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(57) ABSTRACT 

There is provided a Surgical instrument for electrothermal 
coagulation of tissue, which includes a front cylinder at the 
distal end of the instrument having a distal tip, an elongate 
carrier, and two Spaced cylindrical or Strip-shaped electrodes 
at or on the carrier which are connectable to an HF-ac 
Voltage Source. 
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ELECTRODE ARRANGEMENT FOR A SURGICAL 
INSTRUMENT FOR ELECTROTHERMAL 

COAGULATION IN TISSUE 

0001. The invention concerns an electrode arrangement 
for a Surgical instrument for electrothermal coagulation of 
tissue, which includes a front cylinder at the distal end of the 
instrument having a distal tip, a carrier proximally adjoining 
the front cylinder, and two electrodes which are connectable 
to an ac Voltage Source. 
0002. Using the application of high-frequency alternating 
currents (for example in the frequency range of between 300 
KHZ and 2 MHz) to generate high temperatures for tissue 
coagulation and for tissue division has long been known in 
Surgery. In a practical context, So-called monopolar elec 
trode arrangements or bipolar electrode arrangements are 
used for introducing the HF-current into the tissue. 
0003. In the case of the monopolar arrangements, an 
electrode-also referred to as the neutral electrode-is 
applied in the form of an electrode of large area to the skin 
of the patient in the proximity of the treatment location and 
fixed there and earthed or connected to ground. A Second 
electrode which is manipulated by the operator-also 
referred to as the active electrode-is connected to the ac 
Voltage Source. In terms of its shape, the electrode is So 
adapted to the respective use, in particular the Size of the 
tissue area to be treated, that both the operational time and 
also the thermal loading of the region of the body or organ 
involved are reasonable and they coagulate only the desired 
area of tissue. 

0004. In the case of arrangements for bipolar HF-ther 
motherapy, both electrodes are connected to an HF-genera 
tor and arranged with dimensions which are fixed with 
respect to each other, for example on an insulating carrier, 
and are placed by the operator in the immediate proximity of 
the treatment location and generally also actively guided. 

0005 WO 97/17009 discloses a bipolar electrode 
arrangement with a fluid duct by way of which flushing fluid 
can be introduced into the operational area. Two or three 
electrodes are arranged in the form of a cone portion on a 
conical distal tip of the instrument which can be introduced 
into the tissue, wherein the electromagnetic HF-field is 
formed between the electrodes and is intended to coagulate 
the Surrounding tissue. 

0006 WO 96/34569 and the documents referred to in the 
asSociated international Search report disclose Systems and 
processes for the coagulation of body tissue while maintain 
ing a pre-calculated maximum tissue temperature, in which 
fluid cooling or thermoelectric cooling is provided during 
the actual tissue coagulation procedure. Those known 
arrangements are intended for the introduction into body 
cavities by way of natural accesses. 
0007 U.S. Pat. No. 4,832,048 as well as WO95/10320 
and WO 99/11186 or EP 96945 879.3 and WO 98/19613, 
WO 96/18349 and WO 81/03272 also disclose surgical 
instruments which treat tissue by means of HF-thermo 
therapy by means of a bipolar electrode arrangement. 

0008. The known surgical instruments for bipolar HF 
thermotherapy are often expensive to manufacture and, for 
the various areas of use involved, they often suffer from 
disadvantages which frequently result in locally inaccurate 
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tissue treatment which in particular in part does not reach the 
tissue to be treated or thermally overloads Sound tissue. 
0009. Therefore the object of the present invention is to 
develop an electrode arrangement for a Surgical instrument 
of the kind Set forth in the opening part of this specification, 
Such that it is simple to manufacture and use and permits 
precise localizable treatment of the tissue, while at the same 
time sparing Surrounding Sound tissue. 
0010 That object is attained by an electrode arrangement 
for a Surgical instrument for thermoelectric coagulation of 
tissue, including an electrically conductive front cylinder at 
the distal end of the instrument, with a distal tip and with a 
cylindrical first electrode, a tubular Outer conductor proxi 
mally adjoining the front cylinder and with a cylindrical 
Second electrode, an insulator element between the front 
cylinder and the Outer conductor, wherein the electrodes are 
connectable to an ac Voltage Source, characterised by a 
bar-shaped inner conductor in the outer conductor and an 
insulating tube between the inner conductor and the outer 
conductor. 

0011. The advantages of the invention are in particular 
that the electrode arrangement is of a particularly simple 
Structure, wherein more specifically the front cylinder forms 
an electrode and that the proximally adjoining Outer con 
ductor which is insulated by way of an insulator element 
forms the Second electrode So that the ac Voltage Source is 
connectable to the front cylinder and from the outside 
directly to the outer conductor by way of the bar-shaped 
inner conductor which is separated by an insulating tube 
outer conductor. 

0012. The insulating element has between the front cyl 
inder and the outer conductor a radial partition which at the 
outside goes into a cylindrical casing wall which Surrounds 
the front cylinder and/or the Outer conductor in closely 
fitting relationship therewith over a predetermined axial 
lengthwise portion. The inner conductor is connectable to 
the front cylinder through that partition of the insulating 
element. Preferably, embodied between the front cylinder 
and the inner conductor is a releasable Screw connection in 
which the inner conductor carries at its distal end a male 
Screwthread which can be Screwed to a corresponding axial 
female Screwthread in the front cylinder. The advantages of 
this embodiment are in particular that the cup-like insulator 
element can be applied in the form of an insulating layer 
directly to the metal front cylinder and/or the metal outer 
conductor, in Such a way that the Separating Surface between 
the front cylinder and the outer conductor and a lengthwise 
portion, axially adjoining Same, of the outside Surface has a 
coating with an insulating material. A coating of that kind 
can be produced for example in accordance with the inven 
tion by anodization of the Surfaces in question in an elec 
trolyte bath if the front cylinder and/or the outer conductor 
comprise an anodizable metal, for example titanium or 
aluminum. 

0013 Depending on the respective purpose of use the 
electrode arrangement for an instrument can be of a flexible 
nature So that in that case the inner conductor, the outer 
conductor, the insulating tube and possibly also the insulator 
element comprise an elastic material. In the case of a flexible 
Surgical instrument of that kind, the bipolar electrode 
arrangement can under Some circumstances be more easily 
moved to the Specific treatment location. Alternatively how 
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ever the inner conductor and the Outer conductor can be of 
a Straight and rigid configuration, in which case then the 
front cylinder and the Outer conductor are arranged in 
mutually coaxially aligned arrangement and can then be 
moved to the treatment location by a rectilinear translatory 
movement. In regard to certain treatment locations it may 
also be particularly advantageous to angle the instrument in 
the lengthwise direction. 
0.014. In all embodiments the outer conductor and the 
front cylinder are of Substantially the same outside diameter 
in order to provide for unimpeded sliding movement of the 
electrode arrangement in the tissue. 
0.015 Preferably the front cylinder, over its axial length 
wise portion which is not covered by the insulator element, 
forms the first electrode and the Outer conductor, over the 
entire axial lengthwise portion, insofar as Same is not 
covered by the insulator element, forms the Second cylin 
drical electrode. The axial length of the electrodes is pref 
erably greater than the axial length of the insulator element 
and it is also greater than the outside diameter of the front 
cylinder and the outer conductor. Preferably the length of the 
outer conductor is a multiple of the length of the front 
cylinder. If, in this embodiment, the tissue adjoining the 
outside Surface of the instrument is coagulated and as a 
result becomes of high resistance, then in this embodiment 
of the invention the electromagnetic field can be displaced 
outwardly into adjoining tissue regions because there is a 
Suitably long Second electrode So that, if the tissue has 
become of high resistance adjoining the outside Surface, the 
electromagnetic field can move radially outwardly and in So 
doing still ends at the second electrode. With this embodi 
ment therefore it is possible to implement a coagulation 
effect which moves in a defined fashion into the tissue and 
which comes to an end when the field extends from the first 
electrode to the proximal end of the Second electrode. 
0016 Conversely it has been found that the commence 
ment of coagulation is optimal when the two electrodes are 
at a relatively Small axial spacing from each other, which is 
approximately of the order of magnitude of the outside 
diameter or only slightly larger. 

0.017. In a preferred embodiment of the invention the 
inner conductor and the front cylinder are provided with a 
central hollow duct which issues from the distal tip of the 
front cylinder and which contains an optical waveguide 
which can be acted upon with visible laser light. In that way 
light can be passed to the tip of the applicator. If then for 
example that applicator is inserted into thin-walled regions 
of the body, for example in the nasal concha for therapy of 
concha hyperplasia, then the light issuing at the tip makes it 
possible to locate the position of the tip in the nasal concha 
by the doctor implementing the treatment using the naked 
eye. The doctor can therefore See at any time where the tip 
of the electrode arrangement is disposed, in the nasal con 
cha. The above-described Surgical instrument is Suitable for 
dynamic use, for example it is inserted into the enlarged 
nasal concha and then, with HF-power activated, withdrawn 
from the nasal concha, thereby producing a tubular coagul 
lation Zone which has formed around the path of the elec 
trode arrangement. 

0.018. In accordance with a further preferred embodiment 
of the invention, the front cylinder which is electrically 
connected to the inner conductor and the Outer conductor are 
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Separated from each other by an insulating annular body. 
Preferably the insulating annular body is made from trans 
lucent or partially translucent material and disposed in the 
annular body is a light Source which discharges its light to 
the exterior through the annular body, preferably in the form 
of Stray or Scattered light. In accordance with a preferred 
embodiment of this instrument the inner conductor has a 
hollow duct which terminates in the insulating annular body 
and which accommodates an optical waveguide. In the 
region of the annular body radially into the fiber core of the 
optical waveguide the inner conductor is provided with 
incisions So that light issueS radially at the incisions from the 
optical waveguide and, through the annular body, makes that 
Zone of the bipolar electrode arrangement which is between 
the two electrodes and in which therefore coagulation of the 
tissue respectively occurs, visible to the doctor carrying out 
the treatment. In the case of thin-walled bodies therefore the 
doctor performing the treatment always sees directly with 
his own eyes that location at which coagulation is taking 
place. It is thereby possible to treat the tissue in a particularly 
accurate and local fashion. Depending on the requirements 
involved the tip of the front cylinder may be conical or 
wedge-shaped. 

0019. The object of the invention is further attained by an 
electrode arrangement for a Surgical instrument for electro 
thermal coagulation of tissue, including a front cylinder at 
the distal end of the instrument with a distal tip, an elongate, 
electrically insulating carrier proximally adjoining the front 
cylinder, at least two spaced electrodes on the carrier, which 
are connectable to an ac Voltage Source, characterised in that 
the electrodes are of a Strip-shaped configuration and extend 
along the carrier. 

0020. The advantages of the invention lie in particular in 
the Simplicity of Structure and the electrodes which extend 
in a Strip-shaped configuration along the carrier. Particularly 
when the two electrodes extend parallel to the longitudinal 
axis of the carrier, this electrode arrangement is Suitable for 
therapy in respect of concha hyperplasia. The applicator, that 
is to Say the electrode arrangement, is used Statically in that 
case, in other words, the electrode arrangement is pierced 
into the enlarged nasal concha and remains fixed in a 
position with active HF-power. In that procedure, due to the 
Specific electrode configuration involved, the desired tubular 
coagulation Zone is produced without the need to move the 
applicator in the tissue. A further advantage is the particu 
larly simple Structure which makes it possible to implement 
connection of the HF-generator at the proximal end of the 
carrier directly-from the exterior to the electrodes. 
0021. If the electrodes extend parallel to the longitudinal 
axis of the carrier and for example are disposed in mutually 
diametrally opposite relationship on the preferably circular 
carrier croSS-Section, then the result is two coagulation Zones 
extending in the longitudinal direction, between the two 
electrodes. If in contrast the electrodes are disposed on the 
carrier along Spaced helical lines, then a correspondingly 
helical Zone of the tissue is treated and coagulated. In the 
event of an additional axial movement of the electrode 
arrangement, a circular coagulated enclosing passage is then 
formed around the carrier. 

0022. In accordance with a particularly preferred 
embodiment of the invention the carrier is in the form of a 
metal tube carrying an externally disposed insulating layer 
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on which the Strip-shaped electrodes are disposed. If the 
metal tube used comprises a metal which can be anodically 
oxidized in an electrolysis bath, for example therefore 
titanium or aluminum, then production of the insulating 
carrier is particularly simple, more Specifically if the outside 
Surface of the carrier is electrolytically anodized to form a 
layer of titanium oxide or aluminum oxide. In this embodi 
ment also it is possible to draw through a hollow duct which 
passes axially through the carrier and issues at the tip of the 
front cylinder, an optical waveguide which makes the posi 
tion of the tip of the front cylinder visible to the operator 
when dealing with correspondingly thin tissue-or in the 
event of implementing a treatment just under the skin, 
whereby the operator can guide the arrangement in properly 
targeted fashion. The optical waveguide can be Supplied for 
example with visible laser light. The distal tip of the front 
cylinder is advantageously either of a conical or a wedge 
shaped configuration and the electrodes are applied in the 
form of thin conducting metal layers to the carrier. 

0023. In accordance with a preferred embodiment of the 
invention the carrier can be made from a flexible material on 
which the Strip-shaped electrodes are carried. The carrier 
used can be for example an optical waveguide, on the 
insulating outer sheath of which the electrodes are disposed 
elastically and in a Strip-shaped configuration. The electrode 
arrangement can then more easily be introduced through 
body openings to the treatment location. 

0024. In this embodiment also the axial length of the 
electrodes is preferably greater than the outside diameter of 
the front cylinder and carrier which are both preferably of 
the same outside diameter in order to permit the electrode 
arrangement to be easily introduced by a sliding movement 
into the tissue. 

0.025 The object of the invention is further attained by an 
electrode arrangement for a Surgical instrument for electro 
thermal coagulation in the tissue, including a front cylinder 
of metal or insulating material at the distal end of the 
instrument, the front cylinder is frontally pointed or 
rounded-off, an elongate carrier proximally adjoining the 
front cylinder, two electrodes which extend in the longitu 
dinal direction of the carrier and which are connectable to an 
ac Voltage Source, characterised in that the carrier includes 
externally disposed, Self-Supporting metal bar profile mem 
bers which extend in the longitudinal direction and which 
are connected together by means of one or more insulating 
Spacer elements and form the electrodes. 
0026. The advantages of the last-mentioned embodiment 
of the invention are in particular that the electrodes extend 
in the longitudinal direction of the carrier and are Self 
Supporting metal bar profile members forming the carrier, 
whereby manufacturing Steps can be omitted in manufacture 
of the electrode arrangement. In a particularly preferred 
configuration the one or more insulating Spacer elements 
between the electrodes is or are optical waveguides which 
are guided in the longitudinal direction between the bar 
profile members and give off light to the distal tip of the 
instrument So that the operator can at any time locate the tip 
of the instrument by Visual means when the instrument is 
used in thin-walled parts of the body. In a particularly 
preferred feature the externally disposed visible optical 
waveguides can also be provided with radial countersinkS or 
incisions ground therein, which provide that light also issues 
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radially at those locations. That accordingly shows the 
operator over what axial distance the instrument-with 
HF-energy activated-is also coagulating tissue. The croSS 
Section of the bar profile members corresponds, when con 
sidered together, preferably to a circular Surface area, but 
alternatively the cross-section of the bar profile members 
can also be in the form of a portion of the periphery of a tube, 
in which case then the bar profile members are for example 
preferably fixed in mutually opposite relationship on the 
outside Sheath of an optical waveguide and in that way form 
a rigid carrier with externally disposed Strip-shaped elec 
trodes extending in the longitudinal direction. 
0027. The object of the invention is further attained by an 
electrode arrangement for a Surgical instrument for thermo 
electrical coagulation in tissue, including a front cylinder of 
metal or insulating material at the distal end of the instru 
ment, wherein the front cylinder is frontally pointed or 
rounded-off, an elongate carrier proximally adjoining the 
front cylinder, and two electrodes which extend in the 
longitudinal direction of the carrier and which are connect 
able to an ac Voltage Source, characterised in that the 
electrodes (2, 4) are cylindrical tube portions (82,84) of 
metal which are arranged at a predetermined spacing from 
each other in axial alignment with the carrier in the longi 
tudinal direction. 

0028. In accordance with this preferred embodiment of 
the invention the first electrode can be in the form of a 
Self-Supporting tube portion which is carried between the 
front cylinder and an insulating tubular first carrier and the 
Second electrode can also be in the form of a Self-Supporting 
tube portion arranged between the first carrier and a Second 
tubular carrier, wherein the end portions of the electrodes are 
Supported on the front is cylinder, the first and the Second 
carrier over a predetermined lengthwise portion. Alterna 
tively it is also possible for the Second electrode to extend as 
far as the proximal end portion. Particularly preferably in 
this embodiment the lengthwise portions of the electrodes 
which bear on the first and/or the Second carrier are covered 
with an insulating layer. In addition, provided within the 
hollow duct is a flushing tube which extends from the 
proximal end of the instrument to the front cylinder, that is 
to Say also through the tube portions which form the 
electrodes, and extends as far as the front cylinder and 
discharges fluid at the distal end into the hollow duct in 
which the fluid-in contact with the electrodes-flows back 
to the proximal end of the instrument. 
0029 Cooling of the electrode surfaces by means of a 
flushing fluid means that the So-called “hot-spot' of coagul 
lation is displaced by approximately between two and three 
millimeters from the Surface of the instrument into the 
tissue. The cooling action ensures that the tissue-electrode 
contact Surface is always kept below a predetermined tem 
perature and therefore does not dry out to Such a Severe 
degree, So that the introduction of energy into the adjoining 
tissue is also guaranteed, over a relatively long period of 
time. It is quite particularly advantageous in that respect that 
the lengthwise portions of the electrodes which rest on the 
insulating carrierS-or in a Specific embodiment also on the 
front cylinder which is in the form of an insulating body 
and are therefore not directly cooled by the cooling fluid, are 
covered with an insulating layer. In that way those length 
wise portions which are cooled to a lesser degree and which 
consequently heat up to a greater degree than the cooled 



US 2004/0176761 A1 

electrode portions are covered over by the insulator and 
therefore come into contact with the adjoining tissue only by 
way of the comparatively cooler insulating layer. Thus, the 
consequence of covering over the end portions of the 
electrodes, which are not cooled by the flushing fluid, by 
means of insulating layers, is that the adjoining tissue does 
not become too hot even in those longitudinal portions, and 
thus it does not dry out. 
0.030. In a preferred embodiment of the invention a 
Self-Supporting metal tube is provided between the front 
cylinder and the carrier. A distal portion of the metal tube 
Serves as the first electrode, an adjoining proximal tube 
portion is Surrounded by a cylindrical insulating layer and 
carries on that insulating layer a metal layer which Serves as 
the Second electrode. Alternatively, the proximal tube por 
tion may also be used as the Second electrode and then 
disposed on the distal tube portion is a cylindrical insulating 
layer which is coated with a metal layer, wherein that distal 
metal layer then Serves as the first electrode. 

0031. This embodiment of the invention has the advan 
tage of affording ease of manufacture and assembly of the 
bipolar electrode arrangement. This applies in particular 
when the metal used is an anodizable material, for example 
titanium or aluminum and the cylindrical insulating layer 
applied to the tube portion is produced by anodic oxidation 
(anodization) of the metal Surface, in which case the metal 
layer deposited thereon can be produced for example by 
vapor deposition or electrolytic coating. In this embodiment 
the carrier has a hollow duct which is extended into a hollow 
duct through the metal tube. The connecting lines for the 
electrodes extend from the electrodes through the hollow 
duct to the proximal end of the instrument. In accordance 
with the invention this preferred embodiment thereof also 
provides that a flushing tube is taken through the hollow 
duct, which extends as far as the front cylinder and dis 
charges cooling fluid at the distal end into the hollow duct. 
0032) Advantageously, provided as a prolongation of the 
hollow duct of the carrier in the front cylinder is an opening 
in which there is disposed a temperature Sensor whose 
connecting line is passed through the hollow duct to the 
proximal end of the instrument. In that way it is possible 
for example for therapy in respect of benign prostate hyper 
plasia to fit a temperature Sensor or thermistor into the tip of 
the front cylinder, which can be used to measure the tissue 
temperature. Preferably the carrier is formed from a flexible 
insulating hoze or tube and the electrodes are cylindrical 
Self-Supporting tube portions of metal which are fixed at 
predetermined spacings on the carrier. In this embodiment of 
the invention the outside diameter of the front cylinder also 
corresponds to the outside diameter of the electrodes and the 
axial length of the electrodes is greater than the diameter, 
while the axial spacing of the two electrodes from each other 
is approximately equal to or Smaller than the outside diam 
eter thereof. It has been found that, with that dimensioning, 
the electrical field which causes coagulation of the tissue can 
be Sufficiently Strongly produced and also-after the tissue 
adjoining the outside Surface is coagulated-can be propa 
gated Sufficiently far into the tissue So that an advantageous 
large coagulation Zone is produced. 

0033. The temperature sensor in the opening in the front 
cylinder is preferably embedded in Synthetic resin or in an 
adhesive bed which provides for good conduction of the 
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temperature of the metal front cylinder to the temperature 
sensor. The outside diameter of the electrodes and the 
outside diameter of the front cylinder are identical and the 
intermediate space between the electrodes is filled with 
insulating material So that this lengthwise portion is also of 
the outside diameter which occurs elsewhere. That provides 
for a uniform croSS-Section over the distal tip to the proximal 
end of the second electrode, in contrast to which the flexible 
carrier, adjoining Same, can be of a reduced outside diam 
eter. The consequence of the constant dimension of the 
outside diameters in the region of the front cylinder and the 
electrodes is that the instrument can be introduced into the 
tissue easily and in particular without impediment. 
0034. The object of the invention is further attained by an 
electrode arrangement for a Surgical instrument for electro 
thermal coagulation of tissue, including a front cylinder of 
metal at the distal end of the instrument, an elongate 
cylindrical carrier proximally adjoining the cylinder and 
comprising insulating material, two spaced cylindrical elec 
trodes, characterised in that the metal front cylinder is 
rounded-off at the distal end and adjoining the round end 
portion has a cylinder portion of predetermined length, that 
the front cylinder forms the first electrode, and that a metal 
layer as the Second electrode is disposed on the carrier at a 
predetermined axial spacing from the front cylinder. 
0035) In this preferred embodiment of the invention, 
extending through the carrier is a hollow duct which is 
extended into the front cylinder and which accommodates a 
flushing hoze or tube which at its distal end discharges 
flushing fluid which flows back along the inside wall of the 
front cylinder and finally between the carrier and the flush 
ing tube to the proximal end. 
0036) The front cylinder can be fixed with its proximal 
end in an annular opening in the carrier and the overlap 
region between the carrier and the front cylinder has on its 
outside an oxide layer on the metal front cylinder, which 
ensures that the metal of the front cylinder which is uncooled 
at that location does not come into contact in an overheated 
condition with the adjoining tissue. 
0037. The carrier can be of both a flexible and a rigid 
nature and, as the front cylinder is formed from metal 
material, this instrument-by virtue of the active tip 
makes it possible to treat edge tumors which are disposed 
immediately in front of the rounded-off front cylinder. A 
prerequisite for advantageous functioning of this electrode 
arrangement is that the dissipation of heat by the cooling 
circulation is as far as possible the Same at both electrodes. 
That is achieved if the mean current density at the first, that 
is to Say distal electrode is greater than or equal to the current 
density at the Second, proximal electrode. That condition is 
met when the Surface area A of the first electrode is Smaller 
than or equal to the Surface area A of the Second electrode. 
Insofar as the Surface area component of the round end 
portion-with its radius R-is also taken into consideration, 
that gives the following relationship in respect of the lengths 
L., L of the first and Second electrodes: L+R.<L. If very 
great lengths La of the Second electrode are to be imple 
mented and if nonetheless the degree of flexibility of the 
applicator is to be maintained, then the Second electrode can 
be constructed by coating the flexible carrier with a metal 
layer. 
0038. The object of the invention is further attained by an 
electrode arrangement for a Surgical instrument for electro 
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thermal coagulation of tissue including: an elongate cylin 
drical carrier comprising a metal tube or a metal bar, two 
Spaced cylindrical electrodes on the carrier, characterised in 
that the first electrode is a distal portion of the carrier, that 
on a portion axially adjoining Same an insulating layer is 
applied to the carrier, and that a cylindrical metal layer as the 
Second electrode is arranged on the insulating layer at a 
predetermined axial spacing from the first electrode. 
0039. In this embodiment of the invention the front 
cylinder and the carrier are embodied in the form of an 
integral metal tube or metal bar whose distal end is pointed. 
A distal portion of the metal tube or metal bar forms the first 
electrode. Adjoining Same, an insulating layer is applied to 
the carrier and then a cylindrical metal layer is deposited on 
the insulating layer in the proximal region of the insulating 
layer and forms the Second cylindrical electrode. The insu 
lating layer can be embodied by a plastic hoze or tube to 
which a metal coating is applied, as the Second electrode. 
The metal carrier with the distal tip represents a bipolar 
electrode arrangement in the form of a cannula or needle and 
is Suitable in particular for therapy in respect of enlarged 
terminal vessels. Such as for example finely mottled Varicose 
veins. The electrode arrangement is pierced with its tip in the 
longitudinal direction into the enlarged vessel. Upon acti 
vation of the HF-power the blood and the vessel wall 
coagulate primarily around the first electrode. When that 
happens the vessel contracts So as to afford a closure effect 
with the result than then no further blood can flow into the 
vessel whereby the vessel is no longer perceptible through 
the skin and the desired cosmetic effect is achieved. 

0040. It is particularly advantageous to employ insulating 
layers which are used in bipolar electrode arrangements, 
comprising ceramic material. The advantage of this material 
is that it has a high level of mechanical Strength and can be 
easily produced by means of electrolytic anodization (elox 
ation) for example on titanium in the form of titanium oxide 
or in the case of aluminum in the form of aluminum oxide. 
The thickness of the layer depends on the electrical Voltage 
used in the electrolysis operation. Instead of titanium, Vari 
ous titanium alloys on which the ceramic layer is produced 
by anodic oxidation are also Suitable as the Starting material 
involved. In order to implement complete or partial coating 
in that way with titanium or Suitable titanium alloys or 
aluminum, firstly the corresponding metal body is Subjected 
to a preliminary chemical cleaning operation in order to 
obtain grease-free and oxide-free Surfaces. Then, the places 
which are not to be coated are masked. Masking can be 
effected by means of Special lacquerS or layers but also by 
Shrink tubes. For anodically applying a ceramic layer, the 
Starting material, that is to say titanium, titanium alloys or 
aluminum is to be electrically contacted and Subjected to 
Voltage as the anode. 
0041. In order for example-based on titanium as the 
Starting material -to apply a titanium oxide ceramic layer, 
the following StepS are to be taken: in order to convert the 
titanium at its Surface into its ion phase, a Suitably molar acid 
in aqueous Solution is to be used. The molar Solutions in 
question are between 0.1 and 1 molar HSO (sulfuric acid) 
and HPO (phosphoric acid) respectively. By the applica 
tion of a Suitable dc voltage, oxygen is deposited at the 
electrode, the titanium electrode which is to be coated in this 
case, and bonds to the ionized titanium Surface and is 
converted to titanium oxide. Depending on the respective 
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layer thickneSS involved, the dc voltages and currents to be 
used are between 10V and 500V at maximum currents of 1 
A. AS a result the oxidation procedure passes through a 
plurality of oxidation stages (titanium oxides) depending on 
the respective length of the procedure. The layer thicknesses 
which are to be achieved with these processes are of the 
order of magnitude of between 20 and 30 lum. By means of 
the layer thicknesses which are to be represented by way of 
interference colors, due to the differing light refraction at the 
interface with the metal (the oxide layer is transparent), the 
latter can be represented proportionally over a color Spec 
trum. With that method it is possible efficiently to provide 
Specific paramagnetic electrodes of titanium-or titanium 
alloys Such as Tial V-with a dielectric ceramic layer, 
being variable in terms of layer thickness and/or color. 
0042 Besides the good dielectric properties of the 
ceramic layerS produced in that way, the tribological prop 
erties are also excellently well Suited to possibly increasing 
the levels of abrasion Strength and Surface quality. These 
colored ceramic layers are also Suitable for the Stable mark 
ing of needles, cannulae or probes. A proportional interfer 
ence color is to be selected by way of the choice of the layer 
thickness. It is possible in that way to Set colors of grey, 
gold, Violet and on to blue. 
0043. In accordance with a further preferred embodiment 
of the invention at least one of the connecting lines which 
Serve to connect the electrodes has at its end a portion of 
Spring metal, preferably Spring wire, which is of Such a 
configuration that it is clamped in the hollow duct-within 
the electrodes-radially outwardly against the inside Surface 
of the electrodes and thereby sufficiently reliably and 
Securely produces electrical contact. The Spring metal por 
tion of the connecting lines of that configuration is prefer 
ably wound to form a spiral or coil Spring which is acted 
upon by a predetermined tensile StreSS in the spiral wire, the 
winding of which therefore under that tensile stress is of a 
reduced diameter So that it can be easily introduced from the 
exterior into the cavity of the electrode. The tensile stress 
acting on the Spring wire is then removed, the Spiral Spring 
then attains its full outside diameter and in So doing bears in 
Self-clamping relationship from the interior against the 
inside surfaces of the electrodes. In order easily to be able 
to implement introduction of the corresponding Spring por 
tions at the end of the connecting lines, it is possible to use 
a corresponding Special tool which makes it possible to 
insert the Spiral Spring of reduced diameter, then remove the 
tensile biasing of the Spiral Spring wire, and thus cause the 
Spiral Spring to bear against the inside Surface of the elec 
trode. 

0044 Advantageous developments of the invention are 
characterised by the features of the appendant claims. 
004.5 Embodiments of the invention are described in 
greater detail hereinafter with reference to the drawing in 
which: 

0046 FIG. 1 is a view in longitudinal section through a 
first embodiment of a bipolar electrode arrangement for a 
Surgical instrument, 
0047 FIG. 2 is a view in longitudinal section through a 
Second embodiment of a bipolar electrode arrangement, 
0048 FIG. 3 is a view in longitudinal section through a 
third embodiment of a bipolar electrode arrangement, 
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0049 FIG. 4 is a view in longitudinal section through a 
fourth embodiment of a bipolar electrode arrangement, 
0050 FIG. 5 is a view in longitudinal section through a 
fifth embodiment of the bipolar electrode arrangement, 
0051 FIG. 6 is a view in longitudinal section through a 
Sixth embodiment of the bipolar electrode arrangement, 
0.052 FIG. 7 is a view in longitudinal section through a 
Seventh embodiment of the bipolar electrode arrangement, 
0053 FIG. 8 is a view in cross-section through the 
Seventh embodiment, 
0.054 FIG. 9 is a view in longitudinal section through an 
eighth embodiment of the bipolar electrode arrangement, 
0055 FIG. 10 is a view in cross-section through the 
eighth embodiment, 
0056 FIG. 11 is a view in longitudinal section through a 
ninth embodiment of the bipolar electrode arrangement, 
0057 FIG. 12 is a view in cross-section through the ninth 
embodiment, 

0.058 FIG. 13 is a view in cross-section through a tenth 
embodiment of the bipolar electrode arrangement, 
0059 FIG. 14 is a view in cross-section through an 
eleventh embodiment of the bipolar electrode arrangement, 

0060 FIG. 15 is a side view of a twelfth embodiment of 
the bipolar electrode arrangement; 
0061 FIG. 16 is a view in longitudinal section through 
the twelfth embodiment, 

0.062 FIG. 17 is a view in longitudinal section through a 
thirteenth embodiment of the bipolar electrode arrangement 
with a pointed front cylinder of insulating material, 

0.063 FIG. 18 is a view in longitudinal section through 
the thirteenth embodiment with a metal pointed front cyl 
inder, 

0.064 FIG. 19 is a view in longitudinal section through 
the thirteenth embodiment with a metal frontally rounded 
off front cylinder, 

0065 FIG. 20 is a view in longitudinal section through a 
fourteenth embodiment of the bipolar electrode arrange 
ment, 

0.066 FIG. 21 is a view in longitudinal section through a 
fifteenth embodiment of the bipolar electrode arrangement, 
0067 FIG. 22 is a view in longitudinal section through a 
Sixteenth embodiment of the bipolar electrode arrangement, 
0068 FIG. 23 is a view in longitudinal section through a 
Seventeenth embodiment of the bipolar electrode arrange 
ment, 

0069 FIG. 24 is a view in longitudinal section through a 
eighteenth embodiment of the bipolar electrode arrange 
ment, 

0070 FIG. 25 is a view in longitudinal section through 
an alternative form of the eighteenth embodiment, 
0071 FIG. 26 is a view in longitudinal section through a 
Second alternative form of the eighteenth embodiment, 
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0072 FIG. 27 is a perspective view of a front cylinder 
with a partial coating with ceramic material, 
0073 FIG. 28 shows an end portion of a connecting line 
for the connection of an electrode, 
0074 FIG. 29 is a perspective view of an electrode 
formed from a metal tube with a ceramic coating and a 
connecting line disposed in the interior of the tube, 
0075 FIG. 30 is a view in longitudinal section through 
another embodiment of bipolar electrode arrangement for a 
Surgical instrument where the instrument extends angled in 
the longitudinal direction, 
0076 FIG. 31 is a view in longitudinal section through 

Still another embodiment of a bipolar electrode arrangement 
for a Surgical instrument where the instrument extends 
angled in the longitudinal direction. 
0077 FIG. 1 shows a longitudinal section through a first 
embodiment of a bipolar electrode arrangement, which is a 
component of a Surgical instrument for the electrothermal 
coagulation of tissue. The electrode arrangement includes an 
electrically conductive front cylinder 10 which forms the 
distal end of the instrument, that is to say the end which is 
remote from the user of the instrument. The front cylinder 
terminates at its free end in a point 12 which in the illustrated 
embodiment terminates in a conically pointed configuration. 
Adjoining the front cylinder 10 is a tubular outer conductor 
20 which in its interior accommodates an insulating hose or 
tube 30 through which extends a bar-shaped inner conductor 
40. At its distal end the bar-shaped inner conductor 40 has 
a male Screwthread which can be Screwed into a correspond 
ing female Screwthread extending in the axial longitudinal 
direction and is electrically and mechanically connected to 
the front cylinder 10 by means of that screw connection 14. 
0078 Arranged between the front cylinder 10 and the 
outer conductor 20 is an insulator element 50 which has a 
radial partition 52 between the front cylinder 10 and the 
distal end wall of the outer conductor 20 and the insulating 
tube 30. At the outside on the partition 52 the insulator 
element 50 goes into a casing wall 54 which in the 
illustrated embodiment-Surrounds the outside Surface of 
the front cylinder 10 in a condition of bearing snugly 
thereagainst but which in an alternative embodiment 
directed towards the proximal end-can also Surround the 
outside surface of the outer conductor 20. The exposed 
outside surface of the front cylinder 10 forms a first elec 
trode 2. The exposed outside Surface of the outer conductor 
20 forms a Second electrode 4. A high-frequency ac Voltage 
Source is connected to the two electrodes-at the proximal 
end of the electrode arrangement-when the bipolar elec 
trode arrangement is introduced into the human or animal 
tissue to be treated and the tissue is to be coagulated by the 
thermal action of the electrical field. 

007.9 FIG. 2 shows a second embodiment of the bipolar 
electrode arrangement according to the invention, in which 
once again a front cylinder 10 terminates in a conical distal 
tip 12, while again a bar-shaped metal inner conductor is 
surrounded by an insulating tube 30 which in turn is Sur 
rounded by a metal tubular outer conductor 20. Provided 
between the front cylinder 10 and the end wall of the outer 
conductor and the insulating tube 30 is an insulator element 
50 which is in the form of an annular body 58 and which is 
of a predetermined axial length which holds the front 
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cylinder 10 and the outer conductor 20 at a spacing. The 
front cylinder 10 comprises metal and Serves as the cylin 
drical first electrode 2. The outer conductor 20 is also made 
from metal and Serves as the cylindrical Second electrode 4. 
The front cylinder 10 is connected to the inner conductor 40 
by means of a Screw connection 14. Connected to the 
proximal end of the electrode arrangement between the outer 
conductor 20 and the inner conductor 40 is an HF-ac voltage 
Source if electrothermal coagulation of Surrounding tissue is 
to be effected. 

0080 FIG. 3 shows an embodiment, corresponding to 
FIGS. 1 and 2, of a bipolar electrode arrangement in which 
the insulator element 50 is of a cup-shaped configuration, 
with the cylindrical casing wall 54 being carried in a suitable 
annular opening 11 in the front cylinder 10. In addition the 
radial partition 52 of the insulator element 50 is passed in the 
direction of the proximal end in a tubular configuration-at 
the diameter of the insulating tube 30- against the insu 
lating tube 30 which terminates a corresponding axial length 
short of the distal end wall of the outer conductor 20. 

0081 FIG. 4 shows a fourth embodiment of a bipolar 
electrode arrangement 1 according to the invention, which 
Substantially corresponds to the arrangement shown in FIG. 
1, with the same parts being denoted by the same references. 
In addition to the arrangement shown in FIG. 1, extending 
centrally through the bar-shaped inner conductor 14 and in 
aligned relationship therewith and also through the front 
cylinder 10 is a hollow duct through which passes an optical 
waveguide which passes visible light to the distal tip 12 of 
the electrode arrangement when the optical waveguide is 
proximally fed for example with visible laser light. The 
optical waveguide 60 includes a sheath 62 Surrounding the 
light-conducting core 64. A cladding can also be provided 
around the sheath 62. 

0082 FIG. 5 shows a further embodiment of the inven 
tion which substantially corresponds to the embodiment of 
FIG. 4, but in which the front cylinder 10 has a wedge 
shaped tip 12 at its distal end. Once again, extending through 
the inner conductor 40 and adjoining Same also through the 
front cylinder 10 is a central hollow duct through which an 
optical waveguide 60 passes with its sheath 62 and the core 
64 to the distal tip 12 and optically indicates the position of 
the distal tip 12 in the tissue for the user of the electrode 
arrangement, in particular when treating tissue in thin 
walled parts of the body. 

0083 FIG. 6 shows a further embodiment of the bipolar 
electrode arrangement 1 according to the invention, which 
substantially corresponds to the embodiment of FIG. 2 or 
FIG. 4. Provided between the front cylinder 10 and the 
concentric arrangement comprising the outer conductor 20, 
the insulating tube 30 and the inner conductor 40 is an 
annular body 58 through which the inner conductor 40 
axially extends to the front cylinder 10. The inner conductor 
40 has a central hollow duct which extends as far as the 
distal end of the annular body 58 and includes an optical 
waveguide 60. The annular body 58 is formed from trans 
parent or Semitransparent material and allows light to pass 
therethrough to the exterior. Formed in the inner conductor 
into the core 64 of the optical waveguide in the region of the 
annular body 58 are radial ground incisions 42, with the 
consequence that light issues to the exterior from those 
incisions radially from the inner conductor 40 and through 
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the annular body 58 so that the position of the electrical field 
which is produced between the first electrode 2 and the 
second electrode 4 when HF-power is applied to the inner 
conductor 40 and the outer conductor 20 can be made 
optically visible to the operator. Preferably, the annular body 
58 is of Such a material or its Surface is of Such a structure 
that the light 3 issuing from the optical waveguide passes to 
the exterior in the form of Stray or Scattered light. 

0084 FIGS. 7 and 8 show a further embodiment of the 
bipolar electrode arrangement 1 according to the invention 
in longitudinal Section and in cross-section. Proximally 
adjoining a front cylinder 10 having a distal tip 12 is an 
elongate, electrically insulating carrier 70 which-in the 
illustrated embodiment-is in the form of a metal tube 71 
with an externally disposed insulating layer 72. For example 
the metal tube comprises titanium or a titanium alloy and the 
insulating layer 72 is produced by anodization of the Surface 
of the tube 71 in the form of a thin ceramic layer. Applied 
to the insulating layer 72 are two Strip-shaped electrodes 2, 
4 which extend parallel to each other in the longitudinal 
direction of the carrier 70 and which-on the periphery of 
the insulating layer, see FIG. 8-are disposed in mutually 
diametrally opposite relationship. In the case of this elec 
trode arrangement, an electrical field is produced in the 
longitudinal direction of the carrier, namely along the entire 
Strip-shaped electrode 2, 4, So that corresponding coagula 
tion Strips are also produced in the longitudinal direction of 
the bipolar electrode arrangement when a corresponding 
HF-ac Voltage Source is applied to the electrodes 2, 4. 

0085 FIGS. 9 and 10 show a further embodiment of a 
bipolar electrode arrangement 1 for a Surgical instrument 
according to the invention, this embodiment representing a 
development of the embodiment shown in FIGS. 7 and 8. 
An elongate, uniform, insulating carrier 70 comprises a 
metal tube 71 which is completely coated with an insulating 
layer 72 and which has continuously as far as the distal tip 
12 a central hollow duct through which an optical 
waveguide 60 extends to the distal tip 12. The optical 
waveguide 60 comprises a light-conducting core 64 and a 
sheath 62 Surrounding the core. Disposed externally on the 
insulating layer 72 in the longitudinal direction, that is to Say 
in mutual parallel relationship, are two Strip-shaped elec 
trodes 2, 4 which extend over the entire illustrated length of 
the carrier 70 and which are fixed on the insulating layer 72. 

0.086 FIGS. 11 and 12 show a further embodiment of the 
invention which substantially corresponds to the embodi 
ment shown in FIGS. 9 and 10, but without using a tubular 
metal carrier 70. On the contrary FIGS. 11 and 12 show an 
embodiment in which an optical waveguide 60 with a core 
64, a sheath 62 and a plastic cladding 61 is provided at its 
free end with a wedge-shaped tip 12 and which on the sheath 
or cladding 61 in the longitudinal direction has two Strip 
shaped electrodes 2, 4 which are arranged in mutually 
opposite relationship at the periphery. In this embodiment 
the electrodes 2, 4 are applied in the form of flexible layers 
So that the entire bipolar electrode arrangement is flexible. 

0087 FIGS. 13 and 14 show views in cross-section of 
bipolar electrode arrangements in which the carrier 70 is 
formed from self-supporting metal bar profile members 76 
extending in the longitudinal direction. In FIG. 13 two bar 
profile members 76 of metal are Spaced in insulating rela 
tionship by spacer elements 60. The bar profile members 76 
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are each approximately of a cross-sectional configuration of 
a Semicircular area and form elongate electrodes 2, 4 which 
extend in the longitudinal direction of the electrode arrange 
ment. In the illustrated embodiment the spacer elements 60 
are in the form of optical waveguides 60. Preferably fitted at 
the Side Surfaces are optical waveguides at which light can 
also issue Sideways So that, when using a bipolar electrode 
arrangement of that kind, the operator can See along the 
length of the electrodes 2 and 4 light signals which indicate 
the position of the electrodes 2, 4 over the length thereof. 
0088 FIG. 14 shows an embodiment which corresponds 
to FIG. 13 and in which two bar-shaped, self-supporting, 
metal bar profile members 76 which in cross-section are in 
the shape of portions of the wall of a tube are applied to the 
outer cladding of an optical waveguide in the longitudinal 
direction thereof and are Secured in position there and form 
the electrodes 2, 4. In the illustrated form the optical 
waveguide 16 also has a sheath 62 between the outer 
cladding 61 and the core 64. 
0089 FIGS. 15 and 16 show an embodiment of a bipolar 
electrode arrangement in which a front cylinder 10 at the 
distal end of the instrument is provided with a distal conical 
tip 12 which is adjoined by an elongate, electrically insu 
lating carrier 70. Two tube portions 82, 84 are pushed on the 
carrier 70 spaced by way of a spacer portion 83 of insulating 
material and Secured in position there, to form cylindrical 
electrodes 2, 4. Extending axially through the carrier 70 is a 
central hollow duct 76 which communicates with an opening 
14 in the front cylinder 10 and accommodates a temperature 
sensor 100 which is surrounded by a plastic or adhesive bed 
102 and is there fixed in position and by way of a line 104 
Supplies a signal to the proximal end of the instrument, 
corresponding to the temperature of the front cylinder 10. 
Also provided in the hollow duct 76 are connecting lines 90 
which -through the carrier 70 - are connected to the 
electrodes 2, 4 and can be connected to the proximal 
HF-generator. 

0090 The axial length L1 of the first electrode 2 and the 
axial length L2 of the second electrode 4 - in all the 
illustrated embodiments-are greater than the Spacing A 
between the two electrodes 2, 4. The Spacing A is preferably 
of the order of magnitude of the outside diameter of the 
electrodes 2, 4. The insulating portion 83 is of the same 
outside diameter D=2R as the tube portions 82, 84 which 
form the electrodes 2, 4. R is the radius of the electrode 
arrangement which is generally of a circular-cylindrical 
configuration. In the embodiment shown in FIGS. 15 and 
16 in a particularly preferred case L1=L2. 
0091 FIG. 17 shows an embodiment of a bipolar elec 
trode arrangement in which a front cylinder 10 with a 
conical distal tip 12 is fixed to the end of a first tube portion 
82, that first tube portion 82 being secured with an end 
portion to a first carrier 70a. A second tube portion 84 is 
carried with an end portion on the first carrier 70a and with 
its other end portion on a second carrier 70b. The carriers 
70a and 70b each have a respective hollow duct 76, the axis 
of which aligns with the axis of the tube portions 82,84. The 
tube portions 82, 84 represent the cylindrical electrodes 2, 4. 
0092 Extending through the hollow duct 76 of the car 
riers 70a and 70b and the tube portions 82, 84 is a flushing 
hoze or tube 110 which discharges fluid at its distal end, 
which then in contact with the inside wall of the tube 
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portions 82, 84 flows back through the hollow duct 76 to the 
proximal end and cools the two tube portions 82,84. At the 
locations where the tube portions 82, 84 are pushed over the 
insulating carriers 70a, 70b and over the insulating front 
cylinder 10 and glued fast in position at that location, the 
tube portions 82, 84 are provided on their outside surface 
with an annular insulating layer So that, at those locations 
which are only cooled by the fluid to a lesser degree, the 
electrode temperature does not experience an unwanted 
excessive rise which results in the tissue being undesirably 
baked fast to the electrodes or which results in the tissue 
bearing thereagainst drying out and thus causes a rise in 
impedance in that tissue and causes an interruption in the 
electrical current through the tissue. 

0093 Cooling with a suitable cooling fluid affords the 
consequence that the tissue at the contact Surface with the 
electrodes does not exceed a predetermined temperature and 
that the coagulation hot-spot is Some millimeters away from 
the electrodes. 

0094 FIGS. 18 and 19 correspond to the embodiment of 
FIG. 17, but the front cylinder 10 in FIGS. 18 and 19 
comprises metal and goes directly into the first tube portion 
82, the first electrode, while the front cylinder 10 in FIG. 19 
is frontally rounded off. In a particularly preferred embodi 
ment the lengths L1 and L2 of the electrodes 2, 4 are Such 
that the surface area formed from the front cylinder 10 and 
the first electrode is equal to or Smaller than the Surface area 
of the Second electrode. 

0.095 FIG. 22 shows an embodiment of the bipolar 
electrode arrangement which Substantially corresponds to 
that shown in FIG. 17, but in which the second tube portion 
84 which represents the second electrode 4 is substantially 
longer than the first tube portion 82 which represents the first 
electrode 2. In this embodiment the second tube portion 84 
terminates at the proximal end of the instrument and it is 
therefore possible to omit a further carrier at the proximal 
end of the instrument. The axial length of the second 
electrode 4 is limited by virtue of the fact that disposed on 
the proximal end portion of the second tube portion 84 is an 
insulating layer 87 which covers over the metal surface of 
the second tube portion 84 at that location, for example with 
a ceramic coating. The field which produces thermoelectric 
coagulation is then formed between the cylindrical metal 
electrodes 2, 4. In this embodiment also the end portions of 
the tube portions 82, 84 which on the inside are surrounded 
either by the insulating material of the front cylinder 10 or 
the insulating material of the carrier 70 are also coated with 
an insulating layer 86 on the outside Surface in order to 
prevent punctiform overheating of the electrodes at those 
locations, because of the absence of cooling. 

0096 FIG. 23 shows a further embodiment of the inven 
tion in which a frontally rounded-off front cylinder 10 goes 
into a first tube portion 82 which is fixed with its proximal 
end to an insulating carrier. Provided at a predetermined 
spacing from the tube portion 82 on the insulating carrier is 
a metal layer 88. The tube 82 forms the cylindrical first 
electrode 2, the metal coating on the carrier 70 forms the 
cylindrical second electrode 4. The carrier 70 and the tube 82 
are each provided with a central hollow duct 76 and 77 
respectively through which a flushing hoze or tube 110 
passes to a position just short of the distal end of the front 
cylinder 10, for discharging fluid at the distal end, the fluid 
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cooling the first electrode by coming into contact with the 
internal surface of the first electrode 2. Disposed on the 
outside surface of the proximal end portion of the tube 82 is 
an insulating layer 86 in order to prevent local overheating 
of the electrode 2 at that location as that location is not in 
contact at the inside with fluid. The front cylinder 10 is 
formed from metal, its rounded configuration at the distal 
end is advantageously Suitable for the treatment of edge 
tumors in which a layer of coagulated tissue is formed in 
front of the distal end of the instrument. 

0097 FIGS. 20 and 21 show further embodiments of a 
bipolar electrode arrangement. In both cases the basic struc 
ture provides a front cylinder 10 of metal or insulating 
material, adjoined by a tube 82 which is secured with the 
proximal end portion to a carrier 70. The carrier 70 and the 
tube 82 each have a respective central hollow duct 76 and 77 
respectively through which is passed a flushing hoze or tube 
110 which at its distal end discharges fluid which then in 
contact with the inside Surface of the tube 82 flows back to 
the proximal end of the instrument. In FIG. 18 the distal 
tube portion 82 has a metallic outside surface and forms the 
cylindrical first electrode 2, the proximal tube portion 84 
adjoining Same is provided with an insulating layer 87 to 
which there is applied at the proximal end a metal layer 88 
forming the cylindrical Second electrode 4. In the embodi 
ment of FIG. 19 in contrast the distal tube portion 82 is 
provided with an insulating layer 87 to which a metal layer 
88 is applied at the distal end; the metal layer 88 forms the 
first electrode. In this embodiment the proximal tube portion 
forms the second electrode 4. 

0.098 FIG. 24 shows a further embodiment of a bipolar 
electrode arrangement in which a carrier 70 comprising a 
metal tube extends to a wedge-shaped distal tip 12 and is in 
the shape of a cannula. An insulating layer 87 is applied to 
the carrier 70 at a predetermined spacing from the distal tip 
12. In its proximal region the insulating layer 87 is provided 
with a metal coating 88. Adjoining the distal tip 12- with 
a metal outside Surface-is the cylindrical first electrode 2 
while the metal coating 88 at the proximal region forms the 
cylindrical Second electrode 4. Extending through the tube is 
a hollow duct 76 which is open at the distal end and which 
can Serve for introducing medication. 
0099 FIGS. 25 and 26 show alternative forms of the 
embodiment illustrated in FIG. 24. The embodiment of 
FIG. 25 differs from that shown in FIG. 24 insofar as the 
insulating layer 87 applied to the metal carrier 70 and the 
metal layer 88 applied to the insulating layer 87 each have 
a respective distal edge which corresponds to the wedge 
shaped distal tip 12 of the carrier 70. 
0100. In the embodiment of FIG. 26, the carrier 70 is in 
the form of a metal bar (instead of the tubular carrier 70 in 
FIG. 24) which has a wedge-shaped distal tip and to which 
is applied the insulating layer 87 on which the metal layer 88 
is then arranged. 
0101 All illustrated embodiments of the bipolar elec 
trode arrangement 1 are essentially of a circular croSS 
Section of a radius R and are of a cross-section which is as 
homogenous as possible over their length. Irregularities in 
outside diameter are to be minimised So that the electrode 
arrangement can be introduced into the tissue with an easy 
Sliding movement. 
0102) In all illustrated embodiments the axial length of 
the electrodes is greater than the spacing of the electrodes 
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which is substantially of the order of magnitude of the 
outside diameter. With this dimensioning, the arrangement 
affords advantageous local concentration of the coagulation 
procedure and adequate Strength in terms of the electrical 
field involved. The carrier 70 can either be of a flexible or 
a rigid nature. 
0103) In all embodiments in which a flushing hoze or 
tube discharges flushing fluid at the distal end of a cavity, 
there is the option of providing for temperature control of the 
electrodes and the carrier before the electrode arrangement 
is introduced into the body, that is to Say heating Same to 
over 30° C. and preferably 50° C. In that way the electrode 
arrangement can be more easily introduced into the tissue. 
AS Soon then as the electrode arrangement has reached the 
treatment location and the actual electrothermal treatment is 
to be initiated, then to achieve an optimum coagulation 
procedure the instrument is cooled in order to prevent the 
tissue from drying out at the electrodes and in order to be 
able to apply higher levels of power and Stronger electrical 
fields without the tissue becoming baked fast to the elec 
trodes. 

0104 FIG.27 shows a front cylinder 10 which comprises 
for example aluminum or titanium or a titanium alloy and 
which by anodic oxidation, that is to Say in a proximal end 
region, was provided with a ceramic layer forming the 
insulating element 50 whose partition 52 is formed at the 
proximal end of the front cylinder and whose casing wall 58 
extends on the outside around an axial lengthwise portion of 
the front cylinder. 
0105 FIGS. 28 and 29 show an end portion, in the form 
of a spiral spring 92, of a connecting line 90 which, as shown 
in FIG.25, is inserted into the hollow duct 77 of a metal tube 
80 and bears under radial contact preSSure against the inside 
Surface of the tube 80 and contacts Same. An insulating layer 
87 is illustrated on the metal tube 80. 

0106 FIGS. 30 and 31 show longitudinal section views 
of two embodiments of a bipolar electrode arrangement for 
a Surgical instrument where the instrument extends angled in 
the longitudinal direction. Like parts have like reference 
numbers. FIGS. 30, 31 include lines 130, 131, respectively, 
indicating the instrument angled in the longitudinal direc 
tion. 

1. An electrode arrangement for a Surgical instrument for 
electrothermal coagulation in tissue, comprising: 

a front cylinder at the distal end of the instrument with a 
distal tip, an elongate, electrically insulating carrier 
proximally adjoining the front cylinder, at least two 
Spaced electrodes on the carrier, which are connectable 
to an AC Voltage Source, characterized in that the 
electrodes are of a Strip-shaped configuration and 
extend along the carrier. 

2. An electrode arrangement for a Surgical instrument 
according to claim 1 wherein the electrodes extend parallel 
to the longitudinal axis of the carrier. 

3. An electrode arrangement for a Surgical instrument 
according to claim 1 wherein the carrier is of a uniform 
croSS-Section in the longitudinal direction and wherein the 
electrodes are disposed in mutually diametrically opposite 
relationship on the carrier cross-section. 
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4. An electrode arrangement for a Surgical instrument 
according to claim 1 wherein the electrodes extend on the 
carrier along Spaced helical lines. 

5. An electrode arrangement for a Surgical instrument as 
set forth in claim 1 wherein the carrier is in the form of a 
metal tube with an externally disposed insulating coating. 

6. An electrode arrangement for a Surgical instrument 
according to claim 5 wherein the metal tube includes an 
outer layer of titanium or aluminum which at its Surface 
carries a Ti-oxide layer or an Al-Oxide layer as an insulating 
layer. 

7. An electrode arrangement for a Surgical instrument 
according to claim 1 further comprising a hollow duct in the 
longitudinal direction of the carrier, through which an opti 
cal waveguide passes. 

8. An electrode arrangement for a Surgical instrument 
according to claim 1 wherein the tip of the front cylinder is 
of a conical configuration. 

9. An electrode arrangement for a Surgical instrument 
according to claim 1 wherein the tip of the front cylinder is 
of a wedge-shaped configuration. 

10. An electrode arrangement for a Surgical instrument 
according to claim 1 wherein the electrodes are applied to 
the carrier in the form of thin conductive layers. 

11. An electrode arrangement for a Surgical instrument 
according to claim 1 wherein the carrier comprises flexible 
material. 

12. An electrode arrangement for a Surgical instrument 
according to claim 11 wherein the carrier is an optical 
waveguide, on the insulating outside sheath of which the 
electrodes are applied in a Strip configuration an elastically. 

13. An electrode arrangement for a Surgical instrument 
according to claim 1 wherein the carrier compriseS rigid 
material. 

14. An electrode arrangement for a Surgical instrument for 
electrothermal coagulation in tissue, comprising: 

a) a front cylinder at the distal end of the instrument; 
b) an elongate carrier proximally adjoining the front 

cylinder; 

c) two electrodes which extend in the longitudinal direc 
tion of the carrier and which are connectable to an AC 
Voltage Source; 

wherein the carrier includes externally disposed, Self 
Supporting metal bar profile members which extend in 
the longitudinal direction and which are connected 
together by means of one or more insulating Spacer 
elements and form the electrodes. 

15. An electrode arrangement for a Surgical instrument 
according to claim 14 wherein the optical waveguide is 
passed in the longitudinal direction between the bar profile 
members, as a Spacer element. 

16. An electrode arrangement for a Surgical instrument 
according to claim 15 wherein the optical waveguides 
extend laterally visibly between the bar profile members. 

17. An electrode arrangement for a Surgical instrument 
according to claim 14 wherein the croSS-Section of the bar 
profile members corresponds to the Segment of a circular 
aca. 

18. An electrode arrangement for a Surgical instrument 
according to claim 14 wherein the croSS-Section of the bar 
profile members which are uniform in the longitudinal 
direction corresponds to a peripheral portion of a tube. 
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19. An electrode arrangement for a Surgical instrument 
according to claim 18 wherein the bar profile members are 
disposed in mutually opposite relationship on the outside 
sheath of an optical waveguide. 

20. An electrode arrangement for a Surgical instrument for 
electrothermal coagulation in tissue, including 

a) a front cylinder at the distal end of the instrument; 
b) at least one elongate, electrically insulating carrier 

proximally behind the front cylinder; 

c) two spaced cylindrical electrodes; 
d) a hollow duct in the longitudinal direction through the 

carrier; and 

e) connecting lines which are passed through the hollow 
duct for connecting the electrodes to an AC voltage 
SOurce, 

wherein the electrodes are cylindrical tube portions of 
metal which are arranged at a predetermined spacing 
from each other in the longitudinal direction in axial 
alignment with the carrier. 

21. An electrode arrangement for a Surgical instrument 
according to claim 20 wherein the carrier is a flexible tube 
of insulating material. 

22. An electrode arrangement for a Surgical instrument 
according to claim 20 further comprising a central opening 
in the front cylinder provided as a prolongation of the hollow 
duct, Said central opening having arranged therein a tem 
perature Sensor whose connecting line is taken out through 
the hollow duct to the proximal end of the instrument. 

23. An electrode arrangement for a Surgical instrument 
according to claim 20 wherein the outside diameter of the 
front cylinder approximately corresponds to the outside 
diameter of the electrodes. 

24. An electrode arrangement for a Surgical instrument 
according to claim 20 wherein the axial length of the 
electrodes is larger than their diameter. 

25. An electrode arrangement for a Surgical instrument 
according to claim 20 wherein the axial length of the 
electrodes is larger than double their diameter. 

26. An electrode arrangement for a Surgical instrument 
according to claim 20 wherein the Spacing of the two 
electrodes is approximately equal to or Smaller than the 
outside diameter of the electrodes. 

27. An electrode arrangement for a Surgical instrument 
according to claim 20 wherein the distal front cylinder 
includes insulating material or metal. 

28. An electrode arrangement for a Surgical instrument 
according to claim 20 wherein the temperature Sensor in the 
opening in the front cylinder is embedded in a Synthetic resin 
or adhesive bed. 

29. An electrode arrangement for a Surgical instrument 
according to claim 28 wherein the outside diameter of the 
electrodes corresponds to the outside diameter of the front 
cylinder and wherein the intermediate Space between the 
electrodes is filled by insulating material to the outside 
diameter of the electrodes. 

30. An electrode arrangement for a Surgical instrument 
according to claim 20 wherein the first electrode axially 
extends in the distal direction a predetermined length over 
the front cylinder. 
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31. An electrode arrangement for a Surgical instrument 
according to claim 20 wherein the electrodes are formed 
from Self-Supporting metal tube portions. 

32. An electrode arrangement for a Surgical instrument 
according to claim 31 wherein the first electrode is arranged 
between the front cylinder and an insulating tubular first 
carrier, the Second electrode is arranged between the first 
carrier and an insulating tubular Second carrier, and wherein 
the electrodes rest with their end portions on the front 
cylinder, and the first and Second carriers. 

33. An electrode arrangement for a Surgical instrument 
according to claim 20 wherein the first electrode extends 
between the front cylinder and the insulating tubular carrier 
and the Second electrode extends from the carrier to the 
proximal end portion, and wherein the electrodes bear with 
their end portions on the front cylinder and the carrier. 

34. An electrode arrangement for a Surgical instrument 
according to claim 33 wherein the Second electrode is 
proximally covered over a predetermined axial length with 
an insulating layer. 

35. An electrode arrangement for a Surgical instrument 
according to claim 20 further comprising a flushing tube 
within the hollow duct, which extends from the proximal 
end of the instrument to the front cylinder and discharges 
fluid at its distal end into the hollow duct in which the fluid 
flows back to the proximal end of the instrument. 

36. An electrode arrangement for a Surgical instrument 
according to claim 20 wherein the end portions of the 
electrodes, which overlap the front cylinder and the carrier 
or carriers, are covered on their outer periphery by an 
insulating layer. 

37. An electrode arrangement for a Surgical instrument 
according to claim 20 wherein the tip of the front cylinder 
is of a conical or wedge-shaped or rounded-off configura 
tion. 

38. An electrode arrangement for a Surgical instrument 
according to claim 20 further comprising a Self-Supporting 
metal tube between the front cylinder and the carrier, with a 
distal tube portion and a proximal tube portion, a cylindrical 
insulating layer on the proximal tube portion and a cylin 
drical metal layer at the proximal end of the insulating layer, 
wherein the distal tube portion forms the first electrode and 
the proximal metal layer forms the Second electrode. 

39. An electrode arrangement for a Surgical instrument 
according to claim 20 further comprising a Self-Supporting 
metal tube between the front cylinder and the carrier, with a 
distal tube portion and a proximal tube portion, a cylindrical 
insulating layer on the distal tube portion and a cylindrical 
metal layer at the distal end of the insulating layer, wherein 
the distal metal layer forms the first electrode and the 
proximal tube portion forms the Second electrode. 

40. An electrode arrangement for a Surgical instrument 
according to claim 20 wherein the carrier has a hollow duct 
which goes into the hollow duct of the metal tube or the tube 
portions, and wherein the connecting lines for the electrodes 
are passed through the hollow duct of the carrier to the 
proximal end of the instrument. 

41. An electrode arrangement for a Surgical instrument 
according to claim 20 further comprising a flushing tube 
passing through the hollow duct of the carrier and the metal 
tube or the tube portions in the longitudinal direction, Said 
flushing tube extending to the front cylinder, through which 
flushing tube fluid is discharged at the distal end into the 
hollow duct, which outside the flushing tube in contact with 
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the metal tube flows back through the hollow duct of the 
tube and the hollow duct of the carrier to the proximal end 
of the instrument. 

42. An electrode arrangement for a Surgical instrument 
according to claim 38 further comprising an insulating inner 
tube in the hollow duct of the carrier and the metal tube, 
through which a connecting line for the electrode at the 
distal end of the tube is passed. 

43. An electrode arrangement for a Surgical instrument 
according to claim 38 wherein the front cylinder comprises 
insulating material. 

44. An electrode arrangement for a Surgical instrument 
according to claim 38 wherein the metal tube comprises 
aluminum or titanium and that the insulating layer is formed 
from the metal tube of aluminum oxide or titanium oxide. 

45. An electrode arrangement for a Surgical instrument for 
electrothermal coagulation in tissue, comprising: 

a) a front cylinder of metal at the distal end of the 
instrument; 

b) an elongate cylindrical carrier of insulating material 
proximally adjoining the cylinder; and 

c) two spaced cylindrical electrodes; 
wherein the metal front cylinder is rounded off at the 

distal end and adjoining the round end portion has a 
cylinder portion of predetermined length, wherein the 
front cylinder forms the first electrode and wherein 
disposed on the carrier at a predetermined axial spacing 
from the front cylinder is a metal layer as the Second 
electrode. 

46. An electrode arrangement for a Surgical instrument 
according to claim 45 further comprising a hollow duct 
provided through the carrier and the front cylinder to the 
round end portion a flushing tube extending through Said 
hollow duct and which, at the distal end, discharges fluid 
which flows back in the hollow duct-outside the flushing 
tube-to the proximal end. 

47. An electrode arrangement for a Surgical instrument 
according to claim 45 wherein the front cylinder can be 
Secured with its proximal end in an annular opening of the 
carrier and that an oxide layer is externally applied to the 
metal front cylinder in the Overlap region between the carrier 
and the front cylinder. 

48. An electrode arrangement for a Surgical instrument 
according to claim 20 wherein the axial length of the 
electrodes is greater than the axial Spacing of the two 
electrodes from each other. 

49. An electrode arrangement for a Surgical instrument 
according to claim 20 characterized in the axial length of the 
electrodes is greater than the diameter of the electrodes. 

50. An electrode arrangement for a Surgical instrument 
according to claim 20 characterized in that the axial length 
of the electrodes is greater than the axial length of the 
lengthwise portion occupied by the insulator element. 

51. An electrode arrangement for a Surgical instrument 
according to claim 20 wherein the axial length of the 
electrodes is greater than the outside diameter of the front 
cylinder or the outer conductor respectively. 

52. An electrode arrangement for a Surgical instrument 
according to claim 20 wherein the axial Spacing of the 
electrodes from each other is approximately equal to or 
smaller than the outside diameter of the front cylinder. 
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53. An electrode arrangement for a Surgical instrument 54. An electrode arrangement for a Surgical instrument 
according to claim 20 wherein the Self-Supporting metal tube according to claim 20 wherein at least one of the connecting 
or tube portions and/or the metal cylinder body which are lines for connection of the electrodes has at one end a 

portion of Spring metal which is clamped radially outwardly 
in the hollow duct against the inside Surfaces of the elec 
trodes. 

provided to form the electrodes comprise titanium or alu 
minum and that the insulating layers which are provided on 
the metal tube or the metal tube portions are applied by 
anodic oxidation of the metal Surface in an electrolyte bath. k . . . . 


