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MAPPING VESSELS FOR RESECTING BODY
TISSUE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application claims the benefit of and
priority to U.S. Provisional Application Ser. No. 62/131,956,
filed on Mar. 12, 2015, the entire contents of which are incor-
porated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to surgical devices,
systems, and methods for performing surgical resection pro-
cedures, and, more particularly, to surgical devices, systems,
and methods for mapping vessels during segmental resection
procedures.

BACKGROUND

[0003] In general, resection is a surgical procedure that
involves removing body tissue to combat certain unhealthy
body conditions such as suppurative lesions and nonmalig-
nant masses. Some experts also recommend it for removal of
cancerous tissue. Segmental resection or segmentectomy is a
surgical procedure to remove a portion of body tissue such as
an organ or gland. For example, lung segmentectomy is a
procedure that involves removing lung disease, fungal infec-
tions, and/or congenital lung malformations without remov-
ing excess normal lung. Although extensive lung resections
such as lobectomy and pneumonectomy may provide optimal
results, many thoracic patients have chronic obstructive pul-
monary disease (COPD) or emphysema and cannot tolerate
such extensive lung resections due to their minimal lung
reserve. During lung resection procedures, clinicians are
faced with the challenge of identifying an appropriate line
segment for cutting to establish the most suitable resection
margin and are often required to speculate as to the location of
the most effective cutting line segment. In this regard, the
clinician’s conjecture undesirably risks removal of excess
normal tissue.

SUMMARY

[0004] Accordingly, new devices, systems, and methods
for more effectively resecting tissue would be useful. In par-
ticular, devices, systems, and methods that enable a clinician
to identify precise cut lines through vessel mapping would
facilitate quick and accurate transections, thereby maximiz-
ing lung reserve while effectively removing unhealthy tissue.
[0005] In one aspect, the present disclosure relates to a
forceps including a handle, a shaft having proximal and distal
ends, and an end effector assembly including a first jaw mem-
ber and a second jaw member. The proximal end of the shaft
is coupled to the handle and the distal end of the shaft is
coupled to the end effector assembly.

[0006] One or both of the first and second jaw members is
movable relative to the other jaw member between a spaced-
apart position and an approximated position for grasping
tissue therebetween. In embodiments, the first and second jaw
members each include an electrically-conductive tissue-con-
tacting surface configured to connect to a source of energy to
treat tissue grasped between the first and second jaw mem-
bers.

[0007] One or both of the first and second jaw members
may include one or more needles extending therefrom. The
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one or more needles are in fluid communication with a fluid
conduit extending along one or both of the first and second
jaw members. The fluid conduit may be defined within one or
both of the first and second jaw members. In some embodi-
ments, the fluid conduit extends along an outer surface of one
or both of the first and second jaw members. The fluid conduit
is configured to couple to a source of contrast agent to enable
selective delivery of the contrast agent through the one or
more needles. The one or more needles may include a micron-
eedle. In some embodiments, the contrast agent is stored
within the handle. The contrast agent may include ultrasound
markers, computed tomography markers, magnetic reso-
nance imaging makers, fluorescent markers, or combinations
thereof.

[0008] According to yet another aspect, the present disclo-
sure is directed to a method of resecting tissue. The method
involves locating a vessel, clamping the vessel to create a
boundary for the delivery of a contrast agent to predetermined
portions of tissue, injecting the contrast agent into the vessel,
creating images of the tissue based upon the location of the
contrast agent within the tissue, identifying a cut line based on
the images created with the contrast agent, and cutting the
tissue along the cut line to resect predetermined portions of
the tissue.

[0009] Injecting the contrast agent into the vessel may
include delivering the contrast agent through one or more
needles of an end effector assembly used to clamp the vessel.
[0010] The vessel may be in fluid communication with an
organ, a gland, or combinations thereof. For example, the
vessel may be in fluid communication with lung tissue and/or
with liver tissue. The vessel may include a bile duct.

[0011] Other aspects, features, and advantages will be
apparent from the description, the drawings, and the claims
that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
embodiments of the disclosure and, together with a general
description of the disclosure given above, and the detailed
description of the embodiment(s) given below, serve to
explain the principles of the disclosure, wherein:

[0013] FIG. 1 is a perspective view of a surgical system
according to the principles of the present disclosure with an
end effector assembly of a forceps thereof shown in a spaced-
apart position;

[0014] FIGS.2A and 2B are enlarged, partial side views of
the end effector assembly of the surgical system of FIG. 1 in
various approximated positions;

[0015] FIG. 3 is a front, elevational view of lung tissue;
[0016] FIG. 4isa front, elevational view illustrating the end
effector assembly of FIG. 2 being used to identify a cut line
for resecting the lung tissue;

[0017] FIG. 5 is a front, elevational view of another
embodiment of a surgical system according to the principles
of the present disclosure, the surgical system being used
identify a cut line for resecting the lung tissue;

[0018] FIGS. 6 and 7 are progressive views of another
embodiment of an end effector assembly in accordance with
the present disclosure; and

[0019] FIG. 8is a schematic illustration of a medical work
station and operating console in accordance with the present
disclosure.
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DETAILED DESCRIPTION

[0020] Particular embodiments of the present disclosure
are described hereinbelow with reference to the accompany-
ing drawings in which like reference numerals designate
identical or corresponding elements in each of the several
views. As used herein the term “distal” refers to that portion of
the system, device and/or component(s) thereof, that are far-
ther from the user, while the term “proximal” refers to that
portion of the system, device and/or component(s) thereof,
that are closer to the user. In the following description, well-
known functions or constructions are not described in detail
to avoid obscuring the present disclosure in unnecessary
detail.

[0021] Surgical systems in accordance with the present
disclosure can include endoscopic and/or open surgical
instruments such as forceps devices, stapling devices, ultra-
sonic dissection devices, and/or any other suitable surgical
devices. Obviously, different electrical and mechanical con-
nections and considerations apply to each particular type of
device; however, the aspects and features of the present dis-
closure remain generally consistent regardless of the particu-
lar device used. For a detailed discussion of the construction
and operation of example surgical devices, reference may be
made to U.S. Patent Application Publication No. 2013/
0267947, U.S. Patent Application Publication No. 2013/
0255063, U.S. Pat. No. 7,963,431, and/or U.S. Pat. No. 8,444,
664, the entirety of each of which is incorporated herein by
reference.

[0022] In the interest of brevity, surgical systems of the
present disclosure will only be described herein in connection
with an endoscopic forceps.

[0023] Turning now to FIG. 1, one embodiment of a surgi-
cal system 1 includes an electrosurgical energy source 2 (e.g.,
a generator or other suitable power source), a contrast agent
source 4 configured to dispense contrast agent (e.g., ultra-
sound markers, computed tomography markers, magnetic
resonance imaging makers, fluorescent markers, or combina-
tions thereof), and an endoscopic forceps 10 in communica-
tion with the energy source 2 and contrast agent source 4.
Forceps 10 defines a longitudinal axis “X-X" and includes a
housing 20, a handle assembly 30, a rotating assembly 70, a
trigger assembly 80 and an end effector assembly 100. In
some embodiments, contrast agent source 4 can be supported
within forceps 10 (e.g., within housing 20 and/or handle
assembly 30). Forceps 10 further includes a shaft 12 having a
distal end 14 configured to mechanically engage end effector
assembly 100 and a proximal end 16 that mechanically
engages housing 20. End effector assembly 100 includes first
and second jaw members 110, 120. Forceps 10 also includes
cable 8 that connects forceps 10 to energy source 2; although
forceps 10 may alternatively be configured as a battery-pow-
ered device. Cable 8 includes a wire (or wires) (not shown)
extending therethrough that has sufficient length to extend
through shaft 12 in order to provide energy to tissue-contact-
ing surfaces of one or both jaw members 110, 120, respec-
tively. An activation switch 90 is provided on housing 20 for
enabling application of selective energy to jaw members 110,
120.

[0024] With continued reference to FIG. 1, handle assem-
bly 30 includes a fixed handle 50 and a moveable handle 40.
Fixed handle 50 is integrally associated with housing 20 and
movable handle 40 is moveable relative to fixed handle 50. In
some embodiments, movable handle 40, fixed handle 50,
and/or housing 20 support a ratcheting assembly 60 that
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enables movable handle 40 to be positioned in a plurality of
separate and discrete positions relative to fixed handle 50.
Rotating assembly 70 is rotatable in either direction about
longitudinal axis “X-X" to rotate end effector 100 about
longitudinal axis “X-X.” Housing 20 supports internal work-
ing components (not shown) of forceps 10.

[0025] Continuing with reference to FIG. 1, moveable
handle 40 of handle assembly 30 is ultimately connected to a
drive assembly (not shown) that, together, mechanically
cooperate to impart movement of jaw members 110 and 120
between a spaced-apart position and one or more approxi-
mated positions to grasp tissue disposed between jaw mem-
bers 110, 120. As shown in FIG. 1, moveable handle 40 is
initially spaced-apart from fixed handle 50 and, correspond-
ingly, jaw members 110, 120 are in the spaced-apart position.
Moveable handle 40 is depressible from this initial position to
one or more depressed positions corresponding to one or
more approximated positions of jaw members 110, 120. For
example, in some embodiments, one approximated position
can be a clamping position defining a first height “H1”
between jaw members 110, 210 (see FIG. 2A) and another
approximated position can be a sealing position defining a
second height “H2” between jaw members 110, 210 (see FIG.
2B) that is different from first height “H1.” For example, first
height “H1” can be larger than second height “H2.” One or
more of the approximated positions can correspond to one or
more of the plurality of separate and discrete positions of
movable handle 40 relative to fixed handle 50.

[0026] In some embodiments, a knife assembly (not
shown) is provided. Trigger 82 of trigger assembly 80 is
operably coupled to the knife assembly (not shown) for selec-
tively translating a knife blade (not shown) through a knife
channel 115 defined within one or both of jaw members 110,
120 to cut tissue disposed between jaw members 110, 120.

[0027] Referring to FIGS. 2A and 2B, end effector assem-
bly 100 includes a needle assembly 130 having one or more
needles 132 that define distal openings 132a. The one or more
needles 132 may be sharpened. Needles 132 may be micron-
eedles or needles of micro convention size. The needles 132
can extend from one or both of first and second jaw members
110, 120. Each needle 132 is in fluid communication with a
fluid conduit 134 that may be defined within one or both of
first and second jaw members 110, 120. In some embodi-
ments, fluid conduit 134 extends alongside an outer surface of
one or both of first and second jaw members 110, 120. Fluid
conduit 134 couples to contrast agent source 4 via a contrast
agent conduit 6 (see FIG. 1). Fluid conduit 134 and contrast
agent conduit 6 may be integrally formed.

[0028] In operation as seen in FIGS. 3 and 4, a clinician
locates a vessel, which may be a first vessel “V1.” of an organ,
gland, or other suitable tissue to clamp with forceps 10 for
effectuating a resection procedure and/or for identifying/
mapping vessels and/or tissue that the located vessel feeds to
ensure proper/desired dissection. While forceps 10 1is
clamped on the located vessel, for example, with needles 132
thereof deployed and/or retracted, and/or with a separate
needless forceps (not shown), a clinician can advantageously
determine (e.g., via MRI, CT, etc.) which structures/tissue
that would be deprived of blood before any cutting is effec-
tuated. In the illustrated embodiment, tissue “T” is lung tis-
sue; however, the presently described devices, systems, and
methods can be applied to any suitable tissue. For example,
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the first vessel “V1” may be in fluid communication with liver
tissue where the first vessel “V1” vessel may include a bile
duct.

[0029] After locating the first vessel “V1,” the clinician
approximates first and second jaw members 110, 120 to the
clamping position (FIG. 2A) to clamp the first vessel “V1”
between tissue-contacting surfaces of first and second jaw
members 110, 120. In the clamping position, needles 132
puncture the first vessel “V1” so that needles 132 are in fluid
communication with first vessel “V1.” The clamping of first
and second jaw members 110, 120 to the first vessel “V1”
creates a boundary for the delivery of contrast agent to pre-
determined portions of the tissue “T.” Contrast agent “CA” is
then advanced through fluid conduit 134 and out of needles
132 for delivery into the first vessel “V1.” In this regard, the
contrast agent “CA” is fed into one or more secondary vessels
“V2” in fluid communication with the first vessel “V1.” The
created boundary prevents the contrast agent “CA” from
feeding into one or more vessels of a blocked area “B.”
Images of the tissue “T” can then be created (e.g., CT, MRI,
etc.) based upon a location of the contrast agent “CA” within
the tissue “T.” In this regard, only the one or more secondary
vessels “V2” in an unblocked area “UB” of the tissue “T” will
“light up”” on the created image as seen in FIG. 4, effectively
mapping the blocked and unblocked areas “B,” “UB” on the
created image. If the first vessel “V1” does not provide the
desired mapping, the process can be repeated on other vessels
as desired.

[0030] With the distinct separation between the blocked
and unblocked areas “B,” “UB,” the clinician can identify a
cut line “CL” based on the images created with the contrast
agent “CA” In this regard, the tissue “T” can be quickly and
accurately cut (e.g., with a scalpel or other suitable cutting
device) along the cut line “CL” to resect the tissue “T”” and
efficiently remove any unhealthy tissue while maximizing
lung reserve of healthy tissue. After establishing the cut line
“CL,” the clinician can further approximate first and second
jaw members 110, 120 into the sealing position (FIG. 2B) and
activate electrosurgical energy from the electrosurgical
energy source 2 to seal the first vessel “V1” as desired. The
forceps 10 can then be removed.

[0031] As seen in FIG. 5, another embodiment of a surgical
system 1' includes a forceps 200 and a contrast agent source
202 that is separate and distinct from forceps 200. In some
embodiments, contrast agent source 202 can be a syringe
filled with any of the presently described contrast agents.
[0032] In operation, forceps 200 clamps to the first vessel
“V1” and contrast agent “CA” can be delivered to the first
vessel “V1” separate from forceps 200 (e.g., intravenously)
without having to pass through forceps 200. The contrast
agent “CA” can be delivered to the first vessel “V1” before,
during, and/or after forceps 200 is clamped to the first vessel
“V1.” The cut line “CL” can then be identified and the tissue
“T” resected as described above with respect to surgical sys-
tem 1.

[0033] Withreferenceto FIGS. 6 and 7, one embodiment of
an end effector assembly 300 includes a pair of jaw members
310, 320 and one or more needles 314 that can be deployed or
retracted through one or more channels 312 defined through
jaw member 310 (and/or jaw member 320). Needle 314 may
be selectively deployed or retracted relative to jaw member
310 via any suitable drive assembly (not shown). For
example, as seen in FIG. 6, needle 314 may be retracted or
retained within channel 312 when jaw members 310, 320 are
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open or substantially open (FIG. 6) to protect vessels and/or
tissue from being undesirably punctured, and when desired
(e.g., when jaw members 310, 320 are closed or substantially
closed as seen in FIG. 7), deployed as necessary to puncture
tissueto enable delivery of a contrast agent or the like through
channel 312 of jaw member 310 and/or through needle 314.
In some embodiments, needle 314 defines a fluid conduit
therethrough configured to receive and deliver the contrast
agent therethrough.

[0034] Thevarious embodiments disclosed herein may also
be configured to work with robotic surgical systems and what
is commonly referred to as “Telesurgery.”” Such systems
employ various robotic elements to assist the surgeon and
allow remote operation (or partial remote operation) of sur-
gical instrumentation. Various robotic arms, gears, cams, pul-
leys, electric and mechanical motors, etc. may be employed
for this purpose and may be designed with a robotic surgical
system to assist the surgeon during the course of an operation
or treatment. Such robotic systems may include remotely
steerable systems, automatically flexible surgical systems,
remotely flexible surgical systems, remotely articulating sur-
gical systems, wireless surgical systems, modular or selec-
tively configurable remotely operated surgical systems, etc.
[0035] Therobotic surgical systems may be employed with
one or more consoles that are next to the operating theater or
located in a remote location. In this instance, one team of
surgeons or nurses may prep the patient for surgery and
configure the robotic surgical system with one or more of the
instruments disclosed herein while another surgeon (or group
of surgeons) remotely control the instruments via the robotic
surgical system. As can be appreciated, a highly skilled sur-
geon may perform multiple operations in multiple locations
without leaving his/her remote console which can be both
economically advantageous and a benefit to the patient or a
series of patients.

[0036] Therobotic arms of the surgical system are typically
coupled to a pair of master handles by a controller. The
handles can be moved by the surgeon to produce a corre-
sponding movement of the working ends of any type of sur-
gical instrument (e.g., end effectors, graspers, knifes, scis-
sors, etc.) which may complement the use of one or more of
the embodiments described herein. The movenent of the
master handles may be scaled so that the working ends have
a corresponding movement that is different, smaller or larger,
than the movement performed by the operating hands of the
surgeon. The scale factor or gearing ratio may be adjustable
so that the operator can control the resolution of the working
ends of the surgical instrument(s).

[0037] The master handles may include various sensors to
provide feedback to the surgeon relating to various tissue
parameters or conditions, e.g., tissue resistance due to
manipulation, cutting or otherwise treating, pressure by the
instrument onto the tissue, tissue temperature, tissue imped-
ance, etc. As can be appreciated, such sensors provide the
surgeon with enhanced tactile feedback simulating actual
operating conditions. The master handles may also include a
variety of different actuators for delicate tissue manipulation
or treatment further enhancing the surgeon’s ability to mimic
actual operating conditions.

[0038] Referring also to FIG. 8, a medical work station is
shown generally as work station 1000 and generally may
include a plurality of robot arms 1002, 1003; a control device
1004; and an operating console 1005 coupled with control
device 1004. Operating console 1005 may include a display
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device 1006, which may be set up in particular to display
three-dimensional images; and manual input devices 1007,
1008, by means of which a person (not shown), for example
a surgeon, may be able to telemanipulate robot arms 1002,
1003 in a first operating mode.
[0039] Each of the robot arms 1002, 1003 may include a
plurality of members, which are connected through joints,
and an attaching device 1009. 1011, to which may be
attached, for example, a surgical tool “ST” supporting an end
effector 1100, in accordance with any one of several embodi-
ments disclosed herein, as will be described in greater detail
below.
[0040] Robot arms 1002, 1003 may be driven by electric
drives (not shown) that are connected to control device 1004.
Control device 1004 (e.g., a computer) may be set up to
activate the drives, in particular by means of a computer
program, in such a way that robot arms 1002, 1003, their
attaching devices 1009, 1011 and thus the surgical tool (in-
cluding end effector 1100) execute a desired movement
according to a movement defined by means of manual input
devices 1007,1008. Control device 1004 may alsobe setup in
such a way that it regulates the movement of robot arms 1002,
1003 and/or of the drives.
[0041] Medical work station 1000 may be configured for
use on a patient 1013 lying on a patient table 1012 to be
treated in a minimally invasive manner by means of end
effector 1100. Medical work station 1000 may also include
more than two robot arms 1002, 1003, the additional robot
arms likewise being connected to control device 1004 and
being telemanipulatable by means of operating console 1005.
A medical instrument or surgical tool (including an end effec-
tor 1100) may also be attached to the additional robot arm.
Medical work station 1000 may include a database 1014, in
particular coupled to with control device 1004, in which are
stored, for example, pre-operative data from patient/living
being 1013 and/or anatomical atlases.
[0042] Persons skilled in the art will understand that the
structures and methods specifically described herein and
shown in the accompanying figures are non-limiting exem-
plary embodiments, and that the description, disclosure, and
figures should be construed merely as exemplary of particular
embodiments. It is to be understood, therefore, that the
present disclosure is not limited to the precise embodiments
described, and that various other changes and modifications
may be effected by one skilled in the art without departing
from the scope or spirit of the disclosure. Additionally, the
elements and features shown or described in connection with
certain embodiments may be combined with the elements and
features of certain other embodiments without departing from
the scope of the present disclosure, and that such modifica-
tions and variations are also included within the scope of the
present disclosure. Accordingly, the subject matter of the
present disclosure is not limited by what has been particularly
shown and described.

What is claimed is:

1. A method of resecting tissue, comprising:

locating a vessel;

clamping the vessel to create a boundary for the delivery of

a contrast agent to predetermined portions of tissue;
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injecting the contrast agent into the vessel,

creating images of the tissue based upon the location of the

contrast agent within the tissue;

identifying a cut line based on the images created with the

contrast agent; and

cutting the tissue along the cut line to resect predetermined

portions of the tissue.

2. The method according to claim 1, wherein injecting the
contrast agent into the vessel includes delivering the contrast
agent through at least one needle of an end effector assembly
used to clamp the vessel.

3. The method according to claim 1, wherein the vessel is
in fluid communication with an organ, a gland, or combina-
tions thereof.

4. The method according to claim 3, wherein the vessel is
in fluid communication with lung tissue.

5. The method according to claim 3, wherein the vessel is
in fluid communication with liver tissue.

6. The method according to claim 3, wherein the vessel
includes a bile duct.

7. The method according to claim 1, wherein the fluid
conduit extends along an outer surface of at least one of the
first and second jaw members.

8. The method according to claim 1, wherein the fluid
conduit is defined within at least one of the first and second
Jjaw members.

9. A forceps, comprising:

a handle;

a shaft having proximal and distal ends, the proximal end

coupled to the handle;

an end effector assembly coupled to the distal end of the

shaft and including a first jaw member and a second jaw
member, at least one of the first and second jaw members
movable relative to the other jaw member between a
spaced-apart position and an approximated position for
grasping tissue therebetween, at least one of the first and
second jaw members including at least one needle
extending therefrom, the at least one needle in fluid
communication with a fluid conduit extending along at
least one of the first and second jaw members, the fluid
conduit configured to couple to a source of contrast
agent to enable selective delivery of the contrast agent
through the at least one needle.

10. The forceps according to claim 9, wherein the at least
one needle includes a plurality of needles.

11. The forceps according to claim 9, wherein the first and
second jaw members each include an electrically-conductive
tissue-contacting surface configured to connect to a source of
energy to treat tissue grasped between the first and second jaw
members.

12. The forceps according to claim 9, wherein the contrast
agent is stored within the handle.

13. The forceps according to claim 12, wherein the contrast
agent includes ultrasound markers, computed tomography
markers, magnetic resonance imaging makers, fluorescent
markers, or combinations thereof.

14. The forceps according to claim 9, wherein the at least
one needle includes a microneedle.
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