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RETROSPECTIVE EVALUATION OF THE EPIDEMIOLOGICAL 
SITUATION OF ACUTE INTESTINAL INFECTIONS OF BACTERIAL 
AND VIRAL ETIOLOGY IN THE PREFLOOD PERIOD
Altai State Medical University, Barnaul

G.G. Onishchenko, I.P. Saldan, C.I. Tribunsky, V.B. Kolyado, Ye.V. Kolyado

The article presents the results of a retrospective epidemiological analysis of the incidence of acute intestinal 
infections in prefreshet period in Altai Krai and the Republic of Altai. As a result of the analysis topical 
epidemiological precursors deteriorating situation in both territories before the seasonal floods were established, 
and the peculiarities of the morbidity of individual nosological forms in the territories of Russia with a high risk 
of flood development were investigated.
Key words: floods, flood situation, infectious morbidity.

The state of human environment becomes es-
pecially important during the period of extreme 
hydrometeorological events. The analysis of lit-
erature sources revealed, that along with the eco-
nomic damage caused to the society, they could 
lead to the development of serious medical con-
sequences. The destruction of life support sys-
tems created an unfavorable sanitary-hygienic 
environment in large territories (there are formed 
new factors of epidemiological risk and the exist-
ing ones are activated). In that context, the emer-
gency situations of biological and social nature 
quite often take place [1, 4, 5, 7, 8, 13]. According 
to other authors, flood destroy the infrastructure 
of inhabited areas, threated the life of population, 
which requires the evacuation of victims to more 
safe regions and the creation of temporary accom-
modation facilities for them. The indicated factors 
aggravate the epidemiological situation and pre-
determine mass infectious diseases, primarily, in-
testinal infections transmitted by water and food. 
In the structure of acute intestinal infections in-
creases the role of noro- and rotaviral infections [2, 
3, 6, 9, 10, 11, 12]. The effect of water on biocoeno-
sis of natural focuses preconditions the realization 
of sanitary-epidemiological for the population situ-
ated in the flood zone, which are realized by the in-
crease of morbidity of such dangerous infectious 
diseases, as cholera, acute viral intestinal and other 
infections, moreover, over the last decades, there 
has been indicated a number of new viruses – caus-
ative agents of dangerous infections. 

Objective: retrospective epidemiological anal-
ysis of morbidity of acute intestinal infections 
among the population of Altai Krai and the Altai 
Republic in the preflood period.

Materials and methods
The retrospective analysis of morbidity of pop-

ulation of Alta Krai and the Altai Republic was 
performed on the basis of the statistical tools “The 

information about infectious and parasitical dis-
eases” (form No. 1) for the period of 2004-2013. 
The statistical data processing was conducted 
be means of common methods of analysis: calcu-
lation of intensive and extensive indexes, creation 
and processing of time series, mean values (X), 
diversity of their characteristics (σ) and coverage 
errors (m), calculation of regression coefficients 
(Rx/y), approximation. To state the degree of de-
terminacy of variation of criterion variable by pre-
dictors, there was implemented the method of re-
gression analysis with construction of trend lines. 
As a result of regression analysis, there were ob-
tained regression equations with calculated val-
ues of regression coefficients. The significance 
of obtained regressional dependences expressed 
by mathematical equation was selected on the basis 
of the approximation coefficient R2>0,5. The coeffi-
cients of determination show, that the most prefer-
able is the polynominal trend, and the least prefer-
able – the linear one. Graphical support and data 
processed were performed on a personal computer 
Intel Pentium by means of standard license pro-
grams («SPPS Statistics 20», Excel) in Windows 7 
operating environment.

Results and discussion
In Altai Krai in the period from 2010 to 2014 

the total volume of infectious diseases is dominat-
ed by acute upper respiratory infections, which 
constitute 93,0%, the second position is occupied 
by airborne infections – 4,5%, the third position 
is occupied by acute intestinal infections – 1,5%, 
the fourth position – by zoonotic and natural focal 
diseases – 0,1%. The dynamics of acute intestinal 
infections morbidity among the population of Altai 
Krai  in the period from 2004 to 2013 is character-
ized by annual increase of the index from 377,10/0000 
to 397,80/0000, by the average annual rate of growth 
(Rgr.) 0,6%,  the long-term average annual index 
(Хp±m) constituted 390,2 ± 4,00/0000. The trend had 
a statistically significant character, R2>0,5. The AII 
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(acute intestinal infections) morbidity of unknown 
etiology also grew from 245,30/0000 to 2790/0000 (Rgr 
1,4%, R2>0,5, Хp±m = 273,7±3,30/0000), the AII of de-
termined etiology – from с 89,70/0000  to 116,60/0000 
(Rgr 3,0%, R2>0,5, Хp±m = 114,3 ± 2,20/0000) (Figure 1).

The epidemiological situation of dysentery 
in Altai Krai for the studied period can be charac-
terized as favorable, the index of bacterial dysen-
tery morbidity decreased from 42,080/0000 in 2004 
to 2,20/0000 in 2013 by average annual rate of decrease 
(Rde.) 28,0% (R2>0,5), the long-term average annual 
index constituted 2,2 ± 0,30/0000. The salmonello-
sis morbidity reduced from 37,60/0000 to 37,20/0000 
(Rde. 3,0%, R2>0,5, Хp±m = 36,5 ± 1,20/0000), which 
indicates the effectiveness of measures to control 
the stated group of infections conducted in the ter-

ritorial entity of the RF. There had been registered 
the cases of typhoid fever incidence: 1 case in 2006 
and 1 case in 2009. The dynamics of enterovirus 
infections morbidity (further – EVI) has a multi-
directional character: the morbidity of viral hepa-
titis A infection, noroviruses (for the period from 
2010 to 2013) and other AII has an upward (neg-
ative) trend. The morbidity of ACI caused by en-
teropathogenic coliform bacteria (further – EPCB) 
has a downward (positive) trend. The evaluation 
of the epidemiological situation of enterovirus in-
fections morbidity in Altai Krai in the period from 
2004 to 2013 shows, that the rotavirus morbidity 
in the territorial entity has a trend to growth from 
8,200/0000  to 53,500/0000  (Rgr. 5,9%, R2>0,5, Хp±m = 
258,1 ± 11,20/0000).

Figure 1. 
Dynamics of morbidity of AII of bacterial etiology in 2004 – 2013 in Altai krai (per 100 thous. population).  

(The diagram is built on the basis of Rospotrebnadzor administration of Altai Krai)

It should be noted, that the rotavirus infection 
is characterized by high relative share (24,0%) 
in the structure of AII of determined etiology, 
possesses expressed seasonality during the win-
ter-spring period, high contagiosity, low infec-
tive dose, high activity of water and community 
transmission, resistance in external environment 
and forms virus carriage. In this regard, it is nec-
essary to monitor the circulation of rotaviruses 
in the environment, particularly, in the main wa-
ter, to conduct the rotavirus antigen examination 
of persons with clinical manifestations of diar-
rhea. The intensity of EPCB AII morbidity reduc-
tion among the population annually constituted 
4,5%, which allowed to stabilize the annual av-
erage index at the level of 7,5±0,60/0000. The level 
of morbidity of other AII increased from 89,70/0000 

in 2004 to 116,60/0000 in 2013 (Rgr.3,0%, R2>0,5, Хp±m 
= 109,1±2,10/0000). The highest levels of morbidity 
were registered in 2011 (P=127,80/0000) and in 2011 
(Р=135,10/0000).  In the long-term dynamics of viral 
hepatitis A there is determined the annual aver-
age rate of growth 0,5% (R2>0,5), the average index 
for the studied period constituted 4,2 ± 0,40/0000. 
In this regard, there can be differentiated 2 period 
in the long-term dynamics of viral hepatitis A epi-
demic process. Thus, from 2004 to 2009 the dynam-
ics of viral hepatitis A morbidity was character-
ized by annual reduction of the index from 6,00/0000 
to 1,60/0000 (Rde.23,3%), since 2010 the morbidity 
acquired an upward trend from 3,50/0000  to 6,30/0000  
(Rgr.21,4%). 

For the whole studied period in 2010 there 
were firstly registered 5 cases of norovirus infec-
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tion, while the morbidity of AII caused by norovi-
ruses grew from 0,20/0000 in 2010 to 2,10/0000 in 2013 
(R2>0,5). In the period of 2011-2013 in Altai Krai 
there were registered 9 hotbeds of group (5 
and more cases) diseases, caused by noroviruses, 
with the total number of diseased – 97, including 
77 children. In the structure of infectious morbidity 
of the Altai Republic AII constitute 4,0% occupy-
ing the 3rd position after acute upper respiratory 
infections (91,1%) and chickenpox (5,0%). The dy-
namics of AII morbidity among the whole popula-
tion of the Altai Republic for the period from 2004 
to 2013 is characterized by annual growth of the in-
dex from 430,80/0000 to 540,50/0000, by average annual 
rate of growth 2,6% (R2>0,5), the average long-term 
index constituted 607,3 ± 17,20/0000. The leading po-
sition in the long-term dynamics is taken by acute 
intestinal infections of unknown etiology (further 
– AIIUE), the morbidity of which increased from 
230,50/0000 to 285,20/0000 (Rgr. 2,4%, R2>0,5, Хp±m = 
266,7±11,4). The analysis of annual AIIUE morbid-
ity indicates year-round registration of diseases 
without expressed seasonality.

In the age structure of AIIUE diseased popula-
tion the share of child population constituted from 
57,0% to 65,0%. It should be mentioned, that spo-
radic cases of morbidity in organized child groups 
do not have further proliferation and, as a rule, are 
not connected with the child presence in the child-
care institution. In 2007 there was registered 
the outbreak of AIIUE in the Altai republic, which 
had a food nature, 27 people suffered, the diagno-
ses was bacteriologically confirmed – in all patients 
there was detected S.enteritidis. The results of the ret-
rospective epidemiological analysis showed, that 
the long-term dynamics of AII of determined mor-
bidity among the population of the Altai Republic 
for 10-year period was characterized by the trend 
to growth from 128,10/0000 to 215,00/0000, with the av-
erage annual rate of growth 5,9% (R2>0,5). The av-
erage long-term morbidity level constituted 258,1 
± 11,20/0000. The salmonellosis morbidity grew 
from 24,70/0000 to 27,50/0000 (Rde. 1,2%, R2>0,5, Хp±m 
= 26,4±3,6). At the same time, the index of bacte-
rial dysentery morbidity decreased from 46,90/0000 
in 2004 to 12,80/0000 in 2013 by average annual rate 
of decrease 13,4% (R2>0,5), the average long-term 
index constituted 55,4 ± 5,20/0000.  

In 2013 the index of salmonellosis morbidity 
constituted 27,50/0000, there were registered 58 cas-
es. In 2013 the share of children at the age under 
17 constituted 51,7%. The outbreak salmonello-
sis morbidity was not registered. In the struc-
ture of infectious morbidity of the Altai Republic 
for the period of 2004-2013 AIIUE holds the 1st po-
sition, there share is 44,0%. The 2nd position is occu-
pied by AII of determined etiology, 43,0%. The 3rd 
position is occupied by dysentery constituting 9,0% 
and the 4th position – by salmonellosis constituting 
4,0%.  In the Altai Republic along with bacterial 

intestinal infections are widespread acute intesti-
nal infections of virus etiology. The carried anal-
ysis showed, that for the period from 2004 to 2013 
the average long-term rotavirus morbidity index 
constituted 137,1±8,20/0000, viral hepatitis A (VHA) 
- 3,0±1,20/0000, other determined AII - 524,7±16,00/0000. 
In the structure of AII of determined etiology 
a considerable share is occupied by rotavirus dis-
eases, the morbidity of which has a clear trend 
to growth. In 2004 there were registered 31 cases 
of rotavirus infection, the index of morbidity con-
stituted 15,30/0000, in 2013 there were registered 254 
cases and the index grew up to 120,50/0000, by aver-
age annual rate of growth 25,7% (R2>0,5) (Figure 2). 

In the period from 2011 (179,40/0000) to 2013 
(120,50/0000) the morbidity of gastroenteritis of rota-
virus etiology decreased by 32,8%. The reduction 
of infection was registered among all age groups 
of child population. The disease was primarily reg-
istered among the children under 6, who in 2013 
constituted 89,3% (in 2012 – 87,0%, in 2011 – 88,9%). 
Out of total number of diseased the relative share 
of children under 17 in 2013 constituted 93,3% (in 
2012 – 91,2%, in 2011 – 87,0%). In 2013 there were 
continued the studies of eternal environment ob-
jects (central water supply, decentralized water 
supply) for the presence of rotavirus antigen. No 
positive results were obtained. Considering a quite 
high rate of morbidity of rotavirus infection, there 
is conducted annual examination of food unit 
workers for intestinal infections, including viral 
(rota- and noroviruses). Thus, in 2012, there were 
examined 480 people, in 2013 – 520 people. In case 
of positive results there were provided correspond-
ing treatment. VHA morbidity on the territory 
of the Altai Republic has a sporadic character, there 
are registered single cases in the city of Gorno-Al-
taisk and separate districts (Maiminsky, Ust-Kan-
sky).

The morbidity index reduced from 13,90/0000 
in 2004 to 3,30/0000 in 2013 by annual average rate 
of decrease 14,7% (R2>0,5). In 2013 VHA morbid-
ity among the population under 17 constituted 
14,30/0000, including the age group of 15-17 years - 
51,80/0000, among the population over 18 – 2,60/0000. 
In the territorial entity there are provided timely 
antiepidemic measures in case of morbidity. One 
of the aims of VHA prevention is the conduction 
of preventive vaccination, especially for exposed 
persons in the hotbeds, and also for children 
and decreed workers. In the period from 2008 
to 2013 in terms of “Preventive vaccination” sub-
program realization 3113 people were vaccinated 
against VHA. To monitor the material of laborato-
ry tests of patients with VHA and objects of exter-
nal environment by means of modern molecular 
diagnostics methods there was established coop-
eration with Federal Budget Institution of Science 
“Central Research Institute of Epidemiology”. 
In order to monitor the circulation of intestinal 



BULLETIN OF MEDICAL SCIENCE 2 (6) 2017

6

viruses in 2013 there were studied 102 samples 
of surface waters and 182 samples of main water 
for the presence of antigen of rotaviruses, norovi-
ruses, the results were negative. During the study 

period the morbidity of other AII of determined 
etiology grew from 358,60/0000  to 500,20/0000, by av-
erage annual rate of growth 3,8% (R2>0,5), the aver-
age annual index constituted 524,7±16,00/0000.

Figure 2. 
Dynamics of morbidity of AII of virus etiology (VHA, rotavirus, determined AII, etc.) for the period of 2004-2013 

in the Altai Republic (per 100 thous. population). (The diagram is built on the basis of Rospotrebnadzor administration  
of Altai Krai)

Conclusion
As a result of the conducted retrospective ep-

idemiological analysis there was determined 
the level, structure and dynamics of infectious 
morbidity in the preflood period in the territories 
of Altai Krai and the Altai Republic, providing 
the solution of problems of epidemiological diag-
nostics in order to substantiate advanced planning 
of epidemiological measures. The methods of epi-
demiological analysis included the study of trend 
and peculiarities of morbidity of separate nosologi-
cal forms in the territories of the RF with high flood 
risk. By the statement of contents of retrospective 
epidemiological analysis the emphasis was fo-
cused on the process of epidemiological reasoning 
based on the conducted calculations. According 
to the analysis, there were stated the current pre-
cursory signs of the aggravation of the situation 
in both territories in the preflood period: AII mor-
bidity ill-being, growth of salmonellosis morbidity 
(the Altai Republic), growth of infectious diseases 
of virus etiology, caused by rota- and noroviruses. 
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INNOVATIVE TECHNOLOGIES IN THE MEDICAL DEMOGRAPHIC 
ASSESSMENT OF PUBLIC HEALTH
Altai State Medical University, Barnaul 

V.B. Kolyado, Yu.Yu. Dorofeyev 

Classical elaboration of medical demographic indexes of public health across administrative territories often does 
not allow to use them for the purpose of diagnostics of influence of negative factors on population, but their 
indicative properties significantly increase by “regional” analysis. Modern systems of monitoring of natural 
population movement implying information and communication technologies allow to considerably expand 
research possibilities and to perform the analysis in the eksadministrative-territorial zones intentionally formed 
according to a particular factorial characteristic.
Key words: public health, demography, information technologies in medicine.

By the end of the 1970s in the “Research insti-
tute for complex problems of hygiene and occupa-
tional diseases” of the Siberian branch of the RAMS 
there had been elaborated the method of social-hy-
gienic classification of administrative territories 
on the level of oblast, region, city and district. 
The field works based on the stated method fol-
lowing in the 1980s allowed to reveal both common 
patterns of the development of public health of Si-
berian territories and their peculiarities. The first 
social-hygienic passport was created by the In-
stitute in 1981 for Altai Krai, and it was 13 years 
before the well-known Government Resolution 
on the creation of the federal system of social-hy-
gienic monitoring (№1146 of 6 October 1994).

By the performance of the social-hygienic 
monitoring the medical demographic component 
of the assessment of the state of public health 
is the main one. In the end of 1980s we  elaborated 
the method of retrospective medical demograph-
ic diagnostics of  public exposure to radioactive 
precipitations by nuclear tests and the assessment 
of the further losses of public health.  Exactly 
on the basis of longitudinal medical demographic 
researches there were determined and evaluated 
the consequences of long-term nuclear explosions 
for the health of Altai Krai population.

At the same time it became clear, that the clas-
sical elaboration of medical demographic indexes 
of public health across administrative territories 
often does not allow to use them for the purpose 
of diagnostics of influence of extreme factors 
on population, but their indicative properties sig-
nificantly increase by “regional” analysis, in the ek-
sadministrative-territorial zones (EATZ) intention-
ally formed according to the degree of radiation 
effect. The search of the peculiarities of formation 
of mortality of separate birth cohorts of population 
in the eksadministrative-territorial zones is even 
more sensitive and allowed to obtain the most 
statistically significant indicators of the radiation 
trauma of population. 

However, the achievement of this result re-
quired an intensive work of all 14 laboratory work-
ers during 8 months (coping of the necessary in-
formation, its grouping and statistical processing, 
analysis).

Thus, already in the 1990s we stated the prob-
lem and together with the Altai regional medical 
information analytical center elaborated the auto-
matic informational system “Smertnost” (mortali-
ty) (AS “Smertnost”) being the personified register 
of all deceased persons, whose death is registered 
in the Civil Registry Office of Altai Krai.

At the present time, the base of the information-
al system contains more than half-million records. 
The program allows to perform the calculation 
of the whole complex of analytical indexes of mor-
tality: intensive and extensive, gender, age, territory 
and place of death, and also indexes of time series 
with the determination of welfare degree (accord-
ing to the specially developed method), standard-
ized indexes, synthetic characteristics of mortality 
at the working age, average life expectancy (ac-
cording to the method of Korchak-Cheprukovsky). 
Monthly seeding of the database allows to conduct 
the monitoring of mortality across the territory 
of the whole region and use it in the operative ad-
ministration, primarily in the service of childhood 
and obstetrics. 

For this purpose there were elaborated the forms 
of statistical tables joined into a bulletin, which 
is monthly presented to all interested users. AS 
“Smertnost” allows to shortly form the lists of de-
ceased for at any period of time of various pathol-
ogy both generally across the region and separate 
territories (cities, districts). The formed long-term 
electronic databases of mortality possess both prac-
tical and high scientific interest. Since 2002 on their 
basis there have been issued official statistical 
compilations of mortality of Altai Krai population. 
Moreover, the personified database allows to per-
form various types of analysis in short terms.

We conducted the research aimed at testing 
the possibilities of analysis of population state 
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of health outside administrative territorial borders 
by continuous statistical observation. The subject 
of the research was the mortality of population 
leaving in the conditions of poor access to medical 
help conditioned by geographical and infrastruc-
tural peculiarities.

Thus, Altai Krai includes several rural districts, 
the territory of which is crossed by the Ob Riv-
er dividing the districts into two unequal parts: 
the large one with the district center, transport 
and social infrastructure, and the smaller one 
with only several settlements left, the residents 
of which live in the conditions of lesser access 
to medical help. Thus, there is formed the territo-
ry of residence of a part of population on the right 
bank of the Ob river, whose health characteristics 
in the known conditions of low access to medical 
help can be studied and compared with the health 
state of the left bank population.

Materials and methods
Out of the mortality data base there were se-

lected all mortality cases with the characteristics 
of the deceased, who had one of the locations 
of the examined territories during the 3-year peri-
od of time marked in the section “permanent place 
of residence” and for whom there were calculated 
the values and indexes necessary for the analytical 
tables and their graphical reproduction. The labor 
costs of one scientific worker constituted one work-
ing day.

Results and discussion
It was stated, the that level of mortality among 

the population of the right bank (RB) in the con-
ditions of respectively low access to medical help 
is higher, than among the population of the left Ob 
bank (LB), Table 1.

Table 1
Mortality of the population living on the left bank (LB) and right bank (RB) of the Ob River

Disease type
per 100 thous. m

t RB>LB %
LB RB LB RB

Respiratory diseases 1,5 3,4 0,1 0,6 2,8 117,8
Circulatory diseases 10,6 13,2 0,2 1,3 2,1 25,3
Casualties, traumas 2,4 3,4 0,1 0,6 1,5 39,9
Neoplastic diseases 2,3 2,3 0,1 0,5 0,0 -0,7
General total 18,5 23,1 0,3 1,6 2,8 25,2

The influence of territorial and infrastructural 
peculiarities on the mortality is most significantly 
observed by the comparative evaluation of the in-
dex of seasonal fluctuations. Thus, by the absence 
of expressed seasonality of general mortality 
in the LB group there are registered strongly pro-
nounced peaks of mortality during the winter 
period in the RB group. Even more pronounced 
is the seasonality of cardiovascular mortality. 

Consequently, the reduction of the access 
to medical help can increase thepopulation mor-
tality by 25%, especially due to respiratory diseas-
es – by 2,3 times, and circulatory diseases – by 1,3 
times.

In 2011-2012 on the basis of AS “Smertnost” 
there was elaborated and implemented the mod-
ern system of monitoring of the natural population 
movement “Meddem”. The software allows to form 
a medical certificate by means of input of the nec-
essary information and further printing if the doc-
ument. Simultaneously with the created document 
all the information from it is sent to the common 
regional data base. The expert part of the system 
allows to form basic data output for the analysis 
and monitoring of the processes of birth and mor-
tality with the set of tables and lists. The applica-
tion allows to form the main documents registering 
the natural population movement (cases of birth 

and mortality). The user can be either a doctor 
registering the case of birth or mortality and issu-
ing the certificate or a medical record administra-
tor who only put the necessary information into 
the database and prints the document. The sys-
tem saves input and output data of the system 
of registration and analysis of the natural pop-
ulation movement changing the process inside. 
All the information for monitoring and analysis 
of the natural population movement as a result 
of the web-application performance is available 
immediately at the moment of the certificate exe-
cution and issuing. The formation of the list of born 
and deceased in the form of a table allows to im-
plement the methods of data processing by means 
of OLAP-technologies or any other means of work-
ing with electronic tables.

The created informational system allows 
to use medical demographic methods of research 
of the patterns of public health formation outside 
the frames of administrative territorial division 
in the eksadministrative-territorial zones initially 
formed according to any factorial characteristic. 
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ANTI-INFLAMMATORY ACTIVITY OF GALIUM VERUM HERB 
INFUSION
Altai State Medical University, Barnaul

O.N. Mazko, O.G. Makarova, V.O. Kiryakova, A.P. Pashkov

There was studied the anti-inflammatory activity of Galium verum herb infusion on the model of carrageenan edema 
of rats inflammation. In the conditions of long-term prophylactic administration, the infusion of the bedstraw has 
an inhibitory effect on the development of edema. The phlogolytic activity of Galium verum herb is associated 
with the presence of coffee acid. Coffee acid has the ability to remove active forms of oxygen and prevent a number 
of cellular biochemical reactions that ensures an inflammatory process.
Key words: Galium verum herb, anti-inflammatory activity.

Among the plants of Altai flora the plant genus 
Bedstraw (Galium L.) of madder family (Rubia-
ceae) is of considerable interest. For a long time, 
many of its species have been used in folk medi-
cine as diuretic, anti-inflammatory and bactericidal 
agents for the treatment of gastro-intestinal tract 
and kidney diseases [1].  Galium verum contains 
anthracenederivative groups of alizarin in root-
stocks and roots, the grass contains phenolcarbon-
ic acids, flavonoids, coumarins, tanning agents, 
iridoids and steroidal saponins [2]. Consequent-
ly, topical is the search of new effective nontoxic 
drugs on the basis of plant sources for the treat-
ment of inflammatory diseases of various etiology. 

Objective: to study the influence of Galium ver-
um herb infusion on the course acute inflammatory 
process in rats.

Materials and methods
The experiment were conducted on 20 outbred 

rats of both sexes weighing 200 – 220 g in accor-
dance with the good laboratory practice (ПДЗ), 
the order of the Ministry of Health of the Rus-
sian federation # 708н from 23.08.2010, Guidance 
for pre-clinic drug studies conduction [3].

Anti-inflammatory activity was stud-
ied on the model of acute inflammation after 
the two-week intake of Galium verum herb infu-
sion in the earlier specified optimal dose 1,5 ml.

The last infusion intake was made 1 hour before 
the phlogistic injection. Nimesulide in the dose 
of 10 mg/kg was used as a comparative drug. 

Acute exudative inflammation was induced 
by subplantarly intake of 0.1 ml of 1% carrageenan 
solution [3]. The measurement of size of the right 
hind limb was made by plethysmometer after 
the course of Galium verum herb infusion before 
intake and also after 60 )1 hour), 120 (2 hours) 
and 240 (4 hours) minutes after phlogistic injection.  
The rate of anti-inflammatory activity was counted 
according to the data of the average growth of an-
imal limbs obtained as the result of three parallel 
measurements.

Еhe drugs are considered effective, when their 
anti-inflammatory activity is over 39% [4].

The statistical processing of the obtained results 
was carried my means of calculation of sample 
mean (M) and error of mean (m) using the para-
metric Wilcoxon-Mann-Whitney test. By calcula-
tion the program  Statistica 6.0. for Windows was 
used. The differences were considered significant 
at р<0,05 [5].

Results and discussion
The development of aseptic inflammation 

caused by carrageenin includes several stag-
es. In the first stage, (10-20 minutes) in response 
to the damaging effect of phlogogen, biogenic 
amines (serotonin and histamine) are released, ac-
tivating the kallikrein-kinin system, which leads 
to the accumulation of kinins (1 – 2 hours). The lat-
ter facilitate the local release of hydrolytic enzymes 
of lyzosomes, stimulating the formation of prosta-
glandins, being the intermediates of the late stage 
of inflammation developing by carrageenan edema 
in 3 hours. Thus, the maximum of prostaglandin 
E2 concentration is registered in 12-24 hours. Fur-
ther, the system of compliment is included in this 
chain, functioning in complex with kinin system 
and blood coagulation system [6]. A number of au-
thors often combine the mentioned late stages into 
one, and the carrageenan edema is considered as 
a two-stage process, the second stage of which 
is the result of release of prostaglandins, lyso-
somes, bradykinin and proteases [7]. 

In course of the experiment the intake of 1%  car-
rageenan solution by control animals lead to quick 
and consistent edema development. In these condi-
tions long-term preventive intake of Galium verum 
herb infusion weakened its development.

At the early stages of edema development, 
the maximum effect of inflammation suppression 
under the influence of comparative drug – nime-
sulide – constituted 47%, while the effect stayed 
consistently high during the whole period of ob-
servation.
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Table 1
The influence of Galium verum herb infusion on the development of carrageenan inflammation in outbred white rats

Animal group
Dose, 

mg/kg, 
ml/kg

Number of animals
Average growth of 
limb mass (Х±m), 

%

Suppression of ede-
ma at the peak of 
inflammation, %

Control - 10 39,8±4,3 -
Nimesulide 10 10 21,9±5,1* 47

Galium verum herb 
infusion (1:10)

1,5 10 27,3±6,8* 37 

The effect of Galium verum herb infusion 
reached statistically significant results in one 
hour after the carrageenan injection, reaching 
maximum in 2 hours and weakened by the end 
of the experiment. In the period of maximum phlo-
golytic activity the Galium verum infusion sup-
pressed the inflammation by 37%, which exceeds 
the anti-inflammatory activity in comparison with 
the control group by 1,5 times.

The study of the anti-inflammatory activ-
ity of Galium verum herb infusion is based 
on the current literature data on the phlogolytic ac-
tivity of single polyphenols contained in the plant. 
The anti-inflammatory activity of the coffee acid 
contained in Galium verum infusion is connected 
with the ability to destroy reactive oxygen interme-
diates and prevent a number of cell biochemical re-
actions, ensuring the inflammatory process, which 
has a distinct protective effect on the capillary per-
meability [8].

Considering the stage nature of acute carra-
geenan edema and the registered maximum of ac-
tivity during the period of energetic edema growth, 
the effectiveness of coffee acid can be explained 
by the interference in the trigger mechanisms of in-
flammatory process with the suppression of its vas-
cular component in the alteration zone.

Conclusion
Consequently, the model of acute exudative in-

flammation allowed to reveal the influence of Gali-
um verum herb infusion on one of the pathogenet-
ic inflammation stages – stage of exudation, which 
opens the prospective for the complex study of Ga-
lium verum material. 
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EFFECTS OF DRUGS INCREASING INSULIN SENSITIVITY ON 
PLASMA LEVEL OF URIC ACID AND URINE ACIDITY IN RATS 
DURING EXPERIMENTAL URATE NEPHROPLITHIASIS 
Altai State Medical University, Barnaul

V.Yu. Perfilyev, Ya.F. Zverev, A.Yu. Zharikov, V.M. Bryukhanov, D.Yu. Lukyanenko, I.V. Lysenko

The purpose of this study is to evaluate the influence of metformin, dapagliflozin and pioglitazone on the urine 
pH level and plasma level of uric acid during preventive and therapeutic drug administration in experimental 
urate nephrolithiasis. Subjects and methods. To form urate nephrolithiasis we used earlier repeated classic model 
of uricase inhibition that causes hyperuricemia in rats. We used metformin, dapagliflozin and pioglitazone as 
drugs increasing insulin sensitivity. At the end of the experiment we measured the urine pH level and UA 
level in the blood of rats after their decapitation. Results. Long-term preventive administration of metformin 
and pioglitazone during experimental urate nephrolithiasis allows to increase the urine pH level. Dapagliflozin 
causes the reduction of the urine pH level regardless of the type of drug administration. Both types of metformin, 
pioglitazone and dapagliflozin administration to experimental animals significantly reduce plasma level of uric 
acid in.
Key words: metformin, dapagliflozin, pioglitazone, experimental urate nephrolithiasis, prevention, therapy.

Urate nephrolithiasis is a pathological process 
developing as a result of a purine metabolism disor-
der leading to hyperuricemia and hyperuricosuria 
with uric acid (UA) crystals depositing in the kid-
neys. At the same time the chemical nature of urate 
concrements allows them to fully dissolute under 
the influence of certain physicochemical factors [1]. 
Pharmacological modulation of such factors can 
contribute to effective and safe litholysis of urate 
calculi therefore it is of great current interest.

Today there is no denying the fact that urate 
nephrolithiasis is related to the metabolic syn-
drome (MS) [2]. According to the statistics urate 
nephrolithiasis develops in 21.9% of MS patients 
and in 4.1% of patients without MS [3]. When 
studying specific features of the pathogenesis of MS 
it was found that there is insulin-dependent urine 
acidification that triggers urate calculi formation. 
Moreover, it is known that one of the main factors 
contributing to the formation of urate microlites 
is urine acidification and hyperuricemia [4].

Taking the above into consideration, we sug-
gested that administration of drugs increasing in-
sulin sensitivity can lead to alleviation of factors 
being conductive to urate calculi formation.

Objective: the purpose of this study is to evaluate 
the influence of metformin, dapagliflozin and piogli-
tazone on the urine pH level and plasma level of uric 
acid during preventive and therapeutic drug admin-
istration in experimental urate nephrolithiasis.

Materials and methods
We studied 102 male Wistar rats weighing 220-

310 g. The animals were placed in single cages 
adapted for urine collection. Laboratory animal 
care was organized according to the European 
Convention for the Protection of Vertebrate Ani-
mals used for Experimental and Other Scientific 
Purposes (Strasbourg, 1986).

To form urate nephrolithiasis we used earlier 
repeated classic model of uricase inhibition that 
causes hyperuricemia in rats [5].

We used metformin, dapagliflozin and pioglita-
zone as drugs increasing insulin sensitivity.

Synthetic antidiabetic drug metformin (bigua-
nide derivative) increases insulin sensitivity by in-
creasing affinity of insulin receptors, by their confor-
mational changes and by stimulation of the pathway 
at the receptor and post-receptor level [6, 7].

Dapagliflozin, a representative of a new class 
of oral sodium-glucose co-transporter 2 inhibitors, 
compensatively increases sensitivity of insulin re-
ceptors in association with reduction of renal glu-
cose reabsorption by inhibiting SGLT2 in epithelial 
cells of renal tubules [7].

Pioglitazone, a thiazolidinedione derivative, increas-
es the number of insulin receptors on the cell membrane 
by activating PPAR-γ nuclear receptors [7, 8].

Experimental animals were provided with two 
types of drug administration: preventive and ther-
apeutic. All the drugs were administered intragas-
trically in the form of 2% starch mucilage.

The daily doses (Table 1) were calculated ac-
cording to the interspecies scaling formula with 
reference to human therapeutic doses [9].

During studying of the potential of each 
of the drugs animals were divided into 3 groups. 
The control group was provided with 20 g of stan-
dard laboratory nutritional mixture including 500 
mg/kg of oxonium acid and 1000 mg/kg of UA 
daily during 3 weeks. The second group («Preven-
tion» group) was also provided with preventive 
oral drug administration during the same period 
of time. Animals from the third group («Therapy» 
group) were provided with the drug in the same 
dose from 11th to 21st day of the experiment.

At the end of the experiment we measured 
the urine pH level and UA level in the blood of rats 
after their decapitation.
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Table 1
Doses of drugs changing insulin sensitivity

Substance Human daily dose, mg/kg Rat daily dose, mg/kg
Metformin 12.5 150.0

Dapagliflozin 0.125 0.7
Pioglitazone 0.375 2.2

For statistical analysis we used Microsoft Office 
Excel 2003 (Microsoft Corporation, USA) and Sig-
ma-Stat 3.5 (Systat Software Inc., USA). The Krus-
kal-Wallis test by ranks was employed for compar-
ison between the three groups. The nonparametric 
Mann-Whitney U test was used for post hoc pair-
wise comparison. All values are specified as a me-
dian and an interquartile range: Me (25%; 75%).  
A calculated difference of р < 0.05 was considered 
statistically significant [10].

Results and discussion
The experiment showed that both preventive 

and therapeutic drug administration of metformin 
significantly improves the course of urate nephro-
lithiasis. It appeared that together with long-term 
drug administration there also took place the re-
duction of plasma level of UA: in the control group 
it was 1.4 (1.2; 1.8) mg/dl, in the “Prevention” 
group – 1.1 (0.8; 1.2) mg/dl (p = 0.009 in comparison 
with the control group), in the “Therapy” group – 
1.0 (0.7; 1.2) mg/dl (p = 0.013 in comparison with 
the control group).

As a result of long-term administration 
of dapagliflozin plasma level of uric acid sig-
nificantly lowered in the “Prevention” group 
and in the “Therapy” group in comparison with 
the results in the control group by the end of the fol-
low-up period: 1.3 (1.1; 1.8) mg/dl in the control 
group, 0.8 (0.7; 1.0) mg/dl (p = 0.006 in comparison 
with the control group) in the “Prevention” group, 
0.7 (0.6; 0.8) mg/dl (p = 0.005 in comparison with 
the control group) in the “Therapy” group.

Both preventive and therapeutic administration 
of pioglitazone to animals with experimental urate 
nephrolithiasis caused the reduction of plasma level 
of UA in experimental animals in comparison with 
the control group: 1.3 (1.1; 1.5) mg/dl in the control 
group, 1.1 (0.9; 1.1) mg/dl (p = 0.007 in comparison 
with the control group) in the “Prevention” group, 
0.9 (0.8; 1.1) mg/dl (p = 0.002 in comparison with 
the control group) in the “Therapy” group.

The obtained results prove that metformin, da-
pagliflozin and pioglitazone do not only interfere 
into glycometabolism but also influence other types 
of metabolism including purine metabolism [11].

Table 2
Urine pH levels in experimental urate nephrolithiasis rats

Group Metformin Dapagliflozin Pioglitazone
Control 6.8 (6.5; 6.9) 6.8 (6.5; 6.9) 6.8 (6.6; 7.4)
Prevention 7.9 (7.5; 8.2) 6.1 (5.9; 6.2) 7.8 (7.5; 8.6)
Therapy 7.0 (6.6; 7.4) 5.9 (5.3; 6.6) 7.5 (7.2; 8.0)

Kruskal-Wallis test
p 0.003 0.003 0.011

Mann-Whitney U test
p, “C” and “P” 0.002 <0.001 0.013
p, “C” and “T” 0.102 0.037 0.058
p, “P” and “T” 0.030 0.732 0.064

Note: p – level of statistical significance. “C” and “P” - the control group in relation to the “Prevention” group; “C” and “T” 
- the control group in relation to the “Therapy” group; “P” and “T” - the “Prevention” group in relation to the “Therapy” 
group.

Taking into consideration the importance 
of pH level changes in the pathogenesis of urate 
nephrolithiasis it should be noted that metformin 
and pioglitazone caused the urine alkaline pH-shift 
in comparison with the control group, which was 
significant in the “Prevention” group and tended 
to appear in the “Therapy” group (Table 2).

As noted above, insulin resistance plays an im-
portant role in urinary acidification. It is known 
that by activating its own receptors in the renal 
tubules insulin stimulates 3 Na+/H+ transferase iso-
form which provides direct transportation of NH3 
to the renal tubular lumen [12]. Thus, insulin re-
sistance leads to the reduction of ammonium pro-
duction and secretion  - processes contributing 
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to urinary acidification. Apparently, by increasing 
insulin sensitivity of insulin receptors in the renal 
tubules metformin and pioglitazone make 3 Na+/
H+ transferase isoform active and consequently ac-
tivate transportation of NH3 to the renal tubular lu-
men leading to the increasing of the urine pH level 
that must be admitted as a positive effect.

However, it should be noted that both preven-
tive and therapeutic dapagliflozin administration 
(as it appears from Table 2) leaded to the certain 
urine acidic pH-shift in comparison with the control 
group: 10% pH-shift in the “Prevention” group, 13% 
pH-shift in the “Therapy” group. This result that 
seems to be unexpected can be explained in the fol-
lowing way. It is known that dapagliflozin admin-
istration results in reduction of sodium and glucose 
co-reabsorption in the renal tubules caused by direct 
renal inhibiting of glucose co-transporter SGLT2. 
It leads to the increase in the level of sodium ions 
in the proximal renal tubules and to the compen-
satory activation of mechanisms regulating their 
reabsorption in more distal parts of the renal tu-
bules. It is known that a Na+/H+ transferase plays 
an important role in the regulation of urine acidity. 
It is located on the apical membrane of an epithe-
lial cell in the descending portion of the proximal 
tubules and it provides reabsorption of sodium ions 
into the cell in exchange for protons, which appear 
in the urine as a result of carbonic acid disintegra-
tion [13]. When the level of sodium ions in the liquid 
from the upper portions inside the tubule increas-
es the transferase starts to function more active-
ly and in spite of the working ammonium buffer 
it leads to the urine acidic pH-shift. It is not improb-
able that the reduction of the urine pH level is the re-
sult of systemic euglycemic ketoacidosis that can 
develop in conditions of selective SGLT2 inhibition 
in response to dapagliflozin [14].

Conclusion
Long-term preventive administration of met-

formin and pioglitazone during experimental urate 
nephrolithiasis allows to increase the urine pH 
level and this is an important positive effect. Da-
pagliflozin causes the reduction of the urine pH 
level regardless of the type of drug administration. 
Both types of metformin, pioglitazone and dapagli-
flozin administration to experimental animals sig-
nificantly reduce plasma level of uric acid in rats 
and it is an important positive feature irrespective 
of the urine pH level.
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DIROFILARIASIS. HUMAN AS A SECONDARY DEFINITIVE HOST 
(CLINICAL CASE)
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In recent decades, cases of dirofilariasis have become more frequent in Russia. From 1996 to 2001, 152 cases 
of invasion were identified. In the temperate climate zone, the authors first established the case of sexual reproduction 
of Dirofilaria repens in a human body. The article describes the clinical cases of dirofilariasis in Altai Krai.
Key words: dirofilariasis, invasion, Dirofilaria repens.

Recent years in Altai Krai have been marked 
by an increase of human cases of dirofilariasis– an 
obligate-transmissible dog helminthiases caused 
by Dirofilaria repens. In the Russian Federation, 
the disease had long been considered rare. Since 
the middle of 1990s of the XX century, there has 
been observed an increase of the number of regis-
tered dirofilariasis cases in human and the growth 
of attention to this problem. For the period 
of 1996 – 2001, there had been registered 152 cas-
es, primarily in the residents of endemic territories 
of the South [1].

However, the analysis of morbidity of the recent 
years showed that a particular frequency of the dis-
ease is present in the regions with moderate climate 
(Moscow, Tula, Ryazan, Lipetsk Oblasts, the Urals, 
The Republic of Bashkortostan, etc.). The disease 
was also registered in Saratov, Samara and Nizhny 
Novgorod Oblasts, the Republic of Kalmykia. 
By the beginning of 2014, there had been regis-
tered 850 D.repens-infested people on the territory 
of 42 entities of the RF [2]. The hotbeds of invasion 
in the zone of moderate climate are determined up 
to 55–57°N (twenty years ago the Northern border 
was considered 53–54°N) [3]. Thus, at the present 
time, there is a tendency not only to the increase 
of the stated pathology, but also to the broadening 
of its areal to the Northern regions, which is prob-
ably connected with the rise of the average annual 
temperature. 

In Altai Krai dirofilariasis has been registered 
since 1989. For the period from 1989 to 2011, there 
were detected 39 cases.  Over the last 10 years, 
dirofilariasis morbidity grew nearly by four times. 
Thus, from 1989 to 1998, there were registered 
8 cases, from 1999 to 2011 – 31 case [4], which 
can be considered as an outbreak of the disease 
on the territory of Altai Krai.

People become infected with dirofilariasis 
by agricultural works, during outdoor recreation 
from May to September, in the places with consid-
erable populations of mosquitos and infected ani-
mals [1].

Dirofilariasis is caused by the class of filar-
ial nematodes (roundworms), order Spirurida, 

suborder Filariata, superfamily Filariidae, genus 
Dirofilaria. The agents of invasion in the territory 
of the Russian Federation D.repens and D.immitis 
are obligate parasites of the carnivorous fami-
lies of Dogs and Cats, D. ursi of the brown bear 
and the Amur tiger. Mature females D. repens 
reach the body length of 135-150 mm, D. immitis 
– 180300 mm, D. ursi – 120-225 m. Males, respec-
tively, reach 50-58 mm, 100-110 mm, 51-85 mm. 
Larval stages – microfilariae – without a cap, with 
a blunt front end, pointed and filiform back end. 
The length of microfilaria - 0,30-0,36 mm, the width 
– 0,006-0,008 mm (comparable to the erythrocyte 
diameter).

Dirofilarias, after the period of larvae migration 
through the blood channel, go through the stage 
of deposit in  liver and spleen, which continues 
up to half a year, then settle in the subcutaneous 
connective tissue of dogs or, in case of larvated 
penetration, into a secondary optional host – hu-
man. The carriers of microfilariae of the helminths 
of Filariidae family  are mosquitos of Culex, Aedes, 
and Anopheles genera. On the territory of the region 
there are indicated 25 species of mosquitos carrying 
dirofilarias, including 17 species and 2 subspecies 
p. Aedes, 1 species and 3 subspecies p.Culex, 1 spe-
cies p. Anopheles (maculipennis). The domineer-
ing  species are p.Aedes: A. communis A. vexans 
[4]. According to modern concepts, human is an 
optional dead-end host of the parasite, as females 
do not reach maturity in the human’s organism, 
sexual reproduction does not occur and microfilar-
iae do not sprout into the blood.

However, in recent years, there have appeared 
separate works denoting the fact, that the possi-
bility of microfilaremia cannot be totally exclud-
ed. The sources of literature describe the cases 
of larvae occurrence in human blood. V.G. Su-
pryaga and coauthors (2004) were the first to de-
tect in the territory of Russia (Vladimir and Samara 
Oblasts) the patients with microfilariae in the punc-
tate of the subcutaneous tumor [5-7].

Dirofilariasis is met in persons of both gen-
ders, in the age groups from 3 to 75 years. In hu-
man, mature forms of filariae localize in the area 



BULLETIN OF MEDICAL SCIENCE 2 (6) 2017

17

of limbs,  low neck zone, under the skin of eye-
lids in the subcutaneous connective tissue. There 
are described the cases of migration of parasites 
under the skin in the area of head – neck – upper 
limbs, which is the sign of «larva migrans cutanea» 
phenomenon. 

The first manifestation of the disease is the ap-
pearance of a painful tumor, the area of which can 
be characterized by pruritis or urtication of various 
intensity. In some cases there can be observed head-
ache, nausea, fatigue, high temperature. Eosino-
philia of peripheral blood is not typical of dirofil-
ariasis, but in several cases it can constitute 8-11%. 
The optimal method of treatment – surgical resec-
tion of the focus of chronic inflammation together 
with the helminth, around which there can form 
a connective-tissue capsule [8, 9].

Clinical case. In April 2014 the 56-year-old fe-
male patient N. was admitted to the Department 
of bone skin and soft tissue tumors №2 of the FS-
BHI AROH  with complaints of the tumor in the left 
breast, which she had found in November 2013. 
At the same time she had pains in the area of the tu-
mor, which became less intensive in 1,5 months 
and were registered only by pressing. 

Objectively: by observation of the area 
of the left breast, on the border of lower quadrants, 
there is observed a postoperative scar, 0,3*7sm (in 
1999 - sector resection for fibroadenoma). By palpa-
tion the scar is soft, atrophic, in its projection there 
is determined a tumor of 3sm in diameter of firm 
texture with indistinct boundaries, soldered by sur-
rounding tissues, moderately painful by pressing. 
No nipple discharge. Regional lymphatic nodes 
not distinctly palpated.

Mammography of 27.02.2014 - on the bor-
der of lower quadrants, there is observed an area 
of stroma induration with indistinct boundaries 
of inhomogeneous structure, size 3,5*2sm. Conclu-
sion: Nodular fibrosis, suspected left breast cancer. 

Ultrasonic examination of breast of 06.03.2014 
- on the border of lower quadrants in the projec-
tion of the postoperative scar, there is located 
a hypo-isoechoic round inhomogeneous formation 
with a distinct wavy border, size 23,4*16,9*20,0mm, 
with a visible blood flow in the center and periph-
erally by CDI. Conclusion: Suspected left breast 
cancer. 

Thin-needle aspiration biopsy of the left breast 
tumor of 26.02.2014.

Cytological conclusion – signs of purulent in-
flammation, macrophages, cubical epithelium cells.

Diagnosis before surgery: Chronic mastitis. 
Suspected left breast cancer. 

The patient is planned to undergo sectoral re-
section of the left breast with the urgent histolog-
ical test, by cancer diagnosis – Madden’s mastec-
tomy. 

By the urgent histological test during the oper-
ation there was detected a parasite, presumably, 
dirofilaria. 

Macroscopic examination – the sector of breast 
tissue 5,0х3,0х3,0 sm, on the section – cyst cavity 
with yellowish fluid, in the center – a filiform white 
circinated formation, by touching with forceps – 
active movement. By expansion – the formation 3,5 
sm long, diameter – 1,0 mm, one of the ends is clu-
blike thickened up to 2,5 mm. The mature helminth 
was resected together with the connective tissue 
membrane of the capsule and cyst cavity. 

Consultation by the specialist of the clinical lab-
oratorial diagnostics - Dirofilaria repens.

Pathomorphological examination – the internal 
capsule surface is presented by granulation tissue 
with a large number of lymphocytes. The fibrous 
part of the capsule includes the breast tissue with 
focal plasma cell infiltration and separate granulo-
mas surrounded by fibrous tissue with single for-
eign body giant cells. Inside granulomas there are 
observed assemblies of microfilariae (longitudinal 
and cross sections) (Figure 1).

Final clinical diagnosis – dirofilariasis of the left 
breast. Mature and larval stage. State after surgical 
treatment.

After further curation of the patient it was stat-
ed, that the tumor did not relapse. No return visits 
for operative treatment were registered. The lack 
of neoplasm recurrence allows to assume, that 
the observed microfilariae had been formed as a re-
sult of Dirofilaria repens sexual reproduction.

In March 2017 in Altai Krai, there has already 
been registered two cases of dirofilariasis. Female 
patient P. from Kamen-na-Obi, 1959 year of birth, 
was admitted to FSBHI “Altai Regional Clinical 
Hospital” with a helminth localized in the right re-
gion of the neck (Figure 2). Helminth was resected 
and identified as Dirofilaria repens. Biopsy with 
further microscopy of surrounding tissues was not 
conducted. Final clinical diagnosis – dirofilariasis 
of the right region of the neck. 

Patient N. applied to  the “Pavlovsk Central Dis-
trict Hospital” with a formation on the front sur-
face of the abdominal wall accompanied by itching 
and compression. Provisional diagnosis – lipoma 
of the front surface of the abdominal wall. By op-
erative treatment there was resected a capsulated 
helminth of white color more than 3 sm longwise, 
which was also identified as Dirofilaria repens. Bi-
opsy with further microscopy of surrounding tis-
sues was not conducted. Final clinical diagnosis – 
dirofilariasis of the front surface of the abdominal 
wall.

Both cases of dirofilariasis are local. The patients 
did not leave the territory of Altai Krai during 
the recent year, in summer they were exposed 
to mosquito bites. The patients applied for medi-
cal help in several months since the disease onset. 
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By the first reference to a doctor, the established di-
agnosis was not connected with parasitic etiology. 

According to our observations and the litera-
ture data, the majority of patients apply for med-

ical help on the subject of subcutaneous tumors 
disturbing them for several days or even months 
during spring (March – May).

Figure 1. 
Cross sections of microfilariae inside granulomas in the breast tissue

Figure 2. 
Helminth in the right region of the neck



BULLETIN OF MEDICAL SCIENCE 2 (6) 2017

19

Unfortunately, nowadays the monitoring 
of animal (dog) dirofilariasis  morbidity is not 
carried. Thus, the “Barnaul Animal Health Cen-
ter” does not possess statistical information 
on the dirofilariasis morbidity among dogs after 
the first outbreak in the 1990s of the XX century. 
The degree of prevalence of the disease in dogs 
of Altai Krai, in which dirofilariasis is a serious 
disease affecting not only subcutaneous fat, but 
also heart, is unknown. Consequently, it does 
not seem possible to estimate the possible risks 
for human health.

Conclusion
The case of Dirofilaria repens sexual reproduc-

tion in human organism was firstly established 
within the boundaries of the Siberian region (Altai 
Krai) in the zone of moderate climate. On the basis 
of possible inclusion of human in the group of sec-
ondary definitive hosts of Dirofilaria repens, it is rec-
ommended to revise the principles of transmissible 
invasions (filariasis) prevention on the territory 
of Altai Krai from the perspective of interruption 
of the invasion transmission – extermination of mos-
quitos, detection and dehelminthization of pets, pre-
vention of mosquito contact with pets and human.
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For many decades coronary heart disease has retained the first place in the structure of mortality from cardiovascular 
diseases in Russia (49.9%). Disturbances in the hemostatic system form a permanent hypercoagulable state, which, 
against the background of atherosclerosis, can lead to thrombotic complications. This article presents the results 
of a study of the features of the hemostatic system, endothelial cell markers and the carriage of thrombogenic 
polymorphisms in patients with coronary heart disease at different levels of atherosclerotic lesion of the coronary 
arteries.
Key words: ischemic heart disease, hemostatic system, atherosclerosis.

Cardio-vascular diseases (CVD) are the most fre-
quent mortality factor (in the RF – 49,9%, 2014), the first 
position among which has been for many years occu-
pied by the ischemic heart disease (IHD) including its 
acute and chronic forms [5, 11]. It is known, that an 
important role in the development of atherosclerosis 
as the main cause of IHD is played by the disorders 
of the hemostatic system, moreover, the process in-
volves all the components of the coagulation system 
[2, 16, 17]. There is formed the constant hypercoagula-
tion state predisposing to the development of throm-
botic complications associated with atherosclerosis. 
In these circumstances, the main risk is not athero-
sclerosis itself, but the artery thrombosis accumulat-
ed on it and leading to acute ischemia of vital organs 
and often having lethal outcome [10]. In patients with 
macrofocal myocardial infarction (MI),  thrombo-
sis of coronary arteries (CA) is registered in 95-97% 
of cases [3, 4, 8]. These processes can be determined 
both by genetic defects by congenital thrombophilia 
and by the result of the effect of external environment 
unfavorable factors and numerous diseases. Throm-
bophilia itself increases the risk of thrombosis, and its 
significance can be considerably increased in combi-
nation with other risk factors [9, 15]. In recent ten years 
there have been not only identified the genetic roots 
of the majority of congenital pathologies, but there 
have been also found the candidates of the sweeping 
majority of acquired diseases including thrombogen-
ic polymorphism and mutations determining the ge-
netic predisposition to the intensive thrombogenesis 
[7, 12, 14, 18]. At the same time, some mutations, e.g. 
in the gene of VII, XIII factor, according to several au-
thors, can reduce the risks of thrombosis (MI) even 
by expressed coronary atherosclerosis [1, 6, 13]. 

Objective: To study the parameters of the hemo-
static system, markers of endotheliosis and throm-
bogenic polymorphism in patients with IHD 
in comparison to the control group. To study 
the peculiarities of hemostatic system, markers 
of endotheliosis and thrombogenic polymorphism 
in patients with IHD by the different level of CA 
atherosclerotic disease.

Materials and methods
Using the method of random sampling, 

the main group included 130 men with coronary 
heart disease, average age - 50,8 ± 10,4. The con-
trol group included 39 healthy men, average age 
- 47,5 ± 3,8 (p=0,06). In both groups, there were 
evaluated 16 parameters of the hemostatic system, 
3 markers of endotheliosis and thrombogenic poly-
morphism by 12 parameters. The exclusion criteria 
for both groups: acute coronary syndrome (ACS) 
as the cause of the current hospital stay, oncolo-
gy, concomitant pathology at the decompensation 
stage, inflammatory diseases, surgical interven-
tions during the last 6 months. In both groups, there 
were evaluated 16 parameters of the hemostatic 
system, 3 markers of endotheliosis and thrombo-
genic polymorphism by 12 parameters. Further, 
the main group was divided into subgroups de-
pending on the level of the coronary arteries in-
jury, which were compared to each other: I (n=35) 
– single-vessel disease (myocardial infarction (MI) 
in the medical history – 71,4 %), II (n=32) – two-ves-
sel disease (MI in the medical history – 78,1 %), III 
(n=58) – the multi- vessel disease of the coronary 
artery (CA) (MI in the medical history – 72,4 %), 
IV (n=5) – “clean” CA (MI in the medical history – 
100,0 %). The statistical processing of the material 
was performed by means of Statistica 6.0 programs. 
By the presence of normal distribution the statistical 
significance of the differences and the implemented 
sample data was determined by means of Student 
t-test. For each value possessing normal distribu-
tion there are given mean values (M) and standard 
deviation (SD). The comparison of qualitative char-
acteristics was conducted by means of contingency 
tables 2x2, the hypothesis testing was performed 
according to the Pearson’s chi-squared test χ². 
The differences were considered statistically significant 
by the probability of event р≤0,05. 

Results and discussion
Patients with IHD (main group) in compari-

son with the control group showed the increase 
of the fibrinogen level  (р<0,001) and high mo-
lecular components of the fibrinogen pool (SFC) 
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(р=0,01), the growth of activity of VIII factors 
(р<0,001) and Willebrand factors (р<0,001). To-
tally, it testifies the moderate activation of blood 
coagulation balanced by physiological antico-
agulants. Thus, the SFC level in patients with 
chronic IHD was two times higher than its value 
in the control group, while the activity of anti-
thrombin and C protein stayed normal. In patients 
with CIHD the time of XII-a dependent fibrinolysis 
activated through the triggers of the contact stage 
of blood coagulation and kinin–kallikrein system 
also turned out to be two times longer (р<0,001). 
Herewith, the amount of the fibrinolytic system 
substrate – plasminogen – turned out to be suffi-
cient. Additionally, the endothelial dysfunction 
was present: elevated level of homocysteine (HC, 
р=0,04) and endothelin-1 (ET-1, р<0,01). According 
to our data, the difference of the aggregation activi-
ty of thrombocytes - adenosine diphosphate (ADP) 
and collagen (р<0,001) in the group of patients with 
IHD and the control group was connected with 
the intake of  disaggregants. The study of frequen-
cy of  thrombogenic mutations and polymorphism 
carriage in the compared groups showed, that 
in patients with IHD there is a significant preva-
lence of only Htzg genotype of A66G gene МTRR 
(р=0,03). The comparison of the hemostatic sys-
tem parameters in patients of the subgroups with 
single- and multi-vessel CA disease demonstrat-
ed, that the significant difference is determined 
by SFC level (р=0,03), Willebrand factor (р=0,03) 
and the activity of VIII factor (р<0,001), which 
were higher by more severe CA disease (Table 1). 
By the comparison of the subgroups with each oth-
er and with the control group, the anticoagulant 
element and fibrinolysis did not show any differ-
ences, which evidences the retaining effect of anti-
coagulants and the fibrinolytic system in response 
to moderate thrombinemia registered in patients 
with IHD. The examination of thrombocyte aggre-
gation in response to ADP, adrenalin and collagen 
showed, that the significant difference is observed 
between the subgroups of patients with single- 
and multi-vessel CA disease (р≤0,01). The compari-
son of the subgroups showed, that the two-compo-
nent antiaggregant therapy was received by 52,8% 
of patients with single-vessel disease and 52,6% 
of patients with multi-vessel CA disease  (р=0,9). 
By multi-vessel CA disease the aggregation 
of thrombocytes was the highest, while its stud-
ied parameters did not differ from the parameters 
of the control group despite the intake of disag-
gregants at appropriate dose. The stated fact can 
indicate the lower effectiveness of disaggregant 
therapy in patients with multi-vessel CA disease. 
The comparative study of thrombogenic polymor-
phisms showed, that in patients with multi-ves-
sel CA disease the prevalence of Htzg А1298С 
genotype of MTHFR gene is higher (53,5%) than 
in the control group (28,2 %, р=0,01) and in patients 
with single-vessel (31,4 %, р=0,04), two-vessel CA 
disease (31,2 %, р=0,04).

It should be noted, that  Hmzg genotype of G226A 
gene F XIII was rarer registered exactly in the sub-
group with multi-vessel CA disease (3,5 %), while 
in the control group this genotype was met  more 
often  (15,4 %, р=0,03).  This interesting fact can indi-
cate the possible protective effect of Hmzg form car-
riage of this gene in the development of MI [1, 13]. 
As the current research has shown, out of 130 pa-
tients with IHD only 5 (3,8 %) lack the atherosclerot-
ic CA disease. These 5 patients had undergone labo-
ratory and instrumentally confirmed MI at a young 
age. The average age of patients with “clean” CA 
constituted  36,6±2,6 years.

In patients with “clean” CA in comparison 
to the patients with different CA disease there was 
observed the tendency to a higher concentration 
of the components of the fibrinogen pool (SFC) 
- – 13,30±6,22 mg/100ml; the increase of the time 
of XII-a dependent fibrinolysis - 29,80±14,65 min 
and HC concentration - 14,52±4,41 mcmol/l (Table 
1). All 5 patients showed the carriage of  throm-
bogenic polymorphisms of the same gene – com-
bination of Hmzg and Htzg forms of PAI 1 genes 
and genes of the folate cycle (MTR, МTRR, MTH-
FR). Also, despite the presence of MI in the medical 
history, in all cases there is registered the presence 
of Hmtg and Htzg forms of F XIII gene, which in-
dicates the lack of protective effect from MI of this 
gene in patients with “clean” CA.In our opinion, 
the obtained results differ from the data of litera-
ture, probably, because of the fact, that in our work 
“clean” CA by IHD are discovered only in young 
patients, but not in patients with systemic athero-
sclerosis and require further research. This is par-
tially confirmed by the significantly lower frequen-
cy of Hmzg form of F XIII gene carriage in patients 
with multi-vascular coronary disease. All this in-
vites the assumption, that at a young age MI is de-
veloped not as a consequence, but in contradiction 
to CA atherosclerotic disease.

In the current case, all five patients had coag-
ulation disorders in the form of thrombinemia, 
disorders of the internal mechanism of fibrino-
lysis and high level of HC and ET-1. At the same 
time, these patients had an adequate response 
to the disaggregant therapy. According to the liter-
ature sources [3, 9], thrombophilia is characterized 
by: young age, thrombotic family history, chang-
es in the hemostatic system in combination with 
the carriage of Hmzg or Htzg forms of throm-
bogenic genes. Consequently, the development 
of MI in patients with ‘clean” CA is determined 
by thrombophilia.

Conclusion
In patients with IHD there were discovered 

the signs of moderate thrombinemia and endothe-
lial dysfunction, which are more expressed in pa-
tients with multi-vessel CA disease. In patients with 
multi-vessel CA disease the thrombocyte aggrega-
tion in response to ADP, adrenalin and collagen 
was much higher than in patients with one-vessel 
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disease, despite the identical  disaggregation thera-
py. The prevalence of Htzg genotype of the А1298С 
gene MTHFR in patients with multi-vessel coro-
nary disease is higher (53,5%) than in the control 
group (28,2 %) and in patients with single-vessel 
(31,4 %) and two-vessel disease (31,2 %). Patients 
with “clean” CA constituted 3,8 % and had: MI on-
set at a young age, coagulation disorders in the form 
of thrombinemia, disorders of the internal mecha-
nism of fibrinolysis and high level of HC and ET-1. 
In these patients there was registered the same type 
of thrombogenic polymorphism – the combination 
of Hmzg and Htzg gene forms PAI-1 and genes 
of the folate cycle (MTR, МTRR, MTHFR), which 
in complex with coagulation disorders and the ab-
sence of CA atherosclerotic lesions are the markers 
of thrombophilia.
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PREVALENCE OF CEREBRAL STROKE IN VARIOUS NATURAL ZONES 
OF THE REPUBLIC OF BASHKORTOSTAN 
Bashkir State Medical University, Ufa

K.Z. Bakhtiyarova, U.R. Saginbaev

There was studied the frequency of cerebral stroke in natural zones of the Republic of Bashkortostan, various 
prevalence can be determined by the ratio of minor elements and mineral composition of soils. The practical 
implementation of the research results is the creation of special zone maps indicating the degrees of cerebral stroke 
risk necessary for performance of early prevention.
Key words: stroke, natural zone, early prevention.

According to the World Health Organization, 
more than 6 million people annually die of stroke, 
in the Russian Federation, acute cerebrovascular 
events (ACE) occur in more than 500 000 people per 
year [4]. Upon that, the prognosis is often unfavor-
able, the mortality constitutes 34,6%, disablement 
– 20%, 56% get limited working capacity and only 
8% return to their usual life [3]. There has been con-
ducted several researches devoted to the zone divi-
sion of Russian regions factoring in the prevalence 
of cerebral stroke and other neurological diseases, 
in which there were also revealed the differences 
in clinical course of disease depending on the geo-
graphical peculiarities of the territory [5]. There 
was determined the zonal distribution of dissemi-
nated sclerosis prevalence conditioned by the geo-
logical geomorphological structure of the territory 
in the Republic of Bashkortostan [1].

The prevalence of strokes can differ throughout 
various natural zones, there is also proved the in-
fluence of climatic, geographical and ecological fea-
tures of the region on the development of stroke 
subtypes. The role of territorial climatic peculiari-
ties on the prevalence of cerebral stroke is also con-
firmed by the studies of Kazakh researchers, who 
had determined direct relation between the fre-
quency of strokes and the levels of temperature 
and humidity of the region [6].

Objective: to study the frequency of strokes 
in various natural zones of the Republic of Bash-
kortostan (RB).

Materials and methods
There were studied the data on ACE morbidity 

in RB regions based on annual reports of central 
district hospitals, primary and regional cardiovas-
cular centers. Depending on the reference to a par-
ticular natural zone, 54 regions were divided into 6 
groups [2]. The frequency of stroke occurrence was 
calculated for 100 000 population. The statistical 
data processing was conducted by means of STA-
TISTICA 6.

Considering the fact, that there were studied 
the relations between a particular natural zone 

and the frequency of ACE, urban settlements had 
been excluded out of the statistical processing, 
there was made the summation of regions with 
different economic development degree within 
the borders of one natural region. 

Results and discussion
According to the cartographo-geodetic data, 

the Republic of Bashkortostan is divided into 6 
natural zones: in the Russian Plain: forest zone 
(1 group), forest-steppe zone (2) and steppe zone 
(3), south-east – mountain-forest-steppe zone 
of the Bashkir Urals (4), trans-Ural forest-steppe 
zone (5) and steppe zone (6). Each natural zone 
differs by climatic, geological and hydrological 
features, and in the variety of plant and animal 
life [2].

Considering that the limits of RB administrative 
regions do not coincide with the borders of natural 
zones, the research was performed only in those 
regions, the territory of which is totally included 
into a particular natural zone. 

It was stated, that in 2016 the average frequen-
cy of stroke occurrence in the 1st group constitut-
ed 282,6 per 100 000 population, in the 2nd group 
– 338,0; in the 3rd – 367,4; in the 4th – 252,4; in the 5th 
– 279,5; in the 6th – 214,3. 

The highest frequency of stroke is observed 
in the steppe, forest-steppe and forest zones 
of the Russian Plain (367,4:100 000; 338,0:100 000 
and 282,6:100 000 respectively), simultaneously, 
these regions account for 57% of all ACE in the RB 
annually. 

The lowest frequency of stroke was observed 
in the steppe zone of the Trans-Urals, moun-
tain-steppe zone of the Bashkir Urals and trans-
Ural forest-steppe zone (214,3:100 000;  252,4:100 
000  and 279,5:100 000, respectively), in these natu-
ral zones according to annual amount ACE consti-
tute only 43% out of all 6 zones (х2<0,05).

The frequency of stroke in zones 1, 2 and 3 con-
stitutes 988,0 per 100 000 population, and in zones 
4, 5 and 6 – 746,2. By further statistical processing 
it was stated, that the differences in the stroke fre-
quency reach statistical significance (p<0,05).
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Figure 1.  
Distribution of RB regions according to natural zones 

Conclusion
Consequently, the prevalence of stroke in the RB 

is not uniform: the relative share of ACE is high 
in the Northern and Western regions (1, 2 and 3 
groups), while the Southern and Eastern territories 
(4, 5 and 6 groups) are relatively favorable. It is re-
markable, that these factors correlate with the in-
dexes of disseminated sclerosis and thyroid dis-
orders prevalence in the RB [1]. The current study 
once more proves the influence of the microele-
ment content of soil and water both on the whole 

organism and the nervous system in particular. 
In the Southern and Eastern territories of the RB 
there are spread carbonate rocks, formed in the ma-
rine conditions by biogenic and chemogenic type 
and possessing the optimal microelement content 
for human organism. On the contrary, the Northern 
and Western regions of the RB with red bed terrig-
enous fluvial sediments characterized by non-uni-
form distribution of microelements are marked 
by high level of morbidity [1; 3].
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Apparently, the frequency of ACE occurrence 
is influenced not only by natural climatic condi-
tions, but also by social, economic and many other 
factors. However, during the study process the oth-
er effecting factors were neutralized by summa-
tion of indexes of administrative regions different 
by the level of development depending on the ref-
erence to a particular natural zone and exclusion 
of all urban settlements. 

It is necessary to create special zonal geograph-
ical maps indicating the levels of ACE risk. The re-
search results could be implemented in practice 
to conduct early stroke prevention.
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ANALYSIS OF THE STRUCTURE AND DYNAMICS OF DISABILITY 
OF PATIENTS WITH MULTIPLE SCLEROSIS IN THE CITY OF UFA
Bashkir State Medical University, Ufa

Ye.V. Ivanova, K.Z. Bachtiyarova

A retrospective analysis of the structure and dynamics of disability due to multiple sclerosis in the city of Ufa 
in the period of 2010-2016  showed that permanent disability is present in 256 (48,5%) patients, 72% of whom 
are of working age. The majority of persons with disabilities (57%) are characterized by the secondary-progressive 
course of the disease. There is observed the decrease in the number of persons declared as disabled for the first 
time, that is most likely connected with the improvement of diagnostics, the advent of multiple sclerosis disease 
modifying drugs and early start of treatment.
Key words: multiple sclerosis, permanent disability, disability.

Early disability of the working-age population 
leaves multiple sclerosis (MS) one of the leaders 
of socially significant diseases, while the main 
direction of government support is still the phar-
maceutical support. Since 2007, in the Russian 
Federation there has been functioning the pro-
gram “Seven Costly Nosologies”, which provides 
the patients with drugs changing the course of MS. 
In many regions there are opened centers or ad-
vanced rooms, where, as a rule, work only neurol-
ogists conducting diagnostics, supervision of MS 
patients and selection of immunomodulatory ther-
apy. Nevertheless, in about 10 years since the dis-
ease onset about 50% of patients with MS become 
disabled [1]. By the correct occupational guidance 
and sustainable job placement and the possibility 
of rehabilitation in the specialized centers, the ma-
jority of working disabled persons could continue 
labor activity [2]. Due to the absence of existing 
statistical reporting on the disability (7 social secu-
rity form) as a separate unit of multiple sclerosis, 
the exact number of disabled persons due to MS 
in the Russian Federation is not known. However, 
exactly the information on the number and struc-
ture of MS disability can help the government 
to pass legal acts for the development of the reha-
bilitation system and other measures of social sup-
port for MS patients and their families.

Objective: to carry out the analysis of the struc-
ture and dynamics of disability of patients with 
MS in the large industrial city of Ufa – the capi-
tal of the Republic of Bashkortostan in the period 
of 2010-2016.

Materials and methods
There was performed the analysis of the in-

formation on MS patients for the period of 2010-
2016 using the data of the register of patients 
of the Republican Center of Multiple Sclerosis 
(RCMS) on the basis of the G.G. Kuvatov Republi-
can clinical hospital (Ufa), examination certificates 
of disable persons of the Federal State Institution 

Central bureau of medical and social assessment 
in the Republic of Bashkortostan. 

For all patients there were filled the ques-
tionnaires elaborated by the international work-
ing group on studying the epidemiology of MS 
of the Norwegian Academy of Science and Letters 
translated and amended by the department of neu-
rology and neurosurgery of RSMU (Gusev Ye.I., 
Boiko A.N., 1997), which were additionally supple-
mented by medical and social questions. The ob-
tained results were compared by means of calcu-
lating mean values and the error of mean (М ± m). 
The assessment of intergroup differences by quali-
tative parameters was performed by means of Pear-
son’s chi-squared test (χ²) with Yates’ correction 
for continuity using the contingency tables 2x2. 
The statistical analysis was carried on a personal 
computer using Statistica 10.0 programs (StatSoft, 
USA). The critical level of significance by testing 
of statistical hypothesis in the current research was 
taken equal to 0,05.

Results and discussion
Totally, in the city of Ufa there reside 527 pa-

tients with multiple sclerosis. The prevalence 
of MS in Ufa as of 1.01.2017 constituted 47,4 per 
100 000 population, which allows to refer the re-
gion to the zone of the average risk [3]. 256 (48,5%) 
persons are considered disabled, three of whom are 
disabled due to other pathology (oncology and di-
abetes mellitus), 253 – due to multiple sclerosis, 
upon that, 183 persons (72,3%) are of the working 
age. The average age of patients with disability - 
47,3±11,6   (from 15 to 70 years), men - 45,8±11,4 
(from 22 to 67 years), women - 48±11,6  (from 15 
to 70 years).

The average age of the occurrence of first dis-
ease symptoms in the disable persons consti-
tutes 30±10,4, among men - 30,6±9,8,in women 
- 29,7±10,6.  The earliest occurrence is registered 
at the age of 5 years in women, the latest – at the age 
of 58 years in men. The average disease duration 
in disabled persons with multiple sclerosis consti-
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tutes 17,1±9,74 years (in men - 15,1±9, in women - 
18,1±9,9). The mean EDSS score in the total cohort 
of the disabled - 5,3±1 (in men - 5,5±1,3 , in women 
- 5,1±1,3).

During the study period the “Classification 
and criteria for the medical-social expertise of  
persons” has been changed for three times, which 
has led to a considerable reduction of the number 
of persons firstly considered disabled – from 25 
people in 2010 to 15 people in 2016, and in 2016 
by the regular survey 2 people were not considered 
disabled.

We have conducted the comparative analysis 
of the structure of permanent disability among 
the persons considered disabled before and after 
2010. 

 In the structure of primary disability, both 
before 2010 and after prevail the disabled per-
sons of group 3 (84% - in 2010, 60% - in 2016) 
(Figure 1). However, the share of group 2 in 2016 
is higher than in 2010 (33% against 12%). In 2005 
in the Republic of Bashkortostan there was car-
ried the epidemiological research, which showed, 
that the amount of disabled persons with groups 1 
and 2 among the patients with MS constitutes 51% 
[4]. The growth of share of persons with severe dis-
ability is probably connected with the imperfection 
of disability criteria implied nowadays.

In the “Classification and criteria for the medi-
cal-social expertise of persons” approved by the de-
cree of the Ministry of labor and social protection 
of population No. 1024 of 17 December 2015 the pref-
erence is given to the degree of paresis intensity 

by the examination of patients with multiple sclero-
sis. Other symptoms of the disease including those, 
which are not considered focal and are not consid-
ered in the EDSS scale (fatigue, pain syndrome, 
sleep disturbance, sexual dysfunction, emotional-
ly affective disorders), are not taken into account, 
consequently, the MS patients are not considered 
disabled by the examination during a long-term 
period. Moreover, due the program “Seven Cost-
ly Nosologies”, patients with MS receive MSD-
MD (multiple sclerosis disease modifying drugs) 
in full and, in case of working ability, do not apply 
for disability benefits. Thus, they are forwarded 
to the Bureau of Medical and Social Assessment 
with already existing expressed neurologic impair-
ment, and, consequently, are traced to the groups 
of more severe disability.

The group structure of recurrent disability un-
derwent changes (Figure 2). Among the persons 
considered disabled before 2010, there prevail  
disabled persons of group 1 (37 %), while in 2016 
after re-examination, the general share consisted 
of patients of group 3 (46 %). It can be adequate-
ly explained by a wider spectrum of MS therapy 
and also by the growth of long-term immunosup-
pressive therapy popularity due to the occurrence 
of new kinds of medicines with a rarer injection 
frequency and also due to peroral MSDMD occur-
rence.

The comparative clinical and epidemiological 
characteristics of disabled persons is presented 
in Table 1.

Table 1
Comparative characteristics of MS patients considered disabled in 2010 and 2016

Primary disability Recurrent disability
2010 2016 р 2010 2016 р

Average age 30,7±9,1 45,6±10,1 0,068 51,2±9,4 43,8±12,3 1,09
Onset age 25,2±8,7 34,8±12,3 0,05* 29,8±9,8 29,6±10,6 0,27
Course

RMS

RPT

SPMS

PPMS

12%

24%

64%

6,6%

20%

53,3%

20%

9,7%

7,9%

77%

6%

9,5%

13,5%

75,3%

1,5%
Disease duration 14,2±7,7 10,4±7 0,12 21,4±9,1 14,8±8,8 1,92
Mean EDSS score 5,3±1,25 4,6±0,9 0,04* 5,7±1,4 5,0±1,1 0,0001*
Disease duration before 
disablement 

8,3±7,8 10,4±7 0,49 9,37±7,8 10,3±8,7 0,19

In person primarily considered disable in 2016 
the average age was higher than in persons exam-
ined before 2010 with the tendency to significance 
(p+0,068). Also, in 2016, the age of disease onset 

(p=0,05) and the degree of disability according 
to EDSS scale (p=0,04) were higher, which is most 
likely connected with the improvement of MS di-
agnostics, availability of MRI and allows to detect 
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the disease at early stages, to assign the therapy 
in due course and increase the term of appearance 
of permanent disability symptoms. The statistical 
significance in the disease duration and the time 
from the manifestation of disease to the determi-
nation of the disability group was not obtained 
*p=0,12 and p=0,49 respectively).

By the second comparison of the groups of per-
sons recurrently considered disabled before the ob-
servation period and in the observation period, 
there was not registered a statistically significant 
difference in age, time of appearance of first symp-
toms, disease duration and  time from the manifes-
tation of disease to the determination of the disabil-
ity group (p>0,05), which can be the consequence 
of insufficient possibilities of rehabilitation organi-
zation. The mean EDSS score turned out to be sta-
tistically significant by re-examination in the com-
parison groups (p<0,001).

More and more patients with signs of perma-
nent disability have a desire and ability to continue 
working due to  sustainable job placement. During 
the study period there was registered the increase 
of the number of working disabled persons from 
19,6 % in 2010 to 19 % in 2016 (Figure 3).

In the RF regions, where similar researches 
took place, the indexes of disability are higher than 
in Ufa. Thus, in the Amur Oblast, the rate of dis-
abled persons due to multiple sclerosis constitutes 
73,2%, in the Kursk Oblast – 60%, in the Tver Oblast 
– 51%. In the structure of disability there was also 
marked the prevalence of group 3 {5,6,7]. 

Conclusion
The average age of disabled persons due 

to multiple sclerosis in the city of Ufa accounts 
for the peak of working age and constitutes 
47,3±11,6 years. The imperfection of existing crite-
ria used for the determination of disability by mul-
tiple sclerosis “prolongs” the terms of certification 
of a person as disabled, which leads to a more se-
vere disability. Due to the extensive implementa-
tion of MSDMD, appearance of new drug forms, 
the terms of  appearance of permanent disability 
symptoms has become longer. The growth of rate 
of patients with multiple sclerosis pertaining work-
ing ability can be facilitated by the opening of spe-
cialized rehabilitation centers providing psycho-
logical help for MS patients and their families. 
Correct occupational guidance, sustainable job 

placement and the availability of surrounding en-
vironment for patients with reduced mobility can 
contribute to the increase of the rate of disable per-
sons continuing labor activity. 
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SYNDROME OF HEMORRHAGIC COLITIS BY ACUTE INTESTINAL 
INFECTIONS IN CHILDREN: CLINICAL AND LABORATORY 
CHARACTERISTICS
Altai State Medical University, Barnaul 
Municipal hospital №12, Barnaul 

I.V. Ivanov, O.S. Sidorova, G.M. Filippova, O.Ye. Yefimenko, A.M. Masneva 

There were examined 94 children with acute intestinal infections with developing hemorrhagic colitis. Hemorrhagic 
colitis syndrome developed primarily in children at the age under 4 years (61%). The main etiological agents 
of hemorrhagic colitis were salmonella and campylobacteriae (47% in each case), in single cases – Shigella, Yersinia, 
staphylococcus, Escherichia, Pseudomonas Aureginosa. In all patients with campilobacteriosis and in 34% 
of patients with salmonellosis, the etiology was determined by detection of causative agent’s DNA from the stool, 
but no by bacteriological examination. In patients with salmonellosis, hemorrhagic colitis developed in later terms 
since the disease onset and had a harder response to  therapy, by campilobacteriosis, on the contrary, it was 
characterized by earlier development and quicker reduction on the background of therapy. Cefixime, as a drug 
of etiotropic treatment, showed enough efficiency by campilobacteriosis, while by salmonellosis 22,7% of patients 
needed the second course of treatment (ceftriaxone). 
Key words: acute intestinal infections, hemorrhagic colitis, children. 

In the etiological structure of acute intestinal 
infections in children, the leading position is oc-
cupied by virus diarrheas. Nevertheless, bacterial 
intestinal infections, such as shigellosis, salmo-
nellosis, klebsiellosis, proteose, enterobacteriosis 
and infections causes by other opportunistic patho-
genic agents, still retain their relevance [1, 2, 3]. 

This is explained by a number of reasons, among 
which is the severity of the disease course at an ear-
ly age, possibility of long-term bacterial excretion 
[4]. The diarrhea syndrome developing by these 
conditions has an invasive character and can lead 
to hemorrhagic colitis.

Considering the etiological structure of only 
bacterial intestinal infections in children, there 
is commonly observed the reduction of shigellosis 
share by preserving significance of salmonellosis 
and potentially opportunistic microorganisms [5, 
6]. While the spread of new methods of diagnostics 
in everyday practice allowed to determine the role 
of Campylobacter spp. microorganisms as a sub-
stantive cause bacterial diarrheas in children affect-
ed by hemorrhagic colitis syndrome.

The change of etiological structure of acute in-
testinal infections (AII) affected by hemorrhagic 
colitis not only reduced, but also increased the role 
of its differential diagnostics among the broad 
range of diseases of both infectious and noninfec-
tious genesis.

The importance of studying clinical, epidemio-
logical and laboratory characteristics of intestinal 
infections  accompanied by hemorrhagic colitis 
is still present.

Objective: to study clinical and laboratory char-
acteristics of hemorrhagic colitis syndrome devel-
oped in children with acute intestinal infections.

Materials and methods
The current research presents the analysis of AII 

course in 94 children at the age from 1 month to 14 
years being hospitalized to the infectious disease 
department of FSBHI “Municipal hospital №12, 
Barnaul” in 2016. The inclusion criteria was the de-
velopment of hemorrhagic colitis. 

The study included the following methods:
1. General laboratory tests – general blood anal-

ysis, general urine analysis, coprogram. 
2. Biochemical tests – serum electrolytes, urine 

ketones.
3. Bacteriological fecal tests for obligate and op-

portunistic pathogenic microflora.
4. Polymerase chain reaction for detection 

of RNA od rotaviruses, noroviruses and  astrovirus-
es and DNA of salmonella and campylobacteriae.

5. Microscopic investigation of fecal matter 
for detection of protozoans. 

6. The statistical analysis was performed 
by means of Biostat 2009 Professional data analysis 
package. 

To estimate the statistical significance of the dif-
ferences there was used Mann-Whitney U test.

Results and discussion
The age structure of patients in the clinical pic-

ture of intestinal infection with developing hemor-
rhagic colitis is presented in Diagram 1.

According to Diagram 1, the development 
of hemorrhagic colitis was more often registered 
in infants and young children (61%) in comparison 
with the older children.

The number of boys among the examined pa-
tients – 48, girls – 46.

The etiological structure of  intestinal infections 
affected by hemorrhagic colitis in the studied chil-
dren is presented in Diagram 2.
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Diagram  1
Age structure of examined patients (%)

Diagram 2
Etiology of hemorrhagic colitis  

in examined patients (%)
 

 
 

According to Diagram 2, the main causes of hem-
orrhagic colitis development in children were sal-
monella and campylobacteriae (47% of children 
in each case). Rather rarely the cause of intestinal 
infection was shigella (only 2%). Among other in-
fection agents causing hemorrhagic colitis in single 
patients were Yersinia, staphylococcus, Escherich-
ia, Pseudomonas Aureginosa (1% each respective-
ly). In 63% of patients, the local syndrome was pre-
sented by enterocolitis, in 37% - gastroenterocolitis.

Taking into account the small number of pa-
tients with shigella, Yersinia, staphylococcus, Esch-
erichia and Pseudomonas Aureginosa as a caus-
ative agent of hemorrhagic colitis, a more detailed 
analysis was performed only for salmonellosis and  
campilobacteriosis. 

In all patients with campilobacteriosis and 34% 
of patients with salmonellosis, the diagnosis was 
established on the basis of DNA detection from 
the stool by means of PCR, but not on the basis 
of conventionally used bacteriological methods 
of examination.

Salmonellosis proceeding in children with hem-
orrhagic colitis in 48% of patients was associated 
with rotavirus. By campilobacterious hemorrhagic 
colitis, such association was registered not more 
than in 16% of cases.

On the basis of concomitant pathology, there 
was noticed high frequency of anemia devel-
opment – 41%, moreover, on the background 
of campilobacteriosis, it developed 1,6 times often-
er than by salmonellosis *25% and 16% respective-
ly, the difference is statistically significant, P(0,001).

Nearly three quarters of children (74,5%) 
were admitted to hospital during first three days 
of the disease. The average term of disease dura-
tion for the moment of admission constituted 3,2 
± 0,3 days. In all children intestinal infection pro-
ceeded in moderate form.

Hemorrhagic colitis manifestations by the mo-
ment of hospital admission were registered in 42 
children (44,7%), while by campilobacteriosis it took 
place in 64% of children, by salmonellosis – only 
in 29,5% of children. It would be interesting to ana-
lyze the terms of hemorrhagic colitis development 
according to the days of illness, which is presented 
in Diagram 3.

The data of Diagram 3 demonstrate, that inten-
sive formation of hemorrhagic colitis in patients 
with campilobacteriosis occurred on the 2nd-3rd day 
of illness, by the 4th day this syndrome was pres-
ent already in 73% of patients. By salmonellosis 
the occurrence of hemorrhagic colitis syndrome 
was observed in later terms, primarily after the 5th 
day of illness.

 Manifestations of hemorrhagic colitis had 
a moderately expressed character and were charac-
terized by the presence of mucus and blood streaks 
in the fecal matter. Coprological examination re-
vealed the presence of mucus, erythrocytes and in-
creased concentration of leucocytes in all children.

The intensity of diarrhea syndrome at the am-
bulatory stage (frequency of defecation per day) 
by campilobacteriosis constituted 9,6±0,7, by sal-
monellosis - 7,3±0,7 (the difference is statistical-
ly significant, P<0,001). On the contrary, during 
the hospital treatment its manifestations were 
opposite: diarrhea syndrome was more inten-
sive by salmonellosis - 12,7±1,1 defecation events, 
against 9,3±0,7 events by campilobacteriosis.

The duration of hemorrhagic colitis 
at the hospital stage of treatment constituted aver-
agely 2,4 ± 0,1 days. In spite of the similar duration 
of hemorrhagic colitis in patients with salmonello-
sis and campilobacteriosis, the dynamics of its re-
duction on the background of the conducted anti-
bacterial therapy turned out to be different, which 
is presented in Diagram 4. Hemorrhagic colitis was 
reduced slower in patients with salmonellosis than 
in patients with campilobacteriosis. The data of Di-
agram 4 show, that already in 3 days after the con-
ducted antibacterial therapy, by campilobacteriosis 
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it retained only it 20% of patients, while by salmo-
nellosis – in 50%, in 4 days – 7% and 27% respec-
tively (the difference during these days is statisti-
cally significant, P<0,001).

The total duration of diarrhea syndrome con-
stituted  5,7±0,4 days by salmonellosis and 4,2±0,3 
days by campilobacteriosis (the difference is statis-
tically significant, P<0,001).

Diagram 3
Terms of hemorrhagic colitis development according to etiology

Diagram 4
Reduction of hemorrhagic colitis in relation to the duration of antibacterial treatment

The general infectious syndrome was manifest-
ed in patients in the temperature rise, loss of ap-
petite, reduction of physical activity, disturbance 
of sleep. The temperature rise was registered prac-
tically in all patients (94,7%). Its degree constituted 
38,7 ± 0,1°С irrespective of the etiology of the in-
testinal infection. The duration of temperature re-
sponse in patients with salmonellosis constituted 
4,4 ± 0,3 days, while by campilobacteriosis - 3,7 ± 
0,2 days (the difference is statistically significant, 
P<0,001).

The general blood analysis at the acute stage 
of the disease in patients with salmonellosis 
showed leukocytosis in 61,4% patients, neutrocy-
tosis – 54,5%, ESR boost – 20,4%, by campilobacte-
riosis the same indexes were registered with a dif-
ferent frequency: 34,1% - 38,8% - 9,0% respectively 
(the difference is statistically significant for all in-
dexes, P<0,001).

The etiotropic treatment in children included 
cefixime as a starting drug, moreover, by campi-
lobacteriosis treatment the change of antibiotic 
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treatment and administration of the second course 
of etiotropic therapy (ceftriaxone) was required 
only in 9% of patients, while by salmonellosis 
the same changes took place in 22,7% of cases (the 
difference is statistically significant, P<0,001).

The pathogenic therapy included oral, enteral 
(diosmectit octahedral)  and infusion detoxication. 
According to the indications, the patients received 
enzymes (creon), probiotics (saccharomyces bou-
lardii).

The average bed day by campilobacteriosis 
constituted 5,5±0,2 days, by salmonellosis - 7,2±0,5 
days. 

Conclusion
1. The main etiological factors of intestinal in-

fections affected by hemorrhagic colitis syndrome 
in children at the current stage are salmonella 
and campylobacteria. 

2. The hemorrhagic colitis syndrome develops 
primarily in children at the age under 4 years, 
the rational antibacterial therapy allows to reduce 
it not later than the 4th day of treatment. 

3. In patients with salmonellosis, hemorrhag-
ic colitis developed at later stages since the dis-
ease onset and had a harder response to therapy, 
by campilobacteriosis, on the contrary, it was char-
acterized by earlier development and quicker re-
duction on the background of therapy. 

4. Parallel use of bacteriological examination 
and methods of agent’s DNA detection allows 
to improve the etiological diagnostics of intestinal 
infections.

5. Cefixime, which had shown high efficiency, 
is recommended as an etiotropic means by treat-
ment of acute intestinal infections in children af-
fected by hemorrhagic colitis.
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LESIONS BY  PERINATAL HYPOXIA
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In a randomized prospective clinical study involving 150 women and newborns there are evaluated the operational 
characteristics of the umbilical cord blood tests in relation to the differential diagnosis of perinatal hypoxic cerebral 
lesions in newborns. The method of multidimensional scaling revealed that the algorithm based on the combination 
of the levels of matrix metalloproteinase-9 (MMP-9), thiobarbiturate-reactive substances (TBARS), erythropoietin 
and lactate in the first hours after birth allows to predict perinatal hypoxic cerebral lesions with a sensitivity 
of 85% and a specificity of 90%.
Кey words: perinatal hypoxia, laboratory biomarkers.

Perinatal hypoxia (PX) is a pathological state 
of the perinatal period developing due to the lack 
of  oxygen delivery to the organism of the fetus 
and/or its uptake during pregnancy (chronic in-
trauterine hypoxia), delivery (acute fetal hypoxia, 
asphyxia), early neonatal period [1, 2]. PX compli-
cation is the multiple organ damage in the fetus 
and newborn which manifests itself through var-
ious nosological forms [3]. Herewith, 15-20% of all 
PX complications both in mature and premature 
newborns constitute hypoxic-ischemic encepha-
lopathy and intraventricular hemorrhage. These 
central nervous system (CNS) damages by PX 
are revealed according to neurological symptoms 
and the data of ultrasound investigation, as a rule, 
not earlier than on the 3rd-4th day of age [4-6].

Diverseness and remoteness of the manifestation 
of clinical and neurovisualization symptoms of PX 
complications from the moment of birth consider-
ably complicate timely diagnosis and, consequent-
ly, the effectiveness of prevention and correction 
of target organ lesions, including CNS damages [7, 
8]. This stimulates the search of biochemical mark-
ers for the prognosis and early diagnosis of perina-
tal hypoxic damages [9, 10]. 

It is known, that the key stages of PX pathogen-
esis are such metabolism disorders induced by hy-
poxia- reperfusion and interrelated systemic dis-
orders as the increase of lactic-acid fermentation, 
free-radical oxidation, increase of matrix metallo-
proteinases activity [11-14]. As the compensatory 
reaction by PX is considered the growth of erythro-
poietin production [15, 16].

In this regard, the research objective was 
to elaborate the algorithm of prognosis of CNS 
damages in newborns by PX on the basis of com-
plex of pathogenetic laboratory indexes of systemic 
metabolic disorders. 

Materials and methods
The randomized prospective clinical study in-

cluded 150 pregnant women and their newborns 

separated into two groups depending on the pres-
ence/lack of symptoms of perinatal hypoxic CNS 
lesions in newborns at the early neonatal period.

The exclusion criteria were: immunoincompat-
ible and multifetal pregnancy; delivery time less 
than 28 weeks; presence of reproductive disorders 
in the medical history of a woman, extragenital 
diseases at the stage of subcompensation and de-
compensation, preeclampsia; drug and/or toxic (in-
cluding alcohol) dependence, diabetes mellitus; 
presence of congenital abnormalities and genetic 
metabolic disorders in the newborns.

The formed groups of mothers of the newborns 
did not differ in the age, social status, obstetric 
and gynecological anamnesis, presence of chronic 
extragenital diseases. The clinical characteristics 
of the newborns is presented in Table 1. 

PX was diagnosed on the basis of presence 
of not less than two following symptoms: intrana-
tal distress with fetal bradycardia, 100 and more 
beat per minute according to cardiotocography; 
6 and less points according to the Apgar scale 
on the 5th minute; requirement of resuscitation 
for more than 1 minute [4]. CNS lesions were evalu-
ated on the basis of symptoms of hypoxic-ischemic 
changes in the brain according to the data of ul-
trasound investigation on the 3rd-4th day of birth. 
Newborns with PX were transferred to the depart-
ment of intensive therapy, where there were con-
ducted essential resuscitation procedures includ-
ing artificial lung ventilation (ALV).

In the newborns there was performed the stan-
dars laboratory examination (general blood analy-
sis, differential leucocyte count, the level of bilirubin, 
urea, creatinine, crude protein, aminotransferase, 
alkaline phosphatase, glucose, lactate, potassium, 
sodium), screening examination for phenylke-
tonuria, cystic fibrosis, hypothyrosis, adrenogen-
ital syndrome and galactosemia. For the specif-
ic tests immediately after the birth there was 
taken venous blood from the umbilical artery into 
vacutainers with lithium heparinate (14 UN per
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Table 1
Clinical characteristics of the newborns

Index
Newborns without 

perinatal hypoxic CNS 
damage n = 62

Newborns with perina-
tal hypoxic CNS damage

n = 40

Significance  
of differences,

р
Delivery term 39,3 ± 4,95 34,8 ± 3,1 < 0,001
Weight (kg) 3379,0 ± 461,38 2415,5 ± 892,97 <0,001
Apgar 1st min 7,2 ± 0,82 6,000 ± 0,96 <0,001
Apgar 5th min 8,1 ± 0,68 7,1 ± 0,55 <0,001
ALV, n (%)
ALV - mask, n (%)

5 (8,1) 
0 (0)

24 (60) 
3 (7,5)

< 0,001
< 0,001

Respiratory distress-syndrome, n (%) 4 (6,4) 30 (75) < 0,001 
Caesarean operation, n (%)
Amniotomy, n ( %)

28 (90,3)
2 (6,5)

23 (88,5)
2 (7,7)

0,974
0,974

Syndrome of CNS damage:
Distress, n (%)
Activation, n (%)

3 (4,8)
1 (1,6)

34 (85)
2 (5)

< 0,001
< 0,001

Type of CNS damage:
Hypoxicе, n (%)
Ischemic-hypoxic, n (%)

0 (0)
4 (6,4)

8 (20)
28 (70)

< 0,001
< 0,001

Note: quantitative variables are presented in the form of M (arithmetic mean) ± SD (standard deviation).

1 ml blood), and also into vacutainers with sodi-
um fluoride and K2-EDTA (3,3 and 1,2 mg per 1 ml 
blood respectively).

In the blood serum by means of the enzyme 
immunoassay there was measured the concentra-
tion of matrix metalloproteinases (MMP-1, MMP-
2, MMP-9), tissue inhibitor of matrix metallopro-
teinases (TIMP-1) using test systems produced 
by “RayBiotech” (USA); erythropoietin, S100B 
protein using test systems produced by “Biomer-
ica” (USA) and “CanAG” (Sweden) respectively; 
by means of absorption photometry there was mea-
sured the concentration of lactate with reagents 
“Biocon” (FRG) and products of lipid peroxidation 
of thiobarbiturate-reactive products (TBRP) with 
reagents “ZeptoMetrixCorporation” (USA).

The study is approved by the Ethics Commit-
tee of the FSBEI HE Altai State Medical University 
of the Ministry of Health of the Russian Federation, 
performed on the clinical base of RSBHI Altai Krai 
Perinatal (clinical) center (Barnaul) in the period 
from 2008 to 2012.

By the statistical analysis of the study results 
by means of SigmaPlot 11.0 program there was 
evaluated the normality of distribution of vari-
ables according to Shapiro-Wilk test, intergroup 
differences of quantitative variables according 
to Mann–Whitney U test, categorical variables ac-
cording to chi-square. Mathematical modelling 
by means of multidimensional scaling, visualiza-
tion of the diagnosis algorithm and associated cal-
culations were performed by means of JMP 7.0 pro-
gram (SAS Institute, USA) in the mode Partition, 
ROC-analysis (receiver operating characteristic 
аnalysis) – in MedCalc 9.1.0.1 program. The critical 
level for all used criteria was considered p < 0,05.

Results and discussion
According to the analysis, the ROC-curve dis-

tribution of the values of all studied parameters, 
except for TIMP-1 concentration, and also the cal-
culated rates (relation of the level of stated matrix 
metalloproteinases to the level of TIMP-1) differed 
significantly from the distribution with the area 
0,5 (Table 2). This indicates the possibility of using 
these indexes as biomarkers to prognosticate CNS 
disorders by PX. The biggest area under ROC-
curve is determined for erythropoietin, TBRP, lac-
tate, MMP-2 and relation  MMP-2/TIMP-1.

Table 3 presents operational characteristics 
of the studied parameters. According to the data, 
the combination of high sensitivity and high speci-
ficity in terms of CNS lesions in the newborns with 
PX rational for clinical practice was not revealed 
for any of the examined indexes. Consequently, 
it is logical to search for the combination of tests 
with high sensitivity and tests with high specificity. 

In order to solve the stated problem, there was 
carried mathematical modelling of the laborato-
ry algorithm of prognosis of cerebral disorders 
in the newborns by perinatal hypoxia. In terms 
of modelling there was stated that, according 
to the rate of true-positive and true-negative results, 
the best result of differentiating the newborns ac-
cording to the studied pathology is achieved by using 
the levels of TBRP, lactate, MMP-9 and erythropoi-
etin. The quantitative evaluation of the combina-
tion of these tests showed, that sequential analysis 
of the levels of MMP-9, TBRP, lactate and erythro-
poietin (Fig.) allows to reveal 85,0% of newborns 
with perinatal hypoxic CNS lesion (sensitivity 85%) 
and 90,0% of newborns without such pathology 
(specificity 90%) already in the first hours of birth.



BULLETIN OF MEDICAL SCIENCE 2 (6) 2017

36

It should be noted, that by modelling the algo-
rithm on the basis of maximum coefficient of sepa-
ration into the groups “disease – no disease” some-
how change the borders of tests included into 
the algorithm in relation to the borders stated 
by ROC-analysis (Fig. 1 and Table 3). This, in its 
turn, causes the change of sensitivity and specific-
ity of tests and also the creation of cycles – backup 
to the tests of the previous level by certain results. 
At the same time, the cyclic character of the algo-
rithm does not require any additional laboratory in-
vestigations, and only complicates a little the inter-
pretation of the results at the postanalytical phase. 

It appears that the elaborated algorithm of prog-
nosis of hypoxic cerebral damages in the newborns 
based on four tests in the plasm of umbilical blood 
is promising for the validation in prospective stud-
ies. In terms of practical implementation of the al-

gorithm rational is the elaboration of express meth-
ods of measuring MMP-9 and erythropoietin levels 
and computer program for result analysis.
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Figure 1. 
Algorithm of differential diagnosis of perinatal hypoxic CNS damage in the newborns based  

on laboratory tests in the umbilical blood Units of concentration like in Table 3;  
hatching shows the borders identifying the newborns with perinatal hypoxic CNS damage
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A retrospective analysis of surgical treatment of 581 patients with pancreatic necrosis with its delimited 
and widespread forms was conducted. It was found that with abscessed (delimited) forms of purulent process, 
lethality was 9,1% (10 patients), whereas in generalized, purulent-septic phlegmon of retroperitoneal tissue 
it reached 50,2% (101 deaths). Experimental studies have shown that in the process of limitation, the leading role 
is played by the restoration of perfusion blood circulation deficiency in the zone of ischemic pancreatic tissue with 
the help of local rheological therapy (alprostadil). Along with this, it is established that the processes of restriction 
in retroperitoneal cellulose are affected by the immaturity of fibrin, which is constantly destroyed by enzymes 
of the pancreas. In this connection, the possibility of creating a tissue barrier on the path of enzymatic impregnation 
with the help of a fibrinogen donor (cryoprecipitate) is shown. Achieving early delimitation of the enzymatic-
inflammatory process in retropancreatic cellulose allows the formation of cysts or fluid clusters, which can 
be drained with the help of minimally invasive technologies.
Key words: pancreatic necrosis, pancreatic cysts, rheological therapy, delimitation barrier, minimally invasive 
technologies.

In recent years, the problem of pancreatic necro-
sis (PN) has been the leading one in urgent surgery 
[1]. It is connected with high incidence, which today 
constitutes from 200 to 800 cases per 100 thousand 
people [2]. According to professor A.V. Shabunin, 
in 2015 – 2016 acute pancreatitis took the lead in ur-
gent pathology in Moscow. In other regions it holds 
stable second or third positions according to inci-
dence. Acute pancreatitis case mortality rate ranges 
between 18–20%, while by infected forms of pancre-
atic necrosis it reaches 30% [3,4,5]. If the diagnostics 
of acute pancreatitis is characterized by a significant 
progress [6], the surgical tactics involves a variety 
of methods and approaches far from standard de-
cisions [7,8,9]. In this regard, the problem of delim-
itation of enzymatic process and inflammatory pro-
cess, which to a great extent determines progressive 
course of illness, is of special interest [10]. The elab-
oration of stimulation methods of delimitation pro-
cesses and rational surgical approaches is expedien-
tial at modern stage, the terms of surgery and choice 
of method depend exactly on them. The arsenal 
of surgeons includes both  minimally invasive tech-
nologies [11, 12, 13, 14] and open methods of treat-
ment, which have their own pathogenetic ground 
in a number of patients [15].

Objective: to study the possibilities of delimita-
tion of enzymatic-inflammatory process in pancre-
atic gland and retroperitoneal cellulose in patients 
with pancreatic necrosis. 

Materials and methods
In 2014 in a clinical setting, there were conduct-

ed researches devoted to the evaluation of blood 
circulation in the tissue of pancreatic gland (PG) 
by pancreatic necrosis [16]. By angiography of celiac 

artery, circulation there was revealed the blockage 
of distal blood stream, determined by the disorder 
of microcirculation and edema of pancreatic gland 
tissue. The main angiographic feature by the inser-
tion of catheter into gastroduodenal artery (GDA) 
was the depletion of blood stream of head, body 
and tail of pancreatic gland (Figure 1).

Exactly the disorders of blood circulation in PG 
stipulate further necroses, enzymic fistulas with 
the extension of inflammatory process on retroper-
itoneal cellulose. Thus, the intake of drugs improv-
ing blood circulation in pancreatic gland at early 
stages seems appropriate. However, their systemic 
implementation preconditions the risk of bleed-
ings. At the same time, clinical practice possesses 
the experience of using topical drugs improving 
regional blood flow. In this context, there was con-
ducted comparative examination of 125 patients 
with acute pancreatitis divided into 3 groups. Tra-
ditional technologies in patients with open surger-
ies (1 group) by pancreatic necrosis were compared 
to patients with local regional therapy in gastrodu-
odenal artery and celiac artery (Table 1).

In the second group of patients there was used 
alprostadil (vazaprostan) aimed at the liquidation 
of endothelial dysfunction and opening of periph-
eral blood stream. The drug is intended for in-
tra-arterial injection. Finally, in patients of the third 
group there was made intra-arterial injection 
of pentoxifylline with heparin aimed also at anti-
aggregatory activity and opening of blood stream. 
The groups were comparable according to gender, 
age, duration of disease and also main laboratory 
parameters (Table 1). The inflammatory process 
by acute pancreatitis in all groups was character-
ized by high  leukocytosis, stab shift with the in-
crease of enzyme activity.
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Figure 1. 
Angiography in GDA: 1 – GDA; 2 – depletion of blood stream in the zone of head;  
3 – catheter in GDA; 4 – deposition of contrast in body and tail of pancreatic gland

Table 1
Initial main laboratory parameters in patients with acute pancreatitis in groups 

Parameter Control
Group 1 
(n=27)

Group 2 
(n=33)

Group 3 
(n=65)

Х±m Х±m Х±m
Hemoglobin 
gm/dl 120,3±1,3 120,6±4,7 127,6±4,7 124,0±4,5

p1-2>0,05 p2-3>0,05 p1-3>0,05
Thrombocytes
х109 280,7±15,7 288,9±14,5 303,9±25,9 292,3±17,4

p1-2>0,05 p2-3>0,05 p1-3>0,05
Leucocytes 
х109 8,3±1,6 14,9±0,7*** 15,2±0,8*** 14,5±0,4***

p1-2>0,05 p2-3>0,05 p1-3>0,05

Stab neutrophiles 2,1±1,7 13,6±1,1*** 16,4±1,6*** 14,4±0,9***
p1-2>0,05 p2-3>0,05 p1-3>0,05

Creatinin mcmol/l 115,8±11,8 126,8±10,0 123,8±13,0 130,2±10,8
p1-2>0,05 p2-3>0,05 p1-3>0,05

Urea
mcmol/l 8,5±0,7 9,6±1,1 9,7±0,9 9,6±0,9

p1-2>0,05 p2-3>0,05 p1-3>0,05
Total protein
gm/dl 74,5±2,1 60,0±1,6*** 64,4±1,2*** 60,6±1,1***

p1-2>0,05 p2-3>0,05 p1-3>0,05
Amylase
u/l 67,3±9,5 223,1±30,2*** 480,6±87,3*** 256,0±31,9***

p1-2>0,05 p2-3>0,05 p1-3>0,05
Total bilirubin 
mmol/l 16,5±1,4 23,5±2,6* 32,8±5,7** 28,0±2,9***

p1-2>0,05 p2-3>0,05 p1-3>0,05
Note: statistically significant differences of control with parameters of 1,2 and 3 groups: * – p<0,05, ** – p<0,01, *** – p<0,001.

As a result, it was determined, that the im-
plementation of local rheological therapy at early 
stages allows to abort the inflammatory process 
in pancreatic gland. Patients show the decrease or 
liquidation of infiltrates, drop in the number of la-
vages of the abdominal cavity from 3 to 1, shortage 
of the number of in-patient days from 35,8 to 24,8. 
The second and third groups of patients show 
the decrease of mortality (Table 2).

The conducted control angiography of GDA 
circulation showed, that intra-arterial injection 
of alprostadil into arterial phase leads to the resto-

ration of arterial stream in the head with decrease 
into the venous phase of the stasis of contrast agent 
in the head and tail of the pancreatic gland (Figure 
2). 

Especially effective was alprostadil (vazapros-
tan) by injection into gastroduodenal artery. In-
tra-arterial drug injection determined the pain 
management, contributed to the prevention of ne-
crosis site formation in the head of pancreatic gland 
or decrease of their depth (Fig. 3A, Б). This effect 
is important in the prevention of small passages 
and the flux of enzymes into cellulose.
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Table 2
Results of surgical treatment in groups of patients with pancreatic necrosis 

Parameters 1 group 
M±m

2 group 
M±m

3 group 
M±m

Number of patients (n) 71 23 12
APACHE – 2 (grades) 12,3±0,7 12,7±1,1 11,8±2,9

Number of abdominal cavity lavages 
3,1±0,3 1,0±0,3 1,0±0,5

Р1-2 <0,001 Р1-3<0,001 Р2-3>0,05

Inpatient day
35,8±2,3 24,8±3,6 23,6±2,1
Р1-2 <0,05 Р1-3<0,05 Р2-3>0,05

Mortality (%) 16,9 0 0

Figure 2. 
Angiography in GDA after intra-arterial injection of alprostadil: 1 – appearance of vascular pattern in the head of PG; 
2 – catheter in the gastroduodenal artery; 3 – appearance of splenic artery; 4 – lack of deposition in the body and tail 

of pancreatic gland

The implementation of disaggregant infusion 
in combination with antibacterial therapy at late 
stages preconditions a less expressed clinical effect, 
but improves the results of treatment due to pres-
ervation of abacterial environment in the tissues 
of pancreatic gland not influencing the course 
of inflammation in the retroperitoneal cellulose. 

A considerable number of clinical and exper-
imental researches are devoted to the extension 
of inflammatory process to the retropancreatic 
cellulose by pancreatic necrosis. In the work of Fe-
dina I.V. [17] it was for the first time shown, that 
the pancreatic capsule in its back surface is sig-
nificantly thinner than its front and includes only 
one layer of connective tissue cells. The retroper-
itoneal surface of the capsule has the areas of en-
try of vessels, through which the enzymic effusion 
enters cellulose and preconditions the progress 
of toxemia. According to our previous research 

[18], retroperitoneal space produces direct resorp-
tion of enzymic effusion into the systemic blood 
circulation. The matter is that the liver with its 
reticulo-endothelial system is an effective barrier 
on the way of toxin influx into the systemic blood 
stream. The adjunction of their  resorption from ret-
roperitoneal cellulose boosts toxemia due to influx 
of toxic product through lumbar veins into lower 
hollow vein and further into lungs forming lung 
injury – lung distress syndrome. 

This serve the basis for the analysis of treatment 
results of 581 patients with pancreatic necrosis with 
its delimited and common forms. Delimited forms 
included abscesses of pancreatic gland and retro-
peritoneal cellulose having capsule in 118 patients. 
Common forms classified as phlegmons of retro-
peritoneal cellulose or, according to the current 
classification, sterile or infected retroperitoneal ne-
crosis, were registered in 200 patients. The others 
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had sterile pancreatic necrosis. The consisted of 406 
men (69,8%), 175 women (30,2%). The average age 
was 47±68 years. The analysis of surgical treatment 
showed, that the mortality in patients with PN 
constituted 19,8% (114 cases). Mortality by sterile 
type was low – 3 patients (0,8%), which is connect-
ed with the lack of purulo-necrotic inflammation. 
By the infected forms of PN (abscess, phlegmon) 
the frequency of lethal outcomes grew and reached 
32,7% (111 patients). It is characteristic that the rate 
of mortality in this group turned out to be signifi-

cantly differentiated. Thus, by abscess (delimited) 
forms of purulent process it constituted 9,1% (10 
patients), while by generalized purulent-septic 
phlegmons of retroperitoneal cellulose it grew up 
to 50,2% 9 (101 case). Consequently, even by infect-
ed PN in case of formation of good tissue delim-
itation (demarcation zone) there is the possibility 
to localize the infection in the necrosis areas (ab-
scessation or cyst formation). This aspect is a rel-
atively favorable outcome and significantly im-
proves the chances of recovery.

   
Figure 3. Computer tomography 

A – Pancreatic necrosis. 3rd day of the disease before intra-arterial injection of alprostadil: 1 – enlargement of gall bladder; 
2 – tissue necrosis in the zone of PG tail, 3 – edema and infiltration in the parapancreatic cellulose in the zone of body 

and tail of PG, 4 – edema and infiltration of retropancreatic cellulose, 5 - edema and infiltration of the front folium 
of the left pararenal fascia. Б – Pancreatic necrosis after the treatment on the 5th day (the same patient): 1 – decrease of gall 

bladder size; 2 – necrosis in the zone of PG tail; 3 – decrease of edema and infiltrative changes in the parapancreatic 
cellulose in the zone of body and tail of PG, 4 – decrease of edema and infiltration of retropancreatic cellulose and 

the front folium of the left pararenal fascia

In confirmation of that, we had conducted 
a series of experiment modelling the correlation 
of plasm fibrinogen/fibrin with proteolytic en-
zymes (chymopsin) really occurring by pancreatic 
necrosis in parapancreatic infiltrate. For this pur-
pose were used: native stabilized human plasm 
and officinal diagnostic and treatment agent – 5% 
solution of aminocaproic acid (OAO “Krasfarma”, 
Krasnoyarsk, RF), thrombin (OOO “Technolo-
gy-Standard”, Barnaul, RF), 1 % solution of calcium 
gluconate (OAO “Farmak”, Kiev, Ukraine), solu-
tion of chymopsin (OOO “Samson”, Saint-Peters-
burg, Russia). The conducted tube tests showed, 
that the enzymes of pancreatic gland (fresh native 
juice, Chymopsin drug) possess the expressed 
properties for the suppression (rapid slowdown) 
of fibrin clot formation in human plasm. However, 
the most interest was attracted by a series of exper-
iments aimed at the study of dynamics of unstable 
fibrin clot lysis under the influence of both native 
juice of pancreatic gland and the standardized drug 
Chymopsin (chymotrypsin + trypsin). To make 
the process maximum objective there was evaluat-

ed the dynamics of the weight change of the newly 
formed fibrin clots in the context of 60 second (1 
group) and 900 second (2 group) maturity.

As it is shown in Table 3, the addition 
of chymopsin into the tubes with fresh fibrin clots 
in the first series of experiment lead a significant 
and statistically valid lysis of freshly obtained fi-
brin clots, mainly up to 2/3 of the initial weight. 
It is typical, that proteolytic enzymes did not 
influence the weight of more mature clots (900 
second maturity), in other words, did not lead 
to their lysis (Table 3).

Consequently, the intensive process of fibrin 
formation in the retroperitoneal cellulose by acute 
pancreatitis can be simultaneously and continu-
ously accompanied by proteolytic lysis of newly 
formed unstable (immature) fibrin (fibrinolysis) 
by the enzymes of pancreatic gland actively enter-
ing the retroperitoneal cellulose.

Thus, the lack of biologically consistent delim-
iting tissue barrier by infected pancreatic necrosis 
is extremely unfavorable for the course of illness 
with uncontrolled extension of septic phlegmon in  
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the retroperitoneal cellulose and influences badly 
the prognosis of pancreatic necrosis course.

The analysis of immediate clinical outcomes 
of the surgical treatment of patients with pancre-
atic necrosis and experiments showed the neces-
sity of conduction of treatment measures aimed 
at the localization of purulent-destructive process 
and constraint of the spread infection in the form 
of local center – cyst or abscess. This condition 
could be reached by means of formation of an ef-
fective natural or artificial tissue delimitation bar-
rier, while the process is localized in the borders 
of parapancreatic cellulose and its course is asep-
tic. According to this assumption, there were con-
ducted experiments on 8 animals (outbred dogs 
weighing from 20 to 28 kg) with modelling of acute 
pancreatitis and further creation of an artificial 
fibrin barrier in the retroperitoneal cellulose. 

The natural donator of fibrinogen was the blood 
product - cryoprecipitate, made out of fresh-fro-
zen donor cryoplasm. The original experimental 
method of creation of fibrin “tissue barrier” in-
cluded injected infiltration of parapancreatic cel-
lulose by cryoprecipitate solution in combination 
with solutions of aminocaproic acid and calcium 
gluconate. To obtain the medical parapancreatic 
infiltrate the retroperitoneal parapancreatic cellu-
lose was injected with 50-75 ml of such mixture 
on the model of experimental pancreatic necrosis. 
The analysis of histologic specimen revealed, that 
parapancreatic fatty tissue, already on the 1st day 
after the experiment, contained a network of nu-
merous small centers (deposits) of fibrin. Especial-
ly well observed were numerous insular deposits 
of “fresh” fibrin on the background of leukocytic 
infiltration in the retroperitoneal cellulose.

Table 3
The dynamics of dissolution of freshly formed fibrin clots by their reaction with chymopsin drug (5 mg) and 5% 

aminocaproic acid (daily exposure dose)

Laboratory experiment conditions Fibrin weight (dry) (mg)

Fibrin clot (60 second maturity) – daily exposure dose with physiological 
solution (control) 80,1±2,5

Fibrin clot (60 second maturity) daily exposure dose with chymopsin (5 mg) 30,2±2,6
p<0,001

Fibrin clot (60 second maturity) daily exposure dose with chymopsin (5 mg) 
by aminocaproic acid 

41,3±8,8
p1<0,01
p2<0,05

Fibrin clot (900 second maturity) daily exposure dose with chymopsin (5 mg) 76,8±1,7
p>0,1

Note: p1 – statistical significance of the variation from control parameter (physiological solution), p2 – statistical significance 
of the variation from the parameter in the experiment with isolated chymopsin activity.

Figure 4. Microphoto 
Experimental reproduction of “fibrin” barrier 

in the retroperitoneal cellulose by injection 
of cryoprecipitate (5th day): 1 – fibrin of various 

maturity; 2 – fatty tissue. Van Gieson’s staining, x 80 
zoom

At the same time, the zone of formation of a “de-
limiting barrier” was characterized by the appear-
ance of numerous fibroblasts, separate capil-
lary vessels. Such histological picture is typical 
for the formation of local center of granulation 
tissue and is one of the conditions for further de-
velopment of cicatrical encapsulation – tissue lim-
itation of necrotic tissues and cyst formation. 

In a clinical setting the terms of barrier forma-
tion and delimitation are significantly varied. First 
and foremost, they depend on the immunobiologi-
cal state of the organism and presence of multi-or-
gan failure. The matter is that enzyme toxemia has 
an expressed immunodepressive effect. The disor-
der of protein synthesis predetermines prolonga-
tion of barrier formation terms, while the depres-
sion of lymphoid element synthesis by sepsis does 
not favor their migration to the center of inflamma-
tion. Thus, modern adequate treatment contributes 
to the delimitation with cyst formation and fluid 
assembly in the retroperitoneal cellulose. There ex-
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ists a group of patients with retroperitoneal necro-
sis which further develops into phlegmon of ret-
roperitoneal cellulose, though by adequate therapy 
the number of such patients does not exceed 10 % 
of the total cohort. Consequently, the main trend 
in treatment of pancreatic necrosis is the delimita-
tion of inflammation and cyst formation. Usually, 
according to the endoscopic ultrasonic examina-
tion, depending on the state of patient these terms 
range from 4 to 6 weeks. 

The drainage of formed delimitation elements 
(false cysts and fluid assembly) is in the focus 
of the researches conducted in clinical setting 
by assistant Nasonov B.B. Types of drainage vary 
from trans-intestinal to paracentetic endermic or 
drainage through minimal access. Firstly, there 
was made the analysis of the results of transab-
dominal drainage of postnecrotic cysts in 26 pa-
tients with medium and severe forms of acute 
pancreatitis in the age from 28 to 64. These pa-
tients were operated after the formation of delim-
itation barrier and appearance of postnecrotic cyst 
in 3-4 weeks after the disease onset (sequestration 
phase of acute pancreatitis). After the formation 
of postnecrotic cysts there were made puncturing 
under US control with further insertion of 10 mm 
drainages for lavage and sequestrotomy. Accord-
ing to the results of dynamic US and fistulogra-
phy, it was stated, that the cyst cavity collapsed 
after drainage gains irregular form. This can lead 
to not always total emptying with further abscess 
formation and requires extension of wound. Thus, 
12 (46%) patients were exposed to reintervention 
with the extension of existing drainage wound 
up to 4-5 sm and resection of sequestra by open 
method through minimal access with substitu-
tion of drainages for the bigger ones. Respectively, 
the duration of hospital treatment of such patients 
was prolonged (averagely from 25,4±1,5 to 38,1±2,1 
days). In 3 (11,5%) of them the conduction of re-
peated transcutaneous drainage under US control 
turned out to be sufficient. 11 (42,3%) patients out 
of 26 did not require reintervention. The clinical 
picture of the course of acute pancreatitis in all cas-
es had positive dynamics. The duration of hospital 
treatment after the conducted minimal invasion 
constituted averagely  22,5±1,7 days. Positive dy-
namics after transcutaneous paracentetic drainage 
of postnecrotic cysts and through minimal access 
was registered by dynamic US and  CT of the ab-
dominal cavity made during postsurgical period. 
The analysis of the treatment outcomes showed, 
that among the patients three died, which con-
stituted (11,5%). They had developed the clinical 
picture of abdominal sepsis on the background of  
long-term treatment. 

In recent years, we have implied trans-intesti-
nal drainage in treatment of postnecrotic PG cysts. 
The method was introduces due to wide imple-
mentation of bolus MSCT and endoscopic ultra-

sonography (EUS) [19], which allow to evaluate 
the topographic anatomic distribution of postne-
crotic cysts, their correlation with stomach wall, 
the degree of capsule maturity and its thickness 
(Figure 5).

Figure 5. 
Sterile pancreatic necrosis. MSCT of abdominal 

cavity (contrast per os): postnecrotic cyst (4), zone 
of attachment to the stomach wall (3)

We have examined the treatment of 26 patients. 
According to trans-abdominal US the formed cap-
sule was revealed in 10 (45%) patients, according 
to MSCT – in 1 (4,5%) patient, by EUS – in 22 (90%) 
out of 24 patients. In 2 patients there were regis-
tered fluid assemblies, which differed from cysts 
by the lack of the wall on the background of in-
flammatory infiltration of surrounding tissues (Fig. 
6a). EUS allows to determine not only the degree 
of delimitation of the forming cyst in the optimum 
way, but also the presence of sequestra in its cavity 
(Figure 6b).

Finally, by using Doppler mapping regime 
it is possible to choose a nonvascular section suit-
able for transgastral cyst emptying [20]. During 
the examination it is also possible to evaluate 
the diameter of Wirsung’s duct and its correlation 
with the cyst. The procedure of transgastral drain-
age begins with the puncturing of stomach wall 
through nonvascular “route”. Then in the point 
of content extraction, which is found in the area 
of cyst prolapse into the stomach, the stomach wall 
was burned through in the targeted point by cys-
totome and the cyst lumen was  cannulated, there 
was made the PG enzyme sampling of content, 
cytological examination, bacterial flora inculation. 
Through the cystotome canal the guidewire was in-
serted into the cyst lumen, through it there was in-
stalled a 16-18 mm balloon after the removal of tube 
with further dilation of the whole in the posterior 
stomach wall. Then there was made the explora-
tion and sanation of cyst cavity, and if necessary – 
sequestrotomy. It should be mentioned, that there 
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is a risk of bleeding, that is why the whole should 
not exceed 1-2 sm. In cases, when it has a tendency 
to stricture formation, it is possible to be extend-
ed by a repeated balloon dilation or subsidiary 
incision (Fig. 7a) with the removal of sequestra 

by means of a special trap-basket (Fig. 7б). The san-
ation of cyst cavity and removal of free lying se-
questra are reasonable to be done not earlier then 
in 2-3 days after drainage. 

 
Figure 6. EUS 

Sterile pancreatic necrosis. A – fluid assembly from infiltrate in parapancreatic cellulose without capsule.  
Б – postnecrotic cyst of peritoneal omental sac with formed walls (capsule) and sequestra (1) 

 
Figure 7. EUS 

A – Balloon dilation of the whole in the stomach for cyst-gastroanastomosis formation by pancreatic necrosis.  
Б – Necrotic sequestrotomy through the formed cyst-gastroanastomosis

During postsurgical period there was per-
formed dynamic observation with the evaluation 
of the state of anastomosis and cyst cavity on the 3rd, 
7th and 14th day. By examination on the 3rd day there 
was registered the reduction of cyst-gastroanasto-
mosis size, though the gastroscop easily enters 
the cyst lumen. By the observation in the cyst cavi-
ty there were seen the remnants of necrotic masses 
on the walls, the cavity lumen reduced consider-
ably. On the 5th day, as a rule, there can be observed 
the diminution of cyst lumen and the reduction 

of the cyst-gastroanastomosis diameter. To pre-
vent early closure of anastomosis there is carried 
its balloon dilation leaving stents of “pigtail” type 
(Figure 8 а,b).

By the observation on the 14th day the cyst 
walls cleared totally, were covered with single fi-
brin strands, the cyst lumen reduced significant-
ly. The endoscopic drainage of postnecrotic cysts 
was performed in 26 patients. 23 (87,5%) of them 
were with cyst, 3 (12,5%) patients had fluid as-
semblies on the background of PN. The average 
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period of postnecrotic cysts formation constituted 
4,5 months. According to the visualization meth-
ods, cysts were localized: in 19 (73,07%) patients 
in the projection of the left sections of PG (body-
tail), in 6 (23,07%) in the projection of right sections 
of PG. In 1 (3,86%) case the cyst of large and PG 
was not clearly visible. The sizes of fluid assem-
blies varied from 5.5 sm to 30.0 sm. Cystogastros-

tomy under EUS control was performed in 12 pa-
tients, in 3 cases – transgastral cyst stenting, in 9 
patients – transgastral puncturing of cysts and flu-
id assemblies. The thickness of cyst capsule consti-
tuted 2,2±1,2 mm. For all patients there had passed 
6 weeks after the disease onset. Complications 
during postsurgical period were not registered. 
Cyst recurrence in long dates did not occur.

 
Figure 8. Sterile PN 

Formed false postnecrotic cyst: A – EUS. Cyst-gastroanastomosis with inserted stents of “pigtail” type, Б – MSCT 
of abdominal cavity (3D reconstruction). Location of stents draining the cyst (arrow)

Transgastral drainage under EUS control pos-
sesses a number of obvious advantages, the most 
important of which is the lack of laparotomy, suf-
ficient emptying of cyst into the stomach lumen, 
additional lysis of sequestra by hydrochloric acid 
entering the cyst cavity from the stomach. Con-
sidering quick reduction of cyst size, it is also sig-
nificant, that by the mentioned treatment method 
the length of patient’s stay in the hospital and treat-
ment expenditures are reduced. 

With respect to the obtained data, there aris-
es the question of presence of open operations 
in pancreatic necrosis surgery. In our opinion, 
they can and should be implemented by septic 
phlegmons being the consequence of common 
retroperitoneal necrosis. However, open surgery 
is always accompanied by introduction of infec-
tion and is connected with the risk of abdominal 
bleedings in consequence of protracted bandaging, 
there is always a risk of spleen injure, vessel arro-
sion and formation of immature intestinal fistula. 
Finally, long-term treatmen and contamination 
lead to abdominal sepsis with further disorders 
of blood coagulation system, risk of PATE, heart 
attacks and brain attacks.

Conclusion 
1. Local rheological therapy allows to improve 

blood circulation in the vascular circulation of pan-
creatic gland and reduce the risk of necrosis pro-
gression.

2. The influx of enzymes from necrosis centers 
of pancreatic gland preconditions enzymic lysis 
of fibrin and hinders the process of delimitation 
in pancreatic gland and parapancreatic cellulose.

3. Formation of delimitation barriers in the form 
of fibrous capsule of cyst happens upon the expira-
tion of 4 – 6 weeks of illness and can be stimulated 
by local implementation of fibrinogen donators. 

4.Local transdermal and transgastral cyst 
and fluid assembly drainage leads to the reduction 
of mortality in comparison with open drainage 
methods.

References
1. IAP/APA evidence-based guidelines for 

the management of acute pancreatitis. 
Working Group IAP/APA (International 
Association of Pancreatology /American 
Pancreatic Association) Acute Pancreatitis 
Guidelines. Pancreatology.  2013; 13: 1-15.

2. Dibirov M.D., Bagnenko S.F., Blagovest-
nov D.A., Galperin E.I., Dyuzheva T.G., 
Prudkov M.I., Filimonov M.I., Chzhao A.V. 



BULLETIN OF MEDICAL SCIENCE 2 (6) 2017

46

Russian clinical recommendations: Diagnostics 
and treatment of acute pancreatitis.  Saint-Pe-
tersburg; 2014.

3. Yermolov A.S., Ivanov P.A., Turko A.P. 
Main causes of mortality by acute pan-
creatitis in Moscow hospitals. “Analysis of 
mortality by acute pancreatitis according to 
the materials of Moscow hospitals”. Moscow: 
N.V. Sklifosovsky Research Institute for 
Emergency Medicine of Moscow Health-
care Department. 2001; 

4. Grigoryev Ye.G., Sadakh M.V., Boiko T.N., 
et al. Necrotic meso- and paracolitis at ter-
minal stage of infected pancreatic necrosis. 
Infections in surgery.  2008; 6(4): 38-43.

5. Dibirov M.D., Rybakov G.S., Ashimova 
A.A., et al. Causes of mortality by pancre-
atic necrosis and ways of its reduction. In-
fections in surgery.  2012; 10(2): 21-25.

6. Dyuzheva T.G., Dzhus Ye.V., Ramishvili 
V.Sh., Shefer A.V., Platonova L.V., Galperin 
E.I. Earlier CT-symptoms of predicting var-
ious forms of parapancreatic necrosis. An-
nals of surgical hepatology.  2009; 14(4): 54-63.

7. Shabunin A.V., Lukin A.Yu., Shikov D.V. 
Optimum treatment of acute pancreatitis 
depending on the “model” of pancreatic 
necrosis. Annals of surgical hepatology.  2013; 
18(3): 70-78.

8. Stoyko Yu.M., Zamyatin M.N., Levchuk 
A.L. et al.  Modern trends in treatment of 
destructive pancreatitis at early stages. 
Doctor.  2007; 12: 18-21.

9. Korymasov Ye.A., Machekhin P.V., Bog-
danov V.Ye., Gorbunov Yu.V. et al. Clin-
ical protocol of diagnostics and treatment of 
acute pancreatitis in Samara oblast.  Samara: 
SSMU; 2010. 

10. Timerbulatov V.M., Mustafin T.I., Tim-
erbulatov M.V. Variants of dissemination 
of purulent-necrotic process by acute pan-
creatitis. Surgery. N.I. Pirogov journal. 2008; 
4: 31-35.

11. Bagnenko S.F., Tolstoy A.D., Rukhlya-
da I.V. Minimaly invasive technologies in 
treatment of severe forms of acute pancre-
atitis at different stages of disease. I.I. Gre-
kov bulletin of surgery. 2002; 161(6): 30 – 34.

12. Achkasov Ye.Ye., Kharin A.L., Kanner 
D,Yu. Paracentetic treatment of false cysts 
of pancreatic gland. Surgery. 2007;  7: 65-67.

13. Morton J.M., Brown A., Galanko J.A., et 
al. A national comparison of surgical ver-
sus percutaneous drainage of pancreatic 
pseudocysts: 1997 – 2001. J Gastrointest 
Surg. 2005; 9: 15-204.

14. Bello B., Matthews  J.B. Minimally invasive 
treatment of pancreatic necrosis. World J. 
Gastroenterol.  2012;  18(46): 6829-6835.

15. Prudkov M.I., Galimzyanov F.V. Evolution 
of infected pancreatic necrosis, topical di-
agnostics and treatment of complications. 
Annals of surgical hepatology.  2012; 17(2): 
42-49.

16. Lubyansky V.G., Arutyunyan G.A., Aliyev 
A.R., Zharikov A.N. Correction of regional 
blood circulation in complex treatment of 
patients with acute pancreatitis. Annals of 
surgical hepatology. 2014; 3: 86-92.

17. Fedina I.Yu. Peculiarities of connective-tissue 
formations of human pancreatic gland and their 
role in the development of complications by 
pancreatic necrosis. 2011.

18. Lubyansky V.G., Chernenko V.F., Aliyev 
A.R., Zharikov A.N. et al. Role of organ-tis-
sue barriers in the formation of systemic in-
flammatory reaction and neutralization of 
toxins by pancreatic necrosis, choice of ra-
tional tactics of complex surgical treatment. 
Bulletin of experimental and clinical surgery. 
2011; 4(1): 51-56.

19. Zhandarov K.I., Savitsky S.Ye., Oslavsky 
A.I. Endoscopic drainage of pancreatic 
gland cysts. 12 Moscow international con-
gress on endoscopic surgery, Russian scien-
tific center of surgery named after  member of 
Academy of Sciences B.V. Petrovsky of RASM. 
Moscow, 2008. 

20. Vidyarthi G., Steinberg S. Endoscopic man-
agement of pancreatic. SurgClin North Am. 
2001; 81: 405-410.

Contacts: 
Corresponding author – Lubyansky Vladimir 
Grigoryevich, Doctor of Medical Sciences, Profes-
sor of the Department of hospital surgery with 
the course of further vocational education named 
after Professor I.I. Neimark of the FSBEI HE Altai 
State Medical University of the Ministry of Health 
of the Russian Federation, Barnaul.
656024, Barnaul, Lyapidevskogo Ulitsa, 1.
Tel.: (3852) 689674.
Email: lvg51@mail.ru 



BULLETIN OF MEDICAL SCIENCE 2 (6) 2017

47

UDC 616.61-002.3:615.838.7

COMBINATION TREATMENT OF PATIENTS WITH CHRONIC 
PYELONEPHRITIS BY MEANS OF PELOTHERAPY
Altai State medical University, Barnaul

A.I. Neimark, A.V. Davydov

There were studied the possibilities of pelotherapy implementation in the combination treatment of patients with 
chronic pyelonephritis. It is shown, that the use of sulfide silt muds of Lake Mormyshanskoye has a positive effect 
on the course of latent inflammation stage of chronic pyelonephritis, allows to reduce clinical manifestations 
of the diseases, increases the percent of sterile urine culture, improves microcirculation in kidneys, the immune 
status of patients, cytokine profile of urine and blood serum, provides long-term anti-relapsing effect in 84% 
of patients. 
Key words: chronic pyelonephritis, pelotherapy, combination treatment, sulfide silt muds, Bekhtemirskaya 
curative clay.

Kidney and urinary tract infection – is a nu-
merous group within the structure of urological 
pathology ranking second among all human infec-
tious diseases [1].

Chronic pyelonephritis is one of the most com-
mon infectious diseases of the urinary system [2, 
3]. The most important task of modern urology 
is the elaboration and implementation of new more 
effective methods of treatment of chronic pyelone-
phritis [4].

It is known, that modern restorative treat-
ment at the stage chronic pyelonephritis latent 
inflammation is able to terminate the pathologi-
cal process, to postpone relapse for a long period 
of time and to achieve sustained remission. In or-
der to reach a persistent therapeutic effect patients 
with chronic pyelonephritis for a long time have 
to take medications often causing allergic reactions 
and multiple organ failures [5, 6].

Natural therapeutic factors, as a possible re-
serve, are an important for the increase of chronic 
pyelonephritis treatment effectiveness [7]. The abil-
ity of pelotherapy to cause changes in many sys-
tems of the organism, influence the main elements 
of pathogenesis of the majority of diseases has been 
attracting clinical specialists’ attention for a long 
time. At the present time, there are appearing scien-
tific works proving the positive effect of pelother-
apy on the course of chronic pyelonephritis [8]. 
However, the possibilities of pelotherapy to change 
the microcirculation of kidneys, humoral com-
ponent of immune system, cytokine hemostasis 
and bacterial load of urine of patients with chronic 
pyelonephritis are still insufficiently studied.

Objective: to improve the effectiveness of treat-
ment of patients with primary chronic pyelone-
phritis at the latent disease stage by means of in-
cluding pelotherapy in the combination treatment.

Materials and methods
The current research included 73 female pa-

tients from 20 to 65 years old with chronic prima-
ry pyelonephritis at the stage of latent inflamma-
tion. The average age constituted 45,20+4,5 years. 
The average disease duration - 8,24±0,79 years, he 
duration of disease at the moment of appeal ranged 
from 3 to 18 years. The disease recurrence occurred 
in patients averagely 3,6 ± 0,2 times during 1 year.

The criteria of patient inclusion: primary chron-
ic pyelonephritis (absence of developmental anom-
aly of the urinary system and disorders of urody-
namics) at the stage of latent inflammation (mild 
or absent symptoms, minor laboratory manifes-
tations, obligatory leukocyturia, bacteriuria), pa-
tients’ consent to take part in the study.

The criteria of patient exclusion: chronic py-
elonephritis at the stage of active inflammation or 
remission, presence of symptoms of intermittent 
or end stage renal disease, hydronephrosis, pyo-
nephrosis; tuberculosis of the urogenital system; 
malignant and benign tumors of the urogenital 
system, all urological diseases at the acute stage; 
inflammatory diseases of the genital system, 
presence of other somatic and systemic diseases 
at the decompensation stage. 

All patients were randomized by means 
of typological selection into 3 groups comparable 
by the main parameters – age, disease duration, 
clinical manifestations and presence of deviations 
in the urine analysis. The control group consisted 
of 22 healthy persons at the age from 20 to 65 years.

The patients of all three groups received medica-
tion therapy: antibacterial, spasmolytic, pain med-
ication and phytotherapy. The patients of group 
2 received an additional course of pelotherapy 
by Bekhtemirskaya clay in the kidney projection 
on the lumbar region. The patients of group 2 re-
ceived an additional course of pelotherapy by cu-
rative sulfide silt muds of Lake Mormyshanskoye.

Before the treatment and on the 21th day of treat-
ment all patients underwent a series of diagnostic 
measures, including the collection of clinical anam-
nestic data, general clinical laboratory examination, 
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ultrasound investigation of kidneys, determination 
of kidney microcirculation by means of LDF.

The method of clay and mud treatment was 
similar: peloid was heated on the water bath up 
to 40-45 0С. The patient was laid onto the therapy 
bed in the prone position. The 2 sm thick peloid 
was applied by means of traditional local ap-
plication  in the kidney projection on both sides, 
then the lumbar region was subsequently cov-
ered by the pack sheet, rubber sheet and blanket. 
Treatment time – 20 minutes. After the procedure 
the patient was washed by the shower of t –36 0С, 
rested for 30-40 minutes. The treatment course – 10 
procedures, performed every second day.

The statistical data analysis was performed 
by means of Statistica v6.0, MS Excel 2007. The nor-
mality was estimated by means of the Shapiro-Wilk 
test. The factual data are presented in the form 
of “mean ± error of mean” (M±m). The compari-
son of independent samples was carried by means 
of Mann–Whitney U test, the comparison of sam-
ples before and after the treatment – be means 
of Wilcoxon test. The critical significance lev-
el by testing statistical hypothesis was taken 
to be equal to 0,05. In case of comparison of quali-
tative parameters in the linked samples there was 
used Cochran’s Q test.

Results and discussion
The evaluation criteria of the effectiveness 

of treatment of the patients of all 3 groups were: 
clinical course of the disease, dynamics of labora-
tory parameters and evaluation of the functional 
state of kidneys. Thus, for all stated patients along 
with the basic laboratory blood and urine tests 
there was conducted the bacteriological urine anal-
ysis, was determined the concentration of G, a, M 
immunoglobulin, anti-inflammatory cytokines  IL-
1β, TNF-α, IL-6 in blood serum and IL-8 in urine. 
To evaluate the functional state of kidneys there 
was performed a radiologic examination and there 
was indirectly stated the microcirculation of kid-
neys by means laser Doppler flowmetry. 

According to the analysis of the results obtained 
by the examination of patients, there were deter-
mined the changes in the clinical blood analysis 
– the decrease of hemoglobin level, acceleration 
of erythrocyte sedimentation rate. The common 
urine analysis of 100% of patients showed a sig-
nificant leukocyturia. Nechiporenko’s test showed 
the increase of active and inactive leukocytes. 

The bacteriological urine examination of the pa-
tients of all groups revealed a particular uro-strain, 
no sterile culture revealed. There was marked 
the prevalence of gram-negative microflora. In pa-
tients with primary chronic pyelonephritis there 
were registered Escherichia coli (47,94%), entero-
coccus (13,69%), staphylococcus (10,95%), Klebsi-
ella (6,84%), Enterobacter (6,84%), Proteus (4,10%), 

microbial associations of Escherichia coli with 
staphylococcus, enterococcus (9,64%).

By estimation of the humoral component of im-
mune system initially before the treatment in pa-
tients with primary chronic pyelonephritis there 
was registered overproduction of IgG, IgM and re-
duction of IgA concentration in blood serum, which 
is considered ad the imbalance of the humoral 
component of immune system, disorder of an-
ti-infective resistance. The literature contains var-
ious data on the content of different classes of Ig 
by chronic pyelonephritis, but the most often case 
is the growth of IgG and IgM levels [9, 10].

The study of the cytokine profile of the patients 
showed a statistically significant increase of activ-
ity of anti-inflammatory cytokines (IL-1β, TNF-α, 
IL-6) in blood serum and cytokine IL-8 in urine 
samples. As the ejection of IL-8 into urine is one 
of the activators of continuation of tubolo-inter-
stitial inflammation in the urinary system, while 
the increase of IL-6 concentration in blood leads 
to the further sclerosis and cicatrization of kidney 
tissues, we can indicate the continuing inflamma-
tory process in the urinary system [11].

Before the treatment in all three groups 
the disorder of microcirculation was characterized 
by the reduction of the microcirculation effective-
ness index, index of shunting and myogenic tonus. 
All these changes indicate the reduction of blood 
perfusion intensity in the kidneys, ischemia, ve-
nous stasis on the background of inflammation 
in the renal parenchyma and congestive form 
of microcirculation disorder [12].

The most significant clinical effect was reached 
in group 3, as the clinical symptoms of chronic 
pyelonephritis were preserved only in 12% of pa-
tients, while in patients of group 1 and 2 – in 47,83% 
and 28% respectively.

The highest urine sanitation occurred in group 
3, thus, by the analysis of bacteriological urine 
samples, exactly in group 3 there was observed 
the biggest number of sterile cultures in 88% of cas-
es, in group1 – 52,17%, in group 2 – 68%.

An expressed bacteriostatic effect of mud thera-
py should also be mentioned, as the degree of bac-
teriuria in positive urine cultures reduced: Esche-
richia coli – from 105-107 CFU/ml to102-103 CFU/ml, 
Staphylococcus epidermidis – from 105-106 CFU/ml 
до 102-103 CFU/ml.

By the evaluation of microcirculation the max-
imum effect was obtained in group 3, which was 
expressed in the boost of blood flow, increase 
of perfusion, reduction of kidney tissue hypoxia. 
Such kind of therapy can restore the blood flow, 
eliminate ischemia of renal parenchyma and con-
siderably improve the results of chronic pyelone-
phritis treatment.

The comparative evaluation of the study results 
allowed to state, that in group 3 after the treatment 
there was registered a lower level of IgG and IgM 
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in blood serum, lower levels of IL-1β, TNF-α, IL-6 
in blood serum and IL-8 in urine, consequent-
ly, a more expressed anti-inflammatory and im-
mune-modulating activity.

The follow-up study of patients showed, that 
the duration of full clinical laboratory remission 
in patients with chronic pyelonephritis exposed 
to the course of combination treatment by curative 
silt sulfide mud of Lake Mormyshanskoye in 84% 
of cases constitutes more than 1 year, in groups 
1 and 2 – 52,17% and 56% respectively. The dis-
ease recurrence in group 3 was registered 3 times 
rarer in comparison with the patients of group 1 
receiving the course of standard medication thera-
py, and patients of group 2 receiving combination 
therapy by means of Bekhtemirskaya curative clay.

The obtained results are determined 
by the effects of curative mud: anti-inflammato-
ry, immune-modulating, defibrosing, bactericidal 
and reparative-regenerative. 

During the mud therapy procedure in the zone 
of mud application there occurs a long-term local 
skin hyperemia. Local hyperemia leads to the dis-
tention of vessels of the microcirculatory blood-
stream and speeding of blood flow and lymph 
efflux of skin. Moreover, the activation of nonfunc-
tioning capillaries and arterial venous anastomo-
sis, increase of vascular permeability occur under 
the influence of biologically active substances ef-
fused by skin (histamine, bradykinin). The boost 
of blood flow in combination with the increase 
of vascular permeability and pH shifts contributes 
to the improvement of transportation of chemical 
substance dissolved in the mud, interstitial fluid 
outflow and oxygen flow to the cells [13].

Thus, the suggested curative complex including 
mud therapy proved its high effectiveness and rea-
sonability of implementation in patients with pri-
mary chronic pyelonephritis at the stage of latent 
inflammation in order to prevent the progres-
sion of disease, prolongation of remission terms 
and to improve the life quality of patients.

The volatile substances, ions, lipoidotropic pep-
tide and steroid hormone substances, humic acids 
and non-polar gas molecule (chemical factor) con-
tained in the mud penetrate into the skin through 
the channels of sebacerous glands and hair folli-
cles. Biologically active substances accumulated 
in skin improve the metabolism of subjacent tis-
sues, increase excitability and conduction of skin 
nerve guides. Anti-inflammatory activity of cura-
tive muds manifests itself at the exudative and pro-
liferative inflammation stages.

Humic acids and steroid containing peloid 
fractions having penetrated through epidermis 
at the exudative inflammation stage limit exuda-
tion and edema of tissues. In the area of inflam-
mation they restrain the migration of leucocytes 
and edema due to the oppression of hyaluroni-
dase destructive function. Increasing the activi-

ty of the components of the antioxidant system, 
they suppress peroxidation of lipids in the area 
of inflammation. Chemical components of curative 
mud suppress the polymerization of collagen fi-
bres and boost the aggregation of glycosaminogly-
cans, mucoproteins and glycoproteids. As a result, 
the collagen producing function of fibroblasts de-
creases, which leads to the  fibrosis slowdown [13].

Conclusion
Consequently, the implementation of pelother-

apy in  combination treatment of patients with 
chronic pyelonephritis positively effects the course 
of latent inflammation stage, allows to reach the re-
duction of clinical manifestations of the disease, 
increases the percent of sterile urine cultures, im-
proves the kidney microcirculation, immune sta-
tus of patients, cytokine profile of urine and blood 
serum and, thus, contributes to the prolongation 
of full clinical laboratory remission by more than 1 
year in 84% of patients. 
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OPTIMIZATION OF THE PROCESS OF ADAPTATION TO REMOVABLE 
LAMINAR DENTURES IN ELDERLY PATIENTS
Altai State Medical University, Barnaul

O.V. Oreshaka, I.O. Grokhotov

The article presents the analysis of the effectiveness of local ozone therapy in elderly patients using removable 
laminar dentures. Topical application of ozone contributed to the improvement of a number of clinical laboratory 
parameters of the tissue state of denture-baring area and oral cavity, which generally increased the effectiveness 
of prosthetic treatment in patients using removable dentures and improved the long-term prognosis.
Key words: ozone, denture-bearing area, removable dentures.

Removable laminar dentures are widely used 
in prosthetic dentistry, although their negative ef-
fect on the tissues and organs of the oral cavity has 
been studied quite well [2]. Ozone therapy is one 
of the prospective methods of treatment in den-
tistry being a new and rapidly developing area 
of medicine [3]. The complex of ozone therapeutic 
effects allows to successfully apply it even in severe 
clinical cases [6, 7], thus, in our opinion, the use 
of this method in therapeutic treatment by remov-
able dental prosthetics could also be quite effective. 

Research objective: to optimize the process 
of adaptation to removable laminar dentures in el-
derly patients by means of local implementation 
of the ozonized olive oil. 

Materials and methods
There was conducted the clinical laboratory 

study of the dental status in 92 elderly patients 
at the age from 60 to 70 years, who were exposed 
to prosthetics by removable laminar dentures 
for the first time. All participants of the research 
were divided into four groups: two study groups 
(23 patients in each group by partial and total teeth 
absence), in which during the first 10-14 days after 
the superimposition of removable laminar dentures 
there were performed applications of ozonized ol-
ive oil под under the denture base, and, respective-
ly, two comparison groups.

There was evaluated the intensity of caries 
lesions according to DFM and DFM(f) index-
es, the hygienic state of the oral cavity according 
to Fedorov-Volodkina index, the indexes of PMA 
and Myulleman-Sakser. There was also determined 
the level of cariogenicity of dental plaque accord-
ing to Hardwik-Menlo modified by prof. Nedose-
ko. The study of functional parameters of salivary 
discharge included the determination of the speed 
of secretion of unstimulated saliva, its viscosity, pH 
and antioxidant activity. The cytological examina-
tion of the oral swabs from the denture-bearing area 
was performed along with the determination of in-
dexes of differentiation and epithelial keratinization, 
and also the microbial cell adsorption reaction.

The blood supply level of the mucous mem-
brane was evaluated by means of laser Doppler 
flowmetry. The microbiological study was con-
ducted by traditional and instrumental methods 
with determination of the quantitative and qual-
itative microflora composition. There was also 
carried the analysis of questionnaires filled by pa-
tients during the process of removable denture use 
to determine the terms of adaptation. The quali-
tative data are presented in the form of Md; (Q1-
Q3). The significance of the differences between 
the data was determined by means of Mann-Whit-
ney U-test for independent groups, the differences 
were considered significant by р≤0,05. The analysis 
of the material was conducted by means of Statisti-
ca 6.0 programs (StatSoftInc., USA).

Results and discussion
The analysis of changes of DFM and DFM(f) 

indexes did not reveal significant differences be-
tween the groups. However, after the superim-
position of removable dentures the hygienic state 
of oral cavity of the patients without additional 
treatment worsened during 1,5 months (2,4; 1,8-3 
points), especially in comparison with the identical 
index in patients after the application of local ozone 
therapy (1; 1,3-1,83 points). Moreover, in patients 
of the study group the initial level of DFM index 
constituted 72%; 45-74%, and in 2 weeks of ozone 
implementation, despite the presence of removable 
laminar dentures in the oral cavity, it significant-
ly lowered up to 48,5%; 33-55% (р≤0,05 in relation 
to the initial value), by 1,5 months – to 38%; 30-46% 
(р≤0,05 in relation to 2 weeks of study), increasing 
a bit by 3 months (45%; 26-56%), which generally 
indicates a significant reduction of gingival inflam-
mation. Against this background, the dynamics 
of the values of gingival bleeding index in patients 
of the study group also turned out to be significant-
ly positive, which corresponds to the data of liter-
ature [1, 4, 5]. 

The analysis of the cariogenicity of dental 
plaque indicated its significant decrease (1,83; 1,4-
2,1 points at the initial level, 1,3; 1,1-1,8 points – in 14 
days, р≤0,05 in relation to the initial value). The re-
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sults of the microbiological study demonstrated 
significant differences in the state of microflora 
of the oral cavity against the background of local 
ozone therapy and without. Namely: the presence 
of removable laminar dentures without additional 
treatment (group of comparison) in the majority 
of cases lead to the growth of CFU (colony-forming 

units) of already existing representatives of normal 
flora, and in a number of cases – to the appearance 
of new strains. The patients of the study group 
showed the stable composition of microflora due 
to the soft antibacterial effect of low ozone concen-
trations (Figure 1). 

Figure 1. 
Reduction of bacterial content of the oral cavity by local ozone therapy (left – before treatment, right – in 10 days after 

treatment), X100 zoom, hematoxylin and eosin staining

The study of the speed of saliva secretion 
and its viscosity did not reveal significant differ-
ences among the patients of the compared groups. 
In the majority of patients the speed of saliva se-
cretion increased during the first 2 weeks after 
the superimposition of dentures against the back-
ground of the decrease of its viscosity. By 3 months 
the speed of saliva production lowered, the viscos-
ity, on the contrary, grew. However, there were 
observed significant differences in pH values 
of the oral fluid registered in long terms (higher 
values in patients exposed to local ozone therapy). 
The study of the antioxidant activity of the oral flu-
id showed the higher level in patients after ozone 
implementation and depletion of antioxidant re-
serves by traditional prosthesis. 

The cytological study showed that in patients 
of the study group local ozone therapy had a fa-
vorable effect on the epithelial state of the mucous 
membrane of the denture-bearing area, which 
was expressed in the growth of the degree of its 
differentiation and preservation of the initial level 
of keratinization. Nonspecific resistance of the mu-
cous membrane determined by the microbial cell 
adsorption reaction increased significantly after 
the conducted treatment. The dynamics of the blood 
supply level of the mucous membrane of the den-
ture-bearing area is presented in Table 1.

According to the questionnaire analysis, gener-
ally, the terms of adaptation in case of local ozone 
therapy reduced to by 26,5% by partial and 26,3% 
by total removable prosthesis.

Table 1
Influence of local ozone therapy on the dynamics of perfusion index (M, pf.u.) of the mucous membrane of the denture-

bearing area in elderly patients by prosthetic treatment by removable laminar dentures

Studied groups
Initial value

Terms of study

14 days 1,5 month 3 months 6 month

Patients with partial 
removable dentures, 

n=46

Study group, n=23 20,21; 19,87-
24,3

20,26; 20,1-
25,2*

20,24; 20,12-
23,6*

19,5; 18,5-
20,26*

18,6; 17,4-
21,3

Comparison 
group, n=23

20,46; 20,01-
25,1

19,24; 18,7-
26,3

19,2;  
17,23-21,14

18,06; 17,23-
20,01**

17,8; 16,5-
19,52**

Patients with total 
removable dentures, 

n=46

Study group, n=23 22,1;  
18,9-24,2

21,7;  
19,8-25,1*

20,8; 19,5-
22,1*

19,2; 17,4-
21,3

18,2; 17,1-
19,6

Comparison 
group, n=23

21,04; 18,21-
23,25 

20,14; 18,45-
23,12

19,2; 17,5-
20,91

18,6; 17,2-
19,6**

17,2; 16,4-
18,9

Note: * - significant differences in relation to the comparison group, р≤0,05, Mann-Whitney U-test for independent sam-
ples, ** - significant differences in relation to the initial level, р≤0,05, Mann-Whitney U-test for independent samples.
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The analysis of the obtained results showed, that 
by traditional prosthetic treatment of patients with 
removable laminar dentures there occur numer-
ous negative changes of clinical laboratory indexes 
of the state of oral cavity: worsening of the hygien-
ic state, increase of gingival inflammation spread, 
disorders of natural processes of the oral mucous 
cavity regeneration and blood supply, some shifts 
of the functional parameters of  salivary discharge 
and reduction of the antioxidant ability, and also 
the indications of microbial imbalance of the oral 
cavity.

The majority of the examined patients showed 
a significant improvement of the hygienic state 
of the oral cavity after the course of ozone therapy, 
which was evaluated according to Fedorov-Volod-
kina index in patients with partial removable den-
tures, while in patients with total teeth absence 
it was evaluated according to the state of the den-
tures itself by Ambjornsen method. The obtained 
effect in patients with partial denture defects is pre-
sumably connected with the reduction of the activ-
ity and adhesive ability of the mucous microflora 
(which is indirectly confirmed by the reduction 
of the caries activity of dental plaque). The influ-
ence can also be caused by the direct cleaning ef-
fect of ozone due to oxidation and decay of dental 
plaque organic components. The decrease of activ-
ity and spread of inflammatory processes in peri-
odontal tissues also plays a role, which enables 
the conduction of hygienic measures for patients 
at home.

The expressed positive effect of local ozone 
therapy was observed by the study of gingival 
state. Such results are explained by the influence 
of ozone directly on several pathogenetic elements 
of periodontal disease, namely: reduction of in-
flammation, improvement of capillary blood flow, 
activation of antioxidant defense system, antimi-
crobial effect, especially expressed by the influence 
on the anaerobic flora playing an important role 
in the development of periodontitis. 

The analysis of the antioxidant ability of mixed 
saliva showed that in patients with removable lam-
inar dentures the antioxidant defense grew signifi-
cantly after the course of ozone therapy with fur-
ther preservation of this level and in long terms. 
The stated effect is determined by the stimula-
tion effect of ozone as the source of active oxygen 
forms on the production of enzymes of antioxidant 
defense. Further, after the end of the treatment 
course, this effect plays an important role in the re-
alization of long-term results of ozone therapy, as 
the pathogenesis of numerous pathological condi-
tions in the oral cavity includes imbalance of pro- 
and antioxidant systems.

The cytological study revealed significant dif-
ferences in the epithelial state of the mucous mem-
brane of denture-bearing area in patients both 
with partial and with total removable dentures. 

The stated changes allow to assume that ozone 
has a favorable effect on the regeneration of mu-
cous membrane due to the improvement of tissue 
microcirculation, tissue oxygenation, activation 
of oxygen depending enzymatic processes and re-
duction of inflammation. To our mind, the stated 
results are extremely important for the solvation 
of the problem of adaptation of patients to remov-
able dentures, as their negative effect, first of all, 
is reflected on the mucous membrane of the den-
ture-bearing area, which is initially not intended 
for functioning in such conditions.

The data of laser Doppler flowmetry, which 
were used to evaluate the parameters of tissue mi-
crocirculation in the mucous membrane of the den-
ture-bearing area, showed an expressed positive 
effect of the ozone therapy. These data are ex-
plained by such ozone effect as biochemical activa-
tion of the functions of erythrocytes, increase of call 
membrane flexibility, improvement of tissue oxy-
genation (including the endothelium of blood ves-
sels), activation of nitrogen oxide synthesis, which 
leads to the vascular distention. 

The analysis of the results of microbiological 
study showed, that in patients of the study group 
at early stages (14 days, 1,5 months) there had not 
been revealed significant shifts in the qualitative 
and quantitative microflora composition. This was 
expressed in the principal preservation of the ini-
tial strains indicated before the treatment, and also 
preservation or slight reduction of their titers. 
The current results show, that despite the express 
bacterial ozone effect, by particular schemes of its 
implementation (such as presented in the study) 
it can be used not only to  suppress pathogenic 
strains by the already developed pathology, but 
also by particular concentrations for the prevention 
of unfavorable shifts in the qualitative and quanti-
tative composition of the resident microflora. Thus, 
there is realized the preventive function of ozone 
consisting in the prevention of microbial imbalance 
and further – of various diseases connected with it.

The results of questionnaire implied for sub-
jective evaluation of the process of patients’ ad-
aptation to removable dentures showed high ef-
fectiveness of the ozone therapy. Such conclusion 
can be made on the basis of lower occurrence 
and quicker disappearance of key complaints ap-
pearing in patients during the denture use. Pre-
dominantly, due to the above state positive effects, 
the most significant difference between the pa-
tients of the study and comparison groups referred 
to such complaints, as pain under the denture, 
disability to chew, irritation due to the presence 
of the denture.

Conclusion
Thus, the results of the carried study allow 

to draw a conclusion on a significantly positive 
effect of local ozone therapy on a number of clin-
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ical laboratory parameters of oral cavity in elderly 
patients using removable laminar dentures, name-
ly: improvement of the hygienic state of the oral 
cavity and the dentures, significant reduction 
of gingival inflammation in the area of remaining 
teeth, acceleration of regeneration of epithelial 
mucous membrane of oral cavity and preservation 
of the initial level of its blood saturation, stabiliza-
tion of the qualitative and quantitative composi-
tion of normal microflora and antioxidant ability 
of the oral fluid. In total, these data allow to state 
the effective influence of ozone on the process 
of adaptation to removable dentures.
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Mutual aggravation of state by polytrauma considerably complicates the diagnostic and treatment process, 
delaying the provision of specialized help, for example, by concomitant craniocerebral and thoracic trauma or 
skeletal injuries and chest injuries, there are imposed stringent requirements for choosing the amount of diagnostic 
and therapeutic measures.
Research objective: the improvement of the efficiency of сombination treatment of patients with severe concomitant 
injury with dominant chest trauma by means of minimally invasive methods of treatment.
There was elaborated a diagnostic and treatment algorithm of management of patient with SCCT. There are defined 
indications for emergency thoracotomy, emergency and urgent video-assisted thoracoscopy, local fibrinolytic 
therapy by clotted hemothorax and post-traumatic are formulated at curtailed hemothorax and posttraumatic pleural 
empyema, valvular bronchial blockage by tension and long-term pneumatothorax, indications for osteosynthesis 
of fragment rib fractures by angle stable plates.
The implementation of  minimally invasive methods allowed to reduce the number of operated patients and increase 
the number of discharged recovered  patients.
Key words: severe concomitant injury with dominant chest trauma, hemothorax, pneumatothorax, fragment rib 
fractures, treatment. 

Mutual aggravation of state by polytrauma 
considerably complicates the diagnostic and treat-
ment process, delaying the provision of specialized 
help, for example, by concomitant craniocerebral 
and thoracic trauma or skeletal injuries and chest 
injuries, there are imposed stringent requirements 
for choosing the amount of diagnostic and thera-
peutic measures [1, 2, 3, 4].

Objective: the improvement of the efficiency 
of combination treatment of patients with severe 
concomitant injury with dominant chest trauma 
(SCCT) by means of minimally invasive methods 
of treatment.

Materials and methods
There were analyzed the results of treatment 

of 263 patients with SCCT being under medical 
treatment in the Federal State Budgetary Health-
care Institution “Regional Clinical Hospital 
of Emergency Medical Care”. Male patients con-
stituted 208 (79,0%), female patients – 55 (21,0%). 
The age of patients ranged from 15 to 79 years. 
The causes of trauma were various. The most com-
mon cause of SCCT were road accidents - 97 (36,8%) 
patients. Less common were home accidents - 72 
(27,4%), criminal accidents - 50 (19,1%), occupation-
al accidents - 30 (11,4%) and falls from height 14 
(5,3%).

The majority of patients were taken to the depart-
ment of severe concomitant injury during the first 
two hours since getting injured - 152 (57,9%), 

during the period from 3 to 24 hours - 55(20,9%), 
from 24 to 72 hours - 39 (14,8%), in 72 hours - 17 
(6,4%). 

The estimation of the injury severity was per-
formed according to ISS scale [5]: in 109 (41,5%) 
patients it was under 25 points, in 120(45,6%) – 
from 25 to 40 points, and in 34 (12,9%) – over 40 
points.

Out of 263 patients 109 (41,5%) patients were 
included into the main group, 154(58,5%) – into 
the comparison group. The patients of the main 
group were exposed to modern minimally inva-
sive interventions (differentiated local fibrinolytic 
therapy, valvular bronchial blockage, video-assist-
ed thoracoscopy (VTS), rib osteosynthesis by angle 
stable plates). Patients of the comparison group 
received conventional treatment (blind thoracosto-
my, thoracotomy, etc.).

Unilateral thoracic injuries were registered 
in 219 (83,2%) patients, bilateral – in 44(16,8%). 
In 198 (75,2%) patients chest trauma was accompa-
nied by subcutaneous and intermuscular emphy-
sema. The groups were comparable to each other 
according to the stated parameters.

The type of intrathoracic complications in the ex-
amined patients is presented in Table 1.

In the overwhelming majority of cases severe 
chest trauma by concomitant injury was accompa-
nied by multiple fractures of ribs and other chest 
bones, which lead to the deformation of rib cage, 
mechanical acute and\or contusional effect on in-
ternal organs (Table 2).
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Table 1
Complications of polytrauma patients with dominant chest trauma

Complications

Groups

Р
Both groups

main comparison
abs. 

number % abs. 
number % abs. 

number %

  Pneumatothorax 40 36,8 55 35,7 >0,5 95 36,1
  Hemothorax 21 19,2 28 18,2 >0,5 49 18,6
  Hemopneumothorax 48 44,0 71 46,1 >0.5 119 45,3
 Total: 109 100 154 100 263 100

Table 2
Chest fractures in patients with SCCT 

Fractures

Groups

р

Both groups 
n=263

Main
n=109 Comparison n=154

abs. 
number %

abs. 
number % abs. 

number %

3-6 ribs 75 68,8 84 54,5 >0,5 159 60,4
More than 6 ribs 34 31,2 70 45,5 >0,5 104 39,6
Fragment rib fractures with 
thoracic wall  floatation 17 15,6 46 29,8 >0,5 63 23,9

Thoracic vertebra 14 12,8 24 15,5 >0,25 38 14,4
Breast bone 7 6,4 6 4,8 >0,5 13 4,9

We elaborated the diagnostic and treatment 
approach to the management of SCCT patients. 
Indications for emergency thoracotomy were con-
sidered big and total hemothorax, hemopericardi-
um with cardiac tamponade, hemomediastinum 
with compression of respiratory passages and ma-
jor vessels, major chest penetrating wound with 
открытым пневмотораксом and massive pulmo-
nary injury. Indications for emergency VTS were 
injures of the “thoracicoabdominal zone”, middle 
and small hemothorax, post-traumatic pleural em-
pyema.

Emergency VTS was conducted by continu-
ous intrapleural bleeding with blood effusion into 
drainages over 200ml/hour and absence of signs 
of hemostasis [6]. By clotted hemothorax and for-
mation of post-traumetic empyema with pleural 
cavity segmentation there was implemented dif-
ferentiated local fibrinolytic therapy. By tension 
and long-term pneumatothorax not eliminat-
ed by drainage (during 4-5 days) there was used 
valvular bronchial blockage [7,8]. By multiple 
fractures of ribs with deformation of rib cage ac-
companied by paradoxical respiration, there was 
conducted open reduction of rib fractures by rib 
valve and osteosynthesis by angle stable plates.

Local fibrinolytic therapy was performed 
by means of streptokinase medicines. The dose 
of streptokinase constituted 1500000 IU. The drug 

was dissolved in 20 ml physiological solution 
and injected into the pleural cavity. The exposition 
in pleural cavity constituted 3-24 hours, after what 
the drug and exudate were removed, and the pleu-
ral cavity was washed by antiseptic solution. The in-
troduction of fibrinolysis activators was made dai-
ly or in a day, 1-3 time in total.  By the reduction 
of plasminogen activity in the pleural exudate 
up to lower than 7% there was implied the meth-
od of intrapleural injection of streptokinase with 
fresh frozen plasma elaborated in the hospital [9]. 
The amount of removed exudate ranged from 50 
to 2000 ml per day.

In order to fuse the pulmonary-pleural fistula 
by pneumothorax we have elaborated and clini-
cally approved the method of the fistulous bron-
chus occlusion by an original endobronchial valve 
(registration certificate № 01.03.2006 (5625-06 
of 21.12.2006).

VTS was performed under operating conditions 
under endotracheal anesthesia without separate 
bronchus intubation. 

To restore the ribcage and eradicate paradoxi-
cal respiration of the rib valve there was performed 
open reposition and osteosynthesis of fragment 
rib fractures by angle stable plates under endotra-
cheal anesthesia. Osteosynthesis was conducted 
in the first two days.
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Results and discussion
By the comparison of results of treatment of clot-

ted hemothorax in the 2nd group (with intrapleural 
injection of streptokinase, 23 patients), recovery 
was observed in 15 (65,2%) patients, chronization 
of process – in 8 (34,8%), 6(26,1%) of whom were 
further operated. In the 1st group of patients ex-
posed to intrapleural fresh frozen plasma injections 
activated by streptokinase (15 patients), 14(93,3%) 
patients were dismissed after recovery, in 1(6,7%) 
patients there was registered the carbonization 
of process, further he was operated. The number 
of discharged recovered  patients. in the 1st group 
was 1,4 times higher (р<0,02).

Anteriolateral thoracotomy for continuous in-
trapleural bleeding, suspected heart wound or 
thoracicoabdominal injury was performed in pa-
tients of the main group in 3 (3,8%) cases, in pa-
tients of the comparison group – in 14(12,5%) cases 
(р<0,05).

Valvular bronchial blockage in patients with 
post-traumatic pneumothorax was preformed 
in 11(32,4%) patients. The duration of occlusion 
of the fistulous bronchus occlusion in the main 
group constituted averagely 21,3+2,7 days. Combi-
nation treatment of post-traumatic pneumothorax 
in all patients of the main group allowed to reach 
lung expansion and closure of pulmonary-pleu-
ral fistula. In the comparison group 4(7,8%) pa-
tients were operated for persistent pneumothorax 
and functioning bronchopleural fistula. 

The implementation of the elaborated algo-
rithm of patient management allowed to reduce 
the number of operated patients by 3,8 times, in-
crease the number of discharged recovered  pa-
tients by 1,4 times.

Out of 63(23,9%) patients with multiple frag-
ment rib fractures with thoracic wall  floata-
tion the osteosynthesis of ribs of was conducted 
in 17(26,9%) patients, in all patients there was 
restored the rib cage and stabilize “paradoxical 
respiration” of the rib fragment. Total duration 
of artificial lung ventilation after osteosynthesis 
constituted averagely 3,2+0,8 days. While by con-
ventional treatment its duration by fragment rib 
fractures was 9,2+0,6 days (р<0,001). No postopera-
tive complications were registered.

The implementation of rib osteosynthesis 
by multiple fragment rib fractures with thorac-
ic wall  floatation allowed to reduce the duration 
of artificial lung ventilation by 2,8 times.

The elaborated technology of management 
of patients with severe concomitant injury with 
dominant chest trauma allowed to increase 
the number of discharged recovered  patients by 1,3 
times (р<0,05) and to reduce the number of chronic 
patients by 2,1 times (р<0,05) (Table 3).

Long-term results of treatment of the majori-
ty of SCCT patients were traced within the terms 
from 6 months to 4 years.

Table 3
Immediate results of treatment of patients with SCCT by means of minimally invasive technologies

Indexes
Groups

рMain Comparison
abs. number % abs. number %

Recovery 75 68,8 83 53,8 <0,05
Chronization 11 10,0 33 21,4 <0,05
Died 23 21,2 38 26,7 >0,25
Total 109 100 154 100

Table  4
Long-term results of treatment of SCCT patients by means of minimally invasive technologies

Indexes
Groups

рMain Comparison
abs. number % abs. number %

Recovery 55 87,3 40 61,5 <0,01
Chronization 4 6,3 18 27,7 <0,002
Died 4 7,3 7 10,8 >0,5
Total 63 100 65 100

At late times the number of recovered pa-
tients in the main group was by 25,8% higher than 
in the comparison group (р<0,01). The number 
of chronic patients in the main group was by 5,0 

times lower than in the comparison group (р<0,002) 
(Table 4).

To illustrate the efficiency of minimally invasive 
methods in treatment of polytrauma patients with 
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severe chest injury there is presented the clinical 
observation. 

A 22-year-old patients was admitted 
to the hospital on 07.09.2011 in 1 hour 20 minutes 
after the occupational trauma (was covered with 
soil in a trench) with complaints of intensive chest 
and stomach pains, dyspnoea at rest, dizziness, ex-
pressed fatigue. 

Upon admission, the state of patient was ex-
tremely severe. Pale skin cover with cold sweat, 
cyanosis of nasolabial triangle, fingers and toes. 
The number of breaths – 36 times per 1 minute. 
Arterial blood pressure – 80/40 mm.hg. Pulse – 
120 beats per minute, obscure. X-ray radiography 
of breast: lungs collapsed on both sides, pressed 
against the hiluses, mediastinum not shifted, sinus-
es unrevealed (Figure 1).

The patient underwent laparoscopy – in the  ab-
dominal cavity there were discovered 500 ml liquid 
blood, multiple ruptures of the right lobe of liver, 
primarily on the diaphragm surface.

On the basis of clinical data, laboratory and in-
strumental examination methods, there was estab-
lished a diagnosis: severe concomitant trauma, 
blunt chest trauma, bilateral post-traumatic hemo-
pneumothorax, blunt intraabdominal injury, mul-
tiple fractures of the right lobe of liver, hemoperi-
toneum, hemorrhagic shock of degree III.

The patient’s state corresponds to 42 points ac-
cording to ISS (injury severity score). 

The patient was operated  for emergency indi-
cations. There was made the drainage of the right 
pleural cavity in II intercostal space along the mid-
clavicular line and in VI intercostal space along 
the back axillary line and of the left pleural cavity 
in II intercostal space along the midclavicular line. 
The laparotomy was performed. The abdominos-
copy showed multiple fractures  of the right lobe 
of liver, primarily on the diaphragm surface, with 
intensive bleeding, round and falciform ligament 
of liver are raptured. There was conducted the seal-
ing of liver raptures. 

The drainages of the right pleural cavity indi-
cated an intensive air and blood shunt. Per 1 hour 
there were released about 400ml blood, positive test 
of Ruvilua-Greguara. Under intubation anesthesia 
there was performed anteriolateral thoracotomy 
in VI intercostal space on the right. The abdomi-
noscopy showed multiple fractures and of the low-
er and middle lobes of the right lung with inten-
sive bleeding.  There was conducted an atypical 
resection of the lower and middle lobes of the right 
lung and suturing of the upper lobe of the right 
lung. During the operation there was registered ex-
pressed bleeding.

The patient was admitted to the intensive ther-
apy unit for extended artificial lung ventilation 
and inotropic support.

12.09.2011 – the patient’s condition worsened, 
hemoperitoneum and subacute peritonitis were 

diagnosed, therapeutic relaparotomy was per-
formed. In all areas of abdominal cavity there was 
revealed lysed blood, in the lesser pelvis and down 
the right flank there were deleted blood clots. 
Small intestine is swollen up to 5sm in diameter, 
on the serous membrane – fibrin assemblies. There 
was performed the decompression of small intesti-
nal content into the  large intestine. 

19.09.2011 – the X-ray radiography of thoracic 
organs revealed free fluid in the right pleural cavi-
ty not diffluent by X-ray radiography in prone po-
sition (Figure 2).

The computer tomography of thoracic organs 
of 20.09.2011 revealed the reduction of the right 
lung volume due to the resection of lower and mid-
dle lobes and the presence of free air in pleural cav-
ity. The observed lung tissue with areas of infiltra-
tion. 

Ultrasonic scanning revealed the presence 
of fluid in pleural cavity with hyperechogenic in-
clusions and fibrin, signs of clotted hemothorax 
on the right (Figure 4).

By the puncture of the right pleural cavity there 
was obtained a small amount of laky blood with 
clots. 20.09.2011 – to eliminate clotted hemotho-
rax there was made an injection of 50 mg Actilise 
into the pleural cavity. 21.09.2011 – drainage 
of the right pleural cavity in VI intercostal space 
along the scapular line, through the drainage there 
were released 900 ml laky blood. The control X-ray 
radiography of 22.09.2011: right lung partially col-
lapsed, small amount of fluid with horizontal level 
on the right (Figure 5).

Ultrasonography of pleural cavity: on the right 
side of pleural cavity there was located small 
amount of fluid with linear inclusions, small pleu-
ral fillings (Figure 6).

Considering the severity of condition, the pre-
served intensive air shunt through the drainages 
from right pleural cavity, on 21.09.2011 there was 
performed bronco-fibroscopy under local anesthe-
sia and insertion of the endobronchial valve №15 
into the intermediate bronchus, air shunt through 
the drainage reduces considerably, in 4 days – ter-
minated. 

After valvular bronchial blockage the patient 
continued to receive the course of massive anti-
bacterial therapy, cryoplasm-antienzyme complex, 
infusion and detoxication therapy. During 8 days 
the hemodynamics was sustained by sympath-
omimetic infusion. For 10 days the patients was 
exposed to extended artificial lung ventilation. 
In the intensive therapy unit and surgical depart-
ment the patient received 2700 ml polyglucin, 2800 
ml rheopolyglucin, 2040 ml one-group erythrocyte 
concentrate and 3400 ml fresh frozen plasma.

20.10.2011 – broncofibroscopy there was per-
formed. The bronchial blocker was deleted by bi-
opsy forceps. The mucous membrane of the inter-
mediate bronchus at the point of blocker presence 
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was characterized by slight edema ad hyperemia.  
X-ray radiography of thoracic organs of 22.10.2011: 
on the right the front  costodiaphragmatic sinus is  
shaded, agraffes in the root, lung tissue expanded. 
On the left no focal and infiltrative shadows (Fig-
ure 7).

The patient was discharged with improvement. 
Examination was performed in 2 and 10 months, 
healthy (Figures 8, 9). 

Thus, the current study shows, that the imple-
mentation of minimally invasive methods in com-
bination treatment of hemothorax and pneumotho-
rax in the patient with concomitant severe trauma 
contributed to the recovery of the patient.

Conclusion
The implementation of  minimally invasive 

methods allowed to improve the effectiveness 
of combination treatment of polytrauma patients 
with dominant chest trauma.
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THE USE OF STATISTICAL STABILOMETRIC METHOD FOR 
ASSESSING POSTURAL DISORDERS IN PATIENTS WITH 
PARKINSON DISEASE
Rostov State Medical University, Rostov-on-Don
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Postural disorders are among the most disabling clinical symptoms of Parkinson’s disease (PD). Objective: 
To estimate the regulation of motor activity in PD patients and their relatives via stabilography method to create 
a risk assessment PD algorithm. Materials and methods. Clinical and neurophysiological analysis was performed 
in 25 patients with PD, 9 relatives of patients and 31 people for control group without any clinical manifestations 
of neurological diseases. All surveyed produce static stabilometric study. The results show a significant reduction 
in compensatory ability to maintain balance and the main pillar in Parkinson’s disease, regardless of the clinical 
form of the disease. Stabilometric method can detect violations of the regulation of motor activity in healthy people 
at risk of PD.
Key words: Parkinson’s disease, Stabilometric method.

The Parkinson’s disease (PD) is an irrevers-
ibly progressing neurodegenerative disease based 
on the predominant damage of dopaminergic neu-
rons of substantia nigra (SN) presented in com-
bination of hypokinesia and muscular rigidity, 
shivering, postural instability and a broad range 
of non-motor symptoms [1]. It is stated, that PD 
clinical manifestations are diverse and include veg-
etative, sensory and neuropsychic disorders along 
with the motor ones. At the present time, the spec-
trum of non-motor symptoms is considered as PD 
predictor having a lead of more than 10-20 years 
[2]. Moreover, the intensity of motor symptoms has 
a stronger influence on the patients’ quality of life 
than the intensity of non-motor clinical manifesta-
tions [3].

At the late stages, the diagnosis of PD does not 
cause difficulties not only for neurologists, but 
also for the doctors of other specialties. At present, 
a serious problem is still the diagnostics of the dis-
ease at early stages, when the motor defect is min-
imally expressed and the treatment of pathology 
is most effective. According to the epidemiological 
study of Goncharova Z.A. et al. (2014), in the city 
of Rostov-on-Don, out of all patients with PD reg-
istered at the healthcare institutions of the city only 
8,1% are diagnosed with the I stage. AT the same 
time, patients with the II stage constitute 41,6%, 
with the III stage – 40,37%. According to the au-
thors, such a low epidemiological indicator of PD 
I stage frequency of occurrence is connected with 
the insufficient diagnostics of the current disease 
at the early stage [4].

The main PD manifestations include walking 
and postural resistance disorders which develop 
at a particular stage in all patients [5]. At the ear-
ly disease stages, walking disorders, as a rule, do 
not cause any serious problems in patients, but 
with the PD progression and postural instability 

their influence grows consistently accompanied 
by the appearance of “freezing’, falls, which final-
ly leads to the inevitable patient’s disablement [6]. 
The disorder of balance function increases the pos-
sibility of falls either by standing or by moving 
of patients, contributes to the appearance of frac-
tures, growth of functional dependence of patients, 
decreases their quality of life. Apart from the falls, 
postural disorders are characterized by the change 
of the muscle tone, which leads to the develop-
ment of the flexion pose, in severe cases there 
can develop camptocormia – expressed bendover 
of the body to the front. A number of patients are 
characterized by the development of the Pisa syn-
drome, by which the body diverges in the coronary 
plane. Postural disorders also include microbasia, 
freezing during walking, propulsions [7, 8].

The appearance of modern instrumental meth-
ods of examination of walking and balance func-
tions allows to study the peculiarities of walking 
and postural stability disorders at different stages 
of PD in more detail. One of such methods is sta-
bilography combining such advantages as nonin-
vasiveness, possibility of automatic processing, 
ability of mass use. The principle of stabilography 
method consists in the evaluation of human biome-
chanical indicators during the process of keeping 
the vertical pose [9].

The keeping of balance by human is a dynam-
ical phenomenon requiring continuous movement 
of the body which is the result of interaction of ves-
tibular and visual analyzers, articular and muscu-
lar proprioception, central and peripheral nervous 
system. It should be noted, that the conditions 
of the vertical pose maintenance are character-
ized by a special difficulty – small bearing area, 
great number of turning joints and high position 
of the gravity center. Maintenance of the vertical 
pose involves high number of various reflectory 
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systems forming a complicated system of regula-
tion [10].

Until the present time, there has not existed 
a single viewpoint on the mechanisms of postural 
instability development by PD.

At the moment, there is marked the accumula-
tion of PD cases in families. By the existence of one 
close relative with PD, the risk of this disease in-
creases by 2-2,5 times, while by the existence of two 
relatives with PD the risk grows nearly by 10 times. 
In this regard, the evaluation of PD risk in patients’ 
relatives becomes topical. As PD refers to the dis-
eases with genetic predisposition, essential is also 
the problem of the search of early symptoms form-
ing the clinical picture of the disease.

Research objective: estimation of the regulation 
of motor activity in PD patients and their relatives 
via stabilography method.

Materials and methods
The research was performed on the base 

of the neurological department of the SBEI HPO 
RostSMU hospital during the period from March 
2016 to November 2016. By the study there were 
used the data of anamnesis, medical documenta-
tion, full neurological and instrumental examina-
tion of 25 patients with PD (14 men, 11 women), 
9 relatives of probands (4 men, 5 women) and 31 
persons for the control group (13 men, 18 women).

The stabilographic study was performed 
in the laboratory of extreme physical meth-
ods of diagnostics and treatment of RostSMU. 
The stabilometrics was conducted in the specially 
equipped room with sufficient area (20 m2) to pre-
vent acoustic orientation of patient in the space 
in the presence of the doctor-researcher. The pa-
tient’s feet were placed on the platform accord-
ing to the American position. From the moment 
of patient’s readiness until the start of the exam-
ination there was kept the interval of not less than 
20 seconds to avoid the change of parameters 
due to transition processes. The Romberg’s test 
consists of three tests – maintenance of balance 
with open (OE) and closed (CE) eyes and the Tar-
get test (T).

In terms of the first test, the examined person 
had to stand in the normal position with open eyes 
during 52 seconds with the following task: to cal-
culate inwardly the circles of white color appear-
ing on the display. In the second test, the examined 
person stood in the normal position with closed 
eyes and counted sound signals. The essence of test 
with closed eyes consists in the fact, that the visual 
analyzer influence is excluded and the vertical po-
sition is retained only due to proprioception. Test T 
was performed in one stage with visual feedback. 
The examined person standing on the platform 
should keep the marker in the center of the target 
with large scale of reflection by moving the body.

The test was interrupted and started again 
by the appearance of distractors capable of chang-
ing the results: coughing, scratching, head turning, 
any speech, external audio and other signals. Upon 
the end of the test the examined person report-
ed the number of circles and signals. According 
to the test results, there was calculated the Rom-
berg coefficient as the relation of the area of sta-
tokinesiogram in the test with closed eyes ELLS 
(CE) to the area of statokinesiogram in the test 
with open eyes ELLS (OE). Romberg coefficient = 
ELLS(CE)/ ELLS(OE)*100%; is used for the quan-
titative determination of the correlation between 
the visual and proprioceptive systems of balance 
control in the normal position.

The statistical processing was performed 
by means of Microsoft Office Exсel 2007 (Microsoft 
Corp., USA). The character of data distribution was 
evaluated by the graphical method. The data with 
normal distribution were processed by paramet-
rical methods of the statistical significance evalu-
ation: Student t-test (t-test). In case of data distri-
bution deviating from the normal one, there was 
used the non-parametric Mann–Whitney U test 
(U-test). The critical significance level by the test-
ing of statistical hypothesis was considered 0,05. 
The description of characteristics with normal dis-
tribution is presented in the form of M±SD, where 
M - arithmetical mean, SD – standard deviation.

Results and discussion
In the analyzed sample the average age con-

stituted 62,3±7,7 years, the stage according 
to the Hoehn and Yahr Rating Scale averagely con-
stituted - 2,4±0,7. The onset of disease was observed 
averagely at the age of 55,9±8,6 years. The disease 
duration constituted from 0,5 to 15 years, the av-
erage disease duration - 6,4±4 years. The akineti-
corigid form of PD was diagnosed in 13 (52%) pa-
tients, the rigid-tremor form – in 12 (48%) patients.

According to the analysis of the stabilogram, 
the plane curve of the amplitude curve of the body 
fluctuation in the standing position with open eyes 
characterized the unsteady balance of the body 
by PD.

There was also discovered a significant dissoci-
ation between the clinical manifestation of postural 
instability and stabilometric indicators represent-
ing the state of vertical body balance.

The analysis of the stabilogram depend-
ing on the age and PD duration showed signif-
icant correlations between the age of patients 
and the test with OE and between the disease dura-
tion and the test with T (r=-0,4 and -0,6 respectively, 
p≤0,05), which corresponds to the literature data. 
For example, in the work of Yunishchenko N.A. 
(2006) there is revealed the dependence of the sta-
tokinesiogram with the PD duration and the stage 
according to the Hoehn and Yahr Rating Scale [11]. 
Thus, at the late PD stage the growth of walking 
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and postural stability disorders can be connected 
with the desautomatization of movement pro-
grams, progression of regulatory and neurody-
namic disorders in the brain.

There was revealed a considerable differ-
ence between the stabilometry parameters in pa-
tients with PD and persons of the control group 
(U-test =236,5; p≤0,05). The average values of tests 
in patients: OE – 73,8±26; CE – 61,1±27; T – 62,2±23. 
In the control group: OE 88,9±8,6; CE – 81,1±8,3; T – 
75,1±16,9. At the same time, the indexes of relatives 
of probands were intermediate: OE – 88,8±4,9; CE 
– 71,8±26,9; М – 65,8±22,9.

In the course of the current study, the patients 
were not differentiated according to the stages 
and the form of the disease due to the small sam-
ple. Supposedly, by the tremor PD form there are 
determined more severe disorders to the side of in-
stability of the normal position, while by the aki-
neticorigid form – its hyperstability. There should 
be considered the question of the diagnostic ability 
of stabilometry for the akineticorigid forms of PD, 
as the slowness and stiffness can predetermine 
the reduction of speed of the pressure point move-
ment and the reduction of the statokinesiogram 
area [12]. Thus, in the work of Tretyakova N.A. 
et al. (2011) there was conducted the differential 
clinical and stabilometric analysis of various PD 
phenotypes [13]. By the tremor PD form, there was 
revealed the dissociation between the clinically 
expressed postural instability and stabilometric 
parameters. While in patients with the rigid dis-
ease form the obtained data reflect the disorders 
of statics, which indicates the necessity of further 
differential approach by the stabilometric analysis 
in patients with various clinical PD forms.

Conclusions
The method of statistic stabilometry allows 

to objectivate the disorders of postural func-
tions and to evaluate there state in dynamics. 
The age and the disease duration significantly 
worsen the study indexes. By means of the stabilo-
graphic method it is possible to determine the dis-
order of the regulation of motor activity in healthy 
people included into the PD risk group.

The results obtained in terms of the current 
study require further research by the bigger vol-
ume of sample.
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EPIDEMIOLOGICAL ASPECTS OF GASTRIC AND CARDIAC CANCER 
MORBIDITY IN ALTAI KRAI
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The epidemiology of stomach cancer and cardia is an urgent problem of modern healthcare and it ranks second 
(13.5%) in the structure of mortality from cancer in Russia. Stomach cancer ranks fourth (7.9%) among men, 
and fifth (5.2%) among women. The article presents the epidemiological analysis of the morbidity of stomach 
cancer in Altai Krai; it provides recommendations for reducing risks and morbidity rates.
Key words: oncological diseases, stomach cancer, epidemiology of non-infectious diseases.

Despite the reduction of morbidity, gastric can-
cer (GC) remains one of the most common diseas-
es in the world. Yearly, there are registered more 
than 1 million cases. In the overwhelming majority 
of countries, GC morbidity in men is 2 times higher 
than in women. The morbidity level varies rather 
widely [8;9]. Thus, according to the latest IARC edi-
tion “Cancer on 5 continents” (Volume 7), it is abso-
lutely evident, that the value of GC morbidity rate 
is influenced by the character and regime of nutri-
tion. The presence of enough plant food and fruits, 
animal and vegetable proteins in the food ration 
considerably decreases the risk of GC. The most 
demonstrative example is the USA, where during 
the last 70 years of sensible nutrition promotion 
the GC morbidity of population has significantly 
reduced. It should be noted, that a considerable de-
crease of GC was registered also in migrants from 
Japan permanently residing in the USA, especially 
in the second and third generations.

Research objective: to reveal the epidemiolog-
ical aspects of gastric cancer and cardia morbidity 
in the territory of Altai Krai.

Materials and methods
The materials for the retrospective epidemio-

logical analysis of gastric cancer and cardia mor-
bidity in the territory of Altai Krai and the Russia 
Federation included the statistical data of official 
sources, there was performed the statistical pro-
cessing of the obtained data.

Russia refers to the countries with high GC 
morbidity level with more than 37 thousand new 
cases registered annually [12]. However, there has 
emerged a trend to the reduction of GC morbidity 
in Russia. Since 1990 the morbidity has decreased 
by 21 thousand (35%) and constituted 37,8 thou-
sand (2015) (Figure 1, 2).

In the structure of oncological morbidity among 
men GC ranks 4th (7,9%), among women – 5th (5,2%), 
in the structure of mortality – 2nd (13,5%) [1]. In this 
regard, the problem of GC epidemiology, its early 

diagnostics and prevention remain topical.
According to the level of GC mortality in the ar-

ray of 45 countries Russia holds the 2nd position (in 
men) and 3rd position (in women). Despite the re-
duction of morbidity, during the recent 10 years 
the rate of mortality in the first year even increased, 
which is connected with the growth of the num-
ber of patients with IV stage. In 2015 in Altai Krai 
the standardized index of GC mortality in men 
constituted 19,4, in women – 7,5 per 100 000 popu-
lation, which is somewhat higher than the Russian 
index (17.9 and 7,3 respectively) [1; 2]. The highest 
survival rate is registered in Japan – 53%, in other 
countries it does not exceed 15-20% [5]. The rate 
of early GC in Japan is also the highest and consti-
tutes the half of all cases, while in Europe, the USA 
and other countries - not –exceeding 20%. The suc-
cess of survival improvement in Japan is deter-
mined by screening of population and establish-
ment of national cancer programs [14].

During the past decade there has been regis-
tered an increase of morbidity of cardio-esophageal 
cancer and a decrease of antral cancer morbidity, 
and this trend is most well-marked in European 
countries, while Japan is dominated by athral cancer 
[4; 13]. It is supposed, that GC of distal organs is as-
sociated with the Helicobacter pylori infection (HP), 
and eradicational treatment regimens cause HP mi-
gration in the proximal direction leading to the can-
cerogenic effect in the cardio-esophageal zone.

Researchers pay great attention to the role 
of HP by the determination of GC causes. After 
in 1983 B.J. Marchall [15], while studying the bi-
opsy materials of gastric mucosa of patients with 
ulcer disease, discovered and described a microor-
ganism classified as HP subsequently considered 
as the leading one in the etiology of chronic nonim-
mune antral gastritis, the researchers became inter-
ested in its influence on GC.

Ye.L. Fisheleva [11] notes in the survey 
for the role of HP in GC development, that accord-
ing to the studies conducted in the USA and En-
gland, the risk of GC development in the infected
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Figure1.
Dynamics of GC morbidity of the Russian population (men)

Figure 2.
Dynamics of GC morbidity of the Russian population (women)

patients is 3,8 times higher than in the nonifected 
patients. Prospective researcher performed with an 
interval of 15 years and more revealed HP infection 
in 90%, and by ruling out cardiac cancer this per-
cent became even higher. According to our obser-
vations, HP bacterization by GC constituted 92%.

In Altai Krai there was also marked the reduc-
tion of GC morbidity during recent 20 years, both 
in men (from 41,9 to 37,7) and in women (from 16,8 
to 10,5) per 100 thousand population (Figure 3,4).
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Figure 3. 
GC morbidity in the Western-Siberian region (“Crude” index. 2015)

Figure 4. 
GC morbidity in the Western-Siberian region (Standardized index. 2015)

In the Western-Siberian regionб there is ob-
served the territorial inequality of GC extension 
(Figure 3,4). There is revealed the connection 
of the disease with the regional specifics, which 
is determined by the peculiarities of the live en-
vironment including natural landscape, anthro-

po-ecological characteristics, presence of rhodonic 
waters, seismic activity, health levels, population 
density and migration manifesting itself firstly 
through the factors of nutrition and stress. Critical-
ly important is also the factor of social and natural 
strain caused by the stress syndrome of population 
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[9]. GC morbidity in Altai Krai among Western-Si-
berian regions is higher both in men and women, 
and is conditioned by such natural factors as natu-
ral rhodon, technogenic pollution by salts of heavy 
metals, consequences of explosions at Semipala-
tinsk test site.

Over the past 20 years in the whole world there 
has been marked a sharp increase of cardio-esoph-
ageal cancer (CEC) against the background of GC 
morbidity reduction, which makes the problem 
of treatment of neoplasms of the stated location 
extremely topical. The rates of growth of this neo-

plasm morbidity exceeded identical rates by other 
malignant tumors [3; 12] (Figure 5).

The experience of numerous large clinics show, 
that CEC and cancer of other gastric elements are 
different diseases. Tumors of the cardio-esophageal 
zone metastized not only into abdominal, but of-
ten into mediastinal lymph nodes. From the point 
of prognosis they are more unfavorable than gas-
tric or esophageal cancer. In Altai Krai CEC mor-
bidity over the recent 20 years has grown nearly 
by 2 times (1994 – 2,1 2015- 3,9) (Figure 5).

Figure 5. 
Dynamics of CEC morbidity in Altai Krai (both genders). “Crude” index

Figure 6. 
Age characteristics of CEC morbidity in Altai Krai during the past 10 years
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The basic contingent of CEC morbidity is ac-
counted for the age group of 50-60 years (76,3%) 
(Figure 6).

At the joint conference of the International gas-
tric cancer association and the International soci-
ety for diseases of the esophagus in 2000 the expert 
committee recommended the classification sug-
gested by J.R.Siewert (1987). It is simple for un-
derstanding and practical use. The classification 
is based on the anatomic center of the tumor with 
Z-line as the starting point. The classification al-
lows to differentiate the tumors located in the area 
of esophagogastric junction and to choose the most 
suitable surgical access.

Treatment of CEC still remains a multifaceted 
topical problem. Increased attention of the sur-
geons is focused on the problem of adequate access, 
degree of surgical intervention, volume of lymph 
node dissection, reduction of postoperative mortal-
ity and improvement of functional consequences 
of operations on cardio-esophageal cancer. Numer-
ous researches both in the RF and abroad are de-
voted to the search of adequate methods of surgical 
treatment and elaboration of effective combined 
methods.

During the past 20 years in Altai Krai there has 
been registered 596 cases of CEC morbidity. Men 
are exposed to this disease nearly 2 times oftener 
than women (31,4% and 69,6%). CEC morbidity 
is higher among urban population (54,7%) in com-
parison with rural population (45,3%).

Table 1
Tumor localization according to gastric elements 

(2005-2015)

Gastric element ICD-10 %
Cardia С16.0 11,6
Gastric fundus С16.1 0,8
Gastric corpus С16.2 35,7
Pyloric end of stomach С16.3 2,2
Pylorus С16.4 18,4
Lesser curvature С16.5 4,3
Major curvature С16.6 1,6
Extensive overall gastric 
affection С16.8 4,7

Nonrefinement gastric 
localization

С16.9 20,7

TOTAL (5498 cases) С16 100

According to our observations, out of 5498 cases 
of GC the tumor localization during recent years 
gradually moves to the upper gastrointestinal due 
to the conducted treatment described above. Thus, 
cardio-esophageal cancer constitutes 11,6% (Ta-
ble 1).

According to J.R. Siewert tumor classification, 
in our studies tumors were located: I type – in men 
- 31,4%, in women – 16,8%, II type – 65,9% in men, 
79,4% in women, III type – 2,6% in men and 3,8% 
in women. The frequency of CEC of I type occur-
rence is determined by Barrett’s epithelia meta-
plasia connected with the character of nutrition 
(smoking, alcohol abuse).

Table 2
Histological structure of cardio-esophageal tumors (2000-2015)

Code
ICD-0-2 Name Number of 

cases %

8140/3 Adenocarcinoma NOS 76 12,8
8140/3 High-grade differentiated adc 126 21,2
8140/3 Moderately differentiated adc 178 29,8
8140/3 Low-grade differentiated adc 165 27,7
8071/3 Squamous cell keratinous carcinoma 14 2,3
8072/3 Squamous cell nonkeratinous carcinoma 9 1,5
8231/3 Carcinoma simplex 4 0,7
8480/3 Mucinous adenocarcinoma 9 1,5
8560/3 Adenosquamous carcinoma 6 1,0
8260/3 Papillary adenocarcinoma 5 0,8
8240/3 Argentaffin carcinoma 4 0,7
TOTAL morphological-
ly verified

596 100%

There were primarily observed different types 
of adenocarcinoma constituting 92% of tumors. Ir-
respective of the tumor type there dominate low-
grade differentiated varieties. Squamous cell carci-
noma constituted 3,8% (Table 2).

Conclusion
Thus, GC and cardiac cancer remains an ex-

tremely pressing problem in Russia. In the mortality 
structure it holds the second position (13,5%). “Ear-
ly cancer” is diagnosed in 10% of cases, 75% of pri-
mary diagnosed gastric cancer are registered at III-
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IV stages, 83% of patients by the moment of case 
definition have metastases into regional lymph 
nodes. Thus, there are required screening programs 
for definition of the most common gastric cancer 
forms, and in modern conditions HC screening 
should be conducted at least in the groups of back-
ground and pre-malignant diseases. In this respect 
there is needed the popularization of knowledge 
(including TV, radio, leaflets etc.) about GC among 
general practitioners and among the population. 
A special role should be given to therapists, gastro-
enterologists, endoscopists. An effective measure 
of GC prevention can be the change of nutrition. 
Patients with GC should be treated in specialized 
medical institutions. By family GC there should 
be carried medical genetic consultation of relatives.
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TWO CASES OF FRACTURES OF THE FIRST RIB IN TEENAGERS
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Stress fractures more often affect bones of lower limbs, but there also occur other localizations: collar bone, first rib, 
antebrachium etc. The current work presents two cases of stress fractures of the first rib in teenagers.
Key words: stress fracture of the first rib in teenagers.

Stress fractures are quite frequently diagnosed 
in children and teenagers exposed to constant mo-
notonous physical load (including sports) as a re-
sult of bone overload, but not a stroke or trauma.

Reinberg S.A. (1964) outlines a separate issue 
of first rib fractures, as they possess a number 
of clinical and radiological peculiarities. Specific 
fractures of the first rib sometimes occur by an in-
tensive cough, nose blowing, sneezing, primarily, 
in serious bed patients with large segments of tho-
racic cavity excluded from respiratory function. 
The similar mechanism of occurrence of such frac-
ture is observed in pregnant women in late preg-
nancy or during labor. One of intensive movements 
causes an immediate sharp localized pain [1].

Vesnin A.G. and Semenov I.I. (2002) describe 
stress fracture as a genuine lateral fracture of bone 
diaphysis without displacement occurring not as 
a result of a single trauma, but due to long-term 
bone overload. Such fractures of II-II metatarsal 
bones after continuous walking are well studied 
and called “march” fractures.

The bones of lower limbs suffer most often: can-
non bones, metatarsal bones etc., but there occur 
other localizations: collar bone, first rib, antebrachi-

um etc. Clinically, there are registered moderate 
pains, including slight swelling and functional re-
strain of the limb.

X-ray picture is quite typical: thin, lateral, well 
defined fracture line (by current fracture) com-
bined with peristal and central callus (at the stage 
of callus formation) [2].

1. Patient, 14 years old. The check photofluoro-
graphic examination revealed changes in the first 
rib on the right. No complaints. Two months ago, 
the patient had felt pain in the neck during break 
dancing at a school disco. The patient received 
house treatment with pain relievers and oint-
ments.

2. Patient, 15 years old. By carrying bags with 
potatoes and loading them into the truck, there ap-
peared pains in the shoulder. No medical aid was 
requested.

The data of  multispiral computed tomog-
raphy: Both patients had an identical picture: 
in the middle region of the first rib on the right 
there was observed a lateral fracture line with cal-
lous adjoining surface and marginal bone prolifer-
ations due to periosteal changes. No displacement 
or deformations of the rib axis were observed.

Figure 1. 
Multispiral computed tomography of the chest of a 14-year-old patient
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Figure 2. 
Multispiral computed tomography of the chest of a 15-year-old patient
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PRESEPSIN AND PROCALCITONIN – MARKERS OF SEPSIS 
AND SEVERE PNEUMONIA
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Markers of inflammation procalcitonin (PCT), presepsin (PSP) are used against pneumonia, sepsis. The research 
objective was to study PCT, PSP to improve the diagnosis of severe pneumonia, sepsis. There was totally evaluated 
172 patients at the age from 17 to 87. Out of them 118 patients had community-acquired pneumonia (CAP), 
sepsis, other purulent diseases. These patients were investigated for the level of PCT. PCT was determined 
quantitatively in ng/ml by the immunofluorescence analyzer miniVIDAS (Biomerye, France). 54 patients with 
pneumonia, sepsis and other inflammatory diseases have been investigated for the level of the presepsin. Presepsin 
level was determined quantitatively in pg/ml by means of chemiluminescent immunoassay analyzer Pathfast 
(Mitsubishi Chemical Medience Corporation, Japan). All patients had received antibacterial therapy in other health 
care organizations before entering the hospital. Results: 1. PCT research. PCT level of patients with community-
acquired pneumonia (CAP) (2,1 ± 0,98, n = 10; ±m) and pneumogenic sepsis (3,7 ±
2,01,n = 12) upon admission did not differ (p>0.05). PCT of patients with severe CAP (3,4 ± 1,82, n = 5) did not 
differ from the PCT by pneumogenic sepsis without renal dysfunction (2,6 ± 1,52, n = 5, p> 0.05). 2. PSP research. 
There were revealed differences between PSP level by severe pneumonia (642,0 ± 140,59, n = 10) and sepsis 
of patients without renal dysfunction (1412,5 ± 180,27, n = 8, p <0.05).
Key words: procalcitonin, presepsin, pneumonia, sepsis.

Biological markers, as indicators of biological 
and pathobiological processes, have been used 
since early 1990s of the past century [1]. The bio-
logical markers by pneumonia and sepsis are pro-
calcitonin (PCT), presepsin (PSP), IL-6, C-reactive 
protein, leucocytes [2,3].

PCT is used to determine the bacterial nature 
of a respiratory disease for sepsis diagnostics [1]. 
PCT presents a prohormone – predecessor of cal-
citonin [4]. PCT is primarily generated in C-cells 
of thyroid gland and neuroendocrine lung cells. 
The stimulatory effect on PCT production is caused 
by lipopolysaccharide of the bacterial wall. By se-
vere infection the level of PCT increases quite rap-
idly and preserves for a long time, which makes 
it a specific sepsis marker. PCT is used in clinical 
practice for diagnostics and control of the anti-
bacterial therapy (ABT) effectiveness by the treat-
ment of community-acquired pneumonia (CAP) 
and sepsis.

The American Medical Association had sug-
gested the algorithms of ABT conduction in pa-
tients with infections of lower respiratory tracts 
considering the concentration of PCT and its inter-
polation by septicemic conditions [5]. The influence 
of vasoactive drugs, pain killers, anticoagulants or 
diuretic agents on the change of PCT was not re-
vealed. The reduction of PCT concentration during 
several days indicated the efficiency of the therapy 
(surgical, antibacterial).

PSP – is a new biomarker of bacterial and fungal 
systemic infections [2]. A key role in PSP production 
is played by activation of macrophages/monocytes, 

on the surface of which there is situated membrane 
receptor proteinmCD14. This protein-receptor 
identifies the signal of presence of infectious bac-
teria and switches the system of nonspecific immu-
nity and the inflammatory process connected with 
it. After the activation of macrophages, mCD14 de-
taches from the membrane, enters the circulation 
and becomes soluble sCD14. Further, there occurs 
the activation of phagocytosis by means of lyso-
somal proteinases. Proteinases split sCD14 form-
ing sCD14-ST (PSP).

PSP possesses a number of advantages in com-
parison with the other anti-inflammatory markers: 
1) early rise; 2) precise reflection of severity and dy-
namics of sepsis; 3) prognosis of outcomes; 4) prog-
nosis of sepsis recurrence.

Objective: to study the markers of inflamma-
tion to improve the effectiveness of diagnosis of se-
vere pneumonia and sepsis. For this purpose there 
was: 1) determined the level of PCT in patients with 
community-acquired pneumonia, sepsis with pri-
or ABT; 2) determined the level of PSP in patients 
with pneumonia, sepsis with prior ABT.

Materials and methods
There were totally examined 172 patients at the age 

from 17 to 87 years. Out of them 118 patients were in-
vestigated for the level of PCT. These patients were 
under medical treatment in the pulmonary depart-
ment, surgery infection department, resuscitation 
and intensive care department of FSBHI “Regional 
Clinical Hospital” for the period from 2010 to 2014. 
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The age of patients – from 19 to 87 years, the aver-

age age - 52,6±15,9 ( X ±m). Among them 71 (60,2%) 
men, 47 (39,8%) women. The patients were divided into 4 
groups. The 1st group consisted of patients with CAP 
(n=19, 16,1%), 2nd group – patients with pneumogenic 
sepsis (n=12, 10,2%), 3rd group – patients with abdom-
inal sepsis (n=57, 47,3%), 4th group – other purulent 
diseases (pancreonecrosis, phlegmonous cholecysti-
tis, phlegmon of anterior abdominal wall, acute sup-
purative mastitis) (n=30, 25,4%).

In 54 patients there was stated the level 
of PSP. The patients were under medical treatment 
in the pulmonary department, surgery infection 
department, resuscitation and intensive care de-
partment of FSBHI “Regional Clinical Hospital” 
for the period from 2010 to 2014. The age of patients 
– from 17 to 77 years, the average age - 54,4 ± 2,44 
(X± m). Among them 34 (63,2 %), men, 20 (36,8%) 
women. The 1st group consisted of patients with 
pneumonia (n =16, 29,6 %), 2nd group – patients 
with pneumogenic sepsis (n = 14, 25,9 %), 3rd group 
– patients with abdominal sepsis (n = 16, 29,6 %), 4th 
group – other purulent diseases (purulent pyelo-
nephritis, phlegmonous appendicitis, cholecystitis, 
etc.) (n = 8, 14,9 %).

The PCT level was was determined quantita-
tively by the immunofluorescence analyzer mini-
VIDAS (Biomerye, France). The results are present-
ed in nanograms per milliliter (ng/ml). PCT was 
determined upon admission, in 5 and more days.

The PSP level was determined quantitatively 
by means of chemiluminescent immunoassay ana-

lyzer Pathfast (Mitsubishi Chemical Medience Cor-
poration, Japan). The results are presented in pic-
tograms per milliliter (pg/ml). PSP was determined 
upon admission.

The management of patients was performed 
in accordance with current clinical recommen-
dations and standards. The antibiotic treatment 
included: penicillins (ampicillin, ampicillin/ sul-
bactam, amoxycillin/clavulanate), cephalosporins 
(cefazoline, ceftriaxone, cefotaxime, ceftazidime, 
cefoperazone, cefoperazone/ sulbactam, cefepime, 
ceftaroline), carbapenems (meropenem, ertapen-
em, imipenem/cilastatin); aminoglycosides (ami-
kacin, gentamycine); macrolides (azithromycin); 
glycopeptides (vancomycin); oxazolidinones 
(linezolid); other antibiotics (tigecycline); nitroim-
idazole (metronidazole); sulfanilamides and tri-
methoprim (co-trimoxazole); quinolones (levoflox-
acin, moxifloxacin, ciprofloxacin); antimycotics (f 
luconazole); antiviral agents (oseltamivir, acyclo-
vir). All patients had been exposed to ABT in other 
healthcare organizations before admission to FS-
BHI “Regional Clinical Hospital”.

The statistical data processing was conducted 
by means of Microsoft Exel program package. Sta-
tistically significant differences were determined 
by means of Student t-test.

Results and discussion
1. Results of PCT examination
The level of PCT in patients with CAP, pneu-

mogenic sepsis and abdominal sepsis is presented 
in Table 1.

Table 1
PCT in patients with CAP, pneumogenic and abdominal sepsis

Index Patients with 
CAP
(1)

Patients with pneu-
mogenic sepsis

(2)

Patients with ab-
dominal sepsis

(3)

р

X ±m X ±m X ±m
1-2 1-3 2-3

PCT upon 
admission

2, 1±0,98
n=10

3,7±2,01
n=12

18,4±6,31
n=27

>0,05 <0,05 <0,05

PCT in 5 
days and 

later

0,2±0,04
n=9

- 13,1±6,65
n=30

- <0,05 -

PCT in all 
patients

1,2±0,55
n=19

3,7±2,01
n=12

15,6±4,57
n=57

>0,05 <0,05 <0,05

PCT level in patients with CAP and pneumo-
genic sepsis upon admission did not differ signifi-
cantly. PCT in patients with CAP upon admission 
constituted 2,1±0,98, n=10, which was lower than 
the level of PCT in patients with abdominal sepsis - 
18,4±6,31, n=27 (р<0,05). PCT in patients with pneu-
mogenic sepsis upon admission - 3,7±2,01, n=12, 
which was lower than in patients with abdominal 
sepsis 18,4±6,31, n=27 (р<0,05).

PCT in patients with CAP in 5 days and later 
constituted 0,2±0,04, n=9, which was lower than 

in patients with abdominal sepsis - 13,1±6,65, n=30 
(р<0,05).

PCT level in patients with CAP and pneumo-
genic sepsis in the general group did not differ. 
PCT in the general group by CAP was 1,2±0,55, 
n=19, which was lower than in patients with ab-
dominal sepsis - 15,6±4,57, n=57 (р<0,05). PCT 
in patients with pneumogenic sepsis in the general 
group equaled 3,7± 2,01, n=12, in patients with ab-
dominal sepsis - 15,6±4,57, n=57 (р<0,05).
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The concentration of PCT upon admission in pa-
tients with severe pneumonia constituted 3,4±1,82, 
n=5, which did not differ from PCT by pneumo-
genic sepsis without renal dysfunction - 2,6±1,52, 
n=8, (р>0,05).

The level of PCT in patients with CAP, pneumo-
genic sepsis and abdominal sepsis in comparison 
with the patients with other inflammatory diseases 
is presented in Table 2.

Table 2
PCT in patients with CAP, pneumogenic and abdominal sepsis in comparison  

with the patients with other inflammatory diseases

Index

Patients with 
CAP
(1)

Patients with 
pneumogenic 

sepsis
(2)

Patients with 
abdominal 

sepsis
(3)

Patients with 
other inflamma-

tory diseases
(4)

р

X ±m X ±m X ±m X ±m 1-4 2-4 3-4

PCT upon 
admission

2, 1±0,98
n=10

3,7±2,01
n=12

18,4±6,31
n=27

24,7±11,63
n=21

>0,05 >0,05 >0,05

PCT in 5 
days and 

later

0,2±0,04
n=9

- 13,1±6,65
n=30

3,4±1,43
n=9

<0,05 - >0,05

PCT in all 
patients

1,2±0,55
n=19

3,7±2,01
n=12

15,6±4,57
n=57

17,7±8,04
n=30

<0,05 >0,05 >0,05

The level of PCT in patients with CAP, pneumo-
genic sepsis and abdominal sepsis in comparison 
with the patients with other inflammatory diseases 
did not differ significantly.

PCT in patients with CAP in 5 days and later 
constituted 0,2±0,04, n=9, which was lower than 
in patients with abdominal sepsis - 3,4±1,43, n=9, 
(р<0,05). The level of PCT in 5 days since admis-
sion and later in patients with abdominal sepsis 

and other inflammatory diseases did not differ sig-
nificantly.

PCT in patients with CAP in the general group 
equaled 1,2±0,55, n=19, which was lower than in pa-
tients with other inflammatory diseases - 17,7±8,04, 
n=30, (р<0,05).

2. Results of PSP examination
The level of PSP in patients with sepsis and oth-

er inflammatory diseases is presented in Table 3.

Table 3
PSP in patients with pneumogenic, abdominal sepsis and other inflammatory diseases

Index

Patients with 
pneumogenic 

sepsis
(1)

Patients with 
abdominal 

sepsis
(2)

Patients with other 
inflammatory 

diseases
(3)

р

X ±m X ±m X ±m 1-2 1-3 2-3

PSP upon ad-
mission

3083,8±598,10
n=14

2867,4±503,64
n=16

873±132,92
n=8

>0,05 <0,05 <0,05

The level of PSP upon admission by pneu-
mogenic sepsis in the general group constituted 
3083,8±598,10 pg/ml, n=14, by abdominal sepsis 
in the general group - – 2867,4±503,64 pg/ml, n=16 
(р>0,05). In patient with other inflammatory diseas-

es PSP was 873±132,92 pg/ml, n=8, which differed 
from PSP by pneumogenic and abdominal sepsis 
(р<0,05).

The level of PSP by pneumonia and pneumo-
genic sepsis is presented in Table 4.

Table 4
PSP in patients with pneumonia and pneumogenic sepsis 

Index

Patients with se-
vere pneumonia

(1)

Patients with pneu-
mogenic sepsis with-
out renal dysfunction 

(2)

Patients with severe 
pneumogenic sepsis 
with renal dysfunc-

tion (3)

р

X ±m X ±m X ±m 1-2 2-3

PSP 642,0±140,59 n=10 1412,5±180,27 n=8 5434,5±881,41 n=4 <0,05 <0,05
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The level of PSP by pneumogenic sepsis by ex-
clusion of patients with severe sepsis, chronic kid-
ney disease and acute renal dysfunction, exposed 
to hemodialysis, constituted 1412,5±180,27 pg/ml, 
n=8, in comparison with PSP of patients with with 
pneumogenic sepsis and renal dysfunction, ex-
posed to hemodialysis - 5434,5±881,41 pg/ml, n=4, 
(р<0,05).

The PSP concentration in one patient with ab-
dominal sepsis constituted 3150 pg/ml. The level 
of PSP in patients with severe abdominal sepsis - 
2601,2±650,85 pg/ml, n=12. Patients with abdomi-
nal sepsis did not receive hemodialysis.

The level of PSP in patients with severe pneu-
monia was 642,0±140,59 pg/ml, n=10, while in pa-
tients with light form of pneumonia it constituted 
231,3±54,26 pg/ml, n=6, (р<0,05).

PSP in patients with severe pneumonia consti-
tuted 642,0±140,59 pg/ml, n=10, which was lower 
than in patients with pneumogenic sepsis with-
out renal dysfunction - 1412,5±180,27 pg/ml, n=8, 
р<0,05.

In current research the level of PCT upon ad-
mission in patients with CAP with prior ABT con-
stituted 2,1±0,98 ng/ml. In the work of M. Bafadhel 
et al., it is shown, that by CAP in primary health 
care, the level of PCT was 1,27 ng/ml [6].

In this study, we determined the PCT values 
in patients with pneumogenic, abdominal sepsis 
and other inflammatory diseases with prior ABT. 
The literature sources concerning this issue are lim-
ited.

The differences between PCT by CAP and pneu-
mogenic sepsis in patients with prior ABT were 
not found in our study. The level of PCT by CAP 
was lower, than by abdominal sepsis and other in-
flammatory diseases. The difference between PCT 
by abdominal sepsis and other inflammatory dis-
eases in patients with prior ABT was not revealed.

The determination of PCT level is used to im-
prove ABT prescription. According to literature, 
the implementation of “biomarker-oriented” ther-
apy reduces the terms of ABT and the number 
of antibiotic associated adverse events compared 
to the standard therapy by CAP [4]. The use of pro-
calcitonin-oriented therapy did not effect mortality 
and hospital admission to the resuscitation and in-
tensive care department by infections of lower re-
spiratory tracts.

In terms of the study, the level of PSP in patients 
with pneumogenic sepsis constituted 1412,5±180,27 
pg/ml (n=8). In patients with severe abdominal 
sepsis - 2601,2±650,85 pg/ml, n=12. Our data differ 
slightly from the literature sources. The recom-
mendations on patient management by suspected 
sepsis include the following values of PSP (pg/ml): 
<200 – very low risk of sepsis development; 200-
300 – low risk of sepsis; 500-1000 – sepsis; ≥1000 
– severe sepsis, sepric shock [2]. In the study by M. 
Behnes et al., the diagnostic levels of PSP were 

the following: ≥530 pg/ml by sepsis; ≥600 pg/ml 
by severe sepsis. In the research, presepsin is con-
sidered significant by determination of the severity 
of sepsis. Consequently, by diagnostics and deter-
mination of the severity of sepsis, it is reasonable 
to consider the recommended values of PSP.

The results of our study showed, that PSP in pa-
tients with pneumogenic sepsis exposed to hemo-
dialysis constituted 5434,5±881,41 pg/ml (n=4), 
which does not contradict the literature data. PSP 
is filtrated in renal glomerules, reabsorbed and me-
tabolized in proximal convoluted tubules. There 
exist data on the increase of PSP concentration 
in patients with renal dysfunction even by lack 
of infection [7]. The PSP concentration in patients 
with terminal renal insufficiency before kidney 
transplantation was 1252±451 pg/ml. After the sur-
gery the level of PSP reduced. These data indicate, 
that kidneys play an important role in presepsin 
clearance.

The level of PSP by mild and severe forms 
of pneumonia in our research corresponds to the lit-
erature data [2].

We revealed the difference between PSP by se-
vere pneumonia and sepsis in patients without re-
nal dysfunction, while the concentration of PCT 
by severe pneumonia and sepsis did not differ. 
Thus, PSP reflects the severity of infectious disor-
der more precisely, than PCT, which does not con-
tradict literature [2].

Conclusion
1. PCT level in patients with prior CAP (2,1 ± 

0,98 ng/ml) and pneumogenic sepsis (3,7±2,01ng/
ml) did not differ significantly. These data indicate 
an extremely severe course of CAP in examined 
patients.

2. It is reasonable to consider the level of PCT 
by managements of patients with CAP, sepsis 
and other inflammatory diseases with prior ABT.

3. There was revealed the difference of PSP 
level by severe pneumonia (642,0±140,59 pg/ml) 
and sepsis in patients without renal dysfunction 
(1412,5±180,27 pg/ml), the level of PCT by severe 
pneumonia and sepsis did not differ significant-
ly. Thus, PSP reflects the severity of infection 
more precisely, than PCT. The implementation 
of the new PSP marker is reasonable by diagnostics 
and determination of the severity of sepsis.
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