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Description
TECHNICAL FIELD

[0001] The disclosed technology relates to systems
and methods for electrosurgery. More particularly, the
technology relates to an electrosurgical device appropri-
ate for laparoscopic surgery through a trocar with a 5 mm
port.

BACKGROUND

[0002] Bipolar electrosurgical instruments apply radi-
ofrequency (RF) energy to a surgical site to cut, ablate,
or coagulate tissue. A particular application of these elec-
trosurgical effects is to seal blood vessels or tissue
sheets. A typical instrument takes the form of a set of
forceps or pair of jaws, with one or more electrodes on
each jaw tip. In an electrosurgical procedure, the elec-
trodes are placed in close proximity to each other as the
jaws are closed on a target site such that the path of
alternating current between the two electrodes passes
through tissue within the target site. The mechanical
force exerted by the jaws and the electrical current com-
bine to create the desired surgical effect. By controlling
the level of mechanical and electrical parameters, such
as the pressure applied by the jaws, the gap distance
between electrodes, and the voltage, current, frequency,
and duration of the electrosurgical energy applied to the
tissue, the surgeon can coagulate, cauterize, or seal tis-
sue toward a therapeutic end.

[0003] Electrosurgical procedures can be performed
in an open environment, through conventional incisions,
orthey may be performed laparoscopically, through small
incisions, typically 0.5 cm - 1.5 cm in length. A laparo-
scopic procedure may include the use of a telescopic rod
lens system that is connected to a video camera and to
a fiber optic cable system that conveys light to illuminate
the operative field. A laparoscope is typically inserted
into a port in the body through a 5 mm or 10 mm cannula
or trocar to view the operative field. Surgery is performed
during a laparoscopic procedure with any of various tools
that are typically arranged at the distal end of a shaft and
are operable by manipulation of a handle or an actuator
positioned at the proximal end of the shaft, and are di-
mensioned such that they can pass through a port pro-
vided by the 5 mm or 10 mm cannula.

[0004] As electrosurgical tools are applied in laparo-
scopic procedures, challenges to the devices arise re-
garding dimensional constraints imposed by the operat-
ing environment, including the smallness of a typical port
of entry, which includes the use of conventional trocars
with a 5mm inner diameter. The technology provided
herein addresses the need for improvements in device
technology, that permit downsizing of the device while
maintaining appropriate levels of mechanical strength
and electrosurgical capability. For example, itis generally
desirable to extend the length of conventional forceps in
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order to allow the sealing of greater lengths of tissue. As
forceps length increases, it becomes a challenge to exert
an appropriate level of force, particularly from the distal
end of the forceps. The present disclosure provides tech-
nologies that represent progress in addressing these
challenges.

EP1 254 637 A1 discloses an electrosurgical instrument
for cauterization and/or welding of tissue of varying im-
pedances, thicknesses and vascularity especially in the
performance of endoscopic procedures. The instrument
compresses the tissue in the compression zone between
first interfacing surface and second interfacing surfaces.
The compression zone is formed by an insulator which
forms a compression ridge in one of the interfacing sur-
faces and separates firstand second electrically opposite
electrodes. An application is a cutting instrument wherein
a hemostatic line is formed using RF along a cut line.
The presentinvention provides an electrosurgical device
as defined in claim 1, or any of the dependent claims.
[0005] Embodiments of the technology relate to an
electrosurgical device that is particularly suitable for
laparoscopic procedures in that its distal insertable por-
tion, including a shaft and an end effector, may have a
diameter no wider than about 5 mm. This 5 mm insertable
profile allows insertion of the device through a conven-
tional 5 mm trocar. Commercially available trocars that
are conventionally referred to as being "5 mm" generally
have an internal diameter specification commonly ex-
pressed in inch units, and actually vary in range between
about 0.230 inch and about 0.260 inch, even though 5
mm actually is the equivalent of 0.197 inches. In the
present disclosure, therefore, "5 mm" or "about 5 mm",
when referring to the insertable profile of the device, or
to the diameter of the shaft or the jaws in a closed con-
figuration, refers to a diameter that is accommodated by
presently available "5 mm" trocars. More particularly, em-
bodiments of the shaft and closed jaws disclosed herein
typically have a diameter in the range of about 0.215 inch
to about 0.222 inch.

[0006] Embodiments of the electrosurgical device
have an end effector such as a set of two opposing jaws
orforceps thatinclude one or more bipolar electrode pairs
disposed on tissue engaging surfaces of the jaws, the
device being adapted to effect tissue sealing and cutting.
In some embodiments, the device includes a single bi-
polar electrode pair, one electrode in each of the jaws.
In these embodiments, the electrodes are typically pow-
ered by a generator operating with a single radiofrequen-
cy channel. Other embodiments of the device may in-
clude a plurality of bipolar electrode pairs, and an oper-
ation by way of a plurality of radiofrequency channels.
Some particular embodiments of the technology may
take the form of non-electrical surgical device whose op-
eration takes advantage of the mechanical and dimen-
sional aspects of the technology.

[0007] Embodiments of electrosurgical device may
have jaws that self align with respect to their longitudinal
axes when the jaws are approaching closure. Self-align-
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ment, as used herein, may further be understood to in-
clude lateral alignment, such that when longitudinally
aligned jaws converge on closure, they meet opposingly,
their lateral or tissue engaging faces meeting each other
fully, from respective proximal end to distal end. The mu-
tual alignment of the jaws can be particularly challenged
whenthe jaws are closing around a piece of tissue, whose
presence can urge the jaws to skew laterally out of align-
ment such that they do not meet opposingly. Accordingly,
in these jaw set embodiments, the tissue-engaging sur-
faces of each of the opposing jaws, respectively, have
mutually complementary longitudinally oriented self-
aligning features that are sufficiently robust to be effective
when there is a surgically appropriate amount of target
tissue within the space between the closing jaws. As-
pects and details of embodiments of self-alignable jaws
are described further below.

[0008] Embodiments of the jaws may be rotatable with
respect to each other by way of a pinless rotation mech-
anism that operates by way of rotatably cooperative fea-
tures of the jaws that connect the jaws together. The pin-
less rotatable mechanism, in addition to securing the
jaws together, allows the jaws to pivot between the open
position and the closed position. Embodiments of the jaw
set may pivot as a whole between an open and a closed
position by virtue of one jaw pivoting with respect to a
shaft while the other jaw remains fixed with respect to
the shaft. The center of rotation of this pinless rotation
system is not necessarily disposed at a position on a line
corresponding to a central longitudinal axis of the shaft.
Particular embodiments of the pinless rotation mecha-
nism are displaced from that line. An advantage of this
pivotal or rotational mechanism is that force that is trans-
ferred to the mechanism from an actuator wire is in-
creased by the angular moment provided by the distance
of displacement of the center of rotation from the longi-
tudinal axis of the shaft, or more particularly by the dis-
tance between the axis of the actuator wire within the
shaft and the center of rotation.

[0009] In some embodiments, the rotatably coopera-
tive features of the pinless rotation mechanism of the
jaws include a first jaw in which a proximal aspect of the
jaw has a first arcuate track, and second jaw in which a
proximal aspect has a second arcuate track, the first and
second arcuate tracks being mutually complementary
and slidably engageable with each other. In one arrange-
ment of these rotatable components, the arcuate track
aspect of first jaw is generally external or female with
respect to the arcuate aspect of the second jaw. Thus,
the track of the first jaw accommodates and generally
encloses the track portion of the second jaw, and the
second jaw is rotatable within the space provided by the
first jaw. The complementary rotatable portions of the
first and second jaws are dimensioned such that their
facing surfaces can be easily moved slidably past each
other. In some of these embodiments, the second arcu-
ate track substantially resides within an enclosure formed
by the first arcuate track. Although the proximally posi-
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tioned arcuate tracks are rotatable with respect to each
other, in some embodiments, atleast the proximal portion
of the first jaw is fixed with regard to the shaft, while the
second jaw is pivotable with respect to the shaft.
[0010] In some embodiments of the pinless rotation
mechanism, the first arcuate track has two concentric
surfaces facing each other, one smaller and the other
larger, and the second arcuate track has two concentric
surfaces facing away each other, one smaller and the
other larger. The concentric surfaces of the two tracks
are mating surfaces between the tracks. More particu-
larly, the smaller concentric surfaces of the first and sec-
ond tracks, respectively, are complementary to each oth-
er. The larger concentric surfaces of the first track and
second track, respectively, are complementary to each
other. The second arcuate track substantially resides
within an enclosure formed by the first arcuate track. In
particular embodiments, the first jaw includes a retaining
strap that backs the smaller concentric surface of the first
arcuate track and is positioned laterally across a surface
of a housing of first jaw within a portion of the housing
overlaying and securing the smaller concentric surface
of the second jaw. This strap is configured to retain the
proximal aspect of the second jaw within the enclosure
provided by the first arcuate track.

[0011] From a general perspective, in embodiments of
the device in which the shaft and the jaws are freely ro-
tatable with respect to a handle portion, designating one
jaw as a lower jaw and the other jaw as an upper jaw
may not be particularly meaningful. Nevertheless, in
some embodiments of the device, by virtue of a conven-
tion, or by some designation, there may be a default ro-
tational position of the jaws that particularizes one jaw
as a lower jaw and the other as an upper jaw. Thus, in
particular embodiments of the device, and in the exam-
ples of device embodiments depicted herein, from the
perspective of an operator of the device and with the jaws
in a default operating position, a referenced first jaw is a
lower jaw and a referenced second jaw is an upper jaw.
[0012] Typical embodiments of an electrosurgical de-
vice as described herein may have one jaw that is pivot-
able with respect to the shaft and a second jaw having
at least a base portion that is fixed with respect to the
shaft. Embodiments such as these are described in detail
herein, and are depicted as examples in the figures.
[0013] Typical embodiments of the device as de-
scribed herein are also configured such that one jaw is
a two-piece jaw, including a proximal base piece and a
distal piece that is pivotable with respect to the proximal
base piece, and a second jaw that is unitary. Embodi-
ments such as these are described in detail herein, and
are depicted as examples in the figures. Alternative em-
bodiments of the device, however, may be configured
such that both jaws have two pieces, with a distal portion
that is pivotable with respect to a proximal base portion.
[0014] Embodiments of an electrosurgical device as
provided herein may vary in terms of the distribution of
features between a first jaw and a second jaw. Thus, in
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some embodiments of the device (Embodiment A), a first
jaw (a lower jaw, for example) is a two-piece jaw, having
a proximal piece that is fixed with respect to the shaft, a
distal jaw piece that is pivotable with respect to the prox-
imal piece, and a pivotable assembly connecting the
proximal piece and the distal jaw piece; and a second
jaw (an upper jaw, for example) is unitary and pivotable
with respect to the shaft.

[0015] In alternative embodiments of the device (Em-
bodiment B), a first jaw (a lower jaw, for example) is uni-
tary and fixed with respect to the shaft; and a second jaw
(an upper jaw, for example) is a 2-piece jaw, having a
proximal jaw piece that is pivotable with respect to the
shaft, a distal jaw piece that is pivotable with respect to
the proximal piece, and a pivotable assembly connecting
the proximal jaw piece and the distal jaw piece. Examples
of both embodiments A and B are depicted as examples
in the figures.

[0016] In another aspect, Embodiment A of the device
may be described as having two jaws, a first jaw that is
fixed with respect to the shaft and having pivotable elec-
trode tray positioned with in it, and a second jaw being
pivotable with respect the shaft and having a fixed elec-
trode tray disposed within it. Embodiment B of the device
may be described as having two jaws, a first jaw that is
fixed with respect to the shaft and having a fixed electrode
tray disposed with in it, and a second jaw that is pivotable
with respectto the shaft, and having a pivotable electrode
tray with in it. Other than the variation associated with
the distribution of jaw attributes between Embodiments
A and B, other features of the Embodiment A and Em-
bodiment B devices are substantially similar. The major-
ity of features shown in figures included herein are con-
sistent with Embodiment A or common to both Embodi-
ments A and B. Figs. 5A - 5C depict Embodiment B in
particular.

[0017] A further embodiment (Embodiment C) of the
device may be described as having two jaws, a first jaw
that is fixed with respect to the shaft and having a pivot-
able electrode tray positioned with in it, and a second jaw
that is pivotable with respect to the shaft, and having a
pivotable electrode tray with in it. Still further embodi-
ments have both jaws pivotable with respect to the shaft.
Thus Embodiment D has two jaws that are pivotable with
respect to the shaft; it has a first jaw having a pivotable
electrode tray positioned within it and a second jaw hav-
ing a fixed electrode tray disposed with in it. Embodiment
E hastwo jaws that are pivotable with respect to the shaft,
both jaws having a pivotable electrode tray positioned
within it.

[0018] Some embodiments of an electrosurgical de-
vice include a blade that is capable of separating radiof-
requency-sealed tissue into two portions. Embodiments
of the blade maybe be positioned on a longitudinally dis-
posed blade track; the blade may be positioned at home
position at a proximal end of the track, at a distal end of
the track, or at any point along the track between the
distal and proximal ends of the track. In various embod-
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iments of the device, when the jaws are in the open po-
sition, the proximal home position of the blade is config-
ured such that the movement of the blade in a distal di-
rection is prevented. In some embodiments, distal move-
ment may be physically blocked by animpeding structure
distal to the blade, in other embodiments distal move-
ment may be prevented by a locking mechanism proximal
to the blade.

[0019] On the other hand, when embodiments of the
jaws are in the closed position, the proximal home posi-
tion of the blade may be configured to allow distal move-
ment of the blade, the first and second jaws collectively
forming a clear through path to the distal end of blade
track. The availability of the space for the through-path
is, atleastin part, due to the pinless aspect of the rotation
mechanism in that the presence of a pin, for a pin-based
jaw rotation mechanism, could otherwise occupy the
space, and impede the path. The through path of the
blade includes slots and clefts through various structures,
as described below in the context of the figures. In typical
embodiments of a blade of the configuration described,
the blade is distal facing with a leading V-shaped notch,
which cuts tissue as it is moved distally. At its proximal
end, the blade is connected to a mechanical linkage in
the handle that maintains it in a proximally biased posi-
tion.

[0020] As noted above, dimensions of embodiments
the electrosurgical device are important aspects of the
technology, as embodiments of the device are intended
to be compatible with trocars having an inner diameter
of about 5 mm (in the conventional or commercial sense
as described above). Thus, in particular embodiments,
the set of jaws, when closed, has a diameter no greater
than about 5 mm when the device is in an insertable
configuration. An insertable configuration for a device
with openable jaws is one, for example, in which the set
of jaws is in a closed configuration, and wherein the jaws
of the device are aligned with the longitudinal axis of the
shaft. Thus, in particular embodiments of the technology
described, the shaft has a diameter no greater than about
5mm, and the set of jaws, when closed, provides a max-
imum diameter of about 5 mm.

[0021] Other dimensions and structural features of the
technology are directed toward features and operational
specifications of embodiments of the device that also
need to accommodate the constraints imposed by the
requirement for a 5 mm maximal diameter. For example,
in particular embodiments, the jaws have a length of at
least about 2.5 cm. Further, some embodiments of a 5
mm diameter constrained device that has jaws with a
length of at least about 2.5 cm are able to exert a pressure
in the range of about 14 Ibs. to about 28 Ibs. at the tip of
the jaws, and in particular embodiments, the jaws are
able to exerta pressure of atleastabout 16 Ibs. attheir tip.
[0022] One of the approaches to delivering high surgi-
cal performance from an electrosurgical device with 5
mm diameter constraint is to minimize the cross sectional
area that is occupied by components or materials that do
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not provide distally projecting or contiguous structural
support to the jaws, and particularly to support their ability
to deliver sufficient closing force. Here are some exam-
ples of a material or component that could located in this
region thatdo notlend distally projected support, or which
interrupt longitudinal structural continuity in a portion of
the cross sectional area of a device. One could consider
a pin positioned orthogonally across a portion of the prox-
imal aspect of the jaws, to be used, for example, as a
structure upon which other features might pivot or rotate.
A pin of this nature, while performing an operational role,
does not strengthen the ability of the jaws to exert a com-
pressive force, nor does it strengthen the ability of the
jaws to maintain their position when the jaws encounter
resistance provided by body structures within the lapar-
oscopic operating space. Typical embodiments of pro-
vided device do not have a pin. Another example of a
component occupying cross sectional area that does not
provide distally projected structural support to the jaws
relates to actuator members and electrically conductive
members. Some embodiments of the provided device
have connecting members that serve both a physical ac-
tuating function and an electrically conductive function,
thus conserving cross sectional structural area. By these
various aspects of embodiments of the device, the cross
sectional fraction of the device that does not provide dis-
tally projecting structural support may be minimized.
[0023] Accordingly, with regard to a cross sectional
slice taken through a portion of the device that includes
the pinless rotation mechanism, in some embodiments
of the device, a ratio of the structural material that con-
tributes to supporting the set of jaws to the total cross
sectional area of the device is at least about 82%. A sim-
ilar analysis of distally directed structural support could
make use of a volume- based constraint. For example,
the central portion of the distal end of the device, at least
the proximal aspect of the set of jaws, can include a given
length of the shaft and/or jaws within proximal and distal
boundaries. If that given length is multiplied by cross-
sectional area within the set of distal and proximal bound-
aries, it may be understood that a measure of structural
material can report structural material in terms of its vol-
ume and can be expressed as a percent of the total vol-
ume of the device portion within the boundaries.

[0024] As summarized above, some embodiments of
the set jaws are configured in a manner such that the
jaws self align with respectto theirlongitudinal axes when
the jaws are approaching closure. Accordingly, in these
jaw set embodiments, the tissue-engaging surfaces of
each of the opposing jaws, respectively, have mutually
complementary longitudinally oriented self-aligning fea-
tures that prevent lateral slippage of jaws as they close
toward each other. Inasmuch as these features prevent
or correct incipient lateral slippage as the jaws close,
these features may be characterized as longitudinally
aligning and laterally stabilizing aspects of the tissue-
engaging surfaces.

[0025] Embodiments of self aligning jaw features may
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be disposed along the substantial entirety of the length
of the jaws. In another aspect, embodiments of self align-
ing jaw features may as occupy the substantial entirety
of available tissue engaging surfaces of the jaws. In var-
ious embodiments, the self-aligning features may fully or
substantially occupy the length tissue-engaging surfaces
of the jaws; in other embodiments, the self-aligning fea-
tures may occupy only a portion of the length of tissue-
engaging surfaces of the jaws. The structural features
associated with this approach to longitudinally aligning
the jaws generally conserves on materials, costs, or di-
mensions, that would otherwise be associated with
achieving manufacturing tolerances required to support
a guarantee of collinear alignment of the two jaws when
they close.

[0026] Inparticularembodiments, the selfaligning con-
figuration of the tissue-engaging surfaces of the jaws in-
cludes a longitudinally aligned V-shaped projecting sur-
face on one jaw and a complementary longitudinally
aligned V-shaped receding surface or recession on the
other jaw. In some embodiments, the V-shaped projec-
tion is on the lower jaw, and the V-shaped recession is
on the upper jaw. The longitudinally aligned V-shaped
projecting surface on one jaw and the complementary
longitudinally aligned V-shaped receding surface on the
other jaw, whenthe setofjaws is closed, form a V-shaped
common interface with internal angle in the range of
about 90 degrees to about 175 degrees. In particular em-
bodiments, the V-shaped common interface has internal
angle about 150 degrees.

[0027] Ina more general aspect, the self aligning con-
figuration of embodiments of the tissue-engaging surfac-
es of the jaws, in a lateral cross section, form a zone or
interface of tissue contact more complex than that of a
single straight cross-sectional line. By virtue of being non-
linear, the width of the contact zone between the closed
jaws and the grasped tissue is greater than would be the
tissue width of a linear tissue contact zone. Thus, the
width of the tissue seal created by the V-shaped config-
uration of the tissue engaging surfaces of the jaws is
greater than would be the width of a tissue seal created
by flat tissue engaging surfaces. The arrangement just
described, of complementary V-shaped projection and
V-shaped recession forming a V-shaped zone of tissue
being contacted by such jaws, is just one example of self-
aligning tissue engaging surfaces.

[0028] In some embodiments of the technology, the
electrosurgical device has an insulative layer applied
over aspects of at least one of the opposing jaws, the
insulative layer forming a spatial gap between the upper
jaw and the lower jaw that prevents any direct electrical
connection therebetween. In various embodiments, each
jaw tip each has an electrically conductive surface on or
within its tissue-engaging surface, and an aspect of the
insulative layer includes strips aligned across the elec-
trically conductive surface of at least one of the forcep
tips. The strips form a gap between the electrically con-
ductive surfaces of the two jaws when the jaws are in a
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closed position. Such a gap is typically about 0.006 inch;
more generally, the gap has arange of about 0.0045 inch
to about 0.0075 inch. In various embodiments of the in-
sulative layer, it may include a polymer, such as polyether
ether ketone (PEEK), merely by way of example. In other
embodiments, the insulative layer may include a ceramic
material, such as any of alumina or alumina-titania, mere-
ly by way of example. Ceramic compositions can be ad-
vantageous for their relative hardness, incompressibility,
and/or general durability. In some embodiments, the ce-
ramic material is positioned at one or more sites on the
surface of the device that are particularly subject to abra-
sive and/or compressive stress.

[0029] In some embodiments of the technology, the
device includes a handle portion proximal to the shaft, a
jaw actuator mechanism associated with the handle por-
tion and configured to actuate a mechanical capability of
the jaws, and a jaw actuator wire connected proximally
to the actuator mechanism and connected distally to the
set of jaws. In various embodiments, the mechanical ca-
pability of the jaws includes opening and closing the set
of jaws. In some embodiments, the actuator wire is con-
figured to actuate an opening and closing of the jaws by
pivoting a second jaw with respect to at least a proximal
piece of the first jaw, the proximal piece of the first jaw
being fixed with respect to the shaft.

[0030] Further, in some embodiments, the same wire
that serves as a mechanical actuator force transfer mem-
ber is further configured to deliver RF energy to the jaws.
From another perspective, embodiments of the device
include an energy- delivery wire extending distally from
the handle portion to the set of jaws. In some of these
energy- delivery wire embodiments, the energy- delivery
wire may be further configured to perform as an actuator
of mechanical capability of the jaws, such as moving the
jaws between an open and a closed position.

[0031] Some embodiments of the jaw actuator wire in-
clude a single wire in looped configuration that, in effect,
forms a paired or double wire connection between the
actuator mechanism and an attachment site on at least
one of the jaws. In these embodiments, the looped wire
has a distal-most looped terminal or turn around portion
that is looped around its attachment site to one of the
jaws. Inembodiments wherein at least the proximal piece
of the first jaw is fixed with respect to the shaft and the
second jaw is pivotable with respect to the shaft, the ac-
tuator wire is attached to a proximal aspect of the second
jaw.

[0032] In some embodiments, the actuator wire is con-
figured as a push and pull mechanism, such that a dis-
tally-directed push from the wire moves the jaws to their
open position, and a proximally-directed pull from the
wire moves the jaws to their closed position. In some of
these embodiments, the actuator wire is biased so as to
support the jaws in their open position by virtue of a prox-
imally directed pull by a spring associated with the jaw
actuator.

[0033] In some embodiments, the jaw actuator in-
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cludes a biasing member that maintains a push on the
actuator wire, such push causing the jaws to have a de-
fault position of being held in the open position. Further,
in some embodiments, the jaw actuator includes a man-
ual lever that an operator may pull to effect a proximally-
direct pull to close the jaws. Further still, in some of these
embodiments, the actuator wire and connections asso-
ciated with proximal and distal attachments of the wire
are collectively configured to be able to operationally
withstand between about 80 and about 120 Ibs. of ten-
sion; in particular embodiments the actuator wire and its
connections are configured to be able to withstand at
least about 100 Ibs. of tension.

[0034] In some embodiments of the device, each of
the upper jaw and the lower jaw include a metal portion,
and the entirety of each of these metal portions form an
electrode. In other words, in some embodiments, there
is no metal portion in either jaw that is not part of the
electrode. In some embodiments, the device includes a
single bipolar electrode pair, one electrode in each of the
jaws. In these single bipolar pair embodiments, the elec-
trodes are powered by a generator operating on a single
radiofrequency channel. Other embodiments of the de-
vice may include a plurality of bipolar electrode pairs, and
such plurality of bipolar electrode pairs may be controlled
by a plurality of operating radiofrequency channels.
[0035] Some embodiments of the electrosurgical de-
vice include a shaft rotational actuator positioned proxi-
mal to the shaft; embodiments of the shaft rotator are
typically associated with a handle portion of the device.
In some embodiments, the shaft rotational actuator is
configured to be able to rotate freely in both clockwise
and counter clockwise directions, such rotation of the ac-
tuator being directly translatable to rotation of the shaft,
and in turn, rotation of the set of jaws about their longi-
tudinal axis. Free rotation in this context, whether in ref-
erence to a shaft rotator, the shaft, or the jaws, per em-
bodiments of the technology, refers to a rotation that may
occur indefinitely in either direction, without a stop, and
without a change of direction. Further, per embodiments
of the technology, rotation may freely occur without con-
sequence or compromise with regard to any mechanical
or electrical capability of embodiments of the electrosur-
gical device.

[0036] Insomeembodiments of the electrosurgical de-
vice, the set of two opposing jaws (including a first jaw
and a second jaw) is configured such that the jaws can
open to an angle in the range of about 30 degrees to
about 40 degrees. In some the set of two opposing jaws
is configured such that when the set is moving from an
open position toward the closed position, a first point of
mutual contact between the two jaws occurs at a distal
end of each jaw. The set of jaws may be further configured
such that after the first point of mutual contact has been
made and as the set moves further toward a closed po-
sition, a distal pivotable piece of the first jaw pivots within
a plane of its longitudinal axis such that the proximal end
of the first jaw comes into contact with the proximal end
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of the second jaw.

[0037] In some embodiments, the set of two opposing
jaws is configured such that when the set of jaws is mov-
ing from an open position toward the closed position, a
first point of mutual contact between the two jaws occurs
at a distal end of each jaw. In some of these embodi-
ments, after the first point of mutual contact has been
made and the jaw set is then moving further toward a
closed position, a distal pivotable piece of the first jaw
pivots within a plane of its longitudinal axis such that the
proximal end of the first jaw comes into contact with the
proximal end of the second jaw.

[0038] Some embodiments of the device and its dy-
namics of closing may be understood in terms of the re-
sponse of the jaws to the presence of target tissue within
the grasp of closing jaws. In some embodiments, for ex-
ample, the set of jaws may be configured such that when
the set is moving toward the closed position and has
made an initial contact with the target tissue, a pivotable
piece of the first jaw then pivots in response to the pres-
ence of the target tissue as the jaws move further toward
the closed position to grasp the tissue. The pivoting of
the pivotable jaw piece may effect a substantially equiv-
alent distribution of pressure along the grasped piece of
the target tissue, particularly in comparison to the une-
qual distribution of pressure that may occur in the ab-
sence of such intra-jaw pivotability. In a related aspect
of the device, the pivotable jaw piece is configured to
pivot toward a parallel relationship with the second jaw.
[0039] In various embodiments, the pivotable jaw
piece may be configured such that it can pivot around its
pivotable connection within an arc having pivotable range
that varies between about 2 degrees to about 8 degrees.
In particular embodiments, the pivotable jaw piece may
be configured such that it can pivot around its pivotable
connection within an arc having a pivotable range of
about 6 degrees. In another aspect, the pivotable jaw
piece has an arc of a given pivotable range and is biased
such that a distal tip of the first jaw is canted toward the
second jaw within the arc of pivotable range.

[0040] In some embodiments, the first jaw includes a
proximal jaw piece fixed with respect to the shaft, a piv-
otable distal jaw piece, and a pivotable assembly that
connects the proximal jaw piece and distal jaw piece. In
various of these embodiments, the pivotable assembly
may be positioned longitudinally at a substantially central
site on the distal piece. In some of these embodiments,
atissue engaging surfaces comprises the substantial en-
tirety of the distal and pivotable piece of the first jaw.
Accordingly, a central location on the distal piece of the
jaw also represents a central location with respect to a
tissue-engaging surface of the jaw. In another aspect of
some embodiments, the substantial entirety of the tissue
engaging surface of the distal piece of the first jaw com-
prises an electrode. Thus, a central site on the distal piece
of the first jaw represents a central site on the electrode.
The centrality of the site of the pivotable assembly on the
distal and pivotable jaw piece may be related to ability of
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the distal piece to pivot in such a manner so as to evenly
distribute pressure across the surface target tissue as
the jaws close on the tissue. In some of these embodi-
ments, the pivotable assembly may include a laterally
projecting boss on each of both sides of the distal pivotal
jaw piece and aninternally accessible receptacle on each
of both sides of the proximal fixed jaw piece, the laterally
projecting bosses and the internally accessible recepta-
cles being mutually compatible. Other arrangements and
configurations that support a pivoting capability such as
that described and depicted herein are known in the art,
and are be considered to included in the scope of the
present technology.

[0041] With reference to a method of fabrication, the
proximal and distal pieces of the two-piece jaw may be
assembledin a snap fit manner. More particularly, in such
embodiments, the fixed proximal jaw piece is sufficiently
flexible that it can deflect to allow the insertion of the
laterally projecting bosses of the distal pivotable jaw
piece in a snap fit manner.

[0042] Another aspect to the pivoted bias of the distal
and pivotable piece of a two-piece jaw relates to a biasing
member that maintains the pivotable piece in a default
pivot position. In some embodiments, for example, the
distal pivotable piece of the first jaw includes a biasing
member that is configured to press against a shelf of the
proximal jaw piece, and by such pressing bias the distal
pivotable piece of the first jaw such that the distal tip of
the distal pivotable piece is canted toward the second
jaw. With more particularity, in some of these embodi-
ments, the biasing member takes the form a leaf spring
positioned in a recess within the distal pivotable piece on
an aspect of the distal pivotable piece that faces the fixed
proximal piece of the first jaw.

[0043] In another aspect, the technology provides a
surgical device having a set of opposing jaws disposed
distal to a shaft, the set of jaws having a first jaw and a
second jaw. Each of the opposing jaws has a longitudinal
axis and a tissue-engaging surface, and the tissue-en-
gaging surface of each jaw may have a complementary
self-aligning configuration with respect to the longitudinal
axis of the other jaw. In some embodiments of the pro-
vided surgical technology, the set of jaws, when closed,
has a diameter no greater than about 5 mm, and the shaft
has a diameter no greater than about 5 mm. Embodi-
ments of the surgical device may further include a pinless
rotation mechanism formed from rotatably cooperative
features of the first jaw and the second jaw. This pinless
rotation mechanism enables the set of jaws to pivot be-
tween an open position and a closed position. The pinless
rotation mechanism is configured such that the pinless
rotation mechanism creates a common center of rotation
that is not necessarily positioned at a point on a line cor-
responding to a central longitudinal axis of the shaft.
[0044] Embodiments of the technology may be used
in a method of electrosurgical sealing in a laparoscopic
environment. The method may include moving a set of
jaws of an electrosurgical instrument into a proximity of
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the target tissue, the set of jaws comprising a first jaw
and a second jaws. More particularly, moving toward an
electrosurgical site may include advancing a distal por-
tion of an electrosurgical device into a patient through an
in-place trocar having an internal diameter of about 5
mm. The distal portion of the electrosurgical device, in
this circumstance, includes a distal aspect of a shaft and
the set of jaws, including a first jaw and a second jaw,
that are positioned on a distal end of the shaft. Embodi-
ments of the method may include moving the jaws be-
tween an open position and a closed position. Moving
the jaws between an open position and a closed position
opening may include rotating cooperative structures of
the first jaw and the second jaw, the first and second jaws
not being connected by a pin. Moving the jaws to a closing
position may further include grasping the target tissue
with the jaws. The method may still further include deliv-
ering radiofrequency energy to the target tissue from the
jaws.

[0045] In the method, moving the set of jaws into a
proximity of the target tissue further includes rotating the
jaws around their central longitudinal axis. Rotating the
jaws may occur by way of rotating the shaft of the device
around its central longitudinal axis. Rotating the shaft of
the device may occur by rotating a shaft rotation actuator
proximal to the shaft. In the method, the shaft rotation
actuator, the shaft, and the jaws may all have the capa-
bility of rotating freely in both clockwise and counter
clockwise directions without a stop, or a need to reverse
direction.

[0046] In the method, moving the jaws between an
open position and a closed position opening includes ro-
tating cooperative structures of the first jaw and the sec-
ond jaw at their respective proximal ends, the first and
second jaws not being connected by a pin. Moving the
jaws between an open position and a closed position
opening may include pivoting the jaws with respect to
each other around a center of rotation that is not neces-
sarily on a line corresponding to a central longitudinal
axis of the shaft. In some examples moving the jaws be-
tween an open position and a closed position opening
includes pivoting the jaws around a center of rotation that
is not on a line corresponding to a central longitudinal
axis of the shaft, and in some embodiments, the center
of rotation may be displaced to a position beyond the
diameter of the shaft.

[0047] In another aspect, moving the jaws between an
open position and a closed position opening may include
at least a proximal piece of a first jaw remaining fixed
with respect to the shaft and a second jaw pivoting with
respect to the shaft. In some examples, moving the jaws
to the closed position may included a distal piece of the
first jaw pivoting with respect to the proximal piece of the
jaw, and thus pivoting with respect to the shaft. In some
examples, the pivoting of the distal piece of the first jaw
with respect to the shaft includes the distal end of the
distal piece pivoting away from the second jaw and the
proximal end of the distal piece pivoting toward the sec-
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ond jaw.

[0048] In the method, moving the jaws to a closed po-
sition includes pivoting a distal piece of the first jaw from
apivotable connection thatis positioned at a substantially
central portion of the distal piece. In some aspects of the
method, there is an interaction between the jaws as they
are closing and the target tissue that the jaws are closing
around. Thus, in some examples, pivoting the distal piece
of the first jaw includes pivoting in response to the pres-
ence of the target tissue between the jaws, in such a
manner that distributes pressure with substantial equiv-
alence along the grasped portion of the target tissue.
Further, pivoting a distal piece of a first jaw from a con-
nection positioned at a substantially central portion of the
distal piece comprises pivoting in response to the pres-
ence of the target tissue between the jaws, thereby al-
lowing the distal piece of the first jaw to pivot toward a
parallel alignment with respect to the second jaw.
[0049] In the method, moving the jaws to a closed po-
sition includes mutually aligning the respective central
longitudinal axes of the first and second jaws. In instanc-
es when the jaws are moving to a closed position so as
to grasp tissue, moving the jaws to a closed position may
include mutually aligning the respective central longitu-
dinal axes of the first and second jaws comprises in such
a manner so as to resist a misaligning effect of target
tissue have on the jaws as they are closing.

[0050] In the method, moving the jaws to a closed po-
sition comprises grasping the target tissue with a force
in a range of about 14 Ibs. to about 28 pounds. Further,
in some examples, moving the jaws to a closed position
includes grasping a portion of target tissue of up to about
2.5 cm in length.

[0051] In the method, opening and then closing the
jaws includes transferring a force from a mechanical ac-
tuator to the jaws via an actuator wire. In some examples,
closing the jaws includes pulling the actuator wire in a
proximal direction, and in some embodiments, opening
the jaws pushing the actuator wire in a distal direction.
In the method, delivering radiofrequency energy to the
target tissue may include delivering energy to the jaws
via the actuator wire.

[0052] In the method, moving the jaws to a closed po-
sition includes moving the jaws toward a closed position
in a manner such that a first point of mutual contact be-
tween the two jaws occurs at a distal end of each jaw. In
some examples, moving the jaws to a closed position
after the point of first mutual contact has occurred in-
cludes pivoting a distal pivotable piece of a first jaw within
a plane of its longitudinal axis such that the proximal end
of the first jaw comes into contact with the proximal end
of the second jaw.

[0053] In the method, delivering radiofrequency ener-
gy to the target tissue includes energy through a wire that
is further enabled to perform a mechanical function, such
as actuating the jaws between an open and closed po-
sition. Inthe method, electrosurgically treating tissue par-
ticularly includes sealing edges of target tissue together.
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[0054] In the method, after delivering radiofrequency
energy to the target tissue, the method further includes
separating newly sealed target tissue into two sealed tis-
sue segments. In various examples, separating newly
sealed target tissue into two sealed tissue segments in-
cludes advancing a blade distally through sealed target
tissue.

[0055] Some examples of the method include electro-
surgically treating more than one site during a single pro-
cedure, or treating a lengthy target site with a series of
sealing maneuvers. Thus, the method further include
identifying a second target site and then repeating the
steps of grasping and delivering energy, the steps being
directed toward the second target site.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] Fig. 1Ais a perspective view of an embodiment
of a laparoscopic electrosurgical device.

[0057] Fig. 1B is a side view of an embodiment of an
electrosurgical device with the jaws in an open position.
[0058] Fig. 1C is a perspective view of an embodiment
of an electrosurgical device with the jaws in a closed and
locked position, and with the blade in a retracted in prox-
imal position.

[0059] Fig. 1D is a perspective view of an electrosur-
gical device with the jaws in a closed and locked position,
and with the blade in a distally advanced position.
[0060] Fig. 2A is a transparent perspective view of an
embodiment set of jaws of an electrosurgical device, with
the jaws in an open position.

[0061] Fig. 2B is a transparent perspective view of an
embodiment of a lower jaw of a set of jaws an electro-
surgical device, with a blade moved distally to a position
about half way to its distal stop point.

[0062] Fig. 3A is a side view through the longitudinal
midline of an embodiment of a set of jaws of an electro-
surgical device, with the jaws in an open position.
[0063] Fig. 3B is a side view through the longitudinal
midline of an embodiment of a set of jaws of an electro-
surgical device, with the jaws in a closed position.
[0064] Fig. 3C is a side view through the longitudinal
midline of an embodiment of a lower jaw of a set of jaws
an electrosurgical device.

[0065] Fig. 4A is a side view through the longitudinal
midline of an embodiment of a set of jaws of an electro-
surgical device, with the jaws in an open position, and
further showing a blade in a proximal and raised holding
position.

[0066] Fig. 4B is a side view through the longitudinal
midline of an embodiment of a set of jaws of an electro-
surgical device, with the jaws in a closed position, and
further showing a blade in a proximal and lowered holding
position, ready to be distally advanced.

[0067] Fig. 4C is a side view through the longitudinal
midline of an embodiment of a set of jaws of an electro-
surgical device, with the jaws in a closed position, and
further showing a blade in a distally advanced position.
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[0068] Fig.4D is a perspective view of a blade isolated
from the shaft and jaws.

[0069] Fig. 5A is a perspective view of an alternative
embodiment of an electrosurgical device with the jaws in
an open position.

[0070] Fig. 5B is a side view of an embodiment of an
alternative embodiment of an electrosurgical device with
the jaws closed to a position where the distal tips of the
jaws are in contact.

[0071] Fig. 5C is a side view of an embodiment of an
alternative embodiment of an electrosurgical device with
the jaws in a fully closed position.

[0072] Fig. 6 is a distal looking perspective view of an
embodiment of a set of jaws of an electrosurgical device
with the jaws in a closed position, a cross sectional ex-
posure showing a passage through which a blade may
be distally advanced.

[0073] Fig. 7A is a side view of an embodiment of set
of jaws of an electrosurgical device, with the jaws in an
open position.

[0074] Fig. 7B is a side view of an embodiment of set
of jaws of an electrosurgical device, with the jaws at an
initial point of closure, when the distal tips of the jaws
have first made contact each other and a gap remains
between the jaws at their proximal end.

[0075] Fig. 7C is a side view of an embodiment of set
of jaws set of an electrosurgical device, with the jaws in
a fully closed position, wherein the jaws are in full contact
with each other from distal tip to proximal end.

[0076] Fig. 7D is a side view of a set of jaws of an
embodiment of an electrosurgical device in a partially
closed position, with the jaws as they would be positioned
when closing around a portion of relatively thick target
tissue, the jaws in a parallel alignment, spaced relatively
widely apart by the presence of thick tissue therebe-
tween.

[0077] Fig. 7E is a side view of a set of jaws of an
embodiment of an electrosurgical device in a partially
closed position, with the jaws as they would be when
closing around a portion of relatively thin target tissue,
the jaws in a parallel alignment, spaced apart by a narrow
gap, reflecting the presence of thin tissue therebetween.
[0078] Fig. 8 is a perspective and upward looking view
of a set of jaws of an embodiment of an electrosurgical
device with the jaws in an open position, the view show-
ing, more specifically, an isolated upper jaw, an isolated
distal pivotable piece of a lower jaw, and an actuator wire
looped around an attachment point at the proximal end
of the upper jaw.

[0079] Fig. 9A is a side view of an embodiment of an
isolated lower jaw of an electrosurgical device, the lower
jaw including a proximal jaw piece that is fixed with re-
spect to the shaft and a distal pivotable jaw piece mount-
ed at a substantially central point of the distal piece on
the proximal jaw piece.

[0080] Fig. 9B is a perspective and exploded view of
an embodiment of a isolated lower jaw of a laparoscopic
electrosurgical device, the lower jaw having a proximal
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jaw piece fixed to a shaft and distal pivotable jaw piece,
the proximal and distal jaw pieces shown in an exploded
relationship.

[0081] Fig. 9C is a bottom view of a lower jaw of an
embodiment of an electrosurgical device, showing a con-
nection between a proximal fixed jaw piece and distal
pivotable jaw piece.

[0082] Fig. 9D is an upward looking perspective view
of an embodiment of a distal piece of a lower jaw of an
electrosurgical device.

[0083] Fig. 10A is a semitransparent side view of an
embodiment of a lower jaw of an electrosurgical device,
showing a proximal jaw piece and pivotably connected
distal pivotable jaw piece, the distal pivotable piece in its
default biased position, the distal end of the distal pivot-
able jaw piece pivoted to its upper end point, toward an
upper jaw (not shown).

[0084] Fig. 10B is a semitransparent side view of an
embodiment of a lower jaw of an electrosurgical device,
showing a pivotably connected proximal jaw piece and
distal pivotable jaw piece, the distal end of the distal piv-
otable jaw piece pivoted toward its lower end point, the
proximal end of the distal pivotable jaw piece pivoted
toward its upper end point, such a position putting the
lower jaw in a substantially parallel relationship with the
upper jaw (not shown).

[0085] Fig. 11A is a side view of an embodiment of a
lower jaw of an electrosurgical device similar to the view
shown in Fig. 10A, showing a leaf spring attached an
upper aspect of the proximal jaw piece, the spring push-
ing against the distal pivotable jaw piece so as to maintain
the distal pivotable piece in its default biased position,
the distal end of the distal pivotable jaw piece pivoted to
its upper end point.

[0086] Fig. 11B is a side view of an embodiment of a
lower jaw of an electrosurgical device similar to the view
shown in Fig. 10B, showing a leaf spring attached an
upper aspect of the proximal jaw piece, the spring col-
lapsed by the pressure being exerted on the distal end
of the distal pivotable piece of the jaw, as would occur
during closure of the jaw.

[0087] Fig. 12A is a proximal-looking perspective view
of an embodiment of distal tips of a closed set of jaws of
an electrosurgical device, the distal tips aligned by com-
plementary longitudinal aligning features, a V-shaped
projection on the lower jaw, and a V-shaped recession
on the upper jaw.

[0088] Fig. 12B is a proximal-looking front view of an
embodiment of the distal tips of a closed set of jaws of a
laparoscopic electrosurgical device, the distal tips
aligned by complementary longitudinal aligning features,
a V-shaped projection on the lower jaw, and a V-shaped
recession on the upper jaw.

[0089] Fig. 12C is a proximal-looking perspective view
of a distal aspect of an electrosurgical device, with a set
of jaws in an open position showing complementary lon-
gitudinal aligning features, a V-shaped projection on the
lower jaw, and a V-shaped recession on the upper jaw,
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as well as a central longitudinally-oriented gap in both V-
shaped surfaces that form a through passage for a blade
thatis distally advanceable when the jaws are in a closed
position.

[0090] Fig.13Ais aproximallooking perspective view,
partially exposed, of an embodiment of an electrosurgical
device that shows aspects of the proximal portion of a
set of jaws through which jaw actuator cables transit; the
jaw actuator cables also serve as an electrical conduit to
the upper jaw.

[0091] Fig. 13Bis a proximal looking perspective view
of an embodiment of an electrosurgical device that shows
aspects of the proximal portion of a set of jaws through
which jaw actuator cables transit.

[0092] Fig.13Cisadistallookingtransparentperspec-
tive view of an embodiment of an electrosurgical device
that shows aspects of the proximal portion of a set of
jaws through which jaw actuator cables transit.

[0093] Fig.13Disadistallookingtransparentperspec-
tive view of an embodiment of an electrosurgical device
similar to Fig. 13C, that shows aspects of the proximal
portion of a set of jaws through which jaw actuator cables
transit, with the cables in place.

[0094] Fig. 13E is a longitudinal section view, slightly
offset from midline, showing the paths of cables through
the distal portion of the shaft and into the proximal aspect
of the jaws.

[0095] Fig. 13F is proximal looking perspective view
of the proximal end of a lower jaw that is inserted into the
distal end of a shaft, further showing engagement of the
proximal end of the shaft with a cable isolator unit.
[0096] Fig.14A s a bottom perspective view of an em-
bodiment of an upper jaw of an electrosurgical device
that shows plastic insulator layer overlaying the elec-
trode.

[0097] Fig.14Bis atop perspective view of an embod-
iment of an upper jaw of an electrosurgical device that
shows polymer insulator layer overlaying the electrode.
[0098] Fig.14C is atop perspective view of an embod-
iment of an upper jaw of an electrosurgical device that
shows polymer insulator layer overlaying the electrode,
with the proximal portion of the jaw truncated to expose
a cross section.

[0099] Fig.15A s atop perspective view of an embod-
iment of an upper jaw of an electrosurgical device that
shows points of ceramic overlaying the electrode at abra-
sive stress points.

[0100] Fig.15B s atop perspective view of an embod-
iment of an upper jaw of an electrosurgical device that
shows points of ceramic overlaying the electrode at abra-
sive stress points as they are embedded in a more ex-
tensive polymer layer.

[0101] Fig.15C is atop perspective view of an embod-
iment of a pair of closed jaws of an electrosurgical device
that shows points of ceramic overlaying the electrode at
abrasive stress points as they are embedded in a more
extensive polymer layer.

[0102] Fig. 16A is an exposed perspective view of a
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handle of an embodiment of an electrosurgical device
that shows aspects of the proximal end of a rotatable
shaft.

[0103] Fig. 16B is a perspective view of an isolated
proximal end of a rotatable shaft.

[0104] Fig. 16C is a midline sectional view of an iso-
lated proximal end of a rotatable shaft.

[0105] Fig. 16D is amidline sectional view of a proximal
portion of a rotatable shaft.

DETAILED DESCRIPTION

[0106] Embodiments of the technology described
herein provide various improvements over available
electrosurgical devices, such improvements permitting a
physical downsizing of a device to a dimension that per-
mits practical use of an electrosurgical device within the
constraints of a laparoscopic surgical environment. One
of these constraints to working laparoscopically relates
to the 5 mm inner diameter opening provided by a com-
mercially standard trocar. A device compatible with the
5 mm opening constraint needs to have an insertable
configuration with a maximal diameter that is insertable
therethrough. These technological improvements are
generally directed toward creating a high degree of effi-
ciency with regard to performance of the device per unit
volume or cross sectional area. For example, a jaw set
of a disclosed device, in spite of small physical dimen-
sion, is able to deliver an appropriate level of force to
tissue being clamped by the jaws, and the structure and
material of the jaws have sufficient strength to maintain
integrity during the delivery of such force.

[0107] In one aspect, the technology includes maxi-
mizing the amount of structural material in particular ar-
eas as a percent of total amount of device material. The
proximal aspect of the jaw set, for example, includes var-
ious components, some that contribute structural support
for the jaws, and other components that perform other
functions, such as mechanical or electrical functions. The
technology, in this aspect, is directed toward minimizing
cross sectional area or volume that does not directly sup-
port the jaws. Some components of conventional elec-
trosurgical devices are typically dedicated to a single use,
such as electrodes, power lines, or actuator lines; in con-
trast, various components of embodiments of the pres-
ently disclosed device do double duty both as structural
and electrical components in embodiments of the tech-
nology. In another example of material and occupied vol-
ume efficiency, some structural components, such as a
pin connecting two jaws at their base, are eliminated and
replaced by a pinless mechanism that links upper and
lower jaws of a jaw set together.

[0108] Aspects of the technology in the form of embod-
iments of the disclosed electrosurgical device and meth-
ods of using the device are illustrated in Figs. 1-16D.
With regard to Embodiments A and B, as described
above, the majority of the figures depict examples of Em-
bodiment A, or they relate to aspects of the technology
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that are common to both Embodiments A and B. Figs.
5A - 5C particularly depict examples in accordance with
Embodiment B. It should be understood that in any ref-
erence to a lower jaw or an upper jaw when describing
the figures is for a convenient visual reference with re-
spect to a conventional positioning of the rotatable jaws,
and that the two jaws could be more generally referred
to as a first jaw and a second jaw. Further, with respect
to orientation of the figures, in general a distal end of a
device is on the left, and a proximal end of a device is on
the right.

[0109] Figs. 1A-1D provide various views of embodi-
ments of a laparoscopic electrosurgical device as a
whole. Fig. 1A is a perspective view of an embodiment
of an electrosurgical device 1 as provided herein, with a
set of jaws 30 in an open position. Fig. 1B is a side view
of an embodiment of an electrosurgical device 1 with the
jaws 30 in the same open position as in Fig. 1A. A handle
10 supports a jaw actuator grip 15 and blade actuator
lever 16, and a shaft rotator 12. A shaft 20 extends distally
from the handle, and supports an end effector such as a
set of jaws 30 at its distal end. In the embodiments de-
scribed and depicted herein, the end effector takes the
form of a forceps or pair of jaws 30, with a first law or
lower jaw 40 and a second jaw or upper jaw 80. A pinless
rotation assembly or mechanism 101 operates pivoting
of the jaws between an open position and a closed po-
sition.

[0110] The shaft rotator 12 is configured to move freely
in both clockwise and counterclockwise directions, and
in so moving, rotates the shaft around its longitudinal
axis. Rotation of the shaft translates into rotation of the
end effector 30 around its longitudinal axis. The jaw ac-
tuator grip 15 is operably connected to end effector 30
by an actuation wire disposed within the shaft, which is
configured to open and close the jaws. The actuation
wire is configured as a push and pull mechanism, where
in a push of the wire opens the jaws and a pull on the
wire closes them. A biasing mechanism within the handle
at the proximal end of the wire maintains a distal-ward
bias that pushes the wire, maintaining the jaws in a de-
fault open position. A proximal pull on the jaw actuator
grip 15 pulls the actuator wire proximally, causing the
jaws to pull. The jaw actuator grip is lockable in its prox-
imally pulled position, thereby locking the jaws in a closed
position. A second pull on the jaw actuator grip releases
the lock, thereby allowing the jaws to open. The blade
actuation lever 16, positioned in this embodiment distal
to the jaw actuator grip, is connected by mechanical link-
age to a blade disposed within the shaft. A pull on the
blade actuation lever moves the blade forward distally,
to effect a separation of tissue after it has been sealed
by radiofrequency energy delivered to the tissue by bi-
polar electrodes within the set of jaws. A radiofrequency
on/off button 24 is positioned at an upper proximal site
on the handle.

[0111] Fig. 1Cis a perspective view of an embodiment
of an electrosurgical device 1 with the jaws 30 in a closed
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and locked position, and with the blade in a retracted in
proximal position. Fig. 1D is a perspective view of an
electrosurgical device 1 with the jaws 30 in a closed and
locked position, and with the blade in a distally advanced
position. The blade itself, is not visible in these figures,
but the forward position of the depicted blade actuator
lever 16 in Fig.1C is indicative of the blade being in a
retracted or home position, and the pulled back position
of the blade actuator lever in Fig. 1D is indicative of the
blade being in a forward position. Fig. 1C also shows the
jaw actuator grip in a pulled back position, locked into
the main handle piece 10. In this position, and typically
only in this position, is the blade actuator lever free to be
pulled back so as to advance the blade distally.

[0112] Embodiments of electrosurgical devices, as de-
scribed herein, may be configured such that the (1) pro-
vision of radiofrequency energy delivery to seal tissue
portions and (2) the movement of the blade to sever or
separate sealed tissue portions are separate and inde-
pendent operations. Distal movement of the blade from
its proximal home position is typically allowed only when
the jaws are closed and in a locked position, the locking
occurring by way of engagement between the jaw actu-
ator grip and elements within the handle. (As described
further below, in the context of describing Fig. 4A, a jaw-
based blocking system also operates to prevent distal
movement of the blade when the jaws are closed.) Once
the jaws are in such a locked position, the blade is free
to move through its full range of proximal to distal move-
ment. Although the blade is free to move when the jaws
are closed and locked, its default and biased position is
its proximal home position; pressure from blade actuator
lever 16 needs to be maintained in order for the blade to
remain at its most distal position. Further detail related
to the distal movement of the blade is provided below in
the context of Figs. 4A - 4D.

[0113] Figs. 2A and 2B provide similar transparent
views of embodiments of a set of jaws 30 in an open
position; these figures show a pinless rotation mecha-
nism or assembly 101 that comprises proximal aspects
of both the lower jaw 40 and the upper jaw 80. Fig. 2A
is a transparent perspective view of a set of jaws of lapar-
oscopic electrosurgical device in an open position, with
ablade 105 disposed in a proximal or home position with-
in a proximal space in the jaws, and extending further
into a distal portion of the shaft. Fig. 2B is a transparent
perspective view of a lower jaw of set of jaws of laparo-
scopic electrosurgical device with a blade moved distally
to a position about half way to its distal stop point.
[0114] An embodiment of a pinless rotation assembly
101, as shownin Figs. 2A and 2B includes a first arcuate
track portion 85 of upper jaw 80 and a second arcuate
track portion 45 of lower jaw 40. Aside from the specific
structures that comprise rotation assembly, identifier 101
in figures generally designates a junctional region of the
devise that includes the proximal aspects of both upper
and lower jaws. Because of the transparency of the draw-
ing, arcuate track 45 of lower jaw 40 is difficult to see; it
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is shown in greater solid detail in further figures. Arcuate
track 85 of upper jaw 80 is rendered as a solid. Further
visible in these figures is the surface of an electrode tray
or bipolar electrode 62, within the pivotable portion 60 of
lower jaw 40. Blade track or passageway 108A is cen-
trally disposed within electrode 62. A companion facing
half of the full blade track is similarly disposed (not visible)
within the electrode portion of upper jaw 80.

[0115] Figs. 3A-3C provide a side views through the
longitudinal midline of an embodiment of a set of jaws of
a laparoscopic electrosurgical device; the blade is not
shown in these views. Fig. 3A shows the jaws in an open
position; Fig. 3B shows the jaws in a closed position.
Fig. 3C shows the lower jaw 40 in isolation, without the
upper jaw. Figs. 3A- 3C collectively focus on an embod-
iment of a pinless rotation assembly 101 that joins upper
jaw 80 and lower jaw 40 together, and allows the jaws to
pivot with respect to each other. More specifically, pinless
rotation assembly 101 allows the upper jaw to pivot with
respect to the proximal base portion 50 of lower jaw 40.
Notably, the rotation assembly does notinclude a through
pin. More particularly, these figures focus on arcuate
track portions of both jaws that cooperate to allow the
jaws to open and close. A first arcuate track 45 is formed
on a proximal aspect of a proximal portion 50 of lower
jaw 40. A second arcuate track 85 is formed on a proximal
aspect of upper jaw 80. Fig. 3C shows the lower jaw 40
in isolation unimpeded by the intervening appearance of
upper jaw, and provides the best view of a first arcuate
track 45, with its upper and smaller concentric surface
47 and lower and larger concentric surface 46.

[0116] Both of the first and second arcuate tracks in-
clude concentric surfaces, one surface smaller and more
centralto the other, and the other surface larger and more
peripheral to the other. First arcuate track 45 of lower jaw
40 (more particularly of proximal portion 50 of lower jaw
40) has a larger concentric engagement surface 46 on
its lower aspect, and it has a smaller concentric surface
47 onits upper aspect. Second arcuate track 85 of upper
jaw 80 has a larger concentric engagement surface 86
on its lower aspect, and it has a smaller concentric sur-
face 87 on its upper aspect. As a whole, second arcuate
track 85 (of upper jaw 80) is generally contained within
an enclosure provided by first arcuate track 45 (of lower
jaw 40). The first and second arcuate tracks are dimen-
sioned such that the second arcuate track can freely ro-
tate within first arcuate track. The two larger concentric
surfaces, i.e., the lower surface 46 of the lower jaw and
the lower surface 86 of the upper jaw are complementary.
And the two smaller concentric surfaces, i.e., the upper
surface 47 of the lower jaw and the upper surface 87 of
the upper jaw are complementary.

[0117] A detail of both first and second arcuate tracks,
not seen in Figs. 3A - 3C since they are side views, is
that they arcuate track includes a central slot to accom-
modate through passage of a blade 105. Aspects of the
arcuate tracks and the blade through path may be seen
in Figs. 6 and 12 and will be described further below.
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The arrangement of complementary surfaces, and the
enclosure of the second arcuate track within the first ar-
cuate track permit the pivoting of the upper jaw 80 with
respect to lower jaw 40. A retaining strap 42 of the prox-
imal portion 50 of lower jaw 40 is arranged laterally across
the top of the upper and smaller concentric surface 87.
Retaining strap 42 securely retains the second arcuate
track within the first arcuate track such that it cannot be
lifted from within its enclosure.

[0118] Also shown in Figs. 3A - 3C is the site of a
pivotable connection 75 between distal jaw piece 60 and
proximal jaw piece 50; aspects of pivotable connection
75 are described below in the context of Figs. 7A-7C.
Further shown in Figs. 3A- 3C is a biasing member 74,
which is described below in the context of Fig. 9D and
Figs. 11A- 11B.

[0119] Figs. 4A - 4D provide side views through the
longitudinal midline of an embodiment of set of jaws and
various views of an embodiment of a tissue dissecting
blade, per the disclosed technology. The focus of these
figures relates to aspects of the blade and its proximal
holding space that prevents distal movement of the blade
when the jaws are in an open position. Fig. 4A shows
the device embodiment in an open position with a blade
105 in a proximal and raised holding position. Fig. 4B
shows the device embodiment in closed position, with
the blade 105 in a proximal and lowered holding position,
ready to be distally advanced. Fig. 4C shows the device
in closed position, with the blade in a distally advanced
position. When blade 105 is in a proximal holding posi-
tion, its bottom edge 105B rests on shelf 95, a feature of
second arcuate track piece 85 of upper jaw 80. (Shelf 95
can also be seen in Figs. 3A and 3B.) In comparing the
views of Fig. 4A (jaws open) and Fig. 4B (jaws closed),
it can be seen that when the jaws are open, shelf 95 is
rotated to araised position, and when the jaws are closed,
shelf 95 is rotated to a lower position. The raised position
of the shelf prevents distal movement of the blade; the
lowered position of the shelf allows distal movement of
the blade. Fig. 4D is aperspective view of ablade isolated
from the shaft and jaws. At its proximal end, blade 105
is connected to a site 109 in the handle that is supported
by a mechanical linkage that maintains the blade in a
withdrawn or proximally biased position.

[0120] The pivoting of upper jaw 80 pivots upward so
as to move jaw set into an open position is driven by the
rotation of second arcuate track 85 within the enclosure
of first arcuate track 45. As seen in Fig. 4A, as arcuate
track 85 rotates upward (clockwise, in this view), its shelf
95 alsorotates upward, lifting blade 105 upward. As blade
105islifted, its upper edge 105A s lifted above the ceiling
of distal ward opening of blade track or through passage
106. Blade track 106 is not visible in the side views of
Figs. 4A and 4C, but it can be seen in Figs. 5A and 5B.
When upper jaw 80 is closed with respect to lower jaw
40 (as in Fig. 4B), second arcuate track 85 and its blade
shelf 95 is rotated downward, allowing blade 105 to drop
into a position such that it has a clear path into blade
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track 106. This described and depicted relationship
among the blade, the shelf of the rotatable second arcu-
ate track (of upper jaw 80), and the blade track, thus
creates a mechanism that prevents distal movement of
the blade when the jaws are in an open position, allowing
distal movement only when the jaws are in a closed po-
sition, as seen in Fig. 4C.

[0121] Figs. 5A - 5C provide views of an alternative
embodiment (Embodiment B) of a laparoscopic electro-
surgical device in which a set of jaws 130 includes a first
jaw 140 that is unitary and fixed with respect to the shaft
and the second jaw 180 is a two-piece jaw that is pivotable
with respect to the shaft. More particularly, the two-piece
(second) jaw of this embodiment has a proximal piece
150 that is pivotable with respect to the shaft, a distal jaw
piece 160 that is pivotable with respect to the proximal
piece, and a pivotable assembly 155 connecting the prox-
imal jaw piece and the distal jaw piece. Fig. 5A provides
a perspective view of this device embodiment with the
jaws in an open position. Fig. 5B provides a side view of
the embodiment with the jaws closed to a point where
the distal tips of the jaws are in contact. Fig. 5C provides
a side view of the embodiment with the jaws in a fully
closed position. Fig. 5A shows the jaws without a polymer
coating; this affords a view of troughs 84 within the elec-
trode surface 142. Similar troughs are present in the up-
per jaw of embodiment A.

[0122] Other than the variation in the configuration of
the jaws as justdescribed, other aspects of embodiments
A and B are substantially the same. In particular, the dy-
namics of the closing of the jaws of Embodiment B are
the substantially the same as those of Embodiment A,
which are described in detail below, in the context of Figs.
7A - 7E.

[0123] Fig. 6 provide distal looking perspective views
of a set of jaws of an embodiment of laparoscopic elec-
trosurgical device in closed position, more particularly, a
cross sectional exposure shows a blade passage way or
track 106 through which a blade may be distally ad-
vanced. The cross sectional slice on the right side of Fig.
6 reveals a section through first arcuate track 45 (of the
proximal portion 50 of lower jaw 40) that substantially
encloses second arcuate track 85 (of upper jaw 80). A
proximal cross sectional slice through of blade 105 can
be seen within slot 88 of second arcuate track 85. Slot
88 is contiguous with blade track 106 of the jaws, as seen
best in Fig. 12C.

[0124] Fig. 6 also provides a view that allows a calcu-
lation of the proportion of the total cross sectional area
of a critical portion of the device that provides forward
supporting structure to the jaws. This portion of the device
is a relevant site to consider for its structural content in
thatitincludes the pinless rotational mechanism whereby
the jaws pivot with respect to each other. In an otherwise
more conventional structure, this area might include
through pins or other structures that do not convey struc-
tural support to the jaws. In this area, thus, embodiments
of a pinless rotation mechanism provide structural mate-
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rial content that might otherwise be missing. If a diameter
of 0.218 inch is considered, which is consistent with the
contiguous circular aspect of the base of the jaws is
drawn, the cross sectional area included therein is about
0.0373 square inches. Through this section the cross
sectional area of the upper jaw is about 0.0151 square
inches, and that of the lower jaw is about 0.0155 square
inches. The summed area of the upper and lower jaws
is about 0.0306 square inches, or about 82% of the total
cross sectional area.

[0125] Figs.7A - 7E provide side views of a set of jaws
of an embodiment of a laparoscopic electrosurgical de-
vice in an open position, and in several states of partial
or initial closure and full closure. These figures focus on
the pivotable relationship between distal pivotable piece
or portion 60 and fixed proximal or base piece 50 of lower
jaw 40, as enabled by pivotable rotation assembly or
mechanism 75. The pivotable relationship between piv-
otable portion 60 and base portion 50 plays out in various
ways that lower jaw 40 and upper jaw 80 approach each
other as they close, particularly as they close around a
portion of target tissue to be treated electrosurgically.
[0126] Fig. 7A shows the jaw embodiments in an open
position. Pivotable jaw portion 60 of first jaw or lower jaw
40 is pivotable within its longitudinal axis at pivotable con-
nection 75 through an arc with total rotational range of
about 6 degrees. In various embodiments, the rotational
range may be between about 2 degrees and about 8
degrees or more. In the open position as shown in Fig.
7A, pivotable jaw piece 60 is pivoted to its maximal de-
gree of clockwise rotation, with the distal end of the piv-
otable jaw piece in a raised position. (The terms clock-
wise and counter clockwise are used in relative to the
side view depicted, with the distal end of the jaw on the
left hand side of the image.) This clockwise position is a
default or biased position as shown in Fig. 11A, which
show the lower jaw 40 isolated from upper jaw 80. This
default position may be maintained by a push from a
spring or biasing mechanism disposed at the proximal
end of an actuator wire (not shown).

[0127] A clockwise rotation or pivoting of pivotable jaw
piece 60 (of lower jaw 40) results in its distal end or tip
66 assuming a relatively high profile and its proximal as-
pect assuming arelatively low profile with respect to prox-
imal jaw piece 50. The differences in profile are relatively
subtle, but are apparent when the proximal aspect of the
upper profile of the surface of electrode 62 is viewed in
relationship to the upper surface of the proximal aspect
of the proximal jaw piece 50. In Fig. 7A, for example,
there is a relatively small linear profile of electrode 62
visible over the base provided by proximal jaw piece 50.
The height of this profile, indicative of the relative degree
of pivoting of the pivotable jaw piece 60, will be pointed
out in the descriptions associated with Figs. 7B-7E, be-
low. The relationship between the pivoting of the pivota-
ble jaw piece 60 with respect to base jaw piece 50 is also
apparent in Figs. 10A and 10B.

[0128] Fig. 7B shows an embodiment of a set of jaws
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at a point when they are moving toward a closed position,
when the distal tips of the jaws (distal tip 96 of upper jaw
80 and distal tip 66 of lower jaw piece 60) first contact
each other. Upon first contact of the tips of the jaws, a
gap remains in the region between the jaws 111 at their
proximal end. As in Fig. 7A, the pivotable piece 60 is in
its default biased position, pivoted to its maximal degree
of clockwise rotation. In this position, upon first contact
of the tips, no pressure has yet been applied to the tips
of the jaws. As in Fig. 7A, there is a relatively small linear
profile of electrode 62 visible over the base provided by
proximal jaw piece 50.

[0129] Fig. 7C shows the jaw embodiments in a fully
closed position, with the jaws, from distal tip to proximal
end, in full contact with each other. This relative position-
ing of the jaws may be understood as one that would
occur when the jaws are being closed without intervening
tissue between them, or when intervening tissue is very
thin. Thus, this relative configuration is similar to that ar-
rived at when the jaws are closed around a thin piece of
tissue, as seen in Fig. 7E (described below), but without
the intervening space occupied by tissue. This position
is arrived at by a counter clockwise pivoting of the pivot-
able piece 60 of lowerjaw 40 around pivotable connection
75 such thatthe distal tip of the pivotable piece has moved
downward, and the proximal end of the pivotable piece
has moved upward. Consistent with this raised aspect of
the proximal piece of pivotable jaw piece 60, and in con-
trast to the view seen in Fig. 7A and 7B, Fig. 7C shows
there to be a relatively high linear profile of electrode 62
visible over the base provided by proximal jaw piece 50.
Details of pivotable connection 75, in its components that
are associated with both the pivotable jaw piece 60 and
the distal base jaw piece 50 may be seenin Figs. 9A - 9D.
[0130] Fig. 7D shows the jaw embodiments in a par-
tially closed position, with the jaws as they would be when
closing around a portion of relatively thick portion of target
tissue (not shown), but of a thickness that does not ex-
ceed the effective capacity of the jaws. The intra-jaw piv-
otability, as represented by first jaw 40, provides a capa-
bility for a set of jaws to align in a parallel or substantially
parallel configuration as they close around a portion of
tissue, a capability that provides an advantage over a set
of conventional jaws without such intra-jaw pivotability.
The configuration of jaws as depicted in Fig. 7D is one
in which thickness of target tissue would likely exceed
the therapeutically acceptable limit of thickness for a con-
ventional set of jaws, but which is well within the thera-
peutically effective capacity.

[0131] A non-parallel closure of jaws, as is typical of
conventional jaws that do not have intra-jaw pivotability
or another compensatory mechanism, can have thera-
peutically unsatisfactory consequences, such as uneven
distribution of pressure on tissue along the line of jaw
contact, as well as uneven distribution of radiofrequency
energy when delivered by electrodes. Embodiments of
a set of jaws as provided herein, however, can of course
still be confronted with a portion of target of tissue that
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exceeds their capacity for parallel closure of tissue en-
gaging surfaces of jaws. However, as noted, the thick-
ness of tissue that would account for the configuration of
the jaws as seen in Fig. 7D is one that demonstrates the
therapeutic advantage of the intra-jaw pivotability of low-
er jaw 40.

[0132] This relative positioning of the jaw embodi-
ments as seen in Fig. 7D comes about for at least two
reasons. First, the jaws are not completely closed at the
level of the rotational assembly connecting the proximal
aspects of the jaws. Second, as in Fig. 7C, this position
has been arrived at by a counter clockwise pivoting of
the pivotable piece 60 of lower jaw 40 around pivotable
connection 75 at least partially through its range of an-
gular rotation. From the default position of pivotable piece
60, this clockwise rotation has moved the distal tip of jaw
piece 60 downward and the proximal end of jaw piece
60 upward. Accordingly, and by virtue of this parallel jaw
configuration, pressure being applied to the tissue from
the jaws is distributed with substantial evenness across
the length of contact between the jaws and the tissue,
and radiofrequency energy, when delivered, is also dis-
tributed with substantial longitudinal evenness or uni-
formity.

[0133] Fig. 7E shows the jaw embodiments in a par-
tially closed position, with the jaws, as they would be
when closing around a portion of relatively thin target
tissue, the jaws in a parallel alignment, spaced apart by
a narrow gap, reflecting the presence of thin tissue ther-
ebetween. This relative positioning of the jaws comes
about at least for two reasons, as similarly described
above in the context of Fig 7D. First, the jaws are nearly
but not completely closed at the level of the rotational
assembly connecting the proximal aspects of the jaws.
Second, this position has been arrived at by a counter
clockwise pivoting of the pivotable piece 60 of lower jaw
40 around pivotable connection 75 through, or nearly
through its range of angular rotation. This clockwise ro-
tation has moved the distal tip of jaw piece 60 slightly
downward and the proximal end of jaw piece 60 slightly
upward. As seen in Figs. 7A and 7B, there is a relatively
small linear profile of electrode 62 visible over the base
provided by proximal jaw piece 50.

[0134] Fig. 8is a perspective and upward looking view
of a set of jaws of an embodiment of a laparoscopic elec-
trosurgical device in an open position. More specifically,
it shows an isolated upper jaw 80 and an isolated distal
pivotable jaw piece 60 of a lower jaw, and an actuator
wire or cable 22 looped around an attachment point 99
at the proximal end of the upper jaw. An advantage pro-
vided by this arrangementrelates to ease of manufacture
and assembly of this aspect of the device in that a fixed
soldering point is not needed. A further structural advan-
tage is that tension within the actuator wire is distributed
through a portion of the length of the loop, rather than
being focused at an attachment point. It can be seen that
a distal push by actuator wire 22 would cause an upward
pivoting of upper jaw 80 toward an open jaw position,
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and a proximal pull would cause a downward pivoting of
upper jaw 80 toward a closed jaw position. At its proximal
end, actuator wire 22 is connected to jaw actuator grip
15, shown in Fig.1.

[0135] Figs. 9A-9D provide various views of a lower
jaw 40 of an embodiment of a laparoscopic electrosurgi-
cal device that includes proximal or base jaw piece 50
that is fixed with respect to the shaft and distal pivotable
jaw piece 60 that s pivotably connected to the base piece.
The focus of Figs. 9A - 9D relates to embodiments of a
pivotable connection or assembly 75 that connects jaw
pieces 50 and 60. The pivotable proximal jaw piece and
the distal jaw piece are pivotably connected at pivotable
jointlocated at a substantially central site on the pivotable
piece and at a distal aspect of the proximal jaw piece.
[0136] Fig. 9A is a side view of an isolated lower jaw
40 of a laparoscopic electrosurgical device, the lower jaw
including a proximal jaw piece 50, fixed with respect to
the shaft, and distal pivotable jaw piece 60 mounted at
a substantially central point on a distal aspect of the prox-
imal jaw piece. It can be seen that pivotable assembly
75 includes a boss 71 of pivotable jaw piece 60 rotatably
disposed in a recess 48 of base jaw piece 50. This is a
bilateral arrangement, bosses 71 projecting outward on
both sides of pivotable jaw piece 60, and matingrecesses
48 on both sides of base jaw piece 50. This arrangement
thus represents a pivotable mechanism that does not in-
clude a through pin. This arrangement further provides
advantage in ease of assembly, in that the component
parts can be snap fitted together.

[0137] Fig. 9B is a perspective view of an embodiment
of an isolated lower jaw 40 of a laparoscopic electrosur-
gical device that shows a lower jaw 40 having a proximal
jaw piece 50 and distal pivotable jaw piece 60 in an ex-
ploded relationship. Distal piece 60 is shown moved up
and moved distally with respect to its assembled position
within proximal piece 50. A boss 71 is visible on one side
of pivotable jaw piece 60, and both of receptacles or re-
cesses 48 of lower base jaw piece 50 are visible. The
proximal aspect of base jaw piece 50 is sufficiently flex-
ible that it can expand to accommodate entry of pivotable
jaw piece 60. After engagement of both bosses 71 into
theirrespective receptacles 48, the expanded base piece
snaps back to its native configuration, thus securing the
pivotable jaw piece in place. Also visible in this view is
pivot ridge 30, centrally disposed beneath bosses 71.
When assembled, pivot ridge is in contact with an upper
surface of base jaw piece 50, and provides the elevation
that allows pivoting to occur. Fig. 9C provides a bottom
view of a lower jaw 40 of a laparoscopic electrosurgical
device, showing a view of the connection between a prox-
imal jaw piece 50 and distal pivotable jaw piece 60 as-
sembled together. Bosses 71 of pivotable jaw piece 60
are visible within recesses 48 of lower base jaw piece 50.
[0138] Fig. 9D is an upward looking perspective view
of an isolated distal pivotable piece 60 of a lower jaw 40
of a laparoscopic electrosurgical device. Bosses 71 are
visible; as is pivot ridge 73. Also visible is a biasing mem-
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ber such as leaf spring 74 that is positioned in a recess
of the lower aspect of pivotable jaw piece 60 of lower jaw
piece 50. Embodiments of a biasing member disposed
in this position serve to maintain a bias or default position
of pivotable piece 60 such that its distal tip is pushed
away from the distal end of companion fixed jaw piece
50 of lower jaw 40, and toward the distal tip of upper jaw
80, as seen, for example, in Fig. 7B. The proximal end
65 of pivotable piece 60 includes a centrally disposed
longitudinal cleft, which is a part of and contiguous with
blade track 108A in the lower law, as seen from a top
view perspective in Figs. 2A and 12C.

[0139] Figs. 10A and 10B provide semitransparent
side views of a lower jaw 40 of an embodiment of a lapar-
oscopic electrosurgical device, showing a proximal base
jaw piece 50 and pivotably connected to distal pivotable
jaw piece 60. Fig. 10A shows the distal pivotable jaw
piece 60 in its default biased position, the distal end of
the distal pivotable jaw piece being pivoted to its upper
end point, toward the upper jaw (not shown). This default
position is maintained as a bias by a spring, as seen best
in Figs. 11A and 11B. This is the pivoted position of distal
jaw piece when the jaws are open, and which is held as
the jaws are closed until a point when the distal tips of
the jaws first make mutual contact, such contact repre-
senting a default tip-first closure feature of the jaws.
[0140] In contrast, Fig. 10B shows the distal end of the
distal pivotable jaw piece 60 pivoted toward its lower end
point, the proximal end of the distal pivotable jaw piece
being pivoted toward its upper end point, such a position
would putting the lower jaw in a generally parallel rela-
tionship with the upper jaw (not shown). This is the piv-
oted position of distal jaw piece when the jaws when the
jaws are closed, or generally the position when jaws are
closed around tissue, particularly when they closed
around thing tissue. A boss 71 and pivot ridge 73 on the
pivotal jaw piece 60 can be seen. Boss 71 is positioned
within receptacle or recess 48 of base jaw piece 50. The
boss and receptacle arrangement and the pivot ridge to-
gether form a pivotable connection or assembly 75.
[0141] Assummarized above, embodiments of the piv-
otable connection or assembly 75 provide a pivotable
range of about 2 degrees to about 8 degrees; particular
embodiments are configured to pivot within a range of
about 6 degrees. The relationship between the pivoting
of distal jaw piece 60 and the dynamics associated with
opening and closing the jaws, with and without tissue
being grasped between them, is described above in the
context of Figs. 7A- 7E. Particularly clear in Figs. 10A
and 10B is the difference in elevation of the proximal
aspect of pivotable jaw 60 and its electrode bearing and
tissue engaging surface 62 above the upper edge of the
proximal portion of base jaw piece 50.

[0142] Figs.11A and11B provide side views of alower
jaw of a laparoscopic electrosurgical device that are sim-
ilar to those shown in Figs. 10A and 10B, but which have
a greater degree of transparency through the distal and
pivotable piece 60 of lower jaw 40. These figures focus
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on a biasing member 74 in the form of a leaf spring at-
tached to an upper aspect of the distal piece of proximal
and fixed jaw piece 50. Embodiments of the technology
include other arrangements that would serve the same
biasing function. For example, the biasing member may
include other types of springs, and it could be attached
to the pivotable piece of the jaw rather than the fixed
piece. In the depicted example, Fig. 11A shows leaf
spring 74 attached an upper aspect of the proximal jaw
piece; the spring is in an expanded configuration, pushing
against the distal pivotable jaw piece so as to maintain
the distal pivotable piece in its default biased position
whereby the distal end of the distal pivotable jaw piece
pivoted to its upper end point. In contrast, Fig. 11B the
spring collapsed or compressed configuration, the result
of pressure being exerted on the distal end of the distal
pivotable piece of the jaw, as would occur during closure
of the jaw.

[0143] Figs. 12A-12C provide various proximal look-
ing views of the distal tips of the jaws of an embodiment
of laparoscopic electrosurgical device. These views fo-
cus on mutually complementary longitudinal aligning fea-
tures that prevent lateral slippage or misalignment when
the jaws close, particularly when they close around a
portion of target tissue. Complementary V-shaped sur-
faces are used in the depicted examples of longitudinal
features that encourage the self-alignment of jaws, but
those familiar with the art will recognize that other com-
plementary surfaces will serve the same purpose, and
as functional equivalents, are included as embodiments
of the disclosed technology.

[0144] Fig.12A s a proximal-looking perspective view
of the distal tips of a closed set of jaws, while Fig. 12B
is a facing view. Upper jaw 80 shows a V-shaped reces-
sion on distal tip 96; distal piece 60 of lower jaw 40 shows
a V-shaped projection on its distal tip 66. The mutually
complementary V-shaped profiles are represent a profile
that extends substantially through the length of the re-
spective electrode surfaces, i.e., electrode surface 82 of
upper jaw 80 and electrode surface 62 of pivotable piece
60 of lower jaw 40, respectively. The full length of the
respective electrode surfaces is best seen in Fig. 12C.
Embodiments of the technology include configurations
where the mutually complementary jaw surfaces do not
extend the full length of the jaws, and the shape of the
complementary surfaces need not necessarily be of con-
sistent shape through the length of the jaws.

[0145] Fig.12C is a proximal-looking perspective view
of a distal aspect of an open set of jaws of laparoscopic
electrosurgical device showing a V-shaped projection on
the lower jaw, and a V-shaped recession on the upper
jaw, as well as a central longitudinally-oriented gap in
both V-shaped surfaces that form a through passage for
a blade that is distally advanceable when the jaws are in
aclosed position. Fig. 12C further shows insulative strips
92 arranged across electrode tray or bipolar electrode
surface 82 of upper jaw 80. Additionally, centrally dis-
posed longitudinal gaps are visible in both the upper jaw
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and lower jaw. Gap 108A in lower jaw piece 60 and gap
108B in upper jaw 80 collectively form a through path for
distal passage 106 of for blade 105 (not seen here, but
shown in Fig. 2B).

[0146] Figs. 13A-15C all relate to in various ways to
aspects of the junction between the proximal end of a
jaw set and the distal end of a shaft, and to the separate
and insulated electrical pathways to the upper jaw and
lower jaw, respectively, per embodiments of the technol-
ogy. Figs. 13A-13F provide various views of an embod-
iment of an electrosurgical device that show aspects of
the proximal portion of a set of jaws and the very distal
portion of the shaft through which jaw actuator cables or
wires transit. Fig. 13A provides an exposed proximal
looking perspective view of a wire isolator or channelizing
unit 210 disposed at the bottom (in this view) of the distal
end of shaft 20. This isolator unit 210 guides the twinned
actuator wires (not shown) from the center of the shaft
to this cross-sectionally eccentric position such that the
wire is positioned for its attachment to a proximal site of
the arcuate track 85 of upper jaw 80 (see Fig. 8). Twin
wire channels 202 may be seenin the distal face of chan-
nelizing unit 210. As noted above, embodiments of the
actuator wire for upper jaw 80 also convey electrical cur-
rent to upper jaw 80. Another function of wire isolator unit
210 is thus to insulate shaft 20 and proximal base 50 of
the lower jaw from current being conveyed to the upper
jaw.

[0147] Fig. 13B has the same perspective orientation
as that of Fig. 13A, but shows a cable retaining plate 205
in place over an area where cables emerge from a central
transit through the shaft and are diverted to an eccentric
site, where they are attached to a proximal aspect of the
pivotable upper jaw. Cable retaining plate 205 secures
cables through this portion of their path, and also provides
electrically insulates the wires within this space. Fig.13C
is a distal looking transparent view that shows a cable
isolator unit with parallel cable channels. Figs. 13C and
13D both provide a view of blade 105 and its path through
isolator unit 210, as well as the distal openings of wire
channels 202. Fig. 13D provides a view similar to that of
Figs. 13C, but with the cables 22 in place.

[0148] Fig. 13E is a longitudinal section side view,
slightly offset from midline, showing the paths of cables
22 through the distal portion of the shaft and into the
proximal aspect of the jaws. The closer of the twinned
cables 22 can be seen being channeled from its substan-
tially central position within the main body of the shaft to
a peripheral position at the very distal end of the shaft.
As cable 22 transitions into the proximal base of the jaws,
it wraps around attachment site 99 of the base of upper
jaw 80. Polymer layer 90 can be seen as an outline sur-
rounding a major portion of the arcuate track portion 85
of upper jaw 80, however cable attachment site is not
covered with polymer. The bare aspect of cable attach-
ment site 99 can also be seen in Figs. 14A, 14B, and
15A, and 15B. Other aspects of the arcuate track portion
of the upper jaw that engage surfaces of the base portion
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50 of the lower jaw are coated with polymer 90 such that
upper and lower jaw surfaces are insulated from each
other. Accordingly, twinned cable 22 makes direct elec-
trical contact with upper jaw 80 to the exclusion of contact
with lower jaw piece 50. Cable retaining plate 205 (see
Fig. 13B) is formed from plastic, and it thus also serves
an insulative function.

[0149] Fig. 13F is proximal looking perspective view
of the proximal end of a lower jaw piece 50 thatis inserted
into the distal end of a shaft, further showing engagement
of the proximal end of the shaft with a cable isolator unit.
Fig. 13E and Fig. 13F also generally depict a distal as-
pect of the electrical path that provides radiofrequency
energy to the upper jaw, to the exclusion of the lower jaw.
The electrical path that provides radiofrequency to the
lower jaw is the shaft 20 as a whole. Aspects of the prox-
imal portions of the electrical paths to the upper and lower
jaws are shown in Figs. 16A-16D.

[0150] Figs. 14A-14C provide various non-transpar-
ent views of an embodiment of an insulative layer 91 that
covers aspects of an upper jaw 80 of an electrosurgical
device. Fig. 14A is a bottom perspective view of an em-
bodiment of an upper jaw of that shows plastic insulator
layer overlaying aspects of an electrode. Fig. 14B is a
top perspective view of an embodiment of an upper jaw
of an electrosurgical device that shows polymer insulator
layer overlaying peripheral and proximal aspects of the
electrode. Fig. 14C is a top perspective view of an em-
bodiment of an upper jaw that shows polymer insulator
layer overlaying the electrode, with the proximal portion
of an jaw truncated to expose a cross section. Figs. 14A-
14C show polymer layer 90 (bolded indicator) in a rela-
tively light rendering that covers a major portion of upper
jaw 80; uncoated metal is shown in a darker rendering.
These figures also provide a good view of aspects of the
arcuate track 85 portion of upper jaw 80, including the
upper and smaller arcuate track surface 87, the lower
and greater arcuate track surface 86, and a central slot
88, which is contiguous with blade track 106 (as also
seen in Fig. 12C).

[0151] In Fig. 14A, polymer coating 90 is seen around
the periphery of the exposed metal electrode surface 82
and actuator attachment site 99 in Fig. 14A. The more
lightly rendered polymer overlay also takes the form of
insulative strips 92 that are arranged across the surface
of electrode 82. The thickness of the polymer coating 90
is in the range of about 0.005 inch to about 0.015 inch.
The polymer layer that takes the form of insulative strips
92 stands off from the broader electrode surface 82 by
about 0.004 inch to about 0.008 inch, but its overall thick-
ness is greater because it is positioned in a trough, as
seen in Fig. 5A (trough 84 within electrode surface 142).
[0152] Figs. 14B and 14C show exposed or uncoated
metal on the upper surface 83 of upper jaw 80. Fig. 14B
shows that insulative layer 90 fully coats the proximal
aspect of upper jaw 80, including the surfaces of arcuate
track portion 85. Receptacles 89 on the upper aspect of
the jaw are filled with polymer 90, as the polymer fills
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these receptacles such that it is a continuous fill from the
lower electrode side of the jaw (as seen in Fig. 14A)
through to a top surface exposure.

[0153] Fig. 14C differs from Fig. 14B in that the prox-
imal aspect of the jaw is truncated with a cross section
exposure 85C just distal of smaller or upper concentric
surface of arcuate track 85. Figs. 14B and 14C also show
insulator strip anchoring receptacles 89 on the top of jaw
80. These receptacles penetrate the metal and fill with
polymer during the coating process, anchoring the coat-
ing against the electrode surface. On the bottom surface
of the electrode, receptacles 89 are positioned within
blade track 108B (see Fig. 14A). Peripheral anchoring
recesses 91 are arranged around the edge of jaw 80,
also serving to stabilize polymer layer 90 in place.
[0154] Figs. 15A-15C provide various views of an em-
bodiment of an insulative layer 90 that covers aspects of
an upper jaw of an electrosurgical device and which in-
cludes areas of ceramic reinforcement 93 at particular
sites that can be subject to abrasive stress or erosion.
These abrasively stressed sites are on the upper surface
of arcuate track 85 (more particularly the smaller con-
centric surface 86) of upper jaw 80. When the jaws pivot,
these sites rotate against the upper concentric surface
of the arcuate track of the lower jaw (see Figs. 3A - 3C
and Fig. 8). The stress applied to this area of rotational
engagement of the upper and lower jaws comes from the
tension that can be applied by the jaw actuator wire.
[0155] Fig. 15A s atop perspective view of an embod-
iment of an upper jaw that shows ceramic points 93 over-
laying the electrode at abrasive stress points. This view
does not include an overlaying polymer layer. Fig. 15B
is a top perspective view of an embodiment of an upper
jaw that shows points of ceramic 93 overlaying the elec-
trode at abrasive stress points as they are embedded in
a more extensive polymer layer 90. Fig. 15C is a top
perspective view of an embodiment of a pair of closed
jaws that shows ceramic points 93 overlaying the elec-
trode at abrasive stress points as they are embedded or
disposed within a more extensive polymer layer 90.
[0156] Figs. 16A-16D show various views of the prox-
imal portion of an embodiment of a rotatable shaft 20 and
electrical and mechanical components associated with
the shaft that are housed in the handle 10 of an electro-
surgical device. Fig. 16A is an exposed distal looking
perspective view of a handle of an embodiment that
shows aspects of the proximal end of a rotatable shaft.
Fig. 16B is a proximal looking perspective view of an
isolated proximal end of a rotatable shaft. Fig. 16C is a
midline sectional side view of an isolated proximal end
of a rotatable shaft. Fig. 16D is a midline exposed sec-
tional view of a portion of the rotatable shaft thatis housed
in the handle.

[0157] As seen in these various views, the proximal
end of shaft 20 terminates into a proximal shaft-associ-
ated assembly that includes an actuation collar 307
around which is slidably wrapped within a power tube
313. Proximal to actuation collar 307 are a control flange
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303 and a control post 301. A jaw actuator engagement
groove 305 is disposed between control flange 303 and
control post 301. The actuation collar and its wrap around
power tube are disposed within the partially enclosing U-
shaped proximal electrical connector 311. The actuation
collarand powertube are both rotatable and slidable with-
in the proximal electrical connector. Actuation of the ro-
tation of the shaft (and the actuation collar and power
tube) is controlled by rotation actuator 12, as shown in
Figs. 1A-1D, but not shown in this view. Actuation of the
distal-proximal slidability of the collar and power tube is
controlled by a mechanical linkage that is ultimately con-
nected to jaw actuator grip 15 as shown in Figs. 1B-1D.
The jaw actuator linkage engages the shaft-associated
assembly within groove 305.

[0158] The proximal electrical connector 311 delivers
radiofrequency electrical energy to power tube 313
through a secure but slidable contact that is maintained
regardless of the rotational position of the power tube,
and regardless of the distal to proximal translational po-
sition of the power tube. Electrical energy is conveyed
by this path from a generator that is part of a larger elec-
trosurgical system to cables 22 that terminate proximally
within actuation collar 307 at a proximal cable attachment
site 310. A collar plug 309 that fills an asymmetric space
within a proximal aspect of actuation collar 307 serves
in several mechanical capacities, one of them being to
secure cables 22 in their attachment to attachment site
310. Cables 22 terminate distally in an attachment to an
upper jaw, as shown in Fig. 8.

[0159] Electrical energyis also conveyed to distal elec-
trical connector 315 from a system generator, and elec-
trical connector 315 delivers energy to the shaft 20, which
then conducts energy to the lower jaw piece 50. By these
approaches, electrical paths to the upper jaw and lower
jaw, respectively are segregated within the handle. Sep-
arate paths are maintained throughout the main body of
the shaft, where electrical energy to the upper jaw travels
through the centrally disposed twin cables 22, and where
electrical energy to the lower jaw travels through the co-
lumnar shaft 20. Segregation of these two paths at the
junction of the shaft and the jaws is described above in
the context of Figs. 13A-13F.

[0160] Unless defined otherwise, all technical terms
used herein have the same meanings as commonly un-
derstood by one of ordinary skill in the art of surgery,
including electrosurgery. While embodiments of the in-
vention have been described in some detail and by way
of illustrations, such illustration is for purposes of clarity
of understanding only, and is not intended to be limiting.
Still further, it should be understood that the invention is
not limited to the embodiments that have been set forth
for purposes of exemplifications, but is to be defined only
by the appended claims.
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Claims

1.

An electrosurgical device comprising:

a set of opposing jaws (30) disposed distal to a
shaft (20), the set of jaws comprising a first jaw
(40, 180) and a second jaw (80, 140) each jaw
comprising a tissue engaging surface with at
least one bipolar electrode disposed thereon,
the set of jaws configured to deliver radiofre-
quency energy to a target tissue,

wherein the set of jaws, when closed, has a di-
ameter no greater than about 5 mm, and wherein
the shaft has a diameter no greater than about
5 mm; and

a pinless rotation mechanism (101) comprising
rotatably cooperative features of the firstjaw and
the second jaw that connect the jaws together
and enable.the jaw set to pivot between an open
position and a closed position, wherein the pin-
less rotation mechanism creates a common
center of rotation that is not necessarily posi-
tioned at a point on a line corresponding to a
central longitudinal axis of the shaft,
characterised in that:

the set of two opposing jaws is configured such
that when the set of jaws is moving from the
open position toward the closed position, mutual
contact between the two jaws occurs at a distal
end of each jaw, and

a) the first jaw comprises two pieces, a prox-
imal piece (150) pivotable with respect to
the shaft and a distal piece (106) pivotably
connected to the proximal piece, wherein
the second jaw (140) is unitary and is fixed
with respect to the shaft, or

b) the first jaw (40) comprises a proximal
piece (50) fixed with respect to the shaft, a
pivotable distal jaw piece (60), and a pivot-
able assembly (75) connecting the proximal
piece (50) and the distal jaw piece (60),
wherein the second jaw (80) is unitary and
pivotable with respect to the shaft.

The electrosurgical device of claim 1,
wherein each of the opposing jaws comprises a lon-
gitudinal axis and a tissue-engaging surface, the tis-
sue- engaging surface of each jaw having a comple-
mentary self-aligning configuration with respect to
the longitudinal axis of the other jaw.

The electrosurgical device of claim 1 or 2, wherein
the rotatably cooperative features of the first jaw and
the second jaw comprise:

a proximal aspect of the first jaw having a first
arcuate track (45); and
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a proximal aspect of the second jaw having a
second arcuate track (85), the first and second
arcuate tracks being mutually complementary
and slidably engageable with each other,

the second arcuate track substantially residing
within an enclosure formed by the first arcuate
track.

The electrosurgical device of claim 3, wherein the
firstarcuate track/comprises two concentric surfaces
(46, 47) facing each other, one smaller and the other
larger, and the second arcuate track (85) comprises
two concentric surfaces (86,87) facing away each
other, one smaller and the other larger, and wherein
the smaller concentric surfaces of the first and sec-
ond track are complementary to each other, and
wherein the larger concentric surfaces of the firstand
second track are complementary to each other, and
wherein the second arcuate track substantially re-
sides within an enclosure formed by the first arcuate
track.

The device of any one of claims 1 to 4, further com-
prising a blade (105) positioned on a longitudinally
disposed blade track (103A), wherein the blade may
be positioned at home position at a proximal end of
the track, at a distal end of the track, or at any point
along the track between the distal and proximal ends
of the track.

The device of claim 5, wherein when the jaws are in
the open position, the proximal home position of the
blade is configured such that the movement of the
blade in a distal direction is blocked.

The device of claim 2, comprising at least one, more
or all of the following features:

- the self-aligning configuration of the tissue-en-
gaging surfaces of the jaws comprises comple-
mentary longitudinally aligned features dis-
posed along a substantial entirety of a length of
each jaw,

- the self-aligning configuration of the tissue-en-
gaging surfaces of the jaws comprises comple-
mentary longitudinally aligned aspects of the
jaws that comprise a substantial entirety of the
tissue engaging surfaces of each jaw.

8. The device of claim 1, further comprising:

a handle portion (10) proximal to the shaft;

a jaw actuator (15) associated with the handle
portion configured to actuate a mechanical ca-
pability of the jaws; and an actuator wire (22)
connected proximally to the actuator mecha-
nism and connected distally to the set of jaws.
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The device of claim 8, comprising at least one, more
or all of the following features:

- the actuator wire (22) is configured to actuate
a pivoting of the jaws between the open position
and the closed position by pivoting the second
jaw (80) with respect to the proximal piece (50)
of the first jaw (40), the proximal piece (50) of
the first jaw being fixed with respect to the shaft,
- the actuator wire (22) is configured to actuate
a pivoting of the jaws between the open position
and the closed position, and wherein the actu-
ator wire is further configured to deliver RF en-
ergy to at least one of the two opposing jaws,

- the actuator wire (22) is configured as a push
and pull

mechanism, wherein a distally-directed push
from the wire moves the jaws to their open po-
sition, and a proximally-directed pull from the
wire moves the jaws to their closed position.

The device of claim 1, further comprising a handle
portion (10) proximal to the shaft, and an energy-
delivery wire (22) extending distally from the handle
portion to the jaws, the energy- delivery wire config-
ured to perform a mechanical function with regard
to a capability of the jaws.

The device of claim 1, wherein each of the first jaw
and the second jaw comprises a metal portion, and
wherein a substantial entirety of the metal portion of
the first jaw and a substantial entirety of the metal
portion of second jaw each comprise an electrode.

The device of claim 1, further comprising a shaft ro-
tational actuator (12) positioned in association with
a handle portion (10) of the device, wherein the shaft
rotational actuator is configured to be able to rotate
freely in both clockwise and counter clockwise direc-
tions, such actuator rotation being translatable to
shaft rotation.

The device of claim 1, wherein the set of jaws is
configured such that when the set is moving toward
the closed position and has made an initial contact
with the target tissue, a pivotable piece of the first
jaw then pivots around a pivotable connection in re-
sponse to the presence of the target tissue as the
jaws move further toward the closed position to grasp
the tissue.

The device of claim 13, wherein the pivoting of the
pivotable jaw piece effects a substantially equivalent
distribution of pressure along the grasped piece of
the target tissue.
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Patentanspriiche

1.

Elektrochirurgisches Gerat, mit:

einem Satz einander gegenuberliegender Bak-
ken (30), die an einem Schaft (20) distal ange-
ordnet sind, wobei der Satz Backen eine erste
Backe (40, 180) und eine zweite Backe (80, 140)
umfasst, wobei jede Backe eine Gewebeein-
griffsoberflache mit mindestens einer daran an-
geordneten bipolaren Elektrode aufweist, wobei
der Satz Backen dazu ausgelegt ist, Hochfre-
quenzenergie zu einem Zielgewebe zu fiihren,
wobei der Satz Backen im geschlossenen Zu-
stand einen Durchmesser von nicht mehrals un-
gefahr 5 mm aufweist, und wobei der Schaft ei-
nen Durchmesser von nicht mehr als ungefahr
5 mm hat; und

einem stiftlosen Rotationsmechanismus (101),
derdrehbarkooperierende Merkmale der ersten
Backe und der zweiten Backe aufweist, die die
Backen miteinander verbinden und die es dem
Backensatz erlauben, zwischen einer offenen
Position und einer geschlossenen Position zu
verschwenken, wobei der stiftlose Rotationsme-
chanismus ein gemeinsames Rotationszentrum
erzeugt, das nicht notwendigerweise an einem
Punkt auf einer Linie positioniert ist, die einer
zentralen Langsachse des Schafts entspricht,
dadurch gekennzeichnet, dass:

der Satz aus zwei einander gegenuberlie-
genden Backen derart konfiguriert ist, dass
ein gegenseitiger Kontakt zwischen den
beiden Bakken an einem distalen Ende je-
der Bakke auftritt, wenn der Satz Bakken
von der offenen Position in Richtung zu der
geschlossenen Position bewegt wird, und

a) die erste Backe zwei Teile, namlich
ein proximales Teil (150), das mit Be-
zug zu dem Schaft schwenkbar ist, und
ein distales Teil (160) aufweist, das mit
dem proximalen Teil schwenkbar ver-
bunden ist, wobei die zweite Backe
(140) einheitlich ist und mit Bezug zu
dem Schaft festgelegt ist,

oder

b) die erste Backe (40) ein proximales
Teil (50), das mit Bezug zu dem Schaft
festgelegt ist, ein schwenkbares dista-
les Backenteil (60) und eine schwenk-
bare Anordnung (75) aufweist, die das
proximale Teil (50) und das distale
Backenteil (60) verbindet, wobei die
zweite Bakke einheitlich ist und mit Be-
zug zu dem Schaft schwenkbar ist.
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Elektrochirurgisches Gerat nach Anspruch 1,
wobei jede der einander gegentiberliegenden Bak-
ken eine Langsachse und eine Gewebeingriffsober-
flache aufweist, wobei die Gewebeeingriffsoberfla-
che von jeder Backe eine komplementare, selbst-
ausrichtende Konfiguration mit Bezug zu der Langs-
achse der anderen Bakke aufweist.

Elektrochirurgisches Gerat nach Anspruch 1 oder 2,
bei dem die drehbar kooperierenden Merkmale der
ersten Backe und der zweiten Backe aufweisen:

einen proximalen Aspekt der ersten Backe, der
eine erste gebogene Spur (45) aufweist, und
einen proximalen Aspekt der zweiten Backen,
der eine zweite gebogene Spur (85) aufweist,
wobei die erste und die zweite gebogene Spur
gegenseitig komplementar und miteinander in
gleitenden Eingriff bringbar sind, wobei die zwei-
te gebogene Spurim Wesentlichen innerhalb ei-
ner UmschlieBenden angeordnet ist, die durch
die erste gebogene Spur gebildet ist.

Elektrochirurgisches Gerat nach Anspruch 3, bei
dem die erste gebogene Spur (45) zwei konzentri-
sche Oberflachen (46, 47) aufweist, die einander zu-
gewandt sind, wobei die eine kleiner und die andere
groéRerist, und wobei die zweite gebogene Spur (85)
zwei konzentrische Oberflachen (86, 87) aufweist,
die voneinander abgewandt sind, von denen eine
kleiner und die andere gréRer ist, und wobei die klei-
neren konzentrischen Oberflachen der ersten und
der zweiten Spur komplementar zueinander sind,
und wobei die groReren konzentrischen Oberflachen
der ersten und der zweiten Spur komplementar zu-
einander sind, und wobei die zweite gebogene Spur
im Wesentlichen innerhalb einer Umschliefienden
liegt, die durch die erste gebogene Spur gebildet ist.

Gerat nach einem beliebigen der Anspriiche 1 bis 4,
das weiterhin eine Klinge (105) aufweist, die an einer
in Langsrichtung angeordneten Klingenfiihrung
(108A) positioniert ist, wobei die Klinge an einer Hei-
matposition an einem proximalen Ende der Spur, an
einem distalen Ende der Spur, oder an einem belie-
bigen Punkt entlang der Spur zwischen dem distalen
Ende und dem proximalen Ende der Spur positoniert
werden kann.

Gerat nach Anspruch 5, bei dem die proximale Hei-
matpositon der Klinge dann, wenn sich die Backen
in der offenen Position befinden, derart konfiguriert
ist, dass die Bewegung der Klinge in einer distalen
Richtung blockiert ist.

Gerat nach Anspruch 2, das mindestens eines, mehr
oder alle der folgenden Merkmale aufweist:
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- die selbstausrichtende Konfiguration der Ge-
webeeingriffsoberflachen der Backen weist
komplementare, in Langsrichtung ausgerichtete
Merkmale auf, die entlang im Wesentlichen der
Gesamtheit einer Léange von jeder Backe ange-
ordnet sind,

- die selbstausrichtende Konfiguration der Ge-
webeeingriffsoberflachen der Backen weist
komplementare, in Langsrichtung ausgerichtete
Aspekte der Backen auf, die im Wesentlichen
die Gesamtheit der Gewebeeingriffsoberfla-
chen jeder Backe aufweisen.

8. Gerat nach Anspruch 1, das weiterhin aufweist:

einen Griffabschnitt (10), der proximal zu dem
Schaft positioniert ist;

einen Backenaktuator (15), der mit dem Griffab-
schnitt verknupft ist und zur Betatigung einer
mechanischen Tauglichkeit der Backen konfi-
guriert ist; und

einen Aktuatordraht (22), der proximal mit dem
Aktuatormechanismus verbunden istund der di-
stal mit dem Satz Backen verbunden ist.

9. Geratnach Anspruch 8, das mindestens eines, meh-

rere oder alle der folgenden Merkmale umfasst:

- der Aktuatordraht (22) ist dazu konfiguriert, ei-
ne Verschwenkung der Backen zwischen der of-
fenen Position und der geschlossenen Position
zu betatigen, indem die zweite Backe (80) mit
Bezug zu dem proximalen Teil (50) der ersten
Backe (40) verschwenkt wird, wobei der proxi-
male Teil (50) der ersten Backe mit Bezug zu
dem Schaft festgelegt ist,

- der Aktuatordraht (22) ist dazu konfiguriert, ei-
ne Verschwenkung der Backen zwischen der of-
fenen Position und der geschlossenen Position
zu betatigen, und wobei der Aktuatordraht wei-
terhin dazu konfiguriert ist, Hochfrequenzener-
gie zu zumindest einer der beiden gegentiber-
liegenden Backen zu speisen,

- der Aktuatordraht (22) ist als ein Zug- und
Druck-Mechanismus konfiguriert, wobei die
Backen durch ein distal gerichtetes Driicken von
dem Draht in ihre offene Position bewegt wer-
den, und die Backen durch ein proximal gerich-
tetes Ziehen von dem Draht in ihre geschlosse-
ne Position bewegt werden.

10. Gerat nach Anspruch 1, das weiterhin einen Griffab-

schnitt (10), der proximal zu dem Schaft angeordnet
ist, und einen Energiezufihrungsdraht (22) aufweist,
der sich von dem Griffabschnitt distal zu den Backen
erstreckt, wobei der Energiezufiihrungsdraht dazu
konfiguriert ist, eine mechanische Funktion mit Be-
zug zu einer Tauglichkeit der Backen auszufiihren.
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Gerat nach Anspruch 1, bei dem jede von der ersten
Backe und der zweiten Backe einen Metallabschnitt
aufweist, und bei dem im Wesentlichen die Gesamt-
heit des Metallabschnitts der ersten Backe und we-
sentlichen die Gesamtheit des Metallabschnitts der
zweiten Backe jeweils eine Elektrode aufweisen.

Gerat nach Anspruch 1, das weiterhin Schaftdrehak-
tuator (12) aufweist, der in Verknlpfung mit einem
Griffabschnitt (10) des Geréats positioniert ist, wobei
der Schaftdrehaktuator so konfiguriert ist, dass er
imstande ist, sowohl in der Uhrzeigerrichtung als
auch in der Gegenuhrzeigerrichtung frei zu drehen,
wobei eine solche Aktuatordrehung in eine Schaft-
drehung umsetzbar ist.

Gerat nach Anspruch 1, bei dem der Satz Backen
derart konfiguriert ist, dass ein proximaler Teil der
ersten Backe dann, wenn sich der Satz in Richtung
zu der geschlossenen Position bewegt und einen
anfanglichen Kontakt mit dem Zielgewebe erreicht
hat, dann um eine schwenkbare Verbindung als Re-
aktion auf das Vorhandensein des Zielgewebes
schwenkt, wahrend sich die Backen weiter in Rich-
tung zu der geschlossenen Position bewegen, um
das Gewebe zu ergreifen.

Gerat nach Anspruch 13, bei dem die Verschwen-
kung des verschwenkbaren Backenteils eine im We-
sentlichen gleichférmige Verteilung von Druck ent-
lang des ergriffenen Teils des Zielgewebes bewirkt.

Revendications

1.

Dispositif électrochirurgical comprenant :

un jeu de machoires opposées (30) disposées
a distance d’'une tige (20), le jeu de méachoires
comprenant une premiére machoire (40, 180)
etune seconde machoire (80, 140), chaque ma-
choire comprenant une surface se mettant en
prise avec le tissu sur laquelle se trouve au
moins une électrode bipolaire, le jeu de machoi-
res étant configuré pour délivrer une énergie ra-
diofréquence a un tissu cible,

dans lequel le jeu de méachoires, lorsqu'’il est fer-
mé, a un diamétre qui n’excede pas environ 5
mm, et dans lequel la tige a un diameétre quin’ex-
céde pas environ 5 mm ; et

un mécanisme de rotation sans broche (101)
comprenant des éléments coopératifs par rota-
tion de la premiere machoire et de la seconde
machoire qui raccordent les machoires I'une a
l'autre et permettent au jeu de méachoires de
passer par pivotement d’'une position ouverte a
une position fermée, dans lequel le mécanisme
de rotation sans broche crée un centre de rota-
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tion commun qui n’est pas nécessairement po-
sitionné au niveau d’un point sur une ligne cor-
respondant a un axe central longitudinal de la
tige,

caractérisé en ce que :

le jeu de deux machoires opposées est con-
figuré de telle maniére que lorsque le jeu de
machoires se déplace dela position ouverte
alaposition fermée, un contact mutuel entre
les deux machoires se produit au niveau
d’'une extrémité distale de chaque machoi-
re, et

a) la premiére machoire comprend
deux morceaux, un morceau proximal
(150) pouvant pivoter relativement a la
tige etun morceau distal (160) raccordé
de maniére a pouvoir pivoter au mor-
ceau proximal, dans lequel la seconde
machoire (140) est unitaire et fixe rela-
tivement a tige, ou

b) la premiere machoire (40) comprend
un morceau proximal (50) fixe relative-
ment a latige, un morceau de machoire
distal pouvant pivoter (60), et un en-
semble pouvant pivoter (75) raccordant
le morceau proximal (50) et le morceau
de méachoire distal (60), dans lequel la
seconde machoire (80) est unitaire et
peut pivoter relativement a la tige.

Dispositif électrochirurgical selon la revendication 1,
dans lequel chacune des machoires opposées com-
prend un axe longitudinal et une surface se mettant
en prise avec le tissu, la surface se mettant en prise
avec le tissu de chaque méchoire ayant une confi-
guration d’auto-alignement complémentaire par rap-
port a I'axe longitudinal de I'autre machoire.

Dispositif électrochirurgical selon la revendication 1
ou 2, dans lequel les éléments coopératifs par rota-
tion de la premiére machoire et de la seconde ma-
choire comprennent :

un aspect proximal de la premiére machoire
ayant une premiére glissiére arquée (45) ; et
un aspect proximal de la seconde machoire
ayant une seconde glissiere arquée (85), les
premiére et seconde glissiéres arquées étant
mutuellement complémentaires et pouvant se
mettre en prise par coulissement I'une avec
I'autre, la seconde glissiére arquée se trouvant
substantiellement a lintérieur d’'une enceinte
formée par la premiére glissiére arquée.

4. Dispositif électrochirurgical selon la revendication 3,

dans lequel la premiére glissiére arquée (45) com-
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prend deux surfaces concentriques (46, 47) se fai-
sant face, une plus petite et l'autre plus grande, et
la seconde glissiére arquée (85) comprend deux sur-
faces concentriques (86, 87) tournées a I'opposé
I'une de I'autre, une plus petite et l'autre plus grande,
et dans lequel les surfaces concentriques plus peti-
tes des premiére et seconde glissiéres sont complé-
mentaires 'une de I'autre, etdans lequel les surfaces
concentriques plus grandes des premiére et secon-
de glissiéres sont complémentaires I'une de I'autre,
et dans lequel la seconde glissiere arquée se trouve
substantiellement a l'intérieur d’'une enceinte formée
par la premiére glissiere arquée.

Dispositif selon 'une quelconque des revendications
1 a4, comprenant en outre une lame (105) position-
née sur une glissiere pour lame (108A) disposée lon-
gitudinalement, dans lequel la lame peut étre posi-
tionnée dans une position de repos au niveau d’une
extrémité proximale de la glissiére, au niveau d’'une
extrémité distale de la glissiere, ou a tout point le
long de la glissiere entre I'extrémité distale et I'ex-
trémité proximale de la glissiere.

Dispositif selon la revendication 5, dans lequel lors-
que les machoires sont dans la position ouverte, la
position de repos proximale de la lame est configu-
rée de telle maniere que le mouvement de la lame
dans une direction distale est bloqué.

Dispositif selon la revendication 2, comprenant au
moins un, plusieurs ou la totalité des éléments
suivants :

- la configuration d’auto-alignement des surfa-
ces se mettant en prise avec le tissu des ma-
choires comprend des éléments alignés longi-
tudinalement complémentaires disposés le long
d'une totalité substantielle d’'une longueur de
chaque méachoire,

- la configuration d’auto-alignement des surfa-
ces se mettant en prise avec le tissu des ma-
choires comprend des aspects alignés longitu-
dinalement complémentaires des machoires qui
comprennent une totalité substantielle des sur-
faces se mettanten prise avec le tissude chaque
machoire.

8. Dispositif selon la revendication 1, comprenant en

outre :

une partie manche (10) a proximité de la tige,
un actionneur de machoire (15) associé ala par-
tie manche et configuré pour actionner une ca-
pacité mécanique des machoires ; et un fil d’ac-
tionnement (22) raccordé de maniére proximale
au mécanisme d’actionnement et raccordé de
maniére distale au jeu de méchoires.
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Dispositif selon la revendication 8, comprenant au
moins un, plusieurs ou la totalit¢é des éléments
suivants :

- le fil d’actionnement (22) est configuré pour
actionner un pivotement des machoires entre la
position ouverte et la position fermée en faisant
pivoter la seconde méachoire (80) relativement
au morceau proximal (50) de la premiére ma-
choire (40), le morceau proximal (50) de la pre-
miére machoire étant fixe relativement a la tige,
- le fil d’actionnement (22) est configuré pour
actionner un pivotement des machoires entre la
position ouverte et la position fermée, et dans
lequel le fil d’actionnement est en outre configu-
ré pour délivrer une énergie RF a au moins l'une
des machoires opposées,

- le fil d’'actionnement (22) est configuré comme
un mécanisme de poussée et de traction, dans
lequel une poussée dirigée distalement du fil dé-
place les machoires dans leur position ouverte,
et une traction dirigée proximalement du fil dé-
place les machoires dans leur position fermée.

Dispositif selon la revendication 1, comprenant en
outre une partie manche (10) a proximité de la tige,
et un fil de délivrance d’énergie (22) s’étendant dis-
talement de la partie manche jusqu’aux machoires,
lefilde délivrance d’énergie étant configuré pour réa-
liser une fonction mécanique relativement a une ca-
pacité des machoires.

Dispositif selon la revendication 1, dans lequel cha-
cune de la premiére machoire et de la seconde ma-
choire comprend une partie métallique, et dans le-
quel une totalité substantielle de la partie métallique
de la premiere machoire et une totalité substantielle
de la partie métallique de la seconde machoire com-
prennent chacune une électrode.

Dispositif selon la revendication 1, comprenant en
outre un actionneur rotatif de tige (12) positionné en
association avec une partie manche (10) du dispo-
sitif, dans lequel 'actionneur rotatif de tige est con-
figuré pour étre capable de se mettre en rotation li-
brement a la fois dans le sens des aiguilles d’une
montre et dans le sens inverse des aiguilles d'une
montre, cette rotation de I'actionneur pouvant étre
translatée a la rotation de la tige.

Dispositif selon la revendication 1, dans lequel le jeu
de machoires est configuré de maniere a ce que lors-
que le jeu se déplace dans la position fermée et a
réalisé un contact initial avec le tissu cible, un mor-
ceau pouvant pivoter de la premiére machoire pivote
alors autour d’'unraccord pouvant pivoter en réponse
ala présence du tissu cible alors que les machoires
continuent de se déplacer vers la position fermée
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pour saisir le tissu.

Dispositif selon la revendication 13, dans lequel le
pivotement du morceau de machoire pouvant pivoter
applique une distribution de pression substantielle-
ment équivalente le long du morceau saisi du tissu
cible.
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