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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.



	
Georgian Medical News  
No 7-8 (304-305) 2020

© GMN 5 

Содержание:

Kosenkov A., Stoliarchuk E., Belykh E., Sokolov R., Mayorova E., Vinokurov I.
RESULTS OF RESECTION METHODS OF TREATMENT IN PATIENTS 
WITH GIANT PYLORODUODENAL ULCERS COMPLICATED BY PERFORATION AND BLEEDING.................................. 7

Клименко М.В.
ДИАГНОСТИЧЕСКОЕ И ПРОГНОСТИЧЕСКОЕ ЗНАЧЕНИЕ ПРОТИВОВОСПАЛИТЕЛЬНОГО ЦИТОКИНА TGF-ß1 
В ВЫБОРЕ ХИРУРГИЧЕСКОЙ ТАКТИКИ ПРИ ОСТРОМ ПАНКРЕАТИТЕ.......................................................................... 13

Грабский А.М.
РЕТРОСПЕКТИВНЫЙ КЛИНИКО-ЭПИДЕМИОЛОГИЧЕСКИЙ АНАЛИЗ РАСПРОСТРАНЕННОСТИ 
МОЧЕКАМЕННОЙ БОЛЕЗНИ В РАЗЛИЧНЫХ РЕГИОНАХ АРМЕНИИ................................................................................ 19

Sklyarova V., Kyshakevych I., Volosovsky P., Sklyarov P., Kupchak I.M.
EPIDEMIOLOGICAL FEATURES OF CHRONIC ENDOMETRITIS IN REPRODUCTIVE AGE WOMEN 
WITH DISORDERS OF REPRODUCTIVE HEALTH...................................................................................................................... 27

Центило В.Г., Удод А.А.
ЭФФЕКТИВНОСТЬ УСОВЕРШЕНСТВОВАННОЙ СУПРАГИОИДНОЙ И СУПРАОМОГИОИДНОЙ ШЕЙНОЙ 
ДИССЕКЦИИ В ЛЕЧЕНИИ РЕГИОНАРНЫХ МЕТАСТАЗОВ РАКА ЧЕЛЮСТНО-ЛИЦЕВОЙ ОБЛАСТИ........................ 32

Virstiuk N., Matkovska N.
PARAMETERS OF FIBRINOLYTIC AND ANTIFIBRINOLYTIC ACTIVITY 
IN PATIENTS WITH ALCOHOLIC LIVER CIRRHOSIS ASSOCIATED WITH ADIPOSITY...................................................... 37

Kravchun P., Kadykova O., Narizhnaya A., Tabachenko O., Shaparenko O.
ASSOCIATION OF CIRCULATING ADIPONECTIN, RESISTIN, IRISIN, NESFATIN-1, APELIN-12 
AND OBESTATIN LEVELS WITH HYPERTENSION AND OBESITY......................................................................................... 43

Тарасенко О.М., Кондратюк В.Е, Таранчук В.В., Кармазина Е.М., Кармазин Я.М.
ВЛИЯНИЕ КОМПЛЕКСНОЙ УРАТСНИЖАЮЩЕЙ ТЕРАПИИ С ДОБАВЛЕНИЕМ СИНБИОТИКА 
НА ДИНАМИКУ КЛИНИКО-ЛАБОРАТОРНЫХ ПОКАЗАТЕЛЕЙ 
У БОЛЬНЫХ ХРОНИЧЕСКИМ ПОДАГРИЧЕСКИМ ПОЛИАРТРИТОМ................................................................................. 48

Sokolenko M., Sokolenko L., Honchar H., Sokolenko A., Andrushchak M.
THE ADVANCEMENTS IN TREATMENT OF HIV-INFECTED PATIENTS WITH HERPETIC INFECTION........................... 56

Gulatava N., Tabagari S., Tabagari N.
ASPECTS OF NUTRITION IN PATIENTS WITH CONGESTIVE HEART FAILURE.................................................................. 62

Авагимян А.А., Манукян И.А., Навасардян Г.А., Челидзе К.Л., Рисованный С.И.
АТЕРОГЕННОЕ ВОЗДЕЙСТВИЕ ДИСБИОЗА РОТОВОЙ ПОЛОСТИ (ОБЗОР)..................................................................... 69

Абрамов С.В., Кириченко А.Г., Корнацкий В.М., Огоренко В.В., Томах Н.В.
ПСИХОЛОГИЧЕСКИЙ ПОРТРЕТ УЧАСТНИКА БОЕВЫХ ДЕЙСТВИЙ
И СТРЕСС-АССОЦИИРОВАННЫЕ НАРУШЕНИЯ..................................................................................................................... 74

Курмышев М.В., Стасевич Н.Ю., Златкина Н.Е., Романов А.С., Картон Е.А., Зарецкая Э.Г.
Исторический анализ и аналитический обзор 
создания «Клиник памяти» в мировой практике............................................................................................. 80

Труба Я.П., Радченко М.П., ГоловенкоА.С., Беридзе М.М., Лазоришинец В.В.
РЕЗУЛЬТАТЫ ХИРУРГИЧЕСКОГО ЛЕЧЕНИЯ ТРАНСПОЗИЦИИ МАГИСТРАЛЬНЫХ АРТЕРИЙ 
С ГИПОПЛАЗИЕЙ ДУГИ АОРТЫ.................................................................................................................................................. 85

Нerasymenko O., Klimanskyi R., Zharikov S., Herasymenko V.
CLINICAL AND LABORATORY CHARACTERISTICS OF ACUTE LYMPHADENITIS IN CHILDREN................................. 91

Panko N., Tsiura O., Shevchenko N., Zimnytska T.
LIVER LESION IN CHILDREN WITH JUVENILE IDIOPATHIC ARTHRITIS WITH DIFFERENT 
DURATION OF METHOTREXATE TREATMENT......................................................................................................................... 95



6

	
Медицинские новости грузии

cfmfhsdtkjc cfvtlbwbyj cbf[ktyb

Усенова О.П., Моренко М.А., Ковзель Е.Ф., Шнайдер К.В., Влашенюк К.Г.
КЛИНИЧЕСКИЙ СЛУЧАЙ БОЛЕЗНИ ИММУННОЙ ДИСРЕГУЛЯЦИИ STAT3 GOF,
АУТОИММУННОГО ЛИМФОПРОЛИФЕРАТИВНОГО СИНДРОМА.................................................................................... 100

Khoroshukha M., Ivashchenko S., Bosenko A., Biletska V., Kovalenchenko V.
GENDER-ASSOCIATED EFFECTS OF SEROLOGICAL MARKERS OF BLOOD GROUPS 
ON THE DEVELOPMENT OF ATTENTION FUNCTION OF YOUNG ADOLESCENT ATHLETES....................................... 103

Макалкина Л.Г., Ихамбаева А.Н., Ахмадьяр Н.С., Калиева Ш.С., Кузеков А.М.
АНАЛИЗ ПОТРЕБЛЕНИЯ СИСТЕМНЫХ АНТИМИКРОБНЫХ ПРЕПАРАТОВ 
В ДЕТСКИХ СТАЦИОНАРАХ ЗА 2015-2017 ГГ. В РЕСПУБЛИКЕ КАЗАХСТАН..................................................................111

Безарашвили С.И.
ИЗУЧЕНИЕ СОДЕРЖАНИЯ СВИНЦА В ОРГАНИЗМЕ ДЕТЕЙ, ПРОЖИВАЮЩИХ В Г. ТБИЛИСИ............................... 117

Yaremenko L., Grabovoi A., Cherkasov V., Lakhtadyr T., Shepelev E.
REACTIONS OF ASTROCYTES AND MICROGLIA OF THE SENSORIMOTOR CORTEX AT LIGATION 
OF THE CAROTID ARTERY, SENSITIZATION OF THE BRAIN ANTIGEN AND THEIR COMBINATION.......................... 122

Pugovkin A., Erkudov V., Sergeev I., Khananashvili Y.
THE PHYSIOLOGICAL BASIS FOR ASSESSMENT OF HAEMODYNAMIC PARAMETERS 
BY MEANS OF ARTERIAL PRESSURE PULSE WAVEFORM ANALYSIS IN PERIPHERAL ARTERIES............................. 127

Seliukova N., Boyko M., Kustova S., Misiura K., Kamyshan А.
PUBERTY GENESIS OF FEMALES-OFFSPRING RATS BORN 
TO MOTHERS WITH FETOPLACENTAL INSUFFICIENCY...................................................................................................... 135

Васецкая О.П., Зубко Е.С., Проданчук Н.Г., Кравчук А.П., Жминько П.Г.
ВЛИЯНИЕ N-ОКСИД-2,6-ДИМЕТИЛПИРИДИНА НА ВЫРАЖЕННОСТЬ ЦИТОГЕНЕТИЧЕСКИХ ЭФФЕКТОВ, 
ИНДУЦИРОВАННЫХ ЦИКЛОФОСФАМИДОМ В КЛЕТКАХ КОСТНОГО МОЗГА МЫШЕЙ......................................... 141

Чануквадзе И.М., Кикалишвили Л.А., Джандиери К.Д., Отарашвили Р.Т., Джандиери Л.А.
АДАПТАЦИЯ ЖЕЛЧНЫХ ПРОТОКОВ ПОРТАЛЬНОГО КОМПЛЕКСА 
ПРИ МЕХАНИЧЕСКОМ ХОЛЕСТАЗЕ (ОБЗОР)......................................................................................................................... 148

Kodanovi L., Jokhadze M., Metreveli M., Berashvili D., Bakuridze A.
INTRODUCTION OF AROMATIC PLANTS IN THE BATUMI BOTANICAL GARDEN 
AND THEIR RESEARCH FOR THE CONTENT OF BIOLOGICALLY ACTIVE COMPOUNDS............................................. 153

Chomakhashvili N., Chomakhashvili Z., Zosidze N., Franchuki K.
ERGONOMIC PRINCIPLES IN MEDICINE AND DENTISTRY (REVIEW)............................................................................... 158

Бараташвили З.З., Казахашвили Н.А., Герзмава О.Х.
ПРОБЛЕМЫ МОНИТОРИНГА КАЧЕСТВА РАБОТЫ СТАЦИОНАРОВ ГРУЗИИ 
В УСЛОВИЯХ ПАНДЕМИИ COVID 19 (ОБЗОР)....................................................................................................................... 163

Слипченко С.А., Шишка А.Р., Булеца С.Б., Шишка Н.В., Слипченко А. С.
ПРАВОВОЙ РЕЖИМ ДОНОРСКИХ ОРГАНОВ В МЕЖДУНАРОДНОМ ЧАСТНОМ ПРАВЕ............................................ 169

Deshko L., Kostenko Y., Koval I., Mikhailina T., Oliinyk O.
THE RIGHT TO HEALTH: UKRAINE’S INTERNATIONAL OBLIGATIONS AND FINANCIAL ACTIVITY 
OF PUBLIC AUTHORITIES IN THE CONTEXT OF REFORMING THE NATIONAL HEALTHCARE SYSTEM.................. 177

Kuntii A., Blahuta R., Stetsyk B., Sichkovska I., Harasym P.
USE OF SPECIAL MEDICAL KNOWLEDGE BY A PRACTITIONER DURING INTERACTION 
WITH INVESTIGATOR IN THE INVESTIGATION OF ILLEGAL MEDICAL ACTIVITY....................................................... 182

Юхно А.А., Емельянов В.П., Павликовский В.И., Калашник Е.Н., Сиваш Е.М.
РЕАЛИЗАЦИЯ ПРАВА НА ОХРАНУ ЗДОРОВЬЯ ПО МАТЕРИАЛАМ ПРАКТИКИ 
ЕВРОПЕЙСКОГО СУДА ПО ПРАВАМ ЧЕЛОВЕКА.................................................................................................................. 189

Муляр Г.В., Солоненко О.Н., Покальчук М.Ю., Плетнёва А.Е., Домброван Н.В.
ПРАВОВОЕ ОБОСНОВАНИЕ И ПЕРСПЕКТИВЫ РЕАЛИЗАЦИИ ПРОГРАММЫ 
ГОСУДАРСТВЕННЫХ ГАРАНТИЙ МЕДИЦИНСКОГО ОБСЛУЖИВАНИЯ НАСЕЛЕНИЯ В УКРАИНЕ........................ 195



	
Georgian Medical News  
No 7-8 (304-305) 2020

© GMN 127 

ными сосудами. Значимую роль в изменениях глии играет 
сенсибилизация мозговыми антигенами, развивающаяся 
при нарушениях гемоциркуляции в мозге и усиливающая 
повреждения, вызванные ею. При экстраполяции на чело-
века следует полагать, что сенсибилизация может вносить 
существенный вклад в развитие повреждений мозга при со-
стояниях, связанных с гипоперфузией.

reziume 

sensomotoruli qerqis astrocitebisa da mik-
rogliis reaqcia saZile arteriis gadakvanZvis, 
tvinis antigeniT sensibilizaciis da maTi kom-
binaciis dros

l. iaremenko, a. grabovoi, v. Cerkasovi, 
t. laxtadiri, e. Sepelevi

a. bogomolcis sax. erovnuli samedicino univer-
siteti, kievi, ukraina

kvlevis mizans warmoadgenda virTagvebis sen-
somotorul qerqSi astrocitebis da mikrogliis 
mdgomareobis cvlilebebis Sefaseba saZile ar-
teriis calmxrivi gadakvanZvis, tvinis antigeniT 
sensibilizaciis da maTi kombinaciis dros.
kvleva Catarda Wistar-is xazis 260-290 gr masis 

185 TeTr mamr virTagvaze. Tavis tvinis kvleva 
ganxorcielda operaciuli Carevidan 1, 3, 10, 30 da 
90 dRis Semdeg da, Sesabamisad, sensibilizaciidan 
12 (1), 15 (3),  22 (10),  42 (30),  102 (90) dRis Semdeg.
imunohistoqimiuri reaqciebi Catarda mwar-

moeblis protokolebis Sesabamisad. kvlevaSi 
gamoyenebuli iyo pirveladi antisxeulebi: S100 
(Dako, Denmark), GFAP (Dako, Denmark), Iba-1. Catarebu-
lia S100-is eqspresiis densitometriuli gazomva 

Image J1,46-is gamoyenebiT da gansazRvrulia ni-
Sandebuli GFAP da Iba-1 ujredebis raodenoba. 
Sedegebi statistikurad damuSavda stiudentis 
t-kriteriumis gamoyenebiT.
ganviTarebuli reaqciebi miuTiTebs, rom vir-

Tagvebis Tavis tvinis discirkulaciuri dar-
Rvevebis dros astrocitebisa da mikrogliis cv-
lilebebs axasiaTebs ukuganviTarebis tendencia. 
es SeiZleba aixsnas imiT, rom eqsperimentSi gamo-
yenebuli cxovelebi iyo praqtikulad janmrTeli, 
maRali kompensaciur-SemgueblobiTi potencial-
iT. adamianis organizmSi gliis reaqciis aseTi 
ukuganviTarebiTi xasiaTi mosalodneli ar aris, 
radganac tvinis hipoperfuzia/discirkulacia 
viTardeba sisxlZarRvovani kalapotis cvlile-
bebis fonze, romelic, rogorc wesi, amave dros 
progresirebs kidec. Sesabamisad, adamianis tvinis 
gliis cvlilebebi neirodegeneraciuli proce-
sebis xelSemwyob meorad faqtors warmoadgens.
tvinSi hemocirkulaciis SedarebiT mcire dar-

Rvevebma saZile arteriis calmxrivi gadakvan-
Zvis dros SeiZleba gamoiwvios astrocitebis 
da mikrogliis aqtivacia. amasTan, astrocitebis 
reaqcia, gamovlenili GFAP-is eqspresiiT ufro 
gamoxatulia, vidre Iba 1+-ujredebisa. SesaZloa, 
es dakavSirebulia astrocitebis mWidro kon-
taqtTan sisxlZarRvebTan. gliis cvlilebebSi 
mniSvnelovan rols asrulebs sensibilizacia 
tvinis antigenebiT, romelic viTardeba tvinis 
hemocirkulaciis darRvevis dros da aZlierebs 
mis mier gamowveul dazianebebs. adamianis orga-
nizmze eqstrapolaciis dros unda vivaraudoT, 
rom SesaZloa sensibilizaciam mniSvnelovani 
wvlili Seitanos tvinis dazianebis ganviTareba-
Si hipoperfuziasTan dakavSirebuli mdgomareo-
bebis dros.

THE PHYSIOLOGICAL BASIS FOR ASSESSMENT OF HAEMODYNAMIC PARAMETERS 
BY MEANS OF ARTERIAL PRESSURE PULSE WAVEFORM ANALYSIS IN PERIPHERAL ARTERIES

1Pugovkin A., 1Erkudov V., 2Sergeev I., 3Khananashvili Y.

 St.Petersburg State Pediatric Medical University; 2I.P. Pavlov Institute of Physiology, 
Russian Academy of Sciences, St. Petersburg; 3State Medical University, Rostov-on-Don, Russia

Online control of the major haemodynamic parameters – sys-
temic arterial pressure (SAP) and cardiac output (CO) is an ac-
tual problem both in the intensive care and open-chest surgery. 
The common obstacle in the implication of various clinical ap-
proaches for measuring and monitoring of these parameters is 
the problem of combination of precision, practical simplicity 
and minimal damage. This can be provided by means of non-
invasive pulse waveform analysis in peripheral arteries with fur-
ther reconstruction of the pressure and flow pulse waveforms in 
the major arterial vessels [12, 20, 31, 33]. This methodology was 
suggested long ago [16, 7, 25], but its practical implementation 
remained limited for decades by the absence of suitable com-
puter software. Progress in computer programming has made 

this methodology accessible both in clinical practice and experi-
mental research.

Correlation between simultaneous and corresponded periodi-
cal processes in the cardiovascular system that follow pulsatile 
heart performance can be expressed in terms of transfer func-
tions – differential operators that describe such correlations 
[2, 9, 11, 20, 21, 22, 26, 32, 33, 34, 43]. According to com-
mon views [4, 6, 7, 13, 14, 29, 45] this approach is effective 
only under steady-state conditions in the cardiovascular system. 
Physiological responses evoked by changes in circulation blood 
volume (CBV), action of vasoactive agents, surgical manipula-
tions and various pathological states critically increase technical 
and calculating errors of such estimations [19, 28, 37, 38, 39, 
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45]. Minimization of such errors is a special problem [8, 23, 31, 
40, 44, 48, 49]. The aim of the study was elaboration of an ex-
perimental approach for its further clinical application in the as-
sessment of CO and SAP using data obtained via measurement 
of the pulse waveform in peripheral arteries under steady-state 
and transitive conditions.

Material and methods. Experiments were carried out on 47 
narcotized (urethane, 1 mg/g) Wistar white male rats (m. 240-
380 g). Arterial pulse pressure curves were recorded simultane-
ously in carotid and femoral arteries by the tensometric gauge 
PDP-400. Blood flow was also measured (8 rats) in ascending 
aorta with 2-mm cuff gauge of the EBF-2 electromagnetic flow-
meter. Pressure and flow pulse curves were recorded in digital 
form (computer database system HEART-300-10) every 1 mc 
during 2 – 5 min. time intervals. SAP and CO were measured 
simultaneously in 8 rats under steady-state conditions. SAP was 
measured separately before and after adrenaline (8 rats), sodi-
um nitroprusside (8 rats), dextran (8 rats), infusions, and acute 
haemorrhage (15 rats). Adrenalin hydrochloride or sodium ni-
troprusside (both - 0.001mg/kg) were injected thrice in every ex-
periment. Isotonic dextran solution was injected in every experi-
ment twice at 6.5 ml/kg, which is about 5-7% of the average rat 
CBV or 2.2-5 ml (16-22% of CBV in 7 and 8 rats, respectively).

The resulting data was presented in the form of records taken 
at duration of 3 to 10 min. These recоrds were divided by con-
secutive fragments in correspondence to steady-state conditions 
or states after injections of vasoactive agents or induced changes 
of CBV. Pressure and flow waveforms in each time domain were 
ensemble-averaged with periodicity normalized to the mean fre-
quency of a cycle onset systole/start of the next systole. Transfer 
functions were determined by Fourier transforms of pressure 
and flow waveforms as the ratio between frequency spectra of 
pressure waveforms measured in the femoral and carotid arteries 
[11, 34, 47]. General vascular impedance (GVI) was estimated 
as a ratio between the frequency spectra of averaged pressure 
and flow waveforms in carotid artery and ascending aorta re-
spectively according to the results of direct measurements in the 
carotid artery, and estimated via transfer functions [5].

Pressure and volume waveforms in the time domain for each 
individual were ensemble-averaged (with periodicity normal-
ized to 1 second by scaling the time axis). Individualized trans-
fer functions (ITF) relating carotid to the femoral artery pulse 
pressure waveform and relating the carotid pressure waveform 
to the frequency domain were determined from fast Fourier 
transformations (FFTs) of waveforms for each estimation. 

The ITF amplitude which is a dimensionless value, and ITF 
phase measured in radians were calculated similarly to the am-
plitude ratio and phase shift for IT (Prad/Pulse Prad) (1,2).

The first 10 harmonics of each waveform curve were used for 
this analysis because higher harmonics do not contribute signifi-
cantly. ITFs were determined at baseline and 3 minutes after ad-
ministration of vasoactive substances by use of a minimum of 6 
consecutive stable cycles. Generalized transfer functions (GTF) 
for waveforms at rest and after drug administration were derived 
by averaging ITFs at baseline and after drug administration. The 
mean GTF for all measurements was used to predict volume wave-
form curves in consequence with pressure waveforms. The agree-
ment between predicted and measured waveforms was quantified 
by the square root of the difference between the two signals. 

GTFs and ITFs were calculated as mean values (M) for trans-
fer functions under all conditions for every experiment, while 
GTFs as a mean expression for all transfer functions under 
steady-state conditions only before administration of vasoactive 
substances or changes in the CBV, and ITFs as mean expressions 
of transfer functions 2-5 min after every type of test. Further 
reconstructions of SAP and CO were provided on the basis of 
direct measurement of peripheral arterial pressure and a calcula-
tion of GVI.

Changes in vascular rigidity aftermath administration of va-
soactive agents and CBV shifts due to haemorrhage were esti-
mated by calculation of pulse wave velocity (PWV) through the 
carotid-femoral arterial segment by management of time delay 
between the arrival of the pulse wave in carotid and femoral ar-
teries [30, 31] and dividing the post-mortally managed length of 
this vascular segment by the time delay between the pulse wave 
appearance in the femoral and carotid artery. 

The results were presented as M ± SD (mean values ± stan-
dard deviation). Statistical measurement was provided with the 
use of ANOVA unifactoral disperse analysis to compare differ-
ences of errors between directly measured and reconstructed 
values of SAP or CO waveforms. Pulse wave velocities before 
or after infusions of vasoactive substances were compared ac-
cording to the paired Wilcoxon criterion , where P<0,05 repre-
sented a significant difference. 

Results and discussion. The analysis of experimental data 
did not reveal any statistically significant differences between 
the SAP and CO values either obtained directly or predicted via 
estimation of GTF (Fig. 1) or GVI (Fig. 2) 

Fig. 1. GTF’s that link up systemic arterial pressure (A) and 
intracarotid blood pressure (B) waveforms

Under steady-state conditions (Tab. 1, 2). SAP curves ob-
tained by direct measurement or reconstructed via GTF al-
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most coincided in shape (Fig. 3). After injections of vaso-
active agents, no significant differences arose in SAP either 
measured or predicted via GTF estimation and expressed 
numerically or by curves (Fig. 4, 5). These differences were 
observed after dextran infusions (Fig. 6, Tab. 1) and implica-

tion of GTF, but were not revealed via implication of ITF. 
Haemorrhage (1.2 - 1.9 ml or 2.2 – 5 ml) was not followed 
by any significant differences in AP measured directly or ap-
proximated via GTF or ITF if the latter had been estimated 
for haemorrhage or volume load.

Table 1. Systolic and diastolic intracarotid pressure under steady-state and transitive conditions (M±SD)
 Parameter

Conditions

Direct measurement GTF ITF

Systolic Diastolic Systolic Diastolic Systolic Diastolic

Steady-state 143,3±21,6 89,6±19,3 141,3±32; 
p=0,75

93,1±26,6; 
p=0,58 – –

Adrenaline infusion 157,6±14,4 77,1±14,5 156,3±22,2;
 p=0,93

78,8±11,4; 
p=0,98

154,5±20,6; 
p=0,93

78,8±8,2; 
p=0,98

Sodium nitroprusside 
infusion 148,7±20,6 95,5±19,5 147,6±25,6; 

p=0,93
94,9±24,6; 

p=0,98
144,0±25,1; 

p=0,93
97,1±25,1; 

p=0,98

Dextran infusion 164,4±14,6 116,5±9,7 189,1±17,8;
p=0,004

131,0±10; 
p=0,02

159,1±12,1; 
p=0,64 118,2±12;p=0,12

Haemorrhage 1,2-1,9 ml 93,9±19,3 54,9±8,4 81,6±17,9;
p=0,5

52,8±10,0; 
p=0,75

91,2±19,8; 
p=0,5

55,2±10,4;
p=0,75

Haemorrhage 2,2-5,0 ml 75,4±25,0 40,6±4,1 57,0±12,3;
 p=0,29

38,4±9,1; 
p=0,75

71,9±17,1; 
p=0,29

41,9±9,8; 
p=0,75

Table  2. Cardiac output measured directly and reconstructed on the basis of the iliac or carotid arterial pulse waveform (M±SD)

location Direct measurement Reconstruction on the basis of 
carotid arterial pulse waveform

Reconstruction on the basis of 
iliac arterial pulse waveform

Cardiac output, ml/min 79,4±4,7 81,7±12,3 79,5±12,4

Fig. 2. Generalized vascular input impedance: ratio of amplitudes (A) andphasic difference (B) under steady-state conditions

Fig. 3. Systemic arterial pressure obtained in the acute experiment directly 
(continuous curve line) and reconstructed via GTF (dotted curve line)
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Fig. 4 Transfer functions that link up systemic arterial pressure and intracarotid blood pressure waveforms 
after 1, 2 and 3 adrenaline (I) and sodium nitroprusside (II) infusions

Fig. 5 Arterial pressure curves after adrenaline (A) and sodium nitroprusside (B) infusions.

After dextran infusion followed by a blood loss, the predicted 
and measured intracarotid pressure waveforms were in close 
agreement and almost coincided if been reconstructed via IPF’s 
estimated specially for the cases of a decrease or increase of the 
circulating blood volume (Fig. 7).

 In contrast, intracarotid AP waveforms measured after blood 
loss directly or reconstructed via estimation of GTF, possessed 
valid differences. The stiffness of the vascular bed increased sig-
nificantly following the dextran infusion and decreased follow-
ing the haemorrhage.

The technical approach for measurement of haemodynamic 
parameters via implementation of transfer functions can be rec-
ommended as a relatively simple and suitable method for bio-
physical analysis of the properties of the vascular bed under var-
ious conditions [20, 11, 22, 26, 32, 33, 34, 35]. For this reason, 
transfer functions were chosen in this study for estimation of 
CO and SAP both under steady-state and transitive conditions. 
These results fully confirmed the sufficiency of this approach, 
because the differences between the pressure and flow values 
obtained directly or estimated via transfer functions and vascu-

lar impedance were comparable to the apparatus errors of the 
routine tensometric pressure transducers and electromagnetic 
flowmeter used in the research [36].

Short-term alterations of haemodynamics that follow various 
transitory influences on the cardiovascular system inevitably 
evoke changes in the mechanical properties of the blood vessels 
[15, 42]. Since both GTF and ITF express the mechanical prop-
erties of the vascular bed, their values also change under these 
conditions [32, 47]. This was the reason for control of vascu-
lar rigidity by means of estimation of the pulse wave velocities 
both before and after administration of vasoactive agents and/or 
changes of the circulation blood volume.

A significant role in the formation of the arterial pressure 
wave belongs to the retrograde pressure wave repulsed from cer-
tain sites in the local narrowings of peripheral vessels [31, 32]. It 
could be expected that infusions of vasoactive drugs can change 
the number of these sites and thus the process of retrograde pres-
sure wave reverberation and resulting pressure waveform in the 
aorta and carotid arteries. But this suggestion was not confirmed 
by the results of our study.
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Fig. 6. Transfer functions that link changes of peripheral and intracarotid pressure following the first and the second dextran infu-
sions (I) and/or first and second acute haemorrhages (1.2-1.9 ml, i.e. up to 11%CBV (II) and 2.2-5ml 16%-22% CBV (III). A(I, II, III) 
– ratio of amplitudes: horizontal axis – frequency (Hz), vertical axis- phasic shift. 

Fig.7 Intracarotid pressure curve after dextran infusion (A) and acute haemorrhage modeling: 
B – 1.2-1.9 ml or up to 11% of CBV; C – .2.2 -5 ml or16 - 22% of CBV

Reconstruction of the intracarotid arterial pressure waveform 
via implementation of GTF was complicated by very high levels 
of standard error values that made this approach almost inevi-
table. This flexibility results from changes in the vascular stiff-
ness, rigidity and elasticity following fast shifts in the circulating 
blood volume. This conclusion explains the change in the blood 
pressure wave velocity that increases after dextran infusion and 
decreases following experimental haemorrhage. According to 
our results, under these conditions digital reconstruction of the 
intracarotid arterial pressure waveform is productive only via 
implementation of ITF. This requires a special outward calibra-
tion procedure of the experimental and clinical equipment based 
on these principles. A special issue in discussion of the results 
of this study is concerned with the identification of structural 

components of the arterial walls involved in vascular stiffness 
and rigidity changes down the carotid-femoral arterial segment 
due to the properties of particular tissue and cellular elements. 
These properties and their changes seem to be determined al-
most exclusively by the elastin/collagen matrix of the vascular 
wall [10, 15, 42]. 

Under specific conditions of radical increase of distending 
intravascular pressure following dextran infusion, the result-
ing tension of the vascular wall additionally increases due to 
the stiffness of the elastin/collagen matrix attached not only to 
tunica media, but also to the tunica adventitia. Correspondingly, 
the decrease of tension as a consequence of experimental blood 
loss provides a reverse recombination [16]. In this respect, a 
promising trend for further investigations might be the estab-
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lishment of patterns for the appraisal of a model for description 
of the vascular mechanical properties under steady state and/or 
transitory conditions.

The values of the SAP curve reconstructed on the basis of the 
pulse waveform shape in peripheral vessels may be used as a 
source of information for reconstructions of cardiac output. This 
confirms the probability for application of the reported results 
in clinical investigations. Such an application requires valida-
tion of the systemic error in estimations of momentary values 
of SAP predicted via ITF and can be regarded to as a subject for 
further research.
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SUMMARY

THE PHYSIOLOGICAL BASIS FOR ASSESSMENT OF 
HAEMODYNAMIC PARAMETERS BY MEANS OF AR-
TERIAL PRESSURE PULSE WAVEFORM ANALYSIS IN 
PERIPHERAL ARTERIES

1Pugovkin A., 1Erkudov V., 2Sergeev I., 3Khananashvili Y.

1St.Petersburg State Pediatric Medical University; 2I.P. Pavlov 
Institute of Physiology, Russian Academy of Sciences, St. Peters-
burg; 3State Medical University, Rostov-on-Don, Russia

The aim of the study was elaboration of an approach for 
monitoring of cardiac output (CO) and systemic arterial pres-
sure (SAP) using data obtained via measurements of the pulse 
waveform in peripheral arteries under steady-state and transi-
tive conditions. CO and SAP were simultaneously recorded in 
common carotid and femoral arteries in narcotized (urethane, 
1 mg/g) rats continuously and after infusions of sodium nitro-
prusside, adrenaline hydrochloride, dextran solution or acute 
experimental hemorrhage. Fourier analysis has been employed 
for estimating the generalized transfer functions (GTFs) and 
generalized vascular input impedance (GVI) along with indi-
vidualized transfer functions (ITFs) for the states in the after-
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math of infusions of vasoactive pharmacological agents, dextran 
solution or acute experimental hemorrhage. The results of pulse 
waveform analysis in the femoral artery were used for recon-
struction of the pulse curves in carotid arteries and aortic 
blood flow. A comparison of directly measured and predicted 
pressure and flow values revealed the absence of significant 
differences under steady-state conditions. Short-term shifts 
of haemodynamics that follow various transitory influences 
on the cardiovascular system inevitably evoke changes in the 
mechanical properties of the blood vessels. Since both GTF 
and ITF express the mechanical properties of the vascular 
bed, their values also change under these conditions. This 
causes control of vascular stiffness and rigidity by estimation 
of the pulse wave velocities before and after administration 
of vasoactive agents and/or changes of the circulation blood 
volume. 

Keywords: haemodynamics, systemic arterial pressure, 
transfer functions 

РЕЗЮМЕ

ФИЗИОЛОГИЧЕСКОЕ ОБОСНОВАНИЕ ОЦЕНКИ 
ПАРАМЕТРОВ ГЕМОДИНАМИКИ НА ОСНОВАНИИ 
АНАЛИЗА ПУЛЬСОВОЙ КРИВОЙ ДАВЛЕНИЯ В ПЕ-
РИФЕРИЧЕСКИХ АРТЕРИЯХ

1Пуговкин А.П., 1Еркудов В.О., 2Сергеев И.В., 
3Хананашвили Я.А.

1ФГБОУ ВО «Санкт-Петербургский государственный 
педиатрический медицинский университет» Минздрава 
России; 2ФГБУН Институт физиологии им. И.П. Павлова 
Российской академии наук, Санкт-Петербург; 3ФГБОУ ВО 

«Ростовский государственный медицинский университет» 
Минздрава России, Ростов-на-Дону, Россия

Целью исследования явилась апробация методов оценки 
сердечного выброса и системного артериального давления 
по данным исследования периферических сосудов в отно-
сительно стабильных условиях и при переходных процес-
сах системы кровообращения. 

В опытах на животных (крысы) проводили синхронную 
регистрацию артериального давления (АД) и сердечно-
го выброса (СВ) прямым способом в сонных и бедренных 
артериях в фоновом режиме, а затем после введения адре-
налина гидрохлорида, нитропруссида натрия, инфузии по-
лиглюкина и острой кровопотери. К полученным данным 
применен гармонический анализ и вычислены: обобщенная 
передаточная функция (ОПФ), обобщенный сосудистый 
импеданс (ОСИ), индивидуализированная передаточная 
функция (ИПФ) для введения вазоактивных препаратов, 
инфузии полиглюкина и кровопотери. Используя данные 
гармонического анализа пульсовых кривых в бедренных 
артериях и полученные ОПФ, ОСИ и ИПФ, производили 
реконструкцию АД в сонных артериях и СВ с последую-
щим сравнением измеренных и рассчитанных показателей. 
Анализ данных показал, что в условиях относительно ста-
бильной гемодинамики и при введении вазоактивных пре-
паратов значения АД в сонных артериях и СВ могут быть 
рассчитаны с погрешностью, сравнимой с применением ин-
вазивных способов измерения. При инфузиии полиглюкина 

и кровопотере расчет значений АД в системных сосудах це-
лесообразно производить только с применением ИПФ. При-
менение ОПФ для решения указанных задач оказывается 
ненадежным, поскольку ведет к значительной погрешности 
оценки показателей системной гемодинамики.

reziume

sistemuri hemodinamikis Sefasebis fiziologi-
uri dasabuTeba periferiuli arteriebis pul-
suri talRis formis analizis safuZvelze

1a.pugovkini, 1v.erkudovi, 2i.sergeevi, 3i.xananaSvili

1sankt-peterburgis saxelmwifo pediatriuli sa-
medicino universiteti; 2ruseTis mecnierebaTa 
akademiis i.pavlovis sax. fiziologiis insti-
tuti; 3rostovis saxelmwifo samedicino univer-
siteti, ruseTi

kvlevis mizans Seadgenda periferiuli sisxl-
ZarRvebis maCveneblebis mixedviT gulis dar-
tymiTi moculobisa da arteriuli wnevis parame-
trebis Sefasebis meTodis aprobacia sisxlis 
mimoqcevis rogorc stabiluri, ise gardamavali 
procesebis ganviTarebis pirobebSi.
eqsperimentebi Catarda virTagvebze, romleb-

sac sinqronulad vuzomavdiT gulis dartymiT 
moculobasa da sisxlis wnevas saZile da bar-
Zayis arteriebSi. am parametrebis registracia 
sruldeboda sawyis mdgomareobaSi da vazoaqti-
uri preparatebis (epinefrinis hidroqloridi da 
natriumis nitroprusidi) Seyvanis, poliglukinis 
infuziis da sisxlis mwvave danakargis fonze. 
miRebuli Sedegebi eqvemdebareboda harmoniul 
analizs. gamoTvlili iyo Semdegi maCveneblebi: 
ganzogadebuli gadamcemi funqcia da ganzoga-
debuli sisxlZarRvTa winaRoba, aseve individu-
alizirebuli gadamcemi funqcia vazoaqtiuri 
preparatebis, poliglukinis da sisxlis mwvave da-
kargvis efeqtebisTvis. barZayis arteriebSi pul-
suri meryeobis harmoniuli analizis monacemebis 
da gamoTvliTi maCveneblebis gamoyenebiT ganxor-
cielda gulis dartymiTi moculobis da sisxlis 
wnevis donis rekonstruqcia saZile arteriebSi. 
amis Semdeg, pirdapiri registraciis Sedegad miRe-
buli hemodinamikuri parametrebi Sedarebuli iyo 
gamoTvlebiT miRebul parametrebTan.
dadginda, rom stabiluri hemodinamikis piro-

bebSi da vazoaqtiuri preparatebis Seyvanis dros 
saZile arteriebSi gulis dartymiTi moculo-
bisa da arteriuli wnevis gamoTvlis gamoyeneb-
uli meTodis cdomileba Seesabameba cdomilebas 
am maCveneblebis pirdapiri registraciis meTo-
diT. poliglukinis infuziisa da sisxlis mwvave 
dakargvis fonze sisxlis wnevis gaangariSeba 
arteriul sisxlZarRvebSi mizanSewonilia gan-
xorcieldes individualizirebuli gadamcemi 
funqciis gamoyenebiT, radgan ganzogadebuli gada-
mcemi funqcia sistemuri hemodinamikis Sefasebis 
WrilSi iZleva mniSvnelovan cdomilebas.


