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ABSTRACT

Laser prostatectomy is at present an established alternative for transurethral electroresection ofthe prostate (TUR-P).
To compete with the different laser techniques, new electrosurgical modalities were developed as replacement for the
standard electrosurgery tools for TJJR-P. These modalities consist ofa grooved cylinder fitted at the end ofa TUR-P-
element and are designed to combine both vaporization and coagulation in one device. The aim of this study was to
investigate the potentials ofthe new 'rollerbar' devices and compare them with contact laser devices.
Four different 'rollerbars' (Circon, Storz and Prosurg), standard rollerball (Storz), and contact fibers (SLT) were
applied to bovine myocard tissue submerged in glycine (electro) or saline (laser). The Valley Laboratory Force 40 and
Force 300 were used as electrosurgical units; an MBB 4060 as Nd:YAG laser. Power settings ranged from 100 to
300 Watt (pure cut mode) for the electrosurgery device. The laser settings ranged from 10 to 60 Watt. The devices
were moved over the tissue with a constant speed, while constant force was applied. The direct thermal effect of the
devices was studied with a special thermal imaging technique on phantom tissue.
Results show the vaporizing and coagulating power of the different devices. The rollerball (adjusted to high electrical
power, i.e., 200 Watt) and the contact fibers provide similar vaporizing potential as the special-developed 'rollerbar'
devices. Coagulation, necessary for haemostasis, is in all cases limited to a depth of about 2 mm. Increasing the
electrical power from 200 to 300 watt only slightly increased the affected volume.
The presented 'rollerbars' have a clear vaporizing and coagulating effect on tissue. The standard rollerball and
contact laser fibers show similar capacities as the special-designed rollerbars.

1. INTRODUCTION

High frequency modulated electricity as a coagulation and cutting tool for electrosurgery is already known for a long
time. Since the introduction ofthe resection loop for the transurethral treatment of benign prostatic hyperplasia (BPH)
in 1975, this technique, also known as TUR-P, has become the golden standard for this application.1 Although the
clinical results, as to the improvement of the subjective (symptom scores and quality of life score) and objective
(pressure flow studies) parameters, were good, there was still place for improvement of the technique, as the
morbidity associated with a TUR-P was significant.2 Many less invasive techniques have been developed: heating of
the prostate with microwaves, freezing of the prostate with fluid nitrogen and the application of focused ultrasound
are a few examples. Until now, however, comparable results as obtained after a TUR-P could not be obtained with
these techniques. With the clinical introduction in 1992 ofspecial designed laser fibers that deliver laser energy from a
Nd:YAG laser efficiently to the enlarged prostate it was possible to obtain good post-operative results while the
morbidity decreased.3'4 As the immediate post-operative results were a major drawback for this laser technique,
different strategies were developed to overcome this. One of the new laser strategies is the contact laser, in which a
(coated) ball shaped end of a fiber is placed in contact with the prostatic tissue to be removed.5 By the large induced
heat, tissue is instantly vaporized. Due to little penetration oflight to deeper tissue layers and to heat diffusion a small
rim of coagulation is created sufficiently for haemostasis. These developments gave an impulse to the development of
a new electrosurgical tool, to replace the standard resection loop, that had comparable properties as the contact laser
technique. This tool consists of a grooved cylinder fitted at the end of a standard electrosurgical element. It is
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supposed that the high current density at the grooves of the cylinder causes efficient vaporization of the tissue and that
the lower current density in deeper tissue layers causes enough coagulation for haemostasis.
The aim of this study was to investigate the working mechanism in-vitro of this new electrosurgical cylinder and
compare it to the laser competitor, the contact fiber.

2.1 Electrosurgical devices

2. MATERIAL AND METHODS

Different companies have developed a device that complies with the description as given in the introduction: mainly it
consists of a grooved cylinder, either with wide shallow grooves or with long narrow spikes. The devices incorporated
in this study are the Single and Double Rollerbar® (Prosurg), Large Barrow® (Storz), Vaportrode® (Circon). Further
the standard tool for coagulating, a ball electrode, was incorporated as well. In Figure 2. 1 the standard resection loop
and a new cylinder electrode (Large Barrow) are shown.

Figure 2. 1 . Close-up photographs of the standard resection loop (left) and a newly developed
cylinder electrode: the Large Barrow (right, both Storz).

The generators used for electrosurgery differ regarding frequency, modulation and output power. In most cases the
output power is dependent on the impedance between electrode and return electrode. In this study we used two
different electrosurgical generators, both from Valleylab inc., the Force 4Ø® and the Force 3ØØ®• In case of the Force
40 the output power drops rapidly when the impedance increases (which occurs when tissue dehydrates and becomes
coagulated). Contrary, the Force 300 uses a feedback loop to correct for this impedance-depending behavior and
therefore the power-impedance curve flattens (figure 2.2).
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Figure 2.2. Influence ofthe impedance between active and return electrode on the output power at a
fixed power setting of 300 Watt (monopolar, pure cut mode) for the Force 40 and the
Force 300 electrosurgical generators (both Valleylab).6'7

Both generators show a decreased power output in the low impedance region (below 200 ).This has little impact on
the clinical situation as the impedance of fresh tissue is usually over 200 . In the experimental situation it might
occur that the impedance is lower, therefore an extra impedance load of 150 has been included in the circuit
between generator and active electrode.

2.2 Contact laser

When placing a fiber in contact with tissue and when applying sufficient power the tissue turns black at some point
and starts very efficiently absorbing the laser light. From that moment the wavelength used is ofminor importance. To
speed up the process until this 'carbonization-onset' point the fibers may be coated. To prevent mechanical damage the
fibers are atraumatic-shaped usually hemispherical or ball-shaped. The Nd:YAG laser is the preferable laser as it can
easily provide the high powers needed for the prostate treatment. The last year high-power diode lasers have become
available which can be used as well. For the experiments we used an SLT MTRL-1O contact fiber (ball shaped,
coated, diameter 5 mm) together with an MBB 4060 Nd:YAG laser.

2.3 In-vitro removal of tissue

The devices, both the electrosurgical and the laser ones, were moved over bovine myocard tissue that was submerged
in glycine (electrosurgery) or saline (laser). A constant force of 20 grams was applied. The speed with which the
devices were moved varied between 1 and 4 mm/s.
Both electrical generators (Force 40 and Force 300) were used to observe the difference between them. The power
setting on the electrical generators varied between 100 and 300 Watt and the power setting on the laser varied between
10 and 60 Watt.
After the devices had been moved over the tissue, the macroscopic extent of vaporization and coagulation was
measured. Then the total coagulated and vaporized tissue volume was calculated over the length of a 5 cm track.

2.4 Thermal imaging

A technique called color Schlieren8 was used to visualize the heat generated by the different devices. It enables us to
visualize the heat generated not only at the tissue surface but also inside the (phantom) tissue. Instead of normal tissue
a poly-acrylamide gel was used that had similar thermal and electrical properties as real tissue. As a light absorber
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copper-sulfate was dissolved in the gel. Figure 2.3 gives an schematic example of a color Schlieren image generated
during action of a 'rollerbar' device on poly-acrylamide gel.

temperature distribution

Figure 2.3. Schematic view of a Color Schlieren image of a 'rollerbar' device, to visualize the heat
distribution induced by such devices.

The generated figures are two-dimensional and show the temperatures by different colors that are separated by black
bonds to increase contrast. The results will show black and white representations of the original color images.

3.1 In-vitro removal of tissue

3. RESULTS

The electrosurgical devices were studied at different power settings and different translation speeds over the tissue. All
devices showed similar behavior, of which the results of the Prosurg Rollerbar are taken as an example. Figure 3.1
shows the calculated vaporized and coagulated volumes after application of the Prosurg Rollerbar at different
translation speeds and at different electrical powers.

II
Figure 3.1. Vaporized and coagulated volumes after application of the Prosurg Rollerbar at 300

Watt, different speeds (left) and at 1 mm/s, different powers (right).

Both electrical generators (Force 40 and Force 300) were used with the same device, the Prosurg Rollerbar. The
power varied from 150 to 300 Watt. The results in figure 3.2. show that with both generators vaporization is possible
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at 300 Watt, while at 200 Watt similar effects are achieved with the Force 300, but hardly any vaporization occurs
using the Force 40.

Force4O Force 300

Power (Watt) Pcmer (Watt)

Figure 3.2. Vaporized and coagulated volumes after application ofthe Prosurg Rollerbar at 1 mm/s
with the Force 40 (left) and the Force 300 (right). The electrical power varied from 150
to 300 Watt.

The effect of the different electrosurgery devices on tissue was compared to that of the contact laser. The
electrosurgery devices are usually operated between 200 and 300 Watt and the contact laser between 40 and 60 Watt.
As all devices are being used in a vaporizing mode (i.e., tissue is removed at the time of application), the power for
the electrosurgery devices was set at 300 Watt, while the power for the contact laser device was set at 60 Watt. Figure
3.3. shows the differences in the vaporizing and coagulating power of all devices incorporated in this study.

Figure 3.3. Vaporized and coagulated volumes after application of five different electrosurgery
devices (at 300 Watt) and the contact laser (at 60 Watt) at 1 mm/s..
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3.2 Thermal imaging

Black and white representations of the color Schlieren images of the different devices are provided in figure 3 .4. To
obtain a good impression of the heat distribution generated in the (phantom) tissue relatively low power was applied:
all five electrosurgery devices were operated at 60 Watt while being translated with 1 mm/s over the phantom tissue.
Thecc'rwastranslatedwiththes "" ' t4Ovt

Figure 3.4. B/W representations of the color Schlieren images of the (a) coagulation ball,
(b)Rollerbar, (c) Double Bar, (d) Large Barrow, (e) Vaportrode and (f) MTRL-1O
contact fiber. All devices were moved over the gel from right to left at 1 mm/s.

4. DISCUSSION

The different devices, both for electrosurgery and for contact laser, show similar behavior as to the potential for tissue
removal. The extent of coagulation around the vaporized volume is limited and does not exceed 2 mm. Only the
Double bar (Prosurg) provides less vaporization, while the coagulation zone is larger then with the other devices.
From the experiments comparing the tissue effects when applying different power settings (the other parameters being
kept constant), it might be concluded that a certain threshold power needs to be exceeded before vaporization starts.
Below that threshold only coagulation occurs. When the generator is set above threshold power increasing the power
to a higher level does not increase the vaporized volume nor the coagulation zone significantly.
The experiments comparing the effect of translation speed, while the power and other parameters were kept constant,
supports the theory that a certain threshold power needs to be exceeded before the tissue can be vaporized. Increasing
the translation speed will increase the threshold power.
Two different electrical generators, Force 40 and Force 300, were used. The main difference between these devices is
the impedance-dependence of the output power. The output power drops more rapidly when the Force 40 is applied
then when the Force 300 is applied. The results obtained with the Force 40 are probably comparable to those obtained
with the Force 300 at a lower power setting, when corrected for this impedance-output power relation.
Except from the parameters mentioned above, the threshold power above which vaporization occurs, may differ as
well, e.g., from tissue type and patient.
The Schlieren images show clearly the extent of the heat generated by the devices. The dependence of the heat
penetration and the maximum temperature achieved on the translation speed of the devices over the tissue complies
with the results of the tissue removal experiments. When considering one speed and one power setting, there is little
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difference between the electrical devices mutually nor between the electrical devices and the contact laser device. At
the highest power setting (60 Watt) and the slowest speed (1 minIs), the heat extends to about 5 mm into the tissue.
One device, the Prosurg doublebar, induces significantly less heat effects.

5. CONCLUSION

When sufficient electrical power is used, the presented rollerbars have a clear vaporizing and coagulation effect on
tissue. The standard rollerball and contact laser fiber show similar capacities as the special-designed rollerbars.
Increasing the electrical power from 200 to 300 watt only slightly increased the affected volume. Coagulation,
necessary for haemostasis, is in all cases limited to a depth ofabout 2 mm.
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