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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to, and
the benefit of, U.S. Provisional Patent Application Serial
No. 62/269,223, filed on December 18, 2015, the entire
contents of which are hereby incorporated by reference.

BACKGROUND
1. Technical Field

[0002] The present disclosure relates to surgical in-
struments and, more particularly, to surgical graspers for
grasping tissue and for determining characteristics of the
grasped tissue in preparation for performing various sur-
gical procedures.

2. Background of Related Art

[0003] Colorectal surgery sometimes requires anasto-
mosis, which involves resecting a piece of diseased bow-
el tissue and creating a new connection between pre-
sumably two healthy bowel segments. Typically, before
performing the anastomosis, the amount of tissue to be
resected is estimated using visual indicia of the bowel.
The goal is to preserve as much healthy tissue as pos-
sible while at the same time removing all of the diseased
tissue.

[0004] A risk involved in performing an anastomotic
procedure is anastomotic leaks, which can be a serious
complication that can result in an acute life-threatening
condition. The anastomotic leaks are typically caused by
afailure toresectall of the diseased tissue. Current meth-
ods used in estimating the amount of tissue to be resect-
ed during an anastomotic procedure are sometimes in-
adequate in preventing all anastomotic leaks.

[0005] Accordingly, a need exists for surgical instru-
ments that can sense, either sequentially or simultane-
ously, a multitude of parameters and factors of the bowel
tissue to aid a surgeon in performing a more successful
anastomotic surgical procedure.

SUMMARY

[0006] In one aspect of the present disclosure, a sur-
gical instrument is provided and includes a handle por-
tion, first and second jaw members, and first and second
sensors. The jaw members are operably coupled to the
handle portion and movable relative to one another in
response to an actuation of the handle portion. The first
sensor is associated with the first or second jaw member
and is configured to measure local perfusion in tissue
grasped between the first and second jaw members. The
second sensor is associated with the first or second jaw
member and configured to measure a pressure applied
to the tissue by the first and second jaw members.
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[0007] Insomeembodiments, each of the firstand sec-
ond jaw members may include a tissue contacting sur-
face. The first and second sensors may be disposed on
the tissue contacting surface of the first or second jaw
member.

[0008] In some embodiments, the surgical instrument
may include third and fourth sensors. The third sensor
may be configured to measure the local perfusion in the
tissue grasped between the first and second jaw mem-
bers, and the fourth sensor may be configured to meas-
ure the pressure applied to the tissue by the first and
second jaw members. The first and second sensors may
be disposed on the tissue contacting surface of the first
jaw member, and the third and fourth sensors may be
disposed on the tissue contacting surface of the second
jaw member.

[0009] In some embodiments, the first and third sen-
sors may overlap with one another and the second and
fourth sensors may overlap with one another when the
first and second jaw members are in an approximated
position.

[0010] In some embodiments, the tissue contacting
surface of the first and/or second jaw member may define
a plurality of teeth configured for atraumatically grasping
tissue.

[0011] Insomeembodiments, the firstand second sen-
sors may be arranged in alinear array along a longitudinal
axis defined by the first jaw member.

[0012] In some embodiments, the surgical instrument
may further include a display disposed on the handle
portion and in communication with the first and second
sensors. The display may be configured to display the
measured local perfusion and the measured pressure
applied tothetissue by the firstand second jaw members.
The display may include three discreet display sections
disposedinalinear array along a longitudinal axis defined
by the handle portion. The display may have an elongated
configuration and extend along a longitudinal axis de-
fined by the handle portion. The display may be config-
ured to display an index representative of the ratio of a
surface perfusion pressure measured using the first and
second sensors and a systemic blood pressure.

[0013] In some embodiments, the first sensor may be
a Doppler flow sensor configured to measure the local
perfusion in the tissue using Laser-Doppler flowmetry,
light scattering, and/or light absorption.

[0014] In some embodiments, the surgical instrument
may further include a third sensor associated with the
first or second jaw member. The third sensor is config-
ured to measure a thickness of the tissue grasped be-
tween the first and second jaw members. The first jaw
member may include a tissue contacting surface having
each ofthefirst, second, and third sensors disposed ther-
eon. The third sensor may be a slide potentiometer, a
rotational potentiometer, or a linear variable differential
transformer.

[0015] In some embodiments, the surgical instrument
may be pre-programmed to clamp tissue at a predeter-
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mined clamping pressure known to cease perfusion
through the tissue.

[0016] In another aspect of the present disclosure, a
method of performing a surgical procedure is provided.
The method includes positioning tissue between firstand
second jaw members of a surgical instrument, determin-
ing local perfusion of the tissue using a first sensor as-
sociated with the first or second jaw member, determining
a pressure applied to the tissue by the first and second
jaw members using a second sensor associated with the
first or second jaw member, determining a surface per-
fusion pressure of the tissue using the determined local
perfusion and the determined pressure applied to the tis-
sue, and determining, using the measured surface per-
fusion pressure of the tissue, whether the tissue is viable.
[0017] Some methods may further include displaying
the determined local perfusion and the determined pres-
sure applied to the tissue on a display of the surgical
instrument.

[0018] Some methods may further include displaying
on the display an index representative of the ratio of the
surface perfusion pressure and a systemic blood pres-
sure.

[0019] Some methods may further include clamping
the tissue between the first and second jaw members at
a predetermined clamping pressure known to cease per-
fusionthrough the tissue, reducing the clamping pressure
at a predetermined rate, and sending the determined
pressure to the display at the moment when perfusion
through the tissue restarts.

[0020] Some methods may further include determining
a thickness of the tissue using a third sensor associated
with one of the first or second jaw members, and deter-
mining, using the measured thickness of the tissue, a
size of staples to be used in stapling the tissue.

[0021] These and other objects will be more clearly
illustrated below by the description of the drawings and
the detailed description of the preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings, which are incor-
porated in and constitute a part of this specification, il-
lustrate embodiments of the present disclosure and, to-
gether with the detailed description of the embodiments
given below, serve to explain the principles of the disclo-
sure.

FIG. 1A is a front, perspective view of a surgical in-
strument including sensors and a display, in accord-
ance with the present disclosure;

FIG. 1B is a rear, perspective view of the surgical
instrument of FIG. 1A;

FIG. 2 is an enlarged view of a handle portion of the
surgical instrument of FIG. 1A illustrating the display
of the surgical instrument;

FIG. 3 is an enlarged view of the display of FIG. 2;

FIG. 4 is an enlarged view of a jaw assembly of the
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surgical instrument of FIG. 1A illustrating sensors
incorporated therein; and

FIG. 5 is a top view of the surgical instrument of FIG.
1A illustrating the jaw assembly grasping tissue.

DETAILED DESCRIPTION

[0023] Embodiments of the presently disclosed surgi-
cal instruments and systems will now be described in
detail with reference to the drawing figures wherein like
reference numerals identify similar or identical elements.
As used herein and as is traditional, the term "distal" will
refer to that portion which is further from the user while
the term "proximal" will refer to that portion which is closer
to the user.

[0024] With reference to FIGS. 1A and 1B, a surgical
instrument, such as, for example, a tissue grasper 10 is
provided. The tissue grasper 10 is configured to grasp
tissue and sense a multiplicity of biological parameters
of the grasped tissue to assist a surgeon in performing
a surgical procedure, for example, an anastomotic sur-
gical procedure, as will be described in detail herein. The
tissue grasper 10 generally includes a handle portion 12,
an elongated shaft 30, and a jaw assembly 40.

[0025] The handle portion 12 of the tissue grasper 10
includes a stationary handle 14 and a pivoting or movable
handle 16 pivotably coupled to the stationary handle 14.
Manipulation of the pivoting handle 16 relative to the sta-
tionary handle 14 effects a closing of the jaw assembly
40 to grasp tissue. The handle portion 12 of the tissue
grasper 10includes alongitudinal body portion 18 formed
with the stationary handle 14. The body portion 18 has
adisplay 20, forexample, an LED display or liquid-crystal
display ("LCD") for displaying various tissue parameters
measured by various sensors 42a-c, 44a-c of the tissue
grasper 10.

[0026] With reference to FIGS. 2 and 3, the body por-
tion 18 of the handle portion 12 defines a longitudinal
axis "X" that is coaxial with a longitudinal axis defined by
the elongated shaft 30. The body portion 18 has a planar
upper surface 22 on which the display 20 is situated. It
is contemplated that the display 20 may be disposed at
any suitable location of the body portion 18 or on any
other component of the tissue grasper 10.

[0027] The display 20 may have multiple display sec-
tions, for example, three display sections 20a, 20b, 20c,
arranged in a linear array along the longitudinal axis "X."
It is contemplated that the display 20 may include more
or less than three discrete display sections. Afirst display
section 20a of the display 20 is configured to display a
visual indication of a measured tissue perfusion of tissue
grasped by the tissue grasper 10. A second display sec-
tion 20b of the display 20 is configured to display a visual
indication of a measured amount of pressure being ap-
plied to tissue grasped by the tissue grasper 10. A third
display section 20c of the display 20 is configured to dis-
play a measured thickness of the tissue grasped by the
tissue grasper 10.
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[0028] The visual indication displayed by each of the
display sections 20a, 20b, 20c incudes a range of colors
increasing in brightness from a proximal portion to a distal
portion thereof. For example, when viewing each of the
first and second display sections 20a, 20b in a proximal
to distal direction, the first and second display sections
20a, 20b may each be green, yellow, orange, and then
red, with each color portion gradually blending into the
adjacent color portion. Other colors and color arrange-
ments for the first and second display sections 20a, 20b
are contemplated. The tissue grasper 10 may be config-
ured such that when the green of the first display section
20a is lit, this may indicate a relatively high tissue per-
fusion being measured by the tissue grasper 10, whereas
when the red of the first display section 20a is lit, this may
indicate a relatively low tissue perfusion being measured
by the tissue grasper 10. The information related to the
tissue perfusion may be useful when making a determi-
nation on the viability of the tissue being grasped, as will
be described in more detail below.

[0029] With reference to the second display section
20b of the display 20, when the green of the second dis-
play section 20b is lit, this may be indicative of a relatively
low grasping or clamping pressure being applied to tissue
by the tissue grasper 10, whereas when the red of the
second display section 20b is lit, this may be indicative
of a relatively high grasping or clamping pressure being
applied to tissue by the tissue grasper 10. The clamping
pressure measured by the tissue grasper 10 and dis-
played by the second display section 20b of the tissue
grasper 10is used in conjunction with the tissue perfusion
displayed by the first display section 20a of the tissue
grasper 10 to determine the perfusion pressure of the
grasped tissue.

[0030] The perfusion pressure is measured by apply-
ing a sufficient amount of clamping pressure on the sub-
ject tissue until there is no perfusion (i.e., no blood flow)
through the tissue, and then slowly reducing the clamping
pressure until perfusion through the grasped tissue re-
starts. The pressure at which the perfusion restarts is the
tissue perfusion pressure. For a detailed description of
a method of measuring surface perfusion pressure, ref-
erence may be made to U.S. Patent No. 7,618,376, the
entire contents of which are incorporated by reference
herein.

[0031] The information related to the amount of pres-
sure being applied to tissue by the tissue grasper 10 may
also be useful in preventing over-compression of tissue
to prevent damage to healthy tissue.

[0032] In viewing the third display section 20c from a
proximal to distal direction, the third display section 20c
may be grey, brown, violet, and black. In some embodi-
ments, third display section 20c may be grey, white, blue,
purple, tan, green, and black. Other colors and color ar-
rangements for the third display section 20c are contem-
plated. When the grey (proximal portion) of the third dis-
play section 20c s lit, this may be an indication that tissue
grasped by the tissue grasper 10 has a relatively small
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thickness (i.e., the tissue is too thin to withstand being
stapled), whereas when the black (distal portion) of the
third display section 20c is lit, this may be an indication
that tissue grasped by the tissue grasper 10 has a rela-
tively large thickness (i.e., the tissue is too thick to be
stapled). The information related to tissue thickness may
be useful for making a determination on the size of the
staples to be used when performing a surgical anasto-
mosis on the grasped tissue.

[0033] Insomeembodiments, instead of display 20 uti-
lizing ranges of colors or brightness to illustrate the meas-
ured tissue parameters (e.g., tissue perfusion, tissue
compression, and tissue thickness), the display 20 may
display ranges of numbers or various numeral outputs.
In particular, the first, second, and third display sections
20a, 20b, 20c may display the number ranges 0 to 3, 0
to 5, 0 to 10, 0 to 100, or any other suitable range, to
illustrate information about the tissue being grasped by
the tissue grasper 10. For example, when the first display
section 20a displays the number 0, this may be an indi-
cation that the grasped tissue has very little or no per-
fusion (i.e., no blood flow), whereas when the first display
section 20a displays the number 100, this may be an
indication that the grasped tissue has a high perfusion
(i.e., ideal blood flow).

[0034] Insome embodiments, the display 20 may illus-
trate information about grasped tissue utilizing any suit-
able indicia, for example, words such as poor, satisfac-
tory, or good.

[0035] In some embodiments, tissue grasper 10 may
not include display 20, and instead, tissue grasper 10
may be configured to be connected to or be in commu-
nication with another type of display, for example, a tab-
let, a cell phone, a computer monitor, a laptop, or any
suitable display device. Tissue grasper 10 may be con-
nected to any of the aforementioned display devices via
USB wires, Wi-Fi, or the like.

[0036] WithreferencetoFIGS. 1A, 1B, and 4, the elon-
gated shaft 30 of tissue grasper 10 extends distally from
the handle portion 12 and houses an actuation rod (not
explicitly shown). The elongated shaft 30 may be rotat-
able with respect to the handle portion 12 to rotate the
jaw assembly 40 aboutthe longitudinal axis "X." The elon-
gated shaft 30 has two prongs 32, 34 formed at its distal
end 30b. A pivot pin 36 extends transversely through the
prongs 32, 34 and the jaw assembly 40 to provide a point
about which the jaw members 42, 44 of the jaw assembly
40 pivot. The actuation rod has a proximal end (not
shown) operably coupled to the movable trigger 16
(FIGS. 1A, 1B), and a distal end (not shown) extending
between the prongs 32, 34 and which isoperably coupled
to the jaw assembly 40.

[0037] With reference to FIGS. 4 and 5, the jaw as-
sembly 40 includes first and second juxtaposed jaw
members 42, 44, respectively, which are simultaneously
movable between a substantially approximated position,
in which the jaw members 42, 44 are in relatively close
relation to one another, and a spaced position, in which
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the jaw members 42, 44 are separated at least a sufficient
distance to receive tissue therebetween, for example,
tissue "T." The jaw assembly 40 includes a first proximal
portion or a first flange 46 extending proximally from the
first jaw member 42, and a second proximal portion or a
second flange 48 extending proximally from the second
jaw member 44. The flanges 46, 48 each include an elon-
gated angled cam slot 50, 52 defined therethrough con-
figured to engage the distal end of the actuation rod (not
explicitly shown) that drives the opening and closing of
the jaw members 42, 44 as the actuation rod moves
through the cam slots 50, 52. As such, manipulation of
the pivoting handle 16 (FIGS. 1A, 1B) relative to the sta-
tionary handle 14 actuates the actuation rod to effect an
opening or a closing of the jaw assembly 40 about tissue
w

[0038] With continued reference to FIGS. 4 and 5, the
jaw members 42, 44 each have a tissue contacting sur-
face 54, 56 such that when the jaw assembly 40 is in the
closed configuration, tissue "T" is grasped between the
tissue contacting surfaces 54, 56. The jaw members 42,
44 each have a first sensor 42a, 44a, a second sensor
42b, 44b, and a third sensor 42c¢, 44c, disposed on re-
spective tissue contacting surfaces 54, 56. The sensors
42a-c, 44a-c are arranged on respective tissue contact-
ing surfaces 54, 56 in a linear array along a longitudinal
axis defined by respective jaw members 42, 44. In some
embodiments, the sensors 42a-c, 44a-c may be arranged
on respective tissue contacting surfaces 54, 56 in any
suitable manner.

[0039] The first sensors 42a, 44a of the jaw assembly
40 are perfusion sensors, for example, Doppler flow sen-
sors, configured to measure local perfusion (i.e., blood
flow) through tissue grasped between the jaw members
42,44, Thefirstsensors 42a, 44a may measure perfusion
of the grasped tissue on the basis of known technigues,
such as Laser-Doppler Flowmetry ("LDF"), measuring
light scattering, and/or measuring absorption of light from
one or more LED’s or other light sources. For a detailed
description of LDF technology, reference may be made
to U.S. Patent Nos. 4,109,647 and 4,862,894, the entire
contents of each of which are incorporated by reference
herein.

[0040] In some embodiments, only one of the tissue
contacting surfaces 54, 56 of the jaw assembly 40 has a
perfusion sensor. The first sensors 42a, 44a are in com-
munication, via lead wires or wireless connection, with
the first display section 20a of the display 20 such that
upon the first sensors 42a, 44a measuring the perfusion
in grasped tissue, the first sensors 42a, 44a transmit the
measurement data to the first display section 20a, which
displays the measurement in any of the manners de-
scribed above with reference to FIGS. 2 and 3 (e.g., a
range of colors, brightness levels, numbers, words.)
[0041] In some embodiments, the first sensors 42a,
44a may also be in communication, via lead wires or wire-
less connection, with a computing device or processor
(not shown) such as alaser Doppler monitor, which proc-
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esses the information collected by the first sensors 42a,
44a to calculate the tissue perfusion. The computing de-
vice may also be in communication, via lead wires or
wireless connection, with the first display section 20a to
send the processed information related to the tissue per-
fusion to the first display section 20a so that the first dis-
play section 20a can display the tissue perfusion in any
of the manners described above with reference to FIGS.
2 and 3 (e.g., colors, brightness levels, numbers, words.)
[0042] With continued reference to FIGS. 4 and 5, the
second sensors 42b, 44b of the jaw assembly 40 are
pressure sensors or pressure measuring devices, for ex-
ample, MEMS devices. For a detailed description of var-
ious MEMS devices, reference may be made to U.S. Pat-
ent No. 8,808,311, the entire contents of which are in-
corporated by reference herein. The second sensors
42b, 44b are configured to measure the amount of pres-
sure applied by the tissue grasper 10 to the grasped tis-
sue (i.e., the clamping pressure). In some embodiments,
only one of the tissue contacting surfaces 54, 56 has a
pressure sensor. The second sensors 42b, 44b are in
electrical communication, via lead wires of wireless con-
nection, with the second display section 20b of the display
20 such that upon the second sensors 42b, 44b meas-
uring the clamping pressure applied to the grasped tis-
sue, the second sensors 42b, 44b transmit the measure-
ment data to the second display section 20b, which dis-
plays the measurement in any of the manners described
abovewithreferenceto FIGS. 2and 3 (e.g., colors, bright-
ness levels, numbers, words.) Additionally or alternately,
the second sensors 42b, 44b may send the measured
clamping pressure to the computing device for process-
ing, which then sends the information to the display 20.
[0043] The third sensors 42c, 44c¢ of the jaw assembly
40 are gap determination elements, for example, slide
potentiometers, rotational potentiometers, devices used
to measure impedance between the contacting surfaces
54, 56, or Linear Variable Differential Transformers
("LVDT"), configured to measure the thickness of the
grasped tissue by measuring the gap distance between
the jaw members 42, 44. For a detailed description of
various sensors capable of measuring tissue thickness,
reference may be made to U.S. Patent No. 8,002,795,
the entire contents of which are incorporated by refer-
ence herein. In some embodiments, only one of the tissue
contacting surfaces 54, 56 has a gap determination ele-
ment. The third sensors 42c, 44c are in electrical com-
munication, via wire leads or wireless connection, with
the third display section 20c¢ of the display 20 such that
upon the third sensors 42c, 44c measuring the tissue
thickness of the grasped tissue, the third sensors 42c,
44c transmit the measurement data to the third display
section 20c, which displays the measurement in any of
the manners described above with reference to FIGS. 2
and 3 (e.g., colors, brightness levels, numbers, words.)
Additionally or alternately, the third sensors 42¢, 44c may
be in communication, via lead wires or wireless connec-
tion, to the computing device, which receives the tissue
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thickness measurements from the third sensors 42c, 44c,
and processes the measurement data and then sends
the information to the display 20.

[0044] In some embodiments, the display 20 may in-
clude a fourth display section (not shown) configured to
display an index representative of the ratio of the surface
perfusion pressure measured by first sensors 42a, 44a
and second sensors 42b, 44b of the tissue grasper 10,
and a systemic blood pressure measured by a blood
pressure cuff (not shown), as will be described in detail
below.

[0045] Inoperation, the tissue grasper 10 may be used
prior to, during, or after a surgical procedure, for example,
an anastomotic surgical procedure, to gather various da-
ta about the subject tissue. In an anastomotic surgical
procedure, unhealthy or diseased bowel tissue is resect-
ed and the ends of the remaining healthy segments of
bowel are stapled together to recreate a continuous bow-
el. Prior to stapling the ends of the separate bowel seg-
ments to one another, the viability of the ends of the sep-
arate bowel segments should be assessed in order to
predict the likelihood of post-surgery anastomotic leaks
or other adverse outcomes. To aid in making this viability
assessment, a surgeon may make use of the tissue
grasper 10 of the present disclosure.

[0046] In use of the tissue grasper 10, each of the two
ends of the presumably healthy bowel segments are
grasped, either separately or together, between the tis-
sue contacting surfaces 54, 56 of the jaw assembly 40.
While monitoring the perfusion reading (i.e., blood flow)
displayed on the first display section 20a of the tissue
grasper 10, the pivoting handle 16 is manipulated to grad-
ually increase the clamping pressure until the perfusion
reading indicates that no blood flow or virtually no blood
flow is moving through the grasped tissue. While contin-
uously monitoring both the first and second display sec-
tions 20a, 20b, the movable handle 16 of the tissue grasp-
er 10 is manipulated to gradually reduce the amount of
clamping pressure being applied to the tissue. The
clamping pressure is reduced until first display section
20a displays a perfusion reading indicating that blood
flow has returned to the grasped tissue. At the moment
that the perfusion reading indicates that the blood flow
is returned, the clamping pressure reading displayed by
the second display section 20b is noted, which is the local
perfusion pressure of the grasped tissue. The measured
local perfusion pressure may be used to assess the via-
bility of the grasped tissue. Additionally or alternately, the
measured local perfusion pressure may be used in com-
bination with other measurements, for example, a sys-
temic blood pressure reading, to aid in making the deter-
mination of the viability of the tissue.

[0047] The systemic blood pressure may be taken us-
ing any suitable device, for example, a blood pressure
cuff, applied to any suitable body portion of the patient,
for example, the arm of the patient. An index may be
calculated by taking aratio of the local perfusion pressure
measured by the tissue grasper 10 and the systemic
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blood pressure taken using the blood pressure cuff. The
index may be calculated by the computing device and
displayed as a number on the display 20 of the tissue
grasper 10. The calculated index is predictive of whether
an anastomotic leak may occur and/or the grade of an
anastomotic leak. As such, a surgeon can use the index
to make a determination on whether the two ends of the
presumed healthy bowel segments are healthy enough
to be stapled together and whether more tissue needs
to be resected. For a detailed description of a method of
calculating a perfusion index, reference may be made to
U.S. Patent No. 7,618,376, the entire contents of which
were incorporated by reference above.

[0048] In some embodiments, the tissue grasper 10
may be pre-programmed to clamp tissue at a predeter-
mined clamping pressure that is known to result in per-
fusion through the grasped tissue to stop. The tissue
grasper 10 may also be pre-programmed to reduce the
clamping pressure at a predetermined rate and automat-
ically send the pressure reading to the computing device
at the moment when perfusion through the grasped tis-
sue restarts. The perfusion pressure reading may also
be displayed on the display 20. This automated process
eliminates human error in operating the tissue grasper
10 by controlling the amount of clamping pressure being
applied to the tissue instead of the surgeon.

[0049] The tissue grasper 10 may also be used to de-
termine the size of the staples to be used in stapling the
bowel segments together. The staple size may be deter-
mined by viewing the third display section 20c of the tis-
sue grasper 10, which indicates the thickness of the
grasped tissue. The leg height of the staples selected for
the stapling procedure will correspond to the thickness
of the tissue. It is contemplated that the tissue thickness
measured by the third sensors 42c, 44c may be sent to
the computing device, which has stored therein a look-
up table that contains a staple size corresponding to each
tissue thickness measurement.

[0050] In addition to the tissue grasper 10 being used
to ensure that the tissue is in condition for stapling or
acceptable for stapling, the tissue grasper 10 may also
be used as a check after the staples have been fired to
ensure that the tissue is healthy (e.g., has good blood
flow, is healing properly, etc).

[0051] The tissue grasper 10 may also be configured
to be incorporated into a robotic surgical system (not
shown). The robotic surgical system is powered locally
or remotely, and has electronic control systems localized
in a console or distributed within or throughout the robotic
surgical system. The robotic surgical system permits a
surgeon to remotely manipulate the tissue grasper to
more precisely control the movement of the tissue grasp-
er 10. The tissue grasper 10 may be configured to send
the measurements gathered by the sensors 42a-c, 44a-
¢ to an interface of the robotic surgical system on which
the measurements may be displayed for the surgeon to
read.

[0052] Although the illustrative embodiments of the
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present disclosure have been described herein, it is un-
derstood that the disclosure is not limited to those precise
embodiments, and that various other changes and mod-
ifications may be affected therein by one skilled in the art
without departing from the scope or spirit of the disclo-
sure. All such changes and modifications are intended
to be included within the scope of the disclosure.
[0053] The invention may be described by reference
to the following nhumbered paragraphs:-

1. A surgical instrument, comprising:

a handle portion;

firstand second jaw members operably coupled
to the handle portion and movable relative to
one another in response to an actuation of the
handle portion;

a first sensor associated with one of the first or
second jaw members and configured to meas-
ure local perfusion in tissue grasped between
the first and second jaw members; and

a second sensor associated with one of the first
or second jaw members and configured to
measure a pressure applied to the tissue by the
first and second jaw members.

2. The surgical instrument according to paragraph
1, wherein each of the first and second jaw members
includes a tissue contacting surface, the first and
second sensors being disposed on the tissue con-
tacting surface of one of the first or second jaw mem-
bers.

3. The surgical instrument according to paragraph
2, further comprising:

a third sensor configured to measure the local
perfusion in the tissue grasped between the first
and second jaw members; and

a fourth sensor configured to measure the pres-
sure applied to the tissue by the first and second
jaw members, wherein the first and second sen-
sors are disposed on the tissue contacting sur-
face of the first jaw member, and the third and
fourth sensors are disposed on the tissue con-
tacting surface of the second jaw member.

4. The surgical instrument according to paragraph
3, wherein the first and third sensors overlap with
one another and the second and fourth sensors over-
lap with one another when the first and second jaw
members are in an approximated position.

5. The surgical instrument according to paragraph
2, wherein the tissue contacting surface of at least
one of the first or second jaw members defines a
plurality of teeth configured for atraumatically grasp-
ing tissue.
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6. The surgical instrument according to paragraph
1, wherein the firstand second sensors are arranged
in a linear array along a longitudinal axis defined by
the first jaw member.

7. The surgical instrument according to paragraph
1, further comprising a display disposed on the han-
dle portion and in communication with the first and
second sensors, wherein the display is configured
to display the measured local perfusion and the
measured pressure applied to the tissue by the first
and second jaw members.

8. The surgical instrument according to paragraph
7,wherein the display includes three discreetdisplay
sections disposed in a linear array along a longitu-
dinal axis defined by the handle portion.

9. The surgical instrument according to paragraph
7, wherein the display has an elongated configura-
tion and extends along a longitudinal axis defined by
the handle portion.

10. The surgical instrument according to paragraph
7, wherein the display is configured to display an
index representative of the ratio of a surface per-
fusion pressure measured using the first and second
sensors and a systemic blood pressure.

11. The surgical instrument according to paragraph
1, wherein the first sensor is a Doppler flow sensor
configured to measure the local perfusion in the tis-
sue using at least one of Laser-Doppler flowmetry,
light scattering, or light absorption.

12. The surgical instrument according to paragraph
1, further comprising a third sensor associated with
one of the first or second jaw members and config-
ured to measure a thickness of the tissue grasped
between the first and second jaw members.

13. The surgical instrument according to paragraph
12, wherein the first jaw member includes a tissue
contacting surface, each of the first, second, and
third sensors disposed on the tissue contacting sur-
face.

14. The surgical instrument according to paragraph
12, wherein the third sensor is selected from the
group consisting of a slide potentiometer, arotational
potentiometer, and a linear variable differential
transformer.

15. The surgical instrument according to paragraph
1, wherein the surgical instrument is pre-pro-
grammed to clamp tissue at a predetermined clamp-
ing pressure known to cease perfusion through the
tissue.
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16. A method of performing a surgical procedure,
comprising:

positioning tissue between first and second jaw
members of a surgical instrument, the first or
second jaw members having a first sensor and
a second sensor;

determining local perfusion of the tissue using
the first sensor;

determining a pressure applied to the tissue by
the first and second jaw members using the sec-
ond sensor;

determining a surface perfusion pressure of the
tissue using the determined local perfusion and
the determined pressure applied to the tissue;
and

determining, using the measured surface per-
fusion pressure of the tissue, whether the tissue
is viable.

17. The method according to paragraph 16, further
comprising displaying the determined local perfusion
and the determined pressure applied to the tissue
on a display of the surgical instrument.

18. The method according to paragraph 17, further
comprising displaying on the display an index rep-
resentative of the ratio of the surface perfusion pres-
sure and a systemic blood pressure.

19. The method according to paragraph 17, further
comprising:

clamping the tissue between thefirstand second
jawmembers atapredetermined clamping pres-
sure known to cease perfusion through the tis-
sue;

reducing the clamping pressure at a predeter-
mined rate; and

sending the determined pressure to the display
at the moment when perfusion through the tis-
sue restarts.

20. The method according to paragraph 16, further
comprising:

determining a thickness of the tissue using a
third sensor associated with one of the first or
second jaw members; and

determining, using the measured thickness of
the tissue, a size of staples to be used in stapling
the tissue.

Claims

1.

A surgical instrument, comprising:
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a handle portion;

first and second jaw members operably coupled
to the handle portion and movable relative to
one another in response to an actuation of the
handle portion;

a first sensor associated with one of the first or
second jaw members and configured to meas-
ure local perfusion in tissue grasped between
the first and second jaw members; and

a second sensor associated with one of the first
or second jaw members and configured to
measure a pressure applied to the tissue by the
first and second jaw members.

The surgical instrument according to claim 1, where-
in each of the firstand second jaw members includes
atissue contacting surface, the first and second sen-
sors being disposed on the tissue contacting surface
of one of the first or second jaw members.

The surgical instrument according to claim 2, further
comprising:

a third sensor configured to measure the local
perfusion in the tissue grasped between the first
and second jaw members; and

a fourth sensor configured to measure the pres-
sure applied to the tissue by the first and second
jaw members, wherein the first and second sen-
sors are disposed on the tissue contacting sur-
face of the first jaw member, and the third and
fourth sensors are disposed on the tissue con-
tacting surface of the second jaw member.

The surgical instrument according to claim 3, where-
inthefirstand third sensors overlap with one another
and the second and fourth sensors overlap with one
another when the first and second jaw members are
in an approximated position.

The surgical instrument according to claim 2, where-
in the tissue contacting surface of at least one of the
first or second jaw members defines a plurality of
teeth configured for atraumatically grasping tissue.

The surgical instrument according to claim 1, where-
in the first and second sensors are arranged in a
linear array along a longitudinal axis defined by the
first jaw member.

The surgical instrument according to claim 1, further
comprising a display disposed on the handle portion
and in communication with the first and second sen-
sors, wherein the display is configured to display the
measured local perfusion and the measured pres-
sure applied to the tissue by the first and second jaw
members.
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The surgical instrument according to claim 7, where-
inthedisplay includes three discreet display sections
disposed in a linear array along a longitudinal axis
defined by the handle portion.

The surgical instrument according to claim 7, where-
in the display has an elongated configuration and
extends along a longitudinal axis defined by the han-
dle portion.

The surgical instrument according to claim 7, where-
in the display is configured to display an index rep-
resentative of the ratio of a surface perfusion pres-
sure measured using the first and second sensors
and a systemic blood pressure.

The surgical instrument according to claim 1, where-
inthe first sensor is a Doppler flow sensor configured
to measure the local perfusion in the tissue using at
least one of Laser-Doppler flowmetry, light scatter-
ing, or light absorption.

The surgical instrument according to claim 1, further
comprising a third sensor associated with one of the
firstor second jaw members and configured to meas-
ure a thickness of the tissue grasped between the
first and second jaw members.

The surgical instrument according to claim 12,
wherein the first jaw member includes a tissue con-
tacting surface, each of the first, second, and third
sensors disposed on the tissue contacting surface.

The surgical instrument according to claim 12,
wherein the third sensor is selected from the group
consisting of a slide potentiometer, a rotational po-
tentiometer, and a linear variable differential trans-
former.

The surgical instrument according to claim 1, where-
in the surgical instrument is pre-programmed to
clamp tissue at a predetermined clamping pressure
known to cease perfusion through the tissue.
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FIG. 1A
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FIG. 1B
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