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SUTURING SYSTEMS AND METHODS FOR SUTURING BODY TISSUE

TECHNICAL FIELD

[0001] The present disclosure relates to suturing devices and methods. Some

embodiments relate to suturing devices and methods for suturing an anatomical structure,

such as mitral valves or other valves of the heart or elsewhere in the body.

BACKGROUND

[0002] Health practitioners frequently use sutures to close various openings such

as cuts, punctures, and incisions in various places in the human body. Generally, sutures are

convenient to use and function properly to hold openings in biological tissue closed, thereby

aiding in blood clotting, healing, and prevention of scarring.

[0003] Some heart valves may be weakened or stretched, or may have other

structural defects, such as congenital defects, that cause them to close improperly. Such

conditions can lead to reverse flow of the blood. This condition, referred to as regurgitation,

incompetence, or insufficiency, can reduce oxygenated blood flow in the normal direction

and oxygen supply to the patient. Regurgitation can cause the heart to work harder to

compensate for backflow of blood through these valves, which can lead to enlargement of the

heart, and/or reduction in cardiac performance. While the tricuspid valve and the pulmonary

valve may present these or similar conditions, the mitral valve and aortic valve more

frequently demonstrate these conditions.

[0004] A number of procedures have been developed to repair valves that do not

close properly. Among these procedures is the Alfieri technique, sometimes called edge-to-

edge repair, which involves suturing edges of the leaflets and pulling the leaflets closer

together. A patch or pledget is sometimes applied to leaflets that have openings therein to

reduce tearing of the suture through soft tissue. In some instances, leaflets can be reshaped

by removing a section of the leaflet that is to be treated and the surrounding portion of the

leaflet is sutured closed. Some valves are treated by attaching a ring around the outside of the

malfunctioning valve. Other valves may be replaced with biological or mechanical

replacements.



[0005] There are some circumstances under which the use of conventional sutures

and suturing methods require invasive and prolonged procedures that subject a patient to risk

of infection, delays in recovery, increases in pain, and other complications. There are other

circumstances under which it is not feasible to use conventional sutures and suturing methods

to close an opening. One type of invasive procedure is an open-heart surgery, which requires

opening a patient's chest, stopping the patient's heart and routing blood through a heart-lung

machine. The procedures can also be time-consuming, at least in part because the suturing

technique requires complicated steps. Examples of such procedures include the open surgery

Alfieri technique and the MitraClip procedure for mitral regurgitation. These suturing

procedures can be traumatic to the patient. The success of these procedures can also be

highly dependent on the skill of the user.

SUMMARY OF THE DISCLOSURE

[0006] Embodiments of the present disclosure provide less-invasive, easy-to-use,

and efficient suturing devices, systems and methods for suturing body tissues. The suturing

devices, systems and methods can be applied in percutaneous surgeries, including but not

limited to transapical mitral valve repair and laparoscopic procedures. The suturing devices

and methods can be used to suture any type of body tissue, for example, the mitral valves, the

tricuspid valves, other types of valves, and blood vessels.

[0007] A suturing apparatus for suturing biological tissue can comprise a suturing

device. The device can comprise an elongate housing having a proximal end and a distal end;

a handle coupled to the proximal end of the elongate housing; at least one pair of tissue

grasping arms coupled to the distal end of the elongate housing, the handle configured to

cause the at least one pair of tissue grasping arms to transition between an open configuration

and a closed configuration, wherein the at least one pair of tissue grasping arms in the closed

configuration can be configured to grasp tissue to be sutured therebetween with a first of the

tissue grasping arms being provided on a first side of the tissue and a second of the tissue

grasping arms being positioned on a second side of the tissue opposite the first side, wherein

the second of the tissue grasping arms can comprise a tissue-facing side, an opposite side, and

at least first and second suture mounts, and wherein the first of the tissue grasping arms can



be dimensioned to allow access to the at least first and second suture mounts of the second of

the tissue grasping arms from the tissue-facing side of the second of the tissue grasping arms;

at least first and second needle lumens extending along a length of at least a portion of the

elongate housing, each of the first and second needle lumens located on a substantially

diametrically opposite side of the elongate housing from the second of the tissue grasping

arms; and at least first and second needles, the first needle being housed within the first

needle lumen, the second needle being housed within the second needle lumen, wherein when

the at least one pair of tissue grasping arms is in the closed configuration grasping tissue

therebetween, the handle can be configured to cause the at least first and second needles to

move from the at least first and second needle lumens, respectively, to the second of the

tissue grasping arms such that the first and second needles can penetrate through the grasped

tissue and catch suture portions each located at the first and second suture mounts,

respectively, and wherein the handle can be further configured to cause the at least first and

second needles to retract from the at least first and second suture mounts, carrying the suture

portions back through the grasped tissue, and back to the at least first and second needle

lumens.

[0008] According to some embodiments of a suturing apparatus for suturing

biological tissue, the at least first and second needle lumens can have a first needle guide

track and a second needle track respectively, each of the first and second needle guide tracks

comprising an angled surface extending toward a central longitudinal axis of the elongate

housing in a proximal to distal direction.

[0009] According to some embodiments of a suturing apparatus for suturing

biological tissue, the at least one pair of tissue grasping arms can extend generally distally

from the elongate housing in the open and closed configurations, the at least one pair of tissue

grasping arms being substantially parallel to each other and to the longitudinal axis of the

elongate housing in the closed configuration.

[0010] According to some embodiments of a suturing apparatus for suturing

biological tissue, the at least first and second suture mounts can each comprise a lumen at an

angle such that the first and second needle guide tracks and the lumens of the at least first and



second suture mounts can be substantially coaxial when the at least one pair of tissue

grasping arms are in the closed configuration.

[0011] According to some embodiments of a suturing apparatus for suturing

biological tissue, the at least first and second needle lumens can be located in a needle guide

sheath extending along a length of at least a portion of the elongate housing, the needle guide

sheath comprising a hypotube at a distal end of the needle guide sheath, the hypotube being

hingedly coupled at or near the distal end of the elongate housing at a joint, wherein when the

at least one pair of tissue grasping arms is in the closed configuration grasping tissue

therebetween, the needle guide sheath can be configured to bulge radially outwardly from a

central longitudinal axis of the elongate housing when under a distal force, thereby causing

swinging of a distal opening of each of the at least first and second needle lumens, pivoted at

the joint, toward the at least one pair of tissue grasping arms so as to align the at least first

and second needles with the at least first and second suture mounts.

[0012] According to some embodiments of a suturing apparatus for suturing

biological tissue, the needle guide sheath can comprise a hinged joint along its length and

buckles at the hinged joint along its length under the distal force.

[0013] According to some embodiments of a suturing apparatus for suturing

biological tissue, a distal portion of the elongate housing can comprise one or more joints,

wherein when the at least one pair of tissue grasping arms is in the closed configuration, the

handle can be configured to cause the at least one pair of tissue grasping arms and/or the

distal portion of the elongate housing to pivotally rotate at the one or more joints so as to

align the at least first and second suture mounts with the at least first and second needle

lumens.

[0014] According to some embodiments of a suturing apparatus for suturing

biological tissue, when the at least first and second suture mounts are aligned with the at least

first and second needle lumens, the first tissue grasping arm can be substantially

perpendicular to the at least first and second needle lumens.

[0015] According to some embodiments of a suturing apparatus for suturing

biological tissue, the direction of movement of the first and second needles can be parallel to

a longitudinal axis of the elongate housing.



[0016] According to some embodiments of a suturing apparatus for suturing

biological tissue, a distal portion of the elongate housing can comprise two joints.

[0017] According to some embodiments of a suturing apparatus for suturing

biological tissue, the distal portion of the elongate shaft can comprise one joint located at the

distal end of the elongate shaft between the elongate shaft and the at least one pair of tissue

grasping arms, the elongate shaft further comprising a bifurcated needle lumens portion

running alongside the distal portion of the elongate shaft.

[0018] According to some embodiments of a suturing apparatus for suturing

biological tissue, the first of the at least one pair of tissue grasping arms can comprise a

detent on a side opposite a tissue-facing side, the detent configured to align the first and

second needle lumens with the first and second suture mounts respectively.

[0019] According to some embodiments of a suturing apparatus for suturing

biological tissue, the suturing apparatus can further comprise a knot-tying device.

[0020] According to some embodiments of a suturing apparatus for suturing

biological tissue, the suturing apparatus can further comprise one or more pledgets

configured to be passing along the suture portion.

[0021] According to some embodiments of a suturing apparatus for suturing

biological tissue, the at least one pair of tissue grasping arms can be configured to grasp

native leaflets of a heart valve.

[0022] According to some embodiments of a suturing apparatus for suturing

biological tissue, the suturing apparatus can comprise two pledgets, one of the two pledgets

configured to be drawn into contact with a first leaflet and another one of the two pledgets

configured to be drawn into contact with a second leaflet.

[0023] According to some embodiments of a suturing apparatus for suturing

biological tissue, the suture portions located at the first and second suture mounts can

comprise a single suture strand. The at least first and second needle lumens can be

configured to allow the first and second needles pass alongside or through the first of the

tissue grasping arms.



[0024] According to some embodiments of a suturing apparatus for suturing

biological tissue, the first of the tissue grasping arm can comprise one or more cut-out

portions configured allow passage of the at least first and second needles.

[0025] According to some embodiments of a suturing apparatus for suturing

biological tissue, the handle can comprise a switch operably connected to the at least one pair

of tissue grasping arms and configured to cause the at least one pair of tissue grasping arms to

transition between the open and closed configurations.

[0026] According to some embodiments of a suturing apparatus for suturing

biological tissue, the at least one pair of tissue grasping arms can further comprise a tissue-

gripping configuration, wherein a distance between the at least one pair of tissue grasping

arms can be smaller than the distance when the at least one pair of tissue grasping arms are in

the closed configuration.

[0027] According to some embodiments of a suturing apparatus for suturing

biological tissue, the handle can comprise an actuator operably connected to the at least first

and second needles and configured to deploy and/or retract the at least first and second

needles.

[0028] According to some embodiments of a suturing apparatus for suturing

biological tissue, the actuator can comprise a slide spring-biased into a retracted mode.

[0029] According to some embodiments of a suturing apparatus for suturing

biological tissue, the at least one pair of tissue grasping arms can comprise a first tissue

grasping arm, a second tissue grasping arm, and a central tissue grasping arm.

[0030] According to some embodiments of a suturing apparatus for suturing

biological tissue, the at least one pair of tissue grasping arms can comprise first and second

pairs of tissue grasping arms.

[0031] A method of suturing an anatomical valve can comprise steps of grasping

adjacent leaflets of the anatomical valve between a first grasping arm and a second grasping

arm, wherein the second grasping arm can comprise a first suture mount and second suture

mount for holding portions of one or more sutures on a first side of the anatomical valve;

advancing a first needle and a second needle through the grasped anatomical leaflets of the

anatomical valve from a second side of the anatomical valve opposite to the first side to catch



the portions of the one or more sutures held in the first and second suture mounts,

respectively; and retracting the first and second needles from the first and second suture

mounts to carry the suture portions back through grasped anatomical leaflets such that the one

or more sutures extend through the anatomical leaflets.

[0032] According to some embodiments of a method of suturing an anatomical

valve, the method can further comprise holding the adjacent leaflets between the first and

second grasping arms in an orientation parallel to a longitudinal axis of a delivery device

carrying the first and second needles and the first and second grasping arms, and delivering

the first and second needles at an angle or perpendicular to the longitudinal axis.

[0033] According to some embodiments of a method of suturing an anatomical

valve, the method can further comprise the adjacent leaflets between the first and second

grasping arms in an orientation at an angle or perpendicular to a longitudinal axis of a

delivery device carrying the first and second needles and the first and second grasping arms,

and delivering the first and second needles parallel to the longitudinal axis.

[0034] According to some embodiments of a method of suturing an anatomical

valve, the method can further comprise aligning the first and second needles and the adjacent

leaflets grasped therebetween with the first and second suture mounts.

[0035] According to some embodiments of a method of suturing an anatomical

valve, the method can further comprise using the one or more sutures extending through the

anatomical leaflets and/or one or more subsequently placed sutures to secure the anatomical

leaflets relative to each other by pulling on one or both of the suture ends to draw the suture

tight against the first surface of the valve.

[0036] According to some embodiments of a method of suturing an anatomical

valve, the method can further comprise applying a knot to the one or more sutures and/or the

one or more subsequently placed sutures.

[0037] According to some embodiments of a method of suturing an anatomical

valve, the knot can be applied from the first side of the anatomical valve.

[0038] According to some embodiments of a method of suturing an anatomical

valve, the anatomical valve may not be grasped when the knot is applied.



[0039] According to some embodiments of a method of suturing an anatomical

valve, the first and second needles can be deployed and/or retracted simultaneously or

sequentially.

[0040] According to some embodiments of a method of suturing an anatomical

valve, the first and second grasping arms and the needles can be provided on a suturing

device controlled by a single handle operated from outside of a patient's body.

[0041] According to some embodiments of a method of suturing an anatomical

valve, the method can further comprise drawing a first pledget carried by the one or more

suture portions extending through the anatomical leaflets into contact with the first surface of

the valve.

[0042] According to some embodiments of a method of suturing an anatomical

valve, the method can further comprise delivering a second pledget along the one or more

suture portions extending through the anatomical leaflets into contact with the second surface

of the valve.

[0043] According to some embodiments of a method of suturing an anatomical

valve, the anatomical valve can be a mitral valve.

[0044] A suturing apparatus for suturing an anatomical valve can be configured to

perform the steps of the method disclosed herein.

[0045] A suturing apparatus for suturing biological tissue can comprise a pair of

tissue grasping arms configured to transition between an open configuration and a closed

configuration, wherein the pair of grasping arms in the closed configuration can be

configured to grasp tissue to be sutured there between with a first of the grasping arms being

provided on a first side of the tissue and a second of the grasping arms being positioned on a

second side of the tissue opposite the first side, wherein the second grasping arm can

comprise at least one suture mount configured to hold a portion of a suture on the second side

of the tissue; at least one needle configured to be advanced from the first side of the tissue

and through the grasped tissue when the pair of tissue grasping arms grasps the tissue to be

sutured there between, the at least one needle configured to catch the a portion of suture held

by the at least one suture mount on the second side of the tissue and carry the portion of

suture back through the grasped tissue to the first side of the grasped tissue; and a handle



operably connected to the tissue grasping arms and the at least one needle to advance the at

least one needle relative to the pair of tissue grasping arms.

[0046] According to some embodiments of a suturing apparatus for suturing

biological tissue, the suturing apparatus can be configured for suturing an anatomical valve.

[0047] According to some embodiments of a suturing apparatus for suturing

biological tissue, the suturing apparatus can further comprise an elongate body extending

between the handle, and the at least one needle and the pair of tissue grasping arms.

[0048] According to some embodiments of a suturing apparatus for suturing

biological tissue, the suturing apparatus can comprise at least two needle lumens extending

along a length of at least a portion of the elongate housing. The suturing apparatus can

further comprise at least two needles.

[0049] According to some embodiments of a suturing apparatus for suturing

biological tissue, each of the two needle lumens can include a needle guide track, the needle

guide track comprising an angled surface extending toward a central longitudinal axis of the

elongate housing in a proximal to distal direction.

[0050] According to some embodiments of a suturing apparatus for suturing

biological tissue, the pair of tissue grasping arms is configured to hold the tissue parallel or

perpendicular to a longitudinal axis of the suturing apparatus.

[0051] According to some embodiments of a suturing apparatus for suturing

biological tissue, the at least one suture mount can comprise a lumen at an angle such that a

portion of the at least one needle and the lumen of the at least one suture mount are

substantially aligned when the at least one pair of tissue grasping arms are in the closed

configuration.

[0052] According to some embodiments of a suturing apparatus for suturing

biological tissue, the at least one pair of tissue grasping arms can comprise first and second

pairs of tissue grasping arms, the elongate housing comprising a first shaft and a second shaft

at the distal end, wherein the first pair of tissue grasping arms can extend distally from a

distal end of the first shaft and the second pair of tissue grasping arms can extend distally

from a distal end of the second shaft.



[0053] According to some embodiments of a suturing apparatus for suturing

biological tissue, the first and second pairs of tissue grasping arms can be each configured to

capture a leaflet of a valve between the respective arms.

[0054] According to some embodiments of a suturing apparatus for suturing

biological tissue, the first and second pairs of tissue grasping arms can be configured to move

between the open and closed configurations independent of each other.

[0055] According to some embodiments of a suturing apparatus for suturing

biological tissue, the first or second pair of tissue grasping arms can be configured to be

retracted when the second or first pair of the at least one pair of tissue grasping arms are

moved to a target leaflet.

[0056] According to some embodiments of a suturing apparatus for suturing

biological tissue, the first and second shafts can be configured to bend in a plane that

intersects lateral sides of the first and second shafts.

[0057] According to some embodiments of a suturing apparatus for suturing

biological tissue, when each of the first and second pairs of tissue grasping arms have grasped

a leaflet between the respective arms, the first and second pairs of tissue grasping arms can be

configured to be brought close together.

[0058] According to some embodiments of a suturing apparatus for suturing

biological tissue, the first and/or second pairs of tissue grasping arms comprise a plurality of

slits along a longitudinal axis of the first and/or second shafts.

[0059] According to some embodiments of a suturing apparatus for suturing

biological tissue, the first and/or second pairs of tissue grasping arms comprise a flexible

material.

[0060] According to some embodiments of a suturing apparatus for suturing

biological tissue, the first and/or second pairs of tissue grasping arms comprise a b i

directional steering feature.

[0061] According to some embodiments of a suturing apparatus for suturing

biological tissue, the first and/or second pairs of tissue grasping arms comprise a pre-shaped

bend.



[0062] According to some embodiments of a suturing apparatus for suturing

biological tissue, the apparatus can comprise a sleeve slidably disposed around the first and

second shaft.

[0063] According to some embodiments of a suturing apparatus for suturing

biological tissue, the sleeve can be advanced distally to bring the first and second shafts

closer together. The sleeve can be configured to constrain the first and second shafts close

together when the sleeve is at its distalmost position.

[0064] According to some embodiments of a suturing apparatus for suturing

biological tissue, a single needle can advance through both the first pair of tissue grasping

arms and the second pair of tissue grasping arms.

[0065] According to some embodiments of a suturing apparatus for suturing

biological tissue, a first needle can advance through the first pair of tissue grasping arms and

a second needle can advance through the second pair of tissue grasping arms.

[0066] A suturing apparatus comprising one or more of the features described in

the foregoing description.

[0067] A method of suturing tissue comprising one or more of the features

described in the foregoing description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0068] The above-mentioned and other features disclosed herein are described

below with reference to the drawings of specific embodiments. The illustrated embodiments

are intended for illustration, but not limitation. The drawings contain the following figures:

[0069] Figure 1 illustrates schematically a method of providing access to an

exemplifying use environment, such as a mitral valve of a heart.

[0070] Figures 2A-2D illustrate schematically embodiments of placement of

suture through a biological valve.

[0071] Figure 3 illustrates schematically an embodiment of placement of suture

through a biological valve at two locations spaced from the center of each leaflet using a

single suture strand.

[0072] Figure 4A illustrates a perspective view of an embodiment of a suturing

device in a closed configuration.



[0073] Figure 4B illustrates a side view of the embodiment of the suturing device

of Figure 4A.

[0074] Figure 5 illustrates an enlarged side view of a distal end of the

embodiment of the suturing device of Figure 4A.

[0075] Figure 6A illustrates a cross-sectional view of a distal end of the

embodiment of the suturing device of Figure 5.

[0076] Figure 6B illustrates another cross-sectional view of a distal end of the

embodiment of the suturing device of Figure 5 at a plane that is offset from the central plane

as shown in Figure 6A and illustrates a cross-sectional view of a needle guide track and a

needle.

[0077] Figure 7A illustrates an enlarged front view of a distal end of the

embodiment of the suturing device of Figure 4A.

[0078] Figure 7B illustrates a cross-sectional view of a distal end of the

embodiment of the suturing device of Figure 7A looking into the plane of Figure 7A with a

second tissue grasping arm removed.

[0079] Figure 7C illustrates an enlarged cross-sectional view of a distal end of the

embodiment of the suturing device of Figure 4A looking out of the plane of Figure 7B with a

first tissue grasping arm removed.

[0080] Figure 8 illustrates an enlarged cross-sectional view of a proximal end of

the embodiment of suturing device of Figure 4A.

[0081] Figure 9 illustrates an embodiment of a suture strand configured for use

with a suturing device according to one embodiment.

[0082] Figure 10A illustrates a perspective view of an embodiment of a suturing

device in an open configuration.

[0083] Figure 10B illustrates a side view of the embodiment of the suturing

device of Figure 10A.

[0084] Figure 1 1 illustrates an enlarged side view of a distal end of the

embodiment of the suturing device of Figure 10A.

[0085] Figure 12 illustrates an enlarged cross-sectional view of a proximal end of

the embodiment of the suturing device of Figure 10A.



[0086] Figures 13A-13D illustrate various configurations of an embodiment of a

suturing device with an upper portion of a handle housing and an elongate housing removed

for clarity.

[0087] Figures 14A-14H illustrate example methods of suturing a biological valve

using a suturing system including the suturing device of Figure 4A.

[0088] Figures 15A-15B illustrate an embodiment of a distal end of a suturing

device.

[0089] Figures 15C-15L illustrate schematically additional embodiments of tissue

grasping arms of a suturing device.

[0090] Figure 16 illustrates schematically an example needle trajectory of the

suturing device of Figure 4A.

[0091] Figure 17A illustrates schematically an embodiment of a distal end of a

suturing device for suturing a biological valve.

[0092] Figure 17B illustrates schematically an embodiment of a distal end of a

suturing device for suturing a biological valve.

[0093] Figure 18A illustrates schematically an embodiment of a distal end of a

suturing device for suturing a biological valve.

[0094] Figures 18B-18C illustrate schematically embodiments of a distal end of a

suturing device for suturing a biological valve.

DETAILED DESCRIPTION

[0095] Embodiments of suturing systems and methods for suturing biological

tissue are disclosed herein. The suturing apparatuses and their methods of use can be useful

in a variety of procedures, such as treating (e.g., closing) wounds and naturally or surgically

created apertures or passageways. For example, the suturing devices can be used to treat an

anatomical valve, such as a heart valve, including heart valves that may be weakened or

stretched, or have other structural defects, such as congenital defects, that cause them to close

improperly. One or more suturing devices can be used to treat or repair valves, such as the

tricuspid, pulmonary, mitral, and aortic valves, for example. In some suturing procedures, a

suturing system including a suturing device disclosed herein can be used to perform



procedures such as edge-to-edge repair (like an Alfieri technique), suturing of ventricular

spaces, suturing of the chordae, suturing in other locations in the heart, and the like. The

suturing system can be used to close or reduce a variety of other tissue openings, lumens,

hollow organs or natural or surgically created passageways in the body. The suturing system

can also include one or more pledgets. The suturing system can further include a knot-

tying/forming device.

[0096] Figure 1 illustrates an example approach for suturing a mitral valve 8. As

shown in Figure 1, a guide wire 10 is advanced into the left ventricle 6 of the heart through a

puncture or incision 9 near an apex 7 of the left ventricle 6. The heart can be accessed

through a limited thoracotomy, small trocar puncture, small catheter puncture, or the like.

Other access paths may be used. The guide wire 10 can then be further positioned at or near

the mitral valve 8. With the guide wire 10 in place, the physician can optionally insert a

sheath 12 to the left ventricle 6. The sheath 12 can be placed at or near the mitral valve 8.

The suturing device can then be advanced through the lumen of the sheath 12. The suturing

device can also be advanced over the guide wire 10 and positioned at or near the mitral valve

8 without the need to insert an introducer sheath 12.

[0097] After having gained access to the surgical site, the suturing device can

puncture one or more holes through each piece of body tissue to be sutured closed, for

example, each of a pair of valve leaflets. The suturing device can pass a single suture strand

through these two holes, with two ends of the single suture strand leading outside the

patient's body for tying or applying a knot.

[0098] As shown in Figures 2A-2D, the suturing device disclosed herein can be

configured to place one or more suture strands 30 through both the first leaflet 20A and the

second leaflet 20B of an opening in a patient's body, either simultaneously or sequentially.

The suture strand 30 can be pulled to draw the first leaflet 20A and the second leaflet 20B

towards one another before applying a knot to the suture 30. One or more knots can then be

applied to the suture strand(s) 30 to hold the leaflets 20A, 20B in proximity to one another.

[0099] The suture strand 30 can be placed through the leaflets 20A, 20B at

locations selected by the physician to treat a problem of a particular valve or opening. For

example, the suture strand 30 can be passed through the leaflets 20A, 20B at locations in or



near a central region of the leaflets 20A, 20B as illustrated in Figure 2A. Figure 2B

illustrates three suture strands 30 passed through the leaflets 20A, 20B in a central region of

the leaflets. Figure 2C illustrates a suture strand 30 being passed through a portion of the

leaflets 20A, 20B at or near a periphery of the valve. Figure 2D illustrates two suture strands

30 being applied to multiple locations between the two leaflets 20A, 20B. The number of

suture strands used and the location(s) of where the suture strand(s) is applied can vary based

on the problem of the particular valve or opening.

[0100] As shown in Figure 3, a single suture strand 30 can be used to close the

leaflets 20A, 20B. As will be explained in more detail below, the suture strand 30 can be

passed through the leaflets 20A, 20B when the leaflets 20A, 20B are pinched or grasped

together. A suturing device facing surface 22A, 22B of each leaflet (for example, leaflet

surfaces that face radially outward) can be in contact with the suturing device when the

leaflets 20A, 20B are pinched together. Each leaflet can be punctured in one or more

locations, for example two locations. For example, in a mitral valve repair procedure, the

two locations can be along a coaptation line between the bicuspid leaflets. Two ends of the

suture strand 30 can be passed through the two locations respectively from the suturing

device facing surface 22B of the leaflet 20B. The two ends of the suture strand 30 can then

exit through a suturing device facing surface 22A of the leaflet 20A. A knot 32 can be

formed by tying or otherwise joining the two ends of the suture strand 30 on the suturing

device facing surface 22A of the leaflet 20A. Although not shown in Figure 3, the single

suture strand 30 can be pulled on both ends to draw the first leaflet 20A and the second

leaflet 20B towards one another before the knot is formed.

[0101] With continued reference to Figure 3, the user can pass one or more

pledgets 40 along the suture strand 30 such that the one or more pledgets 40 can be applied

over the punctured locations on the leaflets 20A, 20B. One pledget 40B can be pre-loaded

onto the suture strand 30 before the suturing procedure. The pledget 40B can be drawn

against or into contact with the suturing device facing surface 22B of the leaflet 22B.

Another pledget 40A can be passed along the suture strand 30 before the knot is tied or

applied. The pledgets can reduce teaching of the leaflet tissues at or near the punctured holes.



The sutures can also be passed from the leaflet 22A to leaflet 22B, with the knot formed on

the suturing device facing surface 22B.

[0102] In the case of a mitral repair open surgery, existing technology make it

difficult for a user to pass the suture needle across the zone of coaptation of the mitral leaflets

percutaneously. The user needs to grab the leaflets along the coaptation line with a tool such

as a pair of forceps in one hand, while passing the needle through the leaflets using the other

hand. The complexity of the procedure is increased if pledgets are applied to the leaflets.

Specifically, one pledget needs to be applied to the ventricular side of one mitral leaflet after

the needle has cross both leaflets, and another pledget needs to be applied to the ventricular

side of the other mitral leaflets after the needle crosses back through the leaflets. These

techniques are time-consuming, complicated, and the outcome can be highly dependent on

the skill of the user.

[0103] Embodiments of the present disclosure provide suturing devices, systems,

and methods that can be used to suture body tissues in a less invasive manner that require

fewer steps, and deliver more predictable surgical outcomes than current suturing devices and

techniques. Access to the body tissue can be through a percutaneous approach or other less

invasive approach than used for open surgery, though the devices, systems and methods can

be used in open surgery as well. Embodiments of the suturing devices can include one or

more pairs of tissue grasping arms for capturing and holding together body tissues.

[0104] The below described suturing devices are intended to illustrate some

examples of features found in a suturing device that can be incorporated with the below

description. However, other suturing devices can be used as well, such as described in U.S.

Pat. Nos. 6,117,144, 6,562,052, 8,246,636, 9,131,938, 9,326,764, 9,642,616, 9,649,106, and

9,706,988, U.S. Pat. Pub. Nos. 2011/0190793, 2016/0151064, and 2016/0302787, and Int'l.

Pat. App. No. PCT/US2016/026965, the entirety of each of which is hereby incorporated by

reference, which illustrate suturing devices and methods having other features that may be

utilized with embodiments described in this disclosure, such as fewer or greater number of

arms and/or needles, needles that move in a distal-to-proximal direction, suture spools,

separate insertable elongate bodies for suturing, directed needles, curved needles, needle

carriers, etc.



Suturing Device Overview

[0105] Figures 4A-11 illustrate an embodiment of a suturing device 100

configured to suture an anatomical valve or an opening in body tissue, such as a heart valve,

without the need of an open surgery. While the device 100 will be described with reference

to suturing an anatomical valve, such as a heart valve, the device 100 could be used to suture

other biological tissue and implantable materials. The suturing device 100 can include a

tissue-engaging distal assembly including first and second tissue grasping arms 130, 140, an

elongate housing or shaft 110 having a longitudinal axis, and a handle 120. The elongate

housing 110 can have a proximal end 102 and a distal end 103 on opposite ends of the

longitudinal axis. The distal end 103 can be coupled to or incorporate the first and second

tissue grasping arms 130, 140. The proximal end 102 can be coupled to the handle 120.

Although the elongate housing 110 is depicted as having a similar length as the handle 120,

the elongate housing 110 can be much longer so as to be advanced through the lumen of the

sheath 12 in Figure 1 to deliver the tissue-engaging distal assembly to a suturing site. The

elongate housing 110 can also be flexible. The distal end 103 of the elongate housing 110

can be steerable in two planes or omni-directionally.

[0106] The first and second tissue grasping arms 130, 140 can each have an

elongate shape extending distally from the distal end 103 of the elongate housing 100. As

shown in Figures 4A-4B and 5, the first and second tissue grasping arms 130, 140 can have a

closed configuration when the first and second tissue grasping arms 130, 140 are generally

parallel with each other, and also generally parallel with the longitudinal axis of the elongate

housing 100. As shown in Figures 9A-9B and 10, the first and second tissue grasping arms

130, 140 can have an open configuration when distal tips of the first and second tissue

grasping arms 130, 140 move away from each other and from the longitudinal axis of the

elongate housing 100.

[0107] The first and second tissue grasping arms 130, 140 can have identical or

substantially shape and/or dimension so that they can be generally mirror-images about the

longitudinal axis of the elongate housing 110. The first and second tissue grasping arms 130,

140 can have different shapes and dimensions as shown in Figures 4A to 14D. As shown in

Figures 6A-6B and 7B-7C, the first and second tissue grasping arms 130, 140 can have tissue



facing surfaces 136, 146. A portion of the tissue facing surfaces 136 and 146 can have

complementary slanted surfaces. The slanted surfaces can provide a horizontal force

component when the first and second tissue grasping arms 130, 140 are in a closed

configuration, and can have a better grip on the tissues. Additional complementary grooves

and protrusions, such as a groove 135 and a protrusion 145, can also contribute to a better

grip on the tissues. One arm can be longer than the other arm. As shown in the illustrated

embodiment, the first tissue grasping arm 130 can be longer than the second tissue grasping

arm 140, which can facilitate gripping the leaflets together. As shown in Figures 7A and 7C,

the second tissue grasping arm 140 can terminate distally in two tines 140A, 140B with a gap

between the two tines 140A, 140B. The gap can provide room for tissue the first and second

tissue grasping arms 130, 140 moves to the closed configuration to grasp the tissue between

the arms.

[0108] As shown in Figures 6A-6B, the first and second tissue grasping arms 130,

140 can be connected at their proximal ends. The connection can be located proximal to the

distal end 103 of the elongate housing 100 when the first and second tissue grasping arms

130, 140 are in the closed configuration. Specifically, each of the first and second tissue

grasping arms 130, 140 can include an elongate slot 132, 142 at an angle from the

longitudinal axis of the elongate housing 100. Distal ends of the elongate slots 132, 142 can

overlap to allow a cross pin 150 to pass through both the elongate slots 132, 142. The open

and closed configurations described above can be pivoted at the cross pin 150. As will be

explained in more details below, the handle 120 can have one or more actuators for opening

and closing the first and second tissue grasping arms 130, 140. The cross pin 150 can be

advanced distally to open the first and second tissue grasping arms 130, 140. The cross pin

150 can be pulled proximally to close the first and second tissue grasping arms 130, 140.

[0109] As further shown in Figure 6B, which shows a cross-section of the tissue-

engaging assembly at a plane offset from a central plane as shown in Figure 6A, the second

tissue grasping arm 140 can include at least one suture mount 144. As illustrated in Figures

7A and 7C, the second tissue grasping arm 140 can include two suture mounts 144. The two

suture mounts 144 can be generally symmetrical about a central vertical axis of the second

tissue grasping arm 140. The second tissue grasping arm 140 can include more than two



suture mounts 144. The suture mount 144 can include one lumen (Figure 6B) to allow

movement of a suture catcher, such as a needle 160 or a hook, through the suture mount 144.

The needles 160 can be housed inside needle lumens 112 of the suturing device 100. Each

needle lumen 112 can house one needle 160. As shown in Figures 7A-7C, the suturing

device 110 can include two needle lumens 112. (In Figures 7B and 7C, one needle is omitted

from one of the needle lumens 112 for clarity.) The needle lumens 112 can be located

substantially symmetrically about the longitudinal axis of the elongate housing 110. A plane

encompassing openings of the two needle lumens 112 can be substantially parallel to a plane

encompassing openings of the two suture mounts 144 on the tissue facing surface 146. The

needle lumens 112 can be inside the elongate housing 110, or in a separate catheter running

alongside the elongate housing 110. As shown in Figure 6B, the needle lumens can be on an

opposite side of the elongate housing 100 from the second tissue grasping arm 140. The

needle lumens can be diametrically opposite the second tissue grasping arm 140.

[0110] Each of the suture mountsl44 can further be configured to releasably hold

a suture portion. Figure 9 illustrates an example suture strand 30 having a hole or an eyelet

32, 34 that can be formed at each end of a single suture strand 30. The eyelet 32, 34 can be

configured to allow a hook or needle through an opening of the eyelet in a suturing

procedure. After the needle 160 has engaged the eyelet of the suture portion, the needle 160

can be retracted through the same lumen. The retraction of the needle 160 can thereby pull

the suture strand 30 through the lumen and also through layers of tissue grasped by the first

and second tissue grasping arms 130, 140. The suture portion held at each of the suture

mounts 144 can comprise a single suture strand. As described above with reference to Figure

3, the eyelet 32, 34 at each end of the single suture strand 30 can be passed through one of the

lumens of the suture mounts 144 on the second tissue grasping arm 140, and be pulled

through the two leaflets that are grasped by the first and second tissue grasping arms 130,

140. Additional details about the example suture strand 30 are provided in U.S. Patent

Application No. 11/503,652, entitled "SUTURING DEVICE AND METHOD" and filed on

August 14, 2006, now U.S. Patent No. 8,348,962, which is incorporated herein by reference

in its entirety.



[0111] As shown in Figure 6B, the needle lumens 112 can have openings located

on the same side of the longitudinal axis of the elongate housing 110 as the first tissue

grasping arms 130 and on the opposite side of the longitudinal axis of the elongate housing

110 as the second tissue grasping arms 140. The first tissue grasping arm 130 can be

dimensioned so that the needles 160 can be passed unhindered from the distal end 103 of the

elongate housing 110 to the suture mount 144 on the second tissue grasping arm 140. As

shown in Figures 5 and 6B, the first tissue grasping arm 130 can have one or more cut-out

portions 134, such as from left and right edges of the first tissue grasping arm 130 to provide

a clear path for the needles 160. The needle lumens can have openings on the distal end 103

of the elongate housing 110 such that the needles' trajectories may not intersect the first

grasping arm 130. Figures 15A-15B illustrate a first tissue grasping arm 1530 that can

include two lumens 1534. As shown in Figure 15B, the needle lumens 1512 can have

openings located on the same side of the longitudinal axis of the elongate housing 1510 as the

first tissue grasping arms 1530 and on the opposite side of the longitudinal axis of the

elongate housing 1510 as the second tissue grasping arms 1540. The lumens 1534 can be

located along trajectories of the needles so that needles can be deployed into suture mounts

1544 on a second tissue grasping arm 1540 through the lumens 1534.

[0112] Turning back to Figures 4A-4B, the handle 120 can have an elongate

handle housing 128 generally extending along a longitudinal axis of the elongate housing

110. The handle 120 can be of different shapes. The handle can include actuators, such as a

slide 122 and a switch 124. As shown in Figures 4A-4B, the slide 122 can be distal of the

switch 124. Other arrangements of the slide 122 and the switch 124 can also be used based

on the disclosure herein.

[0113] As shown in Figures 8 and 12, the slide 122 can be configured to deploy

and retract the needles 160. The slide can have a handle portion 1222 and a user portion

1224. The handle portion 1222 can be located within the handle housing 128. The user

portion 1224 can protrude outward from the handle housing 128. The user portion 1224 can

be shaped to allow a user to move the slide 122 with a thumb. The user portion 1224 and the

handle portion 1222 can be connected such that the user and handle portions 1224, 1222

move in unison when a user moves the user portion 1224. The handle 120 can include a gap



127 that is longer than a length of the handle portion 1222 of the slide 122 along the

longitudinal axis of the elongate housing 110. The relative lengths and positions of the gap

127 and the handle portion 12224 can limit the range of axial movement of the slide 122,

which can in turn limit the range of movement of the needle 160. The relative lengths and

positions of the gap 127 and the handle portion 12224 can allow the needle 160 to travel a

sufficient distance to engage the suture portion on the suture mount 144, but can prevent the

needle tip from pinching into anatomical structures surrounding the valve. The limited range

of movement of the needle 160 can therefore prevent injury of the patient's body tissue by the

needle when the suturing device 100 is in use.

[0114] The handle portion 1222 can be fixedly attached to a needle deployment

rod 125 (shown in Figures 8, 11, and 13A-13C). The needle deployment rod 125 can span

substantially a length of the elongate housing 110 and a distal portion of the handle 120 along

its length. As shown in Figure 6B, the needle deployment rod 125 can be coupled to the

needles 160 at or near the distal end 103 of the elongate housing 110. A distal spring 126 can

be located between a distal surface of the handle portion 1222 of the slide 122 and a distal

inner surface of the handle housing 128. The distal spring 126 can bias the slide 122 in a

proximal direction such that the needles 160 can be in a retracted position. When a user

pushes the slide 122 distally, which can compress the distal spring 126, the needles 160 can

be deployed via the needle lumens 112 inside the elongate housing.

[0115] The switch 124 can be configured to open and close the first and second

tissue grasping arms 130, 140. Turning to Figures 8 and 11, the switch 122 can include an

distal portion 1242 and a proximal portion 1244. The distal portion 1242 and the proximal

portion 1244 can form an angle and be pivoted at the joint of the distal portion 1242 and the

proximal portion 1244 in a seesaw type of configuration. When the distal portion 1242 is

pressed into the handle housing 128, the proximal portion 1244 protrudes outward from the

handle housing 128, and vice versa.

[0116] As shown in Figures 8 and 12 (and also Figures 13A-13D), the distal

portion 1242 can be adjacent to a sliding block 1248. The distal portion 1242 can be

connected to the sliding block 1248 via a linkage bar 1241. The sliding block 1248 can thus

move axially along the longitudinal axis of the elongate housing 100 by the seesaw motion of



the switch 124. The sliding block 1248 can be connected to two cables or thin rods 123. The

cables or thin rods 123 can span substantially the length of the elongate housing 110 and a

substantially portion of the length of the handle 120. As shown in Figure 7B, the cables or

thin rods 123 can be hingedly attached to the cross pin 150. A user can switch between

opening and closing the first and second tissue grasping arms 130, 140 by pressing on the

distal or proximal portions 1242, 1244 of the switch 124, which can be configured to cause

axial movement of the sliding block 1248, the cables 123, and the cross pin 150.

[0117] As shown in Figure 8 (also in Figure 13B), the proximal portion 1244 can

be pressed to cause the first and second tissue grasping arms 130, 140 to be in a closed

configuration. In the closed configuration, the sliding block 1248 can be pushed proximally,

thereby pulling the cross pin 150 proximally to close the arms. As shown in Figure 12 (also

in Figure 13A), the distal portion 1242 can be pressed to cause the first and second tissue

grasping arms 130, 140 to be in an open configuration. In the open configuration, the sliding

block 1248 can be pushed distally, thereby pushing the cross pin 150 distally to open the

arms. Having a pair of cables or thin rods positioned substantially symmetrically about the

longitudinal axis of the elongate housing 110 can more evenly distribute an axial force when

opening or closing the tissue grasping arms.

[0118] Additional details of the operations of the slide 124 and the switch 122

will now be explained with reference to Figures 13A-13D, which are shown with the elongate

housing 110 and an distal portion of the handle housing 128 removed for clarity. In each of

Figures 13A to 13D, the suturing device 100 is shown with the tissue grasping arms in the top

figure and the handle in the bottom figure. In Figure 13A, the needles 160 are in a retracted

position and the handle portion 1222 of the slide 122 can be biased proximally. The distal

portion 1242 of the switch 124 is pressed down so that the distal portion 1242 can be

generally parallel to the longitudinal axis of the elongate housing 110. An end surface of the

distal portion 1242 abuts a proximally facing surface of the sliding block 1248 to push the

sliding block 1248 distally so as to open the first and second tissue grasping arms 130, 140.

The sliding block 1248 can comprise or encase a proximal spring 1249. The proximal spring

1249 can be biased proximally and the end surface of the distal portion 1242 of the switch

124 compresses the proximal spring 1249 in order to push the sliding block 1248 distally.



[0119] In Figure 13B, the needles 160 are still in a retracted position. The user

has partially pressed down the proximal portion 1 44 so that neither the distal portion 1242

nor the proximal portion 1244 of the switch 124 is completely pressed down. Each of the

distal portion 1242 and the proximal portion 1244 of the switch 124 can form an angle with

the longitudinal axis of the elongate housing. The end surface of the distal portion 1242 is no

longer abutting the proximally facing surface of the sliding block 1248. The proximal spring

1249 regains a portion of its free length and moves the sliding block 1248 proximally. This

movement can cause the first and second tissue grasping arms 130, 140 to move to a closed

configuration.

[0120] Figure 13C illustrates an optional "grip" configuration of the first and

second tissue grasping arms 130, 140. The needles 160 are still in a retracted position. The

proximal portion 1242 of the switch 124 is pressed down completely by the user so that the

proximal portion 1242 can be generally parallel to the longitudinal axis of the elongate

housing 110. The sliding block 1248 is pulled further proximally due to the movement of the

switch 124 until the proximally facing surface of the sliding block 1248 abuts a ridge 1243 of

the distal portion 1242. The additional proximal movement of the sliding block 1248 can

close the first and second tissue grasping arms 130, 140 even further compared to when the

arms are in the closed configuration. A distance between the first and second tissue grasping

arms 130, 140 can be smaller in this "grip" configuration than the distance when the first and

second tissue grasping arms 130, 140 are in the closed configuration. The first and second

tissue grasping arms 130, 140 can thus form a tighter grip on the tissue between the arms.

The proximal spring 1248 further biases the sliding block 1248 proximally, which can help

maintain a firm grip by the first and second tissue grasping arms 130, 140 in this

configuration. The suturing device 100 can be further configured such that the slide 122

cannot move, and the needles 160 cannot be deployed, except when the first and second

tissue grasping arms 130, 140 are in the "grip" configuration. For example, the user

completely pressing down the proximal portion 1244 of the switch can release a stopper that

prevents the slider 122 from move proximally. This can prevent accidental deployment of

the needles 160, and increase safety of the suturing device 100.



[0121] In Figure 13D, while the first and second tissue grasping arms 130, 140 are

in the closed or the optional "grip" configuration, the needles 160 are deployed by moving

the handle portion 1 22 of the slide 122 distally against the distal spring 126. Although not

shown, the user can either move the slide 122 proximally or let go of the slide 122 to retract

the needles.

[0122] The actuators can be different types of actuators suitable for use with the

suturing device 100 disclosed herein. For example, instead of the slide 122, a push button

can be used to compress the spring 126. The user can continue pressing down on the push

button such that the pressing down can initially deploy the needles and subsequently retract

the needles without the need for a separate action from the user for needle retraction.

[0123] Although the suturing device 100 described above can transition between

the open and closed configuration by moving both the first and second tissue grasping arms

130, 140, a suturing device of the present disclosure can have one fixed tissue grasping arm

and one rotatable tissue grasping arm.

Suturing Device with More Than Two Tissue Grasping Arms

[0124] Turning to Figures 15C-15L, embodiments of suturing devices of the

present disclosure can include more than two tissue grasping arms. As shown in Figure 15C,

the suturing device can have a first side tissue grasping arm 1530, a second side tissue

grasping arm 1540, and a central tissue grasping arm 1535. The central tissue grasping arm

1535 can be fixed or movable. The first and second side tissue grasping arms 1530, 1540 can

each cooperate with the central tissue grasping arm 1535 to grasp one leaflet. In a closed

configuration, the two leaflets 20A, 20B can be brought together with the central tissue

grasping arm 1535 between the two leaflets 20A, 20B.

[0125] As shown in Figure 15D, the suturing device can have a first pair of tissue

grasping arms 1530A, 1530B, and a second pair of tissue grasping arms 1540A, 1540B. The

arms 1530A, 1540A can be located on two opposite (e.g. diametrically opposite) sides of the

longitudinal axis of the elongate shaft 1510. The arms 1530B, 1540B can be located between

the arms 1530A, 1540A and on two sides of the longitudinal axis. The first and second pairs

of tissue grasping arms 1530A, 1503B, 1540A, 1540B can each grasp one leaflet. After the

first and second pairs of arms 1530A, 1503B, 1540A, 1540B have each grasped one leaflet,



the first and second pairs of arms 1530A, 1503B, 1540A, 1540B can be brought together

toward the longitudinal axis of the suturing device to bring the two leaflets together. The

first and second pairs of tissue grasping arms 1530A, 1503B, 1540A, 1540B can each have

two rotatable or articulating tissue grasping arms, or one fixed or non-articulating tissue

grasping arm and one rotatable or articulating tissue grasping arm.

[0126] Turning to Figures 15E-15L, an embodiment of the suturing device 1500

can have a first shaft 1530 and a second shaft 1540. The first and second shafts 1530, 1540

can extend distally from an elongate shaft 1510 similar to the elongate shaft 110 described

above. The first shaft 1530 can include a first pair of tissue grasping arms 1530A, 1530B at

its distal end. The second shaft 1540 can include a second pair of tissue grasping arms

1540A, 1540B at its distal end. The arms 1530A, 1530B, 1540A, 1540B can have any of

features of the tissue grasping arms 130, 140, 1530, 1540 described above.

[0127] The first and/or second shaft 1530, 1540 can be configured to bend di-

directionally within a plane. The plane can intersect lateral sides of the first and second

shafts 1530, 1540, and/or encompass a cross-section of the first and second pairs of tissue

grasping arms 1530A, 1530B, 1540A, 1540B. As shown in Figure 15H, the first and second

shaft 1530, 1540 can bend by having a plurality of slits/slots/apertures 1582. The slits 1582

can each have an opening facing a lateral side of the first or second shaft 1530, 1540. The

slits 1582 can be aligned on the lateral side of the first or second shaft 1530, 1540 along their

respective longitudinal axes. The slits 1582 can be parallel to and/or intersect the plane

intersecting the lateral sides of the first and second shafts 1530, 1540, 1540B so as to

constrain bending of the first or second shaft 1530, 1540 within the plane. In some

embodiments, the first and/or second shaft 1530, 1540 can bend by having a steering

mechanism (e.g., using one or more pullwires), comprising flexible material(s), and/or having

a pre-shaped bend. In some embodiments, the first and second shafts 1530, 1540 can have

different bending features. In some embodiments, the first and second shafts 1530, 1540 can

have the same bending features. In some embodiments, the slits can vary along the perimeter

in order to direct bending in a particular direction or set of directions.

[0128] As shown in Figures 15E-15K, one of the first and/or second pairs of

tissue grasping arms (e.g. the arms 1530A and 1540A) can be an articulating arm rotatable



about a pivot point 1539, 1549, respectively. The other one of the first and/or second pairs of

tissue grasping arms (e.g. the arms 1530B and 1540B) can be a rigid and/or non-articulating

arm. In some embodiments, such as shown in Figure 15L, both of the first and/or second

pairs of tissue grasping arms can comprise articulating arms.

[0129] As shown in Figures 151 and 15L, the first and second pairs of tissue

grasping arms 1530A, 1530B, 1540A, 1540B can be opened simultaneously (e.g. by rotating

the arms 1530A, 1540A about the pivots 1539, 1549, respectively). As shown in Figure 15J,

the second pair of tissue grasping arms 1540A, 1540B can be opened and closed independent

of the first pair of tissue grasping arms 1530A, 1530B. The second pair of tissue grasping

arms 1540A, 1540B can be configured to grasp the second leaflet 20B. As shown in Figure

15K, the first pair of tissue grasping arms 1530A, 1530B can be opened and closed

independent of the second pair of tissue grasping arms 1540A, 1540B. The first pair of tissue

grasping arms 1530A, 1530B can be configured to grasp the first leaflet 20A.

[0130] In some embodiments, one of the first or second pair of tissue grasping

arms 1530A, 1530B, 1540A, 1540B can be retracted (e.g., moved proximally) while the other

pair is being used to grasp one of the leaflets 20A, 20B (e.g., by retracting first shaft 1530 or

second shaft 1540). Retracting one of the pairs of tissue grasping arms can provide more

space for the remaining pair of tissue grasping arms to bend and/or have other movements in

order to capture the target leaflet between the two arms.

[0131] Independent movements of the first and second pairs of tissue grasping

arms 1530A, 1530B, 1540A, 1540B can allow the suturing device 1500 to extend one of the

first and second pairs of arms (e.g. the arms 1530A, 1530B extending from the first shaft

1530) toward a first leaflet (e.g. the leaflet 20A) without extending the other pair of arms

(e.g. the arms 1540A, 1540B extending from the second shaft 1540). The first pair of arms

1530A, 1530B can be opened and closed to grasp the first leaflet between the two arms.

Further, the first pair of arms 1530A, 1530B can be steered into the particular position to best

grasp the first leaflet. The suturing device 1500 can move around or reposition its distal end

(e.g. by extending the second pair of arms 1540A, 1540B distally, and/or steering and/or

bending the shaft 1540 coupled to the second pair of armsl540A, 1540B) toward a second

leaflet (e.g. the leaflet 20B). The suturing device 1500 can open and close the second pair of



arms 1540A, 1540B to grasp the second leaflet between the two arms. The position and/or

orientation of the second pair of arms 1540A, 1540B can be adjusted until the second leaflet

is grasped between the two arms. In some embodiments, the suturing device 1500 can retract

the first pair of arms 15030A, 1530B when grasping the second leaflet 20B using the second

pair of arms 1540A, 1540B.

[0132] As shown in Figure 15E, 15F, and 15H, the suturing device 1500 can

include a sleeve 1580 slidably disposed around the first and second shafts 1530, 1540. The

sleeve 1580 can have varying lengths and thicknesses. In the illustrated embodiment, the

sleeve 1580 can comprise a ring, though the particular shape of the sleeve 1580 is not

limiting. The sleeve 1580 can have an internal diameter or width configured to allow the

sleeve 1580 to slide proximally and distally along the first and second shafts 1530, 1540. For

example, the sleeve 1580 can have two lumens, one for each of the first and second shafts

1530, 1540. As shown in Figure 15H, the lumens can be shaped to receive the shafts 1530,

1540 so that the shafts cannot radially move in the lumens. When the sleeve 1580 is moved

proximally, the first and second shafts 1530, 1540 can bend and/or move away from each

other. When the sleeve 1580 is moved distally (e.g. at or near the tissue grasping arms), the

sleeve 1580 can constrain and/or lock the first and second shafts 1530, 1540 close to each

other. Further, moving the sleeve 1580 distally can bring the first and second shafts 1530,

1540 together, and moving the sleeve 1580 proximally can cause the first and second shaft

1530, 1540 to move apart. In some embodiments, when the sleeve 1580 is at its distalmost

position, the first and second pairs of tissue grasping arms 1530A, 1530B, 1540A, 1540B can

function as if they are comprised in a single unit. In some embodiments, the suturing device

1500 may not have a sleeve and the first and second shafts can be brought close together by

other steering features described above. The sleeve 1580 can contain internal locking

components that mate with the shafts 1530, 1540 to remain in a particular position. The

sleeve 1580 can be unlocked to move proximally/distally, such as by actuation of an actuator

or by applying a force that overcomes the locking component.

[0133] Bringing the first and second shafts 1530, 1540 together can bring the first

and second pairs of tissue grasping arms 1530A, 1530B, 1540A, 1540B close together. The

close proximity of the first and second pairs of tissue grasping arms 1530A, 1530B, 1540A,



1540B can allow one or more needles to be deployed from one pair of arms, through the other

pair of arms, and engage suture portions, for example, the suture eyelets describe above, that

are loaded on the other pair of arms. The one or more needles can follow a straight or curved

path through the first and second pairs of tissue grasping arms 1530A, 1530B, 1540A, 1540B

when the one or more needles are deployed. Thus, a single needle can be used to suture

through both pairs of arms, and both leaflets held within the arms. However, in some

embodiments, each pair of grasping arms can have a separate needle.

[0134] Having more than two tissue grasping arms can allow each leaflet to be

captured independent of the capturing of the other leaflet. It can be easier to capture

individual leaflets in sequence and bring the arms together than capturing two leaflets

simultaneously and ensuring proper aligning of the leaflets.

Suturing Device with Angled Needle Guide and Method of Use

[0135] For the first and second tissue-grasping arms described above, the needles

need to be aligned with the lumen in each of the suture mounts on the second tissue-grasping

arm. Figure 16 illustrates schematically one way for doing that. Specifically, the suturing

device 1600 can have an angled needle lumen 1612. The angled needle lumen 1612 can

extend toward a longitudinal axis of the suturing device 1600 in a proximal to distal

direction. When the first and second tissue grasping arms 1630, 1640 have pinched the two

leaflets 20A, 20B together in a closed configuration, a needle can be deployed along a curved

and angled trajectory 1602 because of the angle of the needle lumen 1612. The needle can be

curved and follow a curved path. The needles can also exit the lumens straight and follow a

straight trajectory to the suture mounts.

[0136] The needles may not need to be deployed such that the needles pass the

two leaflets perpendicularly or at substantially the same location. In the closed or optional

grip configuration, the first and second tissue grasping arms can bring the leaflets next to or

in close proximity with each other. Therefore, the needles can penetrate the two leaflets at

similar locations, even when the needles are deployed at an angle instead of being deployed

perpendicular to the tissue-grasping arms. The angled needled lumen 1612 can reduce the

need of a user, such as a user, to align the needle with the suture mount on the second tissue-

grasping arm, because the angled needle lumen 1612 is pre-aligned with the suture mount.



This can make the suturing device easy to use. The surgical procedure can be simpler and

faster. The surgical outcome can be less dependent on the skill level of the user.

[0137] The suturing device 100 can align the needles 160 using a similar

technique. Turning back to Figure 6B, the needle lumens 112 of the suturing device 100 can

each have a terminal portion that can include an angled needle guide track 113. The angled

needle guide track 113 can be at an angle of about 20° to about 70° with the longitudinal axis

of the elongate housing 100. The angled needle guide track 113 can be at an angle of about

25° to about 45° with the longitudinal axis of the elongate housing 100. The lumen in each

suture mount 144 can also be at an angle. When the first and second tissue grasping arms

130, 140 have pinched the two leaflets 20A, 20B together in a closed configuration, the

angled needle guide tracks 113 and the lumens of the suture mounts 144 can be substantially

aligned or coaxial so that needles 160 can be deployed along a curved trajectory alongside or

through the first grasping arm 130, through the grasped two leaflets 20A, 20B, and catch

suture portions located at the suture mounts 144.

[0138] A method of suturing anatomical valves, such as repair of mitral valve

leaflets 20A, 20B, is illustrated in Figures 14A-14H. Using the sheath 12 of Figure 1 as

described above, the tissue-engaging distal assembly of the suturing device 100 can be

advanced toward the mitral valve through an apex of the heart. The suturing device 100 can

be advanced with the first and second tissue grasping arms 130, 140 in a closed configuration

to allow the tissue-engaging distal assembly to be advanced through the sheath 12. The

longitudinal axis of the suturing device 100 and the direction of approach are generally

aligned with the direction of blood flow through the native valve. When the tissue-engaging

distal assembly is approaching the mitral valve or after the tissue-engaging distal assembly

has reached the mitral valve, the first and second tissue grasping arms 130, 140 can be

transitioned to an open configuration in a manner as described above. The method of

suturing mitral leaflets as illustrated in Figures 14A-14H can advantageously avoid

maneuvering the tissue grasping arms and the distal end of the elongate housing among the

chordae tendineae. This can simplify the suturing procedure and reduce trauma to the patient.

[0139] As shown in Figure 14A, tissue-facing surfaces 136, 146 of the first and

second arms 130, 140 can be placed near or adjacent the suturing device facing surfaces 22A,



22B of the leaflets 20A, 20B. The single suture strand 30 can be pre-loaded on the suturing

device 100. Specifically, each end 32, 34 of the suture strand 30 can be mounted onto one of

the suture mounts 144. A pledget 40 can optionally be pre-loaded on the suture strand 30.

The suture strand 30 can be held in a suture spool on the suturing device 100. The suture

spool can be mounted in fixed relationship to and located external to the elongate housing

110 and the handle 120. The suture spool can be configured to retain a portion of the suture

strand. When the suture portions of the suture strand loaded on the suture mounts 144 are

captured by the needles and the needles bring the captured suture portions through the tissue,

the suture spool can be configured such that the suture strand unwinds from the suture spool.

Examples of a spool are described in International Patent Application No.

PCT/US20 16/026965, entitled "SUTURING SPOOLS FOR TISSUE SUTURING DEVICE"

and filed on April 11, 2016, which are incorporated herein by reference in its entirety.

[0140] As shown in Figure 14B, once a desired orientation of the first and second

tissue grasping arms 130, 140 relative to the leaflets 20A, 20B is reached, the first and second

tissue grasping arms 130, 140 can transition back to the closed configuration in a manner

described above to grasp the leaflets 20A, 20B. The tissue-facing surfaces 136, 146 of the

first and second tissue grasping arms 130, 140 can contact the suturing device facing surfaces

22A, 22B of the leaflets 20A, 20B. As described above, the suturing device 100 can

optionally transition into the grip configuration to more firmly clamp onto the two leaflets. If

the user is unsatisfied with the way the leaflets 20A, 20B are grasped by the first and second

tissue grasping arms 130, 140, the first and second tissue grasping arms 130, 140 can return

to the open configuration as shown in Figure 14A for being repositioned relative to the

leaflets 20A, 20B.

[0141] In Figure 14C, once the user determines that the leaflets 20A, 20B

between the first and second arms 130, 140 are properly aligned, the needles 160 can be

deployed in a manner as described above. The suturing device 100 described above can

deploy the two needles simultaneously. The suturing device can also be configured to deploy

each needle sequentially, or have both options, based on the disclosure herein. The needles

160 can engage the suture portions, which can be the two ends 32, 34 of the single suture

strand 30. As described above, when the user lets go of the slide 122 on the handle 120, the



distal spring 126 can bias the slide 122 proximally, thereby retracting the needles 160 back

into the elongate housing 100. As shown in Figure 14D, the suture ends 32, 34 captured by

the needles 160 can follow the needles 160 through the second tissue grasping arm 140 via

the suture mount 144, the leaflets 20A, 20B, and into the elongate housing.

[0142] As shown in Figure 14E, when the suturing device 100 is retracted

proximally to be removed from the patient's body, the two ends 32, 34 of the suture strand 30

can continue to follow the suturing device 100. Prior to removal from the patient's body, the

user may actuate the handle to open the tissue grasping arms to release the native leaflets.

The tissue grasping arms can also be re-closed before removing the arms from the suturing

location, here the left ventricle of the heart. Re-closing the tissue grasping arms can reduce

the profile of the suturing device 100 and make it easier to retract the suturing device from

the patient's body. As shown in Figure 14F, once the suturing device 100 is removed from

the patient's body, the ends 32, 34 of the suture strand 30 can be disengaged from the needles

160. The suture ends 32, 34 can be pulled to bring the leaflets 20A, 20B together. Pulling

the suture ends 32, 34 can also pull the pledget 40 against or into contact with the suturing

device facing surface 22B of the leaflet 20B. As shown in Figure 13G, a second pledget 45

can optionally be passed through the two ends 32, 34 of the suture strand 30. The second

pledget 45 can be pushed against or into contact with the suturing device facing surface 22A

of the leaflet 20A. In some embodiments, the suture 30 placed through the leaflets may be an

initial suture that is used to then guide an additional suture through the sutured tissue. In

such embodiments, the initial suture is removed from the patient and the additional suture is

used to draw the leaflets together.

[0143] Turning to Figure 14H, a knot 50 can be formed with the suture ends 32,

34. Any suitable knot may be tied by the user. In some embodiments, A knot-forming

device to form a knot as shown in Figure 3. The knot 50 can include a knot body and a plug.

Ends of the suture strand 30 can be passed through a lumen of the knot body. The knot body

can be advanced to the suturing site, for example, also through the sheath 12 of Figure 1. The

second pledget 45 can be threaded onto the suture ends 32, 34 before applying the knot. The

second pledget 45 can be pushed with the knot body to be pressed against the suturing device

facing surface 22A of the leaflet 20A. The plug can be advanced into the lumen of the plug



body. The plug can be dimensioned to have an interference fit with the lumen of the plug

body. The suture strand 30 can be jammed between the lumen of the knot body and the plug

to form the knot 50. The knot body and the plug can be housed in a distal end of the knot-

forming device and can be ejected from the distal end of the knot-forming device after

forming the knot 50. Examples of a knot-forming device are described in in U.S. Patent

Application No. 13/905225, entitled "METHOD AND APPARATUS FOR APPLYING A

KNOT TO A SUTURE" and filed on August 14, 2006, now U.S. Patent No. 9,642,616,

which is incorporated herein by reference in its entirety. The knot can be formed on the

device facing surface 22A of the leaflet 20A. To form a knot by hand, the user can then tie a

knot outside the patient's body and pass the knot to the device facing surface 22A of the

leaflet 20A.

Suturing Devices with Other Needle-Suture Mount Alignment Features

[0144] Suturing devices with other ways for aligning the needles and the suture

mounts will now be described. These suturing devices can incorporate features of the

suturing device 100 of Figure 4A, except as described below.

[0145] Figures 17A and 17B illustrate embodiments of the suturing devices 1700,

1750 with one or more hinged joints that allow the first and second tissue grasping arms

1730, 1740, and optionally a distal portion of the elongate housing 1710, to rotate so as to

manipulate tissue, for example, the leaflets 20A, 20B captured by the arms 1730, 1740 in

different orientations than their natural positions.

[0146] As shown in Figure 17A, the suturing device 1700 can have two hinged

joints 1706, 1708. The joint 1706 can be located between the tissue grasping arms 1730,

1740 and the distal end 1703 of the elongate housing 1710. The joint 1708 can be located

between a distal portion 1713 and the remaining portion of the elongate housing 1710. After

the tissue grasping arms 1730, 1740 have captured the leaflets 20A, 20B between the arms

1730, 1740, the suturing device 1700 can bend at the two joints 1706, 1708 so that at least

one of the tissue facing surfaces of the tissue grasping arms 1730, 1740 can be substantially

perpendicular to the elongate housing 1710. This bending can orient the suture mounts on

the second tissue grasping arm 1740, and the leaflets between the arms 1730, 1740, into the

directions of movement of the needles indicated by arrows 1762, 1764. Similar to the



suturing device 100 described above, the elongate housing 1710 can include at least two

needle lumens. One needle can be housed in each needle lumen. The needle lumens of the

suturing device 1700 can be straight and substantially parallel to the longitudinal axis of the

elongate housing 1710. The needles each can be deployed using features similar to the slide

122 described above to engage suture portions retained at the suture mounts on the second

tissue grasping arm 1740. The first tissue grasping arm 1730 can have a corresponding

lumen or cut-out portion for each suture mount on the second tissue grasping arm 1740 so

that the needles can travel through or past the first tissue grasping arm 1730 unhindered. The

needles can be deployed simultaneously or sequentially.

[0147] Figure 17B illustrates a variation 1750 of the suturing device 1700 of

Figure 17A and can incorporate the features of the suturing device 1700, except as described

below. The suturing device 1750 can have one hinged joint 1706 between the tissue grasping

arms 1730, 1740 and the distal end 1703 of the elongate housing 1710. The elongate housing

1715 can have a bifurcated needle lumens portion 1708 running alongside the distal portion

1713 of the elongate housing 1710. After the tissue grasping arms 1730, 1740 have captured

the leaflets 20A, 20B between the arms 1730, 1740, the first and second arms 1730, 1740 can

rotate at the joint 1706 toward the bifurcated needle lumens portion 1708. The rotation can

stop when at least one of the tissue facing surfaces 1735, 1745 of the tissue grasping arms

1730, 1740 is substantially perpendicular to the bifurcated needle lumens portion 1708. This

rotation can orient the suture mounts on the second tissue grasping arm 1740, and the leaflets

between the arms 1730, 1740, into the directions of movement of the needles indicated by

arrows 1762, 1764. The bifurcated needle lumens portion 1708 can include at least two

needle lumens. One needle can be housed in each needle lumen. The needle lumens can be

straight and substantially parallel to the longitudinal axis of the elongate housing 1715. The

needles each can be deployed from the bifurcated needle lumens portion 1708 using features

such as the slide 122 of Figure 4A described above to engage suture portions retained at the

suture mounts on the second tissue grasping arm 1740. The first tissue grasping arm 1730

can have a corresponding lumen or cut-out portion for each suture mount on the second tissue

grasping arm 1740 so that the needles can travel through or past the first tissue grasping arm

unhindered. The first tissue grasping arm 1730 can further have a detent 1735 on a surface



opposite the tissue facing surface. The detent 1736 can be configured to better align the

needles with the tissue grasping arms 1730, 1740, and therefore, with the suture mounts. The

needles can be deployed simultaneously or sequentially.

[0148] Figures 18A-18C illustrate embodiments of the suturing device 1800,

1850 with a deformable catheter running alongside the elongate housing 1810. As shown in

Figure 18A, the deformable catheter can be in the form of a catheter 1870 with a hinged joint

1878 along its length. A distal end of the catheter 1870 can be hingedly connected 1876 to

the distal end 1803 of the elongate housing 1810. Because the distal end of the catheter 1870

is secured to the hinged connection 1876, a distal force can buckle the catheter 1870 at the

hinged joint 1878 outward away from the longitudinal axis of the elongate housing 1810.

The catheter 1870 can run alongside at least a portion of the elongate housing 1810. The

catheter 1870 can have a distally facing opening 1875. The outward buckling can allow the

distally facing opening 1875 to be at an angle or substantially parallel to the longitudinal axis

of the elongate housing 1810. A distal portion 1873 of the catheter 1870 that is immediately

proximal of the distally facing opening 1875 can include at least two needle lumens. One

needle can be housed in each needle lumen. The needle lumens can be substantially straight

and parallel to a longitudinal axis of the distal portion 1873. The outward bending can thus

orient the directions of movement of the needles indicated by arrows 1862, 1864 to coincide

with the suture mounts on the second tissue grasping arm 1840. The needles each can be

deployed using features such as the slide 122 described above to engage a suture portion

retained at the suture mount on the second tissue grasping arm 1840. The first tissue grasping

arm 1830 can have a corresponding lumen or cut-out portion for each suture mount on the

second tissue grasping arm 1840 so that the needles can travel through or past the first tissue

grasping arm unhindered. The needles can be deployed simultaneously or sequentially.

[0149] Figures 18B-18C illustrate a variation 1850 of the suturing device 1800 of

Figure 18A and can incorporate the features of the suturing device 1800, except as described

below. The deformable catheter can be in the form of a catheter 1870 coupled to a ring or a

hypotube 1878 at its distal end. The catheter 1870 can run alongside at least a portion of the

elongate housing 1810. The ring or hypotube 1878 can be hingedly connected 1876 to the

distal end 1803 of the elongate housing 1810. The catheter 1870 as shown in Figure 18A can



also be coupled to a hypotube at its distal end. The ring or hypotube 1878 can have a distally

facing opening 1875. When the tissue grasping arms 1830, 1840 have captured the two

leaflets 20A, 20B, a force can be applied from a proximal end of the catheter 1870 to its

distal end. The force can be applied by a push sleeve. Because the ring or hypotube 1878 is

secured to the hinged connection 1876, the distal force can force the catheter 1870 to flex and

bulge outward away from the longitudinal axis of the elongate housing 1810. The outward

bulging can allow the distally facing opening 1875 to be at an angle or substantially parallel

to the longitudinal axis of the elongate housing 1810. The catheter 1870 can include at least

two needle lumens. One needle can be housed in each needle lumen. The needle lumens can

be substantially straight and parallel to a longitudinal axis of the catheter 1870. The outward

bulging can thus orient the directions of movement of the needles as indicated by arrows

1862, 1864 to coincide with the suture mounts on the second tissue grasping arm 1840. The

needles each can be deployed using features such as the slide 122 described above to engage

suture portions retained at the suture mounts on the second tissue grasping arm 1840. The

first tissue grasping arm 1830 can have a corresponding lumen or cut-out portion for each

suture mount on the second tissue grasping arm 1840 so that the needles can travel through or

past the first tissue grasping arm unhindered. The needles can be deployed simultaneously or

sequentially.

[0150] As shown in Figure 18C, the suturing device 1850 can further include a

stopper 1879, such as a raised ridge or a small protrusion, at or near the hinged connection

1876. The stopper 1879 can be configured to limit the amount of flexing of the catheter

1870.

[0151] The suturing devices shown in Figures 18A-18C, and also shown in

Figures 4A-13E, can advantageously avoid the need to tug and manipulate the leaflets into a

different plane than that of their natural orientations and positions.

[0152] From the foregoing description, it will be appreciated that inventive

suturing devices and methods are disclosed. While several components, techniques and

aspects have been described with a certain degree of particularity, it is manifest that many

changes can be made in the specific designs, constructions and methodology herein above

described without departing from the spirit and scope of this disclosure.



[0153] Certain features that are described in this disclosure in the context of

separate implementations can also be implemented in combination in a single

implementation. Conversely, various features that are described in the context of a single

implementation can also be implemented in multiple implementations separately or in any

suitable subcombination. Moreover, although features may be described above as acting in

certain combinations, one or more features from a claimed combination can, in some cases,

be excised from the combination, and the combination may be claimed as any

subcombination or variation of any subcombination.

[0154] Moreover, while methods may be depicted in the drawings or described in

the specification in a particular order, such methods need not be performed in the particular

order shown or in sequential order, and that all methods need not be performed, to achieve

desirable results. Other methods that are not depicted or described can be incorporated in the

example methods and processes. For example, one or more additional methods can be

performed before, after, simultaneously, or between any of the described methods. Further,

the methods may be rearranged or reordered in other implementations. Also, the separation of

various system components in the implementations described above should not be understood

as requiring such separation in all implementations, and it should be understood that the

described components and systems can generally be integrated together in a single product or

packaged into multiple products. Additionally, other implementations are within the scope of

this disclosure.

[0155] Conditional language, such as "can," "could," "might," or "may," unless

specifically stated otherwise, or otherwise understood within the context as used, is generally

intended to convey that certain embodiments include or do not include, certain features,

elements, and/or steps. Thus, such conditional language is not generally intended to imply

that features, elements, and/or steps are in any way required for one or more embodiments.

[0156] Conjunctive language such as the phrase "at least one of X, Y, and Z,"

unless specifically stated otherwise, is otherwise understood with the context as used in

general to convey that an item, term, etc. may be either X, Y, or Z. Thus, such conjunctive

language is not generally intended to imply that certain embodiments require the presence of

at least one of X, at least one of Y, and at least one of Z.



[0157] Language of degree used herein, such as the terms "approximately,"

"about," "generally," and "substantially" as used herein represent a value, amount, or

characteristic close to the stated value, amount, or characteristic that still performs a desired

function or achieves a desired result. For example, the terms "approximately", "about",

"generally," and "substantially" may refer to an amount that is within less than or equal to

10% of, within less than or equal to 5% of, within less than or equal to 1% of, within less

than or equal to 0.1% of, and within less than or equal to 0.01% of the stated amount.

[0158] Some embodiments have been described in connection with the

accompanying drawings. The figures are not drawn to scale, since dimensions and

proportions other than what are shown are contemplated and are within the scope of the

disclosed inventions. Distances, angles, etc. are merely illustrative and do not necessarily

bear an exact relationship to actual dimensions and layout of the devices illustrated.

Components can be added, removed, and/or rearranged. Further, the disclosure herein of any

particular feature, aspect, method, property, characteristic, quality, attribute, element, or the

like in connection with various embodiments can be used in all other embodiments set forth

herein. Additionally, it will be recognized that any methods described herein may be

practiced using any device suitable for performing the recited steps.

[0159] While a number of embodiments and variations thereof have been

described in detail, other modifications and methods of using the same will be apparent to

those of skill in the art. Accordingly, it should be understood that various applications,

modifications, materials, and substitutions can be made of equivalents without departing

from the unique and inventive disclosure herein or the scope of the claims.



WHAT IS CLAIMED IS:

1. A suturing apparatus for suturing biological tissue, the suturing apparatus

comprising:

at least one pair of tissue grasping arms configured to transition between an

open configuration and a closed configuration, wherein the at least one pair of

grasping arms in the closed configuration is configured to grasp tissue to be sutured

therebetween with a first of the grasping arms being provided on a first side of the

tissue and a second of the grasping arms being positioned on a second side of the

tissue opposite the first side, wherein the second grasping arm comprises at least one

suture mount configured to hold a portion of a suture on the second side of the tissue;

at least one needle configured to be advanced from the first side of the tissue

and through the grasped tissue when the at least one pair of tissue grasping arms

grasps the tissue to be sutured therebetween, the at least one needle configured to

catch a portion of suture held by the at least one suture mount on the second side of

the tissue and carry the portion of suture back through the grasped tissue to the first

side of the grasped tissue; and

a handle operably connected to the tissue grasping arms and the at least one

needle to advance the at least one needle relative to the at least one pair of tissue

grasping arms.

2. The suturing apparatus of Claim 1, wherein the suturing apparatus is configured

for suturing an anatomical valve.

3. The suturing apparatus of Claim 1 or 2, further comprising an elongate body

extending between the handle, and the at least one needle and the pair of tissue grasping

arms.

4. The suturing apparatus of Claim 3, comprising at least two needles and further

comprising at least two needle lumens extending along a length of at least a portion of the

elongate housing.

5. The suturing apparatus of Claim 4, wherein each of the at least two needle lumens

includes a needle guide track, the needle guide track comprising an angled surface extending

toward a central longitudinal axis of the elongate housing in a proximal to distal direction.



6. The suturing apparatus of any of Claims 1-5, wherein the at least one pair of tissue

grasping arms is configured to hold the tissue parallel or perpendicular to a longitudinal axis

of the suturing apparatus.

7. The suturing apparatus of any of Claims 1-6, wherein the first of the tissue

grasping arms is dimensioned to allow access to the at least one suture mount of the second

of the tissue grasping arms.

8. The suturing apparatus of any of Claims 1-7, wherein the at least one suture

mount comprises a lumen at an angle such that a portion of the at least one needle and the

lumen of the at least one suture mount are substantially aligned when the at least one pair of

tissue grasping arms are in the closed configuration.

9. The suturing apparatus of any of Claims 1-8, wherein the handle comprises a

switch operably connected to the at least one pair of tissue grasping arms and configured to

cause the at least one pair of tissue grasping arms to transition between the open and closed

configurations.

10. The suturing apparatus of any of Claims 1-9, wherein the at least one pair of tissue

grasping arms further comprises a tissue-gripping configuration, wherein a distance between

the at least one pair of tissue grasping arms is smaller than the distance when the at least one

pair of tissue grasping arms are in the closed configuration.

11. The suturing apparatus of any of Claims 1-10, wherein the handle comprises an

actuator operably connected to the at least one needle and configured to deploy and/or retract

the at least one needle.

1 . The suturing apparatus of Claim 11, wherein the actuator comprises a slide

spring-biased into a retracted mode.

13. The suturing apparatus of any of Claims 1-12, wherein the at least one pair of

tissue grasping arms comprises a first tissue grasping arm, a second tissue grasping arm, and

a central tissue grasping arm.

14. The suturing apparatus of any of Claims 1-12, wherein the at least one pair of

tissue grasping arms comprises first and second pairs of tissue grasping arms.

15. A suturing apparatus for suturing biological tissue, the suturing apparatus

comprising a suturing device, the device comprising:



an elongate housing having a proximal end and a distal end;

a handle coupled to the proximal end of the elongate housing;

at least one pair of tissue grasping arms coupled to the distal end of the

elongate housing, the handle configured to cause the at least one pair of tissue

grasping arms to transition between an open configuration and a closed

configuration, wherein the at least one pair of tissue grasping arms in the

closed configuration is configured to grasp tissue to be sutured therebetween

with a first of the tissue grasping arms being provided on a first side of the

tissue and a second of the tissue grasping arms being positioned on a second

side of the tissue opposite the first side, wherein the second of the tissue

grasping arms comprises a tissue-facing side, an opposite side, and at least

first and second suture mounts, and wherein the first of the tissue grasping

arms is dimensioned to allow access to the at least first and second suture

mounts of the second of the tissue grasping arms from the tissue-facing side of

the second of the tissue grasping arms;

at least first and second needle lumens extending along a length of at

least a portion of the elongate housing, each of the first and second needle

lumens located on a substantially diametrically opposite side of the elongate

housing from the second of the tissue grasping arms; and

at least first and second needles, the first needle being housed within

the first needle lumen, the second needle being housed within the second

needle lumen,

wherein when the at least one pair of tissue grasping arms is in the

closed configuration grasping tissue therebetween, the handle is configured to

cause the at least first and second needles to move from the at least first and

second needle lumens, respectively, to the second of the tissue grasping arms

such that the first and second needles penetrate through the grasped tissue and

catch suture portions each located at the first and second suture mounts,

respectively, and



wherein the handle is further configured to cause the at least first and

second needles to retract from the at least first and second suture mounts,

carrying the suture portions back through the grasped tissue, and back to the at

least first and second needle lumens.

16. The suturing apparatus of Claim 15, wherein the at least first and second needle

lumens have a first needle guide track and a second needle track respectively, each of the first

and second needle guide tracks comprising an angled surface extending toward a central

longitudinal axis of the elongate housing in a proximal to distal direction.

17. The suturing apparatus of Claim 16, wherein the at least one pair of tissue

grasping arms extend generally distally from the elongate housing in the open and closed

configurations, the at least one pair of tissue grasping arms being substantially parallel to

each other and to the longitudinal axis of the elongate housing in the closed configuration.

18. The suturing apparatus of Claim 16 or 17, wherein the at least first and second

suture mounts each comprises a lumen at an angle such that the first and second needle guide

tracks and the lumens of the at least first and second suture mounts are substantially coaxial

when the at least one pair of tissue grasping arms are in the closed configuration.

19. The suturing apparatus of Claim 15, wherein the at least first and second needle

lumens are located in a needle guide sheath extending along a length of at least a portion of

the elongate housing, the needle guide sheath comprising a hypotube at a distal end of the

needle guide sheath, the hypotube being hingedly coupled at or near the distal end of the

elongate housing at a joint, wherein when the at least one pair of tissue grasping arms is in

the closed configuration grasping tissue therebetween, the needle guide sheath is configured

to bulge radially outwardly from a central longitudinal axis of the elongate housing when

under a distal force, thereby causing swinging of a distal opening of each of the at least first

and second needle lumens, pivoted at the joint, toward the at least one pair of tissue grasping

arms so as to align the at least first and second needles with the at least first and second

suture mounts.

20. The suturing apparatus of Claim 19, wherein the needle guide sheath comprises a

hinged joint along its length and buckles at the hinged joint along its length under the distal

force.



21. The suturing apparatus of Claim 19, wherein the needle guide sheath is configured

to flex under a radial force.

22. The suturing apparatus of Claim 21, further comprising a flex-limiting stopper at

or near the joint hingedly coupling the hypotube and the distal end of the elongate housing.

23. The suturing apparatus of Claim 15, wherein a distal portion of the elongate

housing comprises one or more joints, wherein when the at least one pair of tissue grasping

arms is in the closed configuration, the handle is configured to cause the at least one pair of

tissue grasping arms and/or the distal portion of the elongate housing to pivotally rotate at the

one or more joints so as to align the at least first and second suture mounts with the at least

first and second needle lumens.

24. The suturing apparatus of Claims 15 or 23, wherein when the at least first and

second suture mounts are aligned with the at least first and second needle lumens, the first

tissue grasping arm is substantially perpendicular to the at least first and second needle

lumens.

25. The suturing apparatus of any of Claims 15 and 23-24, wherein the direction of

movement of the first and second needles is parallel to a longitudinal axis of the elongate

housing.

26. The suturing apparatus of any of Claims 15 and 23-25, wherein a distal portion of

the elongate housing comprises two joints.

27. The suturing apparatus of any of Claims 15 and 23-25, wherein the distal portion

of the elongate shaft comprises one joint located at the distal end of the elongate shaft

between the elongate shaft and the at least one pair of tissue grasping arms, the elongate shaft

further comprising a bifurcated needle lumens portion running alongside the distal portion of

the elongate shaft.

28. The suturing apparatus of Claim 27, wherein the first of the at least one pair of

tissue grasping arms comprises a detent on a side opposite a tissue-facing side, the detent

configured to align the first and second needle lumens with the first and second suture

mounts respectively.

29. The suturing apparatus of any of Claims 15-28, further comprising a knot-tying

device.



30. The suturing apparatus of any of Claims 15-29, further comprising one or more

pledgets configured to be passing along the suture portion.

31. The suturing apparatus of any of Claims 15-30, wherein the at least one pair of

tissue grasping arms is configured to grasp native leaflets of a heart valve.

32. The suturing apparatus of Claims 30 or 31, comprising two pledgets, one of the

two pledgets configured to be drawn into contact with a first leaflet and another one of the

two pledgets configured to be drawn into contact with a second leaflet.

33. The suturing apparatus of any of Claims 15-32, wherein the suture portions

located at the first and second suture mounts comprise a single suture strand.

34. The suturing apparatus of any of Claims 15-33, wherein the at least first and

second needle lumens are configured to allow the first and second needles pass alongside or

through the first of the tissue grasping arms.

35. The suturing apparatus of any of Claims 15-34, wherein the first of the tissue

grasping arm comprises one or more cut-out portions configured allow passage of the at least

first and second needles.

36. The suturing apparatus of any of Claims 15-35, wherein the handle comprises a

switch operably connected to the at least one pair of tissue grasping arms and configured to

cause the at least one pair of tissue grasping arms to transition between the open and closed

configurations.

37. The suturing apparatus of any of Claims 15-36, wherein the at least one pair of

tissue grasping arms further comprises a tissue-gripping configuration, wherein a distance

between the at least one pair of tissue grasping arms is smaller than the distance when the at

least one pair of tissue grasping arms are in the closed configuration.

38. The suturing apparatus of any of Claims 15-37, wherein the handle comprises an

actuator operably connected to the at least first and second needles and configured to deploy

and/or retract the at least first and second needles.

39. The suturing apparatus of Claim 38, wherein the actuator comprises a slide

spring-biased into a retracted mode.



40. The suturing apparatus of any of Claims 15-39, wherein the at least one pair of

tissue grasping arms comprises a first tissue grasping arm, a second tissue grasping arm, and

a central tissue grasping arm.

41. The suturing apparatus of any of Claims 15-39, wherein the at least one pair of

tissue grasping arms comprises first and second pairs of tissue grasping arms.

42. A method of suturing an anatomical valve, comprising:

grasping adjacent leaflets of the anatomical valve between a first grasping arm

and a second grasping arm, wherein the second grasping arm comprises a first suture

mount and second suture mount for holding portions of one or more sutures on a first

side of the anatomical valve;

advancing a first needle and a second needle through the grasped anatomical

leaflets of the anatomical valve from a second side of the anatomical valve opposite to

the first side to catch the portions of the one or more sutures held in the first and

second suture mounts, respectively; and

retracting the first and second needles from the first and second suture mounts

to carry the suture portions back through grasped anatomical leaflets such that the one

or more sutures extend through the anatomical leaflets.

43. The method of Claim 42, further comprising holding the adjacent leaflets between

the first and second grasping arms in an orientation parallel to a longitudinal axis of a

delivery device carrying the first and second needles and the first and second grasping arms,

and delivering the first and second needles at an angle or perpendicular to the longitudinal

axis.

44. The method of Claim 42, further comprising holding the adjacent leaflets between

the first and second grasping arms in an orientation at an angle or perpendicular to a

longitudinal axis of a delivery device carrying the first and second needles and the first and

second grasping arms, and delivering the first and second needles parallel to the longitudinal

axis.

45. The method of any of Claims 42-44, further comprising aligning the first and

second needles and the adjacent leaflets grasped therebetween with the first and second

suture mounts.



46. The method of any of Claims 42-45, further comprising using the one or more

sutures extending through the anatomical leaflets and/or one or more subsequently placed

sutures to secure the anatomical leaflets relative to each other by pulling on one or both of the

suture ends to draw the suture tight against the first surface of the valve.

47. The method of any of Claims 42-46, further comprising applying a knot to the one

or more sutures and/or the one or more subsequently placed sutures.

48. The method of Claim 47, wherein the knot is applied from the first side of the

anatomical valve.

49. The method of Claims 47 or 48, wherein the anatomical valve is not being

grasped when the knot is applied.

50. The method of any of Claims 42-49, wherein the first and second needles are

deployed and/or retracted simultaneously or sequentially.

51. The method of any of Claims 42-50, wherein the first and second grasping arms

and the needles are provided on a suturing device controlled by a single handle operated from

outside of a patient's body.

52. The method of any of Claims 42-51, further comprising drawing a first pledget

carried by the one or more suture portions extending through the anatomical leaflets into

contact with the first surface of the valve.

53. The method of Claim 52, further comprising delivering a second pledget along the

one or more suture portions extending through the anatomical leaflets into contact with the

second surface of the valve.

54. The method of any of Claims 42-53, wherein the anatomical valve is a mitral

valve.

55. A suturing apparatus for suturing an anatomical valve, the suturing apparatus

configured to perform the steps of the method of any of Claims 42-54.

56. The suturing apparatus of any of Claims 1-41 and 55, wherein the at least one pair

of tissue grasping arms comprises first and second pairs of tissue grasping arms, the elongate

housing comprising a first shaft and a second shaft at the distal end, wherein the first pair of

tissue grasping arms extend distally from a distal end of the first shaft and the second pair of

tissue grasping arms extend distally from a distal end of the second shaft.



57. The suturing apparatus of Claim 56, wherein the first and second pairs of tissue

grasping arms are each configured to capture a leaflet of a valve between the respective arms.

58. The suturing apparatus of Claim 56 or 57, wherein the first and second pairs of

tissue grasping arms are configured to move between the open and closed configurations

independent of each other.

59. The suturing apparatus of any of Claims 56-58, wherein the first or second pair of

tissue grasping arms are configured to be retracted when the second or first pair of the at least

one pair of tissue grasping arms are moved to a target leaflet.

60. The suturing apparatus of any of Claims 56-59, wherein the first and second shafts

are configured to bend in a plane that intersects lateral sides of the first and second shafts.

61. The suturing apparatus of Claim 60, wherein when each of the first and second

pairs of tissue grasping arms have grasped a leaflet between the respective arms, the first and

second pairs of tissue grasping arms are configured to be brought close together.

62. The suturing apparatus of Claim 61, wherein the first and/or second pairs of tissue

grasping arms comprise a plurality of slits along a longitudinal axis of the first and/or second

shafts.

63. The suturing apparatus of Claim 61, wherein the first and/or second pairs of tissue

grasping arms comprise a flexible material.

64. The suturing apparatus of Claim 61, wherein the first and/or second pairs of tissue

grasping arms comprise a bi-directional steering feature.

65. The suturing apparatus of Claim 61, wherein the first and/or second pairs of tissue

grasping arms comprise a pre-shaped bend.

66. The suturing apparatus of any of Claims 61-65, comprising a sleeve slidably

disposed around the first and second shaft.

67. The suturing apparatus of Claim 66, wherein the sleeve is advanced distally to

bring the first and second shafts closer together.

68. The suturing apparatus of Claim 66 or 67, wherein the sleeve is configured to

constrain the first and second shafts close together when the sleeve is at its distalmost

position.



69. The suturing apparatus of any of Claims 56-68, wherein a single needle advances

through both the first pair of tissue grasping arms and the second pair of tissue grasping arms.

70. The suturing apparatus of any of Claims 56-68, wherein a first needle advances

through the first pair of tissue grasping arms and a second needle advances through the

second pair of tissue grasping arms.

7 1. A suturing apparatus comprising one or more of the features described in the

foregoing description.

72. A method of suturing tissue comprising one or more of the features described in

the foregoing description.
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