
Your image of the heart. 

A personalized 

mathematical model of the myocardium is being developed in 
Yekaterinburg 

  The team, which was  headed by Corresponding member of the 
Russian Academy of Sciences Vladimir Markhasin  won a grant of  the 
Russian Science Foundation . 

  Despite the unprecedented improvement of computer diagnostic tools, 
thanks to which a person can be scanned from head to toe at all levels, 
including molecular, a doctor today does not always make the correct 
diagnosis and is able to predict the scenario of the development of a 
particular patient's disease. 

   Therefore, the development of personalized, patient-oriented, 
integrative mathematical and computer models of physiological systems 
is so relevant. Especially in cardiovascular pathology due to the 
complexity of the structure of the heart and the multiplicity of 
parameters that determine its functions. 

  "Personalized mathematical models in cardiology" is the name of the 
project of the Russian Science Foundation, for the implementation of 
which in 2014 in Ural Federal University has established a laboratory 
for mathematical modeling in physiology and medicine using 
supercomputer technologies. 

    The project participants were also employees of the Institute of 
Immunology and Physiology and the Institute of Mathematics and 
Mechanics of the Ural Branch of the Russian Academy of Sciences, the 
Scientific Center for Cardiovascular Surgery named after A.N.Bakulev 
and Sverdlovsk Regional Clinical Hospital No. 1, the Institute of 
Mechanics of Moscow State University and Ghent University(Belgium). 
This multidisciplinary study employs specialists in the fields of 
physiology and medicine, biophysics and biomechanics, mathematics 
and computer science. 



Modeling difficulties 

   We talked with Doctor of Physical and Mathematical Sciences, the 
head of the already mentioned innovation laboratory of Ufa Olga 
Solovieva about the origins of the current project, its progress and final 
goals. 

   Two years ago, your team, which was then headed by Corresponding 
member of the Russian Academy of Sciences Vladimir Markhasin won a 
grant of RSSF. 

    Obviously, this was possible not only due to the exceptional relevance 
of the topic, but also due to the experience of studying and modeling the 
myocardium?       

     - Of course. Back in the 80s, work on modeling the electrical and 
mechanical function of the heart at the molecular, cellular and tissue 
levels was initiated by Valery Isakov and Vladimir Markhasin, together 
with a group of Ural cardiophysiologists and mathematicians. And later 
under the leadership of Vladimir Semenovich  was continued at the 
Institute of Immunology and Physiology of the Ural Branch of the 
Russian Academy of Sciences. 

  A model of electromechanical coupling in ventricular cardiomyocytes 
was created together with a group of British physiologist, founder of the 
international project “Physiom” Denis Noble. The case was continued 
within the framework of the “Virtual Heart” project, supported by the 
Presidium of the Ural Branch of the Russian Academy of Sciences. 

   Scientists in the USA, Great Britain, New Zealand, Japan and China 
are actively engaged in modeling the heart muscle. 

What is the peculiarity of your project? 

- In different countries, including Russia, the greatest success has been 
achieved in the construction of electrophysiological models of the heart 
in normal and pathological conditions, which are widely implemented in 
clinical practice. 



  For example, the hardware and software complex “AMICARD” was 
created to determine the sources of cardiac arrhythmias and their relief 
based on computer models of the Scientific Center of Cardiovascular 
Surgery named after A.N.Bakulev. 

   Models of the mechanical function of the heart are much less 
developed  and even more so models in which electrical and mechanical 
processes at the cellular and tissue levels are integrated, direct and 
feedback connections between them are taken into account. And one 
more important point. The fact is that the myocardium is an anisotropic 
medium, where the electrical signal propagates in different directions 
differently, at different speeds, and it depends on the course of the fibers 

of the heart muscle. An active mechanical signal is also generated and 
acts along these fibers. Therefore, to build a realistic model, it is not 
enough to know the geometry of the chambers of the heart, it is 
important to imagine how the fibers are located in their walls. 

In particular, we have developed basic models of the electrical and 
mechanical functions of the heart cell, tissue and fine architectonics of 
the walls of the left ventricle within the framework of the Virtual Heart 
project. These are so-called “population”, idealized models that describe 
some averaged behavior of the heart as an organ for a population 
(animals or humans). But this model is “faceless".  

  Within the framework of the current project we are faced with the task 
of adapting the population model to a specific patient taking into 
account the individual parameters of his cardiovascular system and the 
peculiarities of the course of his disease. 

   - And at the exit you expect to receive... 

......interactive three-dimensional model of the left ventricle, coupled 
with a simplified model of the vascular system. Further, this model is 
personalized on the basis of data on the functional geometry, 
electrophysiology and mechanics of the left ventricle of a particular 
patient and is subjected to special tests that will allow an objective 



assessment of the functionality of the left ventricle and obtain a 
prognosis of violations of its mechanical and electrical functions. 

 Everything starts in the clinic 

     Data for the construction of mathematical models are provided to 
scientists by the staff of the Regional Clinical Hospital No. 1 of 
Yekaterinburg, the Scientific Center of Cardiovascular Surgery named 
after A.N.Bakulev and other medical institutions. Cardiologists and 
cardiac surgeons select patients with various anomalies of the geometry 
and function of the heart. 

      There is also a reference group of “normal hearts". Myocardial 
images are obtained by magnetic resonance imaging, computed 
tomography and echocardiography (ultrasound). The main parameters of 
the geometry of the left ventricle during the contractile cycle are 
determined  at the  patients and healthy people: linear dimensions, wall 
thickness, shape indices (sphericity, extremity, Fourier index) and 
others. 

     Modern methods of studying the cardiovascular system allow us to 
obtain information about the molecular mechanisms of the disease and 
structural changes of the heart and blood vessels at patients with 
arrhythmias and heart failure, valvular and vascular diseases. All these 
indicators are then used as input parameters of 3D model. 

   Computer processing of images of the heart and the construction of a 
three-dimensional mathematical model of the myocardium on their basis 
is carried out by specialists of the Institute of Mathematics and 
Mechanics of the Ural Branch of the Russian Academy of Sciences – 
employees of the Computer Engineering Department headed by 
Candidate of Technical Sciences Andrey Sozykin and the sector of 
mathematical modeling in cardiology headed by Candidate of Physical 
and Mathematical Sciences Sergey Pravdin. 

  Ultrasound images obtained at the clinic are not always clear and their 
processing is time-consuming. But this is only the first stage. A 



computer model of the heart is a grid consisting of hundreds of 
thousands of elements and working with them requires a lot of 
computing power. All this is done on the “URANUS” supercomputer 
the Institute of Mathematics. 

  According to Sergei Pravdin the most difficult thing is to create such a 
model of the left ventricle of the human myocardium in order to “fit” it 
to the heart of a particular patient. 

  “Our group specializes in modeling the electrical function of the 
myocardium”, - says Pravdin. - In particular, we study at the level of a 
tissue cell and organ the dynamics of three-dimensional vortices of 
electrical excitation in the myocardium that occur during arrhythmia 
within the framework of a project led by Professor Alexander Panfilov. 

  Thanks to computer modeling the doctor can see on the monitor screen 
how these vortices form and disintegrate and what factors contribute to 
this  

….returns to the clinic. 

  The head of the department of surgical treatment of cardiac 
arrhythmias and electrocardiostimulation of Sverdlovsk Regional 
Clinical Hospital No. 1, Honored Doctor of the Russian Federation, 
Candidate of Medical Sciences Sergey Mikhailov told us about how 
necessary a virtual model of the patient's cardiovascular system is for the 
doctor today. He  is also a participant of the project: 

 The bridge between cardio physiologists and   clinicians arose thanks to 
the creative friendship of Vladimir Semenovich Markhasin and the head 
of the cardiac surgery clinic of district clinical hospital  No. 1 Miloslav 
Stanislavovich Savichevsky, unfortunately, passed away. 

  The main thing for us is to study the mechanisms of heart failure. No 
matter  if it is caused by  heart defects, arterial hypertension, myocarditis 
or myocardial infarction, the result is always the same : a decrease in the 
pumping function of the heart. 



   This may be due to a violation of the electrical signal in the chambers 
of the heart. 

For example, one ventricle is contracting and the other is not there yet or 
there is a delay of the atrium to the ventricle. 

   To achieve an improvement in pumping function we use 
resynchronizing therapy or, more simply, we implant three-chamber 
pacemakers. 

   It is very important to place their electrodes correctly and it is difficult 
to do it “blindly". That's why the virtual model is so necessary .We can 
use it to reproduce various scenarios of heart failure, study the reserve of 
pumping function of the patient's heart, develop technologies for 
installing pacemakers, evaluate the effect of treatment and possible 
risks. 

   It is also possible to study the effect of drugs  in a personalized model 
of the cardiovascular system at the molecular and cellular level. And in 
case of myocardial infarction, the model will help you choose 
interventions. 

    Today when cardiovascular pathology is in the first place among the 
causes of mortality and tens of millions of people suffer from chronic 
heart failure, Russian scientists and clinicians are successfully working 
to overcome this sad statistics.   

   

 

 

    

 

      


