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FIG. 9A

(57) Abstract: Methods and devices for driving a suture assembly employing elastically pre-shaped needles for piercing a tissue.
The pre-shaped needles are held in a constrained state and can revert to a natural pre-shaped state prior to or during ejection from
the device before entry into tissue allowing for the suture to follow a defined path similar to the pre-shaped needle such that re-
moval of the needle allows for subsequent securing of the suture in or around tissue.
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METHODS AND DEVIC

'S FOR DELIVERING SUTURES IN TISSUE

CROSS-REFERENCE

{0001] This application is a non-provisional of U.S. Provisional Application No.: 61/135479. .

filed 7/22/2008, and entitled “Awtomated Swtaring Device for Apical Closure™ the entirety of

which is incorporated by reference herein.

BACKGROUND OF THE INVENTION

{B8002] The present invention relates generally to systems and methods for the driving of a needie
or suture through or into body tissue (typically, the needle will be affixed to a suture that
remains in the Hssee) using a catheter, introducer or other ninimally fevasive means. The
methods and devices described herein can be used in any manber of medical procedures,
including but not limited to, approxmmating tissue {¢.g., bring separated tissue together), ligating
tissue {e.g., encircling or tving off), and fixating of tssue (attaching tissue © another structire
or different tissue).

{0083] Commonly known sufure systems mechanically drive needles thry the @issue wall o create
passage for a suture, Such mechanisms are often complicated and require a skilled operator. In
addition, the conventional mechanisms can mvolve many procedural steps 1o mampulate a
acedlic to conform to a path to properly position the suture o tissu.

{0004] Conventional sutare driving systems used for wound closure provides one example of
existing suture driving systems. Such wound closure systems are used i transhaninal medical
procedures that are seeing a rise iy popularity due to the redaction in surgical damage to
healthy tissae, decreased recovery time, and ultimate cost savings to the patient associated with
these procedures.

{0003] These translununal procedures typically require a puncture inte a body lamen and #hrough
the overlyving tissue for the passing of catheters, gwide wires, laparoscopes, endoscopes,
vascular devices, ete. as required by the particulay procedure. The punctores are created with
mstruments such as access needles, trocar, introducer sheaths, or ather access devices and may
measure from 1 o upwards of 15 mum in diameter, After completion of the procedure, the
physician can utilize a closure system to close the puncture quickly to prevent further bleeding.

[0006] Manoal compression of arterial or venoas punctures s a common closure technique and an
alternative to such closure systens. In this closere technique, medical personned apply
continuoas pressure to the wound site allowing the blood to eventually clot sufficiently sealing
the woand. However, this technique is typically very time conswaning, requires the patient fo

bedridden for an extended time, and is not appheable for punetures over 4num. The fonger
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recovery time nereases overalt cost and decreases patient satisfaction.

{0007] Swiures romain the preforred method of seating sach wounds, but the fimited access and
small size of the typical wound formed during a translununal procedure complicates the task of
seating these wounds,

{0008 Generally, a physician must introduce a sutwre needle through the tissee tract and into the
body hemen, position the needle, then passed the needie through tissue pulling the setwre
through as welll A nember of devices are disclosed in ULS. Pat. No. 5,374,275 to Bradley et
al., U.S. Pat. No. 5364408 o Gordon, ULS. Pat. No. 5,320,632 to Heidmaeller, ULS. Pat. No.
5403 329 to Hincheliffe, US. Pat. No. 5368601 to Sauer et al., No. 5431666 to

Auer of al. and international publications WO 94713211 and WO 93713021 cach of the above

references is incorporated by reference herein.

{H009] While these devices allow for sealing of the wound and driving the suture and needle
through tissue, they are relatively complex and employ a sigmificant number of moving pants.
Agcordingly, these devices are relatively costly to produce and are prone 1o mechamical fatlure.

{0016} U.S. Patent Nos. 5,527,322, 5792 152 6,206,893, and 6,517,553 all 1o Klein U.S. and Pat.
Ne. 3972 003 to Stalker (cach of the above references is incorporated by reference herein)
deseribes devices emploving flexdble or pre-shaped corved needles that are deformed from a
natural shape during msertion or during advancement in tissee to close a puncture wound, LS.
Patent No. 7,377,926 to Topper of ab. {incorparated by reference herein) teaches another system
for inserting & needle. In thus variation, the insertion device houses a bendable needle in one of
the jaws and is adapted to cary a suture

{0011} Howoever, systems, sach as those deseribed above often deform a needie to drive a suture.
Deformation of the ncedle in this manner often results in device matfunction when placing the
suture, of requires sigiuficant additional complex components to cusure proper movement of
the needle and suture as desired. Accordingly, there remains a need for a simple mechamzed
device and method to accusately and precisely drive a suture through tssue 1o a constrained
space such as s required i less invasive procedures,

{0012} Such systers can also perform closure of openings in organs, whether to repair a defeet, to
close a wound, or 1o close an incision made in the organ for the purpose of accessing the organ
to perform a separate medical procedure. As one example, when performing valve repair or
replacoment within the heart, 2 surgeon can access an apex of the heart after performing a
tharacotomy or a mini-thoracotonty. The thoracotomy allows the surgeon to manually close
the opening in the heart tissue via a suture pattern. Such a pattern can include one or more
conceniric purse string suture patterns (o enswre closwre of the opening into the heare.
Pereutancous access to the beart to perfornt such valve procedures results in many of the sanme

henetits as other percutancous procedures. Nawely, reduced complications, cost and recovery
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time on the part of the patient. However, percutancous access leaves the surgeon with a small
access path to close the opeming i the heart.

{0013] The anatomical structure of the apical area permits the introduction of various surgical
devices and tools mto the heart withowt significand disraphion of the natural mechanical and
electrical heant function. Access 1o the heart through the femoral vessels in percutaneous
methods is limited to the diameter of the vessel {approximately 8 mm). However, access to the
heart through the apical arca altows for a significantly larger access path {approximately 25
num). Thas, aptcal access to the heart permiis greater floxibility with respect to the types of
devices and surgical methods that may be porformed in the heart and great vessels. Such access
is disclosed in Bergheum US Patent Applcation 20030240200, the entirety of which s
meorporated by reference, Accordingly, there rensains a need for a sumple mechanized device
that can accurately and precisely drive a suture through tissuc allows the surgeon to close the
feart tissue and complete the procedure 1 a perautancous manner,

{0014] In addition, the methods and svstems desertbed herein have addivonal uses other than
closure of tissue. In another cmmpl& LS. Patent Application No. 20070203479 1o Auth et al,
{incorporated by reference herem) desceribes methods and devices, and systems for the partial or
complete closure or occlusion of a patent foramen ovale ("PFO™). An improved suture driving
device can be used for fixating tissue and climinate the need for such implantable devices.

{0018} Accordingly, the need continues fo exist for an improved sutaring systems and mothods

that drive a suture for approximating tissue, ligating tissue, and/or fixating of tssue.

SUMMARY OF THE INVENTION

{0016] The following deseription inchudes an example of the methods and devices within the scope
of this disclosure. 1t 15 also contemplated that combinations of aspecis of various embodiments
as well as the combination of the various cishodiments themselves s within the scope of this
disclosare.

{0017} In one varation, the invention includes a suture driving assembly for positioning a sutwe in
a4 tissue section, the assembly comprising at feast one needle assembly having a tssue prercing
end distal to an clongate shaped section, the elongate shaped section having a curvilinear shape,
the clongate shaped section being elastically deformable when restramed into a stramed state
arud upon release assumes the awrvilinear shape, the suture coupled fo the needle assenibly: a
main body having a tissue engaging surface at a distal end, at least one constraining channel
and at least one retrieving channel cach of which having an opening at the tissue engaging
sarface; such that when the clongate shaped section of the needle assembly is In the restraining
partion, the clongate shaped section is deformed o the strained state and when the elongate
shaped section advances through the geide sepment portion, the elongate shaped section

assames the curvilinear shape, upon continued advancement the elongated shaped section exits
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through the openmg of constraining channel in the curvilinear shape; a suture retriever
assembly located in the needle retrieving channel

{0018] The suture driving assemblies described herein can optionatly inchude an expandable
member axially moveabie relative to the tissue engagng surface, the expandable momber
having a first reduced profile and an expanded profife, where in the reduced profile the
expandable member can advance through an opening in the tissue section and wheve the
expandable member can be withdrawn toward the tissee sepporting face to secure the tissue
section therebetween.

{0019] The needle assembly as well as the number of needle assemblies ean vary depending upon
the type of suture stitch requived. For exwmple, the device can inchade a single necdle assembly
having a single shaped section or nultiple shaped sections. In alternate variations, the
assembly comprises two or more needle assemblies. The necdlc assemblics as well as the
shaped portions used in any particular sutere driving mechanism need not have the same shape.
Instead, a single suture driving assembly can ase needle assemblies of differing shapes at the
sane fime. However, the spacing and relation of the constratiing channel and the retrieval
channel shall be adiusted to accommedate a particolar shape and configuration of a particular
needle assembly.

{0020] In cortain vatiations, the constraining chanael can inchade a first cross-scctional shape and
the guide segment has a sccond cross sectional shape, where the first and sccond cross-sectional
shapes are different, where the second cross sectional shape permits at least a part of the shaped
section of the needle assembly entering the qude segment to revert to the curvilinear shape
prior o entty into the tissue.

{0021] The sutures used in the devices and methads described heran can include 3 needle
assembly comprising a needle lumen extending through at least the tissue plerang end and
where the suture is removably nested within the needle lumen. In additional variations, the
suture can be located extenior to the needie assembly so that a first free end of the suhwe is
inserted into the needle lumen at the fissue piorcing end. In avother variation, 3 single suture
can be atfixed at both ends to 2 needle assermbly where the needle assembly conyprises two
shaped sections with each having a tissue piercing end.

{0022] Setures used in the present devices and methods can be front loaded into a needle
assembly. As a result, a suture retricver assembly can remove the sutre from the needle
assembly via a front portion of the needle assembly. In one example, the suture retrigver
assembly comprises at least one pawl member that reduces an openng of the retrieving channel
to less than a size of the needle assembly and sutwre, where the pawl member 15 biased to allow
mavement of the needle asseinbly and suture i a first direction and resist movement of the

ncedle assembly and sutwre i a scoond divection, where regrward movement of the needic
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assembly from the retrieving chamnel canses the paw member to compress and retain the sutore
within the retrieving chansel.

{0023] Alternate suture retriever assembly can include structures selected from the group
consisting of a set of jaws, a recessed noteh, pawl, funnel, eatch cloth, magnetic coupling
device, finger trap, or other gripping mechanism.

{0024] The devices of the present disclosure can inchude one or more vacuum humens at the tissue
engaging surface for scouring tissac thereagainst. Alternately, or in combination, the tissac
engaging surface can inclade a bonding agent for secaring tissue thereaganst,

{0025] The devices described herein can be combined with varions other medical implements to
aic in the closare of tissue. For example, the devices can inclade one or more pledgets that
removably positioned on the tissue engaging surface for placement at the openiny in tissue,

{0026] In another vanation, a swiare driving assembly for closing an opening in a tissue section
can inclade a fivst needle assembly having & tissue plevemyg end distal and being elastically
deformable when restrained into a strained state and apon release assumes the curvilinear
shape; a suture exterior to the needie assembly and baving at feast one end front-loaded into a
needle famen of a first tissue picreing portion of the first needle assembly; a main body having
a tissue engaging surface at a distal end, at least one construining channel and at feast one
refrieving channel each of which having an opening at the tissue engaging serface; where the
constraining channe! extends through the main body and comprises at least a resteaining povtion
having a profile to mmntain the needle assembly into the strained state and a guide segment
portion adjacent to the constraining channel opening and having a profile to release needle
assembly into the cuwrvilinewr shape when advanced therethrough and wpon continued
advancement the needle assembly exits the opening of the constraining chanuel in the
curvilinear shape; a siture retriever assembly focated v the needie retrioving channel and
comprising a pawl mechanisny, where the paw! mechanism interferes with the front loaded
suture and needle assembly when advanced therein, where rearward movement of the front
loaded suture and necdle asscmbly causes the pawl fo engage the suhwre 1o retain the suture
within the needle retricving chaonel; and an expandable member axially woveable relative o
the tissue engaging surface, the expandable member having a first reduced profile and an
expanded proﬁie, where in the reduced profile the expandable member can advance through an
opening & the tssue section and where the expandable member can be withdrawn toward the
tissue supporting face to sccure the tssue section therebetween when expanded.

{0027] The present disclosure also includes methods positioning a suture in a wall of an organ to
close an opening i the wall, In one vanation, the method includes placing a main body
adjacent to g proximal side of the tissue, where the main body conprises at least one needle

assembly coupleable to the suture and within a constraining channel located in the main body,
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where the needle assembly comprises n tissue piercing end distal to an clongate shaped section,
the elongate shape section having a cwrvilinear shape, the shaped section being clastically
deformahlc mio a strained state within the constraining chansel, and a suture coupled to the
needic assembly, the main body further including a tissue engaging surface; advancing an
expandable member throngh the opening in the organ when the expandable memberisina
reduced profile; expanding the expandable member to an expandable profile; posttioning the
wall of the organ botween the main body and the expandable membey; advancing the needle
assembly from the constraining channel nfo a guide segment, where the guide segment permits
the shaped section of the needie assembly located therein to revert to the curvilinear shape prior
to feaving the gaide segment and entering the wall of the organ; driving the needie assembly
through a proximal side of the wall of the organ, such that the shaped section moves through
the curvilinear shape so that the tissue piercing distal end and suture re-enter the main body at a
retrieving chamael; filly reducing the expandable member into a reduced profite; and
withdrawing the main body.

{0028] In another vaniation, the method may further include advancing g plurality of needie
assembly pairs, where cach needle assombly pair is coupled to an end of 3 suture and where
each needle assembly advances from a respective constraining channel into a respective guide
segment, where the guide segment permits the shaped section of the respective needle assembly
located thorein to revert to the corvilinear shape prioy to feaving the respective guide segment
and enter the wall of the organ; and where the plarality of needle assemblies move through the
carvilinear shape so that the tssue prercing distal end of each needle assembly pair re-enter the
main body at a respective rewieving channel.

{0029] As described above, the method optionally includes the use of front-loaded sutwres. Such
sutures allow for securing the sufure i the retrieoving channel by advancing the needle
assembly and sutwre against g pawl mechanism such that the pawd mechanism compresses the
suture 1o retain the seture while allowing the needle assembly to be withdrawn back into the
constraining chanoel.

{00360] The methods can include positioning the wall of the organ between the roan body and the
expandable member by axially moving the expandable member relative to the tissue engaging
surface to captare the wall of the organ therebetween, To farther stalnlize the deviee, the
method can include partially reducing the expandable member and positioning the partially
reduced expandable member o the opening.

{0031] In another variation, the methods can include positioning o suture within a tissue of the
heart for closing an opewng in the heart. Such method can comprise placing a main body
adjacent to an exterior surface of the heart, where the mam body comprises at least one needle

ssembly coupled o the suture and within a constraining channel focated in the main body,
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where the needle assembly comprises n tissue piercing end distal to an clongate shaped section,
the elongate shape section having a curvilinear shape, the shaped section being clastically
deformahlc mio a strained state within the constraining chansel, and a suture coupled to the
needic assembly, the main body further including a tissue engaging surface; advancing an
expandable member through the opening and info the heart when the expandable memberis in
a reduced profile; expanding the expandable member to an expandable profile; positionmng the a
portion of the heart between the main body and the expandable member; advancing the needle
assembly from the constraining channel nfo a guide segment, where the guide segment permits
the shaped section of the needie assembly located therein to revert to the curvilinear shape prior
to feaving the gaide segment and entering the wall of the organ; driving the needie assembly
through a proximal side of the wall of the organ, such that the shaped section moves through
the curvilinear shape so that the tissue piercing distal end and suture re-enter the main body at a
retricving chamel; reducing the expandable member into a reduced profile; and withdrawing
the main body.

{0032] In certain varfations, the suture driving assembly can be used to ditve a needle without any
suture. In such a case, the needle may be left within the tissue (fo be removed later, to be
absorbed by the native tissue, or for permanent placement.} Accordingly, needle driving
assemblies having the same or sipnlar structures disclosed herem are within the scope of this
disclosare.

{0033] Additional suture driving assemblies are deseribed in U.S. Patent application no.
127188430 entitled METHODS AND DEVICES FOR DELIVERING SUTURES IN TISSUE

filed on Augast &, 2008, the entirety of which is incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

{034] Fig. | shows an example of a suture driving assembly.

{0035] Fig. 2A shows an sometric view of one variation of a needle or needle assembly with a
back loaded suture.

{0036] Fig. 2B shows a side view of the needle assembly of Fig. 2A.

{0037 Figs. 2C to 2F show variations of front loaded sutares.

{0038] Fig. 2G shows a variation of a needle assembly having two curved sections affixed toa
single suture.

{0039} Fiy. 3A iHustrates a partial cross sectional view of a distal portion of a suture driviag
asscmbly.

{0040] Fig. 38 shows the distal povtion of a suture driving assembly with the seedle assembly
advanced through guide segments of constraimng channels within the main body.

{004 1] Figs. 4A o 4F hustrate a needle assembly advancing at a working surface of a main hody
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of a suture driving assembly.

{0042] Figs. 34 and 5B Hustrate the needle assembly and suture respectively after actuation of the
assembly.

[0043] Figs. 5C and 5D Hlustrate an example of a laced suture driven by a needle assembly after
passing through tissue abowt an opemmg in the Hissue.

{0044 Fugs. 6A 1o 6C provide another example of a configuration of a main body having two pairs
of constraining and retrieval channels to produce a desived stitch

{0045] Figs. 7A and 7B illustrate examples of needle or sutare retrieval devices.

[0046] Figs. 8A to 8D iflustrate an example of a sutare retrieval device used to retrieve 8 front-
loaded suture,

{0047] Figs. 8E 1o 8G illustrate another example of a suture retrieval device used to retricve a
front-loaded suture.

{004B] Fig. 9A shows another example of a sutare driving assembly baving a device that extends
within a main body of the assembly along with a dilation device.

{0049] Fig. 98 illustrates the suture driving assembly of Fig. 94

[0050] Fig. 9C shows an example of a dilation device.

{0031} Fig. 9D ilustrates a fromt view of the sutare driving assembly of Fig, 9B,

{0052] Fig. 9E is a perspective view of a tissue engaging surface of s suture driving assembly
where the needle assemblics and sutures are extended from the constraining channels in the
main body.

{00S83] Fig. 9F illustrates an introducer and dilation device that can be advanced through the sutwre
deiving assembly of Fig. 9A.

[0054] Figs. 10A o 10F tlhustrate an example of @ suture driving assombly whew ssed to place a
suture i an organ. In the present example the suture s used 1o temporanly secure an access

sheath for performing an additional procedure within the heart.

DESCRIPTION OF THE PREFERRED EMBODIMENT

{0035] The above variations are intended o demonstrate the various examples of embodiments of
the methods and devices of the invention. It 1s understood that the embodiments described
above may be combined or the aspects of the embodiments may be combined inthe claims,

{IS6] The present invention relates generally to systems and methods for the driving of a needle
or suture through or info body tssue (ypically, the needic will be affixed to 3 suture that
remains i the tissue) using a catheter, introducer or other nunimally mvasive means. The
methods and devices described herein can be used in any munber of medical procedurcs,
inchuding bat not limited to, approximating tissee {e.g., bring separated tissue together), Hgating

tissue {v.g., enciccling or tying off), and fixating of issuc (attaching tissue to another struchaoe
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or dhiferent tissue).

{0057] As noted herein, the sutwre driving methods and asscmblics described are discussed in
refation o vascular wound closwre allowing a phyvsician to quickly, casily, and accurately nsert
a suture immediately following the procedure o provent excessive blood loss by the patient, 1o
addition the suture driving methods and devices can be nsed in various other areas (such as
cardiology, vrology, gyvnecology, or other vascular surgery applications) to approximate, hgate,
or fixate tissue.

{HISB] Fig. 1A shows an example of a suture driving assembly 108, i this vanation, the suture
driving assembly 188 mcludes a main body 182 coupled to a handle portion 184, The handle
portion 104 can inchude any number of actuating triggers or levers 186, 108 wheve each lever
functions to drive and/or retract the needle assembly to or from tissue. In the Hustrated
example, the necdles are driven through the tissue or “thrown” via a trigger assembly 106,
Onee the needles are throws through the tssue and the = sutures are in place, the needle and
sutwre withdraw nto the device using a retrieval mechanism 108, Alternatively, variations of
the device mnclude passive refrioval asscmblies that decouple the suture from the neodle
assembly once the suture is properly placed through tissue. The needle asserably can then be
retracted back into the main body leaving ondy the suture affixed within one or more retrieval
channels 112, Other variations of the device inclade passive retricval assemblics where the
thrown needle picks up the stored suture and retricves the satwre to properly place it through
tissue. In addition, the handie portion 104 can also mnchude ports or couphings for fluid,
suctiondvacuum, drug delivery, or stmilar ems that require couphing to the device 102,

{089 Ag discussed below, the main body 182 of the setwring driving assembly 168 inclhudes any
mumber of constraming channels 110 and retrieval channels 112 that open at a tissue engaging
surface 114,

{060] The suture driving assembly 100 drives one or more pre-shaped needles (not shown in Fig.
1) through tissue i 2 manner that allows the pre-shaped needle to revert to ts natural state or
shape prior to enfering tissue. This aspect allows the neadle to be fivst muaintained in a pre-
deplovinent shape within g constraining channcl 116 and vet deployed from the assembly 100
in the natural state. Such deplovment pernuts the needle {and any attached suture) fo pass
through tissee in a predetermined path as defined by the nataral shape without requiring
deformation of the needle.

{0061] The suture driving asscmbly 108 of the present variation can also melude an expandable
device 200, In the illustrated example, the expandable device 280comprises an expandable
member (in thig variation the expandable member i a balloon but the expandable member can
be an expandable spline basket, an expandable funnel, a stent-like structure, ete.) 202 affixed to

a shaft 204. Additional variations include an expandable momber 262 comprising a mechanical
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basket, o fan shaped element, or any sumber of expandable structures commonty used in
medical applications (0 secure Ussue to a pamicular sarface.

{0062] The shaft 204 can be axially moveable relative fo the main body 182 so that tissue can be
captwred between the expandable member (or balloon) 202 of the expandable device 208 and
the tissue engaging surface 114, Snch movement can occur via a surgeon withdrawing the
proximal end of the expandable device 2000 Moreover, the vartations of the assembly 186 can
include vartous mechanism to lock the position of the expandable portion 202 with respect o

the tissue engaging swrface 114 so that a surgeon does not need to maimtain constant tensile

force on the expandable device 200, In addition, the expandable device 200 can include a
guide wire humen to assist in placing the expandable member 202,

{0063] As noted above, the tissue engaging sarface 114 can also inchude any number of means ©
assist with securing tissue 2 against the tissue engaging surface 114 of the main body 102, For
example, the tissue engaging surface 114 can include 2 number of vacuum or suchion ports to
affix tissoe to the surface 144, Moreover, the tissue engaging surface 1314 can be rough,

channecled, ot have other relief contours to move Huid or other substances away from the
surface.

[0064] Figs. 24 and 2B show isometric and side views of one variation of a needle or needle
assembly 98, As will be discassed below, the suture driving assembly 108 can include any
aember of needles or needle pans depending upon the desired application.

{0065] The needic assembly 90 typically comprises a tissue piercing end 92 distal to an clongate
shaped section 94, The guide or shaped segment located within the main body allows the

elongate shapod section 94 o revert 1o s patural shape prior 1o epiering Hssue as the piereing
crud 92 and shaped section 94 exits from the mam body. The needle assembly 90 also includes
a suture 8¢ coupled therete. The shaped section 94 of the necdies of the present devices
includes o curvilinear shape, This shape can be planar {such as a curved needle), or can he

three dimensional (as shown by the helix curvilinear shape that wraps about axis A). As noted

above, the shaped section 94 of the needle assembly 99 conyprise criter tine €, In certain
vartations of the device, the angular bend of the shaped section 94 maitches a conterline of the

guide or shaped segment located to pernut the shaped section 94 to revert {o the natural
curvilinear shape from a constramed state.

{0066] In addition, the shaped section 94 of the needle assembly 99 i3 elastically deformable into a
pre~deployment shape when i the constrained state. Upon release, the shaped section 94
assumes s pre-set curvilinear shape. The needle assembly 98 can also nclude various features
to aid w removal of the needle or suture from the body. For in certain vaniations of the device,
the necdic asserbly 98 can include a noteh, groove, or shoulder adjacent to the tissue piercing

tip 92 where the notch 95 increases the ability of a retrieval assembly to withdraw the needle
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andfor suture. Asilustrated, a suture 88 can be “back-fed™ into the shaped portion 94, The
spture 86 can be glued, crimped, or otherwise affixed 0 the shaped portion 94,

{0067] In some vartations, it is desirable to have a needle assembly that does not contain any notch
or operings that create arcas of nercases stress and create a risk of fracture areas. Accordingty,
Figs. 20 ta 2F illustrate side views of needle assemblies having a “front-foaded” suture 86, As
used herewn, a front-loaded sutare 1s one that can be removed from a front ov tissue piereing end
of the needle assembly. This configuration does not regaire the needle to be withdrawn
through the retricval channels in main body. Instead, once the needle assembly delivers the
suture 1o the retrieval chamael, because the suture is front loaded, 1t can be decoupled from
the needie body at a front or tissue prercing portion. Such front-loaded sutures can be used
with vartations of the present suture loading device. Fig. 2€ iHostrates a sufwre 80 that is front-
loaded into & Tumen 93 of the needle assembly 90, The bend 86 of the suture 860 as it exits the
tumen 93 bolds the suture 80 against the shaped needle portion 94 cauging the suture to reside
within the humen 93 adjacent to the tissue piercing end 92, Once the suture 1s advanced into a
refrieving channel in the main body, retraction of the shaped section 94 causes the suture 86 to
1ift or decouple out of the lumen 93, Fig, 20 dlusirates a suture 86 as having ap opening or
aperture 82 that can be hooked onto the tissue piercing end 92, Fig. 2F illustrates a cape 84 that
is removably scated on the tissue piercing end 92, Clearly, any means of affixing the sature in
a front loaded manney i3 within the scope of this disclosare. In such front-loaded
configurations, rearward movement of the shaped portion 94 when the sotwre is held such as i
the retrieval channel causes the suture 80 o detach from the tssue plercing end 92, The sutures
of the front-loaded needle assembly vanations extend along an exterior surface of the shaped
portion of the needle, As a result, the shaped portion 94 can be retractod or withdrawn while
the suture 88 can be advanced into the device and ultimately scowred or otherwise tied to
accomplish closure of the opening in tissue.

{068] Fig. 2F ilhustrates another front-loaded sature design where the suture extends throwsh the
shaped scction 94 of the needle assembly 99, The subwre 80 can have an optional bend 86 tw
securs the sufure 8 against the needle assenibly 90 during advancement. Alterastively, the
needle asscmbly can have an increased frictional surface in the necdle lomen to maintan the
suture within the needle lamen when advancing the needle assembly through tissue. The
remander of the sutare 80 extends throagh the shaped section 94 and out of a proximal end of
the shaped section 94, Once the tissue picreing end 92 enters a retrieval channel, a suture
retrieval device can secure the sutare so that the needle assembly 90 can be retracted into a
constraiming channel.

{0069} Although the needles are shown having a helical shape, any munber of curvilinear shapes

are within the scope of the disclosure. For example, the shapes mav be in a single plane or
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extend to form a 3-dimensional shape. In addition, the curvilinear shapes may have a plurality
of curves, a single curve, andfor can be 3 partial civeular shape.

{0070] The tissuc picreing end andfor curved shaped section 94 can be comprised of a spring steel
or other alloy that is set into shape, Alternatively, memory allovs can be emploved. Such
alloys elude superelastic nickel-titmuam (NiT1, copper-abmminum-nickel (CeAINT, copper-
zinc-aluminem {CuZnAl), or other shape memory alloys that are well known i the art

{0071} Fig. 20 shows a variation of a acedic assembly having two shaped sections 94affixed to a

single suture 80, This particular configuration is wsefud to produce & “mativess™ stitch pattern.
rie suture 88, 11 ticul figurat ful ¢ d it " stiteh patt

Accordmgly, the associated suture driving assembly 108 will mclude nwidtiple constraming
channels as well as guide seuments.

{B072] Fig. 3A illustrates a partial cross sectional view of a distal portion of a sutwe deiving
assembly 100, As shown, in this variation, the main body 102 includes a main lumen 118
through which the expanding member 202 and shaft 204 can advance. The main body 102 also
includes any musber of constraimng channels 110 that teromnate at & tissue engaging surface
114 of the wain body 182, The constraiming channel 11 can extend fully or partially through
the main body 102, A neodle asscmbly, and in certain variations a suture, can he loaded within
the constraming channel 119 {(though for the sake of illustration the soture and needle assembly
are omitted from this figare). The constraining channel 110 comprises af least a restraming
portion 111 having a profile to mainain the clongate shaped section into the strained state. In
the iHlustrated variation, the guide portion is lincar. Howewver, variations of the device include
restraming portions 111 having a variety of shapes.

10073] The restrning portion 111 of the constraining channe! 110 transitions o a guide
segnient 113 that is adjacent to the tissue engaging surface 114, The guide segment comprises
a shape or a profile that matches the awrvilinear shape of the shaped scction of g necdle. Asa
result, as the needle exats the main body, the needle passes through o puide segment having a
carvilinear shape that allows the shaped section of the needle assembly to revert to s
wnconstrained curvilinear shape. Therefore, the acedic asscrably passes through fissue in its
wnconstrained state o the retrieval chaonels as illustrated below. Fig, 3B Hustrates the shaped
section 94 of a needle assembly as it passes through the guide segment 113 of a constraining
channel 116. Onec the needle assembly 90 15 advanced a sefficient distance, the tissue piereing
endd 92 enters the retrieval channel 112, As discassed below, the needie assembly 96 can be
advanced through the retricval channel to a retrieval device (not shown) that pulls the needle
assenbly and suture through the main body. Alternatvely, the needle assembly 90 can be
retracted back into the constraining channel 119 leaving the seture secured within the retrieval
channel 112, Doing so prevents the need of having to refricve the entire through the main

hody, Instead, the needle assembly 96 can be withdrawn or retracted into the main body so that

12



WO 2010/011777 PCT/US2009/051442

only the suture(s) must be retrioved through the main body.

{0074] Fig. 4A lustrates a perspective view of a working end of 3 main body 182 of 3 satwre
driving assembly 100, As shown, the main body 142 can include a tissue engagmyg surface 114
having a number of constraining channels 110 and retrieval channels 112 with respective
operings in the tissue engaging surface 114, The nmber and spacing of the constraining and
refrieval chapnels 118 and 112 wall vary depending upon the type of stitch or sutare pattern
sought. In addition, the sizing of the openings of the constrainimyg and retrieval channels 118
and 112 can also vary.

{075] As discussed above, the tissue engaging surface 114 can be flag, fimneled, concave (as
shown), o otherwise shaped to ensure proper tesue contact for insertion of & sutare.
Morcover, the tissue engaging sweface 114 can include protrusions 116, channels, or other
features to allow fluid to move away from the tissue engaging surface or o better compress the
aren of tssue 1 which a needle assembly is to be placed. The main body 182 can also nclude
features such as chamels 122 o divect the needle assembly through tissee. Forthermore, the
main body 182 can mclude a main fumen 118 for delivery of an expanding device {not shown}
as wedl as other medical tools/devices. Such g lumes 118 is required in those vartgtions of the
device configured for perfornmng procedures within an organ or providing an access path
within the organ. Fig. 4A also shows a reliefl opening 123 between the openings of adjacent
constraining channels 110, A relietis typically used 1n vanations of the device having a single
suture joined to two needle assemblies 99, The relief opening 123 allows a suture that is joined
by two needles to exit the main body when the suture 18 held within the mam body 102, As
shown below, vanations of the main body 182 can inchude one or move suture refief operuings
on a side as well,

{0076] Fig. 48 illustrates the main bady of Fig. 4A after 3 needle asserubly 98 having two shaped
sections 94, 1 advanced from constraining channels 118 of the main hady 102, As discussed
herein, the constraining channels 116 can contain a scgment adjacent to the opening i the
fissue engagmyg surface 114 that allows the shaped section 94 of the needle assembly 98 to
revert to its unconstrained state. This allows the needle assembly to pass through tissuc m a
manser that is pre-determined by the curvilinear shape of the needie assembly 98, In the
ustrated example, the needle asscmbly 98 is similar to that shown in Fig. 2G. As a result,
the illestrated example, as the shaped scetions 94 revert to their unconstrained shape or profile,
they orient in a helical curvilinear shape. In order to frther direct the needle assembly 96
towards a respective retrieval channel 112, the nssue plercing end 92 of the shaped section 94
enters a guide path or gwide channel 122, As shown in Fig. 4C, the guide path 122 deflects the
shaped scction 94 towards the retricval channel 114 such that continued advancement of the

ncedie assembly 99, Fig, 40 dlusirates the device of Fig. 40 where the tissuce piercing cads of
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the needle assembly 98 are advanced into the retrieval channels 112w the main body 182

{B077] Figs. 44 to 4D tlustrate one example of a sutwre advancing device where the sature
follows the shaped section 94 of the needle assembly 90, However, as discussed above,

variations of the device can include sutures that are front loaded within the needie assembly.
Fig. 4F sHustrates such an example after the needle assembly 99 is received within the retrieval
channel 114 a seture 80 extending along an exterior of the shaped section 94 of the needle
assembly 90.

{78 Figs. SA and 5B dlustrate partially cross-sectional porspective view of a man body 102
having a ncedle assembly 98 with two shaped sections that is advanced between guide
seaments 113 of a constraisng channels 110 and retrieval channels 112, As shown, the
shaped portions of the needle assembly 98 are coupled by a single sutare 80, As a resolt, as the
needle asscmbly 90 leaves the constraining channels 118, the mid section of the suture exits the
main body 162 via a sutere rehef opening 123, The ends of the suture 88 are located within the

retricval channels 112 where any number of mechanisms can be used to withdraw the suture

{0079] Figs, 3C and 5D tlustrate respectively, the path of a vanation of a needle assembly 90 and
suture 88 when advanced in the manner shown in Figs. 3A and 5B for closing an opening 6 in
tissue 2. To clarity the path of the sutere and needle assembly, the siure driving assembly is
aot shown in Figs. SC and 3D, As ilhsstrated, the shaped sections 94 of the needle assembly 90
passes through tissue 2 10 its unconstrained shape. In the vanation shown in Fig, 5C, the needle
assembly 90 15 coupled to a single suture 80 and pulls the suture 8¢ through the tissue. Fig. 3D
Wustrates the state of the Ussue 2 after the needle assembly 99 passes from the tissue 2 feaving
only the suture 80 remaining in tissue, The resulting laced suture 88 passes through tissue
about an opening & in the tssus but prior to tightening of the sutwre 88, Once the suture is

“thrown™ about the opening 6, the physician can secure the suture to close the opening 6. This
particelar suture patiorn, when tightened, resulis i a purse stnng stitch, Clearly, devices withan
the scope of this disclosure can tnclude any number of tissue recoiving openings.

{0080] As discussed herein, the configuration of constraiming and retrieval channels can be
configured in any mumber of different variations o produce suture patterns as desired. For
example, Figs. 6A 1o 60 illustrate another such example. Clearly, any maonber of variations is
within the scope of this fnvention with the dlastrated vanations depicting some possible
variations.

{0081} Figs. 6A and 6B provide another variation such of a main body 112 according to the
present disclosure. In this varigtion, the main body 162 inchedes two adjacent pairs of
constraining channels 118 and two adjacent pawrs of retrieval chanaels 112 having opeonings in

the tissuc cngaging swrface 114, Though cach of the openings of the individual pair of
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constraimng channels 11 are joined by a suwre rehef passage 123, additional vanations nuglt

not have these passages 123, As noted herein, such passages 123 are required when using 8
single suture between adjacent shaped seetions of g nocdic assembly. Fig. 6A illustrates a fust
necdic asscmbly 90 passing between a pair of constraining chanacs 112 and a pair of retricval
channels 112, Fig. 68 ilustrates a second needle assembly 99 passing between the adjacent
pair of constraining channels 112 and retrieval channels 112, Although the figures depict the
neodle assemblies being thrown sequentially, cortain vartations of the device allow for throwing
the first and second needie assemblies at the same thme.

{0082] Fig. 6C illustrates the sutures 88 depicted in Figs. 6A and 6B once thrown and when the
suture driving apparatus is removed from the tissue 2. As showsn, the configuration of Figs. 6A
and 68 produce two perpendicular placed horizontal mattress stitches (one the sufures are
property seeurcd). The iHlustrated variation also depicts the use of supports or swrgieal pledzets

168 that can be delivered on the tssue engaging surface of the main body and secured when the
needie assembly passes throagh, Any vanation depicted herein can inchsde such pledgets
{whether such pledgets are imndividually spaced about the opening or fully encircle the tissue
opening).

{0083] Surgical pledgets can comprise biocompatible material (including polvamide, polvethylene,
polyprapylene, polyethylone terephthalate, polvurethane, polyvtetrafluoroethyvlene, vanous
horesorbable polvmers andfor small pieces of awtologous tissae. These pledgets are typically
used in with the surgical suture fo distribute the force of the sutwre applied on the Hssue over a
larger arca or to aid m steanung the leakage of bodily thads such as blood that results from
penetration of bodily tissue by a sutwre needie and seture,

{0084] Figs, 7A to 7B illustrate variations of suture retrieval device 126 that resides within the
refricval channel 112, As shown, as the tissue piercing end 32 of the necdle asscmbly 90 eniers
the retrieval channel 1§12 vanations of the assembly include 4 retrieval device 126, In Fig. 74,
the retmeval device 126 shows an example of a clamp or jaw type structure, Fig, 78 shows a
retrioval device 126 inchuding a window or slot 128 to capture the tissuc piorcing tip 92 (or a
siot formed in the needie). However, the devices deseribed herein are can mclude any retrieval
device. For example, the retrieval device can comprise a cloth that is penetrated by the needle.
The retricval device 126 can be a finger-trap tubular type of device where tension applied to the
device causes compression of the tobe allowing for a pulling motion to seoure the subee or
needie for removal. The retrieval device can be o magnetic coupling device to also aid in
removal of the needle or tissue piorcing end. In addition, the retrieval devices disclosed in the
references discussed in the background section can also be combined with the devices
described herein.

{0083 Fig. 8A illustrates avother variation of a suture retrieving assembly 126 that comaprises a
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pawl-type mechamsim focated n the retmeval channet 112, In the tlhustrated vanation, the
pawl-type mechamsm comprises a slotted fumwel 128 where the slots form sections 132 of the
funnel that unction as pawl-merabers. As shown by Fig. 8B, from the view taken along line
8B-#B from Fig. &, the funncel sections 132 form an openng 134 that restricts 3 dismeter of the
retrieval channel 112, As shown in Fig. 8C, when a front-loaded suture 89 1s loaded to or on
a ncedle assembly 90, the amms 132 of the funact 130 expand to alfow passage of the suture 86
and needle assembly 99 through the Ammel 1389, Howover, the fonnel members 132 function as
a pawl mechanism as they are biased fo retumn to the natural state shown in Fig. 8A.
Accordingly, as the needie 90 and suture 80 are retrieved, the arm member {or members) 132
frictioually engage the suture 132 and can compress of bite o the suture. The relatbvelv rigid
natwre of the needle assembly prevents the funncl members 132 from preventing rearward
movement. Accordingly, withdrawing the suture 80 and needle assembly 90 dislodges the
front-loaded soture 80 and traps the suture within the funnel 130 as shown in Fig. 8D as the
needle assentbly 98 is withdrawn. o some variations, the famel 139 is moveable within the
retricval channel so that the suture 80 can be withdrawn without moving the sufwre drwving
assembly. However, in cases where the funmel 130 is stationary, the entwre suture driving
assembly or the main body alone can be withdrawns to ready the suture for tying about a tissue
opening.

{0086] Various additional pawl mechanisms are intended to be within the scope of this disclosure,
for example, the paw mechanism can comprise a raditional pawl comprising of a hook or tooth
focated on an arm, where the pawl 1s biased to engage a suture as it enters the retrieval chamsel.
For example, Figs. 8E to 3G illustrate a pawl-type mechanism 136 that s biased within a
refrieving channel 112 of a device to reduce a size of the channel 112, As illustrated n Frg, 8E,
as the front-loaded subee 80 and neodle assombly 80 cofor the retrieval chamber, the pawl
mechanism 136 interferes with the suture 80 and needle assembly 90, Because the pawl-
mechanism 136 1s spring biased, the suture 88 and needle assembly 9€ deflect the pawl-
mechamas 136, At thus point, as shown in Fig. 8F one or more tecth of protrusions 138 on the
pawl-mechantsm 136 hite into the deformable satwe 80, Once the pawl-mechanism 136
engages the suture 88, the needle assembly 90 can be withdrawn leaving the suture 86 secured
within the retrieval chanpel 112, The pawl-mechanism 136 can then be withdrawn in thee
channel 112 or the entire device can be withdrawn to pull the secwred suture. In addition, the
surface of the retrieval channel 112 can have any number of protrusions, hooks, or other
features to capture the suture or ncrease friction agamst a captured suture.

{OOB7] Fig. 9A shows another vaniation of a suture driving assembly 180 having 8 expandable
device 208 extonding through a mam hunen, Agam, the expandable device 202 can include a
halloon 202 or other expandable momber affixed o a shaft 204, The expandable dovice 202

can optionally he stationary within the main homen or can be moveable relative to the nain
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body 182, The present variation also optionally includes a pin or lever 220 that is moveable
within the main body 182, As disoussed below, the pin 220 allows advancement of an
introducer or other device through the main body. Onee the pin 226 is advanced to a desired
location, the pin 226 can be removed from the main body 102 to de-couple the main body from
the introducer/device located within the main body.

{0088] Fig. 98 illustrates the main body 102 of Fig. 9A. As shown, the main body 102 of the
presend Hhustration can Include 3 number of suture channels 123 that extend along an exterior
surface of the main body 182, As discussed above, such a feature allows a suture to ext the
main body when both ends of the suture are joined to one or more needle assemblics that are
advanced through tissae. In the Hustrated variation and as shown in Fig. 94, the main sudores
860 can optionally extend through a rear portion of the main body 88, Though not shown, the
sutures could be wrapped about spools {not shown) or placed in protective tubing (not shown)
rather than remain exposed. Aliernatively, the suture channels 123 can extend only through a
portion of the main body 102 where the section of suture leaving the senure channel 123 can
then be affixed or seated 18 any portion of the suture driving asscrubly 104

{0089] Fig. 98 also shows the sufine driving assembly as only having a trigger 106, In such
variations, the handle portion 164 and trigger 106 vely on a spring based mechanism so that
once the trigger 106 is fully actuated, the spring based mechanism releases the trigger 1086 and
withdraws the needle assembly within the dssue engaging surface TH. As a rosalt, manaal
refrieval of the needle assembly 135 not requured.

{0090] Fig. 9B also iltustrates the main body 182 as having a slot 125 to accommedate the pin 220
shown i Fig. 9A. The slot 125 can optionally extend through the proxamal andfor distal ends
of the mam body to altow decouphng.

{0091] In those cases where the suture driving assembly 100 relies on a vacwnm sowree 176 to
assist in securing tissue against the tissue engaging surface 114, the bandle portion 164 or main
body 182 can be fluidly coupled to the vacuum source 170 by any conventional means. In
addition, the suture driving assembly 189 can also be coupled to any additional fluid supplics to
detiver medication, itrigation, or other fluids to the site of the tissue repair.

{0092 Fig. 9C shows the expandable device 200 of Fig. BA. In the present variation, the
expandable device 280 can molude a shaft 204 having a gade wire lamen 208 extonding
therothrough. The shaft 204 can have sefficiont column strength to allow a swrgeon to
manipulate a handle 206 at the end of the device 200 to advance the batloon 202 or other
expandable member into the tissue beng closed. Moreover, i those cases where the
expandable device requires a fluid source 208, the handle 206 can inclade any number of flaid
tumens and conacctors to fhudly couple the fluid source 208 to the expandable device/balloon

202,
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[0093] Fig 9D Hlastates the tissae engaging surface 114 as viewed along lines 9D-9D i Fig. 98
For purposes of tlustration, the handle portion and trigeer are not shown, Fig. 9D shows the
tissug engagmyg surface 114 of the main body 162 as heing tapered or concave with a number of
vacaum 119 ports located i the surface 114 and adiscont o both the main lumen 118 and the
constratning and retrieval channels 110 and 1312, As discussed above, some or all of the ports
119 can be coupled to other fluid delivery sonrces for irigation or delivery of other substances

{0094} Fig. 9D also shows two pairs of consiraining channcls 110 opening omto the tissue

N

engaging surface 114, Each of the constraining channels 118 joins a sutwre channe! 123 as

o)

shown i Figs YA and 9B, Accordingly, as the suture advances through the main body, the mid
section of the satre can ravel catside of the wain body 192 along the sutuve channels 123.
The iflustration also shows a mumber of retrieval chasaels 112 cgaal to the number of
constraining chanmels 119, In this variation, the retrieval channels 1312 have a tapered opening
in the tissee engaging swrface 114, The sutore retrieval devices 126 discussed above can be
located within the tapered opening or more distally in the channel 112,

J0095] Fig. 9F iHustrates the tissue engaging surface 114 of the main body 102 where two pair of
necdic asscrblics 90 are partially deploved from the mati body 162, In this variation, the
necdle assembly pairs 98 are located Y0 degrees relative to ong another. Ag shown, the curved
section of the needle assemblics 94 comprises a curvilinear shape having a single caree. This
vartation of the needle assemblics 99 also inchades a suture 88 that is front loaded wto the
ncedie assembly adjacent to a tissue piercing end 92, Fig. 9% illustrates the needle assemblies
9 just as the tissue prercing ends 92 and front loaded suture 80 are entering the retrieval
channels 112, As discossed above, once the needle assemblics 96 enter the retrieval channels
112, a retrieval mechanisim {(not shown) secures the sutures 80 so that upon refraction of the
necdic asscrublics 90, the sutures 88 romain within the tissue,

{096] Fig. 8F illustrates one exanmple of a device that can be advanced through a main hady of a
suture driving assembly. In this variation, the device comprises an introducer 238 located ona
dilation device 232 haviag a dilation tip 234 extending from the introducer 236, Advancoment
of the dilation device 232 and/or indroducer 236 can ocour via manipulation of the dilation
device 232 through a rear end of the suture driving assembly. However, the iHustrated
vartation shows a pinflever 220 that 1s iremovably coupled to the difation device 232 so that
the infroducer 230 and dilation device 232 can be advanced via movement of the pin 220 as i
extends fron a slot in the main body as shown in Fig, 9AL

{0097] Figs. 10A to 1OF illustrate an example of a procedure for closing an opening in an organ.
In this example, the organ comprises an apical portion 14 of a heart 12, However, 11 15 within
the scope of this disclosure that the suture driving assembly described above can be used ina

vartety of situattons where closing of a puneture, tear, or opening m tissue is requived and in
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any number of organs. When used in the 1Hustrated apical approach, the suture driving
assembly s useful for closing 8 puncture 16 10 the heart’s apex 14 after performing a trans-
apical valve replacement or repatr, when placing g ventricular assist device, or other procedure
that woidd benefit rom closing an opening in the heart,  As ilustrated below, the suture driving
device can also be used to deliver additional devices to the tissue site.

{0098] Fig. 10A illustrates the heart 12 after a physician tracks a guidewire 8 into an apical postion
14 of the heart where an apical opening 16 allows access o the interior of the heart, Next, the
surgeon tracks an expanding device 200 over the guidewire and o the opening at the apical
portion 14, In this example the expanding device is a balloon catheter but as noted above, any
fype of expanding device can be used. Moreover, any traditionad techaique for racking a
gutdewire and catheter can be employed to position the gutdewire and expandable device mto
the hoart 12,

{0099] Once the physician expands the balloon 202 within the heart 12, the physician can then
advance a main body 162 of the suture driving assemblyv 108 a shaft 204 of the expanding
device 280, At this time the surgoon can expand the balloon 202 to mintmize dislodging of the
assembly from the heart. As shown in Fig. 10B, once the mam body 182 of the device 108
engages the apex 14 of the heart 12, the surgeon compresses the apex 14 between the balloon
202 and the tissue engaging sarface 114 of the main body. As noted above, the main body can
include any mumber of features to ensure good contact with the tissee. For example, the
surgeon can draw suction through poris in the main body to ensure that the apieal wall 14
secures to the mun body 102,

{H188] The physician can optionaliv fully or pastially deflate the balloon 282 (or reduce a diameter
of other expandable structures if used). Once redused, the expandable portion 262 or halloon
can be retracted into the apical opening 202 as shown in Fig. 10C. This partial retraction of the

halloon into the opeming can further stahilize the device to the organ ov tssue.

(101] Aslhstrated in Fig. 10D, once the physician is sausfied with the placement of the device
104, the physician can actuate the device 108 to advance the needlc assomblics100 and throw
the sutures 80 throagh the apical tissue. As noted herein, the needie assemblies can be fired
simultancously or sequentially. In some variations the balloon or expandable member remaing
inflated daring advancement of the needies. In such cases, the balloon/expandable member can
be fabricated so that the needle assembly will deflect away from the surface of the expandable
member to prevent rupture of frapping of the ncedies. Moreover, the neadle assernblies can
fully penetrate the wall of tssue or can remuin within the wall, The depth of the throw is
typically a functon of the type of tissue, the tssue engaging surface, and the design of the
necdic asscmubly, In casey such as an apical procedure, the necdics may not need to fully

penctrate the walls of the organ. For exaraple, the needles in the present exanaple do not reach
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the balloon but reresin within the hearts apical tissue until they return to the retnieval chamnels.

{8102] After placement of the suture the main body 102 can be retracted to expose the suture ends
outside the body cavity so that the surgeon can sceare the sutures. The balloon can then be
deflated and removed. The phyvsician cap then place an appropriate port/cannula through the
apica] puncture 16 and hold the povt n place doring the procedure by tightening of the stitch.
After the procedure 1s complete, the porticannsla is removed and the purse strmg suture is
drawn tight and secured with a knot or eineh to provide closure of the apical punctire.

{1103] Fig. 10F shows an alternative approach, in this variation the surgeon retvacts the main body
102 and disengages any vacuum or suction being applied. Next, the surgeon advances a povt or
introducer sheath 238 the main hanen 118 of the main body 102 and wltimately advanced o
the apical opening 16, As noted above, the introducer sheath 238 can be advanced using a pin
220 that slides through an opening in the main body 102, Alternatively, the iroducer 230 can
be advanced by manipulation of a proximal end of the dilator device 232, The dilator device
232 eases the transition through the apical opening 16 and ensures a seal between the apical
opening 16 and intraducer sheath 230, The expandable member/balloon can be removed prior
to, or during inscrtion of the introducer sheath 23¢ within the heart. Alternatively, though not
illustrated the balloon can remam in place antil the introducer is secared.

[0104] As shown in Fig. 10F, once the physician places the introducer sheath 236, the surgeon
withdraws the man body $02 to expose the sutares that were previouasly thrown in the tissue.
Removal of the main body allows access 1o the sutures 8€ so that the sutures can be tighted
around the dilator 16 andfor introducer sheath 230, As a result, the sutores 230 are temporarily
tensioned about the wroducer sheath 238 to form a tissue seal around the introducer sheath
238, This enaporary fixation allows the phvsician © create an access path into the beart for
performing any appropriate procedwes. Onee the procedure is conmpleted, the surgeon removes
the introducer, and any other remaining devices as necessary while leaving the sutures 86 in
place.. Once all devices are removed from the opening. the physician secures the sanues 80 to
close the apieal opening. Fig. 60 provides an example of the suture pattern that will be left in

the apical portion of the wall upon removal of the repwining devices.
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CLAIMS

What is claimed is:

I A suture driving assembly for positioning a suture in a gssue seetion, the assembly
comprising:

at least one needle assembly having a tissue piercing end distal 1o an clongate shaped
section, the elongate shaped section having a curvilinear shape, the elongate shaped scction
being clastically deformable when restrained into a strained state and upon release assumes the
curvilinear shape, the suture coupled to the needie assembly;

a man body having a tissue engaging surface at a distal end, at feast one constraming
chamnel and at least one retrieving channel each of which having an opening at the tissue
engaging swiace;

sach that when the clongate shaped section of the needie asscmbly is i the restraining
portion, the clongate shaped section 15 deformed into the stramed state and when the elongate

shaped scetion advances through the guide segment portion, the clongate shaped section
asswnes the corvilivear shape, upon contineed advancement the elongated shaped section exits
through the opening of constraining channel m the curvilinear shape;

3 suture refricver assembly located 1n the needie retrieving channel;

an expandable member axally moveable relative to the tissue engaging surface, the
expandable member having a fivst reduced profile and ap expanded profile, where in the
reduced prefile the expandable member can advance through an opening in the tissue section

and where the expandable member can be withdrwn toward the tissue supportmg face to

sceure the tissue scetion therchetweoen.

2. The suture driving assembly of claim 1, where the at least one needle assembly

comprises at least two needle assembhes.

3. The suture driving assembly of clama 1, where the constraining channel comprises a
first eross-sectional shape and the guide segment has a second cross sectional shape, where the
first and second cross-sectional shapes are different, where the sccond cross sectional shape
permits at least a pagt of the shaped section of the necdle assembly entering the gaide segment

to revert to the curvilmear shape prior to andry nfo the tissue.

4. The sature driving assembly of claim 3, where the guide segment comprises an oval

cross-sectional shape.
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5. The suture driving assembly of claim 1, where the expandable member is located on a

distal end of a shafl, where the shaft extends through at least 8 portion of the body.

6. The tissue closure assembly of claim 5, where the shaft comprises a puidewire humen

such that the sature driving assermbly can be advanced over a guidewire.

7. The suture driving assembly of clmin 1, where the expandable member comprises a
batloon.
L The suture driving assembly of claim 7, where the balloon comprises a material

scfected from PET, nvlon, TPE, silicone, and latex.

9. The suture driving assembly of clam 1, where the needle assembly comprises a needle
tumen oxtending through at least the tissue piercing ond and where the suture 13 removably

nested within the ncedle lomen.

EiR The suture driving assembly of claim 2, where the setwe is exterior to the needle
assembly and a first free end of the sitere 18 inserted nto the needle lumen at the tissae

picrcing end.

1 The sature driving assembly of claim 10, where a second free end of the suture is
coupled to a second needle assembly having a second tissue piercing end distal to a second
elongate shaped section, where the second free end of the suture 1s inserted into a second needle

humen at the second tssue prereing end.

12. The suture driving assemibly of claim 1, where the suture 16 removably front-loaded

into the tissue piercing end.

13 The sutuwre driving assemibly of claim 12, where the suture retrigver assembly
comprises at feast one pawl member that redaces an opening of the retrieving chamed (o loss
than a size of the needle assembly and sutare, where the paw! member is biased to allow
movement of the needle assembly and suture in a first dircction and resist movement of the
needie assembly and sutore in a second divection, where rearward movement of the needie
assembly from the retrieving channel causes the paw member to compress and retain the sature

within the retricving channel,

14 The suture driving assembly of claim 1, where the retieving channel extends only

partially through the main body.
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15, The sutore driving assembly of clum 1, where the curvilinear shape of the shaped

section eomprises a three-dimensional curvitivear shape.

16. The suture driving assembly of cloim 1, where the shaped section comprises a plurabity
of curved segments such that advancenment of the needle assembly canses the tissue piercing

end to penetrate tissue af 3 plurality of locations.

17. The suture driving assembly of claim 16, where the shaped section comprises a

helically shaped section.

18 The suture driving assembly of claim 1, where the restraining portion mamntains the

strained state of the shaped section in g substantially baecar shape.

18. The sature driving assembly of claim 1, where the constraining channel is tapered
towards the guide segment such that a dismeter of the reide segment closely matches a

&

diameter of the shaped section.

24, The sature driving assembly of claim 1, where the constraining channel comprises an

mmer diameter larger than a diameter of the puide segment.

=

AN The sature driving assembly of claim 1, further comprising at feast a second needle
ssembly comprising a second tissue preremy end distal fo a second shaped section having a
second carvilinear shape, the second shaped section being elastically deformable into a second

strained state and upon release assumes the second curvilinear shape.

22 The sutwre driving assemibly of claim 21, where a second end of the sutare is coupled to

the second needle assembly.

23 The suture driving assemibly of clatm 1, where at least the shaped section comiprises :

material selected from the group consisting of a spring metal and a shape memory alloy.

24, The suture driving assembly of claim 1, where the suture retriever assembly comprises
a stractwre selected from the group consisting of a set of jaws, a recessed noteh, pawl, funmel,

catch cloth, magnetic coupling device, finger trap, or other gripping mechanism.

25 The suture driving assembly of claim 1, where the distal end comprises one or more

vacaum lumens for sccaring tissue thoreagainst,

20. The sutare driving assembly of claim 1, where the distal end comprises a boading agent

for securing tissue thereagamst.
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27, The suture driving assembly of claim 1, where the distal end comprises a pledget

removably positioned on the tssue engaging swface.

28 A suture driving assembly for closing an opening in a tissue section, the assembly
compriging:

3 first needle assembly having a tissue plercing end distal and being clastically
deformable when restrained o 3 siraived state and upon release assumes the curvilinear
shape;

a soture exterior fo the needle assembly and having at least one end front-loaded into a
neodle lamen of 8 first tssue percing portion of the first needle assembrly;

a main body having a tissue engaging surface at a distal end, at least one constraining
channe! and at least one retieving channel cach of which having an opening at the fissuc

engaging surface;

where the constraining channel extonds through the main body and comprises at feast a
restraining portion having a profile to mamtain the needle assembly into the strained state and a
guide segment portion adjacent to the constraiming channet opening and having a profile to
refease needle assembly nto the curvilinear shape when advanced therethrough and upon
continued advancement the needle assembly exits the opening of the constratning chanoel in
the curvilingar shape;

a suture retriever assembly located in the needle retrieving channel and comprising a
pawl mechanism, where the paw! mechanism sterferes with the front loaded suture and needle
assembly when advanced therein, where rearward movement of the froat loaded sature and
needie assombly causes the pawl to engage the suture to retamn the suture within the needle
retrieving chamael; and

an expandable member axially moveable refative to the tissue engaging sarface, the
expandable member having a first reduced profile and an expanded profile, where in the
reduced profile the expandable member can advance through an opening in the tissue section
and where the expandable member can be withdrawn toward the tissue supporting face to

secure the tissue section therebetween when expanded.

29 The suture driving assembly of claim 28, where the needle assembly further comyprrises

an clongate shaped scotion having a curvilinear shape.

3. The sutore driving assembly of claim 28, further comprising a second needle assenibly

where a second end of the suture is front loaded nto a second tssue preveing portion of the
secomd needle assemibly, where # second intermediate section of the sutute extends along an

exterior of the needle assembly
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31 The suture driving assembly of claim 28, where the expandable member is focated on a

o a distad end of 3 shaft, where the shaft extends througlhat least through a portion of the body.

32 The tissue closure assembly of clam 31, where the shaft comprises a guidewire lumen

such that the sature driving assembly can be advanced over a guidewire,

33 The suture driving assembly of clmim 28, where the expandable member comprises a
batloon.

34 The suture driving assembly of claim 33, where the balloon comprises a material

scfected from PET, nvlon, TPE, silicone, and {atex.

35, The suture driving assembly of claim 28, where the pawl mechanisio reduces a

diameter of the retrieving channel to {ess than a size of the needle assembly and sature, where
the paw! mechanism is biased to alow movement of the needie assembly and suture & a first
direction and resist movement of the needle assembly and suture in a second direction, where

rearward movement of the needlec assenbly from the retrieving channel causes the paw

mechanism to compress and retam the suture within the retrieving chamsel

36, The sutwre driving assembly of claim 28, where the retrieving channel extends only

partially through the main body.

37 The sutwre driving assembly of clatm 28, where the curvilinear shape of the shaped

section comprises a three-dimensional curvilinear shape,

38 The suture driving assembly of claim 28, where the shaped section comprises a
plurality of curved segments sach that advancement of the neadle assenbly causes the tissue

plercing end {o penetrate tissue at a plurality of focations,

39, The suture driving assembly of claum 38, where the shaped section comprises a

helically shaped scetion.

44Q. The sutare driving assembly of claim 2¥, where the restraining portion maintains the

strained state of the shaped section in a substantially linear shape.

41. The sutare driving assembly of claim 28, where the needie assembly comprises a

material selected from the group consisting of a spring metal and a shape memory alloy.

42. The sutare driving assembly of claim 28, where the distal end comyprises one or more

vacaum lumens for sccarimg tissue thoreagainst,
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43, The sutore driving assembly of chum 1, where the distal end comprises a bonding agemt

for securing tissue thereagainst,

44, The suture driving assembly of claint 28, where the distal end comprises a pledeet
removably positoned on the tissue engaging surface
45, A method for positioning a suture in a wall of an orgim o close an opening in the wall,

the method comprising:

placiag a main body adiacent to a proximal side of the tissue, where the main body
comprises at least one needie asserubly coupleable to the suture and within 3 constraining
channel located in the main body, where the needle assembly comyprises a tissue piercing end
distal to an clongate shaped section, the clongate shape section having a curvilineay shape, the
shaped scetion being clastically deformable into a strained state within the constraming
channel, and a sigure coupled to the noedie assembly, the main body further including a tissue
enpaging surface;

advancing an expandable member through the opening in the organ when the
expandable member is in a reduced profile;

expanding the expandable member to an expandable profile;

posttioning the wall of the organ between the main body and the expandable member;

advancing the needle assembly frons the constraming channel into a guide segment,
where the guide segment pormits the shaped section of the needle asserably focated theretn to
revert to the curvilinear shape prior to feaving the guide segment and entering the wall of the
organ;

driving the needle assembly through a proximal side of the wall of the organ, such that
the shaped section moves through the curvilinear shape so that the tissue piercing distal end and
suture re-enter the main body at a retrieving channel;

fully reducing the expandable member into a reduced profile; and

withdrawing the main body.

46, The method of chinm 45, where advancing the needic assembly comprises advancing a
pharality of needle assembly pairs, where cach needie assembly pair is coupled 1o an end of a
suture and where each needie assembly advances from a respective constraining channel inte a
respective guide sepment, where the mide segment permuts the shaped section of the respective
ncedle assembly located therein to revert to the curvilinear shape prior to leaving the respective
guide segment and enter the wall of the organ: and where the plurality of needie assemblies
move through the carvilinear shape so that the tssue piercing distal end of cach mecdle

assembly pair re-ontey the mams body at a respective retrieving channel.
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47, The wethod of claim 46, where cach guide segment and each retrieving channel is

positioned 1o foed at least one suture across the opening.

48. The method of claim 46, where the plurality of needle assembly pairs conprises two

pairs coupled respectively 1o a first and second sware.

44, The method of claim 48, where each guide segment and cach retrieving channel is
posttioned to feed the first suture approximately 90 degrees from the second suture refative to

the opening in tissue,

S The method of claim 43, forther comprising secuning the setwre in the retrieving

e

channel while withdrawing the needle assembly back into the constramning channel.

S The method of wlaim 30, where the suture is front loaded into the needle assembly sach
that sceuring the subwre I the retrieving chanael comprises advancing the needie assembly and

suture against a pawl mechanism such that the paw! mechanism compresses the sutare to retain
the suture while allowing the needle assenbly 10 be withdrawn back into the constraining

channel.

52 The method of clam 45, where the xpamiab%s: member corprises a struchure selected
from the group consisting of a balloon, a spline bagket, a spline hasket, an expandable funnel,

and a stent-fike structure.

33 The method of claim 45, where positioning the wall of the organ between the main
body and the expandable member comprises axially moving the expandable member relative to

the tissuc cngaging swriace to capture the wall of the organ therebetween,

34, The method of claim 33, Rether comprising partially reducing the expandable member

and positioning the partially reduced expandable member into the opening,

54, The method of claim 43, where the main body further comprising at least a second
needle assembly . coupled to a second end of the suture, where the sccond needle assembly
coniprises a second tissue piercing end distal 1o a second shaped section having a second
corvilinear shape, the second shaped section being clastically deformable into a second strained

stafe and upon release assuroes the secomd curvilinear shape.

56. The method of claim 43, where driving the needle assentbly comprises dviving the
needie asserublies on either side of the opening, the method further comprising securing the

suture within the tissuc after removing the main hody to close the opening.
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57. The method of clatm 45, further comprising applying suction through a port on the

min body to secure the wall of the organ against the tssue ehgaging surface.

58 The method of 57, where applying suction comprises applying suction after or during

expanding the expandable member to the expanded profile,

59 The method of claim 45, further comprising inserting an introducer sheath through the

main body and into the opening.

61, The method of clairs 39, where inserting the dilator device through the main body and

into the operung occars after withdrawing the prain body 0 expose the seture,

61, The method of claim 39, further comprising dilating the opening by inserting a dilator

device through the main body and into the opening.

H2., The method of clatm 89, further withdrawing the main body from the organ while
feaving the access introducer shoath and suture in the organ to ereate a lemporary access path to

the organ.

63, The method of claim 62, further comprising performing a procedure on the organ
through the access deviee, removing the access device, and subscquently closing the opening

using the sutwre,

64, A moethod posttioning a suture within a tdssug of the heart for closing an opening & the
heart, the method commprising

placing a main body adjacent to an exterior surface of the heart, where the main body
comprises at feast one needle assenbly coupled to the satwre and within a constraining channel
located in the main body, where the needle assembly comprises a tissue piercing end distal fo
an clongate shaped section, the clongate shape section having a curvilnear shape, the shaped
section being elastically deformable mito a strained state within the constraining chanmel, and a
suture coupled to the needle asserbly, the mam body firther including a tissue engaging
surface;

advancing an expandable member through the opening and into the heart when the
expandable member is i a reduced profile;

expanding the expandable member to an expandable profile;

positioning the a portion of the heart between the mam body and the expandable
member;

advancing the needle assembly from the constraining channel it a guide segment,

where the guide segment permits the shaped section of the needle assembly located therein o
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revert to the curvilinear shape prior to leaving the guide scgment and entering the wall of the
orga

driving the ncedle assembly through a proxima! side of the wall of the vrgan, such that
the shaped scotion moves through the awrvilinear shape so that the tissue prercing distal end and
sutwre re~enter the main body at a retrieving channel

reducing the expandable member into a redaced profile; and

withdrawing the main body.

53 The method of cham 64, where advancing the necdie assombly comprises advancing 8
pharality of neadle assembly paurs, where each needie assembly pair is coupled to an end of a
suture and where cach needic assembly advances from a respective constraining channel into a
respective guide segmoent, where the gaide segmoent permits the shaped seetion of the respective
necdie assembly located therein (o revert to the curvilinear shape prior to leaving the respective
guide segment and enter the wall of the organ; and where the plurality of needle assemblies
move through the curvilinear shape so that the tissue piercing distal end of cach needle

assembly pair re-enter the main body at a respective retrieving channel,

66, The method of claim 64, where cach mude segment and cach retrieving channel is

positioned to feed at least one seture across the openg.

67, The method of clainy 64, where the phurality of ncedie assembly pairs comprises two

pairs coupled respectively to a fivst and second seture.

6R. The method of claim 67, where cach mude segment and each retrieving channel is
positioned to feed the first suture approximately 90 degrees from the sccond swture relative to

the opeming in tissue.

69, The method of cluim 64, firther comprising securing the suture n the retricving

channel while withdrawing the needle assembly back o the constraiming channel.

76, The method of claim 69, where the suture is front loaded into the needic asscobly such
that securing the suture in the retrieving channel comprises advancing the needle assembly and
suture against a pawl mechanism such that the pawl mechanism compresses the sufwre to retain

the suture while allowing the needle assembly to be withdrawn back into the constraining

channel
7L The method of claim 64, where the expandable member conprises a struchare sclected

from the group conststing of a balloon, a spline basket, a sphine basket, an expandable funnel,

and a stent-like structure.
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72 The method of claim 64, where positioning the wall of the heart between the main body

and the expandable member comprizes axially moving the expandable mentber relative to the

-

Issue engaging surtace to capiure the wall of the heart therebetween.

73 The method of claim 53, further comprising partially reducing the expandable member

and positioning the partially reduced expandable member into the opening,

4. The method of claim 64, where the main body further comprising at least a second
necdic asscrubly, coupled to g second end of the suture, where the sccond neodle assoinbly

conynises a second tissue prercing end distal to a sceond shaped section having a second
curvilinear shape, the second shaped section heing elastically deformable into a second strained

state and upon release assumes the second curvilinear shape.

73 The method of claim 64, where driving the needle assembly comprises driving the
needle assoniblies on either side of the opening, the method further compnising securing the

suture within the #issuc after removing the am body o close the opening.

76. The method of claim 64, frther comprising applying suction through a port on the

main body to sccure the wall of the heart against the tissue engaging surface.

77. The method of 76, where applying suction comprises applying suction after or dwring

expanding the expandable membaer o the expanded profile.

78. The method of claim 64, frther comprising inserting an introdocer sheath through the

main body and indo the opening,

79. The method of claim 78, where inserting the dilator device through the main body and

mto the opening ocours after withdrawing the main body o expose the sutore.

80. The method of clam 78, father comprising dilating the opening by inserting a dilator

device through the main body and into the opening.

8L The method of claam 78, figther withdrawing the maia body from the heart while
leaving the access mtroducer sheath and suture m the heart to create a emporary access path to

the hoart,

X2, The method of clam &2, Ruther comprising puimmnm a procedure on the hearnt
through the access device, romoving the access device, and subsequenthy closing the opening

using the sanure.
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