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7) ABSTRACT

Embodiments include a surgical device and a method. An
embodiment of the surgical instrument includes at least one
grasping jaw, the at least one grasping jaw being adapted to
deliver surgical staples by a force generated from a force
generator mechanism that is contained within the at least one
grasping jaw or is in a proximity to the at least one grasping
jaw. Another embodiment includes at least one grasping jaw,
at least one delivery mechanism adapted to deliver surgical
fasteners, the delivery mechanism being located in a proxim-
ity to or contained within the at least one grasping jaw, the
surgical fasteners containing at least one shape-transforming
material, at least one sensor, at least one chemical tissue
sealant and at least one cutter. A method includes: grasping a
body organ/tissue with at least one grasping jaw, adjusting a
configuration of the grasping in response to a signal or a
datum or an image, and releasing a surgical staple/fastener in
response to the signal, datum or image.
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FIG. 22

Grasping a body organ/tissue with at least one
grasping jaw.

.............................................................................................

Adjusting a configuration of grasping in response to
i a signal or a datum or an image.

i Releasing a surgical staple/fastener in response
{ to signal, datum or image.
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FIG. 23

Grasping a body organ/tissue includes

. performing, endoscopic or laparoscopic gastro-
i intestinal operations.

i Grasping a body organ/tissue includes end-to-
§ end and/or side to side anastomosis operatlons
individual ligation, endoscopic or laparoscopic
operations and/or gastro-intestinal operations

' i Grasping a body organftissue includes aligning !
i body organs between at least one grasping Jaw

§ in a manner compatible with one or more above
Ilsted operations.

---------------------------------------------------------------------------------------

Grasplng a body organftissue includes
_ i displaying images of organ/tissue.
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FIG. 24

720
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--------------------------------------------------------------------------------------------- : 2

Adjusting a configuration of grasping includes
annularly adjusting a grasp of grasping jaws
around tubular organs/tissues based on signal or
datum or image.

-----------------------------------------------------------------------------------------------

End
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FIG. 25

Releasing a surgical fastener includes driving a
plurality of staples/fasteners into at least one layer
of body tissue.

Releasing a surgical fastener includes securing at
least one layer of a body tissue with surgical
staples/fasteners.

Releasing a surgical fastener includes ,
deformation of one or more fasteners that undergo |
a conformational change to close a puncture site. |

; f\' 734
Releasing a surgical fastener includes closing at
least one or more wound sites.

Releasing a surgical fastener includes releasing a |

suitable amount of a chemical tissue sealant that
permits wound healing.
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FIG. 26

..............................................................................................

Means for adjusting a configuration of grasping in
| response to a signal or a datum or an image.
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Means for releasing a surgical staple/fastener in
i response to signal, datum or image.
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STEERABLE SURGICAL STAPLER

TECHNICAL FIELD

[0001] The present application relates, in general, to
devices, methods and/or systems for treatment and/or man-
agement of disease, disorders, or conditions.

SUMMARY

[0002] An embodiment of a surgical instrument comprises
a surgical stapler. In one embodiment, the surgical stapler
comprises at least one grasping jaw, the at least one grasping
jaw being adapted to deliver surgical staples by a force gen-
erated from a force generator mechanism that is contained
within the at least one grasping jaw or is in a proximity to the
at least one grasping jaw. In a further embodiment, the at least
one grasping jaw is configured to movably operate in an
opposing manner with respect to at least one other grasping
jaw. In another embodiment, at least one grasping jaw is
configured to operably mate with at least one other grasping
jaw. In yet another embodiment, at least one grasping jaw is
configured to serve as an anvil for forming an interaction
surface between atleast one surgical staple and bodily tissues,
the forming being facilitated by reversible mating and unmat-
ing ofthe anvil with an opposite grasping jaw. Furthermore, at
least one grasping jaw may form an annular grasp around a
body organ/tissue.

[0003] In one embodiment, the surgical stapler has a force
generated from a force generator mechanism is communi-
cated to a medium resulting in the release of at least one
surgical staple. The force may further result in delivery of one
or more linear rows of surgical staples. The force generating
mechanism may further include at least one of a pressurized
gas canister/cartridge, a spring, a lever, an explosive charge, a
piezoelectric actuator, an electric motor, an electroactive
polymer and/or a solenoid.

[0004] In another embodiment, the surgical stapler com-
prises at least one energy module. The energy module may
include at least one of a battery, a capacitor, a fuel cell, a
mechanical energy storage device, and/or a fluid energy stor-
age device. Furthermore, the energy module may be located
in proximity to at least one grasping jaw and/or within at least
one grasping jaw. In a further embodiment, the energy mod-
ule transmits energy through a medium containing at least one
of the following: a wire, a tube, an optical fiber and/or a
waveguide. Alternatively, the energy module transmits
energy through a wireless device.

[0005] Inoneembodiment, the surgical stapler may include
a flexually deformable and steerable shaft connected to at
least one grasping jaw. The shaft may contain at least one
shape-transforming material, which may include a shape
memory alloy. In other embodiments, the shape memory
alloy includes at least one of the following components: tita-
nium, nickel, zinc, copper, aluminum, cadmium, platinum,
iron, manganese, cobalt, gallium and/or tungsten. The shape
memory alloy may also include Nitinol™ and/or an electro-
active polymer. Furthermore, at least one shape-transforming
material includes at least one mechanically reconfigurable
material. In an embodiment, the surgical instrument further
comprises at least one sensor. At least one sensor may be
disposed in at least one grasping jaw of the surgical instru-
ment. Alternatively, the at least one sensor may be disposed in
proximity to at least one grasping jaw. In one embodiment,
the at least one sensor includes an image-acquisition device.
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The image-acquisition device may include at least one of the
following: a camera, a charge coupled device, an X-ray
receiver, an acoustic energy receiver, a photodetector, an elec-
tromagnetic energy receiver and/or an imaging device.
[0006] Inanembodiment of the surgical stapler, the sensor
includes an illumination device that is operably coupled to at
least one image-acquisition device. In a further embodiment,
the image-acquisition device is wirelessly coupled to at least
one visual display. The at least one sensor may include a
data-transmission device. In yet another embodiment, at least
one sensor includes a proximity detector. The proximity
detector may be adapted to detect proximity of a biological
tissue to the surgical instrument. In an embodiment, the prox-
imity detector includes an electromagnetic energy emitter
and/or an electromagnetic energy receiver. In yet another
embodiment, proximity detector includes an acoustic energy
emitter and an acoustic energy receiver. In another embodi-
ment, the proximity detector includes a point source emitter
and/or a source illuminator. In an alternative embodiment,
point source emitter and/or a source illuminator is operably
coupled to at least one image acquisition device. The point
source emitter and/or a source illuminator may include at
least one of an ultrasonic source, an acoustic source, a visible
source, an ultraviolet source, a gamma ray source, an X-ray
source and/or an infrared source. Furthermore, the point
source and/or source illuminator, may be operably configured
within a grasping jaw of the surgical instrument. In one
embodiment, the proximity detector includes a communica-
tion medium for communication with at least one image
display. In another embodiment, the proximity detector may
also include at least one image-transmission device and/or
one data-transmission device. In yet another embodiment, the
proximity detector is wirelessly coupled to at least one image
display.

[0007] In an embodiment, at least one sensor provides a
feedback signal, a datum or an image to a human or robotic
user. Furthermore, at least one sensor provides a force feed-
back signal to a force generator mechanism. Another embodi-
ment provides at least one sensor that communicates a signal,
a datum or an image regarding status of the number of staples
in the surgical instrument. Furthermore, at least one sensor
may provide a signal, a datum or an image regarding func-
tional status or malfunctional status of the surgical instru-
ment.

[0008] Inanother embodiment, the surgical instrument fur-
ther comprises at least one cutter. In yet another embodiment
the cutter may be an optical cutter and/or a laser-mediated
cutting device and/or an electro-thermal cutting device. In a
further embodiment, at least one cutter may include a blade,
a knife and/or an edge. An embodiment provides that at least
one cutter is operably coupled to at least one grasping jaw.
[0009] The surgical instrument may be further configured
to deliver a chemical tissue sealant. The chemical tissue seal-
ant may be housed inside at least one grasping jaw. An
embodiment provides that the chemical tissue sealant be a
biocompatible and/or a biodegradable sealant. Furthermore,
the chemical sealant is delivered in a proximity to at least one
staple, and is preferably delivered between at least two adja-
cent layers of body tissue. In some embodiments, surgical
staples may include fasteners, pins and/or ties.

[0010] Anembodiment of the surgical instrument provides
at least one grasping jaw. In another embodiment, the at least
one grasping jaw comprises a delivery mechanism adapted to
deliver surgical fasteners. In an embodiment, the delivery
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mechanism may be located in a proximity to at least one
grasping jaw. In an alternative embodiment, the delivery
mechanism may be contained within at least one grasping
jaw. Furthermore, the surgical fasteners may contain at least
one shape-transforming material. The surgical instrument
may optionally include at least one sensor. In some embodi-
ments, the at least one grasping jaw is configured to movably
operate in an opposing manner with respect to at least one
other grasping jaw. In an alternative embodiment, at least one
grasping jaw is configured to operably mate with at least one
other grasping jaw. In yet another embodiment, at least one
grasping jaw is configured to serve as an anvil for forming an
interaction surface between at least one surgical fastener and
bodily tissues, the forming being facilitated by reversible
mating and unmating of the anvil with an opposite grasping
jaw. Moreover, at least one grasping jaw may form an annular
grasp around a body organ/tissue. In one embodiment, the
delivery mechanism utilizes a force generated from a force
generator mechanism contained within or in a proximity to at
least one grasping jaw. Furthermore, the delivery mechanism
results in delivery of one or more linear rows of surgical
fasteners. An embodiment provides that the force generated
from the force generator mechanism includes at least one of a
pressurized gas canister/cartridge, a spring, a lever, an explo-
sive charge, a piezoelectric actuator, an electric motor, an
electroactive polymer, a hydraulic force, a pneumatic force,
and/or a solenoid.

[0011] Anaspect of the invention includes a surgical instru-
ment comprising a flexually deformable and steerable shaft
operably connected to at least one grasping jaw having a force
generator mechanism that is contained within the at least one
grasping jaw or is in a proximity to the at least one grasping
jaw. The surgical instrument may further comprise of at least
one grasping jaw that is independently maneuverable from an
attached shaft and/or sheath. Additionally or alternatively, the
flexually deformable and steerable shaft may be enclosed in a
bendable and steerable tube or a sheath. Furthermore, in an
embodiment, the flexually deformable and steerable shaft
may be controllably deformable and steerable to permit a
high degree of maneuverability of the surgical instrument.
Alternatively or additionally, the flexually deformable and
steerable shaft may contain at least one shape-transforming
material. In one embodiment, the at least one shape-trans-
forming material contains a shape memory alloy. In another
embodiment, the shape memory alloy includes at least one of
titanium, nickel, zinc, copper, aluminum, cadmium, plati-
num, iron, manganese, cobalt, gallium and/or tungsten. Addi-
tionally or alternatively, the at least one shape-transforming
material may be preconfigured to a particular application and
body part geometry. Furthermore, the at least one shape-
transforming material may assume a different shape com-
pared to an original preconfigured shape upon insertion of the
surgical instrument into a body to conform to an optimal
orientation. The flexually deformable and steerable shaft may
include the shape memory alloy Nitinol™. In yet another
embodiment, the flexually deformable and steerable shaft
may contain at least one shape-transforming material that
includes an electro-active polymer. In still another embodi-
ment, the at least one shape-transforming material includes at
least one mechanically reconfigurable material. In one
embodiment, the flexually deformable and steerable shaft
may be controllably deformable and steerable to permit a
high degree of maneuverability of the surgical instrument that
includes controllable deformation of the shaft that is medi-

Nov. 20, 2008

ated by at least one of a temperature profile, a pressure profile,
an electrical circuitry, a magnetic profile, an acoustic wave
profile and/or an electromagnetic radiation profile. The
maneuverability of the surgical instrument includes maneu-
verability around anatomical corners and/or difficult-to-reach
anatomical body parts that are normally inaccessible on a
straight trajectory. In an embodiment, the flexually deform-
able and steerable shaft that is being controllably deformable
to permit a high degree of maneuverability of the surgical
instrument includes bending the shaft in real time to navigate
within a body space. In still another embodiment, the flexu-
ally deformable and steerable shaft returns to an original
shape or configuration for easy removal from a body. In yet
another embodiment, the surgical instrument may include at
least one grasping jaw having a proximity detector. The prox-
imity detector may be adapted to detect whether a biological
tissue is within grasping distance of the grasping jaw. Fur-
thermore, the proximity detector may also be adapted to
detect whether a biological tissue is fully grasped by the
grasping jaw. In an embodiment, the proximity detector is
operably configured to assess whether an entire or a portion of
a bodily organ is fully or partly grasped within said grasping
jaw. Alternatively or additionally, the grasping jaw may be
fully redeployable following at least one grasp-release cycle
in a grasping operation of a biological tissue. Additionally or
alternately, the surgical instrument may be a surgical stapler
that is adapted to deliver biodegradable or non-biodegradable
staples, fasteners, pins or ties.

[0012] Anaspect of the invention includes a surgical instru-
ment comprising at least one grasping jaw; a force receiver
adapted to receive manual force from a user; and an actuation
mechanism responsive to the manual force to produce a jaw-
laden force without mechanical coupling of the manual force
to the grasping jaw. In an embodiment, the surgical instru-
ment further includes the force receiver includes at least one
sensor. In yet another embodiment, the at least one sensor is
operably coupled to the actuation mechanism. Furthermore,
the at least one sensor receives a signal from the actuation
mechanism through a wireless medium. In another embodi-
ment, the surgical instrument includes the at least one sensor
that transmits a signal to the actuation mechanism through a
wireless medium. In still another embodiment, the surgical
instrument includes a user-activated sensory-device, tactile-
device or audio-sensitive device that transmits a signal to the
force receiver. The user-activated sensory, tactile or audio-
sensitive device may be a manual trigger, a pushbutton, a
latch, a lever, a voice activated device, a touch-sensitive
device, a breath-activated device etc. In another embodiment,
the surgical instrument includes a jaw-laden force without
mechanically coupling the force to the grasping jaw. The
force may be carried through a wireless medium, an ethere-
real medium or other intangible media. In another embodi-
ment, the actuation mechanism converts a manual force from
the force receiver into the jaw-laden force. In yet another
embodiment, the jaw-laden force results in release of at least
one surgical stapler and/or surgical; fastener.

[0013] The following embodiments are directed to a surgi-
cal instrument that is adapted to deliver surgical fasteners and
may contain at least one shape-transforming material and/or
at least one sensor.

[0014] In an alternative embodiment of the surgical instru-
ment that is adapted to deliver surgical fasteners, the surgical
instrument further comprises at least one energy module that
includes at least one of a battery, a capacitor, a fuel cell, a
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mechanical energy storage device, and/or a fluid energy stor-
age device. At least one energy module may be located within
or in a proximity to the at least one grasping jaw. In an
embodiment, least one energy moduleis located outside the at
least one grasping jaw but is within a portion of the surgical
instrument. An embodiment provides that at least one energy
module is located outside the at least one grasping jaw.
[0015] An embodiment of the surgical instrument that is
adapted to deliver surgical fasteners provides that at least one
energy module transmits energy through a medium contain-
ing at least one of a wire, a tube, an optical fiber and/or a
waveguide. Alternately, at least one energy module transmits
energy through a wireless device.

[0016] Inoneembodiment of the surgical instrument that is
adapted to deliver surgical fasteners, at least one fastener
contains one shape-transforming material. The shape trans-
forming material may contain a shape memory alloy. The
shape memory alloy may include at least one of titanium,
nickel, zinc, copper, aluminum, cadmium, platinum, iron,
manganese, cobalt, gallium and/or tungsten. Alternatively,
the shape memory alloy includes Nitinol™ and/or an electro-
active polymer. Alternative embodiments call for at least one
shape-transforming material to include at least one mechani-
cally reconfigurable material.

[0017] Inan embodiment of the surgical instrument that is
adapted to deliver surgical fasteners, the surgical instrument
has at least one sensor that is disposed within at least one
grasping jaw. Alternatively, at least one sensor may be dis-
posed in a proximity to at least one grasping jaw. In an
embodiment, at least one sensor includes an image-acquisi-
tion device. The image-acquisition device may include at
least one of a camera, a charge coupled device, an X-ray
receiver, an acoustic energy receiver, an electromagnetic
energy receiver and/or an imaging device. In an embodiment,
the image-acquisition device is wirelessly coupled to at least
one visual display. The sensor may include an illumination
device that is operably coupled to an image-acquisition
device. Alternatively, at least one sensor includes a data-
transmission device. In an embodiment, the proximity detec-
tor is adapted to detect the proximity of a biological tissue to
the surgical instrument. In a further embodiment, the prox-
imity detector includes an electromagnetic energy emitter
and/or an electromagnetic energy receiver. In yet another
embodiment, the proximity detector includes an acoustic
energy emitter and an acoustic energy receiver. In an embodi-
ment, the proximity detector includes a point source emitter
and/or a source illuminator. The point source emitter and/or a
source illuminator, in some embodiment are operably
coupled to at least one image acquisition device. Further-
more, the point source emitter and/or a source illuminator
include at least one of an ultrasonic source, an acoustic
source, a visible source, an ultraviolet source, a gamma ray
source, an X-ray source and/or an infrared source. Alterna-
tively or additionally, point source emitter and/or a source
illuminator are operably configured within a grasping jaw of
the surgical instrument. The proximity detector may include
a communication medium for communication with at least
one image display. In one embodiment, the proximity detec-
tor includes at least one image-transmission device. In a fur-
ther embodiment, the proximity detector includes at least one
data-transmission device. Furthermore, the proximity detec-
tor is wirelessly coupled to at least one image display.
[0018] Inan embodiment of the surgical instrument that is
adapted to deliver surgical fasteners, the surgical instrument
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comprises at least one sensor that provides a feedback signal,
adatum or an image to a human or robotic user. Additionally,
at least one sensor provides a force feedback signal to the
delivery mechanism. At least one sensor may provide a sig-
nal, a datum or an image regarding status of the number of
fasteners in the surgical instrument. Furthermore, at least one
sensor provides a signal, a datum or an image regarding
functional status or malfunctional status of the surgical
instrument.

[0019] In another embodiment of the surgical instrument
that is adapted to deliver surgical fasteners, the surgical
instrument further comprises at least one cutter. Additionally,
in some embodiments, at least one cutter is an optical cutter.
In a further embodiment, the optical cutter may be a laser-
mediated cutting device. The surgical instrument may have at
least one cutter that is an electro-thermal cutter. Furthermore
at least one cutter may include one of a blade, a knife and/or
an edge. In an embodiment, at least one cutter is operably
coupled to at least one grasping jaw.

[0020] Inan embodiment of the surgical instrument that is
adapted to deliver surgical fasteners, the instrument may be
further configured to deliver a chemical tissue sealant. In
another embodiment, the chemical tissue sealant is housed
insideatleast one grasping jaw. In an alternative embodiment,
the chemical tissue sealant is a biocompatible chemical tissue
sealant. Furthermore the sealant may be a biodegradable
chemical tissue sealant. Additional embodiments may pro-
vide for a chemical tissue sealant that is delivered in a prox-
imity to at least one fastener. Further, the chemical tissue
sealant may be delivered between at least two adjacent layers
of body tissue.

[0021] In some embodiments of the surgical instrument
that is adapted to deliver fasteners, the surgical instrument
may deliver surgical fasteners including staples, pins and/or
ties. In another embodiment, the surgical instrument may
comprise at least one grasping jaw having a curvature that
conforms to a body organ/tissue and/or more than two grasp-
ing jaws. Further variants of embodiments of the surgical
instrument may comprise of a flexually deformable and steet-
able shaft connected to at least one grasping jaw. In an
embodiment, the flexually deformable and steerable shaft
contains at least one shape-transforming material. In some
embodiments, at least one shape-transforming material con-
tains a shape memory alloy. The shape memory alloy may
include at least one of titanium, nickel, zinc, copper, alumi-
num, cadmium, platinum, iron, manganese, cobalt, gallium
and/or tungsten. In one embodiment, shape memory alloy
includes Nitinol™ and/or an electro-active polymer. At least
one shape-transforming material may include at least one
mechanically reconfigurable material in an embodiment of
the surgical instrument.

[0022] An aspect of a surgical instrument may comprise at
least one grasping jaw and at least one delivery mechanism
that may be adapted to deliver surgical fasteners. Further-
more, the delivery mechanism may be located in a proximity
to or may be contained within the at least one grasping jaw.
Moreover, the surgical fasteners may contain at least one
shape-transforming material and/or at least one chemical tis-
sue sealant. In an embodiment, at least one grasping jaw is
configured to movably operate in an opposing manner with
respect to at least one other grasping jaw. Furthermore, at
least one grasping jaw is configured to operably mate with at
least one other grasping jaw. Additionally, at least one grasp-
ing jaw may be configured to serve as an anvil for forming an
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interaction surface between at least one surgical fastener and
bodily tissues, the forming being facilitated by reversible
mating and unmating of the anvil with an opposite grasping
jaw. In another embodiment, at least one grasping jaw may
form an annular grasp around a body organ/tissue. In yet
another embodiment, the delivery mechanism utilizes a force
generated from a force generator mechanism contained
within or in proximity to at least one grasping jaw. Further-
more, the delivery mechanism results in delivery of one or
more linear rows of surgical fasteners.

[0023] The following embodiments are directed to a surgi-
cal instrument that is adapted to deliver surgical fasteners and
may contain at least one shape-transforming material and/or
at least one chemical tissue sealant.

[0024] Inoneembodiment of the surgical instrument that is
adapted to deliver surgical fasteners, the surgical instrument
further comprises at least one energy module that includes at
least one of a battery, a capacitor, a fuel cell, a mechanical
energy storage device, and/or a fluid energy storage device.
The force is generated from the delivery mechanism may
include at least one of a pressurized gas canister/cartridge, a
spring, a lever, an explosive charge, a piezoelectric actuator,
an electric motor, an electroactive polymer and/or a solenoid.
In a further variant of the embodiment, at least one energy
module is located within or in a proximity to at least one
grasping jaw. Moreover, at least one energy module may be
located outside at least one grasping jaw but within a portion
of the surgical instrument. Additionally, in some embodi-
ments at least one energy module may be located outside at
least one grasping jaw. At least one energy module may
transmit energy through a medium containing at least one of
a wire, a tube, an optical fiber and/or a waveguide. Alterna-
tively, at least one energy module may transmit energy
through a wireless device.

[0025] Inan embodiment of the surgical instrument that is
adapted to deliver surgical fasteners, the surgical instrument
may include at least one shape-transforming material that
contains a shape memory alloy. The shape memory alloy may
include at least one of titanium, nickel, zinc, copper, alumi-
num, cadmium, platinum, iron, manganese, cobalt, gallium
and/or tungsten. In one embodiment, the shape memory alloy
may include Nitinol™ and/or electro-active polymer. In
another embodiment, at least one shape-transforming mate-
rial includes at least one mechanically reconfigurable mate-
rial.

[0026] Inoneembodiment of the surgical instrument that is
adapted to deliver surgical fasteners, the surgical instrument
further comprises at least one sensor. The at least one sensor
may be disposed within at least one grasping jaw. Further-
more, at least one sensor may be disposed in a proximity to at
least one grasping jaw. In one embodiment, at least one sensor
includes an image-acquisition device. Furthermore, the
image-acquisition device may include at least one of a cam-
era, a charge coupled device, an X-ray receiver, an acoustic
energy receiver, an electromagnetic energy receiver and/or an
imaging device. In one embodiment, the image-acquisition
device may be wirelessly coupled to at least one visual dis-
play. In an embodiment, at least one sensor includes an illu-
mination device that is operably coupled to at least one
image-acquisitiondevice. In yet another embodiment, at least
one sensor includes a data-transmission device.

[0027] Furthermore, the surgical instrument adapted to
deliver surgical fasteners includes at least one sensor includes
a proximity detector, which may be adapted to detect prox-
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imity of a biological tissue to the surgical instrument. Fur-
thermore, the proximity detector includes, in one embodi-
ment, an electromagnetic energy emitter and/or an
electromagnetic energy receiver. In other embodiments, the
proximity detector includes an acoustic energy emitter and an
acoustic energy receiver. The proximity detector may further
include a point source emitter and/or a source illuminator.
[0028] An embodiment, the surgical instrument that is
adapted to deliver surgical fasteners provides for a point
source emitter and/or a source illuminator that is operably
coupled to at least one image acquisition device. In another
embodiment, the point source emitter and/or a source illumi-
nator includes at least one of an ultrasonic source, an acoustic
source, a visible source, an ultraviolet source, a gamma ray
source, an X-ray source and/or an infrared source. Here the
point source emitter and/or a source illuminator may be oper-
ably configured within a grasping jaw of the surgical instru-
ment. The proximity detector may additionally include a
communication medium for communication with at least one
image display. In one embodiment, the proximity detector
includes at least one image-transmission device. In another
embodiment, the proximity detector includes at least one
data-transmission device. In yet another embodiment, the
proximity detector is wirelessly coupled to at least one image
display. In an embodiment, at least one sensor provides a
feedback signal, which may be a datum or an image to a
human or robotic user. In another embodiment, at least one
sensor provides a force feedback signal to a force generator
mechanism. Furthermore, at least one sensor may provide a
signal, a datum or an image regarding status of the number of
staples in the surgical instrument.

[0029] In one embodiment, the surgical instrument that is
adapted to deliver surgical fasteners, the surgical instrument
further comprises at least one cutter. Another embodiment
provides at least one cutter is an optical cutter. The optical
cutter may include a laser-mediated cutting device. The cutter
may include at least one cutter is an electro-thermal cutter in
one embodiment. Furthermore, at least one cutter may
include one of a blade, a knife and/or an edge. In another
embodiment, at least one cutter is operably coupled to at least
one grasping jaw.

[0030] In an embodiment, the surgical instrument that is
adapted to deliver surgical fasteners includes a chemical tis-
sue sealant is housed inside at least one grasping law. In
another embodiment, the chemical tissue sealant is a biocom-
patible chemical tissue sealant and/or a biodegradable chemi-
cal tissue sealant. In yet another embodiment, the chemical
tissue sealant is delivered in a proximity to at least one fas-
tener. One other embodiment provides for a chemical tissue
sealant that is delivered between at least two adjacent layers
of body tissue.

[0031] Insome embodiments, the surgical instrument that
is adapted to deliver surgical fasteners includes the surgical
instrument delivers surgical fasteners that include staples,
pins and/or ties. The surgical instrument may have at least one
grasping jaw that has a curvature that conforms to a body
organ/tissue. Furthermore, more than two grasping jaws may
be included in the surgical instrument.

[0032] Moreover, the surgical instrument that is adapted to
deliver surgical fasteners may comprise a flexually deform-
able and steerable shaft connected to at least one grasping jaw,
and may contain at least one shape-transforming material. In
some embodiments, the at least one shape-transforming
material contains a shape memory alloy. The shape memory
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alloy may include at least one of titanium, nickel, zinc, cop-
per, aluminum, cadmium, platinum, iron, manganese, cobal,
gallium and/or tungsten. In some embodiments, the shape
memory alloy includes Nitinol™ and/or electro-active poly-
mer. In an embodiment, the shape-transforming material
includes at least one mechanically reconfigurable material.

[0033] Inoneaspect,an embodiment of the surgical instru-
ment comprises at least one grasping jaw and/or at least one
delivery mechanism adapted to deliver surgical fasteners. The
delivery mechanism being located in a proximity to or is
contained within at least one grasping jaw. In some embodi-
ments, the surgical fasteners contain at least one shape-trans-
forming material and/or at least one cutter. At least one grasp-
ing jaw is configured to movably operate in an opposing
manner with respect to at least one other grasping jaw. In
another embodiment, at least one grasping jaw is configured
to operably mate with at least one other grasping jaw. Fur-
thermore, at least one grasping jaw is configured to serve as an
anvil for forming an interaction surface between at least one
surgical fastener and bodily tissues, the forming being facili-
tated by reversible mating and unmating of the anvil with an
opposite grasping jaw. In an embodiment, at least one grasp-
ing jaw forms an annular grasp around a body organ/tissue.

[0034] The following embodiments are directed to a surgi-
cal instrument that is adapted to deliver surgical fasteners and
may contain at least one shape-transforming material and/or
at least one cutter.

[0035] Oneembodiment of the surgical instrument adapted
to deliver surgical fasteners provides that a delivery mecha-
nism utilizes a force generated from the delivery mechanism
contained within or in a proximity to at least one grasping jaw.
Another provides that the delivery mechanism results in
delivery of one or more linear rows of surgical fasteners.
Furthermore, the force is generated from the delivery mecha-
nism that includes at least one of a pressurized gas canister/
cartridge, a spring, a lever, an explosive charge, a piezoelec-
tric actuator, an electric motor, an electroactive polymer and/
or a solenoid.

[0036] The surgical instrument that is adapted to deliver
surgical fasteners further comprises at least one energy mod-
ule that includes at least one of a battery, a capacitor, a fuel
cell, amechanical energy storage device, and/or a fluid energy
storage device. In an embodiment, at least one energy module
is located within or in a proximity to at least one grasping jaw.

[0037] Yet another embodiment the surgical instrument
that is adapted to deliver surgical fasteners includes at least
one energy module that is located outside at least one grasp-
ing jaw but within a portion of the surgical instrument. Fur-
thermore, at least one energy module may be located outside
at least one grasping jaw. In addition, at least one energy
module may transmit energy through a medium containing at
least one of a wire, a tube, an optical fiber and/or a waveguide.
Alternatively, at least one energy module transmits energy
through a wireless device.

[0038] Inan embodiment of the surgical instrument that is
adapted to deliver surgical fasteners, at least one surgical
fastener contains one shape-transforming material, which
may include a shape memory alloy. The shape memory alloy
may further include at least one of titanium, nickel, zinc,
copper, aluminum, cadmium, platinum, iron, manganese,
cobalt, gallium and/or tungsten. Alternatively, shape memory
alloy includes Nitinol™ and/or electro-active polymer. An
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embodiment may have at least one shape-transforming mate-
rial that includes at least one mechanically reconfigurable
material.

[0039] In an embodiment, the surgical instrument that is
adapted to deliver surgical fasteners further comprises at least
one sensor. In another embodiment, at least one sensor is
disposed within at least one grasping jaw. Yet another
embodiment may include at least one sensor that is disposed
in a proximity to at least one grasping jaw. Furthermore, at
least one sensor may include an image-acquisition device.
The image-acquisition device may include at least one of a
camera, a charge coupled device, an X-ray receiver, an acous-
tic energy receiver, an electromagnetic energy receiver and/or
an imaging device. Furthermore, the image-acquisition
device may be wirelessly coupled to at least one visual dis-
play. The sensor may include an illumination device that is
operably coupled to at least one image-acquisition device. In
an embodiment, at least one sensor includes a data-transmis-
sion device. Furthermore, at least one sensor includes a prox-
imity detector. The proximity detector may be adapted to
detect proximity of a biological tissue to the surgical instru-
ment. Furthermore, proximity detector may include an elec-
tromagnetic energy emitter and/or an electromagnetic energy
receiver. In another embodiment, the proximity detector
includes an acoustic energy emitter and an acoustic energy
receiver. The proximity detector may further include a point
source emitter and/or a source illuminator. Additional
embodiments may include the point source emitter and/or a
source illuminator being operably coupled to at least one
image acquisition device. In another embodiment, the point
source emitter and/or a source illuminator includes at least
one of an ultrasonic source, an acoustic source, a visible
source, an ultraviolet source, a gamma ray source, an X-ray
source and/or an infrared source. In yet another embodiment,
the point source emitter and/or a source illuminator is oper-
ably configured within a grasping jaw. Still another embodi-
ment includes a proximity detector that may communicate
through a medium with at least one image display. An
embodiment provides that the proximity detector includes a
communication medium for communication with at least one
image display. Furthermore, the proximity detector includes
at least one data-transmission device. In another embodi-
ment, the proximity detector is wirelessly coupled to at least
one image display. Yet another embodiment, at least one
sensor provides a feedback signal, a datum or an image to a
human or robotic user. Still another embodiment provides
that at least one sensor communicates a force feedback signal
to a force generator mechanism. At least one sensor provides
a signal, a datum or an image regarding status of the number
of staples in the surgical instrument.

[0040] An embodiment, the surgical instrument that is
adapted to deliver surgical fasteners has at least one cutter that
may be an optical cutter. The optical cutter may be a laser-
mediated cutting device. At least one cutter may be an electro-
thermal cutter. In another embodiment, least one cutter
includes one of a blade, a knife and/or an edge. In yet another
embodiment, at least one cutter is operably coupled to at least
one grasping jaw.

[0041] In an embodiment, the surgical instrument that is
adapted to deliver surgical fasteners further comprises a
chemical tissue sealant. The chemical tissue sealant may be
housed inside at least one grasping jaw. Another embodiment
provides that the chemical tissue sealant is a biocompatible
chemical tissue sealant. Further embodiments specify that the
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chemical tissue sealant is a biodegradable chemical tissue
sealant. Still another embodiment provides that the chemical
tissue sealant be delivered in a proximity to at least one
fastener and is delivered between at least two adjacent layers
of body tissue.

[0042] In one embodiment, surgical fasteners include
staples, pins and/or ties. The surgical instrument further com-
prises in an embodiment at least one grasping jaw having a
curvature that conforms to a body organ/tissue. Furthermore
the surgical instrument comprises more than two grasping
jaws. The surgical instrument may further comprise a flexu-
ally deformable and steerable shaft connected to at least one
grasping jaw. Embodiments of the flexually deformable and
steerable shaft may contain at least one shape-transforming
material. Furthermore, at least one shape-transforming mate-
rial contains a shape memory alloy, which may contain at
least one of titanium, nickel, zinc, copper, aluminum, cad-
mium, platinum, iron, manganese, cobalt, gallium and/or
tungsten. The shape memory alloy may include Nitinol™
and/or electro-active polymer and/or at least one mechani-
cally reconfigurable material.

[0043] A further aspect of a surgical instrument involves a
method of splicing body organs/tissues. In an embodiment,
the method comprises the steps of grasping a body organ/
tissue withat least one grasping jaw; adjusting a configuration
of the grasping in response to a signal or a datum or an image;
and releasing a surgical staple/fastener in response to the
signal, datum or image. In another embodiment, the method
includes grasping a body organ/tissue includes performing
end-to-end anastomosis, side-to-side anastomosis, individual
ligation, endoscopic or laparoscopic gastro-intestinal opera-
tions which include at least one of a bronchus, a pulmonary
artery, a pulmonary vein, a large or small intestine, a stomach,
a blood vessel and/or skin. The grasping a body organ/tissue
may include aligning the body organs between the at least one
grasping jaw in a manner compatible with surgical and/or
anastomosis operations. In an embodiment, the grasping
operation may include displaying an image of the organ/
tissue being grasped. Furthermore, adjusting a configuration
of the grasping includes annularly adjusting a grasp around
the organs/tissues based on the signal or datum or image. In
another embodiment, the releasing of a surgical staple/fas-
tener includes driving a plurality of staple/fasteners into at
least one layer of body tissue. In still another embodiment,
releasing a surgical staple/fastener includes securing at least
one layer of a body tissue with the surgical staple/fastener. In
yet another embodiment, releasing a surgical staple/fastener
includes deformation of one or more staple/fasteners that
undergo a conformational change to close a puncture site.
Furthermore, releasing a surgical staple/fastener includes
closing at least one or more wound sites. The method may
additionally include releasing a surgical staple/fastener and a
suitable amount of a chemical tissue sealant that permits
wound healing.

[0044] An aspect of a surgical instrument includes a
method of splicing body organs/tissues comprising: means
for grasping a body organ/tissue; means for adjusting a con-
figuration of the grasping in response to a signal or a datum or
an image; and means for releasing a surgical staple/fastener in
response to the signal, datum or image.

[0045] In addition to the foregoing, other system aspects
are described in the claims, drawings, and text forming a part
of the present disclosure. Furthermore, various other method
and/or system and/or program product aspects are set forth
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and described in the teachings such as text (e.g., claims and/or
detailed description) and/or drawings of the present disclo-
sure.

[0046] The foregoing summary is illustrative only and is
not intended to be in any way limiting. In addition to the
illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will
become apparent by reference to the drawings and the fol-
lowing detailed description.

BRIEF DESCRIPTION OF THE FIGURES

[0047] FIG. 1is a system-level illustration of an exemplary
surgical instrument in which embodiments such as grasping
jaws and an exemplary force generator mechanism may be
implemented;

[0048] FIG. 2 is a schematic of a surgical instrument that
includes an exemplary illustrative embodiment of movable
grasping jaws that includes an exemplary illustration of a
force generator mechanism;

[0049] FIG. 3 is a schematic of a surgical instrument that
includes an exemplary illustrative embodiment of closed mat-
ing position of movable grasping jaws that includes an exem-
plary illustration of a force generator mechanism;

[0050] FIG. 4 is a schematic of a surgical instrument that
includes an illustrative example of mating grasping jaws con-
figured to grasp tubular organs/tissues;

[0051] FIG. 5 is a schematic of a surgical instrument
including an exemplary illustration of two grasping jaws
adapted to provide an annular grasp around an exemplary
illustration of a bodily organ;

[0052] FIG. 6 is a schematic of a surgical instrument
including an exemplary illustration of a force generator
mechanism that is configured to deliver an exemplary illus-
tration of a linear row of staples into an exemplary illustration
of a bodily organ/tissue;

[0053] FIG. 7 is a schematic of a surgical instrument that
includes an exemplary illustration of a split force generator
mechanism located in both illustrative grasping jaws;

[0054] FIG. 8 is a schematic of a surgical instrument that
includes an exemplary illustration of an example of a flexu-
ally deformable and steerable shaft;

[0055] FIG. 9 is a schematic of a surgical instrument
including exemplary illustration of shape-conforming grasp-
ing jaws with exemplary sensors;

[0056] FIG. 10 is a schematic of a surgical instrument
including an exemplary illustration of a grasping jaw housing
a delivery mechanism for delivering an exemplary fasteners
and an illustrative example of a chemical tissue sealant;
[0057] FIG. 11 is a schematic of a surgical instrument
including an exemplary illustration of a portion ofa chemical
tissue sealant deposited in proximity to an exemplary row of
surgical fasteners;

[0058] FIG. 12 is a schematic of a surgical instrument
including an exemplary illustration of a portion ofa chemical
tissue sealant deposited in proximity to an exemplary illus-
tration of layers of bodily tissues;

[0059] FIG. 13 is a schematic of a surgical instrument
including an exemplary illustration of a sensor includes an
exemplary illustration of an image acquisition device;
[0060] FIG. 14 is a schematic of a surgical instrument
including a pair of grasping jaws includes an exemplary illus-
tration of sensors with exemplary illustrations of image
acquisition devices in communication with at least one image
display;
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[0061] FIG. 15 is a schematic of a surgical instrument
including exemplary illustrations of sensors including exem-
plary an illustration of an image acquisition device and an
exemplary illustration of a data-transmission device;

[0062] FIG. 16 is a schematic of a surgical instrument
including an exemplary illustration of a proximity detector;
[0063] FIG. 17 is a schematic of a surgical instrument
including an exemplary illustration of an image acquisition
device, an exemplary illustration of a communication
medium and an exemplary illustration of a visual display;
[0064] FIG. 18 is a schematic of a surgical instrument
including an exemplary illustration of a fastener or staple
holder or housing containing an exemplary illustration of an
assortment of fasteners/staples;

[0065] FIG. 19 is a schematic of a surgical instrument
including an exemplary illustration of detachable grasping
jaws;

[0066] FIG. 20 is a schematic of a surgical instrument

including an exemplary illustration of a cutting device;
[0067] FIG. 21 is a schematic of a surgical instrument
including an exemplary illustration of a force feedback sig-
nal;

[0068] FIG. 22 illustrates embodiments of an exemplary
operational flow for displaying an image;

[0069] FIG. 23 illustrates embodiments of an exemplary
operational flow for grasping a body organ or tissue;

[0070] FIG. 24 illustrates embodiments of an exemplary
operational flow for adjusting a configuration of grasping a
body organ or tissue;

[0071] FIG. 25 illustrates embodiments of an exemplary
operational flow for releasing a surgical fastener;

[0072] FIG. 26 illustrates embodiments for an exemplary
surgical instrument.

DETAILED DESCRIPTION

[0073] In the following detailed description, reference is
made to the accompanying drawings, which form a part
hereof. In the drawings, similar symbols typically identify
similar components, unless context dictates otherwise. The
illustrative embodiments described in the detailed descrip-
tion, drawings, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be
made, without departing from the spirit or scope of the subject
matter presented here.

[0074] The following disclosure is drawn to a surgical
instrument. FIG. 1 shows a system-level schematic illustra-
tion of an embodiment of the surgical instrument 100 com-
prising at least one grasping jaw 110, the at least one grasping
jaw being adapted to deliver surgical staples 120 by a force
generated from a force generator mechanism 130 that is con-
tained within the at least one grasping jaw 110 or is in a
proximity to the at least one grasping jaw. The grasping jaws
110, 112 may be movably 140 attached to a hinge 630. At a
system level, the surgical instrument further comprises con-
trol circuitry that may control one or more parts of the surgical
instrument. Additionally, the surgical instrument may option-
ally include a hinge 630 that connects the jaws. There is
included a shaft 270 connecting the jaws and/or hinge to a
handgrip 590. The handgrip includes a trigger 610. The hand-
grip includes a signal generator 540 that is capable of com-
municating a signal 550. In some embodiments of the surgical
instrument the trigger/handgrip is adapted to receive a feed-
back signal 600 that may communicate to a user information
regarding the functional status of the surgical instrument.
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[0075] As used herein, the terms “grasping jaws” or “‘jaws”
include, but are not limited to, any of the various parts or
whole of a surgical stapler or parts thereof and/or similar
surgical stapling and/or anastomosis devices. Illustrative
examples of such staplers, stapling devices and/or anastomo-
sis devices may be those suitable for use in any medical or
surgical care including performing end-to-end anastomosis,
side-to-side anastomosis, individual ligation, endoscopic or
laparoscopic gastro-intestinal operations. Such operations
may involve for example, at least one of a bronchus, a pul-
monary artery, a pulmonary vein, a large or small intestine, a
stomach, a blood vessel and/or skin.

[0076] Turning now to FIG. 2, which is an exemplary illus-
tration of a surgical instrument 100 wherein at least one
grasping jaw 110 is configured to movably 140 operate in an
opposing manner with respect to at least one other grasping
jaw 112.

[0077] FIG. 3 illustrates an exemplary surgical instrument
100 showing an embodiment of at least one grasping jaw 110
that is configured to operably mate 150 with at least one other
grasping jaw 112. The term “mate” includes, but is not limited
to, juxtapositioning, “coming together” and/or aligning any
or all parts of each grasping jaw. Mating includes, but is not
limited to, complete or partial coupling of the grasping of the
jaws.

[0078] As illustrated in FIG. 4, at least one grasping jaw
112 is configured to serve as an anvil 160 for forming an
interaction surface 162 between at least one surgical staple
170 and bodily tissues 180, the forming being facilitated by
reversible mating and unmating 190 of the anvil with an
opposite grasping jaw 112. Those skilled in the art will rec-
ognize that mating and unmating of the grasping jaws may be
limited to the movement of at least one grasping jaw while the
other grasping jaw may be stationary. Furthermore, the illus-
tration in FIG. 4 does not necessarily limit the surgical instru-
ment to only two jaws. One skilled in the art may envisage
similar surgical instruments with more than two grasping
jaws that are aligned to achieve the same or similar results
illustrated in FIG. 4.

[0079] FIG. 5 shows an exemplary embodiment of a surgi-
cal instrument 100 illustrating at least one grasping jaw 110
that forms an annular grasp 200 around a body organ/tissue
210. In another embodiment, the other grasping jaw 112 may
form a complementary annular grasp 212. Those skilled in the
art will realize that the grasping jaws may be configured to
alter the shape and size of the grasping surface based on the
size and shape of the bodily organs and/or tissues. In other
words, grasping jaws may be constructed in different sizes
and shapes to fit the various bodily organs and tissues of
patients. Furthermore, one or more grasping jaws may be
configured to enter the lumen of tubular organs during anas-
tomosis procedures.

[0080] In an embodiment, the terms “bodily”, “body” or
“patient” refer to a human or any animal including domestic,
marine, research, zoo, farm animals, fow] and sports animals,
or pet animals, such as dogs, cats, cattle, horses, sheep, pigs,
goats, rabbits, chickens, birds, fish, amphibian and reptile.
[0081] Inanembodiment, the terms “tissue(s)” or “organs™
includes any part of a human or animal body. Examples may
include but is not limited to, organs associated with the ali-
mentary canal/digestive tract, pulmonary tract, blood vessels,
lumen-containing organs, bones, eftc.

[0082] Looking at FIG. 6, in an embodiment of a surgical
instrument 100, a force 220 generated from a force generator
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mechanism 130 is communicated to a medium 230 resulting
in the release of one or more linear rows 240 of surgical
staples. The force may be generated by a variety of means. In
an embodiment, such means may include but are not limited
to, an energy module 250. The energy module may include at
least one of a battery, a capacitor, a fuel cell, a mechanical
energy storage device, and/or a fluid energy storage device. In
another embodiment, the force may be generated through the
use of a number of devices, which may include but are not
limited to at least one of a pressurized gas canister/cartridge,
aspring, a lever, an explosive charge, a piezoelectric actuator,
an electric motor, an electroactive polymer and/or a solenoid.
[0083] In an embodiment, as illustratively exemplified in
FIG. 7, at least one energy module 250 may be located within
the opposing grasping jaw 112 (or in a proximity to it).
Furthermore, the energy module transmits energy 254
through a wireless device 252 to the remotely located force
generator mechanism 130. In alternative embodiments, the
energy module may transmit energy via a medium that
includes but is not limited to at least one of a wire, a tube, an
optical fiber and/or a waveguide.

[0084] FIG. 8illustrates a further variation of an exemplary
surgical instrument 100. Here, an embodiment further illus-
trates two grasping jaws 110, 112 that are connected to a
flexually deformable and steerable shaft 270 that is connected
to the grasping jaw. In an embodiment, the shaft may be
connected to the jaws via a hinge 630. In another embodi-
ment, the flexually deformable and steerable shaft contains at
least one shape-transforming material 280, which may permit
complete or partial deformation 260 of the shaft. Deformation
of the shaft may increase the capability of the surgical instru-
ment because the human user may move 262 the handgrip 590
of the surgical instrument in numerous directions, thus
enabling the use of the surgical instrument in hard-to-reach
areas of the patient’s body and around anatomical corners.
The shape-transforming material may contain a shape
memory alloy and/or other materials responsive to an input to
change shape and/or physical dimension or characteristic.
Examples of shape memory alloy include, but are not limited
to, Nitinol™. Tn addition, embodiments may include at least
one of titanium, nickel, zinc, copper, aluminum, cadmium,
platinum, iron, manganese, cobalt, gallium and/or tungsten.
Some materials may contain electro-active polymers and/or
mechanically reconfigurable material.

[0085] Turning now to FIG. 9, which illustrates an embodi-
ment of a pair of grasping jaws 110, 112. In this example, the
grasping jaws may be shaped differently from those exempli-
fied in the above figures and may be further adapted to con-
form to a shape 320 of a body organ or tissue 210. Conformity
may be achieved, inter alia, through the use of shape trans-
forming material 300 provided within the whole or part of the
grasping jaws. The shape-transforming material may be dis-
tributed in either or both grasping jaws. In an embodiment, at
least one sensor 310 may be disposed in one or more of the
grasping jaws.

[0086] In an embodiment of a surgical instrument 100, as
illustrated in FIG. 10, at least one grasping jaw 110 and at
least one delivery mechanism 132 are adapted to deliver
exemplary surgical fasteners 340, 350. Moreover in another
embodiment, the delivery mechanism may be contained
within at least one grasping jaw 110. Alternatively, the deliv-
ery mechanism may be in proximity to a grasping jaw but not
within it. Here, the location may include, but is not limited to,
another grasping jaw or another portion of the surgical instru-
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ment. In yet another embodiment, the surgical fasteners may
contain at least one shape-transforming material 350. In still
another embodiment, at least one grasping jaw 112 may pro-
vide at least one chemical tissue sealant 360. The tissue seal-
ant may be housed in a reservoir 370.

[0087] FIG. 11 illustrates an embodiment of a surgical
instrument 100, in which a portion 380 of the chemical tissue
sealant 360 is delivered in a proximity to illustrative surgical
fasteners 340. The sealant may be applied prior to or after the
deployment of the surgical fasteners 340,350. Here, a portion
of the chemical tissue sealant, includes, but is not limited to a
drop(s) or droplets or spray or liquid or solid or semi-solid.
Further embodiments include the delivery of the chemical
tissue sealant in proximity to released fasteners 340, 350.

[0088] FIG. 12 illustrates that, in an embodiment, the
chemical tissue sealant portion 380 may be delivered between
at least two adjacent layers 390 of body tissue. Those skilled
in the art are aware that here “adjacent layers” includes, and is
not limited to, tissue or organs brought together in close
proximity to each other during anastomosis operations. The
organs or tissues may lie on top of each other or within each
other or on a side by side position with respect to each other
or in any other position with respect to each other. As used
here, the term “layers” includes monolayers, bilayers, multi-
layers, a single layer, and includes one or more layers of body
tissue.

[0089] FIG. 13 shows an embodiment of a surgical instru-
ment 100 having two grasping jaws 110, 112 configured to
grasp bodily tissues/organs 210. This exemplary illustration
further shows at least one grasping jaw 110 that includes at
least one sensor 310. In a further embodiment, the other
grasping jaw 112 is illustratively shown to carry a sensor 310
as well. In another embodiment, at least one sensor includes
an image-acquisition device 406. In yet another embodiment,
image-acquisition device includes at least one imaging device
410, which may include but is not limited to one of a lens, a
camera, a charge coupled device, an X-ray receiver, an acous-
tic energy receiver, an electromagnetic energy receiver.

[0090] In still another embodiment, as illustrated in FIG.
14, a surgical instrument 100 may include one or more sen-
sors 310 and image acquisition devices 400. The image acqui-
sition devices may transmit images via a wireless communi-
cation medium 420 that is operably coupled with at least one
image display 430. The communication medium may
include, inter alia, hardwire and at least one image-transmis-
sion devices. In an embodiment the image transmission
devices may be built into the hardware in the image acquisi-
tion devices. Those skilled in the art will recognize that image
transmission devices may include those devices which may
be used for transmitting encoded data obtained by encoding
the data of an image. Examples of image transmission devices
are given, for instance, in U.S. Pat. No. 5,305,116 and U.S.
Pat. No. 6,157,675, both of which are incorporated herein by
reference.

[0091] FIG. 15 illustrates at least one sensor 310 that
includes a data-transmission device 440. In another embodi-
ment, the surgical instrument 100 may include two grasping
jaws 110, 112 that may have two separate sensors 310 each
includes either an image acquisition device 400 or a data
transmission device 440. Those skilled in the art will realize
that some surgical instruments may include more than two
grasping jaws containing more than two image acquisition
devices and/or data acquisition devices.
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[0092] Turning to FIG. 16, there is illustrated an embodi-
ment of a surgical instrument 100 that includes at least one
grasping jaw 112 thatincludes a sensor 310 which in turn may
include a proximity detector 450. In an embodiment, the
proximity detector is adapted to detect proximity of a biologi-
cal tissue 460 to the surgical instrument 100. In another
embodiment, the proximity detector includes an electromag-
netic energy emitter and/or an electromagnetic energy
receiver. In yet another embodiment, the proximity detector
includes a point source emitter 480 and/or a source illumina-
tor. In still another embodiment, the point source emitter
and/or a source illuminator emits electromagnetic and/or
acoustic energy 470. The energy emitter includes at least one
of an ultrasonic source, an acoustic source, a visible source,
an ultraviolet source, a gamma ray source, an X-ray source
and/or an infrared source.

[0093] FIG. 17 schematically illustrates an exemplary
proximity detector 450 that includes a communication
medium 490 for communication with at least one image dis-
play 430. One skilled in the art will realize that communica-
tion includes, but is not limited to, image transmission, data
transmission, digital data transmission, analogue data trans-
mission and/or an audio transmission. One skilled in the art
will also recognize that examples of communication media
include, but are not limited to the following devices: a wire, a
tube, an optical fiber, a waveguide and/or wireless devices.
[0094] There is illustrated in an embodiment shown in FIG.
18 a surgical instrument 100 comprising multiple types of
surgical fasteners made from an assortment of materials. Inan
embodiment, one surgical instrument 100 may house 500
exemplary surgical staples made from, for instance, shape
transforming material 510 and/or mechanically reconfig-
urable material 512. One skilled in the art will recognize that
multiple types of surgical fasteners include, but are not lim-
ited to surgical fasteners made from different types of mate-
rials/compositions, chemical or electrical properties, differ-
ent shapes and sizes of fasteners, including biocompatible,
biodegradable materials. One skilled in the art will further
recognize that the above term “house” includes but is not
limited to fastener/stapler cartridge holders and the like that
are available in the commercial market, and those that are
custom-designed and made to fit into surgical stapler-type
medical instruments.

[0095] In FIG. 19, there is shown an embodiment of a
surgical instrument 100 wherein the exemplary grasping jaws
110, 112 are configured to become detachable 520. Those
skilled in the art will recognize that detachability of grasping
jaws includes, but is not limited to, replacement of used
grasping jaws with new ones and disposable grasping jaws. In
an embodiment, one or more grasping jaws may be replaced
sequentially and/or simultaneously. Furthermore, detachabil-
ity of grasping jaws includes, inter alia, replacement grasping
jaws of different sizes and shapes and/or grasping jaws made
from different materials/compositions of materials.

[0096] Turning to FIG. 20, which schematically illustrates
an embodiment of a surgical instrument 100 containing an
exemplary illustration of a cutting device 530. The surgical
instrument may further comprise at least one grasping jaw
110, 112 and a deformable and steerable shaft 270 made from
shape transformation material 280. The cutting device may
include, butis not limited to, at least one cutter. As recognized
by those skilled in the art, cutters may include optical cutters,
laser-mediated cutting devices, electro-thermal cutters, a
blade, a knife and/or an edge.
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[0097] FIG. 21 illustrates an embodiment of a surgical
instrument 100 that includes a handgrip 590. The handgrip
includes a trigger 610. The handgrip further includes a signal
generator 540 that is capable of communicating signals 550.
In an embodiment, the trigger/handgrip is adapted to receive
one or more feedback signals 600 that may communicate to a
human or robotic user information regarding the functional
status of the surgical instrument. The signals may be, for
example, generated by parts within the fastenet/staple deliv-
ery mechanism 132. Those skilled in the art will appreciate
that the term trigger includes, but is not limited to devices
such as, pushbutton or lever or latch etc. Furthermore those
skilled in the art will recognize that here the term “functional
status” includes delivery status of surgical fasteners/staples
(including whether a fastener or staple has been released by
the instrument and whether the fastener/staple has been deliv-
ered into a bodily tissue in a correct or incorrect manner),
number of staples/fasteners remaining in the surgical instru-
ment, any defective surgical staples/fasteners in the surgical
instrument, jammed surgical staples/fasteners and/or general
malfunction of the surgical instrument. One skilled in the art
will recognize that the feedback signals may include, inter
alia, signals emanating as consequence of an operation of a
fastener delivery mechanism 132.

[0098] Those skilled in the art will recognize that any type
of feedback signal may be applied. Such signals may be
optical, acoustic, provide force feedback, vibrational etc. The
force feedback signal as shown in FIG. 21 is provided to the
trigger and handle but it can be provided to any other area of
the surgical instrument 100. The instrument may include such
devices as an LED light, which may be disposed on the handle
in easy view that responds to a feedback signal.

[0099] In an embodiment illustrated in FIG. 22, an exem-
plary operation flow 700 for a method of splicing body
organs/tissues comprises: grasping a body organ/tissue with
at least one grasping jaw 710; adjusting a configuration of the
grasping in response to a signal or a datum or an image 720
provided by the instrument; and releasing a surgical staple/
fastener in response to a signal, a datum or an image 730
provided by the instrument.

[0100] As illustrated in FIG. 23, an exemplary operational
flow for grasping a body organ/tissue with at least one grasp-
ing jaw 710 may further include: performing endoscopic or
laparoscopic gastro-intestinal operations 712; end-to-end
and/or side to side anastomosis operations, individual liga-
tion, endoscopic or laparoscopic operations and/or gastro-
intestinal operations 714; aligning body organs between at
least one grasping jaw in a manner compatible with one or
more above listed operations 716; and displaying images of
organ/tissue 718.

[0101] Inan embodiment, there is illustrated in FIG. 24 an
exemplary operational flow 720 for implementing a step of
adjusting a configuration of grasping in response to a signal or
a datum or an image. This step optionally includes annularly
adjusting a grasp of grasping jaws around tubular organs/
tissues based on signal or datum or image 722.

[0102] FIG. 25 shows another embodiment as provided by
the instrument for releasing a surgical staple/fastener in
response to signal, datum or image 730. This operation
optionally includes the following exemplary steps: driving a
plurality of staples/fasteners into at least one layer of body
tissue 731; securing at least one layer of a body tissue with
surgical staples/fasteners 732; deformation of one or more
fasteners that undergo a conformational change to close a
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puncture site 733; closing at least one or more wound sites
734; and releasing a suitable amount of a chemical tissue
sealant that permits wound healing 735.

[0103] As illustrated in FIG. 26, an embodiment of an
exemplary surgical instrument includes: means for grasping a
body organ/tissue 810; means for adjusting a configuration of
grasping in response to a signal or a datum or an image 820;
means for releasing a surgical staple/fastener in response to
signal, datum or image 830.

[0104] Theforegoing detailed description has set forth vari-
ous embodiments of the devices and/or processes via the use
of flowcharts, diagrams, figures and/or examples. Insofar as
such flowcharts, diagrams, figures and/or examples contain
oneor more functions and/or operations, it will be understood
by those within the art that each function and/or operation
within such flowchart, diagram, figure and/or example can be
implemented, individually and/or collectively, by a wide
range of any combination thereof.

[0105] One skilled in the art will recognize that the herein
described components (e.g., steps), devices, and objects and
the discussion accompanying them are used as examples for
the sake of conceptual clarity and that various configuration
modifications are within the skill of those in the art. Conse-
quently, as used herein, the specific exemplars set forth and
the accompanying discussion are intended to be representa-
tive of their more general classes. In general, use of any
specific exemplar herein is also intended to be representative
of its class, and the non-inclusion of such specific compo-
nents (e.g., steps), devices, and objects herein should not be
taken as indicating that limitation is desired.

[0106] The herein described subject matter sometimes
illustrates different components contained within, or con-
nected with, different other components. It is to be understood
that such depicted figures are merely exemplary, and that in
fact many other figures can be implemented which achieve
the same functionality. In a conceptual sense, any arrange-
ment of components to achieve the same functionality is
effectively “associated” or “coupled” such that the desired
functionality is achieved. Hence, any two components herein
combined to achieve a particular functionality can be seen as
“associated with” each other such that the desired function-
ality is achieved, irrespective of architectures or intermedial
components. Likewise, any two components so associated
can also be viewed as being “operably connected”, or “opet-
ably coupled”, to each other to achieve the desired function-
ality, and any two components capable of being so associated
can also be viewed as being “operably couplable”, to each
other to achieve the desired functionality. Specific examples
of operably couplable include but are not limited to, physi-
cally mateable and/or physically interacting components and/
or wirelessly interactable and/or wirelessly interacting com-
ponents and/or logically interacting and/or logically
interactable components.

[0107] In a general sense, those skilled in the art will rec-
ognize that the various aspects described herein which can be
implemented, individually and/or collectively, by a wide
range of hardware, software, firmware, or any combination
thereof can be viewed as being composed of various types of
“electrical circuitry.” Consequently, as used herein “electrical
circuitry” includes, but is not limited to, electrical circuitry
having at least one discrete electrical circuit, electrical cir-
cuitry having at least one integrated circuit, electrical cir-
cuitry having at least one application specific integrated cir-
cuit, electrical circuitry forming a general purpose computing
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device configured by a computer program (e.g., a general
purpose computer configured by a computer program which
at least partially carries out processes and/or devices
described herein, or a microprocessor configured by a com-
puter program which at least partially carries out processes
and/or devices described herein). electrical circuitry forming
a memory device (e.g., forms of random access memory),
and/or electrical circuitry forming a communications device
(e.g., amodem, communications switch, or optical-electrical
equipment). Those having skill in the art will recognize that
the subject matter described herein may be implemented in an
analog or digital fashion or some combination thereof.
[0108] Those skilled in the art will recognize that it is
common withinthe art to describe devices and/or processes in
the fashion set forth herein, and thereafter use engineering
practices to integrate such described devices and/or processes
into image processing systems. That is, at least a portion of
the devices and/or processes described herein can be inte-
grated into an image processing system via a reasonable
amount of experimentation. Those having skill in the art will
recognize that a typical image processing system generally
includes one or more of a system unit housing, a video display
device, a memory such as volatile and non-volatile memory,
processors such as microprocessors and digital signal proces-
sors, computational entities such as operating systems, driv-
ers, and applications programs, one or more interaction
devices, such as a touch pad or screen, control systems includ-
ing feedback loops and control motors (e.g., feedback for
sensing lens position and/or velocity; control motors for mov-
ing/distorting lenses to give desired focuses). A typical image
processing system may be implemented utilizing any suitable
commercially available components, such as those typically
found in digital still systems and/or digital motion systems.
[0109] One skilled in the art will recognize that the herein
described components (e.g., steps), devices, and objects and
the discussion accompanying them are used as examples for
the sake of conceptual clarity and that various configuration
modifications are within the skill of those in the art. Conse-
quently, as used herein, the specific exemplars set forth and
the accompanying discussion are intended to be representa-
tive of their more general classes. In general, use of any
specific exemplar herein is also intended to be representative
of its class, and the non-inclusion of such specific compo-
nents (e.g., steps), devices, and objects herein should not be
taken as indicating that a limitation is desired.

[0110] With respect to the use of substantially any plural
and/or singular terms herein, those having skill in the art can
translate from the plural to the singular and/or from the sin-
gular to the plural as is appropriate to the context and/or
application. The various singular/plural permutations are not
expressly set forth herein for sake of clarity.

[0111] The herein described subject matter sometimes
illustrates different components contained within, or con-
nected with, different other components. It is to be understood
that such depicted architectures are merely exemplary, and
that in fact many other architectures can be implemented
which achieve the same functionality. In a conceptual sense,
any arrangement of components to achieve the same func-
tionality is effectively “operably coupled” or “coupled” or “in
communication with” or “communicates with” or “opera-
tively communicate” such other objects that the desired func-
tionality is achieved. Hence, any two components herein
combined to achieve a particular functionality can be seen as
associated with each other such that the desired functionality
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is achieved, irrespective of architectures or intermedial com-
ponents. Likewise, any two components so associated can
also be viewed as being “connected”, or “attached”, to each
other to achieve the desired functionality, and any two com-
ponents capable of being so associated can also be viewed as
being “operably couplable”, to each other to achieve the
desired functionality.

[0112] While particular aspects of the present subject mat-
ter described herein have been shown and described, it will be
apparent to those skilled in the art that, based upon the
embodiments herein, changes and modifications may be
made without departing from the subject matter described
herein and its broader aspects and, therefore, the appended
claims are to encompass within their scope all such changes
and modifications as are within the true spirit and scope of the
subject matter described herein. Furthermore, it is to be
understood that the invention is defined by the appended
claims. It will be understood by those within the art that, in
general, terms used herein, and especially in the appended
claims (e.g., bodies of the appended claims) are generally
intended as “open” terms (e.g., the term “including” should
be interpreted as “including but not limited to,” the term
“having” should be interpreted as “having at least,” the term
“includes” should be interpreted as “includes but is not lim-
itedto,” etc.). It will be further understood by those within the
art that if a specific number of an introduced claim recitation
is intended, such an intent will be explicitly recited in the
claim, and in the absence of such recitation no such intent is
present. For example, as an aid to understanding, the follow-
ing appended claims may contain usage of the introductory
phrases “at least one” and “one or more” to introduce claim
recitations. However, the use of such phrases should not be
construed to imply that the introduction of a claim recitation
by the indefinite articles “a” or “an” limits any particular
claim containing such introduced claim recitation to inven-
tions containing only one such recitation, even when the same
claim includes the introductory phrases “one or more” or “at
least one” and indefinite articles such as “a” or “an” (e.g., “a”
and/or “an” should typically be interpreted to mean “at least
one” or “one or more™); the same holds true for the use of
definite articles used to introduce claim recitations. In addi-
tion, even if a specific number of an introduced claim recita-
tion is explicitly recited, those skilled in the art will recognize
that such recitation should typically be interpreted to mean at
least the recited number (e.g., the bare recitation of “two
recitations,” without other modifiers, typically means at least
two recitations, or two or more recitations). Furthermore, in
those instances where a convention analogous to “at least one
of A, B, and C, etc.” is used, in general such a construction is
intended in the sense one having skill in the art would under-
stand the convention (e.g., “a system having at least one of A,
B, and C” would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.).
In those instances where a convention analogous to “at least
oneof A, B, or C, etc.” is used, in general such a construction
is intended in the sense one having skill in the art would
understand the convention (e.g., “a system having at least one
of A, B, or C” would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.).
It will be further understood by those within the art that
virtually any disjunctive word and/or phrase presenting two
or more alternative terms, whether in the description, claims,
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or drawings, should be understood to contemplate the possi-
bilities of including one of the terms, either of the terms, or
both terms. For example, the phrase “A or B” will be under-
stood to include the possibilities of “A” or “B” or “A and B.

1. A surgical instrument comprising:

at least one grasping jaw, said at least one grasping jaw
being adapted to deliver surgical staples responsive to an
actuation force; and

a force generator mechanism that is contained within said

at least one grasping jaw or is in a proximity to said at
least one grasping jaw, said force generator mechanism
being coupled to said grasping jaw and responsive to an
input signal to independently produce said actuation
force.

2. The surgical instrument of claim 1, wherein said at least
one grasping jaw is configured to movably operate in an
opposing manner with respect to at least one other grasping
jaw.

3. The surgical instrument of claim 1, wherein said at least
one grasping jaw is configured to operably mate with at least
one other grasping jaw.

4. The surgical instrument of claim 1, wherein said at least
one grasping jaw is configured to serve as an anvil for forming
an interaction surface between at least one surgical staple and
bodily tissues, said forming being facilitated by reversible
mating and unmating of said anvil with an opposite grasping
jaw.
5. (canceled)

6. The surgical instrument of claim 1, wherein said force
generated from said force generator mechanism is communi-
cated to a medium resulting in the release of at least one
surgical staple.

7. The surgical instrument of claim 1, wherein said force
generated from said force generator mechanism results in
delivery of one or more linear rows of surgical staples.

8. The surgical instrument of claim 1, further comprising at
least one energy module, said energy module includes at least
one of a battery, a capacitor, a fuel cell, a mechanical energy
storage device, and/or a fluid energy storage device.

9-12. (canceled)

13. The surgical instrument of claim 8, wherein said energy
module transmits energy through a wireless device.

14. The surgical instrument of claim 1, further comprising
at least one sensor.

15-16. (canceled)

17. The surgical instrument of claim 14, wherein said at
least one sensor includes an image-acquisition device.

18. (canceled)

19. The surgical instrument of claim 14, wherein said sen-
sor includes an illumination device that is operably coupled to
at least one image-acquisition device.

20. The surgical instrument of claim 19 wherein said
image-acquisition device is wirelessly coupled to at least one
visual display.

21. (canceled)

22. The surgical instrument of claim 14, wherein said at
least one sensor includes a proximity detector.

23. The surgical instrument of claim 22, wherein said prox-
imity detector is adapted to detect proximity of a biological
tissue to said surgical instrument.

24-34. (canceled)

35. The surgical instrument of claim 14, wherein said at
least one sensor provides a force feedback signal to a force
generator mechanism.
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36-50. (canceled)

51. A surgical instrument comprising:

a flexually deformable and steerable shaft operably con-
nected to at least one grasping jaw having a force gen-
erator mechanism that is contained within said at least
one grasping jaw or is in a proximity to said at least one
grasping jaw, said flexually deformable and steerable
shaft being controllably deformable to permit a high
degree of maneuverability of said surgical instrument.

52. The surgical instrument of claim 51, wherein said
flexually deformable and steerable shaft contains at least one
shape-transforming material.

53. The surgical instrument of claim 51, wherein said
flexually deformable and steerable shaft is enclosed in abend-
able and steerable tube or a sheath.

54. The surgical instrument of claim 52, wherein said at
least one shape-transforming material contains a shape
memory alloy.

55. The surgical instrument of claim 52, wherein said at
least one shape-transforming material includes at least one of
titanium, nickel, zinc, copper, aluminum, cadmium, plati-
num, iron, manganese, cobalt, gallium and/or tungsten.

56. The surgical instrument of claim 52, wherein said at
least one shape-transforming material is preconfigured to a
particular application and to a body part geometry.

57. (canceled)

58. The surgical instrument of claim 54, wherein said shape
memory alloy includes Nitinol™.

59. The surgical instrument of claim 52, wherein said at
least one shape-transforming material includes electro-active
polymer.

60. The surgical instrument of claim 52, wherein said at
least one shape-transforming material includes at least one
mechanically reconfigurable material.

61. The surgical instrument of claim 51, wherein said
flexually deformable and steerable shaft being controllably
deformable to permit a high degree of maneuverability of said
surgical instrument includes controllable deformation of said
shaft that is mediated by at least one of a temperature profile,
a pressure profile, an electrical circuitry, a magnetic profile,
an acoustic wave profile and/or an electro-magnetic radiation
profile.

62-64. (canceled)

65. The surgical instrument of claim 51, wherein said sur-
gical instrument is a surgical stapler that is adapted to deliver
biodegradable staples, fasteners, pins or ties.

66. The surgical instrument of claim 51, wherein said sur-
gical instrument is a surgical stapler that is adapted to deliver
non-biodegradable staples, fasteners, pins or ties.

67. The surgical instrument of claim 51, further comprising
at least one grasping jaw having a proximity detector.

68. The surgical instrument of claim 67, wherein said prox-
imity detector is adapted to detect whether a biological tissue
is partly within grasping distance of said grasping jaw.

69. The surgical instrument of claim 67, wherein said prox-
imity detector is adapted to detect whether a biological tissue
is fully within grasping distance of said grasping jaw.

70. The surgicalinstrument of claim 67, wherein said prox-
imity detector is operably configured to assess whether an
entire or a portion of a bodily organ is fully or partly grasped
within said grasping jaw.

71. The surgical instrument of claim 51, further comprising
at least one grasping jaw that is fully redeployable following
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at least one grasp-and-release cycle in a grasping operation of
a biological tissue and/or bodily organ.

72. The surgicalinstrument of claim 51, further comprising
at least one grasping jaw that is independently maneuverable
from an attached shaft and/or a sheath.

73. A surgical instrument comprising:
at least one grasping jaw;

a force receiver adapted to receive manual force from a
user; and

an actuation mechanism responsive to said manual force to
produce a jaw-laden force without mechanically cou-
pling said manual force to said grasping jaw.

74. The surgical instrument of claim 73, wherein said force
receiver includes at least one sensor.

75. The surgical instrument of claim 74, wherein said at
least one sensor is operably coupled to said actuation mecha-
nism.

76. The surgical instrument of claim 74, wherein said at
least one sensor receives a signal from said actuation mecha-
nism through a wireless medium.

77. The surgical instrument of claim 74, wherein said at
least one sensor transmits a signal to said actuation mecha-
nism through a wireless medium.

78. The surgical instrument of claim 73, wherein said
manual force from a user includes a user-activated sensory
device, tactile device or andio-sensitive device that transmits
a signal to said force receiver.

79. The surgical instrument of claim 73, wherein said jaw-
laden force without mechanically coupling includes force
carried through a wireless medium, an etherereal medium or
other intangible media.

80. The surgical instrument of claim 73, wherein said
actuation mechanism converts a manual force from said force
receiver to said jaw-laden force.

81. The surgical instrument of claim 73, wherein said jaw-
laden force results in release of at least one surgical stapler
and/or surgical fastener.

82-271. (canceled)
272. A method of splicing body organs/tissues comprising:
grasping a body organ/tissue with at least one grasping jaw;

adjusting a configuration of said grasping in response to a
signal or a datum or an image; and

releasing a surgical staple/fastener in response to said sig-
nal, datum or image.

273. The method of splicing body organs/tissues of claim
272, wherein grasping a body organ/tissue includes perform-
ing end-to-end anastomosis, side-to-side anastomosis, indi-
vidual ligation, endoscopic or laparoscopic gastro-intestinal
operations which include at least one of a bronchus, a pulmo-
nary artery, a pulmonary vein, a large or small intestine, a
stomach, a blood vessel and/or skin.

274. The method of splicing body organs/tissues of claim
272, wherein said grasping a body organ/tissue includes
aligning said body organs between said at least one grasping
jaw in a manner compatible with surgical and/or anastomosis
operations.

275. The method of splicing body organs/tissues of claim
272, wherein said grasping a body organ/tissue includes dis-
playing an image of said organ/tissue.

276-278. (canceled)
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279. The method of splicing body organs/tissues of claim
272, wherein said releasing a surgical staple/fastener includes
deformation of one or more staple/fasteners that undergo a
conformational change to close a puncture site.

280. The method of splicing body organs/tissues of claim
272, wherein said releasing a surgical staple/fastener includes
closing at least one or more wound sites.

Nov. 20, 2008

281. The method of splicing body organs/tissues of claim
272, wherein said releasing a surgical staple/fastener includes
releasing a suitable amount of a chemical tissue sealant that
permits wound healing.

282. (canceled)
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