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(57) ABSTRACT 

There is provided a surgical instrument for electrotherrnal 
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 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. Ser. No. 
10/806,867, ?led Mar. 23, 2004 Which is a divisional ofU.S. 
Pat. No. 6,723,094, Which is a national stage application of 
PCT/EP99/ 10079 ?led Dec. 17, 1999 Which in turn claims 
priority to Germanpatent application 198 58 599.3, ?led Dec. 
1 8, 1 998. 
[0002] 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. 

[0003] Using the application of high-frequency alternating 
currents (for example ?n 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 electrode 
arrangements or bipolar electrode arrangements are used for 
introducing the HF-current into the tissue. 
[0004] In the case of the monopolar arrangements, an elec 
trodeialso referred to as the neutral electrodeiis applied in 
the form of an electrode of large area to the skin of the patient 
in the proximity of the treatment location and ?xed there and 
earthed or connected to ground. A second electrode Which is 
manipulated by the operatorialso referred to as the active 
electrodeiis 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. 
[0005] In the case of arrangements for bipolar HF-thermo 
therapy, both electrodes are connected to an HF-generator 
and arranged With dimensions Which are ?xed 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. 
[0006] W0 97/ 17009 discloses a bipolar electrode arrange 
ment With a ?uid duct by Way of Which ?ushing ?uid 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-?eld is formed betWeen the 
electrodes and is intended to coagulate the surrounding tissue. 
[0007] 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 
?uid cooling or thermoelectric cooling is provided during the 
actual tissue coagulation procedure. Those knoWn arrange 
ments are intended for the introduction into body cavities by 
Way of natural accesses. 

[0008] US. Pat. No. 4,832,048 as Well as WO 95/10320 
andWO 99/11186 orEP 96 945 879.3 andWO 98/19613, WO 
96/18349 and WO 81/03272 also disclose surgical instru 
ments Which treat tissue by means of HF-thermotherapy by 
means of a bipolar electrode arrangement. 
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[0009] The knoWn surgical instruments for bipolar HF 
therrnotherapy are often expensive to manufacture and, for 
the various areas of use involved, they often suffer from 
disadvantages Which frequently result in locally inaccurate 
tissue treatment Which in particular in part does not reach the 
tissue to be treated or thermally overloads sound tissue. 
[0010] 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 speci?cation, 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. 
[0011] 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 ?rst electrode, a tubular outer conductor proxi 
mally adjoining the front cylinder and With a cylindrical 
second electrode, an insulator element betWeen the front cyl 
inder 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 insu 
lating tube betWeen the inner conductor and the outer con 
ductor. 
[0012] The advantages of the invention are in particular that 
the electrode arrangement is of a particularly simple struc 
ture, Wherein more speci?cally the front cylinder forms an 
electrode and that the proximally adjoining outer conductor 
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. 
[0013] The insulating element has betWeen the front cylin 
der 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 ?tting 
relationship thereWith over a predetermined axial lengthWise 
portion. The inner conductor is connectable to the front cyl 
inder through that partition of the insulating element. Prefer 
ably, embodied betWeen the front cylinder and the inner con 
ductor 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 invention by anodiZation of the sur 
faces in question in an electrolyte bath if the front cylinder 
and/or the outer conductor comprise an anodiZable metal, for 
example titanium or aluminum. 

[0014] Depending on the respective purpose of use the elec 
trode arrangement for an instrument can be of a ?exible 
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 ?exible 
surgical instrument of that kind, the bipolar electrode 
arrangement can under some circumstances be more easily 
moved to the speci?c treatment location. Alternatively hoW 



US 2009/0118732 A1 

ever the inner conductor and the outer conductor can be of a 
straight and rigid con?guration, 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 particu 
larly advantageous to angle the instrument in the lengthWise 
direction. 
[0015] 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. 
[0016] Preferably the front cylinder, over its axial length 
Wise portion Which is not covered by the insulator element, 
forms the ?rst electrode and the outer conductor, over the 
entire axial lengthWise portion, insofar as same is not covered 
by the insulator element, forms the second cylindrical elec 
trode. The axial length of the electrodes is preferably 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 elec 
tromagnetic ?eld can be displaced outWardly into adjoining 
tissue regions because there is a suitably long second elec 
trode so that, if the tissue has become of high resistance 
adjoining the outside surface, the electromagnetic ?eld can 
move radially outWardly and in so doing still ends at the 
second electrode. With this embodiment therefore it is pos 
sible to implement a coagulation effect Which moves in a 
de?ned fashion into the tissue and Which comes to an end 
When the ?eld extends from the ?rst electrode to the proximal 
end of the second electrode. 
[0017] 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 diam 
eter or only slightly larger. 
[0018] 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 hyperpla 
sia, 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 concha. 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 coagulation Zone Which has 
formed around the path of the electrode arrangement. 
[0019] In accordance With a further preferred embodiment 
of the invention, the front cylinder Which is electrically con 
nected to the inner conductor and the outer conductor are 
separated from each other by an insulating annular body. 
Preferably the insulating annular body is made from translu 
cent or partially translucent material and disposed in the 
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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 ?ber 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. 
[0020] 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 con?guration and extend 
along the carrier. 
[0021] The advantages of the invention lie in particular in 
the simplicity of structure and the electrodes Which extend in 
a strip-shaped con?guration 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 ?xed in a position With 
active HF-poWer. In that procedure, due to the speci?c elec 
trode con?guration involved, the desired tubular coagulation 
Zone is produced Without the need to move the applicator in 
the tissue. A further advantage is the particularly simple struc 
ture Which makes it possible to implement connection of the 
HF-generator at the proximal end of the carrier directlyi 
from the exteriorito the electrodes. 

[0022] 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 elec 
trodes. 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. 

[0023] In accordance With a particularly preferred embodi 
ment of the invention the carrier is in the form of a metal tube 
carrying an externally disposed insulating layer 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 alumi 
num, then production of the insulating carrier is particularly 
simple, more speci?cally if the outside surface of the carrier 
is electrolytically anodiZed to form a layer of titanium oxide 
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or aluminum oxide. In this embodiment 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 position of the tip of the front 
cylinder visible to the operatoriWhen dealing With corre 
spondingly thin tissueior 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 con?guration and the 
electrodes are applied in the form of thin conducting metal 
layers to the carrier. 
[0024] In accordance With a preferred embodiment of the 
invention the carrier can be made from a ?exible material on 
Which the strip-shaped electrodes are carried. The carrier 
used can be for example an optical Waveguide, on the insu 
lating outer sheath of Which the electrodes are disposed elas 
tically and in a strip-shaped con?guration. The electrode 
arrangement can then more easily be introduced through 
body openings to the treatment location. 
[0025] In this embodiment also the axial length of the elec 
trodes 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. 

[0026] 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 elon 
gate carrier proximally adjoining the front cylinder, tWo elec 
trodes Which extend in the longitudinal direction of the carrier 
and Which are connectable to an ac voltage source, character 
ised in that the carrier includes externally disposed, self 
supporting metal bar pro?le 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. 

[0027] 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-support 
ing metal bar pro?le members forming the carrier, Whereby 
manufacturing steps can be omitted in manufacture of the 
electrode arrangement. In a particularly preferred con?gura 
tion 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 pro?le 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 radially at those locations. That 
accordingly shoWs the operator over What axial distance the 
instrumentiWith HF-energy activatediis also coagulating 
tissue. The cross-section of the bar pro?le members corre 
sponds, When considered together, preferably to a circular 
surface area, but alternatively the cross-section of the bar 
pro?le members can also be in the form of a portion of the 
periphery of a tube, in Which case then the bar pro?le mem 
bers are for example preferably ?xed in mutually opposite 
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relationship on the outside sheath of an optical Waveguide and 
in that Way form a rigid carrier With externally disposed 
strip-shaped electrodes extending in the longitudinal direc 
tion. 

[0028] 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 instrument, 
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 connectable to an ac voltage 
source, characterised in that the electrodes (2, 4) are cylindri 
cal tube portions (82, 84) of metal Which are arranged at a 
predetermined spacing from each other in axial alignment 
With the carrier in the longitudinal direction. 
[0029] In accordance With this preferred embodiment of the 
invention the ?rst electrode can be in the form of a self 
supporting tube portion Which is carried betWeen the front 
cylinder and an insulating tubular ?rst carrier and the second 
electrode can also be in the form of a self-supporting tube 
portion arranged betWeen the ?rst carrier and a second tubular 
carrier, Wherein the end portions of the electrodes are sup 
ported on the front cylinder, the ?rst and the second carrier 
over a predetermined lengthWise portion. Alternatively it is 
also possible for the second electrode to extend as far as the 
proximal end portion. Particularly preferably in this embodi 
ment the lengthWise portions of the electrodes Which bear on 
the ?rst and/or the second carrier are covered With an insu 
lating layer. In addition, provided Within the holloW duct is a 
?ushing 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 ?uid at the distal end into the 
holloW duct in Which the ?uidiin contact With the elec 
trodesi?oWs back to the proximal end of the instrument. 
[0030] Cooling of the electrode surfaces by means of a 
?ushing ?uid means that the so-called “hot-spot” of coagu 
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 temperature 
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 carri 
ers4or in a speci?c embodiment also on the front cylinder 
Which is in the form of an insulating bodyiand are therefore 
not directly cooled by the cooling ?uid, are covered With an 
insulating layer. In that Way those lengthWise portions Which 
are cooled to a lesser degree and Which consequently heat up 
to a greater degree than the cooled 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 ?ushing ?uid, by means of insulating layers, is that the 
adjoining tissue does not become too hot even in those lon 
gitudinal portions, and thus it does not dry out. 
[0031] 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 
?rst electrode, an adjoining proximal tube portion is sur 
















