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HANDLE AND CARTRIDGE SYSTEM FOR MEDICAL INTERVENTIONS

BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to medical devices, and more
particularly to medical device systems including a handle and replaceable cartridge. In
such systems, mechanical energy in the handle is transferred into the cartridge to
manipulate tissue or anatomical structures within the body of a human or animal subject

for the purpose of treating diseases or disorders.

[0002] Benign Prostatic Hyperplasia (BPH) is one of the most common medical
conditions that affect men, especially elderly men. It has been reported that, in the
United States, more than half of all men have histopathologic evidence of BPH by age
60 and, by age 85, approximately 9 out of 10 men suffer from the condition.
Moreover, the incidence and prevalence of BPH are expected to increase as the

average age of the population in developed countries increases.

[0003] The prostate gland enlarges throughout a man’s life. In some men, the
prostatic capsule around the prostate gland may prevent the prostate gland from
enlarging further. This causes the inner region of the prostate gland to squeeze the
urethra. This pressure on the urethra increases resistance to urine flow through the
region of the urethra enclosed by the prostate. Thus, the urinary bladder has to exert
more pressure to force urine through the increased resistance of the urethra. Chronic
over-exertion causes the muscular walls of the urinary bladder to remodel and become
stiffer. This combination of increased urethral resistance to urine flow and stiffness

and hypertrophy of urinary bladder walls leads to a variety of lower urinary tract
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symptoms (LUTS) that may severely reduce the patient’s quality of life. These
symptoms include weak or intermittent urine flow while urinating, straining when
urinating, hesitation before urine flow starts, feeling that the bladder has not emptied
completely even after urination, dribbling at the end of urination or leakage afterward,

increased frequency of urination particularly at night, and an urgent need to urinate.

[0004] In addition to patients with BPH, LUTS may also be present in patients
with prostate cancer, prostate infections, and chronic use of certain medications (e.g.
ephedrine, pseudoephedrine, phenylpropanolamine, antihistamines such as
diphenhydramine, chlorpheniramine etc.) that cause urinary retention especially in

men with prostate enlargement.

[0005] Although BPH is rarely life threatening, it can lead to numerous clinical
conditions including urinary retention, renal insufficiency, recurrent urinary tract

infection, incontinence, hematuria, and bladder stones.

[0006] In developed countries, a large percentage of the patient population
undergoes treatment for BPH symptoms. It has been estimated that by the age of 80
years, approximately 25% of the male population of the United States will have
undergone some form of BPH treatment. At present, the available treatment options
for BPH include watchful waiting, medications (phytotherapy and prescription

medications), surgery, and minimally invasive procedures.

[0007] For patients who choose the watchful waiting option, no immediate
treatment is provided to the patient, but the patient undergoes regular exams to
monitor progression of the disease. This is usually done on patients that have minimal

symptoms that are not especially bothersome.
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[0008] Surgical procedures for treating BPH symptoms include Transurethal
Resection of the Prostate (TURP), Transurethral Electrovaporization of the Prostate
(TVP), Transurethral Incision of the Prostate (TUIP), Laser Prostatectomy and Open

Prostatectomy.

[0009] Minimally invasive procedures for treating BPH symptoms include
Transurethral Microwave Thermotherapy (TUMT), Transurethral Needle Ablation

(TUNA), Interstitial Laser Coagulation (ILC), and Prostatic Stents.

[0010] Many current methods of treating BPH carry a high risk of adverse effects.
These methods and devices either require general or spinal anesthesia or have
potential adverse effects that dictate that the procedures be performed in a surgical
operating room followed by a hospital stay for the patient. The methods of treating
BPH that carry a lower risk of adverse effects are also associated with a lower
reduction in the symptom score. While several of these procedures can be conducted
with local analgesia in an office setting, the patient does not experience immediate
relief and in fact often experiences worse symptoms for weeks after the procedure
until the body begins to heal. Additionally, many device approaches require a urethral
catheter placed in the bladder, in some cases for weeks. In some cases, catheterization
is indicated because the therapy actually causes obstruction during a period of time
post-operatively, and in other cases it is indicated because of post-operative bleeding
and potentially occlusive clot formation. While drug therapies are easy to administer,
the results are suboptimal, take significant time to take effect, and often entail

undesired side effects.

[0011] New devices and methods have been developed for various procedures to

lift, compress, support, reposition, ablate, or otherwise alter prostatic tissue in a
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discrete procedure or in combination with treating BPH. Such devices and methods
are disclosed in U.S. Patents 7,645,286; 7,758,594; 7,766,923; 7,905,889; 7,951,158;
8,007,503; 8,157,815; 8,216,254; 8,333,776; 8,343,187; 8,394,110; 8,425,535;
8,663,243; 8,715,239; 8,715,298; 8,900,252; 8,936,609; 8,939,996; 9,320,511;

9,549,739; 10,105,132; and 10,299,780.

[0012] There remains a need for mechanical designs and systems to reliably,
repeatably, and efficiently transfer energy from the handle to the cartridge of such

devices. The present disclosure addresses these needs.

BRIEF SUMMARY OF THE INVENTION

[0013] Aspects of the present invention are directed towards mechanical designs
and configurations for transferring mechanical energy from a handle to a cartridge for
manipulating tissues and anatomical or other structures within the body of a human or

animal subject for the purpose of treating diseases or disorders.

[0014] In one aspect, a cartridge includes a slidable cutter block connected to a
slidable pusher block via an extension spring, wherein the cutter block and the pusher
block are configured to slide in a linear direction within a body of the cartridge. The
cartridge also includes a pivotable implant actuator within the body of the cartridge
and engaged with the pusher block such that the implant actuator prevents the pusher
block from sliding when the implant actuator is in a first position. A spring is in an
extended position exerting a force tending to draw the cutter block and the pusher
block toward each other. The cartridge includes a knob that moves from an unlocked
position to a locked position such that the locked position secures the cartridge to the

handle. The cartridge includes a pusher safety tab on the knob configured to engage
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the implant actuator when the knob is in the unlocked position such that the implant
actuator cannot pivot while so engaged. The pusher safety tab on the knob is
configured to disengage the implant actuator when the knob is in the locked position
and allow the implant actuator to pivot. The cartridge includes a cutter pawl within
the body of the cartridge and between the cutter block and the pusher block. The
cutter pawl has an engaged position with the cutter block such that the cutter pawl
prevents the cutter block from sliding towards the pusher block and a disengaged
position with the cutter block such that the cutter pawl allows the cutter block to slide
towards the pusher block. The pusher block is configured to slide into contact with the
cutter pawl and cause the cutter pawl to pivot out of engagement with the cutter block.
The cartridge includes an indicator window on a cover of the body of the cartridge.
The indicator window indicates the position of the cutter block. The indicator window
is configured to provide access to slide the cutter block. The cartridge includes an
access window on the knob that provides access to the cutter pawl to allow the cutter
pawl to be moved from the engaged position to the disengaged position without the

pusher block contacting the cutter pawl.

[0015] In another aspect, a cartridge includes a cartridge body coupled to a shaft
assembly having a long axis with a distal portion of the shaft assembly having a
lumen running through the distal portion. The lumen has a lumen radius of curvature
defined by the curving of the lumen as it runs in a first direction parallel to the long
axis to run in a second direction transverse to the long axis. A needle assembly is
slidably disposed within the shaft assembly and the cartridge body and having a
needle distal portion such that the needle distal portion is configured to exit the shaft

assembly from an exit port at which the lumen terminates. The needle distal portion
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hasa needle radius of curvature defined by the curving of the needle as it runs in a first
direction parallel to the long axis to run in a second direction transverse to the long
axis, where the lumen radius of curvature and the needle radius of curvature are
different. The cartridge includes a cutout on the shaft assembly configured to allow at
least part of the needle distal portion to flex through the cutout. The cartridge includes
an additional cutout on the shaft assembly configured to allow at least part of the
needle distal portion to flex through the additional cutout. The cartridge includes a
distal lumen wall configured with a wall radius of curvature that is at a tangent to a

desired exit trajectory of the needle distal portion.

[0016] A system that includes a handle and a cartridge has a cam wheel within the
handle and coupled to a trigger assembly included in the handle. A wheel actuator is
coupled to the cam wheel such that a feature on the cam wheel is configured to cause
the wheel actuator to pivot in a first direction when the feature contacts the wheel
actuator. The wheel actuator has a flexure that is engaged when the wheel actuator
pivots in the first direction and causes the wheel actuator to pivot in a second
direction opposite the first direction when the feature no longer contacts the wheel
actuator. The system includes a slidable pusher block and an implant actuator each
within the cartridge. The implant actuator is engaged with the pusher block to prevent
the pusher block from sliding. The wheel actuator disengages the implant actuator

from the pusher block when the wheel actuator pivots in the first direction.

[0017] A system that includes a handle and a cartridge has a trigger assembly
included in the handle and a lock tab on the trigger assembly configured to enter a
cartridge bay of the handle when the trigger is in a working position such that a

cartridge cannot be secured within the cartridge bay when the lock tab is at least
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partially within the cartridge bay. The system includes a lock surface on the cartridge
configured to be engaged by the lock tab such that the cartridge cannot be removed
from the cartridge bay when the trigger is in the working position. The cartridge can

be removed from the cartridge bay when the trigger is in an initial position.

[0018] The system delivers an implant formed of a distal anchor component, a
suture portion, and a proximal anchor component. The system has a pusher block
configured to push the proximal anchor component onto the suture portion and a

cutter block configured to cut the suture portion.

[0019] Other features and advantages of examples of the present invention will
become apparent from the following description, taken in conjunction with the
accompanying drawings, which illustrate, by way of example, certain principles of the

invention.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0020] FIG. 1 is a perspective view of one example of a system, including a

handle and cartridge, for treating benign prostatic hyperplasia.

[0021] FIG. 2A is a perspective view of a handle of one example of a system for

treating benign prostatic hyperplasia in which the cartridge has been removed.

[0022] FIG. 2B is a perspective view of a cartridge removed from a handle of one

example of a system for treating benign prostatic hyperplasia.

[0023] FIG. 3 is a perspective view of one example of an anchor assembly.
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[0024] FIG. 4A is an isometric view of a cartridge of one example of a system for

treating benign prostatic hyperplasia.

[0025] FIG. 4B is an isometric view of a needle assembly that is contained within

a cartridge of one example of a system for treating benign prostatic hyperplasia.

[0026] FIG. 5Ais a side view of a portion of a distal tip component of a cartridge

of one example of a system for treating benign prostatic hyperplasia.

[0027] FIG. 5B is an isometric, cross-sectioned view of a distal tip component of

a cartridge of one example of a system for treating benign prostatic hyperplasia.

[0028] FIG. 6A is a side view of a portion of the distal end of a handle and

cartridge of one example of a system for treating benign prostatic hyperplasia.

[0029] FIG. 6B is a bottom view of a portion of the distal end of a handle and

cartridge of one example of a system for treating benign prostatic hyperplasia.

[0030] FIG. 7A is a perspective, sectional view of a distal portion of a cartridge of

another example of a system for treating benign prostatic hyperplasia.

[0031] FIG. 7B is a perspective, sectional view of a distal portion of a cartridge of

another example of a system for treating benign prostatic hyperplasia.

[0032] FIG. 7C is a perspective, sectional view of a distal portion of a cartridge of

another example of a system for treating benign prostatic hyperplasia.

[0033] FIG. 8 is a perspective, cutaway view of a distal portion of a cartridge of

one example of a system for treating benign prostatic hyperplasia.
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[0034] FIG. 9 is an exploded, isometric view of a handle of a system for treating

benign prostatic hyperplasia.

[0035] FIG. 10 is an exploded, isometric view of one example of a cartridge of a

system for treating benign prostatic hyperplasia.

[0036] FIG. 11A is a view of the left side of a cam wheel within one example of a

handle of a system for treating benign prostatic hyperplasia.

[0037] FIG. 11B is a view of the right side of a cam wheel within one example of

a handle of a system for treating benign prostatic hyperplasia.

[0038] FIG. 12A is a view of the left side of a cam wheel and certain other
mechanical features within one example of a handle and cartridge of a system for

treating benign prostatic hyperplasia.

[0039] FIG. 12B is a view of the left side of a cam wheel and certain other
mechanical features within one example of a handle and cartridge of a system for

treating benign prostatic hyperplasia.

[0040] FIG. 13A is a side view of certain mechanical features within one example

of a cartridge of a system for treating benign prostatic hyperplasia.

[0041] FIG. 13B is a side view of certain mechanical features within one example

of a cartridge of a system for treating benign prostatic hyperplasia.

[0042] FIG. 14 is a side view of certain mechanical features within one example

of a cartridge of a system for treating benign prostatic hyperplasia.
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[0043] FIG. 15A is an exploded, top view of certain mechanical features within

one example of a cartridge of a system for treating benign prostatic hyperplasia.

[0044] FIG. 15B is an exploded, perspective view of certain mechanical features
within one example of a cartridge of a system for treating benign prostatic

hyperplasia.

[0045] FIG. 16A is a perspective view of a portion of a handle of one example of
a system for treating benign prostatic hyperplasia in which the cartridge has been

removed.

[0046] FIG. 16B is a side view of a portion of a handle of one example of a
system for treating benign prostatic hyperplasia in which the cartridge has been

removed.

[0047] FIG. 17 is a side view of a portion of a cartridge of one example of a

system for treating benign prostatic hyperplasia.

[0048] FIG. 18A is a perspective view of certain mechanical features within one

example of a cartridge of a system for treating benign prostatic hyperplasia.

[0049] FIG. 18B is a side view of certain mechanical features within one example

of a cartridge of a system for treating benign prostatic hyperplasia.

[0050] FIG. 19A is a side view of a portion of a cartridge of one example of a

system for treating benign prostatic hyperplasia.

[0051] FIG. 19B is a side view of a portion of a cartridge of one example of a

system for treating benign prostatic hyperplasia.
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[0052] FIG. 19C is a perspective view of a cartridge cover of one example of a

system for treating benign prostatic hyperplasia.

[0053] FIG. 20A is an exploded perspective view of certain mechanical features
within one example of a cartridge of a system for treating benign prostatic

hyperplasia.

[0054] FIG. 20B is a side view of certain mechanical features within one example

of a cartridge of a system for treating benign prostatic hyperplasia.

DETAILED DESCRIPTION OF THE INVENTION

[0055] Generally, examples of the system of the present disclosure include
mechanical designs and configurations for transferring mechanical energy from a
handle to a cartridge for manipulating tissues and anatomical or other structures within
the body of a human or animal subject for the purpose of treating diseases or disorders.
The handle and cartridge cooperate to deliver an implant, or anchor assembly, within
tissue. The cartridge is configured to carry the components of an anchor assembly.
Multiple cartridges may be used with a single handle such that, during a procedure on
an individual subject, multiple anchor assemblies may be deployed within tissue using

that single handle.

[0056] Turning now to the figures, which are provided by way of example and not
limitation, FIG. 1 is a perspective view of one example of a system 1, including a
handle 100 and a cartridge 200, for treating benign prostatic hyperplasia. The handle
100 includes sources of mechanical energy that are transferred to the cartridge 200 to

deploy the anchor assembly contained within the cartridge 200. The handle 100 is
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configured such that the energy can be restored to these mechanical energy sources
while the first cartridge is being used and/or prior to the insertion of a second
cartridge. The handle 100 is designed to reliably deliver energy to multiple cartridges
in sequence before a new handle is required. The multiple uses of the handle 100
places unique constraints on the mechanical features of the handle 100 to facilitate the

reliable, repeatable transfer of energy from the handle to the cartridge.

[0057] FIG. 2A is a perspective view of a handle 100 and FIG. 2B is a perspective
view of a cartridge 200 of one example of a system for treating benign prostatic
hyperplasia. FIGS. 2A and 2B show the handle 100 and the cartridge 200 disengaged
from one another. The handle 100 includes a cartridge bay 101 into which the
cartridge 200 can be securely inserted. The cartridge 200 includes a cartridge body
201 that can be positioned to securely engage the cartridge 200 in the cartridge bay
101of the handle 100. The handle 100 includes a scope tube 102, which is configured
to accommodate an endoscopic instrument within a lumen of the scope tube 102. The
scope tube 102 facilitates visualization of a treatment site when the system is used to
deploy anchor assemblies to tissue. The cartridge 200 includes a shaft assembly 202,
which includes parts of other assemblies (such as a needle assembly 210, a suture
assembly 220, and a cutter assembly 230 described in further detail herein). The scope
tube 102 and the shaft assembly 202 are configured to couple together when the
handle 100 and cartridge 200 are engaged with one another. Thus, the handle 100 and
the cartridge 200 securely engage one another through the interaction of the cartridge
bay 101 with the cartridge body 201 and the scope tube 102 with the shaft assembly
202. The cartridge knob 203 can be rotated from an unlocked position to a locked

position to secure the coupling between the cartridge 200 and the handle 100.
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[0058] FIG. 2B depicts a needle distal portion 212 extending from a shaft distal
portion 204. The needle assembly 210 is configured to move between a fully retracted
position, in which the entire needle assembly is within the shaft assembly 202 and
cartridge body 201, to a fully extended position, in which the needle distal portion 212
extends from a shaft distal portion 204. The needle distal portion 212 contains

components of the anchor assembly that is delivered to tissue.

[0059] FIG. 3 is a perspective view of one example of an anchor assembly. In an
unconstrained configuration, the distal anchor component 70 includes a head portion
72 which is generally orthogonally oriented with respect to a tail portion 74. While
housed in the needle distal portion 212 and prior to deployment at a target area, the
distal anchor component 70 is constrained to a generally straight configuration, only
subsequently assuming the unconstrained (i.e., orthogonally oriented) configuration

upon deployment from the needle assembly 210.

[0060] In certain examples, the distal anchor component 70 is formed from a
nitinol base stock that is generally tubular and can be shape-set to include the
orthogonally oriented configuration of the head portion 72 with respect to the tail
portion 74. A suture 78 is attached to the distal anchor component 70. In one example,
a polyethylene terephthalate (PET) suture portion 78 is thermoformed onto locking
features in the distal anchor component 70. The distal anchor component 70 may be
locally heated to re-flow the suture onto the end of the distal anchor component 70
and into cutouts on the distal anchor component 70. The distal anchor component 70
may be attached to the suture portion 78 through any of several known techniques for

bonding a PET material to a nitinol material.
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[0061] In one example, a mid-section 80 of the distal anchor component 70
provides a structural transition from the head portion 72 to the tail portion 74 and has
a portion of a side wall removed in the area of mid-section 80. A further portion of the
side wall is removed to define a connector section 82 of the tail portion 74 which
extends from the mid-section 80. In one example, this connector section 82 includes a
bend that creates the orthogonally oriented configuration. Thus, in its pre-implanted
form, the anchor assembly can include a distal anchor component 70 whose initial

engagement with a suture portion 78 is generally coaxial.

[0062] Still referring to FIG. 3, in one example the proximal anchor component
84 includes prongs 96 that grip the suture portion 78. The interior structure of the
prongs 96 functions to disrupt the surface of the suture portion 78, both pressing into
the suture portion 78 and compressing the suture portion 78 between the prongs 96. A
tab 98 can extend from one or more of the prongs 96 to help create secure engagement

between the proximal anchor component 84 and the suture portion 78.

[0063] In certain examples, the proximal anchor component 84 is present in the
shaft assembly 202 in a configuration that is separate and disconnected from the distal
anchor component 70 and the suture portion 78, which are engaged with each other
and contained within the needle assembly 210. After the distal anchor component 70
and the suture portion 78 have been placed within tissue, the proximal anchor
component 84 is securely engaged with the suture portion 78 to form the fully
assembled anchor assembly. To facilitate engagement of the proximal anchor
component 84 with the suture portion 78, the proximal anchor component 84 includes

arigid, generally cylindrical back end 95. This a rigid, generally cylindrical back end
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95 can be used to push the proximal anchor component 84 into engagement with the

suture 78 via transfer of the mechanical energy in the handle 100.

[0064] FIG. 4A is an isometric view of a cartridge 200 of one example of a system
for treating benign prostatic hyperplasia and FIG. 4B is an isometric view of a needle
assembly 210 that is contained within such a cartridge 200. The needle assembly 210
includes a needle distal portion 210, a needle shaft 212, and a needle proximal portion
216. In one example, the needle distal portion 210 is formed from nitinol and shape-
set into a curved configuration in an unconstrained state. The needle assembly 210 is
configured to slide along the long axis of the shaft assembly 202 of the cartridge 200.
The needle assembly 210 is initially in a fully retracted position, in which the entire
needle assembly is within the shaft assembly 202 and the cartridge body 201. When
the needle assembly 210 is slid distally along the long axis of the shaft assembly 202
from its initial position, the needle distal portion 212 extends from a shaft distal
portion 204 and eventually reaches a fully extended position. The needle assembly
210 can be slid proximally to retract the needle distal portion 212 back to its position
within the shaft assembly 202. A significant part of the proximal length of the needle
distal portion 212 is capable of assuming a substantially straight configuration when
the needle distal portion 212 is within the shaft assembly 202. As described in further
detail herein, the needle proximal portion 216 interacts with the mechanisms in the
handle to transmit energy from the handle to the needle assembly 210 to deploy and

retract the needle distal portion 212.

[0065] In certain examples, there can be noticeable amounts of friction between
the needle assembly 210 and the shaft assembly 202 when the needle assembly 210

slides with respect to the shaft assembly 202. In some cases, the friction between the
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needle assembly 210 and the shaft assembly 202 can interfere with the ability of the
needle distal portion 212 to move through the shaft distal portion 204. In some cases,
such friction can slow the velocity of the needle distal portion 212 as it exits the shaft
distal portion 204 and thereby compromise the effective treatment of a patient. That
is, in the case of treating benign prostatic hyperplasia, the needle distal portion 212
should move into tissue with sufficient velocity such that the distal tip of the needle
distal portion 212 can penetrate through the tough tissue capsule that surrounds the

prostate gland.

[0066] There are various sources for the friction between the needle assembly 210
and the shaft assembly 202 when the needle assembly 210 slides with respect to the
shaft assembly 202. For example, discontinuities or imperfections along the inner
surfaces of the shaft assembly 202 and/or the outer surface of the needle assembly 210
can increase friction between the needle assembly 210 and the shaft assembly 202.
One important source of friction is the restraining force exerted on the needle distal
portion 212 to induce it to be substantially straight along a significant part of its
proximal length. That is, the shape-set configuration of the needle distal portion 212
includes a pre-determined radius of curvature that the needle distal portion 212
assumes when in an unconstrained state. This pre-determined radius of curvature is
designed so that the needle distal portion 212 penetrates tissue at a particular angle (or
range of angles) and at a particular position (or range of positions) with respect to the
distal exit point of the needle distal portion 212 from the shaft distal portion 204. The
method of treating benign prostatic hyperplasia performed by examples of the system
described herein relies on a generally transverse path of the needle through tissue with

respect to the long axis of the shaft assembly 202.
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[0067] The pre-determined radius of curvature enables the needle distal portion
212 to penetrate tissue along such a generally transverse path. However, as described
herein, a significant part of the proximal length of the needle distal portion 212 is
constrained to be substantially straight when the needle distal portion 212 is within
the shaft distal portion 204. While the needle distal portion 212 is comparatively
flexible, constraining the needle distal portion 212 does create multiple points of
contact along the inner surface of the shaft assembly 202 and the inner surface of the

shaft distal portion 204.

[0068] FIG. 5A is a side view of a portion of a distal tip component of a cartridge
of one example of a system for treating benign prostatic hyperplasia and FIG. 5B is an
isometric, cross-sectioned view of the distal tip component. The shaft distal portion
204 includes a shaft distal portion exit port 205 from which the needle distal portion
(not pictured) emerges when the needle distal portion is extended from the shaft distal
portion 204. The shaft distal portion exit port 205 is the distal terminus of a shaft
distal portion lumen 207. The shaft distal portion lumen 207 has a certain effective
radius of curvature as the lumen transitions from running along the long axis of the
shaft assembly to running in a direction transverse to the long axis of the shaft
assembly. An aspect of that transition is the shaft distal portion interior exit wall 208,
which is essentially the distal-most portion of the shaft distal portion lumen 207.
Thus, when the needle assembly is present within the shaft assembly, the effective
radius of curvature of the shaft distal portion lumen 207 and the shaft distal portion
interior exit wall 208 can strongly influence the amount of friction that the needle

assembly experiences when slid with respect to the shaft assembly.
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[0069] FIG. 6A is a side view and FIG. 6B is a bottom view of a portion of the
distal end of a handle and cartridge of one example of a system for treating benign
prostatic hyperplasia. FIG. 6A and 6B depict the needle assembly in a retracted
position within the shaft assembly 202 and shaft distal portion 204. That is, the needle
assembly is being constrained to be substantially straight as compared to its shape-set
configuration, which has a radius of curvature that positions the distal tip of the
needle in a direction transverse to the long axis of the needle assembly. However, a
shaft distal portion cutout 206 provides an opening between the interior and exterior
of the shaft distal portion 204 and a portion of the needle distal portion 212 protrudes
through the shaft distal portion cutout 206. The shaft distal portion cutout 206 allows
at least part of the needle distal portion 212 to flex through a part of the bottom
surface of the shaft distal portion 204, which allows the needle distal portion 212 to
assume a smaller radius of curvature than would be possible if there were no shaft
distal portion cutout 206. That is, the shaft distal portion cutout 206 allows for there to
be less constraining force on the needle distal portion 212. The needle distal portion
212 does not contact a hard surface in the interior of the shaft distal portion 204 and
this reduces the number of surfaces that the needle distal portion 212 contacts while
moving with respect to the shaft distal portion 204. Fewer surface contacts can mean
less overall friction during movement. Further, the shaft distal portion cutout 206 can
help maintain the preferred exit trajectory of the needle distal portion 212 by
accommodating part of the shape-set radius of curvature. In some examples, cutouts
may be present along other parts of the shaft assembly 202. These cutouts can also
reduce the number of surfaces that the needle assembly contacts while moving with

respect to the shaft assembly 202.
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[0070] FIGS. 7A, 7B, and 7C are perspective, sectional views of distal portions of
cartridges of various examples of a system for treating benign prostatic hyperplasia.
These examples illustrate various arrangements of the shaft distal portion interior exit
wall 208. These examples intend to reduce the contact points and/or friction
experienced by the needle assembly as it slides with respect to the shaft assembly. In
FIG. 7A, the shaft distal portion interior exit wall 208 is configured with a radius of
curvature that is at a tangent to the desired exit trajectory of the needle. In FIG. 7B,
the shaft distal portion interior exit wall 208 is configured with a straight section
where the entire section is angled at a tangent to the desired exit trajectory of the
needle. In FIG. 7C, the shaft distal portion interior exit wall 208 is configured with a
partial exit wall and a shaft distal portion upper cutout 209 on the upper surface. The
shaft distal portion upper cutout 209 is intended to reduce the number of contact
points between the shaft distal portion lumen and the needle assembly. Further, the
shaft distal portion interior exit wall 208 is formed to minimize the presence of

surface discontinuities, such as flash, burrs, or sharp edges.

[0071] FIG. 8 is a perspective, cutaway view of a distal portion of a cartridge of
one example of a system for treating benign prostatic hyperplasia. FIG. 8 illustrates
one example of the configuration of the shaft distal portion lumen 207 as the lumen
curves towards the shaft distal portion exit port 205. In this configuration, the curved
section of the shaft distal portion lumen 207 includes a tapered cross-sectional
dimension such that the cross-sectional area of the shaft distal portion lumen 207 is
larger at the proximal end of the curved section than at the distal end of the curved
section. In one example, the cross-sectional area and the cross-sectional shape of the

shaft distal portion exit port 205 is incrementally larger than the outer diameter of the
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needle proximal portion. In one example, the curvature of the curved section of the
shaft distal portion lumen 207 matches the desired exit trajectory of the needle

proximal portion.

[0072] FIG. 9 is an exploded, isometric view of one example of a handle of a
system for treating benign prostatic hyperplasia. The handle 100 includes a right
handle case 103, a left handle case 104, and a cartridge bay 101 formed in the left
handle case 104. The handle 100 is designed to transmit the energy stored in several
springs (not pictured) within the handle 100 to a cartridge to enable the treatment of a
patient. The energy is transmitted via the interaction of various mechanisms within the
handle 100. A removable scope seal 105 covers the cartridge bay 101and couples to

the scope tube 102.

[0073] The mechanisms in the handle 100 include a handle trigger assembly 110,
which is operatively connected to a handle trigger spring (not pictured) such that the
handle trigger spring provides force sufficient to return the handle trigger assembly
110 to its initial position after the handle trigger assembly 110 has been squeezed and
released by a user. A ratchet 114, which is connected to a ratchet spring (not pictured),
affects the motion of the handle trigger assembly 110 such that the handle trigger
assembly 110 does not return to its initial position prior to being moved (e.g.
squeezed) to a predetermined position by a user. A safety 112 is connected to the
handle trigger assembly 110 to ensure that the handle trigger assembly 110 is not
operated accidentally. The handle trigger assembly 110 is connected to a drive gear

113, which is connected to a cam wheel 120.

[0074] The cam wheel 120 rotates about a central axis and, via structures and

features on the cam wheel, triggers certain motions within the handle 100 as the cam
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wheel 120 rotates. There are multiple sleds operatively connected to the cam wheel
120, and the sleds move in a linear direction along a lateral axis of the handle 100.
There are multiple springs that impart force to the multiple sleds to provide
mechanical energy sufficient to deliver an implant. A cartridge includes multiple tab
assemblies that mate with the sleds via slots in the sled such that the energy imparted
by the operation of the mechanisms in the handle (such as the springs) is transmitted

to the mechanisms in the cartridge.

[0075] A wheel actuator 125 is operatively connected to the cam wheel 120 and
an implant sled 160, which is connected to an implant spring that provides energy
related to the delivery of the implant. A needle sled 140 is operatively connected to
the cam wheel 120 and an axle 145, and a needle sled spring provides energy related
to the delivery of the implant. A suture sled 150 is operatively connected to the cam
wheel 120, and a suture sled spring provides energy related to the delivery of the

implant.

[0076] The handle 100 includes various other parts, such as a cover plate 130, a
scope lock 170, a sheath lock 180, and various screws and/or fasteners to assemble the
handle. The cover plate 130 provides the interior base for the cartridge bay 101. The
scope tube 102, the scope lock 170, the scope seal 105, and the sheath lock 180
provide functionality for attaching an endoscope and other ancillary equipment (such

as a surgical sheath) to facilitate the procedure.

[0077] FIG. 10 is an exploded, isometric view of one example of a cartridge of a
system for treating benign prostatic hyperplasia. In this example, the cartridge 200

includes a cartridge cover 299 coupled to a cartridge base 298. These two parts couple
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with a shaft support 297 to form the cartridge body. The cartridge knob 203 couples to

the cartridge cover 299.

[0078] The shaft support 297 is attached to the shaft assembly 202, which
includes the shaft distal portion 204. An atraumatic tape 296 is present on a surface of
the shaft distal portion 204 and helps reduce tissue trauma that could result from the
tissue interacting with the various openings and joints on the shaft distal portion 204
(such as those described in FIGS. 5A and 5B). The proximal anchor component 84 is
contained within the shaft distal portion 204 in a configuration that is separate and
disconnected from the distal anchor component 70 and the suture portion (as

described herein with respect to FIG. 3).

[0079] When the proximal anchor component 84 is connected to the distal anchor
component 70 and the suture portion 78 as part of the implant deployment process, it
is done via the action of the pusher assembly, which includes a pusher 242 connected
with a pusher block 244. A cutter assembly, which cuts the suture 222 to create the
suture portion 78 during the implant deployment process, includes a cutter 232 and a
cutter block 234. The movement of the cutter assembly and the pusher assembly is
coordinated by the interactions of the cutter pawl 236, the implant actuator 246, and

the implant spring 248, as is described in more detail herein.

[0080] A suture assembly includes the suture 222, a suture support tube 224, a
suture safety 226, and a suture proximal portion 228. The distal anchor component 70
is attached to a distal end portion of the suture 222 as described herein with respect to
FIG. 3. The distal portion of the suture assembly and the distal anchor component 70
are contained within the needle assembly distal portion 212, which in turn is

contained within the shaft assembly until the needle assembly distal portion 212 is
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moved into tissue during the implant deployment process. The movement of the
needle assembly proximal portion 216 and the suture assembly proximal portion 228
is coordinated via the interaction of these features with mechanisms in the handle 100,

as is described in more detail herein.

[0081] Referring again to the implant deployment process and to FIGS. 3, 4A, 4B,
and 10, the anchor assembly (or implant) is deployed via a sequence of steps. The
needle distal portion 212 extends from a shaft distal portion 204 to a fully extended
position such that at least part of the needle distal portion 212 penetrates a tissue
surface in a patient, such as the outer capsule of the prostate gland. The distal anchor
component 70 and a distal portion of the suture 222 are contained within the needle

distal portion 212 and move with the needle distal portion 212 to penetrate tissue.

[0082] Next, while the distal anchor component 70 and a distal portion of the
suture 222 are held in place, the needle assembly 210 moves proximally such that the
needle distal portion 212 moves to a partially retracted position. That is, the needle
distal portion 212 moves proximally with respect to its fully extended position but is
not yet completely retracted within the shaft assembly 202. The suture support tube
224 helps maintain the position of the distal anchor component 70 and a distal portion
of the suture 222 while the needle assembly 210 moves proximally. Thus, the distal
anchor component 70 and a distal portion of the suture 222 remain near the tissue

surface and are no longer within the needle distal portion 212.

[0083] In a next step, the needle assembly 210 moves further proximally to be
retracted within the shaft assembly 202 while the suture assembly also moves
proximally. The tail portion 74 of the distal anchor component 70 is pulled snug

against the tissue surface, which causes the distal anchor component 70 to pivot about
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the mid-section 80 such that the distal anchor component 70 is now transverse to a

distal portion of the suture 222.

[0084] In a next step, the pusher assembly moves distally to push the proximal
anchor component onto a distal portion of the suture 222 and this movement defines
the suture portion 78 that becomes a component of the final anchor assembly
implanted in the patient. And the cutter assembly moves proximally to pull a cutting
edge through the suture. At this point, the anchor assembly is now completely

detached from the cartridge and handle system.

[0085] The handle and cartridge system enables the multiple steps of deploying an
anchor assembly through multiple squeezes of the handle trigger assembly by the
user. That is, the relative motions of all the mechanisms in the handle and cartridge
and the timing of those motions occurs via multiple squeezes of the handle trigger
assembly. Referring now to FIG. 9, the handle trigger assembly 110 interacts with the
cam wheel 120 via the drive gear 113 and the ratchet 114. The cam wheel 120 is the
principal mechanism for the way in which the handle trigger assembly 110 drives the

motion and timing of the various mechanisms in the handle and cartridge system.

[0086] FIGS. 11A and 11B are side views of a cam wheel within one example of a
handle of a system for treating benign prostatic hyperplasia. The cam wheel 120 is
mounted on an axle molded into the right handle case. The left side of the cam wheel
120, shown in FIG. 114, includes raised features 121a, 121b, and 121c. The raised
features 121a, 121b, and 121c interact with other mechanisms in the handle (such as
the various sleds) to facilitate the motion of the various assemblies in the cartridge
(such as the needle assembly, suture assembly, pusher assembly, and cutter assembly).

The right side of the cam wheel 120, shown in FIG. 11B, includes cam wheel gear
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teeth 123, which interact with the drive gear 113 (pictured in FIG. 9) to transmit the
generally linear motion from squeezing the handle trigger assembly 110 to the circular

motion of the cam wheel 120.

[0087] FIG. 12A is a view of the left side of a cam wheel and certain other
mechanical features within one example of a handle and cartridge of a system for
treating benign prostatic hyperplasia. FIG. 12B is the same view as FIG. 12A with the
cam wheel and other mechanical features in a different configuration than shown in
FIG. 12A. In this example the raised feature 121c on the cam wheel 120 is designed to
interact with the wheel actuator 125 to release the pusher block 244 and then allow
the wheel actuator 125 to be reset. When the cam wheel 120 rotates as a consequence
of the user squeezing the handle trigger assembly, the raised feature 121c pushes
against a wheel actuator head portion 126 causing the wheel actuator 125 to pivot
about the wheel actuator axis 129. As the wheel actuator 125 pivots, the wheel
actuator tail portion 127 interacts with the implant actuator 246 causing the implant
actuator 246 to pivot. When the implant actuator 246 pivots, the pusher block 244 is
released from a held position and allowed to move distally and push the proximal
anchor component onto the suture as described elsewhere herein. Further rotation of
the cam wheel 120 moves the raised feature 121c entirely past the wheel actuator head
portion 126 such that the wheel actuator 125 can pivot back into its original position.
The force necessary for returning the wheel actuator 125 to its original position is
supplied by the wheel actuator flexure 128, which is flexed against the handle case
during the pivot of the wheel actuator 125. Flexing the wheel actuator flexure 128
stores spring energy that is released to move the wheel actuator 125 back to its

original position when the wheel actuator head portion 126 is clear of the raised
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feature 121c. The wheel actuator 125 is thus reset to be able to interact with the
implant actuator 246 of the next cartridge that is mechanically engaged with the

handle.

[0088] The implant actuator 246 and the pusher block 244 (as well as the
proximal anchor component and the suture) are present in the cartridge while the cam
wheel 120 and the wheel actuator 125 are present in the handle. FIGS. 12A and 12B
illustrate the operation of these features when the cartridge and handle are
mechanically engaged as described elsewhere herein. For clarity, other features are
not pictured in FIGS. 12A and 12B but certain of those features are illustrated in

FIGS. 13A and 13B.

[0089] FIG. 13A is a side view of certain mechanical features within one example
of a cartridge of a system for treating benign prostatic hyperplasia. FIG. 13B is the
same view as FIG. 13A with the mechanical features in a different configuration than
shown in FIG. 13A. The pusher block 244 is coupled to the cutter block 234 by the
implant spring 248. Both the pusher block 244 and the cutter block 234 are
constrained to move linearly along the long axis of the cartridge by the cartridge base
298 and shaft support 297 (each pictured in FIG. 10) that define the cartridge body.
The implant spring 248 is an extension spring stretched between the pusher block 244
and the cutter block 234 and exerting a force that tends to draw the pusher block 244
and the cutter block 234 toward each other. The implant actuator 246 prevents the
pusher block 244 from moving under the force of the implant spring 248 when the
implant actuator 246 is in the configuration depicted in FIG. 13A (and FIG. 12A). The
cutter pawl distal end 237 prevents the cutter block 234 from moving under the force

of the implant spring 248 when the cutter pawl 236 is in the configuration depicted in
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FIG. 13A. When the implant actuator 246 is made to pivot as described herein with
respect to FIGS. 12A and 12B, the pusher block 244 moves distally (i.e., the pusher
assembly moves in the direction of arrow “P”) to push the proximal anchor
component onto the suture as described elsewhere herein. During this motion, which
is driven by the force of the implant spring 248, the pusher block 244 interacts with
the cutter pawl proximal end 238 and causes the cutter pawl 236 to pivot as depicted
in FIG. 13B. The sloped front surface of the pusher block 244 and the curved surface
of the cutter pawl proximal end 238 interact to create this pivoting motion. When the
cutter pawl 236 pivots, the cutter pawl distal end 237 disengages from the cutter block
234 and allows the cutter block 234 to move proximally under the force of implant
spring 248. The proximal motion of the cutter block 234 causes the suture to be cut to
form the suture portion of the anchor assembly. That is, the cutter assembly moves in
the direction of arrow “C” to complete the anchor assembly and detach it from the

cartridge and handle system.

[0090] As described elsewhere herein, in some examples multiple cartridges can
be used in serial fashion with a single handle. The steps and mechanisms illustrated
and explained with respect to FIGS. 12A, 12B, 13A, and 13B disclose how the
pushing and cutting steps of creating the anchor assembly can be repeatedly executed
for multiple engagements of a series of cartridges with a single handle. One notable
feature is that the implant spring is in an extended state as its initial condition. It is
important, then, for the cartridge to have features that prevent the unintended release

of the energy in the implant spring during handling of the cartridge.

[0091] FIG. 14 is a side view of certain mechanical features within one example

of a cartridge of a system for treating benign prostatic hyperplasia. FIG. 14 illustrates
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the mechanisms depicted in FIG. 13A (in the configuration of FIG. 13A) with the
addition of the cartridge knob 203 to show the operational relationship among these
features. FIG. 14 illustrates the cartridge knob 203 in the storage position. In the
storage position, the grip section 292 is transverse to the long axis of the cartridge as
compared to the engaged position shown in FIG.1 in which the grip section 292 is
aligned with the long axis of the cartridge. When in the storage position, the cartridge
knob 203 functions as a safety interlock that prevents movement by the pusher block
244. In the storage position depicted in FIG. 14, a pusher safety tab 293 on the
cartridge knob 203 engages with the distal end of the implant actuator 246 and
prevents the implant actuator 246 from pivoting to release the pusher block 244 (as
illustrated and explained with respect to FIGS. 12A and 12B). The pusher safety tab
293 allows the cartridge to be safely handled and stored while the implant spring is in

its extended configuration.

[0092] FIG. 15A is an exploded top view of certain mechanical features within
one example of a cartridge of a system for treating benign prostatic hyperplasia and
15B is an exploded perspective view of the same features. FIGS. 15A and 15B
illustrate another safety interlock in which a cutter safety tab 286 is present on the
cutter pawl 236. The cutter safety tab 286 engages with the cartridge knob 203 when
the cartridge knob 203 is in the storage position and prevents the cutter pawl 236 from
pivoting to release the cutter block (as illustrated and explained with respect to FIGS.
13A and 13B). The cutter safety tab 286 allows the cartridge to be safely handled and
stored while the implant spring is in its extended configuration. FIGS. 15A and 15B

are illustrated in an exploded view to make the relevant features clear. However, in
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operation the cutter pawl 236 is closely engaged with the cartridge knob 203 to create

the mechanical interactions described herein.

[0093] The pusher safety tab 293 and the cutter safety tab 286 solve the problem
of accidental firing of the pusher assembly and/or cutter assembly in the cartridge by

correlating safety interlocks with the storage position of the cartridge knob 203.

[0094] FIGS. 16A, 16B, 17, 18A, and 18B illustrate an example of another safety
interlock mechanism in the handle and cartridge system. FIG. 16A is a perspective
view of a portion of a handle 100 and FIG. 16B is a side view of the handle 100. The
handle 100 includes a cartridge bay 101, which is shown as empty because the
cartridge has been removed. In this example, the handle trigger assembly 110 includes
cartridge lock tab 111 that protrudes into the cartridge bay 101 when the handle
trigger assembly 110 pivots away from the handle grip 115. The presence of the
cartridge lock tab 111 in the cartridge bay 101 prevents a cartridge from being
engaged with the handle 100 because a cartridge cannot physically fit in the cartridge
bay 101 with the cartridge lock tab 111 in the cartridge bay 101. This mechanism
prevents a cartridge from being inserted into the handle except under the proper
condition — when the handle trigger assembly 110 is in its initial position closest to the
handle grip 115. This initial position corresponds with the mechanisms in the handle

all being reset to their initial positions.

[0095] FIG. 17 is a side view of a portion of a cartridge of one example of a
system for treating benign prostatic hyperplasia. In FIG. 17, the cartridge cover has
been removed, revealing the cartridge base 298. The cartridge knob 203 is also
shown. A cartridge lock surface 291 is present on the shaft support 297 and extends

below the cartridge base 298 in this side view of a portion of a cartridge.
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[0096] FIGS. 18A and 18B are a perspective view and a side view, respectively, of
certain mechanical features within one example of a cartridge of a system for treating
benign prostatic hyperplasia. FIGS. 18A and 18B illustrate the interaction between the
cartridge lock tab 111 present on the handle trigger assembly 110 and the cartridge
lock surface 291 present on the shaft support 297. When the handle trigger assembly
110 is in a position pivoted away from the handle grip, the cartridge lock tab 111
prevents the cartridge from being removed from the cartridge bay by physically
impeding the removal of the cartridge. While the cartridge lock surface 291 is present
on the shaft support 297 in this example, a similar lock surface could be present on
other parts of the cartridge, such as the cartridge base 298, and function in a

substantially similar manner.

[0097] The cartridge lock tab 111 present on the handle trigger assembly 110
provides a method of preventing insertion of a cartridge until the handle is in the reset,
initial condition, and prevents removal of a cartridge (via interaction with the
cartridge lock surface 291) while the handle and cartridge system is in use. There are
alternative examples for preventing removal and/or insertion of a cartridge. For
example, a cartridge may contain a lock receiving feature and the handle may contain
an additional wheel with a series of locking features. As the handle trigger is pulled,
the additional wheel rotates such that a locking feature engages the lock receiver. If a
complete cycle for implantation requires multiple trigger squeezes, then the additional
wheel includes sufficient locking features to keep the cartridge locked in during the
entire cycle. At the end of the cycle, a portion of the additional wheel containing no
locking feature is aligned with the lock receiver. In this way, the cartridge would be

unlocked and removable from the handle. As another example, a locking slide could
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be engaged by a user to lock the cartridge in the handle. When the trigger is squeezed,
the slide would be mechanically engaged to prevent the slide from moving until the

cycle was completed.

[0098] FIGS. 19A and 19B are side views of a portion of a cartridge of one
example of a system for treating benign prostatic hyperplasia. The cartridge knob 203
is engaged with the cartridge cover 299, which includes a cartridge indicator window
290. In FIG. 19A, the cutter block 234 is visible through the cartridge indicator
window 290, which indicates that the cutter block 234 is still in its initial position and
has not moved proximally to cut the suture in the final step of the formation of the
anchor assembly. FIG. 19A shows that the cutter block 234 fills the cartridge indicator
window 290. In FIG. 19B, only a small portion of the cutter block 234 is visible
through the cartridge indicator window 290. That is, the cutter block 234 no longer
fills the cartridge indicator window 290. This indicates that the cutter block 234 has
moved proximally and cut the suture for the final step of the formation of the anchor

assembly.

[0099] FIG. 19C is a perspective view of a cartridge cover of one example of a
system for treating benign prostatic hyperplasia. FIG. 19C illustrates that the cartridge
indicator window 290 is cut through the distal surface of the cartridge cover 299. The
cartridge indicator window 290 is able to perform an additional function of providing
access to the cutter block 234 such that a user can use a small tool to move the cutter
block distally to cut the suture if the cutter block 234 stalls and does not completely
cut the suture. The presence of an opening to the cartridge indicator window 290

through the distal surface of the cartridge cover 299 allows for easy access to the
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cutter block 234 with a tool, even when the user is not looking directly at the cartridge

indicator window 290.

[0100] FIG. 20A is an exploded perspective view of certain mechanical features
within one example of a cartridge of a system for treating benign prostatic hyperplasia
and FIG. 20B is a side view of those mechanical features in their engaged
configuration. As described herein with respect to FIGS. 13A and 13B, in normal
operation the cutter pawl 236 pivots and disengages from the cutter block allowing
the cutter block to move proximally under the force of the implant spring. The
proximal motion of the cutter block causes the suture to be cut to form the suture
portion of the anchor assembly. However, in some circumstances it may be desirable
for a user to interrupt the deployment sequence after deployment of the distal anchor
component but prior to the deployment of the proximal anchor component and cutting
of the suture. In such a circumstance, the handle and cartridge system can then be

removed from the patient without completely assembling and deploying the implant.

[0101] FIGS. 20A and 20B illustrate that the cutter pawl 236 includes a cutter
manual tab 284 that is accessible to a user via a cutter access window 288 present on
the cartridge knob 203. The cutter manual tab 284 is configured as an off-center ramp
such that pushing on the cutter manual tab 284 through the cutter access window 288
creates rotation (or pivoting) of the cutter pawl 236 perpendicular to the push
direction. A user can push the cutter manual tab 284 with a small tool inserted through
the cutter access window 288. Indentations in the cartridge knob 203 near the cutter
access window 288 guide the tool towards the cutter access window 288. As described

herein, this pivoting of the cutter pawl 236 disengages the cutter pawl from the cutter
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block and allows the cutter block to move proximally under the force of the implant

spring to cut the suture.

[0102] The disclosed apparatus can be implemented in various treatment devices
employed for various medical purposes including, but not limited to, retracting, lifting,
compressing, approximating, supporting, remodeling, repositioning, ablating, or
otherwise altering tissues, organs, anatomical structures, grafts, or other material found
within the body of a human or animal subject. In certain examples, treatment devices
are intended to displace, compress, retract, or destroy tissue of the prostate to facilitate

treatment of diseases or disorders such as BPH.

[0103] Other treatment devices may benefit from the use of the examples
disclosed herein. Treatment devices equipped with various tools which manipulate,
ablate, or otherwise alter tissue, where those tools are moved, deployed, or driven by
mechanical energy, can benefit from the use of the safety interlocks and mechanisms,
as well as the use of the deployment indicators, disclosed herein. Such tools can
include, but are not limited to, needles, cutting blades, vacuums, grasping arm
assemblies, expandable cutting members, blunt dissectors, noose or ligature clips,
articulating heads with an integral or retractable blade, helical blades, electrodes for
delivery of radiofrequency energy, cutting wires or rings, electrocauterizing probes, or

staple or suture delivery heads.

[0104] In some examples, the system includes a cartridge carrying at least one
implant and a handle configured to receive the cartridge. The handle includes an
actuator and at least one spring mechanism loaded with mechanical energy. The
handle also includes a member that mates with the cartridge to transfer mechanical

energy from the spring mechanism to the cartridge for deploying the implant. The
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handle and cartridge system includes a first firing sled that has slots aligning with
pusher tabs on a needle assembly. The slots of the first firing sled and the pusher tabs
of the needle assembly are complementary mechanisms that allow for the transfer of
energy from the spring mechanism via the first firing sled to fire a needle in the
cartridge. The handle and cartridge system can also include a second firing sled with
slots aligning with pusher tabs on a suture tube or connector tube. The slots of the
second firing sled and the pusher tabs of the suture tube are complementary
mechanisms that allow for the transfer of energy from the spring mechanism via the

second firing sled to advance the suture tube simultaneously with the needle tube.

[0105] In a first aspect of the disclosure, a system includes a handle and the
cartridge, where the handle is configured to accept a series of cartridges and impart
mechanical energy to the cartridge to deliver an implant. The cartridge includes a
slidable cutter block connected to a slidable pusher block via an extension spring,
wherein the cutter block and the pusher block are configured to slide in a linear
direction within a body of the cartridge. The cartridge also includes a pivotable
implant actuator within the body of the cartridge and engaged with the pusher block
such that the implant actuator prevents the pusher block from sliding when the
implant actuator is in a first position. The spring has an extended position exerting a

force tending to draw the cutter block and the pusher block toward each other.

[0106] In a second aspect of the disclosure, the cartridge further includes a knob
on the cartridge that moves from an unlocked position to a locked position such that
the locked position secures the cartridge to the handle. In a third aspect of the
disclosure, the cartridge further includes a pusher safety tab on the knob configured to

engage the implant actuator when the knob is in the unlocked position such that the
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implant actuator cannot pivot while so engaged. In a fourth aspect of the disclosure,
the pusher safety tab on the knob is configured to disengage the implant actuator

when the knob is in the locked position and allow the implant actuator to pivot.

[0107] In a fifth aspect of the disclosure, the cartridge further includes a cutter
pawl within the body of the cartridge and between the cutter block and the pusher
block. In a fifth aspect of the disclosure, the cutter pawl has an engaged position with
the cutter block such that the cutter pawl prevents the cutter block from sliding
towards the pusher block and a disengaged position with the cutter block such that the
cutter pawl allows the cutter block to slide towards the pusher block. In a sixth aspect
of the disclosure, the pusher block is configured to slide into contact with the cutter

pawl and cause the cutter pawl to pivot out of engagement with the cutter block.

[0108] In a seventh aspect of the disclosure, the cartridge further includes an
indicator window on a cover of the body of the cartridge. In an eighth aspect of the
disclosure, the indicator window indicates the position of the cutter block. In a ninth
aspect of the disclosure, the indicator window is configured to provide access to slide

the cutter block.

[0109] In a tenth aspect of the disclosure, the cartridge further includes an access
window on the knob that provides access to the cutter pawl to allow the cutter pawl to
be moved from the engaged position to the disengaged position without the pusher

block contacting the cutter pawl.

[0110] In an eleventh aspect of the disclosure, a system includes a handle and a
cartridge, where the handle is configured to accept a series of such cartridges and

impart mechanical energy to the cartridge to deliver an implant. The cartridge
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includes a cartridge body coupled to a shaft assembly having a long axis and a distal
portion of the shaft assembly having a lumen running through the distal portion. This
lumen has a lumen radius of curvature defined by the curving of the lumen as it runs
in a first direction parallel to the long axis to run in a second direction transverse to
the long axis. A needle assembly is slidably disposed within the shaft assembly and
the cartridge body and has a needle distal portion such that the needle distal portion is
configured to exit the shaft assembly from an exit port at which the lumen terminates.
The needle distal portion has a needle radius of curvature defined by the curving of
the needle as it runs in a first direction parallel to the long axis to run in a second
direction transverse to the long axis, and the lumen radius of curvature and the needle

radius of curvature are different.

[0111] In a twelfth aspect of the disclosure, the cartridge includes a cutout on the
shaft assembly configured to allow at least part of the needle distal portion to flex
through the cutout. In a thirteenth aspect of the disclosure, the cartridge further
includes an additional cutout on the shaft assembly configured to allow at least part of

the needle distal portion to flex through the additional cutout.

[0112] In a fourteenth aspect of the disclosure, the cartridge includes a distal
lumen wall configured with a wall radius of curvature that is at a tangent to a desired

exit trajectory of the needle distal portion.

[0113] In a fifteenth aspect of a disclosure, a system includes a handle and a
cartridge, where the handle is configured to accept a series of such cartridges and
impart mechanical energy to the cartridge to deliver an implant. The handle includes a
cam wheel within the handle and coupled to a trigger assembly included in the handle.

The handle further includes a wheel actuator coupled to the cam wheel such that a
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feature on the cam wheel is configured to cause the wheel actuator to pivot in a first
direction when the feature contacts the wheel actuator. The wheel actuator has a
flexure that is engaged when the wheel actuator pivots in the first direction and causes
the wheel actuator to pivot in a second direction opposite the first direction when the

feature no longer contacts the wheel actuator.

[0114] In a sixteenth aspect of the disclosure, the system includes a slidable
pusher block and an implant actuator, each within the cartridge. In a seventeenth
aspect of the disclosure, the implant actuator is engaged with the pusher block to
prevent the pusher block from sliding. In an eighteenth aspect of the disclosure, the
wheel actuator disengages the implant actuator from the pusher block when the wheel

actuator pivots in the first direction.

[0115] In a nineteenth aspect of the disclosure, a system includes a handle and a
cartridge, where the handle is configured to accept a series of such cartridges and
impart mechanical energy to the cartridge to deliver an implant. The system includes a
trigger assembly included in the handle and a lock tab on the trigger assembly
configured to enter a cartridge bay of the handle when the trigger is in a working
position such that a cartridge cannot be secured within the cartridge bay when the lock

tab is at least partially within the cartridge bay.

[0116] In a twentieth aspect of the disclosure, the system further includes a lock
surface on the cartridge configured to be engaged by the lock tab such that the
cartridge cannot be removed from the cartridge bay when the trigger is in the working
position. In a twenty-first aspect of the disclosure, the cartridge can be removed from

the cartridge bay when the trigger is in an initial position.
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[0117] In any of these aspects of the disclosure, the system includes an implant
formed of a distal anchor component, a suture portion, and a proximal anchor
component. In any of these aspects of the disclosure, the pusher block is configured to
push the proximal anchor component onto the suture portion. In any of these aspects
of the disclosure, the cutter block is configured to cut the suture portion. In any of
these aspects of the disclosure, the pusher block is configured to push the proximal
anchor component onto the suture portion. In any of these aspects of the disclosure,

the cutter block is configured to cut the suture portion.

[0118] While particular elements, examples and applications of the present
invention have been shown and described, it will be understood that the invention is
not limited thereto since modifications can be made by those skilled in the art without
departing from the scope of the present disclosure, particularly in light of the

foregoing teachings.
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Table of Reference Numerals

1 | system
70 | distal anchor component
72 | head portion
74 | tail portion
78 | suture portion
80 | mid-section
82 | connector section
84 | proximal anchor component
95 | back end
96 | prong
98 | tab
100 | handle
101 | cartridge bay
102 | scope tube
103 | right handle case
104 | left handle case
105 | scope seal
110 | handle trigger assembly
111 | cartridge lock tab
112 | safety
113 | drive gear
114 | ratchet
115 | handle grip
120 | cam wheel
125 | wheel actuator
126 | wheel actuator head portion
127 | wheel actuator tail portion
128 | wheel actuator flexure
129 | wheel actuator axis
130 | cover plate
140 | needle sled
145 | axle
150 | suture sled
160 | implant sled
170 | scope lock
180 | sheath lock
200 | cartridge
201 | cartridge body
202 | shaft assembly
203 | cartridge knob
204 | shaft distal portion
205 | shaft distal portion exit port
206 | shaft distal portion cutout
207 | shaft distal portion lumen
208 | shaft distal portion interior exit wall
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209

shaft distal portion upper cutout

210

needle assembly

212

needle distal portion

214

needle shaft

216

needle proximal portion

220

suture assembly

222

suture

224

suture support tube

226

suture safety

228

suture proximal portion

230

cutter assembly

232

cutter

234

cutter block

236

cutter pawl

237

cutter pawl distal end

238

cutter pawl proximal end

240

pusher assembly

242

pusher

244

pusher block

246

implant actuator

248

implant spring

284

cutter manual tab

286

cutter safety tab

288

cutter access window

290

cartridge indicator window

291

cartridge lock surface

292

grip section

293

pusher safety tab

296

atraumatic tape

297

shaft support

298

cartridge base

299

cartridge cover




