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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

	 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
	 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
	 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
	 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
	 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
	 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
	 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
	 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
	 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
	 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
	 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
	 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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НАУКА

MYELOLIPOMA COEXISTENCE WITH GLUCOCORTICOID AND ANDROGEN SECRETING 
ADRENOCORTICAL CARCINOMA: SLOW AND BENIGN CLINICAL COURSE

1Taner Demirci, 2Hasret Cengiz, 1Sedat Cetin, 3Ceyhun Varim, 3Gizem Karatas Kılıçcıoğlu

Sakarya University, Medicine Faculty, 1Department of Internal Medicine, Division of Endocrinology; 

2Department of Endocrinology; 3Department of Internal Medicine; Sakarya University, Turkey 

Adrenal tumors are frequently detected in abdominal im-
aging. İn 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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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. 

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)

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 
elevated 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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SUMMARY

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

1Taner Demirci, 2Hasret Cengiz, 1Sedat Cetin, 
3Ceyhun Varim, 3Gizem Karatas Kılıçcıoğlu

Sakarya University, Medicine Faculty, 1Department of Internal 
Medicine, Division of Endocrinology; 2Department of Endocri-
nology; 3Department 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

РЕЗЮМЕ

СОЧЕТАНИЕ МИЕЛОЛИПОМЫ С ГЛЮКОКОРТИ-
КОИДНОЙ И АНДРОГЕННОЙ СЕКРЕТИРУЮЩЕЙ 
КАРЦИНОМОЙ КОРЫ НАДПОЧЕЧНИКОВ: МЕД-
ЛЕННОЕ И ДОБРОКАЧЕСТВЕННОЕ КЛИНИЧЕ-
СКОЕ ТЕЧЕНИЕ

1Танер Демирджи, 2Хасрет Дженгиз, 1Седат Джетин, 
3Джейхун Варим, 3Гизем Каратас Кылычджыоглу 

Университет Сакарья, Медицинский факультет, 1отде-
ление внутренней медицины, отделение эндокринологии; 
2кафедра эндокринологии; 3кафедра внутренней медицины, 
Сакарья, Турция 

Описан клинический случай андроген- и глюкокортико-
ид-секретирующей адренокортикальной карциномы коры 
надпочечников с сопутствующей миелолипомой. Гигант-
ская атрофированная опухоль надпочечников, от лечения 
которой отказалась пациентка, была вновь осмотрена че-
тыре года спустя. Лабораторные данные 48-летней пациент-
ки с гипертонической болезнью и угревой сыпью на лице 
показали наличие гиперсекреции глюкокортикоидов и ан-
дрогенов. Компьютерная томография выявила неоднородно 
контрастную массу размером 145х118х100 мм с дольчатым 
контуром и участками мягких тканей. Пациентке вы-
полнена левая лапароскопическая трансперитонеаль-
ная адреналэктомия по трехпортовой методике. Ослож-
нений в периоперационном периоде не наблюдалось. 
Резецированный образец весил 850 гр. По результатам 
патологического исследования выявлено сочетание 
миелолипомы с раком коры надпочечников. В после-
операционном периоде улучшились показатели арте-
риальной гипертензии, нормализовалась гормональная 
панель. Послеоперационная компьютерная томография 
и ПЭТ-КТ остаточной массы и метастазов не выявили. 
Визуализация показала соответствие опухоли таким 
доброкачественным образованиям, как миелолипома. 
Авторы не считают целесообразным исключение нали-
чия адренокортикального рака и рекомендуют проведе-
ние функциональной оценки.

reziume

mielolipomis Tanaarseboba Tirkmelzeda 
jirkvlis qerqis glukokortikoidul da an-
drogenul sekreciul karcinomasTan: neli da 
keTilTvisebiani klinikuri mimdinareoba 

1taner demirdJi, 2xasret dJengizi, 1sedat dJetini, 
3dJeixun varimi, 3gizem karatas kiliCdJioglu 

saqarias universiteti, medicinis fakulteti, 1Si-
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3Sinagani medicinis departamenti, saqaria, TurqeTi 

aRwerilia Tirkmelzeda jirkvlis qerqis 
glukokortikoid- da androgen-sekreciuli ad-
renokortikuli karcinomis klinikuri SemTxveva 
Tanmxlebi mielolipomiT. Tirkmelzeda jirkv-
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lis giganturi atrofirebuli simsivne, romlis 
mkurnalobazec pacientma qalma uari ganacxada, 
ganmeorebiT ganxiluli iqna oTxi wlis Semdeg. 48 
wlis asakis pacienti qalis monacemebma, hiperto-
niuli daavadebiT da akneTi saxeze, aCvena gluko-
kortikoidebis da androgenebis hipersekreciis 
arseboba. kompiuteruli tomografiiT gamov-
linda araerTgvarovani masa, zomiT 145х118х100mm, 
wilovani konturebiT da rbili qsovilebis mon-
akveTebiT. pacients Cautarda marcxenamxrivi 
laparaskopiuli transperitoneuli adrenal-
eqtomia. perioperaciul periodSi garTulebebi 
ar aRiniSna. amokveTili nimuSis wona iyo 850 gr. 

paTomorfologiuri kvlevis Sedegebis mixedviT 
gamovlinda mielolipomis Tanaarseboba Tirk-
melzeda jirkvlis qerqis kibosTan. operaciis 
Semdgom periodSi arteriuli hipoertenziis 
maCveneblebi gaumjobesda, normalizda hormonu-
li paneli. operaciis Semdgomi tomografiiT da 
pet-kompiuteruli tomografiiT narCeni masa da 
metastazebi ar gamovlinda. vizualizaciiT dad-
genil iqna simsivnis Sesabamisoba iseT keTil-
Tvisebian warmonaqmnTan, rogoricaa mielolipoma. 
avtorebi daaskvnian, rom adrenokortikuli kibos 
gamoricxva ar SeiZleba da rekomenebulad Tvlian 
funqciuri Sefasebis ganxorcielebas.

ИЗОЛИРОВАННАЯ ПРОФУНДОПЛАСТИКА (ДИФФЕРЕНЦИРОВАННЫЙ ВЫБОР)

Русин В.И., Русин В.В., Горленко Ф.В., Добош В.М., Лопит М.М.

Высшее государственное учебное заведение Украины “Ужгородский национальный университет», Украина

При атеросклеротическом поражении артерий бедрен-
но-подколенно-берцового сегмента глубокая артерия бедра 
(ГАБ) может длительно оставаться интактной, а ее много-
численные коллатеральные анастомозы способны компен-
сировать кровоток в голени и стопе. При данном сегменте 
поражения к основным коллатералям можно отнести нис-
ходящую ветвь латеральной огибающей артерии бедра и 
прободающие артерии глубокой артерии бедра, которые 
анастомозируют с верхними и нижними коленными, икро-
ножными артериями, передней и задней поворотными боль-
шеберцовыми артериями. При стенозе устья ГАБ, окклю-
зионно-стенотическом поражении ветвей проксимальной 
части подколенной, окклюзии подколенной и магистраль-
ных артерий голени наступает декомпенсация коллатераль-
ного кровотока [5,6,8,10-14].

Профундопластика объединяет хирургические вмеша-
тельства, которые восстанавливают просвет начального 
отдела ГАБ. В зависимости от типа пластичного материала 
выделяют два вида изолированной профундопластики: ауто-
венозную, аутоартериальную и с использованием аллопла-
стического материала [1,4,9,12].

Однако у хирургов нет единого мнения относительно 
показаний к подобным операциям, отсутствует четкий ал-
горитм действий при подобных вмешательствах, нет ре-
гламентирующих критериев относительно выбора способа 
профундопластики, недостаточно глубоко изучены вариан-
ты хирургической анатомии ГАБ. Вышеизложенное диктует 
необходимость продолжить научные разработки по вопро-
су хирургических способов лечения хронической ишемии 
нижних конечностей, когда прямые и эндоваскулярные ме-
тоды лечения не показаны конкретному пациенту.

Цель исследования - улучшить результаты лечения боль-
ных хронической ишемией нижних конечностей на основе 
оптимизации техники операций на глубокой артерии бедра.

Материал и методы. В течение 6 лет (2014-2019 гг.) в от-
делении сосудистой хирургии Закарпатской областной кли-
нической больницы им. Андрея Новака, клинической базы 
ГВУЗ «Ужгородский национальный университет» первично 
прооперировано 150 больных по поводу облитерирующего 
атеросклероза бедренно-подколенно-берцового сегмента 
нижних конечностей. В демографической структуре паци-
ентов значительно преобладали мужчины (90%, p<0,00001). 
Средний возраст больных составил 61,4±8,7 лет. При этом 
средний возраст женщин (65,6±7,9) почти на 5 лет превы-
шал средний возраст мужчин (60,9±8,6) на время операции 
(t=5,77, p<0,00001). Все 150 больных имели окклюзию по-
верхностной артерии бедра с окклюзионно-стенотическим 
поражением подколенной артерии и артерий голени.

Ишемия нижних конечностей II степени отмечалась у 
11 (7,3%) пациентов, III-А степени - у 63 (42%), III-Б сте-
пени - у 55 (36,7%) и IV степени - у 21 (14%). Среди со-
путствующих заболеваний преобладали ишемическая бо-
лезнь сердца (77,3%), артериальная гипертензия (76,7%), 
эрозивные и эрозивно-язвенные поражения ЖКТ (52,7%), 
сахарный диабет (36,7%), хронические обструктивные за-
болевания легких (32,7%), последствия острых нарушений 
мозгового кровообращения (20,7%).

Все больные в зависимости от степени распространения 
окклюзионного поражения ГАБ были разделены на три 
группы: I группа - с преимущественным поражением устья 
ГАБ - 99 (66%) пациентов;

II группа - с поражением ГАБ от устья до второй латераль-
ной прободающей артерии - 35 (23,3%) больных;

III группа - с поражением ГАБ до третьей латеральной 
прободающей артерии - 16 (10,7%) пациентов.

При этом редукция основного ствола у 40% больных со-
ставила 60%, у 45% пациентов - от 60 до 90%, у 15% - редук-
ция диаметра оказалась более 90%.
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МЕДИЦИНСКИЕ НОВОСТИ ГРУЗИИ
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В большинстве случаев для постановки диагноза доста-
точно сбора анамнеза и физикального обследования; для 
его верификации - определение лодыжечно-плечевого ин-
декса (ЛПИ), измерение сегментарного давления в конечно-
стях, определение глубокобедренно-подколенного индекса 
(ГБПИ), ультразвуковое дуплексное сканирование (УЗДС) 
и/или ультразвуковая допплерография (УЗДГ). Среди до-
полнительных инструментальных методов исследования 
использовали рентгенконтрастную ангиографию (РКА), 
мультиспиральную компьютерную томографию (МСКТ), 
измерение транскутанного напряжения кислорода (tcp02) в 
бассейне задней большеберцовой, передней большеберцо-
вой, малоберцовой и артерий стопы перед операцией и в от-
даленном послеоперационном периоде.

Для определения функциональной возможности реваску-
ляризации глубокой бедренной артерии определяли ГБПИ 
по формуле:

ГБПИ= 

где ВК - регионарное систолическое давление в ПА выше 
колена,

НК - регионарное давление в ПА ниже колена.
Для изучения корреляции продолжительности сохране-

ния конечности с ГБПИ осуществляли построение моде-
ли Кокса, которая выражает функцию риска следующим 
образом: 		

 h(t)=h0(t)×exp(βx),
где h0(t) - функция базового риска, h(t) - функция риска, 

x - значение ковариаты, β - регрессионный коэффициент, 
экспонента которого является соотношением рисков при из-
менении значения ковариаты на единицу.

Модель Кокса является моделью пропорциональных ри-
сков: не налагая никаких ограничений на вид функции базо-
вого риска, модель прогнозирует, что соотношение рисков 
вследствие различия в значении ковариаты не зависит от 
времени (коэффициент β не зависит от времени t).

Всем больным выполняли изолированную профундопла-
стику (таблица 1). Как видно из таблицы 1, 71,2% больным 
выполнялась эндартерэктомия с аутовенозной и/или аутоар-
териальной пластикой. Операции глубокобеденного проте-
зирования выполняли у 20% пациентов, шунтирование - у 
6%. Реимплантация прободающих и огибающих ветвей вы-
полнена у 20% больных.

Критериями хороших результатов после проведения изо-
лированной профундопластикы считали снижение уровня 
периферической гипоксии тканей конечности (дистанци-
онное увеличения ходьбы до 500 м, заживление некротиче-
ских ран), повышение объемной скорости кровотока (ОСК) 
в нижних конечностях, повышение уровня ЛПИ больше чем 
на 50% от стартовых показателей.

Удовлетворительным результатом считали уменьшение 
ишемии тканей (увеличение дистанции ходьбы до 200-
300 м), исчезновение болевого синдрома в покое, наличие 
тенденции к заживлению ран и повышение показателей 
ОСК и ЛПИ на 30-50% по отношению к стартовым по-
казателям.

Результаты считали неудовлетворительными, если после 
операции симптомы ишемии имели тенденцию к росту либо 
не исчезали, а также показатели регионарной гемодинамики 
не повышались более 10% от стартовых. Такие больные, в 
подавляющем большинстве, требовали выполнения высо-
кой ампутации на уровне бедра в отдаленном послеопера-
ционном периоде. 

Результаты и их обсуждение. При сравнении радиоло-
гических методов диагностики артерий бедренно-подколен-
но-берцового сегмента и глубокой артерии бедра наиболее 
эффективным оказались МСКТ (89,1% и 90%, соответ-
ственно) и ультразвуковое дуплексное сканирование (88,7% 
и 82%, соответственно).

МСКТ, ангиографический и допплеровский анализ по-
зволил выделить следующие типы поражения артерий дис-
тального русла:

Таблица 1. Способы и количество выполненных профундопластик

Вид вмешательства Количество %

Изолированная профундопластика с аутовенозной заплатой 64 42,6

Протяженная профундопластика с аутовенозной заплатой 26 17,3

Открытая эндартерэктомия с алозаплатой 1 0,7

Открытая эндартерэктомия с аутоартериальной заплатой:  17 11,3

- по Weibel 7 4,7

- по Bertolucchi 7 4,7

- по Feldhaus 3 2

Приустьевая резекция ГАБ с аутовенозным протезированием 3 2

Бедренно-глубокобедренное алопротезирование:  7 4,7

 - бедренно-глубокобедренное алопротезирование 6 4

 -бедренно-глубокобедренное композитное алопротезирование 1 0,7

 - с реимплантацией прободающих ветвей 5 3,3

Бедренно-глубокобедренное аутовенозное шунтирование 9 6

Бедренно-глубокобедренное аутовенозное протезирование 23 15,3

- с имплантацией прободающих ветвей 15 10

 - с имплантацией огибающих ветвей 3 2

Всего 150 100
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˗ ���������������������������������������������������окклюзионно-стенотические поражения ПА, артерии го-
лени проходимые;

˗ окклюзионно-стенотические поражения ПА, окклюзия 
одной-двух артерий голени;

˗ окклюзионно-стенотические поражения ПА, диффузное 
окклюзионно-стенотическое поражение трех артерий голени;

˗ диффузное поражение артерий бедренно-подколенно-
берцового сегмента с или без проходимой одной из артерий 
голени.

Показатель ЛПИ напрямую зависел от уровня и распро-
страненности атеросклеротического поражения конечностей, 
степени ишемии и варьировал в пределах 0,56±0,12-0,24±0,02.

При локальных стенозах ГАБ преимущественно наблю-
дали гомогенные бляшки, у 82,7% наблюдали гетерогенные 
бляшки, содержащие смешанную структуру и чаще встреча-
ющиеся при распространенных стенозах.

У пациентов с ишемией II-Б степени показатель ГБПИ на-
ходился в пределах 0,27-0,44, с III-А степени 0,3-0,57, с III-Б 
степени - 0,34-0,58, с IV степени - 0,37-0,60.

Известно, что анатомия ГАБ вариабельна. Сделать конеч-
ный вывод об истинной картине бассейна ГАБ возможно 
только при интраоперационной ревизии (рис. 1).

На основе данных интраоперационной ревизии выделено 
несколько вариантов формирования и отхождения ГАБ от 
общей артерии бедра (ОБА), а также расположение ее устья 
по отношению к ОБА:

 - при первом варианте есть выраженный основной ствол 
ГАБ, от которого четко отходит латеральная и медиальная 
огибающие ветви в разной последовательности;

 - при втором варианте строения латеральная и медиаль-
ная огибающие ветви и ГАБ отходят отдельно от ОБА;

 - при третьем варианте характерно наличие только двух 
стволов, один из них - латеральная огибающая ветвь, вто-
рой  - ГАБ.

	          а 			               б
Рис. 1. Отпрепарированная ГАБ на протяжении 17 см (а). 

Рентгеноконтрастная ангиография: контрастированная 
ГАБ с 5-ю прободающими ветвями (б)

Учитывая мировой и собственный опыт при хирургиче-
ском лечении атеросклеротических окклюзионно-стеноти-
ческих поражений глубокой артерии бедра следует заме-
тить, что при наличии «коротких» стенозов предпочтение 
следует отдавать открытым эндартерэктомиям (����������ЕАЕ)������ с ау-
товенозной и/или аутоартериальной заплатой. В случае на-
личия у пациента выраженного кальциноза на конкретном 
протяжении, резекцию этого участка целесообразнее вы-
полнить с аутовенозной и/или аутоартериальной пластикой. 
Даже незначительное сужение просвета ГАБ при окклюзии 
бедренной артерии сопровождается ухудшением коллате-
рального кровотока [1,4-6].

Таким образом, восстановление и/или расширение про-
света происходит только за счет эндартерэктомии и заплат, 
в основном, это известные классические варианты: модифи-
кация Martina, Weibel, Bertolucchi, Feldhaus, бедренно-глу-
бокобедренное протезирование (рис. 2-7).

Рис. 2-7. Классические варианты профундопластики.

Рис. 2. Интраоперационное фото пациента С. Протяж-
ная профундопластика с аутовенозной заплатой

Рис. 3. Профундопластика в модификации Martin

Рис. 4. Профундопластика в модификации Feldhaus
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Рис. 5. Профундопластика в модификации Weibel с при-
менением клювовидной аутоартериальной вставки

Рис. 6. Профундопластика в модификации Bertolucchi

Рис. 7. Интраоперационное фото пациента С. 
Комбинированное бедренно-глубокобедренное протезирование (протез + вена)

Таблица 2. Критерии выбора метода профундопластики в зависимости от протяженности, 
сегмента поражения и плотности атеросклеротической бляшки

Протяженность
стеноза

Степень 
поражения

Структура
бляшки Вид реконструкции

До 4 см
Стеноз ГАБ 

>70%
(окклюзия)

«+»
«+-»
«-»

Открытая ЕАЕ с аутовенозной или алозаплатой.
Открытая ЕАЕ с аутоартериальной заплатой.

Открытая ЕАЕ с аутовенозной заплатой.

4-10 см
Стеноз ГАБ 

>70%
(окклюзия)

«+»
«+-»
«-»

Профундопластика аутоартериальной вставкой.
Открытая ЕАЕ с аутовенозной заплатой.

Бедренно-глубокобедренное протезирование 
с реимплантацией боковых ветвей

>10 см
Стеноз ГАБ 

>70%
(окклюзия)

«+», «+-»

«-»

Бедренно-глубокобедренное аутовенозное протезирование 
или шунтирование.

Открытая ЕАЕ с аутовенозной заплатой

Диффузное 
поражение

Протяжный 
стеноз с 

окклюзией

«+» 
«+-»
«-» Профундопластика не показана

примечание: «+» - плотная атеросклеротическая бляшка; 
«+ -» - атеросклеротическая бляшка средней плотности; «-» - мягкая атеросклеротическая бляшка

При протяженных стенозах суть профундопластики опять 
сводится к восстановлению и расширению просвета путем 
эндартерэктомии с аутовенозной заплатой и/или за счет 
шунтирования или протезирования сегмента ГАБ. Однако 

на участке ГАБ, который подлежит реконструкции, отходят 
боковые ветви, огибающие и прободающие ветви, представля-
ющие интерес в плане восстановления в них кровотока, на что 
впервые обратил внимание Штутин А.А. [9]
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Основной вопрос - это шунтирование или протезирова-
ние ГАБ при протяженных стенозах и почему именно так?

На это непосредственно влияет плотность атеросклероти-
ческой бляшки, которая определяет адекватность открытой 
эндартерэктомии. Чем тверже бляшка, чем сильнее пораже-
ния tunica media, тем больше снижается качество дезоблите-
рации и в таких случаях лучше выполнить протезирование 
(таблица 2).

На выбор реконструкции также влияет наличие огибаю-
щих и прободающих ветвей на месте необходимого уровня 
дезоблитерации. Если диаметр последних превышает 2 мм 
и по ним сохранен ретроградный кровоток, то лучше вы-
полнить протезирование этого участка с реимплантацией 
боковых ветвей. Если боковых ветвей на протяжении участ-
ка поражения нет, показано бедренно-глубокобедренное 
шунтирование (рис. 8-13). 

Таким образом, при сохраненном просвете и интактной 
стенке боковых ветвей ГАБ показана их реимплантация 
(рис. 8). Для упрощения выполнения реимплантации ветку 
выкраивают на площадке по окружности вокруг устья. При 
необходимости выполняют эверсионную эндартерэктомию 
из устья, после чего ветку вшивают по типу «конец-в-бок».

При плотно расположенных рядом боковых ветвях на 
пораженных атеросклерозом участках формируется косой 
«длинный» анастомоз на проксимальной части ГАБ после 

эндартерэктомии, из устья ветвей тем самым избегается ре-
имплантация указанных ветвей в протез. Дистальный ана-
стомоз формируется по типу «конец-в-конец» (рис. 9).

При варианте отхождения латеральной и медиальной 
огибающих ветвей от ОБА, и/или при наличии только двух 
стволов, один из них - латеральная огибающая ветвь, а вто-
рой - ГАБ, возможно выполнение протезирования поражен-
ного участка с реимплантацией в трансплантат всех вет-
вей, стволов. Подобную тактику можно использовать при 
окклюзии ОБА и/или ее стенозе, который технически не 
поддается реверсийной ЕАЕ. Таким образом, выполняется 
бедренно-глубокобедренное протезирование с реимпланта-
цией боковых ветвей (рис. 10).

Если не удается выполнить полноценную эндартерэкто-
мию ОБА с приустьевым освобождением атероматоза, в 
таких случаях дистальнее уровня поражения ствола, ГАБ 
отсекается и имплантируется в близь расположенную про-
бодающую ветвь (рис. 11).

В отдельных случаях возможно применить технику 
Feldhaus дезоблитерации просвета поверхностной артерии 
бедра (ПАБ) и использовать ее в качестве аутоартериаль-
ного трансплантата для протезирования окклюзированной 
ветви ствола ГАБ путем артериальной профундопластики 
дезоблитерированной культи ПАБ в ГАБ по типу «конец-в- 
бок» (рис. 12).

Рис. 8. Бедренно-глубокобедренное аутовенозное протези-
рование с имплантацией огибающих ветвей

Рис. 9. Протезирование ствола ГАБ с формированием 
«косого» анастомоза «конец-в-конец»

Рис. 10. Аутовенозное бедренно-глубокобедренное про-
тезирование с реимплантацией медиальной, латеральной 
огибающей и прободающей ветвей в аутовенозный протез

Рис. 11. Реимплантация ГАБ дистальнее уровня пораже-
ния ствола в близь расположенную прободающую ветвь
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Рис. 12. Этап подготовки к аутоартериальной профун-
допластике ГАБ по типу «конец-в-бок»

Рис. 13. Аутовенозное приустьевое протезирование об-
щей бедренной артерии

При плотных атеросклеротических бляшках, стенозирую-
щих просвет общей бедренной артерии до полной окклюзии, 
прикрывая при этом устье ГАБ, возможна приустьевая резек-
ция сужения ГАБ с интерпозицией венозного трансплантанта 
БПВ сшитыми друг с другом в продольном направлении для 
увеличения диаметра аутовенозного протеза (рис. 13).

Ближайшие результаты профундопластики у пациентов 
с атеросклеротическим поражением бедренно-тибиально-
го сегмента оценивались в течение 1 месяца после опера-
ции на основании изменения дооперационно клинической 
симптоматики, а также наличия или отсутствия различных 
послеоперационных осложнений. Так, на госпитальном пе-
риоде успех реваскуляризации, о чем свидетельствует про-
ходимость зоны реконструкции, составил 100%. Летальных 
случаев ни в одной группе не отмечено.

Среди местных послеоперационных осложнений ранне-
го послеоперационного периода наиболее часто отмечалась 
лимфорея, которая наблюдалась у 8 (5,3%) больных и под-
вергалась консервативной терапии во всех случаях. Нагно-
ение послеоперационной раны наблюдалось у 3 (2%) боль-
ных, которые вылечены консервативно.

Тромбозы зон реконструкции наблюдали у одного 
(0,7%) больного. Выполненная тромбэктомия показала 
положительный эффект.

На количество положительных результатов выполнен-
ных операций в отдаленном периоде незначительное влия-
ние оказывала начальная степень ишемии конечности. При 
ишемии II-Б - III-А степени непосредственные положитель-
ные результаты получены в 97,3% случаях, в группе пациен-
тов с III-Б ишемией количество положительных результатов 
составило только 74,5%. У больных с IV степенью ишемии 
и поражением всех берцовых артерий положительные ре-
зультаты изолированной профундопластики наблюдались 
только у 61,9% больных.

Количество положительных результатов изолированных 
профундопластик составило 73,9%. Операции не показа-
ли  клинического улучшения в 18,7% случаев, из них 7,4% 
больных не отмечали клинического улучшения, несмотря 
на увеличение лодыжечно-плечевого индекса (ЛПИ) на 0,2. 

Ампутации в данной группе больных выполнены в 3,3% 
случаев. В 18,7% на всю группу неудовлетворительных ре-
зультатов проведенных операций выполнено 7 (4,7%) ампу-
таций.

При сравнении проходимости зоны реконструкции спустя 
5 лет достоверных различий не было у пациентов с изолиро-
ванной профундопластикой (86,9%) и протяжной профун-
допластикой (88,5%) не выявлено (р<0,05). ЛПИ спустя 5 
лет был выше у пациентов с протяжной профундопласти-
кой (0,65±0,07) в сравнении с изолированной профундо-
пластикой (0,58±0,09; р<0,05). Данный феномен, по всей 
вероятности, связан с более объемным кровотоком, который 
осуществляется за счет эластичных возможностей пласти-
ческого аутовенозного материала для протяжной профундо-
пластики в сравнении с ригидной атеросклеротически из-
мененной стенкой аутоартериальной заплаты.

Индекс региональной перфузии (ИРП) tcpO2 до и по-
сле профундопластики характеризовался увеличением на-
пряжения О2 в бассейне передне большеберцовой артерии 
(ПББА) на 55,5%, задне большеберцовой артерии (ЗББА) на 
35,3%, МБА на 33,3%, коже тыла стопы на 66,7%, коже по-
дошвы на 44 4% (таблица 3, рис. 14). 

Для прогнозирования эффективности вмешательств на 
глубокой артерии бедра предложена математическая мо-
дель, построенная на сравнении величины ГБПИ перед 
простым использованием вида операции, где при значении 
индекса ≤0,36 5-летнее сохранение конечности при профун-
допластике достигает 62%, а при значении индекса ≤0,35 ˗ 
74,2% сохранение конечности, при значении индекса 0,3 - 
87,3%.

Очевидно, это связано с потенциально большими функ-
циональными возможностями глубокобедренно-подко-
ленной коллатеральной системы для полноценной рева-
скуляризации конечности, а также «гемодинамической 
адекватностью» периферического русла при выполнении 
профундопластики [2].

Все случаи ампутации имели место при величине ГБПИ 
>0,37. При этом в группе больных с ампутацией средняя ве-
личина ГБПИ составила 0,37±0,03 (р<0,05).

Таблица 3. Индекс региональной перфузии tcpO2 до и после профундопластики
ПББА ЗББА МБА Тыл стопы Подошва 

Норма (n=31) 1,5 ±0,14 1,85±0,20 1,7±0,15 1,4±0,16 1,1±0,114
До операции (n=19) 0,5±0,05 0,61±0,01 0,4±0,03 0,4±0,04 0,4±0,05

После операции (n=19) 0,9±0,04 1,7±0,25 1,2±0,11 0,6±0,02 0,9±0.28
р<0,05
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Таким образом, нами предпринята попытка выделить 
основные условия, которые определяют возможности ис-
пользования ГАБ как основного коллатерального сосуда, 
который способен обеспечить кровоснабжение нижней ко-
нечности при ее атеросклеротическом поражении:

˗ ���������������������������������������������������наличие локальной окклюзии устья или стеноза глубо-
кой бедренной артерии >70%;

˗ �������������������������������������������������    окклюзия поверхностной бедренной артерии, диффуз-
ное окклюзионно-стенотическое поражение подколенной 
артерии и артерий голени;

˗ ГБПИ в пределах <0,37;
 - ЛПИ <0,45.

Выводы.
1. При протяженности стеноза ГАБ до 4 см независимо от 
плотности бляшки рекомендуется открыта ЕАЕ с аутовеноз-
ной, аутоартериальной и/или аловставкой.
2. При протяженности стеноза от 4 до 10 см с мягкой или 
средней плотности атеросклеротической бляшкой показана 
открытая ЕАЕ с аутовенозной заплатой. При плотных ате-
росклеротических бляшках предпочтение следует отдавать 
бедренно-глубокобедренному аутовенозному шунтирова-
нию или протезированию. При протяженности поражения 
более 10 см независимо от плотности атеросклеротической 
бляшки рекомендуется бедренно-глубокобедренное шунти-
рование и/или протезирование.
3. При протезировании ГАБ и диаметре прободающих и/или 
огибающих артерий ≥2 мм и сохраненном ретроградном кро-
вотоке показана их реимплантация на площадке в протез.
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SUMMARY

ISOLATED PROFUNDOPLASTY (DIFFERENTIAL 
CHOICE)

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.

РЕЗЮМЕ

ИЗОЛИРОВАННАЯ ПРОФУНДОПЛАСТИКА (ДИФ-
ФЕРЕНЦИРОВАННЫЙ ВЫБОР)

Русин В.И., Русин В.В., Горленко Ф.В., Добош В.М., 
Лопит М.М.

Высшее государственное учебное заведение Украины “Уж-
городский национальный университет», Украина

Цель исследования - улучшить результаты лечения боль-
ных хронической ишемией нижних конечностей посред-
ством оптимизации техники операций на глубокой артерии 
бедра. 

В течение 6 лет (2014-2019 гг.) в отделении сосудистой 
хирургии Закарпатской областной клинической больницы 
им. Андрея Новака, клинической базы ГВУЗ «Ужгородский 
национальный университет» первично прооперировано 
150 больных по поводу облитерирующего атеросклероза 
бедренно-подколенно-берцового сегмента нижних конечно-
стей. Средний возраст больных составил 61,4±8,7 лет. 

При наличии «коротких» стенозов предпочтение следует 
отдавать открытым эндартерэктомиям (ЕАЕ) с аутовеноз-
ной и/или аутоартериальной заплатой. При протяженных 
стенозах суть профундопластики сводится к восстановле-
нию и расширению просвета путем ЕАЕ с аутовенозной 
заплатой и/или за счет шунтирования или протезирования 
сегмента глубокой артерии бедра (ГАБ). На выбор рекон-
струкции влияет наличие огибающих и прободающих вет-
вей на месте необходимого уровня дезоблитерации. 

При протяженности стеноза ГАБ до 4 см независимо от 
плотности бляшки рекомендуется открытая ЕАЕ с аутове-
нозной, аутоартериальной и/или аловставкой. При протя-
женности стеноза от 4 до 10 см с мягкой или средней плот-
ности атеросклеротической бляшкой показана открытая 
ЕАЕ с аутовенозной заплатой. При протяженности пораже-
ния более 10 см независимо от плотности атеросклероти-
ческой бляшки рекомендуется бедренно-глубокобедренное 
шунтирование и/или протезирование. При протезировании 

ГАБ и диаметре прободающих и/или огибающих артерий 
≥2 мм и сохраненном ретроградном кровотоке показана их 
реимплантация на площадке в протез.

reziume

izolirebuli profundoplastika (diferenci-
uli arCevani)

v.rusini, v.rusini, f.gorlenko, v.doboSi, m.lopiti

uJgorodis erovnuli universiteti, ukraina

kvlevis mizans warmoadgenda qveda kidurebis 
qronikuli iSemiis mqone pacientebis mkurnalo-
bis Sedegebis gaumjobeseba barZayis Rrma arte-
riaze operaciis teqnikis gaumjobesebis saSua-
lebiT.
6 wlis ganmavlobaSi (2014  – 2019 ww.) a. nova-

kis sax. zakarpaties klinikuri saolqo saavad-
myofos sisxlZarRvTaAqirurgiis ganyofilebaSi 
pirveladad naoperaciebia 150 pacienti qveda ki-
durebis barZay-muxlqveSa-wvivis segmentis maob-
litirebeli aTerosklerozis gamo; pacientebis 
saSualo asaki - 61,4±8,7 weli.
“mokle” stenozebis arsebobis SemTxvevaSi 

upiratesoba unda mieces Ria endartereqtomias 
autovenuri da/an autoarteriuli nakeriT. gaxan-
grZlivebuli stenozebis dros profundoplas-
tikis arsi mdgomareobs sanaTuris aRdgenasa 
da gafarToebaSi endartereqtomiiT autovenuri 
CanarTis gamoyenebiT da/an SuntirebiT, an bar-
Zayis Rrma arteriis proTezirebiT. rekonstruq-
ciis arCevans gansazRvravs SemovliTi da gam-
Woli gantotebebis arseboba dezobliteraciis 
aucilebel doneze.
barZayis Rrma arteriis stenozis dros 4sm-mde 

sigrZiT folaqis simkvrivisagan damoukideblad, 
rekomendebulia Ria endartereqtomia autove-
nuri, autoarteriuli da/an aloCanarTiT; ste-
nozis 4-dan 10 sm-mde zomis SemTxvevaSi, rbili 
an saSualo simkvrivis aTerosklerozuli fo-
laqiT, naCvenebia Ria endartereqtomia autove-
nuri nakeriT. 10 sm-ze meti sigrZis stenozis 
dros, aTerosklerozuli folaqis simkvrivisgan 
damoukideblad, rekomendebulia barZayis Rrma 
arteriis Suntireba da/an proTezireba. barZayis 
Rrma arteriis proTezirebisas da gamWoli da/an 
SemovliTi arteriebis 2 mm-ze meti diametris 
SemTxvevaSi, Senaxuli retrograduli sisxlnaka-
diT, rekomendebulia maTi reimplantacia.
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Переломы проксимального отдела бедренной кости 
(ППОБК) являются тяжелым, инвалидизирующим осложне-
нием системного остеопороза, приводящим к повышению 
уровня смертности. Частота переломов данной локализации 
у пациентов пожилого и старческого возраста прогрессивно 
увеличивается в экспоненциальной зависимости, что связа-
но с огромными финансовыми затратами на лечение и реа-
билитацию больных [12,14,15,17].

В различных исследованиях продемонстрировано воз-
растание показателей краткосрочной [1-4,6,7,9,11,13] и 
долгосрочной [8,18] летальности после ППОБК и про-
анализированы факторы [7,11,13,16,18], влияющие на 
показатели выживаемости больных. Летальность в ста-
ционаре обычно является невысокой (1,7-10%) и связана 
с лечебной тактикой, продолжительностью пребывания в 
стационаре и возникшими в послеоперационном периоде 
осложнениями [5,6,9,10]. Дополнительными неблагопри-
ятными факторами, влияющими на уровень летальности, 
являются возраст больных и мужской пол. Наибольший 
риск смерти у больных после ППОБК регистрируется в 
первые полгода после перелома, а показатели летально-
сти в течение года составляют от 18 до 35%, при этом 
большинство выживших пациентов ограничены в самооб-
служивании и требуют дополнительного ухода [1,6,7,10]. 
Своевременное оперативное лечение больных с ППОБК, 
в частности эндопротезирование тазобедренного суста-
ва, способствует быстрой мобилизации пациентов после 
операции, более высокому качеству жизни и снижению 
показателей летальности.

В настоящее время продемонстрировано, что как часто-
та ППОБК, так и показатели летальности имеют некоторые 
географические особенности, что обусловлено уровнем ме-
дицинской помощи, благосостоянием населения и другими 
факторами [14,15,17]. За последние годы в связи с более 
широким внедрением эндопротезирования тазобедренного 
сустава после ППОБК улучшился жизненный прогноз и ка-
чество жизни больных.

На сегодняшний день в Украине существуют единичные 
исследования, в которых проанализированы показатели 
ранней, в том числе и госпитальной летальности, у больных 
с ППОБК [1,2], однако более длительные наблюдения ранее 
не проводились, что и послужило основанием для проведе-
ния данного исследования.

Цель исследования – определить показатели кратко- и 
долгосрочной летальности у пациентов после переломов 
проксимального отдела бедренной кости.

Материал и методы. В ретроспективном исследовании 
проанализированы данные 228 пациентов, проживающих в 
г. Львов (146 женщин и 82 мужчины), госпитализированных 
в 2005-2007 гг. в травматологическое отделение коммуналь-
ного некоммерческого предприятия «Клиническая больни-
ца скорой медицинской помощи» в связи с ППОБК. Данное 
исследование утверждено Этическим комитетом ГУ «Ин-
ститут геронтологии им. Д. Ф. Чеботарева НАМН Украины» 
(29.01.2015, протокол №1).

Информация о демографических характеристиках боль-
ных, сопутствующей патологии, локализации перелома и 
особенностях его лечения проанализирована с использова-
нием истории болезни. Данные о жизненном исходе соби-
рались трижды – в 2015, 2016 и 2017 гг. посредством теле-
фонного контакта с больными или их родственниками. При 
утере связи с пациентами в случае их смерти или отсутствия 
контакта с родственниками – по данным «Львовского город-
ского отдела государственной регистрации актов граждан-
ского состояния» с запросом о дате смерти пациента.

В исследование включены пациенты в возрасте 50 лет и 
старше (средний возраст 74,5 [64,7-80,8] лет), которые по-
лучили травму с ППОБК в быту (первичная госпитализа-
ция). Критериями исключения явились травмы вследствие 
дорожно-транспортных происшествий, патологические 
ППОБК на фоне онкологической патологии и более моло-
дой возраст больных (менее 50 лет).

В последующем анализ проводили как в общей группе, 
так и в отдельных возрастных подгруппах (50-59, 60-69, 70-
79 и 80-89 лет) в зависимости от пола больных, локализации 
перелома и тактики лечения.

Статистическую обработку полученных результатов 
проводили с использованием программы «Statistica 10.0». 
Проверка выборки на соответствие закону нормального 
распределения с помощью Shapiro-Wilk W-теста продемон-
стрировала характер распределения показателей, отличаю-
щийся от нормального, в связи с чем результаты представ-
ляли в виде медианы и нижнего и верхнего квартилей (Ме 
[25Q-75Q]). Сравнение показателей двух независимых вы-
борок проводили с использованием Mann-Whitney U-теста, 
оценку различия частот в двух независимых выборках – с 
помощью χ2 критерия. Показатели летальности рассчитыва-
ли согласно стандартной формуле (отношение числа умер-
ших с ППОБК за определённый период времени к общему 
числу лиц с ППОБК). Выживаемость пациентов оценивали 
с помощью анализа Каплана-Мейера, сравнение двух групп - с 
использованием Gehan’s Wilcoxon теста. Различия показате-
лей считали достоверными при р<0,05.

Результаты и обсуждение. Среди обследованных жен-
щины составили 64%, мужчины - 36%, средний возраст 
мужчин был достоверно меньше (мужчины – 66,7 [57,4-
78,4] лет, женщины – 77,7 [68,1-81,9] лет, Z=4,7; р<0,0001).

Средний период наблюдения за больными составил 121,3 
[30,6-143,9] мес. (143,4 [133,4-150,0] мес. для выживших па-
циентов и 49,4 [10,2-120,3] мес. - для умерших).

Возрастное распределение обследованных в общей 
структуре пациентов с ППОБК продемонстрировало боль-
шую долю молодых лиц среди мужчин и лиц старших воз-
растных групп среди женщин, что подтверждает существу-
ющие данные о возрастных особенностях ППОБК [15,17]. 
Мужчины в возрасте 50-59 лет составили 32,9%, 60-69 лет 
– 31,7%, 70-79 лет - 17,1%, 80-89 лет – 18,3%. Соответству-
ющие показатели у женщин составили 6,8%, 22,6%; 32,9% 
и 37,7%. У мужчин, как и у женщин, старших возрастных 
групп отмечена достоверно большая частота (р<0,05) ко-

10-ЛЕТНЯЯ ЛЕТАЛЬНОСТЬ У ПАЦИЕНТОВ ПОСЛЕ ПЕРЕЛОМОВ 
ПРОКСИМАЛЬНОГО ОТДЕЛА БЕДРЕННОЙ КОСТИ

1Зубач О.Б., 2Григорьева Н.В., 2Поворознюк В.В.

1Коммунальное некоммерческое предприятие «Клиническая больница скорой медицинской помощи», Львов; 
2ДУ «Институт геронтологии им. Д.Ф. Чеботарева НАМН Украины», Киев, Украина
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морбидных состояний в сравнении с группой более моло-
дых пациентов (50-69 лет).

Анализ локализации ППОБК у мужчин и женщин выявил 
некоторые особенности: у женщин наиболее часто перело-
мы были внутрисуставными и локализировались в шеечном 
отделе (54,1%), в меньшей степени – внесуставными (чрез-
вертельные - 39,7% и подвертельные - 6,2%). У мужчин ше-
ечные и чрезвертельные переломы регистрировались при-
близительно одинаково - 40,2% и 47,6%, соответственно. 
Наиболее редкой локализацией у женщин были подвертель-
ные переломы (12,2%), что согласуется с данными других 
исследователей [12].

Анализ тактики ведения пациентов показал, что опера-
тивные методы лечения использованы у 53,6% мужчин 
(50% металлоостеосинтез и 3,6% эндопротезирование та-
зобедренного сустава) и у 58,5% женщин (53,7% металло-
остеосинтез и 4,8% эндопротезирование тазобедренного 
сустава). Низкий уровень оперативной активности у паци-
ентов, госпитализированных в период 2005-2007 гг., в от-
личие от показателей, зарегистрированных в данном лечеб-
ном учреждении в 2018-2019 гг. (62,4% у мужчин и 69,5% у 
женщин), очевидно, связан с более низким показателем вне-
дрения операции эндопротезирования в предыдущие годы, 
отсутствием на тот момент государственных программ под-
держки больных с ППОБК.

Средний показатель продолжительности госпитализации 
достоверно не отличался в зависимости от пола и составил 
25,5 [12,5-43,0] дней (для мужчин – 24,5 [14-39] дней и 27,0 
[12-48] дней для женщин).

Средний возраст при поступлении для выживших был 
достоверно меньше в сравнении с показателем умерших 
к концу исследования (67,9 [60-76,8] лет и 77,9 [67,4-82,7] 
лет, соответственно; Z=4,4; р<0,0001). Средний возраст на 
момент смерти для умерших (81,2 [72,2-85,1] лет) не отли-
чался от такового выживших на момент окончания исследо-
вания (79,2 [72,8-89,4] лет).

Анализ показателей больных в зависимости от пола вы-
явил, что среди умерших средний возраст на момент смерти 
составил 81,2 [72,2-85,1] лет и был достоверно выше у жен-
щин (82,0 [72,9-86,8]) в сравнении с мужчинами (76,8 [66,3-
84,8] лет; Z=2,0; р=0,04). Средний возраст выживших на мо-
мент завершения исследования составил 79,2 [72,8-89,4] лет 
и был достоверно выше у женщин (84,5 [76,9-91,3]) в срав-
нении с мужчинами (72,8 [67,7-80,1] лет; Z=3,8; р<0,0001).

Показатели госпитальной летальности отличаются в раз-
личных исследованиях, что, по всей вероятности, связано 
с тактикой ведения больных, сопутствующими осложнени-
ями и другими факторами. Так, в исследовании R. Civinini 
[5] показатели больничной летальности составили 2,4%, 
согласно M. Gurger [6] – 11%. В исследовании украинских 
авторов, анализирующих показатели госпитальной смерт-
ности от ППОБК за 2011-2018 гг., показатель колебался в 
пределах от 5,5 до 22% в зависимости от года наблюдения 
[1]. В данном исследовании 2,6% пациентов среди умерших 
умерло в течение 30 дней, при этом показатель 30-дневной 
летальности составил 1,3%. 

Наибольшие показатели летальности после ППОБК реги-
стрируются в течение первого года после перелома, особен-
но в первые 6 мес., однако варьируют в широких пределах: 
в исследовании R. Civinini [5] показатели летальности спу-
стя год после ППОБК составили 18,7%, в исследовании M. 
Gurger [6] – 22%, I.S. Cenzer [4] – 27%, а у O. Guzon-Illescas 
[7] – 33%. В проведенном ранее исследовании украинских 

авторов [2], которые проанализировали показатели леталь-
ности у пациентов после ППОБК в течение одного года, 
продемонстрировано, что наибольшие показатели леталь-
ности отмечались в течение первых 6 мес. после перелома; 
показатели 1-летней летальности составили 18,5%. По дан-
ным многих исследователей [2,4,7,11,13], возраст, мужской 
пол и наличие сопутствующей патологии являются отрица-
тельными факторами, влияющими на показатели летально-
сти после ППОБК. Авторы [6,11] отмечают значимую роль 
своевременности оперативного вмешательства у больных с 
ППОБК, а также наличие послеоперационных осложнений.

По данным настоящего исследования, в течение 6 мес. 
после перелома умерло 23,3% пациентов, спустя 12 мес. – 
36,2%. Соответствующие показатели летальности состави-
ли 11,8% и 18,4%.

В проекте CHANCES (The Consortium on Health and 
Ageing: Network of Cohorts in Europe and United States) [8] 
с участием более чем 120 тысяч лиц из 8 когорт Европы и 
Америки изучены показатели летальности, в среднем, спу-
стя 12,6 лет после ППОБК. Авторами показано, что ППОБК 
связан с повышением уровня общей летальности в течение 
указанного периода времени (отношение рисков (HR)=2,12; 
95% доверительный интервал (ДИ) =1,76-2,57) и был не-
сколько выше у мужчин (HR=2,39; 95% ДИ=1,72–3,31) в 
сравнении с женщинами (HR=1,92; 95% ДИ=1,54-2,39) без 
достоверных различий между группами. Показатели леталь-
ности были выше в течение первого года после перелома 
(HR=2,78; 95% ДИ=2,12-3,64) и оставались повышенными 
в дальнейшем без значительных колебаний в течение более 
длительного периода наблюдения (HR=1,89; 95% ДИ=1,50-
2,37 спустя 1–4 года; HR=2,15; (95 % ДИ: 1,81-2,55) через 
4-8 лет и HR=1,79; 95% ДИ=1,57-2,05 спустя 8 и более лет 
исследования).

Исследование с использованием данных шведского реги-
стра (1013 пациентов с ППОБК 2026 лиц группы сравнения, 
находившихся под наблюдением в течение 22 лет) [18] про-
демонстрировало, что у мужчин и женщин различного воз-
раста с ППОБК показатели летальности достоверно выше в 
сравнении с показателями лиц без переломов. Риск смерти 
(risk ratio, RR) в течение всего периода наблюдения соста-
вил у женщин 1,8 (95% ДИ=1,6-2,0), у мужчин – RR=2,7 
(95% ДИ=2,1–3,3). Данный показатель уменьшался с 4,6 
(95% ДИ: 3,5-6,1) через год после перелома до 2,2 (95% ДИ: 
1,9-2,5) через 5 лет и до 1,9 (95% ДИ: 1,7-2,1) через 15 лет 
после ППОБК. Соответствующие показатели у мужчин со-
ставили 5,7 (95% ДИ: 3,7-8,9), 3,1 (95 % ДИ: 2,4-4,1) и 2,8 
(95% ДИ: 2,2-3,5).

В проводимом исследовании в течение 5 лет от момента 
перелома умерло 73,0%, а через 10 лет – 95,7% пациентов. 
Соответствующие показатели летальности составили 36,8% 
и 48,2%, что подтверждает результаты других ранее прове-
денных исследований.

На момент окончания исследования умерло 64,5% па-
циентов (мужчины – 64,6%, женщины 64,4%). Показатели 
летальности среди мужчин в возрастной группе 50-59 лет 
составили 51,9%, 60-69 лет – 57,7%, 70-79 лет – 64,3% и 
80-89 лет – 100,0%. Соответствующие показатели у женщин 
составили 40,0%, 48,5%, 65,3% и 77,8%. Показатели ле-
тальности не отличались у мужчин и женщин в возрастных 
группах 50-79 лет и лишь в группе 80-89 лет были достовер-
но выше у мужчин (χ2=4,0; р=0,045).

В ранее проведенных исследованиях украинских авторов 
[3] продемонстрировано, что показатели летальности по-
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сле ППОБК отличаются в зависимости от вида перелома и 
метода лечения. Среди умерших 26,4% были с чрезвертель-
ными и подвертельными переломами, 73,6 - с переломами 
шейки бедренной кости [3]. В нашем исследовании досто-
верных различий показателей летальности в зависимости от 
локализации перелома не получено.

Анализ показателей выживаемости с помощью теста Ка-
плана-Мейера больных с ППОБК представлен на рис. 1. 
Различий выживаемости в зависимости от пола, вида пере-
ломов и методов консервативного лечения достоверных раз-
личий между группами за исключением пациентов моложе 
и старше 70 лет (p = 0,004 согласно тесту Gehan’s Wilcoxon, 
рис. 2) не выявлено.

Рис. 1. Кривая выживаемости у мужчин и женщин с пе-
реломом проксимального отдела бедренной кости

Рис. 2. Кривая выживаемости у пациентов с переломом 
проксимального отдела бедренной кости

Выводы. Долгосрочное изучение показателей леталь-
ности у пациентов с ППОБК выявило, что показатели го-
спитальной летальности составили 1,3%, 6-месячной, 1-, 
5- и 10-летней летальности, 11,8%, 18,4%, 36,8% и 48,2%, 
соответственно. Показатели летальности у мужчин выше в 
сравнении с показателями женщин лишь в возрастной груп-
пе 80-89 лет, при этом достоверных отличий летальности в 
зависимости от вида переломов не выявлено. Показатели 
выживаемости не отличались в зависимости от пола, вида 

перелома и были достоверно выше (р=0,004) в группе боль-
ных старше 70 лет в сравнении с более молодыми пациен-
тами.
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SUMMARY

10-YEAR MORTALITY IN PATIENTS AFTER HIP 
FRACTURES

1Zubach O., 2Grygorieva N., 2Povoroznyuk V.

1Community non-profit enterprise “Clinical Hospital of Emer-
gency Medical Care”, Lviv; 2SI “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.

РЕЗЮМЕ

10-ЛЕТНЯЯ ЛЕТАЛЬНОСТЬ У ПАЦИЕНТОВ ПОСЛЕ 
ПЕРЕЛОМОВ ПРОКСИМАЛЬНОГО ОТДЕЛА БЕ-
ДРЕННОЙ КОСТИ

1Зубач О.Б., 2Григорьева Н.В., 2Поворознюк В.В.

1Коммунальное некоммерческое предприятие «Клиническая 
больница скорой медицинской помощи», Львов; 2ДУ «Ин-
ститут геронтологии им. Д.Ф. Чеботарева НАМН Укра-
ины», Киев, Украина

Цель исследования – изучить показатели кратко- и долго-
срочной летальности у пациентов после переломов прокси-
мального отдела бедренной кости. 

В ретроспективном исследовании проанализированы 
данные 146 женщин и 82 мужчин в возрасте 50 лет и стар-
ше, средний возраст - Ме [25Q-75Q]:74,5[64,7-80,8] лет, 
госпитализированных в 2005-2007 гг. в связи с переломом 
проксимального отдела бедренной кости (ППОБК). Дан-
ные о жизненном исходе собирались трижды - 2015, 2016 
и 2017 гг., посредством телефонного контакта с больны-
ми или их родственниками. Анализ проведен с учетом 
возраста, пола, вида перелома, наличия сопутствующей 
патологии. Средний период наблюдения за больными со-
ставил 121,3 [30,6-143,9] мес. (143,4 [133,4-150,0] мес. 
для выживших пациентов и 49,4 [10,2-120,3] мес. для 
умерших). Женщины составили 64% от всех пациентов 
с ППОБК и были достоверно старше мужчин. Средний 
возраст на момент смерти составил 81,2 [72,2-85,1] лет и 
был достоверно выше у женщин (82,0 [72,9-86,8]) в срав-
нении с мужчинами (76,8 [66,3-84,8] лет; Z=2,0; р=0,04), 
однако не отличался от показателя выживших на момент 
окончания исследования (79,2 [72,8-89,4] лет). Показа-
тели госпитальной летальности составили 1,3%, 6-ме-
сячной, 1-, 5- и 10-летней летальности – 11,8%, 18,4%, 
36,8% и 48,2%, соответственно. У мужчин в возрастной 
группе 80-89 лет показатели летальности были выше; до-
стоверных отличий в летальности в зависимости от вида 
переломов не выявлено. Показатели выживаемости не за-
висели от пола и вида перелома и были достоверно выше 
(р=0,004) в группе больных старше 70 лет.

reziume

pacientebis 10-wliani letaloba barZayis Zvlis 
proqsimaluri nawilis motexilobis Semdeg

1o.zubaCi, 2n.grigorieva, 2v.povorozniuki

1saswrafo samedicino daxmarebis klinikuri sa-
avadmyofo, lvovi; 2d. Cebotariovis saxelobis 
gerontologiis instituti, kievi, ukraina

kvlevis mizans warmoadgenda mokle- da grZel-
vadiani letalobis maCveneblebis Sefaseba paci-
entebSi barZayis Zvlis proqsimaluri nawilis 
motexilobis Semdeg.
retrospeqtul kvlevaSi gaanalizebulia 50 

wlis da meti asakis, saSualo asaki - Ме [25Q-
75Q]): 74,5 [64,7-80,8] weli, 146 qalis da 82 mamaka-
cis monacemebi, romelnic 2005-2007  ww. hospita-
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lizebuli iyvnen barZayis Zvlis proqsimaluri 
nawilis motexilobis Semdeg. monacemebi sicocx-
lis gamosavlis Sesaxeb Sekrebil iyo samjer 
– 2015, 2016 da 2017  ww., satelefono kontaqtiT 
pacientebTan an maT naTesavebTan. analizi Ca-
tarda asakis, sqesis, motexilobis saxeobis, Tan-
mxlebi paTologiis arsebobis gaTvaliswinebiT. 
pacientebze dakvirvebis saSualo periodma Sead-
gina 121,3 [30,6-143,9] Tve: 143,4 [133,4-150,0] Tve _ ga-
darCenili pacientebisaTvis, 49,4 [10,2-120,3] Tve _ 
gardacvlilebisaTvis. qalebma Seadgines yvela 
pacientis 64% da sarwmunod meti asakis iyvnen ma-
makacebTan SedarebiT. saSualo asakma gardacva-
lebis momentisaTvis Seadgina 81,2 [72,2-85,1] weliE 
da sarwmunod meti iyo qalebSi (82,0 [72,9-86,8]), 
mamakacebTan SedarebiT (76,8 [66,3-84,8] weli; Z=2,0; 

р=0,04), Tumca, kvlevis dasrulebis momentisaTvis 
ar gansxvavdeboda gadarCenilTa maCveneblebisagan 
(79,2 [72,8-89,4] weli.
saSualo asaki gardacvalebis momentisaT-

vis iyo 81,2 [72,2-85,1] weli da sarwmunod ufro 
maRali iyo qalebSi. hospitaluri letalo-
bis maCvenebelma Seadgina 1,3%, 6-Tviani, 1-, 5- da 
10-wliani letalobisa _ 11,8%, 18,4%, 36,8% da 
48,2%, Sesabamisad. 80-89 wlis asakis mamakacebSi 
letalobis maCvenebeli meti iyo, amasTan, leta-
lobaSi sarwmuno gansxvaveba motexilobis saxeo-
basTan damokidebulebiT ar gamovlinda. gadar-
Cenis maCveneblebi ar aRmoCnda damokidebuli 
sqessa da motexilobis tipze da sarwmunod 
ufro maRali iyo (р=0,004) 70 welze meti asakis 
pirTa jgufSi.

STUTTERING: INITIATING FACTORS, EVOLUTION, HEALING PERSPECTIVES

1Zenaishvili M., 2Japaridze Sh., 3Tushishvili A., 1 Davitashvili O., 1Kevanishvili Z. 
 

1National Centre of Audiology; 2National Centre of Otorhinolaryngology; 
3Georgian Technical University, Archil Eliashvili Institute of Control Systems; Tbilisi, Georgia

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; 

(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; (e) 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; 
(l) 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 

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 
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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 crèche 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 

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-

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 rhythmic 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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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 

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.
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ЗАИКАНИЕ: ПРОВОЦИРУЮЩИЕ ФАКТОРЫ, ТЕЧЕ-
НИЕ, ПЕРСПЕКТИВЫ ИЗЛЕЧЕНИЯ
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Несмотря на широкую распространенность, по сей день в 
Грузии не было научной публикации по заиканию. В пред-
ставленной работе охарактеризована данная патология. По-
ясняется, что заикание отражает нарушения темпа и ритма 
речи, продуцируемые конвульсивного типа непроизволь-
ными сокращениями артикуляционных мыщц. Подчерки-
вается, что феномен бывает наследственным или приоб-
ретенным. Перечислены факторы, провоцирующие недуг: 
осложнения беременности и/или родов, тяжело протекаю-
щие и/или частые соматические заболевания, отставание в 
формировании речи, конфликтные ситуации в семье. Сим-
птомы заикания делятся на физические и психологические. 
Физические проявляются в спазмах мышц, вовлеченных 
в речеобразовании, психологические - в фобиях. Диффе-
ренцированы невротические и неврозоподобные типы за-
икания. Невротические возникают на фоне психических 
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расстройств, связать же неврозоподобные с каким-либо 
конкретным фактором сложно или невозможно. Подчер-
кивается, что лечение заикания требует применения педа-
гогических и медицинских средств и предусматривает 
психотерапию, улучшение бытовых условий пациента и 
санацию всего его организма, в первую очередь, нервной 
системы. Декларирована необходимость лечения сопут-
ствующих заболеваний. Заявляется, что психотерапия 
направлена на блокирование когнитивных сдвигов, це-
лью же логопедии является обеспечение синхронного и 
корректного функционирования голосового, артикуляци-
онного, дыхательного аппаратов заики. Особое внимание 
уделяется регулированию логоритмики. Задачей речевых 
упражнений объявляется нормализация активности слу-
хо-речевого мозгового центра. Достижения, зафиксиро-
ванные в логосеансах, распространяются на жизненные 
ситуации. Указывается, что существенным моментом 
преодоления недуга является создание благоприятной 
социальной среды вокруг заики. Подчеркивается важ-
ность систематики лечебных процедур: частые и/или 
длительные межпроцедурные паузы могут стать причи-
ной ремиссии патологии. Именно планомерное лечение и 
вовлечение родителей и других членов семьи в процессы 
габилитации/регабилитации являются основными факто-
рами желаемого исхода.	

reziume

enabluoba: gamomwvevi faqtorebi, mimdinareoba, 
gankurnebis perspeqtivebi

1m. zenaiSvili, 2S. jafariZe, 3a. TuSiSvili, 
1o. daviTaSvili, 1z. qevaniSvili 

1audiologiis erovnuli centri; 2otorinola-
ringologiis erovnuli centri; 3saqarTvelos teq-
nikuri universiteti, arCil eliaSvilis sax. mar-
Tvis sistemebis instituti; Tbilisi, saqarTvelo

enabluobis farTo gavrcelebulobis miuxeda-
vad, sadReisod saqarTveloSi ar yofila gamo-
qveynebuli samecniero naSromi am Tematikaze. 
winamdebare publikaciaSi paTologiis Sesaxeb 
arsebuli Sexedulebebi aris Sejerebuli da mra-
valwliani sakuTari gamocdileba ganzogadoebu-
li. ganmartebulia, rom enabluoba sametyvelo 

aparatis kunTTa konvulsiuri tipis uneblie 
SekumSvebiT inicirebul metyvelebis tempisa da 
ritmis darRvevebs warmoadgens. xazgasmulia, rom 
fenomeni Tandayolili SeiZleba iyos da SeZeni-
li. CamoTvlilia enabluobis maprovocirebeli 
faqtorebi: garTulebuli orsuloba da/an mSo-
biaroba, mZimed mimdinare da/an xSiri somaturi 
daavadebebi, metyvelebis ganviTarebaSi Camor-
Cena, daZabuli socialuri garemo. miniSnebulia, 
rom enabluobis fizikuri simptomokompleqsi 
metyvelebis procesSi CarTul kunTTa spazmebs, 
xolo fsiqologiuri _ fobiebs moicavs. diferen-
cirebulia enabluobis nevrozuli da nevrozis-
magvari formebi. nevrozuli fsiqodarRvevebis 
fonze viTardeba, nevrozis magvaris dakavSireba 
romelime konkretul faqtorTan xSirad rTuli 
an SeuZlebelia. xazgasmulia, rom enabluobis 
mkurnaloba saswavlo-pedagogiur da samedici-
no proceduraTa CarTulobas, mTeli organiz-
mis, upirveles yovlisa, nervuli sistemis sana-
cias, fsiqoTerapias, enablus yofiTi pirobebis 
normalizacias isaxavs miznad. deklarirebulia 
enabluobasTan asocirebul somatur daavade-
baTa mkurnalobis aucilebloba. gacxadebulia, 
rom logopedia enablus saxmo, saartikulacio, 
sasunTq sistemaTa racionaluri moqmedebebis 
formirebisken, xolo fsiqoTerapia - mentalur 
darRvevaTa blokirebisken aris mimarTuli. ha-
bilitaciis/rehabilitaciis procesSi logorit-
mikis koreqcias eqceva gansakuTrebuli yuradRe-
ba. vokaluri varjiSebi metyvelebis sistemis 
hemisferuli warmomadgenlobis funqciis nor-
malizacias emsaxureba. logoseansebis miRweve-
bi cxovrebiseul situaciebSi gadaitaneba Tan-
daTan. miTiTebulia, rom enabluobis blokirebis 
procesSi arsebiT moments keTilganwyobili 
socialuri garemoTi enablus uzrunvelyofa 
warmoadgens. xazgasmulia metyvelebis sahabili-
tacio/sarehabilitacio RonisZiebaTa uwyvetobis 
mniSvneloba: procedurebs Soris xSir da/an xan-
grZliv pauzebs paTologiis remisiebi SeiZle-
ba sdevdes Tan. dadebiT SedegTa mosapoveblad 
mniSvnelovan faqtors procedurebis kompleqsTa 
sistematuri moxmoba da moxmobilebSi mSobelTa 
da ojaxis sxva wevrTa aqtiuri CarTuloba war-
moadgens.
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 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-β, 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-α 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 I 
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 

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 CD40, 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 CD8 + 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-β 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 
naïve 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 naïve 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-β1, 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 Th1 types of cytokines, 
IFN-γ, IL-12, TNF-α, 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-γ 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-β1 and VEGF [15,16]. Compared to the control group, in 
patients with oral and oropharyngeal cancer, a 5-fold increase in 
TNF-α 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].

 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), TGFβ, 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-α 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 
naïve 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], a lack of IL-2 and / or IFN-γ [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-α 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 IL-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-ζ (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+ Perforin+) and NK cells with the CD45+ CD16+ Per-
forin+ phenotype, which is the evidence of increased activity 
of the effector immunity. Indicators of the latest increased due 

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-γ 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 Tr1 
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 type1 
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. Tr1 produces IL-10 and TGF-β1. 
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 HMGB1 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 оr 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-γ and 
TNF-α, 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-β1 that reduces the expression of NK-cell recep-
tors (NKG2D is the primary cytotoxicity receptor), and CD16 
(or Fcγ-receptor (Fcγ-R) III), suppressing the biological func-
tions of NK cells [13]. The Fcγ receptor (Fcγ-R) III 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 

[11]. Tumor cells of the oral cavity and oropharynx can involve 
macrophages through secretion of monocytic chemotactic pro-
tein-1 (MCP-1) and TGF-β1. Then the macrophages secrete 
VEGF and IL-8, TNF-α 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 IFN-γ and antibodies 
to it, however, the way of its affecting is still being investigated.

 Changes in TNF-α and IFN-γ on the salivatory level are also 
not detected, but the antibody level decreases to IFF-α 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-α in 
blood, TNF-α and INF-γ 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, CD8, 
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 
C5 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/l, 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, IgG 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-β), 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

1Hirna H., 1Kostyshyn I., 2Rozhko M., 3Levandovskyі R., 
3,4Nakashidze G.

Ivano-Frankivsk National Medical University, 1Department of 
Oncology; 2Educational and Scientific Institute of Postgraduate 
Education, Department of Dentistry; 3Bukovinian State Medical 
University, Department of Orthopedic Dentistry; 4Uzhgorod 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 Th1 
/ Th2 cytokine types and increased levels of Tregs. Among Th1 
types of cytokines - IFN-γ, IL-12, TNF-α, the levels of which are 
reduced, and Th2-cytokines - IL-4, IL-10 - are increased, while 
the norm is the opposite.

 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), TGFβ, 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-α 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.

РЕЗЮМЕ 

АНАЛИЗ ИММУНОЛОГИЧЕСКИХ ИЗМЕНЕНИЙ И 
ИХ РОЛЬ В РАЗВИТИИ РАКА ПОЛОСТИ РТА И РО-
ТОГЛОТКИ (ОБЗОР)

1Гирна Г.А., 1Костышин И.Д., 2Рожко М.М., 
3Левандовский Р.А., 3,4Накашидзе Г.Н.

Ивано-Франковский национальный медицинский универ-
ситет, 1кафедра онкологии, 2Учебно-научный институт 
последипломного образования, кафедра стоматологии; 
3Буковинский государственный медицинский университет, 
кафедра ортопедической стоматологии; 4ГВУЗ «Ужгород-
ский национальный университет, Украина

Многочисленные исследования состояния иммунной систе-
мы у онкостоматологических больных на клеточном и молеку-
лярном уровнях свидетельствуют о стойком нарушении при-
родных и приобретенных механизмов иммунной защиты.

 В статье раскрыты изменения в иммунной системе боль-
ных раком полости рта и ротоглотки. Определено, что уровни 
цитокинов IL-6, IL-10, HGF и VEGF в высокой концентрации 
в сыворотке крови больных указывают на неудовлетворитель-
ный прогноз лечения, являются показателями низкой выжи-
ваемости и коррелируют с рецидивом. Клетки иммунитета 
обеспечивают сложную систему защиты через цитокины. 
Воспалительный компонент микросреды опухоли полости 
рта и ротоглотки играет значимую роль в иммунном ответе, 
поскольку основным его компонентом являются иммуноде-
прессивные цитокины. Уровни Th1 цитокинов - IFN-γ, IL-12, 
TNF-α понижены, а Th2-цитокины - IL-4, IL-10 - повышены, 
тогда как в норме показатели противоположны.
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 Опухоль использует различные механизмы для индук-
ции изменений в системе во избежание иммунного ответа 
на ее развитие, в частности злокачественная клетка полости 
рта или ротоглотки путем выработки фактора роста эндо-
телия сосудов (VEGF), простагландина Е2 (PGE2), TGFβ, 
IL-6 и IL-10 подавляет иммунный ответ. Опухолевая среда 
высвобождает провоспалительные медиаторы, в том числе 
такой рецептор как IL-15 alpha subunit (IL15RA), который в 
сочетании с IL-15 осуществляет усиленный синтез провос-
палительных цитокинов - IL-6, TNF-α и IL-17, влияет на не-
достаточность иммунного ответа и соответственно низкий 
прогноз выживаемости.

 Установлено, что у больных раком полости рта и рото-
глотки количество NK-клеток понижено, соответственно 
возникает низкий контроль iNKT опухолевых клеток в ре-
гионарном коллекторе, что коррелирует с низкими показа-
телями выживаемости.

 Повышенная концентрация дендритных клеток в кро-
ви коррелирует с позитивным прогнозом и большой вы-
живаемостью больных раком полости рта и ротоглотки, 
уменьшением метастазирования в шейные лимфатиче-
ские узлы.

Эффективный противоопухолевый иммунный ответ 
включает множество компонентов иммунной системы, од-
нако Т-клетки остаются самыми значимыми клетками, уча-
ствующими в противоопухолевом иммунитете. Поэтому 
T-клеточные дефекты снижают эффективность противоопу-
холевого иммунитета. CD4 + CD25 + T-клетки играют цен-
тральную роль в инициировании и поддержке иммунного 
ответа. Наличие в большом количестве вышеуказанных и 
CD4 + CD69 +, CD3 + Т-клеток связано с хорошим прог-
нозом. 
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imunologiuri cvlilebebis analizi da maTi 
roli piris Rrus da pirxaxis kibos ganviTare-
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onkostomatologiuri avadmyofebis imunuri 
sistemis mdgomareobis ujredul da molekulur 
doneze Catarebuli mravali kvleva miuTiTebs 

imunuri dacvis bunebrivi da SeZenili meqa-
nizmebis mdgrad darRvevaze.
statiaSi aRwerilia piris Rrus da pirxaxis 

kiboTi pacientebis imunuri sistemis cvlilebe-
bi. dadginilia, rom maRali donis koncentraciis 
citokinebis IL-6, IL-10, HGF da VEGF arseboba pa-
cientTa sisxlis SratSi miuTiTebs mkurnalobis 
aradamakmayofilebel prognozze, warmoadgens 
dabali gadarCenis maCvenebels da korelaciaSia 
recidivTan. imunuri ujredebi uzrunvelyofen 
citokinebis meSveobiT dacvis kompleqsur siste-
mas. piris Rrus da pirxaxis simsivnis mikrogare-
mos anTebiTi komponenti mniSvnelovania imunuri 
reaqciis dros, vinaidan mis ZiriTad Semadgenels 
warmoadgens imunosupresiuli citokinebi. Th1 
tipis citokinebs Sorisaa IFN-γ, IL-12, TNF-α, 
romelTa done daqveiTebulia da Th2-citokinebi 
- IL-4, IL-10, romelTa done momatebulia, xolo nor-
maSi es maCveneblebi sapirispiroa.
piris Rrus an pirxaxis avTvisebiani ujredi 

Trgunavs imunur pasuxs sisxlZarRvTa endoTe-
liumis zrdis faqtoris (VEGF), prostaglandi-
nis E2 (PGE2), TGFβ, IL-6 da IL-10 warmoqmniT. sim-
sivnis garemo gamoyofs anTebissawinaaRmdego 
mediatorebs, maT Soris iseT receptors, rogori-
caa IL-15 alpha subunit (IL15RA), romelic IL-15- Tan 
erTad axorcielebs anTebissawinaaRmdego cito-
kinebis - IL-6, TNF-α da IL-17 gaZlierebul sinTezs, 
gavlenas axdens imunuri pasuxis deficitze da, 
Sesabamisad, gadarCenadobis dabal prognozze.
aRmoCnda, rom piris Rrus da pirxaxis kiboTi 

daavadebul pacientebSi NK ujredebis raodeno-
ba Semcirebulia; Sesabamisad, regionul koleq-
torSi vlindeba simsivnis ujredebis dabali 
iNKT kontroli, rac korelaciaSia gadarCenado-
bis dabal maCveneblebTan.
dendrituli ujredebis momatebuli koncen-

tracia sisxlSi kavSirSia piris Rrus da pirxa-
xis kibos mqone pacientebis dadebiT prognozTan 
da gadarCenis maRal maCvenebelTan da kisris 
limfur kvanZebSi metastazirebis SemcirebasTan.
efeqturi simsivnissawinaaRmdego imunuri pa-

suxi moicavs imunuri sistemis mraval kompo-
nents, Tumca T-ujredebi rCebian umniSvnelovanes 
ujredebad, romlebic monawileoben simsivnis 
sawinaaRmdego imunitetSi. amitom, T ujredebis 
defeqtebi amcirebs simsivnissawinaaRmdego imu-
nitetis efeqturobas. CD4 + CD25 + T ujredebi 
centralur rols asruleben imunuri pasuxis 
inicirebasa da SenarCunebaSi. maTi da didi ra-
odenobiT CD4 + CD69 +, CD3 + T- ujredebis gamov-
lena karg prognozs ukavSirdeba. 
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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 
earlier 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]. 

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 
TMJ 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 QUЕALITY OF LIFE (REVIEW)

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

Ivane Javakhishvili Tbilisi 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-

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.

РЕЗЮМЕ

ПРЕВАЛЕНТНОСТЬ И ОПРЕДЕЛЕНИЕ РИСК-
ФАКТОРОВ БРУКСИЗМА В ПОПУЛЯЦИИ ДЕТЕЙ 
И ПОДРОСТКОВ И ЕГО ВЛИЯНИЕ НА КАЧЕСТВО 
ЖИЗНИ (ОБЗОР)

Цитадзе Т.Г., Путуридзе С.Д., Ломидзе Т.Ш., 
Маргвелашвили В.В., Каландадзе М.Н. 

Тбилисский государственный университет им. И. Джава-
хишвили, Грузия

В последние годы бруксизм является актуальной и спор-
ной темой во всем мире. Со временем меняется как его 
вызывающие причины, так и классификация и методы ле-
чения. В обзоре обсуждаются возможные риск-факторы 
развития бруксизма в детском и в взрослом возрасте, его па-
тологические результаты, влияющие на здоровье и качество 
жизни человека.

Литературный обзор основан на данных «ScienceDirect», 
«Scopus» и «PubMed» за последние 5 лет. Отобрана 31 на-
учная релевантная статья на английском языке. 

Бруксизм – психофизиологическое нарушение, которое 
проявляется скрипом зубов, вызывая целый ряд неудобств: 
боль в области лица, чувство напряжения в области плеч, 
неполноценный сон, нарушение функционирования височ-
но-нижнечелюстных суставов, стираемость зубов, воспале-
ние десен, боль в области уха. Данные симптомы отрица-
тельно влияют на качество жизни человека.

На сегодняшний день разработано множество методов 
лечения бруксизма, однако ввиду разнообразия вызываю-
щих бруксизм факторов какого-либо уникального метода 
его лечения не имеется. Методами лечения бруксизма яв-
ляются медикаментозное лечение, электростимуляция и 
сплинт-терапия. Результаты проведенных аналитических 
работ диктуют необходимость продолжения исследований 
по разработке уникального, всестороннего и полноценного 
метода лечения бруксизма.
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reziume 

bruqsizmis prevalentobisa da risk-faqtorebis 
gansazRvra bavSvTa da mozardTa populaciaSi 
da misi gavlena cxovrebis xarisxze (mimoxilva)

T.wiTaZe, s.fuTuriZe, T.lomTaZe, v.margvelaSvili, 
m.kalandaZe

i.javaxiSvilis sax. Tbilisis saxelmwifo uni-
versiteti, saqarTvelo

bolo wlebis ganmavlobaSi bruqsizmi metad aq-
tualuri da sakamaTo Tema gaxda mTeli msoflio 
masStabiT. droTa ganmavlobaSi icvleba, rogorc 
misi gamomwvevi mizezebi, aseve klasifikaciebi da 
mkurnalobis meTodebi. mimoxilvaSi ganxilulia 
yvela SesaZlo risk faqtorebi, romlebic kav-
SirSia bruqsizmis ganviTarebasTan bavSvebsa da 
mozardebSi, aseve, maTi zegavlena adamianis jan-
mrTelobasa da cxovrebis xarisxze.
literaturuli mimoxilva efuZneba “Science Di-

rect”, “Scopus” da “PubMed” monacemTa bazebs, kerZod 
samecniero naSromebs inglisur enaze, da gamo-
qveynebulia bolo 5 wlis ganmavlobaSi. ganxi-
lulia 31 statia.
bruqsizmi aris fsiqofiziologiuri dar-

Rveva, romelic gamoixateba dRisiT an da RamiT 
kbilebis kraWuniT, iwvevs mTel rig problemebs: 
tkivils saxis da mxrebis areSi daWimulobis Se-
grZnebas, arasrulfasovan Zils, kbilebis magari 
qsovilis cveTas, kbilebis moryevas, safeTqel-
qveda ybis saxsris funqcionirebis darRvevas, 
RrZilebis anTebas, tkivils safeTqlis areSi, Ta-
vis tkivils, rac uaryofidad moqmedebs adamianis 
cxovrebis xarisze.
sadReisod SemuSavebulia bruqsizmis sam-

kurnalo uamravi meTodi. gamomwvevi mizeze-
bis mravalferovnebis gamo ar arsebobs raime 
unikaluri meTodi mis samkurnalod. eqimTan 
konsultaciebi, medikamentebisa da eleqtro 
stimulaciis gamoyeneba da splint-Terapia 
warmoadgens sxvadasxva gzas bruqsizmTan sa-
brZolvelad.

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 spontaneously 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 

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 liq-
uid” (original name “Tiefenfluorid”, Humanchemie, Germany), 
“FluoroLux” (TechnoDent, Russia), “InnoDent” (PLC, “Inno-
Dent”, Kazakhstan) and ClinproTM XT Varnish (3M ESPE, Ger-
many) in treatment of focal demineralization. 



40

	
МЕДИЦИНСКИЕ НОВОСТИ ГРУЗИИ

CFMFHSDTKJC CFVTLBWBYJ CBF[KTYB

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. 

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 is 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 ClinproTM 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 (CliekerTM) 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. 3 The results of the vital staining of focal demineralization in the group before and after the biomineralization “InnoDent”.

 

Fig. 4 The results of the vital staining of focal demineralization 
in the group before and after the remineralization “ClinproTMXT Varnish”

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

Groups Periods of
observation Median (25%;75%)

Significance of difference 
on observation stages in the 

groups in 3 months

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

Liquid
before 21 (18;23)

р*=0.000002
p2=0.56 p3=0.365 p4=0.449

3 months 10 (9;11) p2=0.134 p3*=0 p4*=0

Deep 
fluoroe

before 21 (18;24)
р*=0.000002

p1=0.56 p3=0.15 p4=0.21
3 months 11 (10;11) p1=0.134 p3*=0 p4*=0

Biominer-
alization

before 21 (19;24)
р*=0.000002

p1=0.365 p2=0.15 p3=0.935
3 months 14 (14;15) p1⃰=0 p2⃰=0 p3=0 

Clin
 Pro

before 21 (18;24)
р*=0.000002

p1=0.449 p2=0.21 p3=0.935
3 months 13 (12;15) p1*=0 p2*=0 p3*=0

p* - statistically significant difference is taken at р<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 

in 3 months than in the groups in which the biomineralization 
procedure was performed with “InnoDent” and remineralization 
with “ClinproTM 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 “ClinproTM  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 “ClinproTM 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 “ClinproTM 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

Groups Periods of
observation

Median 
(25%;75%)

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

Liquid
before 6 (6;8)

р*=0.000002

p2=0.686
p3=0.842
p4=0.485

3 months 3(2;4)
p2=0.169

p3*=0
p4*=0.000002

Deep fluoroe
before 6 (6;8)

р*=0.000002

p1=0.686
p3=0.84
p4=0.76

3 months 3 (2;3)
p1=0.169

p3*=0
p4*=0.000047

Biominer-
alization

before 6 (6;8)

р*=0.000002

p1=0.842
p2=0.84
p4=0.615

3 months 4 (4;5)
p1⃰=0
p2⃰=0

p4=0.000001

Clin
 Pro

before 6.5 (6;8)

р*=0.000002

p1=0.485
p2=0.76
p3=0.615

3 months 3 (3;4)
p1*=0.000002
p2*=0. 000047
p3*=0.000001

p* - statistically significant difference is taken at р<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 

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-
proTM 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.

РЕЗЮМЕ

СРАВНИТЕЛЬНАЯ ОЦЕНКА КЛИНИЧЕСКОЙ ЭФ-
ФЕКТИВНОСТИ СОВРЕМЕННЫХ РЕМИНЕРАЛИ-
ЗИРУЮЩИХ ПРЕПАРАТОВ В ЛЕЧЕНИИ КАРИЕСА 
ЭМАЛИ (ФОКУСНАЯ ДЕМИНЕРАЛИЗАЦИЯ)

Соловьева З.В., Запорожская-Абрамова Е.С., 
Адамчик А.А., Гущин А.А., Рисованный С.И., 
Манукян И.А.

ФГБОУ ВО «Кубанский государственный медицинский уни-
верситет» МЗ РФ, Россия

Изучение концепции реминерализации зубочелюстной 
системы является актуальным научно-исследовательским 
направлением. 

Целью исследования явилась оценка клинической эффек-
тивности применения современных реминерализующих 
режимов, применяемых в лечении очаговой деминерали-
зации, в частности «Enamel-sealing liquid» («Tiefenfluorid», 
Humanchemie, Германия), «FluoroLux» (ТехноДент, Россия), 
«InnoDent» (PLC, «InnoDent» Казахстан) и ClinproTM XT 
Varnish (3M ESPE, Германия). 

 Статистическая обработка и детализированная оценка 
полученных данных выявила, что в группе пациентов с при-
менением «Enamel-sealing liquid» и «FluoroLux» скорость 
витального окрашивания была значительно ниже, чем в 
группах, в которых процедура биоминерализации прово-
дилась при помощи «InnoDent» и реминерализации при 
помощи «ClinproTM XT Varnish». В группах пациентов, 
прошедших реминерализацию с помощью «ClinproTM XT 
Varnish», показатель витального окрашивания был значи-
тельно ниже в сравнении с данными после биоминерализа-
ции «InnoDent».

Получены данные выявили эффективность применения 
«InnoDent», однако авторы рекомендуют проведение более 
обширных исследований в этом направлении.

reziume

Tanamedrove maremineralizebeli preparatebis 
klinikuri efeqturobis SedarebiTi Sefaseba 
minanqris kariesis mkurnalobaSi (fokusuri de-
mineralizacia)

z.soloviova, e.zaporoJskaia-abramova, a.adamCiki, 
a.guSCini, s.risovanni, i.manukiani

kubanis saxelmwifo samedicino universiteti, ru-
seTis federacia

yba-kbilTa sistemis remineralizaciis koncef-
ciis Seswavla warmoadgens aqtualur samecniero-
kvleviT mimarTulebas. kvlevis mizans warmoadgen-
da im Tanamedrove maremineralizebeli reJimebis 
klinikuri efeqturobis Sefaseba, romlebic gamoi-
yeneba kerovani demineralizaciis mkurnalobaSi, 
magaliTad, “Enamel-sealing liquid” («Tiefenfluorid», Hu-
manchemie, germania), «FluoroLux» (teqnodenti, ruseTi), 
«InnoDent» (PLC, «InnoDent», yazaxeTi) da ClinproTM XT 
Varnish (3M ESPE, germania).
miRebuli Sedegebis statistikuri damuSavebiT 

da detaluri SefasebiT gamovlinda, rom pacien-
tebSi, romlebic iyenebdnen «Enamel-sealing liquid»-s 
da «FluoroLux»-s, vitaluri SeRebvis siCqare iyo 
mniSvnelovnad naklebi, vidre jgufebSi, sadac 
bioremineralizacia tardeboda «InnoDent»-iT, 
remineralizacia ki - «ClinproTM XT Varnish»-iT. 
pacientebis jgufebSi, romlebSic reminerali-
zacia Catarda «ClinproTM XT Varnish»-iT vitalu-
ri SeRebvis siCqare iyo mniSvnelovnad naklebi, 
«InnoDent»-iT bioremineralizaciasTan SedarebiT.
miRebuli SedegebiT gamovlinda «InnoDent»-is 

gamoyenebis efeqturoba, Tumca, avtorebi reko-
mendebulad Tvlian farTo kvlevebis Catarebas 
am mimarTulebiT.
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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 

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 (µV) 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 (µV, P<0,001) of mastica-
tory muscles, right and left temporalis and right and left mas-
seter, in nasal and oronasal breathing modes. 

ELECTROPHYSIOLOGICAL CORRELATES OF MASTICATORY MUSCLES 
IN NASAL AND ORONASAL BREATHING MODES

1,2,3Bakradze A., 1Vadachkoria Z., 2Kvachadze I.

Tbilisi State Medical University, 1Department of Maxillofacial Surgery and Surgical Dentistry for Children and Adolescents, 
2Department of Physiology, 3Dental Clinic and Training-Research Center “UniDent”, Georgia
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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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Table 1. Indicators of electromyographic activity of right and left temporalis and masseter muscles 

Mode of breathing Right temporalis Left temporalis Right masseter Left masseter

Nasal 188 ±4,3 µV 191±4,0 µV 185 ±3,3 µV 186 ±3,9 µV

Oronasal 150±3,3 µV 140±2,3 µV 87±2,9 µV 90 ±3,0 µV
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SUMMARY

ELECTROPHYSIOLOGICAL CORRELATES OF MAS-
TICATORY MUSCLES IN NASAL AND ORONASAL 
BREATHING MODES
1,2,3Bakradze A., 1Vadachkoria Z., 2Kvachadze I.

Tbilisi State Medical University, 1Department of Maxillofacial 
Surgery and Surgical Dentistry for Children and Adolescents, 
2Department of Physiology, 3Dental Clinic and Training-Re-
search Center “UniDent”, Georgia

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.

РЕЗЮМЕ

ЭЛЕКТРОФИЗИОЛОГИЧЕСКИЕ КОРРЕЛЯТЫ ЖЕ-
ВАТЕЛЬНОЙ МУСКУЛАТУРЫ ПРИ НОСОВОМ И 
ОРОНАЗАЛЬНОМ РЕЖИМАХ ДЫХАНИЯ

1,2,3Бакрадзе А.Г., 1Вадачкория З.О., 2Квачадзе И.Д.

Тбилисский государственный медицинский университет, 
1кафедра челюстно-лицевой хирургии и хирургической сто-
матологии для детей и подростков; 2кафедра физиологии; 
3Стоматологическая клиника и Учебно-исследовательский 
центр «УниДент», Грузия

Целью исследования явилась оценка электрофизиологи-
ческих параметров жевательной мускулатуры - правой и 

левой височных, правой и левой жевательных мышц - при 
носовом и ороназальном (смешанном) режимах дыхания.

Исследована группа женщин-добровольцев (������������n=30��������), кото-
рые поступили в клинику с ортодонтическими проблемами. 
Конфликт интересов отсутствовал. Исследование проводи-
лось в рамках общественного исследования.

У лиц с носовым дыханием электромиографические по-
казатели находятся в диапазоне физиологической нормы. 
В группе исследуемых с ороназальным (смешанном) ды-
ханием электрическая активность жевательных и височных 
мышц была асимметрична. Асимметрия между сторонами 
и неравномерность между парами мышц при нормальной 
мышечной активности, по всей вероятности, является ре-
зультатом функционально нестабильной окклюзии. При 
сжимании зубов о ватный валик зубочелюстной дентоальве-
оллярный сигaнал слишком слаб для влияния на электроми-
ографические показатели, что дает возможность получить 
конкретные данные о мышечной активности во время мак-
симального произвольного сокращения. Индикаторы сте-
пени сократимости мышц, зарегистрированные при стан-
дартизованном максимальном произвольном сокращении 
указывают, что при носовом дыхании мышечная активность 
однородна и симметрична в правой и левой жевательных и 
височных мышцах; при ороназальном дыхании она стано-
вится более диссоциированной, с более выраженной элек-
трической активностью височных мышц. Электрофизио-
логическая активность и, как следствие, сократимость как 
височных, так и жевательных мышц снижены в сравнении 
с субъектами с носовым дыханием, что, очевидно, вызвано 
уменьшением включенных в возбуждение высокопорого-
вых двигательных единиц.

Результаты исследования свидетельствуют о значимости 
состояния нервно-мышечного баланса жевательного аппа-
рата для оценки ортодонтического статуса и возможности 
применения электромиографических показателей для опре-
деления степени ортодонтической дисфункции и разработ-
ки индивидуального плана лечения. Исследования в этом 
направлении продолжаются.

reziume

saReWi muskulaturis eleqtrofiziologiuri 
korelatebi cxvirisa da Sereuli sunTqvis pi-
robebSi

1,2,3a.baqraZe, 1z. vadaWkoria, 2i.kvaWaZe

Tbilisis saxelmwifo samedicino universite-
ti, 1bavSvTa da mozardTa yba–saxis qirurgiisa 
da qirurgiuli stomatologiis departamenti; 
2fiziologiis departamenti; 3stomatologiis 
klinika da saswavlo-kvleviTi centri „uniden-
ti“, Tbilisi, saqarTvelo

kvlevis mizans warmoadgenda saReWi muskula-
turis (marjvena da marcxena safeTqlis kunTebi, 
marjvena da marcxena saReWi kunTebi) eleqtro-
fiziologiuri maxasiaTeblebis Sefaseba cxviri-
sa da Sereuli sunTqvis pirobebSi.
gamokvleulia 30 moxalise qali, romelTac 

orTodontiuli problemiT mimarTes klinikas. 
kvlevaSi CarTvisas gamoricxuli iyo interesTa 
konfliqti. kvleva atarebda sazogadoebriv cdis 
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xasiaTs. kvlevis Sedegebis analiziT gairkveva, 
rom subieqtebSi cxviriT sunTqvis dros eleqt-
romiografiuli potencialebi standartizebuli 
maCveneblebis farglebSia. Sereuli sunTqvis 
jgufSi saReWi da safeTqlis kunTebis eleqtru-
li aqtivoba asimetriulia. asimetria (mxare) da 
arastabiluroba (kunTTa wyvilebis) normalize-
buli kunTovani aqtivobis dros SesaZloa war-
moadgendes funqciurad arastabiluri okluziis 
Sedegs. bambis lilvakebze kbilebis moWerisas 
dentoalveoluri propiorecepciis moqmedeba 
miRebul eleqtromiografiul monacemze mini-
maluria, rac konkretulad kunTis aqtivobis 
Sefasebis SesaZleblobas iZleva maqsimaluri 
daWerisas.
standartizebuli maqsimaluri kontraqciis pi-

robebSi daregistrirebuli kunTebis saSualo 
kumSvadobis xarisxis maCveneblis mixedviT, cxvi-
riT sunTqvis pirobebSi rogorc marjvena da 
marcxena sakuTriv saReWi kunTebis, aseve, safeTq-

lis kunTebis aqtivoba homogenuri da simetri-
ulia. Sereuli sunTqvis SemTxvevaSi ki maT So-
ris disociacia izrdeba: ufro gamoxatulia 
safeTqlis kunTebis eleqtruli aqtivoba, saReW-
Tan SedarebiT; rogorc safeTqlis, aseve saReWi 
kunTebis eleqtrofiziologiuri aqtivoba, Sesa-
bamisad - kumSvadoba, cxviriT sunTqvis jgufTan 
SedarebiT, daqveiTebulia. aRniSnulis mizezs 
unda warmoadgendes agznebaSi CarTuli maRal-
zRurblovani mamoZravebeli erTeulebis raode-
nobis Semcireba.
miRebuli Sedegebi miuTiTebs saReWi aparatis 

nerv-kunTovani balansis mdgomareobis mniSvne-
lobaze orTodontiuli statusis gansazRvri-
saTvis, aseve, eleqtromiografiuli maxasiaTeb-
lebis gamoyenebis SesaZleblobis Sesaxeb, maT 
Soris, orTodontiuli disfunqciis xarisxis 
Sefasebis da mkurnalobis individuri sqe-
mis dagegmvis dros. kvleva am mimarTulebiT 
grZeldeba.

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 

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].

Also were conducted a questionnaire survey of 33 patients, 
body mass index (BMI = 22.8±2.07 kg/m²), 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 1st-2nd 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 I3” 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 Welcome».

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)

Indicators
Patient groups Probability 

of difference indicatorsMain group (n=17) Comparison group (n=16)

Caries prevalence (%) 72, 2 54, 4
Dental caries intensity (DMF) 4,31±0,21 2,53±0,14 p <0,05

Enamel resistance 41,8±2,1 42,7±2,3 p <0,05

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

Indicators

Patient groups Probability of difference 
indicatorsMain group (n=17) Comparison group (n=16)

Green-Vermillion index 1,95±0,07 1,32±0,06 Р<0,05
Silness-Loe index 0,72±0,08 0,36±0,05 P<0,05

РМА, % 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, 109/l 6,15±0,27 5,87±0,32 P>0,05
Lymphocytes, % 30,20±1,65 32,30±1,31  P>0,05

СD3+ lymphocytes, % 56,12±1,17 57,16±1,21 P>0,05
СD4+ lymphocytes, % 40,98±1,49 36,40±1,63 P>0,05
СD8+ 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

СD22+ lymphocytes,% 42,40±1,47 34,96±1,23  P<0,05

СD16+ 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 1.53±0.03 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 

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-α 
and IL-1β, 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 15,28±0,23 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/L 12,95±0,45 13,52±0,71 P>0,05
Ig А, g/L 1,86±0,09 1,92±0,06 P>0,05
Ig М, 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 2,82±0,34 P<0,05
SIg 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-α, pg/mL 74,6 ±3,7 53,9±3,1 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.

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-α (TNF-α), 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 



	
GEORGIAN MEDICAL NEWS  
No 1 (310) 2021

© GMN 53 

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-α, 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.

РЕЗЮМЕ 

ПОКАЗАТЕЛИ  МЕСТНОГО ИММУНИТЕТА ПРИ 
КОМОРБИДНОМ ТЕЧЕНИИ КАРИЕСА И ГАСТРО-
ЭЗОФАГЕАЛЬНОЙ РЕФЛЮКСНОЙ БОЛЕЗНИ 

Борисенко А.В., Тимохина Т.А., Кононова О.В.

Национальный медицинский университет им. А.А. Бого-
мольца, кафедра терапевтической стоматологии, Киев, 
Украина

Цель исследования - определить показатели местного им-
мунитета у больных стоматологическими заболеваниями 
(кариес), сочетанными с гастроэзофагеальной рефлюксной 
болезнью.

Обследовано 33 больных (21 мужчина и 12 женщин) 
кариесом в возрасте от 18 до 25 лет. Основную группу со-
ставили 17 пациентов с кариесом в сочетании с гастроэзо-
фагеальной рефлюксной болезнью, группу сравнения - 16 
больных кариесом без других соматических заболеваний. 
Пациентам проведено исследование стоматологического 
статуса, иммунологическое исследование с определением 
количественной оценки основных популяций и субпопуля-
ций лимфоцитов, определение их функциональной актив-
ности, уровня сывороточных иммуноглобулинов, концен-
трации циркулирующих иммунных комплексов различного 
молекулярного размера, фагоцитарной активности нейтро-
филов и цитокинового статуса в сыворотке крови и рото-

вой жидкости, а также оценка течения гастроэзофагеальной 
рефлюксной болезни с использованием опросников.

При наличии гастроэзофагеальной рефлюксной болез-
ни у больных кариесом выявлены активация спонтанной 
пролиферации лимфоцитов на 25,8%, повышение фаго-
цитарной активности нейтрофилов, достоверно более вы-
сокие показатели фагоцитарного числа и фагоцитарного 
индекса, повышенное содержание средне- и низкомолеку-
лярных циркулирующих иммунных комплексов с патоген-
ными свойствами, также достоверно более высокое содер-
жание провоспалительных цитокинов - фактора некроза 
опухолей-α, повышенная концентрация IgG, как следствие 
антигенной стимуляции и достоверно низкая концентрация 
секреторного IgА. Установлено, что у больных гастроэзофа-
геальной рефлюксной болезнью при ее сочетании с кариесом 
наблюдаются изменения в иммунной системе, которые носят 
черты субклинического иммунного воспаления.

Проведенное исследование выявило достоверно более 
высокую интенсивность кариозного процесса у пациентов 
с гастроэзофагеальной рефлюксной болезнью, вызванную 
постоянным кислотным поражением слизистой оболочки 
полости рта. При сопутствующих заболеваниях органов 
пищеварения (гастроэзофагеальная рефлюксная болезнь) 
установлено нарушение местного иммунитета ротовой 
жидкости, проявляющееся в повышении концентрации про-
воспалительных факторов и понижении концентрации се-
креторного IgА.

reziume

adgilobrivi imunitetis maCveneblebi kariesis 
da gastroezofaguri refluqsuri daavadebis 
komorbiduli mimdinareobisas

a.borisenko, t.timoxina, o.kononova

a. bogomolecis sax. erovnuli samedicino uni-
versiteti, Terapiuli stomatologiis kaTedra, 
kievi, ukraina

kvlevis mizans warmoadgenda adgilobrivi imu-
nitetis maCveneblebis gansazRvra pacientebSi 
stomatologiuri daavadebiT (kariesi), romelic 
Serwymuli iyo gastroezofagur refluqsur 
daavadebasTan.
gamokvleulia 18-25 wlis asakis 33 pacien-

ti (21 - mamakaci, 12 - qali) kariesiT. ZiriTadi 
jgufi Seadgina 17  pacientma kariesiT da gas-
troezofaguri refluqsuri daavadebiT, Sedare-
bis jgufi – 16 pacientma kariesiT, sxva soma-
turi daavadebebis gareSe. pacientebs Cautarda 
stomatologiuri statusis kvleva, imunologiuri 
kvleva limfocitebis ZiriTadi populaciebis da 
subpopulaciebis raodenobrivi SefasebiT, maTi 
funqciuri aqtivobis, Sratis imunoglubulinebis, 
sxvadasxva molekuluri zomis mocirkulire 
imunuri kompleqsebis koncentraciis, neitro-
filebis fagocituri aqtivobis da citokinuri 
statusis gansazRvriT sisxlis Sratsa da piris 
Rrus siTxeSi; aseve, Catarda gastroezofaguri 
refluqsuri daavadebis mimdinareobis Sefaseba 
kiTxvarebis gamoyenebiT.
gastroezofaguri refluqsuri daavadebis ar-
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sebobisas kariesis mqone pacientebSi gamovlinda 
limfocitebis spontanuri proliferaciuli aq-
tivobis zrda 25,8%-iT, neitrofilebis fagoci-
turi aqtivobis zrda, fagocitebis raodenobrivi 
da fagocituri indeqsis ufro maRali maCveneb-
lebi, paTogenuri Tvisebebis mqone saSualo- da 
dabalmolekuluri imunuri kompleqsebis momate-
buli Semcveloba. gamovlinda proanTebiTi ci-
tokinebis – simsivnis nekrozis α-faqtoris, IgG-is 
momatebuli koncentracia, aseve, sekreciuli IgА-s 
sarwmunod dabali koncentracia. dadgenilia, 
rom pacientebSi gastroezofaguri refluqsuri 

daavadebiT da kariesiT aRiniSneba subklini-
kuri imunuri anTebis niSnebis mqone cvlilebebi 
imunur sistemaSi.
Catarebuli kvleviT gamovlinda kariesuli 

procesis sarwmunod ufro maRali intensivoba 
pacientebSi gastroezofaguri refluqsuri da-
avadebiT, rac dakavSirebulia piris Rrus lor-
wovani garsis mudmivi mJavuri gaRizianebiT. 
dadgenilia piris Rrus siTxis adgilobrivi imu-
nitetis darRveva, rac vlindeba proanTebiTi faq-
torebis koncentraciis matebasa da sekreciuli 
IgА-s koncentraciis SemcirebaSi.

STUDY OF THE HYGIENIC CHARACTERISTICS OF THE ORAL CAVITY UNDER 
THE COMPLEX EFFECT OF PHOTODYNAMIC THERAPY 

AND TSKALTUBO SPRING WATER RADON HORMESIS

1Dolidze K., 3Margvelashvili V., 4Nikolaishvili M., 2Suladze T., 2Pkhaladze M.

Tbilisi State Medical University, 1N1 Dental Clinic; 2Department of Pediatric and Adult Therapeutic Dentistry; 
3I.Javakhishvili Tbilisi State University, Dentistry Department, Faculty of Medicine; 

4Beritashvili 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.

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 nq/l, about 37 
nq/m3 [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 



	
GEORGIAN MEDICAL NEWS  
No 1 (310) 2021

© GMN 55 

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 (Федоров 
А.А., Володкина В.В.) 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.=Σ/6, where Σ - 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%
РМА= ---------------------------

	 3xNumber of teeth

Complex periodontal index CPI (ММСІ 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 
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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 25.9±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 

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 
sulfhydryl 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.

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

Distribution of patients with periodontal tissue 
diseases by sex and age

Sex
women

Sex
men

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

Patient group
male female

The number of the 
examined persons Р(%)±m The number of the 

examined persons Р(%)±m

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

Fig. Three visits after photodynamic therapy
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Table 4. Oral Hygiene Complaints

Complaints
Main group Control group

abs. % abs. %
The degree of tooth loosening 3 11 1  6
Complains of uncomfortable sensations in the mouth, odor 6 18 2 11
Bleeding 11 37,0 2 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 18-22 y. 23-27 y. 18-20 y. 21-25 y.

Mild form 2.5 2.9 3.1 3.3
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 
18-30

Mild severity 
30-55

Complex 
effect 

Moderate 
severity
18-30

Moderate 
severity
30-55

Complex 
effect 

Mild 
severity

Moderate 
severity

2.5±0,2 3.5±0,2 2.1±0,1
2.3±0,2 3.9±0,2 4.5±0,2 2.5±0,2

2.9±0,2 2.0±0,2 2.1±0,2

PMA index

4.7±0,1 7±0,1
2.7±0,1
2.9±0,1 4.9±0,1 7.4±0,1 2±0,2

3.3±0,2 2.0±0,2 2.0±0,2

index Pi

0.5±0,2 1.5±0,2 0.2±0,01
0.3±0,1

0.3±0,01
0.4±0,01 0,1±0,2 0,2±0,2

Fedorov-Volodkina index

2.2±0,2 3.6±0,3 1.5±0,2
1.9±0,2 2.3±0,3 3.8±0,3 1.8±0,2

2±0,2 1,1±0,2 1,2±0,2

Table 7. Number of sulfhydryl groups (μm/g in tissue M±m) 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**

note: ** P <0.05, comparison with control

Diagram 1. Number of sulfhydryl groups Diagram 2. The average value of the CPI index increases with 
age from 2.6 to 4.6
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Diagram 3. The frequency of gingival retraction, hypertrophy, 
and hyperemia varies with age

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

1Dolidze K., 3Margvelashvili V., 4Nikolaishvili M., 2Suladze T., 2Pkhaladze M.

Tbilisi State Medical University, 1N1 Dental Clinic; 2Department of Pediatric and Adult Therapeutic Dentistry; 
3I.Javakhishvili Tbilisi State University, Dentistry Department, Faculty of Medicine; 

4Beritashvili 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.

РЕЗЮМЕ

ОСОБЕННОСТИ ГИГИЕНЫ ПОЛОСТИ РТА В КОНТЕКСТЕ КОМПЛЕКСНОГО ДЕЙСТВИЯ 
ФОТОДИНАМИЧЕСКОЙ ТЕРАПИИ И РАДОНОВОЙ ИНГАЛЯЦИИ ВОДОЙ ЦХАЛТУБО

1Долидзе К.Д., 3Маргвелашвили В.В., 4Николаишвили М.И., 2Суладзе Т.Д., 2Пхаладзе М.З.

Тбилисский государственный медицинский университет, 1Стоматологическая клиника N1; 2департамент  детской и 
взрослой стоматологии; 3Тбилисский государственный университет им. И. Джавахишвили, департамент стоматологии, 
медицинский факультет; 4Центр экспериментальной биомедицины им. И. Бериташвили, отделение радиобиологии, Грузия

Изучен метод фотодинамической терапии, который 
получил широкое распространение в последние десяти-
летия, завоевал популярность как в онкологии, так и в 
неонкологии, при лечении воспалительных заболеваний 
в стоматологии и других областях медицины. Фотосен-
сибилизатор «Рада Дент», аппарат «Фотодин-К» и ком-

плексное действие ингаляции радонизированной воды 
Цхалтубо могут быть использованы для лечения слизи-
стой оболочки полости рта как неинвазивный метод. Ком-
плексное действие позволяет лечить пародонтит легкой и 
средней степени тяжести без применения антибиотиков 
и стероидов.

reziume

piris Rrus higienis Taviseburebebis Seswavla fotodinamikuri Terapiis 
da wyaltubos radonizirebuli wyliT inhalaciis kompleqsuri moqmedebis fonze

1k.doliZe, 3v.margvelaSvili, 4m.nikolaiSvili, 2T.sulaZe, 2m.fxalaZe 

Tbilisis saxelmwifo samedicino universiteti, 1stomatologiuri klinika N1; 
2bavSvTa da mozardTa Terapiuli stomatologiis departamenti; 3Tbilisis i. javaxiSvilis sax. 

saxelmwifo universiteti, medicinis fakulteti, stomatologiuri ganyofileba; 4i. beritaSvilis sax. 
eqsperimentuli biomedicinis centri, rentgenologiis ganyofileba, saqarTvelo

Seswavlilia fotodinamikuri Terapiis meTo-
di, romelic farTod gamoiyeneba bolo aT-
wleulebis ganmavlobaSi,  moipova popularoba 
rogorc onkologiaSi, ise araonkologiaSi, anTe-
biTi daavadebebis samkurnalod stomatologiasa 
da medicinis sxva dargebSi. fotosensibilizatori 
“rada denti”, aparati “fotodin-k” da wyaltubos 

radonizirebuli wylis ingalaciis kompleqsuri 
moqmedeba SeiZleba gamoyenebuli iyos piris Rrus 
lorwovani garsi samkurnalod, rogorc arainvazi-
uri meTodi. kompleqsuri moqmedeba iZleva msubuqi 
da zomieri parodontitis mkurnalobis saSuale-
bas antibiotikebisa da steroidebis gamoyenebis 
gareSe.
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Хроническая сердечная недостаточность (ХСН) является 
одной из самых распространенных патологий среди населения 
развитых стран. Согласно данным национальных реестров ев-
ропейских стран распространенность ХСН среди взрослого 
населения варьирует в пределах от 2% до 5%, а число их слу-
чаев с возрастом увеличивается, сердечная недостаточность 
диагностируется у 10% в возрасте старше 75 лет [1,2,7-9].

В США ежегодно регистрируется более 600 000 новых 
случаев заболевания. Прогнозы заболеваемости показыва-
ют, что в течение последующих 20 лет количество пациен-
тов, страдающих ХСН, возрастет вдвое [1,2,10,11].

Стандартная медикаментозная терапия, направленная на 
уменьшение симптомов ХСН, может обеспечить достаточ-
ное качество жизни при минимальной степени сердечной 
недостаточности, однако остается малоэффективной на ее 
терминальных стадиях. Согласно статистике Американ-
ского колледжа кардиологов и Американской ассоциации 
сердца, трехлетняя летальность пациентов с IV функцио-
нальным классом (ФК) по NYHA составляет почти 80% [3].

Актуальность вопросов лечения ХСН и улучшения каче-
ства жизни пациентов по сей день продолжает расти.

На фоне неэффективности медикаментозной терапии у 
пациентов с терминальной ХСН на первый план выходят 
методы хирургической коррекции, ресинхронизирующая 
терапия, коррекция клапанной недостаточности (митро-
клип, хирургическая коррекция), методы длительной ме-
ханической поддержки кровообращения (ДМПК) и транс-
плантация сердца [4,5].

Согласно проведенному исследованию, кардиологи США 
в большинстве случаев назначают ингибиторы ангиотензин 
превращающего фермента и бета-адреноблокаторы, что не 
практикуется у врачей общей практики и терапевтов. Срав-
нительный опрос кардиологов и специалистов по лечению 
сердечной недостаточности выявил общие подходы к назна-
чению терапии [6-8].

Трансплантация сердца является методом лечения паци-
ентов в конечной стадии сердечной недостаточности (III 
стадия по классификации Василенко - Стражеско) с низкой 

 ОСНОВНЫЕ КРИТЕРИИ ОТБОРА ПАЦИЕНТОВ ПРИ ФОРМИРОВАНИИ 
ЛИСТА ОЖИДАНИЯ НА ТРАНСПЛАНТАЦИЮ СЕРДЦА

Танская О.А., Островский Ю.П., Курлянская Е.К., Валентюкевич А.В., Колядко М.Г.

Клиническая больница “Феофания” Государственного управления внутренними делами, Киев, Украина;
Республиканский научно-практический центр «Кардиология», Минск, Республика Беларусь

толерантностью к физической нагрузке (III-IV ФК по клас-
сификации NYHA). Ограниченность ресурса донорских ор-
ганов диктует необходимость тщательного отбора реципи-
ентов и четких показаний для проведения трансплантации 
сердца [9-12].

По данным регистра Международного общества по 
трансплантации сердца и легких (ISHLT), основными по-
казаниями для выполнения трансплантации сердца по нозо-
логии является идиопатическая кардиомиопатия (42-49%), 
ишемическая кардиомиопатия (43-47%), реже - врожденные 
пороки, перипартальна кардиомиопатия [2-5,13,14]. Транс-
плантация сердца самый эффективный метод и, по сути, 
единственный радикальный способ лечения пациентов с 
терминальной стадией сердечной недостаточности [13,14].

В мире ежегодно выполняется около 5 тысяч трансплан-
таций, из них до 2 тысяч - в клиниках США. Однолетняя вы-
живаемость после трансплантации сердца достигает 90%, 
5-летняя - 70% (рис. 1). Эти показатели намного превышают 
выживаемость в сравнении с больными ХСН, получающи-
ми медикаментозное и/или любое другое хирургическое ле-
чение [15,16].

Определение критериев, влияющих на прогноз выжива-
емости после хирургического лечения у пациентов с ХСН, 
является актуальным вопросом для принятия решения о воз-
можности включения пациента в лист ожидания на трансплан-
тацию сердца. Перспективность оценки непосредственных и 
отдаленных результатов лечения тяжелых пациентов с ХСН, 
с нашей точки зрения, заключается в том, что полученные ре-
зультаты могут способствовать разработке новых стратегий в 
диагностике и лечении, способных увеличить продолжитель-
ность жизни и улучшить ее качество [7-9].

В Украине по сей день нет единых критериев по вопро-
сам диагностики, тактики лечения пациентов с ХСН и их 
отборе для включения в лист ожидания на трансплантацию 
сердца. Рост числа пациентов с ХСН, их ранняя инвалидиза-
ция, высокая летальность и низкое качество жизни требуют 
внедрения в клиническую практику современных высоко-
эффективных методов диагностики и лечения.

Рис. 1. Количество трансплантаций сердца по годам согласно данным международного общества 
трансплантации сердца и легких
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Цель исследования - оптимизация критериев отбора па-
циентов для включения в лист ожидания на транспланта-
цию сердца на основании имеющихся международных дан-
ных и их внедрение в практику.

Материал и методы. Результаты исследования бази-
руются на данных обследования и динамического наблю-
дения за 49 больными (медиана возраста 38 (16; 65) лет, 
мужчин - 44, женщин - 5), которые проходили лечение 
за 2008-2018 гг. в Республиканском научно-практическом 
центре «Кардиология» (Минск, Республика Беларусь), 
Центре кардиохирургии на базе КБ «Феофания» Государ-
ственного управления внутренними делами (Киев, Укра-
ина). Пациентов обследовали при первичном осмотре, 
спустя 3, 6 месяцев и 1 год. 

I группу составили 24 пациента с хронической сердеч-
ной недостаточностью (ХСН), которые находились на 
поддержке кровообращения (ПК) в листе ожидания (ЛО) 
на ортотопическую трансплантацию сердца. Медиана 
возраста составляла 40,95 (18; 65) г., мужчин было 23 и 
одна женщина.

II группу составили 25 пациентов с ХСН, находящих-
ся в листе ожидания на ортотопическую трансплантацию 
сердца без поддержки кровообращения, медиана возраста 
-38,56 (17; 64) года, мужчин было 21, женщин - 4. Распре-
деление пациентов в зависимости от ФК сердечной недо-
статочности по NYHA представлено на рис. 2.

Рис. 2. Распределение пациентов в зависимости от ФК 
сердечной недостаточности по NYHA

Оценка ФК сердечной недостаточности по NYHA 
пациентов группы ЛО с ПК выявила II ФК по NYHA у 
25,2% пациентов, III ФК по NYHA – у 50% пациентов, IV 
ФК по NYHA – у 24,8% пациентов; в группе ЛО без ПК II 
ФК по NYHA у 40% пациентов, III ФК по NYHA - у 52% 
пациентов, IV ФК по NYHA – у 8% пациентов.

Распределение пациентов в зависимости от недоста-
точности кровообращения представлено на рис. 3.

Рис. 3. Распределение пациентов в зависимости от недо-
статочности кровообращения

Оценивая недостаточность кровообращения (НК) у па-
циентов ХСН в группе ЛО с ПК НК IIА выявлена у 47,8% 
пациентов, НК II В - у 52,2% пациентов; в группе ЛО без ПК 
НК IIА - у 70,8% пациентов, НК IIВ - у 29,2%. Диаграмма 
распределения пациентов в зависимости от нозологии забо-
левания в группе ЛО с ПК (n=24) представлена на рис. 4.

Рис. 4. Распределение пациентов в зависимости от нозо-
логии заболевания в группе ЛО с ПК (n=24)

В группе пациентов ЛО с ПК (n=24): делятационная  кар-
диомиопатия (ДКМП) - 68%, ишемическая кардиомиопатия 
(ИКМП) - 20%, постмиокардиосклероз - 4%, другие - 8%.

Диаграмма распределения пациентов в зависимости 
от нозологии заболевания в группе пациентов ЛО без ПК 
(n=25) представлена на рис. 5.

Рис. 5. Распределение пациентов в зависимости от но-
зологии заболевания в группе пациентов ЛО без ПК (n=25): 
ДКМП - 80%, ИКМП - 8%, другие - 12%

Распределение пациентов ХСН в зависимости от показа-
телей качества жизни представлено на рис. 6.

Рис. 6. Показатели качества жизни пациентов с ХСН без 
ПК: 20-25 баллов - 47,6% пациентов, 26-49 баллов - 52,4% 
пациентов; пациентов с ХСН с ПК 40-89 баллов - 40% паци-
ентов, 90 - 105 баллов - 60% пациентов

Результаты и обсуждение. В таблице 1 приведены 
результаты средних значений переменных по признакам 
структурно-функциональных показателей левого и пра-
вого желудочков у обследованных пациентов в зависимо-
сти от вида оперативного вмешательства. 

Ударный объем левого желудочка (УО ЛЖ) (М-режим) 
среднее значение выше во II группе пациентов ХСН в ЛО 
без ПК - 64 [121; 31], чем в I группе с ХСН в ЛО с ПК (n=24) 
- 53,9 [109; 19], p<0,0001. 
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УО ЛЖ (В-режим) среднее значение выше во II группе 
пациентов ХСН в ЛО без ПК - 63 [112; 27], чем в I группе - 
55 [96; 25], p>0,05.

Конечный диастолический объем (КДО) ЛЖ (М-режим) 
выше во II группе пациентов с ХСН в ЛО без ПК - 281 [414; 
147], чем в I группе пациентов ХСН в ЛО с ПК - 263 [371; 
90], p>0,05.

Фракция выброса (ФВ) ЛЖ (В-режим) среднее значение 
выше в I группе пациентов ХСН в ЛО с ПК - 26 [80; 10], чем 
во II группе с ХСН в ЛО без ПК - 23 [33; 10], p>0,05.

Конечный систолический объем (КСО) ЛЖ (М-режим) 
среднее значение выше в I группе пациентов ХСН в ЛО с 
ПК - 235 [587; 114], чем во II группе с ХСН в ЛО без ПК 216 
[309; 102], p>0,05.

ФВ ЛЖ (М-режим) среднее значение выше во II группе 
пациентов ХСН в ЛО без ПК - 24 [35; 12], чем в I группе с 
ХСН в ЛО с ПК (n=24) - 20 [29; 10], p>0,05.

ФВ правого желудочка (ПЖ): среднее значение выше во 
II группе пациентов ХСН в ЛО без ПК 38 [57; 21], чем в I 
группе 30 [50; 17], p>0,05.

TAPSE: среднее значение выше во II группе 13,3 [12; 7], 
чем в I группе 10,5 [13; 7], p>0,05.

КСО ЛЖ (В-режим) среднее значение выше в I группе 241 
[549; 93], чем во II группе 222 (367; 93), p>0,05.

КСО ПШ: среднее значение выше в I группе 75 [269; 25], 
чем во II группе 48 [125; 14], p>0,05.

Переднезадний размер ПЖ: среднее значение выше в I 
группе пациентов ХСН в ЛО с ПК 38,5 [52; 22], чем во II 
группе c ХСН в ЛО без ПК 33 [50; 23], p>0,05.

КДО ЛЖ (В-режим) среднее значение выше во II группе 
пациентов ХСН в ЛО без ПК 289 [437; 127], чем в I группе с 
ХСН в ЛО с ПК 274 [380; 127), p>0,05.

КДО ПЖ: среднее значение выше в I группе 124,5 [332; 
50], чем во II группе 80 [185; 25], p>0,05.

При сравнительном тестировании по признакам струк-
турно-функциональных показателей левого и правого желу-
дочков у обследованных пациентов отмечены корреляцион-
ные связи (рис. 7, таблица 2).

Катетеризация правых отделов сердца и исследования по-
казателей центральной гемодинамики с определением показа-
телей сердечного выброса (СВ), сердечного индекса (СИ), дав-
ления в полостях сердца, давления в легочной артерии (фона), 
центрального венозного давления (ЦВД), легочного сосуди-
стого сопротивления (ЛСС), транспульмонального градиента 
давления (ТПТ). Всем потенциальным реципиентам сердечно-
го трансплантата следует выполнять зондирование правых от-
делов сердца. Периодичность выполнения зондирования опре-
деляется индивидуально с учетом клинических показателей.

Таблица 1. Результаты структурно-функциональных показателей 
левого и правого желудочков у обследованных пациенов

Показатель

I группа 
пациенты с 

ХСН в ЛО на 
ПК

(n=24)

II группа 
пациенты с 

ХСН в ЛО без 
ПК

(n=25)

F-критерий p-level
Критерий 

Вандер 
Вардена (χ2)

p-level

УО ЛЖ
(М-режим)

53,9
[109; 19]

64
[121; 31] 4,1396 0,0479 0,5859 0,4440

УО ЛЖ
(В-режим)

55
[96; 25]

63
[112; 27] 3,3947 0,0722 0,0934 0,7599

КДО ЛЖ
(М-режим)

263
[371; 90]

281
[414; 147] 2,7984 0,1015 1,4198 0,2334

ФВ ЛЖ
(В-режим)

26
[80; 10]

23
[33; 10] 2,0763 0,1567 2,0714 0,1501

КСО ЛЖ
(М-режим)

235
[587; 114]

216
[309; 102] 1,6832 0,2013 1,2969 0,2548

ФВ ЛЖ
(М-режим)

20
[29; 10]

24
[35; 12] 0,9117 0,3449 1,1016 0,2939

ФВ ПЖ 30
[50; 17]

38
[57; 21] 0,8183 0,7658 1,2783 0,2582

TAPSE 10,5
[13; 7]

13,3
[12; 7] 0,6387 0,4285 1,0663 0,3018

КСО ЛЖ
(В-режим)

241
[549; 93]

222
(367; 93) 0,1867 0,6678 0,0291 0,8645

КСО ПЖ 75
[269; 25]

48
[125; 14] 0,1493 0,7011 0,2789 0,5974

Передне-задний 
размер ПЖ

38,5
[52; 22]

33
[50; 23] 0,1076 0,7444 0,1171 0,7322

КДО ЛЖ
(В-режим)

274
[380; 127)

289
[437; 127] 0,0873 0,7690 0,0023 0,9614

КДО ПЖ 124,5
[332; 50]

80
[185; 25] 0,0265 0,8713 0,1672 0,6826
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Рис. 7. Зависимость ФК по NYHA и недостаточность кровообращения от ФВ ЛЖ 
при значении достигнутого уровня значимости (р<0,05)

Таблица 2. Результаты средних значений переменных в исследуемых группах 
с учетом признаков тонометрии легочной артерии

Показатель

I группа 
пациенты с 

ХСН в ЛО на 
ПК (n=24)

II группа 
пациенты с 

ХСН в ЛО без 
ПК (n=25)

F-критерий p-level Критерий 
Вандер 

Вардена (χ2)

p-level

Вуда 3,6
[7,2; 1]

3,2
[5; 2] 18,8145 0,0001 9,8856 0,0017

ДЛА 39,7
[57; 25]

36,6
[52; 19] 7,0570 0,0110 3,4360 0,0638

ТПГ 10,7
[17; 2]

10,3
[19; 2] 2,1592 0,1488 2,5505 0,1103

Таблица 3. Динамика изменений функциональных показателей у пациентов I и II групп 

Показатель

I группа - 
больные ХСН 
в ЛО на ПК до 
терапии (n=24)

I группа - 
больные ХСН 
в ЛО на ПК на 
терапии (n=24)

II группа - 
больные ХСН 

в ЛО без ПК до 
терапии (n=25)

II группа - 
больные ХСН 

в ЛО без ПК на 
терапии (n=25)

p-level

Спиро-ВЭП 12,2
[16;11]

11,8 
[14;10]

13,4
[16;11,3]

14,7
[17;12] 0.0083

Тест 6 мин. ходьбой 273
[400;90]

250
[390;50]

323
[492;230]

330
[450;240] 0.7933

В таблице 2 показано, что: среднее значение ЛСС Вуда выше 
в I группе пациентов ХСН в ЛО с ПК - 3,6 [7,2; 1], чем во II 
группе с ХСН в ЛО без ПК - 3,2 [5; 2], p<0,0017. ДЛА: среднее 
значение выше в I группе - 39,7 [57; 25], чем во II группе - 36,6 
[52; 19], p<0,0638. ТПГ: среднее значение выше в I группе па-
циентов ХСН в ЛО с ПК - 10,7 [17; 2], чем во II группе пациен-
тов ХСН в ЛО без ПК - 10,3 [19; 2], p<0,1103.

У пациентов с терминальной стадией сердечной недоста-
точности значительно снижается максимальное потребле-
ние кислорода <14 мл/кг/мин или процент от рассчитанного 
максимального потребления кислорода (<50%), несмотря на 
медикаментозную терапию. 

Максимальное потребление кислорода миокардом в груп-
пе с ПК (таблица 3). Спировелоэргометрия (Спиро-ВЭП): 
среднее значение выше в I группе пациентов ХСН в ЛО с 
ПК на терапии (n=24) -11,3 [14; 7], чем в I группе пациентов 
с ХСН в ЛО с ПК до терапии (n=24) - 10,7 [12,7; 9]. Наблю-
дается увеличение максимального потребления кислорода 
миокардом на 5,3%, p<0,0001.

Толерантность к физическим нагрузкам. Тест с 6-минут-

ной ходьбой: среднее значение выше в I группе пациентов 
с ХСН в ЛО с ПК до терапии (n=24) - 273 [400; 90], чем в I 
группе пациентов с ХСН в ЛО с ПК на терапии (n=24) - 250 
[390; 50]. Наблюдается снижение толерантности к физиче-
ской нагрузке на 7%, p>0,05.

Результаты функциональных показателей в I группе па-
циентов с ХСН в ЛО с ПК к ОТС (n=24): увеличение макси-
мального потребления кислорода миокардом на 7% и сни-
жение толерантности к физической нагрузке на 7%. В этой 
группе пациентов 24 пациентам выполнена прямая транс-
плантация сердца.

Результаты изменений функциональных показателей у 
пациентов во II группе (n=25): пиковое потребление кисло-
рода миокардом спиро-ВЭП в группе пациентов с ХСН в ЛО 
без ПК на лечении - 15,2 [27; 10]. Определяется увеличение 
максимального потребления кислорода миокардом на 5,2% 
(p<0,0001).

Толерантность к физической нагрузке: тест 6-минутной 
ходьбы во II группе при терапии - 330 [450; 240], с увеличе-
нием толерантности к физической нагрузке на 2% (p>0,05).
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Таблица 4. Основные группы лекарственных препаратов, принимаемых пациентами I и II групп

Препараты, принимаемые 
пациентами I группы n (%) Препараты, принимаемые 

пациентами II группы n (%)

ИАПФ 23(95.8%) ИАПФ 25 (100%)
Бета-блокаторы 22 (91.7%) Бета-блокаторы 25 (100 %)

Диуретики 24 (100%) Диуретики 25 (100%)
Антагонисты альдостерона 24 (100%) Антагонисты альдостерона 25 (100%)

Антиагреганты 20 (83.3%) Антиагреганты 20 (75 %)
Сердечные гликозиды 5 (20.8%) Сердечные гликозиды 20 (10%)

Ивабрадин 5 (20.8%) Ивабрадин 5 (25%)
Антикоагулянты 10 (41,6%) Антикоагулянты 5 (25 %)

Статины 11 (45.8%) Статины 10 (40 %)
Антиаритмики (амиодарон ) 10 (41,6%) Антиаритмики (амиодарон) 10 (40 %)

Добутамин (допамин) 9 (37,5%)
Симдакс (левосимендан) 8 (33,3%)

CRTD-терапия 3 (12,5%)
LVAD-терапия 4 (17%)

BiVAD-терапия 1 (4,1%)

Рис. 8. Варианты поддержки кровообращения у пациен-
тов с ХСН в ЛО на трансплантацию сердца

Результаты изменений функциональных показателей у 
пациентов II группы: увеличение максимального потребле-
ния кислорода миокардом на 7,2% и толерантности к физи-
ческой нагрузке на 2%.

Основные группы лекарственных препаратов, при-
нимаемых пациентами I и II групп, представлены в та-
блице 4.

При хорошем охвате терапии основными лекарствен-
ными средствами у пациентов I группы (n=24) дозы пре-
паратов остаются достаточно низкими (таблица 4, рис. 
11). Лишь 3 (12,5%) пациента получали ИАПФ в дозе 
75-100% от целевой. 4 (17%) пациента получали ИАПФ 
в дозе 50-75% от максимальной. Большинство пациентов 
- 17 (70,5%) получали ИАПФ в дозе менее 50% от целе-
вой. Чаще назначали препарат рамиприл - 14 пациентов, 
эналаприл - 10 (41,6%) пациентов. При включении в лист 
ожидания на трансплантацию сердца пациенты употре-
бляли бета-блокаторы в дозе менее 50% от целевой, 3 
(12%) пациента получали от 50 до 75% от целевой дозы, 
лишь 21 (88%) пациент принимали бета-блокаторы в дозе 
менее 50% от целевой. Чаще получали препарат корведи-
лол – 20 (80%) пациентов, вторым по частоте назначения 
был бисопролол - 3 пациента, третьим - метопролола сук-
цинат - 1 пациент. Антагонисты минералокортикоидных 
рецепторов (АМКР) получали 24 (100%) пациента, спи-

ронолактон – 14 (58,3%), эплеренон – 10 (41,6%) пациен-
тов. Один (4,2%) пациент получал менее 50% от целевой 
дозы, 23 (95,8%) пациента получали более 50% от целе-
вой дозы АМКР. В качестве инотропной поддержки па-
циентам назначали фармакологическую поддержку бета-
адреномиметиками - 9 (37,5%) пациентов, добутамином 
- 5 (20,8%) пациентов, допамином - 4 (16,6%) пациента, 
синмдакс (левосимендан) - 8 (33,3%). В качестве механи-
ческого моста к трансплантации сердца у 3 (12,5%) паци-
ентов использовали CRT-D-терапию, у 4 (17%) - LVAD-
терапию, в 1 (4,1%) случае - BИVAD-терапию. Данные по 
поддержке кровообращения представлены на рис. 8. 

Анализ проведенной медикаментозной терапии паци-
ентам во II группе с ПК (n=25) показал, что для лечения 
сердечной недостаточности чаще применяли диуретики, 
затем - ИАПФ, антагонисты минералокортикоидных ре-
цепторов (АМКР) и бета-адреноблокаторы. Кроме того, 
больным ХСН назначали дезагреганты, непрямые анти-
коагулянты, ивабрадин, антиаритмики, статины, пре-
имущественно, амиодарон. При хорошем охвате терапии 
основными лекарственными средствами у пациентов 
дозы препаратов остаются достаточно низкими. Толь-
ко 5 (20%) пациентов получали ИАПФ в дозе 75-100% 
от целевой, 80% (20) пациентов - ИАПФ в дозе 50-75% 
от максимальной. Чаще всего назначали рамиприл – 18 
(75%) пациентов, эналаприл - 7 (28%) пациентов. При 
включении в лист ожидания на трансплантацию сердца 4 
(16%) пациента получали бета-блокаторы в дозе меньше 
на 50% от целевой, только 16 (64%) пациентов получали 
50-75% от целевой дозы, 5 (20%) пациентов принимали 
целевую дозу бета-блокаторов. Карведилол получали все 
пациенты. Более 50% от целевой дозы АМКР получали 
25 (100%) пациентов, из них 5 пациентов принимали спи-
ронолактон, 20 – эплеренон.

Показатели тяжести состояния в исследуемых группах 
пациентов с ХСН в ЛО до, на медикаментозной терапии 
и после – ортотопической трансплантации сердца (ОТС) 
по функциональному классу СН по NYHA представлены 
на рис. 10.
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Рис. 9. Показатели тяжести состояния в I и II группах пациентов ХСН в ЛО до, 
во время медикаментозной терапии и после ОТС по функциональному классу СН по NYHA

Рис. 10. Оценка тяжести состояния пациентов до, во время медикаментозной терапии и после ОТС 
за недостаточностью кровообращения в I группе: к терапии НК ИА - в 47,8% пациентов, НК II В - в 52,2% пациентов; 

при медикаментозной терапии: НК ПА - в 36,8% пациентов, НК II В - в 63,2% пациентов; 
после ОТС: НК 0 - в 47%, НК И - в 53%

Рис. 11. В группе ЛО на ПК 14 (58%) больным выполнена ОТС, 6 (26%) пациентов 
умерли от ЛО, 4 (16%) пациентов продолжают находиться в ЛО на ОТС

В I группе оценка ФК сердечной недостаточности по 
NYHA до медикаментозной терапии составила: II ФК по 
NYHA - 25,2% пациентов, III ФК по NYHA - 50% пациен-
тов, IV ФК по NYHA - 24,8% пациентов; при медикамен-
тозной терапии: II ФК по NYHA - 11% пациентов, III ФК по 
NYHA - 57%, IV ФК по NYHA - 32%; после ОТС: I ФК по 
NYHA - 64,2%, II ФК по NYHA - 35,7%.

Во II группе оценка ФК сердечной недостаточности по 
NYHA до медикаментозной терапии: II ФК по NYHA - 40% 
пациентов, III ФК по NYHA - 52% пациентов, IV ФК по 
NYHA - 8% пациентов; при медикаментозной терапии: II 
ФК по NYHA - 38% пациентов, III ФК по NYHA - 55%, IV 

ФК по NYHA - 5%; после ОТС: I ФК по NYHA - 70%, II ФК 
по NYHA - 30%

Показатели тяжести состояния в исследуемых группах 
пациентов ХСН в ЛО до, во время медикаментозной тера-
пии и после ОТС за недостаточностью кровообращения 
представлены на рис. 10.

Во II группе оценка тяжести состояния пациентов до, во вре-
мя медикаментозной терапии с недостаточностью кровообра-
щения. До терапии: НК IIА - у 71% пациентов, НК II В - у 29% 
пациентов; во время терапии НК ПА - у 75% пациентов, НК 
II В - у 25% пациентов; после ОТС: НК 0 – 100%, НК І-30%. 
Результаты исследавания представленны на рис. 11.
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Распределение осложнений: острый криз отторжения - 5 
(36%) пациентов; ПЖ недостаточность трансплантирован-
ного сердца - 1 (7%) больной, без осложнений - 8 (57%) 
пациентов. А в группе ЛО без ПК 21 пациенту выполнена 
прямая трансплантация сердца. 3 (12%) пациентов сняты с 
ЛО в связи с восстановлением миокарда, 1 (4%) больной умер 
в ЛО на терапии. 

Выводы. Потенциальные реципиенты на транспланта-
цию сердца требуют тщательного и всестороннего обсле-
дования с целью выявления сопутствующей патологии и 
прогнозирования риска оперативного вмешательства и по-
слеоперационных осложнений.

Своевременное направление пациентов на обследова-
ние и включение в лист ожидания является важнейшим 
фактором, поскольку период ожидания может занять дли-
тельное время.

На основании проведенного исследования разрабо-
таны и внедрены критерии отбора пациентов для вклю-
чения в лист ожидания на трансплантацию сердца: ФВ 
ЛЖ - <20% (p<0,0001), давление заклинивания легочной 
артерии (ДЗЛА) - не более 35 мм рт. ст. (P<0,0001), пи-
ковое потребление кислорода миокардом - <14 мл/кг/
мин на фоне максимальной медикаментозной терапии 
(p<0,0001), ЛСС - <5 единиц за Wood (p<0,0001), ТПГ - 
до 15 мм рт. ст. (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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РЕЗЮМЕ

ОСНОВНЫЕ КРИТЕРИИ ОТБОРА ПАЦИЕНТОВ ПРИ ФОРМИРОВАНИИ ЛИСТА ОЖИДАНИЯ 
НА ТРАНСПЛАНТАЦИЮ СЕРДЦА

Танская О.А., Островский Ю.П., Курлянская Е.К., Валентюкевич А.В., Колядко М.Г.

Клиническая больница “Феофания” Государственного управления внутренними делами, Киев, Украина;
Республиканский научно-практический центр «Кардиология», Минск, Республика Беларусь

Цель исследования - оптимизация критериев отбора 
пациентов для включения в лист ожидания на трансплан-
тацию сердца на основании имеющихся международных 
данных и их внедрение в практику.

В исследование включено 49 больных (медиана воз-
раста 38 (16; 65) лет, мужчин - 44, женщин - 5), кото-
рые находились на лечении в 2008-2018 гг. в Республи-
канском научно-практическом центре «Кардиология» 
(Минск, Республика Беларусь) и Центре кардиохирур-
гии на базе Клинической больницы «Феофания» Госу-
дарственного управления внутренними делами. Больные 
проходили обследование при поступлении и спустя 3, 
6 месяцев и 1 год.

I группу составили 24 пациента с хронической сердеч-
ной недостаточностью (ХСН), которые находились на 
поддержке кровообращения в листе ожидания на ортото-

пическую трансплантацию сердца. Медиана возраста со-
ставила 40,95 (18; 65) г., мужчин было 23 и одна женщина.

II группу составили 25 пациентов с ХСН, находящихся в 
листе ожидания на ортотопическую трансплантацию серд-
ца без поддержки кровообращения, медиана возраста -38,56 
(17; 64) года, мужчин было 21, женщин - 4.

В Украине впервые разработана и внедрена дорожная 
карта и проанализирована динамика движения реципиен-
тов, находящихся в листе ожидания на трансплантацию 
сердца. Установлены факторы риска, влияющие на отда-
ленные результаты и качество жизни пациентов с сердеч-
ной недостаточностью III-IV функционального класса по 
классификации NYHA. Разработаны и внедрены крите-
рии отбора больных к первичной трансплантации серд-
ца, а также составлен лист ожидания на трансплантацию 
сердца.

reziume

pacientebis SerCevis ZiriTadi kriteriumebi gulis transplantaciis 
mosacdeli siis formirebisaTvis 

o.tanskaia, i.ostrovski, e.kurlianskaia, a. valentiukeviCi, m. koliadko

klinikuri saavadmyofo “feofania”, Sinagan saqmeTa saxelmwifo sammarTvelo, kievi, ukraina;
respublikuri samecniero-praqtikuli centri “kardiologia”, minski, belarusis respublika

kvlevis mizans warmoadgenda gulis trans-
plantaciisaTvis mosacdel siaSi pacientebis 
CarTvis kriteriumebis optimizeba arsebuli 
saerTaSoriso monacemebis safuZvelze da maTi 
danergva praqtikaSi.
kvlevaSi CarTuli iyo 49 pacienti (asakis me-

diana – 38 (16; 65) weli, mamakaci – 44, qali – 5), 
romlebic mkurnalobdnen respublikur samec-
niero-praqtikul centrSi “kardiologia” (minski, 
belarusis respublika) da kardioqirurgiis cen-
trSi klinikuri saavadmyofo “feofania”-s bazaze 
(ukraina). pacientebs gamokvleva Cautarda klini-
kaSi Semosvlisas, 3, 6 Tvis da 1 wlis Semdeg. 
I  jgufi Seadgina damxmare sisxlis mimoqcevaze 

myofma 24  pacientma gulis qronikuli ukmarisobiT, 
romlebic imyofebodnen mosacdel siaSi gulis 
orTotopiul transplantaciaze. asakis medianam 
Seadgina 40,95 (18; 65) weli, mamakaci – 23, qali – 1. 

II  jgufi Seadgina 25 pacientma gulis qroni-
kuli ukmarisobiT, damxmare sisxlis mimoqcevis 
gareSe, romlebic imyofebodnen mosacdel siaSi 
gulis orTotopiul transplantaciaze. asakis 
medianam Seadgina 38,56 (17; 64) weli, mamakaci – 21, 
qali – 4. 
ukrainaSi pirveladaa SemuSavebuli da daner-

gili sagzao ruka da gaanalizebulia recipien-
tebis moZraobis dinamika, romlebic imyofebod-
nen mosacdel siaSi gulis transplantaciaze. 
dadgenilia gulis ukmarisobis III-IV funqciuri 
klasis (NYHA-s mixedviT) mqone pacientebis 
Soreul Sedegebsa da sicocxlis xarisxze mo-
qmedi riskis faqtorebi. SemuSavebuli da da-
nergilia pacientebis SerCevis kriteriumebi 
gulis pirveladi transplantaciisaTvis, aseve, 
Sedgenilia mosacdeli sia gulis transplan-
taciisaTvis.



68

	
МЕДИЦИНСКИЕ НОВОСТИ ГРУЗИИ

CFMFHSDTKJC CFVTLBWBYJ CBF[KTYB

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

2,3Yelshibayeva E., 1,2Dautov T., 2Rakhimzhanova R., 4Gutberlet M.,
 3Mardenkyzy D., 2Kozhakhmetova Zh., 2,3Saduakasova A.

1National Research Cardiac Surgery Center Nur-Sultan; 2NpJSC «Astana Medical University», Nur-Sultan; 
3RSE «MCH of President’s Affairs Administration of the Republic of Kazakhstan»; 

4Heart 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 

cardiomyopathies, previously underwent coronary artery bypass 
graft (CABG), 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 A1c ≥ 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 (α=0.20) results from 
bivariate analyses and previous epidemiological studies [11]. In 
multivariate analyses, all statistically significant (α=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 Kazakh 
n=626

Russian 
n=200

Other
n=109 p-value 

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)

Female
Male

197 (31.5)
429 (68,5)

78 (39.0)
122 (61) 39 (36.1)70 (64,2) 0.13** 

0.15**

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, µmol/l 78.7±21.2 81.8±19.8 80.1±17.9 0.20*

Total Cholesterol, mmol/l 5.0±1.2 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 1.7±1.2 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 

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 
n=626

Russian 
n=200

Other
n=109 p-value 

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 42.2±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)
CAC in LM 
mean±SD 8.2±47.0 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) 5 (35.7)

Percentages are shown in parentheses. Continuous variables are presented as mean ± SD and median (IQR) below; 
* - Kruskal-Wallis test; ** - Pearson’s chi-square test or Fisher’s exact test

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 
score p-value CAC score=0

(n=355)
CAC score>0

(n=574) p-value

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 99.1±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 <0.001**** 172.9±32.4 179.1±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 55.1±263.7

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

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).
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Chest pain
Typical 177.3±436.0 0.21* 128 (37.8) 227 (41.1) 0.04**
Atypical 101.7±242.1 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 <0.01*** 123 (38.8) 275 (51.8) <0.001**
no 107.9±270.6

Diabetes
yes 158.8±315.2 <0.001*** 66 (18.8) 169 (29.6) <0.001**
no 133.8±364.2

HbA1C 0.10 0.32**** 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 <0.001**** 75.9±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; 
**** - 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 CAC=0
(n=355)

CAC>0
(n=574) 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 <0.001*** 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 383.9±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 Fisher’s 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>0

Variable Coefficient (95% CI) 
(log of CAC score)

Corresponding percentage change in 
CAC score  (95% CI) p-value

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 to -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>0) 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-

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/m2. 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.

REFERENCES

1. Aringazina A, Gulis G, Allegrante JP. Public Health Chal-
lenges and Priorities for Kazakhstan. 2012. 2012;1(1).
2. Katsaga A, Kulzhanov M, Karanikolos M, Rechel B. Ka-
zakhkstan health system review. // Health systems in transi-
tion. 2012;14(4):1-154.
3. Kulkayeva G, Harun-Or-Rashid MD, Yoshida Y, Tulebayev 
K, Sakamoto J. CARDIOVASCULAR DISEASE RISK FAC-
TORS AMONG RURAL KAZAKH POPULATION. // Na-
goya Journal of Medical Science. 2012;74(1-2):51-61.
4. Ellis C, Gamble G, Edwards C, van Pelt N, Gabriel R, 
Lowe B, et al. The value of CT cardiac angiography and CT 
calcium score testing in a modern cardiology service in New 
Zealand: a report of a single centre eight-year experience 
from 5,237 outpatient procedures. // The New Zealand Medi-
cal Journal. 2016;129(1446):22-32.
5. Rosen BD, Fernandes V, McClelland RL, Carr JJ, Detrano 
R, Bluemke DA, et al. Relationship between baseline coronary 
calcium score and demonstration of coronary artery stenoses 
during follow-up MESA (Multi-Ethnic Study of Atheroscle-
rosis). // JACC Cardiovascular imaging. 2009;2(10):1175-83.

6. McClelland RL, Chung H, Detrano R, Post W, Kronmal 
RA. Distribution of coronary artery calcium by race, gender, 
and age: results from the Multi-Ethnic Study of Atherosclero-
sis (MESA).// Circulation. 2006;113(1):30-7.
7. Detrano R, Guerci AD, Carr JJ, Bild DE, Burke G, Folsom 
AR, et al. Coronary calcium as a predictor of coronary events 
in four racial or ethnic groups. // The New England Journal of 
Medicine. 2008;358(13):1336-45.
8. Davletov K, McKee M, Berkinbayev S, Battakova Z, Vu-
jnovic M, Rechel B. Regional differences in cardiovascular 
mortality in Kazakhstan: further evidence for the ‘Russian 
mortality paradox’? // European Journal of Public Health. 
2015;25(5):890-4.
9. Whelton PK, Carey RM, Aronow WS, Casey DE, Jr., Col-
lins KJ, Dennison Himmelfarb C, et al. 2017 ACC/AHA/
AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA 
Guideline for the Prevention, Detection, Evaluation, and 
Management of High Blood Pressure in Adults: Executive 
Summary: A Report of the American College of Cardiol-
ogy/American Heart Association Task Force on Clinical 
Practice Guidelines. // Hypertension (Dallas, Tex : 1979). 
2018;71(6):1269-324.
10. Kolber MR, Scrimshaw C. Family history of cardiovascu-
lar disease. Canadian family physician // Medecin de famille 
canadien. 2014;60(11):1016.
11. Bajraktari G, Nicoll R, Ibrahimi P, Jashari F, Schmer-
mund A, Henein MY. Coronary calcium score correlates with 
estimate of total plaque burden. // International Journal of 
Cardiology. 2013;167(3):1050-2.
12. Pletcher MJ, Sibley CT, Pignone M, Vittinghoff E, Green-
land P. Interpretation of the coronary artery calcium score in 
combination with conventional cardiovascular risk factors: 
the Multi-Ethnic Study of Atherosclerosis (MESA). // Circu-
lation. 2013;128(10):1076-84.
13. Lee JH, B OH, Han D, Park HE, Choi SY, Sung J, et 
al. Reassessing the Usefulness of Coronary Artery Calcium 
Score among Varying Racial and Ethnic Groups by Geo-
graphic Locations: Relevance of the Korea Initiatives on 
Coronary Artery Calcification Registry. // Journal of Cardio-
vascular Ultrasound. 2015;23(4):195-203.
14. Bild DE, Detrano R, Peterson D, Guerci A, Liu K, Sha-
har E, et al. Ethnic differences in coronary calcification: the 
Multi-Ethnic Study of Atherosclerosis (MESA). // Circula-
tion. 2005;111(10):1313-20.
15. Asafu Adjaye Frimpong G, Owusu IK, Anyitey-Kokor 
IC, Wiafe-Kwakye CSNS, Aboagye E, Coleman NE, et al. 
Age–gender distribution of coronary artery calcium score in 
a black African population in Ghana. // Vascular Health and 
Risk Management. 2018;14:75-80.
16. Han D, ó Hartaigh B, Gransar H, Lee JH, Choi S-Y, Chun 
EJ, et al. Prevalence and Distribution of Coronary Artery Cal-
cification in Asymptomatic United States and Korean Adults–
Cross-Sectional Propensity-Matched Analysis –. // Circula-
tion Journal. 2016;80(11):2349-55.
17. Russo D, Morrone LF, Brancaccio S, Napolitano P, Salva-
tore E, Spadola R, et al. Pulse Pressure and Presence of Coro-
nary Artery Calcification. // Clinical Journal of the American 
Society of Nephrology : CJASN. 2009;4(2):316-22.
18. Kramer CK, von Mühlen D, Gross JL, Barrett-Connor 
E. A Prospective Study of Abdominal Obesity and Coronary 
Artery Calcium Progression in Older Adults. // The Journal of 
Clinical Endocrinology and Metabolism. 2009;94(12):5039-
44.



76

	
МЕДИЦИНСКИЕ НОВОСТИ ГРУЗИИ

CFMFHSDTKJC CFVTLBWBYJ CBF[KTYB

19. Park HE, Kim MK, Choi SY, Lee W, Shin CS, Cho SH, et 
al. The prevalence and distribution of coronary artery calci-
um in asymptomatic Korean population. // The International 
Journal of Cardiovascular Imaging. 2012;28(5):1227-35.

20. Kovacic JC, Lee P, Baber U, Karajgikar R, Evrard SM, 
Moreno P, et al. Inverse relationship between body mass index and 
coronary artery calcification in patients with clinically significant 
coronary lesions.// Atherosclerosis. 2012;221(1):176-82.

SUMMARY

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

2,3Yelshibayeva E., 1,2Dautov T., 2Rakhimzhanova R., 4Gutberlet M., 3Mardenkyzy D., 
2Kozhakhmetova Zh., 2,3Saduakasova A.
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4Heart Centre, Department of Diagnostic and Interventional Radiology, Medical University, Leipzig, Germany

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.

РЕЗЮМЕ

КОМПЬЮТЕРНАЯ ТОМОГРАФИЯ В ВЫЯВЛЕНИИ ОСОБЕННОСТЕЙ КОРОНАРНОГО АТЕРОСКЛЕРОЗА 
У ЖИТЕЛЕЙ РАЗЛИЧНЫХ ЭТНИЧЕСКИХ ГРУПП КАЗАХСТАНА

2,3Ельшибаева Э.С., 1,2Даутов Т.Б., 2Рахимжанова Р.И., 4Гутберлет М., 
2,3Марденкызы Д.М., 2Кожахметова Ж.Ж., 2,3Садуакасова А.Б.
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Цель исследования - выявление особенностей пораже-
ния коронарного русла и определение корреляционной 
связи основных факторов риска ишемической болезни 
сердца с показателями кальциевого индекса в различных 
возрастных и этнических группах у мужчин и женщин, 
проживающих в Казахстане. 

Ретроспективно проведен анализ 935 историй болезни 
пациентов, которым проведена мультиспиральная ком-
пьютерная томография (МСКТ) для оценки состояния ко-
ронарных артерий. Пациенты с учетом национальной при-
надлежности разделены на три группы: казахи (66,9%), 
русские (21,4%) и другие (11,7%) национальности. 

Между этническими группами выявлены статистически 
значимые различия по индексу массы тела (p=0,03), типу 
боли в груди (p<0,01), использованию статинов (p=0,01) 
и уровню глюкозы в крови (p<0,01). Исследование пока-
зало, что распространённость коронарного атеросклероза 
выше среди русской национальности в сравнении с казах-
ской, даже после корректировки на традиционные факто-
ры риска. Многофакторный анализ выявил, что показате-
ли кальциевого индекса (КИ) превышают таковые группы 
русской популяции на 48% (OR=1,48; 95% ДИ 0,91–2,40) 
в сравнении в казахской. В ходе кросс-секционного ис-
следования выявлены статистически значимые различия 
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по характеру поражения коронарного русла между эт-
ническими группами, преимущественно мужского пола, 
проживающими в Казахстане.

Авторы исследования считают необходимым проведение 
проспективных исследований с последующим динамиче-
ским наблюдением за пациентами после лечения с целью 
выявления причин повторных коронарных событий.

reziume 

kompiuteruli tomografiis roli koronaruli 
aTerosklerozis Taviseburebebis gamovlenaSi 
yazaxeTSi mcxovreb sxvadasxva eTnikuri jgufis 
warmomadgenlebSi

2,3e.elSibaeva, 1,2t.dautovi, 2r.raximJanova, 
4m.gutberleti, 2,3d.mardenkizi, 2J.koJaxmetova, 
2,3a.saduakasova

1kardioqirurgiis erovnuli samecniero centri; 
2astanas samedicino universiteti, nur-sultani; 
3yazaxeTis respublikis prezidentis adminis-
traciuli departamentis samedicino centris 
saavadmyofo, nur-sultani, yazaxeTi; 4samedici-
no universiteti, gulis centri, diagnostikisa 
da intervenciuli radiologiis ganyofileba, 
leipcigi, Ggermania

kvlevis mizans warmoadgenda koronaruli sisxl-
ZarRvebis dazianebis Taviseburebebis gamovlena 
da  gulis iSemiuri daavadebis ZiriTadi risk-
faqtorebis korelaciuri kavSiris gansazRvra 

kalciumis indeqsTan yazaxeTSi mcxovreb sxva-
dasxva asakis da sxvadasxva eTnikuri jgufis 
warmomadgenel mamakacebsa da qalebSi.
retrospeqtulad gaanalizebulia 935 pacientis 

avadmyofobis istoria, romelTac  koronaruli 
arteriebis mdgomareobis Sefasebis mizniT Cau-
tarda multispiraluri kompiuteruli tomogra-
fia. pacientebi, eTnikuri kuTvnilebis mixedviT, 
daiyo sam jgufad: yazaxebi (66,9%), rusebi (21,4%) 
da sxva erovnebis warmoamadgenelebi (11,7%). eT-
nikurL jgufebs Soris gamovlinda statisti-
kurad mniSvnelovani gansxvaveba sxeulis masis 
indeqsis (p=0,03), gulmkerdis midamoSi tkivilis 
(p<0,01), statinebis gamoyenebis  (p=0,01) da sisxl-
Si glukozis donis (p<0,01) mixedviT.
kvlevis Sedegebma aCvena, rom koronaruli aTe-

rosklerozis gavrceleba ufro maRalia rusi 
erovnebis mosaxleobaSi yazaxebTan SedarebiT, 
maT Soris - tradiciuli risk-faqtorebis ko-
reqciis Semdegac. mravalfaqtoruli analiziT 
gamovlinda, rom rusul populaciaSi, yazaxebTan 
SedarebiT, 48%-iT ufro maRalia kalciumis in-
deqsis maCveneblebi (OR=1,48; 95%-iani sandoobis 
intervali 0,91–2,40). qros-seqciuri kvleviT yaza-
xeTSi mcxovreb eTnikur jgufebs Soris, upirate-
sad mamakacebSi, gamovlinda statistikurad sar-
wmuno gansxvaveba koronaruli sisxlZarRvebis 
dazianebis xarisxSi. 
ganmeorebiTi koronaruli SemTxvevebis mizeze-

bis gamosavlenad avtorebs mizanSewonilad miaC-
niaT prospeqtuli kvlevebis Catareba mkurnalo-
bis Semdeg pacientebze dakvirvebiT dinamikaSi.

TRANSFORMING GROWTH FACTOR AND ARTERIAL STIFFNESS 
IN PATIENTS WITH UNCONTROLLED ARTERIAL HYPERTENSION 

1Podzolkov V., 1Safronova T., 1Nebieridze N., 1Loriya I., 2Cherepanov A.

1I.M. Sechenov First Moscow State Medical University (Sechenov University), 2nd Internal Medicine Department 
of N.V. Sklifosovsky Institute of Clinical Medicine; 2Autonomous non-profit organization of additional education

 «Intenational Travel and Education Company (ITEC) language school»; 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 

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 β1 (TGF-β1), 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-β1 with myocar-
dial [10] and renal [11] remodeling in hypertension. The effect 
of TGF-β1 on (pulse wave velocity) PWV has been studied and 
hypersecretion of TGF-β1 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-β1 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-β1, 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 

(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-III, atrial fibrillation, diabetes mellitus, chronic kidney 
disease with decreased glomerular filtration rate (GFR <60 ml/
min/1,73 m2; 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.

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-

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-β1 was performed using the Human TGF-β1 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 



	
GEORGIAN MEDICAL NEWS  
No 1 (310) 2021

© GMN 79 

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-β1 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-β1 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)
n=80 

Group II (UAH)
 n=30

Group III 
(control group) n=30 p

Age, years 55[49;63] 58[56;65] 56,5[48;64] p I,II,III>0,05
Sex, m/f, % 35/65 33/67 32/68 p I,II,III>0,05
BMI, kg/m2 27[24;32] 30,4[27;32,5] 23,4[20,8;26,7] p I,II,III<0,05

Smoking, 
yes/no

(pers.(%)) 32(39%)/48(61%) 9(31%)/21(69%) 9(30%)/21(70%)

p I, II <0,05
p I, III <0,05
p II,III >0,05

Duration of hypertension, years 7 [4;11] 9[5;12] - p I,II>0,05
AH degree,

1
2

3, (pers. (%))

-
49 (38%)
31(62%)

-
11 (36%)
19 (64%) 

- p I,II>0,05

Myocardial mass, g 165[139;234] 210[165;269] 112[92;112] p I,II,III<0,05

IMT, mm 1[0,9;1] 1[0,9;1] 0,8[0,7;0,9]
p I ,II>0,05
p I ,III<0,05
p II,III <0,05

Creatinine,
 μmol/L 93 [89;106] 94 [77;104] 79[75;82]

p I, II, >0,05
p I, III < 0,05
p II, III <0,05

Fig. 2. TGF-β1 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-β1 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-β1 de-
pending on the stage of hypertension in CAH patients (p <0,05) 

(Fig. 5). In patients of the UAH group, there were no significant 
differences in the level of TGF-β1 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-β1 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-β1 in the CAH 
group

Fig. 4. Relationship between CAVI and TGF-β1 in the UAH 
group

Fig. 5. Median TGF-β1 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 μmol/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-β1 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-β1 was 
significantly higher in the group of UAH patients compared 
with CAH patients. The lowest TGF-β1 level was observed in 
patients without hypertension. Formerly, Derhaschnig U. [15] 
found an increase in TGF-β1 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-β1 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-β1 against 
the background of hypertension may be associated with an in-
crease in shear stress or an increase in the level of angioten-
sin II [17]. In our study, the highest TGF-β1 values ​​were also 
observed in patients with more severe stages of the disease in 

the CAH group, in contrast to the UAH group, where there was 
no significant difference in TGF-β1 levels depending on the 
stage. An uncontrolled course of hypertension contributes to a 
significant increase in the pathological cytokine TGF-β1 at an 
earlier 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-β1 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-β1, 
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-β1 on the CAVI index. There are separate studies 
in the course of which the effect of TGF-β1 level on the of the arte-
rial stiffness is investigated in mouse models by measuring PWV 
[21]. In general, the relationship between TGF-β1 and TOD is not 
limited to the vascular wall. According to the results of regression 
analysis in our study, a relationship between TGF-β1 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-β1 in patients with hypertension, especially un-
controlled hypertension, as well as the revealed relationship with 
CAVI, makes it possible to use TGF-β1 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-β1 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-β1 
and arterial stiffness indices suggests a significant role of 
TGF-β1 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 
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The aim of our study was to identify the relationship between 
TGF-β1, 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-β1 level.

The TGF-β1 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-β1 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-β1 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-β1 
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-β1 and an increase 
of arterial stiffness were revealed in patients of the UAH group 
in comparison with the other groups. The relationship between 
TGF-β1 and arterial stiffness was also found.

Keywords: transforming growth factor β1, CAVI, arterial hy-
pertension, target organ damage, arterial stiffness.

РЕЗЮМЕ

ТРАНСФОРМИРУЮЩИЙ ФАКТОР РОСТА И ЖЕСТ-
КОСТЬ СОСУДИСТОЙ СТЕНКИ У ПАЦИЕНТОВ С 
НЕКОНТРОЛИРУЕМЫМ ТЕЧЕНИЕМ АРТЕРИАЛЬ-
НОЙ ГИПЕРТЕНЗИИ

1Подзолков В.И., 1Сафронова Т.А., 1Небиеридзе Н.Н., 
1Лория И.Ж., 2Черепанов А.Г.
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зация дополнительного образования «Intenational Travel and 
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Целью исследования явилось определить взаимосвязь 
между TGF-β1, жесткостью сосудистой стенки и пораже-
нием органов-мишеней у пациентов с неконтролируемым 
течением артериальной гипертензии.

В исследование включено 140 пациентов: 30 больных с не-
контролируемым течением АГ (НАГ), 80 – с контролируемым 
течением АГ (КАГ) и 30 - группа контроля. Группу контроля 
составили здоровые исследуемые. У пациентов определена 
жесткость сосудистой стенки при помощи сердечно-лодыжеч-
ного сосудистого индекса (СAVI) и уровня TGF-β1. 

Уровень TGF-β1 составил 19,2 [17,2;24,7] нг/мл в группе 
КАГ. В группе НАГ - 22,6 [20,6;25,6] нг/мл, в группе контро-
ля - 17,4 [11,8;19,3] нг/мл. Максимальные и минимальные 
значения индексов СAVI наблюдались в группе НАГ - 9,2 
[8,5;9,9] и группе контроля - 7 [6,5;7,5] (p<0,05), в группе 
КАГ отмечалось промежуточное значение индекса CAVI - 
7,8 [7,0;8,5] (p<0,05). В ходе корреляционного анализа вы-
явлена достоверная связь уровня TGF-β1 с CAVI у пациен-

тов с АГ (КАГ r=0,777; НАГ r=0,753; р<0,05). Наблюдалась 
значимая разница в уровнях TGF-β1 в зависимости от ста-
дии АГ у пациентов с КАГ (p<0,05). По результатам прове-
денного однофакторного регрессионного анализа выявлено, 
что у больных АГ с величиной TGF-β1 наиболее достоверно 
взаимодействуют: масса миокарда (р<0,05), CAVI (р <0,05) 
и уровень креатинина (р<0,05).

Выявлено повышение концентрации TGF-β1 и увеличе-
ние жесткости сосудистой стенки у пациентов группы НАГ в 
сравнении с остальными группами. Обнаружена взаимосвязь 
между показателями TGF-β1 и жесткости сосудистой стенки.

reziume

zrdis matransformirebeli faqtori da sisxl-
ZarRvis kedlis simyare pacientebSi arteriuli 
hipertenziis arakontrolirebadi mimdinareobiT
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2a.Cerepanovi
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kvlevis mizans warmoadgenda urTierTkavSiris 
gansazRvra zrdis matransformirebel faqtors 
(TGF-β1), sisxlZarRvis kedlis simyaresa da 
samizne organoebis dazianebas Soris pacienteb-
Si arteriuli hipertenziis arakontrolirebadi 
mimdinareobiT.
kvlevaSi CarTuli iyo 140 pacienti: 30 – ara-

kontrolirebadi arteriuli hipertenziiT, 80 
– arteriuli hipertenziis kontrolirebadadi 
mimdinareobiT, 30 – sakontrolo jgufi. sakon-
trolo jgufi Sedgeboda janmrTeli pirebisgan. 
pacientebSi gul-koWis sisxlZarRvovani indeqsis 
(СAVI) da TGF-β1-is donis mixedviT ganisazRvra 
sisxlZarRvis kedlis simyare.

TGF-β1-is donem kontrolirebadi arteriuli hi-
pertenziis jgufSi Seadgina 19,2 [17,2;24,7] ng/ml, ara-
kontrolirebadi arteriuli hipertenziis jguf-
Si – 22,6 [20,6;25,6] ng/ml, sakontrolo jgufSi 
– 17,4 [11,8;19,3] ng/ml. СAVI indeqsis maqsimaluri 
da minimaluri maCveneblebi aRiniSna arakontro-
lirebadi arteriuli hipertenziis jgufSi – 9,2 
[8,5;9,9] da sakontrolo jgufSi – 7 [6,5;7,5] (p<0,05). 
kontrolirebadi arteriuli hipertenziis jguf-
Si aRiniSna СAVI-is saSualo maCvenebeli – 7,8 
[7,0;8,5] (p<0,05). korelaciuri analiziT gamovlin-
da TGF-β1-is donis sarwmuno kavSiri СAVI-Tan pa-
cientebSi arteriuli hipertenziiT (kontroli-
rebadi arteriuli hipertenziis jgufSi – r=0,777; 
arakontrolirebadi arteriuli hipertenziis 
jgufSi – r=0,753; р<0,05). aRiniSna TGF-β1-is donis 
mniSvnelovani gansxvaveba arteriuli hiperten-
ziis stadiaze damokidebulebiT kontrolireba-
di arteriuli hipertenziis jgufSi (p<0,05). Ca-
tarebuli erTfaqtoriani regresiuli analizis 
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Sedegebis mixedviT gamovlinda, rom pacientebSi 
arteriuli hipertenziiT TGF-β1-Tan yvelaze 
sarwmunod urTierTqmedeben: miokardiumis masa 
(р<0,05), СAVI (р<0,05) da kreatininis done (р<0,05).
dadgenilia TGF-β1-is koncentraciis da sisxl-

ZarRvTa kedlis simyaris mateba pacientebSi ara-
kontrolirebadi arteriuli hipertenziiT, sxva 
jgufebTan SedarebiT. aRmoCenilia urTierTkav-
Siri TGF-β1-is maCveneblebsa da sisxlZarRvTa 
kedlis simyares Soris.

SENSITIVITY TO MECHANICAL PAIN BASED ON SATIETY LEVELS IN WOMEN

Gvasalia T., Kvachadze I., Giorgobiani T.

Tbilisi 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 

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 Tbilisi State Medical University Biomedical Research Com-
mittee. The study was conducted in compliance with all require-
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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 cm2), 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 cm2.

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 

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

Gvasalia T., Kvachadze I., Giorgobiani T.

Tbilisi 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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РЕЗЮМЕ

ПОКАЗАТЕЛИ МЕХАНИЧЕСКОЙ БОЛЕВОЙ ЧУВ-
СТВИТЕЛЬНОСТИ В УСЛОВИЯХ РАЗЛИЧНОГО ПИ-
ЩЕВОГО СТАТУСА У ЖЕНЩИН

Гвасалия Т.М., Квачадзе И.Д., Гиоргобиани Т.Н.

Тбилисский государственный медицинский университет, 
департамент физиологии, Грузия

Данные последних исследований показали, что, помимо 
биологических и психосоциальных механизмов, на степень 
индивидуального восприятия боли влияет также и пищевой 
статус организма. Исследования подтверждают существо-
вание взаимосвязи между кормлением животных сахарозой 
и гипералгезией, а в других показано, что кетогенная диета 
может быть связана со снижением болевой чувствительно-
сти к тепловым раздражителям. Утверждается, что влияние 
уровня насыщения на восприятие боли опосредуется желу-
дочно-кишечными гормонами и эндогенными опиоидами. 
Фармакологическая стимуляция каппа-опиоидных рецепто-
ров снижает стресс и способствует обезболиванию. 

Целью исследования являлась оценка уровня восприятия 
боли, вызванной механическим экспериментальным раздра-
жением у женщин в условиях различных пищевых статусов 
в фолликулярной фазе овариально-менструального цикла.

Субьектами исследования явились студентки-доброволь-
цы в возрасте 18-23 лет (средний возраст 19,5±2,9 г.).

Фазы овариально-менструального цикла (ОМЦ) женщин, 
участвовавших в исследовании, определялись на основе ан-
кетных данных. Все исследования проводились в фоллику-
лярной фазе ОМЦ (7-11 день ОМЦ).

На первом этапе исследование проводилось в состоянии 
физиологического голода - спустя 10-12 часов после послед-
него приема пищи, натощак; на втором этапе - в состоянии 
первичного сенсомоторного насыщения т.е. спустя 20-30 
минут после приема смешанной пищи. Каждому участ-
нику предложено стандартное питание, включая белки, 
жиры, углеводы. Механическую болевую чувствительность 
оценивали с помощью компьютеризированного альгоме-
тра - AlgoMed (Medoc, Ltd, Израиль), который доставляет 
механические стимулы участникам; определялись пороги 
механического давления, механической боли и болевой то-
лерантности.

Согласно полученным данным, механизм относитель-
но слабого восприятия боли в условиях первичного на-
сыщения должен основываться на изменениях в желу-
дочно-кишечном тракте, происходящих после приема 
пищи: раздражение механо- и хеморецепторов начальных 
сегментов пищеварительной системы, особенно - желуд-
ка и двенадцатиперстной кишки, с последующей акти-
вацией определённых гуморальных факторов и дуоде-
нальной афферентации. Некоторые авторы считают, что 
выброс холецистокинина в двенадцатиперстную кишку, 
гипотетически, может являться причиной снижения бо-
левой чувствительности спустя 20–30 минут после при-
ема пищи, оказывая антиноцицептивное действие через 
синтез эндогенных опиоидов.

reziume
 
meqanikuri tkivilis mgrZnobelobis maCveneblebi 
sxvadasxva kvebiTi statusis pirobebSi qalebSi

T. gvasalia, i.kvaWaZe, T.giorgobiani

Tbilisis saxelmwifo samedicino universiteti, 
fiziologiis departamenti

bolo wlebSi Catarebuli kvlevebis safuZvel-
ze ikveTeba mosazreba, rom, biologiuri da fsiqo-
socialuri meqanizmebis garda, individis mier 
tkivilis aRqmaze SesaZloa gavlenas axdendes 
organizmis kvebiTi statusi. sxvadasxva monace-
mebis Tanaxmad, cxovelebSi saqaroziT kveba da-
kavSirebulia hiperalgeziasTan, rogorc fazuri, 
aseve tonuri gamRizianeblis mimarT; meore mxriv, 
ketogenuri kveba SesaZloa asocirdebodes Ter-
muli gamRizianebliT aRmocenebuli tkivilis 
SemcirebasTan. savaraudoa, rom kvebiTi statusis 
gavlena tkivilis mgrZnobelobaze emyareba saWm-
lis momnelebeli hormonebis da endogenuri opi-
oidebis moqmedebas organizmSi. kapa-opioiduri 
receptorebis farmakologiuri stimulacia amci-
rebs stress, xels uwyobs analgezias.
winamdebare kvleva miznad isaxavs meqanikuri 

eqsperimentuli gamRizianebliT ganpirobebuli 
tkivilis SegrZnebis Sefasebas qalebSi ovariul-
menstrualuri ciklis folikulur fazaSi sxva-
dasxva kvebiTi statusis dros. 
kvlevis samizne jgufi warmodgenili iyo 18-23 

wlis asakis moxalise studentebiT (qalebi, sa-
Sualo asaki - 19,5±2,9 weli).
kvlevaSi CarTuli qalebis ovariul-menstru-

aluri cikli (omc) Sefasda anketirebiT/gamo-
kiTxviT. yvela qalis kvleva Catarda omc-s fo-
likulur fazaSi (omc-s me-7-11 dRe).
kvleva pirvel etapze Catarda uzmod, fiziolo-

giuri SimSilis mdgomareobaSi - sakvebis miRe-
bidan 10-12 saaTis Semdeg, meore ki - Sereuli 
sakvebis miRebidan 20-30 wuTis Semdeg, anu 
pirveladi,sensorul-motoruli maZRrobis mdgo-
mareobaSi. yvela probandisaTvis SeTavazebuli 
iyo standartuli, Sereuli sakvebi - cilebis, cxi-
mebis, naxSirwylebis SemcvelobiT.
meqanikuri tkivilis mgrZnobelobis Sefaseba 

ganxorcielda programulad kontrolirebadi 
xelsawyoTi AlgoMed (Medoc, Ltd, Israel), romlis 
meSveobiT subieqtebs miewodebodaT meqanikuri 
stimulebi; paralelurad aRiricxeboda meqani-
kuri mgrZnobelobis zRurbli, tkivilis zRur-
bli da tkivilisadmi mdgradobis zRurbli 
(tolerantoba).
kvlevis Sedegebi iZleva safuZvels hipoTe-

zisaTvis, rom pirveladi maZRrobis mdgomareo-
baSi tkivilisadmi mgrZnobelobis SedarebiT 
daqveiTebas safuZvlad udevs saWmlis momnele-
bel traqtSi sakvebis moxvedris Sedegad gan-
viTarebuli cvlilebebi: gastrointestinuri 
sistemis sawyisi segmentebis, kuWisa da Tormet-
goja nawlavis meqano- da qemoreceptorebis 
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gaRizianeba, rasac mosdevs sxvadasxva humoruli 
faqtoris aqtivacia da duodenuri aferentacia. 
amasTan, Sereuli sakvebis miRebidan 20-30 wT-Si 
tkivilisadmi mgrZnobelobis daqveiTebaSi erT-

erT savaraudo meqanizmad avtorebi ganixilaven 
Tormetgoja nawlavSi qolecistokininis gamoyo-
fas, rasac, savaraudod, antinocicepciuri gavlena 
aqvs endogenuri opioidebis sinTezis gamo.

FEATURES OF BONE METABOLISM AND THEIR INFLUENCE ON ARTERIAL WALL STIFFNESS IN 
POSTMENOPAUSAL WOMEN WITH CONTROLLED UNCOMPLICATED HYPERTENSION

1Povoroznyuk V., 2Nishkumay O., 2Lazarieva K., 2Lazariev P.

1SI “D.F. Chebotarev Institute of Gerontology NAMS of Ukraine”, Kyiv; 
2O.O. 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 

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/m²;  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 
(< 3.5 mmol/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 Нitachi 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 (AІx), 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 (P1NP), collagen type 1 cross-linked C-telo-
peptide (β-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/cm2) 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 

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 cBP - cen-
tral systolic, diastolic, pulse, and mean BP; AP-augmentation 
pressure; AІx-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, AIx, 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/m² 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 

cSBP, 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 72.7±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***

РРampl, % 120.1±1.79 152.9±2.19***
PWV rad., m/s 10.0±0.28 6.89±0.26***
PWV fem., m/s 11.6±0.37 7.9±0.24***

Statistically relevant difference in the scores between two groups * p<0.05; ** p<0.01; *** p<0.001

Table 2. Baseline data of the examined groups

Parameter Main group
n=44

Control group
n=30

TCh, mmol/l 6.28±0.18 4.6±0.1*
LDL cholesterol, mmol/l 3.83 ±0.17 1.73±0.14*

P1NP, ng/ml 55.12±4.45 58.32±3.24
Total vitamin D, ng/ml 23.21±1.1 29.18±2.12*

β – CTx, ng/ml 0.57±0.03 0.45±0.03*
PTH, ng/ml 67.9±3.75 39.56±1.14*

Са++, 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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Table 3. Correlation between changes in BP and pulse wave values, 
arterial stiffness and bone metabolism in main group patients

Parameter
r

РРampl. – HR 0.44*
PTH – bPP 0.46*

PTH – PWV fem. -0.44*

PTH - Alx -0.31*

PTH – Alx 75% -0.36*
P1NP- TCh 0.30**
P1NP- 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

Parameter Main group
n=44

Control group
n=30

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/sm2 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/sm2 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/sm2 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/sm2 1.09±0.01 1.15±0.02*
T-score Total Body, SD -0.5±0.16 -0.08±0.23

BMD Radius , g/sm2 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

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 
β-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 
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Table 5. Correlation among pulse wave values, arterial stiffness and BMD in main group

 Parameter cPP,
mmHg

АР,
mmHg

Alx, 
%

Alx75, 
%

РРampl,
%

PWV rad, 
m/s

PWV fem,
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/sm2 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/sm2 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/m2 –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/sm2 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/sm2 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

* - the correlation is significant at the level of 0.05

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 АР, АІх, АІх 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 

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 1α-hydroxylase - an enzyme 
through which 25-hydroxycholecalciferol (25 (OH) D3, calcidi-
ol) in the kidneys is converted to the active form of vitamin D3-
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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, AIx, 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 [5]. 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 АР, АІх, АІх 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 P1NP 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

1Povoroznyuk V., 2Nishkumay O., 2Lazarieva K., 2Lazariev P.

1SI “D.F. Chebotarev Institute of Gerontology NAMS of 
Ukraine”, Kyiv; 2O.O. 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 (P1NP), b-isom-
erized C-terminal telopeptides (b-CTx), ionized calcium and 
phosphorus in serum were assessed. 

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.

РЕЗЮМЕ 

ОСОБЕННОСТИ КОСТНОГО МЕТАБОЛИЗМА И 
ЕГО ВЛИЯНИЕ НА ЖЕСТКОСТЬ АРТЕРИАЛЬНОЙ 
СТЕНКИ У ЖЕНЩИН В ПОСТМЕНОПАУЗЕ С КОН-
ТРОЛИРУЕМОЙ АРТЕРИАЛЬНОЙ ГИПЕРТЕНЗИЕЙ 

1Поворознюк В.В., 2Нишкумай О.И., 2Лазарева К.П., 
2Лазарев П.А.

1ГУ «Институт геронтологии им. Д.Ф. Чеботарева НАМН 
Украины», Киев; 2Национальный медицинский университет 
им.А.А. Богомольца, Киев, Украина

Цель исследования - изучить особенности метаболизма 
костной ткани и его влияние на жесткость артериальной 
стенки у женщин в постменопаузе с контролируемой неос-
ложненной артериальной гипертензией. 

В исследовании приняли участие 44 женщины (основная 
группа), средний возраст - 69,04±0,72 года, длительность 
постменопаузы 18,4±0,85 г., с артериальной гипертензией 
(АГ) 2 степени. Группу сравнения составили 30 здоровых 
женщин, средний возраст - 69,±1,21 г., длительность пост-
менопаузы 19,4±1,18 г. (p>0,05). Исследуемым проведено 
общеклиническое и лабораторное обследование с опре-
делением уровня липидов в крови. Оценены параметры 
пульсовой волны (SphygmoCor), минеральная плотность 
костной ткани, уровни 25 (OH) D, паратиреоидного гормо-
на, пропептида проколлагена аминотерминального типа 1, 
b-изомеризованных С-концевых телопептидов, ионизиро-
ванного кальция и фосфора в сыворотке крови.

Данные, полученные при изучении параметров аппла-
национной тонометрии и структурно-функционального 
состояния костной ткани у пациентов с неосложненной 
АГ в возрасте 69±3,30 г., свидетельствуют о вероятности 
совместных патогенетических механизмах развития атеро-
кальциноза, повышения жесткости сосудов и развития остео-
пороза.

reziume

Zvlovani metabolizmis Taviseburebebi da moq-
medeba arteriuli kedlis simtkiceze menopauzis 
asakis qalebSi kontrolirebuli arteriuli hip-
ertenziiT

1v.povorozniuki, 2o.niSkumai, 2k.lazareva, 2p.lazarevi

1d.Cebotariovis saxelobis gerontologiis in-
stituti, kievi; 2a.bogomolecis sax. erovnuli 
universiteti, kievi, ukraina

kvlevis mizans warmoadgenda Zvlovani qsovi-
lis Taviseburebebis da maTi gavlenis Sefaseba 
arteriuli kedlis simtkiceze menopauzis asakis 
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qalebSi kontrolirebuli gaurTulebeli arte-
riuli hipertenziiT.
kvlevaSi monawileoba miiRo 44  qalma (ZiriTa-

di jgufi) arteriuli hipertenziis II  xaris-
xiT, saSualo asaki - 69,04±0,72 w., menopauzis xan-
grZlivoba - 18,4±0,85 w. Sedarebis jgufi Seadgina 
30 janmrTelma qalma, saSualo asaki – 69±1,21 w., 
menopauzis xangrZlivoba - 19,4±1,18 w. (p>0,05). pa-
cientebs Cautarda zogadi klinikuri da lab-
oratoriuli kvleva lipidebis donis gansaz-
RvriT sisxlSi. Sefasebulia pulsuri talRis 

parametrebi (SphygmoCor), Zvlovani qsovilis min-
eraluri simkvrive, 25 (OH) D-is, para-Tiroiduli 
hormonis, tipi 1 aminoterminaluri prokola-
genis propeptidis, b-izomerizebuli С–telo-
peptidebis, ionizebuli kalciumis da fosforis 
done sisxlis SratSi.
parametrebis SeswavliT miRebuli monacemebi 

miuTiTebs aTerokalcinozis, arteriuli kedlis 
simtkicis momatebis da osteoporozis erTobli-
vi paTogenezuri meqanizmebis arsebobis SesaZle-
blobis Sesaxeb.

CHARACTERISTICS OF DRUG RESISTANT TUBERCULOSIS IN GEORGIA (2015-2020) 

1,2Solomonia N., 1,2Vacharadze K., 3Mgvdeladze G.

1Tbilisi State Medical University; 2National Center for Tuberculosis and Lung Disease, Tbilisi; 
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 

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. 

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). 

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%)

Tbilisi 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%)

PASr (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,%) _ 1574 (99.6%)

No 7 (0.4%)

Cfzr (n,%) _ 1572 (99.4%)

No 9 (0.6%)

Bdq and/or Dlm in the regimen (n,%) Bdq 336 (21.3%)

Bdq+Dlm 102 (6.5%)

Dlm 140 (8.9%)

No 1003 (63.4%)

New drug in the regimen No 1003 (63.4%)

(Bdq or Dlm or Bdq+Dlm) (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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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 (Dlm), 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%)), Dlm alone was used in 140 (8.9%) 
and Bdq and Dlm 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%. In 2016-2018, 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 Dlm alone, or with Bdq and Dlm to-
gether was low comparing to the regimens with Bdq alone and 
this number in case of Dlm was decreased from maximum 36% 
(2017) to 3.2% (2019) and in case of Bdq+Dlm 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 Dlm separately or in combina-
tion was equally recommended. Since 2019, Bdq is recommend-
ed as the first choice “A” group drug, while Dlm, 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).

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 Dlm – Delamanid
Er – Ethambutol resistance Etor- Ethionamide resistance LFX – Levofloxacin

Zr- Pyrazinamide resistance PASr- para-aminosalicylic acid 
resistance MFX - Moxifloxacin

Table 2. Data of the new drugs in the DR-TB regimens and treatment outcomes by cohorts (2015-2020)

New drug in the regimen 

Successful 
outcome

Unsuccessful
 outcome

Bdq Dlm Bdq+Dlm

n=91 (18%)

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%) 58 (36%) 28 (17.4%) 223 (64.6%) 122 (35.4%)

n=98 (43%)

2018 (n=229 (100%)) 44 (44.9%) 25 (25.5%) 29 (29.6%) 150 (65.5%) 79 (34.5%)

n=95 (84%)

2019 (n=113 100%)) 76 (80%) 3 (3.2%) 16 (16.8%) 67 (59.3%) 46 (40.7%)

n=4 (100%)

2020 (n=4 (100%))* 2 (50%) 1 (25%) 1 (25%) 0 (0%) 4 (100%)

n=578 (36.6%)

Total (n=1581 (100%)) 336 (21.3%) 140 (8.9%) 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 National Tuberculosis 

Electronic Register the treatment outcomes of 4 patients were entered only
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Legend: Bdq- Bedaquiline; Dlm - 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)

Categories Subcatego-
ries

Total
N=8468

Successful 
N=6833

Unsuccess-
ful N=1635

Bivariate Multivariate

OR 95% CI p OR 95% 
CI p

Gender 
(n,%)

Female 322 (20.4%) 247 (25%) 75 (12.6%) 2.31 [1.74, 3.06] <0.001 1.78 [1.33, 
2.39] <0.001

Male 1259 (79.6%) 740 (75%) 519 (87.4%) 1 ref. ref. ref.

Age (n,%)
>55 290 (18.3%) 179 (18.1%) 111 (18.7%) 1 - -
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

Region 
(n,%)

High 675 (42.7%) 414 (41.9%) 261 (43.9%) 1 - -
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

Employ-
ment (n,%)

Employed 186 (11.8%) 143 (14.5%) 43 (7.2%) 1 - -
Military 2 (0.1%) 2 (0.2%) 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

Alcohol 
abuse (n,%)

Excessive 127 (8%) 71 (7.2%) 56 (9.4%) 1 - -
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

Illicit Drug 
abuse (n,%)

No 1245 (78.7%) 819 (83%) 426 (71.7%) 1 - -
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 (7.2%) 0.45 [0.28, 0.71] <0.001

HIV (+) 
(n,%) No 1479 (93.5%) 946 (95.8%) 533 (89.7%) 2.64 [1.75, 3.98] <0.001 2.33 [1.53, 

3.55] <0.001

Yes 102 (6.5%) 41 (4.2%) 61 (10.3%) 1 ref. ref. ref.

AFB (+) 
(n,%)

No 690 (43.6%) 435 (44.1%) 255 (42.9%) 1 - -
Not done 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

Culture (+) 
(n,%)

No 26 (1.6%) 16 (1.6%) 10 (1.7%) 1 - -
Not Done 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

TB Form 
(n,%) 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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Categories Subcatego-
ries

Total
N=8468

Successful 
N=6833

Unsuccess-
ful N=1635

Bivariate Multivariate

OR 95% CI p OR 95% 
CI p

TB Case 
(n,%) New Case 782 (49.5%) 575 (58.3%) 207 (34.8%) 2.61 [2.11, 3.22] <0.001 2.34 [1.88, 

2.91] <0.001

Previously 
Treated Case 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 (n,%) _ 96 (6.1%) 59 (6%) 37 (6.2%) 1 - -
No 109 (6.9%) 77 (7.8%) 32 (5.4%) 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 (n,%) _ 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-
men (n,%)

No 1003 (63.4%) 595 (60.3%) 408 (68.7%) 0.69 [0.56, 0.86] <0.001

Yes 578 (36.6%) 392 (39.7%) 186 (31.3%) 1
Fq in the 
regimen 
(n,%)

No 260 (16.4%) 147 (14.9%) 113 (19%) 0.74 [0.57, 0.98] 0.0319

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 Dlm) 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 Dlm 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-

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) 

1,2Solomonia N., 1,2Vacharadze K., 3Mgvdeladze G.

1Tbilisi State Medical University; 2National Center for Tubercu-
losis and Lung Disease, Tbilisi; 3N1 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 

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.

РЕЗЮМЕ

ХАРАКТЕРИСТИКА ЛЕКАРСТВЕННО-УСТОЙЧИ-
ВОГО ТУБЕРКУЛЕЗА В ГРУЗИИ (2015-2020)

1,2Соломония Н.Т., 1,2Вачарадзе К.В., 
3Мгвделадзе Г.А.

1Тбилисский государственный медицинский университет; 
2Национальный центр туберкулеза и легочных заболеваний, 
Тбилиси; 3N1 Центр первичной медицинской помощи, Кута-
иси, Грузия

Целью исследования явилась оценка общих характери-
стик лекарственно-устойчивого туберкулеза и результатов 
его лечения в Грузии.

Проведено ретроспективное (2015-2020 гг.) когортное ис-
следование 1581 пациента старше 18 лет с лекарственно-
устойчивым туберкулезом (ЛУ-ТБ), чьи исходы противоту-
беркулезного лечения были известны. Уточненный анализ 
данных участников исследования показал статистический до-
стоверную связь успешного исхода лечения туберкулеза у жен-
щин (уточненное ОШ 1.78, 95% ДИ: 1.33 – 2.39, p<0,001), с 
“новым случаем туберкулеза” (уточненное ОШ 2.34, 95% ДИ: 
1.88-2.91, p<0,001) и с “ВИЧ отрицательным статусом” (уточ-
ненное ОШ 2.33, 95% ДИ: 1.53-3.55, p<0,001). Двухмерный и 
многомерный анализы результатов исследования достовер-
ной связи исхода лечения с другими ключевыми фактора-
ми, включая «новые препараты в схеме», не выявили. По-
скольку программное использование новых эффективных 
схем лечения ЛУ-ТБ широко рекомендуется только с 2019 
года, результаты лечения по этим схемам по сей день не 
определены. Авторы считают целесообразным проведение 
дальнейших исследований с целью оценки эффективности 
новых схем лечения ЛУ-ТБ.

reziume

rezistentuli tuberkulozis maxasaiTeblebi 
saqarTveloSi (2015-2020)

1,2n. solomonia, 1,2k. vaWaraZe, 3g.mRvdelaZe 

1Tbilisis saxelmwifo samedicino universite-
ti; 2tuberkulozisa da filtvis daavadebaTa 
erovnuli centri, Tbilisi; 3N1 pirveladi jan-
dacvis centri, quTaisi, saqarTvelo

kvlevis mizans warmoadgens rezistentuli tu-
berkulozis ZiriTadi maxasiaTeblebis da maTi 
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mkurnalobis gamosavalTan asocirebis Sefaseba. 
2015-2020 ww. Catarda retrospeqtuli kohor-

tuli kvleva 1581 mozrdili (18+) pacientTis, 
romelTa mkurnalobis gamosavali cnobili iyo. 
kvlevis monawileTa monacemebis dazustebul-

ma analizma aCvena, rom rezistentuli tuberku-
lozis sawinaarmdego mkurnalobis warmatebuli 
gamosavali sarwmunod asocirdeba „mdedrobiT 
sqesTan“ (adjusted OR 1.78, 95% CI: 1.33 – 2.39, p<0.001), 
„axal SemTxvevasTan“ (adjusted OR 2.34, 95% CI: 1.88–
2.91, p<0.001) da „axal aiv negatiur statusTan” 
(OR 2.33; 95% CI 1.53–3.55; p<0.001).
kvlevis monacemTa bi- da multivariaciul 

analizze dayrdnobiT, mkurnalobis gamosavlis 

sarwmuno asocireba rezistentuli tuberku-
lozis sxva sakvanZo maxasiaTeblebTan, maT Soris 
„axali tubsawinaaRmdego medikamantebis Semcve-
li reJimebiT mkurnalobasTan“, ar gamovlinda. 
rezistentuli tuberkulozis axali, efeqtu-

ri reJimebiT programuli mkurnaloba farTod 
rekomendebulia 2019 wlidan, aqedan gamomdinare, 
sadReisod am reJimebze myofi yvela pacientis 
mkurnalobis gamosavali ar aris Sefasebuli. av-
torebs mizanSewonilad miaCnia rezistentuli tu-
berkulozis samkurnalo axal reJimebze myofi pa-
cientebis sruli monacemebis da maTi mkurnalobis 
gamosavalTan asocirebis srulyofilad Sesaswav-
lad damatebiTi kvlevebis Catareba. 

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, Tbilisi, 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 

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 
400× magnification. Pollens concentration was calculated and 
expressed as the number of pollen grains per cubic meter of air 
(p/m3). 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 

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 - 33.2±9.8). The mean sIgE was 4.02±0.48 kUA/l for C. 
Sempervirens extract and 29.2±3.23 kUA/l 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) 33.2±9.8

Female 41%

Male 59%

IgE results

ImmunoCAP Cypress Sempervirens t23 (KUA/l±S.D.mean ) 4.02±0.48

ImmunoCAP nCup a 1 Cypress arizonica t226 (KUA/l±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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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 Tbilisi during last two years and the changes in 
daily pollen levels are shown in Fig. 1. The main cypress pollen 
season in Tbilisi 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/m3/

day). The average total pollen index for cypress was the total 
19823 p/m3. Cupressus pollen accounts for 48.7% of total an-

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 
aeroallergen 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%). 

Table 3. Cypress pollen count data (average values for 2019-2020 year)
Season Start 

(date) Peak day (date) Season End 
(date)

Peak value (p/
m3) Pollen index Duration 

(#days)
% total annual amount 

of pollens 
February 7 March 12 April 6 2811 19823 145 48,7%

Fig. 1. The major distribution of cypress pollen during its pollination at 2019-2020

Fig. 2. Sensitization to mainly species-specific components`
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Fig. 3. Sensitization to crodd-reactive components

Table 4. Mostly co-sensitized allergen components
Grasses

Bermuda grass nCyn d 1 61,5%

Timothy grass
rPhl p 1 72,5%
rPhl p 5 46,8%
Trees

Birch rBet v 1 27,5%
Japanese cedar nCry j 1 78,9%

Plane tree
rPla a 1 7,3%
nPla a 2 32,1%
Weeds

Ragweed nAmb a 1 48,6%
Mugwort nArt v 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 – 27.5%, nCry j 1 – 78.9%, nPla a 2 – 32.1%) and weeds 
(nAmb 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 μm), 

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/m3) 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 
5, nCup a1, 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, Tbilisi, 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%, nPla a 2 – 32.1%) and weeds (nAmb 
a 1 – 48.6%, nArt v 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

РЕЗЮМЕ

СЕНСИБИЛИЗАЦИЯ К ПЫЛЬЦЕ КИПАРИСА В ГРУ-
ЗИИ: КЛИНИЧЕСКАЯ И МОЛЕКУЛЯРНАЯ ХАРАК-
ТЕРИСТИКА

Абрамидзе Т.Г., Готуа М.А., Бочоришвили Е.Т., 
Меликидзе Н.Р., Гамкрелидзе А.Г.

Центр исследований аллергии и иммунологии, Тбилиси, 
Грузия

Аллергия к пыльце кипариса является весьма распро-
страненным острым зимним полинозом, вызванным раз-
личными видами Cupresaceae в странах Средиземноморья, 
Северной Америки и Азии. В течение последних несколь-
ких десятилетий распространенность аллергии к пыльце 
кипариса резко возросла (с 0,6% до 9,8%) среди населения в 
целом и у пациентов с аллергией (с 9% до 35%), по всей ве-
роятности, ввиду более интенсивной экспозиции аллергена. 

Целью исследования явилась оценка показателей распро-
страненности аллергии к пыльце кипариса в Грузии и опре-
деление ее клинических характеристик и молекулярного 
профиля сенсибилизации. 

В исследование включены пациенты, обратившиеся в 
аллергологическую клинику с подозрением на аллергию к 
пыльце кипариса (n=492). Диагностическое обследование 
проводилось в соответствии с местными инструкциями, 
специфические антитела IgE к аллергену кипариса опреде-
лялись с использованием платформы ImmunoCAP и ISAC. 
Мониторинг переносимой по воздуху пыльцы проводился 
с использованием аппарата Burkard (Burkard Manufacturing, 
Англия) в течение сезонов 2019-2020 гг. в соответствии с 
рекомендациями Европейского Аэробиологического Обще-
ства. 

37,2% изученных случаев дали положительный резуль-
тат на диагностический тест кипариса. Из 183 позитивных 
к кипарису пациентов только 17 (9,2%) не имели симпто-
мов в течение сезона цветения кипариса. Наиболее часты-
ми симптомами были чихание и зуд вокруг глаз (82,9% па-
циентов по обоим симптомам), ринорея зарегистрирована 
в 77,7% случаев, сухой кашель и одышка - в 22,3%. Более 
половины частых симптомов были тяжелыми. Пациенты с 
положительной реакцией на кипарис в большинстве случа-
ев были сенсибилизированы к компонентам растительных 
аллергенов: травы (nCyn d1 - 61,5% случаев с положитель-

ным результатом ISAC, rPhl p 1 - 72,5%, rPhl p 5 - 46,8%), 
деревья (rBet v 1 - 27,5%, nCry j 1 - 78,9%, nPla a 2 - 32,1%) и 
сорняки (nAmb a 1 - 48,6%, nArt v 1 - 20,2%). Полученные в 
результате исследования данные выявили высокую (каждый 
третий пациент с аллергией) распространенность аллергии 
к пыльце кипариса у исследуемых пациентов. Клинические 
симптомы, связанные с аллергическим ринитом и атопиче-
ским конъюнктивитом, в большинстве случаев проявляются 
в частом чихании и зуде вокруг глаз во время сезона цвете-
ния кипариса, все пациенты полисенсибилизированы. 

Проведенное исследование является первой попыткой 
подробного описания клинических и молекулярных ха-
рактеристик пациентов с аллергией на пыльцу кипариса 
в Грузии.

reziume

saqarTveloSi kviparosis yvavilis mtvris marcv-
lis mimarT sensibilizacia: klinikuri da mole-
kuluri maxasiaTeblebi

T.abramiZe, m.goTua, e.boWoriSvili, n.meliqiZe, 
a.gamyreliZe

alergiisa da imunologiis kvleviTi centri, 
Tbilisi, saqarTvelo

kviparosis yvavilis mtvris marcvlis mimarT 
alergia sakmaod gavrcelebuli, maRali preva-
lensis mqone zamTris mZime polinozia. bolo 
aTwleulebis manZilze Zalian gaizarda kvipa-
rosis yvavilis mtvris marcvlis eqspozicia 
da, Sesabamisad, dramatulad imata (0.6% dan 9.8% 
zogad populaciaSi da 9% dan 35% alergiul 
pacientebSi) mis mimarT alergiis SemTxvevebma. 
kvlevis mizans warmoadgenda kviparosis mimarT 

alergiis SemTxvevebis da misi klinikuri da 
molekuluri maxasiaTeblebis Seswavla saqarT-
veloSi. 
kvlevaSi CarTuli iyo alergiis centris 492 

pacienti, romlebTanac savaraudo iyo kviparosis 
mimarT alergia. sadiagnostikod gamoyenebulia 
ImmunoCAP da ISAC platforma. yvavilis mtvris 
marcvlis monitoringi ganxorcielda mcena-
reuli mtvris marcvlis Semagrovebeli aparatiT 
(Burkard 7-day sampler) 2019-2020 ww. evropis aero-
biologiuri sazogadoebis moTxovnebis Sesaba-
misad. kviparosis sadiagnostiko testi dadebiTi 
aRmoCnda Seswavlili pacientebis 37,2%-Si. pozi-
tiuri 183 pacientidan mxolod 17  (9.2%) pacients 
ar aReniSna simptomebi kviparosis yvavilobis 
sezonze. yvelaze gavrcelebul simptomebs gane-
kuTvneboda cemineba da Tvalis qavili (82.9% 
orive simptomisTvis), rinorea aRiniSneboda 
77.7%-Si, xolo mSrali xvela da sunTqvis ukmari-
soba - 22.3%-Si. simptomebis umetesoba iyo mZime 
mimdinareobis. kviparosis mimarT alergiul pa-
cientebSi umetesad aRiniSneboda ko-sensibil-
izacia mcenareuli alergenuli komponentebis 
mimarT: balaxebi (nCyn d1- 61.5% ISAC dadebiTi Sem-
Txvevebis, rPhl p 1 -72.5%, rPhl p 5 – 46.8%), xeebi (rBet v 1 
– 27.5%, nCry j 1 – 78.9%, nPla a 2 – 32.1%) da sarevelebi 
(nAmb a 1 – 48.6%, nArt v 1 – 20.2%). 
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Catarebulma kvlevam alergiis mqone pacien-
tebSi gamoavlina kviparosis mimarT sensibi-
lizaciis maRali prevalentoba saqarTveloSi 
(yoveli mesame pacienti). simptomebi upiratesad 
asocirebuli iyo alergiul rinitTan da ato-
piur koniunqtivitTan, kerZoT mwvave ceminebiTa 

da Tvalebis qaviliT kviparosis yvavilobis 
sezonis dros. yvelasTvis damaxasiaTebeli iyo 
polisensibilizacia. saqarTveloSi es iyo pirve-
li kvleva, romelic aRwers kviparosis mimarT 
alergiul pacientebSi klinikur da molekulur 
maxasiaTeblebs.

ОСОБЕННОСТИ МОЗГОВОЙ ГЕМОДИНАМИКИ У ПАЦИЕНТОВ 
С СИНДРОМОМ ХРОНИЧЕСКОЙ ЦЕРЕБРАЛЬНОЙ ВЕНОЗНОЙ ДИСФУНКЦИИ 

И РАЗНЫМ УРОВНЕМ АРТЕРИАЛЬНОГО ДАВЛЕНИЯ

Притыко Н.Г., Коваленко О.Е.

Государственное научное учреждение «Научно-практический центр профилактической и клинической медицины» 
Государственного управления делами, Национальная медицинская академия последипломного образования 

им. П. Л. Шупика, Киев; Коммунальное некоммерческое предприятие «Консультативно- диагностический центр» 
Святошинского района, Киев, Украина

Актуальность исследования венозной патологии головно-
го мозга определяется не только ее большим распростране-
нием (более 80% пациентов с артериальной гипертензией 
и атеросклеротическим поражением сосудов мозга имеют 
признаки нарушения венозного оттока), но и отсутствием 
определенных критериев диагностики наряду с недостатка-
ми терапевтического подхода. В большинстве клинических 
наблюдений доминируют нарушения артериальной гемоди-
намики, которые сопровождаются венозной дисциркуляци-
ей, однако в ряде случаев нарушения интракраниального 
венозного кровообращения преобладают над артериальной 
недостаточностью. Неполноценность венозной гемодина-
мики и артериальная недостаточность часто сочетаются в 
различных соотношениях. Степень компенсации венозной 
дисгемии зависит от возможностей коллатерального крово-
обращения и скорости развития интракраниального веноз-
ного застоя [1-5]. Недооценка состояния венозного звена 
мозгового кровообращения препятствует правильному по-
ниманию патогенеза и клинической картины хронической 
церебральной ишемии. Сложность верификации наруше-
ний венозного мозгового кровообращения является причи-
ной ложного представления неврологов о неполноценности 
венозной дисгемии в патогенезе дисциркуляторной энцефа-
лопатии [4-9].

Верификация церебральной венозной дисгемии, кроме 
клинической диагностики, неоднозначна, поскольку сте-
пень визуализации интракраниального и экстракраниаль-
ного венозного кровотоков и трактовка параметров нередко 
противоречивы. При транскраниальном дуплексном скани-
ровании хорошо визуализируются базальные вены мозга 
(вены Розенталя), которые являются притоками большой 
мозговой вены (вена Галена). Допплерографическое иссле-
дование позволяет оценить характер кровотока в базальных 
венах мозга и измерить его линейную скорость. В отличие 
от вены Розенталя большинство глубоких вен мозга весьма 
вариабельны и не всегда доступны к локации [5-11]. Исходя 
из вышеизложенного, состояние кровотока в базальных венах 
Розенталя (локация через височное окно) является весьма ин-

формативным показателем церебрального венозного кровото-
ка [2]. Особенно интересным является сравнительное опреде-
ление изменений церебрального кровотока у лиц с различным 
уровнем артериального давления (АД) с использованием стан-
дартной методики ультразвукового исследования [8-14].

Цель исследования - сравнительный анализ особенностей 
церебрального кровотока у лиц с клиническими признаками 
синдрома хронической церебральной венозной дисфункции 
и различными уровнями артериального давления. 

Материал и методы. За 2016-2019 гг. на базе Комму-
нального некоммерческого предприятия «Консультативно-
диагностический центр» Святошинского района г. Киева 
обследовано 104 (82 женщины и 22 мужчины, средний воз-
раст 53,60±10,27 л.) пациента, которым проведено ультра-
звуковое дуплексное сканирование (УЗДС) головы и шеи.

Основную группу (ОГ) составили 78 больных с клини-
ческими признаками синдрома хронической церебральной 
венозной дисфункции (СХЦВД) и различным уровнем арте-
риального давления (АД), которые распределены на 3 кли-
нические группы, 33 - пациенты с повышенным уровнем 
АД (157,2±12,2/98,3±4,2) - гипертоники; 24 - с лабильным 
АД с преимущественно нормальными средними цифрами 
АД (125,23±12,2/82,22±4,14) - условные нормотоники; 21 
- с пониженным АД (100,32±7,23/65,45±6,4) - гипотоники. 

Контрольную группу составили 26 пациентов без клини-
ческих признаков СХЦВД и различным уровнем АД, кото-
рые распределены по такому же принципу: гипертоники - 8, 
нормотоники - 13, гипотоники - 5 пациентов. 

Всем пациентам проведено клинико-неврологическое 
обследование с детализацией жалоб и анамнеза, анализ 
амбулаторных карт. Кровоток исследовали по стандартной 
методике с двух сторон во внешней сонной (ВнешСА), вну-
тренней сонной (ВнутСА), переднемозговой (ПМА), задне-
мозговой (ЗМА), позвоночной артерии на уровне 2 позвонка 
(ХА2), позвоночной артерии на уровне 4 позвонка (ХА4), 
базилярной артерии (БА) и вене Розенталя (ВР). Измерялась 
средняя систолическая скорость кровотока, индекс рези-
стентности [8-14]. 
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Статистическую обработку полученных результатов 
осуществляли с помощью пакета прикладных программ 
Medstat. Статистическое сравнение проводилось с помо-
щью точного критерия Фишера.

Результаты и обсуждение. Результаты обследования по-
казали, что скоростные показатели церебрального кровото-
ка с разной степенью достоверности отличались в основ-
ной и контрольной группах и изменялись в зависимости от 
уровня АД (таблица 1, рис.1, 2, 3).

Среди гипотоников ОГ скоростные показатели крово-
тока в артериях были достоверно ниже по СМА справа 
(р=0,0053), слева (р=0,0009); в ПМА справа (р=0,0002), сле-
ва (р=0,0000); в ЗМА справа и слева (р=0,0000;) во Внут-
СА справа (р=0,0018), слева (р=0,0026); во ВнешСА справа 
(р=0,0062), слева (р=0,0007); в вене Розенталя были досто-
верно выше в сравнении с показателями группы контроля 
слева (р=0,0280) (таблица 1, рис.1).

Рис. 1. Сравнение скоростей кровотока в сосудах одно-
именных локаций среди гипотоников основной и контроль-
ной групп

*- достоверное различие (р<0,05) между показателями 
обеих групп; ** - достоверное различие (р<0,01) между по-
казателями обеих групп

Рис. 2. Показатели средних линейных скоростей крово-
тока в сосудах одноименных локаций в группе условных нор-
мотоников с СХЦВД и контрольной группе

* - достоверное различие (р<0,05) между показателями 
обеих групп; ** - достоверое различие (р<0,01) между по-
казателями обеих групп; *** - тенденция (р<0,1) между по-
казателями обеих групп (различие в клинических признаках 
без статистически значимых результатов)

Среди условных нормотоников в ОГ в сравнении с кон-
трольной группой показатели скорости в СМА справа и 

слева были достоверно ниже (р<0,05); в ПМА справа на 
уровне тенденции (р<0,1), а слева достоверно пониже-
ны (р<0,05); в ЗМА достоверно снижены справа и слева 
(р<0,01); во ВнутСА достоверно ниже справа (р<0,001) 
и слева (р<0,01); во ВнешСА - справа (р<0,001) и слева 
(р<0,0001). Среди показателей скоростей в вене Розен-
таля достоверно повышенные скорости в ОГ против по-
казателей группы сравнения - справа (р<0,05), и слева 
(р<0,01) (таблица1, рис. 2). Наличие клинических при-
знаков СХЦВД у пациентов с лабильным АД сопрово-
ждается достоверным замедлением в большинстве це-
ребральных артерий и достоверным ускорением в вене 
Розенталя скорости кровотока в сравнении с больными с 
таким же АД и без клинических проявлений церебраль-
ной венозной дисфункции. 

В основной группе гипертоников наблюдалось меньше 
расхождений с группой сравнения: достоверно ниже были 
скоростные показатели в СМА справа (р<0,05), на уровне 
тенденции в СМА слева (р<0,1); в ЗМА слева снижены на 
уровне тенденции (р<0,1). Следует отметить, что у паци-
ентов с повышенным АД, в отличие от больных с другими 
уровнями АД, наблюдалось статистически значимое уско-
рение линейной скорости кровотока в ХА2 (р<0,05). Досто-
верное повышение средней линейной скорости кровотока 
наблюдалось в основной группе в вене Розенталя справа и 
слева (р<0,05) (таблица 1, рис. 3).

Рис. 3. Показатели средних скоростей кровотока в сосу-
дах одноименных локаций в группе гипертоников с СХЦВД и 
контрольной группе 

* - достоверное различие (р<0,05) между показателями 
обеих групп; ** - достоверное различие (р <0,01) между по-
казателями обеих групп; *** - тенденция (р <0,1) между 
показателями обеих групп(различие в клинических призна-
ках без статистически значимых результатов)

Из предыдущих диаграмм явствует, что у пациентов с 
клиническими признаками СХЦВД в отличие от контроль-
ной группы наблюдалось достоверное замедление крово-
тока в различных артериях и ускорение в венах Розенталя. 
Достоверное различие скоростных показателей характери-
зовалось различным проявлением в зависимости от уров-
ня АД. Неожиданностью явилось минимальное отличие 
показателей среди гипертоников основной и контрольной 
групп, что, по всей вероятности, свидетельствует о суб-
клиническом течении венозной дисциркуляции, что и под-
твердилось УЗДС. Полученные результаты диктуют необ-
ходимость установить различие скоростей кровотока у трех 
клинических подгрупп ОГ (гипертоники, нормотоники и 
гипотоники), таблица 2.
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Таблица 1. Сравнение средних показателей скоростей кровотока по сосудам одноименных локаций 
в подгруппах ОГ с подгруппами контрольной группы

Сосуды

Гипотоники Уcл. Нормотоники Гипертоники
Правая Левая Правая Левая Правая Левая
p-level

Стьюдент
p-level

Стьюдент
p-level 

Стьюдент
p-level 

Стьюдент
p-level 

Стьюдент
p-level 

Стьюдент
СМА 0,0053 0,0009 0,0318 0,0250 0,0491 0,0534
ПМА 0,0002 0,0000 0,0572 0,0253 0,1611 0,1771
ЗМА 0,0000 0,0000 0,0071 0,0057 0,2378 0,0760
ХА2 0,7616 0,9938 0,8187 0,6556 0,1356 0,0430
ХА4 0,7969 0,5742 0,7497 0,1399 0,1958 0,6349

ВнутСА 0,0018 0,0026 0,0002 0,0010 0,6968 0,4091
ВнешСА 0,0062 0,0007 0,0010 0,0000 0,5256 0,1073

БазА 0,4127 0,5560 0,7179
Вена Розент 0,5590 0,0280 0,0114 0,0077 0,0125 0,0117

Таблица 2. Сравнение скоростных характеристик одноименных локаций в подгруппах ОГ 
с различными показателями АД (условные нормотоники/гипотоники, 

условные нормотоники/гипертоники, гипотоники/гипертоники)
Усл.нормотоники/гипотоники

Сосуды
Правые локации сосудов, см/с Левые локации сосудов, см/с

нормотоники 
(n=24)

гипотоники 
(n=21) p нормотоники

 (п=24)
гипотоники 

(п=21) p

Вена Розент 18,35 18,75 0,762357 18,88 19,21 0,802904
СМА 102,29 83,57 0,0026 101,29 80,24 0,001316
ПМА 78,96 64,24 0,000317 77,54 62 0,00015
ЗМА 63,17 58,71 0,229303 63,63 60,05 0,292934
ХА2 30,5 29 0,648321 30,63 31,05 0,89942
ХА4 46,22 46,52 0,930078 47,7 47,71 0,995714

ВнутСА 61,5 61,95 0,925957 62,33 62,05 0,947739
ВнешСА 69 65,9 0,59481 68,29 64,52 0,457031

Усл.нормотоники/гипертоники

Сосуды
Правые локации сосудов, см/с Левые локации сосудов, см/с

нормотоники 
(n=24)

гипотоники 
(n=21) p нормотоники 

(п=24)
гипотоники 

(п=21) p

Вена Розент 18,35 18,81 0,709296 18,88 19,16 0,830022
СМА 102,29 85,32 0,009386 101,29 84,88 0,02395
ПМА 78,96 66,91 0,032791 77,54 68,46 0,113338
ЗМА 63,17 61,18 0,630944 63,63 59,21 0,24618
ХА2 30,5 30,32 0,950546 30,63 33,85 0,274402
ХА4 46,22 39,97 0,01657 47,7 44,61 0,318328

ВнутСА 61,5 68,91 0,191862 62,33 66,47 0,465252
ВнешСА 69 74,33 0,36271 68,29 70,09 0,718145

Гипотоники/Гипертоники
Правые локации сосудов, см/с Левые локации сосудов, см/с

гипотоники 
(п=21)

гипертоники
(п=33) p гипотоники 

(п=21)
гипертоники

(п=33 p

Вена Розент 18,75 18,81 0,962573 19,21 19,16 0,972201
СМА 83,57 85,32 0,799159 80,24 84,88 0,528335
ПМА 64,24 66,91 0,636932 62 68,46 0,263856



110

	
МЕДИЦИНСКИЕ НОВОСТИ ГРУЗИИ

CFMFHSDTKJC CFVTLBWBYJ CBF[KTYB

Сравнение средних скоростных показателей в правых 
одноименных сосудах головы и шеи в группах с условно 
нормальными и пониженными показателями АД выявило 
достоверное снижение скоростей в группе гипотоников в 
правой СМА и правой ПМА (р<0,01); между группами с 
нормальными и повышенными показателями АД справа 
выявлено достоверное снижение скоростей в группе гипер-
тоников в СМА и ПМА (р<0,01, p<0,05), в ХА4 (р<0,05). 
При сравнении показателей в группах с пониженными и по-
вышенными показателями АД справа выявлено статистиче-
ски значимое замедление кровотока у гипертоников только 
в ХА4 (р<0,05),таблицы 1 и 2.

Подобная картина выявлена при сравнении показателей 
в левых магистральных сосудах: в группах с условно нор-
мальными и пониженными показателями АД наблюдалось 
достоверное снижение средних показателей скорости в под-
группе гипотоников в левой СМА и в левой ПМА (р<0,01); 
в сравнение группах с условно нормальными и повышен-
ными показателями АД показало достоверное увеличение 
скорости в подгруппе гипертоников между артериями в ле-
вой СМА (р<0,05). Сравнение подгрупп ОГ со сниженными 
и повышенными показателями АД достоверной разницы в 
скоростях кровотока не выявило, что, по всей вероятности, 
объяснятеся стадийностью течения СХЦВД и АГ: гипото-
ния у больных, возникшая на фоне СХЦВД, часто со време-
нем трансформируется в гипертонию.

Следует предположить, что достоверное замедление крово-
тока в бассейнах ПМА и СМА при сравнении скоростных ха-
рактеристик в одноименных локациях в подгруппах основной 
группы (гипотоники и гипертоники) в отличие от контрольной 
группы, объясняется при венозной дисгемии большей подвер-
женностью этих бассейнов ишемии с клинически сопровожда-
ющимися соответствующими симптомами.

Выводы.
1. Средние показатели линейной скорости церебрально-

го кровотока с различной степенью достоверности в зави-
симости от уровня артериального давления отличались у 
больных синдромом хронической церебральной венозной 
дисфункции в сравнении с таковыми контрольной группой.

2. Наличие клинических признаков СХЦВД у больных с 
различным уровнем АД сопровождалось достоверным за-
медлением кровотока в большинстве церебральных артерий 
и достоверным ускорением в вене Розенталя в сравнении с 
больными без клинических проявлений венозной дисфунк-
ции и с таким же АД. У пациентов с повышенным уровнем 
АД наблюдается статистически значимое ускорение линей-
ной скорости кровотока в ХА2 (р<0,05).

3. В подгруппах гипертоников с СЦХВД показателей 
средней линейной скорости кровотока с достоверным раз-
личием было вдвое меньше, чем в контрольной группе: 
достоверное снижение скоростных показателей выявлено 
только в бассейнах СМА с двух сторон (p<0,01, p<0,05 спра-
ва и слева, соответственно) и слева в бассейнах ЗМА, ХА2; 
достоверное повышение кровотока отмечалось в венах Ро-
зенталя (p<0,01, p<0,05). Указанное несоответствие следует 

объяснить тем, что гипертоники из группы сравнения, т.е. 
без клинических симптомов СХЦВД, уже имеют его суб-
клинические проявления, о чем свидетельствуют изменения 
показателей УЗДС. Таким образом, можно считать больных 
с АГ пациентами с СХЦВД.

4. Наличие достоверного замедления кровотока в одно-
именных локациях в подгруппах основной группы (гипото-
ники и гипертоники) в бассейнах ПМА и СМА, объясняет-
ся тем, что при венозной дисгемии эти бассейны являются 
более уязвимыми и быстрее реагируют на недостаточность 
венозного кровообращения.
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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-

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.

РЕЗЮМЕ 

ОСОБЕННОСТИ МОЗГОВОЙ ГЕМОДИНАМИКИ У 
ПАЦИЕНТОВ С СИНДРОМОМ ХРОНИЧЕСКОЙ ЦЕ-
РЕБРАЛЬНОЙ ВЕНОЗНОЙ ДИСФУНКЦИИ И РАЗ-
НЫМ УРОВНЕМ АРТЕРИАЛЬНОГО ДАВЛЕНИЯ

Притыко Н.Г., Коваленко О.Е.

Государственное научное учреждение «Научно-практиче-
ский центр профилактической и клинической медицины» 
Государственного управления делами; Национальная 
медицинская академия последипломного образования им. 
П.Л. Шупика, Киев; Коммунальное некоммерческое пред-
приятие «Консультативно- диагностический центр» Свя-
тошинского района, Киев, Украина

Цель исследования - сравнительный анализ особенностей 
церебрального кровотока у лиц с клиническими признаками 
синдрома хронической церебральной венозной дисфункции 
и различными уровнями артериального давления. 

104 пациентам (82 женщины и 22 мужчины) проведено 
ультразвуковое дуплексное сканирование (УЗДС) голо-
вы и шеи. Основную группу (ОГ) составили 78 больных 
с клиническими признаками синдрома хронической це-
ребральной венозной дисфункции (СХЦВД) и различ-
ным уровнем артериального давления (АД). Больные 
распределены на 3 клинические группы, 33 - с повышен-
ным уровнем АД (157,2±12,2/98,3±4,2) - гипертоники; 24 
- с лабильным АД с нормальными средними цифрами АД 
(125,23±12,2/82,22±4,14) - условные нормотоники; 21 боль-
ной - с пониженным АД (100,32±7,23/65,45±6,4) - гипото-
ники. Группу сравнения составили 26 пациентов без кли-
нических признаков СХЦВД и с различным уровнем АД, 
которые распределены по такому же принципу: гипертони-
ки - 8, нормотоники - 13, гипотоники - 5 пациентов. Возраст 
пациентов варьировал в пределах от 35 до 65 лет (средний 
возраст 53,60±10,27 г.). Статистическое сравнение проводи-
лось по точному критерию Фишера.
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Средние скоростные показатели церебрального кровотока 
с разной степенью достоверности в зависимости от уровня 
АД отличались у больных СХЦВД от показателей группы 
сравнения. Наличие клинических признаков СХЦВД у лиц 
с различным уровнем АД сопровождалось достоверным за-
медлением кровотока в большинстве церебральных артерий 
и достоверным ускорением в вене Розенталя в сравнении с 
больными без клинических проявлений венозной дисфунк-
ции и с таким же АД. У лиц с повышенным АД, в отличие от 
остальных больных, наблюдалось статистически значимое 
ускорение линейной скорости кровотока в позвоночной ар-
терии на уровне 2 шейного позвонка (ХА2) (р<0,05).

В подгруппах гипертоников с СХЦВД показателей сред-
ней линейной скорости кровотока с достоверным различи-
ем было вдвое меньше, чем в группе сравнения: достовер-
ное снижение скоростных показателей выявлено только в 
бассейнах среднемозговой артерии с двух сторон (p<0,01, 
p<0,05 справа и слева, соответственно), слева в бассейнах 
заднемозговой артерии, ХА2 и достоверное повышение 
кровотока в венах Розенталя (p<0,01, p<0,05). Указанное 
несоответствие следует объяснить тем, что гипертоники из 
группы сравнения, т.е. без клинических симптомов СХЦВД, 
уже имеют его субклинические проявления, о чем свиде-
тельствуют изменения показателей УЗДС.

reziume

cerebruli hemodinamikis Taviseburebebi pacien-
tebSi qronikuli cerebruli venuri disfunqci-
iT da arteriuli wnevis sxvadasxva doniT

n.pritiko, o.kovalenko

saxelmwifo samecniero dawesebuleba "prevenci-
uli da klinikuri medicinis samecniero-praqti-
kuli centri"; p. Supikis sax. erovnuli  diplo-
misSemdgomi ganaTlebis samedicino akademia, 
kievi; komunaluri arakomerciuli sawarmo "sa-
konsultacio da diagnostikuri centri" sviato-
Sinskis raioni, kievi, ukraina

kvlevis mizans warmoadgenda cerebruli sis-
xlis nakadis Taviseburebebis SedarebiTi anali-
zi pacientebSi qronikuli cerebruli venuri 
ukmarisobis klinikuri niSnebiT da arteriuli 
wnevis sxvadasxva doniT.
104  pacients (82 qali, 22 mamakaci) Cautarda Ta-

vis da kisris ultrabgeriTi dupleqs-skanireba. 
ZiriTadi jgufi Seadgina 78 pacientma qronikuli 

cerebruli venuri ukmarisobis klinikuri niS-
nebiT da arteriuli wnevis sxvadasxva doniT, 
romelnic daiyo 3 klinikur jgufad: 33 – arteri-
uli wnevis momatebuli doniT (157,2±12,2/98,3±4,2) 
- hipertonikebi, 24  – arteriuli wnevis umetesad 
normaluri maCveneblebiT (125,23±12,2/82,22±4,14) - 
pirobiTi normotonikebi, 21 – daqveiTebuli ar-
teriuli wneviT (100,32±7,23/65,45±6,4) - pirobiTi 
hipotonikebi.
Sedarebis jgufi Seadgina 26 pacientma qroni-

kuli cerebruli venuri ukmarisobis klini-
kuri niSnebis gareSe da arteriuli wnevis sxva-
dasxva doniT, romelnic igive principiT daiyo 
jgufebad: hipertonikebi – 8, normotonikebi – 
13, hipotonikebi – 5 pacienti. pacientebis asaki 
varirebda 35-65 ww. farglebSi (saSualo asaki 
- 53,60±10,27 w.). statistikuri Sedareba Catarda 
fiSeris kriteriumis mixedviT.
cerebruli hemodinamikis siCqaris maxasi-

aTeblebi, sarwmunoobis sxvadasxva xarisxiT 
damokidebuli arteriuli wnevis doneze, Sedare-
bis jgufsa da qronikuli cerebruli venuri 
ukmarisobis klinikuri niSnebiT jgufSi iyo 
gansxvavebuli. cerebruli venuri ukmarisobis 
klinikuri niSnebis arsebobas pirebSi arteri-
uli wnevis sxvadasxva doniT sarwmunod sdevs 
Tan sisxlis nakadis Seneleba cerebruli arteri-
ebis umetesobaSi da sarwmuno mateba rozenta-
lis venaSi, Sedarebis jgufTan mimarTebiT. pireb-
Si arteriuli wnevis momatebuli maCveneblebiT, 
danarCeni pacientebisagan gansxvavebiT, aRiniSne-
ba xazovani siCqaris mniSvnelovani mateba xer-
xemlis arteriaSi xerxemlis II  malis doneze 
(ХА2) (р<0,05).
hipertonikebSi qronikuli cerebruli venuri 

ukmarisobis klinikuri niSnebiT sisxlis xa-
zovani siCqaris saSualo maCveneblebi sarwmu-
nod orjer naklebia, vidre Sedarebis jgufSi; 
siCqaris maCveneblebis Semcireba aRiniSna mxo-
lod tvinis Sua arteriis auzSi orive mxares 
- marjvniv da marcxniv, Sesabamisad p<0,01, p<0,05; 
marcxniv - tvinis ukana arteriis auzSi da ХА2-Si, 
xolo rozentalis venebSi – sarwmuno mateba 
(p<0,01, p<0,05). aRniSnuli Seusabamoba unda aixs-
nas imiT, rom hipertonikebs Sedarebis jgufidan, 
anu qronikuli cerebruli venuri ukmarisobis 
klinikuri niSnebis gareSe, ukve aqvT misi sub-
klinikuri gamovlinebani, razedac metyvelebs 
ultrabgeriTi dupleqs-skanirebis Sedegebi. 
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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 

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” 
– Z73.0; “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.

BURNOUT IN MENTAL HEALTH PROFESSIONALS AND THE MEASURES TO PREVENT IT

1Chorna V.,2Makhniuk V., 1Pshuk N., 1Gumeniuk N., 1Shevchuk Yu., 1Khliestova S.
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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”, 

“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 
staff of the 
CHP

Unformed
(9 points 
or less)

Formation 
(10-15 
point)

Formation
(16 points
 or more)

Unformed
(9 points 
or less)

Formation 
(10-15 
point)

Formation
(16 points 
or more)

Unformed
(9 points 
or less)

Formation 
(10-15 
point)

Formation
(16 points 
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 
(n=62) 52,0 28,0 20,0 12,0 52,0 36,0 50,0 48,0 12,0

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 
(n=128) 77,8 0 22,2 55,6 44,4 0 77,8 11,1 11,1

Table 2. Occupational burnout of medical workers on a subscale “Emotional exhaustion” 
depending on the profession and gender of employees, in%

The medical staff of the CHP, n

Emotional Exhaustion Subscale

Low level (5-16 
points)

Intermediate level 
(17-25 points)

High level (26-34 
points)

Very high level (more 
than 34 points)

Doctors, n=87
Men (n=25) 40% 48% 12% 0

Women (n=62) 54,8% 22,6% 19,4% 3,2%

Paramedics 
n=137

Men (n=9) 44,4% 22,2% 33,3% 0
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%

The medical staff of the CHP, n
Subscale “Depersonalization/Cynicism”

Low level
(1-4 points)

Intermediate level 
 (5-9 points)

High level (10-13 
points)

Very high level 
(more than 14 

points)

Doctors n=87
Men (n=25) 8% 52% 24% 16%

Women (n=62) 3,2% 30,6% 45,2% 21,0%

Paramedics 
n=137

 Men (n=9) 22,2% 22,2% 22,2% 33,3%
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%

The medical staff of the CHP, n
Subscale “Reduction of professional achievements”

Low level
 (37-48 points)

Intermediate level 
 (36-28 points)

High level
(27-22 points)

Very high level less 
than 22 points)

Doctors n=87
Men (n=25) 24,0% 32,0% 16,0% 28,0%

Women (n=62) 8,1% 45,2% 33,8% 12,9%

Paramedics 
n=137

Men (n=9) 0 66,7% 11,1% 22,2%
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 

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 

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. It 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

1Chorna V.,2Makhniuk V., 1Pshuk N., 1Gumeniuk N.,
 1Shevchuk Yu., 1Khliestova S.
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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.
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ПРОФЕССИОНАЛЬНОЕ ВЫГОРАНИЕ У МЕДИЦИН-
СКИХ РАБОТНИКОВ СФЕРЫ ОХРАНЫ ПСИХИЧЕ-
СКОГО ЗДОРОВЬЯ И МЕРЫ ПО ЕГО ПРЕДОТВРА-
ЩЕНИЮ

1Чорна В.В., 2Махнюк В.М., 1Пшук Н.Г., 1Гуменюк Н.И., 
1Шевчук Ю.Г., 1Хлестова С.С.

1Винницкий национальный медицинский университет 
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ститут общественного здоровья им. А.Н. Марзеева На-
циональной академии медицинских наук Украины», Киев, 
Украина 

В статье представлен ретроспективный анализ поня-
тия синдрома профессионального выгорания у медицин-
ских работников сферы охраны психического здоровья. 
Проведен анализ отечественных и зарубежных научных 
источников, использованы библиосемантический, ана-
литический и статистический методы исследования. 
Определены основные причины и факторы профессио-
нального выгорания. 

В иследовании приняли участие 224 респондента – ме-
дицинские работники Обласной психиатрической боль-
ницы г. Винница. Среди участников женщин было 190 
(84,8%), мужчин – 34 (15,2%). Из общего числа участ-
ников врачей было 87 (38,8%), средний медицинский 
персонал (СМП) – 137 (61,2%). Средний возраст респон-
дентов среди врачей составил 44,6±12,2 г., среди СМП 
– 37,2±11,4 г. Стаж работы врачей по профессиональной 
деятельности составил 19,7±12,3 г., СМП – 15,5±11,1 г.

В ходе исследования использованы психодиагности-
ческий метод эмоционального выгорания Бойко В.В. и 
адаптированная методика Водопьяновой Н.Е. Достовер-
ность различий оценивали с помощью t-критерия Стью-
дента. 

На основании анализа полученных результатов разра-
ботаны рекомендации по мерам предотвращения выгора-
ния у медицинских работников сферы охраны психиче-
ского здоровья. 

reziume

profesiuli gadawva fsiqikuri janmrTelobis 
dacvis sferos medicinis muSakebSi da Ronis-
Ziebebi misi Tavidan acilebisaTvis

1v.Corna, 2v.maxniuki, 1n.pSuki, 1n.gumeniuki, 1i.SevCuki, 
1s.xlestova

1vinicas n.pirogovis sax. erovnuli samedicino 
universiteti; 2ukrainis medicinis mecnierebaTa 
erovnuli akademiis a.marzeevis sax. sazogadoe-
brivi janmrTelobis instituti, kievi, ukraina

statiaSi warmoadgenilia profesiuli gadaw-
vis cnebis retrospeqtuli analizi fsiqikuri 
janmrTelobis dacvis sferos medicinis muSakeb-
Si. Catarebulia samamulo da ucxouri wyaro-
ebis analizi, gamoyenebulia kvlevis biblioseman-
tikuri, analitikuri da statistikuri meTodebi. 
gansazRvrulia profesiuli gadawvis sindromis 
ZiriTadi mizezebi da faqtorebi.
kvlevaSi monawileoba miiRo 224  respodentma 

– q. vinicas saolqo fsiqiatriuli saavadmyofos 
medicinis muSakebi. kvlevaSi CarTulTa Soris 
190 (84,8%) iyo qali, 34  (15,2%) – mamakaci. monawi-
leTa saerTo raodenobidan eqimi iyo 87  (38,8%), 
saSualo samedicino personali - 137 (61,2%); 
eqim-respodentebis saSualo asaki - 44,6±12,2w., 
saSualo samedicino personalis - 37,2±11,4 w. 
eqimebis profesiuli saqmianobis staJma Sead-
gina 19,7±12,3 w., saSualo samedicino personalis 
- 15,5±11,1 w. 
kvlevis procesSi gamoyenebulia emociuri 

gadawvis gansazRvris v. boikos fsiqodiagnosti-
kuri meTodi da n. vodopianovas adaptirebuli 
meTodi. gansxvavebaTa sarwmunoba fasdeboda sti-
udentis t-kriteriumis gamoyenebiT.
miRebuli Sedegebis analizis safuZvelze Se-

muSavebulia rekomendaciebi RonisZiebebTan dakav-
SirebiT profesiuli gadawvis Tavidan acilebi-
saTvis fsiqikuri janmrTelobis dacvis sferos 
medicinis muSakebSi.
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Coronaviruses (CoVs) belong to the family Coronaviridae. 
They are further subdivided into four genera: alphacoronavirus 
(α-CoV), betacoronavirus (β-CoV), gammacoronavirus (γ-CoV) 
and deltacoronavirus (δ-CoV)[6,48]. Both α- and β-CoVs infect 
mammals, while δ- and γ-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 β-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 pp1a (polyprotein 1a) and pp1ab (polyprotein 1ab). These 
proteins (pp1a, pp1ab) 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 pp1a and pp1ab. 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].

ORF1a encodes the production of pp1a, a molecular weight of 
which is 486 kDa. The pp1a 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 pp1a/1ab 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 
NSP8 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 pp1a fusion protein 
through a mechanism that involves the movement of the ribo-
somal backbone during translation [20,26].The result is the pro-
tein pp1ab (≈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.

THE PECULIARITY OF COVID- 19 GENOME AND THE CORONAVIRUS RNA TRANSLATION 
PROCESS AS APOTENTIAL TARGET FOR ETIOTROPIC MEDICATIONSWITH ADENINE 

AND OTHER NUCLEOTIDE ANALOGUES (REVIEW)

1Ratiani L., 1Gegechkory S.,1Machavariani K., 1Shotadze T., 2Sanikidze T., 1Intskirveli N.

1Tbilisi State Medical University, The First University Clinic; 2Tbilisi State Medical University, Georgia
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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 ORF8protein 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 IFNα.

Interferon-alpha (IFNα) 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 

have shown that IFNα effectively inhibits SARS-CoV replica-
tion[46,47].As revealed, IFNα protects cynomolgus macaques 
from SARS CoV [18,31,57]. Moreover, pilot clinical trials have 
shown positive therapeutic effects when using IFNα 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 RdRp 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 (H5N1), 
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-
merase (RdRp) Coronavirus genome replication Remdisivir and ribavirin.They have an 

ability to inhibit RdRp. [36, 44]

ThePapain-like proteasePLpro Converts viral polyprotein into 
a functional enzyme.

Lopinavir, protease inhibitor that can 
inhibit viral protease: 3CLproorPLpro [52]

The main protease 3CLpro Converts viral polyprotein into 
a functional protein Lopinavir [21]

The Sprotein and TMPRSS2

The S protein of on the Virus 
surface that binds to the host 
surface ACE2 (angiotensin-

converting enzyme/enzyme2) 
receptor.TMPRSS2 ‘supple-

ments’ the S protein to bind to 
theACE2 (angiotensin-convert-
ing enzyme/enzyme2) receptor.

Arbidol - It can prevent the interaction 
of the S protein and the ACE2 receptor 

and inhibit membrane fusion.

Camostat mesylate inhibits TMPRSS2.

[33, 35]

ACE 2
A receptor on a host cell pro-
viding the entry point for the 

S-protein.

Chloroquine and hydroxychloroquine 
inhibit endocytosis byincreasing endo-

somal pH.
[30,42]



	
GEORGIAN MEDICAL NEWS  
No 1 (310) 2021

© GMN 121 

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 NITD008 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)

1Ratiani L., 1Gegechkory S.,1Machavariani K., 1Shotadze T., 2Sanikidze T., 1Intskirveli N.

1Tbilisi State Medical University, The First University Clinic; 2Tbilisi 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.

РЕЗЮМЕ

ОСОБЕННОСТИ ГЕНОМА COVID-19 И ТРАНСЛЯЦИОННЫЙ ПРОЦЕСС РНК КОРОНАВИРУСА 
КАК ПОТЕНЦИАЛЬНАЯ МИШЕНЬ ДЛЯ ЭТИОТРОПНОЙ ТЕРАПИИ АДЕНИНОМ 

И РАЗНЫМИ АНАЛОГАМИ НУКЛЕОТИДОВ (ОБЗОР)

1Ратиани Л.Р., 1Гегечкори С.С., 1Мачавариани К.Ш., 1Шотадзе Т.Г., 2Саникидзе Т.В.. 1Инцкирвели Н.А.
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Несмотря на многочисленные эффекты лекарственных 
средств, применяемых для лечения COVID-19, количество 
инфицированных и смертность пациентов увеличивается, 
что свидетельствует о недостаточной эффективности пре-
паратов, применяемых в медицинской практике для борьбы 
с коронавирусными инфекциями, и необходимости разра-
ботки новой тактики лечения. 

В настоящей обзорной статье суммированы и проана-
лизированы данные литературы, касающиеся специфиче-
ских черт коронавируса. Особое внимание уделяется ге-
нетической характеристике этого вируса, механизму его 
инвазии в человеческий организм, репликации и взаймо-
действию с АКФ-2 рецепторами, также как и основным 
мишеням для действия существующих лекарств, облада-
ющих антивирусной активностью против коронавируса.

В настоящее время для лечения COVID-19 используются 
следующие препараты: ремдесивир, хлорохин, гидрокси-
хлорохин (HCQ), рибавирин, лопинавир/ритонавир. Со-
гласно существующей теории лечения коронавируса, от-
правной точкой для механизма действия потенциального 
этиотропного препарата является ингибирование основной 
протеазы коронавируса (Mpro/3CLpro) и папаин-подобной 
протеазы (PLpro). Среди вышеперечисленных препаратов 
лопинавир действует повредством этого механизма, однако 
характеризуется серьезными побочными эффектами. В дан-
ной статье обсуждается механизм действия потенциального 
этиотропного препарата против коронавируса, который под-
разумевает замену нуклеотидов, участвующих в процессе 
трансляции вируса, их аналогами с целью «ингибировать» 
рибосомы и блокировать производство вирусных белков.
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COVID-19-is samkurnalod mowodebuli medika-
mentebis mravalmxrivi efeqtebis miuxedavad, in-
ficirebulTa ricxvi da pacientTa sikvdiliano-
ba matulobs, rac cxadyofs koronavirusis 
infeqciebTan brZolis samkurnalod gamoyene-
buli medikamentebis arasakmaris efeqturobas 
da mkurnalobis axali taqtikis SemuSavebis 
aucilebobas. statiaSi sumirebuli da gaanali-
zebulia literaturuli monacemebi, romlebic 
exeba koronavirusis specifikur niSnebs, kerZod, 
gansakuTrebuli yuradReba gamaxvilebulia am 
virusis genetikur maxasiaTeblebze, adamianis 
organizmSi misi invaziis, replikaciis meqanizmze 
da amf-2 receptorebTan urTierTqmedebaze, iseve 
rogorc koronavirusis sawinaaRmdegod moqmedi 
antivirusuli efeqtis mqone arsebuli prepa-
ratebis ZiriTad samizneebze.
amJamad COVID-19-is samkurnalod gamoiyeneba 

Semdegi medikamentebi: remdesviri, qloroqini, 
hidroqsiqlorokini (HCQ), ribavirini, lopina-
viri/ritonaviri. koronavirusis mkurnalobis 
bolodroindeli Teoriis Tanaxmad, potenciuri 
etiotropuli preparatis moqmedebis meqanizmis 
amosavali wertili aris koronavirusis mTavari 
proteazas (Mpro/3CLpro) da papainis msgavsi pro-
teazas (PLpro) daTrgunva. zemoT CamoTvlil me-
dikamentebs Soris lopinaviri moqmedebs am meqa-
nizmis saSualebiT, magram mas axasiaTebs mwvave 
gverdiTi movlenebi. 
winamdebare naSromSi ganxilulia koronavi-

rusis sawinaaRmdego potenciuri etiotropuli 
preparatis moqmedebis meqanizmi, rac gulisxmobs 
virusis replikaciis procesSi CarTuli nukleo-
tidebis Canacvlebas maTi analogebiT ribosomis 
“daTrgunvis” da virusuli cilebis warmoebis 
blokirebis mizniT.

reziume

kovid-19-is genomis Taviseburebani da koronavirusis rnm-is translaciuri procesi, 
rogorc potenciuri samizne adeniniT da nukleotidebis 

sxvadasxva analogebiT etiotropuli TerapiisTvis (mimoxilva)
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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 

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. Walaeus 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 Walaeus 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 μm were stained by the 
standard H&E method and studied microscopically with differ-
ent magnification.

Histochemistry. Liver tissue sections of 3-5 μm 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, 
plc, 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 µm/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

     Research method
Mammal/bird

A
na

to
m

ic
al

 
pr

ep
ar

at
io

n

H
is

to
lo

gi
y,

 h
is

-
to

to
po

gr
ap

hy

H
is

to
ch

em
is

tr
y

Im
m

un
oh

is
to

-
ch

em
is

tr
y

Fl
uo

re
sc

en
ce

 
m

ic
ro

sc
op

y

C
or

ro
si

ve
 

sp
ec

im
en

SE
M

C
or

ro
si

ve
 

sp
ec

im
en

To
ta

l

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 
H550L (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 1e,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 μm) 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 

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,l).

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 1i,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 1o), 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; 
c,d,g,h,i,j,k,l,m – histotopograms of liver tissue (Masson’s 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 μm. The portal vein with its connective tissue sheath 
is situated in the connective tissue of the portal tract, which is 

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 μm) 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 - l – 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-I 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 μm. 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 I,k). 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 2l).

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).

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 3l,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; l,m -  scanning electron microscopy of corrosion casts. White arrow – hepatic veins; 
black arrow – portal vein; pterygoid arrowhead – fissure; black asterisk – bile duct (bile ductule)
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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.

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

1Patarashvili L., 1,4Azmaipharashvili E., 3Jandieri K., 
1Gvidiani S., 1,2Tsomaia K., 3Kikalishvili L., 5Sareli M., 
3Chanukvadze I., 1,2Kordzaia D.

1Ivane Javakhishvili Tbilisi State University (TSU), Faculty of 
Medicine; 2Alexandre Natishvili Institute of Morphology, TSU; 
3Tbilisi State Medical University; 4Institute of Clinical Oncology, 
Tbilisi, Georgia; 5Chaim 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.

РЕЗЮМЕ

ОСОБЕННОСТИ ВНЕКЛЕТОЧНОГО МАТРИКСА 
ПЕЧЕНИ У МЛЕКОПИТАЮЩИХ И ПТИЦ

1Патарашвили Л.Г., 1,4Азмайпарашвили Э.Л., 
3Джандиери К.Д., 1Гвидиани С.М., 1,2Цомая К.В., 
3Кикалишвили Л.А., 5Сарели М.Ш., 3Чануквадзе И.М., 
1,2Кордзаиа Д.Дж.

1Тбилисский государственный университет им. И. Джава-
хишвили (ТГУ), медицинский факультет; 2ТГУ, Институт 
морфологии им. А.Натишвили; 3Тбилисский государствен-
ный медицинский университет; 4Институт клинической 
онкологии, Тбилиси, Грузия; 5Медицинский центр им. Хаим 
Шибы в Ха-Шомер, отделение хирургической онкологии 
(Хирургия C), Тель-Авив, Израиль

Анализ исследований матрикса печени выявил, что зна-
ния о соединительнотканном каркасе печени не системати-
зированы, терминология противоречива, а вопрос о стро-
ении того или иного компонента печеночного матрикса 
вызывает споры. 

Целью исследования явилось определение особенностей 
строения соединительнотканного матрикса печени различ-
ных млекопитающих и птиц для выявления и систематиза-
ции общих и частных закономерностей этой структуры.

Печень млекопитающих с желчным пузырем (свиньи, 
овцы) и без желчного пузыря (крысы) и птицы (домашние 
куры с желчным пузырем) изучали методами анатомиче-
ского препарирования, гистологии, гистохимии, гистото-
пографии, иммуногистохимии, сканирующей электронной 
микроскопии коррозионных реплик и флуоресцентной ми-
кроскопии. 

В печени млекопитающих и птиц выявляются соедини-
тельнотканные оболочки различной толщины и состава 
вокруг воротных трактов и печеночных вен. Эти оболочки 
различными способами связаны друг с другом, капсулой пе-
чени и внутрилобулярной сетью соединительной ткани, об-
разуя внеклеточный матрикс, который укрепляет структуру 

ткани печени и помогает органу сохранять целостность при 
различных патологических состояниях.

reziume

RviZlis eqstraceluluri matriqsis Tavisebure-
bebi ZuZumwovrebsa da frinvelebSi

1l.pataraSvili, 1,4e.azmaifaraSvili, 3q.jandieri, 
1s.gvidiani, 1,2q.comaia, 3l.kikaliSvili, 5m.sareli, 
3i.WanuyvaZe, 1,2d.korZaia

1i.javaxiSvilis sax. Tbilisis saxelmwifo uni-
versiteti (Tsu), medicinis fakulteti; 2Tsu, aleq-
sandre naTiSvilis morfologiis instituti; 
3Tbilisis saxelmwifo samedicino universiteti; 
4klinikuri onkologiis instituti, Tbilisi, saqar-
Tvelo; 5haim Sibas sax. samedicino centri ha-
SomerSi, qirurgiuli onkologiis departamenti 
(qirurgia C), Tel-avivi, israeli

kvlevebis analizi uCvenebs, rom monacemebi RviZ-
lis SemaerTebeli qsovilis ConCxis Sesaxeb ar 
aris sistematizebuli, terminologia winaaRmde-
gobrivia da zogierTi komponentis struqturis 
sakiTxi zogjer urTierTsawinaaRmdegod aris 
warmodgenili. 
kvlevis mizans warmoadgens sxvadasxva ZuZu-

mwovrebisa da frinvelebis RviZlis SemaerTe-
belqsovilovani karkasis agebulebis Tavisebure-
bebis, misi struqturis zogadi da specifikuri 
niSnebis identificireba da sistematizacia.
anatomiuri preparaciis, histologiuri, histo-

qimiuri, histotopografiuli, imunohistoqimiuri, 
koroziuli tvifrebis maskanirebeli eleqtro-
nuli mikroskopiis da fluorescentuli mikros-
kopiis meTodebiT Seswavlilia naRvlis buStis 
mqone (Rori, cxvari) da naRvlis buStis armqone 
(virTagva) ZuZumwovrebis da naRvlis buStis 
mqone frinvelebis (mamali) RviZlebi.
ZuZumwovrebisa da frinvelebis RviZlSi por-

tuli traqtebisa da RviZlis venebis garSemo 
gamovlinda sxvadasxva sisqis da kompoziciis 
SemaerTebelqsovilovani garsebi, romlebic sxva-
dasxa formiT aris dakavSirebuli erTmaneTTan, 
RviZlis kafsulasTan da SemaerTebeli qsovi-
lis wilakSida qselTan da qmnis RviZlis er-
Tian matriqss, romelic simtkices aZlevs RviZ-
lis qsovilis struqturas da uzrunvelyofs 
RviZlis struqturuli mTlianobis SenarCunebas 
sxvadasxva paTologiuri zemoqmedebis pirobebSi.
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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.

STRUCTURAL CHANGES IN RATS’ LIVER DURING 
THE FIRST 2 WEEKS FOLLOWING 2/3 PARTIAL HEPATECTOMY

1,2Tsomaia K., 1Azmaipharashvili E., 1Gvidiani S., 1Bebiashvili I., 3Gusev S., 1,2Kordzaia D.

1Ivane Javakhishvili Tbilisi State University (TSU), Faculty of Medicine; 
2Aleksandre Natishvili Institute of Morphology, TSU, Georgia; 

3Federal Research and Clinical Center of Physical-Chemical Medicine of Federal Medical Biological Agency, Moscow, Russia

Table 1. Number and distribution of animals in the study group by term and research methods

 Groups and terms 
Research Methods

Research Group (PH)

24 H 48 H 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-μm 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 (расшифровать) 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). 

Fig. 1. Liver lobules and acinus. I, II,III – 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 

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 

 zone
Data

Area of I zone (µm2) Perimeter of I zone (µm)
Nor-
ma

24 H 48 H 96 H 1 week 2 weeks
Nor-
ma

24 H 48 H 96H
1 

Week
2 

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 III zone of acinus 
Terms and 

 zone
 Term
data

Area of III zone (µm2) Perimeter of III zone (µm)

Nor-
ma

24 H 48 H 96 H 1 week
2 

weeks
Nor-
ma

24 H 48 H 96H
1 

Week
2 

Weeks

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

Diagram 1. Area of hepatocytes of I and III zones of acinus Diagram 2. Perimeter of hepatocytes 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 24th and 48th 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 

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 48th 

h of regeneration. On the 96th 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 24th , 48th , and 96th 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 
whole section resembles the puzzle construction (Fig. 2B, C, D, 
E, F; 3B, C, D, E, F). Connection of hepatocytes through these 

new “growths” (protrusions) indicates formations of new con-
nections, and remodeling of hepatocyte cords, as it is shown in 
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 – 1week after PH; F – 2 weeks after PH; Marked with CK8; X1000

Fig. 3. Hepatocytes in the III zone of acinus; A - Normal Liver; B – 24h after PH; C – 48h after PH; D – 96h after PH; 
E – 1week after PH; F – 2 weeks after PH; Marked with CK8; X1000
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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-

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 
ends in 7 – 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.

Fig. 4. SEM of Corrosion cast of liver regeneration after 1 week  of PH;
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)
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Fig. 5. Hepatocyte forms changing. 
A) Normal Liver. Scanned image. Marked with CK8; edited  

by ImageJ software X1000  
B) Liver after 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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SUMMARY

STRUCTURAL CHANGES IN RATS’ LIVER DURING THE FIRST 2 WEEKS FOLLOWING 2/3 PARTIAL HEPATECTOMY

1,2Tsomaia K., 1Azmaipharashvili E., 1Gvidiani S., 1Bebiashvili I., 3Gusev S., 1,2Kordzaia D.

1Ivane Javakhishvili Tbilisi State University (TSU), Faculty of Medicine; 
2Aleksandre Natishvili Institute of Morphology, TSU, Georgia; 

3Federal 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 

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 μm). 
In addition, small-diameter (6-7μm) 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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Цель исследования - изучение изменений размеров и фор-
мы гепатоцитов и архитектоники сети синусоидов в течение 
2-недель после резекции 2/3 печени.

Эксперименты выполнены на 16 крысах самцах линии 
Wistar весом 190-200 грамм, у которых выполнена частич-
ная гепатэктомия. Удаленная часть печени проанализирова-
на в качестве контроля для каждого животного. Ткань пе-
чени спустя 24, 48, 96 часов и через 1 и 2 недели изучена 
с помощью гистологических, иммуногистологических и 
морфометрических методов; архитектоника синусоидных 
капилляров исследована с помощью сканирующей элек-
тронной микроскопии коррозионных препаратов.

Форма и размеры гепатоцитов первой и третьей зоны пе-
ченочных ацинусов изменяются в течение всего срока на-
блюдений. Изменение формы и размеров гепатоцитов при-
водит к формированию новых межклеточных контактов, 
которые в ряде случаев образуются благодаря атипичным 
отросткам деформированных соседних клеток. Спустя не-
делю после гепатэктомии электронно-микроскопическое 

исследование коррозионных препаратов выявило сеть си-
нусоидов, которые располагаются внутри долек различной 
формы и размеров. В некоторых случаях создается впечат-
ление, что дольки аномальной формы и размеров образова-
ны комбинацией двух «нормальных» долек. Поверхностные 
синусоиды часто заметно расширены (до 25 мкм). На неко-
торых участках наблюдаются слепки синусоидов малого диа-
метра (6-7 мкм) с шероховатой поверхностью и небольшими 
выступами в форме бутона, что придает им зигзагообраз-
ную форму. В ряде зон обнаруживается наличие притоков 
печеночных вен и связанных с ними синусоидов большого 
диаметра, что является признаком сосудистого разрастания. 

Полученные данные позволяют предположить, что, не-
смотря на восстановление массы печени, процессы регене-
рации не завершаются. В регенерирующей печени продол-
жаются перманентные процессы трансформации формы и 
размеров гепатоцитов, а также перестройки сети сосудов, 
которые лежат в основе изменений пространственной архи-
тектуры долек печени.

РЕЗЮМЕ

СТРУКТУРНЫЕ ИЗМЕНЕНИЯ ПЕЧЕНИ КРЫС В ТЕЧЕНИЕ ПЕРВЫХ 2-НЕДЕЛЬ ПОСЛЕ 2/3 ГЕПАТЭКТОМИИ
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reziume

virTagvis RviZlis struqturuli cvlilebebi 2/3 hepateqtomiidan pirveli 2 kviris ganmavlobaSi 

1,2q.comaia, 1e.azmaifaraSvili, 1s.gvidiani, 1i.bebiaSvili, 3s.gusevi, 1,2d. korZaia 
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kvlevis mizans warmoadgenda RviZlis 2/3-is 
rezeqciis Semdeg RviZlis regeneraciis pro-
cesSi hepatocitTa zomis, formis da sinusoidTa 
qselis sivrculi arqiteqtonikis cvlilebebis 
gamokvleva 2-kvirian dinamikaSi.
eqsperimentebi Catarda Wistar-is jiSis 16 

zrdasrul mamr virTagvaze, woniT 190-200 grami, 
romelTac Cautarda parcialuri hepateqtomia; 
maT kontrolad aRebuli iyo imave virTagvas RviZ-
lis rezecirebuli nawili. RviZlis qsovilis 
gamokvleva Catarda histologiuri, imunohisto-
qimiuri, morfometriuli meTodebiT; sinusoiduri 
kapilarebis qselis sivrculi arqiteqtonika - 
koroziuli tvifrebis maskanirebeli eleqtro-
nuli mikroskopiiT. kvleva Catarda operaciidan 
24, 48 da 96 saaTis, 1 da 2 kviris Semdeg. 
eqsperimentis vadebTan erTad cvalebadoba 

ganicada RviZlis acinusis pirveli da mesame 
zonebis hepatocitebis formisa da zomis urTi-
erTSefardebam. hepatocitebis formisa da zomis 
cvlilebebTan erTad Camoyalibda axali ujred-
Sorisi kavSirebi, maT Soris formaSecvlili 
mezobeli hepatocitebis atipiuri membranuli 
morCebis CarTulobiT. 

 regeneraciis 1 kviris Semdeg koroziuli pre-
paratebis maskanirebeli eleqtronuli mikro-
skopiT gamokvlevisas gamovlinda sinusoidTa 
qseli, romelic sivrculad sazRvravda sxva-
dasxva formisa da zomis wilakebs, maT Soris ise-
Tebsac, romlebic, TiTqos Seqmnilia ori „normu-
li“ wilakis gaerTianebiT. zedapirulad mdebare 
sinosoidebi xSirad iyo mkveTrad gaganierebuli 
(25 mkm-mde). amasTanave, calkeul ubnebSi aRiniSne-
boda mcire diametris (6-7  mkm) sinusoidTa tvi-
frebi xorkliani zedapiriT da mcire zomis 
kvirtiseburi wanazardebiT, rac am tvifrebis 
konturs zigzagisebur formas aZlevs. calkeul 
ubnebSi aRiniSna RviZlis venebis Senakadebisa da 
maTTan dakavSirebuli msxvili sinusoidebis ise-
Ti tvifrebi, rogorebic damaxasiaTebelia sisxl-
ZarRvTa sprutingisTvis. miRebuli monacemebis 
safuZvelze avtorebi gamoTqvamen varauds, rom 
miuxedavad RviZlis masis aRdgenisa, regeneraciis 
procesi ar sruldeba. regenerirebul RviZlSi 
mimdinareobs hepatocitTa formisa da zomis, aseve 
sisxlZarRvovani qselis transformaciis perma-
nentuli procesi, rac safuZvlad udevs RviZlis 
wilakebis sivrculi arqiteqtonikis cvlilebebs.
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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 III). 

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 III-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 T4 and free T3 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-

CORRELATION OF THYROID AUTOIMMUNITY WITH ATHEROSCLEROSIS EVALUATION 
IN HASHIMOTO’S THYROIDITIS
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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 <1 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 × width × length × 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 Tbilisi 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 Hürthle cells reac-
tion is most remarkable in HT disorders; and 2. p63 (clone 
7JUL, Leica, UK), which is a p53 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% H2O2; 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 

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).

Fig. 1. Clinical characteristic of patients in group II (At+HT) 
and group III (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: 0.98±0.15 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 (I) M 62.8 27.4 6 0.98 246.2 172.1 49.3 123.9

StD 1.2 1.2 1.6 0.15 25.5 23.3 6.1 26.2

HT+At(II) 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 (III) 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

p1-2 0.3 0.2 0.001 0.001 0.001 0.001

p1-3 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)

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(I) HT+AT(II At (III)

CA (mm) M 1.04 1.19 1.1 p1-2 0.001

SD 0.09 0.1 0.11 p1-3 0.03

p2-3 0.0004

FA (mm) M 1.29 1.47 1.18 p1-2 0.001

SD 0.13 0.2 0.12 p1-3 0.002

p2-3 0.0001

Lipid spectre demonstrates more atherogenic changes in II 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 

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 (1,19±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 
II 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).

a

b

c
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 II); c - 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 Hürthle cells and enlarged thyroid cells, character-
ized by abundant cytoplasm, which was eosinophilic.

Group I (HT) - results of histopathological research of 

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).

 

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 Hürthle 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 Hürthle 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-

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 
III 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 affected on the lipid cholesterol 

Fig. 5. HT. a. H&E, X100. b. Association of Hürthle 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
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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 
II) confirmed by presence of reliable differences (p<0.001) 
between II and III 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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The relationship between subclinical hypothyroidism (SH) 
and Atherosclerotic (At) cardiovascular diseases (CVD) has 

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.

РЕЗЮМЕ

КОРРЕЛЯЦИЯ МЕЖДУ АУТОИММУННЫМ ТИРОИДИТОМ 
И РАЗВИТИЕМ АТЕРОСКЛЕРОЗА ПРИ ТИРОИДИТЕ ХАШИМОТО

Гвиниашвили Т.П., Какауридзе Н.Г., Гогиашвили Л.Е., Цагарели З.Г., Куртанидзе Т.И.

Тбилисский государственный университет им. И. Джавахишвили, Институт морфологии им. А.Н. Натишвили; 
Тбилисский государственный медицинский университет, Грузия

Изучение взаимосвязи между субклиническим гипотирео-
зом и атеросклерозом сердечно-сосудистой системы (At) 
представляется актуальным, однако причинно-следственная 
корреляция между тироидитом Хашимото (HT), липидным 
профилем и молекулярной биологией фолликулярного эпи-
телия щитовидной железы по сей день остается мало-
изученной. 

Исследованы 3 группы пациентов: I группа – HT, II груп-
па – HT+At, III группа – At. Использованы лабораторные 
тесты с целью определения функции щитовидной железы 
и липидного профиля, согласно указаниям международных 
гайдлайнов. Толщину интимы-медии сонных и бедренных 
артерий (IMT) оценивали высокоразрешенной ультрасоно-
графией. Материал исследовали гистологическими и имму-

ногистохимическими методами: H&E, S100 протеин и p63. 
Статистический анализ проводили по версии Microsoft 

Excel 7.0, SPSS 20, Mann-Whitney. Использовали U-тест и 
коэффициент корреляции Пирсона. Сравнительный меж-
групповой анализ проводили методом линейной регрессии.

Согласно полученным результатам, дислипидемия и диа-
столическая гипертензия способствуют прогрессии гипо-
тиреоза в группе HT+At; уровень TSH и anti-TPO антител 
находится в прямой зависимости от осложнений сердечно-
сосудистых заболеваний. S100 и p63 биомаркеры указывают 
на обратный отрицательный эффект гиперхолестеринемии, 
на показатели высокого морфологического риска в парен-
химе Хашимото, что частично объясняет тенденцию HT и 
патобиологическую связь с папиллярной карциномой.

reziume

farisebri jirkvlis autoimunurobis korelacia aTerosklerozis 
ganviTarebasTan haSimotos Tiroiditis dros

1T.gviniaSvili, 2n.kakauriZe, 1l.gogiaSvili,  1z.cagareli, 2T.kurtaniZe

1i, javaxiSvilis sax. Tbilisis saxelmwifo universiteti, 
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subklinikuri hipoTireozisa da gul-sisxl-
ZarRvTa aTerosklerozuli (At) daavadebebis 
urTierTkavSiri erT-erTi aqtualuri Temaa, mag-
ram sadavoa haSimotos Tireoidits (HT), lipidur 
profilsa da folikuluri epiTeliumis mole-
kulur biologias Soris mizezobrivi kavSiri. 
gamokvleulia pacientebis 3 jgufi (I  jgufi - HT, 
II  jgufi - HT+At, III  jgufi - At). farisebri jirkv-
lis funqciisa da lipiduri profilis gansaz-
RvrisTvis gamoyenebuli iyo laboratoriuli 
testebi saerTaSoriso gaidlainebis miTiTebebis 
Sesabamisad, koronaruli da barZayis arteriebis 
intima-mediis sisqe (IMT) Semowmda maRali rezo-
luciis ultrasonografiiT, masala Seswavlilia 
klasikuri histologiuri da imunohistoqimiuri 
kvlevis meTodebiT: H&E, S100 cila da p63-is 
imunuri profilis gaTvaliswinebiT. statisti-

kuri analizi Catarda Microsoft Excel 7.0, SPSS-20 
versiis, Mann-Whitney U-testisa da pirsonis ko-
relaciis gamoyenebiT. jgufebsa da faqtorebs 
Soris Sedareba ganxorcielda xazovani re-
gresiis modelis gamoyenebiT. miRebuli Sede-
gebis mixedviT, dislipidemia da diastoluri 
hipertenzia aCqarebs hipoTireozis ganviTa-
rebas HT+At jgufSi. TSH da anti-TPO antisxe-
ulebis done pirdapirkavSirSia gul-sisxl-
ZarRvTa daavadebebis garTulebasTan. S100 da 
p63 biomarkerebis monacemebi aCvenebs hiper-
qolesterinemiis uaryofiT gavlenas haSimo-
tos parenqimaSi maRali morfologiuri riskis 
maxasiaTeblebze, riTac nawilobriv SeiZleba 
aixsnas haSimotos mniSvnelovani tendencia da 
paTobiologiuri kavSiri farisebri jirkvlis 
papilur karcinomasTan.
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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 II 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.

Immunohistochemistry. 4µ 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 D1 
(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 D1, 
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 0.9±0.1 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 89.6±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 6.7±2.1 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 12.5±3.8 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 13.3±3.2 in reproductive age and 15.7±4.5 

PHENOTYPIC CHARACTERISTICS OF RELAPSED LEIOMYOMA AND SMOOTH MUSCLE TUMORS 
OF UNCERTAIN MALIGNANCY POTENTIAL IN REPRODUCTIVE WOMEN
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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 23.9±3.7 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 
1.4±0.6 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 
2.1±0.4 and 1±0.3 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 90.6±9.1 in relapsed group 
and 85.7±7.8 in control group in reproductive age patients, 
whilst it was 50.7±5.5 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 12.3±2.7 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 

control cases respectively. Mean cyclin D1 labelling index 
was 24.5±4.6 in relapsed and 11.2±3.7 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 5.7±2.1 in relapsed and 13.9±4.1 in control 
cases from reproductive age patients. In patients with meno-
pause mean Bcl2 labelling index was 7.9±3.9 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 12.3±3.8 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.

Table 1. Distribution of Ki67, Cyclin D1, Bcl2, Cas3, ER and PR in myomectomy tissue specimens

Normal Miometrium
Repr. Ag. 10 1,7 1,2 81,3 0,7 80 89,6

Menop. Ag. 10 0,4 0,2 89,2 1,8 40 42

Classic LM
Repr. Ag. 45 3 2,4 67,6 5,4 70,2 75,7

Menop. Ag. 24 1,2 0,9 71,2 7,9 34,3 36,3

Cellular LM
Repr. Ag. 10 8,9 7,6 59,7 8,5 60,5 63,4

Menop. Ag. 5 3,4 3,1 62,3 9,9 29,1 30,2

Bizzare/Atypical LM
Repr. Ag. 14 12,5 10,5 13,3 11,2 50,6 52,1

Menop. Ag. 8 4,7 3,5 15,7 13,8 23,8 23,9

STUMP
Repr. Ag. 13 20,8 18,6 15,6 7,6 43,9 46,8

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 4,2 3,7 12,4 13,5
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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. 

Table 2. Distribution of Ki67, Cyclin D1, Bcl2, Cas3 in laparoscopy tissue specimens

Rel. Cont. Rel. Cont. Rel. Cont. Rel. Cont. Rel. Cont.

Classic LM
Repr. Ag. 13 9 6,9 3,1 5,3 2,7 69,3 65,2 2,9 5,1

Menopause 7 6 3,7 1,4 2,1 1 71,6 68,7 3,1 7,2

Bizzare/
Atypical LM

Repr. Ag. 6 5 26 12,3 24,5 11,2 17,2 14,3 4,9 12,3

Menopause 4 3 11,2 4,9 10,6 3,8 18,1 16,2 6,8 14,1

STUMP
Repr. Ag. 12 7 61,4 21,2 52,7 19,1 15,1 13,4 2,6 8,1

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.

Classic LM
Repr. Ag. 13 9 85,8 79,6 90,6 85,7

Menopause 7 6 48,2 42,9 50,7 46,2

Bizzare/Atypical LM
Repr. Ag. 6 5 65,6 47,5 68,9 50,3

Menopause 4 3 40,1 30,2 47,2 35,1

STUMP
Repr. Ag. 12 7 53,7 42,2 57,1 44,3

Menopause 6 4 30,9 20,8 36,3 23,6

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 

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. 

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

Graph 3.The comparative analysis of Ki67, cyclin D1, Bcl2 and Cas3 in laparoscopic myomectomy specimens. 
LM, leiomyoma, Repr. Ag. reproductive age.
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Graph 4. Comparative analysis of ER and PR in laparoscopic surgical specimens. 
LM, leiomyoma, Cont., control specimens, Rel., relapsed specimens

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 Bcl2 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-

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 D1 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 Bcl2 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 

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.

Tbilisi 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.

РЕЗЮМЕ

РЕЦИДИВИРУЮЩИЕ ЛЕЙОМИОМЫ И ГЛАДКО-
МЫШЕЧНЫЕ ОПУХОЛИ С НЕОПРЕДЕЛЁННЫМ 
ЗЛОКАЧЕСТВЕННЫМ ПОТЕНЦИАЛОМ – ФЕНОТИ-
ПИЧЕСКИЕ ОСОБЕННОСТИ У ЖЕНЩИН РЕПРО-
ДУКТИВНОГО ВОЗРАСТА 

Кикнадзе Т.Г., Тевдорашвили Г.Г., Музашвили Т.З., 
Гачечиладзе М.Г., Буркадзе Г.М.

Тбилисский государственный медицинский университет, 
Грузия

Лейомиомы матки - частые опухоли тазовой полости у 
женщин, из различных подтипов которых особенную диа-
гностическую проблему представляют гладкомышечные 
опухоли с неопределённым злокачественным потенциалом. 
На сегодняшний день весьма актуально определить риск 
развития рецидива после лапароскопических миомэктомий. 
Изучены фенотипические особенности различных типов 

лейомиом у женщин репродуктивного и менопаузально-
го возраста, которые получены путём гистерэктомии или 
лапароскопических миомэктомий. Стандартным иммуно-
гистохимическим методом изучены молекулярные марке-
ры: пролиферативные маркеры Ki67 и cyclin D1, маркеры 
апоптоза Bcl2 и Cas3, ER и PR. Результаты исследования 
показали, что экспрессия ER значительно выше в рециди-
вирующих лейомиомах в сравнении с контрольной груп-
пой, а экспрессия PR - ниже. Рецидивирующие лейомио-
мы характеризуются высокой пролиферативной и низкой 
апоптозной активностью. Что касается гладкомышечных 
опухолей с неопределённым злокачественным потенциа-
лом, несмотря на гистологическую однородность, в этой 
нозологии возможно выделение трёх молекулярных под-
типов по характеру экспрессии пролиферативных и апоп-
тозных маркеров, что необходимо учитывать при диагно-
стике этого заболевания. 

reziume

morecidive leiomiomebi da gluvkunTovani sim-
sivneebi gaurkveveli avTvisebianobis potencia-
liT - fenotipuri Taviseburebebi reproduqci-
uli asakis qalebSi

T.kiknaZe, g.TevdoraSvili, T.muzaSvili, 
m.gaCeCilaZe, g.burkaZe

Tbilisis saxelmwifo samedicino universiteti, 
saqarTvelo

saSvilonos leiomiomebi warmoadgens menjis 
RruSi ganviTarebul xSir simsivneebs qalebSi, 
romelTa mravali histologiuri qvetipidan, gan-
sakuTrebul diagnostikur problemas warmoad-
gens gluvkunTovani simsivneebi avTvisebianobis 
gaurkveveli potencialiT. sadReisod aqtualu-
ria leiomiomebis recidivis ganviTarebis riskis 
gansazRvra laparoskopiuli miomeqtomiis Semdeg. 
Seswavlilia histereqtomiiT da laparoskopi-

uli miomeqtomiiT miRebuli sxvadasxva tipis 
leiomiomebis fenotipuri maxasiaTeblebi re-
produqciuli da menopauzuri asakis qalebSi. 
standartuli imunohistoqimiuri meTodiT gamo-
kvleulia iseTi markerebis eqspresia, rogore-
bicaa proliferaciuli markerebi Ki67 da cyclin 
D1, apoptozuri markerebi Bcl2 da Cas3 da ER, PR. 
kvlevis Sedegebma aCvena, rom morecidive leio-
miomebSi gacilebiT ufro maRalia ER-is eqspre-
sia SedarebiT sakontrolo jgufTan, maSin rode-
sac PR-is eqspresia, piriqiT, dabalia. morecidive 
leiomiomebi xasiaTdebian maRali prolifera-
ciuli da dabali apoptozuri aqtivobiT. rac 
Seexeba gluvkunTovan simsivneebs gaurkveveli 
avTvisebianobis potencialiT, miuxedavad his-
tologiuri erTgvarovnebisa, am nozologiaSi 
SesaZlebelia sami saxis molekuluri qvejgu-
fis gamoyofa proliferaciuli da apoptozuri 
markerebis eqspresiis mixedviT, rac aucilebelia 
gaTvaliswinebuli iyos am dazianebis diagnos-
tikaSi. 
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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-β 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. 4µ 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), 

p63 (7JUL), β-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, β-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 43±6.8, 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 48±9.9 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 52±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 β-catenin (r=-.923, p<0.0001). The correla-
tion analysis between CK17 and other markers did not show any 
significant correlation on immunohistochemistry level.

STEM CELL INDEX IN THE PROGRESSION 
OF CERVICAL INTRAEPITHELIAL NEOPLASIA 
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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

CINIII 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
 

Fig. 1. The expression of CD44 in A. CINI, B. CINII, C. CINIII, D. Cervical Carcinoma, IHC, x200

The correlation analysis in specimens with co-infections, be-
tween CD44 and other markers showed the following results: 
There was significant positive correlation between CD44 and 
vimentin (r=.914, p=0.041), Ki67 (r=.897, p<0.0001), phospho-

histone-H3 (r=.873, p<0.0001) and Bax1 (r=.930, p<0.0001), 
whilst there was a negative correlation between CD44 and 
Cas3 (r=-.972, p<0.0001), E-cadherin (r=-.871, p<0.0001) and 
β-catenin (r=-.943, p<0.0001). 
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Spearman’s rho CK17 p63 E-cad-
herin

β-caten-
in

vime-
ntin Cas3 Bax1 Ki67 Cyclin 

D1

Phos-
phohis-
ton-H3

ER

CD44

Correlation 
Coefficient -0,300 0,000 -0,851 -0,923 0.894* -0,942 0.890** 0.867** 0,000 0.8210** -0,600

Sig. (2-tailed) 0,624 1,000 0,000 0,000 0,041 0,000 0,000 0,000 1,000 0,000 0,285

N 54 54 54 54 54 54 54 54 54 54 54

CK17

Correlation 
Coefficient   ,200 ,300 ,300 -,112 ,300 -,300 -,300 -,200 -,300 -,100

Sig. (2-tailed)   ,747 ,624 ,624 ,858 ,624 ,624 ,624 ,747 ,624 ,873

N   54 54 54 54 54 54 54 54 54 54

p63

Correlation 
Coefficient     0,000 0,000 -,224 0,000 0,000 0,000 -1.000** 0,000 ,400

Sig. (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

E-cad-
herin

Correlation 
Coefficient       0.956** -.894* 0.820** -0,861 -0,971 0,000 -1.000** ,600

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

β-cate-
nin

Correlation 
Coefficient         -.894* 0.870** -0,93 -0,89 0,000 -0,84 ,600

Sig. (2-tailed)         ,041 0,000 0,000 0,000 1,000 0,000 0,285

N         54 54 54 54 54 54 54

vimen-
tin

Correlation 
Coefficient           -.894* .894* .894* ,224 .894* -.894*

Sig. (2-tailed)           ,041 ,041 ,041 ,718 ,041 ,041

N           54 54 54 54 54 54

Cas3

Correlation 
Coefficient             -0,91 -0,932 0,000 -0,862 ,600

Sig. (2-tailed)             0,000 0,000 1,000 0,000 0,285

N             54 54 54 54 54

Bax1

Correlation 
Coefficient               0.970** 0,000 0.990** -,600

Sig. (2-tailed)               0,000 1,000 0,000 ,285

N               54 54 54 54

Ki67

Correlation 
Coefficient                 0,000 0.844** -,600

Sig. (2-tailed)                 1,000 0,000 ,285

N                 54 54 54

Cyclin 
D1

Correlation 
Coefficient                   0,000 -,400

Sig. (2-tailed)                   1,000 ,505

N                   54 54

Phos-
pho-
histon-
H3

Correlation 
Coefficient                     -,600

Sig. (2-tailed)                     ,285

N                     54

Table 3. Results of correlation analysis in specimens without co-infections
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Table 4. Results of correlation analysis in specimens with co-infections

Spearman’s rho CK17 p63
E-
cad-
herin

β-cate-
nin

vi-
men-
tin

Cas3 Bax1 Ki67 Cyclin 
D1

Phos-
pho-
his-
ton-H3

ER

CD44

Correlation 
Coefficient -0,400 0,000 -0,871 -0,943 0.914* -0,972 0.930** 0.897** 0,000 0.873** -0,700

Sig. (2-tailed) 0,523 1,000 0,000 0,000 0,041 0,000 0,000 0,000 1,000 0,000 0,369
N 86 86 86 86 86 86 86 86 86 86 86

CK17

Correlation 
Coefficient   ,100 ,200 ,200 -,222 ,500 -,200 -,200 -,200 -,600 -,900

Sig. (2-tailed)   ,642 ,716 ,716 ,716 ,716 ,716 ,716 ,642 ,716 ,624
N   86 86 86 86 86 86 86 86 86 86

p63

Correlation 
Coefficient     0,000 0,000 -,339 0,000 0,000 0,000 -1.000** 0,000 ,700

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

E-cad-
herin

Correlation 
Coefficient       0.978** -0,924 0.864** -0,893 -0,991 0,000 -1.000** ,300

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

β-cate-
nin

Correlation 
Coefficient         -0,934 0.880** -0,96 -0,91 0,000 -0,85 ,800

Sig. (2-tailed)         ,041 0,000 0,000 0,000 1,000 0,000 0,485
N         86 86 86 86 86 86 86

vime-
ntin

Correlation 
Coefficient           -0,994 -0,994 -0,994 ,224 -0,994 -0,994

Sig. (2-tailed)           ,031 ,031 ,031 ,718 ,031 ,031
N           86 86 86 86 86 86

Cas3

Correlation 
Coefficient             -0,94 -0,952 0,000 -0,882 ,500

Sig. (2-tailed)             0,000 0,000 1,000 0,000 0,285
N             86 86 86 86 86

Bax1

Correlation 
Coefficient               0.990** 0,000 0.990** -,800

Sig. (2-tailed)               0,000 1,000 0,000 ,225
N               86 86 86 86

Ki67

Correlation 
Coefficient                 0,000 0.944** -,700

Sig. (2-tailed)                 1,000 0,000 ,215
N                 86 86 86

Cyclin 
D1

Correlation 
Coefficient                   0,000 -,300

Sig. (2-tailed)                   1,000 ,805
N                   86 86

Phos-
pho-
histon-
H3

Correlation 
Coefficient                     -,900

Sig. (2-tailed)                     ,315
N                     86
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Spearman’s rho CK17 Ki67 ER CAS3 BAX P63 E-Cad-
herin β-catenin Vimentin

CD44

Correlation 
Coefficient .370** .112* -.184** -,019 -.172** .569** ,087 -.115* ,008

Sig. 
(2-tailed) ,000 ,049 ,001 ,739 ,002 ,000 ,129 ,044 ,882

N 309 309 309 309 309 309 309 309 309

CK17

Correlation 
Coefficient   -.183** -.270** -,059 ,023 .371** ,022 -,076 -,088

Sig. 
(2-tailed)   ,001 ,000 ,300 ,686 ,000 ,702 ,180 ,124

N   309 309 309 309 309 309 309 309

Ki67

Correlation 
Coefficient     ,103 ,077 -.383** .152** .141* .277** .136*

Sig. 
(2-tailed)     ,069 ,175 ,000 ,008 ,013 ,000 ,017

N     309 309 309 309 309 309 309

ER

Correlation 
Coefficient       ,033 -.162** -.178** -,065 ,034 .196**

Sig. 
(2-tailed)       ,559 ,004 ,002 ,253 ,555 ,001

N       309 309 309 309 309 309

CAS3

Correlation 
Coefficient         .147** .181** -,007 -,089 -,002

Sig. 
(2-tailed)         ,010 ,001 ,904 ,118 ,972

N         309 309 309 309 309

BAX

Correlation 
Coefficient           -.130* -,085 -.220** ,112

Sig. 
(2-tailed)           ,022 ,134 ,000 ,050

N           309 309 309 309

P63

Correlation 
Coefficient             .120* -.143* -.156**

Sig. 
(2-tailed)             ,035 ,012 ,006

N             309 309 309

E-
Cad-
herin

Correlation 
Coefficient               ,098 -,106

Sig. 
(2-tailed)               ,086 ,063

N               309 309

β-cate-
nin

Correlation 
Coefficient                 .175**

Sig. 
(2-tailed)                 ,002

N                 309

Table 5.  Results of correlation analysis from the TCGA dataset
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Graph 1. Distribution of CD44 and CK17 in groups without 
co-infections

Graph 2. Distribution of CD44 and CK17 in groups with co-
infections

Graph 3. The distribution of cervical lesions in two phenotypic groups, in specimens without co-infections

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 β-caenin
High 155 149.26
Low 154 152.22

0.586 Vimentin
High 155 157.76

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 
β-catenin (r=-.115, p=0.044).

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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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-

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.

Tbilisi 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.

РЕЗЮМЕ

ОСОБЕННОСТИ РАСПРЕДЕЛЕНИЯ СТВОЛОВЫХ 
КЛЕТОК ПРИ ПРОГРЕССИИ ИНТРАЭПИТЕЛИАЛЬ-
НЫХ НЕОПЛАЗИЙ ШЕЙКИ МАТКИ 

Пхакадзе Г.А., Бохуа З.Дж., Музашвили Т.З., 
Асатиани Т.И., Буркадзе Г.М.

Тбилисский государственный медицинский университет, 
Грузия

Стволовые клетки являются малочисленной популяцией 
клеток как в нормальных, так и в опухолевых тканях, ха-
рактеризуются высокой способностью к самообновлению и 
пролиферации. Среди многочисленных маркеров стволовых 

клеток, для изучения особенностей их распределения, авто-
рами применена иммуногистохимическая экспрессия маркера 
CD44 на 140 тканевых образцах шейки матки. Проведен кор-
реляционный анализ между CD44 и другими маркерами про-
грессии интраэпителиальных неоплазий шейки матки, таких 
как эпителиально-мезенхимальные маркеры трансформации, 
пролиферативно-апоптозные маркеры и рецептор эстрогена. 

Результаты исследования показали, что стволовоклеточный 
индекс значительно увеличивается в процессе прогрессии 
интраэпителиальных неоплазий шейки матки и достовер-
но коррелирует с маркерами эпителиально-мезенхимальной 
трансформации и пролиферативно-апоптозными, также как с 
ER статусом. В интраэпителиальных неоплазиях шейки матки 
возможно выделение двух различных фенотипных групп по 
экспрессии маркеров CD44, Ki67, Cas3 и ER, которые корре-
лируют с прогрессией интраэпителиальных неоплазий шейки 
матки. Данные проведенного исследования в дальнейшем воз-
можно использовать для оценки риска прогрессии интраэпите-
лиальных неоплазий шейки матки и разработки адекватного 
клинического менеджмента. 

reziume

Rerovani ujredebis ganawilebis Taviseburebebi 
saSvilonos yelis intraepiTeluri neoplaziis 
progresiis dros

g.fxakaZe, z.boxua, T.muzaSvili, T.asaTiani, g.burkaZe

Tbilisis saxelmwifo samedicino universteti, 
saqarTvelo

Rerovani ujredebi warmoadgenen mcire 
ujredul populacias rogorc normalur, ise sim-
sivnur qsovilebSi, xasiaTdebian TviTganaxlebis 
da proliferaciis maRali unariT. Rerovani 
ujredebis mraval markerebs Soris Seswavlilia 
Rerovani ujredebis ganawilebis Taviseburebebi 
CD44-is imunohistoqimiuri eqspresiis mixedviT 
140 saSvilonos yelidan aRebul qsovilovan ma-
salaSi. Catarda korelaciuri analizi CD44-sa 
da saSvilonos yelis intraepiTeluri neoplazi-
is progresiis sxva markerebs Soris, rogorebicaa 
epiTelur-mezenqimuri transformaciis markerebi, 
proliferaciul-apoptozuri markerebi da es-
trogenis receptori. 
kvlevis Sedegebma aCvena, rom Rerovani ujre-

debis indeqsi mniSvnelovnad izrdeba saSvilo-
nos yelis intraepiTeluri neoplaziebis pro-
gresiis procesSi. Rerovani ujredebis indeqsi 
sarwmuno korelaciaSia epiTelur-mezenqimuri 
transformaciis da proliferaciul-apoptozur 
markerebTan, iseve, rogorc ER statusTan. saS-
vilonos yelis intraepiTelur neoplaziebSi 
SesaZlebelia ori fenotipurad gansxvavebuli 
jgufis gamoyofa CD44, Ki67, Cas3 da ER eqspresiis 
mixedviT, romlebic korelaciaSia saSvilosnos 
yelis intraepiTeluri neoplaziebis progre-
siasTan. kvlevis Sedegebi SesaZlebelia moma-
valSi gamoyenebuli iyos saSvilonos yelis in-
traepiTeluri neoplaziebis progresiis riskis 
gansazRvris da Sesabamisad adeqvaturi klini-
kuri menejmentis SemuSavebis mizniT. 
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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 

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 (МІІ+СBMA) – animals 
with an injured limb treated by СBMA; group 4 (МІІ+НАТ) – 
animals with an injured limb treated by НАТ.

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 5th, 15th, and 30th 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 С.А., 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 1mm 
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 µm 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 µm, in the 
micrograph – 420×550 µm; 0.23 mm2). 

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 

PERIPHERAL NERVE LESIONS AFTER A MECHANICALLY INDUCED LIMB ISCHEMIA

1Pidlisetskyy А., 2Savosko S., 3Dolhopolov О., 4Makarenko O. 

1Lviv Regional Hospital for War Veterans and Repressed named after Yu. Lypa; 2Bogomolets National Medical University, 
Department of Histology and Embryology; 3SI “Institute of Traumatology and Orthopedics under NAMS of Ukraine; 

4Interregional Academy of Personnel Management, Ukraine



166

	
МЕДИЦИНСКИЕ НОВОСТИ ГРУЗИИ

CFMFHSDTKJC CFVTLBWBYJ CBF[KTYB

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, L222, 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 15th day, the ex-
tent of the edema was lower, compared to the 5th 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 5th 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 30th 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 5th and 15th day, we noticed the im-

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.

Fig. 1. A sciatic nerve of a rabbit on the 5th, 15th, and 30th 
day after the MII and the therapy. The impregnation with silver 
nitrate, scale bar 100 µm

Fig. 2. A tibial nerve of a rabbit on the 5th, 15th, and 30th day after 
the MII and the therapy. Electron microscopy, scale bar 1 µm
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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, 15th, 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, 15th, 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 

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 30th 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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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 5th, 15th, and 30th 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 5th and 15th day, and atrophy of nerve fibers – on 
the 15th and 30th 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.

РЕЗЮМЕ

ПОВРЕЖДЕНИЯ ПЕРИФЕРИЧЕСКИХ НЕРВОВ КО-
НЕЧНОСТИ ПРИ МЕХАНИЧЕСКИ-ИНДУЦИРОВАН-
НОЙ ИШЕМИИ 

1Пидлисецкий А.Т., 2Савосько С.И., 3Долгополов А.В., 
4Макаренко А.Н.

1Львовский областной госпиталь ветеранов войн и репрес-
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В статье описаны результаты исследования изменений 
периферических нервов конечности после механически ин-
дуцированной ишемии. Оценены миелиновые нервные во-
локна в седалищном и большеберцовом нервах после 6-ча-
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совой ишемии, моделированной жгутом на уровне голени, 
коленного сустава и нижней трети бедра. В фасцикулах се-
далищного нерва изменений плотности нервных волокон на 
5, 15 и 30 сутки после моделирования ишемии не выявлено, 
однако обнаружены деформированные волокна с разной 
толщиной миелиновой оболочки. В большеберцовом нерве 
на 5 и 15 сутки установлены демиелинизация и деформация 
миелина, а на 15 и 30 сутки – атрофия нервных волокон. 
В нейролемоцитах поврежденных миелиновых нервных 
волокон выявлены признаки дистрофических процессов и 

аутофагии. После введения в ишемически поврежденные 
мышцы тромбоцитарной плазмы, концентрата клеток аспи-
рата костного мозга и гомогенизированной жировой ткани 
существенной разницы в степени повреждения нерва не 
выявлено. Сделано заключение, что структурные призна-
ки повреждения периферических нервов конечности после 
ишемии являются неспецифическими и в большинстве слу-
чаев зависят от уровня повреждения конечности, чем от те-
рапевтических подходов с использованием аутологических 
клеточных технологий. 

reziume 

kiduris periferiuli nervebis dazianebani meqanikurad inducirebuli iSemiis dros

1a.pidlisecki, 2s.savosko, 3a.dolgopolovi, 4a.makarenko

1lvovis iu.lipis sax. omis veteranebisa da represirebulebis saolqo hospitali; 
2a.bogomolecis sax. erovnuli samedicino universiteti, histologiisa da embriologiis kaTedra; 

3ukrainis medicinis mecnierebaTa akademiis orTopediisa da travmatologiis instituti, kievi; 
4personalis marTvis regionTaSorisi akademia, kievi, ukraina

statiaSi warmodgenilia kiduris periferiuli 
nervebis cvlilebebis kvlevis Sedegebi meqaniku-
rad inducirebuli iSemiis Semdeg. Sefasebulia 
mieliniani nervuli boWkoebi sajdom da didi 
wvivis nervebSi 6-saaTiani iSemiis Semdeg, rac 
modelirebuli iyo laxtis gadaWeriT wvivis, mux-
lis saxsris da barZayis qveda mesamedis doneze. 
sajdomi nervis fascikulebSi nervuli boWkoebis 
simWidrovis cvlilebebi iSemiis modelirebidan 
me-5, me-15 da 30-e dRes ar gamovlinda, Tumca, aRmoCe-
nilia deformirebuli boWkoebi mielinis garsis 
sxvadasxva sisqiT. didi wvivis nervSi me-5 da me-
15 dRes dadgenilia demielinizacia da mielinis 
deformacia, xolo me-15 da 30-e dRes – nervuli 

boWkoebis atrofia. dazianebuli mieliniani ner-
vuli boWkoebis neirolemocitebSi gamovlinda 
distrofiuli procesebis da autofagiis niSnebi. 
iSemiurad dazianebul kunTebSi Trombocituli 
plazmis, Zvlis tvinis aspiratis ujredebis kon-
centratis da homogenizebuli cximovani qsovilis 
Seyvanis Semdeg arsebiTi gansxvaveba nervis da-
zianebis xarisxSi ar aRiniSna. avtorebi daaskv-
nian, rom kiduris periferiuli nervebis daziane-
bebis niSnebi iSemiis Semdeg araspecifikuria da, 
umetes SemTxvevaSi, metadaa damokidebuli kiduris 
dazianebis xarisxze, vidre Terapiul midgomebze 
autologiuri ujreduli teqnologiebis gamo-
yenebiT.

ENZYMATIC ACTIVITY IN MICROSOMES, LIPID PEROXIDATION 
OF MICE HEPATOCYTES UNDER THE SODIUM FLUORIDE 

1Kolisnyk I., 2Voloshin O., 2Savchenko I., 2Yanchevskyi O., 2Rashidi B.

1Kharkiv Medical Academy of Postgraduate Education; 
2The 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 

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 ε=2.2×105 mol-1 cm-1.

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 ε=1.56×105 mol-1 cm-1.

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 c 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 30ºC and a wavelength of 550 nm. The enzyme 
activity was calculated using the coefficient of molar extinc-
tion of cytochrome c, which was equal to 18,5×103 cm-1M-1. 
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-
tistica10 program.

Results and discussion. Free radical processes in the rat liver 
was assessed by the intensity of H2O2-induced chemilumines-
cence (CL). The enzymatic state of rat liver microsomes was 
initially assessed by the activity of NAD (P) H-cytochrome c 
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 

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 c 
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 c 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 c 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 c 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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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)

Day of observation
Chemiluminescence intensity, pulse / s

Control
dose, DL50

1/10 1/100
10 294±23,5 403±29,5 р<0,001 398 [320; 418] р=0,002
20 296 [280; 335] 707±26,2 р<0,001 428 [415; 440] р<0,001
30 321±14,0 650 [638; 689] р=0,003 598 [575; 607] р<0,001
50 317±18,1 539 [498; 550] р<0,001 445 [432; 487] р<0,001
60 343±14,5 229±19,9 р<0,001 409±19,7 р<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 
of observation

NADPH-cytochrome c reductase,
nM cytochrome c/mg protein • min

NADH-cytochrome c reductase,
nM cytochrome c/mg protein • min

1/10 DL50

10 234±3,82 р<0,001 1027 [1017; 1030] р<0,001

20 261±4,27 р=0,002 1156±9,45 р<0,001

30 241 [240; 245] р<0,001 1233 [1228; 1245] р<0,001

50 149±4,74 р<0,001 1115±11,0 р<0,001

60 127±4,89 р<0,001 590±43,1 р<0,001

1/100 DL50

10 198 [195; 210] p=0,004 988 [945; 1005] p=0,038

20 241 [238; 244] р<0,001 1036 [1028; 1056] р<0,001

30 249±4,83 р=0,003 1148±21,8 р<0,001

50 222±4,40 р<0,001 1210±18,9 p=0,002

60 150±6,08 р<0,001 1129 [1116; 1156] р<0,001

1/1000 DL50

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

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

Control

10 189±5,31 932 [883; 977]

20 192±5,71 950 [882; 975]

30 188 [185; 190] 944 [922; 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

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).
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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

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

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-
vation

Diene conjugates nM / mg 
protein

 TBA reactants
nM / mg protein

Chiff bases
mind. units / mg lipids

1/10 DL50

10 9,09±0,88 р<0,001 0,70±0,07р=0,059 0,37 [0,28; 0,40] р=0,545

20 8,12±0,88 р<0,001 0,91±0,08 р=0,001 0,33 [0,20; 0,47]p=0,290

30 7,64±0,60 р<0,001 1,04±0,12 р=0,001 1,08 [0,90; 1,15] р<0,001

50 6,9 [6,2; 7,8] р<0,001 1,45±0,15 р<0,001 1,53±0,16 р<0,001

60 6,2 [5,9; 7,2] р<0,001 1,76±0,16 р<0,001 1,83 [1,50; 1,91] р<0,001

1/100 
DL50

10  7,65 [6,94 8,5] р=0,001 0,66 [0,60; 0,70] p=0,199 0,29±0,07 р=0,791

20 8,75 [8,54 9,8] р<0,001 0,89 [0,75; 0,94] р=0,019 0,24 [0,20; 0,33] р=0,821

30 7,35 [6,64 8,0] р<0,001 1,28±0,11р=0,002 0,79±0,15 р<0,001

50 6,8 [6,0; 7,2] р<0,001 1,38±0,04 р<0,001 0,90±0,12 р<0,001

60 6,30±0,72 р=0,002 1,49±0,12 р<0,001 0,97±0,09 р<0,001

Control

10 2,49±0,54  0,58 [0,52; 0,69] 0,33 [0,19; 0,50]

20 2,5 [2,3; 2,8] 0,72±0,13 0,29±0,15

30 2,9 [2,5; 3,2] 0,75 [0,59; 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
note: p is the level of statistical significance of significance in relation to control
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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 1/10 і 1/100 DL50

Fig. 5. Dynamics of changes in the content of TBA-reactants 
in the liver of rats after administration of sodium fluoride at 
doses of 1/10 and 1/100 DL50

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 і 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) 

Dose Day of observation
Cytochrome P-450,

nM / mg protein
 Cytochrome b5,
nM / mg protein

1/10 DL50

10 1,25 [1,18; 1,34] р<0,001 0,93 [0,88; 1,05] р<0,001
20 1,69±0,09 р<0,001 1,31±0,07 р<0,001
30 1,32[1,22;1,37] р<0,001 1,21 [1,15; 1,28] р=0,002
50 0,48±0,16 р<0,001 1,02 [0,85; 1,10]р=0,001
60 0,40 [0,37; 0,45] р<0,001 0,38 [0,22; 0,49]р<0,001

1/100 DL50

10 1,15±0,07 р=0,004 0,83±0,14 p<0,001
20 1,36±0,06 р<0,001 1,21±0,07 р<0,001
30 1,29±0,06 р<0,001 1,36±0,06 р<0,001
50 1,09 [1,03; 1,11] р=0,011 1,09 [1,08; 1,19] р<0,001
60 0,54±0,13 р=0,001 0,43 [0,37; 0,52] р<0,001

Control

10 0,88±0,21  0,59 [0,57; 0,60]
20 0,96 [0,88; 1,12] 0,63 [0,57; 0,68]
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

note: p is the level of statistical significance of significance in relation to control

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 
1/100 DL50 - by 103, 173, and 169% (Fig. 6).

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.

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

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 

1Kolisnyk I., 2Voloshin O., 2Savchenko I., 2Yanchevskyi O., 
2Rashidi B.

1Kharkiv Medical Academy of Postgraduate Education; 2The 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 c 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.

РЕЗЮМЕ

ФЕРМЕНТАТИВНАЯ АКТИВНОСТЬ МИКРОСОМ, 
ПЕРЕКИСНОГО ОКИСЛЕНИЯ ЛИПИДОВ ГЕПАТО-
ЦИТОВ КРЫС ПОД ДЕЙСТВИЕМ ФТОРИДА НАТРИЯ

1Колесник И.Л., 2Волошин А.Н., 2Савченко И.И., 
2Янчевский А.В., 2Рашиди Б.Р.

1Харьковская медицинская академия последипломного об-
разования; 2ГУ «Луганский государственный медицинский 
университет», Рубежное, Украина

Фтор является одним из значимых для организма живот-
ных и человека микроэлементов, который необходим в чет-

ко лимитированном количестве. Различные концентрации 
фтора могут влиять на состояние перекисного окисления 
липидов и функциональное состояние микросом гепатоци-
тов печени. 

Исследования проведены на половозрелых крысах линии 
Wistar массой 180-220 г. Животных через зонд затравливали 
водным раствором фторида натрия, раз в сутки в течение 
60 дней в дозах 1/10, 1/100 и 1/1000 ДЛ50, что составило 
20 мг/кг, 2 мг/кг и 0,2 мг/кг массы. Крысы контрольной 
группы (n=10) получали питьевую воду. Крысы в зависи-
мости от дозы фторида натрия разделены на группы, по 10 
животных в каждой, оценка показателей проводилась на 10, 
20, 30, 50 и 60 сутки. Подтверждение индуцирования фто-
ридом натрия свободнорадикальных процессов выполня-
лось при помощи хемилюминесцентной реакции сыворотки 
крови, количество диеновых коньюгат в гомогенатах ткани 
печени крыс оценивали спектрофотометрически, а содержа-
ние ТБК-реактантов - реакцией малонового диальдегида и 
тиобарбитуровой кислоты (ТБК). Уровень шифовых осно-
ваний определяли спектрофлюорометрией, субклеточные 
фракции печени выделялись методом дифференцирован-
ного центрифугирования. Установлено повышение уровня 
показателя в дозе 1/10 и 1/100 ДЛ50 интенсивности леми-
люминесценции на 30 сутки и его снижение на 60 сутки; 
повышение активности НАД(Ф) Н-цитохром редуктазы в 
микросомальной фракции печени вначале исследования и 
постепенное снижение на 50 и 60 сутки при использовании 
обеих дозировок. Подобная динамика прослеживалась от-
носительно НАДН-цитохром редуктазы. Что касается ди-
еновых коньюгат, ТБК-реактантов и шифовых оснований 
наблюдалась тенденция к их увеличению на всех сроках 
эксперимента. Показатели цитохрома Р-450, цитохрома b5 
были повышены до 30 суток и постепенно снижались к 
60 суткам. Длительное введение фторида натрия способно 
вызывать образование токсических продуктов и снижение 
активности ферментов микросомальной мембраны гепато-
цитов.

reziume 

mikrosomebis fermentuli aqtivobis da lipi-
debis zeJanguri Jangvis mdgomareoba virTagvebis 
hepatocitebSi natriumis fToridis moqmedebis 
pirobebSi

1i. kolesniki, 2a. voloSini, 2i. savCenko, 
2a. ianCevski, 2b. raSidi

1xarkovis diplomisSemdgomi ganaTlebis samedi-
cino akademia; 2luganskis saxelmwifo samedici-
no universiteti, rubeJnoe, ukraina

fTori adamianisa da cxovelis organizmisaT-
vis warmoadgens erT-erT mniSvnelovan mikro-
elements, romelic mkacrad limitirebuli 
odenobiTaa aucilebeli. fToris sxvadasxva kon-
centraciam SesaZloa imoqmedos lipidebis ze-
Janguri Jangvis mdgomareobasa da mikrosomebis 
funqciur mdgomareobaze virTagvebis hepato-
citebSi.
kvleva Catarda Wistar-is xazis, 180-200 gr masis 

zrdasrul virTagvebze. cxovelebSi zondiT Sei-
yvaneboda natriumis fToridis wyalxsnari, dReSi 
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erTxel 60 dRis ganmavlobaSi dozebiT 1/10, 1/100 
da 1/1000 dl

50
, rac Seadgenda 20 mg/kg, 2 mg/kg da 

0,2 mg/kg masaze. sakontrolo jgufis virTagvebi 
(n=10) iRebdnen sasmel wyals. virTagvebi, natriu-
mis fToridis dozis mixedviT, daiyo jguifebad, 
TiToeulSi – 10 cxoveli; maCveneblebis Sefaseba 
xorcieldeboda me-10, me-20, 30-e, 50-e da me-60 DdRes. 
Tavisufalradikaluri procesebis inducireba 
natriumis fToridiT dasturdeboda sisxlis 
Sratis qemiluminescenturi reaqciiT, dienuri 
koniugatebis raodenoba RviZlis qsovilis homo-
genatebSi Sefasda speqtrofotometrulad, xolo 
TiobarbituratmJavas reaqtantebisa - malonuri 
dialdehidis da TiobarbituratmJavas reaqciiT.
dadgenilia maCveneblis momateba dozis 1/10 da 

1/100 dl
50
 SemTxvevaSi luminescenciis intensivo-

bis 30-e dRes da misi Semcireba me-60 dRes, NAD(P)-is 
Н-cotoqromis da reduqtazas momateba RviZlis 
mikrosomul fraqciaSi kvlevis dasawyisSi da 
TandaTanobTi Semcireba 50-e da me-60 dRes orive 
dozis gamoyenebis SemTxvevaSi. Tiobarbiturat-
mJavas reaqtantebis dienuri koniugatebis Sem-
TxvevaSi eqsperimentis yvela vadaze aRiniSna 
matebis tendencia. citoqrom-Р-450 da citoqrom-
b5 momatebuli iyo 30-e dRemde da Semdeg Tan-
daTanobiT mcirdeboda 60-e dRemde. natriumis 
fToridis xangrZlivma Seyvanam SesaZloa gamoiw-
vios toqsikuri produqtebis warmoqmna da hepa-
tocitebis mikrosomuli membranis fermentuli 
aqtivobis Semcireba.

A MULTIPLEX PCR ASSAY FOR THE DIFFERENTIAL DETECTION 
OF OPISTHORCHIS FELINEUS AND METORCHIS BILIS

1Smagulova A., 2Katokhin A., 3Mambetpayeva B., 3Kulmaganbetova N., 1Kiyan V.

1Research Platform of Agricultural Biotechnology, S. Seifullin Kazakh Agrotechnical University, Nur-Sultan, Kazakhstan; 
2Institute 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, 

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 ddH2O and stored at – 70°C.

Standard PCR. Fragments of co1 gene were amplified using 
primer pair (OpiOpe2-co1F 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)

O. felineus
CO1nOf-F: 
CO1nOf-R: 

5′-TTGGAATGATTAGTCATGTTTGTACG-3′
5′-CCCCACCTATAGTAAAAAGCACTAT-3′

307

M. bilis
COInMb-

F:COInMb-R:
5′-TGTTAATATTGCCGGGGTTTG-3′

5′-TTTATCCCAGTAGGAACACCTATAAC-3′
252

Fig. 1. COX1 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 25μl containing 1× Hot Start PCR Buffer (20 
mM KCl, 5 mM (NH4)2SO4, 20 mM Tris-HCl, pH 8.3), 2.5 mM 
MgCl2 and 1 U Maxima Hot Start Taq polymerase (Thermo Sci-
entific, USA), 2 mM of dNTP, 100 pmol of each COX1 primer 
(CO1nOf-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 (7μl) 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-

tor + with Bio-Capt software). The electrophoretic buffer solu-
tion was 1×TAE buffer.

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 (CO1nOf-F/R and COInMb-
F/R primers) was carried out in a 25 μl 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 
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templates of O. felineus/M. bilis and each specific primer pair 
(CO1nOf-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 μM (data not shown).

Fig. 3.Electrophoregram of multiplex PCR with both DNA 
from O. felineus and M. bilis: Lane M, DNA ladder (bp); lane 1, 
CO1nOf-F/R primers; lane 2, COInMb-F/R primers; lane 3, 
CO1nOf-F/R and COInMb-F/R primers; lane 4, negative control

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

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

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

(1.0, 1.5, 2.0, 2.5 and 5.0 U) in a 25-μl 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 μl, which included 1 μl 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 μl of the reaction solution was mixed with 7 μl 
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 25μl reaction system was 10 ng/μl, 
1 ng/μl, 100 pg/μl, 10 pg/μl, 1 pg/μl, 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 25μl, containing 2μl templates, 4μl 
optimal primers with 0.5μl from each forward and reverse primer 
(CO1nOf-F/R or COInMb-F/R), and 1 μl 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).

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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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.

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/1 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.

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.

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

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 18S-
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 (ITS2) 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 μM, 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

1Smagulova A., 2Katokhin A., 3Mambetpayeva B., 3Kul-
maganbetova N., 1Kiyan V.

1Research Platform of Agricultural Biotechnology, S. Seifullin 
Kazakh Agrotechnical University, Nur-Sultan, Kazakhstan; 2In-
stitute of Cytology and Genetics, Siberian Branch of the Russian 
Academy of Sciences, Novosibirsk, Russia; 3Astana 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 

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 25μl 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: COX1, Metorchis bilis, Opisthorchis felineus, 
multiplex PCR.

РЕЗЮМЕ

МУЛЬТИПЛЕКСНЫЙ ПЦР-АНАЛИЗ ДЛЯ ДИФФЕ-
РЕНЦИАЛЬНОГО ОБНАРУЖЕНИЯ OPISTHORCHIS 
FELINEUS И METORCHIS BILIS 

1Смагулова А.М., 2Катохин А.В., 3Мамбетпаева Б.С., 
3Кульмаганбетова Н.М., 1Киян В.С.
 
1Казахский агротехнический университет им. С. Сейфул-
лина, Исследовательская платформа сельскохозяйственной 
биотехнологии, Нур-Султан; 2Институт цитологии и ге-
нетики Сибирского отделения Российской академии наук, 
Новосибирск, Россия; 3Астанинский медицинский универси-
тет, Нур-Султан, Казахстан

Opisthorchis felineus и Metorchis bilis - два распро-
страненных небольших червя, которые паразитируют в 
желчном пузыре и желчных протоках печени человека и 
плотоядных животных. Эти паразиты считаются возбуди-
телями серьезных заболеваний, таких как холангиокарци-
нома. Однако по сей день не имеется коммерчески доступ-
ных наборов для молекулярной диагностики, способных 
одновременно обнаруживать этих паразитов у человека. 

Целью исследования является разработка мульти-
плексного ПЦР-анализа, который позволит дифференци-
ровать эти две описторхозные инфекции в одной  реакции. 

Разработаны две специфические пары праймеров 
для мультиплексной полимеразной цепной реакции 
(ПЦР) на основе соответствующих последовательно-
стей митохондриального генома. Предел обнаружения 
мультиплексного анализа оценивался путем серийных 
разведений геномной ДНК исследуемых трематод. Ин-
фицированные образцы желчи и кала человека проте-
стированы с помощью разработанного метода анализа. 
Мультиплексный ПЦР-анализ разработан на основе мито-
хондриальной ДНК, которая точно и одновременно иден-
тифицирует два вида трематод в одной реакции с исполь-
зованием конкретных размеров фрагментов 307 и 252 п.н. 
для O. felineus и M. bilis, соответственно. Исследованы опти-
мальные условия реакции, специфичность и чувствитель-
ность мультиплексного ПЦР-анализа. Самая низкая обна-
руженная концентрация ДНК составила 100 пг для M. bilis и 
O. felineus в 25 мкл реакционной системы. Проведенное ис-
следование представляет собой эффективный инструмент 
для одновременного обнаружения O. felineus и M. bilis. 
Предлагаемый анализ мультиплексной ПЦР потенциаль-
но полезен в эпидемиологических исследованиях, диа-
гностике и лечении смешанной описторхозной инфекции.
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versiteti, soflis meurneobis bioteqnologiis 
kvleviTi platforma, nur-sultani; 2ruseTis mec-
nierebaTa akademiis cimbiris ganyofilebis ci-
tologiisa da genetikis instituti, novosibirski, 
ruseTis federacia; 3astanas samedicino univer-
siteti, nur-sultani, yazaxeTi

Opisthorchis felineus da Metorchis bilis – gavrcelebuli 
mcire zomis QWiebia, romelic parazitobs adamia-
nis da ZuZumwovari cxovelebis naRvlis buStSi 
da RviZlis naRvlis sadinarebSi. Ees parazitebi 
iTvleba seriozuli daavadebebis gamomwvevebad, 
kerZod, qolangiokarcinomis. Tumca, dRemde ar 
moipoveba molekuluri diagnostikis komerciu-
lad xelmisawvdomi nakrebebi, romelic SesaZle-
bels gaxdida am parazitebis erTdroulad aR-
moCenas adamianis organizmSi.
kvlevis mizans warmoadgenda multipleqsuri 

pjr-analizis SemuSaveba, romelic SesaZlebels 
gaxdis am ori opistorqozuli infeqciis dife-
rencirebas erTi reaqciis farglebSi.
Sesabamisi mitoqondriuli genomis Tanmimdev-

robaTa safuZvelze SemuSavebulia praimerebis 
ori specifikuri wyvili multipleqsuri pjr-sTis. 
multipleqsuri analizis aRmoCenis zRvari fas-
deboda sakvlevi trematodebis genomuri rnm-is 
seriuli ganzavebiT. adamianis naRvlis da ga-
navalis identificirebuli nimuSebis testireba 
ganxorcielda analizis SemuSavebuli meTodis 
gamoyenebiT. multipleqsuri pjr-analizi Se-
muSavebulia mitoqondriuli dnm-is safuZvelze, 
romelic zustad da erTdroulad axdens orive 
saxis trematodis identificirebas erTi reaqci-
is farglebSi O. feline-isa da M. bili-sTvis konkre-
tuli zomis fragmentebis gamoyenebiT, Sesaba-
misad, 307 da 252 pg. Seswavlilia multipleqsuri 
pjr-analizis reaqciis optimaluri pirobebi, 
specifikuroba da mgrZnobeloba. dnm-isYyvelaze 
dabalma aRmoCenilma koncentraciam reaqciuli 
sistemisaTvis Seadgina 100 pg M. bili-sTvis da 25 mkl 
O. feline-saTvis. aRwerili kvleva warmoadgens efeq-
tur instruments O. feline-is da M. bili-is erTdrouli 
aRmoCenisaTvis. SemoTavazebuli multipleqsuri 
pjr-analizi potenciurad sasargebloa Sereuli 
opistorqozuli infeqciis epidemiologiuri kvle-
vis, diagnostikisa da mkurnalobisaTvis.

BIOLOGICAL CHARACTERIZATION OF BACTERIOPHAGES 
AGAINST STREPTOCOCCUS AGALACTIAE

1,2Rigvava S., 1,3Karumidze N., 1,3Kusradze I., 1Dvalidze T., 1Tatrishvili N., 1Goderdzishvili M.

1G. Eliava Institute of Bacteriophages, Microbiology and Virology; 
2Caucasus International University; 3European 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, 

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” Tbilisi, 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 CaСl2 per liter and 
5mM MgSO4) and added 0,5mL overnight culture of target 
Streptococcus agalactia. Tubes were incubated at 350 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 µm. 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 

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 350 C, 
the titer of unattached phages was determined by the special for-
mula: 100-(Pn/P0 x 100). Where, Pn- number of non-adsorbed 
phages, P0 – 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 NcoI, 
NdeI BamHI, HindIII, KpnI, EcoRI, SpeI, SmaI according to the 
manufacturer’s protocol with some modifications: 10 μl phage 
genomic DNA was digested for up to 24 h at an appropriate tem-
perature for each restriction endonuclease with 1 μl of a single 
restriction endonuclease plus 2 μl restriction buffer. Digested 
DNA was electrophoresed in 1% agarose gels. For the estima-
tion of the size of the DNA fragments, λ 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 1mL modified TSB and incubated at 
350 C for 1 hour. Suspension then was centrifuged at 5000x g for 
20min, filtrated through 0,22µm 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. 2. vB_GBS_2

Fig. 1. vB_GBS_1
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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 - phage vB_GBS_2 had a 42 nm diameter head and 120 nm tail

Electron microscopy revealed that both phages belong to the 
Syphoviridae family, 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 
000×. 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 SpeI, 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-

Fig. 4. Phage sensitivity

Fig. 5. Phage adsorption

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

1,2Rigvava S., 1,3Karumidze N., 1,3Kusradze I., 1Dvalidze T., 
1Tatrishvili N., 1Goderdzishvili M.

1G. Eliava Institute of Bacteriophages, Microbiology and Virol-
ogy; 2Caucasus International University; 3European University; 
Tbilisi, 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 

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.

РЕЗЮМЕ

БАКТЕРИОФАГИ, АКТИВНЫЕ В ОТНОШЕНИИ 
СТРЕПТОКОККОВ ГРУППЫ B

1,2Ригвава С.Г., 1,3Карумидзе Н.И., 1,3Кусрадзе И.Г., 
1Двалидзе Т.А., 1Татришвили Н.А., 1Годердзишвили М.Г.

1Институт бактериофагии, микробиологии и вирусологии им. 
Г. Элиава; 2Кавказский международный университет; 3Ин-
ститут Европы; Тбилиси, Грузия

В последнее время Streptococcus agalactiae, известный 
как стрептококк группы B, является одним из значимых 
патогенов как у новорожденных, так и у взрослых, что 
связано с постоянным ростом числа антибиотикорези-
стентных штаммов этих бактерий. Исходя из этого, осо-
бое значение приобретают поиски альтернативных анти-
бактериальных средств. Часто в качестве альтернативы 
антибиотикам для борьбы с инфекциями, вызванными 
антибиотикорезистентными бактериями, рассматривают-
ся бактериофаги. 

Целью исследования явилось выделение и изучение бак-
териофагов, активных в отношении стрептококков группы 
B. 

В период с марта 2019 г. по март 2020 г. в клиниках «Ниа 
Ониашвили» и «Куратио» забрано 257 ановагинальных маз-
ков с использованием стандартных процедур идентифика-
ции бактерий, в частности руководства по идентификации 
стрептококков группы B, предоставленного Центром по 
контролю за заболеваниями. Идентифицировано 87 штам-
мов Streptococcus agalactiae. Для выделения и определе-
ния жизненного цикла бактериофагов использованы как 
стандартные, так и модифицированные нами методы. В 
пределах проекта выделены два бактериофага: vB_GBS_1 
(Syphoviridae) и vB_GBS_2 (Syphoviridae), активные в отно-
шении Streptococcus agalactiae. Изучены основные биоло-
гические параметры данных фагов – морфология вирионов, 
адсорбция и диапазон действия.
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B jgufis streptokokis mimarT aqtiuri baqte-
riofagebi

1,2s.rigvava, 1,3n.qarumiZe, 1,3i.kusraZe, 1T.dvaliZe, 
1n.TaTriSvili, 1m.goderZiSvili

1g. eliavas sax. baqteriofagiis, mikrobiologiisa 
da virusologiis instituti; 2kavkasiis saerTa-
Soriso universiteti; 3evropis universiteti; 
Tbilisi, saqarTvelo

 sadReisod B jgufis streptokoki mniSvnelo-
van paTogenad rCeba rogorc axalSobilebSi, aseve 
mozrdilebSi, rac dakavSirebulia am saxeobis mik-
robuli Stamebis mudmivad mzard antibiotikore-
zistentobasTan. aqedan gamomdinare, Tanamedrove 
etapze mimdinareobs antibiotikorezistentuli 
StamebiT gamowveuli infeqciebis alternatuli 
samkurnalo saSualebebis Zieba da erT-erT saSua-
lebad ganixileba baqteriofagi.

kvlevis mizans warmoadgenda B jgufis strep-
tokokis mimarT aqtiuri baqteriofagebis gamo-
yofa da Seswavla.  2019 wlis martidan 2020 wlis 
martamde, „nia oniaSvilis“ klinika da klinika 
„kuracio“-dan miRebulia 257  anovaginaluri 
nacxi, baqteriuli identifikaciis standartuli 
procedurebis gamoyenebiT, kerZod ki B jgufis 
streptokokis identifikaciisTvis gamoyenebu-
li iyo daavadebaTa kontrolis centris mier 
SemuSavebuli sqema. streptokokis identifika-
ciis gegmis gamoyenebiT identificirebuli iyo 
Streptococcus agalactiae-s 87  Stami. baqteriofagebis 
gamosayofad da maTi sasicocxlo ciklis Se-
saswavlad gamoyenebuli iyo rogorc standar-
tuli, aseve modificirebuli meTodebi, romle-
bic SemuSavebuli iyo Cvens mier. kvlevis dros 
gamoyofili iyo Streptococcus agalactiae-s mimarT aq-
tiuri ori baqteriofagi vB_GBS_1 (Syphoviridae) 
da vB_GBS_2 (Syphoviridae). Seswavlilia mocemuli 
fagebis ZiriTadi biologiuri maxasiaTeblebi - 
virionis morfologia, adsorbcia da moqmedebis 
diapazoni.

PROVISION OF THE RIGHT TO NON-INTERFERENCE WITH PRIVACY DURING MUSTER PROCESS 
WITH THE PARTICIPATION OF DOCTOR (FORENSIC EXPERT)

1Deshko L., 2Udovenko Zh., 3Bulycheva N., 2Galagan V., 4Bulychev A.

1Taras Shevchenko National University of Kyiv; 2Kyiv National University оf «Kyiv-Mohyla Academy»;
 3Borys Grinchenko Kyiv University; 4State Research Institute of the Ministry of Internal Affairs of Ukraine

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 Haіub-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-

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 Haіub-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 

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 «lonesomeness», «solitude», «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 

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 

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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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.

РЕЗЮМЕ

ПРАВО НА НЕВМЕШАТЕЛЬСТВО В ЧАСТНУЮ ЖИЗНЬ КАК ГАРАНТИЯ РЕАЛИЗАЦИИ ПРАВА 
НА ЗДОРОВЬЕ И ОБЕСПЕЧЕНИЕ ЕГО СОБЛЮДЕНИЯ ПРИ ОСВИДЕТЕЛЬСТВОВАНИИ 

С УЧАСТИЕМ ВРАЧА (СУДЕБНОГО ЭКСПЕРТА)
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Цель исследования – определение понятия права на не-
вмешательство в частную жизнь и путей его обеспечения, 
разработка предложений по усовершенствованию зако-
нодательства Украины. Методологической основой про-
веденного исследования явились общие и специальные 
методы научного познания (формально-логический, срав-
нительно-правовой, структурно-логический). Эмпириче-
ской базой исследования явились международные доку-
менты, решения Европейского суда по правам человека 
в медико-правовых делах, действующие правовые акты 
Украины, регулирующие эту сферу правоотношений, 
оценка украинских и зарубежных экспертов. В результате 
проведенного исследования аргументировано, что огра-
ничение права на невмешательство в частную жизнь и 
субъективных юридических прав, которые являются его 
структурными элементами, возможно в порядке, предус-
мотренном законодательством для защиты государства, 

общества и отдельных граждан. На основе анализа прак-
тики Европейского суда по правам человека в медико-
правовых делах установлено, что привлечение судебного 
эксперта или врача способствует выявлению и фиксации 
следов уголовного правонарушения. Судебный эксперт 
или врач могут указать уполномоченным служебным 
лицам, проводящим освидетельствование, на характер 
действий, предоставляющих угрозу здоровью человека, 
в отношении которого проводится освидетельствование, 
и проведение которых запрещено законом. Авторы реко-
мендуют внесение изменений и дополнений в Уголовный 
процессуальный кодекс Украины. Отмечается, что вопросы 
права на невмешательство в частную жизнь, гарантия ре-
ализации права на охрану здоровья, обеспечение права на 
невмешательство в частную жизнь при проведении освиде-
тельстования с участием врача должны комплексно иссле-
доваться с целью эффективного обеспечения этих прав.
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МЕДИЦИНСКИЕ НОВОСТИ ГРУЗИИ
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reziume

pirad cxovrebaSi Caurevlobis ufleba, rogorc 
janmrTelobis uflebis realizebis garantia da  
misi dacvis uzrunvelyofa  damowmebis Catarebis 
dros eqimis  (sasamarTlo eqspertis) monawileo-
biT 

1l.deSko, 2J.udovenko, 3n.buliCova, 2v.galagani, 
4a.buliCovi

1kievis taras SevCenkos sax. erovnuli univer-
siteti; 2kievo-mohilas akademia; 3kievis boris 
grinCenkos sax. universiteti; 4ukrainis Sinagan 
saqmeTaAsaministros saxelmwifo samecniero-
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kvlevis mizans warmoadgenda pirad cxovre-
baSi Caurevlobis uflebis cnebis da misi uz-
runvelyofis gzebis gansazRvra, winadadebebis 
SemuSaveba ukrainis Sesabamisi kanonmdeblobis 
srulyofisaTvis. Catarebuli kvlevis meTodolo-
giuri safuZveli aris samecniero Semecnebis zo-
gadi da specialuri meTodebi (formalur-logi-
kuri, SedarebiT-samarTlebrivi, struqturul-
logikuri). kvlevis empiriul bazas Seadgendnen 
saerTaSoriso dokumentebi, adamianis uflebaTa 
evropuli sasamarTlos gadawyvetilebebi  same-
dicino-samarTlebriv saqmeebSi, ukrainaSi am 
sferoSi samarTlebriv urTierTobaTa  maregu-

lirebeli moqmedi samarTlebrivi aqtebi, ukraine-
li da ucxoeli eqspertebis Sefasebebi. Catarebu-
li kvlevis SedegebiT dasabuTebulia, rom pirad 
cxovrebaSi Caurevlobis uflebis da subieq-
turi iuridiuli uflebebis SezRudva, romle-
bic mis struqturul elementebs warmoadgens, 
SesaZlebelia kanoniT gaTvaliswinebul Sem-
TxvevebSi da saxelmwifos, sazogadoebisa da 
calkeuli moqalaqis dacvis mizniT. adamianis 
uflebaTa evropuli sasamarTlos praqtikis 
analizis safuZvelze samedicino-samarTlebriv 
saqmeebSi dadgenilia, rom samedicino eqspertis, 
an eqimis CarTva xels uwyobs sisxlis samar-
Tlebrivi danaSaulis kvalis gamovlenas da 
dafiqsirebas. samedicino eqspertma, an eqimma 
SesaZloa miuTiTos damowmebis Camtarebel 
uflebamosil samsaxurebriv pirebs  im adami-
anis janmrTelobisaTvis safrTxis Semcveli 
moqmedebebis xasiaTis Sesaxeb, vis mimarTac 
tardeba damowmeba da romelTa Catarebac 
akrZalulia kanoniT. 
avtorebi rekomendebulad Tvlian cvlile-

bebisa da damatebebis Setanas ukrainis sisxlis 
samarTlis procesualur kodeqsSi. aRniSnulia, 
rom  pirad cxovrebaSi Caurevlobis uflebis, 
janmrTelobis uflebis realizebis garantiis 
da pirad cxovrebaSi Caurevlobis uflebis uz-
runvelyofis sakiTxebi damowmebis Catarebis 
dros eqimis monawileobiT gamokvleul unda iq-
nas kompleqsurad.

КОНТРОЛЬ И НАДЗОР КАК СРЕДСТВА ПРЕДУПРЕЖДЕНИЯ 
И ВЫЯВЛЕНИЯ ПРАВОНАРУШЕНИЙ В СФЕРЕ ЗДРАВООХРАНЕНИЯ

1Теремецкий В.И., 2Николаенко Т.Б., 3Дидковская Г.В., 3Гмырин А.А., 4Шаповал Т.Б.

1Западноукраинский национальный университет, Тернополь; 
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С помощью контрольной и надзорной деятельности во-
площаются значимые функции публичного управления, 
благодаря которым государство, через специально создан-
ные органы или путем делегирования соответствующих 
полномочий органам государственной власти, местного са-
моуправления или гражданам, оценивает объекты контро-
ля, следит за процессами и процедурами, происходящими 
в общественно значимых сферах, обеспечивая соблюдение 
прав, свобод и интересов граждан, способствуя их реали-
зации. К таким значимым сферам общественной жизни, 
безусловно, относится и сфера здравоохранения, поскольку 
она обеспечивает право на сохранность здоровья и жизни.

Исследование сущности контрольной и надзорной дея-
тельности в сфере здравоохранения играет значимую роль, 
так как предназначение такой деятельности заключается 
в недопущении любых нарушений и отклонений в сфере 
здравоохранения, непосредственно связанной с жизнедея-

тельностью населения. Как известно, предоставление не-
квалифицированных медицинских услуг или же любые 
отклонения от регламентов в этой деятельности негативно 
влияют на здоровье человека, обратившегося за медицин-
ской помощью. Это касается как производства медицинских 
препаратов, так и осуществления иной деятельности в сфе-
ре здравоохранения.

По своей сути, содержанию, задачам, субъектами, це-
лями, а также последствиями контроль и надзор являются 
разными видами деятельности, оба направления следует 
рассматривать раздельно, с учетом возможности их соот-
ношения и того факта, что надзорная деятельность может 
являться частью контролирующей функции определенного 
органа. Учитывая значимость контрольной и надзорной де-
ятельности в сфере здравоохранения, примечательно, что 
основные положения, регламентирующие осуществление 
этих видов деятельности, определены в Законе Украины 
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«Основы законодательства Украины о здравоохранении» 
(далее – Закон № 2801-XII) «государство через специально 
уполномоченные органы исполнительной власти осущест-
вляет контроль и надзор за соблюдением законодательства о 
здравоохранении, государственных стандартов, критериев и 
требований, направленных на обеспечение здоровой окру-
жающей природной среды и санитарно-эпидемиологиче-
ского благополучия населения, нормативов профессиональ-
ной деятельности в сфере здравоохранения, требований 
Государственной Фармакопеи, стандартов медицинского 
обслуживания, медицинских материалов и технологий» [8].

Целью исследования явилось раскрыть сущность и 
особенности контрольной и надзорной деятельности как 
средства предупреждения и выявления правонарушений в 
сфере здравоохранения. Для достижения цели поставлены 
задачи: анализ понятий «контроль и надзор» как способов 
обеспечения законности в сфере здравоохранения, выявить 
их отличительные признаки, охарактеризовать субъекты 
осуществления контрольно-надзорной деятельности, про-
анализировать объекты государственного контроля и обще-
ственного надзора в сфере здравоохранения.

Материал и методы. Материалом исследования явля-
лись политико-правовая публицистика, труды отечествен-
ных ученых, аналитические материалы, справочные из-
дания, Интернет-ресурсы и украинское законодательство, 
регулирующее контрольно-надзорную деятельность в сфе-
ре здравоохранения.

Методологическую основу статьи составили общенауч-
ные и специальные методы научного познания, применение 
которых обусловлено целью, задачами, спецификой пред-
мета и объекта исследования: диалектический метод, исполь-
зование которого наряду со структурно-логическим методом 
и методом моделирования позволяет определить современное 
состояние контрольно-надзорной деятельности в рассматри-
ваемой нами сфере, выявить её основные проблемы и опре-
делить перспективы их научно-практического разрешения. 
Метод структурно-функционального анализа позволяет раз-
граничить контроль и надзор как способы обеспечения закон-
ности в сфере здравоохранения по ряду признаков, в частности 
субъектам и результатам осуществления обоих видов деятель-
ности. Благодаря системно-структурному методу осуществля-
ется классификация субъектов и объектов контроля (надзора) 
в сфере здравоохранения.

Результаты и обсуждение. Прежде чем перейти непо-
средственно к контролю и надзору в сфере здравоохранения 
следует отметить, что под контролем понимается сложный 
процесс, который состоит из совокупности различных дей-
ствий и мер, характерных и для надзора. Надзор предпо-
лагает более простые действия в виде наблюдения, сбора и 
оформления информации, при этом не предусмотрено ка-
кого-либо непосредственного влияния на его объект, тогда 
как при контроле такое влияние возможно. В процессе кон-
трольной деятельности в случае необходимости могут осу-
ществляться как надзор, так и отдельные характерные для 
него действия, в частности мониторинг или консолидация 
данных, касающихся объекта контроля.

Контроль является одним из действенных и эффективных 
средств обеспечения законности, так как с его помощью осу-
ществляется не только наблюдение за соблюдением установ-
ленных норм, стандартов и требований подконтрольными 
объектами, но и анализ и поиск проблем в их деятельности, 
прогнозирование, оптимизация и корректировка вопросов, 
возникающих в их деятельности. Минздраву как субъекту 

контрольных полномочий следует концентрировать усилия 
на соблюдении клинических протоколов и стандартов под-
чиненными ему учреждениями, своевременно корректируя 
их деятельность.

Надзор как самостоятельная деятельность является бо-
лее узким, поскольку сводится к пассивной форме наблю-
дения. Определяющим критерием разграничения понятий 
«контроль» и «надзор» является возможность воздействия 
на объект: при контроле субъект может оказывать непосред-
ственное влияние на состояние или его деятельность, а во 
время надзора такое влияние невозможно – информация об 
имеющихся отклонениях и нарушениях передается специ-
ально уполномоченному органу.

Субъекты правоотношений в сфере здравоохранения в 
виде государства и его уполномоченных органов в зависи-
мости от направлений государственной политики подраз-
деляются на субъектов, которые формируют, реализуют и 
осуществляют контроль и надзор в этой сфере.

В Законе № 2801-XII предусмотрено, что государство че-
рез специально уполномоченные органы исполнительной 
власти осуществляет контроль и надзор за соблюдением 
законодательства о здравоохранении [8]. Так, органом кон-
троля и надзора в сфере здравоохранения является Мини-
стерство Здравоохранения Украины (далее – Минздрав), 
которое согласно положению: утверждает отраслевые стан-
дарты в области здравоохранения (клинические протоколы 
и стандарты) и контролирует их выполнение; осуществляет 
контроль за соблюдением единых требований и критериев 
в учреждениях здравоохранения системы экстренной меди-
цинской помощи, за деятельностью психиатрических уч-
реждений независимо от формы собственности, за соблю-
дением законодательства о здравоохранении [10].

Минздрав, в пределах своих полномочий, осуществляет 
контрольно-надзорные мероприятия с целью оператив-
ного выявления проблем и нарушений действующего за-
конодательства в сфере здравоохранения, способствует их 
решению и заблаговременному устранению до момента 
причинения возможного вреда лицам, их правам и свобо-
дам. Указанные процедуры осуществляются в сфере про-
изводства, контроля качества и реализации лекарственных 
средств, в частности в лечебно-профилактических учреж-
дениях, аптеках медицинских иммунобиологических пре-
паратов и медицинских изделий, наркотических средств, 
психотропных веществ, их аналогов и прекурсоров. Кон-
тролирует соблюдение законодательства в сфере здраво-
охранения, включая клинические протоколы и стандарты, 
выполнение требований к учреждениям системы здравоох-
ранения, оказывающих экстренную медицинскую помощь; 
физическое воспитание учащихся в общеобразовательных 
учебных заведениях (такой контроль носит медико-педа-
гогический характер); деятельность психиатрических уч-
реждений и работников, оказывающих психиатрическую 
помощь; деятельность учреждений здравоохранения и на-
учных учреждений, осуществляющих деятельность, связан-
ную с трансплантацией органов, тканей и клеток; качество 
крови и ее компонентов; целевого использования этилового 
спирта, используемого при производстве лекарственных 
средств для медицинской практики; использование финан-
совых и материальных ресурсов; сохранение государствен-
ной тайны и информации с ограниченным доступом.

Минздрав осуществляет также инспекционные проце-
дуры, содержание которых относится к контрольно-над-
зорной деятельности. Такие процедуры необходимы для 
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предотвращения совершения правонарушений субъектами, 
которые подлежат проверке на основании обращения лиц, 
считающих, что такие нарушения имели место, или при са-
мостоятельном выявлении нарушений норм национального 
законодательства. Например, Гослекслужба систематиче-
ски проводит проверку процесса и условий производства 
лекарственных средств. В контексте этой процедуры, под 
инспектированием понимается «процедура оценки соответ-
ствия фармацевтической системы качества субъекта хозяй-
ствования и фактического состояния имеющихся условий 
производства лекарственных средств и условий контроля 
качества действующим в Украине требованиям надлежа-
щей производственной практике по месту осуществления 
деятельности (местонахождению производственных мощ-
ностей, в том числе зон контроля качества и зон хранения 
по контракту (договору)» [17]. При проведении инспекти-
рования важно установить соответствие той или иной де-
ятельности требованиям надлежащей производственной 
практики - Good Manufacturing Practice (GMP), которая 
является «частью обеспечения качества, гарантирующего, 
что продукцию постоянно производят и контролируют по 
стандартам качества, соответствующим ее назначению и 
требованиям регистрационного досье или спецификации на 
эту продукцию» [7].

Следовательно, в сфере здравоохранения осуществляют-
ся контрольно-надзорные процедуры, в основном, связан-
ные с медицинским и медико-педагогическим контролем, 
государственным санитарно-эпидемиологическим надзо-
ром и административным контролем, который имеет место 
при организации работы в аппарате Минздрава и медицин-
ских учреждениях.

Оценка деятельности самого Минздрава осуществля-
ется Комитетом Верховной Рады Украины по вопросам 
здравоохранения, так, в материалах заседания Комитета от 
05.02.2019 г. указано: «заслушав вопрос об эпидемческой 
ситуации с заболеваемостью населения корью, Комитет 
принял решение: признать противоэпидемические меры, 
принимаемые Минздравом Украины с целью ликвидации 
вспышки инфекции кори, неудовлетворительными и содер-
жащими опасность для жизни и здоровья украинских граж-
дан, а также безопасности государства; признать работу опе-
ративного штаба Минздрава Украины по реагированию на 
ситуацию по распространению кори в Украине неудовлетво-
рительной» [13]. Этот пример указывает на существование 
правоотношений контроля между Комитетом Верховной 
Рады Украины по вопросам здравоохранения и Минздрава. 
Публично объявленная информация о деятельности Минз-
драва предоставляет возможность обществу определиться 
относительно оценок государственного управления в сфере 
здравоохранения. Такой подход позволяет рассматривать 
правоотношения контроля в сфере здравоохранения как 
сложные, в которых несколько субъектов имеют полномо-
чия по оценке деятельности Минздрава.

Контроль и надзор в сфере здравоохранения является са-
мостоятельным направлением деятельности в государстве, 
поэтому целесообразно выделять и специальные органы, 
которые могут осуществлять такую деятельность. Так, обя-
зывающим субъектом относительно Минздрава является 
Национальная служба здоровья Украины (далее – НСЗУ) 
– государственный орган, полномочия которого определе-
ны в постановлении Кабмина «Об образовании Националь-
ной службы здоровья Украины» от 27.12.2017 № 1101 [21]. 
НСЗУ наделена контролирующими полномочиями (борьба 

с коррупцией, организация внутреннего контроля и вну-
треннего аудита, контроль за использованием финансовых 
и материальных ресурсов НСЗУ т.д.). Однако контрольные 
полномочия НСЗУ ограничены реализацией государствен-
ной политики по финансированию медицинского обслужи-
вания населения.

Государственная служба Украины по лекарственным 
средствам и контролю за наркотиками (далее – Гослекслуж-
ба) согласно положению о нем осуществляет государствен-
ный контроль за соблюдением требований законодательства 
по обеспечению качества и безопасности лекарственных 
средств и медицинских изделий на всех этапах обращения, 
в том числе правил осуществления надлежащих практик 
(производственная, дистрибьюторская, хранение, аптеч-
ная) за ввозом на таможенную территорию Украины лекар-
ственных средств; соблюдением субъектами хозяйствова-
ния лицензионных условий осуществления хозяйственной 
деятельности по производству лекарственных средств, их 
импорта оптовой и розничной торговли лекарственными 
средствами, другие виды контроля [9].

Цель существования этой службы совсем иная, чем 
НСЗУ. Если НСЗУ реализует государственную политику 
по финансированию медицинского обслуживания населе-
ния, то основными полномочиями Гослекслужбы являются 
контролирующие. При этом эти государственные органы 
имеют тесную взаимосвязь в своей деятельности, посколь-
ку Гослекслужба обеспечивает контроль за качеством меди-
цинского оборудования и лекарственных средств, исполь-
зуемых для лечения пациентов, а следовательно, является 
элементом в политике финансирования здравоохранения.

Анализируя полномочия Гослекслужбы, следует сделать 
вывод, что это прежде всего орган государственного контро-
ля (надзора). В Законе Украины «Об основных принципах 
государственного надзора (контроля) в сфере хозяйствен-
ной деятельности» закреплено, что государственный надзор 
(контроль) – это «деятельность уполномоченных законом 
центральных органов исполнительной власти ... в пределах 
полномочий, предусмотренных законом, по выявлению и 
предотвращению нарушений требований законодательства 
субъектами хозяйствования и обеспечения интересов обще-
ства, в частности надлежащего качества продукции, работ и 
услуг, допустимого уровня опасности для населения, окру-
жающей природной среды» [19].

Из этого следует, что Гослекслужба осуществляет свою 
деятельность по выявлению и предотвращению незаконной 
деятельности в сфере обращения лекарственных и наркоти-
ческих препаратов. Возможность осуществления контроля 
непосредственно связана с полномочиями лицензирования 
соответствующей хозяйственной деятельности в сфере 
фармации и производства медицинского оборудования. Со-
гласно Закону Украины «О лицензировании видов хозяй-
ственной деятельности», лицензирование – это средство 
государственного регулирования производства видов хо-
зяйственной деятельности, подлежащих лицензированию, 
направленное на обеспечение реализации единой государ-
ственной политики в сфере лицензирования, защиту эконо-
мических и социальных интересов государства, общества и 
отдельных потребителей [18]. Исходя из этого, Гослекслуж-
ба является органом государственного контроля (надзора) и 
органом лицензирования.

Подытоживая вышеизложенное, следует подчеркнуть, 
что Гослекслужба является специальным органом испол-
нительной власти в форме юридического лица публичного 
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права, который осуществляет контроль (надзор), лицензи-
рование хозяйственной деятельности в сфере фармацевти-
ческих, наркотических препаратов и изделий медицинского 
назначения, противодействия их незаконному обороту, фор-
мирует и ведет государственные реестры.

Считаем целесообразным внести изменения в Положение 
о Гослекслужбе путем совершенствования ее контрольных 
функций. Предлагаем Гослекслужбу наделить правом про-
верять деятельность учреждений здравоохранения и других 
субъектов хозяйствования, осуществляющих взятие, пере-
работку, хранение, реализацию и применение донорской 
крови и препаратов, а также выяснять, соблюдены ли прави-
ла контроля за безопасностью и качеством донорской крови, 
ее компонентов, препаратов и соответствующих консерви-
рующих растворов, порядка обмена донорской кровью, ее 
компонентами и препаратами и вывоза их за пределы Укра-
ины, порядка медицинского обследования донора перед 
сдачей крови и ее компонентов. Следует усовершенствовать 
положения Порядка контроля за соблюдением показателей 
безопасности и качества донорской крови и ее компонентов 
[16], который перегружен техническими нормами, приве-
сти его в соответствие со ст. 45-1 КУоАП и четко выписать 
контрольные функции субъектов контроля и алгоритм его 
осуществления.

Таким образом, государство при осуществлении контроля 
и надзора в сфере здравоохранения реализует эти возмож-
ности через общий орган управления – Минздрав и специ-
ально созданные для этого органы – Гослекслужба, НСЗУ.

Наряду с рассмотренными нами субъектами, для кото-
рых обеспечение функционирования здравоохранения явля-
ется основным направлением их деятельности, существуют 
государственные органы для которых этот вид деятельности 
не является основным. Речь идет об органах местного само-
управления, объединенных территориальных общинах и не-
государственных институтах (например, Ассоциация городов 
Украины, Ассоциация французско-украинского сотрудниче-
ства в сфере здравоохранения и фармации, общественная орга-
низация «Украинская Ассоциация общественного здоровья»).

Так, согласно Закону Украины «Об основных принципах 
государственного надзора (контроля) в сфере хозяйственной 
деятельности» органы местного самоуправления отнесены 
к органам государственного контроля [19]. Будучи наделены 
властными полномочиями, они осуществляют контролиру-
ющую функцию в сфере здравоохранения. Осуществление 
такого контроля, как одного из средств управления, позво-
ляет выявить факты коррупции, а также нарушения прав и 
законных интересов граждан в сфере здравоохранения, со-
стояние заболеваемости на определенной территории, что 
является залогом своевременного принятия необходимых 
мер для предотвращения негативных последствий.

Проанализировав Положение об Отделе здравоохранения 
Сумского городского совета, можно выявить наличие кон-
тролирующей функции этого органа местного самоуправле-
ния, в частности: за состоянием здоровья детей в детских 
дошкольных и школьных учебных заведениях независимо 
от их ведомственного подчинения; за состоянием здоровья 
лиц, занимающихся физической культурой и спортом; за 
выполнением работ по строительству и капитальному ре-
монту учреждений здравоохранения, учреждений и пред-
приятий; за рациональным использованием бюджетных 
средств в этих учреждениях согласно утвержденному бюд-
жету на текущий год [11]. Из приведенного примера можно 
сделать вывод, что контроль органов местного самоуправ-

ления в сфере здравоохранения существует как самостоя-
тельная функция.

Объектами государственного контроля в сфере здравоох-
ранения являются:

1. Законодательство, т.е. совокупность всех норматив-
но-правовых актов, содержащих нормы, направленные на 
урегулирование общественных отношений в рамках систе-
мы здравоохранения. Каждая норма закона и подзаконного 
нормативно-правового акта, связанная с обеспечением прав 
граждан на жизнь, здоровье, их охрану, медицинскую по-
мощь и страхование, гарантированных Конституцией Укра-
ины [6].

2. Окружающая среда. Так, согласно Водного кодекса 
Украины Центральный орган исполнительной власти, реа-
лизующий государственную политику в сфере санитарного 
и эпидемического благополучия населения, во время воз-
никновение аварийных ситуаций согласовывает решение «о 
сбросе сточных вод с накопителей в водные объекты, если 
это не приведет к превышению нормативов экологической 
безопасности водопользования» [1]. Кроме того, указанный 
орган осуществляет систематический контроль за каче-
ственными показателями воды, предназначенной для нецен-
трализованного водоснабжения населения, согласовывает 
разрешение на срастание сельскохозяйственных угодий и 
создание полигонов для отходов производства [1]. Контроль 
водопользования частично реализуется Минздравом путем 
нормализации деятельности по водопользованию посред-
ством разработки и утверждения нормативов экологической 
безопасности [1].

3.  Санитарно-эпидемическое благополучие населения, в 
частности: а) состояние здоровья населения, под которым 
необходимо понимать показатели оценки и условия разви-
тия его физических, психических и социальных функций; 
б) среда жизнедеятельности человека - те природные или 
искусственные факторы и условия, которые окружают чело-
века в процессе повседневной деятельности; в) определен-
ные показатели, характеризующие факторы среды жизнеде-
ятельности, которые могут прямо или косвенно повлиять на 
здоровье человека [5]. Основным субъектом, осуществляю-
щими контрольную деятельность за санитарно-эпидемио-
логическим благополучием населения, является Минздрав, 
который согласно Положению о нём [15], утверждает госу-
дарственные, санитарные, противоэпидемические, гигиени-
ческие нормы, правила, нормативы и регламенты; проводит 
расследование причин и условий возникновения инфек-
ционных заболеваний, отравлений, радиационных аварий; 
обеспечивает проведение государственного социально-ги-
гиенического мониторинга.

Широкие полномочия по осуществлению контрольной 
и надзорной деятельности имеет Государственная служба 
Украины по вопросам безопасности пищевых продуктов и 
защиты потребителей (далее – Держпродспоживслужба), 
которая непосредственно осуществляет так называемый 
предохранительный и текущий государственный санитар-
но-эпидемиологический надзор [2]. Речь идет о контроль-
ной деятельности «за соблюдением юридическими и фи-
зическими лицами санитарного законодательства с целью 
предупреждения, выявления, уменьшения или устранения 
вредного влияния опасных факторов на здоровье людей и 
по применению мер правового характера к нарушителям» 
[12]. Следует отметить, что рассматриваемая деятельность 
хотя и определяется как государственный санитарно-эпиде-
миологический надзор, однако имеет признаки не надзор-
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ной, а контрольной деятельности, поскольку речь идет об 
«активных действиях» (согласование, проверка, экспертиза) 
в указанном процессе, а также возможности влиять на объ-
ект контроля. Подтверждением осуществления подобной 
активной деятельности может быть «расследование причин 
и условий возникновения инфекционных болезней, профес-
сиональных заболеваний, массовых неинфекционных за-
болеваний (отравлений), радиационных поражений людей; 
назначение государственной санитарно-эпидемиологиче-
ской экспертизы, а в случае необходимости определение со-
става комиссии для ее проведения; внесение обязательных 
для выполнения предложений по устранению выявленных 
нарушений санитарного законодательства, осуществлению 
в установленном законом порядке производства по делам 
о нарушении санитарного законодательства; издание по-
становлений о наложении штрафа и, в предусмотренных 
законом случаях, применение финансовых санкций за на-
рушение санитарного законодательства [14].

В то же время возможность осуществления решающе-
го влияния на объекты «надзора» предусмотрена в Законе 
Украины «Об обеспечении санитарного и эпидемического 
благополучия населения» путем ограничения, временного 
запрета, прекращения или приостановления их деятельно-
сти, если они создают угрозу нарушением установленных 
санитарных норм, в частности: «ограничение, временный 
запрет или прекращение строительства, реконструкции и 
расширения объектов в случае отступления от утвержден-
ного проекта; ограничения, приостановления или запрет 
выбросов (сбросов) загрязняющих веществ при условии 
нарушения санитарных норм; приостановление или пре-
кращение инвестиционной деятельности в случаях, уста-
новленных законодательством» [12]. Следовательно, го-
сударственный санитарно-эпидемический надзор по сути 
является не надзорной, а контрольной деятельностью. Поэ-
тому определять его как надзор нецелесообразно, поскольку 
это противоречит его содержательной сущности и является 
терминологической ошибкой законодательства [5].

4. Нормативы профессиональной деятельности в сфере 
здравоохранения. Следует отметить, что в сфере здравоох-
ранения объект контроля не связан только с врачами, ока-
зывающими медицинскую помощь. Он имеет более широ-
кий ареал и касается трудовой деятельности всех субъектов 
здравоохранения, связанной с процессами «сохранения и 
восстановления физиологических и психологических функ-
ций, оптимальной трудоспособности и социальной актив-
ности человека при максимальной биологически возможной 
индивидуальной продолжительности его жизни» [8]. В этом 
случае объект контроля включает деятельность иных работ-
ников системы здравоохранения: а) руководителей лечебно-
профилактических учреждений, производственных подраз-
делений в бытовом обслуживании, деятельность которых 
осуществляется в сфере оказания медицинской помощи); 
б) профессионалов в области лечебного дела и педиатриче-
ского профиля, стоматологии, фармации, медико-профилак-
тического дела и других сфер медицины; в) специалистов 
- акушерок, инструкторов-дезинфекторов, инструкторов по 
трудовой терапии, лаборантов по иммунологии, лаборантов 
судебно-медицинской лаборатории, оптометристов, рент-
генолаборантов, медицинских сестер, медицинских стати-
стиков, техников-ортезистов-гипсувальников, фармацевтов, 
фельдшеров; г) технических служащих - медицинских реги-
страторов, сестер-хозяек; д) рабочих - сестер-хозяек, млад-
ших медицинских сестер по уходу за больными [4].

Контроль за нормативами профессиональной деятель-
ности в сфере здравоохранения осуществляется в области 
теоретических знаний, умений, практических навыков и 
профессиональной этики, причем их объем является норма-
тивным и закреплен в различных положениях нормативно-
правовых актов в сфере здравоохранения. Такой контроль 
осуществляется в пределах экзаменационных процедур, а 
также фактически всеми лицами, занимающими руководя-
щие должности относительно их подчиненных.

5. Процесс производства и качества лекарственных 
средств. Основной контроль за указанной деятельностью 
осуществляет Минздрав путем утверждения: «общих тре-
бований к материально-технической базе для производства 
лекарственных средств, осуществления производственного 
контроля их качества, а также технологических регламен-
тов; посредством методов осуществления контроля каче-
ства лекарственных средств; государственных и отраслевых 
стандартов качества лекарственных средств, медицинских 
иммунобиологических препаратов» [15]; проведением ин-
спектирования качества лекарственных средств и медицин-
ских изделий.

Непосредственный контроль, который проводит Гос-
лекслужба, осуществляется в следующих направлениях: 
1) нормативном - разработка проектов государственных 
программ, включая сферу оборота наркотических средств, 
психотропных веществ и прекурсоров; проверка соблюде-
ния требований действующего законодательства в сфере 
качества и безопасности лекарственных средств и других 
медицинских изделий; 2) превентивном - осуществление 
отраслевой аттестации лабораторий, ответственных за каче-
ство лекарственных средств; контроль за импортом лекар-
ственных средств; применение мер, направленных на устра-
нение нарушений в сфере оборота наркотических и других 
средств; 3) информационном - проведение обмена данными 
на международном уровне по контрольной деятельности в 
сфере оборота наркотических веществ.

6. Процессы, осуществляемые в пределах медицинского 
обслуживания. Речь идет о «деятельности учреждений здра-
воохранения и физических лиц-предпринимателей, зареги-
стрированных и получивших соответствующую лицензию в 
установленном законом порядке, в сфере здравоохранения, 
не обязательно ограничивающейся медицинской помощью, 
но непосредственно связанной с ее предоставлением» [8]. 
Контроль и надзор за этим объектом осуществляет Минз-
драв, который следит «за соблюдением законодательства 
о здравоохранении, в частности о медико-социальной экс-
пертизе, требованиях, необходимых для осуществления де-
ятельности, связанной с трансплантацией органов и других 
анатомических материалов человеку, и соблюдением отрас-
левых стандартов медицинского обслуживания, медицин-
ских материалов и технологий» [15].

7. Медицинские материалы и технологии. Это достаточно 
широкая сфера, включающая биомедицинские (биомеди-
цинские металлы, полимеры, керамика) и интеллектуаль-
ные (сплавы, имеющие эффект памяти формы; полимеры; 
клетки; ткани; искусственные органы; системы обмена; 
лекарственные препараты; медицинские изделия и устрой-
ства; методы диагностики и реабилитации; хирургические 
процедуры; медицинская пропаганда); медицинские ма-
териалы. Поэтому субъекты и формы контроля зависят от 
каждого конкретного объекта.

В системе управления здравоохранением, в процессе реали-
зации медицинской реформы в Украине, приобретают актуаль-
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ность контроль и надзор со стороны общественности и меди-
цинского сообщества. При этом «общественный контроль» и 
«общественный надзор» ограниченны по своей сути и не по-
зволяют пока считать общественность эффективным субъек-
том властных полномочий в сфере здравоохранения.

Субъектом, не имеющим властных полномочий, но 
способствующим реализации права граждан на участие 
в управлении здравоохранением, является наблюдатель-
ный совет учреждения здравоохранения. Согласно Закону 
№  2801-XII «при государственных и коммунальных уч-
реждениях здравоохранения, оказывающих медицинскую 
помощь вторичного и третичного уровней, с которыми 
главными распорядителями бюджетных средств заключены 
договора о медицинском обслуживании населения, по реше-
нию собственника учреждения здравоохранения (уполно-
моченного им органа) образуются наблюдательные советы 
с обязательным привлечением представителей обществен-
ности естественно с их согласия. Наблюдательные советы 
также могут образовываться по решению собственника 
при других учреждениях здравоохранения». Объектами 
их наблюдения являются: соблюдение прав, свобод и обе-
спечения безопасности пациентов; соблюдение требований 
законодательства, регламентирующего предоставление 
медицинских услуг учреждениями системы здравоохране-
ния; финансовая и хозяйственная деятельность учреждений 
здравоохранения [8].

В Типовом Положении о наблюдательном совете учреж-
дения здравоохранения, утвержденного постановлением 
Кабмина от 27.12.2017 №  1077, закреплены полномочия 
наблюдательного совета: рассмотрение вопросов относи-
тельно соблюдения законодательства в сфере медицинско-
го обслуживания, в частности соблюдение прав пациентов, 
рассмотрение их заявлений (жалоб), финансовой и хозяй-
ственной деятельности соответствующего учреждения 
системы здравоохранения; предоставление предложений 
руководителю учреждения системы здравоохранения по со-
вершенствованию его деятельности, наличии недостатков, 
включая факты нарушения или несоблюдения действую-
щего законодательства и их устранения [20]. Сам по себе 
наблюдательный совет никак не может влиять на объект 
своей деятельности. Об этом свидетельствует его специфи-
ческий «метод воздействия» – через руководителя учрежде-
ния здравоохранения, которому он сообщает о результатах 
своей работы. Следует подчеркнуть, что суть такой деятель-
ности по своему содержанию в полном объеме совпадает 
с содержанием понятия «надзор». К тому же в указанном 
типовом положении содержится прямое указание на то, что 
наблюдательный совет учреждения здравоохранения явля-
ется надзорным органом.

Для обеспечения прозрачности и общественного контро-
ля за деятельностью НСЗУ образуется Совет общественно-
го контроля при НСЗУ (далее – Совет). Полномочия Совета 
определены в Положении о Совете, утвержденном поста-
новлением Кабмина от 28.03.2018 № 271 [2], согласно ко-
торому основными задачами Совета являются: 1) осущест-
вление общественного контроля за деятельностью НСЗУ; 
2)  содействие взаимодействию НСЗУ с общественными 
объединениями, другими институтами гражданского обще-
ства в сфере медицинского обслуживания населения; 3) обе-
спечение прозрачности деятельности НСЗУ; 4) информиро-
вание НСЗУ об общественном мнении по формированию 
и реализации государственной политики в сфере государ-
ственных финансовых гарантий медицинского обслужива-

ния населения и о программе государственных гарантий ме-
дицинского обслуживания населения. Для реализации этих 
задач Совет осуществляет взаимодействие с общественно-
стью, средствами массовой информации, международными 
организациями. Это взаимодействие возможно благодаря 
публичным задачам, распространению информации о дея-
тельности НСЗУ, проведению общественной экспертизы ре-
шений НСЗУ, общественного контроля за средствами госу-
дарственного бюджета [2]. Анализируя полномочия Совета, 
очевидно, что они направлены на проведение и реализацию 
общественного контроля. Повлиять на деятельность госу-
дарственных органов этот орган общественного контроля 
может только путем публичного обсуждения проблемных 
вопросов, выявленных в деятельности НСЗУ. Кроме того, 
он может назначать проведение общественной экспертизы. 
По нашему мнению, наличие органов общественного кон-
троля, независимых от государственных органов, является 
проявлением построения демократического государства, 
в котором бремя контроля сбалансировано распределяет-
ся между государственными и общественными органами. 
Общественный контроль позволяет избежать государствен-
ного влияния на принятие решений, обойти коррупционный 
элемент. Несмотря на положительные аспекты обществен-
ного контроля, следует отметить, что содержание право-
отношений, возникающих между НСЗУ и Советом будет 
иметь негативный характер, поскольку уполномоченное 
лицо (Совет) не имеет прямых полномочий по прекраще-
нию деятельности НСЗУ, привлечению его должностных 
лиц к ответственности, а обязывающее лицо (НСЗУ) не име-
ет прямой корреспондирующей юридической обязанности 
по реагированию на оценку его деятельности.

Вывод. Подытоживая изложенное выше, следует отме-
тить, что основными способами обеспечения законности в 
сфере здравоохранения являются контроль и надзор, кото-
рые различаются по ряду признаков, в частности субъектам 
и результатам осуществления обоих видов деятельности. 
Государственный контроль в сфере здравоохранения осу-
ществляют органы государственной власти, прежде всего 
Минздрав и Гослекслужба. Одной из новаций реформиро-
вания системы здравоохранения является создание в 2017 г. 
нового центрального органа исполнительной власти, реали-
зующего государственную политику в сфере государствен-
ных финансовых гарантий медицинского обслуживания 
населения - НСЗУ. Указано, что контрольные полномочия 
НСЗУ в основном касаются внутреннего организационного 
аспекта функционирования собственного аппарата по вы-
полнению задач в сфере гражданской защиты; соблюдения 
антикоррупционного законодательства; использования фи-
нансовых и материальных ресурсов.

Выделены объекты государственного контроля в сфе-
ре здравоохранения: 1)  медицинское законодательство; 
2) окружающая среда; 3) санитарно-эпидемическое благопо-
лучие населения; 4) нормативы профессиональной деятель-
ности в сфере здравоохранения; 5) процесс производства и 
стандарты качества лекарственных средств; 6)  процессы, 
осуществляемые в пределах медицинского обслуживания; 
7) медицинские материалы и технологии.

В статье указано, что контроль в сфере здравоохране-
ния вместе с государственными органами осуществляет и 
общественность. При этом обосновано, что участие обще-
ственности в здравоохранении тяготеет к надзорной дея-
тельности. Поэтому понятие «надзор» следует применять 
исключительно относительно осуществления общественно-
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го контроля в сфере здравоохранения. Речь идет об участии 
общественности в составе специально созданных наблюда-
тельных советов при учреждениях здравоохранения и Со-
вете общественного контроля при НСЗУ.

Объектами общественного надзора являются: а)  соблю-
дение прав, свобод и обеспечения безопасности пациентов; 
б) соблюдение требований законодательства, регламентиру-
ющего предоставление медицинских услуг учреждениями 
системы здравоохранения; 3) финансовая и хозяйственная 
деятельность учреждений здравоохранения.

В то же время, контроль и надзор имеют общей целью 
предупреждение и выявление правонарушений в сфере 
здравоохранения, в результате чего лица, виновные в их 
совершении, привлекаются к юридической ответственно-
сти. Считаем необходимым пересмотреть объем штрафных 
санкций за совершение административных правонаруше-
ний в сфере здравоохранения в сторону увеличения.

Обосновано, что контрольно-надзорные процедуры в 
сфере здравоохранения связанны преимущественно с меди-
цинским и медико-педагогическим контролем, администра-
тивным контролем и государственным санитарно-эпидеми-
ологическим надзором.
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CONTROL AND SUPERVISION AS MEANS FOR PRE-
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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.

РЕЗЮМЕ

КОНТРОЛЬ И НАДЗОР КАК СРЕДСТВА ПРЕДУ-
ПРЕЖДЕНИЯ И ВЫЯВЛЕНИЯ ПРАВОНАРУШЕНИЙ 
В СФЕРЕ ЗДРАВООХРАНЕНИЯ 

1Теремецкий В.И., 2Николаенко Т.Б., 3Дидковская Г.В., 
3Гмырин А.А., 4Шаповал Т.Б.
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Цель исследования - на основании существующих тео-
ретических представлений и подходов раскрыть сущность 
и особенности контрольной и надзорной деятельности как 
средства предупреждения и выявления правонарушений 
в сфере здравоохранения. Материалом исследования яви-
лись политико-правовая публицистика, труды украинских 
ученых, аналитические материалы, справочные издания, 
интернет-ресурсы и украинское законодательство, регули-
рующее контрольно-надзорную деятельность в сфере здра-
воохранения. Методологическую основу статьи составили 
совокупность общенаучных (диалектический) и специаль-
ных (системно-структурный, структурно-логический ана-
лиз, синтез) методов научного познания.

В результате проведенного исследования делается вывод, 
что основными способами предупреждения правонаруше-
ний в сфере здравоохранения являются контроль и надзор, 
которые различаются по ряду признаков, в частности субъ-
ектам и результатам осуществления обоих видов деятель-
ности. Охарактеризованы государственный контроль в 

сфере здравоохранения, осуществляемый органами го-
сударственной власти (Минздрав, Гослекслужба, Наци-
ональная служба здоровья Украины), и общественный 
надзор, осуществляемый представителями обществен-
ности в сфере здравоохранения (наблюдательные советы 
при учреждениях здравоохранения, Совет общественного 
контроля при Национальной службе здоровья Украины). 
Выделены и проанализированы объекты государственно-
го контроля и общественного надзора в сфере здравоох-
ранения в Украине.
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kvlevis mizans warmoadgenda kontrolis da 
meTvalyureobiTi saqmianobis, rogorc jan-
mrTelobis dacvis sferoSi samarTaldarRvevaTa 
Tavidan acilebisa da gamovlenis saSualebebis,  
arsisa da Taviseburebebis  axsna arsebuli Teo-
riuli warmodgenebisa da midgomebis safuZvelze. 
kvlevis masalas warmoadgenda politikur-samar-
Tlebrivi publicistika, ukraineli mecnierebis 
Sromebi, analitikuri masalebi, sacnobaro ga-
mocemebi, internet-resursebi da  sakontrolo-
sameTvalyureo saqmianobis maregulirebeli 
kanonmdebloba ukrainaSi. statiis meTodolo-
giur safuZvels warmoadgens  samecniero Seme-
cnebis zogadi (dialeqtikuri) da specialuri 
(sistemur-struqturuli, struqturul-logikuri 
analizi, sinTezi) meTodebis erToblioba.
Catarebuli kvlevis safuZvelze avtorebi 

daaskvnian, rom janmrTelobis dacvis sferoSi 
samarTaldaRrvevaTa Tavidan acilebis ZiriTad 
saSualebas warmoadgens kontroli da meTval-
yureoba, romelnic rigi niSnebiT gansxvavdeba, 
kerZod, saqmianobis orive formis subieqtebiT 
da ganxorcielebis SedegebiT. daxasiaTebulia 
saxelmwifo kontroli janmrTelobis dac-
vis sferoSi,  ganxorcielebuli xelisuflebis 
organoTa mier (jandacvis saministro, ukrainis 
janmrTelobis erovnuli samsaxuri) da sazoga-
doebrivi meTvalyureoba, ganxorcielebuli 
sazogadoebis warmomadgenlebis mier (jandacvis 
organizaciebTan arsebuli sameTvalyureo sab-
Woebi, ukrainis janmrTelobis erovnuli samsaxu-
ris sazogadoebrivi kontrolis sabWo). gamoyo-
fili da gaanalizebulia saxelmwifo kontrolis  
da sazogadoebrivi meTvalyureobis obieqtebi 
janmrTelobis dacvis sferoSi ukrainaSi. 


