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内容の要旨 （Abstract） 

Over the past three decades, radiofrequency (RF) catheter ablation therapy has become a 

widely used and effective treatment for some cardiac arrhythmias. Catheter contact force 

and contact angle are well known as the factors that influence the size of the lesion produced 

during ablation. However, it was unknown exactly in detail how these factors influence each 

ablation dimension. Moreover, the relationships between various parameters and lesion 

dimensions are still indefinite, especially the relationship between contact area and lesion 

area as the function of catheter contact force and angle. Accordingly, this research aimed to 

investigate the effects of catheter contact force and contact angle on contact area and lesion 

size in radiofrequency catheter cardiac ablation. The work presented in this thesis was  

divided into two main parts; 

The first part focused on investigates the effects of catheter contact force and contact angle 

on the catheter contact area. The main objectives of this part were to develop an 

experimental procedure for setting the catheter angle with respect to the surface of the 

heart muscle and the catheter contact force, as well as to investigate the catheter contact 

area on the heart muscle as a function of catheter contact angle and contact force. This 

present study successfully developed the experimental system that enables us to set the 

precision catheter contact angle with respect to the heart muscle's surface and the catheter 

contact force. This study showed that the present experimental system has feasibility for 

use to study radiofrequency catheter ablation. The findings can be summarized as follows; 

First, the morphology of the contact area can be divided into four types: rectangular, 

circular, ellipsoidal, and semi-ellipsoidal. Second, the morphology of the contact area 

indicates that the correlation between contact force and the contact area is a logarithmic 

function; that is, increased contact force was associated with increased contact area, and 

the contact angle has as strong an effect on the contact area as contact force does.  Last, 

there is an inverse correlation between contact angle and contact area; a smaller contact 

angle is associated with increased contact area. 
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The second part of this thesis deals with the challenges to investigating the effects of 

catheter contact force and contact angle on the ablation lesion dimensions and investigating 

the effect of catheter contact force and contact angle on the ablation lesion dimension and 

the ablation impedance. In addition, this part also aims to investigate the relationship 

between the catheter contact area and the dimensions of the ablation lesion as a function 

of catheter contact angle and force in the radiofrequency catheter ablation process. This 

study showed an important role of the catheter contact force on the ablation lesion and 

impedance in RF catheter ablation procedures. The results showed that the catheter contact 

force has a significant correlation with ablation impedance, but the ablation impedance did 

not significantly differ with each catheter contact angle. In addition, the results revealed 

that the catheter contact area showed a strong correlation with the ablation lesion area. 

When the contact area was increased, the lesion area also increased linearly in a monotonic 

manner. The relationships between catheter contact force and ablation lesion area and 

between catheter contact force and ablation lesion depth are logarithmic functions in which 

increased contact force was associated with increased lesion area and depth. Lastly, the 

catheter contact angle is also an important determinant of the lesion area. The lesion area 

progressively increased when the contact angle was decreased. In contrast, the lesion depth 

progressively increased when the contact angle was increased.  

 

Such information should be helpful in the selection of effective values for contact force and 

contact angle in order to predict lesion size as well as for clinicians performing this 

procedure to understand the relationships among the parameters and plan their ablation 

strategy accordingly. 
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