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ABSTRACT:

The use of techniques and methods in teaching medical students that combine the principles of problem-solving
and modeling in educational practice helps to develop their ability to independently acquire new knowledge and
collect the necessary information. Many problems that are unsolvable when setting up real experiments turn out
to be easily eliminated in computer modeling, increasing the visibility and scientific and theoretical level of
presentation of the material. The use of virtual and experimental models provides an opportunity for real
representation, as well as visual transformations of objects ranging from the cellular to the system level. The
knowledge, skills, and new experience acquired in this process can play an essential role in the development and
formation of a person both as a professional and as a person in general. The relevance of the modeling method in
preparing presentations for independent work of students plays an important role in the accumulation of material
on disciplines, including integrated ones, effectively developing clinical thinking, skills and abilities to work in a
team, acquiring skills in modern medical technologies. The purpose of the publication was to use
angiohypertensive therapy in hemodialysis as a clinical model and the effectiveness of using current modeling
methods in the process of studying topics on the module "Urinary system" in the course of normal physiology
for students of a medical university. The modeling method as a competence-based approach and its
implementation in the educational process along with innovative teaching technologies will expand the practical
skills and professionalism of junior students. In the future, this will increase their creative potential in senior
years when studying the discipline "Pathological Physiology".

KEYWORDS: Hemodialysis, Angiotensin therapy, Renal regulation, Competencies, Hypertension, Modeling
method, Innovative technologies, Urinary system, Integration.

INTRODUCTION:

The development of intradialysis hypertension
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accompanied by an increased risk of hospitalization and
mortality in patients with renal insufficiency and at the
present stage requires a thorough study of the
possibilities of controlling the physiological mechanisms
of action. Currently, there are practically no studies on
the feasibility of effective treatment of intradialysis
hypertension, many researchers note!>3*°®  The
pathophysiology =~ of  arterial  hypertension  on
hemodialysis includes a number of mechanisms that
mark frequent increases in blood pressure on dialysis.
Studies using bioimpedance spectrometry show that
approximately 50% of patients on hemodialysis
experience overload phenomena and the occurrence of
hyperhydration syndrome ("overloud"). This course
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determines an unfavorable prognosis in the form of an
increase in the risk of mortality by 26%, as one of the
reasons for such a prognosis is high blood pressure’®. To
date, what blood pressure should be on dialysis has not
yet been determined. According to the DOPPS study,
the lowest risk of mortality was observed at the level of
SAD in the predialysis period from 130 to 159 mmHg.
and according to the CRIC study, the lowest risk of
cardiovascular mortality is at the level of SAD in the
predialysis period of 138-166 mmHg?* 111213,

One of the important factors leading to an increase in
blood pressure is the overload of the patient's body with
sodium for natural reasons and due to a decrease or
absence of sodium clearance by the urinary system.
Studies by Kauric-Klein Z.'* have shown that higher
dietary sodium intake is independently associated with
higher mortality in patients receiving hemodialysis
treatment. The question remains open about which
period it is necessary to measure blood pressure in order
to minimize the risk of mortality — predialysis,
intradialysis, postdialysis or interdialysis'.

Interactive modeling methods are used in medical
universities to interpret and study the physiological and
pathophysiological mechanisms of this pathology. At the
Department of Physiology of the non-profit joint-stock
company Karaganda Medical University, for conducting
classes for 1-2-year students of the Faculty of General
Medicine, studying under the credit integrated system,
by the teaching staff of the module "Exchange with the
environment. Metabolism and energy" in the discipline
"Urinary system", various interactive teaching methods
are developed and used in the classroom, increasing
many professional competencies of students. Along with
a variety of interactive methods (team learning method —
TBL, problem — RBL), computer technologies and
experimental modeling of physiological processes are
used.

The use of innovative forms of teaching physiology is
one of the urgent problems of modern teaching methods
and depends on some factors. 1) The credit-modular
system of the educational process proceeds very
intensively and in a short time. 2) There is a problem of
information overload, as the topics are too broad and the
hours allocated to them are insufficient. This causes
poor perception of complex and voluminous
information. 3) Students have a limited vocabulary and
therefore have poor command of the communicative
function of the language, which makes it difficult to
form thoughts and convey them orally'®'7!3, In this
regard, these hindering factors are supposed to be solved
using modeling technology and visual representation of
systemic physiological processes in the classroom: to
maintain students' interest in the material being studied
and to activate their activities throughout the lesson; to

increase motivation to study the subject; to develop
communication skills and form a collective skill
necessary for a future doctor!'®2°,

THE AIM OF THE STUDY:

was to analyze the therapeutic and pharmacological
effects of angiotensic drugs in hemodialysis and to show
the application of the modeling method in the process of
studying topics in the module "Exchange with the
environment. Metabolism and energy" in the discipline
"Urinary system" and the effectiveness of using relevant
teaching methods in the course of normal physiology for
undergraduate students.

To achieve this goal, the following tasks were set: 1) to
study the pharmacological diagnosis of various drugs
and treatment regimens for hemodialysis; 2) to
determine the pedagogical foundations of active
teaching methods, in particular, the method of modeling
kidney physiology and the hemodialysis process; 3) to
develop practical exercises using an interactive
modeling method and to test it at the subject Olympiad
in "Physiology".

MATERIALS AND METHODS:

To study the effect of various pharmacological agents in
programmed hemodialysis, to develop and demonstrate
to students the importance of the basic physiological
functions of the kidneys by wusing the modeling
principle?'?»3, The main functions of the urinary
system are the formation, accumulation and excretion of
urine. Metabolic products, excess fluid, and harmful
substances are excreted in the urine. In addition, thanks
to the work of the kidneys, the body maintains a normal
level of blood pressure, an optimal balance of fluids and
electrolytes such as sodium, potassium and chlorine,
regulates the production of iron-containing blood protein
hemoglobin, a number of hormones, and ensures normal
bone mineral density.

The kidneys perform the following functions:

1. Excretory and secretory function. The kidneys
remove excess water, inorganic and organic
substances, nitrogen metabolism products and
foreign substances from the body: urea, uric acid,
creatinine, ammonia, medicines.

2. Regulation of the water balance and, accordingly, the
volume of blood, intracellular and intracellular fluid
(volumoregulation) by changing the volume of water
excreted in urine.

3. Regulation of the stability of osmotic pressure of
liquids in the internal environment by changing the
amount of osmotically active substances released:
salts, urea, glucose (osmoregulation).

4. Regulation of the ionic composition of the fluids of
the internal environment and the ion balance of the
body by selectively changing the excretion of ions in
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the urine (ion regulation).

5. Regulation of the acid-base stage by the release of
hydrogen ions, non-volatile acids and bases.

6. Formation and release into the blood of
physiologically active substances: renin,
erythropoietin, the active form of vitamin D,
prostaglandins, bradykinins, urokinases (endocrine
function).

7. Regulation of blood pressure levels due to the
internal secretion of renin, depressive substances, the
release of sodium and water, changes in the volume
of circulating blood.

8. Regulation of erythropoiesis through the internal
secretion of the humoral regulator erythropoietin

(erythron).
9. Formation of humoral regulators of blood
coagulation and fibrinolysis —  urokinase,

thromboplastin, thromboxane, as well as regulation
of hemostasis by participating in the physiological
anticoagulant metabolism of heparin.

10. Participation in the metabolism of proteins, lipids
and carbohydrates (metabolic function).

11. Protective function: removal of foreign, often toxic
substances from the internal environment of the
body.

Urination is carried out by three successive processes: 1)
glomerular filtration (ultrafiltration) of water and low
molecular weight components with the formation of
primary urine from blood plasma into the capsule of the
renal glomerulus; 2) tubular reabsorption - the process
of reabsorption of filtered substances and water from the
initial urine into the blood; 3) tubular secretion - the
process of transition of ions and tubules of organic
matter from the blood into the lumen.

THE RESULTS OF THE STUDY.

A clinical study of dialysis allows us to demonstrate the
physiological mechanism of action of the hemodialysis
process, its clinical features and course. According to
Tokareva A.S. and co-authors??':?2, the presence of
intradialysis hypertension (IDH) is an independent risk
factor for general and cardiovascular mortality in
dialysis patients. As one of the pathophysiological
mechanisms of increasing intradialysis blood pressure, a
decrease in the concentration of highly dialyzed
antihypertensive drugs during a hemodialysis session is
considered.

The use of drug therapy with antihypertensive drugs
showed the predominance of highly dialyzable
pharmacological agents in the treatment of patients on
hemodialysis. This therapy with drugs with high dialysis
clearance was associated with an increase in the
incidence of interdialysis hypertension to 95%
(p<0,0001). At the same time, hypertension occurred in
60% of dialysis patients and was associated with the use

of beta-blockers (p<0,015), moxonidine (p<0,001) and
highly dialyzable drugs (p<0,0001). In the multivariate
model, the use of beta-blockers lost its significance,
giving way to highly dialyzable antihypertensive drugs
and moxonidine?**.

Hemodialysis is a procedure in which a dialysis machine
and a special filter called an artificial kidney or dialysis
are used to purify the blood. In order for blood to enter
the dialyzer, the doctor must make access or entry into
the blood vessels. This is done with a small operation,
usually on the arm. In the form of:

Arteriovenous fistula (AV fistula): The

connects an artery and a vein in the arm

surgeon

Arteriovenous graft (AV-transplant): If the artery and
vein are too short to connect, the surgeon will use a graft
(soft, hollow tube) to connect the artery and vein.

If dialysis needs to be performed quickly, your doctor
may place a catheter (thin tube) into a vein in your neck,
chest, or leg for temporary access.

During hemodialysis, the dialysis machine: Removes
blood from the needle in the hand.

Circulates blood through a dialysis filter, which moves
waste into the dialysis solution. This cleansing liquid
contains water, salt and other additives. Returns filtered
blood to your body through another needle in your hand.
Monitors blood pressure to regulate how fast blood
flows into and out of the body.

To demonstrate the clinical significance of the dialysis
procedure, the students also independently made a
mock-up (Figure 1).

Figure 1. Layout of the hemoialysis system

The dialyzer, or filter, consists of two parts: one for
blood and one for a flushing fluid called dialysate. A
thin membrane separates these two parts. Blood cells,
protein and other important things remain in the blood
because they are too large to pass through the
membrane. Smaller waste products in the blood, such as
urea, creatinine, potassium and additional fluid, pass
through the membrane and are washed away.
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During dialysis, you will have to limit: *odium in food
and beverages. foods with a high phosphorus content.
The amount of liquid you drink, including the liquid that
can be found in foods. Fluid accumulates in the body
between hemodialysis procedures?>2°, You may also
need to: add protein to your diet, because hemodialysis
removes protein, Choose foods with the right amount of
potassium, Take vitamins made for people with kidney
failure, Find healthy ways to add calories to your diet
due to a weak appetite.

Students, under the guidance of a teacher of the
department, independently made a mock-up of a
software hemodialysis system, consisting of 3 stages — a
prototype arm, then we form arteries and veins from
plasticine passing through the forearms (M, N-shaped),
where we will insert the future tube (fistula) and the
support of the layout. Necessary materials: cardboard,
foam plastic, colored and decorative paper, box,
scissors, glue gun, battery, switch/start, a set of medical
droppers and tubes, waste jars, DC water pump, paint,
stationery knife, plasticine. The next stage consists of a
vessel as a future dializer. Thus, our dializer is ready. It
is necessary to add small tubes to the vessels, connect
them with a bottle (dializer) and fill one with yellow and
the other with blue (clean and dirty dialyzer liquid,
respectively). Next, all the ends of the dialyzer tube
must be placed in a plastic tub, where one end will be
attached to the pump, connected by a battery to the start.
Fill the tub with red paint. Turn on the pump and start
checking the layout. As a result, blood is circularly
purified on a dialyzer model, where "dirty" blood is
taken from one end, and "clean" blood is returned from
the other. There are many indications for dialysis, but
most often dialysis is prescribed due to the inability of
the kidneys to properly filter waste products from the
blood (renal failure). Kidney function may deteriorate
rapidly (so-called acute kidney injury or "acute renal
failure", or the kidneys may lose their ability to filter
waste products slowly (so-called "chronic kidney
disease or chronic renal failure").

In people with renal insufficiency, many doctors
recommend dialysis if blood tests show that the kidneys
are no longer able to efficiently filter out waste products,
and the accumulation of metabolic products causes
problems?’282%30  In case of acute kidney damage,
doctors continue dialysis until the results of a blood test
show that kidney function has recovered. In patients
with chronic kidney disease, dialysis can be performed
as a long-term therapy or as a temporary measure until
the patient receives a kidney transplant. Dialysis
treatment can be performed for a short time, as an
emergency or intensive therapy, to remove fluids, drugs
or poisons from the body?'. One of the main
concomitant diseases in dialysis patients is arterial
hypertension. The study>? showed that the prevalence of

hypertension in hemodialysis patients was 72% (mean
blood pressure before dialysis session >114mmHg). At
the same time, the majority of patients (80%) had an
increase in both systolic and diastolic blood pressure.
Isolated systolic hypertension was present in only 20%
of patients. The pathogenesis of arterial hypertension in
dialysis patients is quite complex and includes three
functional states: 1) increased cardiac output, 2)
increased stiffness of large arteries, and 3) intense wave
reflection (arteriole spasm). After a hemodialysis
procedure, ultrafiltration and changes in plasma volume
can often lead to episodes of hypotension®?.

The effect of drug correction of blood pressure on the
survival of patients on dialysis has not been definitively
studied at present. There are few single studies devoted
to this issue by Hif J., Heiro M., Petersons A**. Arterial
hypertension is an important risk factor for the
development and progression of not only cardiovascular
diseases, but also chronic kidney disease (CKD). At the
same time, CKD is an important independent risk factor
for the development and progression of cardiovascular
diseases. Various approaches can be used in the
selection of drug doses for patients in need of renal
replacement therapy. Each class of antihypertensive
agents (beta blockers, calcium channel blockers,
centrally acting drugs, alpha blockers, vasodilators),
with the exception of angiotensin converting enzyme
(ACE) inhibitors, reduced mortality in unregulated
models. At the same time, the most pronounced effect
was observed when taking beta blockers (risk ratio 0.72.
95%; confidence interval (CI) from 0.66 to 0.79 was
provided only by beta blockers. Thus, dose adjustment
of drugs for the pharmacotherapy of arterial
hypertension in patients on hemodialysis should be
carried out individually, taking into account the
characteristics of the prescribed drug and the
characteristics of the patient®>. Also, all patients showed
a significant decrease in the concentration of
nitrogenous plasma metabolites — creatinine and urea,
characteristic of hemodialysis, which in the second
group often turned out to be even lower than the
physiological norm. Changes in hemodynamic
parameters were also significant. 4-6 hours after its
onset, systolic blood pressure was restored to a
physiological level (on average from 62+13 to 86+5
mmHg) against the background of normal heart rate and
an increase in heart rate from 1037+110 to 1430+86
din.sec.cm-5.m2363738 Normalization of hemodynamics
also contributed to the restoration of filtration pressure
in the renal glomeruli, which led to an increase in
diuresis from 4404320 to 1600+560ml per day. The
glomerular filtration rate after BP increased from
22.549.2ml/min to 90.9+22.1ml/min. Thus, albumin
dialysis had a direct nephroprotective effect, apparently
associated with the effect of hemodynamic stabilization.
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The data obtained indicate a direct nephroprotective
effect of albumin dialysis in acute hepatic and renal
insufficiency. Hemodiafiltration, despite some positive
laboratory dynamics, did not change the course of acute
hepatic-renal insufficiency. In all patients, an increase in
hemodynamic instability was noted, and in 9 out of 10
cases, a fatal outcome was noted after 2-3
hemodiafiltration, in connection with which this type of
extracorporeal detoxification in acute hepatic and renal
insufficiency can be considered ineffective. The
effectiveness of albumin dialysis was significantly
higher. One of the significant factors in the development
of cardiovascular pathology in this category of patients
is oxidative stress. This condition is defined as a
violation of the balance between the excessive formation
of free radicals and the implementation of antioxidant
defense mechanisms. Free radicals directly damage
endothelial cells, accelerate the destruction of nitrogen
monoxide, shift the balance of endothelial factors
towards vasoconstriction, trigger an inflammatory
reaction that increases tissue damage, and contribute to
the development of atherosclerosis>®4%*!,

The use of antioxidants and vitamin C restores the
balance between free radical oxidation and antioxidant
protection, reduces the risk of cardiovascular
complications, increases the duration and improves the
quality of life of patients on hemodialysis*>*%,
Modeling of physiological processes by means of
computer graphics, mockups and experimental models is
the simplest and most accessible tool for many
educational departments and laboratories to demonstrate
various processes and phenomena*#, Many problems
that are unsolvable in setting up real experiments turn
out to be easily solved in computer modeling. Such
layouts and models allow not only to better understand
the fundamental physiological phenomena and laws, but
also to get acquainted with the basic techniques of
conducting and processing a natural science experiment
in the educational process.

The main modeling work was divided into 4 stages. At
the 1st stage, a kidney layout was performed. According
to the plan, the right kidney is made whole, and the left
one is partially in order to show the internal structure. At
the 2nd stage, the work of the tubular system with the
help of tubes was demonstrated. At the 3rd stage, the
filtration process and the formation of final urine in the
bladder were performed, since urine passed through the
kidneys is delivered through the ureter to the bladder. At
the 4th stage, a human mannequin of the torso was taken
and all the obtained functional parts of the system were
assembled in the form of a single whole mechanism.
Kidneys, bladder, and ureter were placed inside the
mannequin, a hole was made in the neck of the
mannequin and a tube was attached there from above.

After the middle part of the abdomen was cut out so that
the kidney was clearly visible, we attached the kidney to
the outer edges of the abdominal section by pulling it
through the attachment. According to the anatomical
location, we placed the right kidney above the left one.
Thus, the layout created to describe the urinary system
was presented in the form of interconnected organs and
tubes forming an integrated system. As an additional
material, we extract information in the form of a booklet
that will be useful in connection with the educational
process (Figure 2). A booklet and presentation in PDF
format were created as visual modeling.

Ocuosnie hy ngmun novex

FUNCTIONS OF KIDNEY

® Regulation of ions in blood
@ Sodium-Na', potassium-K’, calcium-Ca* CI,
phosphate HPO4*
® Regulation of blood volume
@ adjust the volume of blood or eliminating it
in the urine
® Regulation of blood pH

® Regulate by excrete a variable amount of H+
in the urine, conserve bicarbonate HCO3'

@ Production of hormones

® Calcitrole- calcium homeostasis

® Erythropoietin- production of RBC
® Excretion of waste

©® Ammonia and urea- amino acid

® Creatinine- creatinine phosphate

® Drugs ect

Human Urinary
System

« Kidneys s
— Nephrons
» Excretory tubules
in humans

— Processes blood,
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salt concentration
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FORMATION OF URINE

Blood enters
glomerulus
under high

pressure

Glomerulus

Filtration of
wastes into
Bowman'’s
Capsule

Reabsorption
of some
filtered

materials back

into blood

-~

Secretion of
waste from

BIG problems when you start out bloodintro

with:high blood pressure in system
Figure 2. Booklet for the educational process

filtrate

The urinary system is one of the most important systems
of the human body. Its main task is to filter the blood
and maintain the balance of body fluids by excreting
urine from metabolic products obtained from the blood.
The continuous work of the kidneys regulates the water-
salt and acid-base balance in the body. During the day,
about 170-180 liters of blood flows through the kidneys,
and urine is produced about 1.5 liters. This is a cyclic
process that occurs in the following sequence (Figure 2).
Students get acquainted with the mechanisms of urinary
function, shown in Figure 3.

Nephron
Blood Enters Giornecmi.

Capsule
Cortex
Medulla

Glomandus |

Major Calyx

istal T
=3 Renal arte Disted Tubs

Tubule 7

Ureter

Internal Structure Kidney

© www.medindia.net

Kidneys

Two kidneys in lower back
Filter blood to remove waste
products

Ureters connect to urinary
bladder - removed through
urethra

Filtered
Blood Qut

N

Unfittared
Biood In

Kidney Anatomy:
-Nephron

-Filters out toxic waste
-Reabsorbs water, essential
nutrients

Kidney Cross Section

Figure 3. Scheme of the urinary process in the kidneys

Thus, modeling, as a modern innovative method, can
justifiably be a teaching tool that activates the mental
activity of students, makes the learning process more
attractive and interesting, and forms a powerful
incentive to master knowledge in the studied disciplines.
Independent and creative execution of layouts allows

you to create positive motivation, concentrate
intellectual efforts, mobilize students' mental abilities,
their imagination, attention, and memory. At the same
time, it requires the search for sources and the
assimilation of educational material. Modeling creates
conditions for updating the entire communicative
experience of students. These techniques are most
applicable in self-study under the guidance of a teacher.

Modeling human physiology is an important area of
research that allows us to better understand and predict
the functioning of the body. It is the process of creating
simplified mathematical or computer models that reflect
various aspects of human physiology. Modeling of
human physiology has a wide range of applications,
including the development of new drugs, optimization of
treatment procedures and training of medical
specialists?748:49,30.51,

CONCLUSIONS.

Based on the results obtained and the study of numerous
studies conducted, albumin dialysis is currently an
effective treatment method in the modern period. This
method is indicative for the elimination of both
hydrophobic and hydrophilic toxic substances that
accumulate in acute hepatic and hepatic-renal
insufficiency. Albumin dialysis is effective, safe and
easy to use and is well tolerated by patients. This
method may be useful as a preparatory therapy before
liver transplantation in patients with acute or chronic
liver failure.

Despite the widespread use of hemodialysis, the
constant improvement of equipment and consumables
used for its implementation, the improvement of
pharmacotherapy accompanying hemodialysis,
cardiovascular pathology remains the main cause of
death of patients undergoing programmatic hemodialysis
treatment™>>»>, Dialysis patients are exposed to both
traditional risk factors for cardiovascular diseases and
numerous additional ones associated with uremia and
dialysis itself. The relative risk of death from
cardiovascular causes is 10 times higher in dialysis
patients than in the general population’™. In many
clinical studies®®*’, it was shown that the overall benefit
of antihypertensive therapy in terms of its effect on
cardiovascular was 95% of the effects. When analyzing
the subgroups, it was found that antihypertensive
therapy had a positive effect to a greater extent in
patients with 95% elevated blood pressure than in
normotonics.

As is known, all functional systems support the
homeostasis system in the body. Epidemiological studies
consistently demonstrate that cardiovascular, renal and
metabolic diseases often overlap and coexist in the same
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patients. To prevent and treat these diseases, doctors
recommend monitoring blood pressure. This can be
done with certain medications, as well as by changing
your lifestyle. Drinking enough water and staying
hydrated is another good way to stay active and prevent
exacerbation of diseases. But the cardiorespiratory
system, which is regulated by nervous and humoral
mechanisms, plays a decisive role in this. Optimization
of the cardiovascular and respiratory systems is of great
importance for increasing the level of physical
performance. Systematic intense muscle activity causes
a complex of responses of the body, differentiated
functional and structural changes, providing adaptive
specificity of physical and educational loads. Physical
exercise has a powerful adaptogenic effect, triggering
several regulatory mechanisms in the autonomic support
systems, primarily in the cardiovascular, respiratory and
urinary systems>83%°,

Significant modernization of medical education, new
approaches have been formed to motivate medical
students to acquire new knowledge, specialized training
programs have been developed, including in normal
physiology, with an emphasis on the use of computer
technologies and simulation techniques'?!3. The increase
in the effectiveness of training is due to an increase in
students' motivation to study and interest in acquiring
new knowledge, skills and abilities when using active
teaching methods. In general, this increases the
communication skills and intellectual value of students.

Over the past decade, significant modernization has
taken place in medical education, innovative approaches
have been formed in the training of students of medical
universities'>*, new curricula have been developed.
Currently, the modern educational process is actively
introducing model and experimental innovative forms
and means of learning. It is impossible to imagine a
modern medical university without innovative activities.
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