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N.l. Bojarincev, G.D. Sunozova

METHOD OF DETERMINING THE DEGREE
OF IMPAIRMENT OF THE GASTRIC
EVACUATION FUNCTION IN PATIENTS
WITH CICATRICIAL-ULCERATIVE
STENOSIS OF THE DUODENUM

Aim. To develop the method of determining the degree of impairment of gastric evacuation function in patients with cicatricial-ulcerative stenosis
of the duodenum based on the data of standard daily pH-monitoring.
Materials and methods. There were examined 45 patients with with cicatricial-ulcerative stenosis of the duodenum. All patients underwent a
comprehensive endoscopic and X-ray examination of the gastric evacuation function. Gastric secretory function was assessed by intragastric daily

pH monitoring.

Results. A method for determining the degree of impaired gastric evacuation function is proposed, including intragastric pH monitoring, which
determines the number of duodenogastric refluxes and the values of the parameters: "ratio of pH in the body of the stomach to the pH in the antrum

of the stomach,

pH range in the cardiac part of the stomach."

Using the obtained data, the formulas are used to determine values of prognostic coefficients d1, d2 n d3, compare their numerical character-
istics, which are what is used to evaluate degree of disorder of gastric evacuation function. With the value of d1 is greater than d2 and d3, the |
degree is established, with d2 is greater than d1 and d3 - Il degree and with d3 greater than d1
and d2, the Il degree of impaired gastric evacuation functionis established.

Conclusion. The proposed method allows establishing the degree of impaired gastric evacu-
ation function during standard intragastric pH monitoring.

The proposed method can be used for automated computerized, remote, screening diagnos-
tics according to the values of daily intragastric pH monitoring.
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monitoring.

Introduction. Intragastric pH monitor-
ing is a widely accepted standard meth-
od for the study of acid and reflux values
of the stomach in acid-related diseases,
one of which is duodenal (DD) ulcer (UD)
[1,2,5,7].

It is known that cicatricial-ulcerative
stenosis (CUS) of the duodenum is one
of the most frequent complications of
ulcer and occurs in 10.0-56.3% of pa-
tients [1, 3, 6, 8]. Its main manifestation
is a impairment of the gastric evacuation
function (GEF), the assessment of the
degree of which is crucial for determin-
ing indications for surgical treatment, the
nature and extent of preoperative prepa-
ration [3, 6, 7].

A method has already been proposed
for determining GEF impairment accord-
ing to intragastric pH monitoring after
various surgeries for duodenal ulcer [2].
However, a prerequisite for the use of this

method is to restore the patency of the
pylorus section of the stomach.

Authors performed a postoperative
indirect comparative assessment of the
evacuation time from the stomach to re-
store the initial indices of intragastric pH
during evacuation to the duodenum of
mixed standard food load. In this case,
the degree of its preoperative disorder
was not assessed using the claimed
method.

The disadvantages of this method are
the need to use a mixed standard food
load, the patient must be in an upright
position for 1.5 hours. In the absence of
restoration of the initial value of intragas-
tric pH, the need arises to conduct a re-
peated study.

The objective of our study was to
develop the method of determining the
degree of violation of the evacuation
function of the stomach in patients with



cicatricial-ulcerative stenosis of the du-
odenum based on the data of standard
daily pH-monitoring.

Technical result of the claimed method
is the increased precision and simplifica-
tion of degree of GEF impairment in pa-
tients with duodenal CUS.

Materials and methods. There were
examined 45 patients with with cicatri-
cial-ulcerative stenosis of the duodenum.
They included 36 men and 9 women.
Mean age of patients was 50.5+19.1
years.

All patients underwent endoscopic ex-
amination, intragastric pH monitoring (Ta-
ble 1) and X-ray examination of GEF with
determination of the extent of its impair-
ment using classification by M.I. Kuzin et
al. (1985) [3].

Radiographically, a first-degree GEF
impairment was detected in 24 (53.3%)
patients, |l degree in 13 (28.9%) patients,
and Il degree in 8 (17.8) patients.

by stepwise incorporation of signs into
the model with a final assessment of
the contribution of each indicator to the
probability share correct classification.
DA was performed by the method of
step-by-step inclusion of values of daily
intragastric pH monitoring into the model
according to Tolerance criteria and
F-statistics [4]. The grouping parameter
was the degree of GEF impairment.

Results. When comparing the values
of intragastric pH in patients with the
CUS of the duodenum, a relationship
was found between the degree of GEF
impairment and the intragastric pH values
(Table 2).

Taking into account the obtained data,
we created a mathematical model for
predicting the degree of GEF impairment
based on intragastric pH data in patients
with duodenal CUS with a patient
distribution accuracy of 92 and 100%,
which was determined by the number
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subjected to standard daily intragastric
pH monitoring with a 3-channel pH-
metric probe with sensors located in the
cardia section, stomach body and antral
sections of the stomach.

The use of 3-channel pH-metric probe
and the location of the sensors in the
sections of the stomach due to the need
for simultaneous recording of the pH
values of all parts of the stomach and
DGR values.

After the end of study in order to
determine the degree of GEF impairment
with 92% precision, three parameters are
evaluated: number of duodenogastric
refluxes, "ratio of pH in the body of the
stomach to the pH in the antrum of the
stomach," "pH range in the cardiac part
of the stomach."”

Using the resulting numerical values
of said pH-monitoring parameters, there
are calculated prognostic coefficients d1,
d2 and d3 using the formulas:

Table 1

Values of intragastric daily pH monitoring in patients with duodenal CUS

Health | Patients with ulcerative stenosis
pH metry indicators ca (HZZ%G;OP y degree GEF impairment pl p2
I (n=24) 11 (n=13) pl 11T (n=8)

A ion ind Antrum 5.1£0.9 3.46+0.55* 2.32+0.75* p<0.05 2.8+1.18* p<0.05 p>0.05

ggres('sﬁ’)n mndex Body 2134028 | 3.68£1.44* | 32+081* | p>0.05 | 4.1£0.92* | p<0.05 | p<0.05

P Cardial part 4.38+0.51 3.54+1.5% 3.6£1.34* p>0.05 4.0£1.64* p<0.05 p>0.05

% of time with pH <2 in the antrum 17.16£2.13 38.7+11.7* 54.1+12.5% p<0.05 66.74£31.2% p<0.05 p<0.05

Duodenogastric reflux 47.449.5 8.3£2.21* 3.6+£2.1% p<0.05 0 p>0.05 p>0.05
The number of gastroesophageal reflux

duration more than 5 min. 2.5+1.5 11.3+£6.1* 16.1£2.7* p<0.05 21.442.7%* p<0.05 p<0.05

To compare the values of daily in-
tragastric pH monitoring, we determined
the arithmetic average value (M) and In

of intragastral
included in the model (Table 3).

clinical  practice,

the

pH monitoring values

most

d1=-24.1293 + 1.4127 x A1 + 4.0021
x A2 +6.3209 x A3;
= -7.78924 + 0.51564 x A1 +

standard deviation (s). To assess the
normality of the distribution Shapiro-
Wilk criterion was used. Comparison of
groups by quantitative characteristics
was performed using the Mann-Whitney
test [4].

To create mathematical models of
motor-evacuation disorders in patients
with duodenal CUS, we used the
discriminant analysis method (DA)
based on the values of daily intragastric
pH monitoring, which was carried out

convenient is the use of a smaller number
of values taken into account with an
accuracy of 92%. For scientific research,
it is recommended to use a mathematical
model with a predictive accuracy of 100%
with an increased number of intragastric
pH monitoring values taken into account
(Table 3).

In accordance with our proposed
method for indirect determination of the
degree of GEF impairment according to
intragastric pH monitoring, patients are

Table 2

The correlation coefficients (R) indices of intragastric pH and the degree of GEF
impairment in patients with the duodenal CUS

% of time with The number | The number of
Indicator | pH Antrum | pH <2 inthe |pH Cardial part| of duodeno- | gastroesophageal
antrum gastric reflux reflux
Efeérg; -0.76 (p<0.05)| 0.83 (p<0.05) | 0.42 (p<0.05) |-0.83 (p<0.05)| 0.36 (p<0.05)

4.42335 x A2 + 4.25367 x A3;

d3 =-11.0768 + 0.0464 x A1 + 7.8569
x A2 + 5.3359 x A3,,

where:

“-24.1293"; “-7.78924"; “-11.0768" -
constants;

"1.4127", "4.0021", "6.3209" - values
of the coefficients of the discriminant
function for d1;

"0.51564", "4.42335", "4.25367"
- values of the -coefficients of the
discriminant function for d2;

"0.0464", "7.8569", "5.3359" - values
of the coefficients of the discriminant
function for d3;

A1, 2, 3 - numerical values of
paramerers of intragastric pH-monitoring:

A1 — “number ofduodenogastral
refluxes”;

A2 — “ratio of pH in gastric body to pH
in antral section of the stomach”;

A3 - “range of pH in cardia section of
stomach”.
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Table 3

The list of discriminating signs and the values of the coefficient "'b" to determine
the degree of GEF impairment in patients with the duodenal CUS

Mathematical Coefficient values «by»
Model Accuracy Discriminating Indicators Degree of GEF
(%) I II 11
The number of duodeno-gastric reflux 1.4127 | 0.51564 | 0.0464
9 body/antrum ratio 4.0021 |4.42335| 7.8569
pH range in cardiac 6.3209 | 4.25367 | 5.3359
Constant (a) -24.1293 |-7.78924 -11.0768
Max pH in the antrum -2.6941 | 9.6565 | 16.237
pH in the antrum 21.3092 | -3.6820 | -23.712
% of time with pH <2 in the antrum 0.5422 1.1849 1.612
The number of duodeno-gastric reflux -0.6771 | 1.6063 | 4.081
Max pH in the body 7.9097 | -4.5311 | -14.416
100 pH in the body 1.8949 |-37.6802| -72.754
pH range in the body of the stomach -27.9093 | 34.5131 | 86.754
body/antrum ratio 12.5848 |-26.0493 | -58.277
Min pH in cardial part -19.4664 | 23.3211 | 58.401
cardia/body ratio 7.5721 | -3.3728 | -11.221
Constant (a) -66.1773 |-81.3965[-126.543

With the value of d1 is greater than d2
and d3, the | degree is established, with
d2 is greater than d1 and d3 - |l degree
and with d3 greater than d1 and d2, the IlI
degree of impaired evacuation function of
the stomach is established.

Discussion The use of the proposed
method, in comparison with the analogue
[2], is much simpler, due to the absence
of the need to use a standard food load
and the possibility of arbitrary patient
behavior. In particular, it is possible to
use it in weakened, bedridden patients.

With an increase in the number of
discriminatory indicators included in
the mathematical model, up to 10, the
predictive accuracy of the proposed
method for determining the degree of
impairment of evacuation function of the
stomach reaches 100%.

To simplify the implementation of
calculations by the proposed method,
we, together with the laboratory of
informatization of applied research of
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NArFU n.a. M.V. Lomonosov (head.
Ph.D. Tech, associate professor Popov
A.l.) developed a computer program
DiaSten-pH, which presents the results
of automatic calculation in numerical and
graphical form (Figure 1).

Fig. 1. An example of using the program
DiaSten-pH to determine the degree
of impairment of evacuation function of
the stomach in a patient with cicatrical-
ulcerative stenosis of duodenum.

When performing intragastric pH
monitoring with the Gastroskan-GEM
machine, the DiaSten-pH computer prog-
ram can be considered an addition to it.

DiaSten software is lightweight and
cross-platform. It was tested on Windows
7 and Ubuntu 14.04 operating systems.
Only free tools were used for software
development.

Conclusions. A correlation was
established between the degree of
impairment of evacuation function of the
stomach and the values of acid and reflux

PeiyneTame

®:

Cenierm i
Hib sk § fry Wi

vt | ETeren I

An example of using the program DiaSten-pH to determine the degree of impairment of
evacuation function of the stomach in a patient with cicatrical-ulcerative stenosis of duodenum.

indices of intragastric pH monitoring.

On the basis of discriminant analysis
of intragastric pH monitoring indicators,
mathematical models were created that
allow determining the degree of EFS
impairment with an accuracy of 92% and
100%.

The use of the computer program
DiaSten-pH greatly simplifies the
determination of the degree of EFS
impairment in patients with duodenal
CUS, allows to expand the diagnostic
capabilities of intragastric pH-monitoring,
and carry out the remote diagnostics of
patients.
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R.N. Zakharova, S.S. Shadrina, T.M. Klimova, E.P. Ammosova,

A.l. Fedorov, M.E. Baltakhinova

EPIDEMIOLOGY OF KNEE
OSTEOARTHRITIS AMONG RURAL
RESIDENTS OF YAKUTIA

Knee osteoarthritis is one of the most common rheumatologic problems. A population study was performed to study the epidemiology of osteo-
arthritis of the knee joints (gonarthrosis) among the rural indigenous people of Yakutia.

Material and methods: we performed a population study of the adult indigenous population (Yakuts) of 7 villages in central Yakutia. A total of
3.401 people took part in the screening study. The diagnosis of gonarthrosis was made using Altman et al. criteria (1991).

Results: the prevalence of gonarthrosis among the rural population of Yakutia was 12.8% (95% CI: 11.7-14.0) and depended on the age of the
examined. Knee osteoarthritis was 2 times more often observed in women. Prevalence rates were 16.9% (95% ClI: 15.3-18.7) in women and 7.8%
(95% CI: 6.6-9.3) in men, respectively. The mean age of patients with gonarthrosis among the rural population was 56 years. Mechanical overload
of the joint in the cold was proved to be the main risk factor for knee osteoarthritis for the rural population.

Conclusions: the high prevalence of gonarthrosis among the indigenous rural residents of
Yakutia is due to the features of the population life in the region with extreme climate.

Keywords: epidemiology, gonarthrosis, Yakuts, rural population, Sakha (Yakutia) Republic.
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Introduction. Osteoarthritis (OA) is
one of the most common chronic diseas-
es, reducing the life quality of patients.
The disease occupies a leading position
in the structure of rheumatic diseases
(RD). These diseases often lead to phys-
ical disability, and their treatment is the
most expensive in the world. Analysis of
statistical indicators for Russia in 2015-
2016 showed that the main share among
the class of diseases of the musculoskel-
etal system (MSSD) is made up of de-
generative joint diseases (the incidence
of OAis 4 350 465 cases in 2015; with a
slight decrease in 2016 to 4 285 464 cas-
es). Annually in the Russian Federation
more than 600 OA new cases are record-
ed per 100 000 adults. More complete
information on the prevalence of chronic
RD in the population can be obtained in
the course of large-scale epidemiological
studies. The first studies of the RD epide-
miology were conducted in the early 70s
and 80s and differed in approaches to di-
agnosing the disease, and therefore, the
prevalence rate varied widely from 4 to
64% [2, 7, 8, 9]. Epidemiological studies
using common methods and diagnostic
criteria began to be carried out only in the
90s. These researches indicate the OA
widespread prevalence among workers
in industrial enterprises and agriculture
and range from 18 to 41% depending on
the region [2, 8, 9]. The last large-scale

study was initiated by the Institute of
Rheumatology of the Russian Academy
of Medical Sciences in the mid-2000s as
part of the World Decade of Bones and
Joints [3, 4]. The research program de-
veloped by the Institute of Rheumatolo-
gy of the Russian Academy of Medical
Sciences together with the Association of
Rheumatologists of Russia included the
study of the epidemiology and economic
burden of rheumatic diseases in various
regions of the country among different so-
cial groups. The project was implemented
in 15 regions of the Russian Federation,
including the Sakha (Yakutia) Republic.

The Sakha (Yakutia) Republic is lo-
cated in the permafrost zone, 40% of the
republic’s territory lies beyond the Arctic
Circle. The region is characterized by a
long period of below zero temperatures,
the absolute value of the minimum tem-
perature and a significant difference in
temperatures in the cold and warm pe-
riods of the year. As of January 1, 2018
964.3 thousand people live in the Re-
public (population density - 0.31 people
/ km2), including the rural population -
331.5 thousand (34.4%), urban - 632.9
(65.6%). According to 2010 census,
the national composition of the popula-
tion is represented by Yakuts (45.5%),
Russians (41.2%), Ukrainians (3.6%),
Evenks (1.9%), Evens (1.2%), and other
nationalities (6.6%). The territory of the



