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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITHIO HEOOXOMNMO COOTIONATh CISAYIONINE TIPaBHIIA;

1. CraTps 1oyKHA OBITH MPEJCTABICHA B IBYX DK3EMIUISIPAX, HA PYCCKOM MM aHTIIUHACKOM SI3bI-
Kax, Hare4yaTaHHas Yepe3 MoJTOPa HHTEPBAJa HA OHOIl CTOPOHE CTAHAAPTHOTO JINCTA ¢ IIMPUHOMH
JIEBOTO TOJIA B TPU caHTHMeTpa. Vcroiap3yeMblil KOMITBIOTEPHBIN MIpU(T U TEKCTa Ha PYCCKOM U
anmniickoM s3pikax - Times New Roman (Kupuuinna), 111 TeKCTa Ha TPYy3UHCKOM SI3BIKE CIEIYeT
ucnons3oBath AcadNusx. Pasmep mpudra - 12. K pykonucu, HareyaraHHON Ha KOMIIBIOTEPE, 1OJDKEH
OBITH TIpHTOkeH CD co cTaTheit.

2. Pa3mep craTbu 10JKEH OBITH HE MEHEe IECSTH U He OoJiee 1BaAaTH CTPAHUI] MAITMHOIIHCH,
BKITIOYAs yKa3aTelb JINTEPaTyphl U Pe3toMe Ha aHTJIIMICKOM, PYCCKOM U TPY3MHCKOM SI3BIKaX.

3. B crarbe 10mKHBI OBITH OCBEIIEHBI AKTYaTbHOCTh JAHHOTO MaTepHalia, MEeTOJIBI X PE3YIIbTaThI
WCCIIeIOBaHUSI U MX 00CYKICHHE.

[Ipu npencTaBneHny B reUaTh HAyYHBIX IKCIIEPUMEHTAITLHBIX paO0T aBTOPHI JIOJIKHBI YKa3bIBaTh
BH]l ¥ KOJMYECTBO JKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS H
YCBITUIEHHUS (B XO/1€ OCTPBIX OIBITOB).

4. K crarbe IOMHKHBI OBITH MPUIOKEHBI KPAaTKOE (HA MOJICTPAHUIIBI) PE3FOME Ha aHTIIUHCKOM,
PYCCKOM H TPY3MHCKOM $I3bIKaX (BKJIFOUYAIOIIEE CIICAYIOIIHE Pa3/Ieibl: IeJb UCCIIeJOBaHuUs, MaTepral U
METOJTBI, PE3YIBTATHI M 3aKTFOUCHHE) U CIIHCOK KITF0UeBEIX ciioB (key words).

5. Tabmuiibl HEOOXOUMO MPEACTABIISITE B ITe4aTHO# popme. DoTokonuu He puHUMaroTcs. Bee
nu(ppoBbIe, HTOTOBbIE U MPOIEHTHHIE JAHHBIE B TA0JHIAX JOJKHBI COOTBETCTBOBATh TAKOBBIM B
TeKcTe cTaTbu. Ta0nuIbe! 1 rpaduKH TOJKHBI OBITH 03aITIaBICHBI.

6. dororpadun AOIKHBI OBITh KOHTPACTHBIMHU, (DOTOKOIHHU C PEHTTEHOTPAMM - B IO3UTHBHOM
n300pakeHUH. PUCYHKH, YepTeXHU U JUArpaMMBbI CIICAYyeT 03aIIaBUTh, IPOHYMEPOBATh M BCTABUTH B
COOTBETCTBYIOITee MecTO TekcTa B tiff popmare.

B moanucsx k MukpogoTorpadusiM ciieyeT yKa3blBaTh CTEIICHb YBEJIMUYCHUS Yepe3 OKYIISP HITH
00BEKTHB U METOJI OKPACKH WIJIM UMITPETHAIINN CPE30B.

7. ®aMHUINH OT€YECTBEHHBIX aBTOPOB MPUBOATCS B OPUTHHAIBHOW TPAHCKPHUTIITHH.

8. I1pu opopmiienun u HanpaBieHun crateid B >kypHan MHI mpocum aBTOpoB coOmonarh
NpaBuIIa, U3JIOKEHHBIC B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPECTABISIEMbIM B OMOMETUIIMHCKUE
JKYpHAJIBD», MPUHATHIX MeXKTyHapOIHBIM KOMUTETOM PEIAKTOPOB MEAMIIMHCKUX KYPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B xoHIIe Ka)X0i OPUTHHAIBHON CTaThH MPUBOAMUTCS Onbinorpaduuecknii cnucok. B cnmcok nutepa-
TYpBI BKJIIOYAIOTCS] BCE MaTepHalibl, Ha KOTOpble UMEIOTCS CCBIIKM B TekcTe. CIHCOK COCTaBiseTcs B
andaBUTHOM MOpsIKE U HyMepyeTcs. JIuTteparypHblii HCTOYHUK TPUBOAUTCS Ha sI3bIKE OpUTrHMHana. B
CIIHMCKE JIUTEePaTyphl CHavYasa MPUBOJSITCS PaOOTHI, HAIMCAHHBIC 3HAKAMU TPY3WHCKOTO an(aBuTa, 3aTeM
Kupuuied u naruauned. CChUIKM Ha IIUTHPYEMble pabOThl B TEKCTE CTAaThbH JAIOTCS B KBaJpPaTHBIX
CKOOKax B BUJIC HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOW padOoTHI B CITUCKE TUTEpaTypbl. BonbmmH-
CTBO IUTUPOBAHHBIX UCTOYHUKOB JIOJDKHBI OBITh 32 TIOCTEIHUE 5-7 JIeT.

9. Jlns momydenus mpaBa Ha MyONHWKANWIO CTaThs JOJDKHA MMETh OT PyKOBOIHUTENS PAaOOTHI
WIN YUPEXKJCHUSI BU3Y U CONPOBOIUTEIHHOE OTHOILICHHUE, HAITMCAHHBIC MITM HalleYaTaHHbIe Ha OJaHKe
Y 3aBEPEHHBIC MOJIIICHIO U TICUAThIO.

10. B xoHIe cTaThu MOKHBI OBITH MOMAIMKCH BCEX aBTOPOB, IMOJHOCTHIO NMPUBEIACHBI UX
(hamuTiM, IMEHa M OTYECTBA, YKa3aHbl CIIy)KCOHBIH M JOMAalIHUH HOMEpa TeIe(OHOB U aapeca il
MHBIE KOOpAUHATHL. KomnuecTBo aBTOPOB (COaBTOPOB) HE JOJIKHO MPEBHIIIATH MATH YEJIOBEK.

11. Penakuus octapisiet 3a coOO0# MpaBo COKpaIaTh U UCIPABIIAThL CTaThi. KoppekTypa aBropam
HE BBICBIJIAeTCSI, BCs paboTa M cBepKa MPOBOAUTCS IO aBTOPCKOMY OpPUTHHAITY.

12. HepomycTuMO HampaBlieHHE B PEJAKIUI0 padoT, MPEACTABICHHBIX K TI€YaTH B WHBIX
M3/IaTeThCTBAX WITM OMYOJUKOBAHHBIX B IPYTHUX M3IAHUSIX.

IIpu HapymieHnH yKa3aHHBIX NPABHJ CTATHH 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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Adrenal tumors are frequently detected in abdominal im-
aging. In autopsy series, the prevalence of adrenal inciden-
talomas varies between 1-9%. However, the prevalence is
higher in obese, diabetic and hypertensive patients [1].
Adrenocortical cancer(ACC) is very rare and has a poor
prognosis. Five-year survival is approximately 50% in
early stage disease and approximately 20% in advanced
stage disease [2-5]. Adrenal myelolipomas (AML) contain
varying amounts of hematopoietic elements and mature
adipose tissue. It is a rare adrenal tumor and its incidence
is 0.08-0.4% in autopsy series [6]. Adrenal myelolipomas
are always nonfunctional, but they may occasionally be as-
sociated with congenital adrenal hyperplasia, cushing syn-
drome, conn syndrome and pheochromocytoma, which are
functional disorders of the adrenal gland [7-9]. We herein
report a relatively rare case of a myelolipoma with a adre-
nocortical cancer that grows slowly and becomes functional
over time. In this report, we describe a case of adrenocortical
cancer secreting glucocorticoid coexistent with a giant adre-
nal myelolipoma.

Case Presantion. A 48-year-old woman (body weight, 87
kg; height, 164 cm) presented at our outpatient clinic with
a history of hypertension for about 5 years, and due to the
development of acne lesions on the face. She said that she
had wanted to become pregnant for the last 5 years, but the
pregnancy has not occurred. There was no pregnancy history.
She had a history of oligomenorrhea, weight gain, and heat
intolerance for the last 1 year. She was in the perimenopausal
period. Her past medical history was significant for having
left giant adrenal tumor. Approximately 4 years ago, mag-

netic resonance imaging (MRI) revealed a mass of 110x70
mm in the left adrenal gland. At that time, cortisol suppres-
sion was found in the dexamethasone suppression test for
functional evaluation. Due to mass size, removal of the tumor
was recommended but she refused. No control evaluation was
made within 4 years. Her father had diabetes and mother had
hypertension. Patient’s blood pressure and heart rate showed
150/90 mmHg and 78 beats/min respectively. She was taking
amlodipine and olmesartan/hydrochlorothiazide for hyper-
tension. There were acneic lesions on the face skin.

Laboratory findings. Complete blood count, renal func-
tion tests, thyroid function tests, liver function tests, and se-
rum electrolytes were all within normal range (NR). Plasma
renin activity, plasma aldosterone, twenty-four hours urine
catecholamine and its metabolites were within the normal
reference values. Cortisol levels after 1 mg and 2 mg dexa-
methasone suppression test were 11.3 mcg/dL and 10.6 mcg/
dL, respectively. Basal serum ACTH level was <5 pg/mL.
Although the ACTH level was suppressed, the DHEAS value
was higher than the expected reference range for the patient’s
own age [DHEAS:409 mcg/dL(Reference range:56-282)].
Current laboratory findings indicated cushing syndrome and
hyperandrogenism.

Radiological findings. Computed tomography revealed a
heterogeneously contrasting mass of 145x118x100mm with
lobular contour and soft tissue areas (Fig. 1). This mass was
extending to the stomach and spleen at the top and compress-
ing the left kidney at the bottom. Compared to the imaging
report four years ago, there was an increase in mass size of
approximately 30%.

Fig. 1. Computed tomography (CT) scans. (a)CT shows a heterogeneous mass with lobular contour and soft tissue areas,
(b)This mass was extending to the stomach and spleen at the top and compressing the left kidney at the bottom
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Fig. 2. Histologic section from tumor showing adrenocortical carcinoma and adrenal myelolipoma.
(a) oncocytic type adrenocortical carcinoma with areas of necrosis (H&E X200),
(b) adrenocortical cancer and adrenal myelolipoma foci showing in the same section (H&E X200),
(c) Melan A positivity in tumor cells (Melan A X200), (d) positivity of diffuse synaptophysin (Synaptophysin X100),
(e) focal inhibin positivity in tumor cells (Inhibin X100)

Surgical process. She was given surgery with steroid treat-
ment according to Cushing protocol. Due to the compression
effect of the mass, functional features, and atypical features of
the mass, left adrenalectomy was deemed suitable. Laparoscop-
ic transperitoneal left adrenalectomy was performed with three
port technique. There were no complications in the periopera-
tive period. The resected specimen weighed 850 grams. In the
postoperative period, baseline cortisol 1.2mcg/dL, ACTH 24 pg/
mL, DHEAS 8.4 mcg/dL were determined. Oral hydrocortisone
treatment was continued at physiological dose because of ste-
roid deficiency symptoms. Postoperative computed tomography
showed no residual mass. Because of the presence of ACC, PET-
CT was performed for possible metastasis. No metastasis was
detected. Antihypertensive treatment was discontinued due to
lack of need.

Pathological findings. Macroscopically, surgical material was
850 gr weighted and 15x14x10 cm seized. There was 3 surfaces
encapsulated tumoral lesion, first and the largest one was 10 cm
, the second was 4 cm adjacent to the first one , the third was
3 cm away and had 5 cm diameter. The cross-sectional face of
the large tumor contains necrotic brown hemorrhagic areas. Cir-
cumference of the tumors was greasy. Samples were taken from
the tumor and stained.

Microscopically; megakaryocytic, erythroid and lymphoid
serial elements and in some areas bone lamellae and mature
adipose tissue were observed in adrenal tissue. Also, oncocytic
cells that have large hyperchromatic nuclei, eosinophilic nucleo-
lus and nuclear pleomorphism and containing a small number of
mitoses was seen in the tumoral tissue (Fig. 2).

Immunohistochemical analysis showed that the carcinoma
cells were Synaptophysin, Calretinin diffuse positive, Inhibin,
Melan A, and P53 focal positive, CD34, Chromogranin A,
PanCK, HepPAR, S-100, CD-10 negative. Ki-67 proliferation
index was 15%. The patient was diagnosed with myelolipoma
and oncocytic variant adrenocortical cancer coexistence.
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Despite the more frequent use of imaging techniques such as
MRI and computed tomography, adrenal masses are still inci-
dentally detected. Adrenal myelolipoma is a benign tumor com-
posed of bone marrow-like hematopoietic elements and varying
proportions of mature adipose. In imaging, a large amount of
adipose tissue density is observed in myelolipomas [10]. These
tumors are mostly detected between 5-7 decades and are usually
detected equally in both sexes [11]. In addition, they are always
nonfunctional and do not cause disorders in the hematopoietic
system. Although hormone is inactive, these tumors may coex-
ist with other diseases that endocrine dysfunction. For example,
case reports of adrenal myelolipoma associated with congenital
adrenal hyperplasia, 21-hydroxylase deficiency, 3-beta hydroxy-
lase deficiency, primary hyperaldosteronism (conn syndrome),
pheochromocytoma, and cushing syndrome have been reported
[12-19]. In our case, we know that the adrenal mass was non-
functional when it was first detected. In the following four years,
we observed both an increase in mass size and autonomic gluco-
corticoid production.

Adrenocortical carcinomas are rare, accounting for about
1 case per 1 million in the population. They are highly ag-
gressive tumors with a mortality rate of up to 50%. Approxi-
mately 60 percent of ACCs are secretory of hormone excess
[20-24]. Adults with hormone-secreting ACCs often have
only cushing syndrome. However, they occasionally have an
overproduction of glucocorticoid and androgen, which causes
a mixed Cushing’s and virilization syndrome. ACC cases less
than 10% can be presented only by virilization. However, if
only virilization is present, the cause is more ACC than ad-
enoma. In addition, muscle atrophy and skin weakness seen
in cushing syndrome may not be observed if androgen ex-
cess is present in addition to glucocorticoid excess. In our
case, although the ACTH was suppressed, DHEAS was found
clevated for age and sex. Dexamethasone suppression tests
were consistent with cushing syndrome. According to these
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findings, both glucocorticoid and androgen levels were high.
ACC associated with Cushing’s syndrome leads to shorter
survival due to the increased risk of infections and metabol-
ic or vascular complications [25,26]. However, the clinical
course was very slow in our patient and the surgical proce-
dure was uneventful.

In the literature, fewer than 10 case reports have been
published with ACC-myelolipoma coexistence [27-32]. In
one case series, 49 ACCs were examined and 2 myelolipo-
mas were identified but hormonal status was not specified
[31]. Hyperaldosteronism was detected in one of the cases
[27]. However, in other reports, cases were defined as non-
functional [28,30]. Our case seems to be an unique in the
literature in terms of hormonal status (both androgen and
glucocorticoid hypersecretion).

In large adrenal tumors, excision is recommended because of
the possibility of cortical cancer. In this report, the importance
of this situation was clearly revealed. In summary, the giant ad-
renal tumors should be removed surgically even though having
benign imaging characteristics. Also, the clinician should be
alert to the non-functional adrenal tumor that begins to produce
hormones over time.
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nant neoplasm. // Int J Surg Pathol. 2014;22(8):731-735.
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SUMMARY

MYELOLIPOMA COEXISTENCE WITH GLUCOCOR-
TICOID AND ANDROGEN SECRETING ADRENOCOR-
TICAL CARCINOMA: SLOW AND BENIGN CLINICAL
COURSE

"Taner Demirci, ’Hasret Cengiz, 'Sedat Cetin,
3Ceyhun Varim, *Gizem Karatas Kili¢ccioglu

Sakarya University, Medicine Faculty, 'Department of Internal
Medicine, Division of Endocrinology, *Department of Endocri-
nology, *Department of Internal Medicine,; Sakarya University,
Turkey

We present a case of androgen and glucocorticoid secreting
adrenocortical carcinoma with concomitant myelolipoma. A
giant adrenal tumor which was initially nonfunctional was
reassessed four years later due to the patient’s refusal to treat.
The patient was a 48-year-old woman with hypertension and
acne lesions on the face. Laboratory findings were consistent
with glucocorticoid and androgen hypersecretion. Computed
tomography revealed a heterogeneously contrasting mass of
145x118x100 mm with lobular contour and soft tissue areas.
The patient underwent left laparoscopic transperitoneal ad-
renalectomy with three port technique. There were no com-
plications in the perioperative period. The resected specimen
weighed 850 grams. Pathological findings showed a combi-
nation of myelolipoma-adrenal cortical cancer. In the postop-
erative period, hypertension improved and the hormone panel
was normalized. Postoperative computed tomography and
PET-CT showed no residual mass and metastasis. Although
imaging is compatible with benign masses such as myeloli-
poma, coexistence of ACC-myelolipoma should be kept in
mind and functional evaluation should be performed.

Keywords: Myelolipoma, Adrenocortical Carcinoma, Cush-
ing Syndrome, Hyperandrogenism
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PE3IOME

COYETAHUE MUEJIOJUIIOMbBI C INIIOKOKOPTH-
KOHMJIHOM M AHJAPOTEHHOM CEKPETHPYIOIIEN
KAPLIMHOMOM KOPbI HAJANOYEYHWUKOB: MEJ-
JEHHOE M JOBPOKAYECTBEHHOE KJIMHHWYE-
CKOE TEYEHUE

"Tanep Hemupmxku, *Xacper [xenrus, 'Cemar J:keTuH,
3lskeiixyn Bapum, *Tuzem Kaparac KbUIbIuEKbIOLTY

Vuueepcumem Caxapws, Meouyunckuii ¢haxyismem, 'omoe-
JleHUe BHYmMpeHHel MeOUYUHsl, omoeleHue dHOOKPUHOIOUU,
kagpedpa sndokpunonozuu, *ragedpa enympennei meouyubl,
Caxapwvs, Typyus

OmnucaH KNTMHAYECKUH CIydail aHpOTeH- 1 TIIIOKOKOPTHKO-
H-CEKPETHPYIOMEH apeHOKOPTHKAIEHOW KapIIHHOMBI KOPEI
HAJAMOYEUYHUKOB C CONyTCTBYIOLIEH MHENIOTUIOMON. ['uranT-
cKkast aTpo()upoBaHHAS OITYXOJIbh HAAMOYEIHUKOB, OT JCUCHHUS
KOTOpOH OTKa3allach MallMeHTKa, OblTa BHOBL OCMOTpPEHA de-
TBIpe Toz1a ciycTs. JlJaboparopHsie maHHbIe 48-TE€THEH MaUeHT-
KH C THUIIEPTOHWYECKOW OONIC3HBIO M YTPEBOW CHINBIO Ha JIHIE
TOKa3aIl HaJIW4ne TUMEPCEKPenH TIIOKOKOPTHKOUIOB U aH-
nporeHoB. KoMmmbroreprast ToMorpadus BRISIBHIA HEOXHOPOIHO
KOHTPAcTHYI0 Maccy pazmepoM 145x118x100 MM ¢ 1omp4aThIM
KOHTYpOM M y9YacCTKaMH MSTKHUX TKaHed. [lanmeHTke BEI-
MOJIHEHA JIeBasl JIallapOCKOMHMYecKas TPaHCIEPUTOHEANb-
Has aJpeHaNIdKTOMUS O TPEXMOPTOBOH MeToauKe. OCI0XK-
HEHHH B TEPHONEPAIMOHHOM IEepHoje He HaOII0anoch.
PesenmpoBannslit oOpasen Becun 8§50 rp. [lo pesynpraram
MaTOJIOTHYECKOTO HCCIEOBAHUS BBIIBICHO COUYETAHHE
MHEIIOIUIIOMBI C PaKOM KOPBI HAJAMOYEIHHKOB. B mocie-
OTIEPalMOHHOM MEpHOoJe YIYUIIMINCh MOKa3aTelu apre-
pranbHOI IHNEPTEeH3NH, HOPMANIU30BaTach TOPMOHAIbHAS
nanens. [TocaeonepannonHas KOMIBIOTEPHAS TOMOTpadus
n II9T-KT ocTaTodHO# Macchl M METAacTa30B HE BBISBUIH.
Busyanusamnus moxa3ana COOTBETCTBHE OITyXOJNH TaKHM
IOOPOKAYEeCTBEHHBIM 00pa30BaHUSAM, KaK MHEIOIUIIOMA.
ABTOPBI HE CUUTAIOT I[€1eCO00Pa3HBIM UCKIIOUCHUE HaTH-
49U aAPEHOKOPTUKAIBHOTO paka U PEKOMEHIYIOT IpOBee-
HHe (QyHKIMOHAIBHON OICHKH.
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U30JIUPOBAHHAS TPO®YHIOMJIACTUHKA (JIA®®EPEHIIMPOBAHHBIN BHIEOP)

Pycun B.U., Pycun B.B., I'opienxo ®@.B., lo6omr B.M., Jlonut M.M.

Buvicuiee cocyoapemeennoe yuebnoe 3asedenue Yrpaunvt *“ Yoiceopoockutl HAYUOHATbHBLI YHUSEpCUmenmy, Ykpauna

[Ipu aTepocKIepOTHYECKOM TOpPaKCHUH apTepuil OenpeH-
HO-TIO/IKOJIEHHO-0epIIOBOTO cerMeHTa ITyOoKas apTepus Oeapa
(FAB) MOXeT IIUTEeNTbHO OCTaBaThCS WHTAKTHOH, a € MHOTO-
YHCIICHHBIE KOJIaTepaIbHbIE aHACTOMO3BI CIIOCOOHBI KOMITEH-
CHpOBaTh KPOBOTOK B TOJIeHH U cTome. [Ipn maHHOM cermenTe
MOpaKeHNSI K OCHOBHBIM KOJUIAaTepasiM MOKHO OTHECTH HHC-
XOJSIIYI0 BETBb JIATEPaJbHOW ormbaromieil aprepun Oeapa u
npobojaromne apTepuu TIyOOKOH apTepun Oeapa, KOTOpBIE
AQHACTOMO3HUPYIOT C BEPXHUMH ¥ HIDKHUMHU KOJEHHBIMH, HKPO-
HOXKHBIMHU apTepUsAMH, TIepeAHeH 1 3aaHeH TOBOPOTHBIMHU OOITh-
mebeproBeiMU apTepusiMu. [Ipu crenose ycres [AB, oxkimro-
3MOHHO-CTEHOTHMUYECKOM TOPAKEHUHM BETBEH MPOKCHMAaIbHON
YaCTH TMOAKOJICHHOH, OKKITIO3UH TIOJKOJIEHHOW M MarucTpallb-
HBIX apTepuil TOICHN HACTYIaeT JIeKOMIIEHCAIHS KOJLIaTepallb-
HOTO KpOBOTOKa [5,6,8,10-14].

[podyrnomracTuka OOBEAMHSET XHUPYPrHYECKHE BMeIlIa-
TEIbCTBA, KOTOPHIE BOCCTAHABIMBAIOT MPOCBET HAYaIbHOTO
oraena ['AB. B 3aBrucuMocCTH OT THIIA TNIACTUYHOTO MaTepuaa
BBIJICNISTEOT JIBA BH/A M30JHPOBAHHON MPOQYHIOIIIACTAKH: ayTO-
BEHO3HYIO, ayTOAPTEPHAIBHYIO U C UCTIOIb30BaHUEM aJUIOILIa-
crryeckoro Marepuana [1,4,9,12].

OnHako y XHPYproB HET €AMHOTO MHEHHUS OTHOCHTEIBHO
MOKA3aHUH K MOMOOHBIM OTEPaIHsAM, OTCYTCTBYeT YEeTKHH ajl-
TOPUTM JEHCTBHI HpH TOJOOHBIX BMENIATENbCTBAX, HET pe-
ITaMEHTHPYIOMUX KPUTEPHEB OTHOCHTENBHO BBEIOOpa criocoba
poyHIOTUIACTHKY, HEJOCTATOYHO TIIYOOKO M3ydeHBI BapHaH-
TBI XUpyprudeckoii anaromuu [Ab. BeimensnoxeHHOe TUKTYeT
HEOOXOMMOCTh MPOAOIIKHTE HAyYHBIE pa3pabOTKH MO BOIIPO-
Cy XHPYPTHYECKHX CIOCOOOB JIEUEHHS XPOHNYECKOW HIIEMHUH
HIDKHAX KOHEYHOCTEH, KOTIa MPSMBIE W YHJOBACKYIISIPHBIC Me-
TOJIBI JICYEHHS HE TTIOKa3aHbl KOHKPETHOMY MAI[EHTY.

Llens nccnenoBaHus - YIydIINTb PE3yIbTATh JISISHHS O0ITb-
HBIX XPOHHYECKOH HIIEMUEH HIKHUX KOHEYHOCTEH Ha OCHOBE
ONITHMH3AINH TeXHUKHN OTepaInii Ha NTyOoKoH apTepun Oempa.

© GMN

Marepuaa u metoasl. B Teuenue 6 et (2014-2019 rr.) B o1-
JIENICHUN COCYIUCTON XUPYPTUH 3aKapmaTcKoi 00IacTHON KiTn-
HUYECKoi OompHHUIEI M. AHApes HoBaka, KinHUYECKOI 0a3bl
I'BY3 «YXKroponckuit HallmOHAIEHBIN YHUBEPCUTETY TIEPBUIHO
npooneprpoBaHo 150 GONBHBIX 1O MOBOY OOIUTEPUPYIOLIETO
aTepockiepo3a OeqpeHHO-TIOAKOIEHHO-0epIIOBOTO  CEeTMEHTa
HIDKHUX KOHEYHOCTeH. B nmemorpadudeckoli cTpykType mamm-
€HTOB 3HAUUTENBHO peodiagamy Myxuanas! (90%, p<0,00001).
Cpennuii BozpacT 00nbHBIX cocTaBua 61,4+8,7 net. [Ipu sTom
cpemHuil BO3pacT xeHmuH (65,6+7,9) moutn Ha 5 JeT mpeBbI-
raj cpemHuid Bo3pact MykauH (60,9+8,6) Ha Bpems onepanuu
(t=5,77, p<0,00001). Bce 150 GompHBIX HMEIN OKKITIO3HIO MO-
BEPXHOCTHOHN apTepuu Oeqpa ¢ OKKIIO3MOHHO-CTEHOTHIECKHM
MOpaKeHUEM TO/IKOJICHHOHN apTepuu U apTepuil TOJICHHU.

HNmemust HuxHUX KoHeuHocted Il crenmenn ormeuanaceh y
11 (7,3%) maunentos, III-A crenenn - y 63 (42%), I1I-b cre-
nenu - y 55 (36,7%) u IV crenenn - y 21 (14%). Cpenu co-
MYTCTBYIOIINX 3a00JIEBaHUN Tpeodianaiy uieMudeckas 00-
ne3ns cepaua (77,3%), aprepuansHas runeprensus (76,7%),
9pO3UBHBIE W 3p03uBHO-s13BeHHBIe Topaskenust JKKT (52,7%),
caxapuslif auabet (36,7%), XpoHHUECKHe OOCTPYKTHBHBIC 3a-
6oneBanns gerkux (32,7%), MOCIEACTBHS OCTPHIX HAPYIISHHH
MO3roBoro kpoBooOpamenus (20,7%).

Bce GonbHBIE B 3aBUCHMOCTH OT CTENICHH PACTIPOCTPAHEHUS
OKKIJTFO3HOHHOTO TopakeHUs: ['AB Obutn pasmeneHsl Ha TpHU
rpynmsl: | rpymnma - ¢ mpenMyIIecTBEHHBIM MTOPAKEHHEM YCThsI
T'AB - 99 (66%) manmeHTOB;

II rpynna - ¢ nopaxkxenuem I'Ab oT ycTbst 10 BTOpoii 1laTepaib-
HOH npoGoaromieit aprepuu - 35 (23,3%) 60mbHBIX;

III rpymma - ¢ mopaxkennem ['Ab mo Tperbeil iaTepanbHOI
npobonaromeit aprepuu - 16 (10,7%) marpeHTOB.

IMpu sTom pexykmms ocHoBHOTO cTBona y 40% GONBHBIX Co-
ctaBuna 60%, y 45% nanuenTos - ot 60 10 90%, y 15% - pexyx-
IS THaMeTpa okaszanack oonee 90%.
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B GonbmMHCTBE Cily4yaeB [Ulsi IOCTAHOBKH JMArHo3a J0cTa-
TOYHO cOOpa aHaMHe3a ¥ (PU3UKAIBHOTO OOCICIOBAHHMS; IS
€ro BepU(pHKAIUK - OMPEACICHUE JIOABIKCUHO-TIICYCBOTO HMH-
nekca (JITTN), u3mepenune cerMeHTapHOro IaBJIeHUs B KOHEYHO-
CTSIX, OINpefiesieHne I1yOoKkoOepEeHHO-TIOAKOJICHHOIO HHEKCa
(I'BIIN), ynerpasBykoBoe mymiekcHoe ckanuposanue (Y3/IC)
w/win ynerpasBykoBast pomuieporpadust (Y3AI). Cpean no-
ITOJIHUTEJIBHBIX HWHCTPYMCHTAJIBHBIX METOJAOB MCCIICNOBAaHUS
UCIIONB30BAIM  PEHTICHKOHTpAcTHYI0 aHruorpaduio (PKA),
MyJBTHCIHPAIBbHYI0 KoMIbioTepHyto ToMmorpaduio (MCKT),
U3MEpEeHUe TPAHCKYTaHHOTO HalpshkeHus kuciopona (tcp02) B
OacceitHe 3aaHell 60bIICOEPIIOBOI, Mepeaneil OombiedepIo-
BOI, MaJTIOOEPIIOBOI M apTEPHIi CTOIIBI IEPE OTIEPAIMEH U B OT-
JTAJICHHOM TIOCJICOTIEPALIMOHHOM TIepUOJIE.

Just onpezenennst GpyHKIHMOHAIBHOH BO3MOXXHOCTH PEBACKY-
JsipU3aluy Tiyookoi OenpenHoi aprepun onpenessun ['BITN
o opmysre: I

I'BIN= ——,

BK

rae BK - pernonaproe cucronnyeckoe nasienue B [TA Boime
KOJICHA,

HK - pernonapnoe nasnenue B [1A Hmke xosneHa.

JUist u3y4eHust KOppesiiy NPOJOKUTEIbHOCTH COXpaHe-
Hus KoHeuHocTH ¢ ['BIIM ocymiecTBisiim mocTpoeHne Moje-
mu Kokca, koTopast BelpakaeT (QyHKIHIO PUCKA CIIEIYIOIUM
o0pazom:

h(t)=h, (1) <exp(B),

rie h(t) - dynkuus 6asosoro pucka, h(t) - dyHkuus pucka,
X - 3HaYCHHE KOBAPHATHI, } - PErpecCHOHHBIH KO3 UIIHEHT,
9KCIIOHEHTA KOTOPOTO SIBISIETCSI COOTHOIICHUEM PHCKOB MPH M3~
MEHEHUH 3HA4YCHUS KOBAPHAThI Ha SIHHUILY.

Mopnens Kokca sBisieTcst MOJEIbIO MPONOPLUOHAIBHBIX PU-
CKOB: HE HaJlarasi HUKaKuX OrpaHu4YeHu Ha BU GyHKLHH Oa30-
BOTO PUCKA, MOJEINb MPOTHO3UPYET, YTO COOTHOLICHHE PUCKOB
BCIICJICTBHE pa3iIM4Msl B 3HAYCHUU KOBAPHAThl HE 3aBUCHUT OT
BpeMeHH (kod(pduireHT f He 3aBUCUT OT BPEMEHH t).

MEJTUIIMHCKUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSBLI6()

Bcem GOJIBHBIM BBITIONHSUTH M30IMPOBAaHHYIO MTpodyH/IoILIa-
ctuky (tabmuua 1). Kak Buano n3 tabmuust 1, 71,2% GonbHbIM
BBINOJTHSJIACH DHAAPTEPIKTOMUS C Ay TOBSHO3HOW W/HUJIH ayToap-
TepuaibHOi uactikoi. Onepanuu rry60KoOeJeHHOTO TIpoTe-
3UpOBaHUA BHINONHIN Y 20% ManKUeHTOB, LIyHTUPOBAHUE - Y
6%. PerMrutanTaIus mpoOOJarONiX  OTHOAIOIINX BETBEH BBI-
nosnHeHa y 20% OONbHBIX.

Kputepusmu X0opoIux pe3yabTaToB I0CIe IPOBEACHUS H30-
JMPOBAHHOW MPOQYHIAOIUIACTUKBI CUUTAIN CHIKEHHE YPOBHS
nepuepruueckoil TMIOKCHH TKaHEeH KOHEYHOCTH (JMCTaHIM-
OHHOE yBen4eHHs X0b0bI 10 500 M, 3a)KUBJICHHE HEKPOTHYE-
CKHUX PaH), MOBBIIICHHE 00beMHOM ckopocTH kpoBoToka (OCK)
B HIDKHUX KOHEUHOCTSX, MoBbieHne yposHs JIIIN Gonbie uem
Ha 50% OT cTapTOBBIX MMOKA3ATEIICH.

VYIOBIETBOPUTENBHBIM PE3yJIbTaTOM CUMTAIHN YMEHBIICHHE
UIIEMHUH TKaHel (yBelu4yeHue NUCTaHUUHU Xonp0bl 10 200-
300 m), ncue3HoBeHUE OOJIEBOTO CHHAPOMA B ITOKOE, HAJIMUNE
TEH/CHIMH K 32)KMBJICHUIO PaH U IOBBIIICHHE MOKa3aTesei
OCK wu JIIIN na 30-50% 1o OTHOLIEHHUIO K CTapTOBBIM I10-
Ka3aTessiM.

Pe3synbrarsl cunTann HEYOBICTBOPUTEIBHBIMH, €CIIU M1OCIIE
olepanuy CUMITOMBI HILIEMHH UMEIN TEHICHLIMIO K POCTY JIHO0
He Mcye3aliy, a TaKXKe MoKa3aTesId PerMOHapHOH reMOIMHAMUKH
He moBbImanuch 6onee 10% ot crapToBbiX. Takue OOMbHBIC, B
MOJIABJISIIOIIEM OOJIBIIMHCTBE, TPEOOBAIM BBHIIIOIHEHHS BBICO-
KOif amITyTalnMy Ha ypoBHE Oelpa B OTAAJICHHOM Iocjeolepa-
LINOHHOM IIepHOJe.

Pesyabrarel u ux odcy:xaenne. IIpu cpaBHeHUN paauoso-
TMYECKUX METOJIOB JMarHOCTHKHU apTepuil OepeHHO-TT0AKOICH-
HO-0epLoBoro cerMeHTa u n1ybokoit aprepun Oenpa Hanbosee
s¢dexruBHbM okazanmuck MCKT (89,1% u 90%, coorBert-
CTBEHHO) U y/IbTPa3ByKOBOE JyIJIEKCHOE ckaHupoBaHue (88,7%
u 82%, COOTBETCTBEHHO).

MCKT, anruorpaduyeckuii ¥ IOMIUICPOBCKHH aHAIN3 MO-
3BOJIMJI BBIJICIHUTH CJICAYIOLINE TUIIBI TOPAKEHUST apTePHUid JHc-
TaJbHOTO pycia:

Tabnuya 1. Cnocobbl u Konuuecmeo blNOIHEHHBIX RPODYHOONIACTIUK

Bua BMemarenbcTBa KoinuectBo %
W3zommposanHas mpodyHIOIUIACTHKA C ayTOBCHO3HOHU 3aIuIaToi 64 42,6
IIporspkeHHas IpodyHAOIIIACTHKA C ayTOBEHO3HOM 3aIniaToi 26 17,3
OTKpBbITas SHAAPTEPIKTOMHUS C aJI03aIIaTon 1 0,7
OTKpbITas SHAAPTEPIKTOMHUS C ayToapTepUaIbHON 3aIIaToi: 17 11,3
- mo Weibel 7 4.7
- o Bertolucchi 7 4.7
- mo Feldhaus 3 2
IIpuycteeBas pesekuust Ab ¢ ayTOBEHO3HBIM IPOTE3UPOBAHUEM 3 2
Benpenno-riry6okoGenpeHHOE aI0MPOTE3NPOBAHIE: 7 4,7
- OepeHHO-ITY00K00eIPEHHOE alloNPOTE3UPOBAHNE 6 4
-0eIpeHHO-TTy00K00eIPEeHHOE KOMIIO3UTHOE JIONPOTE3UPOBAHUE 1 0,7
- C peUMILIaHTAIMEH POOOJAIOIINX BETBCH 5 3,3
benpenHo-n1y60K00€ApeHHOE Ay TOBEHO3HOE LIyHTUPOBAHHE 9 6
benpenno-ryboko0eApeHHOe ayTOBEHO3HOE IIPOTE3UPOBAHUE 23 15,3
- ¢ UIMIUIaHTanuel mpoOoaaroNINX BeTBeH 15 10
- ¢ IMITIAaHTAIMEH OrHOaomuX BeTBeH 3 2
Bcero 150 100
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- OKKJII03MOHHO-CTEHOTHYeCKHUe nopaxkeHus [TA, aprepuu ro-
JICHU TIPOXOAUMBIE;

- OKKJIFO3MOHHO-CTEHOTHYEeCKUE nopaxkeHus: [1A, oxkiro3us
OJHOH-IBYX apTepuil TOJICHHY;

- OKKJIFO3HOHHO-CTeHOTHuecKue nopaxkenus [1A, nuddysnoe
OKKIJTFO3MOHHO-CTEHOTHYECKOE IIOPaKEHUE TPEX apTepuil IOJICHH;

- nubdys3Hoe mopaxeHue apTepuil OeIPEHHO-IIOAKOICHHO-
0epIIOBOro CerMeHTa ¢ MK 0e3 MPOXOANMOil OHOMN U3 apTepHii
TOJICHH.

INokazarens JIIIM Hampsimyro 3aBHCeN OT YpPOBHS M pacpo-
CTPAHEHHOCTH aTePOCKJICPOTUUECKOTO TTOPAXKEHUS KOHEUHOCTEH,
CTEIEeHU UIIEMUH U BapbpoBall B npezenax 0,56+0,12-0,24+0,02.

[Ipu noxaneHbIX creHo3ax ['AB mpeumyniecTBeHHO HaOIIO-
JIaJii TOMOTeHHbIe OJsIKy, y 82,7% HaOmonany reTeporeHHbIe
OJIAIIKY, COAEPIKALINE CMEIIAHHYIO CTPYKTYPY U Yallle BcTpeya-
IOIIMECS NIPU PACIPOCTPAHCHHBIX CTCHO3aX.

V naunenTos ¢ umemueii 11-b crenenn nmokasarens I'BITU Ha-
xonuics B penenax 0,27-0,44, ¢ III-A crenenu 0,3-0,57, ¢ 11I-b
crenenu - 0,34-0,58, ¢ IV crenenu - 0,37-0,60.

W3BectHO, uTo anatomust [Ab BapuabensHa. Cuenarh KOHEU-
HBII BBIBOJ 00 MCTHHHOW KapTuHe Oacceitna [AB Bo3MOXHO
TOJIBKO IIPU MHTPAONEPALMOHHON peBu3un (puc. 1).

Ha ocHOBe naHHBIX HHTpAOIEPaLlMOHHON PEBU3HHU BBIJCICHO
HECKOJIbKO BapHaHTOB (hopMupoBaHus U oTxoxaenus [Ab or
o6eit aprepun 6eapa (OBA), a Taroke pacrionoxKeHe ee yCThs
no otHoieHuto Kk OBA:

- TIpY [IEPBOM BapHaHTE €CTh BBIPAKEHHbIH OCHOBHOI CTBOI
I'AB, OT KOTOPOro YeTKO OTXOIMUT JIaTepasibHas U MeauajbHast
orubaroliye BETBU B Pa3HOil MOCIIEI0BATEILHOCTH;

- IIpY BTOPOM BapHaHTE CTPOCHUS JaTepalibHas U MeAHalb-
Has orubaromue Bersu U IAB orxoxnsrt ornensHo or OBA;

- IIpU TPEThEM BapUaHTE XapaKTEPHO HAJIMYHUE TOJIBKO ABYX
CTBOJIOB, OJIMH M3 HHX - JIaTepajibHas Orubaroiasi BeTBb, BTO-
poii - I'AB.

6
Puc. 1. Omnpenapuposannas I'AB na npomsiicenuu 17 cm (a).
Penmeenokonmpacmuas aneuocpagus: KOHMpacmuposanHdsl
I'AB ¢ 5-10 npobooatowumu eemssmu (6)

© GMN

VYuuteiBasi MUPOBOil U COOCTBEHHBII OIBIT MPU XUPypruye-
CKOM JICUCHHH aTePOCKICPOTHYECKUX OKKIIIO3MOHHO-CTEHOTH-
YECKUX MOpaKeHHH TIIyOOKoW aprepuu Oempa CleayeT 3ame-
TUTh, YTO NPU HAJIMYUU KOPOTKHX» CTEHO30B MPEINOYTCHUE
clielyeT oTaaBaTh OTKPHITEIM dHpaprepakTomusiM (EAE) ¢ ay-
TOBEHO3HOW W/WJIM ayToapTepHalbHO 3aruiatoil. B ciydae Ha-
JIM4Us 'y MalueHTa BBIPAXKEHHOI'O0 KaJbLIMHO3a Ha KOHKPETHOM
HNPOTSDKEHUH, PE3CKLHUI0 TOT0 y4acTKa IienecooOpa3Hee BbI-
HOJIHUTB C ayTOBEHO3HOW W/MJIN ayTOAPTEPUAIbHOI IITaCTHKOI.
Jlasxe He3HaunTenbHOE cyxeHue mpocsera [Ab npu okkiro3un
OCIPEHHON apTepuu COMPOBOXKIAETCS YXyALICHHEM KoJulaTe-
panbHOTO KpoBoTOKa [1,4-6].

TakuM 00pa3oM, BOCCTAHOBICHUC W/WIIH PACIIUPEHHE TPO-

CBETa IPOUCXOUT TOJIBKO 32 CYET YHIAPTEPIKTOMHH U 3aIlIart,
B OCHOBHOM, 3TO M3BECTHBIC KJIACCHYECKUC BAPHAHTHI: MOAU(H-
kauust Martina, Weibel, Bertolucchi, Feldhaus, 6enpenno-ry-
Ooxo0epeHHoe npore3upoBanue (puc. 2-7).

Puc. 2-7. Kitaccuueckre BapuaHTbl IPOQYH/IOIIACTHKH.

wey

Puc. 2. Unmpaonepayuonnoe pomo nayuenma C. [Ipomsioic-
Has npogynooniacmura ¢ aymosenosHoll 3aniamou

Puc. 4. Ilpogynoonnracmura 6 moougurayuu Feldhaus
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Puc. 5. Ipogynoonracmura 6 moouguxayuu Weibel ¢ npu-
MeHeHueM KI080GUOHOU aymoapmepuaibHoll 6CMagku

Puc. 6. Illpogpynoonnacmura 6 mooupuxayuu Bertolucchi

Puc. 7. Unmpaonepayuonnoe gpomo nayuenma C.
Kombunuposannoe 6edpenno-enyborobedpenoe npomesuposanue (npomes + gena)

Tabnuya 2. Kpumepuu 66160pa memooa npo@hyHOONIACUKU 8 3A6UCUMOCTIU 0N RPOMSAACEHHOCTILL,
Ce2MeHma nopadiceHus U NIOMHOCMU AMepPOCKIePOMUYecKoll Kl

IpoTskeHHOCTH CreneHb CrpykTypa
P PYKTYP Bun pexoncrpykuun
CTeH03a MOpasKeHust OJISIIIKH
Crenos I'AB «t» Otkpeitast EAE ¢ ayToBeHO3HOH MM al103aIL1aToM.
Jlo 4 cm >70% «t-» Ortkpeitast EAE ¢ ayroaprepuaibHOil 3a1u1aToi.
(oKKITIO3MST) «» Ortxpeitas EAE ¢ ayToBeHO3HOI 3ar1aToil.
ITpodyHnnomnacTika ayToapTepraabHON BCTaBKOIL.
Crenos I'AB «t» pody yToapTepHab .
o Otkpeitas EAE ¢ ayToBeHO3HOI 3am1aToil.
4-10 cm >70% «t-»
benpenHno-ry60ko0epeHHOE TPOTE3UPOBAHNE
(oKKITIO3MST) «» N o
C peuMIIIaHTaIHeil 60KOBBIX BETBEH
Creno3 'AB «t», «t-» Benpenno-rirybokoOepeHHOE ayTOBEHO3HOE MTPOTE3UPOBAHNE
>10 cm >70% WJIM IIyHTUPOBAHUE.
(OKKITFO3HS1) «» Otkpeitas EAE ¢ ayToBeHO3HOI 3arutaToit
. «ty»
IIporsxubIi
Juddysnoe «t-»
CTEHO3 C IIpodynnonnactuka He MokazaHa
MOpakeHNe . «“»
OKKITIO3HEH

npumeuanue: «+y» - NIOMHAsL AMePOCKAEPOMUIECcKas ONAWKA;
«+ -» - amepockaepomuyeckas OnswKa cpeoHell NIOMHOCMU, «-» - MACKAs amepocKiepomuieckas onauKa

ITpu pOTSHKEHHBIX CTEHO3aX CYTh NPOQYH/IOIIIACTUKH OIS Th
CBOJMTCS K BOCCTAHOBJICHHIO U PACIIMPEHHIO IIPOCBETA MyTeM
9HAAPTEPIKTOMUM C ayTOBEHO3HOH 3alulaToidl W/WiM 3a cyeT
LIYHTUPOBAHUS WK IIpoTe3upoBaHus cermenra ['Ab. Onnako

14

Ha y4acTke [AB, KOTOpBIH MOATIEKUT PEKOHCTPYKLUH, OTXOIAT
OOKOBBIE BETBH, OrHOAIOLINE U TPOOO/IAIOIINE BETBU, PEJICTABIIS-
IOLIME UHTEPEC B [UTAHE BOCCTAHOBJICHHS B HUX KPOBOTOKA, HA UTO
BHepBble 00paTwi1 BHMManue Lltytun A.A. [9]
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OCHOBHOI1 BOIIPOC - 3TO UIYHTUPOBAHUE MM IPOTE3UPOBa-
Hue 'Ab npu npoTsHKeHHBIX CTEHO3aX U I0YEMY UMEHHO Tak?

Ha 510 HerocpeACTBEHHO BIIMSET INIOTHOCTD aTePOCKICPOTH-
YeCKOil OJISIILIKH, KOTOpast ONPEAEIIseT aJeKBaTHOCTh OTKPBITOM
sHIapTepIKTOMHU. YeM TBepike OJIsIIIKa, YeM CHIIbHEe Mopaxe-
Hust tunica media, TeM OOJIBIIE CHUKAETCS KaYeCTBO J1€300JIUTe-
pauuy ¥ B TaKMX CJIydasx JIy4Ile BHIIOJIHUTH IPOTE3UPOBAHNE
(Tabmuma 2).

Ha BBIOOp PEKOHCTPYKLMH TAKXKe BIMSET HAIMYUE Orudaro-
IIMX U MPOOOAAIOIINX BETBEH Ha MECTe HEOOXOANMOTO YPOBHS
nesobnurepauny. Eciu quamMerp mocieaHux MpeBblaeT 2 MM
U 110 HAM COXPaHEeH PeTpOrpagHblii KPOBOTOK, TO JIyYIIE BbI-
HOJIHUTh MIPOTE3MPOBAHKE ITOT0 y4acTKa C PEeMMILIAHTAIUeH
O0KOBBIX BeTBeil. Eciii OOKOBBIX BeTBEH Ha MPOTSIKEHUH y4acT-
Ka IOpaKEHMSI HET, I0Ka3aHO OeqpeHHO-ITy00KoOenpeHHoe
myHTupoBanue (puc. 8-13).

Takum 00pa3oM, IpU COXPAHCHHOM IIPOCBETE U MHTAKTHOH
cTeHke OokoBbIX BeTBeil ['AB mokasana mx peMMILIaHTALHS
(puc. 8). [lns ynpolueHus BBIIOJIHEHUS PEUMIUIAHTALUHN BETKY
BBIKPAUBAIOT Ha IUIOIIAJKE 110 OKPY)KHOCTH BOKPYT yCThsl. [Ipu
HEO0OXOIMMOCTH BBINOJIHSIOT SBEPCHOHHYIO YHIAPTEPIKTOMHUIO
U3 yCThsl, II0CJIC Yero BETKY BIIMBAIOT 10 THUILY KOHEII-B-00K».

ITpy NIOTHO PACMONOKEHHBIX PAAOM OOKOBBIX BETBSIX Ha
HOPAKEHHBIX aTePOCKIEPO30M y4acTKax (OPMHPYETCs KOCOM
«JUIMHHBII» aHacTOMO3 Ha npokcuManbHoi yactu [Ab mocne

Puc. 8. Bedpenno-enybokobedpentoe aymogenosHoe npomesu-
POBaHue ¢ umMniaHmayuel 02UoaWUx gemeaell

Puc. 10. Aymogenosnoe bedpenno-enybokobeopernoe npo-
mesuposanue ¢ peumnianmayueti MeouaibHoll, 1amepaibHoll
ozubarowell u npobodarouyeli gemaell 8 aymo8eHO3 bl NPome3

© GMN

SHIAPTEPIKTOMHH, U3 YCThS BETBEIl TeM caMbIM HU30eraercs pe-
UMIUIAHTAlMs yYKa3aHHBIX BeTBEH B IpoTre3. JlucranbHblil aHa-
CTOMO3 (POPMHPYETCS TI0 THITY «KOHEL-B-KOHeI» (puc. 9).

IIpy BapuaHTe OTXOXACHHUS JIaTEPAIbHOH M MeEAMaIbHON
orubaromux BetBeil or OBA, n/Wiy py HaJINYUK TOJNBKO JIBYX
CTBOJIOB, OIMH M3 HUX - JIaTepajibHasi OrkuOaroas BeTBb, a BTO-
poii - 'AB, BO3MOKHO BBITIOJTHEHHE TIPOTE3UPOBAHUS TOPAKEH-
HOT'O YYacTKa C peHMIUIaHTalueil B TPaHCIIAaHTaT BCEX BET-
Bell, cTBOJIOB. [10100HYI0 TAKTUKY MOXKHO HCIOJIB30BaTh IPU
okkio3nn OBA n/uimm ee CTeHO3e, KOTOPBIH TEXHUYECKH He
noamaercst pesepcuiinoir EAE. Takum 00pa3om, BBIMOTHICTCS
Oe1peHHO-TITy00KOOSAPEHHOE TIPOTE3NPOBAHNE C PEUMILIAHTA-
e 60KoBbIX BeTBeH (puc. 10).

Ecnu He ynaeTcs BBINOJHUTH HOJHOLEHHYIO 3HAAPTEPIKTO-
M0 OBA ¢ mpuycTbeBBIM OCBOOOXKJCHHEM arepomarosa, B
TaKuX Clly4yasx JUcTalbHEEe YpOBHS MOpakeHUs cTBoja, I'Ab
OTCEKaeTCsl U UMILUIAHTUPYETCsI B OJIM3b PACIIONIOKEHHYIO MPO-
Ooparoiyro BeTBb (puc. 11).

B ormenpHBIX Ciydasx BO3MOXKHO IPUMEHHTh TEXHHKY
Feldhaus ne3o6nuTepanuu npocsera MOBEPXHOCTHON apTepun
6enpa (ITAB) u ucnonp3oBaTh €e B KauecTBE ayToapTepUalib-
HOTO TpaHCIUIaHTaTa AJIsl IPOTE3UPOBAHMS OKKIFO3UPOBAHHON
BeTBU cTBONa ['Ab myrem aprepuanbHON mpodyHIOIIACTHKH
nezobnutepupoBanHoiil Kynbt [TAB B TAB 1o Tumy «koHeu-B-
60k» (puc. 12).

Puc. 9. Ilpomesuposanue cmeona IAb ¢ gopmuposanuem
«KOCO20)» AHACMOMO3a «KOHEeY-8-KOHeY»

——

i el ek W 58

Puc. 11. Peumnnanmayus I'AB oucmanvree ypogus nopasice-
HUs CMB0Ad 8 OU3b PACNONONHCEHHYIO NPO6OOAIOWYIO BeMBY
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Puc. 12. Dman nodcomosxu k aymoapmepuaibhou npoghyH-
odonnacmuxe I'Ab no muny «koney-6-60Kk»

Ilpn MIOTHBIX aTEPOCKIEPOTHYECKUX ONSIIKAX, CTEHO3UPYIO-
[IMX MPOCBET o01Iel OepeHHON apTepuy 0 TOJHON OKKIIIO3UH,
MIPUKpPBIBas IpU 3ToM ycThe [AB, BO3MOXKHA NpHyCTheBas pe3ek-
s cysxenns [Ab ¢ uaTepnosunmeii BEHO3HOTO TpaHCIJIAHTAHTa
BIIB cuumteiMu ApYT ¢ APYroM B MPOJOJILHOM HANPABIEHUU IS
YBEINUECHUS THaMeTpa ayTOBEHO3HOTo mpotesa (puc. 13).

Brnwkaiime pesynbTarsl MPoQyHIOIIACTHKN Y MallMeHTOB
C aTepOCKICPOTHYECKUM TOpaKEHHEM OeIpeHHO-THOUANIbHO-
rO CEerMEHTa OlLEHUBAINCH B TeueHHe 1 MecsIa mocie onepa-
I[UM Ha OCHOBAHUH U3MEHEHHs JOOMEPAIOHHO KIMHUYECKOU
CHMITOMATHKH, a TAKXKE HATMYHS WIN OTCYTCTBUS PA3TUUHBIX
MOCIIEONEePAOHHBIX OCIoXKHEeHnH. Tak, Ha TOCTINTAaIBHOM Tie-
pHoJie ycIieX pPeBaCKYISPU3ALHY, O YEM CBHIETEIbCTBYET MPO-
XOANMOCTD 30HBI PEKOHCTPYKIHH, cocTaBui 100%. JleTambHbIX
Clly4aeB HU B OJIHOI TPpyTIie HE OTMEUEHO.

Cpenn MECTHBIX MOCIEONEPAMOHHBIX OCIOKHEHHH paHHe-
TO MOCIEONePAOHHOr0 Neproaa HanboIee YacTo 0TMeJanach
mmdopes, koTopas Hadmonanack y 8 (5,3%) GOIbHBIX M MOA-
Beprajgach KOHCEPBATUBHOW Tepanuu BO Bcex ciydasx. Harno-
€HHUE MOCIIeONePALMOHHON paHbl Habmonanoch y 3 (2%) 6onb-
HBIX, KOTOPBIE BBITIEUEHBI KOHCEPBATHBHO.

Tpom003bI 30H PEKOHCTPYKIHMHM HAONIOZANId y OAHOTO
(0,7%) OonbHOrO. BRIMONHEHHas TPOMOIKTOMHUS MOKa3aja
MOJIOKUTENbHBIN Y PeKT.

Ha xonndecTBO MONOXUTENBHBIX PE3yNbTAaTOB BBIMONHEH-
HBIX OTlepanuii B OTIaJ€HHOM TepUoJie HE3HAUUTETbHOE BIIUS-
HHE OKa3bIBaJla HaYaJbHAas CTENIEHb UIIEMHH KOHEUHOCTH. [Ipu
nmemud 11-b - III-A cTenenu HemocpeaCTBEHHbBIE TONOKHUTENb-
HBIE pE3yAbTaThI TOTyueHbI B 97,3% ciayuasx, B Ipynrie HaleH-
T0B ¢ I1I-b nmemuei konn4ecTBO NONOKUTEIBHBIX PE3YIIBTATOB
cocTaBuIIO TOJIBKO 74,5%. Y GonbHBIX ¢ [V cTeneHplo HileMuu
U TOpakeHHEM BCeX OEPIIOBBIX apTepHil MOTOKHUTETbHBIE pe-
3yJIBTaThl M30JMPOBaHHONW MPOQYHIOMIACTHKN HaOIIONaINCh
TONBKO y 61,9% GONbHBIX.

KonuuecTBo MONIOKHUTENBHBIX PE3yNBTaTOB M30IMPOBAHHBIX
npodyHAOIIIACTUK cocTaBuio 73,9%. Onepaunu He Mokasa-
M KJIUHUYECKOro ymydineHus B 18,7% ciyuaes, u3 Hux 7,4%
GOJIbHBIX HE OTMEYalM KIMHUYECKOTO YITyYIIEHHUs, HECMOTpPS
Ha yBeJIMYEHHE JOoAbDKeuHO-IeueBoro nuaekca (JIIW) va 0,2.

MEJTUIIMHCKUE HOBOCTHU I'PY3UU
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Puc. 13. Aymosenosnoe npuycmvegoe npomesuposanue oo-
wetl bedpenHoll apmepuu

AmryTanuy B JaHHOW rpynme OONbHBIX BBHIMONHEHHEI B 3,3%
ciyqaeB. B 18,7% Ha Bcio rpymity HeyIOBIE€TBOPUTENBHBIX pe-
3y/bTaTOB MPOBEEHHBIX Onepanuii BeimonHeHo 7 (4,7%) ammy-
TaIun.

[pu cpaBHEHUH ITPOXOAUMOCTHU 30HBI PEKOHCTPYKIUU CITyCTSI
5 €T JOCTOBEPHBIX PA3NUUU HEe OBITO Y MAIHEHTOB C H30IHUPO-
BaHHOW TpodyHIomIacThkoit (86,9%) 1 npoTsKHON MpodyH-
norutactukoit (88,5%) ue BwIsABIEHO (p<0,05). JIIN cmycts 5
7eT ObLT BBIIIE Y MAIMEHTOB C MPOTSKHON MPOQyHAOMIACTH-
koit (0,65+0,07) B cpaBHEHHH C H30JMPOBAHHOH MpodyHIO0-
iactukoi (0,58+0,09; p<0,05). Jauuslii ¢eHomeH, mo Beei
BEPOATHOCTH, CBSA3aH ¢ Oosee 00beMHBIM KPOBOTOKOM, KOTOPBII
OCYIIECTBIAETCA 3@ CUeT SIACTUYHBIX BO3MOKHOCTEH ILIacTH-
YeCKOro ayTOBEHO3HOT0 MaTepuaa Uist POTsHKHOIM npodyH 10~
MIACTHKK B CPAaBHEHHWHU C PUTHAHON aTepOCKIEPOTHYECKU H3-
MEHEHHOH CTEHKOM ayToapTepuabHOM 3amarsl.

Wunexe peruonanshoit mepdysun (MPII) tcpO, no u mo-
cie npodyHIOIIACTUKN XapaKTePU30BalICsl YBETHUEHHEM Ha-
npsokenust O, B Gacceline nmepenne GonblIeOepUOBOH apTepun
(IIBBA) Ha 55,5%, 3agne 6onpuiedeprioBoii aprepun (3bBA) Ha
35,3%, MBA Ha 33,3%, koxe Thuta cTorbl Ha 66,7%, KoXe 1o-
nouBbl Ha 44 4% (tabmuua 3, puc. 14).

Jlns mporHo3upoBaHus 3()(GEKTHBHOCTH BMEIIATENbCTB Ha
mIyOoKoi apTepum Oeapa MpeasiokeHa MaTeMaTH4decKas Mo-
Jienb, MOCTpOeHHass Ha cpaBHeHMH BenuuuHbl ['BIIN mepen
MPOCTHIM HMCTOIb30BAHMEM BHa OMEpaIUH, T1e NPU 3HAYeHUN
unjexca <0,36 5-neTHee coxpaHeHHe KOHEUHOCTH MPU IpodyH-
JoTUIacTuKe nocturaet 62%, a mpu 3HaueHnH uxaekca <0,35 -
74,2% coxpaHeHHEe KOHEYHOCTH, NpU 3HaYeHuu uHaekca 0,3 -
87,3%.

OueBHJIHO, 3TO CBA3aHO C MOTEHLHAIBHO OOJNBIIMMH (yHK-
I[MOHAIIBHBIMH ~ BO3MOXKHOCTSAMM ~ TTyOOKOO€IpEeHHO-TTOKO-
JIEHHOM KOJUIaTepalbHOM CUCTEMbI JIsi TOJHOLIEHHOW peBa-
CKYJSIpH3aIlMd KOHEUYHOCTH, a TaKXke «TreMOJHMHAMUUECKON
a/IeKBaTHOCTBIO» MepU(EPHUECKOr0 pyclia MPH BBIMOTHEHUN
npoQyHIOIUIACTUKH [2].

Bce ciydan amnyTtauun umenu mecto npu Bennunne ['bITH
>0,37. [Ipu 3TOM B Tpymmne OOJbHBIX ¢ aMIyTaluei cpeanss Be-
munHa 'BITU cocrasuna 0,37+0,03 (p<0,05).

Tabnuya 3. Unoexc pecuonanvioi nepgysuu tcpO, 00 u nocie npoghynooniacmuxu

IIBBA 35BA MBA TeLI cTONBI ITogomsa

Hopwma (n=31) 1,5+0,14 1,85+0,20 1,7+0,15 1,4+0,16 1,1+£0,114

Jo omneparuu (n=19) 0,5+0,05 0,61+0,01 0,4+0,03 0,4+0,04 0,4+0,05
[ocne oneparuu (n=19) 0,9+0,04 1,7+0,25 1,2+0,11 0,6+0,02 0,9+0.28

p<0,05
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Takum 00pa3oM, HaMU MNPEANPHHATA TIOMBITKA BBIACIUTH
OCHOBHBIE€ YCJIOBUS, KOTOPBIC ONPEACIIAOT BO3MOXHOCTU HC-
noib3oBaHusg ['Ab kak OCHOBHOIO KOJUIaT€pPaJIbHOTO COCYAA,
KOTOPBIH CcriocoOeH o0ecrednTh KpOBOCHAOKEHNE HIDKHEH KO-
HEYHOCTH TIPH €€ aTepPOCKIICPOTHIECKOM TOPAYKSHHH:

- HaJIMYHe JIOKATbHOW OKKIIIO3UM YCThS MJIM CTEHO3a NIy0o-
Koii OenpenHoi aprepuun >70%:;

- OKKJIIO3MsI NTOBEPXHOCTHOU OezipeHHOM aprepuu, mudoys-
HOE OKKJII03MOHHO-CTEHOTHYECKOE IMOPaKEHHE IOKOJICHHOM
apTepuu U apTepuil FOJICHHU;

- I'BIIN B npenenax <0,37;

- JITIN <0,45.

BruiBoabl.

1. Ilpu mpotsxenHocTu cteHo3a I'Ab 1o 4 cM He3aBHCHMO OT
IUIOTHOCTH OJIsIIKY pexoMenayercs otkpbita EAE ¢ ayToBeHo3-
HOM, ayToapTepHaIbHON H/UIH AJIOBCTABKOM.

2. Ilpu npotspkeHHoCTH cTeHo3a oT 4 10 10 cM ¢ MATKON niu
CpelHEel TUIOTHOCTH arepoCKIEPOTHYECKON OJISIIIKOM MoKa3aHa
otkpeitas EAE ¢ ayroBeHo3Hoii 3amnaroit. IIpu ruioTHeIx arte-
POCKIIEpPOTHYECKUX OJISIIIKaX MPEIIOYTEeHNE CIIeAyeT OTAaBaTh
Oe/IpeHHO-TITyOOKOOCAPEHHOMY ayTOBEHO3HOMY IIYHTHUPOBa-
HUIO WM NPOTE3UpOBaHUIO. [IpH MPOTSIKEHHOCTH HOpPaXEHUs
6onee 10 cM HE3aBHCUMO OT IUIOTHOCTH aT€POCKICPOTHUECKOM
OJIAIIKK PEKOMEHJIyeTCs1 OelpeHHO-TIIy00KOOCAPEHHOE IIYHTH-
pOBaHHE W/ MPOTE3UPOBAHUE.

3. Ipu nporesupoannu [AB u muamerpe mpoOOTArOMINX H/UITH
orubaroIKX apTeprii >2 MM M COXPAaHEHHOM PETPOrPagHOM KpO-
BOTOKE [T0Ka3aHa MX PEHMIUIAHTAIHS Ha TUIOIIA/IKE B [IPOTE3.
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SUMMARY

ISOLATED
CHOICE)

PROFUNDOPLASTY (DIFFERENTIAL

Rusyn V., Rusyn V., Horlenco F., Dobosh V., Lopit M.

Higher State Educational Establishment of Ukraine “Uzhhorod
National University”, Uzhhorod, Ukraine

Objective - to improve the results of treatment of patients
with chronic ischemia of the lower extremities based on op-
timization of the technique of operations on the deep femoral
artery. During 6 years (from 2014 to the end of 2019), 150
patients were initially operated on for obliterating atheroscle-
rosis of the femoropopliteal-tibial segment of the lower ex-
tremities in the department of vascular surgery of the Andrey
Novak Regional Clinical Hospital, the clinical base of the
Uzhgorod National University.

In the presence of “short” stenoses, preference should be given
to open endarterectomy with an autovenous and / or autoarterial
patch. With extended stenoses, the essence of profundoplasty is
again reduced to the restoration and expansion of the lumen by
endarterectomy with an autovenous patch and/or by bypassing
or prosthetics of the DFA segment. The choice of reconstruction
is also influenced by the presence of enveloping and piercing
branches at the site of the required level of disinfection.

If the length of the DFA stenosis is up to 4 cm, regardless of
the plaque density, it is recommended to open the EAE with
autovenous, autoarterial and/or aloinsertion. With a stenosis
length of 4 to 10 sm with a soft or medium density athero-
sclerotic plaque, an open EAE with an autovenous patch is
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shown. If the lesion is more than 10 cm long, regardless of
the density of the atherosclerotic plaque, femoral-deep femo-
ral shunting and/or prosthetics are recommended. When pros-
thetics of the DFA and the diameter of the perforating and/
or circumflex arteries is >2 mm and the preserved retrograde
blood flow, their reimplantation on the site into the prosthesis
is indicated.

Keywords: deep femoral artery, ischemia of the lower ex-
tremities, obliteration atherosclerosis of the lower extremities
vessels, profundoplasty, transcutaneous oxygen tension.

PE3IOME

N30JIMPOBAHHASI NMPO®YHIAOIIVIACTUKA (AUD-
®EPEHIIMPOBAHHbII BHIBOP)

Pycun B.U., Pycun B.B., I'opaenko ®@.B., lo6om B.M.,
Jlonut M.M.

Buicwuee cocyoapemeennoe yuebnoe 3asedenue Yrpaunvt “Yorc-
20POOCKUL HAYUOHALHBLU YHUGepcumemy, Ykpauna

Ienb uccneqoBanust - yIy4lIUTh Pe3yabTaThl JICUSHUs! O0b-
HBIX XPOHMYECKOW HIIeMUECH HMXHHUX KOHEYHOCTEH Iocpen-
CTBOM OINTHMH3ALMU TEXHUKH OIepaluii Ha IIyOOKoi apTepun
oenpa.

B teyenne 6 ner (2014-2019 rr.) B oTAENEHUH COCYIUCTOI
XUPYPruy 3aKaprarckoil 0ONacTHOH KIMHMYECKOH OOIbHUIIBI
uMm. Aunapest Hosaka, kiuHudeckoit 6asel [ BY3 «Yxropomnckuit
HaL[I/IOHaHbelﬁ YHUBEPCUTET» MEPBUYHO I[IPOONEPHUPOBAHO
150 GonbHBIX 1O TOBOLY OOJIMTEPUPYIONIETO aTepOCKIepo3a
0e1pEeHHO-TI0/IKOJICHHO-0EPIIOBOr0 CErMEHTa HIDKHUX KOHEUHO-
creif. CpenHuii Bo3pact 00IbHBIX cocTaBmi 61,4+8,7 jerT.

[Ipu HanUUUU «KOPOTKUX» CTEHO30B MPEIINOYTCHUE CIIeIyeT
oTAaBaTh OTKPBITBIM 3HAapTepakTomusiM (EAE) ¢ ayroBeHo3-
HOH n/wimu ayTtoaprepuanbHOil 3aruiartoil. IIpu mpoTsHKEHHBIX
CTEHO3aX CYTh NMPOQYHIOIIACTUKH CBOJUTCS K BOCCTAHOBIIE-
HUIO U pacmupeHuro npocsera nyreM EAE ¢ ayroBeHO3HOM
3aIy1aToi W/WiM 32 CUET LIYHTHPOBAHHS WIH MPOTE3MPOBAHHS
cermeHTa nybokoii aprepun 6expa (IAB). Ha BeiGop pexoH-
CTPYKLMHU BIIMSIET HAJIMYME OrHOAroNMX ¥ NpoOOJaomnX BeT-
BEil Ha MecTe HEOOXOANMOro YpOBHS 1e300IuTepaLiuy.

IIpu nporsoxennoctu creHoza I'Ab 110 4 ¢cM He3aBUCUMO OT
IUIOTHOCTH OJISIIIKK pexoMenayercst otkpbitas EAE ¢ ayrose-
HO3HOIi, ayToaprepuaibHON W/wiu ajnoBctaBkod. [Ipu mpots-
JKEHHOCTH cTeHo03a oT 4 110 10 cM ¢ MATKOH WK CpeaHe II0T-
HOCTH aTepPOCKICPOTHUCCKON OJAIIKON TOKa3aHa OTKPHITAs
EAE c ayroseHo3HO 3arutatoil. [Ipu npoTsskeHHOCTH HOpaxe-
Hust 6osee 10 ¢M HE3aBHCHUMO OT IUIOTHOCTH aTepOCKIJICPOTH-
4yecKOH OJISILIKM PEeKOMEHIyeTcs: OeapeHHO-ITy00Ko0epeHHOE
IIYHTHPOBAaHHUE W/WJIM MpoTe3upoBanue. [Ipu mpore3npoBaHun
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10-JTETHSS JIETAJIBHOCTD Y HAHMEHTOB ITIOCJIE IIEPEJIOMOB
IMPOKCUMAJIBHOTI'O OT/IEJIA BEJPEHHOM KOCTH

3y6au O.B., I'puropresa H.B., 2[loBopo3uiok B.B.

!Kommynanvroe nekommepueckoe npednpusimue « Kiunuueckas 601bHuya ckopoi MeOuyuHcKol nomowuy, Jlo606;
2V «Hucmumym 2eponmonozuu um. /1. @. Yebomapesa HAMH Ykpaunwr», Kues, Ykpauna

[TepesoMbl MPOKCUMANBHOTO OTAENA O€APEHHOW KOCTH
(IITIOBK) sBNAOTCS TAKENBIM, HHBATHIU3UPYIOLIMM OCIIOXKHE-
HHEM CHCTEMHOTO OCTEOINOpPO03a, MPHBOIALIIUM K TTOBBILIIEHHIO
YPOBHS CMEPTHOCTU. YacToTa nepesioMoB JaHHOM JOKaIU3aLu1
y HAIMEHTOB MOXUJIOT0 U CTAPYECKOTO BO3pAcTa MPOrpeCCHBHO
YBEJINYUBACTCS B SKCIIOHEHIMAIBbHOM 3aBUCUMOCTH, UTO CBSI3a-
HO C OrpPOMHBIMH (DMHAHCOBBIMH 3aTpaTaMy Ha JICYCHHUE U pea-
ounurarmo 6onpHbIX [12,14,15,17].

B pasnu4HBIX MCCIETOBAHUSIX MPOJEMOHCTPUPOBAHO BO3-
pactaHue mokasaresneil kpatkocpouHoii [1-4,6,7,9,11,13] u
npoarocpounoit [8,18] neransuoctu nmocne IIIIOBK u mpo-
aHanusupoBanbl Qaxroper [7,11,13,16,18], Baustoume Ha
MOKa3aTeNnu BBDKMBAEMOCTH OONbHBIX. JIeTanbHOCTH B CTa-
HuoHape 00bIYHO siBisieTcst HeBbIcOkoH (1,7-10%) u cBa3aHa
¢ J1e4eOHON TaKTHKOM, MPOJOIKUTEIbHOCTRIO IPEeObIBaHUS B
CTallMOHAape ¥ BO3HUKIINMH B ITOCJIEONEPALNOHHOM EPUOE
ocioxkHeHus MU [5,6,9,10]. JlonmonHUTeNbHBIME HEOIArONPH-
ATHBIMU (haKTOPAMH, BIMSAIOIIUMU Ha YPOBEHb JIETAIBHOCTH,
SIBJSIFOTCS BO3pacT OOJBbHBIX U MYXCKoi mon. Haubomnpumii
puck cmept y 6onbnbix nocne IIIIOBK peructpupyercs B
MepBbIE MOJToja Mocie MepeaoMa, a MOKa3aTeNln JeTalbHO-
CTH B TE€UYEHHE rojia COCTaBIAOT OoT 18 mo 35%, mpu sToM
OOJIBIIMHCTBO BHDKUBIIUX ALIUCHTOB OFPAaHUYEHBI B CAMO00-
CIIy’)KMBaHUH U TPeOYIOT IomoHUTeabHOro yxoaa [1,6,7,10].
CBoeBpeMeHHOe oneparuBHoe JedeHue 0onbHbIX ¢ [ITTOBK,
B YaCTHOCTH 3HJONPOTE3UPOBAHME Ta300€IPEHHOTO CyCTa-
Ba, CIIOCOOCTBYET OBICTPOI MOOMIM3ALUU MALIMEHTOB MOCIE
onepanuu, 6osiee BHICOKOMY Kaye€CTBY JKM3HU U CHHIKECHHIO
[10Ka3aTeseH J1eTaJbHOCTH.

B HacTosmee BpeMs MPOJEMOHCTPUPOBAHO, YTO KaK 4acTo-
ta [1IIOBK, Tak u moxaszarenu JeTalbHOCTH UMEIOT HEKOTOPhIE
reorpaduyeckre 0COOEHHOCTH, 4TO 00YCIOBICHO YPOBHEM Me-
JHITHCKON MOMOIIH, 61ar0COCTOSIHUEM HACENIEHUS M IPYTUMH
¢daxropamu [14,15,17]. 3a nocneauue roael B CBsi3u ¢ Oosee
HIMPOKUM BHEIPEHHEM SHJIONPOTE3UPOBAHUS Ta300ePEHHOIO
cycrasa nocie [MIIOBK ymyummics u3HeHHbIH IPOTrHO3 U Ka-
YECTBO JKH3HHU OOJIbHBIX.

Ha ceroansamnuii aeHp B YKpauHe CyLECTBYIOT €AMHUYHbIE
HCCIEN0BAaHNs, B KOTOPBIX MPOAHAIU3UPOBAHBI IOKA3aTEIH
paHHEH, B TOM 4HCJIe U TOCIIUTAILHOMN JICTAIILHOCTH, Y OOJIBHBIX
¢ T[IITOBK [1,2], onHako Gosnee AnuTeabHbIC HAOIIOACHHS paHee
HE MPOBOJMIINCH, YTO U MOCITYKUIO OCHOBAaHUEM ISl ITPOBEJIe-
HUsI JaHHOTO UCCIIE0BaHMUSI.

Llens uccnenoBaHus — ONPEAEINTh TOKA3aTeNd KPaTko- M
JIOJITOCPOYHON JI€TATbHOCTH y MAI[MEHTOB IOC/IE MEPEIOMOB
IIPOKCUMAJILHOTO OTZelIa OeJPEHHON KOCTH.

Marepuan u MeToabl. B peTpoCrieKTHBHOM HCCIIEJOBAHUH
MIpOaHaJIM3UPOBAHbI JaHHbIC 228 MAalMEHTOB, IPOXHUBAIOIINX B
I. JIbBOB (146 xeHIuH 1 82 My>K4HHBI), TOCIUTATU3UPOBAHHBIX
B 2005-2007 rT. B TpaBMaToJI0rM4YeCcKOE OTACICHIE KOMMYHAIb-
HOTo HeKoMMepueckoro npeanpusatus «Knnunueckast 00nbHU-
11a CKOpPOH MeAnIMHCKOH momouy B cBs3u ¢ [IITIOBK. Jlannoe
HCCIIEIOBaHNE YTBEPXKACHO DTHueckuM komuretoMm 'Y «UH-
ctutyT reponTonoruu um. . d. Yedborapesa HAMH Ykpaunsi»
(29.01.2015, mporoxon Nel).

© GMN

Wudopmanus o nemorpaduueckix XapakTepUCTHKaxX 00Jib-
HbIX, CONYTCTBYIOIICH MaTOJOTHHM, JOKAIU3ALMHU HEepeoMa U
0COOEHHOCTSX €ro JICYEHHs POaHATU3UPOBAHA C UCIOIb30Ba-
HUEeM UcTOopHH Oone3Hu. JlaHHbIE O KU3HEHHOM MCXOAE coOu-
panuch Tprkabl — B 2015, 2016 u 2017 rr. mocpencTBoM Tene-
(hOHHOTO KOHTaKTa ¢ OOJIBHBIMU MJIM UX POJICTBEHHUKamMu. [1pu
yTepe CBs3U C MAlEHTaMH B CIIy4ae HX CMEPTH MU OTCYTCTBUS
KOHTAKTa C POACTBEHHUKAMH — 110 JaHHBIM «JIbBOBCKOTO ropoji-
CKOTO OT/IeNIa rOCY/IaPCTBEHHOH PEruCTpalMy aKTOB IPaxJaH-
CKOTO COCTOSIHHS) C 3alIPOCOM O JIaT€ CMEPTH IallleHTa.

B uccnenoBanue BKIJIIOUEHBI MAIMEHTHI B Bo3pacte 50 et u
crapiue (cpeanuil Bospact 74,5 [64,7-80,8] ner), koTopblie mo-
ayamn tpaBmy ¢ IIITOBK B GbiTy (mepBHYHasi rocrnuTain3a-
nust). KputepusamMu MCKIIFOYCHUS! IBUJINCH TPaBMbl BCIICACTBHE
JIOPO’KHO-TPAHCIOPTHBIX ~ MPOUCIIECTBUI, IaTOJIOIMYECKUE
ITITOBK Ha ¢oHe OHKOIOrHYEeCKOil maToyioruu U Oosee MoJo-
10#t Bo3pact 6onbHbIX (MeHee 50 ner).

B mocrnenyromiemM aHajau3 MPOBOAMIN Kak B oOIIei rpyre,
TaK ¥ B OTAEJIBHBIX BO3pacTHBIX noarpymnmax (50-59, 60-69, 70-
79 1 80-89 51eT) B 3aBUCUMOCTH OT 10J1a OOJIBHBIX, JIOKATH3AIHH
HepesioMa U TAKTHKHU JICUCHHS.

CrarHcTHYecKyl0 00pabOTKy MOJTyYeHHBIX PE3y/IbTaToB
NPOBOAMIIN C HCIIOJb30BaHHEM Hporpammbl «Statistica 10.0».
ITpoBepka BHIOOPKM Ha COOTBETCTBHE 3aKOHY HOPMaJIbHOTO
pacnpenesenus ¢ nomolinsio Shapiro-Wilk W-tecra npogemon-
CTpUpOBAJIa XapaKTep pacrpeeseHus noKasaresieil, oyao-
IIMHCS OT HOPMAJILHOTO, B CBSI3M C YeM PE3y/IbTaThl IPEACTaB-
JSIM B BUJE MEJMaHbl U HI)KHErO U BepXHero keapruiei (Me
[25Q-75Q]). CpaBHeHue nokasareneil 1ByX HE3aBUCHMBIX BbI-
6opok mpoBoaMiIK ¢ Kcnonb3oBanneM Mann-Whitney U-tecra,
OLICHKY Pa3/IMyMsl YacTOT B JIByX HE3aBHCHMbIX BBIOOpKaxX — ¢
roMmomipio ¥* Kputepust. [lokasaTenu 1eTalIbHOCTH PaCCUUTHIBA-
JM COIIACHO CTaHAapTHOH (opmysie (OTHOLICHHE Yucia ymMep-
mmx ¢ IIITOBK 3a onpenenéHublil mepruox BpeMeHH K o0eMy
yuciy sl ¢ [IITOBK). BepkuBaeMocTh NallMEHTOB OLICHUBAIN
¢ nomoplo ananusa Karnana-Metiepa, cpaBHeHHE JBYX TPYIII - C
ucnonb3oBanueM Gehan’s Wilcoxon tecra. Pasinnuns nokasare-
neit cuuranu goctoBepHbIME Ipu p<0,05.

Pesynbrarsl u obcy:xaenne. Cpeny 00CIEI0BaHHbBIX JKEH-
MUHBI cocTaBUAn 64%, MyxuuHbsl - 36%, cpenHuii Bo3pact
MYXYHH OBUI JOCTOBEPHO MeEHbIIE (MYX4YHHBI — 66,7 [57,4-
78,4] ner, xxenmmnsl — 77,7 [68,1-81,9] net, Z=4,7; p<0,0001).

Cpennwuii mepuon HabmoaeHuUs 3a 60IBHBIMU cocTaBmi 121,3
[30,6-143,9] mec. (143,4[133,4-150,0] mec. 1151 BEDKUBIIMX I1a-
uuenToB u 49,4 [10,2-120,3] mec. - A yMepIINX).

BospactHoe pacmpeneneHue 00CIEZOBaHHBIX B 0OIIei
ctpykrype nauueHtos ¢ IIIIOBK nmponemonctpuposaio 60sb-
IIYIO JIOJO MOJIOIBIX JIMI[ CPEIH MY)KUMH M JIMI] CTApIINX BO3-
PACTHBIX IPYIII CPEH KEHIIUH, YTO HOATBEPHKIACT CYLIECTBY-
IOLIMe JaHHbIe 0 Bo3pacTHBIX ocobeHHocTax [IITOBK [15,17].
Myxunnsl B Bo3pacte 50-59 ner cocramim 32,9%, 60-69 ner
—31,7%, 70-79 nert - 17,1%, 80-89 net — 18,3%. CooTBeTCTBY-
IOLIME MTOKA3aTeH Y JKeHIUH cocTaBuiu 6,8%, 22,6%; 32,9%
u 37,7%. Y MyX4MH, KaK U y KEHIIHH, CTAPLINX BO3PACTHBIX
TPy OTMEYeHa JOCTOBepHO Ooubmias yacrora (p<0,05) xo-
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MOPOUIHBIX COCTOSSHMH B CPaBHEHHHU C IPYIION Oosee MoJo-
JbIX nanueHToB (50-69 ser).

Amnanns noxanuzanuu [IITOBK y My>X4nH 1 >KeHIIUH BBISBUII
HEKOTOpble 0COOCHHOCTHU: Y XEHIIUH Hauboee 4acTo mnepeso-
MbI 6I>IJ'[I/I BHyTpHCyCTaBHbIMH U JIOKQJIM3UPOBAJIIMCH B IECYHOM
otzaene (54,1%), B MeHbILIEH CTEIIEHU — BHECYCTaBHBIMU (Upe3-
BepTenbHbIe - 39,7% 1 noxsepTesnbHbIe - 6,2%). Y MyX4uH 1e-
€YHBIC U YPE3BEPTEILHBIE NIEPEIOMBI PErUCTPUPOBAINCH TPU-
Onu3uTeNbHO onuHaKkoBo - 40,2% u 47,6%, COOTBETCTBEHHO.
HawuOornee penkoii sokanu3anyeit y *eHIINH ObUIN TOBEPTEIb-
Hble nepesomsl (12,2%), uto comnacyercs ¢ JaHHBIMU APYIUX
uccienosareneit [12].

AHaHI/I3 TAKTUKH BCIACHUS IMAlMEHTOB IIOKa3aj, 4TO OIi€pa-
TUBHBIC METOABI JICUCHHMS MCIOJIB30BaHbl y 53,6% MyX4nH
(50% metamnoocreocunTe3 U 3,6% 3HAONPOTE3UPOBAHHUE Ta-
300eapenHoro cycraea) Uy 58,5% sxentun (53,7% meranio-
ocreocuHTe3 U 4,8% SHIONPOTE3UPOBAHUE Ta300€APCHHOIO
cycraBa). Huskuil ypoBeHb onepaTHMBHON aKTHBHOCTH y IallU-
€HTOB, TOCIUTAIM3UPOBAHHBIX B niepuoxa 2005-2007 rr., B OT-
JINYUE OT MOKa3aTesei, 3aperuCTPUPOBAHHBIX B TAHHOM JieueO-
HoM yupexzaenuu B 2018-2019 rr. (62,4% y mysxuus u 69,5% y
JKEHIIMH ), 0O4EBUJIHO, CBsI3aH ¢ OOJiee HU3KUM ITOKa3aTesieM BHe-
JAPCHU oni€palun SHAONPOTE3NPOBAHUA B NMPECABIAYIIIUE I'OAbI,
OTCyTCTBI/IeM Ha TOT MOMCHT FOCleapCTBeHHbIX nporpamm 1oa-
nepxku 6onpHBIX ¢ TTTTOBK.

CpenHuil mokaszaresb MpOIOJHKUTEIBHOCTH TOCIUTAIN3AUN
JIOCTOBEPHO HE OTIIMYAJICS B 3aBUCHMOCTH OT I10J1a U COCTaBHII
25,5 [12,5-43,0] nueit (s myxuuH — 24,5 [14-39] nueit u 27,0
[12-48] nHei amst *KEHIIUH).

CpenHuil BO3pacT MpH MOCTYIUICHUU IS BBDKUBIIUX OBLI
JIOCTOBEPHO MEHBILIE B CPAaBHEHUH C IOKA3aTeJeM YMEpIIHX
K KOHILly uccienosanus (67,9 [60-76,8] ner u 77,9 [67,4-82,7]
neT, cootBeTcTBeHHO; Z=4,4; p<0,0001). Cpeanuii Bo3pact Ha
MOMEHT cMepTH Juid ymepuux (81,2 [72,2-85,1] ner) He omiu-
qaJICd OT TaAKOBOI'O BBIXKMBIIIMX HA MOMCHT OKOHYAHMUSI UCCIICI0-
BaHus (79,2 [72,8-89,4] ner).

AHann3 1nokasateneil O0JbHBIX B 3aBUCHMOCTH OT T10Ji1a BBI-
SBIJI, YTO CPEAN YMEPLINX CPEAHUI BO3pAcT HA MOMEHT CMEPTH
cocrasmi 81,2 [72,2-85,1] et 1 ObUIT JOCTOBEPHO BBILIE Y HKEH-
muH (82,0 [72,9-86,8]) B cpaBHEHUH ¢ MyxunHamu (76,8 [66,3-
84,8] net; Z=2,0; p=0,04). Cpenuuii BO3pacT BBDKUBILIMX Ha MO-
MEHT 3aBEpLICHUsI UcclieoBaHus coctaBui 79,2 [72,8-89,4] ner
1 OB I0CTOBEPHO BbIILIE Y XKeHIuH (84,5 [76,9-91,3]) B cpas-
HeHuu ¢ My>xunHamu (72,8 [67,7-80,1] net; Z=3,8; p<0,0001).

[Toxazarenu rocuTaabHOM JETAIBHOCTH OTINYAIOTCS B pas-
JIMYHBIX HCCJIICAOBAHUAX, YTO, 110 Bcei«i BEPOATHOCTH, CBA3aHO
C TaKTI/IKOf/JI BCACHUA 60J'[l)HbIX, COl'lyTCTBy}OI_LlI/IMI/I OCJIO’)KHCHU-
My 1 1pyrumu Gakropamu. Tak, B uccnenosannu R. Civinini
[5] mokazarenu OOMBHUYHOMN JeTadbHOCTH cocTaBwin 2,4%,
cormacHo M. Gurger [6] — 11%. B uccnenoBanun yKpanHCKUX
aBTOPOB, AHAIU3HMPYIOLIMX IOKA3aTeNIN TOCIUTAIBHON CMepT-
noctu ot ITITOBK 3a 2011-2018 rr., nokasarens Kojedayics B
npeznenax ot 5,5 10 22% B 3aBUCUMOCTH OT rojia HaOJIIOACHUS
[1]. B nanHOM nccnenoBanuu 2,6% NaueHTOB CPEAU YMEPILUX
ymMmepio B TedeHue 30 qHeH, Ipu 3ToM nokasaTenb 30-aHeBHOH
JIeTanbHOCTH cocTaBmi 1,3%.

Hawu6onbmme nokasarenu neransHoctu nocne [NITOBK peru-
CTPHUPYIOTCSI B TEYESHHE IIEPBOTO TO/1a MOCIIE MepeioMa, 0COOeH-
HO B IIEpBbIE 6 MEC., OJHAKO BapbUPYIOT B IMIMPOKUX Hpeenax:
B uccaenosanuu R. Civinini [5] mokasarenu JeTaqbHOCTH CITy-
cts rox nociie ITITOBK cocrapum 18,7%, B uccinenoBanuu M.
Gurger [6] —22%, 1.S. Cenzer [4] — 27%, a y O. Guzon-Illescas
[7] — 33%. B npoBeneHHOM paHee MCCIICAOBAHUM YKPAMHCKUX
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ABTOPOB [2], KOTOpBIE MIPOAHATU3UPOBAIIN [10KA3ATEIIH JI€Tallb-
Hocty y nanueHToB nocie [IIIOBK B Teuenue oxHoro ronaa,
HPOIEMOHCTPHPOBAHO, YTO HAMOOJbBILINE [TOKA3ATENH JIETallb-
HOCTH OTMEYAJINCh B TEUCHHUE MEPBBIX 6 MeC. MOCIIe Iepesioma;
rokasaresu |-jgeTHeit geranbHocTr coctaBuin 18,5%. [1o nan-
HBIM MHOT'UX HccinenoBareneit [2,4,7,11,13], Bozpact, My>XcKoit
I10JI 1 HAJIM4YHe COl'[yTCTBy}OLI.lei’I IaToOJIOTUU SABJIIAKOTCA OTpULa-
TCJIIbHBIMHA d)aKTOpaMI/I, BJIMSIOIIMMHA Ha IMOKA3aTCJIN JICTAJIbHO-
ctu nocie [TITOBK. Apropsr [6,11] oTMeuaroT 3HaUNMYIO POJIb
CBOCBPEMCHHOCTH OIICPAaTUBHOI'O BMELIATECILCTBA y 6OJ'll>Hle C
TITTOBK, a Takxe HajnM4Yue MOCICONePAIMOHHBIX OCIOKHEHUH.

ITo naHHBIM HACTOSILErO KCCJIEAOBAaHMsS, B TEUCHHE 6 Mec.
nocie nepenoma ymepno 23,3% nanuenToB, cnycta 12 mec. —
36,2%. CoOTBETCTBYIOLIME TIOKA3aTeJIN JICTaJbHOCTH COCTABU-
mm 11,8% u 18,4%.

B mpoektre CHANCES (The Consortium on Health and
Ageing: Network of Cohorts in Europe and United States) [8]
¢ yuactuem Oosee yem 120 Thicsy sui u3 8 xoropt EBporsr u
AMepHKH U3yUeHBI [10KA3aTelH JICTAIbHOCTH, B CPEIHEM, CITy-
cts 12,6 ner nocne INIIOBK. Apropamu nokasano, uro ITTIOBK
CBA3AaH C IOBBILICHUEM YPOBHSA O6Hleﬁ JICTAJIBHOCTHU B TCUYCHUC
yKa3aHHOTO nepuoja BpeMenu (oTHoweHue puckos (HR)=2,12;
95% nosepurensublii uaTepBan (1) =1,76-2,57) u Obu1 He-
ckosibko Bbime y myxuuH (HR=2,39; 95% [111=1,72-3,31) B
cpaBaenuu ¢ xxenmmuamu (HR=1,92; 95% JIN=1,54-2,39) Ge3
JIOCTOBEPHBIX Pa3Inuuii Mex 1y rpynnamu. [lokazarenu setab-
HOCTH OBUIM BBIIIE B TEUEHHE IEPBOrO rojia I0Cie repenoma
(HR=2,78; 95% J11=2,12-3,64) u ocraBajiuch MOBBIIICHHbIMU
B JlaNibHEHIIIEM O3 3HAYMTENIbHBIX KOJICOaHUi B TeueHue Ooiee
JUIUTenbHOTO nepuoaa Haobmonenus (HR=1,89; 95% 1N=1,50-
2,37 cuycrs 1-4 roga; HR=2,15; (95 % AU: 1,81-2,55) yepes
4-8 ner u HR=1,79; 95% JA1=1,57-2,05 cnycta 8 u 6onee et
UCCIICOBAHMS).

HccnenoBanue ¢ UCIIONB30BaHUEM JIAHHBIX IIBEACKOTO PEru-
ctpa (1013 nanuenTos ¢ [IITOBK 2026 snur rpynis! cpaBHEHUS,
HAXOJMBILKXCS 1oJ] HaOmoneHueM B Tedenue 22 ser) [18] npo-
JIEMOHCTPUPOBAJIO, YTO Y MYXKYMH U JKCHIIUH Pa3IMYHOIO BO3-
pacra ¢ IIIIOBK nokasarenu jieTaJbHOCTH JOCTOBEPHO BBILLIE B
CPaBHEHUU C [IOKa3aTesIMU JIUL Oe3 mepesioMoB. Puck cMeptu
(risk ratio, RR) B Teuenue Bcero mnepuoza HaOIIOACHUS COCTa-
B y keHuwmH 1,8 (95% JAM=1,6-2,0), y myxxuun — RR=2,7
(95% J1=2,1-3,3). [lanHblil noka3arenb ymeHbluancs ¢ 4,6
(95% JU: 3,5-6,1) uepe3 rox nocie nepesoma 1o 2,2 (95% JAU:
1,9-2,5) wepes 5 net u go 1,9 (95% AN: 1,7-2,1) uepes 15 ner
nocine IITIOBK. CooTBercTBytomue mokasarenu y My»K4nuH CO-
crasuiu 5,7 (95% JU: 3,7-8.,9), 3,1 (95 % AU: 2,4-4,1) n 2,8
(95% aU: 2,2-3.5).

B npoBoauMoOM HcciieIOBaHUU B TEUEHHE S JIET OT MOMEHTA
nepesioma ymepino 73,0%, a uepes 10 et — 95,7% nanueHToB.
COOTBETCTBYIOLLHE IOKA3aTEIIN JETAIbHOCTH cocTaBmiu 36,8%
u 48,2%, 4TO NOATBEPXKIAET PE3yIbTaThl IPyTrUX paHee MpoBe-
JIEHHBIX HCCJIEIOBAHMIA.

Ha momeHT oxoHuaHusi mccienoBanusi ymepno 64,5% mna-
LIUEHTOB (MYyK4UHbBI — 64,6%, xeHIuHb! 64,4%). [lokazarenu
JIeTaJbHOCTU CPEIU MY)KUYUMH B Bo3pacTHOH rpymme 50-59 ner
cocraBuiu 51,9%, 60-69 ner — 57,7%, 70-79 ner — 64,3% u
80-89 ner — 100,0%. CooTBETCTBYIOLIME TOKA3ATENH Y )KCHILIH
cocrasuin 40,0%, 48,5%, 65,3% u 77,8%. Ilokasarenu ne-
TAJIBHOCTHU HE OTIINYAJINCH y My)K'-[I/lH U JKCHIIUH B BO3PACTHBIX
rpynnax 50-79 ner u nuus B rpymnne 80-89 et 6butn [OCTOBEP-
HO BbIIIC Y My)uuH (}*=4,0; p=0,045).

B panee npoBeieHHBIX UCCIEIOBAHUAX YKPAUHCKUX aBTOPOB
[3] mponeMOHCTPUPOBAHO, YTO IMOKA3aTEIH JICTAJIbHOCTH IIO-
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cie [IITOBK omnuyaroTcst B 3aBUCUMOCTH OT BHUJA IIEpesioMa U
meroza jederusi. Cpean ymepinx 26,4% ObUTH € Ype3BepTelib-
HBIMU U TIO/IBEPTEILHBIMU TepesioMamMu, 73,6 - ¢ mepenoMaMu
ek OeapenHoit koctu [3]. B HameM uccienoBaHuu J1OCTO-
BEPHBIX pa3IM4Ui [TOKa3aTesIel JeTalbHOCTH B 3aBUCUMOCTH OT
JIOKAJIM3aLUH [IepeJIoMa He MOJYyUYEHO.

Amnanu3 nokasareneil BBDKMBaeMOCTH C IOMOIbIo Tecta Ka-
wiana-Meitepa 6ombubIXx ¢ [ITIOBK mpexacraBnen Ha puc. 1.
Paznnuunii BBDKMBaEMOCTH B 3aBUCHMOCTH OT T10JIa, BUJA TIepe-
JIOMOB ¥ METOJIOB KOHCEPBATHBHOTI'O JICUEHHSI I0CTOBEPHBIX Pa3-
J'll/l'-ll/lﬁ MEXOAY r‘pyrmaMM 3a UCKJIFOYCHHUECM MAIlMCHTOB MOJIOXKEC
u crapire 70 ger (p = 0,004 cornacuo tecty Gehan’s Wilcoxon,
puc. 2) He BBIABICHO.
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NPOKCUMANBHO20 0moena 6e0peHHOl Kocmu

BriBoabl. [lonrocpouHoe wu3yuyeHue IoOKa3aTelel JeTalib-
Hoctu y nanuentoB ¢ [IITOBK BeissBUII0, YTO MoOKa3areau ro-
CIIUTAJIBHOM JieTajdbHOCTH cocTaBuiu 1,3%, 6-mecsyHoH, 1-,
5- u 10-nmetneit neransuoctH, 11,8%, 18,4%, 36,8% u 48,2%,
COOTBETCTBEHHO. [loKa3zarenu JIeTalbHOCTH y MYXKUYUH BBIILIE B
CpPaBHEHMH C MOKA3ATEISIMU )KCHIIMH JIIIb B BO3PACTHOW IPyII-
ne 80-89 JieT, pHu 3TOM JOCTOBEPHBIX OTIIMYU JIETAIBHOCTH B
3aBUCHUMOCTH OT BMJa IEPEIOMOB He BbIsiBiICHO. [lokazarenu
BBDKHMBAaEMOCTH HE OTJIMYAJIUCh B 3aBUCUMOCTH OT I10JIa, BUA

© GMN

nepesnoma u 661t goctoBepHo Bhie (p=0,004) B rpymie 60i1b-
HbIX crapiie 70 JIeT B cpaBHEHHHU ¢ 00JIe€ MOJIOABIMU MAIMCH-
TaMHU.
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SUMMARY

10-YEAR MORTALITY IN PATIENTS AFTER HIP
FRACTURES

1Zubach O., *Grygorieva N., *Povoroznyuk V.

!Community non-profit enterprise “Clinical Hospital of Emer-

gency Medical Care”, Lviv, ’SI “D. F. Chebotarev Institute of
Gerontology of the National Academy of Medical Sciences of

Ukraine”, Kiev, Ukraine

The aim is to study the indexes of short- and long-term mor-
tality in patients after hip fractures (HF).

In a retrospective study, the data of 146 women and 82 men
with HF aged 50 years and older (mean age (Me [25Q-75Q]):
74.5 [64.7-80.8] years old) hospitalized in 2005-2007 were ana-
lyzed. Life outcome data were collected three times (in 2015,
2016 and 2017) by the researcher by telephone contact with pa-
tients or their relatives. The analysis was carried out depending
on age, gender, type of fracture, the presence of concomitant
diseases. The average follow-up period was 121.3 [30.6-143.9]
months (143.4 [133.4-150.0] months for surviving patients and
49.4 [10.2-120.3] months for deceased). Women accounted for
64 % of all subjects with HF and were significantly older than
men. The average age at the time of death for the deceased (81.2
[72.2-85.1] years) was significantly higher in women (82.0
[72.9-86.8]) compared with men (76, 8 [66.3-84.8] years; Z=2.0;
p=0.04), although it did not differ from the indexes of survivors
at the end of the study (79.2 [72.8-89.4] years). Hospital mor-
tality rates were 1.3%, 6-month, 1-, 5- and 10-year mortality,
respectively — 11.8%, 18.4%, 36.8 \% and 48.2%. Mortality rate
was higher in men only in the age group of 80-89 years, while
there were no significant differences in mortality depending on
the type of fracture. Survival rates did not differ depending on
gender, type of fracture, and were significantly higher (p=0.004)
in the patients older than 70 years compared with younger pa-
tients.

Keywords: hip fractures; short-term mortality; long-term
mortality.
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PE3IOME

10-JIETHSISI JIETAJIBHOCTb Y HAIIMEHTOB MOCJIE
NEPEJIOMOB ITPOKCUMAJIBHOI'O OTIEJA BE-
JTPEHHOM KOCTH

3y6au O.B., I'puropsesa H.B., 2[ToBopo3uiok B.B.

!Kommynanonoe nekommepueckoe npeonpusmue « Knunuueckas
bonbHUYA CKOPOU MeOUYUHCKOU nomowuy, JIbeos; IV «Hn-
cmumym eeponmonoauu um. /[.@. Yebomapesea HAMH Yxpa-
unvly, Kues, Yxpauna

Llenb uccneoBaHus — U3YyYHTb ITOKA3aTENN KPaTKo- U JIOJITO-
CPOYHOH JIETAJIbHOCTH Yy TAIIUEHTOB TIOCIIE MEPETOMOB MPOKCH-
MaJIbHOTO OT/Iea OeAPEHHOH KOCTH.

B perpocrneKTHBHOM HCCIIEOBAHUH MPOAHATH3UPOBAHEI
naHHbIe 146 sxeHIIMH U 82 MyX4uH B Bo3pacte 50 neT u crap-
me, cpeaHuit Bo3pact - Me [25Q-75Q]:74,5[64,7-80,8] ner,
rociutanu3upoBaHHbIX B 2005-2007 TT. B CBSA3H C IEPETOMOM
npokcuMansHoro otnena oenpennoit koctu (IIIIOBK). [lan-
HBIE 0 )KHU3HEHHOM HCX0jie coOupanuch Tprkiasl - 2015, 2016
u 2017 rT., mocpeacTBOM TesleOHHOTO KOHTAKTa ¢ OOIBHBI-
MH WIH MX POJACTBEHHHKAaMH. AHAJIN3 MPOBEACH C YYETOM
BO3pacTa, MmoJja, BUJA MepesioMa, HAJIUYUS COIMYTCTBYIOIICH
natonoruu. CpenHuil nepuoa HaOMroAeHS 32 OOTBHBIMH CO-
crasuin 121,3 [30,6-143,9] mec. (143,4 [133,4-150,0] mec.
JUIS BBDKMBIIMX manueHToB u 49,4 [10,2-120,3] mec. st
ymepmux). JXKeHmuHb! cocTaBuian 64% OT BCeX MAIEHTOB
¢ [ITIOBK u 06U moctoBepHO crapmie Myx)4dnH. CpenHuit
BO3pAcT Ha MOMEHT cMepTH coctaBun 81,2 [72,2-85,1] net u
OBLT TOCTOBEPHO BHIIIE y xeHINH (82,0 [72,9-86,8]) B cpas-
HeHuU ¢ Myx4dnHamu (76,8 [66,3-84,8] net; Z=2,0; p=0,04),
OJIHAKO HE OTJIIMYAJICS OT MMOKa3aTelsl BBUKUBIIMX HA MOMEHT
okoHuanus ucciuenoBanus (79,2 [72,8-89,4] ner). Ilokaza-
TEJM TOCHHUTAIBHON JIeTalbHOCTH cocTaBumu 1,3%, 6-me-
csauHoM, 1-, 5- m 10-nerueit neranpuoctu — 11,8%, 18,4%,
36,8% u 48,2%, cOOTBETCTBEHHO. Y MYXYHH B BO3PAaCTHOM
rpynne 80-89 nmeT mokaszarenu JIeTadIbHOCTH OBLIH BBIIIE; 10-
CTOBEPHBIX OTIMYHH B JETATBHOCTH B 3aBUCUMOCTH OT BHJA
MepesIoMOB He BbIsBIICHO. [Toka3arenn BbKHBAEMOCTH HE 3a-
BHCEJIH OT II0JIa M BUJIA TIEPEeJIoMa U ObLIH JOCTOBEPHO BBILIE
(p=0,004) B rpymme 601apHBIX cTapiie 70 neT.
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The stuttering represents the speech disorder caused by invol-
untary spasmodic contractions of articulation muscles, primar-
ily of the vocal cord and the mouth upper lip. Due to uncon-
scious twitches of the voice producing muscles, pronunciations
of separate speech constituents under stuttering are delayed and
disturbed, while of others are on the contrary hastened, but are
disorders also. Throughout the total world population the stut-
tering rate in children approximates 10%, while 4% among pre-
serves the complaint in adulthoods also [5]. According to the
more contemporary statistics, about 1% of the general world
population, mostly of children and adolescents, suffers from the
stuttering [4], while 0.8% and 0.2% from are males and females,
respectively [12]. 55 million subjects stutter worldwide in sum
[2]. Professionally speaking, the stuttering is a symptom, but not
a disease, although the term stuttering usually refers to both the
symptom and the illness [2].

As stated by the American Speech-Language-Hearing Associ-
ation [19], the major stuttering signs are as follow: (a) Adding up
to the speech materials the sounds or words, labeled as interjec-
tions; (b) Repetition of word parts; (c) Repetition of one-syllable
words; (d) Speech locks or stops; (e) Prolonged sounds; (f) Rep-
etition of words; (g) Repetition of phrases; (h) Changes of words
in sentences, labeled as revisions; (i) Uncompleted thoughts.
The stuttering may be accompanied by other hints also, e.g. by
the head nodding and the eye blinking. Being stutterer excited
or feeling rushed, vocal muscle frustrations and/or tensions can
exaggerate the speech hindrances further.

Rather similar set of guidelines were offered regarding the
stuttering symptoms by the German Association of Otorhino-
laryngology, Head and Neck Surgery [12]: (a) Repletion of
sounds, syllables, one-syllable words; (b) Pauses between syl-
lables within the words; (c) Lengthening of sounds; (d) Audible/
inaudible speech blocks; (e¢) Repetition of words and/or phrases;
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(f) Uncompleted words; (g) Pauses in speech courses filled by
extra-sounds or mutes; (h) Revision of words and/or utterances.

By the same German Association group [12] the stuttering
escorted symptoms and psychological reactions to are outlined
as follow: (a) Physical tensions; (b) Speech supplemented res-
piration changes; (c) Physical concomitants; (d) Speaking mode
changes; () Speech avoidance efforts: preventive paraphrasing,
rephrasing, attempts to substitute the feared words; (f) Inser-
tion of sounds/syllables; (g) Insertion of words and phrases; (h)
Conspicuous changes in communications; (i) Uncompleted sen-
tences, repeated phrases, stop-and-go trials (recoil); (j) Avoid-
ance of particular situations; (k) Fear, embarrassment, shame;
(1) Vegetative reactions.

By the German Otorhinolaryngology, Head and Neck Surgery
Association gathering [12] the stuttering covert symptoms are
summarized into three points: (a) Avoidance of peculiar situa-
tions; (b) Emotional reactions and psychosocial stresses; (c)
Cognitive reactions.

The etiology of the stuttering seems not completely clear till
now [4]. The most of the stuttering signs are displayed up to the
age of five years with about equal illness rates in both genders
[20]. Recovery from the ailment is nevertheless about four times
less in boys than in girls, that being attributed to the higher de-
gree of language hemisphere lateralization in males vs. females
[2]. The stuttering initiation is provided by the inner and/or the
outer factors [1, 5]. The principal ailment determinants in chil-
dren are [11]: (a) Genetic cues, when mother or father suffers or
suffered earlier from the stuttering; (b) Complicated pregnancy
and/or delivery that can affect the child’s nervous system and
can disturb its steadiness to the outer influencing agents; (c) Fre-
quent and/or complicated somatic disorders in early childhood,
which can exert exhausting effects upon the nervous system
and can deteriorate the latter’s stability to the irritants around;
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(d) The deviant functioning of the nervous system that can pro-
long and disturb the phrase completion span and can retard
consequently the speech formation process; (e) Regular sup-
ply of the child by parents and/or other social encirclement
persons with complicated speech material that being hard to
process, in general, for children of early ages, in particular;
(f) The tense and conflicting family situations. The stuttering
in adults can be associated with a substantial psychological
morbidity including the low quality of life and the dropped
social activity [13], although there were many stutterers, e.g.
Winston Churchill and Charles Darwin, who became famous,
despite the early-aged serious stuttering.

Developmental and acquired, by other terminology idiopathic
and neurogenic stuttering types are differentiated [2]. The devel-
opmental stuttering involves mostly the children of 2-5 years
of age without any apparent brain impairment or other known
causes, while the acquired stuttering follows the definable
brain damage, e.g. the stroke, intracerebral hemorrhage, head
trauma [2, 16]. More than 5% of adult subjects exhibit after
the stroke the neurogenic stuttering, while in about 3% the
speech disorder persists during more than six months [16].
In rare cases the acquired psychogenic stuttering is initiated
by the psycho-trauma or psychological illness [12]. The de-
velopmental stuttering, as compared with the acquired one,
is particularly prominent at starting parts of words or phrases
as well as with respect to extended words. Nonetheless, the
distinctions between either stuttering types are not always
simple, as far as they use to overlap each other [2].

The distorted basal ganglion activity in stutterers’ brain and
normalization of the shifts after the successive treatment were
verified in previous studies [8, 18]. The hyperactivity of the lat-
eral premotor cortex [3] and of the cerebellum [6] was also de-
tected. The right hemisphere was additionally proved to be more
excitable in stutterers than in healthy individuals [2]. It has been
furthermore noted that the stuttering underlining mechanisms
dominantly cover the temporal and frontal speech-language
hemisphere centers as well as the motor and association premo-
tor regions [2].

The listed as well as other similar factors can influence the
child’s nervous system and can intensify its reactivity to the
outward signals. As a result, even scant irritant may become
capable to create the neurotic disorders, generally, the stutter-
ing, particularly. The stuttering prevention is more available be-
fore its setting up, while the problem negligence just during the
pathology initiation phase can lead to more serious and steady
disturbances [11].

Generating and supporting items of the stuttering are numer-
ous. The irritants producing sensitive fears appear dominating
among. The degree of the fear and the functional state of accept-
ing nervous system are both involved in stuttering extent gra-
dation. Under sensitive psychological background, the disorder
can be initiated by the thunderstorm, heavy knocking on a door,
loud shouting, a dog barking, to be lonely in a dark room [17].
Due to the indefinite reasons, the stuttering can arise instanta-
neously even.

Excitation and inhibition, two principal constituents of the
nervous functioning are regularly substituting each other. The
replacements accompany the speech processes also. When af-
fected by the strong irritants, the neural reactions to are intensi-
fied that can violate the excitation/inhibition ratio, while just the
stuttering may be the outcome of disproportions followed [14].
The respective case can be recalled from the own practice. The
children in a group manner were returning from the school. The
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barking dog started suddenly to succeed them in an aggressive
manner. All children were more or less frightened and began to
run. Afterwards one from started to exhibit the stuttering. When
inquiring the parents, it was ascertained that the specific emo-
tional predisposing factor had already affected this child previ-
ously. Due to this reason, just he appeared to possess the height-
ened risk for the stuttering origin.

The imbalance in coupled excitation/inhibition ratios can de-
grade the nervous functioning. It can particularly happen when
the subject tries to suppress something in own feelings and to
hide the restraints from others. A relevant example from the pri-
vate practice is presented beneath. The little boy had no positive
respects to the stepfather and avoided any contacts with him.
However he tried to hide his negative attitudes from surround-
ings as far as had the sense that the denying outlooks hurt his
mother emotionally. Due to perpetual accumulation of negative
emotions and hindrances in their expression, the stuttering was
developed in this child later, at the age of ten years.

The psycho-disturbances can lead to the neurotic state that
can per se initiate the stuttering. The respective example may be
reminisced from the private practice also. The mother wanted
to lay the child for a sleep in a bed, while the grandmother in-
sisted to take him outside for the pre-sleep walk. The child was
confused in decision: to the mother or the grandmother has he to
obey. The stuttering followed to his stressful state.

Another occasion can be recalled from the own experience.
The child was left-handed, while the parents insisted to correct
his faulty likely habit. Correspondingly, they forced him in im-
pelling situations instead of the favored left hand to utilize the
less dominating in this concrete case right one. In right-handed
majorities the left hemisphere, while in left-handed minorities
the right hemisphere is prevailed, with respect to the speech
function particularly. When the left-handed person is appealed
to use the non-preferred right hand instead of the favored left
one, he is forced to affect the dominance of the right hemisphere
speech function and to realize the relevant duties through the
leader participation of the left hemisphere, that being less adapt-
ed for speech just in left-handed individuals. Under such pecu-
liar stressful situations dyslexia and dysgraphia may be created
in some left-handed, i.e. right-hemisphere dominant individuals,
while the stuttering can occur in others. Just stuttering was fol-
lowed to the outward situation in the commented case.

The peculiar stuttering type has an imitative character. Some
emotional children mostly unconsciously mimic the stutterers
around. If the child’s parents are not disorder-carrying individu-
als, hereditary and imitative stuttering variances are not easy to
distinguish.

Genuine and provocative stuttering types are also hard to dis-
cern, while in some individuals delimitation is impossible even.
These two stuttering variances are usually interrelated, the dom-
inating effect of any one against another being better manifested
at initial pathology stage mostly.

The stuttering covers physical and psychological symptoms
[17]. The physical set includes the contractions of speech mus-
cles, i.e. the principal stuttering outlooks. Under contractions,
the muscles exhibit momentary or prolonged convulsive twitch-
es, just to which the weakened and/or delayed and/or suspended
speech is associated. The convulsions may persist tens of sec-
onds, while in severe cases their length can approximate to the
minute span even.

The stuttering associated muscle contractions are of a tonic or
a clonic character. The tonic twitches are more intricate stutter-
ing attributes than the clonic ones. The convulsions of isolated



GEORGIAN MEDICAL NEWS
No I (310) 2021

types happen however rare: mostly they have the tonic-clonic,
i.e. the mixed, but predominantly of the tonic, or the clonic-ton-
ic, i.e. also the mixed, but predominantly of the clonic charac-
ter. Convulsions of both groups involve speech and respiratory
muscles in the main globally. Therefore, they participate in stut-
tering composition mostly in combined manner, while in rare
cases separately also.

Under heightened emotional background, the speech con-
comitant involuntary muscle contractions may concern the non-
speech structures also: head, neck, shoulders, hands, legs, body.
Stuttering associated non-speech muscle contractions are caused
by spreading of excitation from speech muscle hemisphere cen-
ter to the neighbor areas, representing the muscles just of mixed
and/or non-speech natures [17]. The speech concomitant mixed
and/or non-speech muscle contractions further complicate the
stutterer’s state.

Psychological consequences of the stuttering are of an indi-
vidual character. They use to include mental misbalances, nega-
tive emotions, inferiority complex, loneliness feeling, pessimis-
tic mood, and difficulties in contacts with others, including the
family members as well as the créche and/or the kinder-garden
and/or the school mates.

The stuttering symptoms are partly conditioned by altera-
tions of the vegetative nervous system. Under various neural
disorders, including the stuttering, the governed influence of
the hemisphere cortex upon the vegetative nervous system can
weaken, that may be followed by the respective complaints. The
vegetative dysfunctions under stuttering are primarily manifest-
ed in arterial pressure rise and heart rate acceleration as well as
in an excessive sweating. Along with intensification of muscle
convulsions, the vegetative disorders are enhanced and widened
in parallel. By the mechanism of the reversed influence the veg-
etative dysfunction can exaggerate in back the muscle twitches.
The listed stuttering manifestations occur at starting pathology
phases already. Just they have to judge therefore as the leader
stuttering signs [17].

Along with dysphonia, many stutterers hold logophobia, the
fear to the own speech processing. It can be associated with all
verbal constituents or with particular vowels/consonants in. The
fear to the speech actions usually accompanies the vegetative
disorders. It further complicates the sufferer’s state. In some
stutterers the obsessive ideas are evanescing, while in others
are permanent that tortures the holder’s mood. The stutter-
ing dramatically modifies the child’s temper. Many stutter-
ers avoid speech contacts with others, while some reject the
relationships of any kinds. The stutterer child is mostly an
introvert, plays alone, and violates the contacts with healthy
mates even. The accessary emotions may result in more tense
psychological distresses than the stuttering itself. All related
negative psycho-feelings directly or throughout are neverthe-
less just the stuttering outcome.

According to the disorder manifestations, the stutterers are
divided into three groups [15]. In associates of the first sample
the pathology is exhibited in muscle convulsions solely, while
no evidence of logo-neurosis exists at all. The stutterers of the
second group, besides speech muscle contractions, endure logo-
phobia but of the moderate degree only. The stutterers of the
third species along with muscle convulsions suffer from sharply
expressed obsessive fears. Herewith, they do not believe in heal-
ing chances and are correspondingly pessimistic with respect to
the own ailment future.

Both physical and psychological stuttering symptoms are usu-
ally of long-lasting negative dynamics. The cure manager has
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not to wait however for the pathology endpoint and has to start
an active treatment immediately, up to the accomplishment of
inherent symptoms.

Considering the genuine factors, the stuttering is divided into
the neurotic and the neurotic-like types [10]. The stuttering of
the neurotic type arises on the background of psychological dis-
orders. Before the event manifestations, the involved subjects
are characterized by high sensitivity, while are suffered from
disturbed sleep and appetite lack. In labile neural state per-
sons the stuttering provocative factor can be the faint psycho-
trauma even. The initial ailment signs can be complicated by
additional symptoms, e.g. by phobias and over-pessimistic
estimations of own problems. In most sufferers the stutter-
ing associates are intensified sometimes, while are weakened
afterwards. Such a wavy course is more characteristic for the
neurotic stuttering type.

The neurotic stuttering corresponds to the labeling by mani-
festations only: via the specific diagnostic approaches the
brain lesion is confirmed just in these stuttering type patients
[9]. The pathology essence is also validated by the anamnesis,
particularly by indication on delayed speech commencement
as well as on mother’s toxic pregnancy and/or complicated
delivery. Such children usually begin to speak belatedly, after
the age of three years only.

The coupling of the neurotic stuttering with any definite factor
is mostly difficult and conditional. The pathology has usually
the slow course, while the remissions are not characteristic for
[15]. Due to the organic brain lesions, the neurotic stuttering, as
compared with the non-neurotic one, requires more argent and
more qualified service.

The stuttering demands the team examination and estima-
tion. Speech therapist, audiologist, psychologist, neurologist,
psychiatrist are warranted to take part in an inspection process.
The survey has to start with an anamnesis collection. Informa-
tion has to get on mother’s pregnancy and the delivery course.
It has to ascertain, when the stuttering was initiated and what
could be its reason. Taking into account the generating factor,
it has to decide, whether the stuttering is of the neurotic or the
neurotic-like type. The data have to acquire regarding the child’s
life conditions, routine daily behavior, relations between family
members. The collected details promote the adequate planning
of the pathology cure. When gathering the anamnesis, it has to
learn what kind of treatment has been fulfilled previously and
how successful its results were. The stutterer’s attitude to the
own problems has to establish in parallel. At the next stage, the
sufferer’s speech status is defined and the type of the muscle
spasms is estimated. It is ascertained, whether the unintentional
muscle contractions are associated with a speech and whether
the stutterer is hurt from phobias. Particular attention has to
draw to speech fluency and rhythms. The articulation state has to
determine under loud and expressive readings also. When ana-
lyzing the acquired data, the stutterer’s personal characteristics
have to take into account also. Considering the results of the
global inspection, the adequate habilitation/rehabilitation strat-
egy is delineated.

The stuttering therapy aims to reduce the accompanying dis-
turbances, to cancel the psycho-emotional stresses, to improve
the stutterer’s life quality, to expend the social involvements.

Among stuttering cure methods the composite approach is
validated nowadays. Under the treatment processes, the pathol-
ogy is considered as a compound speech disorder that being re-
lated with stutterer’s nervous functioning, personal features, and
life conditions. Habilitation/rehabilitation procedures include
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the pedagogical and medical means aiming the recovery of the
whole organism, while predominantly of the nervous system.
Psychotherapy, speech therapy, optimization of social environ-
ments, improvement of life conditions are the principal items of
the utilized procedures. Regular psychological impacts are also
required. The stuttering in adults can be associated with substan-
tial psychological morbidity including the low quality of life and
the dropped social activity [13]. Both for stutterer children and
adults the speech therapy appears the recovery mainstay [7, 13].

Affecting on the stutterer’s nervous system is essential within
the general therapy outlooks also. Due to the blockage of as-
sociated neurosis and of vegetative dysfunctions, the stutterer’s
speech status is improved, the inner calmness is strengthened,
and the mood is stabilized. The stutterer begins to believe in
own betterment. The treatment covers either physiotherapeutic
approach and medicament therapy and is managed preferentially
by the neurologist in a close cooperation with the specialists of
relative topics as well as with the stutterer child’s parents.

The peaceful family conditions are saliently important: under
the tense household situations the cure results are delayed, ap-
pear less positive or totally unproductive even. In normalization
of the nervous activity the important targets seem to be the selec-
tion of optimal working and resting balance, quiet night sleep-
ing, systematic walking on a fresh air, and regular involvement
in sports, preferably in their less emotional disciplines, e.g. the
cycle racing, running, swimming. Organization of the child’s
relevant lifestyle without an active participation of parents and
of other family members is difficult or impossible.

The stuttering associated somatic disorders negatively affect
the stutterer’s nervous system that can be followed by the speech
function worsening. Stuttering blockage chances are reduced re-
spectively. Prompt and regular treatment of the stuttering con-
comitant disorders is essential thus, that has been naturally ex-
ecuted by the specialists of the relevant topics.

Psychotherapy aims to alter the stutterer’s attitude to the personal
speech defects, to overcome the inferiority complex, to feel the own
person as a faultless individual. Elimination of psycho-disorders
and of phobias has to succeed primarily. Under reducing or disap-
pearance of the phobias the speech muscle convulsions are gradu-
ally weaken, become rare, or disappear even. Just the blockage of
psychological shifts and the abolishment of phobias are the princi-
pal targets of stuttering treatment efforts utilized.

Psychotherapy of stutterers covers rational/reasonable and in-
spirational/suggestive fields. In explanation/conviction form the
rational approach is focused upon the influence on stutterer’s
mentality. The sufferer is provided by the information on con-
vinced or supposed reasons of the pathology and on planned
treatment procedures. The aimed approaches are explained in
details. The significance of the stutterer’s attitude to the personal
problems as well as of the efforts for beneficial treatment out-
put is emphasized. Psychotherapy intends to influence the stut-
terer’s awareness. Hypnosis is also considered as the substantial
psychology supporting item. The speech therapy is the principal
ingredient of the cure service that is realized by logo-therapist
in a close cooperation with sufferer child’s parents, remainder
family members, and other persons around. Optimization of co-
ordinated functioning of the stutterers’ vocal, articulatory, and
respiratory systems is the primary aim of the speech habilita-
tion/rehabilitation means applied. In speech medication trials
the special attention has to draw to unforced inclusion of voice,
peaceful uttering of words, and proper regulation of breathing.
Under speech education trials the stutterer child is guided to ac-
cept logo-exercises. A healthy speech that is achieved via quali-
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fied approach should be consolidated by regular repetitions. As
a result, the stutterer begins the systematic handling just of the
mastered speech.

The treatment of the stutterer child via phonic exercises has
to start through pronouncing of particular speech materials by
the logo-therapist and the stutterer simultaneously. The imitative
approach is utilized then. The regular rthythmic speech is incul-
cated at last. Weakening, rarefaction, and overcoming of speech
spasms in the process of logo-exercises offer the positive psy-
chological influence on the stutterer and prepare the basement
for further cure achievements. The stutterer should regularly
be involved in loud and expressive readings of particular texts.
The respective procedures can naturally be applied in those
cases only in which the stutterer child is already familiar with
reading experiences. As far as the speech rate and the rhythm
are disturbed primarily under the stuttering, in utilized habili-
tation/rehabilitation procedures particular attention has to draw
to normalization just of logo-rates and logo-rhythms. Successes
achieved in speech exercises have to extend systematically over
everyday life situations.

The selection of an adequate tactic for the stuttering therapy is
especially valid at starting treatment stages. The proper choose of
restore means is particularly important under rapidly and sharply
developed stuttering that being mostly the consequence of psycho-
traumas. In such cases, the speech organ of the stutterer child has
to offer regular relaxation pauses. Consequently, the parents should
be instructed at distinct initial management time spans to ensure the
speech isolation periods of the stutterer child.

Various medicaments are employed for the stuttering treatment.
The ailment was confirmed to be relieved under administration of
neuroletpics, e.g. haloperidol, risperidone, olanzapine [2]. Lid-
combe therapy was proved to have conspicuous effects in preschool
children, while no indication exists until now for any favorable
medication for pupils aged 6-12 years [12]. Rather high stuttering
defeat rates are indicated in modern reviewing essays [20].

The providing of a stutterer child with peaceful social envi-
ronments is particularly essential for the illness conquest. Corre-
spondingly, the speech therapist has to involve in utilized affairs
the sufferer child’s parents as well as other family members.
Regular efforts for establishment of stutterer’s quite life condi-
tions have to continue over all long-lasting treatment period.

A set of habilitation/rehabilitation procedures should be real-
ized in each stutterer. The speech that is acquired under non-
adequate treatment procedures is often forgotten soon. In such
cases, the speech muscle twitches happen to reappear, while un-
der vigorous manifestations even.

The stuttering blockage procedures have to fulfill continu-
ously. The intervals between should be 20-30 days. During the
pauses, the exercises executed by speech therapist have to con-
tinue under home conditions. In such combined situations the
child’s speech happens to restore significantly. Discontinuation
of treatment affairs can result in the stuttering renewal. The evi-
dence does not support the efficacy of pharmacotherapy, rhyth-
mic speaking, breathing regulation, hypnosis as isolated stutter-
ing treatment forms: just the combined application of various,
while reasonable means provide the definite chance in attain-
ment of optimal cure results [12].
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SUMMARY

STUTTERING: INITIATING FACTORS, EVOLUTION,
HEALING PERSPECTIVES

1Zenaishvili M., 2Japaridze Sh.,’Tushishvili A.,
! Davitashvili O., 'Kevanishvili Z.

National Centre of Audiology; *National Centre of Otorhino-
laryngology; *Georgian Technical University, Archil Eliashvili
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Despite high amount of incidents, no scientific paper existed
up to now in Georgia dealing with the stuttering. In present essay
the views over are collated. It is confirmed that the phenomenon
reflects the speech rate and/or the rhythm distortions created by
convulsive type involuntary contractions of voice-producing
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muscles. The disorder is either congenital or acquired. Compli-
cated pregnancy and/or delivery, heavy and/or recurred somatic
diseases, speech-formation delay, conflicting social situations
appear the main provoking/supporting factors of. The stuttering
covers physical and psychological symptoms. The physicals are
manifested in speech muscle twitches, while the psychological
in phobias. Neurotic and neurotic-like stuttering types are differ-
entiated. The neurotics arise on the background of psychologi-
cal disorders, the linkage of the neurotic-likes with any concrete
factor being mostly difficult or impossible. It is emphasized that
the stuttering treatment demands the complex application of
pedagogical and medical means and aims the cure of the whole
organism, while predominantly of the nervous system, and im-
provement of mode-of-life conditions of the sufferer. The ne-
cessity of the cure of associated diseases is emphasized. It is
stated that the stuttering psychotherapy implies the blockage of
mental disturbances, while the speech recovery trials intends the
establishment of adequate voice, articulation, and respiratory
functions. In utilized habilitation/rehabilitation means the par-
ticular attention has to draw to initiation of well-balanced logo-
rhythms. The regulation of hemisphere speech-center function is a
primary target of the vocal exercises applied. Achievements attained
in study sessions are regularly spread over the vital situations. The
favorable social environment is also regarded as an important item
for the pathology defeat. The significance of the systematic cure
interventions is emphasized the frequent and/or long-term pauses
between being judged as the cause of habit remissions happened.
Just compound and customary treatment and active involvement
of parents and other family members in applied efforts ensure the
better chances for the positive care output.

Keywords: Stuttering, initiating factors, pathogenesis, mani-
festations, evolution, treatment strategy, habilitation/rehabilita-
tion means, healing perspectives.

PE3IOME

3AUKAHHUE: IPOBOLHUPYIOUIUE ®AKTOPBI, TEUE-
HUE, IEPCIIEKTUBbI U3JIEYEHU S

3enanmBuian M.B., 2/ixanapuaze LILB., *Tymmmsuan A.M.,
Masuramsuian 0.3., 'Kesanumsuan 3.111.

'Hayuonanvnoiii yenmp ayouonoeuu, *Hayuonanonolii yenmp
omopunonapunzonozuu, I pysuuckuil mexHuueckuil yHugepcu-
mem, Uncmumym cucmem ynpasienust umenu Apuuna dnuau-
eunu; Tounucu, I pysus

HecmoTps Ha HIMPOKYIO pacpOCTPaHEHHOCTS, IO ceif IeHb B
I'py3un He ObUIO Hay4HOW MyONMMKaLMK MO 3aMKaHuIo. B mpen-
CTaBJICHHOM paboTe oxapakTepu3oBaHa JaHHas narosorus. [1o-
SICHACTCS, UTO 3aMKaHUE OTPAXKACT HApYLICHUs TEMIIA U pUTMa
peun, npoayuupyeMbi€ KOHBYJIBCUBHOI'O THIIA HEIIPOU3BOJIb-
HBIMHM COKpAILECHUAMHU apTUKYISLUOHHBIX Mblu. IToguepku-
BACTCA, 4YTO (beHOMeH ObIBaeT HACJICACTBCHHBIM WJIN HpHOG—
pereHHbIM. [lepeunciienbl (akTopbl, MPOBOLUPYIOIINE HEIYT:
OCJIOKHEHHsI OEPEMEHHOCTH W/WIIH POJIOB, TSDKEJIO HMPOTEKaro-
IMe W/WJIM 9acThle coMaTHYecKue 3a00IeBanusl, OTCTaBaHUE B
($hopMHpOBaHUM peyH, KOHQIUKTHBIE CUTyallu B cembe. Cum-
IITOMBI 3aMKAHUA ACIIATCA HaA c})muqecxne W IICUXOJIOTUYCCKHUC.
Dusnueckue MPOABJIAIOTCA B CHiasMax MbIIIL, BOBJICYCHHBIX
B pedeoOpa3oBaHuM, Icuxoyoruueckue - B ¢odusx. Judde-
PEHIUPOBAHbI HEBPOTUYECKUE U HeBpOSOl’[OﬂOGHbIe THIIBI 3a-
HUKaHU. HeBpOTI/l'-{eCKI/IC BO3HHUKAKOT Ha (bOHe TIICUXHUYCCKUX
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paccTpoicTB, CBsI3aTh JKE HEBPO3OMOJOOHBIC C KaKHM-JIHOO
KOHKPETHBIM (PaKTOPOM CIIO)KHO WJIM HEBO3MOXKHO. [lomuep-
KHBACTCs, UTO JICHCHUC 3aMKaHHA TpeGyeT NNPpUMEHCHUS TI€]a-
FOrM4Y€CKUX U MEAUIHUHCKUX CPCACTB U Hpe)lyCManl/IBaeT
ICUXOoTEpanuIo, y."ly‘[LUeHl/Ie 6bITOBbIX yCJ'lOBI/Iﬁ IHanueHTa "
CaHAIIMIO BCEro ero OpraHn3Ma, B IepByl0 o4Yepe/ib, HepBHOM
cuctemsl. JleknapupoBaHa HEOOXOAMMOCTh JICUCHHS COMYT-
CTBYIOIIMX 3a0oieBaHMU. 3asBISIETCS, YTO MNCHUXOTEpAIus
HamnpaBJi€Ha Ha 6J'lOKl/IpOBaHl/Ie KOIHUTHUBHBIX CJIABUIOB, IIC-
JIBIO K€ JIOTOTEIUH SABJSETCS 00eCleYeHHe CHHXPOHHOTO U
KOPPEKTHOTr0 (h)YHKIMOHMPOBAHUSI TOJIOCOBOTO, apTHKYIISLIH-
OHHOT'0, ABIXAaTEIBHOIO anmnapatoB 3auku. Ocoboe BHUMaHHUE
yAeJIseTcsl PeryJIupoBaHUIO JOTOPUTMHUKU. 3aadeil pedeBbIX
YIpaXHEHUH OO0BSBISETCS HOpMaJIU3alsl aKTUBHOCTH CIIy-
X0-PEYCBOr0 MO3roBOro IeHTpa. JlocThuxeHUs!, 3aUKCUPO-
BaHHBIC B JIOTOCEAHCAX, PACIPOCTPAHSIIOTCS Ha KU3HCHHBIC
CI/lTyaLll/Il/l. yKaSblBaeTCﬂ, qTo0 CyHleCTBeHHbIM MOMECHTOM
IPEOOJICHNUs Heayra SBISIeTCSl CO3JlaHUE OJaronpusTHOH
COLMANBHON cpeasl BOKPYr 3aumku. [lomuepkuBaeTcs Bax-
HOCTb CHCTEMAaTUKU neqe61—u.1x npoueuyp: qacThIC I/I/I/IJ'II/I
JUIMTEJIBHBIE MCKIIPOUCAYPHBIC l'lay3]>I MOFyT CTaTb INpUYU-
HOH peMuccuu naTojaoruu. IMeHHO miaHoMepHOe JICYeHUE U
BOBJICUCHHUC pO):(I/ITeJTeﬁ u )lpyl"I/IX YJICHOB CEMbH B IIPOLECCHI
raOuIUTaAK/PEerabuInTAIlUH SBJISIOTCS OCHOBHBIMHU (haKToO-
paMHu jKellaeMoro Ucxoja.

Ggboydy

9bodggmde:  20dmdTg930  FoJBm@gdo, dodwobo@gmds,
3563906950l 39039]Hoggdo

9. bybs0Tg0a00,29. wogsmady, s. mydodgoeo,
', @sgomsdgoao, b, Jggobodgoemo

Lsagommmyools  gomgbgmo  396@@0;  Zm@Gm@obmans-
G0bym@ma00ls gOmgbymo 3963 0; *Lods@mggamls ¢gd-
bogn®o 9boggdlLodgHo, s@hogo  genosdgoaol Lob. dom-
030l LobRgdgdol 0bLE0BYE0; mdogrolo, bos®mggenm

9653 gmdol GoBmm gogM 39 gdgemdol doygbgos-
350, Lopmgobme  bsdo@mggemBo o@ gmgoms asdm-
J399690 9o Lodgebogdm  653@mBo o3 0gds@ogaby.
F0bodwgdomyg 39deogoosdo  dsmmemayool dgbobgd
>0Lgoygmo Igbgogegdgdo oMol JgxgMgd o s dMo-
goe@oobo Loggma®o godmEomgods asbbmasmmgdy-
0. 256doMBHOPE0s, AMI  gbsdaymds  Lsdg@yggerm

MEJTUIIMHCKUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSBLI6()

335M5B0lL  ggboms  3mbggmlboygdo  Bodol  ybgdanog
V9399939000 0bozodgd g IgByggegdol Ggddobs ©s
@0Bdol oMmMggggdl Fomdmoygbl. bobyslidygaos, Gmd
596m3gbo msbpsgmanoao dgodargds ogml s dgdgbo-
@o. Bsdmmganoaos gbsdaymdols do3®mgm0Mgdgano
BJHMAJO0: oMY gdgao m@LyY@mds ©s/sb ddm-
b05MMds, 3dodge d0dobomyg ©s/sb bdodo Lmds@ydo
5535098980, IgHyggegdols  aobgoms®gosdo  hodm@-
hgbs, wadsdgamo LmEosgg®o asmgdm. dobodbgdyeos,
G0 gbsdemdol  gobogy@o  Lod3@Gmdm gmddanglo
3939390 gool 30m3gbdo hodmygm s9bmms 3sbIgadl,
bogm glodmamyoyg®o — gmdogdl dmoisgl. wogg®gb-
30GgdYmos 9bsdeyymdol byg@dmbymo ©s bygdmbol-
dopgodo  gm®dgdo. bgg@mmbymo  gloJmws®mggggool
Qmbbg gomsMwgds, bgg@mmbols IsggoMmol s ogdodgds
AmIge00dg 3mbgMgd e FoJBm@msb boMsw Gmyao
ob  Ugydangdgaros. bobyoldygaos, GmI  gbsdenygmdols
339Mbsgrmds  Lolifoganm-3googmaog®  ©s  bsdgwozo-
b 3OmEgeP@sms oMo gmmdsl, dngmo  m@asbob-
dol, 930Mgger gl gmgmobs, bgdgyao LobEgdol ULobs-
3oL, gloJmmgmsdosl, gbsdeygl ymgomo Jodmdgdols
bo@dogoboiosl olsbogl dobbow. gzms®o®gdygmos
9653 gmdsbmeb  sbmEo@mgdgar  Lmds@dy®  osgswoy-
doms  339@boenmdol syEomgdamds.  yogbswgdygaos,
G0 @eym3geos  gbsdagl Labdm, Lss®EoggmsiEom,
Labygbod LobRgdoms  @s@ombsgygdo  dmJdgogdgdols
Qm®JoM9gd0L3gb, boem gloJmmg@sdos - gb@ommyd
©OMZggoms  denmodgdolizgh oMol dodo@mgeo. Jo-
doano@Bo0ol/@gdsdogo@e3ool 3GmEgldo @mym@od-
dogol 3mAgdcosl 9dcgge aobbsgnm®gdgmo yudopwy-
b5, gmys@y@o  goMx0dgdo  IgHyggergdol  LolBgdol
3990Lggd o Fo®ddmdowagbamdols g9bjiools bom-
doemoboiosl  gdloby@gds. @mymbgsbligool dowm§ggg-
b0 bmg®gdolggar LodysEogodo yowso@ebgds msb-
©3m3b. Jom0mgdyeos, M3 9bsdenygmdol denmjo®gools

30m3gbdo  s@lLgdomn  FmIgblL  ggmogasbfygmdoano
bm@osagdo  gs@gdmmo  gbsdamal  9beybggeymeys

Fomdmoygbl. babysldygmos dgByggengdols badsdoano-
B>/ Lodgdsdogo@oicom mmbolidogdsms ¢fyg9®™mool
d603gbganmds: 3OmME9YMH oL dn®ol bdod ©s/sb bob-
3®daog 359bgdl  Jsmmemaools @gdobogdo dgodeng-
b5 bpggegl 0sbh. wogdomn gogams dmbadmggdarsw
3609369 mgob goJBmal 3MmEgeg®gool jmddwmgdlos
Lol gds@ o Inbdmods ©s Imbdmdoangddo IImdgams
©> oxsbol bbgs (gg0ms sJ@oygdo bodmgmmmds {om-
o gbl.

28



GEORGIAN MEDICAL NEWS
No I (310) 2021

ANALYSIS OF IMMUNE CHANGES AND THEIR ROLE
IN THE DEVELOPMENT OF ORAL AND OROPHARYNGEAL CANCER

'Hirna H., 'Kostyshyn I., 2Rozhko M., ’Levandovskyi R., ¥**Nakashidze G.

Ivano-Frankivsk National Medical University, ' Department of Oncology, *Educational and Scientific Institute
of Postgraduate Education, Department of Dentistry; *Bukovinian State Medical University, Department of Orthopedic Dentistry,
*Uzhgorod National University, Ukraine

Cancer of the oral cavity and oropharynx is an immunosup-
pressive disorder. In its etiopathogenesis there is a fundamental
insufficiency of immune surveillance, that is, the ability to recog-
nize tumor cells as abnormal and destroy them before they build
an obvious malignant tumor [15]. Due to the suppression of the
immune system, tumor cells avoid recognition and lysis of tumor
antigen (TA) by cytotoxic T-lymphocytes (CTL) of adaptive immu-
nity [17]. In such patients there is a decrease in the absolute number
of lymphocytes, disturbance of natural killer cellular activity (NK)
[13], spontaneous apoptosis of cytotoxic T-lymphocytes [13], un-
satisfactory antigen-presenting function [14].

Tumor cells can initiate and develop various mechanisms to
avoid the body’s immune response. Typically, this is one of the
following mechanisms [10, 23]:

1. A resistance formation to apoptosis with variable expres-
sion of Fas-ligand (FasL), which leads to the death of tumor-
infiltrating lymphocytes (TILs).

2. Producing of immunosuppressive molecules such as the
transforming growth factor TGF-f, prostaglandin (PG) E2 and
adenosine.

3. Loss of expression of co-stimulating molecules or cyto-
kines, such as IL-6 and IL-10 interleukin.

4. A defect in the expression of antigens on the surface of the
tumor cell, because antigens remain unidentified.

5. A reduction or loss of the molecule expression of the main
complex of histocompatibility (MHC) class I and selective loss
of human leukocyte antigen (HLA) and histocompatibility mol-
ecules (MHC) required for the interaction between TA and TA-
specific CTLs, especially if there is low IFN-o regulation [14].

The violation of processes or insufficient recognition and TA
processing is performed in tumor cells and in dendritic cells. An
important role in these processes is played by the protein of the
STAT family (signal transducer and activator of transcription).
Reducing the amount of activated STAT1 contributes to lower-
ing the expression of human leukocyte antigen (HLA) and MHF
[16]. HLA are the proteins of the molecules of histocompatibil-
ity (MHC), which appear with antigen and are recognized by T-
lymphocytes. Antigen-presenting molecules (antigenic peptide
transporters — TAP1, TAP2; proteins — calnexin, calreticulin,
ERp57 and tapasin) play an important role in the ability of MHC
Class I molecules to migrate to the cell surface and to represent
peptides of CD8+ T-lymphocytes, that is, to carry out the presen-
tation of antigen [6, 13]. Reducing the regulation or loss of the
expression of HLA molecules I class or other components, rep-
resenting an antigen is one of the mechanisms for avoiding the
immune response of the tumor. Lowering the MHC level class [
is due to ganglioside, which is produced by cancer cells. So that,
the tumor uses various mechanisms to induce changes in the sys-
tem and to avoid an immune response to its development [25].

The role of dendritic cells in the development of oral and
oropharyngeal cancer:

Dendritic cells (DC) that are the guards of the immune system
are specialized, the strongest antigen-presenting cells (ARCs)
and tolerant mediators [18, 20]. It is known that dendritic cells
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are divided into myeloid (MDC) and plasmacytoid (PDC). The
first ones are the Langerhans cells contained in the epidermis
and the mucous membrane of the upper digestive organs and
breathing and thermal/interstitial MDCs that are in the dermis.
Plasmacytoid DC of lymphoid origin are found in the blood and
lymphoid organs.

DC mature in the presence of microbial products and inflam-
matory mediators such as TNF-a, IL-1 and IL-12. Mature DCs
increase the regulation of other co-stimulating molecules - CD86,
CD80 and CDA40, as well as cytokines such as TNF a, IL-1 and IL-
12. Subsequently, they pass through the bloodstream towards the
lymph nodes and represent antigens, which they captured in periph-
eral tissues, T-lymphocytes [20], stimulating their differentiation
into cytotoxic CDS§ + cells capable of killing tumor cells [13].

MDC force tumor cells in the oral cavity and oropharynx
to secrete immunosuppressive cytokines such as IL-1 and IL-
10 [10]. IL-10 and TGF-B transform immature DCs in mature
ones and at the same time tolerant to the antigen, which induces
antigen-specific T cells, by activating Tregs and differentiating
naive CD4+ T-cells in Tregs.

Langerhans cells bind antigens to the flat epithelium and mi-
grate back to the regional lymph nodes and/or other secondary
lymphoid organs where they stimulate naive T-lymphocytes.
They can also represent antigens of T-lymphocytes memory to
stimulate a secondary immune response [13]. A significant role
of dendritic cells, in particular, Langerhans cells in the immune
response to the development of oral cancer and oropharyngeal
cancer, is confirmed in studies.

Increased concentration them in blood correlates with a posi-
tive prognosis and a greater survival of patients with oral and
oropharyngeal cancer, and a decrease in metastasis in the cervix
of the lymph nodes [13].

Cancer cells of the oral cavity and oropharynx with the help
of tumor-associated fibroblasts stimulate the development of
hepatocyte growth factor (HGF) [15], which inhibits the mat-
uration of dendritic cells [19] and, relatively, the reduction of
immune responses. Violations of monocyte chemotaxis and the
ability of DC to form a cell cluster also reduce the protective
response of the organism [25].

The role of cytokines in the development of oral and oropha-
ryngeal cancer.

Different cells of the immune system provide a complex de-
fense system with effective cytokine bindings. Cytokines are
interleukins, interferons, tumor necrosis factor, growth factors
and chemokines regulate cellular growth, proliferation, migra-
tion, signaling, both in tumor cells and in immune cells. In ad-
dition, the inflammatory component of the micro-environment
of the tumor in the oral cavity and oropharynx is important in
the immune surveillance and a response as its main component
is cytokines. The micro cavity of the tumor of the oral cavity
and the oropharynx is characterized by an unbalanced cytokine
profile, which is dominated by immunosuppressive cytokines.
It is also important to consider that the tumor cells of the oral
cavity and the oropharynx independently produce anti-inflam-
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matory cytokines that correlate with the survival of such patients
[2]. Cytokines particularly cause an increase in the transmission
signal and the activator of transcription of phosphorylation and
phosphorylated extracellular signal-regulated kinase in patients
with oral and oropharyngeal cancer [13].

Due to the secretion of chemokines and colony-stimulating
factor (CSF)-1, cancer cells accumulate tumor-associated macro-
phages (TAMs) in their microenvironment, which create a favor-
able environment for developing of the tumor and avoiding the
immune response by secreting TGF-B1, interleukin-6 (IL-6) and
prostaglandin-E2 among other immunosuppressive cytokines [25].

According to several studies, patients with oral and oropha-
ryngeal cancer have an imbalance of Th1/Th2 types of cytokines
and increased Tregs [8,18]. Among the Thl types of cytokines,
IFN-y, IL-12, TNF-a, whose levels are reduced, and Th2 cy-
tokines, IL-4, IL-10, are elevated, while in healthy people the
opposite result is observed [6].

It is investigated that the level of synthesis of soluble IL-2
receptor activated by T-cell antagonism of IL-2 is higher in pa-
tients with oral and oropharyngeal cancer, which is associated
with an increased probability of the metastasis development and
low overall survival [25]. IL-4 levels have also been significant-
ly elevated, however, they have not confirmed the association of
their overexpression with the tumor stage [22].

Elevated levels of IL-10 in serum of patients with oral and
oropharynx cancer are correlated with an unsatisfactory progno-
sis of the treatment and are independent indicators of low sur-
vival [8]. In addition, such inflammatory cytokines as IL-6, HGF
and VEGF are also determined in high serum concentrations and
correlate with the recurrence [1].

In diagnosed patients with oral and oropharyngeal cancer,
an increase in the level of IL-18 was observed. This cytokine is
mainly synthesized by macrophages. Its role for cancer-ill pa-
tients is to stimulate the production of IFN-y by NK cells and
T-cells, which provides the immune response of the body [25].

In the environment of cytokines there is a production viola-
tion of pro-proliferative, immunosuppressive cytokines with the
help of macrophage-associated tumors (TAM), unbalanced He-
patocyte Growth Factor (HGF) by fibroblast-associated tumor
(TAF) as well as unbalanced STAT1/STAT3 signaling within
tumor cells. The deficiency of tumor STAT1 signaling results in
low production of chemokines CCL5 and CXCL10, and those
chemokines that involve effector T-cells in the microenviron-
ment of the tumor [16]. Excessive signaling pSTAT3 increases
the production of cytokines that negatively regulate proinflam-
matory signals of danger, mature dendritic cells and cytolysis
with natural killers and CTLs, and more specifically IL-6, IL-10,
TGF-B1 and VEGF [15,16]. Compared to the control group, in
patients with oral and oropharyngeal cancer, a 5-fold increase in
TNF-a cytokine in blood [3].

The Tumor microenvironment.

The favorable conditions for the cancer growth of the mouth
and the oropharynx are the conditions of the tumor microenvi-
ronment, which contains immune and stromal cells.

Cytokines, chemokines, T-cells, macrophages, dendritic
cells, and natural killer cells (NK) are intracellular regulators of
the immune cells activation. All of them are important partici-
pants in the formation of the tumor microenvironment. Any of
their functional changes or their inhibition, affects the immune
system response. For example, when there is an imbalance in
the signal exchange system through cytokines, then tumor cells
develop mechanisms to avoid the inhibitors growth of cytokines
presented in the microenvironment of the tumor [13].
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An important key to the progression of cancer is the loss of
cellular connections and cellular polarity, called epithelial-mes-
enchymal transition (EMT). There are the factors that influence
the process of EMT. It is promoted by the hypoxic environment
and changes in the expression of the miRNA, which leads to
a decrease in the regulation of E-cadherins (membrane protein
CDH) [11]. Endothelial cells that secrete Bcl-2, an apoptotic
regulatory protein, increase EMT-related changes by secreting
IL-6, an important mediator of the acute phase of response.

EMT process in a tumor acquires migratory and invasive
properties. In general, these changes can increase the metastatic
potential of oral cancer and oropharyngeal cancer [25].

A malignant tumor of the oral cavity or oropharynx directly
suppresses the immune response by developing mediators such
as vascular endothelial growth factor (VEGF), prostaglandin E2
(PGE2), TGFB, IL-6, and IL-10 [13]. Tumor cells also release
pro-inflammatory mediators, including such a receptor as the IL-
15 alpha subunit (IL15RA). In combination with IL-15, it pro-
vides enhanced synthesis of pro-inflammatory cytokines — IL-6,
TNF-a and IL-17, which affects the immune response and as a
result a low survival prognosis [10].

The role of T-cells in the antitumor immune response.

Stem cells in the bone marrow are the source of immature
T-lymphocytes, which mature then in the thymus and migrate
to the secondary lymphoid organs (lymph nodes, a spleen) as a
naive T-cell. ARCs represent antigens, by activating T-lympho-
cytes, after signaling of co-stimulatory molecules and binding
of MHF to ARCs and T-cell receptors (TSRs). They become ef-
fector cells (CD4+ helper T cells that promote the production of
antibodies B-lymphocytes and phagocytosis, or CD8+ cytotoxic
T cells that can lead to cell death) or memory cells [13]. Al-
though an effective antitumor immune response involves a lot
of components of the immune system, T-cells remain the most
important cells that take part in the antitumour immunity [13].
Therefore, T-cell defects reduce the effectiveness of the antitu-
mor immunity. These defects include: reducing of expression of
CD3 — zeta chain (CD3z), key signaling molecule in TCR path-
way [13], inability of T cells to destroy targets of tumor cells
[14], alack of IL-2 and / or IFN-y [13], slowing down prolifera-
tive responses to mitogen or IL-2 [13], as well as the presence
of pronounced apoptotic symptoms in a significant proportion of
TIL (lymphocytes that infiltrate the tumor) [13].

A number of defects in TIL that are isolated from the tumor,
have been identified in patients with oral cancer and oropharyn-
geal cancer. T-cell apoptosis was detected in a significant propor-
tion of TIL [13], and was associated with Fas / FasL signaling
[14]. The expression of FasL on the surface of tumor cells leads
to an apoptotic signal in lymphocytes, causing a spontaneous
loss of circulating Fas+ T-lymphocytes [8]. Other ways of TLI
damage are associated with TNF-associated apoptotic-induced
ligand (TRAIL), TNF-a antigen, FasL+, MHC Class I, and tu-
mor derived membrane vesicles, all of which induce apoptosis
in cells [8,13,25]

It is considered that the balance between subgroups of T-cells
in cancer patients modulates antitumor immunity [9].

The effector cell of adaptive antitumor immunity is acti-
vated by CD8+ cytotoxic T-lymphocytes (CTLs). An activa-
tion of antigen-limited CD8+ cytotoxic T-lymphocyte initially
requires binding of a T-cell receptor (TCR) to its corresponding
TA in a complex with HLA-I. But this is not enough to acti-
vate cytotoxic T-lymphocytes and cytolysis of the tumor. The
initial activation also depends on the balance of co-stimulating
or co-inhibitory signals of dendritic cells and CD4+ T-helper
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cells, as well as on avoiding CD4 suppression + regulatory T-
cells (Treg). Cancer tumors induce anergy of T-cells in both pe-
ripheral and tumor-infiltrating lymphocytes (TILs). Functional
defects in TIL affect the low productivity and response to 1L-2
[5,13] and the susceptibility to spontaneous apoptosis mediated
by the Fas / Fas-ligand by [8]. A low expression required for
signaling TCR, co-stimulating molecules: CD3-( (part of the T-
cell antigen receptor complex — TCR-CD3), OX40 (TNFRSF4
or CD134 — membrane protein, receptor from the superfamily
receptor of the tumor necrosis factor of the ligand OX40L) and
4-1BB (CD137, TNFRSF9, a member of tumor necrosis factor
superfamily 9) [18] and a high expression of co-inhibiting re-
ceptors — (CTLA-4) and a programmed protein cell death (PD-
1) [4] cause changes in the regulation of immune responses. We
should note that the PD-1, PD-L1 ligands are expressed in most
tumor tissues of the oral cavity and oropharynx [9].

Cytotoxic T-lymphocytes are also inhibited by the disproportion-
ate accumulation of Tregs (thymic regulatory T-lymphocytes) in the
micro cavity of the oral cavity and oropharynx. Tregs promote sig-
naling tolerance through an inhibitory CTLA-4 receptor [7]

CD4+ T-helper lymphocytes are the center of the antitumor
response. CD4+ CD25+ T cells play a central role in initiating
and maintaining antitumor immune response. Detecting of a
large number of CD4 + CD25+ T- lymphocytes is associated
with a good prognosis [17], although CD25+ is produced in
small quantities by tumor cells. Also, the presence of CD4+
CD69+ T cells is associated with a good prognosis in patients
with oral and oropharyngeal cancer [8].

The percentage of CD8+ T cells increased with the growth of
the oral cavity and oropharynx, CD4+ T cells and Tregs in these
patients are increased as well. The proportion of B-lymphocytes
decreased in patients with local regional metastasis, while NK-
cells decrease compared with the control group [6].

In patients with oral and oropharyngeal cancer, the following
changes in the number of blood lymphocytes with markers of
early and late activation were found: an increase in the percent-
age of CD25+ and the absolute number of CD 71+ lymphocytes,
a slight increase in the number of CD16+ and a decrease in the
relative number of cells ready for apoptosis-CD95+. Thus, the
ratio of CD25 / CD95 and CD71 / CD95 cells is 2-2.5 times
higher than in the control group, which indicates the predomi-
nance of positive lymphocyte activation processes in tumor de-
velopment. It is also known that the percentage of CD3 is re-
duced, while CD8, CD22 increases without any changes in the
absolute number of lymphocytes. This phenomenon is due to the
migration and fixation of lymphocytes in the tumor [3].

Changes in the cellular composition of the immunity and ef-
fector line are observed in patients with cancer of the oral cavity
and oropharynx. The number of activated T-cells with the CD45+
CD3+ HLA-DR phenotype is 2 times higher than in the control
group, as well as the increased number of nonspecific effector cells
with the CD45+ CD3+ CD5+, CD45+ CD8+ CD16+ phenotype.

Studying the immune status of patients with oral cancer
and oropharyngeal cancer, a significant increase in the content
of CD3+ T-cells with simultaneous expression of NK markers
was found. The elevated blood levels of CD45+ CD3+ CD16+
CD56+ NK T-lymphocytes are determined 1.6 times, and
CD45+ CD16+ NK cells are significantly elevated. Statistically
significant increases in the overall level of CD45+ CD8+ lym-
phocytes with the expression of intracellular perforin (CD45+
CD8+ Perforint) and NK cells with the CD45+ CD16+ Per-
forint+ phenotype, which is the evidence of increased activity
of the effector immunity. Indicators of the latest increased due
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to the subpopulation of nonspecific effector cells with the phe-
notype CD45+ CD3- CD8+. And the number of CD45+ CD3+
CD4+ T-lymphocytes is reduced.

The study of CD45+ CD3- CD19+ B-lymphocytes in patients
with oral cancer and oropharyngeal cancer are not revealed a
statistical difference from the control group [3, 6].

In addition, tumor cells can avoid the recognition of T-
lymphocytes by reducing the transporter associated with the
heterodimer of antigen processing (TAP-1/2). This process is
controlled by IFN-y phosphorylated signals and transcription
activators of the mediated signaling path (pSTAT1) [16].

Tregs and their role in the immune response in patients with
oral and oropharyngeal cancer.

Tregs are tumorous regulatory T-lymphocytes, a subpopula-
tion of suppressor T-cells that respond to the inflammation. They
are involved in the construction of immune responses and ac-
cording to research data that revealed an excessive expression
of Tregs, they are inhibitors of antitumor immune responses [9],
that is, they contribute to the evasion of tumor cells from the
immune response and the progression of oral cancer and oropha-
ryngeal cancer [8, 17]. Tregs also play a major role in maintain-
ing the tolerance of T-cells to the antigens themselves [8]. The
antitumor immune response is suppressed by Tregs subtype Trl
in the microenvironment of the tumor.

Various factors can enhance the production of Tregs in the
microenvironment of the tumor. An overexpression of cyclooxy-
genase 2 (COX-2) and PGE2 synthesis in patients with oral can-
cer and oropharyngeal cells induce the generation of Tregs typel
in the microenvironment of the tumor, which enhance its carci-
nogenicity and progression of the disease [6, 8]. Particularly im-
portant are Tregs type 1 cells with a phenotype other than CD4+
CD25 (high) FoxP3+ Tregs. Trl produces IL-10 and TGF-B1.
They mediate IL-10-dependent immune oppression in cells by
contact-independent method [8]. IL-10 itself induces Tregs [21].

Another factor influencing the production of Tregs is
HMGB1-chemoattractant from a group of non-gistonal B1 pro-
teins, the levels of which in serum are significantly elevated in
patients with oral and oropharyngeal cancer. And a chemokine
like CCL22 is an intermediary in the migration of Tregs to the
tumor site. Its corresponding receptor, CCR4, is elevated in pa-
tients with oral and oropharyngeal cancer [17].

The enhanced Tregs tumor infiltration promotes the expres-
sion of HMGBI recognition receptor toll-like receptor 4 (TLR4)
[24]. Tregs produce a lot of TLRs, because they play an impor-
tant role in identifying molecules that are different from host
molecules. A high expression of these receptors - TLR4, TLR6,
TLR9 and TLR10 - was detected in patients with oral and oro-
pharyngeal. Linking TLR to Tregs increases their suppressive
activity, which promotes tumor-mediated immune suppression
[23]. It has been determined that Tregs suppressive function is
significantly higher with HSP60 or lipopolysaccharides.

In several studies of patients after the resection of the oral
cavity and oropharyngeal tumors, in which there was no pro-
gression or relapse over the years, an increased number of iden-
tified Tregs was detected and that was not associated with the
tumor stage. This shows that an oncotherapy contributes to the
growth and spread of Tregs [21].

The intranuclear regulatory factor — FoxP3 controls regu-
latory activity Tregs. Tumor cells synthesize it themselves, so
it is an independent prognostic indicator of the squamous cell
carcinoma of the tongue. Its expression is associated with the
differentiation and stage of cancer and is inversely proportional
to survival rates [13].
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An increased number of Tregs in the lymph nodes has already
been observed in the presence of a dysplastic state or early stage of
oral and oropharyngeal cancer. And their increase is accompanied
by the growth of different populations of immune cells that exhibit
a positive antitumor response. These cells include conventional T-
cells (Tconv) — CD4 T-lymphocytes, T-helper 1 (Th1) and CD8+
T lymphocyte [12]. The total number of lymphocytes in patients
with oral and oropharyngeal cancer is lower and on this background
there is a decrease in the proportion of CD4+ T cells, CD8+ T cells,
CD3- CD56+ CD16+ NK cells and CD3+ CD56+ NKT cells.
However, the proportion of CD4+ CD25+ FoxP3+ Tregs with
suppressor functions is still increasing [6].

The role of NK-cells in antitumor immunity in patients with
oral and oral cancer.

NK-cells are the major cells of innate immunity, large granu-
lar lymphocytes and play a decisive role in the antitumor activ-
ity. They are capable of recognizing and destroying transformed
malignant cells without a specialized MHC-antigen presenta-
tion. In particular, they carry out antibody-dependent cell-me-
diated cytotoxicity (ADCC). Their varieties - CD1d-restricted
NKT cells (iNKT) play an important role in the activation of im-
mune effector cells. It has been established that in patients with oral
and oral cancers their number is significantly reduced, respectively,
the low control of iNKT tumor cells in the regional collector, which
correlates with low survival rates of these patients [17]. Function-
ing of NK cells is important for the cytokine environment, since
activated NK cells secrete immunostimulating cytokines IFN-y and
TNF-a, which have their antitumor function.

Among the lymphocyte populations there is an increase in the
relative and absolute number of innate immune cells - NK cells.
NK cells occupy a central place in antitumor immunity and con-
trol the growth of the tumor at all stages (including metastasis)
[3]. However, in some other studies, depressed NK-cytotoxic
function is observed. It is believed to be associated with a de-
crease in the expression of cytotoxic molecules such as perforin,
granzyme B and FasL in mononuclear cells of peripheral blood
of these patients [6].

Tumor cells of the oral cavity and oropharynx produce a large
amount of TGF-B1 that reduces the expression of NK-cell recep-
tors (NKG2D is the primary cytotoxicity receptor), and CD16
(or Fey-receptor (Fcy-R) III), suppressing the biological func-
tions of NK cells [13]. The Fcy receptor (Fey-R) 111 is a mediator
of antibody-dependent cell-mediated cytotoxicity (ADCC).

Influence of macrophages on the development of oral and
oropharyngeal cancer.

Macrophages are involved in both natural and acquired re-
actions of the immune system. These include induction of im-
munity, antigen presentation, cell cytotoxicity, tissue remod-
eling, inflammation regulation, thrombosis and endocytosis
[10,13,25]. It has been established that macrophages contribute
to the neovascularization, which is a compulsory requirement
for the growth and spread of the tumor, that is, they have swollen
functions. It has been shown that VEGF, a specific endothelial
cell growth factor, is secreted by macrophages in patients with
different carcinomas [13]. Thus, in patients with oral and oro-
pharyngeal cancers, it has been proved that an increase in the
number of tumor associated macrophages (TAMs) is a sign of
tumor invasion, a greater intramatural density of micro vessels
in the tumor and expression of VEGF [15] in patients with oral
and oropharyngeal cancer, as well as more rapid tumor progres-
sion [13].TABs have been identified in fibrin deposition areas,
indicating that they play an important role in stabilizing intra-
matural fibrin, as well as in promoting tumor matrix generation
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[11]. Tumor cells of the oral cavity and oropharynx can involve
macrophages through secretion of monocytic chemotactic pro-
tein-1 (MCP-1) and TGF-B1. Then the macrophages secrete
VEGF and IL-8, TNF-a and IL-1, which stimulate the release of
tumor cells more than VEGF and IL-8 [13].

An interaction of systemic and local immunity in patients with
oral and oropharyngeal cancer.

The interaction of systemic and mucosal immunities is im-
portant in protecting the mucous membrane from the action of
the nonplastic process. There is a decrease in the total number of
segmental neutrophils, monocytes, platelets in the blood of pa-
tients with oral and oropharyngeal cancer. Apoptosis indicators
of lymphocytes are significantly lowered, which is considered a
sign of the immune response to the tumor development, aimed at
preserving and increasing the total number of lymphocytes [13].

Lactoferrin is involved in the antitumor protection of patients
with oral and oropharynx cancer, but its amount in the peripheral
blood does not change, which is the result of a decrease in the circu-
lation of the producing cells of this protein (segmental proteins) [3].

The immunodeficiency of patients with oral and oropharyngeal
cancer is shown by elevated indicators of circulating immune com-
plexes (CICs). Also, it was retrospectively found that in patients
with a favorable prognosis of the treatment is 2 times lower com-
pared with patients who subsequently had a relapse [3].

In the medical literature there is an evidence that epithelial
cells of the tumor of the oral cavity and the oropharynx are capa-
ble of producing nitric oxide and its derivatives. Analyzing the
nitroxydergic regulatory system of blood in these patients, there
was detected an increase in the index of end metabolites of NO
-NO3 in 1.4 times. It somewhat affects the [FN-y and antibodies
to it, however, the way of its affecting is still being investigated.

Changes in TNF-a and IFN-y on the salivatory level are also
not detected, but the antibody level decreases to IFF-a in several
times the, which has a negative effect on the local antitumor
protection [3].

When comparing the state of systemic and mucosal immunity
in patients with oral and oropharyngeal cancer before and after
chemoradiotherapy, it has been found that after the treatment
there is an enhanced synthesis of such cytokines as TNF-a in
blood, TNF-a and INF-y in saliva, and an excessive synthesis
of terminal stable metabolites NO. The chemoradiotherapy has
a negative effect on the systemic immunity. It causes the devel-
opment of leukopenia, lymphopenia, a decrease in the number
of major populations of lymphocytes - NK, CD3, CD4, CDS,
CD22, and the number of cells with positive activation markers
— CD25+, CD71+, HLA-DR+ [3].

Mucosal (local) immunity of patients with oral and oropha-
ryngeal cancer.

An increase in the indicator of the state of innate immunity -
mucin - is shown in the saliva, because it is further synthesized
directly by epithelial malignant cells. Mucin has an immunosup-
pressive effect, that is, it promotes the anergy of T-lymphocytes,
the induction of tolerance of cytotoxic lymphocytes, it also helps
the antigen to avoid the immune response and reduces the syn-
thesis of some cytokines [3].

An increased activity of the end component of complement
CS in saliva is determined due to the absence of its fixation in
the membrane-attacking complex in the target cells, which is
a cancerous cell. This can affect the formation of the immune
response, the processes of the migration of macrophages and
leukocytes at the site of development of the tumor.

In patients with oral and oropharynx due to the fixation of
some subclasses of immunoglobulins on the surface of the tu-
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mor, as well as a decrease in their synthesis by mucosal-associ-
ated lymphoid tissue in saliva, the reduction of the subclass of
IgG4 is shown without altering the general population [3].

sIgA is an indicator of a local immunological response. IgA
is synthesized locally by plasmatic cells in the interstitial tissue
between the acinus of the salivary glands and in the subepithelial
layer of the mucous membrane of the mouth. Then the IgA mol-
ecule forms a complex with a secretory component in the glan-
dular epithelium — sIgA. In healthy people, the concentration
of sIgA in saliva is 0.03-0.26 g/l. These numbers are lower in
chronic smokers — 0,01-0,05 g/1, and in patients with carcinoma
of the oral cavity and oropharynx, it is reduced by 45% [13].

Other salivary components of patients with oral cancer and
oropharyngeal were evaluated: Amylase is 25% lower, 1gG is
125%, albumin is higher than 108%, lactate dehydrogenase —
88%, insulin growth factor — 117%. Also, MMP-2 and MMP-9
are higher respectively by 75% and 35%. The indicator of the
epidermal growth factor remains unchanged. There are also
some changes in the electrolyte balance of saliva: K rates de-
crease by 155, Na — by 14%, Ca by 59%, P by 39%, Mg by 28%.

The mucous membrane of the oral cavity and oropharynx
by enzymatic cleavage of the damaging agent, phagocytic reac-
tion, the synthesis of antimicrobial substances fulfills its barrier
function and provides natural immunity. APK (macrophages,
dendritic cells, intergranular cells), some subpopulations of T
lymphocytes, and polymorph nuclear neutrophils are cellular el-
ements of nonspecific oral and oral defense that are responsible
for the condition of local immunity. A study of functional activ-
ity of cells of granulocyte-macrophage (non-specific) links of
immunity of patients with oral and oropharyngeal cancer was
conducted. The bactericidal and fungicidal function of mono-
cytes are significantly lowered. The relative number of poly-
morph nuclear leukocytes with phagocytic activity is lower
compared with healthy ones, and the number of phagocytic
monocytes does not change [3].

Conclusions.
1. There is an imbalance in the immune system in patients with oral
and oropharyngeal cancer, but more specifically its role in initiating
and progressing cancer of the oral cavity and oropharynx is only
now, after a modern research becomes more understandable.
2. Mutated, atypical cells are eliminated by the immune system
rather than they form a tumor as it is immune control, and the
violation in it contributes to the immune avoidance of atypical
cells, which can lead to cancer.
3. Tumor cells use the immune system in several ways to stimu-
late angiogenesis, proliferative signals and, in general, tumor
progression. It can mask itself from the immune system by self-
modification and immunosuppression of the patient’s body.
4. Tumor synthesizes: cytokines, (TGF-p), interleukins (IL-6,
IL-10), inflammatory factors of transcription (NF-kB), STAT3,
suppressing cellular antitumor immunity.
5. A deep understanding of antitumor immune effects in cancer
patients and their associated mechanisms for avoiding an im-
mune response by a tumor cell prompts the search and usage of
more targeted cancer therapy - immunotherapy in combination
with standard methods.
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SUMMARY

ANALYSIS OF IMMUNE CHANGES AND THEIR ROLE
IN THE DEVELOPMENT OF ORAL AND OROPHARYN-
GEAL CANCER

'Hirna H., 'Kostyshyn I., Rozhko M., *Levandovskyi R.,
34Nakashidze G.

Ivano-Frankivsk National Medical University, 'Department of

Oncology, Educational and Scientific Institute of Postgraduate
Education, Department of Dentistry, *Bukovinian State Medical
University, Department of Orthopedic Dentistry, *Uzhgorod Na-
tional University, Ukraine

Numerous studies of the immune system in cancer patients at
the cellular and molecular levels indicate a persistent violation
of natural and acquired mechanisms of immune defense.

This article reveals changes in the immune system of patients
with cancer of the oral cavity and oropharynx. It was deter-
mined that the levels of cytokines IL-6, IL-10, HGF and VEGF
in high concentrations in the serum of patients correlate with an
unsatisfactory prognosis and are independent indicators of low
survival and correlate with relapse. Different immune cells pro-
vide a complex defense system with effective communication
through cytokines. The inflammatory component of the micro-
environment of the tumor of the oral cavity and oropharynx is
important in the immune response, because its main component
is immunosuppressive cytokines. There is an imbalance of Thl
/ Th2 cytokine types and increased levels of Tregs. Among Thl
types of cytokines - IFN-y, IL-12, TNF-q, the levels of which are
reduced, and Th2-cytokines - IL-4, IL-10 - are increased, while
the norm is the opposite.
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The tumor uses various mechanisms to induce changes in the
system to avoid an immune response to its development. In fact,
a malignant cell of the mouth or oropharynx suppresses the im-
mune response by producing vascular endothelial growth factor
(VEGF), prostaglandin E2 (PGE2), TGFp, IL-6 and IL-10. The
tumor environment also releases pro-inflammatory mediators,
including a receptor such as IL-15 alpha subunit (IL15RA). It in
combination with IL-15 carries out the strengthened synthesis of
proinflammatory cytokines - IL-6, TNF-o and IL-17 that influ-
ences insufficiency of the immune response and accordingly low
prognosis of survival.

It was found that the number of NK cells is reduced in pa-
tients with oral and oropharyngeal cancer, respectively, there is a
low control of iNKT tumor cells in the regional collector, which
correlates with low survival rates.

Increased concentration of dendritic cells in the blood cor-
relates with a positive prognosis and greater survival of patients
with cancer of the oral cavity and oropharynx, reduced metasta-
sis to the cervical lymph nodes.

An effective antitumor immune response involves many com-
ponents of the immune system, but T-cells remain the most im-
portant cells involved in antitumor immunity. Therefore, T-cell
defects reduce the effectiveness of antitumor immunity. CD4 +
CD25 + T-cells play a central role in initiating and maintaining
the antitumor immune response. Detection of them and CD4 +
CD69 +, CD3 + T cells in large numbers is associated with a
good prognosis. More detailed changes in the cellular composi-
tion of immunity and the effector link are presented in the article.

Keywords: cancer, oral cavity, oropharynx, antitumor immunity.

PE3IOME

AHAJIN3 UMMYHOJIOTHYECKAX W3MEHEHUIA 1
HUX POJIb B PABBUTUUN PAKA ITOJIOCTHU PTA U PO-
TOIUIOTKH (OB30P)

Tupua IA., 'Kocteimmn U.11., *Poxko M. M.,
3JleBannosckuii PA., **Haxammnse I.H.

Hsano-Opankosckuil  HAYUOHATBHBIIL MEOUYUHCKULL  YHUBED-
cumem, 'kagpedpa omnxonozuu, >Yuebno-nayumviii uncmumym
nocieouniomno2o 06pazosanus, Kageopa cmomamonrocuu;
SByKkoguHCKUll 20Cy0apcmeentblil. MeOUYUHCKUL YHUGECPCUME,
rkagheopa opmoneduueckoi cmomamonozuu, *I'BY3 « Yarceopoo-
CKULL HAYUOHATbHBLU YHUGepcumem, Ykpauna

MHOro4nCIIeHHBIE HCCIICOBAHUS COCTOSHUS UMMYHHOMU CHCTe-
MBI Y OHKOCTOMATOJIOTMYECKHX OOJIBHBIX Ha KIIETOYHOM 1 MOJICKY-
JSIPHOM YPOBHSIX CBHIETENBCTBYIOT O CTOMKOM HapylICHUH NpH-
POIHBIX ¥ IPUOOPETEHHBIX MEXaHM3MOB UMMYHHOH 3aILIUTHI.

B crarbe packpbIThl U3MEHEHHUS] B IMMYHHOH cuctemMe 00ib-
HBIX PaKOM HOJIOCTH PTa U POTOIIOTKH. ONpeeneHo, YTo ypoBHH
uuroknHoB IL-6, IL-10, HGF u VEGF B BbicOKol KOHLIEHTpaIiu
B CbIBOPOTKE KPOBH OOJIbHBIX YKa3bIBaIOT Ha HEYIOBICTBOPHUTEb-
HBI [IPOTHO3 JICUECHUS, SIBJIAIOTCS IIOKA3aTesIMU HU3KOM BBDKH-
BAaEMOCTH U KOPPEIMPYIOT C peluauBoM. KieTku MMMyHHUTETa
00€CreurBalOT CIOKHYIO CHCTEMY 3allUTHl 4epe3 LUTOKHHBI.
BocnanurenbHplli KOMIOHEHT MHUKPOCPEAbI OIYXOJIH TOJIOCTH
pTa U POTOIIOTKH UIPaeT 3HAYMMYIO POJib B UMMYHHOM OTBETE,
IIOCKOJIBKY OCHOBHBIM €I0 KOMIIOHEHTOM SIBJISIFOTCSI UMMYHOJE-
npeccuBHble UTOKUHBL. YpoBHH Thl mmrokuHoB - [FN-y, IL-12,
TNF-a nonmxensl, a Th2-nurokunsl - 1L-4, 1L-10 - HOBBIILIEHDI,
TOIZIa KaK B HOPME [OKa3aTesH IIPOTHBOIIOIOKHBI.
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OmnyXoib UCIHOJB3YeT pa3iNYHble MEXaHU3MBbI JUIS MHIYK-
MM M3MEHEHHUil B cHCTeMe BO M30e)KaHue MMMYHHOTO OTBETa
Ha €€ pa3BUTHE, B YaCTHOCTH 3JI0KAYECTBEHHAs KJIETKA MOJIOCTH
pTa WM POTOIVIOTKHM ITyTE€M BBIPAOOTKH (hakTopa pocTa dHIO-
tenust cocynoB (VEGF), npocrarmannuna E2 (PGE2), TGFB,
IL-6 u IL-10 nonaBnser MMyHHBIN oTBeT. OmmyxoieBas cpena
BBICBOOOXK/IACT MPOBOCHAIUTEIbHBIC MEMATOPbI, B TOM YHCIIE
Takoii perentop kak IL-15 alpha subunit (IL15RA), xotopsrii B
coyeranuu ¢ IL-15 ocymiecTBiseT yCUICHHBIH CHHTE3 IPOBOC-
MaJINTENbHBIX HUTOKHUHOB - IL-6, TNF-o u IL-17, Bauser Ha He-
JOCTaTOYHOCTh HUMMYHHOTO OTBETa M COOTBETCTBEHHO HU3KHI
HPOTHO3 BBKUBAEMOCTH.

YcTaHOBIIEHO, YTO Y OOJIBHBIX PAKOM IIOJIOCTH PTa U POTO-
DIOTKU KonndecTBO NK-KIETOK MOHMKEHO, COOTBETCTBEHHO
BO3HMKaeT HU3KUil koHTposb INKT ormyxosieBbIX KIETOK B pe-
TMOHAPHOM KOJUIGKTOpE, YTO KOPPEIHPYET ¢ HU3KUMH ITOKa3a-
TEJISIMHA BBDKHBACMOCTH.

[ToBbllIeHHAsT KOHIIEHTPALHUS ISHAPUTHBIX KICTOK B KPO-
BU KOPPEJIUPYET C MO3UTUBHBIM IPOTHO30M U OOJIBIION BbI-
JKMBAEMOCTbIO OOJIbHBIX PAKOM IOJIOCTH PTa U POTOINIOTKH,
YMEHBIICHHEM METAcTa3upOBaHUs B ILIeHHBIC IUMpaTHUe-
CKHE Y3JIBL.

D¢ QeKkTHBHBII  TPOTHBOOIYXONEBbIH MMMYHHBIH ~ OTBET
BKJIIOYAET MHOXKECTBO KOMIIOHEHTOB MMMYHHOI CHCTEMBI, OJI-
Hako T-KJIETKM OCTAIOTCs CaMbIMH 3HAYUMbBIMU KJICTKAaMH, yda-
CTBYIOIIMMH B TIPOTHBOOITYXOJIEBOM HMMyHHTeTe. [loaToMy
T-kaerounble 1e(eKTbl CHIKAIOT 9 (GEKTUBHOCT TPOTUBOOILY-
xoneBoro uMmynurera. CD4 + CD25 + T-kieTku urparor LeH-
TPaJBbHYIO POJb B MHHULMHPOBAHHU U IOJIEPIKKE HMMYHHOIO
orBera. Hannune B OOJBLIOM KOJNHYECTBE BBIILICYKA3aHHBIX M
CD4 + CD69 +, CD3 + T-KJIEeTOK CBS3aHO ¢ XOPOUIMM HpOr-
HO30M.
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PREVALENCE AND RISK-FACTORS OF BRUXISM IN CHILDREN
AND ADOLESCENT POPULATION AND ITS IMPACT ON QUALITY OF LIFE (REVIEW)

Tsitadze T., Puturidze S., Lomidze T., Margvelashvili V., Kalandadze M.

Ivane Javakhishvili Tbilisi State University, Georgia

Bruxism is a disorder that is characterized by grinding and
clenching the teeth either in sleep or also awake. It has become
an increasing problem all over the world, considering its nega-
tive impact on the quality of life in children and adult population.
Etiology of bruxism is multifactorial, but to summarize it can be
divided into two factors: peripheral (morphological) and central
(pathophysiological, psychological). Peripheral plays a minor
role and major regulator of bruxism is central. The knowledge
and approach to understanding the pathology is changing as new
definitions, classifications and theories regarding etiology has
been accumulated with the evolution and growth of knowledge
of this subject [13]. However, last studies define that bruxism is
a psychophysiological disorder [18]. In addition, bruxism is no
longer accepted as a single entity and it has two distinct circadian
manifestations. These 2 distinct manifestations of bruxism may
take place in different circadian phases, creating sleep and/or
awake bruxism, which may share common risk factors and lead
to similar consequences on the masticatory system, although
etiology and pathophysiology may differ [1]. The risk factors
and associated problems of bruxism are amply documented and
studied, however the recent publications point out that person-
ality features, such as anxiety traits and stress sensitivity, are
the main psychological factors associated with bruxism, both
in children/adolescents and in adults [25]. As a result, bruxism
may lead to the health problems such as tooth wear, tooth mo-
bility, and other clinical findings like tongue/cheek indentation,
masticatory muscle hypertrophy, temporomandibular joint pain,
headaches, and masticatory muscle pain or fatigue [15]. Due to
unfavorable effects that sleep or awake bruxism has on the oral
hard and soft tissue, the dental health care practitioners are par-
ticularly concerned with it [22]. Therefore, a sound knowledge
of the physiopathology of this parafunction together with the
etiologic and associated factors is needed for properly screening
the various forms of bruxism in children and adolescents [24].

This is a review paper and hence study discusses the possible
risk-factors leading to bruxism in children and adolescent popu-
lation. Moreover, the paper looks into its pathological impact
affecting individual’s health and quality of life as well as the
methods of treatment. The focus group of this review is children
and adolescents, because bruxism is observed to be more preva-
lent in these groups.

The review of the literature has been carried out using the
“ScienceDirect”, “Scopus” and “PubMed” scientific bases in or-
der to define relevant scientific works - published in English, not
carlier than 2014. Following keywords are used: bruxism, tooth
wear, sleep apnea, sleep and awake bruxism, bruxism preva-
lence. Over 200 articles were analyzed and 31 most relevant
articles were chosen and analyzed in details.

Classification of Bruxism. Bruxism is classified according
to: presence, occurrence, etiology, and motor activity [29]. The
presence of bruxism can be the past bruxism, which is currently
non-active and the present bruxism, which is currently active
[29,31]. Three types of bruxism can be identified according to
its occurrence: sleep bruxism, which occurs when individual
sleeps, awake bruxism which occurs while individual is awake
and combined bruxism, which occurs in both situations [31].
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Etiologically the bruxism can be primary and secondary. In the
case of primary bruxism the cause factors are not identifiable.
However, in the case of secondary bruxism, causing factors can
be presented as a consequence of neurologic, psychiatric, sleep
or movement disorders, or of an iatrogenic type associated with
drug use/withdrawal [31]. Motor activity type of bruxism can
be classified into three groups: tonic, phasic and combined. A
tonic bruxism is when the muscular contraction lasts less than 2
seconds, while the phasic bruxism is characterized by the brief
repeated muscular contractions with at least three consecutive
electromyographic bursts of 0.25 and 2 seconds. A variation of
tonic and phasic episodes is the combined bruxism [29].

Risk-factors of Bruxism. Commonly, the risk factors of brux-
ism are known to be: gender, age, genetics, endocrine disorders,
allergies, enlargement of the tonsils, cheeks tonus, perioral
musculature participation, biting, mouth breathing (day and/or
night), headaches, mental health problem, anxiety, emotional in-
stability, psychological factors, hyperactivity, medication, noisy
bedroom and even family income [2,8,9,11,14]. Pediatric den-
tistry classifies 3 groups of causing factors:

1. Local factors including occlusal interferences, high or poor
filling restorations.

2. Systematic factors including malnutrition and nutritional
deficiencies, allergies, endocrine disorders;

3. Psychological factors including personality disorders and
increased stress [11].

However, several risk factors for bruxism in children and ad-
olescents are identified among which behavioral abnormali-
ties and sleep disturbances predominated [14]. A statistically
significant association was found between childhood bruxism
and restless sleep in children. Children with restless sleep
are more likely to exhibit bruxism [20]. Mental disorders,
mainly anxiety disorders, and other psychological variables
were also significantly related to tooth grinding during sleep.
Based on the available evidence, a significant association be-
tween sleep bruxism and stressful, anxious, and tense per-
sonality traits is found in children aged between 6 and 11
years; likewise, a significant association between sleep brux-
ism and psychosocial disorders was present in adolescents of
age between twelve and seventeen years old [30]. In a group
of adolescents legal psychoactive substances intake showed
moderate association with sleep bruxism [3].

Prevalence of Bruxism. A cross-sectional study of 151 pre-
school children revealed the prevalence of bruxism to be 45.0%
associated with the location of headache as well as some para-
functional habits [6]. Correspondingly, another school-based
cross sectional study of total 935 children aged between 2-5
and 8-10 years demonstrated that the prevalence of bruxism was
22.3% in 2-5 age group and 32.7% in 8-10 age group related
with poor sleep quality [17]. Furthermore, the clinical examina-
tion of 253 undergraduate students was in concordance with the
numbers of previous research, bruxism occurred in 31.6% most
associated with bruxism were stress, muscle pain, TMJ pain, and
TMIJ noise [26].

Effects of bruxism on the health. Statistically significant
data proves association between oral health and general health
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[16,21,27]. Bruxism can cause short-term and long-term, per-
manent effects on individual’s health conditions. Short-term
effects of bruxism include: tooth sensitivities,headaches, fa-
cial myalgia, ear ache, tightness/stiffness of the shoulders,
limitation of mouth opening, sleep disruption, sleep disrup-
tion of bed partner due to noise, excess tooth mobility, in-
flamed and receding gums. While long-term effects are Tem-
poromandibular Joint Disorder, tooth wear and breakage,
tongue’s deformation [5,10,11].

The reviewed literature and statistically significant data
prove that bruxism still remains a serious problem all over
the world. The findings demonstrate many different factors
associated with jaw clenching and tooth grinding. Recogni-
tion of the possible causes, clinical characteristics, signs and
symptoms of the bruxism in childhood and elimination of the
problem as early as possible is very important in order to
avoid further difficulties [20]. According to literature, it is
evident that there are not any general medical procedures for
treating bruxism and each individual case requires specific
way of treatment. The aim of treatment is to find and remove
the factors causing bruxism, change the behavior and eventu-
ally repair the caused harm.

The dentists usually act through restorative procedures and
occlusal splints, but in some specific cases, systemic treatment
using pharmacological prescriptions is needed, associated with
medical and psychological support [4].

Methods of treatments preferable for sleep bruxism includes:
occlusal therapy, pharmacological therapy, contingent electrical
stimulation, behavioral treatments and biofeedback [9]. Improv-
ing the quality of sleep, reducing the use of stimulants such as
caffeine and nicotine, having a good bedtime routine and relax-
ing before bed are some of them [12]. On the one hand inter-
ventions such as counselling about triggers, habits modification,
relaxation therapy, or biofeedback treatment methods are appro-
priate for treating of awake bruxism [7].

Considering the potential negative consequences of persistent
bruxism on dental and oral health, the following recommenda-
tions can be given: self-observation for bringing awareness of
clenching or grinding activities during waking hours; muscle
relaxation, for a “muscular and vegetative stabilization” In order
to achieve an improved body perception and stress management;
and splint therapy, to protect the tooth structures from attrition
other oral structures from overload, and also to protectt possible
dental reconstructions from damage [14].

Conclusion. Bruxism is a common disorder among children
and adults, becoming a growing concern for both family mem-
bers and health professionals. As it was mentioned above, brux-
ism is a complex disorder with a controversial etiology [19]. It
is obvious that this parafunctional habit whether sleep and/or
awake, consists in an important change in the oral sensory-mo-
tor system, which requires a multidisciplinary approach, in order
to reduce injuries in dentognathic structures [28]. In this context
studies suggest a variety of treatment methodologies including
dentistry, physiotherapy and psychology.

Despite the fact that several psychoactive drugs and behav-
ioral therapies are used as a treatment methodologies, they are
still effective only for limited samples and with the risk of severe
side-effects. Thus, the further research, treatment strategies as
well as outreach is needed, to show how widespread the disease
is, how severely it may affect the helath and promote the actions
to decrease the prevalence of bruxism, particularly in children
and young adults.
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SUMMARY

PREVALENCE AND RISK-FACTORS OF BRUXISM IN
CHILDREN AND ADOLESCENT POPULATION AND
ITS IMPACT ON QUEALITY OF LIFE (REVIEW)

Tsitadze T., Puturidze S., Lomidze T., Margvelashvili V.,
Kalandadze M.

Ivane Javakhishvili Thilisi State University, Georgia

Bruxism has become more and more debatable and press-
ing issue all over the world last years. the etiology of bruxism
has been changing diverse definitions, over the years, how-
ever recently it is defined as a repetitive jaw-muscle activity
characterized by clenching or grinding of the teeth and by
bracing or thrusting of the mandible. This literature review
discusses the possible risk factors of bruxism in children
and adolescence, among which behavioral abnormalities and
sleep disturbances predominates. Moreover, it reviews patho-
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logical impact of bruxism on general health and quality of
life.

The literature review has been carried out using the “Scien-
ceDirect”, “Scopus” and “PubMed” databases in order to define
relevant scientific works - published in English, during the last 5
years. 31 most relevant articles were chosen.

Bruxism is a psychophysiological disorder that can take place
during the day and/ or night, in a form of clenching and grind-
ing. It can cause health problems such as tooth sensitivities,
headaches, facial myalgia, ear ache, tightness/stiffness of the
shoulders, limitation of mouth opening, sleep disruption, sleep
disruption of bed partner due to noise, excess tooth mobility,
inflamed & receding gums, Temporomandibular Joint Disorder,
tooth wear and breakage and tongue’s deformation. Considering
the potential negative consequences of bruxism on dental and
oral health, various clinical methods have been devised to assess
it over the years. As the etiology is multifactorial, there is no
exact treatment to prevent bruxism. Counselling and behavioral
strategies, splint therapy, medications, and contingent electrical
stimulation can be used as different ways reducing the effects
of bruxism

Keywords: bruxism, tooth wear, sleep apnea, sleep and
awake bruxism, bruxism prevalence.

PE3IOME

MPEBAJIEHTHOCTh W ONPEJEJEHHE PHUCK-
®AKTOPOB BPYKCH3MA B MOMNVYJISIUU JETEN
M MOAPOCTKOB M ETO BIMSIHUE HA KAYECTBO
"KH3HU (OB30P)

Huranse T.I., Iyrypunse C.J., Jlomuaze T.I1.,
Mapreenamsuin B.B., Kanannanze M.H.

Tounuccxuil cocyoapcmeennviti ynugepcumem um. H. Jicasa-
xuweunu, I py3us

B nocnennue rogsl Opykcu3M SBISIETCS aKTyalbHOM U Criop-
HOU TeMoil BO BceM mupe. CO BpeMEHEM MEHSEeTCs KaK €ro
BBI3bIBAIOIINEC ITPUYUHBI, TaK U Knaccml)mcaum{ n METOIBI JIe-
yeHHus. B 0030pe 00CYKIaroTCsi BO3MOXKHBIE PHUCK-(aKTOPBI
pa3BuTHs OpyKCH3Ma B IETCKOM M B B3pOCJIOM BO3pacTe, ero ra-
TOJIOTUYCCKHUE pe3y.]'ll>TaTbl, BJIMAOLINE HA 3J0POBLE U KAYECCTBO
JKM3HU YeJIOBEKa.

JlutepatypHblii 0030p ocHOBaH Ha HaHHBIX «ScienceDirect»,
«Scopus» n «PubMed» 3a nocneauue 5 ner. Otobpana 31 Ha-
Y4Has pe€JI€BaHTHas CTaTbs Ha aHl"J'IPIi’ICKOM SI3BIKE.

Bpykcusm — 1ncuxopu3nonoruyeckoe HapyuieHHe, KOTOpoe
MIPOSIBIISIETCS. CKPUIIOM 3y603, BBI3BIBASI LIETIBI Psi HEYTOOCTB:
Oosib B 00J1aCTH JIMIIA, YyBCTBO HANpsDKEHUS B 00JacTH ILICY,
HETIOHOLCHHBINH COH, HapylIeHHe (yHKIMOHUPOBAHUS BUCOY-
HO-HIDKHEUYEITIOCTHBIX CYyCTaBOB, CTUPAEMOCTh 3y0OB, BoCIalie-
HHUE JieceH, 00ib B 00nacTH yxa. [laHHbBIe CUMOTOMBI OTpHLIA-
TENILHO BIIUSIIOT HA KQYECTBO JKM3HU YeJIOBEKa.

Ha cerogssmHuii aeHb pa3pab0oTaHO MHOXECTBO METOIOB
JedeHus: Opykcu3Ma, OJHAKO BBHAY Pa3HOOOpa3usi BHI3BIBAIO-
muXx OpyKcu3M (DaKTOPOB KakOro-JubO yHHKAJIBHOTO METOAA
ero JICUeHUs1 He uMmeeTcs. MerogaMu jedeHust Opykcu3Ma siB-
JSIIOTCST MEAMKAMEHTO3HOE JICYCHHE, AJICKTPOCTHUMYILILHS U
CIUIMHT-TEpAIns. Pe3y.]'l]>TaTbI INPOBEACHHBIX AHAJTIUTUYCCKUX
paboT QUKTYIOT HEOOXOOMMOCTh MPOJOJDKEHHUS MCCIISIOBAHUM
10 pa3paboTKe YHHKAJIBLHOIO, BCECTOPOHHETO U MOJHOLCHHOTO
METO/Ia JICUCHHsI OPYKCU3MA.
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COMPARATIVE EVALUATION OF THE CLINICAL EFFICACY OF MODERN REMINERALIZING
DRUGS IN THE TREATMENT OF ENAMEL CARIES (FOCAL DEMINERALIZATION)

Solovyeva Z., Zaporozhskaya-Abramova E., Adamchik A., Gushchin A., Risovanniy S., Manukyan I.

Federal State Budgetary Educational Institution of Higher Education «Kuban State Medical University»
of the Ministry of Healthcare of the Russian Federation, Krasnodar, Russia

Tooth caries is a multifactorial disease, in the development
of which enamel resistance plays an important role [4,25]. It is
known that the development of caries is due to the demineraliza-
tion of tooth enamel with acids, which are the product of fer-
mentation of dietary carbohydrates by bacteria of dental plaque
[28]. Caries is a dynamic and reversible process; an understand-
ing of this fact has led to the development of new technologies
that can diagnose caries at the earliest stages for its timely treat-
ment and prevention [5,22]. The clinical efficacy of fluoride in
the prevention of caries has been proven by numerous studies
[1,6]. As remineralizing agents, agents containing various fluo-
rine compounds are used: sodium fluoride, aminofluoride, so-
dium monofluorophosphate, etc [8]

In the 1970s, Professor A. Knappvost developed a method
for deep fluoridation of hard dental tissues. Deep fluoridation is
based on chemical reactions that occur during the sequential pro-
cessing of hard tooth tissues with a solution of magnesium and
copper fluoride silicates and a suspension of highly dispersed
calcium hydroxide, which leads to the formation of a fluorosili-
cate complex [7]. The complex spontancously disintegrates with
the formation of microcrystals of calcium fluoride, magnesium,
copper, and polymerized silicic acid. Fluoride crystals are lo-
cated on the surface and deep inside the enamel in a thixotropic
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silica gel, due to which there is a prolonged release of fluoride
ions in a concentration sufficient for remineralization [13,24].

It is known that fluorides remain the leading means in the
prevention and treatment of initial lesions of hard dental tissues
[19]. The enamel remineralization in this case is due to the for-
mation of a more durable fluorapatite based on epitaxial growth of
residual crystals. However, the formed crystals of apatite may differ
in their physicochemical and strength properties from intact enamel
crystals [10,17]. Since mature enamel is a dead tissue, almost de-
void of proteins involved in regulating the processes of building hy-
droxyapatite crystals, an ideal remineralization drug should ensure
the organization and formation of micro-architecture of hydroxy-
apatite crystals, which are most similar to those of healthy enamel
[12,23,27]. Currently, a drug for biomimetic recovery of enamel
based on amelogenin protein “InnoDent” (PLC, “InnoDent”, Ka-
zakhstan) has appeared on the dental market, study of clinical ef-
ficacy of which is of great interest [2,22,25].

The study objective was to evaluate the clinical efficiency of
use of modern remineralizing formulas: “Enamel-sealing lig-
uid” (original name “Tiefenfluorid”, Humanchemie, Germany),
“FluoroLux” (TechnoDent, Russia), “InnoDent” (PLC, “Inno-
Dent”, Kazakhstan) and Clinpro™ XT Varnish (3M ESPE, Ger-
many) in treatment of focal demineralization.
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Material and methods. Clinical studies were carried out
based on the dental clinic of FSBEI HE Kuban State Medical
University of the Ministry of Health of Russia. In total, 36 vol-
unteers aged 18-30 years old with a satisfactory level of oral hy-
giene without severe concomitant somatic pathology took part
in study. Volunteers were informed about the upcoming preven-
tive measures and gave their consent to them.

In the framework of a clinical study, four groups of patients
were formed (n=36): Group 1 (n=9 people, 30 teeth with enamel
caries diagnosis); Group 2 (n=9 people, 29 teeth with enamel
caries diagnosis); Group 3 (n=9 people, 28 teeth with enamel
caries diagnosis); Group 4 (n=9 people, 31 teeth with enamel
caries diagnosis).

All patients underwent professional oral hygiene, oral hy-
giene training using standard techniques and home care recom-
mendations.

Patients of the first group underwent deep fluoridation with
the drug “Enamel-sealing liquid” (Humanchemie, Germany) ac-
cording to the method of Professor A. Knappvost. Liquid No. 1
was rubbed onto clean surfaces of the teeth with microbrush for
30 seconds, then liquid No. 2 was applied for 30-60 seconds.
The result is the decomposition of complex salts, deep penetra-
tion of active ions into the enamel, which form submicroscopic
crystals of calcium fluoride, magnesium fluoride and copper hy-
droxyfluoride, enclosed in a high molecular weight polymer of
silicic acid, which protects the crystals from leaching. Formed
dense polymer substance has alkaline reaction, protects the
enamel, has a long-term bactericidal activity [14,17,18]. Patients
underwent two deep fluoridation procedures with a multiplicity
of two weeks.

Patients of the second group underwent deep fluoridation
with the drug “FluoroLux” (TechnoDent, Russia) according to
the method of Professor A. Knappvost. Deep fluoridation with
“FluoroLux” is based on chemical reactions that occur during
the sequential processing of hard tooth tissues with a solution
of magnesium and copper fluoride silicates and a suspension of
highly dispersed calcium hydroxide, which leads to the forma-
tion of a fluorosilicate complex. The complex spontaneously
disintegrates with the formation of microcrystals of calcium
fluoride, magnesium, copper and polymerized silicic acid. The
resulting CaF2 nanocrystals have a size of 50 A, therefore they
penetrate well into the enamel pores with a diameter of 100 A.
Fluoride crystals are located on the surface and deep inside the
enamel in a thixotropic silica gel, which protects them from
leaching [20]. Patients underwent two deep fluoridation proce-
dures with a multiplicity of two weeks.
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Patients of the third group underwent a biomineralization proce-
dure with the drug “InnoDent” (PLC, InnoDent, Kazakhstan). The
method is based on the biomimetic restoration of enamel using an
analogue of the natural protein amelogenin (matrix), which regu-
lates the process of building hydroxyapatite crystals in the enamel,
followed by remineralization with essential trace elements from
the patient’s natural environment (saliva) [11,16]. Procedure: after
carrying out professional hygiene, teeth are isolated from saliva,
treated with 2% chlorhexidine solution, to open micropores, a 37%
solution of orthophosphoric acid is applied for 20 seconds, the acid
is washed off with water, the surface of the teeth is dried with an air
stream. InnoDent s diluted with 0.05 ml of distilled water, 1-2 drops are
applied with a micro applicator, is not washed off within 5 minutes. The
patients underwent a biomineralization procedure once.

Patients of the fourth group underwent remineralization us-
ing Clinpro™ XT Varnish (3M ESPE, Germany) - light-cured,
hybrid, glass-ionomer material of prolonged action, which re-
leases fluorides, calcium, and phosphates in large quantities in
the first 24 hours after application. In addition, the material on
the surface of the tooth continues to be “recharged” every time
the patient brushes their teeth with a paste containing fluorine,
calcium, and phosphates [3,15,26]. Methodology: the cleaned
surface is rinsed with water, then the remaining water is re-
moved, the required amount of the drug is squeezed out of the
dosing system (Clieker™) on the notepad for kneading, the ma-
terial is kneaded for 15 seconds (working time is 2.5 minutes).
Then a thin layer is applied on the surface of the tooth. The drug
is polymerized by a lamp for 20 seconds, and then the surface is
wiped with a wet applicator. The patients underwent a reminer-
alization procedure once.

To assess the effectiveness of the treatment of foci of enamel
demineralization with test drugs, volunteers were diagnosed us-
ing methods:

1) Laser fluorescent apparatus “DiagnoDent Pen” (KaVo);

2) Vital staining with a 2% aqueous solution of methy-
lene blue with subsequent evaluation on the control gradation
10-point grayscale scale [21].

Comparison of the estimated indicators in the study groups
was carried out using the Wilcoxon and Mann-Whitney tests.
To assess the results obtained, nonparametric statistics software
packages were used (StatSoft Statistica 12.0).

Results and discussion. Clinical studies of the remineralizing
activity of the drugs were carried out on the basis of the laser
fluorescence data obtained and vital staining indicators.

The results obtained in the study groups are given in the tables
(Table 1,2). Clinical cases are presented in figures (Fig. 1-4).

Fig. 1 The results of the vital staining of focal demineralization in the group
before and after the deep fluoridation “Enamel-sealing liquid”

Fig. 2 The results of the vital staining of focal demineralization in the group before and after the deep fluoridation “FluoroLux”
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Fig. 4 The results of the vital staining of focal demineralization
in the group before and after the remineralization “Clinpro™XT Varnish”

Table 1. Results of parameters of laser fluorescence in study groups

Groups Periods of . S1gn1ﬁcanc.e of d1ffer§nce Significance of difference on observation
. Median (25%;75%) | on observation stages in the .
observation . stages between the groups in 3 months
groups in 3 months
Lo before 21 (18;23) p2=0.56 p3=0.365 p4=0.449
Liquid p*=0.000002
3 months 10 (9;11) p2=0.134 p3*=0 p4*=0
before 21 (18;24 1=0.56 p3=0.15 p4=0.21
Deep ( ) *=0.000002 p p p
fluoroe 3 months 11 (10;11) p1=0.134 p3*=0 p4*=0
iominer- before 21(19;24 1=0.365 p2=0.15 p3=0.935
Bl(?mlper ( ) p*=0.000002 p - p p
alization 3 months 14 (14;15) pTE0 p2=0 p3=0
i before 21 (18;24 1=0.449 p2=0.21 p3=0.935
Clin ( ) p*=0.000002 p p P
Pro 3 months 13 (12;15) p1*=0 p2*=0 p3*=0

p* - statistically significant difference is taken at p<0.05

Based on the data presented in Table 1, it was found that all
patients of the three groups, before treatment, showed staining
of enamel demineralization foci of blue color of varying inten-
sity in 100% of cases, with the minimum value on a 10-point
scale being 2-3 points, maximum - 8. Indicators of the laser-
fluorescent method with the “DiagnoDent Pen” apparatus before
treatment ranged from 18 to 24 units.

Comparison of the performance of each group after 3 months
of observation was carried out using the Wilcoxon test. Compar-
ison of the performance of the groups between themselves be-
fore and after treatment was performed using the Mann-Whitney
test. The confidence level was accepted at p<0.05.

When comparing the laser fluorescence values in the pretreat-
ment groups, no statistically significant difference was found.
This indicates the closeness of the values of medians in all
groups before treatment (p>0.05).

The enamel laser fluorescence index, expressed in units, with
high statistical significance decreased in all groups after 3 months
compared with the data before treatment (p=0.000002). In the first
group, the median decreased by 52%. In the second group, the me-
dian decreased by 47%. In the third group, the median decreased by
33%. In the fourth group, the median decreased by 38%.

When comparing the first and second groups after 3 months,
no statistically significant differences were found. When com-
paring the data of the first and second groups with the data of the
third and fourth groups, a statistically significant difference was
revealed. That is, in the groups of patients in whom deep fluori-
dation was performed with “Enamel Sealing Liquid” and “Fluo-
roLux”, the rate of laser fluorescence was significantly lower
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in 3 months than in the groups in which the biomineralization
procedure was performed with “InnoDent” and remineralization
with “Clinpro™ XT Varnish”. When comparing the data of the
third and fourth groups after 3 months, a statistically significant
difference was revealed. That is in the groups of patients who
underwent remineralization with “Clinpro™ XT Varnish” the
indicator of laser fluorescence was significantly lower compared
with the data after biomineralization with “InnoDent” (Table 1).

When comparing the vital staining values in the pretreatment
groups, no statistically significant difference was found. This
indicates the closeness of the values of medians in all groups
before treatment (p>0.05).

The vital staining index, expressed in points, with high sta-
tistical significance decreased in all groups after 3 months com-
pared with the data before treatment (p=0.000002).

When comparing the first and second groups after 3 months, no
statistically significant differences were found. When comparing
the data of the first and second groups with the data of the third
and fourth groups, a statistically significant difference was revealed.
That is, in the groups of patients in whom deep fluoridation was
performed with “Enamel Sealing Liquid” and “FluoroLux”, the rate
of vital staining was significantly lower than in the groups in which
the biomineralization procedure was performed with “InnoDent”
and remineralization with “Clinpro™ XT Varnish”. When compar-
ing the data of the third and fourth groups, a statistically significant
difference was revealed. That is in the groups of patients who un-
derwent remineralization with “Clinpro™ XT Varnish” the indica-
tor of vital staining was significantly lower compared with the data
after biomineralization with “InnoDent” (Table 2).
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Table 2. Results of parameters of vital staining in study groups

Median
(25%;375%)

Periods of
observation

Groups

Significance of difference
on observation stages in the
groups in 3 months

Significance of difference on obser-
vation stages between the groups
in 3 months

before 6 (6;8)

Liquid

3 months 3(2:4)

p*=0.000002

p2=0.686
p3=0.842
p4=0.485
p2=0.169
p3*=0
p4*=0.000002

before 6 (6;8)

Deep fluoroe

3 months 3(2;3)

p*=0.000002

p1=0.686
p3=0.84
p4=0.76
p1=0.169
p3*=0
p4*=0.000047

before 6 (6:;8)
Biominer-

alization

3 months 4 (4;5)

p*=0.000002

p1=0.842
p2=0.84
p4=0.615
pl=0
p2=0
p4=0.000001

before 6.5 (6;8)
Clin

Pro

3 months 3(3:4)

p*=0.000002

p1=0.485
p2=0.76
p3=0.615

p1#=0.000002

p2*=0. 000047
p3*=0.000001

p* - statistically significant difference is taken at p<0,05

According to the results of clinical data, the high efficiency
of the remineralizing activity of deep fluoridation was estab-
lished, both when using “Enamel-Sealing Liquid” and when us-
ing “Fluor-Lux”. First, the liquid could penetrate deeply into the
structure of enamel and to perform prolonged release of fluoride,
calcium, and copper ions. Secondly, it has a long-lasting antimi-
crobial and remineralizing effect, which is indirectly confirmed
by the obtained clinical results. Conducting deep fluoridation in
the treatment of enamel caries in the “white spot” stage stops
the process of demineralization, prevents further progression of
the pathological process, and contributes to increasing the re-
sistance of hard dental tissues. The presented dosage forms for
deep fluoridation in the treatment of enamel caries reliably show
remineralizing activity comparable with each other, exceeding
the control indicators, and can be interchanged when used at the
discretion of the attending physician.

According to the results of laser fluorescence and vital
staining after 3 months, it was found that the use of “Clin-
proTM XT Varnish” gives a positive effect in reducing focal
enamel demineralization. This may be because the drug acts
mainly as a physical barrier that prevents direct contact of
acidic substances with the enamel surface. It should be noted
that in the group where “ClinproTM XT Varnish” was used,
patients ’strict adherence to recommendations on the use
of fluoride-containing oral hygiene products was required,
which should “recharge” the film formed on the enamel sur-
face and accumulate fluorine ions in her.

According to the data of laser fluorescence and vital staining
after 3 months, it was found that the biomineralization proce-
dure with the “InnoDent” drug gives a moderate positive effect
in reducing the focal demineralization of enamel. This may be
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because the enamel growth process (enamelogenesis) is one of
the slowest morphogenetic processes, which requires more time
to complete than during the period of embryonic enamel for-
mation. The results obtained in the group in which the method
of biomineralization with the “InnoDent” drug was carried out
in our opinion was influenced by the following factors: as the
enamel ripens, the enamel protein profile changes. At the stage
of formation, the ratio of amelogenins and enamelins is 9:1, and
in mature enamel it reaches 1:1. In this regard, the use of this
drug may be more effective in patients during the period of rip-
ening enamel.

Conclusion. Based on the obtained results, it can be conclud-
ed that modern remineralizing drugs with advanced technology
can be effectively used as therapeutic and prophylactic agents
for enamel caries (focal demineralization).
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SUMMARY

COMPARATIVE EVALUATION OF THE CLINI-
CAL EFFICACY OF MODERN REMINERALIZING
DRUGS IN THE TREATMENT OF ENAMEL CARIES
(FOCAL DEMINERALIZATION)

Solovyeva Z., Zaporozhskaya-Abramova E., Adamchik A.,
Gushchin A.A., Risovanniy S., Manukyan I.

Federal State Budgetary Educational Institution of Higher
Education «Kuban State Medical University» of the Ministry of
Healthcare of the Russian Federation, Krasnodar, Russia

The emergence of new concepts and mechanisms for rem-
ineralization is of great interest to study. The study objective
was to evaluate the clinical efficiency of use of modern rem-
ineralizing formulas: “Enamel-sealing liquid” (“Tiefenfluorid”,
Humanchemie, Germany), “FluoroLux” (TechnoDent, Rus-
sia), “InnoDent” (PLC, “InnoDent”, Kazakhstan) and Clin-
pro™ XT Varnish (3M ESPE, Germany) in treatment of focal
demineralization. According to the number of studied drugs in
the framework of a clinical study, four groups of patients with a
diagnosis of caries of enamel were formed (n=36): Group 1 (n=9
people, 30 teeth); Group 2 (n=9 people, 29 teeth); Group 3 (n=9
people, 28 teeth); Group 4 (n=9 people, 31 teeth). Evaluation of
the clinical efficacy of enamel caries treatment was carried out
using 1) vital staining with a 2% aqueous solution of methylene
blue followed by evaluation using a control gradation 10-point
grayscale; 2) laser-fluorescence method using the apparatus “Di-
agnoDent Pen” (KaVo). Statistical processing of the obtained
results was performed using the Wilcoxon and Money-Whitney
test. The confidence level was considered at p<0.05. According
to the data of laser fluorescence of enamel and vital staining,
the median index with high statistical significance decreased in
all groups after 3 months compared with the data before treat-
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ment. Thus, all the studied drugs showed remineralizing activity
in the elimination of enamel demineralization foci. This study is
the basis for the search and development of new remineralizing
compounds for the prevention and treatment of focal enamel de-
mineralization.

Keywords: InnoDent, demineralization, enamel-sealing liquid.
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Despite various approaches that miscellaneous orthodontic
trends may suggest, main goal of an orthodontist is early pre-
vention of orthodontic abnormalities. In fact, more frequent-
ly, specialists have to deal with a result rather than a cause
of orthodontic abnormalities making long-lasting effects less
achievable and likelihood of relapse greater. Mechanical ex-
pansion of narrowed jaws or adjustment of malocclusion is
not feasible unless accompanied by proper neuromuscular
balance. Therefore, main goal faced by an orthodontist is to
prevent this type of abnormalities and, if they do exist, not
only deliver effective therapy, but, rather, keep the, achieve-
ment long-term without using any appliances.

Contemporary dentistry regards masticatory apparatus as
an integral functional part of organs belonging to this system.
As muscles of mastication, temporomandibular joint, peri-
odontium and teeth are normally functionally interconnected,
change in one part of this system affects functioning of the
rest, to a certain extent.

One of the necessary precondition for physiologic occlusion
is relaxation of masticatory muscles whose achievement may re-
quire application of transcutaneous electrical nerve stimulation.

One of the requirements for neuromuscular balance of
the masticatory apparatus is a good tongue posture where
the tongue rests against the palate thereby promoting proper
growth of the maxilla, which per se is one of the main precon-
ditions for early prevention of maxillofacial discrepancies.
Good tongue posture has utmost importance for the proper
development of facial skeleton and occlusion [12]. Abnormal
breathing pattern due to mechanical factors, allergies or fa-
cial structure can disrupt proper tongue-palate relationship in
the very childhood, drop it away from the palate and lead to
an open bite [15]. As it turns out, nasal breathing and tongue
posture closely correlate. Changing this relationship can
cause collapse of various degrees in the entire stomatognathic
system and lead to problems connected with vertical growth
of upper and lower jaws, narrowing of the air passageways
and adversely affecting quality of life overall [16].

As we have mentioned in the earlier publication [1], nasal
breathing has a significant impact on the qualitative and quan-
titative physiological correlates of the masticatory muscles.
Comparing nasal and mouth breathing modes demonstrates
that, in nasal breathing, masseter and temporalis muscles ac-
tivity is homogenous and symmetric, while, in oral breathing,
their contractility is reduced and significantly dissociated.

In the context of this background, it is particularly interest-
ing to see how electrophysiologic characteristics of masticatory
muscles differ in nasal and oronasal breathing modes. Interest
over this issue, as well as over the one highlighted in the first
study, has been heightened lately among researchers and spe-
cialist doctors [9], although, to date, electromyography — the
only objective research method for these muscles [13] — has not
been exhaustively utilized in different studies which makes the
stated correlation particularly attractive for research [17].

Our interest in electromyographic indicators of masseter and
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temporalis muscles, in turn, is twofold: how symmetrically they
contract during maximal clenching on the cotton roll, i.e. when
dentoalveolar proprioception is minimal, and how powerfully
they contract in the same test in patients with different breathing
patterns [14,19].

Aim of the study was to assess electrophysiologic character-
istics of masticatory muscles, right and left temporalis and right
and left masseter, in nasal and oronasal breathing modes.

Material and methods. The study was conducted on the
group of 30 female volunteers who were referred to the clinic
for orthodontic problems. Conflict of interests was ruled out.
The research was carried out within a frame of population-based
study.

All subjects enrolled in the study had permanent denti-
tion with all second molars and a minimum of 28 natural
teeth present in total. None of them had clinically mani-
fested systemic somatic, neurological or endocrine disor-
ders or those of nasal cavity, paranasal sinuses or tonsillar
disorders. Written informed consent was obtained from all
subjects. To narrow the selection of subjects eligible for
the study, we applied an electromyographic protocol of
normalized electromyographic recording during maximal
voluntary clenching of teeth on a cotton roll [2].

Electrophysiologic study of masseter and temporalis muscles
was conducted bilaterally (right and left) using an apparatus
Easymyo (Italy).

Silver/silver-chloride bipolar electrodes for the study of
masseter muscles were placed on the external surfaces [5]
of the cheeks on a proper side parallel to the muscle fibers
over the most easily palpated protuberance during maximal
voluntary contraction of clenching. Reference electrode was
placed on the forehead [18]. The area of the skin was cleaned
with an alcohol-based solution prior to electrode placement.
Electrodes were spaced at 22 mm intervals [6,10].

Electromyographic activity was recorded using four channels
of eight-channel electromyograph (Easymyo). Signal was digi-
tally filtered and averaged over 3000 ms. Electrical activity of
the right and left masseter and temporalis muscles was measured
in microvolts (V) using mean value for each muscle [3].

Electromyographic potentials were standardized accord-
ing to Ferrario. To block dentoalveolar proprioception and
determine the degree of muscular contractility, two 10 mm-
thick cotton rolls were placed between the second premolar
and the first molar of the mandible and electromyogram of
maximal voluntary contraction of clenching was recorded for
3 sec [4]. Subjects were asked to repeat the same act using
their own occlusion [8] where occlusal contact had indirect
effect on muscle tone [7]. We adopted the first test as a stan-
dard (100%) where muscle status is free from dentoalveolar
proprioceptive effects [11].

Results and discussion. The table below contains indicators
of electrophysiologic characteristics (1V, P<0,001) of mastica-
tory muscles, right and left temporalis and right and left mas-
seter, in nasal and oronasal breathing modes.
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Table 1. Indicators of electromyographic activity of right and lefi temporalis and masseter muscles

Mode of breathing Right temporalis Left temporalis Right masseter Left masseter
Nasal 188 +4,3 uV 191+4,0 pV 185 +3,3 uVv 186 +£3,9 uVv
Oronasal 150£3,3 v 140£2,3 pv 87£2,9 uv 90 £3,0 pV

As Table 1 shows, in subjects with nasal breathing, electro-
myographic indicators fall within standardized range. In the
group of subjects with oronasal breathing electrical activity
of masseter and temporalis muscles is asymmetrical. Asym-
metry between sides and unevenness between muscle pairs
during normalized muscle activity may result from function-
ally unstable occlusion. When teeth clench on a cotton roll,
dentoalveolar proprioceptive signal is too weak to affect
electromyographic indicators offering possibility to obtain
data solely on muscle activity during maximal voluntary con-
traction. Indicators of the degree of mean muscle contractil-
ity recorded as a result of standardized maximal voluntary
contraction show that, in nasal breathing, muscle activity is
homogenous and symmetric in the right and left masseter and
temporalis muscles, while, in oronasal breathing, it becomes
more dissociated with electrical activity more pronounced in
temporalis muscles. Electrophysiologic activity and, conse-
quently, contractility of both temporalis and masseter mus-
cles are reduced compared to subjects with nasal breathing
which must be caused by recruitment of less excitable motor
units.

Results yielded by the study suggest the significance of the
state of neuromuscular balance of the masticatory apparatus in
the assessment of orthodontic status and possibility of apply-
ing electromyographic indicators to estimate the degree of orth-
odontic dysfunction and develop individualized treatment plans.
Study continues in this respect.
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Aim of the study was to assess electrophysiologic character-
istics of masticatory muscles, right and left temporalis and right
and left masseter, in nasal and oronasal breathing modes.

The study was conducted on the group of 30 female volun-
teers who were referred to the clinic for orthodontic problems.
Conflict of interests was ruled out. The research was carried out
within a frame of population-based study.

In subjects with nasal breathing electromyographic indica-
tors fall within standardized range. In the group of subjects with
oronasal breathing electrical activity of masseter and temporalis
muscles is asymmetrical. Asymmetry between sides and un-
evenness between muscle pairs during normalized muscle activ-
ity may result from functionally unstable occlusion. When teeth
clench on a cotton roll, dentoalveolar proprioceptive signal is
too weak to affect electromyographic indicators offering possi-
bility to obtain data solely on muscle activity during maximal
voluntary contraction. Indicators of the degree of mean muscle
contractility recorded as a result of standardized maximal vol-
untary contraction show that, in nasal breathing, muscle activ-
ity is homogenous and symmetric in the right and left masseter
and temporalis muscles, while, in oronasal breathing, it becomes
more dissociated with electrical activity — more pronounced in
temporalis muscles. Electrophysiologic activity and, conse-
quently, contractility of both temporalis and masseter muscles
are reduced compared to subjects with nasal breathing which
must be caused by recruitment of less excitable motor units.

Results yielded by the study suggest the significance of the
state of neuromuscular balance of the masticatory apparatus in
the assessment of orthodontic status and possibility of apply-
ing electromyographic indicators to estimate the degree of orth-
odontic dysfunction and develop individualized treatment plans.
Study continues in this respect.

Keywords: right and left temporalis muscles, right and left
masseter, nasal breathing mode, oronasal breathing mode.
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JICBOM BHUCOYHBIX, IIPABOM U JICBOM JKEBATEIbHBIX MBIIIL - IPU
HOCOBOM U OpOHA3aJIbHOM (CMELIAHHOM) PEeXMMAaX JbIXaHUS.

HccnenoBana rpyrma sxeHIIUH-100poBosbies (n=30), koTo-
pble IOCTYNWIN B KIIMHUKY C OPTOAOHTHYECKUMU NPOOIEeMaMHU.
KoudpmukT uHTEpecoB oTcyTcTBOBa. MCcaenoBanue NpoBOan-
JIOCh B paMKax OOIIECTBEHHOIO MCCIICIOBAHUS.

VY 7M1 ¢ HOCOBBIM JBIXaHHEM JJIEKTPOMHOrpapuIecKue mo-
Ka3aTejad HaxOAsATCs B Auana3oHe (U3HOJIOTHUSCKOW HOPMBL.
B rpynne uccienyembIX ¢ OpOHa3albHBIM (CMEIIAHHOM) JIbI-
XaHUEM DJICKTPUYECKasd aKTUBHOCTD KEBATCIIbHBIX U BUCOYHBIX
MBILII OblJIa AaCHMMETPHYHA. ACHMMETPHSI MEXKIY CTOPOHAMHU
U HEPABHOMEPHOCTb MEXAY IapaMu MBI IIPU HOpMaJ’leOﬁ
MBIIIEYHOM AKTUBHOCTH, II0 BCE BEPOATHOCTHU, ABJIACTCA pE-
3y/IbTaTOM (PYHKIIMOHAIBHO HecTaOWIBbHOW OKKiIIo3uu. Ilpu
C)KUMaHHU 3yOOB O BaTHBIN BAIUK 3y0OUEITIOCTHON AEHTOAIbBE-
OJ'[J'IS[pH]:If/i CHTaHaJI CJIUIIKOM cJ1ad JUIA BJIUSTHASA HaA DJICKTPOMU-
orpaduyecKre Mmokasarein, YTo JaeT BO3MOXKHOCTh MOJIYYUTh
KOHKPETHBIE JaHHBIE O MBIIIEYHON aKTHUBHOCTHU BO BpEMs Mak-
CHMAJILHOTO TPOU3BOJIHOTO COKpallieHus. VIHauKaTopsl cre-
INEHU COKPATUMOCTU MbILIL, 3apETUCTPUPOBAHHBIC IIPHU CTaH-
JapTU30BaHHOM MAaKCHUMAaJIbHOM IIPOU3BOJIBHOM COKpallI€CHUU
YKa3bIBalOT, 4TO ITPU HOCOBOM JIbIXaHUHW MbILICYHAsA aKTUBHOCTb
OJTHOPOZHA U CUMMETPHYHA B NPABOM U JICBOW JKEBATEIbHBIX U
BHUCOYHBIX MbIHINAX; IIPHU OpOHA3aJiIbHOM AbIXaHHWKW OHA CTAaHO-
BUTCS OOJiee TUCCOIMUPOBAHHOM, ¢ 00Jiee BBIPAKCHHOM 3JICK-
TPUUYCCKOW AKTHMBHOCTBIO BHCOUHBIX MBI, DICKTPODU3HO-
JIOrUYeCKasi aKTUBHOCTh U, KaK CJIEACTBHE, COKPAaTUMOCTh Kak
BHUCOYHBIX, TaK M XCBATCJIbHBIX MBbILIL] CHUKCHbBI B CPABHECHUH
C CyGBeKTaMH C HOCOBBIM JIbIXaHUEM, YTO, O4YEBHUIHO, BBI3BAHO
YMEHBIICHHUEM BKJIFOUCHHBIX B BO36y)K)1€HI/Ie BBICOKOIIOPOIo-
BbIX JIBUT'ATCJIbHBIX CIUHUIIL.

Pe3y.]'l]>TaTbI HcciieoBanrs CBUACTEILCTBYIOT O 3HAYUMOCTHU
COCTOSIHHSI HEPBHO-MBIILIEYHOr0 OajlaHca JKeBaTEIbHOTO arla-
para Juisi OLIEHKH OPTOAOHTHYECKOIrO CTaTyca M BO3MOXKHOCTH
IPUMEHEHHUS IEKTPOMUOTrpadUUeCcKHX MoKa3areaen uis onpe-
JIeTICHHsI CTENIEHN OPTOAOHTHYECKOI AUChYHKIMU U pa3padort-
KM MHAUBUAYAJIBHOI'O IUJIaHA JICUCHUS. I/ICCHCJIOBaHl/Iﬂ B 3TOM
HAaIIPaBJICHUU IPOJOJIKAIOTCSL.
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INDICATORS OF LOCAL IMMUNITY IN THE COMORBID COURSE
OF CARIES AND GASTROESOPHAGEAL REFLUX DISEASE

Borysenko A., Timokhina T., Kononova O.

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

The prevalence of hard tooth tissue diseases (dental caries) is
very high (up to 96,0%) among young people in former Soviet
Union, especially in Ukraine. Diseases of the digestive system
have same prevalence.

It should be noted that advertising for medical help for these
diseases does not always occur on time. This is due to the re-
luctance of treatment to the doctor (dentist), and practice of
avoiding treatment generally that begins in adolescence. Sur-
vey shows that about 63,0% of young men and 87,0% of young
women take drugs for the treatment of gastrointestinal disorders
and pain symptoms in dental diseases without the recommenda-
tions of a doctor (dentists) focusing solely on commercial ad-
vertising [1,2,8].

Today is clearly proven the relationship between diseases of
the digestive tract and pathological processes that occur in the
oral cavity [8,19,21]. It was found that oral diseases have a di-
rect influence on the condition of the digestive system. It was
proved that receptors which are located in the oral mucosa, af-
fecting the motility and secretory activity of the digestive sys-
tem. Along with this, it was found that “pathological” reflexes
of internal organs have a negative influence on the oral cavity [3-
5,9,15]. Caries and its complications take the leading role in the
development of gastrointestinal diseases in young people. The
organism of young people is influenced by constant microbial
invasion and sensitization when diseases of the digestive system
are combined with carious teeth [10].

However, quite often various changes can be determined in
the tissues and organs of the oral cavity on the early stages of
systemic diseases. This is due to the fact that in the etiology and
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pathogenesis of dental caries, periodontal and oral mucosa dis-
eases play main local and systemic immunity reactions.

In the organism, there is a close relationship between the main
systems, including the endocrine, nervous, hematopoietic, as
well as digestive. In different investigations were found likely to
increase prevalence and intensity of hard tooth tissue diseases,
oral mucosa diseases in adolescents and young people with vari-
ous diseases of the digestive tract [12-14,20].

A number of researchers found a higher prevalence of caries,
oral mucosa diseases, periodontal diseases in children and adults
with inflammatory and destructive diseases of the stomach and
intestines.

Different researches shown that caries of permanent teeth in
children with gastrointestinal pathology was revealed in 78.4%
versus 70.6% in children without digestive diseases. Children
with gastroduodenitis have higher prevalence and intensity of
dental caries, hyposalivation and decrease calcium level in sa-
liva, and acidosis of saliva. It was shown the influence of the
stomach and duodenum contents with reflux on the homeostasis
of the oral cavity, basic salivation, and also the activation of the
demineralizing properties of saliva [22, 23].

Investigating of digestive tract diseases influence on the sta-
tus of the oral cavity in adult patients, researchers pay attention
to the intensity of caries, the status of periodontal tissues, the
hygienic state of the oral cavity, indicators of local immunity,
and some indicators of saliva. Many authors note the high in-
tensity of caries in presence of gastritis and peptic ulcer (PU) up
to 22. Such high level of dental lesion in patients with PU is ex-
plained by the gastroesophageal reflux in patients of this group.
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It contributes to the throwing of gastric juice into the oral cavity,
which promotes the development of caries and non-carious dis-
eases, in particular dental erosion [18].

Gastroesophageal reflux disease is one of the most com-
mon diseases of the digestive tract [18]. Some authors believe
that principal causes of developing pathologies of periodon-
tal tissues lead to gastroesophageal reflux [4,10]. According
to published data, a large number of cases of erosive and ul-
cerative lesions of the stomach and duodenum are accompa-
nied by reflux disease. According to several authors [1, 7], the
fact of deterioration of the hygienic state of the oral cavity
in people with pathology of the digestive system can change
the biochemical composition of the saliva and, in particular,
affect tooth decay with caries. However, the role of saliva is
currently undeniable in supporting the physiological and de-
velopment of pathological processes of hard and soft tissues
of the oral cavity.

It was found that patients with peptic ulcer (PU) in 98%
have combined immune system deficiency. It is not known
what is the primary factor of internal organs diseases with
subsequent damage to the oral cavity or vice versa. Authors
associate indications of immunological deviations with the
localization of the ulcer, the nature and period of the course
of the PU, as well as with the clinical signs of periodonti-
tis. An important role among the components of the immune
defense of the oral cavity belongs to non-specific humoral
factors [6,17] produced by various cells. These include the
so-called factors of natural resistance: lysozyme, lactofer-
rin, lactoperoxidase, mucin, interferon, some components
of complement, etc. All these factors are present in saliva in
significant quantities and directly involved in the destruction
or suppression of the vital activity of microorganisms. These
components act in a complex manner, duplicate each other,
which increases the final effect of protection. However, de-
scribing the properties of saliva, researchers adhere mainly to
their changes in various types of dental pathology, not taking
into account the general condition of the body.

Material and methods. In total were exanimated 33 patients
with dental caries in age from 18 to 25 years (average age -
20,4+0,9 years), 21 (63.7%) of them were men and 12 (36.4%)
were women. The main group consisted of 17 patients who had a
combined dental pathology (caries) and gastroesophageal reflux
disease. The comparison group consisted of 16 people who had
dental caries without the other systemic diseases. The groups
were randomized by age and sex.

All patients who were included in the study evaluated the den-
tal status, immunological analysis of blood and saliva, gastro-
esophageal reflux disease assessment by questionnaire.

All patients were investigated for dental status with registra-
tion of the prevalence and intensity of dental caries (DMF + dm,
DMF).

All patients were investigated for dental status with reg-
istration of the prevalence and intensity of dental caries.
Were determined the intensity and prevalence of dental car-
ies (DMF + dm, DMF). The structural resistance of dental
hard tissues was determined by using ERT test [16]. Hygienic
status of the oral cavity was determined by using the Green-
Vermillion (1964) [24] and Silness-Loe (1964) Index [28].
Papillary-marginal alveolar index (PMA) was used to deter-
mine the intensity of periodontal inflammation [27]. The in-
tensity of gingival bleeding was evaluated by index SBI (H.P.
Muhlemann, S. Son (1971) [26].
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Also were conducted a questionnaire survey of 33 patients,
body mass index (BMI = 22.842.07 kg/m?), who complained
of heartburn and had endoscopic signs of gastroesophageal re-
flux disease (non-erosive form). Questionnaire survey was car-
ried out by using a special questionnaire to identify the clinical
symptoms of gastroesophageal reflux disease, risk factors for
heartburn and the course of the disease, the nature and preva-
lence of esophageal manifestations.

Immunological screening was carried out on 1%-2" day
from the first date of application and after 6 months and in-
cludes conducting tests of I and II levels according to the
requirements of World Health Organization (WHO) Memo-
randum. Quantify major populations and subpopulations of
lymphocytes to determine their functional activity of serum
immunoglobulins, the concentration of circulating immune
complexes of different molecular size, the phagocytic activity
of neutrophils and cytokine status.

Defining phenotype lymphoid cells conducted indirect im-
munofluorescent method using monoclonal antibodies pro-
duced by “Sorbent service” (Moscow, Russia) against CD 3
lymphocyte antigens, CD 4, CD 8, CD 16, CD 22, with a final
count on the fluorescent microscope “LUMAM 13” 200 of
each cell phenotype.

Using this method were defined the following lymphocyte
subsets - CD3+ lymphocytes (T-cells) CD4 + lymphocytes (T-
helper) CD8 + lymphocytes (T-cytotoxic lymphocytes / suppres-
sor) CD16 + cells (NK-cells), CD22 + lymphocytes (B -cell).

The functional activity of T-lymphocytes was studied mor-
phological method by determining the proliferative activity
of lymphocytes in lymphocyte blast transformation reaction
(LBTR) with mitogen phytohemagglutinin (PHA) from «Bur-
roughs Welcomep.

The phagocytic activity of neutrophils was assessed by the
degree of absorption of latex particles with calculation Hamburg
phagocytic index and phagocytic number Wright.

The study of the functional state of B-lymphocytes was car-
ried out by determining the level of the main classes of serum
immunoglobulins Ig G, Ig A, Ig M by simple radial immunodif-
fusion in a gel according to G., Mancini et al., 1965 [25].

The concentration of circulating immune complexes (CICs)
in the serum was determined by precipitation in polyethylene
glycol solution (PEG-6000) on microspectrophotometry «Spe-
col-21» (Germany) at a length wave 450 nm. At the same time,
based on the differentiated precipitation in a 2.5%, 3.5% and
7.0% PEG-6000 solution, CICs fractions with different molecu-
lar weights - large-molecular (> 19S), medium- (11-19S) and
small-molecular (<11S) CICs, with the last two fractions of the
CICs showed high pathogenic properties.

The obtained results were processed by statistical methods us-
ing personal computers [11].

Results and discussion. As seen from the data presented
in Table 1, in patients with concomitant gastroesophageal re-
flux disease the prevalence of caries was significantly higher
than in healthy individuals without pathology of the diges-
tive system. Indicator of dental caries intensity (DMF) in the
main group was also in 1.7 higher (p<0,05). The results of
the stability values of hard tissue to the effects of cariogenic
factors had a high positive correlation with the intensity of
dental caries lesions (r=0,68). This confirms the presence of
interconnections of manifestations of somatic pathology with
the development of dental caries, especially against the back-
ground of a decrease in caries resistance.
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Table 1. The prevalence rate of dental caries and tooth enamel resistance cariogenic factors in the examined persons (M+m)

Patient groups

Probability

Indicators
Main group (n=17)

Comparison group (n=16) of difference indicators

Caries prevalence (%) 72,2 54,4
Dental caries intensity (DMF) 4,31+0,21 2,53+0,14 p <0,05
Enamel resistance 41,842,1 42,7423 p <0,05

Table 2. Oral hygiene and periodontal tissue status indices in the examined individuals (M+m)

Patient groups Probability of difference
Indicators Main group (n=17) Comparison group (n=16) indicators
Green-Vermillion index 1,95+0,07 1,32+0,06 P<0,05
Silness-Loe index 0,72+0,08 0,36+0,05 P<0,05
PMA, % 21,35+3,21 9,31+1,02 P<0,05
SBI index 1,53+0,05 0,62+0,04 P<0,05

Table 3. Cellular immunity status in patients with caries and gastroesophageal reflux disease (M+m)

Immunological indicators Main group (n=17) Comparison group (n=16) | Probability of difference indicators

Leukocytes, 10%/1 6,15+0,27 5,87+0,32 P>0,05
Lymphocytes, % 30,20+1,65 32,30+1,31 P>0,05
CD3" lymphocytes, % 56,12+1,17 57,16+1,21 P>0,05
CD4" lymphocytes, % 40,98+1,49 36,40+1,63 P>0,05
CDS8" lymphocytes, % 16,70+0,94 24,60+1,19 P<0,05
CD4"/CD8" 2,42+0,09 1,32+0,07 P<0,05

CD22" lymphocytes,% 42,40+1,47 34,96+1,23 P<0,05
CD16" lymphocytes,% 16,80+0,83 16,29+0,87 P>0,05

An objective dental examination during the initial examina-
tion was also established that in the main group were significant-
ly higher hygienic index of Green-Vermillion and Silness-Loe in
1.6 and 2.1 times, accordingly. PMA index was 21.35+1.96%,
that indicating the presence of mild gingivitis and bleeding in-
dex was 1.5340.03 points (Table 2).

A study was also conducted of the main manifestations of
gastroesophageal reflux disease in the examined individuals.
Analyzing the survey data in 77.4% (13 people) of respondents,
the appearance of heartburn caused significant physical exer-
tion (including physical education classes) and the adoption of
fatty foods. Overeating has led to the emergence of heartburn
in 52.9% of the respondents, smoking - at 29.4%, alcohol - in
23.5%, coffee - in 29.4% of the respondents.

Survey results also indicate a high incidence of flatulence
among respondents that confirm previous studies on the nega-
tive impact of bloating in the onset and progression of gastro-
esophageal reflux disease. Thus, 12 (70.59%) patients are peri-
odically disturbed distension.

The assessment of indicators of the immune status in pa-
tients with caries and gastrointestinal pathology was made.

The relative populations of CD3+ lymphocytes were not
significantly different in the groups of patients, the total num-
ber of leukocytes and lymphocytes also had no significant
differences.

The relative number of CD4+ lymphocytes/helper-inductors
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in the main group and comparison group had no significant dif-
ferences.

The relative number of subpopulations of CD8+ lymphocytes in
the main group was significantly lower by 32.12% (p<0.05) relative
to the comparison group. As a result, was revealed an increase of
the immunoregulatory index, which indicates an imbalance of im-
munoregulatory subpopulations associated with the development
of autoimmune disorders in gastroesophageal reflux disease.

The level of B-lymphocyte population in patients with gastro-
esophageal reflux disease with caries significantly exceeded the
data of the comparison group by 21.5% (p<0.05).

The number of natural killer cells does not differ from the
standard values of both and examined between the groups.

By analyzing the above data, it should be noted that the reason
for the activation of T- and B-lymphocytes of peripheral blood is
gastroesophageal reflux disease when it is combined with caries
promotes activation of immune system cells due to the appear-
ance in blood of autoantigens.

The high number of activated lymphocytes can also be due
to a significant content of proinflammatory cytokines - TNF-a
and IL-1f, the level of which is elevated in patients with gastro-
esophageal reflux disease and caries.

Based on the detected changes in the quantitative composition
of the main lymphocyte subpopulations were studied functional
activity of immune cells in patients with gastroesophageal reflux
disease and dental caries (Table 4).
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Table 4. The functional activity of T-lymphocytes and neutrophils
in patients with caries and gastroesophageal reflux disease (M+m)

Immunological indicators

Main group (n=17)

Comparison group (n=16)

Probability of difference indicators

LBTR with PHA, % 78,30+2,39 79,80+2,13 P>0,05
Spontaneous LBTR, % 4,98+0,18 3,96+0,15 P<0,05
Phagocytic index,% 84,33+0,97 75,85+1,29 P<0,05
Phagocytic number 15,2840,23 9,63+0,19 P<0,05

Table 5. Humoral immunity status in patients with gastroesophageal reflux disease, coupled with caries (M+m)

Immunological indicators Main group (n=17) Comparison group (n=16) | Probability of difference indicators
Ig G, g/lL 12,95+0,45 13,52+0,71 P>0,05
Ig A, g/L 1,86+0,09 1,9240,06 P>0,05
IgM, g/L 1,21£0,07 1,26+0,05 P>0,05
CICs large (>19 S), c.u. 34,35+1,09 43,20+0,83 P<0,05
CICs medium (11-19 S), c.u. 44.26+1,16 36,12+2,53 P<0,05
CICs small (<11 S), c.u. 18,42+0,13 12,55+0,19 P<0,05

Table 6. Local immunity status in the oral fluid of patients with gastroesophageal reflux disease, coupled with caries (M+m)

Immunological indicators Main group (n=17) | Comparison group (n=16) | Probability of difference indicators
Ig G, g/L 3,83+0,21 2,824+0,34 P<0,05
Slg A, g/L 0,16 0,01 0,31+0,02 P<0,05
CICs large (>19 S), c.u. 28,43+1,21 35,61+1,46 P<0,05
CICs medium (11-19 S), c.u. 55,46+2 31 43,36+ 1,84 P<0,05
CICs small (<11 S), c.u. 35,72+2,06 22,16+1,74 P<0,05
TNF-a, pg/mL 74,6 £3,7 53,943,1 P<0,05

As studies have shown, the proliferative activity of T-lympho-
cytes in patients with gastroesophageal reflux disease and dental
caries was normal and had no significant difference between the
examined groups.

The presence of gastroesophageal reflux disease in patients
with tooth decay is the spontaneous activation of lymphocytes
proliferation by 25.8%, which may be a manifestation of how
autosensibilization to own tissues, and indicate the presence of
circulating self antigens, which stimulate cell proliferation, and
is a feature inherent in subclinical inflammation in the immune
gastroesophageal reflux disease.

In both groups surveyed were found an increase in phagocytic
activity of neutrophils, significantly higher rates of phagocytic
and phagocytic index due to a prevalence and intensity of caries
process.

Despite the presence of B-lymphocytosis in patients with gas-
troesophageal reflux disease and dental caries concentration of
serum Ig G, Ig A, of Ig M in both groups surveyed did not have
significant differences.

In the body of patients with gastroesophageal reflux disease car-
ies was found increased content of the medium and small molecular
CICs that had pathogenic properties (Table 5). Increasing concen-
trations of pathogenic CICs in patients with gastroesophageal reflux
disease, coupled with caries, accompanied by increased activation
of autologous peripheral blood lymphocytes, an increase of sponta-
neous proliferative activity of lymphocytes, is a consequence of the
development of gastroesophageal reflux disease.
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Thus, as a result of studies, patients with gastroesophageal
reflux disease when it is combined with caries observed changes
in the immune system, which are features of subclinical immune
inflammation.

Also, a study was conducted of local immunity of the oral
fluid of persons surveyed(Table 6).

As can be seen from the data presented in Table 6, individuals
with caries and pathology of the digestive tract due to the con-
stant chemical (acid or alkali) irritation of the oral mucosa is ob-
served significantly higher levels of proinflammatory cytokines
- tumor necrosis factor-a (TNF-a), increased IgG concentration
as a result of antigen challenge and also significantly lower con-
centration of secretory IgA (SIg A).

Reduced concentration of the latter, in an apparent, and is one
of the reasons for the large intensity and prevalence of caries in
patients with gastroesophageal reflux disease.

Because of the aforementioned disorders revealed CICs im-
balance in oral liquid of main examined group.

Conclusions. The study revealed a higher intensity of the
carious process in patients with gastroesophageal reflux disease.
It is connected with a permanent lesion mucous membrane of
the oral cavity acid.

Furthermore, it was found violation in terms of concentration
with increasing local immunity oral liquid proinflammatory fac-
tors and a reduced concentration of secretory IgA namely with
concomitant pathologies of the gastroesophageal reflux disease
(GERD).
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SUMMARY

INDICATORS OF LOCAL IMMUNITY IN THE COMOR-
BID COURSE OF CARIES AND GASTROESOPHAGEAL
REFLUX DISEASE

Borysenko A., Timokhina T., Kononova O.

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

Aim of the study -to determine the indices of local immunity
in patients who had combined dental pathology (caries) and gas-
troesophageal reflux disease.

In total were exanimated 33 patients with dental caries in
age from 18 to 25 years, including 21 men and 12 women. The
main group consisted of 17 patients who had a combined den-
tal pathology (caries) and gastroesophageal reflux disease. The
comparison group consisted of 16 people who had dental caries
without other systemic diseases.

All patients, who were included in the study was carried out
the following researches: a study of the dental status, an immu-
nological study for all patients with the determination of a quan-
titative assessment of the main populations and subpopulations
of lymphocytes, determination of their functional activity, deter-
mination of level of serum immunoglobulins, determination of
the concentration of circulating immune complexes of various
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molecular sizes, phagocytic activity of neutrophils and cytokine
status in serum and oral fluid, as well as assessment of the course
of gastroesophageal reflux disease with questionnaires.

The results of the values of the resistance of hard tissues to the
effects of cariogenic factors had a high positive correlation with
the intensity of dental caries lesions. That confirms the presence
of a relationship between manifestations of systemic diseases to-
gether with the development of dental caries, especially against
the background of a decrease in caries resistance. In the pres-
ence of gastroesophageal reflux disease in patients dental car-
ies detected spontaneous activation of lymphocyte proliferation
by 25.8%, an increasing of the phagocytic activity of neutro-
phils, detected significantly higher indicators of the phagocytic
number and phagocytic index, increased content of medium
and small molecular circulating immune complexes with patho-
genic properties. Detected significantly higher content of pro-
inflammatory cytokines - tumor necrosis factor-a, an increased
concentration of IgG as a result of antigenic stimulation, and
also a significantly lower concentration of secretory IgA. It has
been established that in patients with gastroesophageal reflux
disease combined with dental caries observing changes in the
immune system, which bear the features of subclinical immune
inflammation.

The study revealed a higher intensity of the carious process
in patients with gastroesophageal reflux disease, which is as-
sociated with permanent acid damage of the oral mucosa. Fur-
thermore, it was found violation in terms of concentration with
increasing local immunity oral liquid proinflammatory factors
and a reduced concentration of secretory IgA namely with con-
comitant pathologies of the gastroesophageal reflux disease.

Keywords: caries, gastroesophageal reflux disease, local im-
munity, cytokines, secretory immunoglobulin A, circulating im-
mune complexes, blood serum, oral fluid.

PE3IOME

INOKA3ATEJIM MECTHOI'O MUMMYHUTETA IIPU
KOMOPBUJHOM TEYEHUHN KAPUECA U TACTPO-
330DATEAJIBHOMN PE®IIOKCHOM BOJAE3HHA

Bopucenko A.B., Tumoxuna T.A., Kononosa O.B.

Hayuonaneuwiti meouyunckuii ynusepcumem um. A.A. boco-
monvya, Kageopa mepanesmudeckol cmomamonoauu, Kues,
Vrpauna

Llenpb vccneq0BanHus - ONPECTUTh ITOKa3aTeId MECTHOTO M-
MYHUTETA Y OOJIBHBIX CTOMATOJIOTHYECKUMH 3360J’leBaHl/l${MH
(kapuec), COUETAaHHBIMHU C TAacTPod30(dareanbHONU peIIOKCHOM
00JIe3HBIO0.

O6cnenoBano 33 OonbHBIX (21 MykumHa U 12 >KEHIIMH)
KapuecoM B Bozpacte oT 18 1o 25 ner. OCHOBHYIO Ipymily Co-
cTaBwiI 17 MalMEeHTOB ¢ KapUecOM B COYETaHHUHU C racTpo330-
(areanbHOI peduIOKCHON 0OJIE3HBIO, TPYIITy CpaBHEeHUS - 16
OOJIbHBIX KapuecoM 0e3 APYrHxX COMATHYEeCKHUX 3a00JICBaHUH.
[ManmeHTaM MPOBEIEHO HCCICIOBAHUE CTOMATOJIOTHYECKOIO
cTaryca, IMMYHOJOTHUECKOE HCCIISOBAHUE C OINPEACICHUEM
KOJINYECTBEHHON OLICHKHM OCHOBHBIX HOMIYJSALMNA U CyOnomys-
i JTUM(OIMTOB, OMPEACICHUE UX (byHKuMOHaanoﬁ aAKTHUB-
HOCTH, YPOBHSA CbIBOPOTOYHBLIX l/IMMyHOFJ'IOGyJ'[I/IHOB, KOHIICH-
TPALMK TUPKYIUPYIOIUX UMMYHHBIX KOMIUIEKCOB PAa3IMYHOIO
MOJICKYJSIPHOTO pa3Mepa, (parouuTapHON aKTMBHOCTH HEHTpO-
(HUIOB M LIMTOKMHOBOTO CTAaryca B CHIBOPOTKE KPOBU U POTO-

© GMN

BO# JKHIKOCTH, & TAK)KE OIICHKA TEUCHHUSI racTpod30(dareaibHOM
pedIOKCHOM OOJIE3HH € HCIIOTB30BAHUEM OTPOCHHUKOB.

IIpu mamuunu ractpossodareanbHOl pedirokcHON 0Ooe3-
HHU Y 60J'II)H]>IX KapueCOM BbIABJICHbI aKTHUBALlUA CHOHTaHHOﬁ
nponudepanuu mumdonutoB Ha 25,8%, mnoBbleHne Qaro-
LIUTApHONW aKTMBHOCTH HEHTPO(MIIOB, TOCTOBEPHO OoJiee BbI-
COKHE IOKa3areld (aroluTapHOro 4ucia ¥ (arouTapHoro
MHJICKCA, TIOBBILICHHOE COJICPIKAHME CPEHE- U HU3KOMOJICKY-
JIAPHBIX HUPKYJIUPYIOLUX UMMYHHBIX KOMIIJICKCOB C ITIaTOI'C€H-
HBIMH CBOMCTBaMH, TaK)Ke JIOCTOBEPHO 0oJiee BBHICOKOE COICp-
KaHUE TMPOBOCHAIUTEIBHBIX IIUTOKUHOB - (hakTopa HEKpo3a
OITyXOJel-0, MOBBbILIEHHAs KoHLeHTpauusa IgG, kak ciencrBue
aHTHFeHHOﬁ CTUMYJIAIUA U JOCTOBEPHO HHU3Kasd KOHLCHTPALMA
cekperopHoro IgA. YcraHOBIEHO, UTO Y OONBHBIX racTpod3oda-
reabHOi peduIIOKCHON OOJIE3HBIO TIPU €€ COUETAHUH C KapHEeCOM
HaGﬂ}O)Ia}OTCﬂ N3MCHCHUS B I/IMMyHHOﬁ CHUCTEME, KOTOPBIE HOCAT
YEPThI CyGKHI/IHI/I‘leCKOFO HMMMYHHOI'O BOCHIaJICHUSA.

[IpoBeneHHOE HCClEIOBAaHUE BBISIBUIO JIOCTOBEPHO Oosiee
BBICOKYIO MHTCHCHBHOCTh KapHO3HOTO IMPOLIECCa Y MAalHECHTOB
¢ ractpos3odarecanbHOi PeQIrOKCHON 00JIC3HBIO, BHI3BAHHYIO
NOCTOSIHHBIM KHCJIOTHBIM TOPa)XKEHUEM CIIM3UCTON 000JI0YKH
nojoctd pra. [Ipy COMyTCTBYIOIIMX 3a00JNEBaHUSIX OPraHOB
nuiieBaperust (racrpossodarcanbHas pedirokcHas O0JIe3Hb)
YCTaHOBICHO HApYLICHHE MECTHOTO HMMYHHTETa POTOBOIL
KUAKOCTHU, IPOABJIAOMICCCS B [TIOBBILIECHUHU KOHLICHTPpAalUK 11po-
BOCHAJIUTCIIBHBIX q)aKTOpOB W NNOHMXCHUH KOHLCHTpalUuu Ce-
KpeTopHoro IgA.

@9boydg

syommddogo  0d9bo@dg@ol  dsohggbgoemgdo  3omogbols

©s  2obAMmgbmgeggdo  MgxmyJlgdo  osge©gdols
3M3m@doeymo d0dobs®gmdolsl

5.5060lgb3m, B.H0dmbobs, M.3006mbmgs

o dmgmdmengiaol bob. ghmgbygao Lsdgwoiobm ¢bo-

390L0H B0, MgMadogmo  LHmIsGmmmyool  Jomgods,
30930, 93H506s

3320930L 30babl (omImowegbos syommddogo 0dvy-
60®gBolL  ohggbgdemgdol  aoblsbwgds 3530963930
BAMISAOM@MA0700 ©oog50g00m (goMmoglo), GmIgaro3
FgoVgdamo  ogo aobHOAmIbOBIYYH  HggegIbg®
055350 9d5msb.

3odmggmggmos  18-25 (aool  sbogol 33 3s3096-
B0 (21 - 358535330, 12 - Jogno) godogbom. doGomswo
No9R0 Ygopaobs 17 353096@ds  3oMoglboom ©s gol-
BOMgbmgPsan@o HguemJbgmo osgegdom, Yoot g-
b0l xaugo — 16 353096@3ds  godogbom, Lbgs Lmdo-
BYO0 0835090900l 2oM9Tg. 3530960 gL hoy@oms
bAmIs@Amamyogmo bAsdabol gganggs, 0dgbmenmaogdo
33 93> @0dgm30@9d0L doMomswo 3m3gmsi30gool ©s
bd3m3garsogdol MomEgbmd®ogo  Jggslgdom, domo
396J30900 5JBogmdol, Os@ol 0dy9bmaydgaobgdols,
bbgoolbbgs  dmangggeng@o  bmdol  ImEodggarody
0d969m0 3033 gdbgool  3mbigbB®siool, bgod@m-
Qo gdol BoamEodP®o 5JHogmdol s 3oH®3obydo
bAodyLol aoblobwg®om Lolberols d@s@ls ©s 3o@ols
©@gl Lombgdo; sUggg, hoGods yobEBMMgbmesyydo
98 9Jby@o  ssgoEgdol Jodwobs®gmdol Yggslgds
30mbgomgdol aodmygbgdom.

3oLEHOMGbmFsa gm0 Ggu@aJly®o ©osgsgdol o@-

53



Lgdmdolsl godoglol IJmby 353096900 godmgemobos
@0d58m30Hg00L L3mbEsbygMo 3Gmmogg@scogmo o3
Hogmdol bAws 258%-0m, bgo@@Hmegomgdols gsymzo-
BUO0 5JH0ogmdols beaws, Bogamzodgdol Momwgbmd@ogo
> FoamEoRd Ym0 0bpgdbol 9u®®m Jswsao dohggbgd-
930, 3o00my 96700 mgolgdgdols dJmbg Lodygsmm- s
b dmen g3 g@o 0d9bydo 3md3egdlgdol Imdsdg-
b0 9993390 mds. aodmgamobos  3Gmsbmgdomo  (30-
B™3obgdol — Lodbogbols bggMmbols a-gsd@m@ol,IgG-ol
dmds@gogmo 3mbigbB®sz0s,slggy. bygMgaogeo IgA-1
Lo®(39bme  ©sdosgro  3mbEgbHMoEos.  ©seagbogos,
M3 35309669030 AobAMMgbmgsag @0 @gnmmgJbygdo

MEJTUIIMHCKUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSBLI6()

©5535095000  ©5  goMogbom  s@0bodbgos  Liydganobo-
3960 03969@0 sbmngdol bodbgdols IJmby (3gemoagdgdo
099696 Lol@gdsTo.

hoBo®gdygemo 3 ggom  aodmgaobps  goMmogligeno
30m3gbol Lod{dygbme gudm dswsemo 0b@gblogmds
3530963900 2obBMMgbmgeygdo GgnwyJly@o ©s-
53509300, M5 ©o353F0Mgdyaos JoMols wOYlL @we@-
Jmgsbo  ao@lol  dgwdogo  gogyudo  gomobosbgdoo.
3 9bogos 30Mmol @AYl Lombol syommmddogo 0dy-
60 9Bl oMmMggas, Mo geobpgds 3Mmmabmgdomo gsd-
BM™Agool 3mb3gbdMmoEool ds@gdsls o bggzMgEoygero
IgA-b 3mbi3gbB®siool dgdiomgdsdo.

STUDY OF THE HYGIENIC CHARACTERISTICS OF THE ORAL CAVITY UNDER
THE COMPLEX EFFECT OF PHOTODYNAMIC THERAPY
AND TSKALTUBO SPRING WATER RADON HORMESIS

"Dolidze K., *Margvelashvili V., “Nikolaishvili M., 2Suladze T., ’Pkhaladze M.

Thilisi State Medical University, 'N1 Dental Clinic; *Department of Pediatric and Adult Therapeutic Dentistry;
L. Javakhishvili Thilisi State University, Dentistry Department, Faculty of Medicine;
‘Beritashvili Experimental Biomedicine Center, Department of Radiobiology, Georgia

Inflammatory periodontal diseases hold the second place in
the frequency and prevalence of dental diseases. Periodontitis is
a disease of the tissues around the tooth in which the connection
between the tooth and the gum is disrupted. The pathological
process gradually damages the tooth cavity, with the loss of peri-
odontal tissues, the tooth loses its bone support and this causes
loosening of the tooth [1-5,8].

Today every third person suffers from periodontitis of
some degree. Risk factors for periodontitis can be: improper
oral hygiene, caries, improper occlusion, improper load on
the chewing apparatus, malnutrition, especially a deficiency
of proteins and vitamins [1,2,9]. Saliva is of particular im-
portance as a natural biological environment; it plays an im-
portant role in the vitality of teeth and periodontium. Saliva
maintains oral homeostasis [6,10,21].

To maintain the homeostasis of mineral metabolism in the oral
cavity, it is important to have a combination of hydroxyapatites,
which indicates the normal functioning of saliva, in order to
maintain homeostasis of the dental tissue. For this, photodynam-
ic therapy is very important, which does not have side effects,
which is based on a special chemical preparation — photosensi-
tizer , which is locally activated by electromagnetic radiation.
Thus, a photochemical reaction occurs that affects the tissue. Ra-
diation effect on tissues can be carried out both in oxygen and in
non-oxygen environment [11-13]. The mechanism of photody-
namic therapy is presented as follows: a molecule of photosen-
sitizer that absorbs a ray quantum, passes into an excited triplet
state and enters into two types of photochemical reactions.

In the case of a type 1 reaction, the direct interaction with the bio-
logical substrate occurs, resulting in the formation of free radicals.

In reactions of type 2, the interaction of an active photosensi-
tizer and dissolved molecular oxygen occurs [11-14] oxygen-de-
pendent interaction of substances with a ray (the so-called type
2 photodynamic therapy) was discovered in 1898 by O. Raab.
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Thus, with the help of the photosensitizer “Rada Dent” and
the apparatus “Photodin-K”, it became possible to treat inflam-
matory diseases of the oral mucosa with non-invasive methods.
In this case, we will use radon inhalations and rinses with radon
water, because it is the alpha radiation of radon in the water of
Tskaltubo that is very important in the regulation of inflamma-
tory processes and the maintenance of oral cavity homeostasis.
As it is known, in recent years, the publications [15-17] have
appeared that deny the carcinogenic effect of small doses of ra-
diation caused by radon therapy, and, conversely, it is believed
that this dose is characterized by the so-called “hormesis”, thus,
our area of interest is the determination of the mechanism of ac-
tion of radon hormesis and its use to maintain the homeostasis of
mineral metabolism in the mouth [16,17,24]. The radioactivity
of the Tskaltubo mineral water ranges around 1 ng/l, about 37
ng/m? [18,22]. Radon therapy has a pronounced analgesic ef-
fect on inflammatory processes in the nervous tissue. It acceler-
ates the regeneration of nerve tissue and nerve fibers [18,24,26].
Radon possesses antiseptic, antioxidant, cytoprotective, anti-
inflammatory, anti-cellulite properties. It maintains the elasticity
of blood vessels, prevents the development of atherosclerosis,
and reduces the risk of cardiovascular diseases. It has regenera-
tive properties, therefore, the uniqueness of Tskaltubo water and
the determination of the mechanism of action of radon are very
relevant and require significant study [20,23,27].

Without treatment, periodontitis eventually leads to the destruc-
tion of the alveolar ridge, loosening of the teeth and their loss.

In connection with all of the above, our main goal is to study
the method of photodynamic therapy, which has become wide-
spread in recent decades. This method of treatment has gained
popularity in the treatment of both oncological and non-onco-
logical inflammatory diseases in dentistry and other medical
fields. Photosensitizer “Rada Dent”, apparatus “Photodin-K”
and inhalation of Tskaltubo water with radon and the complex
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action of rinses every 6 months at the beginning, and then after
1 or 2 years for the treatment of inflammatory diseases of the
oral mucosa by non-invasive methods. Both treatments allow
treating mild periodontitis without the use of antibiotics and ste-
roids. The main reason for patients seeking treatment is bleeding
gums, unpleasant odor, and poor hygiene.

Material and method. Clinical and laboratory work is based
on examining patients, drawing up a questionnaire with the fol-
lowing questions: Types of food: mainly carbohydrates, pro-
teins, sweets, mainly fast food, frequent consumption of spicy
foods, obligatory allergens, great attention was paid to oral care
and hygiene, how many times one cleaned teeth and what tooth-
paste was used, how often it was changed and in what period of
time, if there any other additional attributes for cleaning teeth
were used (floss, dental floss, various rinses, etc.). At the first
visit with a periodontal map was filled in, then deep scaling.
Production of dental cast for teeth trays (the application of the
“Rada Dent” photosensitizer was carried out using individual
teeth trays). Then, photodynamic therapy begins for 3 or 5 visits,
depending on the condition, visits were scheduled every other
day. The application was made with a tray for 40 minutes, then
the photosensitizer was washed off with a stream of water and
activated with a diode laser.

The questionnaire also showed whether the patient is susceptible
to: alcoholism, drug addiction, service: exposure to harmful pro-
duction factors, the action of carcinogens, harmful environmental
factors in the environment, as well as diseases of the gastrointestinal
tract, endocrine diseases, cardiovascular diseases, cardiovascular
diseases ... And, having analyzed all this and based on the data of
the periodontal map, the stage and degree of development of peri-
odontitis in the patient were determined. The age of the examined
patients is approximately 18-35, 35-55 years old.

Determination of protein and non-protein endogenous SH-
groups. SH - Protein and non-protein groups were determined
by the Sedlack method [28].

Statistical analysis. When evaluating quantitative indicators,
the mean, standard deviation was taken into account. Compari-
sons between groups were carried out according to Student’s
criteria for independent selection, and before and after the treat-
ment - using the Student’s pair test and ANOVA, for qualita-
tive indicators - comparisons were made between groups using
Fisher’s exact test, and before and after treatment - using the
Wilkeson test. Mathematical support is implemented using the
IBM SPSS v22.0 software package.

The depth of the periodontal pocket was determined, the hy-
gienic condition of the oral cavity was assessed by the hygienic
index (Pi) - by the Fedorov-Volodkina method, the prevalence
of inflammatory changes in the periodontal tissues was assessed
using the papillary-marginal-alveolar index (PMA).

According to the method of Fedorov-Volodkina (®enopos
A.A., Bonoznkuna B.B.) the hygienic condition of the oral cavity
is defined as follows: the vestibular surface of the teeth 43, 42,
41,31, 32, 33 is stained with the Schiller-Pisarev, Lugol or other
solutions. The colored surface of the tooth crown is evaluated by
a 5-point system: 1 - no coloration; 2 - coloration of 1/4 of the

tooth crown; 3 - coloration of 1/2 of the tooth crown; 4 - color-
ation of 3/4 of the tooth crown; 5 - coloration of more than 3/4 of
the tooth crown. The formula for calculating the hygiene index:
mean Nh.=%/6, where X - is the sum of the points of all 6 teeth;
6 - Number of teeth to be examined according to the results of
Nh, the level of oral hygiene is determined. 1,1-1,5 points - good
level of hygiene; 1.6-2.0 points - satisfactory; 2,1-2,5 points -
unsatisfactory; 2,6-3,4 points - bad; 3.5-5.0 points - very bad.
Fedorov-Volodkina hygiene index cannot be more than 5 and
less than 1 point.

To determine the PMA index, a Schiller-Pissarev staining so-
lution was applied to the vestibular surface of the gums and its
position was determined for each tooth - in the areas of the gin-
gival cavity, free (marginal) gums and attached (alveolar) gums.
The inflamed areas turned dark brown [29].

Codes for assessing the degree of gingivitis 0 - no inflamma-
tion; 1 - inflammation of the gingival papilla; 2 - inflammation
of the gingival papilla and marginal gums; 3 - inflammation of
the gingival papilla, marginal and alveolar gums. The formula
for calculating the significance of the index [2].

Total sum of codes * 100%
PMA=

3*Number of teeth

Complex periodontal index CP1 (MMCI 1987)

The CPI is used to assess the extent of damage to periodontal
tissue. The examination of the oral cavity was performed using a
dental mirror, dental probe and periodontal probe (for measuring
periodontal pockets).

Evaluation criteria: 0 - no signs of periodontal damage; 1 -
plaque; 2 - bleeding; 3 - tartar in the lower part of the gums;
4 - periodontal pockets; loosening of 5 tooth - 2-3 degree. The
presence of several signs characterizes the relatively severe de-
gree of the disease.

The CPI is calculated by the following formula:

The sum of the signs
CPI (individual)=

Number of examined teeth

The sum of the CPI (individual)

CPI (individual)=
Number of examined teeth

We checked the clinical and hygienic parameters of the pa-
tients in the dynamics - from the referral to the patient’s clinic
until the end of treatment. We also monitored them within 10
days, 6 months and one year after the end of treatment.

We conducted a complex dental examination of 135 patients
aged 18-35 years and 35-55 years with periodontal pathology.
Patients including 69 women, 66 men, were divided according
to age and sex (Table 2).

135 patients underwent clinical-biochemical examination be-
fore and after treatment of periodontitis.

Table 1. Interpretation of the index meaning

The index meaning

The stages of gum inflammation

<30% Mild
31-60% Moderate
>60% Severe

© GMN
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Table 2. Distribution of the examined persons by age and sex

X i i i Sex Sex
Distribution of patients with periodontal tissue women men
diseases by sex and age
18-35, 35-55 18-35, 35-55
Total 69 66
Group I 28 26
Group II 25 24
Control 16 16
Table 3. Distribution of patients by sex
male female
Patient group
The n.umber of the P(%)tm The n.umber of the P(%)tm
examined persons examined persons
Main 53 55.0+6,7 50 55,5+6,7
Control 16 45,0+7,6 16 44,4+7.6
Total 69 42,5+4,95 66 57,4+4.95

A

Fig. Three visits after photodynamic therapy

The main group consisted of 69 female patients who had an
inflammatory process in the periodontal tissues according to
which they were divided

The other 2 groups included mild periodontitis - 28, moderate -
25 and control - 16. The second group included 66 male, and 26 pa-
tients with mild periodontal disease and the second group included
22 patients with moderate inflammatory periodontitis and a control
group that had healthy periodontal tissue in 16 patients.

The distribution of the examined persons into groups by gen-
der is shown in Table 3.

We did not establish a statistically significant difference be-
tween the groups by sex (p>0.05), therefore, the groups with this
mark can be considered comparable.

We compared the main and comparable groups with each
other also by age. The average age of patients with signs of in-
flammation in the periodontal tissues was 25.0+0.4 years, the
corresponding indicator for patients without signs of inflamma-
tion was 25.94+0.4 years. There were no statistically significant
differences (p>0.05) compared with the mean values of age in
the groups, therefore the groups can also be considered compa-
rable in this indicator.

At the study stage, the main group of patients who had an in-
flammatory process in the periodontal tissues were divided into
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two subgroups. Patients of the first subgroup who were treated
with Tskaltubo water inhalation and rinses, and patients of the
second subgroup who were treated with both inhalation and
rinses twice a day in the morning and evening.

As already mentioned, oral hygiene was assessed using the
Hygienic Index (HI) according to the Fyodorov-Volotkina meth-
od and the Simplified Hygiene Index Green-Vermillion (1964),
with patients divided by age. Hygienic condition deteriorated
with age, before treatment, on visual examination, most patients
showed gingival swelling, hyperemia, hypertrophy, retraction,
cyanosis, bleeding Table 4.

The prevalence of inflammatory changes in periodontal tis-
sues was assessed by the papillary-marginal-alveolar index
(PMA) Parma (PARMA1960), the complex periodontal index
CPI (MSM 1987) by the Russel (1956) periodontal index. Pa-
tients were divided according to age, the results of which are
presented in Table 5.

Numerous experimental data are available on the fact that
sulthydryl groups of endogenous substances are involved in
the prevention of primary processes of radiation damage, so we
studied sulfhydryl-containing compounds in the brains of rats.
As Table 7, radon inhalation appears to prevent the development
of a brain disorders associated with peroxidation reactions.
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Table 4. Oral Hygiene Complaints

Main group Control group
Complaints
abs. % abs. %
The degree of tooth loosening 3 11 6
Complains of uncomfortable sensations in the mouth, odor 6 18 11
Bleeding 11 37,0 11
Existence of tartar 5 16,0 - -
Partial loss of teeth 6 17,0 1 6
Table 5. Inflammatory process of periodontal tissue by age
Periodontitis 18-22y. 23-27y. 18-20y. 21-25y.
Mild form 2.5 2.9 3.1 33
Moderate form 3.9 4.5 4.7 4.9
Control 1.3 1.5 1.3 1.6

Table 6. Indicator of CPI index, PMA index, Passel index Pi, changes in the indicators of the Fedorov-Volodkina index

CPI index
Main group Control gr. | Control gr.
Mild severity Mild severity Complex Moder.ate Moder'ate Complex Mild Moderate
18-30 30-55 effect severity severity effect severity severity
18-30 30-55
2.1£0,1 2.5+0,2
2.5+0,2 3.5+0,2 23402 3.9+0,2 4.5+0,2 2.940.2 2.0£0,2 2.1+0,2
PMA index
2.7+0,1 2102
4.7+0,1 7+0,1 2.9+0,1 4.940,1 7.4+0,1 ’ 2.0+0,2 2.0+0,2
3.3+0,2
index Pi
0.2+0,01 0.3+0,01
0.5+0,2 1.5+0,2 0.3+0.1 0.440.01 0,1+0,2 0,2+0,2
Fedorov-Volodkina index
1.5+0,2 1.8+0,2
2.2+0,2 3.6+0,3 1.940.2 2.3+0,3 3.8+0,3 2402 1,1£0,2 1,240,2

Table 7. Number of sulfhydryl groups (um/g in tissue Mtm) n=9

KControl After rinses and inhalation
Non-protein-compound sulfhydryl group 1,03 £0,123 1,70 £0,109**
Total sulfhydryl group 33,00 +1,22 37,16 £1,44**

]
Control

note: ** P <0.05, comparison with control

"l

Afterinhalation

Diagram 1. Number of sulfhydryl groups

© GMN
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Diagram 3. The frequency of gingival retraction, hypertrophy,
and hyperemia varies with age
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Diagram 4. The distribution of the quantitative characteris-
tics of periodontitis is presented in the diagram of complaints

Thus, it can be assumed that radon therapy suppresses peroxi-
dation reactions and weakens the immune system.

With the help of the «Rada Dent» photosensitizer and the
«Photodin-K» apparatus, it became possible to treat inflamma-
tory diseases of the oral mucosa with non-invasive methods. At
the same time, we will use radon inhalations and rinses with
radon water, and the action of «Radon Dent» and alpha radia-
tion of radon in the water of Tskaltubo regulates inflammatory
processes and maintains oral cavity homeostasis.

We can conclude that the complex action of Rada Dent and
Tskaltubo water (inhalation of Tskaltubo water and its use as
rinses) leads to a gradual reduction and eventual eradication of
the inflammatory process in the case of periodontitis. This can
be explained by the unique properties that are characteristic of
«Rada Dent» and Tskaltubo water. As we have seen, the above
biochemical indicators are the determinants of periodontitis in
patients with periodontitis, they are markers of the degree of
periodontitis and we have clearly seen the complex action. High
efficiency of «Rada Dent» and radon in the water of Tskaltubo -
normalization of the action of oral enzymes, slowing down the
inflammatory processes in the oral cavity and finally eradica-
tion. It is these unique properties that have become triggering
the treatment and inhibit the initial stage of periodontitis.
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SUMMARY

STUDY OF THE HYGIENIC CHARACTERISTICS OF THE ORAL CAVITY UNDER THE COMPLEX EFFECT
OF PHOTODYNAMIC THERAPY AND TSKALTUBO SPRING WATER RADON HORMESIS

"Dolidze K., *Margvelashvili V., “Nikolaishvili M., 2Suladze T., ’Pkhaladze M.

Thilisi State Medical University, 'NI Dental Clinic; *Department of Pediatric and Adult Therapeutic Dentistry;
’I.Javakhishvili Thilisi State University, Dentistry Department, Faculty of Medicine;
‘Beritashvili Experimental Biomedicine Center, Department of Radiobiology, Georgia

The goal is to study the method of photodynamic therapy,
which has become widespread in recent decades. This method
of treatment has gained popularity in the treatment of both onco-
logical and non-oncological inflammatory diseases in dentistry
and other medical fields. We can conclude that the complex
action of Rada Dent and Tskaltubo water (inhalation of Tskal-
tubo water and its use as rinses) leads to a gradual reduction
and eventual eradication of the inflammatory process in the case
of periodontitis. This can be explained by the unique proper-
ties that are characteristic of “Rada Dent” and Tskaltubo water.

As we have seen, the above biochemical indicators are the deter-
minants of periodontitis in patients with periodontitis, they are
markers of the degree of periodontitis and we have clearly seen the
complex action. High efficiency of “Rada Dent” and radon in the
water of Tskaltubo - normalization of the action of oral enzymes,
slowing down the inflammatory processes in the oral cavity and
finally eradication. It is these unique properties that have become
triggering the treatment and inhibit the initial stage of periodontitis.

Keywords: radon water, “Rada Dent”, mild periodontitis,
medium form.
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OCHOBHBIE KPUTEPUH OTBOPA ITAIMEHTOB ITPU ®OPMHUPOBAHUU
JIMCTA O KUJAHUSA HA TPAHCIVITAHTAIIUIO CEPALIA

Tanckas O.A., Ocrposcknii FO.I1., Kypasuckas E.K., BanrenTiokesnu A.B., Konsinko M.I.

Knunuueckas 6onvnuya “@eopanus’ I'ocyoapemeentoeo ynpasienus enympennumu denamu, Kues, Yxpauna;
Pecnybnuxanckuil hayuno-npakmuueckuii yenmp «Kapouonoeusny, Munck, Pecnyonuxa benapyco

Xponunueckasi cepaednass HepoctarouHocTs (XCH) smistercst
OJIHOM U3 CaMBIX PaclpOCTPAHEHHBIX MATOIOTUIA CPEIH HACEIICHHS
pa3BuTHIX cTpaH. COnIacHO TaHHBIM HALMOHAIBHBIX PEECTPOB €B-
porneiickux ctpaH pacnpoctpaHeHHocTs XCH cpenu B3pocioro
HaceJleHHs BapbupyeT B npezenax ot 2% 10 5%, a uuciio ux ciy-
4YaeB C BO3PACTOM YBEJIMYMBAETCS, CEpICUHAsl HEJOCTAaTOYHOCTh
nuarnoctupyercst y 10% B Bospacre crapie 75 ner [1,2,7-9].

B CIIA exeromno peructpupyetcst 6omee 600 000 HOBBIX
ciyyaeB 3a0oseBanus. [IporHo3bl 3a00/1eBaeMOCTH TTOKa3bIBa-
I0T, YTO B TEUeHHUE mocieayronmx 20 JeT KoIHu4ecTBO HalieH-
TOB, cTpanatounx XCH, Bo3pacrer Basoe [1,2,10,11].

CranjapTHasi MeJUKaMEHTO3Hasl Teparvis, HalpaBJIeHHas Ha
yMmeHbIeHne cumntoMoB XCH, MokeT 00ecrednTh 10CTaTou-
HOE Ka4yeCTBO JKU3HM NPU MHUHUMAJIBHOH CTENEHN CepIedHON
HEJJOCTaTOYHOCTH, OJHAKO OCTaeTcsi Manod(ppeKkTHBHOI Ha ee
TEepPMHUHAJBHBIX CTaausx. COITacHO CTaTHCTHKE AMepHKaH-
CKOTO KOJUIEKAa KapJHOJIOTOB M AMEPUKAHCKOH accoLualuu
cepla, TPEXJIETHsS JIeTaJbHOCTh MalueHToB ¢ [V QyHKImo-
HasbHBIM Ki1accoM (PK) mo NYHA cocrasnser noutu 80% [3].

AxrtyanbHOCTb BorpocoB jeueHust XCH u ynyunieHus: kade-
CTBa JKM3HU MAMEHTOB M0 CEH JIeHb MTPOJ0JDKAET PACTH.

Ha ¢one HeapekTHBHOCTH MEIMKAMEHTO3HOW Teparnuu y
nanueHToB ¢ TepmMuHanbHO XCH Ha mepBbld MIaH BBIXOIST
METO/Ibl XUPYPIHYECKOH KOPPEKIMH, PECHHXPOHU3HPYIOLIas
Tepanusi, KOPPEeKIHMs KIAalaHHOH HEeJOCTaTOYHOCTH (MHUTPO-
KITHIT, XUPYPrHuyecKas KOPPEKIHUs), METOIbl JUTUTECIBHON Me-
XaHM4ecKoi moazepxku kpoBoobpamienus (JIMIIK) u Tpanc-
rianranus cepaua [4,5].

CoracHo poBEIGHHOMY HCCIeoBaHuto, kapaunonoru CIIA
B OOJIBIIMHCTBE CIIy4aeB Ha3HAYAIOT MHIMOUTOPBI aHTHOTEH3UH
npeBpaniaomero GpepMenTa u 6era-aJpeHo0I0KaTOpPkl, YTO HEe
MPaKTUKYeTCs y Bpadeil oOrei npakTuky 1 TepamneBToB. Cpas-
HUTEJBHBIH ONPOC KapIHOJIOTOB ¥ CIEIHAINCTOB IO JICYSHHIO
Cep/ICYHOH HETOCTATOYHOCTH BBISIBIII OOIINE TOAXObI K Ha3Ha-
YEeHHIO Teparuu [6-8].

TpaHcrutaHTams cepaua sBISETCs] METOIOM JISUCHHMST Malli-
€HTOB B KOHEYHOH cramuu cepiaeuHoir Hemocrarounoctu (111
cranus no kinaccudukanmu Bacunenko - CTpakecko) ¢ HU3KOH

TOJIEPAHTHOCTBIO K (u3nueckoii Harpyske (III-IV ®K mo kiac-
cuduraiurn NYHA). OrpaHideHHOCTh pecypca TOHOPCKHX Op-
TaHOB JTUKTYET HEOOXOMUMOCTb TINATEIBHOTO OTOOpa PEIUIu-
€HTOB U YETKUX IMOKAa3aHWH Ui MPOBEACHUS TPaHCIUIAHTALIMU
cepaua [9-12].

ITo pmanHBIM peructpa MexayHapogHOro ooIecTBa Io
TpaHcrantauu cepaa u yerkux (ISHLT), ocHOBHBIME TIO-
Ka3aHHUSIMU JIJ151 BBITIOJTHEHU S TPAHCIUIAHTAIIMH CEPJIIia 10 HO30-
JIOTHH SIBJISIETCS] MaUoNaTiHueckas kapauomuonatus (42-49%),
niemMuyaeckas kapauomuonarus (43-47%), pexe - BpoxKJIeHHbIE
MOPOKH, NepunapraiabHa kapauomuonarus [2-5,13,14]. Tpanc-
IJTAHTAIUS cepana camblii 3()HEKTHBHBIA METO W, MO CYTH,
CIMHCTBEHHBIM pPaJMKANIbHBIA CIIOCOO JICUCHHS TMAIUCHTOB C
TePMUHAIBHON cTajiuel cepaeuHoi Hepoctarounocty [13,14].

B Mupe exerofHo BBINOJHSIETCSI OKOJIO 5 ThICSY TPAHCIUIAH-
Taul, U3 HUX 10 2 Thicsd - B kauHukax CIIA. OgHoneTHss BBI-
JKMBAEMOCTb IOCJIe TpaHCIUIaHTalMK cepaua pocruraer 90%,
S-netHss - 70% (puc. 1). DTy nokazaTesnu HAMHOTO MPEBBIIIAIOT
BBDKHBAEMOCTh B cpaBHeHHH ¢ OonbHbIME XCH, mosydaroriu-
MH MEIMKaMEHTO3HOE H/WIIH JII000€ Ipyroe XUpyprudecKkoe Jie-
yenue [15,16].

OnpeneneHue KpUTEPUEB, BIUSIONMX Ha MPOTHO3 BBDKHBA-
€MOCTH TIOCJIE XUPYPrHYecKoro jeueHus y naunmeHtoB ¢ XCH,
SIBJISIETCSL aKTYaJIbHBIM BOIIPOCOM JUIsl TIPUHSITUST PELLICHHSI O BO3-
MOYXHOCTH BKJIFOUEHHS! TALIMEHTA B JINCT O)KUAAHKS HA TPAHCILIIaH-
Taiuio cepaua. [1epcrnekTMBHOCTh OLIGHKH HETOCPEACTBEHHBIX U
OT/IAJICHHBIX PE3YJIBTATOB JICUSHUs! TsDKeIbIX nanueHToB ¢ XCH,
C HaIIel TOYKU 3pEHHs, 3aKIIFOYAeTCsl B TOM, UTO MOJTyUYEHHBIE pe-
3yJIBTaThl MOTYT CIIOCOOCTBOBATH Pa3pabOTKe HOBBIX CTpATeruil B
JIMArHOCTHKE M JICYCHUH, CIIOCOOHBIX YBEIUUHTh MPOIOJIKHTEIb-
HOCTb JKM3HH U YIy4IIUTh €€ KauecTBo [7-9].

B VYkpaune 1o ceii AeHb HET €IUHBIX KPUTEPUEB 1O BOIPO-
caM JMarHOCTHUKH, TaKTUKU JieueHus: narueHtoB ¢ XCH u ux
0TOOpE /sl BKITFOUCHHS B JIUCT OKUJIAHKS HA TPAHCIUIAHTAIHEO
cepaua. Pocr yncna nanpenros ¢ XCH, ux paHHsist THBaJIUAU3a-
1Us1, BRICOKAS JIETAILHOCTh U HU3KOE KAUeCTBO KH3HU TPEOYIOT
BHEPEHUS B KJIIMHUYECKYIO TMPAKTUKY COBPEMEHHBIX BBICOKO-
3¢ PEKTUBHBIX METOJIOB THATHOCTHKH U JICUCHUSI.
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Puc. 1. Konuuecmeo mpancnianmayuii cepoya no 200am Co21acHO OQHHIM MeNCOYHAPOOH020 00uecmea
MPAHCIAGHMAYUU Cepoya U NeSKUX
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Llenp uccnenoBaHus - ONTHMH3ALUSA KPUTEPUEB 0TOOpA T1a-
IIMEHTOB [UIsl BKJIIOYCHHS B JIHCT OXMAAHUS HAa TPAHCILIaHTa-
LMIO Cep/ilia Ha OCHOBAaHUM MMEIOIIMXCS MEKyHAPOAHBIX JIaH-
HBIX U UX BHEAPEHUE B IIPAKTHKY.

Marepuaj u Metoibl. Pesynbrarsl uccienoBanus 0asu-
PYIOTCS Ha JIaHHBIX 00CJIeZI0BAHMS U JUHAMUYECKOrO Ha0I0-
nenus 3a 49 OonpHbIME (Mequana Bo3pacta 38 (16; 65) ier,
MYKYUH - 44, KEHIUH - 5), KOTOpble MPOXOJWIN JICUCHUE
3a 2008-2018 rr. B Pecniy0OinkaHCKOM Hay4YHO-IIPAKTHYECKOM
nenrpe «Kapauosnorus» (Munck, Pecny6nuka Bemapycs),
Lentpe xapanoxupypruu na 6ase Kb «deodanns» [ocynap-
CTBEHHOTO ynpasiieHus: BHyTpeHHUMH aenamu (Kues, Ykpa-
uHa). [lanueHToB 00Cie0BaNM NPHU NEPBUYHOM OCMOTpE,
ciycTs 3, 6 MecsiueB u 1 rox.

I rpynny coctaBunu 24 nanueHTa ¢ XpOHUYECKOH cepaey-
HoMl HenoctarouHocThio (XCH), xoTopble HaXOOWINCh Ha
noxanepxkke kpoBoobpaienus (I1K) B nucre oxxunanus (JIO)
Ha OPTOTOIIMYECKYI0 TpaHCIUIAHTAlMI0 cepaua. MexnaHa
Bo3pacta coctasisiia 40,95 (18; 65) r., myxuun 6but0 23 1
OJIHA JKCHIIMHA.

II rpynmy cocraBunu 25 nanuentoB ¢ XCH, naxonsamux-
Csl B JIUCTE OXKMIAHUS HA OPTOTONNYECKYIO TPAHCIUIAHTALHIO
cepaua 6e3 MogAepKKH KpOBOOOpaIeHUS, MEAMaHa BO3pacTa
-38,56 (17; 64) rona, myxuun 6610 21, xenmuH - 4. Pacrpe-
JieJIeHUe MalueHToB B 3aBucumoctu ot OK cepaeunoii Heno-
cratouHoctu 1o NYHA npezncrasieno Ha puc. 2.
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Puc. 2. Pacnpedenenue nayuenmog 6 sasucumocmu om PK
cepoeunou nedocmamounocmu no NYHA

Ounenka DK cepmeunoir HemocrarouHocTw mo NYHA
nanueHToB rpymnmnsl JIO ¢ IIK BeiaBuna II @K no NYHA y
25,2% nanuenros, 111 ®K no NYHA —y 50% nanuenTos, [V
®K no NYHA —y 24,8% nauuenros; B rpymme JIO 0e3 [1K II
OK no NYHA y 40% nauuenTos, III ®K no NYHA -y 52%
nanuenToB, IV @K no NYHA —y 8% nanuenros.

Pacrpeznesnenue nanueHTOB B 3aBUCUMOCTH OT HEJIOCTa-
TOYHOCTH KPOBOOOpAIIECHNS IIPEACTABICHO Ha pHC. 3.
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Puc. 3. Pacnpe()eﬂenue nayuenmos 6 sasucumocmu om Heoo-
cmamodHocmu Kpoeoo6pamenuﬂ

OueHuBasi HeJOCTaTOYHOCTh KpoBooOpamenus (HK) y ma-
mentoB XCH B rpynme JIO ¢ IIK HK IIA BeisiBnena y 47,8%
nanuentos, HKII B - y 52,2% nauuenTos; B rpymme JIO 6e3 IIK
HK IIA -y 70,8% nauuenrtos, HK IIB - y 29,2%. Iuarpamma
pacrpeziesieH!s alMEeHTOB B 3aBUCUMOCTH OT HO30JIOTHHU 3a00-
nesanus B rpymie JIO ¢ IIK (n=24) npencrasnena Ha puc. 4.
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Puc. 4. Pacnpedenenue nayuenmos 6 3a6ucumocmu om Ho30-
noeuu 3abonesanus 6 epynne JI0O ¢ IIK (n=24)

B rpynne naunenros JIO ¢ I1K (n=24): nensrannonHas Kap-
nuomuonatus (JAKMII) - 68%, nmemuueckas KapAHOMHUONIATUS
(MKMII) - 20%, noctMuokapanockiaepos - 4%, apyrue - 8%.

JluarpaMma paclpeleneHust NAlHeHTOB B  3aBHCHMOCTHU
oT Ho3osioruu 3aboneBanus B rpymie nanuentoB JIO 6e3 TIK
(n=25) npexcrasieHa Ha puc. 5.

12%
8%

W KM
B KM
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Puc. 5. Pacnpedenenue nayuenmos 8 3a6ucuMoCcmu om Ho-
30n02uu 3abonesanus 6 epynne nayuenmog J1O 6e3 [IK (n=25):
JIKMII - 80%, UKMII - 8%, opyeue - 12%

Pacnpenenenue nanuentoB XCH B 3aBUCHMOCTH OT ITOKa3a-
Telel KauecTBa XKM3HU MPEJICTaBICHO Ha puc. 6.

EHa Nk

Bes MK

20-25Banis 26-43 Banis 50-896anis  90-1056anis

Puc. 6. Ilokazamenu kauecmea sxcuznu nayuenmos ¢ XCH 6e3
1IK: 20-25 6annoe - 47,6% nayuenmos, 26-49 6annos - 52,4%
nayuenmos; nayuenmog ¢ XCH ¢ ITK 40-89 6annos - 40% nayu-
enmos, 90 - 105 6annos - 60% nayuenmos

Pesyabrarel m o0cyxneHue. B Tabnauune 1 npuBeneHbl
pe3yabTaThl CPEJHUX 3HAUCHHUH NEPEMEHHBIX MO IPU3HAKAM
CTPYKTYPHO-(YHKIIMOHAIBHBIX I10Ka3aTeleil JIeBOro M Ipa-
BOTO JKEJIYJOYKOB Y 00CICI0BAHHBIX TALIUCHTOB B 3aBUCHMO-
CTH OT BH/Ia ONIEPATHBHOIO BMEIIATEILCTBA.

Vnapusiii 06bem sieBoro sxenygouka (YO JIK) (M-pexum)
cpennee 3HaueHue Boie Bo Il rpynmne nmanuentoB XCH B JIO
6e3 IIK - 64 [121; 31], uem B I rpynine ¢ XCH B JIO ¢ TIK (n=24)
- 53,9 [109; 19], p<0,0001.
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YO JIX (B-pexxum) cpennee 3Hauenue Beiule Bo Il rpymmne
nauuertoB XCH B JIO 6e3 IIK - 63 [112; 27], uem B I rpymnme -
55 [96; 25], p>0,05.

Koneunsrit nuacronmuyeckuii 0obem (KJI0) JDK (M-pexim)
Boiie Bo 11 rpynmne nanuentos ¢ XCH B JIO 6e3 IIK - 281 [414;
147], uem B I rpynne namuentoB XCH B JIO ¢ [IK - 263 [371;
90], p>0,05.

Opakuus Beiopoca (OB) JIXK (B-pexum) cpenHee 3HaueHHE
Beiule B | rpynne naruentoB XCH B JIO ¢ I1K - 26 [80; 10], uem
Bo Il rpynme ¢ XCH B JIO 6e3 IIK - 23 [33; 10], p>0,05.

Koneunsrit cucronmnueckuii 06bem (KCO) JIK (M-pesxum)
cpennee 3HaueHue Beiule B I rpynne nanuenros XCH B JIO ¢
K - 235 [587; 114], uem Bo Il rpynme ¢ XCH B JIO 6e3 TIK 216
[309; 102], p>0,05.

OB JDK (M-pexum) cpeanee 3HaueHue Beiuie Bo Il rpymme
nanuentoB XCH B JIO 6e3 I1K - 24 [35; 12], yem B | rpymme ¢
XCH B JIO ¢ IIK (n=24) - 20 [29; 10], p>0,05.

®B mnpasoro xenynouka (IDK): cpennee 3HaueHue Bblle BO
II rpynne namuentoB XCH B JIO 6e3 1K 38 [57; 21], yem B 1
rpynne 30 [50; 17], p>0,05.

TAPSE: cpennee 3nauenue Boime Bo Il rpynme 13,3 [12; 7],
yeMm B | rpynne 10,5 [13; 7], p>0,05.

KCO JIX (B-pexxum) cpennee 3HadeHue Boiie B [ rpymme 241
[549; 93], uem Bo Il rpymme 222 (367; 93), p>0,05.
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KCO III: cpennee 3HaueHue Boiuie B I rpymnme 75 [269; 25],
geM Bo I rpynme 48 [125; 14], p>0,05.

[lepennesanuuii pasmep [DK: cpennee 3nauenue Bbime B |
rpynne nanuenros XCH B JIO c IIK 38,5 [52; 22], uem Bo II
rpyme ¢ XCH B JIO 6e3 I1K 33 [50; 23], p>0,05.

KO JIX (B-pexum) cpennee 3Hadenue Boiue Bo Il rpymnme
nanuentoB XCH B JIO 6e3 IIK 289 [437; 127], yem B I rpymne ¢
XCH B JIO ¢ IIK 274 [380; 127), p>0,05.

KO ITX: cpennee 3nauenue Boime B I rpynne 124,5 [332;
50], gem Bo II rpymmne 80 [185; 25], p>0,05.

[Ipu cpaBHUTENIBHOM TECTUPOBAHUM IO MPHU3HAKAM CTPYK-
TYpHO-(QYHKIMOHAJIBHBIX [IOKa3aTeIeil JIEBOTrO U IPaBOIo JKey-
JIOYKOB y 00CJICZIOBaHHBIX MALHEHTOB OTMEUCHBI KOPPEIISIINOH-
HbIE CBA3HU (pHc. 7, Tabnuua 2).

Karerepu3sanust IpaBbIX OT/JEIOB Cep/lla U UCCIIEI0BAHMUS 10~
Ka3aTesiel IeHTPaJIbHON reMOIMHAMUKH C OIPEIEICHUEM [10Ka3a-
Tenel cepaeuroro Beiopoca (CB), cepaeunoro unaekca (CH), nas-
JICHHS B TIOJIOCTSIX CEPIIIIA, JABJICHHS B JICTOYHOM apTepuu ((PoHa),
LEHTpaIbHOro BeHo3Horo aasieHus (LIBJI), nerounoro cocynu-
croro conporusieHus (JICC), TpaHCIlyIbMOHAIBHOTO IPaUeHTa
nasnenust (TTIT). Bcem noteHIManbHbIM PEHUITUEHTaM CepACUHO-
o TpaHCIJlaHnTara cnezlyeT BBIINOJIHATE 30HAUPOBAHUE IIPABBIX OT-
nenoB cepua. [lepHoanyHOCTb BBIOIHEHHS 30HANPOBAHHS OIIpe-
JCIISICTCS l/IH):ll/IBI/I)IyaJ'leO C YUYETOM KIIMHUYECKHX HOK%aTeﬂeﬁ.

Tabauya 1. Pesynemamot cmpykmypHo-@yHKYUOHAIbHBIX NOKa3amesneti
J1€6020 U NPABO20 JHCENYOOUKO8 Y 0DCIEO08AHHBIX NAYUCHOB

I rpynna II rpynna
MANHEeHThI ¢ MANHEeHThI ¢ Kpurepuii
Iloka3arean XCH B JIO na | XCH B JIO 6e3 F-xkpurepunii p-level Banpgep p-level
K K Bappuena (x%)
(n=24) (n=25)
YO JDK 53,9 64
(M-pesxinn) [109: 19] [121: 31] 4,1396 0,0479 0,5859 0,4440
YO JDK 55 63
(B-pesxin) [96: 25] [112: 27] 3,3947 0,0722 0,0934 0,7599
K0 JIK 263 281
(M-pesxcum) [371: 90] [414; 147] 2,7984 0,1015 1,4198 0,2334
OB JIK 26 23
(B-pexcim) [80: 10] [33: 10] 2,0763 0,1567 2,0714 0,1501
KCO JEK 235 216
(M-pesxcum) [587: 114] [309: 102] 1,6832 0,2013 1,2969 0,2548
OB JIXK 20 24
(M-pesxcum) [29: 10] 35: 12] 09117 0,3449 1,1016 0,2939
OB IDK 30 38
[50: 17] [57:21] 0,8183 0,7658 1,2783 0,2582
10,5 13,3
TAPSE [13: 7] [12: 7] 0,6387 0,4285 1,0663 0,3018
KCO JIX 241 222
(B-pesxinm) [549; 93] (367: 93) 0,1867 0,6678 0,0291 0,8645
KCO ITK 75 48 0,1493 0,7011 0,2789 0,5974
[269; 25] [125; 14] ’ ’ . )
[epenne-3aaauit 38,5 33
pasmep TDK [52: 22] [50: 23] 0,1076 0,7444 0,1171 0,7322
K0 JIK 274 289
(B-pesxinm) [380; 127) [437; 127] 0,0873 0,7690 0,0023 0,9614
124,5 80
K0 ITK [332: 50] [185: 25] 0,0265 0,8713 0,1672 0,6826
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Puc. 7. 3asucumocme @K no NYHA u neoocmamounocme kposoodopawjenus om @B JDK
npu 3HAYEHUU 00CMUSHYmo2o yposus suauumocmu (p<0,05)

Tabauya 2. Pesynemamul cpeOnux 3navenuil NepemMentbix 6 UcCiedyemvlx epynnax
€ yuemom npusHaKos MmoHOMempuuy 1e204Hol apmepuu

I rpynna II rpynna .
Kpurepuii
Moxasares MALUEHTHI ¢ NAalHEeHTHI ¢ F-xpurenmii p-level Bamze p-level
XCH BJIO na | XCH B JIO 6e3 prrep Bas Ea%
K (n=24) K (n=25) P
3,6 32
Byna [7.2: 1] [5: 2] 18,8145 0,0001 9,8856 0,0017
39,7 36,6
JUIA [57: 25] [52: 19] 7,0570 0,0110 3,4360 0,0638
10,7 10,3
TIT [17: 2] [19: 2] 2,1592 0,1488 2,5505 0,1103
Tabnuya 3. JJunamuka usmeHnenuti OyHKYUOHATbHLIX nokazamenetl y nayuenmos I u Il epynn
I rpynna - I rpynna - II rpynna - II rpynna -
Moxasares oobHbIe XCH ooabuble XCH oonbHble XCH oonbHble XCH Jlevel
B JIO na IIK no B JIO na IIK Ha B JIO 0e3 IIK 1o B JIO 0e3 IIK Ha p
Tepanuu (n=24) Tepanuu (n=24) Tepanuu (n=25) Tepanuu (n=25)
12,2 11,8 13,4 14,7
Crpo-B3II [16:11] [14:10] [16:11,3] [17;12] 0.0083
N 273 250 323 330
Tecr 6 s zofp6olt [400;90] [390:50] [492:230] [450:240] 0.7933

B rabnmre 2 mokasano, uto: cpeauee 3Hadenue JICC Byna Beime
B | rpymme marmentoB XCH B JIO ¢ IIK - 3,6 [7,2; 1], wem Bo 11
rpymie ¢ XCH B JIO 6e3 I1K - 3,2 [5; 2], p<0,0017. JIJIA: cpennee
3Ha4eHue BoIme B | rpymme - 39,7 [57; 25], yem Bo 1l rpymme - 36,6
[52; 19], p<0,0638. TIII: cpenHee 3Ha4eHKE BBIIE B | TpyIIIe ma-
mentoB XCH B JIO ¢ IIK - 10,7 [17; 2], wem Bo 1l rpynme narnmen-
ToB XCH B JIO 6e3 I1K - 10,3 [19; 2], p<0,1103.

V nainueHToB ¢ TEpMUHAIBHOM cTaauen cepeuHON HelocTa-
TOYHOCTH 3HAUUTENFHO CHI)KACTCS MaKCHMallbHOE MOTpebie-
HHUE Kucnopoaa <14 Mi/Kr/MUH WU TPOLEHT OT PACCYUTAHHOTO
MaKCHMaJbHOTO NOTpebnenus kucnopoaa (<50%), necMoTpst Ha
MEIMKaMEHTO3HYIO TEPAIHIO.

MakcumManpHOE TOTpedieHne KHCIOpOoaa MHOKAPIOM B TPYTI-
ne ¢ 1K (tabmuma 3). Crnuposenospromerpust (Crmpo-BOID):
cpennee 3HaueHue Beiie B | rpynme mamuento XCH B JIO ¢
[IK na tepanmu (n=24) -11,3 [14; 7], uem B | rpymnie nanueHToB
¢ XCH B JIO ¢ IIK nmo tepamuu (n=24) - 10,7 [12,7; 9]. HaGmo-
JlaeTcs yBEINYEHNE MAKCHMAJIbHOTO MOTPeOIeHNs KHUCIOpOaa
MHOKapaoM Ha 5,3%, p<0,0001.

Tonepanmnocme k ¢uszuueckum nazpysxkam. TecT ¢ 6-MUHYT-

© GMN

HOU X0nmp0Oii: cperHee 3HaYCHUE BhINIC B | rpymie manueHToB
¢ XCH B JIO ¢ I1IK go Tepamuu (n=24) - 273 [400; 90], gem B [
rpymnme nanueHToB ¢ XCH B JIO ¢ IIK Ha Tepammu (n=24) - 250
[390; 50]. HabmomaeTcst CHMKEHHE TOJICPAHTHOCTH K (pu3Hye-
cKoii Harpy3ke Ha 7%, p>0,05.

Pesynbrarel (yHKIIMOHATBHBIX MOKa3zaTenel B | rpymme ma-
muenToB ¢ XCH B JIO ¢ [1IK k OTC (n=24): yBenn4yeHnEe MaKCH-
MaJIbHOTO MOTPEOIEeHHUs KUCIOPOAa MHOKApIOM Ha 7% W CHU-
JKEHHE TOJIEPAHTHOCTH K (pu3nueckoi Harpyske Ha 7%. B atoit
TpyNIe TANUeHTOB 24 ManueHTaM BBINONHEHA MpsMas TPaHC-
TUTAHTaNus CepAIa.

PesynbraTel m3MeHeHHH (DYHKIMOHATBHBIX MOKazaTeneld y
narueHToB Bo I rpymnme (n=25): nukoBoe moTpebiaeHne KUcio-
pona muokapzaom criupo-BOII B rpynme mammentos ¢ XCH B JIO
6e3 [1K na neuenun - 15,2 [27; 10]. Onpenensercs yBeandeHne
MAaKCHMAaJIbHOTO HOTPeOIeHHs KUCIOpoaa MUOKapioM Ha 5,2%
(p<0,0001).

TonepaHTHOCTh K (PU3MYECKOW HATPy3Ke: TECT O-MHUHYTHOH
xon061 Bo 11 Tpynme npu Teparuu - 330 [450; 240], ¢ yBenuue-
HHEM TOJICPAaHTHOCTH K (u3udecKoil Harpyske Ha 2% (p>0,05).
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Tabnuya 4. Ocnoguvie epynnul 1eKapCmeennbix npenapamos, npunumaemvix nayuenmamu I u Il epynn

IIpenaparel, npUHUMAaeMble
nanuenTamu I rpynnet

n (%)

IIpenaparsbl, npuHUMaeMble
nanuenTamu Il rpynmnsi

n (%)

HAID

23(95.8%)

HATID 25 (100%)

Bera-6mokatopsr

22 (91.7%)

Bera-6mokatopsr 25 (100 %)

Jlunypetuku 24 (100%) Jluypetnku 25 (100%)
AHTaroHUCTHI AJIBAOCTEPOHA 24 (100%) AHTaroHUCTHI AJIBAOCTEPOHA 25 (100%)
AHTHarperaHTbl 20 (83.3%) AHTHarperanTbl 20 (75 %)
CepeuHble ITTMKO3U b 5(20.8%) CepieuHble ITTMKO3U bl 20 (10%)
WBabpagun 5(20.8%) WBabpagun 5(25%)
AHTHKOATyJISIHTBI 10 (41,6%) AHTHKOAryJIsIHTBI 5(25 %)
CraTtuHbl 11 (45.8%) CraTtuHbl 10 (40 %)
AHTHApUTMHKH (aMHOAAPOH ) 10 (41,6%) AHTHapUTMHKH (aMUOAAPOH) 10 (40 %)

Puc. 8. Bapuanmsi noodepoicku kposoobpaujenusa y nayueH-
moe ¢ XCH 6 JIO na mpancnaianmayuio cepoya

Pesynbrarel m3MeHeHHH (DYHKIMOHATBHBIX IOKa3zaTelneld y
nanueHToB I rpymnmer: yBenndeHne MakCUMaabHOTO moTpedie-
HUS KUCTIOPOAa MUOKApAoM Ha 7,2% 1 TONEepPaHTHOCTHU K (pu3u-
4yecKkoil Harpy3ske Ha 2%.

OCHOBHBIE TPYMNIBl JEKAPCTBEHHBIX MpeNaparoB, MpPH-
Humaembix nanuentamu I u Il rpynn, npeacrasiens! B Ta-
onuie 4.

IIpu xopomeM oxBaTe Tepamuy OCHOBHBIMH JIEKapPCTBEH-
HBIMH CPEJCTBaMH y HManueHToB | rpynmnsl (n=24) no3sl npe-
apaTroB OCTAIOTCS JOCTATOYHO HU3KUMU (Tabmuua 4, puc.
11). Jlumps 3 (12,5%) maumenta momydanu WAIID B moze
75-100% ot nenesoit. 4 (17%) manuenta noxyvganun MAIID
B 03¢ 50-75% oT MakcuManbHOW. BONBMIMHCTBO MAIIMEHTOB
- 17 (70,5%) monmyuanu MAIID B no3e menee 50% ot mene-
Boi. Yame Ha3Hayanu mpenapar paMHIpuiI - 14 manueHTos,
snananpui - 10 (41,6%) namuenTtos. IIpu BKIIOYEHNU B TUCT
OXKHUJAHUSI Ha TPAHCIUIAHTAIMIO CEpALlA MAIMEHTHl YIOTpe-
6msnn Gera-6mokaTopel B g03e MeHee 50% oT meneBoi, 3
(12%) manmenta nomyyanu ot 50 1o 75% oT 1eneBoil K03HI,
s 21 (88%) manuenT npuHIMaTn 6eTa-010KaTopsl B 103€
menee 50% ot nenesoii. Yamme momyvanu npemnapar KOpBeau-
101 — 20 (80%) manueHTOB, BTOPHIM 110 YaCTOTE Ha3HAUEHUS
OBLIT OMCOTPOIION - 3 MaLMEHTa, TPETHUM - METOIPOJIOTa CyK-
IUHAT - | ManueHT. AHTarOHUCTHl MUHEPAaTOKOPTUKOUTHBIX
peuentopoB (AMKP) monyuanu 24 (100%) mauuenra, cru-
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JloOGyTramMuH (TomamuH) 9 (37,5%)
Cumakc (JIeBOCUMEH/IaH) 8 (33,3%)
CRTD-tepanus 3 (12,5%)
LVAD-repanus 4 (17%)
BiVAD-tepamus 1 (4,1%)
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pononakToH — 14 (58,3%), smnepenon — 10 (41,6%) manuen-
toB. OnuH (4,2%) manueHT nonydyan meHee 50% oT meneBoit
10361, 23 (95,8%) maumenrta nomydanu 6onee 50% ot mene-
Boii 10361 AMKP. B kaduecTBe MHOTPOMHOM MOAAEPIKKHU TMa-
LMEHTaM Ha3Hada u (HapMaKoOIOTHUYECKYIO TOAIEPKKY OeTa-
agpeHomuMeTkamu - 9 (37,5%) manueHToB, J0OyTaMHHOM
- 5 (20,8%) manuentos, gonamMuHoM - 4 (16,6%) nmanueHTa,
cuHMAaKC (JeBocumenaan) - 8 (33,3%). B kauecTBe MmexaHu-
YEeCKOTr0 MOCTa K TpaHCIaHTanuu cepana 'y 3 (12,5%) mamu-
enToB ucnonszoBanu CRT-D-tepanuto, y 4 (17%) - LVAD-
Tepamnuio, B 1 (4,1%) cnydae - BUVAD-tepanmuio. JlaHHbIE IO
oIepKKe KPOBOOOpAIeHHsI TPEACTABICHBI Ha PUC. 8.

AHanu3 mpoBeJeHHONW MEIMKaMEHTO3HOH Tepamuu Manu-
entam Bo Il rpymme ¢ [1K (n=25) mokasain, 4To Ui TedeHus
CepAeYHON HEJOCTaTOUHOCTH Yallle MPUMEHSUIN ANYPeTHKH,
3areM - MAII®, aHTaroHNCTHI MUHEPATOKOPTUKOUAHBIX pe-
nentopoB (AMKP) u Gera-agpenobmokaropsl. Kpome Toro,
6onbaeiM XCH HazHawamm Je3arperaHThl, HETMPsIMblEe aHTH-
KOAryNnsHTBl, HWBAOpagNH, AHTHAPUTMHKH, CTaTHHBI, TIpe-
HUMYIIECTBEHHO, aMuoaapoH. [Ipu xopomem oxBare Tepanuu
OCHOBHBIMH JI€KapCTBEHHBIMHM CPEJCTBAMH Y MalMEHTOB
JI03Bl TPEnapaToB OCTAIOTCS JOCTAaTOYHO HHU3KUMH. TOIb-
Ko 5 (20%) manumentoB nonydanu UAIID B moze 75-100%
ot uenesoit, 80% (20) mauuentos - UAIID B moze 50-75%
OT MakCHUMaJIbHOH. Yamie Bcero Ha3Hayalaw paMunpui — 18
(75%) nammenToB, >Hamanpun - 7 (28%) mamuentos. Ilpn
BKJIIOUEHHUH B JIUCT OXKHJAHWS HA TPAaHCIUIAaHTALUIO cepana 4
(16%) manumenTta nmomydanu OeTa-6I0KaTOPHI B 103€ MEHBIIE
Ha 50% ot meneBoi, Tonbko 16 (64%) manueHToB MONTydaTn
50-75% ot ueneoit 103561, 5 (20%) ManMEHTOB MPUHUMAIH
LeJeByIo 103y Oera-0mokaropoB. Kapeenumon moxydanu Bce
nanuentel. bonee 50% ot neneBoi 10351 AMKP monydann
25 (100%) mauueHTOB, U3 HUX 5 MAIMEHTOB MPUHUMAIH CIIH-
PpOHONAKTOH, 20 — AMIJIEPEHOH.

INoxa3zarenu TSXKECTH COCTOSTHHSA B UCCIEAYEMbIX IPyTax
nanueHToB ¢ XCH B JIO 10, Ha MeIMKaMEHTO3HON Tepanuu
U TOClie — OpTOTONMYecKoil TpaHcmmantanuu cepamna (OTC)
no ¢ysknuonansHoMy kiaccy CH mo NYHA mpencraBnenst
Ha puc. 10.
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Puc. 9. Ioxaszamenu maxcecmu cocmoanus 6 1 u 1l epynnax nayuenmos XCH ¢ JI1O 0o,
60 epems meouxamenmosnou mepanuu u nocie OTC no ¢ynkyuonansnomy karaccy CH no NYHA
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Puc. 10. Oyenra msicecmu cocmosinusi nayueHmos 00, 60 epemsi meouxkamenmosnou mepanuu u nocie OTC
3a Hedocmamounocmuio kposoobpawjenus 6 I epynne: k mepanuu HK HA - 6 47,8% nayuenmos, HK II B - 6 52,2% nayuenmos;
npu meouxamenmo3snou mepanuu: HK I14 - 6 36,8% nayuenmos, HK II B - 6 63,2% nayuenmog;
nocne OTC: HK 0 -6 47%, HK 1 - 6 53%
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Puc. 11. B epynne JIO na IIK 14 (58%) 6oavnvim svinonnena OTC, 6 (26%) nayuenmos
ymepnu om J10, 4 (16%) nayuenmos npodoncaiom naxooumscs ¢ J1I0 na OTC

B I rpymne ouenka @K cepaedHoil HEJOCTaTOYHOCTH IO
NYHA no memukameHTO3HOH Tepammu coctaBmia: 11 @K mo
NYHA - 25,2% nanuentos, [II ®K no NYHA - 50% nauuen-
ToB, IV ®K mo NYHA - 24,8% mnamnueHToB; npu MeIUKaMeH-
to3noi tepanuu: [I @K mo NYHA - 11% nanuentos, I1I ®K mo
NYHA - 57%, IV ®K no NYHA - 32%; nocie OTC: I ®K no
NYHA - 64,2%, 11 ®K o NYHA - 35,7%.

Bo II rpynme ouenka @K cepmedHolf HENOCTATOYHOCTH IO
NYHA no menukamentosnoit tepanun: 11 @K mo NYHA - 40%
nanueHToB, [II ®K nmo NYHA - 52% mnauuentos, IV ®K no
NYHA - 8% mnannenTtoB; mpu MeAUKaMEHTO3HOH Teparmm: I
®K o NYHA - 38% nauuenTos, [II ®K o NYHA - 55%, IV

© GMN

®K o NYHA - 5%; nmociie OTC: I ®K mo NYHA - 70%, 11 ®K
o NYHA - 30%

INoka3zarenn TSKECTH COCTOSTHHSI B HCCIEIYEMBIX TPyIHax
nareHToB XCH B JIO 10, BO BpeMs MEIMKaMEHTO3HOU Tepa-
muu u nocine OTC 3a HEZOCTATOUHOCTHIO KPOBOOOpALICHUS
npezcTaBieHsl Ha puc. 10.

Bo Il rpymine orieHKa TSHKeCTH COCTOSHUS MALMEHTOB /10, BO Bpe-
M$ MEJIMKaMEHTO3HOH Teparyy ¢ HeJOCTaTOYHOCTBI0 KPOBOOOPa-
merws. J{o Teparmmu: HK IIA -y 71% namento, HKII B - y 29%
narenToB; Bo Bpemst Tepammu HK TIA - y 75% manmentos, HK
I B - y 25% nammenToB; mocie OTC: HK 0 — 100%, HK 1-30%.
Pesynbrare! nccnenaBanus mpeACTaBICHHBI HA puc. 11.
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Pacnpenenenue ocnoxHEHUH: OCTPbIA KpU3 OTTOPIKCHHUS - 5
(36%) naumenTos; [IDK HemocTarouHOCTh TPaHCILIAHTHPOBAH-
Horo cepana - 1 (7%) GonbHoM, 6e3 ocmoxueHu - 8 (57%)
nauueHToB. A B rpynme JIO 6e3 I1K 21 nanueHnty BbIIONHEHA
npsiMast TpaHcIulaHTauus cepaua. 3 (12%) naueHToB CHATHI C
JIO B cBsI3u ¢ BoccTaHOBICHHEM MHOKap/a, 1 (4%) GomnbHOI ymep
B JIO Ha Tepanuu.

BoiBoabl. [loTeHIMaNbHBIE PEIMIIMEHTHI HA TPAaHCIUIAHTA-
[IMIO cepAla TPeOyIoT TIIATEIBHOIO M BCECTOPOHHEro odciie-
JAOBaHUA C LCJIBbH BbIABICHUS COHyTCTBy}OLLIeﬁ maToJIOruu H
IIPOTHO3UPOBAHKS PHUCKA ONEPATUBHOIO BMEILATENLCTBA U TI0-
CJICONIEPALIOHHBIX OCJIOKHEHUH.

CBoeBpeMEHHOE HAIpaBJICHUE MAIMEHTOB Ha 00CIien10Ba-
HHUEC U BKIIOYCHHC B JIMCT OXHUJAHUA SABIIACTCA BaYKHEHUIITUM
(bhakTopoM, MOCKOIBKY MEPHO OKUTAHHS MOXKET 3aHATh JIJTH-
TEJIbHOE BpeMsI.

Ha ocHOBaHMM NPOBEICHHOIO HCCIIEIOBaHUs pa3pado-
TaHbl U BHEJIPECHbI KPUTEPUU OTOOpA MALMEHTOB ISl BKIIIO-
YEeHMs B JINCT OXHJAHUS Ha TpaHCIUIaHTauuio cepaua: OB
JIK - <20% (p<0,0001), naBneHue 3aKJIMHUBAHUS JITOYHOH
aprepun ([I3JIA) - ue 6omee 35 mm pt. ct. (P<0,0001), nu-
KOBOE MOTpebsieHne Kuciaopoma MuokapaoMm - <14 wmur/kr/
MHH Ha (OHE MaKCHMaJbHOW MeEJMKaMEHTO3HOW Tepanuu
(p<0,0001), JICC - <5 exunun 3a Wood (p<0,0001), TIIT" -
10 15 mm pt. er. (P<0,0001).
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SUMMARY

THE MAIN CRITERIA FOR SELECTING PATIENTS
WHEN FORMING A WAITING LIST FOR HEART
TRANSPLANTATION

Tanska O., Ostrovsky Yu., Valentyukevich A.,
Kurlyanskaya E., Kolyadko M.

KL «Feofania», Center of cardiac surgery, Kyiv, Ukraine;
Republican Scientific and Practical Center «Cardiology»,
Minsk, Republic of Belarus

The aim of the study was to optimize the methods of selecting
patients for inclusion in the « WAITING LIST» for heart trans-
plantation on the basis of available international data and the
introduction of selection criteria.

The results of the study are based on survey data and dynamic
monitoring of 49 patients (median age 38 (16; 65) years, men 44
patients, women 5 patients) who were treated from 2008-2018
in the centers: Republican Scientific and Practical Center
«Cardiology», Minsk, Republic of Belarus; in the Center of
cardiac surgery on the basis of KL «Feofania» DUS, Kyiv,
Ukraine. Patients were examined during the initial examination,
after 3 months, 6 months and after 1 year.

The first group consisted of 24 patients with CHF who were on
the waiting list for orthotopic heart transplantation, for circulatory
support, median age 40.95 (18.0; 65.0) years, men - 23, women - 1;
the second group consisted of 25 patients with CHF who were on
the waiting list for orthotopic heart transplantation without circula-
tory support, median age 38.56 (17.0; 64.0) years, men -21, wom-
en-4; Scientific novelty of the obtained results.

Scientific novelty of the obtained results. For the first time
in Ukraine, a road map has been developed and implemented
and the dynamics of the movement of recipients who are in the
“waiting list” for heart transplantation has been analyzed. Iden-
tified risk factors that affect the long-term outcomes and qual-
ity of life of patients with heart failure III-IV functional class
according to the NYHA classification. Criteria for selection of
patients for primary heart transplantation have been developed
and implemented. For the first time in Ukraine, a “Waiting List”
for a heart transplant has been formed.

Keywords: chronic heart failure, pulmonary hypertension,
LVAD-therapy, BiVAD-therapy, orthotopic heart transplantation.
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OCHOBHBIE KPUTEPUU OTBOPA TALIMEHTOB ITPU ®OPMHUPOBAHUU JINCTA O KUJAHUS
HA TPAHCIIJIAHTALIMIO CEPILA

Tanckas O.A., OcrpoBcknii F0.I1., Kypasuckas E.K., BanrenTiokeBuu A.B., Koxsigxo M.I.

Knunuyeckasa bonvnuya “@eopanusa’ I'ocyoapcmeentoeo ynpasienus sHympenHumu denamu, Kues, Yxpauna;
Pecnybnuxanckuii nayyno-npakmuyeckuil yenmp «Kapouonoeusny, Munck, Pecnyonuxa benapyco

Llens wccienoBaHusl - ONTUMH3ALMS KPUTEPHEB oTOOpa
MalUEHTOB JIUIsl BKJIIOUEHNUS B JIUCT OKUJAHUS HAa TPaHCIUIaH-
TalMIO Cep/lla HA OCHOBAHUU MMEIOILUXCS MEXyHApOIHBIX
JAHHBIX M UX BHEJPEHHE B IIPAKTHKY.

B uccnenoBanue BrIo4YeHO 49 OONBbHBIX (MeaHaHa BO3-
pacta 38 (16; 65) net, MyxuuH - 44, KeHWUH - 5), KOTO-
pbie HaxoauiIKuch Ha sedeHnu B 2008-2018 rr. B Pecry6mu-
KaHCKOM HaydHO-NpakTHueckoM IleHTpe «Kapauomorus»
(Munck, Pecniybnuka Benapycs) u Llentpe kapaunoxupyp-
run Ha 0asze KnmuHnueckoit Gonpuuibl «Deodpanus» [ocy-
JapCTBEHHOI'0 yNpaBICHHUs BHYTPEHHUMH JieslaMU. bobHbIe
MPOXOAMIIN 0OCiIeJOBaHUE MPH MOCTYIJICHUU U CIyCTs 3,
6 mecsues u 1 rof.

I rpynny coctaBunu 24 nanueHTa ¢ XpOHUYECKOH cepaed-
Holl HemocraTouHOcThi0 (XCH), KoTOpBIE HaxonWIMCh Ha
MOJIIePIKKE KPOBOOOPAIIEHHS B JINCTE OKUIAHUSI HA OPTOTO-

MUYECKYI0 TpaHCIUIAHTALUIO cepalna. MeauaHa Bo3pacra co-
craBmwia 40,95 (18; 65) r., Mmy»x4uH ObL10 23 1 OJ1HA )KEHILUHA.

II rpynmy cocraBunu 25 nanuenro ¢ XCH, Haxonsmuxcs B
JIICTE OXKUJIAHUS Ha OPTOTONMYECKYI0 TPAHCIUIAHTALUIO Cepli-
11a 6e3 MoIePIKKK KpOBOOOpaIlleHHs, MeTHaHa Bo3pacta -38,56
(17; 64) rona, Mmy>x4rH ObLTO 21, )KSHIMH - 4.

B Vkpaune BrepBble pazpaboTaHa ¥ BHEIPEHA JOPOIKHAS
KapTa ¥ MpoaHan3upoBaHa JMHAMUKA JBY)KCHUS PEIMITUCH-
TOB, HAaXO[SIIUXCS B JHCTE OXHJAHHS HA TPAHCIUIAHTAIHIO
cep/ua. YCTaHOBJIEHBI (haKTOPHI PUCKa, BIUSIONIME HA OTIa-
JICHHBIE Pe3y/IbTaThl U Kaue€CTBO XKU3HU MAallUEHTOB C cepied-
HO¥ HemocTaTouHoCThIO [1I-1V QyHKIIMOHATBHOTO KiTacca 1Mo
knaccupukanun NYHA. Pazpaboranbl U BHEApPEHBI KpUTE-
puu oTOOpa GONBHBIX K MEPBUYHON TPAHCIUIAHTALMU CEpPJ-
11a, @ TAK)Ke COCTABJICH JINCT OKUAAHMS HA TPAHCIJIAHTALMIO
cepana.
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COMPUTED TOMOGRAPHY IN DETECTING FEATURES OF CORONARY ATHEROSCLEROSIS
IN DIFFERENT ETHNIC GROUPS OF KAZAKHSTAN POPULATION

23Yelshibayeva E., ?Dautov T., 2Rakhimzhanova R., ‘Gutberlet M.,
3Mardenkyzy D., 2Kozhakhmetova Zh., >*Saduakasova A.

National Research Cardiac Surgery Center Nur-Sultan; *NpJSC «Astana Medical University», Nur-Sultan;
SRSE «MCH of Presidents Affairs Administration of the Republic of Kazakhstany;
*Heart Centre, Department of Diagnostic and Interventional Radiology, Medical University, Leipzig, Germany

According to a National data of Kazakhstan, mortality from of
cardiovascular diseases after the collapse of Soviet Union in ear-
ly 1990’s dramatically increased [1]. With the implementation of
National programs since 2008 aimed at controlling modifiable
risk factors and development of cardiac centers with catheteriza-
tion labs and cardiac surgery units, the mortality rate has been
drastically decreased by almost 30% [2]. In recent years cardio-
vascular centers of the country moving towards the prevention
of heart events using technology and well-controlled prospective
life-style modification studies [3]. Coronary computed tomogra-
phy (CT) has been widely used in assessment of atherosclerosis
burden by the means of quantification and detection of coronary
artery calcium (CAC) score and level of stenosis [4]. Nonethe-
less, there are no works devoted to the assessment of CAC in an
association with coronary events in Kazakhstan using CT scan-
ning. According to large prospective studies, CAC score showed
a relationship with the risk of future coronary events [5]. CAC
score has been shown to be related to the severity of coronary
artery disease by one of the biggest studies to date, Multi-Ethnic
Study of Atherosclerosis (MESA) [6]. The major drawbacks of
using CAC score as a predictor of risk along with the Framing-
ham risk score has been jeopardized by the evidence that there
are considerable differences in the extent of CAC among dif-
ferent ethnical groups [7]. Thus, the utmost interest lies in the
assessment of structural variability of the coronary artery bed.
Currently, no data available to address the prevalence and quan-
tification of CAC score in ethnic groups among Kazakhstani
population. It poses an important value to assess the possible
ethnic-dependent variations of CAC score due to the fact that
Kazakhstan is ethnically very diverse country. About 75% of
population are represented by Kazakhs and other Central Asian
nations (such as Uigurs, Uzbeks, Tatar’s and other), while about
25% account for Russians and other European nationalities [8].

Coronary artery calcification (CAC) score has been proposed
as a surrogate method to evaluate coronary atherosclerosis. Mul-
tiple studies worldwide defined CAC score and ethnicity asso-
ciation to be valuable in coronary event prognosis along with
other established risk-factors. The objectives of this study were
to determine the ethnic differences of CAC score in Kazakhstani
population with stable chest pain and whether CAC is signifi-
cantly associated with the traditional cardiovascular risk factors.

Material and methods. The study population included medi-
cal records of patients who were referred by physicians to under-
go CT. Prior to CT scanning, all patients gave informed consents
to utilize the collected medical data for research purposes. The
study protocol has received an ethical approval from the local
Hospital Research Ethics Committee.

935 patient medical records were collected between 2008 to
2018 from Medical Centre Hospital of President’s Affairs Ad-
ministration and National Research Cardiac Surgery Center
(NRCS) in Astana, both provide medical care for patients across
Kazakhstan. Patients with stable chest pain were included in
the study. Patients with history of myocardial infarction, with
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cardiomyopathies, previously underwent coronary artery bypass
graft (CABQG), percutaneous coronary angioplasty or valve re-
placement procedures and those with chronic rheumatic heart
diseases were not included in the study.

CT scanning was conducted on dual-source, Multislice CT
scanner (“Somatom Definition AS 64 or Somatom Definition
Flash, Siemens, Germany”) with prospective cardiac synchro-
nization and reconstruction with 0.6 mm slice thickness. The
Agatston calcium score was quantified using commercially
available software (“syngo Calcium Scoring, Siemens, Germa-
ny”), and calcification was defined as an area>1 of density >130
Hounsfield Units (HU). The summary of all coronary lesion
scores represented coronary artery calcification (CAC) score.
CT coronary angiography (CTA) data were obtained with injec-
tion of contrast agent (Visipaque, 100 ml) intravenously (4 ml/
sec). Stenosis level was assessed based on comparison of mini-
mum lumen diameter (MLD) with non-affected arterial segment
in closest proximity to the lesion.

Patients were categorized to Kazakh (66.9%), Russian
(21.4%) and other (11.7%) ethnicities, which included Tatar,
Ukrainian, German, Uzbek, Uygyr, Belarus, Kyrgyz and those
who did not specified their ethnicities (3.1%). Additionally,
demographic variables (age, gender, body mass index (BMI))
and CHD risk factors (maximally registered systolic (SBP) and
diastolic blood pressure (DBP); hypertension, defined as having
history of hypertension or SBP > 140 mm of Hg or DBP >90
mm of Hg [9]; smoking status (smoker or non-smoker); alcohol
use (whether a patient consumed any amount of alcohol drinks
for the past year, yes or no); family history of CVD (whether a
patient has a first or second-degree relative with CVD) [10]; dia-
betes mellitus, defined as having a history of diabetes mellitus or
glucose >7 mmol/l or Hemoglobin Alc > 6.5%; and plasma fac-
tors, such as, fibrinogen, creatinine, cholesterol level (total, low-
density lipoprotein (LDL) and high-density lipoprotein(HDL))
and triglycerides) were collected from patient medical records.
The type of chest pain was categorized to atypical, typical and
non-anginal [18].

Continuous variables were summarized as means and stan-
dard deviations. When a continuous variable distribution was
highly skewed, additionally, median and interquartile range
(IQR) were included. To compare demographic characteristics
and CHD risk factors’ distributions among the ethnic groups,
one-way ANOVA test or Kruskal-Wallis test, for categorical in-
dependent variables Pearson’s chi-square test or Fisher’s exact
test were utilized.

The outcome variable, CAC score, has extremely right skewed
distribution and frequent zero values. Given non-normality of
CAC score, relationships between independent variables and
continuous CAC score were assessed applying non-parametric
tests (Kruskal-Wallis test, Spearman’s correlation coefficient,
Mann-Whitney U test). In addition, it was decided to dichot-
omize CAC score (any CAC score and none) to apply multi-
variate logistic regression analysis examining the association
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between ethnicity and CAC score, adjusting for possible con-
founders and testing for an existence of interactions. After ex-
clusion of all zero values, and log-transformation of the continu-
ous CAC score, similarly, multivariate linear regression analysis
was performed. In both modeling approaches, confounder selec-
tion was based on statistically significant (0=0.20) results from
bivariate analyses and previous epidemiological studies [11]. In
multivariate analyses, all statistically significant (¢=0.05) and
epidemiologically important covariates were left in the models
to compare. All statistical analyses were performed using Stata
13 software [12].

Results and discussion. The study population consisted of
935 patients where average age among ethnic groups signifi-
cantly differed (p<0.01); more than half patients in other group
were older than 60 years (Table 1). There were statistically
significant differences among ethnic groups by BMI (p=0.03),
type of chest pain (p<0.01), use of statins (p=0.01) and blood
glucose level (p<0.01). Russians had the lowest values of per-
cent of statin users (38%) and glucose level (5.4+1.0). Kazakhs
had the lowest proportion of obese people among three groups
(42.0% vs 53.8% and 52.0% in Russian and others, respectively,
p<0.03).

Table 1. Overall descriptive statistics of participants by ethnicity

Variables Ka_zakh Ru_ssian O_ther p-value
n=626 n=200 n=109
Age, (yrs) 58.1+11.0 59.6+11.4 61.9+9.2 <0.01*
Categorical Age (%)
<50 145 (23.2) 43 (21.5) 11 (10.2) 0.01%*
51-60 206 (32.9) 63 (31.5) 33(30.5)
61-70 202 (32.3) 58(29.0) 45 (41.7)
>70 73 (11.7) 36 (18.0) 19 (17.6)
*%
o Bay | A [ veewen | o
BMI Normal (%) 97 (17.5) 29 (15.6) 18 (17.6) 0.03**
BMI Overweight (%) 225 (40.5) 57 (30.6) 31(30.4)
BMI Obese (%) 233 (42.0) 100 (53.8) 53 (52.0)
Systolic BP, mm of Hg 175.2£30.4 181.0£29.8 179.5€25.6 0.07*
Diastolic BP, mm of Hg 97.7+11.9 99.7+11.5 98.6+11.6 0.19%
Hypertension (%) 517 (82.8) 168 (84.4) 98 (89.9) 0.18%*
Smoking (%) 119 (19.8) 51 (26.0) 29 (26.8) 0.08**
Alcohol use (%) 65 (10.8) 26 (13.3) 16 (14.8) 0.37**
Family History of CVD (%) 236 (39.5) 84 (42.9) 49 (46.2) 0.33**
Chest pain (%)
Atypical 175 (29.6) 52(26.2) 28 (26.2) <0.01**
Typical 206 (34.8) 92 (46.2) 59 (55.1)
Non-anginal 211 (35.6) 55(27.6) 20 (18.7)
Use of statins (%) 285 (50.3) 70 (38.0) 47 (45.2) 0.01%**
Diabetes (%) 166 (26.7) 45 (22.6) 26 (23.8) 0.46%*
HbA1C,% 6.9+2.1 5.9+1.2 6.0+1.8 0.06*
Glucose, mmol/l 5.9+1.8 5.4+1.0 5.8+1.7 <0.01*
Fibrinogen, g/l 3.0+0.9 3.0+0.9 3.1£1.0 0.38%*
Creatinine, pmol/l 78.7+£21.2 81.8+£19.8 80.1£17.9 0.20*
Total Cholesterol, mmol/I 5.01.2 5.0£1.2 4.9+1.3 0.67*
LDL, mmol/l 3.3£1.1 3.3+1.1 3.3£1.1 0.78*
HDL, mmol/l 1.3£0.5 1.3£0.6 1.3+0.5 0.60*
Triglycerides, mmol/l 1.7+1.2 1.5+0.8 1.741.2 0.29*

Percentages are shown in parentheses. Continuous variables are presented as mean + SD;
*- One-way ANOVA test or Kruskal-Wallis test when parametric assumptions were violated;
** - Pearson's chi-square test or Fisher s exact test
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CAC score, stenosis in coronary arteries and number of ves-
sels with >50% stenosis were statistically significantly associ-
ated with ethnic descent of the patients (Table 2). Russians had,
on average, the highest CAC scores in each of the coronary ar-
teries, and one third of them presented with > 50% stenosis of
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RCA. Kazakhs, on the other hand, had the lowest CAC scores
in each of the coronary arteries and suffered less from stenosis
of RCA (10.8%). Relatively, lower number of Kazakh patients
(11.7%) presented with >50% stenosis of two or more vessels in
comparison to Russians (16.0%).

Table 2. Characteristics of coronary CT findings by ethnicity

Variables Kazakh Russian Other p-value
n=626 n=200 n=109
CAC (total)
mean+SD 107.9+270.4 225.3+507.5 164.7+384.2 <0.01*
median (IQR) 7.5 (0-84.1) 17.3 (0-132.3) 28.4 (0-127.1)
CAC in LAD
mean+SD 48.8+118.1 95.0+£210.3 71.8£155.8 0.08*
median (IQR) 0.9 (0-40.3) 3 (0-54.2) 9.8 (0-77.5)
CAC in LCX
mean+SD 16.4+49.6 42.24+149.4 36.6+£84.8 <0.01*
median (IQR) 0(0-4.8) 0(0-13.2) 0 (0-25.8)
CAC in RCA
mean+SD 30.9+£123.5 63.2+257.8 44.9+183.1 0.14*
median (IQR) 0(0-4.4) 0 (0-11.0) 0 (0-9.0)
CACin LM
mean+SD 8.2447.0 23.6+88.4 19.4+65.7 <0.01*
median (IQR) 0 (0-0) 0 (0-6.1) 0(0-1.2)
Stenosis of LAD
None or<50% 444 (73.6) 146 (74.5) 63 (60.0) <0.01%*
>50% 159 (26.4) 50 (25.5) 42 (40.0)
Stenosis of LCX
None or<50% 518 (89.8) 174 (88.3) 86 (81.1) 0.04%%*
>50% 59 (10.2) 23 (11.7) 20 (18.9)
Stenosis of RCA
None or<50% 518 (89.2) 135 (69.6) 70 (68.6) <0.01%*
>50% 63 (10.8) 59 (30.4) 32 (31.4)
Stenosis of LM
None or<50% 511 (98.8) 149 (100) 76 (100) 0.51%%*
>50% 6(1.2) 0(0) 0(0)
Number of vessels with
>50% stenosis
None 447 (71.4) 113 (56.5) 49 (44.9) <0.01%*
Only one 106 (16.9) 55(27.5) 35(32.1)
Only two 40 (6.4) 19 (9.5) 16 (14.7)
Three or LMD 33(5.3) 13 (6.5) 9(8.3)
LAD plaque present
non-calcified 46 (13.3) 7 (6.1) 6 (8.0) 0.24**
low-density, non-calcified 224 (64.7) 79 (68.7) 52 (69.3)
calcified 76 (22.0) 29 (25.2) 17 (22.7)
CX plaque present
non-calcified 32 (14.0) 9(8.7) 7 (10.6) 0.20%*
low-density, non-calcified 117 (51.3) 63 (61.2) 43 (65.2)
calcified 79 (34.7) 31 (30.1) 16 (24.2)
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RCA plaque present
non-calcified 39 (15.2) 11 (10.9) 9(15.0) 0.01%**
low-density, non-calcified 146 (57.1) 75 (74.3) 43 (71.7)
calcified 71(27.7) 15 (14.8) 8(13.3)
LM plaque present
non-calcified 9(14.8) 2(7.2) 1(7.1) 0.65%*
low-density, non-calcified 24 (39.3) 13 (46.4) 8(57.2)
calcified 28 (45.9) 13 (46.4) 3 B57)

Percentages are shown in parentheses. Continuous variables are presented as mean + SD and median (IQOR) below,
* - Kruskal-Wallis test; ** - Pearson s chi-square test or Fishers exact test

CAC score was associated with age (p<0.001), gen-
der (p<0.001), BMI (p<0.05), SBP (p<0.01), hypertension
(p<0.001), use of statins (p<0.01), diabetes (p<0.001) and cre-
atinine (p<0.001) (Table 3). There was a close association be-
tween patient age and CAC score (test for trend p<0.001). Un-

like continuous CAC, dichotomous CAC score was associated
with type of chest pain (p=0.04), glucose (p<0.01) and triglyc-

erides (p<0.01).

According to Bivariate analysis CAC score was strongly as-

sociated with coronary CT findings (Table 4).

Table 3. Bivariate analysis for continuous and dichotomous CAC score
(CAC score=0 and CAC score > 0) with demographic variables and CV risk factors

Variables Continuous CAC p-value CAC _score=0 CAC _score>0 p-value
score (n=355) (n=574)
Age
<50 24.9+80.9 <0.001* 133 (37.6) 65 (11.3) <0.001**
51-60 109.3+364.8 115 (32.5) 186 (32.4)
61-70 178.0+£354.4 84 (23.7) 219 (38.2)
More than 70 301.9+478.5 22 (6.2) 104 (18.1)
Female 65.2+188.0 <0.001*** 161 (45.6) 152 (26.5) <0.001**
Male 178.2+405.3
Kazakh 107.9+270.4 <0.01* 256 (72.1) 365 (63.6) 0.03%*
Russian 225.3+507.5 64 (18.0) 135 (23.5)
Other 164.7+384.2 35(9.9) 74 (12.9)
BMI
Normal BMI 99.14+238.1 0.05%* 70 (22.2) 73 (14.0) <0.01**
Overweight 158.0+404.4 117 (37.2) 193 (37.0)
Obese 140.4+343.5 128 (40.6) 256 (49.0)
SBP 0.14 <0.00] **** 172.9+432.4 179.1+£28.1 0.01%**
DBP 0.07 0.06%*** 97.1+12.7 98.9+11.3 0.07%**
Hypertension
yes 156.4+363.9 <0.001*** 266 (75.6) 512 (89.2) <0.001**
no 55.14263.7
Smoking status
yes 109.5+312.9 0.43%** 78 (22.8) 121 (21.8) 0.71%*
no 150.5+367.1
Alcohol use
yes 181.7+513.3 0.72%** 38 (11.0) 69 (12.4) 0.52%%*
no 135.2+328.7
Family history of CHD
yes 114.8+275.1 0.41%** 138 (40.3) 230 (41.7) 0.68**
no 158.9+402.8

© GMN

71



MEJTUIIMHCKUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSBLI6()

Chest pain
Typical 177.34+436.0 0.21* 128 (37.8) 227 (41.1) 0.04**
Atypical 101.74242.1 86 (25.4) 166 (30.0)
Non-anginal 128.7+323.9 125 (36.9) 160 (28.9)
Use of Statins
yes 181.4+433.4 <0.0]*%** 123 (38.8) 275 (51.8) <0.001**
no 107.94270.6
Diabetes
yes 158.8+315.2 <0.00*** 66 (18.3) 169 (29.6) <0.001**
no 133.84364.2
HbAIC 0.10 0.32% %4k 6.4+1.5 6.7£2.1 0.65%**
Glucose 0.06 0.09%#** 5.6+1.4 5.9+1.8 <0.01***
Fibrinogen 0.03 0.42% %% 2.98+0.8 3.08+1.0 0.15%**
Creatinine 0.17 <0.00 ] **** 75.94£20.0 81.7+20.6 <0.001#**
Total Cholesterol 0.04 0.23%%** 4.9+1.2 5.1+1.2 0.15%%**
LDL -0.01 0.70%%%* 3.3+1.1 3.3£1.0 0.90%**
HDL -0.06 0.07%*** 1.3+0.5 1.3+0.5 0.48%**
Triglycerides 0.07 0.06%*** 1.5+0.8 1.7£1.3 <0.01%%**

Percentages are shown in parentheses. Continuous variables are presented as mean + SD;
* - Kruskal-Wallis test; **Pearson s chi-square test or Fisher's exact test; *** - Two-sample t-test or Mann-Whitney U-test;
*H** - Spearman's correlation coefficient

Table 4. Bivariate analysis for continuous and dichotomous CAC score

(CAC score=0 and CAC score >0) with coronary CT variables

Variables Continuous CAC p-value ((I:;ZSCS:S(; g:g;g p-value
Stenosis of LAD
None or<50% 53.4+169.6 <0.001*** 329 (95.9) 322 (57.9) <0.001**
>50% 372.6£555.9 14 (4.1) 234 (42.1)
Stenosis of LCX
None or<50% 88.7+253.5 <0.0071*** 334 (98.8) 441 (82.1) <0.001**
>50% 566.5+£657.5 4(1.2) 96 (17.9)
Stenosis of RCA
None or<50% 80.3+242.2 <0.001*** 331 (97.1) 389 (73.3) <0.001**
>50% 434.3+601.9 10 (2.9) 142 (26.7)
Stenosis of LM
None or<50% 134.3+359.8 <0.01*** 310 (100) 422 (98.6) 0.04**
>50% 394.6+£377.3 0 (0) 6(1.4)
Number of vessels with stenosis
>50%
None 46.7+141.8 <0.001* 329 (92.7) 279 (48.6) <0.001**
Only one 145.3+£360.2 25(7.0) 168 (29.3)
Only two 443.4+464.9 0(0) 73 (12.7)
Three or LMD 744.9+740.5 1(0.3) 54 (9.4)
LAD plague present
non-calcified 7.6+20.2 <0.001* 39 (86.7) 20 (4.1) <0.001**
low-density, non-calcified 319.2+£503.1 6 (13.3) 345 (70.8)
calcified 68.1+142.2 0 (0) 122 (25.1)
LCX plague present
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non-calcified 44.5+113.9 <0.001* 24 (85.7) 24 (6.6) <0.001**
low-density, non-calcified 425.3+589.0 3(10.7) 217 (59.4)
calcified 129.1+231.6 1(3.6) 124 (34.0)
RCA plague present
non-calcified 31.3£82.0 <0.001* 34 (87.2) 24 (6.4) <0.001**
low-density, non-calcified 383.94+558.7 5(12.8) 256 (68.5)
calcified 108.5+£178.3 0(0) 94 (25.1)
LM plague present
non-calcified 101.6£159.1 0.02* 3 (100) 9(9.1) <0.01**
low-density, non-calcified 459.2+756.8 0(0) 44 (44.4)
calcified 230.2+363.6 0(0) 46 (46.6)

Percentages are shown in parentheses. Continuous variables are presented as mean £ SD;
*- Kruskal-Wallis test when parametric assumptions were violated; ** - Pearson's chi-square test or Fishers exact test;
**% - Mann-Whitney U test

After adjusting for possible confounders in multivariate anal-
yses, the odds of having positive CAC score increased by 48%
(OR=1.48; 95% CI, 0.91 - 2.40) among Russians relatively to
Kazakhs. Similarly, in the multivariate linear regression model,
CAC score on average increased by 71.4% (p=0.03) between
respective ethnic groups among patients with CAC score >
0. The odds of having positive CAC score were almost four
times higher (OR=3.87, 95% CI, 2.57-5.84) among males rel-

atively to females in logistic regression model adjusting for
covariates. The odds of having positive CAC score and aver-
age percent of CAC score increased with older age groups
(p<0.001). For example, average CAC was higher 103.5%,
271.0% and 645.6% among 51-60, 61-70 and >70 age groups,
respectively, in reference to <50 age group. In multivariate
analysis, relationships of CAC score with use of statins and
SBP were positive.

Table 5. Multivariate linear regression coefficients for independent variables of CAC score among people with CAC score>()

Variable Ctogarcacsar | CAC sore GSCh. | pvalue
Kazakh Reference Reference 0.03
Russian 0.54 (0.13-0.95) 71.4% (1.4% to 141.3%)

Other 0.26 (-0.23 to 0.74) 29.4% (-33.0% to 91.9%)
Female Reference Reference <0.001
Male 1.11 (0.73-1.50) 205.1% (89.6% to 320.6%)
Age
<50 Reference Reference <0.001
51-60 0.71 (0.06 to 1.36) 103.5% (-28.4% to 235.4%)
61-70 1.31 (0.67 to 1.96) 271.6% (32.4% to 510.8%)
>70 2.01 (1.31-2.71) 645.6% (125.9% to 1165.2%)
Family history of CVD
no Reference Reference 0.02
yes -0.41 (-0.75 t0 -0.07) -33.6% (-56.3% to -10.9%)
SBP, per 10 mm Hg 0.12 (0.05-0.18) 12.6% (5.3%-19.8%) <0.001
Total cholesterol, per 10 mmol/l 0.22 (-1.17 to 1.61) 30.9% (-153.0% to 214.8%) 0.71
Use of statins
no Reference Reference 0.02
yes 0.40 (0.06-0.74) 49.8% (-1.0% to 100.5%)
Diabetes
non-diabetic Reference Reference 0.54
diabetic -0.11 (-0.48 to 0.25) -10.7% (-43.3% to 21.9%)
Intercept -0.24 (-1.74 to 1.26) 0.76
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Table 6. Odds ratio of CAC presence (CAC score>() by independent variables in multivariate logistic regression

Variable OR (95% CI) p-value
Kazakh 1.00 (Reference) 0.28
Russian 1.48 (0.91-2.40)

Other 1.16 (0.66-2.03)
Female 1.00 (Reference) <0.001
Male 3.87 (2.57-5.84)
Age
<50 1.00 (Reference) <0.001
51-60 2.61 (1.49-4.58)
61-70 5.44 (3.01-9.84)
>70 8.16 (3.95-16.89)
Family history of CVD
no 1.00 (Reference) 0.63
yes 1.14 (0.78-1.68)
SBP*
<150 mm Hg 1.00 (Reference) 0.03
150-179 mm Hg 1.04 (0.55-1.94)
180-199 mm Hg 1.80 (0.93-3.50)
>200 mm Hg 1.90 (0.97-3.69)
Total cholesterol*
Below 5.2 mmol/l 1.00 (Reference) 0.59
5.2-6.1 mmol/l 0.96 (0.62-1.49)
6.2 and above 1.26 (0.76-2.10)
Use of statins
no 1.00 (Reference) 0.56
yes 1.12 (0.76-1.64)

Diabetes

non-diabetic 1.00 (Reference) 0.04
diabetic 1.58 (1.02-2.44)

Intercept 0.05 (0.01-0.18) <0.001

* - Due to violation of the linearity assumption, SBP and total cholesterol were categorized to meet the assumption

In this comparison between different ethnic groups in Ka-
zakhstan with chest pain we have demonstrated that the bur-
den of coronary atherosclerosis, assessed by calcium score, is
greater among Russian and other ethnicities than among Ka-
zakhs, even after adjustment for conventional risk factors. To
our knowledge there were no previous studies on CAC score
in Central Asian population and data about ethnic specific-
ity of CV risk factors in this area are limited. Previous stud-
ies have shown that East Asians, including Chinese, Korean,
and Japanese subjects, have lower CAD burden measured on
CAC compared with Western subjects [13]. The Multi Ethnic
Study of Atherosclerosis (MESA) also reported similar ob-
servations, whereby Chinese adults had a lower prevalence
of CAC compared with Caucasian subjects [14]. Although
there is a big difference in eating habit between Chinese and
Kazakhs, seemingly lower CAC score is cross-race effect of
Asians.

Many studies have shown that CAC score is strongly as-
sociated with age in different heterogeneous populations, ge-
ography and culture [15,16]. Higher CAC score among Rus-
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sians could be attributed with higher prevalence of advanced
aged patients in this group, 18% of patients were older than
70 years, in comparison with 11.7% and 17.6% in Kazakh
and other ethnicity groups respectively.

Previous studies have shown that BP components have
age-dependent roles in the prediction of CAC, and SBP and
PP were independent predictors of the presence and quan-
tity of coronary artery calcification in the >50 years of age
group [17]. In our study, registered maximal systolic blood
pressure among Russian population was higher compared to
other groups. Systolic blood pressure was strongly associated
with higher CAC score, both on Multivariate Linear and lo-
gistic regression analysis. Coronary calcium deposition may
indicate higher degree of vascular calcification and, thus, im-
paired vascular compliance and higher blood pressure levels.
But more investigations needed to clarify this mechanism.

Russian population had higher BMI and about 53% of Rus-
sians enrolled in the study were obese. Whereas, 41.9% of
Kazakh population had BMI<30 kg/m?. In bivariate analysis
BMI showed positive correlation with CAC score, but multi-
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variate linear or logistic regression analysis showed no impact
of obesity on CAC score. In previous studies higher BMI is
independently associated with increased risk of intermediate-
term risk of myocardial infarction and abdominal obesity was
an independent predictor of CAC progression [18], however,
most studies evaluated the association between obesity and
CAC in a Western population with conflicting results [19,20].

Several controversial findings were observed. One is char-
acter of chest pain which was mostly atypical or non-anginal
among Kazakhs, when Russians and other ethnic groups had
predominantly typical angina pectoris. One more interesting
finding is, that Kazakhs had highest FPG level and multi-
variate analysis showed strong positive correlation between
the presence of diabetes and CAC score. Also, plasma tri-
glyceride levels were higher among Kazakhs compared with
Russians and bivariate analysis shows positive correlation of
triglyceride level and CAC score.

Several limitations of our study should be acknowledged.
First, our study was performed at only two centers, those are
located in one city and provides tertiary medical care, which
makes it uncertain whether results will be likely generaliz-
able to whole Kazakhstani population. Second, there were no
standardized questionnaire to collect CV risk factors. Some
of inconsistencies with previous studies results [reference],
for example, family history of CVD in multivariate analyses,
could be attributed to an absence of standardized approach in
data collection. Additionally, there may be other confounders
that were not included in adjustment, such as, physical activ-
ity, dietary habits and socioeconomic status. Third, this was
a cross-sectional study with no prospective follow-up data
on the patient management post CT scan and subsequent in-
cidence of MI.

Conclusion. As compared with Russians, Kazakhs and
other minorities, Kazakhs had significantly lower CAC score.
The difference of the CV risk-factor profiles do not explain
this finding. This study demonstrated that Russians have a
higher atherosclerotic burden than Kazakhs and others, inde-
pendent of risk-factor differences among patients with stable
chest pain. Future longitudinal national and regional popula-
tion-based studies are, however, warranted.
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SUMMARY

COMPUTED TOMOGRAPHY IN DETECTING FEATURES OF CORONARY ATHEROSCLEROSIS
IN DIFFERENT ETHNIC GROUPS OF KAZAKHSTAN POPULATION

23Yelshibayeva E., '’Dautov T., ’Rakhimzhanova R., ‘Gutberlet M., *Mardenkyzy D.,
2’Kozhakhmetova Zh., >*Saduakasova A.
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The aim of the study was to identify the features of cor-
onary lesions and to determine the correlation between the
main risk factors for coronary artery disease according to the
SCORE quality of life scale and the calcium index in MSCT
in different age and ethnic groups in men and women living
in Kazakhstan.

We retrospectively analyzed 935 case histories of patients
undergoing MSCT to assess the condition of the coronary ar-
teries. The patients were divided into three groups: Kazakhs
(66.9%), Russians (21.4%) and other (11.7%) nationalities.
There were statistically significant differences between eth-
nic groups in BMI (p=0.03), type of chest pain (p<0.01),
statin use (p=0.01), and blood glucose (p<0.01). The study
showed that the prevalence of coronary atherosclerosis is
higher among Russians compared to Kazakhs, even after
adjusting for traditional risk factors. In multivariate analy-
sis, the calcium index values were significantly higher in the
group of the Russian population by 48% (OR=1.48; 95% CI
0.91-2.40) than in the Kazakh population. In the course of
the cross-sectional study, statistically significant differences
in the nature of coronary lesions were revealed between eth-
nic groups, mainly males, living in the Republic.

Until now, such studies have not yet been conducted
among the inhabitants of Kazakhstan, and data on the eth-
nic specificity of risk factors for cardiovascular diseases in
this geographical region have not been sufficiently studied.
Previous studies have shown that East Asians, including
Chinese, Koreans, and Japanese, have a lower incidence
of coronary artery disease as measured by CI compared to
Europeans. A large MESA study also reported observations
that study participants of Chinese nationality had a lower
CI compared to Europeans. Despite significant differences
in dietary habits and living in different climatic conditions
between Asians of different countries, lower CI scores ap-
pear to be a racial trait of Asians, which was further con-
firmed by our study.

These results are undoubtedly representative, as patients
from different regions of Kazakhstan were treated in two
clinics of republican significance. In the future, it is neces-
sary to conduct prospective studies with subsequent follow-
up of patients after treatment and in identifying the causes of
recurrent coronary events, as was done in the MESA study.

Keywords: atherosclerosis, coronary arteries, computed
tomography, risk factor, inhabitants of Kazakhstan.

PE3IOME

KOMITBIOTEPHASI TOMOT PA®HS B BBISABJIEHUY OCOBEHHOCTEN KOPOHAPHOI'O ATEPOCKJIEPO3A
V JKUTEJEA PASJTHYHBIX STHUYECKHX T'PYIIIT KASAXCTAHA

2Eabmubaesa J.C., 2Jlayros T.B., *Paxum:kanosa P.U., ‘I'yroepier M.,
ZMapaenksi3bl .M., ’Koxaxmerosa ’K.K., 2*Canyakacosa A.B.

!HayuoHanoHwiil Hayurwill kapouoxupypeudeckuil yewmp, Hyp-Cyiman, ?HAO «Meouyunckuti Yrusepcumem Acmanay,
Hyp-Cynman; *PI'TI «Boavhuya meouyuncko2o yenmpa ynpaeierus oenamu Ipesuoenma PKy, Hyp-Cynman, Kazaxcman,
‘Meouyunckuii ynusepcumem, Llenmp cepoya, omoenenue OuaeHOCMuKY U UHMep8eHYUOHHOU paduonoeuu, Jleunyue, I'epmanus

Lenr uccnenoBanus - BeISIBICHHE OCOOCHHOCTEH MOpake-
HUSI KOPOHAPHOTO pyclia U ONpeneleHUue KOPPeNsILuOHHON
CBSI3M OCHOBHBIX (JAKTOPOB PHUCKA HIIEMUYECKOI 0ose3HH
cep/la ¢ MoKa3aTeqsiMH KalblMUEBOTO MHAEKCA B Pa3IMUYHBIX
BO3PACTHBIX M 3THUYECKHUX TPYINNax y MYXKUYHH WM SKCHIIUH,
npoxuBaromux B Kazaxcrane.

PerpocnexTuBHO mposeneH ananus 935 ucropuit 60ne3Hu
MaIMEeHTOB, KOTOPHIM IPOBEAEHA MYJIbTUCIHPANbHAS KOM-
netoTepHast Tomorpagus (MCKT) aist olieHKH COCTOSIHUS KO-
poHapHbIX apTepuil. [lalueHTs ¢ yueToM HallMOHAIBHOM MTPHU-
HaJJIE)KHOCTU pa3/ielieHbl Ha TPHU TPYIIbI: kKa3axu (66,9%),
pycckue (21,4%) wu npyrue (11,7%) HanMOHaIBHOCTH.
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Mesxay 3THUYECKUMH TPYNIIAMH BBISBIEHBI CTaTHCTUUECKH
3HAYMMBbIE Pa3IUyus 10 uHAeKey Maccsl Tena (p=0,03), tumy
6onu B rpynu (p<0,01), ncnons3oanuto crarunos (p=0,01)
U YPOBHIO IMTI0OKO3bI B KpoBHU (p<0,01). MccnenoBanue moka-
3aJ10, YTO PacTpOCTPaHEHHOCTh KOPOHAPHOTO aTEPOCKIEPO3a
BBIIIE CPEAN PYCCKON HAI[MOHAIBHOCTU B CPAaBHEHHH C Ka3ax-
CKOii, 1ae 1ociie KOPPEKTUPOBKHU HAa TPaJHULUOHHbIE (haKTo-
pbl prucka. MHOro(haKTOpHBIH aHAIN3 BBISIBHII, YTO [OKa3aTe-
1y kanpuueBoro unaekca (K1) npeBplmaroT TakoBble IPYIIIbI
pycckoil momynsaiuu Ha 48% (OR=1,48; 95% AU 0,91-2,40)
B CPaBHEHMM B Ka3axcKoi. B Xxozxe Kpocc-CEeKLIMOHHOTO HC-
CJI€ZIOBAHMS BBISIBIEHBI CTATUCTUYECKH 3HAYMMBIE PAa3IUUUs
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M0 XapaKTepy MOpaKeHHs KOPOHAPHOTO pycia MExay IT-
HUYCCKUMHU Ipynramu, NpeuMylmeCTBEHHO MYIXKCKOI'0O I10J1a,
npoxuparomumu B Kazaxcrane.

ABTOpr HCCIICAOBAHUA CHUTAKOT HeO6XO}1HMbIM IMPOBEACHUE
IMPOCIICKTUBHBIX I/ICCJ'[B)IOBaHI/Iﬁ C nocjaeayrmuM AuHaMu4e-
CKUM HaOIIIOJICHHEM 3a TNallMeHTaMU MOCIIE JIYEHHs C LEIbIo
BBISIBJICHUSI IPUYHMH TOBTOPHBIX KOPOHAPHBIX COOBITHIA.
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TRANSFORMING GROWTH FACTOR AND ARTERIAL STIFFNESS
IN PATIENTS WITH UNCONTROLLED ARTERIAL HYPERTENSION

"Podzolkov V., 'Safronova T., 'Nebieridze N., 'Loriya L., ?*Cherepanov A.

'I.M. Sechenov First Moscow State Medical University (Sechenov University), 2nd Internal Medicine Department
of N.V. Sklifosovsky Institute of Clinical Medicine, *Autonomous non-profit organization of additional education
«Intenational Travel and Education Company (ITEC) language schooly, Moscow, Russia

Arterial hypertension (AH) remains the leading cause of
premature death and more than 200 million cases of disability
worldwide [1]. In hypertensive patients who do not reach the
target level of blood pressure (BP), accelerated remodeling of
target organs develops [2], which increases the risk of cardiovas-
cular complications. Arterial stiffness is a proven risk factor for
cardiovascular complications in hypertension [3]. At the heart of
vascular wall damage there are two processes - atherosclerosis
and arteriosclerosis [4]. Numerous studies have shown a rela-
tionship between the degree of arterial stiffness and the presence
of atherosclerotic lesions [5], but the data on the dependence of
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arteriosclerosis processes on classical risk factors for atheroscle-
rosis is very contradictory [6,7]. In arteriosclerosis, media is af-
fected: elastin degrades, collagen content increases, hyperplasia
and hypertrophy of smooth muscle cells develop, and they are
these processes that lead to an increase in arterial stiffness. It is
known that transforming growth factor f1 (TGF-B1), a pleio-
tropic cytokine, enhances proliferation and growth of smooth
muscle cells, as well as the accumulation of extracellular matrix
[8], that is, the processes underlying target organ damage (TOD)
in hypertension. It is a member of the superfamily of structurally
related proteins, which includes at least 40 proteins [9]. Some
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studies have identified the relationship of TGF-B1 with myocar-
dial [10] and renal [11] remodeling in hypertension. The effect
of TGF-B1 on (pulse wave velocity) PWV has been studied and
hypersecretion of TGF-f1 has been revealed in violation of the
elastic properties of arteries in hypertensive patients [11, 12].
However, this study did not research the relationship between
the level of TGF-B1 and the cardio-ankle vascular index (CAVI).
Today, it is the CAVI index that is the most promising marker
of vascular lesions [13]. Its advantage is the absence of depen-
dence on the blood pressure level at the time of measurement,
in contrast to PWV [14]. Moreover, patients with controlled and
uncontrolled hypertension were not analyzed. The study of the
influence of new markers of arteriosclerosis and atherosclerosis
on the remodeling of the vascular wall seems to be very relevant.

The aim of our study was to identify the relationship between
TGF-B1, arterial stiffness, and target organ damage in patients
with uncontrolled arterial hypertension (UAH).

Material and methods. The study included 140 patients,
including 80 patients with controlled hypertension (CAH) and
30 with uncontrolled hypertension (UAH). 30 patients made up
the control group. The CAH group included patients receiving
continuous antihypertensive therapy with target blood pressure
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(BP) values for at least 1 year. The UAH group included pa-
tients who did not receive sufficient antihypertensive therapy or
did not adhere to it, as a result of which they did not reach the
target BP values. The control group consisted of healthy indi-
viduals. The criteria for the inclusion of patients in the study
were the age of patients from 40 to 70 years old with a verified
diagnosis of essential arterial hypertension. Criteria for exclu-
sion from the study: refusal of the patient from further participa-
tion in the study, secondary hypertension, chronic heart failure
stages II-111, atrial fibrillation, diabetes mellitus, chronic kidney
disease with decreased glomerular filtration rate (GFR <60 ml/
min/1,73 m?, according to the CKD-EPI formula), stenosis of
the brachiocephalic arteries (BCA) more than 50% according to
ultrasonography, acute inflammatory diseases and/or exacerba-
tions of chronic inflammatory diseases of the endocrine, respi-
ratory, urinary systems, skin lesions in the area of overlapping
cuffs, pathology of the venous and arterial channels, diseases
of the central nervous system, taking psychotropic drugs, acute
infectious diseases, malignant neoplasms. The study was con-
ducted in accordance with the Declaration of Helsinki on Hu-
man Rights. All patients gave informed consent to participate in
the study. The study design is shown in Fig. 1.

Anamnesis taking, physical examination,
checking for inclusion / exclusion criteria

x
W Examination of patients,

i L J Y
Healthy subyjects. Lack of achievement of target BP Achievement of targer BP figures
Control group figures. Group "UAH" within 1 year. Group "CAH"

-

Re-check for inclusion / exclusion criteria.

kL 4

Determination of plasma concentration

of TGF-P1

L

V& conducting

r

Received data analysis

Fig. 1. The study design

All patients underwent a general clinical examination, includ-
ing taking anamnesis, physical examination, laboratory and in-
strumental diagnostic methods. Doppler ultrasound (USG) with
an assessment of the intima-media thickness (IMT) and determi-
nation of the degree of common carotid artery (CCA) stenosis
was performed using the LOGIQ F6 apparatus (GE Healthcare,
USA). The study of the diurnal dynamics of blood pressure was
carried out with a BPLab device (LLC “Petr Telegin”, Russia)
according to the standard method. Determination of the arterial
stiffness was performed using the cardio-ankle vascular index
(CAVI) using the VaSera 1500-N apparatus (FukudaDenshi,
Japan, 2012) by volumetric sphygmography (VS). The device
non-invasively measures blood pressure on the upper and lower
extremities with simultaneous recording of ECG, phonocar-
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diogram (PCG), pulse waves of 4 extremities. The study was
carried out in the supine position. Exercise and smoking were
eliminated 20 minutes before the start. The cardio-ankle vascu-
lar index (CAVI), systolic and diastolic blood pressure in 4 limbs
were determined. Determination of the plasma concentration of
TGF-B1 was performed using the Human TGF-B1 Platinum
ELISA BMS249 / 4 by ELISA. The results were processed us-
ing the STATISTICA 10.0 software package (StatSoftStatistica
v10.0). The type of distribution of quantitative traits was ana-
lyzed using Shapiro-Wilk’s W and Kolmogorov-Smirnov tests.
When describing quantitative indicators with an abnormal distri-
bution, medians with an interquantile range were used. Correla-
tions were calculated by the parametric Pearson method, as well
as by the nonparametric — Spearman method. When comparing
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groups to measure the level of significance of differences, Stu-
dent’s T-test and Mann-Whitney U-test were used. The level of
statistical significance was taken as p<0,05.

Results and discussion. The average age of the patients was
55 [49; 63] years old for the CAH group, 58 [56; 65] for the
UAH group and 56,5 [48; 64] for the control group. All subjects
were comparable in terms of sex, age, duration of AH (Table 1).

Drug therapy in the CAH group included angiotensin-converting
enzyme inhibitors/angiotensin II receptor blockers - 58,1%, selec-

tive beta-blockers - 39%, thiazide/thiazide-like diuretics - 31%,
calcium antagonists - 17%, other drugs - 0,8%. Antihypertensive
therapy was carried out as monotherapy in 33% of patients, com-
bined two-component therapy in 40%, three-component therapy in
25%, and four-component therapy in 3% of patients.

The TGF-B1 level was maximal in the UAH group and
amounted to 22,6 [20,6; 25,6] ng/ml, in the CAH group it was
19,2 [17,2; 24,7] ng/ml. The lowest TGF-B1 value was found in
the control group, 17,4 [11,8; 19,3] ng/ml (Fig. 2).

Table 1. Clinical characteristics of patients

Index Group I (CAH) Group II (UAH) Group III
n=80 n=30 (control group) n=30 p
Age, years 55[49;63] 58[56;65] 56,5[48;64] p LILII>0,05
Sex, m/f, % 35/65 33/67 32/68 p LILIIT>0,05
BMI, kg/m2 27[24;32] 30,4[27;32,5] 23,4[20,8;26,7] p LILIII<0,05
Smoking, p L 11 <0,05
yes/no o o o o o o p I, III <0,05
(pers.(%)) 32(39%)/48(61%) 9(31%)/21(69%) 9(30%)/21(70%) p LI 50,05
Duration of hypertension, years 7 [4;11] 9[5;12] - p LII>0,05
AH degree,
1 - -
2 49 (38%) 11 (36%) -
3, (pers. (%)) 31(62%) 19 (64%) p LI>0,05
Myocardial mass, g 165[139;234] 210[165;269] 112[92;112] p LILIII<0,05
p I,I1>0,05
IMT, mm 1[0,9;1] 1[0,9;1] 0,8[0,7;0,9] p I,I11<0,05
p ILIII <0,05
Creatinine p I I1, 0,05
mol/L ’ 93 [89;106] 94 [77;104] 79[75;82] p I, I <0,05
H p IL, 11T <0,05
50
a5
a0
35
iE 30
. T .
o
T
: 1
5
0
1 2 3

1- CAH group, 2 - UAH group, 3 - Control group

Fig. 2. TGF-f1 levels in groups

According to VS data, the maximum and minimum values of
the CAVI indices were observed in the UAH group 9,2 [8,5; 9.,9]
and the control group 7 [6,5; 7,5], respectively (p <0,05), in the
CAH group there was an intermediate value of the CAVI index
of 7,8 [7,0; 8,5] (p <0,05). The correlation analysis revealed a
significant relationship between the TGF-f1 level and CAVI
for patients with hypertension (CAH r=0,777; UAH r=0,753;
p<0,05) (Figs. 3 and 4). In the control group, no such relation-
ship was found.

There was a significant difference in the levels of TGF-B1 de-
pending on the stage of hypertension in CAH patients (p <0,05)

© GMN

(Fig. 5). In patients of the UAH group, there were no significant
differences in the level of TGF-B1 at different stages.

According to USG CCA data, there was no significant differ-
ence in IMT between the CAH and UAH groups (p>0,05), and
in both cases its mean value was higher than normal (>0,9 mm);
however, the IMT value in the control group was significantly
lower than in the CAH and UAH groups (p<0,05). Correlation
analysis revealed the relationship between TGF-Bf1 and IMT
only in the group of patients with hypertension (CAH r=0,509;
UAH r=0,624; p<0,05). The relationship with the degree of
CCA stenosis was not detected (p>0,05).
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Fig. 3. Relationship between CAVI and TGF-f1 in the CAH
group
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Fig. 5. Median TGF-f1 value depending on the stage of hypertension in the CAH and UAH groups

Table 2. Results of the regression model. One-way analysis

Index Beta Standard error T-value p
Myocardial mass, g 0,53 0,21 2,54 0,02

CAVI 0,70 0,23 3,05 0,009
Creatinine pmol/L 0,35 0,14 1,13 0,02

According to the results of the one-way regression analysis, it
was revealed that in hypertensive patients with a TGF-B1 value,
the most significantly correlated are: myocardial mass (MM)
(p<0,05), CAVI (p<0,05) and creatinine level (p<0,05), Table 2.

The results of our study showed that the level of TGF-B1 was
significantly higher in the group of UAH patients compared
with CAH patients. The lowest TGF-$1 level was observed in
patients without hypertension. Formerly, Derhaschnig U. [15]
found an increase in TGF-B1 in patients with hypertension,
in contrast to normotensive patients. Similar results were ob-
tained by B. Li [16], in whose studies the effect of polymor-
phism of genes encoding TGF-B1 on blood pressure was also
studied, while analysis depending on the achievement of target
blood pressure values was not performed in this study. There
is an opinion that an increase in the level of TGF-B1 against
the background of hypertension may be associated with an in-
crease in shear stress or an increase in the level of angioten-
sin I [17]. In our study, the highest TGF-f1 values were also
observed in patients with more severe stages of the disease in
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the CAH group, in contrast to the UAH group, where there was
no significant difference in TGF-f1 levels depending on the
stage. An uncontrolled course of hypertension contributes to a
significant increase in the pathological cytokine TGF-f1 at an
carlier stage of the disease. Inevitable changes with prolonged
increase in blood pressure affect the vascular wall. In the process
of vascular remodeling, atherosclerosis develops — changes in
the intima of the vessels and the development of arteriosclerosis
— changes in the media of the vessels [18]. The positive correla-
tion of TGF-B1 with IMT suggests its connection with changes
in the vascular media. Probably due to the intensification of the
accumulation of extracellular matrix and hypertrophy of smooth
muscle cells in the middle layer of blood vessels, IMT in all
patients with hypertension [19]. Progression of arteriosclerosis
leads to an increase of the arterial stiffness - an integral marker
of cardiovascular disease [20]. In our study, the maximum CAVI
value was observed in patients with UAH, intermediate - in
CAH, and minimum - in the control group. Probably, TGF-B1,
participating in the processes of arteriosclerosis, contributes to
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an increase of the arterial stiffness in patients with hypertension
and, to a greater extent, in patients with uncontrolled hypertension.
In the available literature, we did not find such studies examining
the effect of TGF-B1 on the CAVI index. There are separate studies
in the course of which the effect of TGF-f1 level on the of the arte-
rial stiffness is investigated in mouse models by measuring PWV
[21]. In general, the relationship between TGF-f1 and TOD is not
limited to the vascular wall. According to the results of regression
analysis in our study, a relationship between TGF-B1 and (MM) and
creatinine level was revealed, which reflects changes in other AH
target organs - the heart and kidneys. Thus, a significant increase
in the level of TGF-B1 in patients with hypertension, especially un-
controlled hypertension, as well as the revealed relationship with
CAVI, makes it possible to use TGF-B1 as a probable predictor of
vascular wall damage in patients with hypertension.

Conclusion. In patients in the UAH group, there was an in-
crease in the concentration of TGF-f1 and an increase of the ar-
terial stiffnes in comparison with patients in the CAH group and
the control group. The revealed relationship between TGF-f1
and arterial stiffness indices suggests a significant role of
TGF-B1 in the development of arteriosclerosis in hypertension.
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SUMMARY

TRANSFORMING GROWTH FACTOR AND ARTERIAL
STIFFNESS IN PATIENTS WITH UNCONTROLLED AR-
TERIAL HYPERTENSION

"Podzolkov V., 'Safronova T., 'Nebieridze N., 'Loriya I.,
2Cherepanov A.

[ M. Sechenov First Moscow State Medical University (Sechenov
University), 2nd Internal Medicine Department of N.V. Sklifosovsky
Institute of Clinical Medicine; *Autonomous non-profit organiza-
tion of additional education «Intenational Travel and Education
Company (ITEC) language schooly; Moscow, Russia

The aim of our study was to identify the relationship between
TGF-B1, arterial stiffness, and target organ damage in patients
with uncontrolled arterial hypertension (UAH).
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The study included 140 patients with hypertension: 30 people
with uncontrolled hypertension (UAH), 80 people with con-
trolled hypertension (CAH) and 30 people in the control group.
All patients underwent determination of arterial stiffness using
cardio-ankle vascular index (CAVI) and TGF-B1 level.

The TGF-B1 level was 19,2 [17,2; 24,7] ng/ml in the CAH
group. In the UAH group — 22,6 [20,6; 25,6] ng/ml. In the con-
trol group - 17.4 [11,8; 19,3] ng/ml. The maximum and minimum
values of the CAVI indices were observed in the group UAH 9,2
[8,5; 9,9] and control group 7 [6,5; 7,5], respectively (p<0,05),
in the CAH group there was an intermediate value of the CAVI
index 7.8 [7,0; 8,5] (p<0,05). The correlation analysis revealed
a significant relationship between the TGF-B1 level and CAVI
for patients with hypertension (CAG r=0,777; NAG r=0,753;
p<0.05). There was a significant difference in the TGF-B1 lev-
els depending on the stage of hypertension in patients CAH (p
<0,05). According to the results of the one-way regression anal-
ysis, it was revealed that in hypertensive patients with a TGF-f1
value, the most significant interactions are between myocardial
mass (MM) (p<0,05), CAVI (p<0,05) and creatinine (p<0,05).

An increase in the concentration of TGF-f1 and an increase
of arterial stiffness were revealed in patients of the UAH group
in comparison with the other groups. The relationship between
TGF-B1 and arterial stiffness was also found.

Keywords: transforming growth factor 1, CAVI, arterial hy-
pertension, target organ damage, arterial stiffness.

PE3IOME

TPAHC®OPMUPYIOIIUIT ®PAKTOP POCTA U KECT-
KOCTh COCYIMCTOM CTEHKH Y MAIIMEHTOB C
HEKOHTPOJIUPYEMBIM TEYEHUEM APTEPHUAJIb-
HOW T'MNEPTEH3UM

Momszonkos B.H., 'Cadpponosa T.A., 'Heomepumze H.H.,
Ulopust I.)K., 2Yepenanos A.T.

'@IAOY BO Ilepeviit MTMY umenu U.M. Ceuenosa Munzopa-
6a Poccuu (Ceuenoscrkuii Ynueepcumem), xagheopa ¢haxyno-
memckou mepanuu Ne2 Hucmumyma KiuHu4ecko mMeouyunbsl
H.B.Craughocoeckozo; >A6monomnas HeKOMMEPYECKas Opeani-
3ayus dononHumenvHo2o oopasosanus «Intenational Travel and
Education Company (ITEC) wxona uHOCmMpPanHbiX S36IKOEY,
Mocksa, Poccust

Lenblo uccnenoBaHus SBUIOCH ONPENEIUTH B3aHMMOCBS3b
mexay TGF-B1, xecTKoCTbIO COCYAMCTON CTEHKH U MOpake-
HHEM OpPraHOB-MHILECHEH y MAIMEHTOB ¢ HEKOHTPOJIHPYEMbIM
TEUEHHEM apTepUaIbHON THIIEPTEH3UH.

B uccnenoBanne BriroueHo 140 narmentos: 30 GONbHBIX ¢ He-
koHTposupyeMbIM TeuenreM Al (HAT), 80 — ¢ koHTponupyeMbIiM
teueHreM Al (KAI') u 30 - rpynma xoHTposst. Ipynmy KoHTposs
COCTaBWJIM 3I0pPOBbIE HcClieyeMble. Y MAlMEHTOB ONpeieieHa
JKECTKOCTb COCYJMCTOM CTEHKHU NP MOMOLIU CEPACUHO-JIObLKEY-
Horo cocyaucroro uuaekca (CAVI) n yposus TGF-$1.

VYposeub TGF-B1 cocrasun 19,2 [17,2;24,7] ur/mn B rpymnme
KAT. B rpynme HAT - 22,6 [20,6;25,6] Hr/mi1, B rpyIiie KOHTPO-
s - 17,4 [11,8;19,3] ur/mi. MakcuManbHble ¥ MUHHUMAJIbHBIC
3nayeHus unaekcoB CAVI nabmonanuces B rpynmne HAT - 9,2
[8,5;9,9] u rpynne xourposs - 7 [6,5;7,5] (p<0,05), B rpynme
KAT ormeuanoch mpoMmexyTouHoe 3HaueHue nHaexca CAVI -
7,8 [7,0;8,5] (p<0,05). B xo1e KOppeIsIMOHHOTO aHaJIn3a BbI-
siBlIeHa JoctoBepHas cBa3b ypoBHa TGF-f1 ¢ CAVI y naunen-
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toB ¢ AT" (KAT r=0,777; HAT r=0,753; p<0,05). Habmonanacer
3HaynMas pasuuna B ypoBusx TGF-B1 B 3aBucuMoctH OT cra-
muu Al''y nanuentoB ¢ KAI (p<0,05). Io pesynsraram npose-
JICHHOTO OJJHO()AaKTOPHOTO PErPeCCHOHHOIO aHaJIM3a BBISBICHO,
uto y 6onbHbIX Al ¢ Besmunnoit TGF-f1 nanbonee nocroBepHo
B3aUMOJIEHCTBYIOT: Macca Muokapaa (p<0,05), CAVI (p <0,05)
U ypoBeHb kpearuHuHa (p<0,05).

BeusiBneno mossimieHne konuentpaimu TGF-f1 u yBemude-
HHE KECTKOCTU COCYAUCTON CTEHKH y maiueHToB rpymsl HAI B
CpaBHEHHMH C OCTaJbHBIMU IpynnamMu. OOHapy)XeHa B3aUMOCBS3b
mexy nokazaresiMu TGF-B1 1 secTKoCcTH COCyIUCTOH CTEHKH.
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DAPOL FoH@SbLYm@IoMgdgeo goJdm@o ©s Lolban-
dodmmgol 3g@ol Lodysmyg 3530963 gd0d0 sOFEgMoyao
303903 96%0ols oMo 3mbBGmMEmoMmgdswo d0dobs®gmdom
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3030, @9Lgmo

3320930L dobobls FomImowagbos OM0g@Om gogdodols
3obLob@gds bOols Fo@@oblgm@domgdge GoJBm@l
(TGF-B1), Lolbandodmgol  ggoeol  Lodgodmgls  ©o
Us30bbg MmMYobmgdol sbosbgdols ool 3530960 9d-
o >@BgHog@o 30390H9bbool Mo 3mbEMMEomgdomo
d0d©obo®gmdom.

3380 9g35do ho@mygeno oym 140 353096@0: 30 — o@o-
3MbBOMEoMgdoo  sM®EgMogmo  J03gMH9bboom, 80
— 20H9M0gmo 30390 9bbool  3mbB®mEoMgdssawo
d0dobsmgmdom, 30 — Logmbd®mamm xagxo. bsgmb-
BOO@M x3980 goagomes xsbdGmgmo J0Mgdoligsb.
3530963900 gge-3mdol Lobbards®gmgsbo 0bwgdlbols
(CAVI) ws TGF-Bl-ob @mbol dobgogom asbolabrmg@s
Lolbandodmgol ggoaols bodgsmg.
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SENSITIVITY TO MECHANICAL PAIN BASED ON SATIETY LEVELS IN WOMEN

Gvasalia T., Kvachadze 1., Giorgobiani T.

Thilisi State Medical University, The Department of Physiology, Georgia

According to the definition of the International Association
for the Study of Pain, pain is subjective and emotional experi-
ence related to actual or potential tissue damage [24,27]. Pain
is an important protective mechanism, as unpleasant sensation
is coupled with urgency to cease irritating factor’s action. Re-
cently, gender-associated differences in perception of pain have
been a subject of a number of studies and they revealed, that
women tend to have a higher persensitivity and lower thresh-
old to pain [1-3]. Sex differences are caused by several reasons,
including biological, psychosocial and cultural factors [25,28].
For the studies of individual characteristics of pain perception,
the system of pain modulation plays an important role; systemic
research data suggests that inhibitory control of diffuse pain is
weaker in women compared to men [21], and this is accentuated
by the effect of sex hormones on central and peripheral nocicep-
tive system [10,11] and specificity of endogenous opioid system
receptor (Miu- and Kappa-) distribution in males and females
[19]. In addition, the following psychosocial factors that con-
tribute to increased pain sensitivity in women have been identi-
fied [19]: hypervigilance, higher body awareness, more attentive
monitoring of bodily signals, higher prevalence of anxiety and
depression, altering serotonin levels in the body. The idea of
gender-associated differences in pain perception is supported by
data from several studies [21,27]. In particular, cerebral activa-
tion induced by noxious stimuli was examined using positron-
emission tomography and results indicated that 50°C thermal
stimulus was evaluated as painful by more women than men
(P<0.01) [8].

In the research of nociception characteristics and sex dif-
ferences, the importance of ovarian-menstrual cycle should be
taken into consideration, as the sex hormones act as neuroactive
steroids [22]. On the one hand estrogen and progesterone are sig-
nificant for analgesia [7,13], on the other hand — attention should
be paid to antinociceptive effects of aforementioned hormones.
One study has revealed that estrogen modulates pain during mi-
graines, temporo-mandibular disorder and arthritis [18].

The recent data have shown that in addition to biological and
psychosocial mechanisms, individual pain perception can be al-
tered by satiety level as well [30]. Some studies confirm that
there is a relationship between being fed by sucrose and hyperal-
gesia in animals [11], while others show that ketogenic diet can
be associated with decreased pain sensitivity to thermal stimuli
[20]. It can be argued that the effect of satiety level on pain per-
ception is mediated by gastrointestinal hormones and endog-
enous opioids. Pharmacological stimulation of kappa-opioid
receptors decreases stress and promotes analgesia. Accordingly,
these changes can be inhibited by applying antagonists. Analysis
of intraduodenal content postprandially identifies the impact of
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food on a person’s mood and behaviour [26]. When food is pres-
ent in stomach and intestines, several polypeptide hormones are
released into the lumen and in the blood stream. The nature of
secreted neurotransmitters depends on autonomic nervous sys-
tem and composition of the food. Protein induces gastrin release
in the antrum of the stomach, while cholecystokinin release is
being activated by fat content. The synthesis of insulin depends
on carbohydrates and is mediated by incretin peptides. Both
cholecystokinin and insulin induce sleepiness postprandially in
humans and in animals [12]. The mechanism of this relationship
is not fully established, but it is proposed that the vagus nerve
afferentation plays an important role — it transmits the signals
to hypothalamus, which, in turn, stimulates oxytocin secretion.
Hypothalamus, particularly ventromedial nucleus, is an impor-
tant structure for pain modulation [6]. Oxytocin is associated
with sedation and it can also be associated with cholecystoki-
nin-related satiety. These alterations cause general relaxation,
diminish anxiety and, in turn, decrease sensitivity to pain [15].
This idea is confirmed by the experiment on rats, which identi-
fied the influence of oxytocin on decreasing stress and anxiety
[17]. Studies suggest that after eating, cholecystokinin causes
different behavioral responses (satiety, tranquilization, seda-
tion), but the exact pathway of pain alteration is not established.
According to some pharmacological experiments, cholecystoki-
nin worsens pain in humans and in rats [19], while other studies
indicate to cholecystokinin-mediated analgesia.

In order to investigate, whether food could reduce pain per-
ception or not, a study has been conducted, which aimed to show
the gender related difference in pain perception during starva-
tion, primary and secondary satiety states [30]. Although, due to
limited data, objective relationship between pain and food intake
could not be established and evaluated [30].

Our study aims to assess pain perception induced by mechani-
cal experimental irritation in women during different satiety lev-
els in follicular phase of ovarian-menstrual cycle.

Material and methods. The sample of the study was com-
prised of volunteer students aged 18-23 (women, mean age 19,5,
standard deviation 2,9).

The main selection criterium for participants was their health
state; Those without chronic pain, excess body weight (assessed
by BMI), cardiovascular, respiratory, endocrine, etc. disorders
were selected for participation in the study. Prior to the start of
the study, participants were given information about their rights
— they could refuse taking part in the study at any stage. Accord-
ingly, written informed consents were obtained from every par-
ticipant. All procedures and protocol of the study are approved
by Thilisi State Medical University Biomedical Research Com-
mittee. The study was conducted in compliance with all require-
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Table. Mechanical Pain Threshold and Individual Resistance Threshold to Mechanical Pain:
primary satiety and physiological starvation

Physiological Starvation State Sensory-Motor Satiety State
Mechanical Pressure Threshold 98+2,9 kPa 120+3,0 kPa
Mechanical Pain Threshold 297+1,98 kPa 350+2,6 kPa
Tolerance Threshold to Mechanical Pain 45942 9 kPa 610+3,9 kPa

ments and regulations of International Pain Association for bio-
medical observation and experiments.

Ovarian-menstrual cycle of the women participating in the re-
search were evaluated using the questionnaires. All the studies
were performed in the follicular phase of menstrual cycle (7-11
days of the cycle).

At the first stage, study was conducted in starvation state
— after 10-12 hours after the last meal, the second stage — in
primary, sensory-motor satiety 20-30 minutes after intake of a
mixed meal.

Every participant has been offered to take standard, mixed
meal (including proteins, fats, carbohydrates).

The study was performed in isolated, sound-proof space. The
proband (subject under observation/study) was placed in a com-
fortable armchair. The duration of the study was approximately
1-1.5 hours. The height, weight, blood pressure, body mass in-
dex (BMI) and other measurements were registered prior to the
commencement of study.

Mechanical pain sensitivity was evaluated using computer-
ized algometer - AlgoMed (Medoc, Ltd, Ramat Yishai, Israel),
which was delivering mechanical stimuli to the participants;
Meanwhile, mechanical pressure threshold, mechanical pain
threshold and pain tolerance threshold were determined. A flat
probe of algometer (surface area of 1 cm?), was applied to the
participant’s palm delivering steadily increasing and quantifi-
able pressure at a rate of 30kPa/sec. The quantitative assessment
of the parameters was automatically performed by pressing the
remote control button.

Mechanical stimuli were delivered in the following sequence:
4 trials of mechanical pressure threshold (MPrTh), 4 trials of
mechanical pain threshold (MPTh) and 4 trials of pain tolerance
(MPT). In order to prevent sensitization/habituation of skin re-
ceptors, interstimulus intervals of 30 seconds were maintained.
To minimize the effects of adaptation, after each episode, po-
sition of algometer was altered. Total area of stimulation was
about 6x5 cm?.

Results and discussion. At the first stage of the research, dur-
ing the studies of sensitivity to the mechanical pain, it was iden-
tified that threshold of mechanical pressure is higher for primary,
sensory-motor satiety than for physiological satiety. The difference
between these two satiety levels was also demonstrated while test-
ing mechanical pain threshold, where threshold for primary satiety
equaled 350+2,6 kPa and for starvation level - 297+1,98 kPa. More
significant results were present after analyzing individual resistance
threshold to mechanical pain, particularly, a measured value dur-
ing primary satiety made up 610+3,9 kPa and during physiological
starvation 459+2,9kPa (Table).

According to this data, the cause of diminished pain sensitiv-
ity during primary satiety should be alterations of gastrointesti-
nal tract that take place after food ingestion: Mechano- and che-
moreceptors of initial segments in digestive system, particularly
in stomach and in duodenum get irritated; that is followed by
activation of several humoral factors and duodenal afferentation.

In 20-30 minutes after a mixed meal intake, pain sensitivity
decreases; This is supposed to happen due to cholecystokinin
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release in duodenum. Cholecystokinin has some antinociceptive
properties, it modulates neural system by endogenous opioid
synthesis. This hypothesis is relevant to findings of the experi-
ment on rats, where phenylquionone-induced seizures were ex-
tenuated by central and peripheral administration of cholecys-
tokinin [29].

Besides the effects of cholecystokinin, satiety level influ-
ence on pain perception depends on cerebral level of sero-
tonin [16]. Serotonin weakens nociceptive afferentation and
is involved in morphine-like analgesia. It is proposed that
impact of serotonin depends on the transport of amino acid
tryptophan. Diets that are enriched with carbohydrates dimin-
ish pain sensitivity, induce calmness and sedation, the mecha-
nism of which is thought to be insulin release — it stimulates
taking up of neutral amino acids (including tryptophan).
Even though this idea is expressed according to the study on
animals [30], but the therapeutical role of tryptophan is also
shown in humans. According to these studies, tryptophan rise
in blood plasma is detected, but this change is not as signifi-
cant to affect serotonin level in the brain.

The reliability of performed study is strengthened by evaluat-
ing mechanical pain by computerized algometer, where quanti-
tative assessment of the parameters was automatically managed
by pressing the remote control button. This type of assessing
system is much more objective, than evaluating pain subjec-
tively by verbal and qualitative tools. As for limitations of the
study, individual characteristics of metabolism should be taken
into consideration. In particular, food digestion and various sub-
stance release in response to meals (therefore, their effect on
nociception) is not happening in exactly identical time periods
for different individuals and therefore, correlation between pain
perception and time after last food intake cannot be seen as a
completely reliable factor.

For further research of satiety level influence on pain percep-
tion, it is recommended to analyze different types of experimen-
tal pain thresholds and resistance thresholds to pain. Measures
of individual pain perception should be evaluated not only dur-
ing starvation and primary satiety, but also during metabolic
satiety as well. In addition, psychophysiological characteristics
(different types of aggression) are desired to be taken into con-
sideration as it will fill the gaps in our general knowledge about
the phenomenon of pain and will also help us improve pain man-
agement resources. All of the above can be a subject for follow-
ing studies and publications.
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SUMMARY

SENSITIVITY TO MECHANICAL PAIN BASED ON SA-
TIETY LEVELS IN WOMEN

Gyvasalia T., Kvachadze 1., Giorgobiani T.

Thilisi State Medical University, The Department of Physiology,
Georgia

The recent data have shown that in addition to biological and
psychosocial mechanisms, individual pain perception can be al-
tered by satiety level as well. Some studies confirm that there is
a relationship between being fed by sucrose and hyperalgesia
in animals, while others show that ketogenic diet can be associ-
ated with decreased pain sensitivity to thermal stimuli. It can
be argued that the effect of satiety level on pain perception is
mediated by gastrointestinal hormones and endogenous opioids.
Pharmacological stimulation of kappa-opioid receptors decreas-
es stress and promotes analgesia. Accordingly, these changes
can be inhibited by applying antagonists.

Our study aims to assess pain perception induced by mechani-
cal experimental irritation in women during different satiety lev-
els in follicular phase of ovarian-menstrual cycle.

The sample of the study was comprised of volunteer students
aged 18-23 (women, mean age 19,5+2.9).

Ovarian-menstrual cycle of the women participating in the re-
search were evaluated using the questionnaires. All the studies
were performed in the follicular phase of menstrual cycle (7-11
days of the cycle).

At the first stage, study was conducted in starvation state — af-
ter 10-12 hours after the last meal, the second stage — in primary,
sensory-motor satiety 20-30 minutes after a mixed meal intake.
Every participant has been offered a standard, mixed meal (in-
cluding proteins, fats, carbohydrates).

Mechanical pain sensitivity was evaluated using computer-
ized algometer - AlgoMed (Medoc, Ltd, Ramat Yishai, Israel),
which was delivering mechanical stimuli to the participants;
Meanwhile, mechanical pressure threshold, mechanical pain
threshold and pain tolerance threshold were determined.

According to this data, the reason of relatively diminished
pain perception during primary satiety should be alterations
of gastrointestinal tract that take place after food ingestion:
Mechano- and chemoreceptors of initial segments in digestive
system, particularly in stomach and in duodenum get irritated;
that is followed by activation of several humoral factors and
duodenal afferentation. In addition, by some authors duodenal
release of cholecystokinin is believed to be hypothetical cause
of decreased pain sensitivity after 20-30 minutes from the last
mixed meal and is thought to have antinociceptive effect on en-
dogenous opioid system.
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PE3IOME

MOKA3ATEJIM MEXAHUYECKOW BOJEBOM 4YYB-
CTBUTEJIbBHOCTH B YCJIOBUSX PA3JIMYHOI'O I1U-
IIEBOI'O CTATYCA Y )KEHIIIUH

I'sacanus T.M., Kpauanze U./1., l'noproonanu T.H.

Tounucckuti 20cyoapcmeenHbil MeOUYUHCKUL  YHUugepcumen,
denapmamenm ¢puzuonoauu, I pysus

JlaHHBIC TIOCIICHUX MCCIICIOBAHMI TOKa3ajM, YTO, IIOMUMO
6I/IOJ'IOFI/I'~I€C](I/IX H IICUXOCOIIMAJIbHBIX MEXAaHNU3MOB, Ha CTCIICHb
PIH}II/IBH}IyaHbHOFO BOCHPUATHSA 6OJ'II/I BJIMSCT TAaKXE U HI/IU.[GBOPI
cTaTyc opraHu3Ma. lcciemnoBaHus MOATBEPIKAAIOT CYLIECTBO-
BAaHHUC B3aMMOCBI3H Me)[(}ly KOPMJICHUEM KUBOTHBIX caxapo30171
u rMnepanreSI/leﬁ, aB leyl"l/lx IOKAa3aHO, YTO KETOICHHAas JUcTa
MOXET 6l)lT]> CBsI3aHa CO CHMKCHHUEM 6OH€BOﬁ YYBCTBUTEJIbHO-
CTH K TCIIJIOBBIM PasApPaKUTECIIAM. yTBep)KI[aCTCﬂ, YTO BIIMSAHUC
YPOBHSI HACBIIIEHHUS HA BOCIIPHUSATHE OOJIN OIOCPEIYETCS JKEITy-
JIOYHO-KHUIIECYHbIMU T'OPMOHAMU U SHAOICHHBIMU OIIMOUAAMU.
(DapMaKOJ'lOFPI'-leCKaﬂ CTI/IMy.]'IflLlI/ISI Karia-ornmnuonAHbIX peUEITOo-
POB CHIMYKAET CTPECC M CIIOCOOCTBYET 00¢300IMBAHUIO.

Ienbro ncciaenoBaHus SIBISUIACH OLIGHKA YPOBHSI BOCIIPHUSITHS
0011, BBI3BAHHOI MEXaHHUECKUM SKCTIICPUMEHTAIbHBIM pa3ipa-
KCHUEM y JKCHIIWUH B YCJIOBHUAX PA3JIMYHBIX IMHUIEBBIX CTaTyCOB
B (ommikyisipHol (ase oBapuarbHO-MEHCTPYaIbHOIO IHKIIA.

CyObeKkTaMu HUCCIICOBAHUS SBUIIUCH CTy}leHTKI/I—}l06pOBOHb—
bl B Bo3pacte 18-23 ner (cpennuii Bospact 19,5+2,9 ).

da3bl 0BapHaIbHO-MeHCTpyaibHOro 1ukia (OML]) xenmmuH,
y4acTBOBABIIUX B UCCIICIOBAHUH, OTIPEACIISUINCH Ha OCHOBE aH-
KETHBIX JaHHBIX. Bce uccnenoBanms mpoBOIMINCH B (DOJUTHKY-
nsproit paze OMI] (7-11 agers OMILI).

Ha nepBoM sTamne mcciieoBaHUE TPOBOIMIOCH B COCTOSIHUH
¢u3nonoruueckoro royoza - ciycts 10-12 gacos nocuie nocinen-
HETO IpremMa Uiy, HaTollaK; Ha BTOPOM STall€ - B COCTOSAHUA
HEPBUYHOIO CEHCOMOTOPHOIO HachllleHus T.e. cmycts 20-30
MHHYT IOcje Ipuema cMmemaHHod muum. Kaxngomy ywact-
HHUKY TPEJIOKCHO CTaHJapTHOE IHTAHME, BKIIOYAs OCIKH,
KUPBI, yFJ'leBO):[bl. Mexaﬂuqecxy}o 60neBy}0 '-lyBCTBI/lTeJ'[bHOCTb
OLICHUBAJIM C IOMOIIBIO KOMIIBIOTEPU3UPOBAHHOI'O aJIbI'OME-
tpa - AlgoMed (Medoc, Ltd, U3pauib), KOTOpBIi OCTaBIIET
MCXAaHHUYCCKHEC CTI/IMy.]'Il)I y‘laCTHI/IKaM; ONpEACIIAIIUCE TOPOT'H
MEXaHHYECKOTO JIaBJIEHHUs, MEXaHUYECKON 00 U 0O0JIEBOI TO-
JIEPaHTHOCTH.

COFJ'[aCHO l'[O.]'ly‘leHHl)IM JAHHBIM, MCXaHHU3M OTHOCHUTCJIb-
HO caboro BoCHpUATHs OOJIM B YCIOBHSIX MEPBUYHOIO Ha-
CBhIIICHUA JOJIX)KCH OCHOBBIBATHCA HAa H3MCHCHHAX B )Keny—
JOYHO-KHIICYHOM TpPAKTE, MPOUCXOLALINUX II0CIE IpUueMa
UM pa3ipaKeHHEe MEXaHO- U XEMOPEILeIITOPOB HaYaIbHBIX
CErMEHTOB IHUIIEBAPUTEIBHON CHCTEMBI, 0COOCHHO - KNy~
Ka U JBEHAALATUIEPCTHON KUUIIKM, C MOCIEAYIOLIeH akTu-
BalMel OnpeeNEéHHBIX T'yMOpPaJbHBIX (AKTOPOB M yoje-
HasnpHOU addepenTtanuu. HekoTopbie aBTOPBI CUUTAIOT, YTO
BBIOPOC XOJIICLIMCTOKMHUHA B JIBEHAJIATUIIEPCTHYIO KHIIKY,
TUIIOTCTHYCCKHU, MOXKET SABJIATHCSA l'lpl/l'-[I/IHOI‘/)I CHWXKCHUA 60—
neBoi 4yBCTBUTENbHOCTH ciycTd 20-30 MuUHYT mocie mnpu-
€Ma IHUIIHU, OKa3bIBasg aHTHHOIMIICIITUBHOC ﬂeﬁCTBHe qyepes
CHHTEC3 DHJOTCHHBIX OITHOUI0B.
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FEATURES OF BONE METABOLISM AND THEIR INFLUENCE ON ARTERIAL WALL STIFFNESS IN
POSTMENOPAUSAL WOMEN WITH CONTROLLED UNCOMPLICATED HYPERTENSION

"Povoroznyuk V., *Nishkumay O., *Lazarieva K., 2Lazariev P.

ISI “D.F. Chebotarev Institute of Gerontology NAMS of Ukraine”, Kyiv,
20.0. Bogomolets National Medical University, Kyiv, Ukraine

Cardiovascular disease occupies a leading place in the struc-
ture of morbidity and mortality [29]. With the global aging of
the population, osteoporosis and cardiovascular diseases have
become a major issue with considerable medical and socioeco-
nomic burdens [13]. Age is an important determinant in the de-
velopment of arterial hypertension (AH), which is largely asso-
ciated with arterial consolidation due to the age-related changes
and other risk factors [6]. Observational studies have reported
an association between low serum vitamin D levels and elevated
risk of cardiovascular disease (CVD), though such studies may
not prove causation because of possible unmeasured confound-
ing. Some findings concern the patients with osteoporosis who
frequently suffer from vascular calcification, which was shown
to predict both cardiovascular morbidity/mortality and osteopo-
rotic fractures. Various common risk factors and mechanisms
have been suggested to cause both bone loss and vascular calci-
fication, including aging, estrogen deficiency, vitamin D and K
abnormalities, chronic inflammation, oxidative stress, metabolic
syndrome [24]. Major breakthroughs in molecular and cellular
biology of bone metabolism and characterization of knockout
animals with deletion of bone-related genes have led to the con-
cept that common signaling pathways, transcription factors and
extracellular matrix interactions may account for both skeletal
and vascular abnormalities [12].

However, there seems to be a current lack of information on
the nature of bone metabolism in patients with various diseases
of the cardiovascular system, for example, arterial hypertension
and arterial wall stiffness.

The aim of this study was to examine the features of bone
metabolism and their influence on arterial wall stiffness in
postmenopausal women with a controlled uncomplicated hy-
pertension.

Material and methods. The study involved 44 women (main
group) with the mean age of 69.04+0.72 years and a postmeno-
pausal duration of 18.4+0.85 years, with uncomplicated arterial
hypertension (AH) grade 2, and 30 healthy patients (control
group), their mean age 69.3+1.21 years and postmenopausal du-
ration of 19.4+1.18 years (p>0.05).

Inclusion criteria: females over 65 y.o. with a controlled AH
of 1-2 grades, according to the office BP morning measurements.
They took an antihypertensive therapy based on indapamide-re-
tard + amlodipine at a dose of 1.5/5 mg /d or 1.5/10 mg/d with
target blood pressure levels (<140/90 mm Hg).

Exclusion criteria: the presence of secondary hypertension;
previous history of myocardial infarction and/or stroke; heart
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failure with NYHA above a functional class (FC) II signs of
stable angina of the III-IV FC; left ventricular ejection frac-
tion (LVEF)<50%; diabetes; congenital heart diseases; periph-
eral vascular disease; heart rhythm disturbances (permanent
and persistent form of atrial fibrillation, frequent extrasystolic
arrhythmia, ventricular paroxysms or ventricular tachycar-
dia in the medical history, persistent sinus tachycardia); viola-
tion of atrioventricular conduction or sinus bradycardia (heart
rate< 50 bpm) or weakness syndrome of the sinus node; im-
possibility to withdraw previous AHT; obesity with body mass
index (BMI)>35 kg/m?; chronic kidney disease with GFR for
EPI<60 ml/min/1.73 m2 and any other clinically relevant con-
comitant pathology; hyper- (> 5.5 mmol/L) and hypopotassemia
(<3.5mmol/L).

Questionnaire-survey method was used to assess a nutritional
status. Furthermore, patients were examined by a general clini-
cal examination, routine laboratory clinical and biochemical
studies, measurements of office bBP (brachial systolic, diastolic,
pulse, mean BP (bSBP, bDBP, bPP, mean bBP) using a mechani-
cal tonometer Microlife BP AG1-30. Applantation tonometry
was performed using the SphygmoCor device AtCor Medical
(Australia) and Doppler-Echo by the ultrasound diagnostic sys-
tem of the Hitachi ALOKA Medical.

According to the pulse wave analysis by applanation tonome-
try [3], we determined central systolic, diastolic, pulse, and mean
BP (respectively, cSBP, cDBP, cPP, mean cBP), augmentation
pressure (AP), augmentation index (Alx), augmentation index,
normalized for a pulse rate of 75 beats/min (AIx75), amplifi-
cation pressure (PP ampl.), and measured carotid-radial (PVW
rad.) and carotid-femoral pulse wave velocity (PWV fem.). The
amplification pressure was calculated as the ratio between bPP
and cPP (%) [19].

The FRAX-all and FRAX-hip technique was used to calcu-
late the 10-year risk of hip fracture and major osteoporotic frac-
tures (the Ukrainian version was developed under the guidance
of Prof. Povoroznyuk V.V. at www.sheffield.ac.uk/FRAX/tool.
aspx) [23].

Bone turnover markers in the peripheral blood (procollagen
type 1 propeptide (PINP), collagen type 1 cross-linked C-telo-
peptide (B-CTx)), parathyroid hormone (PTH) and vitamin D
were defined by electrochemiluminescence method Eleksys
2010 analyzer (Roche Diagnostics, Germany), Cobas test sys-
tems. Levels of ionized calcium, phosphorus in serum (hexoki-
nase method0 were assayed by the automatic biochemical ana-
lyzer Integra 400/800 (“Roche”, Germany).
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Vitamin D status was evaluated according to the latest clas-
sification [21,24], based on which vitamin D deficiency is diag-
nosed at 25 (OH) D in serum below 20 ng/ml, vitamin D defi-
ciency at 25 (OH) D 20-30 ng/ml. A concentration of 25 (OH)
D in the range of 30-50 ng/ml indicates an optimum level, and
50-100 ng/ml - a high level.

The bone mineral density (BMD) was examined using the
“Hologic Discovery” apparatus. The following parameters of
bone mineral density (BMD, g/cm?) were determined: T score
of the total body, lumbar spine L1-L4, femoral neck, radial bone.
To assess the quality of bone tissue (Trabecular Bone Score -
TBS), the TBS iNsight technique, developed by Med-Imaps
(Bordeaux, France), was used.

Results and discussion. Within the framework of risk fac-
tor analysis for bone fractures, it was found that the calcium
content in the actual diet (according to the questionnaires) in the
main group was on average 245+21 mg/day, and in the control
group - 268+23 mg/day. Thus, it was significantly reduced in
both groups compared to the generally accepted norms.

At the time of the inclusion at this stage of the study, the tar-
get levels of blood pressure were reached, that is, the effect of
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elevated blood pressure on bone metabolism was excluded. Pa-
tients with hypertension and control group were compared by
age, BMI, brachial and central blood pressure (Table 1).

bSBP, bDBP, bPP, mean bBP - brachial systolic, diastolic,
pulse, mean blood pressure; cSBP, cDBP, ¢cPP, mean ¢BP - cen-
tral systolic, diastolic, pulse, and mean BP; AP-augmentation
pressure; Alx-augmentation index; AIx75 - augmentation index,
normalized for a pulse rate of 75 beats/min; PP ampl.- amplifica-
tion pressure ; PWV rad., PWV fem. - carotid-radial and carotid-
femoral pulse wave velocity.

At the time of inclusion, we revealed a significant increase
in AP, Alx, AIx75 in the main group by 37.7%, 57.5%, 58.2%
(Table 1, p<0.001) and a decrease in PPampl. by 20.8% (Table
1, p<0.001) compared to the control, which reflects the increase
of the central PP due to the influence of the reflected wave, and
characterizes the increased stiffness of arteries.

Patients of the main group, compared with the control group,
at the time of inclusion in the study, had PWV rad. which was
higher by 31% and PWV fem. by 32%, respectively (Table 1, all
p<0.001). In hypertensives, PWV is an independent risk factor
for cardiovascular death and all causes [30].

Table 1. Baseline data of BP and pulse wave indices in two groups of patients

Parameter Main group n=44 Control group n=30
Age, years 69.04+0.72 69.3+1.21
Postmenopausal duration (PD), years 18.4+0.85 19.4£1.18
Duration of AH, years 17.0+0.86 -

BMI, kg/m? 28.9+0.55 27.6£1.11
bSBP, mm hg 123.6+1.95 121.2+1.85
bDBP, mmHg 78.3+1.28 79.3£1.51

bPP, mmHg 45.7+1.71 41.8+1.27
¢SBP, mm Hg. 117.1£1.84 113.7+1.73
cDBP, mmHg 78.6+1.22 79.3+1.51

cPP, mmHg 38.4+1.53 35.1£1.15
HR (heart rates), bpm 66.0+£1.09 72.774£1.34%**
AP, mm Hg 14.5+0.87 9.03+0.59%%**
Alx, % 34.2+1.12 14.5+1.38%**
AlX75, % 30.6£1.15 12.8£1.19%**

PPampl, % 120.1£1.79 152.942.19***
PWV rad., m/s 10.0+0.28 6.89+0.26%**

PWYV fem., m/s 11.6+0.37 7.9+40.24%**

Statistically relevant difference in the scores between two groups * p<0.05;

= p<0.01;, ¥ p<0.00]

Table 2. Baseline data of the examined groups

Main grou Control grou
Parameter n=§ 4 P n=3(g) P

TCh, mmol/l 6.2840.18 4.6+0.1%*

LDL cholesterol, mmol/l 3.83 +0.17 1.73+0.14*

PINP, ng/ml 55.12+4.45 58.32+3.24

Total vitamin D, ng/ml 23.21+1.1 29.1842.12%

B — CTx, ng/ml 0.57+0.03 0.45+0.03*

PTH, ng/ml 67.9+3.75 39.56+1.14*
Cat+, mmol/l 1.27+0.02 1.3£0.02
Phosphorus, mmol/l 1.17+0.02 1.10+0.02

* - statistically relevant difference in the scores between two groups p<0.05
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The analysis of bone metabolism manifested the level of markers
PINP, ionized calcium, phosphorus which did not differ in the com-
parison groups, whereas a significantly higher level of PTH was ob-
served in patients of the main group, possibly as a result of vitamin
D deficiency, more pronounced in patients with an AH.

Note the increase of the resorption marker activity in the main
group, which was reflected by a likely increase in the marker
B-CTx. This suggests the need for choosing osteoporosis treat-
ment tactics.

The average level of vitamin D in patients with AH was lower
by 20.7% compared to the healthy women. Vitamin D deficiency
was found in 21 (47.7%) patients of the main group, deficiency
-in 16 (36.4%), normal level - in 7 (15.9%), whereas in the con-
trol group, vitamin D deficiency was found in 6 (20.0%), insuf-
ficiency - in 4 (13.3%) patients. Secondary hyperparathyroidism
was determined in the patients in the main group with vitamin

D deficiency. Thus, patients with hypertension suffer a second-
ary hyperparathyroidism against the background of vitamin D
deficiency, which may explain the additional negative effect on
the alterations in blood vessel stiffness [5,18].

To evaluate the relationship between arterial stiffness, phos-
phorus-calcium metabolism, vitamin D, we conducted the
Spearman correlation analysis. We found statistically significant
correlations between the PWV fem. and the level of PTH, the
PTH and the Alx, the PTH and the Alx 75%, the LDL level and
Alx 75% (Table 3).

The main group results indicate the presence of hypercholester-
olemia, a more pronounced deficiency of vitamin D, secondary hy-
perparathyroidism and accelerated bone tissue metabolism.

BMD disorders were found in 33 (75%) patients of the main
group, 25 (56.8%) of them being women had osteopenia and
8 (18.2%) - osteoporosis. In the control group, BMD disorders

Table 3. Correlation between changes in BP and pulse wave values,
arterial stiffness and bone metabolism in main group patients

Parameter
r

PPampl. - HR 0.44*
PTH - bPP 0.46*
PTH - PWV fem. -0.44*
PTH - Alx -0.31*
PTH - Alx 75% -0.36%
PINP- TCh 0.30%*
PINP- LDL 0.37%*
Vitamin D - Age -0.42%*
Vitamin D - PD -0.37*
Vitamin D — FRAX all -0.4*
PPamp - LDL 0.36*
LDL - Alx 75% -0.36*
LDL - AP 0.31%*

* - the correlation is significant at the level of 0.05

Table 4. Baseline data analysis of bone mineral density, FRAX of the examined groups

Main gr ntrol gr
Parameter an:‘g‘ 40up Co tnig,(g} oup
FRAX all, % 5.94+0.44 4.44+0.12%
FRAX hip, % 1.72+0.27 1.13£0.09*
TBS, SD 1.27+0.02 1.30+0.03
BMD (L1-L4), g/sm? 1.07+0.03 1.20+0.03*
T-score L1-L4, SD -0.62+0.27 -0.20+0.24*
BMD femoral neck right, g/sm? 0.84+0.02 0.97+0.03*
T-score femoral neck right, SD -0.84+0.14 -0.23+0.17*
BMD femoral neck left, g/sm? 0.84+0.02 1.02+ 0.02*
T-score femoral neck left, SD -0.8+0.15 -0.05+0.2*
BMD Total body, g/sm? 1.09+0.01 1.15+0.02%*
T-score Total Body, SD -0.5+0.16 -0.08+0.23
BMD Radius , g/sm? 0.67+0.01 0.83+0.02*
T- score radius, SD -1.04+0.18 -0.35+0.13*

* - statistically relevant difference in the scores between two groups p<0.05
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were found in 11 (36.7%) women: osteopenia in 7 (23.3%), os-
teoporosis in 4 (13.3%) (Table 3).

Average FRAX-all and FRAX-hip of the main group were
significantly higher compared to the control group. This is ex-
plained by the presence of fractures in the anamnesis of 9 wom-
en (20.4%), included in the main group. Patients in the control
group had no history of fractures.

Patients of the main group had a decrease in BMD at all the
skeletal sites in (Table 4), compared with women without hyper-
tension. The TBS bone quality index did not differ in the com-
parison groups.

To evaluate the relationship between arterial stiffness and
BMD we conducted a Spearman correlation analysis (Table 5).

As revaled by the findings, the value of BMD total body, BMD
radius, BMD femoral neck left, TBS, FRAX all were significantly
decreased and associated with the increased parameters of applana-
tion tonometry, in particular AP, Alx, Alx 75 (Table 5).

Correlation analysis in the control group did not reveal a sig-
nificant correlation between the elastic-elastic properties of the
arteries and the BMD indices.

Many epidemiological studies have shown that a low BMD
and atherosclerosis appear to be related. However, their corre-
lation is not completely clear after a full adjustment of shared
confounders of atherosclerosis and bone metabolism [28].

Osteoporosis and vitamin D deficiency cause the impairments
of bone density, strength and microarchitecture in older patients
and increased risk of fragility fractures, and cause a significant
morbidity and mortality [28].

Certain studies showed that vitamin D supplementation was
not associated with reduced risks of MACE, myocardial infarc-
tion, stroke, cardiovascular mortality, or all cases of mortality.
Additional trials of a higher-dose vitamin D supplementation,
perhaps targeting members of older age groups and focusing on
the CVD endpoints, such as heart failure, are of interest [4].

It was revealed in the studies [16] of older adults that vitamin
D deficiency is associated with myocardial infarction and mor-
tality. PTH excess is associated with heart failure. Vitamin D
and PTH might influence cardiovascular risk through divergent
pathways [10].

One of'the studies [11] showed that in the older, predominantly
postmenopausal South African women, BP, large artery stiffness
and IMT were associated with calciotropic hormones and bone
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resorption, indicating a predisposition to arterial calcification. It
is known that recombinant osteoprotegerin is a bioactive protein
intended for use in the cell culture applications. Osteoproteger-
in is an osteoblast-secreted decoy receptor that functions as a
negative regulator of bone resorption. This protein specifically
binds itself to its ligand, osteoprotegerin ligand, both of which
are key extracellular regulators of osteoclast development. Stud-
ies of the mouse counterparts also suggest that this protein and
its ligand play a role in lymph-node organogenesis and vascular
calcification [26].

The study [17] confirmed an association between arterial stiff-
ness and BMD in women. The other recent studies [20] showed a
significant correlation between a vascular calcification and BMD.

There is a lack of data on the above-mentioned association
in patients with CVD, namely with AH, for the possibility of
substantiating common pathogenetic mechanisms between the
development of osteoporosis and calcification of vessels, the
role of secondary hyperparathyroidism.

Researchers have shown [7] that the arterial stiffness, as as-
sessed by PWV, independently increased both with BP and with
PTH, but BP remains the main driver of arterial stiffening.

Regarding the association between osteoporosis and athero-
sclerosis, the study [25] showed that the low BMD is associated
with coronary atherosclerosis in the healthy postmenopausal
women, independent of age and cardiovascular risk factors.
Postmenopausal women with a decreased BMD may have a
higher risk of developing coronary atherosclerosis.

The correlations we observed between PTH and PWVfem
in women may indicate a possible relationship between media
calcification (arteriosclerosis) and aortic atherosclerosis with the
development of osteoporosis. This mechanism may be related to
a violation of vitamin D. It is known that vitamin D deficiency
is an important risk factor for the development of not only meta-
bolic bone disease, but also of hypertension, obesity, diabetes,
and its additional intake may significantly reduce the incidence
of cardiovascular complications [5].

The key link in these processes is probably the disruption of
the formation of the active metabolite of vitamin D, since the
target organs for hypertension, diabetes are kidneys, and their
lesion reduces the synthesis of la-hydroxylase - an enzyme
through which 25-hydroxycholecalciferol (25 (OH) D3, calcidi-
ol) in the kidneys is converted to the active form of vitamin D3-

Table 5. Correlation among pulse wave values, arterial stiffness and BMD in main group

Parameter cPP, AP, Alx, Alx75, PPampl, PWYV rad, PWYV fem,
mmHg mmHg % % % m/s m/s
FRAX all, % 0.39* 0.32% 0.36* 0.37 —0.44* 0.29 0.12
TBS, SD -0.42 0.12 0.10 0.19 0.32* 0.30 0.22
BMD (L1-L4), g/sm? 0.26 0.01 -0.20 —0.18 0.19 0.14 0.3*
T-score L1-L4, SD —0.18 —0.18 —0.57 * -0.13 0.28 0.02 0.24
BMD femoral neck right, g/sm? 0.02 —0.02 0.11 0.30 0.21 0.14 0.22
T-score femoral neck right, SD -0.18 -0.35 -0.27 -0.22 -0.09 0.15 -0.03
BMD femoral neck left, g/m? -0.04 —0.11 0.02 0.36* 0.31 0.33 0.10
T-score femoral neck left, SD -0.27 -0.16 -0.10 -0.27 0.01 0.03 —0.11
BMD Total body, g/sm? 0.08 —0.09 —0.41* —0.36* 0.12 0.24 0.14
T-score Total Body, SD -0.26 -0.19 —0.10* —0.12 0.18 -0.12 0.05
BMD Radius , g/sm? 0.23 0.26 -0.32 -0.32 -0.37* 0.15 0.12
T- score radius, SD -0.29 -0.25 -0.30 -0.21 —0.04 -0.23 —0.13

920

* - the correlation is significant at the level of 0.05
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1,25 by dihydroxycholecalciferol (1,25 (OH) 2D3, calcitriol - D-
hormone) [25]. Due to the hypovitaminosis of the D-hormone,
hypocalcemia develops, which in turn leads to the development
of secondary hyperparathyroidism, increasing the rate of bone
tissue resorption, results in the development of OP and enhances
calcium exit from the depot, increases its absorption in the intes-
tine, and flow into the intestine. Alkaline phosphatase exchange
is central in this process as a molecular marker of vascular cal-
cification [22]. The production of endothelial cell vesicle ma-
trix, which regulates mineralization in vascular intimacy and the
media, stimulates smooth muscle cells (MMCs) [1]. Other cell
types (eg. microvascular pericytes and adventitial fibroblasts)
have the ability to generate a mineralized matrix and stimulate
osteoblasts to differentiate, resulting in an increased calcifica-
tion [22]. Arterial calcification may occur in the intimacy and
media. Proinflammatory mediators cause an increase in LDL
cholesterol concentration due to osteogenic differentiation of
MMCs. Media calcification is associated with an advanced age,
diabetes and chronic kidney disease, contributes to arterial stiff-
ness, which increases the risk of adverse cardiovascular events
[15]. In our study, we also obtained data on the deficiency of
vitamin D, secondary hyperparathyroidism in patients with an
uncomplicated hypertension, which may explain the mechanism
of increase in the level of bone tissue resorption marker. Corre-
lation between arterial stiffness (AP, Alx, AIx75) and BMD may
indicate an association of media calcification, i.e. arteriosclero-
sis, and aortic atherosclerosis with development of OP [15]. In
our opinion, the explanation for this phenomenon may be a dis-
order of vitamin D metabolism in the elderly women with hyper-
tension, which we found in the study. It is known that vitamin D
deficiency is an important risk factor for the development of not
only metabolic bone disease, but also hypertension, obesity, dia-
betes, and its supplemental intake may significantly reduce the
frequency of cardiovascular events [S]. We found statistically
significant correlations between the PWVfem. and PTH levels.
The value of BMD total body, BMD radius, BMD femoral neck
left, TBS, FRAX-all were significantly decreased and associated
with the increased parameters of applanation tonometry, in par-
ticular AP, Alx, Alx 75 . This probably indicates an association
between vitamin D metabolism disorders due to the secondary
hyperparathyroidism, progression of arterial rigidity and calci-
fication of elastic fibers in women postmenopausal women with
a controlled uncomplicated hypertension [2]. Correlations be-
tween total cholesterol (TCh), low density lipoprotein (LDL),
and PINP levels indicate the likelihood of hypercholesterolemia
among bone turnover markers activity in the elderly patients
with an uncomplicated hypertension.

Conclusions. The data obtained from the study of the param-
eters of applanation tonometry and the structural and functional
state of bone tissue in patients with an uncomplicated hyper-
tension, aged 69+3.30 years reveals the possibility of joint
pathogenetic mechanisms of development the atherocalcinosis,
increased vascular stiffness, developing osteoporosis. These
processes were associated with the reduced level of 25(OH)
D, hypercholesterolemia, secondary hyperparathyroidism, and
determine the necessary selection of therapy for correcting the
revealed disorders.
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SUMMARY

FEATURES OF BONE METABOLISM AND THEIR IN-
FLUENCE ON ARTERIAL WALL STIFFNESS IN POST-
MENOPAUSAL WOMEN WITH CONTROLLED UN-
COMPLICATED HYPERTENSION

"Povoroznyuk V., *Nishkumay O., 2Lazarieva K., 2Lazariev P.

ISI “D.F. Chebotarev Institute of Gerontology NAMS of

Ukraine”, Kyiv; 20.0. Bogomolets National Medical Univer-
sity, Kyiv, Ukraine

The aim of this study was to investigate the features of bone
metabolism and their influence on the arterial wall stiffness in
postmenopausal women with a controlled uncomplicated arte-
rial hypertension (AH).

The study involved 44 women (main group) with the mean
age of 69.04+0.72 years and a postmenopausal duration of
18.4+0.85 years, suffering from an AH grade 2, and 30 healthy
patients (control group), their mean age being 69.3+1.21 years,
postmenopausal duration 19.4+1.18 years (p>0.05). All pa-
tients underwent general clinical and laboratory examination
with determination of lipid level in blood. Pulse wave analysis
(SphygmoCor) parameters , Bone mineral density (BMD) were
assessed. The levels of 25(OH) D, parathyroid hormone, pro-
peptide procollagen of type 1 aminoterminal (PINP), b-isom-
erized C-terminal telopeptides (b-CTx), ionized calcium and
phosphorus in serum were assessed.
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The data obtained from the study of the parameters of appla-
nation tonometry and the structural and functional state of bone
tissue in patients with an uncomplicated hypertension at the age
of 69+3.30 years manifest the likelihood of joint pathogenetic
mechanisms of developing atherocalcinosis, increased vascular
stiffness and impending osteoporosis.

Keywords: hypertension, arterial stiffness, osteoporosis.

PE3IOME

OCOBEHHOCTH KOCTHOI'O METABOJIM3MA M
ErO BJIIMSIHUE HA )KECTKOCTH APTEPUAJIbHOMN
CTEHKH Y KEHIIIMH B IOCTMEHOIIAY3E C KOH-
TPOJIUPYEMOM APTEPUAJIBHOM T'MNEPTEH3UEN

ToBopo3uwk B.B., ZHumkymaii O.H., 2JIazapesa K.II.,
21azapes I1.A.

TV «HMnemumym 2eponmonozuu um. /1. ®. Yebomapeea HAMH
Vpaunory, Kues; >Hayuonanbhbiii MeOUYUHCKUL YHUGEPCUMEem
um.A.A. boeomonvya, Kues, Ykpauna

Llens uccrnenoBaHust - U3y4UTh OCOOCHHOCTH MeTaboau3Ma
KOCTHOM TKaHM M €ro BJIMSHUE Ha JKECTKOCTb apTepHalIbHOU
CTEHKHU y JKCHIIMH B IIOCTMEHOIIAy3€ C KOHTPOJIIUPYEeMO Heoc-
JIOKHEHHOM apTepHalibHOW THIIepPTEH3HEH.

B uccnenoBanuu npunsin yyactue 44 xKeHIIMHBI (OCHOBHAs
rpynna), cpeaHuil Bospact - 69,04+0,72 roga, IIMTEIBHOCTH
noctMmeHomnay3ssl 18,4+0,85 ., ¢ aprepuanbHOil runepTeH3uei
(AT') 2 crenenu. ['pynmy cpaBHeHus coctaBuiu 30 310pPOBBIX
JKEHILWMH, CpelHuil Bo3pact - 69,£1,21 1., JUIMTEIBHOCTh MOCT-
menonay3bl 19,4+1,18 . (p>0,05). UccnenyembiM mpoBeaeHO
OOLIEKIMHIYECKOe U J1abopaTopHoe 00CiIeNoBaHUE C Ompe-
JICICHUEM YPOBHS JIMIHUIOB B KpoBH. OLIEHCHBI NapamMeTpbl
nynabcoBoid BoiHbL (SphygmoCor), MuHepanbHas IUIOTHOCTh
KOCTHOH TKaHu, ypoBHH 25 (OH) D, naparupeousnoro ropmo-
Ha, IIPONENTHIA NPOKOJIJIareHa aMUHOTEPMUHAIBHOTO THHA 1,
b-uzomepnzoBanHbIX C-KOHLEBBIX TEIONEHNTHIOB, HOHU3HPO-
BAHHOTO KaJIbIHs U (ochopa B CHIBOPOTKE KPOBH.

JlaHHble, MOJTy4EHHbIE IPU M3YyYCHHUU IapaMEeTpoOB arIuia-
HALMOHHOH TOHOMETPUH U CTPYKTYPHO-(QYHKI[HOHAIBLHOTO
COCTOSIHMSI KOCTHOM TKaHW Y MAIMEHTOB C HEOCIOKHEHHOU
AI' B Bozpacte 69+3,30 I., CBUAETEILCTBYIOT O BEPOSTHOCTU
COBMECTHBIX MAaTOT€HETHYECKUX MEXaHU3MaxX Pa3BUTHUs aTepo-
KaJIbLINHO32, TTOBBIIICHNUS KECTKOCTH COCYIOB U PA3BUTUS OCTEO-
1opo3a.
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CHARACTERISTICS OF DRUG RESISTANT TUBERCULOSIS IN GEORGIA (2015-2020)

2Solomonia N., "*Vacharadze K., Mgvdeladze G.

Thilisi State Medical University; *National Center for Tuberculosis and Lung Disease, Thilisi;
3N1 Primary Healthcare Center, Kutaisi, Georgia

In 2019, an estimated 10 million people fell ill with tubercu-
losis (TB) worldwide (5.6 million men, 3.2 million women and
1.2 million children). A total of 1.4 million people died from
TB in 2019 (including 208 000 people with HIV). Worldwide,
TB is one of the top 10 causes of death and the leading cause from
a single infectious agent (above HIV/AIDS). Multidrug-resistant
TB (MDR-TB) remains a public health crisis and a health security
threat. A global total of 206 030 people with multidrug- or rifampi-
cin-resistant TB (MDR/RR-TB) were detected and notified in 2019,
a 10% increase from 186 883 in 2018. Worldwide, only 57% of
MDR-TB patients are currently successfully treated [1,2].

According to the World Health Organization (WHO), in 2018,
the total number of notified TB Cases in Georgia was 2 590 (in-
cidence — 65 cases per 100 000 population).

MDR-TB was diagnosed in 12% of new, and in 31% of previ-
ously treated cases. The treatment outcome was defined as suc-
cessful in 65% of MDR/RR-TB and in 56% of XDR-TB cases
started on second-line treatment in 2016 (cohorts — 339 and 55,
respectively) [3].

For three decades, drug-resistant tuberculosis (TB) has posed
grave challenges to patients, communities and global TB control
efforts. Treatment of multidrug-resistant (MDR)-TB and exten-
sively drug-resistant (XDR)-TB was relied on medications that
are less potent and more toxic than first-line TB therapy, which
is used for treatment of drug susceptible TB. Consequently, pro-
longed drug-resistant TB treatment was associated with frequent
and severe side-effects. This led to the high rate of unfavorable
treatment outcomes. Fortunately, in recent years TB world glob-
ally has several key innovations that, together, have brought us
to a tipping point in revolutionizing the care of patients with
MDR- and XDR-TB. In 2012, bedaquiline, the first new TB
medication in more than 40 years, was approved by the US Food
and Drug Administration (FDA). Approximately 6 months later,
delamanid, in yet another new drug class, was approved by the
European Medicines Agency [4]. Since 2019, based on WHO’s
recommendations toxic injectable agents (Kanamycin and Cap-
reomycin) are removed from the DR-TB regimens and patients
has the access to the shorter fully oral regimens [5-6]. From
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2020, the new treatment regimen with next new drug - Preto-
manid is recommended for treatment of XDR-TB patients [6].

Georgia as the part of TB world has always had access to the
all previously and newly recommended treatment regimens and
today, at the stage of transition from old to new DR-TB treat-
ment, it’s important to compare general characteristics of dif-
ferent DR-TB cohorts and to assess possibility to raise the ef-
fectiveness of DR-TB treatment in the future.

Material and methods. A retrospective cohort study was
conducted with individual data of >18 years old DR-TB patients
from 2015 -2020 cohorts, whose treatment outcome was defined
until August 2020.

Considering the inclusion criteria, 1581 DR-TB patients
(n=503[2015 cohort] + n=387[2016 cohort] + n=345[2017 co-
hort] + n=229[2018 cohort] + n=113[2019 cohort] + n=4[2020
cohort]), with known treatment outcomes were selected as study
participants.

The study was conducted at the National Center for Tubercu-
losis and Lung Disease as a part of the Georgian National TB
Programme. During the study period the treatment of DR-TB
patients was provided based on latest WHO’s recommendations
and in different cohorts the different combinations of old, re-
purposed or new II line drugs with different duration was used.

Data variables were collected in relation to study objectives
and included socio-demographic characteristics, laboratory
data, data about susceptibility to the anti-TB drugs, treatment
regimens and treatment outcomes.

Treatment was defined as successful in case of “Cured” and

“Completed” treatment. “Failure”, “Default”, “Not Evaluated”
and “Death” was defined as unsuccessful outcomes.
The data collected were analyzed by using of EasyStat (https://
easystat.app). A descriptive analysis was performed for socio-
demographic, behavioral and clinical characteristics. Bivariate
and multivariate logistic regression analysis was used to mea-
sure the link between these characteristics and treatment out-
comes. Odds ratios and their 95% confidence intervals were
calculated. All the variables significant at p<0.05 in the bivariate
analysis were included in the adjusted model.
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Permission to carry out the study was obtained from the Na-
tional Center for Tuberculosis and Lung Diseases (NCTLD)
in Georgia. Local ethics approval was obtained from the Eth-
ics Review Board of the NCTLD.
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Results and discussion. The data of 2031 DR-TB patients
from 2015 and 2020 cohorts were extracted from the National
Tuberculosis Electronic Register. According to the inclusion
criteria, 1581 DR-TB patients with known treatment outcomes
were selected as the study participants (Fig. 1).

DR-TB cases registered in the National Database
n=2031
1n=517[2015 cohort] + n=412[2016 cohort] + n=369[2017 cohort]
+n=337[2018 cohort] +n=311[2019 cohort] + n=85[2020]

Got eligible cases excluded: \

n=374 patients without treatment outcomes
n=0[2015 cohort] + n=9[2016 cohort] + n=8[2017 cohort] +
n=87[2018 cohort] + n=189[2019 cohort] + n=81[2020 cohort]
n=53 patients under 18 vears old
n=11[2015 cohort] + n=16[2016 cohort] + n=12[2017 cohort] +
1=9[2018 cohort] + n=5[2019 cohort] + n=0[2020 cohort]
n=23 patients without information about treatment regimen
n=3[2015 cohort] + n=0[2016 cohort] + n=4[2017 cohort] +

n=12[2018 cohort] + n=4[2019 cohort] + n=0[2020 cohort]

Included

DR-TB (+18) patients with treatment outcomes included in the
study:
n=1581
1n=503[2015 cohort] + n=387[2016 cohort] + n=345[2017 cohort] +

1=229[2018 cohort] + n=113[2019 cohort] + n=4[2020 cohort]

Fig. 1. Study flow chart

Table 1. Socio-demographic and clinical characteristics of the study participants, N=1581
(DR-TB patients with known treatment outcomes, Georgia, 2015-2020 cohorts)

Categories Subcategories Total N=1581
Gender (n,%) Female 322 (20.4%)
Male 1259 (79.6%)

Age (n,%) >55 290 (18.3%)
18-34 566 (35.8%)

35-54 725 (45.9%)

Region (n,%) High 675 (42.7%)
Low 215 (13.6%)

Middle 691 (43.7%)

Region 1 (n,%) Adjara 130 (8.2%)

Guria 22 (1.4%)

Imereti 138 (8.7%)

Kakheti 51 (3.2%)

Kvemo Kartli 134 (8.5%)

Mtskheta-mtianeti 23 (1.5%)

Prison 89 (5.6%)

Racha-Lechkhumi 3(0.2%)
Samegrelo 200 (12.7%)

Samtskhe-Javakheti 45 (2.8%)

Shida Kartli 71 (4.5%)
Thilisi 675 (42.7%)
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Categories Subcategories Total N=1581
Employment (n,%) Employed 186 (11.8%)
Military 2 (0.1%)
Unemployed 1393 (88.1%)
Alcohol abuse (n,%) Excessive 127 (8%)
Moderate 538 (34%)
None 916 (57.9%)
Illicit Drug abuse (n,%) No 1245 (78.7%)
Unknown 256 (16.2%)
Yes 80 (5.1%)
HIV (+) (n,%) No 1479 (93.5%)
Yes 102 (6.5%)
AFB (+) (n,%) No 690 (43.6%)
Not done 7 (0.4%)
Yes 884 (55.9%)
Culture (+) (n,%) No 26 (1.6%)
Not Done 176 (11.1%)
Yes 1379 (87.2%)
TB form (n,%) EPTB 83 (5.2%)
PTB 1498 (94.8%)
TB Case (n,%) New Case 782 (49.5%)
Previously Treated Case 799 (50.5%)
Hr (n,%) _ 305 (19.3%)
No 58 (3.7%)
Yes 1218 (77%)
RR (n,%) _ 96 (6.1%)
No 109 (6.9%)
Yes 1376 (87%)
Er (n,%) _ 344 (21.8%)
No 279 (17.6%)
Yes 958 (60.6%)
Zr (n,%) _ 797 (50.4%)
No 245 (15.5%)
Yes 539 (34.1%)
Sr (n,%) _ 398 (25.2%)
No 80 (5.1%)
Yes 1103 (69.8%)
Kmr (n,%) _ 312 (19.7%)
No 778 (49.2%)
Yes 491 (31.1%)
Cmr (n,%) _ 321 (20.3%)
No 1076 (68.1%)
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Categories Subcategories Total N=1581
Yes 184 (11.6%)
Ofxr (n,%) _ 320 (20.2%)
No 829 (52.4%)
Yes 432 (27.3%)
Ptor (n,%) _ 1489 (94.2%)
No 66 (4.2%)
Yes 26 (1.6%)
Etor (n,%) _ 1536 (97.2%)
No 38 (2.4%)
Yes 7 (0.4%)
PAST (n,%) _ 497 (31.4%)
No 985 (62.3%)
Yes 99 (6.3%)
Csr (n,%) _ 1496 (94.6%)
No 76 (4.8%)
Yes 9 (0.6%)
Amx/clvr (n,%) B 1574 (99.6%)
No 7 (0.4%)
Cfzr (n,%) _ 1572 (99.4%)
No 9 (0.6%)
Bdq and/or DIm in the regimen (n,%) Bdq 336 (21.3%)
Bdg+DIm 102 (6.5%)
DIm 140 (8.9%)
No 1003 (63.4%)
New drug in the regimen No 1003 (63.4%)
(Bdq or DIm or Bdq+DIm) (n,%) Yes 578 (36.6%)
Fq in the regimen (n,%) LFX 511 (32.3%)
MFX 810 (51.2%)
No 260 (16.4%)
Fq in the regimen (n,%) No 260 (16.4%)
Yes 1321 (83.6%)
Treatment outcome (n,%) Successful 987 (62.4%)
Unsuccessful 594 (37.6%)
Treatment outcome 1 (n,%) Completed 141 (8.9%)
Cured 846 (53.5%)
Default 318 (20.1%)
Died 88 (5.6%)
Failure 133 (8.4%)
Not Evaluated 55 (3.5%)

Legend:

HIV — human immunodeficiency virus

Sr- Streptomycin resistance

Csr- Ciclosiren resistance
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PTB- Pulmonary Tuberculosis

Kmr — Kanamycin resistance

Amx/clvr — Amoxicillin/clavulanate resistance

EPTB — Extrapulmonary Tuberculosis

Cmr — Capreomycin resistance

Cfz- Clofazimine resistance

Hr — Isoniazid resistance

Ofxr — Ofloxacin resistance

Bdq - Bedaquiline

RR-Rifampicin resistance

Ptor — Prothionamide resistance

DIm — Delamanid

Er — Ethambutol resistance

Etor- Ethionamide resistance

LFX — Levofloxacin

Zr- Pyrazinamide resistance

PASt- para-aminosalicylic acid
resistance

MFX - Moxifloxacin

As the first stage the socio-demographic and clinical character-
istics of selected 1581 (100%) DR-TB patients were summarized
(Table 1). The majority of the DR-TB patients were Males (79.6%),
from 35-54 age group (45.9%), from the regions with the middle
(100-500 cases) TB prevalence (43.7%), unemployed persons
(88.1%), without alcohol (57.9%) or illicit drug (78.7%) abuse.

Based on the study data 1498 (94.8%) patients were diagnosed
as the pulmonary and 83 (5.2%) patients as the extrapulmonary
TB cases. 782 (49.5%) patients were defined as the “New” and
799 (50.5%) as the “Previously treated” cases. HIV status of 102
(6.5%) DR-TB patients were positive.

Laboratory tests conducted at initial stage of diagnosis was
AFB positive in 884 (55.9%) cases and Culture positive in
1379 (87.2%) cases. The data of the resistance to the key anti-
TB drugs was following: Rifampicin resistance was detected in
1376 (87%), Isoniazid resistance in 1218 (77%) and Ofloxacin
resistance in 432 (27.3%) cases.

Fluoroquinolones (Levofloxacin or Moxifloxacin) as the key
anti-DR-TB drugs was used in the 1321 (83.6%) regimens.
Bedaquiline (Bdq), or Delamanid (DIm), or Bedaquiline and
Delamanid together was used in the treatment regimen of 578
(36.6%) patients. Bdq as alone new drug was used in the major-
ity of cases (336 (21.3%)), DIm alone was used in 140 (8.9%)
and Bdq and DIm together in 102 (6.5%) cases.

Data of the new drugs (Bdq and/or Dlm) in the DR-TB regi-

mens by cohort shows a picture of their implementation over
the years (Table 2 and Fig. 2). If in 2015 the new drugs was
prescribed in 18% cases, in 2019 this number was raised to the
84%. In2016-2018, Bdq was prescribed in half of cases (52.7%-
44.9%-46.6%) and in 2019 this number was raised to the 80%.
Number of regimens with DIm alone, or with Bdq and DIm to-
gether was low comparing to the regimens with Bdq alone and
this number in case of DIm was decreased from maximum 36%
(2017) to 3.2% (2019) and in case of Bdq+DIm from maximum
29.6% (2018) to 16.8% (2019) of cases. These data is in line
with WHOs recommendations based on which in period from
2015 to 2018 using of Bdq and DIm separately or in combina-
tion was equally recommended. Since 2019, Bdq is recommend-
ed as the first choice “A” group drug, while DIm, due the low
safety, is recommended as the last choice “C” group drug [5-7].

From the study population the successful treatment outcome
was defined in 987 (62.4%) (“Cured” in 846 (53.5%) and “Com-
pleted” in 141 (8.9%) cases) and unsuccessful outcome in 594
(37.6%) cases (“Lost to follow-up” in 318 (20.1%), “Failure”
in 133 (8.4%), “Death” in 88 (5.6%) and “Not evaluated” in 55
(3.5%) cases).

All key factors were analyzed for association with the treat-
ment outcomes. The adjusted analysis was used for factors de-
fined as significantly associated with the treatment outcomes
(Table 3).

Table 2. Data of the new drugs in the DR-TB regimens and treatment outcomes by cohorts (2015-2020)

New drug in the regimen
Bdq Dim Bdq+DIlm Successful Unsuccessful
n=91 (18%) outcome outcome
2015 (n=503 100%)) 71 (78%) 15 (16.5%) 5(5.5%) 287 (57%) 216 (43%)
n=129 (33.3%)
2016 (n=387 (100%)) 68 (52.7%) 38 (29.5%) 23 (17.8%) 260 (67%) 127 (33%)

n=161 (47%)

2017 (n=345 (100%))

75 (46.6%) |

S8(36%) |

28 (17.4%)

223 (64.6%) |

122 (35.4%)

n=98 (43%)

2018 (n=229 (100%)) 44449%) | 25055%) | 29(29.6%) 150 (65.5%) | 79(34.5%)
=95 (84%)
2019 (n=113 100%)) 76080%) | 3G32%) | 16(16.8%) 67(593%) | 46(40.7%)
n=4 (100%)
2020 (n=4 (100%))* 250% | 1esw) | 125w 000% | 4(100%)
=578 (36.6%)
Total (n=1581 (100%)) 336213%) | 14089%) | 102(6.5%) 987 (62.4%) 594 (37.6%)

*Study population was selected from the patients with known treatment outcomes. By August 2020, in the Nat
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Electronic Register the treatment outcomes of 4 patients were entered only

onal Tuberculosis
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Legend: Bdq- Bedaquiline; DIm - Delamanid

Fig. 2. New drugs in the DR-TB regimens by years (2015-2019)

Table 3. Factors associated with TB treatment outcomes (DR-TB cases, Georgia, 2015-2020 cohorts)

Bivariate Multivariate
Categories Subc.atego- 'liotal Suc_cessful Unsufcess- 95%
ries N=8468 N=6833 ful N=1635 | OR 95%, CI P OR pt p
Gender Female 322(20.4%) | 247 (25%) |75(12.6%) |2.31 |[1.74,3.06] | <0.001 |1.78 93393] <0.001
(n.%) Male 1259 (79.6%) | 740 (75%) | 519 (87.4%) | 1 ref. |ref. | ref.
>55 290 (18.3%) | 179 (18.1%) | 111 (18.7%) | 1 - -
Age (%) | 18-34 566 (35.8%) | 357 (36.2%) | 209 (35.2%) | 1.06 | [0.79, 1.42] | 0.699
35-54 725 (45.9%) | 451 (45.7%) | 274 (46.1%) | 1.02 | [0.77, 1.35] | 0.886
. High 675 (42.7%) | 414 (41.9%) | 261 (43.9%) | 1 - -
ﬁl"’og%;’“ Low 215 (13.6%) | 130 (13.2%) | 85 (14.3%) | 0.96 |[0.7,1.32] |0.82
Middle 691 (43.7%) | 443 (44.9%) | 248 (41.8%) | 1.13 | [0.9, 1.4] | 0.289
Employed | 186 (11.8%) | 143 (14.5%) | 43 (7.2%) | 1 - -
rEnTIftl‘(’g:%) Military 2(0.1%) 2(02%) | 0(0%) Inf | [0.06,Inf] |1
Unemployed | 1393 (88.1%) | 842 (85.3%) | 551 (92.8%) | 0.46 | [0.32, 0.66] | <0.001
Excessive | 127 (8%) 71(72%) | 56(9.4%) |1 - -
ﬁﬁgg‘(’;’%) Moderate | 538 (34%) | 314 (31.8%) | 224 (37.7%) | 1.11 | [0.75, 1.63] | 0.614
None 916 (57.9%) | 602 (61%) | 314 (52.9%) | 1.51 |[1.04,2.2] |0.0303
N No 1245 (78.7%) | 819 (83%) | 426 (71.7%) | 1 - -
;ﬂfszzr"j/f) Unknown | 256 (16.2%) | 131 (13.3%) | 125 (21%) | 0.55 |[0.42,0.72] | <0.001
Yes 80 (5.1%) 37(3.7%) | 43(72%) |0.45 [[0.28,0.71] | <0.001
g{;)ﬁ) No 1479 (93.5%) | 946 (95.8%) | 533 (89.7%) | 2.64 | [1.75,3.98] | <0.001 |2.33 515553] <0.001
Yes 102 (6.5%) 41 (4.2%) 61(103%) |1 ref. | ref. ref.
No 690 (43.6%) | 435 (44.1%) | 255 (42.9%) | 1 - -
252)(*) Notdone | 7 (0.4%) 4(0.4%) | 3(0.5%) 0.78 |[0.13,5.38] | 0.714
Yes 884 (55.9%) | 548 (55.5%) | 336 (56.6%) |0.96 |[0.78,1.17] | 0.669
No 26 (1.6%) 16 (1.6%) |10 (1.7%) |1 - -
g:;};:;re(ﬂ NotDone | 176 (11.1%) | 106 (10.7%) | 70 (11.8%) | 0.95 |[0.41,2.2] |0.898
Yes 1379 (87.2%) | 865 (87.6%) | 514 (86.5%) | 1.05 | [0.47,2.34] | 0.901
(Tn]?o/f)"““ EPTB 83 (5.2%) 49 (5%) 34(5.7%) | 0.86 |[0.55,1.35]]0.512
PTB 1498 (94.8%) | 938 (95%) | 560 (94.3%) | 1
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Bivariate Multivariate
Categories Subcatego- Total Successful | Unsuccess- A
& ries N=8468 N=6833 | fulN=1635 | OR | 95%CI | p |OR 92?’ P
(THB(V(;ase New Case | 782 (49.5%) | 575 (58.3%) | 207 (34.8%) | 2.61 |[2.11,3.22] | <0.001 |2.34 21'981?’ <0.001
& (Y .
Previously o 0 0
Troniot Cose | 799 (50.5%) [ 412 (41.7%) | 387 (65.2%) | 1 ref. |ref. |ref.
Hr (n,%) | _ 305(19.3%) | 197 (20%) | 108 (18.2%) | 1 - -
No 58 (3.7%) 38(3.9%) |20(3.4%) |1.04 [[0.58,1.88]]0.892
Yes 1218 (77%) | 752 (76.2%) | 466 (78.5%) | 0.88 |[0.68,1.15] | 0.358
RR (%) | _ 96 (6.1%) 59 (6%) 37(62%) |1 - -
No 109 (6.9%) |77 (7.8%) |32(54%) |1.51 [[0.84,2.7] |0.165
Yes 1376 (87%) | 851 (86.2%) | 525 (88.4%) | 1.02 | [0.66, 1.56] | 0.94
Ofxr 0,%) | 320 (20.2%) | 209 (21.2%) | 111 (18.7%) | 1 - -
No 829 (52.4%) | 544 (55.1%) | 285 (48%) | 1.01 [[0.77,1.33] ] 0.921
Yes 432 (27.3%) | 234 (23.7%) | 198 (33.3%) | 0.63 | [0.47,0.85] | 0.00213
New drug
in the regi- | No 1003 (63.4%) | 595 (60.3%) | 408 (68.7%) | 0.69 | [0.56,0.86] | <0.001
men (n,%)
Yes 578 (36.6%) | 392 (39.7%) | 186 (31.3%) | 1
Fqin the
regimen | No 260 (16.4%) | 147 (14.9%) | 113 (19%) | 0.74 |[0.57, 0.98] | 0.0319
(n,%)
Yes 1321 (83.6%) | 840 (85.1%) | 481 (81%) |1

Legend: ref. — reference category

In bivariate analysis, TB treatment success was positively as-
sociated with the female gender (OR 2.31; 95% CI [1.74-3.06];
p<0.001); new case (OR 2.61; 95% CI [2.11-3.22]; p<0.001);
and with HIV negative status (OR 2.64; 95% CI [1.75-3.98];
p<0.001).

Adjusted analysis confirms significant association of a suc-
cessful TB treatment outcome with the female gender (adjusted
OR 1.78,95% CI: 1.33 — 2.39, p<0.001), new TB case (adjusted
OR 2.34, 95% CI: 1.88-2.91, p<0.001) and with HIV negative
status (OR 2.33; 95% CI 1.53-3.55; p<0.001). Association of a
treatment outcome with other key factors, including “New drugs
in the regimen” was not found.

Data of the new drugs (Bdq and/or DIm) in the DR-TB regi-
mens in total and by cohort was assessed to evaluate association
between regimens with the new drugs and successful treatment
outcomes. Based on bivariate and multivariate analysis asso-
ciation between these factors (“New drugs in the regimen” and
“Treatment outcomes”) was not found. This may be explained
by the fact that until 2019, Bdq and/or DIm mostly were pre-
scribed in combination with less effective and safe drugs, which
based on the latest WHO’s recommendations are defined as the
last choice “C” group drugs. Since 2019, Bdq is mostly pre-
scribed in combination with other “A” and “B” group drugs, but
the number of DR-TB patients on such regimens with known
treatment outcomes was low in the study population and does
not allow reliable assessment. Further studies are necessary to
assess complete data of the patients on new DR-TB regimens
and its association with the treatment outcomes.

Statistical analysis also excluded association between treat-
ment outcome and factors such as Alcohol or Illicit drug abuse
and etc. This suggests that the factors that are proven to be as-
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sociated with the increased risks for development of TB disease,
does not have the statistically significant impact on the overall
rate of the unfavorable treatment outcomes. But to what extent
the other factors, such as effectiveness of the DR-TB regimens
may affect on the treatment outcome, should be evaluated
through the complete assessment and comparison of past, cur-
rent and potentially applicable DR-TB regimens in the future.

Study data show, that despite of many efforts the rate of “Lost
to follow-up” is still high in DR-TB cases (318 (20.1%)) and
filling this gap still requires additional activities.

Study also shows that rate of “New” and “Previously treated”
DR-TB cases are almost equal (782 (49.5%) “New” and 799
(50.5%) “Previously treated” cases). This indicates the high risk
of DR-TB transmission and necessity to improve the quality of
infection control measures at country level.

Adjusted analysis show, that “Female gender”, “New case”
and HIV negative status are significantly associated with suc-
cessful TB treatment outcomes, which is in line with the results
of previously conducted similar studies [8,9].

Limitations of the study. As mentioned, the study population
was selected from the patients whose treatment outcomes were
known by August 2020. 189 patients from 2019 cohort and 81
patients from 2020 cohorts with unknown treatment outcomes
were excluded from the study (the treatment outcomes of only 4
patients from 2020 cohort were entered in the National Tubercu-
losis Electronic Register). As a result the study contains limited
information about DR-TB patients from the last two cohorts,
where the new DR-TB regimens most widely were used. This is
the main reason why the new DR-TB regimens and its associa-
tion with treatment outcomes were not fully assessed and this is
the main limitation of the study.
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SUMMARY

CHARACTERISTICS OF DRUG RESISTANT TUBER-
CULOSIS IN GEORGIA (2015-2020)

2Solomonia N., *Vacharadze K., ’Mgvdeladze G.

IThilisi State Medical University; *National Center for Tubercu-
losis and Lung Disease, Thilisi; N1 Primary Healthcare Center,
Kutaisi, Georgia

The aim of the study was to assess general characteristics of
drug resistant tuberculosis and its association with treatment
outcomes in Georgia. A retrospective cohort study was con-
ducted among 1581 DR-TB adult (18+) patients, from 2015 -
2020 cohorts, whose anti-tuberculosis treatment outcomes was
known. Adjusted analysis of the study participants data [1581
(100%)] shows significant association of a successful TB treat-
ment outcome with the “Female gender” (adjusted OR 1.78,
95% CI: 1.33 —2.39, p<0.001), “New TB case” (adjusted OR
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2.34,95% CI: 1.88-2.91, p<0.001) and with “HIV negative sta-
tus” (OR 2.33; 95% CI 1.53-3.55; p<0.001).

Based on bivariate and multivariate analysis of the study data,
the significant association of a treatment outcome with other key
factors, including “New drugs in the regimen” was not found.

Since the programmatic using of the new effective DR-TB regi-
mens are widely recommended only from 2019, the treatment out-
comes of all patients on these regimens are still not defined. Further
studies are necessary to assess complete data of the patients on new
DR-TB regimens and its association with the treatment outcomes.

Keywords:Tuberculosis, Drug Resistant Tuberculosis (DR-
TB), New anti-DR-TB drugs/regimens, TB treatment outcomes.

PE3IOME

XAPAKTEPUCTUKA JIEKAPCTBEHHO-YCTOMYM-
BOI'O TYBEPKYVIJIE3A B I'PY3UMU (2015-2020)

12Cosomonnst H.T., ?Bauapanse K.B.,
SMreaenaaze I.A.

"Tounucckuil 20cy0apcmeennblil. MEOUYUHCKULL YHUBEPCUMEN;
’Hayuonanvhulil yenmp my6eprynesa u 1e2ounblx 3a001e6anul,
Tounucu; *N1 L{enmp nepeuunoii meduyurnckou nomowu, Kyma-
ucu, I'pysus

Llenbio MccieoBaHus SBUJIACh OLIGHKA OOLIMX XapaKTepu-
CTHK JICKapCTBEHHO-YCTOWYMBOIO TyOEpKylie3a U Pe3ysibTaToB
ero nedenus B [ py3un.

[TpoBeneHo perpocnekrrBHoe (2015-2020 rr.) KOropTHOE HC-
cnenoBanue 1581 maumenTa crapuie 18 €T ¢ JeKkapcTBEHHO-
ycroiunBbM TyOepkynezoMm (JIY-TD), ubM Hcxozmbl MPOTHUBOTY-
OEpKYJIE3HOrO JIeYeHHs: ObLIM WM3BECTHBL. YTOYHEHHBIM aHAIIN3
JAHHBIX YYaCTHUKOB MCCIICIOBAHUS ITOKa3all CTaTUCTUYECCKUN J0-
CTOBEPHYIO CBSI3b YCIICLIIHOTO HCXO/a JICYCHUS TyOepKyIie3a y KeH-
muH (yrounennoe OLI 1.78, 95% JU: 1.33 — 2.39, p<0,001), c
“HOBBIM ciTydaeM Tyoepkyresa” (yrounennoe OILI 2.34, 95% JIU:
1.88-2.91, p<0,001) u ¢ “BUY orpunarensHsivM crarycom” (yTou-
Hennoe OLI 2.33, 95% J1M: 1.53-3.55, p<0,001). JIByxmepHbIii 1
MHOTOMEPHbII aHaIHM3bl Pe3yJIbTaTOB HCCIISIOBAHUS JIOCTOBEP-
HOIl CBSI3M MCXOJa JICUSHHUS C APYTUMHU KIIIOUEBBIMHU (pakTopa-
MU, BKJIIOHas «HOBBIC IIpE€riaparbl B CXEME», HE BBIABUIIN. ITo-
CKOJIbKY IPOrpaMMHOE HCIIOJb30BaHHE HOBBIX d(P(PEKTHBHBIX
cxeMm nedenus JIY-Th mupoko pekomenayercs Toiabko ¢ 2019
rojga, pe€3yjiabTarbl JICHEHHS 10 3TUM CXEMaM I10 cei JICHb HC
OIpe/ieSieHbl. ABTOPBI CUUTAIOT 11€71eCO00pa3HbIM IIPOBEICHHE
JMABHCHUIIINX UCCICIOBAHHUN C IENIBI0 OICHKU 3()(HEKTHBHOCTH
HOBBIX cxeM jedenus JIY-Th.
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CYPRESS POLLEN SESITIZATION IN GEORGIA: CLINICAL AND MOLECULAR CHARACTERISTICS

Abramidze T., Gotua M., Bochorishvili E., Melikidze N., Gamkrelidze A.

Center for Allergy and Immunology Research, Thilisi, Georgia

Cypress pollen allergy is a widely distributed, highly preva-
lent and severe winter pollinosis [3] that may be caused by
several Cupresaceae species around the Mediterranean basin,
in North America and Asia. Exposure to cypress pollen has in-
creased steadily over the last few decades and the prevalence of
allergy to cypress pollen has also dramatically increased from
0.6% to 9.8% in the general population and from 9% to 35% in
allergic patients, probably because of the allergen load has be-
come more intense [2]. The first cases of cypress pollinosis were
described in South Africa in 1945 and in France in 1962. During
the following decades, cypress species have been extensively
planted for ornamental purpose, since they have low water
needs, fast growth and have a low-cost maintenance [3]. These
plants are anemophilous, shedding large amounts of pollen, be-
ing an important cause of allergic diseases, especially during the
winter [5]. This increased exposure has been responsible for the
increase in prevalence of sensitization and clinical manifesta-
tions of cypress pollen allergy [7].

Concerning the clinical expression, the main clinical symp-
tom associated with allergy to cypress tree pollen is rhinitis,
often associated with disabling conjunctivitis, whereas the in-
cidence of asthma is generally lower than in patients sensitized
to other allergenic sources [6]. The allergic reactions to Cupres-
saceae pollen, which usually occur in winter, could have over-
lapping symptoms with common cold or influenza [5]. Cypress
pollinosis symptoms are often hard to control. Caimmi reported
a 57.9% of cypress pollen allergic patients needing immunother-
apy to control their symptoms [2].

In Mediterranean areas, C. sempervirens (Italian cypress or
Mediterranean cypress) is by far the most common pollinating
species. It accounts for half of the total pollination level [3]. Ac-
cording to Georgian pollen count data, cypress pollen is the ma-
jor aeroallergen component in winter and early spring [1], but
there have been no studies regarding the influence of cypress
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pollen high exposure in patients with pollen allergy. Thus, the
objective of the study was to evaluate cypress pollen allergy in
Georgia and describe clinical characteristics and the molecular
profile of sensitization.

Material and methods. Patients attended to allergy clinic
with suspected cypress pollen allergy (n=492) were included.
Diagnostic workup was performed according to local guide-
lines, specific IgE antibody against cypress allergen was per-
formed using ImmunoCAP and ISAC assay platform. Primary
cypress pollen reactivity was confirmed by measuring IgE
specific to Cupressus arizonica component Cup a 1 (t226) and
Cupressus Sempervirens extract (t23) by ImmunoCAP (Ther-
moFisher, Uppsala, Sweden). IgE levels exceeding 0.35 kU/L
were considered positive. The allergen microarray assay (Immu-
noCAP ISAC; ThermoFisher) was used to analyse the specific
IgE repertoire of cypress positive patient’s serum. ISAC is a test
for semi-quantitative determination of IgE in serum samples.
The solid phase in this test is provided by the surface of a plate
on which 112 components (43 native and 69 recombinant) have
been adsorbed and arranged in triplets. Antibody levels were ex-
pressed in standardised units, ISU-E (ISAC Standardised Unit
for specific IgE). The measured values ranged from 0.3 to 100
ISU-E, and values > 0.30 ISU-E were considered to be positive
results.

Symptoms Diary. Cypress positive patients were interviewed
with the seasonal symptom’s questionnaire. The severity of
eye (itching and/or tear flow and/or conjunctival redness), nose
(sneezing and/or runny nose and/or blocked nose), and bronchial
(cough and/or wheezing and/or asthma) symptoms were record-
ed on a 4-point scale (0, no symptoms; 1, mild symptoms; 2,
moderate symptoms; 3, severe symptoms). They were asked re-
garding medication use (antihistamines, local treatment for con-
junctivitis and/or rhinitis and asthma) during the cypress season.

Plant Aeroallergens/Pollen Monitoring. The airborne pollen
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monitoring was performed with a Burkard Seven Day Volu-
metric Spore-trap (Burkard Manufacturing Co Ltd, UK) during
the seasons of 2019-2020, following the recommendations of
European Aerobiology Society [4]. This trap is placed on the
roof of Botanical Institute building of the Ilia State University
of Georgia, Tbilisi, approximately 15 m above ground level. A
strip of silicone-coated Melinex tape was exposed to the air for
trapping the plant aeroallergens, and was changed once a week.
The exposed tape was cut into 48 mm segments representing
24 h periods. These segments were mounted on microscopic
slides using Mowiol mixed with a stain (basic fuchsine) to en-
able visualization under a high resolution light microscope at
400x magnification. Pollens concentration was calculated and
expressed as the number of pollen grains per cubic meter of air
(p/m?). The criteria used to describe the dinamics and patterns
of airborne pollen are as follows: the peak pollen concentration;
pollen index, which was defined as the total number of pollen
grains during the pollination period; the corresponding to the
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beginning and end of pollination (season begins at 1%, ends at
95% of total sum); the duration of the pollen season [3].

We summarized data as numbers (n) and frequencies (%) if
they were categorical and as mean or median and standard de-
viation or interquartile range if quantitative. Data were entered
and analyzed using the Statistical Package for Social Sciences
database (SPSS, Inc., Chicago, IL, USA).

Results and discussion. A positive cypress diagnostic test
was detected in 183 individuals from 492 allergic patients in-
cluded in the study (37.2% of studied cases). Demographic and
clinical characteristics of studied cypress positive patients are
summarized in Table 1. Among cypress positive cases the male/fe-
male proportion was 108/75 (59%/41%), mean age (with standard
deviation) — 22.7+1.4 years (for children (<18 years old) - 8.8+3.7
and adults - 33.249.8). The mean sIgE was 4.02+0.48 kUA/I for C.
Sempervirens extract and 29.2+3.23 kUA/1 for cup a 1. Diagnosis
of allergic rhinitis has occurred in 92.3%, atopic conjunctivitis —
56.8%, asthma — 6% and atopic dermatitis — 10.4%.

Table 1. Baseline characteristics of study patients

Demographic characteristics
age (+Std. Deviation) 22.7+1.4
Children (<18 years old) 8.8+£3.7
Adults (=18 years old) 33.249.8
Female 41%
Male 59%
IgE results
ImmunoCAP Cypress Sempervirens t23 (KUA/I1+S.D.mean ) 4.0240.48
ImmunoCAP nCup a 1 Cypress arizonica t226 (KUA/I£S.D.mean) 29.2+3.23
Diagnosis
Acute atopic conjunctivitis 56.8%
Allergic rhinitis 92.3%
Asthma 6.0%
Atopic dermatitis 10.4%
Urticaria 7.1%
Cough 8.2%
Angioneurotic edema 6.0%

Table 2. Frequency of reported symptoms during the allergy season

List of symptoms Symptoms (n/%) Severe symptoms (n/%)
ocular itching 145/82,9% 82/44.8%
sneezing 145/82,9% 106/57.9%
nasal obstruction 142/81,1% 101/55.2%
rhinorrhea 136/77,7% 90/49.2%
ocular redness 116/66,3% 62/33.9%
watery eyes 99/56,6% 39/21.3%
nasal itching 82/46,9% 43/23.5%
shortness of breath 39/22,3% 8/4.4%
dry cough 39/22,3% 13/7.1%
foreign body sensation (eye) 33/18,9% 11/6.0%
chest tightness 16/9,1% 5/2.7%
wheezing 15/8,6% 7/3.8%
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Table 3. Cypress pollen count data (average values for 2019-2020 year)

Season Start Season End Peak value (p/ . Duration % total annual amount
Peak day (date) 3 Pollen index
(date) (date) m (#days) of pollens

February 7 March 12 April 6 2811 19823 145 48,7%
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Fig. 1. The major distribution of cypress pollen during its pollination at 2019-2020
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Fig. 2. Sensitization to mainly species-specific components’

From cypress positive 183 patients only 17 patients (9.2%) had
no symptoms during the cypress season. As reported in Table 2, the
most frequent symptoms were sneezing and ocular itching (82.9%
of patients for both symptoms), rhinorrhea was reported in 77.7%
of cases and dry cough and shortness of breath - only in 22.3%
(each symptoms). More than half of frequent symptoms were re-
ported as severe. Concerning the medication use during the pollen
season, 65% of patients used eye drops, 86% - nose drops, 89.6%
- antihistamine medications and only 6% the inhalation steroids.

Environmental Data. Table 3 describes the cypress pollen
count data in Thbilisi during last two years and the changes in
daily pollen levels are shown in Fig. 1. The main cypress pollen
season in Thilisi occurs from beginning of February to begin-
ning of April, being March the month with the highest recorded
airborne pollen concentration (average 2811 pollen grains p/m*
day). The average total pollen index for cypress was the total
19823 p/m?. Cupressus pollen accounts for 48.7% of total an-
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nual pollen in Tbilisi, season duration is 145 days. The graph
shows that the majority of Cupressaceae pollen is produced be-
tween January and April.

Sensitization profile. According to ISAC results all patients
were poly-sensitized. The molecular profiles of Cupressaceae
pollen-sensitized patients revealed followings (Fig. 2.): 1) sensiti-
zation to mainly species-specific food components (including stor-
age proteins) — 32.1%, 2) sensitization to mainly species-specific
acroallergen components among them grass pollen — 82.6%, tree
pollen components — 87.2%, weed pollen — 66.1%, mites — 33.0%,
epidermal — 40.4%, mold — 19.3%; 3) sensitization to other mainly
species-specific component (insect venom) — 11.9%.

Fig. 3 shows the sensitization to cross-reactive components: low
co-sensitization to serum albumin (5,50%), tropomyosin (1,80%),
thaumatin like protein (11%) and polcalcin (3.7%); moderate co-
sensitization to LTP (20.2%), PR-10 (29.4%), Profilin (24.8%) and
CCD (21.1%).
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Fig. 3. Sensitization to crodd-reactive components
Table 4. Mostly co-sensitized allergen components
Grasses
Bermuda grass nCynd 1 61,5%
. rPhlip 1 72,5%
Timothy grass
rPhlp 5 46,8%
Trees
Birch rBetv 1 27,5%
Japanese cedar nCryj 1 78,9%
rPlaal 7,3%
Plane tree
nPlaa?2 32,1%
Weeds
Ragweed nAmba 1 48,6%
Mugwort nArtv 1 20,2%

The cypress positive patients were mostly co-sensitized to
plant allergen components: grasses (nCyn d1- 61.5% of ISAC
positive cases, rPhl p 1 -72.5%, rPhl p 5 — 46.8%), trees (rBet
v 1 —-275%,nCry j 1 —78.9%, nPla a2 —32.1%) and weeds
(mAmb a 1 —48.6%, nArt v 1 —20.2%) (Table 4).

Allergy to Cupressaceae pollen is a worldwide pollinosis
caused by several species. The epidemiological data are alarm-
ing: in Montpellier, southern France, 19.5% of tested patients
reacted positively to the Cupressaceae skin test, whereas in
Italy and Spain, in some areas, the cypress pollen allergy af-
fected approximately 30% of the allergic population. In an Is-
raeli survey, 24 to 32% of patients attending an allergy clinic
had an allergy to cypress pollen [8]. In a larger Italian study
from Rome, 23,077 outpatient sera were studied and 42.7% of
the subjects exhibited specific IgEs against cypress pollen [3].
In the present study, we show that 37.2% of patients referred to
our clinic and suspected to have specific IgE to cypress pollen
present sensitization. Moreover, we observed that most of the
patients (90.8%) sensitized to cypress pollen were symptomatic
during the cypress pollen season. We found that nasal and ocular
were the most prevalent symptoms studied patients; asthma like
symptoms was less frequent in this group, consistent with the
findings of other studies [9]. This observation is probably due to
the large aerodynamic size of cypress pollen grains (20-30 pum),
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which do not reach the lower airway, as they become trapped in
the nasal or nasopharyngeal mucous membranes, thus causing
mainly rhinitis and conjunctivitis [3].

Cupressaceae pollen frequently predominates in the winter
period, but is also present throughout the remainder of the year.
Cupressaceae/Taxaceae pollen is one of the 12 most abundant
aeroallergenic pollens in Europe. Cypress pollen accounts for
40% of the total annual pollen counts in Marseille, in southern
France, 38% in Antalya, and 35% in Istanbul, Turkey, 25% in
Thessaloniki, Greece, 23 and 24% in Toledo and Cuenca, Spain,
18% in Nicosia, Cyprus, 17% in Palma de Mallorca, Balearic
Islands, Spain, and 14%in Nerja, southern Spain. Cupressaceae
pollen is also abundant or present outside of the Mediterranean
region [3]. High cypress pollen count has been observed in our
study, which accounts almost half (48.7%) of the total annual
pollen counts in Tbilisi (capital of the country). The Cupressa-
ceae main pollen season in Tbilisi occurs during the winter-early
spring months, beginning, most of years, in January and end-
ing in the beginning of April, in line to what has been reported
in other studies [5]. High sensitization to cypress pollen among
patients in our study could be explained by high exposure to
Cupressaceae pollen, particularly - high pollen burden (48.7%),
high peak pollen concentration (2811 p/m®) and long duration of
the season (145 days).
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An aspect to be highlighted is that Cupressus sensitization is
commonly associated with poly-sensitization. This phenomenon
warrants a more in-depth investigation, not only to establish a
correlation with other non-taxonomically related pollen species,
but also to elucidate the mechanism involved in the origin of
this sensitization or the responsible allergens [6]. A very inter-
esting finding of our study was that all of the cypress-sensitized
patients showed positive reactions to different allergens, espe-
cially other pollens components. 78.9% of patients sensitized to
nCup a 1 were sensitized to nCry j 1, which is consistent with
the high cross-reactivity reported between both allergens. It well
known that there is high cross-reactivity within the cypress fam-
ily, as well as cross-reactivity to mugwort and ragweed also been
described [10]. High co-sensitization to Bermuda and Thimoty
grass components, among studied patients, could be affected by
CCD recognition, as natural (n) Cyn d 1, nPhl p 4, like nApi g
S, nCup al, and MUXF3, express cross-reactive carbohydrate
determinants (CCDs), which could lead in principal to nonspe-
cific IgE binding. According to our data MUXF3 were positive
21.1% of cypress sensitized patients. In polysensitized patients,
cypress sensitization could be the result of IgE cross-reactivity
to proteins/epitopes with structures similar to those of allergens.
IgE antibodies against a given allergen may bind to homolo-
gous molecules of panallergens (profilin, calcium-binding pro-
tein, lipid transfer protein, thaumatin-like protein) in different
plant species [9]. In our study we observed low or moderate co-
sensitization with panallergens, thus the poly-sensitization could
not be explained only by cross-reactivity, especially in regards
to high co-sensitization with recombinant allergens as rPhl p 1
(72,5%) and rPhl p 5 (46,8%). Futher investigations are required
to clarify cross-reactivity and co-sensitization issues.

Our study has some limitations. The present study does not
have an epidemiological value, as it was not carried out on
the general population, but it shows the importance of cy-
press pollen allergy for Georgian population. In the frame of
evaluation of the co-sensitization, since we relied on results
from ISAC112, our analysis is restricted to the allergens cov-
ered by this procedure.

In conclusion, our data show that in Georgia, the prevalence
of sensitization to cypress pollen in patients attending the al-
lergy clinic is high (every third patient). The clinical symptoms
predominantly associated with allergic rhinitis and atopic con-
junctivitis, in most cases which are expressing by acute sneezing
and ocular itching during the pollen season and all patients are
poly-sensitized. This was the first study to give a detailed de-
scription of the clinical and molecular characteristics of cypress
pollen allergic patients in Georgia.

Funding. This work was funded by Shota Rustaveli National
Science Foundation of Georgia [FR-18-2752] .
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SUMMARY

CYPRESS POLLEN SESITIZATION IN GEORGIA:
CLINICAL AND MOLECULAR CHARACTERISTICS

Abramidze T., Gotua M., Bochorishvili E., Melikidze N.,
Gamkrelidze A.

Center for Allergy and Immunology Research, Thilisi, Georgia

Cypress pollen allergy is a widely distributed, highly prevalent
and severe winter pollinosis that may be caused by several Cupre-
saceae species around the Mediterranean basin, in North America
and Asia. Exposure to cypress pollen has increased steadily over the
last few decades and the prevalence of allergy to cypress pollen has
also dramatically increased from 0.6% to 9.8% in the general popu-
lation and from 9% to 35% in allergic patients, probably because of
the allergen load has become more intense.

The objective of the study was to evaluate cypress pollen al-
lergy in Georgia and describe clinical characteristics and the
molecular profile of sensitization. Patients attended to allergy
clinic with suspected cypress pollen allergy (n=492) were in-
cluded in the study. Diagnostic workup was performed accord-
ing to local guidelines, specific IgE antibody against cypress
allergen was performed using ImmunoCAP and ISAC assay
platform. The airborne pollen monitoring was performed with
a Burkard Seven Day Volumetric Spore-trap (Burkard Manufac-
turing Co Ltd, UK) during the seasons of 2019-2020, following
the recommendations of European Aerobiology Society. 37.2%
of studied cases were positive to cypress diagnostic test. From
cypress positive 183 patients only 17 patients (9.2%) had no
symptoms during the cypress season. The most frequent symp-
toms were sneezing and ocular itching (82.9% of patients for
both symptoms), rhinorrhea was reported in 77.7% of cases and
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dry cough and shortness of breath - only in 22.3% (each symp-
toms). More than half of frequent symptoms were reported as
severe. The cypress positive patients were mostly co-sensitized
to plant allergen components: grasses (nCyn d1- 61.5% of ISAC
positive cases, rPhl p 1 -72.5%, rPhl p 5 —46.8%), trees (rBet v 1
—27.5%,nCry j 1-78.9%,nPlaa2—32.1%) and weeds (nAmb
al—48.6%, nArtv 1 —20.2%).

Our data show that in Georgia, the prevalence of sensitization
to cypress pollen in patients attending the allergy clinic is high
(every third patient). The clinical symptoms predominantly as-
sociated with allergic rhinitis and atopic conjunctivitis, in most
cases which are expressing by acute sneezing and ocular itch-
ing during the pollen season and all patients are poly-sensitized.
This was the first study to give a detailed description of the clini-
cal characteristics of cypress pollen allergic patients in Georgia.

Keywords: cypress, allergy, sensitization

PE3IOME

CEHCUBUJIN3AIMSA K [IBIJIBIHE KUTIAPUCA B I'PY-
3UN: KIMHUYECKASI U MOJIEKYJISIPHAST XAPAK-
TEPUCTUKA

Aopamuaze T.I', l'orya M.A., Bouopnmsuiau E.T.,
Memnkuaze H.P., Famkpeanaze A.T.

Lenmp uccneoosanuti annepeuu u ummynonroeuu, Tounucu,
I'py3zusn

Anneprlxm K HObUIBLC KHIIapuca sABJIAETCA BECbMa paciipo-
CTpaHCHHBIM OCTPbIM 3MMHHM IIOJIMHO30M, BBI3BAHHBIM pas-
nnyabiME Buamu Cupresaceae B crpanax Cpeu3eMHOMOPBS,
CeBepHoil AMepuku U A3uu. B TedeHue mocieHuX HeCKOJb-
KHX )IeCﬂTI/IJ'IeTI/If/i PacnpoCTpaHCHHOCTh AJUIEPIrvU K IbLIBLE
Kumnapuca pesko Bozpocia (¢ 0,6% 1m0 9,8%) cpenu HaceneHus B
1IeJIOM U Y alueHToB ¢ ajeprueit (¢ 9% no 35%), o Bceii Be-
POSITHOCTH, BBHY 00JIee MHTCHCUBHOMN HKCITO3ULINY aJIepreHa.

Ienbro uccnenoBanus BUIACH OLICHKA [TOKa3aTelIei pacipo-
CTPaHCHHOCTH aJUIEPIUU K IIbUILLE KUIIapHUca B pr?;l/ll/l U O11pe-
JIeJICHUE €€ KIMHUYECKUX XapaKTePUCTHK M MOJEKYJISIPHOTO
npoGuIIs CeHCHOMIM3ALHN.

B wuccrienoBaHue BKIIOUSHBI MALUMEHTHI, OOPATHBIIMECS B
aJJIEProJIOrNYECKyI0 KJIMHHUKY C MMOJ03PSHUEM Ha ajUIeprHIO K
nbulblie kunapuca (n=492). Jluarnoctuyeckoe oOciienoBaHue
IPpOBOANIIOCE B COOTBETCTBHU C MCECTHBIMU HHCTPYKLUAMHU,
cnerduueckue anturena IgE k annepreny xumnapuca ompese-
JSUTHCH ¢ ucnonb3oBanueM miardopMel ImmunoCAP u ISAC.
MOHHUTOPHHT MEPEHOCUMOMN IO BO3JYXY IbUIBIBI IPOBOIMIICS
¢ ucnonp3oBanueM anmnapara Burkard (Burkard Manufacturing,
Anrus) B TedeHue ce30HoB 2019-2020 rr. B COOTBETCTBUU C
pexomenpanusMu Eporneiickoro Aspobuonorudeckoro Oouie-
CTBA.

37,2% W3yueHHBIX CIy4aeB JAJIU IOJIOXKHUTEJIbHBIN pe3yiib-
TaT Ha JIMarHOCTHYECKUU TecT kunapuca. M3 183 nmo3uTuBHbIX
K KHUIIApUCy HalueHToB Tojibko 17 (9,2%) He umenn cuMITO-
MOB B TEUEHHE Ce30Ha IBeTeHHs Kkunapuca. Hanbosee yacTbl-
MM CUMIITOMaMH OBLIM YMXaHHe U 3y1 BOKpyr a3 (82,9% ma-
[IMEHTOB 10 00OMM CHMIITOMaM), PHHOpPEs! 3aperucTpUpOBaHa
B 77,7% ciyuaeB, cyxoll kaulenb U ofplika - B 22,3%. bonee
ITOJIOBHHBI YAaCThIX CUMIITOMOB 6])1.]'11/1 TAXKCIIBIMHA. naLlPleHTbl C
HOJIOKHUTENBHON peakluell Ha Kunapyuc B OOJNBLUIMHCTBE Cilyda-
CB 6])1.]'11/1 CeHCI/I6I/IHI/I3l/Ip0BaHbl K KOMIIOHEHTaM PaCTUTECIbHBIX
atepreHoB: Tpaebl (nCyn d1 - 61,5% city4yaeB ¢ MOJOKHUTEIb-
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HbM pesynbsratoMm ISAC, tPhl p 1 - 72,5%, rPhl p 5 - 46,8%),
nepesbst (rBet v 1 -27,5%,nCryj 1-78,9%,nPlaa2-32,1%)u
copusiku (nAmb a 1 - 48,6%, nArt v 1 - 20,2%). [TonyuenHsie B
pe3yabTaTe UCCIIeI0BAaHMs JaHHbIE BHISIBHIIN BBICOKYTO (KaX bl
TPETHI MALKEHT C aJUIEPruei) pacinpoCTPaHEHHOCTh aJICPrUU
K IbUIBLC KUITApUCa y UCCIICAYEMBIX ITallUCHTOB. Knunnueckue
CHUMIITOMBI, CBA3AHHBIC C AJUICPIHICCKUM PUHUTOM M aTONMNYC-
CKHUM KOHBHOHKTHBHTOM, B OOJIBIIIMHCTBE CJIY4aeB IPOSABJIAIOTCA
B 4aCTOM YMXaHUU U 3y[e BOKPYT IVIa3 BO BpeMsl CE30HA I[BETe-
HHU KUIIapuca, BCC MalMEHThI F[OJ'[I/ICGHCI/IGI/IHI/BHPOBaHbI.

[IpoBeneHHoOe HccienOBaHUE SBISETCS MEPBOM MOMBITKOM
l'lO)IpO6HOFO OINMMCaHUA KIIMHUYECKUX U MOJICKYJIAPHBIX Xa-
PaKTEepPUCTUK MALKUEHTOB C ajulepruel Ha MbUIbIYY KUIIapuca
B ['py3un.
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OCOBEHHOCTH MO3I'OBOI TEMOJJMHAMUKHU Y NAIIMEHTOB
C CUHIPOMOM XPOHUYECKOM [EPEBPAJIBHOI BEHO3HOM JUC®YHKIIUA
U PABHBIM YPOBHEM APTEPUAJIBHOI'O JABJIEHUSI

IIpureixo H.I'., KoBasnenko O.E.

Tocyoapcmeennoe nayunoe yupesxcoenue « Hayuno-npakmuueckutl yenmp npo@uiakmuyeckoll u KIUHUYeCKOU MeOuyUHbl»
Tocyoapcmeennoeo ynpaenenus oeramu, Hayuonanivnas meouyunckas akaoemust ROC1eOUunioMHo20 00pa3o8anus
um. I1. JI. Ulynuka, Kues; Kommynanvnoe nekommepueckoe npeonpusimue « Koncynomamugno- ouazHocmuyeckutl yenmp»
Cesmowuncrozo pationa, Kues, Yxpauna

AKTyaJbHOCTD HCCIIEJOBAHHS BEHO3HOI IIaTOJIOT MK TOJIOBHO-
IO MO3ra OIPE/IeISIeTCs] He TOJIBKO €€ OOJIBIINM pacipoCcTpaHe-
HueM (Oonee 80% TANMEHTOB ¢ apTEPUATLHON THIIEPTCH3UCH
1 aTepOCKIEPOTHYECKUM IOPAKEHHEM COCYJOB MO3ra MMEIOT
NIPU3HAKN HApYyLIeHHs BEHO3HOTO OTTOKAa), HO U OTCYTCTBHEM
OIIPE/ICIICHHBIX KPUTEPUEB AUArHOCTUKH HapsTy ¢ HEAOCTaTKa-
MH TEpareBTUYECKOTo 1MoAXoa. B 60IbIIMHCTBE KIIMHIYECKHX
HaOJTIOIeHUH IOMHHHUPYIOT HapylIeHHs] apTepHaIbHON reMOIHU-
HaMUKH, KOTOPBIE CONPOBOXKIAIOTCSI BEHO3HOH JUCIIPKYJIISIIHU-
e, OHAKO B pse CIy4aeB HApYIICHUS MHTPAKpPaHHAILHOTO
BEHO3HOTO KPOBOOOpAIIEHH s IPe00IaatoT Hall apTepHaIbHOM
HEJ0CTaTOYHOCThI0. HemoIHOIeHHOCTh BEHO3HON TI'eMOJMHA-
MHUKH U apTepuajbHasi HEJO0CTaTOYHOCTh YacTO COYETAIOTCS B
Pa3IMYHBIX COOTHOIICHUSX. CTeleHbh KOMIIEHCAIIMN BEHO3HOM
JIUCTEMUY 3aBUCUT OT BOBMOXKHOCTEH KOJIIaTepaIbHOTO KPOBO-
oOpaIeHust ¥ CKOPOCTH Pa3BUTHS MHTPAKPAaHUAIBHOTO BEHO3-
Horo 3actost [1-5]. HemoolueHka coCTOsIHMS BEHO3HOTO 3BEHA
MO3TOBOTO KPOBOOOpAIIEHHUS NPEISITCTBYET MPAaBHIBHOMY II0-
HUMaHUIO TaTOTeHe3a M KIMHHYECKOH KapTHHBI XPOHHYECKOH
nepebpanbHoi nimemny. CIO0KHOCTh BepH(UKalUH Hapyle-
HUH BEHO3HOTO MO3TOBOTO KPOBOOOpAIIEHUS SIBISETCS MPUIH-
HOH JIO’KHOTO TIPEACTABICHHS] HEBPOJIOTOB O HEIOJHOLCHHOCTH
BEHO3HOM IMCTeMHH B IATOTeHEe3e MUCIMPKYISITOPHOM SHITe(da-
sortatuu [4-9].

Bepuduxanms nepeOpanpHOil BEHO3HOW IHCIeMHH, KpoMe
KIIMHUYECKOH JUAarHOCTHKH, HEOJHO3HA4HA, MOCKOJBKY CTe-
NeHb BU3yaJIHM3allMd MHTPAKPaHUAJIBHOTO M IKCTPAaKpaHHAIIb-
HOTO BEHO3HOTO KPOBOTOKOB M TPAKTOBKA IIAPAMETPOB HEPEIKO
MIPOTHBOPEUMBHI. [IpH TpaHCKpaHHAIEHOM TYIUIEKCHOM CKaHH-
POBaHUH XOPOIIO BH3yaIN3UPYIOTCSl Oa3zasibHbIE BEHBI MO3ra
(BeHbI Po3eHTaist), KOTOpBIE SIBISIOTCSI NPUTOKaMH OOJBIION
MO3roBoii BeHbI (BeHa [anena). Jlommieporpadudeckoe uccie-
JIOBaHUE IT03BOJISIET OLIEHUTH XapaKTep KPOBOTOKA B 0a3abHBIX
BEHaX MO3ra ¥ U3MEpHTh €ro JHHEeHHYI0 CKOpoCcTh. B oTimune
oT BeHbl Po3eHTaist OOJNBIIMHCTBO NTyOOKMX BEH MO3ra BechbMa
BapuaOeNbHBI U HEe BCeraa JOCTYIHEI K Jokauuu [S-11]. Mexons
13 BBIIEH3IIOKEHHOTO, COCTOSIHHE KPOBOTOKA B Ga3alIbHBIX BEHAX
Posenrans (Jokamus uepe3 BUCOYHOE OKHO) SIBIISICTCS BEChbMa MH-
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(hopMaTHBHBIM MOKa3aTeNIeM LepeOpaJIbHOr0 BEHO3HOTO KPOBOTO-
Ka [2]. OcoOeHHO MHTEPECHBIM SIBIISICTCS CPABHUTEILHOE OIpe/ie-
JIeHHe M3MEHEeHNH 11epeOpaIbHOr0 KPOBOTOKA Y JIMIL C Pa3TNYHBIM
YPOBHEM apTepHaIILHOTO faBieHus (A/]) ¢ uCroip30BaHHEM CTaH-
JIApPTHOW METOJIMKH YJBTPa3ByKOBOTO HccienoBanus [8-14].

Lens nccnenoBanus - CpaBHUTEIBHBII aHAIN3 0COOCHHOCTEH
1epeOpaIbHOT0 KPOBOTOKA Y JIUIL C KIIMHUYECKUMH MTPU3HAKAMU
CHH/IPOMa XPOHWYECKOH 1epedpantbHOi BEeHO3HON AUCOYHKINN
U Pa3IMYHBIMU YPOBHSMH apTEPUaIbHOTO TaBICHHUSI.

Marepuaa u meroasl. 3a 2016-2019 rr. Ha 6aze Kommy-
HaJIbHOTO HEKOMMEpUYEeCKOTro Npemnpusitus «KoHcynpraTuBHO-
JarHocTudeckuil neHTp» CBaTOmMHCKOro paiioHa . Kuesa
obcnenosaHo 104 (82 xeHIMHBI 1 22 MY)KUYHHBI, CPETHUIT BO3-
pact 53,60+10,27 11.) manueHTa, KOTOPEIM IIPOBEJCHO YIIBTpa-
3ByKOBOE ymiiekcHoe ckanupoBanue (Y3/IC) rooBsl U mien.

OcHoruyto rpymmy (OI') coctaBuiau 78 OONBHBIX C KIUHH-
YEeCKUMH IPU3HAKaMH CHHAPOMAa XPOHUUYECKON HepeOpanbHOi
BeHo3HoU quchynkunn (CXL[B/1) 1 pa3nyHbBIM YpOBHEM apTe-
puansHoro nasieHus (AJl), KoTopble pacnpenesieHsl Ha 3 K-
HUYECKUE TPyNnbl, 33 - ManueHTHl C TOBBIMICHHBIM YPOBHEM
ANl (157,2+12,2/98,344,2) - runepToHUKH; 24 - ¢ TaOWILHBIM
AJl ¢ IperMyIIeCTBEHHO HOPMAIBHBIMU CPEJHUMH LH(pamMu
ANl (125,23+12,2/82,22+4,14) - ycrnoBHbIe HOPMOTOHHKH; 21
- ¢ noHmwkeHHbIM Al (100,3247,23/65,45+6,4) - THIIOTOHUKH.

KoHTponbHyI0 Ipyniy coctaBuim 26 ManueHToB 0e3 KINHU-
yeckux npusHakoB CXL B/l u paznuunbsiM ypoBHeM AJl, KOTO-
pBIe pacIpeiesIeHb! 10 TAKOMY )K€ MPUHIIUITY: THIIEPTOHUKH - §,
HOPMOTOHHUKH - 13, TUITOTOHHMKH - 5 TAI[UEHTOB.

Bcem mnamueHTaM NpoBEeNEHO KIMHUKO-HEBPOJIOTHUECKOE
oOcienoBaHue C AeTanu3alueil kajxod W aHaMHe3a, aHaIn3
amOyiaTopHBIX KapT. KpoBOTOK HccieoBaiy M0 CTaHAapTHOU
METOJIUKE C ZIBYX CTOPOH BO BHemIHel conHoil (BuemCA), BHY-
TpeHHeil connoi (BuyrCA), nepennemosrosoit (IIMA), 3aqne-
Mo3roBoii (3MA), HO3BOHOYHOH apTepuy Ha ypOBHE 2 TI03BOHKA
(XA2), no3BoHOUHOIT apTepun Ha ypoBHE 4 mo3BoHKa (XA4),
oazmwsipHoi aprepun (bA) u Bene PozenTans (BP). Usmepsitach
CPEAHAS CUCTOJIUYECKas CKOPOCTb KPOBOTOKA, MHICKC pPE3U-
CTeHTHOCTH [8-14].
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Craructuyeckylo 00pabOTKY MOJIYYEHHBIX —PpE3yJIbTaToB
OCYIIECTBISUIM C TIOMOLIBIO IaKeTa NPUKIAIHBIX MPOrpaMM
Medstat. Craructuueckoe CpaBHEHHME IPOBOAMIOCH C IIOMO-
IIbIO TOYHOTO KpuTepus dumiepa.

Pe3yanbrarhbl U 00cy:xaeHne. Pesynsrarsl 00ciejoBaHus 1o-
Ka3aJu, YTO CKOPOCTHBIE MOKa3aTell LepeOpabHOro KPOBOTO-
Ka C Pa3sHOW CTENEHbIO JIOCTOBEPHOCTH OTINYAINCh B OCHOB-
HOH M KOHTPOJIBHOM IpyIIax U U3MEHSIUCh B 3aBHCHMOCTHU OT
ypoBust A/l (tabnuua 1, puc.1, 2, 3).

Cpenu runoronukoB OI' CKOPOCTHBIE IOKa3aTeld KpOBO-
TOKa B apTepusx ObumM JoctoBepHo Hmxe no CMA chpasa
(p=0,0053), caesa (p=0,0009); B IIMA cnpasa (p=0,0002), cie-
Ba (p=0,0000); B 3MA cnpasa u cnesa (p=0,0000;) Bo Buyt-
CA cnpasa (p=0,0018), ciea (p=0,0026); Bo BuemCA cripaBa
(p=0,0062), cneBa (p=0,0007); B Bere Posenrains ObutH 10CTO-
BEPHO BbIIIEC B CPABHCHUU C IOKA3aTEIAMM TPYIIBI KOHTPOJIS
cieBa (p=0,0280) (tabmnuua 1, puc.1).

Cocyasl
B.Po3eHT
BasA
BrewCA
Cocyabl
BHyTCA caesa K
Cocyabl
XA4 cesa OF
Cocyapl
XA2 cnpasa K[
Cocyapl
3MA pasa Of
aMA
CMA

Puc. 1. Cpasnenue ckopocmeil kpogomoka 6 cocyoax 00HO-
UMEHHBIX TOKAYUI cpeou UNOMOHUKO8 OCHOBHOU U KOHMPOb-
Hou epynn

*- 0ocmogepnoe paznuuue (p<0,05) meancoy noxazamenimu
obeux epynn; ** - docmogepnoe paziuuue (p<0,01) medxncoy no-
Kasamenamu obeux epynn

Cocyast

B.P03.

BasA
BrewCA Cocyam
wesa KM
Cocyast
cnega O

BryrCA

Cocyap
cnpasa KI

- Cocyap
cnpasa OF

3MA

nMA

CMA

0,00

Puc. 2. Iloxasamenu cpednux aunetinvix ckopocmetl Kpogo-
MOKa 6 cOCY0ax 0OHOUMEHHBIX JIOKAYUIL 8 2DYNNE YCIOEHbIX HOP-
momonukos ¢ CXL{B] u koumponvHoti epynne

* - docmogepnoe paznuuue (p<0,05) mexncoy noxazamensmu
obeux epynn; ** - docmosepoe paziuuue (p<0,01) mexncdy no-
Kazamensimu obeux epynn; *** - menoenyus (p<0,1) meancoy no-
Kasamenamu obeux epynn (pasiuyue 6 KIUHUYeCKUX npusHaKax
0e3 Cmamucmu4ecKu 3HaUUMbIX pe3ynbmamos)

Cpenu yclOBHBIX HOPMOTOHHKOB B OI' B CpaBHEHUH C KOH-
TPOJIBHOM rpymmoil nokasarenu ckopoctu B CMA cnpaBa u
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cieBa ObutH nocroBepHo Hike (p<0,05); B [IMA cnpasa Ha
ypoBHe TenjpeHuuu (p<0,1), a cieBa JOCTOBEPHO NOHMKE-
Hbl (p<0,05); B 3MA [10CTOBEpHO CHIIKEHBI CIIpaBa M ClieBa
(p<0,01); Bo BuyrCA nmoctoBepro Hike crpasa (p<0,001)
u ciesa (p<0,01); Bo BuemCA - cmpasa (p<0,001) u cnea
(p<0,0001). Cpenn mnokasareneii ckopocteil B BeHe Po3eH-
TaJs JIOCTOBEPHO NOBBIIEHHbIE ckopocTH B OI' mpoTuB 10-
Kasaresieil rpynnsl cpaBHeHus - crpasa (p<0,05), u ciesa
(p<0,01) (tabmuual, puc. 2). Hanuune KIMHUYECKHUX TMPH-
3HakoB CXIIBJl y mamueHToB ¢ jgabunbHeiM AJl compoBo-
KJIAETCS JOCTOBEPHBIM 3aMe[JICHUEM B OOJbLIMHCTBE Lie-
peOpaibHBIX apTepuil U JAOCTOBEPHBIM YCKOPCHHEM B BEHE
Po3eHTans CKOpOCTH KPOBOTOKA B CPABHEHUHU C OOJIBHBIMU C
TakuM ke AJl u 6e3 KIMHUYECKUX NPOSBICHUN Lepedpalib-
HOU BEHO3HOH JUCQYHKIIUH.

B 0CHOBHOIi Tpymne runepTOHUKOB HAaOIIONAIO0Ch MEHBIIE
PAcXOXICHHUIT C IPYINIION CPaBHEHUS: JTOCTOBEPHO HIXKE ObLIN
ckopocTHble mokazarenn B CMA cnpasa (p<0,05), Ha ypoBHe
tenaeHuuu B CMA cneBa (p<0,1); B 3MA cneBa CHIKCHBI Ha
yposHe TeHzaeHuuu (p<0,1). Cinemyer oTMETUTbH, YTO y HalU-
SHTOB C NOBbILIEHHBIM AJl, B oTiIM4UE OT OOJNBHBIX € APYTUMHU
ypoBHsMH AJ], HaOIIOAAI0Ch CTATUCTUYECKH 3HAYUMOE YCKO-
peHue JmHelHoH ckopocT KpoBoToka B XA2 (p<0,05). Hocto-
BEPHOE MOBBILICHUE CPEJHEH JMHEHHON CKOPOCTH KPOBOTOKA
HaOMII0aI0Ch B OCHOBHOIM Tpynne B BeHe Po3eHTans cnpasa u
cieBa (p<0,05) (Tabnuua 1, puc. 3).

Cocyabl
B.PO3EHT
BasA
Buewca  ———
Cocyas
BHYTCA cresa KI
Cocyas
HAL cnesa O
Cocyam
HAZ cnpasa K
m COCVAB
IMA cnpasa O
nMa
CMA
T
120 em/e

Puc. 3. Ilokazamenu cpednux ckopocmeti KpoBOMOoKa 6 cocy-
dax o0HoumMenHbIX ToKayull 6 epynne eunepmonuxoe ¢ CXL{B/] u
KOHMPONbHOU epynne

* - 0ocmogepnoe paznuyue (p<0,05) medcoy nokazamensimu
obeux epynn; ** - docmogeprnoe paznuuue (p <0,01) medsncoy no-
Kazamensimu obeux epynn; *** - menoenyus (p <0,1) mesxncoy
noxazamenamu obeux zpynn(pasiuyue 6 KIUHU4eCKUx npusHa-
Kax 6e3 Cmamucmu4ecKy 3Ha4UMbIX pe3yIbmanos)

W3 npenplaymmx aAuarpamM SIBCTBYET, YTO Y TALUEHTOB C
kiauHn4eckumu npusHakamu CXIIB/l B ominuue OT KOHTPOJIb-
HOH Tpynnsl HaOIIOAAIOCh JOCTOBEPHOE 3aMEUICHHE KPOBO-
TOKA B PA3/IMYHBIX apTEpUsIX M YCKOpEHHE B BeHax Po3eHrais.
JlocToBepHOE pa3iinyue CKOPOCTHBIX MOKa3areleil xapaKkrepu-
30BAJIOCh PA3IMYHBIM HPOSBICHUEM B 3aBUCUMOCTH OT YPOB-
H1 AJl. HeoxnmaHHOCTBIO SBMJIOCH MHHHMAJIBHOE OTINYHE
HoKazareseil cpefil TUIIEPTOHUKOB OCHOBHOH M KOHTPOJIBHON
IpyII, YTO, MO BCEH BEPOSTHOCTH, CBHUAETENILCTBYET O CyO-
KIMHUYECKOM TEYCHUHM BEHO3HOM AMCLMPKYISALUM, YTO U HOJ-
tBepauiock Y3/IC. IlomyuyeHHble pe3yabTaTbl AUKTYIOT HE0O-
XOZIUMOCTb YCTAHOBHTb Pa3JIMYne CKOPOCTEH KPOBOTOKA y TPeX
KinHUYecknx noarpynn OI (TMHEePTOHMKH, HOPMOTOHHMKH M
THITOTOHUKH ), Tabmuma 2.
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Tabnuya 1. Cpasnenue cpedHux nokasameiei CKopocmell KpOGOMOKA NO COCYOaM OOHOUMEHHBIX IOKAYUTL
6 nooepynnax OI" ¢ nodepynnamu KOHMPOIbHOU SpYynnbl

I'mnoroHuku Yeca. HopmoTtoHuku I'mnepronuku
Cocymi IIpaBas JleBas [IpaBas JleBas IIpaBas Jleas
p-level p-level p-level p-level p-level p-level
CThIOEHT CTbIOZICHT CTbIOICHT CThIOICHT CThIOICHT CTBIOZICHT

CMA 0,0053 0,0009 0,0318 0,0250 0,0491 0,0534
[IMA 0,0002 0,0000 0,0572 0,0253 0,1611 0,1771
3MA 0,0000 0,0000 0,0071 0,0057 0,2378 0,0760
XA2 0,7616 0,9938 0,8187 0,6556 0,1356 0,0430
XA4 0,7969 0,5742 0,7497 0,1399 0,1958 0,6349
BuyrCA 0,0018 0,0026 0,0002 0,0010 0,6968 0,4091
BuaemCA 0,0062 0,0007 0,0010 0,0000 0,5256 0,1073

bazA 0,4127 0,5560 0,7179
Bena Posenr 0,5590 0,0280 0,0114 | 0,0077 0,0125 0,0117

Tabnuya 2. Cpasnenue cKOpoCmMHbIX XAPAKMEPUCTNUK OOHOUMEHHBIX JoKayuti 6 nooepynnax Ol

C pa3lUdHbIMU nOKasameiiamu Aﬂ (yCﬂOGHble HOpMOmOHMKu/ZMnOmOHuKM,
YCll06Hble HopMomonuKu/zunepmonuKu, eunomonuku/eunepmouuku)

Yen.nopmomonuku/zunomonuxu
IIpaBble J10KaIMHU COCYN0B, CM/C JleBble J10KaLMHU COCYAOB, CM/C
Cocymet HOPMOTOHUKHU TUIIOTOHUKHU HOPMOTOHUKHU TMIIOTOHUKHU
(n=24) (n=21) P (1=24) m=21) P
Bena Po3zent 18,35 18,75 0,762357 18,88 19,21 0,802904
CMA 102,29 83,57 0,0026 101,29 80,24 0,001316
IIMA 78,96 64,24 0,000317 77,54 62 0,00015
3MA 63,17 58,71 0,229303 63,63 60,05 0,292934
XA2 30,5 29 0,648321 30,63 31,05 0,89942
XA4 46,22 46,52 0,930078 47,7 47,71 0,995714
BuytCA 61,5 61,95 0,925957 62,33 62,05 0,947739
BremCA 69 65,9 0,59481 68,29 64,52 0,457031
Yen.nopmomonuku/zunepmonuxu
Ilpaswvie nokayuu cocyoos, cm/c Jlesvie noxkayuu cocyoos, cm/c
Cocynpt HOPMOTOHUKHU TUTIOTOHUKHU HOPMOTOHUKHU TUIIOTOHUKHU
(n=24) (n=21) P (1=24) m=21) P
Bena Posent 18,35 18,81 0,709296 18,88 19,16 0,830022
CMA 102,29 85,32 0,009386 101,29 84,88 0,02395
IIMA 78,96 66,91 0,032791 77,54 68,46 0,113338
3MA 63,17 61,18 0,630944 63,63 59,21 0,24618
XA2 30,5 30,32 0,950546 30,63 33,85 0,274402
XA4 46,22 39,97 0,01657 47,7 44,61 0,318328
BuytCA 61,5 68,91 0,191862 62,33 66,47 0,465252
BremCA 69 74,33 0,36271 68,29 70,09 0,718145
Tunomonuxu/I'unepmonuxu
Ilpasvie nokayuu cocyoos, cm/c Jlesvle noxkayuu cocydos, cm/c
THIIOTOHUKHU THIIEPTOHUKH THITOTOHUKH THIIEPTOHUKH
(m=21) (1=33) P m=21) (=33 p
Bena PoseHr 18,75 18,81 0,962573 19,21 19,16 0,972201
CMA 83,57 85,32 0,799159 80,24 84,88 0,528335
IIMA 64,24 66,91 0,636932 62 68,46 0,263856
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3MA 58,71 61,18 0,575888 60,05 59,21 0,833155
XA2 29 30,32 0,691115 31,05 33,85 0,400812
XA4 46,52 39,97 0,050047 47,71 44,61 0,370856
BuytCA 61,95 68,91 0,245546 62,05 66,47 0,47397
BremCA 65,9 74,33 0,188529 64,52 70,09 0,315382

CpaBHEHHE CpEJHUX CKOPOCTHBIX MOKa3aTelded B IpaBbIX
OJIHOMMEHHBIX COCYIaX TOJIOBBI U IIEH B TPyMIax C yCIOBHO
HOPMaJIbHBIMH M TOHM)KEHHBIMU TOKa3aTeasiMu AJ] BBIABHIIO
JIOCTOBEPHOE CHIDKEHHE CKOPOCTEH B TpyIIe TUIOTOHHKOB B
npaBoii CMA wu npasoit [IMA (p<0,01); mexnay rpynmamu c
HOPMaJIbHBIMH U TIOBBIIMIEHHBIMH TOKa3aTelnaMu AJl crpasa
BBISIBIICHO JJOCTOBEPHOE CHIDKEHHE CKOPOCTEHl B IpyIIe rUIep-
ToHukoB B CMA u [IMA (p<0,01, p<0,05), 8 XA4 (p<0,05).
[Tpu cpaBHEeHNH TOKa3aTeneil B rpymiax ¢ MOHMKEHHBIMH H T10-
BBIIIEHHBIMH TOKa3aTensiMu A/l cipaBa BISIBIEHO CTaTUCTHYE-
CKH 3HaUHUMOE 3aMeJJICHHE KPOBOTOKA y TUIIEPTOHUKOB TOIBKO
B XA4 (p<0,05),rabmuue! 1 u 2.

IlonoOHas kapTHHA BBIABICHA NPU CPAaBHEHUH ITOKa3aTenei
B JIEBBIX MarkCTPalbHBIX COCYJax: B IPYMNaxX C YCIOBHO HOP-
MaJbHBIMH M MOHWKEHHBIMH TOKa3aTensamu A/l Habmronanoch
JIOCTOBEPHOE CHIKEHHE CPETHUX MOKa3aTeNlel CKOPOCTH B MOJI-
rpyIine TUnoToHUKOB B j1eBoii CMA u B neBoit [IMA (p<0,01);
B CpaBHEHME TPYIMaX C YCIOBHO HOPMAaJbHBIMU U TOBBIIIECH-
HBIMH TOKa3aTeqssMi AJl 1Moka3ao JOCTOBEPHOE YBEIHUYEHHE
CKOPOCTH B MOATPYTIE TMIEPTOHUKOB MEXy apTepusiMU B Jie-
Boit CMA (p<0,05). Cparaenue noarpynn Ol co CHIYKEHHBIMH
U TIOBBIIIEHHBIMH TTOKa3aTensMu AJl 1OCTOBEpHOH pa3HHUIIBI B
CKOPOCTSX KPOBOTOKA HE BBISIBUIIO, UTO, 110 BCEH BEPOATHOCTH,
oOwsicHsTeCs craguitHocThio TeueHust CXIIB/] u Al': runoro-
HUs 'y O0nbHBIX, Bo3HUKIIAS HA pore CXIIB/I, yacto co Bpeme-
HEM TpaHC(HOPMUPYETCs B THIIEPTOHHIO.

Cremyet nperonoKuTh, YTO JOCTOBEPHOE 3aMeUIEHUE KPOBO-
Toka B OacceiiHax [IMA nu CMA npu cpaBHEHHH CKOPOCTHBIX Xa-
PAKTEPUCTHK B OTHOMMEHHBIX JIOKAIMAX B MOATPYIIAX OCHOBHOM
TPYIIbI (TUTIOTOHUKH M THTIEPTOHUKHN) B OTJINYHE OT KOHTPOJIBHOM
TPYMIIBL, OOBSCHAETCS IPY BEHO3HOH JUCTEMHH OOJBIIEH MOIBEp-
KEHHOCTBIO 3TUX 0acCeHHOB UIIEMUN C KITMHIYECKH COMPOBOXKIa-
OIMMHCS COOTBETCTBYIOIMMHU CUMITOMAaMH.

BoiBoabl.

1. CpenHue mokasaTeny JHHEHHOW CKOPOCTH LepedpanbHO-
r0 KPOBOTOKA C PA3INYHOIl CTENEHbIO JOCTOBEPHOCTU B 3aBH-
CHMOCTH OT YpPOBHSI apTepHUallbHOTO JaBIECHHS OTIWYAIUCH Y
OONBHBIX CHHIPOMOM XPOHHUYECKOH LiepeOpasbHON BEHO3HOM
TUC(hYHKINH B CPABHEHUH C TAKOBBIMH KOHTPOJIBHON TPYMIION.

2. Hannuue xnunauyeckux npusHakoB CXLIB/I y 60nbHBIX ¢
pa3nu4yHEIM ypoBHeM AJl CONMpPOBOXIANOCH JOCTOBEPHBIM 3a-
MEJJICHUEM KPOBOTOKA B OONBINMHCTBE LIepeOpabHbIX apTepHii
U JI0CTOBEPHBIM yCKOpPEHHEM B BeHe Po3eHTalns B CpaBHEHUH C
OONBbHBIMH 0€3 KITMHUYECKUX MPOSBICHUN BEHO3HOU IHCHYHK-
UK U ¢ TakuM ke AJl. Y MaIlleHTOB C MOBBIIIEHHBIM YPOBHEM
AJl HabromaeTcst CTaTUCTUYECKU 3HAYMMOE YCKOPEHHE JINHEeH-
HOM cKopocTH kKpoBoToka B XA2 (p<0,05).

3. B moarpymmax runepronukoB ¢ CLIXBJI moxa3sareneit
CpeHElN JIMHEMHON CKOPOCTH KPOBOTOKA € JOCTOBEPHBIM DPas3-
au4yreM ObIJIO BABOE MEHBINE, YeM B KOHTPOJBHOW TpyIIe:
JIOCTOBEPHOE CHIDKEHHE CKOPOCTHBIX IIOKa3aTeNiel BBISIBICHO
TOJBKO B Oacceitnax CMA ¢ nByx ctopoH (p<0,01, p<0,05 cmpa-
Ba U CJIeBa, COOTBETCTBEHHO) U clieBa B OacceliHax 3MA, XA2;
JIOCTOBEPHOE IMOBBIIIEHHE KPOBOTOKA OTMEYanoch B BeHax Po-
3enTans (p<0,01, p<0,05). Yka3aHHOE HECOOTBETCTBHE CIEIYET
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OOBSCHUTH TEM, YTO FMIEPTOHUKM M3 TPYHIBI CPAaBHEHUS, T.C.
0e3 ximHuueckux cumnromoB CXIIB/I, yxe umeror ero cyo0-
KJIMHUYECKUE MPOSBICHHUS, O UM CBUACTENILCTBYIOT N3MEHCHUS
nokazareneit Y3/IC. Takum oO6pa3om, MOKHO CUUTATh OOJIBHBIX
¢ Al matmentamu ¢ CXLIB/I.

4. Hannuue DOCTOBEPHOTO 3aMEIJICHHS KPOBOTOKA B OJHO-
HMMEHHBIX JIOKAIMAX B MOATPYINIIAX OCHOBHOI IPYIINbI (THIOTO-
HUKHU ¥ TUNepToHuKN) B Oacceiinax [IMA u CMA, oObscHseT-
Cst TEM, YTO NPU BEHO3HOW AMCIeMUH 3TU OACCEHHBI ABISAIOTCS
GoJiee yA3BUMBIMHU U OBICTpEE pearupyloT Ha HEAOCTaTOYHOCTD
BEHO3HOTO KPOBOOOPAIIECHHS.
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SUMMARY

PECULIARITIES OF CEREBRAL HEMODYNAMICS IN
PATIENTS WITH CHRONIC CEREBRAL VENOUS DYS-
FUNCTION SYNDROME AND DIFFERENT ARTERIAL
PRESSURE LEVELS

Prytyko N., Kovalenko O.

State Scientific Institution «Scientific and Practical Center for
Preventive and Clinical Medicine» of the State Administration
of Affairs; National Medical Academy of Postgraduate Educa-
tion named after P. Shupika, Kiev; Communal non-profit enter-
prise “Consultative and Diagnostic Center” of Svyatoshinsky
district of Kiev, Ukraine

For the purpose of research and comparative analysis of the
features of cerebral blood flow, determined by the ultrasonic du-
plex scanning (USDS) method, in persons with clinical signs
of chronic cerebral venous dysfunction syndrome and different
levels of arterial pressure (AP), ultrasound of the head and neck
was performed in 104 patients.

78 people - the main group (MG), where patients were select-
ed for clinical signs of the presence of chronic cerebral venous
dysfunction syndrome (CCVDS) and different blood pressure
levels, were divided into 3 clinical groups: 33 people - people
with high blood pressure (157.2+12,2/98.3+4.2) - hypertensive
patients; 24 people with labile blood pressure with predominant-
ly normal average blood pressure (125.23+12.2/82.22+4.14) -
conditional normotonics; 21 people with low blood pressure
(100.32+7.23/65.45+6.4) were hypotonic. Also, 26 patients of
the comparison group were recruited - people without clinical
signs of CCVDS and different levels of blood pressure, distrib-
uted according to the same principle: hypertensive patients - 8
people, normotonic patients - 13 people, hypotensive patients - 5
people. The total age of the patients ranged from 35 to 65 years
(mean age 53.60+10.27 years). Among the patients there were
82 women and 22 men. Statistical comparison was performed
using Fisher’s exact test.

The mean velocity indices of cerebral blood flow with varying
degrees of reliability, depending on the level of arterial pres-
sure, differed in patients with chronic cerebral venous dysfunc-
tion syndrome versus the indices of the comparison groups. The
presence of clinical signs of CCVDS in people with different
blood pressure levels was accompanied by a significant slow-
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down in blood flow in most cerebral arteries and a significant
acceleration in the Rosenthal vein compared with patients with-
out clinical manifestations of venous dysfunction and with the
same arterial pressure. Attention was drawn to the fact that in
persons with increased blood pressure, in contrast to the rest of
the patients, a statistically significant acceleration of the linear
blood flow velocity in vertebral artery at the level of the second
cervical vertebra (VA2) was observed (p<0.05).

In the subgroups of hypertensive patients with CCVDS, the
mean linear blood flow velocity with a significant difference was
twice less than the comparison group: a significant decrease in
velocity parameters was only in the middle cerebral arteriasis
(MCA) basins on both sides (p<0.01, p<0.05 on the right and
left, respectively) and on the left in the pools posterior cerebral
artery (PCA), VA2, a significant increase in blood flow (p<0.01,
p<0.05) - in the veins of Rosenthal (VR). This discrepancy can
be explained by the fact that hypertensive patients from the com-
parison group, that is, without clinical symptoms of CCVDS, al-
ready have subclinical manifestations of CCVDS, as evidenced
by changes in the USDS indicators.

Keywords: chronic cerebral venous dysfunction syndrome,
CCVDS, arterial pressure, AP, USDS, mean linear blood flow
velocity, cerebral hemodynamics.

PE3IOME

OCOBEHHOCTH MO3IOBOM T'EMOJUHAMUWKH Y
HAIIMEHTOB C CHHAPOMOM XPOHHUUYECKOW IIE-
PEBPAJIBHOII BEHO3HOW JIUC®YHKIIAU WU PA3-
HBIM YPOBHEM APTEPHUAJIBHOI'O IABJIEHUS

IIpureixo H.I'., KoBanenko O.E.

Tocyoapcmeennoe nayunoe yupeswcoenue «Hayuno-npaxmuue-
CKULL YeHmp NpopUIaKmuYeckol u KIUHUYECKOU MEOUYUHbLY
Tocyoapcmeennozo  ynpasnenus oenamu;, Hayuonanvhas
MEOUYUHCKAST AKAOeMUsl NOCIeOUNIOMHO20 00PA308AHUsL UM.
I1JI. Illynuka, Kues, Kommynanvhoe nexommepueckoe npeo-
npusimue «Koncynomamugno- ouaecnocmuuecxkuii yenmp» Cesi-
mowunckoeo paiona, Kues, Ykpauna

Lemnb ucciieoBanmst - CpaBHUTENBHBIN aHAJIN3 0COOEHHOCTEH
11epe0paIbHOro KPOBOTOKA Y JINL] C KIIMHUYECKUMHU NTPU3HAKaMU
CHH/IPOMa XPOHHYECKOH 11epedpaibHOil BEeHO3HOW JUCHYHKINH
¥ Pa3IMYHBIMUA YPOBHSIMHU apTEPHATBLHOIO IABJICHUSL.

104 manuentaMm (82 >KCHLIMHBI U 22 MYXYHHBI) IPOBEACHO
yABTpa3BykoBoe JyIuiekcHoe ckanuposanue (Y3IC) romo-
Bbl ¥ 1en. OcuoBHyto rpymiy (OI') cocraBuin 78 GOIbHBIX
C KIMHMYECKUMH MNpPU3HAKAaMU CHHJAPOMAa XPOHUYECKOW Iie-
pebpanbaoll  BeHO3HOH auchynkuun (CXLBI) u pasnnu-
HBIM ypoBHeM aprepuasbHoro nasieHus (AJl). bombuble
pacrpenesneHbl Ha 3 KIMHUYECKUE TpyMIbl, 33 - ¢ HOBBILICH-
HbiM ypoBHeMm AJl (157,2+12,2/98,34+4,2) - runepronuku; 24
- ¢ nabunbHeIM AJ] ¢ HOpMaJBHBIMH CpeHUMHU HudpamMu AJ]
(125,23+12,2/82,22+4,14) - ycnoBHble HOPMOTOHUKH; 21 60ITb-
HOH - ¢ moHmwkeHHbIM AJ] (100,32+7,23/65,45+6,4) - runoto-
HUKH. [pynmy cpaBHEHMs cOCTaBWIM 26 MAlUEHTOB 0e€3 KIHU-
Huyeckux npusHakoB CXIIBJl u ¢ pasnuunbiM ypoBHeM A[l,
KOTOpBIE PACIpPEesICHbI 10 TAKOMY K€ PUHLIUITY: THIICPTOHH-
KU - 8, HOPMOTOHHKH - 13, THIOTOHUKH - 5 TareHToB. Bo3pacr
NaIMEeHTOB BapbUPOBaJ B mpeaenax otT 35 no 65 ner (cpeanuit
Bo3pact 53,60+10,27 r.). Craructuueckoe cpaBHEHUE TIPOBOAM-
JIOCh TI0 TOYHOMY KpuTeputo durepa.
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CpeziHIE CKOPOCTHBIE TI0KA3aTeN! 1epeOpaIbHOr0 KPOBOTOKA
C Pa3HOM CTEMEHBIO JOCTOBEPHOCTH B 3aBUCUMOCTH OT YPOBHS
AJ] ommuanuck y 6onbHbix CXI[B/I or nokasateneil rpyrs
cpaBHeHus. Hammune ximnundeckux npusnakoB CXIB/L y muig
€ pa3IM4YHbIM ypoBHEM A/l COIIPOBOXKIAIOCH JOCTOBEPHBIM 3a-
MEJICHHEM KPOBOTOKA B OOJIBIIMHCTBE LIepeOpaibHbIX apTepHid
U N1OCTOBEPHBLIM YCKOPECHUEM B BEHE Posenrains B CpaBHECHUHU C
GoNIbHBIMU 0€3 KIIMHUYECKHX MPOSIBICHNI BEHO3HOIT THCHYHK-
iy ¥ ¢ TakuM ke AJl. Y nui ¢ noBeieHHbIM A ], B oTiIMUBE OT
OCTaJIbHBIX 6OJ'II>HI>IX, Ha6_]'ll0}13,J'IOCl) CTaTUCTHUYCCKHU 3HAYNMOC
YCKOpEHHUE JINHEHHON CKOPOCTH KPOBOTOKA B ITIO3BOHOYHOM ap-
TepUH Ha ypoBHe 2 mieitHoro no3sonka (XAz2) (p<0,05).

B noarpynnax runepronukos ¢ CXI[B/I noka3areneii cpen-
Hell JINHEHHO! CKOPOCTH KPOBOTOKA C JOCTOBEPHBIM pa3/inyu-
eM OBLI0 BIBOC MCHBILIC, Y€M B I'PYIIIC CPAaBHEHU: JOCTOBEP-
HOE CHIDKCHHE CKOPOCTHBIX IOKa3aTeslel BBISBICHO TOJIBKO B
OacceliHax cpesHeMO3roBoii aprepuu ¢ 1Byx cropoH (p<0,01,
p<0,05 cmpaBa u cieBa, COOTBETCTBEHHO), ClieBa B OacceiiHax
3aJIHEMO3TOBOM aprepuu, XA2 M JOCTOBEPHOE IOBBIIICHUE
KpoBoToka B BeHax Pozentans (p<0,01, p<0,05). YkazanHoe
HECOOTBETCTBUE CIICAYET 06’]>$[CHI/ITI) TEM, YTO THIICPTOHUKHU U3
IpYIIIbI CpaBHEHUS, T.€. 0e3 kinHnyeckux cumrromoB CXLIB/I,
YK€ UMCIOT €10 CyGKJ'lI/lHPI'-leCKI/Ie MPOABJICHUA, O YEM CBHUJC-
TeJILCTBYIOT H3MeHeHus nokaszareneit Y3/IC.
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BURNOUT IN MENTAL HEALTH PROFESSIONALS AND THE MEASURES TO PREVENT IT

!Chorna V.,”2Makhniuk V., 'Pshuk N., 'Gumeniuk N., 'Shevchuk Yu., 'Khliestova S.

!National Pirogov Memorial Medical University, Vinnytsia;
2State Institution «A.N. Marzieiev Institute for Public Health, National Academy of Medical Sciences of Ukraine», Kyiv, Ukraine

The American psychiatrist first studied the phenomenon of
the psychological state of psychiatric workers as “emotional
burnout syndrome” (EES) or “predictors of the development of
emotional burnout” (EER) in the 70s of the twentieth century G.
Friedenberg. PREV occurs in health professionals as a result of
their professional medical activities, namely in constant contact
with mentally ill patients during the work shift, which leads to
depletion of their psychological and physical resources [24].

Nowadays, this phenomenon of OER has studied in other ar-
eas of professional activity. Still, in the medical field, the profes-
sional responsibilities of health professionals are associated with
a high degree of responsibility for the lives and health of others.
That is why it requires urgent specialist decision-making, self-
discipline, ability to maintain high efficiency in extreme condi-
tions, emotional impact, constant psychological, and intellectual
stress. Working in such stressful situations affects not only the
quality of medical care but also is a risk of morbidity among
health professionals [16,21,23].

According to research conducted in various countries around
the world, among physicians and medical staff of health care
facilities, the rate of burnout varies from 31.4% to 85.8%
[17,22,25,26]. It should have noted that in Ukraine, this figure is
higher and ranges from 73% to 89.3% [4,5.9].

According to the literature, PREV is more common in women
than in men. It should have noted that the burnout syndrome
depends on age, seniority, marital status, specialty and position,
microclimate both in the team and at home [1,8,9,16,25]. The
leading causes of burnout are the following factors:

1. Individual factors — features of character, temperament, i.e., psy-
chophysiological processes of the human body.

2. Factors that affect a person from the outside — the conditions of
communication between colleagues, workload, working condi-
tions, financial status (low wages, lack of housing, etc.), and others.

Given the high incidence of PER among general health pro-
fessionals, the study of PER among psychiatric staff and its im-
pact on their health is hugely relevant today, which led to the
topic of our research.

The purpose of the work is to determine the manifestations
and level of PER in employees of the psychiatric hospital of Vin-
nytsia and the development of preventive measures to prevent it.

Material and methods. The study involved 224 respondents
— the medical staff of the regional psychiatric hospital in Vinnyt-
sia. Among the subjects were women — 84.8%, and men — 15.2%.
Of the total number of subjects, doctors accounted for 38.8% (87
people), nurses — 61.2% (137 people). The average age of respon-
dents among doctors was 44.6+12.2 years, among SMP 37.2+11.4
years. Work experience in professional activities was: among doc-
tors — 19.7+12.3 years and SMP — 15.5+11.1 years. The study used
a psychodiagnostic method of emotional burnout Boyko V.V. and
adapted the method of Vodopyanova N.E. [15].

Using the method of Boyko V.V., an assessment of three
phases of the development of PREV has carried out: the phase
of stress, resistance, and exhaustion. And also according to
the results of the questionnaire “Professional burnout” (P.B.),
adapted by the method of Vodopyanova N.E. identified: “emo-
tional exhaustion”, which is characterized by loss of energy, the
appearance of signs of psychophysiological fatigue, signs of
© GMN

anxiety and depression, anger, aggression, a sense of exhaus-
tion; “Depersonalization”, which is characterized by increased
psychological distancing from work, decreased empathy and
cynical attitude towards others, patients, pessimistic thoughts
about work; “Reduction of professional achievements”, which
is characterized by negative self-esteem, indifference to the per-
formance of their professional duties and reduced professional
efficiency, reduced professional motivation and self-esteem.

Statistical processing of the survey results was performed in
the licensed standardized package “Statistica 6.1 for Windows”
with the calculation of the arithmetic mean, standard arithme-
tic mean. The significance of the difference has assessed using
Student’s t-test (t). The content analysis of domestic and foreign
scientific sources, biblio-semantic, analytical, and statistical re-
search methods have used in work.

Results and discussion. The WHO presented the new 11th
edition of the International Classification of Diseases (ICD-11)
at the World Health Assembly in Geneva (2019). In this publica-
tion, the section “Factors affecting health status or contact with
health care services” has been supplemented by the results of
research on the treatment of healthcare professionals and other
patients about the occurrence of COPD. It has recognized that
this is a syndrome that occurs as a result of “chronic stress in the
workplace, which the worker did not cope in time”, and there-
fore referred to the manifestations before the disease with the
following headings: “Adaptation disorders” — F43; “Burnout”
—Z773.0; “Neurasthenia” — F48 [2].

Given the high rate of PER among general health profes-
sionals, we conducted research to identify CER among medical
staff at the Regional Psychiatric Hospital in Vinnytsia, which
was attended by 224 nurses. According to the results of our re-
search, it has found that the degree of formation of symptoms of
emotional burnout in both physicians and SMP depended on the
phase of the syndrome (table 1). The average value of emotional
exhaustion among physicians was — 17.5 points and among SMP
—20.2 points. PREV is more likely to occur due to insufficient
positive feedback due to poor treatment outcomes, and therefore
feelings of failure, guilt, and helplessness.

Analyzing the data in table 1, it can have stated that the CME
stress phase has formed in every fifth medical worker; among
men, SMP registered the most significant number — 22.6%.

In the second phase of CMEA “Resistance”, the degree
of formation is highest in men working as nurses and was
43.8%, in male doctors — 35.5%, which indicates the readi-
ness of these contingents in the next phase of “Exhaustion”.
This research has evidenced by the degree of formation of the
last period of “Exhaustion”: the average male medical staff is
high and is 39.1%, male doctors — 27.4%. In women-doctors,
in the second phase of CMEA “Resistance”, the degree of re-
sistance formation sharply increases (52.0%) in comparison
with male doctors (32.3%) with the transition to the category
of resistance formation at the level of 36.0%, which is levels
of the indicator in male doctors (35.5%).

Women working as midwives are the most psychologically
resilient, and the degree of formation of the “Resistance” phase
is 0%, which is confirmed by a high degree (77.8%) of resis-
tance (immaturity) to exhaustion.
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Analyzing the indicators of the formation of the phase of “Ex-
haustion”, the most psychologically vulnerable group are men
who work as midwives. This figure was 18.8%, while in all oth-
er categories it averaged 11.4% (male doctors — 11.3%, female
doctors — 12.0%, female nurses — 11.1 %).

According to the results of processing and interpretation of
the results according to the “key” of the CMEA questionnaire
according to the method of Boyko V.V, it was found that the
phase of the stress of the psycho-emotional state of health work-
ers was associated with the actual experiences: psycho-traumat-
ic circumstances in doctors — 14.2 points, in SMP — 14.1 points;
anxiety and depression in doctors — 10.6 points, in SMP — 9.9
points; dissatisfaction with themselves in doctors — 9.5 points,
in SMP — 9.2 points, which did not reveal a significant differ-
ence between these medical staff. However, the feeling of being
driven into a cell in the SMP has registered at the level of 7.5
points, which was 1.3 times (5.5 points) higher than in physi-
cians at p<0.02.

These results confirm the presence of emotional burnout in
the medical staff of a psychiatric institution, which requires im-
mediate implementation of psycho correction measures, creat-
ing conditions for psychological relief and systematic preven-
tive examinations.

During the study, a survey of medical staff has conducted
according to another method - the questionnaire «Profession-
al Burnout» (P.B.) adapted by Vodopyanova N. and Starchen-
kova E. The questionnaire contained 22 statements about the
feelings and experiences associated with the performance of
work. It consists of three subscales: “Emotional Exhaustion”,
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“Depersonalization”, and “Professional Achievement”. Sub-
scale “Emotional exhaustion” is characterized by loss of en-
ergy, the appearance of signs of psychophysiological fatigue,
manifestations of depression, anger, aggression, a feeling of
exhaustion [15].

According to the results of the study of P.B. in the medical
staff on the subscale, “Emotional Exhaustion” was established
as follows. High levels of burnout in terms of emotional exhaus-
tion were observed in women-doctors and women SMP — 19.4%
and 19.5%, respectively. These indicators are 1.6 times higher
than the same figure for male doctors — 12.0%. A high level of
occupational burnout has registered in men with SMP, which
is — 33.3%, which exceeds similar indicators of all other studied
contingents: 2.7 times compared to male doctors (12.0%), 1.7
times incomparable with women-doctors and SMP women.

Among all medical workers, according to the scale score,
“Very high rate” P.B. was observed in women SMP — 14.8%,
in women-doctors, this figure was 4.6 times lower (3.2%). Men
with a “very high rate”, P.B. was not detected (Table 2).

These results have explained by the fact that women are
more responsible for work, professional responsibilities, and
they are more emotionally exhausted. The phase of emotional
exhaustion in the severity of the leading symptoms was asso-
ciated with the presence of psychosomatic and psychophysio-
logical disorders in physicians — 8.4 points (t=2.04; p<0.05);
and more pronounced in the SMP — 10.4 points. Emotional
avoidance, as a component of emotional exhaustion, was ob-
served in physicians and was rated on a scale of 10.9 points,
in SMP — at 12.2 points.

Table 1. Formation of emotional burnout syndrome (by phases and degree of structure)
in medical staff of a psychiatric health care institution, (in%)

SEV phases | Voltage phase “Alarm voltage” | Resistance Phase | Depletion phase
The degree of formation of CMEA
The medical | Unformed | Formation | Formation | Unformed | Formation | Formation | Unformed | Formation | Formation
staff of the | (9 points | (10-15 (16 points | (9 points (10-15 (16 points | (9 points (10-15 (16 points
CHP or less) point) or more) | or less) point) or more) or less) point) or more)
Doctors, n=87
Men (n=25) 48,4 32,3 19,4 32,3 32,3 35,5 61,3 27,4 11,3
Women 52,0 28.0 20,0 12,0 52,0 36,0 50,0 48,0 12,0
(n=62)
Paramedics, n=137
Men (n=9) 42,2 35,2 22,6 19,5 36,7 43,8 42,2 39,1 18,8
Women 77,8 0 2.2 55,6 44,4 0 77,8 11,1 11,1
(n=128)
Table 2. Occupational burnout of medical workers on a subscale “Emotional exhaustion”
depending on the profession and gender of employees, in%
Emotional Exhaustion Subscale
The medical staff of the CHP, n Low level (5-16 Intermediate level | High level (26-34 | Very high level (more
points) (17-25 points) points) than 34 points)
Men (n=25) 40% 48% 12% 0
Doctors, n=87
Women (n=62) 54,8% 22,6% 19,4% 3,2%
Paramedics Men (n=9) 44,4% 22,2% 33,3% 0
n=137 Women (n=128) 30,5% 35,2% 19,5% 14,8%
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Table 3. Occupational burnout of medical workers on a subscale *

‘

Depersonalization/Cynicism” depending on the profession and gender of employees, in%

Subscale “Depersonalization/Cynicism”
The medical staff of the CHP, n i
’ Low level Intermediate level High level (10-13 \(Isgrle“tghl;:le‘ll:l
(1-4 points) (5-9 points) points) points)
Men (n=25) 8% 52% 24% 16%
Doctors n=87

Women (n=62) 3,2% 30,6% 45,2% 21,0%
Paramedics Men (1'1:9) 22,2% 22,2% 22,2% 33,3%
n=137 Women (n=128) 8,6% 21,9% 33,6% 35,9%

Table 4. Occupational burnout of medical workers on a subscale\

“Reduction of professional achievements” depending on the profession and gender of employees, in%

Subscale “Reduction of professional achievements”
The medical staff of the CHP, n Low level Intermediate level High level Very high level less
(37-48 points) (36-28 points) (27-22 points) than 22 points)
Men (n=25) 24,0% 32,0% 16,0% 28,0%
Doctors n=87
Women (n=62) 8,1% 45,2% 33,8% 12,9%
Paramedics Men (n=9) 0 66,7% 11,1% 22,2%
n=137 Women (n=128) 6,25% 35,9% 31,3% 26,6%

The phase of «Depersonalization/Cynicism» P.B. has char-
acterized by increased psychological distancing from work, de-
creased empathy, and cynical attitude towards others, patients,
pessimistic thoughts about work. Regarding the formation of
this phase of “Depersonalization/Cynicism” in medical staff on
the indicator of “Exhaustion”, it averaged almost the same level:
doctors — 8.1 points and SMP — 8.3 points at p<0.05.

According to table 3, depersonalization has observed in 66%
of women physicians, with high and very high levels recorded
in 45.2% and 21.0% of cases, respectively. Among women with
SLE, this figure is slightly higher — 69.5% (high and very high
levels have registered in 33.6% and 35.9% of cases, respective-
ly). For male physicians and male SMP, these rates are 40% and
55.5%, respectively.

These results indicate a decrease in empathy and cynical at-
titude towards patients by 2/3 of female medical staff and every
other male medical staff, which creates a stigma for the mentally
ill and is a violation of moral and ethical principles of physician
behavior and unacceptable.

The third stage of P.B. research concerned the definition of
the phase of “Reduction of professional achievements” in medi-
cal workers, which is characterized by negative self-esteem,
the emergence of employees’ feelings of incompetence in their
professional field, awareness of failure in it, curtailment of pro-
fessional activities. Professional responsibilities, reduced pro-
fessional efficiency, decreased professional motivation, and self-
esteem. According to the results of research, it has established
that the formation of “Reduction of professional achievements”
in medical staff on the indicator of “Resistance” was due to in-
adequate industrial emotional response in doctors — 15.0 points
and in SMP — 15.1 points; reduction of professional responsi-
bilities of doctors — 13.7 points, SMP — 16.1 points; emotional
and moral disorientation in doctors — 12.3 points, in SMP - 11.9
points. The average level of reduction of professional achieve-
ments in physicians was 28.2 points, in SMP — 25.8 points.

According to the data of table 4, the reduction of personal
achievements has observed in 57.9% of SMP women, with high
and very high levels have registered in 31.3% and 26.6% of
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cases, respectively. Among women doctors, this figure is slight-
ly lower — 46.7% (tall and very high levels have registered in
33.8% and 12.9% of cases, respectively). In male doctors and
SMP men, these figures are lower and are at 42% and 33.3%,
respectively.

Based on the study, we noted an unusually high degree of for-
mation of PREV in SMP than in physicians due to their constant
physical contact with patients and, therefore, the continual action
of psycho-traumatic factors at work. These include unsatisfactory
working conditions, high responsibility, and workload, long work
shifts, aggression from patients and their relatives, low wages.

According to the calculations of the integrated burnout rate,
the high level was SMP for women — 43.8% for male doctors —
40.0% and for women doctors — 37.1%. To assess the integrated
indicator of the subscale, the following are several degrees — 3-4
points; average degree — 5-6 points; high degree — 7-9 points;
very high — more than 9 points [15]. According to our data, the
average score for doctors was 7.3 points and for SMP — 8.1
points, which has estimated as a high level of emotional burn-
out, which is comparable to the results of many other authors
[9,11,13,14,19].

Therefore, it is necessary to continually monitor the medical
teams for timely identification of the causes of the formation of
PER and P.B., preventive measures to minimize them and pre-
vent pre-disease conditions. Studies have also shown that stress,
emotional exhaustion, signs of anxiety, and depression in health
care workers can lead to reduced job satisfaction, teamwork, and
personal problems that can occur [18]. According to a survey
of medical staff in hospitals in South Bohemia, 79.0% of re-
spondents considered it necessary to carry out preventive mea-
sures against PER [6]. Both sophisticated and individual pieces
of training, training for prevention, and treatment of already
formed PREV at medical workers have offered. Instructions on
communication and assertiveness showed a positive result in
reducing the level of signs of anxiety and depression and thus
reducing burnout in health care workers and increase the number
of satisfied patients in terms of quality of service, right attitude
towards them [10,20].
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The solution to the problem of emotional burnout should be-
gin with the stage of preparation of future doctors, paramedics
to choose a profession, at the scene of training, during the per-
formance of professional duties. According to the authors [3,7],
an essential factor in overcoming OER in the early stages is the
preparation of students for the future profession of both psychia-
trists and psychologists. You need to master the skills of under-
standing other people, emotional stability, self-regulation, social
maturity of the individual, learning the skills of relaxation, pas-
sionate culture, and competence. Every healthcare profession-
al needs to be able to cope successfully and consistently with
COPD and minimize it. But unfortunately, today requires not
only from future doctors, nurses, emotional stability, self-regu-
lation, social maturity, but also psychological culture in society
as a whole [12].

Preventive measures to prevent COPD in medical staff also
include: conducting psychological training, lectures, learning
techniques, and methods of self-regulation of the communi-
cative, emotional, volitional, motivational sphere of person-
ality. The professional activity of doctors and SMP requires
constant adaptation to the performance of professional du-
ties without harm to the patient, relatives of the patient, col-
leagues, and relatives by continually carrying out preventive
and corrective measures of emotional state, competence, the
culture of health care workers.

In the perspective of further research is the study of an ef-
fective system of prevention of PWD in the medical staff of
the CHP.

Conclusions. As a result of a study on the detection of emo-
tional and occupational burnout syndromes in the medical staff
of the regional psychiatric hospital in Vinnytsia, which was at-
tended by 224 experienced medical professionals with more
than ten years of experience, the following has established.

1. Among the studied contingents, women working in the po-
sitions of midwives are the most psychologically resilient, and
the degree of formation of “Exhaustion” in the last phase of
the PREV is the lowest (11.1%). SMP men, on the other hand,
are the most vulnerable to OER and the formation rates in each
phase of OER are the highest in comparison with other stud-
ied contingents and increasing in the dynamics of OER forma-
tion and were: in the stress phase — 22.6%, phase “Resistance”
— 35.5%, in the aspect of “Depletion” — 39.1%. Given that the
IEC, according to ICD-11 (2019), is classified as a pre-disease
manifestation (rubrication: “Adaptation disorders” — F43), every
second or third male SMP specialist needs psychological help
for emotional burnout.

2. Medical staff with higher education by gender had no dif-
ferences. Still, the indicators of formation in each phase of the
EWC were significantly high: in the stress phase in male doctors
—19.4%, in women-doctors — 20.0%; in the “Resistance” phase
—35.5% and 36.0%, respectively; in the stage of “Depletion” —
11.3% and 12.0%, respectively. Therefore, every tenth doctor
needs psychological rehabilitation for PREV.

3. When comparing the degree of formation of PER in spe-
cialists with secondary and specialists with higher education, it
has found that the phase of the stress of psycho-emotional state
in medical workers was associated with actual experiences: trau-
matic circumstances doctors — 14.2 points, SMP — 14.1 balls;
signs of anxiety and depressive response doctors — 10.6 points,
SMP — 9.9 points; dissatisfaction with themselves doctors — 9.5
points, SMP — 9.2 points, which did not reveal a significant dif-
ference between the specified medical staff. However, the feel-
ing of being driven into a cell in the SMP has registered at the
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level of 7.5 points, which was 1.3 times (5.5 points) higher than
in physicians at p<0.02.

4. In the formation of the phase of emotional exhaustion of
P.V. syndrome, the leading symptoms of psychosomatic and
psychophysiological disorders have probably more pronounced
in SMP — 10.4 points than in doctors — 8.4 points (at p<0.05).
A high level of emotional exhaustion has observed in 33.3% of
men SMP, which was 1.7 times higher than women (women-
doctors — 19.4%, women SMP — 19.5%) and 2.7 times higher
than men-doctors (12.0%). A very high rate of emotional ex-
haustion was observed only in women. In SMP, this figure
(14.8%) was 4.6 times higher than in doctors (3.2%) due to their
higher emotional lability and rapid emotional exhaustion.

5. Depersonalization (cynicism) has observed in 69.5% of
women with SPM; in 66% of women doctors, in men-doctors
and men of SMP, these indicators were registered at the level
of 40% and 55.5%, respectively. These results are indicating a
decrease in empathy and cynical treatment of patients by 2/3 of
female medical staff and every other male medical team and cre-
ate a stigma for the mentally ill, which is unacceptable.

6. Reduction of personal achievements, in other words, feel-
ings of incompetence in their professional field, was observed in
57.9% of women SMP, 46.7% of women-doctors, 42% of men-
doctors, and 33.3% of men SMP.

These studies indicate the presence of harmful occupational
conditions that lead to high levels of emotional exhaustion, de-
personalization, reduction of professional achievements, and
calls into question the possibility of continuing to perform their
professional duties by every second health worker and require
outpatient treatment to prevent the transition of syndromes.
PREV and P.V. in diseases.

To solve the problem of burnout in health care workers who
works in psychiatric hospitals and prevent their transition to dis-
ease, the following measures have proposed:

1. Improving the material and technical base of mental health
care facilities and creating the best conditions for the organiza-
tion of health and safety conditions for health workers, in par-
ticular, the arrangement of psychological relief rooms for health
workers in each department.

2. It has recommended conducting pieces of training, lectures,
conferences on psychological and psychiatric topics with ele-
ments of medical ethics, morality, and deontology among doc-
tors and SMP and parts of training aimed at developing stress
resistance in medical staff of psychiatric wards — 2 times a year
based on the principal workplace.

3. To identify the initial stages of the formation of occupation-
al stress in psychiatric wards, it has recommended conducting
psychodiagnostic screening 1-2 times a year.

4. Tt is expedient to include a set of classes, the training aimed
at informing them about the mechanisms of formation and clini-
cal characteristics of occupational stress, as well as the develop-
ment of resistance to occupational stress in the system of pre-
and postgraduate education of doctors and secondary medical
workers of psychiatric departments.

5. It has recommended developing a network of individual
psychological counseling of medical workers of psychiatric
wards of the CHC at the principal place of work, experiencing
occupational stress, reduced professional efficiency, and timely
detection of health disorders.

6. It is advisable to introduce the diagnosis of somatoform
disorders to prevent somatic pathology during the mandatory
medical examination with testing by psychologists - once a year.

All of the above measures will help prevent burnout in health
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care workers in psychiatric hospitals, prevent its transition to
disease, and destigmatize patients.
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SUMMARY

BURNOUT IN MENTAL HEALTH PROFESSIONALS
AND THE MEASURES TO PREVENT IT

!Chorna V.,*Makhniuk V., 'Pshuk N., 'Gumeniuk N.,
IShevchuk Yu., 'Khliestova S.

!National Pirogov Memorial Medical University, Vinnytsia;
2State Institution «A.N. Marzieiev Institute for Public Health,
National Academy of Medical Sciences of Ukraine», Kyiv,
Ukraine

The article presents a retrospective analysis of the concept of
occupational and emotional burnout syndrome in medical pro-
fessionals in the field of mental health. The analysis of domes-
tic and foreign scientific sources, biblio-semantic, analytical,
and statistical research methods had used in work. The leading
causes of burnout and their factors had identified.
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The study involved 224 respondents — the medical staff
of the regional psychiatric hospital in Vinnytsia. Among the
subjects were women — 84.8%, and men — 15.2%. Of the total
number of subjects, doctors accounted for 38.8% (87 people),
nurses — 61.2% (137 people). The average age of respondents
among doctors was 44.6+12.2 years, among SMP 37.2+11.4
years. Work experience in professional activities was: among
doctors — 19.7£12.3 years and SMP — 15.5+11.1 years.

For the experimental study had used, the psychodiagnostic
method of emotional exhaustion Boyko V.V. and the adapted
method of Vodopyanova N.E., The significance of the differ-
ence, was assessed using Student’s t-test (t).

Recommendations for mental health prevention measures
for mental health professionals have developed. The prospect
of further research on the problem of burnout is to study an
effective system of prevention for the medical staff of health
care institutions in Ukraine.

Keywords: predictors of emotional burnout development,
psychiatrists, medical workers, occupational stress, prevention.

PE3IOME

MPO®ECCUOHAJILHOE BLITOPAHUE Y MEJULIAH-
CKHUX PABOTHHUKOB C®EPBI OXPAHBI IICUXWUYE-
CKOT'O 3JOPOBbSI 1 MEPBI IO ET'O MPEJOTBPA-
LEHUIO

"Jopua B.B., "Maxuwk B.M., 'TImyk H.T", Tymenrox H.H.,
"MleBuyk FO.I'.,'Xuecrosa C.C.

'Bunnuykuii  HQUUOHANIbHLITL  MEOUYUHCKULL  YHUGEPCUMEen
um. HU. Iupozosa, *Tocyoapcmeennoe yupescoenue «Hn-
cmumym obugecmeenno2o 300poevs um. A.H. Mapzeesa Ha-
YUOHANBHOU aKademuu MeOUYuHcKux Hayk Yxpaunoly, Kues,
Yrkpauna

B crarbe mpejacraBieH peTPOCHEKTHUBHBIN aHAJIU3 TOHS-
THSI CHHAPOMA MPOQPECCHOHAILHOTO BHITOPAHHS Y MEIUIINH-
CKHX pabOTHUKOB C(epbl OXpaHbl MCUXUYCCKOTO 30POBBSI.
IIpoBeneH aHaNM3 OTEUECTBEHHBIX M 3apyOEHHBIX HAYUHBIX
HUCTOYHHMKOB, HCIIOJIb30BaHbI OMOIMOCEMAHTUYECKHUI, aHa-
JIMTUYECKUM M CTAaTUCTUYECKHUI METOIbI MCCIIEI0BAHM.
OmnpezeneHbl OCHOBHBIE MPUYMHBI M (akTOpbl Hpodeccro-
HAJBHOTO BBITOPAHUSI.

B ucnenosanuu npuHsuin yyactue 224 pecrnoHaeHTa — Me-
nuiuHcKkue paboTHUkH OONMacHON MCUXUATPUUYECKON 0O0Jb-
HuLbl I. Bunnuna. Cpenu y4acTHUKOB jKeHIIUH Obiio 190
(84,8%), myxuun — 34 (15,2%). U3 obuero uucna ydact-
HUKOB Bpaueld Obuto 87 (38,8%), cpenHuil MeIUUMHCKUN
nepconan (CMII) — 137 (61,2%). Cpennuii Bo3pacTt pecroH-
JIGHTOB cpeau Bpauel coctaBui 44,6+12,2 r., cpenu CMII
—37,2+11,4 1. Crax paboTsl Bpaueil o npodeccuoHaibHOil
nesiteibHOCTH coctaBui 19,7+12.3 ., CMIT — 15,5+11,1 .
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B xome wucciienoBaHus HMCIOJIb30BaHBI MCHXOJAHArHOCTH-
YECKUH METOJ dMOLMOHAJIbHOrO BhIropanus boiiko B.B. u
ajnantupoBaHHas meronuka BomombsinoBoit H.E. JlocTosep-
HOCTb Pa3/N4Mil OLEHUBAIMU C NOMOILbIO t-kpuTepus CTbio-
JICHTA.

Ha ocHoBanuu aHanu3a MOJYYEHHBIX PE3yJbTAaTOB paspa-
0oTaHbl pEKOMEHJALMU 110 MEpaM IPEeAOTBPAIICHUS BbIrOpa-
HUSl Y MEIMLIMHCKUX pabOTHUKOB cepbl OXpaHbl NMCUXUYC-
CKOTO 3/10POBbSI.
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THE PECULIARITY OF COVID- 19 GENOME AND THE CORONAVIRUS RNA TRANSLATION
PROCESS AS APOTENTIAL TARGET FOR ETIOTROPIC MEDICATIONSWITH ADENINE
AND OTHER NUCLEOTIDE ANALOGUES (REVIEW)
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IThilisi State Medical University, The First University Clinic; *Thilisi State Medical University, Georgia

Coronaviruses (CoVs) belong to the family Coronaviridae.
They are further subdivided into four genera: alphacoronavirus
(a-CoV), betacoronavirus (B-CoV), gammacoronavirus (y-CoV)
and deltacoronavirus (3-CoV)[6,48]. Both a- and B-CoVs infect
mammals, while §- and y-CoVs infect birds. In early December
2019, the cases of pneumonia of unknown etiology were report-
ed in Wuhan. After identifying the genome sequence of infected
patients, it was revealed that the causative agent was a new type
of coronavirus, namely SARS-CoV-2. Like SARS-CoV and
MERS-CoV, the newly formed SARS-CoV-2 virus belongs to
the group of B-CoVs.

The incubation period for SARS-CoV-2 is on average 3-7
days, although it can be up to 2-14 days [28, 43], which coin-
cides with other known CoV incubation periods (e.g., SARS-
CoV incubation period is on average 5 days, although it may
increase to 2—14 days [4], the incubation period for MERS-CoV
is approximately 5-7 days, although it can be up to 2-14 das
[5, 34]. Asymptomatic patients can effectively transmit SARS-
CoV-2 during the incubation period, [24].

The goal of the present article is to summarize and analysis
the literature data,concerning specific features of COVID -19
virus and to consider the potential targets for etiotropic therapy.

Genetic sequence. The genetic sequence of SARS-CoV-2 is
70% similar to the SARS-CoV sequence. Like the latter, SARS-
CoV-2 uses the ACE2 (Angiotensin-Converting Enzyme/En-
zyme 2) receptor to enter the cell and infect humans [46,54].
However, with the main antigen component, i.e. the S protein,
it differs significantly from its predecessor. The S protein of
SARS-CoV-2 binds to the human ACE2 receptor at 10- to 20-
fold higher affinity, facilitating the spread of the virus among hu-
mans [44]. It should also be noted that the respiratory tracts are
not the only route of transmission of the SARS-CoV-2 virus, and
it is also transmitted even during close contact. Recent studies
have shown that some patients with confirmed COVID 19 expe-
rience dyspeptic symptoms such as diarrhea, vomiting, nausea
[22,32]. The enteric symptoms of COVID 19 are associated with
the presence of the ACE2 receptors in the digestive tract [37].

SARS-CoV-2 uses the genomic RNA as a template to trans-
late ppla (polyprotein la) and pplab (polyprotein lab). These
proteins (ppla, pplab) produce nonstructural proteins (MSPs)
in double-membrane vesicles (DMVs) to form the replication/
transcription complex (RTC) [25].

Negative-stranded RNA (Coronavirus Genomic RNA (-)) is pro-
duced by replication of the complex. As a result of the transient
transcription of its RNA-dependent RNA polymerase (RdRp),
subgenomic RNAs of different lengths (sgRNAs) are produced
[9]. Translation of each sgRNAs results in the production of viral
proteins, and replication of negative-stranded RNA (Coronavirus
Genomic RNA (-)) yields positive-stranded RNA (+).

The SARS-CoV-2 genome and subgenome contain at least 6
open reading frames (ORFs). The first ORF (ORF1a/b) is 2/3 of
the total genome length of SARS-CoV-2; it produces two poly-
peptides ppla and pplab. Proteolytic cleavage of ORF1a/b re-
sults in producing 15/16 NSPs (nonstructural proteins), 4 struc-
tural proteins, and 5 complimentary proteins (ORF3a, ORF6,
ORF7a, ORF8, and ORF9) [23,47].
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ORF1a encodes the production of ppla, a molecular weight of
which is 486 kDa. The ppla protein contains Plpro (the papain-like
protease), 3CLpro, and two membrane proteins MP1 (nsp4 - non-
structural protein 4) and MP2 (nsp6 - nonstructural protein 6).

NSP1 inhibits the synthesis of the cellular proteins in an in-
fected cell. The cell is forced to regulate mainly viral protein
synthesis. Moreover, the protein NSP1 does not allow the cel-
lular antiviral proteins to aggregate that is necessary to stop the
virus [17,40]. The function of the protein NSP2 has not been
determined, only its ability to participate in the placement of
endosomes along the cell has been identified [16,29]. The pro-
tein NSP3 performs two important functions: 1 -it provides the
release of other viral proteins after which they begin to perform
their own function; 2 - it changes the function of the proteins of
the infected cell.

NSP3 is released by ppla/lab via a papain-like protease do-
main that is part of NSP3 itself [7].NSP4, along with other pro-
teins, is involved in the formation of fluid-containing blisters
in an infected cell[38]. NSP5 is specialized in breaking down
proteins, causing other NSPs to be activated and start to act
[3,55,56].NSP6 is involved in the formation of viral blisters
along with the NSP3 and the NSP4 proteins [12,27]. NSP7 and
NSPS8 help NSP12 generate a copy of the virus RNA genome
that gives rise to offspring viruses [14]. NSP9 penetrates into
the nucleus with the help of small channels in the cell nucleus
and influences the movement of molecules from the nucleus
[13,51].The protein NSP10, along with NSP16, disguises a vi-
ral gene and prevents the attack of antiviral proteins in human
cells that have the ability to detect and destroy viral RNA [8,15].
The function of the NSP11 protein is unknown [2]. The Protein
NSP11, together with NSP12,concentrates nucleotides in the
coronavirus genome. The ability of the antiviral drug remdesivir
to interact with the coronavirus NSP12protein has been identi-
fied; studies are being carried out regarding the widespread use
of this drug in treatment [1,41].

In a normal state, the viral RNA is twisted. It is assumed that
the NSP13 protein destroys viral RNA and thus makes it avail-
able for action on proteins involved in the production of new
viral copies [11]. The NSP14 protein correctsthe errors (incor-
rectly added nucleotides) made by the NSP12 protein during
duplication of the coronavirus [15,52]. The protein NSP15 [53]
supposedlyprotects the virus from the antiviral activities of the
cell [19].

The underlying ORF1b is expressed as a ppla fusion protein
through a mechanism that involves the movement of the ribo-
somal backbone during translation [20,26].The result is the pro-
tein pplab (=790 kDa) that already contains ORF 1b containing
the helicase domain (nsp13) [39], exonuclease(nsp14), endori-
bonuclease (nsp15), and nsp16.

The remaining ORFs make up about one-third of the genome
length, are located near the 3’-end, and encode at least four types
of structural proteins:

- The E protein - a structural protein of the coronavirus mem-
brane that forms the lipid vesicles of the virus. Inside the cell,
these vesicles fix proteins that are involved in the human gene
regulation process.
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- The M protein - a membrane protein of coronavirus. It par-
ticipates in the formation of the outer membrane of the virus;

- The S-S protein - forms the protective outer layer of the
coronavirus RNA genome on the surface of the virus. In micro-
graphs, the club-shaped spikes that stud the surface of corona-
viruses are glycoproteins that give the appearance of a radiate
crown. Their parts expand and attach to the ACE2 protein in
human airway cells. Then it enters the cell.

- The N protein - protects viral RNA, promotes the internal
stability of the virus. Most of the N proteins coalesce into a long
helix and lead to the formation of the helical nucleocapsid.

So, the SARS-CoV (COVID-19) genome encodes the so-
called “auxiliary proteins” that create a favorable environment
inside the cell of the host organism, which promotes its multi-
plication. The ORF3a protein damages the host cell membrane,
thus allowing new viruses to come out of the cell. This is what
causes pneumonia — a symptom typical for COVID-19.

ORF6 inhibits the signals sent by the infected cell to the im-
mune system, in addition, it inhibits the activity of some proteins
in the cell.

When the virus starts coming out of an infected cell, the
cell can bind it with the help of the tetherin protein. ORF7
is thought to reduce the supply of the tetherin protein in an
infected cell, making it easier for viruses to leave the cell.
It also provokes “cell suicide” (apoptosis) that significantly
damages the lungs. The function of the ORFS8protein is un-
known. ORF9b and ORF9c are coronavirus “auxiliary pro-
teins”; ORF9b inhibits the action of the key proteininterferon
in the fight against cellular viruses; the function of the ORF9c
protein is unknown.

Treatment. The general treatment strategy for COVID-19 in-
volves bed rest and controlled intake of adjuvant medications. It
is also recommended to maintain water and electrolyte balance
while monitoring other vital parameters (heart rate, blood pres-
sure, pulse, respiration rate, etc.). Some scientists are counting
on the possible antiviral effects of IFNa.

Interferon-alpha (IFNa) belongs to the type I IFN family.
It plays an important role in resistance to viral infections, in-
hibits viral infections by interfering with virus replication, and
activates the host’s immune response. In vitro experiments
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have shown that IFNa effectively inhibits SARS-CoV replica-
tion[46,47].As revealed, IFNa protects cynomolgus macaques
from SARS CoV [18,31,57]. Moreover, pilot clinical trials have
shown positive therapeutic effects when using IFNa in patients
with SARS [46].

Table lists the medications used to treat COVID-19 and shows
the targets for their action.

As shown in Table, all of the antiviral drugs listed above have
some antiviral (anti-SARS-CoV2) effects, and may have a cer-
tainresult on the process of treating SARS-CoV2. The main tar-
gets of current medications are:

- Viral RNA-dependent RNA polymerase RdRp (Remdisivir
inhibits RNA-dependent RNA polymerase (RdRp), thus block-
ing the production of viral proteins; However, in contrast, 3-5
exoribonucleases of the virus inhibit the action of remdesivir
and reduce the antiviral effect of this drug);

- Viral 3Clpro or PLpro (the papain-like proteins lopinavir/
ritonavir block already formed proteins, thus preventing further
production of viral proteins);

- The Virus transmembrane S protein and transmembrane
protease serine-2 [TMPRSS2] inhibitors(arbidol and Camostat
mesylate ] can prevent the interaction of the S protein and the
cellular receptor ACE2);

- The ACE 2 receptor on the host cell membrane that provides
the entry point for the Sprotein(chloroquine and hydroxychloro-
quine inhibit endocytosis by increasing endosomal pH). Chlo-
roquine can also inhibit RARp by increasing intracellular zinc
concentrations like remdesivir.

However, several key issues need to be emphasized: (1) The
potential interaction of these antiviral drugs with other types of
medications should be taken into account; (2) Side effects of two
medication lopinavir/ritonavir should be considered(dyspepsia
and liver damage); (3) Using three or more «antiviral» drugs
with different mechanisms considering the side effects of some
of them is controversial.

In addition to the medications listed above, research on the
possibility of using antiviral antibodies in the plasma of recov-
ered patientsis being carried out intensively. Plasma therapy is
commonly used in viral diseases such as influenza A (HSN1),
poliomyelitis, and Ebola [10,50].

Table. List of the medications used to treat COVID-19 and the targets for their action

Therapeutic Target Function Potential Medications References
RNA-dependent RNA poly- . o Remdisivir and ribavirin. They have an
merase (RARp) Coronavirus genome replication ability to inhibit RdRp. [36, 44]
L Converts viral polyprotein into | Lopinavir, protease inhibitor that can
ThePapain-like proteasePLpro a functional enzyme. inhibit viral protease: 3CLproorPLpro [52]
The main protease 3CLpro Converts Vm.ﬂ polyprot.eln into Lopinavir [21]
a functional protein
The S protein of on the Virus
surface that binds to the host . . .
. . Arbidol - It can prevent the interaction
surface ACE2 (angiotensin- .
converting enzyme/enzyme2) of the S protein and the ACE2 receptor
The Sprotein and TMPRSS2 receptor. TMPRSS? “supple- and inhibit membrane fusion. [33, 35]
ments’ the S protein to bind to s
theACE2 (angiotensin-convert- Camostat mesylate inhibits TMPRSS2.
ing enzyme/enzyme?2) receptor.
A receptor on a host cell pro- Chloroquine and hydroxychloroquine
ACE 2 viding the entry point for the | inhibit endocytosis byincreasing endo- [30,42]
S-protein. somal pH.

120



GEORGIAN MEDICAL NEWS
No I (310) 2021

Given the above-mentioned facts, in order to stop the spread
of coronavirus infections and to avoid their damaging effects, it
is promising to inhibit the production of NSPs of the viral origin,
which is possible by replacing nucleotides, in particular adenine,
in the viral RNA translation phase. The improved models of ad-
enosine analogs such as remdesivir and NITDO0O0S should be used
for this purpose [49, 50] because both of them try to inhibit the viral
replication process by inhibiting RdRp. In addition, it is known that
3°-5 exoribonucleases of SARS-CoV2 block the inhibitory effect
of remdesivir on RdRp, promoting further replication of the virus.
Therefore, it is necessary to create new modified/improved versions
of remdisivir and other adenosine analogs.

Conclusion. The cases of SARS-CoV were first reported in
2002 and the virus quickly spread to 32 countries around the
world. Ten years later, MERS-CoV became widespread in 2012,
and eight years later, in 2020, a new viral infection SARS-CoV-2
emerged. It has been proven that SARS-CoV-2 enters the cell
with the help of the ACE2 receptors. The fact that this type of re-
ceptors is found not only in the respiratory system but also in the
liver tissues, the digestive system (small intestine, duodenum),
testicles and kidneys, makes these organs highly vulnerable to
SARS-CoV-2.The different group of drugs have been proposed
in complex treatment of COVID-19.Despite of this coronavirus
is still associated with high incidence of various complications
and fatal outcome worldwide .According epidemiologic studies
the most susceptible are the patients with accompanying diabe-
tes, cardiovascular ,respiratory system diseases and obesity.Po-
tentially patients with intestinal microbiome disorders also may
become vulnerable to COVID -19[32].

Given the global health threat caused by SARS-CoV-2, there
is an urgent need for effective prevention and treatment of CO-
VID-19 pneumonia, although finding drugs to treat pathogenic
SARS-CoV-2 still remains a major problem. The medicines
available to doctors around the world do not have a significant
detrimental effect on the virus, as evidenced by the current epi-
demiological data.In initial stage the introduction of adenosine
analog remdesivir against COVID-19 was considered as per-
spective drug[36].This agent was approved or authorized in
about 50 countries, including USA and EU, but currently there
are controversial views regarding its ability to reduce mortality
in COVID 19.

We suppose that if the improved versions of adenosine ana-
logs (NITD008, Remdesivir, etc.) with more efficacy and safety
are developed, the virus will not be able to have a detrimental
effect on host cells because they (the improved versions of ad-
enosine analogs) will have the ability to inhibit the virus trans-
lation process rather than RdRp. As a result, the virus will no
longer be able to produce non-structural proteins (nsps) so im-
portant for the manifestation of viral activity.
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SUMMARY

THE PECULIARITY OF COVID- 19 GENOME AND THE CORONAVIRUS RNA TRANSLATION PROCESS
AS APOTENTIAL TARGET FOR ETIOTROPIC MEDICATIONSWITH ADENINE
AND OTHER NUCLEOTIDE ANALOGUES (REVIEW)

'Ratiani L., 'Gegechkory S.,'Machavariani K., 'Shotadze T., 2Sanikidze T., 'Intskirveli N.

Thilisi State Medical University, The First University Clinic; *Thilisi State Medical University, Georgia

Despite the multifaceted effects of the medicines provided for
COVID-19treatment, the number of the infected and mortality
of patients increases which demonstrates the insufficient effec-
tiveness of drugs used to fight coronavirus infections in medical
practice, and clearly shows the need to develop new treatment
tactics.In this review article are summarized and analyzed the
literature data concerning specific features of COVID 19. Par-
ticular attention is given to genetic characteristic of this virus ,to
mechanism of its invasion into the human organism, replication
and interection with ACE-2 receptors ,as well as to the basic
targets for the action of existing drugs with antiviral activity
against COVID-19.

Currently, the following medications are used to treat
COVID-19: remdesivir, chloroquine, hydroxychloroquine
(HCQ), ribavirin, lopinavir/ritonavir. According to a recent
theory of coronavirus treatment, the starting point for the

mechanism of action of a potential etiotropic drug is the in-
hibition of the coronavirus main protease (Mpro/3CLpro)
and the papain-like protease (PLpro). Among the drugs listed
above, lopinavir acts through this mechanism but is charac-
terized by severe side effects.It is emphasized that remdesivir
as adenosine analog provides inhibitory action on RNA de-
pendent RNA-Polymerase,but there are controversial views
about reduction in mortality during using of this drug against
COVID-19.

The present paper discusses the mechanism of action of a
potential etiotropic drug against coronavirus, which implies the
replacement of the nucleotides involved in the process of trans-
lation of the virus with their analogs with the aim to “inhibit” the
ribosome and block the production of viral proteins.

Keywords:COVID-19, Genetic sequence, etiotropic drug,
ribosome.

PE3IOME

OCOBEHHOCTHU TEHOMA COVID-19 U TPAHCJSIIMOHHBIN MTPOIECC PHK KOPOHABUPYCA
KAK MMOTEHIHAJBHASI MUIIIEHB JIJISI STUOTPOITHOMN TEPAIIUU ATEHUHOM
U PABHBIMU AHAJIOTAMU HYKJIEOTHIOB (OB30P)

"Parnanu JI.P., 'Tereuxopu C.C., 'Mauapapuanu K.II1., 'Illoraxze T.I'., 2Canuxuaze T.B.. 'Muuxupseau H.A.

ITounucckuii 2ocyoapemeennvlii Meouyunckuil ynueepcumem, Ilepeas yHusepcumemceKas KIuHuKa,
2Tounucckuil 20cydapcmeentviil MeOuyuHcKutl yHusepcumem, I pysus

Hecmorpss Ha MHOrouncneHHsle 3((GEeKTh JIEKapCTBEHHBIX
cpencTB, npuMensieMslx s JieueHuss COVID-19, xonuuectBo
HHQUIMPOBAHHBIX U CMEPTHOCTH IAI[EHTOB YBEIMYMBACTCS,
YTO CBUJICTENILCTBYET O HENOCTATOYHOH d(PPEKTHBHOCTH Ipe-
1aparoB, IPUMEHIEMbIX B MEAMIIMHCKON MPAKTHKE JUIsl OOPHOBI
C KOPOHABHPYCHBIMH MH(EKLMSIMH, U HEOOXOIMMOCTH pa3pa-
OOTKM HOBOW TAKTHKH JICUCHHUSI.

B Hacroseit 0030pHON cTarhe CyMMHPOBaHBI U IpOaHa-
JIM3UPOBAHbI JaHHBIC JIMTEPATYPbI, KacaIOIIHecs crienuduye-
CKUX uepT kopoHaBupyca. Ocoboe BHUMaHHE yIelseTcs re-
HETUYECKOH XapaKTepUCTHKE 3TOr0 BUPYCa, MEXaHU3MY €ro
MHBa3UM B YEJIOBEUECKUN OpraHu3M, peIUIMKaluy U B3aiiMo-
neiictBuio ¢ AK®D-2 penenropaMu, Takke Kak U OCHOBHBIM
MHUILEHSIM JJIsl ISHCTBUS CyNIeCTBYIOINX JIEKapCTB, o0aga-
IOLUX aHTUBUPYCHOI aKTUBHOCTBIO IIPOTUB KOPOHABUpYcCa.

© GMN

B nacrosmee Bpems ais seuenus COVID-19 ucnonesyrores
CIIEAyIOIUE Ipernaparsl: peMICCUBUP, XJIOPOXHH, TMIPOKCU-
xaopoxun (HCQ), pubaBupun, nomnunaBup/putoHaBup. Co-
ITIACHO CYILIECTBYIOIIEH TEOpHH JeUeHHs KOpPOHaBHMpyca, OT-
NPaBHOW TOYKOM JUISI MEXaHW3Ma JeHCTBUS MOTEHIMAIBLHOTO
STHOTPOITHOTO IIperapara sBJIsSeTCs HHIMOUPOBaHUE OCHOBHOM
nporeasbl kopoHasupyca (Mpro/3CLpro) u namnanH-nogoOHOM
nporeassl (PLpro). Cpenu BbllenepedrcIeHHBIX MpernapaTosB
JIOIIMHABUP JIEHCTBYET HOBPEICTBOM 3TOTO MEXaHHM3Ma, OJHAKO
XapaKTepU3yeTcsi Cepbe3HbIMH T000UHBIMU d(QdexTamu. B nan-
HOM cTaTbe 00CyKIaeTCsl MEXaHN3M JACHCTBHS TOTEHIIHAIBEHOTO
STHOTPOITHOTO Npernapara IPOTHB KOPOHABHUPYCa, KOTOPBIH MO
pa3yMeBaeT 3aMeHy HyKJICOTH/OB, y4acTBYIONIMX B IpoIEcce
TPaHCISILUK BHPYyCa, UX aHAJOTaMHU C LEeJIbI0 «MHIHOMPOBATH)
pHOOCOMBI U OJIOKMPOBATH MPOU3BOICTBO BUPYCHBIX OEIIKOB.
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LIVER EXTRACELLULAR MATRIX PECULIARITIES IN MAMMALS AND AVIANS

"Patarashvili L., "*Azmaipharashvili E., *Jandieri K., 'Gvidiani S., ?Tsomaia K.,
*Kikalishvili L., SSareli M., *Chanukvadze 1., ?’Kordzaia D.

!Ivane Javakhishvili Thilisi State University (TSU), Faculty of Medicine; *Alexandre Natishvili Institute of Morphology, TSU;
$Thilisi State Medical University, *Institute of Clinical Oncology, Thilisi, Georgia,
SChaim Sheba Medical Center at HaShomer, Department of Surgical Oncology (Surgery C), Tel-Aviv, Israel

The extracellular matrix - the connective tissue framework of
the liver - on the one hand, determines the shape of the organ,
and on the other hand, creates specialized compartments for
blood and lymphatic vessels and nerves, as well as cell popula-
tions, the synergy of which determines the various functioning
of the organ. The liver is the largest and heaviest parenchymal
organ, and an appropriate matrix design is required to maintain
its shape and fix it on the abdominal walls [1]. The liver has a
dual blood supply (arterial and portal), and the connective tissue
spaces containing these vessels are built with this factor in mind.
Unlike other organs, in which there are three circulating fluids
and, therefore, there are three compartments for the microcircu-
lation, four fluids circulate in the liver: blood, bile, interstitial
juice, and lymph [2]. At the same time, the liver produces more
lymph than any other organ (up to 50% of the total amount of
lymph in the body). Thus, the liver matrix forms a highly com-
plex but strongly regulated labyrinth in which liver cells, blood
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vessels, bile ducts, lymphatic ducts, and tissue fluid have their
own but closely interconnected compartments [3-5].

The study of the liver connective tissue skeleton dates back
to the 17th century. Pursuant to Couinaud [6], in 1640 Walaeus
described the connective tissue sheath, which wraps the portal
vein, the hepatic artery, the bile duct, the lymphatic duct, and
the nerves entering and leaving the liver connects to the capsule
of the liver and hepatoduodenal ligament. Walacus sheath origi-
nates from the vasculobiliary sheath (Glisson’s capsule) and
is not derived from the peritoneum or the capsule of the liver
(Laennec’s capsule). Besides, the separation between Laennec’s
capsule and the Walacus sheath can be seen microscopically at
the hepatic hilum [6], where the Walaeus sheath forms a thick
plate at the inferior part of the liver referred to as the hilar (por-
tal) plate [7].

The portal pedicle wrapped by the Walaeus sheath continues
inside the organ, as the so-called Glissonian Pedicals [8].
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Until the late 1980s, it was thought that the branches of the
portal vein and the hepatic veins in the liver were mutually au-
tonomous and that their connective tissue sheaths did not touch
each other [9-11]. There is the established opinion in the modern
textbooks of Hepatology that Glisson’s portal pedicles and the
main branches of the hepatic veins spatially intersect, but the
parenchymal area remains between them and, therefore, they
are anatomically independent of each other [12]. But Ilia Cha-
nukvadze showed that in the human liver the connective tissues
of the main portal complexes and hepatic veins might merge
in some zones of the intersection. The regions of such merging
were called Portacaval Fibrous Connections (PCFC). Besides,
the various forms of PCFC - as are the complete merging, touch-
ing merging, septal- and fibril-like connections - were described
[13,14]. It has been revealed that PCFC, as an anatomical struc-
ture, is formed on the 11th-12th weeks of pregnancy [15].

A new wave of research on the connective tissue structures
of the liver has been observed over the past five years. This
“revisiting” is based on the introduction of new methods and
computer technology in morphological studies [16]. This is due,
on the one hand, to the creation of the possibility of endoscopic
anatomical liver resections and, as a consequence, to the need to
clarify the intercommunications of the connective tissue struc-
tures of the liver [17], and on the other hand, to the prospects of
using human and animal liver matrices as the scaffolds for the
creation of bioartificial livers (in turn related to the development
of stem cells technology and bioengineering) [18-21].

At the same time, the analysis of these studies makes it obvi-
ous that the knowledge on the connective tissue skeleton of the
liver lacks systematization, the terminology is inconsistent, and
sometimes the construction of this or that component of the liver
matrix is addressed controversially in the literature [22]. All of
the abovementioned confirms the necessity of the further study
of the liver matrix and complex analysis of the results obtained
by different methods.

We set a goal to study peculiarities of the construction of con-
nective tissue matrices of the livers of different mammals and
birds for the identification and systematization of the general
and specific regularities of this structure.

Material and methods. We have studied the relation of the
connective tissue sheaths, covering the portal complexes and he-
patic veins to each other and to the liver capsule and intralobu-
lar connective tissue network — in the livers of mammals with
a gallbladder (pigs, sheep) and with no gallbladder (rats) and
birds (domestic hens with gallbladder). The livers of the named
animals and birds were studied by the anatomical preparation,
histological, histotopographical, histochemical, immunohisto-

chemical methods, scanning electron microscopy (SEM) of cor-
rosion casts, and fluorescence microscopy. The number, age, and
distribution of studied subjects according to the research meth-
ods are shown in Table 1.

Histology. Liver tissue sections of 3-5 um were stained by the
standard H&E method and studied microscopically with differ-
ent magnification.

Histochemistry. Liver tissue sections of 3-5 um were stained
using Masson’s Trichrome kit (Sigma Aldrich Catalog Number:
C970D37) according to the recommendation of the manufac-
turer.

Immunohistochemistry. Liver sections of 3-5 um thickness
obtained from the parragin-embedded blocks were stained with
pan-Cytokeratin antibody [AE1+AE3] (neat) (ab961, Abcam,
ple, Cambridge,UK) using appropriate protocols provided by
antibody suppliers. Sections were counterstained with haema-
toxilin.

Histotopography. For Histotopographic examinations, histo-
logical samples of the liver of experimental animals and birds
with a thickness of 3-5 micrometers were prepared.

Area of a tissue sample is up to 2cm x 4 cm. Samples were col-
ored with Hematoxylin and Eosin (H&E) and Masson’s trichrome
stains. Tissue samples were digitized with MoticEasyScan Pro
6-FS scanner with x40 magnification (0.26 pum/pixel resolution).
As a result, the original tissue sample was increased 1 000 times.
High resolution digital images were visualized by Motic DSAssis-
tant software, in which different types of distance measurement and
morphometry tools were used for the analysis of slide images.

Corrosion Casting. The corrosion casts of the portal and he-
patic veins of the pigs were prepared by injecting the solidifying
liquid latex “Nairit” (Yerevan, Armenia). Latex was injected by
the 20-gram graduated standard syringe under the manual pres-
sure, through the catheter fixed a) into the extrahepatic part of
the portal vein and b) into the inferior vena cava. The corrosion
of liver tissue was performed in 40% sulfuric acid, during 3 days
with the following washing in running water. The obtained casts
were studied macro- and microscopically by using a light stereo-
microscope (ProScope HR device, Bodeline Technologies, US).

The corrosion casts of the portal and hepatic veins of the rats were
prepared by injecting the Protacryl-M” (see below). The abdomi-
nal cavity of the Wistar rat, weighing 200-220 g was opened under
general ether anesthesia. The catheters with appropriate diameters
were inserted in the portal vein and caudal vena cava and fixed with
ligatures. The liver vessels were washed out via portal vein catheter
with the cocktail including 100 ml 0.9% NaCl, 1,0 ml Atropine,
1,0 ml No-Spa, 1ml Heparin, and 1 ml 2% Novocain. Outflow was
achieved through the catheter inserted in the caudal vena cava. Cra-

Table 1. The number, age, and distribution of animals according the research methods
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Pig (1 year old) 2 2 2 - 2 2 - 4
Sheep (1 year old) 2 2 2 - 2 - - 3
Rat (6 months old) 2 6 6 2 2 2 2 14
Hen (6 months old) 3 3 3 - 2 - - 3

note: Several research methods were used on the same livers
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nial vena cava was ligated preliminary. After washing out the liver,
the injection of the”Protacryl-M” cocktail (“Protacryl-M” powder
3 cm3 dissolved in 7.5 ml of its liquid component) was performed
through both catheters under manual pressure. Cocktail injected
in portal vein was colored by red pigment, while the cocktail in-
jected in hepatic veins — by the blue pigment (Protacril powder,
liquid component and the pigments are the components of standard
“Protacryl-M” kits — Kharkiv, Ukraine). The liver tissue was cor-
roded in 20% KOH solution, in-room temperature after Protacril
cocktail polymerization. After 2 hr fragments were washed out in
distilled water for 10 min three times, the process was repeated 6
times. Dried casts were studied with the ProScope HR device.

Fluorescent Microscopy. Immunofluorescence images were
were obtained by the imunofluorescence microscope Nikon
HS50L (Japan). The digital images were captured by Infinity 2
camera provided with Infinity software version 6.5.6 — for mea-
suring and analyzing.

Results and discussion. In all investigated livers, around the
portal and hepatic veins, including their thinnest branches/tribu-
taries, there are connective tissue sheaths of various thicknesses,
consisting of different ratios of different types of connective tis-
sue fibers. These sheaths communicate with each other, as well
as with the liver capsule and the interlobular mesh of connective
tissue, creating a single extracellular matrix - the connective tis-
sue skeleton of the organ.

Porcine. In the porcine liver, both the portal and caval ports are
located close to each other at the dorsal (posterior) surface of the
liver (Fig 1a). Large-caliber portal and hepatic veins are arranged
on the planes situated more or less parallel to each other. The above-
mentioned blood vessels intersect with each other, but only within
the mentioned planes. At the same time, their thin branches inter-
section might happen with different angles (Fig 1b). The hepatic
veins are located above the portal vein branches (cranially).

In porcine liver, the mesh-like structure of the connective tissue
fibers links the portal tracts with each other and separates the liver
lobules of different sizes (from 0.5 mm to 2,2 mm in diameter) and
shapes (irregular polygons). The connective tissue septs positioned
among the liver lobules are quite thick (5-15 mm). In addition, these
septs in some areas involve the connective tissue sheaths of the he-
patic vein tributaries. Due to this feature, not rare the connective
tissue framework enveloping the classic lobules includes not only
the portal tracts but also the tributaries of the hepatic veins, which
makes the architecture of the soft skeleton of the liver even more
complex. Thus, the connective tissue sheaths of the portal tracts and
the hepatic vein tributaries are connected to each other by numerous
connective tissue septs separating the liver lobes. The numbers of
liver lobules situated between the hepatic veins and the portal tracts
might vary from one to several (Fig 1c,d,g,k).

The described fibers of the connective tissue structure con-
tinue into the interlobular connective tissue, located in the space
of Disse, which proves the formation of a single connective tis-
sue labyrinth, likewise, it was described in cat liver [3] (Fig le,f).
The liver capsule (the Laennec capsule), consisting of thin elastic
and I-type collagen fibers, is connected with the above-mentioned
connective tissue interlobular septs, which fibers extend into the in-
tralobular extracellular matrix (Fig 1h). At the same time, in some
areas, between the thin connective tissue plates (0.2-0.5 pm) cov-
ering liver lobules, from the one hand, and the Glisson’s capsules
of the large portal pedicles, from the other hand, were found the
fissures, which were crossed over by the single connective tissue
fibers establishing the communication between the Glisson’s plates
and the derivates of Laennec’s capsule (Fig 1i,j). These plates are
similar to those described in the human liver 23,24]. However, we
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couldn’t find the “proper liver ligament” identified by Ikeda et al.,
between the Laennec’s and Glisson’s plates using the computer
program processing of liver histotopogramms [16]. We think that
such identification of “new structure” is somewhat artificial which
is resulted from the “ability” of the used computer program.

The described fissure, as well as the connective tissue fissures
inside of the Gleason capsule, according to our previous studies,
represents one of the compartments of the pre-lymphatic circu-
lation basin [5].

Masson’s trichrome differently dyes different connective tis-
sue fibers and muscles (the elastic fibers in pomegranate color,
I-type collagen — in blue (flesh-color), and the III type collagen
— in brown colors). Besides these structures are characterized by
different self-fluorescence lightening in fluorescent microscopy.
Considering the above mentioned we can conclude that the con-
nective tissue structures of the liver capsule, interlobular septa,
and hepatic vein tributaries sheaths are mainly represented by
the interweaving of the I-type collagen and elastic fibers. hepat-
ic vein tributaries sheaths additionally contain the longitudinal
smooth muscle fibers, the individual bundles of which are sepa-
rated from each other by thin connective tissue inserts (Fig 1k,1).

The single smooth muscle fibers are found in portal vein ad-
ventitia as well. In addition, the portal vein has its own connec-
tive tissue coat enveloping its adventitia. A narrow fissure (gap)
can be detected between the adventitia and the mentioned coat.
The arteries, bile ducts, and nerve trunks (vagus branches) in
the portal tracts are characterized by similar covers (Fig 1m,n).
These findings fully agree with the data obtained in the 60s and
70s of the last century by several researchers and summarized
by Kovanov and Anikina [25] identifying the fissures around the
tubular structures of portal tracts. These fissures represent the
areas for the interstitial fluid and pre-lymph circulation and con-
firm that the extracellular matrix of the liver represents a single
basin for the extravascular microcirculation [5].

The walls of the portal vein and bile duct contain elastic fibers.
In the walls of bile ducts, these fibers are accompanied by single
muscular bundles. Elastic fibers are abundantly represented also
in the perineurium, as well as in the subendothelial and external
layers of the branches of the hepatic artery.

A significant portion of the connective tissue skeleton of the
portal tract is represented by thick, well-structured fibers of the
I-type of collagen (Fig li,m).

In the porcine liver, we couldn’t identify some connective tis-
sue structures described in the human portal tract. In particu-
lar, the human portal tract contains 2 connective tissue layers
located around the portal vein, the 1st of which, located close
to the portal vein, contains the branches of the hepatic arteries,
and the other, located peripherally - contains the bile ducts and
extramural peribiliary glands. There are no similar layers in the
portal tracts of the porcine liver.

The intramural biliary (mucosal) glands are quite common
in the bile ducts of the porcine, while the extramural peribil-
liary glands are rare. Besides, it is notable, that these glands are
opened into the biliary lumen from all sides, more or less evenly
(Fig 10), while in humans these glands are usually located along
the two opposite sides of the ducts [13,26,27].

Porta-caval connective tissue connections by the merging
of the elements of the connective tissue sheaths of large portal
tracts and the hepatic veins, we could not find in pig livers. In
addition, with some assumptions, the fibril-like or septal con-
nections of the portal and venous sheaths, consisting of connec-
tive tissue fibers, can be considered as analogs of Porta-caval
connections described in humans (Fig 1c,d,g).
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Fig. 1. Porcine Liver. a - the macro-anatomical specimen; b - corrosion casts of portal and hepatic vein;
¢,d,g hij k1l m— histotopograms of liver tissue (Masson § trichrome staining); e,f,n — fluorescent microscopy of liver tissue
(self-fluorescence), o — histology of liver tissue (H&E). White arrow — hepatic veins; black arrow — portal vein;
white arrowhead — portal tract; free arrow — hepatic capsule (Laennec's capsule); black arrowhead — hepatic artery;
pterygoid arrowhead — fissure; white asterisk — nerve (the branch of vagus); black asterisk — bile duct (bile ductule)
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Hen. The portal and caval ports of the hen liver are separated
from each other to some extent. The hepatic veins have an extra-
hepatic section of considerable length (not found in mammals)
and the hen liver is connected to the dorsally located inferior
(caudal) vena cava by 3-5 hepatic veins covered with perito-
neum (Fig 2a). Posteriorly, liver is connected to the small in-
testine by the ligament, which is created from the duplication
of the peritoneum as well, and in the depth of which the bile
duct, hepatic portal vein, hepatic artery and the gallbladder are
located [28].

Intrahepatic sections of portal complex and hepatic veins are
usually located on planes at different angles to each other and
therefore spatially intersect with each other.

The structures made of different types of connective tissue
fibers are more sharply differentiated within the hen portal tracts
in comparison with the porcine liver. In particular, the own cap-
sule (sheath) of the portal vein is formed by the type-I collagen
and circular elastic fibers, which are tightly twisted with the
portal vein adventitia. The thickness of this capsule does not ex-
ceed 20-30 um. The portal vein with its connective tissue sheath
is situated in the connective tissue of the portal tract, which is
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mainly composed of type-I collagen fibers of different sizes and
directions (Fig 2b,c,d,e,f). Sometimes, in the immediate vicinity
of the portal vein, they form small areas (spaces) in which longi-
tudinal smooth muscle fibers are located (Fig 2c,g).

In those regions where thin daughter branches separate off the
portal vein, the amount of type -I collagen gradually decreases,
rarely “disappears momentarily” and the thin branch of the por-
tal vein remains surrounded by a thin sheath (3-5 um) of type-III
collagen and elastic fibers (Fig 2b,c). The fissures between the
sheath and adventitia of the portal vein, similar to those found in
pig liver might be also found in the hen liver but less frequently
(Fig 2g).

The arteries located in the portal tract are characterized by a
well-defined muscular layer. At the same time, their adventitia
is so thin that it is often impossible to identify. The connective
tissue covering around the artery, as it was described in the hu-
man and porcine livers, is practically absent in hens. The study
of the histotopograms gives the impression that the arteries with
a well-developed muscular layer are directly “inserted” into the
connective tissue structure of the portal tract, mainly formed by
type-I collagen fibers. At the same time, the contact between the

Fig. 2. Hen Liver. a - the macro-anatomical specimen, b - | — histotopograms of liver tissue (Masson's trichrome staining).
White arrow — hepatic veins, black arrow — portal vein; white arrowhead — portal tract; free arrow — hepatic capsule
(Laennec's capsule); black arrowhead — hepatic artery; pterygoid arrowhead — fissure; white asterisk — nerve
(the branch of vagus), black asterisk — bile duct (bile ductule); pentagonal arrow — fibril-like porta-caval fibrous connection
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artery wall and surrounding collagen fibers is loose, sometimes
to such an extent that it becomes possible to identify thin (1-5
microns) gaps (Fig 2b,d,e).

The wall of the bile ducts is thick. They are covered with a
dense peribiliary capsule of type-I collagen fibers, which con-
tains a large number of fibroblasts. The epithelial layer is wrin-
kled to such an extent, that the lumen of the bile ducts is often
star-shaped on the slices. Furthermore, small-diameter ductular
profiles lined with epitheliocytes were found in the peribiliary
connective tissue around the lumens of bile ducts (Fig 2d,e,f)).
This indicates that the hen bile ducts are also supplied by the
peribiliary mucous glands. Considering our previous studies it
was expected [29] as the hens have gallbladder. The high degree
of wrinkling of the epithelial lining of the bile ducts co-exists
with the multi-rowed positioning of epithelial cells, which imi-
tates the proliferation.

The bile ducts are always located at the periphery of the portal
tract. Its connective tissue sheath is connected to the connective
tissue skeleton of the portal tract constituted by type-I collagen
fiber from one side, while from the other side directly adjoin
to the liver parenchyma. In such regions, the connective tissue
fibers of the duct membrane continue directly into the adjacent
lobules, thus creating a unified structure of the extracellular ma-
trix of the liver (Fig 2e,f). But in regions where instead of the
bile ducts the connective tissue of the portal tract is adjoined to
the liver parenchyma, it is possible to identify fissures between
these structures. Such fissures are bordered on the one hand by
the fibers of the portal tract and on the other, by the capsule
directly covering the parenchyma, the separate fibers of which
extend into the intralobular matrix (Fig 2g).

The connective tissue fibers, surrounding the large hepatic
veins (both type-1 and type-III collagen and elastic fibers),
are tightly intertwined and form the sheaths of these veins.
Besides, the greater the venous lumen the greater the thick-
ness of the connective tissue sheaths (Fig 2h,i). The thick-
ness of the connective tissue sheath around the main veins
of the liver reaches 100 um. The type-I collagen fibers pass
through the surrounding layer of the III type collagen and
elastic fibers, thus giving the impression of making septums
in the mentioned layer. Longitudinal muscle fibers (running
alongside the veins) are located in some spaces bordered by
these septums (Fig 2 h,j). The thickness of the connective
tissue sheath containing such elastic and muscular fibers in-
creases locally at the junctions of the tributaries with the he-
patic veins (Fig 2 Lk). It should has a certain sphincter-like
and blood-flow-supporting function. The connective tissue
sheaths formed around the smaller veins are much thinner
and mainly contain type-III collagen fibers, part of which ex-
tends directly into the connective tissue skeleton of adjacent
lobules.

Generally, PCFC is not observed in chicken liver. The in-
terconnection of portal tracts and separate connective tissue
fibers, covering the hepatic veins, is observed only occasion-
ally. Considering their shape, these connections can be called
fibrillar-like, or at most, plate-shaped PCFC (Fig 21).

Rat. The portal and caval ports are located close to each other
at the dorsal (posterior) surface of the rat liver (similar to those
described in the porcines). The hepatic veins are located above
(cranially) the portal veins. The large portal and hepatic veins
are located in planes more or less parallel to each other. They
intersect with each other, but within the specified plane. In ad-
dition, thin branches of the portal vein and hepatic veins can
intersect at different angles (Fig 3a).
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In the liver of rats, in at least one or two lobes, we found an area
where the fibers of the portal connective tissue fuse with the con-
nective tissue surrounding the hepatic vein. Sometimes this fusion
might be so intim that above-mentioned two types of veins can have
one single (united) wall. Such areas, which are considered to be
PCFCs, similar to human PCFCs, are the areas where not only con-
nective tissue fibers can intertwine, but some structures of the portal
complexes can be displaced into the connective tissue sheath cover-
ing the hepatic veins (Fig 3b,c.d.e,f,g).

The adjoining of the branches of the hepatic artery to the walls
of the hepatic veins in the areas of close contact of the portal
tracts with the branches of the hepatic veins was described many
years ago [30]. More recently, we also found the bile ducts dis-
located from the portal tract towards the hepatic veins. Notably,
in 2014, we confirmed that translocated ducts can accompany
the hepatic veins up to their small tributaries, including the sub-
lobular and central veins; Therefore, we assumed that in some
parts of the rat liver, the outflow of bile from the bile capillaries
can occur not only in the interlobular bile ducts located in the
portal tract but also in the bile ducts passing along the central
and/or sub-lobular venules [31].

Various forms of portocaval connections have been identified in
rat liver, starting from the complete merging and ending with fibril-
like connections. In the regions of complete fusion, the branch of
the hepatic vein is connected with the bilio-vascular triad of the por-
tal complex as the fourth element. This biliary-vascular quaternion
are enclosed in a single common capsule - the sheath, similarely to
the one described in the human livers [32].

In rat liver, the peculiarities of the location of connective tissue
fibers, going along the portal tracts of different sizes and the tribu-
taries of the hepatic veins, substantially repeat those described in
the hen liver. In addition, it should be noted that in the liver of rats
elastic fibers are found in smaller amounts, as well as the muscu-
lar layer of arteries is less vividly pronounced. It is also notewor-
thy that in the rat liver hilum and in the area of large vessels, the
boundary between the Glisson’s capsule and the Laennec’s capsule
is distinguished. The latter, as in the porcine liver, covers not only
the liver surface but also separates its parenchyma from the adjoint
portal tracts and tributaries of the hepatic veins (Fig 3h,i). Besides,
we have confirmed the opinion of other researchers, that the fis-
sures, between the sheats of small portal tracts and hepatic veins, on
the one hand, and the connective tissue sheaths of the liver paren-
chyma, on the other hand, is no longer identified. The fibers of all
the named connective tissue structures intertwine, forming a single
extracellular carcass of the liver (Fig 3j,k). At the same time, gaps
are maintained between the adventitia and connective tissue cap-
sule of individual blood vessels, on the one hand, and the above-
mentioned capsule and Glisson’s sheath covering the entire portal
tract, on the another hand. The results of scanning electron micros-
copy of the corrosion casts of the hepatic blood vessels presented
in Fig 31,m and described and discussed in detail in our previous
papers [33], confirm the above-mentioned. In particular, in some of
the corrosion casts, a “leak” of the hardening mass introduced into
the portal vein was found. Some of these leaks travel around the
vessels - in the spaces bounded by the perivascular capsule. These
hardened leaks might form the sheaths that enveloping the casts of
the blood vessels. Some sheaths contain casts of two blood vessels,
but some are empty. In several samples, we have found the patterns
where one empty (free from the vessel) sheath was surrounded by
another. In addition, a direct continuation of these sheaths into the
casts of intralobular connective tissue spaces (perisinusoidal spaces
of Disse) was found. This once again confirms the existence of the
extracellular matrix of the liver as a single structure.
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Fig. 3. Rat Liver. a - the corrosion casts of portal (red color) and hepatic (blue) veins, b,c,d,e,h — histotopograms of liver tissue
(Masson's trichrome staining); f,i,j,k - fluorescent microscopy of liver tissue (self-fluorescence); g- immunohistochemistry
(AE1-AE3) of liver tissue; [ m - scanning electron microscopy of corrosion casts. White arrow — hepatic veins,
black arrow — portal vein, pterygoid arrowhead — fissure; black asterisk — bile duct (bile ductule)

130



GEORGIAN MEDICAL NEWS
No 1(310) 2021

Fig. 4. Sheep Liver. a-c — histotopograms of liver tissue (Masson s trichrome staining); White arrow — hepatic veins;
black arrow — portal vein, free arrow — hepatic capsule (Laennec's capsule); pterygoid arrowhead — fissure;
black asterisk — bile duct (bile ductule); pentagonal arrow — fibril-like porta-caval fibrous connection

Sheep. In the liver of the sheep, the portal and the caval ports
are somewhat separated from each other (the hilum of the portal
vein is located more ventrally). In this respect, sheep liver, like
cow liver [34], shows more similarity with the human liver. The
portal and hepatic veins, respectively, are located at the planes,
which are at different angles to each other and intersect spatially.

The structure and location of the connective tissue structures
of sheep liver are more similar to the structure and location of
connective tissue structures of rat and hen livers than that of por-
cine liver. Besides, there is a difference: the liver capsule (Lae-
nek’s capsule) contains a large amount of type-I collagen and
a small amount of type-III collagen and elastic fibers (Fig 4a).

The bile ducts, which have the star-shaped lumens (similarly
to hens bile ducts) and are covered with a sheath containing
type-III collagen and single elastic fibers, do not directly touch
the liver parenchyma but is separated from it with the type-I
collagen fibers. The latter borders the liver parenchyma which
in turn is covered by the derivate of Laenek’s capsule (Fig 4b).

PCFC was detected only in isolated cases. For the most part,
these connections are plate-shaped and contain bile ducts, mak-
ing the sheep liver like the liver of a rat (Fig 4c).

Conclusion. In mammalian and bird livers, the connective
tissue sheaths of various thicknesses and compositions around
the portal tracts and hepatic veins are interconnected in vari-
ous ways with each other, the liver capsule and intralobular con-
nective tissue network. This system of connective tissue fibers
forms the so-called liver extracellular matrix - the connective
tissue skeleton of the liver.

© GMN

The connective tissue sheaths around the portal tracts and the he-
patic veins might be connected to each other in the form of fusion,
touching, septum (plate-shaped), or thread-shaped connections
when intersecting each other. Such connections form a sturdy extra-
cellular matrix and strengthen the architecture of the liver tissue that
helps the organ maintain its integrity under various pathological (in-
cluding traumas) conditions. Due to the minimal number (virtually
absent) of portocaval connective fibrous connections, compared to
that of the livers of pigs, sheep, and rats, the hen livers seem to be
more vulnerable to mechanical damage.
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SUMMARY

LIVER EXTRACELLULAR MATRIX PECULIARITIES
IN MAMMALS AND AVIANS

'Patarashvili L., "*Azmaipharashvili E., 3Jandieri K.,
IGvidiani S., ?Tsomaia K., *Kikalishvili L., Sareli M.,
3Chanukvadze 1., "*Kordzaia D.

"Ivane Javakhishvili Thilisi State University (TSU), Faculty of
Medicine; *Alexandre Natishvili Institute of Morphology, TSU;
$Thilisi State Medical University; *Institute of Clinical Oncology,
Thilisi, Georgia; *Chaim Sheba Medical Center at HaShomer,
Department of Surgical Oncology (Surgery C), Tel-Aviv, Israel

Analysis of liver matrix studies makes it obvious that knowl-
edge about the connective tissue skeleton of the liver is not sys-
tematized, the terminology is contradictory, and the question of
the construction of some components sometimes causes contro-
versy. We set a goal to study the features of the construction of
the connective tissue matrix of the liver of various mammals and
birds in order to identify and systematize general and specific
patterns of this structure.

The liver of mammals with a gallbladder (pigs, sheep) and
without a gallbladder (rats) and birds (domestic chickens with a
gallbladder) was studied by the methods of anatomical prepara-
tion, histology, histochemistry, histotopography, immunohisto-
chemistry, scanning electron microscopy of corrosion replicas
and fluorescence microscopy.
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In the liver of mammals and birds, connective tissue mem-
branes of various thicknesses and compositions around the por-
tal tracts and hepatic veins are revealed. These membranes are
connected in various ways with each other, the liver capsule and
the intralobular network of connective tissue and form an ex-
tracellular matrix, which strengthens the structure of the liver
tissue and helps the organ maintain its integrity in various patho-
logical conditions.

Keywords: portal sheath, hepatic vein sheath, liver matrix,
porta-caval fibrous connections, liver capsule.

PE3IOME

OCOBEHHOCTH BHEKJIETOYHOI'O MATPHUKCA
MNEYEHHU Y MUIEKOIIUTAIOIIUX U IITUILL
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"Tounucckuii 2ocydapemeennviil ynusepcumem um. U. Jicasa-
xuweunu (TI'Y), meouyunckuii paxynomem; *TIY, Hucmumym
mopgonocuu um. A.Hamuweunu, 3Tourucckuii 2ocyoapcmeen-
Holll MeOuyunckull yuueepcumem, *Hucmumym Kiunu4eckou
onkonoeuu, Tounucu, I'pysus; *Meouyunckuit yenmp um. Xaum
HIuber ¢ Xa-Illomep, omoenenue xupypeuueckou OHKOIO2UU
(Xupypeus C), Tenv-Asus, Uzpauns

AHanu3 ucciefoBaHUN MaTpUKCa MEYEHU BBISABUII, YTO 3HA-
HUSI O COCAMHUTEIbHOTKAaHHOM KapKace MeYeHH He CUCTeMaTu-
3UPOBaHbI, TEPMUHOJIOTUS NIPOTUBOPEUYMBA, a BOIPOC O CTPO-
C€HUM TOrO MJM MHOI'O KOMIIOHEHTA II€YCHOYHOI0 MaTpHKCa
BBI3BIBAET CIIOPHI.

[enbro uccenoBanust IBUIIOCH OMPEICICHHEe 0COOCHHOCTEH
CTPOCHUS COCIUHUTEILHOTKAHHOIO MaTpHKca MEYEHU pas3iind-
HBIX MJICKONUTAIOIIUX U NTHILL JUIS BBIIBICHUA U CHUCTEMaTn3a-
IIMM OOIIUX M YaCTHBIX 3aKOHOMEPHOCTEHN 3TOH CTPYKTYPBHI.

[leyeHbp MIIEKOIUTAIOMIUX C JKEIYHBIM IIy3bIpeM (CBHUHBH,
OBILIBI) U 0€3 JKeIYHOTO My3bIpst (KPBICHI) U NTHLBI (JIOMAIIHUE
Kypbl C JKEITYHBIM ITy3bIpeM) M3ydald METOZAMH aHATOMHUYE-
CKOTO IpEenapupoBaHusi, TMCTOIOTUH, MCTOXUMHH, TUCTOTO-
norpaduy, IMMYHOTHCTOXUMHUH, CKaHUPYIOIICH DJIEKTPOHHOM
MHKPOCKOIIUH KOPPO3MOHHBIX PEIUIUK U (IIyOpEeClEeHTHONW MH-
KPOCKOIIHH.

B nedeHu MIICKONMUTAIOIMX W NTHLl BBIABISIOTCA COCIUHU-
TEJIbHOTKaHHbIE O0OJIOYKHM PA3IMYHOM TONIIMHBI U COCTaBa
BOKPYT' BOPOTHBIX TPAKTOB U MEYSHOYHBIX BEH. DTH 00O0IOUYKH
Pa3IMYHBIMU CIIOCOOAMU CBSI3aHbI IPYT C APYTOM, Karcysoii me-
YEHH ¥ BHYTPHIOOYIISIPHOI CEThIO COCANHUTEIBHON TKaHH, 00-
pa3ysl BHEKJICTOYHbIM MaTPHUKC, KOTOPBIH YKPEIIISET CTPYKTYPY

TKaHU II€YCHU U IIOMOracT Oprany COXpaHsATb HEJIOCTHOCTD IIPU
Pas3IMYHbIX NATOJIOTHUYCCKUX COCTOAHUAX.
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STRUCTURAL CHANGES IN RATS’ LIVER DURING
THE FIRST 2 WEEKS FOLLOWING 2/3 PARTIAL HEPATECTOMY

2Tsomaia K., 'Azmaipharashvili E., 'Gvidiani S., 'Bebiashvili L., 3Gusev S., ?Kordzaia D.

Ivane Javakhishvili Thilisi State University (TSU), Faculty of Medicine;
’Aleksandre Natishvili Institute of Morphology, TSU, Georgia;
SFederal Research and Clinical Center of Physical-Chemical Medicine of Federal Medical Biological Agency, Moscow, Russia

Liver regeneration followed by liver resection is one of the
most frequently studied processes, both in the clinic and in the
experiment [1,3,6,7,23,25,26]. Dramatically is increased fre-
quency of liver resection in recent years. This is due, on the one
hand, to increased cases of space occupying liver pathologies
which were previously considered as inoperative, including
through endoscopic intervention [14] and on the other hand, the
increase in the frequency of liver resections is associated with
widespread transplantations of half liver from a living donor.

According to the data of Eurotransplant International Founda-
tion in 2019 in Europe 116 cases of liver transplantation were
performed from living donor. The United Network for Organ
Sharing reports 524 liver transplantation from living donor. In
total, between 1988 and October 31, 202 7715 liver transplanta-
tion were performed in the United States from a living donor.

One of the important characteristics of liver transplantation
from a living donor is that, after the operation both, the remnant
liver in the donor and half liver transplanted into the recipient
are regenerated - by restoring the initial mass and volume of the
liver. This characteristic led to the revision of regeneration pro-
cesses, including given that the regeneration of the transplanted
liver takes place under conditions of denervation and delympha-
tization [2,13,19].

Despite that several hundred papers on liver regeneration are
published each year, important questions for regenerative medi-
cine remain unanswered, including such simple question as:
Does normal liver differ from regenerated one, and if so, how
it differs.

It is known that postanal period of ontogenesis involves the
proliferation of both liver lobules and cells, while the liver re-
generation happens due to cell proliferation without increasing
the number of lobules [18,24].

Our study of both the specimens of the liver and the three-
dimensional architecture of its tubular structures and connective
tissue spaces has shown that the process of liver regeneration
takes place due to/is accompanied by complex morphologi-
cal changes. The changes concerns both the parenchymal and
stromal components of the liver [20,27,28]. In this study com-
parison of normal and regenerated liver morphologies allowed
us to conclude that regeneration of liver mass after resection is

due to hepatocyte hypertrophy, changes in their shape and size,
sinusoidal dilatation and proliferation, as well as their prolonga-
tion, and multiplication of interlobular connective tissue, which
causes changing the structure of the lobul - remodeling. Remod-
eling is also indicated by the difference in the shape and size of
hepatocytes from normal in the hepatic acinus zones according
to the Rappaport [5,21].

In addition, we have also shown the formation of “mega-
lobules” by the union of adjacent lobules after 2/3 resection in
9-month-regenerated liver, as well as smaller lobules than in
normal one. The description of the megalobules is similar with
the data of Papp et al., who showed the formation of big sur-
face lobules [4,18]. As for the presence of small lobules in the
regenerated liver, similar data could not be found by us. The
presence of small lobules requires additional studies to confirm
whether, in addition to lobule enlargement and remodeling, they
also multiply in the regeneration process.

It has been proven that the increase in rodent liver size and
weight after resection ends 7-10 days after surgery, and the re-
covery of lobules architecture - in 10-14 days [11,17,21]. Al-
though most studies of liver regeneration focus on these dates,
even in the acute period after hemihepectomy, the questions we
have highlighted above concerning the structural difference be-
tween normal and regenerated livers remain unanswered.

Considering the above, we aimed to investigate changes the
hepatocyte size and shape and the architecture of the sinusoidal
network in the 2-week dynamics after resection 2/3 of the liver.

Material and methods. The experiments were performed on
16 adult male Wistar rats weighing 190-200 grams, who under-
went 2/3 hepatectomy. We examined their liver tissue by his-
tological, immunohistochemical, morphometric methods, and
the spatial architecture of the sinusoidal capillary network by
electron microscopy of the corrosion casts. The study was con-
ducted in 24 hours, 48 hours, 96 hours, 1 week, and 2 weeks
after surgery. The resected part of the liver of the same rat was
used as a control. Corrosion casts of normal animal liver were
taken from the archives left from previous studies [27,28]. The
sex and weight of the rats in these studies were similar.

The number and distribution of animals according to the re-
search terms and methods are given in Table 1.

Table 1. Number and distribution of animals in the study group by term and research methods

Groups and terms Research Group (PH)
Research Methods 24H 48H 96 H 1 week 2 weeks
Histology* 2 2 2 2 2
Immunohistochemistry* 2 2 2 2 2
Morphometry* 2 2 2 2 2
Corrosion Casts 1 1 1 2 1
Sum of animals 3 3 3 4 3

* - the same animal was used for these methods
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Surgery models. 2/3 Hepatectomy: The Animal Care Pro-
tocol incorporated the recommendations of the National Re-
search Council (US) Committee for the Update of the Guide
for the Care and Use of Laboratory Animals to minimize ani-
mal pain and / or discomfort, both during and after surgery
[9]. Before and after the experiments the animals were kept
in comfortable laboratory conditions (22° C, 12 h/12 h, light
/dark, 60% humidity, free access to food and water). They
had restricted access to the food only on the day before the
operation. The operation was performed in fasting state, with
general anesthesia with a mask of diethyl ether.

2/3 hepatectomy was performed according to the protocol
of Claudia Mitchell & Holger Willenbring, by using double
knot method. After opening the abdominal cavity, the liver
was mobilized by crossing the liver ligaments. Left lateral
lobe (26% of liver) was resected after the first knot which
was followed by the second knot and resection of median
lobe (38-42% of liver) [16]. Resected parts of liver were ex-
amined macromorphological for the exclusion any pathology.

Histology. Liver tissue sections of 3-pm were stained by
standard H&E method and studied microscopically with dif-
ferent magnification. (Primo star ZEISS, Jena, Germany)
equipped with a digital video camera (ZEN 2.3 SP1).

Immunohistochemistry. For immunohistochemical investi-
gation Keratin-8 antibody (MyBiosourse) was used. Diluted
rate 1:200 in 0,01M Phosphate Buffer Saline (PBS) pH7.4
(Sigma Aldrich). The tissue was formaldehyde fixed and a
heat mediated antigen retrieval step in citrate buffer was per-
formed. The tissue was then blocked and incubated with the
antibody for 2 hours at 22°C. An HRP (pacmudposars) con-
jugated goat anti-rabbit antibody was used as the secondary.
Slides were observed and imaged under a light microscope
(Primo star ZEISS, Jena, Germany) equipped with a digital
video camera (ZEN 2.3 SP1).
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Fig. 1. Liver lobules and acinus. I, ILIII — the zones of acinus;
White arrow — hepatocytes’ plate; Black arrow — portal triad;
White arrowhead — central vein

Morphometry. For morphometric analysis, we selected areas
similar to those previously described by us (Fig. 1) [27,28],
namely:

a) the hepatocytes of the first zone of the hepatic acinus, lo-
cated near the line connecting the adjacent portal triads (on both
sides), corresponding to the perpendicular line from the portal

© GMN

area to the axis connecting the central veins of the adjacent liver
lobules. This is the zone that first receives oxygen and nutrients,
the dominant process in this area is oxidative metabolism (glu-
coneogenesis, proteosynthesis) [8,12].

b) the hepatocytes of the third zone of hepatic acinus, located
around the central vein, corresponding the top part of portal
triad. This is the zone which receive the least amount of oxy-
gen. The reduction processes are predominant in this location
— e.g. detoxication [12].

Slides stained with CK8 marker were used for morphomet-
ric analysis. CK8 provided good visualization of the hepatocyte
membrane and ensured a high accuracy of marking the measur-
able area.

Hepatocyte area and perimeter measurement were per-
formed on the right lobes of the liver of both the control and
study group.

Histological slides were scanned on Motic Digital Slide
scanner and morphometry was performed using Motic digi-
tal scanner assistant software Motic VM 3.0. The working
area was magnified 40 times and the cell membranes were
lined up manually because the shape of the hepatocytes did
not normally exactly match any of the geometric figures. For
morphometric analysis were selected cells with fully visual-
ized membrane and nucleus. 3 samples of I and III zones
were selected from each animal. 100 cells in each zone were
measured.

Scanning Electron Microscopy (SEM) of corrosion casts

All the conditions and sequences were done as previously
described by us [27,28]. To make corrosion casts we used a
mixture of benzoyl peroxide, MAYCRYL C.C., powder and
Protacryl-M as described in our article. Injectable solidifying
mass was injected into rats via portal vein under anesthesia
with diethyl ether, which was followed by pre-rinsing of the
blood bed with 0.9% saline (rinsing time in 20 ml/min).

We examined corrosion casts with electron microscope
JEOL-JSM-6510LV, which allowed the sample to be visual-
ized by analyzing both direct and reflected electron flows
in both high and low vacuum conditions. For investigation
under high vacuum conditions, corrosion casts were coat-
ed with a layer of gold atoms, JEC-3000FC (using Tokyo
BOEKI Group, Japan apparatus (vacuum=3.2 Pa, coverage
time=180 sec).

Continuous variables are presented in average (min, max,
standard deviation). Two-sample t-test was used for compari-
son of continuous variables. These tests were 2-sided. The P
values <0.05 was considered statistically significant. Analy-
sis was performed with SAS version 9.3 software (SAS Insti-
tute, Inc., Cary, NC, USA).

Results and discussion. Tables 2 and 3presents perimeter
and area of hepatocytes on study and control groups.

24, 48, and 96 hours after liver resection, the area and pe-
rimeter of hepatocytes increased in the first and third zones
of the acinus compared to normal (p<0.001). 1 week after
resection, the area and perimeter of hepatocytes in the third
zone of the acinus were smaller than normal (p<0.05), and
the perimeter and area of hepatocytes in the first zone ex-
ceeded the normal values (p=0.05). In addition, the perimeter
and area of hepatocytes in the first and third zones of the
acinus were smaller compared to similar data for previous
regeneration terms (p<0.05). 2 weeks after resection, the area
and perimeter of the regenerated liver hepatocytes in the first
and third zones of the acinus exceeded the normal values ob-
tained one week after resection (p<0.001).
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Table 2. Hepatocytes area and perimeter in the I zone of acinus

Terms and Area of I zone (um?) Perimeter of I zone (um)
zone | Nor- Nor- 1 2
24 H 48 H 96 H | 1 week | 2 weeks 24H | 48H | 96H
Data ma ma Week | Weeks
Average 255 349 479 315 275 389 62 76 93 74 63 77
Minimum 128 203 228 135 132 219 44 52 65 47 46 53
Maximum 418 780 982 863 734 737 88 106 150 108 92 105
St. Deviation 66 97 160 117 88 120 8 11 16 13 11 12
Table 3. Hepatocytes area and perimeter in the Il zone of acinus
Terms and Area of III zone (um?) Perimeter of III zone (um)
zone
Nor- 2 Nor- 1 2
Term 24 H 48 H 96 H | 1 week 24 H 48 H 96H
ma weeks ma Week | Weeks
data
Average 283 388 400 347 244 379 64 76 77 75 61 74
Minimum 119 224 123 34 34 160 47 54 50 49 42 51
Maximum 523 665 897 654 506 715 90 105 111 103 83 104
St. Deviation 88 95 131 97 76 118 10 11 13 12 9 13
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Diagram 1. Area of hepatocytes of I and III zones of acinus

Comparison of hepatocyte areas and perimeters by zones at
the same terms shows that, at normal and at 24 h of regenera-
tion, the area of hepatocytes in the third zone exceeds the area
of hepatocytes in the first zone (p=0.01; p=0.005, respectively),
and no significant difference is observed between the perimeters
of the hepatocytes (respectively p=0.06; p> 0.9).

The situation is changed at 48 and 96 hours after resection,
when the area and perimeter of hepatocytes in the first zone of
the acinus exceeded the area and perimeter of hepatocytes in the
third zone (p <0.05).

One week after 2/3 liver resection, the area of hepatocytes in
the first zone was significant larger than the area of hepatocytes
in the third zone (p=0.009), and the difference between perim-
eters was not significant (p=0.1). However, two weeks later, the
area and perimeter of hepatocytes in the first zone of acinus do
not differ from the area and perimeter of hepatocytes in the third
zone (p=0.5; p=0.2). All data are presented graphically in Dia-
grams 1 and 2.

By the histological examination of the normal rat liver can of-
ten identify lobules where the hepatocytes are arranged radially,
in the form of plates of one or two hepatocytes, between which
the sinusoids are more or less equal in size (Fig. 2A, 3A).

On the 24" and 48" hours after 2/3 hepatectomy, it is dif-
ficult to identify the lobules, and the lobules whose outline
can be identified are increased. The radial arrangement and
architecture of the hepatocyte plates are disordered. They are
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Diagram 2. Perimeter of hepatocytes I and IlI zones of acinus

replaced by conglomerates of liver cells and sinusoidal cap-
illaries. In some areas of these conglomerates, zones with-
out sinusoids, as well as with sinusoids of different sizes
and shapes, are identified. In addition, some sinusoids are
sharply widened. The typical configuration of the cytoplas-
mic membrane of hepatocytes are changed, cytoplasmic pro-
trusions (procesus) appear on some hepatocytes. Multiple
mitotic figures (Fig. 2B, C, 3B, C) are observed On the 48"
h of regeneration. On the 96" h of regeneration mitotic fig-
ures are found in unit quantities. Part of hepatocytes under-
go destructive-necrotic changes. Such necrotic hepatocytes
are often bordered by binuclated, large, or mitotic hepato-
cytes. Necrotic hepatocytes are also often found in so-called,
bloodless areas (Fig.s 2D; 3D). 1 week after regeneration, the
liver tissue returns to a more or less typical architecture, and
the size of the lobules that can be identified on histological
preparations is larger comparing to normal. Part of the sinu-
soids is dilated, and in some areas there are markedly irregu-
lar sinusoids with branching. The plasma membrane of hepa-
tocytes surrounding such sinusoids is also abruptly irregular,
sometimes so much that the liver cells have a star-like shape
(Fig. 2E; 3E; Fig. 5). On the 24" | 48"  and 96™ hours of regen-
eration, hepatocytes differ markedly in size from normal hepato-
cytes. Typical form of the normal hepatocyte (Fig. 2A, 3A) are
replaced by hepatocytes with dramatically different shapes and
sizes, which are connected to each other by an unusually shaped
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plasma membrane protrusion so that the histological picture of new “growths” (protrusions) indicates formations of new con-
whole section resembles the puzzle construction (Fig. 2B, C, D, nections, and remodeling of hepatocyte cords, as it is shown in
E, F; 3B, C, D, E, F). Connection of hepatocytes through these the case of changes in aortic endothelial cell under pressure [10].

Fig. 2. Hepatocytes in the I zone of acinus; A - Control; B — 24h after PH; C — 48h after PH; D — 96h after PH;
E — Iweek after PH; F — 2 weeks after PH; Marked with CK8; X1000

Fig. 3. Hepatocytes in the IlI zone of acinus; A - Normal Liver; B — 24h after PH,; C — 48h after PH; D — 96h after PH;
E — Iweek after PH, F — 2 weeks after PH; Marked with CK8; X1000
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Fig. 4. SEM of Corrosion cast of liver regeneration after 1 week of PH;
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WD

A — sinusoidal network of adjusted lobules. Injection replicas of the sinusoids with different forms and diameters.
B- Rough surface injection replicas of thin, zigzag-like form sinusoids.
C,D — sprouting of hepatic vein tributaries and large sinusoids. E — H&E stain; Zigzag-like form sinusoids (corresponds with B)

It is noteworthy that within a week after regeneration in some
areas there is intense formation of sinusoid capillaries and an
abundance of small tributaries of the hepatic veins (central and
sublobular veins) against the background of the small amount
of portal triads.

SEM examination of corrosion cats of the same term re-
veals a network of sinusoids that spatially lines lobules of
different shapes and sizes, including those that appear to be
a combination of two “normal” lobules (megalobules) (Fig.
4A). Sometimes the diameter of sinusoids is markedly dif-
ferent. Particularly the superficial sinusoids. In some areas,
small (narrow) diameter casts of sinusoids are observed,
which have an irregular rough surface with small bud protru-
sions, which gives the contour of these casts a zigzag shape
(Fig. 4B). These casts correspond to the sinusoids observed
in some slides prepared on the same term and stained by
H&E. SEM of corrosion casts reveals the replicas of the he-
patic vein tributaries and associated with them large sinu-
soids which with the typical features of vascular sprouting.
Such sprouting casts sometimes anastomose to each other
(Fig. 4 C, D).

After 2 weeks of liver resection, the number of areas whose
construction looks like normal increases. In addition, areas
with hepatocytes with cytoplasmic growths (protrusion) and si-
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nusoids of different diameters are still detected. Regenerative
nodules without sinusoids indicating that the sinusoidalization
process is not complete.

Changes the data of hepatocyte area and perimeter obtained
by us are not characterized by a single common tendency. Tak-
ing into account, that hepatocytes of a strange (non-standard)
shape appear with a kind of cytoplasmic protrusions (Fig. 5),
we must assume that not only the vascular network and, conse-
quently, the shapes and sizes of the lobules, but also the popula-
tion of hepatocytes are subject to transformation. Comparing the
current data obtained by morphometry of hepatocytes after 2/3
hepatectomy, with the similar data obtained 9 months after 2/3
hepatectomy, previously published by us, it turns out that they
are also different from each other [28]. This gives us reason to
assume that structural transformation of the liver is a prolonged
process after 2/3 resection. These data corrects the statement
that liver regeneration processes in rodents after resection of 2/3
endsin7—10[11,17,22].

Based on the results of our research, we consider that such
formulation is more correct: after 2/3 resection, the liver regen-
erates and regains its mass and volume in 7-10 days, although
the transformation of both, its cellular and vascular structures,
which in turn leads to spatial transformation of liver cells, con-
tinues for long periods from resection.
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Fig. 5. Hepatocyte forms changing.

A) Normal Liver. Scanned image. Marked with CK8, edited
by ImageJ software X1000

B) Liver afier 1 week Regeneration. Marked with CK8, edited
by ImageJ software X1000. Hepatocytes with dramatically dif-
ferent shapes and sizes, which are connected to each other by
an unusually shaped plasma membrane protrusion so that the
histological picture of whole section resembles the puzzle con-
struction (bordered by red circle); Hepatocytes with zigzag-like
membrane (asterisk)

It is under the question, whether the permanent transforma-
tion of liver architecture is caused only by 2/3 hepatectomy or
it is a typical phenomenon for the liver that occurs throughout
ontogenesis. During the period of ontogenesis, the liver (as well
as the whole organism) increases in volume and weight, and this
increase is associated with the proliferation of liver lobules [18].
After completion of postnatal growth, in the dynamics of onto-
genesis, confirmation or rejection of possible changes in liver
architecture would be important for the study of liver structure,
as a whole, and as an individual component of the organ.

Sprouting of the hepatic vein tributaries (Fig. 4C, D) detected
on corrosion casts confirms that the proliferative processes are
not complete and therefore the liver/lobules remodeling process
continues. The sprouting of the above-mentioned venules cor-
responds to areas quite commonly found on histological slides,
where exists a lot of central veins and sublobular veins without a
corresponding number of triads, this does not fit with the classi-
cal description of rat liver. In addition, a similar proliferation of
veins may be some indication of the formation of new lobules.

Conclusion. The process of regeneration of rat liver does not
end in one or two weeks. Despite the recovery of liver volume and
mass, which is mainly based on hepatocyte mitoses, the regenerated
liver undergoes a permanent process of transformation of hepato-
cyte shape and size, as well as the transformation of the vascular
network. New intercellular connections are formed, including with
the involvement of atypical membrane protrusions of deformed
neighboring hepatocytes. The vascular network also undergoes
transformation - by changing the shape and size of existing struc-
tures and by forming new sinusoidal capillaries and venules.

These transformations underlie changes in the spatial archi-
tecture of the liver lobules.
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National Science Foundation (SRNSF). [DP2016 22, New In-
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SUMMARY

STRUCTURAL CHANGES IN RATS’ LIVER DURING THE FIRST 2 WEEKS FOLLOWING 2/3 PARTIAL HEPATECTOMY

12Tsomaia K., 'Azmaipharashvili E., 'Gvidiani S., 'Bebiashvili L., *Gusev S., ?Kordzaia D.

'Ivane Javakhishvili Thilisi State University (TSU), Faculty of Medicine;
’Aleksandre Natishvili Institute of Morphology, TSU, Georgia;
SFederal Research and Clinical Center of Physical-Chemical Medicine
of Federal Medical Biological Agency, Moscow, Russia

Aim of study - Investigation of changes in hepatocyte size
and shape and architecture of the sinusoidal network in 2-week
dynamics after resection 2/3 of the liver.

The experiments were performed on 16 adult male Wistar rats
weighing 190-200 grams who underwent 2/3 resection of liver,
while a resected portion of the liver of the same rat was con-
sidered as a control. We examined liver tissue by histological,
immunohistochemical, morphometrical methods, and the archi-
tecture of the sinusoidal capillary network by electron micros-
copy of corrosion casts. The study was conducted in 24 hours,
48 hours, 96 hours, 1 week, and 2 weeks after surgery.

The shape and size of the hepatocytes in the first and third
zones of the liver acinus change with the term of the experiment.
With changes in the shape and size of hepatocytes, new intercel-
lular connections are formed, including with the involvement of
atypical membrane protrusions of deformed neighboring hepa-
tocytes.

One week after regeneration, electron microscopic exami-
nation of corrosion casts reveals a network of sinusoids that
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spatially define lobules of different shapes and sizes, including
those that appear to be a combination of two “normal” lobules.
Superficial sinusoids are often markedly dilated (up to 25 um).
In addition, small-diameter (6-7um) sinusoidal casts with a
rough surface and small bud-shaped protrusions are observed in
some areas, giving the line of this a zigzag shape. The existence
of hepatic vein tributaries and associated with them large sinu-
soids, found In single areas, reveals the characteristic feature of
vascular sprouting.

Based on the data obtained, it can be assumed that despite the
recovery of liver mass, the regeneration process is not complete.
Regenerated liver undergoes a permanent process of transforma-
tion of hepatocytes’ shape and size, as well as the transformation
of the vascular network, which is the basis for changes in the
spatial architecture of the liver lobules.

Keywords: 2/3 liver resection; Liver regeneration; Corrosion
casts; Sinusoidal network transformation; Hepatocytes mor-
phometry.
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PE3IOME

CTPYKTYPHBIE UBMEHEHUS INTEYEHU KPbIC B TEYUEHUE NMEPBBIX 2-HEJIEJIb ITOCJIE 2/3 TEHHATOKTOMHNHU

12[Jomas K.B., 'Asmaiinapamsuiau J.JL., 'Teuauanu C.M., 'beouamsuiu U.C., T'yces C.A., "Kopazas JI.Jk.

'Tounucckuii 2cocyoapcmeennolii yuusepcumem um. U. icasaxuweunu (TI'Y), meouyunckuil paxynomem;
2TrY, Huemumym mopgonozuu um. A. Hamuweunu, >®edepanvoiil HAYUHO-KIUHULECKULL eHMD
Qusuro-xumuuecrotl meduyurvl Pedepanbrozo mMeduxo-ouonoeuieckoeo azenmemsa, Mockea, Poccust

Llens uccnenoBanys - U3y4eHNne U3MEHEHHH pa3mMepoB u (op-
MBI I'€[IaTOIIUTOB M APXUTEKTOHHKY CETH CHHYCOHUJIOB B TEUCHHUE
2-Henenb MOCIIe Pe3eKINK 2/3 MeueHH.

DKCIepUMEHTHI BBITIONHEHBI Ha 16 KpbIcax camuax JIMHUH
Wistar Becom 190-200 rpamMm, y KOTOPBIX BBITIOTHEHA YacTHY-
Hasl TeNaTIKTOMUS. YIaJIeHHAsl 4acTh NTEYSHH MPOaHaIN3UPOBa-
Ha B KaueCTBE KOHTPOJIS JUIsl KayKIOTO JKMBOTHOTO. TKaHb Ie-
yeHH crycts 24, 48, 96 yacoB u yepe3 1 u 2 Hejenu u3ydyeHa
C TOMOIIBIO THUCTOJOTHYECKUX, MMMYHOTHCTOJIOTHYECKUX H
MOP(OMETPUUECKUX METOIOB; apXUTEKTOHHKA CHHYCOMIHBIX
KalMJUIIPOB HCCJIEN0BAaHAa C MOMOIIbI0 CKAHHPYIOLIEH OJIeK-
TPOHHON MUKPOCKOIIMU KOPPO3HOHHBIX TIPENapaToB.

dopma 1 pa3Mepsl renaTtoyuToB MepBOH U TPETheil 30HbI Ie-
YEHOYHBIX allMHYCOB M3MEHSIOTCS B TEUEHHE BCEro CpoKa Ha-
Omonennii. Viamenenne Gpopmbl ¥ pa3MepoB renaToUTOB MPH-
BOJMT K (OPMHUPOBAHMIO HOBBIX MEXKKJIETOUHBIX KOHTAKTOB,
KOTOpBIE B Psifie Cily4yaeB oOpas3yroTcsi Onarozapsi aTUIUYHBIM
oTpocTKaM Ae()OPMHUPOBAHHBIX COCEIHUX KieToK. CrycTs He-
JIETI0  TIOCJIE TEeNaTIKTOMHUM  AJIEKTPOHHO-MHUKPOCKOIINYECKOEe

HCCIIeIOBaHNE KOPPO3HOHHBIX MPENapaToB BBIIBHIO CETh CH-
HYCOH/JIOB, KOTOPBIE PacIoNararoTcsi BHYTPH JIOJIEK pa3IHIHON
(dopMBI 1 pazMepoB. B HEKOTOPBIX citydasx co3gaeTcs Briedar-
JICHUE, YTO JIOJIbKY aHOMAJIbHOH (hOpMBI M pa3MepoB 0Opa3oBa-
HBI KOMOHMHAIMEH ABYX «HOPMAJBHBIX» JoJieK. [loBepXHOCTHEIE
CHUHYCOH/JIbI YaCTO 3aMETHO paciupeHs (10 25 MkM). Ha Heko-
TOPBIX y4acTKax HAOIIOMAIOTCS CIIENKH CHHYCOHIOB MaJIoro Jua-
Metpa (6-7 MKM) € IIEPOXOBATON TIOBEPXHOCTHIO M HEOONBIITUMHU
BBICTyNaMu B (hopme OyTOHA, YTO TPHIAET MM 3Ur3aroodopas-
Hyl0 Gopmy. B psine 30H oOHapy)XuBaeTCs HaJIW4He MPUTOKOB
MEYCHOUHBIX BEH M CBSI3aHHBIX C HUIMH CHHYCOHJIOB OOJIBIIOTO
JIMaMeTpa, 4TO SBIISETCS IPU3HAKOM COCYANCTOTO pa3pacTaHusl.

[Mony4yeHHbIe JaHHBIC MMO3BOJSIOT IMPEANONIOKUT, YTO, He-
CMOTpsI Ha BOCCTAQHOBJICHHE MACChI TIEUSHH, TPOIIECCHI pereHe-
paluy He 3aBepuialoTcs. B pereHepupyromieii neueHn nposo-
JKAIOTCsl TIEPMAaHEHTHBIE TPOIeCcCHl TpaHChopMau GOopMbl 1
pa3MepoB TenaTolUTOB, a TAKKe MEPECTPOHKN CETH COCYIOB,
KOTOpBIE JISKAT B OCHOBE U3MEHEHHH ITPOCTPAHCTBEHHOH apXu-
TEKTYPBI JIOJIEK MEYEHH.
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CORRELATION OF THYROID AUTOIMMUNITY WITH ATHEROSCLEROSIS EVALUATION
IN HASHIMOTO’S THYROIDITIS

!Gvianishvili T., 2Kakauridze N., 'Gogiashvili L., 'Tsagareli Z., *’Kurtanidze T.

'Ivane Javakhishvili Thilisi State University, Alexandre Natishvili Institute of Morphology;,
Thilisi State Medical University, Georgia

According of clinical and scientific research result, the thy-
roid gland dysfunction (hypothyroidism) play significant role in
development of dyslipidemia, atherosclerosis (At) and hence the
coronary heart disease (CHD) pathogenesis.

Accumulating results of numerous cross-sectional epidemio-
logical investigations indicate that among other important risk
factors, the hypothyroidism and high serum TSH levels are more
pronounced cause of endothelial dysfunction, histomorphologi-
cal changes of large vessels’ wall and impact on the mechanisms
of cholesterol metabolism. McLeod 2013 [1], based on the large
meta-analysis study [2], suggested a causal relationship between
autoimmune thyroid disease and atherosclerosis [3-5].

By 2019 ESC/EAS Guideline [6], except of the traditional risk
factors, such as the dyslipidemia - high level of Total cholesterol
(TC), low density lipoprotein cholesterol (LDLC), triglycerides
and low level of high density lipoprotein cholesterol (HDLC) -
noted the high importance of carotid and femoral intima- media
thickness (IMT) for presence of atherosclerosis in patients with
CHD and subclinical hypothyroidism (SH) [7-12].

The study region — Georgia (South Caucasus) is iodine-defi-
cient area with a high prevalence of iodine-deficiency-related
disease, such as endemic goiter, thyroid nodules, Hashimoto
thyroiditis (HT) - most common cause of primary hypothyroid-
ism [1, 13-15]. Due to the substantial changes in lipid metabo-
lism, these conditions increase high-risk morphological features
of atherosclerosis [16, 17]. Against this background, hypercho-
lesterolemia has a direct relationship and the impacts on the dy-
namics of histomorphological changes in the Hashimoto’s thy-
roid parenchyma; there are significant debates regarding the aim
on which the present study is mainly concentrated.

Recently, the relationship between subclinical hypothyroid-
ism (SH) and cardiovascular diseases has been one of the most
popular topics. There is still some controversy concerning the
cardiovascular impact of SH and management protocols.

The aim of the present study is to investigate the putative asso-
ciation between Hashimoto thyroiditis parenchyma changes
and At cardiovascular disease (CHD) clinical characteristics
focusing on the causal connection between thyroid function
indexes, the lipid profile with follicular epithelia’s molecular
biology details.

Material and methods. We investigated the patients in
Georgian National Center of Internal Medicine and Tbilisi
State University affiliated Hospitals (Departments of cardiol-
ogy, surgery and pathology). Present study was reviewed and
deemed exempt from written informed consent by the Eth-
ics committee and Board of medical sciences at Tbilisi State
University based on Helsinki-ethical principles declaration
for medical research [18].

To reach the planed goal we investigated 52 patients (female),
which had undergone total thyroidectomy, lobectomy. In the re-
search basic groups (I and II) were included the patients (pts)
with Hashimoto thyroiditis (HT) - 28 pts, and HT with athero-
sclerosis - 24 pts. For underling the significance of HT in ath-
erosclerosis patients with atherosclerosis (without HT) - 27 pts
were included in control (group IIT).
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The diagnosis of atherosclerosis were established by 2019
ESC/EAS criteria - confirmed ACVD (CHD, carotid and femo-
ral arteries atherosclerosis) by using ECG, echocardiography,
stress testes, carotid and femoral arteries ultrasonography and
in some cases coronarography. The diagnosis of HT were es-
tablished by TSH, FT4, FT3, anti-TPO tests and confirmed in
postoperative specimens histology.

The exclusion criteria were: the patients having III-IV func-
tional class (by Canadian Cardiovascular Society grading of an-
gina pectoris) and unstable angina pectoris, heart failure I1I-IV
(by NYHA classification), arterial hypertension grade 1, 2, 3 (by
ESC/ESH guideline, 2018) [19], diabetes mellitus, hepatic and
renal failure.

For all studying patients the following analysis was provided:
lipid profile, TSH, FT4, Anti TPO; carotid, femoral, thyroid
gland ultrasonography.

Laboratory tests

Thyroid hormones and anti TPO

Subclinical hypothyroidism (SH) is characterized by normal
serum free T, and free T, levels and increased serum TSH levels.

Patients involved in the study underwent TSH by the enzyme-
linked immunosorbent assay (ELISA) methods name “SAND-
WICH”-96, well plate, source-serum, venous blood, plasma,
IU/ml 0-35 IU/ml, free thyroxine testing, and antibody titer to
thyroid peroxidase [20].

Thyroid markers reference range: TSH 0.3-4.2 mIU/L, FT4
0.9-1.7 ng/dL, Anti-TPO <9.0 IU/mL, Anti-Tg<4.0 IU/mL [21,
22].

Thyroid disease categorization and thyroid function index -
TSH and FT4 respectively:

Subclinical hypothyroidism > 4.2 mIU/L and0.9-1.7 ng/dL
Subclinical hyperthyroidism < 0.3 mIU/Land0.9-1.7 ng/dL
Overt hypothyroidism > 4.2 mIU/Land< 0.9 ng/dL

Overt hyperthyroidism < 0.3 mIU/L and> 1.7 ng/dL
Lipids profile:

Blood samples were taken after 13 hour fasting. Lipid spec-
trum was studied in blood serum using “Janway” spectrometry.
The quantitative determination of total cholesterol (TC) was
performed triglycerides (TG) were determined by the enzyme
method, while the content of high density lipoprotein-cholesterol
(HDLC): low density lipoprotein - cholesterol (LDLC) and very
low density lipoprotein - cholesterol (VLDLC) were determined
after the precipitation of low density lipoprotein -cholesterol us-
ing BIOLABO, France reactive. LDLC were calculated by Fried-
wald. The main criteria were: total cholesterol (TC)>160mg/dl,
low density lipoprotein - cholesterol (LDLC)>100mg/dl, high
density lipoprotein - cholesterol (HDLC) 150mg/dl.

Ultrasound diagnostically methods

Echocardiography

LV mass (LVM) calculations have been made using linear
measurements derived from 2D targeted M-mode. LVM es-
timated by the ASE-recommended formula (from LV linear
dimensions): LVM= 0.8 {1.04[(LVIDd + PWTd + SWTd) 3 -
(LVIDd)3]}+ 0.6 gwhere PWTd and SWTd are posterior wall
thickness at end diastole and septal wall thickness at end diasto-
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le, respectively. LVIDd (LV internal diastolic dimension. The in-
dexation of LVM (g/m2) determined in accordance with Height
(m) and Body surface area (BSA) m2.

Carotid and femoral arteries ultrasonography

Carotid and femoral arteries intima-media thicknesses were
investigated by high-resolution ultrasonography on sonoscope
TOSHIBA-SSH 140-A by 5 MHz and 7, 5 MHz linear transduc-
ers. The degree of carotid stenosis was determined in transversal
and longitudinal sections. The intima-media complexes and ath-
erosclerotic plaques height was measured by the triplex scan-
ning method. Carotid arteries intima-media thickness (IMT) was
defined from bifurcation 20 mm proximally and 30 mm distally
[23]. IMT normal value is <I mm.

Ultrasonography of the thyroid gland

Ultrasonographic examinations were performed on a TOSHI-
BA SSH-140-A scanner with 5, 7, and 3.5 MHz transmissions.
Examination of the thyroid gland used B to assess the thickness,
width, length, and size of the thyroid gland using the appropriate
formula (thickness x width x length x 0.479) to assess the struc-
ture, surface condition, diffuse and focal changes.

Histological examination

All patients provided written informed consents. This study
protocol was approved by the ethics committee of medical
sciences at Tbilisi State University based on Helsinki-ethical
principles declaration for medical research [18]. The research
database included postoperative surgical pathology material ob-
tained from patients with thyroiditis who had undergone total
thyroidectomy, lobectomy, and partial resection of the thyroid
gland. The pathology material was received from Surgical Units
of Thbilisi and West Georgia National Center of Interventional
Medicine. Both retrospective data (for the years 2014) as well as
prospective material (for the years 2918-2019) were analyzed.
Basically, thyroidectomies in the I and II groups of patients were
performed for the following reasons: a. patients with bilateral or
multiple nodules or symptoms of neck or throat compression, or
enlargement during follow-up and b. clinical and physical data
indicated for removal.

The diagnosis of HT was based on the level in serum anti
peroxidase level - 186 (63-438), TSH, FT4 range and histologi-
cal findings.

For histological examination of thyroid operative materials,
the sliced sections were stained with routine Hematoxylin and
Eosin (H&E). Formalin-fixed paraffin embedded (FFPE) tissue
sections were routinely processed and stained with hematoxylin
and eosin. Immunohistochemical (IHC) staining was performed
on FFPE tissue sections with antibodies against the follow-
ing markers: 1. S100 Protein (clone RTU-S100p Polyclone
Antibodies, Biogenex, USA), because Hiirthle cells reac-
tion is most remarkable in HT disorders; and 2. p63 (clone
7JUL, Leica, UK), which is a pS3 gene family at 3q27-29
homologue nuclear transcription factor. Three of p63 iso-
forms encode proteins that transactivate on p53 activity and
induct cell into apoptosis. The other three isoforms encode
proteins, which have inhibitory effect on p53 activity [24];
in our cases, p63 is important to detect oxyphilic metaplasia
of thyroid follicular epithelium. As positive control Palatine
Tonsils lymphoid tissue specimens were used.

FFPE sections were fixed on poly-L-lysine-coated glass slides
and prepared as follows: 1) deparaffinization, rehydration and
incubation for 20 minutes in 3% H,O,; 2) Immersion in phos-
phate-buffered saline (PBS) for 20 min; 3) Antigen retrieval in
the microwave (600 W) for 20 min, followed by cooling in ci-
trate buffer (0.01 m, pH 6.0). Specimens were incubated with
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the primary antibodies for 1 hour at room temperature. After that
was washed three times with PBS at room temperature. Hema-
toxylin is used for nuclei counterstaining. All procedures were
carried out in compliance with antibodies manufacturers’ proto-
cols (Bio Genex, USA; Leica, UK).

Histology slides were reviewed by two pathologists (L. G., T.
G.). We used the 2015 American Thyroid Association manage-
ment guidelines [21, 22].

The statistical analysis was performed using Microsoft Ex-
cel 7.0, SPSS-20 version and Mann—Whitney U-test. M+SD
(M-mean SD-standard deviation) was calculated. Student-t
test was used for the analysis of the data obtained for the
groups, Fisher’s F criterion for comparing dispersions Differ-
ences were considered statistically significant when “p” value
was less than 5% (p < 0.05). Correlation was tested according
to the Pearson’s correlation. Comparisons between groups
and factors were made using Multivariable linear regression
and analysis to evaluate independent risk factors (TSH, IMT,
demographic variables (age and gender)) [3, 5, 7]. The coef-
ficient of reliability was calculated by t-s statistics for two
different averages and F-statistics. The results of the study
were recorded in tables and diagrams.

Results and discussion. The confidence of our results is
based on the following points:

1. The study groups do not differ by age, BMI or numbers of
patients, which excludes influences in the comparison of Lipid
spectrum, TSH and FT4 levels.

2. The clinical characters similarity of the study groups of
HT+At (group II) and At (group III) permits to underline the
TSH responsibility on the development of dyslipidemia (Fig. 1).

663

wom s
(===

=ora oW g
o o o O O

Fig. 1. Clinical characteristic of patients in group II (At+HT)
and group 111 (At)

The clinical characters of the group III (AT) vs group II
(AT+HT) are presented in Figure 1. By the analyses of the dia-
grams 1 and 2 there is no significant differences of group II vs
group III patients clinical characteristics that describe the sever-
ity of At (Hypertension -16 % vs 18%; stable angina 37% vs
39%; HF 12% vs 13%; post- Myocardial Infarction (MI) 28%
vs 28%; carotid artery At), except of femoral artery At - 53%
Vs 66%.

Analysis of the thyroid gland’s functional tests - TSH and
FT4, revealed statistically significant differences (P<0.001)
between Anti-TPO negative group III (patients with At)
(TSH:1.2+0.3mIU/L; FT4: 1.2+0.3 ng/dl) and Anti-TPO posi-
tive two groups: group I (patients with HT) (TSH:6.0+1.6mIU/L;
FT4: 0.9840.15 ng/dl) and group II (patients with HT+At)
(TSH:5.80+1.7mIU/L). There was not thyroid gland’s function-
al tests any differences between group I and II patients as we
don’t reveal statistical reliable differences of FT4 (P2-3 >0.2)
level between group II patients (FT4: 1.1+0.2 ng/dl) and group
III patients (FT4: 1.2+0.3 ng/dl) (Table 1).
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Table 1. Summary of Baseline Characteristics for Patients With HT, HT+At and At

Groups Age BMI TSH FT4 TC LDLC HDLC TG
HT () M 62.8 27.4 6 0.98 246.2 1721 49.3 123.9
StD 1.2 1.2 1.6 0.15 25.5 233 6.1 26.2
HT+At(IT) M 64.6 27.6 5.8 1.1 276.6 204.1 41.3 155.8
StD 3.8 1 1.7 0.2 11.7 14 6.5 23.6
AT (IIT) M 63.0 27.1 1.2 1.2 211.1 139.4 42.9 150.0
StD 3.0 1.0 0.3 0.3 29.6 29.7 5.0 22.9
TSH FT4 TC LDLC HDLC TG
pl-2 0.3 0.2 0.001 0.001 0.001 0.001
pl-3 0.001 0.001 0.001 0.001 0.001 0.0002
p2-3 0.001 0.2 0.001 0.001 0.001 0.001

HT- Hashimoto Thyroiditis; At-atherosclerosis; BMI (kg/m2)- Body mass index, TC (mg/dl) —Total Cholesterol;
LDLC (mg/dl) —Low density Lipoprotein Cholesterol; HDLC (mg/dl) — High density Lipoprotein Cholesterol;
Triglycerides (mg/dl); TSH — (mIU/L; FT4 (ng/dL);; Anti-TPO (IU/mL)
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Fig. 2. The characteristics of lipid profile, BMI, TSH, FT4, FA and CA in the study groups

Table 2. CA and FA IMT in study groups

Atherosclerosis HT() HT+ATI At (III)
CA (mm) M 1.04 1.19 1.1 pl-2 0.001
SD 0.09 0.1 0.11 pl-3 0.03
p2-3 0.0004
FA (mm) M 1.29 1.47 1.18 pl-2 0.001
SD 0.13 0.2 0.12 pl-3 0.002
p2-3 0.0001

Lipid spectre demonstrates more atherogenic changes in Il group
(HT+At) patients (TC 276,6+11.7.5 mg/dl; LDLC 204,1+ 14.0mg/
dl; TG 155.8+23.6mg/dl; HDL 41.3+6.5 mg/dl), than in patients
with At, but without HT (group III) (TC 211.1£29.6 mg/dl; LDLC
139.4+29.7mg/dl; TG 123.9+ 22.9 mg/dl; HDL 49.3+ 6.1 mg/dl).

TSH and anti-TPO are important in the development of ath-
erosclerosis as indicated by correlation with atherogenic lipid
levels (TC 246, 2+25.5 mg/dl; LDLC 211.1+ 29.7mg/dl; TG
150.0 + 22.9 mg/dl; HDL 42.9 £5.0 mg/dl), increasing in pa-
tients with HT (group I). However, in II group (HT+At) LDLC
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276.6+ 11.7 mg/dl; TG 155.8 + 23.6mg/dl; HDL 41.3 £6.5 mg/
dl demonstrate elevation of the same data according to a linear
relationship between thyroid function index and lipid profile
(Tab.1), respecting BMI and age factors.

The CA (carotid artery) intima-media complex thickening is
more expressed in group II patients (1,194+0,1 mm) and statis-
tically significantly differs (p2-3<0.0004) as from group II pa-
tients indices (1,1£0,11 mm) as from group I patients indices
(1,04+0,09 mm). Also, the statistical reliable between group I
and group III indices (p1-3<0.03) were observed (Fig. 2).
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There were statistically reliable differences between group
11 patients FA (femoral artery) intima-media complex indicator
(1,47£0,2 mm) with group III atherosclerotic patients without
HT (1,18+0,12 mm) p2-3<0.0001 and group I patients with HT
(1.29 +0,13 mm) p1-3 <0.0001 as well between group I patients
with group III patients (p<0,001) (Fig.2, Table 2).

These results are derived from linear regression data between
serum TSH levels and key diagnostic parameters confirming
atherosclerosis, where a linear correlation trend was observed
between TSH, on the one hand, and FA and CA intima-media
thickness, on the other. For intergroup comparison it’s likely
that the Pearson coefficient showed an active direct correlation
with group II, namely, between TSH, LDLC and CA wall thick-
ness ratios. Thus, the latter is one of the most reliable criteria for
comparison between groups (Fig. 3).
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Fig. 3. Pearson correlation (r) between: a - TSH and TC
in patients with HT and HT+At (group I and II); b - TSH and
LDLC in patients with HT and HT+At (group I and Il); ¢ - TSH
and FA in patients with HT and HT+At (group I and group II)

We can conclude that TSH, as the main thyroid function regu-
lator, may be determined as principal risk-factor, which inde-
pendently affects the thyroid morphology as well as carotid and
femoral arteries IMT.

Baseline characteristics and Histology of Thyroid paren-
chyma

In generally, the histopathological diagnosis of HT was
based on the presence of diffuse, chronic, inflammatory cells
infiltrate, mainly composed of T-lymphocytes and plasma
cells and macrophage, organized in germinal centers, also
fibrotic areas presents, which did not extend beyond the cap-
sule. The infiltrate had to occur in a normal region of the thy-
roid gland, as well as the presence of atrophic follicles with
numerous Hiirthle cells and enlarged thyroid cells, character-
ized by abundant cytoplasm, which was eosinophilic.

Group I (HT) - results of histopathological research of
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Hashimoto’s thyroiditis causing subclinical hypothyroidism
is associated with activity of parallel immunohistochemical
reactions, indicating that the thyroid parenchyma is non-
homogeneous in terms of parenchyma cell components, as
well as molecular biological features. Hashimoto’s thyroid-
itis leading histopathological process is the extensive lym-
phocytic infiltration of thyroid parenchyma (Fig. 4a), which
is accompanied by hypertrophy/hyperplasia of lymphoid fol-
licules and germinal centers, with the abundance of plasma
cells and macrophages. In the thyroid parenchyma necrosis
areas were not detected.

The high nuclear expression of the protein S100 in HT paren-
chyma indicates on the dysplasia of the thyroid parenchyma and
disorganization of the architecture. Expression of high-intensity
S100 protein is associated with Hashimoto’s infiltrative foci in
the domain between follicles (Fig. 4b).

P R

Fig. 4. HT a. H&E. Atrophic follicles in the thyroid parenchy-
ma, invasive lymphoid follicles with large germination center,
X200. b. S100-protein expression is manifested in the domain
between follicles in abundant Hiirthle cells. Immunoperoxidase
reaction, X160

Group II (HT+atherosclerosis) - In the material of the given
group marked the typical histological features of Hashimoto’s
thyroiditis include moderate lymphoplasmacytic infiltration,
follicular destruction following with variable degrees of fibrosis
(Fig. 5a).

It is significant, that HT with atherosclerosis association
characterised by independent line of Hiirthle cells and their
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adenoma like hyperplasia, reducing follicular parenchyma,
which decrease secretary activity, in fact, hypothyreosis re-
inforce (Fig. 5b).

In group II (HT+atherosclerosis), new morphological fact
develops in some areas of thyroid parenchyma as oxyphilic
metaplasia of follicular cells indicating on the severe molecular
biological transformation of thyroid parenchyma due to higher
low-density lipoprotein cholesterol concentration than in group
I (Fig. 5c). Patient from this group also displayed greater CIMT
than controls (Fig. 3a, b).

Atherosclerosis and CVD events reduction is very impor-
tant goal of modern medical society. That is why, beside of
the traditional risk factors (dyslipidemia, obesity, hyperten-
sion, etc.), scientists attention is focused on the research of
the new factors, such as metabolic risk factors and hypothy-
roidism among them. Taking account the numerous studies
about immunological pathogenesis of atherosclerosis [25,26]
the importance of Hashimoto thyroiditis influence on CVD
events is evident. By 2019 ESC/EAS Guideline [6], next to
coronarography, Doppler ultrasound method of carotid and
femoral arteries atherosclerotic changes is accepted for con-
firmation of ACVD.

Based on the above considerations, we examined patients
who were operated on due to Hashimoto thyroiditis indica-
tions: group I patients HT without atherosclerosis clinical
manifestation and group II patients with HT+Atherosclerosis
and group III — Atherosclerosis as in control version.

To pick out the importance of atherosclerosis risk factors
(dyslipidemia) in the development of atherosclerosis we com-
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s %4
Fig. 5. HT a. H&E, X100. b. Association of Hiirthle cells adenoma and Hashimoto s Thyroiditis.
Intense expression of S100 protein on the periphery of the adenoma and in the adenoma capsule, X160.
c. Follicular epithelial squamous metaplasia with intense nuclear positive p63 immunostaining, X400;
(in rectangle area — control reaction with lymphoid tissue from Palatine Tonsils, X200); Immunoperoxidase reaction

pared this data with markers of atherosclerosis using carotid
and femoral arteries Doppler ultrasonography. This com-
parison allows immunological factors (anti-TPO) pathologic
mechanism influence in patients with HT with atherosclero-
sis risk-factors. Data of HT+At group’s patients vs group’s
IIT Atherosclerosis patients accentuate immunological factor
(anti-TPO) action on the dyslipidemia that can promote fur-
ther severity of the atherosclerosis. This point of view is sup-
ported by the results of immunohistochemical study of the
p63 protein: It was during the combination of atherosclerosis
and Hashimoto that foci of p63 expression of squamous epi-
thelial dysplasia were detected (Fig. 5C).

The major risk factors of atherosclerosis — TC, LDLC, TG
high and HDLC low levels relation with anti TPO, TSH and
FT4 revealed lipid parameters statistically high level in the
group II patients but despite high levels of atherogenic lipids,
the same status was statistically low in group III (patients
with atherosclerosis but without HT) in comparison with
group II as well as in group I patients. This fact confirms
hypothyreoidism with anti TPO importance in processing of
atherosclerosis and HT as atherogenic risk factors signifi-
cance the correlation under anti-TPO between TSH and TC.
LDLC in the I (r =0.89**, 0.81**) and II groups’ patients
confirmed the immunological status influences in the devel-
opment of atherosclerosis.

Thus the influence of thyroid hormones on CVD is in conclu-
sive [27]. FT4 levels in middle-aged person are positively asso-
ciated with At, independently caused cardiovascular risk factors
[4,28-31]. In turn, At adversely aftected on the lipid cholesterol
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and carbohydrates rates metabolism, accelerating hypothyroid-
ism with follicular epithelial meta- and dysplasia manifested in
our study by: 1. Hurtle cells activity — adenomatous transforma-
tion, 2. follicular cell, oxyphilic metaplasia and focal dysplasia
(p63 positivity) [14,17,32]. It’s important that in euthyroid in-
dividual there was no significant difference between compared
date [24, 33].

We suppose, that thyroid hormone plays an important role
in the pathogeneses of atherosclerosis and cardiovascular com-
plication through multifunctional physiological effects — such
intranuclear genomic and extranuclear nongenomic influences:
[26, 34] 1. thyroid hormone acts on the vascular smooth mus-
cles cells, modified endothelial function developing systemic
vascular resistance [2,4,33,35,36] and diastolic blood pressure
instability [21,33]; 2. Thyroid hormone also reduced LDL and
decrease LDL receptor activity [26, 37, 38].

It’s well known, that the dyslipidemia and the diastolic hyper-
tension predispose the hypothyroidism in HT and At combina-
tion group to accelerate carotid artery IMT. Respectively, our
results are in good agreement with this opinion [37, 38].

In the current study we found that free T4 is associated with
the severity of atherosclerosis clinical characteristics, but we
also found, that TSH and anti-TPO antibody levels are directly
and closely linked to the cardiovascular complications (Myocar-
dial infarctions and hypertension).

Furthermore, as discussed above, biomarkers S100 and p63
data results demonstrate negative feedback effects of hypercho-
lesterolemia on the high morphological risk features in Hashi-
moto parenchyma, which may partially explain the significant
trend and pathobiological link of Hashimoto Thyroiditis asso-
ciation with Papillary thyroid carcinoma [13,14,24,25].

Doppler ultrasonography investigation data, revealing CA
and FA atherosclerosis and TSH influence, show the pres-
ence: 1. FA is most important location for developments of
IM complex thickening in HT (group I) and HT+At (group
IT) confirmed by presence of reliable differences (p<0.001)
between II and IIT groups as between the I and III groups
patients. 2. CA thickening characterised all three groups’ pa-
tients, but more expressed in the group II patients. 3. TSH lev-
els clarify the atherogenic quality by presence of correlation
between TSH and FA atherosclerosis (r=0.62%) as between
TSH and CA atherosclerosis (r=0.6* in the group I patients).
Anti atherogenic HDLC level, statistically reliable, is high-
est in the group I patients in comparison to II and III groups’
patients that can explain absence of clinical manifestation of
atherosclerosis despite of the thickening of CA and FA.

Conclusion. Comparative analysis of key phenomena of
HT and Atherosclerosis features show that free T4 is associ-
ated with the severity of atherosclerosis clinical characteris-
tics, that TSH and anti-TPO antibody levels are directly and
closely linked to the cardiovascular complications (Myo-
cardial infarctions and hypertension). Dyslipidemia and the
diastolic hypertension accelerate the hypothyroidism in HT
and At combination group to predispose carotid artery IMT.
Biomarkers S100 and p63 data results demonstrate negative
feedback effects of hypercholesterolemia on the high mor-
phological risk features in Hashimoto parenchyma, which
may be partially explain the significant trend and pathobio-
logical link of Hashimoto Thyroiditis with Papillary thyroid
carcinoma.

Data, presented in the study, will serve as a reference for fur-
ther investigation.
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SUMMARY

CORRELATION OF THYROID AUTOIMMUNITY WITH ATHEROSCLEROSIS EVALUATION
IN HASHIMOTO’S THYROIDITIS

!Gvianishvili T., ’Kakauridze N., 'Gogiashvili L., 'Tsagareli Z., ’Kurtanidze T.

'Ivane Javakhishvili Thilisi State University, Alexandre Natishvili Institute of Morphology;,
’Tbhilisi State Medical University, Georgia

The relationship between subclinical hypothyroidism (SH)
and Atherosclerotic (At) cardiovascular diseases (CVD) has
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been one of the most popular topics but causal connection be-
tween Hashimoto thyroiditis (HT), lipid profile and follicular
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epithelial molecular biology is controversial. We investigated 3
groups of patients (group I — HT, group II - HT+At, group III
- At). All laboratory tests for thyroid function and lipid profile
detection were used according to international guideline recom-
mendations, coronary and femoral arteries intima-media thick-
ness (IMT) were tested by high-resolution ultrasonography, thy-
roid gland histology and immunohistochemistry carried out by
p63 and S100 protein expression control. The statistical analysis
was performed using Microsoft Excel 7.0, SPSS-20 version,
Mann—Whitney U-test and Pearson’s correlation. Comparisons
between groups and factors were made using Multiple Linear

Regression model. With the results obtained, dyslipidemia and
the diastolic hypertension accelerate the hypothyroidism in
HT+At group to predispose carotid and femoral arteries IMT.
TSH and anti-TPO antibody levels are directly linked to the car-
diovascular complications. Biomarkers S100 and p63 data show
negative feedback effects of hypercholesterolemia on the high
morphological risk features in Hashimoto parenchyma, which
may partially explain the significant trend and pathobiological
link of HT with Papillary thyroid carcinoma.

Keywords: Hashimoto Thyroiditis; Atherosclerosis; Thyroid;
p63, S100 immunohistochemistry; Carotid, Femoral IMT.

PE3IOME

KOPPEJIALUS MEXKIAY AYTOUMMYHHBIM TUPOUAUTOM
" PABBUTHUEM ATEPOCKJIEPO3A IIPU TUPOUJUTE XAHIUMOTO

I'BununamBuin T.I1., Kakaypunze H.I., FornamBuin JLE., Harapeau 3.I"., Kypranuaze T.W.

Téunuccruii 2ocyoapcmeennwlil yrusepcumem um. M. Jlrcasaxuweunu, Mnemumym mopghonoeuu um. A.H. Hamuweunu,
Tounucckutl 2ocyoapemeenviil MeQuyuHcKull yuugepcumem, I py3ust

N3ydenne B3anMOCBS3U MEK LY CyOKITMHUIECKUM TUTIOTHPEO-
30M M aTepOCKJIEPO30M CEPACYHO-COCYIUCTOH CHCTEMBI (At)
MIPE/ICTABIISETCS aKTYaIbHBIM, OHAKO TPHUMHHO-CIIEICTBEHHAS
xoppessust Mexay Tupouantom Xammmoto (HT), munuaaeiv
npoduiaeM 1 MOJEKYJISIPHOI Ononoruei GpommKyIIpHOTo S1H-
TEJNHUS IUTOBUIHOM KEJIE3bl IO CEH JIEHb OCTACTCsA MaJlo-
HU3y4YEHHOM.

HUccnenosans! 3 rpynmsl nanueHToB: | rpynma — HT, I rpyn-
na — HT+At, III rpynna — At. Mcnons3oBanbl 1abopaTopHbIe
TECTHI C IEBI0 ONpEeAeNeHUs] (PyHKIMN IUTOBUAHOHN KEIe3bl
1 JIUMAAHOTO PO, COMTACHO YKa3aHUAM MEXTyHAPOIHBIX
raiijuiaifHoB. TONIINHY MHTHUMBI-MEIUH COHHBIX U OCAPEHHBIX
aprepuii (IMT) onennBanu BBICOKOPA3pPEILICHHON YIBTPAaCOHO-
rpadueii. Matepuan ucciae0Baad THCTOIOTHIECKUMU U HMMY-

Horucroxummyeckumu merogamu: H&E, S100 nporens u p63.
CratucTu4ecKuil aHaau3 MPOBOAWIN MO Bepcuu Microsoft
Excel 7.0, SPSS 20, Mann-Whitney. UcnonszoBanu U-TecT u
ko3¢ uuuent xoppemsiuuu [lupcona. CpaBHUTENBHBIA MEX-
TpYNIOBOM aHaINU3 MPOBOIMIN METOIOM JTMHEWHON perpeccun.
CornacHo MOTyYeHHBIM Pe3ynbTaTaM, JUCIUNUAESMUS 1 JHa-
CTOIMMYECKAsl THIEPTEH3Hs CHOCOOCTBYIOT MPOTPECCHU THUIIO-
tupeosa B rpynne HT+At; yposers TSH u anti-TPO antuten
HAXOJUTCSI B MPSIMON 3aBUCUMOCTH OT OCJIOKHEHUH CEeplIeuHo-
cocyaucTbix 3a0oneBannii. S100 u p63 GrnoMapkephl yKa3bIBalOT
Ha OOpaTHBIN OTPHLATENBHBINA dPPEKT THIEPXOIECTEPUHEMHUH,
Ha TI0KA3aTeNI BBICOKOTO MOP(OIOTHUECKOr0 pHCKa B MapeH-
xpuMe XammMOTO, YTO YaCTHYHO O0BscHsIeT TeHaeHuuo HT u
MaTOOMOIIOTHYECKYIO CBSI3b € MAMMUIAPHON KapLIUHOMOM.
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PHENOTYPIC CHARACTERISTICS OF RELAPSED LEIOMYOMA AND SMOOTH MUSCLE TUMORS
OF UNCERTAIN MALIGNANCY POTENTIAL IN REPRODUCTIVE WOMEN

Kiknadze T., Tevdorashvili G., Muzashvili T., Gachechiladze M., Burkadze G.

Thilisi State Medical University, Georgia

Uterine leiomyoma, represents the most commons pelvic tu-
mor in females. The incidence of leiomyoma represents 20%
and 40% in less than 30 and 40 years old females respectively
[1]. Leiomyomas are benign monoclonal tumors, which arise
from the smooth muscle cells of the myometrium. There are nu-
merous histological subtypes of uterine leiomyoma, including
classic, cellular, bizzare/atypical and smooth muscle tumors of
uncertain malignancy potential (STUMP) and others [2]. Leio-
myosarcomas represent the malignant counterparts of leiomy-
oma. Although extremely rare, leiomyoma can transform into
leiomyosarcoma [3].

In recent years, laparoscopic myomectomy developed as a
treatment of choice for leiomyoma, as it represents the less inva-
sive procedure [4]. However, it has been noted that the relapse of
leiomyoma can occur after laparoscopic myomectomy [5]. The
rate of leiomyoma relapse represents 11.7%, 36.1%, 52.9% and
84.4% after 1, 3, 5 and eight years from laparoscopic myomec-
tomy respectively [6]. Therefore, the investigation of molecular
markers, indicating risk of relapse after laparoscopic myomec-
tomy is of high importance.

Smooth muscle tumors with uncertain malignancy poten-
tial (STUMP) represent the group of smooth muscle tumors,
which cannot be diagnosed surely as benign or malignant [7].
Therefore, the clinical management of this entity is compli-
cated. Mostly, they show relatively non-aggressive behaviour,
compared to leiomyosarcomas and survival rates are also rela-
tively higher. However, in 8.7% to 11% of cases the relapse can
develop[7]. Therefore, the investigation of molecular markers
which indicate the relatively benign or aggressive behaviour of
this tumors is of high interest.

In our current study, we investigated the molecular phenotype
of different types of leiomyomas, including STUMP, in hyster-
ectomy and laparoscopic myomectomy specimens from patients
in reproductive and menopausal age.

Material and methods. Tissue samples. Formalin fixed and
paraffin embedded tissue material was retrieved from the Re-
search, Diagnostic and Teaching Laboratory of Tbilisi State
Medical University, Georgia. Study included altogether 237 tis-
sue specimens distributed in two major groups: group I speci-
mens received by histerectomy (n=155) and specimens received
by laparoscopic miomectomy (n=82). Specimens were further
subdivided into following categories: from patients in repro-
ductive age and from patients in menopause. Group I included
n=102 specimens from reproductive age patients and n=53
specimens from menopausal patients. Group Il included n=52
specimens from reproductive age patients and n=30 speci-
mens from menopausal patients. Group I included follow-
ing histological subtypes: classic leiomyoma (n=69), cellu-
lar leiomyoma (n=15), bizzare/atypical leiomyoma (n=22),
smooth muscle tumors with uncertain malignancy potential
(STUMP) (n=17), leiomyosarcoma (n=12) and control group
of normal myometrium (n=20); Group II included follow-
ing histological subtypes: classic leiomyoma (n=35), biz-
zare/atypical leiomyoma (n=18) and STUMP (n=29). Cases
in group II were further subdivided into relapsed cases and
control group.
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Immunohistochemistry. 4p FFPE tissue sections were de-
paraffinized in xylene, rehydrated by using serial dilutions
of ethanol (96%, 80%, 70%) and heat mediated antigen re-
trieval has been performed. Ready to use antibodies against
the following antigens were used: Ki67 (K2), cyclin DI
(polyclonal), Bcl2 (bd-2/100/05) cleaved Cas3, ER (6f11)
and PR (16) (Novocastra). Staining and visualisation has
been performed using Bond polymer refine detection system.
The number of positive cells were counted in 20HPF and the
following indexes were made: proliferation index — based
on Ki67 and cyclin D1 labelling, apoptotic index — based on
Bcl2 and Cas3 labelling, ER index and PR index. Prolifera-
tion and apoptosis index 0-10% was considered as low and
>10% was considered as high. The ER and PR index 0-10%
was considered as low, the index 10-50% was considered as
moderate and the index >50% was considered as high.

Comparisons between groups were made using Mann-Whit-
ney U and Kruskall-wallis test and correlations were assessed
using Spearman’s rank correlation. P values <0.05 were con-
sidered as significant. All statistical tests were performed using
SPSS software V19.00.

Results and discussion. The results of Ki67, Cyclin DI,
BCL2, Cas3, ER and PR analysis in myomectomy speci-
mens showed the following results: in normal myometrium
mean Ki67 expression was 1.7 in reproductive age and 0.4
in menopause; mean Cyclin D1 expression level was 1.2+0.3
in reproductive age and 0.2+0.05 in menopause; mean Bcl2
expression level was 0.940.1 in reproductive age and 2.1+0.7
in menopause; mean Cas3 expression level was 0.7+0.3 in
reproductive age and 1.8 in menopause; mean ER expression
level was 80 in reproductive age and 40 in menopause and
mean PR expression level was 89.64+6.9 in reproductive age
and 42+7.1 in menopause. In classic leiomyoma, the mean
Ki67 expression was 3+1.1 in reproductive age and 1.2+0.8
in menopause; mean Cyclin D1 expression level was 2.4+1.2
in reproductive age and 0.9+0.5 in menopause; mean Bcl2
expression level was 6.742.1 in reproductive age and 8.3+£3.2
in menopause; mean Cas3 expression level was 5.4+2.4 in re-
productive age and 7.9+£3.3 in menopause; mean ER expres-
sion level was 70.2+10.3 in reproductive age and 34.3+£5.6
in menopause and mean PR expression level was 75.7+9.7
in reproductive age and 36.3+6.9 in menopause. In cellular
leiomyoma the mean Ki67 expression was 8.9+3.6 in repro-
ductive age and 3.4+1.4 in menopause; mean Cyclin D1 ex-
pression level was 7.6+£3.4 in reproductive age and 3.1+£1.1
in menopause; mean Bcl2 expression level was 9.6+3.9 in
reproductive age and 10.9+4.1 in menopause; mean Cas3 ex-
pression level was 8.5£2.9 in reproductive age and 9.9+£3.2
in menopause; mean ER expression level was 60.5+9.4 in re-
productive age and 29.1+4.8 in menopause and mean PR ex-
pression level was 63.2+7.1 in reproductive age and 30.2+5.5
in menopause. In bizzare/atypical leiomyoma the mean Ki67
expression was 12.543.8 in reproductive age and 4.7+1.1 in
menopause; mean Cyclin D1 expression level was 10.5+4.4
in reproductive age and 3.5+0.9 in menopause; mean Bcl2 ex-
pression level was 13.343.2 in reproductive age and 15.7+4.5
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Table 1. Distribution of Ki67, Cyclin D1, Bcl2, Cas3, ER and PR in myomectomy tissue specimens

Repr. Ag. 10 1,7 1,2 81,3 0,7 80 89,6
Normal Miometrium
Menop. Ag. 10 0,4 0,2 89,2 1,8 40 42
Repr. Ag. 45 3 2.4 67,6 5,4 70,2 75,7
Classic LM
Menop. Ag. 24 1,2 0,9 71,2 7,9 343 36,3
Repr. Ag. 10 8,9 7,6 59,7 8,5 60,5 63,4
Cellular LM
Menop. Ag. 5 3,4 3,1 62,3 9,9 29,1 30,2
) ) Repr. Ag. 14 12,5 10,5 13,3 11,2 50,6 52,1
Bizzare/Atypical LM
Menop. Ag. 8 4,7 3,5 15,7 13,8 23,8 23,9
Repr. Ag. 13 20,8 18,6 15,6 7,6 439 46,8
STUMP
Menop. Ag. 4 6,3 5,2 17,3 9,3 17,6 18,7
LMS Repr. Ag. 10 42,1 40,2 3,8 2,9 35,7 40,7
Menop. Ag. 2 10,9 8,7 42 3,7 12,4 13,5

in menopause; mean Cas3 expression level was 11.2+2.2 in
reproductive age and 13.8+3.6 in menopause; mean ER ex-
pression level was 50.6+8.4 in reproductive age and 23.8+6.7
in menopause and mean PR expression level was 52.1+7.1 in
reproductive age and 23.943.7 in menopause. In STUMP the
mean Ki67 expression was 20.8+11.4 in reproductive age and
6.3£1.5 in menopause; mean Cyclin D1 expression level was
18.6£10.8 in reproductive age and 5.2+1.3 in menopause;
mean Bcl2 expression level was 8.7+2.1 in reproductive age
and 10.6+3.5 in menopause; mean Cas3 expression level was
7.6£2.5 in reproductive age and 9.3£2.9 in menopause; mean
ER expression level was 43.9+£5.6 in reproductive age and
17.6+4.8 in menopause and mean PR expression level was
46.8 in reproductive age and 18.7+5.6 in menopause.

The results of Ki67, Cyclin D1, BCL2, Cas3, ER and PR
analysis in laparoscopic surgical specimens showed the fol-
lowing results: in classic leiomyoma the mean Ki67 label-
ling index was 6.9£2.2 in relapsed and 3.1+1.3 in control
specimens from patients in reproductive age. In patients with
menopause the mean Ki67 labelling index was 3.7+1.4 and
1.440.6 in relapsed and control cases respectively. Mean cy-
clin D1 labelling index was 5.3+2.4 in relapsed and 2.7+1.8
in control specimens from reproductive age patients. In pa-
tients with menopause mean cyclin D1 labelling index was
2.140.4 and 140.3 in relapsed and control groups respec-
tively. Mean Bcl2 labelling index was 3.2+0.9 in relapsed
and 5.9+1.7 in control cases from reproductive age patients.
In patients with menopause mean Bcl2 labelling index was
3.9£1.9 and 8.8+2.7 in relapsed and in control cases respec-
tively. Mean Cas3 labelling index was 2.9+0.8 in relapsed
and 5.1£1.9 in control cases from patients in reproductive
age and 3.1+0.8 and 7.2+2.9 in relapsed and control group
respectively, in patients with menopause. Mean ER positivity
was 85.8+9.6 in relapsed and 79.6+7.9 in control group in re-
productive age patients, whilst it was 48.2+8.2 and 42.9+6.3
in menopausal patients in relapsed and control groups respec-
tively. Mean PR positivity was 90.64+9.1 in relapsed group
and 85.7+7.8 in control group in reproductive age patients,
whilst it was 50.745.5 and 46.2+4.9 in menopausal patients
in relapsed and control groups respectively; In bizzare/atypi-
cal leiomyoma the mean Ki67 labelling index was 26+3.9 in
relapsed and 12.342.7 in control specimens from patients in
reproductive age. In patients with menopause the mean Ki67
labelling index was 11.4+3.3 and 4.9+1.8 in relapsed and
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control cases respectively. Mean cyclin D1 labelling index
was 24.5+4.6 in relapsed and 11.243.7 in control specimens
from reproductive age patients. In patients with menopause
mean cyclin D1 labelling index was 10.6+2.9 and 3.8+1.1 in
relapsed and control groups respectively. Mean Bcl2 label-
ling index was 5.742.1 in relapsed and 13.9+4.1 in control
cases from reproductive age patients. In patients with meno-
pause mean Bcl2 labelling index was 7.943.9 and 16.2+4.5
in relapsed and in control cases respectively. Mean Cas3 la-
belling index was 4.9+2.1 in relapsed and 12.343.8 in con-
trol cases from patients in reproductive age and 6.8+2.3 and
14.1£3.5 in relapsed and control group respectively, in pa-
tients with menopause. Mean ER positivity was 65.6+10.3 in
relapsed and 47.5+8.5 in control group in reproductive age
patients, whilst it was 40.1+5.5 and 30.2+6.3 in menopausal
patients in relapsed and control groups respectively. Mean
PR positivity was 68.9+9.2 in relapsed group and 50.3+8.7
in control group in reproductive age patients, whilst it was
47.2+4.3 and 35.1+2.3 in menopausal patients in relapsed and
control groups respectively; In STUMP the mean Ki67 label-
ling index was 61.4£8.6 in relapsed and 21.2+3.3 in control
specimens from patients in reproductive age. In patients with
menopause the mean Ki67 labelling index was 21.8+6.9 and
7.3£2.1 in relapsed and control cases respectively. Mean
cyclin D1 labelling index was 52.7+7.6 in relapsed and
19.1+£4.7 in control specimens from reproductive age pa-
tients. In patients with menopause mean cyclin D1 label-
ling index was 18.6+3.3 and 5.7+2.2 in relapsed and con-
trol groups respectively. Mean Bcl2 labelling index was
3.3+£0.9 in relapsed and 9.2+3.3 in control cases from re-
productive age patients. In patients with menopause mean
Bcl2 labelling index was 4.8+1.8 and 11.3+3.4 in relapsed
and in control cases respectively. Mean Cas3 labelling in-
dex was 2.6+0.9 in relapsed and 8.1£2.6 in control cases
from patients in reproductive age and 3.7+1.3 and 9.8+3.3
in relapsed and control group respectively, in patients with
menopause. Mean ER positivity was 53.7+9.4 in relapsed
and 42.2+7.5 in control group in reproductive age patients,
whilst it was 30.9+6.9 and 20.8+5.8 in menopausal pa-
tients in relapsed and control groups respectively. Mean
PR positivity was 57.1+8.8 in relapsed group and 44.3+5.4
in control group in reproductive age patients, whilst it was
36.3+6.7 and 23.6+7.9 in menopausal patients in relapsed
and control groups respectively.
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Table 2. Distribution of Ki67, Cyclin D1, Bcl2, Cas3 in laparoscopy tissue specimens

Rel. Cont. Rel. Cont. Rel. Cont. Rel. Cont. Rel. | Cont.
. Repr. Ag. 13 9 6,9 3,1 53 2,7 69,3 65,2 2,9 5,1
Classic LM
Menopause 6 3,7 1,4 2,1 1 71,6 68,7 3,1 72
Bizzare/ Repr. Ag. 5 26 12,3 24,5 11,2 17,2 14,3 4,9 12,3
Atypical LM | Menopause 3 11,2 49 10,6 3.8 18,1 16,2 6,8 | 14,1
Repr. Ag. 12 7 61,4 21,2 52,7 19,1 15,1 13,4 2,6 8,1
STUMP
Menopause 6 4 21,8 7,3 18,6 5,7 15,8 12,9 3,7 9,8
Table 3. Distribution of ER and PR in laparoscopy tissue specimens
ER PR
Rel. Cont. Rel. Cont. Rel. Cont.
) Repr. Ag. 13 9 85,8 79,6 90,6 85,7
Classic LM
Menopause 6 48,2 429 50,7 46,2
. . Repr. Ag. 5 65,6 47,5 68,9 50,3
Bizzare/Atypical LM
Menopause 3 40,1 30,2 472 35,1
Repr. Ag. 12 7 53,7 42,2 57,1 443
STUMP
Menopause 6 4 30,9 20,8 36,3 23,6

Further investigation results of proliferative and apoptotic
markers in both groups showed the following results: in group I
(myomectomy specimens) in reproductive age patients cellular
leiomyomas, bizzare/atypical leiomyoma and leiomyosarcomas
were divided into two major groups based on the expression of
Ki67, cyclin D1, Bcl2 and Cas3. Particularly, in cellular leiomyo-
mas low Ki67 labelling index (<=10) were present in 6/10 cases
(60%), whilst high Ki67 labelling index (>10) was present in 4/10
(40%) cases. Low cyclin D1 labelling index was also presented in
6/10 (60%) cases and high cyclin D1 labelling index was presented
in 4/10 (40%) cases. Low Bcl2 labelling index was presented in
7/10 (70%) cases and high Bcl2 labelling index was presented in

3/10 (30%) cases, similar to Cas3 labelling index, which was also
presented as low in 7/10 (70%) and high in 3/10 (30%) cases. In
bizzare/atypical leiomyomas low Ki67 index was presented in 8/14
(57.1%) cases and high Ki67 labelling index was presented in 6/14
(42.9%) cases similar to cyclin D1, which was also presented as
low in 8/14 (57.1%) and as high in 6/14 (42.9%) cases. Low Bcl2
and Cas3 was presented in 9/14 (64.3%) cases and high Bcl2 and
Cas3 was presented in 5/14 (35.7%) cases. In leiomyosarcoma low
Ki67 and cyclin D1 index was presented in 2/10 (20%) cases and
high Ki67 and cyclin D1 was presented in 8/10 (80%) cases. Low
Bcl2 and Cas3 was presented in 9/10 (90%) cases, whilst high Bcl2
and Cas3 was presented in 1/10 (10%) case.

Fig. 1. A. Classic leiomyoma, H&E, x200 B. Bizzare/atypical leiomyoma, H&E, x200 C. STUMP, H&E, x200,
D. Ki67 in bizzare/atypical leiomyoma, IHC, x200, E. Ki67 in STUMP, IHC, x200, F. Ki67 in leiomyosarcoma, IHC, x200,
G. Bcl2 in classic leiomyoma, IHC, x200, G. Bcl2 in STUMP, IHC, x200, I. Bcl2 in , IHC, x200
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Graph 1. Distribution of cellular LM, bizzare/atypical LM and
LMS cases in high and low proliferation and apoptotic groups in
myomectomy specimens of reproductive women

In laparoscopic surgical specimens, similar trend has been
seen in groups with classic leiomyoma and bizzare/atypical leio-
myomas. In classic leiomyoma in control group, 6/9 (66.7%)
cases were characterised with low and 3/9 (33.3%) cases were
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characterised with high Ki67 and cyclin D1 labelling index. In
relapsed group, 5/13 (38.5%) cases were characterised with low
and 8/13 (61.5%) cases were characterised with high Ki67 and
cyclin D1 labelling index. On the other hand, in control group
7/9 (77.8%) cases were characterised with low Bcl2 and Cas3
labelling index, whilst 2/9 (22.2%) cases were characterised
with high Bcl2 and Cas3 labelling index. In relapsed group, 9/13
(69.2%) cases were characterised with low Bcl2 and Cas3 labelling
index and 4/13 (30.8%) cases were characterised with high Bcl2
and Cas3 labelling index. In bizzare/atypical leiomyomas in con-
trol group 2/5 (40%) cases were characterised with low Ki67 and
Cyclin D1 labelling index and 3/5 (60%) cases were characterised
with high Ki67 and cyclin D1 labelling index. In relapsed group,
1/6 (16.6%) case were characterised with low Ki67 and cyclin D1
labelling index and 5/6 (83.4) cases were characterised with high
Ki67 and cyclin D1 labelling index. With regard to apoptotic index,
in control group 3/5 (60%) cases were characterised with low Bcl2
and Cas3 index and 2/5 (40%) cases were characterised with high
Bcl2 and Cas3 index. In relapsed group, 3/6 (50%) cases were char-
acterised with low Bcl2 and Cas3 index and 3/6 (50%) cases were
characterised with high Bcl2 and Cas3 index.
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Graph 2. Distribution of cellular LM and bizzare/atypical LM cases in high and low proliferation
and apoptotic groups in laparoscopic specimens of reproductive women. LM, leiomyoma, Repr.Ag., reproductive age
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Graph 5. Distribution of STUMP cases in different proliferative and apoptotic groups,
Surg., surgical specimen, LM, laparoscopic myomectomy, Rel., relapsed cases

In cases of STUMP in both group I and group II three groups
were identifiable based on proliferation and apoptotic index.
Particularly in group I 3/13 (23%) cases were characterised with
low Ki67 and cyclin D1 labelling index (<=10), 4/13 (30.8%)
cases were characterised with moderate Ki67 and cyclin D1 la-
belling index (10-30) and 6/13 (46.2%) cases were characterised
with high Ki67 and cyclin D1 labelling index (>30). In addi-
tion, 5/13 (38.4%) cases were characterised with low Bcl2 and
Cas3 labelling index, 4/13 (30.8%) cases were characterised
with moderate Bel2 and Cas3 labelling index and 4/13 (30.8%)
cases were characterised with high Bcl2 and Cas3 labelling in-
dex. In group II, in control specimens 1/7 (14.3%) cases were
characterised with low proliferative index, 2/7 (28.6%) cases
were characterised with moderate proliferative index and 4/7
(57.1%) cases were characterised with high proliferative index.
On the opposite side, 3/7 (42.9%) cases were characterised with
low Bcl2 and Cas3 index, 2/7 (28.6%) cases were characterised
with moderate Bcl2 and Cas3 index and 2/7 (28.6%) cases were
characterised with high Bcl2 and Cas3 index. In relapsed group
3/12 (25%) cases were characterised with low proliferation in-
dex, 4/12 (20%) cases were characterised with moderate pro-
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liferation index and 5/12 (55%) cases were characterised with
high proliferative index. In addition, 7/12 (58.3%) cases were
characterised with low apoptotic index, 3/12 (25%) cases were
characterised with moderate apoptotic index and 2/12 (16.7%)
cases were characterised with high apoptotic index.

Comparative analysis of studied markers in group I indicated
that maximal expression of ER and PR is seen in control group
(normal myometrium) and it gradually decreased in leiomyo-
mas, reaching the minimal expression levels in leiomyosarco-
mas. Ki67 and Cyclin D1 labelling index is higher in all his-
tological subgroups of reproductive age patients, compared to
specimens from patients with menopause, whilst the opposite
has been seen in cases of Bcl2 and Cas3 expression, which is
higher in all histological groups of menopausal patients com-
pared to reproductive patients. Higher expression of prolifera-
tion markers was seen in cases with bizzare/atypical leiomioma,
STUMP and leiomyosarcoma, compared to classic and cellular
leiomyomas. On the opposite the lowest expression apoptotic
markers have been seen in cases with bizzare/atypical leiomio-
ma, STUMP and leiomyosarcoma compared to classic and cel-
lular leiomyomas.
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In reproductive age patients lowest Ki67 and Cyclin DI la-
belling index has been seen in normal myometrium, followed
by classic leiomyomas. The expression of Ki67 and Cyclin D1
is almost three times higher in cellular leiomyoma compared
to classic leiomyoma and four times higher in bizzare/atypical
leiomyoma compared to classic leiomyoma. Whilst in STUMP
and leiomyosarcoma the expression of Ki67 and Cyclin D1 is
seven times and 14 times higher, respectively. With regard to
apoptotic index, the highest apoptotic index has been seen in
bizzare/atipycal leiomioma and lowest apoptotic index has been
seen in normal myometrium, followed by leiomyosarcoma.
Highest ER and PR expression has been seen in normal myome-
trium and lowest ER and PR expression has been seen in leio-
myosarcomas.

Comparative analysis of proliferation and apoptotic proteins
in laparoscopic surgical specimens showed that in all histologi-
cal subtypes of leiomyomas proliferation markers Ki67 and cy-
clin D1 are expressed at nearly twice as much higher levels in
relapsed group, compared to control group in both reproductive
and menopausal age women. On the other hand, in the apoptotic
markers Bel2 and Cas3 are expressed almost twice as less levels
compared to control group in both reproductive and menopausal
patients.

The comparative analysis of ER and PR in laparoscopic sur-
gery group indicated that in all histological subtypes, ER expres-
sion was much higher in relapsed group compared to control
group. Whilst the progesterone showed the opposite trend.

The analysis of STUMP cases showed that three groups these
histopathological entity is identifiable based on proliferation
and apoptotic indexes. It has been shown that the majority of
STUMP cases which were relapsed, belong to the high prolifera-
tive and low apoptotic groups. Whilst in control group or in sur-
gical specimens STUMP cases are relatively equally distributed
in different proliferative and apoptotic groups.

It is known that sex steroid hormone oestrogen plays and im-
portant role in the pathogenesis of leiomyoma [8]clinical, and
experimental evidence. Estradiol and progesterone induce ma-
ture leiomyoma cells to release mitogenic stimuli to adjacent
immature cells, thereby providing uterine leiomyoma with
undifferentiated cells that are likely to support tumor growth.
Progesterone action is required for the complete development
and proliferation of leiomyoma cells, while estradiol predomi-
nantly increases tissue sensitivity to progesterone by increasing
the availability of progesterone receptors (PRs. Oestrogen is in-
volved in the upregulation of several genes which cause the leio-
myoma formation [8]clinical, and experimental evidence. Estra-
diol and progesterone induce mature leiomyoma cells to release
mitogenic stimuli to adjacent immature cells, thereby providing
uterine leiomyoma with undifferentiated cells that are likely to
support tumor growth. Progesterone action is required for the
complete development and proliferation of leiomyoma cells,
while estradiol predominantly increases tissue sensitivity to pro-
gesterone by increasing the availability of progesterone recep-
tors (PRs, including growth factors, collagens and oestrogen and
progesterone receptors [8]clinical, and experimental evidence.
Estradiol and progesterone induce mature leiomyoma cells to
release mitogenic stimuli to adjacent immature cells, thereby
providing uterine leiomyoma with undifferentiated cells that are
likely to support tumor growth. Progesterone action is required
for the complete development and proliferation of leiomyoma
cells, while estradiol predominantly increases tissue sensitivity
to progesterone by increasing the availability of progesterone re-
ceptors (PRs. In our study we showed that the expression of ER
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is significantly higher in laparoscopic myomectomy specimens
after relapse, compared to control group or hysterectomy speci-
mens. To the best of our knowledge we are first who demonstrat-
ed such a finding. With regard to cell proliferation and apoptotic
markers, it is indicated that the balance between these two plays
an important role in the development of virtually all types of tu-
mors, including leiomyomas [9]. In our study we demonstrated
that the balance between proliferation and apoptotic markers
is markedly altered in relapsed leiomyomas. Particularly the
expression of cell proliferation markers, particularly Ki67 and
cyclin D1 is significantly higher in relapsed cases compared to
control group. Whilst the expression of apoptotic markers Bcl2
and Cas3 is significantly decreased. In addition, there is the pos-
sibility to divide STUMP cases into three molecular subtypes,
based on proliferation and apoptotic indexes. Particularly, these
groups include cases with low proliferation and high apoptotic
potential, cases with moderate proliferation and apoptotic poten-
tial and cases with high proliferation and low apoptotic poten-
tial. Later is more similar to leiomyosarcomas, whilst first group
is more similar to classic leiomyomas. We are sure, that it is the
first demonstration of such a finding.

Conclusions

ER expression is markedly higher in relapsed leiomyomas,
compared to control group. Whilst PR shows the opposite trend.
This finding can be used as a potential marker for leiomyoma
relapse after laparoscopic myomectomy.

The relapsed leiomyomas after laparoscopic myomectomy
are characterised with high proliferation and low apoptotic po-
tential, which can also be used as a potential marker for leio-
myoma relapse after laparoscopic myomectomy.

STUMP represents the heterogeneous group of smooth mus-
cle tumors, with three different molecular subtype. Particularly,
cases with with low proliferation and high apoptotic potential,
resembling more to classic leiomyomas, cases with moder-
ate proliferation and apoptotic potential and cases with high
proliferation and low apoptotic potential, resembling more to
leiomyosarcomas. This finding should be considered in clinical
management of these tumors.
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SUMMARY

PHENOTYPIC CHARACTERISTICS OF RELAPSED
LEIOMYOMA AND SMOOTH MUSCLE TUMORS OF
UNCERTAIN MALIGNANCY POTENTIAL IN REPRO-
DUCTIVE WOMEN

Kiknadze T., Tevdorashvili G., Muzashvili T.,
Gachechiladze M., Burkadze G.

Thilisi State Medical University, Georgia

Uterine leiomyoma represents the most common pelvic tu-
mor in females, including numerous histological subtypes, from
which smooth muscle tumors of uncertain malignancy poten-
tial (STUMP) represents the diagnostic challenge. On the other
hand, the study of the relapse risk markers after laparoscopic
myomectomy is of high interest. We investigated the molecular
phenotype of different types of leiomyoma after hysterectomy
or laparoscopic surgery in reproductive and menopausal women.
Standard immunohistochemistry was used to detect prolifera-
tion markers Ki67 and cyclin D1, apoptotic markers Bcl2 and
Cas3, and ER and PR. The results of our study indicated that ER
expression is significantly higher in relapsed leiomyoma, com-
pared to control group. In addition, relapsed leiomyomas are
characterised with high proliferation and apoptotic index. With
regard to STUMP despite histological homogeneity, this entity
is characterised with the presence of three distinct molecular
subtypes, based on proliferation and apoptotic marker expres-
sion, which should be used as diagnostic aid in these tumors.

Keywords: relapse risk markers, laparoscopic myomecto-
my, smooth muscle tumors of uncertain malignancy potential,
STUMP.

PE3IOME

PELIUIUBUPYIOIIUE JEAOMHOMBI U TJIAIKO-
MBIIIEYHBIE OMNYXOJA C HEOMNPEIEJTEHHBIM
3JIOKAYECTBEHHBIM IIOTEHIIUAJIOM — ®EHOTHU-
INNUYECKHE OCOBEHHOCTHU VY KEHIIIUH PEIIPO-
JAYKTHUBHOI'O BO3PACTA

Kuknanze T.I., Tespopamsuiu I.I., My3amsuau T.3.,
l'aueunnansze ML.I., Bypkaaze .M.

Tounucckuti 20cyoapcmeenHbill MeOUYUHCKULL  YHUgepcumen,
I pysus

JlefloMHOMBI MaTKM - 4YacThle OIyXOJIM Ta30BOH IMOJOCTH Yy
JKEHIIMH, U3 Pa3JIMuHbIX MOATUIIOB KOTOPBIX OCOOEHHYIO AMa-
THOCTHYECKYIO TIpOOJeMy IIPEACTABIAIOT IV1a/IKOMbIIICUHbIC
OITyXOJIM C HEONPeAeIEHHBIM 3]I0KaueCTBEHHBIM MTOTEHIMAJIOM.
Ha ceromusmHuii neHb BecbMa aKTyaJbHO OIPENEIUTb PHCK
Pa3BUTHS PELIUINBA [10CTIE JIAMAPOCKONNYECKHX MHOMAKTOMHUI.
N3yueHbl (peHOTHIMYECKHE OCOOCHHOCTH Pa3JIMYHBIX THUIIOB
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MEJTUIIMHCKUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSBLI6()

JeHOMUOM Y JKEHIIUH PENpOLYKTUBHOIO M MEHOIAy3aJIbHO-
IO BO3PacTa, KOTOpBIC IOJyYEHbI IIyTEM THMCTEPIKTOMMUU HIIH
JIANapOCKONUYECKUX MHUOMAKTOMHUH. CTaHIapTHBIM HMMYHO-
THCTOXMMHYECKHM METOJOM H3YY€Hbl MOJIEKYJISpHbIE Mapke-
poi: nponudeparuBHble Mapkepsl Ki67 u cyclin D1, mapkepsr
arrorito3a Bel2 u Cas3, ER u PR. Pesynbrarsl uccnenoBanus
nokaszayu, 4to skcrpeccus ER 3HauuTenbHO BbIlIE B peLUIM-
BUPYIOLIMX JISHOMHOMax B CPaBHEHHMH C KOHTPOJBHOM rpym-
1o, a sxcnpeccust PR - Huxe. Penuausupytomue ieiioMuo-
MBI XapaKTepU3YIOTCsl BEICOKOM MPOIU(EpaTUBHON U HU3KOM
aInoNTO3HOM aKTUBHOCTHIO. YTO KacaeTcs INIaJAKOMBIIICYHBIX
OIyXOJIeH C HeomnpeneaEHHBIM 3JI0KaYeCTBEHHBIM OTEHIHA-
JIOM, HECMOTPS Ha THCTOJIOTUYECKYIO OJHOPOIHOCTh, B 3TOH
HO30JIOTUU BO3MOXKHO BBIJCJIEHUE TPEX MOJIEKYIAPHBIX MOI-
THUIIOB TI0 XapaKTepy IKCHPECCUH MPoJIn(pEepaTUBHBIX H allol-
TO3HBIX MapKepoOB, YTO HEOOXOAUMO YUUTHIBATh IPU JUATHO-
CTHKE ATOro 3a00JIeBaHNUSI.
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STEM CELL INDEX IN THE PROGRESSION
OF CERVICAL INTRAEPITHELIAL NEOPLASIA

Pkhakadze G., Bokhua Z., Asatiani T., Muzashvili T., Burkadze G.

Tbilisi State Medical University, Georgia

Cervical cancer represents the fourth most common type
of gynaecological malignancy worldwide. Cervical cancer is
characterised with high mortality rate, especially in develop-
ing countries, such as Georgia [1]. The high risk human pap-
illomaviruses (HR-HPV), represent the major etiologic factor
for cervical cancer [2]. However, it has been noted that stem
cells are also playing one of the major roles in the develop-
ment and progression of cervical cancer [3]. There are many
different markers of stem cells including CD44 [4]. CD44
represents the primary adhesion molecule, which is involved
in many different biological processes [5]. Some, studies in-
dicate that, CD44 expression is relatively higher in cervical
cancer tissues, compared to normal, non-tumorous tissues
[5]. In vitro studies indicate that, cervical cancer cells, which
are positive for CD44, show higher proliferation and self-
renewal properties [6]. CK17 is also considered as another
potential marker for cervical cancer stem cells. In vitro stud-
ies show that after TGF-f stimulation of CK17 significantly
increases the stem cell like properties in cervical cancer cells
[7]. Despite the ample of in vitro data, there is the lack of stud-
ies, investigating stem cell markers in patient cervical cancer tis-
sues. In addition, little is known with regards to the association
of the presence of CD44/CK17 positive stem cell population
with the progression of cervical intraepithelial neoplasia (CIN)
into cancer, as well as their association with epithelial-mesen-
chymal markers and proliferation and apoptotic characteristics
in CIN and cancer specimens. In our previous studies, we have
shown that epithelial-mesenchymal transition, as well as a cer-
tain proliferation and apoptotic characteristics are significantly
associated with the progression of CIN. In our current study,
we decided to extend previous studies and investigate the role
of stem cells in the progression of CIN. In addition, we have
investigated the correlation between stem cell markers, such as
CD44 and CK17 with epithelial-mesenchymal transition and
proliferation and apoptotic characteristics in CIN and cervical
carcinoma specimens.

Material and methods. Formalin fixed and paraffin em-
bedded tissue material was retrieved from the Research, Di-
agnostic and Teaching Laboratory of Tbilisi State Medical
University, Georgia. Study included altogether 140 tissue
samples, divided into two major groups: cases without co-
infections (n=54) and cases with co-infections (n=86). Co-
infections included bacterial vaginosis, chlamydia trachoma-
tis and candida albicans. Cases without co-infections were
divided into following subgroups: normal cervix (10 cases),
CINI (18 cases), CINII (14 cases), CINIII (7 cases), invasive
carcinoma (5 cases); Cases with co-infections were divided
into following subgroups: cervix with only infections (15
cases), CINI (29 cases), CINII (19 cases), CINIII (15 cases),
invasive carcinoma (8 cases).

Immunohistochemistry. 4 FFPE tissue sections were de-
paraffinized in xylene, rehydrated by using serial dilutions of
ethanol (96%, 80%, 70%) and heat mediated antigen retriev-
al has been performed. Ready to use antibodies against the
following antigens were used: Ki67 (K2), Cyclin D1 (poly-
clonal) and phosphohistone-H3 (pHH3), E-cadherin(36B5),
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p63 (7JUL), B-catenin (17C2), vimentin (V9) Cas3 (cleaved),
BAX (E63) and ER (6f11) (Leica). Staining and visualisa-
tion has been performed using Bond polymer refine detection
system. The expression of all markers was evaluated as the
percentage of marker positive cells.
mRNA analysis from The Cancer Genome Atlas (TCGA).
The raw gene expression (MRNA) data for ovarian cancer
was downloaded from the www.firebrowse.org, the cohort in-
cluded altogether 309 patients with different grades of ovar-
ian carcinoma. The study relevant genes, including CD44,
CK17, Ki67, ER, CAS3, BAX, P63, E-Cadherin, B-catenin
have been identified with the search function. Cyclin D1 was
excluded from the study due to the lack of significant correla-
tions with any other marker on immunohistochemistry level.
In addition to standard statistical analysis (below), the two
step clustering of the data have been performed.
Comparisons between groups were made using Mann-
Whitney U test and Kruskal-Wallis test. The Kruskal-Wallis
test is a nonparametric (distribution free) test, and is used
when the assumptions of one-way ANOVA are not met. The
Kruskal-Wallis test can be used for both continuous and or-
dinal-level dependent variables. Correlations were assessed
using Spearman’s rank correlation. The Spearman’s rank
correlation is also used when data is non-parametrically dis-
tributed. P values <0.05 were considered as significant. All
statistical tests were performed using SPSS software V20.00.
Results and discussion. The results of the study in speci-
mens without co-infections showed the following distribution of
CD44 and CK17 in study groups: the mean positivity of CD44
in normal cervix was 7+2.1, in CINI it was 15+5.3, in CINII
it was 28+6.1, in CINIII it was 41+9.3 and in invasive carci-
noma the mean positivity for CD44 was 57+8.6. With regards to
CK17, in normal cervix the mean positivity was 68+9.1, in CINI
the mean positivity was 32+3.6, in CINII the mean positivity
was 4346.8, in CINIII the mean positivity was 47+7.7 and in in-
vasive carcinoma, the mean positivity for CK17 was 36+4.7.
The results of the study in specimens with co-infections
showed the following distribution of CD44 and CK17 in
study groups: the mean positivity of CD44 in normal cervix
was 9+3.3, in CINI it was 16+6.2, in CINII it was 31+4.8,
in CINIII it was 4849.9 and in invasive carcinoma the mean
positivity for CD44 was 63+13.3. With regards to CK17, in
normal cervix the mean positivity was 71+7.1, in CINI the
mean positivity was 36+4.8, in CINII the mean positivity was
47+9.7, in CINIII the mean positivity was 524+6.7 and in in-
vasive carcinoma, the mean positivity for CK17 was 32+6.1.
The correlation analysis in specimens without co-infec-
tions, between CD44 and other markers showed the follow-
ing results: There was significant positive correlation be-
tween CD44 and vimentin (r=.894, p<0.001), Ki67 (r=.867,
p<0.0001), phosphohistone-H3 (r=.821, p<0.0001) and Bax1
(r=.867, p<0.0001), whilst there was a negative correlation
between CD44 and Cas3 (r=-.942, p<0.0001), E-cadherin (r=-
.851, p<0.0001) and B-catenin (r=-.923, p<0.0001). The correla-
tion analysis between CK17 and other markers did not show any
significant correlation on immunohistochemistry level.
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Fig. 1. The expression of CD44 in A. CINI, B. CINII, C. CINIII, D. Cervical Carcinoma, IHC, x200

Table 1. Distribution of CD44 and CK17 in specimens without co-infections

Without co-infection

CD44 (%) CK17 (%) Total N
Normal cervix 7 68 10
CINI 15 32 18
CINII 28 43 14
CINIIT 41 47 7
Invasive CA 57 36 5

Table 2. Distribution of CD44 and CK17 in specimens with co-infections

With co-infection

CD44 (%) CK17 (%) Total N

Cervix with Infection 9 71 15

CINI 16 36 29

CINII 31 47 19

CINIII 48 52 15

Invasive CA 63 32 8
The correlation analysis in specimens with co-infections, be- histone-H3 (r=.873, p<0.0001) and Bax1 (r=.930, p<0.0001),
tween CD44 and other markers showed the following results: whilst there was a negative correlation between CD44 and

There was significant positive correlation between CD44 and Cas3 (r=-.972, p<0.0001), E-cadherin (r=-.871, p<0.0001) and
vimentin (r=.914, p=0.041), Ki67 (r=.897, p<0.0001), phospho- B-catenin (r=-.943, p<0.0001).
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Table 3. Results of correlation analysis in specimens without co-infections

E-cad- | B-caten- | vime- Cyeclin Phos-
Spearman’s rho CK17 | p63 . . . Cas3 | Baxl | Ki67 y phohis- | ER
herin |in ntin D1
ton-H3
Correlation 1 o300 10,000 0,851 |-0923 | 0.894' |-0,042 | 0.890" | 0.867" | 0,000 | 0.8210" |-0.600
Coefficient
CD44 ['sio (2-tailed) | 0,624 | 1,000 0,000 |0,000 | 0,041 | 0,000 | 0,000 |0,000 |1,000 |0000 |0285
N 54 54 |54 54 54 54 54 54 54 54 54
Correlation 200 |,300 | ,300 112,300 [-300 |-300 [-200 |-300 |-,100
Coefficient
CKI7 [sie (2-tailed) 747 | 624 | 624 858 | .624 |.624 |.624 |47 | 624 | 873
N 54 |54 54 54 54 54 54 54 54 54
Correlation 0,000 |0,000 [-224 |0,000 |0,000 |0,000 |[-1.000" 0,000 | 400
Coefficient
P63 [ig. (2-tailed) 1,000 | 1,000 718 | 1,000 | 1,000 | 1,000 1,000 | ,505
N 54 54 54 54 54 54 54 54 54
Correlation 0956 | -894" |0.820 | -0,861 |-0,971 |0,000 |-1.000" |,600
E-cad- | Coefficient
herin | Sig. (2-tailed) 0,000 041 0,000 |0,000 |0,000 |[1,000 0,285
N 54 54 54 54 54 54 54 54
gorrf;la,t‘ort‘ -894" | 0.870" | 093 |-089 |0,000 |[-0.84 | .600
p-cate- | Cocfficien
nin Sig. (2-tailed) 041 10,000 [0,000 [0,000 |1,000 |0,000 0,285
N 54 54 54 54 54 54 54
g“ﬁ?“‘"; 894" | 894" | 894" | 224 | .894" |-894"
vimen- | Coefficien
tin Sig. (2-tailed) 041 [,041 |,041 [,718 |,041 ,041
N 54 54 54 54 54 54
Correlation 091 | 0932 0000 -0.862] 600
Coefficient ’
Cas3  ['gig (2-tailed) 0,000 | 0,000 | 1,000| 0,000 | 0,285
N 54 54 54 s4| 54
Correlation 0.970™ 0,000 | 0.990 | -,600
Coefficient
Baxl - [qio (2-tailed) 0,000 1,000 0000 285
N 54 54 54| 54
Correlation 0,000 | 0.844™ | -,600
Coefficient
Ki67  [§ig (2-tailed) 1,000 | 0,000 285
N 54 54| 54
Correlation 0,000 | -,400
Cyclin Coefficient
D1 Sig. (2-tailed) 1,000 | 505
N s4| 54
Phos- Correlattion -,600
pho- Coefficient
histon- | Sig. (2-tailed) ,285
H3 N 54
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Table 4. Results of correlation analysis in specimens with co-infections

. Phos-
E- p-cate- Ve Cyeclin ho-
Spearman’s rho CK17 | p63 | cad- . men- | Cas3 | Baxl Ki67 y p. ER
herin nin tin D1 his-
ton-H3
Correlation | 156 | 0,000 | -0.871 | -0943 [0.914° |-0972 | 0930 |0.897 | 0,000 |0.873" |-0.700
Coefficient
CD44 I§ig. (2-tailed) | 0,523 | 1,000 | 0,000 | 0,000 | 0,041 | 0,000 |0,000 |0,000 | 1,000 |0,000 |0369
N 86 86 |86 86 86 86 86 86 86 86 86
Correlation 100|200 | 200 |-222 [,500 |-200 |-200 |-200 |-600 |-900
Coefficient
CKI7 - TSig. (2-tailed) 642|716 | 716|716 716 | 716|716 | 642 716 | ,624
N 86 |86 86 86 86 86 86 86 86 86
Correlation 0,000 | 0,000 |-339 [0,000 |0,000 0,000 |-1.000" |0,000 |,700
Coefficient
po3 Sig. (2-tailed) 1,000 | 1,000 |,621 |1,000 |1,000 |1,000 1,000 | ,809
N 86 86 86 86 86 86 86 86 86
Correlation 0.978° |-0,924 | 0.864™ |-0,893 |-0,991 |0,000 |-1.000" |,300
E-cad- Coefficient
herin Sig. (2-tailed) 0,000 |,041 [0,000 |0,000 |0,000 |1,000 0,385
N 86 86 86 86 86 86 86 86
Correlation 20,934 | 0.880 | -0,96 |-0,91 |0,000 |-0,85 |,800
B-cate- Coefficient
nin Sig. (2-tailed) 041 0,000 [0,000 [0,000 [1,000 |0,000 |0,485
N 86 86 86 86 86 86 86
Correlation 20,994 |-0,994 |-0,994 | 224 0,994 | -0,994
vime- Coefficient
ntin Sig. (2-tailed) 031 |,031 031|718 031 |,031
N 86 86 86 86 86 86
Correlation 20,94 |-0,952 0,000 |-0882 |,500
Coefficient
Cas3 Sig. (2-tailed) 0,000 0,000 |1,000 [0,000 |0,285
N 86 86 86 86 86
Correlation o .
Conhiis 0.990" | 0,000 | 0.990" | -,800
Bax1 X X
Sig. (2-tailed) 0,000 | 1,000 |0,000 |,225
N 86 86 86 86
Correlation .
| Conthis 0,000 | 0.944™ |-700
Ki67 Sig. (2-tailed) 1,000 | 0,000 |215
N 86 86 86
Correlation
Cyclin | Coefficient 0,000 | -,300
DI Sig. (2-tailed) 1,000 |,805
N 86 86
Phos- Correlation )
pho- Coefficient 200
histon- Sig. (2-tailed) 315
H3 N 86
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Table 5. Results of correlation analysis from the TCGA dataset

Spearman’s rho CK17 |Ki67 |ER CAS3 BAX P63 Eercl:‘ld B-catenin | Vimentin
Correlation | x50 | 10| g4 | -019 1727 569™ 087 -115° ,008
Coefficient

CD44 | Sig. ,000 ,049 ,001 739 ,002 ,000 129 044 882
(2-tailed)

N 309 309 309 309 309 309 309 309 309
Correlation 183" | -270" | -,059 1023 371 022 -076 -,088
Coefficient

CK17 | Sig. 001 ,000 300 1686 ,000 702 ,180 124
(2-tailed)

N 309 309 309 309 309 309 309 309
Correlation 1103 077 -383" 152* 141° 277 136°
Coefficient

Ki67 | Sig.
2-silod) 1069 175 1000 1008 013 ,000 017
N 309 309 309 309 309 309 309
Correlation . . .
Cooffioiont 033 -162 -178 -,065 034 196

ER Sig.
2-nilod) 559 1004 1002 253 555 001
N 309 309 309 309 309 309
Correlation . .

Cooffioiont 147 181 -,007 -,089 -,002

CAS3 | Sig.
2-siled) 010 001 904 118 972
N 309 309 309 309 309
Correlation . "
Cooffioiont -130 -,085 -220 112

BAX | Sig.
2-siled) 022 134 ,000 1050
N 309 309 309 309
Correlation . R "
Cooffioiont 120 -143 -156

P63 | Sig.
2-siled) 035 012 1006
N 309 309 309
Correlation

E- Coefficient 098 -106

Cad- Sig.

herin | (2-tailed) 086 063
N 309 309
Correlation o
Coefficient 175

B-cate- [ _.

. Sig.

nne 0 ailed) 002
N 309
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Table 6. Distribution of different markers in CD44 low and high groups.
Mann-Whitney U test. Data analysis results from TCGA

CD44 N Mean Rank P Markers
Low 154 130.79
- <0.0001 CK17
High 155 179.05
Low 154 140.68
- 0.005 Ki67
High 155 169.23
Low 154 170.23
- 0.003 ER
High 155 139.86
Low 154 156.69
- 0.74 Cas3
High 155 153.32
Low 154 172.19
- 0.001 BAX
High 155 137.92
Low 154 110.93
- <0.0001 p63
High 155 198.79
Low 154 144.81 .
- 0.046 E-cadherin
High 155 165.12
Low 154 160.78 .
- 0.057 [-caenin
High 155 149.26
Low 154 152.22 ) .
- 0.586 Vimentin
High 155 157.76
80 80
70 70
60 60
50 50
20 a0
50 30
20
20 ~ .
 m ll I o M
0 Cervix with CINI CINII CINI Invasive CA
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Graph 1. Distribution of CD44 and CK17 in groups without

co-infections
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Ki67/low Cas3flow ER

W With co-infection CD44 (%)

Graph 2. Distribution of CD44 and CK17 in groups with co-

infections
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Graph 3. The distribution of cervical lesions in two phenotypic groups, in specimens without co-infections

The mRNA expression data analysis showed the following
significant correlations: CD44 was significantly, positively cor-
related with CK17 (r=.317, p<0.0001), Ki67 (r=.112, p=0.049)
and p63 (r=.569, p<0.0001), whilst it was negatively corre-
lated with ER (r=-.184, p<0.001), Bax (r=-.172, p=0.002) and
B-catenin (r=-.115, p=0.044).
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In addition to Spearman’s correlation analysis, Mann-Whit-
ney U test showed the following results in CD44 low and high
groups: CD44 high group was characterised with the higher
expression of CK17 (p<0.0001), higher expression of Ki67
(p=0.005), lower expression of ER (p=0.003), lower expression
of BAX (p=0.001), higher expression of p63 (p<0.0001) and
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Graph 4. The distribution of cervical lesions in two phenotypic groups, in specimens with co-infections

higher expression of E-cadherin (p=0.046). The comparative
analysis of CD44 expression in groups without co-infections
showed that the expression of CD44 is lower in normal cervix
and it is significantly increased during the progression of cervi-
cal intraepithelial neoplasia, showing the maximum expression
in invasive carcinoma. Whilst CK17 showed more heteroge-
neous distribution pattern. Particularly, the highest expression
of CK17 was seen in normal cervical epithelium and the lowest
expression of CK17 was seen in CINI. However, the expression
of CK17 was also gradually increasing from CINI to invasive
carcinoma of the cervix. The comparative analysis of CD44 and
CK17 expression in groups with co-infections showed the simi-
lar trends. However, when compared the expression of CD44
and CK17 was more pronounced in groups with co-infections,
compared to the groups without co-infections.

The further analysis of immunohistochemical expression of
the mentioned markers identified two major groups of cervical
intraepithelial neoplasia and invasive carcinoma, based on the
expression of stem cell marker CD44 and proliferation, apop-
totic and hormonal characteristics. First group was character-
ised with I. low CD44/low Ki67/high Cas3/high ER phenotype,
whilst the second group was characterised with II. high CD44/
high Ki67/low Cas3/low ER phenotype. Particularly, the phe-
notype I was seen in 100% of normal cervical tissues, without
co-infections. Phenotype II, which indicates more aggressive
characteristics of the lesion, was seen in 13% of CINI without
co-infections, in 27% of CINII without co-infections, in 63% of
CINIII without co-infections and in 92% of invasive carcinoma
without co-infections.

Similar trend has been seen in specimens with co-infections.
Particularly, the phenotype I was seen in 90% of normal cervical
tissues, with co-infections. Phenotype II, which indicates more
aggressive characteristics of the lesion, was seen in 17% of CINI
with co-infections, in 36% of CINII without co-infections, in
68% of CINIII with co-infections and in 93% of invasive carci-
noma with co-infections.

In addition to immunohistochemical data, we have performed
the in silico gene expression analysis from TCGA dataset of 309
ovarian cancers, which showed the similar results. Particularly,
the two groups were also clustered separately based on the ex-
pression of above mentioned markers. Phenotype I represented
7.5% of invasive cervical carcinomas, whilst phenotype I was
characteristic of 93.5% of invasive cervical carcinomas. To the
best of our knowledge we are first who performed such a pro-

© GMN

found analysis of stem cell marker CD44 and epithelial-mesen-
chymal, proliferation, apoptosis and hormone receptor markers
in tissue specimens from the patients with cervical intraepithe-
lial neoplasia and invasive cervical carcinoma. The results of
our study indicate that the detection of CD44 stem cell marker
might be used as an important prognostic factor for cervical in-
traepithelial neoplasia progression, together with proliferation
marker Ki67, apoptotic marker Cas3 and ER. It is known that
CINI lesions progressing into advanced CIN disease and cervi-
cal carcinoma in about 8-12% of cases, whilst the progression
rate of CINIII into carcinoma is about 60%. Our study results
are in line with this previous observation, as we have shown
that CIN lesions with more aggressive phenotype (II) represent
about 13-17% of CINI lesions and 63-68% of CIN III lesions.
Therefore, the mentioned phenotypic characteristics could be
used for the early assessment of CIN patient prognosis and for
the relevant clinical management.

Conclusions. The results of our study indicate that stem cell
index based on the CD44 detection is significantly increased
with the progression of cervical intraepithelial neoplasia. In
addition, CD44 expression significantly correlates with the
epithelial-mesenchymal transition, proliferation-apoptotic fea-
tures and ER status in both protein and mRNA level. Two, low
and high risk groups of cervical intraepithelial lesions as well as
carcinoma can be identified based on the expression of CD44,
Ki67, Cas3 and ER.
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SUMMARY

STEM CELL INDEX IN THE PROGRESSION OF CERVI-
CAL INTRAEPITHELIAL NEOPLASIA

Pkhakadze G., Bokhua Z., Asatiani T., Muzashvili T.,
Burkadze G.

Thilisi State Medical University, Georgia

Stem cells represent the small subpopulation of healthy and
cancerous tissues, which are characterised with increased pro-
liferation and self-renewal properties. From the many different
markers of stem cells, we have investigated the stem cell in-
dex during the progression of cervical intraepithelial neoplasia
(CIN), based on the immunohistochemical expression of CD44
in total of 140 tissue samples from uterine cervix. In addition,
we have performed the profound correlation analysis of CD44
with different epithelial-mesenchymal, proliferation, apoptosis
and hormonal markers at both protein and mRNA level. The re-
sults of our study indicated that, stem cell index based on the
CD44 detection is significantly increased with the progression
of cervical intraepithelial neoplasia. In addition, CD44 expres-
sion significantly correlates with the epithelial-mesenchymal
transition, proliferation-apoptotic features and ER status in both
protein and mRNA level. Two, groups of cervical intraepithelial
lesions as well as carcinoma can be identified based on the ex-
pression of CD44, Ki67, Cas3 and ER. To the best of our knowl-
edge we are first to demonstrate such findings in CIN and cervi-
cal carcinoma and identified characteristics could be used for the
early assessment of CIN patient prognosis and for the relevant
clinical management.

Keywords: stem cell index, progression of cervical intraepithe-
lial neoplasia, CIN, immunohistochemical expression of CD44.

PE3IOME

OCOBEHHOCTHU PACHPEJEJEHUSI CTBOJIOBBIX
KJIETOK IIPU MPOTI'PECCUU UHTPASIIUTEJIUAJb-
HBIX HEOIIJIAZUM LHEMKU MATKH

IIxaxanze IA., boxya 3./[x., My3amsuiu T.3.,
Acarnann T.HU., Bypkanze I'M.

Tounucckuii 20cyoapcmeenHbill MeOUYUHCKULL yHUgepcumen,
I pysus

CTBOJIOBBIC KJICTKH SIBJISIIOTCS MaJIOYHUCIICHHOH MoOmyssiuuei
KJIETOK KaK B HOPMaJIbHBIX, TAK U B OIyXOJICBBIX TKaH:IX, Xa-
PaKTepHU3YIOTCSl BBICOKOH CHOCOOHOCTBIO K CaMOOOHOBICHUIO H
nponudeparin. Cpelrit MHOTOYHCICHHBIX MapKepPOB CTBOJIOBBIX
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KJICTOK, Ul M3y4eHHs] OCOOCHHOCTEH MX paclpe/eNIeHHs], aBTo-
pamMy IpYMEHEeHa UMMYHOTHCTOXUMUYECKast SKCIPECCHs MapKepa
CD44 na 140 TkaHeBbIX 00pasiax meikn Matku. [IpoBeieH Kop-
persuoHHbIN aHamu3 Mexy CD44 u npyrumu Mapkepamu Ipo-
IPECCUN MHTPA3IUTENNATIbHBIX HEOIUIa3Ui MK MaTKH, TaKUX
KaK JIHUTETHAIbHO-ME3eHXUMAJIbHBIE MapKepbl TpaHc(hopMaruy,
Hpos(epaTHBHO-ANONTO3HBIE MAPKEPBI M PELIENITOP SCTPOreHa.

Pesynbrarsl uccinenoBaHus OKA3aIM, YTO CTBOJIOBOKJIETOUHBIH
UHJIEKC 3HAYUTEJIBHO YBEJIMYMBACTCA B MPOLECCE IPOrPecCcUu
UHTPASIUTENIHATIbHBIX HEOMIa3uil IIeHKM MaTKu M J0CTOBEp-
HO KOppEeJupyeT ¢ MapKepamu 3HHUTEIHaIbHO-ME3eHXHMMAIbHOM
TpaHchopManuu U nponudepaTHBHO-AMONTO3HBIMH, TAKKe KakK C
ER crarycoMm. B nnTpasnuTenuagbHbIX HEOIIA3KsX MEHKH MaTKH
BO3MO)KHO BBIJICJICHHE ABYX Pa3IMYHBIX (DEHOTHUIHBIX TPYIII 10
akcnpeccuu MapkepoB CD44, Ki67, Cas3 n ER, xotopsie koppe-
JIMPYIOT € MPOrpecCHeil HHTPasNUTENNaIbHBIX HEOIUIa3Ui MeHKu
MaTKH. JlaHHbIe TPOBEICHHOTO UCCIIEI0BAaHNS B JalbHEHIIEM BO3-
MO’KHO UCTIONB30BATh JJIs OLICHKHU PUCKA IPOrPECCUM HHTPA3IIHUTE-
JIMAJIBHBIX HEOIUIa3Hi IeHKN MaTKU M pa3padOTKH a/leKBaTHOTO
KJIMHUYECKOr0 MEHEPKMEHTA.
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PERIPHERAL NERVE LESIONS AFTER A MECHANICALLY INDUCED LIMB ISCHEMIA

Pidlisetskyy A., 2Savosko S., *Dolhopolov O., “Makarenko O.

!Lviv Regional Hospital for War Veterans and Repressed named after Yu. Lypa, >Bogomolets National Medical University,
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Non-compression damage to peripheral nerves of a limb is
not a frequent trauma to extremities. Non-compression ischemia
relates to lesions of a limb’s great vessels (atherosclerosis, em-
boli, vasculitis, others). Frequently, they are consequences of a
traumatic injury to an extremity [16]. A range of publications
[17] contains selective descriptions of clinical cases of ischemic
neuropathy, but the pathogenesis of damage to nerves of a limb
remains understudied and unstructured. The reasons thereof are
that the authors in their clinical researches describe separate cas-
es with different etiology, while experimental studies made us
able to investigate the development of damage to a limb’s nerves
and their recovery. Their main disadvantage was the focus on
just a single factor as a task — ischemia of a nerve, while clinical
cases are complicated with the probable presence of two — isch-
emia itself and pressure on the nerve. Moreover, the experimen-
tal researches mostly limit themselves by one or two models of
isolated nerve compression [8, 10]. Although, such cases rarely
occur in clinical practice, and the majority of the compression
lesions are the consequences of a simultaneous trauma and com-
pression to a limb with significant damage to skeletal muscles
followed by their atrophy, tissue necrosis.

Acute necrosis of skeletal muscles and consequences thereof
(myoglobinuria, impaired metabolism of electrolytes, acute re-
nal impairment) are covered by scholars better, compared to the
same of nerves of limbs. The conditions of peripheral nerves
in compression and non-compression ischemia could reflect
all the tissues of the extremity and the efficiency of the therapy
in general. Besides, the literature sources lack enough data on
the extent of the damage to muscles and peripheral nerves of
an extremity in compression injury, and, which is the most im-
portant, their sensitivity to damage and stimulation of repairing
processes.

In traumatology, the autologous tissue technologies are
widely used, in particular for managing arthritis, traumas to a
limb’s nerves and tendons. Quite simple to obtain and use, and
very promising are concentrates of platelet-rich plasma (PRP)
and cells collected from the bone marrow aspirates (CBMA),
and homogenized adipose tissue (HAT) derivable, especially in
cases of peripheral neuropathies [10]. We found a range of re-
searches with positive and promising results of the use thereof
in the management of damages to the peripheral nervous system.
The technology seems useful for the therapy of compression-
ischemia neuropathies of the nerves in cases after a compart-
ment syndrome.

Using experimental models of compression ischemia of a
limb or peripheral nerves, we obtained a significant amount
of data, but we should not equate all the results with the same
of a human compression ischemia, so these disorders require
further study.

The task of the research is to study damages to a sciatic nerve
in mechanically-induced limb ischemia and after PRP, CMBA,
and HAT injections.

Material and methods. The background of the research is
the animal model, a mechanically induced ischemia (MII). The
study involved Chinchilla rabbits (weighing 4.2-4.5 kg). The
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rabbits lived in standard cages with free access to food and wa-
ter. We subdivided the animals into five groups, five animals
each: group 1 (control) — intact animals; group 2 (MII) — ani-
mals with an injured limb; group 3 (MII+PRP) — animals with an
injured limb treated by PRP; group 4 (MII+CBMA) — animals
with an injured limb treated by CBMA; group 4 (MII+HAT) —
animals with an injured limb treated by HAT.

MII was simulated by an elastic medical tourniquet (5.5 cm
wide, eight units per an extremity), lasting through the middle
third of a left hind limb, from the thigh to the ankle joint. It
thereby immobilized the limb and caused impaired vascular per-
fusion of the skeletal muscles of the tibia (SMT). We removed
the tourniquets after 6 hours.

The subfascial pressure. For the subfascial pressure measur-
ing, we applied a classical invasive method Whitesides in an
anterolateral sleeve of a shin, using a standard device Stryker
Intra-Compartmental Pressure Monitor (USA) for a one-shot
measurement of every value [2].

The cells suspensions preparation. The cell suspensions were
injected into the upper third of the SMT once, 6 hours after the
elastic tourniquet removal. Test animals got withdrawn for the
experiment in 5™, 15" and 30" days after it started with the limb
MII (5 animals for each stage thereof).

The animals received anesthesia with 60 mg/kg sodium thio-
pental, intraperitoneal.

Platelet-rich plasma (PRP). We drew 5 ml of blood from
the ear vein of a rabbit. By centrifuging the whole blood in an
Arthrex tube (Arthrex ACP® Double Syringe System, Arthrex,
Inc. USA) for 8 minutes at 760g, we obtained 1 ml of PRP under
the layer of erythrocyte mass (the average platelet quantity was
928,000/ml).

Autologous concentrated bone marrow aspirate (CBMA). We
aspirated 2 mL of bone marrow from the proximal part of an
intact femur, with a 10G bone puncture needle and 5 mL syringe,
like in the article [1]. To separate the aspirate, we used a Tulip
Emulsifier filter (Tulip Medical Products, USA). After centri-
fuging of the aspirate with dextrose citrate coagulate — solution
A (1:8) (Baxter C.A., USA/Belgium) for 8§ minutes at 760g, we
got 1.0 mL of supraerythrocytic fraction (the average cell quan-
tity in native aspirate — 55.800/ml).

Homogenized adipose tissue (HAT). Through the access 2 cm,
we took 5 mg of an abdominal gland and fined it as a suspension.
For homogenization, the said suspension passed through a Imm
hole of two connected syringes.

Histological study. Sciatic nerves and SMTs of rabbits were
fixed in 10% formalin solution in PBS (pH 7.4) for 24 hours at
4° C. The 15 um slices of sciatic nerves, obtained with a cryo-
tome, we impregnated with silver nitrate. On longitudinal sec-
tions of the nerve, we calculated the number of nerve fibers in
the test area (the transverse axis of the nerve — 420 pm, in the
micrograph — 420x550 um; 0.23 mm?).

Electron microscopy. The samples of tibial nerve were fixed
in 2.5% solution of glutaraldehyde in phosphate buffer with 1%
osmium tetrachloride, dehydrated in increasing concentrations
of ethanol and acetone. The tissue samples we embedded in
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the Epone-Araldite mixture. To get the ultrathin slices, we ap-
plied an ultratome (Reihart). For contrast, we used 2% sodium
citrate and uranyl acetate. To analyze the sections obtained, we
scanned them with an electron microscope Tescan Mira 3 LMU
(CzechRepublic) (STEM detector).

Statistical analysis. The data obtained appeared as mean val-
ues (M) + standard errors of the means (SEM) and have been
compared using Mann-Whitney U-test. We took the differences
as significant at P < 0.05.

Bioethics. All manipulations with the animals complied with
the European Convention for the protection of vertebrate ani-
mals used for experimental and other scientific purposes, # 123,
Council of Europe, 1222, 24/08/1999, p. 31and the Commission
on Bioethics of the State Institution “The Institute of Traumatol-
ogy and Orthopedics under NAMS of Ukraine.”.

Result and discussion. Macroscopic studies. After the
MII, limb muscles were specific with acute edema and aggre-
gation of intestinal tissue. After the incision of the fascia, we
registered the emission of 0.5 to 2.0 ml of the liquid. Large
and medium subfascial vessels on the knee level and shin
muscles (tibialis anterior, flexor digitorumlongus, gastrocre-
mius) were visually full with excessive blood, with the areas
of hemorrhagic leakages in muscle sections. The texture of
shin muscles changed: the surface muscles were edematous,
soft, decolorized (from pink to yellowish-white). The deep
muscles were more elastic and pink. On the 15" day, the ex-
tent of the edema was lower, compared to the 5" day, and the
tissue of the muscles — more elastic, while in 30th days after
the experiment started, there was no excessive interstitial flu-
id anymore. The color of the muscle tissues changed towards
pinky-yellow, yellowish-white. The group of animals treated
with PRP and CBMA had no injection areas; in the group of
HAT, the areas of the insertion of the suspension were clear,
specific with the excessive formation of connective tissues
and angiogenesis, evidencing encapsulation of the aspirate.
In all the animals with MII, we have detected the preservation
of the integrity of sciatic nerves. The nerve was in the intra-
muscular space, without any signs of fibrosis processes along
with it. The vessel network of the nerve and paraneural sur-
roundings were distinct, the vessels full in blood, but with-
out signs of hemorrhagic penetration into the intramuscular
space. In other words, the mechanical damage to muscles of
the shin, aggregation on interstitial fluid, and muscle tissue
edema occur after the MII, decrease after the 5™ day, and get
replaced with necrotic changes in muscles without significant
lesions to the sciatic nerve.

Microscopic changes in peripheral nerves of a limb. In lon-
gitudinal sections of nerves, we studied the structural changes
of its fibers in the sciatic nerve fascicules. The nerve’s integrity
was intact, the same for the fascicular structure. The sheaths of
nerves had no reasonable damages, except for epineurium. We
have noticed an increased density of fibroblasts, evidencing cel-
lular reactions in the stromal elements of the nerve, cell prolifer-
ation in the epineurium. Nerve fibers were present in the nerve’s
fascicules (Fig. 1), but their density had no significant differ-
ences within the period of the experiment (5, 15, and 30 days)
and in terms of control. However, we have revealed deformed
fibers with the different thickness of their myelin sheaths. On
the 30" day after the MII, we identified “free” neurolemmocytes
along the nerve fibers.

The distortion of a myelin sheath ultrastructure confirmed it-
self under electron microscopy (STEM). We studied the samples
of the tibial nerve. On the 5™ and 15" day, we noticed the im-
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pairment in the density of myelin lamellae, myelin sheath defor-
mities, and necrotized fibers (Fig. 2). In the impaired myelin
fibers, the axial cylinders could be intact (with microtubules,
mitochondria, vesicles) or exfoliated from the myelin. The
cytoplasm of neurolemmocytes contained atypical lamellar
(membrane) structures, the primary pathologic feature of au-
tophagy. Despite degeneration ovoids, appearing after the total
disintegration of a myelin fiber, the cytosolic lamellar inclu-
sions result from autophagy, alternation of the damaged myelin
in neurolemmocytes, and are the signs of dystrophy [14]. The
PRP, CBMA, and HAT groups had no significant difference in
the extent of the damage to the nerve. All the samples studied
confirmed the demyelination and necrosis. The changes in the
myelin fibers were not specific and frequently diffused. Conse-
quently, we concluded no dependence on the level of the damage
in the separate fascicules.

We have not confirmed severe nerve fibers degeneration in
part of sciatic nerve, although disclosed the trend to the reduc-
tion in their density (Fig. 3). In PRP, CBMA, and HAT groups,
we registered no “free” neurolemmocytes. This fact can be the
evidence of less damage to the nerve fibers after the MII; there
were no clear morphologic signs of the nerve fibers’ progressive
degeneration in terms from 5th day to 30th day. It only means
that the demyelination and degeneration of isolated nerve fibers
occurs on the MII level and distally away from the compressive
ischemia level, in particular in tibial nerve.

MII MII+PRP MII+CBMA MII+HAT

A z

Fig. 1. A sciatic nerve of a rabbit on the 5th, 15", and 30th
day after the MII and the therapy. The impregnation with silver

nitrate, scale bar 100 um

MII MII+PRP MII+CBMA MII+HAT

Fig. 2. A tibial nerve of a rabbit on the 5", 15", and 30" day after
the MII and the therapy. Electron microscopy, scale bar 1 um
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Fig. 3. The average amount of nerve fibers in the test-zones of a sci-
atic nerve after the MII and the injections of PRP, CBMA, and HAT

Note: 1— control group; 2, 3, and 4 — MII on the 5th, 15th, and
30th day, 5, 6, and 7 — MII+PRP on the 5th, 15", and 30th day;,
8, 9, and 10— MII+CBMA on the 5th, 15th and 30th day; 11, 12,
and 13 — MII+HAT on the 5th, 15", and 30th day

Analyzing the results of our own studies and the published ar-
ticles, we concluded that muscles and peripheral nerves of a limb
have different resistance against the compression ischemia. The
skeletal muscles of a limb obviously endure significant damage
from its compression. At the same time, the two factors, compres-
sion, and ischemia affect the limb’s muscles and nerves, but it is
not always possible to distinguish between the morphologic conse-
quences of both ischemic injury and compression ischemia, as the
expressions of the cellular necrosis are non-specific.

Descriptions of damage to muscles, their dystrophy, and slight
signs of regeneration appear already in publications. In the focus
of our interest, we have another aspect of compression of a limb,
namely peripheral nerve conditions. We assumed that large nerves
of extremities, like a sciatic one, could avoid suffering from the ne-
crosis thanks to their specific anatomical position in the limb. Per-
haps, their deep anatomical placement in an intramuscular space of
a limb can prevent severe compressive damage. We also investigated
how PRP, CBMA, and HAT therapy can influence these changes.

The analysis of clinical cases showed that the loss of nerve fi-
bers in chronic non-compression ischemia is not critical; it may
be less than 5% of myelin fibers. The basic expressions of the
disorder are disproportionally thin myelin sheath, demyelination
of the fibers, myelin fibers deformities [13]. The reduced speed
of nerve impulses is thus predetermined by an axonal degen-
eration rather than by a demyelination process [6]. However,
spontaneous recovery is also possible. Thus, Hitoshi Nukada et
al. have described regenerating nerve fibers in the ischemically
damaged nerves of a limb after 1-6 months [13]. Damage to
nerves and further nerve fibers degeneration can occur without
a significant muscle injury [18]. This fact could be explained by
the higher vulnerability of nerve fibers to ischemia, compared
to the muscle tissue [12]. Thus, in critical ischemia of a lower
limb, Kudykin M.N. et al. reported muscle hypotrophy in 40%
of cases, but neuropathy — in 100% [7].

In an experimental paper, a ligature to an aorta does not cause
total muscle ischemia due to the collateral blood flow; muscles
and nerves suffer equally upon such conditions [3]. According to
other data, in non-compression ischemic neuropathies, degenera-
tive muscle changes could progress without significant necrosis of
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muscles, confirming the hypothesis that human distal nerve fibers,
compared to muscle tissues, are more vulnerable to the acute non-
compression ischemia of limbs [18]. After the limited microemboli
of limb arteries, was reported the necrosis of small groups of muscle
fibers, but muscles regenerate further [4]. In such cases, regenera-
tion launches one month after the injury, while muscle fibrosis does
not develop in non-compression ischemia.

Having analyzed the literature, we assumed that the extent of
the nerve lesion depends directly on the value of compression of
a limb by a tourniquet applied to the extremity. We came to this
conclusion on the background of the absence of acute necrosis
to structural elements of the sciatic nerve after 6 hours of the
limb’s compression, while degeneration, destruction of nerve fi-
bers’ myelin expressed brightly on the level of the tibial nerve,
topographically equal to and distally from the compression area.
The data described vary in different authors; this relates to the
various methods used for study, like only electrophysiological
or morphological. Thus, if the compression ischemia lasts more
than 2 hours, the extent of degeneration progresses [3], while in
other cases described, 12-hours compressing ischemia leads only
to endoneurial edema [9]. Compression with a tourniquet on the
level of 250 mm Hg leads only to a reversible nerve blockade, at
500 mm Hg — rarely to demyelination, while at 1000 mm Hg —to
demyelination and mechanical damage to the nerve [3]. In the
research, we determined the subfascial pressure, 30-70 mm Hg
at the 3rd-6th hour of the MII. The discovered difference in the
damage to the sciatic and tibial nerves indicates the difference
in subfascial and intra-tissue pressures, reflected in more signifi-
cant damage to a tibial nerve, due to its anatomic peculiarities
placed more superficially, compared to the sciatic one.

During the first 4-6 hours after the tourniquet removal, the nerve
conduction remained, while 8 hours later is did not restored [9].
Hence, on the background of these periods, one can say about a
“therapeutic window” in compressive ischemia management. Dur-
ing the same time, we inserted PRP, CBMA, and HAT into the skel-
etal muscles of the shin. Histological and morphometrical studies
showed neither positive nor negative results of the insertion of tis-
sue suspension into the damaged muscles.

In all the samples of the nerves, we saw different types of
damages: unequal thickness and myelin deformities, atypically
thin fibers, degeneration of the axial cylinders, lamellar struc-
tures in neurolemmocytes, partial destruction of a nerve’s endo-
neurium. These changes were not all out; we have observed just
a tendency to the decreased density of nerve fibers in the sciatic
nerve on the 30" day after the MII, although the dystrophy of
nerve fibers has already been noticed distally, in the tibial nerve.
In other research, Richards R.L. described a significant increase
in endoneurial collagen, progressing till complete replacement
of the nerve bundles with collagen [5]. However, we have not
discovered fibrosis in our own studies (except for the destruction
of endoneurium and perineurium, isolated cell-less areas rich in
collagen). We assessed all revealed disorders as the consequenc-
es of damage to the limb’s blood vessels, because the injuries to
vessels (stasis, thrombosis, lytic cell death in vessels) occurred
as in muscles’ myons, as in the capillaries of intramuscular space
(unpublished data). However, the changes did not reach the total
degeneration of the nerve. This fact could have several expla-
nations. The blood supply to a limb’s peripheral nerve is mul-
tilevel, and the vessels cover reasonably the areas on different
levels. Damage to a nerve due to a focal loss of perfusion has
been considered before as highly improbable because collateral
vessels ensure proper blood circulation in the nerve [5]. At the
same time, the difference between vascularization and revascu-
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larization of a limb muscles exist. Thus, “fast muscles” (soleus)
have a higher density of micro-vessels, more of them per muscle
fiber, are longer, and with better VEGF expression, compared to
the “slow muscles” (extensor digitorum longus). The explana-
tion is in diverse physiology of various types of fibers in these
muscles, their need for different oxygenation of the “fast” and
“slow” aerobic and “fast” anaerobic fibers [15]. In our experi-
ment, we neglected this division, as the compression ischemia
was significant, non-selective, and led to the total necrosis of
peripheral myons in all the muscles of a shin.

Consequently, the compression ischemia of a limb causes
mild or moderate damage to the peripheral nerves of a limb, de-
pending on the level of compression. Inserting PRP, CBMA, and
HAT into the ischemic limb muscles showed no reliable effect
on the development of structural changes in peripheral nerves
while studying these processes in the ischemically damaged
muscle fibers seems promising.
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SUMMARY

PERIPHERAL NERVE LESIONS AFTER A MECHANI-
CALLY INDUCED LIMB ISCHEMIA

Pidlisetskyy A., 2Savosko S., *Dolhopolov O., “‘Makarenko O.
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after Yu. Lypa; Bogomolets National Medical University, De-
partment of Histology and Embryology; 3SI “Institute of Trau-
matology and Orthopedics under NAMS of Ukraine; *Interre-
gional Academy of Personnel Management, Ukraine

The article describes the results of studying the changes in pe-
ripheral nerves of a limb after a mechanically induced ischemia.
It assessed myelinated nerve fibers in sciatic and tibial nerves
after 6 hours of ischemia, simulated by a tourniquet on the level
of a tibial, knee, and a lower third of a femur. Fasciculi of the
sciatic nerve have shown no changes in the density of nerve fi-
bers in 5%, 15", and 30™ days after the simulated ischemia, but
we revealed the deformed fibers with the different thickness of
myelin sheath. In a tibial nerve, myelin loss and deformations
occurred on the 5™ and 15" day, and atrophy of nerve fibers — on
the 15™ and 30™ days. Neurolemmocytes of the injured myelin
nerve fibers demonstrate the signs of dystrophic processes and
autophagy. After the insertion of platelet-rich plasma, concen-
trated bone marrow aspirate, and homogenized adipose tissue
in the ischemically damaged muscles, not a significant differ-
ence appeared between the extent of damage to the nerve. Con-
sequently, the structural signs of the damage to peripheral nerves
depend more on the level of injury to a limb than on therapy with
autologous cellular technologies.

Keywords: ischemia of limb, peripheral nerve, morphom-
etry, platelet-rich plasma, concentrated bone marrow aspirate,
homogenized adipose tissue.

PE3IOME

MOBPEXJIEHHUSI MIEPUPEPUYECKUX HEPBOB KO-
HEYHOCTH NPU MEXAHUYECKHU-UHAYIIUPOBAH-
HOM UILIEMUMN

Mupmucenxnii A.T., 2CaBocbko C.U., *Toaronosos A.B.,
‘Makapenko A.H.

U Tve06cKUtl 0O1GCMHOT 20CNUMALL 6eMEPANO8 6OUH U penpec-
cuposannvix um. FO. Jlunvl, *Hayuonanohoiti MeouyuHcKull
yhugepcumem um. A.A. Boeomonvya, xageopa cucmonocuu u
ambpuonoauu, Kues, STV «Hncmumym opmoneduu u mpaema-
monoeuu HAMH Yxpaunwvry, Kues; *Mesicpecuonanvnas Axaoe-
must ynpaenenusi nepconanom, Kues, Yxpauna

B CTarbe OIMCAaHBI pesyanaTbl HUcciaea0BaHuA I/ISMGHCHPIﬁ
nepudeprHueCKUX HEPBOB KOHEYHOCTH TIOCIIC MEXaHUUCCKH MH-
}lyLlI/IpOBaHHOf/i HILIEMHUH. OL[eHeHbI MHUEJIMHOBBIC HEPBHBIC BO-
JIOKHA B CEIAUIIIHOM U O0JIbIIeOEePIIOBOM HEPBaX Mmocie 6-va-
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COBOH HIIEMUH, MOJEIMPOBAHHON JKI'yTOM Ha YPOBHE TOJIEHH,
KOJICHHOT'O CYCTaBa M HIDKHell Tpetu Oenpa. B ¢dacuukynax ce-
JaJIMIIHOTO HEPBA W3MEHEHHUH TIOTHOCTH HEPBHBIX BOJIOKOH Ha
5, 15 1 30 cyTku nociie MOAEeIMPOBaHKs UILIEMUHU HE BBIBICHO,
oJiHaKo OOHapyXeHbI Je(GOopMUpPOBAHHBIE BOJIOKHA C pa3HOM
TOJIIIIUHON MHUETMHOBOM 000104KH. B 00sbiicOepIioBOM HEpBE
Ha 5 1 15 CyTKHM yCTaHOBIICHBI IeMUESITHHU3ALMS U 1e(OpMaLlHs
muenuHa, a Ha 15 u 30 cyTku — aTpodusi HEPBHBIX BOJIOKOH.
B HeﬁpOHeMOLII/ITaX MOBPEKIACHHBIX MHUEJIMHOBBIX HEPBHBIX
BOJIOKOH BBIABJICHBI IIPU3HAKU JJ,I/ICTpO(bPl'-leCKI/IX IpoHECCOB U

ayrogparun. [locie BBeAEHHs B MIIEMHYECKH IOBPEXKICHHbIC
MBILLILIBI Tp0M60uMTapH01‘/'1 IUIa3Mbl, KOHLIEHTpATa KJIETOK acIiu-
para KOCTHOIO MO3ra ¥ 'OMOT€HU3UPOBAHHOHN >KUPOBOM TKaHU
CYLIECTBCHHONW pa3HMLbl B CTCICHU MOBPEXKICHUS HEpBa HE
BbIsABIEHO. ClenaHo 3aKJIOYeHUE, YTO CTPYKTYpHbIE IPU3HA-
KU TIOBPEKICHUS IepuepHIeCcKUX HEPBOB KOHEYHOCTH IOCIIe
HIIEMUU SABJIAKOTCA HeCl’leLlH(l)I/l‘IeCKI/IMI/I 1 B OOJIBIIIMHCTBE Cl1y-
4aeB 3aBUCAT OT YPOBHS IOBPEKACHUA KOHEUHOCTH, YEM OT TC-
ParneBTUYCCKUX MOAXOA0B C MCII0JIb30BAHUEM ayTOJOIMYCCKUX
KJIETOYHBIX TEXHOJIOTHH.
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ENZYMATIC ACTIVITY IN MICROSOMES, LIPID PEROXIDATION
OF MICE HEPATOCYTES UNDER THE SODIUM FLUORIDE

'Kolisnyk I., *Voloshin O., *Savchenko L., 2Yanchevskyi O., *Rashidi B.

!Kharkiv Medical Academy of Postgraduate Education;
’The State Institution “Lugansk State Medical University”, Rubizhne, Ukraine

Fluorine is one of the most widespread and necessary microele-
ments for the body of animals and humans, which is required in a
clearly limited amount [9,10]. The biological role of this microele-
ment is difficult to overestimate, since it is part of the tooth enamel,
bones, participates in the formation of dentin, and also prevents the
development of osteoporosis with age. For many biological pro-
cesses, it serves as a catalyst or inhibitor [7,11,15].

Different concentrations of fluorine can affect the state of lipid
peroxidation, as well as the functional state of the microsomes
of liver hepatocytes. With prolonged ingestion, fluoride can lead
to fluorosis [6,10,13,14].

The question of the physiological role of fluorine on the body
remains open, since an excess of this trace element in the composi-
tion of water is the cause of the destruction of tooth enamel, inhibi-
tion of phosphorus-calcium and carbohydrate metabolism, and the

© GMN

activity of a number of enzymes. Due to this, fluorine can lead to
the suppression of some intracellular processes in the body, reduce
the activity of the immune system [5]. Acute fluoride intoxication
leads to a decrease in the intensity of tissue respiration, the forma-
tion of reactive oxygen species by cells increases, lipid peroxidation
processes increase, and the activity of antioxidant defense enzymes
decreases. With the alimentary pathway of sodium fluoride entering
the body, its negative effect affects the structure and function of the
digestive system, primarily the liver [1].

It was found that the effect of sodium fluoride leads to an increase
in all parameters of microsomal oxidation of hepatocytes, with the
exception of cytochrome b5 [2-5,8]. This circumstance allows us to
put forward the idea of stimulating free radical processes leading
to disruption in the structure of hepatocyte membranes, oxidative
destruction of biologically active substances [4].
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Material and methods. The studies were carried out on
sexually mature Wistar rats weighing 180-220 g. The animals
were subjected to oral priming using a probe with an aqueous
solution of sodium fluoride, once a day for 60 days in doses
of 1/10, 1/100 and 1/1000 DL50, which was 20 mg/kg, 2 mg/
kg and 0.2 mg/kg body weight (median lethal dose of active
substance was 200 mg/kg when administered orally). The rats
of the control group received appropriate volumes of drink-
ing water. Each group consisted of 10 animals, the studies of
indicators were carried out on days 10, 20, 30, 50 and 60 after
the start of the experiment. Euthanasia was performed by de-
capitation with a guillotine knife after preliminary anesthesia
with sodium thiopental in an amount of 50 mg/kg.

Confirmation of the induction of free radical processes
by sodium fluoride was carried out using a chemiluminescent
reaction of blood serum in the spectrum range of 400-600 nm.
The amount of diene conjugates in rat liver tissue homog-
enates was assessed spectrophotometrically at 233 nm with
preliminary extraction of a heptane-isopropanol mixture. The
calculations were performed based on the molar extinction
coefficient €=2.2x105 mol™! cm™.

The content of TBA reactants in rat liver tissue homogenates
was determined by the reaction of malonic dialdehyde and thio-
barbituric acid (TBA). The amount was calculated based on the
extinction coefficient &=1.56x105 mol! cm™.

The level of cipher bases, which are products of the interac-
tion of carbonyl compounds with amino acids, amino groups of
proteins, and nucleic acids, was determined in homogenates of
liver tissue using a spectrofluorometer at a wavelength of 430
nm with preliminary extraction with a Folch mixture (chloro-
form-methanol).

Subcellular liver fractions were isolated by differential
centrifugation. To obtain microsomes, the supernatant was
centrifuged for 1 hour at 18000 g, the obtained precipitate
was washed and suspended in the isolation medium (the pro-
tein content in the microsome suspension was 15-20 mg/ml).
The activity of NAD (P) H-cytochrome ¢ reductase in the
suspension of rat liver microsomes was estimated in the pres-
ence of an electron acceptor cytochrome c, using a spectro-
photometer at 30°C and a wavelength of 550 nm. The enzyme
activity was calculated using the coefficient of molar extinc-
tion of cytochrome ¢, which was equal to 18,5x103 cm M.
The content of cytochrome P-450 in the suspension of rat
liver microsomes was determined spectrophotometrically.

Statistical analysis of the results was carried out using the Sta-
tistical0 program.

Results and discussion. Free radical processes in the rat liver
was assessed by the intensity of H202-induced chemilumines-
cence (CL). The enzymatic state of rat liver microsomes was
initially assessed by the activity of NAD (P) H-cytochrome ¢
reductase in the dynamics of observation for 10, 20, 30, 50, 60
days with the introduction of sodium fluoride in doses of 1/10,
1/100 and 1/1000 DL50 (Table 1, 2).

On days 10 and 20 of the experiment (Table 1), a statistically
significant (p<0,001) increase in the level of the indicator under
the influence of sodium fluoride at a dose of 1/10 DL50 was
found, respectively, by 37 and 134%, in relation to the control
group; by 37% of CL intensity in relation to the value in the pre-
vious observation term, in comparison with the control group,
an increase was observed by 66%.

Of interest is the fact that on the 60th day of oral adminis-
tration of sodium fluoride at a dose of 1/10 DL50, a statisti-
cally significant (p<0,001) decrease by 33% in the level of
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CL intensity of the liver of rats is observed in comparison
with the control group. At a dose of 1/100 DL50, a significant
(p<0,002) increase in the intensity of ultra-weak lumines-
cence was observed in all periods of observation and was es-
pecially pronounced on the 30th day, on average it was 85%.
Further, the level of CL intensity in the rat liver gradually
decreased and on the 60th day it was 19%.

The results of the activity of NAD (P) H-cytochrome c re-
ductase in the microsomal fraction of the liver of rats when
exposed to sodium fluoride at subtoxic doses showed that on
days 10 and 20 of oral administration of sodium fluoride at
a dose of 1/10 DL50, statistically significant (p<0,002) was
observed in Compared with the control group, a gradual in-
crease in the activity of NADPH-cytochrome c¢ reductase by
24 and 36%, respectively (Table 2). On the 30th day, there
was a tendency towards a decrease in the enzyme activity,
but in relation to the control group, the activity remained sig-
nificantly (p<0,001) increased by 29%. After this period, a
statistically significant (p<0,001) decrease was observed in
comparison with the control group in the activity of NADPH-
cytochrome c reductase by 20 and 30%, respectively, on days
50 and 60 of the action of sodium fluoride at a dose of 1/10
DL50.

Oral administration of sodium fluoride at a dose of 1/100
DL50 caused a significant (p<0,004) increase in the micro-
somal fraction of hepatocytes in the activity of NADPH-cyto-
chrome c reductase by 6.26 and 32%, respectively, on the 10,
20, 30th day of the experiment. On the 50th day, there was a
significant decrease in the activity of NADPH-cytochrome ¢
reductase (by an average of 40%) in relation to the indicator
on the 30th day, but in comparison with the control group,
there was a slight statistically significant (p <0,001) increase
in the indicator by 19%. On day 60, a dose of 1/100 DL50
resulted in a 20% decrease in the activity of NADPH-cyto-
chrome c reductase.

The effect of sodium fluoride at a dose of 1/1000 DL50 did
not cause a statistically significant effect of NADPH-cyto-
chrome c reductase in relation to the control group on days
10 and 20. However, on days 30, 50, 60, there was a slight
significant (p<0,005) increase in the enzyme activity by an
average of 4-6%.

In microsomes of rat hepatocytes, oral administration of
sodium fluoride at a dose of 1/10 DL50 led to an increase (p
<0,001) in comparison with the control group in the activ-
ity of NADH-cytochrome ¢ reductase by 10.23.31 and 20%,
respectively, by 10, 20, 30. 50 days. On day 60, there was a
statistically significant (p <0,001) decrease in the activity of
NADH-cytochrome ¢ reductase by an average of 39%. The
effect of sodium fluoride at a dose of 1/100 DL50 was ac-
companied by a gradual increase (p<0,038) in the activity of
microsomal NADH-cytochrome ¢ reductase by 5, 11, 2 and
30%, respectively, on days 10, 20, 30, 50 of observation. On
day 60, the value of the indicator decreased in relation to the
preliminary term of the experiment by an average of 38%,
but in relation to the value of the control group increased by
18% (p<0,001). The action of sodium fluoride in 1/1000 DL
50 practically did not cause changes in the activity of micro-
somal NADH-cytochrome c¢ reductase in rats in comparison
with the control group. Only on the 30th and 50th days there
was an insignificant 4-5% (p=0,013 and p=0,045) increase in
enzyme activity.

When analyzing the results obtained, it can be argued about
the violation of the reductase activity of microsomes of hepa-
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tocytes of experimental animals receiving sodium fluoride at a
dose of 1/10, 1/100 DL50 and, as a consequence, the functioning
of electron transport systems. The revealed changes on the
60th and in some cases on the 50th day are associated with
the rearrangement of the lipid environment of microsomal re-
ductases due to the possible initiation of the formation of a
significant amount of reactive oxygen species according to
literature data [16]. An increase in the activity of NAD (P)
H-cytochrome c reductase in rats upon administration of so-
dium fluoride for a month can be considered as a protective-
compensatory reaction and as a reason for a faster flow of
electrons from reduced forms of NAD (P) H to cytochromes

P-450 and b5 and significant formation of reactive oxygen
species.

The dynamics of changes in the intensity of CL in the liver
of rats as a percentage of the control group is shown in figure
1. The dynamics of the activity of NADPH reductase in micro-
somes of rat hepatocytes during toxification with sodium fluo-
ride at doses of 1/10 and 1/100 DL50 is shown in Fig. 2 and 3.

The intensity of lipid peroxidation in the liver of rats, which
were injected for a long time with sodium fluoride in doses of
1/10 and 1/100 DL50, was judged by the amount of its molecu-
lar products - diene conjugates of TBA reactants and chiffon
bases (Table 3).

Table 1. Intensity of H2O2-induced chemiluminescence in rat liver homogenates upon exposure
to sodium fluoride at a subtoxic dose (n = 10; Me [25%; 75%] or M=s)

Chemiluminescence intensity, pulse / s
Day of observation dose, DL50
Control
1/10 1/100
10 294+23.5 403+29,5 p<0,001 398 [320; 418] p=0,002
20 296 [280; 335] 707426,2 p<0,001 428 [415; 440] p<0,001
30 321+14,0 650 [638; 689] p=0,003 598 [575; 607] p<0,001
50 317+18,1 539 [498; 550] p<0,001 445 [432; 487] p<0,001
60 343+14,5 229+19,9 p<0,001 409+19,7 p<0,001

note: p is the level of statistical significance in relation to control

Table 2. Activity of NAD (P) H-cytochrome c reductase in the microsomal fraction
of rat liver under the influence of sodium fluoride at subtoxic doses (n = 10; Me [25%, 75%] or M + s)

Dose Day NADPH-cytochrome c reductase, NADH-cytochrome c reductase,
of observation nM cytochrome ¢/mg protein * min nM cytochrome ¢/mg protein * min
10 234+3,82 p<0,001 1027 [1017; 1030] p<0,001
20 261+4,27 p=0,002 1156+9,45 p<0,001
1/10 DL50 30 241 [240; 245] p<0,001 1233 [1228; 1245] p<0,001
50 149+4,74 p<0,001 1115+11,0 p<0,001
60 127+4,89 p<0,001 590+43,1 p<0,001
10 198 [195; 210] p=0,004 988 [945; 1005] p=0,038
20 241 [238; 244] p<0,001 1036 [1028; 1056] p<0,001
1/100 DL50 30 249+4,83 p=0,003 1148+21,8 p<0,001
50 222+4.40 p<0,001 1210+18,9 p=0,002
60 150+6,08 p<0,001 1129 [1116; 1156] p<0,001
10 191 [188; 200] p=0,307 963 [945; 980] p=0,199
20 196 [192; 204] p=0,076 985 [934; 1005] p=0,096
1/1000 DL30 30 199+8,71 p=0,005 993 [965; 1010] p=0,013
50 192 [188; 200] p=0,03 978 [956; 1005] p=0,045
60 197 [190; 210] p=0,016 980 [964; 1005] p=0,140
10 189+5,31 932 [883; 977]
20 192+5,71 950 [882; 975]
Control 30 188 [185; 190] 944 1922; 970]
50 186+3,43 946 [893; 956]
60 187 [184; 193] 963 [948; 977]
note: p is the level of statistical significance in relation to control
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Fig. 1. Dynamics of changes in the intensity of CL in the liver
of rats during toxification with sodium fluoride in doses of 1/10
and 1/100 DL50
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Fig. 2. Dynamics of changes in the activity of NADPH-reduc-
tase in microsomes of rat hepatocytes during toxification with
sodium fluoride in doses of 1/10 and 1/100 DL50
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Fig. 3. Dynamics of changes in the activity of NADPH reduc-

tase in microsomes of rat hepatocytes during toxification with
sodium fluoride in doses of 1/10 and 1/100 DL50

The results obtained indicated a statistically significant
(p<0,002) increase in DC in relation to the control group in all
periods of observation. In the case of a dose of 1/10 DL50, the
most significant increase in this indicator was observed on the
10th day of the experiment, 265%, and with the introduction of
a dose of 1/100 DL50 on the 20th day by an average of 234%.
The dynamics of these changes is shown in Fig. 4.

An increase in the amount of TBA-reactans was also observed in
the liver of rats of the main group (Table 3). On the 10th day of the
experiment, an insignificant increase in the indicator was observed
in the main group for both doses (p=0,059 and p=0,199). When a
dose of 1/10 DL50 was administered, after 20 days, an increase
(p<0,001) in the level of TBA-reactants in relation to the control
group by 27, 41, 78, 133% was clearly determined. The same dy-
namics was observed when the dose was reduced to 1/100 DL50, at
which the increase in the amount of TBA-reactans was 19, 73, 70,
99%, respectively, on days 20, 30, 50, 60 (Fig. 5).

Table 3. Content of lipid peroxidation products in rat liver tissue homogenates under the influence
of sodium fluoride in subtoxic doses (n = 10; Me [25%, 75%] or M+s)

Dose Day of_obser— Diene conjugat.es nM / mg TBA reactant.s ) Chi.ff bases o
vation protein nM / mg protein mind. units / mg lipids
10 9,09+0,88 p<0,001 0,70+0,07p=0,059 0,37 [0,28; 0,40] p=0,545
20 8,12+0,88 p<0,001 0,91+0,08 p=0,001 0,33 [0,20; 0,47]p=0,290
1/10 DL50 30 7,64+0,60 p<0,001 1,04+0,12 p=0,001 1,08 [0,90; 1,15] p<0,001
50 6,9 [6,2; 7,8] p<0,001 1,45+0,15 p<0,001 1,53+0,16 p<0,001
60 6,2 [5,9; 7,2] p<0,001 1,76+0,16 p<0,001 1,83 [1,50; 1,91] p<0,001
10 7,65 [6,94 8,5] p=0,001 0,66 [0,60; 0,70] p=0,199 0,29+0,07 p=0,791
20 8,75 [8,54 9,8] p<0,001 0,89 [0,75; 0,94] p=0,019 0,24 [0,20; 0,33] p=0,821
]13/]1(5)8 30 7,35 [6,64 8,0] p<0,001 1,28+0,11p=0,002 0,79+0,15 p<0,001
50 6,8 [6,0; 7,2] p<0,001 1,38+0,04 p<0,001 0,90+0,12 p<0,001
60 6,30+0,72 p=0,002 1,49+0,12 p<0,001 0,97+0,09 p<0,001
10 2,49+0,54 0,58 [0,52; 0,69] 0,33 10,19; 0,50]
20 2,51[2,3; 2,8] 0,72+0,13 0,29+0,15
Control 30 2,912,5;3,2] 0,75 10,59; 0,86] 0,39+0,09
50 2,68+0,58 0,81+0,12 0,33+0,10
60 3,15[2,8; 3,5] 0,74 [0,65; 0,88] 0,36+0,07
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Fig. 4. Dynamics of changes in the content of diene conju-
gates in rat liver after administration of sodium fluoride at a

dose of 1/10i 1/100 DL50
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Fig. 6. Dynamics of changes in the content of cipher bases in rat liver
after administration of sodium fluoride at a dose of 1/10 i 1/100 DL50

Table 4. Content of cytochromes P-450 and b5 in the microsomal fraction

of rat liver under the influence of sodium fluoride in subtoxic doses (n = 10; Me [25%, 75%] or M +s)

Day of observation

Fig. 5. Dynamics of changes in the content of TBA-reactants
in the liver of rats after administration of sodium fluoride at

. Cytochrome P-450, Cytochrome b5,
Dose Day of observation ) .
nM / mg protein nM / mg protein
10 1,25 [1,18; 1,34] p<0,001 0,93 [0,88; 1,05] p<0,001
20 1,69+0,09 p<0,001 1,31£0,07 p<0,001
1/10 DL50 30 1,32[1,22;1,37] p<0,001 1,21 [1,15; 1,28] p=0,002
50 0,48+0,16 p<0,001 1,02 [0,85; 1,10]p=0,001
60 0,40 [0,37; 0,45] p<0,001 0,38 [0,22; 0,49]p<0,001
10 1,15+0,07 p=0,004 0,83+0,14 p<0,001
20 1,36+0,06 p<0,001 1,2140,07 p<0,001
1/100 DL50 30 1,29+0,06 p<0,001 1,36+0,06 p<0,001
50 1,09 [1,03; 1,11] p=0,011 1,09 [1,08; 1,19] p<0,001
60 0,54+0,13 p=0,001 0,43 [0,37; 0,52] p<0,001
10 0,88+0,21 0,59 [0,57; 0,60]
20 0,96 [0,88; 1,12] 0,63 [0,57; 0,68]
Control 30 1,03 [0,95; 1,18] 0,64+0,11
50 0,92+0,14 0,69+0,14
60 0,88+0,19 0,68+0,09

On days 10 and 20, at doses of 1/10 and 1/100 DL50, no sta-
tistically important changes in the amount of lipid peroxidation,
which are chiff bases, were observed. The results gave an idea
of a significant gradual increase (p <0,001) in the level of this
indicator at 30, 50, 60 days by 172, 370 and 380%, respectively.
A similar, but less pronounced picture was revealed for a dose of

note: p is the level of statistical significance of significance in relation to control

1/100 DL50 - by 103, 173, and 169% (Fig. 6).
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Analysis of cytochrome P-450 on days 10, 20, 30 in rats treat-
ed with sodium fluoride at a dose of 1/10 DL50 showed a statis-
tically significant (p <0,001) increase in the pool by 44, 74, 23%
in comparison with the control group (Table 4).\

In the study of the pool of cytochrome b5 under the influence
of sodium fluoride on hepatocytes, it was found to increase by

60, 113 and 78% at a dose of 1/10 DL50. On days 50 and 60,
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the level of cytochrome P-450 in microsomes of rat hepatocytes
decreased in comparison with the control group (p <0,001) by
48 and 52%, respectively. The level of cytochrome b5 increased
on the 50th day by 50% and decreased on the 60th day by 47%.

Oral administration of sodium fluoride at a dose of 1/100
DL50 led to an increase (p<0,001) in the amount of cytochrome
P-450 by day 50 of the experiment (the most pronounced result on
day 20 by 40%), as well as cytochrome b5 (maximum on day 30
by 112 %) (Table 4). On the 60th day of observation, the level of
cytochromes in the microsomal fraction of rat hepatocytes with the
introduction of a dose of sodium fluoride 1/100 DL50 decreased in
comparison with the control group (p<0,001) by 35-39%.

The dynamics of changes in the content of microsomal cy-
tochromes as a percentage of the control group of microsomal
cytochromes is shown in Fig. 7,8.
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Fig. 7. Dynamics of changes in the total pool of cytochrome

P-450 in microsomes of rat hepatocytes after administration of

sodium fluoride at doses of 1/10 and 1/100 DL50
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Fig. 8. Dynamics of changes in the content of the total pool of

cytochrome b50 in microsomes of rat hepatocytes after admin-
istration of sodium fluoride in doses of 1/10 and 1/100 DL50

Conclusions. Long-term oral administration of sodium fluo-
ride, especially at a dose of 1/10 DL50, can lead to a signifi-
cant disruption of the detoxification function of the microsomal
membrane of rat hepatocytes due to the gradual inhibition of
the activity of its enzymes and a decrease in the rate of bio-
transformation of both xenobiotics and endogenous substrates.
The increase in the indicators of chiffon bases, dienes and TBA-
reactants under the influence of sodium fluoride indicates the
purposefulness of the lipid peroxidation process towards the
formation of toxic end products.
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SUMMARY

ENZYMATIC ACTIVITY IN MICROSOMES, LIPID
PEROXIDATION OF MICE HEPATOCYTES UNDER
THE SODIUM FLUORIDE

"Kolisnyk I., *Voloshin O., *Savchenko 1., *Yanchevskyi O.,
’Rashidi B.

!Kharkiv Medical Academy of Postgraduate Education; *The State
Institution “Lugansk State Medical University”, Rubizhne, Ukraine

Fluorine is one of the most widespread and necessary microele-
ments for the body of animals and humans, which is necessary in
a clearly limited amount. Different concentrations of fluorine can
affect the state of lipid peroxidation, as well as the functional state
of the microsomes of liver hepatocytes. The studies were carried
out on mature Wistar rats weighing 180-220 g. Animals were in-
oculated with an aqueous solution of sodium fluoride once a day
for 60 days at doses of 1/10, 1/100 and 1/1000 DL50, which was 20
mg/kg, 2 mg/kg and 0,2 mg/kg body weight. Control rats received
drinking water. Each group consisted of 10 animals, the studies of
indicators were carried out on days 10, 20, 30, 50 and 60. The in-
duction of free radical processes by sodium fluoride was confirmed
using a chemiluminescent reaction of blood serum, the amount of
diene conjugates in rat liver tissue homogenates was assessed spec-
trophotometrically, the content of TBA reactants in rat liver tissue
homogenates was determined by the reaction of malondialdehyde
and thiobarbituric acid (TBA). The level of chiff bases was deter-
mined with a spectrofluorometer, subcellular fractions of the liver
were isolated by the method of differentiated centrifugation. An
increase in the level of the indicator at a dose of 1/10 and 1/100
DL50 of the intensity of lemiluminescence on the 30th day and its
decrease on the 60th day was established.Increase in the activity of
NAD (P) H-cytochrome c reductase in the microsomal fraction of
the liver at the beginning of the study and a gradual decrease on the
50th and 60th days when using both dosages. The same dynamics
was observed for NADH-cytochrome ¢ reductase. With respect to
diene conjugates of TBA-reactants and chiff bases, a tendency to
increase was observed at all periods of the experiment. Indicators
of cytochrome P-450 cytochrome b5 were increased up to 30 days
and gradually decreased by 60 days. Long-term administration of
sodium fluoride can cause the formation of toxic products and a
decrease in the activity of enzymes of the microsomal membrane
of hepatocytes.

Keywords: sodium fluoride, hepatocytes, toxic effect, micro-
somes, lipid peroxidation.
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®EPMEHTATUBHASI AKTHBHOCTH MHKPOCOM,
MEPEKACHOI'O OKHWCJEHHS JIMIHUAOB T'EIATO-
LIUTOB KPBIC NOJ AEVICTBUEM ®TOPHIA HATPUSI

"Kosecnuk U.JI., *Bosromun A H., 2CaBuenko U.H.,
Inuesckuii A.B., ’Pammau B.P.

! Xapvrosckas meouyunckas axkademusi NOCLEOUNIOMHO20 00-
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q)TOp SABJIACTCA OOAHUM U3 3HAYMMBIX IJIA OpraHu3Ma KUBOT-
HBIX U YEJIOBEKAa MUKPO3JIEMECHTOB, KOTOpBIﬁ H606XOHI/IM B 4CT-

© GMN

KO JIMMHUTHPOBAHHOM KOJIMYECTBE. Pa3iMuHble KOHLIEHTPALMN
(dTopa MOryT BIMATH Ha COCTOSHHE MEPEKHCHOIO OKUCIICHHUS
JUIUIO0B U QYHKINOHAIBHOE COCTOSIHUE MUKPOCOM I'€HaTolH-
TOB TIEUCHU.

HccnenoBanust IpoBeACHBI Ha MTOJIOBO3PEIIBIX KPbICAX JIMHUH
Wistar maccoit 180-220 r. JKMBOTHBIX 4yepe3 30H]] 3aTpaBInBaIH
BOJHBIM pacTBOpoM (Topuaa HaTpHs, pa3 B CYTKH B TeUCHHE
60 nueit B noszax 1/10, 1/100 u 1/1000 AJI,, 4To cocTaBuio
20 mr/kr, 2 Mr/kr u 0,2 Mr/kr maccbl. KpbIChl KOHTPOJIBHOM
rpynnsl (n=10) noxy4yanu nuTheByio Boay. Kpbichkl B 3aBucu-
MOCTH OT J103bI pTOpHIa HATPHS pa3aesieHbl Ha IPymIb, o 10
JKUBOTHBIX B KaXX/10H, OLICHKa TI0Ka3arenel npoBoauiaach Ha 10,
20, 30, 50 u 60 cyTku. [TonTBepxaeHne HHAYLUPOBaHUS (TO-
pPHIOM HATpHsi CBOOOJHOPAJMKAIBHBIX MPOLIECCOB BBIMOJIHS-
JIOCh TIPH IOMOIIN XeMUJIIOMUHECLEHTHON PEAKIIMU CHIBOPOTKH
KPOBH, KOJIMYECTBO JAUCHOBBIX KOHBIOTAT B TOMOTE€HATAaX TKAHU
TIEYCHHM KPBIC OLICHHUBAIIH CIIEKTPO(GOTOMETPHUUECKH, a COepIKa-
nue TBK-peakTaHToB - peakiueld MaJIOHOBOTO JHAJIBIACTHAA U
tHobapouTyposoit kucnotsl (TBK). YpoBeHs mmdoBbix ocHo-
BaHUI OIpeNe/sul CcHeKTpodIIoopoMeTpreii, CyOKIeTOUHbIe
(dpakiuu MeYeHH BBIACTSUINCH METOIoM I depeHInpoBaH-
HOTO LEHTPU(YrHpOBaHHs. YCTAHOBICHO MOBBIIICHHE YPOBHS
noxasarens B go3e 1/10 u 1/100 JIJI,| HHTCHCHBHOCTH JIeMHU-
JmoMuHeceHIMH Ha 30 CyTKH M ero cHiKeHue Ha 60 cyTku;
noBelnienue aktuBHoctn HAJI(®D) H-muroxpom pemykrassl B
MHKPOCOMAJIbHOM (ppakiiy MeYeHH BHAYajle MCCICIOBAHUS U
nocreneHHoe cHwkeHue Ha 50 1 60 CyTKH NpH UCIIOJIb30BaHUU
o0enx n03upoBok. IlonoOHas TuHAMUKa MPOCIEKUBAIACH OT-
HocutenbHo HAJIH-mutoxpom penyxrasel. Uto kacaercs nu-
eHOBbIX KoHbtorat, TBK-peakTaHToB M min(pOBBIX OCHOBAHUI
HaOJroaslach TEHICHLUUS K MX YBEJIMYEHHUIO Ha BCEX CPOKax
skcrniepuMenTa. [lokasarenu muroxpoma P-450, muroxpoma b5
ObulM NOBBIIIEHB! 10 30 CYTOK M IMOCTCIEHHO CHMXKAJIUCh K
60 cyTtkam. J[nutensHoe BBegeHHE (TOpHAA HATPUS CHOCOOHO
BBI3bIBATh 00pa30BaHHE TOKCHYECKUX MPOAYKTOB U CHIDKCHHE
AKTUBHOCTU (PEPMEHTOB MHUKPOCOMAJIbHONH MEMOpaHbI IeraTo-
LIUTOB.
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A MULTIPLEX PCR ASSAY FOR THE DIFFERENTIAL DETECTION
OF OPISTHORCHIS FELINEUS AND METORCHIS BILIS

'Smagulova A., ’Katokhin A., *Mambetpayeva B., *Kulmaganbetova N., 'Kiyan V.

!Research Platform of Agricultural Biotechnology, S. Seifullin Kazakh Agrotechnical University, Nur-Sultan, Kazakhstan;
’Institute of Cytology and Genetics, Siberian Branch of the Russian Academy of Sciences, Novosibirsk, Russia,
3Astana Medical University, Nur-Sultan, Kazakhstan

Trematodes are parasites that have caused severe damage to
human health since antiquity [1]. There are more than 91 species
that infect humans and belong to 46 genera all over the world.
According to their habitat in definitive hosts, they are classified
as blood flukes, liver flukes, lung flukes, throat fluke, pancreatic
fluke, and intestinal flukes [2]. Liver flukes belong to the family
of Opisthorchiidae include 33 genera cause opisthorchiasisin pi-
scivorous mammals, birds, and humans [3]. Human populations
show high levels of infection with the main three liver fluke
species within each of their distributional ranges [2]. Up to 680
million people worldwide are at risk of infection [4]. Recent es-
timates indicate that 45 million people living in Asia and Europe
are infected, with approximately 35 million C. sinensis cases, 10
million O. viverrini cases, and 1.2 million cases of O. felineus
[5-7]. The pathogen M. bilis, which occurs in the same territory
as O. felineus, has attracted particular attention. It is widely reg-
istered in Russia and Kazakhstan, and there are several cases of
mixed infections in humans and animals [8-13].

A variety of methods have been established for the effective
diagnosis of opisthorchiasis infection, which include antigen-
specific enzyme-linked immunosorbent assay (ELISA) [14-16]
and various other polymerase chain reaction (PCR) technolo-
gies [17-19]. ELISA kits available on the market are not capable
of the failure of O. felineus and M. bilis species detection in
opisthorchiasis infection what is one of the major deficiencies.
There are no commercially available molecular diagnostic kits
for the simultaneous detection of mixed infections by O. felineus
and M. bilis. Therefore, there is no clear understanding of the
distribution of each of these species, their localization in the de-
finitive host and approaches to treatment. The aim of this study
was, therefore, to establish a multiplex PCR assay for the differ-
ential detection of O. felineus and M. bilis in clinical specimens,
which will be necessary for the epidemiology, diagnoses, and
control of trematodes infections.The advantage of this method
of molecular diagnostics is the high specificity of the reaction,
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the speed of the results obtained, and the possibility of differen-
tial diagnosis of two types of pathogens.

Material and methods. Samples collection and DNA extraction

Samples of adult worms of O. felineus and M. bilis were collect-
ed from the artificially infected Syrian hamsters (Akmola region)
and infected foxes (Karaganda region) in the territory of Kazakh-
stan. Genomic DNAs were extracted from adult parasites using the
BioSilica DNA extraction kit (Novosibirsk, Russia), according to
the manufacturer’s instructions. Duodenal bile and feces samples
of humans suspected of contracting infectious diseases were kindly
provided by Astana Infectious Diseases Hospital, Kazakhstan, in
compliance with patient confidentiality, and stored at —80°C until
DNA extraction. Sample preparation was carried out according to
the method of Duenngai K. et al.: a sample (feces - 500 mg, bile
- 0.5 ml) is mixed with 4 ml of physiological saline and 0.4 ml
of ethyl acetate, centrifuged at 4000 rpm for 10 min, followed by
removal of the supernatant [20]. Genomic DNA was extracted from
bile and feces samples using a method recommended by Duenngai
K. et al. with some modification. The amount and purity of the ex-
tracted DNA could be determined by measuring absorption at 260
nm and 280 nm in the NanoDrop 2000 (Thermo Scientific, USA).
DNA was dissolved in ddH,O and stored at — 70°C.

Standard PCR. Fragments of col gene were amplified using
primer pair (OpiOpe2-colF 5°-TGGGGAGTTGATTTTTT-
GATGTT-3" / COI-uniRv 5°’-AGCAATAACAAATCAAGTAT-
CATG-3") for both opisthorchiids in order to reveal species-spe-
cific nucleotide substitutions. The PCR product was sequenced
and deposited in GenBank (MT325502 - MT325505).

Species-specific primer design. Based on the COX1 sequenc-
es, genome DNA from O. felineus and M. bilis were designed
the multiplex PCR primers by targeting conserved sequences
flanking variable regions with online free available primer pro-
grams PerlPrimer v1.1.21 (http://perlprimer.sourceforge.net)
and Oligo Analyzer 1.2 software (http://www.genelink.com).
Details of primer pairs are presented in Table 1.
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Table 1.Forward and reverse primers used in the multiplex PCR for O. felineus and M. bilis

Species Primers Sequences 5'’-3' Products (bp)
0. feli COInOf-F: 5'-TTGGAATGATTAGTCATGTTTGTACG-3' 307

. jelineus

COInOf-R: 5'-CCCCACCTATAGTAAAAAGCACTAT-3’
M. bili COInMb- 5-TGTTAATATTGCCGGGGTTTG-3' 252
. DS
F:COInMb-R: 5-TTTATCCCAGTAGGAACACCTATAAC-3’
CO1nOf-F >
NC_011127-0.felineus 7668 GAGGTGTATGTGTTAATATTGCCGGGGTTTGGRATGATTAGTCATGTTTGTACGACTCTA 7728
MT325502-0.felineus-1383-SNKz19-21 271 ........... L s sl fone 330
MT325503-0.felineus-1383-SNKz19-22 271 ........... S 330
FJ423739-M.bilis 16 .en-- s S W c P A § 75
MT325504-M.bilis-1395-SNKz19-31 BT - 7. (R iA..G ........ Sy IR 330
MT325505-M.bilis-1400-SNKz19-32 271 e . A }A..G ........ (i P (RN 330
COInMD-F
NC_011127-0.felineus 7729 ACAGGGAAAGATTCCCTATTTGGTTATGGTGGTTTGGTGTTAGCCATGTTTGCTATAGTT 7788
MT325502-Drfelineus-T88-SNK2T0-21. 331 suioos s o R s s S T T A S5 S 390
MT325503-0.£€1ineus-1383-SNKZ19-22 331 . .cuuutnnuennnennnennaeaneanaeaneeeaeeaaneanneaneeaeeennnans 390
FJ423739-M.bilis 76 T i LTUL AU T ;R 135
MT325504-M.bilis-1395-SNKz19-31 331 LT i (L - IO G e et e e 390
MT325505-M.bilis-1400-SNKz19-32 331 e vmemin s T s G v T 390
NC_011127-0.felineus 7789 TGTTTGGGTAGTGTGGTTTGAGCTCATCATATGTTTACTGTAGGATTAGATTTAGGGACT 7848
MT325502-0.£€1ineus-1383=SNKZ19-21 39L ..t uuentuennnenea e e en e e e e e e e e e e e aeaaeaeeeannnnn 450
MT325503-0.£e1ineus—1383=SNKZ19-22 301 . .touuenuennennneaeeaneaaeaane e e eaaneaaneaeaeaeeannnnnn 450
FJ423739-M.bilis 136 ceenennnn. Covennnnn Bl B ariiCles oo armpasass s T JGCCu wiee G..C. 195
MT325504-M.bilis-1395-SNKz19-31 391 e Caracormsoiarore S S 3 OO oo e TR G..C... 450
MT325505-M.bilis-1400-SNKz19-32 L5 S — Chisasatoss (I o S — O o I I, GLsCaww: 450
NC_011127-0.felineus 7849 7908
MT325502-0.felineus-1383-SNKz19-21 451 510
MT325503-0.felineus-1383-SNKz19-22 451 510
FJ423739-M.bilis 196 255
MT325504-M.bilis-1395-SNKz19-31 451 510
MT325505-M.bilis-1400-SNKz19-32 451 L vy 510
O
NC_011127-0.felineus 7909 TCTTGATTATACATGCTTGCCGGTACTCGAGATCGTCTTTGGGATCCGATTATGTGGTGG 7968
MT325502-0.£e1ineus—1383-SNKZ19-21 511 . .cuuuennuennnennnenneeneanaeenae e aeeaaneanneaneeaeeennaans 570
MT325503-0.£e1ineus—1383=SNKZ19-22 511 . .cuuutnuennnenneennaeaneeaeaee e ate e eaneaneeaeeennanns 570
FJ423739-M.bilis b2 — TN, H— Thoacsmosene Thcwsasaiaso T Rand Gl simsssmrsrssizaios 315
MT325504-M.bilis-1395-SNKz19-31 5 R—— I S, R — o ; R S 570
MT325505-M.bilis-1400-SNKz19-32 518, g e e Curans ; S TR Coonpamnmemamsas 570
CO1nOf-R

NC_011127-0.felineus PTACTGG 8011
MT325502-0.felineus-1383-SNKz219-21 571  +ucuuueeeneahiotenaeaaaaaaannaaaeaaabonnnn. 614
MT325503-0.felineus-1383-SNKz19-22 571  +ucunueeeneahiorannrannneneannceaneenabonnnnn 614

FIA2B8730-MIBITHE =000 BT eeweiBedBhs il e snsesaiaves e G rsmrase 359
MT325504-M.bilis-1395-SNKz19-31 571 .ccu-BooGoeoBuiinocnnonranocaceaBoracfocanan 614
MT325505-M.bhilis-1400-5NKz19-32 571 wewsslasCas iCurrmmnusmrars e iGomrabosoms 614

Fig. 1. COXI fragments alignment used for primers design

Separated PCR and the standard conditions. The PCR param-
eters were optimized, and the reaction was carried out in a final
reaction volume of 25l containing 1* Hot Start PCR Buffer (20
mM KCI, 5 mM (NH,),SO,, 20 mM Tris-HCI, pH 8.3), 2.5 mM
MgCl, and 1 U Maxima Hot Start Taq polymerase (Thermo Sci-
entific, USA), 2 mM of dNTP, 100 pmol of each COXT primer
(COInOf-F/R or COInMb-F/R) and 30 ng extracted trematode
DNA. In order to detect potential contamination, a PCR mix-
ture with RNA/DNA-free water was regularly used as a nega-
tive control. PCR was performed as follows: denaturation at
95°C for 5 min, followed by 35 cycles with 30 s denaturation at
95°C,primer annealing at 59°C for 40 s, and extension at 72°C
for 50 s with a final extension during 5 min at 72°C; and ampli-
fication products were stored at 4°C until they were visualized.
PCR products (7ul) were visualized by electrophoresis in 1.5%
agarose gels that were pre-stained with ethidium bromide (EB)
and viewed under UV light (VilberLourmat UV-Transillumina-
© GMN

tor + with Bio-Capt software). The electrophoretic buffer solu-
tion was 1“TAE buftfer.

Optimization of multiplex PCR primers. Optimization of the
primer combinations was based on the specificity of the work of
primers with DNA pathogens. The amplification of the conserved
region of the partial COX1 gene of O. felineus and M. bilis using
100 pmol of each specific primer pair (COInOf-F/R and COInMb-
F/R primers) was carried out in a 25 pl reaction volume as described
above. To examine specificity, the primers were tested together and
separately with both DNA from O. felineus and M. bilis.

Optimization of multiplex PCR conditions. The multiplex PCR
reaction is affected by many factors. In order to obtain the best re-
action parameters, the multiplex PCR was optimized by varying
single parameters while other parameters were maintained. There-
fore, the parameters of the PCR assay were optimized by the vary-
ing temperature of primers annealing (56, 58, 60, 62, 64, 66°C), the
concentration of dNTPs (0.05-0.5 mM) and Taq DNA polymerase

177



(1.0, 1.5, 2.0, 2.5 and 5.0 U) in a 25-pl reaction volume. A mix-
ture of the genomic DNA, which contained the same amount of
genomic DNA of the two types of parasites, was used as a template
to amplify the corresponding target genes. The total volume of each
reaction system was 25 pl, which included 1 pl of template DNA
(about 15 ng of genomic DNA). PCR was performed as follows:
denaturation at 95°C for 5 min, followed by 25-40 cycles with 15 s
denaturation at 95°C, primer annealing at 62°C for 25 s, and exten-
sion at 72°C for 30 s with a final extension during 5 min at 72°C.
After the reaction, 7 pl of the reaction solution was mixed with 7 pl
of loading buffer for 1.5% agarose gel electrophoresis.

The sensitivity of the multiplex PCR assay. The sensitivity of
the multiplex PCR assay was evaluated using a tenfold serial
dilution method. The limit of the multiplex PCR assay detected
DNA was verified using serial dilutions of mix genomic DNA of
each parasite in nuclease-free water, and the final DNA concen-
tration for each parasite in a 25l reaction system was 10 ng/pl,
1 ng/ul, 100 pg/ul, 10 pg/ul, 1 pg/ul, respectively.

The specificity of the multiplex PCR assay. The specificity of
the multiplex PCR was verified using genomic DNAs of other
common worms (Taenia spp., Toxocara spp. and Trichinella
spp.) inhabiting the intestine of human and genomic DNAs of
main bacteria (E. coli, Pseudomonas spp. and Bacillus spp.)
found in the contents of the gallbladder.

Multiplex PCR for the detection of parasites from naturally in-
fected samples. The Multiplex PCR was verified using genomic
DNAs from human feces and bile as templates. Clinical samples
were collected from the humans suspected of contracting infectious
diseases that were kindly provided by Astana Infectious Diseases
Hospital, Kazakhstan. The multiplex PCR assay was carried out
in a final reaction mixture of 25pl, containing 2ul templates, 4pl
optimal primers with 0.5ul from each forward and reverse primer
(COInOF-F/R or COInMb-F/R), and 1 ul Maxima Hot Start Taq
polymerase (Thermo Scientific, USA), followed by thermal cycling
conditions and visualization process mentioned above.

The biosafety ethics for this research was approved by the
Animal Ethics Committee of Veterinary Medicine Faculty of
KATU (Ethical approval letter, No. 1, 09.11.2017), before com-
mencing the project.

Results and discussion. The amplification of the genome
DNA from O. felineus and M. bilis produced products of 709
bp length. The fragments ~ 345 bp were subjected to sequence
analysis to design species-specific primers (Fig. 1).

Four species-specific primers produced the DNA fragments
of 307 bp (O. felineus) or 252 bp (M. bilis) in PCR analysis as
expected (Fig. 2).

M 1 2 3 4

300bp —>

Fig. 2. Electrophoregram of a single PCR under standard
conditions: Lane M, DNA ladder (bp); lane 1, O. felineus, lane
3, M. bilis; lane 2, 4, negative control

The multiplex PCR products of mixed templates of the two
parasites are shown in Fig. 3. The product containing two
DNA bands (307 and 252 bp) was amplified with mixed DNA
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templates of O. felineus/M. bilis and each specific primer pair
(COInOf-F/R and COInMb-F/R). The results showed that the
optimal annealing temperature of the multiplex PCR reaction
was 60 to 62°C (Fig. 4), while the optimal dNTP and Taq Poly-
merase concentrations were 0.3 mM (Fig. 5) and 1.5 U (data
not shown), respectively. The number of cycles largely deter-
mines the required total duration of the multiplex PCR assay.
The optimal number of multiplex PCR cycles was 35, which
is the standard number in this reaction (Fig. 6). In addition, the
concentrations of each pair of primers were optimized, and the
results showed that the optimal concentration of each pair of
oligonucleotide primers was 0.1 uM (data not shown).

M 1 2 3 4
mhﬂ_}=

Fig. 3.Electrophoregram of multiplex PCR with both DNA
from O. felineus and M. bilis: Lane M, DNA ladder (bp); lane 1,
COInOf-F/R primers; lane 2, COInMb-F/R primers; lane 3,
COI1nOf-F/R and COInMb-F/R primers, lane 4, negative control

M I 2 3 4 5 6 7

o -

Fig. 4. Electrophoregram of multiplex PCR products in optimiza-
tion of varying temperature of primers annealing conditions.: Lane
M, DNA ladder (bp); lane 1, 56°C; lane 2, 58°C; lane 3, 60°C; lane
4, 62°C; lane 5, 64°C; lane 6, 66°C; lane 7, negative control

M 1 2 3 4 5 6 7

Fig. 5. Electrophoregram of multiplex PCR products in op-
timization concentration of dNTPs conditions: Lane M, DNA
ladder (bp), lane 1, 0.05 mM; lane 2, 0.1 mM; lane 3, 0.2 mM;
lane 4, 0.3 mM; lane 5, 0.4 mM; lane 6, 0.5 mM; lane 7, nega-
tive control

F0WD by =

Fig. 6. Electrophoregram of multiplex PCR products in cycles
optimization conditions: Lane M, DNA ladder (bp); lane 1, 3, 5,
7, positive control; lane 2, 4, 6, 8, negative control
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The sensitivity of the proposed multiplex PCR assay was
defined as the minimum DNA molecule concentration, which
could be detected. DNA standards, which were diluted from 10
ng to 1 pg, were used for the multiplex PCR. As shown in Fig. 7,
the detection limit of the multiplex PCR for O. felineus and M.
bilis was 100 pg, respectively.

M 1 2 3 4 5 6

00 bp —>

Fig. 7. Determination of the sensitivity of the multiplex PCR.
Lane M, DNA ladder (bp); lanes 1-5, the concentration of each
O. felineus/M. bilisDNA were 10 ng/1 pg, 1 ng/10 pg, 100 pg/100
pg, 10 pg/l ng, 1 pg/10 ng, respectively; lane 6, negative control

In order to confirm the specificity of the multiplex PCR de-
veloped in this study, the genomes of three species of parasites
(including Taenia spp., Toxocara spp. and Trichinella spp.) and
three bacteria (E. coli, Pseudomonas spp. and Bacillus spp.)
were selected as the DNA template for reaction under optimized
conditions (Fig. 8). The multiplex PCR test was performed with
the genomes of O. felineus and M. bilis as the template DNA,
which served as a positive control.

M1 2 3 B 5 6 7 8

Fig. 8. Test for specificity of the multiplex PCR assay: Lane
M, DNA ladder (bp); lane 1, positive control; lane 2, nega-
tive control; lane 3, Taenia spp., lane 4, Toxocara spp.; lane 5,
Trichinella spp., lane 6, E. coli; lane 7, Pseudomonas spp., lane
8, Bacillus spp

By developed multiplex PCR assay, a total of 9 feces and 2
human bile samples were tested. Four feces samples tested posi-
tive with a fragment size of about 252 bp identified as M. bilis
infection (Fig. 9). One feces sample showed a double band with
a fragment size of about 252 and 307 bp featuring a mix of O.
felineus and M. bilis infection. Four feces samples showed a
negative result. Two bile samples showed also showed a double
band pointing to a mixed of O. felineus and M. bilis infection.

M I 2 3 4 5 6 7T 8 9 10 11 K+ K-

Bike samphos

Fooo aamplcs

Fig. 9. The PCR results of DNA sample from human feces and
bile: Lane M, DNA ladder (bp); lane 1-9, feces samples, lane 9,
10, bile samples; lane K+, positive control; lane K-, negative
control
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Currently, fecal examination for the detection of parasite eggs
and serological studies by ELISA are the main methods for the
detection of opisthorchiasis infection. However, these methods
of diagnosing have some drawbacks. There are very laborious
and fail to accurately distinguish the species of the pathogen
[14,21-24].

Molecular methods can be an alternative to the existing
methods because they have a high sensitivity and specificity,
cheapness during mass screening, as well as the ability to
determine the species affiliation at any life stage of the para-
site. It is crucial for the sanitary-epidemiological and envi-
ronmental monitoring. Primer specificity is a critical determi-
nant of the success of a multiplex PCR assay. Pauly A. et al.
reported the use of the part of the mitochondrial cytochrome
c oxidase I gene for specific detection of adult specimens of
the opisthorchiid liver fluke species O. felineus and M. bilis
[17]. Kang S. et al. developed a fast and accurate molecular
identification system for human-associated liver fluke spe-
cies (Opisthorchis viverrini, Opisthorchis felineus, and Clo-
norchis sinensis) using the PCR-RFLP analysis of the /8S-
ITS1-5.8S nuclear ribosomal DNA region [19]. Brusentsov
I. et al. developed multiplex polymerase chain analysis for
identification of the ribosomal RNA gene cluster fragment
incorporating internal transcribed spacer 2 (/7S52) of differ-
entiates parasitic diseases induced by O. felineus and M. bills
[18]. These are all examples of the possible use of PCR meth-
ods for the precise identification of parasites, but the methods
have not been further developed, have not been commercial-
ized, and have not yet found their practical application.

Mitochondrial genes are amongst the most popular molec-
ular markers that have been widely used in molecular diagno-
ses of parasitic organisms [17,25,26]. Therefore, we explored
the COX1 genes as molecular markers to develop a multiplex
PCR assay for the differential detection of O. felineus and M.
bilis in clinical specimens (Fig. 1). In this study, we devel-
oped a multiplex assay that is sensitive to discriminate and
diagnose two trematode parasites (O. felineus and M. bilis)
simultaneously in a single reaction compare to the conven-
tional PCR method. The specificity analysis showed that no
cross-reactivity was observed between each other (Fig. 3), as
well as with other worms inhabiting the small intestine [27]
and main bacterial strains found in various pathologies in the
bile [28] (Fig. 8).

In most cases, the sensitivity of a multiplex PCR assay will
be reduced with increased numbers of target genes in the sys-
tem. However, the minimum detected DNA of the proposed
multiplex PCR assay was 100 pg, low enough to produce re-
sults in case of low DNA yield, which is in agreement with
the results of previous studies.

For optimization of the multiplex PCR assay, varying tem-
perature of primers annealing, the concentrations of dNTPs
and Taq DNA polymerase, and, as well as the optimal num-
ber of multiplex PCR cycles, were optimized in this study.
The concentrations of the primer pairs for O. felineus and
M. bilis were set at 0.1 pM, and the specificity was judged
as appropriate. Experimentally established that the optimal
annealing temperature of the multiplex PCR reaction was 60
to 62°C, so in further experiments, we used a temperature
of 62°C. dNTPs are raw materials for the synthesis of target
fragments. In this study, the target fragments were all 559
bp, but two were synthesized. Therefore, under consideration
of obtained results, we recommend a dNTP concentration of
0.3 mM to amplify the corresponding target fragments. Based
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on experimental results and cost, the optimal concentration
of Taq DNA polymerase was recommending 1.5 U per reac-
tion. The optimal number of multiplex PCR cycles was 35,
which allowed producing the required number of amplicons
for good visualization of the result in the agarose gel and to
avoid a false-positive result.

In addition, to determine whether the multiplex PCR as-
say was appropriate for the detection of pathogens in clinical
samples, 9 feces and 2 human bile samples were tested. The
results showed that two pathogens (O. felineus and M. bilis)
were detected in the 1 stool sample and 2 bile samples with
the proposed multiplex PCR assay. 4 stool samples showed
the presence of the M. bilis pathogen. 4 stool samples showed
a negative result. Accordingly, the present results indicated
that the assay could be used in clinical investigation.

Conclusion. In conclusion, the multiplex PCR assay is an
efficient tool for the detection, and simultaneous diagnosis of
O. felineus and M. bilis trematodes from clinical specimens,
the lowest limit of detectable DNA was 100 pg for two para-
sites. The developed method of molecular diagnostics will be
used to study the spread of the O. felineus and M. bilis patho-
gens in humans and animals on the territory of the Republic
of Kazakhstan and their role in the etiology of opisthorchiasis
infection. Consequently, this essay will be potentially useful
in epidemiological studies, diagnosis, and treatment of opis-
thorchiasis infections.
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SUMMARY

A MULTIPLEX PCR ASSAY FOR THE DIFFERENTIAL
DETECTION OF OPISTHORCHIS FELINEUS AND
METORCHIS BILIS

'Smagulova A., *Katokhin A., *Mambetpayeva B., ’Kul-
maganbetova N., 'Kiyan V.

'Research Platform of Agricultural Biotechnology, S. Seifullin
Kazakh Agrotechnical University, Nur-Sultan, Kazakhstan; *In-
stitute of Cytology and Genetics, Siberian Branch of the Russian
Academy of Sciences, Novosibirsk, Russia; Astana Medical
University, Nur-Sultan, Kazakhstan

Opisthorchis felineus and Metorchis bilis are two common
small worms that parasitize in the gallbladder and bile ducts
of the liver of humans and carnivores. These parasites have
a severe impact on health and are considered pathogens of
serious diseases worldwide, such as cholangiocarcinoma.
However, there are still no commercially available molecu-
lar diagnostic kits capable of simultaneously detecting these
parasites in humans. Therefore, the study aimed to develop
a multiplex PCR analysis that will differentially determine
these two opisthorchiasis infections in one reaction. Two spe-
cific primer pairs for a multiplex polymerase chain reaction
(PCR) were designed based on corresponding mitochondrial
genome sequences. The multiplex assay detection limit was
assessed by serial dilutions of the genomic DNAs of trema-
tode worms examined. Naturally, infected samples of human
bile and feces were tested using the developed assay. A multi-
plex PCR assay was developed based on mitochondrial DNA
that accurately and simultaneously identifies two trematode
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species in one reaction using specific fragment sizes of 307
and 252 bp for O. felineus and M. bilis, respectively. The op-
timal reaction conditions, specificity, and sensitivity of the
multiplex PCR assay were investigated. The lowest DNA
concentration detected was 100 pg for M. bilis and O. fel-
ineus in a 25ul reaction system. This study provides an effi-
cient tool for the simultaneous detection of O. felineus and M.
bilis. The proposed multiplex PCR assay will be potentially
useful in epidemiological studies, diagnosis, and treatment of
this mixed opisthorchiasis infection.

Keywords: COXI, Metorchis bilis, Opisthorchis felineus,
multiplex PCR.

PE3IOME

MYJbTUIUIEKCHBIN MIP-AHAJIU3 JJISI JUDDE-
PEHIIUMAJIBHOI'O OBHAPYKEHWUS OPISTHORCHIS
FELINEUS 1 METORCHIS BILIS

ICmarymnosa A.M., 2Karoxun A.B., ‘MambernaeBa b.C.,
*Kyasmaranéerosa H.M., 'Kusin B.C.

'Kasaxcrkuit azpomexnuueckuti ynusepcumem um. C. Cetighyn-
nuna, HUcenedosamenvckas niamgopma cenbCKoXo3sicmeeHnou
ouomexnonozuu, Hyp-Cynman, *Hucmumym yumonozuu u 2e-
nemuxu Cubupckoeo omoenenus Poccutickou akademuu nayk,
Hosocubupck, Poccusi, SAcmanunckuti MeouyuncKuil ynueepcu-
mem, Hyp-Cynman, Kazaxcman

Opisthorchis felineus w Metorchis bilis - nBa pacupo-
CTPaHEHHBIX HEOOJBUIMX YepBs, KOTOPbIC NapasUTHPYIOT B
JKCJIYHOM ITY3BIPE U KEJIYHBIX IPOTOKAX IEYCHU YCIOBEKA U
IJIOTOAAHBIX ) KHBOTHBIX. Chv7! IapasuTbl CHUTAKOTCA BO36yZ[PI—
TEJISIMU CEpPhEe3HbIX 3a00JICBaHU, TAKUX KAK XOJIAHTHOKapLU-
HoMa. OIHAKO 1O ceif IeHb He HUMEEeTCsl KOMMEPUECKH AOCTYII-
HBIX HAaOOPOB AJIS1 MOJICKYJISIPHON TUArHOCTUKH, CIIOCOOHBIX
OJJHOBPEMEHHO OOHApy)KHUBATh ITHX Iapa3uTOB y UYeIOBEKa.

Ienpio wuccinepoBaHusi sBIseTCS pa3paboTka MyJIbTH-
miexcHoro [TI[P-ananu3a, koTopselii mo3Bonut nuddepenun-
pPOBAaTh3TH IBE OMTUCTOPXO3HBIC HH(PECKIIUH B OTHOM PEAKIINHU.

Paspaboranbl aBe cnenuuyeckue mapel IpaiiMepoB
U1 MYJIbTUIUIEKCHOH MOJMMEpasHoil LenHoW peakiuu
(IILIP) Ha ocHOBE COOTBETCTBYIOUIMX IOCJIEAOBATEIbHO-
cTell MUTOXOHJpHaATIbHOTO reHoma. [Ipenen oOHapy) eHHs
MYJIBTHINIEKCHOTO aHaJIM3a OLCHUBAJICS MyTEeM CEpUUHBIX
pa3Benenuii renomuoit JJHK ucciaenyemsix Tpemaron. M-
¢unupoBaHHbBIe 00pa3Lbl )KEIYH U Kajla 4eJIoBeKa MpoTe-
CTHPOBAHBI C IOMOIIbIO Pa3pabOTAHHOr0 METOAA aHaIU3a.
MyneTuriekcHbiii [TL[P-ananu3 pa3paboran Ha OCHOBE MHTO-
xouapuanbHoit JITHK, koTopas TOUHO U OJIHOBPEMEHHO HJICH-
TUGUIMPYET JBa BUA TPEMATO/ B OAHOI peaKkyy ¢ UCIIOIb-
30BaHHEM KOHKPETHBIX pa3MepoB ¢parmentoB 307 u 252 1.H.
st O. felineus v M. bilis, coorBeTcTBeHHO. MccneoBanbl onTu-
MaJIbHBIC yCJIIOBUA pEAKIIUHU, CHeLlM(quHOCTb U 9YYBCTBUTECIIb-
HOCTb MyabTHILIEKCHOTO [T1[P-ananu3a. Camas Hu3Kast oOHa-
pyxennast konuentpauus JJHK cocrasuia 100 nr s M. bilis u
O. felineus B 25 MKJI peaKIIMOHHOM crcTeMbl. [IpoBeieHHOE HC-
clIeZIoBaHKE MpeICTaBiIsIeT co00i 3 HeKTUBHBII HHCTPYMEHT
Ui ofiHOBpeMeHHoro obHapyxenust O. felineus u M. bilis.
[Ipennaraemslil ananu3 mynsruiuiekcHoit I[P nmorenunans-
HO MOJIe3eH B DIHJCMHOJIOTHYECKHX HCCICIOBAHUIXK, THa-
THOCTHKE M JICYCHUH CMEIIaHHOM OMMCTOPXO3HON HH(DEKITHH.
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BIOLOGICAL CHARACTERIZATION OF BACTERIOPHAGES
AGAINST STREPTOCOCCUS AGALACTIAE

LZRigvava S., *Karumidze N.,'*Kusradze 1., 'Dvalidze T., 'Tatrishvili N., 'Goderdzishvili M.

'G. Eliava Institute of Bacteriophages, Microbiology and Virology;
’Caucasus International University, SEuropean University, Tbilisi, Georgia

Group B Streptococcus (GBS) or Streptococcus agalactiae
is a Gram-positive, beta-hemolytic, catalase-negative, and fac-
ultative anaerobe coccus, which colonize the gastrointestinal
and genitourinary tract [1]. GBS species are sub-classified into
ten serotypes depending on the immunologic reactivity of their
polysaccharide capsule [2]. Streptococcus agalactiae causes
serious infection diseases and mostly affects immunocompro-
mised patients with chronic diseases and newborns. Infants can
be infected during birth from GBS carrier mother, either intra
utero or during birth rupture of membranes, also through the
inhalation or swallow of bacteria during the delivery [3]. Cur-
rently, available GBS prevention strategies which are given by
CDC and its mandatory in Georgia as well will not prevent all
cases of early-onset disease. Streptococcus agalactiae neonatal
sepsis risk factors are bacterial colonization; premature birth,
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low weight, membrane rapture; high temperature during labor,
long dry period, Urinary tract infection, etc. GBS can cause
infections such as sepsis, pneumonia, and meningitis. A small
number of newborns recovered from GBS infection have a long-
term disability [3,4].

Antibiotics and especially Penicillin played important role
in GBS prevention and treatment. But for treatment dramati-
cally increase number of penicillin-allergic patients’ antibiotic
prophylaxis should be done very carefully and determine the
penicillin-allergy status of all patients. Erythromycin, Vancomy-
cin, and Clindamycin are recommended for penicillin-allergic
individuals [5,6].

Uncontrolled use of antibiotics and increase number of anti-
biotic resistance strain renewed the interest of the modern world
to the alternative antimicrobial agents as are Bacteriophages.
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Phages are bacterial viruses that lyse only pathogenic bacteria
and cause no damage to the normal microflora. They are non-
toxic, cause no allergy, are very specific and the use of phage
cocktail composition reduces resistance which gives them the
ability to use against antibiotic-resistant strains [7].

Based on above mentioned and great interest of understand-
ing phage potential against Streptococcus agalactiae pathogenic
bacterial strains our main goal was to identify and study phages
active against GBS.

Material and methods. Between March 2019 and March
2020, 257 anovaginal swabs were collected at “Nia Oniashvili
Clinic” Thbilisi, Georgia, and Clinic “Curatio”. All specimens
were collected using sterile cotton swabs that were submerged
in Todd-Hewitt Broth supplemented with colistin and nalidixic
acid (Liofilchem, Italy). The samples were cultured following
the CDC recommendations [8]. THB was inoculated with the
swab and incubated aerobically at 36(+1)°C for 18-24 hours. Af-
ter incubation, each sample was sub-cultured on Strep B select
(Biorad, France) and Columbia with 5% sheep blood agar (BA)
plates ( Eliava mediaproduction, Georgia). Plates were incu-
bated at 36 (+1)°C for 24 hours aerobically and after incubation
was examined.

The presumptive positive samples then were confirmed by
biochemical test Strepto Integral System (Liofilchem, Italy),
which is a 24-well system containing a desiccated biochemical
substrate for the identification and susceptibility testing of strep-
tococci. The system is inoculated with the bacterial suspension
of the microorganism to be examined and incubated at 36+1°C
for 18-24 hours. At the end of the incubation period, the color
change of the various wells allows identifying the organism by
its numerical profile.

Serotyping by latex agglutination. All positive samples were
serotyped by Strepto B latex Kit (Liofilchem, Italy). Latex parti-
cles are individually sensitized with rabbit antibodies specific to
Streptococcal antigens of groups B. Bacterial colonies are incu-
bated in an enzymatic suspension to extract antigen. The extract
enzyme preparation is tested on a reaction card. In the presence
of homologous antigen, particles will aggregate to deliver vis-
ible agglutination.

Isolation and purification of bacteriophages: Bacteriophages
were isolated from the sewage water of Mtkvari River, Tbilisi,
Georgia. 40 mL of wastewater was enriched with 10mL 10x
modified TSB (supplemented with 1,2gr CaCl, per liter and
SmM MgSO,) and added 0,5mL overnight culture of target
Streptococcus agalactia. Tubes were incubated at 35° C for 24
hours and after incubation was centrifuged at 5000x g for 30min.
The supernatant, putative phage lysate was filtered through the
0,22 um. These phage lysates were screen by spot test assay [9].

Phage host range was determined by spot test serial dilutions
of high-titer phage lysates onto lawns of the bacteria strains.
Following 24 h of incubation at 35 °C, plates were checked for
plaques formation. Lytic activity of phages was designated as
CL- confluent lysis; SCL- semi-confluent lysis; IP- individual
plaques; OL- overgrown lysis; R- resistant [10].

Electron microscopy. Phages were centrifuged and washed
with 0.1 mol/L ammonium acetate.. Negative staining was per-
formed by placing grids in 1% uranyl acetate solution for 2 min.
Electron micrographs were taken with a JEM 1400 transmission
electron microscope (JEOL) at 100 kV [11].

Phage adsorption. We used a modified Stent’s procedure (Stent
1963) where was combined phage 1x107 and bacterial cultures
1x108. Tubes were then placed in a water bath at 35 °C. After
0,3,5,7,and 10 min, 0.1 mL samples were taken and transferred
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into tubes with 9.9 mL of modified TSB supplemented with 0.4
mL of chloroform. The mixture in the tubes was actively shak-
en then placed on an ice bath for 10 min. Subsequently, each
sample was diluted 100-fold, and prepare to 1 mL phage and
0.1ml culture solution mixed with semi-solid TSA and poured
over modified TSA plates. Followed by 24 h incubation at 35° C,
the titer of unattached phages was determined by the special for-
mula: 100-(Pn/P0O x 100). Where, Pn- number of non-adsorbed
phages, PO — phage number in control. Serial dilution of phages
without chloroform treatment was used as a control. Attachment
assays for each phage were replicated 3 times [11].

DNA extraction and restriction. Phages DNA was isolated by
QIAamp DNA Mini Kit (Qiagen) according to the manufactur-
er’s instructions. Purified phage DNA was digested with Ncol,
Ndel BamHI, HindIII, Kpnl, EcoRI, Spel, Smal according to the
manufacturer’s protocol with some modifications: 10 pl phage
genomic DNA was digested for up to 24 h at an appropriate tem-
perature for each restriction endonuclease with 1 pl of a single
restriction endonuclease plus 2 pl restriction buffer. Digested
DNA was electrophoresed in 1% agarose gels. For the estima-
tion of the size of the DNA fragments, A genomic DNA digested
with HindIII was used.

Results and discussion. The culture identification procedures
and preparation revealed that from the obtained 257 swabs 87
were positive for Streptococcus agalactiae. Susceptibility to
antibiotics was detected against 12 antimicrobials. All strains
were 100% susceptible to Penicillin, Ampicillin, and Vancomy-
cin. However resistant strains to Erythromycin and Clindamy-
cin were observed in 25% and 13% respectively [4]. For phage
isolation, we sub-grouped bacterial strains and used different
combinations for wastewater sample enrichment procedures.
We isolated 2 bacteriophages, which then were designated as
vB GBS 1 and vB_GBS 2 but before the further study, we
performed phage purification procedure. Single phage colonies
were taken from the plate by puncturing the agar and trans-
formed into the tube with ImL modified TSB and incubated at
35°C for 1 hour. Suspension then was centrifuged at 5000x g for
20min, filtrated through 0,22um membrane filter, and tittered
by double agar layer method. These procedures were repeated
5 times, both phages showed small clear negative colonies on
TSA plates (Fig. 1, 2).

Phage colonies.

Fig. 1.vB_GBS 1

Fig. 2. vB GBS 2
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Fig. 3. A - phage vB_GBS 1 had a 50 nm diameter icosahe-
dral head and a 112 nm tail.
B-phagevB GBS 2 had a 42 nm diameter head and 120 nm tail
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Fig. 4. Phage sensitivity

vB-GBS-2

Fig. 5. Phage adsorption

Electron microscopy revealed that both phages belong to the
Syphoviridae tamily, Phage vB_GBS 1 had a 50 nm diameter
icosahedral head and a 112 nm tail (Fig. 3A). Phage vB_ GBS 2
had a 42 nm diameter head and 120nm tail (Fig. 3B).

Transmission electron micrographs of phages stained with
1% uranyl acetate and observed at 100 kV. Magnification is 250
000x%. Bars = 50 nm.

Serial dilutions of phages vB_GBS 1 and vB_GBS 2 were
spot tested onto lawns of the 87 Streptococcus agalactiae, 5
Streptococcus pyogenes, 5 Streptococcus pneumoniae, 5 Entero-
coccus faecalis, and 5 Enterococcus faecium bacterial strains.
Phage vB_GBS_1 was able to productively infect 58.1% of
Streptococcus agalactiae strains. Phage vB_ GBS 2 was able to
productively infect 39.5% of strains but none of the other spe-
cies in our collection (Fig. 4).

The time for absorption 85%-90% of each phage was detected
to their respective host and for phage vB_ GBS 1 it was approxi-
mately 7min and 3 min for vB_GBS 2. (Fig. 5).

DNA of Phage vB__GBS 1 was digested only with restriction
endonuclease Spel, DNA of phage vB_GBS_2 shows resistance
to all used restriction endonucleases (data not shown).

Heavy genital tract colonization with Streptococcus agalacti-
ae is a marker for diagnosis, but even during the active antibiotic
therapy antibiotics can’t eliminate GBS from the genitourinary
and gastrointestinal tracts, and recolonization after a course of
antibiotics is typical. In parallel, the number of penicillin allergy
is increasing all over the world and it’s one of the important
problems in antibiotic therapy. The number of Erythromycin -
resistant Str: agalactieae also increased worldwide. According
to this Bacteriophages can lay an important role against Strep-
tococcus agalactiae prevention and treatment. Broad-spectrum
virulent phages can solve this problem.

Antibiotic resistance of pathogenic bacteria is a major pub-
lic health problem. On contrary, the development of new anti-
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biotic drugs against resistant strains increases resistance and
all-new suggested replacement therapies are more costly and
more toxic for human cells. Bacteriophages are biological
natural antibacterials that have several advantages over anti-
biotics and phage-resistant mutants are less virulent as phage
receptors are mainly associated with bacterial pathogenic-
ity (12). During the replication process, they have invented
many mechanisms to subvert their bacterial hosts.

We isolated and characterized the biological properties of 2
novel phages active against Streptococcus agalactiae strains:
vB_GBS_1 and vB_GBS_2. Host range experiments showed
that both phage types are very specific in lysing the respec-
tive Streptococcus agalactiae strains. They show different
host ranges and restriction profiles. The specificity of these
phages ensures that they will not affect native bacterial flora
while targeting the host of interest when antibiotics typically
affect a broad range of bacterial species, including those that
may be beneficial. It would be very interesting to determine
the genomic difference of this phages-based sequence and
study their lytic cycle to study the therapeutic potential of
these phages.
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SUMMARY

BIOLOGICAL CHARACTERIZATION OF BACTERIO-
PHAGES AGAINST STREPTOCOCCUS AGALACTIAE

LZRigvava S., “Karumidze N., *Kusradze 1., 'Dvalidze T.,
ITatrishvili N., 'Goderdzishvili M.

!G. Eliava Institute of Bacteriophages, Microbiology and Virol-
ogy, *Caucasus International University; SEuropean University,
Thilisi, Georgia

Streptococcus agalactiae, also known as group B streptococci,
was first isolated from cow’s milk with mastitis, and it was first
identified in 1930 by Rebecca Lancefield. GBS or streptococcus
agalacticae is a gram-positive cocci, beta-hemolytic, facultative
anaerobic, which is a harmless inhabitant of the normal human
microflora. About 30% of the population is an asymptomatic
carrier of this microbe. However, it was considered the leading
cause of neonatal invasions upon its discovery. GBS is encap-
sulated in a polysaccharide capsule, which is a major virulence
factor, and 10 serotypes of group B streptococci are known for
their immunological activity. According to the existing studies,
vaginal colonization is most often caused by type Ia, III, and V
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in other countries of the world. Today number of invasive GBS
diseases continues to increase and it remains a significant patho-
gen among both infants and adults. The use of broad-spectrum
antibiotics has certainly played a major role in the fight against
infections, although the number of antibiotic-resistant strains
has increased and thus modern medicine starts new insights into
alternative antibacterials. Bacteriophages are often suggested as
an alternative therapeutic agent against bacterial infections.

In the present study, our aim was to isolate and study bacterio-
phages active against group B streptococci.

Between March 2019 and March 2020, 257 anovaginal swabs
were collected at “Nia Oniashvili Clinic” Tbilisi, Georgia, and
Clinic “Curatio”by using standard bacterial identification proce-
dures, in particular group B streptococcus identification guide-
line provided by CDC we identified 87 Streptococcus agalactiae
strains. We used both standard and modified methods to isolate
bacteriophages and study their life cycle, which were developed
by the team. In this study, two bacteriophages active against
Streptococcus agalactiae were identified: vB_GBS 1 (Sypho-
viridae) and vB_GBS 2 (Syphoviridae). The biological charac-
teristics, morphology, adsorption, and host range were studied.

Keywords: Streptococcus agalactiae, antibiotic resistance,
Bacteriophages.

PE3IOME

BAKTEPUO®AI'M, AKTHUBHBIE B OTHOLIEHHUU
CTPEIITOKOKKOB I'PYIIIIbI B

L2purpasa C.I"., *Kapymunze H.]., *Kycpanze I.T.,
UlBaaumze T.A., 'Tarpumsuian H.A., 'Toxepasumsuian M.T.

! Hnemumym baxmepuoghazuul, MUKPOOUOTO2UU U BUPYCOTOSUU UM.
I Dnuasa; *Kaskaszckuil meacdynapoonsiii ynusepcumem, Hhu-
cmumym Eeponwi; Tounucu, I pysus

B mocnennee Bpemst Streptococcus agalactiae, n3BeCTHBIH
KaK CTPENTOKOKK Ipymmbl B, sBIseTCsS OJHUM M3 3HAYMMBIX
[aTOTCHOB KaK y HOBOPOXJIEHHBIX, TaK U y B3POCIBIX, YTO
CBSI3aHO C IOCTOSIHHBIM POCTOM 4YHCIa aHTHOMOTHKOPE3H-
CTEHTHBIX MITAMMOB 3TUX OakTepuii. Mcxoms u3 3Toro, 0co-
0o0€e 3HaUCHHE NMPUOOPETAIOT MOUCKH AJIBTCPHATUBHBIX AHTH-
OaxkTepHalbHBIX CpelcTB. YacTo B KayeCTBE abTePHATHBEI
aHTHOMOTHKAM it OOphObI ¢ MH(EKUHSIMHU, BBHI3BAHHBIMH
AHTHOMOTHKOPE3UCTEHTHBIMU OaKTePUsIMH, pacCMaTPUBAIOT-
cst bakrepuodaru.

Lenbio ncciaen0BaHys SIBUIOCH BBIICIICHUE U N3y4eHHe Oak-
Tepro(aroB, aKTUBHBIX B OTHOLICHHH CTPENTOKOKKOB I'PYIIIIBI
B.

B nepuoa ¢ mapra 2019 1. no mapr 2020 r. B kinuHukax «Hua
OnnamBuim» 1 «Kyparno» 3adbpano 257 aHoBarmHaJIbHbIX Ma3-
KOB C MCIIOJIb30BAaHMEM CTaHAAPTHBIX MPOLEIYP HACHTHU(UKA-
MU OakTepHii, B YaCTHOCTH PYKOBOJCTBA IO MJICHTH(HUKALMN
CTPENTOKOKKOB I'pynnsl B, mpenocrasnenHoro Llentpom mo
KOHTpOJIIO 3a 3a0ojeBanusiMu. MneHTnduimposano 87 mrram-
MoB Streptococcus agalactiae. JInsi BbIICICHUS U OIpeelie-
HUS JKM3HEHHOTO HHUKJIa 0akTepuo(aroB HCIONb30BAHBI Kak
CTaH/apTHBIE, TaK U MOAM(HIMPOBAHHBIE HaMH MeTOxbl. B
npezenax MpoeKTa BbleneHsl aBa Oakrepuodara: vB_GBS 1
(Syphoviridae) u vB_GBS 2 (Syphoviridae), aktuBHbIE B OTHO-
wenun Streptococcus agalactiae. YI3ydeHsl 0CHOBHbBIE OHOIIO-
TMYECKHE apaMeTpbl JaHHBIX (aroB — MOp(oIOrusi BUPHOHOB,
aJIcopOLust U JUara3oH JIeHCTBHS.
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The current COVID-19 pandemic is creating extreme con-
straints on health care systems in all member States. The in-
creasing number of severely ill patients raises major ethical
challenges that professionals and competent authorities have to
address. Difficult decisions have to be taken concerning the so-
ciety as a collective, and within the health care at an individual
level. It is essential that such decisions meet the fundamental
requirement of respect for human dignity and that human rights
are upheld to ensure that these situations do not increase existing
vulnerabilities and do not lead to discrimination in the access to
healthcare [17].

According to Dr. Olga Haiub-Kowalczyk “Nobody needs to be
convinced of the direct impact on human rights flowing from the
pandemic induced by the SARS-CoV-2 virus. The necessity of re-
organizing the state and way it works goes hand in hand with sud-
den changes in how entire societies live, as well as the necessity of
adapting to dynamically changing conditions” [22]. Today in many
countries of the world the problem of provision of the right to non-
interference into privacy is one of the most acute.

The right to respect for privacy is a fundamental human right
and a part of the right of privacy, which also includes the right
to respect for family life, housing and correspondence. Among
the current international legal acts in the sphere of observance of
human rights and freedoms, which include non-interference into
personal life where Ukraine being a member of, Universal Dec-
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laration of Human Rights 1948 [3] should be mentioned; as well
as the Article #12, which proclaimed the right to protection from
unreasonable interference into privacy. Guarantees of protec-
tion of these right are enshrined in Article #8 of the Convention
for the Protection of Human Rights and Fundamental Freedoms
1950 (hereinafter — the Convention) [5], and in the Article #17
of the International Covenant on Civil and Political Rights, 1966
[6]. In particular, the Convention provides comprehensive list of
cases on interference within privacy by public authorities, which
exclude arbitrariness and unlawfulness of such interference.
These include the following cases: 1) when the interference is
carried out in accordance with the Law; 2) when interference is
necessary within democratic society; 3) when the interference
is carried out in the interests of national and public security or
the economic well-being of the country, for the prevention of
riots or crimes, for the protection of health and morality or for
the protection of the rights and freedoms of other citizens [5].
The European Court of Human Rights (hereinafter — ECHR)
provides guidance on the importance and the range of rights to
respect for personal (private) life, which is the source of law in
Ukraine [17].

The constitutional and legislative regulation in Ukraine of
the right to non-interference with privacy is harmonized with
international legal acts. Indeed, Article #32 of the Constitu-
tion of Ukraine provides negative obligation of the state to
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guarantee the right to non-interference within one’s private
life, except the cases directly provided by the Basic Law. The
provisions of part two of Article #32 of the Constitution of
Ukraine acknowledge comprehensive grounds for possible
legitimate interference into personal life of a citizen (includ-
ing one who holds the position related to the functions of
the state or local self-government bodies as well as mem-
bers of his family) [10]. However, the legislation of Ukraine
cites a little bit different wording of the mentioned statement
than international acts grounded on that possible legitimate
interference, which includes the following: 1) consent of a
person for collecting, storage, and usage as well as spread-
ing confidential information about him/her; 2) in the way of
absence of this consent, there are cases determined by the
law and acting in the interests of national security, economic
well-being and human rights only. During the pre-trial inves-
tigation and consideration them as the matter of fact, every
person is guaranteed his/her non-interference of their privacy
(personal and family ones) according to Article #15 of the
Criminal Procedure Code (hereinafter — the CPC) of Ukraine
as the basic document of criminal proceedings.

Despite the updating of the criminal procedural legislation of
Ukraine, the legal regulation of the procedure for proceeding
individual investigative (searching) actions remains imperfect.
In particular, this is directly relevant to the muster process, for
which the purposes and targets are not clearly stated; the types of
exploration and the procedural process for their implementation
are defined insufficiently; the actual reasons for its conduct are
not clearly stated in the law; there is no procedural regulation
of the process of compulsory mustering. This enables pre-trial
investigation bodies to interpret discretion for some provisions
of the law on the their own level, which creates conditions for
unreasonable restriction of the rights and freedoms of the par-
ticipants within criminal proceedings involved into conducting
investigative (searching) actions [13]. Keeping in mind the men-
tioned above, the effectiveness for muster proceedings as means
of gathering evidence serves as a quick, complete and impartial
investigation of crimes; it is important to confirm the guaran-
tees of human rights and freedoms legally, including the right to
non-interference within one’s personal life, during its procedural
conduct. In our opinion, special attention is needed to the legal
regulation of cases for obligatory muster process.

The main goal of this article research is to investigate the
essence of the concept of the right to non-interference within
privacy and to highlight the problems of its secure admission,
development of proposals to improve the legislation of Ukraine.

The methodological basis of the conducted research is the
general methods of scientific cognitivism as well as concerning
those used in legal science: methods of analysis and synthesis,
formal logic, comparative law etc.

According to Dr. Olga Haiub-Kowalczyk “Despite the seem-
ingly laconic nature of Article 8(1), through dynamic interpreta-
tion the right to privacy has become the basis for the discovery
of'a number of “new” human rights not directly expressed in le-
gal acts, but widely discussed in the doctrine and case law, such
as reproductive rights ..., the right to knowledge of biological
origin ..., the right to reputation ..., or a number of guarantees
for the protection of an individual’s personal data. Despite the
lack of a coherent model of privacy protection in Europe, there
is a common tendency for European countries to take a liberal
approach to the right to privacy by guaranteeing individuals new
areas of autonomy, in gaining independence from state struc-
tures. ...The current situation engulfing the world leads us to
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reflect on the sudden but unnoticed paradigm shift in the con-
temporary right to privacy. We must accept limitations on it, a
return to its roots...” [22]. In order to ascertain the completeness
and appropriateness of guaranteeing the right of privacy in the
course of mustering, we propose to take the nature and constitu-
ent elements of this concept under consideration.

In English language, all aspects of a person’s private (person-
al) life are denoted by the term «privacy», which in literal trans-
lation means «lonesomenessy, «solitudey, «privity», «secrecy»
[7]. The private is something that is hidden/enclosed from out-
side, from somebody’s eyes and ears. In this case, for example,
personal information, personal data about an individual who is
“given an assessment of the nature, appearance, health, mate-
rial, marital status, lifestyle, personal facts on the biography, as
well as the relationships of this individual with relatives, friends,
acquaintances, etc.” [15]. The word «privacy» in the system of
Ukrainian legal terminology is the result of the translation of the
English term «privacy», which is used in the sources of law in
English-speaking countries. Therefore, it is necessary to define
the concept of privacy based on the interpretations presented
in the English-language literature. «Private», according to the
Great Interpretive Dictionary of Modern Ukrainian, means: «1.
Belonging to the individual (s); not state, not public. 2. Concern-
ing the individual (s); personal.// mostly in conjunction with the
word life. Not affiliated with the service or social activity, which
has no official meaning: non-business (meaning conversation,
letter, etc.) [2].

Taking under study the practice of the ECHR, there it can be
noticed that the term «privacy» in Article #8 of the Convention
has not been disclosed, because it is «a broad-meaning term
which cannot be defined thoroughly “ (ECHR court case of Peck
vs. the United Kingdom (2003)). The concept of “private” life
belongs to the sphere of direct personal autonomy. These in-
clude aspects of physical and moral integrity. The concept goes
beyond the limits of the guarantees of somebody’s life free from
unwanted publicity [18]. At the same time, The ECHR broadly
interprets the concept of “private life”, enabling it to respond
flexibly and resilience to new issues related to the protection of
the right of privacy, which may be derived from new achieve-
ments in technology, politics or public life [19].

In particular it should be noted that in the international and na-
tional jurisprudence, the terms “private life” and “personal life”
are used as synonyms, so in the article as follows the authors
will apply to a similar approach.

In order to outline the sphere of realization and guarantee of
the right to privacy, it is advisable to mention its components,
developed by R. O. Stefanchuk: the ability to have one’s private
life, i. e. the ability of a person to be the bearer of this personal
non-material goodness and to get it in terms prescribed by law;
an opportunity to define own private sphere of life indepen-
dently. This opportunity is characterized by the fact that the law
does not provide a list of possible or necessary actions that an
individual could exercise his right to determine his personal life,
that is the ability to decide independently, at his own discretion,
how to define, organize and conduct his personal life, depending
on own interests and purposes; possibility of getting acquainted
other persons with the circumstances of somebody’s personal
(private) life, that is the person determines independently the
circle of those persons who may have information about his/
her personal life; the ability to allow or deny interference with
one’s private life. This means that the individual determines the
possibility of outside personalities to interfere in their privacy
or not independently. However, it should be noted that in cases
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directly provided by law, in the interests of national security,
economic well-being and human rights, this personal right may
be restricted; the ability to keep confidential the circumstances
of his or her private life means that the individual has the right
not to disclose the circumstances of his personal life on his own,
as well as to demand such a non-disclosure from other persons
who possess this kind of information; the ability to demand pro-
tection of the right to privacy, that is the ability to use general
and special means of protection in case of violation of the right
for privacy [11].

Based on the fact that the ECHR interpreted Article #8 of the
Convention in such a way that it prohibits unjustified interfer-
ence with privacy and the positive obligation to protect against
the interference of others, we propose to consider the safeguards
for the protection of this right, regulated by the Article #241
“Personality Muster” of the CPC of Ukraine to identify defi-
ciencies and gaps.

Applying the algorithm proposed by the lawyer at the Reg-
istry of the European Court of Human Rights D. Vitkauskas to
decide whether the right to non-interference within privacy was
violated under § 1, Article #8 of the Convention [9], we begin
by finding out whether there is an interference within “private”
life in the case of examination muster. The answer is going to be
“yes” along with consideration of the following.

First of all taking into account the foremost interpretation of
the right to privacy in accordance to the ECHR, the fundamental
components of modern understanding of the right to privacy are
as follows: the origin, surname, first name, health status [20],
etc., and also “preservation of one’s mental and physical integ-
rity”. It goes about the fact that a person is called to develop his
physical and spiritual powers in entire manner. Private life in-
cludes the right to dispose one’s body freely, which is an object
to which public authorities are not entitled to dispose in their
discretion (ECHR decision in the case of “Pannullo and Forte
vs. France” (1997)). On this basis, the ECHR considers that in-
terference with the right to respect for private life is instigated
by a medical or psychiatric examination [21]. That is why, in
our opinion, along with the examples given above, proceeding
examination of a suspect, witness or victim to gather evidence
of a crime should also be considered as interfering with one’s
private life.

Muster is also can be understood as interference into privacy
on the grounds that, where it is necessary, it has to be carried out
with the assistance of a forensic expert or doctor. This assertion
is based on the fact that the ECHR considers any medical inter-
vention to be a private interference, even if it is minor.

In order to reveal the fact that the interference of public au-
thorities into privacy is justified according to the algorithm of D.
Vitkauskas, it is necessary to determine whether the interference
was quite lawful. To find it out, it is necessary to answer some
questions:

1. Is interference of country’s internal legal system allowed?

The provisions of parts 1, 2, Article #241 of the CPC of
Ukraine require an muster under the following mandatory con-
ditions:

1.1. The muster process is carried out by a certain circle of
authorized officials: investigator, prosecutor;

1.2. The muster process is carried out in relation to a certain
circle of participants of the criminal proceedings: suspect, wit-
ness or victim;

1.3. The legal basis for the muster process is carried out by
the prosecutor’s decision. Unlike the previous CPC of Ukraine
of 1960, this decision can be declared in person or by the request
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of the investigator (inspector). This creates additional guaran-
tees for the protection of the individual along with ensuring his
right to immunity. The order (disposition), containing general
information, sets out the circumstances that led to the conduct
the muster examination, specifies who is to be mustered and for
what purpose;

1.4. If necessary, the muster is carried out with the participa-
tion of forensic expert or doctor. The forensic expert or doctor
is allowed to perform specific medical knowledge in order to
identify, fixate and remove the traces while performing his/her
examination tasks for mustering. When involved into conduct-
ing muster process, they being specialists, should influence the
detection and fixation of traces of a criminal offense and spe-
cial signs, in particular: to focus the investigator’s attention on
those features of the body that he did not notice (for example,
the presence of a scar or pigmented area of the skin that could
be the result destruction or removal of a specific feature); to give
characteristics of bodily injury (bruise, wound); to help describe
properly the detected damage to the body by accurate indicat-
ing their location in accordance with the anatomical structure of
the human (for example, the injury is in location of the deltoid
muscle of the shoulder); to help determine the shape of the dam-
age, its size, properties, color; to perform actions directly aimed
at the removal of detected traces of crime (blood, semen); to
consult the investigator (inspector) on the circumstances under
which he observes from the point of view of medical knowledge;
to express his assumption on the time, the mechanism of occur-
rence of the detected traces, as well as the possible placement of
the victim and the perpetrator at the moment of the formation
on the injured body of an examined person; to give explanation
of the essence of his actions aimed at identifying, fixing and re-
moving traces of crime or identifying and fixing specific signs;
to express considerations about the traces and injuries associated
with the commission of a crime, which may be found in other
parts of the body or at the crime scene [14].

The peculiarity of the doctor’s status as a specialist is also
that he must determine the bodily injuries and the nature of the
actions that may have endangered the health of the mustered
person, which are prohibited by law. At the same time, the doc-
tor may request that his statement of objection be recorded into
the protocol concerning the conduct of those activities which,
from the point of view of medicine, can be dangerous to the
health of that person.

2. Is the relevant legislative provision accessible to the citi-
zen, or has the citizen generally been able to obtain sufficiently
fair understanding of the rules of law applicable to the particular
case and whether the law is sufficiently precise to allow the citi-
zen to foresee (within reasonable limits) possible consequences
of his or her actions [9]?

Having defined the requirements outlined by such criteria as
the accessibility of the law to a citizen, it is necessary to point
out such national legislative requirements, which it provides:

2.1. Part 3 of Article #241 of the CPC of Ukraine requires that
before the muster process begins resolution of the prosecutor on
the person to be examined has to be submitted;

2.2. Part 3 of Article #42 of the Criminal Procedure Code of
Ukraine provides for the right of the suspect to be clearly and
timely informed of his rights, as well as to obtain their clarifica-
tion. The victim’s right to be informed of his/her rights and ob-
ligations is enshrined in the Article #56 of the CPC of Ukraine.
Rights of witness regulated in Article #66 of the CPC of Ukraine
do not provide such rights. Part 3 of Article #223 of the CPC of
Ukraine provides for the duties of the investigator, the prosecu-
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tor prior to conducting investigative (searching) action to the
persons involved in it, explaining their rights and obligations
stipulated by the CPC of Ukraine, as well as the responsibilities
for those actions established by law. Taking into consideration
the above-mentioned, in our opinion, it is to be appropriate, by
analogy with the legal regulation of the questioning, in the Ar-
ticle #241 of the CPC of Ukraine, to provide for the duty of the
investigator or the prosecutor before mustering of the suspect,
the witness or the victim to explain their rights, as well as the
purpose and procedure of conducting the examination.

3. Responding to the question whether the interference
pursued a legitimate aim is to establish by an authorized of-
ficer a factual basis for conducting an examination, namely
to conduct a muster to detect traces of crime or special signs
on the body. In this case, such a kind of interference serves to
protect public order investigation of crime. However, the ex-
pediency of achieving this goal through the muster process is
given to the investigator or the prosecutor by the legislation.

4. At the same time, while analyzing the provisions of the
Article # 241 of the CPC of Ukraine, authors see the difficulty
of determining whether the conduct of the muster survey is
appropriate to the following criterion, determined in accor-
dance with the algorithm given by D. Vitkauskas, as a mea-
sure of convenience. Thus, when analyzing any interference,
it is necessary to determine whether it was necessary in a
democratic society (in particular, whether it was an adequate
response to a public need that is not delayed). In our case,
it is understood that a person is offered voluntary examina-
tion after the filing of a prosecutor’s decision, and in case of
refusal, the examination is compulsory. The admissibility of
coercion, first of all in the form of physical action, its lim-
its and grounds to participants in the process, who refuse to
carry out these investigative (searching) actions is one of the
most pressing problems.

When determining whether the objected measures were
“necessary in a democratic society”, the ECHR noted that
the concept of “necessity” for the purposes of the Article #8
of the Convention means, that the interference must meet an
urgent social needs and, in particular, remain proportionate
to the legitimate goal achieved (ECHR court case decision in
“Z vs. Finland” (1997)). The ECHR confirmed that it would
consider whether the reasons were justified, appropriate and
sufficient in the light of the case in the whole, and whether
these measures were proportionate to the legitimate goals.
While deciding whether the interference was “necessary”, the
ECHR would consider the limits of discretion given to public
authorities, but it is to be the responsibility of the respondent
State to demonstrate the existence of a pressing social posi-
tion on interference (ECHR court case decision for “Piecho-
wicz vs. Poland” (2012)) [8].

And again, like in the case of determination of expediency,
we are facing the fact that the legislator gives the investiga-
tor or prosecutor the discretion to determine the appropriate-
ness of compulsory muster. In our opinion, this increases the
subjectivism on making legally appropriate decision by an
authorized official and engenders grounds for the necessity to
its justification proof in case of decision appeal.

With regard to the mentioned-above, it should be noted that in
the case of conducting muster process there is no doubt for the need
of the final obligatory examination of the suspect, if his body can
detect traces of criminal offense or special signs, and if this does not
require special forensic examination. To deprive the investigator,
the prosecutor and the court from the opportunity to detect these
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traces while protecting the person’s sense of shame means to make
it impossible to examine the body of the suspect.

The question of the use of coercion in the course of muster
as for witnesses and victims, its admissibility from the point of
view of ensuring the human right to non-interfere within the pri-
vacy and protection of other person’s values is one of the most
debated issues in the theory of criminal procedural law. Consid-
erable attention in criminal procedural science has received the
opinion of M. S. Strogovich that victims and witnesses, against
their will, cannot be forcibly inspected, since the law cares not
only for the establishment of truth, but also for it to be attained
by means that do not limit the legitimate interests of the indi-
vidual [12].

According to I. A. Antonov’s opinion, the muster process re-
lated to the forced exposure of victim’s or witnesses’ body, which
are usually hidden under clothing (especially in cases of sexual
offenses) is impermissible in all cases. The following arguments
are given against the compulsory examination of witnesses and
victims. The violent practicing of it into action is a violation of
bodily integrity, part of the integrity of the person guaranteed
by the Constitution of Ukraine. Examination process related to
exposing a person’s body «causes harm to the sense of shame»
that must be respected, especially since the victim has already
suffered the crime. As a clear example of impermissibility of
physical coercion, the author of this point of view states, in par-
ticular, that it is forbidden to allow that a woman, rejecting the
examination of her body and exerting physical resistance against
actions of investigator or doctor, to be forcibly exposed anyway,
brought to a gynecological chair and subjected to a compulsory
examination or observation [1]. In addition, it can be stated that
the use of coercion in such situations is not just unacceptable,
but also virtually impossible due to the fact that the actual action
here is carried out not by the investigator, but by the doctor who
has to overcome the resistance of the examined individual. The
doctor is likely to find it impossible to fulfill those actions using
force, than to implement the investigator’s instructions. Medical
ethics, which makes it compulsory for the physician to obtain
permission from the patient for the operation, does not allow
such a kind of medical manipulations without voluntary consent.

On the contrary to this position I. M. Yanchenko points out
that the procedural peculiarities of muster conducting should
be the same regardless of the person’s procedural status during
investigative (searching) actions. This scholar continues that in
the case of procedural necessity and lack of other possibilities to
establish the facts that are essential to the case, it is considered
permissible to carry out a compulsory examination of both the
accused (suspect) and the victim (witness) [16]. Denying the use
of compulsory muster to the victim, and in some cases to the
witness, according to S. S. Klochuriak, significantly violates the
suspect’s right to defense. An examination of the victim, even in
the way of his/her refusal to participate in the conduct of it, is
necessary during investigation on rape, robbery, injury and oth-
er crimes, especially in cases where the investigator has factual
data that can testify to a simulation, a staging of criminal scene
offense or reprimand from the side of the victim [4].

In our opinion, the compulsory examination of victims and
witnesses can take place only when the refusal of the exami-
nation renders the legal assessment of the act impossible and
jeopardizes the investigation of the crime and the establishment
of circumstances relevant to the criminal proceedings.

Summarizing the above, we consider as necessary to amend
part 1 of the Article #241 of the CPC of Ukraine and set it out in
the following wording:
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«For detection of special features, traces of a criminal of-
fense relevant to criminal proceedings on the body of a per-
son, if this does not require forensic examination, the investi-
gator, the prosecutor shall examine the suspect, as well as the
victim and witness with their consent, except muster cases
when the examination is necessary to assess their accuracy
of proceeding.»

Accordingly, part 3 of the Article #241 of the CPC of Ukraine
is expedient to convey in the following wording: “Before com-
mencing the muster, a person to be examined shall be presented
with the decree of the prosecutor to explain individual’s rights,
as well as to ground the purpose and procedure of conducting
the examination. Thereafter, the person is offered to undergo a
voluntary muster process, and in the case of his/her refusal, the
examination is to be processed only in cases provided by the first
paragraph of the mentioned Article. Compulsory involvement of
a suspect, victim or witness for mustering with the assistance of
a forensic expert or a doctor is carried out with the approval of
the investigating judge, court.»

Having taken our proposals into account is to serve as ad-
ditional guarantee against violation of the constitutional rights
and freedoms of individuals in criminal proceedings, including
the right to non-interference into privacy. Mentioned proposals
for amendments to the CPC of Ukraine are to realistically and
effectively guarantee adherence to the international legal and
constitutional basis for non-interference into privacy during pre-
trial investigation in a proper way.

Conclusions. Thus, private life is a special sphere of relations
that is not subject to external control and is placed outside the
law. However, the law is intended to guarantee non-interference
of privacy. This provision is particularly relevant in criminal
proceedings when there is an excessive risk of violations of the
rights and legitimate interests of its participants. Restriction of
these rights is possible only in the manner prescribed by the law
and solely to achieve the objectives of criminal proceedings in
order to protect the state, society and individual citizens from
criminal offenses.
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SUMMARY

PROVISION OF THE RIGHT TO NON-INTERFERENCE WITH PRIVACY DURING MUSTER PROCESS
WITH THE PARTICIPATION OF DOCTOR (FORENSIC EXPERT)

"Deshko L., 2Udovenko Zh., *Bulycheva N., *Galagan V., “Bulychev A.

"Taras Shevchenko National University of Kyiv, °Kyiv National University of «Kyiv-Mohyla Academyy;
’Borys Grinchenko Kyiv University; *State Research Institute of the Ministry of Internal Affairs of Ukraine

The article focuses on the fact that the right to non-interfer-
ence in privacy is one of the guarantees for the realization of the
right to health protection. It is emphasized that the pandemic
caused by the SARS-CoV-2 coronavirus has actualized in the
democratic countries of the world the question of the permis-
sible limits of state intervention in it, as well as the issue of en-
suring during muster process involving a doctor. The purpose
of the article is to investigate the concept of the right to non-
interference in privacy and the problems of ensuring it, devel-
opment of proposals to improve the legislation of Ukraine.
The methodological ground of the study is based on general
and specific methods of scientific knowledge (formal-logical
method, comparative-legal, structural-logical). The empiri-
cal base of the study is international documents, decisions
of the ECHR in medical and legal cases, current legal acts
of Ukraine, governing this sphere of legal relations, and as-
sessment of Ukrainian and foreign experts. As a result of the
study it was argued that the restriction of the right to non-
interference in privacy and subjective legal rights, which are
its structural elements, is possible only in such a way that is

guaranteed by law, and solely to achieve the goal of protect-
ing the state, society and individual citizens. Based on the
analysis of the practice of the ECHR in medical and legal
cases, it was found that namely the involvement of a foren-
sic expert or doctor helps to identify and record traces of a
criminal offence, special signs, and that these persons can
indicate to authorized officials, conducting muster process,
the nature of the actions that pose a threat to the health of
the person, who is to be mustered and which are prohibited
by law, thereby determining the limits of admissibility of
intervention. Proposals for amendments and supplements to
the Criminal Procedure Code of Ukraine. The conclusions of
the article acknowledges that the issues of the right to non-
interference in private life, guarantees of the realization of
the right to protection of health, and ensuring the right to
non-interference in private life during muster process with
the participation of doctor should continue a comprehensive
investigation to ensure their effective implementation.

Keywords: doctor, assessment, private life, non-interference,
forensic expert, protection, guarantees, human rights.

PE3IOME

IMPABO HA HEBMEIIATEJIBCTBO B HACTHYIO )KU3Hb KAK TAPAHTUS PEAJIM3ALIAU ITPABA
HA 3JOPOBBE U OBECIIEYEHUE EI'O COBJIIOJEHUSA TP OCBUAETEJIBCTBOBAHUN
C YYACTHUEM BPAYA (CYAEBHOI'O OKCIIEPTA)

Memko JI.H., ’YaoBenxo K.B., *ByabiueBa H.A., “T'anaran B.W., ‘Byabiues A.O.

'Kueesckuil Hayuonanvuwlil ynugepcumem um. Tapaca [lesuenro;
’Hayuonanvnwiil ynugepcumem «Kueeo-Moeunsinckas akademusy,
SKuesckuii ynusepcumem um. bopuca I punuenko,
‘Tocyoapecmeennblil Hayuno-ucciedogamenvekuti uncmumym MBI Vkpauriol

Lenb vccnemoBanus — OMpeie/iCHNE TIOHATHS TpaBa Ha He-
BMEIIATEILCTBO B YACTHYIO JKU3HD U MyTeil ero ooecreueHus,
pa3paboTka MPEIOKEHUI MO yCOBEPIICHCTBOBAHUIO 3aKO-
Ho/aTelbcTBa YKpauHbl. MeTOA0I0THYEeCKOM OCHOBOM Ipo-
BEJAEHHOIO0 HCCJIENOBAHMS SBUJIUCH OOIIME M CIELHaAIbLHBIE
METO/IbI HAYYHOTO Mo3HaHUs ((HOPMaTbHO-TOTHYCCKUN, CPAB-
HUTEIbHO-MTPABOBOM, CTPYKTYPHO-JTOTHYCCKUN). DMITUpHYE-
CKOil 0a30if HcCleT0BaHus SBUIINCh MEKIYHAPOIHBIC TOKY-
MEHTBI, peiieHuss EBporelickoro cyia 1mo mpaBaM 4eloBeKa
B MEJMKO-TIPABOBBIX JIeJIaX, NCHCTBYIONIHUE MPABOBBIC aKThI
VYKpauHbl, peryaupyromiie 5Ty cdepy MIpaBOOTHOIICHUH,
OIICHKA YKPAUHCKUX U 3apYOCIKHBIX 3KCTIepTOB. B pesymnbrare
MPOBEICHHOTO HCCIICIOBAHMS apTyMEHTHPOBAHO, YTO Orpa-
HUYCHHE MpaBa Ha HEBMEIIATEIBCTBO B YACTHYIO KH3HB U
CyOBEKTUBHBIX OPUAMYCCKHUX IMPaB, KOTOPBIC SIBISIFOTCS €r0
CTPYKTYPHBIMH 3JICMEHTAMHU, BO3MOXXHO B MOPSIJIKE, MPEAYC-
MOTPEHHOM 3aKOHOAATEIbCTBOM ISl 3alIMThI TOCYAapCTBa,
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o01IecTBa U OTIEIbHBIX Tpaxaan. Ha ocHOBe aHamm3a mpak-
Tk EBpormeiickoro cyna mo mpaBaM 4eJOBEKa B MEIUKO-
MPaBOBBIX JIeJIaX YCTAHOBJICHO, YTO MPUBICUYCHUE CYAcOHOTO
JKCIEepTa WK Bpada CrOCOOCTBYET BBISBICHUIO U (DUKCAIIUU
CJIeJI0B YrOJIOBHOTO IpaBoHapylieHus. CyneOHbIH skcmepT
WIM Bpad MOTYT YKa3aTh YIOJHOMOUYCHHBIM CIYKCOHBIM
JIMLaM, TPOBOJSILIMM OCBUIETEILCTBOBAHUE, HA XapakTep
JIeWCTBUHN, NMPENOCTABISAIONIUX Yrpo3y 3JA0pPOBHIO UEIOBEKa,
B OTHOUICHUHU KOTOPOTO MPOBOAMTCS OCBHAETEIHCTBOBAHUE,
U TPOBEJICHHE KOTOPBIX 3aMpelieHo0 3aKOHOM. ABTOPBI PEKO-
MEHJIYIOT BHECEHHE U3MEHEHHH U JIONIOJIHEHUI B YTOJIOBHBIH
MPOLECCYaTbHbIN KoleKC YKpauHbl. OTMEUaeTcsi, 4TO BOIPOCHI
MpaBa Ha HEBMEILIATEIbCTBO B YACTHYIO JKU3Hb, TapaHTHUS pe-
aNu3aliy MpaBa Ha OXpaHy 3I0POBbs, 0OCCICUCHUE MpaBa Ha
HEBMEIIATENLCTBO B YACTHYIO )KHM3Hb IPU MPOBEICHUH OCBU/IE-
TEJILCTOBAHMS C YYaCTHEM Bpaya JIOJDKHBI KOMILIEKCHO UCClie-
JIOBAThCS € 1EITbI0 3 PEKTUBHOTO 00ECTICUCHUSI ATHX ITPaB.
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KOHTPOJIb U HAJI3OP KAK CPEACTBA NPEAYNPEKAEHUA
1 BBISABJIEHUSA IIPABOHAPYIHIEHUU B COEPE 3/IPABOOXPAHEHUSA

ITepemenxmnii B.!.,’Huxoaaenxo T.B., 3Iuakosckas [.B., *I'mpipun A.A., ‘Illanosax T.B.

13anaonoykpaunckuil Hayuonanvhblil ynueepcumem, Tepnononn,
’Hayuonanvnas axademust I'ocyoapemeennoti noepanuynoil ciyscool Yipaunol um. Boeoana Xmenvnuyroz2o,
$Vhueepcumem 2ocyoapcemeennoii guckanvrotl ciyscovt Yipaunol, Hpnens,;
“Yepracckuil Hayuonanbublil ynugepcumem um. Boeoana Xmwenvnuyrozo, Ykpauna

C mOMOIIbI0 KOHTPOJIBHOW U HAA30PHOM IEeSITEIBHOCTH BO-
[UTOMIAIOTCSL 3HAYUMbIe (QYHKIUH [MyOIMYHOTO YIIPaBICHUS,
Grarofapsi KOTOPBIM TOCYAapCTBO, Yepe3 CIEeHUaTbHO CO3MaH-
HBIC OpPraHbl WM ITyTeM JEJIErHPOBAHUS COOTBETCTBYOIINX
MOJIHOMOYHIA OpraHaM roCylIapCTBEHHON BIACTH, MECTHOTO Ca-
MOYIIPABJICHHS WU TPaXKIaHaM, OI[EHMBACT OOBEKTHI KOHTPO-
JIsI, CIICUT 3a TPOIECCAMHU M MPOLEIYPaMHU, TPOUCXOISIIIIMHI
B OOILECTBEHHO 3HAYMMBIX cepax, odecreunBasi COOTIOICHUE
mpas, cBOOOJ M MHTEPECOB TPAXKIaH, CIOCOOCTBYS HUX pea-
saiuu. K Takum 3Ha9uMbIM cepam OOIIECTBEHHOW IKHM3HH,
6€e3yCIIOBHO, OTHOCHUTCS U cepa 3MpaBOOXPAHEHHSI, TI0CKOIBKY
oHa 00eCIeYnBaeT MPaBo HAa COXPAHHOCTH 30POBbS H KU3HU.

HUccrnenoBanue CyMIHOCTH KOHTPOJIBHOW M HAA30pHOM Jesi-
TENILHOCTH B cepe 3APaBOOXPAHEHHUS UTPAET 3HAYUMYIO POJIb,
TaKk Kak TMpeAHA3HAYCHUE TaKOH AESTENbHOCTH 3aKII0YaceTCst
B HEJIOMYIIECHUH JTIO0OBIX HAPYIICHUH M OTKIOHCHHUH B cdepe
3[paBOOXPAHEHHUs], HEMOCPEICTBEHHO CBSI3aHHOM C JKU3HEes-
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TeNBHOCTBIO HaceneHns. Kak M3BeCTHO, MpenocTaBlIeHHe He-
KBaNMN(UIIIPOBAHHBIX MEIUIHCKUX YCIyT WIH K€ TIOObIe
OTKJIOHCHUSI OT PEIIAMEHTOB B 9TOW JESITEILHOCTH HETaTHBHO
BJIMSIIOT Ha 3[0POBHE UEIOBEKA, OOPATHBIIErOCs 32 MEAWIMH-
CKOM MOMOIIBI0. DTO KacaeTcst Kak IPOM3BOCTBA MEAUIIMHCKIX
MIPeTapaToB, TaK U OCYIIECTBICHUS] HHOH AEATeIbHOCTH B cde-
pe 3ApaBOOXpaHCHNSI.

ITo cBoeit cyTtw, comepaHMIO, 3amadaM, CyObEKTaMH, Iie-
JSIMH, a Takoke MOCNIEICTBUSIMU KOHTPOJIb M HAI30p SIBISTIOTCS
Pa3sHBIMH BHUJIAMHU JEATEIbHOCTH, 00a HANpaBICHHS CIETyeT
paccMaTpuBaTh Pas3AeNbHO, C yYETOM BO3MOXKHOCTH HX COOT-
HOIIEHHS U TOro (hakTa, YTO HAJ30PHAS JEATEIBHOCTh MOXKET
SIBIATHCS JaCThIO KOHTPOJIMPYIOMEH (yHKIIHH ONPEAETeHHOTO
opraHa. YUHUTHIBas 3HAYNMOCTb KOHTPOJIBHOH W HaJ30PHOMH Je-
SITEIBHOCTH B cpepe 3ApaBOOXpaHEHHs, NIPUMEUaTeIbHO, UTO
OCHOBHBIE MOJIOKEHHUSI, PENIaMEHTUPYIOIINE OCYIIECTBICHHE
9THX BHAOB JESITEIBHOCTH, ONPEACICHHl B 3aKOHE YKPAaWHBI
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«OCHOBBI 3aKOHOJATEIbCTBA YKPAWHBI O 3IPAaBOOXPAHECHHN
(nanee — 3akon Ne 2801-XII) «rocynapcTBo uepes crenuaibHO
YIOJIHOMOYEHHBIE OpraHbl HCITOJIHUTEILHON BJIACTH OCYyILICCT-
BIISIET KOHTPOJIb U HAJI30D 3a COOIIIOCHHEM 3aKOHO/IATENILCTBA O
3[paBOOXPaHEHHH, TOCYAaPCTBEHHBIX CTAaHAPTOB, KPUTEPUEB U
TpeOOBaHMi, HAIPABJICHHBIX Ha 00ECIIEUCHHE 310POBOM OKpY-
JKAloLEeH NPUPOIHOM Cpeabl M CaHUTAPHO-3MMIEMUOIOIUYe-
CKOTO OJIaroroiy4usi HaceIeHHUs], HOPMaTHBOB MPO(eCCHOHAIb-
HOW JEATCIBHOCTH B Cdepe 3IpaBOOXpaHCHUs, TPeOOBaHUt
TocynapcTBennoit ®dapmakoried, CTaHIAPTOB MEIUIUHCKOTO
00CITy)KUBaHHsI, MEITULIIUHCKUX MaTepHaIoOB U TEXHOJIOTUiD» [8].

Llenplo wMCclenOBaHMs SBUJIOCH PACKPBITh CYIIHOCTH H
0COOCHHOCTH KOHTPOJIHOW M HaJ30pPHOW JESTEIBHOCTH Kak
cpeacTBa NpeaynpeKIACHU U BBIABICHUSA l'lpaBOHapyIJ.[eHl/Iﬁ B
chepe 3apaBooxpaneHust. [y JOCTHKSHUS eI TOCTaBIICHBI
3a7auy: aHaJIN3 MOHATHI «KOHTPOJIb M HAA30p» Kak CIIOCOOOB
obecriedeHyst 3aKOHHOCTH B cepe 3ApaBOOXpaHEHHMsI, BBISIBUTD
UX OTIIMYUTECIIbHBIC IIPU3HAKHU, OXAPAKTCPHU30BaAThb Cy6’beKTbI
OCYIIECTBICHUSI KOHTPOJIBHO-HA30PHON AESATENBHOCTH, MPO-
aHAJIN3UPOBATh OOBEKTHI FOCYAAPCTBEHHOIO KOHTPOJISI ¥ 00IIie-
CTBEHHOTO HaJ[30pa B cepe 3ApaBOOXPAHEHUSL.

Marepuan U MeToabl. MarepuanoM HCCIIEIOBAaHUS SIBIIS-
JIUCh TOJIUTHKO-IIpaBOBast l'ly6J'[I/ILU/lCTHKa, TPyAbl OTCYECTBEH-
HBIX YYCHBIX, AQHAJIUTUYCCKUE Marcpualibl, CIIPABOYHBIC W3-
nanus, IHTepHEeT-pecypchl U YKPaUHCKOE 3aKOHOJATEIbCTBO,
perynupyoiiee KOHTPOJIbHO-HAJ30PHYIO JIeSITeIbHOCTh B ce-
pe 3ApaBOOXpaHEeHUsL.

MeTono0orMYecKyl0 OCHOBY CTaThM COCTaBWJIM OOLICHAyy-
HBIC U CIICHUAJIBHBIE METOAbI HAYYHOI'O ITO3HAHKW, IPUMEHEHUE
KOTOPBIX OOYCIIOBJICHO LEJIbI0, 3aa4aMH, creludukoi mnpen-
MeTa ¥ 00BbEKTa MCCISJOBAHUS: THAICKTHUESCKHI METO, UCIIONb-
30BaHKME KOTOPOTO HAPSLY CO CTPYKTYPHO-JIOTHYECKUM METOIOM
Y METOZIOM MOJICJIMPOBAHMSI TT03BOJISET ONPE/ICIUTH COBPEMEHHOE
COCTOSIHME KOHTPOJIbHO-HA/I30pPHON IESITEILHOCTH B PaccMaTpu-
BaeMoil Hamu cdepe, BBIIBUTH €€ OCHOBHBIC MPOOJIEMBI H OIpe-
JCIUTh HNEPCIHEKTUBLI HUX HAYYHO-IIPAKTUYCCKOI'O PaspeIlCHUs.
Meton CcTpyKTYpHO-(YHKIMOHAJIBHOTO aHAJIM3a MO3BOJISIET pas-
IPAaHUYUTH KOHTPOJIb U HAZ30pP KaK CIIOCOOBI 00SCTICUeHHS 3aKOH-
HOCTH B c(epe 30paBoOXpaHeHus 10 Psily IPU3HAKOB, B YaCTHOCTH
cyOBeKTaM M pe3yJIbTaTaM OCYILIECTBICHUS 000MX BHIOB JCSITENb-
HocTH. briaronapst CHCTeMHO-CTPYKTYPHOMY METOJLY OCYIIIECTBIISI-
ercs Kaccu(uKarys cyObeKToB U 00BEKTOB KOHTPOJIS (Haa30pa)
B cepe 30paBOOXpaHCHHSL.

PesyabTarel n o6cyxnenue. IIpexxne yem mepeiTa Hemo-
CPE/ICTBEHHO K KOHTPOJIIO M HA/130py B cepe 31paBOOXpaHEeHHs
CJIEAYET OTMETUTD, YTO 110X KOHTPOJIEM ITOHUMAETCSA CIIOJKHBIHN
HpoIecC, KOTOPBIA COCTOUT M3 COBOKYIHOCTH Pa3INYHbIX ACH-
CTBHUH M Mep, XapakTepHbIX M Juisl Haj3opa. Hamzop mpenro-
naraet Oosee MpocThie AeHCTBYs B BHE HaOmoneHus, coopa u
odopmieHus nHGOPMAIMK, IIPU ITOM HE MPEIYyCMOTPEHO Ka-
KOTo-JIH00 HEIOCPECTBEHHOTO BIMSHHS Ha €ro 00BEeKT, TOraa
KaK IpU KOHTPOJIE TaKoe BIMSIHHE BO3MOXKHO. B mporiecce koH-
TPOJILHOW AESATEIBHOCTH B Cllydae HEeOOXOAUMOCTH MOTYT OCY-
HICCTBJIATBCA KaK HaA30p, TaK U OTACJIbHBIC XapaKTEPHBIC JIA
HETO ﬂeﬁCTBHﬂ, B YaCTHOCTU MOHUTOPHUHI WJIU KOHCOJIUAALUSA
JAHHBIX, KACAIOIMXCSI 00BEKTa KOHTPOJIS.

KoHTpoJb SIBISIETCS OTHUM 13 IEWCTBEHHBIX 1 3()(PEKTHBHBIX
CpenCTB oOeceueH s 3aKOHHOCTH, TaK KaK C €ro MOMOIIBIO OCY-
IIECTBIISCTCS HE TOJBKO HAOIIOICHNE 32 COONIOICHUEM YCTaHOB-
JICHHBIX HOPM, CTaHZAPTOB U TPEOOBAHUI MOAKOHTPOJIBHBIMH
00bEKTaMH, HO M aHAJIM3 U TIOKCK MPOOJIEM B UX JCATCIBHOCTH,
HPOrHO3MPOBaHKE, ONTHMH3ALHMSI U KOPPEKTHPOBKA BOIIPOCOB,
BO3HHUKAKOIIUX B UX ACATCIBHOCTH. MI/IH3):(paBy Kak cy61)e|<Ty
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KOHTPOJIbHBIX ITOJTHOMOY NI CJICAYET KOHLUEHTPUPOBATh yCUIINSA
Ha COOJIIOACHUN KIMHUYECKUX MPOTOKOJIOB U CTaHIAPTOB IO~
YUHEHHBIMHU €MY YUYPEKICHUAMH, CBOEBPEMEHHO KOPPEKTUPYS
HX OCATCIIBHOCTD.

Hanzop kak camocTosTeNbHAs JesTeIbHOCTD SIBISIETCsT 00-
Jiee Y3KUM, TOCKOJIBbKY CBOJUTCS K MaccHBHOHM (opme HabIIO-
JneHus. OnpefensonyM KpUTeprueM pa3rpaHndyeHusl HOHATUH
KOHTPOJIBY M «HAJ30p» SIBISIETCSI BO3MOKHOCTH BO3ICHCTBHS
Ha 00BEKT: PU KOHTPOJIE CyOBEKT MOXKET OKa3bIBATh HEMOCPE/I-
CTBEHHOE BIIMSHHE HA COCTOSIHUE WJIH €r0 JIesSTeIbHOCTh, a BO
BpeMsI HaJ130pa TaKkoe BIHMSHHE HEBO3MOXKHO — HH(pOpMALHUs 00
UMCIOIIUXCS OTKJIIOHCHHUAX U HAPYIICHUAX NEPEHAACTCS CIICHU-
QJIbHO YIIOJHOMOYCHHOMY OpTraHy.

CyObeKThl MPABOOTHOIICHUH B cdepe 31paBOOXpaHEHHs B
BH/JIC TOCY/IapCTBA U €r0 YIIOJHOMOYEHHBIX OPIaHOB B 3aBHCH-
MOCTH OT HAaIIpaBJIEHUH TIOCYIapCTBEHHOM MOIUTHKM IOApa3-
JeISIIOTCS. Ha CYOBeKTOB, KOTOpbIe (OPMHUPYIOT, PEan3yIoT H
OCYILECTBIISIIOT KOHTPOIIb ¥ Ha30p B 3TOH cdepe.

B 3axone Ne 2801-XII npexycMoTpeHO, 4TO rocynapcTBO de-
pe3 cIenuaabHO YIOJIHOMOUYCHHBIE OpPraHbl HCIIOIHUTENBHOM
BJIACTU OCYLIECTBIISICT KOHTPOJIb M HAA30p 3a COOJIOACHUEM
3aKOHOJATENBCTBA O 37paBooxpaHeHuH [8]. Tak, opraHoM KOH-
TpOJIsL U Haza3opa B cdepe 3ApaBOOXpaHEHUs sBiseTcss MUuHH-
CTEpPCTBO 3IpaBOOXpaHEHUS YKpauHbl (nanee — MuH3zapas),
KOTOPOE COIIACHO MOJIOKEHUIO: YTBEPXKIAET OTPACICBBIC CTAH-
JapThl B 00IACTH 37paBOOXPaHEHUs! (KIMHUYECKUE TPOTOKOJIBI
Y CTAQHJAPTHI) U KOHTPOJIUPYET UX BBIIOJHEHUE; OCYIIECTBIIACT
KOHTPOJIb 32 COOJIIOACHUEM eIMHBIX TPeOOBaHUIl U KpUTEPHEB
B YUPESIKICHUSX 3APaBOOXPAHEHUS CUCTEMbI SKCTPEHHOM Meu-
LU/IHCKOI;’I IIOMOIHY, 3a HACATCIIbHOCTBIO IICUXUATPUYECKUX Yy4-
PeXICHUI He3aBUCHMO OT (OPMBbI COOCTBEHHOCTH, 33 COOIIO-
JIEHUEM 3aKOHO/ATeNIbCTBA O 3paBooxpanenuu [10].

MuH3/1paB, B Mpejenax CBOMX ITOJHOMOYHI, OCYIIECTBISCT
KOHTPOJIbHO-HAZA30PHBIE MEPOIIPUATUA C LCJIbKO OllEpaTvB-
HOIO BBISBJICHUS NpoOJIEeM M HapyLIeHHH AEHCTBYIOLIEro 3a-
KOHOJIATEJIbCTBA B cepe 37ApaBOOXPAHEHUs], CIIOCOOCTBYET MX
pelIeHHI0 U 3a0JIarOBPEMEHHOMY YCTPAHEHHIO J0 MOMEHTa
IPUYUHEHUA BO3MOXXHOI'O BpE€Ja JinlaM, UxX IipaBaM U CBO60—
naM. YkazaHHbIE MPOLEIYpPbl OCYIIECTBISIIOTCS B cepe mpo-
M3BOJICTBA, KOHTPOJIS Ka4eCTBa M Pealn3aluy JIeKapCTBEHHBIX
CpPEICTB, B YaCTHOCTH B JICUCOHO-NIPOPUITAKTHICCKUX YUPEHK-
JCHUAX, allTCKaX MCIUIHWHCKHUX l/IMMyHO6I/IOJ'lOFI/I'-leCKPlX npe-
nmapartoB U MCAULUHCKUX Pl3216)'lldﬁ, HapKOTUYECKUX CPEIACTB,
IICUXOTPOIHBIX BELIECTB, UX aHAJIOIOB M IpeKypcopoB. Kon-
TPOJNUPYET COOJIIOACHUE 3aKOHOAATENbCTBA B cdepe 31paBo-
OXpaHCHM, BKIIIOYass KIMHUYECKUE IPOTOKOJIbI U CTaHIAPTHI,
BBIITIOJIHCHUEC Tpe6OBaHHﬁ K YUpECXKACHUAM CUCTEMBI 3]paBOOX-
paHEeHUs, OKa3bIBAIOLINX DKCTPEHHYIO MEIUIIMHCKYIO IIOMOILb;
(usnyeckoe BOCIHTAHUE y4aLUXCsl B 0011e00pa3oBaTeIbHbIX
yueOHbBIX 3aBEACHHSX (TaKOH KOHTPOJb HOCHUT MEIUKO-TIe/ia-
TOTMYECKUM XapakTep); AeSATEIbHOCTb NCUXUATPUUYECKUX Y-
peXICHUI U PabOTHHKOB, OKA3bIBAIOLIMX ICHXHUATPUUYECKYIO
IOMOIIb, ACATCIIBHOCTh y‘lpe)l(jleHI/Iﬁ 3ApaBOOXpaHCHUA U Ha-
YYHBIX y'-[pe)leeﬂm‘«'l, OCYLICCTBIIAIOIIUX NCATCIBHOCTD, CBA3aH-
HYIO C TPaHCIUIAaHTAlMeH OpraHoB, TKAHEH M KJIETOK; KaueCTBO
KPOBH M €€ KOMIIOHEHTOB; II€JIEBOT0 MCIIOIb30BAHMS STHIOBOTO
CIIHMPTA, HCIOJb3yEMOIo IPU IPOU3BOJACTBE JIEKAPCTBEHHBIX
CPECTB [T MEIULIMHCKOW TMPAKTUKHU; MCIONIb30BaHNe (hHUHAH-
COBBIX U MaTepUAJILHBIX PECYpPCOB; COXPAHEHUE rOCYAaPCTBEH-
HOM TaliHbI 1 HH(OPMAIIMH C OTPAHUYECHHBIM JOCTYIIOM.

MI/IHS,JIpaB OCYUICCTBIISICT TaKXE€ HWHCIEKIHUOHHBIC ITPOLE-
Jypbl, COAEP)KAHHE KOTOPBIX OTHOCHTCS K KOHTPOJIbHO-HAJ-
30pHON AeATeNbHOCTH. Takue mpouenypbl HEOOXOOUMBI Ui
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MIPEIOTBPAIIEHHs] COBEPIICHNS [IPAaBOHAPYIIEHHH CyObeKTaMH,
KOTOpBIE IMOIEKaT MPOBEpKEe Ha OCHOBAHUM OOpAIIeHUs JINII,
CUUTAIOIIUX, YTO TAKUE HApYILICHUs: UMEIH MECTO, WIN IIpU ca-
MOCTOSITEJIbHOM BBIBICHUU HAPYIIEHUH HOPM HAllMOHAJIBHOIO
3akoHonarenbeTBa. Hampumep, [ocnekcimyx6a cucremarnde-
CKU NPOBOAUT IMPOBEPKY IpoLiecca U YCIOBUN NPOU3BOACTBA
JICKApCTBEHHBIX CPEACTB. B KOHTEKCTe 3TOH MpoLEAayphl, MOJ
HHCIIEKTHPOBAaHUEM ITIOHUMAETCS «IIPOLEAYpa OLECHKU COOTBET-
cTBHS (hapMaIeBTHYECKOH CHCTEMBI KauecTBa CyOBEeKTa XO3sIi-
CTBOBaHMS M (DAKTHYECKOTO COCTOSHHS MMEOIINXCS YCIOBHUH
IIPOM3BOJCTBA JIEKAPCTBCHHBIX CPEJCTB U YCIOBHH KOHTPOJISL
KayecTBa JEHCTBYIOIINM B YKpawHe TpeOOBaHWSIM HaJUIeKa-
el MPOU3BOACTBCHHON MPAKTUKE MO MECTY OCYLIECTBICHUS
JIeSITETBHOCTH (MECTOHAXOKAECHHIO IPOU3BOJICTBEHHBIX MOII-
HOCTEil, B TOM 4YHUCIIC 30H KOHTPOJIS KauecTBa U 30H XPaHEHUs
0 KOHTpakTy (moroopy)» [17]. Ilpu mpoBeneHNN WHCIIEKTH-
pOBaHMs Ba)KHO YCTAHOBHUTH COOTBETCTBUE TOW MM MHOHU Je-
SITETBHOCTH TPeOOBaHUAM HaJIeXKaIIeH IPOM3BOICTBEHHOI
npaktuku - Good Manufacturing Practice (GMP), kotopast
SIBIICTCSL «JacThIO OOECIIeUeHUs KadecTBa, IrapaHTHUPYIOIIETO,
YTO MPOAYKLHIO IIOCTOSHHO NPOU3BOAAT U KOHTPOIUPYIOT 110
CTaHJApTaM KadyecTBa, COOTBETCTBYIOIIUM €€ HAa3HAUCHHUIO M
TpeOOBAaHMAM PETUCTPALOHHOTO I0ChE W CIIeIM(UKAIINN Ha
9Ty IpoRyKIHo» [7].

CietoBatelibHO, B cpepe 3ApaBOOXPaHEHHUS OCYIIECTBISIIOT-
Cs1 KOHTPOJIbHO-HA/A30pHBIC IIPOLIEAYPbl, B OCHOBHOM, CBSI3aH-
HbIC C MEJULMHCKUM M MEIUKO-IIEarOrHUeCKUM KOHTPOJIEM,
rOCYJapCTBEHHBIM CAHUTAPHO-DMUIEMHOIOTMYECKUM HaJ30-
POM U aJIMUHHUCTPATUBHBIM KOHTPOJIEM, KOTOPBI UMEET MECTO
IIPY OpraHu3ayy padoTHl B anmapare MuH3IpaBa 1 MEAUIIMH-
CKUX YUYPEXKJCHUAX.

OneHka [JesTeNbHOCTH caMoro MuH3zipaBa OCYILECTBILA-
ercst Komuterom BepxoBroii Panpl YkpauHbl 10 Bompocam
30paBOOXpAHEHUs, TaK, B Marepuanax 3aceganus Komurera ot
05.02.2019 r. yka3aHO: «3aciIymIaB BONPOC 00 SMHUIEMYECKOH
CUTyallnu ¢ 3a00JIeBaeMOCTBIO HaceleHHs Kopbio, Kommurer
IIPUHSJI PELICHUE: MPU3HATh IPOTUBOSIMICMUYECKHE MEpBL,
npuHUMaeMble MUH30paBOM YKpauHBI C LIENbIO JIMKBUIALUK
BCTIBIIIKH MH(EKIINU KOPH, HEYJOBICTBOPUTEILHBIMH U COIEP-
JKAILMMU OIACHOCTD JUIsl KM3HU U 3[J0POBbsI YKPAaUHCKUX IPaXK-
JlaH, a TaKoke 6e30ITaCHOCTH rOCYAapCcTBa; IIPU3HAThL paboTy orre-
paruBHOTO mTaba MuH3ApaBa YKpauHEI 10 pearnpoBaHMIO Ha
CUTYaLUIO 110 PACIPOCTPAHEHHIO KOPU B YKpauHe HEYyOBJIETBO-
purensHOW» [13]. DTOT IpUMep yka3bIBaeT Ha CyIECTBOBaHUE
IIPaBOOTHOLIECHUI KoHTponsa Mexay Komurerom BepxoBHoit
Paznpl YkpauHsl 10 BoIpocaM 31paBOOXpaHeHus: 1 MuH3/ipasa.
[Ty6nuaHo 00BsBICHHAS HHPOPMALHS O JIeITeIbHOCTH MuH3-
JIpaBa MPEIOCTaBISIET BO3MOKHOCTE OOIIECTBY OINPENEIUTHCS
OTHOCHTEIIHHO OILIEHOK TOCYIapCTBEHHOTO YIPaBICHNUS B chepe
30paBoOXpaHeHus. Taxkol HOAXOJ IMO3BOJSIET paccMaTpUBaTh
IIPAaBOOTHOIIEHHsI KOHTPOJSI B cepe 37paBOOXPAHEHUS Kak
CJIOXKHBIE, B KOTOPBIX HECKOJBKO CYOBEKTOB MMEIOT MOJHOMO-
4 [0 OLEHKE AeATeIbHOCTH MuH3/1paBa.

KonTtpons u Ham3op B chepe 31paBoOXpaHeHHs SBISIETCS ca-
MOCTOSITEJIbHBIM HAIPAaBICHUEM JESITEIbHOCTH B FOCYJapCTBE,
M0ATOMY I1e71ec000pa3Ho BBIIEISTh M CHELHATIbHBIE OpPTaHbl,
KOTOPBIE MOTYT OCYIIECTBIIATh TAKyIO IeSITEIBHOCTh. Tak, 00s-
3BIBAIONIMM CYOBEKTOM OTHOCHTENBHO MUH3IpaBa SBISETCS
HanmonaneHas cimyx0a 310poBbsi Ykpaussl (nanee — HC3Y)
— FOCYJapCTBEHHBIH OpraH, MOJIHOMOYMs KOTOPOIO OIpeAeie-
HBI B TocTaHoBieHny Kabmuna «O6 o6pazoBannn Harmonans-
HOH CITy’KOBI 310pOBbsl YKpanHbel» oT 27.12.2017 Ne 1101 [21].
HC3Y naznenena KOHTPOINPYIOMUMH ITOTHOMOUMSIME (O0pbOa
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C KOppyILHMeH, opraHu3alusi BHYTPEHHEI0 KOHTPOJS M BHY-
TPEHHEro ay/IuTa, KOHTPOJIb 33 UCIIONb30BaHUEM (PHMHAHCOBBIX
u MarepuanbHbiX pecypcoB HC3V T.1.). OnHako KOHTPOJIBHBIE
noinHoMounsa HC3Y orpanudensl peanusaunueil rocyrapcTBeH-
HO¥ MOJMTHKY MO (PHHAHCUPOBAHUIO MEITULIMHCKOTO OOCITYKH-
BaHUsI HACEJICHNSI.

TocynapcTBenHast cinyk6a YKpauHbl IO JIEKaPCTBEHHBIM
CpEICTBaM U KOHTPOJIIO 32 HApKOTHKaMU (nasiee — [ociekemyx-
0a) corIacHO MOJIOKEHUIO O HEM OCYILECTBIISIET rOCYIapCTBEH-
HBII KOHTPOJIB 32 COOMIOICHHEM TPeOOBaHHI 3aKOHOATEIbCTBA
no obecreyeHnI0 KauecTBa M Oe30MaCHOCTH JIEKapCTBEHHBIX
CPEICTB U MEIMLMHCKUX M3/ICIHI HAa BCEX dTarax oOpalieHus,
B TOM YHCJIEC MPaBHJI OCYILICCTBICHUS HA/UISKALIUX IMPAKTHK
(Ipou3BOACTBEHHAs, AUCTPHOBIOTOPCKAsl, XpaHEHHUE, AanTed-
Has) 32 BBO30M Ha TAMO)XCHHYIO TEPPUTOPHIO YKpPAHHBI JIeKap-
CTBEHHBIX CPEJCTB; COONIONCHUEM CyOBEKTaMM XO3SHCTBOBa-
HUSI JIMLIEH3UOHHBIX YCJIOBUH OCYIIECTBIECHUS X03HCTBEHHOM
JeATEIBHOCTH 110 IPOU3BOJCTBY JIEKAPCTBEHHBIX CPEACTB, MX
UMIIOpTa ONTOBOW M PO3HUYHOM TOPIOBIM JIEKAPCTBEHHBIMU
CpeACTBaMU, PYrHe BUIbI KOHTPOIA [9].

Llenp cymiecTBOBaHMS 3TOH Cily’KObl COBCEM MHas, 4eM
HC3Y. Ecnmn HC3Y peanusyeT rocynapcTBEHHYIO MOJIUTHKY
10 (MHAHCHPOBAHHUIO MEIAMIIMHCKOTO OOCIY)KUBAaHHs Hacele-
HHsI, TO OCHOBHBIMH ITOJJTHOMOYHUSAMH FOCJ'[e](CJ'Iy)KGbI SBJIAKOTCA
KOHTpoaupytomue. IIpuy 3ToM 3TH rocygapcCTBEHHbIE OpraHbl
HMEIOT TECHYIO B3aUMOCBSI3b B CBOCH J€ATEIBHOCTH, MOCKOIb-
Ky ['ociexciyx0a obecriednBaeT KOHTPOIIb 32 KA4Y€CTBOM MEAU-
LIUHCKOTO 00OPYIOBaHUS U JICKAPCTBEHHBIX CPEICTB, UCIOJIb-
3YEMbIX I JICHCHHA IMallMCHTOB, a CJICA0BATCIbHO, SABJIACTCA
3JICMCHTOM B ITOJIMTHUKEC (bHHaHCI/IpOBaHI/lﬂ 31paBOOXPaHCHUA.

Ananuzupyst nonHomouus [ociaekcmyx0bl, cleayer caenarb
BBIBOJI, Y4TO ATO MPEIK/IE BCEIO OpraH roCyapCTBEHHOTO KOHTPO-
ns (Hapzopa). B 3akone Ykpaunbl «O0 OCHOBHBIX NMPUHIIMIIAX
rOCYapCTBEHHOTO Haza30pa (KOHTPOJsL) B cdepe XO3siiCTBEH-
HOH JIeSITeIbHOCTI 3aKPEIJIeHO, YTO FOCYapCTBEHHbIH HAa30p
(KOHTPOJIB) — 3TO «IEATEIBHOCTh YIOJIHOMOYEHHBIX 3aKOHOM
LEHTPAJILHBIX OPTaHOB MCIIOJHUTEIBHO BIACTH ... B IIPEeiax
l'lOJ'lHOMO'-lPH\;I, OpeAyCMOTPEHHBIX 3aKOHOM, I10 BBISBJICHUIO U
HPEIOTBPALICHHUIO HApYyLICHHH TpeOOBaHUI 3aKOHOIATEIbCTBA
CYOBCKTaMH XO3SIIICTBOBAHMS U 00CCIICUCHUSI HHTEPECOB 00IIIe-
CTBa, B YaCTHOCTH HAJICXKAIIIETr0 KauecTBa NPOAYKIUH, paboT 1
YCIIYT, IOMYCTUMOTO YPOBHSI ONACHOCTH JUISl HACCIICHUSI, OKPY-
JKaroUIel mpupoaHoi cpenbi» [19].

U3 storo caenyert, uto ['ociekcimyxba OCyHIECTBISIET CBOIO
JACATEIIbHOCTD 110 BBISABJICHUIO U ITPEAOTBPALLICHUIO HE3aKOHHOM
JeATeTIbHOCTH B cepe oOpalieHys JIEKapCTBEHHbBIX U HAPKOTH-
YECKHUX MpenapaToB. Bo3MOXKHOCTb OCYIIECTBICHHST KOHTPOJIS
HETOCPE/ICTBEHHO CBSI3aHa C MOJHOMOYMSMH JIMIICH3UPOBAHHS
COOTBETCTBYIOIIEH XO3SHICTBEHHOH JeATeIbHOCTH B cdepe
(dapmanuu ¥ MpOU3BOACTBA MEAUIIMHCKOro obopynoBanus. Co-
acHo 3akoHy YkpauHbl «O JIMICH3UPOBAHUU BUIOB XO3M-
CTBEHHOU [EATEeIbHOCTHY», JIMIEH3UPOBAHHE — ITO CPEICTBO
rOCYapCTBEHHOTO PEryJIMPOBaHMsI MPOU3BOJACTBA BUIOB XO-
3SUCTBEHHOM JIESATEIILHOCTH, IMOUISKAIINX JIMIEH3UPOBAHHIO,
HalpaBJICHHOE Ha oOecIedeHue peanu3aluu eIuHON rocynap-
CTBEHHOU ITOJIMTHKH B chepe JIMIEH3UPOBaHMs, 3aLIUTY IKOHO-
MHYECKHX ¥ COLHAIbHBIX HHTEPECOB TOCYIapcTBa, 00IIeCTBa 1
oTaebHbIX otpeduteneii [18]. cxons us storo, lociaekcmyx-
0a SABJIAETCSI OPraHOM IOCYIapCTBEHHOI'0 KOHTPOJIs (Haa30pa) 1
OpraHoM JIMLIEH3UPOBAHNSI.

nO)IblTO)KI/IBaH BBIIICU3JIOKEHHOE, CICAYET IIOAYCPKHYTbH,
yro [ociexciyxba sABISETCS CIELUUAIbHBIM OPraHOM HCIIOJ-
HHUTEJILHOU BJIAaCTU B (hopMe IOPHIMYECKOrO JIHIA MyOIHIHOrO
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npaBa, KOTOPBIA OCYILECTBIISIET KOHTPOJIb (HAA30p), JUICH3H-
poBaHHE XO3SHCTBEHHOI JeATeNbHOCTH B chepe dhapmarieBTH-
YECKUX, HAPKOTHYECKUX MPENapaToB U U3ACIUN MEIUIIMHCKOTO
Ha3HAYCHHsI, TPOTHBOACHCTBISI KX HE3aKOHHOMY 000poTY, dhop-
MpreT " BCJCT FOCy}lapCTBeHHbIe PEECTPELI.

Cuutaem 1esiecoo0pa3HbIM BHeCTH u3MeHeHus B [Tonoxenue
o T'ocnekcityxOe myTeM COBEPIICHCTBOBAHUS €€ KOHTPOJIBHBIX
¢yukumii. [Ipemnaraem ocnekcnyx0y HagenuTh IPABOM IMPO-
BEPATH JESATEIBHOCTh YUPEKIACHUN 31paBOOXPAHEHUS U APYTUX
Cy6”beKTOB XO3HI>’ICTBOBaHPIS[, OCyLLleCTBJ'Ifl}OLHI/IX B3ATHE, TIEPEC-
paboTKy, XpaHEHHE, pealH3al{i0 U IPUMEHEHHE JOHOPCKOIl
KpPOBH U IIPETIapaToB, a TAKKE BbISACHATD, CO6J'[}O)1€H]>I JI 1TpaBu-
J1a KOHTPOJISI 32 6€3011aCHOCTBIO U Ka4eCTBOM JOHOPCKOM KPOBH,
€ KOMIIOHEHTOB, IIPErapaTtoB M COOTBETCTBYIOLIMX KOHCEPBH-
PYIOIIMX PacTBOPOB, MOpsiika 0OMEHa TOHOPCKOH KPOBBIO, ee
KOMITOHEHTaMH U IpenapaTaMy U BbIBO3a UX 3a Hpe/esbl YKpa-
UHBI, TOPSJKAa MEAUIMHCKOro 0OCIe0BaHHUs JOHOpa Iepes
caueil KpoBH 1 ee KoMITOoHeHTOB. ClielyeT ycOBEpIICHCTBOBATD
nonoxenus [Topsizka KOHTPOIIS 32 COONIOCHUEM ITOKa3aTelei
0e30I1aCHOCTH M Ka4eCTBa JOHOPCKOW KPOBHU 1 €€ KOMIIOHEHTOB
[16], xoTOpBIN HEeperpykeH TEeXHUYECKUMH HOpPMaMH, HpuBe-
CTH €r0o B COOTBETCTBHUE €O CT. 45-1 KYoAIl n yetko BeIucaTh
KOHTPOJIbHBIE (DYHKLHH CYOBEKTOB KOHTPOJISI U aIrOPUTM €ro
OCYILECTBIICHHUS.

Takum 00pa3zom, roCyaapcTBO PH OCYIIECTBICHUH KOHTPOJIS
U Haa30pa B cdepe 3ApaBOOXPAHEHUS PEAU3yeT 9TH BO3MOK-
HOCTH 4epe3 oOIIuii opraH ynpasieHus — MUH3IpaB U CIeLH-
QJIbHO CO3/IaHHBIC [T 3TOro opransl — [ocnekcnyx6a, HC3Y.

Hapsiny ¢ paccMOTpeHHBIMM HaMM CyOBEKTaMH, Ul KOTO-
pBIX obecrieueHre (yHKIHOHHPOBAHMS 3/IPABOOXPAHECHHMS SIBIISI-
€TCA OCHOBHBIM HaIIPaBJICHUEM HX NCATCIIbHOCTHU, CyLl.leCTBy}OT
FOCy)IapCTBeHHbIe oprasbl Ui KOTOPBLIX 3TOT BHUI HACATCIIBHOCTU
HE SIBJISICTCS. OCHOBHBIM. Peub uer 00 opraHax MECTHOTO camo-
yIIpaBlIeHHs], O0bEIMHEHHBIX TEPPUTOPUAIBHBIX OOIIMHAX U He-
rOCYJAPCTBEHHBIX MHCTUTYTaxX (Harpumep, AccoLualys ropoaos
Vipaunbl, Acconmarysi (paHIly3CKO-YKPaHHCKOTO COTPYIHHYC-
cTBa B chepe 3ApaBoOXpaHeHHS U (hapMallii, 00IeCTBEHHAsI Opra-
Hu3aus « YKpanHCKast ACCOLMAIyst OOIIECTBEHHOTO 3J0POBBSD»).

Tak, cornacHo 3akoHy YkpauHbl «O0 OCHOBHBIX MPHHITUITAX
roCy/apCTBEHHOT0 Ha[30pa (KOHTPOJIs) B chepe X035 CTBEHHOM
JACATCIIbBHOCTH» OpPraHbl MECTHOI'O CaMOYIIPpaBJICHUSA OTHECCHBI
K OpraHaM rocyapcTBeHHOro KoHTpous [ 19]. Bynyuu HaneneHsl
BJIACTHBIMH ITIOJIHOMOYMSAMHU, OHU OCyLL[eCTB.]'IH}OT KOHTpOHI/Ipy-
roiyto GyHkimio B cdepe 3apaBooxpanenus. OcyliecTBieHne
TAKOTO KOHTPOJIS, KaK OJHOTO U3 CPEJCTB YIPABICHHUS, [I03BO-
JISIET BBISIBUTH (DAKThI KOPPYIILIUHM, A TAKXKE HAPYIICHUS [PaB U
3aKOHHBIX MHTEPECOB Ipak/iaH B cepe 31paBoOXpaHEHHUs, CO-
CTOsIHME 3a00JIeBaEMOCTH Ha OIPE/CTICHHOW TEePPUTOPHH, UTO
ABJIACTCA 3aJIOTOM CBOCBPEMEHHOIO MNPUHATUA H€O6XO}1HMBIX
MEP AJId MPEAOTBPALICHUA HETAaTUBHBIX HOCHeﬂCTBMﬁ.

[Ipoananuzuposas [Tonoxxenne 06 Otaene 3apaBOOXpaHEHUS
CyMCKOro ropoJICKOTO COBETa, MOXXHO BBISIBUTh HaJINYHE KOH-
Tposupytonel GYHKIUHI 3TOro OpraHa MECTHOTO CaMoyIIpaBJie-
HUS, B YaCTHOCTHU: 32 COCTOSTHUEM 3/I0pOBbS JCTCH B JETCKUX
JOIIKOJIBHBIX W HIKOJIBHBIX yl{e61-u>1x 3aBCACHUAX HC3aBHCHMO
OT UX BEAOMCTBECHHOI'O IMOAYUHCHUS, 32 COCTOAHUEM 3/10POBbs
JIUL, 3aHUMAIONIMXCS (PU3NUECKON KYIbTYpOW M CIOPTOM; 3a
BBIITIOJITHCHUEM pa60T 10 CTPOUTECIILCTBY U Kal'lI/ITaJ'Il)HOMy pe-
MOHTY YYPEXACHHH 31paBOOXpAHEHUs], YUPEKICHUN U mpen-
HpHﬂTMﬁ; 3a palruOHAJIbHBIM HCII0JIB30BAHHUEM 6}0}1)KCTHBIX
CPEJICTB B 9THX YYPEXKICHHSIX COIIACHO YTBEPXKICHHOMY OIO/I-
JKeTy Ha Texyumi rox [11]. V3 npuBeneHHOro npumepa MoxHO
czeNnath BBIBOJ, YTO KOHTPOJIb OPraHOB MECTHOTO CaMOyIIpaB-
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nenus B cepe 37paBOOXPAHEHUsI CYLIECTBYET KaK CaMOCTOS-
TenbHas QYHKIMS.

OO0beKTaMy roCyAapCTBEHHOTO KOHTPOJIS B cepe 31paBoox-
PaHCHUA SABJIAOTCA:

1. 3akonooamenvcmeo, T.e. COBOKYIHOCTb BCEX HOPMAaTHB-
HO-ITPaBOBBIX AKTOB, COACPKAIUX HOPMbI, HAIIPaBJICHHBIC Ha
yperyaupoBaHue oOIIECTBEHHBIX OTHOIICHUI B paMKax CHCTe-
MBI 37ipaBooxpaHenust. Kaxaass Hopma 3aKoHa M I10J3aKOHHOTO
HOPMAaTHBHO-IIPABOBOI'0 aKTa, CBI3aHHAs ¢ 0OeCIeueHuEeM IpaB
rpakJaH Ha JKHU3Hb, 3[I0POBbE, UX OXPaHy, MEAUIUHCKYIO I10-
MOIIIb ¥ CTpaxoBaHUe, rapaHTUpoBaHHBIX KoHcTuTymen Ykpa-
UHBI [6].

2. Oxpyacarowas cpeoa. Tak, cormacHo BomHoro xoaekca
VYkpauns! LleHTpanbHbIil OpraH UCIOIHUTEIBHON BIAacTH, pea-
JIM3YIOINI TOCYAapCTBEHHYIO MOJUTHKY B Chepe CAaHUTapHOTO
N 3MMUJACMUYECCKOTO 6nar0n0nylu/m HaceJICHUs, BO BPEMs BO3-
HUKHOBEHHUE aBApUHHBIX CUTYaLlMi COIIACOBBIBACT PEIICHHE «O
cOpoce CTOYHBIX BOJ| C HAKOIMTEJICH B BOJHBIC OOBEKTHI, €CIIH
9TO HE MPUBEIET K MPEBHIILICHUIO HOPMATUBOB 3KOJIOTMYECKON
Oe3omacHOCTH BOZOMIOIb30BaHUs» [1]. Kpome Toro, yka3aHHbIH
OpraH OCYIIECTBIISICT CHCTEMAaTHYSCKHH KOHTPOJIb 3a Kaue-
CTBCHHBIMHU I10KA3aTCIIsIMU BOJbI, npeﬂHa3HaquH0f/i JUIA HCLICH-
TPaJM30BAaHHOTO BOIOCHAOIKEHHs HACEJICHHs, COIIAaCOBBIBACT
paspeleHre Ha CpacTaHUE CEIbCKOXO3SIMCTBEHHBIX YrOIWH M
CO3[aHKE [IOJIMTOHOB IS OTXO0B npou3sBoacTaa [1]. KonTpons
BOJIOTIONIB30BAHMUST YACTUYHO peain3yeTcss MUH3APaBOM MyTeM
HOpMaJIN3alUy JIeITeIbHOCTH 0 BOJOIOIB30BAHUIO TTOCPE-
CTBOM Pa3pabOTKH U yTBEPIKACHHST HOPMATHBOB YKOJIOTMIECKOM
6e3onacHoctH [1].

3. Canumapno-snudemuyeckoe 61azononyyue HAcCeieHus, B
YAaCTHOCTH: @) COCTOSIHUE 3[J0POBbSI HACENICHUsI, MO/ KOTOPHIM
HeO6XO)ll/lMO I[MOHUMATh [OKA3aTCJIN OLICHKU U YCJIOBUS pa3sBU-
THSL er0 (PU3UYCCKUX, MCUXMUYCCKUX U COIMATIBHBIX (DYHKIIH;
0) cpena JKU3HEICSITEIbHOCTH YeJIOBeKa - T€ MPUPOIHbIC WU
MCKYCCTBEHHBIC ()aKTOPBI U YCIIOBHSI, KOTOPBIE OKPYIKAIOT YEJI0-
BEKa B IMPOIECCE MOBCETHEBHON JICATEIILHOCTH; B) ONPEICIICH-
HbIE TT0Ka3aTeln, XapaKTepu3yomye GakTopbl Cpeibl JKU3He Ie-
SITCJIBHOCTH, KOTOPBIC MOT'YT IPSIMO HMJIM KOCBEHHO ITOBJIUATL HA
310pOBbE uesioBeKa [5]. OCHOBHBIM CYOBEKTOM, OCYIIECTBIISAIO-
IIUMU KOHTPOJIBHYIO JGSTENBHOCTh 338 CaHHUTAPHO-IIHAEMHO-
JIOTUYECKUM 0J1aronoiyyreM HaceleHusl, sBisieTcs: MuH3Ipas,
KoTOpHIi cortacHo ITonoxkenuto o HéM [15], yTBep>kaaer rocy-
JapCTBEHHBIC, CAHUTAPHBIC, TPOTUBOSITUACMUYECKUE, THTUCHU-
YECKHEC HOPMBI, IIpaBuJia, HOPMATUBBI U PETVIAMEHTDI; IIPOBOAUT
pacciiejoBaHHe HPUYMH M YCJIOBHUH BO3HUKHOBEHUs HH(eEK-
[IMOHHBIX 3a00JI€BaHU, OTPABJICHUM, PaJNALMOHHBIX aBapHii;
obecrieurBaeT MPOBEACHNUE TOCYAaPCTBEHHOIO COLUAIbHO-TH-
T'MEHUYCCKOTO MOHUTOPHHIA.

[lIupokre MOIHOMOYMS IO OCYIIECTBICHUIO KOHTPOJIBHOM
Y HaJ30pHON JeATelIbHOCTUH MMeeT locyaapcTBeHHas ciyxOa
VkpauHbI 110 BOIpocam 0e30MacHOCTH MUILIEBBIX MPOAYKTOB U
3aluThl oTpeduTenell (manee — J{epKIpoaCHOKUBCIYk0a),
KOTOpasi HEMOCPEICTBEHHO OCYILIECTBISIET TaK Ha3bIBaGMbIN
IPEIOXPAHUTENIbHBIM U TEKYLIUH TOCyIapCTBEHHBIH CaHUTap-
HO-3MUIEMHOJIOTMYeCcKUi Haa3op [2]. Peub naer o KOHTPOIb-
HOH JEATENBbHOCTH «3a COOJIOICHHEM IOPUIHMYECKUMH U (H-
3MYECKUMH JIMIAMH CAHHTAPHOTO 3aKOHOAATEIbCTBA C LEIIbIO
NpeaynpexKACHN, BbIABICHHUSA, YMCHBIICHUA WX YCTPAHCHUA
BPEIHOTO BIIMSIHUSI ONMACHBIX (DAaKTOPOB HA 370POBbE JIOACH 1
0 IPUMEHEHUIO MEp MPABOBOTO XapakTepa K HapyLINTEIsIM»
[12]. Cnenyer OTMETHTB, YTO paccMaTpuUBaeMas IesTEIbHOCTh
XOTs U ONIPEACIIACTCA KaK FOCy}lapCTBeHHbIﬁ CaHUTAPHO-2IIUAEC-
MHOJIOTHUECKHUI Ha/30p, OJHAKO MMEET MPHU3HAKH HE HaJ30p-
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HOM, @ KOHTPOJILHON JESITeIbHOCTH, OCKOJIBKY pedb HIET 00
«aKTHBHBIX JICUCTBUSAX» (COITIAaCOBAaHHE, IIPOBEPKA, IKCIIEPTH3A)
B YKa3aHHOM IIpOLiecce, a TAK)Ke BO3MOKHOCTH BIIUSITh Ha 00b-
exT koHTpons. IloaTBepxieHueM ocyiiecTBICHUS NOROOHOH
AKTHUBHOM AEATEIEHOCTH MOXET OBITh «PacciieloBaHNe MPUUNH
Y YCIIOBU#1 BOHUKHOBEHUS MH(PEKIMOHHBIX 00J1e3Hei, mpodec-
CHOHAJIbHBIX 3a00JICBaHUI, MACCOBBIX HEHH(EKIIMOHHBIX 3a-
OosieBaHMil (OTPABJICHUIT), paTHAIMOHHBIX TTOPAXKCHUI JTIOMICH;
Ha3HA4YEeHHE TOCYIAPCTBEHHON CaHUTApHO-IMHUAEMHOIOTHYe-
CKOIf 9KCIIEPTH3BL, a B CIIy4ae HEOOXOANMOCTH OIPE/IeNICHUE CO-
CTaBa KOMHCCHH /IS €€ MMPOBEACHHUS; BHECEHHE 00sI3aTeIbHBIX
JUISL BBITTOJHEHHUS! MIPE/UIOKEHUHN 110 YCTPAHEHUIO BBISIBICHHBIX
HapyLICHUH CAHUTAPHOIO 3aKOHOAATENBCTBA, OCYIICCTBICHHIO
B YCTaHOBJICHHOM 3aKOHOM IOPSIJKE IPOM3BOACTBA IO JiejiaM
0 HapyLIeHHH CAHUTAPHOIO 3aKOHOMATENbCTBA; W3JAHUE II0-
CTAHOBJICHUII O HAJIOKCHUH MITpada U, B MPEIyCMOTPEHHBIX
3aKOHOM CIly4asiX, IpUMEHeHHe (PMHAHCOBBIX CAHKIMH 3a Ha-
pyLIEHHE CAHUTAPHOI'O 3aKOHOJATeNbCTBA [14].

B To ke BpeMsi BOBMOXKHOCTb OCYIIECTBICHHS pellIarolie-
IO BIMSIHUSI HAa OOBEKTBI «HAI30pa» MpPELyCMOTpeHa B 3aKoHe
VYipanubl «O6 00eCreUYCHUN CAHUTAPHOTO U SIHICMUYICCKOTO
OJIaronoiyuus HaCeJCHHsD) IyTeM OrpaHHYCHUs, BPEMEHHOIO
3ampera, NPeKpaIeHHs UM MPUOCTAHOBICHUS UX JCSTEIbHO-
CTH, €CJIM OHH CO3/AI0T yrpo3y HApYIICHHEM YCTAHOBJICHHBIX
CaHUTAPHBIX HOPM, B YaCTHOCTH: «OIPaHUYCHUE, BPEMEHHBIH
3amperT WM NpeKpalieHHe CTPOMTENILCTBA, PEKOHCTPYKIMU M
paciiupenusi 0ObEKTOB B Cilydae OTCTYIUICHHUSI OT YTBEPIXKICH-
HOTO IPOEKTA; OrPaHUYCHUs], NMPUOCTAHOBICHUS WIIM 3alper
BBIOPOCOB (COPOCOB) 3arpsi3HSIOIIMX BEIIECTB IIPHU YCIOBUH
HApyLICHUs. CAaHUTApHBIX HOPM; IPHOCTAHOBJICHHE WM Mpe-
KpallleHHe WHBECTHIHOHHON [eATeIbHOCTH B CIydasX, ycra-
HOBJICHHBIX 3aKoHoAaresnbcTBOM» [12]. CnemoBarenbHO, TO-
CYIapCTBEHHBIH CaHUTAPHO-3MUAEMHUUCCKUN HAaA30p IO CYTH
ABJISIETCS] HE HaJ[30PHOM, a KOHTPOJIBHOM JesaTesbHOCThI0. [103-
TOMY OIIPEJIeIISITh €ro KaK HaJ30p HEellelIeco00pa3Ho, OCKOIbKY
9TO MPOTHBOPEUUT €TI0 COACPIKATEIBHOM CYIIIHOCTH U SIBIISIETCS
TEPMHHOJIOTUYECKOH OIMOKOHN 3aKoHOAaTeNbCTBa [5].

4. Hopmamuewt npogheccuonanvholl 0esmenbHocmu 6 cgepe
30pasooxpanenus. CieyeT OTMETUTB, YTO B cepe 31paBoOX-
paHeHus] 0ObEKT KOHTPOJISI HE CBsI3aH TOJBKO C BpauaMu, OKa-
3bIBAIOLIMMU MEAMLUHCKYIO momollb. OH umeeT Gonee MIMpo-
KUH apeaj 1 KacaeTcs TPYAOBOM IESATENbHOCTH BCEX CyOBEKTOB
37IpaBOOXPAHEHHUS], CBSI3aHHOM C MPOIECCAMH «COXPAHCHUS W
BOCCTAHOBJICHUSI (PH3HOJOTHUECKHX M TICUXOJIOTYECKUX (DYHK-
M, ONTUMAJIBHOH TPYAOCIIOCOOHOCTH M COLUAJIBHON aKTHUB-
HOCTH YeJIOBEKa MPU MaKCUMAIbHOM OHOJIOTHYECKH BO3MOXKHOM
MHJUBHyaIbHON IPOIOKUTEIBHOCTH €ro ku3Hu» [8]. B atom
ciy4yae 00beKT KOHTPOJISI BKIIIOYAET JIeITeIbHOCTh HHBIX paboT-
HHMKOB CHCTEMBI 3[PaBOOXPAHEHHs: a) PyKOBOAUTENEH! TeueOHO-
NpOGHIAKTHYECKUX YUPSKACHHUH, TPOU3BOACTBEHHBIX ITOpa3-
JIeNICHUH B OBITOBOM OOCITY)KMBaHUH, JASSTEIBHOCTh KOTOPBIX
ocymiecTBIsieTcss B cepe OKa3aHUs MEIUIMHCKOW TTOMOLIN);
0) npodeccroHaIoB B 00JacTH JIeueOHOTO Jieia U IeAnaTpuye-
cKoro rpoduiis, croMaTonoruy, Gapmarun, MeanKo-poduIax-
THUYECKOTO JeJia U JIPYrux cdep MEIULNHbI;, B) CHEHUAINCTOB
- aKyLepoK, MHCTPYKTOPOB-/1e3UH(EKTOPOB, HHCTPYKTOPOB I10
TPYIOBOI Teparnuu, 1ab0paHTOB 10 UMMYHOJIOTHH, JTAOOPAHTOB
CyeOHO-MEANIIMHCKON J1ab0paToOpHu, ONTOMETPUCTOB, PEHT-
reHoIa00PaHTOB, MEAULIMHCKUX CECTepP, MEIMIMHCKUX CTaTH-
CTHKOB, TEXHUKOB-OPTE3HCTOB-TUIICYBAILHUKOB, (hapMarieBTOB,
(benbaIepoB; I) TEXHUYECKHUX CITYKAIHX - MEUIIHHCKHX Peru-
CTPaTOpPOB, CECTEP-X03s€K; 1) PabOUHX - CeCTep-XO03sieK, Mia/l-
IIUX MEITUIMHCKUX CEeCTep 0 yX0Iy 3a 00JIbHBIMHU [4].
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Konrtponb 3a HOpMaTuBaMHu MpOQGECCHOHATBHOM JIesITelb-
HOCTH B cepe 31paBOOXPAHEHUs] OCYLIECTBISIETCS B 00JIacTH
TEOPETUUECKUX 3HAHWUH, YMEHUM, NPaKTUYECKUX HABBIKOB U
npoheCCHOHATBHON ITUKH, TPUYEM UX 00BEM SIBJISIETCSI HOpMa-
TUBHBIM U 3aKpEIUICH B PA3JIUYHbIX HOJIOKCHUSIX HOPMATHBHO-
NPaBOBBIX aKTOB B cepe 3apaBooXpaHeHus. Takoil KOHTPOIb
OCYILECTBIISIETCS B MpeesiaX 3K3aMEHALMOHHBIX MPOLenyp, a
Taroke (PaKTUUSCKH BCEMH JIMLIAMHM, 3aHUMAIOLIUMH PYKOBOJIS-
IIME JOJDKHOCTH OTHOCHTEIIBHO UX MOAYMHEHHBIX.

5. Ilpoyecc npouzeoocmea u Kawecmeda JeKapCmMEEeHHbIX
cpeocms. OCHOBHOM KOHTPOJIb 3a YKa3aHHOH IEATeIbHOCTBIO
ocylecTBIsieT MUH3IpaB MyTeM YTBEPXKICHUSA: «OOLIMX Tpe-
0OBaHMI K MaTEPUATbHO-TEXHUYECKON 0a3e Ui MPOM3BOACTBA
JIEKAPCTBEHHBIX CPEACTB, OCYILECTBICHUS IIPOU3BOACTBEHHOIO
KOHTPOJISI MX KauecTBa, a TaKXKe TEXHOJIOTHYECKUX periiaMeH-
TOB; IOCPEICTBOM METOIOB OCYLIECTBJICHHUS KOHTPOJIS Kade-
CTBa JIGKAPCTBEHHBIX CPE/ICTB; FOCYAAaPCTBEHHBIX H OTPACIIEBBIX
CTaH/IapTOB KauecTBa JICKAPCTBEHHBIX CPEJCTB, MEIUIMHCKUX
UMMYHOOHOJIOTHYECKUX NIpernaparoBy» [15]; npoBeneHueM HH-
CIIEKTHPOBAHMs KQ4€CTBA JICKAPCTBEHHBIX CPEICTB U MEAULINH-
CKHUX U3JIEIINH.

HenocpencTBeHHbIlt KOHTPONb, KOTOphIH mpooxut [oc-
JIeKCITyk0a, OCYLIECTBISIETCS B CIISAYIOIIMX HAlpPaBICHUSIX:
1) HOpMaTMBHOM - pa3paboTKa MPOEKTOB TOCYIAPCTBEHHBIX
nporpamm, BKiIouasi cepy o00poTa HAPKOTHUECKUX CPEICTB,
HCUXOTPOIHBIX BEIIECTB U IPEKYypPCOPOB; IPOBEPKa COOMIOIe-
HHUs TpeOOBaHHMU JEHCTBYIOIIETO 3aKOHOAATEIbCTBAa B cdepe
KayecTBa M 0E30MaCHOCTH JISKAPCTBEHHBIX CPEJCTB U JPYTUX
MEJMLMHCKUX W3ACTUH; 2) NMPEBEHTHUBHOM - OCYIICCTBICHHE
OTpaclieBOM arTecTaluu J1adopaTopuii, OTBETCTBEHHBIX 3a Kaye-
CTBO JIEKAPCTBEHHBIX CPEACTB; KOHTPOJIb 32 UMIIOPTOM JIEKap-
CTBEHHBIX CPE/ICTB; IPUMEHEHHUE Mep, HAallpaBJICHHBIX HA yCTpa-
HEeHHe HapylleHui B cdhepe 000poTa HAPKOTUUECKHUX U IPYTUX
cpencts; 3) nHGOPMAIIMOHHOM - IPOBEICHHE OOMEHA TaHHBIMH
Ha MEXIYHAapOJHOM YPOBHE IO KOHTPOJIBHOW JeSTebHOCTH B
chepe 000poTa HAPKOTHUCCKUX BEIICCTB.

6. Ilpoyeccol, ocywecmesnsiemvle 68 npeodenax MeouyuHcKo2o
obcaydicusanusi. Pedb UIeT o «AeSTEINbHOCTH yUPEeKACHUH 311pa-
BOOXPaHECHUsI M (PU3MYECKUX JHI-NPEeIPUHIMATENICH, 3aperi-
CTPUPOBAHHBIX U MOIYYUBIIMX COOTBETCTBYOLIYIO JIMLICH3UIO B
YCTaHOBJICHHOM 3aKOHOM MOpsiiKe, B chepe 3ApaBOOXpaHeHUs,
He 00s13aTeNIbHO OrPaHMYMBAIOIICHCS MEAUIIMHCKON MTOMOIIIBIO,
HO HEMOCPEJCTBEHHO CBSI3aHHOW C ee mpefocraBieHuem» [8].
KoHTponb ¥ HaA30p 3a 3TUM OOBEKTOM OCYMICCTBISICT MUH3-
JpaB, KOTOPBIH CIEOUT «3a COOJIOACHHEM 3aKOHOMATENIbCTBA
0 3IpaBOOXPAHEHUH, B YACTHOCTU O MEIUKO-COLUAIBHON 3KC-
nepTuse, TpeOoBaHUAX, HEOOXOAUMBIX Ul OCYILECTBICHUS -
STEJIBHOCTH, CBSI3aHHOM C TPAHCIIAHTALMEI OPTaHOB U IPYTHX
AQHATOMHYECKHX MaTEePUAJIOB YEJIOBEKY, U COOJIIOCHHEM OTpac-
JIEBBIX CTAHAAPTOB MEIHIUHCKOTO OOCITYXMBAHUS, MEAMULMH-
CKHX MaTepuasoB U TEXHOJIOTHI» [15].

7. Meouyuncxue mamepuanbt u mexnonio2uu. 1o J0CTaTOUHO
mupokast cepa, BKIOUaromas OHOMEAMIIMHCKUE (OMoMenn-
[IMHCKHE METaJlIbl, MOJMMEpBI, KepaMUKa) U HHTEIUICKTYallb-
Hble (cruiaBbl, nMeromue dphexT naMsaTu GOopMbl; MOITUMEPEL;
KJIETKH; TKaHH; HCKYCCTBEHHBIC OPraHbl; CHCTEMbI OOMEHa;
JIEKapCTBEHHBIC Mpenaparsl; MEIULIUHCKUE H3CINs U yCTPOU-
CTBA; METO/bI AUArHOCTUKH U PEabWMINTALMN; XHUPYPIUUSCKHIe
HPOLEAYpPbl; MEIUIMHCKAsE MpONaraHjaa); MEAULHMHCKHAE Ma-
Tepuaibl. [ToaToMy cyOBeKkThl 1 (OPMBI KOHTPOJISI 3aBUCST OT
Ka)K/I0TO KOHKPETHOTO 00BEKTa.

B cucreme ynpasneHus 31paBooXpaHeHHEM, B IPOLIECCE Peai-
3alUK MEIMLIMHCKOM peopMbl B YKparHe, IPHOOPETAIOT aKTyalb-
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HOCTb KOHTPOJIb M Ha/130p CO CTOPOHBI OOLIIECTBEHHOCTH U Me/IH-
LIMHCKOTO coodiecTBa. [Ipy A7TOM «OOIIECTBEHHBIH KOHTPOIB) U
«OOIIECTBEHHBIN HA/I30p» OrPaHUYEHHBI 110 CBOECH CYTH U HE I10-
3BOJISIOT TIOKA CYMTATh OOIIECCTBEHHOCTH A((PEKTHBHBIM CyOBbEK-
TOM BJIQCTHBIX HIOJTHOMOUHH B chepe 31paBOOXpaHEHHSI.

CyObekToM, HE MMEIOUIMM BIIACTHBIX IIOJHOMOYHi, HO
CIOCOOCTBYIOIIMM peaju3aliii IpaBa TPaKJaH Ha ydacTHe
B YIpPaBJICHHU 3paBOOXPAHECHHEM, SBISICTCS HAOIIONATElb-
HBII COBET yupexIeHus 3apaBooxpaHeHus. CornacHo 3akoHYy
Ne 2801-XII «mpu rocymapCTBEHHBIX M KOMMYHAJIBHBIX Yd-
PEOKACHUAX 3APABOOXPAaHCHUA, OKa3bIBAKOLINUX Mejll/lL[I/IHCKyI'O
IIOMOIIb BTOPMYHOIO M TPETHYHOIO YPOBHEH, C KOTOPBIMU
[IaBHBIMHU PACIIOPAAUTEIAMA 6}0}1)KGTHI>IX CpE€ACTB 3aKJIIOYCHbBI
JIOrOBOPa 0 MEIUIIUHCKOM O0CITY)KUBaHHU HACEIICHUS, 10 Pellie-
HHUIO COOCTBEHHHKA YUPESKACHHUS 31PaBOOXpaHEHUs (YIOJIHO-
MOUCHHOT0 MM OpraHa) o0pa3yloTcsi HaOIIOAaTeIbHbIE COBETHI
¢ 00s3aTeNIbHBIM TPUBJICYCHUEM IPEICTABUTEICH O0IIEeCTBEH-
HOCTH €CTECTBEHHO ¢ MX comiacus. HaOmonarenbHble COBETHI
TaK)Ke MOTYT O0Opa30BBIBATHCS IO PEIICHHI0 COOCTBEHHHKA
OpU JPYIHX YUYPEKICHUSAX 3IpaBOOXpaHEeHus». OObeKTaMu
UX HAOJIONEHHUS SBIISIIOTCS: COONIOICHHE MpaB, CBOOOL U 00e-
CIICUCHUS 0E30MACHOCTH TAIMEHTOB; COOIIOICHUE TPEOOBaHUI
3aKOHOJATEIbCTBA, PENIAMEHTHPYIOLIET0  MPEIOCTaBICHUE
MCIHUIIMHCKUX yCJ'lyF YUYPCKACHUAMU CUCTEMBI 3PaBOOXpPaHEC-
HUsT; QUHAHCOBAS U XO3SIMCTBEHHAS ACATEIBHOCTD YUPEKICHUI
31paBooxpaneHus [8].

B Tunosowm IlonokeHnn 0 HaOIIOAATEILHOM COBETE YUPEIK-
JACHUA 3ApaBOOXpPaHCHMUS, yTBep)K):(eHHOFO MMOCTAaHOBJICHHEM
Kabmuna ot 27.12.2017 Ne 1077, 3akpemnseHbl MOJIHOMOYHUS
HaOJII0IaTeIbHOTO COBETa: PAacCMOTPEHHE BOIPOCOB OTHOCH-
TEJILHO COOJIIOICHUS 3aKOHO/ATENILCTBA B chepe MEANINHCKO-
ro o0CIIy)KUBaHHsl, B YaCTHOCTH COOJIOICHUE TIPAB MAlUCHTOB,
paccMOTpeHHe X 3asBicHUN (kan00), GUHAHCOBON M XO3sTii-
CTBeHHOﬁ JACATECIIbBHOCTH  COOTBETCTBYIOLIETO yqpem;[em/m
CHCTEMBI 3/IpaBOOXPAHCHUS; IPEIOCTABICHHE TNPEIIOKCHUI
PYKOBOIHUTEIIO YUPESHKACHNST CHCTEMBI 3[paBOOXPAHEHHS 110 CO-
BEPIICHCTBOBAHUIO €TI0 ACATECIbBHOCTH, HAJIMYUU HEAOCTATKOB,
BKJIIOYast (pakThl HAPYLICHHUs WIH HECOOIIONCHHs JeHCTBYIO-
1Iero 3akoHozaaresnbeTBa U ux ycrpanenus [20]. Cam no cebe
HaOMIONATENILHBIN COBET HUKAK HE MOXKET BIUATH HAa OOBEKT
cBoeit gestenapHocTH. O0 9TOM CBHICTEIBCTBYET €ro crerudu-
YECKHUH «METOJ] BO3ACHUCTBUS» — Uepe3 PYKOBOJHUTEIS yUPEIK Ie-
HUS 3][PaBOOXPAaHEHHs, KOTOPOMY OH COOOIIAeT O pe3ysibrarax
cBoel paboThl. CieyeT MOI4epKHYTh, YTO CYTh TAKOW JIesITeNb-
HOCTH IO CBOEMY COJICP)KAHHUIO B IOJHOM O0BbEME COBIAJACT
C Colep)KaHHueM MOHATHs «Haa30p». K ToMy ke B yka3aHHOM
TUIIOBOM TIOJIOKCHUH COZICPIKUTCS MPSIMOE yKa3aHHe Ha TO, YTO
HaOJIIOIaTeNIbHBIA COBET YUPEHICHUS 3IPaBOOXPAHCHHS SIBIISI-
€TCs Ha30PHBIM OPraHOM.

Jlyis obGecrieueHust MPO3PAYHOCTU U OOIIECTBEHHOTO KOHTPO-
s 3a gestenpHocThio HC3Y o6pasyercs CoBeT 001ecTBEHHO-
ro kouTposst npu HC3Y (nanee — Coser). [TonHoMouns Cosera
omnpenenensl B [lonoxenun o CoBere, YTBEPHKICHHOM I1OCTa-
HoiieHneM KaOmuna ot 28.03.2018 Ne 271 [2], cormacHO Ko-
TOPOMY OCHOBHBIMHM 3ajadamu CoBera sBIAIOTCS: 1) ocymiect-
BJICHHE OOINECTBEHHOTO KOHTPOJS 3a AesrensHocThio HC3Y;
2) coneiicteue B3ammozciicTBuio HC3Y ¢ oOriecTBeHHBIMU
00BbeIMHEHNSIMH, IPYTMMH HHCTHTYTaMH TPaXKIaHCKOTro o0Ie-
cTBa B cepe METUIUHCKOTO 00CITy )KUBaHHs HaceJIeHusI; 3) 00e-
crieueHue mpo3paynoctu aesirensHoctd HC3Y; 4) unpopmupo-
Banne HC3VY 00 o0uiecTBEHHOM MHEHHH 10 (OPMHUPOBAHHIO
U peaiu3aliy rocylapCTBEHHON MOJIUTUKH B cdepe rocymap-
CTBEHHBIX (DUHAHCOBBIX FapaHTHHl MEIUIMHCKOTO 00CITy)KHBa-
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HMS HaCEJICHUA U O IPOrpaMMe rocy1apCTBEHHBIX TapaHTUI Me-
JUIMHCKOTO 00CIIyKMBaHUs HacesaeHus. s peannsanuu 3TUx
3a1a4 CoBeT OCYyLIECTBIAET B3aUMOACHCTBHE C OOIIECTBEHHO-
CTBIO, CPEACTBAMH MAacCOBOM MH(POPMALIMH, MEXIYHAPOIHBIMH
OpraHu3auusiIMH. DTO B3aMMOJCHCTBHE BO3MOXKHO Onaromaps
myOJIIMYHBIM 3a/1a4aM, PACIPOCTPAHEHUIO HHPOPMALMU O Jiesi-
tenbHOoCcTH HC3Y, npoBeieH o 0011 CTBEHHOM IKCIIEPTH3bI Pe-
weHnit HC3Y, o01iecTBEHHOr0 KOHTPOJIS 32 CPEICTBAMU IOCY-
JapcTBeHHOro OromkeTa [2]. Ananu3upys noaHomounst Cosera,
OYEBHJIHO, YTO OHU HAIIPABJICHBI HA MIPOBEICHHUE U PeaTH3aIHIo
00I11eCTBEHHOTO KOHTPOJs. [IoBIUATH Ha NEATENBHOCTH IOCy-
JTAPCTBEHHBIX OPTaHOB ATOT OPraH OOIIECTBEHHOTO KOHTPOJIS
MOXKET TOJIBKO MyTeM IyOINYHOro 0OCY)KAEHHs MpoOIeMHBIX
BOIIPOCOB, BbIsIBICHHBIX B AesreabHoctn HC3Y. Kpome Ttoro,
OH MOXXET Ha3HauaTh MPOBEJCHUE OOIICCTBEHHON HKCIEPTHU3HI.
[lo HameMy MHEHMIO, HAJIMYHE OPraHOB OOIECTBEHHOIO KOH-
TPOJIsA, HE3aBUCUMBIX OT I'OCYAapCTBEHHBIX OPraHOB, SBJIACTCA
HPOSIBJICHUEM MOCTPOCHHUSI JAEMOKPAaTHYECKOr0 TOCYIapCTBa,
B KOTOpPOM OpeMsi KOHTpOJIs COaNaHCUPOBAHO pacIpeesseT-
Csa Me)l(}ly rocyaapCTBEHHbBIMU U OGLL(CCTBGHH])IMI/I opraHamMu.
OO011eCTBEHHBIH KOHTPOJIb MTO3BOJISIET U30€kKaTh rOCy1apCTBEH-
HOTI'O BJIMSIHUSA Ha IPUHATHE PeLeHUH, 000 TH KOppYyIIHOHHbIN
aJieMeHT. HecMOoTpsi Ha MOJI0XKHUTENIbHBIE aCIeKThl OOIECTBEH-
HOI'0 KOHTpPOJIA, CJ'Ie)IyeT OTMETUTb, YTO COIACPIKAHHUE IIPaBO-
orHomenui, Bozuukaroumx mexay HC3Y u Coserom Oyner
UMETh HETaTHBHBIA XapakTep, MOCKOJIBKY YIOJTHOMOUYCHHOE
muo (CoBer) He UMeeT NPAMBIX [TOJHOMOUYUM 10 IpeKparie-
Huto gesrenpHoctd HC3Y, npuBieyeHHIo ero JA0JDKHOCTHBIX
JIMI] K OTBETCTBEHHOCTH, a o0s3biBatoniee inio (HC3Y) ne nme-
eT NpsAMOIl KOppeCHOHAUPYIOILECH IOpUANYECKON 00sI3aHHOCTH
II0 PearnpoBaHMIO Ha OLIEHKY €ro JesITeIbHOCTH.

BoiBoa. [lonbiTo)kuBasi M3JI0KEHHOE BBIIIE, CIEAYET OTME-
TUTB, YTO OCHOBHBIMH CHIOCOOaMH 0OeCIeueHus! 3aKOHHOCTH B
cdepe 37paBOOXPAHEHUsI SIBISIOTCSI KOHTPOJIb U HAA30p, KOTO-
pble PA3INYAIOTCSI O Psiy PU3HAKOB, B YACTHOCTH CyOBEKTaM
¥ pe3ysibTaTaM OCYIIECTBICHHsI 00OMX BHIOB JESTEIBHOCTH.
TocynapCTBeHHBIN KOHTPOJIb B Cepe 3ApaBOOXPAHEHUS! OCY-
IIECTBIISIIOT OpraHbl FOCYAapPCTBEHHOW BIACTH, MPEXKAE BCEro
Munzapas u [ocnekcnyx6a. OnHo# U3 HoBalwii pedopmupo-
BaHUS CUCTEMBI 37IpaBOOXpaHEHUs sABIseTCs co3nanue B 2017 .
HOBOI'O IEHTPAJIbHOTO OpraHa I/lCl'lOJ'lHPITCJ'IbHOﬁ BJIACTH, pC€ain-
3yIOLIEr0 TOCYJapCTBEHHYIO TOJIHUTHKY B cepe TocyaapcTBeH-
HBIX (DUHAHCOBBIX TapaHTHH MEAUIMHCKOTO OOCITYKHUBaHHUS
Hacenenust - HC3Y. Vka3aHo, 4TO KOHTPOJIbHBIC TOJIHOMOYUS
HC3Y B 0CHOBHOM KacaroTCsl BHyTPEHHETO OPraHU3alluOHHOTO
acriekta (QYyHKIMOHMPOBAaHUs COOCTBEHHOIO ammapara Io BbI-
MOJIHEHHUIO 3a/1a4 B c(hpepe rpaIaHCKOW 3alUThI; COOMIONCHHS
aHTI/IKOppyl'[L[I/IOHHOFO 3aKOHOAATECJIbCTBA, HCIIOJIb30BAHUA (bl/l—
HAHCOBBLIX U MaT€puabHbIX peCprOB.

BeigeneHsl 00BbEKTHI TOCYJapCTBEHHOTO KOHTpOJsl B cde-
pe 3apaBooxpaHeHMs: 1) MEIHMIMHCKOE 3aKOHOIATEIbCTBO;
2) oxpyxarolias cpesa; 3) CaHuTapHO-3IHIeMUYecKoe O1arono-
JIy4re HacesieHus; 4) HOpMaTHBbI MPO(ECCHOHABLHOMN EeSITEIb-
HOCTHU B chepe 37paBOOXpaHEHHs; 5) MPOLECcC MPOU3BOJCTBA U
CTaHJApPThl KayecTBa JICKAPCTBEHHBIX CPEACTB; 6) MPOLECCHI,
OCYILIECTBISIEMbIE B Ipe/eax MEIUIMHCKOro 00CITy)KUBaHUS,
7) MEOULIMHCKHUE MaTepHaIbl U TEXHOIOTHH.

B crarbe ykazaHo, YTO KOHTPOJIb B cepe 3apaBooXpaHe-
HHSA BMECTE C rOCyJapCTBEHHBIMU OpraHaMy OCYIICCTBIIACT U
001ecTBeHHOCTh. [Ipr 3TOM 000CHOBAHO, YTO ydacThe OOIiIe-
CTBCHHOCTH B 31PpaBOOXPAHCHHUU TATOTEET K Ha}lS‘OpHOI\/'I eI~
TENLHOCTH. [109TOMY MOHSATHE «HAA30p» CIEAYET HPHUMEHSITDH
MCKJIIOUUTEIEHO OTHOCHTEIBHO OCYIIECTBICHHUS 00IIECTBEHHO-
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ro KOHTpPOJIsI B cepe 3npaBooxpaHeHus. Peus naet 06 yuactiu
00IIECTBEHHOCTH B COCTaBE CHELUAIBHO CO3JaHHBIX HaOII0na-
TEJIbHBIX COBETOB IIPU yqpemueﬂnﬂx 3ApaBOOXpaHCHUSA U CO—
BeTE 00IeCTBEHHOr0 KOHTpoJist ipu HC3Y.

O0bekTaMu OOLIECTBEHHOTO HAJ30pa SIBJISIIOTCS: a) COOJIO-
JICHHE TIpaB, cBOOO U obecreueHus 6e30MacHOCTH MAIUCHTOB;
0) cobroneHre TpeOoBaHMIl 3aKOHOAATEIECTBA, PEITIAMEHTHPY-
OMEro npeaoCTaBJICHUC MEAUIIUMHCKUX yCJ'IyF y‘lpe)K):leHl/IﬂMl/I
CHCTEMBI 37IpaBOOXpaHeHust; 3) GUHAHCOBASI U XO3SHCTBEHHAsS
JIESTENbHOCTD YUPEIKACHUH 31paBOOXPAHEHHUS.

B T0 xe BpeMms, KOHTPOJIb M HAA30p UMEIOT OOILeH Lebio
HpeayNpexKIeHUEe U BBIIBICHHE MNpaBOHApyIIeHUH B cdepe
3paBOOXPAHEHHUs], B PE3yJIbTaTe 4Yero JIMIA, BUHOBHBIE B HX
COBEPILCHUH, MPHUBJICKAIOTCS K IOPHIMYECKOM OTBETCTBEHHO-
cti. CuntaeM HEOOXOAMMBIM MEPECMOTPETh 00BbEeM IITPadHBIX
CaHKIMH 3a COBEpILCHHE AaAMUHHCTPATUBHBIX IpaBOHApyIIe-
HHH B cepe 31paBOOXpaHEHHs B CTOPOHY YBEIHUICHHSI.

OO00CHOBaHO, UYTO KOHTPOJIbHO-HAI30pHbIE NPOLEIYPHl B
cepe 31paBOOXPAHEHUSI CBSI3aHHBI TIPEUMYILIECTBEHHO C ME/IU-
LOUHCKHUM U MEUKO-TIEAAroridy€CKuM KOHTPOJIEM, aJIMUHUCTpA-
TUBHBIM KOHTPOJIEM U FOCy):(apCTBeHHbIM CaHUTAPHO-2IUACMHU-
OJIOTMYECKHUM HaJ[30POM.

JIMTEPATYPA

1. Boamuuit womekc VYkpainu Bim 06.06.1995 Ne 213/95-
BP. URL: https://zakon.rada.gov.ua/laws/show/213/95-
%D0%B2%D1%80

2. Hesiki nuranHs Jlep)kaBHOI CaHITapHO-EMiAeMioNOridHOl
cnyx6u: nocraHoBa KaOinery MinictpiB  Ykpainu Bix
29.03.2017 Ne 348. URL: https://zakon.rada.gov.ua/laws/
show/348-2017-%D0%BF#Text

3. Jlesxi mnwuraHHs Paam TpoMajCchKOro KOHTPOJIIO MpH
HanjonanbHiii  cimyx0i  310poB’s:  mocraHoBa — KaGinety
MinictpiB Yipaiuu Big 28.03.2018 Ne 271. URL: https://zakon.
rada.gov.ua/laws/show/271-2018-%D0%BF

4. JoBigHuk KBamidikaliiHUX XapaKTepUCTUK Mpodeciit
npauiBuukiB (Bur. 78 Oxopona 310poB’st): Haka3 MiHicTepcTBa
0xopoHH 310poB’st Yipainu Bix 29.03.2002 Ne 117. URL: http://
zakon.rada.gov.ua/rada/show/val17282-02

S. Kunm C. B. CanitapHo-enigeMiuHe Onaromoiyqdst Hace-
JICHHS 1K 00’ €KT KOHTPOJIbHO-HAMIAI0BOI AisuTbHOCTI. [Iprkap-
narchkuii ropuananuit Bicauk. 2018. Bum. 4 (25). T. 3. C. 29-31
6. Koncruryuis Ykpainu: 3axon VYkpainum Big 28.06.1996
Ne  254k/96-BP.  URL:  http://zakon3.rada.gov.ua/laws/
show/254x/96-8p

7. HacranoBa 42-4.0:2008 «Jlikapceki 3acobu. Hasexna Bu-
pobHMYa mpakTHKa»: Haka3 MIHICTEpPCTBAa OXOPOHH 370pPOB’s
Vkpaiau Bixg 16.02.2009 Ne 95. URL: http://www.dec.gov.ua/
site/file_uploads/ua/new_doc/nvp.doc

8. OCHOBHU 3aKOHOJABCTBA YKpaiHU PO OXOPOHY 310poB’s: 3a-
koH Ykpainu Bix 19.11.1992 Ne 2801-XII. URL: https://zakon.
rada.gov.ua/laws/show/2801-12

9. IMonoxennst npo [epxaBHy ciyxOy YKpaiHu 3 JiKapCbKHX
3ac00iB Ta KOHTPOJIO 3a HapKOTHKaMu: rocranoBa Kabinery
MinictpiB Yipaiuu Big 12.08.2015 Ne 647. URL: https://zakon.
rada.gov.ua/laws/show/647-2015-%D0%BF

10. TTonoxkenust mpo MiHICTEPCTBO OXOPOHU 310POB’° st YKpaiHu:
nocraHoBa KaGinetry MinictpiB VYkpainu Bix 25.03.2015
Ne 267. URL: https://zakon.rada.gov.ua/laws/show/267-2015-
%D0%BF

11. Ipo BHecenHns 3MmiH g0 pimenHs: CyMCbKOT MICBKOT paju
Bin 19 uepBus 2013 poxy Ne 2479-MP «IIpo Ilonoxenus

198

MEJTUIIMHCKUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSBLI6()

Hpo Biain oxopoHu 310poB’st CyMcbKoi MickKoi paam» (HoBa
penakuisi): pimenas Cymcbkoi Micbkoi pamu Big 25.04.2018
Ne  3361-MP. URL: https://smr.gov.ua/uk/miska-vlada/
vikonavchi-organi/strukturni-pidrozdili-sumskoji-miskoji-
radi/2015-12-10-09-04-48/2015-11-26-10-28-24.html

12. Ipo 3abe3mnedeH s CaHITAPHOTO Ta €IiJIeMiYHOro Garormo-
Jy4d4st HaceneHHs: 3akoH Ykpainu Bix 24.02.1994 Ne 4004-XI1.
URL: https://zakon.rada.gov.ua/laws/show/4004-12

13. TIlpo 3arBepmxenHst JlineH31MHUX yMOB ITPOBAKEHHS
roCMoaapChKol MiSUIBHOCTI 3 MEIMYHOI MPAKTUKU: MOCTAaHOBA
Kabinery Minictpie Ykpainu Bixg 02.03.2016 Ne 285. URL:
https://zakon.rada.gov.ua/laws/show/285-2016-%D0%BF#Text
14. Ipo 3arBepmxeHHs [TonoxeHHs PO AepiKaBHUN CaHITAPHO-
emiZiemionoriyanit Hamsig B YKpaiHi: nocrtaHoBa KaOinery
MinictpiB Ykpainu Bix 22.06.1999 Ne 1109. URL: https:/
zakon.rada.gov.ua/laws/show/1109-99-%D0%BF#Text

15. TIpo 3arBepkents [lonoxeHHs mpo MiHICTEPCTBO 0XOPO-
HH 3710poB’st Ykpainu: nocranosa Kabinery MinictpiB Ykpainu
Bix 25.03.2015 Ne 267. URL: https://zakon.rada.gov.ua/laws/
show/267-2015-%D0%BF

16. Ilpo 3arBepmxenHs Ilopsaky KOHTPOMIO 3a AOTPUMAaH-
HSIM TIOKa3HHKIB OE3MeKH Ta SKOCTI JOHOPCHKOI KpoBi Ta ii
KoMIOHeHTIB: Haka3 MO3 Vkpainu Big 09.03.2010 Ne 211.
URL: https://zakon.rada.gov.ua/laws/show/z0368-10#Text

17. Tlpo 3arBepmkenns [Topsaky MpoBeAeHHS MiATBEpPIKEHHS
BIAMIOBIZIHOCTI YMOB BHPOOHHLTBA JIIKAPCHKUX 3aCO0iB BUMO-
raM HaJIeXKHOi BUpOOHNYOT IPAKTHKU: HaKa3 MiHicTepcTBa 0Xo0-
ponu 310poB’st Ykpainu Bix 27.12.2012 Ne 1130. URL: https:/
zakon.rada.gov.ua/laws/show/z0133-13#Text

18. IIpo JtitieH3yBaHHsI BU/IIB TOCIOIAPCHKOT TisUIBHOCTI: 3aKOH
Vkpaiuu Big 02.03.2015 Ne 222-VIII. URL: https://zakon.rada.
gov.ua/laws/show/222-19#Text

19. TIpo ocHOBHI 3acajuy Jep)>KaBHOTO HAIAAY (KOHTPOIIO) Y
cdepi rocriopapcbkoi AisutbHOCTI: 3akoH Ykpainu Bix 05.04.2007
Ne 877-V. URL.: https://zakon.rada.gov.ua/laws/show/877-16
20. IIpo criocrepexxHy pay 3aKjiaay OXOpOHH 310pOB’s Ta BHE-
CeHHsI 3MiH 10 TunoBoi GpopMu KOHTPAKTY 3 KEPiBHHUKOM Jep-
JKaBHOT'O, KOMYHAJIbHOTO 3aKJIay OXOPOHH 310POB’sI: TIOCTAHO-
Ba Kabinery MinictpiB Ykpainu Bix 27.12.2017 Ne 1077. URL:
https://zakon.rada.gov.ua/laws/show/1077-2017-%D0%BF

21. Ilpo yrBopenus HauionansHoi ciyx6u 310poB’st Yipainu:
nocraHoBa KaGinery MiunictpiB VYkpaiuum Bixg 27.12.2017
Ne 1101. URL: https://zakon.rada.gov.ua/laws/show/1101-2017-
%D0%BF

SUMMARY

CONTROL AND SUPERVISION AS MEANS FOR PRE-
VENTING AND DETECTING OFFENSES IN THE
HEALTH CARE SECTOR IN UKRAINE

ITeremetskyi V., Nikolaienko T., *Didkivska G., *Hmyrin A.,
‘Shapoval T.
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Academy of the State Border Guard Service of Ukraine named
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The purpose of the article is to reveal the essence and spe-
cific features of control and supervisory activities as means for
preventing and detecting offenses in the health care sector on
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the basis of existing theoretical concepts and approaches. The
research materials were political and legal opinion journalism,
works of national scholars, analytical materials, reference publi-
cations, Internet resources and Ukrainian legislation regulating
control and supervisory activities in the health care sector. The
methodological basis of the article was formed by a set of gen-
eral scientific (dialectical, etc.) and special (system and struc-
tural, structural and logical analysis, synthesis, etc.) methods of
scientific cognition.

It has been concluded that the main ways of ensuring the
rule of law in the health care sector are control and supervision,
which are distinguished in a number of characteristics, in par-
ticular, the subjects and the results of implementing both types
of activities. State control in the health care sector carried out by
state authorities (Ministry of Health, State Medical Service, Na-
tional Health Service of Ukraine), and public supervision carried
out by the representatives of the public in the health care sector
(supervisory boards at health care institutions, the Council of
Public Control under the National Health Service of Ukraine,
etc.) have been characterized. The objects of state control and
objects of public supervision in the health care sector in Ukraine
have been specified and analyzed.

Keywords: health care sector, control and supervision in the
health care sector, subjects of state control in the health care sec-
tor, objects of control and supervision in the health care sector,
offenses in the health care sector.

PE3IOME

KOHTPOJIb U HAJI30P KAK CPEJICTBA IIPEAY-
NPEXJIEHWS U BbISIBJIEHUSI IIPABOHAPYIIIEHU
B COEPE 3IPABOOXPAHEHUSI

ITepemenxnii B.!., ’2Huxoaaenxo T.B., *Iuaxosckas I.B.,
S'mbipuH A.A., ‘IllanoBaa T.b.

3anaonoykpaunckuii  nayuonanvbhulili  yHueepcumem, Tepho-
noav; *Hayuonanvnas axademus Tocydapemeennoii nozpa-
Huynotl ciyocool Vipaunol um. Boeoana Xmenvnuyrozo; > Yuu-
gepcumenm 20CyO0apCmeeHHoll (PUCKATbHOU CYXHCcObl YKpaumsl,
Hpnens, *Yepracckuii nayuonansholil ynueepcumem um. Boe-
dana Xmenvnuyrozo, Ykpauna

Llens uccrnenoBaHusl - HA OCHOBAHMHU CYIIECTBYIOIIUX TEO-
PETHUUECKUX MPEJCTABIEHUH U MOAXOJ0B PACKPHITh CYLIHOCTh
U 0COOCHHOCTH KOHTPOJILHOW M HaJ30pHO JESTEIbHOCTH KaK
Cpe/CcTBa NPENyNPexISHUs] U BBISBICHHS IPaBOHAPYIIEHUH
B cdepe 3apaBoOXpaHeHHs. MarepualioM HCCIIelOBaHHs SBH-
JIMCh TIOJIUTUKO-TIPABOBAs IyONHMIUCTUKA, TPYAbl YKPAMHCKUX
YUEHBIX, AHAJIUTUYECKHE MaTepualibl, CIPaBOYHbIE H3JaHUs,
HMHTEPHET-PECYPCHl U YKPAaUHCKOE 3aKOHOATENILCTBO, PEryIu-
pyroliee KOHTPOJIBHO-HAI30PHYIO JeATEIbHOCTD B cepe 3apa-
BOOXpaHEHUs. MeTO0I0rMYeCKyl0 OCHOBY CTaTbH COCTaBHIM
COBOKYITHOCTb OOILCHAYYHBIX (IUAJEKTUYECKUI) U CIICIHalb-
HBIX (CHCTEMHO-CTPYKTYPHBIH, CTPYyKTYpPHO-JIOTMYECKUH aHa-
JIU3, CHHTE3) METO/IOB HAYYHOT'O TIO3HAHMSI.

B pesynbTare npoBeIEHHOTO HCCIIEOBAHUS JIEIAETCs BHIBO/,
YTO OCHOBHBIMH CIIOCOOAMM HPENYNPEKICHHS IPABOHAPYILIE-
HUil B chepe 31paBOOXPAHEHUS SBISIOTCS KOHTPOJIb U HA/I30D,
KOTOPBIE PA3JIMYAIOTCS 110 Psily NPU3HAKOB, B YACTHOCTU CyOb-
€KTaM M pe3ylbTaTaM OCYILECTBIEHUS 000MX BHIOB JESTEllb-
HocTH. OXapaKkTepH30BaHbl I'OCYIapCTBEHHBIH KOHTPOIbL B
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chepe 3ApaBOOXpaHEHHsI, OCYIIECTBISIEMBbIH OpraHaMH To-
cynapctBeHHOM Biactu (Mwunszapas, [ociekciyx6a, Haru-
OHaJbHAsl CIIy’)K0a 370pOBbs YKpaumHbI), U OOIIECTBEHHBIH
HAJ30p, OCYIICCTBISICMbIA MPEACTABUTEISIMU OOIICCTBCH-
HOCTH B cepe 3ApaBoOXpaHeHuUs (HaOM0AaTeIbHbIC COBETHI
P yUPEKACHUIX 3apaBooxpaneHusi, CoBeT 00LIeCTBEHHOTO
KOHTpoJs pu HarpoHanbHOU cityk0e 3710pOBbsl YKpauHBbI).
BoieneHsl v npoaHanu3upoBaHbl 00BEKThI TOCYAapCTBEHHO-
ro KOHTPOJIS U OOLIECTBEHHOrO Haa30pa B cdepe 31paBooX-
paHeHus B YKpauHe.
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