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knot pusher. The elongate body includes a proximal end portion and a distal end portion. The ac-
tuator interacts with the elongate body and is operable between a first operating position and a
second operating position. The needle holder extends away from the distal end portion or is
provided as part of the distal end portion of the elongate body, and includes a distal end section
having a distal-most tip. The needle holder defines a needle passage and a distal opening adjacent
the distal-most tip. The knot pusher connects with and extends away from at least one of the
elongate body and the needle holder.
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DEVICES AND METHODS FOR SUTURE PLACEMENT

[0001] This application claims priority to U.S. Provisional Application Serial No. 62/291,602 filed on
February 5, 2016, the entirety of which is expressly incorporated by reference.

BACKGROUND
[0002] The present disclosure relates generally to surgery and the placement of sutures, and more
particularly, to devices and methods for the suture repair of tissue, for example, tears of the dura mater
that occur during spinal surgery.
[0003] Tears of the dura mater (durotomy) are a relatively common occurrence during spinal
surgery. Incidences of durotomy can vary by procedure and can be an additional challenge during
surgical repairs such as, for example, lumbar surgeries or the like. Moreover, it is desirable to form a
substantially watertight closure of the dura mater to inhibit or preclude, for example, cerebrospinal fluid
(CSF) leaks that can otherwise lead to patient complications.
[0004] Surgical closure techniques using sutures is one approach to dural repair. In some
instances, however, these techniques can be difficult to execute due to anatomic constraints, obstruction
of visualization by CSF or blood, and the proximity to nerve rootlets. In some instances, these challenges
can be further complicated when using minimally invasive techniques such as, for example, a tubular
retractor. In some such instances, surgeons may choose not repair the durotomy or they may attempt to
repair the durotomy using traditional suturing tools. Such tools and devices can be limited and, in some
instances, lack maneuverability to avoid obstructions and/or to enable adequate passage of the needle
and suture through the tissue. As a result, surgical repairs of the dura mater are often time consuming
and expensive.

SUMMARY
[0005] In view of the foregoing, a suturing device is provided including an elongate body, an
actuator, a needle holder and a knot pusher. The elongate body includes a proximal end portion and a
distal end portion. The actuator interacts with the elongate body and is operable between a first
operating position and a second operating position. The needle holder extends away from the distal end
portion or is provided as part of the distal end portion of the elongate body, and includes a distal end
section having a distal-most tip. The needle holder defines a needle passage and a distal opening
adjacent the distal-most tip. The knot pusher connects with and extends away from at least one of the
elongate body and the needle holder.
BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a perspective view of a suturing device.
[0007] FIG. 2 is a cross — sectional view of a lower portion of the suturing device of FIG. 1 and a
schematic depiction of a tissue tear.
[0008] FIG. 3 is another cross — sectional view of the lower portion of the suturing device of FIG. 1,
and FIG. 3A is an enlarged view of the circled portion in FIG. 3.
[0009] FIG. 4 is a perspective view of a suturing kit including two suturing devices, a suture holding
structure and a knot pusher.
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[0010] FIGS. 5 — 7 are perspective views of variations of a lower portion of an actuator of the
suturing device of FIG. 1.
[0011] FIG. 8 is a cross — sectional view of an upper portion of the suturing device of FIG. 1, and

FIG. 8A is an enlarged view of the circled portion in FIG. 8.

[0012] FIG. 9 is a side view of the suturing device of FIG. 1 next to a tubular retractor shown in
cross section.

[0013] FIG. 10 is another cross — sectional view of the lower portion of the suturing device of FIG. 1.
[0014] FIG. 11 is a perspective view of the lower portion of the suturing device of FIG. 1 showing a
needle holder disconnected from an elongate body of the suturing device.

[0015] FIG. 12 is a schematic cross — sectional view of the lower portion of a variation of the needle
holder of the suturing device of FIG. 1.

[0016] FIG. 13 is a cross — sectional view of the lower portion of another variation of the needle
holder of the suturing device of FIG. 1.

[0017] FIG. 14 is a perspective view of a lower portion of the suturing device showing the variation
of FIG. 13, and FIG. 14A is an enlarged view of the circled portion in FIG. 14.
[0018] FIG. 15 is a side view showing a variation of the elongate body and a variation of the needle

holder of the suturing device.

[0019] FIG. 16 is a cross — sectional view of the lower portion of the variation of the needle holder
shown in FIG. 15.
[0020] FIG. 17 is an alternative embodiment of a suturing device, and FIG. 17A is an enlarged view

of the circled portion in FIG. 17.

DETAILED DESCRIPTION

[0021] FIG. 1 depicts an example of a suturing device 10 that is useful to suture tears in dura mater,
which may occur during spinal surgery procedures; however, the suturing device 10 can be used in other
types of surgical procedures. The suturing device 10 generally includes an actuator 12, an elongate body
14, and a needle holder 16. The suturing device 10 is particularly useful during a minimally invasive
surgical procedure that is performed through a tubular retractor or other small surgical portal to accurately
locate a needle 20 and a suture 22, which are shown in FIG. 2, with respect to target tissue 24 to be
sutured. The target tissue 24 shown in FIG. 2 is part of a dural sac having a tear. Again, the suturing
device 10 may be useful in other surgical procedures.

[0022] With reference to FIG. 2, the needle 20 in the illustrated embodiment is a curved needle
having a first end 30, which is pointed, and a second end 32, which is opposite to the first end 30. The
needle 20 can be similar to commercially available curved needles made from known materials. The
needle 20 can be formed having a curved needle radius 34. The needle 20 could also be formed from a
malleable, or flexible, material such that the needle 20 could follow a curve when positioned within the
needle holder 16, which is curved in FIG. 2, and then later straighten after exiting the needle holder 16.
The needle 20 can take other configurations, such as straight. Also, the needle 20 could be formed as
part of the suture 22, e.g., the needle 20 could be a rigid end of the suture 22 that is configured so as to
be suitable to pass through animal tissue. Actuation of the actuator 12 moves the needle 20 in an
advance direction 36 (FIG. 3) with respect to the needle holder 16. The needle 20 moves from a
retracted position, which is shown in FIG. 3, to a released condition, which is shown in FIG. 2, in which
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the needle 20 is released from the needle holder 16. When in the released condition, the surgeon can
grasp the needle 20, for example with forceps, and pull the needle 20 and the suture 22.

[0023] With reference back to FIG. 2, the suture 22 connects with the needle 20 and extends from
the second end 32 of the needle 20. The suture 22 can be swaged to the second end 32 of the needle
20. The suture 22 can also connect with the needle 20 in other conventional manners. The suture 22
can be acquired from known suture manufacturers. The average diameter of the suture 22 can be very
close to the outer diameter of the second end 32 of the needle 20, for example, the average diameter of
the suture 22 can be between 90% and 110% of the outer diameter of the second end 32 of the needle
20.

[0024] The actuator 12 is operable between a first operating position and a second operating
position. As seen when comparing FIG. 1 to FIG. 4, the actuator 12 in the illustrated embodiment is
moveable between a first operating position, which is shown in FIG. 1, and a second operating position,
which is shown in FIG. 4. Movement of the actuator 12 from the first operating position toward the
second operating position moves the needle 20 in the advance direction 36 (FIG. 3) with respect to the
needle holder 16 thus moving the needle 20 toward the released condition, which is shown in FIG. 2, in
which the needle 20 is released from the needle holder 16.

[0025] With reference back to FIG. 1, in the illustrated embodiment the actuator 12 includes a button
50, a tube 52, which could also be a rod, and a wire 54 (FIG. 2). In the illustrated embodiment, the button
50 connects with the tube 52, which is connected with the wire 54. Alternatively, the button 50 could
connect with the wire 54 without the tube 52. Also, the button 50 could connect with a rod having no
elongate passage, and the rod can connect with the wire 54. In the illustrated embodiment, the actuator
12 includes a flexible section, which in the illustrated embodiment is made up of the wire 54, which can
be made from nitinol. The flexible section is configured to bend within the needle holder 16 when the
actuator 12 is moved from the first operating position toward the second operating position.

[0026] The tube 52 (or rod) is received within the elongate body 14 and moves with respect to the
elongate body 14 when the actuator 12 moves between the first operating position and the second
operating position. In the illustrated embodiment, the tube 52 moves along a longitudinal axis 56 (FIG.
2). The longitudinal axis 56 in the illustrated embodiment is a straight line; however, the longitudinal axis
could be a curved line, for example if the elongate body 14 is curved. The tube 52 includes an elongate
passage 58, which receives the wire 54 in the illustrated embodiment. Alternatively, the wire 54 could
extend from a distal end of a rod, which would connect with the button 50, in lieu of providing the tube 52.
The tube 52 is made from a rigid material, such as a rigid plastic or metal, and is more rigid than the wire
54,

[0027] With reference back to FIG. 1, the button 50 includes an operator contact surface 60 that is
configured to be depressed by a surgeon's finger or thumb to move the actuator 12 from the first
operating position toward the second operating position. The button 50 also includes a handle contact
surface 62 spaced from the operator contact surface 60 along the longitudinal axis 56. The button 50
also includes an outer surface 64, which follows a surface of revolution about the longitudinal axis 56 and
spans between the operator contact surface 60 and the handle contact surface 62, which allows for the
surgeon to easily manipulate the suturing device 10 and rotate the suturing device 10 about the
longitudinal axis 56. The button 50 connects with the tube 52 (or the rod) and the wire 54 such that
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movement of the button 50 along the longitudinal axis 56 results in movement of the tube 52 (or rod) and
the wire 54 along the longitudinal axis 56.

[0028] With reference to FIG. 2, a distal end 70 of the actuator 12, which in the illustrated
embodiment is located at a distal end of the wire 54, contacts the second end 32 of the needle 20 as the
actuator 12 is moved from the first operating position (shown in FIGS. 1 and 3) toward the second
operating position (shown in FIGS. 2 and 4) to move the needle 20 in the advance direction 36. With
reference to FIG. 5, which shows a lower portion of the actuator 12, the actuator 12 could include a distal
tube 72, which could be made from plastic, at a distal portion. As illustrated, the distal tube 72 connects
with the wire 54. An outer diameter of the distal tube 72 could be nearly equal to an inner diameter of the
elongate body 14 and/or the needle holder 16, while being small enough so that the distal tube 72 is
freely moveable within the elongate body 14 and the needle holder 16. An alternative arrangement is
shown in FIG. 6, which also shows a distal portion of the actuator 12 where the actuator 12 includes a
spherical distal tip 74. As illustrated, the spherical distal tip 74 can be provided on the wire 54. The outer
diameter of the spherical distal tip 74 can be nearly equal to the inner diameter of the elongate body 14
and/or the needle holder 16. FIG. 7 also depicts a distal portion of the actuator 12 where the actuator 12
includes a pocket 76 at a distal end. The pocket 76 is configured to receive the second end 32 of the
needle 20. The pocket 76 can also be configured to receive the suture 22. The pocket 76 could be
formed from a resilient material that clamps onto the second end 32 of the needle 20 while the needle 20
is being advanced through the needle holder 16 in the advance direction 36.

[0029] Other types of actuators can be employed to move the needle 20 in the advance direction 36.
For example, air pressure through a pneumatic mechanism could be used to move the needle 20 from
the retracted position shown in FIG. 3 to the released condition shown in FIG. 2. Other types of
mechanical actuators could also be used to move the needle 20. For example, rollers that contact the
needle 20 could be driven by a motor to move the needle 20 from the retracted position toward the
released condition. Moreover, the needle 20 can be deployed using a robot where the suturing device 10
connects with an end effector of a robot, and the actuator and the suturing device 10 can be configured to
connect with the end effector. As such, the actuator 12 including the button 50, the tube 52 and the wire
54 is not the only actuator contemplated to move the needle 20 from the retracted position toward the
released condition.

[0030] With reference back to FIG. 1, the suturing device 10 also includes a handle 90 connected
with the elongate body 14. The handle 90 connects with a proximal end portion 92 of the elongate body
14 and is fixed to the elongate body 14 such that movement of the handle 90, e.g., rotational or
translational movement, results in the same movement of the elongate body 14.

[0031] With reference to FIGS. 8 and 8A, the handle 90 includes an elongate bore 94 in which the
proximal end portion 92 of the elongate body 14 is received. The elongate bore 94 extends from a
proximal end surface 96 to a distal end surface 98 and is aligned with the longitudinal axis 56. The
handle 90 also defines an outer side surface 102 extending between the proximal end surface 96 and the
distal end surface 98. The outer side surface 102 follows a surface of revolution about the longitudinal
axis 56. In the illustrated embodiment, the outer side surface 102 is a hyperboloid. An outer diameter of
the handle 90 adjacent both the proximal end surface 96 and the distal end surface 98 is less than an
outer diameter of the handle 90 equidistant between the proximal end surface 96 and the distal end



WO 2017/136027 PCT/US2016/063308

surface 98. This provides a recessed contour that allows the surgeon to easily grip the handle 90 to
maneuver the suturing device 10.

[0032] The maximum outer diameter of the handle 90, which can also be referred to as a width
measured perpendicular to the longitudinal axis 56 since the handle need not be circular in a cross
section normal to the longitudinal axis, can be 10 — 20 mm. In the illustrated embodiment, the handle 90
has a width W measured perpendicular to the longitudinal axis of less than 12 mm. FIG. 9 depicts a
tubular retractor TR in cross section next to the suturing device 10 having a length TRL and an internal
diameter TRD. Common tubular retractors used during minimally invasive spinal surgery procedures
have inner diameters (e.g., depicted as the internal diameter TRD in FIG. 9) measuring between 14 mm
to 22 mm. The maximum width of the handle 90 is not too large, which could impede the line of sight for
the surgeon during a surgical procedure, especially when the surgeon is working through a tubular
retractor or another small surgical portal other than a tubular retractor. As seen in FIG. 9, the button 50
also has a maximum width equal to the maximum width of the handle 90. It is also desirable to limit the
maximum width of the button 50 so as not to impede the line of sight for the surgeon during a surgical
procedure. As such, the maximum width of the button 50 measured perpendicular to the longitudinal axis
56 can be between 90% and 110% of the maximum width of the handle 90.

[0033] The handle 90 can be other shapes. For example, the handle could be in the form of a pistol
grip, if desired.

[0034] With reference back to the illustrated embodiment and with reference to FIG. 9, the button 50
is offset from the handle 90 when the actuator 12 is in the first operating position. More particularly, the
handle contact surface 62 of the button 50 is offset from the proximal end surface 96 of the handle 90 a
distance d as measured parallel to the longitudinal axis 56. The distance d can be configured such that
the distal end 70 of the actuator 12 remains inside the needle holder 16 when the actuator 12 is in the
second operating position, which can be when the handle contact surface 62 of the button 50 contacts
the proximal end surface 96 of the handle 90. If desired, the distance d can be configured such that the
distal end 70 of the actuator 12 extends from the needle holder 16 when the actuator 12 is in the second
operating position.

[0035] With reference back to FIG. 1, the elongate body 14 in the illustrated embodiment is in the
form of a cannula. With reference to FIG. 2, the elongate body 14 has an outer surface 118, which is
smooth, and defines a track 120 that receives a portion of the actuator 12. In the illustrated embodiment,
the elongate body 14 is a cannula and the track 120 is a lumen that receives the tube 52 and the wire 54
of the actuator 12. The elongate body 14 can take other configurations, for example the track need not
encircle the tube 52 and the wire 54, but could be U-shaped. In the illustrated embodiment, the elongate
body 14 is circular in a cross section taken normal to the longitudinal axis 56, however, the elongate body
14 could take alternative configurations, such as polygonal or U — shaped in a cross section taken normal
to the longitudinal axis 56. The elongate body 14 includes the proximal end portion 92 and a distal end
portion 122. In the illustrated embodiment, the needle holder 16 is received in and connected with the
elongate body 14 and extends away from the distal end portion 122. Alternatively, the needle holder 16
can be provided as part of the distal end portion 122 of the elongate body 14. In the illustrated
embodiment, the elongate body 14 is made from metal and extends along the longitudinal axis 56. The
elongate body 14 in the illustrated embodiment is made from a rigid material; however, if desired at least
a portion of the elongate body 14 may be made from a malleable or flexible material to allow the surgeon
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to bend at least a portion of the elongate body 14 into a desirable configuration for insertion into an
animal body during a surgical procedure. In the illustrated embodiment, an outer diameter of the
elongate body 14 is constant between the proximal end portion 92 and the distal end portion 122. The
outer diameter can be less than 3.5 mm, which provides a very slim device to enhance the line of sight
for a surgeon during the surgical procedure.

[0036] The needle holder 16 extends away from the distal end portion 122 or is provided as part of
the distal end portion 122 of the elongate body 14. With reference to FIG. 10, the needle holder 16 is a
hollow tubular member. In the illustrated embodiment, a proximal end section 130 of the needle holder
16 that is aligned with the longitudinal axis 56 is received inside the elongate body 14; however, the
needle holder 16 could be formed as part of the elongate body, e.g., both the elongate body 14 and the
needle holder 16 could be made from one tubular stock material. In an alternative arrangement, the
elongate body 14 and the needle holder 16 can be formed from elongate generally U-shaped in cross
section material that are connected in a clam-shell type configuration. The needle holder 16 depicted in
the illustrated embodiment is a curved needle holder that generally follows a constant radius such that
the suturing device 10 can have J-hook configuration at a distal end thereof.

[0037] In the illustrated embodiment, the needle holder 16 is not intended to be removable from the
elongate body 14; however, in an alternative arrangement the needle holder 16 can selectively connect
with the elongate body 14 via a mechanical connection such as a friction fit or a bayonet connection.
FIG. 11 shows the needle holder 16 separated from the elongate body 14. In such an embodiment, the
needle holder 16 is releasably connected with the distal end portion 122 of the elongate body 14. For
example, a protuberance 132 can be provided on the proximal end section 130 of the needle holder 16.
The protuberance 132 fits into a recess 134 provided in the distal end portion 122 of the elongate body
14. A plurality of protuberances 132 and recesses 134 can be provided to releasably connect the needle
holder 16 with the elongate body 14.

[0038] With reference back to FIG. 9, a distance L1, which is measured parallel with the longitudinal
axis 56, from the distal end surface 98 of the handle 90 to a location 138 where the curved needle holder
16 begins to curve away from the longitudinal axis 56 is between 10 cm and 20 cm. Stated another way,
the distance L1 measured parallel with the longitudinal axis 56 between where the curved needle holder
16 begins to curve away from the longitudinal axis 56 to where the elongate body 14 connects with the
handle 90 is between about 10 cm to about 20 cm. In the illustrated embodiment, the distance L1 is
about 13 cm. Common tubular retractors used during minimally invasive spine surgery have a length
(e.g., depicted as the length TRL in FIG. 9) between 3 cm and 9 cm. The distance L1 allows the surgeon
to insert the elongate body 14 and the needle holder 16 into the tubular retractor so that the needle
holder 16 can contact the target tissue without the handle 90 contacting the tubular retractor while being
close enough to the target tissue to allow the surgeon to manipulate the needle holder 16 without the
suturing device being unwieldy. If the distance L1 is too long, manipulation of the needle holder 16
becomes more challenging.

[0039] With reference to FIGS. 10 and 11, the needle holder 16 includes a distal end section 140
having a distal-most tip 142. The needle holder 16 defines a needle passage 144 that is in
communication with the track 120 and a distal opening 146. The distal opening 146 is offset from the
longitudinal axis 56 in a forward direction. With reference to FIG. 10, the distal-most tip 142 is offset from
the longitudinal axis 56 in a direction perpendicular from the longitudinal axis a distance L2 of less than 7
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mm. As mentioned above, common tubular retractors used during minimally invasive spinal surgery
procedures have diameters measuring between 14 mm to 22 mm. By spacing the distal-most tip 142
offset from the longitudinal axis 56 in a direction perpendicular from the longitudinal axis less than 7 mm,
the surgeon can locate the elongate body 14 along the central axis CA of the tubular retractor and rotate
the suturing device 10 around the central axis CA without contacting the side of the tubular retractor. The
needle holder 16 could also be made from a malleable or flexible material to allow the surgeon to bend at
least a portion of the needle holder 16 into a desirable configuration, e.g., around the distal-most tip 142
to help place the distal-most tip in the tissue tear.

[0040] In the illustrated embodiment, the distal end section 140 of the needle holder 16 is configured
to allow the second end 32 of the needle 20 to release from the needle holder 16 at a location offset from
the distal-most tip 142 in a direction opposite to the advance direction 36. The distal end section 140 of
the needle holder 16 includes an offset edge 150 forming a part of a boundary of the distal opening 146
adjacent the location where the second end 32 of the needle 20 is released from the needle holder 16.
With reference back to FIG. 2, as the needle 20 advances in the advance direction 36, the first end 30 of
the needle 20 can pass through the target tissue 24 from an internal side 26 of the target tissue 24
toward an outer side 28 of the target tissue 24. The second end 32 of the needle 20, however, need not
travel past the distal-most tip 142 of the needle holder 16 before being released from the needle holder
16. Such a configuration of the distal opening 146 facilitates loading of the needle 20 and the suture 22
into the needle passage 144, which occurs by inserting the second end 32 of the needle 20 into the distal
opening 146 and moving the needle 20 with respect to the needle holder 16 in a direction opposite to the
advance direction 36. The configuration of the distal opening 146 also mitigates the likelihood that the
first end 30 of the needle 20 may pass through the suture 22 when being passed through the target
tissue 24.

[0041] As more clearly seen in FIG. 11, the distal opening 146 is non-circular. With reference to
FIG. 10, a line 152 intersects the offset edge 150 and the distal-most tip 142. The line 152 is offset from
90° with respect to a line drawn tangent to a point on the advance direction 36 where the advance
direction intersects the line 152. As such, the distal opening 146 can be considered to be beveled. Even
with the non-circular distal opening 146, when the needle 20 is in the retracted position (shown in FIG. 3),
the first end 30 of the needle 20 is recessed inwardly (downwardly in FIG. 3) from the distal-most tip 142
within the needle passage 144. The distal-most tip 142 can also be rounded (see FIG. 11), which allows
for the surgeon to grab or "hook” the target tissue 24 on the internal side 26 thereof and indent the target
tissue 24 with the distal-most tip 142 while not catching the target tissue 24 with the first (pointed) end 30
of the needle 20. Also, a rounded ball could be provided at the distal-most tip 142. This allows the
suturing device 10 to be used similar to a nerve hook, which is used in known surgical procedures.

[0042] The distal end section 140 of the needle holder 16 can be configured in other configurations
to allow the second end 32 of the needle 20 to release from the needle holder 16 at a location offset from
the distal-most tip 142. For example, a notch, which is depicted in FIG. 17, can be provided near the
distal-most tip 142. The configuration of the distal end section 140 not only facilitates deployment of the
needle 20 from the suturing device 10, but it also facilitates loading the needle 20 and the suture 22 into
the suturing device 10.

[0043] With reference to FIG. 10, the needle passage 144 in the illustrated embodiment is curved
and follows a curved needle passage radius 160, which is measured along a midline of the needle
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passage 144. The curved needle radius 34 for the curved needle 20 depicted in FIG. 2, and the curved
needle passage radius 160 are similar, but need not be identical. By not matching the curved needle
radius 34 to the curved needle passage radius 160, the needle 20 may contact an inner surface 162 of
the needle holder 16 along a portion of its travel path in the needle holder 16 as the needle 20 moves
from the retracted position toward the released condition. The needle 20 may contact the inner surface
162 of the needle holder 16 along a majority of its travel path in the needle holder 16 as the needle 20
moves from the retracted position toward the released condition. By not having the curved needle radius
34 match the curved needle passage radius 160, friction between the needle 20 and the inner surface
162 of the needle holder 16 helps retain the needle 20 in the needle holder 16, for example during
transport. When the needle 20 is in the retracted position, the needle 20 can be in contact with the inner
surface 162 of the needle holder 16 in at least three different locations along the length, or arc length, of
the needle 20, e.g., a first location 164, a second location 166 and a third location 168, which are
depicted in FIG. 16. The first location 164 is located beneath and adjacent to the distal-most tip 142.
The second location166 is located near the middle of the arc length of the needle 20. The third location
168 is located adjacent the location 138 where the curved needle holder 16 begins to curve away from
the longitudinal axis 56. Also, the needle 20 can have a maximum outer diameter that is at least 40% of
the inner diameter of the needle passage 144, which can facilitate retaining the needle 20 within the
needle passage 144. Also, the needle 20 can have an outer diameter that is not greater than 90% of the
inner diameter of the needle passage 144, which can allow the needle passage 144 to accommodate
both the needle 20 and the suture 22.

[0044] The inner surface 162 of the needle holder 16 may be electro-polished to facilitate
advancement of the needle 20 from the retracted position toward the released condition. Furthermore, a
gel or other lubricant can be provided in the needle passage 144. The gel or lubricant can help retain the
needle 20 in the needle passage 144 of the needle holder 16 and also decrease friction between the
needle 20 and the inner surface 162 during deployment of the needle 20 from the suturing device 10.
With reference to FIG. 16, a needle retainer 172 can be provided to retain the needle 20 in the needle
passage 144 after manufacturing and before use, e.g., during shipment. The needle retainer 172 can be
made from foam or a similar resilient material and covers the distal opening 146. It can be desirable to
make the needle retainer 172 from an open cell foam to aid in the sterilization process. The needle
retainer 172 can be inserted into the distal opening 146, or the needle retainer 172 can include a
receptacle (shown in phantom in FIG. 16) and fit over the needle holder 16 to cover the distal opening
146. Where the suturing device 10 is packed with a backer card that retains the suturing device 10, the
needle retainer 172 can be attached directly to or integrated into the backer card.

[0045] In an alternative arrangement, the wire 54 of the actuator 12 can also be pre-biased along a
curve similar in radius to the curved needle passage radius 160 to facilitate deployment of the needle 20.
As mentioned above, the pocket 76 (FIG. 7) or a similar device could be formed from a resilient material
that clamps onto the second end 32 of the needle 20 while the needle 20 is being advanced through the
needle holder 16 in the advance direction 36. For example, the pocket 76 (or similar device) can have an
outer diameter such that the inner surface 162 applies a force to the pocket 76 so that the pocket 76
frictionally engages the second end 32 of the needle 20 until the needle 20 is in the released condition,
i.e., fully released from the needle holder 16. As such, the pocket 76 (or similar device) at the distal end
70 of the actuator 12 selectively connects with and disconnects from the needle 20, which allows the
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surgeon to retract the needle 20 back into the needle holder 16 after the needle 20 has been moved in
the advance direction 36 but prior to the needle 20 obtaining the released condition.

[0046] In the illustrated embodiment, the needle holder 16 defines the distal extent of the suturing
device 10. An outer diameter 174, which need not be circular, of the needle holder 16 is about equal to
or less than an outer diameter 176 of the distal end portion 122 of the elongate body 14. Also, the outer
diameter 174 of the needle holder 16 is constant, or nearly constant, from the distal-most tip 142 to where
the needle holder 16 transitions to the elongate body 14. The distal extent of the suturing device 10 is at
a point 178 along the needle holder 16, which is curved in the illustrated embodiment, where a tangent
line at that point 178 is perpendicular to the longitudinal axis 56. By providing a needle holder 16 having
a constant or nearly constant outer diameter 174 with the distal extent of the suturing device 10 being at
the point 178 on the outer surface 180 of the needle holder 16 where a tangent line is perpendicular to
the longitudinal axis 56, a very slim suturing device 10 is provided that can reach just underneath the
internal side 26 of the target tissue 24 (see FIG. 2) while avoiding nerves, which can be found in the dural
sac.

[0047] The outer surface 180 of the needle holder 16 extends along a radius, which is equal in
magnitude to the curved needle passage radius 160, and follows an arc length less than 180 degrees,
and in the embodiment illustrated in FIG. 10 about 40 degrees less than 180 degrees (i.e., less than
about 140 degrees), as measured from the location 138 where the curved needle holder 16 begins to
curve away from the longitudinal axis 56 to the distal-most tip 142 of the needle holder 16. The needle
holder 16 can extend along the radius an arc length greater than 90 degrees and less than 180 degrees,
for example see also FIG. 16. This configuration also allows the suturing device 10 to operate similar to
a nerve hook that is used in surgical procedures. The arc length of the needle holder 16 can be at least
as long as the arc length of the needle 20. For example, the arc length of the needle holder 16 can be
between 5 — 25 % longer than the arc length of the needle 20, and in the depicted embodiments the arc
length of the needle holder 16 is about 15% longer than the arc length of the needle 20. In another
alternative arrangement, the needle holder 16 can extend along the radius an arc length greater than 20
degrees and less than 190 degrees.

[0048] As mentioned above, the distal opening 146 is offset from the longitudinal axis 56, which is
the axis along which a majority of the actuator 12 travels in the illustrated embodiment when moving from
the first operating position toward the second operating position. The illustrated suturing device 10 is a
sleek device, which makes it useful to repairing dural sac tears. By way of example, consider a first
plane in which both the longitudinal axis 56 and the curved needle passage radius 160 reside. This first
plane is the plane in which the cross section was taken in FIG. 2. Consider a second plane, which is
perpendicular to the first plane, parallel to the longitudinal axis 56 and intersects a line along the outer
surface 118 of the elongate body 14 furthest from the distal-most tip 142. This second plane would be
perpendicular to the page on which FIG. 2 is printed and would be offset to the right of the longitudinal
axis 56 while intersecting a line along the outer surface 118 of the elongate body 14. In the illustrated
embodiment, the working components of the suturing device 10 at the distal portion thereof are all
forward (to the left in FIG. 2) of this second plane. For example, the distal end portion 122 of the
elongate body 14 does not bend rearward (to the right in FIG. 2) of the second plane. Such a
configuration is useful when the distal end portion 122 is being inserted through a tubular retractor, which

is used in minimally invasive spine surgeries.
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[0049] FIG. 3 depicts at least a portion of the suture 22 extending through the distal opening 146
when the needle 20 is received in the needle passage 144 and the actuator 12 is in the first operating
position, which is shown in FIGS. 1 and 3. Allowing the suture 22 to extend through the distal opening
146 can be useful when the elongate body 14 or the needle holder 16 has a closed cross section with
respect to the longitudinal axis 56. When the elongate body 14 or the needle holder 16 has an open
cross section, e.g., U-shaped, however, the suture 22 may not extend through the distal opening 146;
instead, the suture 22 can extend into and along the elongate body 14. With reference back to the
illustrated embodiment, at least a portion of the suture 22 extends along the needle passage 144 from the
second end 32 of the needle 20 toward the distal opening 146 between the needle 20 and the inner
surface 162 of the needle holder 16 when the needle 20 is received in the needle passage 144 and the
actuator 12 is in the first operating position.

[0050] With reference to FIG. 4, by having the suture 22 extend from the distal opening 146 of the
needle holder 16, a double-armed suture can be used with the suturing device 10. For example, FIG. 4
shows the suture 22 being a double-armed suture having the needle 20, which will also be referred to as
the first needle, at a first end of the suture 22 and a second needle 20a at a second, opposite, end of the
suture 22. The first needle 20 is loaded into the suturing device 10, which will hereinafter be referred to
as the first suturing device, and the second needle 20a is loaded into an identical suturing device 10a,
which will be referred to as the second suturing device 10a.

[0051] FIG. 12 shows a variation from the needle holder 16 described above, in which a needle
holder 216 includes a keyway 220. Other than the addition of the keyway 220, the needle holder 216
can be identical to the needle holder 16. As such, where the needle holder 216 is identical or very similar
to the needle holder 16, the same reference numbers will be used. The keyway 220 is offset from the
needle passage 144. At least a portion of the suture 22 (see FIG. 3) can extend along the keyway 220
from the second end 32 of the needle 20 toward the distal opening 146 between the needle 20 and the
inner surface 162 of the needle holder 16 when the needle 20 is received in the needle passage 144 and
the actuator 12 is in the first operating position. The keyway 220 can provide a space for the suture 22
and can be appropriately shaped so that the needle 20 would not fit into the keyway 220, but instead
would be maintained within the needle passage 144, which is located above the keyway 220 as
illustrated in FIG. 12.

[0052] FIGS. 13 and 14 show another a variation from the needle holder 16 described above, in
which a needle holder 226 includes a knot pusher 228. Other than the addition of the knot pusher 228,
the needle holder 226 can be identical to the needle holder 16. As such, where the needle holder 226 is
identical or very similar to the needle holder 16, the same reference numbers will be used. In the
variation shown in FIGS. 13 and 14, the suturing device 10 includes the knot pusher 228 connected with
and extending away from at least one of the elongate body 14 and the needle holder 226. In the
illustrated embodiment, the knot pusher 228 is formed as part of the needle holder 226. With reference
to FIG. 14, the needle holder 226 can be releasably connected with the distal end portion 122 of the
elongate body 14. Also, the knot pusher 228 could also be made as a separate component that is
releasably connected with at least one of the elongate body 14 and the needle holder 226.

[0053] In the embodiment illustrated in FIGS. 13 and 14, the knot pusher 228 includes a lower
concave surface 232. The lower concave surface 232 is configured to be pressed down against a knot
tied in the suture 22 to slide the knot toward the tissue that is being sewed by the surgeon. The lower
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concave surface 232 includes an inflection 234 offset from the longitudinal axis 56 of the elongate body
14 in the same direction that the distal-most tip 142 is offset from the longitudinal axis 56.

[0054] The knot pusher 228 is generally triangular in shape when viewed from the side as shown in
FIG. 13. More particular to the illustrated embodiment, the knot pusher 228 extends from the outer
surface 180 of the needle holder 226, and the outer surface 180 is curved. The knot pusher 228 also
includes an external side surface 238. The external side surface 238 extends along a plane parallel to
and offset from the longitudinal axis 56 of the elongate body 14 between the location 138 where the
needle holder 226 begins to curve away from the longitudinal axis 56 to a corner 240, which can be
rounded. The maximum distance, which is measured perpendicular to the longitudinal axis 56 of the
elongate body 14, between the external side surface 238 and the distal-most tip 142 is less than 10 mm,
which allows the suturing device 10 to fit nicely in the common tubular retractors described above. As
discussed above, consider the first plane in which both the longitudinal axis 56 and the curved needle
passage radius 160 (see FIG. 10) reside. This first plane is the plane in which the cross section was
taken in FIG. 13. Consider a second plane, which is perpendicular to the first plane, parallel to the
longitudinal axis 56 and intersects a line along the outer surface 118 of the elongate body 14 furthest
from the distal-most tip 142. This second plane would be perpendicular to the page on which FIG. 13 is
printed and would be offset to the right of the longitudinal axis 56 while intersecting a line along the outer
surface 118 of the elongate body 14. In the illustrated embodiment, no portion of the knot pusher 18
extends in a direction away from the distal-most tip 142 beyond the second plane. This is beneficial in
that when the surgeon is working on one side or a tissue tear (e.g., the left side in FIG. 2), the knot
pusher 228 is unlikely to catch on the opposite (the right side in FIG. 2) side of the tissue tear.

[0055] With reference to FIG. 14, a recess 242, which can be somewhat similar in configuration to a
claw hammer, could be provided in the knot pusher 228 at the corner 240. Similar to the lower concave
surface 232, the recess 242 could be configured to be pressed down against a knot tied in the suture 22
to slide the knot toward the tissue that is being sewed by the surgeon.

[0056] FIGS. 15 and 16 show a variation of a suturing device 310 from the suturing device 10
described above. In this variation, an actuator 312 differs from the actuator 12 by being configured to
connect with or be provided as part of an end effector of a robot, an elongate body 314 differs from the
elongate body 14 by having a bayonet configuration and a needle holder 316 differs from the needle
holder 16 by having smaller arc length.

[0057] The actuator 312 can include the tube 52 (or rod) and the wire 54 as described above,
however, the actuator 312 need not include the button 50 described above. The tube 52 (or rod) and the
wire 54 moves with respect to the elongate body 14 in the same manner as described above, however,
instead of moving the button 50 to move the tube 52 (or rod) and the wire 54, a robot (not shown) can
attach with the actuator 312 such that the suturing device 310 operates as an end effector for the robot.
The actuator 312 includes an actuator body 308 that can attach to a robot wrist (for example) and the
robot can be programmed to operate with the suturing device 310 to suture the target tissue. When the
actuator body 308 is attached to the robot, the robot can move the tube 52 (or rod) and the wire 54 with
respect to the elongate body 14 in the same manner as described above.

[0058] With reference to FIG. 15, the elongate body 314 in the illustrated embodiment is in the form
of a cannula, which is similar to the elongate body 14. The elongate body 314 has an outer surface 318,
which is smooth, and defines a track (not visible in FIGS. 15 or 16, but similar to the track 120) that
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receives a portion of the actuator 312. Similar to the embodiment described above, the elongate body
314 is a cannula and the track is a lumen that receives the tube 52 and the wire 54 of the actuator 312.
The track need not encircle the tube 52 and the wire 54, but could be U-shaped. In the embodiment in
FIG. 15, the elongate body 314 is circular in a cross section taken normal to the longest dimension of the
elongate body 314, however, the elongate body 314 could take alternative configurations, such as
polygonal or U — shaped.

[0059] The elongate body 314 includes the proximal end portion 320 and a distal end portion 322.
The proximal end portion 320 connects with the actuator body 308, or, if desired, the proximal end portion
320 can connect with the handle 90 in the same manner that the elongate body 14 connects with the
handle 90. In the embodiment where the proximal end portion 320 connects with the handle 90, the
button 50 can connect with the tube 52 (or rod) similar to that shown in FIGS. 8 and 8A, and the actuator
312 can operate in the same manner as the actuator 12 described above. Also, a pistol-grip style handle
could attach to the elongate body instead in of the actuator body 308.

[0060] As illustrated in FIG. 15, the needle holder 316 is received in and connected with the
elongate body 314 and extends away from the distal end portion 322. Alternatively, the needle holder
316 can be provided as part of the distal end portion 122 of the elongate body 314. The elongate body
314 is made from a rigid metal material, however, if desired at least a portion of the elongate body 314
may be made from a malleable or flexible material to allow the surgeon to bend at least a portion of the
elongate body 314 into a desirable configuration for insertion into an animal body during a surgical
procedure. In the illustrated embodiment, an outer diameter of the elongate body 314 is constant
between the proximal end portion 320 and the distal end portion 322. The outer diameter can be less
than 3.5 mm, which provides a very slim device to enhance the line of sight for a surgeon during the
surgical procedure.

[0061] The elongate body 314 has a bayonet configuration. The elongate body 314 includes an
intermediate portion 328 positioned between the proximal end portion 320 and the distal end portion 322.
The proximal end portion 320 extends along a proximal end portion longitudinal axis 330. The distal end
portion 322 extends along a distal end portion longitudinal axis 332, which is offset from the proximal end
portion longitudinal axis 330 in a forward direction. In the illustrated embodiment, the distal end portion
longitudinal axis 332 is offset from the proximal end portion longitudinal axis 330 about 25 mm. The
proximal end portion 320 transitions to the intermediate portion 328 through a proximal bend 336 and the
intermediate portion 328 transitions to the distal end portion 322 through a distal bend 338. In the
illustrated embodiment, the proximal bend 336 and the distal bend 338 are both angled internally 135
degrees.

[0062] A distance L3, which is measured parallel with the distal end portion longitudinal axis 332,
between where the distal bend 338 transitions to the distal end portion 322 (i.e., the proximal end of the
distal end portion 322 on the distal end portion longitudinal axis 332) and the distal-most tip 142 is
between 10 cm and 20 cm. Also, a distance L3a, which is measured parallel with the distal end portion
longitudinal axis 332, between where the distal bend 338 transitions to the distal end portion 322 to the
location 138 where the needle holder 316 begins to curve away from the distal end portion longitudinal
axis 332 is between 10 cm and 20 cm. Stated another way, the distance L3a measured parallel with the
distal end portion longitudinal axis 332 between where the curved needle holder 16 begins to curve away
from the distal end portion longitudinal axis 332 to where the elongate body 314 begins to curve away
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from the distal end portion longitudinal axis 332 (e.g., near the proximal end of the distal end portion 322
on the distal end portion longitudinal axis 332) is between about 10 cm to about 20 cm. In the illustrated
embodiment, the distance L3 is about 12.5 cm and the distance L3a is about 12 cm. The distances L3
and L3a allow the surgeon to insert the distal end portion 322 of the elongate body 314 and the needle
holder 316 into a commonly used tubular retractor so that the needle holder 316 can contact the target
tissue without the intermediate portion 328 and the proximal end portion 320 entering the tubular
retractor. If the distances L3 and L3a are too long, manipulation of the needle holder 316 becomes more
challenging. The proximal end portion 320 is offset from the distal end portion 322 in a rearward
direction, which is opposite to the direction that the distal-most tip 142 is offset from the distal end portion
322. This offsets the handle 90 (not shown in FIG. 15, but could be connected with the elongate body
314 anywhere along the proximal end portion 320) from the distal end portion longitudinal axis 332, which
results in the surgeon’s hand and the handle 90 not impeding line of sight through the tubular retractor.
[0063] FIGS. 15 and 16 show a variation from the needle holder 16 described above, in which the
needle holder 316 has a smaller arc length than the needle holder 16. Other than having a smaller arc
length, the needle holder 316 can be identical to the needle holder 16. As such, where the needle holder
316 is identical or very similar to the needle holder 16, the same reference numbers will be used. With
reference to the variation of the needle holder 316 shown in FIG. 16, the distal-most tip 142 is offset from
the distal end portion longitudinal axis 332 in a direction perpendicular from the distal end portion
longitudinal axis 332 a distance L4 of less than 5 mm. The needle holder 316 extends along a radius
about 110 degrees from the location 138 where the needle holder 316 begins to curve away from the
distal end portion longitudinal axis 332 to the distal-most tip 142. Since the needle holder 316 has a
smaller arc length than the needle holder 16, the first end 30 of the needle 20 (see FIGS. 2 and 3) may
extend outwardly beyond the distal opening 146 when the needle 20 is in the retracted position (shown in
FIG. 3). The first end 30, however, does not extend beyond the distal-most tip 142 when in the retracted
position (similar to what is shown in FIG. 3). Accordingly, the suturing device 10 having the needle holder
316 can still be used similar to a nerve hook while not catching the target tissue 24 with the first (pointed)
end 30 of the needle 20.

[0064] FIG. 4 shows one example of a suturing kit 200 that can be provided including a double-
armed suture 22, at least one suturing device 10, 10a and a suture holding structure 210. The second
suturing device 10a is identical in all aspects to the first suturing device, and therefore will not be
described in detail. The suture holding structure 210 can be similar to a known racetrack, which is
typically used to hold a suture. A knot pusher 350 can also be provided in the suturing kit 200. Also,
additional needle holders, for example, the needle holder 16b shown in FIG. 4, can also be provided in
the kit 200. These additional needle holders, e.g., the needle holder 16ba and other needle holders (not
shown) can be loaded with additional curved needles (similar to the curved needle 20) and additional
sutures (similar to the suture 22). Also, surgical patches 352 could be provided, which can be connected
to a suture 22 extending from a needle holder, such as the needle holder 16b, could also be provided in
the kit 200. FIG. 17 depicts another example of a suturing kit 400 that can be provided including the
double-armed suture 22, at least one suturing device 410 and the suture holding structure 210. In the
embodiment shown in FIG. 4, the first suturing device 10 and the second suturing device 10a are
separate instruments from one another. In contrast, in the embodiment shown in FIG. 17, the suturing
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device 410 can have a double-barrel design. Moreover, multiple suturing devices can be provided in
each kit along with multiple suture holding structures.

[0065] With reference to FIG. 17, the suturing device 410 includes a first actuator 412, a second
actuator 412a, a first elongate body 414, a second elongate body 414a, a first needle holder 416 and a
second needle holder 416a. The suturing device 410 shown in FIG. 17 is also useful during a surgical
procedure to accurately locate a first needle 20 (not visible in FIG. 17, but located inside the first needle
holder 416 in a similar manner to that shown in FIG. 2), the second needle 20a and the suture 22 with
respect to target tissue, similar to the target tissue 24 shown in FIG. 2, which is to be sutured. The
needles 20, 20a shown in FIG. 17 have been described above. Each needle holder 416, 416a can be
identical to the needle holder 16 described above. However, in the embodiment depicted in FIG. 17, the
first needle holder 416 is positioned adjacent to and connected with the second needle holder 416a.
Also, each needle holder 416, 416a includes a respective notch 418, 418a, which can facilitate release of
the needles 20, 20a from the needle holders 416, 416a and loading of the needle into the needle holders.
The first needle holder 416 can be welded, glued or mechanically fastened to the second needle holder
416a. Each elongate body 414, 414a can be identical to the elongate body 14 described above.
However, in the embodiment depicted in FIG. 17, the first elongate body 414 is positioned adjacent to
and connected with the second elongate body 414a. The first elongate body 414 can also be welded,
glued or mechanically fastened to the second elongate body 414a.

[0066] The suturing device 410 also includes a handle 440 connected with the elongate bodies 414,
414a. Similar to the handle 90 described above, the handle 440 connects with a proximal end portion of
each elongate body 414, 414a and is fixed to each elongate body 414, 414a such that movement of the
handle 440, e.g., rotational or translational movement, results in the same movement of each elongate
body 414, 414a. The handle 440 includes an elongate bore 442 in which the proximal end section of
each elongate body 414, 414a is received. The handle 440 takes an alternative configuration as
compared to the handle 90 described above and is generally T-shaped. The elongate bore 442 extends
from a proximal end surface 444 to a distal end surface 446 and is aligned with a longitudinal axis 448
that is parallel with a longest dimension of each elongate body 414, 414a.

[0067] Each actuator 412, 412a operates similarly to the actuator 12 described above. The first
actuator 412 includes a button 450, a tube 452, which could also be a rod, and a wire, which is not visible
in FIG. 17 but is similar to the wire 54 described above. Similarly, the second actuator 412a includes a
button 450a, a tube 452a, which could also be a rod, and a wire, which is not visible in FIG. 17 but is
similar to the wire 54 described above.

[0068] The first actuator 412 is identical to the second actuator 412a. Accordingly, the first actuator
412 will be described in detail with respect to the first elongate body 414 and the first needle holder 416
with the understanding that the second actuator 412a cooperates with the second elongate body 414a
and the second needle holder 416a in the same manner. The first tube 452 (or rod) and the first wire (not
visible) of the first actuator 412 is received within the first elongate body 414 and moves with respect to
the first elongate body 414 between the first operating position and the second operating position, similar
to the actuator 12 described above. The first tube 452 moves in a direction parallel with the longitudinal
axis 448. The wire (not visible) contacts the second end 32 (see FIG. 2) of the first needle 20 to advance
the needle 20 from the retracted position toward the released condition. The buttons 450, 450a differ
from the button 50 described above, however, the actuators 412, 412a can operate in the same manner
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as the actuator 12 described above. Therefore, the operation of the actuators 412, 412a will not be
described in further detail.

[0069] Both FIGS. 4 and 13 disclose suturing kits including a double-armed suture, at least one
suturing device and a suture holding structure. In both embodiments, the at least one suturing device
includes a portion configured to be inserted into a patient.

[0070] In the embodiment depicted in FIG. 4, the first needle holder 16 and the first elongate body
14 are part of a first suturing device 10, which is a physically separate device from the second suturing
device 10a. The second suturing device 10a is, however, loaded with the second needle 20a and the
suture 22 in a similar manner to that shown in FIG. 2 so that a double-armed suture is connected with
both suturing devices 10, 10a. Instead of providing the second suturing device 10a shown in FIG. 4, the
suturing kit could include the actuator 12, the elongate body 14 and at least two needle holders 16 where
the needle holders are disconnected from the elongate body 14, similar to what is shown in FIG. 11.
Alternatively, one of the needle holders 16 could be connected with the elongate body 14 and additional
needle holders 16, which can be loaded with a respective needle 20 and suture 22, can also be provided
with the kit. In the embodiment depicted in FIG. 17, the first needle holder 416, the first elongate body
414, the second needle holder 416a, the second elongate body 414a are all part of the same suturing
device 410.

[0071] In each of the aforementioned embodiments, the suture holding structure 210 holds at least a
portion of the suture 22 between the first end and the second end of the suture 22. In both embodiments,
the suture holding structure 210 is separate from the at least one suturing device, e.g. the suturing
devices 10, 10a or the suturing device 410, so as not to be inserted into the patient during the surgical
procedure. In other words, the suture holding structure 210, and thus much of the suture, remains
outside of the patient during the surgical procedure. Both the kit 200 shown in FIG. 4, the kit having
another needle holder disconnected from the elongate body 14, and the kit 400 shown in FIG. 17 can be
provided with a sealed package 460 (only schematically depicted in FIG. 17), which contains the suture
22, the at least one suturing device, e.g. the first suturing device 10 and the second suturing device 10a
in FIG. 4 or the suturing device 410 in FIG. 17, and the suture holding structure 210.

[0072] A method of operating a suturing device to repair a tissue tear will be described with
reference to the suturing devices 10, 10a and 410 described above; however, the method may be
practiced using differently configured suturing devices and/or the variations shown in FIGS. 12-16, and
these variations may be referred to below where relevant. The physician can insert the suturing device
10 into a tubular retractor, such as the tubular retractor TR depicted in FIG. 9, or into another small
surgical portal. With reference to FIG. 2, the physician can position the distal-most tip 142 of the suturing
device 10 under the internal side 26 of the target tissue 24 on a first (left per the orientation of FIG. 2)
side of a tear through the target tissue 24. The target tissue 24 depicted in FIG. 2 is a dural sac, which is
a sheath of dura mater that surrounds the spinal cord, which is not shown in FIG. 2 for purposes of
clarity. With the distal-most tip 142 under the internal side 26 of the target tissue 24, the physician then
actuates the actuator 12 on the suturing device 10 to advance the first end 30 of the needle 20 through
the target tissue 24 from the internal side 26 toward the outer side 28 until the second end 32 of the
needle 20 and the suture 22 are released from the suturing device 10. The physician can then remove
the suturing device 10 from inside the patient (and inside the dural sac) and grasp the needle 20 and pull
the suture 22 through the hole that was formed in the target tissue 24 with the needle 20. The physician
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can then take another suturing device, for example, the second suturing device 10a shown in FIG. 4,
which has the second needle 20a loaded in it and the opposite end of the suture 22 attached to the
second needle 20a and insert the second suturing device 10a into the tubular retractor TR (FIG. 9) or
other small surgical portal. The physician can position the distal-most tip of the second suturing device
10a, which is the same as the distal-most tip 142 depicted in FIG. 2, under the internal side 26 of the
target tissue 24 on a second (right per the orientation of FIG. 2) side of the tear through the target tissue
24. With the distal-most tip of the second suturing device 10a under the internal side 26 of the target
tissue 24, the physician then actuates the actuator 12a (FIG. 4) on the second suturing device 10a to
advance the first (pointed) end of the second needle 20a through the target tissue 24 from the internal
side 26 toward the outer side 28 until the second end of the second needle 20a and the suture 22 are
released from the second suturing device 10a. The physician can then remove the second suturing
device 10a from inside the patient (and inside the dural sac) and grasp the second needle 20a and pull
the suture 22 through the hole that was formed in the target tissue 24 with the second needle 20a. The
physician can then tie a knot in the suture 22 in a conventional manner to close the tear, and this process
can be repeated until the tear has been adequately closed.

[0073] Instead of using two different suturing device 10 and 10a, the physician may use only the first
suturing device 10. In this example, the second needle 20a would still be connected to an opposite end
of the suture 22 as the first needle 20; however, the second needle 20a would not be pre-loaded into a
suturing device. Instead, the second needle 20a would be free from a suturing device, and the second
needle 20a would be loaded into the first suturing device 10 after the first needle had been deployed from
the first suturing device 10. So, the physician would deploy the first needle 20 from the suturing device
10 in the same manner as described above and remove the suturing device 10 from the patient. The
physician would then pull the actuator 12 back to the first operating position from the second operating
position. The second needle 20a having the suture 22 attached thereto would then be inserted through
the distal opening 146 and into the needle passage 144 until the second needle 20a is in the retracted
position, which is shown for the first needle 20 in FIG. 3. In an alternative arrangement, the actuator 12
can remain in the second operating position while the needle 20 is being loaded into the needle holder
16. For example, the actuator 12 could facilitate drawing the needle 20 into the retracted position. As
one example, the pocket 76 (see FIG. 7) could grasp the second end 32 of the needle 20, and movement
of the actuator 12 from the second operating position toward the first operating position could draw the
needle 20 toward the retracted position. With reference back to the illustrated embodiment and like that
shown in FIG. 3, a portion of the suture 22 would be maintained extending out of the distal opening 146
and outside of the suturing device 10. The physician would then operate the suturing device 10 with the
second needle 20a loaded therein in a similar manner how the physician operated the second suturing
device 10a above.

[0074] The physician could also use the suturing device 410 in a similar manner. The physician can
position the distal-most tip, which is not particularly called out in FIG. 17 but could have a similar
configuration to the distal-most tip 142 in FIG. 11, on the first needle holder 416 of the suturing device
410 under the internal side of the target tissue on a first (e.g., left) side of a tear through the target tissue.
With the distal-most tip on the first needle holder 416 of the suturing device 410 under the internal side of
the target tissue, the physician then actuates the first actuator 412 on the suturing device 410 to advance
the first end of the first needle (not visible in FIG. 17 because it is loaded within the first needle holder
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416) through the target tissue from the internal side toward the outer side until the second end of the first
needle and the suture 22 are released from the suturing device 410. The physician can then rotate the
suturing device 410 about the longitudinal axis 448 and position the distal-most tip on the second needle
holder 416a of the suturing device 410 under the internal side of the target tissue on a second (e.g., right)
side of the tear. With the distal-most tip on the second needle holder 416a of the suturing device 410
under the internal side of the target tissue, the physician then actuates the second actuator 412a on the
suturing device 410 to advance the first end of the second needle 20a through the target tissue from the
internal side toward the outer side until the second end of the second needle 20a and the suture 22 are
released from the suturing device 410. The physician can then remove the suturing device 410 from
inside the patient (and inside the dural sac) and grasp the needles 20, 20a and pull the suture 22 through
the holes that were formed in the target tissue with the needles 20, 20a. The physician can then tie a
knot in the suture 22 in a conventional manner to close the tear, and this process can be repeated until
the tear has been adequately closed.

[0075] Because of the configuration of the suturing devices 10, 310, 410, the physician is able to
repair tears in the dural sac and avoid the many nerves that are located within the dural sac. The
suturing devices 10, 310, 410 have a desirable J-hook configuration that allows the physician to grasp the
target tissue 24 just underneath the internal side 26, and the shape of the distal-most tip 142 allows the
physician to indent the target tissue 24 prior to actuation to provide a visual indication of where the
needle 20 or 20a will pass through the target tissue. Because of the J-hook configuration of the suturing
devices 10, 310, 410, when the physician is positioning the distal-most tip 142 under the internal side 26
of the target tissue 24, the elongate body 14, 314 or 414, 414a can be maintained in an orientation closer
to vertical as compared to horizontal. For example with reference to FIGS. 9 and 15, at least the distal
end portion 322 of the elongate body 314 can be maintained in an orientation closer to parallel with a
central axis CA of the tubular retractor TR as compared to perpendicular with the central axis CA while
positioning the distal-most tip 142. This is particularly useful because during spinal surgery the patient is
typically lying on his stomach and the physician is working from above the patient. Because of the J-hook
configuration of the suturing devices 10 and 410, when the physician is advancing the needle 20 or 20a
through the target tissue 24, the needle 20 or 20a is advanced toward the physician, which allows the
physician to see the needle. When using either of the suturing devices 10 and 410, at least a portion of
the suture 22 remains outside of the patient. Since only a small portion of the suture 22 is received inside
the suturing devices 10 or 410, the suturing devices 10 or 410 can be made much smaller as compared
to other known suturing device, which makes the suturing devices 10, 410 very useful for repairing tears
in a dural sac.

[0076] Even though the method of operating the suturing devices was described as passing the
needle 20 from inside the dural sac to the outside, the suturing devices 10, 310 and 410 can be used to
pass the needle 20 through tissue in other manners, e.g., from outside to inside. Also, the suturing
devices 10, 310 and 410 can also be used to suture tissue other than the dural sac.

[0077] A method of assembling a suturing device will be described with reference to the suturing
device 10 described above; however, the method may be practiced using differently configured suturing
devices and/or the variations shown in FIGS. 12-17. The method includes inserting the needle 20 having
the suture 22 attached thereto through the distal opening 146 into the needle passage 144 of the needle
holder 16 connected with or configured to be connected with the elongate body 14 of the suturing device



WO 2017/136027 PCT/US2016/063308
18

10. When assembling the suturing device, the needle 20 is inserted into the needle passage 144 in an
insertion direction, which is opposite to the advance direction 36 (see FIG. 3). The method also includes
frictionally engaging the inner surface 162 of the needle holder 16 with the needle 20 to retain the first
(pointed) end 30 of the needle 20 offset inwardly from the distal opening 146 or offset below the distal-
most tip 142 of the suturing device 10. Inserting the needle 20 can further include inserting the second
end 32 of the needle 20 and folding the suture 22 such that a portion of the suture 22 extends along the
needle passage 144 between the needle 20 and the inner surface 162 (see FIG. 3). The method can
further include placing the needle holder 16 with the needle 20 inserted therein and the suture 22
extending out of the distal opening 146 in a package (a sealed package 460 is schematically depicted in
FIG. 17), and sealing the package. The method can further include removing the needle holder 16 from a
sealed package prior to inserting the needle 20 into the needle passage 144. Accordingly, the needle 20
can be inserted into the needle passage 144 in the operating room or surgical facility instead of at the
manufacturing facility, if desired. Frictionally engaging the inner surface 162 of the needle holder 16 can
further include contacting the inner surface 162 of the needle holder 16 in at least three different locations
along the needle 20 when the needle 20 is in a retracted position (see FIGS. 3 and 16). When in the
retracted position, the needle 20 can contact the inner surface 162 of the needle holder 16 at the first
location 164, the second location 166 and the third location 168 shown in FIG. 16.

[0078] The method of assembling the suturing device 10 can also include inserting the needle 20
having the suture 22 attached thereto through the distal opening 146 into the needle passage 144 of a
suturing device 10. The method also includes maintaining a portion of the suture 22 extending out of the
distal opening 146 and outside of the suturing device 10. As mentioned above, inserting the needle 20
can further include inserting the second end 32 of the needle 20 and folding the suture 22 such that a
portion of the suture 22 extends along the needle passage 144 between the needle 20 and the inner
surface 162 (see FIG. 3). FIG. 12 shows the variant including the keyway 220. The method can further
include inserting the suture 22 into the keyway 220 while inserting the needle 20 through the distal
opening 146 into the needle passage 144 of the suturing device 10. Inserting the needle 20 having the
suture 22 attached thereto can further include pushing the needle 20 into the needle passage 144 until
the needle 20 frictionally engages the inner surface 162 of the suturing device 10 defining the needle
passage 144. Inserting the needle 20 having the suture 22 attached thereto can also include inserting the
second end 32 of the needle 20 and folding the suture 22 such that a portion of the suture 22 extends
along the needle passage 144 between the needle 20 and the inner surface 162 (see FIG. 3) of the
suturing device 10 defining the needle passage 144.

[0079] It will be appreciated that various of the above-disclosed embodiments and variations and
other features and functions, or alternatives or varieties thereof, may be desirably combined into many
other different devices or applications. Also, components from one embodiment can be used in other
embodiments described above. Also, various presenily unforeseen or unanticipated alternatives,
modifications, variations or improvements therein may be subsequently made by those skilled in the art

which are also intended to be encompassed by the following claims.
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CLAIMS:

1. A suturing device comprising:

an elongate body including a proximal end portion and a distal end portion;

an actuator interacting with the elongate body and operable between a first operating position
and a second operating position;

a needle holder extending away from the distal end portion or provided as part of the distal end
portion of the elongate body, the needle holder including a distal end section having a distal-most tip, the
needle holder defining a needle passage and a distal opening adjacent the distal-most tip; and

a knot pusher connected with and extending away from at least one of the elongate body and the
needle holder.

2. The suturing device of claim 1, wherein the knot pusher includes a lower concave surface.

3. The suturing device of claim 2, wherein the lower concave surface includes an inflection offset
from a longitudinal axis of the elongate body in the same direction that the distal-most tip is offset from
the longitudinal axis.

4. The suturing device of claim 1, wherein the needle holder is a curved needle holder and the knot
pusher extends from an outer surface of the curved needle holder, and the outer surface of the curved
needle holder is curved.

5. The suturing device of claim 4, wherein the needle passage follows a curved needle passage
radius, wherein the outer surface of the curved needle holder extends along a radius that is equal in
magnitude to the curved needle passage radius of the needle passage.

6. The suturing device of claim 1, wherein the knot pusher includes an external side surface
extending along a plane parallel to and offset from a longitudinal axis of the elongate body.

7. The suturing device of claim 6, wherein the elongate body has a bayonet configuration, and the
external side surface extends along the plane parallel to and offset from a longitudinal axis of the distal
end portion of the elongate body.

8. The suturing device of claim 6, wherein the needle passage follows a curved needle passage
radius, which resides in a first plane, wherein a second plane is perpendicular to the first plane, parallel to
the longitudinal axis, intersected by a line along an outer surface of the elongate body further from the
distal-most tip, wherein no portion of the knot pusher extends in a direction away from the distal-most tip
beyond the second plane.

9. The suturing device of claim 1, wherein the knot pusher includes an external side surface and a
maximum distance measured perpendicular to a longitudinal axis of the elongate body between the
external side surface and the distal-most tip is less than 10 mm.
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10. The suturing device of claim 1, wherein the knot pusher is releasably connected with the
elongate body.

11. The suturing device of claim 10, wherein the needle holder is releasably connected with the
elongate body.

12. The suturing device of claim 1, wherein the needle holder is releasably connected with the
elongate body.

13. The suturing device of claim 12, wherein the knot pusher is releasably connected with the
elongate body.

14. The suturing device of claim 1, further comprising:

a curved needle having first end, which is pointed, and a second end, wherein the curved needle
is received in the needle passage; and
a suture connected with the curved needle.

15. The suturing device of claim 14, wherein at least a portion of the suture extends through the
distal opening when the curved needle is received in the needle passage and the actuator is in the first
operating position.

16. The suturing device of claim 15, wherein at least a portion of the suture extends along the needle
passage toward the distal opening between the curved needle and an inner surface of the needle holder
when the curved needle is received in the needle passage and the actuator is in the first operating
position.

17. The suturing device of claim 1, wherein a distal extent of the suturing device is at a point along
the needle holder, which is curved, where a tangent line is perpendicular to a longitudinal axis of the

elongate body.

18. The suturing device of claim 1, wherein the elongate body has a bayonet configuration.
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