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SYSTEM AND METHOD FOR TISSUE SEALING

Abstract
An electrosurgical system includes an energy source adapted to supply energy to 

tissue. The energy source (20) includes a microprocessor (25) configured to execute a 

tissue treatment algorithm configured to control the supply of electrosurgical energy to 

tissue and process a configuration file including at least one parameter of the tissue 

treatment algorithm. The at least one parameter is adjustable to effect a tissue seal result. 

The microprocessor (25) generates a target impedance trajectory based on at least one 

parameter of the tissue treatment algorithm and is further configured to drive tissue 

impedance along the target impedance trajectory by adjusting the supply of energy to 

tissue to substantially match tissue impedance to a corresponding target impedance value 

The system also includes an electrosurgical instrument (2) including at least one active 

electrode (6) adapted to apply electrosurgical energy to tissue.
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SYSTEM AND METHOD FOR TISSUE SEALING

BACKGROUND

1. Technical Field

[0001J The present disclosure relates to an electrosurgical system and method

for performing electrosurgical procedures. More particularly, the present disclosure 

relates to sealing tissue, wherein energy is administered to match measured impedance to 

a desired impedance.

2. Background of Related Art

[0002] Electrosurgery involves application of high radio frequency electrical

current to a surgical site to cut, ablate, or coagulate tissue. In monopolar electrosurgery, a 

source or active electrode delivers radio frequency energy from the electrosurgical 

generator to the tissue and a return electrode carries the current back to the generator. In 

monopolar electrosurgery, the source electrode is typically part of the surgical instrument 

held by the surgeon and applied to the tissue to be treated. A patient return electrode is 

placed remotely from the active electrode to carry the current back to the generator.

[0003] 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 electrical 

circuit is formed between the two electrodes (e.g., electrosurgical forceps). In this 

manner, the applied electrical current is limited to the body tissue positioned between the 

electrodes. When the electrodes are sufficiently separated from one another, the electrical 

circuit is open and thus inadvertent contact of body tissue with either of the separated

electrodes does not cause current to flow.
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[0004] Bipolar electrosurgery generally involves the use of forceps. A forceps

is a pliers-like instruments that relies on mechanical action between its jaws to grasp, 

clamp and constrict vessels or tissue. So-called “open forceps” are commonly used in 

open surgical procedures whereas “endoscopic forceps” or “laparoscopic forceps” are, as 

the name implies, used for less invasive endoscopic or laparoscopic surgical procedures. 

Electrosurgical forceps (open or endoscopic) utilize mechanical clamping action and 

electrical energy to effect hemostasis on the clamped tissue. The forceps include 

electrosurgical conductive plates that apply electrosurgical energy to the clamped tissue. 

By controlling the intensity, frequency, and duration of the electrosurgical energy applied 

through the conductive plates to tissue, the surgeon can coagulate, cauterize, and/or seal

tissue.

[0005] Tissue or vessel sealing is a process of denaturing the collagen, elastin

and ground substances in the tissue so that they reform into a fused mass with 

significantly-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] Tissue sealing procedures involve more than simply cauterizing or

coagulating tissue to create an effective seal; the procedures involve precise control of a 

variety of factors. For example, in order to affect a proper seal in vessels or tissue, it has 

been determined that two predominant mechanical parameters must be accurately 

controlled: the pressure applied to the tissue; and the gap distance between the electrodes

(i.e., the distance between opposing jaw members or opposing sealing plates). In 

addition, electrosurgical energy must be applied to the tissue under controlled conditions

to ensure creation of an effective vessel seal.

AH21(3225865 1):KEH
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OBJECT

[0006a] It is the object of the present invention to substantially overcome or ameliorate one or 

more of the disadvantages of the prior art, or at least provide a useful alternative.

SUMMARY

[0006b] According to an aspect of the present disclosure, there is provided an electrosurgical 

system, comprising:

an energy source adapted to supply electrosurgical energy to tissue, the energy source 

including:

a microprocessor configured to:

execute a tissue treatment algorithm configured to control the supply of 

the electrosurgical energy to tissue;

process a configuration file including a preset burst pressure parameter 

and at least one other parameter of the tissue treatment algorithm, the microprocessor configured 

to adjust the at least one other parameter of the tissue treatment algorithm in response to 

adjustment of the preset burst pressure parameter to control the supply of the electrosurgical 

energy to the tissue; and

generate a target impedance trajectory based on the processed 

configuration file, wherein the microprocessor is further configured to drive tissue impedance 

along the target impedance trajectory by adjusting the supply of the electrosurgical energy to 

tissue to substantially match the tissue impedance to a target impedance value defined at a 

corresponding time-step of the target impedance trajectory; and

an electrosurgical instrument including at least one active electrode adapted to 

apply the supplied electrosurgical energy to tissue.

[0007] According to embodiments of the present disclosure, an electrosurgical system includes 

an energy source adapted to supply energy to tissue. The energy source includes a 

microprocessor configured to execute a tissue treatment algorithm configured to control the 

supply of electrosurgical energy to tissue and process a configuration file including at least one 

parameter of the tissue treatment algorithm. The at least one parameter is adjustable to effect a 

tissue seal result. The microprocessor generates a target impedance trajectory based on at least 

one parameter of the tissue treatment algorithm and is further configured to drive tissue

AH26(8244644_1):MML
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substantially match tissue impedance to a corresponding target impedance value. The system 

also includes an electrosurgical instrument including at least one active electrode adapted to 

apply electrosurgical energy to tissue.

[0008] According to another embodiment of the present disclosure, a method of performing an 

electrosurgical procedure includes the steps of adjusting at least one parameter of a tissue 

treatment algorithm configured to control the supply of energy to tissue to effect a desired burst 

pressure and supplying energy from an energy source to an electrosurgical instrument for 

application to tissue. The method also includes the steps of generating a target impedance 

trajectory based on measured impedance and at least one parameter of the tissue treatment 

algorithm and adjusting the supply of energy from the energy source to tissue to match tissue 

impedance to a target impedance value. The method also includes the step of adjusting the 

target impedance value to vary the desired burst pressure.

AH26(8244644_1):MML
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[0009] According to another embodiment of the present disclosure, a method of

performing an electrosurgical procedure includes the steps of adjusting at least one 

parameter of a tissue treatment algorithm configured to control the supply of energy to 

tissue to effect a desired burst pressure and supplying energy from an energy source to an 

electrosurgical instrument for application to tissue. The method also includes the steps of

generating a target impedance trajectory based on measured impedance and a 

predetermined rate of change of impedance and adjusting the supply of energy from the 

energy source to tissue to match tissue impedance to a target impedance value.

Brief Description of the Drawings

[0010] Various embodiments of the present disclosure are described herein with

reference to the drawings wherein:

[0011] Fig. 1A is a schematic block diagram of a monopolar electrosurgical

system in accordance with an embodiment of the present disclosure;

[0012] Fig. IB is a schematic block diagram of a bipolar electrosurgical system in

accordance with an embodiment of the present disclosure;

[0013] Fig. 2 is a schematic block diagram of a generator algorithm according to

the present disclosure;

[0014] Fig. 3 shows a flow chart illustrating a method of performing an

electrosurgical procedure; and

[0015] Fig. 4 shows a graph illustrating the changes occurring in tissue impedance

over time during an electrosurgical procedure utilizing the method shown in Fig. 3.

AH21(3225865 1):KEH
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Detailed Description

[0016] Particular embodiments of the present disclosure will be described

hereinbelow with reference to the accompanying drawings. In the following description, 

well-known functions 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 

present disclosure may be adapted for use with either a laparoscopic instrument or an 

open instrument.

[0017] It is envisioned the method may be extended to other tissue effects and

energy-based modalities including, but not limited to ultrasonic, laser, microwave, and 

cryo tissue treatments. It is also envisioned that the disclosed methods are based on 

impedance measurement and monitoring but other tissue and energy properties may be 

used to determine state of the tissue, such as temperature, current, voltage, power, energy, 

phase of voltage and current. It is further envisioned that the method may be carried out 

using a feedback system incorporated into an electrosurgical system or may be a stand

alone modular embodiment (e.g., removable modular circuit configured to be electrically 

coupled to various components, such as a generator, of the electrosurgical system).

[0018] The present disclosure relates to a method for controlling energy

delivery to tissue based on tissue feedback. If electrosurgical energy is being used to treat 

the tissue, the tissue characteristic being measured and used as feedback is typically 

impedance and the interrogatory signal is electrical in nature. If other energy is being 

used to treat tissue then interrogatory signals and the tissue properties being sensed vary 

accordingly. For instance the interrogation signal may be achieved thermally, audibly, 

optically, ultrasonically, etc. and the initial tissue characteristic may then correspondingly 

be temperature, density, opaqueness, etc. The method according to the present disclosure

AH21(3225865 1):KEH
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is discussed using electrosurgical energy and corresponding tissue properties (e.g., 

impedance). Those skilled in the art will appreciate that the method may be adopted 

using other energy applications.

[0019] The generator according to the present disclosure can perform

monopolar and bipolar electrosurgical procedures, including vessel sealing procedures. 

The generator may include a plurality of outputs for interfacing with various 

electrosurgical instruments (e.g., a monopolar active electrode, return electrode, bipolar 

electrosurgical forceps, footswitch, etc.). Further, the generator includes electronic 

circuitry adapted to generate radio frequency power specifically suited for various 

electrosurgical modes (e.g., cutting, blending, division, etc.) and procedures (e.g., 

monopolar, bipolar, vessel sealing).

[0020] Fig. 1A is a schematic illustration of a monopolar electrosurgical system

according to one embodiment of the present disclosure. The system includes an 

electrosurgical instrument 2 (e.g., monopolar) having one or more electrodes for treating 

tissue of a patient P (e.g., electrosurgical cutting, ablation, etc.). More particularly, 

electrosurgical RF energy is supplied to the instrument 2 by a generator 20 via a supply 

line 4, that is connected to an active terminal 30 (see Fig. 2) of the generator 20, allowing 

the instrument 2 to coagulate, seal, ablate and/or otherwise treat tissue. The energy is 

returned to the generator 20 through a return electrode 6 via a return line 8 at a return 

terminal 32 of the generator 20 (see Fig. 2). The active terminal 30 and the return 

terminal 32 are connectors configured to interface with plugs (not explicitly shown) of the 

instrument 2 and the return electrode 6, that are disposed at the ends of the supply line 4 

and the return line 8, respectively.

AH21(3225865 1):KEH
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(0021 ] Fig. 1B is a schematic illustration of a bipolar electrosurgical system

according to the present disclosure. The system includes a bipolar electrosurgical forceps 

10 having one or more electrodes for treating tissue of a patient P. The electrosurgical 

forceps 10 includes opposing jaw members 14 and 16 having an active electrode and a 

return electrode (not explicitly shown), respectively, disposed thereon. The active and 

return electrodes are connected to the generator 20 through cable 18, which includes the

supply and return lines 4, 8 coupled to the active terminal 30 and return terminal 32, 

respectively (see Fig. 2). The electrosurgical forceps 10 is coupled to the generator 20 at 

a connector 21 having connections to the active terminal 30 and return terminal 32 (e.g., 

pins) via a plug disposed at the end of the cable 18, wherein the plug includes contacts 

from the supply and return lines 4, 8.

(0022] The generator 20 includes suitable input controls (e.g., buttons,

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 user with variety 

of output information (e.g., intensity settings, treatment complete indicators, etc.). The 

controls allow the user to adjust power of the RF energy, waveform parameters (e.g., crest 

factor, duty cycle, etc.), and other parameters to achieve the desired waveform suitable for 

a particular task (e.g., coagulating, tissue sealing, intensity setting, etc.).

[0023] Fig. 2 shows a schematic block diagram of the generator 20 having a

controller 24, a DC power supply 27, and an RF output stage 28. The power supply 27 is 

connected to a conventional AC source (e.g., electrical wall outlet) and is adapted to 

provide high voltage DC power to an RF output stage 28 that converts high voltage DC 

power into RF energy. RF output stage 28 delivers the RF energy to an active terminal 

30. The energy is returned thereto via the return terminal 32.

AH21(3225865 1):KEH
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[0024] The generator 20 may include a plurality of connectors to accommodate

various types of electrosurgical instruments (e.g., instrument 2, electrosurgical forceps 10, 

etc.). Further, the generator 20 may be configured to operate in a variety of modes such 

as ablation, monopolar and bipolar cutting coagulation, etc. The generator 20 may also 

include a switching mechanism (e.g., relays) to switch the supply of RF energy between 

the connectors, such that, for example, when the instrument 2 is connected to the 

generator 20, only the monopolar plug receives RF energy.

[0025J The controller 24 includes a microprocessor 25 operably connected to a

memory 26, which may be volatile type memory (e.g., RAM) and/or non-volatile type 

memory (e.g., flash media, disk media, etc.). The microprocessor 25 includes an output 

port that is operably connected to the power supply 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. Those skilled in the art will appreciate that the

microprocessor 25 may be substituted by any logic processor (e.g., control circuit) 

adapted to perform the calculations discussed herein.

[0026] A closed loop control scheme or feedback control loop is provided that

includes a sensor circuitry 22 having one or more sensors for measuring a variety of tissue 

and energy properties (e.g., tissue impedance, tissue temperature, output current and/or 

voltage, etc.). The sensor circuitry 22 provides feedback to the controller 24. Such 

sensors are within the purview of those skilled in the art. The controller 24 then signals 

the power supply 27 and/or RF output stage 28, which then adjusts DC and/or RF power 

supply, respectively. The controller 24 also receives input signals from the input controls 

of the generator 20 or the instrument 10. The controller 24 utilizes the input signals to 

adjust power outputted by the generator 20 and/or performs other control functions

AH21(3225865 1):KEH
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thereon. In embodiments, sensor circuitry 22 (or an additional sensor circuitry (not 

shown)) may be disposed between RF output stage 28 and active terminal 30 to measure

output current.

[0027] In particular, sensor circuitry 22 is adapted to measure tissue

impedance. This is accomplished by measuring voltage and current signals and 

calculating corresponding impedance values as a function thereof at the sensor circuitry 

22 and/or at the microprocessor 25. Power and other energy properties may also be 

calculated based on collected voltage and current signals. The sensed impedance 

measurements are used as feedback by the generator 20.

[0028] The method of sealing tissue according to the present disclosure is

discussed below with reference to Figs. 3 and 4. The method may be embodied in a 

software-based tissue treatment algorithm that is stored in memory 26 and is executed by 

microprocessor 25. The graph of Fig. 4 shows tissue impedance as a function of time to 

illustrate various phases that tissue undergoes during particular application of energy 

thereto. The decrease in tissue impedance as energy is applied occurs when tissue is 

being fused (e.g., vessel sealing), ablated, or desiccated. It is generally known that at the 

onset of electrical energy (i.e., during tissue fusion, ablation, or desiccation), tissue 

heating results in a decreasing impedance toward a minimum impedance value that is 

below an initial sensed impedance. Tissue impedance begins to rise almost immediately 

when tissue is being coagulated.

[0029] Prior to or during a tissue sealing procedure, a user may select or adjust

particular variables or parameters of the tissue treatment algorithm to effect a desired 

quality for a vessel seal. The quality of a vessel seal may be determined quantitatively by 

burst pressure (e.g., the pressure necessary to burst tissue at the seal site). Burst pressure
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for a resulting tissue seal varies in accordance with particular parameters of the tissue 

treatment algorithm. The parameters of the algorithm may correspond to one or more 

phases of the algorithm and may include, for example without limitation, a current ramp 

rate parameter, an impedance ramp rate parameter, a shutoff or end tissue impedance 

parameter, a seal time or procedure time parameter, a burst pressure parameter, a 

maximum current, a tissue impedance detection, etc. These algorithm parameters may be 

selected/adjusted by the user through use of the input controls of the generator 20 and 

input into a configuration file that includes a variety of variables that control the 

algorithm, e.g., the parameters listed above. Certain variables of the configuration file 

may be adjusted based on the instrument being used and the settings selected by the user. 

One or more configuration files may be loaded from a data store included within

controller 24.

[00301 Algorithm parameters, such as the algorithm parameters described

above, may be adjusted and/or selected by a user to effect a desired burst pressure 

corresponding to a particular tissue seal quality. More specifically, by manipulating 

particular algorithm parameters relative to other algorithm parameters, the resulting 

quality of the tissue seal may be customized by the user. However, the adjustment of 

certain algorithm parameters to achieve a desired burst pressure, may result in added seal 

time to achieve the improved result. For example, the greater the burst pressure of a 

resulting tissue seal, the more seal time needed to achieve such burst pressure. The tissue 

treatment algorithm is configured to automatically make adjustments to appropriate 

algorithm parameters in response to and in proportion to algorithm parameters as they are 

adjusted by the user. In this manner, the user may simply select a preset burst pressure or 

seal time as a tissue sealing parameter and, in response, the tissue treatment algorithm 

adjusts other appropriate algorithm parameters proportionally to achieve the preset burst

AH21(3225865 1):KEH
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pressure. For example, as the user increases the desired burst pressure, the algorithm may 

automatically slow down a current ramp rate or an impedance ramp rate proportionally to 

achieve the desired burst pressure of the resulting tissue seal. Additionally or 

alternatively, the user may adjust a particular tissue sealing parameter (e.g., shutoff 

impedance, current ramp rate, impedance ramp rate, maximum current, impedance 

detection, etc.) and, in response, the tissue treatment algorithm adjusts related algorithm 

parameters proportionally to effect a desired seal time, seal quality, and/or burst pressure. 

Further, the tissue treatment algorithm may, in certain embodiments, generate a display, 

signal, or indication of the anticipated seal time, seal quality, and/or burst pressure that 

will result from the user selected parameter. For example, an indication may be provided 

via the display screen of the generator 20 as output information. Based on the output 

information (e.g., seal time), the user is given opportunity to make an informed revision 

or adjustment to algorithm parameters to increase or decrease seal time and/or burst

pressure.

[0031] During phase I or the so-called “cook phase”, which is a pre-heating or

early desiccation stage, the level of current supplied to the tissue is sufficiently low and 

impedance of the tissue starts at an initial impedance value. As the level of current 

applied to tissue is increased or ramped upward at a predetermined rate, temperature 

therein rises and tissue impedance decreases. At a later point in time, tissue impedance

reaches a minimum impedance value 210 that coresponds to tissue temperature of 

approximately 100° C, a boiling temperature of intra- and extra-cellular fluid. The rate at 

which current is ramped during phase I, for example, is an algorithm parameter that may 

be adjusted by the user and loaded into the configuration file. As the current ramp rate is 

adjusted to be slower or more gradual, the total seal time (e.g., time required to achieve a 

tissue seal) increases. However, as the current ramp rate is slowed or made more gradual,

AH21(3225865 1):KEH
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the resulting burst pressure also increases to improve seal quality. Once initiated, the 

ramping of current continues until one of two events occurs: 1) the maximum allowable 

current value is reached, or 2) the tissue “reacts”. The term “tissue reaction” references a 

point at which intracellular and/or extra-cellular fluid begins to boil and/or vaporize, 

resulting in an increase in tissue impedance. In the case when the maximum allowable

current value is reached, the maximum current value is maintained until the tissue

“reacts”. In the event that tissue reacts prior to reaching the maximum current value, the 

level of energy required to initiate a tissue “reaction” is processed and stored (e.g., in 

memory 26) and the tissue treatment algorithm moves to an impedance control state.

[0032] Phase II is a vaporization phase or a late desiccation phase, during

which tissue has achieved a phase transition from having moist and conductive properties 

to having dry and non-conductive properties. In particular, as the majority of the intra- 

and extra-cellular fluids begin to rapidly boil during the end of phase I, tissue impedance 

begins to rise above the minimum impedance value 210. As sufficient energy is 

continually applied to the tissue during phase II, temperature rises beyond the boiling 

point coinciding with minimum impedance value 210. As temperature continues to rise, 

tissue undergoes a phase change from a moist state to a solid state and eventually to a 

dried-out state. As additional energy is applied, tissue is completely desiccated and 

eventually vaporized, producing steam, tissue vapors, and charring. Those skilled in the 

art will appreciate that the impedance changes illustrated in Fig. 4 are illustrative of an 

exemplary electrosurgical procedure and that the present disclosure may be utilized with 

respect to electrosurgical procedures having different impedance curves and/or 

trajectories.

AH21(3225865 1):KEH
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(0033] Once it is established that tissue has reacted, the algorithm calculates a

predefined target impedance trajectory (e.g., downward in phase I, upward in phase II, 

etc.) based on the actual impedance and a predetermined rate of change of the impedance 

(dZ/dt). The tissue treatment algorithm controls output of the generator 20 as a function

of tissue impedance by driving tissue impedance along the target impedance trajectory by 

adjusting the power output level to substantially match tissue impedance to a 

corresponding target impedance value. While the tissue treatment algorithm continues to 

direct the RF energy to drive the tissue impedance to match the specified trajectory, the 

algorithm monitors the tissue impedance to make the appropriate corrections.

[0034] As previously described, the configuration file includes a variety of

predefined values that control the tissue treatment algorithm. In particular, an ending 

impedance value 220 and a reaction timer may be loaded into the configuration file. The 

ending impedance value 220, for example, is an algorithm parameter that may be adjusted 

by the user and loaded into the configuration file. As the ending impedance value 220 is 

increased, the total seal time (e.g., time required to achieve a tissue seal) increases and the

resulting burst pressure also increases, thereby improving the quality of the tissue seal. 

The desired rate of change of the impedance (dZ/dt) is also an algorithm parameter that 

may be adjusted by the user and loaded into the configuration file. As the desired rate of 

change of the impedance during phase II is slowed, the total seal time (e.g., time required 

to achieve a tissue seal) increases and the resulting burst pressure also increases, thereby 

improving the quality of the tissue seal.

[0035] The ending impedance value 220 in conjunction with an offset

impedance value are used to calculate a threshold impedance value that denotes 

completion of treatment. In particular, application of electrosurgical energy to tissue

AH21(3225865 1):KEH
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continues until tissue impedance is at or above the threshold impedance. The threshold 

impedance is determined by adding the ending impedance value 220 and the offset 

impedance value. The ending impedance value 220 may range from about 10 ohms to 

about 1000 ohms above the lowest measured impedance reached.

[0036] The termination condition may also include applying electrosurgical

energy for a predetermined period of time, e.g., reaction time, that is embodied by a 

predetermined reaction timer value loaded into the configuration file. This ensures that 

the treatment process does not over cook tissue. The ending impedance value 220 and the 

reaction timer may be hard-coded and may be selected automatically based on tissue type, 

the instrument being used, and/or the settings selected by the user. The ending impedance 

value 220 may be loaded at anytime during tissue treatment. Further, the ending 

impedance value 220 and the reaction timer may also be selected/adjusted by the user.

[0037] The algorithm determines whether tissue fusion is complete by

monitoring the actual measured impedance rising above a predetermined threshold and 

staying above the predetermined threshold for a predetermined period of time. The 

threshold is defined as a specified level above the initial sensed impedance value and 

denotes completion of treatment. This determination minimizes the likelihood of 

terminating electrosurgical energy early when the tissue is not properly or completely

sealed.

[0038] Referring specifically now to Fig. 3, a method of performing a tissue

sealing procedure is described. In step 100, the user selects/adjusts algorithm parameters 

(e.g., shutoff impedance, current ramp, impedance ramp, etc.) in accordance with a 

desired tissue seal result. In response thereto, the microprocessor 25 loads the appropriate 

algorithm parameters into the configuration file and the generator 20 may generate a
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display, signal, and/or indication depicting the anticipated burst pressure and seal time 

that will result from the algorithm parameter adjustments selected by the user.

[0039J In embodiments, the tissue treatment algorithm simplifies for the user

the customization of tissue seal quality. For example, the user may adjust any one or 

more algorithm parameters or simply select a particular burst pressure or seal time and the 

algorithm will proportionally adjust appropriate algorithm parameters in response thereto 

to ensure that the desired burst pressure is achieved for the resulting tissue seal. The 

selected parameters and/or the proportionally-adjusted parameters are processed by the 

microprocessor 25 and loaded into the configuration file. By way of example, if the user 

opts to increase the ending impedance value 220 to increase the resulting burst pressure of 

the tissue seal, the algorithm processes (e.g., via microprocessor 25) the ending 

impedance value 220 and calculates any necessary adjustments in other algorithm 

parameters (e.g., current ramp, dZ/dt, seal time, etc.) to ensure that the desired burst 

pressure is achieved as efficiently as possible given the selected parameters. Once 

calculated, the relevant algorithm parameters may be provided by the display screen of

the generator 20. In this manner, the user may choose to readjust certain algorithm 

parameters based on the information provided via the display screen (e.g., seal time) to

either increase seal quality, resulting in an increase in seal time, or decrease seal time, 

resulting in a decrease in seal quality. In another example, the user may opt to select a 

desired burst pressure. In this scenario, the algorithm automatically adjusts the 

appropriate parameters proportionally to achieve the desired burst pressure as efficiently

as possible. In this manner, tailoring the seal quality is simplified in that the user is not 

required to adjust specific algorithm parameters relative to each other to achieve a desired

result.
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[0043] Minimum measured impedance, e.g., the minimum impedance value

210, may also be used as the offset impedance value. This is particularly useful when 

tissue reacts normally in a desiccation process. As shown in Fig. 4, impedance drops 

from an initial value until the minimum impedance value 210 is reached. After a given 

time interval, the impedance rises again at the onset of desiccation as tissue reacts. The 

amount of time required for the reaction to take place and/or the minimum impedance 

value 210 can help define various treatment parameters by identifying type of tissue, jaw 

fill or a particular device being used since the minimum impedance value 210 is aligned 

with the beginning stage of desiccation. Consequently, the offset impedance value can be 

captured at the point in time when the impedance slope becomes positive, e.g., when the 

change of impedance over time (dZ/dt) is greater than zero or dZ/dt is approximately 

zero. Further, the offset impedance value may be calculated from a variety of different 

methods and utilizing a variety of different parameters such as, for example, the starting 

tissue impedance, the impedance at minimum voltage, the impedance at either a positive 

or negative slope change of impedance, and/or a constant value specified within the 

programming or as specified by the user and loaded in the configuration file. The starting 

impedance may be captured at the outset of the application of the electrosurgical 

procedure via an interrogatory pulse.

[0044] In step 150, the timing of the reaction period is commenced to ensure

that the reaction period does not exceed the reaction timer. Energy application continues

until the threshold impedance value is reached before the expiration of the reaction timer. 

As discussed above, energy application varies for different types of tissues and 

procedures, therefore it is desirable that the reaction timer, similar to the threshold
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[0040] In step 110, the instrument 10 engages the tissue and the generator 20 is

activated (e.g., by pressing of a foot pedal or handswitch). In step 120, the tissue 

treatment algorithm is initialized and the configuration file is processed by

microprocessor 25.

[0041] In step 130, the generator 20 supplies electrosurgical energy to the

tissue through the instrument 2 or the forceps 10. During application of energy to the 

tissue, impedance is continually monitored by the sensor circuitry 22. In particular, 

voltage and current signals are monitored and corresponding impedance values are 

calculated at the sensor circuitry 22 and/or at the microprocessor 25. Power and other 

energy properties may also be calculated based on collected voltage and current signals. 

The microprocessor 25 stores the collected voltage, current, and impedance within the

memory 26.

[0042] In step 140, an offset impedance value is obtained. The offset

impedance value is used to calculate a threshold impedance value that denotes completion 

of treatment. The threshold impedance is the sum of the ending impedance value 220 and 

the offset impedance value. The offset impedance value may be obtained in multiple 

ways depending on the electrosurgical procedure being performed. For example, the 

offset impedance may be tissue impedance measured at the time of maximum current 

being passed through tissue that is required to facilitate a desired tissue effect. Using the 

threshold impedance value referenced and partially defined by the offset impedance 

value, rather than simply an absolute value (e.g., the ending impedance value), accounts 

for different tissue types and varying surgical devices.
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impedance, is also tailored to suit particular operational requirements. For this purpose, a 

time offset period is utilized. In particular, the time offset period is added to the reaction 

timer to extend the duration of energy application. Multiple time offset period values 

may be hard-coded (e.g., in a look-up table) so that during the procedure an appropriate 

value is loaded. The user may also select a desired time offset period.

[00451 In step 160, the algorithm calculates the target impedance trajectory

based on variety of values such as, for example, initial measured impedance, desired rate 

of change of impedance (dZ/dt), and the like. In particular, the algorithm calculates a 

target impedance value at each time-step, based on the predefined desired rate of change 

of impedance over time (dZ/dt). The desired rate of change of impedance may be stored 

as a variable (e.g., selected by the user) and be loaded during step 100 or may be selected 

manually or automatically based on tissue type determined by the selected instrument.

[0046] The target impedance takes the form of a target trajectory starting from

a predetermined point (e.g., initial impedance value and time value corresponding to a 

point when tissue reaction is considered real and stable). The target trajectory may have a 

positive or a negative slope and may be linear, non-linear, or quasi-linear depending on 

the electrosurgical procedure being performed.

[0047] In step 170, the algorithm matches measured impedance to the target

impedance trajectory. The algorithm adjusts the tissue impedance to match the target 

impedance. While the algorithm continues to direct the RF energy to drive the tissue 

impedance to match the specified trajectory, the algorithm monitors the tissue impedance 

to make the appropriate adjustments and/or corrections.
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[0048] In step 180, the algorithm determines whether tissue treatment is

complete such that output of generator 20 should be terminated. This is determined by 

monitoring the actual measured impedance to determine if the actual measured impedance 

is at or above the predetermined threshold impedance. In step 190, the system monitors 

whether the amount of time to reach the threshold impedance exceeds the reaction timer 

plus the time offset period. If the impedance is at or above the threshold impedance 

and/or the sum of the reaction timer and the time offset period has expired then the 

algorithm is programmed to signal completion of treatment and the generator 20 is shut 

off or is returned to an initial state. The tissue treatment algorithm may also determine if 

the measured impedance is greater than threshold impedance for a predetermined period 

of time. This determination minimizes the likelihood of terminating electrosurgical 

energy early when the tissue is not properly or completely sealed.

[0049] Other tissue and/or energy properties may also be employed for

determining termination of treatment, such as for example tissue temperature, voltage, 

power and current. In particular, the algorithm analyzes tissue properties and then 

acquires corresponding impedance values and offset times at the specified points in the 

tissue response or trajectory and these values or times can be stored and/or used as 

absolute or reference shut-off impedances and/or times in the manner discussed above.

[0050] 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 

specification be read likewise. Therefore, the above description should not be construed 

as limiting, but merely as exemplifications of particular embodiments. Those skilled in
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4 the art will envision other modifications within the scope and spirit of the disclosure herein.
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4 CLAIMS

1. An electrosurgical system, comprising:

an energy source adapted to supply electrosurgical energy to tissue, the energy source 

including:

a microprocessor configured to:

execute a tissue treatment algorithm configured to control the supply of 

the electrosurgical energy to tissue;

process a configuration file including a preset burst pressure parameter 

and at least one other parameter of the tissue treatment algorithm, the microprocessor configured 

to adjust the at least one other parameter of the tissue treatment algorithm in response to 

adjustment of the preset burst pressure parameter to control the supply of the electrosurgical 

energy to the tissue; and

generate a target impedance trajectory based on the processed 

configuration file, wherein the microprocessor is further configured to drive tissue impedance 

along the target impedance trajectory by adjusting the supply of the electrosurgical energy to 

tissue to substantially match the tissue impedance to a target impedance value defined at a 

corresponding time-step of the target impedance trajectory; and

an electrosurgical instrument including at least one active electrode adapted to 

apply the supplied electrosurgical energy to tissue.

2. An electrosurgical system according to claim 1, wherein the preset burst pressure 

parameter is manually selected by a user and loaded into the configuration file prior to the supply 

of the electrosurgical energy to the tissue.

3. An electrosurgical system according to claim 1, wherein the at least one other parameter is 

selected from the group consisting of a current ramp rate, a tissue impedance ramp rate, and an 

ending impedance value.

4. An electrosurgical system according to claim 1, wherein the at least one other parameter is 

a current ramp rate, wherein decreasing the current ramp rate causes at least one of an increase in 

a seal time and an increase in a tissue burst pressure of a resulting tissue seal.
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4 5. An electrosurgical system according to claim 1, wherein the at least one other parameter 

is an impedance ramp rate, wherein decreasing the impedance ramp rate causes at least one of an 

increase in a seal time and an increase in a tissue burst pressure of a resulting tissue seal.

6. An electrosurgical system according to claim 1, wherein the at least one other parameter 

is the target impedance value, wherein increasing the target impedance value causes at least one 

of an increase in a seal time and an increase in a tissue burst pressure of a resulting tissue seal.

7. An electrosurgical system according to claim 1, wherein the at least one other parameter is 

adjustable relative to at least a third parameter of the tissue treatment algorithm to vary the 

supply of electrosurgical energy to the tissue.

8. An electrosurgical system according to claim 1, wherein the preset burst pressure 

parameter is selected by a user such that the at least one other parameter is automatically 

adjusted to achieve a desired tissue seal burst pressure.

9. An electrosurgical system according to claim 1, wherein the tissue seal burst pressure 

varies in response to adjustment of the at least one other parameter.

10. An electrosurgical system according to claim 1, wherein the microprocessor is further 

configured to generate a threshold impedance value as a function of an offset impedance value 

and an ending impedance value.

11. An electrosurgical system according to claim 1, wherein the microprocessor is further 

configured to compare tissue impedance to a threshold impedance value and adjust the supply of 

the electrosurgical energy to tissue when the tissue impedance is equal to or greater than the 

threshold impedance.

12. An electrosurgical system substantially as hereinbefore described with reference to the 

accompanying drawings.
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