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(57) ABSTRACT 

An electrosurgical system for sealing tissue is disclosed. The 
system includes a forceps having opposing jaW members that 
cooperate to grasp tissue therebetWeen, Wherein each of the 
jaW members includes a sealing plate that is connected to an 
electrosurgical generator and is con?gured to communicate 
electro surgical energy through the tissue held therebetWeen. 
The system also includes at least one sensor Which deter 
mines a gap distance between the sealing plates of the jaW 
members and a microprocessor programmed to communicate 
With the at least one sensor to measure an initial gap distance 
between the sealing plates and to generate at least one desired 
gap distance value based on the initial gap distance, the 
microprocessor further programmed to communicate With 
the at least one sensor to adjust output level of the electrosur 
gical generator as a function of the measured gap distance 
during the sealing process. 
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FIG. 1A 
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FIG. 1B 
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FIG. 7 
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SYSTEM AND METHOD FOR 
CONTROLLING RF OUTPUT DURING 

TISSUE SEALING 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The present application is a continuation applica 
tion of US. patent application Ser. No. 11/500,688 entitled 
“SYSTEM AND METHOD FOR CONTROLLING RF 
OUTPUT DURING TISSUE SEALING” ?led by Darren 
Odom, et al. onAug. 8, 2006, the entire disclosure of Which is 
hereby incorporated by reference herein. 

BACKGROUND 

[0002] 1. Technical Field 
[0003] The present disclosure relates to an electrosurgical 
instrument and method for performing electrosurgical proce 
dures. More particularly, the present disclosure relates to an 
open or endoscopic bipolar electrosurgical forceps that 
includes opposing jaW members each having a sealing plate 
for grasping tissue and supplying electrosurgical energy 
thereto. The output of electrosurgical energy is adjusted as the 
sealing plates compress the tissue to prevent cell rupture. 
[0004] 2. Background of Related Art 
[0005] Electrosurgery involves application of high radio 
frequency electrical current to a surgical site to cut, ablate, 
coagulate, cauteriZe, desiccate or seal tissue. Tissue or vessel 
sealing is a process of liquefying the collagen, elastin and 
ground substances in the tissue so that they reform into a 
fused mass With signi?cantly-reduced demarcation betWeen 
the opposing tissue structures. CauteriZation involves the use 
of heat to destroy tissue and coagulation is a process of 
desiccating tissue Wherein the tissue cells are ruptured and 
dried. 
[0006] In bipolar electrosurgery, one of the electrodes of 
the hand-held instrument functions as the active electrode and 
the other as the return electrode. The return electrode is placed 
in close proximity to the active electrode such that an electri 
cal circuit is formed betWeen the tWo electrodes (e.g., elec 
trosurgical forceps). In this manner, the applied electrical 
current is limited to the body tissue positioned betWeen the 
electrodes. When the electrodes are suf?ciently separated 
from one another, the electrical circuit is open and thus inad 
vertent contact With body tissue With either of the separated 
electrodes does not cause current to How. 

[0007] A forceps is a pliers-like instrument Which relies on 
mechanical action betWeen its jaWs to grasp, clamp and con 
strict vessels or tissue. So-called “open forceps” are com 
monly used in open surgical procedures Whereas “endoscopic 
forceps” or “laparoscopic forceps” are, as the name implies, 
are used for less invasive endoscopic surgical procedures. 
Electrosurgical forceps (open or endoscopic) utiliZe 
mechanical clamping action and electrical energy to effect 
hemostasis on the clamped tissue. The forceps includes elec 
trosurgical sealing plates Which apply the electrosurgical 
energy to the clamped tissue. By controlling the intensity, 
frequency and duration of the electrosurgical energy applied 
through the sealing plates to the tissue, the surgeon can coagu 
late, cauteriZe and/or seal tissue. 
[0008] Tissue sealing procedures involve more than simply 
cauteriZing tissue. In order to affect a proper seal in vessels or 
tissue, it has been determined that a variety of mechanical and 
electrical parameters must be accurately controlled: the pres 
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sure applied to the tissue; the gap distance betWeen the elec 
trodes (i.e., distance betWeen opposing jaW members When 
closed about tissue); and amount of energy applied to tissue. 

[0009] Numerous electrosurgical instruments have been 
proposed in the past for various open and endoscopic surgical 
procedures. HoWever, most of these instruments cauteriZe or 
coagulate tissue and are not designed to create an effective or 
a uniform seal. Other instruments generally rely on clamping 
pressure alone to procure proper sealing thickness and are 
often not designed to take into account gap tolerances and/or 
parallelism and ?atness requirements Which are parameters 
Which, if properly controlled, can assure a consistent and 
effective tissue seal. 

SUMMARY 

[0010] The present disclosure relates to a vessel or tissue 
sealing instrument Which is designed to manipulate, grasp 
and seal tissue utiliZing jaW members. According to one 
aspect of the present disclosure an electrosurgical system for 
sealing tissue is disclosed. An electrosurgical system for seal 
ing tissue is disclosed Which includes an electrosurgical for 
ceps having a shaft member and a jaW member disposed at a 
distal end thereof. The jaW members are movable from a ?rst 
position in spaced relation relative to one another to at least 
one subsequent position Wherein the jaW members cooperate 
to grasp tissue therebetWeen. Each of the jaW members 
including a sealing plate Which communicates electrosurgical 
energy through tissue held therebetWeen. The jaW members 
are adapted to connect to an electrosurgical generator. The 
system also includes one or more sensors Which determine a 

gap distance betWeen the sealing plates of the jaW members 
and a microprocessor Which is adapted to communicate With 
the sensor and measure an initial gap distance betWeen the 

sealing plates as Well as to generate a desired gap distance 
trajectory based on the initial gap distance. The microproces 
sor is further adapted to communicate With the at least one 
sensor in real time to adjust output level of the electrosurgical 
generator as a function of the measured gap distance during 
the sealing process. 
[0011] According to a further aspect of the present disclo 
sure a method for sealing tissue is provided. The method 
includes the steps of providing an electrosurgical forceps for 
sealing tissue. The forceps includes at least one shaft member 
having a jaW member disposed at a distal end thereof. The jaW 
members are movable from a ?rst position in spaced relation 
relative to one another to at least one subsequent position 
Wherein the jaW members cooperate to grasp tissue therebe 
tWeen. Each of the jaW members includes a sealing plate 
adapted to connect to an electrosurgical generator and to 
communicate electro surgical energy through tissue held ther 
ebetWeen. One of the jaW members also includes a sensor that 
determines a gap distance betWeenjaW members. The method 
also includes the steps of grasping tissue in betWeen the 
sealing plates and measuring an initial gap distance betWeen 
the sealing plates and generating a desired gap distance tra 
jectory based on the initial gap distance, Wherein the desired 
gap distance trajectory includes a plurality of target gap dis 
tance values. The method further includes the step of adjust 
ing the output of the electro surgical generator as a function of 
real time changes in gap distance by the sensor. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Various embodiments of the present disclosure are 
described herein With reference to the drawings Wherein: 
[0013] FIG. 1A is a perspective vieW of an electrosurgical 
system according to the present disclosure; 
[0014] FIG. 1B is a side, partial internal vieW of an end 
effector assembly of an endoscopic forceps according to the 
present disclosure; 
[0015] FIG. 2 is a schematic block diagram of a generator 
system according to the present disclosure; 
[0016] FIG. 3 is a rear, perspective vieW of the end effector 
of FIG. 1B shoWn With tissue grasped therein; 
[0017] FIG. 4 is an enlarged, perspective vieW of an elec 
trically conductive sealing plate of the end effector assembly 
shoWing a series of selectively adjustable stop members dis 
posed thereon; 
[0018] FIG. 5 shoWs a How chart shoWing a sealing method 
using a bipolar forceps according to the present disclosure; 
[0019] FIG. 6 shoWs a graph of gap distance “G” versus 
time (t) utiliZing the method of FIG. 5; and 
[0020] FIG. 7 is a perspective vieW of an open bipolar 
forceps Which is con?gured to close at a predetermined rate 
according to the present disclosure. 

DETAILED DESCRIPTION 

[0021] Particular embodiments of the present disclosure 
are described hereinbeloW With reference to the accompany 
ing draWings. In the folloWing description, Well-knoWn func 
tions or constructions are not described in detail to avoid 
obscuring the present disclosure in unnecessary detail. Those 
skilled in the art Will understand that the invention according 
to the present disclosure may be adapted for use With either 
monopolar or bipolar electrosurgical system. 
[0022] The present disclosure provides for an apparatus, 
system and method of controlling RF output during sealing. 
In particular, the RF output applied to tissue grasped betWeen 
opposing jaW members of a forceps instrument is controlled 
based on sensed feedback measurements of a gap distance 
“G” betWeen the opposing jaW members. It has been observed 
that the relative thickness of various tissues decreases pre 
cipitously during the initial stages of a sealing process. In 
particular, it has been determined that tissue thickness 
decreases due to cell ruptures caused by constant application 
of energy and pressure. Since tissue thickness directly corre 
sponds to the gap distance “G” betWeen opposing jaW mem 
bers, it is envisioned that adjusting RF output based on the 
desired rate of change of the gap distance “G” controls the 
decrease in the tissue thickness during the sealing process 
resulting in a con?dent, more reliable tissue seal. In other 
Words, controlling the rate at Which the thickness of the tissue 
decreases is bene?cial in creating a strong seal since the 
optimum amount of tissue remains enclosed betWeen the 
opposing jaW members. 
[0023] With reference to the ?gures, FIG. 1A shoWs an 
electrosurgical system having an endoscopic vessel sealing 
bipolar forceps 10 electrically coupled to an electrosurgical 
generator 20 that is adapted to supply electrosurgical high 
radio frequency (RF) energy thereto. The forceps 10 is shoWn 
by Way of example and other electrosurgical forceps are also 
envisioned Which alloW control of RF output to provide a 
reliable seal. Those skilled in the art Will understand that the 
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invention according to the present disclosure may be adapted 
for use With either an endoscopic instrument or an open 
instrument. 

[0024] It should also be appreciated that different electrical 
and mechanical connections and other considerations apply 
to each particular type of instrument. HoWever, the novel 
aspects With respect to controlling RF output as a function of 
the gap distance “G” and the operating characteristics of the 
instruments remain generally consistent With respect to both 
the open or endoscopic designs. 
[0025] FIGS. 1A-1B shoW the forceps 10 Which is con?g 
ured to support an effector assembly 100 at a distal end 
thereof. More particularly, forceps 10 generally includes a 
housing 21, a handle assembly 30, a rotating assembly 80, and 
a trigger assembly 70 that mutually cooperate With the end 
effector assembly 100 to grasp, seal and, if required, divide 
tissue. 

[0026] The forceps 10 also includes a shaft 12 that has a 
distal end 14 Which mechanically engages the end effector 
assembly 100 and a proximal end 16 Which mechanically 
engages the housing 21 proximate the rotating assembly 80. 
In the draWings and in the description Which folloWs, the term 
“proximal”, refers to the end of the forceps 10 Which is closer 
to the user, While the term “distal” refers to the end of the 
forceps Which is further from the user. 

[0027] The forceps 10 also includes a plug 300 Which con 
nects the forceps 10 to a source of electrosurgical energy, e. g., 
the electrosurgical generator 20, via an electrical cable 23. 
Handle assembly 30 includes a ?xed handle 50 and a movable 
handle 40. Handle 40 moves relative to the ?xed handle 50 to 
actuate the end effector assembly 100 and enables a user to 
grasp and manipulate tissue 400 as shoWn in FIG. 3. 

[0028] The generator 20 includes input controls (e.g., but 
tons, activators, sWitches, touch screen, etc.) for controlling 
the generator 20. In addition, the generator 20 may include 
one or more display screens for providing the surgeon With a 
variety of output information (e.g., intensity settings, treat 
ment complete indicators, etc.). The controls alloW the sur 
geon to adjust the RF energy, Waveform, and otherparameters 
to achieve the desired Waveform suitable for a particular task 
(e.g., coagulating, tissue sealing, intensity setting, etc.). It is 
also envisioned that the forceps 10 may include a plurality of 
input controls Which may be redundant With certain input 
controls of the generator 20. Placing the input controls at the 
forceps 10 alloWs for easier and faster modi?cation of RF 
energy parameters during the surgical procedure Without 
requiring interaction With the generator 20. 
[0029] FIG. 2 shoWs a schematic block diagram of the 
generator 20 having a controller 24, a high voltage DC poWer 
supply 27 (“HVPS”) and an RF output stage 28. The HVPS 27 
provides high voltage DC poWer to an RF output stage 28 
Which then converts high voltage DC poWer into RF energy 
and delivers the RF energy to the active electrode 24. In 
particular, the RF output stage 28 generates sinusoidal Wave 
forms of hi gh frequency RF energy. The RF output stage 28 is 
con?gured to generate a plurality of Waveforms having vari 
ous duty cycles, peak voltages, crest factors, and otherparam 
eters. Certain types of Waveforms are suitable for speci?c 
electrosurgical modes. For instance, the RF output stage 28 
generates a 100% duty cycle sinusoidal Waveform in cut 
mode, Which is best suited for dissecting tissue and a 25% 
duty cycle Waveform in coagulation mode, Which is best used 
for cauteriZing tissue to stop bleeding. 
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[0030] The controller 24 includes a microprocessor 25 con 
nected to a memory 26 Which may be volatile type memory 
(e. g., RAM) and/or non-volatile type memory (e.g., ?ash 
media, disk media, etc.). The microprocessor 25 includes an 
output port Which is connected to the HVPS 27 and/or RF 
output stage 28 allowing the microprocessor 25 to control the 
output of the generator 20 according to either open and/or 
closed control loop schemes. 
[0031] A closed loop control scheme is a feedback control 
loop Wherein sensor circuitry 22 provides feedback to the 
controller 24. The sensor circuitry 22 may include a plurality 
of sensors measuring a variety of tissue and energy properties 
(e. g., tissue impedance, tissue temperature, output current 
and/ or voltage, gap distance, etc .). Such sensors are Within the 
purvieW of those skilled in the art. The controller 24 then 
signals the HVPS 27 and/or RF output stage 28, Which then 
adjust output of DC and/or RF energy, respectively. The con 
troller 24 also receives input signals from the input controls of 
the generator 20 or the forceps 10. The controller 24 utiliZes 
the input signals to adjust poWer outputted by the generator 20 
and/ or performs other control functions thereon. 
[0032] With references to FIGS. 1A-1B, the end effector 
assembly 100 includes a pair of opposing jaW members 110 
and 120 each having an electrically conductive sealing plate 
112 and 122, respectively, attached thereto for conducting 
electrosurgical energy through tissue 400 held therebetWeen. 
More particularly, the jaW members 110 and 120 move in 
response to movement of the handle 40 from an open position 
to a closed position. In open position the sealing plates 112 
and 122 are disposed in spaced relation relative to one 
another. In a clamping or closed position the sealing plates 
112 and 122 cooperate to grasp tissue and apply electrosur 
gical energy thereto. 
[0033] The jaW members 110 and 120 are activated using a 
drive assembly (not shoWn) enclosed Within the housing 21. 
The drive assembly cooperates With the movable handle 40 to 
impart movement of the jaW members 110 and 120 from the 
open position to the clamping or closed position. Examples of 
handle assemblies are shoWn and described in commonly 
oWned US. application Ser. No. l0/389,894 entitled “VES 
SEL SEALER AND DIVIDER AND METHOD MANU 
FACTURING SAME” and commonly oWned US. 
application Ser. No. 10/ 460,926 entitled “VESSEL SEALER 
AND DIVIDER FOR USE WITH SMALL TROCARS AND 
CANNULAS” Which are both hereby incorporated by refer 
ence herein in their entirety. 

[0034] In addition, the handle assembly 30 of this particular 
disclosure includes a four-bar mechanical linkage, Which pro 
vides a unique mechanical advantage When sealing tissue 
betWeen the jaW members 110 and 120. For example, once the 
desired position for the sealing site is determined and the jaW 
members 110 and 120 are properly positioned, handle 40 may 
be compressed fully to lock the electrically conductive seal 
ing plates 112 and 122 in a closed position against the tissue. 
The details relating to the inter-cooperative relationships of 
the inner-Working components of forceps 10 are disclosed in 
the above-cited commonly-oWned US. patent application 
Ser. No. l0/369,894. Another example of an endoscopic 
handle assembly Which discloses an off-axis, lever-like 
handle assembly, is disclosed in the above-cited US. patent 
application Ser. No. l0/460,926. 
[0035] As shoWn in FIGS. 1A-1B, the forceps 10 also 
includes a trigger 70 Which advances a knife 200 disposed 
Within the end effector assembly 100. Once a tissue seal is 
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formed, the user activates the trigger 70 to separate the tissue 
400 along the tissue seal. Knife 200 preferably includes a 
sharpened edge 205 for severing the tissue 400 held betWeen 
the jaW members 110 and 120 at the tissue sealing site. FIG. 
4 shoWs a longitudinally-oriented channel 210 de?ned in an 
electrically conductive sealing plate 112 extending from the 
proximal end to the distal end thereof. The channel 210 facili 
tates longitudinal reciprocation of the knife 200 along a pre 
ferred cutting plane to effectively and accurately separate the 
tissue 400 along a formed tissue seal. 
[0036] The forceps 10 also includes a rotating assembly 80 
mechanically associated With the shaft 12 and the drive 
assembly (not shoWn). Movement of the rotating assembly 80 
imparts similar rotational movement to the shaft 12 Which, in 
turn, rotates the end effector assembly 100. Various features 
along With various electrical con?gurations for the transfer 
ence of electrosurgical energy through the handle assembly 
20 and the rotating assembly 80 are described in more detail 
in the above-mentioned commonly-oWned US. patent appli 
cation Ser. Nos. l0/369,894 and l0/460,926. 
[0037] As best seen With respect to FIGS. 1A-1B, the end 
effector assembly 100 attaches to the distal end 14 of shaft 12. 
The jaW members 110 and 120 are preferably pivotable about 
a pivot 160 from the open to closed positions upon relative 
reciprocation, i.e., longitudinal movement, of the drive 
assembly (not shoWn). Again, mechanical and cooperative 
relationships With respect to the various moving elements of 
the end effector assembly 100 are further described by 
example With respect to the above-mentioned commonly 
oWned US. patent application Ser. Nos. l0/369,894 and 
l 0/ 460,926. 
[0038] It is envisioned that the forceps 10 may be designed 
such that it is fully or partially disposable depending upon a 
particular purpose or to achieve a particular result. For 
example, end effector assembly 100 may be selectively and 
releasably engageable With the distal end 14 of the shaft 12 
and/or the proximal end 16 of the shaft 12 may be selectively 
and releasably engageable With the housing 21 and handle 
assembly 30. In either of these tWo instances, the forceps 10 
may be eitherpartially disposable or reposable, such as Where 
a neW or different end effector assembly 100 or end effector 
assembly 100 and shaft 12 are used to selectively replace the 
old end effector assembly 100 as needed. 

[0039] Since the forceps 10 applies energy through elec 
trodes, each of the jaW members 110 and 120 includes an 
electrically conductive sealing plate 112 and 122, respec 
tively, disposed on an inner-facing surface thereof. Thus, once 
the jaW members 110 and 120 are fully compressed about the 
tissue 400, the forceps 10 is noW ready for selective applica 
tion of electrosurgical energy as shoWn in FIG. 3. At that 
point, the electrically conductive plates 112 and 122 cooper 
ate to seal tissue 400 held therebetWeen upon the application 
of electrosurgical energy. JaW members 110 and 120 also 
include insulators 116 and 126 Which together With the outer, 
non-conductive plates of the jaW members 110 and 120 are 
con?gured to limit and/ or reduce many of the knoWn unde 
sirable effects related to tissue sealing, e.g., ?ashover, thermal 
spread and stray current dissipation as shoWn in FIG. 1B. 
[0040] At least one of thejaW members 110 and 120 also 
includes one or more stop members 150 Which limit the 
movement of the tWo opposing jaW members 110 and 120 
(and sealing plates 112 and 122) relative to one another by 
acting as a barrier betWeen the tWo surfaces. It is envisioned 
that the stop members 150 may be disposed on one or both of 
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the sealing plates 112 and 122 depending upon a particular 
purpose or to achieve a particular result. Preferably, the stop 
members 150 extend from at least one of the sealing plates 
112, 122 a predetermined distance according to the speci?c 
material properties of the stop member 150 (e. g., compressive 
strength, thermal expansion, etc.). 
[0041] In order for the stop members 150 to prevent the 
sealing plates 112, 122 from coming in contact With each 
other, preferably, the stop members 150 are made from an 
insulative material, e.g., parylene, nylon and/or ceramic and 
are dimensioned to limit opposing movement of the sealing 
plates 112 and 122. Moreover, it is contemplated that any 
combination of different stop members 150 may be 
assembled along the sealing plates 112 (and/or 122). A 
ceramic or insulative coating may be deposited or sprayed 
onto the tissue engaging plate of the stop member(s) 150. 
Thermal spraying techniques are contemplated Which involve 
depositing a broad range of heat-resistant and insulative 
materials on the tissue engaging plates of the stop members 
150, high velocity Oxy-fuel deposition, plasma deposition, 
etc. 

[0042] FIG. 4 shoWs one exemplary con?guration of the 
stop members 150 disposed on or protruding from the sealing 
plate 112. More particularly and as illustrated in FIG. 4, a 
series of longitudinally-oriented tab-like stop members 150 
are disposed along either side of the knife channel 210 of jaW 
member 110. Preferably, the stop members 150 may be con 
?gured in any knoWn geometric or polynomial con?guration, 
e.g., triangular, rectilinear, circular, ovoid, scalloped, etc., 
depending upon a particular purpose. 
[0043] The gap distance “G” is used as a sensed feedback to 
control the thickness of the tissue being grasped. More par 
ticularly, a pair of opposing sensors 1700 and 17019 are con 
?gured to provide real-time feedback relating to the gap dis 
tance betWeen the sealing plates 112 and 122 of the jaW 
members 110 and 120 during the sealing process via electri 
cal connection 171a and 171b, respectively. RF energy output 
is adjusted based on the measured gap distance “G.” Conse 
quently, this controls the rate at Which tissue grasped betWeen 
the sealing plates 112 and 122 is being cooked thereby con 
trolling the rate at Which the thickness of the tissue being 
grasped decreases. 
[0044] The gap distance “G” is directly related to the thick 
ness of tissue being grasped betWeen the sealing plates 112 
and 122. Therefore, it is envisioned that the thickness of tissue 
being grasped may be controlled based on the gap distance 
“G.”As shoWn in a graph of FIG. 5, thickness of the tissue and 
therefore the gap distance “G” decrease, as pressure and 
energy are applied thereto. Tissue thickness decreases for at 
least tWo reasons. First, the pressure applied to the tissue by 
the sealing plates 112 and 122 compresses tissue. Second, RF 
energy applied to the tissue increases the temperature therein 
at Which point intra-cellular ?uids being to boil thereby caus 
ing the cells to rupture uncontrollably. 
[0045] The graph ofFIG. 5 shoWs a plot 450 ofgap distance 
“G” betWeen electrode plates of a conventional electrosurgi 
cal sealing forceps Where RF energy is supplied at a constant 
rate. In the plot 450, the gap distance “G” falls to approxi 
mately half of the original value very quickly (e. g., approxi 
mately 0.5 seconds). It demonstrates as pressure and energy 
are applied at a constant rate during initial stages of a sealing 
procedure, thickness of the tissue rapidly decreases as the 
tissue is being cooked. 
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[0046] Plot 452 shoWs a more desirable progression of the 
gap distance “G.” In particular, if the thickness of the tissue 
decreases at a more controlled rate, grasped tissue remains in 
the seal area. Conventionally, tissue layers are pressed out of 
the seal area due to uncontrolled delivery of RF energy, result 
ing in a less secure seal. Therefore, the controlled decrease of 
the gap distance “G” of the plot 452 alloWs for controlled 
decreases of the tissue thickness. This is accomplished by 
controlling RF output as a function of the gap distance “G.” 
More speci?cally, the embodiment of the present disclosure 
controls delivery of RF energy to tissue during sealing based 
on the gap distance “G” to maintain the desired rate of cell 
rupture thereby controlling the thickness of the tissue being 
grasped. 
[0047] The sealing method according to the present disclo 
sure is shoWn in FIG. 5. In step 500, the forceps 10 grasps the 
tissue 400 using the jaW members 110 and 120. The sealing 
plates 112 and 122 are activated and are in contact With the 
tissue 400 but are not fully closed. When the sealing plates 
112 and 122 contact the tissue 400 electrosurgical energy is 
applied thereto and the collagen contained therein is dena 
tured and becomes more mobile (i.e., lique?es). 
[0048] In step 502, initial gap distance “G” is determined 
by sensors 170a, 1701) Which measure the distance betWeen 
jaW members 110 and 120. The initial gap distance “G” 
measurement is useful in determining the thickness of the 
tissue being grasped. The thickness is particularly important 
since various adjustments to the procedure may be made 
based on relative tissue thickness. For instance, thin tissue 
types (e. g., small blood vessels) may require a certain amount 
of energy and pressure to properly seal desiccation Whereas 
thicker tissue types may require more pressure and more 
energy. It is envisioned that other tissue parameters may be 
used to determine thickness and/or properties of the tissue. A 
second sensor, one of the sensors 170a and 170b, may be 
adapted to measure boundary conditions, jaW ?ll, hydration. 
This may be accomplished by using optical sensors adapted 
to measure opacity of the tissue. The tissue property measure 
ments are transmitted to the microprocessor 25 Wherein 
adjustments to the generator 20 are made in real-time based 
on the measurements. 

[0049] In step 504, energy, tissue and other parameters for 
constructing a desired trajectory of the gap distance “G” are 
selected based on the initial gap distance “G.” More speci? 
cally, the initial gap distance “G” measurement is transmitted 
to the controller 24 Where the tissue thickness is determined 
as a function thereof. The determination may be accom 
plished by matching the measured initial gap distance “G” 
With gap distance “G” values stored in a look-up table stored 
in memory 26. The look-up table may include a plurality of 
gap distance “G” values and corresponding tissue thickness 
values. Upon ?nding a match, corresponding tissue thickness 
is obtained. In addition, the look-up table may also include 
energy and pressure parameters associated With the corre 
sponding tissue thickness. It is envisioned that energy and 
pressure parameters may be loaded based on the initial gap 
distance “G” determination Without determining the tissue 
thickness. 

[0050] In step 506, a desired gap distance “G” trajectory, 
namely, plot 452 is generated. The gap distance trajectory 
“G” includes a plurality of desired gap distance “G” values. It 
is envisioned that the look-up table may include a plurality of 
parameters such as starting and ending gap distances “G,” 
desired slope(s), etc. The microprocessor 25 uses these 
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parameters to construct the plot 452 (i.e., the desired trajec 
tory) may be linear, quasi-linear, or non-linear. 
[0051] In step 508, the forceps 10 begins to apply pressure 
and energy to the tissue 400 using the jaW members 110 and 
120 based on the energy and pressure parameters loaded in 
step 504. The pressure may be constant or be applied to 
according to a desired pattern (e. g., a control curve). 
[0052] In step 510, as RF energy is applied to tissue, gap 
distance “G” is continually monitored and compared With the 
plot 452 in particular With corresponding desired gap distance 
“G” values. In step 512, the generator 20 adjusts the energy 
level based on the measured gap distance “G” by matching 
measured gap distance “G” With desired gap distance “G.” 
This is accomplished at speci?c time increments Which may 
be predetermined or dynamically de?ned. Namely, for every 
time increment, measured gap distance “G” is compared With 
a corresponding desired gap distance “G.” If the measured 
gap distance drops off rapidly and is beloW the desired cor 
responding gap distance “G” value of the plot 452, the micro 
processor 25 adjusts RF output of the generator 20 (e. g., 
reducing the output). 
[0053] The apparatus and method according to the present 
disclosure alloW for tissue sealing procedures Which retain 
the collagen at the sealing site Which is knoWn to enhance the 
consistency, effectiveness, and strength of tissue seals. This 
may be accomplished by using a “sloW close” activation to 
initially denature the collagen and then close the sealing 
plates under pres sure at a predetermined rate. Further details 
relating to “sloW close” activation are disclosed in com 
monly-oWned US. application Ser. No. 11/095,123 ?led Mar. 
31, 2005 entitled “ELECTROSURGICAL FORCEPS WITH 
SLOW CLOSURE SEALING PLATES AND METHOD OF 
SEALING TISSUE”, the entire content of Which being incor 
porated by reference herein. This alloWs for limited extrusion 
of the cured and mixed collagen mass from the sealing site 
Which contributes to an effective and uniform seal. 

[0054] From the foregoing and With reference to the various 
?gure draWings, those skilled in the art Will appreciate that 
certain modi?cations can also be made to the present disclo 
sure Without departing from the scope of the same. For 
example and as mentioned above, it is contemplated that any 
of the sloW closure techniques, methods and mechanisms 
disclosed herein may be employed on an open forceps such as 
the open forceps 700 disclosed in FIG. 7. The forceps 700 
includes an end effector assembly 600 Which attaches to the 
distal ends 516a and 51619 of shafts 512a and 512b, respec 
tively. The end effector assembly 600 includes pair of oppos 
ing jaW members 610 and 620 Which are pivotally connected 
about a pivot pin 665 and Which are movable relative to one 
another to grasp vessels and/or tissue. Stop member assembly 
such as those described With respect to FIGS. 1A-1B, 3, and 
4 and sensors 170a and 1701) may be disposed Within the end 
effector 600 to regulate the RF energy according to real-time 
measurements and changes to the gap distance “G” during 
sealing. 
[0055] Each shaft 512a and 5121) includes a handle 515 and 
517, respectively, disposed at the proximal end 514a and 
51419 thereof each of the handles 515 and 517 de?ne a ?nger 
hole 515a and 51711, respectively, therethrough for receiving 
a ?nger of the user. Finger holes 515a and 51711 facilitate 
movement of the shafts 512a and 512!) relative to one another 
Which, in turn, pivot the jaW members 610 and 620 from an 
open position Wherein the jaW members 610 and 620 are 
disposed in spaced relation relative to one another to a clamp 
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ing or closed position Wherein the jaW members 610 and 620 
cooperate to grasp tissue or vessels therebetWeen. Further 
details relating to one particular open forceps are disclosed in 
commonly-oWned US. application Ser. No. 10/962,116 ?led 
Oct. 8, 2004 entitled “OPEN VESSEL SEALING INSTRU 
MENT WITH CUTTING MECHANISM AND DISTAL 
LOCKOUT”, the entire content of Which being incorporated 
by reference herein. 
[0056] In addition, it is also contemplated that the presently 
disclosed forceps may include an electrical cutting con?gu 
ration to separate the tissue either prior to, during or after 
cutting. One such electrical con?guration is disclosed in com 
monly-assigned US. patent application Ser. No. 10/ 932,612 
entitled “VESSEL SEALING INSTRUMENT WITH ELEC 
TRICAL CUTTING MECHANISM” the entire contents of 
Which being incorporated by reference herein. Moreover, it is 
also contemplated that only one sensor in one jaW member 
may be utiliZed to measure the initial and real-time changes in 
the gap distance “G.” The sensor may be con?gured to pro 
vide an initial gap distance value to the microprocessor or 
generator Which enables a predetermined starting gap dis 
tance value, trajectory and ending gap distance value. The 
generator then delivers energy according to preset parameters 
and for pre-set time increments Without matching the gap 
values along a particular curve. In other Words, energy is 
provided based on pre-existing empirical data and not 
adapted in real-time according to real changes in gap distance 
“G” 
[0057] While several embodiments of the disclosure have 
been shoWn in the draWings and/or discussed herein, it is not 
intended that the disclosure be limited thereto, as it is 
intended that the disclosure be as broad in scope as the art Will 
alloW and that the speci?cation be read likeWise. Therefore, 
the above description should not be construed as limiting, but 
merely as exempli?cations of particular embodiments. Those 
skilled in the art Will envision other modi?cations Within the 
scope and spirit of the claims appended hereto. 

What is claimed is: 
1 . An electrosurgical system for sealing tissue, comprising: 
a forceps including opposing jaW members that cooperate 

to grasp tissue therebetWeen, each jaW member includ 
ing a sealing plate that is connected to an electrosurgical 
generator and is con?gured to communicate electrosur 
gical energy through the tissue held therebetWeen; 

at least one sensor con?gured to determine a gap distance 
betWeen the sealing plates of the jaW members; and 

a microprocessor programmed to communicate With the at 
least one sensor to measure an initial gap distance 

betWeen the sealing plates and to generate at least one 
desired gap distance value based on the initial gap dis 
tance, the microprocessor further programmed to com 
municate With the at least one sensor to adjust an output 
level of the electrosurgical generator as a function of the 
measured gap distance during the sealing process. 

2. The electrosurgical system as in claim 1, Wherein the 
microprocessor is further con?gured to generate a desired gap 
distance trajectory including a plurality of desired gap dis 
tance values as a function of at least one of a desired slope, 
starting gap distance value and desired ending gap distance 
value. 

3. The electrosurgical system as in claim 2, Wherein the 
microprocessor is further con?gured to substantially match 
the measured gap distance to a corresponding desired target 
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gap distance value and adjusts the generator to deliver the 
appropriate energy to the tissue. 

4. The electrosurgical system as in claim 2, Wherein the 
desired slope, the starting gap distance value and the ending 
gap distance value are selected as a function of the initial gap 
distance. 

5. The electrosurgical system for sealing tissue as in claim 
1, further comprising: 

a knife channel de?ned along a length of at least one of the 
sealing plates, the knife channel dimensioned to recip 
rocate a cutting mechanism therealong; and 

an actuator con?gured to selectively advance the cutting 
mechanism from a ?rst position Wherein the cutting 
mechanism is disposed proximal to tissue held betWeen 
the jaW members to at least one subsequent position 
Wherein the cutting mechanism is disposed distal to 
tissue held betWeen the jaW members. 

6. The electrosurgical system according to claim 1 further 
comprising: 

a second sensor con?gured to determine at least one pre 
surgical tissue parameter and transmit data pertaining to 
the at least one pre-surgical tissue parameter to the 
microprocessor. 

7. The electrosurgical system according to claim 6, 
Wherein the at least one tissue parameter is selected from a 
group consisting of boundary conditions, jaW ?ll and tissue 
hydration. 

8. A method for sealing tissue comprising: 
grasping tissue betWeen tWo or more sealing plates of an 

electrosurgical forceps, the sealing plates adapted to 
connect to an electrosurgical generator; 

measuring an initial gap distance betWeen the sealing 
plates; 

generating at least one desired gap distance value based on 
the initial gap distance; and 

adjusting the output of the electrosurgical generator as a 
function of a measured gap distance. 

9. The method according to claim 8, Wherein the generating 
further includes generating a desired gap distance trajectory 
including a plurality of desired gap distance values as a func 
tion of at least one of a desired slope, starting gap distance 
value and desired ending gap distance value. 
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10. The method according to claim 9, Wherein the gener 
ating further includes selecting the desired slop, the starting 
gap distance value and the ending gap distance value as a 
function of the initial gap distance. 

11. The method according to claim 8, further comprising: 
determining at least one pre-surgical tissue parameter and 

transmitting data pertaining to at least one pre-surgical 
tissue parameter to a microprocessor. 

12. The method according to claim 11, Wherein the deter 
mining further includes selecting the least one pre-surgical 
tissue pre-surgical parameter from a group consisting of 
boundary conditions, jaW ?ll and tissue hydration. 

13. A method for sealing tissue comprising: 
grasping tissue betWeen tWo or more sealing plates of an 

electrosurgical forceps, the sealing plates con?gured to 
connect to an electrosurgical generator; 

measuring an initial gap distance betWeen the sealing 
plates; 

generating a desired gap distance trajectory based on the 
initial gap distance; and 

adjusting the output of the electrosurgical generator as a 
function of a measured gap distance. 

14. The method according to claim 13, Wherein the gener 
ating further includes generating the desired gap distance 
trajectory including a plurality of desired gap distance values 
as a function of at least one of a desired slope, starting gap 
distance value and desired ending gap distance value. 

15. The method according to claim 14, Wherein the gener 
ating ?lrther includes selecting the desired slope, the starting 
gap distance value and the ending gap distance value as a 
function of the initial gap distance. 

16. The method according to claim 13, further comprising: 
determining at least one pre-surgical tissue parameter and 

transmitting data pertaining to at least one pre-surgical 
tissue parameter to a microprocessor. 

17. The method according to claim 16, Wherein the deter 
mining further includes selecting the least one pre-surgical 
tissue parameter from a group consisting of boundary condi 
tions, jaW ?ll and tissue hydration. 

* * * * * 


