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SYSTEMS, DEVICES AND METHODS OF USING NEEDLE SHEATHS FOR
PASSING CURVED, SUPERELASTIC SUTURE NEEDLES THROUGH TROCARS

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present patent application is generally related to surgical procedures and surgical
tools, and is more specifically related to curved, elastically deformable suture needles used for

suturing tissue.

Description of the Related Art

[0002] Sutures are used to approximate tissue that has been separated during a surgical
procedure or due to an accident or trauma. Instruments used for suturing tissue typically include
a suture needle and a trailing length of suture thread that is attached to an end of the suture

needle.

[0003] In order to minimize patient trauma during minimally invasive surgical (MIS)
procedures, many efforts have been directed to reducing the size (e.g., diameter) of the trocars
and cannulas (hereinafter commonly referred to as trocars) that are inserted into patients. VWhen
a surgical procedure requires suturing tissue, a problem arises in the types of needle and suture
assemblies that can be delivered through the trocar to the surgical site. Many surgeons prefer to
use curved needles, which are typically in the range of Y1 to % of a circle (i.e., an arc whose interior
angle is in the range of about 90 degrees — 225 degrees). Curved needles having these
dimensions require the trocar to be large enough to accommodate the arc of the needle, which in
many procedures is not feasible because the preferred curved surgical needle cannot pass

through the preferred, narrower, trocar to reach the surgical site.

[0004] In an effort to resolve the above-noted size problems, advances have been made to
provide surgical needles made of superelastic alloys that elastically deflect or straighten when
passed through a trocar and then return back to the original curved shape when removed from

the trocar at the surgical site.

[0005] One well-known superelastic alloy used to make needles having superelastic

properties is the Ni—Ti alloy, which is commonly referred to as Nitinol. The superelastic
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properties are due to a stress-induced martensitic phase change that takes place in certain alloys
above their transformation temperature. The martensite reverts immediately to undeformed
austenite as soon as the stress is removed providing a very springy “rubberlike” elasticity in these

alloys.

[0006] A suture needle produced from a superelastic alloy exhibiting a curvature much larger
than can be normally accommodated by a small diameter trocar can flex into a predominantly
straight or flatter shape as it is pushed or pulled through the smaller trocar into the surgical site.
After the needle has passed through the trocar and reaches the surgical site, the superelastic

properties of the needle will return the needle back to its original curved configuration.

[0007] Upon returning to the original curved configuration, the suture needle may be used to
complete a suturing operation. At the end of the suturing operation, the curved suture needle is
removed from the patient by withdrawing the needle through the smaller trocar opening. During
withdrawal, the curved needle straightens or flattens for passing through the smaller diameter

trocar.

[0008] In spite of the above advances, there remains a need for improved systems, devices
and methods for passing curved suture needles made of elastically deformable materials (e.g.,

Nitinol) through smaller trocars.

SUMMARY OF THE INVENTION

[0009] Inone embodiment, the systems, devices and methods disclosed herein enable larger
curved, elastically deformable suture needles to be used in laparoscopic and robotic surgeries to
provide surgeons with greater bite width and depth than previously possible. For example, CTX
needles made of elastically deformable materials (e.g., Nitinol) may be used with trocars as small
as 5mm, which provides a dramatic improvement over conventional stainless steel needles that

must be permanently deformed to enable trocar passage.

[0010] Using smaller diameter trocars (e.g., 5 mm trocars) may reduce pain, and lower the
risk of infection, hernia and other surgical complications. As a result, larger needles such as CTX,
CT, CT-1, and SH needles may be used with 5 mm trocars, whereas before they were limited to

use with 8, 10, 12, or 15 mm trocars.
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[0011] At present, when using conventional stainless steel needles, surgeons are required to
bend or reshape the stainless steel needles to pass the needles through smaller trocars. Once
inside the body, the surgeons must re-bend or reshape the needles back to their original, usable

shape, if possible.

[0012] The superelastic curved suture needles disclosed herein eliminate the need for the
surgeon to re-bend or reshape the needle, which saves time and frustration when seeking to
obtain a usable curvature. Once a surgical procedure is completed, the surgeon will not need to

bend the needle again to remove it through the trocar.

[0013] In one embodiment, a needle sheath preferably includes a tubular shaft having a
proximal end, a distal end, and a longitudinal axis that extends from the proximal end to the distal

end of the tubular shaft.

[0014] Inone embodiment, the tubular shaftis hollow and includes a proximal opening located
at the proximal end of the tubular shaft, a distal opening located at the distal end of the tubular

shaft, and an elongated conduit that extends between the proximal and distal openings.

[0015] In one embodiment, the distal end of the tubular shaft desirably includes a chamfered
edge. In one embodiment, the chamfered edge may be located on a bottom side of the tubular
shaft.

[0016] In one embodiment, a needle relief slot is formed in the bottom side of the tubular
shaft. The needle relief slot may be proximal to the chamfered edge. The needle relief slot may
have a length that extends along an axis that is parallel with the longitudinal axis of the tubular
shaft. In one embodiment, the axis of the needle relief slot intersects with the chamfered edge of
the tubular shaft.

[0017] Inone embodiment, the tubular shaft desirably includes a cylindrical shaped outer wall
defining inner and outer surfaces. In one embodiment, the needle relief slot is formed in the
cylindrical shaped outer wall and extends from the inner surface to the outer surface of the

cylindrical shaped outer wall.

[0018] In one embodiment, the needle sheath preferably includes a needle point slot formed

in a top side of the tubular shaft. In one embodiment, the needle point slot opposes the needle
3
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relief slot that is formed in the bottom side of the tubular shaft. In one embodiment, the needle
point slot is distal to the needle relief slot. In one embodiment, the needle point slot has a length

that extends along an axis that is perpendicular to the longitudinal axis of the tubular shaft.

[0019] In one embodiment, the needle point slot may be an opening that is formed in the
tubular shaft and that extends completely through the outer wall of the tubular shaft. In one
embodiment, the needle point slot may be a depression or groove formed in the inner surface of

the tubular shaft, and which does not extend completely through the outer wall of the tubular shaft.

[0020] In one embodiment, a stop flange may be secured to the proximal end of the tubular

shaft for controlling and/or limiting the insertion of the needle sheath into a trocar.

[0021] In one embodiment, a suture needle may be disposed within the tubular shaft of the
needle sheath. In one embodiment, the suture needle may be made of an elastically deformable
material to enable it to pass through trocars (e.g., of about 5mm, 8mm, 10mm, or 12mm). In one
embodiment, the suture needle may be made of hyper-elastic or superelastic materials such as
Nitinol.

[0022] In one embodiment, the suture needle desirably includes an elongated body having a
curved shape. In one embodiment, the elongated body desirably has a proximal end, a distal
end, and a curved mid-section located between the proximal and distal ends. In one embodiment,
a suture thread may be attached to the proximal end, and the distal end may taper to a sharpened

point.

[0023] In one embodiment, a curved suture needle may deform elastically during trocar
insertion so that it can pass through a trocar having a smaller inner diameter than the bite depth
of the curved suture needle. Thus, the suture needle is able to deform elastically during trocar

insertion, and transform back to its original curved shape once it has passed through the trocar.

[0024] In one embodiment, when the suture needle is pulled into the distal end of the needle
sheath (e.g., by pulling on an attached suture thread), the suture needle preferably has a curved
body that is disposed within the needle relief slot and a needle point that is disposed within the

needle point slot.
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[0025] In one embodiment, the suture needle may be pulled into a distal end of a needle
sheath so that the curved body portion of the suture needle passes through the needle relief slot
and extends outside the tubular shaft, whereby the suture needle defines a first height that is

greater than a cross-sectional diameter of the tubular shaft of the needle sheath.

[0026] In one embodiment, the suture needle may be made of a superelastic material that
enables the curved body of the suture needle to transform from a curved configuration having the
first height to a flatter and/or straighter configuration having a second height that is less than the
first height. When at the second height, the suture needle preferably has a height that is less than

or equal to an inner diameter of the tubular shaft of the needle sheath.

[0027] In one embodiment, a system may include a needle driver that is disposable within the
elongated conduit of the tubular shaft of the needle sheath for engaging the suture needle. In
one embodiment, the needle driver preferably includes clamping jaws adapted to secure the

suture needle and/or the suture thread secured to the proximal end of the suture needle.

[0028] In one embodiment, the clamping jaws may grasp a tapered distal end of a suture
needle that is close to the needle point without damaging or dulling the point. In one embodiment,
the clamping jaws of the needle driver preferably surround, encapsulate and/or protect the point
as the suture needle passes through the needle sheath for protecting the needle point from

damage.

[0029] In one embodiment, the tubular shaft has a first outer diameter, and the stop flange

has a second outer diameter that is greater than the first outer diameter of the tubular shaft.

[0030] In one embodiment, the needle sheath may be made of durable, biocompatible

materials such as polymers and metals (e.g., stainless steel)

[0031] In one embodiment, a needle sheath may include a tubular shaft having a proximal
end, a distal end with a chamfered edge, and a longitudinal axis extending between the proximal

and distal ends of the tubular shaft.

[0032] In one embodiment, a flange is secured to the proximal end of the tubular shaft. In
one embodiment, the flange has an outer dimension that is greater than a cross-sectional

diameter of the tubular shaft.
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[0033] In one embodiment, the needle sheath preferably includes a needle relief slot formed
in a bottom side of the tubular shaft. In one embodiment, the needle relief slot desirably has a
length that extends along a needle relief slot axis that is parallel to the longitudinal axis of the

tubular shaft and that passes through the chamfered edge.

[0034] In one embodiment, the needle sheath preferably includes a needle point slot formed
in a top side of the tubular shaft that is distal to the needle relief slot. In one embodiment, the
needle point slot desirably has a length that extends along a needle point slot axis that is
perpendicular to both the longitudinal axis of the tubular shaft and the needle relief slot axis of the

needle relief slot.

[0035] In one embodiment, a suture needle may be disposed within the tubular shaft of the
needle sheath. In one embodiment, the suture needle has a curved body section that is disposed

within the needle relief slot with the needle point disposed within the needle point slot.

[0036] In one embodiment, after the suture needle has been pulled into a distal end of the
needle driver, a curved body portion of the suture needle desirably passes through the needle
relief slot for extending outside the tubular shaft of the needle sheath. The curved body of the
suture needle desirably defines a first height that is greater than the cross-sectional diameter of

the inner surface of the tubular shaft.

[0037] In one embodiment, the suture needle may be made of a superelastic material that
enables the suture needle to transform from a curved configuration having the first height to a
straighter and/or flatter configuration having a second height that is less than the first height. In
one embodiment, the second height is desirably less than or equal to an inner diameter of the

tubular shaft of the needle sheath.

[0038] In one embodiment, a suture thread may be secured to a proximal end of the suture

needle.

[0039] In one embodiment, a needle driver may be disposed within the tubular shaft of the
needle sheath. In one embodiment, the needle driver preferably includes clamping jaws in contact
with at least one of the suture needle and the suture thread secured to the proximal end of the

suture needle for passing the suture needle through the needle sheath.
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[0040] In one embodiment, a method of loading a curved suture needle into a needle sheath
may include juxtaposing a curved suture needle with a distal end of a needle sheath. The suture

needle may be made of elastically deformable or superelastic materials.

[0041] In one embodiment, the needle sheath preferably includes a tubular shaft having a
proximal end, a distal end with a chamfered edge, a longitudinal axis extending between the
proximal and distal ends, a needle relief slot formed in a bottom side of the tubular shaft having
an axis that is parallel to the longitudinal axis of the tubular shaft and that passes through the
chamfered edge, and a needle point slot formed in a top side of the tubular shaft that is distal to
the needle relief slot and that extends along an axis that is perpendicular to both the longitudinal

axis of the tubular shaft and the axis of the needle relief slot.

[0042] In one embodiment, a proximal end of the curved suture needle is preferably pulled
into the distal end of the tubular shaft so that a curved body portion of the curved suture needle
passes through the needle relief slot and a distal point of the curved suture needle is disposed

within the needle point slot.

[0043] In one embodiment, the needle sheath may be used for delivering an elastically

deformable suture needle to a surgical site.

[0044] In one embodiment, the needle sheath may be slid over a needle driver (e.g., a 5mm

needle driver) having clamping jaws at a distal end thereof.

[0045] In one embodiment, the clamping jaws of the needle driver may be used grasp the
suture needle at a location on the suture needle that is just proximal to the needle point, whereby
the needle point is positioned within the profile of the needle driver jaws and whereby the barrel

of the suture needle is in-line with the longitudinal axis of the needle driver.

[0046] In one embodiment, after the suture needle has been grasped by the needle driver,
the needle sheath is slid over the suture needle in an orientation that prevents the suture needle
from engaging with the needle relief slot and the needle point slot so that the suture needle is

completely captured within the lumen of the needle sheath.



WO 2021/024224 PCT/IB2020/057449

[0047] In one embodiment, the needle sheath containing the suture needle and the attached
suture thread may be slid into a trocar by pushing the needle driver until a stop flange of the

needle sheath contacts a proximal end of a trocar.

[0048] In one embodiment, the needle driver may be pushed distally until the suture needle
exits the distal end of the needle sheath, whereupon the suture needle is positioned at a surgical

site inside a patient and is ready and available for use.

[0049] In one embodiment, after a surgical procedure has been completed, the suture needle
may be removed from a surgical site. In one embodiment, the needle driver may be used to grab

the suture thread and pull the suture thread and the suture needle into the needle sheath.

[0050] In one embodiment, the chamfered end of the needle sheath serves to automatically
rotate and/or orient the suture needle so that a curved portion of the suture needle is aligned with
the needle relief slot. The needle relief slot on the needle sheath allows the suture needle to enter
the needle sheath with minimal distortion. Once the suture needle is fully within the needle
sheath, the needle point is preferably captured in the needle point slot. Capturing the needle
point in the needle point slot serves to prevent the needle from moving distally (i.e., back into the

surgical site).

[0051] In one embodiment, the needle point slot may be formed through the full thickness of
the tubular wall of the needle sheath or may be a recess or depression formed in the inner surface

of the tubular wall of the needle sheath.

[0052] In one embodiment, the length of the needle relief slot and its relative axial location
with respect to the needle point slot is designed to match the particular geometry of the suture
needle that will be passed through the needle sheath. In other words, the length of the needle
relief slot and its axial location with respect to the needle point slot is a function of the needle
curvature (e.g., degree of curvature and radius of curvature) and the inside diameter of the needle
sheath.

[0053] In one embodiment, after the suture needle has been pulled into the distal end of the
needle sheath so that the curved body of the suture needle is positioned in the needle relief slot

and so that the needle point is located in the needle point slot, the needle driver may be used to
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further pull the suture needle by the suture thread into the needle sheath until the suture needle
flexes and is positioned completely inside the sheath. At this stage of the removal process, the

curved body of the suture needle no longer extends through the needle relief slot.

[0054] In one embodiment, the needle sheath with the captured suture needle may be
removed from an opening at a proximal end of a trocar. In one embodiment, the needle driver,
the suture thread, and the suture needle may be removed from a proximal end of the needle

sheath by moving the needle driver (while still gripping the suture) in a proximal direction.

[0055] In one embodiment, a surgical tool that is configured for introducing and removing
suture needles (e.g., curved suture needles) from surgical cavities preferably includes a tubular
shaft having a proximal end with a proximal opening, a distal end with a distal opening, and a
longitudinal axis that extends from the proximal end to the distal end of the tubular shaft. In one
embodiment, the distal end of the tubular shaft desirably includes a chamfered edge located on
a bottom side of the tubular shaft. In one embodiment, the surgical tool preferably includes a
suture needle stop formed in a top side of the tubular shaft for preventing uncontrolled release of
the suture needle from the distal opening at the distal end of the tubular shaft. In one embodiment,
the suture needle stop may be formed in an inner surface of the tubular shaft and may oppose

the chamfered edge of the tubular shaft.

[0056] In one embodiment, the surgical tool including the suture needle stop may include a

trocar or a needle sheath.

[0057] In one embodiment, the surgical tool having the needle point stop formed in an inner
surface of the tubular shaft may include a needle point slot having a tortuous path, a tapered
notch, a stop ring that projects inwardly from the inner surface of the tubular shaft, and/or a stop
bump that projects inwardly from the inner surface of the tubular shaft. In one embodiment, the
needle point slot is adapted to engage and/or catch a needle point of a suture needle to prevent

uncontrolled release of the suture needle from the distal end of the tubular shaft.

[0058] These and other preferred embodiments of the present patent application will be

described in more detail below.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0059] FIG. 1 is a perspective view of a needle sheath, in accordance with one embodiment

of the present patent application.

[0060] FIG. 2A is a top plan view of the needle sheath shown in FIG. 1.

[0061] FIG. 2B is a magnified view of a distal end of the needle sheath shown in FIG. 2A.
[0062] FIG. 3Ais a bottom view of the needle sheath shown in FIG. 1.

[0063] FIG. 3B is a magnified view of the distal end of the needle sheath shown in FIG. 3A.
[0064] FIG. 4 is a distal end view of the needle sheath shown in FIG. 1.

[0065] FIG 5 is a perspective view of the distal end of the needle sheath shown in FIG. 1.

[0066] FIG. 6 is a cross-sectional view of the distal end of the needle sheath shown in FIG.
1.

[0067] FIG. 7A is a side elevation view of a suture needle, in accordance with one

embodiment of the present patent application.
[0068] FIG 7B is a magnified view of a distal end of the suture needle shown in FIG. 7A.

[0069] FIG. 8A is a perspective view of a needle driver used with the needle sheath of FIG.

1, in accordance with one embodiment of the present patent application.
[0070] FIG. 8B is a magnified view of a distal end of the needle driver shown in FIG. 8A.

[0071] FIG. 9 is a side elevation view of the suture needle of FIG. 7A juxtaposed with the

distal end of the needle sheath shown in FIG. 1.

[0072] FIG. 10 is a magnified view of the suture needle shown in FIG. 9.

10
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[0073] FIG. 11 is a side elevation view of the suture needle of FIG. 10 after the suture needle
is transformed into a flattened configuration for passing through the needle sheath of FIG. 9, in

accordance with one embodiment of the present patent application.

[0074] FIG. 12is a perspective view of the needle sheath of FIG. 1 assembled with the needle

driver of FIG. 8A, in accordance with one embodiment of the present patent application.

[0075] FIG. 13 shows a stage of a method of using a needle driver for securing a suture

needle, in accordance with one embodiment of the present patent application.

[0076] FIG. 14 shows a stage of a method of using the needle driver of FIG. 8A for retracting
a suture needle into a distal end of a needle sheath, in accordance with one embodiment of the

present patent application.

[0077] FIG. 15A shows a first stage of a method of loading a suture needle into a distal end

of a needle sheath, in accordance with one embodiment of the present patent application.

[0078] FIG. 15B shows a second stage of a method of loading a suture needle into a distal

end of a needle sheath, in accordance with one embodiment of the present patent application.

[0079] FIG. 16A shows a first stage of a method of using a needle sheath for delivering a
suture needle to a surgical site, in accordance with one embodiment of the present patent

application.

[0080] FIG. 16B shows a second stage of a method of using a needle sheath for delivering a
suture needle to a surgical site, in accordance with one embodiment of the present patent

application.

[0081] FIG. 16C shows a third stage of a method of using a needle sheath for delivering a
suture needle to a surgical site, in accordance with one embodiment of the present patent

application.

[0082] FIG. 16D shows a fourth stage of a method of using a needle sheath for delivering a
suture needle to a surgical site, in accordance with one embodiment of the present patent

application.

11
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[0083] FIG. 17A shows a first stage of a method of using a needle sheath for removing a
suture needle from a surgical site, in accordance with one embodiment of the present patent

application.

[0084] FIG. 17B shows a second stage of a method of using a needle sheath for removing a
suture needle from a surgical site, in accordance with one embodiment of the present patent

application.

[0085] FIG. 18A shows a first stage of a method of withdrawing a suture needle into a distal

end of a needle sheath, in accordance with one embodiment of the present patent application.

[0086] FIG. 18B shows a second stage of a method of withdrawing a suture needle into a
distal end of a needle sheath, in accordance with one embodiment of the present patent

application.

[0087] FIG. 18C shows a third stage of a method of withdrawing a suture needle into a distal

end of a needle sheath, in accordance with one embodiment of the present patent application.

[0088] FIG. 18D shows a fourth stage of a method of withdrawing a suture needle into a distal

end of a needle sheath, in accordance with one embodiment of the present patent application.

[0089] FIG. 18E shows a fifth stage of a method of withdrawing a suture needle into a distal

end of a needle sheath, in accordance with one embodiment of the present patent application.

[0090] FIG. 18F shows a sixth stage of a method of withdrawing a suture needle into a distal

end of a needle sheath, in accordance with one embodiment of the present patent application.

[0091] FIG. 19A is a side elevation view of the suture needle and needle sheath shown in
FIG. 18F.

[0092] FIG. 19B is a bottom view of a distal end of the needle sheath and the suture needle
shown in FIG. 18F.

[0093] FIG. 19C is a perspective view of a distal end of the needle sheath and the suture
needle shown in FIG. 18F.

12
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[0094] FIG. 19D is a distal end view of the needle sheath and the suture needle shown in
FIG. 19A.

[0095] FIG. 20is a cross-sectional view of a distal end of a needle sheath with a suture needle
under tension and in a flattened configuration for passing through an elongated conduit of the

needle sheath, in accordance with on embodiment of the present patent application.

[0096] FIG. 21 shows a method of retracting a needle sheath from a proximal end of a trocar,

in accordance with one embodiment of the present patent application.

[0097] FIG. 22 shows a first stage of a method of using a needle driver for removing a suture
thread and a suture needle from a proximal end of a needle sheath, in accordance with one

embodiment of the present patent application.

[0098] FIG. 23 shows a second stage of a method of using a needle driver for removing a
suture thread and a suture needle from a proximal end of a needle sheath, in accordance with

one embodiment of the present patent application.

[0099] FIG. 24 shows a third stage of a method of using a needle driver for removing a suture
thread and a suture needle from a proximal end of a needle sheath, in accordance with one

embodiment of the present patent application.

[00100] FIG. 25 is a perspective view of a trocar having a distal end with a needle point slot

that follows a tortuous path, in accordance with one embodiment of the present patent application.
[00101] FIG. 26A is a magnified view of the distal end of the trocar shown in FIG. 25.
[00102] FIG. 26B is a second magnified view of the distal end of the trocar shown in FIG. 25.
[00103] FIG. 26C is a third magnified view of the distal end of the trocar shown in FIG. 25.

[00104] FIG. 27 is a schematic view of a distal end of a trocar having a tapered needle point

slot, in accordance with one embodiment of the present patent application.

[00105] FIG. 28 is a schematic view of a distal end of a trocar having an internal stop ring, in
accordance with one embodiment of the present patent application.
13
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[00106] Referring to FIG. 1, in one embodiment, a needle sheath 100 is configured for safely
and effectively delivering a suture needle to a surgical site and, after completing a surgical
procedure, withdrawing the suture needle from the surgical site for being removed from a patient’s
body. In one embodiment, the needle sheath 100 desirably includes a tubular shaft 102 (e.g., a
hollow tube or lumen) having a proximal end 104 and a distal end 106. The tubular shaft 102 is
preferably hollow for passing suture needles therethrough and desirably has an elongated conduit
108 that extends from the proximal end 104 to the distal end 106 thereof. In one embodiment,
the needle sheath 100 desirably includes a flange 110 secured to the distal end 104 of the tubular
shaft 102. In one embodiment, the flange 110 has a circular shape having a diameter that is
greater than the cross-sectional diameter of the tubular shaft 102. The flange 110 may function
as a stop flange to control and/or limit the depth of insertion of the tubular shaft 102 into a surgical
instrument such as a trocar or cannula. The needle sheath may be made of rugged,

biocompatible materials such as polymers and metals (e.g., stainless steel).

[00107] Referringto FIGS. 1 and 2A-2B, in one embodiment, the needle sheath 100 preferably
has a longitudinal axis A that extends from the proximal end 104 to the distal end 106 of the
tubular shaft 102. In one embodiment, the flange 110 located at the proximal end 104 of the
tubular shaft 102 preferably extends along an axis A; that is perpendicular to the longitudinal axis
A of the needle sheath 100.

[00108] In one embodiment, the distal end 106 of the tubular shaft 102 desirably has a
chamfered edge 112. In one embodiment, the chamfered edge 112 preferably defines a distal-
most end of the tubular shaft 102 of the needle sheath 100. In one embodiment, the chamfered

edge 112 is located at a bottom side of the tubular shaft 102.

[00109] In one embodiment, the needle sheath 100 desirably includes a needle point slot 114
that is formed in the top side of the tubular shaft 102. The needle point slot 114 may have a
length defining a longitudinal axis Az, which is perpendicular to the longitudinal axis A; of the
needle sheath 100. In one embodiment, the chamfered edge 112 projects from the bottom side
of the tubular shaft 102 and the needle point slot 114 is formed on the top side of the tubular shaft,
whereby the needle point slot 114 is about 180 degrees away from the chamfered edge 112 about

the circumference of the tubular shaft.
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[00110] Referring to FIGS. 3A and 3B, in one embodiment, the tubular shaft 102 of the needle
sheath 100 preferably includes a needle relief slot 116 that is formed in the bottom side of the
tubular shaft. In one embodiment, the needle relief slot 116 preferably opposes the needle point
slot 114 shown and described above in FIGS. 2A and 2B. In one embodiment, the needle point
slot is formed in the top side of the tubular shaft and the needle relief slot is formed in the bottom
side of the tubular shaft, whereby the needle point slot and the needle relief slot are positioned
about 180 degrees away from one another about the circumference of the tubular shaft. In one
embodiment, the needle relief slot 116 desirably has a length defining a longitudinal axis A4 that
is co-axial with and/or parallel to the longitudinal axis A; of the tubular shaft 102 of the needle
sheath 100. In one embodiment, the needle relief slot 116 is aligned with the chamfered edge
112 provided at the distal-most end of the tubular shaft 102. In one embodiment, both the needle
relief slot 116 and the chamfered edge 112 are located at the bottom side of the tubular shaft 102,
whereby the longitudinal axis A4 of the needle relief slot 116 intersects and/or passes through the

chamfered edge 112.

[00111] Referringto FIG. 4, in one embodiment, the needle sheath 100 preferably includes the
tubular shaft 102 that projects distally from the stop flange 110 located at the proximal end of the
tubular shaft. In one embodiment, the needle point slot 114 is formed in the top side of the tubular
shaft 102, and the needle relief slot 116 is formed in the bottom side of the tubular shaft 102. In
one embodiment, the needle point slot 114 formed in the top side of the tubular shaft 102 is
spaced 180 degrees away from the needle relief slot 116 formed in the bottom side of the tubular
shaft 102. In one embodiment, the longitudinal axis of the needle relief slot 116 is in alignment
with and/or intersects the chamfered edge 112 formed at the distal-most end of the tubular shaft
102. In one embodiment, the tubular shaft 102 has an elongated conduit 108 that extends along

the longitudinal axis A1 of the tubular shaft 102.

[00112] Referring to FIGS. 5 and 6, in one embodiment, the needle point slot 114 is formed in
the top side of the tubular shaft 102 of the needle sheath 100. The needle relief slot 116 is
preferably formed in the bottom side of the tubular shaft 102 and has a longitudinal axis A4 that is
in axial alignment with the longitudinal axis A1 of the tubular shaft 102. The longitudinal axis A4
of the needle relief slot 116 formed in the bottom side of the tubular shaft 102 is also preferably

in alignment with the chamfered edge 112 formed at the distal-most end of the tubular shaft 102.
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The needle relief slot 116 preferably extends along the longitudinal axis A4, which is parallel with

the longitudinal axis A1 of the tubular shaft 102.

[00113] Referring to FIGS. 7A and 7B, in one embodiment, a suture needle 118, such as a
suture needle made of elastic or superelastic materials (e.g., Nitinol), may be introduced into a
surgical site and removed from the surgical site by passing the suture needle through the needle
sheath 100 shown and described above in FIGS. 1-6. In one embodiment, the suture needle 118
preferably includes a curved body 120 having a proximal end 122 with a suture barrel 124 and a
tapered distal end 126 including a sharpened point 128. In one embodiment, the suture needle
118 is preferably a curved suture needle adapted to be secured to a surgical suture. A suture
thread may be secured to the suture barrel 124 located at the proximal end 122 of the suture
needle 118.

[00114] The suture needle preferably has a curved shape (e.g., a half circle shape) that
enables the suture needle to be efficiently passed through tissue during a suturing procedure.
The curved suture needle may be placed under tension for flattening the suture needle for passing
the needle through a needle sheath pr lumen having a smaller inner diameter than the normal
height of the curved suture needle. The elastic and/or superelastic properties of the suture needle
will enable the needle to transform back to the normal, curved shape upon being completely

passed through the needle sheath.

[00115] In one embodiment, an end of a suture thread may be inserted into an opening
provided in the suture barrel 124 and the suture barrel may be swaged and/or crimped for securing
the suture to the proximal end 102 of the curved body 120. As will be described in more detail
herein, the tapered distal end 126 of the suture needle may be engaged by the opposing clamping
jaws of a needle driver for securing the suture needle to pass the suture needle through the needle
sheath 100 shown and described above in FIGS. 1-6.

[00116] Referring to FIGS. 8A and 8B, in one embodiment, a needle driver 130 for securing
the suture needle 118 (FIGS. 7A and 7B) preferably includes an elongated shaft 132 having a
proximal end 134 and a distal end 136. In one embodiment, the needle driver 130 preferably has
opposing first and second clamping jaws 138, 140 that are provided at the distal end 136 of the
elongated shaft 132. In one embodiment, the first clamping jaw 138 preferably has a first clamping

face 142 that opposes the second clamping jaw 140, and the second clamping jaw 140 preferably
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has a second clamping face 144 that opposes the first clamping jaw 138. The first and second
clamping faces 142, 144 preferably oppose one another for applying a clamping force upon the
distal tapered end of the suture needle. In one embodiment, the elongated shaft 132 of the needle
driver 130 desirably has a cross-sectional diameter that is smaller than the inner diameter (ID) of
the elongated conduit of the tubular shaft of the needle sheath so that the first and second
clamping jaws 138, 140 at the distal end 136 of the needle driver 130 may be passed through the
elongated conduit of the tubular shaft of the needle sheath for deploying a suture needle from the

distal end of the needle sheath.

[00117] Referring to FIG. 9, in one embodiment, the suture needle 118 may be made of a
superelastic material for enabling the suture needle to be passed through the elongated conduit
of the tubular shaft 102 of a needle sheath 100. In one embodiment, the suture needle 118 is
curved between the proximal end 122 and the distal end 126 thereof. In one embodiment, in the
normal, curved configuration, the suture needle 118 has a height H, that is greater than the inner

diameter ID of the elongated conduit of the tubular shaft 102 of the needle sheath 100.

[00118] Referringto FIGS. 10 and 11, in one embodiment, the suture needle 118 is made of a
superelastic material, which enables the suture needle to flex and/or transform from the normal,
curved configuration shown in FIG. 10 to a flattened configuration shown in FIG. 11. In the
configuration shown in FIG. 10, the suture needle 118 has a height H; that is greater than the
inner diameter of the tubular shaft of the needle sheath. Referringto FIG. 11, in one embodiment,
tension may be applied to the superelastic suture needle 118 to flatten and/or reduce the overall
height of the suture needle so that it has a second height H; that is less than both the first height
H1 (FIG. 10) and the inner diameter ID; of the elongated conduit of the tubular shaft 102 of the
needle sheath 100 (FIG. 9). As a result, the suture needle 118 is incapable of passing through
the inner diameter ID¢ of the tubular shaft 102 of the needle sheath when in the normal, curved
configuration of FIG. 10, but is able to be pass through the inner diameter ID; of the tubular shaft
of the needle sheath when it is in the flattened configuration shown in FIG. 11. In one
embodiment, after the suture needle has been passed through the needle sheath, the superelastic
material of the suture needle preferably transforms the suture needle 118 back to its normal,

curved configuration (FIG. 10) so that the suture needle may be used for a suturing procedure.
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[00119] In one embodiment, the suture needle may repeatedly transform back and forth
between the curved configuration shown in FIG. 10 and the flattened configuration shown in FIG.
11. As a result, the suture needle may be flattened a first time for advancing the suture needle
through the tubular shaft of the needle sheath to locate the suture needle at a surgical site for use
during a surgical procedure. At the surgical site, the superelastic properties of the suture needle
enable the suture needle to transform back to its normal, curved configuration for use in a suturing
procedure. At the conclusion of the surgical procedure, the suture needle may be placed under
tension for flattening the suture needle for passing it through the smaller inner diameter of the
elongated conduit of the tubular shaft of the needle sheath for removing the suture needle from

the surgical site.

[00120] Referring to FIG. 12, in one embodiment, the tubular shaft 102 of the needle sheath
100 may be slid over the elongated shaft 132 of the needle driver 130 (FIG. 8A), whereby the first
and second clamping jaws 138, 140 of the needle driver project beyond the chamfered edge 112
located at the distal end 106 of the tubular shaft 102 of the needle sheath 100. In one
embodiment, the proximal end 134 of the elongated shaft 132 of the needle driver remains
accessible at a location that is proximal to the flange 110 of the needle sheath 100 (e.g., outside
a patient’s body) for enabling surgical personnel to move the first and second clamping jaws 138,
140 relative to the distal end 106 of the tubular shaft 102 of the needle sheath 100.

[00121] Referring to FIGS. 13 and 14, in one embodiment, the first and second clamping jaws
138, 140 located at the distal end 136 of the elongated shaft 132 of the needle driver are utilized
for securing the tapered distal end 126 of the suture needle 118. In one embodiment, the
clamping jaws preferably engage the tapered distal end 126 of the suture needle 118 so that the
sharpened point 128 of the suture needle 118 is aligned over the second clamping surface 144
of the second clamping jaw 140 and the first clamping surface of the first clamping jaw. The outer
perimeter of the second clamping surface 144 of the second clamping jaw 140 preferably
surrounds the needle point 128 so that the point of the suture needle 118 is protected and
surrounded by the first and second clamping jaws 138,140 of the needle driver, which prevents
the sharpened point from being dulled, marred, and/or damaged as the suture needle is passed

through the needle sheath.
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[00122] In one embodiment, after the tapered distal end 126 of the suture needle 118 has been
grasped between the first and second clamping jaws 138, 140, the distal end 106 of the tubular
shaft 102 of the needle sheath 100 is preferably slid distally in the direction designated DIR1 for
capturing the first and second clamping jaws 138, 140 and the secured suture needle 118 inside
the distal end 106 of the needle sheath 100. In one embodiment, the tubular shaft 102 of the
needle sheath 100 is slid over the suture needle 118 in an orientation that prevents the curved
body portion 120 of the suture needle 118 from engaging with the needle relief slot 116 formed in
the bottom side of the tubular shaft 102 of the needle sheath so that the suture needle 118 is
completely captured within the elongated conduit 108 (FIG. 1) of the tubular shaft 102 of the

needle sheath.

[00123] Referringto FIG. 15A, in one embodiment, an armed suture needle preferably includes
a suture needle 118 (e.g., a normally curved suture needle) and a suture thread 125 secured to
the proximal end 122 of the suture needle. The suture thread 125 is preferably flexible and may
be utilized for closing a wound at a surgical site. In one embodiment, the tapered distal end 126
of the suture needle 118 is secured between the first and second clamping jaws 138, 140 of a
needle driver 130 with the sharpened point 128 (FIG. 13) of the suture needle located between
the first and second clamping jaws 138, 140 and protected by the outer perimeters of the clamping
jaws. In one embodiment, a section of the suture thread 125 may also be secured between the
first and second clamping jaws 138, 140 so that both the needle point 128 (FIG. 7A) of the suture
needle 118 and the suture thread 125 are held between the opposing jaws. Clamping onto both
the suture needle and the suture thread may facilitate passing the armed suture needle through

the needle sheath.

[00124] Referring to FIG. 15B, in one embodiment, after the first and second clamping jaws of
the needle driver have secured the suture needle 118 and the suture thread 125, the distal end
106 of the tubular shaft 102 of the needle sheath 100 is preferably slid in the distal direction
designated DIR1 so that the suture needle 118 including the needle point is completely captured
within the elongated conduit of the tubular shaft 102 of the needle sheath 100. As the curved
suture needle is pulled into the distal end of the needle sheath 100, the suture needle 118
preferably transforms from a curved configuration to a flattened configuration for fitting inside
elongated conduit of the needle sheath. In one embodiment, the tubular shaft 102 of the needle

sheath is oriented relative to the suture needle 118 so that no portion of the suture needle 118
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engages or passes through the needle relief slot 116 formed in the bottom side of the tubular
shaft 102. As the suture needle 118 is captured by the advancing tubular shaft 102 of the needle
sheath 100, the suture needle 118 preferably flattens to the configuration shown in FIG. 11 so

that it may fit within the inner diameter of the elongated conduit of the tubular shaft 102.

[00125] Referring to FIGS. 16A and 16B, in one embodiment, after the suture needle 118 and
suture thread 125 (FIG. 15B) have been captured inside the tubular shaft 102 of the needle sheath
100, the distal end 106 of the needle sheath is desirably passed through an opening at a proximal
end 150 of a trocar 152. In one embodiment, the trocar 152 preferably has an elongated lumen
154 with a distal end 156 having a distal opening 158 that is located at a surgical site inside a
patient. In one embodiment, the tubular shaft 102 of the needle sheath 100 is preferably passed
through the lumen 154 of the trocar 152 in a distal direction designated DIR1 until the stop flange
110 abuts against the proximal end 150 of the trocar 152 for halting distal movement of the needle
sheath.

[00126] Referring to FIG. 16C, in one embodiment, the distal end 106 of the tubular shaft 102
of the needle sheath 100 is preferably advanced in the distal direction DIR1 beyond the distal end
156 of the lumen 154 of the trocar 152.

[00127] FIG. 16D shows the suture needle 118 and the flexible suture thread 125 after the first
and second clamping jaws 138, 140 of the needle driver have advanced the suture needle 118
and the suture thread 125 beyond the distal end 106 of the tubular shaft 102 of the needle sheath.
After the suture needle 118 has been advanced beyond the distal end 106 of the tubular shaft
102 of the needle sheath, the suture needle 118 made of elastic or superelastic materials
transforms back to its normal, curved configuration. The suture needle 118 and the suture thread
125 have now been delivered to a surgical site whereby the components may be utilized during

a suturing operation for closing a wound or a surgical opening at the surgical site.

[00128] Referring to FIG. 17A, in one embodiment, at the conclusion of a surgical procedure,
the suture needle 118 and the flexible suture thread material 125 may be removed from the
surgical site by withdrawing the components through the needle sheath. In one embodiment, the
first and second clamping jaws 138, 140 at the distal end of the needle driver 130 may be closed

for securing the flexible suture thread 125 between the clamping jaws.
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[00129] Referring to FIG. 17B, in one embodiment, the needle driver may then be withdrawn
through the needle sheath 100 in a proximal direction designated DIR2 for pulling the suture
thread 125 and the attached suture needle 118 into the distal end 106 of the tubular shaft 102 of
the needle sheath 100. In one embodiment, as the needle is pulled into the distal end of the
tubular shaft 102 of the needle sheath 100, the chamfered edge 112 at the distal end 106 of the
tubular shaft 102 preferably engages the body of the suture needle to orient the suture needle
118 relative to the tubular shaft 102. In one embodiment, the chamfered edge orients the suture
needle so that the cured body of the suture needle is aligned with the suture relief slot 116 (FIGS.
3A-3C) located at the bottom side of the tubular shaft of the needle sheath.

[00130] FIGS. 18A-18F show a schematic view of the suture needle 118 being pulled into the
distal end 106 of the tubular shaft 102 of the needle sheath 100, whereupon the chamfered edge
112 orients the curved suture needle so that the suture needle is aligned with the needle relief
slot 116 formed in the bottom side of the tubular shaft 102 of the needle sheath 100. For clarity,
the suture thread 125 (FIG. 17A) secured to the proximal end of the suture needle 118 is not

shown.

[00131] Referring to FIGS. 18A-18B, as the suture needle 118 (attached to the suture thread,
which is secured by the clamping jaws of the needle driver) is pulled in a proximal direction
designated DIR2 into the distal end 106 of the tubular shaft 102, the chamfered edge 112 located
at the bottom side of the tubular shaft 102 preferably orients the curved body portion 120 of the
suture needle 118 so that the curved body portion 120 moves into alignment with the needle relief
slot 116 formed in the bottom side of the tubular shaft 102. During removal from the surgical site,
the suture needle 118 is oriented so that the needle point 128 of the suture needle 118 trails the

proximal end 122 of the suture needle.

[00132] Referring to FIGS. 18C-18E, further retraction of the suture needle 118 into the distal
end 106 of the tubular shaft 102 further orients the suture needle 118 so that the curved body 120
of the suture needle advances into the needle relief slot 116 formed in the bottom side of the
tubular shaft 102 and so that the point 128 of the suture needle 118 is brought into alignment with
the needle point slot 114 formed in the top side tubular shaft 102. The needle relief slot 116 of
the tubular shaft 102 of the needle sheath 100 preferably enables the suture needle 118 to be

pulled into the distal end of the tubular shaft with the suture needle in its normal, curved shape,

21



WO 2021/024224 PCT/IB2020/057449

with minimal tension being applied to the curved body of the suture needle, and with minimal

distortion of the curved shape of the suture needle.

[00133] Referring to FIG. 18F, during further removal of the suture needle 118 in the proximal
direction designated DIR2, the suture needle 118 is fully captured by the distal end of the tubular
shaft 102 of the needle sheath 100, with the curved body portion 120 of the suture needle passing
through the needle relief slot 116 and the sharpened point 128 of the suture needle captured
within the needle point slot 114. In the stage of the withdrawal procedure shown in FIG. 18F, the
suture needle 118 is preferably in its normal, curved configuration, a portion of the suture needle
extends though the needle relief slot 116 for being located outside the tubular shaft of the needle
sheath, and the suture needle is not being subjected to external forces such as compression or
tension. In one embodiment, capturing the needle point 128 of the suture needle 118 within the
needle point slot 114 serves to prevent the suture needle from moving distally in the direction
designated DIR1 (i.e., back into the surgical site), such as when tension is applied to the suture

needle.

[00134] In one embodiment, the needle point slot 114 may be formed entirely through the full
thickness of the wall of the tubular shaft 102, or may simply be a recess or depression formed in
the inner surface of the wall of the tubular shaft 102 that captures the needle point. In one
embodiment, the length of the needle relief slot 116 and its relative axial location with respect to
the needle point slot 114 may match the geometry of the suture needle 118 that is passed through
the tubular shaft 102 of the needle sheath 100. Thus, the length of the needle relief slot 116 and
its axial location with respect to the needle point slot 114 may be a function of the needle curvature
(i.e., the degree of curvature and the radius of curvature) and the inner diameter ID; of the tubular
shaft 102 of the needle sheath 100.

[00135] Referring to FIGS. 19A-19D, when the suture needle 118 has been pulled into the
distal end 106 of the tubular shaft 102 of the needle sheath 100 to the location shown in FIG. 18F,
the curved body portion 120 of the suture needle 118 passes through the needle relief slot 116 of
the needle sheath so that it is located outside the tubular shaft 102. The sharpened point 128 of
the suture needle 118 is captured within the needle point slot 114. Referring to FIG. 19D, at this
stage of removal of the suture needle 118, the suture needle 118 is curved and has a height H1

that is greater than the inner diameter ID1 of the tubular shaft 102 of the needle sheath 100.
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[00136] Referring to FIG. 20, in one embodiment, after the stage of the suture needle removal
process shown in FIGS. 18F and 19A-19D, as the needle driver continues to pull the suture thread
and the suture needle 118 in the proximal direction DIR2 toward the proximal end of the tubular
shaft 102 of the needle sheath 100, the suture needle 118 flexes into a flatter configuration (e.qg.,
from curved to less curved) for being completely positioned inside the inner diameter ID, of the
tubular shaft 102 of the needle sheath 100. In the flattened or flatter configuration shown in FIG.
20, the curved elongated body 120 of the needle 118 no longer extends through the needle relief
slot 116 formed in the bottom side of the tubular shaft 102. In one embodiment, the flattened
suture needle 118 defines a height H; that is less than or equal to the inner diameter 1D, of the
tubular shaft 102 of the needle sheath 100. In the flattened configuration shown in FIG. 20, the
suture needle 118 may be retracted through the tubular shaft 102 in the proximal direction DIR2
for being removed from the proximal end of the trocar 152 (FIG. 16B). As tension is applied to
the suture needle 118 via the suture thread being pulled by the needle driver, the needle point
slot 114 preferably engages the sharpened point 128 of the suture needle 118 to prevent the
suture needle from moving in the distal direction DIR1. For example, if a suture thread under
tension became detached from the proximal end of the suture needle, the needle point slot would
preferably function as a catch and/or stop to prevent the suture needle under tension from
springing out of the distal end of the tubular sheath and back into the surgical site where it could

damage tissue.

[00137] Referring to FIG. 21, after the suture needle 118 has been fully retracted into the
tubular shaft 102 of the needle sheath 100, the tubular shaft 102 may be withdrawn in the proximal
direction designated DIR2 for removing the needle sheath from the opening at the proximal end
150 of the trocar 152.

[00138] Referring to FIG. 22, after the needle sheath 100 has been withdrawn from the
proximal end of the trocar, the clamping jaws 138, 140 at the distal end of the needle driver 130
may be used to pull the flexible suture thread 125 from a proximal opening of the needle sheath
100.

[00139] FIG. 23 shows further extraction of the flexible suture thread 125 and the suture needle
118 (secured to the suture thread) from the proximal end 104 of the tubular sheath 102 of the
needle sheath 100.
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[00140] FIG. 24 shows the suture needle 118 and the suture thread 125 attached to the suture
needle after both components have been completely withdrawn from a proximal opening at the
proximal end 104 of the tubular shaft 102 of the needle sheath 100. A section of the suture thread
125 is secured between the first and second clamping jaws 138, 140 of the needle driver 130.
After the suture needle 118 is withdrawn from the proximal end 104 of the tubular shaft 102 of the

needle sheath 100, it transforms back to its normal, curved shape.

[00141] In one embodiment, one or more of the structural features incorporated into the needle
sheaths disclosed herein may be incorporated into surgical trocars. Referring to FIGS. 25 and
26A-26C, in one embodiment, a trocar 200 is configured for safely and effectively delivering a
suture needle to a surgical site and, after completing a surgical procedure, withdrawing the suture
needle from the surgical site for being removed from a patient’s body. The trocar may be made
of rugged, biocompatible materials such as polymers and metals (e.g., stainless steel). In one
embodiment, the trocar 200 desirably includes a tubular shaft 202 having a proximal end 204 and
a distal end 206. The tubular shaft 202 is preferably hollow for passing suture needles
therethrough and desirably has an elongated conduit 208 that extends from the proximal end 204
to the distal end 206 thereof. In one embodiment, the trocar 200 preferably has a longitudinal
axis As that extends from the proximal end 204 to the distal end 206 of the tubular shaft 202. In
one embodiment, the distal end 206 of the tubular shaft 202 desirably has a chamfered edge 212.
In one embodiment, the chamfered edge 212 preferably defines a distal-most end of the tubular
shaft 202 of the trocar 200.

[00142] In one embodiment, the trocar 200 desirably includes a needle point slot 214 that is
formed in the outer wall of the tubular shaft 202. The needle point slot 214 preferably follows a
tortuous path. As used herein, the terminology tortuous path means paths that are twisting,
turning, bending, winding, crooked, circuitous, and/or non-linear. The tortuous path 214 may have
three dimensions as it extends proximally through the outer wall of the tubular shaft. In one
embodiment, the needle point slot 214 following a tortuous path may have a first section 215A
having a length that extends along a first section longitudinal axis As, which is parallel with the
longitudinal axis As of the trocar 200, and a second section 215B having a length that extends
along a second section longitudinal axis A;, which defines an obtuse angle a1 relative to the first
section longitudinal axis As. The tortuous path of the needle point slot 214 may have any

geometry that does not provide a continuous, straight-line path to the opening at the distal end of
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the trocar 200. In one embodiment, the tortuous path 214 includes an angled corner 225 (FIG.
26B) that is located between the first and second sections 215A, 215B of the needle point slot
214, which forces the needle to change direction and thereby prevents the needle from springing

out from opening at the distal end 206 of the tubular shaft 202 of the trocar 200

[00143] In one embodiment, the chamfered edge 212 of the trocar 200 may project from a
bottom side of the tubular shaft 202 and the needle point slot 214 may be formed on a top side of
the tubular shaft, whereby the needle point slot 214 is about 180 degrees away from the

chamfered edge 212 about the circumference of the outer wall of the tubular shaft 202.

[00144] In one embodiment, during needle pull out through the trocar 200, the needle point
slot 214 with the tortuous path allows the needle point of a suture needle to slide easily in a
proximal direction DIR2 toward the proximal end of the trocar 200. If, during retraction, the needle
is accidently released before being completely retracted into the trocar 200, the spring back
motion of the needle in the distal direction DIR1 will be stopped by the tortuous path of the needle

point slot 214.

[00145] Referring to FIG. 27, in one embodiment, a trocar 300 may include a tubular shaft 302
having a distal end 306 with a chamfered edge 312 and a tapered notch 314 formed in the outer
wall of the tubular shaft 302. The tapered notch 314 is configured to catch the needle point 428
or the distal end 426 of a surgical needle 318 so that the needle is secured to the trocar and

cannot be expelled from the distal end 306 of the tubular shaft 302.

[00146] Referring to FIG. 28, in one embodiment, a trocar 400 may include a tubular shaft 402
having a distal end 406 with a chamfered edge 412 and a stop ring 414 extending inwardly from
the outer wall of the tubular shaft 402. The stop ring 414 preferably has a smaller diameter than
the inner diameter of the outer wall of the tubular shaft 402. During needle pull-out, the stop ring
414 is preferably configured to catch a surgical needle 418 so that the needle cannot be expelled
from the distal end of the tubular shaft 402.

[00147] Referring to FIG. 28, in one embodiment, a trocar 400 may have a stop bump 414’
extending inwardly from the outer wall of the tubular shaft 402. The stop bump 414’ preferably

defines a reduced diameter section inside the tubular shaft 402. During needle pull-out, the stop
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bump 414’ is preferably configured to catch the surgical needle 418 so that the needle cannot be

expelled from the distal end of the tubular shaft 402.

[00148] In one or more embodiments, any of the needle control features disclosed in the
embodiments of FIGS. 25-28, including the needle point slot 214 with the tortuous path (FIG. 25),
the tapered notch 314 (FIG. 27), the stop ring 414 (FIG. 28), and the stop bump 414’ (FIG. 28)

may be incorporated into any of the needle sheath embodiments disclosed herein

[00149] While the foregoing is directed to embodiments of the present invention, other and
further embodiments of the invention may be devised without departing from the basic scope
thereof, which is only limited by the scope of the claims that follow. For example, the present
invention contemplates that any of the features shown in any of the embodiments described
herein, or incorporated by reference herein, may be incorporated with any of the features shown
in any of the other embodiments described herein, or incorporated by reference herein, and still

fall within the scope of the present invention.

26



WO 2021/024224 PCT/IB2020/057449

What is claimed is:

1. A needle sheath comprising:

a tubular shaft having a proximal end, a distal end, and a longitudinal axis that extends
from the proximal end to the distal end of said tubular shaft;

a stop flange secured to the proximal end of said tubular shaft;

the distal end of said tubular shaft including a chamfered edge located on a bottom side
of said tubular shaft;

a needle relief slot formed in the bottom side of said tubular shaft, said needle relief slot
being proximal to said chamfered edge and having a length that extends along an axis that is
parallel with the longitudinal axis of said tubular shaft;

a needle point slot formed in a top side of said tubular shaft, wherein said needle point

slot opposes said needle relief slot formed in the bottom side of said tubular shaft.

2. The needle sheath as claimed in claim 1, wherein said tubular shaft is hollow and includes
a proximal opening located at the proximal end of said tubular shaft, a distal opening located at
the distal end of said tubular shaft, and an elongated conduit that extends between the proximal

and distal openings.

3. The needle sheath as claimed in claim 1, wherein the axis of said needle relief slot

intersects with said chamfered edge of said tubular shaft.

4, The needle sheath as claimed in claim 1, wherein said needle point slot is distal to said

needle relief slot.

5. The needle sheath as claimed in claim 4, wherein said needle point slot has a length that

extends along an axis that is perpendicular to the longitudinal axis of said tubular shaft.

6. The needle sheath as claimed in claim 1, wherein said tubular shaft comprises a cylindrical
shaped outer wall defining inner and outer surfaces, and wherein said needle relief slot is formed
in said cylindrical shaped outer wall and extends from the inner surface to the outer surface of

said cylindrical shaped outer wall.
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7. The needle sheath as claimed in claim 6, wherein said needle point slot is formed in said
cylindrical shaped outer wall and extends from the inner surface to the outer surface of said

cylindrical shaped outer wall.

8. The needle sheath as claimed in claim 7, further comprising a suture needle disposed
within said tubular shaft, wherein said suture needle has a curved body disposed within said

needle relief slot and a needle point disposed in said needle point slot.

9. The needle sheath as claimed in claim 8, wherein said curved body of said suture needle
extends outside said tubular shaft, and wherein said suture needle defines a first height that is

greater than a cross-sectional diameter of said tubular shaft of said needle sheath.

10. The needle sheath as claimed in claim 9, wherein said suture needle comprises a
superelastic material that enables said curved body of said suture needle to transform from a
curved configuration having the first height to a flatter configuration having a second height that
is less than the first height and that is less than an inner diameter of said tubular shaft of said

needle sheath.

11. The needle sheath as claimed in claim 8, further comprising a suture thread secured to a

proximal end of said suture needle.

12. The needle sheath as claimed in claim 11, further comprising a needle driver disposed
within said elongated conduit of said tubular shaft of said needle sheath, wherein said needle
driver comprises clamping jaws in contact with at least one of said suture needle and said suture

thread secured to the proximal end of said suture needle.
13. The needle sheath as claimed in claim 1, wherein said tubular shaft has an outer diameter,

and wherein said stop flange has an outer diameter that is greater than the outer diameter of said

tubular shaft.
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14. The needle sheath as claimed in claim 1, wherein said needle sheath comprises durable,
biocompatible materials selected from the group consisting of polymers, metals, and stainless

steel.

15. A needle sheath comprising:

a tubular shaft having a proximal end, a distal end with a chamfered edge, and a
longitudinal axis extending between the proximal and distal ends of said tubular shaft;

a flange secured to the proximal end of said tubular shaft having an outer dimension that
is greater than a cross-sectional diameter of said tubular shaft;

a needle relief slot formed in a bottom side of said tubular shaft, wherein said needle relief
slot has a length that extends along a needle relief slot axis that is parallel to the longitudinal axis
of said tubular shaft and that passes through said chamfered edge;

a needle point slot formed in a top side of said tubular shaft that is distal to said needle
relief slot, wherein said needle point slot has a length that extends along a needle point slot axis
that is perpendicular to both the longitudinal axis of said tubular shaft and the needle relief slot

axis of said needle relief slot.

16. The needle sheath as claimed in claim 15, further comprising a suture needle disposed
within said tubular shaft of said needle sheath, wherein said suture needle has a curved body

disposed within said needle relief slot and a needle point disposed in said needle point slot.

17. The needle sheath as claimed in claim 16, wherein said curved body of said suture needle
passes through said needle relief slot for extending outside said tubular shaft of said needle
sheath, and wherein said curved body of said suture needle defines a first height that is greater

than the cross-sectional diameter of said tubular shaft.

18. The needle sheath as claimed in claim 17, wherein said suture needle comprises a
superelastic material that enables said suture needle to transform from a curved configuration
having the first height to a flatter configuration having a second height that is less than the first
height, wherein the second height is less than or equal to an inner diameter of said tubular shaft

of said needle sheath.
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19. The needle sheath as claimed in claim 18, further comprising:

a suture thread secured to a proximal end of said suture needle; and

a needle driver disposed within said tubular shaft of said needle sheath, wherein said
needle driver comprises clamping jaws in contact with at least one of said suture needle and said

suture thread secured to the proximal end of said suture needle.

20. A surgical tool for introducing and removing a suture needle from a surgical cavity
comprising:

a tubular shaft having a proximal end with a proximal opening, a distal end with a distal
opening, and a longitudinal axis that extends from the proximal end to the distal end of said tubular
shaft;

the distal end of said tubular shaft including a chamfered edge located on a bottom side
of said tubular shaft;

a suture needle stop formed in a top side of said tubular shaft for preventing uncontrolled
release of said suture needle from the distal opening at the distal end of said tubular shaft, wherein
said suture needle stop is formed in an inner surface of said tubular shaft and opposes said

chamfered edge of said tubular shaft.

21. The surgical tool as claimed in claim 20, wherein said surgical tool is selected from the

group of surgical tools consisting of trocars and needle sheaths.

22. The surgical tool as claimed in claim 20, wherein said needle point stop formed in the inner
surface of said tubular shaft is selected from the group consisting of needle point slots having
tortuous paths, tapered notches, stop rings that project inwardly from the inner surface of said

tubular shaft, and stop bumps that project inwardly from the inner surface of said tubular shaft.
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