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(57) Abstract: An energy-based tissue-sealing system and method provide higher sealing quality by measuring and using optical
feedback parameters that are directly correlated to structural changes of tissue. The tissue-sealing system includes a sealing energy
source, an instrument having a mechanism for grasping and deforming the tissue and for delivering sealing energy to the tissue, a
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based upon the optical parameters of the tissue structure sensed by the optical sensors. At the beginning of a sealing procedure, the
controller may monitor an initial optical parameter of the tissue and select a target trajectory of tissue optical parameters based on the

o initial optical parameter. During the sealing procedure, the controller monitors at least one optical parameter of the tissue structure
and controls at least one parameter of the sealing energy based on the at least one optical parameter.
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SYSTEM FOR ENERGY-BASED SEALING OF TISSUE WITH OPTICAL FEEDBACK

BACKGROUND

The present disclosure is directed to energy-based surgery and. i particular, to a

system and method of employing optical feedback for energy-based tissue sealing.

2, Background of Related Art

Existing energy-based surgical systems and methods use electrical current or

ultrasound to heat body tissue (see, for example, U.S. Pat. Nos. 7,384,420 and 7,255,697, and

U.S. Patent Application Publication Nos. 2008/0039831, 2007/0173805, 2008/0147106, and

2009/0036912). n the case of electrosurgery, high-frequency electrical energy, e.g., radio

frequency (RF) energy, is produced by an electrosurgical generator and applied to body

tissue, e.g., vascular tissue, by an electrosurgical instrument to cut, coagulate, desiccate, and

sea! the tissue. The electrosurgical instrument includes electrodes that deliver the RF energy

to the tissue when the electrodes physically contact the tissue.

Electrosurgical techniques and instruments can be used to coagulate small diameter

blood vessels or to seal large diameter blood vessels or tissue, such as soft tissues, e.g., the

lung, the brain, or the intestines. A surgeon can cauterize, coagulate, desiccate, or simply

reduce or slow bleeding by controlling the intensity, frequency, and duration of the

electrosurgical energy applied to the electrodes of the electrosurgical instrument and

transmitted through the body tissue.

As used herein, the term "cauterization" refers to the use of heat to destroy tissue (also

called "diathermy" or "electrodiathermy"). The term "coagulation" refers to a process of



desiccating tissue so that the tissue cells are ruptured a d dried. The term "tissue sealing"

refers to the process of liquefying the collagen and e!astin in tissue structures (e.g., vessels)

so that they reform into a fused mass with significantly-reduced demarcation between

opposing tissue structures (e.g., opposing walls of vessels). Coagulation of small vessels is

usually sufficient to permanently close them. Larger vessels are sealed to assure permanent

closure.

An electrosurgical surgical system typically includes a feedback control system that

controls one or more parameters of the electrical energy generated by the electrosurgical

generator. The feedback control system controls the electrical energy to cut, cauterize,

coagulate, desiccate, or seal body tissue without causing unwanted charring of tissue at the

surgical site or causing collateral damage to adjacent tissue, e.g., through the spread of

thermal energy. The parameters of the electrical energy include, for example, the power,

shape of the waveform, voltage, current, and/or pulse rate. Thus, the feedback control system

is used to optimize the tissue-sealing process and, i particular, to provide optimal exposure

to heat, to minimize thermal damage, and to reduce energy consumption.

In RF-based electrosurgical instruments, the feedback in the feedback control system

is typically based on one or more electrical parameters of the tissue, such as electrical

impedance of the tissue and the phase difference between voltage and current (see, e.g., U.S.

Patent Application Publication Nos. 2007/0173805, 2008/0039831, and 2009/0048595). For

example, commonly-owned U.S. Patent No. 6,398,779 discloses a sensor that measures the

initial tissue impedance with a calibrating pulse. This initial tissue impedance is used to set

various electrical parameters, e.g., current or pulse rate, by accessing a look-up table stored in

a computer database. The transient pulse width associated with each calibrating pulse

measured during activation is used to set the duty cycle and amplitude of the next pulse. The



generation of eleetrosurgical power may be automatically terminated when the measured

tissue impedance reaches a predetermined threshold value.

The change in tissue impedance during an eleetrosurgical procedure s primarily

caused by the loss of water from body tissue. The water content of tissue correlates with the

changes of the tissue structure during an eleetrosurgical procedure, e.g., a sealing procedure.

However, the water content of tissue does not directly correlate with the structural changes of

body tissue, such as the structural changes of the collagen and eiastin, which are two major

components of tissue that establish sealing bonds in tissue. Consequently, the feedback

parameters based on the water content of tissue may be inaccurate, which may impact the

sealing quality provided by existing eleetrosurgical systems and methods that use these

feedback parameters.

SUMMARY

The surgical systems and methods of the present disclosure use optical feedback to

obtain more accurate feedback parameters that are directly correlated to structural changes of

tissue during a sealing procedure. As a result, the surgical systems and methods of the

present disclosure provide higher sealing quality.

In one aspect, the present disclosure features a method of performing energy-based

tissue sealing. The method includes illuminating tissue with light, sensing light modified by

the tissue structure, analyzing the light modified by the tissue structure to determine at least

one optical parameter of the tissue structure, forming a control signal based on the at least

one optical parameter, generating tissue-sealing energy based on the control signal and

applying the tissue-sealing energy to the tissue,

n some embodiments, the light modified by the tissue structure may include light

transmitted through the tissue structure, light reflected from the tissue structure, or light

scattered by the tissue structure. Also, the at least one optical parameter may include one or



more of optical transparency of the tissue structure, degree of reflection from the tissue

structure optical losses in the tissue structure caused by absorption or scattering by the tissue

structure, polarization-dependent losses in the tissue structure, or degree of anisotropy of the

tissue structure. Also, the control signal may control sealing energy parameters including one

or more of voltage, current, pulse width, pulse frequency, amplitude, crest factor, duty cycle,

repetition rate, wave shape, duration of applied sealing energy, total exposure of tissue to the

sealing energy, or the spectrum of the sealing energy.

n some embodiments, the tissue-sealing energy is radio frequency (RF) energy, n

other embodiments, the tissue-sealing energy is electromagnetic energy in the optical range,

n yet other embodiments, the tissue-sealing energy is light and a portion of the light is used

to determine the at least one optical parameter of the tissue structure.

n another aspect, the present disclosure features an energy-based tissue-sealing

system. The energ -based tissue-sealing system includes an energ -based instrument, a

sealing energy source coupled to the energy-based instrument, a controller coupled to the

energy-based instrument, and a tissue monitor. The energy-based instrument includes a

mechanism for deforming tissue and an energy applicator for applying tissue-sealing energy

to the tissue. The sealing energy source generates and delivers the tissue-sealing energy to

the energy-based instrument. The tissue monitor monitors at least one optical parameter of

the tissue structure and the controller controls at least one parameter of the tissue-sealing

energy generated by the sealing energy source based on the at least one optical parameter of

the tissue structure.

n some embodiments, the at least one optical parameter of the tissue structure

includes one or more of optical transparency of the tissue structure, degree of reflection from

the tissue structure, optical losses in the tissue structure caused by absorption or scattering by

the tissue structure, polarization-dependent losses in the tissue structure, or degree of



anisotropy of the tissue structure. The tissue monitor may include a light source for

illuminating the tissue with light, a sensor that senses the light modified by the tissue

structure, and a processor that determines the at least one optical parameter of the tissue

structure based on the light modified by the tissue structure. The wavelength of the light may

be between approximately 525 nm and 585 nm.

In some embodiments, the tissue-sealing energy is light and the sealing energy source

is a Sight source. In other embodiments, the tissue-sealing energy is ultrasonic energy and the

sealing energy source is an ultrasonic generator. In yet other embodiments, the tissue-sealing

energy is RF electromagnetic radiation and the sealing energy source is an F eleetrosurgical

generator.

The present disclosure, in yet another aspect, features an energy-based tissue-sealing

instrument. The energy-based tissue-sealing instrument includes a pair of jaw members, at

least one electrode, a light source, and a light sensor. The pair of jaw members are configured

to deform tissue and the at least one electrode is configured to deliver tissue-sealing energy to

tissue deformed by the pair of jaw members. The light source is configured to illuminate at

least a portion of the tissue deformed by the pair of jaw members with light. The light sensor

is configured to sense light modified by the tissue structure and to transmit a sensor signal to

a controller based on the light sensed by the light sensor.

In some embodiments, the controller uses the sensor signal to determine one or more

of optical transparency of the tissue, polarization-dependent losses in the tissue, or degree of

anisotropy of the tissue. In some embodiments, the wavelength of the light is between

approximately 525 nm and 585 nm.

n some embodiments, the tissue-sealing energy is RF electromagnetic radiation. In

other embodiments, the tissue-sealing energy is light. In yet other embodiments, the tissue-

sealing energy is acoustical energy.



BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the present disclosure are described herein with reference to

the drawings wherein:

FIG, 1 is a block diagram of an energy-based tissue-sealing system according to

embodiments of the present disclosure;

FIG 2 is a block diagram of an energy-based tissue-sealing system according to other

embodiments of the present disclosure;

FIG. 3 is a block diagram illustrating a method of monitoring tissue parameters during

a tissue-sealing procedure according to embodiments of the present disclosure; and

FIG. 4 is a flow diagram of a method of sealing tissue according to embodiments of

the present disclosure.

DETAILED DESCRIPTION

Embodiments of the presently disclosed system and method of employing optical

feedback for energy-based tissue sealing are described in detail with reference to the

drawings, in which like reference numerals designate identical or corresponding elements in

each of the several views

FIG, is a block diagram of an energy-based tissue-sealing system 100 in accordance

with embodiments of the present disclosure. The system 100 includes a sealing energy

source 102, an energy-based instrument 0 1 for sealing tissue 105 a tissue monitor 104, a

controller 103, and a user interface 106. The energy-based instrument 101 includes a

mechanism for deforming the tissue 105 (e.g., jaw members that bring together opposite

walls of a vessel).

The energy-based instrument 101 also includes other components that cooperate with

the sealing energy source 102 to expose the tissue 105 to sealing energy 15. The controller

103 uses feedback information from the tissue monitor 104 to control parameters of the



sealing energy 115 generated by the sealing energy source 102 and applied by the energy-

based instrument 101 to the tissue 105.

The tissue monitor 104 includes a light source , a processor 1 3, a d an optical

sensor 114. Under control of the processor 3, the light source 1 2 of the tissue monitor

104 generates light 6 and applies it to the tissue 105. The processor 1 3 may control

parameters of the light 6 generated by the light source 2 including the intensity, time of

exposure, and polarization. The optical sensor 14 senses parameters of the light 8

reflected and/or scattered from the tissue 05, which indicates the actual optical parameters of

the tissue 105. The optical sensor 4 then transmits the sensed parameters of the light 8

to the processor 113, which determines and monitors the sensed parameters of the tissue 105

based on the sensed parameters of the light 8.

Alternatively, the optical sensor 4 may transmit sensed optical parameters of the

tissue 105 directly to the controller 103. The optical parameters of the tissue 105 include the

optical transparency of the tissue 105, degree of reflection from the tissue 105, optical loss

resulting from absorption and/or scattering by the tissue 105 (e.g., the optical polarization-

dependent losses in the tissue 105), the degree of anisotropy of the optical parameters, or any

combination of these optical parameters.

The controller 103 is configured to control at least one parameter of the output from

the sealing energy source 102 based on the actual optical parameters of the tissue 05 sensed

by the optica! sensor 14. The controlled parameters of the output from the sealing energy

source 102 may include one or more of the duration of applied sealing energy, the amount of

applied sealing energy, the spectral parameters of the applied sealing energy, the duration of

sealing pulses, or the duty cycle of sealing pulses.

n some embodiments, the energy-based tissue-sealing system 00 is integrated into a

single surgical device. For example, the components of the energy-based tissue-sealing



system 100 shown in FIG. 1 may be incorporated into a single portable surgical device. n

other embodiments, the components of the energy-based tissue-sealing system 00 may be

broken up into separate surgical instruments that are used together during a surgical

procedure. For example, the system 0 may be implemented as three separate instruments:

a first instrument including the sealing energy source 102 and the controller 103, a second

instrument inc!uding the energy-based instrument 101 and the user interface 106, and a third

instrument including the tissue monitor.

The optical sensor 14 may include a plurality of sensors for measuring a variety of

tissue and energy properties (e.g., tissue transparency and polarization-dependent losses) and

for providing feedback signals to the controller 103. The types of sensors and their

positioning may vary for different embodiments of the present disclosure and are known to

those skilled in the art.

As described in more detail below, the optical feedback signals according to the

present disclosure can be used in combination with other types of feedback signals such as

feedback signals from electrical or temperature sensors.

n some embodiments, the sealing energy source 02 generates optical energy or light

to perform sealing procedures. A portion of this same light may be used for monitoring

optical parameters of the tissue. For example, the Sight for monitoring optical parameters

(i.e., the probing light) of tissue and the light for tissue sealing (i.e., the tissue-sealing light)

may have the same frequency, but the intensity of the probing light may be less than the

intensity of the tissue-sealing light. Accordingly, the energy-based tissue-sealing system may

no include a separate light source 2, but a single sealing energy source 102 generating

light for both tissue sealing and tissue monitoring.

n other embodiments, the energy-based system may incorporate ultrasonic

technology. n these embodiments, the sealing energy source 02 is an ultrasonic generator



having an ultrasonic transducer and the energy-based instrument 101 includes an ultrasonic

waveguide for transmitting ultrasonic energy from the sealing energy source 102 to the tissue

105.

FIG, 2 is a block diagram of an electrosurgical system 200 according to other

embodiments of the present disclosure. The electrosurgical system 200 includes a sealing

energy source 102, an instrument having a tissue deforming mechanism 201, a light source

112 optical sensors 214a, 214b. analog-to-digital converters (ADCs) 2 5, a controller 103,

and a user interface 06. The controller 103 is coupled to the sealing energy source 102 to

control parameters of the sealing energy provided y the sealing energy source 102. The

sealing energy source 102 includes a power supply and an energy output stage 202. The

energy output stage 202 may be configured to provide optical, electrical, or acoustical energy

to the instrument having the tissue-deforming mechanism 201. The energy output stage 202

is powered by the power supply 2 1 and delivers sealing energy to a patient's tissue 05 via a

sealing energy applicator (not explicitly shown).

n some embodiments, at least portion of the instrument 201 is made of an optically

transparent material to enable a surgeon to see the tissue 05 that is grasped by the instrument

201. Consequently, the surgeon can more easily perform visual control the grasped tissue

105. Also, the surgeon can move the instrument 201 to a greater range of positions during a

surgical procedure.

n some embodiments, the energy output stage 202 is an RF-energy output stage and

the sealing energy applicator includes at least one electrode. The RF-energy output stage

delivers RF energy to th at least one electrode, which, in turn, applies the RF energy to the

tissue. n other embodiments, the energy output stage 202 is a light-energy output stage and

the sealing energy applicator includes at least one optical element, such as a waveguide



and/or lens. The Sight-energy output stage provides light to the at least one optical element,

which, in turn, directs or focuses the light on tissue.

As shown in Fig, 2, the light source 1 2 generates and applies light to the tissue 105

deformed by the instrument 201. Optica! sensor 214a is configured to sense the light

reflected from the tissue 105 and optical sensor 214b is configured to sense light transmitted

through the tissue 105. The light source 12 and the optical sensors 214a, 214b may be

disposed on the instrument 20 or on a separate instrument. The optical sensors 214a, 214b

sense one or more optical parameters of the deformed tissue 105 and transmit this

information to the controller 03, which regulates the energy output from the energy output

stage 202. In particular, the optical sensors 214a, 4b provide analog sensor signals to the

ADCs , which convert these signals to digital form and feeds them to the controller 103.

The optical sensors 2 4a, 214b may function together with other sensors (not shown)

that sense various electrical and physical parameters or properties of the tissue 105 and

communicate with the controller 103 to regulate the energy output from the energy output

stage 202. The various electrical and physical parameters or properties of the tissue 105 may

include: tissue impedance, changes in tissue impedance, tissue temperature, changes in tissue

temperature, leakage current, applied voltage, or applied current. The other sensors may

generate analog sensor signals that are provided to the controller 03 via ADCs (not shown).

The controller 103 controls the power supply 2 and/or the energy output stage 202

according to the feedback information obtained from at least one of the optical sensors 214a,

214b. The user interface 106 is coupled to the controller 103 so as to allow the user to

control various parameters of the energy output from the sealing energy source 02 and

applied to the tissue 105 during a surgical procedure. For example, in the case of a sealing

energy source 102 that generates RF energy, the user may manually set, regulate a d/or

control one or more electrical parameters of the RF energy, such as voltage, cuixent, power,



frequency, intensity, and/or pulse parameters (e.g., pulse width, duty cycle, crest factor,

and/or repetition rate).

The controller 103 includes at least one microprocessor (not shown) capable of

executing software instructions for processing data received from the user interface 6 and

the optical sensors 214a, 4b and for providing control signals to the energy output stage

202 and/or the power supply 2 based on the processed data. The software instructions are

stored i an internal memory of the controller 103 and/or an external memory accessible by

the controller 103, e.g., an external hard drive, floppy diskette, or CD-ROM. The digital

control signals generated by the controller 103 may be converted to analog signals by a

digital-to-analog converter before being provided to the sealing energy source 02 .

For embodiments in which the sealing energy source 2 supplies RF energy to the

tissue 105, the power supply 2 may be a high voltage DC power supply for producing

eiectrosurgieai current such as radio frequency (RF) current. Signals received from the

controller 1 3 control the magnitude of the voltage and current output by the DC power

supply. The energy output stage 202 receives the current output from the DC power supply

and generates one or more pulses via a waveform generator (not shown). The pulse

parameters, such as pulse width, duty cycle, crest factor, and repetition rate are regulated in

response to the signals received from the controller 103. Alternatively, the power supply 2 1

may be an AC power supply, and the energy output stage 202 may vary the waveform of the

signal received from power supply 2 1 to achieve a desired waveform.

The user interface 106 may be local to or remote from the controller 103, A user may

enter data such as the type of surgical instrument, the type of surgical procedure, and/or the

type of tissue. The user interface 06 may provide feedback to the surgeon relating to one or

more parameters of the tissue 05 or other components of the surgical system 200. The user

may also enter commands via the user interface 106. For embodiments in which the sealing



energy source 02 supplies F energy to the tissue 105, the commands may include a target

effective voltage, current or power level, or a target response. The user may also enter

commands for controlling electrical parameters of the RF energy.

The optica! sensors 214a, 214b may include a wired or wireless communications

interface for transmitting information to the contro er 03 either directly or indirectly via the

ADCs 215.

Before beginning a surgical procedure, an operator of the surgical system 200 enters

information via the user interface 106. infomation entered includes, for example, the type of

instrument, the type of procedure (i.e., the desired surgical effect), the type of tissue, relevant

patient information, and a control-mode setting. The control mode setting determines the

amount of or type of control that the controller 03 wil provide. At least one of the optical

sensors 214a, 214b may automatically provide information to the controller 103 relating to

tissue type, initial tissue thickness, initial tissue impedance, and/or other tissue parameters.

The control-mode settings may include a first mode during which the controller 03

maintains a steady selected output energy level. The control-mode settings may also include

a second mode during which the controller 103 maintains a variable selected output energy

level, which is a function of the time values, sensed parameters, and/or changes in sensed

parameters during the surgical procedure. Operations performed on the time values and

sensed parameters include operations such as calculations and/or look-up operations using a

table or map stored by or accessible by the controller 3. The controller 03 processes the

selected output energy values, such as by performing calculations or table look-up operations,

to determine power control signal values and output control values.

The controller 03 may determine initial settings for control signals to the power

supply 2 and the energy output stage 202 by using and/or processing data or settings

entered by an operator, performing calculations and/ or accessing a look-up table stored by or



accessible by the controller 103. Once the surgical procedure begins, the optica! sensors

214a, 2 4b sense various optical parameters and provide feedback to the controller 03

through the ADC . The controller 03 processes the feedback information in accordance

with the pre-selected mode, as well as any additional commands entered by the user during

the surgical procedure. The controller 103 then sends control information to the power

supply 2 and the energy output stage 202. The surgical system 200 may include override

controls to allow the surgeon to override the control signals provided by the controller 103, if

needed. For example the surgeon can enter override commands through the user interface

106.

In some embodiments, the optical parameters of the deformed tissue are measured

regardless of the area or volume of the tissue 05 that is deformed by an instrument having a

mechanism for deforming tissue (e.g., jaw members). For example, the light source 2 may

illuminate only a portion of the tissue 105 that is grasped between the jaw members of the

energy-based instrument 101.

FIG. 3 is a block diagram illustrating a cross-sectional view of a general arrangement

300 for measuring optical parameters of tissue 105 during a tissue-sealing procedure

according to embodiments of the present disclosure. As shown in FIG. 3, the tissue-sealing

procedure involves deforming tissue 105 and a vessel 302 by grasping and compressing the

vessel 302 under a predetermined pressure (3 kg/cm2 to 16 kg/em'') with the jaw members

321, 322 of an energy-based sealing instrument to bring opposite wails of the vessel 302 i to

contact with each other. For embodiments of the surgical system 200 that use RF energy to

heat tissue, the jaw members 32 , 322 include electrodes 325, 326 for applying the RF energy

to the tissue 105 and the vessel 302. Thus, when the RF energy is applied to the deformed

vessel 302 through the electrodes 325, 326, opposite walls of the vessel 302 are bonded



together. Typically, the electrodes 325, 326 are positioned a predetermined gap distance

relative to one another during the sealing process (0,001 in to about 0.006 in).

To determine the optical parameters of the tissue 05 and/or the vessel 302, the tissue

105 and/or the vessel 302 are illuminated with a light beam 305, which is generated by the

light source 2. The Sight source 12 includes a light element 303 and a beam formation

system 304. The light element 303 may be a laser, an LED, or any other similar component

used to generate light. The beam formation system 304 forms a light beam 305 with

appropriate spatial characteristics so that the vessel and a portion of the tissue 105 that

experiences the effects of the sealing energy is exposed to the light beam 305.

In some embodiments, the beam formation system 304 includes a collimator that

forms the light beam 305 by generating parallel rays of light. The angle 0 3 5 is the angle of

the incident light beam 305 with respect to an axis 320 perpendicular to the vessel 302. The

beam formation system 304 may be configured to vary the angle Θ315 of the Sight beam 305

over a range of angles. For example, the beam formation system 304 may select the angle 0

315 of the light beam 305 that optimizes the detection of the optical parameters of the tissue

105 or the vessel 302.

The optica! parameters of the tissue 5 and vessel 302 are determined by measuring

and analyzing the parameters of the ight 306 transmitted through the tissue 105, which is

collected by an optical system 307 and detected by a photo-sensor 308. n other

embodiments, the optical parameters of the tissue 105 and vessel 302 are determined by

measuring and analyzing parameters of the reflected or scattered light 309, which is collected

by an optical system 310 and detected by a photo-sensor 3 . The angle φ 3 9 is the angle of

the reflected or scattered light beam 309 with respect to the axis 320 perpendicular to the

vessel 302. The beam formation system 304 may be configured to vary the angle φ 319 of

the light beam 309 over a range of angles. If the beam formation system 304 is configured in



this way, it may select the angle φ 319 of the light beam 309 that optimizes the detection of

the optical parameters of the tissue 105 or the vessel 302,

During the sealing process, the vessel 302 and tissue 105 are deformed and heated to

change the internal structure of the vessel 302 and tissue 105. As described above, the vessel

302 and tissue 105 are compressed under a predetermined pressure to bring opposite walls of

the vessel 302 into contact with each other. Then, the vessel 302 is heated, causing the

restructuring of the collagen and eiastin within the walls of the vessel 302. In particular, new

bonds between the collagen and elastirs form. These bonds stabilize when they are cooled.

Heating and compressing the vessel 302 may also cause other tissue structures (e.g., organic

tissue structures) to change.

The changes in the tissue structure (e.g., the restructuring of the collagen and eiastin

in the tissue 105), cause corresponding changes to the optical parameters of the tissue 05.

These changes in the optical parameters of the vessel 302 can be detected by focusing the

light beam 305 on the vessel 302 and detecting either the transmitted light beam 306 or the

reflected light beam 309. The correlation between the internal structure of the vessel 302 and

the optical parameters of the vessel 302 enables the surgical system 200 to control the sealing

quality based on the optical parameters of the vessel 302.

Different optical properties of tissue can be detected and used as feedback information

to control the sealing process. For example, optical transparency of the tissue can be a good

indicator of the sealing quality. As the temperature of tissue increases during the sealing

process, the collagen and eiastin in the tissue melt, adjacent portions on the tissue (e.g., vessel

walls) bond together, and the tissue becomes more transparent to light in the visible range of

the electromagnetic spectrum. Thus, the progress of the sealing process may be accurately

monitored by measuring the transparence of the tissue.



The transparence of the tissue may be measured by focusing light on the tissue a d

measuring the amount of visible light reflected from or transmitted through the tissue 105. A

feedback and control system (e.g., the surgical systems 100, 200 of FIGS. 1 and 2) may

monitor changes in the transparency of the tissue and determine when the sealing energy

should be removed from the tissue 105 to provide optimum sealing quality.

When optical energy is used for tissue sealing a negative feedback control loop is

established in the tissue being sealed, As the tissue 105 is heated, the tissue's optical

transparence increases, thus limiting the amount of optical energy which is absorbed by the

tissue 105. The negative feedback control loop helps to avoid charring and o reduce thermal

damage of the tissue 05.

Feedback information relating to optical polarization-dependent losses in the tissue

and anisotropy of the tissue may also be monitored and used to control the sealing process.

The anisotropic structure of collagen molecules results in strong linear birefringence of

tissue. See Johannes F. de Boer, Shyam M. Srinivas, Arash Malekafzali, Zhongping Chen

and J. Stuart Nelson, "Imaging thermally damaged tissue by polarization sensitive optical

coherence tomography," OPTICS EXPRESS, Vol. 3, No. 6, pp. 212-218, 1998).

Birefringence of collagen is reduced by the denaturizing that occurs at a temperature between

56 C and 65°C. A corresponding drop in polarization-dependent losses enables direct control

of collagen and elastin conditions to ensure high-quality sealing n particular, the

measurement of polarization-dependent losses or anisotropy of the tissue allows one to

determine when and what part of the collagen is melted during sealing.

Changes in the optical properties of the tissue 105 during the sealing process may also

be related to heat-induced changes in the blood, in particular, to the conversion of

oxyhemoglobin and de-oxyhemogiobin in the normal blood to methemoglobin. See U.S.

Patent No. 6,766, 87 Depending on the wavelength of the light, the absorptivity of



niethemoglobin can be higher or lower than the absorptivity of normal blood. Therefore, in

some embodiments, the wavelength of the light emitted from the light source 2 is selected

to be in the range between 525 nm and 580 m to minimize the influence of heat-induced

modification of the optical properties of the blood on the optical feedback signal

FIG, 4 is a flow diagram 400 of a method of performing energy-based tissue sealing

employing optical feedback signals. After starting in step 401, the energy-based instrument

101 includes a mechanism (e.g., jaw members) that grasps and deforms the tissue 105, in step

402. n step 404, the initial optical parameters of the tissue are measured. In step 406, a

target trajectory of the optica! parameters is selected based on the measured initial optica!

parameters. The energy-based surgical system varies the parameters of the sealing energy

applied to the tissue 05 so that the monitored optical parameters follow or track the selected

trajectory of the optical parameters during the sealing procedure. This allows the energy-

based surgical system to take into account different properties of different types of tissues

that are being sealed and to optimize the parameters of the sealing energy to a particular

tissue type.

After a target trajectory of optical parameters is selected, the energy-based surgical

system iterates through a series of steps to track the target trajectoiy of optical parameters: in

step 408, the actual optical parameters of tissue are measured or monitored; in step 4 , the

monitored optical parameters are analyzed with respect to the target trajectory; in step 4 2, it

is determined whether the end of the target trajectory has been reached; and, if the end of the

target trajectory has not been reached, in step 414, a control signal is generated to modify the

parameters of the output from sealing energy source 102 so that the monitored optical

parameters (e.g., the optical signal(s) 11 ) follow the target trajectory.

When the end of the target trajectory is reached, the sealing energy source 102 is

switched into a standby mode until the next tissue sealing cycle. In some embodiments,



when the sealing energy source 102 is switched into a standby mode, the monitoring of

optical parameters of the tissue is stopped. In other embodiments, however, the monitoring

of the optical parameters is continued to control other functions of the energy-based surgical

system including to control cooling of the sealed tissue.

The method of FIG. 4 is one of many possible methods of performing tissue sealing

based on optical parameters of the tissue. The method may be simplified by omitting the step

of selecting a target optical parameter trajectory and using the same target trajectory for all

types of tissues. The method may also he simplified by substituting the target optical

parameter trajectory with a predetermined optical parameter threshold value. If the measured

optical parameter of the tissue reaches the predetermined optical parameter threshold value,

the energ -based instrument stops applying sealing energy to the tissue 05

Although the present disclosure has been described with respect to particular

embodiments, it will be readily apparent to those having ordinary skill in the art to which it

appertains that changes and modifications may be made thereto without departing from the

spirit or scope of the disclosure. For example, the controller 103 may include circuitry and

other hardware, rather than, or in combination with, programmable instructions executed by a

microprocessor for processing the sensed values and determining the control signals to be

sent to the power supply 2 1 and the energy output stage 202.

While several embodiments of the disclosure have been shown in the drawings, it is

not intended that the disclosure be limited thereto, as it is intended that the disclosure be as

broad in scope as the art will allow and that the specification be read likewise. Therefore the

above description should not be construed as limiting, but merely as exemplifications of

particular embodiments.



CLAIMS

What is claimed is:

1. A method of performing energy-based tissue sealing, comprising:

illuminating tissue with light;

sensing light modified by the tissue structure;

analyzing the light modified by the tissue structure to determine at least one optical

parameter of the tissue structure;

forming a control signal based on the at least one optical parameter;

generating tissue-sealing energy based on the control signal; and

applying the tissue-sealing energy to the tissue,

2. The method of claim 1, wherein the light modified by the tissue structure

includes one or more of light transmitted through the tissue structure, light reflected from the

tissue structure, or light scattered by the tissue structure.

3. The method of claim 1, wherei the at least one optical parameter includes one

or more of optical transparency of the tissue structure, degree of reflection from the tissue

structure, optica! losses in the tissue structure caused by absorption or scattering by the tissue

structure, polarization-dependent losses in the tissue structure, and degree of anisotropy of the

tissue structure.

4. The method of claim 1, wherein the control signal controls sealing energy

parameters including one or more of voltage, current, pulse width, pulse frequency,

amplitude, crest factor, duty cycle, repetition rate, wave shape, duration of applied sealing

energy, total exposure of tissue to the sealing energy, or the spectrum of the sealing energy.



5. The method of claim 1, wherein the tissue-sealing energy is radio frequency

(RF) energy,

6. The method of claim 1, wherein the tissue-sealing energy is electromagnetic

energy in the optical range,

7. The method of claim 6, wherein the tissue-sealing energy is light and a portion

of the light is used to determine the at least one optical parameter of the tissue structure.

8. An energy-based tissue-sealing system, comprising;

an energy-based instrument having a mechanism to deform tissue and an energy

applicator to apply tissue-sealing energy to the tissue;

a sealing energy source coupled to the energy-based instrument and configured to

generate and deliver tissue-sealing energy to the energy-based instrument;

a tissue monitor configured to monitor at least one optical parameter of the tissue

structure; and

a controller coupled to the sealing energy source and configured to control at least one

parameter of the tissue-sealing energy generated by the sealing energy source based on the at

least one optical parameter of the tissue structure,

9 The energy-based tissue-sealing system of claim 8, wherein the at least one

optical parameter of the tissue structure includes one or more of optical transparency of the

tissue structure, degree of reflection from the tissue structure, optical losses in the tissue



structure caused by absorption or scattering by the tissue structure, polarization-dependent

losses in the tissue structure, and degree of amsotropy of the tissue structure.

. The energy-based tissue-sealing system of claim 8» wherein the tissue monitor

includes a light source that illuminates the tissue with light, a sensor tha senses the light

modified by the tissue structure, and a processor that determines the at least one optical

parameter of the tissue structure based on the light modified by the tissue structure.

11. The energy-based tissue-sealing system of claim 10, wherein the wavelength

of the light is between approximately 525 n and 585 nra.

12. The energy-based tissue-sealing system of claim 8, wherein the tissue-sealing

energy is light and the sealing energy source is a light source.

13. The energy-based tissue-sealing system of claim 8, wherein the tissue-sealing

energy is ultrasonic energy and the sealing energy source is an ultrasonic generator.

14. The energy-based tissue-sealing system of claim 8, wherein the tissue-sealing

energy is RF electromagnetic radiation and the sealing energy source is an RF electrosurgical

generator.

. An energy-based tissue-sealing instrument, comprising:

a pair of jaw members configured to deform tissue;

at least one electrode configured to deliver tissue-sealing energy to tissue deformed by

the pair ofjaw members;



a light source configured to illuminate at least a portion of the tissue deformed by the

pair of jaw members with light; and

a light sensor configured to sense light modified by the tissue structure and to transmit

a sensor signal to a controller based on the light sensed by the light sensor.

16. The energy-based tissue-sealing instrument of claim 15, wherein the controller

uses the sensor signal to determine one or more of optical transparency of the tissue structure,

degree of reflection from the tissue structure, optical losses in the tissue structure caused by

absorption or scattering by the tissue structure, polarization-dependent losses in the tissue

structure, and degree of anisotropy of the tissue structure.

17. The energy-based tissue-sealing instrument of claim , wherein the

wavelength of the light is between approximately 525 nm and 585 nm.

18. The energy-based tissue-sealing instrument of claim 15, wherein the tissue-

sealing energy is F electromagnetic radiation.

19. The energy-based tissue-sealing instrument of claim 15, wherein the tissue-

sealing energy is light.

20. The energy-based tissue-sealing instrument of claim 15, wherein the tissue-

sealing energy is acoustical energy.
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