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WO 62/05721 POCT/USHIL22TAT

DEVICE FOR FULL THICKNESS RESECTIONING OF AN ORGAN

Background of the Invention
Field of the [nvention
The prosent mvention relotes to full thickness resection devices for perferming

Incalized resections of lesions in body organs, particularly gastric lesions.

Deseription of the Related Art

A reseciion procedure involves excising 2 portion of an ergan, approximating the
surrounding tizsue together to close up the hole created by the excision, and removing the
oxcess tissue. Various conventional devices and procedures are known for resectioning
lesiong in body organs, however, imown resection devices suffer deficiencies. Some of
these deficiencies with known devices include: the lack of a capability to view the lesian
within the hody and to grasp the lesion to position the lesion within the resection device;
they roquite ebdominal wall penetrations; and they have sizes and stuctures, e.g., nigid
ralher than flexible, that are not desirable.

As mentioned above, many known resection devices and procedutes require at
least one incision n an arca near the portion of the organ that is to be excised. This
incision may be required io allow the physician (o gain access to the lesion, to view the
lesion during the procedurs, and to provide an opening in tho body cavity large enough
such that the surgeon is able to perform all of the required steps of the procedure with all
ofthe variety of differcnt surpical instruments required. It is not desirable to Tequirs an
ncision for performing the resection procedure. When an incision is required, the patient
must receive peneral anesthesia, and thus, the procedure cannot be petformed on an
outpatient basis which would require only conscions sedation, Additionally, the ineision
results in pain for the patient during the veeuperation period and may involve a partial or
cntire loss of mobility white recuparating fromn the incision. Thus, the time required io
recover from such a pracedure is often longer than for procedures which do not require
nCLsions.

To attempt to overcome some of the deficiencies noted above, a known rescction
devies includes an endoscope and a sucgical stapling and cuiting apparatus for

resectioning lumenal tissue. Whereas this device may obviate the requirement for
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percutanenus access to the lesion site, drawbacks cxist with this rescction deviee,
particularly if utiliged for excision of gastric lesions. The resection device includes a
circular, or semi-circular, stapling instrmnent. Whereas circular stapling devices are
nacfil for resectioning tubular organs, suck as a colon, they bave deficiencies if used for
resectioning gastric lesions.

Circular staplers ure optimally svited for resectioning tubular organs, such. as the
colon. The colon is comprised af a generaily tubular, thin-walled structure. When a
section of tissue 1s removed from the wall of the tubular organ, the circularly-shaped
stapler is best-suited for joining the curved wall surfaces that define the hole in the wall
that results when the tissue section is removed. By positioning the staples in a circular
orientation in the tubular wall structure, when contrasted with positioning the stuples ina
linear onientation, a minimal obstraction will resuli within the interrral smooth bore of the
tubular organ.

However, it is hot advantageous 1o utilize a civeularly-shaped resection device for
resectioning gasiric Iczsions. The walls of the stomach are formed much differently than
those of wbular organs. Whereas the tubular organs are generally thin-walled structures,
the stomach is gencrally fonned by thick-walled, multi-layercd, flat, muscle tissue.
Resectioning of the stomnach is generally accomplished by removing a three-sided wedge-
shaped portion of the stomach wall. Three linear cuis are made in the storach wall to
form the wedge portion to be removed and, thus, it is desirable to staple the stomach wall
along the sume axes as those on which the cuts were matte. This cannot be accomplished
if a circular stapler is utilized. Circular staplers are limited by the area circumscribed by
the cirenlar area within, the siaple/line cut. Utilizing a circular stapler to resection tissuc
that is linearly cut would be gkin to ntilizhig o circular hele puneh to cut-oui a triangular
wedge shape in a piece of paper rather than utilizing scissers to ent the wedge shape.
{tilizing a linear stapler would give the ficedom to remove much larger areas via  serics
of exiended cuts.

Additionally, if a circular staplcr was used to ressction the gasiric wail, positioning
of the stapler would be difficult. Cireulsr staplers are generally ctientafed withun the

rosection device around a center post. If a circular stapler was used to rescetion tissue on
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the gemerally {lat wall of the stomach, to properiy position the stapler around the lesion,
the cenier post would contact, and thus possibly purcture, the lesion. This is not clinically
desirable and could resuli in complications for the patient, Thus, whereas a circular
stapler resecticning device may obviate the requircment for an incision when performing
reseclioning procedures on fubular organs, the device has drawbacks, particularly if
utilized to resection gastric lesfons.

An additional problem with krown ressction devices 1s difficulty in properly
positioning the tissue to be removed within the device. This problem is particulerly
apparent i procedures involving the gasiric wall. As stated above, the gastric wall
comprises thick; multi-layered, muscle tissue. This is in stark contrast to the generally
thin-walled tubular organs. Thus, the stomach tissve is much more difficult to draw inte
the resection device than is the tissue of tubular organs.

Ir order o diraws the tissiie toto the resection device, many knawn procedures
require the use of a separate took(s) to grasp the fissue and position it wifhin the resection
device. This has the obvious drawbacks of requiring the physician to insert and utilize @
separate tonl(s) for grasping and manipulating the tissue. This resujts in additional
compliexity for the precedure and may require a larger incision, or mulfiple incisions, into
the paticnt so that the ancillary tool(s) may be inscried info the patient’s body.

Even if a grasper t0ol is incorparated into a resection device, such known resection
devices, even if they could be ulilized lo cut and staple the stornach tssue, would not able
to adeguately pesition the uniquely difficult gastric wall within the device. The grasper
mosi probably is not structurally sufficient to manipelate the more difficult to maneuver
thicker gastric wall. Additionally, in a colenic procadure with a civenlar stapler, the
pulling direction may be parallel tv the stapler axis. However, in a gastric procedure, itis
not desirable that the pulling divection he parallel o the staple line sinee this could create
wrinkles of tissue in the edges of the Linear staple line,

Therefore, it would be desivable to provide an improved method und apparatus for

performing localized resections of lesions in body organs, pacticulasly gastric lesions.
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Summa he

A fujl-thickness resection. system is provided. In an embediment for the resection
system, the system may include a flexible shaft, a flexible guide member disposed within
the flexible shaft, a stapling mechanism disposed around the flexible guide member, and a
grasper, The stapling mechanism has an elongated portion that 15 at least partially
disposed within the flexible shaft. The stapling mechanism includes a stapling arm and an
anvil arm. The stapling ann has a longitudinal axis and includes & stapling head having a
lengitudinal axis. The anvil includes an anvil head. The stapling arn and anvil amm
extend from the elongated portion of the stapling mechanism and are movesble with
respeet to each other between a tissoe receiving position and a stapling position. The
grasper exlends through the flexible shaft and is adapted to grasp a portion of a tissue that
is to be excised from an organ in the patient’s body. The grasper is movable o an axis

that is perpendicular to the longitudinal axis of the stapling head.

Brief Description of the Drawings

Fig. 1 is a side view of a first erobodiment of a full-thickness reseclion system in
accordance with the presemt mvention.

Fig. 2 is a front view of the full-thickness resection system of Fig. 1.

Fig. 3 is aside view of a section of a gastric wall that may be resectioned by utilizing
the full-thickmess reseetion system of the presant invention.

Fig. 433 a side view of a {irst embodiment for a staple driver actuator in accordance
with the present invention.

Fig. 5 is a front view of the staple driver actuator of Fig. 4.

Fig. 6 illustrates u first embodiment for a grasper in accordance with the present
nvention.

Fig, 7 illustrates & second embodiment for a grasper in accordance with the prosent
invention.

Fig. 8 illustratcs the posilioning of a full-thickness resection system in the siemach
of a patient.

Fig. 9 illustrates a flexible endoscope assembly in aceordance with the present
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invention.

Fig. 10 illustrates an alternative embodiment for a stapling mechanism in aceordance.
with the present invention.

Fig. 11 is a fronl view of un alternative embodiment for an endoscope assemnbly in
accondance with the present invention,

Fig. 12 illustrates an embodiment for a deuodenoscope in accordance with the present
mvention,

Fig. 13 illustrates a second embediment for a full-thickncss resection system in
accordance with the present invention.

Fig. 14 illustrates 2 thivd embodiment for 2 full-thickness ressetion system in
accordance with the present invention.

Fig. 15 Mustrates the full-thickness rescetion systom of Fig. 14 where an endoscope
deflector has deflected tha distal end of the endoscope.

Fig. 16 illustrates a fourth embodiment for a full-thickness resection sysiem in
accordance with the present mvention.

Fig. 17 is a cross-sectional view of the full-thickness rescetion system of Fig. 16 as
(aken along line 17-17 of Fig. 16.

Fig 18 illustrates the full-thickness resection. systom of Figs. 16 and 17 with tissuc
o be resected drawn into the resection sysiem.

Fig. 19 illustrates a fifth embodiment for a full-thickness resection system in
accordance with the present inveniion.

Fig. 20 15 a front view of the resection system of Fig. 19 with the wings of a grasper
in a tissue receiviny position.

Fig. 21 is a front view of the rescetion system of Fig. 19 with the wings grasping the
tissue to be resectioned.

~ Fig. 22 is a front view of the resection system of Fig. 19 with the stapling head and

ihe anvil head drawn towards cach other to reseciion the tissus,

Fig. 23 is an illustration of a closing camm and stapling mechamism in accordance with
the principles of the present invention.

Fig. 24 is a cross-sectional view of an embodiment of a closing cam actuating device.
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Fig. 25 illustrates the closing cam actuating device of Fip. 24.
Fig. 26 illustrates a second aliernative embodiment of a closing cam actualing device.
Tig. 27 illusirates a third alternaiive conbodiment of a closing cam sctuating device.

Detailed Description

Tigure 1 illustrates a first embediment for a full-thickness resection system 100 in
accordance with the present invention, As can be seen in Pigure 1, full-thickness resection
system 100 roay inclvde a closing cam 110, which nay be associated with and/or actuated by
a flexible shaft, a grasper 130, and 2 stapling mechanism 140, A flextible guide member 120,
which in this embodiment is a flexible endoscope, is included within full thickness resection
system 100 and grasper 130 may extend through a Jumen included in the fexible sndoscope
120. A stop 180 may be included on flexible endoscope 120, Closing cam 110 may be
included on the distal ends of the flexible shaft or may be movable withiu the flexible shall.
Stapling mechanism 140 includes 2 stapling anmn 150, which. alse includes a stapling head
152, and an anvil arm 160, which includes an anvil head 162. Euch of these coroponents of
fuli-thickness resection system 100 will be described in further detail below. In utilizing full-
thickness resection system 100, which will alse be described in further detail below, gastric
wall tissue 170 is grasped by grasper 130 and 18 positiened between stapling head 152 and
anvil head 162 of stapling mechanisin 140 where the gastric wall tissue 170 may be
resectioned by full-thickness resection system 100,

In further describing each of the componenis of an embodiment for fizll-thickness
resection system 100, elosing cam 110 extends proximally from a distal end 114 and stapling
mechanisim 140 and flexible endoscope 120 extend from distal end 114 of closing cam 118,
Distal end 114 inclndes = cam surface 112 around the entive periphery of tubular clesing cam
110. Tn an embodiment of the present invention, when an operator reiracis stapling
mechanism. 140 further within distal end 114 of stationary closing cam 110, earn sorface 112
contacts and ¢ngages stapling arr 150 and anvil arm 160 to drive the arms toward each other
1o clamp the tissue between the anvil and staple head a0d to provide a controlled staple gap.
Alternative mechanisms for closing aoms 150 and 160, and thus for achiaiiog a movable

closing cae 119, will be discussed later in this specification.
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Flexible endoscape 120, jn this emhodiment for fuil-thickness resection systern 100,
extends within closing cam 110 and dista) end 122 of flexibls endoscope 120 extends beyond
the distal end 114 of closing cam 110. Flexible endoscope 120 is movable within closing cam
110 such that it may be extended from distal erd 114 of closing cam [10 and may be
retrected into closing cam 110. Flexible endoscape 120 includes an optic 124 at its distal end
122 as is well-known in the art. Optic 124 should have a minimum focal length of
approximately 8 min such that the tissue 170 may be viewed during all steps of the yeseetion
procedurs. Also included in flexible endoscope 124 is a bending section 126 whick permits
the distal end 122 of the endoescope 120 fo bend relative to the longitudinal axis Ly of the
endoscepe. In this embodiment, the longitudinal axis of the flexible shaft is parallel to the
longitudinal axis of the endoseope. Bending section 126 may be structurally configored in
any of a variety of configurations and the present invention is nof limited lo any pariicular
structural configuration for bonding section 126.

As was mentioned previously, gragper 130 may extend within 2 lamen that is
contained within flexible endoscope 120 and is movabls within that lumen such that a
prasping portioni 132 of grasper 139 may be extended from distal end 122 of endoscope 120,
Grasper 130 apd grasping portion 132 may be configured in any of a variety of differont
configurations and the present invention is not limited to any parficular configuration. The
purpose of grasping portion 132 of grasper 130 is to provide for grasping tissuc 170 such that
it may be positioned within stapling mechanisi 140 such that the tissue may be resectioned.
Various possible embodiments for the grasping portion of {he grasper will be discussed Juter
in this specification. Additionally, a grasper doos uot need to inclode physical structure for
grasping tissue, rather the grasper may be 3 suction catheter where a suction drawn through
the catheier grasps the tissue.

As was mentioned above, stapiing mechanism 140 includes a stapling arm 150 and
an anvil arm 160. In this crobediment, included at a distal end of stapling arm 130 is a
stapling head 152 and included at a distal end of aovil 2rm. 160 1s an anvil head 162, Stapling
head 152 and anvil hoad 162 will be described further below. Stapling atm 150 and anvil arm
160 extend from an elengated portion 142 of stapling meechanism 140. Elongated portion 142

extends, at least partially, within elosing cam 110. As was mentioned previously, as
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clongated portion 142 is moved within closing cam 110, stapling arm 150 and 2ovil amm, 160
will engage with caw sueface 112 such that stapling head 152 and anvil head 162 are brought
together such that the tissua to be resectioned may be cut with 2 knife and joined by staples
inchuded in stapling mechanism 140, Any variety of different structures amnd methods may
be utilized for withdrawing elongated portion 142 firther within closing cam 110 such that
stapling area 150 and anvil amm 160 are drawn together and, as discussed above, the preseni
invention is net limited to any particular structure or methodology for drawing the two arms
together. In this erabodimert, stapling arm 150, and thus anvil arm 160, has a longitudinal
axis Lg, which extends generatly parallel to the Iongitudinal axis L, of flexiblc endoscape
126 and of the flexible shaft.

Stapling head 152 and anvilhead 162 will now be deseribed in fither detail. Stapling
head 152 ncludes staples 156 that are arranged in parallel rows and staples 158 which are
also arramged in parallel rows. Thus, stapling head 152 contains two sets of parallel rows of
staples. Disposed between these sets of paralle] rows of staples is a knife blade 154, Anvil
head 162 inchudes complimentary anvi) packets 166, which align with each of the staples 156,
and anvil pockets 168, which align with cach ofthe staples 158, Thus, anvil pockets 166 are
also agranged in a first sot of parallel rows and anvil pockets 168 are also aranged in paralle)
rows. Thus, as can be vndersiood, and as is well-known in the arf, as the staples are dnven
from stapling head 132 the staples cxicnd through tissue 170 where they then contact the
anvil poekets to form the staples in thejr tissue Tetaining configuration. Anvil head 162 also
contains a knife siot 164 which receives within it karife 154 when koife 134 is extended from
s1apling head 152 to cut the legion that is to be removed fiom tissue 170,

Also iocluded in stapling head 152 are staple drivers 155A and 158A and staple cams
156B and 158B. The staple drivers and staple cams can also be seen in Figure 2, which will
be discussed later in this specification, Staple drivers 136A and stﬁple cam 156B are
associaied with the first set of staple rows and stuple drivers 158A and staplc cam 158B are
associated with the second pair of staple rows. The purpose of the staples dilvers and staple
cams are to dnive the staples from stapling hesd 152 duting the resection procedurs. Tho
operation of the drivers and staple cams will be discussed when discussing Figure 2.

In 21 embodiment, inchided on epdoscope 12{ is a stop 188, Stop 180 is disposed
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around endoscope 120 and extends from the outer poriphery of endozscope 12). Stop 18015
disposed on endoscope 120 between staple arm 130 and anvil arm 168, Stop 180 restricts
stapling arn 150 and anvil ame 160 fron being exicnded oo far beyond distal end 114 of
closing cam 118, As can be understeod, in this embodirent, as stapling arm 150 and anvi
arm 160 are extended from distal end 114 of closing cam 110, eventually their structures will
engage with stop 180 and will be resteained from firther movement beyond stop 180, Thus,
stop 180 provides for restraining stapling mechanism 140 from traveling over and beyond
bending section 128 of flexible endoscepe 126, which could damage bending section 126 of
endoscope 120,

Stapling mechanism 140 should be sized such that the stapling aym 150 and anvil arm
160, and thus stapling head 152 and anvil head 162, can accommodate any of a vanety of
assemblies for the staple rows and knife edge. For example, stapling mechanism 140 is able
to accormmodate conventional open linear stapling devices. With conventional devices, a
dauble staple row and knife has a total width of 4.5 millimeters. For reference purposes, the
width direction is measured along an axis extending from the distal-most portion of stapling

liead 152 to its proximal-reost pertion as illusiraied ia Figure 1 and which is, as will be

- discussed bolow for this embodiment, the mansverse axis of stapling head 152, Othex

alternative known asserablies that may be utilized within stapling mechanism 140 are the
conventional zndoscopic linear stapling devices which conld includean anvil with & thickness
of 3.7 millimeters, a double staple line and knife width of 3.0 millimeters, a quadruple staple
line and knife width of 5.8 millimeters, and a cartridge height for the staple lines and knife
of 7.2 millimeters. Again, for reference purposes, the width W, anvil thickness T, and
staple head height H; are illustrated in Figure 1.

As can be futlher seen n Figure 2, in this embodiment, stapling head 152 has a
Iengitudipal axis Lg, that is generally perpendicular to the longitudinal axis Lg, of siaplivg
arm 150 and alse to the longiludinal #xis Ly of fexible endoscope 120, Additionally, as can
be seen in Figore 1 and which will be a characteristic of all of the additional cmbodiments
that will be discussed for the full-thickness resection system, grasper 130 is movable such that
tissue 170 is pulied in a direction that is gencrally perpendiculer fo the longitudinal axis Le,
of slapling head 152, It is desirable that the pulling direction of tissue 170 be perpendicular
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to the longitudinal axis of the stapling head in order to prevent wrinkling of the tissue at the
edges of the linear stapling boe. Addifionally, a perpendicular pulling direction is desired
because the gastiic wall tissus 1 70 is generally thicker when contrasted with the thiv-walled
colon and thus a perpendicular pulling direction provides for greater mechanical advantage
in pulling snd manetvering the thicker gastrie wall. As can be seen In Figure 3, pastric wall
172 generally has a thickness Ty, of epproximately 0.40-0.50 centimeters. A perpendicular
pulling direction allows for mora casily pulling the thicker-walled gastric fissue 172, As can
be seen in Figure 3, it is desirable that the pulled length of tissac 174 that is 1o be received
within the stapling mechanism has a Jength L, of approximately 3 to 4 centimeters.

Figure 2 is 4 front view of full-thickness resection systern 100 apd furiher illustrates
stapling head 152 and anvil head 162. As can be seen in Figure 2, and as was illustrated in
Figure 1, in this embodiment, flexible endoscope 120 is slidably received through the stapling
mechanism 140. Tn further deseribing stapling head 152, it can be seen that the first row of
aligned staples 156 is sligned on the lengitudinal axis Ly of the staphing head 152, Axy
number of staples can be provided along this particular row and, mors generally, any number
of pairs of stapling rows can be utilized in the present invention. Whereas any number of
pairs of rows may be utilized, it is desirable that at least one pair of rows is uttlized wiih the
positioning of the staples in cach row staggered such that no gap will existin the stapling line
between ihe stapies o provide for secure resectioning of the tissue.

Each staple 156 has a siaple driver 156A associated with it. Staple devers 156A arc
positioned directly above their assaciated staples and, when driven downwardly by staple cam
1568 as will be described below, drives its associated staples from stapling head 152. Each
driver 136A may be configured in any of a varisty of configurations with one embodiment
for driver 156A including a wedge-shaped cam surface 156AA as illustrated in Figure 2.

In the embodiment of Figure 2, staple cam 1568 is formed as a sphere. Altematively,
the staple cam could be formed 16 melude a wedge-shaped surface that is complementary in
shape to the staple deivers. Staple cam L36B is pulled across each driver 156A by a cable
146. Cablc 146 is atiached at a first end 146A to staple cam 1568 and is attuched at a second
end 1468 to a first pulley 144 which rotates around a first axis. As will be described forther

when discussing Figures 4 and 5, an actuator 148 {not shown in Figure 2 but visible as one
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embodiment in Figures 4 apd 5) rotates rst pulley 144 such that cable 146 is drawn around
first pulley 144, As cable 146 is drawn around frst pulley 144 as pulley 144 rotates about
its axis, staple cam 156B is drawn across each driver 156A whero staple cam 1568 engages
with each driver 1564 and, due to the interaction of staple cane 1568 and the wedge-shaped
cam surface 156AA of cach driver 156A, each dviver is driven downwardly which fires its
assoeizted staples from stapling head 152. Thus, as staple carn 1568 is drawn across cach
row of staples, the interaction of steple cam 156B with each driver 156A will drive each
staple from stapling head 152. Whereas not illustrated m Figure 2, stapling head 152 could
include a channe] which extends aleng the longitudinal axis of the stapling head within which
staple cam 156B could be positioned. Provision of such a chaunel could assist in the
alignment of staple cam 1568 with respeet to each of the drivers 136A. However, the
provision of a charmel within stapling head 152 is nof required when practicing fhe presont
invention.

As can b further seen in Figore 2, envil head 162 includes an anvil pockat 166 that
is agsociated with each staple 156, as described previously. Anvil head 162 has a width W,
that is preferebly approximately 18 millimeters. It is desirable that the width of anvil head
162, and thus, the width of stapling head 152, be approximatcly 18 millimeters or Iess in
order so that the full-thickness resection syslem 100 can be joserted through a naturally
occurring cavity of the body.

Whereas not specilically illustrated in Figuro 2, itean be understood that the third and
tourth raws of staples and cam drivers as discussetd when describing Figure 1, would also
have a staple cam 158B associated with them and would operate as described ahove,

Figures 4 and 5 illustrate a particular embodiment for an actuptor 148 for rotating first
pullsy 144, Figure 4 is 2 side view of the arrangement between actuator 148 and fixst pulley
144. In this cmbodiment, actuator 148 comprises a second pulley that yotates ahoul jts axis
P, A second cable 149 extends praximally within full thickness reseciion system 100 and.
is attached at its first end 149A to second pulley 148, As second cable 149 is pulled
proximally in the direction of the arrow in Figure 4, second pulley 148 ratatcs about axis Pa.
The rotation of pulley 148 about axis P, in-turn rotates firsi pulley 144 about ifs axis Py.
Second pulley 148 engages with first pulley 144 through intcraction of geer teeth incloded
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on each of the pulleys. Thus, rotation of second pulley 148 about its axis Py in twrn rotates
first pulley 144 about axis Py where axis P, is perpendicular to axis P,.  As deseribed
previcusly, the rotation of first pulley 144 about axis P draws cable 146 around first pulley
L4 which in-furn draws the staple cams into engagement with. the stapler dvivers to drive the
staples from the stapling head.

Fipure 5 provides a font view of first palley 144 and actaator, or second pulley, 143,
As can also be seen in Figure 5, a positioning spring 147 can alse be included within cable
346, The porposs of positioning spring 147 is to retain staple carm 1568 i a position where
il is nof engaging with any of the drivers 156A before it is desired that siaple cam 1568
engage with diivers 156A. Tn the absence of a pulling foree on cable 146, therefore, staples
156 cannot be accidentally fived from stapling bead 152, When it is desired to fire staples
156 from stapling head 152, sufliciont fores s applied to cable 146 such. that positioning
spring 147 will elongate in oxder 1o allow staple cam 150R fo be driven across drivers 156A.
Thus, the utilization of a pesitioning spring can assist in ensuring that no staples are driven
from stapling head 152 unlcss specifically acted upon by a user of the resectiening systom.

As was mentionsd previgusty, a variety of different structures could be utilized for
actuator 148 in order io rotate first pulley 144 about its axis. An altemative embodiment for
actuator 148 could be a rigid shaft that includes gear testh on a distal ond thercof that would
engage wiih gear teeih that are included on first pulley 144, The shaft could be directly
driven by auser of the systemn such as, for example, by rotating the shaft by utilizing the hand
of the user. The direct rotation of the shaft would directly rotatc first puliey 144 which in-
tum weuld draw staple cam 156B across the drivers 156A. Thus, in this alternative
embadiment, a second pulley would not be utilized fo rotate first palley 144, but rather, a
directly-dnven shaft would be atilized 1o rolate first pulley 144.

Asmanlioned previously, any of a variety of configurations can be utilized for grasper
130, and thus, grasping portion 132.

Figure & illustrates a first embodimeni for a grasping portion 132 thai could beublizad
in the present invention. In this embodiment, grasping portion 132 comprizes a first anm 134
and a seeond arm 136, The first arm 134 and the second arm 126 are oppased from cach

other and ars movable between an open position where tisste ay be positioned between the
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arms and a tissue grasping position whers the anns are drawn together such thai they engage
tissue 170 and are thus able to maneuver tissue [ 70 within the resegtion system,

Figure 7 illustrates un alternative embodiment for a grasper 130 and grasping portion
132 that could be utilized with the present invention. In the embediment of Figwre 7,
grasping partion 132 comprises a T-shaped member. The T-shaped member is collapsed such
that it has a generally flat confignration sucly thai it may be mseried through the tissue 70
to an opposite side of issue 170. Once the grasping portion 132 is positioned through tissue
170, the flexibly~configured T-shaped member springs into its T-shaped configuration such
that as the grasping portion is drawn in the direction of the sirow illusiraied in Figure 7, the
T-shaped member engagss with the opposed side of tissue 170 such that tissue 170 may be
drawn in the ditection of the arrow in Figure 7. A grasping portion configured in this
alfermative embodiment funchons similay in fashion to a meliey-type bolt as is utilized in
different types of upplications. T-shaped fastensrs are known in the art and may be wiilized
in the present invention for grasping and positioning tissue within the resectioning svstem,

‘Whereas two particular embedimants for grasper 130 and grasping portion 132 have
besn described above, as stated previously, any other of a varisty of contempluted devices
could be precticed with the present invention for grasping tissue that is to be reseciioned.
Again, the present invention is not limited to any particular ombodiment for grasper 130 and
grasping porben. 132,

A particular challenge in resecticning gastric tissue as opposed o resectioning tissue
of fubular ergans is that positoning and orienting of the rescetion device within the stomach
can be much mere difficult. ln a tubular organ, the resectioning device may be inserted into
the body cavity thxough the wubular organ, and thus, becanse the tubular organ is normally
narrow in its configuration, the fubular organ tself serves to guide and orkent theresectioning
device within the organ. However, when utilizing a resectioning device within a large, opon
voluoe organ, such as the stomach, positioning and origniing of the resectioning device
within that organ can he difficult. Whereas the device may be inserted into ihe patient's body
through a tubular organ, such as the esophagus, ones the reseotion dovice enters the stomach,
the device is no longer econstrained by the patient's body, but rather, i3 received within the

large velume cavity of the stomach. As is illustrated in Figurs 8, therefore, a challengs exists
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inpositioning and orienting resection device 100 within stomach 176 to accurately locate the
distal ¢nd of resectioning device 100 at a location 178, for example, where tissue st be
resectioned.  The present jnvention may include a gmde shuchwe for assisting in the
pesitioning of resection device 160 wilkin an organ such as the stomach.

As sanbe seen in Figure 9, an aversheath 1 20A is provided arcund flexible endoscope
120, Figure ? illustrates endoscope 120 without stapling mechanism 140 being incloded
thereon. As was carlier deseribed, flexible endoscope 120 inchedes & bending section 126
wver which, it is not desirable that stapling mechanism 140 travel over. In order to assist in
thepositioning of siapling mechanism 140 ata difficult to access location within the stomach,
a guide is included on oversheatk 120A of endoscope 120 and recesses are provided within
the clongated portion of the stapling mechanism such thei the stapling meehanism may be
guided along the guides that are included on the endoscope.

Figure 10 illusirates an cmbodiment for stapling mnechawism 1 40 that includes reccsses

that receive within thein guides that are included on the oversheath of the endoscope. -Ascan .

be seen in Figure 19, elongated portion 142 of stapling mechanism 140 includes a firsi recess
142A and a second recess 142B that are defined by the interior surface of elengated portion
142, Pigurc 11 illustrates oversheath 1204 of endoscope 120 which includes a first guide rail
120AA. and a second guide rail 120AB where both of the guide rails are disposed on the outer
periphery of oversheath 120A and extend externally from the outer poriphery. First guide rail
12044 is received within first recess 1424 and sccond guide rail 120AB is reeeived within
second recess 142B. Thus, by positioning the first guide 1ail within the first recces and the
second guide rail within the second recess, the relative positioning of the stapling mechanizm

140 may be maintained on oversheath 120A and stapling mechanism 140 may be guided
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stapling mechanism 140 is positioned at the lesion site,

Figurc 12 illustrates an application where it is desirable that a grasper 230 grasps
tissue 270 and pulls tissue 270 in a direction that is perpendicular to the longitudinal axis Ly
of the endoscope, whick in this particular application, is more particularly defined as a
denodenoscope. Thus, in this embodiment for the endoscops, the denedenoscope 220 may
also inchude an aptic 224 aod a bending section 226, However, again, in this embediment,
the grasper 230 pulis the tissue 270 in a perpendicular direction ta the longimdinal axis of the
denedenoscope, which is confrasted with the embodiment of Figure 1 where the grasper 130
pulled the tissue in a dircetion that wes paralle] to the longitndinal axis of the endoscope 1.20.
Thws, because the direction of pull of ihe tissue 270 is now perpendicular to the longitudinal
axis of the dewodenascope, it is not desirable that the stapling bead be perpendicular ts the
Jengiiudinal axis of the endoscope, as it was in the embodiment of Figure 1, because if the
longitudinal axis of the stapling head was papendicular to the longitudinal axis of the
deucdenoscope, the tissue 270 would be pulled by grasper 230 in & direction that would be
parallel ta the longitudinal axis of the stapling haad, which is not desirable for the reasons
discussed previousiy. Therefore, in Hiis application where lissue 270 is pulled in a direction
which is perpendicular to the loigitudinal axis of the dewodenoscape, 1t is desirable that the
longiiudinal axis o fthe stapling head be parallel to the longitudinal axis of the devodenoscope
and the flexible shaft in which the deuodencseape is disposed. In this configuration where
the Tengitudinal axis of the stapling head 252 is parulls] to the longitudinal axis of the
denodenoscope and the flexible shaft, as can be seen in Figure 13, when the tissue 270 is
pulled by (he grasper 230, ihe fissue will nat only be pulled in a direction perpendicular to
the lengitudinal axis of the deuodenoscope and flexible shaft but it will alzoc be pulled in a
directian which is perpendicular to the lonsitudinal axis of the stapling head, which is
desirable as disenssed previously. Thus, Figure 13 illustrates & second embodiment for fall-
threkness resection system 200 where the longiiudinal avis of the stapling head 15 now parallel
te the lengitudinal axis of (ke dencdenoscope md the flexible shaft.

As can be seen in Figue 13, denadencscope 220 bas & lengitudinal axis Ly and
inciudes an eptic 224 and a bending seciion 226. As discussed previously, a grasper 230

extends from dewodenoscope and is movable on an axis that is pependicular to the
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Jongitudinal sxis of the deuodenoscope. Thus, as described above, grasper 230 pulls tissne
270 in a direction that is petpendicular to the longitudinal axis of ihe deuodenoscope. As can
also be seen In Figure 13, a linear stapling mechamsm 240 15 attached to the scope oversheath
of deundenoscope 220. Asin the previously discussed embodiment, stapling mechanism 240
inehudes a stapling arm 259 and an anvil arm (not visible in Figure 13). Stapling aom 250
inciudes a stapling head 252. As can be seen in Figuwre 13, bath the longitudinal axis Lg, of
the stapling arm and the longitudinal axis Lgy of the stapling heed are parallel to the
lengitudinal axis Ly of the denodenoscope. Thus, as the tissue 270 is puiled within stapling
mechanism 240 in a direchon that is pewpendicular o the longitudinal axis of the
deuodenoscope, the tissue 270 is also pulled within stapling head 252 in a direction which is
perpendicular to the Iongitudinal axis of the stapling head 252. Once the tissue 270 is drawn,
within stapling mecharism 240, the tissue may be resectioned by utilizing a knife blade and
staples that are included within stapling mechanism 240, as described previously for the
embodiment of Figure 1. Thus, by providing a stapling head that has a longitudinal axis that
is parallel with the longindinal #xis of the denodenoscope, when the tissue 270 is pulled
perpendicular to the longitudinal axis o(the deuodenoscape, the tissue 1s also pulled within
the stupling head in a perpendicular ditection to the longitudinal axis of the stapling head.
The embodiment of Figure 13 provides & linear stapfing mechanizm 240 that can be utiiized
in an application where the tissne to be resectioned is pulled in a direction which is
perpendicular io the longitudinal axis of the devodenoscope.

In tire embodiment of Figure 13 for full-thickness resection system 200, it conld be
possible that, as a result of pulling tissue 270 perpendicular to the loungitudinal axis of
denodenoscope 220, that the denodenoscope 220 could be drawn within the stapling
mechanism 240, Thus, jt may be desirable to include a sepatator 280 that is disposed between
the deuodenoscops 220 and the stapling head 252 of stapling mechanism 240. Separator 280
would engage with both deuodenoscope 220 and stapling head 252 to maintain separation
between deuedenoscope 220 and stapling head 252, thus proventing the possibility that
deucdenoscope 220 could be drawn within stapling iead 252. Any of a variety of different
configurations could be wtilized for separator 280 and the present invention is not limited to

any particular physical configuration. All that is required is that a structural member be
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incleded to maintain a separation distance between deuodenoscope 220 and stapling head
252. Separator 280 could be attached ta either denodencscope 220 or stapling head 252.

In embodiments where the longitudinal axis of the stapling mechanist lies pavallel
to the longitudinal s of the endoscope, and where a grasper does not extend perpendicular
from the longitudinal axis of the endoscope, but rather extends along the fongitudinal axis of
the endoscope and extends from the distal end of the endoscope, challenpes result in
providing for pulling of the tissne within the stapling mechanism such that the tissue is pulled
perpendicular to the longiindinal axis of the stapling mechanism, as is dusired.

Figures 14 and 15 illustrate & third embodiment for a full-thickress resection system
300 of the present invention fhat provides for perpendicnlar pulfing of tissue within the
stapling mechanism where the longitudinal axis of the stapling mechanism apd the
longitudinal axis of the endoscope are parallel.

As can he seep in Figure 14, full-thickness resection syster 300 includes a flexible
shait 310, 2 flexible endoscope 320, and a stapling mechanism 344. Flexible endoscope 320
has a longitudinal axis L, and stapling mechanism 340 has a longitudinal axis L., which arc
parallel 1o each other, As discussed previously in the context of the other embodiments,
siapling mechanism 340 includes a stapling head 352 and an anvil head (not visible in Figure
14). Although not visible in Figure 14, a grasper extends within a lumen included within
fiexible endoscope 320 and is movable on the longitudinal axis of flexible endoscope 320.
Thus, the grasper cutends from the distal end of the flexible cndoseope 320 and is thus able
0 pull tissue in a direction that is parallel to the longitudinal axis of the flexible endoscope.

As is illustrated in Figure 15, in order to position grasper 330 such that it is able to
pull tissue 370 in 2 directjion which is perpendicular to the longitudinal axis Lgy of stapling
mechanism 340, an endoscope deflector 390 is provided. Endoscope deflector 390 is
pivotally attached to stapling mechanism 340 and is movable between a first position, where
endoscope deflector 398 does not deflect the distel end 322 of cudoseops 320, and & second
position, where the endoscope deflector 390 deflects the distal end 322 of endescope 320.
When cndoscope deflector 390 is pivoted to its scoond pasittion the distal end 322 of
endoscope 320 is moved such that jt is no longer positioned on the longitudinel axis of

cndoscope 320. Rather, it is positioned such that, when grasper 330 extends from the distal
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end 322 of endescope 320, grasper 330 is able to grasp tissue 370 and pull tissue 370 in a
dirsotion which is perpendicular to the Jongitudinel axis of stapling Lead 352 of stapling
mechanism 340, as is desited. Thus, even in this configuration where the Jongitudinal axcs
of the endoscope and the stapling mechapism ke peralicl to sach otber and where the grasper
s movable ateng the Yongitudinal axis of endescops 320, the distal end 322 of the endoscape
320 may be repositioned such that grasper 320 is able to parpendicalarly pull tissue 370
within stepling head 352,

Any of a4 vanety of different situctures and methods may be uiilized for moving
endascope deflector 390 into its first or second positions and the present invention is not
limited to any particular structure or method. For example, a pull cabls could be provided
on endoscope deflector 390 that would cxtend proximally through {lexible shaft 310, A user
could simply pull oo the pull cable to move endoscope deflector 390 to 1ts second position.
When the user releases the pulling force on the puli cuble, & retnm biasing member could
return endoscope deflector 390 to Its first position. Crher alternative embodiments can be
conteraplated and the present invention is not limited o any parlicular embediment for
acwating endoscope deflector 390. ‘

Figures 16 through 18 illustrate a fourth embodiment for a full-thickness resection
systern 400, The embodiment of Figures 16 through, 18 also mpcludes a stapling mechanism
440 that has 2 longitudinal axis Ly, that is parslle! to the longitudinal axis of an cndoscope
420 which is inctuded within flexible shaft 410. Thus, again, the chalienge is prescnied for
drawing tissne 470 in a direction thet is perpendicular o the longitudinal axis of ihe stapling
mechanistn since the longimudinal axes ofthe stapling mechanisie and the endoscope, and thus
the flexible shaft 410, aye parallel to euch other. In further discussing the embodiment of
Figures 16 through 18, siapling mechanism 440 includces an anvif acm 460 and a stapling aro.
450 as discussed previcusly. Stupling amm 430 includes a siapling head 452. The
Tongitudina) axis of stapling arn 450 is parallel to the longitudinal axis of stapling hcad 452.
Attached to & distal end of flexible shafi 410 153 a suction housing 415. Endoscope 420
mcindos & vacuum port 424 and distal end 422 of endoscope 420 is in baromeiric
communication with suction howsing 418, 1.6, endoscope 420 15 able to draw a vacwum on

suction housing 415 through vacuwn port 424, As can bs seen in Figure 18, when endoscope

18
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429 draws & vacuum on suction housing 415, tissne 470 is drawn within suction housing 415
in a direction that is perpendicular to the longitudinal axis Lgy of stapling mechanism 440.
Thus, the embodiment of Figures 16 through 18 for full-thickness resection system 400 is
ahblc to draw tissue 470 perpendicular to the longitudinal axis of stapling head 452 by utilizing
a suction to draw the tissae through the stapling head.

Whereas the above-described embodiment discusses an endoscope including a vacuum
port having a distal end in barometric communication with the suction housing, if is not
required to inciude an endoscope. Altematively, a flexible suction catheter disposed throngh
ihe flexible shaft could be utilized o draw a suction on the suction housing.

Figures 19 through 22 illustrate an alternative embodiment for full-thickness resection
gystem 500 in an embodiment, again, where the longitudingl axis of the stapling mechanism
540 is parallel {o the longiiudinal axis of the flexible shuft 510 and the endoscope. As can
boseon in Figure 19, ful-thickness resection system 500 inclndes a flexible shaft 510 throngh
which un endoscope may exiend (not illustrated in Figuro 1%), as described sarlier. Stapling
mechanism 540 includes a stapling arm 550 and an anvil atm 560, Stepling amm 550 inclndes
a stapling head 552 and anvil aom 560 includes an anvil head 562, as discussed previousty.
Again, stapling mechanism 540, and thus stapling head 552, has a longitudingl axis Ly
which is paralle] to the longitudinal axis of flexible shaft 510, and thus the loogitudinal axis
of the endoscope if contained within flexible shaft 510. Pivotally attached to an upper
interual surface ol stapling mechandsm 540 is grasper 530 which includes a first wing 532 and
a second wing 534, As stated abeve, cach wing s pivotaily aftached to an upper intemal
surface of stapling mechanism 540 such that each wing may be pivoted in the directions as
llustrated in Figares 19 through 22, As can be seen in Figurs 19, swpling mechanism 549

is positioned on a flat surface of tissue 570 which is o be resectioned. In order to

perpendientarly pull fissue 570 benween stapling arm 550 and anvil arm 560 of staphing-

mechznism 540, wings 532 and 534 are ufilized.

As can be seen in Figure 21, wing 532 is pivoted in fhe direction as shown and wing
534 is ulso pivoted in the direction as shown Tissue 570 is grasped between the distal ends
of wings 532 and 534 as the wings are pivoted towards each other. Continucd pivofing of

wings 532 and 534 in the direciions as tlustrated in Figure 22 will further draw tissue 370
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within stapling mechanism 540 and between stapling arm 550 and anvil arm 560. As can be
seen i Figure 22, the tissue 570 35 drawn by wings 332 and 534 within stapling mechanism
540 in the direction that js perpendicular to the longitudinal axis of stapling mechanism 540,
Onee fissue 570 1s drawn betwoen stapling arm 550 and anvil arm 560 to the desired position,
stapling arm 350 may be moved toward anvil am» 360 such that tissue 570 may bo stapled
and cat to remove the destred portion of fissue 570, Thus, in this additional embodiment
where the staple head 552 of stapling mechanism 540 has a longituding] axis which is parallel
to the flexible shaft of the resection device, wings 532 and 534 are abls to draw the tissus that
is to be rescctioned perpendicularly within stapling mechanism 540. Again, any vatiety of
structores and methods may be utilized for pivoting wings 532 aod 534 and the present
invention is noi limited to any particular structure ar method. For example, a pull eable could
he aperahly coupled io a pulley which is also operably coupled to a respective wing. By
pulling on the cable, the pulley could be rotated which m-tum would pivot ite respective
wing. However, again, the present invention is not limited to any partieular embodiment for
pivoting wings 532, 534 and any of a variety of different structures and methods could be
utilized.

In utilizing an embediment of the present invention, the stapling mechanism is back
loaded opto & flexible guide rwember, which in an embodiment may be an endoscope or
gastroscope.  The stapling mechanism is then refractcd to a position proximal to the
endescope tip. The gastroscope is then moved through a naturally ceourring body erifice,
such as the mouth, into the body organ, ¢.z,, the stommach, from which a lesion is to be
retnoved. The distal end of the gastroscope is positioned proximate to the: lesion that is to he
removed from the organ. The tissue specimen that contains that lesion is grasped using the

grasper mechanisi that is included within a lumen 1 the endoscope. Again, the grasper way

be any of a variety of grasper mechanisms. After grusping the tissue specimen with the )

grasper io stubilize fre position of the endoscope, the stapling mechanism is advanced into
position using the endescope as a guidewire. In onder to tacilitaie passage of the stapling
mechanism through the esophagus, the stapling hoad and the anvil head are drawn together
to facilitate theiy passage through the esophagus. Once the stomach is reached by the stapling

mechanism, the stapling head and the anvil head are opened o their tissue recciving position.

20
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The endoscope position may need to be adjusted so that the view of the lesion to be
resectioned is optimized for the physician performing the operation. Retraction of the gastric
wall brings the lesion hito the stapling inechanism and thus between the stapling head and the
arrvil head of the stapling mechanism. The stapling head and the anvil head are then drawn
together 1 compress the gastie wall. The stapling roechanism is acteated to foom the
approximating wound closure. Subsequently, the outting lmife is moved through the clamped
stapled tissue to complete the resection. The stapling mechanism's stapling head and anvil
head are then opened and the treatment site is inspected with the endoscope. After inspection,
assuming afl is satisfactory, the staple head and anvil head are then again dravn logether for
removal from the patient through the esophagus. The tissuc specimen is retuined by the
grasping device and is withdrawn from the organ as the Jevice and endoscope are removed
from the patient.

I an endoscope 15 not utilized in the present inveniion, visualization of the suhjoct
area can be obtained by utilizing an endoscope separate from the full-thickness resection
device of the present invention. Opticnally, as discussed previously, the stapling mechanism
can he loaded onto a flexible guide member disposed within the flexible shaft. Additionally,
any of the components described herein that are associated with an endoscope, such as the
closing cams discusscd below and a stop as discussed previonsly, can be associated with the
flexible guide member.

As was discussed earlier in this specification, altemative embodiments for effecting
relative mevement betweon the closing cam and the staple arm and aavil arm in order to pivot
the arms fo clanp tissue between the arms and provide a conirolled staple gap between the
arms are contemplated. For example, 2 movable closing ¢am can be utilized sueh that it cen
be moved relative to the army by uiilizing gears, pull cuble(s)/pulley(s), and hydraulics.
Other mechanisms are also within the scope of the present invention that are capable of
prodlucing linear translation of the closing cam. All that is required is thai the closing cam
and arms move relative to each other. Again, this can be accomplished by either moving the
arms such that they are refracted into and extended from the closing cum or by moving the
closing cem such that it linearly franslates with respect to the arms.

As illustrated in Figure 23, 2 lull-thickness vesection system in accordance with the

It
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prineiples of the preseut invention and which may include all of the features as descrihed
previously in the other embediments is disclosed. The vesection device of Figuse 23 only
illusirates those features which help to illustrate the alternative smbodiments for 2 mavable
closing cam and for actuating the closing cam, however, as discussed above, the embediment
of Fignire 23 s not limited to only the iliustrated features. The resection system of Figure 23
includes a movable closing cam, or cammirg tng 1110, which may be included within
flexibie shaft 1301 or movable on shaft 1101, a flexible endoseope 1124, and a stapling
mechanism 11440, Stapling mechanism 1149 includes stapling arm 1130 and anvil arm 1160,
as desoribed previously.  Stapling mechanism 1140 also ineludes stapler attachment
mechanism 1142 aad arms 1150, 1160 are pivotally attached t» atiachment mechanism 1142.
Camuming ring 110 includes canuning surfaces 1112 which are enpageable with arms 1150,
1160 to pivot the arms closed in order to clamp tssue between them and fo provide a
controiled staple gap. As stated above, in this emhodiment and the embodiments of Fi gures
24-27, which will he discussed below, camming ring 1110 moves sither within or on flexible
shaft 1101 to engage with stapling mechanism 1140. A closing cam actuating device {not
shown i Fig. 23) is uillized to move camming ring 1110, In Figures 23-27 gimilar
componenis are designated by similar reference nurmerals. As was aiso slated above, the
embodiments of Figures 23-27 may also include amy of the otber fealures of this invention
that were described previously in this specification in connection with the other cmbodiments
disclosed,

Figures 24 and 23 illusitate a fivst embodiment for a cloging cam actuating device in
accordanee with the principles of the present invention. Closing cam actuating deviee 1200
includes a worm gear 1210, a rack 1220, a wonn gear skaft 1230, and a flexible drive cable
1240. Therack 1220 may be integrally included on camming ring 1110 and is threaded such
that it threadedly mates with thxeaded worm gear 1210. 'Worm gear shaft 1230 is attacbed
to wonn gear 1210 ai & first end and pinned to stapler ajfachment mernber 1142 at a sccond
end. Flexible drive cable 1240 is attached to worm gear 1210

Rotation of flexible drive cable 1240 causes worm. gear 1210 io rotate. Rotation of
worm gear 1210, which is mated with rack 1220, causes the camming ring 1110 to move

ferward in the dircotion of the acrow D in Figure 25 such that camming surfaces 1112 contact
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arms 1150, 1160 of stapling mechanism 1140 causing the arms to pivot, and thus, close about
stapler attachment member 1142 to clanip tissue between them and to provide a controlled
staple gap. '

Figure 26 illustrates a second embodiment for a elosing cam actoating device in
accordance with e principles of the precent invention. Closing cam actuating device 1300
includes 2 first pulley 1310, a second pulley 1320, a first cable 1315, a second cable 1325,
and a pull wire 1341). The first and second pulleys 1319, 1320 are included on opposite ends
af stapler aachment roember 1142, Firvst cable 13135 Is vigidly attached at 2 first end 1317
o camming ring 1110 and extends around first pulley 1310 and through camming rog 1110
to attachmens point 1330, Second cable 1325 is rigidly attached at a first end 1327 to
camnming tng 1110 and extends around second pulley 1320 and through camming rmg 1310
0 attachiment point 1330, Apertures arg provided n camming ring 1110 to provide for
passage of the firsl and second cables through the camuming ring. Pull wire 1340 is also
anached to attachment point 1230 and runs outside of 2 scope insertion tube. Whereas twio
cables and two pulleys arc disclosed in this embodiment, it is not required that two of cach
of these compenents be vtilized in (he present invention. Tt is possible to actuate the camming
ring hy only utilizing one cable and one pulley, both of which would be mere centrally
positioned with respeet to the camming ring and the stapler attachment member.

As can be understood, pulling of pull wire 1340 by an operater in the dircetion of the
arrow [ causes the samming ring 1110 to move forward in the direction of the arrow I, in.
Figure 26 such that camming surfaces 1112 contact amms 1150, 1160 of stapling mechanism
1140 causing the anns o pivot, and thus, close abowt stapler aitachment member 1142,

Figure 27 illusirates a thivd embodiment for a closing cam actuating device in
aceordance with the principles of the present invention. Closing ¢am actuating deviee 1400
includes a fluid reservoir base 1410, & fluid reservoir cavity 1420, a ftuid supply line 1430,
znd first and second hydraulic seals 1440, 1450, respectively. Fluid reservoir base 1410
surrounds flexible endoscope 1120. Carmming ring 1110 is received within finid resorvoir
base 1410, Fiuid rescrvoir base 1410, camming ring 1110 and first and second hydraulic
seals 1440, 1450 together form finid reservoir cavity 1420. Fiuid supply line 1430 supplies

fluid to fluid reservoir cavity 1420, The reservoir base may be attached 0 the stapler
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attachment member via a rigid, annvlar tube (not shown).

Az can be understood, pressuvizalion of fluid reservoir cavity 1420 by pumping or
forcing flnid ixio the fluid reservoir cavity 1420 causes the canming ring 1110 lo actas a
piston and, thus, canses the canuning g 1110 to be translated forward in the direction of
the arrow 1 1n Figure 27 such that camming surfaces 1112 contact the arms of the stapling
mechanism which causes the arms ta pivoi, and thus, close aboul the stapler attachment
meinber, The carmming ring 1110 can be biased info its retracted position such thai when the
flnid pressure in fluid reservoir cavity 1420 is reduced, the canmiming ting will retum to its
retracted position where it no longer engages with the siapliog mechanism.

Any of thedisclosed embaodiments for a full-thickness resection system can utilize any
of the disclesed mechanisms and methodologies for actuating the arms of the stapling
mechanism. Additionally, amy of & varicty of other known mechanisms and methodologies
can be utilized in the present mvention. All that is required is that the arms of the stapling
mechanism be actuated ta ¢lamp tissue and provide a controlled siaple gap.

The disclosed enibodiments are illustrafive of the vanous ways in whick the present
mvention may be practiced. Other embodimenta can be implemented by thosc skilled in the

art without departing from the spiril and scope of the present invention.
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What Is Claimed Is:
1. A full-thickness resection systewn for removing a fall-thickness portion of 2
body organ, the system corprising:
& flexible shaft having 4 longitudinal axis;
a flexible guide member having aYongitudinal axis disposed within said flexible shaft
and having a distal end cxtendable beyond a distal end of szid flexible shaf;
a stapling mechanism having an elongated portion at least partially disposed within
said flexible shaft and disposed around said flexible guide member and including:
a stepling arm having a losgitudinal axis, said stapling amn including 2
stapling head having a longitudinal axis; and
an anvil arm having an anvil bead;
whcrein said stapling ann and sejd anvil agm extend from said elongated
portion and are moveable with respect {0 each other belween a tissue receiving position and
a slapling position; and
a yrasper, said grasper extending through said flexible shaft and adapted te grasp a
portion of a tissue to be exciscd from the body organ, said grasper mavable on an axis

perpendicular io said longitudmal axis of said stapling head.

2 The full-thickness resection systom of claim @ whercin szid flexible guide
member is a flexible endoscope and wherein said prasper extends through a lumen included

within said flexible endoscope.

3. The fuli-thickness resection system of claits 1 whenein said grasper is a suction
catbeter,
4. The full-thickness resection system of claim 1 wherein said stapling

mechanism includes a plurality of siaple drivers each having a wedge-shaped cam smrface on
a top end thereof and a staple cam movable such that saidl staple cam confacts each of said

plurality of staple drivers to drive a plurality of staples from said stapbng head.
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5. The full-thickness resection system of claim 4 wherein said stapling
mecharism further includes:
a pulley rotatable around a first axis;

a first cable attached at a first cnd to said staple cam and at 2 second end to said

pulley; and

an actuator in operable engagement with said pulley to rotate said pulley around said
fizst axis.

8. The full-thickress resection systerst of ¢laimg 5 wherein said actuatoy mclodes:

2 second pulley rotefable around a second axis, said second axis perpendicular to said
first axis: and
a second cable aitached at a first end to said second pulley.

7. The full-thickness resection sysicm of claim $ wherein said actuator includes
a shaft including gear testh on a distal znd therzof, said gear teeth engaging with gear teeth

included on said first pulley.

8. The full-thickness reseciion system of claim 1 wherein said longifudinal axis
of said stapling arm is parallel to said longitudinal axis of said fexible shaft and wherein said
longitedinal axis of said stapling head 15 parpendicular to said longitudinal axis of said
stapling arm.

9, The full-thickness resection systetn of claim 1 wherein said Jongitdinal axis
of said stapling arm is paralle] to suid longitudinal axis of said flgxible shaft and wherein said

longitudinal axis of said stapiing head i parallel to szid jongitudingl axis of said stapling arm.

10. The full-thickness rescoiion system of claim § wherein szid flexible guides
member is a floxible endoscope and figther comprising a separaion member disposed

betwecn and engaging with sajd endoscope and said stapling mechanism.

JP 2004-503325 A 2004.2.5
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11.  The full-thickness resection system of claim 9 wherein said floxible guide
member is a flexible endoscope and wherein swid grasper extends through a lumen included
within said {lexible endoscope and finther comprising an endoscope deflector pivotally
attached fo said stapling mechanism and movable betwsen a2 first position where said
endoscope deflector does pot deflect said endoscops and a second position where said
endescope deflector deflects said distal portion of said endoseope such that said distal portion

18 not aligned with said longitudinal axis of said endoscope.

12.  The fuli-thickness resecrion system of claim 4 wherein said staple cam is

formed as a sphere.

13. The full-thickness rescction system of claim 4 wherein said staple cam

in¢ludes a wedpe-shaped surface.

14, The full-frickness rescction systern of claim 4 whevein said stupling head

defines a channe! and wherein said staple cam is disposed within said channel.

15.  The full-thickness resection system of claim 1 furtherincluding a stop member
wherein said stop member is disposed around said flexible guide member and extends from
an euter poriphery of said flexible guide member and wherein said stop member is disposed

between said staple arm and said anvil ann.

16. The full-thickness resection system of claim 2 wherein said endescope
mchides a guide member disposed on an outey penrphery of sud endoscope and extending
extemzally from said auter periphory of said endoscope and wherein said elongated portion
of'sazd stapling mechanism defines a recess therein, said guide member received within said

TQCEES.

17 The full-thickness resection systern af claim 1 wherein said grasper includes

2 pair of opposed arms movable between @ tissue prasping position and an open pasition.
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18, The foll-thickness yesection systepy of claim | wherein said grasper is a T-
shaped member.

19. The full-thickness resection system of claim | further comprising a closing

cam, said closing cam included on a distal end of said flexihle shaft.

20, The foll-thickness xesection system of claim 2 further comprising a ¢lesing
cam, said closing cam movably disposed around said flexible endoscope and engageable with

said stapling mechamism,

21 The foll-thickness resection system of ciaim 20 furfher comprising a slosimg
cam actuating devics, said clesing cam movably coupled to said closing cam actuating device,
gaid closing cam actuating device inchiding:

a Worm gear;

arack disposed on soid closing cam and threadedly engageabie with said worm gear;

a worm gear shaft attached at a first end o a first end of said worm gear and attached
at a second end to said stapling mechanism,; and

a drive cable aliached to said worm gear at & second end of sefd worm gear.

22, The full-thickness resection system of claim 20 furiber comprising a closing
carn actuating device, said closing cam movably coupled w said closing cam actuating device,
seid closing carn actuating device including:

a pulley attached to sad stupling mechanism;

a cable, said cable attached io said closing cam at a first end of said cable and
disposed around said pullcy; and

a pull wire attached to said cable at a second end of said cabls.

23, The full-thickness resection system of claim 24 further eomprising 2 closing

cam actuating deviee, said closing cam movably coupled to said closing cam actuating device,

28
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gaid closing cam actuating device including:
a fluid reservoir base sealingly coupled te said closing cam;
2 fiuid reservorr cavity defined by szid fluid reservoir base and said closing cam; and

a fluid supply line in fiuid commumication with said fluid reservair cavity.

24. A full-thickmess resection system for removing a full-thickness portion of a
body crgan, the system comprising:

a Nexible shaft including a suction housing disposed on u distal end thereof;

a tlexible suction catheter disposed though said flexible shaft and including a distal -

end ip barometric communication with said suction housing; and

a stapling mechanism having a longitudinal axis and disposed though said flexible
shaft 2nd including a siapling sy and an aevil arm both of which are extendable beyond a
distal end of said flexible shaft;

wherein said staphog arm and said anvsl arm are moveable with respect to such other
between a tissne recejving position and a stapiing position and wherein a vacunm is drawn
by said flexibie suction catbeter on said suction housing, said vacuum capable of drawing a
portion of a tisstee to be exeised from. the body organ between said stapting arm and said anvil

ann on an axis perpendicular to said longitudinal axis of said stapling mechanism.

23, The full-thickness resection system of claim 24 wherein said flexihle suction

catheter is disposed within a flexible endoscope.

26. A full-thickness resection system for removiny & full-thickness partion of 2
body organ, the systern comprising:
a flexihle shaft; and
a stupling mechansm having a longitndinal axis and disposed though said flexible
shatl and inclading:
a stapling arm extendable beyond a distal, end of said flexible shaft;
an envil anm extendahle beyond said distal end of said flexible shaft; and

a pair of graspers pivotally attached to an internal surface of said stapling

29
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mechanisim;

wherein szid stapling arm and said anvil amm are moveable with respect 1o cach other
between, a tissue receiving posiilon aud a stapling position and wherein said palr of graspess
are adapted te draw a portion of a tissue to be excised from the body organ betwesn said
stapling arm and said anvil arm on an axis parpendicular to said longitudinal axis of said

stapling mechanism,
27, The full-thickness rescction system of claim 26 further comprising a flexible

endoscope disposed within said flexible shaft and having a distal end extendable boyond said
distal end of said fexible shaft.
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