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METHODS AND DEVICES FOR DELIVERING SUTURES IN TISSUE

CROSS-REFERENCE

[0001] This application is a non-provisional of U.S. Provisional Application No.:

60/964,087 filed August 8, 2007 and entitled "Suture Based Closure Device" the entirety

of which is incorporated by reference herein.

BACKGROUND OF THE INVENTION

[0002] The present invention relates generally to systems and methods for the driving

of a needle or suture through or into body tissue (typically, the needle will be affixed to a

suture that remains in the tissue) using a catheter, introducer or other minimally invasive

means. The methods and devices described herein can be used in any number of medical

procedures, including but not limited to, approximating tissue (e.g., bring separated tissue

together), ligating tissue (e.g., encircling or tying off), and fixating of tissue (attaching

tissue to another structure or different tissue).

[0003] Commonly known suture systems mechanically drive needles thru the tissue

wall to create passage for a suture. Such mechanisms are often complicated and require a

skilled operator. In addition, the conventional mechanisms can involve many procedural

steps to manipulate a needle to conform to a path to properly position the suture into

tissue.

[0004] Conventional suture driving systems used for wound closure provides one

example of existing suture driving systems. Such wound closure systems are used in

transluminal medical procedures that are seeing a rise in popularity due to the reduction in

surgical damage to healthy tissue, decreased recovery time, and ultimate cost savings to

the patient associated with these procedures.

[0005] These transluminal procedures typically require a puncture into a body lumen

and through the overlying tissue for the passing of catheters, guide wires, laparoscopes,

endoscopes, vascular devices, etc. as required by the particular procedure. The punctures

are created with instruments such as access needles, trocar, introducer sheaths, or other

access devices and may measure from 1 to upwards of 15 mm in diameter. After

completion of the procedure, the physician can utilize a closure system to close the

puncture quickly to prevent further bleeding.



[0006] Manual compression of arterial or venous punctures is a common closure

technique and an alternative to such closure systems. In this closure technique, medical

personnel apply continuous pressure to the wound site allowing the blood to eventually

clot sufficiently sealing the wound. However, this technique is typically very time

consuming, requires the patient to bedridden for an extended time, and is not applicable

for punctures over 4mm. The longer recovery time increases overall cost and decreases

patient satisfaction.

[0007] Sutures remain the preferred method of sealing such wounds, but the limited

access and small size of the typical wound formed during a transluminal procedure

complicates the task of sealing these wounds.

[0008] Generally, a physician must introduce a suture needle through the tissue tract

and into the body lumen, position the needle, then passed the needle through tissue

pulling the suture through as well. A number of devices are disclosed in U.S. Pat. No.

5,374,275 to Bradley et al., U.S. Pat. No. 5,364,408 to Gordon, U.S. Pat. No. 5,320,632

to Heidmueller, U.S. Pat. No. 5,403,329 to Hinchcliffe, U.S. Pat. No. 5,368,601 to Sauer

et al., U.S. Pat. No. 5,431,666 to Auer et al. and international publications WO 94/1321 1

and WO 95/13021 each of the above references is incorporated by reference herein.

[0009] While these devices allow for sealing of the wound and driving the suture and

needle through tissue, they are relatively complex and employ a significant number of

moving parts. Accordingly, these devices are relatively costly to produce and are prone

to mechanical failure.

[0010] U.S. Patent Nos. 5,527,322, 5,792,152, 6,206,893, and 6,517,553 all to Klein

U.S. and Pat. No. 5,972,005 to Stalker (each of the above references is incorporated by

reference herein) describes devices employing flexible or pre-shaped curved needles that

are deformed from a natural shape during insertion or during advancement in tissue to

close a puncture wound. U.S. Patent No. 7,377,926 to Topper et al. (incorporated by

reference herein) teaches another system for inserting a needle. In this variation, the

insertion device houses a bendable needle in one of the jaws and is adapted to carry a

suture

[0011] However, systems, such as those described above often deform a needle to

drive a suture. Deformation of the needle in this manner often results in device

malfunction when placing the suture, or requires significant additional complex

components to ensure proper movement of the needle and suture as desired. Accordingly,

there remains a need for a simple mechanized device and method to accurately and



precisely drive a suture through tissue in a constrained space such as is required in less

invasive procedures.

[0012] In addition, the methods and systems described herein have additional uses

other than closure of tissue. In another example, U.S. Patent Application No.

20070203479 to Auth et al. (incorporated by reference herein) describes 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

eliminate the need for such implantable devices.

[0013] Accordingly, the need continues to exist for an improved suturing systems and

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

tissue.

SUMMARY OF THE INVENTION

[0014] The following description includes an example of the methods and devices

within the scope of this disclosure. It is also contemplated that combinations of aspects of

various embodiments as well as the combination of the various embodiments themselves

is within the scope of this disclosure.

[0015] In one variation, the methods and devices include a suture driving assembly

comprising at least one needle assembly comprising a tissue piercing end distal to an

elongate shaped section, the shaped section having a curvilinear shape, the shaped section

being elastically deformable into a strained state and upon release assumes the curvilinear

shape, a suture coupled to the needle assembly; a main body having a distal end and at

least one needle retrieving passage terminating in the distal end; a suture retriever

assembly located in the needle retrieving passage; at least one constraining channel

extending through the main body and having a guide segment having a guide shape

different from a shape of the constraining channel, the guide segment opening into the

distal end, where the guide shape allows the shaped section of the needle assembly to

revert to the curvilinear shape prior to entry into the tissue, and when tissue is located in

the distal end, distal advancement of the needle assembly causes the shaped section to

exit the guide segment in the curvilinear shape while penetrating the tissue and causing

the suture to follow the curvilinear shape through the tissue, where further distal

advancement causes the tissue piercing end to enter the needle receiving opening.

[0016] The strained state can comprise a pre-deployment shape where the needle or



portion thereof is maintained in an elastically deformed shape. Upon release from any

restriction, the needle reverts from the strained state to the pre-set shape.

[0017] The device includes a variation where the constraining channel has a first

centerline and the guide segment has a second centerline, where the first and second

centerline are not in alignment, where the second centerline is congruent with at least a

part of the shaped section of the needle assembly such that when the portion of the shaped

section enters the guide segment, the portion reverts to the curvilinear shape prior to entry

into the tissue. For example the congruent shapes allow the shaped section of the needle

to revert to its natural or pre-shaped state. This allows the needle to enter tissue along the

same natural or pre-shaped path.

[0018] In an additional variation constraining channel comprises a first cross-

sectional shape and the guide segment has a second cross sectional shape, where the first

and second 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 guide

segment to revert to the curvilinear shape prior to entry into the tissue. In this case, the

shaped section of the needle provides sufficient clearance for the shaped portion of the

needle so that the shaped portion reverts to the path of least resistance (i.e., its pre-shaped

state).

[0019] The assemblies described herein may include a clamp assembly having a

clamp shaft and a clamp body at a distal end thereof, the clamp shaft extending at least

through a portion of a main lumen of the main body such that the clamp body is

extendable from the distal end of the main body, where the clamp assembly is moveable

relative to the main body such that the clamp body can be extended away from and

against the distal end to trap tissue therebetween.

[0020] In additional variations of the suture driving assembly, where the suture can

include a pre-tied portion between the needle assembly and the free end, the pre-tied

section located in, adjacent to, or along a path of the needle retrieving passage such that

entry of the tissue piercing end into the needle retrieving passage causes the tissue

piercing end to pass through the pre-tried portion.

[0021] The variations of the suture driving assemblies are able to direct a needle and

suture at an angle to the axis of entry (or the axis of the main body). For example, the

guide segment can direct the shaped section at an angle of more than 30 degrees from a

centerline of the main body.

[0022] The suture driving assemblies can also accommodate needles of various



curvilinear shape. For example, the shapes can be helical, or semi-circular. The shapes

can also lie in a single plane or can be three dimensional. In cases where the shaped

section comprises a plurality of curved segments, the shaped section can penetrate tissue

at a plurality of locations as it advances through tissue.

[0023] In another variation of the suture driving assembly, the assembly comprises at

least one needle assembly comprising a tissue piercing end distal to an elongate shaped

section, the elongate shaped section having a curvilinear shape, the shaped section being

elastically deformable into a strained state and upon release assumes the curvilinear

shape, a suture coupled to the needle; a main body having a distal end and at least one

needle retrieving passage terminating at the distal end; a suture retriever assembly

slidably located in the needle retrieving passage; at least one constraining channel

extending through the main body, the constraining channel having a guide segment

opening at the distal end and not in alignment with the constraining channel, where the

guide segment is configured to allow the shaped section located therein to revert to the

curvilinear shape prior to leaving the guide segment; and when tissue is located adjacent

to the distal end of the main, distal advancement of the needle assembly causes the shaped

section to exit the guide segment in the curvilinear shape while penetrating the tissue and

causing the suture to follow the curvilinear shape through the tissue.

[0024] The invention also includes methods for placing a suture through tissue. In

one such example the method comprises placing a main body adjacent to a proximal side

of the tissue, where the main body comprises at least one needle assembly within a

constraining channel located in the main body, where the needle assembly comprises a

tissue piercing end distal to an elongate shaped section, the elongate shape section having

a curvilinear shape, the shaped section being elastically deformable into a strained state

within the constraining channel, and a suture coupled to the needle assembly; advancing

the needle assembly from the constraining channel into a guide segment, where the guide

segment permits the shaped section of the needle assembly located therein to revert to the

curvilinear shape prior to leaving the guide segment; driving the needle assembly through

the proximal side of the tissue, 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 second

location on the proximal side of the tissue; and withdrawing the suture from the second

location through the main body.

[0025] The method may also include withdrawing the tissue piercing end distal and

suture from the second location and retracting the shaped section back through the guide



segment leaving the suture in the tissue. Alternatively, the method can include

withdrawing the entire needle assembly from the second location leaving the suture in the

tissue.

[0026] In an additional variation, the method includes placing the proximal side of

tissue within a recessed distal end of the main body.

[0027] The method can also include use of a suture having a pre-tied portion between

the needle assembly and a free end, the pre-tied section located in the main body such that

entry of the tissue piercing end into the main body causes the tissue piercing end to pass

through the pre-tried portion, where withdrawing the suture from the second location

through the main body causes securing the suture through the pre-tied section.

[0028] In variations where the needle comprises a plurality of curves, the method may

include driving the needle assembly through the tissue at a plurality of locations.

[0029] In an additional variation, a method for driving a suture through tissue

comprises placing a device against a proximal side of the tissue, the device comprising at

least one needle assembly in a constrained state, the needle assembly having a tissue

piercing end distal to an elongate shaped section, the elongate shape section having a

curvilinear shape and being elastically deformable to a strained state when constrained,

and a suture coupled to the needle assembly; advancing the needle assembly in the

strained state within the device such that the shaped section enters a guide portion that

permits the shaped section located therein to revert to the curvilinear shape from the

strained state prior to leaving the guide segment; feeding the needle assembly through the

proximal side of the tissue, 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 second

location on the proximal side of the tissue.

[0030] In certain variations, the suture driving assembly can be used to drive a needle

without any suture. In such a case, the needle may be left within the tissue (to be

removed later, to be absorbed by the native tissue, or for permanent placement.)

Accordingly, needle driving assemblies having the same or similar structures disclosed

herein are within the scope of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Fig. 1A shows an example of a distal end of a variation of a suture driving

assembly.



[0032] Fig. 1B shows a bottom view of the suture driving assembly of Fig. 1A.

[0033] Fig. 1C shows the same bottom view as Fig. 1B but with the clamp assembly

omitted for sake of clarity.

[0034] Fig. ID illustrates a front view of the suture driving assembly with a main

body removed to better illustrate the needle retrieving assembly.

[0035] Fig. IE illustrates a pledget for use with a suture driving assembly.

[0036] Fig. 2A shows an isometric view of one variation of a needle or needle

assembly.

[0037] Fig. 2B shows a side view of the needle assembly of Fig. 2A.

[0038] Figs. 3A to 3E show an example of a suture driving assembly advancing a

needle assembly.

[0039] Fig. 3F shows a side view of the needle assembly when the needle is nearly

fully advanced from the guide segment and passed through the pre-tied section of the

suture into a suture retrieving assembly.

[0040] Fig. 3G more clearly shows an end of a needle within the suture retrieving

assembly.

[0041] Fig. 4A illustrates a variation where a constraining channel extends in a helical

manner along a length of the suture driving assembly.

[0042] Fig. 4B shows a spring loaded clamp assembly.

[0043] Figs. 5A to 5D illustrate an example of the assembly when used for closing an

opening in a body passage.

[0044] Fig. 6A shows a variation of a needle assembly having two curved sections

affixed to a single suture.

[0045] Fig. 6B shows an example of a distal end of a main body that drives a pair of

needles.

[0046] Fig. 6C shows a laced suture driven by a pair of needle passing through tissue

about an opening in the tissue.

[0047] Figs. 7A to 7B show an example of a needle adapted for fixing a suture within

the needle.

[0048] Fig. 8A shows a needle assembly having a distal piercing tip attached to a

suture but slidable relative to a curved portion of the needle.

[0049] Figs. 8B and 8C show a needle assembly having a core slidably affixed within

a shaped portion of the needle.



DESCRIPTION OF THE PREFERRED EMBODIMENT

[0050] The above variations are intended to demonstrate the various examples of

embodiments of the methods and devices of the invention. It is understood that the

embodiments described above may be combined or the aspects of the embodiments may

be combined in the claims.

[0051] The present invention relates generally to systems and methods for the driving

of a needle or suture through or into body tissue (typically, the needle will be affixed to a

suture that remains in the tissue) using a catheter, introducer or other minimally invasive

means. The methods and devices described herein can be used in any number of medical

procedures, including but not limited to, approximating tissue (e.g., bring separated tissue

together), ligating tissue (e.g., encircling or tylng off), and fixating of tissue (attaching

tissue to another structure or different tissue).

[0052] As noted herein, the suture driving methods and assemblies described are

discussed in relation to vascular wound closure allowing a physician to quickly, easily,

and accurately insert a suture immediately following the procedure to prevent excessive

blood loss by the patient. In addition the suture driving methods and devices can be used

in various other areas (such as cardiology, urology, gynecology, or other vascular surgery

applications to approximate, ligate, or fixate tissue.

[0053] Fig. 1A shows an example of a distal end of a suture driving assembly 100. In

this variation, the suture driving assembly 100 includes a main body 102. The suture

driving assembly 100 drives a pre-shaped needle (not shown) through tissue in a manner

that allows the pre-shaped needle to revert to its natural state or shape prior to entering

tissue. This aspect allows the needle to be first maintained in a pre-deployment shape

within a constraining channel 110 and yet deployed from the assembly 100 in the natural

state. Such deployment permits the needle (and any attached suture) to pass through

tissue in a predetermined path as defined by the natural shape without requiring

deformation of the needle.

[0054] The suture driving assembly 100 can also include a clamp assembly 140 to

secure tissue 2 against the main body 102. Further detailed discussion of the clamp

assembly 140 follows below. However, the clamp assembly 140 is useful for procedures

where tissue must be retained against the main body 102 to properly drive a needle

through tissue (e.g., vascular procedures). However, in alternate variations, a clamp

assembly 140 can be omitted or replaced with a shield type member that protects tissue

from unintended advancement of the needle.



[0055] Fig. 1A also shows the suture driving assembly 100 as having a constraining

channel 110 extending along the main body 102. The constraining channel 110 shown is

depicted as being exposed within the main body 102. However, variations of the

assembly 100 include a constraining channel 110 located within the main body 102,

within a wall of the main body 102, exterior to the main body 102, or as a lumen in the

wall of the main body 102. Regardless of the exact configuration, the constraining

channel typically has a profile or shape that constrains a needle located therein to a pre-

deployment shape. Typically, constraining the needle in a pre-deployment shape allows

for minimizing a profile of the suture driving assembly 100 (such as when the assembly

must be advanced through small diameter access devices). In the illustrated variation, the

constraining channel 110 maintains a needle (not shown) in a substantially straight

profile. However, other profiles are within the scope of this disclosure.

[0056] The constraining channel 110 includes a guide segment 112 at a distal end.

The guide segment 112 as discussed below allows for a needle constrained in the pre-

deployment shape to recover to the natural shape. As the needle advances from the

constraining channel 110, the portion of the needle within the guide segment 112 reverts

to the path of least resistance in the guide segment 112 such that the needle leaves the

guide segment in its natural shape. An example of this deployment feature is discussed in

detail below.

[0057] The suture driving assembly also includes a suture retriever assembly 120 for

withdrawing the suture (not shown) through the assembly 100. As discussed herein,

some variations of the assembly withdraw the suture and needle from the assembly 100

while other variations withdraw the suture from the assembly but retract the needle back

within the constraining channel 110.

[0058] Fig. 1B shows a bottom view of the suture driving assembly 100 of Fig. 1A.

Fig. 1C shows the same bottom view but the clamp assembly 140 is omitted for sake of

clarity. The distal end of the main body 102 can be flat or may have a recessed cavity

104 as shown. In either case, the main body 102 may include one or more vacuum

lumens 106 to properly secure tissue against the main body 102 so that the needle

assembly is able to pass through the suture as desired.

[0059] In additional variations, the clamp body and main body can be magnetic to

secure a proper seal of tissue therebetween. In some variations, the main body includes a

temporary bonding agent that contacts tissue placed thereagainst and holds the tissue in

proper opposition to the main body. Alternatively or in combination, as shown in Fig. IE



a substrate or pledget 108 can be used at the distal end of the main body and where the

substrate or pledget includes an adhesive to bond the substrate against tissue such that a

needle assembly passes through the substrate as well as the tissue. Once finished, the

substrate or pledget 108 remains at the tissue site while the assembly 100 is withdrawn.

[0060] As shown, the guide segment 112 extends through and opens at the distal end

of the main body 102. Again, the needle and suture are not shown to better illustrate the

structure of the suture driving assembly 100. The assembly 100 also includes a needle

receiving opening 114. Although the needle receiving opening 114 is shown as being

within the main body 102 additional variations may be included. For example, a needle

receiving opening 114 can comprise a separate channel, tube, or lumen that extends

through or along the main body 102.

[0061] The assembly 102 can also optionally include any number of suture channels

116 extending along the main body 102 or along other components of the assembly 102.

For example, as shown in Fig. 1B, a suture channel 116 runs along a length of the

constraining channel 110 and guide segment 112 to allow a suture to follow the needle.

The main body 102 can further include a lumen 118 extending therethrough. The lumen

118 can accommodate a clamp assembly or other structure (such as a shield, alternate

medical device). Moreover, the channel can be used as a working channel for

visualization (direct or via a device) or delivery of other substances.

[0062] Fig. ID illustrates a front view of the suture driving assembly 100 with the

main body removed to better illustrate the needle retrieving assembly 120. This

illustration also depicts a cross sectional view of the constraining channel 110 and guide

segment 112 with a needle 90 located therein. As shown, the needle 110 is restrained in a

pre-deployment shape when located in the constraining channel 110. However, as the

portion of the needle 90 enters the guide segment 112, it begins to revert to its natural

shape.

[0063] In the illustrated example, the guide segment 112 will be configured with a

shape that matches a contour or shape of the associated needle 90. For example, a

centerline of the guide segment 112 through which the needle passes shall match a center

line of the associated needle 90. Accordingly, the shape of the guide segment 112 will

often be different than a shape of the constraining channel 110. In the illustrated

example, the centerline of the guide segment is not in alignment with a centerline of the

constraining channel. However, since the centerline of the guide segment 112 is

congruent with at least a part of the shaped section of the needle, the portion located in



the guide segment 112 reverts to natural shape of the needle prior to entry into the tissue

or prior to leaving the guide segment 112. The constraining channel 110 and guide

segment 112 can be stepped at the transition. Alternatively, the constraining channel 110

lumen can taper as it approaches the guide segment 112 so that there is a close fit between

the guide segment 112 and the outer diameter of the needle.

[0064] Figs. 2A and 2B show isometric and side views of one variation of a needle or

needle assembly 90. The needle assembly 90 typically comprises a tissue piercing end 92

distal to an elongate shaped section 94. The guide segment 112 discussed above allows

the elongate shaped section 94 to revert to its natural shape. The needle assembly 90 also

includes a suture 80 coupled thereto. The shaped section 94 for use with needles of the

present devices includes a curvilinear shape. This shape can be planar (such as a curved

needle), or can be 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 90

comprises a center line C. In the variation shown in Fig. ID, the angular bend of the

shaped section 94 matches a centerline of the guide segment 112 to permit the curved

section 94 to revert to the natural curvilinear shape. In addition, the shaped section 94 of

the needle assembly 90 is elastically deformable into a pre-deployment shape (as noted

above) and upon release assumes its pre-determined curvilinear shape. The needle

assembly 90 can also include various features to aid in removal of the needle or suture

from the body. For example, the needle assembly 90 can include a notch or groove 96

adjacent to the tissue piercing tip 92 where the notch 96 increases the ability of the

retrieval assembly to withdraw the needle and/or suture. Although the needles are shown

having a helical shape, any number of curvilinear shapes are within the scope of the

disclosure. For example, the shapes may be in a single plane or extend to form a 3-

dimensional shape. In addition, the shapes may have a plurality of curves or may be a

partial circular shape.

[0065] The tissue piercing end and/or curved shaped section 94 can be comprised of a

spring steel or other alloy that is set into shape. Alternatively, memory alloys can be

employed. Such alloys include superelastic nickel-titanium (NiTi), copper-aluminum-

nickel (CuAlNi), copper-zinc-aluminum (CuZnAl), or other shape memory alloys that are

well known in the art.

[0066] Turning back to Fig. ID, the suture driving assembly 100 also includes a

suture retrieval assembly 120 for pulling a needle 90 and/or suture through the main body

(not shown) for securing the suture. In this variation, the suture retrieval assembly 120



includes a retrieval shaft 122 as well as a continuation of the needle receiving opening

124. In addition, as illustrated, the clamp assembly 140 includes a clamp body 142 at a

distal end of a clamp shaft 144. The clamp body 142 can also have a rounded or smooth

top surface to ease in removal of the clamp body 142 from the laced suture (as discussed

below). Furthermore, the clamp assembly 140 can include additional features such as a

groove or recess 146 to accommodate passage of the needle assembly 90. In some

variations, the clamp assembly 140 also includes a lumen 148 extending therethrough so

that the suture driving assembly 100 can be advanced over a guidewire. However, the

lumen can be used for any number of purposes.

[0067] Figs. 3A to 3F show an example of a suture driving assembly 100 advancing a

needle assembly 90. For purposes of illustration, the tissue is not shown.

[0068] In Fig. 3A, the needle assembly 90 is shown within the constraining channel

100 and has a suture 80 extending from the proximal end of the needle assembly 90. The

main body 102 is omitted in Fig. 3A to show a second end of the suture 80 as having a

pre-tied knot 82 or other similar section that will enable securing of the suture within

tissue. As shown, the pre-tied section 82 is located about the needle receiving opening

124 so that the end of the suture 80 attached to the needle assembly 90 can pass

therethrough.

[0069] Fig. 3A also illustrates the guide segment 112 as being a flattened portion of

the constraining channel 110. As noted above, the constraining channel 110 has a

different shape than the remainder of the constraining tube 110 that permits the needle

assembly 90 or curved portion 94 to revert to the natural orientation of the needle

assembly 90 once the needle assembly 90 moves out of the constraining channel 110.

Fig. 3B shows a bottom view of a main body 102 of an assembly 100 but without the

clamp. As shown, the suture extends from the pre-tied section 82 located at the suture

retrieval assembly 120 through a suture channel 116 in the main body 102, and through

the constraining channel 110 to the needle 90.

[0070] The illustrated guide segment 112 comprises an oval or flattened shape (when

viewed as a cross section) providing for a non-symmetric diameter. Accordingly, a first

dimension of the cross sectional shape is greater than a second dimension. As shown, the

shaped section of the needle assembly can revert to the curvilinear shape along the greater

diametric dimension.

[0071] Fig. 3C shows the needle assembly 90 continuing to exit from the guide

segment 112 in the natural unconstrained pre-set shape. Since the needle assembly 90



moves through its natural curvilinear shape, the path of the suture through tissue will

follow the curvilinear shape. For purposes of illustration, both the main body and clamp

assembly are not shown in Figs. 3C to 3F.

[0072] Fig. 3D illustrates the needle assembly 90 as it continues to move through its

natural shape (in this example through the first turn of the helical curvilinear shape).

Because the needle assembly 90 of this variation passes through tissue twice, the needle

assembly 90 does not enter the needle retrieving opening 124 on the first pass but makes

the turn within the main body (not shown).

[0073] Fig. 3E illustrates the needle assembly continuing its second pass through

tissue. As the needle continues to follow its pre-formed helical shape, the tissue piercing

end of the needle assembly enters the suture retrieval opening 124 in the suture retriever

assembly 120.

[0074] Fig. 3F shows a side view of the needle assembly 100 when the needle 90 is

nearly fully advanced from the guide segment 112 and constraining channel 110. As

shown, the needle 90 is in the helical curvilinear shape shown in Figs. 2A and 2B above.

In addition, the tissue piercing end of the needle 90 passes through the pre-tied section 82

of the suture 80.

[0075] Fig. 3G shows the same state of the assembly 100 as Fig. 3F but with the

needle retriever sheath 122 omitted to illustrate the tissue piercing end 92 of the needle

assembly 92 within the suture retrieval assembly 120. As shown, the tissue piercing end

92 of the needle assembly 90 enters a retrieval device 126. In this variation, the retrieval

device 126 includes a window or slot 128 to capture the tissue piercing tip 92. However,

any retrieval structure can be used. For example, the retrieval device 126 can comprise a

cloth that is penetrated by the needle. The retrieval device can include any rigid type

clamp or jaw structure that is disclosed in the references discussed in the background

section. The retrieval device 126 can be a finger-trap tubular type of device where

tension applied to the device causes compression of the tube allowing for a pulling

motion to secure the suture or needle for removal. The retrieval device can be a magnetic

coupling device to also aid in removal of the needle or tissue piercing end.

[0076] As noted above, variations of the devices according to the present disclosure

can include constraining channels can extend in a linear fashion, as well as a non-linear

manner about the device. For example, Fig. 4A illustrates a variation where the

constraining channel extends in a helical fashion along a length of the assembly 100. Any

such configuration can be employed so long as the restraining channel maintains the



needle assembly 90 in a pre-deployment shape.

[0077] Fig. 4B illustrates an example of a clamp assembly 140 having a spring

structure 150 that drives the clamp body 142 away from the main body 102. However,

when advanced through the tissue track in route to the vessel, the clamp body 142

overcomes the spring force and presses against the main body 102. When the clamp body

142 enters a vessel, the lack of resistance drives the clamp body away from the main

body. The physician can then retract the spring body against the main body to properly

secure tissue against the distal end of the main body 102.

[0078] Figs. 5A to 5D illustrate an example of the assembly 100 when used for

closing an opening 6 in a body passage or vessel 4. As shown in Fig. 5A, a physician

advances the assembly 100 over a guidewire 10 previously placed in the vessel 4. As

noted above, the clamp assembly 140 can be spaced from the main body 102.

Alternatively, the clamp assembly 140 can be placed in contact with the main body 102

until the target area is reached.

[0079] Fig. 5B shows the suture driving assembly 102 once the clamp body 142

advances within the vessel 4 through the opening. Fig. 5C shows the clamp body 142

being withdrawn against the main body 102 trapping tissue 2 of the vessel 4 between the

main body 102 and the clamp body 142. As noted above, alternate modes can be

employed to secure the tissue against the main body 102 (such as the pledget, adhesive, or

vacuum ports described above). Fig. 5B also shows a variation where clamp body 142

secures the tissue 2 within a cavity in the main body 2. In this particular variation, the

cavity 104 is concave. Next, the needle assembly 90 advances through the suture driving

assembly 100 and tissue as described in Figs. 3A through 3G above.

[0080] Fig. 5D shows the state of the assembly 100 once the suture is advance

through a pre-tied section 82 and the needle assembly is withdrawn through the suture

receiving opening (not shown) or retracted back into the guide segment/constraining

channel (not shown). Once the suture is secured but not tightened, the clamp body 142 is

withdrawn through the threaded suture. As shown, the clamp body 142 can include a

rounded or smooth surface to ease release of the clamp body through the threaded suture

80. Once the suture driving assembly 102 is removed, the physician can tighten the

suture. The resulting suture forms a cruciate stitch across the opening in the vessel.

However, any number of types of suture patterns can be obtained based on the shape or

path of the needles as they are driven by the assembly.

[0081] For illustrative purposes, the variations shown above are configured to pass a



single needle multiple times through tissue. However, the concepts of the present

invention can be applied to multiple needles or passing a single needle through tissue

once. Accordingly, variations of the device, as shown below, include the use of one or

more needles as well as a single needle.

[0082] For example, Fig. 6A shows a variation of a needle assembly having two

curved sections 94 affixed to a single suture 80. Accordingly, the associated suture

driving assembly 100 shown in Fig. 6B (once again shown without any suture, needle

assembly, or clamp assembly) will include multiple constraining channels as well as

guide segments 112. As the needle is driven by the assembly, the needles enter respective

receiving opening 114 and pass through tissue in the manner described above. Fig. 6C

shows the resulting laced suture 80 passing through tissue about an opening 6 in the tissue

but prior to tightening of the suture 80. This particular suture pattern, when tightened,

results in a purse string stitch. Clearly, devices within the scope of this disclosure can

include any number of tissue receiving openings.

[0083] Figs. 7A to 8C show variations of needles and sutures for use with variations

of the suture driving assemblies described herein. The needles and sutures used in the

present methods and devices can be any known size.

[0084] Fig. 7A illustrates a needle (that is ultimately formed into a curvilinear

section) as comprising a hollow tube structure. Preferably the tube comprises a shape

memory alloy as noted above. The shape memory alloy tube 94 is laser cut to include a

number of features 84 and 86 to aid in joining a core 96 (typically a shape memory alloy)

within the tube 94 as shown in Fig. 7B. The tip of the needle assembly (not shown) can

be made by tapering the tube 94 and core 96. This construction allows an improved

means to secure a suture to a needle. As shown, the proximal part of the needle 90

remains hollow. The laser cut features 86 can be shape set inward toward the central axis,

providing barbs for securing the suture to the needle. Accordingly, a suture can be

inserted into this portion and retained by the shape set laser cut features 86 impinging

against the suture once located within the tube 94.

[0085] Fig. 8A shows another variation using a hollow tube 94. In this variation, a

tissue piercing end 92 is affixed directly to a suture 80. The suture 80 is then fed

proximally through the tube 94 until the piercing end 92 abuts an end of the tube 94. This

configuration permits distal advancement of the entire needle assembly (tip 92 and shaped

tube portion 94) as well as the suture when the shaped portion 94 is driven by the suture

driving assembly. Once the needle assembly enters the suture receiving opening, the



suture retrieving assembly can withdraw the tissue piercing tip 92 as well as the affixed

suture 80 (as shown by the arrow). The shaped tube portion 94 can be withdrawn back

into the constraining channel. This construction provides a benefit in that the suture

retrieving assembly requires less force to withdraw the tissue piercing tip 92 and the

attached suture 80 when compared to having to withdraw the shaped portion 94 as well.

In an alternate variation, the suture can move exterior to the shaped section rather than

within the shaped section.

[0086] Figs. 8B and 8C also show additional uses of a shaped tubular portion 94

containing a core portion 96. As shown in Fig. 8B, a suture 80 is affixed to a core portion

96 that is slidable within the tubular portion 94. The smaller diameter core 96 can be

driven past an end of the tubular portion 94 thereby providing a larger surface that aids in

removal by the suture retrieval assembly. The composite structure of the tubular type

needles reduces the strain placed on the needle thereby reducing the likelihood that a

super-elastic needle will be deformed beyond its elastic state. Fig. 8C also shows an

optional cinch 98 that can be affixed to one or both ends of the suture. Once the suture is

threaded within tissue, the cinch 98 can be advanced against the tissue along one or more

sutures to secure the suture rather than tylng off of the suture.



CLAIMS

What is claimed is:

1. A suture driving assembly, the assembly comprising:

at least one needle assembly comprising a tissue piercing end distal to an

elongate shaped section, the shaped section having a curvilinear shape, the shaped

section being elastically deformable into a strained state and upon release assumes the

curvilinear shape, a suture coupled to the needle assembly;

a main body having a distal end and at least one needle retrieving passage

terminating in the distal end;

a suture retriever assembly located in the needle retrieving passage;

at least one constraining channel extending through the main body and having

a guide segment having a guide shape different from a shape of the constraining

channel, the guide segment opening into the distal end, a portion of the constraining

channel maintaining the needle assembly in the strained state, where the guide shape

allows the shaped section of the needle assembly to revert to the curvilinear shape

prior to entry into the tissue; and

when tissue is located in the distal end, distal advancement of the needle

assembly causes the shaped section to exit the guide segment in the curvilinear shape

while penetrating the tissue and causing the suture to follow the curvilinear shape

through the tissue, where further advancement causes the tissue piercing end to enter

the needle receiving opening.

2. The suture driving assembly of claim 1, where the constraining channel

comprises a first centerline and the guide segment has a second centerline, where the

first and second centerline are not in alignment, where the second centerline is

congruent with at least a part of the shaped section of the needle assembly such that

when the portion of the shaped section enters the guide segment, the portion reverts to

the curvilinear shape prior to entry into the tissue.

3. The suture driving assembly of claim 1, where the constraining channel

comprises a first cross-sectional shape and the guide segment has a second cross

sectional shape, where the first and second 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 guide segment to revert to the curvilinear shape prior to

entry into the tissue.

4. The suture driving assembly of claim 3, where the guide segment comprises

an oval cross-sectional shape.

5. The suture driving assembly of claim 1, further comprising a clamp assembly

having a clamp shaft and a clamp body at a distal end thereof, the clamp shaft

extending at least through a portion of a main lumen of the main body such that the

clamp body is extendable from the distal end of the main body, where the clamp

assembly is moveable relative to the main body such that the clamp body can be

extended away from and against the distal end to trap tissue therebetween.

6. The suture driving assembly of claim 5, where a top surface of the clamp body

is rounded to ease passage of the clamp body through the suture after the suture

remains in tissue.

7. The suture driving assembly of claim 5, where the clamp assembly is spring

loaded within the main body such that advancement of the clamp body against tissue

retracts the clamp body into the distal end.

8. The suture driving assembly of claim 5, where the clamp comprises a

guidewire lumen such that the suture driving assembly can be advanced over a

guidewire.

9. The suture driving assembly of claim 5, where an axis of the clamp body

forms an angle with an axis of the clamp shaft.

10. The suture driving assembly of claim 1, where the distal end comprises a

recessed cavity.

11. The suture driving assembly of claim 1, where the suture comprises a free end

opposite to the needle assembly.

12. The suture driving assembly of claim 11, where the suture comprises a pre-

tied portion between the needle assembly and the free end, the pre-tied section located

in the needle retrieving passage such that entry of the tissue piercing end into the



needle retrieving passage causes the tissue piercing end to pass through the pre-tried

portion.

13. The suture driving assembly of claim 1, where the tissue piercing end is

fixedly attached to the suture and where the tissue piercing end and suture can move

distally independent of the shaped section.

14. The suture driving assembly of claim 13, where the shaped section is hollow .

15. The suture driving assembly of claim 13, where the suture move exterior to the

shaped section.

16. The suture driving assembly of claim 13, where the needle assembly further

comprises a core member located within the shaped section, where a shape of the core

member comprises the curvilinear shape.

17. The suture driving assembly of claim 16, where the tissue piercing end is

located on a distal tip of the core member and where the core member is longer than

the shaped section.

18. The suture driving assembly of claim 1, where the shaped section comprises a

notch such that the notch mates with the suture retriever assembly for removal of the

needle assembly.

19. The suture driving assembly of claim 1, where the guide segment directs the

shaped section to a substantially opposite side of the main body.

20. The suture driving assembly of claim 19, where the guide segment directs the

shaped section at an angle of more than 30 degrees from a centerline of the main

body.

21. The suture driving assembly of claim 1, where the curvilinear shape of the

shaped section comprises a three-dimensional curvilinear shape.

22. The suture driving assembly of claim 1, where the shaped section comprises a

plurality of curved segments such that advancement of the needle assembly causes the

tissue piercing end to penetrate tissue at a plurality of locations.



23. The suture driving assembly of claim 22, where the shaped section comprises

a helically shaped section.

24. The suture driving assembly of claim 22, where the guide segment directs the

shaped section in a direction to an opposite side of the main body.

25. The suture driving assembly of claim 1, where the constraining channel

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

26. The suture driving assembly of claim 1, where the constraining channel is

tapered towards the guide segment such that a diameter of the guide segment closely

matches a diameter of the shaped section.

27. The suture driving assembly of claim 1, where the constraining channel

comprises an inner diameter larger than a diameter of the guide segment.

28. The suture driving assembly of claim 1, further comprising at least a second

needle assembly comprising a second tissue piercing end distal to a second shaped

section having a second curvilinear shape, the second shaped section being elastically

deformable into a second strained state and upon release assumes the second

curvilinear shape.

29. The suture driving assembly of claim 28, where a second end of the suture is

coupled to the second needle assembly.

30. The suture driving assembly of claim 1, where at least the shaped section

comprises a material selected from the group consisting of a spring metal and a shape

memory alloy.

31. The suture driving assembly of claim 1, where the suture retriever assembly

comprises a structure selected from the group consisting of a set of jaws, a recessed

notch, catch cloth, magnetic coupling device, finger trap, or other gripping

mechanism.

32. The suture driving assembly of claim 1, where the distal end comprises one or

more vacuum lumens for securing tissue thereagainst.



33. The suture driving assembly of claim 1, where the distal end comprises a

bonding agent for securing tissue thereagainst.

34. The suture driving assembly of claim 1, where the distal end comprises a

pledget.

35. A suture driving assembly comprising:

at least one needle assembly comprising a tissue piercing end distal to an

elongate shaped section, the elongate shaped section having a curvilinear shape, the

shaped section being elastically deformable into a strained state and upon release

assumes the curvilinear shape, a suture coupled to the needle;

a main body having a distal end and at least one needle retrieving passage

terminating at the distal end;

a suture retriever assembly located in the needle retrieving passage;

at least one constraining channel extending through the main body, the

constraining channel having a guide segment opening at the distal end and not in

alignment with the constraining channel, a portion of the constraining channel

maintaining the needle assembly in the strained state, where the guide segment is

configured to allow the shaped section located therein to revert to the curvilinear

shape prior to leaving the guide segment; and

when tissue is located adjacent to the distal end of the main body, distal

advancement of the needle assembly causes the shaped section to exit the guide

segment in the curvilinear shape while penetrating the tissue and causing the suture to

follow the curvilinear shape through the tissue.

36. The suture driving assembly of claim 35, where a shape of the guide segment

is congruent with at least a part of the shaped section of the needle assembly.

37. The suture driving assembly of claim 35, where a cross sectional area of the

guide segment is non-symmetric such that a first diametrical dimension is larger than

a second diametrical dimension, such that the shaped section can revert to the

curvilinear shape along the first diametrical direction.

38. The suture driving assembly of claim 35, where the distal end comprises a

recessed distal end.



39. The suture driving assembly of claim 38, further comprising a clamp assembly

having a clamp shaft and a clamp body at a distal end thereof, the clamp shaft

extending at least through a portion of a main lumen of the main body such that the

clamp body is extendable from the distal end of the main body, where the clamp

assembly is moveable relative to the main body such that the clamp body can be

extended out of and into the recessed distal end to trap tissue therebetween.

40. The suture driving assembly of claim 39, where a top surface of the clamp

body is rounded to ease passage of the clamp body through the suture after the suture

remains in tissue.

4 1. The suture driving assembly of claim 39, where the clamp assembly is spring

loaded within the main body such that advancement of the clamp body against tissue

retracts the clamp body into the recessed cavity.

42. The suture driving assembly of claim 39, where the clamp comprises a

guidewire lumen such that the suture driving assembly can be advanced over a

guidewire.

43. The suture driving assembly of claim 39, where a centerline of the clamp body

forms an angle with a centerline of the clamp shaft.

44. The suture driving assembly of claim 35, where the suture comprises a free

end opposite to the needle assembly.

45. The suture driving assembly of claim 44, where the suture comprises a pre-

tied portion between the needle assembly and the free end, the pre-tied section located

in the needle retrieving passage such that entry of the tissue piercing end into the

needle retrieving passage causes the tissue piercing end to pass through the pre-tried

portion.

46. The suture driving assembly of claim 35, where the shaped section is hollow.

47. The suture driving assembly of claim 46, where the tissue piercing end is

fixedly attached to the suture and where the tissue piercing end and suture can move

distally independent of the shaped section.



48. The suture driving assembly of claim 46, where the needle assembly further

comprises a core member located within the shaped section, where a shape of the core

member comprises the curvilinear shape.

49. The suture driving assembly of claim 48, where the tissue piercing end is

located on a distal tip of the core member and where the core member is longer than

the shaped section.

50. The suture driving assembly of claim 46, where the shaped section comprises

a notch such that the notch mates with the suture retriever assembly for removal of the

needle assembly.

51. The suture driving assembly of claim 46, where the guide segment directs the

shaped section to a substantially opposite side of the main body.

52. The suture driving assembly of claim 51, where the guide segment directs the

shaped section at an angle of more than 30 degrees from a centerline of the main

body.

53. The suture driving assembly of claim 46, where the curvilinear shape of the

shaped section comprises a three-dimensional curvilinear shape.

54. The suture driving assembly of claim 46, where the shaped section comprises

a plurality of curved segments such that advancement of the needle assembly causes

the tissue piercing end to penetrate tissue at a plurality of locations.

55. The suture driving assembly of claim 54, where the shaped section comprises

a helically shaped section.

56. The suture driving assembly of claim 54, where the guide segment directs the

shaped section in a direction to an opposite side of the main body.

57. The suture driving assembly of claim 46, where the constraining channel

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

58. The suture driving assembly of claim 46, where the constraining channel is

tapered towards the guide segment such that a diameter of the guide segment closely

matches a diameter of the shaped section.



59. The suture driving assembly of claim 46, where the constraining channel

comprises an inner diameter larger than a diameter of the guide segment.

60. The suture driving assembly of claim 46, further comprising at least a second

needle assembly comprising a second tissue piercing end distal to a second shaped

section having a second curvilinear shape, the second shaped section being elastically

deformable into a second strained state and upon release assumes the second

curvilinear shape.

6 1. The suture driving assembly of claim 60, where a second end of the suture is

coupled to the second needle assembly.

62. The suture driving assembly of claim 46, where at least the shaped section

comprises a material selected from the group consisting of a spring metal and a shape

memory alloy.

63. The suture driving assembly of claim 46, where the suture retriever assembly

comprises a structure selected from the group consisting of a set of jaws, a recessed

notch, and a clamp mechanism.



64. A method for placing a suture through tissue, comprising:

placing a main body adjacent to a proximal side of the tissue, where the main

body comprises at least one needle assembly within a constraining channel located in

the main body, where the needle assembly comprises a tissue piercing end distal to an

elongate shaped section, the elongate shape section having a curvilinear shape, the

shaped section being elastically deformable into a strained state within the

constraining channel, and a suture coupled to the needle assembly;

advancing the needle assembly from the constraining channel into a guide

segment, where the guide segment permits the shaped section of the needle assembly

located therein to revert to the curvilinear shape prior to leaving the guide segment;

driving the needle assembly through the proximal side of the tissue, 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 second location on the proximal side

of the tissue;

withdrawing the suture from the second location through the main body.

65. The method of claim 64, where withdrawing the suture from the second

location comprises withdrawing the tissue piercing end distal and suture from the

second location and retracting the shaped section back through the guide segment

leaving the suture in the tissue.

66. The method of claim 64, where withdrawing the suture from the second

location comprises withdrawing the entire needle assembly from the second location

leaving the suture in the tissue.

67. The method of claim 64, where the distal end comprises a recessed distal end

and where placing the main body against the proximal side of tissue comprises

placing the proximal side of tissue within the recessed distal end.

68. The method of claim 67, where the main body further comprises a clamp

assembly having a clamp shaft and a clamp body at a distal end thereof, the clamp

shaft extending at least through a portion of a main lumen of the main body such that

the clamp body is extendable from the distal end of the main body, where placing the

proximal side of tissue within the recessed distal end comprises moving the clamp

body into the recessed cavity to trap tissue therebetween.



69. The method of claim 68, further comprising passing the clamp body

proximally through the suture to withdraw the main body from the tissue.

70. The method of claim 68, where the clamp assembly is spring loaded and

where placing a main body adjacent to the proximal side of tissue comprises

compressing the spring during advancement of the clamp body against the tissue.

71. The method of claim 64, further comprising placing a guidewire within the

tissue and advancing the main body over the guidewire.

72. The method of claim 64, where the suture comprises a pre-tied portion

between the needle assembly and a free end, the pre-tied section located in the main

body such that entry of the tissue piercing end into the main body causes the tissue

piercing end to pass through the pre-tried portion, where withdrawing the suture from

the second location through the main body causes securing the suture through the pre-

tied section.

73. The method of claim 64, where driving the needle assembly through the

proximal side of the tissue comprises driving the needle assembly to a substantially

opposite side of the main body.

74. The method of claim 64, where the curvilinear shape of the shaped section

comprises a three-dimensional curvilinear shape such that driving the needle assembly

through the proximal side of the tissue comprises passing the needle assembly through

the tissue at a plurality of locations.

75. The method of claim 74, where placing the main body adjacent to a proximal

side of the tissue comprises placing the main body adjacent to an opening in the

tissue.

76. The method of claim 75, where the plurality of locations are located about a

perimeter of the opening, the method further comprising securing the suture within

the tissue after removing the main body to close the opening.

77. The method of claim 64, where the curvilinear shape of the shaped section

comprises a helical shape such that driving the needle assembly through the proximal



side of the tissue comprises passing the needle assembly through the tissue four

locations.

78. The method of claim 75, where the main body further comprising at least a

second needle assembly comprising a second tissue piercing end distal to a second

shaped section having a second curvilinear shape, the second shaped section being

elastically deformable into a second strained state and upon release assumes the

second curvilinear shape.

79. The method of claim 78, where a second end of the suture is coupled to the

second needle assembly.

80. The method of claim 79, where driving the needle assembly comprises driving

the first and second needle assemblies on either side of the opening, the method

further comprising securing the suture within the tissue after removing the main body

to close the opening.



81. A method for driving a suture through tissue, comprising:

placing a device against a proximal side of the tissue, the device comprising at

least one needle assembly in a strained state, the needle assembly having a tissue

piercing end distal to an elongate shaped section, the elongate shape section having a

curvilinear shape and being elastically deformable to the strained state, and a suture

coupled to the needle assembly;

advancing the needle assembly in the strained state within the device such that

the shaped section enters a guide portion that permits the shaped section located

therein to revert to the curvilinear shape from the strained state prior to leaving the

guide segment;

feeding the needle assembly through the proximal side of the tissue, 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 second location on the proximal side

of the tissue.

82. A suture driving assembly comprising:

at least one needle assembly comprising a tissue piercing end distal to an

elongate section, the elongate section being elastically deformable into a strained state

and upon release assumes an unstrained shape, a suture coupled to the needle

assembly;

a main body having a distal end and at least one needle retrieving passage

terminating at the distal end;

a suture retriever assembly located in the needle retrieving passage;

at least one channel extending through the main body and housing the needle

assembly, the channel having a portion that deforms the elongate section into the

strained state, the channel having a guide segment opening at the distal end and not in

alignment with the channel, where the guide segment is configured to allow the

elongate section located therein to revert to the unstrained shape prior to leaving the

guide segment; and

when tissue is located adjacent to the distal end of the main, body,

advancement of the needle assembly causes the elongate section to exit the guide

segment in the unstrained shape while penetrating the tissue and causing the suture to

follow the unstained elongate section through the tissue.
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