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Abstract  The high frequency (HF) intracardiac ablation has shown its ability to obtain atrioventricular blocks (AVB) 
with relatively low power. In this paper, the equipment used in High Frequency (HF) ablation technique is described. The 
frequency used is from 500 kHz to 1 MHz in the case of Radiofrequency (RF) technique and 27.12 MHz for HF technique. 
Ablation under the same conditions using the Nakagawa protocol was done. Quantitative comparison of the two methods 
shows efficiency of the HF technique. The results obtained in this study show that the HF technique produces lesions wider 
and deeper than that obtained with RF technique. Thus, HF technique is more appropriate for cardiac ablations in the ventricle. 
The results also showed that HF technique provides linear lesions thus delimiting the necrotic tissue from healthy tissue. With 
the RF technical, dimensions of the obtained lesion are (9x7x5) mm3 for 270 joules applied power. With the same energy, the 
dimensions of lesion are (10x9x5) mm3 for the HF Technique. 
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1. Introduction 
For the treatment of rhythm, conduction or defects disor-

ders, intracardiac ablation catheter is necessary to destroy 
diseased cells and thus replace the natural electrical pulse by 
a pulse delivered by a pacemaker. The frequency used is 
from 500 kHz to 1 MHz in the case of Radiofrequency (RF). 
RF ablation is often used in the treatment of various cardiac 
arrhythmias[1, 11]. It has often been compared to other 
techniques[12]. This technique is interesting in the treatment 
of supraventricular tachycardia. It is however limited by the 
rise in impedance, resulting in the formation of coagulum. 
Therefore, only small lesions are obtained. The need for 
larger wider lesions in the ventricle led us to develop an 
ablation technique high frequency (HF)[13, 16]. A series of 
experiments on ten sheeps[14, 16] showed the ability of HF 
ablation to obtain atrioventricular blocks (AVB) with rela-
tively low power. The method that we have developed is at 
the validation stage. 

2. Material and Method 
2.1. Material 

The impedance automatic adaptation is a solution to the  
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problem faced by the RF method for the rise of impedance on 
the one hand and weakness, due to weak energy deposition, 
of the lesions obtained in the ventricle. We incorporated, 
between the amplifier and the load, a matching network, low 
losses, to optimize the energy transfer between the generator 
and load, which increases the efficiency of HF ablation 
method. The entire ablation system is showed in figure (1). 
We opted for a π network with two air variable capacitors 
and a fixed coil. The π LC system, figure (2), comprises an L 
coil calculated at the working frequency, and two air ca-
pacitors C1 and C2, which vary in a range of values for the 
monitoring of the evolution of the load during the ablation 
session. 
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Figure 1.  HF ablation system 

In our case, the load is modelled schematically by a re-
sistor in parallel with a capacitor. The matching network's 
role is to reduce the impedance of the load to a value corre-
sponding to that output of the generator (50 ohms). It is 
constituted by variable components (capacitors) for main-
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taining a constant value during the treatment. This phe-
nomenon is characterised by absence of source reflected 
energy. It is constituted of variable elements (capacitors) to 
maintain this value constant during the treatment. We shall 
say then that there is "agreement" between the load and 
generator. This phenomenon is characterized by the absence 
of reflected energy. 
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Figure 2.  The π LC system 

2.2. Method 

A pig weighing 38 kg was used. The protocol[17] is 
conformable with French and institutional regulations for 
invasive studies on animal. An Intravenous injection of 
sodium pentobarbital (10 to 30 mg / kg of animal’s weight) is 
applied before intubation. The general anaesthesia was 
maintained with 1.0 and up to 1.5% halothane, ketamine 
hydrochloride, and the assisted ventilation was used. Blood 
was drawn on the same day both before and at the end of the 
procedure in order to measure creatine kinase (CK-MB), 
lactic dehydrogenase, blood count, and to determine standard 
biochemical blood levels.  

 

 
Figure 3.  heparined blood and position of bipolar electrode 

A standard Electrocardiogram (EKG) was displayed dur-
ing the entire duration of the study. An incision of 15 cm 
long was practiced in the muscle of the thigh. We proceeded 
to the exposure of the surface of the muscle the thicker, 
keeping only the finest fascia. The edges of the incision were 
raised to form a crater that is filled with heparinised blood 

heated between 36℃ and 37℃, renewed at a rate of 20 cc per 
minute. The lesions were created either by a probe type 
commonly used in RF type 7F probe; either by bipolar 
ablation probes 27.12 MHz[14, 15]. The electrode is placed 
perpendicularly to the thigh muscle and the catheter pression 
was kept constant, Figure 3.  

The incision of the first sequence had to be closed before 
starting the contralateral thigh. The energy used varied from 
5 to 50 watts and 5 to 30 seconds to the two types of energy 
(RF and HF). 

After each application, the electrode tip will be examined 
to verify the absence of clot, and cleaned if necessary. Two 
hours after the procedure, the Triphenyl Tetrazolium Chlo-
rure 2% would be administered (1.5 cc/kg), to a better 
separation between the viable tissue of the necrotic tissue. 
Then, the animal is then sacrificed; thigh muscles are excised 
and fixed in formalin 10%. The lesions must be perfectly 
numbered to be able to measure the maximum depth, the 
maximum diameter and the diameter of the surface lesion.  

3. Results 
Table 1.  Dimensions of lesions obtained by HF and RF methods 

Thigh 1 
Great 
axis 

(mm) 

Small 
axis 

(mm) 

Deep-
ness 

(mm) 

Type 
of 

energy 

Power 
(watts

) 

Dura-
tion (s) 

1 9 6 4 RF 15 30 
2 10 11 3 RF 9 30 
3 12 8 4 HF 10 30 
4 9 7 4 HF 30 5 
5 9 7 4 HF 30 5 

Thigh 2  
1 6 6 3 RF 5 30 
2 8 6 4 RF 11 30 

3(photo
) 9 7 5 RF 30 9 

4 9 7 5 HF 10 30 
5(photo

) 10 9 5 HF 30 10 

6 10 7 4 HF 50 8 

 

Photo: lesions examples obtained in the same condition 
a) left injury by RF technique (30 w, 9 seconds) 
b) right injury by HF technique (30 w, 10 seconds) 

Figure 4.  The picture shows that the quality of HF lesions confirms that 
this method fits perfectly in the clinical area 

Electrode is perpendicular 
to the muscle 
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blood at 37 °C 
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The table below shows that the lesions obtained by HF 
method have larger dimensions than the dimensions of the 
lesions obtained with the RF method.  

4. Discussion 
In sinusoidal case, if we consider a medium without free 

charges, it appears a current which the first term is the con-
duction current Jc and the second a displacement current Jd.  

The last subsists only in alternative regime and it propa-
gates without support. At time of ablation (alternative cur-
rent), probe in contact with the myocardium, transfer its 
electromagnetic energy directly. So there are two phenom-
ena which cause tissue heating. A first phenomenon con-
cerns the conduction current that causes the collision of ions 
and whose intensity decreases to 1/r2. The second phe-
nomenon is due to the near field radiation in the proximity of 
the electrode. It’s called displacement current and causes the 
oscillation and orientation of polar molecules in the direction 
of the existing field (The biological middle consists mainly 
of water in large ratio). 

The advantage of the HF method is: 
It uses the value of the frequency of both types of heating. 

This provides damage regardless of the orientation of the 
electrode. This is in the desired direction since currently in 
clinical ablation; the objective is to obtain lesions regardless 
of the orientation of the catheter. 

Quantity of the radiation heating of the tissue makes the 
quality of contact electrode-tissue less important. It is also 
moving towards the obtaining of linear lesions in order to 
obtain a conduction block. However, RF technique does 
poorly because we have to make separate points of ablation. 
HF technique permits easily this kind of lesion which is a 
very interesting alternative for the future. The use for RF 
technique in bipolar mode hasn't delivered enough injury 
wider. The HF technique produces wide enough and deep 
lesions in bipolar mode compared to RF technique. 

We worked to obtain a good correlation between the op-
timum control of the lesion and the level of the temperature 
reached by the tissue. But the measurement of temperatures 
by thermistors or thermocouples is inevitably disrupted by 
the high frequency signal. The temperature control in HF 
cannot be done only by using an optical fiber thermometry of 
very small diameter (0.8 mm). This optical fiber, unbreak-
able, will be incorporated within the electrophysiology 
probes. In practice, we should imagine a temperature meas-
uring exactly halfway between the two electrodes rather than 
the end. For the bipolar probe, the field is much more intense 
between the two electrodes. 

5. Conclusions 

It currently lacks a technique that achieves linear lesions; 
we believe that HF can find its place. Currently, the lines of 
research using multi-polar catheters using RF technique, but 

the consistency of the lesions is not perfect as our tests show 
that the horizontal orientation of the bipolar HF catheter 
improves the results. These in vivo results need to be rein-
forced by the almost constant control of temperature during 
the ablation session. On this plan we are working to formu-
late a protocol study to confirm the achievement of linear 
lesions with HF technique and meetings for intracardiac 
ablation. 
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