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(57) Abstract: The present disclosure is directed towards a medical instrument. The medical instrument includes a housing and an
end effector assembly operably connected to the housing. The end effector assembly includes first and second jaw members each
having a tissue contacting surface, at least one of the first and second jaw members movable between a first, spaced-apart position
and a second proximate position, wherein in the second position, the jaw members cooperate to define a cavity configured to receive
tissue between the jaw members. The end effector also includes at least one light-emitting element coupled to at least one of the first
and second jaw members, the at least one light-emitting element adapted to deliver light energy to tissue grasped between the first
and second jaw members to treat the tissue.
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LIGHT ENERGY SEALING, CUTTING AND SENSING SURGICAL DEVICE

BACKGROUND

Technical Fiefd

[foo1] The present disclosure relates to surgical forceps having components
to treat and/or monitor tissue being treated. More particularly, the present
disclosure relates to open or endoscopic surgical forceps that utilize light energy

to treat (e.g., seal, cut, etc.) and/or to sense tissue properties.
Description of Related Art

[G02] In many surgical procedures, body vessels, e.g., blood vessels, ducts,
adhesions, fallopian tubes, or the like are sealed to defunctionalize or close the
vessels. Traditionally, staples, clips or sutures have been used to close a body
vessel, However, these traditional procedures often leave foreign hody material
inside a patient. In an effort to reduce foreign body material left within the
patient and to more effectively seal the body vessel, energy techniques that seal

by heating tissue have been employed.

[003] Endoscopic or open forceps are particularly useful for sealing since
forceps utilize mechanical action to constrict, grasp, dissect and/or clamp tissue.
Current vessel sealing procedures utilize radio frequency treatment to heat and
desiccate tissue causing closure and sealing of vessels or tissue. Other
treatment methods are known in the art, however, very few surgical instruments
have the capability to treat and monitor tissue treatment without the use of

additional surgical instruments.
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OBJECT

[003a] It is an object of the present invention to substantially overcome or at least ameliorate

one or more of the above disadvantages.

SUMMARY

[003b] In accordance with one aspect, the present invention provides a medical instrument,
comprising:
a housing; and
an end effector assembly operably connected to the housing, the end effector assembly
including:
first and second jaw members each having a tissue contacting surface, at least
one of the first and second jaw members movable between a first, spaced-apart position and a
second position for approximating tissue, at least one of the first and second jaw members
including a groove defined therein having a reflective surface; and
at least one light-emitting element disposed within the groove, the at least one
light-emitting element adapted to deliver light energy to tissue grasped between the first and

second jaw members.

[003¢] In accordance with another aspect, the present invention provides a system for treating
tissue, comprising:
a medical instrument comprising:
a housing; and
an end effector assembly operably connected to the housing, the end effector
assembly including:
first and second jaw members each having a tissue contacting surface, at
least one of the first and second jaw members movable between a first, spaced-apart position
and a second position for approximating tissue, at least one of the first and second jaw members
including a groove defined therein having a reflective surface;
at least one light-emitting element disposed within the groove, the at least
one light-emitting element adapted to deliver light energy to tissue grasped between the first and

second jaw members;

12385470_1:hxa
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2a

at least one light-detecting element configured to measure at least one
property of the light energy passing through the tissue; and

a controller coupled to the at least one light-detecting element and the at
least one light-emitting element, the controller configured to control the at least one light-
emitting element based on the at least one measured property of the light energy passing through

the tissue.

[004] In accordance with the present disclosure, a medical instrument is also provided. The
instrument includes a housing and an end effector assembly operably connected to the housing.
The end effector assembly includes first and second jaw members each having a tissue
contacting surface, at least one of the first and second jaw members movable between a first,
spaced-apart position and a second proximate position. In the second position, the jaw members
cooperate to define a cavity that is configured to receive tissue between the jaw members. One
or more light-transmissive element is coupled to at least one of the first and second jaw
members. The light-transmissive element(s) is adapted to connect to a light energy source and
to transmit the light energy to tissue grasped between the first and second jaw members to treat

the tissue.

[005] The present disclosure also provides for a system for treating tissue. The system
includes a medical instrument including a housing and an end effector assembly operably
connected to the housing. The end effector assembly includes first and second jaw members
each having a tissue contacting surface, at least one of the first and second jaw members
movable between a first, spaced-apart position and a second proximate position. In the second
position, the jaw members cooperate to define a cavity that is configured to receive tissue
between the jaw members. One or more light-transmissive element is coupled to at least one of
the first and second jaw members. The light-transmissive element(s) is adapted to connect to a
light energy source and to transmit the light energy to tissue grasped between the first and

second jaw

12385470_1:hxa
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members to treat the tissue and one or more light-detecting element(s)
configured to measure at least one property of the light energy passing through
the tissue. The system also includes a controller coupled to the light-detecting
element(s) and the light energy source, the controller configured to control the
light energy source based on the at least one measured property of the light

energy passing through the tissue.

[006] A method for treating fissue is also contemplated by the present
disclosure. The method includes grasping tissue between first and second jaw
members, at least one of the first and second jaw members movable between a
first, spaced-apart position and a second proximate position, wherein in the
second position, the jaw members cooperate to define a cavity that is configured
to receive tissue between the jaw members; applying light energy to the tissue
grasped between the first and second jaw members; measuring at least one
property of the light energy applied to the tissue; and controlling the light energy

based on the at least one measured property of the light energy.

[007] Aspects of the presently-disclosed surgical instrument are described
in detail with reference to the drawings wherein like reference numerals identify
similar or identical elements. As used herein, the term “distal” refers to that
portion that is further from an operator while the term “proximal” refers to that
portion that is closer to an operator. As used herein, the term “treat” refers to
performing a surgical treatment to tissue including, but not limited to heating,
sealing, cutting, sensing and/or monitoring. As used herein, the term "light
energy source" refers broadly to include all types of devices that produce light

for medical use (e.g., tissue treatment). These devices include lasers, light
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emitting diodes (LEDs), lamps, and other devices that produce light anywhere
along an appropriate part of the electromagnetic spectrum (e.g., from infrared fo
ultraviolet). It is also to be understood that the light sources disposed herein
may be used interchangeably, such that, if an LED light source Is disclosed, a

laser light source may also be used, uniess stated otherwise.

[008] The present disclosure provides systems and method for treating
tissue by delivering light thereto. This may be accomplished by placing a light
source in intimate contact with the target tissue. In some embodiments, it may
be accomplished by connecting a light source to the target tisstie with an optical
system designed to transmit the light from a light source to the tissue. Either
system may include elements that shape the distribution of optical energy as it
impinges on and interacts with the target tissue. As herein, the term “light-
emitting elements” denotes any device from which light exits prior to interacting
with the target tissue including, but not limited light sources; the end of a light
transmission system terminating at the target tissue: refracting, diffracting,
transmitting or reflecting optical elements such as lenses, diffraction gratings,

windows and mirrors, and combinations thereof.

[009] Laser light sources may produce fight having a wavelength from about
200 nm to about 15,000 nm and include but are not Iimited to ruby lasers,
tunable titanium-sapphire lasers, copper vapor lasers, carbon dioxide lasers,
alexandrite lasers, argon lasers such as argon fluoride (ArF) excimer lasers,
argon-dye lasers, potassium titanyl phosphate (KTP) lasers, krypton lasers such
as krypton fiuoride (KrF) excimer lasers, neodymium:yttrium-aluminum-

garnet (Nd:YAG) lasers, holmium:yttrium-aluminum-garnet (Ho:YAG) lasers,
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erpium:yttrium-aluminum-garnet (Er:'YAG) lasers, diode lasers, fiber lasers,
xenon chloride (XeCl) excimer lasers, tunable thalium lasers, and combinations
thereof. Additional light source types also include fiber optic light sources and

deuterium light sources.

{0010] In some aspects of the present disclosure, light may be generated at
multiple wavelengths. For example, Nd:YAG and KTP lasers may be part of a
single light source. Nd:YAG with a greater optical depth in tissue may be used
for sealing and KTP with a shorter optical depth may be used for sealing smaller
vessels, thinner tissue, or for cutting. As used herein, the term ‘“receiving
moduie” refers to a component or apparatus having the capability of receiving
and/or sensing a signal (e.g., light energy and heat energy) and analyzing the
received signal to generate a control andfor output signal (e.g., instruction
and/or indication to a user). It should be noted that the receiving module may
also transmit the received signal to some other suitable component for analysis

thereof (e.g., a processor and/or generator).

[0011]  As described in more detail below with reference to the accompanying
figures, the present disclosure generally relates to surgical light energy devices
that include an end effector assembly that can fuse (e.g., seal) and/or separate
(e.q., cut) tissue. The present disciosure also provides one or more devices that
sense andfor monitor tissue properties at various stages of treatment to
determine when the treatment is complete, efficacy of a tissué seal and/or to
measure jaw pressure {e.g., a potential requirement for a quality sea!). Optical
sensing provides better indication of seal quality than current methods, such as,

electrical impedance measurements. Additionally, tissue separation may be
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accomplished with the same light energy devicé used for tissue sealihg
eliminating the need for a separate mechanical blade that is traditionally used for
tissue separation in jaw members. The present disclosure also provides one or
more methods for providing feedback to the user, generator and/or control
algorithm with regard to temperature at or proximate a surgical site, jaw closure

pressure, jaw positioning, and other various feedback information.

[0012]  Any of the following aspects and components thereof of the present
disclosure may be inferchangeably combined with one or more other
embodiments. For example, coating on the surfaces of the jaw members may
be included in each of the embodiments and various disclosed monitoring and

control processes may be utilized with various jaw member embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]  Various embodiments of the subject instrument are described herein

with reference to the drawings wherein:

[0014] Fig. 1Ais a perspective view of an endoscopic forceps having an end
effector assembly aitached to a distal end of the forceps according to an

embodiment of the present disclosure;

[0015] Fig. 1B is a perspective view of an open forceps having a handle
assembly and an end effector assembly attached to a distal end of the handle

assembly according to another embodiment the present disclosure;
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{0016] Fig. 1C s é perspective view of a battefy—powéred e'ndéscopic forcebs
having an end effector assembly aitached to a distal end of the forceps

according to another embodiment of the present disclosure;

[0017] Fig. 2A is a side, cross-sectional view of an end effector assembly

according to an embodiment of the present disclosure;

[0018]  Fig. 2B is a front, cross-sectional view of the end effector assembly of

Fig. 2A,

{0019] Fig. 3 is a front, cross-sectional view of an end effector assembly

according to an embodiment of the present disclosure;

[0020] Fig. 4A is a side, cross-sectional view of an end effector assembly

according to an embodiment of the present disclosure;

[0021] Fig. 4B is a front, cross-sectional view of the end effector assembly of
Fig. 4A;
[0022] Fig. 4C is a side, schematic view of a laser fiber of the end effector

assembly of Fig. 4A;

[0023] Fig. 5 is a front, cross-sectional view of an end effector assembly

according to an embodiment of the present disclosure;

[0024] - Fig. 6 is a side, cross-sectional view of an end effector assembly

according to an embodiment of the present disclosure;

[0025] Figs. 7A and 7B are side, cross-sectional views of an end effector

assembly according to an embodiment of the present disclosure;
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[0026] Fig. BA'is é side, cross-sectional view of an end effector assembly

according to an embodiment of the present disclosure;
[0027] Figs. 8B and 8C are top views of the end effector shown in Fig. 8A;

[0028] Fig. 9 is a side, cross-sectional view of an end effector assembly

according to an embodiment of the present disclosure;

[0029]  Fig. 10 is a side, cross-sectional view of an end effector assembly

according to an embodiment of the present disclosure;

[0030] Fig. 11 is a side, cross-sectional view of an end effector assembly

according to an embodiment of the present disclosure;

[0031] Fig. 12A is a front, cross-sectional view of the end effector assembly

shown in Fig. 11;

[0032] Fig. 128 is a front, cross-sectional view of the end effector assembly

grasping tissue shown in Fig. 11;

[0033] Fig. 13 is a side, cross-sectional view of an end effector assembly

according to an embodiment of the present disclosure;

[0034]  Fig. 14 is a top view of a jaw member of the end effector assembly

shown in Fig. 13 according to an embediment of the present disclosure;

[0035]  Fig. 15A is a side view of an endoscopic forceps showing a housing, a
shaft, an end effector assembly and a trigger assembly in a first position

according to an embodiment of the present disclosure;
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[0036] Fig. 15B is an eniarged, cross section taken-along line 15B-15B of

Fig. 15A according to an embodiment of the present disclosure;

[0037] Fig. 15C is an enlarged, side view of the trigger assembly of Fig. 15A

according to an embodiment of the present disclosure;

[0038] Fig. 15D is an enlarged, side view of the embodiment of an end
effector assembly of Fig. 15A showing relative extension of a light dissection
element from a distal end of the end effector assembly according to an

embodiment of the present disclosure;

[0039] Figs. 16 and 17 are side views of the trigger assembly for extending a
light dissection element shown from a distal end of the end effector assembly

according to an embodiment of the present disclosure;

[0040]  Fig. 18A is a top view of a jaw member including a light dissection
element disposed on an outer periphery thereof according to an embodiment of

the present disclosure;

[0041]  Fig. 18B is a front cross-sectional of a jaw member including a light
dissection element disposed on an outer periphery thereof according to an

embodiment of the present disclosure,

[0042] Fig. 19 is a side, cross-sectional view of an end effector assembly

according to an embodiment of the present disclosure;

[0043] Fig. 20 is a side, cross-sectional view of an end effector assembly

according to an embodiment of the present disclosure;
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[0044] Fig. 21 is a top, cross-sectional view of a to'p jaw member of the end

effector of Fig. 20;

[0045]  Fig. 22 is a front, cross-sectional view of the end effector assembly of

Fig. 20 according to an embodiment of the present disclosure;

[0046] Fig. 23 is a front, cross-sectional view of the end effector assembly of

Fig. 20 according to an embodiment of the present disclosure;

[0047]  Fig. 24 is a front, cross-sectional view of a bottom jaw member of the
end effector assembly of Fig. 20 according fo an embodiment of the present

disclosure,

[0048]  Fig. 25 is a schematic diagram of a surgical system according to the

present disclosure;

[0049] Fig. 26 is a plot of absorption coefficient versus wavelength of tissue

constituents; and

[0050]  Fig. 27 is a plot of absorption coefficient versus wavelength of tissue

constituents and laser light sources.

DETAILED DESCRIPTION

[0051]  Referring now to Figs. 1A and 1B, an endoscopic surgery forceps 10
and an open forceps 10' are shown, respectively. For the purposes herein,
gither an endoscopic instrument or an open surgery instrument may be utilized
with any of the embodiments of end effector assemblies described herein. It
should be noted that different electrical, optical and mechanical connections and
other considerations may apply to each particular type of instrument. However,

10
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the novel aspects, with respect to the end effector assembly and the operating
characteristics thereof, remain generally consistent with respect to both the
endoscopic or open surgery designs. It also should be noted that any of the
embodiments described below may be configured to also include traditional

vessel sealing capabilities.

[0052]  The present disclosure provides for an apparatus, system and method
for sealing tissue using fight energy. Light (e.g., from about 200 nm to about
11,000 nm) is used to heat the tissue due to absorption of light. Absorption,
transmittance, and scattering of light energy depends on the tissue, the state of
the tissue (e.g., hydration, disease state, treatment stage, etc.), and the
wavelength of the light. The present disclosure utilizes these factors to control
the distribution of the energy within the tissue based on an appropriate choice of
the wavelength. More specifically, wavelengths that are strongly absorbed by
the tissue deposit energy closer to the surface of the tissue while wavelengths
that are weakly absorbed by the tissue are used to deposit a larger fraction of
the incident energy deeper in the tissue. In particular, since tissue is relatively
transparent to light at certain infrared wavelengths, light energy at infrared

frequencies may be used for deeper energy deposition.

[0053] In Fig. 1A, forceps 10 is coupled to a light energy source (e.g., a
generator 40) for generating light energy adapted to treat tissue. Generator 40
is configured to output various types of energy, such as light energy having a
wavelength from about 200 nm to about 11,000 nm. Forceps 10 is coupled to

the generator 40 via a cable 34 that is adapted to transmit light energy and

11
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control signals therebetween. Various embodiments of the forceps 10 utilizing

the aforementioned light energy are discussed in mare detail below.

[0054] Forceps 10 is configured to support an end effector assembly (e.g.,
end effector assembly 100). Forceps 10 includes a housing 20, a handle
assembly 22, a trigger assembly 25, and a rotating assembly 28 that enable
forceps 10 and end effector assembly 100 to mutually cooperate to grasp, seal,
divide and/or sense ftissue. Forceps 10 generally includes housing 20 and
handle assembly 22 that includes moveable handle 24 and fixed handle 26 that
is integral with housing 20. Handle 24 is moveable relative to fixed handle 26 to
actuate end effector assembly 100 via a drive assembly (not shown} to grasp

tissue.

[0055] In some embodiments, trigger assembly 25 may be configured to
actuate a cutting function of the forceps 10 or another component, as described
in further detail below. Forceps 10 also includes a shaft 12 having a distal
portion 16 that mechanically engages end effector assembly 100 and a proximat
portion 14 that mechanically engages housing 20 proximate rotating assembly
28. Rotating assembly 28 is mechanically associated with shaft 12 such that
rotational movement of rotating assembly 28 imparts similar rotational

movement to shaft 12 that, in turn, rotates end effector assembly 100.

[0056] End effector assembly 100 includes two jaw members 110 and 120.
One or both jaw members 110 and 120 are pivotable about a pin 19 and one or
both are movable from a first position wherein jaw members 110 and 120 are
spaced relative to another, to a second position wherein jaw members 110 and

120 are closed and cooperate to grasp tissue therebetween.

12
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(0057]  Each jaw member 110 and 120 includes a tisstie contacting surface
112 and 122, réspective[y, disposed on an inner—fécing surface thereof (see Figl.
2B). Tissue contacting surfaces 112 and 122 cooperate to grasp and seal tissue
held therebetween upon application of energy from generator 40. Tissue
contacting surfaces 112 énd 122 are connected to the generator 40 such that

light energy can be transmitted to and/or through the tissue held therebetween.

[0058] First and second switch assemblies 30 and 32 are configured to
selectively provide light energy to end effector assembly 100. More particularly,
the first switch assembly 30 may be configured to perform a first type of surgical
procedure (e.g., seal, cut, and/or sense) and a second switch assembly 32 may
be configured to perform a second type of surgical procedure (e.g., seal, cut,
and/or sense). It should be noted that the presently disclosed embodiments
may inciude any number of suitable switch assemblies and are not limited to
only switch assemblies 30 and 32. It should further be noted that the presently
disclosed embodiments may be configured to perform any suitable surgical

procedure and are not limited to only sealing, cutting and sensing.

[0059] Handle assembly 20 further includes one or more-light transmissive
elements, such as a cable 34 that connects the forceps 10 to generator 40. The
cable 34 may include a plurality of optical fibers to transmit light energy through
various paths and ultimately to end effector assembly 100 and one or more

optical fibers.

[0060] First and second switch assemblies 30 and 32 may also cooperate
with a controller 42 (e.g., logic circuit, computer, processor, field programmable

gate array, and the like) that automatically triggers one of the switches to

13
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change between a first mode (e.g., sealing mode) and a second mode (e.g.,
cutting mode) upon the detection of one or more parameters or thresholds. In
some embodiments, the controller 42 is also configured to receive various
sensor feedback and to control the generator 40 based on the sensor feedback.
Embodiments of the present disclosure allow the jaw members 110 and 120 to
seal and/or cut tissue using light energy. In some embodiments, the controller
42 may include a feedback loop that indicates when a tissue seal is complete
based upon one or more of the following parameters: tissue temperature, optical
sensing, change in impedance of the tissue over time and/or changes in the
optical or electrical power or current applied to the tissue over time, rate of
change of these properties and combinations thereof. An audible or visual
feedback monitor may be employed to convey information to the surgeon

regarding the overall seal quality or the completion of an effective tissue seal.

[0061] Referring now to Fig. 1B, an open forceps 10’ is depicted and includes
end effector assembly 100 (similar to forceps 10) that is attached to a handle
assembly 22’ that includes a pair of elongated shaft portions 12a’ and 121’
Each elongated shaft portion, 12a’ and 12b’, respectively, has a proximal end
14’ and 140", respectively, and a distal end 16a’ and 16, respectively. The
end effector assembly 100 includes jaw members 110 and 120 coupled to distal
ends 162’ and 16b’ of shafts 12a’ and 12, respectively. The jaw members 110
and 120 are connected about pivot pin 19’ that allows jaw members 110 and
120 to pivot relative to one another from the first to second positions for treating
tissue (as described above). Tissue contacting surfaces 112 and 122 are

connected to opposing jaw members 110 and 120.

14
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[0062]  Each shaft 12a' and 120 inclides * a tandle 17a and 17V,
respectively, disposed at the proximal end 142’ and 14b’ théfeof. Handles 17a’
and 17b’ facilitate moﬁement of the shafts 12a’ and 12b’ relative to one another
which, in turn, pivot the jaw memberé 110 and 120 from the open position
wherein the jaw members 110 and 120 are disposed in spaced relation relative
to one another to the clamping or closed position wherein the jaw members 110

and 120 cooperate to grasp tissue therebetween.

[0063] In some embodiments, one or both of the shafts, e.g., shaft 12a,
includes a first switch assembly 30" and a second switch assembly 32'. First
and second switch assemblies 30" and 32° may be configured to selectively
provide energy to the end effector assembly 100. More. particularly, the first
switch assembly 30' may be configured to perform a first type of surgical
procedure (e.g., seal, cut, or sense) and second switch assembly 32’ may be
configured to perform a second type of surgical procedure (e.g., seal, cut, or
sense). In some embodiments, one or both shafts, e.g., 12b’, may include a
trigger assembly 25' for actuation of an additional laser fiber, e.g., laser fiber

230a and/or 230b (see Fig. 3).

[0064]  With continued reference to Fig. 1B, forceps 10 is depicted having a
cable 34’ that connects the forceps 10' to generator 40. In a similar fashion to
forceps 10, cable 34' is internally divided within the shaft 12b’ to transmit light
energy through various transmission paths to the components of end effector

assembly 100.

[0065] Referring now to Fig. 1C, forceps 10 is shown having a portable

configuration and includes an internal energy source 50 for generating light

15
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eherg;y' that is operably coupled to a battery compartment 52 via one or more
wires 50a. In some embodiments, one or more battery operated laser diodes or
fiber lasers may also be used to provide a portable light energy source. Internal
energy source 50 may be configured to provide light energy to the end effector
assembly 100 and optical elements via one or more laser fibers 50b or any other
suitable transmission medium. Battery compartment 52 may be configured to
receive one or more batteries 54 for providing suitable energy to internal energy
source 50. In some embodiments, the controller 42 may also be disposed

within the forceps 10 (e.g., housing).

[0066] Battery compartment 52 may be defined within any suitable portion of
housing 20 of forceps 10, such as the fixed handle 26, as shown in Fig. 1C.
Suitable batteries may include, but are not limited to, a nickel-cadmium, lithium-
ion, or any other suitable type. The location of internal energy source 50
provides an operator increased maneuverability and convenience when

performing-a surgical treatment with forceps 10.

[0067] Figs. 2A and 2B illustrate an end effector asserﬁbiy 100. ac_cording to
an embodiment of the present disclosure, which is configured for use with either
instrument 10 or instrument 10°, discussed above or any other suitable surgical
instrument. However, for purposes of simplicity and consistency, end effector

100 will be described hereinbelow with reference to instrument 10.

[0068] The end effector assembly 100 includes jaw members 110 and 120
having proximal ends 110a, 120a and distal ends 110b, 120b that each define a
groove or channel 130 and 140, respectively, within the jaw members 110 and

120. Jaw member 110 includes a light diffusing element 132 that is disposed on
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or along tissue contacting surface 112. The light diffusing element 132 may be
made from any suitable light diffusing material, such as frosted sapphire crystal.
The light diffusing element 132 is disposed within channel 130. Tissue
contacting surfaces 112 and 122 may include a reflective surface disposed
thereon. In some embodiments, the surface includes, but is not limited to

polished metal, coating or any other material that is adapted to reflect light.

[0069] In other embodiments, tissue contacting surfaces 112 and 122 may
also include a coating or cover 112a and 122a. In some embodiments, the
coatings 112a and 122a may be formed from a light absorbing material (e.g., a
light absorbent coating), a transparent material, a scattering material, or a
reflective material. In some embodiments, the coating 112a may be formed from
one material (e.g., transparent) while the coating 122a may be formed from a
different material (e.g., absorbent or reflective). In further embodiments, the
coatings 112a and 122a may both be formed from the same material, such as a
reflective material. Providing both tissue contacting surfaces 112 and 122 with
reflective surfaces increases absorption of the light being supplied to the tissue
since the light passes multiple times therethrough, thus lowering the treatment

time.

[0070]  In further embodiments, the coatings 112a and 122a may include a
gel or another biocompatible film disposed thereon. The gel or the fim may
include a dye of a specific color designed to absorb light energy at a specific
wavelength. In some embodiments, the gel may be applied to the tissue prior to

freatment.
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[0071]  In another embodiment, the coatings 112a and 122a are absorbent
coatings formed from a thermochromic material configured to increase
absorption properties as temperature increases. As used herein, the term
“thermochromic” refers to any material that changes color in response to a
change in temperature. As the temperature of the jaw members 110 and 120
- increases during application of energy, the absorbent coatings 112a and 122a

become progressively more absorbing and provide more heat to the tissue.

[0072]  The light diffusing element 132 is coupled to generator 40 via cable
34, which includes one or more a light transporting or light generating fibers
therewithin. The generator 40 is adapted to generate a light of a desired
wavelength from about 200 nm to about 11,000 nm and transmit the light energy
along cable 34 to th:e forceps 10, 10’ and, more specifically, to the light diffusing

element 132.

[0073]  Light diffusing element 132 may have a substantially cylindrical or
conical shape and may be formed from a suitable light conducting material (e.g.,
sapphire crystal, crystal glass, plastic fiber, and the like). More specifically, the
light diffusing element 132 may be manufactured from any suitable laser or light

conducting medium to obtain desired diffusion properties.

[0074]  Groove 140 may be configured to fit around or about light diffusing
element 132 when the jaw members 110 and 120 are disposed in a closed
position. Groove 140 may also have a reflective surface such that light emitted
from light diffusing element 132 may pass th’ro_ugh tissue and subsequently be
reflected back into ﬁssﬁe to form a desired illumination péttern.: In some

embodiments, groove 140 may have light absorbing properties and/or include a
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material having light absorbing properties (e.g., a light absorbent coating). In
this manner, when light is absorbed, groove 140 and/or the absorbent material
may heat to a suitable temperature fo operably treat tissue held between jaw

members 110 and 120.

[0075] During operation, once tissue is grasped between the fissue
contacting surfaces 112 and 122, laser light is transmitted from the generator 40
to the light diffusing element 132, which then emits light energy into the tissue.
Since the tissue contacting surfaces 112 and 122 are adapted to reflect light, the
light energy emitted by the light diffusing element 132 is concentrated in the
volume between the jaw members 110 and 120 which in turn, heats up the
tissue grasped ‘therebetween without compromising the surrounding tissue.
After a preset duration or upon a signal from one or more sensors (described in
further detail below), the energy is terminated indicating that the tissue treatment

(e.g., seal or cutting) is complete.

[0076] Referring now to Fig. 3, another embodiment of the presently
disclosed end effector assembly is shown as end effector assembly 200. End
effector assembly 200 includes jaw members 210 and 220 having tissue
contacting surfaces 212 and 222. Similar to the above discussed jaw members
110 and 120, jaw members 210 and 220 cooperate to grasp tissue
therebetween. Each jaw member 210 and 220 define channels or grooves
disposed therealong. More specifically, jaw member 210 includes grooves 230,
230a, and 230b; and jaw member 220 includes grooves 240, 240a, and 2400.
In some embodiments, jaw member 210 includes a plurality of laser light fibers

(e.g., 232, 234a, and 234b) that span along the length of the jaw member 210
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and within respective grooves 230, 230a, and 230b. The laser fibers are
configured to emit a laser light between and along the length of jaw members

210 and 220.

[0077]  Jaw member 210 includes a centrally-positioned laser fiber 232 that is
disposed within channel 230. Alongside of channel 230, jaw member 210 also
defines channel or grooves 230a and 230b that are laterally positioned from
channel 230 and include peripheral laser fibers 234a and 234b. The laser fibers
234a and 234b may be configured for sealing tissue, based on the type of light
energy supplied thereto, pressure applied to the jaw members 210 and 220, as
well the reflective or absorbing properties of the grooves disposed about the
fibers as described in more detail below. In some embodiments, the tissue
contactiﬁg surfaces 212 and 222 may include a transparent coating or cover
disposed on the surface thereof, similar to the tissue contacting surfaces 112
and 122 of Figs. 2A and 2B. The laser fiber 232 may be configured to cut tissue
after an effective seal has been achieved by laser éea[ing fipers 234a and 234b.
In some embodiments, cutting may be performed independent of the sealing. In
addition, a reflective groove 240 may be disposed on the jaw member 220 such
that when laser light is emitted from laser fiber 232, the laser light is reflected
from reflective groove 240 back through tissue forming a desired illumination
pattern. Additionally or alternatively, laser fibers 234a and 234b may also have
respective reflective or absorbing grooves 240a and 240b within opposing jaw

member 220, as described above.

[0078] It should be noted that any number of laser fibers may be used in any

of the embodiments discussed in the present disclosure to achieve tissue
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sealing or cutting based on the light energy transmitted through the laser fibers.
Similarly, any number of laser cutting fibers (e.g., laser cutting fiber 232) may be
used in any of the embodiments discussed in the present disclosure. [n some
embodiments, a single laser fiber may also be configured to include sealing and
cutting capabilities in any of the embodiments of the present disclosure. |t
should be noted that any one of the laser fibers may be configured to transmit
energy at different wavelengths depending on the surgical treatment (e.g.,
sealing, cutting and/or sensing). In other embodiments, a particular laser or light
fiber may be configured to perform a particular surgical treatment (e.g., sealing,
cutting and/or sensing). One or more sensors may be employed or a feedback
circuit may be integrated with respect to end effector 200 to signal the user aftt_ar
an effective seal and/or effective separation. An automated seal and cut
algorithm may also be employed for this purpose that uses a single activation of

a swiltch, e.g., switch 32, to initiate the process.

[0079]  Referring now to Figs. 4A-4C, illustrated is another embodiment of an
end effector assembly 300. End effector assembly 300 includes jaw members
310 and 320 having proximal ends 310a, 320a, respectively, and distal ends
310b, 320b, respectively. Each jaw member 310 and 320 has a tissue
contacting surface 312 and 322, respectively. In some embodiments, the tissue
contacting surfaces 312 and 322 may include a fransparent coating or cover
disposed on the surface thereof, similar to the tissue contacting surfaces 112
and 122 of Figs. 2A and 2B. Additionally, jaw member 310 includes a channel
or groove 330 defined therealong that is configured to include a surgical
treatment laser fiber 332 (e.g., sealing, cutting and/or sensing} having proximal

and distal ends 332a and 332b. Surgical treatment laser fiber 332 is configured
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to translate along a longitudinal axis “X-X’, defined within jaw member 310, and
within channel 330. For example, surgical treatment laser fiber 332 may be
translated from proximal end 310a to distal end 310b of jaw member 310 (e.g.,
in a distal direction “A”) to cut, seal and/or sense tissue being grasped between
jaw members 310 and 320. Additionally or alternatively, surgical treatment laser
fiber 332 may be transiated from distal end 310b to proximal end 310a of jaw
member 310 (e.g., in a proximal direction “B") to cut, seal and/or sense tissue
being grasped therebetween. It should be noted that surgical treatment laser
fiber may be statio.nary within any one of the jaw members 310 and 320. In
other embodiments, any other suitable type of light energy may be transmitted
by the aforementioned fibers and should not only be limited to only laser light

energy.

[0080] Referring to Figs. 4A-4C, the distal end of laser fiber 332b includes a
laser emitter 334 that is configured to emit a laser beam into a defined solid
angle 336 forming a desired illumination pattern. Laser fiber 332 may be a so-
called “end-firing” or “side-firing” laser fiber. The term “end-firing” as used herein
denotes a laser fiber that has the capability to emit a light along a longitudinal
axis “X-X" defined by jaw member 310. The term “side-firing” as used herein
denotes a laser fiber that has the capability to emit light (or any other suitable
light energy) that is non-parallel to the longitudinal axis “X-X" of jaw member
310. Laser emitter 334 may include various components, such as one or more
reflective surfaces (e.g., mirrors), one or more optical fibers, one or more lenses,
or any other suitable components for emitting and/or dispersing a laser beam.
More particularly, laser emitter 334 is configured to emit light into the solid angle
336 that has an outer boundary that may be variable or predetermined. By
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varying or adjusting the solid angle 336, a laser target area 338 may be adjusted
to vary the intensity of the laser light energy illuminating the tissue and the area
of the tissue being treated, dissected or cut. Laser target area 338 may define
any suitable target shape, for example, but not limited to an ellipse, rectangle,
square and triangle. In some embodiments, laser emitier 334 may also be

configured to seal and/or cut tissue grasped between the jaw members.

[0081] In addition to longitudinal movement of the laser emitter 334 along the
longitudinal axis “X-X,” the laser emitter 334 may also be rotated about the axis
“X-X" andfor moved laterally (e.g., transverse) with respect thereto.
Longitudinal, fateral, and rotational motion of the laser emitter 334 allows for
directing light energy in any desired direction to accomplish desired tissue

treatment effects.

[0082] Reflective groove(s) 340 may be made from a polished metal or a
coating may be applied to the jaw member 320 if the jaw member 320 is formed
from a non-metal and/or non-reflective material (e.g., plastic). The reflective
groove 340 reflects laser light back through the tissue. Laser emitter 334 may
receive the reflected laser light and transmit the signal back to generator 40 for
processing. Various types of data_may be integrated and calculated to render
various outcomes or control tissue treatment based on the fransmitted or

reflected light.

[0083])  Fig. 5 illustrates another embodiment of an end effector assembly 400
for forming a desired illumination pattern. End effector assembly 400 includes
jaw members 410 and 420 having tissue contacting surfaces 412 and 422.

Similar to the above-described jaw members, jaw members 410 and 420
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cooperate to grasp tissue therebetween. Jaw member 410 defines a channel or
groove 430 therealong that is configured to include a laser fiber 432 that spans
along jaw member 410 and is configured to emit a laser light within and along
the length of jaw member 410. In some embodiments, the fiber 432 may be
substituted -by any laser source such as a fiber laser (e.g., tunable thalium fiber
laser) described in this disclosure. In further embodiments, the tissue contacting
surfaces 412 and 422 may include a transparent coating or cover disposed on
the surface thereof, similar to the tissue contacting surfaces 112 and 122 of

Figs. 2A and 2B.

[0084] Jaw member 420 includes a receiving fiber 440 disposed within a
cavity 444 defined therein that is configured to receive the laser light emitted
from laser fiber 432. In some embodiments, the fiber 440 may be substituted by
any optical detectors described in thié disclosure or other suitable optical
detectors. An optical window 442 is disposed along the surface of jaw member
420 between laser fiber 432 and receiving fiber 440. Optical window 442 may
be any suitable type of optical lens configured to direct the laser light being
emitted from laser fiber 432 to receiving fiber 440. Cavity 444 may be
configured to contain a gas or any other medium to facilitate reception of laser

light emitted by laser fiber 432 by receiving fiber 440.

[0085]  Optical properties of tissue are known to change during heating.
Properties such as the absorption coefficient (i), scattering coefficient {1s), and
anisotropy coefficient (g) have been shown to change as a function of
temperature and time. These properties affect the transmission and reflection of

light as it interacts with tissue. The present disclosure incorporates a receiving
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fiber 440 that may be used to detect ahd/or mionitor chariges in the fransmission
of laser light from laser fiber 432 through the tissue during a sealing cycle to
determine when a desired tissue effect has been achieved. In this configuration,
cut completion, e.g., when the tissue is separated, may also be detected and/or

monitored using the receiving fiber 440.

[0086] Fig. 6 illustrates another embodiment of an end effector assembly
generally depicted as end effector assembly 500 for forming a desired
illumination pattern. End effector assembly 500 includes jaw members 510 and
520 having tissue contacting surfaces 512 and 522. Similar to the above-
described jaw members, jaw members 510 and 520 cooperate to grasp tissue
therebetween. Additionally, jaw member 510 defines a channel or groove 530
therealong that is configured to include a laser cutting fiber 532 that spans
between proximal and distal ends 532a and 532b of jaw member 510. Laser
fiber 532 is configured to emit a laser light within and along the length of jaw
members 510 and 520. On an opposing side, a receiving fiber 540 is disposed
within jaw members 520 and extends along a length thereof and is configured to

receive the laser light emitted from laser fiber 532.

[0087] Receiving fiber 540 includes proximal and distal ends 540a and 540b
and also includes one or more sensors 542 therebetween. Sensor(s) 542 is
configured to monitor a temperature during a seal cycle and provide feedback as
to when a seal cycle is complete. Since pressure is a factor in the quality of a
seal following a sealing treatment, sensor 542 may also determine jaw pressure
by measuring the strain in the jaw members 510 and 520 resuiting from applied

mechanical loads when tissue is grasped between jaw members 510, 520. In
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this configuration, feedback may be provided to an operator as to whether the
appropriate jaw pressure has been attained prior to energy activation to achieve

a proper tissue seal and/or to the controller 42.

[0088] Figs. 7A and 7B illustrate another embodiment of an end effector
assembly 600 for forming a desired illumination pattern. End effector assembly
600 includes jaw members 610 and 620 having tissue contacting surfaces 612
and 622. Similar to the above-described jaw members, jaw members 610 and
620 cooperate to grasp tissue therebetween. Jaw members 610 and 620 each
define longitudinal axes “Z-Z" and “Y-Y,” respectively, that span from their
respective proximal ends 610a, 620b to their respective distal ends 610b, 620b.
Longitudinal axes “Z-Z" and “Y-Y” define an angle ‘B that increases as jaw
members 610 and 620 are separated from each cther, when pivoted from a

closed configuration to an open config'urétﬁon.

[0{}89} End effector assembly 600 mcludes one or more llght—emlttmg
elements 632a 632b, 6320 and 632d that are dtsposed w1th1n a channel 630
defined along the length of jaw member 610. Each light-emitting e[ement 632a,
632b, 632¢, and 632d is configured to emit a light energy within and along the
length of jaw members 610 and 620. Light-emitting elements 632a, 632b, 632c,
and 632d may be any suitable type of light-emitting element, for example, but
not limited to high intensity LEDs configured for medical use and/or tissue
treatment, optical fibers or other optical elements configured to emit light into the
tissue. light-emitting elements 632a, 632b, 632¢, and 632d may be selectively
activatable (e.g., one or a few at a time) and may emit light at different

wavelengths. One or more light-receiving elements 642a, 642b, 642¢, and 642d
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are disposed within a channel 640 defined along the length of jaw member 620.
Each light-receiving element 642a, 642b, 642¢, and 642d is configured to detect
the light energy emitted from the light-emitting elements 632a, 632b, 632¢, and
632d. The light-emitting elements 632a, 632b, 632¢, and 632d and the light-
receiving elements 642a, 642b, 642c, and 642d may be disposed behind a

protective substrate 636 configured to transmit light.

[0090] The light-receiving elements 642a, 642b, 642¢, and 642d may be any
suitable light-receiving element, such as a lens, an optical fiber, or
photodetector, and may be configured to measure optical properties of the
tissue. In some embodiments, the light-receiving elements may collect and
transmit light to optical systems configured to provide a variety of spectroscopic
measurements including Raman spectroscopy, which is suitable for determining
seal competition and identification of specific tissue types and its constituents

(e.g., collagen, protein, water, etc.)

[5091] In some émbodim;ehts the light-receiving étement 6423,. 642b, 64éc,
and 642d and the Iighrf-emitting elements 632a, 632h, 632¢, and 632d may be
interspersed between the jaw members 610 and 620, such that each of the jaw
members 610 and 620 includes one or more receiving modules and one or more
light-emitting elements. This configuration provides for measuring optical
properties (e.g., reflection and transmission data) at each jaw member 610 and
620 and allows for use of optical coherence tomography to obtain images of the
tissue grasped between the jaw members 610 and 620. Other techniques for
determining optical tissue properties are disclosed in a commonly-owned U.S.

Patent Application No. 12/665,081 entitled “Method and System for Monitoring
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Tissue During an Electrosurgical Procedure,”. the entire contents of which is

incorporated by reference herein.

[0092] Each light-emitting element 632a, 632b, 632¢, and 632d may be
configured to independently adjust its emittance of light energy along the jaw
member 610 depending on angle “8*. For example, when angle “B" is about 45
degrees (e.g., when jaw members 610 and 620 are moved towards an open
configuration) the distal-most light-emitting element 632d may emit light energy
with a greater intensity than the proximal-most light-emitting element 632a. As
angle “B”" decreases to about 2 degrees (e.g., when jaw members 610 and 620
are moved towards a closed configuration) light-emitting elements 632a, 632b,
632¢, 632d are configured to emit light energy with substantially the same

intensity.

[0093] Intensity of the light energy, including individual intensity as described
above, transmitted through the light-emitting elements 632a, 632b, 632¢, and
632d may be adjusted by the controller 42 based on the measured angle “g"
and/or the gap distance between the jaw members 610 and 620. As used
herein, the terrﬁ “gap distance” as used herein denotes the distance between
the tissue contacting surfaces 612 and 622. Since the jaw members 610 and
620 are pivotable relative to each other, the angle “B" therebetween is directly
related to the gap distance and the two concepts are used interchangeably.
Angle “B” may be measured using any suitable proximity sensors 633a, 633b
disposed within the jaw members 610 and 620, respectively. The sensors 833a,
633b may be coupled to the controller 42 and include, but are not limited to, Hall

Effect sensors, RF based sensors, and the like. In some embodiments, the
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sensors 633a, 633b may be a pair of corresponding light transmitter/receiver
elements. In particular, a sensor mayl be a light emitting element (e.g., LED)

paired with a photodetector (e.9., PIN diode).

[0094] In some embodiments, the angle “§" may be controlied to achieve a
desired gap distance between the jaw members 610 and 620 to match the
thickness of the tissue to the optical depth of the light energy. If the thickness of
the tissue is not greater than the optical depth of the light being passed through
ihe tissue, then the light energy is not going to be fully absorbed. This ocours if
the tissue is compressed such that it is thinner than the optical depth of the light
energy being used. In addition, if the tissue is not sufficiently compressed, light
energy does not fully penetrate the compressed tissue resulting in non-uniform
heating of the tissue. Controlling of the gap distance to substantially match the
optical depth of the light energy with the thickness of the tissue ensures that light
energy is optimally absorbed.

[065;5] | in some embociifnehts wheré the jaw- ﬁﬂerﬁbéré 610 and 620 inciﬁcié
réﬂective surf.a'ces, suéh as thé jaw members 110 and 120, the angle “B" may
also be controlled while taking into consideration the reflection of the light from

the tissue contacting surfaces 612 and 622.

[0096]  The controller 42 obtains the angle B’ from the sensors 633a, 633b
and determines the gap distance based on the measurement. The controller 42
also obtains the wavelength of the light energy being delivered by the generator
40. This may be accomplished by storing a value of the wavelength in memory
or any other computer-readable storage device which may be either transient

(e.g., random access memory) or non-transient (e.g., flash memory). The
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controller 42 then calculates the desired gap distance based on the stored
wavelength value and stored tissue properties. The controller 42 also compares
the actual gap distance and/or angle “B” to desired gap distance and/or angle “8"
as calculated based on the wavelength. Based on the comparison, the
controller 42 may adjust the gap distance and/or angle “B” between the jaw
members 610 and 620 automatically and/or output the difference for the user.
Automatic adjustment may be accomplished by providing the jaw members 610
and 620 with automatic closure mechanisms such as those disclosed in
commonly owned U.S. Patent No. 7,491,202, entitled “Electrosurgical Forceps
With Slow Closure Sealing Plates and Method of Sealing Tissue,” which
discloses automatic gap control for electrosurgical forceps, the entire contents of

which is incorporated by reference herein.

[0097] For manual gap adjustment, the controller 42 may output the
difference between actual and desired gap distance and/or angle “f" in an
audiofvisual manner. In some embodiments, the actual and desired: gap
distance and/or angle “B" or the difference therebetween may be represented
numerically and/or graphically (e.g., color-coded). The dEffe-rence may also be
represented by audio alarms (e.g., adjusting frequency or amplitude of sound

pulses).

[0098]  As discussed in the previous embodiments, light-emitting elements
632a, 632b, 632c, and 632d and receiving modules 642a, 642b, 642¢, and 642d
may be configured to have optical sensing properties such that each pair of
light-emitting element and receiving module (e.g., light-emitting element 632a

and receiving module 642a) may be used to monitor the sealing process at a
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particular 'positioh. Light—emitting elements 632a, 632b, 632c, and 632d and
receiving modules 642a, 642b, 642¢c, and 642d may also be configured to
monitor the presence and state of other material in and around the sealing
device and may also modify a sealing algorithm based upon the information

collected.

[0099] in other embodiments, light-emitting elements 632a, 632b, 632¢, and
632d and receiving modules 642a, 642b, 642¢, and 642d may also be
configured to inject a heat pulse and measure the response of tissue “T",
measure spectral characteristics in transmission and/or reflection, measure
spectral characteristics at different positions, measure spectral characteristics at
different light frequencies. Light-emitting elements 632a, 632b, 632¢, and 632d
and receiving modules 642a, 642b, 642c, and 642d may also be configured to
measure temperature at one or more locations between proximal and distal

ends of jaw members 610 and 620.

[00100] Referring now to Figs. 8A-8C, another embodiment of an end effector
assembly is shown as end effector assembly 700 for forming a desired
illumination pattern. End effector assembly 700 includes jaw members 710 and
720 having tissue contacting surfaces 712 and 722. Similar to the above-
described jaw members, jaw members 710 and 720 cooperate to grasp tissue
therebetween. Jaw members 710, 720 are operably connected to generator 40
via an optical fiber 702 that provides light energy for treating tissue grasped

between jaw members 710, 720.

[00101] Each jaw member 710, 720 includes one or more channels 730

having one or more vertically-aligned optical fibers 732 that are configured to
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emit and receive light energy from generator 40 via optical fiber 702. In some
embodiments, optical fibers 732 of jaw member 710 are vertically-aligned with
optical fibers 742 of jaw member 720 such that optical communication is
established. That is, one of the optical fibers is a transmitting optical fiber (e.g.,
optical fiber 732) and the opposing ﬁber is a receiving optical fiber (e.g., optical
fiber 742). Any number of transmitting optical fibers 732 may be disposed about
jaw member 710. Additionally or alternatively, any number of transmitting
optical fibers 742 may be disposed about jaw member 720. Thus, in other
embodiments, vertical alignment of optical fibers 732 and 742 is not particularly

necessary.

[00102] In some embodiments, end effector assembly 700 may also include
one or more optical switches 750 that provide selective activation and detection
of light energy to and from jaw members 710 and 720 by an operator and/or
generator 40. Detection of light energy may be provided by an optical detector
752 or the like. In some embodiments, each channé! 730 may be covered by a
transparent cover 736 to allow optical communication between jaw members
710 and 720. It should be noted that any type of detecting device may -be
utilized with any of the embodiments presently disclose, for example, but not

limited to photo diodes and charged coupled device (CCD) arrays.

[00103] Fig. 8B illustrates jaw member 710 having a single channel 730
defined therethrough that includes a plurality of optical fibers 732, as described
above, that are covered by cover 736. Cover 736 may be any suitable material
configured to allow optical communication between optical fibers 732 and 742.

In another embodiment, Fig. 8C illustrates jaw member 710 defining a plurality
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of channels 730a and 730b therethrough and also includes a plurality of optical

fibers 732 that are covered by cover 736.

[00104] Referring now to Fig. 9, another embodiment of an end effector
assembly is shown as end effector assembly 800 for forming a desired
illumination pattern. End effector assembly 800 includes jawr members 810 and
820 having tissue contacting surfaces 812 and 822. Similar to the above-
described jaw members, jaw members 810 and 820 cooperate to grasp tissue
therebetween. Jaw members 810, 820 are operably connected to an energy

source that provides light via generator 40.

[00105] Jaw member 810 includes an optical element 830 defined
therethrough. Optical element 830 includes a reflective surface 832 that is
configured to reflect light energy received from generator 40. In this
embodiment, generator 40 is configured to emit a beam B1 (e.g., single beam)
towards an optical deflector 838 (e.g., mirror). Optical deflector 838 is
configured to reflect all or a substantiai amount of beam B_’I emitted by generator

40 as beam B2 towards the tissue to be treated.

[00106] Jaw member 820 is in optical communication via an optical fiber 702
with an optical detector 752 that is configured to optically communicate with
optical receiving fiber 842. In this configuration, the position of jaw members
810 and 820 may be determined at any time by the optical information
transmitted and received by jaw members 810 and 820. Optical detector 752 or
any other logical circuitry (e.g., generator 40 and various sensors) within forceps
10, 10’ translate the light beams B3 received by optical receiving fiber 842 to

determine the position of the jaw members 810 and 820. Once closed, more

33



WO 2013/148054 PCT/US2013/028520

intense light energy (or RF energy) may be emitted from generator 40 to heat
tissue and optical fiber(s) 702 may be configured. to communicate with optical

detector 752 to provide feedback to generator 40.

[00107] Referring now to Fig. 10, another embodiment of an end effector
assembly is shown as end effector assembly 900 for forming a desired
illumination pattern. End effector assembly 900 includes jaw members 910 and
920 having tissue contacting surfaces 912 and 922. Similar to the above-
described jaw members, jaw members 910 and 920 cooperate to grasp tissue
therebetween. Jaw members 910, 920 are operably connected to an energy

source that provides light via generator 40.

[00108] In some embodiments, jaw members 910 and 920 define channels
930 and 940, respectively. Channel 930 includes an optical fiber 932 that is
configured to emit light energy received from generator 40 via an optical fiber
902. Optical fiber 932 may be a diffusing fiber, as previously described in other
embodiments. Additional or alternatively, optical transmitting fiber 932 may
have transmitting light effectors 932a, 932b, 932¢, that span along the length of

channel 930, as shown in Fig. 10.

[00109] Channel 940 includes a reflective surface 942 that is configured to
reflect light energy received from optical transmitting fiber 932 and/or
transmitting light effectors 932a, 932b, and 932¢ of jaw member 910. In this
embodiment, jaw member 910 is configured to emit one or more light beams B4,
via optical light effectors 932a, 932b, 932¢, such that reflective surface 942
reflects the light beams B4 into one or more light beams B5 toward an optical

modifier (e.g., lens 948). It should be noted that reflective surface 942 is
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positioned along jaw m'ember.920. In some embodiments, optical lens 948 may

be disposed within channel 840 defined within jaw member 920.

[00110] Jaw member 920 is in optical communication via optical lens 948 with
an image detéctor 952 that is configured to obtiéally communicate with optical
lens 948. In this configuration, the position of j‘aw members 910 and 920 may
be determined at any time by the optical information transmitted and received by
jaw members 910 and 920. That s, as the jaw 920 is pivoted with respect to the
jaw 910, the reflective surface 942 is also moved relative to the light beams B4
causing the reflected light beams B5 to shift accordingly with respect to the lens
948. Image detector 952 or any other logical circuitry {e.g., generator 40 and
various sensors) within forceps 10, 10' measures the intensity of the light
passing through the tissue to determine position of the jaw members 910 and
920 andfor various tissue properties, as previously discussed in other
embodiments. In another embodiment, the detector 952 may be used to image

tissue, which may be post-processed by the image detector 952.

[60111] Figs. 11 and 12A and 12B show another embodiment of the presently
discloséd end effecfbr assembly generally shown as end effector assembly 1000
for forming a desired illumination pattern. End effector assembly 1000 includes
jaw members 1010 and 1020 having tissue contacting surfaces 1012 and 1022.
Similar to the above-described jaw members, jaw members 1010 and 1020
cooperate to grasp tissue therebetween. Jaw members 1010, 1020 are
operably connected to an energy source (e.g., generator 40) that provides light

energy. The light energy, as discussed above, may be provided in different
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forms, for example,' but not limited to laser light, light emitting diode light, and

any other suitable types of light energy.

[00112] In some embodiments, jaw members 1010 and 1020 define channeis
1014 and 1024, respectively, therealong. Channeis 1014 and 1024 together
define an area such that an optical fiber 1032 is interposed and configured to
emit light energy received from generator 40 via a delivery optical fiber (not
shown). Optical fiber 1032 may be a diffusing crystal or fiber, as previously
described in other embodiments. Additionally or alternatively, optical fiber 1032
may be initially disposed within shaft 12, 12" of surgical instrument 10, 10° and
selectively translated in distal direction “A” and proximal direction “B” along a
longitudinal axis defined by the jaw members 1010 and 1020. That is, optical
fiber 1032 may be translated along the length of channels 1014 and 1024, as
shown in Fig. 11. In some embodiments, optical fiber 1032 may be translated
along the length of the jaw members 1010 and 1020 by trigger assembly 25, 25

(see Figs. 1A and 1B}).

[00113] Optiba] fiber 1032 is configured to have a cylindrical or conical shape
that converges to a distal end 1032a. Distal end 1032a is configured to
penetrate tissue as the optical fiber 1032 is translated in a distal direction
petween jaw members 1010 and 1020 and through tissue. In some
embodiments, the optical fiber 1032 may be translated laterally and along tissue
without penetrating tissue. The optical fiber 1032 may have any suitable shape,
for example, but not limited to, rectangular, oval, and polygonal. In addition,
distal end 1032a may also take the form of various suitable configurations (e.g.,

sharp or blunt).
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[00114] With respect to Fig. 12A, channels 1014 and 1024 each include a
reflective surface 1040 and 1042, respectively, that .are each cohfigured to
reflect light energy received and/or emitted from opticél fiber 1032. In this
erhbodiment, optical fiber 1032 emits light en‘ergy in a radial diréction (e.g.,
around the circumference of optical fiber 1032) such that reflective surfaces
1040 and 1042 receive the light energy 'emitted therefrom. In some
embodiments, reflective surfaces 1040 and 1042 are each configured to wrap or
coat the surface of their respective channels 1014, 1024. Reflective surfaces
1040 and 1042 may also include distal ends 1040a and 1042a, respectively, that
curve along the converging distal ends 1014a and 1024a of channels 1014 and
1024. In this manner, light energy that is emitted from the distal end 1032a of
optical fiber 1032 passes through the tissue and is reflected from distal ends
1040a and 1042a of reflected surfaces 1040 and 1042 and onto tissue grasped

between jaws 1010 and 1020,

[00115] As shown in Fig. 12B, the optical fiber 1032 may also be used for
cutting. Optical fiber 1032 is translated between jaw members 1010 and 1020
via channels 1014 and 1024 whereby light energy is selectively emitted to cut or
sever the tissue by the fight energy emitted by optical fiber 1032. In some
embodiments, the optical fiber 1032 is configured to pierce the tissue grasped
between jaw members 110 and 1020 to thereby emit light energy from within or
inside the tissue surface (e.g., a first dose) and radiate light energy throughout
the tissue grasped therebetween. This configuration may also be used to seal

tissue by compressing tissue as discussed in some embodiments above.

37



WO 2013/148054 PCT/US2013/028520

[00116] Referring now to Figs. 13 and 14, ano’fher erﬁbbdiment of an end
effector assembly is generally shown as end effector assembly 1100. End
effector assembly 1100 includes jaw members 1110 and 1120 having tissue
contacting surfaces 1112 and 1122,  Similar to the above-described jaw
members 110 and 120, jaw members 1110 and 1120 cooperate to grasp tissue
therebetween. Jaw members 1110, 1120 are operably connected to an energy

source (e.¢., generator 40) that provides light energy.

[00117] In some embodiments, jaw members 1110 and 1120 include channels
1114 and 1124, respectively, defined therein and therealong. Channel 1124
includes an optical fiber 1132 that is configured to emit light energy received
from generator 40 via a delivery optical fiber (not shown). The channel 1124 is
shown as having a larger depth than the channel 1114, unlike channels 1014
and 1024, which have substantially similar dimensions. This configuration fully
encloses the fiber 1132 within the jaw member 1120 ailowing lateral translation
of the optical fiber 1132 along the tissue surface to enable sealing and/or cutting

of the tissue without penetrating tissue.

[00118] Opﬁcal fiber 1132 may be a diffusing fiber, as previously described in
other emblodiment-s. Additionally or alternatively, optical fiber 1132 may be
initially disposed within shaft 12, 12° of surgical instrument 10', 10" and
selectively translated in a distal direction “A” and proximal direction “B". That is,
optical fiber 1132 may translate along the length of channel 1124, as shown in
Figs. 13. Optical fiber 1132 may be selectively translated along the length of the

jaw members 1110 and 1120 by trigger assembly 25, 25’ (see Figs. 1A and 1B).
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Alternatively, optical fiber 1132 may be stationary and fixed within channe! 1124

such that optical fiber 1132 does not move in any direction.

[00119] Optical fiber 1132 may be configured to have, for example, a
eylindrical shape that terminates to a distal end 1132a. Optical fiber 1132 may
also take the form of other suitable shapes such as rectangular, oval, and
polygonal. Accordingly, channel 1124 may also take the form of the shape of
optical fiber 1132, In this manner, optical fiber 1132 may have a geometric fit

with its respective channel 1124.

[00120] Channels 1114 and 1124 each include a reflective surface 1140 and
1142, respectively, that are each configured to reflect light energy received
and/or emitted from optical fiber 1132, In this example embodiment, optical fiber
1132 emits light energy in a radial direction {e.g., around the circumference of
optical fiber 1132) such that reflective surfaces 1140 and 1142 receive the light
energy being emitted therefrom. Reflective surfaces 1140 and 1142 are each
configured to wrép or coat the surface of their respective channel 1114, 1124,
Reflective surfaces 1140 and 1142 may also include distal ends 1140a and
1142a,‘ respectiVer, that curve along the converging distal ends 1114a and
1124a of channels 1114 and 1124. In this manner, light energy that is emitted
from the distal end 1132a of optical fiber 1132 is reflected from distal endé
1140a and 1142a of reflected surfaces 1140 and 1142 and onto tissue that is
grasped between jaws 1110 and 1120. In this embodiment, optical fiber 1132
may be configured to reside entirely within channel 1124 of jaw member 1-120.

Likewise, channel 1114 may be shallowly defined in jaw member 1110.
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[[l[l.lkzll] ' In use, fhe optical fiber 11 32 'i's'.s'éi.é-EtEVefy-fré"ns.late"d within channel
1124 to divide tissué. Moreover, when jaw members 1110 and 1120 are closed
and grasp tissue, the tissue is forced into channel 1124 to facilitate separation.
Alternatively, optical fiber 1132 may be disposed in a deployed state - within
channel 1124 during tissue treatment. Once tissue is treated with light energy,

optical fiber 1132 \may be retracted to sever tissue.

[00122] Referring now to Fig. 14, which shows a plan view of the tissue
contacting surface 1112, a window 1150 may be disposed atop of channel 1124
since the channel 1124 fully encloses the optical fiber 1132. Window 1150 is
configured to enclose optical fiber 1132, reflective surface 1142 and channel
1124 to prevent tissue and surgical debris from entering therewithin. Window
1150 is also configured to allow light energy emitted from optical fiber 1132 to
pass therethrough to treat tissue grasped between jaw members 1110 and
1120. Window 1150 may be manufactured from any suitable clear material, for

example, but not limited to glass.

[00123] Turning now to Figs. 15A-156D, one embodiment of an endoscopic
forceps 2010 is shown for use with various surgical procedures. For the
purposes herein, a vessel sealing forceps is shown and described, however, it is
envisioned that other types of forceps or scissors may be utilized which both
treat tissue for cauterization, coagulation or other purposes and as described
above. Moreover, although the figure drawings depict a forceps 2010 for use in
connection with endoscopic surgical procedures, the present disclosure may be
used for more traditional open surgical procedures. For the purposes herein, the

forceps 2010 is described in terms of an endoscopic instrument; however, it is
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contemplated that an open version of the forceps 2010 may also include the
same or similar operating components and features as described above with

respect to Fig. 1B.

[00124] Forceps 2010 generally includes a housing 2020, a handle assembly
2030, a rotating assembly 2080, a trigger assembly 2070 and an end effector
assembly 2100 which mutually cooperate to grasp, treat and divide tissue. For
the purposes herein, the handle assembly 2030, rotating assembly, trigger
assembly 2070 and end effector assembly 100, which are described in more

detail above with respect to Figs. 1A-1C.

[00125] Forceps 2010 includes a shaft 2012 which has a distal end 2016
dimensioned to mechanically engage the end effector assembly 2100 and a
proximal end 2014 which mechanically engages the housing 2020. As best
seen in Fig. 15A, forceps 10 also inciudes a cable 2310 which connects the
forceps 2010 to a source of energy, e.g., the generator 40. Cable 2310 is
internally divided into cable leads suitable for supplying. power to the end
effector 2100 including, but not limited to optical 4fi_b"e.rs,'electrical leads, and the

like.

[00126] Handle assembly 2030 includes a fixed handle 2050 and a mqvable
handle 2040. Fixed handle 2050 is integrally associated with housing 2020 and
handie 2040 is movable relative to fixed handle 2050. Rotating assembly 2080
may be integrally associated with the housing 2020 and is rotatable

approximately 180 degrees in either direction about a longitudinal axis "C-C."

[00127] As mentioned above, end effector assembly 2100 _is attached at the
distal end 2016 of shaft 2012 and includes a pair of opposing jaw members
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2110 and -2120. Movable handle 2040 of handle assembly 2030 is ultimately
connected to an internally-disposed drive assembly (not shown) which, together,
mechanically cooperate to impart movement of the jaw members 2110 and 2120
from an open position wherein the jaw members 2110 and 2120 are disposed in
spaced relation relative to one another, to a clamping or closed position wherein

the jaw members 2110 and 2120 cooperate to grasp tissue therebetween.

[00128] Turning now to the more detailed features of one embodiment of the
present disclosure as described with respect to Figs. 15A-16. As best seen in
Figs. 15A and 15D, the end effector. assembly 2100 includes opposing jaw
members 2110 and 2120 which cooperate to effectively grasp tissue for sealing
purposes. The end effector assembly 2100 is designed as a unilateral assembly,
i.e., jaw member 2120 is fixed relative to the shaft 2012 and jaw member 2110

pivots about a pivot pin 2103 to grasp tissue.

[00129] As best shown in Fig. 15D, each of the jaw members 2110 and 2120
includes a jaw housing 2116 and 2126 and a tissue sealing surface 2112 and
2122, respectively. The tissue sealing surfaces 2112 and 2122 may incorporate
any of the light energy sealing members discussed above with respect to Figs.

1-14.

[00130] More particularly, the unilateral end effector assembly 2100 includes
one stationary or fixed jaw member 2120 mounted in fixed relation to the shaft
2012 and pivoting jaw member 2110 mounted about a pivot pin 2103 attached
to the stationary jaw member 2120. A reciprocating sleeve 2060 is slidingly
disposed within the shaft 2012 and is remotely operable by the drive assembly

(not shown) which cooperates with handle 2040 as explained above to open and
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close the jaw members 2110 and 2120. The pi;.loting jaw member 2110 includes
a detent or protrusion 2117 which extends from jaw member 2110 through an
aperture 2082 disposed within the reciprocating sleeve 2060 (Fig. 15D). The
pivoting jaw member 2110 is actuated by sliding the sleeve 2060 axially within
the shaft 2012 such that aperture 2062 abuts against the detent 2117 on the
pivoting jaw member 2110. Pulling the sleeve 2060 proximally closes the jaw
members 2110 and 2120 about tissue grasped therebetween and pushing the
sleeve 20860 distally opens the jaw members 2110 and 2120 for approximating

and grasping purposes.

[00131] Once actuated, handle 2040 moves in a generally arcuate fashion
towards fixed handle 2050 about the pivot point which forces the driving flange
(not shown) proximally against the drive assembly (not shown) which, in turn,
pulls reciprocating sleeve 2060 in a génera!ly proximal direction to close jaw
“member 2110 relative to jaw member 120. Moreover, proximal rotation of the
handle 2040 causes the locking flange 2044 to release, i.e., "unlock” the trigger

assembly 2070 for selective actuation.

[00132] Turning now to the operating characteristics of the present disclosure
and as seen in the majority of the figures, forceps 2010 is designed for both
sealing of tissue (either by vessel sealing as described above or coagulation or
cauterization with other similar instruments) and dissection of tissue. For
example, Figs. 15A-D and 16-18 show one embodiment of a forceps 2010 which
includes a light dissection element 2154 which may be selectively extended and

selectively activated to treat tissue.
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[00133] The dissection element 2154 is coup!éd to the generator 40 via an
optical fiber 2155. The optical fiber 2155 is disposed within the cable 2310. The
dissection element 2154 also includes a dissection tip 2156. In some
embodiments, the dissection tip 2156 may be formed from any suitable light
transmissive materials including, but not limited to synthetic sapphire and the
like. The dissection tip 2156 may have any suitable shape for transmitting
and/or focusing light energy including, but not limited to, conical, frustoconical,
pyramidal, cylindrical, any other granulated surfaced, combinations thereof, and

the like.

[00134] Figs. 15A-15D and 16-18 show one embodiment wherein the
dissection element 2154 is housed for selective extension within one jaw
member, e.g., jaw member 2120, of the end effector assembly 2100. More
particularly, dissection element 2154 is designed to move independently from a
knife assembly 2180 and may be extended by further proximal movement of the
trigger assembly 2070 (Figs. 15A, 16 and 17) or by a separate actuator 2450
(Fig. 18).

[06135] As best shown in Figs. 15A and 15C, trigger assembly 2070 mounts
atop movable handle 2040 and cooperates with dissection element 2154 (Figs.
16-17) to selectively translate dissection element 2154 through tissue. More
particularly, the trigger assembly 2070 includes a finger actuator 2071 and a
pivot pin 2073 which mounts the trigger assembly 2070 to the housing 2020.
Finger actuator 2071 is dimensioned to abut the locking flange 2044 on handle
2040 when the handle 2040 is disposed in a non-actuated position, i.e., the jaw

members 2110 and 2120 are opened.

44



WO 2013/148054 PCT/US2013/028520

e r' D

[00136] In so_mé embpdimeznts, the dissection Q'Eeme‘nt 2154 is cpnnécted to a
reciprocating rod 2065 which extends through an elongated notch 2013 in the
outer periphery of the shaft 2012 as best seen in Fig. 15B. The trigger assembly
2070 may be designed such that the dissection element 2154 may be extended
when the jaw members 2110 and 2120 are in the open or closed position. For
example, the trigger 2071 may be moved distally (or upwardly) from its original,
rested, neutral or pre-actuated position to advance the dissection element 2154.
Alternatively, the dissection element 2154 may be advanced irrespective of the
orientation of the jaw members 2110 and 2120. For example, the trigger
assembly 2070 could be designed such that the it can be moved laterally (i.e.,
perpendicular to the longitudinal axis "C") to advance the dissection element
2154 or the trigger assembly 2070 could be designed such that the dissection
element 2154 is extendible when the trigger 2071 is moved to a proximal-most
position (i.e., past the "cut” position as described above) and/or when the trigger
2071 is adyanced distally from the neutral or pre-actuated orientation. A return
spring (not shown) may he included to return the dissection element 2154 to a

non-extended position upon release of the trigger 2071.

[00137] Upon extension of the dissection element 2154, the generator 2300 is
configured to automatically switch the forceps 2010 from a sealing mode (i.e.,
deactivating energy delivery to jaw members 2110 and 2120) to an optical

dissection activation mode (i.e., activating the dissection element 2154).

[00138] As described above, when the forceps 2010 is configured for sealing
operation, the activation of switch 2200 transfers energy from jaw members

2110 and/or jaw member 2120 to seal tissue. In the dissection mode, activation
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of switch 2200 (or a separate switch, e.g., a footswitch), supplies light energy fo
the dissection element 2154, Activation of the dissection element 2154 allows a
surgeon to quickly treat avascular tissue structures and/or quickly dissect narrow

tissue planes.

[00139] In some embodiments, the trigger assembly 2070 may also be
configured to transmit light energy to the dissection element 2154 when
extended. For example, the trigger assembly 2070 may be configured such that
proximal-most actuation of the trigger 2071 (Fig. 15C) both extends and
activates the dissection element 2154. An automatic safety circuit (not shown)
may be employed which prevents the switch 200 from supplying light energy to
the jaw members 2110 and 2120 when the dissectiqn element 2154 is

extended.

[00140] In some embodiments, the dissection element 2145 may be disposed
within one of the jaw members 2110 and 2120 and may be selectively activated
via th.e switch 2200. As shown in Fig. 18A and 1l8B, in further ‘embodimentls, a
fight dissection element 2445 may be disposed on an outer periphery of one of
the jaw members 2110 and 2120. For sake of simplicity only a single jaw

member, namely, the jaw member 2110 is going to be discussed.

[00141] The dissection member 2445 may be a light diffusing element, such
as the light diffuser 132 described above with respect to Figs. 2A and 2B. The
dissection member 2445 is coupled via an optical fiber 2446 to the generator 40
and is disposed on or along at least a portion of an outer periphery 2110a of the
jaw member 2110. The term “outer periphery” denoctes any surface of the jaw

member 2110, such as the jaw housing 2116, that is not a tissue sealing contact
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surface 2112 or 2122, The dissection member 2445 may be selectively
activated via the switch 2200 similar to the dissection member 2145 and may
incorporate similar features, e.g., preventing light energy from being transmitted
to the sealing surfaces 2112 and 2122 as described above with respect to the

dissection member 2145,

[00142] Referring now to Fig. 19, another embodiment of an end effector
assembly is shown as end effector assembly 1900 for forming a desired
illumination pattern. End effector assembly 1900 includes jaw members 1910
and 1920 having tissue contacting surfaces 1912 and 1922. Similar to the
above-described jaw members, jaw members 1910 and 1920 cooperate to
grasp tissue therebetween. Jaw members 1910, 1920 are operably connected
via an optical fiber 1911 to a light energy source (e.g., generator 40). In
particular, the optical fiber 1911 is coupled to the jaw member 1910. The light
may be provided in different forms, including, but not limited to lasers, light

emitting diode, and any other suitable type of light energy.

[00143] The jaw member 1910 is formed from an optically transmissive
material having an outer reflective coating 1910a. The transmissive material
may be an optically diffusing material, such as, frosted sapphire crystal or an
optically scattering material, such as polyoxymethylene, which is sold under a
trademark DELRIN®, available from DuPont, Willmington, DE.  The light from
the optical fiber 1911 is transmitted to the jaw member 1910 and is contained
therein by the reflective coating 1910a. This prevents the light from escaping
outside the jaw member 1910 other than through the tissue contacting surface

1912.
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'[00144I] B 'Theij'éw ﬁw’éﬁbéf ;Izé'zdizm'éy be formed from :'éﬁ'y 6ﬁficé'liy 'a'b's“dfbént-"‘or
reflective tissue material. In some embodiments, the jaw member 1920 may
include an optically absorbent ‘or reflective coating 1920a on the tissue
contacting surface 1922. The coating 1920a and/or the jaw member 1920 block
the light from passing through the jaw member 1920 concentrating the light

energy at the tissue grasped between the jaw members 1810 and 1920.

[00145] Referring now to Figs. 20-24, another embodiment of an end effector
assembly is shown as end effector assembly 3100 for forming a desired
ilumination pattern. End effector assembly 3100 includes jaw members 3110
and 3120 having tissue contacting members 3112 and 3122, defining tissue
contacting surfaces 3112a and 3122a, respectively. Similar to the above-
described jaw members, jaw members 3110 and 3120 cooperate to grasp tissue
“T" therebetween. Jaw members 3110, 3120 are operably connected via an
optical fiber 3111 to a light energy source (e.g., generator 40). In particular, the
optical fiber 3111 is coupled to the jaw merber 3110. “The ‘light may be
provided in different forms, including, but not limited to lasers, light emitting

diode, and any other suitable type of light energy.

[00146] The tissue contacting member 3112 may be formed from an optically
transmissive material, which may be an optically diffusing material, such as,
frosted sapphire crystal or an optically scattering material, such as
polyoxymethylene, which is sold under a trademark DELRIN®, available from
DuPont, Willmington, DE.  The tissue contacting member 3122 may also be

formed from a similar material as the tissue contacting member 3112. In some
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embodiments, the tissue contacting member 3122 may be formed any optically

absorbent or reflective tissue material.

[00147] The jaw member 3110 further includes a cylindrical lens 3113 for
focusing the light transmitted by the fiber 3111 toward the tissue contacting
surface 3112a in a line of light 3114. Fig. 21 shows a top view of the jaw
member 3110. In some embodiménts, the light is reflected at approximately 90°
angle. This angle may be of any suitable amount and depends on the position

of the fiber 3111 to the tissue contacting surface 3112a.

[00148] The focused light from the lens is then passed through a diffraction
grating 3115 which is disposed between the lens 3113 and the tissue contacting
member 3112. The diffraction grating 3115 is configured to separate the line of
light 3114 into two or more light beams 3116a, 3116b, 3116¢ based on a

plurality of through lines 3117 disposed therein as shown in Figs. 22 and 23.

[00149] As shown in Figs. 22 and 23, the‘ diffraction grating 3115 also includes
a centrally disposed cutting slit 3118. The diffraction grating 3115 may generate
three light beams 3116a, 3116b, 3116¢. The light beams 3116a and 3116c¢ are
produced on the periphery of the jaw members 3110, 3120 as they pass through
the grating 3115. The light beam 3116b passes through the cutting slit 3118
and has higher intensity than the light beams 3116a and 3116¢c. The light
beams 3116a and 3116¢ are suitable for sealing tissue due to their lower
intensity, whereas the light beam 3116c is more suitable for cutting tissue due to
its higher intensity. The tissue contacting member 3122 of the jaw member
3120 includes a cutting channel 3123 disposed therein, which aligns with the

cutting slit 3118. In some embodiments, the tissue contacting member 3122
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may have a flat, unaltered surface. In further embodiments, as illustrated in Fig.
24, the tissue contacting member 3122 may have a protruding member 3126
centrally disposed on the tissue contacting surface 3122a to provide additional
pressure on the tissue grasped between the jaw members 3110 and 3120. The
protrusion member 3126 may have absorption properties to heat faster and

enhance cutting.

[00150] Light energy is suitable for sealing tissue since it is converted into
heat energy by absorption at a molecular level. In particular, certain molecules
absorb light at certain wavelengths. In addition, as tissue is treated it
undergoes physical and chemical changes, thus the wavelength at which light is
optimally absorbed also changes. In some embodiments, light energy may be
provided at two or more wavelengths to provide light energy that is optimally

absorbed by two or more molecules (e.g., tissue types).

[00151] Fig. 25 shows a light energy surgical system 2600 including the
generator 40 and the forceps 10. The forcéps 10 may include any of the
embodiments of the jaw members describéd above. The generator 40 in
combination with the forceps 10 may be utilized to generate light having a
desired wavelength. The generator 40 may produce fight energy at single or
multiple wavelengths and may include a plurality of laser sources described
above that are capable of producing light at multiple wavelengths.  The
generator 40 includes a plurality of laser light sources to generate laser light
having a wavelength from about 100 nm to about 10,000 nm, which covers the
majority of the tissue constituents. In particular, the generator 40 includes an

ArF excimer laser 2602a, a KrF excimer laser 2602b, a XeCl excimer laser
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2602¢, an argon-dye laser 2602d, an Nd:YAG; laser 2602e, an Ho:YAG laser

2602f, an Er:YAG laser 2602g.

[00152] The forceps 10 may be used to determine condition and composition
of tissue, as described in further detail ahove with respect to Figs. 7A and 7B.
Fig. 26 shows a graph illustrating absorption of various tissue constituents as a
function of the wavelength ranging from ultraviolet (UV) spectrum o infrared (IR)
spectrum. In particular, Fig. 27 also lists laser light sources 2602a-2602g
provided in the generator 40 that generate light at the wavelengths that best
match the absorption coefficient of the tissue constituents. Tissue oonstituents
that are encountered in tissue include, but are not limited to water, vasculature,
epidermis and other skin layers, whole blood, melanosome, collagen, and the

like.

100153] During operation, the forceps 10 is used to analyze tissue, including
measurmg the absorptlon thereof The absorptron measurements are ana!yzed
by the controller 42 of the generator 40 which then determmes WhICh of the one
or more laser light sources 2602a-2602g to activate to obtain optimal absorption
of the light energy. The controller 42 may be coupled to a muitiplexer (not
shown) and/or another optical output switching apparatus to control activation of

the laser light sources 2602a-2602g.

[00154] The forceps 10 may sense optical tissue properties continuously
during the sealing procedure and to vary light energy output including intensity
and which of the laser light sources 2602a-2602g are activated. Once it is

determined that the sealing procedure is complete, the controller 42 may
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activate specific laser light sources 2602a-2602g most suitable for cutting sealed

tissue.

[00155] 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 the art will envision other modifications

within the scope and spirit of the claims appended hereto.

52



2013240532 08 Mar 2017

53

CLAIMS:

1. A medical instrument, comprising:
a housing; and
an end effector assembly operably connected to the housing, the end effector assembly
including:
first and second jaw members each having a tissue contacting surface, at least
one of the first and second jaw members movable between a first, spaced-apart position and a
second position for approximating tissue, at least one of the first and second jaw members
including a groove defined therein having a reflective surface; and
at least one light-emitting element disposed within the groove, the at least one
light-emitting element adapted to deliver light energy to tissue grasped between the first and

second jaw members.

2. The medical instrument according to claim 1, wherein the at least one light-emitting
element is configured to emit light directly into the tissue without an intervening optical

assembly.

3. The medical instrument according to claim 1, further comprising an optical assembly
coupled to the at least one light-emitting element, the optical assembly configured to convey
light emitted from the at least one light-emitting element to the tissue and to illuminate the tissue

with a desired illumination pattern.

4. The medical instrument according to claim 3, wherein the optical assembly includes at
least one of an optical fiber, a refractive element, a reflective element, a diffracting element, and

combinations thereof.

5. The medical instrument according to claim 4, wherein the optical assembly is disposed

within at least one of the first jaw member or the second jaw member.

6. The medical instrument according to claim 5, wherein the optical assembly is
configured to translate within at least one of the first jaw member or the second jaw member
along a longitudinal axis defined by at least one of the first jaw member or the second jaw

member.
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7. The medical instrument according to claim 1, wherein the at least one light-emitting
element is selected from the group consisting of a light-emitting diode, a laser, and

combinations thereof.

8. The medical instrument according to claim 1, wherein at least one of the tissue
contacting surfaces includes an absorbent element configured to absorb light energy emitted
from the at least one light-emitting element thereby heating at least one of a portion of the

tissue, the first jaw member, the second jaw member, and combinations thereof.

9. The medical instrument according to claim 1, wherein at least one of the tissue
contacting surfaces includes a reflective element configured to reflect light passing through the

tissue.

10. The medical instrument according to claim 1, wherein the at least one light-emitting

element is disposed within the housing.

11. The medical instrument according to claim 1, wherein the at least one light-emitting
element is configured to translate within at least one of the first jaw member or the second jaw
member along a longitudinal axis of at least one of the first jaw member or the second jaw

member.

12. The medical instrument according to claim 1, further comprising at least one light-

detecting element configured to measure at least one property of the light.

13. The medical instrument according to claim 11, further comprising a controller
configured to determine whether a desired tissue effect has been achieved based on the

measured at least one property of the light.

14. A system for treating tissue, comprising:
a medical instrument comprising:
a housing; and
an end effector assembly operably connected to the housing, the end effector
assembly including:
first and second jaw members each having a tissue contacting surface, at

least one of the first and second jaw members movable between a first, spaced-apart position
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and a second position for approximating tissue, at least one of the first and second jaw members
including a groove defined therein having a reflective surface;

at least one light-emitting element disposed within the groove, the at least
one light-emitting element adapted to deliver light energy to tissue grasped between the first and
second jaw members;

at least one light-detecting element configured to measure at least one
property of the light energy passing through the tissue; and

a controller coupled to the at least one light-detecting element and the at
least one light-emitting element, the controller configured to control the at least one light-
emitting element based on the at least one measured property of the light energy passing through

the tissue.

15. The system according to claim 14, wherein at least one of the at least one light-emitting

element and the controller are disposed within the housing.

16. The system according to claim 14, wherein at least one of the tissue contacting surfaces
includes an absorbent coating disposed thereon, the absorbent coating configured to absorb light
energy emitted from the at least one light-emitting element to heat at least a portion of at least

one of the first and second jaw members.

17. The system according to claim 14, wherein at least one of the tissue contacting surfaces
includes a reflective coating disposed thereon, the reflective coating configured to reflect light

energy emitted from the at least one light-emitting element.
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