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(57) ABSTRACT

Methods and devices are provided for performing minimally
invasive surgical procedures. In one embodiment, a surgical
device is provided that include an elongate shaft having a
distal portion configured to be movable between a first con-
figuration in which the distal portion of the shaft is substan-
tially straight or linear and a second configuration in which
the distal portion of the shaft is articulated at a compound
angle. The shaft’s distal portion can include two articulation
joints to facilitate formation of the compound angle.
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FIG. 2B




Patent Application Publication  Feb. 6,2014 Sheet 3 of 10 US 2014/0039518 A1

240

FIG. 3




Patent Application Publication  Feb. 6,2014 Sheet 4 of 10 US 2014/0039518 A1

FIG. 4

24t




Patent Application Publication  Feb. 6,2014 Sheet 5 of 10 US 2014/0039518 A1




Patent Application Publication  Feb. 6,2014 Sheet 6 of 10 US 2014/0039518 A1

A 26

DA~
g0 -~

L

%




Patent Application Publication  Feb. 6,2014 Sheet 7 of 10 US 2014/0039518 A1

4y ¥ % B gy U
7 T 7 WAl = A
i g
% @m 4 T b P
Y { B ne
5 Wi A We "
B % &

BT
s



Patent Application Publication  Feb. 6,2014 Sheet 8 of 10 US 2014/0039518 A1

FIG. 12
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COMPOUND ANGLE LAPAROSCOPIC
METHODS AND DEVICES

[0001] This application is a continuation of U.S. patent
application Ser. No. 12/775,724 filed May 7, 2010 and
entitled “Compound Angle Laparoscopic Methods and
Devices” which is hereby incorporated by reference in its
entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to methods and
devices for performing minimally invasive surgical proce-
dures.

BACKGROUND OF THE INVENTION

[0003] Many surgical procedures involve inserting various
instruments through the working channel of a surgical access
device. The instruments are used to view, engage, and/or treat
tissue within a body cavity or other surgical site to achieve a
diagnostic or therapeutic effect. In laparoscopic abdominal
procedures for example, the abdominal cavity is generally
insufflated with CO, gas to a pressure of around 15 mm Hg.
The abdominal wall is pierced and a plurality of tubular
cannulas, each defining a working channel, are inserted at
various points into the abdominal cavity. A laparoscopic tele-
scope connected to an operating room monitor can be used to
visualize the operative field and can be placed through one of
the cannulas. Other laparoscopic instruments such as grasp-
ers, dissectors, scissors, retractors, etc. can be placed through
the other cannula(s) to facilitate various manipulations by the
surgeon. In this type of procedure, because of the positioning
of the cannulas, it can be relatively easy to “triangulate” the
tips of two separate instruments, e.g., bring the tips together at
asingle point within the abdominal cavity. For example, a first
instrument could be passed through a cannula in the left side
of the patient’s abdomen and operated with the surgeon’s left
hand while a second instrument could be passed through
another cannula in the right side of the patient’s abdomen and
operated with the surgeon’s right hand. The surgeon can then
easily bring the tips of the two instruments together at an
internal point, e.g. in the center of the patient’s abdomen. A
laparoscope viewing instrument can also be passed through a
third cannula, positioned for example in the center of the
patient’s abdomen, such that the tips of the two instruments
can be easily visualized from above.

[0004] Inother surgical procedures, however, visualization
and triangulation is not as straightforward. For example, in
Single Incision Laparoscopic Surgery (SILS) or Single Site
Laparoscopic Surgery (SSLS), a single laparoscopic entry
point is formed, e.g., through the navel. An access device
having one or more working channels, and typically a plural-
ity of working channels, is then installed in the entry point and
all instruments required for performing the surgery are
inserted through this same access device. In such procedures,
the elongate shafts of the various instruments end up being
generally parallel to one another while inserted through the
access device. This can make it very difficult to triangulate the
tips of two instruments within the abdominal cavity, espe-
cially if the instruments do not have distal articulation capa-
bilities. In addition, since the viewing scope is inserted gen-
erally along the same axis as the various other instruments, it
can be difficult or impossible to see the tips of the instruments.
Furthermore, the handles of the various instruments often end
up being positioned in close proximity to one another and
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create a so-called “chopstick™ effect, which describes inter-
ference between the surgeon’s hands, between the surgeon’s
hands and the instruments, and between the instruments.
Interference between the handles and/or the positioning of the
handles can limit maneuverability and/or lead to discomfort
for the surgeon. These problems can unduly lengthen the
duration of the surgery, potentially increasing the risk of
patient complications. Also, in cases where it is impossible to
achieve adequate triangulation and/or visualization, a second
or even third entry point must be formed, increasing trauma to
the patient and creating additional scars.

[0005] Even in multiple-incision procedures or where tri-
angulation and visualization is possible (e.g., where one or
more of the devices includes a distal articulation capability),
triangulation, visualization, comfort, and maneuverability
can still be sub-optimal.

[0006] Accordingly, there is a need for methods and
devices which allow laparoscopic procedures to be performed
with an enhanced ability to triangulate and visualize surgical
instruments and with improved surgeon comfort and instru-
ment maneuverability.

SUMMARY OF THE INVENTION

[0007] The present invention generally provides methods
and devices for performing minimally invasive surgical pro-
cedures. In one embodiment, an articulating laparoscopic
access device is provided that includes an elongate shaft, first
and second linkages, and a linkage bar. The first and second
linkages and the linkage bar each have proximal and distal
ends. The proximal end of the first linkage is pivotally
coupled to the distal end of the elongate shaft at a first pivot
point. The proximal end of the linkage bar is pivotally
coupled to the distal end of the first linkage by a second pivot
point, and the distal end of the linkage bar is pivotally coupled
to the proximal end of the second linkage by a third pivot
point. A first range of motion of the linkage bar about the third
pivot pointis less than a second range of motion of the linkage
bar about the second pivot point. The distal end of the first
linkage, the proximal end of the second linkage, and the
linkage bar are movable between a first position longitudi-
nally aligned with a longitudinal axis of the elongate shaft and
a second position displaced from the longitudinal axis of the
elongate shaft.

[0008] Thedevice can include an actuator. The distal end of
the second linkage can be pivotally coupled to the actuator at
a fourth pivot point. The actuator can be movable longitudi-
nally relative to the elongate shaft to longitudinally move the
distal end of the second linkage.

[0009] The linkages and the linkage bar can have a variety
of configurations and be coupled together in a variety of ways.
For example, the proximal end of the linkage bar can be
seated within a first groove formed in the distal end of the first
linkage, and the distal end of the linkage bar can be seated
within a second groove formed in the proximal end of the
second linkage. The first groove can define the first range of
motion, and the second groove can define the second range of
motion. For another example, the elongate shaft, the first
linkage, and the second linkage can have an inner lumen
extending longitudinally therethrough for receiving a tool.
[0010] An end effector can be coupled to the distal end of
the second linkage. The end effector can have a variety of
configurations, but in one embodiment, it can include
opposed jaws. The device can include an actuator configured
to move the opposed jaws between a closed position and an
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open position. The actuator can extend through the elongate
shaft, the first linkage, and the second linkage and be coupled
to a proximal end of the opposed jaws.

[0011] Inanother aspect, a laparoscopic system is provided
that includes an articulation device and a tool. The articula-
tion device has an elongate shaft, a first linkage coupled to the
elongate shaft at a first joint, and a second linkage coupled to
the first linkage at a second joint. The second joint is movable
radially outward relative to an axis extending longitudinally
along the elongate shaft, and a distal end of the second linkage
is constrained to longitudinal movement along the axis. The
tool has a flexible elongate shaft with an end effector on a
distal end thereof. The flexible elongate shaft is disposable
through a lumen extending through the elongate shaft, the
first linkage, and the second linkage such that the end effector
extends from the distal end of the second linkage. The flexible
elongate shaft is bendable to conform to a shape of the lumen
as the second joint is moved radially outward.

[0012] The system can include an actuator extending along
the elongate shaft and having a distal end coupled to the distal
end of the second linkage. The actuator can be longitudinally
movable relative to the axis to move the distal end of the
second linkage along the axis. The distal end of the actuator
can be coupled to the distal end of the second linkage at a
pivot point such that the second linkage is configured to pivot
about the pivot point relative to the actuator. In some embodi-
ments, the actuator is rigid. The system can optionally include
a lock configured to lock the actuator in a fixed position
relative to the shaft and the first and second linkages.

[0013] The first and second joints can be configured in any
number of ways. For example, the first joint can include a
pivot point formed between a distal end of the elongate shaft
and a proximal end of the first linkage, and/or the second joint
can include a linkage bar having a proximal end pivotally
coupled to a distal end of the first linkage at a first pivot point
and a distal end pivotally coupled to a proximal end of the
second linkage at a second pivot point. For another example,
the end effector can be angularly oriented relative to the axis
when the second joint is disposed radially outward from the
axis.

[0014] In yet another aspect, a method for laparoscopic
surgery is provided that includes inserting a first tool through
a first port formed in a housing disposed within tissue to
position a distal end of the first tool within a body cavity,
inserting a second tool through a second port formed in the
housing to position a distal end of the second tool within the
body cavity, inserting a flexible elongate shaft through a
lumen of one of the first and second tools, actuating the first
tool to cause a distal portion of the first tool disposed within
the body cavity to form a compound angle, and actuating the
second tool to cause a distal portion of the second tool dis-
posed within the body cavity to form a compound angle. The
flexible elongate shaft bends to conform to a shape of the
lumen with the distal portion of the one of the first and second
tools. When proximal portions of each of the first and second
tools are substantially parallel, actuating the first and second
tools causes end effectors at the distal ends of the first and
second tools to be oriented toward one another without caus-
ing the distal portions of the first and second tools to intersect.
In some embodiments, actuating the first tool can include
longitudinally moving a first actuator extending along a first
elongate shaft of the first tool, and actuating the second tool
can include longitudinally moving a second actuator extend-
ing along a second elongate shaft. The method can optionally
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include engaging a lock of at least one of the first and second
tools to maintain the compound angle of the one of the first
and second tools in a fixed position.

[0015] The end effector can have a variety of configura-
tions. In some embodiments, the method can include actuat-
ing the first tool to move opposed jaws of the end effector of
the first tool between a closed position and an open position,
wherein the formed compound angle of the first tool remains
fixed during actuation of the first tool.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The invention will be more fully understood from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

[0017] FIG. 1isa perspective view of one embodiment ofa
laparoscopic device including a handle and an articulatable
shaft extending distally from the handle, the shaft being in a
straight configuration;

[0018] FIG. 2A is a perspective view of the articulatable
shaft of FIG. 1 showing the shaft in an articulated configura-
tion;

[0019] FIG. 2B is a perspective view of the device of FIG.
1 showing an inner shaft having an end effector coupled to a
distal end thereof with the articulatable shaft omitted for

clarity;

[0020] FIG. 3 is a side view of the device of FIG. 1;
[0021] FIG. 41s a cross-sectional side view of the device of
FIG. 3;

[0022] FIG. 5isa perspective view of a distal portion of the

shaft of the device of FIG. 1;

[0023] FIG. 6is another perspective view of a distal portion
of the shaft of the device of FIG. 1;

[0024] FIG. 7 is a cross-sectional perspective view of the
shaft of the device of FIG. 1;

[0025] FIG. 8isa side, partially transparent view of a distal
portion of the device of FIG. 1 with the end effector shown;

[0026] FIG.9isaside view of a distal portion of the shaft of
the device of FIG. 1;

[0027] FIG. 10 is a partial, cross-sectional view of the
handle and the shaft of the device of FIG. 1;

[0028] FIG. 11is across-sectional view of the handle ofthe
device of FIG. 1;

[0029] FIG. 12 is a perspective view of one embodiment of
a laparoscopic device including a handle and a cannulated
articulatable shaft extending distally from the handle, the
shaft being in a straight configuration;

[0030] FIG. 13 is a perspective view of one embodiment of
a laparoscopic device including a handle and an articulatable
shaft extending distally from the handle, the shaft being in an
articulated configuration and having an end effector coupled
to a distal end thereof;

[0031] FIG. 14 is a perspective view of a distal portion of
the device of FIG. 13;

[0032] FIG. 15 is a perspective, partially cross-sectional
view of a surgical access device positioned within a tissue
opening and having two laparoscopic devices and a scoping
device inserted therethrough and positioned within a body
cavity, the laparoscopic devices each having a shaft in an
articulated configuration; and

[0033] FIG. 16 is a side view of distal portions of the lap-
aroscopic devices and the scoping device of FIG. 15 posi-
tioned in the body cavity.
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DETAILED DESCRIPTION OF THE INVENTION

[0034] Certain exemplary embodiments will now be
described to provide an overall understanding of the prin-
ciples of the structure, function, manufacture, and use of the
devices and methods disclosed herein. One or more examples
of these embodiments are illustrated in the accompanying
drawings. Those skilled in the art will understand that the
devices and methods specifically described herein and illus-
trated in the accompanying drawings are non-limiting exem-
plary embodiments and that the scope ofthe present invention
is defined solely by the claims. The features illustrated or
described in connection with one exemplary embodiment
may be combined with the features of other embodiments.
Such modifications and variations are intended to be included
within the scope of the present invention.

[0035] Various exemplary devices and methods are pro-
vided for performing minimally invasive surgical procedures.
In general, the devices and methods allow a shaft of a surgical
instrument to form a compound angle, thereby facilitating
optimal positioning of a working distal end of the instrument
relative to a surgical site. In an exemplary embodiment, a
laparoscopic device includes an elongate shaft having a distal
portion configured to be movable between a first configura-
tion in which the distal portion of the shaft is substantially
straight or linear and a second configuration in which the
distal portion of the shaft is bent at a compound angle. In an
exemplary embodiment, the shaft’s distal portion can include
two articulation joints to facilitate formation of the compound
angle. The shaft’s distal portion can be configured to be
articulated in a wide range of compound angles. The shaft’s
distal portion can also be configured to be locked in a fixed
articulated position, thereby allowing the device to be easily
held in a desired bent position. The device can thus be inserted
into a patient’s body with the shaft in the first configuration,
and it can be subsequently manipulated to move the shaft
from the first configuration to the second configuration to
allow the device’s working distal end, e.g., an end effector, to
be optimally angled within the body relative to a surgical site
and/or any other surgical instruments at the surgical site. The
shaft can also be configured to move from the second con-
figuration to the first configuration to ease removal of the
device from the patient. Such a configuration can be particu-
larly advantageous where two or more instruments are
inserted into a patient’s body cavity through the same entry
port in tissue because it can allow for triangulation. In par-
ticular, distal tips of the instruments can be brought together
at a single point within the body cavity, even though the
instruments” shafts extend generally parallel to one another.
[0036] A person skilled in the art will appreciate that while
the methods and devices are described in connection with
laparoscopic procedures in which one or more surgical instru-
ments are inserted into a patient’s body through an artificial
opening, e.g., an incision, the methods and devices disclosed
herein can be used in numerous surgical procedures and with
numerous surgical instruments. By way of non-limiting
example, the methods and devices can be used in open surgi-
cal procedures.

[0037] A person skilled in the art will also appreciate that
the devices disclosed herein can be inserted into a body in any
way, such as through a natural orifice, through an incision or
puncture hole formed in tissue, etc. The devices can be
inserted directly into a patient’s body or can be inserted
through an access device having a working channel through
which a shaft of a surgical instrument can be advanced. A
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person skilled in the art will further appreciate that an access
device canbe configured to allow insertion of a single surgical
instrument therethrough, such as with a straight cannula, or to
allow simultaneous insertion of multiple instruments there-
through, such as with a surgical access device having multiple
sealing ports each defining a working channel. Devices dis-
closed herein can alternatively or additionally be introduced
into a body through an auxiliary passageway along the out-
side of a scoping device or other surgical instrument, as will
be appreciated by a person skilled in the art. Exemplary
embodiments of a surgical instrument that provides such an
auxiliary passageway are described in more detail in U.S. Pat.
No. 7,615,005 issued Nov. 10, 2009 entitled “Medical Appa-
ratus For Use With An Endoscope,” which is hereby incorpo-
rated by reference in its entirety.

[0038] Inanexemplary embodiment, shownin FIGS.1-4,a
surgical device 10 is provided that includes a proximal handle
12 having a shaft assembly 20 surrounding an elongate shaft
36 extending distally therefrom. The shaft 36 can have a
working element or end effector 22, generally referred to as
an “end effector,” at a distal end thereof. As shown in FIGS.
2A and 2B, the device 10 in the illustrated embodiment
includes the shaft assembly 20 and a tool 19 including the
shaft 36 releasably receivable within the shaft assembly 20
such that the end effector 22 at a distal end of the shaft 36 can
extend distally beyond a distal end 204 of the shaft assembly
20. As discussed further below, articulation of the shaft
assembly 20 can articulate a distal portion 36a of the shaft 36.
Although the shaft assembly 20 and the tool 19 can be sepa-
rate units as in the illustrated embodiment, the shaft assembly
20 and the tool 19 can be integrally formed, as also discussed
further below. The end effector 22 is omitted from FIGS. 1, 3,
and 4 for clarity. The end effector 22 in the illustrated embodi-
ment includes a tissue grasper having a pair of opposed jaws
164, 165 configured to move between open and closed posi-
tions, but as will be appreciated by a person skilled in the art
the end effector 22 can include any tool, e.g., a grasper, a
dissector, scissors, forceps, a retractor, a light, etc. As dis-
cussed further below, the handle 12 can be configured to
operate the end effector 22, and a control knob 28 at alocation
distal of the handle 12 can be configured to facilitate articu-
lation and/or rotation of at least a portion of the shaft assem-
bly 20.

[0039] The shaft assembly 20 can have a variety of sizes,
shapes, and configurations. The shaft assembly 20 can be
rigid, flexible, or a combination thereof. Portions of the shaft
assembly 20 can be less flexible or more rigid than a remain-
der of the shaft assembly 20 to facilitate insertion through
tissue and/or operation of the end effector 22. As in the illus-
trated embodiment, the distal portion 364 of the shaft 36 can
be flexible, and a remainder of the tool 19, as well as the shaft
assembly 20, can be rigid. Having a rigid shaft assembly 20
and a shaft 36 rigid along a substantial longitudinal length
thereof can help facilitate translation of forces in articulating
and actuating the device 10 as discussed further below.

[0040] As mentioned above, the shaft assembly 20 can be
tubular, and it can have an inner lumen 34 extending there-
through, as shown in FIG. 4, which can receive the shaft 36.
A person skilled in the art will also appreciate that although
the inner lumen 34 in the illustrated embodiment extends
along a longitudinal axis of the shaft assembly 20 through the
shaft assembly 20 and the handle 12, the inner lumen 34 can
be at least partially radially/laterally offset from the shaft’s
longitudinal axis 20A, extend through the shaft assembly 20
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and only a portion of the handle 12, and/or extend only
through a portion of the shaft assembly 20. The device’s inner
lumen 34 can be configured to slidably receive the shaft 36
such that when the shaft 25 extends through the device’s
articulation assembly 18, articulation of the articulation
assembly 18 can correspondingly articulate the shaft 36 at the
flexible portion 36a thereof in a compound angle and thus
facilitate optimal positioning of the end effector 22. The
tool’s handle and/or a portion of the tool’s shaft 36 can be
configured to lock to shaft assembly 20, e.g., with a J-lock,
spring-loaded detent, etc., to help prevent unintentional
movement of the end effector 22 when it is optimally posi-
tioned relative to the device’s shaft assembly 20.

[0041] The shaft assembly 20 can have any longitudinal
length, although in an exemplary embodiment it is long
enough to allow the handle 12 and the control knob 28 to be
manipulated outside a patient’s body when the device 10 is
partially inserted into the body with the end effector 22 dis-
posed within a body cavity, e.g., have a longitudinal length of
about 33 cm. In this way, the shaft assembly 20 and the end
effector 22 can be easily manipulated when the device 10 is in
use during a surgical procedure. The shaft assembly 20 can
have any diameter D, e.g., less than or equal to about 10 mm,
and more particularly less than or equal to about 5 mm, to
allow for insertion of the shaft assembly 20 through an access
device, such as during a laparoscopic surgical procedure. The
end effector 22 coupled to the shaft’s distal end can have a
diameter equal to or less than the shaft’s diameter D, at least
when the jaws 16a, 165 are in a closed position, to further
facilitate insertion of the device’s distal portion into a
patient’s body.

[0042] Inanexemplary embodiment, the shaft assembly 20
can be substantially cylindrical to help the shaft assembly 20
pass smoothly into a body. The shaft assembly 20 can have
any constant or varying shape along its longitudinal length,
and the shaft’s diameter D can be uniform or non-uniform
alongits longitudinal length. In an exemplary embodiment, as
shown in FIGS. 3 and 4, the shaft assembly 20 can have a
substantially uniform diameter D along its longitudinal
length except at one or both of the articulation joints 42, 44,
which can have diameters that differ from the shaft’s diameter
D, as discussed further below.

[0043] Generally, the shaft assembly 20 can include an
articulation assembly 18 surrounding at least the distal por-
tion 36a of the shaft 36 when the shaft 36 is received within
the shaft assembly 20. The articulation assembly 18 can be
movable relative to the shaft 36 to articulate the distal portion
of the shaft assembly 20 and the distal portion 36a of the shaft
36 received therein and generally aligned with the articulation
assembly 18. Generally, the articulation assembly 18 can be
configured to be movable between a linear or straight con-
figuration, generally referred to as a “straight configuration,”
in which the articulation assembly 18 extends substantially
parallel to a longitudinal axis 20A of the shaft assembly 20, as
illustrated in FIGS. 2-4, and an articulated, bent, or com-
pound angle configuration, generally referred to as an “articu-
lated configuration,” in which portions of the articulation
assembly 18 do not extend parallel to the longitudinal axis
20A, as illustrated in FIG. 1. In the illustrated exemplary
embodiment, the articulation assembly 18 is biased to the
straight configuration, e.g., in a configuration with the knob
28 slid distally because of a tendency of the shaft’s distal
portion 364 to return to a straight or linear configuration. As
will be appreciated by a person skilled in the art, the articu-
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lation assembly 18 can be biased in any other way, e.g., using
a shape memory material, it can be unbiased, or it can be
biased to the articulated configuration. Although the articu-
lation assembly 18 can be located anywhere along the shaft
assembly 20, e.g., positioned at a mid-portion thereof, as
shown in the illustrated embodiment, it can be located in a
distal portion thereof such that a distal portion of the device
10 can be configured to articulate to form a compound angle.
Similarly, the flexible distal portion 36a of the shaft 36 can be
located anywhere along the shaft 36, as in the illustrated
embodiment, it can be located in a distal portion thereof.
Although the shaft assembly 20 can be configured to bend any
number of times to form a compound angle, the articulation
assembly 18 in the illustrated embodiment is articulated at
first and second articulation joints 42, 44 to form a triangu-
lated compound angle, as discussed in further detail below.

[0044] The articulation assembly 18 can have a variety of
sizes, shapes, and configurations. Generally, it can include a
plurality of sections, segments, or linkages, generally referred
to as “linkages,” along the shaft’s longitudinal length to facili-
tate articulation of the shaft assembly 20. As shown in the
embodiment illustrated in FIGS. 1-11, the articulation assem-
bly 18 can include a proximal elongate shaft 24, a first linkage
26 coupled to a distal end of the proximal shaft 24, and a
second linkage 30 coupled to a distal end of the first linkage
30. The first and second linkages 26, 30 can be coupled
together with at least one bar or rod, generally referred to as a
“linkage bar” located between the first and second linkages
26, 30. In the illustrated embodiment, the articulation assem-
bly 18 includes identical first and second linkage bars 324,
32b on oppositesides of the shaft assembly 20, e.g., separated
about 180° from one another around the shaft’s circumfer-
ence. While two shaft linkages are illustrated in the embodi-
ment of FIGS. 1-11, a person skilled in the art will appreciate
thatin other embodiments, the device can include any number
of linkages.

[0045] As shown in FIG. 8, when the articulation assembly
18 is in the articulated configuration, and the tool 19 is
inserted therein such that the end effector 22 extends distally
beyond the assembly’s distal end 204, the end effector 22 can
be configured to be oriented transverse to, and optionally to
intersect or “cross,” the shaft’s longitudinal axis 20A, which
can facilitate optimal positioning of the end effector 22 rela-
tive to other devices and/or a surgical site, and which can
reduce a “chopstick” effect between the device 10 and any
other adjacent surgical instruments. Depending on the size of
the first and second linkages 26, 30 and on the amount the
articulation assembly 18 is articulated, the distal portion of
second linkage 30 can also intersect or “cross” the shaft’s
longitudinal axis 20A.

[0046] The proximal shaft 24 and the linkages 26, 30 can
have a variety of sizes, shapes, and configurations. For
example, the proximal shaft 24 and the linkages 26, 30 can
each be in the form of a relatively rigid tubular section, e.g,,
made from a generally non-bendable material such as a hard
polymer or titanium, with the inner lumen 34 extending there-
through. As shown in FIGS. 3 and 4 of the illustrated embodi-
ment, the proximal shaft 24 can have a longer longitudinal
length 24L than the first and second linkages 26, 30 alone or
together. Also as in the illustrated embodiment, a longitudinal
length 26L of the first linkage 26 can be longer than a longi-
tudinal length 301 of the second linkage 30. Alternatively, the
longitudinal length 30L of the second linkage 30 can be larger
than the longitudinal length 261 of the first linkage 26, or the
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first and second linkages 26, 30 can have substantially equal
longitudinal lengths 26L, 30L.

[0047] As shown in FIGS. 2-4, a proximal portion of the
shaft 36 can be disposed within the handle 12 with a remain-
der of the shaft 36 extending distally from the handle 12 in a
generally straight line parallel to the shaft’s longitudinal axis
20A. The distal portion of the shaft 36 can be at least partially
received in the inner lumen 34 and surrounded by the proxi-
mal shaft 24, which can be slidable around and relative to the
shaft 36 to facilitate articulation at the articulation joints 42,
44, as discussed further below.

[0048] The articulation assembly 18 can be configured to
facilitate smooth and controlled articulation of the shaft
assembly 20 relative to the handle 12 with the first articulation
joint 42 being located between the proximal shaft 24 and the
first linkage 26 to allow the proximal shaft 24 and the first
linkage 26 to be angled relative to one another, and with the
second articulation joint 44 being located between the first
and second linkages 26, 30 to allow the first and second
linkages 26, 30 to be angled relative to one another offset from
the shaft’s longitudinal axis 20A. The proximal shaft 24 and
the linkages 26, 30 can thus be configured to articulate to form
a compound angle. The proximal shaft 24 can be configured
to be in a fixed position along the shaft’s longitudinal axis
20A when the articulation assembly 18 is in the straight
configuration, as shown in FIGS. 1 and 3-6, and in the articu-
lated configuration, as shown in FIG. 8. In contrast, the first
and second linkages 26, 30 and the linkage bars 32a, 325 can
be configured to be longitudinally aligned with the shaft’s
longitudinal axis 20A when the articulation assembly 28 is in
the straight configuration, as shown in FIGS. 1, 3-7, and 9,
and the first and second linkages 26, 30 can be angularly
oriented relative to the shaft’s longitudinal axis 20A with the
linkage bars 32a, 32b positioned away from the axis 20A
when the articulation assembly 18 is in the articulated con-
figuration, as shown in F1G. 8. As mentioned above, the end
effector 22 can be coupled to a distal end of the shaft assembly
20 such that the end effector 22 is positioned distal to the
articulation joints 42, 44. This can allow the end effector 22 to
articulate with the articulation assembly 18 and thereby be
angularly oriented relative to the shaft’s longitudinal axis
20A in coordination with the second linkage 30, as illustrated
in FIG. 8. In this way, the shaft assembly 20 can be inserted
into a patient’s body, and the distal portion thereof can be
articulated inside the body without altering the angular posi-
tion of the proximal portion of the shaft assembly 20, e.g., the
proximal shaft 24, that extends through an opening in the
body, either directly or through an access device. The end
effector 22 can thus be oriented to extend toward and in a
facing relationship with the longitudinal axis 20A.

[0049] With the articulation assembly 18 in the articulated
configuration, a compound angle is formed, with the respec-
tive axes 20A, 26A, 30A of the proximal shaft 24 and the
linkages 26, 30 intersecting one another. The axes 20A, 26A,
30A can, however, all lie within a common plane.

[0050] The proximal shaft 24 and the linkages 26, 30 can be
coupled together in a variety of ways. As illustrated in the
embodiment of FIGS. 5-9, a distal end of the proximal shaft
24 can be pivotably coupled to a proximal end of the first
linkage 26 at a first pivot point 38 to form the first articulation
joint 42. The first linkage 26 can thereby be configured to
pivot or rotate, as shown in FIG. 8, relative to the proximal
shaft 24 and the handle 12 about the first pivot point 38, which
can have an axis that is generally perpendicular to the longi-
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tudinal axis 20A of the proximal shaft 24. The proximal end
of the first linkage 26 can thus be in a fixed position relative to
the shaft’s longitudinal axis 20A, and the distal end of the first
linkage 26 can be free to move radially inward toward and
outward away from the shaft’s longitudinal axis 20A. The
first and second linkages 26, 30 can also be connected
together in a pivotal relationship, via the linkage bars 324,
326, to form the second articulation joint 44. A distal end of
the first linkage 26 can be pivotally coupled to proximal ends
of each of the linkage bars 32a, 325 at a second pivot point 40
at the second articulation joint 44, and a proximal end of the
second linkage 30 can be pivotally coupled to distal ends of
eachofthe linkage bars 32a, 325 at a third pivot point 46 at the
second articulation joint 44. The first linkage 26 can thereby
be configured to pivot or rotate relative to the second linkage
30, the proximal shaft 24, and the handle 12 about the second
pivot point 40, and the second linkage 30 can thereby be
configured to pivot or rotate relative to the first linkage 26, the
proximal shaft 24, and the handle 12 about the third pivot
point 46. The second and third pivot points 40, 46 can each
have an axis that is generally perpendicular to the longitudinal
axis 20A of the proximal shaft 24. In this way, the first and
second linkages 26, 30 can both articulate on a same side of
the shaft assembly 20, e.g., on a same side relative to the
proximal shaft 24, to allow the end effector 22 to intersect or
“cross” the shaft’s longitudinal axis 20A. In other words, a
longitudinal axis 26 A of the first linkage 26 and a longitudinal
axis 30A of the second linkage 30 and the end effector 22 can
be parallel to the longitudinal axis 20A of the proximal shaft
24 when the articulation assembly 18 is in the straight con-
figuration, as shown in FIGS. 3 and 4. When the articulation
assembly 18 is in the articulated configuration, the longitudi-
nal axes 26A, 30A of the first and second linkages 26, 30 can
be transverse relative to the shaft’s longitudinal axis 20A at
first and second angles A1, A2, respectively, to angularly
orient the end effector 22. The first and second linkages 26, 30
can be configured to be angularly oriented such that their
longitudinal axes 26A, 30A can be substantially perpendicu-
lar to one another. The measure of the first and second angles
A1, A2 can depend, at least in part, upon the sizes and shapes
of the proximal shaft 24, the linkages 26, 30, and the linkage
bars 32a, 32b. The angles A1, A2 each being substantially at
0° correspond to the articulation assembly 18 being in the
straight configuration. The second and third pivot points 40,
46, can be offset from and positioned a distance apart from the
linkages’ longitudinal axes 26A, 30A taken along a cross-
section of the linkages 26, 30, e.g., offset from center. Such
offset pivot point(s) can help guide the first and second link-
ages 26, 30 in desired articulated directions at the second
articulation joint 44.

[0051] The proximal shaft 24, the linkages 26, 30, and the
linkage bars 32a, 3256 can be pivotally coupled together in any
way at their associated ones of the pivot points 38, 40, 46, as
will be appreciated by a person skilled in the art. As in the
illustrated embodiment shown in FIGS. 5-9, a first pin 50 can
be inserted, e.g., by press fit, through respective first holes 52
formed in the distal end of the proximal shaft 24 and the
proximal end of the first linkage 26 to form a pivot hinge-type
joint at the first pivot point 38 between the adjacent proximal
shaft 24 and first linkage 26. Similarly, second and third pins
54, 56 can be respectively inserted through second and third
holes 58, 60 to pivotally couple the linkage bars 32a, 325 to
the first and second linkages 26, 30 at, respectively, the sec-
ond and third pivot points 40, 46.
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[0052] Thefirstand second linkages 26, 30 can respectively
includes grooves formed therein at the second and third pivot
points 40, 46 that can be configured to seat the linkage bars
32a, 325. By seating the linkage bars 32a, 325, the grooves
can be configured to help reduce the diameter of the device’s
distal portion including the linkage bars 32a, 32, which can
help ease insertion and removal of the device’s distal portion
to and from a patient’s body. However, as in the illustrated
embodiment, the linkage bars 32a, 325 can be configured to
not be seated flush or sub-flush within the grooves but instead
can extend laterally/radially outward from outer surfaces of
the first and second linkages 26, 30 such that the shaft’s
diameter D is larger at the second articulation joint 44 than
elsewhere along the shaft’s longitudinal length. In one
embodiment, the grooves can be configured to define ranges
of motion about the second and third pivot points 40, 46.

[0053] First and second grooves 62a, 64 seating the first
linkage bar 324, shown in FIGS. 5 and 9, are discussed below
in more detail, but as will be appreciated by a person skilled
in the art, third and fourth grooves 624, 645 seating the second
linkage bar 325, shown in FIG. 6, on an opposite side of the
shaft assembly 20 can be similarly configured. The first
groove 62a formed in the distal end of the first linkage 26 can
be configured to seat the proximal end of the first linkage bar
32a, and the second groove 64a formed in the proximal end of
the second linkage 30 can be configured to seat the distal end
of the first linkage bar 32a. The first and second grooves 624,
64a can have any size and shape that allow the respective
proximal and distal ends of the first linkage bar 324 to be
seated therein. In an exemplary embodiment, a maximum
width W1 of the first groove 62a can be larger than a maxi-
mum width W2 of the second groove 64a, where the widths
W1, W2 are measured perpendicular to the shaft’s longitudi-
nal axis 20A when the articulation assembly 18 is in the
straight configuration, as illustrated in FIG. 9. Such relative
sizing of the first and second grooves 62a, 64a can allow the
first linkage bar 32a to have a first range of motion about the
second pivot point 40 located within the first groove 62a that
is more than a second range of motion of the first linkage bar
32a about the third pivot point 46 located within the second
groove 64a. In this way, the first linkage bar 32a can be free to
move between a first position generally aligned with or par-
allel to the first and second linkages” longitudinal axes 26A,
30A when the articulation assembly 18 is in the straight
configuration, as illustrated in FIG. 9, and to a second, differ-
ent position angularly oriented relative to the first linkage’s
longitudinal axis 26 A when the articulation assembly 18 is in
the articulated configuration, as illustrated in FIG. 8. When
the articulation assembly 18 has been articulated to a maxi-
mum extent, such as shown in FIG. 8, the first groove 62a can
allow the first linkage bar 32a to pivot to be generally aligned
with or parallel to the second linkage’s longitudinal axis 30 A.
The maximum width W1 of the first groove 62a can define the
first range of motion of'the first linkage bar 32a relative to the
shaft’s axis 20A and hence also a maximum possible degree
value of the second angle A2 and a range of motion for the
second linkage 30 and the end effector 22. A person skilled in
the art will appreciate that relative ranges of motions of the
first and second linkage bars 324, 326 about the second and
third pivot points 40, 46 can be achieved using the grooves
62a, 62b, 64a, 64 and/or in other ways, e.g., by providing
linkages or linkage bars of different relative longitudinal
lengths, by providing a stop element such as a protrusion
extending radially outward from a sidewall of one or both of
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the first and second linkages 26, 30 to prevent rotation of the
linkage bars 32a, 326 beyond a certain point, etc. A person
skilled in the art will also appreciate that the device 10 can
lack any or all of the grooves 62a, 625, 644, 645 and thus not
limit ranges of motion of about the second and third pivot
points 40, 46.

[0054] Although the end effector 22 can be pivotally
coupled to the second linkage’s distal end such that it can
pivot or articulate relative to the second linkage 30, in the
illustrated embodiment, a proximal end of the end effector 22
is non-pivotally coupled to a distal end of the second linkage
30, e.g., welded, snapped, or press fit thereon, which can
allow the end effector 22 to articulate with the second linkage
30 relative to the first linkage 26, the proximal shaft 24, and
the handle 12. The end effector 22 can additionally or alter-
natively be configured to be movable relative to the second
linkage 30, such as by being rotatable relative thereto and/or
by opening and closing the jaws 16a, 165, as discussed further
below.

[0055] Although the end effector 22 is removably and
replaceably coupled to the second linkage 30 in the device 10
of FIGS. 1-11 (the end effector 22 is omitted for clarity in
FIGS.1,3-7 and 9) via the tool 19 proximally inserted therein
and moved distally beyond the second linkage’s distal end,
the end effector 22 can be removably and replaceably coupled
to the second linkage 30 in any other way, such as by using
any attachment element, e.g., complementary threads on the
distal end of the shaft and a proximal end of the end effector,
as will be appreciated by a person skilled in the art. In this
way, different end effectors having different sizes and/or
functions can be selectively attached to the device 10.
[0056] In oneexemplary embodiment, illustrated in FIGS.
12-14, a surgical device 10' is provided that includes a proxi-
mal handle 12' having an elongated, tubular shaft assembly
20" extending distally therefrom. The device 10' can be con-
figured and used similar to the device 10 of FIGS. 1-11, but it
can have an end effector fixedly attached to a distal end of the
shaft assembly 20'. Although, as mentioned above, an end
effector can be removably and replaceably coupled to a distal
end of the shaft assembly 20' using an attachment element.
The end effector 22' is shown in FIGS. 12-14 as a grasper
including jaws 164, 16b, a person skilled in the art will appre-
ciate that any type of end effector can be coupled to the device
10'". Similar to that discussed herein regarding the device 10,
an articulation assembly 18' can be configured to articulate
the shaft assembly 20' and angularly orient the end effector
22

[0057] Referring again to the embodiment of FIGS. 1-11,
the device 10 can include an articulation actuator configured
to articulate the articulation assembly 18 at the first and sec-
ond articulation joints 42, 44 to form a compound angle. The
articulation actuator can have a variety of configurations, but
in the illustrated embodiment the articulation actuator
includes a rigid, linear or straight rod or bar 66, generally
referred to as an “actuator,” configured to move relative to the
proximal shaft 24 and the two linkages 26, 30 to bend the
articulation assembly 18 at the articulation joints 42, 44.
Having a rigid articulation actuator can facilitate smooth,
controlled articulation of the articulation assembly 18,
although the articulation actuator can be flexible or partially
flexible, e.g., a flexible cable. The actuator 66 can be solid or
can have one or more hollow portions.

[0058] As shown in FIGS. 3 and 5-9, the actuator 66 can
include a rigid rod having a distal end pivotally coupled to the
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second linkage 30 at a fourth pivot point 68, and having a
proximal end coupled to the device 10 at a location proximal
to the first articulation joint 42. The actuator 66 can be piv-
otally coupled to the second linkage 30 in any way, such as
with a pin (not shown) inserted through respective holes 70
formed in the distal end of the actuator 66 and in the second
linkage 30. As in the illustrated exemplary embodiment, the
fourth pivot point 68 can be located at a distal end of the
second linkage 30, which can facilitate controlled articulation
and stabilization of the articulation assembly 18. The actua-
tor’s proximal end can be coupled to the device 10 in any way
and at any location such that movement of the knob 28 is
configured to move the actuator 66. The proximal shaft 24 and
linkages 26, 30 can include a channel 72 formed therein that
can be configured to movably receive the actuator 66. The
channel 72 can extend longitudinally along a full or partial
longitudinal length of any of the proximal shaft 24 and link-
ages 26, 30. Although the channel 72 extends along all of the
proximal shaft 24 and the linkages 26, 30 in the illustrated
embodiment, the channel 72 can extend along only a portion
of the shaft assembly 20, e.g., only along the proximal shaft
24. By being configured to seat the actuator 66 such that the
actuator 66 sits flush or sub-flush therein, the channel 72 can
be configured to help reduce a diameter of the shaft assembly
20, which can help ease insertion and removal of the device’s
distal portion to and from a patient’s body. Although the
actuator 66 in the illustrated embodiment includes a single
rod, a person skilled in the art will appreciate that the actuator
66 can include multiple rods.

[0059] Theactuator 66 can extend longitudinally parallel to
the longitudinal axis 20A when the articulation assembly 18
is not articulated, but a longitudinal axis 66A of the actuator
66 can be offset from and be parallel to the shaft’s longitudi-
nal axis 20A, as shown in FIG. 8. Having such an offset
longitudinal axis 66A can reduce clutter in the shaft’s lumen
34 and can facilitate articulation of the articulation assembly
18.

[0060] As mentionedabove, the actuator 66 can be movable
relative to the proximal shaft 24. As in the illustrated embodi-
ment, the actuator 66 can be movable longitudinally in proxi-
mal and distal directions parallel to the shaft’s longitudinal
axis 20A to articulate the articulation assembly 18. In
response to selective movement of the control knob 28, the
actuator 66 can be configured to move longitudinally relative
to the shaft’s longitudinal axis 20A, e.g., along the actuator’s
longitudinal axis 66 A parallel to the shaft’s longitudinal axis
20A. More particularly, when the articulation assembly 18 is
in the straight configuration, or when it is not maximally
articulated in the articulated configuration, longitudinal
movement of the control knob 28 along the shaft’s longitu-
dinal axis 20A in a proximal direction can move the proximal
shaft 24 longitudinally in a proximal direction over the shaft
36, and it can move the actuator 66 longitudinally in a proxi-
mal direction, thereby pulling the distal end of the second
linkage 30 proximally to pivot the second linkage 30 relative
to the actuator 66 at the fourth pivot point 68. Although the
actuator 66 and the second linkage 30 can be pivotally
coupled together at the fourth pivot point 38, the distal end of
the second linkage 30 can be constrained to longitudinal
movement along the longitudinal axis 66A of the actuator 66,
and thus parallel to the shaft’s longitudinal axis 204, as the
actuator 66 moves proximally and distally, as shown in FIG.
8. Such constrained movement can facilitate controlled, pre-
dictable movement of the second linkage 30 and hence of the
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end effector 22 coupled to the distal end thereof. The pivotal
movement of the second linkage 30 about the fourth pivot
point 68 can translate motion to the first pivot point 38 at the
first articulation joint 42 and to the second and third pivot
points 40, 46 at the second articulation joint 44 to form a
compound angle.

[0061] The articulation assembly 18 can be similarly
straightened using the actuator 66. When the articulation
assembly 18 is in the articulated configuration, longitudinal
movement of the control knob 28 along the shaft’s longitu-
dinal axis 20A in a distal direction can distally, longitudinally
move the proximal shaft 24 over the shaft 36 and distally,
longitudinally move the actuator 66, thereby pivoting the
second linkage 30 relative to the actuator 66 at the fourth pivot
point 68. The pivotal movement of the second linkage 30
about the fourth pivot point 68 can translate motion to the first
and second articulation joints 42, 44 to decrease the com-
pound angle, if not move the articulation assembly 18 from
the articulated configuration to the straight configuration.
[0062] With the actuator 66 coupled to the distal end of the
second linkage 30, the articulation assembly 18 can be bent in
a distal-to-proximal direction whether it is being increased or
decreased in amount of articulation. In other words, longitu-
dinal movement of the actuator 66 can cause the second
linkage 30 to pivot about the third pivot point 46 prior to the
first linkage 26 pivoting about the second pivot point 40, and
it can cause the first linkage 26 to pivot about the second pivot
point 40 prior to the first linkage 26 pivoting about the first
pivot point 38.

[0063] The articulation actuator can optionally include a
second actuator (not shown) configured to further facilitate
articulation at the first articulation joint 42. The second actua-
tor can have a distal end coupled to the proximal end of the
first linkage 26, e.g., at a coupling point 94 shown in FIG. 9,
and it can have a proximal end coupled to the device 10 at a
location proximal to the first articulation joint 42. The second
actuator can be rigid and/or flexible, although in an exemplary
embodiment at least a distal portion of the second actuator can
be flexible to allow the second actuator to bend at the first
articulation joint 42. In one exemplary embodiment, the sec-
ond actuator can include a flexible cable extending parallel to
the shaft’s longitudinal axis 20A within the inner lumen 34,
although the second actuator can be positioned outside or
partially outside the lumen 34. The second actuator can be
configured to be pulled in a proximal direction, such as by
manipulating a lever or knob located at the handle 12 or ata
proximal portion of the shaft assembly 20, to pull the first
linkage 26 at the coupling point 94 and help pivot the first
linkage 26 about the first pivot point 38. The second actuator
can be coupled to a dedicated lever or knob or to the control
knob 28 coupled to the actuator 66. The coupling point 94 can
include a fixed coupling point, such as if the second actuator
is welded or crimped to the first linkage 26, or can be a
movable coupling point, such as with a cam slidably received
in a slot formed in the first linkage 26. The coupling point 94
can be laterally/radially offset from the shaft’s central longi-
tudinal axis, which in the illustrated embodiment is shown as
the longitudinal axis 20A, by being near an outer edge of the
first linkage 26, as shown in the embodiment illustrated in
FIG. 9. Such an offset position can facilitate movement of the
first linkage 26 and changing of the first angle A1 when the
second actuator is pulled.

[0064] The articulation actuator can be freely longitudi-
nally movable to allow the articulation assembly 18 to articu-
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late any amount at any angles A1, A2. However, the control
knob 28 can be configured to be manually held in a fixed
position to hold the articulation assembly 18 at a desired
compound angle. The device 10 can include a lock configured
to mechanically hold the articulation assembly 18 in a fixed
position when it is in the articulated configuration, which can
ease manipulation of the device 10 when the articulation
assembly 18 is articulated. As in the illustrated embodiment,
the device 10 can include a lock configured to lock the articu-
lationassembly 18 in a fixed position when it is at a maximum
amount of articulation. The lock can have a variety of con-
figurations, as will be appreciated by a person skilled in the
art.

[0065] Inthe illustrated embodiment, as shown in FIGS. 2,
3,and 10, the lock includes holes 74 formed in a proximal end
of the proximal shaft 24 and complementary pins 76 extend-
ing radially inward in a distal portion of the handle 12. The
pins 76 can be spring-loaded or otherwise biased to a radially-
inward position. Although holes 74 are shown formed in the
proximal shaft 24, a person skilled in the art will appreciate
that the proximal shaft 24 could instead have depressions or
indentations formed therein for receiving the pins 76. A per-
son skilledin the art will also appreciate that although the lock
includes two holes 74 and two pins 76, the device’s lock can
include any number of complementary holes and pins. When
the proximal shaft 24 moves a sufficient proximal distance
relative to the handle 12, e.g., by pulling the control knob 28
proximally, the holes 74 can align with the pins 76 such that
the pins 76 can snap into the holes 74. The engagement of the
pins 76 within the holes 74 can hold the proximal shaft 24 in
a fixed position relative to the handle 12, thus maintaining the
actuator 66 and a remainder of the articulation assembly 18,
e.g., the first and second linkages 26, 30, in a fixed position
relative to the handle 12 and to each other. The lock can be
disengaged in any way, such as by moving the control knob 28
distally to move the proximal shaft 24 distally and thereby
snaphthe pins 76 out of the holes 74.

[0066] Inaddition to being longitudinally movable relative
to the handle 12, the control knob 28 can be configured to
rotaterelative thereto to rotate the shaft assembly 20 about the
longitudinal axis 20A. If the end effector 22 is attached to the
shaft’s distal end, as opposed to being attached to an inde-
pendent tool inserted through the device such as in the
embodiment illustrated in FIGS. 12-14, rotation of the shaft
assembly 20 can also rotate the end effector 22. The control
knob 28 can be rotatable any amount in clockwise and/or
counterclockwise directions. In the illustrated embodiment,
the control knob 28 is rotatable 360° in both clockwise and
counterclockwise directions when the lock is not engaged,
e.g., when the pins 76 are not engaged with the holes 74.
When the lock is engaged, the shaft assembly 20 can be
prevented from rotating. The proximal shaft 24 can include a
plurality of holes 74 arranged radially around its circumfer-
ence or perimeter to allow the pins 76 to engage holes in the
proximal shaft 24 when the proximal shaft 24 is in a variety of
rotated orientations.

[0067] The control knob 28 can include at least one grip-
ping feature 80, shown in FIG. 1, formed thereon that can be
configured to facilitate manipulation of the control knob 28.
The gripping feature 80 in the illustrated embodiment
includes a plurality of finger depressions around a perimeter
of the control knob 28, but a person skilled in the art will
appreciate that the control knob 28 can additionally or alter-
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natively include any one or more gripping features, e.g., a
textured surface, a finger loop, a non-slip coating, etc.

[0068] As mentioned above, the device 10 includes a
handle 12 having controls configured to operate the end effec-
tor 22, e.g., to actuate and/or rotate the end effector 22. As in
the embodiment illustrated in FIGS. 4, 10, and 11, the handle
12 can include an actuator configured to actuate the end
effector 22, e.g., to open and close the jaws 16a, 165. The
actuator can have a variety of sizes, shapes, and configura-
tions, but as in the illustrated embodiment, it can include a
translator element 88 extending distally from the handle 12,
through the shaft 36, and to the end effector 22. The translator
element 88 can include an actuator, cable, wire, or rod, gen-
erally referred to as a “translator element,” shown in FIG. 10,
having a proximal end coupled to an activator member in the
handle 12 and a distal end coupled to the end effector 22, with
a length between the proximal and distal ends extending
through the shaft assembly 20. The translator element 88 can
include a singular element, e.g., one flexible cable, or it can
include multiple elements, e.g., a proximal rigid rod and a
distal flexible cable. In an exemplary embodiment, at least a
distal portion of the translator element 88 is flexible. By being
flexible in at least a distal portion thereof, e.g., in a portion
extending through the articulation assembly 18, the translator
element 88 can allow for actuation of the end effector 22 and
articulation of the articulation assembly 18 at the articulation
joints 42, 44. In the illustrated embodiment, the translator
element 88 includes a flexible cable. The flexible cable can be
formed of any pliable material, e.g., an electroactive polymer,
a shape memory material such as Nitinol, etc., and can be
attached to the handle 12 and the end effector 22 in any way,
e.g., crimped, tied, etc.

[0069] The activator member in the handle 12 can vary, but
as in the illustrated embodiment, it can include a ratchet 86
driven by athumb trigger 84. The ratchet 86 can be configured
to longitudinally translate the translator element 88 parallel to
the longitudinal axis 20A in response to manual pressure on
the trigger 84. As the trigger 84 is pivoted relative to a pistol
handle grip 82, the trigger 84 ratchets the translator element
88 proximally or distally through the shaft 36, the proximal
shaft 24, and the two linkages 26, 30 to move the jaws 16a,
165, whether the articulation assembly 18 is articulated or
not.

[0070] As mentioned above, and as will be appreciated by a
person skilled in the art, the handle 12 can include any rotat-
ing mechanism configured to rotate the end effector 22 before
and/or after the articulation assembly 18 is articulated, such
as a knob 90 as shown, a lever, a wired or wireless electronic
control, etc. The knob 90 can include at least one gripping
feature, e.g., raised ridges 92, configured to facilitate manipu-
lation of the knob 90. The knob 90 can be coupled to the
translator element 88 and be configured to rotate the transla-
tor element 88 a full 360° clockwise and/or counterclockwise
to correspondingly rotate the end effector 22 about the second
linkage’s longitudinal axis 30A, which as mentioned above is
the same as the shaft’s longitudinal axis 20A when the articu-
lation assembly 18 is in the straight configuration. The knobs
28, 90 can thus allow for separate, relative rotation between
the shaft assembly 20 and the end effector 22. By extending
through the shaft assembly 20 whether it is articulated or not,
the translator element 88 can allow the end effector 22 to be
rotated about the shaft’s longitudinal axis 20A relative to the
shaft assembly 20 with the articulation assembly 18 in either
the straight or articulated configuration.



US 2014/0039518 A1

[0071] In use, as shown in an exemplary embodiment in
FIG. 15, one or more surgical devices 10" can be inserted
through an opening 100 in tissue 106 to access a body cavity
108 underlying the tissue 106 where the devices 10" can
perform any type of surgical procedure. The devices 10" can
generally each be configured and used similar to the device 10
of FIGS. 1-11. As mentioned above, a person skilled in the art
will appreciate that while the devices 10" are shown in the
illustrated embodiment in use in a laparoscopic procedure
and inserted into the body cavity 108, e.g., the abdominal
cavity, through a multiple port access device 102 positioned
in the tissue opening 100, e.g., an incision at the navel, any of
the surgical devices disclosed herein can be used in a variety
of surgical procedures and inserted into a patient’s body in
any number of ways. Prior to insertion of any instruments
through the multiple port access device 102, insufflation can
be provided through an insufflation port, as will be appreci-
ated by a person skilled in the art. A scoping device 104 can
also be inserted through the multiple port access device 102 to
provide visualization. Non-limiting examples of a scoping
device include an endoscope, a laparoscope, and a colono-
scope.

[0072] The multiple port access device 102 can include
multiple instrument openings each configured to receive an
instrument inserted therethrough. Each opening can have an
associated sealing port that can be configured to provide at
least one instrument seal that forms a seal around an instru-
ment disposed therethrough, but otherwise does not form a
seal when no instrument is disposed therethrough, at least one
channel seal or zero-closure seal that seals a working channel
created by the sealing port when no instrument is disposed
therethrough, or a combination instrument seal and channel
seal that is effective to both form a seal around an instrument
disposed therethrough and to form a seal in the working
channel when no instrument is disposed therethrough. Exem-
plary embodiments of multiple port access devices are
described in more detail in U.S. patent application Ser. No.
12/399,482 filed Mar. 6, 2009 entitled “Methods And Devices
For Providing Access Into A Body Cavity,” U.S. patent appli-
cation Ser. No. 12/399,473 filed Mar. 6, 2009 entitled “Meth-
ods And Devices For Providing Access Into A Body Cavity,”
U.S. patentapplication Ser. No. 12/512,542 filed Jul. 30,2009
entitled “Methods And Devices For Providing Access Into A
Body Cavity,” U.S. patent application Ser. No. 12/512,568
filed Jul. 30, 2009 entitled “Methods And Devices For Pro-
viding Access Into A Body Cavity,” U.S. patent application
Ser. No. 12/399,633 filed Mar. 6, 2009 entitled “Methods And
Devices For Providing Access Into A Body Cavity,” U.S.
patent application Ser. No. 12/399,625 filed Mar. 6, 2009
entitled “Methods And Devices For Providing Access Into A
Body Cavity,” U.S. patent application Ser. No. 12/399,547
filed Mar. 6, 2009 entitled “Surgical Access Devices And
Methods Providing Seal Movement In Predefined Paths,”
U.S. patent application Ser. No. 12/399,656 filed Mar. 6, 2009
entitled “Surgical Access Devices And Methods Providing
Seal Movement In Predefined Movement Regions,” and U.S.
patent application Ser. No. 12/766,086 filed Apr. 23, 2010
entitled “Methods And Devices For Accessing A Body Cav-
ity,” which are hereby incorporated by reference in their
entireties.

[0073] The devices 10" can be simultaneously or sequen-
tially inserted through the multiple port access device 102
with the articulation assemblies 18" in straight configurations
to position distal portions of the devices’ proximal shafts 24"
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within the body cavity 108. The proximal shafts 24" inserted
through the multiple port access device 102 can each extend
generally parallel to one another, e.g., have parallel longitu-
dinal axes. If one or both of the end effectors 22" are not
already coupled to the devices 10", e.g., if the end effector is
located at a distal end of a separate tool not yet inserted
through the articulation assembly, the tool can be inserted
therethrough to position the end effector(s) 22" distal to the
articulation assembly or assemblies 18". Such separate tools
having end effectors at distal ends thereof can be inserted after
the articulation assemblies 18" have been articulated, but it
can be easier and faster to articulate the tools with the articu-
lation assemblies 18" rather than navigate the tools through
previously-articulated articulation assemblies 18". After the
distal portions of the proximal shafts 24" and the end effector
22" have been positioned within the body cavity 108, control
knobs (not shown) of the devices 10" can be manipulated,
simultaneously or sequentially, to move the articulation
assemblies 18" from straight configurations to articulated
configurations and to allow the end effectors 22" to be
brought together in a non-interfering, cooperative, facing
relationship and to be within a viewing range 110 of the
scoping device 104, as illustrated in FIG. 16. In this way, the
proximal shafts 24" of the devices 10" can each extend gen-
erally parallel to one another while the articulation assem-
blies 18" are articulated such that the end effectors 22" can be
angularly oriented toward a same target tissue and/or toward
one another in a cooperative relationship. The devices’
handles (not shown) coupled to proximal ends of the proximal
shafts 24" can thus be more easily manipulated outside the
body, e.g., with a reduced “chopstick™ effect. The devices’
articulation assemblies 18" can be articulated any amount,
including not at all, same or different from one another, and
can be selectively adjusted during the surgical procedure to
form larger or smaller compound angles as desired. The
devices’ shafts can also be rotated relative to the devices’
handles, the end effectors 22" can be rotated relative to their
respective device shafts, and the end effectors’ jaws 16" can
be opened and closed. The devices 10" can thus allow the
articulation assemblies 18" to be easily inserted into a body in
straight configurations through a single, relatively small
opening 100 and be subsequently articulated to optimally
position the end effectors 22" relative to the surgical site, to
each other, to the scoping device 104, and to any other tools
within the body cavity 108. Because the device 10" can be
articulated, its end effector 22" can be positioned at an angle
with respect to a remainder of the proximal shaft 24" thereof,
triangulation and visualization can be improved. In other
words, even though the devices 10" and the scoping device
104 are inserted through a common incision, it is still possible
to see the end effectors 22" of the devices 10" and to bring the
end effectors 22" of the two instruments devices 10" together
in a facing relationship at a single point within the body cavity
108.

[0074] Thedevices 10" can also be easily removed from the
patient’s body by moving the articulation assemblies 18"
from articulated configurations to straight configurations.
The multiple port access device 102 can be configured to
allow further adjustment of instruments inserted there-
through, such as by allowing collective rotation of the instru-
ments around a central axis of the multiple port access device
102.

[0075] A proximal housing portion of the multiple port
access device 102 can be configured to be removable from a
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distal retractor portion of the multiple port access device 102.
Thus, at any point before, during, or after a surgical proce-
dure, the proximal housing portion can in full or part be
released from the distal retractor portion, and the distal retrac-
tor portion can be removed from the tissue 106. With the
proximal housing portion of the multiple port access device
102 disengaged from the distal retractor portion and with the
distal retractor portion still positioned in the tissue opening
100, a working channel of the distal retractor portion can
provide access to the body cavity 108 underlying the tissue
106. One or more of the devices 10" and/or other surgical
instruments can be advanced through the working channel,
such as a waste removal bag configured to hold waste mate-
rial, e.g., dissected tissue, excess fluid, etc., from the body
cavity 108. The bag can be introduced into the body cavity
108 through the distal retractor portion’s working channel or
other access port. A person skilled in the art will appreciate
that one or more surgical instruments can be advanced
through the distal retractor portion’s working channel before
and/or after the proximal housing portion has been attached to
the distal retractor portion. A surgical drape can optionally be
placed over the distal retractor portion and the tissue opening
100 during removal of the distal retractor portion to help
reduce dispersion of bodily fluid outside the surgical space.

[0076] The devices disclosed herein can be designed to be
disposed of after a single use, or they can be designed to be
used multiple times. In either case, however, the device can be
reconditioned for reuse after at least one use. Reconditioning
can include any combination of the steps of disassembly of
the device, followed by cleaning or replacement of particular
pieces, and subsequent reassembly. In particular, the device
can be disassembled, and any number of the particular pieces
or parts of the device can be selectively replaced or removed
in any combination, e.g., an end effector, a proximal housing
portion of a surgical access device, an end effector, etc. Upon
cleaning and/or replacement of particular parts, the device
can be reassembled for subsequent use either at a recondi-
tioning facility, or by a surgical team immediately prior to a
surgical procedure. Those skilled in the art will appreciate
that reconditioning of a device can utilize a variety of tech-
niques for disassembly, cleaning/replacement, and reassem-
bly. Use of such techniques, and the resulting reconditioned
device, are all within the scope of the present application.

[0077] Preferably, the invention described herein will be
processed before surgery. First, a new or used instrument is
obtained and if necessary cleaned. The instrument can then be
sterilized. In one sterilization technique, the instrument is
placed in a closed and sealed container, such as a plastic or
TYVEK bag. The container and instrument are then placed in
a field of radiation that can penetrate the container, such as
gamma radiation, x-rays, or high-energy electrons. The radia-
tion kills bacteria on the instrument and in the container. The
sterilized instrument can then be stored in the sterile con-
tainer. The sealed container keeps the instrument sterile until
it is opened in the medical facility.

[0078] One skilled in the art will appreciate further features
and advantages of the invention based on the above-described
embodiments. Accordingly, the invention is not to be limited
by what has been particularly shown and described, except as
indicated by the appended claims. All publications and refer-
ences cited herein are expressly incorporated herein by ref-
erence in their entirety.
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What is claimed is:

1-19. (canceled)

20. An articulating laparoscopic access device, compris-
ing:

%m elongate shaft;

a first linkage having proximal and distal ends, the proxi-
mal end of the first linkage being pivotally coupled to a
distal end of the elongate shaft at a first pivot point;

a second linkage having proximal and distal ends;

a linkage bar having proximal and distal ends, a proximal
end of the linkage bar being pivotally coupled to the
distal end of the first linkage at a second point, and the
distal end of the linkage bar being pivotally coupled to
the proximal end of the second linkage at a third pivot

oint;

wlﬁerein the first and second linkages and the linkage bar
are configured to move from a first position in which the
first and second linkages and the linkage bar are longi-
tudinally aligned to a second position in which the distal
end of the first linkage, the proximal end of the second
linkage, and the proximal and distal ends of the linkage
bar are displaced from the longitudinal axis of the elon-
gate shaft.

21. The system of claim 20, wherein the first and second
linkages extend substantially perpendicular to one another
when the first and second linkages are in the second position.

22. The device of claim 20, further comprising an actuator
coupled to the distal end of the second linkage and being
longitudinally movable in proximal and distal directions rela-
tive to the elongate shaft.

23.The device of claim 22, wherein in the second position,
longitudinal axes of the first linkage, the second linkage, and
the actuator form a substantially triangular shape.

24. The device of claim 22, wherein the distal end of the
second linkage is pivotally coupled to the actuator at a fourth
pivot point, the actuator constraining the fourth pivot point to
movement parallel to a longitudinal axis of the elongate shaft.

25. The device of claim 22, wherein the actuator is a rigid
rod.

26. The device of claim 20, wherein the proximal end of the
first linkage is axially fixed relative to the longitudinal axis of
the elongate shaft.

27. The system of claim 20, wherein the first and second
linkages comprise tubular members having an inner lumen
configured to receive a tool therein.

28. The device of claim 20, wherein the proximal end of the
linkage bar is seated within a first groove formed in the distal
end of the first linkage, and wherein the distal end the linkage
bar is seated within a second groove formed in the proximal
end of the second linkage, the first groove defining a first
range of motion and the second groove defining a second
range of motion.

29. The device of claim 20, further comprising an end
effector coupled to the distal end of the second linkage.

30. The device of claim 29, wherein the end effector
includes opposed jaws, and the device includes a second
actuator extending through the elongate shaft, the first link-
age, and the second linkage and coupled to a proximal end of
the opposed jaws, the second actuator being configured to
move the opposed jaws between a closed position and an open
position.

31. A laparoscopic system, comprising:

an elongate shaft;

an articulating portion consisting of}
afirst linkage coupled to the elongate shaft at a firstjoint,

and
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a second linkage coupled to the first linkage at a second
joint, the second joint being movable radially outward
relative to a central longitudinal axis of the elongate
shaft; and

an actuator coupled to a distal end of the second linkage

and being movable relative to the elongate shaft, the

actuator constraining the distal end of the second linkage
to movement parallel to a longitudinal axis of the elon-
gate shaft.

32. The system of claim 31, Wherein the end effector is
angularly oriented relative to the central longitudinal axis
when the second joint is disposed radially outward from the
central longitudinal axis.

33. The system of claim 31, wherein the actuator extends
parallel to and offset from central longitudinal axis of the
elongate shaft.

34. The system of claim 31, wherein the distal end of the
actuator is coupled to the distal end of the second linkage ata
pivot point such that the second linkage is configured to pivot
about the pivot point relative to the actuator.

35. The system of claim 31, wherein the actuator is con-
figured to move proximally to move the second joint radially
outward relative to the central axis of the elongate shaft.

36. The system of claim 31, wherein the first and second
linkages are positioned on the same side relative to the central
axis of the elongate shaft when the second joint is disposed
radially outward from the central axis.

37. The system of claim 31, further comprising a locking
mechanism configured to lock the articulation assembly in a
fixed position relative to the elongate shaft.

* % % k¥
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