before the disease. Vasculopathy, immune
thrombocytopenia, thalassemia minor, primary diabetes, iron
deficiency anemia, coagulopathy, pneumonia-atelectasis, ex-
acerbation of the underlying disease - arthralgia, arthritis and
abnormal manifestations of sleep disturbance, general weakness
and dizziness were noted. Separately, it is necessary to highlight
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the multisystem inflammatory syndrome in chirdren - MIS-C (8
children - 13%) proceeding with clinical signs of Kawasaki dis-
ease (mucocutaneous-lymphatic syndrome) with hectic temper-
ature, polyserositis, hepatosplenomegaly, high rates of inflam-
mation markers, a tendency to hypercoagulability. One patient
had a coronary artery aneurysm. In 3 cases, the ANA and ANF
titer was increased (up to 1:640) and also with nucleic, cytoplas-
mic and linear fibrils fluorescence, which indicates immune re-
actions in Covid infection, which can explain the positive effect
of corticosteroid therapy in the treatment of these patients. Only
22 (36%) patients were hospitalized, the rest were observed on
an outpatient basis.

Based on the aforementioned, it can be concluded that even
with the asymptomatic course of Covidinfection in children,
complications can be observed and the syndrome of the so-
called late Covid, which dictates the need for a thorough exami-
nation of these patients and observation in dynamics.

Keywords: Covid-19, children, Kawasaki, complications,
MIS-C.

PE3IOME

COVID-19 ¥ IETU: OCJIOKHEHHS M OTJIAJIEHHBIE
HCXOJbI

Kpanus ML.A., Kesepesn-Konagze M.A., Kyryounse T.P.,
Kananansze H.b., lopneaanze M.P., fiko6amBuin A.A.,
Haxyupumsuim E.3.

Tounucckuti 2ocyoapemeenmulil Meouyunckull ynueepcumem, Ile-
ouampuyeckas akademudeckas kuunuka um. 1. XKeanus, I pysus

C nexabps 2019 ropa Covid-19 cran BbI30BOM UIs Bpaueii
BCEro MHUpa, B TOM 4ucie, U ['py3uu. YV GONbIIMHCTBA HHPHIH-
POBaHHBIX JeTell 0oJe3Hb NposBIsieTcst MO0 B Jerkoi dhopme,
1100 XapakTepu3yeTcs CyOKIMHUYECKUM TedeHneM. B Hekoro-
PBIX CIy4asx pa3BHBACTCS TsDKETas KIMHUUYCCKas KapThHa 00-
ne3Hu, T.H. no3auuit Covid B BUsie MyJIBTUCHCTEMHOTO CHHAPO-
Ma ¥ UHBIX OCJIOKHECHHUH.

B Akanemuueckoii nepuarpuieckoit kimHuke uM. I JKanus
TOMIMCCKOro roCyIapCTBEHHOIO MEIUIIMHCKOTO YHUBEPCHUTE-
Tta B 2020-2021 rr. Habmromanucek 60 aeTeil ¢ MOCTKOBHIHBIMU
OCJIOKHEHHIMH U cuHApoMoM no3anero Covid-a. 51 (85%) u3
60 HHPUIUPOBAHHBIX IETEH 0 3a00IeBaHUs OBLIH 3I0POBBIMH,
32 (53,3%) mereii ObLIM B BO3pACTE 10 5 JIET, MAIBYUKOB OBLIO
33 (55%), nesouek — 27 (45%). Y Bcex 60 nereit 3a 1,5-2 me-
csIa 710 obpaieHus B KIMHUKY otMedanack Covid-uHbekiust
C IOJIOKUTEIbHON peakiuell Ha aHTUTena. KimHnueckn y Hux
BBISIBJICHBI BACKYJIONATHS, UMMYHHAss TPOMOOLMTONICHUS, Ke-
ne3oneUIMTHAS aHEeMUsI, KOaryJIonaThsl, THEBMOHMS - aTeJIeK-
Ta3, MEPBUYHBIN A1abeT, 000CTPEHUE OCHOBHOTO 3a00JICBAHNS
- apTPaNTHsl, apTPUT U OOIIKE MPOSIBICHUS B BH/C HAPYIICHUSI
CHa, c1a00CTH U roIOBOKpYkeHus. OTIOenbHO CleayeT Bblae-
JIUTh MYJIBTUCUCTEMHBIA BOCTIaIUTENIbHBIN cunapom y 8 (13%)
JeTel, POTeKAIoMUil ¢ KIMHUYECKUMU TPU3HAKaMu OOJe3HH
KaBacaku (ciIM3nCTO-KOKHBIH-THM(OHOYISIPHBIN CHHIPOM) C
IeKTHUYECKOI TeMIepaTypoii, HOJINCEPO3UTOM, I'e€HaToCIUICHO-
Merajiuei, BBICOKMMHU IOKA3aTesIMH MapKepOB BOCIAJICHHMS,
TEHICHIIUEH K THnepkoarysiudi. Y 1 marnueHTta 3aduKcHpo-
BaHa aHCBPU3Ma KOPOHAPHbBIX apTepuil. B 3 HaOmomeHUsX ObLT
noseiieH TUTp ANA (B pa3senenun 1o 1:640) u ANF, Taxke
SIPBIIIKOBBIM [UTOIIA3MATHYCCKUM BHIOM CBECUYCHHUS C JIH-
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HEWHHBIMH (UOPHIIIAMH, CBUIETEIBCTBYIOIINH 00 HMMYHHBIX
peakuusix npu Covid-uHpeKuny, 4eM u cIeayeT OOBSICHUTD 10~
JIOXKHUTEIBHBIH 3)(HEKT KOPTHKOCTEPOUTHOM TEPAITHH B JICUCHUN
9TUX O00sbHBIX. 22 (36%) nanuenta u3 60 rocnyuTaaIM3upPOBAHBI,
ocTalbHbIe HAOIIONAIUCH aMOYIaTOPHO.

Ha ocHOBe BBIIICU3I0KEHHOIO CIIEAYET 3aKJIIOYHUTh, YTO
nake npu acumntoMHoM TtedeHun Covid-undexuun y ne-
Teif MOTYT HaOJIIOAAThCS OCIOKHCHUS U (OPMHUPOBAHHUE T.H.
cunapoma nosguero Covid-a, 4To AMKTyeT HEOOXOAMMOCTH
TIIATENILHOTO 00CIe0BaHMsI ITUX OOJBHBIX U HAONIONCHHS B
JUHAMUKE.
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METHODS OF TREATMENT OF LEGG - CALVE - PERTHES DISEASE (REVIEW)

'Tuktiyeva N., 2Dossanov B., *Sakalouski A., 'Syzdykbayev M., !Zhunussov Y.

INCJISC “Semey Medical University”, Department of children’s surgery and orthopedics,
’NCJSC “Astana Medical University”, Department of children’s surgery, Nur-Sultan, Republic of Kazakhstan;
3Republican Scientific and Practical Center of Traumatology and Orthopedics, Minsk, Belarus

More than a century has passed and the problem of treating
Legg-Calve-Perthes Disease (LCPD) remains relevant. Children
between the ages of 2 and 12 tend to get sick. Formation and
progression causes a violation of blood supply to the femoral
head over time. Subsequently, this leads to changes in the femo-
ral head, metaphysis, epiphyseal plate, and coxal cavity [32].
The flaccidity of the femur epiphysis is deformed during load
and leads to deformation of the femoral head due to uneven load
transmission [35].

Elimination of pain and symptoms, restoration of the range of
movement of the hip, and the retention of the femoral head in the
coxal cavity are the targets of the treatment [55].
© GMN

Dissatisfaction with the results of treatment has led to the exis-
tence of many conservative and prompt treatments [12,18,23,26]

Purpose of review - to review the various existing methods of
conservative and operative therapies of LCPD, which include the
elimination of pain and symptoms, the restoration of the range of hip
movements, and the retention of the femoral head in the coxal cavity.

Material and methods. Literature search was condaucted
through PubMed and Google Scholar using keywords Legg
- Calvé - Perthes Disease, Perthes disease; operative therapy,
conservative therapy, childhood hip disorder. 5921 publications
were initially identified. Articles were published between De-
cember 1971 and August 2020.
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Result and discussion. Treatment of Legg-Calve-Perthes
disease is not lost in relevance in time and presents serious
problems, due to long rehabilitation and a large percentage of
unsatisfactory outcomes, despite the existence of various suc-
cessful treatments. That promotes the search for more rational
approaches to the therapy and perfect surgical interventions.
There are two great areas for LCPD therapy: conservative and
surgical.

1. Conservative therapy. The conservative therapy is divided
into three main areas:

1. Unloading the joint and immobilization of the limb for a very
long time.

2. Orthoses and application of a plaster bandage to immerse the
femoral head into the coxal cavity.

Improving blood supply or increasing the strength of the
femoral head - physiotherapy, balneotherapy, hyperbaric oxy-
genation, the use of glycosaminglicans and bisphosphonates,
plasma therapy, platelets enriched, epidural analgesia, complex
conservative therapy, etc [48].

1.1. Terms of conservative therapy

According to Wiig et al. non-surgical treatment is provided to
children under the age of 6 or in case of lesion of the A lateral
pillar [71].

The determining points for conservative therapy are the age of
the patient and the stage of the disease - the group I and partly
the II according to the classifications Catterall, Salter & Thomp-
son [17].

The state of full “immersion” of the femoral head into the
coxal cavity stops the progression of deformation of the head
and prevents the development of subluxation, as well as helps
to correct the deformation [15]. In order to unload the joint for
a long time, until reaching maturity of bone tissue, used - or-
thopedic unloading corsets, plaster bandages, stretching cuff or
adhesive and other methods [7,10,67].

In herring studies and co-authors in 2004, they examined the
results of treatment of about 400 patients over the age of 6 with
LCPD, using 5 types of therapy. According to the results, there is
no statistically significant difference between therapeutic gymnas-
tics and observation, plaster bandage or braces. The unsatisfactory
outcome reached 20 %, according to the Stulberg classification.
According to P.G. Petrie, I. Bitenca & B. Curtis, they have demon-
strated excellent results using of plaster bandages and orthoses, the
negative result was only in 9-17 % of cases [11].

Different methods of conservative therapy are effective in the
early stages, with a slight lesion of the segment. In case of exten-
sive damage to the femoral head, as well as in the contracture of
a hip joint, it is necessary to use another treatment [4].

1.1. Methods based on the principles of improving blood
supply or increasing the strength of the femoral head

1.0.1. Bisphosphonates

Bisphosphonates are known to be inhibitors of osteoclast re-
sorption of the bone tissue. There are data from experimental
studies, which say that bisphosphonates reduce bone resorp-
tion and deformation of the head. But the distribution of bio-
phosphates depends on the blood supply and their influence is
limited accordingly [37]. In an experimental study on animals,
the anatomical structure of the femoral head was observed and
the expressed decrease of osteoclasts [36]. Biophosphates are
achieved not only inhibiting the process of osteoclast resorption,
but also accelerating osteoblast activity [35].

1.0.2. Acupuncture

There is a description of clinical case T. Set, in the absence of
the effect of brace treatment in a 12-year-old boy, 196 sessions
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of classical and laser acupuncture were received over a period
of 4 years. After 2 years of acupuncture according to X-ray data,
the recovery was 90%. After 6 years, there was a complete res-
toration of the anatomical structure of the femoral head [62].

1.0.3. Antioxidants

Lobashov V.V. cites an approximate successful complex treat-
ment with antioxidants (mexidol). During the studies, 26 chil-
dren had received antioxidant therapy (intramuscular, ointment
form, intraosseous injections). A positive result was achieved in
84.6 % of cases and unsatisfactory 15.4% [48].

1.0.4. Epidural analgesia

Prolonged epidural analgesia in Legg-Calvé-Perthes Disease
improves the local tissue trophies, helping to eliminate spasms
in ischemia, reducing pain syndrome. There was also a slow-
down in the flow of aseptic necrosis. The method allowed to
delay total hip replacement for up to 6 years-old-age [2,3].

1.0.5. Physiotherapy

In the complex treatment of the Legg-Calvé-Perthes disease,
intralesional electrophoresis of proteolytic enzymes was pro-
posed. The author believed that these manipulations reduce in-
creased intraosseous pressure, help to germinate the additional
feeding vessels, and together with grafts stimulate bone regen-
eration in the head of the hip [56].

In studies comparing different treatments, physiotherapy has
been applied for children with mild disease. There were the follow-
ing patient characteristics: children with hip head necrosis were less
than 50% (Catterall Group 1 or 2). As well as children under six
years old with necrosis of the femoral head were more than 50%,
who have a good coating of the femoral head (>80%) [20].

For patients with a light course, physiotherapy can improve
joint range, muscle strength and joint dysfunction. The physio-
therapy treatment included: 1) passive mobilization for stretch-
ing the muscles of the affected hip; 2) exercises with lifting
straight legs to strengthen the muscles of the hip, participating in
bending, flexing, lifting, and engaging the thigh muscles. They
started with isometric exercises, and after eight sessions - iso-
tonic exercises. Balance training is first on a stable terrain and
then on unstable.

There are scientifically sound recommendations for postop-
erative LCPD treatment in children between the ages of 3 and
12 years and evidence-based recommendations for conservative
LCPD treatment in children between the ages of 3 and 12. These
studies are largely based on the “local consensus” of LCPD
team members from Cincinnati Children’s Hospital Medical
Center. These recommendations provide evidence on the meth-
ods of physiotherapy, postoperative and conservative manage-
ment. Recommendations are offered: exercises to improve bal-
ance and gait and intervention to reduce pain.

Children with LCPD should avoid hip overload. Gait training
to unload the hip can be an integral component of conservative
treatment for children with LCPD.

Non-surgical corset treatment is a reliable alternative to surgi-
cal treatment of LCPD between the ages of 6 and 8. However,
they could not have known whether the good results were due
to the corset or the result of a good prognosis for these patients
[20,58].

1. Operative therapy

The history of operative therapy for ischemic necrosis of the
femur head has passed several stages. In the beginning, pallia-
tive methods of operative therapy were used to stimulate repara-
tive processes in the epiphys area of the femur. The method of
tunneling, drilling of the femur head and its neck by Beck has
become widespread [31].



GEORGIAN MEDICAL NEWS
No 4 (313) 2021

Assuming in the future possible early development of osteoar-
thritis, many orthopedists recognize the benefits of more active,
operative tactics to treat this disease [11,40,54,68,70]

In case of violation of anatomical ratios at the stage of exodus,
reconstructive operations are carried out.

Operative therapy of Legg-Calvé-Perthes Disease is carried
out with an unfavorable prognosis in order to improve the vol-
ume of movements in the joint, restore limb length, cupping pain
syndrome [16, 70].

The long-term results of operating interventions are more than
modest. In the evaluation of 59 patients operated between 1959
and 1974, in 2002 36 % of patients had osteoarthritis, and in
2010 — 50 % of patients only [61].

In 2012, Nhu-An has compared the results of conservative
and operative therapies of patients. The meta-analysis showed
that operative therapy was more likely to contribute to the for-
mation of a spherical congruent femur head than conservative
treatment in patients of 6-years-old age and older. The patients
younger than 6 years-old age the results of operative and conser-
vative therapy were identical [55]. Positive results to restore the
anatomical spherical shape of the femoral head are dependent
on age: the younger the child at the time of the disease, the more
effective the therapy is [69].

In Kim HK research, Su PH. the outcomes of Legg-Calvé-
Perthes Disease were studied in 66 patients with an average
follow-up period of 20. 4 years (16. 3 to 24. 5 years). The most
common complaints in patients were pain syndrome, developing
arthrosis and ongoing hip dysfunction. Total arthroplasty was
performed by 3 patients and 1 patient carried out pelvic oste-
otomy. 24 patients suffered from severe osteoarthritis. Only 14
patients had no signs of osteoarthritis [38].

Endoprosthesis replacement at an early age in patients with
LCPD contributes to lower survival rates, according to the
study [34].

A number of authors propose a combination of operative and
conservative therapies for LCPD [50].

2.1. Femoral or pelvis osteotomy

Femoral or pelvis osteotomy is indicated in children over 8
years of age. Femoral varus osteotomy and anonymous Salter-
type osteotomy give good results. However, in severe forms, it is
preferable to combine these two methods or perform a triple pel-
vic osteotomy. Surgery is now much less common than before,
as it is only effective in patients with the disease of lateral sup-
port of group B or B/C with the onset after the age of eight. In
other situations, therapeutic abstinence is recommended [47].

The main task of osteotomy is to ensure the centering of the
femoral head and congruence of joint surfaces, recently oste-
otomy has become one of the common operative methods. The
optimal time to perform a femoral dethrosy-varisizing osteot-
omy is considered to be the stage of avascular necrosis or the
initial period of the fragmentation stage [14, 29]. Many authors
advocate inter-reversive correctional femoral osteotomy [19, 41,
44,53, 57].

In the stage of the exodus of Legg-Calvé-Perthes Disease with
a expressed shortening of the limb and hypertrophy of the great-
er trochanter developed femoral rotation-longing interverent os-
teotomy [16, 15, 28]. Salter-type surgery has led to the possibil-
ity of improving the congruence of joint surfaces with existing
changes in angular parameters, as well as a significant improve-
ment in the blood supply to the joint compared to other types of
osteotomy. The pelvic component was corrected with various
types of pelvic osteotomy in combination or without interfer-
ence with the proximal part of the femur [59, 60, 58]
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There are surgical interventions in the form of acetubuloplas-
ty, supplemented, if applied, by interverent osteotomy. In most
cases, orthopedists prefer to use Salter-type pelvic osteotomy
and modifications of triple pelvic osteotomy such as Steel, Ton-
nis, Chiari, rotational acetubular osteotomy, Ganz, Bernese. This
group of surgical interventions has a number of advantages: the
necrosis center avoids load, there is reliable fixation of bone
fragments, restoration of biomechanical beneficial relationships
of joint surfaces, reduction of the period of postoperative reha-
bilitation [13,47].

Kyung Soon Park et al. speaks of the successful use of modi-
fied Salter-type osteotomy, produced in 30 cases with satisfac-
tory long-term clinical and radiological re-examinations [42].

Asep Santoso et al. gives examples of the results of success-
ful treatment of osteotomy dometatasis of the pelvis combined
with trochanteric advancement for sequelae of Perthes’ disease.
Good results of treatment of acetabular dysplasia due to Perthes
disease were obtained in the middle or long-term period. Pain
relief was received in 13 out of 14 (92.8%) patients in the post-
operative period. From good to excellent functionality, the result
was obtained from 10 out of 14 (71.4%) patients. The average
score on the Harris scale improved from 63 to 84 (p<0.05) in the
last phase of the observation. Improvements in lame gait were
observed in 10 out of 14 (71.4%) patients [5].

Yi cites the results of the use of Bernese-type triple pelvic
osteotomy with a modified Smith-Peterson anterior approach,
which combines periacetabular and triple osteotomy. The author
believes that this technique is an alternative method of treatment
in the elderly people. Not only does it provide a large correc-
tion of the coxal cavity, but it also provides good biomechanical
stability [75].

Negative outcome with the development of deforming os-
teoarthritis, with the right selected and carried out operational
treatment, reaches 20%. That requires a subsequent complete
joint replacement [2]. Surgical treatment in the form of femoral
osteotomy is a factor complicating subsequent hip replacement.
It is known from the statistics that bilateral form occurs in 10-
20 % of cases, which also makes it difficult to carry out operative
therapy while maintaining the patient’s mobility [44]. On the other
hand, the difficulty of choosing a conservative treatment method
causes a positive outcome of the disease in 30-50% of cases, with
the restoration of the spherical head of the femur, without signifi-
cant statistical differences of the chosen method [27].

J. Lehman et al. speak about the successful use of arthroplasty
in the treatment of Legga-Calvé-Perthes disease [46]. Luo and
co-author cite the assessment of 10-year results in uncement-
ed monoblock total arthroplasty of the hip 71 patients (88 hip
joints) were examined. The data suggest that the trunk of the
monoblock can lead to satisfactory results - the restoration of
clinical function, the improvement of X-ray evaluation, the res-
toration of normal limb length, reduction of complications and
increased survival among patients [76].

As the healing potential decreases with age, patients with
LCPD should receive treatment corresponding to their age
group. Conservative treatment is usually applied to patients un-
der 6.0 years-old of age from the beginning, and surgical treat-
ment is recommended for those over 8.0 years of age, but it re-
mains unclear what is best for patients between the ages of 6.0
and 8.0 years. The purpose of this retrospective study was to
compare the results of Salter-type osteotomy and conservative
therapy in this age group. As a result, there was no significant
difference in hip pain and joint mobility between groups in this
age group [33].
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The long-term results of The Chiari-type osteotomy in Legg-
Calve-Perthes disease in children with Catterall III or IV type
have also been studied. Chiari-type osteotomy with 15 degrees
for Legg-Calve-Perthes disease in children with Catterall III or
IV type can effectively lower the index of the coxal cavity and
can help to change the shape of the femur and then further im-
prove the clinical effects [77].

2.2. Valgus or regimented osteotomy

Improves the spinal mechanism of a teenager’s hip with the
effects of Perthes’ disease. Proper surgery, when the hip is still in
the pre-arytricic stage, restores function and protects the young
hip from early degenerative changes.

Eid cites the results of treatment of 12 adolescents with a
combined intra-articular/injected impinge due to the effects of
Perthes disease in the form of coxamagna was carried out os-
teochondroplasty at the junction of the femoral head and cervix
and the relative lengthening of the femoral cervix by the spiri-
tual transfer of a large twithlet, coxaplana, coxabrevis, with the
predominantly large vernea. In all cases, safe surgical access to
a dislocated hip was performed. Removal of the narrow arc of
pathological load due to the impingement is the main advan-
tage of the proposed surgical technique. Other benefits include
increased leverage and the restoration of hip motion range with
normalization of load conditions, and therefore the future de-
velopment of degenerative arthritis and the expected need for
future joint replacement surgery can be prevented or delayed.
Vascularization of the femur head is well supported thanks to the
proven safety of the surgical access presented [24].

Osteostimulative interventions in the form of multiple tunnel-
ization of the femoral head and cervix with the introduction of al-
lograglants were performed in patients with X-ray indicators of the
hip joint close to the age norm. Over time, the operative interven-
tion was improved in the form of transplantation on the nourishing
vascular-muscular leg in the upper acetabular area [22].

There was a low efficiency of tunnelization of the head of the
femur with the introduction of surgery transplants, in view of
the absence of trophies of free bone grafts vascularization was
ensured and often observed progression of the disease [63].

Decompressive operations are becoming popular, providing
a hip discharge, reducing intraarticular pressure, weakening
muscle contractures and reducing the load on the affected femo-
ral head. To this end the following were applied: the tenotomy
of the iliac-lum, leading and subspinal muscles, cross-cutting
in several places of the wide fascia of the hip followed by ad-
hesive or skeletal extremity of the limb. Since 1993, external
fixation devices such as G.A. have been used to unload the hip
joint Ilizarov [65]. In 1965 Axer A. proposed varizing detorsion
osteotomy as an alternative method in the treatment of Legg-
Calve-Perthes disease [8].

In order to unload the most damaged quadrant of the head,
a method of inter-flexion-warising femoral osteotomy is devel-
oped and introduced into clinical practice, in which, unlike de-
professionalizing, another element is performed - the flexion of
the proximal part of the femur. In the development of the surgi-
cal intervention Bernbeck R’s operation was taken as the basis,
the main principle of which is to change the angle of the slope of
the fragments of the obliquely sawed cylinder when they rotate
on the axis, perpendicular plane of the section [52]. On the basis
of this principle, a method of intervering oblique osteotomy of
the femur has been developed, allowing to achieve a multi-axis
simultaneous correction of the proximal end of the femur [39].

Leclerc at al. it was concluded that the best effect was achieved
by putting the lower limb 30 degrees in the outside and limiting
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the stretch time to no more than two weeks, otherwise prolonged
stretching contributes to a negative effect [45].

Long-term observations showed that varus osteotomy of the
femur was an effective treatment for patients with Perthes dis-
ease between the ages of 6 and 8 with Herring B and C hip le-
sion at the onset of the disease. Hip congruence was obtained
by femoral varus osteotomy, and closed wedge osteotomy gave
more favorable results to CE angle [6].

Barakat et al. offers a closed repository in older children an ef-
fective and reproducible method of treatment in the hands of an
experienced pediatric orthopedic surgeon, subject to careful ob-
servation and careful study of possible complications and their
treatment, including the possibility of a timely transition to an
open reposition [9].

For children over 6 years-old age diagnosed with femoral
head necrosis, more than 50% proximal varus osteotomy has
produced significantly better results than orthoses and physio-
therapy [72].

2.3. Hip arthroscopy

New treatments for mechanical symptoms and/or femoral
acetabular impingement have emerged. Arthroscopic treatment
of the effects of LCPD eased pain symptoms and improved the
range of motion, making arthroscopic treatment a good option
for treating the effects of LCPD [73].

Kanatli in his study demonstrates improvements in functional
outcomes and quality of life for patients who have undergone
hip arthroscopy due to LCPD. It is believed that hip arthroscopy,
a minimally invasive procedure, may play an important role in
the LCPD treatment algorithm, especially in patients with severe
pain and mechanical symptoms [66].

Hip arthroscopy was performed to 19 children with Legg-
Calve-Perthes disease in the Shigeo Suzuki et al. As a result, the
growth of the synovial shell was expressed both in the swivel
pit and over the inner wall of the capsule. Hypervascularization
of the twirling lip was observed at all stages of the disease. Mi-
croscopic hyperplasia of synovial lining cells was observed, but
inflammatory changes in synovial tissue were invisible in the
early stages of the disease. Although endothelial vascular cell
hypertrophy was observed at the late stage of the disease, it was
not distinct at the initial stage or stage of fragmentation. Joint
pain decreased after irrigation during arthroscopy [64].

Freeman et al. presented the results of the arthroscopy of
Legg-Calve-Perthes disease and reflected that it played an
important role in the treatment of painful consequences. It is
often possible to expect successful results with minimal mor-
bidity. Reducing symptoms and improving quality of life are
reasonable expectations, although these data do not suggest that
hip arthroscopy alters the natural history of the disease [25].

Hip arthroscopy is a safe procedure even for patients with
an immature skeleton. It turns out to be effective for improving
functional disorders caused between the deformed head of the
femur and the coxal cavity, or some intraarticular focal problems
in hip diseases in children and adolescents. However, this does
not mean that hip arthroscopy can prevent or delay the develop-
ment of osteoarthritis [21].

2.4. Arthrodiastase of the hip joint

What can be done with regard to indications of the use of ar-
throdyastase in the active stage with the late onset of Perthes
disease or as a rescue procedure in later cases with debilitating
deformity. There is insufficient evidence to suggest whether it is
superior to other interventions and may be combined with hip or
pelvis osteotomy as stage 2 surgery. More randomized control is
needed to be tested to compare with other treatments [74].
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Carlos Augusto Malheiros Luzo and co-authors presented
preliminary results of treatment of patients with Legga-Calve-
Perthes disease using hip monolateral external fixer applied to
the hip for 18 patients. Among the patients were 13 men and
5 women, the average age is 8.5, from 5 to 13 years-old. All
patients had one-sided hip damage: nine on the right and nine
on the left. The results were evaluated in adulthood using clini-
cal and radiological criteria. Results: all patients improved joint
mobility, pain relief was achieved in 88.9% of cases. The reos-
sification of the epiphyse of the femur occurred during the first
three months of treatment. The hips operated on at the stage of
necrosis of the disease did not pass the stage of fragmentation,
which led to a reduction in the period of the disease. The results
were 77.8% satisfactory and 22.2% unsatisfactory improved
joint mobility. The use of arthrodyastase technique at the stage
of necrosis or at the stage of fragmentation (active phase of the
disease) gave satisfactory results from treatment. Artrodiastase
of the hip joint with the use of a one-sided external retainer in
the active stages of the disease improves joint mobility. The use
of arthrodyastase technique at the stages of necrosis and frag-
mentation (active stages of the disease) gives satisfactory results
in the treatment of the disease [49]. Maxwell and co-author in-
vestigated the effect of arthrodiastase on the preservation of the
head of the femur in older children with Perthes disease. Arthro-
diastase was used for about four months. The initial criterion for
evaluation was the degree of epiphysal collapse at the end of the
fragmentation phase. One of the 15 treated hips and nine of the
30 control hips showed a loss of height of 50% or more lateral
epiphysal column on the front of the X-ray (Herring classifica-
tion). From Lauenstein’s point of view, one of the treated thighs
and 19 control thighs showed a loss of height of at least 50 % of
the anterior epiphysal column. Complications of arthrodiastase
included a pin infection in most hip joints, temporary joint stiff-
ness in two and a broken finger on two. The final result will be
known when all patients and the control group reach the matu-
rity of the skeleton [51].

Arthrodiastase is a minimally invasive technique useful in
the treatment of late-onset Perthes disecase. When applied ear-
ly, it improves clinical outcomes and retains the shape of the
head. However, it is not free of complications that can occur in 8
out of 10 patients treated with this technique [1].

Arthrodiastase, hinge or fixed using an external ring retainer
in combination with the lead muscle tenothmia, is an excellent
and reliable treatment for Perthes disease with late onset, when
the prognosis is usually poor and traditional treatments are un-
reliable [30].

Artrodiastase of the hip joint with the release of soft tissues
can make a good contribution to the treatment of Legg-Calves-
Perthes disease. This method of treatment has many advantages,
such as simplicity of technique, minimal frequency of complica-
tions, short period of hospitalization, correction of shortening
because it increases the length of the limb, and a higher level
of acceptable results than would be expected compared to other
methods. Reduces upper and lateral sub-raving and provides
better X-ray spherical sphericality of the head of the femur. In
addition, it does not distort the anatomy of the pelvis or the prox-
imal part of the femur; it can also be used in older children who
usually have poor prognosis. Distraction treatment is not limited
to hip stiffness, femur or sub-infection, and can be used when
other treatments are not suitable [43].

Conclusion. When choosing a treatment method for Legg-
Calve-Perthes disease, it is necessary to focus on the specific
clinical case. As well as take into account the age of the patient
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at the time of the beginning of the pathological process, the stage
of the disease, the size and location of the lesion in the head of
the femur, predictive anatomical and functional factors.

REFERENCES

1. Aguado-Maestro 1., Abril J. C., Bafiuelos D. A., Garcia A.
M. Hip arthrodiastasis in Legg-Calvé-Perthes disease. Rev Esp
Cir Ortop Traumatol, 2016, 60(4), 243-50.

2. Akhtyamov L.F. & Lobashov V.V. Aseptic necrosis of the
femoral head in children, the options of conservative treatment.
Bulletin of modern clinical medicine, 2014, 2, 40-44.

3. Akhtyamov L.F., Anisimov O.G. & Kovalenko A.N. New way
to treat early forms of avascular necrosis of the femoral head
(preliminary report). Bulletin of Traumatology and Orthopedics
m. N.N. Priorova, 2011, 1, 33-37.

4. Akhtyamov LF., Lobashov V.V., Anisimov O.G. A method
of treating the early stages of Perthes’ disease (preliminary Re-
port). Journal of Traumatology and Orthopedics of Russia 2014;
3:122-128.

5. Asep S., Pramod S. 1., Ik-Sun Ch., Young-Rok Sh., Kyung-
Soon P. & Taek-Rim Y. Treatment outcome of dome osteotomy
of the pelvis combined with trochanteric advancement forse-
quelae of Perthes’ disease. Acta Orthopaedica et Traumatologica
Turcica, 2018, 52, 216-221.

6. Atilla C. Long-term follow-up results of femoral varus osteot-
omy in the treatment of Perthes disease, and comparison of open-
wedge and closed-wedge osteotomy techniques A retrospec-
tive observational study. Medicine (Baltimore). 2020, 99 (7):
¢19041. PMCID: PMC7035022 PMID: 32049801doi: 10.1097/
MD.0000000000019041

7. Aurelio G., Martiner M. D., Stuart L. et al. The Weight-Bear-
ing Abduction Brace for the Treatment of Perthes Disease. J.
Bone Jt. Surg, 1992, 74(1), 12-21.

8. Axer A. Subtrochanteric osteotomy in the treatment of
Perthes’ disease: a preliminary report. J Bone Joint Surg. Br,
1965, 47, 489-499.

9. Barakat A. S., Zein A. B. & Arafa A. S., et al. Closed reduc-
tion with or without adductor tenotomy for developmental dys-
plasia of the hip presenting at walking age. Curr Orthop Pract,
2017, 28 (2), 195-199. doi 10.1097/ BCO.00000000000000478.
10. Barsukov, D. B. Perthes disease. Terra medica nova 2009;
3:24-30.

11. Beaule P., E. & Antoniades. Patient selection and surgical
technique for surface arthroplasty of the hip. Orthop.Clin. North
Am, 2005, 36 (2), 177-185.

12. Benjamin J. Management of Perthes’ disease. Indian J Or-
thop, 2015, 49(1), 10-16.

13. Bhuyan B. K. Early outcomes of one-stage combined oste-
otomy in Legg-Calve-Perthes diseases, Indian J Orthop, 2016,
50 (2), 183-194.

14. Cartier P.,, Dagher F. & Morel L. La osteotomie de varisa-
tiondans la maladie de Legg-Calve-Perthes. Rev. Chir. Orthop.
1976, 62, 27-41.

15. Catteral A. Legg-Calve-Perthes Syndrome. Clin.Orthop,
1981, 158, 41-52.

16. Catteral A. Natural history, classification and X-ray sings in Legg-
Calve-Perthes disease. Acta orthop. Helg, 1980, 46 (4), 346-351.

17. Catterall A. The natural history of Perthes disease. J. Bone
Joint Surg. Br, 1971, 53, 37-52.

18. Catterall A., Pringle J. & Byers P., D., et al. Perthes disease:
is the epiphyseal infarction complete? J Bone Joint Surg. Br,
1982, 64(3), 276-281.

131



19. Cosimo G., Frizziero P., & Turra S. Prognostic value of Cat-
terall and Herring classification in Legg-Calve-Perthes disease:
follow-up to skeletal maturity of 32 patients. J.Pediatr. Orthop,
2002, 22 (3), 345-349.

20. Cincinnati Children’s Hospital Medical Center. Evidence-
based clinical care guideline for Conservative Management of
Legg-Calve-Perthes Disease. Guideline, 2011, 39. https://www.
cincinnatichildrens.org/-/media/cincinnati%?20childrens/home/
service/j/anderson-center/evidence-based-care/recommenda-
tions/type/legg-calve-perthes%20disease%20guideline%2039
21. Chaemoon L., Tae-Joon Cho., Chang H. Sh., In H. Ch., Won
J., Y. Functional Outcomes of Hip Arthroscopy for Pediatric and
Ado-lescent Hip Disorders. Clin Orthop Surg, 2020, 12 (1), 94-
99. https://doi.org/10.4055/cios.2020.12.1.94

22. Griffin P.P. Legg-Calve-Perthes disease: treatment and prog-
nosis. Optop. Clin. North Am, 1999, 11 (1), 127-139.

23. Gu Y. Can an enlarged acetabulum cover the femoral head
Well in Legg-Calve-Perthes disease? J. Pediatr Orthop, 1999, 8
(3), 173-176.

24. Eid M. A. Hip preservation surgery for adolescents and
young adults with Post-Perthes Sequelae. Acta Orthop Belg.
2016, 82 (4), 821-828. PMID: 29182124.

25. Freeman C., R., Jones, K., Byrd, J., W. Hip arthroscopy for
Legg-Calve-Perthes disease: minimum 2-year follow-up. Ar-
throscopy, 2013, 29, 666-674.

26. Guarniero R. Results of femoral varus osteotomy in the
treatment of Legg-Calve-Perthes disease. Rev. Hosp.Clin. Fas.
Med Sao Paulo. 1997, 52 (3), 132-135.

27. Herring J., Kim H. & Browne R. Legg —Calvé — Perthes dis-
ease: Part I1. Prospective multicenter study of the effect of treatment
on outcome. J. Bone Joint Surg. Am, 2004, 86 (10), 2121-34.

28. Herring J. A., Neustadt J. B., Williams J., J. Early J. S. &
Browne R.H. The lateral pillar classification of Legg-Calve-
Perthes disease. J Pediatr.Orthop, 1992, 12 (2), 143-150.

29. Imatani J. Coxa magna after open reduction for developmental
dislocation of the hip. J. Pediatr. Orthop, 1995, 15 (3), 337-341.
30. José B.,V. Comparison between innominate osteotomy
and arthrodistraction as a primary treatment for Legg-Calvé-
Perthes disease: a prospective controlled trial. IntOrthop. 2012,
36 (9), 1899-1905. doi: 10.1007/s00264-012-1598-2PM-
CID: PM(C3427447 PMID: 22810494

31.Joseph D. L., Perry L. S., Pascual-Garrido C., Jeffery J. N. &
John C. C. Open Reduction and Internal Fixation for the Treat-
ment of Symptomatic Osteochondritis Dissecans of the Femoral
Head in Patients With Sequelae of Legg-Calve-Perthes Disease.
Journal of Pediatric Orthopaedics, 2018, 40(3), 120-128. doi:
10.1097/BP0O.0000000000001192

32. Joseph B. Natural history of early onset and lateonset Legg-
Calve-Perthes disease. J. Pediatr Orthop, 2011, 31, 152—155.
33. Kaneko H., Kitoh H., Mishima K., Matsushita M., Hattori T.,
Noritake K., Ishiguro N. & Yoshihashi Y. Comparison of surgi-
cal and nonsurgical containment methods for patients with Legg-
Calvé-Perthes disease of the onset ages between 6.0 and 8.0 years:
Salter osteotomy versus a non-weight-bearing hip flexion-ab-
duction brace. J Pediatr Orthop B. 14. J Pediatr Orthop B, 2020,
29(6), 542-549. Doi: 10.1097/BPB.0000000000000710. https://
www.ncbi.nlm.nih.gov/pubmed/31856043
34. Karim Z., M., John J. C. & José A. M. Primary total hip ar-
throplasty for Legg-Calve-Perthes syndrome: 20 year follow-up
study. The lowa Orthopedic Journal, 2018, 38, 197-202.

35. Kim HK. W. Pathophisiology and new strategies for the
treatment of Legg-Calve-Perthes disease. J Bone Joint Surg.
Am, 2012, 94, 659-669.

132

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

36. Kim HK., Morgan-Bagley S. & Kostenuik P. RANKL inhibitor:
a novel strategy to decrease femoral head deformity after ischemic
osteonecrosis. J Bone Joint Mineral Res, 2006, 21, 1246-1254.

37. Kim HK. W., Randall T. S. & Bian H. et al. Ibandronate for
prevention of femoral head deformity after ischemic necrosis
of the capital femoral epiphysis in immature pigs. J Bone Joint
Surg. Am, 2005, 3, 550-557.

38. Kim HK. & Su PH. Development flattening and apparent frag-
mentation following ischemic necrosis of the capital femoral epiph-
ysis in a pigiet model. J Bone Joint Surg. Am, 2009, 91, 2903-3014.
39. Kitakoji T. Femoral varus osteotomy in Legg-Calve-Perthes
disease: points of operation to prevent residual problems. J. Pe-
diatr. Orthop, 1999, 19 (1), 76-81.

40. Koob T. J., Pringle D. & Gedbaw E. et al. Biomechanical
properties of bone and cartilage in growing femoral head follow-
ing ischemic osteonecrosis. J Orthop Res, 2007, 25, 750-757.
41. Kwang W. P., Chastity A. R., Rey An N. G., Tae Wan K. &
Hae Ryong Song. Extent of physeal involvement in Leg-Calve-
Perthes disease. Inter.Orthop. 2014, 38 (11), 2303-2308.

42. Kyung S. P, Kyu J., Hong Y. Y., Kamolhuja E. & Taek R.
Y. Long-term Results of Modified Salter Innominate Osteotomy
for Legg-Calve-Perthes Disease. Clinics in Ortopedic Surgery,
2017, 9, 397-404. https://doi.org/10.4055/ci0s.2017.9.4.397

43. Laklouk M. A., Hosny & Gamal A. Hinged distraction of
the hip joint in the treatment of Perthes disease. Journal of Pe-
diatric Orthopaedics B, 2012, 21(5), 386-393. doi:10.1097/
bpb.0b013e328354b0ab

44. Larson A. N., Sucato D. J. & Herring J. A., et al. A Prospec-
tive Multicenter Study of Legg-Calve-PerthesDisease. Func-
tional and Radiographic Outcomes of Nonoperative Treatment
at a mean follow-up of twenty years. J Bone Joint Surg. Am.
2012, 94, 584-592.

45. Leclerc J., Laville J. M. & Salmeron F. Review of orthopedic
surgery and repair of the motor system, 2006, 92 (8), 741-746.
46. Lehmann T. G., Engesaeter 1., Laborie L. B, Lie S. A, Rosen-
dahl K. & Engesaeter L. B. Total hip arthroplasty in young
adults, with focus on Perthes’ disease and slipped capital fem-
oral epiphysis: Followup of 540 subjects reported to the Nor-
wegian Arthroplasty Register during 1987-2007. Acta Orthop,
2012, 83, 159-64.

47. Leroux J., Abu A. S. & Lechevallier J. Legg-Calve-
Perthesdisease. Indian J. Orthop. 2018, 104, 107-112. Doi:
10.4103/0019-5413.177581.

48. Lobashov V.V. Conservative treatment of disease Legg -
Calvet — Perthes. Modern art of medicine. 2013, 5 (13), 14-19.
49. Luzo C. A. M., Guarniero R., Montenegro N. B., Godoy
Junior R. M. Initial experience of use of an articulated exter-
nal fixator in treating Legg-Calvé-Perthes disease by means of
arthrodiastasis during the active phase of the disease. Revista
Brasileira de Ortopedia (English Edition), 2016, 51(3), 337—
345. doi:10.1016/j.rboe.2016.04.005

50. Mallet C., Abitan A., Vidal C., Holvoet L., Mazda K. & Simon
B. I. Management of osteonecrosis of the femoral head in children
with sickle cell disease: results of conservative and operative treat-
ments at skeletal maturity. J Child Orthop, 2018, 12, 47-54.

51. Maxwell S. L., Lappin K. J., Kealey W. D., McDowell B.
C. & Cosgrove A. P. Arthrodiastasis in Perthes’ disease - Pre-
liminary results. The Bone & Joint Journal, 2004, 86 (2), 244-
60. DOI: 10.1302/0301.620X.86B2.14284

52. Menshikov T. I. & Maltseva L.V. Features of ultrasound
diagnosis of the initial manifestations of Legg-Calvet-Perthes
disease in children. International Journal of Experimental Edu-
cation, 2015, 11 (1), 18-23.



GEORGIAN MEDICAL NEWS
No 4 (313) 2021

53. Milani C., Dobashi E., T. Arthrogram in Legg-Calve-Perthes
disease. J Pediatr.Orthop, 2011, 31, 156-162.

54. Miyamato Y., Matsuda T., Kitoh H., et al. A recurrent muta-
tion in type II collagen gene causes Legg-Calve-Perthes disease
in a Japanese family. Hum Genet. 2007, 121, 625-629.
55.Nhu-An T. N., Guy K. G., Jessica McCourt B. & Charles T.
M. Operative versus nonoperative treatments for Legg-Calvé-
Perthes disease: a meta-analysis. J PediatrOrthop, 2012, 32(7),
697-705. doi: 10.1097/BPO.0b013e318269¢55d.

56. Ogarev E. V. Formation of the proximal femur in children
and adolescents. Vestn. traumatology and orthopedics them.
N.N. Priorov, 2006, 1, 51-56.

57. Perry D. C., Machin D. M., Pope D. & Bruce C. E. et al. Racial
and geographic factors in the incidence of Legg-Calve-Perthes dis-
ease: a systematic review. Am J Epidemiol, 2012, 175 (3), 159-166.
58. Pinto H. A. & Peterson T. et al. Magnetic resonance imag-
ing in earle diagnosis of Legg-Calve-Perthes disease. J. Pediatr.
Orthop, 1989, 9, 19-22.

59. Ponseti I. V. Legg-Calve-Perthes disease; observations on
pathological changes intwo cases. J Bone Joint Surg. Am, 1956,
38, 739-750.

60. Pringle D., Koob T. J. & Kim H. K. Indentation properties
of growing femoral head following ischemic necrosis. J Orthop,
Pes, 2004, 22, 122-130.

61. Salter R. B. & Thompson G. H. Legg-Calve-Perthes Dis-
ease: the prognostic significance of the subchondral fracture and
a two-group classification of the femoral head involvement. J.
Bone Joint Surg. Am, 1984, 66 (4), 479-489.

62. Set T. Management of Legg — Calve — Perthes disease with
acupuncture: a case report. Acupunct. Med, 2013, 1, 105-112.
63. Shapovalov V. M. & Tikhilov R. M. Surgical treatment of
degenerative-dystrophic diseases of the hip joint. Vestnik Sur-
gery them LI. Grekova, 1999, 6, 44-47.

64. Shigeo S., Yoshitaka K., Yoichi S., Toru F., Kengo F. &
Yoshihito N. Arthroscopy in 19 children with perthes’ disease:
Pathologic changes of the synovium and the joint surface P.
Acta Orthopaedica Scandinavica, 1994, 69, 581-584. https://doi.
0rg/10.3109/17453679408994608

65. Teplen’kii M.P., Parfenov E.M. Surgical treatment of chil-
dren with severe forms of Perthes disease. Geniy ortopedii,
2013, 1, 32-35.

66. Ulunay K., Tacettin A., Mustafa O., Muhamme, B., A. &
Mehmet C. Hip arthroscopy for Legg-Calvé-Perthes disease in
paediatric population. ActaOrthopaedica et Traumatologica Tur-
cica, 2019, 53 (3), 203-208.

67. Veselovsky Yu. A. Pathogenesis and early conservative treat-
ment of the initial stages of osteochondropathy of the femoral
head in children. Orthoped, trauma, 1989, 4, 4-7.

68. Weinstein S. L. Developmental Hip Dysplasia and Disloca-
tion. Pediatric Orthopedics, 1996, 2, 903-950.

69. Weinstein S. L. Legg—Calve—Perthes syndrome. In: Lowell
& Winter’ Pediatric Orthopaedy. Philadelphia, etc: Lippincott-
Raven Pub, 1996, 2 (4), 951-991.

70. Westhoff B., Petersomann A., Hirsch M. A., Willers R. &
Krauspe R. Computerized gait analysis in Legg-Calve-Perthes
disease - analysis of the frontal plane. Gait and Posture, 2006,
24 (1), 196-202.

71. Wiig O., Svenningsen S., Terjesen T. Legg-Calvé-Perthes
disease. Tidsskr. Nor. Laegeforen, 2011, 20, 131 (9-10), 946-
953.

72. Wiig O., Terjesen T., Svenningsen S. Prognostic factors and
outcome of treatment in Perthes’ disease. ] Bone Joint Surg,
2008, 90-B (10), 1364-1371.

© GMN

73. Woo-Yong L., Deuk-Soo H., Pil-Sung K. & Lon Zh. Out-
comes in patients with late sequelae (healed stage) of Legg-
Calvé-Perthes disease undergoing arthroscopic treatment:
retrospective case series. Hip Int. 2018, 28 (3), 302-308. doi:
10.5301/hipint.5000563

74. Yasser H., 1., Mohamed A, A., Kersh L., Hesham F. Arthro-
diastasis in the management of Perthes disease: a systematic re-
view. Journal of Pediatric Orthopaedics B, 2019, Vol XXX, 1-6
75.Yi Q. L., Hong W. Xu., Theddy S., Qing H. Z., Yuanzhong L.,
Wei D. Ch., Jing Ch. L. & Federic C. Bernese type triple pelvic os-
teotomy through a single incision in children over five years: a ret-
rospective study of twenty eight cases. International Orthopaedics
2018, 42, 2961-2968. https://doi.org/10.1007/s00264-018-3946-3

76. Ze-Yu L., Hao-Yang W., Duan W., Hui P., Fu-Xing P., &
Zong-Ke Zhou. Musculosceletal Disorders. BMC, 2017, 18,
386. DOI 10.11. 1186/s12891-017-1748-1

77. Zang J. T., Wang Y. H., Feng W., Liu J. G., Li D. S., Zhao
X. Y, Gao H., Li C. S. Long-term outcomes of Chiari oste-
otomy for Legg-Calvé-Perthes disease in children. Zhongguo
Gu Shang. 2019, 32(8), 696-700. doi: 10.3969/j.issn.1003-
0034.2019.08.004.

SUMMARY

METHODS OF TREATMENT OF LEGG-CALVE-
PERTHES DISEASE (REVIEW)

'Tuktiyeva N., 2Dossanov B., 3Sakalouski A.,
ISyzdykbayev M., 'Zhunussov Y.

INCJSC “Semey Medical University”, Department of children’s
surgery and orthopedics; *NCJSC “Astana Medical Univer-
sity”, Department of children’s surgery, Nur-Sultan, Republic
of Kazakhstan; *Republican Scientific and Practical Center of
Traumatology and Orthopedics, Minsk, Belarus

This Literature Review presents various treatments, including
operative and conservative therapies, of Legg - Calvé - Perthes
Disease. The problem is relevant because of the prevalence of
the disease. The authors presented a review of literature, which
managed to classify the main methods of treatment by the prin-
ciples of action, practical application, and presented the inter-
pretation of the effectiveness of modern research from the point
of view of evidence-based medicine.

Keywords: Legg-Calvé-Perthes disease; Perthes disease; op-
erative therapy; conservative therapy; childhood hip disorder.
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STRESS-AFFECTED Akt/mTOR PATHWAY UPREGULATED BY LONG-TERM
CREATINE INTRAPERITONEAL ADMINISTRATION

Shengelia M., Burjanadze G., Koshoridze M., Kuchukashvili Z., Koshoridze N.

Ivane Javakhishvili Thilisi State University, Department of Biology, Faculty of Exact and Natural Sciences, Georgia

Oxidative stress is known to be characterized by significant
alterations in metabolic processes, namely changes in the hor-
monal status, decreased energy metabolism and antioxidant
status, as well as quantitative changes in enzyme activity and
signalling molecules, which, in turn, affect transcription and
translation processes [20,24]. Several compounds can pre-
vent these processes. Among them is the Creatine (Cr; o-N-
methylguanidinoacetic acid), which can be found in almost all
mammals. It is primarily concentrated in muscle and brain. It
participates in the Cr/CK/PCr system, is actively involved in en-
ergy metabolism, and its deficiency is associated with a decline
in many physical and cognitive functions [2,9,13]. It is believed
that the primary mechanism of action of Creatine (Cr) is its
participation in the energy storage processes. Besides, various
experiments also confirmed its neuromodulatory and neuropro-
tective properties [4,17]. Cr synthesized in nerve cells functions
as a signalling molecule. In particular, it can activate some sig-
nalling pathways and, in this way, regulate energy metabolism,
influencing growth, proliferation and viability of the cell [1,14].
In the brain, Creatine is most concentrated in the regions as-
sociated with learning processes and memory (such as Hippo-
campus, Pyramidal neurons of the cortex, Purkinje cells of the
cerebellum). It is assumed that these areas are also marked with
high ATP metabolism [21].

Cr is not only established to be synthesized by neurons, but
it is also suggested to be delivered peripherally through the
blood-brain barrier [2,4]. Exogenous Cr showed its neuropro-
tective properties in the number of neurological diseases such as
Parkinson’s disease, Huntington’s disease, Amyotrophic lateral
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sclerosis (ALS), head injuries [3]. Quantitative changes in Cr
have also been shown in various psychiatric disorders, such as
depression [1,5].

Recent data have further revealed the antioxidant properties
of Cr [14,29]. Observations have shown that lipid peroxidation
processes are down-regulated as antioxidant enzymes are acti-
vated in muscle and central nervous system (CNS), during Cr
supplementation [14]. Such alterations might be caused by sev-
eral stressors, such as long-term violation of natural circadian
rhythm [26]. This kind of stress is usually accompanied by a
change in antioxidant and energy metabolism - resulting in ATP
deficiency, the brain’s energy potential and functional deteriora-
tion, cell viability reduction, stimulation of pro-apoptotic pro-
cesses, and variation in ion content [32].

Considering the above mentioned, the purpose of our investi-
gation was to study complications in energy metabolism in the
hippocampus under stress caused by long-term disturbance of
circadian rhythm and the preventive action of Cr administered
exogenously.

Material and method. Experiments were conducted on 200—
250 gr male Wistar rats. The animals were divided into three
main groups before the experiment:

(1) G1 — control group — was kept in a common cage under
natural conditions (dark/light ratio =10/14);

(2) G2 — stressed group — individuals were maintained in in-
dividual cages in the darkness (dark/light ratio = 23.5/0.5) for
30 days;

(3) G3 — Cr-treated stressed - individuals were maintained in
individual cages in the dark (dark/light ratio = 23.5/0.5) for 30
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days and were injected Cr during this period (see section: Cr
Supplementation).

During the experiments, all the rats were given water and a
standard laboratory chow ad libitum. The experiment was re-
peated for four independent series.

The experiments were conducted in full accordance with the
legal and statutory acts applicable in Georgia and the interna-
tional agreements ratified by the country, such as the Law of
Georgia on Health Care and European Convention for the Pro-
tection of Vertebrate Animals Used for Experimental and Other
Scientific Purposes.

Cr supplementation. Cr was purchased from Sigma-Aldrich
(St. Louis, MO, USA) and diluted in 5% dimethyl sulfoxide
(DMSO). During 30 days, G3 animals were intraperitoneally
(i.p.) injected 140 mg/kg/day. The rest of the experimental ani-
mals were supplemented with 5% dimethyl sulfoxide, depend-
ing on the animal weight (1 ml/100 gr). The Cr dose to be in-
jected was chosen based on the data supplied by various authors
based on their research [14,29].

Assessment of the CK activity. Creatine Kinase catalyzes the
incorporation of phosphate into Creatine to form Creatine phos-
phate. The amount of free phosphate existing due to ATP hy-
drolysis in the mitochondria was evaluated in the Phosphovana-
dium-molybdate complex and analyzed by spectrophotometer.
The reaction medium contained 100 pl of the suspension sample
and 0.5 ml solution of Creatine (1.9 mM) prepared in special
buffer (2.5mM glycine + 2mM Na,CO, + 0.2 mM MgSO,, pH
9.7). The resulting mixture was suspended for 5 min at 37°C;
then 0.5 ml of ATP (0.07 mM) was added and further incubated
at 37°C for 60 min. The reaction was stopped with the addition
of a 14% solution of Trichloroacetic acid. The resulted solution
was then centrifuged for 10 min at 3000 g. Finally, 0.5 ml of
supernatant was mixed with 0.5 ml of an Ammonium Vanadate
and Ammonium Molybdate mixture (1:1). The amount of phos-
phate was assessed by spectrophotometry at A=400 nm [32].

Electrophoresis of proteins in polyacrylamide gel. The pro-
tein fractions were analyzed by SDS-PAGE. The same volume
of buffer for electrophoresis (20% glycerol, 10% 2-mercapto-
ethanol, 6% SDS, 0,02-0,04% bromophenol blue 250 mM Tris-
HCl1 pH 6.7) was added to each sample and boiled for 7 minutes.
Electrophoresis was applied to 7.5-12% of the acrylamide/bi-
sacrylamide gel until the complete separation of proteins.

Immunoblotting. For immunoblotting experiments 50 pg
of protein was denatured at 90°C for Smin, separated by SDS-
PAGE on 15% gels and transferred to nitrocellulose membranes.
After blocking with 5% bovine serum albumin (BSA) and 0.05%
Tween 20 in Tris—HCI buffered saline; the membranes were incu-
bated with primary antibodies in the blocking solution. Immuno-
labeled bands were visualized using enhanced chemiluminescence
(Amersham Biosciences) and analyzed by densitometric scanning.
The intensities of the bands were within the linear range of the
amount of protein loaded. The concentration of protein in the study
samples was applied by Lowry protein assay.

All statistical analyses were conducted using SPSS software
(version 23, SPSS, Chicago, IL). One-way ANOVA was used
to assess group differences in all physiological and biochemi-
cal values. Tukey HSD or Games-Howell post hoc test was per-
formed to assess the differences between groups. The values are
expressed as mean+=SEM. P values less than 0.05 were consid-
ered as statistically significant.

Results and discussion. Changes in the activities of CK in the
hippocampus cells under stress conditions caused by disruption
of the circadian rhythm

© GMN

Fig. 1 shows that both CK of the hippocampus is quite sensi-
tive to chronic stress. Especially mtCK, whose activity is re-
duced by about = 50% under chronic stress (G2), compared to
the control group (G1). However, it was also found that exog-
enous Creatine injections, increased their activity.
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Fig. 1. Alterations of the CK activity in mitochondrial and
cytoplasm fractions of the hippocampus in conditions of chronic
stress. The results are expressed as mean £ SD.

notes: Control (G1), Stressed (G2), and Cr-treated stressed
(G3) animals. The data are mean = SEM of three individual
series

s )
1/v @A) g LI
0.35 ”
I\ I
i ‘
030 %’ 1 /
0.25 Tl—%/{, /(} ,-'i’.

-06 -04 -02 O 02 04 06 08 1 1.2
1[ATP|mg

#
/"(l‘_’
7 . *
-
1 1 L =

-0.6 -04 -02 0 02 04 0.6 0.8 1 s

1/[ereatine]mg

Fig. 2. Influence of exogenous Cr on the kinetic parameters
(V.. K,) of Creatine Kinase among

o — Control (G1); [1 — Stressed (G2); ® — Cr-treated stressed
(G3) animals.

note: x-axis — 1/V, y-axis — substrate concentration (mg/ml)
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The results indicate that under the long-term violation of natu-
ral circadian rhythm, the rate CK decreased.

Changes in kinetic parameters of Creatine Kinase (CK) dur-
ing the prolonged disruption of circadian rhythm. In further ex-
periments, it was interesting to find out the reason that caused
the energy metabolism enzyme activities changed under disrup-
tion of circadian rhythm and the basis of Cr action on these pro-
cesses. This issue was investigated on the example of changes
in kinetic parameters (V__, K ) of CK. The data obtained are
shown in Fig. 2.

The obtained data showed that the enzyme’s Vmax was re-
duced during the experimental conditions, and K_ was in-
creased. These data made us think that the leading cause of the
CK activity changes was reducing its amount, which is likely
to be caused by a decrease in the synthetic reactions’ intensity.
However, Cr’s administration increased V__, that could be due
to the enzyme’s quantitative rise.

Impact of exogenous Creatine on PI3K / Akt / mTOR signalling
pathway. The purpose of the further experiment was to study the
intracellular signalling pathways that determine the hippocampus’s
energy metabolism under the prolonged disruption of circadian
rhythm and detect Cr’s preventive effects on its progression. In this
regard, an essential part of the PI3K/Akt/mTOR signalling path-
way, that represents one of the major regulators for energy metabo-
lism and anabolic processes, were analyzed.

In the beginning, it was analyzed the qualitative changes of
protein mTOR and its active, phosphorylated form in the hippo-
campus of G2 and G3 animals. It was observed that the amount
of mTOR is significantly decreased in the hippocampal cells of
G2 animals compared with that of the control group (G1). In
contrast, in G3 individuals, this indicator’s reliable increment
was observed (Fig. 3A). Similar changes were also observed in
the case of phosphorylated mTOR (Fig. 3B).
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Fig. 3. Quantitative changes of mTOR (A) and phosphory-
lated mTOR (B) in the hippocampus cells under long-term dis-
ruption of natural circadian rhythm

notes: Control (G1), Stressed (G2), and Cr-treated stressed
(G3) animals. Data are presented as means = SEM (N=35)

In parallel with mTOR, another component of this signal-
ling pathway was analyzed: the enzyme Akt (Protein kinase B;
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PKB). As Figure 4A and 4B shows, compared with the control
group, there is no reduction for the enzyme in the hippocampus
cells of the G2 group, although the quantity of phosphorylated
Akt is low. On the other hand, exogenous supply of Cr increases
the number of phosphorylated Akt, similar to mTOR during the
disruption of the circadian rhythm.
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Fig. 4. Quantitative changes of Akt (4) and phosphorylated
Akt (B) in the hippocampus under long-term disruption of natu-
ral circadian rhythm and case of i.p. supplementation of Cre-
atine

notes: Control (G1), Stressed (G2), and Cr-treated stressed
(G3) animals. Data are presented as means = SEM (N=5)

Our previous experiments observed that daily injection of 140
mg/kg Creatine into rats for 30 days upregulated antioxidant en-
zymes activity. It is assumed that exogenous Cr promoted syn-
thesis of the enzymes. It was also shown that Cr supplementa-
tion improved ATP level in the cells [18]. So, the research goal
was to determine the mechanism by which Cr supplementation
positively affects the hippocampus’s energy metabolism under
the long-term disturbance of the circadian rhythm.

It is well known that as a result of prolonged stress-induced
oxidative processes, heightened ROS levels primarily affect mi-
tochondrial enzymes due to their specific structural features. The
variation in the enzyme activity is caused by their structural and
quantitative changes [7]. Considering this, investigating the na-
ture of differences in enzyme activity during the Cr’s intraperi-
toneal administration was valuable. It was studied using the ex-
ample of alterations in kinetic parameters (V__, K ) of Creatine
Kinase. Figure 2 shows that oxidative stress reduces the V
of the reaction and changes K , which indicates a quantitative
reduction in enzyme and structural changes. It seems that the
exogenous administration of Cr increases the activity of the en-
zyme at the expense of V|, the reason likely being an increase
in the amount of Creatine Kinase to be influenced by Creatine
[12]. Similar results were seen in other studies. It is hypoth-
esized that the Cr effect is caused by heightening energy effi-
ciency of the cell and intensity of anabolic processes, expressed
by a higher number of specific proteins, including enzymes [24].
However, there is also a different opinion, which says that the
reason for this change is that Cr is tending to bind and neutral-
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ize reactive radicals, and on the other hand, its direct action on
certain enzymes [18]. The data indicate that increased intensity
of synthetic reactions should cause an increase Creatine Kinase
activity during exogenous administration of Cr.

The idea is strengthened by the results from observation on
PI3K/Akt/mTOR pathway under the long-term disturbances
of natural circadian rhythm and the impact of exogenous Cr
supplementation. This process represents one of the major
cellular signalling pathways regulating metabolism, apopto-
sis, and proliferation. Our attention was drawn to the target
protein of rifampicin, mTOR, which has serine-threonine ki-
nase activity. This protein is considered to be the primary
regulator of energy metabolism and synthetic reactions [28].
mTOR is found in two protein complexes - mTORC1 and
mTORC2 [15]. mTORCI is mainly associated with lyso-
somes and is the primary regulator of protein synthesis, while
mTORC?2 is the activator of Akt, i.e. protein kinase B. Our
data showed a reduction in total and activated mTOR in the
hippocampus under stress conditions (Fig. 3). It should be
noted that mTOR activity is essential for the mitochondrial
respiratory chain [16].

mTOR activity in the cell is known to be regulated by both
negative and positive signals. The negative regulator of mTOR
is complex TSC1/2 (tuberous sclerosis complex 3) activated by
various factors, including an increased number of ROS in the
cell [31]. We established augmentation of the hippocampus’s
oxidation process under disrupted circadian rhythm and, there-
fore, a quantitative increase in active radicals [25]. Those men-
tioned above may be related to the reduction of the active mTOR
concentration.

Besides the impact on mTOR activity, energy resources are
also influenced by oxidative processes, such as the ATP level in
the cell [33] that decreases under stress [10].

Data suggests that mTOR is activated by Akt (protein kinase
B), which is an enzyme with serine-threonine kinase activity
(Protein kinase B), which, in its turn, is activated by Phosphoino-
sitole-3-Kinase (PI3K), followed by a change of PI3K/Akt/
mTOR pathway. Remarkably, this signalling pathway’s activ-
ity is changed by different extracellular signals, including stress
factors [11,22]. Our data confirm that, in prolonged stress, when
oxidative phosphorylation and energy metabolism decrease, the
amount of phosphorylated Akt decreases (Fig. 4A, B).

Our findings show that the intraperitoneal administration of
Cr into experimental animals improves the reduced energy po-
tential and has a neuroprotective effect. The presented data show
that with exogenous administration of Creatine (G3), the num-
ber of total and activated Akt molecules increases compared to
those in G2 individuals (Fig. 4A, B).

Thus, the experiments’ data show that the prolonged disrup-
tion of the natural circadian rhythm causes an impediment in
the PI3K/Akt/mTOR signalling pathway. It is reflected in the
process of protein synthesis and the quantitative reduction of
creatine kinase. Consequently, it can be assumed that Creatine
performs its positive role in hippocampal cells’ energy metabo-
lism via its modulatory effects on the PI3K/Akt/mTOR signal-
ling pathway. This opinion certainly requires additional studies
to strengthen the assumption of Cr’s modulating effect in the
central nervous system’s functioning.
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SUMMARY

STRESS-AFFECTED Akt/mTOR PATHWAY UPREGULATED
BY LONG-TERM CREATINE INTRAPERITONEAL ADMINISTRATION

Shengelia M., Burjanadze G., Koshoridze M., Kuchukashvili Z., Koshoridze N.

Ivane Javakhishvili Thilisi State University, Department of Biology, Faculty of Exact and Natural Sciences, Georgia

Disruption of natural circadian rhythm leads to the develop-
ment of chronic stress. It provokes cellular metabolism changes,
including a reduction in energy production and downregulation of
anabolic reaction. Considering the importance of those processes, it
is crucial discovering the substances that can prevent those stress-
induced alterations. Our attention was drawn to Creatine.

The experiments showed that Creatine’s intraperitoneal in-
jections during a prolonged disruption of circadian rhythm
help activate mitochondrial creatine kinase. Since the central
regulatory substance in energy metabolism is the signalling

molecule mTOR, we studied its quantitative changes under
long-term disruption of circadian rhythm and exogenous
creatine administration. The results revealed that Creatine’s
exogenous supplementation increases phosphorylated mTOR
and its activator — Akt.

Consequently, it can be assumed that Creatine performs its
positive role in hippocampal cells’ energy metabolism via its
modulatory effects on the PI3K/Akt/mTOR signalling pathway.

Keywords: circadian rhythm, oxidative stress, creatine, cre-
atine kinase, PI3K/Akt/mTOR signalling pathway.

PE3IOME

BJIMSTHUE 3K30TEHHOI'O KPEATUHA HA AKT/MTOR CUTHAJIBHBIN MY Th
B YCJIIOBUSAX JJIMTEJIBHOI'O CTPECCA

Ienreaus M. /., Bypaxananze ['M., Komopuaze M.U., Kyuykamsuiau 3.T., Kommopuaze H.H.

Tounucckuti 2ocyoapemeentviil ynueepcumem um. M. Jicasaxuweunu,
Gakyremem ecmecmeozHanus U MOYHLIX HAYK, Oenapmamenm buonocuu, I py3us

Hapymenne ecTecTBEHHOTO IIUPKaAHOTO PUTMa IPUBOAUT K H3-
MEHEHISIM KJIIETOYHOTO METa0O0NM3Ma U PAa3BUTUIO XPOHUYECKOTO
cTpecca, YTo MOAPa3yMeBaeT CHIDKEHHE YHEPTeTHUECKOTO CTaTyca
KJIETOK, a TAK)K€ HHTEHCUBHOCTH aHAOONMYECKHX PEaKIHil.

VYuuTeiBas BBINIECKa3aHHOE, KpailHE BaXKHO OOHAPYXUTH
BEIECTBA, KOTOPbIE MOTYT NPEAOTBPATUTH 3TH IPOLECCHl BO
BpeMsI XpPOHHYECKOTO CTpecca. DKCIEePUMEHTHI MTOKA3allH, ITO
BHYTPHOPIOIINHHBIE HHBEKINN KPeaTHHa BO BPeMs JUTUTEIBHO-
r0 HapyUIeHHs NUPKaJHOTO PHTMA CHOCOOCTBYIOT AKTHUBALIUH
MHTOXOH/IPHATIbHON KpeaTHHKHHA3bI B rummnokamie. [Tockoms-
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Ky LEHTPAJIBHBIM PETYJISTOPHBIM BEIIECTBOM B SHEPIeTHYECKOM
MeTtabou3Me sBIsieTCs: CUrHaIbHas MojeKyina mTOR, Hamu n3-
YYEHbI €€ KOJIMYEeCTBECHHbIC H3MEHEHHMS TIPU UTUTEIBHOM Hapy-
LICHUH IMPKaJHOTO PUTMA M BIUSHMU 9K30T€HHOTO KpeaTHHa
Ha 3TOT IIpoLecC.

Pesysbrarsl HoKasaiu, 4To BBEJICHHE J00ABKH KPEaTHHA yBEIH-
ymuBaeT KommuectBo (ocdopmmpoBannoro mTOR, a Takke ero
aktuBaropa - Akt B opranusme. ABTOpbI IPETIONATAIOT, YTO Kpe-
aTHH BBIOJHACT MOJIOKUTEIBHYIO POJIb, Oarosapsi CBOUM MOJLY-
nmpytromuM BozaeicTeusaM Ha PI3K/Akt/mTOR curnanbHii myTh.
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FEATURES OF GRANULATION TISSUE MORPHOLOGY AROUND
THE NET ALLOTRANSPLANT WHEN APPLYING POSTOPERATIVE RADIATION THERAPY

Morar I., Ivashchuk A., Bodyaka V., Domanchuk T., Antoniv A.

Higher State Educational Institution of Ukraine Bukovinian State Medical University, Chernivtsi, Ukraine

Patients with oncological diseases of the abdominal organs
are known to constitute the highest risk group for the postopera-
tive eventration [1]. In order to prevent the development of the
postoperative eventration, the majority of surgeons strengthens
the anterior abdominal wall with mesh allografts, but the rate
of regeneration and the risk of purulent-septic complications’
development from the side of the postoperative wound in pa-
tients with cancer has certain features stipulated by the presence
of tumorous intoxication, phenomenon of the secondary im-
munodeficiency cachexia, anemia, etc. [2-4]. The use of com-
plex treatment, which includes postoperative radiation therapy,
significantly slows down reparative processes in the irradiation
area, that also increases the risk of eventration.

The study of the postoperative teleirradiation therapy influ-
ences on the morphology of granulation tissue around reticular
allograft will allow to determine more optimally the expediency
and safety of this type of treatment in strengthening the anterior
abdominal wall in patients with abdominal cancer.

The objective of the article to study the peculiarities of the
granulation tissue morphology around the elements of the re-
ticular allograft of the muscular-aponeurotic layer of the ante-
rior abdominal wall when using postoperative distant gamma
therapy in the experiment.

Material and methods. The experiment was performed on
168 mature nonlinear rats of middle age of both sexes, weigh-
ing not less than 180 g, which were implanted with prolene
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(Prolene) reticular allograft of ETHICON company into the tis-
sues of the muscular-aponeurotic layer of the anterior abdominal
wall, according to the method proposed by us (Pat.106161 dated
25.04.2016) [5].

All experimental animals were divided into two groups —
the group of comparison (72 rats) and the main one (96 rats).
Animals of the main group, from the 13th to the 19th day af-
ter implantation of a reticular allograft, received distant gamma
therapy on the organs of the abdominal cavity with gamma-ther-
apeutic device AGAT - P1U isotope Co60, 1.25 MeV, by a single
irradiating dose of 2 g, total irradiation dose - 14 g.

Taking of biological material was carried out on the 20th,
30th, 40th and 50th day after surgery, by excision of the mus-
cular-aponeurotic layer of the anterior abdominal wall together
with a reticular allograft, under general intravenous anesthesia
(solution chloral hydrate 200-250 mg/kg).

The surgical procedures were performed in the vivarium of
the Higher State Educational Establishment of Ukraine “Bukov-
inian State Medical University”, in accordance with the national
requirements of the “General Ethical Principles of Experiments
on Animals” (Ukraine, 2011), which are in line with the Coun-
cil of Europe Convention about protection of the vertebrate
animals used for research and other scientific purposes (dated
18.03.1986).

For light optical examination, at histological investigation
bioptates of the muscular-skeletal aponeurotic layer of the ante-
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rior abdominal wall were fixed in 10% neutral formalin. Paraffin
sections were stained with hematoxylin and eosin. To identify
collagen fibers and fibrin the method of staining histological
sections with aqueous blue - chromotrope 2 V according to N.Z.
Slinchenko was used [6].

Comparison of the number of the granulation tissue cells us-
ing computer micro-densitometry (computer program ImagelJ
1.48 v) was carried out.

The statistical analysis of the results was carried out in ac-
cordance with the type of research and the types of numerical
data that were obtained. Distribution normality was verified us-
ing the Lilliefors and Shapiro-Wilk tests and by the direct visual
evaluation of eigenvalues distribution histograms. Quantitative
indices having a normal distribution are represented as mean
(M)+standard error (S). In the nonparametric distribution the
data are presented as median (Me) as a measure of position, up-
per (Q75) and lower (Q25) quartiles as a measure of dispersion.
Discrete indices are presented in the form of absolute and rela-
tive frequencies (percentage of observations to the total number
of examined). Parametric tests with the assessment of Student’s
t-test, Fisher’s F-test were used to compare the data that had nor-
mal distribution. The median test, Mann-Whitney Rank U-test,
and Wilcoxon signed-rank test for multiple comparisons (in the
case of dependent groups) were used in abnormal distribution.
The Pearson correlation analysis was used to estimate the degree
of dependence between variables in parametric distribution and
the Spearman rank correlation coefficient was used in the case
of the indices distribution that significantly differed from the
normal one. In order to compare discrete values in independent
groups, the criterion 2 of maximum probability (log-likelihood)
(MP %2) was used; to compare the pairs of discrete values, the
calculation of the modification of the exact criterion by Fisher
(mid-p) was used. Determination of the diagnostic advantage of
the method was performed on the basis of assessing the quality
of diagnostic procedures using ROC-analysis, with the determi-
nation of sensitivity, specificity, diagnostic value, area under the
ROC-curve (AUROC), diagnostic odds ratio (DOR). Statistica
for Windows version 8.0 (Stat Soft Inc., USA), Microsoft Excel
2007 (Microsoft, USA) software packages were used for statisti-
cal and graphical analysis of the obtained results.

Results and discussion. Uneven structure of the granulation
tissue, characterized by areas where blood vessels predominate,
places of accumulation of fibroblasts or lymphoid cells, as well
as foci with edema of the latter one, is marked in the animals
of the main group on the 20" day of observation. In animals of
the comparison group, in contrast to the main one, edema of
the granulation tissue is absent, and lymphoid cells are mainly
found on the periphery of the latter (Fig. 1-4).

On the 30th day of the study, the granulation tissue volume
in both groups under study was smaller compared to the 20th
day of observation. In the animals of the main group, in con-
trast to the group of comparison, the granulation tissue edema
remains, a larger volume of the latter one is observed as well.
Collagen fibers in animals of the main group are thickened and
straightened.

On the 40th and 50th days of observation, the morphological
picture of granulation tissue in animals of the comparison group
remains unchanged. In the main group of animals, the swell-
ing of the granulation tissue is preserved, however, its volume
decreases. Areas of lipofuscin accumulation, formed because of
irradiation, by means of enhanced lipid peroxidation take place
in animals of the main group as well (Fig. 5-8).
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Fig. 1. Photo of micro-preparation of the anterior abdominal
wall of the rat of the group of comparison on the 20th day after
implantation of the reticular allograft. Elements of the reticular
allografi (1). Granulation tissue (2). Hematoxylin and eosin.
Vol. 10 x. Op. 10 x

Fig. 2. Photo of micro-preparation of the anterior abdominal
wall of the rat of the comparison group on the 20th day after im-
plantation of the net allograft. Elements of the net allograft (1).
Granulation tissue (2). Staining with water blue chromotropic
2B. Vol. 10 x. Op. 10%

Fig. 3. Photo of the anterior abdominal wall micro-preparation of
the rats of the main group on the 20th day afier implantation of the
reticular allografi. Elements of the reticular allograft (1). Granulation
tissue (2). Blood vessels (3). Hematoxylin and eosin. Vol. 10 x. Op. 10%
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Fig. 4. Photo of micro-preparation of the anterior abdominal
wall of the rats of the main group on the 20th day after implanta-
tion of the reticular allografi. Elements of the reticular allografi
(1). Granulation tissue (2). Staining with water blue chromo-
tropic 2B. Vol. 10 x. Op. 10%

Fig. 5. Photo of the micro-preparation of the anterior abdomi-
nal wall of the rat of the comparison group on the 50th day after
implantation of the net allografi. Elements of the net allograft (1).
Granulation tissue (2). Hematoxylin and eosin. Vol.. 10 . Op. 10x

Fig. 6. Photo of the micro-preparation of the anterior abdomi-
nal wall of the rat of the group of comparison on the 50th day
after implantation of the reticular allografi. Elements of the re-
ticular allograft (1). Granulation tissue (2). Staining with water
blue chromotropic 2B. Vol.. 10 x. Op. 10%

© GMN

Fig. 7. Photo of the micro-preparation of the anterior ab-
dominal wall of the rat of the main group on the 40th day after
implantation of the reticular allograft. Elements of the reticular
allograft (1). Granulation tissue (2). Hematoxylin and eosin.
Vol. 10 . Op. 10x

Fig. 8. Photo of the anterior abdominal wall micro-prepara-
tion of the main group of rats on the 50th day after implantation
of the reticular allograft. Elements of the reticular allograft (1).
Granulation tissue (2). The area of edema (3). Lipofuscin ac-
cumulation sites (4). Staining with water blue chromotropic 2B.
Vol. 10 . Op. 10x

For more detailed analysis of the cellular composition of the
granulation tissue the indices of the latter one between the ani-
mals of both experimental groups, depending on the time fol-
lowing the net allograft implantation were compared by us.

Analyzing the results of the study, presented in Table 1, it
should be noted the veritable predominance of the number of
fibroblasts on the 30th day of observation in animals of the main
group. Throughout the observation period animals of the com-
parison group showed an increase in the number of fibroblasts,
with exception of the 50th day of observation, where this differ-
ence against the 40th day is uncertain. An increase in the num-
ber of fibroblasts is also marked in the main group of animals
throughout the observation period, but on the 40th day there is a
probable decrease in their number.

The results of the study, presented in table 2, indicate a prob-
able predominance of the lymphoid cells in animals of the main
group throughout the whole period of investigation, with excep-
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tion of the 30th day of observation, where on the contrary their
number is less. In both groups under study throughout the whole
period, a probable decrease in the number of the lymphoid cells
is noted on the 40" day of observation, with exception of the

main group, where the number of the latter increases.
Evaluating the results, presented in table 3, it should be noted
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the absence of plasma cells in the group of comparison, start-
ing from the 40th day of observation. Indices of the main group
probably prevail only on the 20th day of observation. On the
30th day of observation a decrease in the number of plasma cells
is noted in both experimental group, but this difference is uncer-
tain in the comparison group.

Table 1. Granulation tissue fibroblasts around the net allograft
in different observation terms after implantation of the latter M*m), %

Group of animals
Terms of observation, day Comparison Main
n=16 n=22
19,32+0,672
_ i 9 9
20-th 72,31+0,746 <0,001
30-th 79,31+0,794 90,68+0,815
p,<0,001 p<0,001; p,<0,001
40-th 97,13+0,473 84,05+0,622
p,<0,001* p<0,001; p <0,001*
50-th 98,06+0,309 90,32+0,782
p,<0,001 p<0,001; p,<0,001*

notes.: n - number of observations, p - difference between the two experimental groups,
pl - difference against the indices of the 20th day of observation;

EY

- probable difference against the indices of the previous observation period

Table 2. Lymphoid cells of granulation tissue around the reticular allograft
after implantation of the latter in different times of observation (M+m),%

Group of animals
Terms of observation, day Comparison Main
n=16 n=22
70,234+0,631
20-th 23,13+0,865 p<0,001
30-th 17,440,508 7,55+0,473
p,<0,001 p<0,001; p,<0,001
40-th 3,19+0,319 13,27+0,484
p,<0,001* p<0,001; p <0,001*
50-th 2,13+0,272 6,32+0,408
p,<0,001 p<0,001; p,<0,001*

notes: n - the number of observations, p - difference between the two groups under study;
pl - difference against the indices of the 20th day of observation;
* - probable difference against the indices of the previous observation term

Table 3. Plasma cells of granulation tissue around the net allograft following implantation
of the latter in different observation terms (M+m), %

Group of animals
Terms of observation, day Comparison Main
n=16 n=22
4,27+0,337
20-th 1,16+0,14 <0,001
30-th 1,11+0,148 0,52+0,057
p,>0,05 p<0,001; p,<0,001
1,03+0,121
40-th Separate p,<0,001*
1,05+0,12
50-th Separate p,<0,001

notes: n - the number of observations, p - the difference between the two experimental groups, pl - the difference against the indices
of the 20th day of observation; * - probable difference against the indices of the previous observation period

142



GEORGIAN MEDICAL NEWS
No 4 (313) 2021

Analyzing the results of the study of the granulation tissue
macrophages, which are shown in table 4, the absence of the
latter ones in the comparison group, starting from the 40th day
of observation, should be noted as well. The number of mac-
rophages in the main group of animals predominates, but this
difference on the 30th day of observation is uncertain. In both
groups of animals under study, a decrease in the number of mac-
rophages was observed throughout the whole period of observa-
tion.

Thus, the use of the distant gamma therapy after reticular al-
lograft implantation leads to uneven maturation of the granula-

tion tissue and its edema, probable decrease in the percentage
of fibroblasts, an increase in the lymphoid cells, as well as the
appearance of plasma cells and macrophages on the day 40th
and 50" day of observation.

When evaluating the results of the research of the specific vol-
ume of the collagen fibers per unit area of the granulation tissue,
presented in table 5, it should be noted the probable predomi-
nance of indices in the animals of the main group throughout
the whole period of investigation. In both experimental groups,
there is a probable increase in the specific volume of collagen
fibers throughout the observation period.

Table 4. Macrophages of granulation tissue around the net allograft
after implantation of the latter one at different observation times (M+m), %

Group of animals
Terms of observation, day
Comparison n=16 Main n=22
7,23+0,558
_ :l: b >

20-th 4,440,387 <0,001

30-th 2,19+0,262 2,23+0,227
p,<0,001 p>0,05; p,<0,001

2,4540,261

40-th Separate p,<0,001
2,05+0,283

50-th Separate 9,<0,001

notes: n - the number of observations, p - difference between the two experimental groups,
pl - difference against the indices of the 20th day of observation;
* - probable difference against the indices of the previous observation period

Table 5. Specific volume of collagen fibers per unit area of granulation tissue, %

Group of animals
Terms of observation, day
Comparison =16 Main n=22
52,18+0,591
20-th 48,31+0,805 <0,001
30-th 50,63+0,547 53,27+0,484
p,<0,001 p<0,001; p>0,05
40-th 52,44+0,701 60,05+0,629
p,<0,001* p<0,001; p,<0,001*
50-th 52,38+0,554 54,23+0,603
p,<0,001 p<0,001; p,<0,001*

notes: n - the number of observations, p - difference between two groups under study;,
pl - difference against the indices of the 20th day of observation;
* - probable difference against the indices of the previous observation period

Table 6. Optical density of the colored collagen fibers with water blue in units of optical density

Group of animals
Terms of observation, day
Comparison =18 Main n=24
0,21+0,002
] " > )
20-th 0,14+0,002 <0,001
30-th 0,21+0,002 0,21+0,002
p,<0,001 p>0,05; p>0,05
40-th 0,24+0,003 0,24+0,002
p,<0,001* p>0,05; p,<0,001*
50-th 0,25+0,002 0,24+0,001
p,<0,001 p>0,05; p,<0,001

notes: n - the number of observations, p - difference between the two experimental groups,
pl - difference against the indices of the 20th day of observation;
* - probable difference against the indices of the previous observation period
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Table 7. Specific volume of blood vessels in granulation tissue, %

Group of animals
Terms of observation, day
Comparison n=18 Main n=24
0,52+0,266
} L ) )
20-th 7,06+1,879 <0,001
30-th 3,06+1,237 3,09+1,151
p,<0,001 p>0,05; p,<0,001
40-th 1,52+0,544 2,18+0,853
p,<0,001* p<0,01; p,<0,001*
50-th 1,53+0,491 3,14+0,99
p,<0,001 p<0,001; p <0,001*

notes: n - the number of observations, p - difference between the two experimental groups,
pl - difference against the indices of the 20th day of observation;
* - probable difference against the indices of the previous observation period

The results of the study of the optical density of the colored
collagen fibers, presented in table 6, indicate that there is no dif-
ference between the two groups, with exception of the 20th day
of observation, where a probable predominance of indices in the
main group of animals is observed. Throughout the whole pe-
riod of study a probable increase in the optical density of the
colored collagen fibers is marked in both experimental groups
of animals.

The results of the study of the specific volume of the blood
vessels in the granulation tissue, which are presented in table 7,
indicate a probable predominance of indices in the animals of
the main group, starting from the 40th day of observation. In the
main group of animals, in contrast to the comparison group, a
probable increase in the specific volume of the blood vessels in
the granulation tissue throughout the whole period of investiga-
tion is noted.

In such a manner, the use of the postoperative radiation ther-
apy somewhat distorts the granulation tissue maturation, that is
manifested by a probable predominance of the specific volume
of the collagen fibers, as well as an increase of the specific vol-
ume of the blood vessels, on the 50th day of observation. There-
fore, summarizing the results of the study, it should be noted
that the postoperative radiation therapy leads to edema of the
granulation tissue, even in the remote term after surgery, which
remains for a long time. The rise of the granulation tissue edema
after radiotherapy is confirmed by the results of other studies.

It is known that irradiation leads to a decrease in the number
of fibroblasts in the site of inflammation, which proves a prob-
ably smaller number on the 20th day of observation and a sharp
increase on the 30th day. Also, irradiation stimulates not only
the proliferation but also the maturation of fibroblasts, which
proves the probable predominance of the specific volume of
collagen fibers throughout the observation period in animals of
the main group [7]. Moreover, the degree of their maturity does
not change, which proves the incredible difference in the optical
density of colored collagen fibers with water blue.

The use of radiation therapy leads to increased migration of
lymphoid cells and macrophages, as well as the predominance
of specific volume of blood vessels in the longer observation
period, indicates inflammation in this area and immaturity of
granulation tissue.

This study shows the reaction of almost formed granulation
tissue to prolonged, strong irradiation.

Therefore, the use of postoperative radiation therapy, in large
doses, leads to increased collagen synthesis and the develop-
ment of inflammation in the postoperative wound.
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Despite the predominance of the specific volume of collagen
fibers, this negatively affects the strength of the postoperative
scar, because the granulation tissue has not completed the matu-
ration process due to inflammation caused by irradiation.

Conclusions. The use of the postoperative radiation thera-
py, when performing plastics of the anterior abdominal wall
with net allograft, leads to distortion of the maturation pro-
cesses of the granulation tissue, its edema, which is manifest-
ed by a probable decrease in the percentage of fibroblasts, an
increase in the lymphoid cells, the appearance of plasma cells
and fibers, an increase in the specific volume of the blood
vessels.

Prospects for further research. We consider it necessary
to study the effect of postoperative remote gamma therapy of
the abdominal cavity on the features of the morphology of the
granulation tissue of the laparotomy wound, depending on the
radiation dose.
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SUMMARY

FEATURES OF GRANULATION TISSUE MORPHOL-
OGY AROUND THE NET ALLOTRANSPLANT WHEN
APPLYING POSTOPERATIVE RADIATION THERAPY

Morar L., Ivashchuk A., Bodyaka V., Domanchuk T.,
Antoniv A.

Higher State Educational Institution of Ukraine Bukovinian
State Medical University, Chernivtsi, Ukraine

The aim of the research was to study experimentally the mor-
phologic peculiarities of the granular tissue around the elements
of the reticular allotransplant of the muscular aponeurotic layer
of the anterior abdominal wall when using postoperative distant
gamma therapy.

The experiment has been done on 168 laboratory rats which
were implanted with a prolenic mesh allograft into the tis-
sues of muscular aponeurotic layer of the anterior abdominal
wall. From the 13th to 19th day after the implantation of the re-
ticular allograft, animals from the main group (96 rats) received
irradiation of the site of the last one. Taking of the biological
material was carried out on the 20th, 30th, 40th and 50th day
after surgery. For optical research at histological examination
the samples of biopsy were fixed in 10% neutral formalin. Par-
affin sections were stained with hemotoxylin and eosin. To
identify collagen fibres the method of histological sections’
coloring was applied. The results of the research indicate that
the use of distant gamma therapy after reticular allotransplant
implantation leads to uneven maturation of the granulation
tissue, its edema, probable decrease in the percentage of fi-
broblasts, increase of lymphoid cells as well as the appear-
ance of plasma cells and macrophages on the 40th and 50th
days of observation. At the histologic sections coloring with
aquious blue-chromotrope B2, there is a predominance of the

© GMN

specific volume of collagen fibers and an increase in the spe-
cific volume of blood vessels on the 50th day of observation.
Thus, the use of the postoperative radiotherapy at the plasty
of the anterior abdominal wall with a reticular allograft leads
to the distortion of the maturation process of the granular tis-
sue, its edema, which shows itself in the probable reduction
in the percentage of fibroblasts, increase in lymphoid cells,
appearance of plasma cells and macrophages as well as prev-
alence of specific volume of collagen fibres, increase in the
specific volume of vessels.

Keywords: granular tissue, gamma teletherapy, reticular al-
lograft / allotransplant, muscular aponeurotic layer.

PE3IOME

OCOBEHHOCTH MOP®OJIOT'MU T'PAHYJISILIUOH-
HOM TKAHM BOKPYI' CETYATOI'O AJIJIOTPAHC-
IIJIAHTATA IIPU TPUMEHEHUU MOCJIEOINEPALHU-
OHHOM JIYYEBOM TEPAIIUU

Mopap U.K., UBamyxk A.U., Boasika B.10., lomanuyx T.H.,
AHTOHUB A.A.

Buvicuee eocyoapcmeennoe obpazosamenvroe  yupescoeHue
Vrpaunvr Bykosunckuii eocyoapcmeennvlil. MeOUYUHCKUU YHu-
sepcumem, Yepnosywl, Yxpauna

Lenbio HccieOBaHuUs SIBUIOCH ONpe/eeHHe 0COOCHHOCTH
MOP(OJIOrHHU IPAHYISIIMOHHON TKAHU BOKPYT 3JIEMEHTOB CeTya-
TOTO aJUIOTPAHCIUIAHTATA MBILICYHO-aIIOHEBPOTHYECKOTO CJIOSI
nepeiHel OPIOIIHOM CTEHKH TPU MPUMEHEHUU MOCIIeoneparu-
OHHOM JIMCTAHIIMOHHON raMMa-Tepariuy B SKCIIEPUMEHTE.

DKCIIEpUMEHT BBINONHEH Ha 168 51abopaToOpHBIX KpBICaX,
KOTOPBIM HMIUIAaHTUPOBAH IIPOJICHOBBIM CETYaThlii ajIOTpaH-
CIUIAHTAT B TKAHM MBILICYHO-ATIOHEBPOTHYECKOTO CIIOS Mepe-
Hell OpIOLIHOM CTeHKH.

JKuBoTHble 0cHOBHOM rpynisl (n=96) ¢ 13 o 19 cytku nocne
MMIUTAHTAllMKM CETYaTOro aJUIOTPaHCIUIAHTATa MOJyYain 00iy-
YeHHEe Y4acTKa PACIIONIOKEHHs MOCISTHEro raMma-TepaneBTH-
gyeckuM annaparom AIAT P1-VY, ("bantuen", Dcronus). 3adop
OGuosoruyeckoro Marepuana nposoauwiu Ha 20, 30,40 u 50 cyT-
KM IIOCJIe ONEepaTUBHOTO BMeliareiabcTBa. (s cBeTo-oI-
TUYCCKOI'0 UCCIIEAOBAHUSA IPU T’UCTOJIOTUMYECKOM UCCIICIOBAHUU
ouonrarsl GpukcupoBanu B 10% ueiirpansHoM hopmanune. [1a-
paduHOBBIC CPe3bl OKPAIIUBAINA I'€MAaTOKCHIMHOM U DO3HHOM.
JIyis MaeHTU(UKAIME KOJIJIArCHOBBIX BOJIOKOH HCITOJIb30BAJIN
MeTOJll/IKy OKpaCKH r’uCTOJIOTUHYECKUX CPE30B BOAHBIM FOJ'ly6]>IM
- XpoMotpornom 2B.

Jlist MOp(hOMETpUUECKOro UCCIIeIOBaHMUs CHaYasa IMoJydalit
I[BETHBIC IU(PPOBBIC KOMHK ONMTHYCCKUX M300paxeHuit (udpo-
Bo¢ paspereHue - 1600x1200) ¢ momoripio Mukpockomna Delta
Optical Evolution 100, ITonbIa (riaHaxpoMaTuueckue 00beK-
TuBbI - 20X ¥ 40X B 3aBUCHUMOCTH OT LI€JICH MCCIEI0BaHuUs) U
umdposoii kamepsl Olympus SP-550UZ (Snonwust). Ha nudpo-
BBIX KJIOIIHUAX OIITUYCCKUX H306pa)I<CHHﬁ B Cpeaec u l/IHCprMeH—
TaMy KOMIIbIOTepHO# mporpammbl Image J (1.48, W. Rasband,
National Institutes of Health, USA) npousBomuin 6e3moBTOp-
HBIM TOJICUET YMCJIa KJIETOK Pa3HbIX THUIIOB (CKOP-TECT) C IO-
CJISIYIOIIUM IPEJCTABICHUEM UX YUCIIa B IIPOLICHTHOM BUJIE U
oIpe/iesieHNe YACIbHOro 00beMa KOJIareHOBBIX BOJIOKOH U KPO-
BC€HOCHBIX COCy)lOB l'[yTeM X BBIACJIICHUA U aBTOMATHYCCKOI'O
TOJICYeTa YNCIIa IPUXOSIINXCS Ha HUX TIHKCEIIeH ¢ MOCIeay o-
MM TIEPEBOJIOM JIaHHBIX B %o.
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HOJ’Iy'-leHHbIe pe3yanaT1>I HCCIICAOBAHUA CBUIACTECIILCTBY-
IOT, 4TO NPUMECHCHUEC JlPICTaHLlHOHHOﬁ ramMmma-Teparuu I1ocljie
UMIUTAaHTAlUU CE€TYATOro ajuIoTpaHCIUIaHTaTa MPUBOAUT K HE-
PaBHOMEPHOMY CO3PEBaHHIO IPAHYJSIIUOHHON TKAHHU, €€ OTEKY,
JIOCTOBEPHOMY YMEHBIICHHIO TIPOIeHTa (prOpoOIacToB, yBeiu-
YCHUIO HHM(bOH)leIX KJICTOK M IOABJICHHIO INIa3MaTHYCCKHX
KieTok 1 mMakpodaros Ha 40 u 50 cyrku nHabOmonenus. [Ipu
OKpacKe T'MCTOJIOTHYECKHUX CPE30B BOAHBIM IOJIYOBIM - XPOMO-
Tponom 2B orMeuaeTcsi JOCTOBEPHBIH POCT YIASIBLHOTO 00bemMa
KOJUIar€HOBBIX BOJIOKOH M COCYNOB Ha 50 CyTKM HaOMIOEHUSL.

G9boydy

3M8byg@oog®o  Jimgogols dm@GmeEmyool  mogoly-
59098560 dogdM0go SeEmEASbL3@sb@o@ol 0Magaog
M39M5300Lgdamdo Lbogydo mgmsdool asdmygbgools
300md95To

0.00G5M0,
>.0b@mbogo

2.0859hg 30, 3-0©05 35, O-0m3obhy g0,

b9303060L  Lobgandfogm Lsdgwoiobm  gbogg@lodgdo,
hg@bmgz0, 93@o0bs

330 g3ol  dobobl  Fo@mImowagbos  g@obygasioy®o
Jbmgogols dn@gm@emyool megolgdy@mgdoms goblob-
@gds Igamol Fobs ggomol 39bmmgsb-s3mbgg@mby-
@0 IOl 65090030 SEMEMbL3gsb@o@ol gengdgb-
Bgdol 0dagmog ™m3gMo300ldgdnamdo wolidsbioydo
303d5-mgMs300l 253myggbgoolals 9Jb3g@0dgb@ do.

9JU39M03g6BH0 Bo@o®ws 168 @odm@s@m@moya go®-
05335bg, OmIgmmsi Igaeol [obs ggomol 39bmm-
356-53mbggdmbyen  dBgdo 033emsbBodgogmo JJmbos
300 gbols ds©goM0go SemA®sbldansb@s@o.

doMm0mspo X980l 3bmggargdo (1=96) dowgddogo
S mMAAbL3@sb@Go@ol 033esbBoiEoowsb dg-13-19 wegls

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

00gdebgb o3 Josdml olboggdsl gods-mg@sdoyano
s3oMo@om ATAT P1-V ("Baltiec”, gb@mbgmo). domanmao-
@G0 dobogol sgds  gobbm@Eogmos  m3gMsGoyao
ho®ggowsb 39-20,30-9,d9-40 s 50-9 @mgl. dobEmanmao-
9®0 Lobsm@y@m3@oggdo ggmggologol dom3@s@gdo
goJbodgdmes  10%-056 bgo@@omyd  gm@dsgrobo.
3oMogg0byano sbosmangdo  Ygmgdogo ogm Jgds@mlo-
@obon s gmbobom. gmasygbygdo dmd 3mgool owgb-
H0gog>300bsmgol  yodmyggbgdygamo  ogm  dobEmenmao-
@G0 sbosmangdols Ygmgdgol Igmmeogs  JOMIMB@™I
2B-om.

doOgmdgdeogmo 33 ggobomgol  mogpsdoMggms®
doomgdmes Mm3Gogg®o  godmbobymgdgdols GogOYo
sbengdo  (1600x1200) dogmmlgm3ols Delta Optical Evolu-
tion 100 (3menmbgmo) s Eog®Ogmo 3sdgdols Olympus
SP-550UZ (053060s) 253myggbgdom. m3@ogg®o  aodmbe-
bygargdgdol og@ge Slgngdby ao®gdmdo ©s Jmd-
3093 gt geo  3Gma@sdol  Image J (1.48, W. Rasband,
National Institutes of Health, USA) 0bl®®9dgb@gdom aob-
bodGogmes  bbgowolbgs Bodol  gx@gogdol  ogas,
domo  Ygdamdo  Y-gano  godmbs@Bgom, slggg, Jmens-
396900 dmdgmgdol ©s Lolbandodmggdol bggo@omo
doEgemdol aoblsbmg®s domo godmymegol s Jomnby
3ogmomo  3odlgegdol  @omEgbmdol  sgBmIsGydo
ngmom ©s Jgdpymdo gowaygsboo %-do.

doegdgao gogagdo Jogmomgdl, Gmd ©oli@sbio-
W00 2odo-mg@a3o0l  godmygbgds  dowgdMogo  som-
BOBL3@sbHoGol  0d3gob@oiool  Ygdwgy  0Fg93L
30bg@ooy®o  Jbmgogols  s@omobods®  Imdfogg-
650, dob g g390ol, Bod@OMdasl@gool 3Mmzgbdol
Lo®-§dybm  Fgd0cgdol, @odgmopyg®o X ®gogdols
353 905l, 3eobIYMo  xdgegdobs ©s d53MmMRoy9o0ls
3ohgbsl ogg0mg3900L dg-40 s 50-9 L. doLGmeom-
30900 3M935M5Hgdol Jgwgdgolsl JOHmInEOM™3 2B-om
>@0b0dbgds  Jmeoggbydo dmdzmgdol ©s Lolbban-
doM3960L Lom{Igbem bAPs ws3z30M3900L 50-9 @l.

OCOBEHHOCTH PA3BUTHSA PEITPOTYKTUBHOM CUCTEMBI ITPA UCIOJIL30BAHAN
I'EHETUYECKHU MOIUPULTUPOBAHHBIX HCTOYHUKOB (OKCHHEPUMEHTAJIBHOE UCCIIEJOBAHHUE)

Xapucoa H.M., ’Cmupnosa JL.M., *Ky3bmun A.®., 'PricnaeBa I.K., 'Jlenec6aeBa I A.

'Kapazanounckuii meouyunckutl ynusepcumem, kagpeopa mopgonoeuu u gpusuonoeuu, Kapaeanoa, Kasaxcmanu;
Kocmpomckuii eocyoapcemeennviii ynusepcumem um. H.A. Hexpacosa, *ragedpa pusuueckoil kynomypot u cnopma,
Skaghedopa 6uonozuu u sxonoeuu, Poccus

B Hamm gHUM OMOTEXHOJIOTHsI CTPEMUTEIIBHO Pa3sBUBACTCA
6]'[8.1"0)121})5{ HCHOJIb30BAHNUIO COBPEMEHHBIX METOAOB JIsd CO34a-
HHSI HOBBIX 6H0npenapaTOB, CII0CO0OB MX CHHTE3a U pacno3Ha-
BaHUs. OI[HI/IM u3 MCTOHOB, NPUMCHACMbBIX B 6I/IOT€XHOJ'IOFI/II/I,
SABJIACTCA METOJ TCHHOI WHXXCHEPUH, TTO3BOJISTFOIIU I co31arb
u MOZ[I/I(bI/IIII/IpOBaTL Pas3JIMYHbIC HOBLIC MPOAYKTbI, HUCIIOJbL3Y-
eMble B THUIICBOM IIPOMBINUIEHHOCTH, MEAUIIUHE, CEILCKOM
X03ﬂﬁCTBe, (I)apMaL[eBTPI'{eCKoﬁ M XUMHYECKOI HMPOMBIIIICHHO-
cru. C IIOMOMIBIO TCHHOM WHXXCHECPUHU ITOJIYyHalOT MUKpOOpra-
HU3MBI-ITPOAYLEHTBI aHTI/I6I/IOTI/IKOB, Q)epMeHTOB AMHUHOKHCIIOT

146

BUTAMHUHOB; PEKOMOWHAHTHBIC BaKIIMHHBIE ITAMMBI OaKTEpHii
U BHPYCOB; TPaHCT€HHBIE PACTEHUs, 0OJice MPOIYKTHUBHBIC H
YCTOMYMBBIE K BPEAUTENSIM, MEHee TpeOOBaTeIbHBIC K YCIIOBHU-
SIM BBIPAIIUBAHMST; TPAHCTEHHBIE KUBOTHBIE, BRIPAOATHIBAIOIINE
C MOJIOKOM OHOJIOTHYECKH AKTHBHBIC BEIIECTBA JIEKAPCTBEH-
HOTO Ha3Ha4YeHHs. BMecTe ¢ TeM BMEIIATeIbCTBO B CTPYKTYPY
renoma monekyibl JIHK u reHOB BBI3bIBaeT cepbe3Hoe Gecrio-
KOHMCTBO B 00mIecTBe [6,26].

[Mpeskie 4eM HCIOIb30BaTh T€HHO-MOMU(DUIIMPOBAHHBIE CO-
pTa U MPOIYKTHI HA MX OCHOBE JJIsI [TUTAHUS YEIOBEKA WIIH B
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KOpPM [yl CKOTa HEOOXOAMMO NMPONTHU KOHTPOJIb Ha HUIIEBYIO
Oe30macHOCTh ¢ yueToM mnpuHLunoB Koxekca AnumeHTtapuyc
Ul MX OLICHKU [14].

J1yis Toro, 4To0BI KJIeTKa ObliIa CIIOCOOHA CHHTE3HUPOBATh HO-
BBIC BEIIECTBA, OeNKU-(QepMeHThI, HeOOXOAUMO BCTPOUTDH B Hee
qy)KepoaHbIH TeH. {1t 9Toro Heo6XoMMO pa3paboTaThk CIOCo-
6])1 BBCJICHUS B KJIIETKY HOBBIX I'CHOB, KOTOPbIE MOYXHO CUHTE3H1-
posatb, 3Has ux crpoenue [1,11].

OpHaKo HeJb3si TOYHO MPECcKa3aTh, KAk MOBEAET cedsl uyxe-
ponusiii pparment JIHK B reHome opranusma-gonopa. [1o ceit
JAC€Hb HEAOCTAaTOYHO U3YUYEHbI MCXaHU3MBbI (byHKL[I/IOHl/IpOBaHI/Iﬂ
TEHETUYECKOro arrapara BbicIuxX opranu3mos [10].

Heo0xoaumMo KpaifHe 0CTOPOIKHO MOAXOAUTH K HCIIONB30Ba-
HHIO TeHeTHYecKn MoauduunpoBannsix opranu3mos (FTMO) B
COCTaBC NMPOAYKTOB INUTAHUA JId YE€JIOBEKA U )KUBOTHBIX, XOTA
npuMeneHne 'MO kapIrHaJIBHO U3MEHUT CUTYaIHMIO AeULIUTa
IIPOAYKTOB ITUTAHUSA. l'[epe;[ COBPEMEHHBIM 061J_[eCTBOM CTOAT
BOIIPOCHI, HA KOTOPbIC HEJIb3S OJHO3HAYHO OTBETUTH «MOXKHO
1 npuMeHaTb MO B KauecTBe IIPOIYKTOB MUTAHUS WM HET?
Ecnu — na, To, B Kakom xoindecte? Kak Bnuser 'MO na dyHK-
IHUOHAJIBHBIE CUCTEMbI OpraHu3mMa 4€JI0BEKa 1 JKUBOTHBIX 7%

[TpoucxoauT HapylIeHHe CTAOMIBHOCTH TeHOMA M H3MEHEHHUE
ero (yHKIMOHMPOBAHMS BCIIEICTBHE caMoro (hakra repeHoca
gyxxepoauoi nudopmanuu B Buae ¢pparmenta JJHK. CornacHo
JIAHHBIM OCJIbIMICKUX YYEHBIX, JIa)XKe caMble pacrpoCTpaHeH-
HBIC B HACTOSIIECE BPEMsI KOMMEpPUECKHE COpTa pacTeHHid (cos
¢bupmMbl «MOHCAHTOY», YCTOWYMBAs K repOHLULYy payHAaaly) He
COXPAHSIOT TI'€HETHYECKYI0 CTAaOWIIBHOCTH Iocie TpaHcdop-
Malunu UCXOAHOI'0 pacTeHU, T.€. BHEAPCHUSA B UX I'€HOM YYiKC-
ponuoro ¢parmenta JIHK wu, ciemoBarenbHO, SBISIOTCS IMO-
TEHUHAJIbHO OIIaCHbIMU IJIsd YC€JIOBEKA U CPEAbI €TI0 OGHTHHI/ISI
[16,18,21,25].

BhipaskeHHOM TOKCHYHOCTBIO JIJIsI MIICKOITUTAIOIINX 00J1a1a-
IOT MHOT'MC JICKTHHBI, XUTHHAa3a, PIHFI/I6I/ITOpr pl/IGOCOMaJ'IbeIX
OCJIKOB, CEPUHOBBIX IPOTEa3, LUCTEHHOBBIX IpoTeas, ajb(da-
amma3. [losiBIeHHE TOKCHYHBIX CBOMCTB ITHX O€nkoB Oymer
OIOCPEIOBAHHO UX KOHLEHTpauueil B mponykre. /i oneHkn
MUIIEBLIX PUCKOB CIIEAYET ONPEIACIHUTh IOIMYCTHUMYIO HOPMY
BO3/ICUCTBUS 3TUX OENIKOB Ha opranusm [3,20].

B paMKax OLCHKH BJIWAHUA FeHHO—MO)lM(bPILIHpOBaHHbIX op-
raHU3MOB M I'€HETHYECKH MOAU(UIMPOBAHHON MPOIYKIHU Ha
YeJIOBEKa, )KUBOTHBIX M OKPYXKAIOIIYI0 CpPely HEoOXOIMMO pe-
TYJISIPHO cOOMpaTh MH(POPMALMIO U JOBOIUTH JI0 CBEIACHHS Ha-
CeJIeHHs 0 xapakrepe ux Bojeicraus [4,9,18].

B IOCJICAHEE BPEMA B HPOMBILIIJICHHBIX Maciradax BbIpa-
muBaoTcs 4eTbipe I'M KyIbTypel — XJIOINOK, COsl, KyKypy3a U
parc. YueHsble, IPOU3BOAUTENN M OTPEOUTEIIH 110 CEH JIeHb He-
OJIHO3HAYHBI B PELICHHH BOIIpoca 00 OMACHOCTH JUIsl YeJIOBeKa
U JKMBOTHBIX TPOIYKTOB, COZIEpIKAIINE I'eHETHYSCKH MOAU(H-
rupoBanHbie opranu3Mel (I'MO) uin reHeTndecku MOAUGHULIHU-
posanuble nponykrsl (I'MII). MHoxxecTBOM ucciaenoBareneit
yCTaHOBJIEHO HeratuBHoe BoszzeiicTBue I'MO Ha 310poBbe ue-
JIOBEKa U XUBOTHBIX BBUIY pasnw-mofxi HNX TOKCHYHOCTH (re—
HOTOKCUYHOCTb, KaHHEPOIC€CHHOCTb, PCIPOAYKTHBHAsA TOKCHY-
HOCTb), YTO BBI3bIBACT HAPYLICHUEC MEXaHU3MOB 3H}10KpMHHOﬁ
cucremsl [12,15,26].

CoracHo uccienoBanusiM 3axkupoBoi ['III. u coast. [2],
BIMSIHUSL TIOTpeOieHus con auuun 40-3-2 Ha BHYTpUYTpOOHOE
(bopmHpoBaHHe I0I0B ¥ (U3HOIOTHUECKOE PA3BUTHE IEPBOTO
1 BTOPOTO MOKOJICHUH OCJIbIX KPBIC HE BBISIBIICHO.

Nawaz M. A. et al. He onpoBepraiot, 4To TpaHcreHnsl B ' M-
NpoAYyKTax, U3BJICUEHHBIX U3 CEJIbCKOX03MCTBEHHBIX KYyJBbTYD,
UMeEIOT 00J1ee BEIPAKEHHYIO TEHICHIIMIO K aCCUMUJISILIAM U COe-
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JIMHEHHIO B OPraHU3Me uesioBeka, yeM pacrtutenbHas [JHK [22].

Het 100% rapanTtun Toro, uro MO 6e30macHs! st )KU3HH
U 3010POBbs YECJIOBEKA U JKUBOTHBIX, [IO3TOMY UX UCCJIICAOBAHUE
nponoinkarcs. TpebyeTcs pa3paboTka crieluaabHbIX METOI0II0-
TUil JJIs1 OLCHKN TeHETHYECKH MOIU(UIMPOBAHHBIX KYIBTYD,
NpEaHasHAYCHHBIX JJIA n0Tpe6neH1/m JKUBOTHBIMH, C IICJIBIO
obecrieueHust OoJiee TOYHON M CTAHJAPTHU3MPOBAHHON OICHKH
6e3onacHoctu kopmoB I'M [17,18].

OHUM U3 TOTOIHUTENBLHBIX METOIOB OLEHKH BiugHus [ MO
Ha d)yH](LlI/II/I YCJIOBCKA U XHMBOTHBIX SBJISICTCS aHAJIM3 (byHK—
IUHA PErpoayKTUBHOM CHUCTEMBI, IPOAOJIKUTEIBHOCTH KU3HU
U CMEPTHOCTH. PenponyKkTuBHas cucTeMa SIBJISETCS OIHOU U3
CaMbIX yﬂ3BI/IMbIX CHUCTEM JId BOSﬂeﬁCTBHﬂ He6J'laFOHpI/IﬂTH]>IX
BHEIIHUX ¥ BHYTPEHHUX (haKTOPOB, YTO U 0OYCIOBIMBACT 3HA-
YUMOCTb TIPOBEICHHS HCCIICJOBAHUM PENPOIYKTHBHOI (yHK-
LUK U Pa3BUTHS MOTOMCTBA B MIOKOJICHUSX [7].

AHanu3 Hay4HOM JMTepaTyphl IMOKa3al, 4TO TOKCHYHOCTh
TeHETHYECKU MOAM(DUIIMPOBAHHBIX PACTCHUH BIMSET HA M3Me-
HEHHE PENPOAYKTUBHBIX (YHKLIMH ¥ MaTOJOTMYECKHX Hapy-
IIEHUAX B OpraHax TeX >KUBOTHBIX, KoTopsle nuratoTcs ['MO.
HccnenoBanus BeTepUHApPHO-CAaHUTApHBIX cinyx0 [omnanaun,
[Betinapuu, JlaHuu, arpokOMNaHuii W CHEMATUCTOB Menu-
nuHckoro Cosera BennkoOpuranuu nokasaiu, 4to JIUIA, yIo-
TpeOISIOIINE HOBBIM BHJ 3epHA KyKypy3bl, B KOTOPOM OeJjKa B
2-3 pa3za Goiblle, CO BPEMEHEM IOABEPKEHbI PUCKY CHUKCHUS
(YHKINY UMMYHHOW CHCTEMBI U Pa3BUTHSI OHKOJIOTHYECKUX H
HepBHBIX 3a0oseBanuii [10,13,18,19].

Bceepoccuiickuii Hay4HO-UCCIEI0BATENBCKUI HHCTUTYT JICKap-
CTBEHHBIX M apOMAaTHYECKUX PACTEHHH, aHAIM3UPYs HCCIIeI0Ba-
Hus Muctutyta nutanus PAMH, BeisiBuIL, 9TO «B pe3ynbrare npo-
BE€JICHHBIX SKCIICPUMEHTOB ITOKa3aHO, YTO 4€PE3 1 MCCHL ITUTaHUuA
I'M-kaprodernem HaOIOAATOCH CTATUCTHYCCKH TOCTOBEPHOE CHH-
JKCHUEC MACChI TCJIa, aHCMHS U }II/ICTpO(IJI/I‘leCKl/le HU3MCHCHHUA Ieria-
TOLIUTOB Y KPBIC, ITOJIYYaBIINX TPAHCTEHHBIH KapTO(eIb, 110 CpaB-
HCHHIO C )KMBOTHBIMH, l'IOJ'[y'-[aBIJ_IPIMI/I T'palll/lL(l/IOHHblﬁ ](apTO(beJ'lb
Ha (poHe 0OIIIeBMBAPHOTO partoHay [8].

SInoHcKue uccefoBaTesiy B TeUeHUE 52 HEeNb U3ydanu KpbIC
nmanu F344 DuCrj, koTopble yIoTpeOIsuIi paLiyoH, Coaep Karnii
30% TpaHCT€HHOM COH, YCTOMYMBOM K JACHCTBHIO repOULH/a [H-
¢ocar. KonrponbHast rpyma kpbic norpedisuia 30% ne-I'M cou B
JIOTIOJTHEHNE K OCHOBHOMY pariioHy. VICIIONIb30BaHbI POJCTBEHHBIC
copta I'M 1 He-I'M cou, a o01uii cocTaB HyTPUEHTOB B OIIBITHOM
1 KOHTPOJIBHOM rpynmnax Obul uaeHtudeH. Kpome toro, ncrosns3o-
BaHa CILE OJ[HA IPYIINa CPABHEHUs, B PALIMOHE KOTOPOH HCIIONb-
30Bau cTaHgapTHyto nuety (CE-2). [laHHOe HccneoBaHUE CBU-
JIETENIBCTBYET, YTO XPOHUUYECKOE MOTpeOIeHNe COU, YCTOHIMBOM K
rmgocary, B konudectse 30% oT 6a30BOM AUCTHI HE PUBOIMUT K
SIBHBIM HETaTHUBHBIM ITOCIICACTBHSM 15l Opranusma [23].

BBO}I CTOPOHHHUX I'€HOB ):lpyl"I/IX BHUJI0B HUJIM KJIaCCOB B Oopra-
HU3MBI CO3/1aCT TCHETHYCCKHN COON M OJIOKHPYET MPOIECChI
pa3MHOXKEHUS: CpabaThiBaeT «3alllUTa» MPUPOJBI IPOTHB pac-
npocTpaHeHus reneTnyeckux xumep [10].

Crenyer HpH3HATh, YTO IMPOU3BOJICTBO TPAHCICHHBIX IIPO-
IYKTOB HJET B HPOMBIIUICHHBIX Macmitabax. I[Tmasmumsr c
I'M-BcTaBkamu, momnajasi B OaKTEpPUH KENyIT0YHO-KHIICUHOTO
TpakKTa, a 3aT€M 1 B KJIECTKU KPOBH, ITOJIOBBIC U APYIUE€ KICTKU
4eJioBeKa, BUJOM3MEHSIOT UX. 3 «TpaHcOpMUPOBAHHBIXY T10-
JIOBBIX KJIETOK MOTYT MOSABJIATHCA OCO6I/I C '€HaMu OT APYIux
BHJIOB U KJIACCOB XKHMBOTHBIX HJIHN paCTeHl/If/’l, 6OJ'II)LI_II/IHCTBO n3
KOTOPBIX 6yjlyT 6CCl'l.]'lO)1HbIMPI, JA0Ka3arCJIbCTBOM YCro sBJIA-
1oTcs uccienoBanust Schubbert et all. [24] Ha MbImax, y KoTo-
PBIX OOHAPYXKWJIM TEHETHYECKH MOAU(UINPOBAHHBIC BCTABKH
B KPOBH U B Pa3HbIX OpraHax BHYTPHYTPOOHBIX IUIOJOB U HO-
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BOPOXKJCHHBIX MBIIIAT TOCJIE KOPMJICHUS OEpeMEHHBIX CaMOK
TPAHCI'€HHBIM KOPMOM.

Ienp wccnenoBaHust — ONpene/iCHHE H3MEHEHUH Mopdo-
(YHKIMOHANIBHBIX TIOKa3aTeNneil PenpoiyKTHBHONW CHCTEMBI
MBILIECH U BIUSHHUS TeHHO-MOAN(UIUPOBAHHBIX OPraHU3MOB Ha
UX PEIPOAYKTHBHYIO CUCTEMY.

Marepuaa u Meroasl. VccienoBaHue npoBeaeHo Ha Oase
Kadeapbl MEAMKO-OMOIOTHYCCKUX AUCHMIUIMH KocTpoMcKkoro
rocygapcTBeHHoOro ynusepcurera um. H.A. Hekpacoa u I'Y
«Kocrpomckas obnactHasi BeTepuHapHast 1ab0opaTopush».

Jnst yCTaHOBIICHUS! BIUSHUS TeHETHUSCKH MOANU(DHUIIPOBAH-
Horo ucroyHuka (I'MMW) Ha pa3BuTHE OpPraHoOB PENPOLYKTUBHOM
CHUCTEMBI MbIIIEH U3y4yeHa CIIOCOOHOCTh )KUBOTHBIX, BBIPALCH-
HBIX C UCIIO0JIb30BAHUEM TPAHCICHHBIX KOPMOB, K JaJIbHEHIIIEMY
BOCIIPOM3BOJICTBY Ha NMPOTSKEHUU Psilia TOKOJICHUH.

B kadecTBe 00BEKTa HCCIEIOBAHUS HCIONB30BAINCEH J1a00-
patopHble HeJIMHEHHbIe MbIK B Bo3pacte 20 nHei, Bec - 40 I
Beizesiens! Tpu rpynmsl, 10 10 )KMBOTHBIX B KaXJIOH - 7 CAMOK U
3 camua. JKusotssie 11 rpynms! (KOHTpOsIbHAS ) TOTyYaId CTaH-
JIapTHBIA panuoH ¢ coxepxkanueM 20% (MO MUTATEIBLHOCTH)
TCHETUYECKN HEMOIU(BHUIIMPOBAHHOTO COEBOrO MipoTa. JKHUBOT-
Hble | rpynmne! (I onbITHAS) HoOMyyYann aHaJIOTUYHBINA PAaLMOH C
3aMEHOM COEBOT0 LIPOTA Ha TEHETHYECKU MOIU(DUIINPOBAHHBIN.
Kusotssix II rpynmst (I onbITHas) KOPMUIN TOJIBKO FeHETHYE-
CKH MOZIU(UIIPOBAHHBIM ILIPOTOM.

B nauane onbiTa, a 3aTeM exeJeKaJHO MBbIIIECH B3BELIMBAIH.
[ToroMCTBO B3BEIIMBAIU IPU POKACHUH, a 3aTEM 10 AOCTHXKE-
HUSI MECSIYHOT'O BO3pacTa KKyl HEIEIO.

PerynsipHo M3 Ka)knoro reesfa OTOMPaJIUCh JKUBOTHBIC IJIS
HOJIyYEHHUS U HCCIIC[OBAHUS CTEIICHU Pa3BUTHUS IOJOBBIX JKe-
ne3. Macca xenes u3mepsuiach npu nomoinu Beco BJIA-200
(Poccus). Bromerpudeckas 06paboTKa JaHHBIX TPOBOAMIACH B
COOTBETCTBUU CO CTaHAAPTHBIMHU METOANKAMHU C UCIIOJIb30BaHU-
€M DJICKTPOHHBIX TAOJIHIL.

B coorBerctBumn ¢ Ilpukazom MunsapaBa Poccuiickoi
Oeneparun Nel199u ot 1 anpeinst 2016 1. «O6 yTBepkIeHUH
npaBuil 1a00paTOpHON MHPAKTUKU» OCYIIECTBIISIIA JBTaHa-
3UI0 KUBOTHBIX. JKMBOTHBIX JIMIIAIMA MUINK 3a 12 4acoB 110
aBTaHazuu [5].

IIpoBenensl aHanu3bl ABYX MapTU COEBOrO MIPOTA, UCHONb-
3yeMOro Ajsi KOPMJICHUS MBbIIIEH, Ha NpeaMeT I'eHeTH4eCKOH
monubukanuu. Beinenenne JIHK Ha mepBoM 3tame sBiseTcs
MapKepoM HaJINYUsl TeHETHYSCKH MOAUGBHUIUPOBAHHBIX HCTOY-
HukoB (I'MU), 'MO B numeBoM mix KOpMOBOM Iponykre. Ha
BTOPOM 3Talle NPOBOAMJIACH MOJUMEpa3Has LEMHAs pPeaKIys
(TTLP): ammmdukanus Beipenennoir JJHK u oOHapyxenue
TpaHCTeHHBIX y4acTkoB -35-S/NOS mpubopom AHK — 16/32.
«35-S/NOS ckpunutr». Bo Bpemst aMiuindukanuy napauiesib-
HO BBINOJHSIACh JeTeKuuns curnana quyopecuenuu. [IpoBo-
JIWIICST MYJBTUILICKCHBI aHaIM3 NMpoObI C BBIABICHUEM 10 4
areHTOB B OJJHOM 00pasiie.

Kunernka ITL[P TecHo cBsi3ana ¢ curaaiom quyopecieHnmy,
MO3BOJISIET ONPEACTUTh McXoaHoe konnyecTBo konui JIHK un
CpaBHUTH 00pa3ibl Mexay coboit. [Tpu kauecTBeHHOM aHau3e
Ha JaHHOM YCTPOICTBE MCIIONB30BaH YETHIPEXIBETHBIN (i1yo-
pUMETD, B CBA3H, C YEM YCTPOMCTBO AOMyCKAET IPUMEHEHHE 10
YeThIpex KpacuTesel u oOHapyXKeHHe 10 YeThIPEX Pa3IUYHbIX
xapaktepubix ¢pparmentoB JJHK B xaxoit npodupke ogHOMO-
MEHTHO.

CpaBHEHHE KCIIEPUMEHTAIbHBIX 00Pa31I0B C KaTMOPOBOUHBI-
MH 00pasiaMu ¢ M3BECTHOW KOHIICHTPAIUCH Crerr(UuIecKux
¢dparmentoB THK u ucnosnb3oBanuem ammndpukaropa AHK
— 16/32 (aHanu3aTop HYKJIEHHOBBIX KHUCJOT) U TECT-CHCTEM
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MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

JIEXKUT B OCHOBE KOJIMUECTBEHHOIO aHaIM3a COM B MPOIYKTax
MIUTaHUsL, TUIIEBOM ChIPbE U KOPMax ISl dKUBOTHBIX.

KauecTBeHHBII aHanM3 AByX 00pa3LOB LIPOTA BBIABHI B OJI-
HOM M3 HUX Haimuuue ['M cou. DTOT WIPOT UCTIONIB30BAJICS IS
KOPMJICHUSI OTIBITHBIX MApTHH KUBOTHBIX. Bropoii oopazen ['M
COM HE CoJieprKall.

Pe3yabTarel n 06cy:kaeHne. Pe3ynbraThl MpOBEIEHHOTO HC-
CJISIOBAHUS TOKA3al1, YTO CKapMIMBAHUE POAUTENSAM I'eHETH-
4eCKH MOANU(UIIMPOBAHHBIX KOPMOB HE MOBIMSIIO HA HX oO1ee
cocTosiHMEe. B Tpex rpymnmax mbliei oTMeueHa CTaOWIIbHOCTh
Macchl, Mopdonorndyeckue ¥ (GyHKIHOHAIbHBIC HHIMKATODPBI
TIOJIOBBIX 7K€JIE3 CTATUCTUYECKHU JJOCTOBEPHO HE OTINYAIIUCE.

Cpenyl JKUBOTHBIX, BKJIIOYEHHBIX B POAUTEIBCKHE TPYIIIHI,
MEPTBOPOXKICHHBIX XKHUBOTHBIX HE OTMEUEHO. Bo BHeIIHEM BHIe
JKMBOTHBIX IaTOJIOTMH He HaOmoaanuck. Jlo MecsyHoro Bo3pac-
Ta rubeb noToMcTBa oTMeueHa Tonbko B 111 rpynme u cocrasu-
1a 3 0cobu OT BCEro NPUHECEHHOTo ITOTOMCTBA. JlaHHbIe, MolTy-
YEHHBIE B XOJIe HCCIIE0BaHMs, IPEJICTABIEHb] Ha pHC. 1.
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Puc. 1. loxkazamenu pazeumust u YyHKYUOHUPOBANUs penpo-
OYKMUBHOU CUCIEMbL Y HCUBOMHBIX PASHLIX 2PYNN

[Ipoananu3upoBaHa JUHAMHKA pOCTa MBIIIEH PAa3HBIX IPYIII
U CTEIICHb PA3BUTHSI MOJIOBBIX JKEJIE3 B PA3JIMUHbIC BO3PACTHBIC
MIEPUO/IbI, Ul YeTO U3y4YeHbl IaHHbIE O Macce MBILIEH U [10JI0-
BBIX JKeJIe3 B BO3PACTHBIE IIEPHOJIbL: IIPH POXKICHUH, B BO3pacTe
1,2, 3, 4 uenenu, 2 u 3 Mecsia.

B niepBble HeenU KU3HU KUBOTHBIX 3HAYMMBIX Pa3IMuuii B
Macce )KMBOTHBIX HE HaOuoanock. [Ipu poxxaeHuu macca nere-
HbIIIEH-CaMIIOB B KOHTPOJIBHOM rpymne coctaBmia 2,27+0,23 T,
B | onbITHOM — 2,25+0,31, a Bo II onbiTHOM rpynme — 2,30+0,22r.
OtmeueHHoe npeBbieHre Maccesl Ha 0,9 u 1,1% Obuto craTu-
CTUYECKH HenocToBepHO. CiesyeT OTMETHTh, YTO MOTOMKH |
IIOKOJICHUS B M3y4YaeMBbIX Ipymiax A0 28 nHel He UMeIH 3Ha-
YUMBIX pa3jInuui, OJHAKO Macca CaMLOB, POJKACHHBIX OT JKU-
BOTHBIX KOHTPOJIBHOW M BTOPOI IpyIn, B Bo3pacTe 2 MecsleB
npeTepreBana cylecTsenHble n3menenus (P<0,05) .

Macca Mbllei KOHTPOIbHON Ipynmsl cocTaisia 21,9+1,3 1,
a BTopoii rpynmsl — 18,1+1,5 ; T.e. Ha 3,8 r menb1e. Pazinuuus B
Macce Tena )kUBOTHBIX | 1 11 rpynmn He3HaunTenbHBI.
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Macca HoBopoxkaeHHbIX camok I, IT u B III rpynn cocraBu-
na, B cpeanem, 1,9+0,21, 2,24+0,21, 2,140,20 1, COOTBETCTBEHHO,
M0Ka3aTe OTIMYAINCh HEAOCTOBEPHO, puC. 2.

M3mepenne Macchl CEMEHHUKOB (C IPUIATKaMH) Y HOTOMKOB
MIEPBOTO MOKOJICHUS] Ha PAHHUX CTAIMSAX 3aMETHBIX Pa3JIUyuUid
MEXK/1y TPyNIIaMHU HE BBISIBUJIO.

Torna xak y oco0eil KOHTPOJIBHOU TPy HAOMIOAAIOCH He-
3HAYHUTEIBHOE MpeodiiajaHie MacChl CEMEHHHUKOB (C HpHar-
KaMHM), a K 2-MeCSIUHOMY, 1 OCOOCHHO 3-MeCsSYHOMY BO3paCTY,
MPEUMYIIECTBO CaMLOB | rpynmbl Hajl )KUBOTHBIMHU I rpyrmer
CTaJI0 OYCBUAHBIM U COCTaBWIO 1,9 1 2,6 MI, COOTBETCTBEHHO
(P<0,05), uro nokaszaHo Ha puc. 3.

AHanorn4Has KapThHa OOHapyXeHa IpPH HCCIEeIOBAHUU
MacChl SUYHUKOB MOTOMKOB IIEPBOIO MOKOJICHUS: B PaHHHE
MePUObl PAa3BUTHUS 3HAYMMBIX PA3IHUUil MEXKIY TpyIIamMH

25

He HaOII0#a’I0Ch, OJHAKO BBIABHIIOCH HA IO3JHHMX CPOKax
(puc. 4).

3HAUUTENIbHBIC OTIIMYMSA B PAa3BUTHU OOHApPYXKEHBI Yy IIO-
TOMKOB BTOPOTO ITOKOJICHHUSI.

Macca caMLIOB NIPU POXJCHUHU B JIBYX OIBITHBIX I'PYIIIax
Obl1a oxmHakoBOM (1,9 ), OJHAKO TOCTOBEPHO MEHbIIE, YeM
y caMI0B KOHTPOJIbHOM rpynisl - Ha 0,36 . OTMeueHHast ab-
COJIIOTHAsi pa3HOCTh ObuIa goctoBepHoit (P<0,05). ¥V camok
9Ta pa3HOCTb OblIa emie Ooxabuie - 0,5 I Mexy JKHBOTHBIMU
KOHTPOJIbHOH 1 BTopo# rpynn u 0,4 r mexay I u III rpynmna-
MH. Macca I0TOMKOB BTOPOTO ITOKOJIEHHUS 10 MECSYHOTO BO3-
pacra Takxe O0bla MakcumaiabHoi B I11 rpynie, sxuBOTHBIE
BTOPOMW IpyIIbl ObUIM CaMbIMHU JIErKOBeCHbIMH. K TpeTbe-
My MecCsIIly )HM3HH 3Ta pa3HULA elie 0oJblle yBeIUYnIach
(puc. 5).
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15

10

Mpw
POMAEHHK

CaMUBICaMEN [CaMUBE CAMKEW CaMUBI CaMKEM |CaMUBl CaMEW CaMUBl| CaBMEW CaMLUBI CaMEW | CaMLUB CaMEN

Macca HHEOTHEIX B BO3pacTe, r

Puc. 2. ﬂunwwum pocma maccovl camyos U CamokK I noxonenus 6 pd3Hble 603PACHIHblE nepuodbz

7 aveit
14 aHeit
21 peHb
28 aHeit

2 wec,

3 wec,

NPU POIKAELHUM

Bo3spact

[N

ORNWARUIUAONXWLO

NpH POXKAEHHM

Bospact

Puc. 3. lunamuxa pocma maccol cemeHnuxo8 y nomomkos I no-
KoneHust

25

20

Puc. 4. Jlunamuxa pocma maccol auyHuUKo8 nomomkos I noxo-
JleHust

15

10
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POMOEHUM

7 nHei 14 aHe

Camubl CAMKKM CaMLLBI CAMEM CaMUBl CAMKK CamLbl CAMKKM CaMUBI| CAMKM CaMUB! CAMKM CaMUbI CAMKKM

21 peHb

ul
ui

28 aHei

Macca MUBOTHBIX B BO3pacTe, r

Puc. 5. Junamuxa pocma maccol camyos u camox Il noxkonenus
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R NWAUONX YO

NPy POsKAEHUM
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Puc. 6. /lunamuxa pocma maccvl cemenHuxog nomomxog 11 no-
KOJleHUs!

Bo BTopoMm 1oxojeHHH Macca CeMEHHUKOB y JKMBOTHBIX BTO-
POI ONBITHOM TPYIIIBI K TPEXMECSYHOMY BO3PAcTy COCTaBHIIA
Ha 22,3% MeHbllle, YeM Yy KMBOTHBIX KOHTPOJIbHOI I'pyIIIBL,
pasnuna pocroBepHa (P<0,05) u Ha 12,2% meHsbie, ueM B riep-
BOI1 ONBITHOM rpyrie (puc. 6).

Bo BTOpOM NOKOJIIEHHU Macca SUYHHUKOB (B MT') Y KMBOTHBIX
BTOPOH T'PYIIIBI TAK)XXe TOCTOBEPHO MPEBOCXOMIIA TAKOBYIO Y
noromkoB I u I1I rpymm (puc. 7).

Takum o6pa3oM, MOKa3aHO, YTO MMOEAAHHUE KMBOTHBIMHU KOp-
MOB, IIPUTOTOBJICHHBIX HA OCHOBE T€HETHYECKH MOIU(DHUIMPO-
BaHHBIX PACTCHUH, HE BIMSACT HA PENPOLYKTHBHBIC (YHKIUH
POZUTEIILCKOTO TTOKOJICHMS; OIHAKO MPH OTOM HPOUCXOAUT
YMEHBLICHHE TeMIIa pocTa U Iporecca GOpMUPOBAHHUS IIOJIO-
BBIX JKeJIe3 OTOMKOB IIEPBOTO M, 0COOEHHO, BTOPOTO IOKOJIe-
Husl. [lokas3aHo, 4TO BTOpOe MOKOJIEHHE TIOTOMKOB, I0e/arollee
TOJIBKO COEBBIH IIPOT, UMEJIN OTKJIOHEHUSI OT (PU3UOIOTrHIECKOi
HOPMBI PEHPOIYKTHBHBIC Ka4eCTBa, IPOSIBISIIOIINECS B YMECHb-
LIIEHUU MacChl CEMEHHHMKOB U SIMYHUKOB. Cpen ocobeli BToporo
MIOKOJICHHUSI TIOTOMKOB OTMEYEHA BBICOKAsi CMEPTHOCTD.

Cosnanne 'MO ¢ Hay4HOI TOYKH 3pEHUS - 3TO IPOrPECCUB-
Hasl CTYIIeHb B Pa3BUTHH YEJIOBEUECTBA, OHAKO I10 Ceil JIeHb He-
JIOCTaTOYHO U3YYCHHAsI U, B KAKOH-TO CTEIICHH, OIIacHasl.

BesonacHocTh MPOU3BOACTBA U ITOTPEOICHHS TIPOTYKTOB ITH-
TaHMSI, TOJYYEHHBIX C MOMOILIbI0O TCHETHYECKH W3MEHEHHBIX
OpraHN3MOB, MOXKHO FapaHTHPOBATh TOJIBKO HPH YCIOBUH CO3-
JTaHUSI HAIIMOHAJILHOTO KOHTPOJIS U HOPMAaTHBHOI TEXHOJIOTHU-
YeCKOil TOKyMEHTaIHN.

HccnenoBanusi, NpOBOAUMBIE B c(epe TeHHON HWHXKEHEPHH,
HEOOXOMMO COZIePIKaTh MOJ CTPOTUM KOHTPOJIEM YUCHBIX M
rocyznapcTsa. [IpoBOANMBIN MOHUTOPHHT JI0 U MOCIIE perucTpa-
LM, HEOOXOIMM ISl BBISIBJICHUS TOKCHYHBIX M aJUICPreHHBIX
BEILIECTB B TPAHCTCHHBIX 00BEKTAX.

Henb3st HE cOmIacUTHCS C TeM, YTO TEHETHYECKH MOxudu-
LMPOBAHHbBIE MPOAYKTHI, OE3yCIOBHO, HMEIOT IIPAaBO Ha CyIle-
CTBOBaHHE, OJJHAKO IMOTPEOUTENN TaK)Ke UMEIOT IIPaBO BbIOOPA,
a 3HAYMT, ¥ HOJIy4EHHs JOCTOBEPHOU MH(OpPMALUK O NPUPOJIEe
MIOKYIIaeéMOr0o UMM ITpoayKTa nutanus. Cie10BaTebHO, TeHETH-
YeCKU MOANU(HIIMPOBAHHAS MIPOAYKIHUS JOJDKHA OBITH BBISIBIIC-
Ha, HICHTH(HULIUPOBAHA U MAPKUPOBAHA.

I'MO ormacHbI HE TOJBKO B IHIIEBBIX MPOAYKTAX, HO M IS
OKpY’KaroILlel Cpeipl, T.e. KaK dJIEMEHTapHbIe YYaCTHUKH JKO-
cucreMbl. OcoOblil HHTEpeC B ATOU CBSI3H IPEJCTABISIET MO3HU-
uusi A.B. SI610k0Ba, KOTOpBI 0OOCHOBAJ MOJOKECHHE O TOM,
yro pacnpocrpaHenue 'MO B HpHpOIHBIX JKOCHCTEMax, IO
BCEH BEPOSTHOCTH, HEOOPATHMO HAPYILIHUT TEYCHHE €CTECTBEH-
HBIX DBOJIIOLIMOHHBIX IPOIECCOB HA IOIMYJISHOHHO-BHIOBOM
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Puc. 7. [lunamuxa pocma maccot auunuxoé nomomkos Il noxko-
JleHUsL

YpOBHE, OKa3blBasi IIpU JTOM BIIMSHHME KaK Ha JJIEMEHTapHbII
SBOJIIOLIMOHHBIH MPOLECC, TaK U Ha TPU AIEMEHTAPHBIX 3BOJIIO-
[IMOHHBIX (haKTOpa — M30JSILUIO, ECTECTBEHHBIN 0TOOP M MyTa-
LIMOHHBIH [IpoLIecC, YTO, B CBOIO OUEPE/Ib, MOXKET COIIPOBOXK1ATh-
Csl HEKOaJalITUPOBAaHHBIM B YKOCHCTEMaX, a OSCIOPSJOUHBIM U
paspyLIalOMUM JKOCUCTEMY XaOTHUUCCKUM BO3HUKHOBCHHUEM
2JIEMEHTApHBIX 3BOJIOLIMOHHBIX sBICHUN. Clle10BaTe/IbHO, Bbl-
pammBas 'MO, uenoBedecTBO TepsieT BUAOBOE pa3HOOOpasue
PacTUTEIBHOIO MUpPA, a 3aTeM U JKUBOTHOro. VIHbIMU ci0BaMu,
CILyCTsl HEKOTOPOE BPEMsI «UHCThIC» €CTECTBEHHBIC PACTUTEIIb-
HbI€ 1 XXMBOTHBIC OPraHU3MBbI IPOCTO UCUE3HYT, HAJl YeM CTOUT
3ayMarhCs: HY)KHBI JIM 4YeJIOBEYECTBY MaTepuajbHble Onara,
TaKol LeHOH?
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SUMMARY

FEATURES OF THE DEVELOPMENT OF THE REPRO-
DUCTIVE SYSTEM BY USING GENETICALLY MODI-
FIED SOURCES (EXPERIMENTAL STUDY)

"Kharissova N., 2Smirnova L., ’Kuzmin A., 'Ryspayeva G.,
'Lepesbayeva G.

'Karaganda Medical University, Department of Morphology and
Physiology, Karaganda, Kazakhstan; Kostroma State University
named after N. Nekrasov, *Department of Physical Culture and
Sports; 3Department of Biology and Ecology, Kostroma, Russia

The rapid development of molecular biology and genetic
engineering contributes to the creation of plants with desired
properties in a short time. One of the aspects of the study of ge-

© GMN

netically modified organisms (GMO) and genetically modified
products (GMP) is the study of their impact on humans, animals
and the environment.

Subject of research - changes in the morph functional indica-
tors of the reproductive system of mice.

The relevance of the chosen topic is due to the importance of
the reproductive system for the reproduction of a healthy gen-
eration, capable of developing normally and continuing its race.

Purpose of the study - to identify the effect of GMOs on the
reproductive system of mice.

Cultivation of three groups of laboratory mice using trans-
genic feed (genetically modified soybean meal) and obtaining
biological material for research. Determination of the presence
of genetically modified sources (GMS), genetically modified or-
ganisms (GMO) in food and feed products using the polymerase
chain reaction (PCR). Morphometric study of the obtained mate-
rial and biometric data processing.

It has been shown that the consumption of feed by animals
prepared on the basis of genetically modified plants does not af-
fect the reproductive functions of the parental generation; but at
the same time there was an inhibition of the growth rate and the
process of formation of the gonads of the descendants of the first
and, especially, the second generation; the second generation of
offspring, eating only soybean meal, had defective reproductive
qualities and high mortality.

Second-generation mice eating genetically modified soybean
meal are at greater risk than second-generation mice eating tra-
ditional diets.

Keywords: GMO, GMS, GM-soy, laboratory mice, body
weight; reproductive system.

PE3IOME

OCOBEHHOCTH PA3BUTHSI PEIPOAYKTHUBHOM
CUCTEMBI ITIPU UCITOJIB3OBAHUU 'EHETUYECKHU
MOAUPUIIUPOBAHHBIX HCTOYHUKOB (OKCIIE-
PUMEHTAJIBHOE UCCJIEJOBAHHE)

Xapucosa H.M., 2*CmupHosa JI.M., *Ky3pmun A.®D.,
"Pricnaesa I'K., Jlenec6aeBa I.A.

!Kapazanounckuil MeOuyunckuil ynusepcumen, kageopa mop-
gonoeuu u ¢uszuonoeuu, Kapaecanoa, Kazaxcman, Kocmpom-
ckutl 2ocyoapemeennviil yuusepcumem um. H.A. Hexpacosa,
’kaghedpa usuueckoti kynomypol u cnopma; *kagpedpa Guono-
euu u sxonozuu, Poccus

CrpeMuTeIbHOE PAa3BUTHE MOJICKYIISIPHOM OMOJIOTHU U TeHe-
THUYECKOW MHKEHEPUH CIIOCOOCTBYET CO3aHHIO PACTEHHUIl ¢ 3a-
JTAaHHBIMHU CBOWCTBAaMH B KOPOTKHE cpoKu. OTHUM U3 acleKTOB
HCCIIeIOBaHUs TeHHO-MOAMULIMpPOoBaHHBIX opranu3mMoB ('MO)
¥ TeHeTH4YecKu MoauduiupoBanHoi npoxykiun (I'MIT) siBis-
€TCsI U3yUYEeHUE UX BIMAHUS Ha YCIIOBEKA, )KUBOTHBIX U OKpYKa-
IOIIYIO CPELy.

Iens wccenoBaHus — OMpEaCICHUE HM3MEHCHUH MOpdo-
(YHKIMOHAJIBHBIX TIOKa3aTeleil penpopyKTUBHOW CHCTEMBI
MBILIEH U BIUSHHUS TeHHO-MOAN(HUIIMPOBAHHBIX OPraHU3MOB Ha
UX PENPOAYKTHBHYIO CUCTEMY.

OOBEeKTOM HCCIIeIOBaHHS SIBUINCH J1a00paTOpHbIC HEJIMHEH-
Hble MbIIM B Bo3pacte 20 nHel, Bec - 40 r. . Brigenens! tpu
rpynnsl, o 10 >KuBOTHBIX B KaXk10# rpymnme (7 camok u 3 cam-
a). XKusotnsie 11 rpynms! (KOHTposIbHAS) TOTYy4aad CTaHAAPT-
HbII panmoH ¢ coxepykanueM 20% (110 MUTATEJILHOCTH) I'eHe-
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THYECKH HEMOAU(UIIMPOBAHHOTO COEBOro mIpoTa. JKMBOTHBIX
I rpynms! (I onbITHAs) CKapMIIMBAIM aHAJIOTMYHBIM PAllUOHOM,
HO COEBBIH LIPOT 3aMEHSIM HA TeHETHYECKU MOIU(UIIMPOBaH-
HbIi. JKuBotHbIX Il rpynmnsr (11 onbITHAs) KOPMUIIM TOJIBKO I'eHe-
THYECKH MOAU(UIIMPOBAHHBIM LIPOTOM.

OrmnpezeneHne HAINYUS T€HETHYECKH MOIM(UIMPOBAHHBIX
uctoyHukoB, MO B nuIeBbIX U KOPMOBBIX IPOAYKTaxX OCY-
IIECTBIISUIOCH C UCIIOJIb30BaHUEM IIOJIMMEpa3HOH LIEITHOH peak-
1mu. [IpoBenensr MopdomMeTprdeckoe HCCIeI0BaHHE Oy YeH-
HOTO Marepuaia ¥ OnoMeTpruIecKas 00paboTKa JaHHBIX.

BrraBneno, yTo noegaHue SKUBOTHBIMM KOPMOB, HMPUTOTOB-
JICHHBIX Ha OCHOBE ICHETHYECKH MOAM(HULIUPOBAHHBIX pacTe-
HHH, HE BIMSCT Ha PEIPOAYKTUBHBIC (PYHKIIMU POJUTEIHCKOTO
IOKOJICHHSI; OAHAKO NPOUCXOJUT TOPMOKECHUE CKOPOCTH POCTa
¥ nporecca (GOpMUPOBAHUS OJIOBBIX JKeJe3 TOTOMKOB [IEPBOTO
1, 0COOCHHO, BTOPOTO MOKOJICHUSI; Y BTOPOT'O MTOKOJICHHUSI TIOTOM-
KOB, TOJIYaIOI[MX TOJIBKO T'€HETHYECKH MOAN(DHIMPOBAHHBIM
COEBBIN MIPOT, OTMEYalach BBICOKAs CMEPTHOCTb M Pa3BUTHE
Ne(GEKTHBIX PEHPOITYKTHBHBIX Ka4eCTB.
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RADON HORMESIS IN EPILEPTIC PATHOGENESIS AND PREDICTORS OF OXIDATIVE STRESS

'Nikolaishvili M., 2Nanobashvili Z., Mitagvaria N.

Beritasvhili Center of Experimental Biomedicine, ' Department of Radiobiology, *Department of Neurophysiology,
’Thilisi Experimental Biomedicine Center Academician-Secretary of the Georgian National Academy of Sciences,
Department of Cerebral Circulation and Metabolism, Georgia

Radon is a radioactive element and therefore has radiant prop-
erties. Under the influence of radiation it is possible to change
the vitality of the organism, so because of these characteristics,
it is also used in medicine, for example: radiation therapy is used
to prevent hypertension, age-related changes in the brain and to
treat or prevent other diseases [1]. It is known that during radon
spa therapy there is an increase in adrenaline in plasma [2,3]
and these properties are used in medicine. Nevertheless, radon
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in high concentration conditions can harm the body and cause ir-
reversible changes [4,5], for example, radon has been named the
most common cause of lung cancer in non-smokers [6].

Resort Tskaltubo has long been used for improving health in
various disorders. It is located on 70 km from Black sea, altitude
90-120 meter from sea level, in western Georgia and is regarded
as chloride-hydrocarbonate-sulfate-magnesium-calcium-sodi-
um water. It is characterized as stable and unchangeable by time.
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In the 70th of the 20th century important microelements such
as iodine, bromine, magnesium, lithium, zinc, strontium and
copper were detected in Tskaltubo mineral water. Analysis also
showed that springs contain low concentration of radioactive ra-
don [40 to 100 Becquerel (Bq)] that could be considered as one
of the cause of healing effect (Khazaradze et al, 2001, Gelashvili
et al, 2001). It should be noted that the action of radon, as well
as other radioactive elements, is characterized by the activation
of the phenomenon of Hormesis in the body which is character-
ized by induction of biopositive responses such as increases in
immunity and antioxidants by low-dose radiation [9].

Nowadays radon therapeutic spas are used for treating various
inflammatory rheumatic diseases such as ankylosing spondyli-
tis, chronic polyarthritis, fibromyalgia, scleroderma, rheumatoid
arthritis, as well as in some neurological condition (chronic neu-
ralgia) and respiratory diseases (bronchial asthma, chronic bron-
chitis) [10]. Radon therapy appears to aid in the recovery of the
immune system. This is the case with bronchial asthma and even
in the treatment of atopic asthma [11] where long-lasting effect
on the immune system has been demonstrated.

Because radon has a positive effect on pain, the immune sys-
tem, its analgesic, reparative-regenerative, immunomodulative,
stress-inductive action is used in medicine. Radon influences the
concentration of amino acids and neurotransmitters involved
in excitation and inhibition at the cellular level, as confirmed
in our previous studies. Studies in aggressive rats have shown
that short-term (7 days) inhalation of radon alters the concentra-
tion of amino acids involved in excitation and inhibition in the
animal brain, namely a decrease in glutamic acid and GABA
concentrations and a significant decrease in noradrenalin con-
centration (Nikolaishvili, 2006). These changes formed the basis
for a change in the behavior of an aggressive animal when, after
inhaling radon, the aggressive animal lost its aggression (aggres-
sive traits) and became non-aggressive. Based on the results of
this study, we can assume that inhalation of radon may be an ac-
tivator or inhibitor of the activity of some neurotransmitters act-
ing on physiological processes. Accordingly, the present study
makes it possible to shed light and clearly indicate the possible
benefit of therapeutic use of radon on brain functioning.

Radon Hormesis (R-Ho) could have significant beneficial ef-
fect in patients with epilepsy that is one of the most common
chronic neurological diseases. Epilepsy affects more than 50
million people in the world (1% of general population) [13] and
there are leaving more than 35 000 persons with active epilepsy
in Georgia (8.8 per 1000) [14]. Epilepsy is more often revealed
among children and in aging people.

Epilepsy has numerous causes, each reflecting brain dysfunc-
tion, but the main symptom of the disease is recurrent epileptic
seizures, caused by deterioration of inhibitory and excitatory
balance in the brain cortex.

Despite the multitude of causes, the exact cause that led to the
development of epilepsy has finally been explored. Some forms
of epilepsy are accompanied by an increase in arousal and some
by a decrease in retention.

Numerous experimental and clinical observations have shown
that oxidative stress (OS) plays a major role in the development
of epilepsy. The epileptic seizure itself is caused by OS and in
the background of the hypermetabolic state has an intense pro-
duction of reactive oxygen species (ROS) in the brain. The rea-
son for this is called a sharp change in energy metabolism. ROS
and other markers of oxidative stress occur in the brain after
epileptic seizures. These changes have been observed in animal
models of epilepsy as well as in patients with epilepsy.
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The most important result of the accumulation of ROS in epi-
lepsy is the activation of excessive and uncontrolled lipid perox-
idation (LPO) processes in the brain tissues. The intensification
of LPO processes leads to changes in the structural organization
of the membrane (phospholipid composition, microviscosity
and ion permeability), as well as the rheological properties of
the blood deteriorate as a result of peroxidation reactions.

Based on all the above, we decided to study the effect of ra-
don inhalation on oxidative stress, namely changes in oxidative
markers when animals were exposed to small doses of radon
short-term (5 days) inhalation.

Material and methods. For our experiment, we used 24
month the Krushinsky-Molodkina (KM) line male rats. They
are predisposed to audiogenic epilepsy (seizures in response
to a strong sound). Rapid (5-7 sec.) development of clonic-
tonic seizures and the development of postictal catalepsy are
characteristic of KM rats (Semiok hina A.F, et.all. 1996, Inna
S.Midzyanovskaya 2004).

For induction of epileptic seizures, we used an audiogenic sig-
nal before the study to which the experimental animal responded
with cramps. In particular, the trigger caused the development
of myoclonic seizures with “limbic” localization. Long-term (15
min) exposure of KM rats to the action of sound according to a
special scheme with alternating 10 s periods of strong and weak
sound causes cerebral circulation disorders in them, externally
manifested in the form of paresis and paralysis of the limbs (Fe-
odorova I.B 2005, Fadiukova O.E. 2013, Kapanadze A.P. 2013,
Poletova 2017). On the 5th days assessment of epileptic seizure
with trigger - sound in BK rats was performed.

Radon measurement: in Tskaltubo spa center, were natural
mineral water is used, we measured Radon's radioactivity in
water. The radioactivity of Radon was 37 becquerel (bk) in 1
m3 (37 bk/m3).

Radon inhalations procedure: we placed 10 experimental
animals (KM rats) in Tskaltubo mineral water spa’s sauna (ex-
perimental group). Mineral water temperature was 36°C , Humidity
90%. Control group 10 KM rats was placed in another spa center's
sauna, were 36°C mineral water (without radon) was delivered via
inhalation. Humidity in this spa center's experimental room was
90%. None (experimental and control group of rats) of the animals
took a bath, they were just in two different saunas and living in the
same conditions. Inhalation was taken through the nose, for 5 min-
utes, once a day, in conditions of high humidity (about 90%) during
5 days. After each procedure of inhalation, the rats were placed in a
vivarium and given food and water.

For study the physiological changes caused by inhalation of
Tskaltubo water on oxidative level, which prevents the develop-
ment of brain disorders associated with peroxidation reactions, we
measured the free radicals concentrations (d-ROM) - reactive oxy-
gen metabolites in the blood plasma of rats, using a photometric
test, measured the concentration of hydroperoxides (ROOH) in the
brain tissue, which gives us a pro-oxidant status of the tissue. Hy-
droperoxides, also called Reactive Oxygen Metabolites (ROM), are
formed during an oxidative attack when Reactive Oxygen Species
(ROS) react with various organic substrates (e.g. carbohydrates,
lipids, amino acids, proteins, nucleotides, etc.).

To assess the antioxidant capacity of plasma, we used the PAT
(Antioxidant Concentration Test) by measuring ferric reducing
ability and to evaluate the effectiveness of antioxidants, we de-
termined the OSI (Oxidative Stress Index) and the OBRI (Oxi-
dation Balance Status).

All named measurements were provided by means of Photo-
metric Analytical System FRASS (H&D, Parma, Italy).
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Table 1. The effect of Radon inhalation on the epileptic seizure in rats.

. . The first wild The duration of the | Duration of tonic-
Hidden period | . . Pause s . AR
(sec.) jogging dura- (min.) second wild jogging clonic seizures
’ tion (sec.) ' (sec.) (sec.)
Before exposure to radon (p<0.05) 11£1.1 10+1.1 5+0.3 58+1.7 78+1.9
3 days after radon exposure p<0.05) 23+2.1 6+0.7 11+1.1 37£1.3 0
5 days after radon exposure p<0.05) 16£1.4 3+0.1 32422 39+£1.1 52+1.3

The effect of Radon inhalation on the epileptic seizure in rats

hidden period {sec.)
the first wild jog durat (sec )
J pause (min)
the second wild jog durat {sec.)
duration of tonic-clonic seizures{sec.)

Fig.1. The effect of Radon inhalation on the epileptic seizure in rats.

Results and duscussion. Epileptic seizure. After completion
of the inhalation course, the research and control group of ex-
perimental animals were examined on the 3rd and 5th day after
completion of the inhalation course.

On the 3 and 5" day after low doses (37 3700 Bq/m?) Radon
inhalation hidden period before seizures and pauses between
seizures were significantly increased (p<0.05) in Radon expo-
sure group, then in control. The latent period before radon in-
halation was 11+1.1 s. On the 3rd and 5th day after inhalation,
the latent period increased to 23+2.1 and 16+1.4, respectively.

Duration of first and second wild jumping after trigger was
decreased in the Radon inhalation group of rats (p<0.05). In
all groups, wild jogging started immediately after receiving
the audio signal (call), but the first wild jogging duration
was reduced from 10+1.1sec., (Control group) to 6+0.7 on
the third day after radon inhalation and even longer on the
fifth days (3 £ 0.1 sec.). After receiving the audio signal the
duration in second wild jogging was reduced from 58+1.7
seconds to 37+1.3 on the third day after radon inhalation and
39+1.1 seconds on the Sth day after inhalation. No general-
ized audiogenic tonic-clonic seizure was not observed in the
Radon inhalation group on the day 3, whereas the duration of
seizures in the control group was 78+1.9 seconds, while on
the 5th day after inhalation it was 52+1.3 seconds.

As can be seen from the table, the effect of radon causes an
increase in the latent period on days 3 and 5 after inhalation.
The duration of the first wild jog was reduced by epilepsy in
rats on the third day after exposure to radon (6+0.7 sec), but
the decrease in this parameter became even more noticeable
on day 5 (3+0.1 sec) which was also statistically significant
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(p<0.05). As for the duration of the second wild jog, on the
third day was 37 seconds and on the fifth day 39 seconds. No
changes were observed in the data of the control group of
rats. There was also no generalized audiogenic tonic-clonic
seizure in the radon inhalation group on day 3 and it was
equal to 0, while on day 5 it was to the control (78+1.9 sec-
onds) was reduced to 52+1.3 seconds. Which is statistically
significant (p<0.05).

Oxidative stress. From the data presented in Table 2 we
can see the following. Study of dROM in genetically epi-
leptic Krushinsky-Molodkina rats before exposure to radon
showed very high oxidation status (52143.67), and on the 5th
day after exposure to radon the level of oxidative stress was
38142.95 which is statistically significant (p<0.05). The he-
matological concentration of antioxidants (PAT plasma with
antioxidant fragments) was at the edge before being taken
to Tskaltubo in epileptic rats (2091£3.95), and as a result of
inhalation of radon became (2763+5.85) — statistically it is
reliable (p<0.05). OBRI (Oxidation Balance Risk Index): if
it was before radon inhalation 1.95+ 0.3 - dangerously high
for the organism, after inhalation it was recorded as high, but
this data was not dangerous for the organism (1.6+0.2,). The
difference between them is statistically significant as well
(p<0.05). OSI - The correlation of total oxidative status with
the total antioxidant status used to determine the Global Re-
dox status index in epileptic rats was 142+ 2.3 before radon
inhalation, above the critical situation, and after inhalation
it was halved to 111£2.3. From the above mentioned we can
conclude that a positive result was obtained when inhaling
radon.



GEORGIAN MEDICAL NEWS
No 4 (313) 2021

Table 2. Oxidative stress in epileptic rats

Epileptic rats D-ROMs FAST OSI
Ucarr. PAT OBRI REDOX
+
52143.67 2763+5.85 Oxidatli.vgesgta?l;z sata 14242.3
Control Free radicals, very Antioxidants . . Oxidative status index is
. . . dangerous level in relation .
high There is a deficit on the critical edge
to cholesterol
38142.95 111£2.3
. +3. 30. .
Experiment Is average A%/(e)rgal 63169361 lfli %2 The body is on alert
(p<0.05). & & to protect itself
Oxidative stress in epileptic rats
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Fig.2 Oxidative stress in epileptic rats

Numerous experimental studies have been provided in animal
models to prove the positive effect of radioactive radon on vari-
ous disorders. In recent previous experimental studies, they were
performed in rabbits to investigate the curative effects of radon hor-
mesis the changes of levels the lipid peroxide, the oxidative stress’s
formative Nitric Oxide (NO) and the indicators of membrane con-
ductivity of different organs were performed [15]. The data of this
studies indicate that the effect of radon hormesis (R-Ho) happens
by the activation of NO and formation of hydrogen peroxide (H,0,)
that activate of excessive NO production in microphages under the
effect of interferon gamma and beta (INF-yp) [16]. As a result the
increased production of NO activates peripheral microcirculation
and central hemodynamic. In this reason NO can be considered as
an autocrinic homeostatic modulator as well.

It is established that macrophage-killers are the important
source of NO. By NO activation they suppress DNA synthesis
of tumor cells and suppression of new tumor cells, anti-inflam-
matory, desensibility and sedative mechanisms. NO effects on
activation of DOFA, DOFA-cines and DOFA-amino formation
in blood; it is involved in regulation of the Na*, K" and Ca*" ion
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changes, and play one of the main role in suppression of specific
autoimmune and in activation of non-specific immune systems
of the body.

In our case the reduction in oxidative stress is seen as early
as the 5th day after exposure to radon inhalation due to NO
activation, NO can be considered as an important neurotrans-
mitter that can participate in synaptic transmission as classical,
from presynaptic to postsynaptic neuron [17] and retrograde, Iso
indirectly by acting on glial cells or surrounding neurons. NO
protects the brain from ischemic and neurotoxic stroke, controls
the oscillatory activity of neurons [18], nitric oxide synthesis is
often considered as a protective mechanism against the cytotox-
ic action of phagocytes, since NO inhibits the activation of the
neutrophil [19] and NADPH oxidase activity, reduces xanthine
oxidase activity, decreases AFK products [20]. At the same time,
it should be noted that NO is involved in the development of the
inflammatory process and its effect on the functional state of
phagocytes can be modulated and changed over time. Therefore,
the protective or cytotoxic action of NO is also characteristic of
certain cells and tissues.
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Experimental models of epilepsy show that increased oxida-
tive stress (increased oxidation of lipids and proteins) is accom-
panied by the development of seizures [21]. Focal or first gen-
eralized epileptic activity in animals is followed by activation
of LPO in the field of hyperactivity. At the same time, elevated
LPO levels were observed in the blood of animals. The introduc-
tion of antioxidants into animals slowed the development of epi-
lepsy and reduced its intensity. In-vitro experiments have shown
that anticonvulsants can inhibit LPO in the brain membrane. The
most pronounced changes in LPO product content are experi-
enced by patients with prolonged epilepsy, generalized seizures,
and profound personality changes.

M.K. Pandey et al. conducted studies (2012) show that MDA
levels were significantly higher in the group of patients with epi-
lepsy who had symptoms of mental disorders associated with the
disease (psychosis and depression) [22]. The study determined
the content of malonic dialdehyde (MDA), which is one of the
final products of LPO. Thus, the severity of oxidative stress was
significantly higher in patients with epilepsy who had mental
disorders associated with this disease.

During seizures, there is an increase in the oxidation of free radi-
cals, which in turn is accompanied by a decrease in the activity of
the brain’s antioxidant defense system: both enzymatic and non-en-
zymatic parts. High levels of LPO and decreased activity of major
antioxidant enzymes - SOD and GPO - have been identified in the
blood of patients with various forms of epilepsy [23].

Studies by E. Ben-Menachem (2000) have shown that eryth-
rocyte SOD1 activity is significantly lower in patients with
progressive myoclonic epilepsy than in healthy individuals. De-
creased SOD1 activity also occurs in the cerebrospinal fluid of
patients with epilepsy, especially in the disease-resistant group
compared with patients with curable forms of epilepsy and in the
control group of healthy individuals. The authors believe that
decreased SOD1 activity is associated with recurrent seizures,
and that SODI1 deficiency in cerebrospinal fluid may be a predic-
tor of drug-resistant epilepsy [24].

In addition to the above, the convulsive state is character-
ized by anomalous Na + and K + metabolism. Accumulation of
ammonia also occurs at this time, which is associated with the
intensification of deamination reactions; All of this leads to de-
polarization of cell membrane shells, lowering of the excitability
threshold, and a new series of seizures. In the first minutes of sei-
zures, neurotransmitters are released, accompanied by a change
in the level of secondary messengers, which is reflected in the
activity of metabotropic receptors. Activation of adrenoceptors
even causes an increase in cyclic adenosine monophosphate.

Excretion of excitatory amino acids (mainly glutamate) is
known to increase during seizures. At this time, neuronal activ-
ity increases and intracellular calcium levels increase, which is
associated with the formation of ROS [32]. Disruption of calci-
um metabolism is associated with a sharp increase in cell cytosol
and leads to the activation of Ca™-dependent enzymes. The for-
mation of ROS is accompanied by the synthesis of prostaglan-
dins from arachidonic acid. This in turn enhances free radical
reactions that ultimately lead to membrane destruction.

Thus, numerous experimental data and individual clinical ob-
servations indicate the pathogenic role of OS in epilepsy, which
is associated with disruption of the structural, hematoencephalic
barrier integrity of the cell membrane of neurons, oxidative de-
struction of nucleic acids and radon exposure regulates oxida-
tive stress, the clinical manifestation of which may be expressed
by a reduction in epileptic seizures, and which has also occurred
in the results of our study.
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According to our research, the use of radon inhalation in ex-
perimental animals, particularly in genetically determined rats with
epileptic seizures, altered all parameters of the epileptic seizure de-
velopment picture, namely the hidden period, the first and second
wild jog duration after the audiogenic signal. On the third day, no
response to the audiogenic signal was observed at all, and not even
a single episode of tonic-clonic seizures. All mentioned suggests
that radon inhalation could be used to treat epilepsy.

According to the International Classification of Epileptic Sei-
zures, we are talking about focal seizures and in our experiment,
the effectiveness of Tskaltubo water has been confirmed in the
case of focal epileptic seizures. As for generalized epilepsy, the
impact of radon hormone on these types of seizures is still un-
clear, which requires additional scientific studies.

The impact of radon inhalation on seizures of brainstem epi-
lepsy models is particularly important because mechanisms of
prolonged bilateral (formerly generalized) seizures in humans
are considered to be erased/included in brainstem structures.

Presented study is the first precedent of attempt R-Ho trough
inhalation for treatment of epileptic seizures in animal models
with further translation to clinical study in humans through pilot
phase II study. More profound and scientifically systematized
approach is needed to determine uniqueness of Tskaltubo water
springs, investigation the mechanisms of radon effects on the
excitatory and inhibitory functioning of CNS and further clinical
studies to establish its effectiveness on humans.

Conclusion. To clarify the mechanism of radon's action on
antioxidative processes, future research is required, but based on
the results of the experiment we can conclude that:

Studies in experimental animals have shown that inhalation
of Tskaltubo water develops a hormesis that regulates oxidative
processes in the brain by activating antioxidants, which is re-
flected in the reduction of existing epileptic convulsions.

Inhalation of Tskaltubo water may be considered as a method
of treatment with anticonvulsant effect confirmed by experimen-
tal studies.
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SUMMARY

RADON HORMESIS IN EPILEPTIC PATHOGENESIS
AND PREDICTORS OF OXIDATIVE STRESS

'Nikolaishvili M., 2Nanobashvili Z., 3Mitagvaria N.

Beritasvhili Center of Experimental Biomedicine, 'Department
of Radiobiology, *Department of Neurophysiology; 3Tbilisi Ex-
perimental Biomedicine Center Academician-Secretary of the
Georgian National Academy of Sciences, Department of Cere-
bral Circulation and Metabolism, Georgia

Numerous experimental and clinical studies have shown that
oxidative stress (OS) plays an important role in the development
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of epilepsy. The epileptic seizures themselves are caused by OS
and, under conditions of a hypermetabolic state, cause an inten-
sive production of reactive oxygen species (ROS) in the brain.
The reason for this is called a change in the energy balance in
the brain. According to the literature, ROS and other markers of
oxidative stress were observed in the brain after seizures. Based on
the above data, the aim of our study was to study a short-term 5-day
(5 min) inhalation of radonized water from Tskhaltubo using an epi-
leptic model of the Krushinsky-Molotkin line in rats and to identify
changes in markers of oxidative stress in rats. Predictors of oxida-
tive stress were studied, PAT, D-ROM (reactive oxygen metabolite
index), OBRI (oxidative stress balance risk index) and OSI (oxida-
tive stress index) were evaluated to assess the antioxidant capacity
of plasma. Based on the data obtained, it can be concluded that:
inhalation of Tskhaltubinsk water develops the effect of hormesis,
which causes positive changes in all of the above markers of oxi-
dative stress in the brain. Based on the data presented, inhalation
of Tskhaltubo water can be considered as one of the methods for
removing and treating convulsive phenomena, which is confirmed
by experimental studies.
Keywords: epileptic rats, radon hormesis, oxidative stress.

PE3IOME

PAJOHOBBIA I'OPME3UC B OKHUCJUTEJBHOM
CTPECCE U MATOT'EHE3E SIIMJIEIICUHA

"Huxonanmuswm M., "Hano6amsiwm 3.11., Murarsapua HIL

Llenmp sxcnepumenmanvhotl buomeouyunvl um. M. bepumauwisu-
au, lomoenenue paouobuonoeuu, ‘omoenenue Hetipogusuonouu;
STounuccxuti yenmp sKCnepuUMeHmanbHo OUOMeOuyUHbL, omoeie-
Hue M03206020 Kpogoobpawenus u memadonuzma, 1 pysus

MHOro4uciIeHHbIe JKCIIEPUMEHTANbHbIE M KIMHUYECKUE
HCCIIEIOBAHUS TIOKa3au, 4To okuciurenbHeli crpecc (OC)
UrpaeT 3HaYUMYIO pOjb B PAa3BUTHU JIWICICUU. DNUIENTHYEe-
CKHUe MpUNAAKK pa3BuBaroTcs B pesyasrare OC U B yCIOBHAX
THIIEPMETa00IMIECKOTO COCTOSTHHSI BBEI3BIBAIOT HHTEHCHBHOE
MPOU3BOJCTBO peakTuBHOro kuciopoxa (ROS) B romoBHOM
Mo3re. IIpuuuHoil 3TOro SIBIsSeTCS U3MEHEHUE YHEPreTHYECKOro
GayaHca B TOJJOBHOM Mo3re. COmIacHO JIMTepaTypHBIM JIaHHBIM,
HOCJIE CYZIOPOT B TOJIOBHOM Mo3re HaOmonamck ROS u npyrue
MapKepbl OKUCIUTENIBHOIO cTpecca. C y4eToM BBIIICU3IIOKEH-
HOT0, LIeJIbIO UCCIICIOBAaHMs SIBUJIOCH OIPE/ICNIUTh BIUSHHUE Kpa-
TKOBPEMEHHBIX (5 JHeil) MHTaIsIHi paJOHU3NPOBAHHON BOJOH
LixanTy60 (5 MUHYT) Ha TEUCHHE JITIIICTICHU U BBISIBUTH H3Me-
HEHUSI MAPKEPOB OKUCIUTEIBHOIO CTPECCa Y KPbIC.

[MocpenctBom poTomerprudeckoro aHamusa FRAS-5 u3yueHbr
npeaukropsl OC B mazMe KpoBH; Al OLCHKH aHTUOKCHJIAHT-
HOH criocoOHOCTH ta3mel onpenesun PAT, mHiekc peakTus-
HOTO MeTaboJIUTa KHCIIOpO/ia, MHAEKC PUCKa OalaHca OKHCIIH-
TEJIBHOIO CTPecca U MHJEKC OKUCIUTEIBLHOIO CTpecca.

Ha ocHOBaHUM NOIYYEHHBIX [JaHHBIX aBTOPAMU JEIAETCS
BBIBOJI, UTO IIPU MHTAISIMAX Bojoi L{xanty®o mpoucxoant a¢-
(hexT ropMesnca, KOTOPHIi BBI3BIBACT MOJOKHATEIBHBIE H3MEHE-
HYSl BBIILICIIEPEUUCICHHBIX MApPKEPOB OKUCIUTEIBHOIO CTpecca
B TOJIOBHOM MO3I€, KOTOpPbIE Y4aCTBYIOT B PEryJISLUY OKHUCIIH-
TEJIbHO-/ICT€HEPATUBHBIX IIPOLIECCOB, YTO KIMHUYECKU IPOSB-
JISIeTCS B YMEHBIICHUU YacCTOThl SIMWICITUYECKUX MPUIIAJKOB.
Vcxonst m3 BBIIEH3IOKEHHOT0, MHramsmuu Bonoi L[xanty6o
ClleflyeT pacCMaTpUBaTh KaK OAMH U3 METOOB CHATUS CYIOPOXK-
HBIX SIBJICHUH U UX JICYEHMs, YTO MOATBEPKACHO IKCICPUMEH-
TaJbHBIMU HCCIICOBAHUSAMH.
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COBEPIIEHCTBOBAHMUE NEP®Y3NOHHOI'O IIOTOKA HACOCOB KPOBHU

Xoneau H.I'., Uxaunse 3.A., lllenrenuns O.C., Conurynamsuian I, Auaypu H.A.

Tounucckuii 2ocyoapcemeaennwiil yuugepcumem um. U. [icasaxuweunu, Uncmuniym mopgonocuu, I py3us

Co 11Hs BHEZPEHHUS B KapAUOXHUPYPIHIO (CepeMHa MPOIIIOro
CTOJICTHSI) METOAA MCKYCCTBEHHOTO KPOBOOOpAILEeHUs, 110 ceil
JICHb HE TPEKPAIIAlOTCs TUCKYCCHU O XapakTepe U 3HAYCHHH
HCKYCCTBEHHOTO IOTOKa KPOBHU. IIpHBEpIKEHIBI MOCTOSHHOTO
[OTOKA B KAY€CTBE OCHOBHOIO apI'yMEHTa BBIBUTAIOT HAJIMYUC
HEMPEPHIBHOTO, TIOCTOSIHHOTO TOKA KPOBU B MUKPOIUPKYJISATOP-
HOM pyclie, I0Ka3bIBasi STUM JOCTATOYHOCTh TAKOTO JKE MOTOKa
B MardcTpajbHBIX COCYJaX M yKa3blBas Ha MPOCTOTY U JIelIe-
BHU3HY alllaparypsl, CO3/Ial0IIeH TOCTOSIHHBII MOTOK. [ToaToMY,
BO BpeMs nepdysuii oTpunaeTcs HeoOX0qUMOCTh 00eCIeUeHUs
Gosiee CIOKHOM IS BOCIIPOM3BEICHUS U YIIPABICHUS MYJIbCO-
BOI BOJHBI MCKYyCCTBEHHOTO moToKa [1,2,17,18]. AprymeHTH
HPHBEP)KECHIICB IMYJIbCUPYIOLIEr0 MOTOKAa OCHOBAaHBI Ha (HIIO-
ICHETHYECKU YKOPECHHBILEHCS MOIYJISLMU TIOTOKA B KPYITHBIX
MAarucTpajibHbIX M MPEOPTaHHBIX apTEPHsX, CO3AABAEMOro pa-
60TOi1 JKEeIyT0YKOB Cep/illa U COXPAHIEMOr0, XOTh U C yracaHu-
€M IYJIbCOBOW BOJIHBI, BIUIOTB JI0 apTeproi. Takas MOYISLHS,
paszpaxast COCyAUCTbIe OapOpeLenTOpPbl, TOAICPKUBACT TOHYC
MarucTpajbHbIX U OPraHHBIX apTepUil BO BCEM COCYAMCTOM
JpeBE U SBISIETCS MPENOCHUIKON MOICp)KaHHsl HOPMAIbHOTO
CHUCTEMHOTO JaBienus [3,4,7,9,11].

Hamn nmoaxon K JaHHOMY BOINPOCY OCHOBBIBAeTCS Ha 0CO-
OGCHHOCTSIX aHATOMHUH M (HU3HOJIOTHH CEepIEYHO-COCYANUCTOMH
CHCTEMBI ¥ JIOBOJIBHO MPOCTO MHTEPIIPETHpYyeTCs. B opranms-
Me TIeHepalfi0 KHHETHYECKOH SHEpruu, MpHIaBeMOH KpPOBO-
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TOKY, OCYIIECTBISIET MHOKap[, (GyHKIMOHUPYIOIHA (a3oBo
B CHCTOJO-IHACTOINYECKOM muKie. Mcxomsimue w3 cepana
MaruCTpaibHble W MPOKCHMAIBHO PACIOIIOKEHHBIC apTEepUH
(HITOTeHETHYIECKH a/IAIITHPOBAHBI K XapaKTepy KPOBOTOKA, CO3-
JIABACMOMY JKEITy[I0YKAMH CEpJIA, T.e. K IUKINIECKOMY (DyHK-
MUOHUPOBAHUIO. MHOTOYHUCIICHHBIMU HCCIEIOBAHUSAMHE J0Ka3a-
Ha BOJIOHOHHO C(HOPMHUPOBAHHASI HEHPO-TYMOpAIbHAS CBSI3b
MEX[IY CEepALIEM 1 MaruCTpabHbIMu cocyaamu [10,12,13]. lan-
HOE 00CTOSITENLCTBO MPU MPOBEICHUH UCKYCCTBEHHOTO KPOBO-
oOparieHus yKa3blBaeT Ha MPEAMOYTHTEIBHOCTh COXPAHEHHS
(DH3HOTIOTHYECKOTO MYIbCHPYIOIIETO MIOTOKA, CO3IaBAEMOTO HC-
KyCCTBEHHBIM KPOBSIHBIM HACOCOM B KPYITHBIX BETBSIX apTepH-
aIBHOTO pycia. ECTeCTBEHHO, YTO B TAKOW CHUTYAI[H apTepHU
OymyT mONy4aTh ageKBaTHOE 0apOperenTopHOe pa3ipakeHue,
YTO TEOPETHUCCKHU JODKHO UCKITFOYATh C UX CTOPOHBI PA3BHUTHE
3anpe/IeTbHBIX TEMOINHAMUIECKHUX, & 3aTeM U METa00INYeCKUX
OTBETOB, BIUSIONINX HA TOMEOCTa3, TAKUX KaK IEHTPATH3aIHs
KpPOBOOOpAIIeH s, HAPYIICHHE OPraHHOTO KPOBOTOKA, TKAHEBAsI
rurnonepdysus, 3aCTOWHBIC MPOLECCHl B MUKPOLMPKYIISITOPHOM
pyciie, KIETOYHOE «TONOMaHMe», HAKOIUICHHE HEIOOKUCIICH-
HBIX TIPOJYKTOB, Oy(epHBIE CABUTH.

OpHako, CO3JaHWE HACOCOB, KOHCTPYKTHBHO IIpeIHA-
3HAYEHHBIX ISl pealn3ald MyITbCHPYIOIIEr0 MOTOKA, SIB-
JIAE€TCA TEXHOJIOMMYECKH OTHOCUTEIBHO CIIOKHOW 3amadeit
U COOTBETCTBEHHO, Oosee noporoii. IToaToMy, us Mo ImyTH
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HAaUMEHBIINUX 3aTPaT, UCCIIECJOBATEISIMU PELICHO HCIOJIb30-
BaTb CYLICCTBYIOUIUEC, KIIMHHUYCCKU YIKE aHpOGI/IpOBaHHbIe
KPOBSAHBIE HACOCHI, 11063.131/113 B CHUCTEMY YyNpaBJICHUS q)yHK—
LU0 CO3/IaHUsl MyIbCOBOW BONIHEL Takyro dyHKuHIO 00penu
KIIMHUYCCKU UCIIOIB3YEMBIC HACOCHI - pOHI/IKOBbIﬁ U HEHTPHU-
¢byxublii [2,6,14,16]. B aTux Hacocax myibcamus JOCTHIa-
eTCsl Pe3KUM YCKOpEHHEM BpalleHus Kpyraueiics ocu. [Ipu
HEIOCPEJCTBCHHOM MOAKIIOUEHUH K CEpAEYHO-COCYAMCTOM
CHUCTEME IIAallUCHTA IIPU YBEJIUYCHUU ITOTOKA KPOBHU 110 KOHTY-
Py € yBeln4deHHEM BbIOpOca B apTepHalbHOE PYCiIo, BO BCEX
Cllydasx yBCJIUYMBACTCSA U HaCaCbIBaHUE XUAKOCTU B HACOC,
T.€. CO3MAIOTCSl MPEANOCHUIKH KOJJIAaOUPOBaHHS COCYIOB B
BEHO3HOM pycie [7,8,14]. Mcxoas u3 BbIIEU3JI0KEHHOTO, B
amnmaparax MCKyccTBeHHoro kposoobpamenus (AUK) nepen
9TUMH HAacOCaMM OOBIYHO pa3MeEINaloT BEHO3HBIE pe3epBya-
PBbI. pr}lHO COriraCuTbCsd C MHECHUEM HEKOTOPBIX aBTOPOB
[2,10,20] o Ge3BpenHOCTH W aTPaBMAaTHYHOCTH TAKOIO pe-
xuMa nepdy3uu, YUYUTbIBas TOT (akT, 4TO PasroBOp UAET O
Hacocax, Bpamaromuxcs B notoke. CyxaeHue o6 arpaBma-
TUYHOCTU IOITYCTUMO JIMIIb B CJy4asX paBHOMEPHOIO, I10-
CTOSIHHOTO TOKa KpoBH. OIHAKO NpHU MyNbCallUM BO3pacTacT
TpaBMa (OPMEHHBIX 3JIEMEHTOB KpPOBH, COOTBETCTBCHHO,
u remonus. CinenyeT 3aMeTUTh, YTO IyJIbCOBAs KpHUBas, Xa-
pakTepHasi Kak JJsl POJIMKOBOTO, TaK M Ul LEHTPUDYIKHO-
ro HacOCOB OTJIMYAETCsl OT HOPMaJIbHON MYJIbCOBOH KpUBOIi,
co371aBaeMOH KellyaouKkaMH HaTUBHOTo cepaua. Takum obpa-
30M, POJIMKOBBII U LEHTPU]YKHBIH HACOCHI KOHCTPYKTHBHO
SABJIAKOTCA HACOCAMHM IMOCTOAHHOI'O TOKA M HMCIIOJIB30aHUE UX
B IIyJbCUPYIOIIEM pexXuMe HelenecoodpasHo. C qpyroii cro-
POHBI, 9TO KJIIMHUYECKHU arnpoOMpOBaHHBIE HACOCHI, UMEIOIIHE
PAA 3HAYUTECIIbHBIX IMOJOXUTEIIbBHBIX XapaKTEPUCTHUK:

* HEOOJIBIIION 0OBEM MEPBUUHOTO 3aIIOTHEHHUS;

* POJIMKOBBIIT Hacoc paboTaeT 6e3 pacxozoMepa U B CUCTEME ero
yIpPaBJICHUS HUMEETCSI BO3MOXKHOCTb CaMOCTOSATEIBHOTO pacueTa
00beMa KPOBOTOKA;

* IPOCTOTA YIIPABJICHUS;

* OTHOCHUTEJIbHAS JCUICBU3HA.

Llenbio nccienoBaHus IBUINCH pa3paboTKa U CO3JaHuUe Ipe-
KJIMHUYECKOTO arapara, TpaHC()OPMHUPYIOLIEro ITOTOK Haco-
COB TIOCTOSTHHOTO TOKA B ITyJIbCHPYIOLIHH, U 00eCIeYNBAOIIETO
MaKCHMaJIbHO HpI/I6Hl/I)KeHH]>Ie K €CTCCTBCHHbBIM I'€MOAMHAMU-
YECKHE XapaKTePUCTHKH.

Marepuai u metoabl. 7151 cOXpaHEeHUs BCEX TOJIOKUTEIIb-
HBIX CBOMCTB POJIMKOBOTO M LEHTPU(YKHOTO HACOCOB OBLIO
PEUICHO HE MEHATH UX KOHCTPYKLHUIO U CUCTEMY YIIPaBJICHUS,
a MCHOJIHUTEIbHOE YCTPOMCTBO MyJbcaTopa BHIHECTH B KOHEU-
HYyI0 TOUKY IUPKyIsAuonHo# cxembl AWK, pacrnionoxus ero mo-
ciie aprepuansHoro guisrpa (Puc. 1).

4 5
=

Puc. 1. Pacnonoacenue nynocamopa 6 cxeme AUK: 1- eenos-
Hblll pezepsyap; 2- ponuKosblil Hacoc; 3 - okcueenamop; 4 - ap-
mepuanvhvlil urbmp, 5 - nyrbcamop
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Puc. 2. Cxema ucnonnumensrno2o ycmpoucmea nyibcamopa:
1 - apmepuanvhnas mazucmpans, 2- dcenoboK 05l apmepuao-
HOU mMa2ucmpanu, 3 — NPUdCUMHOU cepOeyHuK; 4 - cmepoicens
cepoeunura; 5 - cepgonpugoo ¢ KOPOMbLCIOM HA OCU; 6 - KOPNYC
nynscamopa

B paspaboTaHHOM HaMH YCTPOICTBE Iy/IbCOBas BOJIHA (op-
MHPYETCS IEPUOANYECKUM HepekaTneM U 0CBOOOXKICHUEM ap-
TepUaIbHON MarucTpaiu 1, pacroyioKeHHON B )KeOOKe MyIib-
caropa 2. [lepexxarne MarucTpaiu cepieyHUKOM 3 IpeKpariaeT
B HeM TOK KpoBU. OJJTHOBPEMEHHO B Pe3yJIbTaTe MPOIOIDKAIOIIE-
rocsi BpallleHHs1 OCU HAcOCa BO3PACTACT JaBJICHHE B MarucTpa-
JIM Ha y4acTKe 10 mysbcaropa. [Ipn ocBoOOKACHHN MarucTpaiu
IPOUCXOAUT BBIOPOC KpoBH 1ox aapieHueM (Puc. 2).

CrienuasnbHO pa3paboTaHHOE IPOrpaMMHOE YIIpaBieHHe 00e-
crieunBaeT paboTy mynbcaTopa B JByX pexumax. [Ipu pabote
ammapara oT COOCTBEHHOTO (BHYTPEHHET0) PUTMa IIPOU3BOJIBHO
MOYKHO PETryJIMpOBaTh MPOLEHTHOE CHCTOIO-ANACTOINYECKOES
COOTHOUICHUE, a TaKXkKe 4acToTy mynscauuu (Puc. 3).

[Ipu kapaoCHHXPOHNU3UPOBAHHOMN paboTe anmapara cucreMa
YHpaBJICHUS PYKOBOACTBYETCS BHEUIHUM HMITYJIBCOM KapJaAuO-
rpaMMbl U pacroiaraeT UMITYJIEC CHCTOJIBI MYJIbCATOpa MEXILY
3y610B R KapanorpaMmbl. YUuTBIBaeTCsl BO3MOKHOCTD yIIPaB-
JICHUS Ha4YaJIOM U OKOHYaHHEM HMMITYyJIbCa CUCTOJIBI B IIpeaciax
unrepsana R — R (Puc. 4).

DTOT mapameTp, BMECTe ¢ MapaMeTpOM MPOU3BOJUTEIbHO-
CTH CaMoro Hacoca, CIIoCOOeH PeryJinpoBaTh KpyTH3HY Ha-
pacTaHus JgaBieHUs BeIOpoca ammapara [5,14,19]. ITo paspa-
6oTaHHOIT cxeMe mpou3BeieHa cOopKa MeXaHHUECKOW YacTH
IyJIbCATOPA, COCTOSIIEH M3 MOIYJIsl MepekKaTusi MarucTpain
¥ MHKpocepBonpuBozaa. Kopnyc mynasra ynpasienus: coopan
C YYETOM PpACIHOJIOKCHHS B HEM Pa3IMYHBIX MHUKPOCXEM C
BO3MOXXHOCTBIO KOMMYTallUKM € HUM KOMIIBIOTCPHOI'O IlJIaH-
weta. ['abapuTsl HenoMHUTEIbHOTO yeTpoiicTBa (5x5x10 cm)
HE MPEISITCTBYIOT €ro PAacloOKEHUIO HA apTepUaIbHOil Ma-
THCTPAJIU C XOJJACPHBIM KPEIJICHUEM Ha CToiike nepdy3noH-
HOTO YCTpPOICTBA MJIN ONEPALMOHHOTO CTOJIA.

Pe3yabTarhl cTeHAOBBIX HcnbITaHMil. [[ng ucnbITanus
myJbcaTopa Ha CTEHJE coOpaHa 3aMKHyTas CXeMa LUPKYIs-
MU 1epy3MOHHOTO YCTPOICTa, COCTOSIIAsT M3 POIUKOBOrO/
HEeHTPpH(]YKHOrO HAacoca, OKCUTCHATOPa, TEIIOOOMEHHHKA, ap-
tepuaibHoro ¢uisrpa (Puc. 5). Ilynscatop dukcuposanu Ha
OIIEPALMOHHOM CTOJI€ ¥ TEPMHHAJIBHBIN yU4aCTOK apTepHalbHOM
MarvucTpajy pacroyiaraiy B KOpIyce Iy/Ibcaropa.
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Puc. 5. Kpennenue mexanuueckotl yacmu nyibcamopa Ha one-
PayuonHom cmoie

Jnst cpaBHeHMsl TTapaMeTpoB pabOThl HACOCOB 3aIMCHIBAIH
KPHUBBIC MaBJICHUA, CO31aBa€MbI€ POJIMKOBBIM H LleHTpO6e)K-
HBIM HacoCaMH, pabOTaIOIMMHU B MYJIbCUPYIOIIEM pEeXHUME, a
TaKKe MOKa3aTen UX paboThl B PEKUME NMOCTOSIHHOTO ITOTOKA
¢ paboTaloIINM MMyIIbCaTOpoM. [IJIsi MPOrHO3UPOBAHHUS 1 OLICHKH
reMOJJMHAMHUYECKHX BOSMOXKHOCTEH! IyJIbCaTOpa M CUCTEMBI €ro
yIpaBJeHUs 3alUChIBAIN KPUBbIE TAaBICHUS MpU paboTe mynb-
caropa OT IMPOM3BOJIBHO 3a/1aBa€MbIX HMMITYJIbCOB BHYTPEHHE-
ro pUTMa, a TaKKe OT (BHEIIHUX) MMIIYJILCOB KapAHOTPaMMBbI.
KpuBsle naBnenuii npencrasieHsl Ha Puc. 6.

O0cy:xaenne pe3yabraroB. CTEHIOBbIE HCIBITAaHUSA IIO-
Ka3zaJii BO3MOXXHOCTh BKJIFOUCHUS yCTpOFICTBa B CTaH)IapTHy}O
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Puc. 6. Cunxpoxonmpnynocayusi: Kpugvle 0asienus u 0ovem-
HOUl CKOPOCMU KPOBOMOKA

nepQy3uOHHYIO CXeMy CepeYHO-JIero4HOro o0xoza, 4To MOJ-
TBEPIKAAJIOCH JITKOCTBIO KPETUICHHMSI ITyJbcaTopa Ha ONeparu-
oHHOM ctoyie wian Ha mmraruBe AWK, HameXHOCThIO PabOThI
MyJIbCATOPa B PA3JIMYHBIX HAPY30YHBIX PEKHMMAX: MYJIbCAIUCH
ot 20 1o 300 ymapoB/MUH, BO3MOKHOCTBIO CHHXPOHU3AIHH 110
KapauorpaMmme. B KITMHUYECKUX CITydasiX UCTIIOJIb30BaHUS JIBYX-
JKEITyZ0YKOBOr0 00Xofa cepana mopoOHas paboTa KpOBSHOIO
Hacoca IOCTOSHHOTO TOKA C pa3padOTaHHBIM HAMH ITyJIbCATO-
POM MOXKET 00ECIICUUTh Pa3rpy3Ky MUOKap/a Kak MpaBoro xe-
Jynouka (pasrpyska o o0bemy), Tak U JIEBOro (pasrpyska Io
nasienunio) [9,12,15]. Bo3MOXXHOCTh CMELICHHS UMITYJIbCa Ha-
Yajia CUCTOJIBI B ITyJILCATOPE ITO3BOJISIET HAIVISHO BU3YAJTU3HPO-
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BaTh Pe3yJbTaT CHHXPOHU3ALUH 110 N3MEHEHHUIO KPUBOI 00I1ero
BBIOpPOCA €CTECTBEHHOI'O CEpAlla U HAcOCa KPOBH, UTO, B CBOIO
04Y€pPEClib, MMO3BOJIACT TOYHO BBICTABJIATL BPEMA Ha4dalla Haruera-
HHSI HACOCa [OCIIE 3aBePILICHHSI CUCTOJIBI €CTECTBEHHOTO Cep/Lia
1 3aKPBITHSA a0PTaJIbHOI'O U l'[yJ'leOHaJ'leOFO KJIaITaHOB. Hy.]'lb—
caTtop ¢ TAKUMHU XapaKTEPUCTUKAMH MOXKHO HCIOJIb30BATh IPH
Cep/ICUHO-JIETOYHOM 00X0/1e B KapAUOXUPYPIrHIESCKUX Olepali-
X CO CTaHIapTHBIMU KiuHudeckumu AWK, mis neyenus pas-
BUBILICHCS MOCTONIEPAIIMOHHON OCTPO CEePJICUHON HEI0CTATOY-
HocTH. OCHOBHOI 00/1aCThIO MPUMEHEHUSI MyJIbCAaTopa J0IKHA
OBITh DKCTPAKOPHOpANIbHAST CEPJCYHO-JICTOYHAsT peaHHMalusl,
HPOBOANMAS [IOCJIE OCTAHOBKH CEpJLia B TOCIIUTAIIE WK B HETO-
CIHTAJIBHBIX YCJIOBHSX, KOT/Ia OCJIA0ICHHOMY U MepeHECIIeMY
CTpecc Cepilly, 110CjIe BOCCTAHOBICHHUS €ro COKpallleHUH, He-
HNpPEeMEHHO TpeOyeTcs MOIeP)KKa, IIyTeM BPEMEHHOI0, HCKYC-
CTBEHHOTO, YaCTHYHOTO 3aMEIIEHNUS COKPATUTENIBHOH (QyHKIHN.

3akroueHne. YCTpOHCTBO, MPEIHAZHAYCHHOES JIsl TpaHChop-
MalyHu IIOCTOSHHOI'O ITOTOKAa, peanmyemoro POJIMKOBBIM W LICH-
TpUQYKHBIM HACOCAMU KPOBH, B YIIPABJISEMbIN ITyJIbCHPYIOIIHIl
HOTOK, CJIEIyeT pa3Mellarh B CXEeMe allapartoB HCKYCCTBEHHOIO
CepIeUHO-JIErO4HOro 00X0/1a 1Mociie OKCHIreHaropa. Bo3MokHOCTD
YIIPaBIICHHS YaCTOTOH IyJIbCALINH, CUCTONIO-AUACTOIMYECKOM Mpo-
JOJDKUTEIIBHOCTBIO, YE€TKAsA KapAUMOCUHXPOHU3ALUS U ynpaB.neHne
Ha4yaJioM M MPEKpaIlleHUEM HMITYJIbCa MOXKET 00SCIIeUTh Pasrpy3-
Ky MHOKap/ia 1o 00beMy 1 JABJICHHIO B SKCIIEPUMEHTAX Ha KUBOT-
HBIX B PEKHUME BCIIOMOTaTeIbHOTO KPOBOOOPAIIICHHSI.

Baarogapnocts. PaGora BbINONHEHa IPH  MOAJCPIKKE
Hanuonansuoro Hayunoro ®onma I[py3unm um. Llora Py-
cragenun (HHOI'IIP) B pamkax mpoexta GENIE [rpant Ne
CARIS-19-1227].
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SUMMARY

IMPROVING THE PERFUSION FLOW OF BLOOD
PUMPS

Khodeli N., Chkhaidze Z., Shengelia O., Songulashvili D.,
Inauri N.

1. Javakhishvili Thilisi State Universitety, Institute of Morphol-
ogy, Georgia

Research in recent years has shown that pulsating flow dur-
ing cardiopulmonary bypass can prevent the development of a
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number of perfusion complications inherent in continuous blood
flow. On the other hand, attempts to pulsate with roller and cen-
trifugal pumps, which are structurally DC pumps, are fraught with
complications. However, these pumps are clinically tested and are
successfully used for the implementation of direct blood flow.

The aim of the study was to develop and create a preclinical ap-
paratus that transforms the flow of DC pumps into a pulsating one.

We have developed an electronically controlled device
(pulsator) that transforms the direct blood flow generated by
roller or centrifugal pumps into a pulsating flow synchronized
by the cardiogram. The pulsator was tested on the bench in
various load modes.

Cardiosynchronized pulsating blood flow with circulatory
support is able to effectively relieve the ventricular myocardium
both in volume and pressure.

The pulsator can be easily and easily installed on the operat-
ing table or on the perfusion device stand. The ability to control
the pulsation frequency, systolic-diastolic duration, clear cardio-
synchronization and the ability to control the onset and termina-
tion of the impulse can provide unloading of the myocardium in
volume and pressure in experiments on animals in the mode of
auxiliary circulation.

Keywords: perfusion, pulsatile and nonpulsatile flow, extra-
corporeal circulation.

PE3IOME

COBEPHIEHCTBOBAHUE INEP®Y3UOHHOI'O IIOTO-
KA HACOCOB KPOBH

Xonemn H.I'., Uxaunze 3.A., lllenreaus O.C.,
Conrynamsuiu /LIL., Aaaypu H.A.

Tounucckutl eocydapcmeennviii ynusepcumem um. U. [ocasa-
xuweunu, Mnemumym mopgonoeuu, I'pysus

HccnenoBanus MOCIEAHUX JIET TMOKA3bIBAIOT, YTO IMyJIbCHPY-
IOIIMI MOTOK IIPU HCKYCCTBEHHOM KPOBOOOPAILEHHH MOXKET
NPEAOTBPATUTL Pa3BUTUE PAAA NEPY3UOHHBIX OCIOKHEHUH,
NPHUCYIINX MOCTOSHHOMY KpOBOTOKY. C Apyroil cTopoHsI, 1o-
IBITKHY MYJIBCALHN POJIUKOBBIMHU MIIH LEHTPU(YKHBIMH Hacoca-
MM, KOTOPbI€ KOHCTPYKTHBHO SIBJISIOTCS HACOCAMH MOCTOSIHHOTO
TOKA, YPEBATHI OCIOKHEHUAMH. OJIHAKO 9TH HACOCHI KIMHHUYE-
CKH anpoOMpOBaHbl U YCIENITHO NPUMEHSIOTCS A Pean3aliu
MIOCTOSTHHOTO TOKa KPOBH.

Ilenbio uccneoBaHus SIBUIIHCH Pa3pabOTKa M CO3/1aHuE Tpe-
KJIMHUYECKOTO anmnapara, TpaHc(h)OpPMUPYIOLIEro OTOK HACOCOB
MIOCTOSIHHOTO TOKA B IyJIbCHPYIOLIHH.

Pa3paboraHo 371EeKTPOHHO YHpaBiIseMOe YCTPOHCTBO (IMyiib-
carop), TpaHcOpMHpYIOIee MOCTOSHHBIH TOK KPOBH, CO3/1a-
BAEMBbII POJIMKOBBIM WM LICHTPU(YKHBIM HACOCAMM, B CHH-
XPOHU3UPOBAHHBII MO KapaHOIpaMMe IMyJIbCUPYIOIIUI MOTOK.
[TynbcaTop uCHBITaMM HAa CTEHJE B PAa3IMUYHBIX HArpy304HBIX
pexKHMax.

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

KapanocMHXpOHN3UPOBAHHBIN  MyJIbCUPYIOLIMH  KPOBOTOK
[IPU BCIIOMOTATEIbHOM KPOBOOOpAIIICHUH CITOCOOCH 3B HEeKTHB-
HO pasrpyarb MHOKap/][ )KeJY0UKOB KaK 110 00beMy, TaK U M0
nasieHuo. [lynbcaTop JIerko ¥ pocTo yCTaHABIUBACTCS Ha Olle-
PALMOHHOM CTOJIE WITH IITATUBE Nepdy3HMOHHOIO ycTpoiicTsa. Bos-
MOYXHOCTb YIPaBJICHHS YaCTOTOM ITyJIbCALIMH, CHCTOJIO-IHACTONH-
YECKOH MPOIOIDKUTEIILHOCTBIO, YEeTKasl KapAHOCUHXPOHU3ALMS U
yIpaBlIeHHe HauajoM U MPEKpaleHneM HMITyJIbca 00eCredBaloT
pasrpy3Ky MHOKap/ia 1o 00beMy U JaBJICHHUIO B OKCIIEPUMEHTAX Ha
JKHBOTHBIX B P&KHME BCIIOMOIaTeIILHOTO KPOBOOOPAILICHHSL.
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MOP®OMETPUUYECKAS OLIEHKA OCOBEHHOCTEN PEMOIEJIMPOBAHUA
KPOBEHOCHBIX COCYJ1I0OB CEMEHHUKOB ITPU APTEPUAJIBHOU T'NITEPTEH3UHN
B MAJIOM KPYT'E KPOBOOBPAIIEHUS B SKCIIEPUMEHTE

I'matiox M.C., Tarapuyk JI.B., Kpunak M.IO., KonoBasienko C.O., Cnadsblii O.b., Monacteipckas H.51.

Tepnononvckutl HayuoHanbHbIU MeOuyuHckull ynugepcumem um. U.A. I'opoauesckoeo M3 Ykpaunet

I'mnepTeH3us B MajloM Kpyre KpoBOOOpAIIEHHs WM Jie-
rouHasi TUIEPTEeH3Hs, 00yCIOBIEHHAs IPEUMYIECTBEHHO 3a-
OosieBaHMEM JIETKHX, HEPEJKO BCTpEYaeTCs B KIMHUUECKON
MPAKTUKE U OCIOXKHASTCS TUMephyHKIHeH u runeprpodueii
MIPAaBOTO JKENyA0UKa, T.€. pa3BUTHEM JIeTo4HOro cepaua. Ha
CETOJHSAIIHUYI JeHb NCCIIeN0BATENN yKa3bIBAIOT, YTO XPOHH-
YecKoe JIETOYHOE CepAlle XapakTepusyercs runeprpodueii,
auiaranuei u qucdyHKIMeH MBIIIIBI IPaBOTro JKeIya0uKa,
YTO BBI3BAHO MOPAKECHHEM JIETOYHOIl MapeHXUMBI H/HIH
JIETOYHOTO COCYAMCTOTO Pyclia MEXKIY MECTOM OTXOXKIEHHS
CTBOJIA JIETOUYHOU apTepHH U MECTOM BIIaJI€HU JIETOUYHBIX BEH
B JeBoe npezacepaue [3,13].

Jlerounoe cepaie mpuodperaeT Bce Oouibliice 3HAYCHHE B
CBSI3M CO 3HAYUTENBbHBIM POCTOM XPOHUYECKHX OOCTPYKTHB-
HBIX 3200JIeBaHUI JIETKUX, XPOHUYECKHX (opM TyOepKyresa,
pod)ecCHOHAIBHBIX HOBPEXKCHUIT JIETKHUX, IPH KOTOPBIX OC-
HOBHOI NMPUYNUHON MOTEPU TPYAOCHOCOOHOCTH U JIETAIBbHO-
CTH SIBIIsIETCS IeKOMIIEH Al JlerouyHoro cepauna. Ilatorenes
MOCJIEIHETO CIOXKHBIA U TOCTaTOYHO MHOTOIPAaHEHHBIH, 4TO
B 3HAYUTEIbHOHN CTENEHHU yCIOKHSIET aJeKBaTHYIO0, CBOEBpE-
MEHHYIO IHarHOCTUKY JIETOYHOI TMHEPTEH3UM U JIETOYHOTO
cepana [3,11,14].

['mnepreH3us B cucTeMe JErouHol apTepuu U JErouHoe
cepAlle MOTYT BO3HUKATh IOCIE yAaleHHUs 3HAYUTEIbHOH
YacTH JIeroyHoi napeHxuMsl. CiaeayeT ykaszarh, 4TO IO ceil
JIeHb JTUCKYCCHOHHBIMU OCTAIOTCSI BOMPOCHI pacrmpocTpa-
HEHHOCTHM THUHEPTPO(HH NPaBOTO IKEIyIo4dKa INPH XPO-
HUYECKUX OOCTPYKTUBHBIX 3a00JI€BaHUAX JETKUX U PONH
JIerOYHON TUMEPTEH3UH B TAaTOreHe3€e JIErOYHOro cepala, a
HW3MEHEHHUS COCYAUCTOro pycla APyruX OpraHoB NpHU AaH-
HOW MAaToJOTHM HccienoBaHbl HempocTaTouHo [3,5]. Ilpu
TUIIEPTCH3UN B MaJOM KpYyre KpoBOOOpAIEHUS HCCIENO-
BaJIMCh apTEPUHU U BEHbI CEMEHHUKOB [6,7,10], reMmoMHuKpo-
LHUPKYIATOPHOE PYCJIO0 IMPH 3TOM TOYTH He u3ydanock. [Ipu
JIeTOYHOW THUMEPTEH3UH OCOOEHHOCTH PEMOJEIUPOBAHUS
apTepuil, BEH 1 MUKPOCOCYI0B He onpeaeaeHsl. B nocuen-
HUE TOoJbl MOP(OJOTH BCE IIHPE HCIOJIB3YIOT MOpome-
TpUYECKHE METOABI MCCIIeJOBaHUS, MO3BOJAIOIINE KOJIHU-
YeCTBEHHO M Hauboyiee 0ObEKTUBHO OLICHUThH Pa3INYHBIC
(busnonornyecKne U NaToJOTHUECKUE MPOLECCHl U JIOTHYHO
HHTEpHpeTupoBath ux [1,5].

Llenp wuccinenoBaHMSA — KOMIUIEKCOM MOP(]OIOrHYecKux
METOJOB U3Y4YUTh OCOOCHHOCTU CTPYKTYPHOU MepecTpOrKH
KPOBEHOCHBIX COCYHOB CEMEHHHKOB 3KCIE€PHMEHTAIbHBIX
KUBOTHBIX IPU apTepHalbHONU TMIIEPTEH3UH B MAJOM Kpyre
KpOBOOOpAaLICHHUS.

Marepuan u Metoabl. Kommiekcom MOp(HOIOrnueckux me-
TOZIOB HCCIIEI0BAHbl KPOBEHOCHBIE COCY/bI CEMEHHHUKOB y 78
J1a00paTOPHBIX IMOJIOBO3PEIBIX OEBIX KPbIC-CaMIIOB, KOTOpBIE
pasaenensl Ha 3 rpynmel: | rpynma Bimouana 15 MHTaKTHBIX
MIPAKTHYECKU 3J0POBBIX KHUBOTHBIX, 1l — 48 kpbic ¢ runepreH-
3Mell B MaJlOM Kpyre KpoBooOpalleHust 1 KOMIEHCHPOBAHHBIM
JISTOYHOM CepAleM, 15 KUBOTHBIX C JIETOUYHON THUIEPTEH3UEH,
y KOTOPBIX Pa3BUJIACh JAEKOMIIEHCAIUs JErOYHOTO CEepAIa, Co-
crasuiu 111 rpymmy.

© GMN

I'unepTeHs3nio B MaJoM Kpyre KpoBOOOpAICHUS MOAENHU-
pOBajM MyTeM BBIIOTHEHUS MIPABOCTOPOHHEN MyIbMOHAKTO-
Mmui [5]. OnepaTuBHbIE BMEILIATEIbCTBA TPOBOANIN B YCIOBUAX
THOICHTAJIOBOIO HAPKO3a ¢ COOJIIOACHUEM IPABUI aceNTHKU
AQHTHUCENTUKH. JleKoMIeHcalMs JIETOYHOTO CepAlla MOATBEPHK-
Jlanach CHUKEHHEM IOJBMXKHOCTH KpBIC, MOTEepel ammeTHra,
OZIBILIKOMN, CHHIOMIHOCTBIO BUIUMBIX CIM3UCTBIX 000JI0UEK, TH-
JPOTOPAKCOM, THIPONIEPUKAPIOM, epH(EepHIECKUMH OTEKaMH,
3aCTOWHBIMH SIBJICHUSIMH B OpraHax OOJBIIOr0 Kpyra KpoBo-
obparenns [5,6]. Criycerst 3 Mecsla OT Hadajga SKCIEPUMEHTa
OCYIIECTBIISIM IBTAHA3UIO JKUBOTHBIX KPOBOITyCKaHHEM B YC-
JIOBHSIX THOTIEHTAJIOBOTO HAPKO3a.

13 ceMCHHHKOB BBIPE3aIN KyCOUKH, KOTOPbIe (UKCHPOBAIIH
B 10% HeliTpasibHOM pacTBOpe (opMaliHa, IPOBOIMIN Yepes3
CIHPTHI BO3POCTAIOIIEH KOHIIEHTpAlUMK ¥ MOMeEIall B rapa-
¢uH. MUKPOTOMHBIE CPEe3bl TOJIIMHON 5-6 MKM TKaHU CEMEH-
HMKOB TI0CiIe AenapadUHU3AMU OKPAIIMBAIN I'€MaTOKCHIMH-
203UHOM, 10 BaH-I'm3o0H, Mamnnopu, Belirepty, TomyunInHOBBIM
CHHHUM, NPOBOANIIN UMIPETHAIMIO a30HOKUCIBIM CEpedpoM Mo
B.B. KynpusiHoBy [4].

Mopdomerpuuecku B nesom (JIC) u mpasom (IIC) cemen-
HHUKaX M3y4aJM apTepUH MEIKOro Kaaubpa (BHELIHUH aua-
MeTp 26-50 mxm). [Ipu aToM usmepsnu suemnuit (BJ1) u BHy-
tpennuit (Bu/l) nuamerpsl, Tonuuny meauu (TM), nnaekc
BorenBopta - IB (oTHOmEHHEe muI0manu cocyaa K MIOIaau
npocseta), uaaekc Kepnorana (MK), BoicoTy sHaorenanonu-
ToB (BD), nuamerp ux supep (A59), sanepHo-uuromia3maru-
yeckue OoTHoleHus B dTux kierkax (JALlO3), orHocurensb-
Hble 00BEMBI MHOBpPEXACHHBIX dHAoTenuonutos (OOIID),
u3MepsuIn  AuaMeTpsl aprepuon ([A), mpenxkanmispHBIX
aprepuon (/ITA), remokanumigpos ([I'), moctkanumisp-
HbIx BeHyl (I1B) u Benyn (/IB), oTHOCUTEIBHYIO IIIOTHOCTH
mukpococynoB (I1C) Ha 1 MM? TKaHM CEeMEHHHKOB, BHEIIHUH
(BAB), Buyrpennuii (Bu/IBC) numameTpsl BEHO3HBIX CO-
cynoB, TonmuHy ux cteHku (TC), BBICOTY 3HIOTEIMOLUTOB
(BOB), nmamerpst anep ([ASB), sanepHo-muTomnasmaruue-
ckue oTHOWeHHus B 3TuX kieTkax (JLIOB), orHOcUTeNbHBIN
00beM MOBPEKACHHBIX YHJOTSIHOLUTOB B UCCIEIYEMbIX Be-
Hax (OOIISB). MopdomeTpuueckre H3MEPEHHs TIPOBOIUIN
¢ mOMOIIbI0 nporpammsel «Buneo-Tect-5.0».

KonnuecTBeHHble MOKa3aTenu oOpabaThlBalu CTaTHCTHYE-
cku. OOpaboTKa MOTYyYESHHBIX TAaHHBIX IPOM3BEJEHA B OT/ENe
CHCTEMHBIX CTAaTHCTHYECKUX HCCIeoBaHul TepHOMOIbCKOro Ha-
[MOHAIBHOTO MeMIMHCKOro yHuBepcutera uM. V.5 TopGades-
ckoro M3 Vikpaunsl B nporpamMmmHoM mnakete «STATISTSKA».
Paznuune Mexay cpaBHMBAeMBIMU BETMUMHAMM OMPENETSANH 110
kputepusiMm ManHa-Yutau u Cretonenra [1,9].

OKCIEePUMEHThI ¥ 3BTAHA3HI0 KMBOTHBIX MPOBOAMIN C CO-
OmoneHneM «OOMMX THYECKUX MPUHIMIIOB 3KCIIEPHMEHTOB
Ha JKUBOTHBIX», YTBEPKIECHHBIX [IepBbIM HallMOHAIBHBIM KOH-
rpeccom 1o 6uostuke (Kues, 2001), coorBercTBeHHO «EBpO-
nelcKoif KOHBEHLIUH O 3aIlUTe TO3BOHOYHBIX KMBOTHBIX, KOTO-
pBble HCTIOIB3YIOTCSI B AKCIIEPUMEHTAIBHBIX U JPYTUX HAyYHBIX
nensix» [12], a Taoke 3akoHa Yikpaussl «O 3a1IuTe KUBOTHBIX
OT JKeCTOKOro obparueHus» ot 21.02.2006.
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PesyabTarel m o6cy:xmenune. [lomydeHHble B pesysbTare
IPOBEJICHHOTO HCCIIEI0BAaHMs JaHHBIE CBHACTEIBCTBYIOT, 00
OCJIOKHEHHH NPaBOCTOPOHEH IYJIbBMOHAKTOMUH JIETOYHOH T'M-
NEPTEH3UEH, YTO MOATBEPIKIATIOCh Pa3JesIbHbIM B3BEIIUBAHU-
€M KaMmep cepiua U ux mianumerpuei. [Ipu stom ormeuanach
runepyHKIMs U TUIEpTpodus Kamep cepiua, KoTopas Xa-
pakTepr30BaIach YBEIMUCHUEM UX MAcChl C JJOMUHHPOBAHHEM
runeprpoduu mpaBoro HKeIyI0uKa U AWIATALHEH ero MoNoCTH,
YTO CBUJIETEIIBCTBYET O Pa3BUTUH JErOYHOro cepaua [3,5].

Pesynbrarsl MOpdOMETpUHM apTepuii MeNKOro kaambpa ce-
MEHHHUKOB JKCIICPUMCHTAJIbHBIX JKHMBOTHBIX IPEACTABICHbI B
Tabnuue 1. AHaaM3 JaHHBIX YKa3aHHOM TaOMULbI BBIABUI, YTO
B CMOJICIIMPOBAHHBIX JOKCIIEPUMEHTAJIbHBIX yCJ'IOBI/IﬂX nuccljie-
JlyeMble MapaMeTpbl apTephil MEJIKOro KanuOpa CEeMEHHHKOB
U3MCHSUIUCh B CPAaBHEHUM C KOHTpojeM. [Ipu 3ToM BHEIIHUH
JMaMeTp McclenyeMbIx cocyoB Bo Il rpynmne HabmoneHuit (ie-
rovHasi THIEPTEH3HsI U KOMIICHCHPOBAHHOE JIETOYHOE CEpALE)
JICBOI'O CEMEHHMKA CTaTUCTUYECKU HocToBepHO (p<0,05) yBe-
nuuwics Ha 3,4%, tomuuHa mequu — Ha 7,0% (p<0,001), un-
nekc BorenBopra — Ha 25,6%, OTHOCUTEJBHBIH 00BEM MOBPEK-
JICHHBIX DHJIOTEIHOIUTOB - B 2,04 pasza. Ilpu nexomnencanuu
JIETOYHOTO Cep/ila HcclieayeMble MophoMeTpruiecKue napame-
Tpbl yBenuumiuch Ha 4,8%, 15,5%, 44,3% u B 11,66 paza, coot-
BeTcTBeHHO (p<0,001).

B cMmozenupoBaHHBIX yCIOBHSAX IKCIIEPUMEHTA BHYTPEHHUH
JMaMeTp apTepuil MeJIKoro Kajauopa JeBoro CeMEHHHUKA yMEHb-
munes Ha 7,75%, nnnexc Kepnorana — Ha 18,7% (p<0,001).
[Tpu nexoMIeHcalu JIETOYHOr0 CepAlla UCCIeAyeMble KOJIU-
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Y4eCTBEHHbIE MOP(OIOrHYeCKUe IMOKA3aTeNIM HM3MEHHINCh Ha
12,6% u 29,2%, coorBercTBerHo (p<0,001).

Ipu nexoMIleHCALMK JIETOYHOTO CEpALla BO3HHUKIA CTPYK-
TypHasl IepPeCTPOKa IHIOTEIHOLNTOB UCCIIENYEMbIX COCY/IOB.
Bericora aTHX KieTok ymeHbiumiach Ha 2,8% (p<0,05), snepHo-
LUTOIIA3MAaTHYECKHUE OTHOLICHUS Y HUX YBEIMYHINCh Ha 7,6%
(p<0,01). M3meHeHus saEpHO-UUTOIIA3MAaTUYECKUX OTHOIIIE-
HHU{ B OH/IOTEJIMOLUTAX CBHICTEILCTBYET O HAPYLICHHU CTPYK-
TYPHOTO KJIETOYHOTO roMeoctasa [1,5,7]. OTHocHuTeIbHBII 00b-
€M MOBPEXKJICHHBIX DHIOTEIHOLUTOB IPHA ITOM YBEIHYMICS B
11,6 paza (p<0,001).

B mpaBoM ceMeHHMKE CTpPYKTypHas HeEpecTpoiika aprepuil
Obula aHaNOrMyHOM. [Tpy KOMIIEHCUPOBAHHOM JIETOYHOM CEpILe
BHEIIHUI IMaMETp UCCIIeAyeMbIX COCYIOB yBenuumics Ha 3,16%
(p<0,05), Tomuuna Meauu — Ha 4,8% (p<0,05), nnnexc Boreusop-
ta — Ha 19,7%. BHyTpeHHuil auaMerp MccieqyeMbIX apTepuil B
IIPaBOM CEMEHHUKe yMeHblmcs Ha 5,8% (p<0,01), unnexc Kep-
Horana — Ha 16,5% (p<0,001). MophomeTprdeckre mapamMeTpbl
SHIOTEJIMOLMTOB IIPH ITOM CYILECTBEHHO HE M3MCHSUINCH, KPOME
OTHOCHTEJIBHOTO 00beMa MOBPEKICHHBIX HAOTENHOLHTOB. [To-
clieHu MOP(HOMETPUYECKHUIT TTapaMeTp B JAHHBIX YCIOBHSIX IKC-
MIepUMEHTA BBIABIICH yBeIM4YEHHBIM B 1,87 paza (p<0,001).

B ycioBusX eKOMIIEHCAIMU JIETOYHOIO CepAlia PeMOCIH-
poBaHre MOP(OMETPUYSCKHX IIOKa3aTesie apTepuil MEIKOro
KayMbpa MpaBoro CeMEHHUKa ObUIM OOJiee BBHIPAKCHHBIMU B
cpaBaenuu co I rpynnoit nabmionenuii. Buemnuii nuamerp
UCCIIEYyeMbIX COCYIOB CTaTUCTHYECKH IocToBepHO (p<0,05)
yBenuumics Ha 3,4%, tonmuHa meauu — Ha 8,5% (p<0,01), un-

Tabnuya 1. Mopghomempuyeckasn xapakmepucmuxa apmeputi MeIKo2o Kaaubpa ceMeHHUKOS
9KCHEePUMEHMANbHBIX dcugomuslx (M+m)

I'pynna nadmaronenuii
Hoxa3arean
I II I
JIeBBIH CEMEHHUK
BJUIC, Mmxm 38,30+0,42 39,60+0,39* 40,15+0,36**
Bu/UJIC, Mxm 24,50+0,21 22,60+0,18%* 21,40+0,15%**
TMIJIC, Mxm 7,10+0,12 7,60+0,09** 8,20+0,12%**
HKIIC,% 40,10+0,45 32,60+0,36%** 28,40+0,27%**
UBJIC,% 244,4+3.3 307,043,3%** 352,6+3,6%**
BO3JIC, Mxm 6,10+0,06 6,08+0,08 5,93+0,05*
JUIDJIC, MM 3,12+0,03 3,09+0,03 3,16+0,03
SIOBJIC 0,262+0,003 0,258+0,003 0,282+0,003**
OOIIBJIC,% 2,10+0,02 4,30+0,05%*** 24,50+£0,27%**
MIPaBbIi CEMEHHHUK
BATIC, mxm 37,57+0,42 38,76+0,36* 38,84+0,36*
BHATIC, Mkm 24,52+0,21 23,10+0,21** 22,20+0,18***
TMIIC, MkM 7,06+0,12 7,40+0,12%* 7,66+0,12%*
UKIIC, Mkm 42,50+0,45 35,50+0,36%*** 32,60+0,33%**
UBIIC,% 235,1+3,9 281,5+3,6%** 306,1+6,3%**
BEIIC, Mxm 6,10+0,12 6,08+0,09 5,96+0,03*
JUIDIIC, MxM 3,09+0,04 3,10+0,03 3,14+0,03
SALOSBIIC 0,256:+0,003 0,260+0,003 0,268+0,002*
OOIIBIIC, % 2,08+0,04 3,9040,03%** 19,4040,18***

npumeyanue: *-p<0,05; **-p<0,01; ***-p<0,001 6 cpasnenuu c I epynnoii nabar0OeHull
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nexc BorenBopra — Ha 30,2% (p<0,001), BHyTpeHHUIT 1UaMeTp
apTepuii camsmics Ha 9,46% (p<0,001), nanexc Keprorana — Ha
23,3% (p<0,001). O6Hapy»xeHa Takke CTPyKTypHast IIePeCcTpoii-
Ka 9HI0TEINOLUTOB YKa3aHHbIX apTepHil. SIaepHo-1uToma3Ma-
THYECKHE OTHOMLICHWS y HUX yBemmumwiauch Ha 4,7% (p<0,05),
OTHOCHTEJIbHBIH 00bEM IOBPEKACHHBIX JHIOTECIUOLMUTOB — B
9,3 paza (p<0,001).

T'HCTONIOrMYECKH B HEKOTOPBIX HCCIEIYEMBIX apTepusix OT-
Meyanach nponudeparys HI0TEIHOLUTOB, KOTOPbIE MECTaMU
MPUBOAWIIM K OOIMTEepaluy mpocsera cocyaoB. CTeHKH apre-
pHAIBHBIX COCYIOB YTOJIICHBI, IPOCBET UX CY)KCH, DHIOTEIH-
OLIUTHI AUCTPOGUYCCKH H3MCHEHBI, MECTAMH JJECKBAMHPOBAHHBI,
MepHBa3albHbIC TKAHU C BHIPAKCHHBIM OTCKOM M 04aroBOi MH-
¢unbrpanueil. B HEKOTOPBIX apTEPHAX OTMEYalach ACCTPYK-
s MeMOpaH, CTPYKTYpHbIC M3MCHEHHS MHOLIUTOB, SIBICHHS
Muo1acToGubpo3a. BeISBICHHBIC TATOTUCTOIOTHTYECKHE U3MeE-
HEHUS IOMHHHPOBAJIH B JICBOM CEMEHHHKE IIPH JICKOMIICHCALIUN
JIETOYHOTO Cep/Lia.

MopdomeTrprueckue mapamMeTpbl TeMOMUKPOLIMPKYIISTOPHO-
O pycJia JIBOTO U [IPABOr0 CEMEHHHKOB TT0Ka3aHbl B Tadmuie 2.
TIpe/craBieHHbIC B yKa3aHHOW TaOIHUIE KOIMYECTBCHHBIC MOP-
(osornueckue napaMmerpbl MUKPOCOCYIOB IIPH ITOCTPE3CKIH-
OHHOH JICTOYHOM THIIEPTEH3UH CYIIECTBEHHO U3MEHSIHCh. [Ipu
KOMIICHCHPOBAHHOM JICTOYHOM CEpLIe THaMETp apTepHoI B Jie-
BOM CEMEHHHKE C BBIPQKCHHBIM CTaTHCTUYECKU J0CTOBEPHBIM
pazmaueM (p<0,001) crusmics Ha 6,1%, mperKammUITPHBIX
aprepuon — Ha 8,7%, remokamusipos — Ha 10,6%, MIOTHOCTH
cocynoB — Ha 19,0%, a mpu AeKOMIICHCAMH JIETOYHOTO CepALa
—Ha 24,0%; 32,0%; 22,9% u 22,1%, COOTBETCTBEHHO.

BeHO3HOE 3BEHO FeMOMMKPOLIPKYJISITOPHOTO Pyciia B CMOZIEIHU-
POBAHHBIX YCJIOBHSIX IKCIICPUMEHTA PACILHPSLIIOCH, YTO TTOITBEPIK-
JIJIOCh TIONYYCHHBIMHA MOP(HOMETPUYECKUMH Hapamerpamu. [1pu
KOMIICHCHPOBAHHOM JICTOYHOM CEp/LE MaMETp IOCTKAIMLIP-
HBIX BEHYII JICBOTO CeMEHHUKa yBenmamics Ha 17,3%, BeHyn — Ha

13,9% (p<0,001), mpu HEOCTATOUHOCTH JISTOYHOTO CEpPALIA COOT-
BercTBeHHO — Ha 31,6% 1 31,3% (p<<0,001).

B npaBoM ceMeHHUKE ONMCAHHOE PEMOCINPOBAHUE MUKPO-
COCYZIOB OBUIO aHAJOTHMYHBIM, OJHAKO B MEHBLICH CTEIICHH.
[Ipy KOMIIEHCUPOBAHHOM JIETOYHOM CEpJLEe AUAMETP apTEePUOI
cratucTudecku ngoctoBepHo (p<0,001) ymensmmics Ha 5,9%,
HpeIKANUIUIIPHBIX apTepuoi — Ha §,2%, reMOKauuIIpoB — Ha
10,1%, niaoTHOCTH MUKpOCOCYR0B — Ha 17,5%, npu AeKoMIeH-
canuu Jerounoro cepaua — 23,7%; 28,0%; 21,5%; 20,7%, coot-
BeTcTBeHHO (p<0,001).

BeHnosHble cocyapl FeMOMUKPOLMPKYJISTOPHOTO pycia IpH
TUIIEPTEH3UN B JIETOYHOM aprepun pacumpsuiuch. [Ipu xom-
IICHCUPOBAHHOM JICTOYHOM CEpJle AUaMeTp IOCTKalWUIsp-
HBIX BEHYJ cTaTUCTHYEeCKH 10ocToBepHO (p<0,001) yBenuumics
Ha 16,4%, BeHyn — Ha 12,7%, npu 1eKOMIIEHCALUH JIETOYHOTO
cepaua — Ha 28,4% u 29,3%, coorBerctBeHHO (p<0,001).

CBeTOONTHYECKH OOHAPYKEHO, YTO BEHO3HBIE COCYIbI Ie-
MOMMKPOLIUPKYIATOPHOTO pycila PacLIMPEHbl, HNeperoIHEHbI
KpoBb10. OTMeuascs Takke NepuBa3alibHbIi 0TEK, KOTOPBIH Me-
CTaMH Cy>KUBaJ U 7e()OPMHUPOBAIT HCCICAYEMbIE MUKPOCOCY/IbI.
V3meHsnack NpOCTPAHCTBEHHAs OPHEHTAaLUs MHUKPOCOCYIOB,
T.€. UX aHrHoapxuTekToHuka. [lonapisorniee GOIBIIMHCTBO Be-
HO3HBIX COCYJOB I'€MOMHKPOLMPKYJISITOPHOIO pycila HEpaBHO-
MEpHO PACIIUPEHbI, BAPUKO3HO M3MEHEHHBIE, C YaCThIMU CaK-
KYJSIIMSIMHA, TIEPEHOJIHEHb (DOPMEHHBIMU DJIEMEHTAMU KPOBH,
C SIBICHUSIMH CTa3a, [ia3Mopparuy, TpoM603a, 4To0 CBHICTEIb-
CTBYET O BBIPQKCHHOM HApyLICHHH UX APCHAKHOH (QyHKIMU.
BeHo3HBIi 3acTOii B HCCIEyeMbIX COCYIaX IPUBOAMI K yCUIIe-
HHIO TUIOKCUH, HapylIeHUH TPopUKH, MeTaboIn3Ma, TUCTPO-
($uM ¥ HEKPO30B YHIOTEIHOLMTOB, BEIPAXKEHHON CTPYKTYpPHOM
HepecTpoiiKe CTPOMBI U IAPEHXMMbl CEMEHHHMKOB, KOTOpas Xa-
paKTepU30BaIach BHIPAKCHHBIMU COCYIUCTBIMU PACCTPONUCTBA-
MH, PelyKIHel CII0EB CIIEPMATOreHHOTO SMHUTEIs, TUCTpoduUe-
CKHMH U HEKPOOMOTHYECKUMHU H3MEHEHUSIMHU CIIEPMATOTEeHHOTO

Tabnuya 2. Mopgomempuueckas Xapakmepucmura cocy008 2eMOMUKPOYUPKYIAIMOPHO20 PYCIA CEMEHHUKOS
DKCNEePUMEHMANbHBIX Jicugomuulx (M=+m)

I'pynna nadaroaennii

Iloxa3arenn I I I
JIeBblii CEeMEHHHK
JIA, MKkM 18,21+0,30 17,10+0,12%*** 13,84+0,12%**
ATIA, MxM 10,52+0,12 9,60+0,06%** 7,1540,06%**
AT, MxM 6,10+0,09 5,4540,05%** 4,70+0,03***
JIIB, MM 12,46+0,15 14,62+0,18*** 16,40+0,12%**
JIB, MM 26,50+0,30 30,2040,26*** 34,80+0,27***
Ic 3824,3+28.2 3097,6+23,5%** 2980,4+21,3%**

MpaBblii CEMEHHUK

JIA, MKM 18,220,30 17,14£0,27%** 13,900, 15%**
JITTA, MKM 10,35+0,12 9,5040,06%** 7 4540,04%%%
I, MkM 6,12+0,09 5,500,06%** 4,80+0,05%**
JITIB, MkM 12,540,15 14,600,127 16,10+0,12%%*
JIB, MKM 26,53+0,30 29,90:£0,24% 34,3040,21%%*
(e 3836,8+30,3 3165,7422,5%** 3040,5421,3%%*

© GMN

npumeuanue. *** — p<0,001 6 cpasnenuu c I epynnoti
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Tabnuya 3. Mopgomempuueckas xapakmepucmura 6eHO3HO20 PYCIA CEMEHHUKOB ) IKCHePUMEHMATbHBIX dcugomublx (M+m)

Hoxasarens I'pyna naémoaenus
I I 11
JIEBBII CEMEHHUK
BJIBC, Mkm 40,32+40,42 42,30+0,39* 45,80+0,36%**
Bu/IBC, MkM 28,30+0,24 30,60+0,21%* 34,60+0,24***
TCBC, MM 12,02+0,09 11,70+0,06** 11,20+0,06%**
BOBC, MkM 4,80+0,03 4,75+0,04 4,52+0,03**
JA1D, MxM 3,56+0,02 3,52+0,03 3,46+0,02**
110D 0,550+0,003 0,552+0,003 0,585+0,004 ***
OOII3BC,% 2,20+0,03 6,48+0,04%** 38,60+0,51***
IIPaBblii CEMEHHUK
BJIBC, Mkm 40,30+0,42 41,36+0,30* 43,30-£0,33%**
Bu/IBC, MM 28,32+0,24 29,96+0,18* 32,00+0,21***
TCBC, MM 11,98+0,06 11,40+0,06** 11,30+0,06%**
B3BC, Mkm 4,8040,03 4,72+0,04 4,54+0,03**
JUI3, MM 3,56+0,02 3,50+0,03 3,47+0,04
SALBD 0,550+0,003 0,552+0,003 0,583+0,004***
OOIIBBC,% 2,20+0,03 5,9040,04%** 34,50+0,42%**

npumeuanue. * - p<0,05; **p<0,01; ***-p<0,001

SMUTENNS, OTEKOM, THCTpodueii, arpodueit knetok Jlelaura, nn-
(unsTpanyeil, CKIepo3upPOBaHUEM M THATMHU3ALMCH CTPOMBI HC-
cnemyeMoro oprana. OIHMCaHHBIE W3MEHEHHS JIOMUHHPOBAIM B
JIEBOM CEMEHHHKE TIPU ASKOMIEHCAIMH JIETOYHOTO Cep/Lia.

KommuectBennbie Mopdoaornyeckue moka3areau BEHO3ZHOTO
pyciia CEMEHHHKOB TIPEACTABIEHbI B Tabnuie 3. BrisiBneno, uto
B YCIOBHAX MOCTPE3EKIMOHHOHN THUNEPTEH3UH B MaJOM Kpyre
KPOBOOOpAIIEHNs H3MEHSANACh CTPYKTYPa BEH.

IIpy KOMIEHCHPOBAHHOM JIETOYHOM CEplle BHEUIHUN JHa-
METp BEH JIEBOTO CEMEHHMKA CTAaTHCTUYECKH JOCTOBEPHO
(p<0,05) yBenmuumnics Ha 5,1%, BHyTpeHHHI qruamerp —Ha 9,2%
(p<0,01), oTHOCHTENBHBII 00BEM MOBPEKACHHBIX IHIOTEINO-
muToB — B 2,9 paza (p<0,001), TommuHa CTEHKH BEH YMEHb-
mmnack — Ha 5,1% (p<0,01), mpu HETOCTATOYHOCTH JIETOYHOTO
cepAla McciaeayMble MOPHOMETPUUECKHE MapaMeTphl H3Me-
Hwuch Ha 13,4%; 22,2%, 6,8%, B 17,5 pa3za, COOTBETCTBEHHO
(p<0,001). JlexommeHcanusi JETOYHOTO CEpAla MPHBOAMIA K
PEMOENUPOBAHNIO SHIOTENIHONUTOB BeH. [Ipm 3TOM yMmeHsb-
IIanach BBICOTA SHAOTEIHOLUTOB Ha 5,8%, quameTp saaep — Ha
2,8%, sAepHO-IUTOMIA3MAaTHIECKHE OTHOMICHNST YBETUIMNIUCh
Ha 6,36% (p<0,001).

AHAJIOTUYHO M3MEHSINCH BEHBI TPABOTO CEMEHHMKA, OHA-
KO CTEIEHb UX PEMOJEINPOBAHUs Obl1a MeHbIIeH. B ycrnoBusax
KOMITEHCHPOBAHHOTO JIETOUYHOTO CEpPALla BHEIIHUH THAMETpP BEH
CTAaTUCTUYECKH JOCTOBEPHO yBETHUMICS Ha 2,6%, BHYTPEHHHUH
nuamerp —Ha 5,8%, OTHOCUTENBHBIH 00beM MOBPEXKJEHHBIX SH-
JIOTETMOLUTOB — Y 2,95 pasa, mpu JAEKOMIICHCALIUH JIETOYHOTO
cepaua oHu u3MeHwuch Ha 7,4%; 12,9%; 15,68 pasa, cooTBet-
cTBeHHO. TomIMHA BEHO3HON CTEHKH IIPU 9TOM YMEHBIINIACh
Ha 5,6% (p<0,001).

IIpoBeneHHble HCCIENOBAHUA U TIOTYYEHHBIE PE3YIbTATHI
CBHJETEIBCTBYIOT, YTO MOCTPE3EKIMOHHAS THIEPTEH3US B
ManoM Kpyre KpoBOOOpaIleHHs] MPHUBOIUT K CTPYKTYPHOM
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IIEPECTPOiiKe apTepuil, MHKPOCOCYIOB, BEHO3HOIO pycia
JICBOTO M NPABOr0 CEMEHHHUKOB. [Ipu 3TOM cTemeHb pemo-
JIeIMPOBAHUS MCCIEAYEMBIX COCYIOB JIOMHHHUPYET B JICBOM
CEMEHHHUKE IPU JEKOMIICHCALUMU JIErOYHOro cepiua. boiee
BbIpa)KCHHAsI CTPYKTYpHas IepecTpoiika COCyl0B JIEBOTO Ce-
MEHHHUKA IIPH 9TOM OOBSCHSAETCSI 0COOCHHOCTSIMH BEHO3HOTO
OTTOKA OT TOTO opraHa [2,8].

BoiBoabl. [IpoBeeHHBIME UCCICAOBAHUSMU U TOJTYUYCH-
HBIMH Pe3yJbTaTaMH BBISBICHO, YTO IOCTPE3CKIIMOHHAS
THIIEPTEH3UsI B MaJloM Kpyre KpOBOOOpAIICHHUS! IPUBOAMT
K CTPYKTYPHOH IepecTpoiike apTepuii, MUKPOCOCYIOB, Be-
HO3HOT'O pycila JEeBOro M MpaBoro ceMeHHHUKOB. [Ipu 3tom
CTCIEHb PEMOJCIMPOBAHUS HCCICAYEMBIX COCYAOB IOMH-
HUPYET B MUKPOI€MOLUPKYISTOPHOM pyciie JIEBOTO CEMEH-
HUKa IIPU JEKOMIICHCALUH JIEro4HOro cepauna. CTpyKTypHas
IepecTpoiika COCYI0B MUKPOTEMOLMPKYJISATOPHOIO pycia ce-
MEHHHUKOB IIPU HEIOCTATOYHOCTH JIETOYHOIO CEpJlla XapakTe-
pH3yeTCsl BBIP@KEHHBIM CYXXEHHEM IMPHHOCHOTO (apTepHOJIbI,
HpeIKaULSIPHbIe apTePUOIIbl), OOMEHHOTO (TeMOKAIMILISPbI)
3BEHbEB MUKPOI€MOLUPKYIATOPHOTO pycia U PacIIUpEHUEM
HOCTKAWUULIPHBIX BEH U BEHYJ, BEHO3HBIM IOJHOKPOBHEM,
TUIOKCHEH, HapyIIeHueM TpopUKH U MeTaboan3Ma, TUCTPOpH-
¢il, HeKpOOMO30M KJICTOK, TKaHEH, MH(PHUIBTPAIMCH U CKICPO3U-
POBaHMEM B HCCIIEyEeMbIX OpraHax.
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[Ipukapnarcekuil

SUMMARY

MORPHOMETRIC ASSESSMENT OF PECULIARITIES OF BLOOD VESSELS OF THE TESTIS
IN EXPERIMENTAL ANIMALS AT ARTERIAL HYPERTENSION IN A LITTLE CIRCLE OF CIRCULATION

Hnatjuk M., Tatarchuk L., Kritsak M., Konovalenko S., Slabyy O. Monastyrskaya N.

1. Horbachevsky Ternopil National Medical University, Ukraine

Aim of the research — to study the features of the structural
reconstruction of blood vessels of the testes of experimental
animals at arterial hypertension in the pulmonary circulation us-
ing a complex of morphological methods.

Experiments were carried out on 78 laboratory sexually ma-
ture white male rats, which were divided into 3 groups. The 1
group included 15 intact practically healthy animals, 2 - 48 rats
with hypertension in the pulmonary circulation and compen-
sated cor pulmonale, 15 animals with pulmonary hypertension,
which developed decompensation of cor pulmonale, constituted
the 3 group.

Arterial hypertension in the pulmonary circulation was simu-
lated by performing a right-sided pulmonectomy. Three months
after the beginning of the experiment, the rats were euthanized
by bloodletting under thiopental anesthesia.

Histological micropreparations were made from the testes, on
which the morphometry of arteries, veins, and microvessels was

performed. Quantitative indicators were processed statistically.

It was revealed that postresection hypertension in the pulmo-
nary circulation leads to structural reconstruction of arteries,
microvessels, and the venous bed of the left and right testes. At
the same time, the degree of remodeling of the studied vessels
dominates in the microhemocirculatory bed of the left testis at
decompensation of the cor pulmonale.

Structural reconstruction of the vessels of the microhemo-
circulatory bed of the testes in case of insufficiency of the cor
pulmonary is characterized by a pronounced narrowing of the
arterioles, precapillary arterioles), exchange (hemocapillar-
ies) links of the microhemocirculatory bed and the expansion
of postcapillary venules and venules, venous plethora, hypoxia,
impaired trophism and metabolism, dystrophy, necrobiosis of
cells, tissues, infiltration and sclerosis.

Keywords: testes, blood vessels, pulmonary hypertension,
morphometry.

PE3IOME

MOP®OMETPHUYECKAS OIEHKA OCOBEHHOCTEW PEMOJIEJIMPOBAHUS
KPOBEHOCHBIX COCYJIOB CEMEHHHUKOB ITPU APTEPHAJIBHOI T'MMEPTEH3UH
B MAJIOM KPYI'E KPOBOOBPAIIEHUS B OKCIHEPUMEHTE

I'mariok M.C., Tarapuyk JI.B., Kpunak M.IO., Konosanenko C.O., Caadsblii O.b., Monactsipckas H.51.

Teprononvckuil HAYUOHATLHBLIL MeOuyuHCKull yHueepcumem um. UA. Topoauescroco M3 Yrpaunw

Lexns rccnenoBaHms — KOMITIEKCOM MOP(HOIOTHIECKIX METOI0B
OTIPENIeTIUTh OCOOCHHOCTH CTPYKTYPHOH MEPECTPOUKH KPOBEHOC-
HBIX COCYZOB CEMEHHHKOB SKCIEPHMEHTAIbHBIX KMBOTHBIX MPH
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apTepHAIbHOI TMIIEPTEH3HH B MAJIOM KPyre KPOBOOOPAIICHHS.
DKCIepUMEHTHI IPOBEICHBI Ha 78 1a00paTOPHBIX TTOJIOBO3PE-
JIbIX OEJBIX KPBICAaX-CaMLax, KOTOPbIC pa3ieeHbl Ha 3 rpymisl: [
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rpyIna BKIoyaia 15 MHTaKTHBIX IPAaKTHYECKH 310POBBIX KPbIC;
II — 48 kpbIC ¢ TUNEPTEH3HEH B MAJIOM Kpyre KpOBOOOpaIeHH s
1 KOMIICHCUPOBAHHBIM JIETOYHBIM CEPALIEM, 15 )XKMBOTHBIX C Jie-
TOYHOM TumepreH3uel, y KOTOPbIX pa3BHJIACh JEKOMIICHCALMS
JerouyHoro cepaua, cocrasuiu Il rpynmy. Aprepuanshyro ru-
HEPTEH3UI0 B MAJIOM Kpyre KpoBOOOpAIlEHUS MOJEIUPOBAIN
BBIIIOJIHEHHEM NIPaBOCTOPOHHEH MynbMOH3KTOMUU. CIIyCTs TpH
Mecslla OT Hayaja SKCHEPUMEHTa OCYILECTBIISUIM 3BTAHA3HIO
KPbIC KPOBOIYCKAaHHEM B YCJIOBHUSX THOIEHTAJIOBOIO HAPKO3a.
W3 ceMEHHHMKOB TOTOBUJIN TUCTOJIOTHYECKUE MUKpoOIpeaparsl,
Ha KOTOPBIX IPOBOAMIN MOP(OMETPHIO apTepHii, MHKPOCOCY-
110B 1 BeH. KonmuecTBeHHbIE TIoKa3aTenn o0padaTbiBaiv CTaTH-
CTHYECKH.

BblﬂBJ’[eHO, YTO IOCTPE3CKUMOHHAA TUIICPTCH3USA B MaJIOM

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

Kpyre KpOBOOOpAICHUsI IMPHUBOAUT K CTPYKTYpHOU Iepe-
CTpOiiKe apTepuii, MUKPOCOCY/I0B, BEHO3HOIO pycja JEBOro U
IpaBoro CEMECHHHUKOB. le/l OTOM CTCIEHb PEMOACIMPOBAHUSA
HCCIIElyeMbIX COCYI0B IOMHUHHPYET B MHUKPOTE€MOLIUPKYIISITOP-
HOM pyCJIe JISBOTO CEMEHHHUKA MPU JCKOMIICHCAIINH JISTOYHOTO
cepaua. CTpyKTypHas nepecTporka COCy0B MHKPOTEMOLIUP-
KYJISITOPHOTO PyClia CEMEHHHKOB IIPU HEAOCTATOYHOCTH JIET04-
HOI'O CeplLa XapaKTepU3yeTCsl BBIPAXKECHHBIM CYXXEHUEM IpPU-
HOCHBIX (apTepuol, IPeIKANHULIPHBIX apTepHoi), OOMEHHBIX
(reMOKanmIUISAphl) 3BEHBEB MHUKPOIEMOLUPKYIISITOPHOTO pyciia
U paClIMPECHUEM NOCTKAIIWIIIIIAPHBIX BECHYJ U BEH, BEHO3HBIM
MOJIHOKPOBHEM, T'MIIOKCHEH, HapyIIeHHeM TPO(GUKU U MeTado-
JU3Ma, TUCTpOodHel, HEKPOOHO30M KJIETOK, TKaHCH, MH(UIb-
Tpaluen u CKJICpO3UPOBAHUEM.
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QUANTITATIVE HISTOLOGICAL ASSESSMENT OF SKELETAL MUSCLE HYPOTROPHY
AFTER NEUROTOMY AND SCIATIC NERVE REPAIR IN RATS

Goncharuk O., Savosko S., Petriv T., Medvediev V., Tsymbaliuk V.

Bogomolets National Medical University, Kyiv, Ukraine

Peripheral nerve injury results in loss of innervation, meta-
bolic disorders, and subsequent necrosis of muscle fibers and
can have devastating consequences - replacement of skeletal
muscle with connective tissue. Process of atrophy in long-term
denervated muscles is a common problem after damage to the
peripheral nerves of the limb [6]. At the histological level, these
changes first consist of wasting of muscle fibers and then they
progress to atrophy, and such areas are replaced by connective
tissue, namely fibrous processes occur in the muscles [5]. As a
result, recovery of long-term denervated muscle becomes dif-
ficult, prolonged, and potentially insufficient [1].

There are various techniques for microsurgical repair of an in-
jured peripheral nerve, which include the technique of epineural
suture for minor injuries and nerve autografting for large defects.
It is believed that on time reinnervation of skeletal muscles al-
lows to restore motor function of the limb and prevent possible
significant atrophy of limb muscles. In this work, we investigate
the histological changes of denervated skeletal muscles on the
rodent model of sciatic nerve neurotomy and morphometrically
evaluate the dynamics of wasting by changes in muscle fibers
and collagen density. These changes were also compared with
the connection of nerve stumps with a epineural suture and the
additional use of sealants around the suture, in particular poly-
ethylene glycol hydrogel (DuraSeal) and fibrin sealant (Tisseel).
The advantage of sealants is the ability to combine the nerve
with less trauma to the nerve stumps [3,8]. Sealants do not inter-
fere with nerve regeneration, but should provide sufficient adhe-
sion of nerve stumps and at the same time not cause adhesion to
paraneural tissues [9]. Previous studies have shown that sealants
promote regeneration of damaged nerve, as evidenced by the
level of nerve regeneration, muscle M-response and functional
tests [4], but the histological condition of the muscles has not
been studied.

The aim — investigate histological and morphometric changes
in m. gastrocnemius after sciatic nerve damage and repair with
different microsurgical techniques.

Material and methods. The white outbred male rats (250+£25
g, 5-6 months) were divided into 4 experimental groups (n=15
per group) and one control group (n=5): group 1 — control (intact
rats), group 2 — sham-operated rats, where only approach to the
sciatic nerve was done without nerve damage, group 3 — rats
with transected sciatic nerve and then connected by epineural su-
ture “end-to-end” (4-6 epineural sutures with polyamide thread
Nel0 / 0), group 4 — rats with transected sciatic nerve and then
connected by 2 “fixating” epineural sutures and DuraSeal® (Co-
vidien LLC, USA), group 5 — rats with transected sciatic nerve
and then connected by 2 “fixating” epineural sutures and Tisseel
fibrin sealant. The surgery was performed under anesthesia (xy-
lazine 15 mg / kg and ketamine 70 mg / kg, intraperitoneally).
Firstly approach to the sciatic nerve was made, then the nerve
was completely cut, after that specific operation depending on
group was performed, and in the end suturing the wound in lay-
ers with monofilament polyamide thread 4/0 was done.

Muscle samples were fixed in 10% phosphate buffered for-
malin, dehydrated in isopropanol and embedded in paraffin. 8
pm slices were cut with Thermo Microm HM 360 microtome
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(Thermo Scientific, USA). Deparaffinized slices stained by He-
matoxylin and Eosin (H&E) PicroSirius Red (PSR) (0.5 g Direct
Red 80 (Magnacol Ltd, UK) in 500 ml of saturated picric acid)
for 30 min at 25° [10], dehydrated and mounted in the medium
(Merck, Germany).

The cross-sections of rat m. gastrocnemius were used for
morphometry. The mean diameter (um) of the muscle fibers was
estimated by average of large and small diameters per individual
fiber by Carl Zeiss software (AxioVision SE64 Rel.4.9.1). The
density of Sirius red-positive regions of collagen was calculated
using the software of ImageJ (Wayne Rasband, the USA), (algo-
rithm: transformation of RGB image into 8-bit, threshold, cor-
rection by maximum PSR-positive index, measurements). Col-
lagen density is expressed in percent (%) of the analysed areas.
The analysed zones were presented as microimage (2270x1700
pixels, 1120x840 pm), 5 images per cross-section slice of a mus-
cle sample (is approximately 2/3 of the muscle cross section).

The StatPlus software (version 7.0; Microsoft) was used
for statistical analysis. The data presented as mean + standard
error of mean (SEM). The results were analyzed and com-
pared using analysis of variance (one-way ANOVA) followed
by Bonferroni’s post hoc test. Differences were considered
significant at P<0.05.

All experimental procedures were conducted according of
current standards of bioethics (EU Directive 2010/63/EU “on
the protection of animals used for scientific purposes” (1986),
European Convention for the Protection of Vertebrate Animals
Used for Experimental and Scientific Purposes (1986), Law of
Ukraine of February 21, 2006 No. 3447-1V “About protection of
animals against ill treatment” (2006)). The protocol of the study
was approved by the bioethical commission of Bogomolets Na-
tional Medical University (protocol 113).

Results and discussion. Histological examination of muscle
fibers and areas of fibrosis in m. gastrocnemius were investi-
gated at all periods of the experiment. Morphometry showed no
difference in muscle fiber diameter, whereas after neurotomy
and sciatic nerve repair the changes were significant (Table 1).
The loss of muscle fiber thickness in the group with epineural
suture was detected as early as on the 14th day and in the fol-
lowing periods these changes remained, in other words mus-
cle wasting developed quite rapidly. In the DuraSeal group
the changes on the 14th and 30th days were similar, but on
the 60th day the diameter of the muscle fibers increased sig-
nificantly and reached control values. In the Tisseel group,
muscle fiber wasting occurred mainly from the 30th day and
on the 60th day the difference was observed only for the Du-
raSeal group. There were recorded an increase in the size and
density of myonuclei in muscle fibers in all three groups with
restored sciatic nerve on the 30th day. On the 60th day such
changes tended to increase, especially in those muscle fibers
that underwent the greatest structural changes, including loss
of striation, enlightenment of the cytoplasm. These changes
were evaluated as a response to regeneration after denerva-
tion, although at the same time it is a sign of muscle wasting.
In addition, the amount of hypertrophied muscle fibers (> 100
um) increased after DuraSeal application.
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Table 1. Diameter of muscle fibers in rat m. gastrocnemius after nerve repair (um)

Group
14th day 30th day 60th day
Control 91.2+1.84
Shame-operated 83.7+£2.14 86.3+1.37 88.2+1.61
Epineural suture 63.9+1.43%] 62.6+1.47*! 69.445.05%!
DuraSeal 62.8+2.20%*! 60.6£1.93%! 100.4+2.49"** 1@,
Tisseel 94.7+3.80! 72.5£1.92%1*¥** @) 75.544 37*@***

* P < 0.05 in comparison with the control group; ! P < 0.05 in comparison with the shame-operated group;
NP < 0.05 in comparison with the epineural suture; @ in comparison with the 14th day;
** in comparison with 30th day; *** P < 0.05 in comparison with the DuraSeal

Table 2. Density quantification of collagen in rat m. gastrocnemius after nerve repair (%)

Group
14 day 30 day 60 day
Control 3,70+0,39
Shame-operated 6,55+0,83 4,16+0,77 5,10£1,72
Epineural suture 12,88+0,58*! 12,74+1,01%*! 11,19+0,71%*
DuraSeal 4,89+0,51" 4,85+1,16" 7,64+0,75
Tisseel 8,40+0,99*" 6,60£1,127 9,07+1,72%*

* P < 0.05 in comparison with the control group; ! P < 0.05 in comparison with the shame-operated group;
NP < 0.05 in comparison with the epineural suture

Histological sections stained by PSR revealed a difference in
the density of regions that were positively stained for collagen
(Table 2). A common feature of the development of fibrosis in
all experimental groups was revealed. The density of collagen
increased from the area of access into the mions of m. gastroc-
nemius mainly along the perimysium and along the vessels, and
the density of collagen between isolated muscle fibers increased
with their significant wasting. In the group with epineural suture
at all periods of the experiment the collagen density was sig-
nificantly higher than in the control and shame-operated groups.
In the group with Tisseel on the 14th and 60th days, the rate
of collagen density was higher than in control, and relatively
shame-operated - did not differ. In the DuraSeal and Tisseel
group, the density of collagen regions was lower than in the epi-
neural suture group on the 14th and 30th days. On the 60th day
in all three groups with sciatic nerve damage, the indicator did
not differ. That is, prolonged denervation caused muscle wasting
with the development of fibrosis, and regardless of the repairing
technique of the damaged nerve, the density of fibrosed regions
increases, although in the DuraSeal group there was a tendency
to delay these changes in the dynamics of experiment.

Microsurgical repair of a damaged nerve does not always re-
sult in successful muscle reinnervation, and progressive atrophy
is accelerated by fibrotic processes. Fibrous changes consist in
an increase in the amount of fibrous connective tissue, which
in a healthy muscle is concentrated mainly in the epimysia and
perimisia. Our study revealed that the density of the extracel-
lular matrix, which is represented by collagen and can be quan-
tified by histological examination, increases in the denervated
muscle. Today, there are several routine techniques that make
it possible to distinguish collagen from muscle fibers, such as

170

Masson’s trichrome stain, Van Gieson’s stain and picro-sirius
red stain, the latter being the most specific for collagen [2] and
can be measured in software [7].

Post-traumatic fibrosis develops rapidly and by the 14th day
the amount of collagen has increased significantly and by the
end of the experiment has not changed, while when restoring the
nerve using DuraSeal and Tisseel the dynamics of fibrosis was
delayed, and only on the 60th day the indicator reached values
of epineural suture. When comparing the three microsurgical
techniques, DuraSeal can be considered as the most potentially
effective way to repair a nerve. This is indicated by the results of
muscle fiber morphometry. On the 60th day, the number of fibers
of larger diameter increased, among which were hypertrophied
fibers and fibers with an increased number of myonuclei. In the
Tisseel group was also recorded an increase in the number of
myonuclei in muscle fibers on the 14th day and on the other peri-
ods, and this is a morphological sign of regeneration. Therefore,
it can be argued not only about the positive effect of DuraSeal
and Tisseel on the regeneration of the damaged nerve, but also
on the delay in the development of atrophy of denervated skel-
etal muscles during their reinnervation.

Conclusions. Using histological and morphometric methods,
skeletal muscle changes after sciatic nerve neurotomy and sub-
sequent microsurgical repair various techniques were assessed.
Wasting of rat m. gastrocnemius occurs relatively quickly and
is combined with an increase in the content of connective tis-
sue after the connection of the nerve stumps with an epineural
suture. The use of DuraSeal and Tisseel delayed the develop-
ment of fibrosis during the reinnervation period, and the use of
DuraSeal increased the content of hypertrophied muscle fibers
on the 60th day.
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SUMMARY

QUANTITATIVE HISTOLOGICAL ASSESSMENT OF SKELETAL MUSCLE HYPOTROPHY
AFTER NEUROTOMY AND SCIATIC NERVE REPAIR IN RATS

Goncharuk O., Savosko S., Petriv T., Medvediev V., Tsymbaliuk V.

Bogomolets National Medical University, Kyiv, Ukraine

Reinnervation of skeletal muscles, wich occurs in time, is
considered a factor in preventing muscle atrophy and potentially
successful functional recovery. Morphometry of denervated
muscles makes it possible to assess the dynamics of muscle at-
rophy after various methods of repairing of a damaged periph-
eral nerve.

The aim - evaluate histological changes and morphometry of
m. gastrocnemius in rats after complete neurotomy and nerve
repair techniques.

In rats the sciatic nerve was crossed and sutured with 4 epineural
sutures, 2 sutures with DuraSeal, and 2 sutures with Tisseel. On the
14th, 30th, and 60th day histological changes of m.gastrocnemius
were examined and morphometry was performed based on two pa-
rameters: muscle fiber diameter and collagen density.

Skeletal muscles morphometry was performed after sci-

atic nerve neurotomy and subsequent microsurgical repair.
Muscle fiber wasting was already detected on the 14th day
after epineural suture with DuraSeal, and in the Tisseel group
- on the 30th day after sciatic nerve damage. The average
diameter of muscle fibers in the DuraSeal group increased
significantly by the day 60 due to the appearance of hyper-
trophied fibers. In areas of wasting, connective tissue density
increased, which did not change quantitatively during the ex-
periment, while the use of DuraSeal and Tisseel delayed the
development of fibrosis for up to the 30th day.

Application of DuraSeal and Tisseel with epineural suture
delays the development of fibrosis and wasting in denervated
muscles during the reinnervation period.

Keywords: muscle, sciatic nerve injury, epineural suture, Du-
raSeal, Tisseel.

PE3IOME

KOIMYECTBEHHASA T'TNCTOJTOI'HNYECKASA OHEHKA T'HTIIOTPO®UU CKEJIETHBIX MBIIII KPBIC
IHOCJIE HEBPOTOMMH U BOCCTAHOBJIEHHUS CEJAJTUIIIHOI'O HEPBA

TI'onuapyk A.Q., CaBocsko C.U., Ilerpus T.U., Mensenes B.B., Hlumo6aaiok B.1.

Hayuonanvnwiti meouyunckuii ynusepcumem um. A.A. Bocomonvya, Kues, Ykpauna

CBoeBpeMEHHasl PEeUHHEPBALUS CKEIETHBIX MBIIIL paccMa-
TpuBaeTcs Kak (pakTop MpenynperkaeHust aTpo(Guu MBI H
MOTEHIIMAIBHO YCIEIIHOT0 (PyHKIIMOHAIBHOTO BOCCTAHOBIIE-
HUsL. MopdomeTpusi TeHepBUPOBAHHBIX MBIIII 1aeT BO3MOXK-
HOCTH OLIEHHUTH JUHAMUKY aTpO(UH MBIMII ITOCIE Pa3THIHBIX
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CII0COOOB BOCCTAHOBJICHHS OBPEKAECHHOTO TEPUPEPHIECKOTO
HepBa.

Lens nccneoBaHus - OIIEHUTH THCTOIOTHYECKHE N3MEHEHUS
u MopdoMeTpHIo m. gastrocnemius y KpbIC MOCIIE ITOJTHON Heil-
POTOMUHM ¥ BOCCTAHOBIICHUS HEPBOB.
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Kpricam nepecekanu cenaauiiHblil HEpB U clIMBaIK 4 3MU-
HEBpaJIbHBIMK HIBaMH, 2 mBaMu ¢ DuraSeal wiam 2 mBamu c
Tisseel. Ha 14, 30 u 60 cyTku MCCiIe0BAIN IMCTOJIOTNYECKUE
M3MEHEHHs M. gastrocnemius ¥ IpoBOAMIM MOP(OMETPHIO 1O
JIBYM I1apaMeTpam - IHaMETP MbIIICYHBIX BOJIOKOH U IIJIOTHOCTH
KOJUIareHa.

IIpoBenena MopdhoMeTpust CKEIETHBIX MBIIIILL OCJIE HEBPOTO-
MHH CEIaJIMIIHOTO HEepBa H IOCIEIYIOMIEr0 MUKPOXUpypruye-
CKOTO BOCCTaHOBJIEHHA. Y2ke Ha 14 CyTKHM rocie 3IUHeBpallb-
Horo mBa u DuraSeal oOHapyxeHa rUNOTPO(Us MBILICYHBIX
BOJIOKOH, a B rpymre ¢ Tisseel - Ha 30 cyTku mocie noBpex-
JleHus cenanuigHoro Hepsa. Ha 60 cyTku 1OCTOBEpHO yBe-

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
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JINYUJIICA Cpe)IHI/Iﬁ JAUaMETP MBIMICYHBIX BOJIOKOH B prnne
¢ DuraSeal OGnaromapsi mosiBjieHHI0 runepTpodupoBaHHBIX
BOJIOKOH. B y‘[aCTKaX FHHOTpO(bMM yBeJ’lI/I‘ll/IJ'[aCl) IIJIOTHOCTH
COCIMHUTEIILHOM TKAaHHU, KOTOpas 3a IEPHOJ SKCICPHUMEHTA
KOJIMYECTBEHHO HE M3MEHMJIACh, TOTJA KaK HCIOJIb30BaHHE
DuraSeal u Tisseel 3anepxuBano passutue pudposza g0 30
JHA BKJIIOYUTCIIBHO.

Taxum 00pa3oM, pe3yabTaThl IPOBEIEHHOTO UCCIIEIOBAHUS
MO3BOJIAIOT 3aKJIIOUNTh, 4yTO npuMeHeHne DuraSeal u Tisseel
C SIHMHEBPAIILHBIM IIBOM 3aJICpXKHBacT pazButue Gudposa u
rUnoTpo( U 1eHePBUPOBAHHBIX MBIIII] HA dTalle pEHHHEPBa-
LU,

A9boydy

3000523950L hrbhbols 39bmgdol 30 3mEOMR00L AomE bmdmogo ws dolbFmemayoygdo Jgxsligds
Loxxomdo bgdgol bgg@m@mdools s smagbol dgdwmgy

.306b5G930, L.bogmlgm, B.39@ 050, 3.0903920930, 3-(30365@00% 30

>, dmamdmgiaol bob. g@mgbymo Lodgwoiobm gboggdliodgdo, 30930, 930506

hmbhbol 3996mgdols @HMYEo Mgobg@gaos aoboboang-
bo, MO 396w gools sGHmABools megosh soggdols
o (omds@gogemo 539600 smwygbol gsd@mao.

©9bgMg00gd 9o 39bmgdol In@RmIgdmos odanggs
396mgdol s@@MGBool ©obsdogol ggsligdols Lodygomg-
b5l obosbgdygmo 3gMmoggmoygamo bgdgol Lbgswslbgs
d90mEgoom smeagbol d9dwygy.

330930l Jobobls Fomdmoygbos m. gastrocnemius-ols
doOgmIgH@ools ©s JobFmammaoyg®o (3o gdgools
Yguoligds  godmogggddo  Legmo  bgodmEmdool  ©s
693900l smeagbol dgdwygy.

30005239030 begdmes Loxwmmdo bymgol aowsd@ds
> Jgdegy dgggMgs 4 g30bggdoggdo  bogg@om, 2
DuraSeal 6539000 ©s 2 Tisseel bogg@oo.

4,30 o 60 gl asdmggmrggeo ogm m. gastrocnemius-ols
dobBmemaogdo  (3gmomgdgdo ©s Ygdgy Po@omws
doOgmIgHHos 2 35@sdgAMols Jobgogomn - 3gbomgsbo
dmd 3900l osdgB®o s gmeopgbols Lodggmogy.

Loxxmdo bgdgol bgg@m@mdool ©s dobo dgdgmdo

dog0mJod oo smEygbol dgdwgy hosBodws hemb-
bbols 39bmgdols Jn@gmdg@dos.

Loxemdo bgmgol wobosbgdol 8g-14 omgl 930bg361-
mo > DuraSeal-ol boggdgool  dgdwgy  swdmhbos
396mmgobo dmd 3mgdol do3mB@MR0s, boeoe Tisseel-ols
x990 go - 30-5 wegl. 3g-60 egby Lo®dFIybmw
03535 39bmnmgobo dmEgmgdol Lodgomm msdgd®ds
DuraSeal-ols x93 9o.

303m@®xool Josdmgddo dJmods@s dgdsg@mgdgano
Jbmgognols  Lodggmoggd, @mdgamoi  gdb3g@odgb@ol
39M0mEdo  MomgbmdMogge oM  gEgmoms, dodob

QIUICH NG DuraSeal-oll o Tisseel-ol  godmygbgds
09%3g0bgdes  BodAmbol  aobgomsdgosl 30 ol
S mI©y).

boBomgdgmo  gaemgaol  gogagddy  oy®wbmdom

58B™MMYOL  podm@obogno sfgm  sligghs, MmI DuraSeal-ols
s Tisseel-ol godmygbgds  g30bggdomy@o  bsgg@gdom
29%390bgdl BodAMbol ©s d03mEMMR00l yobgomsmgdsl
©gbgM300 909 3960950 Mgobg@gszools gBs3by.

172



GEORGIAN MEDICAL NEWS
No 4 (313) 2021

ROLE OF p-ADRENOCEPTORS IN REGULATION
OF ERYTHROCYTES’ RHEOLOGICAL FUNCTIONS (REVIEW)
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'David Aghmashenebeli University of Georgia, *Thilisi State Medical University, Georgia

Adrenoceptors are a class of G protein-bound receptors that
target catecholamines (noradrenaline and adrenaline). Adre-
noceptors have been observed in many cells, participating in
the pathogenesis of many critical conditions, or diseases. The
mobilization of catecholamines into the blood occurs in situa-
tions such as hypoxia, anemia, hypercapnia, during strenuous
exercise, ie, in conditions where it is necessary to increase the
intensity of oxygen transport. These hormones initiate the de-
velopment of integrated physiological responses to modulate
cardiovascular, respiratory functions, and modify metabolic
pathways. Functional activity of adrenoceptors - an important
marker of the intensity and direction of adaptive reactions in
the living organism, their output, as well as an effective target
for the treatment of various diseases. Catecholamine’s recep-
tor modulators are widely used in the treatment of many dis-
eases (arterial hypertension, coronary heart disease [8], cancer,
inflammation [10,21,27]); B-adrenergic receptor blockers are
used in the treatment of cardiovascular (arterial hypertension,
ischemic heart disease) [6] and other diseases.

The possibility to regulate the intensity of the angiogenesis
process with B-blockers indicates the involvement of adrenocep-
tors in the modulation of the functioning of various systems of
the living body and the pathogenesis of many diseases (tumor
growth, rheumatoid arthritis, diabetic retinopathy, ischemic heart
disease, peripheral vascular damage). -adrenergic receptors
also influence cytokines, chemokines, VEGF, fibroblast growth
factor, hepatocyte growth factor (HGF), placental growth fac-
tor, stromal cell factor-o, Matrix metalloproteinases (MMPs - a
group of enzymes that play an important role in the degradation
of extracellular matrix macromolecules and remodeling of con-
nective tissue [26] expression), and accordingly, are known as
the antitumor and anti-inflammatory effects of -blockers. The
B-blocker, propranolol, is widely used in the treatment of car-
diac diseases, it’s anti-tumor and anti-inflammatory properties
are well known [32]. The inhibitory effect of propranolol (non-
selective B-adrenergic receptor blocker) on vascular endothelial
growth factor (VEG) norepinephrine-induced expression in adi-
pose tissue [37] and norepinephrine-induced release of a func-
tional angiogenic factor in nasopharyngeal carcinoma tumor
cells [18] has been described, suggesting that B-adrenoceptors
are involved in the regulation of these processes.

In this review, we discuss the role of adrenoceptors in the
regulation of the rheological functions of erythrocytes.

Rheological properties of erythrocytes. On the membranes
of erythrocytes receptors for many neurotransmitters and neu-
ropeptides (muscarinic acetylcholine receptors, 5-hydroxy-
tryptamine-1 receptors, and B-cholecystokinin receptors,
B-adrenoceptors) were detected.

Erythrocytes are multifunctional cells. In addition to gas
transport, they are involved in the regulation of blood rheologi-
cal parameters, in the transport of medicinal, biologically active
substances and immune complexes, in the regulation of vascular
dilatation. Erythrocytes play an important role in the regulation
of blood circulation: they participate in the regulation of vas-
cular tone, arterial, and venous blood pressure, affect platelet
function [13]. Erythrocytes can regulate the interaction of lym-
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phocytes with endothelium, specific immune responses in acti-
vated T cells, and intensity of their apoptosis; they can inhibit
neutrophil’s apoptosis [36].

As is known, the rheological properties of erythrocytes impor-
tantly depend on their proprties whish are manifested in changes
of their deformability and aggregability. The deformability of
erythrocytes is crucial for microcirculation and is especially
important during various critical situations, but the molecular
mechanisms of its regulation have not been fully established. It
is known, that the deformability of the erythrocyte’s membrane
is determined by its viscoelastic properties, the fluidity of the
cytoplasm, and the cell’s shape and size (surface area/volume
ratio) [28]. Viscoelastic properties of erythrocytes membrane
depends significantly on its lipids composition, properties of
membrane peripheral (cytoskeletal, adhesive proteins) and inte-
gral (pumps an channels) proteins Fluidity of erythrocyte’s cy-
toplasm plays an important role in the regulation of cell deform-
ability depends on the cell volume and hemoglobin structure and
quantity. Changes in erythrocyte’s diameter, and therefore the
volume, may be related to a disturbance of the osmotic balance
between the inner and outer environment of the cell. Maintain-
ing the normal osmotic balance in the erythrocytes significantly
depends on the level of activity of erythrocytes membrane trans-
port system and level of cellular metabolism (Na'/K*-ATPase
and Ca?*-ATPase activity). Na”/K*-ATPase plays important role
in the regulator of erythrocyte volume and, consequently, cy-
toplasm viscosity, which ensures the maintenance of osmotic
balance around the membrane; Ca?>*-ATPase ensures a low con-
centration of intracellular Ca?*, which is also essential for main-
taining a high deformability [22].

Role of p-adrenoceptors in the regulation of the rheological
functions of erythrocytes.

It is known that B-adrenoceptors play an important role in
the regulation of the erythrocytes metabolism. Activation of
-adrenoceptors by agonists is mediated by a receptor-coupled G
protein, which has a stimulatory effect on adenylate cyclase. Ac-
tivation of adenyl cyclase results in the formation of a secondary
messenger, cyclic adenosine monophosphate (cAMP), inside the
cell. The cAMP also causes changes in the concentration of Ca?*
ions in the cell through cAMP-dependent protein kinases (PK-
A, PK-C) and the activation of several Ca**-dependent metabolic
pathways [5]. It is known that activated by [-adrenergic recep-
tors agonists cAMP-dependent PK-C promotes phosphorylation
of membrane Na'/K'-ATPase and Ca?>"-ATPase, increase the
permeability of the L-type Ca*-channels, intensification of Ca**
ions flux into the cell [2,17] and Ca*-dependent modification of
membrane proteins [7,25,37], in part, the permeability of mem-
brane channels, including Ca*-dependent K* channels (Gardo
channels), erythrocytes aggregation, thrombus formation and
adhesion to the endothelium [3,12,19,31], modification of the
metabolic activity of the intracellular proteins (calmodulin-de-
pendent proteins, Na*/H -antiporter, Ca*?-ATPase, erythrocyte’s
NO synthase (eNOS), phosphatidylinositol 4,5-bisphosphate,
PKCa, phosphoinositide 3-kinase (PI3K) and others [9,34], reg-
ulation of cellular clearance [11], that is reflected in the erythro-
cytes functioning.
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Notable is the B-adrenoceptor agonists-induced activation
of Ca*-dependent K'-channels (Gardo channels) promotes
changes in the intracellular K and Na*-ions content. In addition
to Gardo channels, several catecholamine-regulated Ca*-de-
pendent transport systems include erythrocyte membrane Na*/
H*-antiporter and ouabain-resistant Na"/K*/2Cl-cotransporter.
These ion-transport systems, regulated by complex adrenore-
ceptor-dependent and nondependent mechanisms, participate in
the regulation ions concentration of K*, Na" and ClI- ions inside
erythrocytes. are responsible for the alterations of osmolality,
hydration/dehydration and polarity of their membrane [25,33].
It is known that rapid dehydration of erythrocytes resulted by
sharp increase in their membrane permeability to Ca®"ions (via
pressure-dependent Ca**-channels), and activation of Ca*-de-
pendent transport systems (including Gardo channels), contrib-
utes to their reduction in cells size (volume) that is followed
by increase their deformability, and rapid movement in narrow
capillaries.

Erythrocyte deformability is known to be critical to main-
taining normal levels of microcirculation [35]. It is known that
catecholamines-induced dehydration of erythrocytes contributes
to a change in their rheological properties - increase the deform-
ability and reduce aggregation [29,31].

It is known that the mechanism of vasorelaxation of blood
vessels, regulated by [-adrenergic system, is mediated
by activation of the L-arginine/NOS system with cAMP-
dependent mechanisms (PKA or PI3K-ACT signaling pathway),
which provides phosphorylation of serine-177 of eNOS
and, consequently, its Ca’-independent activation [23]. The
activation of eNOS increases the level of NO synthesis, which,
in turn, promotes hyperpolarization of the plasma membrane,
activation of CAT-1 (a carrier of cationic amino acids), increase
in arginine consumption, and, as a consequence, intensification
in NO production [23,34]. It is noteworthy that the CAT-1
protein is also found in erythrocytes [20], which indicates on the
possibility of participation of the above mentioned -adrenergic
regulatory mechanism of NO synthesis in the red blood cells.

Erythrocyte’s NO acts as an autocrine mediator in the
regulation of erythrocytes deformation, essential for the transport
of these cells in narrow capillaries [34]. The mechanisms of NO
effect on the mechanical properties of erythrocytes have not
been fully understood.

There is evidence that $-adrenoceptor agonists by G-protein-
induced cAMP-dependent mechanisms, as well as by the influ-
ence of other factors, such as stimuli inducing the increase of
cAMP level [16,30], mechanical deformation of erythrocytes
[4,14], hypoxia, promote the release of adenosine triphosphate
(ATP) from erythrocytes [1,15]. ATP by the interaction with pu-
rine receptors on the endothelium induces the release of endo-
thelium-dependent vasodilators (nitric oxide, prostacyclin) [24]
and thereby provides regulation the intensity of blood flow in the
area of microcirculation. That is, under conditions of reduced
tissue oxygenation, erythrocytes, along with enhanced oxygen
transport, perform the oxygen sensors role that controls the ATP
release in response to local tissue hypoxia.

Conclusion. B-adrenoceptors play an important role in the
regulation of erythrocytes functions and metabolism. They
participate in the modification of transport membrane proteins
(Na+/K+-ATPase, Ca>-ATPase, Na+/K+/2Cl—cotransporter,
Na“/H*-antiporter, CAT-1, Ca*"-dependent K* channels (Gard
channels), the activity of adenylate cyclase and cAMP, AMP-
dependent activation of the L-arginine/NOS system and erythro-
cyte NOS (erNOS)) and by this way modulate the cells volume,
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rheological properties (deformability, aggregability), intensity
of NO synthesis and ATP reliase. These properties of erythro-
cytes determine, that, in addition to the transport of gases, they
play the oxygen sensors role and can participate in the mecha-
nisms of vasorelaxation and maintenance of a normal level of
microcirculation.
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SUMMARY

ROLE OF B-ADRENOCEPTORS IN REGULATION OF
ERYTHROCYTES’ RHEOLOGICAL FUNCTIONS (RE-
VIEW)

'Sharashenidze T., 'Shvelidze Kh., *Tsimakuridze M.,
"Turabelidze-Robagqidze S., 'Buleishvili M., 2Sanikidze T.

'David Aghmashenebeli University of Georgia; *Thilisi State
Medical University, Georgia

In this review, we discuss the role of adrenoceptors in the
regulation of the rheological functions of erythrocytes.

B-adrenoceptors play an important role in the regulation of
erythrocytes functions and metabolism. They participate in the
modification of transport membrane proteins (Na+/K-+-ATPase,
Ca*>-ATPase, Na+/K+/2Cl-cotransporter, Na'/H"-antiporter,
CAT-1, Ca**-dependent K channels (Gard channels), the activ-
ity of adenylate cyclase and cAMP, AMP-dependent activation
of the L-arginine/NOS system and erythrocyte NOS) and by this
way modulate the cells volume, rheological properties (deform-
ability, aggregability), intensity of NO synthesis and ATP reli-
ase. These properties of erythrocytes determine, that, in addition
to the transport of gases, they play the oxygen sensors role and
can participate in the mechanisms of vasorelaxation and mainte-
nance of a normal level of microcirculation.

Keywords: proteins, erythrocyte NOS, -adrenoceptors.
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POJIb B-AAPEHOPELIEIITOPOB B PEI'VISIIUU PEO-
JOrMYECKHUX ®YHKIUIA SPUTPOIUTOB (OB30P)
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ZMumaxypuize M.IL, 'Typadenunze-Podaxunze C.1.,
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'Vuusepcumem Jlasuoa Aemawenedenu ¢ I pysuu, *Tounucckuil
20¢cy0apcmeennblil MeOuyuHckuil ynusepcumem, I pysus

B 0030pe obcyknaercs poib P-aapeHOpeenTopoB B peryJis-
1K QyHKIMH U Metabonm3ma SpuTporuToB. OHM y4acTBYIOT B
MoaupUKauK TpaHCOpTHBIX OeskoB MemOpaHn (Na”/K* -ATdaza,

175



Ca"-AT®aza, Na'/K/2Cl-korpancnoprep, Na'/H-antunoprep,
CAT-1, Ca*"-3aBucumble K'-kanaibl - kaHasbl ['ap/i0, akTHBHOCTD
ameHmIaTyKIa3el 1 TAM®, AM®-3aBucrmMast akTHBALIHsI CHCTE-
Mol L-aprunnn/NOS u spurpouurapraas NOS), Takum oOpa3zom,
OHH MOJLYJIUPYIOT 00bEM KJIETOK, PEOJIOTHYeCKUE CBOMWCTRA (Jie-
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(bopMHEpyeMOCTb, arperarysi), MHTeHCUBHOCTb cuHTe3a NO U BbI-
cBoOokienue AT®. brarogapst 3TuM CBONCTBaM 3PUTPOLIUTHI,
IIOMUMO TPAHCIIOPTa I'a30B, UTPAIOT POJIb KUCIOPOAHBIX CEH-
COPOB M MOT'YT y4yacTBOBaTb B MEXaHM3Max Ba3opeiaKcaliy U
HOAJeP KaHUsI HOPMAJIBHOTO YPOBHS MUKPOLIUPKYJIALIUH.
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VACCINATION: STATE-IMPLEMENTED MEDICO-SOCIAL AND LEGAL MEASURES

'Afanasieva M., 'Stoianov M.,, 'Kuli-Ivanchenko K., 2Ivanchenko A., 2Shotova-Nikolenko A.

!National University “Odessa Law Academy”’; *Odessa State Ecological University, Ukraine

Infectious diseases transcend all boundaries and tend to
spread widely across the population causing high social, mate-
rial, financial and manpower costs that exceed the resource costs
required for the implementation of preventive measures. High
levels of epidemic potential and serious consequences can be
effectively prevented through vaccination.

The prevention of infectious diseases through vaccination is
the most efficient investment in public health that promotes so-
cial justice and socio-economic consolidation of the nation. The
moral aspect of immunization is also of great importance since
everyone has a right to living a long and happy life without dam-
ages caused by a disease and its consequences, not to mention
sufferings, disability and death.

High childhood vaccination coverage rates serve as a key in-
dicator of public health, as they contribute to the formation of
so-called herd immunity from a particular disease. Herd immu-
nity is only effective when vaccinated citizens make up at least
95% of the entire population. It creates a specific shield: protects
people who cannot be vaccinated for medical reasons from dis-
eases, stops the spread of viruses and outbreaks.

However, achieving and maintaining this objective is not al-
ways an easy task for the state and it becomes even more dif-
ficult in case of increase of an overall number of refusals to
get vaccinated. There are different vaccination policies around
the world. Some countries focus on educating their population
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with relation to the benefits of vaccination leaving the choice
to the citizens themselves, others offer financial incentives or
make vaccination mandatory to ensure its high coverage [12].
Depending on national legislation, the legal consequences for
those who do not accept vaccination may vary, ranging from not
letting unvaccinated people to visit educational establishments
to imposing fines. In some cases, for example in France, parents
may even bear criminal responsibility.

A problem of vaccination which seems to be of a purely medi-
cal nature at first glance became a field of conflict of different
interests such as: the right to life, the right to respect for private
and family life, freedom of thought, conscience, religion or be-
lief, the right to education, and, on the other hand, gives rise to
the issue of public health protection and even national security.
Different states have different approaches to finding a legisla-
tive solution to the problem of ensuring the optimum balance
between public and private interests in this respect.

Literature review. The issue of vaccination is associated with
various aspects of personal and social life and has its manifesta-
tion at both national and international levels. That is why the
problem of vaccination is of interdisciplinary subject matter and
is studied by experts in various fields of science.

A substantial scientific discussion of the ethical and legal as-
pects of vaccination was carried out by Capella, B. V. (2015) and
Bioethics Committee of Spain (2016).
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Social and economic impact of vaccination and refusals to
be vaccinated in some particular countries served as a subject
of a separate research with relation to the following countries:
BRIKS countries [8], the USA [1]. Religious beliefs used as a
basis for refusing from compulsory vaccination and considering
such beliefs as an exception to general rules were studied by the
following scientists: [4] and groups of authors [9]. An impor-
tant role in the study of this issue, in particular in collecting and
generalizing the statistical information, is played by the World
Health Organization and its activities, the European Centre for
Disease Prevention and Control and cooperation of scientists
from research centres around the world [6].

The methods of the research include the comparative method,
i.e. the comparison of Ukrainian and international medical and
social initiatives related to vaccination of children; the statistical
method which is used for generalization of vaccination-related
information of the World Health Organization and the European
Centre for Disease Prevention and Control; the systematic anal-
ysis aimed at identification of existing shortcomings and posi-
tive experience of state policies of children vaccination in dif-
ferent countries of the world; the linguo-cognitive analysis, i.e
the analysis of reasons for judgements with relation to the role
of vaccination in modern countries and those social and medical
initiatives that are allowed to be used in certain states to ensure
exercise of human rights.

Human life and health are recognized in Ukraine as the high-
est social value (Article 3 of the Constitution of Ukraine) (1996).
The state took upon itself the constitutional duty of protecting
human life and health and guaranteed the right to health protec-
tion, medical care and medical insurance for everyone (Article
27 of the Constitution of Ukraine).

The Law of Ukraine «On Ensuring Sanitary and Epidemic
Safety of the Population» (1994) stipulates that prophylactic
vaccinations aimed at preventing the spread of such diseases
like tuberculosis, poliomyelitis, diphtheria, whooping-cough,
stupor and measles shall be mandatory in Ukraine.

The Law of Ukraine «On Protection of Population against In-
fectious Diseases» (2000) stipulates that prophylactic vaccina-
tion of adult and capable citizens shall be carried out upon their
consent and after providing unbiased information on vaccina-
tions, possible consequences of refusal from them, and probable
post-vaccination complications (Article 12). Children who have
not undergone prophylactic vaccinations in accordance with the
vaccination calendar shall not be allowed to attend childrenys
institutions.

By its Ruling No.682/1692/17 as of April 17, 2019, after the
claim of the mother whose unvaccinated child had been denied
of attending a kindergarten the Supreme Court reaffirmed the
fact that vaccination is mandatory for all and those unvaccinated
children are not allowed to visit pre-school educational institu-
tions, including kindergartens. In its ruling, the Supreme Court
noted that the state must ensure the maintenance of the optimum
balance between the enjoyment by a child of his or her right to
pre-school education and the interests of other children. When
an individual interest is opposed to the general interest of soci-
ety, the common good associated with safety and health must
have priority. Parents may choose the form of their childrenss
education but the state sets certain rules for exercising such right
so that not only the rights of an individual child to pre-school ed-
ucation but the rights of all children to safety and health would
be taken into account. An interesting fact is that the mother had
refused to be vaccinated «because of distrust of vaccinesy, but
the Supreme Court did not receive any convincing arguments
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with regard to the reasons for such distrust of vaccines quality.

Unfortunately, vaccination indeed became a medical proce-
dure scaring parents around the world. Many parents look for a
legal way of avoiding vaccination of their children. As part of
the research made within the framework the Vaccine Confidence
Project [6] over 66,000 people were surveyed across 67 coun-
tries to discover their views on whether vaccines are important,
safe, effective and compatible with their religious beliefs. Al-
though overall sentiment towards vaccines was positive across
the countries surveyed, the researchers found significant varia-
tion in attitudes around the world.

The European region had seven of the ten countries in the
global sample that were the least confident in vaccine safety
(France, Bosnia & Herzegovina, Russia, Ukraine, Greece, Ar-
menia and Slovenia). France was the country least confident in
safety, with 41% of those surveyed disagreeing that vaccines are
safe, more than three times the global average of 12%. France
was followed by Bosnia & Herzegovina (36%), Russia (28%)
and Mongolia (27%), with Greece, Japan and Ukraine not far
behind (25%). The Southeast Asian region was most confident
in vaccine safety across countries, including Bangladesh (fewer
than 1%), Indonesia (3%) and Thailand (6%).

Strange as it may seem, vaccination achieved the greatest re-
sults in those countries where it is treated with suspicion. The
main enemy of vaccines is thus their proven success since they
have made people believe some diseases had already disap-
peared. This makes some part of society suggest that vaccines
are not needed any more is being just a profitable tool for the
enrichment of the pharmaceutical industry (Bioethics Commit-
tee of Spain, 2016).

Because of vaccination hesitancy and lack of collective im-
munity Ukraine is now the world leader in the number of mea-
sles patients. In 2016 measles vaccination coverage in Ukraine
embraced less than 50% of the population. Since summer 2017
more than 100 thousand people contracted measles, 38 of them
died. In 2018 more than 54 thousand people contracted measles
(Ministry of Health of Ukraine, 2019).

Because of the gaps in vaccination coverage, measles out-
breaks occurred in all regions of the world and, according to
the estimate of the World Health Organization, there were about
110,000 deaths associated with the disease.

Legal systems of some countries provide for an exemption
from compulsory vaccination. One of the most common reasons
for such exemption includes medical contraindications (for ex-
ample, children with weakened immunity, those having allergic
reactions to compound vaccines, children having moderate or
difficult illnesses etc.), however, some countries provide exemp-
tion opportunities based on religious, social and philosophical
beliefs. And if medical contraindications are quite easy to under-
stand in terms of rational explanation and social necessity, the
religious and philosophical exceptions to the general vaccina-
tion rule need additional justification.

Institutional religions do not prohibit any vaccinations. It>s
more accurate to say that it is religious organizations and their
leaders who confront vaccination based on dubious interpreta-
tion of religious provisions [9]. In addition, there are groups of
people who oppose vaccination for other reasons: from non-re-
ligious philosophical or moral beliefs such as the intervention of
vaccines in «the nature’s genetic plan» to vague and undefined
personal considerations.

In this regard, we can observe the conflict of individual free-
dom of thought, conscience, religion or belief on the one hand,
and public interest on the other. In the United States, the authori-
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ties of most of the states decided to exempt certain individu-
als from compulsory vaccination requirements, alleging as their
reason that 100% vaccination is not necessary to ensure herd
immunity and believing that communities can get herd immu-
nity even without those individuals. Thus, 48 out of 50 states
provide an exemption from vaccination to those people whose
religious beliefs prohibit it, and 19 states saw even more contro-
versial decisions allowing exemption for the people who claim
to have a non-religious cultural or philosophical opposition to
vaccines [11]. Such exemptions testify to deep respect for indi-
vidual human freedoms, however, their implementation can be
a threat over the long run. As recent experience shows, although
nationwide measles vaccination rates in the USA appeared to
be high enough, disproportionately low vaccination rates among
blacks and Hispanics resulted in measles outbreaks in several
large urban areas, most notably in Los Angeles [3]. Epidemio-
logical diseases appear in the United States with ever-increasing
frequency because of the loss of herd immunity across religious
groups. This comes at a tremendous cost to society. Vaccination,
on the contrary, would allow saving of $13.5 billion in direct
health care costs [14] and help to avoid over 30,000 deaths [1].

However, those with genuine religious objections to vaccina-
tion do not represent the entirety of the threat to society. The
situation is far more difficult in those countries allowing exemp-
tions based on philosophical and other beliefs and people can
take advantage of such philosophical exemptions ranging
from «devotion to «natural» or alternative healing» to «liber-
tarian opposition to state power» in order just to show their
«mistrust of pharmaceutical companies» [4]. Unfortunately,
parents’ decisions on vaccinating a child or not in such cases
are often determined by misinformation, erroneous state-
ments regarding vaccines safety made by «Internet expertsy»
and other sources having nothing to do with science and lack-
ing official confirmation.

The European Court of Human Rights developed a certain
practice aimed at balancing the controversy between the public
interest and fundamental human rights and freedoms protected
by international acts, in particular, the right to life, the right to
respect for private and family life, freedom of thought, con-
science, religion or belief.

Considering the case «Carlo Boffa and 13 others v. San Mari-
no» (no. 26536/95, 15 January 1998) the European Commission
of Human Rights found no violations by the state of Articles 2,
8 and 9 of the Convention with regard to compulsory vaccina-
tion. Giving the reasons for making such decision in light of the
absence of any violations of the right to life, the Court noted that
even assuming that the provision of Article 2 of the Convention
guarantees a right not to be physically injured, vaccination does
not in itself constitute a prohibited interference with that right.
On the other hand, with regard to Article 8 of the Convention,
the Court established that a requirement to undergo vaccination
is an interference with the exercise of the right to respect for
private life, but under paragraph 2 of Article 8 of the Conven-
tion a lawful requirement to undergo vaccination is considered
as necessary in a democratic society for the protection of public
health. The notion of «necessity» implies that the interference
corresponds to a pressing social need and is proportionate to the
aim pursued by the State in this area. Regarding the freedom
of thought, conscience, religion or belief the Commission noted
that Article 9 of the Convention does not always give a right to
act in the public sphere in the manner dictated by the above-
mentioned convictions. The Commission noted that «religious
practice» does not imply actions which, in their turn, fail to di-
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rectly express such convictions even though such actions are
motivated or influenced by it.

Conclusions. The analysis made suggests that even insig-
nificant reduction in the number of vaccinated children caused
by parents’ vaccination hesitancy because of personal, non-
medical, religious and philosophical belief will have negative
consequences for the public health of country’s society and its
economy. The research confirms the pressing need for legal cer-
tainty with regard to this issue. Looking for a balance of human
rights and public interest when it comes to vaccination resulted
in establishing by the supranational judicial institutions of the
prevalence of social necessity over individual rights. These find-
ings should play a key role in the public policy associated with
the vaccination of children.
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SUMMARY

VACCINATION: STATE-IMPLEMENTED MEDICO-SO-
CIAL AND LEGAL MEASURES

'Afanasieva M., 'Stoianov M., 'Kuli-Ivanchenko K.,
Ivanchenko A., 2Shotova-Nikolenko A.

!National University “Odessa Law Academy”; *Odessa State
Ecological University, Ukraine

The article reviews the medical and social vaccination-related
initiatives in different countries of the world aimed at main-
taining the balance between the public interest and respect for
rights. A separate emphasis is put on exceptions to general rules
of compulsory vaccination of children based on religious, philo-
sophic and other personal beliefs of their parents. The connec-
tion between the medical and social initiatives applied in dif-
ferent countries, exemption from vaccination for non-medical
reasons and reduction of herd immunity is determine.

The methods of the research include the comparative method,
i.e. the comparison of Ukrainian and international medical and
social initiatives related to vaccination of children; the statistical
method which is used for generalization of vaccination-related
information of the World Health Organization and the European
Centre for Disease Prevention and Control; the systematic anal-
ysis aimed at identification of existing shortcomings and posi-
tive experience of state policies of children vaccination in dif-
ferent countries of the world; the linguo-cognitive analysis, i.e
the analysis of reasons for judgements with relation to the role
of vaccination in modern countries and those social and medical
initiatives that are allowed to be used in certain states to ensure
exercise of human rights.

Even a slight reduction in numbers of vaccinated children caused
by parents’ hesitancy due to certain non-medical reasons, religious
and philosophic beliefs will have negative consequences for the
public health and country’s economy. Looking for a balance of
human rights and public interest when it comes to vaccination re-
sulted in establishing by the supranational judicial institutions of the
prevalence of social necessity over individual rights. These find-
ings should play a key role in the selection by different states of
vaccination-related medical and social initiatives.

Keywords: vaccination, herd immunity, health care, public
interest, religious convictions.
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BAKHUHALIUSA: MEIUKO-COLIUAJIBHBIE U ITPABO-
BBIE MEPBI TOCYJAPCTBA

'AdanacreBa M.B., 'Crosinos H.M., 'Kyau-UBanyenko K.K.,
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Hayuonanvnoiil ynussepcumem “00ecckast 0puoudecKkas axka-
Odemusn”’; 200ecckuil 20cy0apcmeeHHblll IKONO2UYECKULL YHUBED-

cumem, Ykpauna

B craree uccienyrorcss MEIMKO-COLMATIbHBIE MEPONPUATHS
II0 TPOBEJICHUIO BAaKLMHALIMY B Pa3HBIX CTPaHAX MUPA B KOHTEK-
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cTe obecrieueHns OaaHca MEXAy OOIIECTBEHHBIM MHTEPECOM
U coOMroficHueM TipaB deoBeka. OTAeIbHBINA aKIEHT JeIacTCs
Ha MPAKTHKE MCKIIIOYCHUH M3 OOLIero mpasuiia 00s3aTesIbHON
BaKIMHAIIMK JIETCH Ha OCHOBE DPEIHUTHO3HBIX, (GHI0CO(CKUX
U JpYrux JMYHbIX YOeXIeHuil poxutenei. AHaausupyercs
CBA3b MEXKAY COUUAJIBbHO-MECIAWIUHCKUMH MEpaMH, NPUMEHSI-
€MbIMU CTpaHaMH, OCBO60)K}1€HI/ICM OT BaKIIMHAIIUHU 110 HCMEC-
JULHUHCKUM OGCTOﬂTeJ’IbCTBaM nu yMeHbU_leHI/IeM KOJIJICKTUBHOI'O
I/IMMyHPITeTa. I/ICHOHb3OBaHbI METOAbI UCCIICAOBAHUA: CPABHU-
Te.]'l]:HbIl\/'I METOJ — COIIOCTAaBJICHUC praI/IHCKI/IX nu 3apy6e>1<1—11>1x
IPUMEPOB MEIMKO-COLUAIBHBIX MEPONPUSITUH, CBA3aHHBIX C
BaKIMHAIIMEH JeTEH; CTATUCTUYECKUM METOJ — JIJIT 0000IEH!s
JlaHHBIX BcemupHO# opranuzanuu 3apaBooxpaHeHus, EBpo-
MEWCKOro HeHTpa MPOoGUIAKTHKKA 3a00JIEBAHUN 110 BOIPOCAM
BaKIMHAIIUHU, CI/ICTeMaTI/I‘leCKHﬁ AaHaJIN3 — BBIABJICHHUC HMCHO-
IIUXCA HEAOCTATKOB U ITOJIOKHUTCIIBHOI'O OIIbITA l"OCyZ[apCTBeH—
HOW TIOJIUTUKU 10 BAaKIMHALMHU JIETCH B MHpE; JUMHTBOKOT'HU-
TUBHBII aHAJIN3 — aHAJIM3 apTyMEHTALH Cy1eOHBIX PELICHUH 0
POJIKM BaKIIMHAIIUKM B COBPEMEHHBIX CTpaHaxX U TEX COLUAJIBHO-
MEIULMHCKUX MEPOINPHUATHH, KOTOpbIe pa3peraloTcs rocyaap-
CTBaM K HPHMEHEHHIO B aCIeKTe 00eCIeYeH s IPaB YeIoBeKa.
JlenaeTcst BBIBOJL, UTO Ja)ke HE3HAYNUTEIbHOE COKpPAILEHUE KO-
YE€CTBA BAKIIMHUPOBAHHBIX ;[eTeﬁ, BBI3BAHHOC PEJIIMTMO3HBIMU U
brtocohCKUMU YOCKICHUAME POTUTENICH, YPCBAThl HETATHB-
HBIMU TIOCJICACTBUAMU [UIA 340POBbs HACCICHUSA U DKOHOMU-
Kk cTpanbl. [Touck GanaHca mpaB uesioBeKa M OOLIECTBEHHOIO
UHTEPECA K BaKLIMHALMU IIPUBEJI K YCTAHOBJICHUIO CyﬂeGHbIMI/I
YUPEXKICHUSIMHI TPEUMYILECTBA OOLIECTBEHHONH HEOOXOIMMO-
CTH HaJl IIpaBaMH Y€JI0BEKA, YTO U AOJIPKHO SABJIATCA KIHOYEBBIM
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IMTPABOBASI 3AIIUTA 1 OCOBEHHOCTU NTPUMEHEHWSI TEXHOJIOT U
BUPTYAJIBHOU PEAJIBHOCTHU B MEJUIIUHE

Byaena C.B., 3a6oposckuii B.B., Menmx:kyn M.B., [Iupora U.C., Teimuak B.B., Ctoiika A.B.

Vorceopoockuii nayuonaneneiil ynusepcumem, Yxpauna

CoBpeMeHHbII HayuHbI Tporpecc 00yCIOBHI CONMKEHHE
TEXHOJIOTUil ¥ METULIUHBI KaK HUKOTA paHee B HCTOPUH Yelo-
BeuectBa. LludpoBuzanus odiecTBa HOCTOSHHO BEET K ITOUC-
KaM ONTUMAJIbHBIX MOJIENIEH TPUMEHEHHUS COBPEMEHHBIX TEXHO-
noruit Bo Bcex cepax COBPEMEHHOMN JKH3HHU UENIOBEKa, B TOM
YuCyIe - MEJULUHE. B CBA3M ¢ 5TUM B MEIMIUHCKON IPAKTUKE
MOSIBUIACh BO3MOMKHOCTh NPUMEHSTh TEXHOJIOTHUHM BHPTyallb-
HOM, JONOJHEHHON U CMEIIAHHON PeaJbHOCTH.

BupryanbHas peaqbHOCTh 3TO TEXHOJIOTUH CO3JaHUs UCKYC-
CTBEHHBIX 00pa30B M olIyIleHuil s 4yenoBeka [32]. domon-
HEHHas PealbHOCTh YK€ IIMPOKO MCIIONb3yeTcs B cdepe 37pa-
BOOXPAHEHUS] U C MOMOIIBIO 3TOH TEXHOJIOTUH PeallbHbI MUp
«JIOMIONTHSIETCSA» BUPTYalbHBIMU 3JI€MEHTaMH M CEHCOPHBIMU
JaHHbIMU. [lpn KOMOMHMPOBaHMU TEXHOJIOTHH 1OTOJHEHHOH
U BUPTYaJIbHOH peasbHOCTH MMEET MECTO CMEILIaHHas peallb-
HOCTH [12].

B T0 e Bpems mpaBoBOE PerylInpoBaHUE MPUMEHEHHs TeX-
HOJIOTMH BUPTYaJIbHOM PEAJbHOCTH B MEIULMHCKOM JesITElb-
HOCTH sBJIsieTcs (h)parMEHTApHBIM. YTO MPHUBOAUT K Ipobieme
3aIIUTHI IPaB MEAUIIMHCKUX PAOOTHUKOB U MAIUEHTOB.

Marepuai u meroabl. B Xoxe uccnenoBaHus NMPUMEHEH
CHCTEMHBIH TOIXOJ K aHalu3y MNpoOieMbl BHUPTyalbHOH pe-
albHOCTU B MEJHIIMHE, KOTOPbIH BKIIOUAET KaK CPABHHUTEIb-
HO-TIPAaBOBOM, TaKk M CUCTeMHBIH Meron. [Ipu mccienoBanuu
HCIIOJIb30BaHbl HAYYHbIE Pa3pabOTKU B 00IacTH MpobieM BHe-
JIpeHUs] BUPTYaJIbHOH pPealbHOCTU B MEAUIIMHE, a TaKXkKe 3aKo-
HOJZIaTeNIbCTBO B KOHTEKCTE PEryINPOBaHUS TaKHUX TEXHOIOTHH.

Pe3yabTarsl u 06cyxaeHue. BHuMaHue y4eHBIX U NPaKTu-
YECKUX Bpayeil NMPUBIEYEHO K BUPTYaJbHOM PEaNbHOCTH, IO-
CKOJIbKY M3BECTHO, YTO B UEJIOBEYECKOM MO3re HEHpPOHBI pea-
THPYIOT Ha BUPTYyalbHBIE IEMEHTHI TAK/KE KaK U HA JIEMEHTBI
peanbHOro mupa. IlosTomMy 4enoBek BOCIIPUHUMAET BUPTYallb-
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HYIO Cpefly ¥ pearupyeT Ha MpOHCXOJIee BHYTPU BUPTyallb-
HOTO MHpPa Ha COOBITHS TOYHO TAK)KE KaK Ha MMEIOIME MECTO B
peansHOCTH [13].

IlepBble MONBITKN CO3/1aHUSI MHTEPAKTUBHBIX YCTPOMICTB, HO-
3BOJISIFOLINX B3aUMOJEHCTBOBATh C MMHTHPYEMOH MM JIOMOJ-
HSIFOLIEH pealbHOCTh, ObLIH elle B Hauane XX Beka. CazepieHn
. [27] eme B 1965 romy npemioxua KOHLUEMIHIO «IPEeiesib-
Horo mokasa» (the ultimate display), B koTopoii ommchIBajCs
KHHECTETHYECKUU AuCIUied. JlaHHas KOHIENIUS W 3aJloKHiIa
Havano BHUPTyallbHOW peanbHOCTU. XOTs, CIEAyeT OTMETHTh,
YTO «OTLOM BHUPTYaJIbHON pEAJbHOCTH» CUMTAETCA XeWIur
M., koTOpblii 3anareHToBan B 1962 romgy MamuHy «Sensoramay
- CHUMYJSTOp, KOTOPBIH CO37aeT MIUTIO3HIO PealbHOCTH C T10-
MOLIIBIO TPEXMEPHOTO JIBIKYLIETOCS H300PaKEHHUS C 3aMaXxOM,
CTE€PEO03BYKOM, BUOPAIMAMU CUJIEHbS U BETPOM B BOJIOCAX JUIs
wTo3uK [25]. M. XeHIuHr Takxke BIepBble U300pes1 TOI0BHOE
YCTPOMCTBO CTEPEOCKONMYECKOTO TeJIeBUCHHS B (JOPME OUKOB.
VYerpoiicTBO co3/aBalio OLIylleHHe nepu(epuitHoro 3peHus u
repeiaBao 3amaxy U 3ByKH [26].

BupryanbHas peaqbHOCTh PACIIMPEHHOH (OPMBI CO3aeT
B3aMMOCBSI3b MEXJy YEJIOBEKOM M KOMIIBIOTEPOM, KOTOpas I0-
3BOJISIET TOJIL30BATENIO B3aMMOJIEHCTBOBATh U IMOTPYKAaThCs B
TEHEPHPYEMYIO KOMIIBIOTEPOM CpPely €CTECTBEHHBIM 00pa3oM
[19]. Cama cuctema BUpTyanbHOH peanbHOCTH, KaK MPaBUIIO,
COCTOMT H3: IPOrpaMMHOTrO OOECIICHYEHHUS I MOCTPOCHHS
0a3bl JAHHBIX ¥ MOJIECIMPOBAHUS BUPTYaIbHBIX OOBEKTOB; MH-
CTpyMEHTa BBOJA (TPEKephl, MepPUYaTKN MIN MOJIb30BATENbCKHN
uHTepdeiic) cHCTeMbl TpadUIecKoro peHaeprHra (Bu3yanu3sa-
I[M1) MHCTPYMEHTA BBIBOJA - BU3YaJIbHOTO, CIyXOBOTO U TaK-
THJIBHOTO, CEHCOPHBIX CTHMYIJIOB BUPTYalbHON PEaqbHOCTH C
UCHOJIb30BAaHUEM Da3IHYHBIX (HOPM TEXHOJIOIMH BH3YalbHOTO
oToOpaxkeHns, 00bEIUHICT KOMIIBIOTEPHYIO TpaUKy B peaiib-
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HOM BpeMeHH u/miu dororpapuyeckne n300paxeHus/BHICO C
pa3IMYHBIMU JPYTUMH CEHCOPHBIMH (ay[Ho, TaKTHJIbHBII/00-
parHasi CBsI3b M Ja)Ke OOOHSTEIILHBIMU YCTPOWCTBAMU BBIBOJIA
[22].

OCHOBHYI0O XapaKTEpUCTHKY BHUPTyalbHOH PpEalbHOCTH,
KOTOpas I/l):[eHTI/l(bI/ILlI/IpyeT €€ B MHKJIFO3UBHBIX OTHOILICHUAX
MEXJly Y4aCTHUKOM M BUPTYyaIbHON CPenoil COCTABIAIOT: UM-
Mepcusi (Horpy)KeHue), B3aUMOJSHCTBHE M BOOOpakeHHe
[27]. UmMepcus WK NOTPYKEHUE MOXKET OBITh YACTUUHBIM
(HeMMMepcuBHas BUPTyaJlbHas PEalbHOCTb) WM IOJHBIM
(MMMepcHOHHasi BUpTyajibHas peanbHOCTh). Henmmepcus-
Has BUpTyajbHas peajbHOCTh NPEIoIaraeT Hajluyue nepes
II0JIb30BATENIEM JMCILICS, KOTOPBIM OXBaThIBaeT OO0JbIIOE
nose 3penns. UMMepcroHHas BUpTyajibHas pealbHOCTh 00e-
cIleYMBaeTCsl HaJMYMEM Y I0Jb30BaTels YCTPOWCTBa, ycTa-
HaBJIMBAET CBS3b MEXAY II0JIb30BATENIEM U CPEIOH, KoTopas
Moxenupyercs [16].

Kpome Toro, BupTyanbHas peajbHOCTh IO3BOJISIET IKCIIEPU-
MEHTATOpy MaHUIYJIUPOBATh HE TOJIBKO BUPTYaJbHOH cpenow,
HO M BOIUIOLIEHHBIM BHUPTYaJIbHBIM TEJIOM CHOC06aMH, KOTO-
pble HEBO3MOXKHBI IpH (usnueckol peanbHocTH. Hampumep,
UMMEPCHOHHAs BUPTyaJbHasl PCAJIbHOCTHL I103BOJIAET MaHH-
MyJIUPOBATh N300paKEHHEM Tela C TOYKU 3PEHHs] CTPYKTYPBI,
(dopmbl, pazmMepa M LBETa TaKUM 00pa3oM, 4TO MOXKET PE3KO
KOHTPAcTUPOBATh C HALIMM COOCTBEHHBIM M300pa’keHHUEM Tella,
K IIPUMEPY, MOXHO CIIPOCKTHPOBATH COOCTBEHHOE BUPTYaJIbHOE
TEJI0, OJTHAKO ITPOTUBOIIOJIOKHOTO 10713, WIIN YBHICTh OymyIunit
pe3yspraT oT IacTuueckoil xupypruu. [lo stoil mpuuune UM-
MEpCHOHHAsI BUPTYyaJlbHasl PeabHOCTh UMEET Topasio OoJblie
INoTeHIaia B IPUMEHECHUH, B YaCTHOCTH B O6HaCTl/l ncuxorepa-
MUY, peadINTAUKN U OBEJICHYCCKON HEBPOJIOTHH, a TAKXKE B
ucclieioBaHuK co3Hanus [15].

BHenpenue BUPTyanbHOW peabHOCTH B MEAMIMHE HAlUIO
NPUMCHCHHE B Pa3IMYHBIX e¢ chepax, B YaCTHOCTH: XUPYPTHU-
YyecKHe Mpoueayps! (AUCTAaHUMOHHAS XUPYPrHsl WM Telenpu-
CYTCTBHE); IPOLIEAYPHI INTAHUPOBAHHS U MOJCITUPOBAHUS IIEPEL]
onepauuel; MeIUMKaMEeHTO3Has Tepamnus; HeHpOICHXOJIOTus;
l'lpO(bl/IJ'laKTI/I‘leCKafl MCIMIIMHA U 06y'-lel-me ManMueHTOB, MCIU-
[IMHCKOE 00pa3oBaHue U 00yUYCHHUE; BU3yaln3alusl MaCCHBHBIX
MEIUIIMHCKUX 0a3 JaHHBIX W TMOBBIIMICHHS KBadu(UKAIMU; pe-
aOMIIHTAIMS APXUTEKTYPHBIN U3aiH U1 yUPEKACHUIN 31paBo-
oxpaHeHus [23].

YuurteiBast CTPEMUTEIIBHOC Pa3BUTUE TEXHOJIOTUH BUPTYyaJlb-
HOI1 peaTbHOCTH ¥ HX IIHUPOKOE IIPUMEHEHHE B Pa3IMYHBIX c(e-
pax MEAULMHCKON ITPAKTUKH BO3HUKAET BOIIPOC O HAUIEKAIIEM
U Ka4eCTBEHHOM IIPAaBOBOM PETYJIUPOBAHUM TaKUX IPOLECCOB.
Ha yposne EC pa3paboTka TeXHOJIOTHi BUPTyalbHON peanbHO-
CTH M MX BHEIpPEHHE B pa3HbIX cepax MOIJIepPKUBACTCS pas-
JIMYHBIMH TPAHTOBBIMM IIpOrpaMMaMu. Bompocsl npuMeHeHus
TEXHOJIOTUIl BUPTYaJbHON PEaqbHOCTH B OOYYCHUH MEIHIIMH-
CKUX pabOTHUKOB PEryJlUpYeTcsl CIEAYIOIUMU aKTaMHu: CT. 2
IIporokona k Konsennuu Cosera EBpornbl 0 3amure mnpas ye-
JIOBEKA M OCHOBHBIX CBOOOJI (UTO KacaeTcs mpaBa Ha 00pa3oBa-
Hue), Pesomonueii EBpomneiickoro mapmamenrta ot 11 nexadps
2018 «O6pa3oBanue B 1U(PPOBYIO 3PY: BBI30BbI, BO3MOXKHOCTH
U ypoku uis paspabdorku noautuku EC» [2018/2090 (INI)], Pe-
koMmenanueir Cosera ot 22 mas 2018 1o KIIF04eBBIM KOMIIETEH-
[USIM 1711 OOYYCHUST B TCUCHUE BCEH JKU3HU U T.JI. YKa3aHHbBIC
AKTBI COZICPIKAT TOIBKO OOIIHE MPUHIKITBI U TAPAHTUPYIOT Ipa-
BO Ha oOpazoBaHue, 00palal0T BHUMAaHUE Ha HEOOXOIUMOCTh
poBoro o46pa3oBaHusl, a TAKXKE IPUMEHEHHE HOBEHIIINX, MH-
HOBAIIlMOHHBIX TeXHOHOFI/Iﬁ, B TOM YHUCJIE CO3JaHHUE BUPTyalib-
HBIX KJaccoB. [Ipu aToM oOpaiaercss BHUMaHUE Ha yTpo3y yKa-
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3aHHBIX TEXHOJIOTHI JUISl 370POBbsI YEIOBEKa, OCOOCHHO JieTei
Y YIpO3bl HAPYILIECHHKS ITpaBa Ha 3allUTY [IEPCOHAIBHBIX JaHHBIX
0 JIMYHOCTH [6].

Ha yposue EC npunsATH crienuasbHble akThl O 3aIlUTe IpaB
YeJIOBeKa U MEePCOHAIBHBIX JAHHBIX IPH IPUMEHEHNH UHDOP-
MallMOHHBIX TEXHOJOrui, B ToM ymcie JupektuBa 2002/58/
EC Espomneiickoro napiamenrta u Coseta ot 12 urons 2002 06
00paboTKe MepCOHANBHBIX JaHHBIX U 3alUTY TaiHBI CEKTOPA
3JIEKTPOHHBIX KOMMYHUKAIMH, pezomtonus EBpomneiickoro map-
namenTa oT 8 ceHTsi0ps 2015 «IIpaBa yenoBeka U TEXHOJIOTHU:
BIIMSIHUE CHCTEM BTOP)KCHHUsI M HAJ30pa Ha MpaBa 4yeJoBeKa B
TpeTbux crpaHax» [2014/2232 (IND)].

B Vkpaune 3akon Yipaunsl «O0 oOpazoBaHuu» OT 5 CEH-
Ts10pst 2017 B cTarbe 9 cpenyt TPaIULIUOHHBIX (OPM 00yUYeHHUs
IpeanonaraeT Takxke JUCTAaHMOHHOE, OCYILECTBIsIEMOE, B TOM
YUCJIC C IIOMOIIBIO I/IH(bopMaLII/IOHHO—](OMMyHPIKaLlI/IOHH]:IX TEX-
Hostoruil. Ykaszom Ilpesunenta VYipaunsl «O HanuonanabHoM
CTpaTeruu pa3BUTHs 0Opa3oBaHUSA B YKpauHe Ha IEPHOI 10
2021 roma» ot 25.06.2013 Ne 344/2013 npeaycMOTpeHO co3/1a-
HME BUPTYaJIbHBIX IPOrpaMM st 00y4eHUsL.

B T0 ke Bpemsi crienuagbHOE IIPaBOBOE PEryINpPOBAHUE MTPHU-
MEHEHMs TEXHOJIOTHI BUPTyalbHOW PeajbHOCTH B MEIULIMH-
CKOH JACATCIIbHOCTU OTCYTCTBYET. B cBs13u ¢ aTHIM 3aluTra I1paB
MCIUIUHCKHUX paGOTHHKOB " MMalMCHTOB 6y):[eT OCYILIECTBIIATDb-
Cs Ha OCHOBE HOPM CYIIECTBYIOIIMX MEXKIYHAPOAHBIX TOTOBO-
poB (Bceobuiast nexnaparys npas yesnoBeka, Mex1yHapOoaHbIN
IMaKT O rpa’KAaHCKHUX U IMOJUMTHYCCKUX ITpaBax, KOHBeHLlI/ISI 0O 3a-
IIUTE TPaB YEJIOBEKa U OCHOBHBIX CBOOOM), aKTaX HAI[MOHAIb-
HOI'0 3aKOHOZATEIbCTBA, HAllpUMep, B YkpauHe: ' paknaHckuii
KozleKC YkpauHbl, OCHOBBI 3aKOHOJATENIbCTBA O 3APABOOXPAHE-
HUHU, 3akoH YKpaunbl «O 3alUTe NEPCOHAIBHBIX TAHHBIX»,
TaK)X€ Ha OCHOBAaHHUHU JOTOBOPOB O MEAUIIMHCKUX YyCIIyrax.

Crenyer OTMETUTb, YTO OCOOCHHOCTh NPHUMEHEHHUS TeX-
HOJIOTHH BUPTyalbHOH peajbHOCTU B MEIULIMHE IPOSBISET-
Cd B TOM, YTO TaKHUC TCXHOJIOTHMH OOJI’KHBI COOTBCTCTBOBATH
OINPEACIIEHHBIM TOCYAAapCTBEHHBIM CTaHAapTaM. 3}1er CTOUT
oOpatuts BHUMaHue Ha onbIT CIIA, rne amepukaHckas KOM-
nanus «Limbex», KoTopas crenuanin3upyercst Ha pa3paboTke
IPOrpamMM JUlsl NICUXMYECKOH Teparuu, ¢ MOMOIIBI0 TEXHOJIO-
Il BUPTYaJbHOW PpEaJIbHOCTH MHPOBOIUT KIMHUYECKUE HC-
IBITAHUS HOBBIX TEXHOJOIUH 10 CTaHAApTaM, pa3pabOTaHHBIM
FDA (Ynpasnenue npoznoBosibCTBUsA M MenukameHToB CIIIA)
[14]. CumynsTopbl, ¢ HOMOLIBIO KOTOPBIX HPOBOAUTCS 00yde-
HUE CTYACHTOB-MEIUKOB, ITOAIOTOBKA KOTOPBLIX TpeGyeT TiIa-
TCJIBHOI'O IOoAXOda TAKXKE MPOXOAAT H606X0211/1My}0 IIPOBEPKY.
Tak, «FindamenralVR» [8] (Jlonnon) — xommaHusi, KoTopas
ofecrieunBaeT KIMHUYECKOE MperoaaBaHue Onaropaps mepe-
JIOBBIM TEXHOJIOTHSIM BHPTYaJbHOW PEaJbHOCTH M Y4EOHOro
OIbITAa IOJA PYKOBOACTBOM OINBITHOM MEIULMHCKOW IpYIIIBI,
COCTOsIIIEH M3 BEAyIIMX XUPYProB, pazpadorana XUpypruue-
ckyto miarpopmy «Fundamental Surgery» [9] — nporpammuas
arGpopmMa MHHOBALIMOHHBIX XUPYPIHYECKUX CUMYILSIINI BUP-
TyaJbHOW PEalbHOCTU C TAaKTUJIbHOW OOpaTHON CBs3bIO (OLIY-
IeHUEM MNpUKOCHOBeHMs). JlanHas tuiardopma paspadorana
CHCTEMBI HEIPEPBIBHOTO MeUIMHCKOro oOpasoBanus (CME) u
HenpepsIBHOTO npodeccronansuoro passutus (CPD), kotopsie
HOJIyYMJIM aKKPEAUTALMI0 AMEPUKAHCKON akaJeMuu Xupyp-
ros-oproneznoB (AAOS) u Koponesckoro xosiemxa Xupypros
AHIMIMM Ha CUMYJISILIMU BUPTYaJbHOM peasbHOCTHU: IOJHAs 3a-
MEHa Ta300€APEHHOI0 CyCcTaBa, CIIMHAJbHBIA BUHT, TOTaJIbHAs
apTpoIIacTUKa KOJICHHOTro cycrasa [9].

Cdepa npuMeHEHHUsT TOTOTHEHHON PEaqbHOCTH B METUIIMHE
MOXKET OBITh pa3jielieHa Ha YeThIpe OCHOBHBIC KaTErOpUH: a)
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0TOOpaXKeHHE HE3aMETHBIX JeTaliel, TAKUX KaK BU3yallH3alHs
OCHOBHOI aHaTOMHMU C HCIHOJIb30BAHUEM DPAaAHOIOTHYECKUX
JTAHHBIX; 0) 0TOOpaXKeHHEe BCIIOMOTaTeNIbHBIX JaHHbBIX, KOTOPbIE
BKJIFOYAIOT OTOOpakeHHEe Tpaduiyeckd CreHepHUPOBAHHBIX JaH-
HBIX WJIN 0T06pa>|<eHMe TCKCTOBBIX JJAHHBIX, TAKHUX KaK XKU3HCH-
HO BAX>XHBIC ITOKA3aTCJIN MAalMCHTA, B) YCHUIICHUEC BOCIIPUATUSA 1€~
Tayel, TakkX Kak pa3HUIla My KPOBEHOCHBIMH COCYIaMH H
MSTKHMU TKaHSIMHU B CJIy4ac XUPYPruieCKoro BMENIaTCIbLCTBA,
I') COKPBITHE JieTaeil, Mogo0HO TOMY, KaK CeIaTh IOBEPXHOCT-
HbIC CTPYKTYPHI HPO3PayHbIMU IIPH BBIIOJIHECHUU HIOJIBHOM
OHMOTICHH IT0]] PAIHOJIOTHUCCKUM KOHTPOJIeM. BONBIIMHCTBO CO-
BPEMEHHBIX IPUJIOKEHUI JOTIOJIHEHHON pealbHOCTH HCIIONb3Y-
10T KOMOMHAIMIO 9TUX YeThIpeX MeTonoB [18].

B MenuuumHe CyIecTBYIOT pelieHHs JOIOJHEHHONW peaibHO-
CTH, OPUEHTHPOBAHHBIC HA HECKOJILKO 00JIACTeH BU3yaIU3alluH,
cpeliu KOTOPBIX BBIJCISIOTCS aHATN3 OMOMEAMIIMHCKUX H300pa-
JKEHHUH, MOJICTUPOBAHUsI (DH3HOJIOTHUECKUX CHCTEM, O0ydYeHHE
AHATOMMU M BU3YAJIM3alUsl XUPYPrUYECKUX MPOLEAYD, OTKyAa
Pas3IMYHbIC MEAULIUMHCKUE CIICHHUAJIbHOCTH HAIlIIN MOLLIHbIﬁ HUH-
CTPYMEHT JAJIsl €r0o IPUMEHEHHs U HCIob30BaHus [3].

K npumepy, ogHo U3 nucclieoBaHUM peaa30BaHO B paMKax
UCTIBITAHUSI HOBBIX TEXHOJOTMH JIOTIOJIHEHHOW pPealbHOCTH
«Superpower Glass» - O4YKM U3 HPO3PAauyHOro CTEKJIa MU 0e3
HEro, I7ie Ha IPaBOM INIa3y PACIHOJIOKEeH HEOOIbIION AUCIUICH
C CepellMHbI U Kamepa cHapyXHu. J[eTu ¢ paccTpoiicTBamMu ayTH-
cTrueckoro crekrpa (¢ anri. ASD — autism spectrum disorder)
M30 BCEX CUJI NIBITAKOTCA PACIIO3HATh BhIPAXKEHUEC JIKIa, YyCTAaHO-
BUTDH 3pHTeHbelﬁ KOHTAKT U Y4aCTBOBAaThb B COLIUAJIbHBIX B3au-
MoJeHcTBUAX [2].

Takum 06pa3om, POBEICHHOE UCCIIEIOBAHUE TT0KA3aJI0, YTO
TCXHOJIOTHH BHpTyaHbHOﬁ u ):lOl'[OJ'[HeHHOﬁ PCAIBbHOCTH MOXKHO
IPUMECHATD:

1) B Hay4HOI 1 yueOHOMN JEATENLHOCTH, B YaCTHOCTH BO Bpe-
M

a) BBINOJIHEHUSI HAy4YHBIX HCCIEIOBaHU; 0) 00ydeHus CTy-
JICHTOB-MCIUKOB; B) MOBBIIICHHS KBATU(PUKAIIUH METHIIMHCKIX
PpabOTHHKOB.

CoBpeMeHHbIE TEXHOJIOTHH BHPTYAJIbHOH peallbHOCTH 00e-
CIIEUMBAIOT TAKTUIIBHYIO OOpaTHyIO CBs3b, 4TO, K IPUMEpY,
IMO3BOJIACT CTYACHTaAM-MCIWKAM JIy4Ille B3aHMOﬂ€ﬁCTBOBaTb C
BUPTyaJIbHBIM NanueHToM. Tak, B JlaHuM Bpaduu, KOTOpbIE MPo-
XOZSAT MOATOTOBKY B OOJIACTU COCYAUCTON XUPYPTUH, JIOJKHBI
cIaTh CUMYJSIIMOHHBIN 3K3aMeH, MPEeXe YeM UM OyJeT paspe-
IIEHO OIepupoBaTh HauueHToB [1]. B xauecTBe npumepa npu-
BOJIMM MEIHMIMHCKYIO IIAaTGOpMy BH3yaln3alud BUPTYaIbHOU
peanbHocTH «Surgical Theater», koTopasi co3aana MHOTOIONb-
30BaTeNbCKyto ceTeByto cpeny « VR STudioy, rme xupypr win
npogeccop MOTyT KOHTPOJIHPOBATH B3I CTY/ACHTA, KOT/Ja OHU
HPECTaBILIIOT CUTYALHUIO, 8 IOTOM JEMOHCTPUPOBATh XUPYPTH-
YECKUE METObI M MOIXO0/bI [28].

bpuranckue OonpHuubl, B yacTHocTH National Health
Service, 0OpararoTcsi K BUPTYaIbHOH pealbHOCTH Uisi 00yue-
HUSI MEJIMIIHHCKUX PAOOTHUKOB METUIIMHCKUM TIporienypam. Mx
METOJIMKa TaKOBA, YTO MALIUEHT — aKTep, a IOBPEKICHHOE cepl-
1e — U3ALIHBIA pabotr????. Bee 310 sABISETCS YacThIO TIyOOKO-
ro MMMEpPCHOHHOIO BHpPTyalbHOro MmoxenupoBanus [4]. Cos-
JIAHHBIA JUIs Takoro oOy4yeHust «Anatomage» — BUPTYaJbHBII
AHATOMHYCCKUI CTOJ — myIardopMa, peIHa3HauCHHAs T 00-
Yy4€HHUS aHAaTOMHUU ITYTEM BUBYyaJIU3allUU AETAJIBHBIX CTPYKTYP
Ka)KJIOM 4acCTH 4eJI0OBEUYECKOro Tesa, BKIIOYas FOJIOBY M ILEHO,
Ipyab, )KUBOT, Ta3, CyCTaBbl U APYTHE YaCTH, OH IPEIOCTABIIA-
€T CTYJCHTaM MEIHUIMHCKHX YUPEKICHUH OTINYHbIH yueOHbIH
marepuai [12].
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B odransmonorun pacnpocTtpaneHHslit eye simulator [7] -
TPEHaXXEp 10 aHATOMUU IVIa3 Ype3BbIYAiHO IHOJe3eH B yueode,
IIOCKOJIbKY JIaeT IIPEACTaBICHUE CTYICHTaM O TOM, YTO MPOUC-
XOAUT BO BpEMsI 3pUTEJIBHOTO KOHTAKTa, UMUTUPYET pa3jIMYHbIC
JlVIC(byHKLIl/Il/I 3pCHUA, IMO3BOJACT MNPOBOAWTH AUArHOCTUKY H
BBIABJISITH IIPUUUHBI PACCTPONUCTB 3peHus. CTyIEHThI HOITy4atoT
YHHUKaJIbHBIH AMAarHOCTUYECKUH ONBIT 06€3 BCKpbITHA IM1a3a. Ta-
KO€ ITPUCYTCTBUE U OTINYAET BUPTYaAIbHYIO PEAIbHOCTh OT JIpY-
rmx meaua Win KOMMYHHUKAIlMOHHBIX CUCTEM, U OIIPEACIACTCA
KaK «OILIYLIEHUE MPUCYTCTBUS TaM» WUIIN «OLIYLICHUE 6bITI/Iﬂ B
MHpe, KOTOPBIH CyIIeCTBYeT BHE ceds» [24];

2) B IPAKTUYECKON MEIUIIMHE:

a) TIPUMEHEHHE B Tepanuu M peaduinTauuu. BupryanbHas
peanbHOCTh B cdepe ynpaBiieHus: 00bl0 Oblla 000CHOBaHA B
Hagane XX Beka gokropom Xanrepom J[x. XobdmaHnom, Ko-
TOPBIA JIOKa3aj, 4TO BUPTYyajbHas pPEalbHOCTh MOXKET OBITH
3¢ GEKTUBHBIM CPEICTBOM OTBJICUCHHUS MAIHEHTOB OT OOJIH, Ha-
HECEHHOW 0)KOraMHu, 0COOCHHO B MEIUATPUUYCCKUX M ITOAPOCT-
KoBbIX rpymnnax [11]. TepaneBruueckue CHCTEMBbI, HCIIOIb3YIO-
e TCXHOJIOTHH BHpTyaHbHOﬁ PCAIbHOCTH, UMECIOT IMOTCHIHAJI
KaK ursl yIaydlICHUs KauecTBa TEpalluM, TaK U JJIA CHUIKCHUS
3aTpar Ha TEpaIuio MyTeM: YBEJIUYCHUS AUalla30Ha BO3MOXKHBIX
TPEHUPOBOYHBIX 3a1a4, TEM CaAMbIM YaCTUYHO aBTOMAaTU3UPYs U
KOJIMYECTBEHHO OLICHHUBAs TEPAIICBTUYCCKUEC ITPOLEAYPBI; YiIy4-
mass MOTHBALUMKO IMalMEHTa M, TaKUM 06p330M, yBEIIM4UBas
JIO3UPOBKY TEparuy ONTUMAIBLHOTO Habopa TPaBMHUPOBAHHBIX
HeHpoHHBIX ceTeit [10].

TpeHupoBKa Ha OCHOBE BHPTYaJbHOW PEaJbHOCTH HAXOIUT
Bce Ooubliee MPUMEHEHHE B HelpopeaOMINTaLl|H, TS yITydliie-
HUSI TPEHUPOBKU BEPXHUX KOHEUHOCTEH M 001eryeHus Boccra-
HOBJICHUSI MOTOPHKH. Pea6I/IHl/ITaL[I/IOHHl)Ie CHCTEMBI HAa OCHOBC
BUPTYaJIbHON peaJIbHOCTH HaOUPAIOT MOMYJISPHOCTh O1arofapst
MPOCTOTE HCIIOJIB30BaHUA, IPUMEHUMOCTU JIs1 IIUPOKOTO KpPYy-
ra nmanueHTOB U CIIOCOOHOCTH O6eCl’le‘-{l/IBaTb UHAUBUYaJIbHOE
00y4eHHE MaeHTOB.

OCHOBHOI NPUYMHON NOXKU3HEHHOW MHBAJIMIHOCTH Y B3pOC-
JIBIX, CBSI3aHHOM C HU3KHM Kaue€CTBOM KU3HU, ABJIACTCSA MHCYJIBT
[17]. YuutsiBas 310, IPOBEACHO UCCIEIOBAHUE O BIMSIHUU Te-
parnyu ¢ UCIoJIb30BAaHUEM BHpTyaHbHOﬁ PCAJIbHOCTH Ha Ialu-
€HTOB C UHCYJIbTOM B CpaBHEHHHU C Tpa]lPlL[MOHHOﬁ Tepanneﬁ.
Pesynbrarhl TaKoro HMCCIEIOBAaHMS IOKA3bIBAIOT, YTO TEepaItus
BUPTYaJIbHON PeaibHOCTBIO TPEICTABIsIeTCs: Oomee 3G heKTHB-
HOI1, YeM 00bIUHAs Tepaltyis, OHa YIy4llaeT crelnuduiecke Ha-
BBIKM U (DYHKIIMHM BEpXHHX KOHEUHOCTEH, crocodcTByeT Oosee
OBICTPOMY BBI3ZOPOBIICHUIO U JIy4IlEMY BO3BPALLCHUIO K HOP-
MaJIbHOW JKM3HM, YTO SIBIISICTCS OCHOBHOM LIENIbIO peaduinTa-
1 [20].

TexHonOrMN BUPTYaIbHOH peaJlbHOCTH MCHONB3YIOTCS U IS
aJlanTaluy ayTUCTOB. Tak, Ul TaKUX JIML pa3bIrPhIBAIOTCS pas3-
JIMYHBIC CUTYyalluH, C KOTOPBIMHA OHHU MOI'YT CTOJIKHYTLCS B 00-
IIECTBE, HALSITHO IEMOHCTPHPYs, KaK JIydlie ce0s BeCTH. DTo
MOXKET OBITh, HAITPUMEP, COOCCENOBAHHUE MPH MTPUEME Ha Pabo-
Ty, pa3roBOp ¢ APYTUM JIMIIOM O CIIOPTUBHOM COPEBHOBAHUU U
ToMy nozfoOHoe. B pe3ynbrare Takux McciaenoBaHHN JienaeTcs
BBIBO/, YTO Yy IMAIlMCHTOB Ha6J'lI'O}13.eTCﬂ ITOBBIIICHHAA aAKTHUB-
HOCTb B 00JIaCTH MO3Tra, CBSI3aHHAsI C COLIUAIIBHBIM ITOBE/ICHUEM
U BOCIIPHUATHEM OKpyxaroliero mupa [31].

Taxum 00pa3oM, CUCTEMbI BUPTYAJIbHOM PEeabHOCTH paccMa-
TPUBAKOTCA KaK HOBBIC INEPCHEKTUBHBIC UHCTPYMECHTBI IJId TC-
parnuu u peabunuranuu. YTo KacaeTcsi MpaBoOBOrO peryJinpoBa-
HUsI, TO HCOOXOMMO 3aMETHTh, 4TO B YKpanuHe PacnopsokeHnem
Kabunera Munucrpos ot 17.01.2018 Ne 67-p onobpena «Kon-
LETIUS Pa3BUTUS [H(YPOBON SIKOHOMHUKH U OOIIECTBA YKPAHHBI
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Ha 2018-2020 romgsl» M yTBEpXKAEH IUIaH MEPONPUATUH IO ee
peau3anuu, KOTOPBI MpeaycMaTpuBaeT BOSMOXKHOCTb CO3/a-
HUs U(POBOro pabodyero MecTa — BUPTYaJbHOTO JKBUBAJICHTA
(usuueckoro pabouero mMecra. Ito mpumep, GpparMeHTapHOTO
3aKOHOJIATENIBHOTO PETYIUPOBAHUSA BO3MOXXHOCTH BHEAPECHUS
TEXHOJIOI'UH BUPTYaJIbHON PEalbHOCTH B YKpauHe;

0) nmpuMeHeHue B ncuxorepanuu. ITpakTuueckuil onsIT mO-
IPY)KCHUs B BHPTYQJIbHYIO CpPEIy BIMSCT Ha PEalIbHbBIA JKU3-
HEHHbIH OnbIT yenoBeka. COBPEMEHHBIE TEXHOJOTHH CTaBST
3ajauell Co3JaHMe MOCTa MEXIY BHPTYaJIbHBIM H PEalbHBIM
JKM3HEHHBIM OIBITOM, B YaCTHOCTH HCIIOJIb30BAHUE TEXHOJIOTHI
BUPTYaJIbHO peaibHOCTH B OLICHKE U JICYEHHHU IICUXOIATOIOT UK
HAaIpaBJICHO HA PAa3BUTHE MPUBBIUKHU K 310POBOMY ITOBEACHHIO
Y HaBbIKAM OBJIAJIAHHs 1107l KOHTPOJIEM Bpada B BHPTYAJIbHOM
cpene. I1o 1mo3BoisieT YPPEKTUBHO MPUMEHSTh BUPTYAIbHYIO
peanbHOCTD ULl JISUSHHUs TICUXUYecKuX 3aboneBanuii (Gpodun,
MOCTTPaBMATUYECKHH CTpece).

BupryanbHast peanbHOCTh COCOOCTBYET JICUEHHIO IICHXOJIO-
THYCCKHUX PacCTpoicTB. s ocnabienust poouil mpuMeHSETCsI
9KCIIO3UIIMOHHAS TEPAIUs B COYCTAHUN C OYKAMH BHPTYAJIbHOM
peansHOCcTH. Hanpumep, nmanueHty ¢ apaxnodoOueii cHauana
Ha PAcCTOSHUM, a MOTOM Bce OJIMKE IEeMOHCTPHPYIOT BUPTY-
anpHBIX NaykoB. Ilo Mepe npuONMKeHus, ¢ TaKUMH IayKaMH
MOYKHO Ja)K€ B3aUMOJACHCTBOBAThH. [lallMeHTOB, CTpajaroimx
oT akpooOuH, OTIPABISIIOT HA KPBILLY BUPTYaJbHBIX 3/1aHHUI,
€ KaX/IbIM Pa3oM yBeJIMuYuBas BbICOTy noxbeMa [31]. Texunomo-
I'MU BHPTYAJIbHOM PEajbHOCTH SBISIOTCS d(P(EKTUBHBIM HH-
CTPYMEHTOM MaHUITYJISLHU [IPU TPEBOXKHBIX PACCTPOMCTBaX, B
4acTHOCTH corrodobun. PaspaboTansl U ipyrue nporpaMMHbIe
obecriedeH st BUPTYaJbHON PeaNbHOCTH ISl JICUSHUSI Psijia APY-
rux Gpoowuii.

BuptryanbHas peaibHOCTb MOXET ObITh d((QEKTHBHA U TPH
smnatud. C OTCYTCTBHEM SMIIATUU CBSI3aHHBIE CEPbE3HbIE pac-
CTPOMCTBA TMYHOCTH, TAKME KaK aHTUCOLIMAIBHOE U HAPLIUCCH-
YEeCKOE PAaCCTPONCTBA, KOTOpPbIE MOAPBIBAIOT MEXIMYHOCTHOE
(byHKIHOHMpOBaHHE CyObekTa. B 00nacTu mcuxoTepanuu BbI-
JIBUTAETCsl THIIOTE3a O BO3MOXKHOCTH PACIIMPEHUs dMITaTHYe-
CKUX HaBBIKOB C ITOMOIIBIO HMHUTHPYEMOTO OIbITa. B cBsi3u ¢
HPOBEJICHHBIM HCCIICOBAHUEM 00 OIIGHKE BIMSHHS TpPEeXMmep-
HOTO MOJICTIMPOBaHMs (BUPTYaIbHON peaJlbHOCTH) Ha IMIIATHIO,
00OHapyKEHO, YTO IMIIATHUSI CTYCHTOB-MEANKOB K HAIL[HEHTaM C
KYJIBTYPHBIM M JIMHTBUCTHYECKUM Pa3HOOOpa3ueM 3HAYUTEIbHO
yAy4LIMIachk MOCHE BO3ACHCTBUS TAKOTO TPEXMEPHOIO MOAEIIH-
posanus [19].

KpoMe TCHXONOrHYecKHX pPacCTPONCTB, TEXHOJIOTMH BHp-
TyaJIbHOH PeanbHOCTH MOTYT IOHAJOOMTBCS NP JICYCHUH H
npoduIaKTHKe pasiuyHOro Buaa 3aBucumocteil. K mpumepy,
B HCIIOJIb30BAHUM TEXHOJOTMH BHPTYAIbHOH peabHOCTH JUIs
JICUCHUsI HapKoMaHuM ycmnexa poctur Kurail. bropo ympasie-
HUs peadbunuranueil npoBuHuKU Wxs13sH B Boctounom Kurae
HPOBEJIO MCCIISJOBAHUE Ha JIMLAX, 3aBUCUMBIX OT MeTaMdera-
MuHa [29];

B) IIPUMEHEHNE B XUPYPTUH U CBA3aHHBIX C HEH MpoLeaypax.
Panee mnosyueHHble B peajbHOM BPEMEHH paJuOJIOTHUECKUE
TpexMepHble 00beMHbIE JTaHHBIE MOXKHO BH3YallM3HPOBATh, KaK
OyITO OHM HAXOIATCS BHYTPH TeJa MalHMeHTa, TOCKOJIbKY BbI-
IIeJIeKAIME TKAaHU CTaIN HOIYIPO3PAYHBIMU. XUPYPT CMOXKET
BUJICTh paHee IOJIyYCHHbIE aHATOMMYECKHE AETalu, JIeTaIIH
XUPYPrUUECKUX MHCTPYMEHTOB B TKAHSIX WM 3aIUIAHUPOBAHBI
JlaHHbIe ITyOOKO BHYTPH WITH CHApY)KH TeJia MaluenTa. B Takux
Cily4asix Kak OIyXOJH M HOBTOPHBIE XMPYPTUUSCKHE ONEpalnHy,
I1€ HOpMajibHas aHaTOMUS MEHSETCs, [OIIOJHEHHAas peallb-
HOCTb IIOMOXKET CIeJIaTh ONepalHio Oojee MONHO, Hapsay cOo
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BCEMHU JPYTHMMHU NpeumyuiecTBaMu. [Ipyu peKOHCTPYKTUBHBIX U
KOCMETUYECKUX OoN€paluaX NPCABAPUTEIIbHO 3alIaHUPOBaHHAA
BUpTYyasbHasd 3D-Moaens MOXKeT ObITh HAJIOXKEHA Ha KeJIaeMyIo
9acTh, U PEKOHCTPYKLHUS MOXKET OBITh OCHOBAaHA Ha ITOM 3aruia-
HUPOBAaHHON MOJETH. DTO MOXKET YITyUIlIUTh KOCMETHUECKUH, a
TaKoke QYHKINOHAJIBHBIN Pe3yNbTar.

B po0oTH3MpOBaHHBIX OmNEpalMsix M JIANAPOCKOMUYESCKHX
onepanusix AR-TeXHOIOrMU JIETKO peaqnu30BaTh, MOCKOJIbKY
OHH IepealoT U300paXKeHUs], CHATbIE KaMepold. DTa TEeXHOJIO-
TUsl TIPEIOCTABISIET XUPYPry OOJbIle KOHTPOISI HaJl IPOLEy-
PO, a TakKe aHaTOMUYECKUMH JeTaSIMU CKPBITBIX CTPYKTYD.
I[I/Ial'laSOH U JIBMOKCHUEC MHCTPYMEHTOB MOXXHO IPEAYCMOTPETH
¥ 3apaHee wiaHuposath [18]. Takum 00pa3oMm, ¢ TIOMOIIBIO J0-
MTOJTHEHHOM PCaIbHOCTH XHUPYPr MOXET BUACTH HEBUIUMBIC
OpraHbl BO BpeMs ONEpaLy U HOBBILIATh TOYHOCTh U Oe3omac-
HOCTB JIC4eOHBIX TPOLICAYP.

B TO Xe BpeMs OT IPUMEHEHUs TEXHOJIOTMHM BUPTYaJbHOU
PpeaJIbHOCTU MOI'yT Ha6ﬂ}0ﬂaTbC$[ nu 1'1060'-{1-[])16 SIBJICHUA, B 4acCT-
HOCTH: TOJIOBOKPY>KCHHE, TOIIHOTA, TOJIOBHAsA 00JIb, YCTAIOCTb
rj1a3, CHUXKCHUE KOHTPOJIA KOH@‘[HOCTGP’I, CHHXKCHUE 1YBCTBA CYy-
IECTBOBaHUA U HepeanbHble peakiuu [21]. Kpome ocHOBHBIX
OOOYHBIX PEAKIIUii, B MOCICIHEE BPEMsT IIPOSIBIISICTCS 0OJIC3Hb
BUpTyasbHOI peansHoctu (Cybersickness) [5] — coBokymHOCTB
CHMITOMOB AUCKOM(OPTA, OLIYTUMBIX TPH MPUMEHEHHH TEX-
HOJIOTHH BUpPTyaslbHOH peanbHoCcTH [30].

BBeznenue nanueHToB U Bpadell B BUPTYaJIbHYIO Cpelly CO3/1a-
eT 0coObIe MPobIeMbl Oe30macHOCTH 1 3TUKH. Tak, A. FOxBux
YKa3bIBaeT, YTO B KHOEPIPOCTPAHCTBE YEIOBEKY HaBSI3bIBACTCS
qykast BoJsl Oe3 coriacusi Ha TO ¥ COBEPLICHHO HEOXHJIAHHO
JUIsl Hero. ABTOp yKa3bIBaeT Ha 30MOMPOBAHHUE IOJIB30BATEIS,
pa3pyluaeT NCHXHMKY 4YeloBeKa M HapyiiaeT cBoOOxy BbIOOpa
[33]. Jlannoe muenue noxpaepskuBaeT M. IlponuH, xoTopslit
BBICTYIIACT IIPOTUB «U3MECHEHUS CO3HAHUs», YTO ABJIACTCSI ME-
XaHU3MOM paboThl TEXHOJOI'MH BUPTYaJIbHOH peajbHOCTHU, U
HanpapjeHO Ha OOMaH CO3HAHUS - JOCTH)KCHHE (DEHOMEHa He
pa3yinyeHye YeJI0BEKOM MCKYCCTBEHHOH (IIOPOXKICHHOM TEXHO-
JIOTHSM) U €€ )KU3HEHHOH! peabHOCTH. ABTOpP yKa3bIBaeT Ha TO,
YTO TCXHOJIOT'HHU BHpTyaHbHOi’I PCaIbHOCTH U UX NPUMCECHEHHUEC
BBI3BIBAIOT HECITOCOOHOCTH UesioBeKa AU epeHIINPOBATH CBOU
U 4y’KHE MBICIIH, CBOIO U YY)KYIO BOJIO, CBOC U UY)KO€ TelO,
CBOIO U YY)XYIO JIMYHOCTb, CBOM BHYTPEHHUH MUp U 4eJOBEKa
BHEIIHETO MHPA, YTO ONPE/EIISIeTCS KaK TEXHOJIOT Ul «OLH(POB-
KU 4esioBekay [34].

OnHako, UMEHHO Takasi 0COOEHHOCTh MIMMEPCHOHHON BUPTY-
AJIbHOW PEaJIbHOCTU KaK IIOTPYKEHUSD B BUPTYAIbHYIO CpELy
U OTJIMYAET TAKOW METOA OT TPAJUIMOHHOW MEIUIUHBI, OIpe-
JIETIAs €r0 DKCTPAOPAMHAPHBIM, @ B OTACIBHBIX CIIy4asxX - OC-
HOBHBIM CHOCOGOM COBPEMEHHOI'O JICUCHUS. Ecnu texHonoruu
BUPTYaJIbHOI peaIbHOCTH, KOTOPbIE IPUMEHSIOTCS B MEULIHE
JUISL JISYCHHS TALEHTOB UCIIONB3YIOTCS 10| HAOIIOICHHEM Me-
JIMIUHCKUX PAaOOTHUKOB, TO TAKHE SBJICHHS KaK 30MOMpOBaHUE,
[IPUBbLIKAHUE U HEBO3MOXXHOCTH pPa3JIMYCHUSA BUPTYaJIbLHOI'O
MHpa OT PEaJIbHOTO allpHOpPU HUCKIIFOYAIOTCS U3 HETaTUBHBIX 110-
CJICACTBUIM UMMEPCHOHHOH BUPTyalbHOH peanbHOCTU. OnHAKO
YKa3aHHbIC METOAUKHU JICUCHUS HE NOJKHBI HApylIaTh 10CTOUH-
CTBA 4eJIOBEKa U €ro OCHOBHBIC I1PABa.

BoiBoabl. TexHonoruu, 0CHOBaHHbIE HA IPUMEHEHUH BUPTY-
AJIbHOW PeajbHOCTU WM OTJCIBHBIX €€ JIEMEHTOB (JIOMOIHEH-
Has WM CMEIIaHHAs PealbHOCTh), BECbMa HOBOE HaIlpaBJICHHUE
B MCAHWIIMHE, 6]>ICTpO Pa3BUBACTCA, 110 CYTH MEHSICT U COBEP-
IICHCTBYET OOJIBIIMHCTBO METOIMK U TEXHOJIOTUH B MEIUIIMH-
CKOM MPAKTHUKE, TOBBIIIAET KaueCTBO MOATOTOBKH MEIUIIUHCKUX
paboTHUKOB. [IpH 3TOM TEXHOJOTHMH C HCIOJB30BAHUEM 3Jie-

183



MCHTOB BHpTyaHbHOﬁ PCAIbHOCTHU ABJIAKOTCSA HOBBIMHU MHCTPY-
MEHTaMH, KOTOPbIE HE MOTYT 3aMEHHUTh KaueCTBEHHYIO padoTy
Bpaya W TPAJUIMOHHBIC METOAMKH JICYCHUs. TeM He MeHee,
CYLIECTBYIOIIMH HU3KUH ypOBEHb IOPHIMUYECKOH oOIpereseH-
HOCTH, YTO COIPOBOXKAACTCSI HEONPEACICHHOCTHIO KPUTEPHEB
Ka4ecTBa M OE30MacCHOCTH IPOrPaMMHOTO 00ECIeUeHHsT MEe/IU-
IIMHCKOTO O00OpPY/IOBaHMSI M TEXHOJOTHH BHPTYaJILHOW pealib-
HOCTH MOXET OBbITh JONOJHUTENBHBIMU (aKTOpaMH PHCKA H
MEIUIMHCKUX OLINOOK.

Hcxonst MX BBLINIEH3I0KEHHOTO, HEOOXOAMMBI JajbHEN-
IIMe MEIMKO-TIPABOBBIC UCCIIEJOBAHMS C 1IeTbI0 pa3paboTKu
KPUTEpPHEB KauyecTBa MPOTpaMMHOro obecredeHus U 000-
pyaoBaHus, NPUMEHSAECMOTO i TEXHOJIOTHI BI/IpTyaHbHOﬁ
U JIOTIOJIHEHHOW peanbHOCTH Juisd obecredeHns 0e30macHo-
CTU MMalueHTa, 3alliThl €TI0 MpaBa Ha KA4Y€CTBCHHBIC MCJIU-
HuHCKHE yciyru. Kpome Toro, 1omKeH ObITh PUHST HOBBIM
MEKlyHapOIHbIM HOPMAaTUBHBIN aKT, KOTOPBIHA OBl ONpeaessiI
CTaHdapThl IPUMEHCHUS TEXHOJIOTUN BHpTyaJ’leOﬁ p€ajbHO-
CTH C LIEJbI0 YBKEHHS K JOCTOMHCTBY YEJIOBEKa M 3aIIHTHI
€ro mpas.
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SUMMARY

LEGAL PROTECTION AND FEATURES OF THE APPLI-
CATION OF VIRTUAL REALITY TECHNOLOGIES IN
MEDICINE

Buletsa S., Zaborovskyy V., Mendzhul M., Pyroha 1.,
Tymchak V., Stoika A.

Uzhhorod National University, Ukraine

The article examines certain aspects of the application of vir-
tual reality technologies in medicine. Attention is drawn to the
partial regulation of human rights protection when using virtual
and augmented reality technologies in medical practice.

The scope of application of virtual and augmented reality
technologies in scientific research, in the education and training
of medical workers, as well as in medical practice (therapy, re-
habilitation, psychotherapy, surgery and related procedures) has
been investigated. It has been established that the peculiarity of
using virtual reality technologies in medicine is manifested in
the fact that such technologies must comply with certain state
standards. Attention is drawn to security problems and ethical
aspects of the use of virtual reality technologies.

A new international normative act was proposed that would
define the standards for the use of virtual reality technology in
order to respect human dignity and protect his rights.

Key words: legal protection, virtual reality, education, practi-
cal medicine, human rights.

PE3IOME

TIPABOBASI 3AIIIUTA 1 OCOBEHHOCTH IPUMEHE-
HUSI TEXHOJIOT Wil BUPTYAJIbHOM PEAJTBHOCTH
B MEJUIAHE

Byaena C.b., 3a6opoBckuii B.B., Menxxyn M.B.,
Mupora U.C., Teimuak B.B., Ctoiika A.B.

Vorccopoockuii nayuonanvnuiii ynueepcumem, Yxpauna

B cratbe mccnenoBaHBl OTAENBHBIE ACHEKTHI NPUMEHEHUS
TEXHOJIOTUH BUPTyalbHON peanbHOCTH B MeaunuHae. OOpareHo
BHIMAaHNE HAa YACTHYHOE PETYIHPOBAHIE 3aIINTHI IPaB YeIOBe-
Ka [P IPUMEHEHUH TeXHOJIOT Uil BUPTYaIbHON U JOTIOTHUTEIb-
HOM peaslbHOCTH B MEAMLIMHCKOM MPaKTHUKE.

HccnenoBana cdepa npuMeHEHHs TEXHOIOTUI BUPTYaTbHOMN
1 JOTOTHUTENBHOH pPEeaTbHOCTH B HAYyYHBIX HCCIECJOBAHUAX,
pu 00y4eHNH U TTOATOTOBKE MEAUIIMHCKUX PAOOTHHKOB, a TaK-

K€ B MEULIMHCKOM MpaKTUKe (Tepamnus, peabuinTarys, ICHxo-
Tepanus, XUPyprus U CBA3aHHbIC ¢ HEll mpouexypsl). YCTaHOB-
JICHO, YTO OCOOCHHOCTh NPUMEHEHHS TEXHOJIOI Ui BUPTYaIbHON
peanbHOCTH B MEAMLMHE MPOSIBISETCS B TOM, YTO TakUe TeX-
HOJIOTUM JIOJDKHBI COOTBETCTBOBATH OIPEICIICHHBIM rocynap-
CTBCHHBIM cTaHAapTaM. OOpalieHO BHUMAaHHUE Ha MPOOICMBI
0€30I1aCHOCTH M 3THYECKUE aCNeKThl IPUMEHEHHS TEXHOIOTUi
BUPTYaJIbHOI peasbHOCTH.

[IpennoxeHo NPUHATH HOBBIM MEXKIYHapOIHbBIH HOpPMAaTHB-
HBIH aKT, KOTOPBIN ONpeenseT CTaHAaPThl IPUMEHEHUS TEXHO-
JIOTMU BUPTYaJbHOM PEanbHOCTHU C LEJbI0 YBaKEHUS K JOCTO-
MHCTBY 4Y€JIOBEKA U 3aIlUTE €ro Ipas.
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YYACTHE BPAYA B JOITPOCE HECOBEPIIEHHOJIETHEI'O JIMIIA
KAK OBSI3ATEJIBHASI ITPABOBASI HOPMA B 3AKOHOJATEJIBCTBE

Ocmoasia B.A., 'Tomoposckas E.H., *Xopomeniok O.B.

"XMmenvHuyKuti KoOnepamueHbvlil mopeo80-3KOHOMUYECKUtl uHcmumym, *Accoyuayusa adgoxamos YkpauHul

PasButne MupoBoit cucrembl VIHTEpHET, OrpOMHBIE TEMIIbI
nH(OopMaTHU3aLUK U KOMIBIOTEPU3AlNH O0IIeCTBa, BHEAPCHUE
B TIOBCEIHEBHYIO JKH3Hb T'a/UKETOB — HEOOJBILINX YCTPOMCTB,
NpeHAa3HAYEHHBIX Ul OOJErYeHUs M yCOBEPIICHCTBOBAHHS
JKU3HH JIIOAEH, MPUBOIT K «YCKOPEHHIO» IPOIIEcca B3pociie-
HUS JIeTel, aKkcellepalid MOJIOJIOTO MOKOJICHUS M, KaK OJUH
13 HEraTHBHBIX (paKTOPOB, BO3PACTAHUIO JIETCKOH MPECTYITHO-
CTH WJIM KOCBEHHOTO NPHUYACTHUsI JeTeil K YroJIOBHOMY HpaBoO-
HapyIeHuto. Bee 310 TpebyeT OT mpaBOBEIOB, MEAUIMHCKUX
pabOTHUKOB U 3aKOHOAATEJNIeH pa3paboTKU M MPUMEHEHHs HO-
BBIX KPUMHMHAJIHCTHYECKUX W MEIUATPHUECKUX METOJOB OCY-
IIECTBIICHHS JONPOCa HECOBEPILICHHOJICTHETO JINIIA, JUIS JaJlb-
HEWIIIero MCIOIb30BaHMs MONTYyYSHHOH MH(POPMAIMU C LEJbI0
npoBesieHnsT P GEKTUBHOTO PacCieOBaHUs], YCTAHOBICHUS U
MIPUBJICYCHHS] BAHOBHBIX JIUI] K OTBETCTBEHHOCTH C MHUHHMAJITb-
HBIM BO3JICCTBHEM Ha PAHUMYIO IICUXHKY JETeH.

Jlonpoc HecoBEpILIEHHONETHUX JHUI (AeTeil) B YroJOBHOM
mpolecce MpeACTaBiIseT co0oi cnenupuyeckoe sBICHUE Cy-
NeOHO-CIIeICTBEHHOI JesTenbHOCcTH. MIMeHHO sTa cnenudu-
ka TpeOyeT OT CylneOHBIX M IPABOOXPAHUTENILHBIX OPTaHOB,
KPMMHHAIIICTOB YCOBEPLICHCTBOBAHUS YK€ CYILIECTBYIONIHX,
pa3paboTKy ¥ NMPUMEHEHHE HOBBIX KPHMHHAIUCTHYECKUX CIO-
co0OB M METOIOB JOIPOCa HECOBEPLICHHOJIETHErO JIML@A s
MoTy4YeHus HanboJsee JOCTOBEPHOU U IPaBIHBON HH(POPMALIMH
0e3 KaKoro-nmmdo MPOTHBOMPABHOIO U BPEIOHOCHOTO BO3ZEH-
CTBHS Ha NCUXMKY peOeHKa. JTo BO3jIaraeT 0COOCHHYIO OTBET-
CTBEHHOCTb Ha NMPAaBOOXPAHUTEIIBHBIC OPTaHbI 10 POBEACHHIO
KaueCTBEHHOTO J0NPOCca HECOBEPIICHHOJICTHETO JIMIA, a Kak
CIIEZICTBUE — JISTUTHMHOTO J0CYIeOHOr0 M CyneOHOro paccie-
JIOBaHUs YTOJIOBHBIX NPABOHAPYIIECHUH, MOJHOTO U O0OBEKTHB-
HOro cOopa J0Kka3aTesIbHOM 0a3bl, YTO HE MPEACTABISETCS BO3-
MOXXHBIM 0€3 CypoBOTO COOIIOACHHMS MPOLELYPhl 3aKOHHOCTH
U y4eTa BO3PACTHBIX XapaKTePHUCTHUK JAETeH, B YeM M COCTOUT
AKTyaJbHOCTh PAacCMaTPHBAEMON MPOOIEMBI.

AHanu3 TOCJEIHUX HCCICAOBAaHUN u myOnukaiwii. [Ipo-
BeleHHbI aHanu3 [1-15] mokasan, 4TO y4eHble, TEOPETUKU U
MIPAKTUKH HEOJJHOKPATHO MUCCIIEIOBAIN JESATEIBHOCTD TIPABOOX-
PaHUTENBHBIX OPraHOB MO COOpY JOKa3aTeNbHOH 06as3bl MyTeMm
oTOopa MokazaHuil y HECOBEPIICHHOJIETHNX JIMI, OCYILECTRIIE-
HHE KPUMUHAJIMCTUYECKHX IEHCTBUH B STOM HANPaBICHHUHU B
LIEJIOM M ee OT/JeJbHbIe acHeKThl, B yacTHOCTH. OjHaKo, pac-
CMOTpPEHHE MPOLECCYATbHO-NIPABOBBIX U MEANUIIMHCKHAX BOIPO-
COB OTHOCHUTEJIFHO HOBBIX BO3MOJKHOCTEH BBISBICHUS M cOopa
JIOKa3aTeNbHOH 0a3bl MyTeM JOMpOca HECOBEPIICHHOJIETHETO
JHIa ¢ 00s3aTeNIbHBIM yUacTHEM Bpada TpeOyeT AeTaIbHOrO He-
CIICZIOBAHUS M aHAJTH3A.

Ienb nccnenoBaHus — Ha OCHOBAaHHMU NPOBEAECHHOTO TEOpe-
THUYECKOTO aHAJIN3a ¥ COOCTBEHHOTO ITPAKTHYECKOTO OITBITA pac-
CMOTpPETh IPOIECCYaTbHO-IPABOBBIE M MEIUIMHCKUE BOIPO-
CBl HOBBIX BO3MO)KHOCTEH BBISIBICHUS U cOOpa J0Ka3aTesIbHOM
6a3bl IyTeM J0IPOCa HECOBEPIICHHOIETHETO JIMIA C 00513aTelb-
HBIM ydYacTHeM Bpada (IeJuaTp, ACTCKUI MCHXHATp), a TaKKe
000CHOBaTh HEOOXOAUMOCTH I(P(HEKTHBHOTO COTPYAHHYECTBA
PabOTHUKOB CIIEICTBEHHBIX OPraHOB, IIPOKYPATyPHI, Cylla U Me-
JIMIUHCKOM OTPAciii JUlsl KaueCTBEHHOTO W OOBEKTHBHOTO HC-
TIOJTHEHUS 33/1aHNI YTOJIOBHOTO POM3BO/ICTBA.
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Marepuai u MeToabl. B xone uccienoBaHus UCIOIb30Ba-
JIMCh OOICHAYYHBIC U CIICIIHAIbHBIC METO/IbI HCCIICIOBAHNS:

- IMAJeKTUYEeCKUH METOJ HalpaBieH Ha JOBEICHUE LEeJIOCT-
HOCTH YTOJIOBHO-ITPOLIECCYATBHBIX U MEULIMHCKUX PHHIMIIOB
obecrieueHMs1 IpaBa Ha 370POBbE YEJOBEKa — JeTel, BO3MOXK-
HOCTH UX IOCTOSHHOTO Pa3BUTHA KaK pe3yJIbTaT HelPEepbIBHOIO
HAIOJIHEHUS JICHCTBYIOIINX 3aKOHOAATEIbCTB HOBBIMU HHHOBA-
LIHOHHBIMH MPETIOKESHHIMH;

- METOIbl aHAJIM3a U CHUHTE3a, MO3BOJIIOLIME ONPEACIUTH
CYIIHOCTB ITPaBOBOH HOPMBI 00513aTEIbHOTO Y4acTHsI Bpaya IpH
JIOIIPOCE HECOBEPIICHHOJICTHETO JIMLA B CUCTEMaX OXPaHbl 3710~
POBBS 1 YTOJIOBHO-IIPOLIECCYAJIBHON ESATEIbHOCTH;

- CHCTEMHBIIl METOJ MCIHOJIBb30BAJICS Ul UCCIIEIOBAHUSA CYIL-
HOCTU HOPMbI 00s13aTeJIbHOTO Y4acTHsl Bpada IpU J0IPOce HEeCo-
BEPILICHHOJIETHETO JMla B YKpauHe W Ipy3uH, UMEIOIUX CBOU
CTPYKTYPHBIE Y JIOTHUECKH CBSI3aHHBIC MEXKIY COOOH JIEMEHTbI;

- KOMIIAPAaTHBHO-CPAaBHUTEIbHBIII METOJ — JUIsl BBIABICHHS
OOILIMX ¥ OTIIMYUTEIILHBIX 0COOCHHOCTEH [IPAaBOBOil HOPMBI 00sI-
3aTeJIbHOTO Y4acTHs Bpada B JONPOCE HECOBEPLICHHOJIETHErO
JMLA B 3aKOHOJATENbCTBE YKpauHsl U [py3un;

- (pyHKIIMOHAJIBHBIM METOJ — ISl BBISBIICHHSI MECTa U 3Haye-
HUSI HOPMBI 0053aT€IbHOTO Y4acTHsl Bpadya B JOIPOCE HECOBEP-
LIEHHOJIETHETO JIULA.

Pe3yabTarsl M o0cy:kaeHne. Bonpocsl mpaBoBOro perynu-
pOBaHUs — OJIHA U3 BAKHEHILNX MPOOIEM COBEPIICHCTBOBAHHS
MEIUIIMHCKOHN (TIeAMATPHUECKOM) TOMOIIK MpH TPeOOBAHUH
00513aTeIPHOTO y4acTHsl Bpaya B MPOBEACHHUH JONPOca HECo-
BEPLICHHOJIETHETO JIMLIA, IOCKOJIBKY COXPaHEHHE U YKpeIlJIeHue
3I0POBbSl YEJIOBEKa SIBIACTCA OJHUM U3 ONPENCINAIOIINX Ha-
HpaBJIeHHH YKOHOMHYECKOTO Pa3BUTHSI M COLMAIBLHOIO OJaro-
MOJTy4Hs JIIoOoro rocyaaperna [2].

VYka3zaHHbIE HOPMBI MEXIyHAapOIHOIO IIpaBa 3aKpEIICHbI BO
Bceooueit [lexnapanuu mpas uenosexa - Pesomtonnu 217 A(III)
T'enepanbuoii Accam6iaen OOH ot 10 nexadpst 1948 rozna B cra-
ThAX 7-8, TIe yKa3aHo, 4YTO BCE IPAXKIAHE PABHBI NIEPE] 3aKOHOM
U UMEIOT IIPaBO 0e3 BCAKOrO PaszivyMsl Ha 3alUTy 3aKOHA OT
Jr000i AUCKPUMHUHAIIMK, HapyInaroleil Hacrosmyto Jleknapa-
U0, ¥ OT KaKOro ObI TO HU OBLIO MOACTPEKATEILCTBA K TAKOM
JIMCKPUMUHAIMY, a Takoke: «Kaxplii 4eJIOBEeK UMEET MpaBo Ha
3G PEKTUBHOE BOCCTAHOBICHUE B MPaBax KOMICTCHTHBIMHU Ha-
LIMOHAJIBHBIMU CyJaMHU B CIIydasX HapyLIEHHsS €ro OCHOBHBIX
IIpaB, IPEIOCTABICHHBIX €My KOHCTUTYLHEH min 3akoHoM» [1].
Hopwmbl MextyHapoaHoro mpasa cienyroT u3 [Ipunnunos me-
JMLITHCKOM STHKH, OTHOCSIIIUXCS K POJIH paOOTHHKOB 3/]paBOOX-
paHeHHsl, B 0COOCHHOCTH Bpayeil, B 3aIlIUTe 3aKJIIOYECHHbBIX WIN
3aJep KaHHbIX JIAL OT MBITOK U JPYI'UX JKECTOKHX, OecyenoBey-
HBIX WIH YHIKAIOIIUX JOCTOMHCTBO BUIOB O0paIlleHHs M HaKa-
3anus — Pesomorus 37/194 Tenepanbroit Accambaen OOH ot
18 nexabps 1982 rona, B kotopoii B [Ipunuunax 1 u 5 onpenesne-
HO, 4TO: «PabOTHHKH 3ApaBOOXPAHCHHS, B 0COOCHHOCTH BpayH,
obecreunBaoIne MEIUIMHCKOe 00CITY)KUBAHIE 3aKITIOUSHHBIX
WM 3aJIep’KaHHbIX JIUL, 00s13aHbl OXPaHATh UX (PU3HYECKOE U
MICUXUYECKOE 3I0pPOBbE U 00ECIeunBaTh JieueHHE 3a00IeBaHUI
TaKOI'o )K€ KauecTBa U YPOBHs, Kakoe 0OCCIIeUMBACTCS JIULAM,
HE SIBJIAIOLIMMCS 3aKJIFOYCHHBIMH WM 3aJep)KaHHbIMU. Yua-
cTHe pabOTHHUKOB 37PAaBOOXpPAHEHHUS, B OCOOCHHOCTH Bpaveii,
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B J1000M mpouenype MEAULUHCKOIO XapakTepa B OTHOLICHUH
3aKJIIOUCHHOTO MM 3a/IePXKAHHOTO JIMLA ABJISETCS HapyIIeHUEM
MEIUIMHCKOM 3TUKH, €CIIU TOJIBKO OHO HE IIPOJUKTOBAHO CYTy-
00 METUIMHCKUMU KPUTEPUSIMU KaK HEOOXOAUMOE ISl OXPaHBI
(U3UYIECKOTO MJIM TICUXMYECKOTO 3/10POBbsI MK O€3011aCHOCTH
€aMOro 3aKJIIOYEHHOTO WM 3aJep)KaHHOIO JIMLA, APYTUX 3a-
KIIFOYCHHBIX WJIM 3aJC€PKaHHBIX JIMI[ WK IIEPCOHAJIA OXPaHbl U
HE CO3JaeT Yrpo3bl ero (Gu3nUecKoMy WM ICUXUUECKOMY 3710-
poBbio»[8].

Belmieyka3anHble HOPMbI MEKAYyHApOAHOIO IpaBa HAILIH
CBOE OTOOpaXCHHE M B HOPMAax HAIMOHAJIBHOTO 3aKOHO/ATEIIb-
cTBa YKpauHsl U [ py3un.

Tak, B IelCTBYIOIEM YTOJIOBHOM IPOLIECCYaIbHOM KOZIEKCE
YKpauHbl OTHOCHUTEIBHO YYacTHsl Bpada IpH JONPOCE HEeCo-
BEPLICHHOJIETHETO JIMIa YKa3aHo: «/lonpoc MajosIeTHEro Wiu
HECOBEPIICHHOJICTHETO JIMLA IPOBOAUTCS B NMPHUCYTCTBUU 3a-
KOHHOTI'O IPEACTaBUTEIIA, I€garora Wjin rncuxojora, a nmpu He-
00X0MMOCTH — Bpaya. J[onpoc MaloNeTHero 1iiu HeCOBEPIIEH-
HOJICTHETO JIMLIAa HEe MOXET MPOJ0JDKAThCs Oe3 mepepbiBa bosee
OJIHOTO 4Yaca, a B o0uiemM — Oosiee AByX 4acoB B JeHb. Jlunawm,
KOTOpble HE JOCTUIVIM LIECTHAALATHICTHEr0 BO3pacTa, pas3b-
SICHSICTCSI 00SI3aHHOCTh O HEOOXOAMMOCTH JIauH TPaBIUBbBIX I10-
Ka3aHWUH, He Ipeaynpexaas 00 yroJoBHON OTBETCTBEHHOCTH 3a
OTKa3 OT [OKAa3aHUM U 3a 3aBEIOMO HENpPaBIMBbIC MOKA3aHUI»
[11]. Taxxe 3akoHOmaTenb B HOpMe cTarbu 227 YTOJIOBHOTO
IPOLIECCYAJIbHOTO KOJeKca YKpauHbl yKa3blBaeT Ha HE0OXo-
JAUMOCTb Yy4acCTUsl 3aKOHHOT'O IMPEACTaBUTECIIA, I€aarora, Incu-
XOJIOTa WM Bpaya B CJIEICTBEHHBIX (PO3BICKHBIX) ICHCTBHUAX
IPU y4yacTUU MaJIOJETHErO WM HECOBEPLICHHOJETHETO JIMLA,
a uMeHHO: «[Ipu npoBeneHUM CIIEACTBEHHBIX (PO3BICKHBIX)
JEUCTBUM MPU yyacTUH MAJIOJIETHErO WJIM HECOBEPLICHHOJET-
HEro Jinna 00ecrevnBaeTcsl yqacTHe 3aKOHHOTO IPe/ICTaBUTe-
JIsl, TIeflarora WiIn ICHUXO0JIOra, a IpU HeoOXOAMMOCTH - Bpaya.
Jlo Hayana ciIeCTBEHHOIO (PO3bICKHOIO) JICHCTBUS 3aKOHHOMY
IPEACTaBUTEIIIO, [IEJIarory, ICUXOJIOTY WM Bpady pa3bsCHAETCS
UX IIPaBO NPH pa3pelIeHUH JIHLA, KOTOPOe MPOU3BOAUT Clel-
CTBCHHOC ﬂeﬁCTBMe, CTaBUTb YTOYHSIOLIME BOIIPOCHI MaJIOJICT-
HEMY WJIM HECOBCPIUCHHOJIETHEMY JIMILY. B uckmounTenbHbIX
cilydasix, KOIZla yyacTHe 3aKOHHOIO HPEACTaBUTENS MOXET
HAHECTH BpEJ HMHTEpPEecaM MaJIOJETHErO WM HECOBEPIIEHHO-
JICTHEIO CBUJAETENS, MOTEPIEBILEro, CleI0BaTelb, HPOKYpOp
[0 XOAATaWCTBY MAaJIOJETHETO0 MM HECOBEPLICHHOIETHETO,
WM 110 COOCTBEHHOW HMHHUIIMATHBE MMEET IPAaBO OIPAHUYHUTH
y4acTHE 3aKOHHOI'O IPEACTABUTEIIS B BBIIIOJIHEHUU OTHACJIBHBIX
CJIEACTBEHHBIX (PO3BICKHBIX) ACHCTBUN WM YCTPaHUTh €r0 OT
y4acTus B YroJlOBHOM IPOU3BOACTBE U IIPUBJIEYb BMECTO HETO
JPYToro 3aKOHHOTO npexacTaButes» [11].

B nanHOM cilydae K KaTeropuu «MaJlojleTHee JIMLO, HeCco-
BEPILEHHOJIETHEE JINL0, 3aKOHHBIM MPEeACTaBUTEIb) 3aKOHO-
JaresieM YKpauHbl OTHECEHO ClIeyIollee: «MajoIeTHee JINLO
- peGeHOK J0 JOCTHIKCHUA UM YE€ThIpHAALATH JIET, HECOBEP-
IICHHOJIETHEE JINLIO — MaJIOJIETHEE JINLIO, a TAK)KE IeTU B BO3-
pacTe OT 4YE€ThIpHAAUATH O BOCEMHAAUATH JIET, B KAQ4E€CTBE
3aKOHHBIX IIPEICTaBUTEICH MOTYT ObITh IPUBICUEHBI POAU-
Teau (YCHIHOBUTEIN), @ B CIy4au UX OTCYTCTBHUS — OIEKYHbI
WIM TIONIEYUTENH JIHIa, APYTUe COBEPIICHHOIETHHE OIU3KIe
POACTBECHHUKU HJIM YJICHBI CEMbHU, a4 TAKXC NPEACTABUTCIU
OpraHOB OII€KH U IONECYUTEIbCTBA, yqpemﬂeﬂnﬁ H opraHusa-
L, TI0/1 ONIEKOH MIJIM MONEYUTEILCTBOM KOTOPBIX IIpeObIBaeT
HECOBEPIICHHOJICTHUH, HEAEEeCIIOCOOHBIH WM OrPAHHYECHO
neecrocoOHbI» [11].

3akoHonaresb [ py3uu nogouesn kK GopMyITUpOBaHUIO TAaHHBIX
HOPM IIpaBa C HECKOJbKO MHOW HpPOLECCYaJIbHON MO3ULHU U
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onpeaenui, 4yto: «HecoBepiieHHOIeTHUIH — ATO JIMIO, HE JI0-
cruriee 18 sner» [12], a ompeneneHue MajlojeTHEro JMLA B
JIelcTByIOIEM YTOIOBHO-IIpoLiecCyanbHOM Koaekce ['py3un or-
CYTCTBYET.

Tak e B COOTBETCTBUH C YTOJIOBHO-ITPOLIECCYATBHBIM 3aK0-
HOAATCIIBCTBOM prSHI/I B KQUCCTBE CBHUACTCIISI HC MOXCT OBITh
JIOIIPOLIEHO JIULIO, B CUILY (DU3UYCCKUX HITH TICUXUICCKHUX HE0-
CTaTKoOB, HECIIOCOOHOE MpaBUJIbHO BOCIIPUHUMATh, 3allOMHUHATb
¥ BOCIIPOU3BOIUTH OOCTOSITENBCTBA, MMEIONIME 3HAYCHHUE LIS
Jienia, v 1aBaTh MOKa3aHHsI.

3akoHOaTeNb CTPaHbl B cTaThe 116 YromoBHo-mpoLeccyalb-
Horo kojekca ['py3un («/lornpoc HeCOBepIICHHOIETHETO») YKa-
3bIBacT, 4yT0: «HecoBepIIeHHOIETHII MOXKET OBITH JOIPOLICH B
cllydae, eCliM OH B COCTOSIHUM B CJIOBECHOU WJIH Jpyroi Gopme
M3JIOKUTh MH(OPMALINIO, UMEIOIIYI0 3HadeHne st jgena. Jlo-
IpOC HECOBEPIICHHOJIECTHEIO IMNPOU3BOAUTCA B IPUCYTCTBUU
3aKOHHOI'0O MNPEACTABUTEIIA WUJIA IICUXO0JI0Tra, B COOTBETCTBUU C
yacTbio 4 crarbu 3 3toro xe Komekca kareropuu «3akOHHBIE
IPEICTABUTEIN) 3aKOHOATeIeM OTHECEHBI OJIM3KHE POICTBEH-
HUKH, OIICKYHBI, IIONEYUTEIIM, YYaCTBYIOIIHME B YI'OJIOBHOM
nporiecce B cilydyae, Korja y4acTHHKOM IpoLecca sIBIsIeTCs He-
COBEPLICHHOJICTHUI, HEIEEeCIIOCOOHBIH, OrPAaHUYCHHO JIEECIIO-
COOHBII WITH JINII0, KOTOPOE HE B COCTOSIHUHM 3aIMIIATh ceOs 1o
COCTOSIHHIO 310pOBbsi. ECiIM HECOBEpIICHHOJCTHUI SIBISIETCS
CBUZETEJIEM JINOO0 JKePTBOH CEKCyalbHON SKCIUTyaTallii U CeK-
CyalIbHOI'O HACHJIMS, IIPU €r0 J0MPOCE MOXKET OCYLIECTBISITHCS
ay/aMo- WM BHAEO03aNuch. B 3ane cyneOHOro 3aceqanus paspe-
IIaeTcs BOCHPOU3BEACHUE (IEMOHCTpALMs) ayquo- WM BHJC-
o3amnucell Moka3zaHuil HecoBepuieHHoNeTHUX. Jlonpoc nuua B
BO3pacTe 10 14 JIeT MOXKET NMPOU3BOAUTHLCS TOJILKO C COIVIACHUS
U B HPUCYTCTBHUU 3aKOHHOI'O MPEACTABUTECIIA; OH BIIPABE BbI-
CKa3aTh CBOM COOOpPaKCHUs U C pa3pellieHus] Cyla YTOYHHUTH
nocTaBieHHbIH Bompoc. CBuierento, He JocTuriiemy 14 ner,
Pa3bsICHSIETCSI ero 00s13aHHOCTh TOBOPUTH TOJIBKO MPABJLY, OJJHA-
KO OH HE IpeyNpexaaeTcs 00 yroloBHOH OTBETCTBEHHOCTH 32
OTKa3 OT Ja4yu noxasaﬂuﬁ, Jaqy JIOKHBIX U IIO0 CYTU B3aHMMHO
NPOTUBOPEYALIUX TMOKa3aHui. Eciin HeCOBEpIICHHONICTHU 5IB-
JSETCS CBUAETEIIEM JIMO0 XKEPTBOH CEKCyallbHON IKCILTyaTalluK
M CEKCYaJIbHOTO HACHJIMSI, KOJMYECTBO JOMPOCOB IO MEpe BO3-
MOYKHOCTH JIOJDKHO OBITH OTPAaHUUYCHO M 00YCIIOBIEHO HEOOXO-
JTUMOCTbBIO JOCTHKECHUS LieJIed yroJIoBHOro mpouecca» [12].

Kpome Toro, B uactu 2 crarbu 117 YronoBHO-TIpoIiecCyaibHOTO
konekca [pys3un («lonpoc mmyxoro, HEMOro JiMla U JikLa, CTpa-
JIAIOIIET0 TSHKEIIbIM 3a00JIeBaHNEM») YKa3aHO, YTO JIONPOC JIMIIA,
CTpPAJIAIOIIET0 TSHKENBIM 3a00JIeBaHNEM, IPOU3BOAUTCS C pa3periie-
HUS Bpada U B CIyyae HeOOXOAMMOCTH B €ro npucyTcTsud [12].

B yka3aHHBIX HaMHM HOPMax YrOJIOBHO-IIPOLECCYaIbHOTO
3aKOHOJATENbCTBA YKpauHbl M Ipy3un 3akoHojaTenu obeux
CTpaH ONPCACININ HNPUHLHUIT YHAaCTUA Bpada IPU MPOBECACHUU
JIOIPOCa HECOBEPIICHHOIETHETO (TIPH HEOOXOIUMOCTH, U MaJlo-
JICTHEr0) JIMIa KaK HeoOs3aTesbHYIO0, alIbTepPHATHBHYIO HOPMY,
KOTOpast AOJI’KHA BBIITOJHATHCS HA YCMOTPEHUE JOJDKHOCTHOI'O
Jiaga 1nmpyv HaJlndyuu HCO6XO}11/IMI>IX 00CTOSITEILCTB — BO3MOKHAS
6osie3Hb, GU3NUESCKUE WU TICUXUYECKHE OTKIOHESHHS 310POBbSI
y peOeHKa.

BwMmecte ¢ TeMm, yIOMSHYTbIE HOPMBI 3aKOHOJATeIbCTBA 00e-
UX TOCYIapCTB, YKa3aHHE BO3MOXKHOCTH YYacTHsI Bpada Ipu
MOJIyYEHHUHU II0Ka3aHMil y HECOBEPLICHHOJETHEro JIMIA U Me-
TOIMYECKHUE UHCTPYKIMH K MPOBEACHHIO JOTPOCOB HE PELLIIIH
IpOOJIEMBI U, CllelyeT OTMETHUTh, OKa3aJHCh HECOOTBETCTBYIO-
IIMMHU COBPEMEHHBIM TPeOOBaHMSIM MHUPOBOro obuiectsa. OHK
HE YAOBJICTBOPUJIM IOJHOCTBIO HU MCIAUKOB, HU IOPUCTOB, U
IIOBCEMECTHO II0JIBEPraloTCs CEePhE3HOW KPUTHKE, YaCTHUIHO C
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PasHbIX, KHOIJa IIPOTHUBOIIOJIOXKHBIX HO3HuMﬁ, XOTA 3THU IIO3U-
UM (MEIMKOB U IOPHCTOB) B HACTOSIEE BPEMS 3HAUUTEIBHO
CONMKAIOTCSI, YTO YPE3BbIYAWHO 3HAYMMO, TaK Kak mpobdiema
SIBJISICTCS] KOMIUICKCHO M TPeOyeT PelIeHHUsI COBMECTHBIMU yCH-
JIMSAMH. CneayeT BBIJICIINTH J1BA OCHOBHBIX HaIllpaBJICHUS, Kpaﬁ—
HE aKTYaJIbHBIX, BEAYIIHX K PEIICHUIO IPOOIEMBI.

OnHO U3 HUX — MOBBILICHUE YPOBHS MPABOIOPSIIKA IIPU OKa-
3aHUH, B CJIy4ae HCOOXOIUMOCTH, MEAUIIMHCKON TOMOIIH JIUILY,
KOTOPOMY IPEJCTOUT JIOIIPOC, B TOM YHCIIE, EJUATPUIECKO U,
B HEKOTOPBIX CJIy4asiX, U IICUXMATPUUYECKOH; BTOPOE — COBEp-
MIEHCTBOBAHUEC BHYTPUT'OCYAAPCTBEHHOI'O U MEKI'OCYAapCTBCH-
HOTO 3aKOHOJATEJIbCTB B 00JIACTH OXPaHbl 370POBbsSI HECOBEP-
LHIEHHOJIETHUX JETEMN.

O 3HaueHHUH IEPBOTO HAIpaBJICHUA CBUAETECIILCTBYIOT OLI_IPI6—
KU B MEIULMHCKOI (IequaTpuuecKoil) NpakTHKe, BhIpaskaroIu-
€Cs B OTCTYIUICHUU OT IPUHATOIO IOPsAKA. 10T ACIICKT, CBA-
3aHHBI paHee CO 3JI0yNOTPeOIeHNUsIMUA B 00JIaCTH MEIUIIMHBI,
a UMCHHO — NeAuaTpuu, HEIPABUIbHOC INPUMEHCHUE HOPM U
3HAHUI MOCJEAHEH K HECOBEPIICHHOJIICTHIM, O3 ydera B I0JI-
HOI Mepe crierUKH ¥ WHIUBUAYaTN3AlNH ICUXUKH KaXKI0-
ro peGeHKa 0 OTACIBHOCTH M TPYIII JIeTei, YTO 0COOCHHBIM
00pa3oM OBLIIO M OCTACTCS CBOCOOPA3HBIM OTPaKCHHEM OO0IIICH
CUTYyalluH B CTpaHax EBPOIIBI U «<TPEThEro Mupay, ceiyac npu-
obperaeT nHOe, OoJiee MIMPOKOE U OCTPOEe, 3HAYNMOE JUIsl BCeH
MHPOBOI MEANIMHCKON MpaKTUKH 3HaueHue. Heobxomumo mo-
HATb, B UEM UCTOKH 6OJ'II>LLII/IHCTBa YKa3aHHBIX OIINOOYHBIX Jleﬁ—
CTBHM. B Takux ciydasx peds UIET O BOZMOKHOM paclIMpPeHUH
BpauaMu-IiequaTpaMu (IICMXUAaTpaMH) CBOMX IPEpOraTHUB BO
BpEMs IPOBEACHHMSI JIONPOCa HECOBEPIICHHOIETHETO JIHIA, YTO
BEJCT K YHIEMIICHUIO I'PAKIAHCKUX M IMPOLECCyabHbIX IIPaB
JIPYTHX YYaCTHUKOB YTOJIOBHOTO MPOIECCa, JOKHOCTHBIX JINL]
U CaMOr'0 HECOBEPIICHHOIETHETO.

B cBsi3u ¢ 9TMM HeoOXomuMo 00paTuTh 0c000e BHHUMAaHHE
Ha TO, YTO MPUHATHE HOBOTO 3aKOHOJATENILCTBA, B YACTHOCTH:
MMIUIEMEHTALU HOPM, KOTOPBIE PENNIAMEHTUPYIOT IMpOBeEe-
HHE JIONPOCca HECOBEPIICHHOIETHErO JIUNA TIPH 00513aTeIbHOM
y4acTUHU Bpaya B 3aKOHOAATEIbCTBAX YKpauHbl M Ipy3um cy-
IECTBEHHBIM 00pa3oM M3MEHMIIO OBl M IOJDKHO elie Oojee 13-
MEHUTb OTHOLICHHUSA Bpada C IOTCHLUAJIbHBIM <(IIALIUEHTOM)),
T.€. HECOBEPILICHHOJIETHUM JIMLIOM, CABUHYJIO MEIHULMHCKYIO
IPAKTUKY OT MPe00IaaloIero B Hell arepHain3mMa — MpUHIH-
1a, Korjaa Bpad, ACHCTBYs OT UMEHH U BO 0jaro GOJIBHOTO, BCIO
Mepy OTBETCTBEHHOCTH OepeT Ha cebs, - K IPUHIIUITY TPABOBOIO
napTHepcTBa. B naHHOM cityyae Bpad AEHCTBYET OT HMEHHU U BO
6raro yieteit, OONBIIYI0 YacTh OTBETCTBEHHOCTH 32 HOPMAJIbHOE
npoTekanue (HU3MIECKOil CTOPOHBI IPOLEAYPHI JOIPOCa HECO-
BEpILEHHOJIETHETO OepeT Ha ceOsl.

Crenyert, oHAKO, yKa3aTb, YTO IUJICMMY <<IIaT€pPHAIU3M —
[PaBOBOE IapTHEPCTBOY> HENb3sl PAacCMaTpUBaTh B CHCTEME
IPOTHBOIOCTABICHUH «(IIJIOXO - XOpoI0»>. Pedub nuper coBcem
0 Apyrux kareropusix. MeauimHa B Jt0o00H oOnacti cBoei
HPAKTUKKM HUKOT/IA MTOJTHOCTBIO HE OTKAKETCsI OT ITaTepHaIM3Ma,
4to BeneT K (opmanusmy u 6e3gymunio. Ckopee pedb HAET O
IMOHATUAX, COOTHOIIEHHUE KOTOPbLIX 6J'[I/I)Ke K IINIOCKOCTH COIIO-
CTaBJICHUH <(CONEPEKUBAHUE, MHUIOCEPIAUE - PALUOHAIU3M)>
WIH <<HPABCTBEHHBIN J0Jr, 3a00Ta - 0053aHHOCTB)>. Ys3BUMA
cama [IOCTaHOBKa BOIPOCA O AUIEMME, IPOTUBOIOCTABICHUH.
B KkoHIIe KOHIIOB, 3aKOH B Hj€alie €CTh KOHIICHTPHPOBAHHOE
000011IeHHOE BBIpAXKCHUE HPABCTBCHHBIX HpeacTaBieHui. B
TO K€ BPEMs, PYKOBOJCTBYSChH IEPBBIM IIPUHIUIIOM, Bpay, UC-
X041 U3 Cy6’b€KTI/lBHle l'[pe)lCTaBJ'[eHPIﬁ, MOXET NOITYCTUTDH pas3-
JIMYHOE TOJIKOBAHUE CUTYyallMU U I10-PA3HOMY NAJICKO UAYIIUE B
OTHOILICHUH JIONPALINBAEMOr0 ((IIOTEHI[HAIBEHOTO GOILHOT0)Y))
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JEHCTBYS; B OTIMYKE OT 3TOTO YrOJIOBHO-IIPOLIECCYaNIbHBIH 3a-
KOH 00€HX CTPaH YETKO OIPEJIeIIsIeT YCIOBUS U IPAHULIBI TAKOTO
BMEILIATENILCTBA Bpaya, a MMEHHO: IOCJIEAHEE OCYILECTBISET-
Csl Ha YyCMOTpPEHHE JOJKHOCTHOTO JIMIA, KOTOPOE MPOU3BOIUT
i OyneT npou3BoAMTH gonpoc. Kpome Toro, TeopeTukamMu u
MpPaKTUKaMH IOPUCTIPYACHLIUY U PaHbIIE BHICKA3bIBAIACH TOUYKA
3pCHHUS, YTO HEYyMEPEHHOE MOIICYUTENBCTBO CO CTOPOHBI Bpaya
BeJeT Kak Obl K yCHICHHIO <O dexra MHPaHTUIN3ALUI) He-
COBEPILECHHOJICTHHX, KOTOPBIE B MOJHON Mepe JIMLICHBI B CHILY
psiia BO3PACTHBIX HPHYMH BO3MOXXHOCTH CaMOCTOSITEIIBHO IIPH-
HHMarTh IIPaBOBbIC PELICHHUS, YTO YCHIIMBACT UX 3aBUCHMOCTD OT
B3pOCIBIX M, TEM CaMbIM, HapyIIaeT MPaBO Ha aBTOHOMHIO — ra-
PaHTUPOBAHHbBIE 3aKOHOM CBOOOIBI.

CortacHO BTOPOMY IPHHIMIY, Bpad BHIUT B JIMIE HECO-
BEPLICHHOJETHET0 HE TOJBKO MOTEHIHUAIbHO HYXKIarolleecs
B MEIUIMHCKOW MOMOIIH JIMIIO, HaJl KOTOPBIM OH 0E30r0BO-
pPOYHO HayMHAeT LIe(CTBOBAThH, HO U NPABOBOTO MapTHEpA,
C KOTOPBIM OH COOTBETCTBYIOIIUM 00pa3oM CTPOUT CBOU OT-
HouteHust. [Ipu 9TOM OH Bceraa UCXOAUT U3 allPUOPHOTO MPH-
3HAHUSl TOTO, YTO 33 UCKJIIOYCHHEM OCOOBIX, OTOBOPEHHBIX
3aKOHOM, MPEXKJe BCEro SKCTPEHHBIX, HEOTIOKHBIX CIy4yacs,
KaXKAbIH MMALIMEHT SBJISIETCS MOJIHOCTBIO IPABO- U JIeeCoco0-
HBIM, JI0 TE€X MOp, MOKa He OylaeT JA0Ka3zaHO oOpaTHoe. DTO
0OCTOSITENILCTBO €lle HEeAOCTATOYHO YeTKO OCO3HAHHO, BME-
CTE C TeM, OHO MMeeT Ba)KHEWIIee 3HaueHHEe /ISl OBBIIICHHS
YPOBHSI IPABOMOPSIAKA IPU HPUBJICUCHUH Bpaya JUIsl MoJyde-
HUS IOKa3aHUH y HECOBEPIIECHHOJIETHETO JINLA.

B cBs3M ¢ BBINIEH3II0KEHHBIM, HEOOXOJUMO OTMETHTD, 4TO
BTOPI)KCHHE IOPUANYECKUX TTOJNIOKEHUH B chepy oKazaHUsI [10-
MOIIH, B OTHOILICHHUSI Bpau — HECOBEPIUIECHHOJECTHHH - <<I10-
TEHIHMAJIbHBII OOJNIBHOWY), ¥ HA0OOPOT: BTOPXKEHMS Bpaya B
paMKHU NPaBOBOTO MOJsI, @ UMEHHO — JIOIPOCa, Ype3BbIYaliHO
YCIIOXKHSIET JesATeIbHOCTh MEIHKOB, BBI3bIBACT y HHUX, OT-
JAIOUINX BECh TPYA CBOEH XHU3HU OOJBHBIM M HE MMEIOILUX
JIpyroi 1enu, KpoMe CTPEMJICHUS [IOMOYb HECOBEPLICHHO-
JIeTHEMY, HeZJOyMEHHUE — KaK Y Bpauel He TOJIbKO YKpauHbI U
I'py3un, Taxk u Bo BceM Mupe.

B HayuHOli 5MTEpaType MOXKHO BCTPETHTh MHOIO CETOBa-
HHUH Ha TO, YTO BPad OKa3bIBACTCS B CUTYALIMHU <(FOPHIMIECKOTO
IIPECCUHIa>>, KAK IIULIYT — IIOTPYXkKAETCs B <<00JI0TOY> IOPUCTIPY-
JICHLIUY, YTO TIONIOLIAeT MacCy €ro BPeMEHH, JIeIaeT OCEeTUTe-
JieM KaOMHETOB CIIC0BATENICH, a B JabHEHIIIEM, TIPH Mepeiaue
JieJ1a B Cy[ - 3aJI0B CyAeOHbIX pazouparensctB. C Hameld TOYKH
3peHUs], HEelb3sl HEJOOLEHUBATh OTPULIATEIILHOTO BIUSIHUS TIPH
OKa3aHUM MEIUIMHCKOIl ITOMOIIM IpHMaTa MPaBOBbIX MOJIOKeE-
HHH{ HaJl Bpa4€OHBIMH, KIIMHUYECKUM MBIIITICHHEM.

He coBcem OecriouBeHHBI OIIACEHUs, YTO BHEIAPCHHUE IOPU-
CIIPYACHLUH B MEIULIUHY, B YACTHOCTH IEIUATPHIO, MOXKET IPH-
BECTH K €€ JIeryMaHH3al[11, BMEIIATe/ILCTBY HECIICIUAIICTOB B
MICUXOJIOTMYECKUE TIPOOIEMbI, YTO OTPHULIATEIFHO CKaXKETCS Ha
B3aMMOOTHOILICHUSIX NAlleHTa U Bpaya, OCHOBAHHBIX Ha JIOBE-
puu 1 TpeOyIONMX KOHPHUICHINAIBHOCTH. B ycTax HEeKoTOpBIX
MPaBO3AIUTHUKOB TPEOOBaHUS OOCCIICUCHHS TPAXKITAHCKUX
HpaB MalMEHTOB NPHOOPETAIOT KpalHUil XapaKkTep, OTBepraro-
M KaKOH-TH00 YUeT MEAUIIMHCKHX aCIIeKTOB U, 110 CYTH Jielia,
JUIIAIONIMKA Bpaya BO3MOXHOCTH OKa3blBaTh HECOBEPLICHHO-
JIETHUM MEMIMHCKYIO TIOMOIb, B TOM YHCIIE ICHXOJIOTO-TICH-
XHATPUYECKOTO XapakTepa, B Cilyyae HEOOXOAMMOCTHU MOCIe-
Hell pu ompoce.

B nocnequee Bpemst equaTpuy HaBsI3bIBASTCSI BMECTO ME/IU-
LMHCKOH MOJIeNH JU00 YHCTO COLMAIbHAS MOJEJb, OTPHLAI0-
11ast OMOJIOTHUECKYIO IPUPOAY PA3BUTHSI HECOBEPIICHHOIETHEH
JUYHOCTH U HCIOJb3yeMasi «aHTUIleIuaTpueil», 1mudo 3KoHO-
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MHUuecKast (IIpU Pa3BUTHUM B OOJACTH MEIULMHCKOM MOMOLIH
PBIHOYHBIX, XO3pacUETHBIX OTHOLICHUH, YKa3bIBaeTCs Ha OIac-
HOCTB IIPEBAJIMPOBAHUA Yy Bpaya CTOMMOCTHOI'O MBILIJICHWS HaJl
KJIMHUYECKUM), JINOO IOpUINYECKast MOAECTb.

[Ipn npu3HaHMM 3HAYUMOCTH IOPUIMYECKHX ACIIEKTOB Ode-
BHUJIHO, YTO O0ECIeUeHHe TPAXKIAHCKHUX IIPAaB HECOBEPIICHHO-
JIETHETO JIMLA HE JIOJDKHO OCYIIECTBIATBCS 3a CYET CBOeoOpas-
HOM peanu3aluy rpasa Ha JIeueHUe, CBOCBPEMEHHOCTH, 00beMa
" KadyeCTBa l'lO.]'ly'-[eHl/IS[ Me}ll/ll_II/IHCKOl\;I ITOMOIIH, 1 KaK CIICACTBHUEC
— KQueCTBEHHOM MPABOBOM MTOMOILIIH.

Bropoe ocHOBHOe HampaBieHHE peIIeHHs O00CykIaeMoil
npo0IeMbl — COBEPILICHCTBOBAHHE 3aKOHOAATEIbCTBA B 00JIACTH
MEIUIMHCKON (BpaueOHOI) MOMOIIM, a TaKkKe HOPM YTOJOB-
HO-IIPOLIECCYAbHOTO 3aKOHOAATENBCTBA, KOTOPBIE KacaroTcs
IPOBEICHUS CIEICTBEHHBIX MEPONPUATHH IIPU y4yacTUH He-
COBEPIICHHONETHETO NMpU Oe3ane/UsIIHOHHOM, 00s3aTelbHOM
y4acTHH MEIMIMHCKOro paboTHUKa - Bpada. OOcyxnmas pas-
paboTky HOBOro, GoJjiee COBEPLICHHOIO 3aKOHa, HEOOXOIUMO
HMCTH B BUAY, YTO OH JOJIDKCH COOTBCTCTBOBATh COBpeMeHHOMy
YPOBHIO M MEXIYHApPOIHBIM 00s13aTeIbCTBaM; PH pa3padoTke
3aKOHA HEOOXOMMO YUHUTHIBaTh HICTOPUUYECKHUN aCIIEKT U COBpE-
MCHHBIC TCHACHIINH, '-lTO6l>I HE IMOBTOPATH HpOﬁ)leHHbIX 3TaIloB
U oUIMOOK, TIOCKOJIBbKY COJepIKaHHE 3aKOHOAATENbCTBA B 00Iia-
CTH Me):[HL[MHCKOﬁ IOMOIIU UMEET JJIUTECIbHYIO UCTOPUIO U OTU
TEHACHUUHU NOABEPTraJIMCh HEOJHOKPATHO U3MCHCHUAM.

Heob6xoauMo o0paTiTh BHHUMAaHHE, YTO OCHOBHBIC H3MCHE-
HHSI KacaloTCsl, CTEP)KHEBOTO I BCEro 3aKOHOJATENbCTBA B
o0s1acTH MEIULUHCKOM MOMOIIY BOIPOCa — OOECIICUeHNUs! BbI-
MOJIHCHHU A KaK MCIUIIMHCKUX, KIMHHUKO-COLIMAJIBHBIX — C OﬂHOﬁ
CTOPOHBI, TaK U IPABOBBIX 33/a4, C JPYrOi CTOPOHBI.

OnHako, HEPEAKO YKa3bIBAaeTCsl, YTO OPUEHTAIMS HA MOJCIIH
pa3HBIX OTpaciieil mpaBa MOXKET HEIPOU3BOJIILHO NPUBECTH K
CKPUMHHAIM3ALMNY» MEIULIMHCKOH (TIeIuaTpuieckoii) npaBo3a-
IIATHONU CHCTEMEI.

B coBpemeHHOl nuTeparype MOSBUIOCH OOJBILIOE KOJIHYE-
CTBO KPUTHUYECKUX BbICTyl’lJ’[eHHﬁ, CBOAAIIUXCA K TOMY, 4YTO
00111eCTBO MO3BOIISIET GOJIBLHOMY CBOOOIHO CTPaaaTh 3a OOPTOM
MEMIMHCKOW CHCTEMBI, 4TO TPKAaHCKUE MTPpaBa 3aIlUIaloTCs
J'ly‘lLl_le, YEM JKHM3Hb W 3J0POBHE U YTO LEHHOCTH J'lld'-[HOﬁ CBO-
60/1b1 HE MOXET OBITh BbIIIE, YeM 370poBbe. Kpome Toro, rmo-
CTOAHHO aKIEHTHUPYETCS BHUMAHUE O6LI1€CTB3. Ha BO3pacTaHusd
npo6ieM BO B3aMMOOTHOILICHHUSIX B3POCIBIX C ACTHMH, POJHUTE-
JIel co CBOMMM 4aJaMH. BONBIIMHCTBO poauTeneil 4yBCTBYIOT
Oeccune, Korna He MOTYT «JOCTy4aThCs» 0 CBOETO ChIHA HIIH
J04Y€pHU, 4TO B 6OJ'II)U_IPIHCTBe CJ1y4a€B yYKa3bIBacT HA OTCyTCTBI/Ie
HNOHMMAaHUsl y POANTENCH KaK JOHECTH JI0 peOeHKa CBOM MBICIIH
W 4yBCTBA U KaK MOHsATH ero [13].

B HO):[O6H]>IX cny'-[a;lx «HCTIOHUMaHUA» COBPEMECHHBIC IICH-
XO0JIOI'M YKasbIBarOT Ha BO3MOXKHOCTb Cyl_LleCTBOBaHI/IH y HCTeﬁ
TPaBMaTHYECKOTO HEBPO3a, HO HMPUBEPIKEHIIbI «IIKOJIbI ICH-
XOaHaJIM3ay IPEe/UIaraloT OCTAaBUTh TEMHYIO U MPA4YHYIO0 TeMY
HEeBpO3a M U3ydaTh CIIOCOO PaboThI MCHXUYECKOrO arrapara
peOeHKa Ha OCHOBAaHMM €ro CaMOM paHHEeH HOpMaJbHOH Hes-
TCJIBHOCTHU. UMECA BBUY JCTCKHUE UTPBI, a CaMy 3aMKHyTOCTb 151
HEXKCJIaHUEC O6LU,GHP15I WJIM [TIOHUMaHHWs B3POCJIbIX — KaK CBO€O-
OpasHyro neTcKyto urpy [5,14].

Kpome Toro, cienyer npuHsATH BO BHUMaHHE, YTO BO3pacT-
HBIC CTEPCOTHUIIbI TOXKE BJIHAKOT Ha NPUHATHUEC pel_L[eHI/lﬁ noa-
POCTKaMu, OLleHKy U MOBECACHUEC YJICHOB OpraHusaluvu U Ipe-
MSITCTBOBATh 00pabOTKe HOBOM HH(OPMALIUH, TIPOTHBOPEYAIIICH
omnbouHbIM yoexaeHussM. TakuM 00pa3oM, BO3PACTHBIE CTe-
PCOTHIIBI MOTYT IOBJIEYb JUCKPUMHHALIMOHHOE MOBeAeHUE [3].
Bwmecte ¢ Tem, nH(OpMalHOHHBIE MpaBa HECOBEPLICHHOJET-
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HEro MMEIOT CBOM OCOOCHHOCTH O0ECIEYeHMS] U peann3alui,
BbicTynast ApdexTnBHOM HOpPMON colManM3ayu MOAPOCTKA B
JIEMOKpaTHYEeCKOM obtecTe [7].

Kpurepun 00s13aTeIbHOT0, TaK CKa3aTh «IIPUHYAUTEIBHOTOY,
IPUCYTCTBUS Bpaya IpHU AONPOCE HECOBEPLICHHOIECTHETO JINLa
3BydaT HHaue, OHO OIPaBIbIBACTCS €CJIM CYILIECTBYET HEIO-
CpE€ACTBEHHAs WUJIA Hel/l36e)KHa$[ BEPOATHOCTH TOT'O, YTO JIMLO B
CBSI3U C IPOU3BEICHUEM IPOLIECCYATbHOTO AHCTBUS - JoIpoca
B CI/I.]'ly WHIAUBUIYAJIBHOI'O UJIN CHCL[M(I)I/ILICCKOFO pa3BUTHUS IICU-
XUYECKOH JIeATeIbHOCTH MOXKET HIPUYMHUTH CEPbE3HbIil yIiepo
camoMy cebe WM APYTUM JIIOASM, T.€. peub UAET, BO- NEPBHIX,
HE TOJIKO O HEMOCPEACTBCHHOM, HO U HEU30CKHOU BEPOSTHO-
CTH, @ BO-BTOPBIX, JJayKe HE 00 OMACHOCTH JUIsl ce0sl U OKPYKaro-
IIUX, @ O CEPHE3HOM yIIepOe CBOEMY 310POBBIO.

Hert coMHeHMi, 4TO H3MEHEHUsI KII0UYeBOi GOpMyITbl 3aKOHa,
OIpeleNsIoIeil yyacTie U AeHCTBUS Bpaya, CBSI3aHHBIE C IPO-
BEJICHUEM B €ro NMPUCYTCTBUHU J0IIpoca pedeHKa, 00yCIOBIECHO
KU3HEHHON HEOOXOMUMOCTBIO — O0ECIEUYUTh HEOOXOTUMYIO
KBaTM(DUIMPOBAHHYIO MEAUIMHCKYIO IOMOIIb TEM HECOBEp-
IIIEHHOJICTHUM JIMIIaM, KOTOPbIE Ha 3TOT MOMEHT B CHJIy CBOETO
HECOBEPILECHHOJIETHS WK MaJIOJIETCTBAa HE MOTYT OCO3HATh He-
O6X0}11/IMOCTI/I HpHCyTCTBI/Iﬂ Bpaya.

Jlerckasi rUIEepaKTUBHOCTD, IOHOIIECKUH MaKCUMAaJIU3M, He-
YEMHOE KeJIaHUE [IOB3POCIICTh M CBOMM [OBEAECHUEM TOHPABUTHCS
B3POCJIbIM, 3aBOEBATh TAKUM 00Pa30M X BHHUMAHHE U YBa)KCHHE,
IPUBOAUT K TOMy, YTO HECOBCPLICHHOJIETHHUEC HE PEAKO BO BPEMs
JIONpOCa CIyLIAIOT KPAcKH, IPUBUPAIOT B JETAISIX, OCO3HAHO M3-
MEHSIIOT X0/ TPOMCXOAMBLINX COOBITHIA, IPHIaBasi TAKUM 00pa3oM
CBOMM JCHCTBUAM U IOCTYIIKaM PEIIAIOLIYIO POJIb.

Hepenko mpu STOM mNOBEACHHME W CaMH TOKa3aHUsl ACTed
(MaJIoNIeTHUX U HECOBEPLICHHOJIETHHUX) ONPEAEssIeTCs aTojo-
IT'MYCCKUMHU UACAMU, CXOKUMU C CBEPXUECHHBIMU WUIIN HapaHOﬁ—
SJIbHBIMHA 06pa3OBaHI/IﬂMI/I.

CBerL[eHHaﬂ Uaes, CBEPXUCHHAasA MBICJIb WM NEPCOLCHHBA-
€Masa uaesd — 3TO INCUXUATPUIECKUE TEPMHUHBI, 0603Haqa}0LLll/Ie
CYXKJICHHE, KOTOpPOE BO3HUKAET B pe3yJbrare peajlbHbIX 00CTO-
SATEIBCTB U BBIBOAUMO U3 JIMYHOCTHU, €€ YCTAHOBOK, OJTHAKO CO-
IIPOBOXKAAETCA HEUCCAKACMBIM SMOLMOHAJIbHBIM HAIPAXKECHUEM
¥ nipeo0IiaiaeT B CO3HAHUU HAJl BCEMH OCTAJIbHBIMH CYXKJICHUSI-
mu. YertoBeka OXBaThIBAaCT Ype3MepHast OACPKUMOCTD B JIOCTH-
KEHUM Kakoit-mn6o memn [10].

[TapaHoisuibHBIH Open sIBISIETCS PacCTPONMCTBOM Ipoliecca
MBbIIUICHHUS, TEPBUYHBIM CHCTEMATU3UPOBAHHBIM 6pe110M, HC
CONPOBOXKAAIOIIUMCS WUIKO3UAMU WK TaJUTFOLMHALUAMUA, I10-
MpayHEHUEM CO3HaHHUs, ferpagauueii muynoctu [10].

OCHOBHOE OTJIMYMIA CBEPXIEHHON HJEH OT MapaHOUsIILHOIO
obpaszoBanust — Opeza 3aKJIOYaeTCsl B TOM, YTO CBEPXLCHHAsS
uaest Bcerna 0asupyercsl Ha peaibHbIX (akTax, KOTOPHIM He-
COBCPILICHHOJIETHUM TIIPUOACTCA HEAACKBATHOE JIA JaHHOI'O
BO3pacTa 3Ha4YeHHeE, a ujesl Bce Oosiee JOMUHHMPYET B €ro CO-
3HAaHUH. HO aHaJ’lOFI/I‘lHOMy MEXaHHU3MY Pa3sBUTHA BBIACISACTCA
¥ [IPOMEIKYTOYHBIN (EHOMEH — TaK Ha3bIBaeMblil CBEPXIICHHBIN
open. bpen — 310 He Bceraa ObIOIIKE B T71a3a CBOCH HEJICMIOCTHIO
UJIeH; HEPEJIKO OHU KacaroTcs cepbl B3aUMOACHCTBHS YUUTEIIs
H y'—[eHI/IKa, Ha4YaJIbHUKA U IMOAYMHCHHOIO, B3aMMOOTHOLUeHHﬁ
OJTHOKJIACCHUKOB, OIHOTPYIITHUKOB MM COCIIY>KUBLEB, COCE-
JIei ¥ T.I1., a copepkaHue Opesa Kak Obl CIIMBAETCS C KHU3HBIO.
Jliis meauatpa (WM JETCKOTO NICUXUATPa) B TAKUX CIydasx Mpu
03HAKOMJICHHH C MOJIO)KECHUEM JIe]l 4aCTO OueBHICH OOJIe3HEH-
HBIH XapakTep uael pedeHka, YTO He UCKIII0YAeT BKIIOUYCHHUS B
UX COZIEpXKAHUE KAKOW-TO peasibHOM KM3HEHHON CUTyalluu; 110-
JIO3PEHHMsI O TIPUCYTCTBUM OO0JI€3HU BO3HUKAIOT U Y YACTH OKPY-
JKEHUsI OOJILHOTO: POAUTEIICH U IPY3Ci, Ce0BaTelis, OAHAKO HE
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y Bcex. Ecau HecoBeplIeHHONIETHUI B pe3ysibTaTe CBOUX Jei-
CTBUI M NOKa3aHUH ObUT MOJBEPrHYT YCTAHOBJICHHIO JUArHO-
3a U JICYCHHUIO, a B PACKPBIBLICHCS B JaJbHEHIIEM KOHKPETHOH
JKHU3HEHHOM CUTYyallUu OKa3aJICd Ha CTOPOHE IIPaBbIX, y4aCTHHU-
KOM WJIKM OYCBUALIEM CO6bITMﬁ, KOTOPbIE HCﬁCTBMTeHbHO HMEIIN
MECTO OBITh, 3TO BCEIIa PACCMAaTPUBAETCS KaK OIINOKA Bpaueii:
«yCTAQHOBWJIY, YTO TICHXHYECKH OOJICH, @ OH TOBOPHJI MIPABIY».
Bwmecte ¢ Tem, oHO He UCKIIIOYAeT Jpyroro. Peus uuer o cme-
IIEHUH 00CTOATENLCTB, KOTOPbIE CIEAYET paccMaTpuBaTh B pas-
JIMYHBIX IIJI0OCKOCTAX. MBI HE MOXKEM U HE JOJKHBI JIMIIATh JIUI]
C ICUXUYECCKHUMH OTKJIIOHCHHUSIMU HU Fpa)l(}laHCKOf;l IMO3UIINH, HU
Fpa)l()laHCKOﬁ AKTHBHOCTH M OHA HC MOXKET SABJIATCS IIOBOIOM,
TeM OoJiee Ui BpaueOHOro BMEIATeIbCTRA.

IIpaBoBoe mapTHEpCTBO Bpaya M HECOBEPILEHHOJIETHETO, KO-
TOPOMY HPEACTOUT JONPOC, B MEIUATPUU KACACTCs HE TOJIBKO
YKa3aHHBIX BBILIC, HO U APYI'UX, COCTABJIAIOIINX BECbMaA LIINPO-
KHH KpyT BOIIPOCOB.

Tax, cymectyer emie 6ojee MHUPOKHU KPYT BOIPOCOB, Kaca-
HOMUXCA 3alllMThI 3aKOHHBIX IIPaB U UHTEPECOB HECOBEPIICHHO-
JICTHUX B 0OmiecTBe. JIJIst X pa3BUTHS U MPABOBOTO BOILIOIIC-
HHUs B )KU3Hb O6I_LleCTBOM, B CBOIO O4E€PEAb, NOJIKHBI ITOCTOSAHHO
CO3/1aBaThCsl OOBEKTUBHBIE YCIIOBUSI.

TlogBoas MTOrM B JAHHOM CTaThe, CUATAEM HEOOXOIUMBIM
aKLCHTUPOBATh BHUMAHHUE 3aKOHOJATeNeH Ha BO3MOXKHOCTH
JaTbHEUIINX Pa3padOTOK M BHECEHHE B YTOJIOBHO-IPOLECCY-
aJbHbIe HOPMBI YKpauHbl U [ py3un n3MeHeHui, KoTopsie OynyT
yKa3bIBaTh Ha 00s13aTeNIbHOE, a HE aJbTePHATUBHOE — Ha BBIOOD
JIOJDKHOCTHOTO JIMLA, Y4acTHE Bpada-TIieauarpa IpH IONpoce
HECOBEPIIECHHOJICTHErO JIMLA.

Kpome Toro, cunraem npaBoBoil HEOOXOIUMOCTBIO PaCIIUPUTH
npaBa U 00S3aHHOCTH MEIUIIMHCKOTO pabOTHUKA B CIIydae Mpo-
BEJICHUS C €r0 y4acTHUEM JIOIPOca HECOBEPIICHHOJICTHETO JINIIA,
YTO YIYYLINT PeaM3alliio YrOJIOBHO-IIPOLECCYaIbHOTO 3aKOHO-
JIaTeNIbCTBA, COONIOICHHE TIPaB 1 00sI3aHHOCTEH y4aCTHUKOB IPO-
1ecca, peaau3aliio MeXXIyHApOIHbIX HOPM U IIPUHLIUIIOB IIpaBa.

TToaToMy HOBBIN 3aKOH JTOJKEH OOSI3bIBATH BEIOMCTBA, Pas-
palaTbIBalOLe COOTBETCTBYIOLIME HOPMBI IIpaBa, PEryJspPHO
HiepecMaTpuBaTh MEXKIyHapOIHbIC MPaBHia U TpeOOBaHMs K (Hop-
MHUPOBAHUIO U Pa3paboTKe KAaKMX-THOO0 3aKOHOMATENIBHBIX HOPM,
3aTparuBarolMX MpaBa U MHTEpechl peOeHKa; BHOCUTh CBOEBpE-
MEHHBIC ITOIIPABKU U UBMCHEHHS C YUETOM UMEIOIIUXCSA U IOSABIIA-
FOLIMXCS HOBBIX HAYYHBIX JaHHBIX, HAKOIIUBIICTOCS OIIbITa UJIN Op-
raHu3ys CIieLHalIbHbIe UCCIICIOBAHMS C LIEJIbIO pealn3aliu [paB
HECOBEPLLICHHOIETHHX JIML HAa BO3MOKHO 00J1ee INPOKOe yyacTue
B PA3IMYHBIX cepax YeoBEYECKOIl IS TeIbHOCTH.

IIpaBoBoe mapTHEPCTBO TPEOYET OXPaHbI TPaB 000X MapTHE-
POB — HE TOJILKO HECOBEPILICHHOJIETHETO JIUIA, KOTOPOMY Hpes-
CTOUT AONPOC, HO U Bpaya. JlesTenbHOCTh Bpaya HyXKIaeTcs B
IPaBOBOM OXpaHe, 4TO B MHTEpecax HE TOJIbKO CaMOro Bpaua,
HO U JIeTeil B yrosoBHOM Ipouecce. Hemb3st moBTOpATH OlIu-
00K, KOTrJla JTUCIIAaHCEPHOE HAONIONCHHE, HAPUMED, OOJBHOIO
mu30(ppeHneil oj JaBiIeHUEM ClleIoBaTellsl, IPOKypopa, cyaa
CTaHOBWJIOCH MPAKTUYCCKU ITOKU3HECHHBIM. B OINPEACICHHBIX
cilydasx Bpad OOUTCS MO KaKMM-JIHOO MPUYHUHAM XOJaTaiCTBO-
BaTh Iepel cieaoBaresieM (WIM WHBIM JOJKHOCTHBIM JIMLIOM)
0 CHSTHH C OOCYXXIEHHMS TIOCTABJICHHOIO Hepes peOeHKOM BO-
poca U OT HEOOXOJMMOCTH OTBETa Ha HEro; B Cily4asx, Korjaa
BOIPOC CBOMM COJCpYKaHHEM WM (OPMYIMPOBKOI COBepIIaeT
CBOEOOPA3HOE HEJIOITYCTHMOE JIABJICHUE Ha TICUXUKY HECOBEPILICH-
HOJIETHETO JINLA, MOKET CTaTh IICUXOJIOMMYECKUM KaTaIn3aTopoM
YXYALUICHUS XO4a IICUXUYCCKUX ITPOLIECCOB, CTAaTh TPABMUPYIOIIUM
IICUXUKY pebeHKa (hakTopoM, IIPUUMHON OKa3aHHs B JabHEHIIIeM
NeIMATPUIECKON WK JJAXKE TICUXUATPUUECKON TOMOIIIH.
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C y4eToM 3THX OOCTOSITEIBCTB, HCCICIOBATCIBCKUM 00b-
C€KTOM SBJIACTCA HOBOJIBHO IIMPOKOE M HACBILIEHHOEC MHOIO-
YHUCJICHHBIMH JICTCPMHHAHTAMHU TMPOOJIEMHOE TI0JIe, KOTOPOE
BKJIIOYAET B ce0sl KOMIUIEKC B3aMMOCBSI3aHHBIX SIBJICHUI U ITPO-
[IECCOB, MPOUCXOMAIINX B PA3IUYHBIX cdepax KHU3HU 0OIIe-
CTBa, Pa3HOOOpPA3HbIC XapPAKTEPUCTUKH U MPOSIBICHUS TIPUPO-
Ikl yesioBeka [4].

Becomoii nmpo0ieMoit B pelieHuu 3TOro BOMPOCa SIBISIETCS
OTCYTCTBHE MOCTOSIHHOM KOHILICTIIIUY MOCTPOEHUSI HOBOM HaIlK-
OHaﬂbHOﬁ CUCTEMBI 31PAaBOOXPAHCHUA praPIHl)l, MCEIJINTECIIb-
HOCTb IPOBEICHUSI MEIULMHCKOW pedOpMbI, HAYaTOH TOJIBKO
B 2017 I, ¥ OTKa3 OT COBETCKOH LICHTPAJIN30BAHHON CHCTEMBI
yIpaBJICHUSI OXPaHOH 3710pOBbsl HaceneHus [15], memnmurens-
HOCTb COBEpILICHCTBOBAHHS HOPMATUBHO-IIPABOBOTO 3aKpeIlie-
HUSI 9TATIOB IPOBEICHUS MEAUIIMHCKOMN pedopmbl B Ykpaute [9]
U KaK pe3ysibTaT - HECOBEPIICHCTBO M HECOOTBETCTBUE HOBBIM
peansM JKHU3HN KOHCTHTYLIMOHHO-IIPABOBOIO 3aKPEIUICHHUS Ta-
paHTHii peau3aluy rpasa 4ejioBeKa Ha 3710poBbe [6].

Takum 00pa3om, B COBPEMEHHBIX YTOJIOBHO-IPOIIECCYaIbHBIX
3aKOHaX YKpauHbl U [ py3un oTpakeHbl yCHIINS 3aKOHOAATeNeH
pa3pelnTh MPOTUBOPEUHE MEXIY HEOOXOIMMOCTHIO CBOEBpE-
MEHHOTO OKa3aHHs IOMOIIM U CTpeMJIeHHs K Hauboiee Imoj-
HOMY OOECIICUCHHUIO OXPaHbI IPAaB HECOBEPLICHHOIECTHHUX JIHIL
Y [IPOBE/ICHUH CY/IeOHO-CIICICTBEHHBIX ACHCTBHI, KOTOPBIC,
B CHJIy HECOBEPILICHHOCTH CBOEH NMPaBOBOM NPUPO/IbI, TPEOYIOT
HepecMOTpa, KOPPEKTHPOBKH M MOCIIEAYIOLIEr0 BHECCHUS H3-
MeHeHI/Iﬁ, HalpasJICHHbIX HAa PpaClIMPEHHUE IIpaB HE TOJIBKO AC-
TeH, HO U Bpaya.

npaBOBble 1 MECAUIUHCKHUE aCIICKThI y4acTUsA Bpa4da B JOIPO-
Ce HECOBEPLICHHOJETHEr0 (a Mpu HEOOXOAMMOCTH U MaJIOJIeT-
HETO0) JIWIA — BeChMa CIIeI()UICCKOE SIBICHUE MTCAMATPUYUCCKOM
U yTOJIOBHO-ITPOLIECCYANBHOM ACSATENBHOCTH, KOTOpoe Tpedyer
CBOETO INTyOOKOTO M TIIATENILHOTO N3y4eHHs. ITa 0COOEHHOCTb,
OTPOMHBIC TEMIbI HH(pOpMATH3AIUK U TI00ATH3AUU 00IIe-
CTBa, aKCeJIepalysi MOJIOAOTO MTOKOJICHHUS, a TAK)KEe BO3PACTAHHE
JIETCKOM MPECTYITHOCTH B MUpE TPeOYIOT OT NPABOBEIOB, ME/IHU-
[UHCKUX PAOOTHUKOB M 3aKOHOJIATENICH BCEX CTPaH pa3paboTKH
U NPUMEHCHHA HOBBIX KPUMUHAJIUCTUYECKUX W IEeAUaTpUYC-
CKMX METOJIOB OCYILECTBJICHUS JIONPOCa HECOBEPIICHHOIET-
HETo JINNA ISl JaJIbHEHIIero NCIoIb30BaHus [IPU POBEICHUH
3G GEKTUBHOTO PACCIICIOBAHUS, YCTAHOBICHUS U TIPUBICYCHNUS
BHUHOBHBIX JIMI K OTBETCTBCHHOCTU C MHHHMAJIbHBIM BO3):[CI>’I—
CTBHMEM Ha PaHUMYIO IICUXUKY JICTEH.

[IpunuMas BO BHUMaHUE HAJTHYUE HEOCTATKOB B 3TOM cdepe
HPOLECCYaIbHO-TIPABOBOM JIEITEILHOCTH CYMTAEM aKTyaJlbHbI-
MH JIaJbHEHIINe HCCIICT0BaHNsI COOTBETCTBYIOLICH HalpaBiIeH-
HOCTH JUUIsI CO3/IaHMsI MEPCIICKTUBBI TCOPETHUCCKUX U TPAKTU-
Y4eCKUX HapabOTOK, CIIOCOOCTBYIOIIMX PEILICHUIO MPOOIEeMHBIX
BOIIPOCOB B 3TOM HaIlpaBJICHUU.
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SUMMARY

PARTICIPATION OF A DOCTOR IN THE INTERROGA-
TION OF A MINOR AS A MANDATORY LEGAL NORM
IN THE LEGISLATION

10Osmolian V., 'Dombrovska E., 2Khorosheniuk O.

"Khmelnitsky Cooperative Trade and Economic Institute,
Ukraine; *Ukrainian Bar Association

The purpose of the article is, on the basis of a comparative
legal study of the general and distinctive features of the norms
of the criminal procedure legislation of Ukraine and Georgia re-

© GMN

garding the possible participation of a doctor during the interro-
gation of a minor, to determine the expediency and necessity of
the mandatory participation of a doctor during the interrogation
of a child. Objective - on the basis of the analysis of the norms of
the Criminal Procedure Code of Ukraine and the Criminal Pro-
cedure Code of Georgia, as well as taking into account the vul-
nerability and originality of the development of the psyche of a
minor, the specifics of the implementation of pediatric methods
in overcoming barriers to communication with a child, outline
ways to improve the norms of criminal law in both countries
in this domain. It has been established that the constitutional
provision of the right to human health (in particular of a child)
in Ukraine and Georgia is contained not only in the codes and
medical legislation of both states, but also in a number of inter-
national legal acts that have been ratified by their parliaments.
The analysis of the relevant norms revealed the imperfection of
the definitions of concepts and terms, methods and methods of
implementing the norms that should reflect the specified right.
It has been established that the problem of realizing the child’s
right to full legal and medical protection during interrogation
is the lack of a clear implementation in the criminal procedural
norms of states of the mandatory (and not alternative - at the dis-
cretion of a government official) participation of a doctor (pedia-
trician, child psychiatrist) in the conduct of judicial investigative
actions with a minor.

It was also established that the Criminal Procedure Code of
Ukraine, the Criminal Procedure Code of Georgia and method-
ological recommendations regarding the conduct of interroga-
tions have common features, formulations and requirements for
interrogating a minor, involving parents, teachers and doctors
to objectively influence the psyche of a child in the selection of
information on an incident.

It was revealed that the requirements of international legal
norms and psychological characteristics of the development and
formation of a child’s personality, the child’s perception of the
world around him and the events taking place in it dictate the
need to amend the criminal procedural legislation of Ukraine
and Georgia. These changes should be aimed at a clearer formu-
lation of terms for the involvement and mandatory participation
of a doctor in the conduct of judicial investigative actions with
a minor, in particular his interrogation. Thus, these changes will
act as a guarantor of the realization of the right to human (child)
health; meet the basic international principles and requirements
in the field of healthcare and law.

Keywords: mandatory participation of a doctor, interrogation
of a minor, Criminal Procedure Code of Georgia, Criminal Pro-
cedure Code of Ukraine, pediatrics, child psychiatry.

PE3IOME

YYACTHE BPAYA B JJOIIPOCE HECOBEPHIEHHO-
JIETHEI'O JIMHA KAK OBSA3ATEJIbHASI ITPABOBASI
HOPMA B 3AKOHOJATEJIbCTBE

1Ocmousin B.A., 'lomopoBckas E.H., 2Xopomeniok O.B.

IXmenbHuyKutl Koonepamughvlll mopeo8o-3KOHOMUYECKULL UH-
cmumym, *Accoyuayus adeokamos Ykpaurul

Lenpto HuccnenoBanus sIBASETCS HA OCHOBE KOMIAPAaTHBHO-
IPaBOBOTO MCCICIOBAHMS OOLIMX U OTIIMUUTEIIBLHBIX Y€PT HOPM
VTro/10BHO-TIPOLIECCYaNbHOTO 3aKOHOJATENbCTBA YKpPAUHBI H
['py3un OTHOCHUTEIBHO BO3MOXHOIO y4acTHs Bpada B JIONIPOCe
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HECOBEPIICHHOIETHETO JIMIa, 000CHOBATH 1EJIeCO00Pa3HOCTD U
HEOOXOMMOCTb Y4acTHsI Bpaya B JIONPOCE JIeTeH.

B pesynbrare anannza HOpM YToJOBHOTO-IIPOLIECCYAIBHOIO
KOJIEKCOB YKpauHbl 1 I'py3un, a Takke ¢ yu4eTOM PaHMMOCTH
U CBOCOOPA3HOCTU PA3BUTHS INCUXUKH HECOBEPIICHHOJIETHE-
ro JuIa, Crielnu(pUKN peaar3ald METOIO0B IeANaTpUuy B mpe-
OJI0JICHUH 0apbepoB OOIICHHS ¢ PEOCHKOM, CPaBHEHBI U OIIlC-
HEHBbl HOPMBI YTOJOBHO-IIPABOBOTO 3aKOHOJATENBCTBA 00EHX
cTpaH B 3T0i cdepe. Koncturynmonnoe obecreueHne mnpasa
Ha 37I0pOBbE 4YEJOBEKa (B YaCTHOCTH, JETCH) CONCPIKUTCS HE
TOJIBKO B KOJEKCAX M MEIMLUHCKOM 3aKOHOJATEeNIbCTBE 00e-
UX TOCYIapCTB, HO U B PsAJIE MEKAYHAPOIHO-TIPABOBLIX aKTOB,
KOTOpbIE PaTU(GUIMPOBAHBI MApIaMEHTaMH. YCTaHOBJICHO, YTO
npoOneMoil peam3aluu IpaBa JeTeld Ha IOJHYIO I[IPaBOBYIO
U MCIUIUHCKYIO 3alllUTYy IPU JOMNPOCE SABIISACTCA OTCYTCTBUE
YETKOM UMIUIEMCHTAIIMN B YI'OJIOBHO-IIPOLIECCYAJIbHBIX HOPMaxX
rocyapcTB 00513aTeIbHOTO y4acTusi Bpada (Texuarp, JeTCKHUi
IICUXHUATP) NPU HPOBEICHNUH CY1e0HO-CIICICTBEHHBIX ICHCTBUIA

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

C HECOBEPUICHHOJIETHUM JIULIOM. YCTaHOBJICHO, YTO YTOJIOBHO-
IpoLeccyalbHbII KofieKehl YKpauHsl u ['py3un u Metonuueckue
PEKOMEHIAlMK OTHOCHUTEIBHO IPOBEACHUS JIOMPOCOB MMEIOT
obuye uepThl, GOpMYIUPOBKU U TPeOOBAHUS IO JONPOCY He-
COBEPIICHHOJIETHETO JIMIA, NPUBJICUCHUE POIAMTEIICH, Ienaro-
TOB M Bpaueil 111 OOBEKTUBHOIO BIMSHMSA Ha NCUXHKY JeTel
pu 0T60pe HHPOPMAIIMH 110 TPOUCIIECTBHIO. BBISABICHO, YTO
TpeOOBaHUST MEXKYHAPOIHO-IIPABOBBIX HOPM M IICHXOJIOTH-
YeCKUE OCOOCHHOCTH pa3BUTHS U (HOPMUPOBAHHUS JCTCKOM
JUYHOCTH, BOCIPHUATHS UMHU OKPYXKAIOLIETO MUpPA M MPOHUC-
XOIANIMX B HEM COOBITHI TUKTYyeT HEOOXOAUMOCTH Oojiee
YeTKOH (HOPMYTUPOBKH NCHUHHUIIUI OCHOBHBIX MOHIATHH |
TEPMUHOB MPUBJICUYCHUS M 00s3aTEJIBLHOIO Y4acTHUs Bpaya B
IIPOBEJCHUM CYyHeOHO-CIEICTBEHHbBIX IEHCTBUN ¢ HecoBep-
[ICHHOJICTHUM JIMI[OM, B YaCTHOCTH €ro JOmpoca, uTo obe-
CIIEYUT TapaHTHUIO pealiu3alMy TpaBa JAeTed Ha 3J10pOBbE,
COOTBETCTBYST OCHOBHBIM MEKIYHAPOIHBIM MPHUHIUIAM |
TpeGoBaHUsIM B cepe 31paBOOXPAHEHHUS U IIpaBa.
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