
www.ibt.kit.edu

Institut für Biomedizinische Technik

Bachelorarbeit
Analyse der RS-difference bei verschiedenen 

Erregungsausbreitungen im menschlichen Vorhof
Forschungsbereich
Intrakardiale 
Signalverarbeitung

Projekt
Analyse von intrakardialen 
Elektrogrammen von 
Multielektrodenkatheter

Ausrichtung
  z.B.: Literatur & Recherche,   
Simulation, Modellierung, 
Signalverarbeitung, Software-
Programmierung, Algorithmik
 
Studiengang
  Elektrotechnik und
  Informationstechnik
  Physik
  Informatik

Einstieg
ab Mai 2015 

Ansprechpartner
  M.Sc. Markus Rottmann
  Geb. 30.33, Raum 511
  Fritz-Haber-Weg 1 

  76131 Karlsruhe

  eMail:
  Markus.Rottmann@kit.edu

  Telefon:
  +49 721 608-42652

Motivation
Die häufigste Herzrhythmusstörung ist Vorhofflimmern (VHF). Etwa 1% der 
Bevölkerung in Deutschland leidet an VHF. VHF-Patienten haben ein ca. 
fünffach erhöhtes Schlaganfallrisiko. Die erfolgreichste Behandlungsmethode 
bei VHF ist die Katheterablation, bei der gezielt Narben im Herzgewebe gesetzt 
werden. Mit den gesetzten Narben kann die Weiterleitung der Rhythmusstörung 
unterbrochen werden. In Kliniken verwenden Elektrophysiologen 3D-
Navigationssysteme zur Darstellung der elektrischen Erregungsabläufe um den 
Ursprung und Verlauf der Erregungsausbreitung zu bestimmen. Die dafür 
benötigten intrakardialen Elektrogramme werden mit Mapping- Katheter erfasst.        

���
Aufgabenstellung

Das Ziel des Projektes ist die Analyse der Einflussparameter der „RS-difference“ 
in intrakardialen Signalen bei unterschiedlichen Erregungsausbreitungen. 
Insbesondere sollen die Erregungsausbreitungen planere und kreisförmige 
Wellen, sowie kreisende Erregungen analysiert werden. Mit Hilfe der Analysen 
sollen Möglichkeiten zu Parameterbestimmungen ausgehend der „RS-
difference“ entwickelt und evaluiert werden.

Hinweise
Vorkenntnisse in MATLAB oder einer anderen Programmiersprache sind 
vorteilhaft. Eine persönliche Betreuung wird geboten, eine sorgfältige und 
engagierte Arbeitsweise wird erwartet. Die genaue Zielsetzung der Arbeit kann 
individuell an Ihre Vorstellungen angepasst werden und erfolgt im persönlichen 
Gespräch. Bei Interesse oder Fragen einfach vorbeikommen oder mailen!
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systems can reduce both the duration of the pulmonary vein isolation treatment [34] and

the x- ray exposure.

With mapping catheters the intracardiac ECG signals can be measured. In this work

three di↵erent catheter types are evaluated, see figure 2.8.
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Fig. 2.10. Three different intracardiac measurement catheters [4]. (a) Inquiry Optima circular mapping catheter
(www.sjm.com). (b) Biosense Pentaray catheter (www.spo.escardio.org). (c) Inquiry Optima AFocus spiral
catheter (www.sjm.com).

examinations, catheter ablation can be performed to damage areas of pro-arrhythmic
substrate to such an extent that excitation conduction in this tissue is blocked.

2.3.1 Catheter Types and Mapping Techniques

There exist different catheter types with different shapes as well as electrode number
and arrangement. A standard mapping catheter with typically eight or ten electrodes
arranged in pairs is placed in the CS. It covers a large region in the LA around the
mitral valve and records signals both from the LA and the left ventricle. Excitation
in the CS catheter normally starts at the proximal end during sinus rhythm.
For spatial mapping, a circular mapping catheter as shown in Figure 2.10(a) is often
inserted into the atria. Especially for PV isolation during AF ablation, it is used to find
excitation breakthroughs from the PV ostia to the LA myocardium. Many circular
catheters are variable in diameter, i.e. the diameter can be adjusted during the exami-
nation. Further catheters that cover a larger area are the PentaRay catheter (Biosense
Webster, Diamond Bar, USA; Fig. 2.10(b)) and the AFocusII spiral catheter (St. Jude
Medical, St. Paul, USA; Fig. 2.10(c)). Such catheters can be used for high-density
mapping [30, 31], e.g. the localization of ectopic foci.
The current position of the catheter in the heart can be tracked by x-ray fluo-
roscopy. However, in recent years, 3D electroanatomical mapping systems have
been developed such as Biosense CARTO and EnSite NavX (St. Jude). They al-
low to localize the catheter electrodes based on magnetic sensors (older CARTO
systems [32]) or impedance measurements in high-frequency transthoracic electrical
fields (CARTO3 [33] and Ensite NavX [34]). It has been shown that such mapping

a.) b.) c.)

Fig. 2.8. Di↵erent catheter types with varying geometry and number of electrodes. a.) Circular catheter
[35], b.) PentaRay catheter [36], c.) Spiral catheter [37].

The circular catheter has 10 electrodes and in this work a simplified circular catheter

geometry with the diameter of 20 mm is used, see figure 2.9. But there are also circular

catheters with di↵erent or adjustable diameters.

Fig. 2.9. Scetch of circular catheter. The numbers 1 until 10 indicate the electrode positions.
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Fig. 2.10. Three different intracardiac measurement catheters [4]. (a) Inquiry Optima circular mapping catheter
(www.sjm.com). (b) Biosense Pentaray catheter (www.spo.escardio.org). (c) Inquiry Optima AFocus spiral
catheter (www.sjm.com).

examinations, catheter ablation can be performed to damage areas of pro-arrhythmic
substrate to such an extent that excitation conduction in this tissue is blocked.

2.3.1 Catheter Types and Mapping Techniques

There exist different catheter types with different shapes as well as electrode number
and arrangement. A standard mapping catheter with typically eight or ten electrodes
arranged in pairs is placed in the CS. It covers a large region in the LA around the
mitral valve and records signals both from the LA and the left ventricle. Excitation
in the CS catheter normally starts at the proximal end during sinus rhythm.
For spatial mapping, a circular mapping catheter as shown in Figure 2.10(a) is often
inserted into the atria. Especially for PV isolation during AF ablation, it is used to find
excitation breakthroughs from the PV ostia to the LA myocardium. Many circular
catheters are variable in diameter, i.e. the diameter can be adjusted during the exami-
nation. Further catheters that cover a larger area are the PentaRay catheter (Biosense
Webster, Diamond Bar, USA; Fig. 2.10(b)) and the AFocusII spiral catheter (St. Jude
Medical, St. Paul, USA; Fig. 2.10(c)). Such catheters can be used for high-density
mapping [30, 31], e.g. the localization of ectopic foci.
The current position of the catheter in the heart can be tracked by x-ray fluo-
roscopy. However, in recent years, 3D electroanatomical mapping systems have
been developed such as Biosense CARTO and EnSite NavX (St. Jude). They al-
low to localize the catheter electrodes based on magnetic sensors (older CARTO
systems [32]) or impedance measurements in high-frequency transthoracic electrical
fields (CARTO3 [33] and Ensite NavX [34]). It has been shown that such mapping
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