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B. Tissue experiments 
The coagulated area around the lesions of "real" tissue are 
classified in two zones: coagulation depth and coagulation 
width of the track. In all measurements the largest 
coagulation zone is taken and the average of these 
measurements is presented in figure 2. 
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Figure 2: Extent of coagulation zone with 25 W (top) 
and 40 W output power (bottom) 

The coagulation depth at the bottom of the track seems to be 
independent of the presence and flow rate of the argon flow. 
However, the coagulation width next to the track varied 
significantly. The coagulation zone tend to increase with 
argon flow. However when argon is used, a flow of 5 l/min. 
produces a larger coagulation zone then a flow of 9 Vmin. 
Comparing the different handset positions the difference 
showed to be negligible when no argon was used. When 
argon was used positioning of the gas-outlet at 6 mm above 
the tissue produced the largest coagulation zone. The depth of 
the track seemed to have no significant influence on the total 
coagulation (depth and width). 

111. DISCUSSION 
The effect of argon is in general a larger superficial 
coagulation zone, however the effect depends on various 
parameters: 
A .  Power 
Without argon gas flow, the coagulation zone for power 
settings of 25 and 40 W are almost similar. However, in 
presence of an argon flow, the extent of the coagulation zone 
at 40 W is almost two times larger compared to 25 W. At the 
higher power, the sparks reach further away from the 
electrode contributing to the coagulation width. 
B. Gas flow rate 

The coagulation zone created using an argon flow of 9 I/min. 
is approximately 1 mm smaller compared to the coagulation 
zone using a flow of 5 Vmin. This might be attributed to the 
transition from a laminar to a turbulent gas flow. Due to the 
turbulence, the argon gas concentration along the electrode 
might have decreased and change the mechanism of sparking 
between electrode and tissue [3]. 

C. Depth of the track 
Studying the effect of argon in the Schlieren set-up, the 
thermal distribution proves to be dependent on the depth of 
the electrode into the tissue. However, this observation was 
not supported by the extent of the coagulation zone in real 
tissue. Probably, the imaging is more sensitive and will show 
a larger area of tissue that is effected by heat but not till the 
point of coagulation. Polarization microscopy is a method to 
enable visualization of thermal damage in tissue resulting in 
tissue necrosis. 
D. Distance of gas outlet 
The influence of the distance from the gas-outlet to the tissue 
was consistent in the Schlieren set-up and the tissue 
experiments. The coagulation decreases when the outlet is 
moved away from the tissue. This can again be ascribed to the 
dilution of the argon gas concentration around the electrode. 
E. Extrapolation to the clinical situation 
Clinical experience shows a large superficial coagulation 
when argon gas is applied, enhancing fulguration effects This 
phenomenon was less prominent in the in-vitro experiments 
presented. There are two possible explanations: 
(1) The in-vitro experiments were performed with the 

electrode in contact with the tissue while in the clinical 
situation filguration is achieved in 'minimal' contact to 
obtain a large superficial coagulation zone. 

(2) There was no working micro-vascular structure or blood 
present in the in-vitro tissues. In the in-vivo situation, the 
blood in the micro-vascular structure attract the sparks 
due to a lower impedance. However, at the higher power 
settings, this vascular structure will be shut down almost 
immediately, coming closer to the in-vitro situation 

IV. CONCLUSION 
The extent of the coagulation zone seemed to be depended on 
gas flow rate in combination with power and the distance of 
the gasoutlet to the tissue. The color Schlieren technique was 
effective to visualize the influence of gas flow, position of the 
gas-outlet, output power and depth of electrode in the tissue. 
Argon gas-enhanced electrodes showed to be especially 
effective just touching the tissue to obtain a superficial 
coagulation of the surrounding tissue. 
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