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(57) ABSTRACT 

Various embodiments provide an electroSurgical instrument 
with a disposable electroSurgical cartridge. In one embodi 
ment, the cartridge has first and second energy-delivery Sur 
faces that carry first and second opposing polarity conductors 
coupled to a Voltage source, together with first and second 
temperature-responsive variable impedance bodies exposed 
partly in the respective-delivery surfaces. The cartridge fur 
ther carries a slidable blade member. The temperature-re 
sponsive variable impedance bodies are coupled to the volt 
age source by series and parallel circuitry. In use, the variable 
impedance bodies are adapted to modulate current flow and 
ohmic heating in engaged tissue by providing controlled cur 
rent paths in the tissue and through the variable impedance 
bodies as the temperature-responsive bodies sense the tem 
perature of adjacent engaged tissue. The engagement Surfaces 
are capable of highly localized modulation of Rf energy 
application to engaged tissue to provide high and low tem 
peratures, Voltage and current in the tissue to create high 
strength welds. 
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ELECTROSURGICAL INSTRUMENT WITH 
REPLACEABLE CARTRIDGE 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. The present application is a continuation of U.S. 
patent application Ser. No. 11/038,930, filed Jan. 18, 2005, 
which claims the benefit of priority of U.S. Provisional Appli 
cation Ser. No. 60/537,085, filed on Jan. 16, 2004, the full 
disclosure of which is incorporated herein by reference. This 
application is also related to co-pending U.S. patent applica 
tion Ser. No. 10/351,449 filed Jan. 22, 2003 titled Electrosur 
gical Instrument and Method of Use, now U.S. Pat. No. 7,112, 
201 granted Sep. 26, 2006 and U.S. patent application Ser. 
No. 10/443,974, filed May 22, 2003 titled Electrosurgical 
Working End with Replaceable Cartridges, now U.S. Pat. No. 
7,041,102 granted May 9, 2006, both of which are fully 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

0002 Embodiments of the invention relate to medical 
devices and methods and more particularly relates to a unitary 
replaceable cartridge assembly for an electroSurgical forceps, 
the cartridge assembly carrying electroSurgical energy-deliv 
ery means together with a slidable cutting blade. 
0003. In the prior art, various energy sources such as 
radiofrequency (Rf) sources, ultrasound sources and lasers 
have been developed to coagulate, seal or join together tissues 
Volumes in open and laparoscopic Surgeries. One Surgical 
application relates to sealing blood vessels which contain 
considerable fluid pressure therein. In general, no instrument 
working ends using any energy source have proven reliable in 
creating a “tissue weld” or “tissue fusion” that has very high 
strength immediately post-treatment. For this reason, the 
commercially available instruments, typically powered by Rf 
or ultrasound, are mostly limited to use in sealing Small blood 
vessels and tissues masses with microvasculature therein. The 
prior art Rf devices also fail to provide seals with substantial 
strength in anatomic structures having walls with irregular or 
thick fibrous content, in bundles of disparate anatomic struc 
tures, in Substantially thick anatomic structures, or in tissues 
with thick fascia layers (e.g., large diameter blood vessels). 
0004. The effect of RF waves was first reported by 
d’Arsonval in 1891. (see d’Arsonval, M.A., Action physi 
ologique des courants alternatifs: CR Soc Biol. 1891; 
43:283-286). He described heating of tissue when the RF 
waves pass through living tissue. This led to the development 
of medical diathermy. The physical principles of tissue inter 
action with Rf waves was first described by Organ, who 
demonstrated that alternating current causes agitation of ions 
in the living tissue that results in frictional heat and thermal 
effects (see Organ, L. W. Electrophysiologic principles of 
radiofrequency lesion making. Appl Neurophysiol. 1976: 
39:69-76). A typical Rf system consists of a very high fre 
quency (200 to 1200 KHZ) alternating current generator, an 
Rf monopolar electrode and ground pad (a large dispersive 
electrode) or a bi-polar electrode arrangement, with the elec 
trodes and targeted tissue all connected in series. In Such a 
circuit, Rfcurrent enters through both the electrodes with the 
engaged tissue functioning as a resistor component. As the Rf 
current alternates in directions at high frequency, tissue ions 
that are attempting to follow the direction of the current are 
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agitated. Due to natural high resistivity in the living tissue, 
ionic agitation produces frictional heat between bi-polar elec 
trodes in a working end. In a mono-polar electrode, because 
the grounding pad has a very large surface area, the electrical 
resistance is low at the ground pad and hence the ionic fric 
tional heat is concentrated at mono-polar electrode. 
0005 Thus, the application of electromagnetic energy 
from Rfcurrent produces thermal effects, the extent of which 
are dependent on temperature and Rf application duration. At 
a targeted temperature range between about 70° C. and 90° 
C., there occurs heat-induced denaturation of proteins. At any 
temperature above about 100° C., the tissue will vaporize and 
tissue carbonization can result. 
0006. In a basic jaw structure with a bi-polar electrode 
arrangement, each face of opposing first and second jaws 
comprises an electrode and Rfcurrent flows across the cap 
tured tissue between the opposing polarity electrodes. Such 
prior art Rfjaws that engage opposing sides of tissue typically 
cannot cause uniform thermal effects in the tissue—whether 
the captured tissue is thin or substantially thick. As Rf energy 
density in tissue increases, the tissue Surface becomes desic 
cated and resistant to additional ohmic heating. Localized 
tissue desiccation and charring can occur almost instantly as 
tissue impedance rises, which then can result in a non-uni 
form seal in the tissue. The typical prior art Rfjaws can cause 
further undesirable effects by propagatingRf density laterally 
from the engaged tissue thus causing unwanted collateral 
thermal damage. 
0007. The commercially available Rf sealing instruments 
typically adopt a "power adjustment approach to attempt to 
control Rf flux in tissue wherein a system controller rapidly 
adjusts the level of total power delivered to the jaws elec 
trodes in response to feedback circuitry coupled to the elec 
trodes that measures tissue impedance or electrode tempera 
ture. Another approach used in the prior art consists of jaws 
designs that provide spaced apart of offset electrodes wherein 
the opposing polarity electrode portions are spaced apart by 
an insulator material—which may cause current to flow 
within an extended path through captured tissue rather that 
simply between opposing electrode Surfaces of the first and 
second jaws. ElectroSurgical grasping instruments having 
jaws with electrically-isolated electrode arrangements in 
cooperating jaws faces were proposed by Yates et al. in U.S. 
Pat. Nos. 5,403,312:5,735,848 and 5,833,690. In general, the 
prior art instruments cannot reliably create high strength seals 
in larger arteries and Veins. 

BRIEF SUMMARY OF THE INVENTION 

0008 Various embodiments of the invention provide elec 
troSurgical instrument systems assemblies and methods that 
utilize a novel means for modulating Rifenergy application to 
biological tissue to create high strength thermally welds or 
seals in targeted tissues. In some embodiments, the system is 
configured to allow for a "one-step’ welding-transecting pro 
cedure wherein the Surgeon can contemporaneously (i) 
engage tissue within ajaw structure (ii) apply Rifenergy to the 
tissue, and (iii) transect the tissue. Particular embodiments 
also provide systems and methods for Rf welding of tissue 
with a reduction or elimination of arcing and tissue desicca 
tion. 
0009 Various embodiments also provide a jaw structure 
that can engage and weld tissue bundles, defined herein as 
bundles of disparate tissue types (e.g., fat, blood vessels, 
fascia, etc.). For the welding of tissue bundles, it is desirable 
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that the jaw Surfaces apply differential energy levels to each 
different tissue type simultaneously Accordingly, embodi 
ments of the invention provide an electroSurgical system that 
is configured to apply differential energy levels across the 
jaws engagement surfaces with 'smart” materials without the 
need for complex feedback circuitry coupled to thermo 
couples or other sensors in the jaw structure. These and 
related embodiments allow for contemporaneously modula 
tion of energy densities across the various types of in the 
tissue bundle according to the impedance of each engaged 
tissue type and region. 
0010. In order to create the most effective “weld' in tissue, 

it is desirable that the targeted volume of tissue be uniformly 
elevated to the temperature needed to denature proteins 
therein. To create a “weld' in tissue, collagen and other pro 
tein molecules within an engaged tissue Volume are desirably 
denatured by breaking the inter- and intra-molecular hydro 
gen bonds—followed by re-crosslinking on thermal relax 
ation to create a fused-together tissue mass. It can be easily 
understood that ohmic heating in tissue—if not uniform—can 
at best create localized spots of truly “welded tissue. Such a 
non-uniformly denatured tissue volume still is “coagulated 
and will prevent blood flow in small vasculature that contains 
little pressure. However, such non-uniformly denatured tis 
Sue will not create a seal with significant strength, for 
example in 2 mm. to 10 mm. arteries that contain high pres 
SUCS. 

0011 Various embodiments of systems and methods of 
the invention relate to creating thermal “welds” or “fusion” 
within native tissue volumes. The alternative terms of tissue 
“welding and tissue “fusion” are used interchangeably 
herein to describe thermal treatments of a targeted tissue 
volume that result in a substantially uniform fused-together 
tissue mass, for example in welding blood vessels that exhibit 
Substantial burst strength immediately post-treatment. The 
strength of Such welds is particularly useful (i) for perma 
nently sealing blood vessels in vessel transection procedures, 
(ii) for welding organ margins in resection procedures, (iii) 
for welding other anatomic ducts wherein permanent closure 
is required, and also (iv) for vessel anastomosis, Vessel clo 
Sure or other procedures that join together anatomic struc 
tures or portions thereof. The welding or fusion of tissue as 
disclosed herein is to be distinguished from “coagulation'. 
"sealing”, “hemostasis' and other similar descriptive terms 
that generally relate to the collapse and occlusion of blood 
flow within small blood vessels or vascularized tissue. For 
example, any Surface application of thermal energy can cause 
coagulation or hemostasis—but does not fall into the category 
of “welding as the term is used herein. Such surface coagul 
lation does not create a weld that provides any substantial 
strength in the affected tissue. 
0012. At the molecular level, the phenomena of truly 
“welding tissue as disclosed herein may not be fully under 
stood. However, the authors have identified the parameters at 
which tissue welding can be accomplished. An effective 
“weld' as disclosed herein results from the thermally-in 
duced denaturation of collagen, elastin and other protein mol 
ecules in a targeted tissue Volume to create a transient liquid 
or gel-like proteinaceous amalgam. A selected energy density 
is provided in the targeted tissue to cause hydrothermal break 
down of intra- and intermolecular hydrogen crosslinks in 
collagen and other proteins. The denatured amalgam is main 
tained at a selected level of hydration—without desiccation— 
for a selected time interval which can be very brief The 
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targeted tissue Volume is maintained under a selected very 
high level of mechanical compression to insure that the 
unwound strands of the denatured proteins are in close proX 
imity to allow their intertwining and entanglement. Upon 
thermal relaxation, the intermixed amalgam results in "pro 
tein entanglement as re-crosslinking or renaturation occurs 
to thereby cause a uniform fused-together mass. 
0013 Various embodiments of the invention provide an 
electroSurgical jaw structure comprising first and second 
opposing jaws that carry variable impedance bodies for per 
forming one or more of the following functions: i) modulating 
Rf energy delivery to engaged tissue; ii) modulating energy 
densities in the engaged tissues; iii) controlling ohmic heating 
in the engaged tissue. In one embodiment the invention pro 
vides and electroSurgical jaws that use first and second 
energy-delivery jaw Surfaces coupled in series to an Rf source 
that utilize first and second variable impedance bodies in the 
jaw surfaces for controlling electroSurgical energy param 
eters such as Voltage and current within engaged tissue. The 
electroSurgical jaws also use first and second variable imped 
ance bodies that define different temperature-impedance 
curves for controlling ohmic heating of tissue. 
0014. Many embodiment also provide assemblies for use 
with various electroSurgical instruments such as forceps, Scis 
sors and other Surgical instruments known in the art. One 
embodiment provides a removable assembly for use with 
electroSurgical forceps having a pair of opposing jaw por 
tions. The assembly comprises a housing and a pair of elec 
troSurgical energy-delivery elements coupled to the housing. 
The energy-delivery elements have opposing tissue-engage 
ment Surfaces that are removably engageable with the pair of 
opposing jaw portions so as to provide tissue-engagement 
Surfaces in opposing relation to one another. The housing 
otherwise includes a slidable blade member for slidable 
actuation relative to the energy delivery elements. One or both 
of the energy delivery elements can be coupled to the housing 
using a flexible structure or coupling. Also, the blade member 
itself can be flexible and can include proximally or distally 
facing sharp edges. At least one of the energy delivery ele 
ments can include a connector for electrically coupling the 
element to a Voltage source Such as a radio frequency (Rf) 
Voltage source. 
0015. At least one or both energy-delivery elements can 
have an engagement Surface carrying an electrode for ohm 
icly heating engaged tissue. The engagement Surface can also 
carry a temperature-responsive variable resistive body along 
with one or two electrodes which can be opposing polarity 
electrodes. In the latter configuration, the variable resistive 
body can be positioned intermediate the opposing polarity 
electrodes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a perspective view of an exemplary surgi 
cal instrument with a jaw structure carrying variable imped 
ance matrix bodies for tissue welding corresponding to the 
invention, the matrix bodies coupled to an Rf source via series 
and parallel circuits for modulating ohmic heating in engaged 
tissue. 
0017 FIG. 2 is a graphic representation of opposing jaws 
engaging a tissue bundle comprising large blood vessels, fatty 
tissue and small blood vessels embedded in the fat. 
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0018 FIG. 3 is a schematic sectional view of the jaw 
structure of FIG. 1 taken along line 3-3 of FIG. 1 showing the 
variable impedance matrices in each jaw together with the 
series and parallel circuits. 
0019 FIG. 4A is a diagram of the temperature-impedance 
curves of exemplary variable impedance matrix bodies as in 
FIG. 3. 
0020 FIG. 4B is a diagram similar to that of FIG. 4A 
illustrating alternative temperature-impedance curves of vari 
able impedance matrix bodies. 
0021 FIG. 5 is a block diagram of the series and parallel 
electrical circuit components of the working end of FIG. 3. 
0022 FIG. 6A is a sectional schematic view of the variable 
impedance matrix bodies showing potential current flow 
paths in the engaged tissue and the matrix bodies. 
0023 FIG. 6B is a graph illustrating power and impedance 
curves that illustrates feature of the invention. 
0024 FIG. 7 is a perspective view of an alternative instru 
ment with and a jaw structure carrying variable impedance 
matrix bodies together with blade means for transecting tis 
SC. 

0025 FIG.8 is a sectional view of the jaw structure of FIG. 
7 taken along line 8-8 of FIG. 7 showing the variable imped 
ance matrices in each jaw together blade means. 
0026 FIG. 9 is a sectional schematic view of the jaw 
structure of FIGS. 7-8 that illustrates potential current flow 
paths in the engaged tissue and the matrix bodies. 
0027 FIG. 10A is a sectional view of the jaw structure of 
FIGS. 7-8 illustrating an initial step in a method of the inven 
tion wherein Rfcurrent flow paths cross the engaged tissue to 
cause ohmic heating therein. 
0028 FIG. 10B is a sectional view of the jaw structure of 
FIG. 10A depicting a subsequent step 
0029 FIG. 10C is another sectional view similar to FIGS. 
10A-10B depicting a step in a method of the invention 
wherein Rfcurrent flow paths within an interior of a variable 
impedance matrix prevent sparking at ajaw engagement Sur 
face. 
0030 FIG. 10D is another view similar to FIGS. 10A-10C 
depicting a step in a method of the invention wherein Rf 
current flow paths occur in different axial regions of the jaws 
depending on local jaw compression. 
0031 FIG. 11 is a perspective view of an alternative high 
compression jaw structure carrying 3D variable impedance 
matrix bodies that is adapted for one-step tissue welding and 
transection corresponding to the invention, the matrix bodies 
coupled to an Rf Source via series and parallel circuits. 
0032 FIG. 12 is a schematic sectional view of the jaw 
structure of FIG. 11 taken along line 12-12 of FIG. 11 show 
ing the variable impedance matrices in each jaw together with 
the series and parallel circuits. 
0033 FIG. 13 is an enlarged sectional view of a portion the 
jaw structure of FIGS. 11-12 showing the potential current 
paths in engaged tissue and the variable impedance 3D matrix 
bodies during operation. 
0034 FIGS. 14A-14Care schematic sectional views of the 
jaw structure of FIGS. 11-13 with elongate jaws progres 
sively engaging, welding and transecting a tissue bundle. 
0035 FIG. 15 is a perspective view of a forceps-type 
instrument with a replaceable electroSurgical-blade cartridge. 
0036 FIG. 16 is a perspective view of the replaceable 
cartridge de-mated from the forceps of FIG. 15. 
0037 FIG. 17 is a perspective view of a mating portion of 
the replaceable cartridge of FIG. 16. 
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0038 FIG. 20 is a sectional view of the electrosurgical 
components of the replaceable cartridge of FIG. 15. 
0039 FIG. 21 is a perspective view of an alternative 
replaceable electroSurgical cartridge without a blade mem 
ber, the cartridge de-mated from a forceps device. 
0040 FIG. 22 is a perspective view of an alternative 
replaceable electroSurgical cartridge for a single jaw member 
of a forceps device. 

DETAILED DESCRIPTION OF THE INVENTION 

0041 Electrosurgical jaw structure with variable imped 
ance matrices. Various embodiments of the invention provide 
systems, assemblies and methods to delivery energy to tar 
geted tissue Volumes in a controlled manner to thermally weld 
or seal targeted tissue. Particular embodiments provide 
assemblies to contemporaneously (i) engage tissue between 
paired jaws, (ii) deliver energy to the tissue, and (iii) option 
ally transect the tissue to provide a “one-step” welding 
transecting procedure. Such one-step welding and transecting 
has never been considered in the prior art. Another embodi 
ment provides ajaw structure that can engage and weld tissue 
bundles, defined herein as bundles of disparate tissue types 
(e.g., fat, blood vessels, fascia, etc.). In order to facilitate the 
welding of tissue bundles, the jaw surfaces can be configured 
to apply differential energy levels to each different tissue type 
simultaneously. Another embodiment provides an electroSur 
gical system that can apply differential energy levels across 
the jaws engagement Surfaces with 'smart” materials without 
the need for complex feedback circuitry coupled to thermo 
couples or other sensors in the jaw structure. 
0042. It has been found that very high compression of 
engaged tissue in combination with controlled Rf energy 
delivery is desirable for welding the engaged tissue Volume. 
Additionally, it has been found that ohmic heating and partial 
dehydration of tissue in the process of closing the jaw struc 
ture greatly assists in the ultimate compression of tissue (par 
ticularly tissue bundles) to the desired thickness of a thin 
membrane, for example 0.001" to about 0.05". With the 
engaged tissue in membrane thickness in a controlled gap 
between the engagement Surfaces of the jaw structure, e.g., 
from about 0.001" to about 0.05", the method for controlling 
ohmic heating in tissue can be optimized (as described 
below). 
0043 FIG. 1 illustrates an exemplary forceps-type instru 
ment 90 with a working end or electrosurgical jaw structure 
100A corresponding to the invention that comprises first 
(lower) jaw element 112A and second (upper) jaw element 
112B that close or approximate about axis 115 that is straight 
or curved. It should be appreciated that the jaw elements can 
have any curved or straight shape for open or endoscopic 
Surgeries. In various embodiments, the jaws can be config 
ured to have between about 30 to 90 degrees of curvature. In 
another embodiment the jaws can actually be U-shaped or 
otherwise inverted. Also the jaws can have both straight and 
curved portions. In many embodiments, the jaws can have a 
Scissors-type action or with one or more cam mechanisms as 
is known in the art. The jaws also can carry a sliding cutting 
blade as will be described below. 
0044) Referring to FIG. 2, a discussion of the electrosur 
gical functionality of various embodiments of the invention 
will now be presented. In FIG. 2, the opposingjaws 112A and 
112B are depicted Schematically as engaging a tissue bundle 
T of differentiated tissue types—which is a common occur 
rence in open and endoscopic Surgeries. FIG. 2 depicts a 
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longitudinal sectional view of jaws 112A and 112B and an 
engaged tissue bundle T that contains, for example, insulative 
fat 118, large blood vessels 120 and smaller embedded blood 
vessels 122. The gap between the jaws is not-to-scale, and in 
an actual jaw structure the compressed tissue bundle T could 
be reduced to the thickness of a thin membrane. In an actual 
procedure, the tissue bundle would also contain fascia, liga 
mentous tissues and other tissues that would exhibit a wide 
range of hydration levels, electrolyte levels etc. that would 
locally alter tissue impedance, compressibility etc. For con 
Venience, only three tissue types with three impedance levels 
are shown in FIG. 2, however these tissues are for illustrative 
purposes and various methods of the invention can be 
employed on other tissue types as well. As indicated graphi 
cally by the microcurrents MC in FIG. 2, embodiments of jaw 
structure 100A can be configured to contemporaneously 
modulate energy densities across the various types of in the 
tissue bundle Taccording to the impedance of each engaged 
tissue type and region. Further, it is desirable to continuously 
modulate energy delivery to each tissue type as the region 
dynamically changes in hydration, impedance and geometry. 
As energy is delivered, the tissue will shrink as it dehydrates. 
0045 FIG.3 illustrates the tissue-engaging surfaces 124A 
and 124B of jaws 112A and 112B. Of particular interest, the 
jaws each carry a three-dimensional (3D) temperature-re 
sponsive variable resistive body. The lower jaw 112A carries 
variable impedance body indicated at 125, also at times 
referred to herein as a positive temperature coefficient of 
resistance (PTC) body or matrix. By the term three-dimen 
sional, it is meant for example that variable impedance body 
125 defines an axial dimensionX and a cross-axial dimension 
Y about the tissue-engaging Surface, as well as defining a 
Substantial depth dimension Z that is orthogonal to the plane 
of the tissue-engaging Surface 124A. In other words the vari 
able resistive body or matrix 125 has a selected thickness 
dimension in preferred embodiments to provide a multiplicity 
of varied local current flow paths through the matrix as it 
dynamically responds to adjacent ohmically heated tissue, as 
will be described below. The upper jaw 112B in one preferred 
embodiment shown in FIG. 3 carries a variable impedance 
body 130 that again can have any suitable depth dimension. 
0046 Still referring to FIG.3, it can be seen that lower jaw 
112A has a structural component or body 132A that is of a 
Suitable electrical conductor material so that it functions as an 
electrode—that is indicated for convenience with a negative 
polarity (-). Similarly, the upper jaw 112B has structural 
component or body 132B that is has the same polarity (-) as 
the lower jaw body. An electrically conductive member or 
electrode 140 is provided within variable impedance matrix 
125 either at the tissue-engaging Surface 124A or proximate 
the surface as depicted in FIG. 3. Suitable electrically con 
ductive materials include stainless steel. Both jaws optionally 
can have an insulative coating indicated at 142 at the exterior 
of lower jaw 112A. Suitable insulators include various insu 
lative polymers known in the art. 
0047. In a preferred embodiment as in FIGS. 2 and 3, the 
variable impedance matrices 125 and 130 in lower jaw 112A 
and upper jaw 112B comprise a polyethylene or a medical 
grade silicone polymer that is doped with conductive particles 
(e.g., carbon). The use of Such temperature-responsive vari 
able impedance materials is described for related uses in 
co-pending U.S. patent applications: Ser. No. 10/351,449 
filed Jan. 22, 2003 (Docket No. 021447-000100US) titled 
Electrosurgical Instrument and Method of Use: Ser. No. 
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10/032,867 filed Oct. 22, 2001 (Docket No. SRX-011) titled 
Electrosurgical Jaw Structure for Controlled Energy Deliv 
ery, both of which are fully incorporated herein by reference. 
Polymer positive temperature coefficient materials are known 
in the field of overcurrent protection devices that will trip and 
become resistive when a selected trip current and temperature 
is exceeded. 
0048. The temperature-responsive variable impedance 
materials can be fabricated from a non-conductive polymer 
that exhibits two phases that define greater and lesser conduc 
tive states. The first phase is a crystalline or semi-crystalline 
state where the polymer molecules form long chains and are 
arranged in a more ordered architecture. When the tempera 
ture of the material is elevated, the polymer molecules main 
tain the crystalline architecture or structure through a selected 
temperature range. The polymeris designed to transition to an 
at least partly amorphous phase from the crystalline state at a 
selected temperature range. In the amorphous state, the mol 
ecules are aligned more randomly, and there may be slight 
changes in material geometry at the macroscale. The non 
conductive polymer is combined with a dispersed, highly 
conductive particles (e.g., carbon micro- or nanoparticles) to 
form a matrix. In the crystalline phase of the polymer, the 
carbon particles are packed into the crystalline boundaries 
and form many conductive paths across and through the 
matrix material. In this low temperature crystalline state, the 
polymer-carbon matrix is engineered to have a low resistance. 
FIG. 4A illustrates the positively-sloped impedance-tem 
perature curve 130M of an exemplary variable impedance 
matrix 130 of FIG. 3. 

0049 Various embodiments of the electrosurgical jaw 
structure of the invention, such as jaw structure 100A shown 
in FIG.3, are configured to engage tissue and apply Rifenergy 
to the engaged tissue T to cause ohmic heating therein. After 
the tissue is elevated in temperature, heat is conducted from 
the engaged tissue Tback to the variable impedance matrices 
125 and 130 to thereby elevate temperatures in at least sur 
faces region of the matrices 125 and 130. Details of the actual 
method of using the matrices to provide high temperature and 
low temperature process limits are described below. As long 
as the temperature increase in the matrix portion adjacent the 
ohmically heated tissue does not cause a phase change in the 
polymer, current can flow unimpeded through the matrix. 
When the temperature of the matrix material is elevated to a 
selected temperature, called herein a Switching range, the 
temperature will cause a phase change in the polymer (see 
FIG. 4A). The crystalline structure of the polymer will dis 
appear, the polymer Volume may expand very slightly, and the 
carbon chains that allow conduction across the matrix will be 
broken—resulting in an extraordinary increase in resistance. 
The polymer-carbon matrix can define a resistance measured 
in milliohms or ohms before the phase change. After the 
phase change, the matrix resistance can be measured in 
megaohms Current flow can be reduced accordingly, or ter 
minated, which is used in particular manners corresponding 
to the invention to precisely control Rf energy densities in the 
engaged tissue. 
0050. The process described above is reversible so that 
when an affected portion of a matrix falls in temperature, the 
polymer component will return to its crystalline structure and 
that particular matrix volume will return its original state. The 
conductive carbon particles will reform into conductive paths 
within the interstices of the crystalline polymerarchitecture. 
It has been found that the variable impedance body, for 



US 2011/0004208 A1 

example body 130 in the upper jaw, can spatially modulate Rf 
current flows in a dynamic manner wherein micron Scale 
regions are conductive and adjacent micron Scale regions are 
non-conductive in response to the temperature of engaged 
tissue. In this way, the invention provides a means for spa 
tially modulating Rfcurrent flow, and thus energy delivery, on 
a micron or other highly precise Scale. 
0051. As the temperature of the matrix falls, it appears that 
the exact same conductive paths may not exactly reform 
themselves after first use of the matrix, and for this reason the 
polymer matrices of the invention may be temperature cycled 
several times in the fabrication process which appears to 
cause the material to have substantially resettable conductive 
paths. In the fabrication process, the matrix can also be treated 
in various processes (e.g., gamma, UV irradiation etc.) to 
cross-link the polymer or co-polymers of the matrix. 
0052 Referring again to FIG. 3, in one embodiment poly 
mer matrix 125 has at least two differentiated regions 144 and 
145 that define different temperature-impedance curves as 
illustrated in FIG. 4B. The regions 144a and 144b (collec 
tively 144) at the center of the lower jaw and the laterally 
outward edge of the jaw are of a highly conductive matrix that 
will only terminate current flow therethrough at a high tem 
perature, for example between 100° C. and 200° C. as shown 
in FIG. 4B. These regions 144 effectively function as the 
opposing polarity conductive electrodes as the regions 144 
are in contact with the central first polarity conductor 140 and 
the second polarity jaw body 132A. The lower jaw's matrix 
region 145 can also provide a plurality of slightly different 
regions 145a and 145b that have somewhat different base 
resistances and/or Switching ranges as shown in FIG. 4B for 
reasons described below. Consequently, matrix region 145 
can have a base resistance that is somewhat higher than that of 
matrix 130 in the upper jaw 112B. The jaw structure is 
coupled to Voltage source 150A (a radiofrequency generator) 
and controller 150B for controlling duration of energy deliv 
ery and other Rf parameters such as power, total delivered 
energy, etc. (see FIG. 3). The manner in which matrices 125 
and 130 operate to modulate energy densities in tissue will be 
described in greater detail below. 
0053. In particular embodiments, jaw structure 100A can 
be configured to utilize the two differently performing matri 
ces 125 and 130 (FIG. 3) in combination with the series and 
parallel circuitry of FIG. 5 to provide effective high and low 
process limits for temperatures and energy densities in the 
engaged tissue T. It has been found that Such dynamic energy 
and temperature controls are optimal for creating uniform 
thermal effects in tissue to denature tissue proteins and to 
create high strength welds. In one embodiment as in FIG. 3, 
the matrix 130 in upper jaw 112B is configured (e.g., by 
selection of material composition, process etc) to exhibit 
unique temperature-impedance characteristics represented 
by the positively-sloped curve 130M of FIG. 4B. This matrix 
130 maintains a relatively low base resistance over a selected 
base temperature range with a significant increase in resis 
tance above a selected narrow temperature range (Switching 
range) that can be any 1 to 10° range between about 50° C. 
and 200°C., and more preferably between about 70° C. and 
120° C. In comparison, the matrix region 145 in lower jaw 
112A is configured to have an impedance-resistance curve 
exhibiting a higher initial base resistance (see FIG. 4B). The 
matrix region 145 provides this higher base resistance over a 
similar temperature range as matrix 130. The matrix 145 and 
its temperature-impedance curves (145a, 145b) in FIG. 4B 
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again exhibits a significantly increasing resistance above its 
selected Switching range, which can fall in the range 
described previously with reference to matrix 130. 
0054 FIG. 6A schematically depicts the manner in which 
the jaw structure 100A of FIGS. 1 and 3 can self-modulate 
current flow among multiple paths—depending on the tem 
perature of the engaged tissue and other electrical conduction 
parameters of the tissue to which the matrices 125 and 130 
respond. FIG. 6A depicts a sectional view of the jaws 112A 
and 112B as in FIG. 3 engaging tissue T in phantom view. In 
FIG. 6A, the tissue thickness is not to scale to allow a graphic 
representation of potential current paths. In actual operation, 
the working end 100A of FIG. 6A has the ability to modulate 
current flow among multiple different paths through the tissue 
T as well as through the matrices 125 and 130. Also, both 
current and Voltage can be modulated among multiple current 
paths. Current and voltage in the tissue T is modulated after 
the tissue is ohmically heated—and thereafter the tissue T 
transfers heat by passive conduction to adjacent regions of 
matrices 125 and 130. While there will exist a multiplicity of 
potential current paths in the engaged tissue and matrices, 
FIG. 6A, and FIGS. 10A-10D, illustrate in a simplified jaw, 
four generally different flow paths, P1 through P4, that effec 
tively describe the general types of current flow paths that 
come into play in a self-modulating Rf ohmic heating method 
of the invention. The flow paths P1 through P4 do not indicate 
that current flows are dynamic and can be localized (conduc 
tive or non-conductive) across micron scale regions of the 
engagement surface of the matrices as is discussed herein. 
The timing and potential Switching between current paths 
during operation is described in more detail below. 
0055. Further, FIG. 6B graphically depicts operational 
characteristics of an embodiment of a method of the inven 
tion, wherein Rf energy application to the engaged tissue is 
illustrated over a selected time interval. The horizontal axis 
indicates elapsed “time' after initiation of Rf energy delivery 
and ohmic heating, while the vertical axis indicates imped 
ance (S2) or power (P) for various curves. The curve markedI 
represents the impedance of the engaged tissue overtime. The 
curve marked P, represents the power (function of Voltage 
and current) that is applied to the engaged tissue overtime. As 
can be seen in FIG. 6B, after tissue is initially engages and Rf 
energy is applied, the impedance of the tissue (I) remains 
low atabase level for an initial period, and power applied (P) 
to the engaged tissue is high for the corresponding time inter 
val. In terms of Schematic current flow paths in tissue, this 
initial rapid, high power ohmic tissue heating is generally 
represented by flow paths P. (and to some extent path P) in 
FIG. 6A. In other words, substantial RF energy densities are 
created in the tissue as current flows between electrode 140 
and opposing jaw body 132B through the multiplicity of 
conductive paths in the variable resistive body 130. In terms 
of the circuitry of the working end, referring to FIG. 5, the 
high current flow occurs in the (first) series component indi 
cated at 152A that engages the tissue. It is during this time 
interval, that may be only a fraction of a second (e.g. 0.01 to 
0.5 seconds) to several seconds, that the temperature-respon 
sive variable resistive body 130 in the upper jaw plays its 
major current limiting role in spatially modulating Rf paths in 
the highly compressed tissue to cause Substantially uniform 
ohmic heating over the engagement Surfaces and within adja 
cent tissue regions. 
0056 Referring back to FIG. 6B, as the tissue impedance 
rises in curve I, a critical time interval is reached (indicated 
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at 153; hatched area) wherein tissue desiccation and potential 
arcing are possible—which in turn, would cause potential 
tissue carbonization and destroy, reduce or eliminate weld 
strength. Commercially available Rf devices with feedback 
power control typically cause tissue desiccation and charring 
with resulting detrimental effects on weld strength. The feed 
back mechanisms. Such as a thermocouple or impedance 
monitoring, cannot respond rapidly enough and also cannot 
provide a spatial response to direct current flow away from 
only the desiccated tissue. At the same time that tissue imped 
ance rises, there is a rapid increase in Voltage output from the 
generating source in this initial period after the source 150A 
is turned on. It is at this time that the temperature-responsive 
variable resistive body 125 in the lower jaw 112A plays its 
Voltage or power limiting role to prevent or reduce potential 
arcs in the lowered-impedance tissue. The potential arcs in the 
tissue would occur principally in flow path P. (and related 
path Ps) wherein opposing polarity conductive portions are in 
closest proximity. In various embodiments, the engagement 
Surface and circuitry are configured to automatically limit 
power—to insure that an arc does not occur. This is accom 
plished by the placement of variable resistive body 125 in 
lower jaw 112A to allow current to flow in paths P. directly 
between the opposing polarity body portions at an interior 
region of the jaw—and not within the tissue. Thus in use, the 
placement of variable resistance body 125 in lower jaw 112A 
provides a means for preventing or reducing arcing during the 
welding process which in return results in a more uniform and 
higher strength weld 
0057. In terms of the circuitry of the working end, refer 
ring again to FIG. 5, this subsequent current flow for preven 
tion of arcs occurs in the (second) parallel component indi 
cated at 152B. It can easily be understood that current flow is 
then modulated between the first and second circuit compo 
nents 152A and 152B (FIG. 5) which, in turn, depends on the 
temperature (and hence impedance) of variable resistive body 
130 (see FIG. 5) in the first circuit component 152A. Refer 
ring back to FIG. 6B, it can be seen that the power-to-tissue 
curve (P) drops to a low level when the tissue is welded since 
the energy is directed through the second circuit component 
152B (FIG. 5). It should be appreciated that the power and 
impedance curves of FIG. 6B are a graphic generalization, 
and each micron scale region tissue would be represented by 
an independent set of power and impedance curves at any 
instant in time. For example, FIG. 10D illustrates that differ 
ent spaced apart regions of engagement Surfaces modulate 
current flow differently—depending on highly localized tem 
perature and compression parameters of the engaged tissue. 
0058. In FIG. 6A, flow paths P1 indicates potential Rf 
microcurrent flows directly through tissue T between first 
polarity electrode 140 and conductive region 145 and the low 
resistance matrix 130 of upper jaw 112B that overlies the 
(opposing) second polarity jaw body 132B. It can be under 
stood that these current paths P1 provide initial rapid ohmic 
heating of tissue. Flow paths P2 indicate Rf current flow 
through tissue T between the highly conductive regions 144a 
and 144b that are laterally spaced apart in the lower jaw that 
are in contact with first polarity conductor 140 and second 
polarity jaw body 132A, respectively. 
0059. Of particular interest, potential current flow paths 
indicated at P3 and P4 are unique to embodiments of the 
invention and come operate to modulate ohmic heating in 
engaged tissue as its conductive parameters (impedance, tem 
perature, and hydration) are dynamic during energy applica 
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tion. Potential flow paths P3 represent potential microcurrent 
paths through a region of tissue between spaced apart Surface 
portions of matrix 125that engage such a tissue region. Poten 
tial current flow paths P4 occuratan interior of the jaw and the 
3D matrix 125 wherein current can flow for voltage limiting 
purposes from electrode 140 across the matrix region 145 to 
the interior of the opposing polarity jaw body 132A. A more 
detailed step-by-step description of current flow 
0060 For clarity of explanation, FIG. 6A depicts the prin 
ciples of the working end in a basic forceps-type jaw structure 
100A of FIGS. 1 and 3. It should be appreciated that the same 
variable impedance matrices 125 and 130 can be provided in 
a jaw structure indicated at 100B in FIGS. 7 and 8 that is 
configured to carry a blade for transecting the welded tissue. 
Further, the same variable impedance matrices 125 and 130 
can be carried in a one-step jaw structure that is described 
below (FIGS. 11-12) whereinjaw closing, Rf energy delivery 
and tissue transection occur in a single operation. Now refer 
ring to FIGS. 7 and 8, a forceps-type instrument is shown with 
a detachable cartridge 154 that carries a thin flexible blade 
member 155 that can be pushed by thumb slider 156 when the 
jaws are locked in a closed position. Such a blade cartridge 
was disclosed in co-pending U.S. patent application Ser. No. 
10/443,974, filed May 22, 2003 (Docket No. SRX-017A) 
titled Electrosurgical Working End with Replaceable Car 
tridges which is incorporated herein by this reference. 
0061 FIG. 8 illustrates a cross section of the upper and 
lower jaws 112A and 112B with a central blade slot 160 for 
receiving the slidable, flexible blade member 155. The jaw 
bodies can carry variable impedance matrices 125 and 130 on 
either side of the blade slot 160. Matrices 125' and 130 can be 
similar (or identical) to the matrices depicted in FIG.3. In the 
exemplary embodiment of FIG. 8, the lower jaw 112B has a 
matrix 125' that is simplified in that electrode 140 is exposed 
in the center of the jaw's engagement Surface 124A with a 
portion of the 3D matrix 125' extending laterally on either 
side of blade slot 160 as well as within the interior of the jaw. 
As can be seen in FIG. 7, matrix extends in a “U”-shape 
around the end of blade slot 160 to allow welding of engaged 
tissue around the end of a welded and transected tissue region. 
0062. The working end 100B of FIGS. 7-8 functions to 
modulate Rf energy application to tissue between multiple 
potential paths as described above and depicted in FIG. 6A. 
FIG. 9 illustrates the working end 100B of FIGS. 7-8 and 
again graphically depicts the potential Rf current paths in 
tissue and across regions of the variable impedance matrices. 
The current paths P1, P2 and P3 again represent potential 
paths in the engaged tissue T. In FIG.9, the current paths P4 
represent paths within the interior regions of matrix 125 
between first polarity (+) surface conductor 140 and a second 
polarity (-) region of jaw body 132A. 
0063. 2. Method of utilizing temperature responsive vari 
able impedance matrices for Rf modulation. Now turning to 
FIGS. 10A-10D, the sequential energy delivery phases of 
various embodiments of method of the invention are graphi 
cally illustrated. In FIGS. 10A-10D, the opposingjaws 112A 
and 112B are depicted engaging a tissue bundle T, and Rf 
energy application to tissue is modulated by matrices 125 and 
130 between various paths P1-P4 in the tissue to create a 
uniform temperature without desiccation or charring to pro 
vide an effective high strength weld. FIGS. 10A-10D illus 
trate a basic jaw structure 100C similar to that of FIGS. 7-8 
without a blade member, but it should be appreciated that a 
jaw 100B with a reciprocatable blade as in FIGS. 7-8 would 



US 2011/0004208 A1 

create a weld by the same means of energy application and 
modulation. For clarity of explanation, the engagement Sur 
face 124A of FIGS. 10A-10D has the central conductive 
member or electrode 140 exposed in the surface (cf. FIGS. 
7-9). 
0064. Now turning to FIG. 10A, an initial energy applica 
tion step is illustrated wherein tissue bundle T is engaged as 
the jaws apply compression and the Surgeon applies Rf 
energy to the tissue. At initiation of Rf energy application, 
FIG. 10A illustrates that current flows are substantially 
through the tissue between the first polarity conductor 140 
and the opposing matrix 130 and laterally-outward upper jaw 
132B as well to the second polarity lower jaw body 132A, that 
is in paths P1 and P2 as depicted in FIGS. 3 and 9. Thus, FIG. 
10A depicts current flow that causes very high energy densi 
ties and very rapid ohmic heating in the engaged tissue T. In 
this initial phase of Rifenergy application to the jaw structure 
100C and to the engaged tissue T, the matrices 125 and 130 
are, in effect, in a stand-by mode and are not yet operating to 
modulate flow paths of the microcurrents in the tissue. The 
matrix 130 in the upper jaw at ambient room temperature has 
a low base resistance (see FIG. 4B) and allows a multiplicity 
of conductive flow paths all across and through the matrix 130 
to the second polarity jaw body 132B from the first polarity 
conductor 140 in the lower jaw through the tissue T. 
0065. In FIG. 10A, the ohmically heated tissue causes 
conductive heat transfer to the matrices 125 and 130 to heat at 
least the Surface regions of both matrices. At the same time 
(see FIG. 10B) the ohmically heated tissue T dehydrates, 
changes its geometry by shrinking and exhibits an increased 
impedance. In this phase of energy application, the variable 
impedance matrix 130 responds according to its selected 
temperature-impedance curve (see e.g., FIG. 4B) wherein the 
material regulate and modulate flow paths P1 of microcur 
rents therethrough. For example, the Switching range of the 
matrix can be between about 60° C. to 120° C. and is more 
preferably in the 70° C. to 90° C., range. During and follow 
ing this phase, the impedance of tissue regions will be Sub 
stantially matched by the induced impedance of adjacent 
regions of matrix 130, to thereby modulate current flow in 
paths P1 between the jaws. At the same time, the matrix 130 
will prevent any possibility of arcs or sparks at the interface of 
a jaw Surfaces 124A and 124B with the engaged tissue since 
current flow will be eliminated before excessive high tem 
peratures are reached about any region of the tissue-jaw inter 
faces. The prevention of such arcs eliminates the possibility 
of unwanted tissue charring. 
0066. During this initial energy application phase, the 
ohmically heated tissue also will conduct heat back to matrix 
125 in the lower jaw 112A to elevate the lower matrix above 
its selected switching range, for example in the 70° C. to 90° 
C., range. Still referring to FIG.10A, as the thickness of tissue 
T is reduced by compression and ohmic-heating induced 
dehydration, the increased impedance of the tissue will first 
prevent microcurrent flows in paths P1 as the upper jaw's 
matrix 130 is masked. At this point, there will remain the 
possibility of microcurrent flows in paths P2 between the 
electrode 140 and the laterally-outward jaw body portion 
132A 

0067. Now referring to FIG. 10B, it can be seen that the 
dehydrated tissue T typically will be compressed to a thin 
membrane which can increase its impedance in the most 
direct paths of current (P1 and P2) between the opposing 
polarity body portions. With the tissue in this condition, the 
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reduction or termination of ohmic heating will cause slight 
cooling of the tissue and re-hydration of the tissue can occur 
due to inward fluid migration. In this state, the lower matrix 
125 will respond by cooling and then by causing microcurrent 
flows in paths P3 as indicated in FIG. 10B. Of particular 
interest, the increase in ohmic heating is then localized in 
these lateral regions of the engaged tissue while the tissue 
impedance still masks the upper jaw matrix 130. During this 
regulated phase of Rf energy application, the engaged tissue 
may hydrates to allow current flows in paths P1 and P2 to 
cause additional ohmic tissue heating. Thus, it can be under 
stood how the temperature responsive matrices operate to 
self-modulate ohmic energy densities in the tissue between 
the various potential flow paths. 
0068 FIG. 10C indicates another potential flow path P4 
that can come into play if any Voltage occurs that could cause 
an arc at the jaw-tissue interface. In effect, the energy can be 
dissipated by energy flows in the paths indicated at P4 
between the first polarity conductor 140 and the second polar 
ity lower jaw body 132A directly through the lower matrix 
125 at the jaws interior. 
0069 FIGS. 10A-10C indicate generally how the tem 
perature-responsive matrices 125 and 130, at the tissue-en 
gaging Surfaces 124A and 124B, will modulate ohmic heating 
in the engaged adjacent tissue T. It should be appreciated that 
the energy modulation also occurs about very localized 
regions of the engaged tissue T that is made up of different 
tissue types as discussed in the text accompanying FIG. 2. 
Thus as any local region of tissue impedance changes during 
ohmic heating, the local adjacent region of matrix 130 in the 
initial phase will move to an impedance matching level. In 
this way, matrix 130 operates to modulate Rf energy delivery 
and thus ohmic heating of engaged tissue T. 
0070 Further, as described above, the tissue dimensions 
and geometry between the engagement Surfaces 124A and 
125B of the jaws is dynamic partially as a result of the shrink 
ing that can occur during ohmic heating of the tissue T. Thus, 
the local dynamics of ohmic heating in tissue along the axial 
length of the jaw can be significant. FIG. 10D illustrates the 
pivoting jaw structure 100C as applying higher compression 
to more proximal tissue regions and the jaws close and the 
tissue dehydrates and shrinks during energy delivery. It can be 
understood that ohmic heating is thus modulated by matrices 
125 and 130 in the jaws engagement surfaces to provide 
locally independent energy densities in discrete tissue regions 
depending on local tissue temperature and impedance—as 
well as tissue geometry. 
0071. It has been found that the system described above 
can be operated with a pre-set duration of Rifenergy delivery, 
wherein energy flow and tissue heating is self-regulated by 
matrices 125 and 130 to effectively provide high and low 
process limits for the selected duration of energy application. 
Depending on selected power levels and selected matrix 
parameters, duration of energy application to create an effec 
tive weld can range between about 1 second to 20 seconds, 
and more preferably is between about 3 second to 15 seconds. 
(0072. Now turning to FIGS. 11 and 12 another embodi 
ment of jaw structure 200 is illustrated that carries cooperat 
ing variable impedance matrices as described above. The 
upper and lower jaws 212A and 212Bhave respective engage 
ment surfaces 224A and 224B that carry cooperating variable 
impedance matrices 125 and 130 as in the previous embodi 
ments of FIGS. 3, 6, 8 and 9. The jaw embodiment of FIGS. 
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11 and 12 differs in that it is adapted for “one-step’ welding 
and transection of the engaged tissue. 
0073. As shown in the embodiments of FIGS. 11 and 12, 
jaw structure 200 can have an opening-closing mechanism 
that is capable of applying very high compressive forces on 
tissue on the basis of cam mechanisms with a reciprocating 
“I’-beam member 240, wherein jaw closing occurs contem 
poraneous with Rf energy delivery. Further, the slidable 'I'- 
beam member 240 and the exterior jaw surfaces provide cam 
Surfaces (i) for moving the jaw assembly to the (second) 
closed position to apply very high compressive forces, and (ii) 
for moving the jaws toward the (first) open position to apply 
Substantially high opening forces for dissecting tissue. This 
feature allows the surgeon to insert the tip of the closed jaws 
into a dissectable tissue plane—and thereafter open the jaws 
to apply Such dissecting forces against tissues. In various 
embodiments, all or a portion of member 240 can be config 
ured to have “I” shaped cross section. Many prior art instru 
ments are spring-loaded toward the open position and may 
not be useful for dissecting tissue. 
0074. In the embodiment illustrated in FIGS. 11 and 12, 
the reciprocating “I’-beam member 240 is actuatable from 
the handle (not shown) of the instrument by any suitable 
mechanism, such as a lever arm, that is coupled to a proximal 
end of member 240. The distal end portion 242 of reciprocat 
ing “I’-beam member 240 carries first (lower) and second 
(upper) continuous laterally-extending flange elements 244A 
and 244B that are coupled by an intermediate transverse 
element 245. The flange elements 244A and 24.4B slide in a 
recessed slot portion 246 in each of the upper and lower jaws 
(see FIGS. 12) to close the jaws and wherein the sliding 
contact of the lateral edges offlanges 244A and 244B and the 
side of the recessed slot 246 function to prevent lateral flexing 
of the jaws. The transverse element 245 and blade edge 250 
slide within channels 252 (collectively) in the paired first and 
second jaws 212A and 212B to thereby open and close the 
jaws. The transverse element 245 is adapted to transect tissue 
captured between the jaws with a sharp leading blade edge 
250 (FIG. 11). “I’-beam 240 can also be adapted to provide 
electroSurgical functionality as it transects tissue and has a 
polarity that matches that of the jaw bodies 232A and 232B 
which is slidably contacts. The jaw structure of 200 of FIGS. 
11 and 12 is described in more complete detail in co-pending 
U.S. patent application Ser. No. 10/079,728 filed Feb. 19, 
2002 (Docket No. SRX-004A) titled Electrosurgical Systems 
and Techniques for Sealing Tissue, and U.S. patent applica 
tion Ser. No. 10/340,144 filed Jan. 10, 2003 (Docket No. 
021447-000520US) titled Jaw Structure for Electrosurgical 
Instrument and Method of Use, which are fully incorporated 
herein by this reference. 
0075 Still referring to FIGS. 11 and 12, the first and sec 
ond jaws 212A and 212B close about an engagement plane 
255 wherein the tissue-engaging Surface layers 224A and 
224B that contact and deliver energy to engaged tissue T as 
described above. The jaws can have any suitable length with 
teeth or serrations 256 for gripping various tissues (FIG. 11). 
One preferred embodiment shown in FIG. 11 provides such 
teeth 156 at an inner portion of the jaws along channels 248 
thus allowing for Substantially smooth engagement Surface 
layers 224A and 224B laterally outward of the tissue-grip 
ping elements. The axial length of jaws 212A and 212B can 
be any suitable length depending on the anatomic structure 
targeted for transection and sealing and typically will range 
from about 10 mm. to 50 mm. The jaw assembly can also be 
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configured to apply very high compressive forces over much 
longer lengths, for example up to about 200 mm., for resect 
ing and sealing organs such as a lung or liver. The scope of the 
invention also covers jaw assemblies for an instrument used 
in micro-Surgeries (e.g. micro-vascular Surgery) wherein the 
jaw length can be about 5.0 mm or less. 
(0076. In FIGS. 11 and 12, it can be seen that the lower jaw 
212A has a variable impedance matrix 125 that has an edge 
portion 258 that (optionally) extends laterally over the outer 
edge of the jaw body 232A. This matrix feature has been 
found useful in modulating Rifenergy density in the margin of 
the treated tissue to create distinct region between welded 
tissue and unaffected tissue. Also, the upper jaw's matrix 130 
can be positioned to extend slightly outward (dimension 262) 
from the upper jaw body 232B. FIG. 13 illustrates that the jaw 
structure 200 of FIGS. 11 and 12 provides the multiplicity of 
flow paths P1-P4 as described previously in FIGS. 10A-10D. 
In all other electrosurgical aspects, the jaw structure 200 and 
variable impedance matrices of FIGS. 11 and 12 function as 
described above with reference to FIGS. 3, 6, 8, 9 and 10A 
1OD. 

(0077. Of particular interest, FIGS. 14A-14C graphically 
illustrate an embodiment of a one-step sealing and transection 
method. When using elongated jaws in a small diameter 
instrument, the issue of jaw flexure when clamping thick 
tissue bundles typically creates difficulties for both sealing 
and transection. The jaw structure 200 of FIGS. 11 and 12 
Solve Such problems by applying Rf energy contemporane 
ously or substantially contemporaneously with jaw closure. 
Initial Rf energy delivery will begin to dehydrate the engaged 
tissue T thus, making it possible to compress the tissue to a 
thin membrane. At the same time, the matrices 125 and 130 
will modulate Rf ohmic heating axially along the length of the 
jaws to thereby insure that thin treated tissue regions in the 
proximal jaw are not being ohmically heated while more 
distal regions of the engaged tissue are receiving maximal 
ohmic heating. All the while, each tissue region containing a 
different tissue type will receive the optimal Rf energy den 
sity based on impedance matching with the adjacent region of 
a variable impedance matrix. 
(0078. In FIGS. 14A-14C, the jaws 212A and 212B are 
shown with a greatly exaggerated flex characteristics to illus 
trate, ineffect, a method of the invention. "I'-beam 240 can be 
used to compress the tissue T dramatically as it is progres 
sively welded. Thus a very small jaw structure 200 in a 5 mm. 
diameter device can chomp down on, weld and transect very 
thick tissue bundles that are initially up to /2 inch or even 1 
inch thick. The highest ohmic heating progresses in a "front 
across the tissue and is automatically modulated by the vari 
able impedance matrices 125 and 130 and series-parallel 
circuitry as described above. Various embodiments of jaw 
structure 200 further allow the surgeontactile feedback of the 
tissue welding process as the advancement of the “I-beam 
240 indicates that the tissue is welded. This inventive method 
for welding tissue can be most accurately Summarized as the 
microScale modulation of ohmic active heating in engaged 
tissue as depicted in FIGS. 10A-10D combined with the 
progressive macroscale application of ohmic heating as in 
FIGS. 14A-14C as the blade 245 transects the engaged tissue. 
The one-step welding and transecting functionality is pro 
vided by the use of the high compression “I’-beam for jaw 
closure and tissue transection together with the cooperating 
variable impedance component 125 and 130 of the jaw struc 
ture. 
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0079. 3. Disposable cartridge assembly for tissue weld 
ing-ligation forceps. FIGS. 15 and 16 illustrate an embodi 
ment of a forceps-type instrument 300 with a single replace 
able cartridge 305 (FIG. 16) that carries both electrosurgical 
and tissue-transection functionality. In one preferred embodi 
ment of FIG. 15, the forceps 300 has first and second handle 
arm portions 306a and 306b that extend proximally to finger 
rings 308a and 308b. The instrument has a working end 310 
that comprises opposing first and second jaw portions 312a 
and 312b that are pivotably coupled to allow opening and 
closing of the jaws. In the embodiment of FIG. 15, the jaws 
have a simple scissors-type pivot 311, but it should be appre 
ciated, that any multi-link pivot system can be used for addi 
tional leverage. 
0080. Now turning to FIG. 16, in various embodiments, 
cartridge 305 is adapted for removable engagement with the 
body of forceps 300. The cartridge 305 comprised a polymer 
body or housing 320 that carries a slidable blade member 325 
as well as first and second energy-delivery elements 340A 
and 340B flexibly coupled with one another and body 320. 
The body 320 has a proximal blade housing portion 342 that 
is configured with a channel 344 that at least partly houses 
blade member 325. A thumb-grip or other suitable grip 346 is 
attached to a proximal portion of the blade 325 to actuate the 
blade between first and second (non-extended and extended) 
positions to transect tissue when the jaws are in the closed 
position. Referring to FIG. 16, the thumb-grip 346 is affixed 
to the blade by a pin 348 that slides in slot 352 of the blade 
housing portion 342. The blade housing portion 342 is 
adapted for slidable and removable engagement with a carrier 
353 in the arm 306a as best seen in FIGS. 17-19. FIG. 17 
illustrates a channel 354 in the polymer body 320 that slides 
over and engage carrier element 353 of arm 306.a. FIG. 18 
illustrates a cross-sectional view of the forceps showing a 
space 358 between the arms 306a and 306b for accommodat 
ing the width dimension W of the polymer body 320 (FIG. 
16). As can be seen in FIGS. 16 and 19, the body 320 has 
flexible polymer elements 359 that extend between blade 
housing portion 342 and the second (lower) energy-delivery 
elements 340A to provide a unitary disposable cartridge car 
rying both electrosurgical and blade components. FIG. 19 
shows schematically how the blade 325 can be notched and 
the flexible blade housing 342 can be axially inserted through 
the space 358 between the jaw arms (FIG. 18) to detachable 
couple with arm 306a (FIG. 17) before the energy-delivery 
elements 340A and 340B are inserted into the jaw portions 
3.12a and 312b. 

0081 Referring back to FIG. 16, the first and second 
energy-delivery elements 340A and 340B are coupled by 
flexible hinge elements 360a and 360b, for example, of any 
suitable resilient polymer. The first and second energy-deliv 
ery elements 340A and 340B further are configured for 
removable engagement with the first and second jaw portions 
3.12a and 312b. As can be seen in FIG. 16, the body 320 also 
has a flexible electrical lead extending element 362 extending 
proximally that carries electrical leads for coupling to a cable 
364 from a voltage source 150A (FIG. 15). In this embodi 
ment, the flexible extending element 362 is adapted for a 
slight press fit into a channel 368 in arm 306b of the instru 
ment (see FIGS. 15 and 18), but any means may be suitable 
for securing the element 362 to the forceps arm to conve 
niently store the electrical leads so as to not interfere with 
opening and closing the arms 306a and 306b. The opposing 
polarity (+) and (-) electrical leads 369a (collectively) within 
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element 362 extend directly to the first (lower) energy-deliv 
ery element 340A to couple with the electrical conductors 
therein (see FIG. 20). At least one electrical lead indicated at 
369b extends through flexible hinge element 360b to the 
second energy-delivery element 340B (FIG. 16). FIG. 20 
further describes how the lead 369b is coupled to conductor 
portions of the second (upper) energy-delivery element 340B. 
0082 Any type of mating components of the energy-de 
livery elements 340A and 340B and jaw portions 312a and 
312b fall within the scope of the invention, and FIGS. 16 and 
20 indicate that an exemplary lower jaw portion 312a has a 
“U”-shaped cross-section that receives the body 372a of 
energy-delivery element 340A. The bodies 372a and 372b of 
each energy-delivery element 340A and 340B can be dimen 
Sioned for a drop-in secure fit in the respective shoe-shaped 
lower and upper jaw portions. Alternatively, the mating com 
ponents can have cooperating male and female edges or resil 
ient projecting elements (not shown) as are known in the art to 
provide detachable secure engagement means between the 
bodies 372a and 372b of the energy-delivery elements and the 
JaWS. 
I0083. In one preferred embodiment (FIG. 20) the energy 
delivery elements 340A and 340B are both configured with 
slots or channels indicated at 375a and 375b for receiving the 
extendible blade member 325. The embodiment of FIG. 20 
illustrates partial depth channels for the slidable blade, but the 
channels can extend through the bodies 372a and 372b as 
indicated in phantom view of channel 375 in the upper jaw 
assembly of FIG. 20. Likewise, the jaw portions 312a and 
312b also have optional cooperating slots indicated at 375" 
(phantom view in FIG. 20) adapted for ease of cleaning of the 
re-usable forceps body 300. 
I0084. The cross-sectional view of FIG. 20 more particu 
larly illustrates the components and one manner of making 
the energy-delivery elements 340A and 340B of the assem 
bly, with the upper and lower jaws 3.12a and 312b in phantom 
view. The electroSurgical components of each energy-deliv 
ery elements (340A and 340B) are similar to that of FIGS. 8 
and 12 above, and the method of operation for modulating Rf 
energy delivery for causing ohmic heating of tissue need not 
be repeated. Each energy-delivery element (340A and 340B) 
has a base portion (376a, 376b) and lip portion (378a, 378b) 
of any non-conductive polymer that contacts the respective 
jaw body. The planar tissue-engaging Surfaces of the energy 
delivery elements are indicated at 380A and 380B. Each 
energy-delivery element (340A and 340B) has a conductive 
metal shell-like housing portion (382a, 382b) that can be 
fabricated by stamping, MIM processes or another machining 
method known in the art. The conductive housing portions 
(382a, 382b) carry a molded temperature-responsive PTC 
composition (385A, 385B). The lower engagement surface 
380A has a central “U”-shaped electrical conductor portion 
390 that extends around blade channel 375a (FIGS. 16 and 
20). The electrical conductorportion 390 of the lower engage 
ment surface 380A defines a first polarity in its connection to 
voltage source 150A. The conductive housing portion 382a 
defines an opposing second polarity and has edge portions 
392a exposed in surface 380A at the laterally outermost edges 
and along the blade channel 375a. Thus, the opposing polar 
ity conductorportions indicated at (+) and (-) and the variable 
resistive body portions (385A, 385B) are similar to the 
embodiment illustrated in FIG.8. The upper energy-delivery 
element 340B has an electrode 395 in an interior of the tem 
perature-responsive PTC composition 385B that has an 
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opposing polarity relative to electrode 390 in the opposing 
energy-delivery element 340A. Further, the upper energy 
delivery element 340B has conductive housing portion 382a 
with edge portions 392b (collectively) in engagement surface 
380B that have the same polarity as the conductive housing 
portion 382a in the opposing energy-delivery element 340A. 
I0085. In operation, the instrument of FIGS. 15-20 would 
function exactly as the previously described embodiment of 
FIGS. 7-10D to cause ohmic heating in tissue. The instrument 
of FIGS. 17-20 can be used first to grasp and weld tissue, 
followed by a second step of transecting the engaged tissue. 
The jaws of the instrument can be straight or curved and the 
blade 325 can be thin and flexible to allow it to bend as it is 
advanced through the blade channel portions of the energy 
delivery elements. It should be appreciated that the scope of 
the invention encompasses the flexibly coupled energy-deliv 
ery elements 340A and 340B for detachable engagement by 
opposing jaws when the thermal energy delivery mechanism 
is of any type known in the art, for example, any resistive 
heating element for conductive tissue heating or any bi-polar 
or mono-polar electrode arrangement for causing ohmic tis 
Sue heating or a combination thereof. 
0.086 FIG. 21 illustrates an alternative embodiment of 
cartridge 395 that carries only electrosurgical components as 
described above, but without the blade means being inte 
grated into the disposable cartridge. All other components 
and features are the same as in the cartridge of FIGS. 16 and 
20 with like reference numerals describing the components. It 
should be appreciated that the scope of the invention encom 
passes the flexibly coupled energy-delivery elements 340A 
and 340B for detachable engagement by opposingjaws when 
the thermal energy delivery mechanism is of any type known 
in the art, for example, any resistive heating element for 
conductive tissue heating or any bi-polar electrode arrange 
ment for causing ohmic tissue heating, or a combination 
thereof. 

0087 FIG. 22 illustrates an alternative embodiment of 
cartridge or energy-delivery element 400A corresponding to 
the invention that comprises a single plug-in cartridge for 
inserting into a single jaw. The embodiment is shown for a 
curved jaw to cooperate with a flexible blade. The electrode 
and temperature-responsive PTC component of the element 
400A remains the same as in FIG. 20, as indicated by the 
sectional line. This embodiment has a electrical plug 402 that 
can inserted into a cooperating connector within the jaw or 
handle structure, or plug 402 can be any length to couple 
directly to a cable extending to voltage source 150A. It can be 
easily understood that a cooperating energy-delivery element 
(400B not shown) for an opposingjaw can be provided having 
the components as in FIG. 20. 
0088. The foregoing description of various embodiments 
of the invention has been presented for purposes of illustra 
tion and description. It is not intended to limit the invention to 
the precise forms disclosed. Many modifications, variations 
and refinements will be apparent to practitioners skilled in the 
art. Further, the teachings of the invention have broad appli 
cation in the electroSurgical and laparoscopic device fields as 
well as other fields which will be recognized by practitioners 
skilled in the art. 
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0089 Elements, characteristics, or acts from one embodi 
ment can be readily recombined or substituted with one or 
more elements, characteristics or acts from other embodi 
ments to form numerous additional embodiments within the 
Scope of the invention Hence, the scope of the present inven 
tion is not limited to the specifics of the exemplary embodi 
ment, but is instead limited solely by the appended claims. 
What is claimed is: 
1. An electroSurgical assembly for detachable coupling 

with opposing jaws of a Surgical instrument, the assembly 
comprising: 

a body carrying first and second energy-delivery elements 
for engaging tissue; 

a first polarity electrode exposed in a surface portion of the 
first energy-delivery element for causing ohmic heating 
in engaged tissue; and 

a temperature-responsive variable resistive body exposed 
in a surface portion of the second energy-delivery ele 
ment for modulating energy delivery to adjacent ohmi 
cally heated tissue responsive to the temperature of the 
heated tissue. 

2. An electroSurgical assembly as in claim 1, further com 
prising a second polarity electrode in an interior of the tem 
perature-responsive variable resistive body of the second 
energy-delivery element. 

3. An electroSurgical assembly as in claim 1, further com 
prising a second polarity electrode exposed in a Surface por 
tion of the second energy-delivery element. 

4. An electroSurgical assembly as in claim 1, further com 
prising a temperature-responsive variable resistive body 
exposed in a surface portion of the first energy-delivery ele 
ment. 

5. An electroSurgical assembly as in claim 4, further com 
prising a second polarity electrode exposed in a Surface por 
tion of the first energy-delivery element. 

6. An electrosurgical assembly as in claim 5, wherein the 
first and second polarity electrodes of the first energy-deliv 
ery element are separated by the temperature-responsive vari 
able resistive body. 

7. An electroSurgical assembly as in claim 1, further com 
prising a channel within a surface of at least one of the first or 
the second energy-delivery elements, the channel configured 
to receive a slidable blade member. 

8. An electroSurgical assembly as in claim 1, further com 
prising a connector means coupled to the body, the connector 
means configured to couple the first and second energy-de 
livery elements to a Voltage source. 

9. An electrosurgical cartridge assembly for removable 
coupling with a Surgical instrument having a pair of opposing 
jaw portions, the assembly comprising: 

a cartridge body having an energy-delivery Surface for 
engaging tissue; 

at least one electrode exposed in a first portion of the 
energy-delivery Surface for causing ohmic heating in 
engaged tissue; and 

a temperature-responsive variable resistive body exposed 
in a second portion of the energy-delivery Surface for 
modulating energy density in adjacent ohmically heated 
tissue responsive to the temperature of the heated tissue. 
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