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(57) Abréege/Abstract:

A endoscopic bipolar forceps for clamping and sealing tissue Iincludes first and second jaw members pivotally attached In
opposing relation relative to one another which are movable from a first open position wherein the jJaw members are disposed In
spaced relation relative to one another to a second clamping position wherein the jaw members cooperate to grasp tissue
therebetween. A drive rod assembly connects each of the jaw members to a source of electrical energy such that the jaw
members are capable of conducting bipolar energy through the tissue held therebetween. A handle attached to the drive rod
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(57) Abréege(suite)/Abstract(continued):

assembly imparts movement of the first and second jaw members from the first and second positions. At least one stop member
Is attached to the jaw members for controlling the distance between the jaw members. The forceps may also include a yoke
member for insulating the jaw members from one another to prevent short circuiting of the forceps. Preferably, the yoke member
and Jaw member Interface Is dimensioned to withstand the high shearing forces normally associated with sealing tissue.
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(87) Abstract

A endoscopic bipolar forceps for clamping and sealing tissue includes first and second jaw members pivotally attached in opposing
' relation relative to one another which are movable from a first open position wherein the jaw members are disposed in spaced relation
relative to one another to a second clamping position wherein the jaw members cooperate to grasp tissue therebetween., A drive rod assembly
connects each of the jaw members to a source of electrical energy such that the jaw members are capable of conducting bipolar energy
through the tissue held therebetween. A handle attached to the drive rod assembly imparts movement of the first and second jaw members
from the first and second positions. At least one stop member is attached to the jaw members for controlling the distance between the jaw
members. The forceps may also include a yoke member for insulating the jaw members from one another to prevent short circuiting of the

| forceps. Preferably, the yoke member and jaw member interface is dimensioned to withstand the high shearing forces normally associated
| with sealing tissue. '
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ROSURGICAL FORCEPS

The present disclosure relates to an electrosurgical instrument for
performing endoscopic surgical procedures. More particularly, the present

disclosure relates to a endoscopic: bipolar electrosurgical forceps which utilizes
linear displacement of an insulating yoke to grasp and seal tissue between two

opposing jaw members.
Technical Field

A hemostat or forceps is a simple plier-like tool which uses mechanicai

action between its jaws to constrict vessels and is commonly used in open surgical
procedures to grasp, dissect and/or clamp tissue. Electrosurgical forceps are similar
clamping devices which uftilize both mechanical clamping action and electrical
energy to effect hemostasis by heating the tissue and blood vessels to cause

coagulation and/or cauterization.

Over the last several decades, more and more surgeons are
abandoning traditional open methods of gaining access to vital organs and body
cavities in favor of en'doscopes and endoscopic instruments which access organs
through small puncture-like incisions. Endoscopic instruments are inserted into the
patient through a cannula, or port, that has been made with a trocar. Typical sizes
for cannulas range from three millimeters to twelve millimeters. Smaller caﬁnulas are
usually preferred, and this presents a design challenge to instrument manufacturers

who must find ways to make surgical instruments that fit through the cannulas.
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Certain surgical procedures .require cutting blood vesseis or vascular
tissue. However, due to space limitations surgeons can have difficuity sutu:'ing
vessels or performing- other' traditional methods of controlling bleeding, e.g.,
clamping and/or tying-oft transected blood vessels. Very small blood vessels, in the
range below two millimeters in dia'meter, can often be closed using standard
electrosurgical techniques. If a larger vessel is severed, it may be necessary for the
surgeon to convert the endoscopic procedure into an open-surgical procedure and

thereby abandon the benefits of laparoscopy.

Several journal articles have disciosed methods for sealing small biood
vessels using electrosurgery. An article entitted Studies on _Coagulation and -~
Development of an Automat ' n.o erized Bipola paqulator, J. Neurosurg.,
Volume 75, July 1991, describes a bipolar coagulator which is used to seal small

blood vessels. The article states that it is not possible to safely coagulate arteries

with a .diameter'larger than 2 to 2.5 mm. A second article is entitled Automatically

*
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sctrocoaqulation — “COA-COMP”, Neurosurg. Rev. (1984),
pp.187-190, describes a method for terminating electrosurgical power to the vessel

so that charring of the vessel walls can be avoided.

By utilizing an electrosurgical forceps, a surgeon can either cauterize,
coagulate/desiccate and/or cut tissue and/or simply reduce or slow bleeding, by
controlling the intensity, frequency and duration of the electrosurgical energy applied

to the tissue. Generally, the electrical configuration of electrosurgical forceps can be
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categorized in two classifications: 1) monopoiar electrosurgical forceps; and 2)

bipolar electrosurgical forceps.

Monopolar forceps utilize one active electrode associated with the

clamping end effector and a remote patient return electrode or pad which is typically

attached externally to the patient. When the electrosurgical energy is applied, the

energy travels from the active electrode, to the Surgical site, through the patient and

to the return electrode.

Bipolar electrosufgical forceps utillize two generally opposing
electrodes which are disposed on the inner opposing surfaces of the end effectors
and which are both electrically coupled to an electrosurgical generator. Each
electrode is charged to a different electric potential. Since tissue is a conductor of
electrical energy, when the effectors are utilized to grasp tissue therebetween, the

electrical energy can be selectively transferred through the tissue.

Several bipolar endoscopic instruments are known. For example: U.S.
Patent 3,938,527 discloses a bipolar endoscopic instrument for tubal cauterization;
U.S. Patent 5,250,047 discloses a bipolar endoscopic instrument with a replaceable
electrode tip assembly; U.S. Patent 5,445,638 discloses a bipolar coagulation and
cutting forceps with first and second conductors extending from the distal end; U.S.
Patent 5,391,166 diseloses a bipolar endoscopic instrument having a detachable

working end; and U.S. Patent 5,342,359 discloses a bipolar coagulation device.
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In order to effect a proper seal with {arger vessels, two predominant
mechanical parameters must be accurately controlled - the pressure applied to the
vessel and the gap between the electrodes both of which affect thickness of the

sealed vessel. More particularly, accurate application of the pressure is important

to oppose the walis of the vessel, to reduce the tissue impedance to a low enough
value that allows enough electrosurgical energy through the tissue, to overcome the

forces of expansion during tissue heating and to contribute to the end tissue
thickness which is an indication of a good seal. In some instances a fused vessel

wall is optimum between.0.001 and 0.006 inches. Below this range, the seal may

shred or tear and above this range the lumens may not be properly or effectively

sealed.

Electrosurgical methods may be able to seal Iarger vessels using an

appropriate electrosurgical power curﬂre, coupled with an instrument capable of
applying a large ciosure force to the vessel walls. |t i'_s thought that the process of
coagulating small vessels is fundamentaity different than electrosurgical vessel
sealing. For the purposes herein, coagulation is defined as a process of desiccating
tissue wherein the tissue cells are ruptured and dried and vessel sealing is defined
as the process of liquefying the collagen in the tissue so that it crosslinks and
reforms into a fused mass. Thus, coagulaitioh of small vessels is sufficient to

permanently close them. Larger vessels need to be sealed to assure permanent

closure.,
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Numerous bipolar electrosurgicai forceps have been proposed in the
past for various open surgical procedures. However, some of these designs may
not provide uniformly reproducibie pressure to the blood vessel and may resuit in an

ineffective or non-uniform seal. For example, U.S. Patent No. 2,176,479 tp Willis,
U.S. Patent No. 4,005,714 to Hiltebrandt, U.S. Patent Nos. 4,370,980, 4,552,143,
5,026,370 and 5,116,332 to Lottick, U.S. Patent No. 5,443,463 to Stern et al,,
U.S. Patent No. 5,484,436 to Eggers et al., all relate to electrosurgical instruments

for coagulating, cutting and/or sealing vessels or tissue.

- These instruments rely on clamping pressure alone to procure proper
sealing thickness and are not designed to take into account gap tolerances and/or
parallelism and flatness. requirements which are parameters which, if properly'
controlled, can assure a consistent and effective tissué seal. For example, it is
known that it is difficult to adequately control thickness of the resuiting sealed tissue

by controlling clamping pressure alone for either of two reasons: 1) if too much
force is applied, there is a possibility that the two po!es will touch and energy will not
be transferred through the tissue resulting in an ineffective seal; or 2) if too low a

force is applied, a thicker less reliable seal is created.

As mentioned above, in order to properly and effectively seal larger
vessels, a greater closure force between‘opposing jaw members is required. it is
known that a large closure force between the jaws typically requires a large moment
about the pivot for each jaw. This presents a challenge because the jaw members
are typically affixed with 'pins which are positioned to have a small moment arms

with respect to the pivot of each jaw member. A large force, coupled with a small
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moment arm, is unu.Jsirable because the large forces may shear the pins. it is aiso

undesirable to increase the moment arm of the pins because the physical size of the

jaw members and other component parts might not fit through a cannuia.

Thus, a need exists to develop a bipolar forceps which effectively seals
vascular tissue and solves the problem of providing a large closure force between
the opposing jaws members using a compact design that is capable of fitting through

a cannula without risking structural failure of the instrument yoke.

SUMMARY
The present disclosure relates to a endoscopic bipolar forceps for
clamping and sealing tissue which inciudes first and second jaw members pivotally

attached in opposing relation relative to one another which are movable from a first

open position wherein the jaw members are disposed in spaced relation relative to
one another to a second clamping position wherein the jaw members cooperate to
grasp 'tissue therebetween. A drive rod assembly connects eaCh of the jaw
members to a source of electrical energy such that the jaw members are capable of
conducting bipolar energy through the tissue held therebetween. A handle is
attached to the drive rod assembly and imparts movement of the first and second
jaw members from the ,ﬂrsi and second positions. At least one stop member
preferably made from an insulating material is attached to the jaw members for

controlling the distance between the jaw members.
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Preferauiy, the handle includes an actuator having a lost motion

connection between the jaw members and the actuator for transferring user
manipulation of the actuator to the jaw members so as to maintain a predetermined
or maximum clamping force within a preferred range i'rrespective of the user

manipulation during sealing of the tissue between the jaw members.

In one embodiment, the forceps includes a rotating assembly for
controlling the rotational movement of the jaw members. In another embodiment,
the jaw members and the drive assembly are connected by a cam follower

mechanical linkage for 'imparting movement of the jaw members relative to one

another.

Another embodiment of the present disclosure includes a bipolar
forceps having first and second jaw members pivotally attached in oppdsing relation
relative to one another, the jaw members being movable- from a first open position
wherein the jaw members are disposed In spa;::ed relation relative to one another to

a second clamping position wherein the jaw members cooperate to grasp tissue

therebetween. A drive rod assembly con-nects each of the jaw members to a source
of electrical energy such that the jaw members are capable of conducting bipolar
energy through the tissue held therebetween. ~ A yoke member is attached to the
distal end of the drive rod assembly and between the jaw members. Preferably, a

handle is attached to the drive rod assembly and imparts linear movement to the
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yoke member whic.., :1-turn, imparts movement of the two opposing jaw members

relative to one another by virtue of a cam-follower mechanical linkage.

Preferably, each jaw member includes a flange which extends
therefrom and the yoke includes a pair of shoulder portions which are dimensioned

to abut the flanges when the jaw members are moved into the second position. The

shoulder portions relieve shear stresses on the cam-follower linkage during clamping

and sealing of the tissue.

e,

In another embodiment, each of the jaw members includes a cam slot
located therethrough and.the yoke includes at least one corresponding detent which
engages the cam slots such that movement of the yoke imparts movement of the
jaw members relative to one another. Preferably, each of the cam slots includes a
cul-de-sac positioned therein tb relieve shear stress on the detent approximately
when the shoulder portichs of the yoke member engage the flanges of the jaw
members. Preferably, the inner periphery of the cam slots are shaped to impart at

least two different movements to the jaw members relative to one another.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspéctive view of a forceps according to the present

disclosure;

Fig. 2 is‘an enlarged, perspective view of an end effector assembly of
the forceps of Fig. 1;
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Fig. 3 is a perspective view with parts separated of a handle assembly

and activator of the forceps of Fig. 1;

Fig. 4 is an enlarged, perspective view with parts separated of the end

effector assembly and a drive rod:assembly of the forceps of Fig. 1;

Fig. 5A is a side, partial cross-section of the handle assembly and

drive rod assembly of the forceps of Fig.1;

Fig. 5B is.an enlarged, side cross-section of the indicated area of detail

shown in Fig. SA;

FIG. 6 is a perspective view of the handie aSsembly, activator and

drive rod assembly of the forceps of Fig. 1;

Fig. 7 is an enlarged, partial cross-section of the end effector assembly

shown with a pair of jaw members in the open configuration;

Fig. 8 is an enlarged, partial cross-section showing the linear motion of

the drive rod assembly against a cam follower of the end effector assembly to effect

closure of the jaw members;

Fig. 9 is a perspective view of the forceps showing the rotational
movement of a rotating assembly which rotates the end effector assembly about a

longitudinal axis “A”;
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Fig. 10 is an enlarged perspective view of the indicated area of detall

shown in Fig. 9;

Fig. 11 is a perspective view of the forceps of the present disclosure

shown sealing a tubular vesse! through a cannula assembily;

Fig. 12 is an enlarged perspective view of a sealing site of a tubular

vessel:

Fig. 13 is a longitudinal cross-section of the sealing site taken along
line 13-13 of Fig. 12; and

Fig. 14 is a longitudinal cross-section of the sealing site of Fig. 12 after

separation of the tubular vessel.

Referring now to Figs. 1-3, a bipolar forceps 10 for use with
endoscopic surgical procedures includes a drive rod assembly 11 which is coupled
to a handie assembly 18. The drive rod assembly 11 includes an elongated hollow
shaft portion 12 having a proximal end 16 and a distal end 14. In the drawings and
in the descriptions which follow, the term “proximal*, as is traditional, will refer to the

end of the bipolar forceps 10 which is closer to the user, while the term “distal* will

refer to the end which is further from the user.

10
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An end effector assembly 22 is attached to the distal end 14 of shaft

12 and includes a pair of opposing jaw members 80 and 82. Preferably, handle
assembly 18 is attached to the proximal end 16 of shaft 12 and includes an activator
20 for imparting movement of the jaw members 80 and 82 from an open position
wherein the jaw members 80 and 82 are disposed in spaced relation relative to one
another, to a clamping or closed position wherein the jaw members 80 and 82

cooperate to grasp tissue 150 therebetween.

As best seen in Fig. 3, activator 20 includes a movable handle 26
having an aperture 34 defined therein for receiving at least one of the operator's
fingers and a fixed hangjle 28 having an aperture 32 defined therein for receiving an
operator's thumb. Movable handle 26 is selectively moveable fi'om a first position ‘

‘relative to fixed handle 28 to a second position in closer proximity to the fixed handle

28 to close jaw members 80 and 82. Prefergbly, fixed handle 28 includes a channel
27 which extends proximally for receiving a ratchet 30 which is coupled to movable
handie 26. This structui'e allows for progressive closure of end effector assembly 22
as well as locking engagement of opposing jaw members 80 and 82. In some
cases it may be preferable to include other mechanisms to control and/or limit the

movement of handie 26 relative to handle 28 such as, e.g., hydraulic, semi-

hydraulic and/or gearing systems.

'Fixed handle 28 includes a rotating assembly 23 for controlling the

rotational movement of end effector assembly 22 about a longitudinal axis “A” of the

11



CA 02347633 2001-04-20

WO 00/24331 . PCT/US99/24870
elongated shaft 12 \c2e Figs. 9 and 10). Preferably, rotating assembly 23 includes

upper and lower knob portions 24a and 24b, respectively, which releasably engage

one another about a gear 52 which is attached to shaft 12. Preferably, the ratio of

rotation of rotating assembly 23 to end effector assembly 22 is 1:1, however, it is
contemplated that a different gearing structure may be incorporated to increase or

decrease the rotational ratio depending upon a particular purpose.

Preferably, a pair of handle sections 28a and 26b engage one another
by way of a piurality of mechanical iriterfaces to form fixed handle 28. The
mechanical interfaces include sockets 138 which are formed in handle section 28b
and which are dimensioned to receive a complimentary plurality of detents (not
shown) attached to handie section 28a. While the term socket is used hereih, it is
contemplated that either a méle' or female mechanical interface may be used on
either handle section with a mating mechanical interface disposed on the opposite

handle section.

As best seen in Fig. 3, each handle section 28a and 28b is generalily
hollow such that a cavity 50 is formed therein for housing various internal
components which make up the 'forceps 10. PFor exampie, cavity 50 houses a PC
board 58 which controls the electrosurgical energy being transmitted from an
electrosurgical generator (not shown) to each jaw member 80 and 82. More
particularly, electrosurgical energy is generated from an electrosurgical generator

and transmitted to the PC board by cable 60 which attached through a wire port 29

12
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disposed in the prox. .1al end of handie assembly 18. The PC uuard 58 converts the

electrosurgical energy from the generator into two different electrical potentials
which are transmitted to each jaw member 80 and 82 by a separate terminal clip 64b

and 64a, respectively, which will be explained in more detail below with respect to

Fig. 4.

Preferably, a lost motion mechanism is pbsitioned between each of the
handle sections 28a and 28b for maintaining a predetermined or maximum clamping
force for sealing tissue between the jaw members 80 and 82. In the particular
embodiment Shown in ‘Fig. 3, the Iost. motion mechanism comprises a resilient arm
40 which is connected between handle sections 28a and 28b by pin 42. More

particularly, the arm inciudes a lower end 46, an upper end 45 and shaft portion 47
located therebetween.  Preferably, upper end 45 is bifurcated forming a clevis
having upwardly extendin.g flanges 49a and 49b, respectively, and the lower end 46
is dimensioned to engage a step-like interface 48 located on movable handle portion
26. The shaft pbrtion 47 is secured within an elongated channel 56 fdrmed within
- movable 'handie portion 26. Preferably, a cover plate 31 attaches io movable handle
26 by conventional means such as snap-ﬁt engagement to further secure arm 40

within handie 26.

Referring to Fig. 4, rod assembly 11 includes a drive rod 70 which has
a proximal end 71 and a distal end 72. A piston 38 is attached to the proximai end

71 of drive rod 70 and includes a generally rounded head portion 39 and a notch 41

13
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located between the ..ead portion 39 and the proximal end of piston 38. Preferably;

clevis flanges 49a and 49b of arm 40 are dimensioned to receive head 39

therebetween when arm 40 is assembled between handle sections 28a and '28b

. (see Fig. 6). Movement of the handie 26 towards fixed handlie 28 imparts pivotal

movement of the upper end 45 of arm 40 at a pivot point 55 (see Figs. 5A) which, In
turn, imparts movement of the piston 38 from a first position wherein the piston 38 is
disposed further from end effector assembly 22 to a second position wherein piston
38 is in closer proximity to end effector assembly 22 (see Fig. 5B). As explained in

greater detail below, movement of the piston 38 between first and second positions

~ imparts linear movement to drive rod 70 which, in turn, moves jaw members 80 and

82 toward and away from each other.

Seating the generally rounded head 38 between clevis flanges 49a
and 49b enables the user to utilize the rotating assembly 23 effectively without

interfering with the linear movement of the piston 38.

As best seen in the "exploded Qiew of Fig. 4, the end effector assembly
22 includes first jaw 80, second jaw 82 and an electrically insulatihg yoke 84
disposed therebetween. Preferably, jaw member 80 and jaw member 82 are
movable from’ an open position to a closed position by movement of the handle
assembly 18 as described above. |t is contemplated that either both or one of the
jaw members 80 and 82 can be movable relative to one another. First jaw member

80 has a first flange 81 which extends therefrom and a cam slot 86 located

14
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therethrough. Like...se, second jaw 82 has a second flange 83 which extends
therefrom and a cam siot 88 located therethrough. Preferably, each jaw 80 and 82

is formed from a stainless steel or some other electrically conductive material.

The end effector assembly 22 also includes an outer nose portion 94
and an inner nose portion 96 which engage jaw members 82 and 80, respecti\}ely.
A first pivot 105 is located on outer nose portion 94 and is dimensioned to engage a
corresponding pivot hole 89 located on flange 83. A second pivot 103 is located on
inner nose portion 96 and is dimensioned to engage a cOrresponding pivot hole 87
located on flange 81. The center of rotation for first jaw member 80 is at a ‘ﬂrst pivot
hole 87 and the center of rotatio;n for second jaw member 82 is at a second pivot
hole 89. Preferably, each nose portion 94 and 96 is made from an electrically
conductive material ahd transmits electrosurgical energy to a respective jaw'member

82 and 80 as described in more detail below.

As mentioned above with respect to Fig. 3, electrosurgical energy is
transmitted from the electrosurgical generator to the PC board 58 which t:onverts the
energy into first and second poles. A pair of terminal clips 64a and 64b are

connected to PC board 58 and ftransfer the first and second poles of alternating
potential, respectively, to the dri\?e rod assembly 11. Clip 64a connects to shaft 12
and conducts the first pole to jaw member 82 and clip 64b connects to piston 38
which is, ih turn, connected to drive rod 70. The second pole is conducted along

drive rod 70 to jaw member 80. Both the drive rod 70 and the shaft 12 are made

15
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from an electrically conductive material and ’preferably an insulation sleeve 75 is

disposed between drive rod 70 and shaft 12 to prevent the forceps 10 from short

circuiting.

As best seen' in Fig. 4, the inner nose portion 96 is electrically
connected with drive rod 70 and the outer nose portion 94 is electrically connected
to shaft 12. The inner and outer nose portions 86 and 94 cépture yoke 84 along with
flanges 83 and 81. Yoke 84 moves axially along axis “A” (see Figs. 7. and 8).in a
space between inner and outer portions 96 and 94 and a spacer stake 119
maintains the separation of the nose portions 96 and 94 at their distal ends. Stake

119 is dimensioned to engage and lock the inner and outer nose portions 96 and 94
together, which, in turn locks jaw member 80 and 82 atop yoke 84. In some cases it
may be preferable to dimension stake 119 such that stake 119 acts as a stop

member and controis the gap distance between the opposing jaw members 80 and

82 relative to one another. In this case, stake 119 is formed from an electrically

insulative material such as plaSti?c. The nose portions 94 and 96 provide lateral
support for the flanges 81 and 83 and help ensure that detents 80 and 92 remain

within cam slots 86 and 88, respectively.

End effector assembly 22 also includes an inner insulator 102 and an
outer insulator 100 for maintaining electrical insulation between poles. Outer
insulator 100 insulates outer nose portion 94 from inner nose portion 96 and drive

rod 70 which conduct the second pole of electrical energy. Inner insulator 102

16
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insulates inner nos. portion 96 from outer nose portion 94 and shaft 12 which

conduct the first pole of electrical energy,  In this manner, outer nose portion 94
can provide electrical continuity between shaft 12 and jaw member 82, while inner
nose portion 96 can provide electrical continuity between drive rod 70 and jaw

member 80.

~ Preferably, a spring contact 98 is utilized to maintain the eléctrical
connection between drive rod 70 and inner nose portion 96 during axial motion of
the drive rod 70. A donut-shaped spacer 108 can also be utilized to assure linear
motion of the drive rod 70 within sleeve 75 and to preveht accidental short circuiting

of the forceps 10.

As mentioned above and as best seen in Fig. 4, rod assembly 11 also
includes.gear 52 which attaches to shaft 12 which facilitates rotational movement of
the end effector assembly 22 about axis “A”. More particularly, gear 52 includes an
upper portion 52a and a lower portion §2b which each have a pair of outwardly
extending mechanical interfaces S4a and 54b, respectively, which are dimensioned
to releasabiy engage a corresponding pair of mechanical interfaces 35 dis'posed
through shaft 12.  Preferably, gear 52 is made from an electrically insulative
material such as, e.g., plastic, to avoid transferring electrosurgical energy to the
rotating assembly 23. As best seen in Fig. SA, rotating assembly 23 includes two

half sections 24a and 24b which each inciude a flange 77a and 77b, respectively,

17
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which extends outw.. Jdly therefrom for engaging gear 52. Rotaiion of assembly 23

effects rotational movement of the shaft 12 which, in turn, rotates the end effector

assembly 22 about axis “A" (see Figs. 9 and 10).

Referring back' to Fig. 4, yoke 84 is preferably formed from an
electrically insulative material such as plastic. A first side 91 of yoke 84 faces first
flange 81 and a second side 93 of yoke 84 faces second flange 83. When yoke 84
iIs positioned between flanges 81 and 83, yoke 84 electrically insulates first jaw
member 80 from second jaw member 82. In this manner, bipolar electrosurgical
current can be conducted through tissue 150 which is grasped between jaws 80 and

82 without flanges 81 and 83 short circuiting.

Yoke 84 also includes first detent 90 located on the first side 91 which
IS dimensioned to movably engagie cam slot 86 and a second detent 92 located on
the second side 93 which is dimensioned to engage cam slot 88. Preferably, the
detent and cam slot combination, 90; 86 and 92, 88, respectively, work together as a
cam-foliower mechanical linkage; Linear motion of drive rod 70 along axis “A”
moves the yoke 84 causing detent 90 and 92 to slide within their respective cam
slots 86 and 88. In one embodiment, slots 86 and 88 are angled with respect to the
distal ends of the jaws 80 ana 82 .s-uch that the jaws 80 and 82 move in a generally

arcuate fashion toward and away from each other.
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in ano....r embodiment, the inner periphery of the vam slots 86 and 88

are shaped to include two angles which, in turn, cause the jaw members 80 and 82
- to move In two separate and distinct fashions relative to one another upon
movement of drive rod 70. For example, cam slots 86 and 88 can include a first or
oroximal stage which effects generally arcuate movement of the jaw members 80
and 82 relative to one another and a second or distal stage wherein the jaw
members 80 and 82 move in a more linear fasnion relative to one another. It is
envisioned that the cam siots 86 and 88 can be dimensioned to effect other
movements of the jsw members 80 and 82 relative to one another depending upon a

particular purpose, e.g., parabolic movement, cycloidal movement, and/or sinusoidal

movement.

As seen best with respect to Figs. 7 and 8, detents 90 and 92 provide
a force against the corresponding inner periphery of cam slots 86 and 88 creating a
moment about pivots 103 and 105, respectively. Preferably, cam slots 86 and 88
are arranged such that distal motion of the drive rod 70 causes the jaw members 80
and 82 to move together. Once the jaw members 80 and 82 are closed together, it
is envisioned that jaws 80 and 82 are held in clamped positioned by a continued
compressive force on the rod 70 due to handle member 26.' As mentioned above,
the handle assembly 18 can include a lost motion mechanism for maintaining a
predetermined or maximum clamping force for sealing tissue 150 betWeen the jaw

members 80 and 82
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One o the advantages of the present disciosure is that excessive

clamping forces which are normally associated with detents 90 and 92 are offloaded
by the unique configuration of yoke 84 which prevents mechanical failure of the
forceps 10. More particularly, thé cam siots 86 and 88 are preferably dimensioned
such that the cam-follower motion' of the detents 90 and 92 within cam slots 86 and
'88 simply operate to clamp the tissue 150 between the jaw members 80 and 82 and
a small moment arm is created between the detents 90 and 92 and pivots 103 and
105, respectively. Before the détents 90 and 92 reach their distal most positions
within the cam slots 86 .and 88, respectively, a pair of shoulders 111 and 113 located
on the yoke 84 are dimensioned to engage flanges 81 and 83 and offload any

additional clamping force applied by the handle assembly 18.

In some cases it may be preferable to dimension cam slots 86 and 88
to have an enlarged distal end or cul-de-sac 78a and 78b such that the cam-follower
motion of detents 90 and 92 at their disfal most point within slots 86 and 88 will
come to rest within the cul-de-sac 78a and 78b allowing the closure forc.e to be
offloaded by shoulders ‘1 11 and 113 abutting flanges 81 and. 83. ltis envisioned that
the cul-de-sacs 78a' and 78b which are positioned within cam slots 86 and 88 will
relieve shear stress .on the detents 90 and 92 approximately at the same time when

the shoulder portions 111 and 113 of the yoke 84 engage the flanges 81 and 83 to

provide a closure force between the jaw members 80 and 82.
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The sh .lders 111 and 113 abut the proximal ena i flanges 81 and 83

to cause jaw members 80 and 82 to close togethér with greater closure force. In
other words, shoulder portions 111 and 113 provide a relatively large moment about
pivots 103 and 105 to effect a high closure force between the jaw members 80 and
82. The unigue configuration of the cam-follower linkage tog_.ether with the shoulders
111 and 113 offloading high clamping forces prevent detents 90 and 92 from
breaking due to mechanical failure. Since the pivots 103 and 105 are preferably
made of metal and can withstand relatively high shear forces, the yoke 84 and its
component parts can be formed from an ineaxpensive' insulating material such as
plastic without risk of méchanical failure due to the high clamping forces necessary
to seal tissue. As mentioned above, forming the yoke 84 from insulative materiais

will also prevent the jaw members 80 and 82 from shorting.

Two mechanical factors play an important role in determining the
resuiting thickness of the sealed tissue and effectiveness of the seal, ie., the
pressure applied between opposing jaw members 80 and 82 andthe gap between
the opposing jaw members 80 and 82 during the sealing brocess. However,
thickness of the resulting tissue seal cannot beg adequately controlled by force alone,
..e., too much force and the two jaw members 80 and 82 would touch and little
energy would travel through the tissue resulting in a bad seal or too little force and

the seal would be too thick. Applying the correct force is important for other

reasons: to oppose the walls of the vessel; reduce the tissue impedance to a low

enough vaiue that allows endugh current through the tissue; and to overcome the
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forces of expansion w.uring tissue heating in addition to contribuung towards creating

the required end tissue thickness which is an indication of a good seal.

As best seen in Fig. 4, in order to achieve a desired gap range (e.g.,
about 0.001 to about 0.006 inches) and apply a desired force to seal the tissue, at
least one jaw membér 80 and/or: 82 includes a stop member 139 which limits the
movement of the two opposing jaw members 80 and 82 relative to one another. 'As

explained above, in some cases it may be preferable to dimension stake 119 such
that it acts like a stop member and limits the movement of the two opposing jaw

members 80 and 82 relative to one another. Preferably, stop member 139 and/or

stake 119 is made from an insulative material and is dimensioned to limit opposing

movement of the jaw members 80 and 82 to within the above gap range.

The seal' surfaces of the jaw members 80 and 82 are relatively flat to
avoid current concentrations at sharp edges and to avoid arcing between high
points. In addition and due to the reaction force of the tissue 150 when engaged,
jaw members 80 and 82 are preferably manufactured to resist bending. For
eiample and as best seen in Fig. 2, the jaw members 80 and 82 are preferably
tapered along width “W” which is advantageous for two reasons: 1) the taper will
apply constant pressure for a constant tissue thickness at pafallel; 2) the thicker
proximal portion of the jaw members 80 and 82 will resist bending due to the

reaction force of the tissue 150.
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Fig. 11 snows the bipolar forceps 10 during use wiierein movement of

the handle assembly applies clamping force on the tubular tissue 150 to effect a seal
152 as shown in Figs. 12 and 13. More particularly, shaft 12 and end effector
assembly 22 are inserted through a trocar 130 and cannula 132 and handle 26 is
moved progressively towards fixed handle 28 to cause jaw members 80 and 82 to
grasp tubular vessel 150 therebetween. After the jaw members 80 and 82 are closead
about the tissue 150, the user then applies electrosurgical energy to the tissue 150.
By controlling the intensity, freqUency and duration of the electrosurgical energy
applied to the fissue 150,' the uSer can either cauterize, coagulate/desiccate seal
and/or cut tissue and/or simply reduce or slow bleeding. As shown in Figs. 13 and

14, once the tubular vessel is sealed, the vessel 150 can be cut along seal 152 to

separate the tissue 150 and form gap 154 therebetween.

From the foregoing and with reference to the various figure drawings,
those skilled in the art will appreciate that certain modifications can also be made to
the present disclosure without departing from the scope of the present disclosure.
For example, it may be preferable to add other features to.the forceps 10, e.g., an
articulating assembly to axially displace the end effector assembly 22 relative to the

elongated shaft 22.

While only one embodiment of the disclosure has been shown in the
drawings, it is not intended that the disclosure be limited thereto, as it is’intended
that the disclosure be as broad in scope as the art will allow and that the
speciﬁcation be read lfkewise. Therefore, the above. description should not be

construed as limiting, but merely as exemplications of a preferred embodiment.
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Those skilled in the art will envision other modifications within the scope and spirit of

the claims appended hereto. '
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1. A bipolar endoscopic forceps, comprising:

first and second jaw members pivotally attached in opposing relation
relative to one another, said jaw members being relatively' movable from a first open
position wherein said jaw members are disposed in spaced relation relative to one
another to a second clamping position wherein said jaw members cooperate to
grasp tissue therebetween;

a drive rod assembly connecting said jaw members to a source of
electrical energy such that said first jaw rherniber has a first electrical potential and
said second jaw member has a secohd electrical potential and said jaw members

are capable of conducting bipolar energy through the tissue held therebetween;

a handle attached to said drive rod assembly for imparting movement
of said first and second jaw members from said first and second positions; and
at least one stop member attached to at least one jaw member for

controliing the distance between said jaw members.

2. A bipolar forceps according to claim 1 wherein said stop member is made

from an electrically insulative material.
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3.

A bipolar fore_ps according to ciaim 1 wherein each o: said jaw members

includes a stop member.

A bipolar forceps according to claim 1 wherein said handle includes an
actuator having a lost motion connection between said jaw members and said
actuator, said lost motion connection for transferring user manipulation of said

actuator to said jaw members so as to maintain a predetermined clamping
force within a preferred range irrespective of the user manipulation during

sealing of the tissue between said jaw members.

A bipolar forceps according to claim 4 wherein said lost motion connection

includes a resilient arm.

A bipolar forceps according to claim 1 wherein said forceps further comprises

a rotating assembly for controlling the rotational movement of said jaw

members about a longitudinal axis of said drive rod assembly.

A bipolar forceps according to claim 1 wherein said drive rod assembly and

said jaw members include a cam-follower mechanical linkage for imparting

movement of said jaw members.

A bipolar forceps according to claim 1 wherein each of said jaw members

includes a cam slot located therethrough and said drive rod assembly

26




CA 02347633 2001-04-20

WO 00124331 | | - PCT/US99/24870
includes a yoke naving at least one corresponding detent which engages said

cam slots such that movement of said yoke imparts movement of said jaw

members relative {0 one another.

0. A bipolar forceps according to ci-aim 8 wherein each of said jaw members
includes a flange which extﬁends therefrom and said yoke includes a pair of
shoulder portions which are dimensioned to abut said flanges when said jaw
members are moved into said second position 10 rel‘ieve_ shear stresses on

said detent during clamping and sealing of the tissue.

10. A bipolar endoscopic forceps, comprising:

first and second jaw members pivotally attached in 0pposing relétion
relative to one another, each of said jaw members inclUding a flange which extends
therefrom and said jaw members being relatively movable from a first open position
wherein said jaw members are disposed in spaced relation relative to one another to

a second clamping position wherein said jaw members cooperate to grasp tissue

therebetween,

a drive rod assembly connecting said jaw members to a source of
electrical energy such that said first jaw member has a first electrical potential and
said second jaw member has a second electrical potential and said jaw members
are capable of conducting bipolar energy through the tissue held therebetween;

a yoke member attached to the distal end of said drive rod assembly

and attached between said jaw members, said yoke member and said jaw member
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having a cam follow mechanical linkage wherein movement .. said yoke member
imparts movement of said jaw members from said first and Second positions

a pair of shoulder portions attached to said 'yoke member which are
dimensioned to abut said flanges of said jaw members when said jaw members are
moved into said second position to relieve shear stresses on said cam follower
mechanical linkage during clamping and sealing of the tissue; and

a handle attached to said drive rod assembly for imparting movement

to said yoke member,

11. A bipolar forceps according to claim 10 further comprising at least one stop

member attached to at least one of said jaw members.

12. A bipolar forceps according to claim 11 wherein linear movement of said yoke

imparts movement of said jaw members relative to one another.

13. A bipolar forceps according to claim 11 wherein each of said jaw members
includes a cam slot located therethrough and said yoke includes at least one
corresponding detent which engages said cam slots such that movement of
said yoke member imparts movemenf of said jaw members relative to one

another.
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14. A bipolar forc.pus according to claim 13 wherein the inrn..r periphery of said

cam slots are shaped to impart at least two different movements to said jaw

members relative to one another.

15. A bipolar forceps according to claim 13 wherein each of said cam slots

includes é cul-de-sac positioned therein to relieve shear stress on said detent

approximately when said shoulder portions of said yoke member engage said .

flanges of said jaw members.
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