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(57) ABSTRACT 

A bipolar Surgical device comprises a pair of actuable jaws. 
A first electrode member which optionally includes a line of 
electrically coupled tissue-penetrating elements is formed 
on one of the jaws, and a Second electrode member which 
optionally includes a line of electrically coupled tissue 
penetrating elements is formed on the same or the other jaw. 
The electrode members are laterally Spaced-apart and 
arranged in a parallel, usually linear manner So that the 
lateral distance therebetween remains generally constant. In 
operation, tissue may be grasped between the jaws. So that 
the electrode members contact and/or the tissue-penetrating 
elements enter into the tissue. By energizing the electrode 
members at opposite polarities using a high frequency 
energy Source, tissue between the jaws will be heated, 
coagulated, and/or necroSed, while heating of tissue outside 
of the lines will be minimized. 
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BPOLAR SURGICAL INSTRUMENTS HAVING 
FOCUSED ELECTRICAL FIELDS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. This application is a continuation of and claims the 
benefit of priority from U.S. patent application Ser. No. 
09/910,439, filed on Jul. 19, 2001, which is a continuation 
in-part of U.S. patent application Ser. No. 09/705,054, filed 
Nov. 2, 2002, which is a continuation of U.S. patent appli 
cation Ser. No. 09/303,007, filed on Apr. 30, 1999, now U.S. 
Pat. No. 6,162,220, which is a continuation-in-part of U.S. 
patent application Ser. No. 09/071,689, filed May 1, 1998, 
now U.S. Pat. No. 6,030,384, the full disclosures of which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates generally to medical 
devices and methods. More particularly, the present inven 
tion relates to the Structure and use of bipolar forceps and 
other instruments for coagulating, cutting, and necrosing 
tissue. 

0004 ElectroSurgery refers broadly to a class of medical 
procedures which rely on the application of high frequency 
electrical energy, usually radiofrequency energy, to patient 
tissue to achieve a number of possible effects, Such as 
cutting, coagulation, hyperthermia, necrosis, and the like. Of 
particular interest to the present invention, bipolar electro 
Surgical devices rely on contacting electrodes of different 
polarity in close proximity to each other against or into 
tissue. For example, bipolar forceps 100 (FIGS. 1 and 2) 
have been used for cutting and coagulating tissue, where the 
opposed jaws 102 and 104 of the forceps are connected to 
different poles of an electroSurgical power Supply. The high 
frequency electrical current thus flows from one jaw to the 
other through the tissue present therebetween. Use of Such 
bipolar forceps is effective for a number of purposes and 
advantageous in that its effect is generally limited to the 
tissue held between the jaws. Heating, however, is not totally 
limited to Such intermediate tissue, and in Some instances 
heating of adjacent tissues can be problematic. Such heating 
occurs because the current flows not only between the jaws 
but also laterally outward, as shown by flux lines F in FIG. 
1B. 

0005 Various improvements to bipolar forceps have been 
proposed. For example, the placement of pins or other 
tissue-penetrating elements onto the tissue-engaging Sur 
face(s) of either or both jaws has been Suggested for a 
variety of purposes. Regardless of the intended purpose, the 
placement of tissue-penetrating elements on the jaw(s) can 
marginally focus the current density and Somewhat lessen 
heating of adjacent tissues. Such prior designs employing 
tissue-penetrating elements, however, Still cause unwanted 
heating of adjacent tissues in at least certain circumstances. 
0006 A second problem with conventional bipolar for 
ceps is limited power delivery. With conventional forceps, 
jaws having a length of about 20 mm and a width of about 
5 mm can usually deliver only 25 W of power without 
causing charring of the tissue. Charring greatly increases 
electrical resistance through the tissue and can result in 
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premature termination of the treatment. With such a low 
power level, the time to fully coagulate the tissue can be 
excessive. 

0007. It would therefore be desirable to provide still 
further improved bipolar forceps and other electroSurgical 
device designs. In particular, it would be desirable to provide 
bipolar forceps which provide a very high degree of focused 
heating, i.e., provide heating of tissue between the jaws with 
minimized heating of tissue adjacent to the jaws. It would be 
further desirable to provide bipolar forceps which can 
deliver higher current flows and densities to the tissue being 
treated without charring the tissue and terminating the 
current flow. Such device designs should be relatively 
Simple and easy to fabricate. The devices and methods 
should be compatible with conventional electroSurgical 
power Supplies and usable in a wide variety of procedures, 
including cutting, coagulation, and necrosis, where the 
localized and Specific heating of patient tissues is desired. At 
least some of these objectives will be met by the invention 
described hereinafter. 

0008 2. Description of the Background Art 
0009 Radio frequency power apparatus and methods for 
delivering radio frequency energy to tissue via bipolar 
Surgical instruments are described in co-pending application 
Ser. No. 09/808,096 filed Mar. 13, 2001, assigned to the 
assignee of the present application. Bipolar forceps having 
penetrating elements on opposed jaws thereof are described 
in U.S. Pat. Nos. 5,527,313 and 5,217,460; Soviet Union 
Patent Publication SU 197711; and French Patent No. 598, 
149. Bipolar electroSurgical instruments having laterally 
Spaced-apart electrodes on opposed jaws are described in 
U.S. Pat. Nos. 5,833,690; 5,702,390; 5,688,270; and 5,403, 
312. A blood vessel coagulation device having electrode 
arrays on opposed jaws of forceps is described in U.S. Pat. 
No. 5,151,102. Other bipolar electroSurgical devices are 
described in U.S. Pat. Nos. 5,797,941, 5,665,085; 5,662, 
680; 5,582,611; 5,445,638; 5,441499; 5,383,876; 5,403, 
312; 5,098,431; and 4,043,342. A radiofrequency tumor 
heating device comprising parallel electrode arrays of oppo 
site polarity is described in U.S. Pat. No. 4,016,886. 
0010. The full disclosures of each of the above references 
are incorporated herein by reference. 

BRIEF SUMMARY OF THE INVENTION 

0011. The present invention provides improved bipolar 
Surgical instruments, Such as forceps, graspers, or the like, 
which comprise a pair of opposed jaws at the distal end of 
a shaft. The present devices may be usable in a wide variety 
of procedures, including open Surgical and laparoscopic 
Surgical procedures, and are designed for one-handed opera 
tion by a user. The present invention is directed at a unique 
electrode configuration on either or both of the jaws which 
will provide improved current focussing characteristics and 
lessened heating of adjacent tissues. In particular, electrode 
members on either or both of the jaws will be laterally 
Spaced apart from each other when the jaws are closed So 
that current will flow from one electrode to the other with 
minimum current flow outside of the region defined between 
the electrodes. Optionally, a pair of electrodes can be pro 
Vided on each jaw with a positive and negative electrode on 
one jaw and a positive and negative electrode on the other 
jaw, with the two positive electrodes and the two negative 
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electrodes being aligned with each other when the jaws are 
closed to define the desired focussed current flow. 

0012. At least one of the electrode members will include 
tissue-penetrating elements. Usually a first line of electri 
cally coupled tissue-penetrating elements will be provided 
on a first electrode member, and a Second line of electrically 
coupled tissue-penetrating elements will be provided on a 
Second electrode member. Third and fourth lines of electri 
cally coupled tissue-penetrating elements will preferably be 
provided when third and fourth electrode members are 
provided on the instrument. The first and Second lines (and 
optionally third and fourth lines) of tissue-penetrating ele 
ments will be electrically isolated from each other to permit 
energization in a bipolar manner, i.e., each line of electri 
cally coupled tissue-penetrating elements may be separately 
connected to the opposite pole of a conventional electroSur 
gical power Supply. An exemplary radio frequency electro 
Surgical generator for use with the present invention is 
described in co-pending application Ser. No. 09/808,096, 
assigned to the assignee herein. The shaft includes or 
comprises an actuating mechanism for moving the jaws 
between opened and closed configurations, where the lines 
of tissue-penetrating elements lie parallel to and Spaced 
apart from each other when the jaws are closed. In this way, 
the jaws can be closed on a target tissue structure, Such as a 
fallopian tube, artery, vein, other hollow organs, and the like, 
in order to penetrate the lines of elements into the tissue. By 
then applying high frequency electrical energy to the lines in 
a bipolar manner, current flux will be focused to within that 
portion of the tissue which lies between the adjacent lines, 
with minimum heating of tissue outside of the parallel lines. 
Usually, but not necessarily, the lines will both be straight. 
Alternatively, the lines could be nonlinear, e.g., curved, 
Serpentine, Zig-Zag, or the like, So long as the patterns are 
Similar and the lateral spacing between adjacent points on 
the lines remains substantially constant. Preferably, the 
spacing between the adjacent lines of tissue-penetrating 
elements will be in the range from 0.5 mm to 10 mm, more 
preferably from 2 mm to 5 mm. 
0013 Preferably, at least some of the tissue-penetrating 
elements on the electrode member(s) will be retractable 
relative to a Surface of the jaw upon which they are mounted. 
Usually, the tissue-penetrating elements will be arranged to 
reciprocate in and out of either or both of the jaws. So that the 
jaws can be clamped over opposed Surfaces of a target tissue 
region or mass with the elements retracted and the elements 
then penetrated into the tissue while the tissue remains 
clamped. In Some instances, lines of reciprocating tissue 
penetrating elements will define at least two and Sometimes 
all of the electrode members. In other instances, they will 
form only one of the electrode members and/or they will be 
combined together with one or more elongate Surface elec 
trodes which engage but do not penetrate into the tissue. 
0.014. The lines of tissue-penetrating elements may be on 
the same jaw or on different jaws. When the lines are on the 
Same jaw, it is necessary to provide insulation So that each 
line is electrically isolated from the other, while the plurality 
of tissue-penetrating elements in an individual line remain 
electrically coupled. Electrical conductors will be provided 
within the shaft in order to permit attachment of each line to 
opposite polarity connections on an electroSurgical power 
Supply. When present on different jaws, the lines of tissue 
penetrating elements may be isolated from each other by 
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maintaining appropriate electrical isolation between the 
jaws and/or at either or both ends of the tissue-penetrating 
elements. 

0015 The tissue-penetrating elements may have a wide 
variety of different configurations. Most commonly, they 
will be in the form of a pin or other rod-like tissue 
penetrating electrode, usually having a sharpened distal end 
to facilitate penetration into tissue. Alternatively, an appro 
priate cutting current could be applied to the electrodes in 
order to facilitate tissue penetration while the jaws are being 
closed. Each line of tissue-penetrating elements may contain 
from 3 to 50 individual elements, usually from 6 to 25. The 
elements may extend over a length on the jaw(s) in the range 
from 1 mm to 50 mm, usually from 5 mm to 25 mm, with 
spacing between individual elements being in the range from 
0.25 mm to 5 mm, usually from 0.5 mm to 2 mm. The 
distance between adjacent lines of tissue penetrating ele 
ments will usually be in the range from 0.5 mm to 10 mm, 
usually from 2 mm to 5 mm. The height of the tissue 
penetrating elements (corresponding to the depth of tissue 
penetration) will usually be in the range from 1 mm to 10 
mm, preferably from 2 mm to 5 mm, while the diameter of 
the elements will typically from 0.1 mm to 2 mm, usually 
from 0.5 mm to 1 mm. 

0016. In a more specific aspect of the present invention, 
the bipolar Surgical instrument will comprise a shaft and a 
pair of opposed jaws, as generally described above. A first 
electrode member comprising a first line of tissue-penetrat 
ing elements will be disposed on one of the jaws and a 
Second electrode member comprising a Second line of tissue 
penetrating elements will be disposed on one of the jaws. 
Either electrode members may be on the Same jaw or on 
opposed Surfaces of the two jaws. The first and Second 
electrode members are electrically isolatable and laterally 
Spaced-apart from each other. The bipolar device further 
includes a linkage attaching at least one of the jaws to the 
shaft. The linkage maintains opposed Surfaces of the jaws in 
a generally parallel orientation as the jaws are moved 
between an opened and closed configuration by the linkage. 

0017. The linkage may be a parallelogram movement 
linkage, wherein actuation of the linkage by a clamp trigger 
on a handle attached to the proximal end of the shaft allows 
for parallel opening and closing of the jaws. The lines of 
tissue-penetrating elements will typically project toward the 
opposed jaw and lie parallel to each other as the jaws are 
opened and closed. The lines of tissue-penetrating elements 
(typically in the form of pins, needles, or other Self-pen 
etrating rods) may also be advanceable and retractable 
relative to a Surface of the jaw upon which they are mounted 
by a knob on a handle attached to the proximal end of the 
shaft. Usually the knob will reciprocate the tissue-penetrat 
ing elements in and out of the jaw itself. In addition to 
protecting the tissue-penetrating elements and facilitating 
grasping of tissue (without the tissue-penetrating elements 
interfering when they are in the retracted position), recip 
rocation of the elements has the additional advantage of 
cleaning the tissue-penetrating elements during use. Fre 
quently, charred tissue coagulated blood and/or other debris 
may foul the tissue-penetrating elements reducing their 
ability to effectively deliver high frequency electrical energy 
to the tissue. Reciprocation of the elements within the 
structure of the instrument will tend to shear debris from the 
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Surfaces of the tissue-penetrating elements (electrodes) to 
decrease Surface resistance and impedance. 

0.018. The instrument of the present invention may fur 
ther comprise a cutting blade, knife, or other tissue-cutting 
Structure disposed on one of the jaws. The cutting blade is 
actuatable to cut along a line between the first and Second 
lines of tissue-penetrating elements by a cutting trigger on a 
handle attached to the proximal end of the shaft. In this way, 
the jaws can be clamped on tissue by pulling the clamping 
trigger, the tissue-penetrating elements penetrated into the 
tissue by knob advancement, the tissue treated electroSur 
gically by knob depression, and the tissue then cut between 
the two desiccated tissue regions by pulling the cutting 
trigger. 

0.019 Optionally, either or both of the jaws may be 
perforated or otherwise provided with passages in order to 
permit the release of Steam which is a byproduct of tissue 
heating. A rotational grip may also be attached between the 
proximal end of the Shaft and a handle So as to allow for 
rotation of the shaft and the jaws relative to the handle. The 
rotational grip will usually permit rotation of the shaft and 
jaws up to about 90 in a clockwise and/or counter-clock 
wise direction from a centered position So as to facilitate 
loading and clamping of tissue by the jaws and to further 
minimize or prevent tissue deflection when the jaws are 
closed. A tissue stop may also be attached to one of the jaws 
of the present invention to prevent loading of tissue beyond 
the tissue-penetrating elements So as to ensure that only a 
target tissue region is clamped and treated. 

0020. In a more specific aspect of the method of the 
present invention, tissue is grasped between a first jaw and 
a Second jaw, wherein opposed Surfaces of the jaws are 
maintained in a generally parallel orientation. A first line of 
tissue-penetrating elements on one of the jaws and a Second 
line of tissue-penetrating elements on one of the jaws is 
advanced through a Surface of the jaw upon which they are 
mounted and into the tissue after grasping the tissue between 
the jaws. Clamping the tissue prior to advancing the tissue 
penetrating elements protects the tissue-penetrating ele 
ments, i.e., from bending, and facilitates proper alignment of 
the tissue-penetrating elements into the tissue. The lines of 
tissue-penetrating elements will be parallel to and laterally 
Spaced-apart from each other, generally as described above. 
A high frequency energy is then applied between a first line 
of tissue-penetrating elements on one of the jaws and a 
Second line of tissue-penetrating elements on the same or a 
different jaw after advancing the lines of tissue-penetrating 
elements into the tissue. 

0021. A high frequency energy will preferably be applied 
to the tissue at a level and for a time Sufficient to desiccate 
Substantially all the tissue between the lines without causing 
Substantial damage to other tissue, i.e., tissue outside of the 
lines. AS described in greater detail in co-pending applica 
tion Ser. No. 09/808,096, assigned to the assignee herein, the 
high frequency energy will be applied at a frequency in the 
range from 100 kHz to 2 MHz, preferably from 400 kHz to 
500 kHz. The energy will be applied at a power from 5 W 
to 150 W, preferably from 10 W to 80 W, and for a time less 
than 5 minutes, usually from a range of 10 Seconds to 1 
minute. The power level may be increased at a predeter 
mined rate from 1 W/sec to 100 W/sec, preferably from 1 
W/sec to 10 W/sec. Usually, the high frequency energy will 
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be terminated when an impedance of the tissue is in the 
range from 50 ohms to 1000 ohms, preferably from 250 
ohms to 750 ohms. 

0022. The method of the present invention may further 
comprise rotating the jaws up to about 90 in a clockwise 
and/or counter-clockwise direction from a centered position 
prior to grasping the tissue between the jaws. This facilitates 
loading and clamping of tissue by the jaws and further 
minimizes or prevents any tissue deflection when the jaws 
are closed. Further, the grasping force applied to the tissue 
by the first and second jaws may be limited so that only 
Sufficient force to clamp the tissue is applied. The method 
may also include cutting the tissue along a line between the 
first and Second lines of tissue-penetrating elements after the 
tissue has been Substantially desiccated. It will be appreci 
ated that the tissue is still grasped between the jaws and the 
tissue engaged by the tissue penetrating elements So as to 
facilitate proper alignment of the desiccated tissue during 
cutting. The lines of the tissue-penetrating elements are then 
retracted prior to disengaging the jaws after treatment to 
prevent any tearage of tissue. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIGS. 1A and 1B illustrate use of conventional 
bipolar forceps for coagulating a tubular structure in the 
body. 

0024 FIGS. 2A-2F illustrate a plurality of alternative 
electrode configurations according to the present invention. 
0025 FIG. 3A is a perspective view of a pair of actuable 
jaws carrying two lines of electrically coupled tissue-pen 
etrating elements in accordance with the principles of the 
present invention. 
0026 FIG. 3B is a side, elevational view of the jaws of 
FIG. 1, shown with the jaws closed. 
0027 FIG. 3C is a cross-sectional view taken along line 
3-3 of FIG. 2. 

0028 FIG. 4 is an alternative cross-sectional view of a 
pair of jaws constructed in accordance with the principles of 
the present invention. 
0029 FIG. 5 illustrates a scissors-type actuating mecha 
nism that can be used with the jaws of FIG. 1. 
0030 FIG. 6 illustrates a pair of resiliently-mounted jaws 
that can be opened and closed with a cam Surface, where the 
jaws incorporate tissue-penetrating elements according to 
the principles of the present invention. 
0031 FIG. 7 illustrates an alternative jaw actuating 
mechanism which may be utilized in the devices of the 
present invention. 
0032 FIG. 8 illustrates use of the jaws of FIG. 1 in 
treating tissue according to the method of the present 
invention. 

0033 FIGS. 9A-9F illustrate a plurality of alternative 
reciprocating electrode configurations according to the 
present invention. 
0034 FIGS. 10A-10C illustrate an alternative bipolar 
Surgical instrument constructed in accordance with the prin 
cipals of the present invention and employing reciprocating 
electrode lines. 
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0035 FIG. 11 is an alternative view of the device of 
FIGS. 10A-10C. 

0036 FIGS. 12A and 12B illustrate the relative positions 
of the various electrode structures in the device of FIGS. 
10A-10C. 

0037 FIG. 13 is an exploded view of the device of FIGS. 
10A-10C. 

0038 FIGS. 14A-14C illustrate use of the device of 
FIGS. 10A-10C in applying high frequency electrical energy 
to tissue. 

0.039 FIG. 15 illustrates an exemplary bipolar Surgical 
instrument constructed in accordance with the principals of 
the present invention. 
0040 FIG. 16A illustrates an isolated top to bottom view 
of a pair of actuable jaws of FIG. 15. 
0041 FIG. 16B illustrates an isolated bottom to top view 
of the pair of actuable jaws of FIG. 15. 
0.042 FIG.16C illustrates an isolated view of an exposed 
lower jaw of FIG. 15. 
0043 FIG.16D illustrates an isolated view of an exposed 
lower jaw of FIG. 15 with two lines of tissue-penetrating 
elements in an advanced configuration. 
0044 FIG.16E illustrates an isolated view of an exposed 
lower jaw of FIG. 15 with an advanced cutting blade. 
004.5 FIG.16F illustrates an isolated view of an exposed 
lower jaw of FIG. 15 carrying two lines of tissue-penetrat 
ing elements and a cutting blade. 
0046 FIG. 17 illustrated an exploded view of the pair of 
actuable jaws of FIG. 15. 
0047 FIG. 18A illustrates an exploded view of a handle 
of the device of FIG. 15. 

0048 FIG. 18B illustrates a cross sectional view of the 
handle of the device of FIG. 15. 

0049 FIG. 19 illustrates the electrical connections of the 
device of FIG. 15. 

0050 FIGS. 20A-20D illustrate the use of the device of 
FIG. 15. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0051. According to the present invention, bipolar Surgical 
instruments will include at least two and up to four or more 
laterally spaced-apart electrode members disposed on a pair 
of actuable jaws. By properly positioning the electrode 
members relative to each other, radiofrequency energy 
applied to tissue disposed between the jaws can be focused 
within a well-defined region between the electrode mem 
bers. In contrast to prior art devices and methods, where 
electrodes of opposite polarity are generally engaged against 
directly opposed tissue Surfaces, the present invention will 
position at least one positive electrode and at least one 
negative electrode on and/or into laterally Spaced-apart Sites 
on opposed tissue Surfaces. 
0.052 The electrode members may be configured in a 
wide variety of patterns and designs, Some of which are 
illustrated in FIGS. 2A-2E. Most simply, one jaw 200 may 
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carry a first electrode member 202 which is laterally spaced 
apart from a second electrode member 204, where the 
electrode members are connectable to opposite poles of a 
power Supply. An opposed jaw 206 may be free from 
electrodes of any sort. The jaws 200 and 206 will be 
actuable, as described in more detail hereinafter, So the 
tissue may be grasped between two opposed tissue-engaging 
surfaces 208 and 210. When tissue is grabbed between the 
jaws 200 and 206, current flow will be generally limited to 
between the electrode members 202 and 204. 

0053 While the electrode member configuration of FIG. 
2A is functional, the current flow pattern between the 
electrodes can be improved by having a first electrode 
member 214 on a first jaw 216 and a second electrode 
member 218 on a second jaw 220 as illustrated in FIG. 2B. 
As with the configuration of FIG. 2A, the electrode mem 
bers 214 and 218 of FIG. 2B will generally limit current 
flow So that it does not extend Significantly to tissue outside 
the lateral boundaries of the jaws 216 and 220. By placing 
the electrode members 214 and 218 on opposed jaws, 
enhanced current flow through the tissue may be achieved. 
0054) A further alternative improved configuration of the 
electrode members according to the present invention is 
illustrated in FIG. 2C. First electrode member 230 and 
Second electrode member 232 are each carried on a first jaw 
234, in a manner similar to the embodiment of FIG. 2A. The 
electrode members 230 and 232, however, each include a 
line of tissue-penetrating elements thereon. The electrode 
members 202 and 204 in FIG. 2A are generally linear 
electrodes having a width and length within the ranges Set 
forth above. Such electrodes will form a flat contact or 
interface with the tissue which is engaged between the jaws 
200 and 206. By providing tissue-penetrating elements 236 
and 238, as illustrated in FIG. 2C, two advantages are 
achieved. First, the total electrode area in contact with the 
tissue can be greatly enhanced, typically from two-fold to 
10-fold, or greater. Moreover, by extending the electrode 
“boundaries' into the tissue, the ability to achieve uniform 
current flux within the tissue is improved and the contain 
ment of that current flux within the target region is also 
enhanced. The embodiment of FIG. 2C will include an 
opposed jaw 240 which is free from electrodes. 
0055. A slightly modified configuration for tissue-pen 
etrating elements 242 and 244 is illustrated in FIG. 2D. 
Istead of carrying both lines of tissue-penetrating elements 
242 and 244 on a single jaw, the first line 242 is carried on 
an upper jaw 246 and the Second line 244 is carried on a 
lower jaw 248. The advantages regarding increased elec 
trode area and current flux containment, however, are gen 
erally comparable to those achieved with the embodiment of 
FIG. 2C. 

0056 Yet another alternative for the electrode member 
configuration is illustrated in FIG. 2E. Jaws 250 and 252 
each carry pairs of laterally Spaced-apart members 254, 256, 
258 and 260. The electrode members can be adapted for 
connection to a power Supply So that laterally Spaced-apart 
pairs of electrodes will have opposite polarity when the 
instrument is powered. For example, electrodes 254 and 258 
may have a first polarity while electrodes 256 and 260 may 
have a Second polarity. Alternatively, but leSS preferably, 
electrodes 254 and 260 may have a first polarity while 
electrodes 258 and 256 may have a second polarity. The 
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latter configuration will be generally less effective at con 
taining current flow than the former configuration Since pairs 
of oppositely energized electrodes will directly oppose each 
other when the instrument is engaged against tissue. 
0057 Yet another electrode configuration is illustrated in 
FIG. 2F. There, each jaw 270 and 272 carries a pair of 
electrode members 274,276,278,280. Each of the electrode 
members, in turn, carries a line of tissue-penetrating ele 
ments 282, 284, 286, 288. The tissue-penetrating elements 
are arranged So that their distal tips will engage each other 
when the jaws 270 and 272 are closed together. Opposed 
pairs of electrode members 274/278 and 276/280 will have 
the same polarity, i.e., the laterally Spaced-apart pairs will be 
of opposite polarity. In many ways, the operation of the 
embodiment of FIG. 2F will be the same as that of both 
FIG. 2C and FIG. 2D. The embodiment of FIG. 2F may 
also be modified by axially spacing apart the opposed 
penetrating elements 282/286 and 284/288 so that the ele 
ments penetrate fully to the opposed jaw 270 or 272. A 
variety of other electrode modifications will also be possible 
within the Scope and Spirit of the present invention. 
0.058 Referring now to FIGS. 3A-3C, a first pair of jaws 
10 and 12 which may be utilized for grasping tissue and 
applying high frequency energy according to the methods of 
the present invention will be described. The jaws 10 and 12 
will be actuable or reciprocatable in a manner conventional 
for forceps, graspers, and other similar types of medical 
devices. Specific shaft designs which provide for Such 
actuation will be described hereinafter in connection with 
FIGS. 5-7. 

0059 A first line 20 comprising seven tissue-penetrating 
pins 22 is disposed on one side of the lower jaw 10 and a 
Second line 30 of tissue-penetrating pins 32 is disposed on 
the other side of the lower jaw. The first line 20 of pins 22 
is electrically coupled by an electrically conductive Strip 24 
into which the pins are attached. Similarly, a Second elec 
trically conductive strip 34 is disposed on the other side of 
the jaw and electrically couples the second line 30 of pins 
32. Each of the electrically conductive strips 24 and 32 will 
be attached to conductors (not shown) which extend proxi 
mally down the shaft of the device and which provide for 
electrical attachment of the lines 20 and 30 to a conventional 
electroSurgical power Supply. 

0060. The electrically conductive strips 24 and 34 will be 
electrically isolated from each other. For example, the Strips 
24 and 34 may be imbedded in an insulating material, Such 
as a ceramic, plastic, or the like. Alternatively, an insulating 
layer may be formed around the Strips 24 So that they are 
electrically isolated from the lower jaw 10. The upper jaw 12 
may also be formed from a ceramic or other electrically 
insulating material to assure that the pins 22 and 32 are not 
shorted by contact with the upper jaw. The pins 22 and 32 
and strips 24 and 34 will be formed from an electrically 
conductive material, typically a metal Such as Stainless Steel, 
gold, Silver, or the like. The dimensions, number, Spacing, 
and other characteristics of the pins 22 and 32 will be within 
the ranges set forth above. While shown in a straight line, the 
pins 22 and 32 could also be arranged in the other patterns 
set forth above. 

0061 The embodiment of FIGS. 3A-3C shows both lines 
20 and 30 of tissue-penetrating elements 22 and 32 being 
connected to the same jaw. The present invention would also 

Jul. 3, 2003 

cover embodiments where the lines of tissue-penetrating 
elements are connected to opposite jaws, as shown in FIG. 
4. There, a first line of pins 40 are mounted within a 
conductive strip 44 in a lower jaw 46, while a second line of 
tissue-penetrating elements 50 are mounted in an electrically 
conductive strip 54 in an upper jaw 56. The individual 
tissue-penetrating elements 40 and 50 are thus coupled to 
each other within each line, but the two lines are electrically 
isolated, So that the result is a pair of electrically isolated 
lines of tissue-penetrating elements, as with the first embodi 
ment. 

0062) Referring now to FIGS. 5-7, the present invention 
can rely on Virtually any jaw-actuating mechanism of a type 
utilized in medical devices. For example, the mechanism can 
be a simple scissors mechanism, as shown in FIG. 5, where 
the jaws 10 and 12 are pivotally connected to actuating 
levers 60 and 62. The mechanism may alternatively com 
prise camming mechanisms, linear/pivot actuators, or the 
like. Opening and closing of the levers 60 and 62 will open 
and close the jaws in a conventional manner. 
0063 Jaws 10' and 12" can also be mounted within a 
hollow tube 70 having cam surfaces 72 formed at its distal 
end. The jaws 10' and 12" are resiliently mounted on a rod 
74 so that the jaws may be axially translated relative to the 
cam Surfaces 72 to open the jaws (as shown in full line) and 
close the jaws (as shown in broken line) in FIG. 6. 
0064. As a third common alternative, jaws 10" and 12" 
may be formed at the distal end of a tubular actuator 80. The 
jaw 10" which is free from tissue-penetrating elements is 
integrally formed at the end of the tube 80. The moveable 
jaw 10" having the tissue-penetrating elements is pivotally 
attached and is actuated by a rod 74 or cable 82 extending 
to a proximal end of the device (not shown). 
0065. The assemblies of FIGS. 6 and 7 may be manually 
operated by conventional proximal assemblies (not shown), 
Such as three-ring actuators, pistol grips, or any other 
actuator which permits linear movement of the rod 74 or 
cable 82. The devices of FIGS. 6 and 7 would be particu 
larly useful for laparoscopic, thoracoscopic, arthroscopic, or 
other procedures where they are to be introduced through 
narrow diameter cannulas, typically having Shaft diameters 
below 12 mm, more typically below 10 mm, and sometimes 
5 mm or Smaller. 

0.066 Referring now to FIG. 8, use of the jaws 10 and 12 
of FIGS. 1-3 for treating tissue T is illustrated. The jaws 10 
and 12 are actuated to grasp a tissue structure, Such as an 
artery, vein, fallopian tube, ligament, or other tubular or 
elongate Structure therebetween. The tissue-penetrating ele 
ments 22 and 32 pierce and penetrate into the tissue T to 
create a region R therebetween. The electrically conductive 
strips 24 and 34 are attached to an external power Supply PS 
So that they may be energized with opposite polarities. 
Suitable power Supplies are available from commercial 
Suppliers, Such as Valleylab, Aspen, and Bovie. The power 
Supplies may operate with conventional sinusoidal or non 
Sinusoidal wave forms and may operate at fixed or con 
trolled power levels, where Voltage, current, or both may be 
Selected. When energized at the power levels, frequencies, 
and durations described above, the tissue region R between 
the lines of penetrating elements 22 and 32 will receive a 
high flux of energy, causing heating, coagulation, and 
optionally necrosis of the tissue. Heating of the adjacent 
tissueS outside of this region R is minimal. 
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0067 Referring now to FIGS. 9A-9F further electrode 
configurations will be described. In particular, at least Some 
of the electrode Structures may include or consist of a line of 
tissue-penetrating elements, usually in combination with 
non-penetrating Surface electrodes. Preferably, a pair of 
laterally spaced-apart elongate Surface (non-penetrating) 
electrodes 100 and 102 will be disposed on opposite sides of 
a line of reciprocating tissue-penetrating elements 104, as 
illustrated in FIG. 9A. FIG. 9A is a cross-sectional view 
where only a Single tissue-penetrating element is illustrated. 
It will be appreciated that a plurality of elements are formed 
in a line down the length of jaw 106. Similarly, the elongate 
electrodes 100 and 102 extend along the length of the jaw. 
An upper jaw 108 is provided to permit tissue clamping, and 
a channel 110 is formed in the upper jaw to accommodate 
penetration of the elements 104, as shown in broken line. 
FIG. 9B illustrates an instrument similar to that shown in 
FIG. 9A, except that there are two lines 104a and 104b of 
tissue-penetrating elements positioned between the elongate 
surface electrodes 100 and 102. The configuration of the 
instrument shown in FIG. 9C is also similar to that of FIG. 
9A, except that the elongate surface electrodes 100a and 
100b have been moved to the upper jaw structure 108. FIG. 
9 illustrates yet another configuration where a first elongate 
surface electrode 100a is on the upper jaw structure 108 and 
a Second elongate Surface electrode 102 is on the lower jaw 
Structure 106. FIGS. 9E and 9F illustrate instrument con 
figurations having a pair of tissue-penetrating element lines. 
In FIG. 9E, the lines 104a and 104b are disposed in the 
lower jaw structure 106, while the elongate surface elec 
trodes 100a and 100b are in the upper jaw structure 108. 
FIG. 9F illustrates a configuration where a first elongate 
surface electrode and a second line 104b of tissue-penetrat 
ing elements are in the lower jaw structure 106 while a 
second elongate surface electrode 100b and a first line 104c 
of tissue-penetrating elements are in the upper jaw Structure 
108. 

0068 AS can be seen from above, the relative positions of 
reciprocating (and non-reciprocating) tissue-penetrating ele 
ments and elongate Surface electrodes (non-penetrating elec 
trodes) can vary widely. In addition, the numbers of ele 
ments provided on any Surgical instrument can also vary. At 
a minimum, there will be at least one line of tissue 
penetrating elements and one other electrode Structure, 
either tissue penetrating or tissue non-penetrating. The two 
electrode Structures will be elongate, i.e., will have a mini 
mum length dimension of at least 1 mm, more usually being 
in the range from 5 mm to 25 mm. In the illustrated 
embodiments, the electrode Structures are shown as being 
generally linear. Other configurations will also be possible, 
Such as concentric, non-linear, Serpentine, or the like. The 
lateral distance between parallel electrode lines, however, 
will generally remain constant, typically being in the range 
from 0.5 mm to 10 mm, more usually from 1 mm to 5 mm. 
The dimensions of the tissue-penetrating elements have been 
Set forth above. The elongate Surface electrodes will typi 
cally have widths in the range from 0.1 mm to 5 mm, 
preferably from 0.5 mm to 3 mm. While the surface elec 
trodes are illustrated as being flat, it is also possible that they 
would have irregular Surfaces, possibly to improve electrical 
contact. The Surface irregularities, however, should be Such 
that there is little or no tissue penetration Since it is a purpose 
of the outer Surface electrode Structures to Seal the edges of 
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the tissue being treated and to avoid possible bleeding which 
could be caused by the introduction of the tissue-penetrating 
elements. 

0069. Referring now to FIGS. 10A-10C, 11, 12A, 12B, 
and 13, a bipolar Surgical instrument 200 having an arrange 
ment of surface electrodes 202 and 204 and tissue-penetrat 
ing electrodes and lines 206 and 208 of tissue-penetrating 
electrodes, is illustrated. In lines 206 and 208 of tissue 
penetrating electrodes are mounted in an electrically con 
ductive insert 210 (FIG. 13) which in turn is mounted in a 
cavity 212 in instrument housing 214. The insert 210 is free 
to reciprocate within the cavity 212 and is mounted on a rod 
220 having a knob. 222 and a pair of pins 224. The rod 220 
is received in a channel 230 in the bottom of insert 210, and 
the pins 224 extend outwardly through a pair of inclined 
slots 232 in the insert and then through slots 234 in the side 
of the housing 214. In this way, axial movement of the rod 
220 (caused by pulling or pushing on the knob. 222) can 
cause the insert 210 to rise or lower within the cavity 212. 
In turn, this causes the tissue-penetrating electrodes 206 and 
208 to reciprocate between a lowered configuration (FIG. 
10A) and a raised configuration (FIG. 10B). 
0070 The elongate surface electrodes 202 and 204 are 
received in an electrically insulating plate 240 which is 
mounted over the cavity 212 in housing 214. The plate 240 
has a pair of slots 242 and 244 for receiving the electrodes 
202 and 204, respectively. Additionally, plate 240 has a 
plurality of holes 246 along the lines spaced inwardly from 
the slots 242 and 244, respectively. Additionally, a channel 
248 is formed along the center line of the plate 240 to receive 
a cutting blade 250, as best seen in FIG. 10C. 
0071. The housing 214 forms a lower jaw structure and a 
hinged lever assembly 260 forms the upper jaw structure. 
The lever 260 includes a cover section 262 and a lever arm 
Section 264. A center or fulcrum section 266 is secured 
between brackets 270 formed on the top of housing 214. In 
this way, the cover Section 262 can be moved between an 
open configuration (FIG. 10A) and a closed configuration 
(FIGS. 14B and 14C) by lifting and lowering the lever arm 
Section 264. The bottom of the cover section 262 is best 
illustrated in FIG. 11. The bottom includes a pair of top 
Surface electrodes 280 and 282, a relief channel 284 for 
receiving the cutting blade 250, and relief holes 286 for 
receiving the upper tips of the tissue-penetrating electrodes 
when they are raised. 
0072 The cutting blade 250 is formed at a forward end of 
an elongate blade structure 252 having a pair of knobs 254 
at its opposite or proximal end. The body portion 252 of the 
blade is received in a slot 258 in a handle portion 15 of the 
housing 14. The knobs extend on a connecting shaft out 
through a slot 17 in the handle 15. Thus, the blade can be 
advanced and retracted axially by moving the knob 254 from 
a retracted configuration (FIGS. 10A and 10B) to an 
advanced configuration (FIG. 10C). The knob is disposed in 
the channel 248 so that it will pass and cut through tissue 
which has been previously necrosed by applying high fre 
quency energy through the electrode Structures, as described 
below. 

0073) Referring now to FIGS. 12A and 12B, the inter 
relationship of the various electrode Structures and instru 
ment 200 will be described. Initially, the cover 262 will be 
open and the tissue-penetrating electrodes 206 and 208 
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retracted into the housing 14, as shown in FIG. 12A. After 
positioning a target tissue Structure between the open cover 
262 and plate 240 of the housing 14 (as shown in FIG. 14A), 
the cover can be closed capturing the tissue (as shown in 
FIGS. 12B and 14B). The tissue-penetrating electrodes are 
then raised by pulling knob. 222 (FIGS. 12B and 14C), 
causing the electrodes 206 and 208 to penetrate the tissue. 
Surface electrodes 202, 204, 280, and 282 in contrast, will 
compress on opposite Sides of the tissue, but will not 
penetrate into the tissue. Radiofrequency or other high 
frequency electrical energy will then be applied to the tissue, 
with the Surface electrodes being attached to one pole of a 
Suitable power Supply and the tissue-penetrating electrodes 
being attached to the other pole. The electrical field will thus 
be concentrated between an Outermost pair of Surface elec 
trodes (202/280 or 204/282) and the adjacent tissue-pen 
etrating electrode (206 or 208). The tissue may be fully 
necrosed with all the advantages of the use of a tissue 
penetrating electrode as described above. After adequate 
necrosis is achieved, the blade 252 can be advanced to cut 
through the parallel Segments of necrosed tissue which have 
been formed. 

0074) Referring now to FIGS. 15, 16A-16F, 17, 18A, 
18B, 19, 20A-20D, an exemplary bipolar surgical instru 
ment 300 having a pair of opposed jaws 302, a handle 352, 
and a shaft 306 therebetween, is illustrated. The pair of 
opposed jaws 302 include an arrangement of Surface elec 
trodes 304 and 310, as shown in FIGS. 16A and 16B 
respectively, and lines 313 and 314 of tissue-penetrating 
electrodes, as shown in FIG. 16D. Lines 313 and 314 of 
tissue-penetrating electrodes are mounted by an electrically 
conductive spacer 316 in a cavity 303b of an electrically 
insulating lower jaw 303 (FIG. 17). The tissue-penetrating 
elements 313 and 314 are free to reciprocate within the 
cavity 303b and are connected to a lifer 312 that may be 
actuated by knobs 348 on the handle 352. The knobs 348 are 
movable along slots 352a which causes link toggles 340 and 
341 to move an intermediate link 342, as best seen in FIG. 
18A. These links move a lifter coupler 339 forward or 
backward which in turn advances or retracts the lifter 312. 
Inclined slots 312a in a distal end of the lifter 312 cause 
tissue-penetrating electrodes 313 and 314 to reciprocate 
between a retracted or lowered configuration (FIG. 16C) 
and an advanced or raised configuration (FIG. 16D). An 
interlock 324a on a drive cage 324 prevents the link toggle 
340 and thereby the knobs 348 from moving until the jaws 
302 have been clamped. As described above, clamping the 
tissue beforehand protects the tissue-penetrating electrodes 
313 and 314, i.e., from bending, and facilitates proper 
alignment of the tissue-penetrating electrodes 313 and 314 
into the tissue. Once the jaws 302 have been clamped and the 
tissue-penetrating elements 313 and 314 advanced via 
downward advancement of the knob 348 along slot 352a, a 
micro Switch 390 may be activated by depression of the 
lowered knob 348. The micro switch 390 connects a signal 
wire 356s with a black wire 356b, which in turn begins the 
energy application cycle, as depicted in FIG. 19. The Signal 
wire 356s, the black wire 356b, and a red wire 356r may be 
partially covered by a sheath 356. 
0075. The elongate surface electrodes 304 are mounted in 
the electrically insulating lower jaw 303 which is mounted 
inside the shaft 306, as shown in FIG. 16C. The lower jaw 
303 has a radius 303a along its outside edge to minimize 
unnecessary tissue trauma. Additionally, the lower jaw 303 
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has a plurality of holes 303c along the lines 313 and 314, and 
spaced inwardly from the elongate surface electrodes 304. A 
channel 303d may be formed along a center line of the lower 
jaw 303 for receiving a cutting blade 318a. A tissue stop 
305a may additionally be formed at an end of a main guide 
305 to prevent loading of tissue beyond the tissue-penetrat 
ing elements 313 and 314 and to ensure that the cutting blade 
3.18a is protected when it is fully retracted. The main guide 
305 may have a channel 305c to provide clearance for the 
wires 356b and 356r to run to the Surface electrodes 304 and 
310 and the tissue-penetrating electrodes 313 and 314. The 
main guide 305 may also have a slot 305b to receive the 
cutting blade 318a and cover plates 353. 

0076) The jaws 302 have a lower jaw structure formed 
from the shaft 306 and the lower jaw 303, as described 
above, and an upper jaw Structure formed from an upper jaw 
301 with a four bar linkage. The upper jaw structure includes 
a sheath 317 surrounding the molded upper jaw 301, 
wherein the upper jaw 301 and sheath 317 may have a 
perforation 317a, channel, outlet, slot, opening, or the like to 
permit release of Steam during use. A bottom view of the 
upper jaw 301 is best illustrated in FIG. 16B. The upper jaw 
301 includes a pair of Surface electrodes 310, a relief 
channel 301b for receiving the cutting blade 318a, and relief 
holes 301 a for receiving upper tips of the tissue-penetrating 
electrodes 313 and 314 when they are in a completely 
advanced position. 

0077. The upper jaw 301 is actuated by a mechanism 
made up of links 307 and 308 (FIG. 17). The links 307 and 
308 are sized such that a clamping force is preferentially 
biased toward a tip of the device to help maintain parallelism 
and minimize tip deflection. Links 307 may have tissue stops 
307 a to further ensure that tissue is not loaded beyond the 
tissue-penetrating elements 313 and 314. The links 307 and 
308 are actuated by a pusher 311 which in turn is controlled 
by a drive bushing 326 (FIG. 18A). The bushing 326 is 
actuated by the drive cage 324 which contains a constrained 
spring 380 within the cage cover 328. The constrained 
spring 380 via clip 370 constrains a driving spool 325 so as 
to limit a force that can be applied to the pusher 311. This 
in turn limits a grasping force applied to the tissue by the 
upper jaw 301 so that only a sufficient force to clamp the 
tissue is applied. The drive cage 324 is connected to a clamp 
trigger 321 which is clamped by a user and unclamped by a 
spring 362 (FIGS. 18A and 18B). The clamp trigger 321 has 
a means of latching and unlatching without Secondary 
operation by the user by the use of a latch link322 riding in 
a complex groove in a latch bracket 351. In this way, the 
jaws 302 can be moved between an open configuration 
(FIG. 20A) and a closed configuration (FIG. 20B). 
0078 A Rotational grip 330 is attached between the 
proximal end of the shaft 306 and the handle 352. The 
rotational grip allows for the shaft 306 and the jaws 302 to 
be rotated relative to the handle 352, up to about 90 in a 
clockwise and/or counter-clockwise direction. This facili 
tates loading and clamping of the tissue by the jaws 302 and 
further minimizes or prevents any tissue deflection when the 
jaws 302 are closed. Cover plates 329 engage a vertical 
groove 306a on the shaft 306 to ensure that the handle 352 
is secured to the shaft 306. 

007.9 The cutting blade 318a is formed at a forward end 
of an elongate blade structure 318, as shown in FIGS. 16E 
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and 16F. The elongate blade structure 318 having a spring 
382 at its is proximal end is coupleable to a Secondary 
cutting rack 333 via a coupler 331 (FIG. 18A). The cutting 
rack 333 is driven by a spur gear 335 which in turn is driven 
by a primary cutting rack 334. The primary cutting rack 334 
is driven by a blade trigger 323 which is returned by a spring 
336. Interlock links 337 and 338 ensure that the tissue 
penetrating elements 313 and 314 are actuated prior to 
actuation of the cutting blade 318a. In this way, the tissue 
penetrating elements 313 and 314 can facilitate proper 
alignment of the tissue during cutting. The elongate blade 
structure 318 is received in a slot 305b in the main guide 
305, as well as in channel 303d of the lower jaw 303 and 
channel 301b of the upper jaw 301. Thus, the blade can be 
advanced (FIGS. 16E and 16F) and retracted (FIG. 16A) 
by axially moving the blade trigger 323. The cutting blade 
3.18a is disposed in channels 303d and 301b so that it will 
pass and cut through the tissue which has been previously 
desiccated by applying high frequency energy through the 
electrode structures 304,310,313, and 314. 
0080 Referring now to FIGS. 20A-20D, operation of the 
device of FIG. 15 will be described. The jaws 302 will 
initially be open and the tissue penetrating electrodes 313 
and 314 will be retracted into the lower jaw 303, as shown 
in FIG. 20A. After positioning a target tissue structure 
between the jaws 302, the jaws can be closed capturing the 
tissue by full actuation of the clamp trigger 321, as shown 
in FIG. 20B. The tissue-penetrating elements are then 
advanced relative to the lower jaw 303 by advancing the 
knob 348 downward along slot 352a, as shown in FIG.20C, 
causing the electrodes 313 and 314 to penetrate the tissue. 
Radiofrequency or other high frequency energy will then be 
applied to the tissue by depression of the knob 348. The 
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tissue may be fully desiccated with all the advantages of the 
use of tissue-penetrating electrodes as described above. 
After adequate desiccation is achieved, the blade 318a can 
be advanced to cut thought the parallel Segments of desic 
cated tissue by pulling down on the cutting trigger 323, as 
shown in FIG. 2.0D. 

0081. While the above is a complete description of the 
preferred embodiments of the invention, various alterna 
tives, modifications, and equivalents may be used. There 
fore, the above description should not be taken as limiting 
the scope of the invention which is defined by the appended 
claims. 

What is claimed is: 
1. A bipolar Surgical instrument comprising: 
a shaft having a proximal end and a distal end; 
a pair of opposed jaws at the distal end of the shaft; 
a first electrode member comprising a first line of tissue 

penetrating elements on one of the jaws, 
a Second electrode member comprising a Second line of 

tissue-penetrating elements on one of the jaws, wherein 
the first and Second electrode members are electrically 
isolated and laterally Spaced-apart from each other; and 

a linkage attaching at least one of the jaws to the Shaft, 
wherein the linkage maintains opposed Surfaces of the 
jaws in a generally parallel orientation as the jaws are 
moved between an opened and closed configuration by 
the linkage. 


