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Heart from the Computer Helps Physicians
Personalized Computer Models of the Heart Pave the Way towards Customized Therapies –
Individual Risk of Cardiac Arrhythmia, such as Atrial Flutter, Can Be Estimated
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Anatomic model of the left cardiac atrium of a 70-year-old patient. (Figure: Axel Loewe,
KIT).
((spät = late; früh = early))

Digital simulations of human organs can be used to study the
development of diseases and to customize therapies for patients. At Karlsruhe Institute of Technology (KIT), researchers
develop close-to-reality computer models of the heart on several
levels, from the ion channel to cells and tissues to the complete
organ. They simulate fundamental physiological and pathological processes, but also develop personalized models to assess
the individual risk of cardiac arrhythmia, such as atrial flutter,
and the effect of therapies, as is now reported in an expert journal.
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So far, it has been impossible to reliably estimate the risk of a patient
to suffer from atrial flutter. Researchers of Karlsruhe Institute of Technology, the Medical Clinic IV of the Karlsruhe Municipal Hospital, the
Faculty of Medicine of the University of Freiburg, and the University
Heart Center of Freiburg-Bad Krozingen have now developed a
method to assess the individual risk of atrial flutter. As reported by the
scientists in Frontiers in Physiology, personalized computer models
enable identification of all pathways along which atypical circulating
electric excitations may occur. “Our models consider anatomic, electrophysiological, and pharmacological criteria,” says Dr. Axel Loewe,
Head of the Computational Cardiac Modeling Group of KIT’s Institute
of Biomedical Engineering (IBT). In this way, the effect of therapies,
such as catheter ablation or medication, can also be assessed in advance.

Ion channel, medication, cell, and
atrial flutter pathways (yellow) to the
right cardiac atrium (brown). (Figure:
Axel Loewe, KIT)

The work reveals the advantages of mathematically simulated organs
for medicine: “Computer models offer a perfectly controllable environment for experiments,” Loewe says. “Single modifications can be
modeled and their effects on the complete system can be calculated.”
These models supplement classical methods, such as cell and animal
experiments, and enable tests of new therapies without any risks for
humans.
In his doctoral thesis, Loewe already modeled the causes of atrial
flutter on the computer. The Computational Cardiac Modeling Group
headed by Loewe develops close-to-reality models of the heart on all
levels, from the ion channel to cells and tissue, to the complete organ.
In this way, they can model how an electric excitation develops,
spreads to the cardiac atria and the entire heart, and stops in a
healthy heart or is self-sustaining in case of cardiac arrhythmias.
Apart from modeling such fundamental physiological and pathological
processes, the group also develops personalized models to individually determine the risk of diseases and the effect of treatments. To
capture the patient’s individual anatomy, such as the size and shape
of the atria, the researchers use imaging methods, such as magnetic
resonance imaging. To integrate the ECG-recorded electrical activity
of the heart, the group closely cooperates with IBT’s Bioelectric Signals Group that is headed by Professor Olaf Dössel. Work at the interface of engineering, computer science, natural sciences, and medicine paves the way towards customized therapies.
Atrial flutter is an abnormal heart rhythm, in which unusually fast electric excitation patterns cause the cardiac atria to contract quickly.
Contrary to the more common atrial fibrillation, electric excitation in
case of atrial flutter is coordinated. But as atrial fibrillation, atrial flutter

Page 2 / 4

Press Release
No. 123 | or | September 24, 2019

may cause the heart to beat too fast, breathing difficulty, and weakness. Moreover, the risk of a stroke is increased. A typical treatment
of atrial fibrillation is ablation, i.e. catheter-supported obliteration of
pathogenic electric excitation sources in the myocardial tissue. After
the treatment, however, patients frequently develop so-called atypical
atrial flutter, in the case of which a circulating excitation may occur
both in the left and in the right atrium.
Original Publication (Open Access):
Axel Loewe, Emanuel Poremba, Tobias Oesterlein, Armin Luik, Claus
Schmitt, Gunnar Seemann, and Olaf Dössel: Patient-Specific Identification of Atrial Flutter Vulnerability – A Computational Approach to
Reveal Latent Reentry Pathways. Frontiers in Physiology, 2019. DOI:
10.3389/fphys.2018.01910
https://www.frontiersin.org/articles/10.3389/fphys.2018.01910/full
Figure caption: Anatomic model of the left cardiac atrium of a 70year-old patient. Black: existing ablation scars from a previous treatment. Gray: path identified by the algorithm, along which atrial flutter
may develop. Color-coded: clinically measured activation time of atrial
flutter (Figure: Axel Loewe, KIT)
Being “The Research University in the Helmholtz Association,“
KIT creates and imparts knowledge for the society and the environment. It is the objective to make significant contributions to the
global challenges in the fields of energy, mobility and information.
For this, about 9,300 employees cooperate in a broad range of disciplines in natural sciences, engineering sciences, economics,
and the humanities and social sciences. KIT prepares its 25,100
students for responsible tasks in society, industry, and science
by offering research-based study programs. Innovation efforts at
KIT build a bridge between important scientific findings and their
application for the benefit of society, economic prosperity, and the
preservation of our natural basis of life.
This press release is available on
http://www.sek.kit.edu/english/press_office.php.
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The figures in the best quality available to us may be downloaded
under www.kit.edu or requested by mail to presse@kit.edu or phone
+49 721 608-21105. The figures may be used in the context given
above exclusively.
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This year’s anniversary logo recalls the milestones reached by KIT
and its long tradition in research, teaching, and innovation. On October 1, 2009, KIT was established by the merger of its two predecessor
institutions: the Polytechnic School and later University of Karlsruhe
was founded in 1825, the Nuclear Reactor Construction and Operation Company and later Karlsruhe Research Center in 1956.
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