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SURGICAL FASTENER DELIVERY AND
LOCKING MECHANISM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to, and the benefit
of, U.S. Provisional Patent Application Ser. No. 62/151,631,
filed Apr. 23, 2015, the contents of which are incorporated
by reference.

FIELD OF THE INVENTION

[0002] The invention generally relates to devices for her-
nia mesh fixation.

BACKGROUND

[0003] Ifa person has a hernia, they may suffer from pain,
organ dysfunction, bowel obstruction, or other complica-
tions. This occurs when an organ protrudes through the wall
that normally contains it. Hernias can occur in a number of
parts of the body, and occur commonly in the abdomen. For
example, the peritoneum that lines the abdomen may push
out through a weakened area of the abdominal wall to form
a small balloon-like sac. This can allow a loop of intestine
or abdominal tissue to push into the sac.

[0004] One method of heria repair involves using a
surgical procedure known as laparoscopy to cover the hernia
with a prosthetic mesh and fix it in place with fasteners. The
fasteners are delivered by a fastening device configured to
reach into the abdominal cavity through an incision. A
surgeon inserts surgical implements as well as a laparo-
scope—a small telescope with a camera attached—through
small incisions made in the skin, allowing the surgical
fastener to be inserted and directed to the hernia. Unfortu-
nately, fastening a hernia mesh via laparoscopic access is
fraught with problems. Fasteners do not always fully close
properly in the right position and orientation to fasten the
mesh properly. If the surgeon realizes this during the pro-
cedure, additional fasteners may be deployed. However, an
overabundance of foreign objects is thought to contribute
greatly to patient pain. If the surgeon does not realize that
some of the fasteners have failed to fasten, then the entire
procedure may require a do-over.

SUMMARY

[0005] The invention provides a fastening device that can
be used to deliver a fastener to hernia through a laparoscopic
incision and that uses the coordinated operation of two
insertion members to stabilize the fastener during closure
and locking to ensure that every fastener is fully closed and
locked precisely in the intended location before the device
releases from the fastener. One of the insertion members
includes a pair of biased prongs that are held together when
they are pushed into a recess at an end of the fastener. The
fastener has a hook at one end and a loop at the other end.
The insertion members push the fastener out from the device
and through the tissue. A curvature in at least one of the
insertion members pushes the hook through the loop all
while the prongs are held in the recess in the fastener,
thereby stabilizing the fastener with respect to the device
(which is typically being held and controlled by the physi-
cian). After the hook is locked into the loop, the insertion
members are retracted. Upon retraction from the recess, the
prongs are pushed aside by the insertion members and/or the
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fastener, thereby creating a clearance for the closed, locked
fastener to pass through as the insertion members are
retracted away from closed, locked fastener and back into
the device. Thus the device gives the physician the ability to
control and stabilize the fastener during the entire closing
and locking processes. The physician has direct mechanical
contact grasping the fastener, which contact is maintained
until after the fastener is closed and locked. Since the device
gives the physician the ability to control and stabilize the
fastener during the entire closing and locking process, the
device will always fully and properly close and lock the
fastener in the right position and orientation to fasten the
mesh properly. Since the fasteners are always positioned and
fastened properly, the physician does not need to deploy
additional fasteners to compensate for misfires and much
patient pain is avoided. Additionally, since hernia meshes
are consistently fastened properly during the procedure,
costly and painful do-overs are avoided.

[0006] In certain aspects, the invention provides a suturing
device having a plurality of fasteners disposed within an
applicator section. Each of the plurality of fasteners is
formed as a single piece with two terminating ends, where
one of the two terminating ends has a hook and the other one
of the two terminating ends has a loop. Further, the device
includes first and second members movable out of and into
the applicator section to deliver, one at a time, each of the
fasteners. The first insertion member is configured to engage
the hook of one of the fasteners, penetrate the patient’s
tissue, and carry the hook through the patient’s tissue when
the first member is moved out of the applicator section. The
second insertion member is configured to engage the loop of
that fastener, penetrate the patient’s tissue, and carry the
loop through the patient’s tissue when the second member is
moved out of the applicator section. One of the insertion
members includes a pair of prongs that are positioned
together when they are pushed into a recess at an end of the
fastener. The insertion members push the fastener out from
the device and through the tissue. A curvature in at least one
of the insertion members pushes the hook through the loop
all while the open-biased prongs are held in the recess in the
fastener, thereby stabilizing the fastener with respect to the
device (which is typically being held and controlled by the
physician). After the hook is locked into the loop, the
insertion members are retracted. Upon retraction from the
recess, the prongs are separated from one another (e.g., by
being dragged over, and pushed apart by, either the closed
fastener or the hook insertion member), creating a clearance
for the closed, locked fastener to pass through as the
insertion members are retracted away from closed, locked
fastener and back into the device.

[0007] Aspects of the invention provide a device for
delivering a plurality of fasteners, one at a time, into tissue
of a patient. The device includes a handle including a trigger,
a shaft extending from the handle and dimensioned for
insertion into a patient’s abdomen through an incision in the
abdomen, and an applicator section at a distal end of the
shaft. The plurality of fasteners are disposed within the
applicator section and each of the plurality of fasteners is
formed as a single piece with a hook at one end and a loop
at the other end. The device includes first and second
members operably coupled to the trigger. Activation of the
trigger by a user causes (i) the first member to engage the
loop of one of the fasteners carry the loop through the
patient’s tissue, (i) the second member to engage the hook
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of that fastener, carry the hook through the tissue, and pass
the hook through the loop, thereby locking the fastener into
a closed loop in the tissue while the loop remains engaged
by the first member, and (iii) the first and second members
to retract into the applicator section leaving the closed
fastener in the tissue. The shaft is preferably dimensioned
for insertion into the abdomen through a trocar placed in the
an incision. Preferably, the first and second members are
configured to penetrate a prosthetic mesh and the patient’s
tissue.

[0008] In some embodiments, a distal tip of the first
member defines a pair of prongs configured to be inserted
into a recess at a distal end of the loop of the fastener. The
pair of prongs is held in the recess when inserted into the
recess. The distal tip of the first member is configured to
define an opening corresponding to the loop while the pair
of prongs is held together by the recess. The distal tip of the
first member (the pair of prongs) includes an elastic material
that biases the pair of prongs into a first configuration (e.g.,
closed) but allows them to be pushed elastically into a
second conformation (e.g., open) to define a gap between the
pair of prongs. Retraction of the first member may include
removing the pair of prongs from the recess and withdraw-
ing the distal tip of the first member by allowing the hook
end of the fastener to pass through the gap between the pair
of prongs.

[0009] In certain embodiments, at least one of the first and
second members has a flexible, pre-shaped portion that
moves along a curved path. The flexible portion remains
straight when disposed in the shaft and, upon the activation
of the trigger, extends from the shaft and moves along the
curved path by assuming a curved shape. That one of the first
and second members may move along a path that is both
straight and curved outside of the shaft.

[0010] The first and second insertion members may be
operably coupled to the trigger by first and second push rods
that each have a distal end engaged with its respective
insertion member and a proximal end engaged with a slot
wheel in the handle.

[0011] In some embodiments, the device is configured to
deliver fasteners of different sizes to different penetration
depths within the patient’s tissue. Optionally, the applicator
section 1is configured to receive a cartridge loaded with the
plurality of fasteners. For example, the cartridge may be
from a set of cartridges, at least two of the cartridges in the
set carrying fasteners of a different size.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 shows a fastening device for hernia repair.
[0013] FIG. 2 shows articulation of a shaft of the device.
[0014] FIG. 3 illustrates navigation of the applicator sec-

tion to the hernia mesh.

[0015] FIG. 4 shows articulation of the applicator section.
[0016] FIG. 5 shows a fastener for use with a device of the
invention.

[0017] FIG. 6 shows the fastener 250 as it is being closed.
[0018] FIG. 7 shows the fastener 250 in a locked configu-
ration.

[0019] FIG. 8 gives a close-up view of the applicator

section of the device.

[0020] FIG. 9 shows the loop insertion member delivering
the fastener.

[0021] FIG. 10 gives two views of the loop insertion
member.
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[0022] FIG. 11 shows the prongs of insertion member
captured by a recess on the fastener.

[0023] FIG. 12 shows applicator section closing the fas-
tener.
[0024] FIG. 13 illustrates retraction of the insertion mem-
bers.
[0025] FIG. 14 shows the fully retracted insertion mem-
bers.
[0026] FIG. 15 shows mechanical components in the

handle of the fastening device.

[0027] FIG. 16 shows the structure of the fastener feeder.
[0028] FIG. 17 illustrates an assembled fastener feeder
mechanism.

[0029] FIG. 18 shows the positioning of a fastener in the
fastener feeder.

[0030] FIG. 19 shows shaft cap in an end the shaft.
[0031] FIG. 20 shows retraction of the drive comb.
[0032] FIG. 21 shows the drive comb engaged with the

pre-formed fasteners.

[0033] FIG. 22 shows the drive comb pushing one of the
pre-formed fasteners.

[0034] FIG. 23 shows the next the fastener positioned at
the collection slots.

[0035] FIG. 24 shows the comb driver assembly.

[0036] FIG. 25 shows hook engagement.

[0037] FIG. 26 depicts a pulling back step.

[0038] FIG. 27 shows release.

[0039] FIG. 28 shows advancement of the fastener.
[0040] FIG. 29 shows the articulation joint.

[0041] FIG. 30 shows a bend in the shaft of the device.
[0042] FIG. 31 shows a cartridge-style carrier for fasten-
ers.

[0043] FIG. 32 shows a thin spacer for use with larger
fasteners.

[0044] FIG. 33 shows a spacer for use with intermediate
fasteners.

[0045] FIG. 34 shows a long spacer for use with small
fasteners.

DETAILED DESCRIPTION

[0046] The invention relates to a new locking concept for
use with hernia mesh fasteners. In some prior art devices, the
insertion mechanisms are pulled away before the fastener is
fastened, raising the specter of risk that an unfastened
fastener will be left in tissue. Using a device of the invention
as described herein that risk is avoided by holding the loop
in place by the loop inserter while the hook is passed thru it.
Only once the hook is completely inserted into the loop and
the fastener is locked the insertion needles are retracted. In
order to accomplish this, a new insertion member with
prongs is included in the device. The new insertion member
allows for its retraction while the hook of the fastener is
position inside the loop.

[0047] In certain embodiments, the prongs comprises a
super-elastic material such as the nickel titanium alloy
Nitinol. The prongs may be biased to the closed position but
are temporarily deformed to the open position by being
retracted back into the delivery device after delivery, the
prong being spread open by passing over the delivered
fastener or one of the delivery members.

[0048] In some embodiments, the prongs define a pair of
open-biased prongs that include an elastic material (e.g.,
Nitinol) defining two flexible prongs which converge at the
tip of the insertion member. In the open-biased embodiment,



US 2016/0310146 Al

the rest position for the prongs is opened, but a recess on the
fastener holds the prongs together during delivery. When
withdrawn from the fastener, the prongs spring open to give
clearance for the fastener.

[0049] In either embodiment, the two prongs can be sepa-
rate or spaced apart at their tips and can flex laterally, thus
creating a gap. When the insertion member is within device,
the tip can be inserted into a pocket at one end of the fastener
and can push that end into the tissue. While the insertion
member is retracted it slides out of the pocket and the prongs
separate laterally as a result of sliding on top of the hook
inserter or the fastener body.

[0050] FIG. 1 shows a fastening device 100 according to
certain embodiments. Fastening device 100 is adapted to
place and secure at least one fastener inside a tissue during
a minimal invasive surgical operation. Fastening device 100
has an applicator section 101 and a handle section 102
connected via shaft 103. Applicator section 101 is adapted to
pass through an incision or standard trocar, and to make
contact with, and insert a fastener into, the tissue. Because
the device is for minimally invasive surgery, the shaft
preferably has a length I of at least 15 cm and has a diameter
D of less than 1 cm. Applicator section 101 operates as a
fastener carrier by being operably connected to shaft 103
(e.g., either one can be partially disposed within the other,
they can be manufactured and assembled together, etc.).

[0051] Handle section 102 allows a practitioner to control
fastener application. Handle section 102 includes trigger
105, which may generally include a lever mechanism.
Operation of trigger 105 delivers and fastens a fastener as
described below.

[0052] In certain embodiments, shaft 103 is articulated
around an articulation joint 104 in order to place a fastener
inside the tissue in a correct angle in respect to the tissue
surface

[0053] FIG. 2 shows articulation of shaft 103. Handle 102
includes articulation knob 106 adapted to control the articu-
lation. Since shaft 103 may be bent at articulation joint 104,
a physician may navigate the applicator section 101 to the
hernia mesh within the abdomen.

[0054] FIG. 3 illustrates navigation of the applicator sec-
tion 101 to the hernia mesh within the abdomen. Device 100
is used for securing a hernia mesh 400 to the innermost layer
of abdominal wall 401 during laparoscopic hernia repair
surgery. In general, the outermost layer of the abdominal
wall is the skin, followed by two layers of fibrous connective
tissue (the campers fascia then the Scarpas fascia), three
layers of muscle (the external oblique muscle, the internal
oblique muscle, and the transverse abdominal muscle), a
layer of fat (the preperitoneal fat), and then the perito-
neum—a membrane that surrounds the abdominal cavity.
Methods include inserting a distal portion of fastening
device 100 into a patient’s abdominal cavity through a trocar
402 or through an incision.

[0055] FIG. 4 shows articulation of the applicator section
101 via articulation knob 106. Distal tip 301 is pressed
against hernia mesh 400 and a single fastener is delivered
through the tissue and hernia mesh 400 and secured in place
by pressing lever 107 on handle 102. The device 100 is
removed from the abdomen through the surgical incision.
The device 100 operates with one or a plurality of pre-
formed sutures formed to interoperate with mechanisms of
the applicator section 101.
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[0056] FIG. 5 shows a fastener 250. Preferably, the fas-
tener 250 is pre-formed to have substantially the shape
shown in FIG. 5. The fastener 250 includes an extended
body 251. A first end 253 of the fastener includes a hook 269.
The second end 252 of the fastener includes a loop 265 as
well as a sloped portion 277 that can be driven through soft
tissue. The hook end may be pushed through the loop 265.

[0057] FIG. 6 shows the fastener 250 as it is being closed
and the hook 269 is being passed through the loop 265. After
the fastener is closed, it may further be locked closed by
drawing the neck of the hook 269 up into the narrowest
portion of the loop 265. Additionally, FIG. 6 shows a recess
601 on a back surface of insertion slope 277.

[0058] FIG. 7 shows the fastener 250 in a locked configu-
ration. The fastener 250 includes insertion slope 277 and at
least one barb 269 that are dimensioned to operate with the
insertion members of device 100. First member 253 includes
ahook and second member 252 includes a loop. The fastener
250 is configured to be carried and delivered by the appli-
cator section 101 of device 100.

[0059] FIG. 8 gives a close-up view of the applicator
section 101 of device 100. Just visible within the applicator
section 101 is the portion of fastener 250 where the loop 265
is located. This is the disposition of the fastener 250 when
the distal end of the shaft 103 is pressed against the tissue
(e.g., FIG. 4). Activation of the trigger 105 causes the
insertion members to collect and deliver the fastener 250.

[0060] FIG. 9 shows the loop insertion member 357 col-
lecting and delivering the second end 252 of the fastener
250. Specifically, upon activation of the trigger, the hook
insertion member 352 is collecting and delivering the first
end 253 of the fastener 250 to engage the hook of that
fastener and carry the hook through the tissue. The loop
insertion member 357 engages the second end of the fastener
250, thereby engaging the loop 265 of the fastener 250 to
carry the loop through the patient’s tissue. The loop insertion
member 257 includes a pair of elastic prongs.

[0061] FIG. 10 gives two views of the loop insertion
member 357. The view on the right shows the elastic prongs
191 in the open conformation. The view on the left illustrates
the conformation that the prongs assume when they are
captured by recess 601 (visible in FIG. 6).

[0062] FIG. 11 shows the prongs of insertion member 357
captured by recess 601 on the loop end of a fastener 250. In
operation of device 100, the suture 250 is collected by the
hook inserter 352 and the loop inserter 357.

[0063] FIG. 12 shows applicator section 101 operating to
close the fastener 250 within tissue. The loop is deployed
straight inside the tissue and the hook is inserted into the
loop. The hook 269 passes through the loop 265 locking the
fastener into a closed loop in the tissue while the loop
remains engaged by the first member. The two insertion
members stabilize the fastener 250 during closure and
locking to ensure that every fastener 250 is fully closed and
locked precisely in the intended location before the device
releases from the fastener. The elastic prongs 191 are
disposed together in recess 601. As shown in FIG. 12, the
insertion members have pushed the fastener 250 out from
the device and through the tissue. A curvature in the hook
insertion member 352 pushes the hook 253 through the loop
all while the prongs 191 are held in the recess 601 in the
fastener 250, thereby stabilizing the fastener 250 with
respect to the device 100 while the device is being held and
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controlled by the physician. After the hook is locked into the
loop, the insertion members are retracted.

[0064] FIG. 13 illustrates retraction of the insertion mem-
bers. The loop inserter is retracted back, and the prongs 191
flex laterally while they slides over the hook insertion
member 352.

[0065] FIG. 14 shows the loop inserter and the hook
inserter fully retracted, leaving the fastener 150 locked
inside the tissue.

[0066] In certain embodiments, a reticulation of the distal
end of fastening device 100 allows the distal tip to be rotated
around its longitudinal axis. This can allow the application
of fasteners in various orientation in respect to said fastening
device 100.

[0067] FIG. 15 shows components of a handle of a fas-
tening device. As can be seen in FIG. 15, one or more of
push rod 135 are linked to one or more of translator bar 131.
Translator bar 131 has a pin 127 fixed into a slot 123 of slot
wheel 115. As shown in FIG. 15, applicator 100 includes a
second slot wheel 119. Additional slot wheels may be
included. The rotation of the slot wheel is driven through
gear mechanism 111 by a geared face 107 of trigger 105.
[0068] By the relationship of these parts, when trigger 105
is squeezed, each of the slot wheels rotate. Because each slot
(e.g., slot 123) is irregularly shaped (e.g., not a circle
concentric with slot wheel 115), the corresponding translator
bar translates independently relative to handle 102 and with
acceleration defined by the disposition of the slot. The
independent translation of translator bar 131 causes the
independent translation of push rod 135 which cause the
independent action of hook insertion member 352 and loop
insertion member 357, as described above.

[0069] In certain embodiments, the series of coordinated
motions of the insertion needles, and the delivery of a
fastener, is operated and coordinated electronically. For
example, applicator device 100 can include servomotors
operably connected to a governing circuit and/or chip. A
motor can drive the slot wheels. Or, motors can drive each
push rod as governed by a chip executing instructions
provided, for example, by a tangible, non-transitory com-
puter memory such as, for example, a field-programmable
gate array or a disc drive.

[0070] FIG. 16 shows the structure of the fastener feeder
919. Hook insertion member 352 lies under front feeder
cover 941, which includes marker slot 943. Front cover 941
covers hold comb 945. Fastener stack 955 includes a plu-
rality of the fastener 250 extending from fastener support
slide 953, which also includes marker pin 947. Front cover
941 and back cover 959 covering and holding the fastener
stack 955 and the fastener support 953, said front and back
cover can be at least partially, substantially, or entirely
encapsulated within the shaft cover 949 and terminate at
shaft cap 939. Comb driver assembly 951 with comb driver
hook 948 operates drive comb 957, as described below.
Fastener feeder 919 includes loop insertion member 357
disposed near fastener spreader 961. Shaft cap 939 includes
a loop collection slot 963 and a hook collection slot 964.
Fastener feeder 919 functions to deliver one the fastener 250
from fastener stack 955 per operation of device 100.
[0071] FIG. 17 illustrates an assembled fastener feeder
919. In operation, the comb driver assembly 951 first
generates a single up and down stroke of the back drive
comb at the end of each application cycle. As a response to
the stroke, the entire fastener stack 955 is pushed forward by
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the drive comb 957. During this process the hold comb 945
(not shown) prevents a downward movement of the pre-
formed fasteners 250 in fastener stack 955. Once the fas-
teners stack 955 is pushed upward (e.g., forward), the last
the fastener 250 is spread by the fastener spreader 961 and
is positioned at the collection slots 963 and 964, ready to be
collected by the insertion needles 352 and 357 during the
next application cycle. Each the fastener 250 supports the
next the fastener 250 and prevents the lateral movement of
its middle while it is pushed by drive comb 957. The last the
fastener 250 is supported by the fastener support slide 953.
Fastener support slide 953 is pushed by the drive comb 957
together with the fasteners. A marker pin 947 may protrudes
to the outer surface of the shaft, through the marker slots at
the feeder covers 941, to indicate to the surgeon how many
fasteners remains in the device.

[0072] FIG. 18 shows the positioning of a fastener 250 in
fastener feeder 919. The arms of spreader 961 are flexible
and can flex toward the center of the shaft in order to allow
the ends of the fastener 250 to exit from the device. Spreader
961 also provides resistance in order to allow the integration
between needle and the fastener 250 and hold the last the
fastener 250 in place before its application. The last the
fastener 250 is pushed forward against the spreader 961 by
the drive comb 957. As a result, the ends of the fastener 250
are spread into the collection slots 963 and 964 from which
they are collected by the insertion needles during the inser-
tion process. The bottom side of the spreader 961 in sloped
in order to allow the extraction of the fastener 250 once it
was collected by the insertion needles.

[0073] FIGS. 19-23 show the advancement of a the fas-
tener 250 through fastener feeder 919. FIGS. 19-23 are
cross-sections of a distal end of fastener feeder 919 and they
depict a loading of a new the fastener 250 into the collection
slots 963 and 964 once a the fastener 250 is applied.
[0074] FIG. 19 shows shaft cap 939 in an end of shaft
cover 949 with fastener spreader 961 therein. In the illus-
trated embodiment, fastener feeder 919 provides a fastener
carrier operably connected to cover 949 of shaft 103. In a
related embodiment (not illustrated), front cover 941 and
back cover 959 provide at least part of an outer surface of the
device and are operably connected to a portion of shaft 103
by a suitable means such as adhesive, threading, press-fit,
co-molding, heat staking, etc. Also visible is the fastener
250, being controlled by drive comb 957 and hold comb 945.
In an initial stage in FIG. 19, after the first the fastener 250
is collected and inserted into the tissue, the next the fastener
250 1s placed below the collection slots 963 and 964.
[0075] FIG. 20 shows retraction of the drive comb 957
while the hold comb 945 is holding the fastener stack 955 in
place. The teeth of the drive comb 957 are bent while they
are climbing over the fastener stack 955.

[0076] FIG. 21 shows drive comb 957 engaged with
bottom section of the pre-formed fasteners in fastener stack
955.

[0077] FIG. 22 shows drive comb 957 pushing one of
pre-formed fasteners 250 forward and toward the spreader
961 while climbing over the teeth of the hold comb 945
(which are bent during the process).

[0078] FIG. 23 shows the next the fastener 250 positioned
at the collection slots 963 and 964 and is ready to be
collected by the insertion needles 352 and 357.

[0079] FIGS. 24-28 depict the operation of the comb
driver mechanism of fastener feeder 919.
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[0080] FIG. 24 shows comb driver assembly 951 provid-
ing a connection between comb driver hook 948 plus comb
driver slide 975 and drive comb 957. Release slope 977 and
release bulge 976 release the comb driver hook from the
hook insertion member. Comb driver spring 981 can be seen
by hook slot 983. The comb driver hook 948 is connected to
the comb driver slide 975 by a flexible pin, allowing its
rotation. FIG. 24 shows an initial stage, in which hook
inserting needle 352 is positioned backward.

[0081] FIG. 25 shows hook engagement. Once an appli-
cation cycle starts, hook insertion member 352 moves for-
ward. Once the hook slot 983 is positioned in front of the
comb driver hook 948, comb driver hook 948 springs into
hook slot 983.

[0082] FIG. 26 depicts a pulling back stage. At the final
stage of the application cycle, the hook insertion member
352 moves back while pulling the back the comb driver slide
975 and the drive comb 957 while pressing the comb driver
spring 981. During this movement the comb teeth are
engaged with pre-formed fasteners 250.

[0083] FIG. 27 shows release. Once the release bulge 976
reaches the release slope 977, release bulge 976 is pushed
laterally and removes the hook 948 out of the hook slot 983.
[0084] FIG. 28 shows advancement of the fastener 250.
The compressed spring 981 pushes the comb driver 951 and
the drive comb 957 forward while advancing the entire
fastener stack 9585.

[0085] During operation, the fastener 250 is delivered by
pushing each of its ends into tissue. As shown above,
delivery is coordinated by the independent translation of
push rods operably coupled to hook insertion member 252
and loop insertion member 357, which is triggered through
the use of trigger 105. Coordination of delivery involves
extending hook end of the fastener 250 away from applicator
section 101 while also extending loop end of the fastener
250 and bringing the two ends of the fastener together (e.g.,
through the operation of a shape memory material in loop
insertion member 357). Methods include using the needles
to drive the fastener 250 into tissue and retracting the
needles so they disengage from the fastener 250 leaving it in
place and fastened in a closed loop, closing the wound.
[0086] The invention also provides methods for securing a
medical prosthesis to tissue. Securing the prosthesis is
accomplished through delivering a fastener to a target tissue
that has a prosthesis applied to it, using applicator 100.
Methods include inserting a distal portion of fastening
device 100 into a patient’s abdominal cavity through a trocar
or through an incision. The distal end is pressed against the
hernia mesh and a fastener is delivered through the tissue
and hernia mesh and secured in place by pressing trigger 105
on handle 102. Shaft 103 is then removed.

[0087] Delivery according to the methods of the invention
causes the first end of the body to mate with and be retained
by the second end of the body, thereby forming the fastener
into a closed configuration and securing the prosthesis to the
tissue. The prosthesis can be secured by employing a fas-
tening structure provided by the first and second members.
[0088] During delivery, hook insertion member 352 inter-
faces with second member 252 via needle interface hook
271. Loop insertion member 357 extends from insertion tube
356 and similarly interacts with first member 253 via loop
interface hook 261.

[0089] Loop insertion member 357 is extended out from
applicator section 101 and curves to guide the fastener
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through the prosthesis. Delivery is coordinated by the inde-
pendent translation of push rods (discussed above) operably
coupled to hook insertion member 252 and loop insertion
member 357. Coordination of delivery involves extending
hook end of the fastener 250 away from applicator section
101 while also extending loop end of the fastener 250 and
bringing the two ends of the fastener together (e.g., through
the operation of a shape memory material in loop insertion
member 357). Methods can include pushing a fastener
through a back surface of needle interface hook 271 and loop
interface hook 261 with a corresponding insertion needle.
The needles can drive the fastener 250 into the prosthesis
(e.g., hernia mesh). The needles are then retracted, leaving
the fastener 250 in place and fastened in a closed loop
securing the prosthesis to the tissue.

[0090] One insight of the invention is that in hernia mesh
400 fixation, it is important that a fastener should be
anchored to a fascia layer. Fascia is a layer of fibrous tissue
containing closely packed bundles of collagen. Fascia pro-
vides a connective tissue that surrounds muscles, groups of
muscles, blood vessels, and nerves. This is the layer to which
surgeons affix a hernia mesh and the fastener design should
form a strong anchor to that layer.

[0091] In each patient the thickness of the pre-peritoneal
fat layer is different. For example, the first fascia layer in
obese patients is significantly deeper than in slim patients.
Some existing fixed-length hernia tacks favor shorter lengths
so that, in slim patients, they will not penetrate all the way
through the abdominal wall and to the skin. Fasteners that
are too small, however, will not anchor into the fascia in
some sites or in obese patients for whom the pre-peritoneal
fat layer is substantially thick. One insight of the invention
is that there is a need for variable depth fasteners that can be
delivered by a single device to accommodate variations in
the abdominal wall of different patients and variation in
areas of the abdominal wall at any treatment site. A fastening
device of the invention is provided that can fix a hernia mesh
despite variations in tissue with fasteners that pass beyond
the hernia mesh by a controlled amount (e.g., between about
3 millimeters and 15 millimeters). By provided fasteners
that extended only about a couple of millimeters past the
hernia mesh, a fastening device of the invention provides
good fixation to prevent recurrence of the hernia. By avoid-
ing use of a fastener that is too long, post-operative pain is
minimized. Considerations in fastener operation are dis-
cussed in Abhishek, et al., 2012, Laparoscopic Umbilical
Hernia Repair: Technique Paper, ISRN Minimally Invasive
Surgery, pp. 1-4, Article ID 906405, and in Nguyen, et al.,
2008, Postoperative Pain After Laparoscopic Ventral Her-
nia Repair: a Prospective Comparison of Clips Versus
Tacks, JSLS 12:113-116, the contents of each of which are
incorporated by reference.

[0092] In certain embodiments, a leading edge of either or
both of the insertion needles is at least partially sharpened to
aid in penetration of tissue. Each of needle interface hook
271 and loop interface hook 261 can have a back surface that
gets pushed by the corresponding insertion needle. Alterna-
tively or additionally, either needle interface hook can
include a slot and a portion of the corresponding insertion
needle can be dimensioned to engage the slot. By these
means, the needles can drive the fastener 250 into tissue and
when the insertion needles are retracted, they disengage with
the fastener 250 leaving it in place and fastened in a closed
loop.
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[0093] With reference to FIG. 2, applicator section 101
and shaft 103 can include articulation joint 104. FIGS. 29
and 30 show a structure by which articulation joint 104 can
allow shaft 103 to bend while still operating according to the
embodiment described herein.

[0094] FIG. 29 shows that articulation joint 104 includes
a plurality of living hinge 913. A living hinge 903 generally
includes a flexible portion and a flange 901. One or more of
push rod 909 extend through joint 104 generally disposed so
that, where there are multiple push rods, an axis of each push
rod exhibits the same radius as the others when hinge 104 is
bent. Flange 901 can be provided to limit the radius of
curvature of hinge 104 to optimize functionality of applica-
tor section 101, for example, by preventing the push rods
from being bent too much.

[0095] Hinge 104 further includes an articulation cable
905 with an articulation wire ending 917 disposed on a distal
side of hinge 104 from handle 102 (not pictured). When
articulation wire 917 is pulled by a mechanism in handle 102
(discussed in more detail below), articulation wire ending
917 exhibits a compressive force on hinge 104, causing it to
compress on one side, while expanding on the other, thus
forming a bend in shaft 103.

[0096] FIG. 30 shows a bend in shaft 103. Articulation
joint 104 can be made with any suitable material known in
the art such as, for example, an elastically deformable
material. In certain embodiments, the material is a low
friction material such as PTFE to minimize friction between
joint 104 and push rod 909.

[0097] The fastening device is designed and dimensioned
for use in laparoscopic or endoscopic surgery. Shaft 103 is
dimensioned for use with endoscopic tubes and apparatuses.
The device can also be inserted through an incision or trocar
and used within a body. In certain embodiments, fastening
device 100 can hold at least one of the fastener 250 in a
cartridge 801 that can be interchangeably loaded into appli-
cator section 101 of fastening device 100.

[0098] FIG. 31 shows a cartridge-style carrier 801 having
an insertion end 803 and a spacer 807 oriented for insertion
into applicator section 101. At the end of applicator section
101, FIG. 31 shows receiving pad 809 with loop insertion
member 357 visible disposed therein. As can be seen
depicted in the distal end of cartridge 101, second member
252 (specifically, a portion of needle interface hook 271) is
held in a slot, oriented to interface with hook insertion
member 352 in applicator section 101. Receiving pad 809
can include an interior shape dimensioned to receive inset-
tion end 803.

[0099] Cartridge-style carrier 801 has a structure that
cooperates with the mechanical structure of fastening device
100 so that the device can deliver and fasten fasteners within
a body of a patient. Cartridge-style carrier 801 accommo-
dates fasteners of different sizes.

[0100] In some embodiments, cartridge 801 uses an inter-
changeable spacer and spacers of different sizes accommo-
date different fasteners. In certain embodiments, each car-
tridge holds a number of fasteners of the same size. Spacers
are provided to control the distance between the tip of the
device and the tissue (or prosthesis) surface. For example,
for smaller fasteners, a larger spacer is provided to prevent
the fastener from penetrating too deeply into the tissue.
Similarly, for larger fasteners, a smaller spacer allows for
good penetration depth of the fastener.
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[0101] FIG. 32 shows a thin spacer 806 for use with larger
fasteners. In some embodiments, the spacers are not intet-
changeable but instead formed as part of a disposable
cartridge 801.

[0102] FIG. 33 shows a spacer 807 for use with interme-
diate fasteners.
[0103] FIG. 34 shows a long spacer 808 for use with small

fasteners. As shown in FIGS. 31-34, a spacer may include a
fastener release slot disposed at an end of the body of the
cartridge. In certain embodiments, cartridge 801 can be
inserted into an end of an shaft 103 via insertion end.
Spacers 806, 807, and 809 each provide a part of a fastener
carrier operably connected to and at least partially disposed
within shaft 103 and carrying a plurality of the fastener 250.

[0104] As can be seen in FIG. 31, when cartridge-style
carrier 801 is inserted into shaft 103, second member 252
makes contact with hook insertion member 352 via needle
interface hook 271 and first member 253 makes contact with
loop insertion member 357. The fastener 250 is delivered to
tissue by the action of push rods that drive the insertion
needles. Each push rod, and thus each needle, translates
parallel to an axis of shaft 103 relative to each other as well
as to member 103. In some embodiments, the fasteners are
stacked one on top of the other inside cartridge 801; during
each fastener application cycle, a single fastener is con-
nected to the said insertion needles and then inserted into the
tissue. At the end of the application cycle, a fastener is
advanced to the top of the cartridge in preparation to the next
application cycle. In another embodiment cartridge-style
carrier 801 includes an indicator which visually indicates to
the surgeon the quantity of fasteners that remains in the
cartridge. Motion of the push rods is governed by the
mechanical structure of applicator 100.

[0105] Where shaft 103 includes articulation joint 104,
articulation knob 106 controls the flexure of joint 104. Knob
106 is rotated by a user (e.g., with a thumb). During the
rotation, articulation cable 905 (shown in FIGS. 29 & 30) is
wrapped around the knob’s axis, pulling it toward the
handle, articulating joint 104. Knob 106 can include one or
more of socket 139 adapted to fit a ball plunger in place once
a desired degree of articulation is obtained.

[0106] The invention further provides methods for closing
a wound that involve deploying fastening device 100 to
deliver a fastener to a wound. Wound closure according to
methods of the invention involves positioning the delivery
tip close to the wound. Where the wound is inside the body,
the shaft 103 is inserted through an incision, trocar, or
endoscopic channel. A fastener is delivered and formed into
a closed configuration by device 100.

[0107] When a practitioner depresses trigger 105, loop
insertion member 357 extends from insertion tube 356 and
interacts with first member 253 via loop interface hook 261.
Hook insertion member 352 has and maintains a substan-
tially straight conformation as it assists in driving a hook end
of the fastener 250 into tissue. When loop insertion member
357 is extended out from applicator section 101, it curves to
guide the fastening of the fastener.

[0108] INCORPORATION BY REFERENCE

[0109] References and citations to other documents, such
as patents, patent applications, patent publications, journals,
books, papers, web contents, have been made throughout
this disclosure. All such documents are hereby incorporated
herein by reference in their entirety for all purposes.
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[0110] EQUIVALENTS The invention may be embodied
in other specific forms without departing from the spirit or
essential characteristics thereof. The foregoing embodi-
ments are therefore to be considered in all respects illustra-
tive rather than limiting on the invention described herein.
Scope of the invention is thus indicated by the appended
claims rather than by the foregoing description, and all
changes which come within the meaning and range of
equivalency of the claims are therefore intended to be
embraced therein.
What is claimed is:
1. A device for delivering a plurality of surgical fasteners,
one at a time, into tissue of a patient, the device comprising:
a handle including a trigger;
a shaft extending from the handle and dimensioned for
insertion into a patient’s abdomen through an incision
in the abdomen;
an applicator section at a distal end of the shaft, the
plurality of fasteners disposed within the applicator
section, each of the plurality of fasteners formed as a
single piece comprising a hook at one end and a loop
at the other end; and
first and second members operably coupled to the trigger
whereby activation of the trigger by a user causes
the first member to engage the loop of one of the
fasteners carry the loop through the patient’s tissue,

the second member to engage the hook of that fastener,
carry the hook through the tissue, and pass the hook
through the loop, thereby locking the fastener into a
closed loop in the tissue while the loop remains
engaged by the first member, and

the first and second members to retract into the appli-
cator section leaving the closed fastener in the tissue.

2. The devices of claim 1, wherein the shaft is dimen-
sioned for insertion into the abdomen through a trocar
placed in the incision.

3. The device of claim 2, wherein a distal tip of the first
member defines a pair of prongs configured to be inserted
into a recess at a distal end of the loop of the fastener.

4. The device of claim 3, wherein the pair of prongs is
disposed together in the recess when inserted into the recess.

5. The device of claim 4, wherein the distal tip of the first
member is configured to define an opening corresponding to
the loop while the pair of prongs is held together by the
recess.

6. The device of claim 5, wherein the distal tip of the first
member comprises a super-elastic material that biases the
pair of prongs together, and being withdrawn from the recess
the pair of prongs are opened by being dragged over the
second member.

7. The device of claim 6, wherein the super-elastic mate-
rial comprises nickel titanium alloy.

8. The device of claim 6, wherein retraction of the first
member includes removing the pair of prongs from the
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recess and withdrawing the distal tip of the first member by
allowing the hook end of the fastener to pass through the gap
between the pair of prongs.

9. The device of claim 3, wherein at least one of the first
and second members comprises a flexible, pre-shaped por-
tion that moves along a curved path.

10. The device of claim 9, wherein the flexible portion
remains straight when disposed in the shaft and, upon the
activation of the trigger, extends from the shaft and moves
along the curved path by assuming a curved shape.

11. The device of claim 10, wherein the at least one of the
first and second members moves along a straight path and
the curved path.

12. The device of claim 10, wherein the first and second
members are operably coupled to the trigger by first and
second push rods, wherein each push rod comprises a distal
end engaged with its respective member and a proximal end
engaged with a slot wheel in the handle.

13. The device of claim 12, wherein the applicator section
is configured to receive a cartridge loaded with the plurality
of fasteners.

14. The device of claim 13, wherein the cartridge is from
a set of cartridges, at least two of the cartridges in the set
carrying fasteners of a different size.

15. The device of claim 14, wherein the device is con-
figured to deliver fasteners of different sizes to different
penetration depths within the patient’s tissue.

16. The device of claim 10, wherein the first and second
members are configured to penetrate a prosthetic mesh and
the patient’s tissue.

17. The device of claim 10, wherein the pair of prongs
assumes a closed configuration when disposed within the
recess.

18. The device of claim 17, wherein the closed configu-
ration of the prongs defines a hoop-like structure corre-
sponding to the loop while the pair of prongs is disposed
within the recess.

19. The device of claim 18, wherein the distal tip of the
first member comprises a super-elastic material that biases
the pair of prongs together, and the pair of prongs spread
apart from one another while being retracted due to being
drawn over the fastener or second member.

20. The device of claim 19, wherein the super-elastic
material is a nickel-titanium alloy.

21. The device of claim 18, wherein the distal tip of the
first member comprises a material that biases the pair of
prong apart from one another such that upon being with-
drawn from the recess the pair of prongs springs open to
define a gap between the pair of prongs.

22. The device of claim 21, wherein retraction of the first
member includes removing the pair of prongs from the
recess and withdrawing the distal tip of the first member by
allowing the hook end of the fastener to pass through the gap
between the pair of prongs.

# 0k % k&
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