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METHOD AND APPARATUS FOR FORMING A SUTURE CONNECTOR IN JITU

FIELD OF THE INVENTION

6061} Embodiments hereof relate to medical suturing devices. More particularly,
cmbodiments hercof relate to devices and methods for securing suture portions extending
from an opening in an arterial or other biological tissue wall that is not directly accessible to

the physician.

BACKGROUND OF THE INVENTION

16662] Various cardiovascular procedures, such as angioplasty, stent placement and
atherectomy, require gaining access to the vasculature. With reference to FIGS. 1 and 2,
access to the vasculature of a patient typically is through the fewmoral artery and is
percutancous, invelving insertion of a needle {not shown), and in some cases a dilator (not
shown), m the region of the groin to form a track 103 through subcutancous fissue T and to
puncture and create an arteriotomy Va in a vessel wall Vi of the fomoral artery. A
guidewire GW is then advaoced through the needle and wnito the feworal artery. The needie
and dilator, if present, are then removed. An introducer sheath 101, which is typically a
single lumen catheter with a hemostasis valve on its proxamal end, or other interventional
device s then advanced over the guidewire GW, along the track 103 and into the femoral
artery in order to perform the selected procedure. Introducer sheath 101 provides access mto
the femoral artery, through the arteriotomy, for longer guidewires, catheters or other
mstrumentalitics in order to perform the selected procedure. The hemostasis valve on the
introducer sheath 18 used to prevent extraneous bleed back or to introduce medication ioto the
patient’s body.

16803] Afier the procedure has been corapleted, the nterventional devices are removed
and the arteriotomy must be closed.  The size of the puncture opening in the artery
corresponds to the size of the catheler or percutaneous infroducer sheath used, and such
devices may typically range in diameter from 5 French for a diagnostic procedure to 6-20
French for a therapeutic procedure. A number of techniques are known to facilitate closure
and healing of the arteriotomy. One technique includes application of pressure at the
puncture site for a relatively extended length of time. More particularly, compression has
traditionally been applied to the puncture site for at least 30-45 minutes for the wound to

close naturally after removal of the catheter. Patients arc required to remain lying down,
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cssentially motionless and often with a heavy sandbag placed on their upper leg, for several
hours to ensure that the bleeding has stopped. The recovery time from the medical procedure
may be as little as half of an hour, but the recovery time from the wound can exceed twenty-
four hours. Longer recovery timaes may result i increased expenses, mercased patient
discomfort, and greater risk of complications. Other approaches to arteriotomy closure
mclude a compression clamp device, a throrbotic or collagen plug, biological adhesives
adapted to seal the arteriotomy, and/or stapling devices.

[60084] In addition, medical suturing systems have been proposed to facilitate closure and
healing of the arteriotorny and resolve some of the concerns associated with arteriotomay
closure after vascular catheterization procedurcs. In addition, beyond suturing devices
utilized for closing arteriotomies, surgeons frequently encounter the need to close internal
incisions, wounds, or otherwise joining tissue portions with a suture ir sif.  For exampile,
FIG. 3 dlustrates an incision 310 1o the patient's skin used to perform a percutancous or
minimally invasive treatment on the patient. After the patient has been treated, a
suture 312 is introduced mnto the patient through an introducer sheath 301 for the purpose of
drawing together tissue portions 316, 318 (shown in phantom in FIG. 3). Two end
portions 320, 322 of suture 312 extend from the tissuc portions 316, 318, respectively, which
may, for example, be the result of an internal wound or an arteriotomy in a blood vessel or an
organ. Suture 312 may be ntroduced into the paticnt and positioned through tissue portions
316, 318 by any suttable manner or device, including but not hmited to those described in
UK. Pat. No. 6,117,144 to MNobles et al., U.S. Pat. No. 6,562,052 to Mobles et al,, U.S. Patent
No. 7,803,167 to Nobles et al,, US. Appl. No. 13/802,551 to Argentine, filed March 13,
2013, and U.S. Appl. No. 13/802,563 to Argentine, filed March 13, 2013, all of which are
hereby incorporated by reference in their entirety. Suture 312 is shown in FIG. 3 extending
from catheter sheath introducer 301, but may alternatively extend directly from incision 310
i the patient.

EHHERY After passing suture 312 through the tissue portions, i.e., after the suture has been
positioned adjacent to the internal wound or arteriotomy, the two end portions 320, 322 of
suture 312 must be tied or otherwise coupled together to draw the tissue portions together and
prevent them from separating. The two cnd portions 324, 322 may be manually tied by the
surgeon. However, sutures can often be difficult to handle and/or access, thereby increasing
the procedure time. Thus, in somg instances, surgeons prefer to use a device that secures or
couples the two end portions of a suture in sire. For example, U.S. Patent Nos. 8,197,497 and

8,469,975 to Nobles et al., which are assigned to the same assignee as the present application
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and are herein incorporated by reference i their entirety, describes a knot placement device
that positions a knot or connector that secures or couples the two end portions of a suture in
situ. The knot includes a knot body and a plug, and the knot placement device pushes a plug
distally 1uto the knot body and traps at least two suture portions between the plug and the
knot body. The knot, i.e., the knot body and the plug, having the sutre portions trapped
therein may then be ¢jected out of the knot placement device. When ejected out of the knot
placement device, the knot may be inadvertently pushed through the opening or arteriotomy
of the treatment site.  In addition to possibly losing or reducing hernostasis, if inadvertently
pushed through the arterictomy, the knot may contact and damage the inner vessel wall
oppostie the incision/arteriotomy.

[8086] Embodiments hercof relate to improvements of a device that secures or couples

tWo oF more suture portions.

BRIEF SUMMARY OF THE INVENTION

[8647] Embodiments hercof relate a system for forming a suture connector in sity including a
suture connector placement device and a suture connector. The suture connector placement
device meludes a handle having an actoation mechanism, an outer shaft, an intermediate
shaft, and a push rod. The outer shaft defines a humen from a proximal end to a distal end
thereof. The proximal end of the outer shaft 1s coupled to the handle and the outer shaft
includes a side opening adjacent to the distal end thereof. The intermediate shaft defines a
fumen from a proximal end to a distal end thereof. The intermediate shaft is slidingly
disposed within the lumen of the outer shaft with the proximal cud of the intermediate shaft
being coupled to the actuation mechanism of the handle. The push rod 1s slidingly disposed
within the lomen of the 1ntermediate shaft. The proximal end of the push rod is coupled to
the actuation mechanism of the handle. The suture connector inciudes a sleeve and a phug.
When the suture connector 1s in a loaded configuration within the suture connector placement
device, the sleeve of the suture connector is disposed on an outer surface of the intermediate
shaft within the lumen of the outer shaft adjacent to the distal end thercof and the plug of the
suture connector is shidably disposed within the lumen of the intermediate shaft proxiroal of
the sleeve.

[066G8] Embodiments hereof also relate a system for formng a suture connector in situ
including a suture connector placement device and a suture connector. The suture connector
placerment device includes a handle having an actuation mechauisro, an outer shaft, an

intermediate shaft, and a push rod. The outer shaft defines a lumen from a proximal end to a
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distal end thereof. The proximal end of the outer shaft is coupled to the handle and the outer
shaft jucludes a side opening adjacent to the distal end thereof. The distal end of the outer
shaft is configured to abut against an outer surface of a vessel wall. The intermediate shaft
defines a lumen from a proxiral end to a distal end thercof. The intermediate shaft 1s
stidingly disposed within the humen of the outer shaft with the proximal end of the
mtermediate shaft being coupled to the actuation mechanista of the handle. The actuating
mechanism s configured to proximally retract the intermediate shaft. The push rod is
slidingly disposed within the lumen of the imtermediate shafi. The proximal end of the push
rod 15 coupled to the actuation mechanism of the handle, and the actuating mechanism is
contfigured to distally advance the push rod. The suture connector includes a slecve formed
of a resilient material and a plug. When the suture connector is in a loaded configuration
within the suture connector placement device, the sleeve of the suture connector 18 disposed
on an outer surface of the intermediate shaft within the lamen of the outer shaft adjacent to
the distal end thereof and the plug of the suture connector is slidably disposed within the
fumen of the intermediate shaft proximal of the sleeve. Distal advancement of the push rod
moves the plug to longitudinally position the plug within the sleeve and proximal retraction
of the intermediate shaft releases the sleeve onto the plug.

[060¢9] Embodiments hereof also relate to a method for securing two suture portions
extending from an opening in body tissue. The two suture portions are positioned within a
sleeve of a suture connector. The sleeve is disposed within a suture connector placement
device including an ocuter shaft with a side opening proximal to its distal end, an intermediate
shaft slidingly disposed through a huroen of the outer shaft, and a push rod shdingly disposed
through a lumen of the intermediate shaft. The sleeve of the suture connector is disposed on
an outer surface of the intermediate shaft within the fumen of the outer shaft adjacent to the
distal end thereof and the plug of the suture connector being slidably disposed within the
tumen of the imtermediate shaft proximal of the slecve. The outer shaft is advanced until the
distal end of the outer shaft abuts against an outer surface of the vessel wall and surrounds
the operning of the body tissue. The push rod is distally advanced relative to the imtermediate
shaft to shde the plug within the lumen of the ntermediate shaft wutil the plug is
longttudinally positioned within the sleeve thercon. The intermediate shaft 1s proximally
retracted relative to the push rod o free the sleeve from contact with the outer surface of the
mtermediate sleeve such that the sleeve releases onto the plug, thereby securing the two

suture portions between the sleeve and the plug,
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BRIEF DESCRIPTION OF DRAWINGS

[8818] The foregoing and other features and advantages of the invention will be apparent
from the following description of embodiments hereot as illustraied n the accompanying
drawings. The accompanying drawings, which are incorporated herein and form a part of the
spectfication, further serve to cxplain the principles of the invention and to enable a person
skilled in the pertinent art to make and use the invention. The drawings are not to scale.
[8611] FIGS. 1 and 2 illustrate the introduction of an introducer sheath into the vasculature
via the femoral artery, thereby forming an arteriotomy in a vessel wall of the femoral artery.
[0812] FIG. 3 is a perspective view of a wound site having a pair of suture ends extending
therefrom.

[6613] FIG. 4 is a side view of a suture connector placement device for positioning a sufure
connector in situ according to au embodiment hereof.

[8414] FIG. 5 is a side view of a suture connector to be used with the suture connccior
placeraent device of FIG. 4, wherein the suture connector includes a plug and a sleeve,

[3818] FIG. 6 is a sectional view of a system of the suture connector of FIG. 5 positioned
within a distal portion of the suture connector placernent device of FIG. 4, wherein the suture
connector is in a leaded or delivery configuration within the sufure counnector placement
device.

[3816] FIG. 6A 18 a cross-sectional view of FIG. 6 taken along line A-A of FIG. 6.

[6817] FIG. 7 is an enlarged view of a distal portion of FIG. 6.

10618} FIG. 8 18 a perspective view of a slider of an actuating mechauism of the system of
FI1G. 6, wherein the slider is removed from a handic of the system for sake of tllustration
only.

18819 FIG. 9 is a perspective view of a first coupler of an actuating mechanism of the
system of FIG. 6, wherein the first coupler 18 removed from a handle of the system for sake
of iltustration only.

[0828] FIG. 10 15 a porspective view of a sccond coupler of an actuating mechanism of the
system of FIG. 6, wherein the second coupler ts removed from a handle of the system for
sake of tlustration only.

18621] FIGS. 11, 11A, 12, 12A, 13-15, 16, 16A, 17-19, 20 and 20A dlustrate a method of
using the suture connector placement device of FIG. 6 to secure suture portions extending

from an arteriotorny in the vessel wall of a vessel.
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[6822] FIG. 21 18 a side view of a suture connector placement device for positioning a sufure
connector in situ according fo another embodiment hercof, wherein the suture connector
placement device includes an outermost shaft having a cutting surface at its distal end.

10623} FIG. 22 is a perspective view of a distal portion of the suture connector placement
device of FI(. 21

[0824] FIG. 23 15 an enlarged view of a portion of F1G. 22.

DETAILED DESCRIPTION OF THE INVENTION

[6025] Specific embodiments of the present invention are now described with reference
to the figures, wherein like reference numbers indicate identical or functionally similar
clements. The terms “distal” and “proximal” are used in the following description with
respect to a position or direction relative to the treating clinician, “Distal” or “distally” are a
position distant from or in a direction away from the clinictan. “Proximal” and “proximally”
are a position near or in a direction toward the clinician.

16626} The following detailed description is merely exemplary in nature and s not
mtended to limit the invention or the application and uses of the invention. Embodiments
described below relate to a device for securing or coupling two suture portions extending
from a treatment location of a patient, or otherwise stated for applying a counector to two
suture portions extending from a freatment location of a patient.  Suture portions may be
portions of the same suture or may be portions of separate and different sutures. The
treatracnt location may be any desired location, such as an arterial or venous blood vessel.
Although the description of the invention is in the context of treatment of blood vessels, the
invention ruay also be used in any other body passageways where 1t 1s deemed uscful. For
example, the device could be used to suture other tissue such as a patent ductus arteriosus, a
patent foramen ovale, a heart defect, a puncture wound, and the like. There is no intention to
be bound by any expressed or iraphied theory presented in the preceding technical field,
background, brief summary or the following detailed description.

186271 FIG. 4 idlustrates 2 side view of a suture conncctor placement device 402 for
positioning a knot or suture conuector 404 in sitn, while FIG. 5 is a side view of suture
connector 404, Collectively, suture connector placement device 402 and suture connector
404 may be considered a system 400 for forming a suture connector i situ. Suture connector
placement device 402 ncludes a handle 450 having an actuating mechanism 452 therein and
an outer shaft 464 distally extending from handle 450, Suture connector 404 includes a

cylindrical component or plug 408 and a tubular component or sleeve 406 which defines a
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fumen 407 there-through.  Sleeve 406 includes a circumferential flange 405 radially
extending from its outer surface. Flange 405 functions to interact with suture convector
placement device 402 during operation thercof, as will be described in more detail herein.
Plug 408 has an outer dimension and a length configured to be inseried mnto the lumen 407 of
steeve 406. Phug 408 may include radial protrusions 409 extending from its outer surface to
cnsure an interfercnce or press fit between plag 408 and sleeve 406 when the plug and the
sleeve are assembled or joined as will be described in more detail herein. Protrusions 409
may be rings, spirals, spikes, bumps, or other suitable structures. When loaded into suture
connector placement device 402, as will be explained in more detail below, sleeve 406 and
plug 408 are disposed within a distal end of the device such that plug 408 1s positioned
proximal of sleeve 406. Operation of suture counector placement device 402 to tully deploy
and form suture connector 404 in sity may be considered a two-stage or two-step deployment
process. In a first step or stage of the deployment operation that will be described in more
detail herein, suture connector placement device 402 causes plug 408 to be distally advanced
or pushed into slecve 406, although sleeve 406 and plug 408 arc not yet in contact with cach
other at this stage of deployment. Unce the sleeve and plug are longitudinally aligned with
each other, suture connector 404 1s in a pre-deployed configuration. In a sccond step or stage
of the deployment operation that will be described in more detail herein, suture connector
placeraent device 402 causes sleeve 406 to be released onto plug 408, thereby securing or
clamping suture portions {not shown in FIGS. 4-5) between the plug and the sleeve to thereby
secure or hold the suture portions together relative to each other within the formed connector.
The suture portions are secured or coupled together via the wierference or press fit between
plug 408 and sleeve 406. Once the slecve is relcased onto the plug, suture connector 404 is
formed and 1o a fully deployed configuration. Suture connector 404 may be used to secare
suture portions that are positioned adjacent to an opening or arteriotomy of a blood vessel or
other biological tissue folowing an interventional catheterization procedure, thereby closing
or sealing the opening or arteriotomy to achieve hemostasis,

[6028] Correct positioning of suture connector 404 1s essential for achieving closure of
the opening or arferiotony and hemostasis at the treatment site. In order to ensure that suture
connector 404 1s correctly positioned at a treatmaent site and hemostasis occurs, suture
connector placernent device 402 1s designed such that outer shaft 464 abuts against tissue of
the treatment site, with the distal end thercof disposed over or covering the opening or
arteriotoray of the treatment site, and is designed such that suture connector 404 is not pushed

or cjected out of the device after plug 408 s positioned within sleeve 406. Such a design

~~3



WO 2015/122987 PCT/US2015/011519

ensures that suture connector 404 18 correctly positioned against tissue of the {reatment site
and 1s not madvertently pushed through the opening or arterictomy of the treatment site. In
addition, suture connector placement device 402 is designed to permit adjustment of suture
portions after phug 408 1s positioned within sleeve 436, Rather than locking or clarapiog
suture portions in between the plug and sleeve as soon as the device has been fired or
deployed, the two-stage deployment operation of system 400 perroits a user to pull or tighten
the suture portions if needed after plug 408 is positioned into sleeve 406, ie., after suture
connector 404 has been pre-deployed, in order to ensure that hernostasis 1s achieved at the
treatment site. Additional advantages or improvements of suture connector placement device
402 and connector 400 are discussed herein with reference to the figures.

16829] The components of suture connector placement device 402 will now be described
with reference to FIGS. 6, 6A, and 7. FIG. 6 is a scctional view of FIG. 4, FIG. 6A is a
cross-sectional view taken along hine A-A of FIG. 6, and FIG. 7 1s an enlarged view of the
distal end portion of FI1G. 6. Suture connector placement device 402 includes outer shaft 464,
an intermediate shaft 474, a push rod 482, and handle 450 having actuating mechanism 452
which includes a slider 454, a first coupler 451, and a sccond coupler 457, These
components of suture conmector placement device 402 may be made of any suitable material,
inchuding but not limited to metals, plastics, and a combination of metals and plastics. As
best shown in FIG. 6A, intermediate shaft 474 1s shidingly disposed through a lumen 472 of
outer shaft 464, and push rod 482 1s slidingly disposed through a lumen 488 of intermediate
shaft 474, Outer shaft 464 is an clongate tubular component defining lumen 472 and has a
proximal end 466 that extends mito and is coupled to handle 450, A distal end 468 of outer
shaft 464 1s sized and configured to abut against an outer surface of a vessel wall or other
body tissue. Distal end 468 1s of sufficient size to be disposed over or cover the opening or
arteriotomy of the treatment site. For example, the outer diameter of distal end 468 of outer
shaft 464 may be between 15 and 20 French. Outer shatt 464 also includes a side opening or
port 470 proximal to its distal end 468, Adjacent to distal end 468 of outer shaft 464, a distal
portion of lumen 472 has a greater or larger diamecter than the remaaining proximal length
thereof in order to create an abutment surface 469 along the mner surface of outer shaft 464.
As will be cxplained in more detail herein, abutment surface 469 functions to hold sleeve 406
stationary when interrocdiate shaft 474 1s retracted.

[6636] {ntermediate shaft 474 is a tubular component defining lumen 480 and has a
proximal end 476 that exiends into and is attached to sccond coupler 457 of actuating

mechanism 452, as will be explained in more detail herein. A distal end 478 of intermediate
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shaft 474 extends to distal end 468 of outer shaft 464. Intermediate shaft 474 also includes a
side opening or port 479 proximal to is distal end 478, Since intermediate shaft 474 18
retracted during operation of suture connector placement device 402 as will be described in
more detail herein, 1o one embodiment, side port 479 extends to its distal end 478 to ensure
alignment of side port 479 of intermediate shaft 474 and side port 470 of outer shaft 464
during device operation.  As shown in the enlarged view of FIG. 7, sleeve 406 of suture
connector 404 is disposed on an outer surface of intermediate shaft 474 within lumen 472 of
outer shaft 464 adjacent to distal cud 468 of the outer shaft when suture connector 404 isina
foaded configuration within suture connector placement device 402 as described in more
detail with reference to FIGS. 11 and 12, Plug 408 of suture conncctor 404 18 shdingly
disposed within jotermediate shaft 474, proximal to sleeve 406, when sutore connector 404 is
in a loaded configuration within suture connector placement device 402 as described in more
detail with reference to FIGS. 11 and 12,

{6631} Push rod 482 is a solid cylindrical component and has a proximal end 484 that
extends into and is attached to first coupler 451 of actuating mechanism 452, as will be
explained tn more detail herein. As shown in the enlarged view of FIG. 7, a distal end 486 of
push rod 482 18 positioned or disposed proximal to a proximal end of plug 408 when suture
connector 404 is in a loaded configuration within suture connector placement device 402 as
described in more detail with reference to FIGS. 11 and 12.

180321 Actuating mechanism 4352 includes slider 454, first coupler 451 that couples
proximal end 484 of push rod 482 to slider 454, and second coupler 457 that couples
proximal end 476 of intermediate shaft 474 to shder 454,  Actuating mechanistn 452 1
configured to distally advance push rod 482 via interaction between siider 454 and first
coupler 451, and 18 also coufigured to proximally retract interrocdiate shaft 474 wvia
interaction between shider 454 and second coupler 457, Advantageously, from a user
perspective, operation of actusting mechamism 452 requires interaction with only slider 454,
with distal advancement of slider 454 being employed in the first step or stage of deployment
to push plug 408 into slecve 406 and proximal retraction of slider 454 being employed i the
second step or stage of deployment to retract intermediate shaft 474 and thereby release
sleeve 406 onto plug 408. More particularly, slider 454 1s housed within g recess 449 of the
handie such that a top surface thereot is accessible to the user and a bottom or uoderside
surface interacts with the remaining components of actuating mechanisin 452, With
additional reference to FIG. 8, shder 454 includes a proximal end 456 having a fiest knob or

boss 458 on an underside surface thercof and a distal end 460 having a pair of spaced-apart
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knobs or bosses 462A, 4628 on the underside surface thereof. With additional reference to
FIG. 9, first coupler 451 includes a lumen 453 through at least a distal portion thereof for
receiving proximal end 484 of push rod 482, First coupler 451 also includes a knob or boss
455 at its distal end that extends in an upward direction towards shider 454 for interaction ot
engagement with first knob 458 of slider 454, and a dovetail 443 at its proximal end that
extends in a downwards direction away from slider 454 for locking or sccuring first coupler
451 and push rod 482 coupled thereto in an extended configuration as will be described in
more detail herein.  With additional reference to FIG. 10, sccond coupler 457 includes a
fumen 459 there-through for receiving a proximal end 476 of intermediate shaft 474, as well
as push rod 482 which 1s slidably disposed through intermediate shaft 474 and extends
proximally to first coupler 451, A proxiral portion of second coupler 457 also includes two
spaced-apart rails 461A, 461B on opposing sides thereof for interaction or engagement with
the pair of spaced~-apart knobs or bosses 4624, 4628 of shider 454, The proximal ends of
rails 461A, 461B include grooves or notches 4654, 4658 formed thereon for temporarily
housing distal knobs 4624, 4628 of slider 454 as will be described in more detail herein.
168331 Since suture conuector placement device 402 is utihized to clamp or secure
portions of onc or more suturcs within suture connector 404, the suture portions having been
previously positioned around the border or edge of an arteriotomy of a vessel, the
componcunts of the suture connector placcment device will be further described while
simultancously describing a method of using the suture connector placement device to secure
two suture portions cxtending from an opening in body tissue with reference to FIGS. 11-20.
Referring to FIGS. 11, 12, and 124, side sectional views of suture connector placement
device 402 are shown with a distal end of the suture connector placement device abutting
against tissue having ao arteriotomy Va n the vessel wall Vo of a vessel. FIG. 11 18 an
enlarged view of only the distal end of the suture connector placement device while FIG. 12
tlfustrates handle 450 of the suture connector placement device as well, FIG. 1A is a
perspective view of a distal end of the suture connector placement device and FIG. 12A is a
perspective view of 4 portion of handle 450,

18334 In FIGS. 11, 11A, 12, and 124, suture connector 404 is in a loaded or delivery
configuration within suturc connector placement device 402, More particularly, when suture
connector 404 s 1o the leaded configaration, sleeve 406 of suture connector 404 s radially
disposed between guter shaft 464 and intermediate shaft 474 adjacent to distal end 468 of
outer shaft 464, Stated another way, sleeve 406 of suture connector 404 1s disposed on an

outer surface of intermediate shaft 474 within tumen 472 of outer shaft 464 adjacent to distal
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end 468 of the cuter shaft. Flange 405 of sleeve 406 abuts against or is adjacent to abutment
surface 469 of outer shaft 464. Plug 408 of suture connector 404 1s posttioned within fumen
480 of intermediate shaft 474 proximal of the proximal end of slecve 406. In addition, distal
end 486 of push rod 482 13 positioned proxiral to a proximal cud of plug 408, Distal cod
478 of intermediate shaft 474 is positioned flush with the distal end of sleeve 406 as well as
flush with distal cnd 468 of outer shaft 464, Side port 479 of miermediate shaft 474 15
circamferentially aligned with side port 470 of outer shaft 464. Proximal end 456 of slider
454 abuts against a proximal surface 447 of recess 449 within handle 450, with knob 458 of
stider 454 abutting against knob 4355 of first coupler 451, Second coupler 457 1s positioned
within a distal portion of handle 450 such that the distal end of sccond coupler 457 abuts
against an interior surface or stopper 441 formed within the distal portion of handle 450, As
best shown in the perspective view of FIG. 12A, distal knobs 462A, 462B of slider 454 are
positioned or housed within grooves or notches 465A, 4658 formed on the proximal ends of
rails 461A, 4618 of second coupler 457.

[6035] Suture portions 1112 arc shown positioned within the distal portion of suture
connector placement device 402 in FIGS. 11-12. Suture portions 1112 enter into a distal end
of the suture connector placerent device, extend through lumen 407 of slecve 406 of suture
connector 404, and exit suture connector placement device 402 via aligned side ports 470,
479 of outer shaft 464, mtermediate shaft 474, respectively.  Suture portions 1112 are
portions of one or more sutures that were previously positioned around the border or edge of
arteriotomy Vs in the vessel wall Vi of a vessel. Exemplary suture materials include but are
not Himited to a wmonofilament or plastic suture material, such as polypropylene. In the loaded
configuration of suture connector 404 of FIGS. 11-12, and as best shown in the perspective
view of FIG. T1A, suture portions 1112 are positioned or extend mto and through sleeve 406
via aligned side ports 470, 479 of outer shaft 464, intermediate shaft 474, respectively. In
order to position or load the suture portions into the suture comnector placement device,
suture connector placement device 402 may include a preloaded threader (not shown) as
described in U.S. Patent Nos. 8,197,497 and 8,469,975 to Nobles et al., both of which were
previously incorporated herein by reference.  The threader includes a taband a looped
wire passing through side port 470 of outer shaft 464 and between slecve 406 and
intermediate shaft 474, Suture portions 1112 are passed through the looped end of the wire,
and the tab is pulled proximally to dispose suture portions 1112 in the suture connector

placerent device through sleeve 406,

11
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[6036] Suture portions 1112 may be held in tension, by hand or otherwise, while suture
connector placement device 402 18 advanced until distal end 468 contacts and abuts against
an outer surface of the vessel wall around the border or edge of arteriotomy V4. As shown in
FIG. 11, distal end 468 of outer shaft 464 1s sized to abut against the outer surface of the
vessel wall Vy and not protrude or extend through the arteriotomy Va and into the lumen L
of the vessel. When the user is advancing suture conucctor placement device 402 to the
arteriotomy Vi, a resistance to further advancement is felt when distal end 468 contacts the
vessel wall, thereby notifying the user that the suture connector placement device is in place
adjacent to the arteriotomy V4 as desired.
166371 When it 1s desired to begin deployraent of suture connector 404, shider 454 s
distally advanced 1o order to distally advance plug 408 towards slecve 406 as shown in FIGS.
3 and 14, FIG. 13 is an ecnlarged view of only the distal end of the suture connector
placement device while FIG. 14 dlustrates handle 450 of the suture comnector placement
device as well. More particularly, when shider 454 of actuating mechanism 452 is distally
advanced or pushed forward, knob 458 of shider 454 pushes or distally advances knob 455 of
first coupler 451, thereby also distally advancing coupler 451 and push rod 482 attached
thercto. Distal end 486 of push rod 482 contacts and distally advances plug 408 through
intermediate shaft 474, Thus, distal advancement of slider 454 alse distally advances push
rod 482 and plug 408 in unison. During advancement of push rod 482, intermediate shatt
474 remains stationary with distal end 47K thereof positioned flush with distal end of sleeve
406 as well as flush with distal end 468 of outer shaft 464, Further, during distal
advancement of push rod 4K2, distal knobs 462A, 4628 of slider 454 exit or are revooved
from grooves or notches 4635A, 4658 formed on the proximal ends of rails 4614, 461B of
second coupler 457, and distal kuobs 462A, 4628 nide along or over rails 4614, 4618 of
second coupler 457. More particularly, since the distal end of second coupler 457 abuts
against stopper 441 formed within the distal portion of handle 450, sccond coupler 457 and
intermediate shaft 474 coupled thereto are fixed or locked and cannot be inadvertently
distally advanced during distal advancerment of first coupler 451 and push rod 482, With
second coupler 457 fixed, rails 461A, 4618 are leaf springs and bend or flex n a downward
direction away from slider 434 when distal knobs 462A, 4628 of shider 454 arc distally
advanced therc-over.  lu addition, sleeve 406 of suture connector 404 remains radially
disposed between outer shaft 464 and intermediate shaft 474 adjacent to distal end 468 of
outer shaft 464 doring advancement of push rod 482, Suture portions 1112 may be beld in

tenston, by hand or otherwise, during distal advancement of push rod 482 and plug 408.
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[8038] Shder 454 is distally advanced to the position shown in FIGS. 15 and 16, in which
distal end 460 thercof abuts against a distal surface 445 of recess 449 within handle 450 and
plug 408 is positioned within sleeve 406. FIG. 15 is an enlarged view of only the distal end
of the suture conucctor placement device while FIG. 16 illustrates handle 450 of the suture
connector placement device as well. FIG. 16A 15 a perspective view of a portion of handle
450.  Although plug 408 is positioned within sleeve 406, plug 408 and sleeve 406 are not
vet in contact with each other because intermediate shaft 474 is radially positioned there-
between. At this point in the method of use, shider 454 and push rod 482 are cach n an
extended position and suture connector 404 may be considered to be in a pre-deployed
contfiguration since phug 408 of suture connector 404 has been cxtended or relocated nto
sleeve 406 but 1s not yet in contact with sleeve 406, As best shown in FIG. 16A, wheuo shder
454 and push rod 482 are in the extended configuration, dovetail 443 at the proximal end of
first coupler 451 extends into or 1s housed withun a recess or notch 467 formed within handle
430 for locking or securing first coupler 451 and push rod 482 coupled thereto in the
extended configuration. With shider 454 n the extended posttion, distal knobs 462A, 462B
of slider 454 pass over or are now located distal to rails 461 A, 4618 of second coupler 457.
After distal knobs 4624, 462B of shider 454 are no longer causing rails 461A, 4618 to bend
or flex downward due to their leaf spring characteristics, rails 461A, 4018 spring upward and
assume their nominal positions, with distal knobs 462A, 4628 cngaging or abutting against
distal surfaces 463A, 463B of rails 461A, 461B. Advantageously, suture portions 1112 may
still be adjusted or tightened at this stage of deployment. Thus, if distal advancement of plug
408 causes loosening or raovernent of suture portions 1112, tension or other adjustments may
be applied to suture portions 1112 during or after the step of positioning of plug 408 within
sleeve 406.

[3039] Once suture portions 1112 have been adjusted or tightened as desired,
intermediate shaft 474 is proximally retracted i order to release sleeve 406 onto plug 408,
More particularly, when it is desired to complete deployment of suture connector 404, slider
454 1s proximally retracted in order to proximally retract intermediate shaft 474 away from
sleeve 4036 as shown tn FIGS. 17 and 18, FIG. 17 is an enlarged view of only the distal end
of the suture conncctor placement device while FIG. 18 illustrates handle 450 of the suture
connector placement device as well.  More particularly, when slider 454 of actoating
mechanism 452 18 proximally retracted or pulled backwards, the pair of knobs 462A, 4628 of
shider 454 engages or abuts against distal surfaces 4634, 4638 of rails 461 A, 4618 of second

~y
Ji
i

coupler 457, Although FIG. 15 is a sectional view and only knob 462B and rail 4618 are

13
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shown, knob 462ZA and rail 461A are mirror images of knob 46ZB and rail 4618,
respectively, as shown in FIG. 10, and as such, interactions there-between are the same.
Slider 454 thus pushes or proximally retracts rails 461A, 461B of second coupler 457,
thereby also proximally retracting second coupler 457 and intermediate shaft 474 attached
thereto. During retraction of intermediate shaft 474 knob 458 of slider 454 i3 no longer in
contact with knob 455 of first coupler 451 and passcs or slides within a space between rails
461A, 4618 of second coupler 457, such that push rod 482 remains stationary in the extended
position during retraction of intermediate shaft 474, In addition, dovetail 443 at the proxamal
end of first coupler 451 being locked or secured within recess or notch 467 of handle 450
cnsures that push rod 482 (which 1s attached to first coupler 451) 1s not inadvertently
retracted with intermoediate shaft 474, With push rod 482 locked 1o the extended position,
plug 408 remains securely within sleeve 406 during retraction of intermediate shaft 474, In
addition, during retraction of interrocdiate shaft 474, flange 405 formed on slecve 406
engages or abuts against abutment surface 469 formed within outer shaft 464 to cnsure that
sleeve 406 1s not madvertently retracted with intermaediate shaft 474, Thus, the interaction
between abutment surface 469 and flange 405 of sleeve 406 cusures that sleeve 406 is held
stationary when interracdiate shaft 474 1s retracted.

(6048 Slider 454 1s proximally retracted to the position shown in FIGS. 19 and 20, in
which proximal cnd 456 thercof abuts agamst proximal surface 447 of rocess 449 within
bandle 450 and distal end 478 of intermediate shaft 474 is positioned proximal to proximal
ends of plug 408 and sleeve 406. FIG. 19 is an enlarged view of only the distal end of the
suture connector placement device while FIG. 20 lusirates handle 450 of the suture
connector placement device as well. FIG. 20A 15 a perspective view of a portion of handle
450. With mtermediate shaft 474 removed from between plug 408 and sleeve 4406, sleeve
406 1s released to contact or clamp onto plug 408 thereby securing suture portions 1112
between the sleeve and the plug.  Stated another way, when interracdiate shaft 474 1
retracted, sleeve 406 is no longer in contact with the outer surface of intermediate sleeve 474
and slecve 406 thereby rcleases outo plug 408, thereby cnveloping, covering, wrapping
around or otherwise surrounding plug 408. When sleeve 406 is released onto phug 408, radial
protrusions 409 of plug 408 may corapress or flatten due to the contact between the sleeve
and the plug, thereby cnsuring an interference or press fit there-between. In an embodiment
hereof, sleeve 406 is formed from a resilient or elastic material such as but not limited to an
clastomer. In an erobodiment hercof, sleeve 406 is formed from silicone. In the loaded

configuration of suture connector 404 discussed above, sleeve 406 is stretched or expanded
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over intermediate shaft 474 and when intermediate shaft 474 is retracted, sleeve 406
resibiently contracts or compresses onto plug 408, At this point in the method of use, shder
454 and intermediate shaft 474 arc cach in a retracted position and suture connector 404 is in
a fully deployed configuration since plug 408 is v countact with sleeve 406 with suture
portions 1112 sandwiched there-between. Stated another way, when sleeve 406 is released
orto plug 408, suturc portions 1112 extending between the plug and the slecve arc thereby
secured or fixed relative to cach other within the formed suture connector 404,

10041} In another embodiment hereof, in order to ensure contact between plug 408 and
steeve 406 of suture connector 404 upon retraction of intermediate shaft 474, the plug of the
suture connector may be formed from a resilicnt or elastic material in addition to or as an
alternative to forming the sleeve of a resiliont material. More particularly, plag 408 may be
formed from a restlient material that 18 slightly compressed into intermediate shaft 474 such
that plug 408 is still rooveable relative to or slideable within the intermediate shaft. After
plug 408 has been longitudinally positioned within sleeve 406 and intermediate shaft 474 is
retracted, plug 408 may resiliontly radially expand into contact with sleeve 406 thereby
securing suture portions 1112 between the sleeve and the plug.

10042} Upon retraction of intermediate shaft 474, suture connector 404 is still disposed
within the outer shaft of the suture connector placement device 402 but has been decoupled
therefrom such that the suture connector remains in site when the suture connector placeroent
device is proximally retracted. Accordingly, when suture connector placement device 402 is
proximally retracted and removed from the patient, suture connector 404 remains in sifi with
suture portions 1112 sccured therem.  Since it is not required to push or gject suture
connector 404 from suture connector placement device 402, suture connector 404 may be
formed from less nigid or less stift materials than would otherwise be requived if suture
connector 404 had to be pushed or ejected from suture connector placement device 402, In
an cmbodiment hereof, slecve 406 is formed from silicone and plug 408 is formed from
coliagen. Such materials are very biocompatible and may be preferred over rigid or stiff
materials that would otherwise be required if suture connector 404 was to be pushed or
gjected from suture connector placement device 402, In another embodiment hereof, sleeve
406 and plug 408 may be formed from more nigid biocompatible materials such as but not
Hmited to polypropylene.

[6043] in addition to the material of suture connector 404, other advantages flow or resuit
from the fact siceve 406 1s resilicntly released onto plug 408 via retraction of the intermediate

shaft and there is no requirement to push or ciect the formed connector out of the device.
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More particularly, pushing or gjecting the formed connector out of the suture connector
placerment device roay vesult in pushing the suture convector through arteriotoray Va n the
vessel wall Vi of a vessel. If inadvertently pushed through the arteriotomy, suture connector
404 may contact and damage the 1oner vessel wall opposite the incision/arteriotomy. Further,
if inadvertently pushed through the arteriotomy, suture connector 404 may not result in full
closure and hernostasis at the treatment site.

13844} FIGS. 21, 22, and 23 idlustrate another embodiment of a suture connector
placement device 2101, Suture conncctor placement device 2101 includes a handle 2150 and
outer shaft 2164 and is similar to connector placement 402 described above, except that
suture connector placement device 2101 further inchudes an outcrmost shaft 2188 rotatably
disposed over outer shaft 2164, Outerroost shaft 2188 1s a tubular coraponent having a
proximal end 2190 disposed adjacent to handle 2150 and a distal end 2192 disposed proximal
to side port or opening 2170 of outer shaft 2164, Outermost shaft 2188 defines a lumen 2194
{shown in phantom in FIG. 21} there-through. Distal end 2192 of outermost shaft 2188
mcludes a cutting surface 2196 that 18 operable to sever a suture. The proximal end 2190 of
outermaost shaft 2188 inchides a wheel 2198 for rotating the outer shaft relative to outer shaft
2164. After a suture connector is formed, ie., after & plug is in contact with a sleeve with
suture portions sandwiched there-between, a user may rotate outermost shaft 2188 relative to
outer shaft 2164 via wheel 2188 and cutting surface 2196 scvers the suture portions adjacent
to where they extend out of side port 2170 of outer shaft 2164. In another embodiment, the
suture portions may be cut manually.

[6045] While various erbodiments according to the present invention have been
described above, it should be understood that they have been presented by way of illustration
and example only, and not himitation. I will be apparent to persous skilled in the relevant art
that various changes in form and detail can be made therein without departing from the spirit
and scope of the invention. Thus, the breadth and scope of the present invention should not
be Himited by any of the above-described exemplary embodiments, but should be defined
only in accordance with the appended claims and their equivalents. It will also be understood
that cach feature of cach embodiment discussed herein, and of each reference cited herein,
can be used in combination with the features of any other cmbodiment. All patents and

publications discussed herein are incorporated by refereunce herein in their entivety.
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CLAIMS

What is ¢claimed is:

=

A systern for forming a suture connector ix sity comprising:
a suture connector placement device including,

a handle having an actuation mechanism,

an outer shaft defining a lumen from a proximal end to a distal end
thercof, wherein the proximal end of the outer shaft is coupled to the handle and
wherein the outer shaft includes a side opening adjacent to the distal end thereof,

an intermediate shaft defining a lumen from a proximal end to a distal
end thereof, wheretn the intermoediate shaft s shdingly disposed within the lurnen of
the outer shaft with the proximal end of the intermediate shaft being coupled to the
actuation mechanism of the handle,

a push rod slidingly disposed within the lumen of the mntermediate
shaft, wherein the proximal end of the push rod 1s coupled to the actuation mechanis
of the handle; and

a suture connector including a sleeve and a phug,

wherein when the suture counector 18 1n a loaded configuration within
the suture connector placement device, the slecve of the suture connector is disposed
on an outer surface of the mtermediate shaft within the lumen of the outer shaft
adjacent to the distal end thercof and the plug of the suture connector is slidably

disposed within the lumen of the intermediate shaft proximal of the sleeve.

The system of claim 1, wherein the actuation racchanism perrits distal advanceraent
of the push rod relative to the intermediate shaft to slide the plug within the lumen of
the intermediate shaft until the plug is longitudinally positioned within the sleeve

thereon.
The system of claim 2, wherein the actuation rocchanism pervoits proximal retraction

of the intermediate shaft relative to the push rod to free the slecve from contact with

the outer surface of the mtermediate sleeve such that the sleeve releases onto the plug.

17
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10.

11

The system of claim 3, wherein the actuating mechanism permits distal advancement
of the push rod relative to the intermediate shaft while the mtermediate shaft is held
stationary and the actuating mechanism permuits proximal retraction of the

mtermediate shaft relative to the push rod while the push rod s held stationary.

The system of claim 4, wherein the actuating roechanism includes a shder having a
first knob at its proximal end configured to engage the proximal end of the push rod
via a first coupler and at least a second knob at this distal end configured to engage

the proximal end of the intermediate shaft via a second coupler.

The system of claim 1, wherein the distal end of the outer shaft is configured to abut

against an outer surface of a vessel wall.

The system of claim 1, further comprising:

an outermost shaft rotatably disposed over the outer shafi, the outermost shaft
having a distal end disposed proximal to the side opening of the outer shaft, wherein
the distal end of the outermost shaft includes a cutting surface operable to sever the at

{east one suture portion.

The system of claim 7, wherein a proximal end of the outermost shaft includes a

wheel for rotating the outermost shaft relative to the outer shaft.

The system of claim 1, wherein the sleeve s formed from silicone.

The system of claim 9, wherein the plug is formed trom coliagen.

A system for forming a suture connector iz sifi comprising:
a suture connector placement device including,
a handle having an actuation mechanism,
an outer shaft defining a lumen from a proximal end to a distal end
thercof, wherein the proximal end of the outer shaft is coupled to the handle and
wherein the outer shaft includes a side opening adjacent to the distal end thereof, the
distal end of the outer shaft being configured to abut against an outer surface of a

vessel wall,
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14.

an intermediate shaft defining a lumen from a proximal end to a distal
end thereof, wherein the intermediate shaft 1s slidingly disposed withio the lumen of
the outer shaft with the proximal end of the mtermediate shaft being coupled to the
actuation mechavism of the handle, the actuating roechanism being configared to
proximally retract the intermediate shaft,

a push rod shidingly disposed within the lumen of the intermediate
shaft, wherein the proximal end of the push rod is coupled to the actuation mechanism
of the handle, the actuating mechanisr being configured to distally advance the push
rod; and

a suture connector including a sleeve formed of a resthient matenial and a plag,

wherein when the sutare connector 18 1n a loaded configuration within
the suture connector placement device, the slecve of the suture connector is disposed
on an outer surface of the mtermediate shaft within the lumen of the outer shaft
adjacent to the distal end thercof and the plug of the suture connector is slidably
disposed within the lumen of the intermediate shaft proximal of the sleeve, and

wherein distal advancement of the push rod moves the plug to
longitudinally position the plug within the slecve and proxiral retraction of the

intermediate shaft releases the sleeve onto the phag.

. The system of claim 11, the suture connector placement device further including an

outermost shaft rotatably disposed over the outer shaft, the outermost shaft having a
distal end disposed proximal to the side opening of the outer shaft, wherein the distal
end of the outermost shaft includes a cutting surface operable to sever the at least one

suture portion.

. The system of clairo 12, wherein a proximal end of the outermost shaft inchudes a

wheel for rotating the outermost shaft relative to the outer shaft.

The system of claam 11, wherein the sleeve is formed froro silicone and the plugis

formed trom collagen.

. The system of claim 11, wherein the actuating mechanism includes a slider having a

first knob at its proximal end configured to cugage the proximal end of the push rod
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via a first coupler and at least a second knob at this distal end configured to engage

the proxiroal end of the infermediate shaft via a second coupler.

16. A macthod for securing two sufure portious extending from an opening in body tissue,

the method comprising the steps oft

positioning the two suture portions within a sleeve of a suture connector,
wherein
the sleeve is disposed within a suture connector placement device including an outer
shaft with a side opening proximal to its distal end, an intermediate shaft slidingly
disposed through a lumen of the outer shaft, and a push rod slidingly disposed
through a lumen of the 1ntermediate shaft, the sleeve of the suture connector being
disposed on an outer surface of the intermediate shaft within the lumen of the cuter
shaft adjacent to the distal end thereof and the plag of the suture conuector being
shidably disposed within the lumen of the intermediate shaft proximal of the sleeve;

advancing the outer shaft until the distal end of the outer shaft abuts against an
outer surface of the vessel wall and surrounds the opening of the body tissue;

distally advancing the push rod relative to the intecrmcediate shatt to slide the
plug within the lumen of the intermediate shaft until the plug is longitudinally
positioned within the sleeve theroon;

proximally retracting the intermediate shaft relative to the push rod to free the
sleeve from contact with the outer surface of the intermediate sleeve such that the
sleeve releases onto the plug, thereby securing the two suture portions between the

sleeve and the plag.

17. The method of claim 16, wherein tonsion is applicd to the two suture portions while
advancing the outer shaft and tension is applied to the two suture portions while or

after distally advancing the push rod.

18, The method of claim 16, further comprising:
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9.

cutting the two suture portions proximal to a proximal end of the suture
connector via an outermost shaft rotatably disposed over the outer shaft, the
outermost shaft having a distal end disposed proximal to the side opening of the outer
shaft that mchudes a cutting surface operable to sever the two suture portions, wherein

the cutting step occurs after the step of proximally retracting the intermediate shaft.

The method of claim 16, whereby upon retraction of the intermediate shaft the sufure
connector 18 decoupled from the suture connector placement device such that the
suture connector remains in place when the suture connector placement device is

proximally retracted.

. The method of claim 16, wherein the suture connector placement device includes a

handle having an actuating mechanism that 1s configored to distally advance the push

rod and proximally retract the intermediate shaft.
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FIG. 1 (PRIOR ART)
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