US 20150223869A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2015/0223869 A1

Mayer et al.

(43) Pub. Date: Aug, 13,2015

(54)

(71)

(72)

(73)

1)
(22)

(30)

SURGICAL INSTRUMENT COMPRISING
ELECTRODE SUPPORT

Applicant: ERBE ELEKTROMEDIZIN GMBH,
Tuebingen (DE)

Inventors: Volker Mayer, Tuebingen (DE); Achim
Brodbeck, Metzingen (DE); Markus
Schmid, Heiningen (DE)

Assignee: ERBE ELEKTROMEDIZIN GMBH,
Tuebingen (DE)

Appl. No.: 14/619,890
Filed:  Feb. 11,2015

Foreign Application Priority Data

Feb. 12,2014  (EP) oo, 14154832.1

12

Publication Classification

(51) Int.CL
AGIB 18/14 (2006.01)
(52) US.CL
CPC ... A61B 18/1445 (2013.01); A61B 2018/00589
(2013.01)
(57) ABSTRACT

A branch of an instrument comprising a metal part, which is
embodied in one piece seamlessly, which comprises the elec-
trode support as well as the electrode plate and connection
webs. Preferably, this metal part is produced in an additive
production method, for example selective laser melting
(SLM). The branches are suitable for instruments for open
surgery as well as for laparoscopic and flexible endoscopic
instruments.
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SURGICAL INSTRUMENT COMPRISING
ELECTRODE SUPPORT

TECHNICAL FIELD

[0001] Embodiments of the invention relate to a surgical
instrument for the electrosurgical monopolar or bipolar appli-
cation of current to biological tissue, in particular a sealing
instrument.

BACKGROUND

[0002] Instruments for the coagulation of biological tissue
between two branches of a tool comprising at least one mov-
able branch are known from the state of the art. For this
purpose, EP 2 554 132 shows an instrument, the branches of
which in each case comprise an electrode support and a thin
plate-shaped electrode. The electrode support can consist ofa
massive metal part or of a plastic-coated metal part. The
electrode is connected to the electrode support via a plurality
of point-like welded connections. On the one hand, a reliable
mechanical connection and, on the other hand, only a small
heat transfer between the electrode and the electrode support
is to be attained with this. Even though the seams have only a
small diameter, they also have only a small length (expansion
in heat flow direction), which limits their effect as heat barrier.

[0003] On the one hand, a mechanically stable and electri-
cally reliable connection must be created between the elec-
trode plate and the electrode support. On the other hand, the
heat transfer is to be minimized.

SUMMARY

[0004] Based on this, it is the goal of embodiments of the
invention to specify an improved surgical instrument, in par-
ticular comprising an improved branch for the use in open
surgery, for laparoscopic and endoscopic use.

[0005] This objectis solved by means of the surgical instru-
ment, in particular with an electrosurgical instrument accord-
ing to embodiments described herein.

[0006] The instrument according to embodiments of the
invention comprises a branch, in the case of which the elec-
trode support and the electrode plate are connected to one
another seamlessly in one piece via a plurality of webs. The
webs and also the transitions between the webs and the elec-
trode support on the one hand, and the electrode plate on the
other hand, are thus embodied of material with the same
composition and structure without any transition. The pre-
ferred material thereby comprises sufficient electrically con-
ductive characteristics, so that current can be applied to tissue
by means of the electrode plate. Seams, as they are created by
remelting parts of an electrode plate or of a branch support
when made of a plurality of individual parts, are completely
missing here. This concept provides for the minimizing of the
dimensions of the webs to what is necessary electrically,
mechanically and with regard to production. It furthermore
provides for a minimizing of the length of the webs. Prefer-
ably, the length of a web is at least as large as the square root
of its average cross sectional surface. More preferably, the
length of a web is at least as large as the square root of its
smallest cross sectional surface. Due to these measures, the
heat transfer resistance from the electrode plate to the elec-
trode support can be maximized. This is in particular the case,
when a plastic, which is injected into the slit between the
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electrode support and the electrode plate, supports the
mechanical connecting effect of the webs or also takes it over
to a large extent.

[0007] The embodiment of a heat resistance, which is as
large as possible, between the electrode plate and the elec-
trode support can be used to keep the side of the branch, which
faces away from the electrode plate, as cool as possible during
operation. While the tissue seized between electrodes and
thus also the electrode plate, which is in contact therewith,
can heat up to temperatures of above 100° C., the electrode
support and thus the outer side of the branch on the rear side
can be kept at a lower temperature, which prevents or at least
reduces damages to the tissue, as compared to the electrode
plate. Tissue damages can already occur starting at 40° C., but
atleast starting at 60° C., for example. This provides fora very
precise and specific tissue treatment even in the case of dif-
ficult surgeries and in the direct vicinity to sensitive tissue,
such as nerve tissue, for example.

[0008] In the case of a specific embodiment, the webs are
arranged so as to be spaced apart from the opening of the slit.
Through this, the small heat flow from the electrode plate to
the electrode support is kept away from the edge of the elec-
trode support, so that the edge temperature of the branch can
be lowered further.

[0009] The distance of the webs from the edge contour of
the electrode support can furthermore be larger than the width
of the slit. This promotes the above-mentioned effect.
[0010] The webs cancomprise a round cross section. How-
ever, it is also possible that they comprise a differing non-
round cross section, wherein the cross sections of all of the
webs can be embodied equally or also in a different manner.
The cross sections of the webs can furthermore comprise the
same or different orientations, so as to maximize the cross
stability of the support of the electrode plate at the electrode
support, for example.

[0011] The webs can comprise a largest diameter, which is
smaller than the slit width. The webs are then very delicate
and have a small heat conductivity. If the electrode support
comprises a bowl-shaped cross section, the length of the
individual webs can be maximized, which further increases
the heat resistance.

[0012] The electrode plate can furthermore transition in
one piece, seamlessly into the electrode support at one end.
The electrode plate can be a flat, possibly profiled part. The
design of the electrode surface, which faces the tissue, can be
designed freely. depending on the application. In particular,
the electrode plate can comprise a circumferential edge,
which reduces the slit width at the opening of the slit.
[0013] Preferably, the electrode support, the webs and the
electrode plate are produced in an additive or generative
production method, respectively. Preferably, they thereby
consist of a homogenous material. In particular the selective
laser melting (SLM) is suitable as additive production
method, in the case of which the electrode plate, the webs as
well as the electrode support are made of metal powder by
means of laser sintering or laser melting, respectively. The
electrode plate, the webs and the electrode support thus have
a homogenous fine structure. Due to the material and the
method, the material stabilities, which can be attained, are
high and can be compared to casting methods. In the case of
structures comprising only a few undercuts, the metal injec-
tion molding method, MIM method, can also be considered as
further production method. An increased surface roughness
of the webs, of the electrode support and at least of the side of
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the electrode plate, which faces the electrode support, pro-
vides for a solid adhesion of plastic to these surfaces. In
particular if the slit formed between the electrode plate and
the electrode support is injected with plastic and, if appli-
cable, if the electrode support is also otherwise insert molded
or coated with plastic, respectively, an firm metal-plastic con-
nection is attained. This is advantageous in particular with
regard to the hygienic demands on surgical instruments as
well as with regard to possible cleaning and sterilization
cycles, in the case of which the instrument, in particular the
branch, is subjected to high thermal and also chemical
stresses.

[0014] The insert molding of the electrode support with
plastic effects at least an electric and, depending on the plastic
thickness, also a noticeable thermal insulation, which is
advantageous.

[0015] The plastic insert molding can further be used for
providing a mechanical calibration of the electrode support,
for example in the area of its bearing bore. For this purpose,
the electrode support comprises a cross passage, the accuracy
of which is of secondary importance in response to the pro-
duction. The accurate bearing bore can then be attained in
response to the insert molding of the electrode support with
plastic in the plastic injection mold by using a mold core,
which extends through the cross opening of the electrode
support and which accurately determines the position of the
bearing bore in the plastic. Every time the above and below
description as well as the claims refer to plastic or plastic
material, respectively, this also comprises materials compris-
ing insulating characteristics, which cannot be assigned to the
group of the plastic materials.

[0016] Further details of advantageous embodiments of the
invention are the subject matter of claims, the description
and/or the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 shows the instrument according to an
embodiment of the invention in perspective overview illus-
tration,

[0018] FIG. 2 shows the tool of the instrument according to
FIG. 1 in perspective overview illustration,

[0019] FIG. 3 shows a branch of the tool according to FIG.
2 in side view,

[0020] FIG. 4 shows the branch according to FIG. 3 in top
view,

[0021] FIGS. 5 and 6 show cross sections of different

embodiments of branches according to FIGS. 3 and 4,
[0022] FIGS. 7 and 8 show cross sections of webs in dif-
ferent embodiments,

[0023] FIG. 9 shows a cross section of a hollow web,
[0024] FIG. 10 shows a longitudinal section through a hol-
low web comprising a spacer element accommodated therein,
[0025] FIG. 11 shows a horizontal section through a branch
according to FIG. 3 or 4 comprising a plastic coating in the
area of the bearing bore,

[0026] FIG.12 shows across section of amodified embodi-
ment of a branch according to an embodiment of the inven-
tion.

DETAILED DESCRIPTION

[0027] By way of example, the instrument 10 illustrated in
FIG. 1 is illustrated as tube shaft instrument for use in open
and/or laparoscopic surgery. It comprises a shaft 11, at the
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distal end of which atool 12 is arranged. A housing 13, which
comprises a handle 14 and whichis connected to the proximal
end of the shaft 11, serves to handle the instrument 10. The
instrument 10, however, can also be embodied as flexible
endoscopic instrument, wherein the tool 12 as well as the
shaft 11 are then correspondingly small and delicate and the
shaft 11 is flexible. The basic description below also applies
for such embodiments.

[0028] FIG. 2 illustrates the tool 12 with two branches 15,
16, which cooperate in the manner of pliers and which, on
principle, comprise the same basic design. The following
description of the branch 16 illustrated in FIGS. 3 to 6 thus
applies accordingly for the branch 15.

[0029] Thebranch16 is illustrated in FIG. 4 by omitting its
plastic jacket 17, which, in turn, is illustrated in more details
in FIG. 5.

[0030] FIGS. 3 and 4 thus only illustrate the part of the
branch 16, which consists of metal. This metal part 18 is
divided into an electrode plate 19, which is embodied in the
manner of a thin, possibly formed sheet metal plate, an elec-
trode support 20 and a plurality of connecting webs 21, which
are arranged therebetween. The electrode plate 19, the elec-
trode support 20 and the webs 21 are embodied seamlessly
from a homogenous material in one piece. As is illustrated,
the electrode plate 19 can be embodied so as to be flat and,
according to FIG. 4, so as to be stretched in a straight manner.
However, it can also be embodied so as to be curved in one or
aplurality of directions, if this is desired for a certain use. For
example, the electrode 19, in top view, can be embodied so as
to differ from FIG. 4, following a curve. In addition, it can be
embodied so as to be bowl-shaped in a convex or concave
manner and, if desired, it can be embodied so as to be profiled
in each of the mentioned cases. The profile can consist of
teeth, cross webs, longitudinal ribs along the edge contour 22
or the like. It is further possible to provide the electrode plate
19 with a continuous slit or with a slit, which ends shortly
upstream of the distal end, for accommodating a blade. In any
event, the electrode plate 19 comprises an edge contour 22,
which extends along a side, then across the distal end and then
along the opposite side (see also FIG. 5), which is preferably
embodied so as to run parallel to an edge contour 23 of the
electrode support 20.

[0031] As is shown in FIG. 5, the electrode support 20 can
be embodied as full profile and, according to FIG. 3, can
extend at a constant or also at a changing distance to the
electrode plate 19. Between one another, the electrode plate
19 and the electrode support 20 define a slit 24, the opening 25
of which is defined all around along the edge contours 22 and
23 between the latter. As can be seen, the opening 25 can
comprise a homogenous width W all around, measured
between the edge contours 22 and 23. According to FIG. 5,
the edge contour 23, based on the edge contour 22, can addi-
tionally be offset towards the inside. The electrode plate 19
projects beyond the electrode support 20 here. The ratios,
however, can also be reversed. The electrode plate 19 can
comprise a thickness D, which is smaller than the width W of
the opening 25 of the slit 24 (FIG. 5).

[0032] As shown in FIG. 5, the webs 21 are preferably
spaced apart from the opening 25 and thus from the edge
contours 22, 23. The webs 21 merge seamlessly into the
electrode plate 19. The webs 21 also merge seamlessly into
the electrode support 20. The length of the webs 21 is pref-
erably at least as large as the width of the opening 25.
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[0033] As shown in FIG. 12, the edge contour 22 of the
electrode plate 19 can comprise an extension in the form of a
projection 35. This projection 35 is arranged at an angle,
preferably at a 90° angle, to the plane of the electrode plate 19
and can partially or completely project beyond the opening 25
of the slit 24. The projection 35 can comprise a height H,
whichis larger than the thickness D of the electrode plate. The
height H of the projection 35 can lie within the range of
between 0.3 mm and 0.5 mm, preferably 0.4 mm. The thick-
ness of the projection 35 is preferably equal to the thickness D
of the electrode plate 19, but can also be slightly larger or
smaller. The projection 35 projects beyond the plastic jacket
17, so that the outer flange 37 of the plastic jacket 17 is
arranged at a distance to the outer flange 38 of the projection
35. The outer flange 37 of the plastic jacket 17 is arranged
closer to the center of the electrode support 20 as compared to
the outer flange 38 of the projection 35. The distance between
the outer flange 37 of the plastic jacket 17 and the outer flange
38 of the projection 35 is preferably slightly smaller than the
thickness D of the projection 35. The transition area 36 from
projection 35 to the electrode plate 19 is preferably embodied
s0 as to be rounded so as to protect the tissue. As illustrated in
FIG. 12 at a location (on the right-hand side of the figure), the
geometry of the edge contour 22 with the projection 35 of a
branch 16 extends preferably along a side, then across the
distal end and then along the opposite side of the electrode
plate 19. This edge contour 22 can comprise the same geom-
etry continuously throughout, it can also comprise breaks in
the form of recesses. As described, an edge contour 22 with
projection 35 supports the reliable closing of vessels.

[0034] Themetal body described insofar, which consists of
electrode plate 19, electrode support 20 and webs 21, is pref-
erably produced in an additive production method, for
example powder-metallurgically by means of laser sintering
or laser melting (SLM method). The webs 21 thus have the
same material structure as the electrode plate 19 and the
electrode support 20 as well as the same stability. The diam-
eters of the webs 21 can be smaller than the length of the webs
21. The cross sections thereof can be embodied so as to be
round or substantially circular, respectively, for example, as
illustrated in FIG. 7, or can be embodied so as to benon-round
in accordance with FIG. 8. High mechanical stability can be
paired with a low heat conductivity can be paired in this
manner.

[0035] Preferably, the slit 24 is filled with a plastic, which
merges into the plastic jacket 17 on the outside. The slit 24 is
thus closed, so that the permeation of liquid, bacteria or other
biological materials is counteracted. The plastic furthermore
adheres to the surfaces, which face one another and which
define the slit 24. In addition, the plastic jacket 17 can adhere
well to the rear side of the electrode support 20, the lower side
in FIG. 5. The plastic jacket 17 effects an electrical and
thermal insulation of the electrode support 20 against sur-
rounding tissue. The plastic in the slits 24 effects a mechani-
cal support of the electrode plate 19, as well as a thermal
shielding thereof against the electrode support 20.

[0036] FIG. 6illustrates a modification of the cross section
of the branch 16, in particular with regard to the embodiment
of the webs 21 and of the electrode support 20. As illustrated,
the latter can be embodied approximately in a bowl-shaped
manner, whereby the length of the webs 21 and the inner
width of the slit 24 become larger. The webs 21 can be
embodied in a cylindrical manner or also so as to thicken at
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one or both ends. Otherwise, the above description applies
accordingly based on the same reference numerals.

[0037] Instead of delicate webs 21, hollow webs 26 accord-
ing to FIGS. 9 and 10 can also be used at one or a plurality of
locations. These hollow webs 26 can enclose a channel 27,
which breaches the upper side of the electrode plate 19, for
example, and which is suitable to accommodate a spacer 28,
for example made of plastic, ceramic or the like. According to
FIG. 10, the hollow webs 26 can form a connection between
the electrode plate 19 and the electrode support 20. However,
they can also be embodied as blind pin, that is, they can end at
a distance upstream of the electrode support 20. In this case,
they do not contribute to the electrical and mechanical con-
nection between the electrode plate 19 and the electrode
support 20. The connection is then taken over completely or
partially by other webs 21 and/or by the plastic arranged in the
slit 24.

[0038] The plastic jacket 17 can extend beyond the elec-
trode support 20 to a joint section 29 (FIG. 3) and, if appli-
cable, further to an operating connection 30. The joint section
29 serves to embody a pivot joint so as to be able to open and
close the branches 15, 16 in the manner of pliers. For this
purpose, the joint section 29 is provided with a through open-
ing 31, which extends across the joint section 29 and which
can be embodied so as to be round or non-round and which
preferably comprises a diameter, which is larger than the
outer diameter of a bolt 32, which is provided for support
(FIG. 11). The plastic jacket 17 preferably extends through
the through opening 31 and forms a bearing sleeve 33 at that
location. This bearing sleeve 33 is an integral component of
the plastic jacket 17. It insulates the metal part 18 against the
bolt 32 and at the same time centers the latter in the through
opening 31, namely largely independent from production
tolerances of the metal part 18.

[0039] The instrument 10, which has been described inso-
far, operates as described below.

[0040] The electrode plates 19 of the two branches 15, 16
are connected to an electrical power source, for example an
HF generator, via lines, which lead through the shaft 11, and
via a connecting cable 34. In response to activation, a voltage
is present, so that power is applied to the tissue seized
between the branches 15, 16. For this purpose, a hand lever is
operated on the handle 14, so as to close the branches 15, 16
and so as to seize tissue between them. By supplying power,
the temperature in the tissue rises, whereby it coagulates. The
temperature of the electrode plates 19 thus partially also rises
beyond boiling temperature. The heat, however, is largely
limited to the electrode plate 19. The plastic arranged in the
slit 24 comprises a heat conductivity, which is smaller than
the heat conductivity of the electrode plate 19. Due to their
small cross sectional surface, the webs 21 additionally trans-
fer only little heat energy, so that the electrode support 20
remains cool for the most part. The preferred large heat capac-
ity of the electrode support 20 accommodates the small trans-
ferred heat quantities with only a small temperature increase.
This effect can be intensified in that heat-buffering materials,
in particular latent heat stores, for example wax, are arranged
in one or a plurality of hollow chambers of the plastic and/or
of the electrode support 20, wherein the storage temperature
is preferably defined to a low temperature range, which does
not damage the issue, of 60° C., for example, or less. The
outer sides of the branches 15, 16 can thus be kept sufficiently
cool even in response to a longer use.
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[0041] A branch 16 of an instrument 10 comprises a metal
part 18, which is embodied in one piece seamlessly, which
comprises the electrode support 20 as well as the electrode
plate 19 and connection webs 21, which are present. Prefer-
ably, this metal part 18 is produced in an additive production
method, for example selective laser melting (SLM). By elimi-
nating welds or seams between the electrode plate 19 and the
electrode support 20, connections, which conduct heat poorly
and which, simultaneously, are mechanically very stable, can
be created by means of the webs 21. The branch is suitable for
instruments for open surgery as well as for laparoscopic and
flexible endoscopic instruments.
What is claimed as new and desired to be protected by
Letters Patent of the United States is:
1. An electrosurgical instrument comprising a branch, the
branch comprising:
an electrode plate defined by a first edge contour; and
an electrode support defined by a second edge contour,
wherein the electrode plate and electrode support are
arranged to define a slit,
wherein an opening of the slit extends between the first and
second edge contours, and
wherein the electrode plate and the electrode support are
connected to one another seamlessly in one piece via a
plurality of webs.
2. The instrument of claim 1, wherein the webs are
arranged at a distance from the opening of the slit.
3. The instrument of claim 1, wherein the distance of the
webs from the second edge contour ofthe electrode support is
larger than a width of the opening of the slit.
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4. The instrument of claim 1, wherein the webs comprise a
round cross section.

5. The instrument of claim 1, wherein the webs comprise a
largest diameter, which is smaller than the width of the open-
ing of the slit.

6. The instrument of claim 1, wherein the electrode support
comprises a bowl-shaped cross section.

7. The instrument of claim 1, wherein the electrode plate
transitions seamlessly into the electrode support at one end.

8. The instrument of claim 1, wherein the electrode plate is
embodied as flat part.

9. The instrument of claim 1, wherein the electrode plate
comprises a profiling.

10. The instrument of claim 1, wherein the electrode plate
comprises a thickness that is smaller than the width of the
opening of the slit.

11. The instrument of claim 1, wherein the electrode sup-
port, the webs and the electrode plate are provided in an
additive or generative production method from a homoge-
neous material.

12. The instrument of claim 1, wherein the slit is filled with
a material having a heat conductivity smaller than the heat
conductivity of a material of the electrode plate.

13. The instrument of claim 1, wherein the electrode sup-
port is coated with an electrically insulating material.

14. The instrument of claim 1, wherein the electrode sup-
port comprises a through opening for embodying a bearing
bore.

15. The instrument of claim 14, wherein the through open-
ing is lined with an electrically insulating material.
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