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(57) Abstract: Apparatus, assemblies, systems, and methods for inserting a snare into a body and capturing objects. A surgical
snare device includes a steerable deflection portion with a steerable distal tip. An interface is linked to the steerable deflection por

o tion to selectively manipulate the distal tip. A snare loop disposed at the distal tip can have a length that remains substantially con
stant as the distal tip is deflected and the snare loop moves in concert with the distal tip. A method includes extending a snare

o through a body lumen and to a location near an object. The snare may have a loop that changes positions while maintaining the
same length. The loop may be placed around an object and then used to retrieve the object from the body lumen. The loop may be
collapsed using a loop collapsing mechanism.



STEERABLE SURGICAL SNARE AND METHOD OF USE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to and the benefit of United States Application

Serial No. 12/862,347, filed on August 24, 2010 and entitled "STEERABLE SURGICAL

SNARE AND METHOD OF USE," which is a continuation-in-part of "United States

Application Serial No. 12/830,060, filed on luly 2, 2010 and entitled "STEERABLE

SURGICAL SNARE," each of which is hereby incorporated herein by this reference in

their entireties.

FIELD OF THE INVENTION

[0002] The present disclosure relates generally to medical devices, and more

particularly to surgical snaring instruments and methods for using surgical snaring

instruments.

BACKGROUND OF THE INVENTION

[0003] Common surgical techniques make use of guide wires, catheters, stents, and

other medical devices that may be placed within the body lumens of a patient. Such

medical devices may occasionally break or fragment during installation, use, or retraction,

thereby releasing all or a portion of the device into the patient' s vascular system or other

body lumens. In still other surgical procedures, sponges, gauze, or other medical

materials may be inserted into an organ or vascular space, and left behind after surgery.

[0004] Medical devices or materials that fragment, break or are inadvertently left

behind in surgery are foreign to the body. In many circumstances, such foreign bodies

may need to be removed for the patient's safety, health, or well-being. For instance, a

foreign body may move through the bloodstream and potentially contribute to thrombosis,

sepsis, arrhythmia, or a number of other complications. Accordingly, when an undesired

foreign body is detected within a patient's organs or vasculature, it is typically desirable

to remove the foreign body from the patient.

[0005] To remove the foreign body, a surgeon may resort to an open surgical

technique; however, open surgery is often expensive, time consuming, and traumatic to

the patient. Open surgery will often require longer healing times and result in greater

risks of complications when compared to other, less invasive techniques. The risk of



complication can increase if the patient has recently undergone another surgical

procedure.

BRIEF SUMMARY

[0006] Example embodiments within the present disclosure relate to surgical devices

and methods. Additional example embodiments of the present disclosure may relate to

devices, assemblies, and methods for using a steerable snare to remove foreign bodies or

other objects from a patient.

[0007] According to one exemplary embodiment, a surgical snare is described and

includes a steerable deflection portion with a steerable distal tip. An interface may be

linked to the deflection portion to provide for selective manipulation of the distal tip. A

snare loop disposed at the distal tip may have a first length. As the distal tip is selectively

deflected, the snare loop may also move between positions and the length of the snare

loop at the distal tip may remain substantially constant.

[0008] In some embodiments, a steerable deflection portion may include a flexible

elongate body. The body may be positioned between an interface and a distal tip. The

distal tip may be configured to deflect substantially independently of the flexible body,

and in response to selective manipulation of the interface.

[0009] In other embodiments, a distal tip may be a deflection tip that deflects by

selectively bending between about zero degrees and about ninety degrees. In still other

embodiments, the distal tip may deflect by selectively bending up to one-hundred eighty

degrees or even up to three-hundred sixty degrees. A snare loop near the deflection tip

may also selectively deflect a corresponding amount between about zero and about ninety

or about one-hundred eighty degrees.

[0010] A surgical snare according to some embodiments includes a steerable

deflection portion having a core wire. The core wire may be linked to an interface and

can extend between the interface and a deflectable distal tip. Optionally, a deflection wire

is located at the distal tip and configured to restrict compression of the steerable

deflection portion and instead cause the steerable deflection portion to bend in response to

a force applied to the core wire. The distal tip may deflect about the deflection wire such

that the deflection wire is proximate an external curve of the distal tip in response to an

interface applying the force to the core wire. To facilitate deflection, a steerable

deflection portion may include a coiled shaft. The coiled shaft optionally has a tight coil

and a loose coil. The loose coil may be proximate the distal tip of the surgical snare.



[0011] According to another example embodiment, a surgical snare is disclosed that

includes a flexible body and a deflecting tip. The flexible body may define an axis and

the deflecting tip may include a first and second state. A core wire may extend along the

axis of the flexible body. A distal end of the core wire may be at least indirectly coupled

to the deflecting tip. An interface linked to the proximal end of the core can selectively

change between first and second positions. At a first position, the interface may cause the

deflecting tip to be at the first state, and at the second position the interface may cause the

deflecting tip to be at the second state. The second state may be at least ninety degrees

offset from the first state. A snare loop coupled to the deflecting tip, and extending at

least partially longitudinally relative to the flexible body, may be configured to move at

least about ninety degrees as the deflecting tip transitions from the first state through the

second state.

[0012] According to one embodiment, the core wire may be attached directly to a

deflecting tip. Optionally, the deflecting tip may include a coiled shaft and a deflection

wire. The deflection wire may be arranged to cause the coiled shaft to flex rather than

compress as the interface moves between the first and second positions. The snare loop

may also have a length that remains substantially constant as the snare loop moves in

concert with the transition of the deflecting tip from the first state through the second

state. The snare loop may be directly secured to the core wire, the flexible body, or the

deflecting tip.

[0013] According to another embodiment, a method is disclosed for capturing an

object through a body lumen. In the example method, a guidable snare may be extended

through a body lumen to a location proximate an object. The guidable snare may include

an elongate body, a deflectable tip coupled to the elongate body, and a snare loop portion

linked to the deflectable tip. The snare loop may move between positions as the

deflectable tip selectively deflects, and may also maintain substantially its same shape,

length, width, or other dimension or configuration during such transitions. The object

may be engaged with the snare loop portion by selectively deflecting the deflectable tip to

at least partially cause the snare loop to transition from a first position to a second

position. At the second position, the snare loop portion may extend around at least a

portion of an object while maintaining its same shape, length, width, or other dimension

or configuration.

[0014] According to another embodiment, a guidable snare may be extended through

a catheter or other delivery tube and through a body lumen. The snare loop portion of the



guidable snare may extend out a distal opening in the introduction or delivery tube. The

guidable snare may also be retracted into the delivery tube. In retracting the guidable

snare, the snare loop portion may have its shape changed as the snare loop portion is

tightened around the object before the snare loop portion and/or object is retracted into

the delivery sheath or tube.

[0015] According to some embodiments, first and second positions of the snare loop

are offset by at least about ninety degrees. Selectively deflecting the deflectable tip may

also include selectively bending the deflectable tip to cause the snare portion to transition

from the first to the second position.

[0016] The guidable snare used in extracting an object may include a core wire with a

distal end coupled to a deflectable tip. A user interface may be coupled to a proximal end

of the core wire. Selectively deflecting the deflectable tip may cause the snare loop to

transition from said first position to said second position and may include manipulating

the user interface to cause the core wire to bend the deflectable tip by at least about ninety

degrees. Bending of the deflectable tip and movement or other manipulation of the user

interface may occur substantially in real-time. The snare loop may also be radiopaque,

and extending the guidable snare through the body lumen may include monitoring a

location and position of the snare loop using radiographic visualization.

[0017] According to another embodiment, a snare compression device may include a

tubular structure. The tubular structure may have an internal lumen that is adapted to be

positioned around, and move longitudinally relative to, an elongated tubular member of a

snare device. A lock mechanism may be substantially permanently coupled to the tubular

structure. In some aspects, the lock mechanism may selectively secure the tubular

structure at one or more longitudinal positions relative to the elongated tubular member.

The lock mechanism may additionally, or alternatively, selectively secure the tubular

structure in a closed configuration. The lock mechanism may be integrally formed with

the tubular structure of the snare compression device, or may be separately formed.

[0018] According to some embodiments, a lock mechanism in a snare compression

device may include multiple engaging members and a grip. The grip optionally

selectively moves the engaging members. For instance, the grip may cause the engaging

members to move such that an internal lumen of a snare compression device changes size

in one or more locations. The tube may be formed as a closed tube. In some

embodiments, the tubular structure is selectively changeable between open and closed

configurations and/or between locked and unlocked configurations.



[0019] In accordance with some additional embodiments, a surgical snare includes a

compression mechanism preassembled thereon. For instance, a surgical snare may

include a steerable deflection portion with a steerable distal tip. An interface may be

linked to the steerable deflection portion for selective manipulation of the distal tip. An

elongated body may also be positioned between the interface and steerable deflection

portion. A snare loop may be disposed at a proximal end of the distal tip of the steerable

deflection portion and configured to move as the distal tip is selectively deflected. The

pre-assembled compression mechanism may have an internal lumen that is coupled to the

elongated body. The internal lumen of the elongated body may be sized to receive and

compress the snare loop. The elongated body may be disposed within the internal lumen

of the compression mechanism, and the snare loop may be compressed when moved

adjacent to and/or inside the internal lumen of the compression mechanism.

[0020] The compression mechanism may include a tube and/or a lock. A lock may,

for example, selectively secure the compression mechanism at any of multiple different

longitudinal locations along an elongated body of the guidable snare. The internal lumen

of the compression mechanism may have a width or diameter, and the snare loop may be

compressed within the internal lumen to have a width generally corresponding to the size

of the internal lumen.

[0021] A tube and/or locking member secured to the tube may form at least a portion

of a compression mechanism. The locking member may be substantially permanently

secured to the tube and configured to alter a size of at least a portion of the internal lumen

to lock the compression mechanism relative to the elongated body. The compression

mechanism may be selectively removable from the elongated body. The compression

mechanism may be selectively removed by, for example, being moved longitudinally and

passing over a full length of the snare loop.

[0022] According to another example embodiment, a method for inserting a guidable

snare into a body lumen includes accessing a guidable snare, collapsing a snare loop,

inserting the collapsed snare loop into the body lumen, and expanding the snare loop

within the body lumen. For instance, an accessed guidable snare may include an

elongated body, a deflectable tip coupled to the elongated body, and a snare loop portion

linked to the deflectable tip. The snare loop may be configured to transition between at

least two different open positions based on selective deflections of the deflectable tip.

The snare loop may maintain a substantially constant length while transitioning between

at least two different open positions.



[0023] The snare loop may be collapsed external to the body lumen. In collapsing the

snare loop, the snare may be collapsed such that its width is at least as small as an internal

width of the body lumen. The collapsed snare loop may then be inserted into the body

lumen and, after inserting the collapsed snare loop, may be expanded. The expanded size

may be the lesser of the unstressed size of the snare loop or the internal width of the body

lumen.

[0024] Collapsing the snare loop may be done in any suitable manner, including

passing the snare loop through a tubular structure. The tubular structure may be pre-

assembled on the guidable snare and may slide or otherwise move longitudinally relative

to the elongated body. The tubular structure may also be coupled to and/or coupleable to,

a lock on the guidable snare. The lock may be configured to lock the tubular structure at

one or more longitudinal positions relative to the elongated body. In some embodiments,

the lock is secured directly or indirectly to the tubular structure and/or moves

longitudinally with the tubular structure.

[0025] Additional features and advantages of example embodiments will be set forth

in the description which follows, and in part will be obvious from the description, or may

be learned by the practice of the invention. The features and advantages of the

embodiments herein may be realized and obtained by means of the instruments and

combinations particularly pointed out in the appended claims. These and other features of

the present disclosure will become more fully apparent from the following description

and appended claims, or may be learned by the practice of the invention as set forth

hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Features and advantages of the embodiments of this disclosure will be

apparent from the detailed description that follows, and which taken in conjunction with

the accompanying drawings and attachments together illustrate and describe exemplary

features of the disclosure herein. It is understood that these drawings merely depict

exemplary embodiments and are not, therefore, to be considered limiting of its scope.

Additionally, the drawings are generally drawn to scale for some example embodiments;

however, it should be understood that the scale may be varied and the illustrated

embodiments are not necessarily drawn to scale for all embodiments encompassed herein.

[0027] Furthermore, it will be readily appreciated that the components of the

illustrative embodiments, as generally described and illustrated in the figures herein,



could be arranged and designed in a wide variety of different configurations, and that

components within some figures are interchangeable with, or may supplement, features

and components illustrated in other figures. Nonetheless, various particular embodiments

of this disclosure will be described and explained with additional specificity and detail

through the use of the accompanying drawings, in which:

[0028] Figure 1A illustrates an illustrative embodiment of a surgical snare according

to one embodiment of the present disclosure;

[0029] Figure IB illustrates a cross-sectional view of the surgical snare of Figure 1A;

[0030] Figure 2 illustrates a perspective view of a steerable distal tip of an example

embodiment of a surgical snare;

[0031] Figure 3A illustrates a side view of a distal tip of an example surgical snare;

[0032] Figure 3B illustrates a side view of the surgical snare of Figure 3A, with the

distal tip bent such that the snare is rotated about ninety degrees;

[0033] Figure 3C illustrates a side view of the surgical snare of Figure 3A, with the

distal tip bent such that the snare is rotated about one hundred eighty degrees;

[0034] Figure 4 illustrates a partial cross-sectional view of an embodiment of a spring

having loose and tight coils, with a core wire therein;

[0035] Figure 5 illustrates a partial cross-sectional view of an embodiment of a spring

having loose and tight coils, with a core wire and snare wire therein;

[0036] Figure 6 illustrates a partial cross-sectional view of an embodiment of a spring

having loose and tight coils, with two core wires and a snare wire;

[0037] Figure 7 illustrates a partial cross-sectional view of a spring having a distal

cap;

[0038] Figures 8A and 8B illustrate example snare loop configurations according to

some embodiments of the present disclosure;

[0039] Figures 9A and 9B illustrate an example method in which an object inside a

pulmonary artery may be retracted using a steerable surgical snare of the present

disclosure;

[0040] Figure 10 illustrates a perspective view of an embodiment of a surgical snare

that includes a loop collapsing tool according to one embodiment of the present

disclosure;

[0041] Figure 11 illustrates a partial cross-sectional view of an introducer sheath and

catheter as used in combination with the surgical snare of Figure 10, according to one

example method for inserting a surgical snare into a body lumen; and



[0042] Figure 12 illustrates a perspective view of an embodiment of a surgical snare

and a loop collapsing tool according to another embodiment of the present disclosure.

DETAILED DESCRIPTION

[0043] The embodiments described herein generally extend to devices and methods

for using a steerable surgical snare to remove objects from a body lumen. Some of the

devices of the present disclosure are configured to remove objects from an organ, blood

vessel, or other lumen of a patient through a minimally invasive surgical technique.

[0044] Challenges of traditional snare devices used in minimally invasive surgery

may include the difficulty in capturing an object both within the size constraints of the

vasculature or other body lumens of adult or pediatric patients and with the limited

maneuverability that snare devices provide. Such challenges may be particularly apparent

where fractures or other objects pose a grave threat to the patient's health, particularly

where the orientation, size, shape, location, or other configuration of the object makes it

difficult—if not impossible—to quickly capture and remove. By having a snare device

that can be efficiently and predictably steered and re-oriented to snare objects of virtually

any orientation, shape, or size within a body lumen, these challenges may be overcome,

particularly in embodiments of a snare device that can move over a range of orientations

in very small, if not infinitely small, increments. Such results, whether individually or

collectively, can be achieved according to one embodiment of the present disclosure, by

employing methods, systems, and/or devices as shown in the figures and/or described

herein.

[0045] Reference will now be made to the drawings to describe various aspects of

example embodiments of the disclosure. In the description, example surgical snares may

be described with reference to snaring objects within vasculature, organs, or other body

lumens. It should be appreciated that objects that can be captured and/or retrieved with a

snare may include a variety of foreign or native objects. For instance, such objects may

include foreign bodies introduced during a surgical procedure, or may include native

bodies such as growths, polyps, tissue, vessels, or any other objects that are native to the

patient and which are to be snared. It is further to be understood that the drawings are

diagrammatic and schematic representations of example embodiments, and are not

limiting of the present disclosure. Moreover, while various drawings are provided at a

scale that is considered functional for some embodiments, the drawings are not



necessarily drawn to scale for all contemplated embodiments. No inference should

therefore be drawn from the drawings as to any required scale.

[0046] In the exemplary embodiments illustrated in the figures, like structures will be

provided with similar reference designations. Specific language will be used herein to

describe the exemplary embodiments, nevertheless it will be understood that no limitation

of the scope of the disclosure is thereby intended. It is to be understood that the drawings

are diagrammatic and schematic representations of various embodiments of this

disclosure, and are not to be construed as limiting the scope of the disclosure, unless such

shape, form, scale, function, or other feature is expressly described herein as essential.

Alterations and further modifications of the inventive features illustrated herein, and

additional applications of the principles illustrated herein, which would occur to one

skilled in the relevant art and having possession of this disclosure, are to be considered

within the scope of this disclosure. Furthermore, various well-known aspects of surgical

procedures, catheterization, radiographic visualization, minimally invasive surgery, and

the like are not described herein in particular detail in order to avoid obscuring aspects of

the example embodiments.

[0047] Turning now to the drawings, Figure 1A depicts an illustrative embodiment of

a surgical snare 10 for capturing a foreign body, a native body, or some other object. The

surgical snare 10 may, for instance, be used to engage, snare, encircle, control, or

otherwise capture an object within the vascular system of a human or animal patient. In

the illustrated embodiment, the surgical snare 10 may include a body 12. The body 12

may take a number of different forms. For instance, in the illustrated embodiment, the

body 12 is elongate. In some embodiments, the body 12 may be elongate and tubular.

Accordingly, the body 12 may also be referred to herein as an elongate tubular member

12, although a body 12 may have other shapes, sizes, constructions, or other

configurations, or combinations of the foregoing. In some embodiments, the elongate

tubular member 12 may be flexible. For instance, the elongate tubular member 12 may

be sufficiently flexible so as to pass through a patient's vascular system in a minimally

invasive procedure.

[0048] The surgical snare 10 may in some embodiments include a snare loop 14. In

the illustrated embodiment, for instance, the snare loop 14 is disposed at a distal tip 16 of

the elongate tubular member 12. More particularly, in this embodiment, the snare loop 14

may include a wire or other element that has a first end extending distally and/or

longitudinally from the distal tip 16 of the elongate tubular member 12. The wire or other



element may follow a generally elliptical path and loop back such that a second end of the

wire or other element also connects at the distal tip 16. The snare loop 14 illustrated in

Figure 1A may define an opening 19 that can be used to receive and capture an object that

is to be retrieved from a patient.

[0049] It should be appreciated that the snare loop 14 in Figure 1A is merely

exemplary. In other embodiments, the snare loop 14 may have other configurations,

shapes, locations, or other features, or a combination of the foregoing. For instance, the

snare loop 14 may follow a generally hexagonal, circular, rectangular, diamond-shaped,

or other path, be cut from a solid material rather than formed from a wire, extend at least

partially transverse relative to elongate tubular member 12, or have other configurations,

or have any combination of such features. In some embodiments, and as described in

greater detail hereafter, the distal tip 16 and/or the snare loop 14 may be steerable. For

instance, even in embodiments in which the elongate tubular member 12 is flexible, the

distal tip 16 may be selectively movable or deflectable relative to the elongate tubular

member 12. In one embodiment, for instance, the distal tip 16 may be selectively

deflected between zero and about one-hundred eighty degrees, such that the snare loop 14

also experiences a corresponding deflection. In such an embodiment, the snare loop 14

may optionally be deflected between zero and about one-hundred eighty degrees, and

may effectively slide between such deflections such that any of virtually an infinite

number of possible positions and deflected states of the snare loop 14 may be obtained.

[0050] To facilitate selective deflection of the distal tip 16 and the snare loop 14, a

user interface 20 may be connected to the proximal end 18 of the elongate tubular

member 12. More particularly, the user interface 20 may be used to provide an operator

with a manual interface by which the operator can selectively deflect the distal tip 16

and/or the snare loop 14 of the surgical snare 10. In the embodiment illustrated in Figure

1A, the user interface 20 may include a set of finger and thumb pieces connected to the

proximal end 18 of the elongate tubular member 12. In particular, Figure 1A illustrates a

thumb piece 22 connected to the proximal end 18 of the elongate tubular member 12

through a cap 24. The illustrated cap 24 may be have an opening therein that receives at

least a portion of the proximal end 18 of the elongate tubular member 12 to thereby

connect the elongate tubular member 12 to the cap 24. The cap 24 may also connect to

the thumb piece 22 and at least indirectly couple the elongate tubular member 12 to the

thumb piece 22.



[0051] A finger piece 26 may also be connected to the thumb piece 22. In the

illustrated embodiment, the finger piece 26 may be slideable or otherwise movable

relative to the thumb piece 22. For instance, the finger piece 26 may have an opening

into which the thumb piece 22 is received. The finger piece 26 may slide relative to the

thumb piece 22 that is received within the opening. The relative movement between the

finger piece 26 and the thumb piece 22 may be within or relative to a central groove 36,

and/or may facilitate selective deflection or other movement of the distal tip 16 and/or the

snare loop 14. As the finger piece 26 may slide or otherwise move relative to the thumb

piece 22, the finger piece 26 may also be positioned at a virtually infinite number of

discrete locations, which may also correspond to a virtually infinite number of discrete

positions of the distal tip 16 and/or the snare loop 14. The finger piece 26 may therefore

at least partially act as an actuation mechanism for selectively deflecting the snare loop 14

and/or the distal tip 16. For instance, as described in greater detail hereafter, an actuation

mechanism may also include a wire or other filament or element (not shown) that is

directly or indirectly coupled to the distal tip of 16 of the elongate tubular member 12.

Such element may extend approximately an entire length of the elongate tubular member

12 and directly or indirectly attach to the finger piece 22.

[0052] To deflect the distal tip 16 and/or the snare loop 14, a surgeon or other

operator of the surgical snare 10 may, for example, place index and middle fingers in the

finger piece 26, and a thumb in the thumb piece 22. The operator may then draw the

index and middle fingers towards the thumb, thereby also causing the finger piece 26 to

move relative to the thumb piece 22. In moving the finger piece 26 in this manner,

tension or another force may be placed on the actuation mechanism that connects to the

distal tip 16, and the distal tip 16 may deflect in a desired manner. For instance, the distal

tip 16 may bend from an unstressed state to a stressed state in which the distal tip 16

and/or the snare loop 14 are deflected between about zero and about one-hundred eighty

degrees, although the snare loop 14 may deflect any other amount, including but not

limited to up to one-hundred eighty degrees. The sliding motion of the finger piece 26

relative to the thumb piece 22 may, for example, correspond to a sweeping motion of the

distal tip 16 and/or the snare loop 14 as the distal tip 16 bends over a virtually infinite

range of angles between zero and one-hundred eighty degrees with respect to an original

or unstressed orientation of the snare loop 14 and/or distal tip 16. For instance, the distal

tip 16 and snare loop 14 may be oriented along the distal axis of the elongate tubular

member 12. Upon manipulating the finger piece 26 and/or thumb piece 22, the distal tip



16 and snare loop 14 may bend up to one-hundred eighty degrees from the original or

unstressed, longitudinal orientation.

[0053] In other embodiments, an original and/or unstressed orientation may be

transverse relative to the longitudinal axis of the elongate tubular member 12. For

instance, an original orientation may be at a right angle from the longitudinal axis such

that a one-hundred eighty degree deflection in the distal tip 16 may result in the snare

loop 14 also deflecting one-hundred eighty degrees. The resulting location of the snare

loop 14 may also be at a right angle relative to the longitudinal axis. Accordingly, a

deflection of one-hundred eighty degrees may result in a final or other orientation that is

at any angle relative to a longitudinal axis of the elongate tubular member 12. Moreover,

while deflection may be up to one-hundred eighty degrees, this is merely exemplary. In

other embodiments, a maximum deflection is less than one-hundred eighty degrees (e.g.,

about ninety degrees) while in other embodiments, the maximum deflection is greater

than one-hundred eighty degrees (e.g., about three-hundred sixty degrees), although any

amount of desired deflection may be obtained.

[0054] With the distal tip 16 and/or snare loop 14 in a stressed or unstressed position,

the snare loop 14 can be positioned around a foreign body or other object, or otherwise

used to engage the object. The object can then be removed from the patient by drawing

the thumb piece 22 away from the patient as the snare loop 14 engages the object. In

some embodiments, such as those described hereafter, the snare loop 14 may also

selectively contract and/or be tightened around the snared object. The snare loop 14 may

be selectively contracted by, for example, drawing the snare loop 14 towards a delivery

tube such as a catheter. In other embodiments, a wire or other filament or element may at

least partially act as a second actuator that selectively pulls one end of the snare loop 14

to reduce the size of the snare loop 14. Other mechanisms may also be used to contract

the snare loop 14. For instance, the snare loop 14 may be formed of a shape memory

alloy and may contract, deform, or bias to a closed position when heat or an electrical

current is supplied.

[0055] To further appreciate the manner in which the surgical snare 10 may be made

and/or used, reference will now be made to Figure IB, which illustrates a cross-sectional

view of the surgical snare 10 of Figure 1A. In Figure IB, various internal components or

aspects of the surgical snare 10 are illustrated to provide a greater understanding of the

operation of surgical snare 10. It should be appreciated, however, that the surgical snare

10 of Figure IB is merely exemplary of one example surgical snare 10 according to the



present disclosure and is therefore not intended to be limiting of the scope of the surgical

snares or other apparatus or devices that may be learned by review of the disclosure

herein.

[0056] In Figure IB, a wire 28 is illustrated as extending from the proximal end 18 of

the elongate tubular member 12 and attaching to the user interface 20. In particular, in

this embodiment, the wire 28 may be considered a core wire that extends longitudinally

from the proximal end 18 towards an attachment member 30. In this embodiment, the

attachment member 30 is disposed within the finger piece 26 of the user interface 20. For

instance, the attachment member 30 may be a compression box or other box or member

that receives and secures the wire 28.

[0057] More particularly, such a compression box or other member may have one or

more openings 32 that are configured to receive the core wire 28. For instance, in Figure

IB, the opening 32 extends along substantially the entire length of the compression box

of the attachment member 30. The opening 32 may be sized so as to receive the core wire

28 therein. In some embodiments, the opening 32 may have a shape, size, or other

configuration that is configured to cause an interference fit with the core wire 28 over at

least a portion of the length of the opening 32. Moreover, the shape, size, or

configuration of the opening 32 may be substantially constant along its length or may be

variable. For instance, the opening 32 may have a constant size and shape along an entire

longitudinal length thereof. In another embodiment, such as that illustrated in Figure IB,

the opening 32 may vary along its longitudinal length. The distal end of the opening 32

may, for example, taper outward to provide a larger distal aperture through which the core

wire 28 may be inserted into the attachment member 30. As the core wire 28 moves

proximally within the attachment member 30, the size of the opening 32 may have a

stepped or straight taper. With a stepped taper such as that illustrated in Figure IB, a

portion of the elongate tubular member 12 may also extend into the attachment member

30. Optionally, the opening 32 may taper inward or outward from the interior of the

attachment member 30 towards the proximal end of the attachment member 30.

[0058] As noted above, the core wire 28 may be secured to the attachment member 30

by using an interference fit. It should be appreciated, however, that other manners of

connecting the core wire 28 to the attachment member 30 may also be used. For instance,

in one embodiment, the core wire 28 is placed within the elongate tubular member 12 and

the elongate tubular member is crimped at a proximal end thereof. Crimping the elongate

tubular member 12 may secure the core wire 28 therein and allow the elongate tubular



member 12 to then be secured within the attachment member 30. In some embodiments,

crimping the elongate tubular member 12 may also generate greater real-time response.

More particularly, as the user interface 20 is manipulated to actuate and selectively

deflect the distal tip 16, a crimped elongate tubular member 12 may reduce lag time

between pulling on the finger piece 26 and causing deflection at the distal tip 16. In still

other embodiments, the core wire 28 may be secured to the attachment member 30 by

using additional or other fastening techniques. In one example, an additional tubular

member may be positioned around the proximal end of the core wire 28 and crimped in

place. That tubular member may then be placed in the proximal end of the opening 32 of

the attachment member. Such tubular member may also be crimped around the core wire

28 to lead to improved real-time response at the distal tip 16. In other embodiments,

adhesives, mechanical fasteners, soldering, welding, or other fasteners, or combinations

of the foregoing, may be used to secure the core wire 28 to the attachment member 30 or

to the finger piece 26.

[0059] The attachment member 30 may indirectly couple the core wire 28 to the

finger piece 26. For instance, the core wire 28 may be secured to the attachment member

30 and the attachment member 30 may be secured to the finger piece 26. In some

embodiments, the attachment member 30 may be integrally formed as part of the finger

piece 26. In other embodiments, the attachment member 30 may be formed separate from

the finger piece 26. In an embodiment in which the attachment member 30 is not

integrally formed with the finger piece 26, the attachment member 30 may be sized and

shaped to be positioned within a central opening 34 of the finger piece 26, and/or to slide

relative to the thumb piece 22 (e.g., within a central groove 36 of the thumb piece 22).

The attachment member 30 may also be secured to the finger piece 26 in any suitable

manner. For instance, in one embodiment, one or more set screws (not shown) may be

used. A set screw may, for instance, extend through the finger piece 26 and into the

attachment member 30. The attachment member 30 may also include a securement

channel 38 configured to receive the one or more set screws and facilitate securement. As

will be appreciated, any number of other securement devices, including adhesives,

mechanical fasteners, interference fits, welding, soldering, or other devices, or any

combination thereof, may also be used to attach attachment member 30 to finger piece 26.

[0060] As noted previously, in some embodiments, the exemplary core wire 28 may

extend from the distal tip 16 of the elongate tubular member 12 to the user interface 20.

As illustrated in Figure IB, the elongate tubular member 12 optionally includes a plurality



of sections or portions through which the core wire 28 extends. In particular, the elongate

tubular member 12 of Figure IB can includes three portions; however, more or fewer

portions may also be included.

[0061] In Figure IB, a first portion 40 is disposed generally at the proximal end 18 of

the elongate tubular member 12 and may be located at the connection between the

elongate tubular member 12 and the user interface 20. The first portion 40 may include,

for example, a tube that has a substantially solid construction. For instance, the first

portion 40 may be a hypotube formed from extruded or molded stainless steel,

NITINOL®. In other embodiments, however, the first portion 40 may be made from

other materials, including other metals or alloys, as well as polymers, organic materials,

composites, other materials, or any combination of the foregoing. The first portion 40

may form or define a cannula at the proximal end 18 of the elongate tubular member 12

and can, in some embodiments, be used to facilitate securement of the core wire 28 to the

user interface 20. For instance, as described previously, the core wire 28 may extend

through the first portion 40. The first portion 40 may be secured to the core wire 28 (e.g.,

by crimping), and the first portion 40 may be extended into the attachment member 30.

[0062] As further illustrated in Figure IB, the first portion 40 of the elongate tubular

member 12 may be held in place by the cap 24 and the thumb piece 22. In the illustrated

embodiment, the cap 24 includes a proximal channel 42. The thumb piece 22 may

include a threaded connector 44 that can be threaded into the proximal channel 42. In

some embodiments, the proximal channel 42 has a length greater than the length of the

threaded connector 44 such that a void is created between the distal end of the threaded

connector 44 and the distal end of the proximal channel 42. The first portion 40 of the

elongate tubular member 12 may include, in some embodiments, a radius bulge 46 or

other structure configured to fit within such a void. For instance, the radius bulge 46 may

be sized to fit securely within the void such that the thumb piece 22 and the cap 24 hold

the first portion 40 in place. The radius bulge 46 may also be eliminated in other

embodiments. In one embodiment, for instance, an O-ring may be placed around the first

portion 40 and between the thumb piece 22 and the cap 24 so as to facilitate securement

of the elongate tubular member 12 to the user interface 20.

[0063] With the first portion 40 of the elongate tubular member 12 held in place, the

second and third portions 48, 50 of the elongate tubular member 12 may also be held in

place relative to the user interface 20. In some embodiments, the second portion 48 may

be formed of the same or a similar material and/or have the same or a similar



configuration relative to the first portion 40. In other embodiments, however, the first

and second portions 48 may have different materials and/or configurations.

[0064] In one example embodiment, the first portion 40 may be a substantially solid

tubular structure while the second portion 48 may have a coiled configuration. More

particularly, the second portion 48 may be composed at least partially of a wire coiled to

form a tubular structure. The coiled structure of such a wire may vary from embodiment

to embodiment. In one example, a coiled second portion 48 may be tightly coiled. For

instance, in a tight coil, each coil may be formed or otherwise located about directly

proximate adjacent coils. More particularly, in some embodiments of a tight coil, the

distance between the centers of adjacent coils may be about equal to the width of the coil

wire. In other embodiments, however, the second portion 48 may have a different

construction. For instance, the second portion 48 may have a loose coil construction or

may be not be a coil. For example, the second portion 48 may be formed at least partially

from a polymeric material (e.g., nylon or a polyamide) that is extruded or otherwise

molded in a tubular configuration.

[0065] The second portion 48 may be connected to the first portion 40 in any suitable

manner. For instance, the first and second portions 40, 48 of the elongate tubular member

12 may be formed from stainless steel, NOTNOL®, some other biocompatible metal or

alloy, or a combination thereof. First and second portions 40, 48 may then be soldered or

welded together. In other embodiments, the second portion 48 may be threaded or

otherwise secured within or around the first portion 40. In still other embodiments,

epoxies, chemical fusing, or other connection mechanisms may be used.

[0066] As noted above, the elongate tubular member 12 may have multiple portions.

In the embodiment in Figure IB, the elongate tubular member 12 has a third portion 50

that extends longitudinally from the second portion 48. In some embodiments, the third

portion 50 may be formed of the same or a similar material and/or have the same or a

similar configuration relative to the first or second portions 40, 48. In other

embodiments, however, at least one of the first, second or third portions 40, 48, 50 may

have different materials and/or configurations.

[0067] In one example embodiment, the second portion 48 may have a tightly coiled

configuration. The third portion 50 may also have a coiled configuration, may have a

solid tubular configuration, or may have some other configuration. In one optional

embodiment, the third portion 50 includes a coiled configuration that is loosely coiled

with respect to the second portion 48. For instance, the centers of the coils of the third



portion 50 may be separated by a distance greater than the separation between the centers

of coils in the second portion 48 and/or by a distance greater than the width of the sire

forming the third portion 50. In one embodiment, for instance, adjacent coils of the

second portion 48 may be about touching such that the center distance between coils in

the second portion 48 may be approximately the coil wire width. In the third portion 50,

however, the coils may be separated. For instance, the center distance between adjacent

coils may be between 115% and 200% the width of the coil wire. It will be appreciated,

however, that the center distance for a tight coil and/or loose coil may also be varied. For

instance, a tight coil may vary between a center distance of 100% and 150% of the coil

wire width. A loose coil may vary between a center distance of 105% and 300% of the

coil wire width, although even greater coil distances may also be used for the loose coil.

[0068] An aspect of using coiled wires for second and third portions 48, 50 is that the

coils are generally able to move relative to each other to provide flexibility to the elongate

tubular member 12, while also giving the elongate tubular member 12 column strength to

extend through a body lumen. As the coils may move relative to each other, the coils

and/or portions of the coils can separate or draw closer to each other as necessary to bend

or otherwise contour to the shape of a patient's vasculature, organs, or other internal

structure. Moreover, because the coils provide column strength, the elongate tubular

member 12 may be extendable through vasculature, organs, body lumens, and the like. In

other embodiments, a portion of the surgical snare 10 may be extended even in the

absence of a delivery tube such as a catheter or other similar device. For instance it may

be difficult, invasive, or traumatic to extend a catheter fully through certain areas of the

body, such as through the right ventricle of the heart and into the left or right pulmonary

artery where an object is located. In such a case, the catheter may extend only partially

towards the object. The column strength of the distal end 16 of the elongate tubular

member 12 may then allow the elongate tubular member 12 to exit a distal opening of the

catheter and be extended through these certain areas, such as through the right ventricle of

the heart and into the left or right vascular artery. Thus, catheters may provide a manner

of introducing the surgical snare 12 partially into a body lumen while the surgical snare

10 can then extend without a delivery tube or other device to the ultimate desired

location. In other embodiments, the surgical snare 10 may be used with a catheter

extending to a location proximate the retrievable object, or the surgical snare 10 may be

used without any catheter or delivery device.



[0069] In view of the discussion herein, it should be appreciated that the construction

and/or use of the surgical snare 10 of Figures 1A and IB may thus be varied in a number

of manners. For instance, the surgical snare 10 may have a size that varies. Such

variation in size may be based at least in part on a number of factors, including the size of

the body lumen in which it is intended to be used, the age or size of the patient, the

location of the retrievable object, or other factors, or a combination of the foregoing.

According to one embodiment, for instance, the elongate tubular member 12 has length of

up to about 150 centimeters, although even greater lengths may be used. Of the length,

the third portion 50 may have a loose coil of a length between about 10 mm to about 50

mm, although in some embodiments the length of the third portion 50 may be greater than

50 mm or less than 10 mm.

[0070] The elongate tubular member 12 may be configured to fit in a variety of

different sizes of body lumens, catheters, or other devices or locations. In some

embodiments, the elongate tubular member 12 is configured to fit in a catheter having an

internal diameter of between four and eight French. For instance, the elongate tubular

member 12 may have a diameter of approximately 0.85 mm although larger or smaller

diameters are contemplated. In another example, the elongate tubular member 12 may

have a diameter between about 0.5 mm and 1.5 mm. In other embodiments, the diameter

of the elongate tubular member 12 varies across its length. For instance, the distal tip 16

of the third portion 50 may taper such that the size at the distal tip 16 is less than the size

of the elongate tubular member 12 at the interface between the second and third portions

48, 50. In other embodiments, any or all of the first, second, and third portions 40, 48, 50

taper or otherwise have sizes that vary relative to each other or across their respective

longitudinal lengths.

[0071] In embodiments in which the elongate tubular member 12 includes a coiled

tubular structure, the wire used to corm the coil may itself have any of a number of

different dimensions or other constructions. For instance, in some embodiments, the coil

wire may have a diameter of approximately 0.15 mm although the coil wire may be larger

or smaller. For instance, the coil wire may have a diameter between approximately

0.05mm and 0.5mm, although still larger or smaller wire could be used in other

embodiments.

[0072] The example user interface 20 in Figures 1A and IB may also be varied in a

number of different manners. For example, the illustrated embodiment may allow the

finger piece 26 to travel a distance along the central groove 36 that generally corresponds



to a particular deflection at the distal tip 16. For instance, full travel of the finger piece 26

along the central groove 36 may correspond to a deflection of about ninety degrees, about

one hundred eighty degrees, or about two hundred seventy degrees at the distal tip 16. In

other embodiments, the amount of deflection possible by moving the finger piece 26

along the central groove 36 of the thumb piece 22 may vary by other amounts, including

up to or exceeding three-hundred sixty degrees.

[0073] While the finger piece 26 may be movable relative to the thumb piece 22 in a

manner that that travel of the finger piece 26 directly corresponds to the deflection at the

distal tip 16 of the elongate tubular member 12, such an embodiment is also merely

exemplary. In other embodiments, for instance, the finger piece 26 may be provided with

some form of mechanical advantage that creates a ratio of displacement that is greater or

less than approximately a 1:1 relationship between the finger piece 26 travel and the

deflection at the distal tip 16. For example, gearing or some other mechanism may be

used to make displacement of the finger piece 26 correspond to twice the displacement of

the distal tip 16, half the displacement of the distal tip 16, or some other ratio.

[0074] Furthermore, the thumb and finger pieces 22, 26 of user interface 20 are

merely example structures that may be used by an operator to control deflection at the

distal tip 16. In other embodiments, other types of user interfaces may be used. In one

embodiment, for instance, a handle may be used with a trigger mechanism coupled to the

core wire 28. As the trigger is pulled, the core wire 28 may then also be pulled to cause

deflection at the distal tip 16. In other embodiments, a torque device may be used. For

instance, a dial may be connected to the core wire 28. When the dial is rotated, the core

wire may be wrapped around a central shaft, thereby causing deflection at the distal tip

16. In still other embodiments, other user interfaces may also be used. For instance, in

another embodiment, an exposed wire acts as a user interface. In another embodiment,

multiple core wires may be used to control deflection and/or a filament controlling

contraction of the snare loop 14 may be coupled to the user interface. In such an

embodiment, multiple user interfaces or control mechanisms may be used. Accordingly,

the user interface 20 could include multiple displacement, rotational or other members, or

a combination thereof, to control the deflection tip 16 and/or the snare loop 14.

Furthermore, while a core wire 28 is one manner of linking the user interface to the distal

tip 16, any other suitable actuation mechanism may be used.

[0075] In addition, Figure IB illustrates the snare loop 14 at an angle relative to a

longitudinal axis of the elongate tubular member 12. It should also be appreciated in



view of the disclosure herein that such angle is merely exemplary. In some embodiments

of the disclosure, the snare loop 14 is angled relative to the elongate tubular member 12 in

a first or unstressed state. In other embodiments, however, the angle of the snare loop 14

relative to the elongate tubular member 12 is due to manipulation or control of the user

interface 20, and may thus vary in any manner which may be learned in view of the

disclosure herein. In Figure IB, for instance, the snare loop 14 is about thirty degrees

offset from an axis of the elongate tubular member 12. In other embodiments, the snare

loop 14 is angled more or less than thirty degrees. For instance, the snare loop 14 may be

angled between zero and ninety degrees relative to the axis of the elongate tubular

member 12.

[0076] Various materials may also be used to produce the various components of the

surgical snare 10. According to one embodiment, for instance, the user interface 20 may

be made from polymeric materials. In other embodiments, however, metals, alloys,

organic materials, composites, or other materials, or combinations of the foregoing may

be utilized. The elongate tubular member 12 may also be made from any of numerous

materials. In some embodiments, the elongate tubular member 12 is formed from a

biocompatible material. For instance, the elongate tubular member 12 may be formed

from a stainless steel alloy. In other embodiments, however, the elongate tubular member

12 may be formed from titanium, nickel, nickel-titanium alloys (e.g., NITINOL®),

cobalt, chromium, platinum, stainless steel, or alloys thereof, or other materials, or

combinations of the foregoing. Furthermore, any or all portions of the device 10 may be

formed from materials that are cold worked, strain hardened, heat treated, or are

otherwise formed to produce a desirable set of properties. In some embodiments, any or

all portions of the surgical snare 10 may be coated with other materials, such as

biocompatible materials. For instance, the elongate tubular member 12 may be coated

with a biocompatible material. Such a coating may be applied to the entire tubular

member 12. In embodiments with a coiled structure, the coating may alternatively or

additionally be applied to the wire produced to form the coiled structure. An example

biocompatible polymer that may be used to coat the elongate tubular member 12 is

polytetrafluoroethylene (PTFE) although other polymers and/or other materials may also

be used.

[0077] Turning now to Figure 2, a distal end of a surgical snare 100 is illustrated

according to at least one embodiment of the present disclosure. In the illustrated

embodiment, a snare loop 114 is connected to a distal tip 116 of a tubular member 112.



The tubular member 112 may be similar to elongate tubular member 12 in Figures 1A and

IB. For instance, in this embodiment tubular member 112 includes at least a tight coil

portion 148 and a loose coil portion 150. In the illustrated embodiment, the loose coil

portion 150 is positioned adjacent the snare loop 114 and forms a part of the distal tip

116. In other embodiments other or additional types of coils or elements may be adjacent

the snare loop 114 and/or form a part of the distal tip 116.

[0078] As shown in Figure 2, multiple wires, filaments, or other elements may be

positioned within the tubular member 112. In this embodiment, for instance, at least four

wires may extend longitudinally within the tubular member 112. More particularly,

Figure 2 includes a core wire 128, a deflection wire 129, and two ends of snare wires 115,

117, although wires within the tubular member 112 may be referred to by any number of

names or have any number of different purposes. In other embodiments, more and/or

fewer wires may be used. For example, the deflection wire 29 may be removed. In other

embodiments, the deflection wire 29 may be replaced by a coating, weld, other structure,

or combinations of the foregoing.

[0079] The core wire 128 in Figure 2 may be similar to the core wire 28 as described

with reference to Figures 1A and IB. For instance, the core wire 128 may extend

substantially an entire length of the tubular member 112 and be connected to, or used as

part of, a user interface that can control deflection of the distal tip 116 and/or the snare

loop 114. In the illustrated embodiment, the core wire 128 may be connected to the distal

tip 116 of the tubular member 112. For instance, the core wire 128 may be welded,

soldered, mechanically connected, adhered, chemically fused, or otherwise secured, or a

combination of the foregoing, to the distal tip 116 of the tubular member 112. In one

embodiment, for instance, the core wire 128 may be laser welded to an interior surface of

the tubular member 112, although such embodiment is merely exemplary and other

connection methods may be employed, including such methods referenced herein.

[0080] As shown in Figure 2, a deflection wire 129 may also be positioned about at

the distal tip 116 of the tubular member 112. The exemplary deflection wire 129 may

extend only partially along the longitudinal length of the tubular member 112, be shorter

than the core wire 128, terminate prior to the core wire 128, or have other structures, or

have any combination thereof. In this embodiment, for instance, the deflection wire 129

may extend partially along the loose coil portion 150 of the tubular member 112. The

deflection wire 129 may also be connected to the tubular member 112, and such

connection may be performed by using laser welding or another suitable method, or in



other embodiments, may be coupled to the core wire 128 and/or the ends 115, 117 of the

snare wire.

[0081] In one example embodiment, the deflection wire 129 is disposed at a location

within the tubular member 112 that is generally opposed to the position of the core wire

128. More particularly, the deflection wire 129 is, in one embodiment, about one-

hundred eighty degrees angularly offset from the core wire 128 about a central or

longitudinal axis, although other offsets may be used. For instance, the deflection wire

129 may be adjacent the core wire 128 or offset at any angular interval between zero and

one-hundred eighty degrees.

[0082] The deflection wire 129 may be used for any number of different purposes. In

some embodiments, for instance, an operator of a surgical snare may selectively place

tension in the core wire 128 using a user interface or some other mechanism. Where the

core wire 128 is connected to the loose coil portion 150, the tension on the core wire 128

may tend to compress the loose coils together. It may, however, be desirable that the

distal tip 116 of the surgical snare 100 bend rather than compress. The deflection wire

128 may also be directly or indirectly connected to the loose coils. As a result, when the

core wire 128 undergoes tension in some embodiments, the deflection wire 129 may

restrict compression of the loose coils. Consequently, the tension on the core wire 128

may result in bending or otherwise deflecting the loose coils rather than compressing the

loose coils. As the loose coil portion 150 bends, the snare loop 114 may move with the

distal tip 116. For instance, if tension on the core wire 128 causes the distal tip 116 to

flex between zero and about ninety degrees, the snare loop 114 may also sweep along a

path that moves from an initial position at zero degrees to a second position that is

approximately ninety degrees offset from the initial position.

[0083] To facilitate corresponding movement between the snare loop 114 and the

distal tip 116, the snare loop 114 may also be directly or indirectly connected to the distal

tip 116 of the tubular member 112. In one embodiment, for instance, the snare loop 114

is formed from a wire that is bent to form a looped structure. More particularly, a first

end 115 of the wire may extend distally and longitudinally out of the tubular member 112.

The snare loop 114 may have a generally elliptical, gooseneck, hexagonal, rectangular,

circular, diamond, or other shape. The wire may thus follow any such shape and a second

end 117 of the snare loop wire may then connect back at the tubular member 112, such as

is illustrated in Figure 2 .



[0084] In some embodiments, the first and second ends 115, 117 of the wire that

forms snare loop 114 may also extend proximally and/or longitudinally into the interior of

the tubular member 112. Such extension of the first and second ends 115, 117 of the

snare loop wire may facilitate connection of the snare loop 114 to or proximate the distal

tip 116 of the tubular member 112. In the illustrated embodiment, for instance, the first

and second ends 115, 117 of the snare loop wire may be laser welded, microwelded,

otherwise secured, or combinations thereof, to the interior of the loose coiled portion 150,

the core wire 128, or the deflection wire 129, or to some other structure, or to any

combination of the foregoing.

[0085] As will be appreciated in view of the disclosure herein, the shapes, sizes,

positions, numbers, structures, configurations, arrangements, and other features of the

elements of the surgical snare 100 may be varied in a number of different manners. For

example, while the illustrated embodiment depicts the tubular member 112, snare loop

114, core wire 128 and deflection wire 129 as having generally circular cross-sectional

shapes, this is merely exemplary. In other embodiments, the tubular member 112, snare

loop 114, core wire 128, and deflection wire 129, or any combination thereof, may have a

different cross-sectional shape, or not be formed from a wire. For instance, the deflection

wire 129 may be composed of a flat wire or from a bar. Such a flat wire or bar may have

a generally rectangular cross-sectional shape and, in some embodiments, assists in

predictably controlling the direction of the selective deflection of the tubular member

112. Any or all of the tubular member 112, the core wire 128, the deflection wire 129, or

the snare loop 114 may also have other shapes, including elliptical, rectangular,

hexagonal, diamond, octagonal, trapezoidal, or other shapes, or combinations of the

foregoing.

[0086] The size of the various elements comprising the distal end 100 may also be

varied. For instance, the tubular member 112 may have any number of different widths

or diameters, and/or may be formed from a wire or other filament or element having

different cross-sectional sizes or shapes. As a result, the interior and exterior widths of

the tubular member 112 may vary. The sizes of the snare loop 114, the core wire 128,

and the deflection wire 129 may thus vary based on the size of the lumen through the

tubular member 112. For instance, in one embodiment, the interior diameter of the

tubular member 112 may be about 0.55 mm. In such an embodiment, the core wire 128,

deflection wire 129, and snare loop 114 may be sized such that the four illustrated wires

form a diamond- shaped pattern within the tubular member 112, as illustrated in Figure 2 .



For instance, each of the core wire 128, the deflection wire 129, as well as the first and

second ends 115, 117 of the snare loop wire may have a width of approximately 0.15 mm

to 0.18 mm. In other embodiments, the core wire 128, deflection wire 129, and first and

second ends 115, 117 are arranged in a different pattern or have different sizes and/or the

tubular member 112 has a different size. For instance, the tubular member 112 may have

an internal width between about 0.35 mm and about 2.5 mm, although the tubular

member 112 may also have smaller or larger widths in other embodiments. As the size of

the interior of the tubular member 112 may be varied, the size of the core wire 128,

deflection wire 129, and first and second ends 115, 117 of the snare loop wire may vary,

although such variation may not be necessary. Additionally, or alternatively, the core

wire 128, deflection wire 129, and first and second ends 115, 117 may form a circular,

elliptical, irregular, or other pattern, or a combination thereof, within the tubular member

112.

[0087] Turning now to Figures 3A-3C, an enlarged view of a distal end 202 of a

surgical snare 200 is schematically illustrated in various stages of deflection. In Figure

3A, for example, the surgical snare 200 is illustrated in a first state. The first state may, in

some embodiments, correspond to an unstressed state. For instance, in an unstressed

state, any tensile or compressive forces may be applied to the core wire 228 may be

negligible, such that the core wire 228 has little or no tendency to cause the distal end 202

or a loose coil 250 to selectively bend or otherwise deflect. Instead, any deflection at the

distal end 202 may be the result of the flexibility of the loose coil 250 and contact with an

inner wall of a body lumen, either directly or indirectly (e.g., by following a delivery tube

such as a catheter that contacts an inner wall of the body lumen). Accordingly, an

unstressed or first state should not imply that the distal end 202 or the loose coil 250 must

be straight as illustrated in Figure 3A. Indeed, as noted in embodiments above, the loose

coil 250 may have a plurality of coils 251 that provide flexibility to allow the distal end

202 to pass through a body lumen such as a blood vessel or organ. Such flexibility of the

loose coil 250 may result from guiding the surgical snare 200 using a delivery tube such

as catheter rather than from the selective deflection of the distal end 202 using the core

wire 228 or some other actuation mechanism. In other embodiments, the loose coil 250

may be curved by design, or otherwise curved or bent within a patient even in the absence

of a catheter. Accordingly, no inference should be taken that a first or unstressed state

should require the surgical snare 200, loose coil 250, or distal end 202 to have any

particular shape or configuration. For instance, in an unstressed state, the loose coil 250



may even be bent up to ninety degrees; however, such bend may in one embodiment

result from anatomical considerations rather than forces a user places on the distal end

202 by, for example, selectively pulling the core wire 228.

[0088] In the embodiment in Figure 3A, the first state of the surgical snare 200 may

include the snare loop 214 extending at least partially longitudinally relative to the tubular

loose coil 250. In particular, in this embodiment, the snare loop 214 extends distally

relative to a final, distal coil 253, and generally longitudinally with respect to the loose

coil 250. In other embodiments, however, the snare loop 214 may extend in other

directions. For instance, the snare loop 214 in the first state may be generally transverse

relative to the loose coil 250. In one embodiment, for instance, the snare loop 214 may in

a first state be positioned at any angle between about zero and about ninety degrees

relative to a central axis of the loose coil 250. In other embodiments, the snare loop 214

may be positioned at an angle exceeding ninety degrees relative to the central axis of the

loose coil 250. Moreover, the snare loop 214 may also extend longitudinally from the

loose coil 250 as well as transverse relative to the loose coil 250. For instance, opposing

wire ends of the snare loop 214 may extend longitudinally from the loose coil 250 and

then be bent such that the loop portion extends transverse relative to the central axis of the

loose coil 250.

[0089] As also shown in Figure 3A, the snare loop 214 may have a generally open

configuration in which the snare loop 214 defines a snare opening 219. The snare

opening 219 may be sized, shaped, or otherwise configured to allow a foreign body or

other object to be located at least partially therein and then retrieved using the surgical

snare 200.

[0090] As discussed previously, a surgical snare according to some embodiments of

the present disclosure may be selectively manipulated to change the position of the snare

loop 214. For instance, according to at least one embodiment, the core wire 228 may be

connected to the distal end 202 of the surgical snare 200. If the core wire 228 then has a

force placed thereon, the distal end 202 may selectively deflect. Such selective deflection

may be generally independent of other deflection along a longitudinal length of the

tubular member 212.

[0091] Figure 3B, for example, illustrates an example in which the surgical snare 200

has been manipulated to define a second state. In the second state, the distal end 202 of

the surgical snare 200 has been deflected from the first state illustrated in Figure 3A.

More particularly, in Figure 3B, the distal end 202 of surgical snare 200 has deflected



about ninety degrees relative to the distal end 202 in the first state. Such deflection may

at least partially result from a force being placed on the core wire 228. The force causing

the deflection may be a tensile force in some embodiments, although compressive or

other forces may also be used to cause a deflection at the distal end 202. In some

embodiments, the deflection may additionally or alternatively result from a deflection

member 229. In Figure 3B, for instance, the deflection member 229 may be a wire that is

also connected to the distal end 202 of the surgical snare 200. The deflection member

229 may extend at least partially along the length of the loose coil 250 and provide

stiffness to allow the loose coil 250 to bend rather than compress when the core wire 228

is placed under tension. The second state may thus correspond to a stressed state. More

particularly, in the example embodiment, the second state may be a stressed state for the

surgical snare 200 in that a stress is placed on the core wire 228 to cause the distal end

202 to selectively deflect.

[0092] The loose coil 250 may facilitate deflection of the distal end 202 when the

surgical snare 200 is in the stressed state. For example, in Figure 3B, the distal end 202

may flex and define a curved path. In particular, the illustrated embodiment shows the

plurality of coils 251 flex to define an interior curve 231 and an exterior curve 233. The

interior curve 231 may have a length that is less than that of the exterior curve 233. For

example, as tension is applied to the core wire 228, the tension may also be translated to

the distal coil 253, causing the distal coil 253 to move. At the interior curve 231, the

plurality of coils 251 may become compressed together. At the exterior curve 233,

however, the loose coil 250 may expand and the plurality of coils 251 may further

separate. Thus, as the interior curve 231 may be formed with a reduced arc length, the

exterior curve 233 may be formed to have a greater arc length. In some embodiments, the

interior curve 23 1 may generally correspond to the location of the deflection wire 229 and

the exterior curve 233 may generally correspond to the location of the core wire 228,

although such positioning is merely exemplary. For instance, in other embodiments, the

deflection wire 229 may be generally proximate the interior curve 231.

[0093] With continued reference to Figure 3B, it will be appreciated that upon

deflecting the distal end 202 of the surgical snare 200, the snare loop 214 may also be re

positioned relative to the position of the snare loop 214 in the first state (Figure 3A). For

instance, when the distal end 202 flexes, bends, or otherwise deflects, the snare loop 214

may also move in a corresponding fashion. Where the distal end 202 moves

approximately ninety degrees as shown in Figure 3B, the snare loop 214 may also deflect



by approximately ninety degrees. Thus, in some embodiments, the core wire 228 may be

used to simultaneously deflect both the distal end 202 and the snare loop 214. Moreover,

the snare loop 214 may be deflected without necessarily causing a change to the size or

shape of the snare loop 214 or the snare opening 219. For example, as the snare loop 214

sweeps along a curved path from first to second states, the length, width, shape, or other

configuration of the snare loop 214 may remain substantially constant. For instance, the

deflection may not directly cause any change to the size or shape of the snare loop 214,

although the walls of a body lumen 214 may directly or indirectly cause some deflection.

During such deflection caused by external influences, the length and/or width of the snare

loop 214 may remain substantially constant, even while the shape of the snare loop 214

may undergo minor changes. Furthermore, as the snare loop 214 may move between any

position between that shown in Figures 3A and 3B, the snare loop 214 may effectively

sweep along a curved path and be changeable in very small—if not infinitely small—

angular increments.

[0094] The amount by which the distal end 202 and the snare loop 214 of the surgical

snare 200 deflect may vary based on the amount of force applied to the core wire 228.

For instance, the distal end 200 may be deflected any amount between zero degrees (e.g.,

Figure 3A) and about ninety degrees (e.g., Figure 3B). Even greater deflection may also

be possible. For instance, in Figure 3C, the surgical snare 200 is illustrated in a third

state. In the illustrated third state, the distal end 202 has been deflected by about one-

hundred eighty degrees. The third state may also correspond to a stressed state and may

result from a force applied to the core wire 228. The force applied to the core wire 228 in

the third state may be greater than the force applied to the core wire in the second state.

[0095] In the third state illustrated in Figure 3C, the distal end 202 and the snare loop

214 of the surgical snare 200 have been deflected about one-hundred eighty degrees

relative to the position of the distal end 202 in the first state illustrated in Figure 3A.

Such deflection may cause, for example the interior curve 231 and the exterior curve 233

to have a generally semi-circular shape. The arc length of the interior curve 23 1 may also

be less than the arc length of the exterior curve 233 such that the coils 251 contract

together along the interior curve 231 while being further separated along the exterior

curve 233.

[0096] As shown in Figures 3A-3C, the snare loop 214 may thus be efficiently moved

from an initial position to any number of positions and orientations by deflecting the

distal end 202 of the surgical snare 200. For instance, by deflecting the distal end 202 by



up to about one-hundred eighty degrees, the snare loop 14 can be oriented to engage a

foreign body or other object around almost any curve, or which is in any location or

position within a patient, particularly as the snare loop 214 may be swept along a curved

path so as to selectively change between potentially a virtually infinite number of angular

positions. The curved path may allow the snare loop 214 and distal end 202 to deflect or

otherwise move both radially and longitudinally with respect to an otherwise stationary

tubular member 212.

[0097] While Figures 3A-3C illustrate example surgical snares 200 that include a core

wire 228 that may extend the length of the loose coil 250, a deflection wire 229, and snare

loop wire ends 115, 117 that may extend only partially through the loose coil 250, it

should be appreciated that such an illustration is merely exemplary. In other

embodiments, for example, the number, length, position, or arrangement of wires or other

elements may be varied. For instance, the deflection wire 229 may extend through a full

length of the loose coil 250, extend at least partially into a tight coil portion of the tubular

member 212, may be external to the loose coil 250, and/or may be excluded. The ends of

the snare loop 214 may also extend through the loose coil 250, extend through or into a

tight coil, be connected directly to an external portion of the tubular member 212 so as to

not extend through any portion of the loose coil 250, have any other configuration, or a

combination of the foregoing.

[0098] Figure 4, for instance, illustrates a partial cross-sectional view of a surgical

snare 300 having a tubular member 312 with both a tight coil portion 348 and a loose coil

portion 350. The surgical snare 300 of Figure 4 may, but does not necessarily,

correspond to the surgical snare 10 of Figures 1A and IB. For example, the partial cross-

sectional view in Figure 4 may provide an enlarged view at an interface between

exemplary second and third portions 48, 50 of the elongate tubular member 12 (Figure

1A).

[0099] As shown in Figure 4, a core wire 328 may extend at least partially through

the tubular member 312. In the illustrated embodiment, the core wire 328 may extend

fully through the illustrated tight coil 348 and loose coil 350. The core wire 328 may

provide any number of features. For instance, as described herein, the core wire 328 may

be linked to a distal tip of a surgical snare 300. An operator of such a surgical snare 300

may then push, pull, or otherwise control the core wire 328 to cause the distal tip of the

surgical snare to bend or otherwise deflect. In deflecting the distal tip of the surgical

snare, a corresponding snare loop may also be deflected to sweep along a path towards a



desired position, orientation, or location. In other embodiments, the core wire 328 may

be used for additional or other purposes. For instance, the core wire 328 may additionally

or alternatively control the size of a snare loop. In another embodiment, the core wire

328 may deflect in multiple directions. For instance, if an electrical current is placed on

the core wire 328, the core wire 328 may direct in one direction, whereas, pushing or

pulling the core wire 328, placing a different electrical current on the core wire 328, or

otherwise controlling the core wire 328 may cause the core wire 328 to deflect the tubular

member 312 in a different manner.

[00100] In some embodiments, the core wire 328 may extend approximately the entire

length of the tubular member 312. In other embodiments, however, the core wire 328

may extend only partially through the tubular member 312. For instance, an actuator may

be positioned at an intermediate location along the tubular member 312 such that the core

wire 328 extends only partially through the tubular member 312. In other embodiments

there may be multiple wires, filaments, or other elements that extend fully or partially

through a tubular member. For example, Figure 5 illustrates an example portion of a

surgical snare 400 in which multiple wires or other elements may extend through

substantially the entire illustrated length of a tubular member 412. More particularly,

Figure 5 illustrates two wires or other filaments or elements extending through a tight coil

448 and loose coil 450 of a tubular member 412. The two elements may be used for any

number of purposes or to accomplish any of a variety of different intents. According to

one embodiment, the surgical snare 400 includes a first filament 428 that may act similar

to a core wire as described herein. For example, the first filament 428 may run

substantially an entire length of the tubular member 412 and be used to selectively deflect

a distal tip and/or snare loop of the surgical snare 400. The first filament 428 may also

run approximately a full length between a user interface and the distal tip of the surgical

snare 400. Optionally, a second filament 415 may also be present. The second filament

415 can in some embodiments extend only partially through the tubular member 412. For

instance, the second filament 415 may act as a deflection wire as described herein to

provide stiffness or strength to facilitate deflection rather than compression of the tubular

member 412.

[00101] In other embodiments, however, the second filament 415 may extend

substantially an entire length of the tubular member 412, or substantially an entire length

between a user interface and a distal tip of the surgical snare 400. For example, the

second filament 415 may, in one embodiment, be connected to a first end of a snare loop.



The second filament 415 may also not be directly secured to the tubular member 412. For

instance, the second filament 415 may be configured to move within the tubular member

412. By way of example, an operator may pull on a proximal end of the second filament

415, either directly or by using a user interface. In embodiments in which the second

filament 415 is connected to a snare loop, the force on the second filament 415 may pull

the snare loop towards the tubular member 412 and change the shape or size of the snare

loop, or pull all or a portion of the snare loop inside the tubular member 412. Such an

action may be useful where, for example, the snare loop has been placed around a

retrievable object and the operator desires to tighten the snare loop around such object.

By pulling or otherwise manipulating the second filament 415, the snare loop can be

tightened or otherwise changed as desired to secure the object.

[00102] The second filament 415 may also connect to other elements other than a snare

loop. For instance, in one embodiment, the second filament 415 may connect to the distal

tip of the surgical snare 400 and provide a second mechanism for deflecting the distal tip

and/or snare loop. For instance, the first filament 428 may be used to deflect the distal tip

in one direction or manner, while the second filament 415 deflects the distal tip in a

second direction or manner. Of course more or fewer filaments may also be included.

For instance, three, four, or more filaments may be used to provide multiple actuators for

selectively deflecting the distal tip of the surgical device 400 in a particular direction.

[00103] Figure 6 illustrates an additional embodiment in which three filaments may be

disposed through a length of a tubular member 512 of a surgical snare 500. In this

embodiment, the tubular member 512 of the surgical snare 500 optionally includes a tight

coil 548 connected to a loose coil 550. Extending through both the tight and loose coils

548, 550 are three filaments 528a, 528b, 515. As discussed herein, such filaments 528a,

528b, 515 may have any number of configurations or uses. In one embodiment, the first

filament 528a and second filament 528b each act similar to core wires described herein.

For instance, each of the first and second filaments 528a, 528b may be independently and

selectively manipulated to deflect a distal tip of the surgical snare 500 in a desired manner

or direction. By way of illustration, a user may use a user interface at a proximal end of

the surgical snare 500 to selectively tension the first filament 528a, which may cause the

distal tip of the surgical snare 500 to flex or deflect in a particular direction or manner.

Alternatively, the same or a different user interface or actuator may be used to tension the

second filament 528b, which may cause the distal tip of the surgical snare 500 to flex or

deflect in a different direction or manner. For instance, the second filament 528b may



cause deflection in a direction that is about one hundred eighty degrees offset from the

direction of deflection caused by the first filament 528a.

[00104] As further illustrated in Figure 6, a third filament 515 may also extend at least

partially through the tubular member 512 of the surgical snare 500. The third filament

515 may optionally act independent of the first and second filaments 528a, 528b. The

third filament 515 may, for instance, be used to adjust the size of a snare loop of the

surgical snare 500, cause the surgical snare 500 to bend or deflect in still an additional

direction or manner, or cause some other reaction within the surgical snare 500, or any

combination of the foregoing.

[00105] As discussed herein, regardless of the number of filaments that are positioned

within all or a portion of the tubular member 512 of the surgical snare 500, such wires or

other filaments may be secured to the tubular member 512 in any number of different

manners. In one embodiment, for instance, wires may be laser welded at a distal tip of

the surgical snare 500. In other embodiments, different methods for attachment such as

those referenced herein may be used.

[00106] With reference now to Figure 7, another surgical snare 600 is illustrated

according to embodiments of the present disclosure, and which employs a cap 660 to

attach one or more wires or other filaments to a tubular member 612. More particularly,

Figure 7 provides a partial cross-sectional view of a surgical snare 600 that includes a

tight coil 648 proximate a loose coil 650. The loose coil 650 may be positioned at or

proximate a distal end 616 of the tubular member 612 and adjacent a snare loop 614 at the

distal end 616 of the surgical snare 600.

[00107] In the illustrated embodiment, a core wire 628 may extend through the interior

of the tubular member 612 and terminate at approximately the distal end 616 of the

tubular member. Such core wire 628 may be used to provide for the selective deflection

of the distal end 616 of the tubular member 612, although other mechanisms for

selectively deflecting the distal end 616 and/or the snare loop 614 may also be employed.

Also at the distal end 616 in this embodiment is a cap 660 which may be threaded,

adhered, welded, bonded, or otherwise coupled, or a combination of the foregoing, to the

loose coil 650. For instance, the cap 660 may fit around an outer surface of one or more

coils of the loose coil portion 650 although in other embodiments, the cap 660 may be

positioned within or on the loose coil portion 650, or otherwise secured to the tubular

member 612.



[00108] The cap 660 may be configured to receive or otherwise mate with the core

wire 628 of the surgical snare 660. For instance, a receptor 661 may be formed on an

interior surface of the cap 660, and sized and otherwise configured to mate with the core

wire 628 and secure the core wire 628 to the cap 660. The cap 660 may then be secured

to the distal end 616 of the tubular member 616 such that as a force is placed on the core

wire 628, the force is translated to the cap 660, and from the cap 660 to the loose coil 650.

For instance, if an operator places the core wire 628 under tension or compression, the

core wire 628 may at least partially cause the loose coil 650 to bend or otherwise deflect a

particular amount or direction.

[00109] In the illustrated embodiment, the cap 660 may also include a second receptor

662. The second receptor 662 may be used, for instance, to couple a second wire or

filament to the distal end 616 of the surgical snare 616. In Figure 7, for instance, a

second filament may be a deflection wire 629 that can be used to facilitate flexure of the

distal end 616 in response to a force applied on the core wire 628. In other embodiments,

the second filament could include a second core wire, or another wire or other element.

[00110] While Figure 7 illustrates cap 660 has having receptors 661, 662 specifically

sized or otherwise configured to mate with wires 628, 629, it should be appreciated that

this is merely exemplary. In other embodiments, the wires 628, 629 may be directly

connected to the cap 660 by a welding, bonding, adhering, soldering, mechanically

fastening, or other method, or a combination thereof, even in the absence of a specifically

configured receptor. In other embodiments, the cap 660 may have an opening or groove

therein to receive the wires 628, 629 so that the wires 628, 629 may be extended fully or

partially through the cap 660 and secured in place relative to the cap 60 or the tubular

member 612. For instance, the core wire 628 and/or the deflection wire 629 may pass

through an opening in the cap 660 and then be knotted, soldered, welded, or otherwise

secured at the exterior surface of the cap 660. Furthermore, an interface with the wires

628, 629, such as receptors 661, 662 may be excluded.

[00111] The cap 660 may thus facilitate connecting the core wire 628 and/or deflection

wire 629 to the distal end 616 of the tubular member 612. Consequently, as the core wire

628 or other mechanism may be used to selectively deflect the distal end 616, the cap 660

can indirectly connect the core wire 628 to the loose coil 650 to cause the loose coil 650

to deflect in a selectively actuated manner. As the loose coil 650 deflects in the desired

manner, the snare loop 614 may also experience a corresponding deflection or movement.

To facilitate such corresponding deflection, the snare loop 614 can, in some



embodiments, also be connected to the cap 660. The snare loop 614 may, for instance, be

formed from a wire that has two ends that are coupled to the cap 660 in a manner similar

to those described for the core wire 628 and/or deflection wire 629. By way of

illustration, two ends of a wire forming the snare loop 614 may pass through one or more

openings in the cap 660 and then be knotted, welded, soldered, bonded, otherwise

secured, or a combination thereof, so as to secure the snare loop 614 to the interior

surface of the cap 660. In other embodiments, receptors, or other attachment mechanisms

may be used to secure the snare loop 614 to the exterior surface of the cap 660.

[00112] The snare loop 614 may have virtually any shape that may be used to retrieve

an object from within a lumen of a patient. For instance, the snare loop may be circular,

elliptical, hexagonal, or have other shapes or configurations. Figures 8A and 8B

illustrate, for example, two snare loop configurations that are usable with the

embodiments in this disclosure. Figure 8A, for instance, illustrates a snare loop 714

having a generally elliptical, gooseneck configuration. In the illustrated embodiment, the

elliptical snare loop 714 defines a substantially closed loop. In particular, snare loop 714

extends from a first proximal end 715 around a generally elliptical loop and terminates at

a second proximal end 717. First and second proximal ends 715, 717 may be separated as

illustrated in Figure 8A, while still defining a substantially closed loop. In other

embodiments, however, first and second proximal ends 715, 717 may touch to fully close

the snare loop 714. In still other embodiments, the first and second proximal ends 715,

717 may cross or be connected together to close snare loop 714. For instance, Figure 8B

illustrates an alternative embodiment of a hexagonal snare loop 814 in which first and

second proximal ends 815, 817 cross to fully close the snare loop 814.

[00113] As will be appreciated in view of the disclosure herein, snare loops according

to the present disclosure may thus have various configurations. More particularly, a snare

loop usable in connection with the present disclosure may have a variety of shapes,

including elliptical, gooseneck, hexagonal, circular, rectangular, triangular, diamond-

shaped, twisted, compound (e.g., multiple loops), among others, as well as have different

sizes. For instance, a snare loop may be available in sizes ranging from approximately 5

mm in length to approximately 40 mm in length, although smaller or larger snare loops

may also be used. Similarly, the widths of snare loops may also vary. For instance, a

snare loop according to one embodiment of the present disclosure may range from

approximately 2 mm in width to approximately 20 mm in width, although widths may

also be smaller or larger. Thus, a snare loop according to the present disclosure may an



elongate, regular, irregular, substantially closed, fully closed, or other configuration, or a

combination of the foregoing.

[00114] With the continued evolution of minimally invasive procedures, minimally

invasive procedures now also offer opportunities to capture and remove medical devices,

fragments, or other objects that may be located within body lumens of patients. Such

minimally invasive procedures may be less costly and time-consuming than traditional

open surgery, with also a reduced risk of complication. In such a minimally invasive

procedure, a retrieval device is typically used with fluoroscopy or some other

visualization aid. An example retrieval device may include, for instance, a fixed snare

that can be extended through a catheter and directed towards a foreign body in a body

lumen of the patient. The distal snare may be positioned around an end of a foreign body

and pulled against the catheter to tighten the snare around the foreign body. The retrieval

device may then be pulled to drag the foreign body through the patient' s body lumen until

it can ultimately be retracted from the patient' s body.

[00115] Such a snare instrument can thus provide an effective means for removing

some foreign bodies in a minimally invasive manner to the patient. In some cases,

however, the foreign body may be shaped, sized, or positioned in a manner that may

make positioning of the snare difficult, if not impossible. In such cases, even a skilled

surgeon may find it difficult and/or time consuming to place the snare around the

fragment. It may take numerous attempts to change the orientation or location of the

snare to effectively engage the foreign body. The difficulty in reorienting the snare can

increase the time for the procedure and the trauma to the patient.

[00116] For example, even a skilled surgeon may have difficulty retrieving a foreign

body with a retrieval device when that foreign body is located in a pulmonary artery. The

left and right pulmonary arteries are accessible from the right ventricle of the heart;

however, to reach the left and right pulmonary arteries with a retrieval device, the

retrieval device must make a sharp bend that is approximately ninety degrees. To

negotiate the turn, the retrieval device may have a turn radius that allows the retrieval

device to bend about ninety degrees. Generally, the bend radius will cause the retrieval

device to extend along an outer surface of the bend in the pulmonary artery. A foreign

body to be retrieved may, however, be positioned along an interior surface of the bend in

the pulmonary artery. Consequently, the surgeon may have difficulty orienting the

retrieval device along the interior bend surface to capture and retrieve the foreign body.

As the pulmonary artery is only inches away from the heart, objects within the pulmonary



artery may also move around as the heart beats, thereby increasing the difficulty of

snaring objects.

[00117] To facilitate retrieval of an object, some snares may be constructed such that a

loop extends at a right angle from an elongate shaft of the retrieval device. Such a device

may allow some objects to be more easily captured by the loop. However, by extending

the loop at an angle relative to the retrieval device shaft, the width of the device is

increased. The increased width may make insertion of such a retrieval device difficult or

traumatic to the patient.

[00118] Turning now to Figures 9A and 9B, one example retrieval method according

to the present disclosure is illustrated. In the illustrated embodiment, pulmonary artery

catheterization may be used to remove an object within the pulmonary artery of a patient.

In the illustrated embodiment, a delivery tube such as a catheter 901 may be introduced

through a large blood vessel of the body (e.g., an internal jugular, subclavian or femoral

vein), although any other vessel that may be used to grant the catheter 901 access to the

heart 903 may also be used. From the entry site in such vessel, the catheter 901 may be

directed through the patient's body through the heart 903. More particularly, as shown in

Figures 9A and 9B, the catheter 901 may be directed through the superior vena cava 905

and into the right atrium 907. From the right atrium 907, the catheter 901 may be

directed into the right ventricle 909, and ultimately into the pulmonary artery 911.

[00119] A visualization technique may be used to assist a surgeon in directing the

catheter 901 into the position illustrated in Figure 9A. For example, a surgeon may use a

radiographic visualization technique such as fluoroscopy to obtain real-time images of the

location of the catheter 901, although other suitable visualization techniques may also be

used. The catheter 901 may be formed or modified in a manner that causes it to be visible

for any particular visualization technique. In fluoroscopy, for example, the catheter 901

may be made radiopaque to prevent or restrict fluoroscopic radiation from passing

through the catheter 901, thereby making the catheter 901 visible on a fluoroscopic

display. The catheter 901 may, for example, have a radiopaque dye or contrast media

coated thereon or injected therein. The catheter 901 may also be formed with radiopaque

fillers such as barium, bismuth, and tungsten. The catheter 901 may additionally, or

alternatively, have radiopaque marker bands applied thereto. For instance, bands of

platinum, gold, iridium, tantalum, or other radiopaque materials, or combinations of the

foregoing, may be placed on or in the catheter 901 to make the catheter 901 visible during

radiographic visualization.



[00120] With the catheter 901 in place, a surgical snare 900 may be located within the

patient to capture an object 925 within the patient. In the illustrated embodiment, the

surgical snare 900 is placed through the catheter 901 and extended out the distal end of

the catheter 901, further into the pulmonary artery 911. As shown in Figure 9A, the

pulmonary artery 911 may have a sharp bend that approximates ninety degrees. While

the catheter 901 and the surgical snare 900 may be flexible, the catheter 901 and/or

surgical snare 900 may be difficult to position directly against an object 925. In the

illustrated embodiment, for instance, the object 925 is positioned on an interior side of a

curve within the pulmonary artery 911. As the catheter 901 is extended through the

pulmonary artery 911, the catheter 901 tends to extend around the outer profile of the

curve. Such positioning of the catheter 901 thus makes it difficult for the surgical snare

900, as it exits the distal opening of the catheter 901, to directly engage the object 925.

[00121] As will be appreciated in view of the disclosure herein, a surgical snare 900

according to the present disclosure may effectively engage and optionally retrieve an

object 925 even in locations that are difficult to access, and with little or no difficulty in

passing the surgical snare 900 through the catheter or in a manner that causes unnecessary

trauma to the patient. In some embodiments, the surgical snare 900 may be selectively

steered to engage the object 925 and/or otherwise configured to engage the object 925. In

Figure 9A, for instance, the snare loop 914 is selectively steerable and also extends at an

angle from the shaft 912 of the snare 900. In this particular example, the snare loop 914

is at approximately a thirty degree angle relative to the shaft 912. At about thirty degrees,

the snare loop 914 may extend through the catheter 901 with minimal deformation.

However, as the snare loop 914 extends from the catheter 901, the angled position may

allow engagement with the object 925 to occur even prior to selectively steering the snare

901. It should be appreciated that the example angle of the share loop 914 at about thirty

degrees is merely exemplary. For instance, in some embodiments, the snare loop 914

may be positioned at an angle between zero and one-hundred eighty degrees relative to

the shaft 912.

[00122] In some cases, the object 925 in Figure 9A may be difficult to access even

with the snare loop 914 oriented at an angle relative to the shaft 912. Accordingly, the

distal end 916 and the snare loop 900 of the surgical snare 900 may be steerable to reach

the object 925. By way of illustration, the distal end 916 of the surgical snare 900 may be

selectively steerable. Accordingly, the distal end 916 may be steered or guided



independent of the overall flexibility of the shaft 912, so as to deflect the snare loop 914

into a position that may engage the object 925.

[00123] As shown in Figure 9B, for instance, the surgical snare 900 of Figure 9A has

been selectively guided in a manner that allows the snare loop 914 to engage the object

925. More particularly, the distal end 916 of the shaft 912 in Figure 9B has been

deflected along a curve and between about zero and about ninety degrees. The snare loop

914 has also rotated and swept along a curved path that corresponds to about ninety

degrees of rotation relative to the position of the share loop 914 illustrated in Figure 9A.

In the position illustrated in Figure 9B, the snare loop 914 can engage and retrieve the

object 925 that is against an interior side of the curve within the pulmonary artery 911,

even without redirecting the shaft 912 against the interior side of the curve. In some

embodiments, the snare loop 914 may be deflected and the surgical snare 900 may be

then moved longitudinally within the catheter 901 to engage the snare loop 914 against

the object 925.

[00124] Further, because the snare loop 914 can be swept along a curved path and

positioned at any of a virtually infinite number of positions along the path, the surgical

snare 900 can be passed through the catheter 901 with little difficulty, and without

causing unnecessary trauma to the patient. For instance, a snare loop 914 that is fixed at a

ninety degree angle relative to the longitudinal axis of the surgical snare may pass

through a catheter, but may be required to deform to fit within the catheter. The interior

surface of the catheter may cause the deformation and increase the resistance to passing

the snare through the catheter. Additionally, or alternatively, a catheter of a larger size

may be used to reduce the difficulty in passing the snare through the catheter; however,

the larger catheter size can increase the trauma to the patient. In the illustrated

embodiment, however, the surgical snare loop 914 may optionally be oriented in a

generally longitudinal direction relative to the shaft 912 of the surgical snare 900. Such

orientation may decrease the deformation of the snare loop 914 within the catheter,

thereby allowing the surgical snare 900 to be more easily extended through a catheter, or

even through a body lumen without a catheter, as well as through a catheter of a reduced

size. Further, as the snare loop 914 can be selectively swept along a path to any of a

virtually infinite number of positions, the snare loop 914 may effectively snare an object

as it is moved to a desired position once outside the catheter 901 or after being deflected

and further moved. As the snare loop 914 is deflected once outside the catheter 901, the



size, length, width, shape, or other dimensions of the snare loop 914 may remain

relatively constant and enable effective snaring of the object 925.

[00125] Once the snare loop 914 has been positioned such that it can be engaged

around the object 925, the surgeon or other operator may move the surgical snare 900 to

engage the object 925. To do so, the surgeon may also use a visualization or other

technique. The surgeon may, for example, use the same visualization technique used to

position the catheter 901. Accordingly, and by way of example only, the surgical snare

900 may also be radiopaque for a surgeon using a radiographic visualization technique

such as fluoroscopy. To provide the surgical snare 900 with radiopaque properties, the

materials used in the surgical snare 900 may be radiopaque. For instance, the shaft 912

and/or snare loop 914 may be formed or coated with a radiopaque material. The shaft

912 and/or snare loop 912 may, for instance, be formed from or coated with, a stainless

steel alloy, titanium, nickel, nickel-titanium alloy, cobalt, chromium, gold, platinum, or

other material, or any combination of the foregoing.

[00126] To further facilitate positioning of the surgical snare 900 relative to the object

925, the catheter 901 may be positioned proximate the object 925 as generally illustrated

in Figures 9A and 9B. In this manner, the surgical snare 900 may be extended out the

distal end of the catheter 901 and be positioned adjacent the object 925. In other

embodiments, however, the surgical snare 900 may be extended greater distances, and the

catheter 901 may not be capable of being positioned proximate the object 925 due to, for

example, size constraints, material choices, and the like. For instance, in another

embodiment, the catheter 901 may extend only partially into the superior vena cava 905,

the heart 903, or the pulmonary artery 911 and the shaft 912 of the surgical snare may

then extend a significant distance out of the catheter 901 before reaching the object 925.

For instance, the distal end of the catheter 901 may generally correspond to the location

of distal end 902 illustrated in phantom lines in Figure 9B. The snare 900 may have

sufficient column strength to extend distally from the distal end 902 around the bend in

the pulmonary artery 911 and ultimately to a destination proximate the object 925. In

other embodiments, the surgical snare 900 may have sufficient column strength to be used

without any type of delivery tube.

[00127] Regardless of the manner of locating the surgical snare 900 and engaging the

object 925 for retrieval, the surgical snare 900 may then be manipulated to hold the object

925 as the surgical snare 900 is retreated through the heart 903 and out of the patient. In

one embodiment and as discussed herein, the snare loop 914 of the surgical snare 900



may be selectively retractable. In such an embodiment, an operator may pull or otherwise

manipulate a wire or other element that causes the size of the snare loop 914 to be

reduced, and to draw tightly around the object 925. The surgical snare 900 may then be

extracted from the patient along with the object 925.

[00128] In another embodiment, a user can use the catheter 901 to selectively reduce

the size and/or shape of the snare loop 914 for retrieval of the object 925. For instance,

the catheter 901 may be placed proximate the object 925 such that as the surgical snare

900 is drawn in a proximal direction, the snare loop 914 begins to enter the distal end of

the catheter 901. As the snare loop 914 is drawn into the catheter 901, the proximal ends

of the snare loop 914 become enclosed in the catheter 901, and by continuing to draw the

snare loop 914 into the catheter 901, the snare loop 914 may deform and collapse, thereby

causing the snare loop 914 to draw tightly around the object 925. Thus, embodiments of

the present disclosure contemplate selectively collapsing the snare loop 914 by using the

catheter 901 or independent of the catheter 901.

[00129] Once the snare loop 914 is sufficiently tight around the object 925, the surgical

snare 900 may be fully retreated. In embodiments in which a catheter 901 is used, the

surgical snare 900 may be drawn fully into the catheter 901 and extracted from the

patient. To allow the object 925 and snare loop 914 to be more easily drawn into the

catheter 901, the distal end of the catheter 901 may be angled. For instance, the distal end

of the catheter 901 may be cut or formed at an angle between about thirty and about sixty

degrees, although larger or smaller angles may be used. In other embodiments, the

catheter 901 may have a blunt distal end.

[00130] While the illustrated embodiment illustrates a surgical snare 900 in which the

snare loop 914 extends longitudinally from the shaft 912, it should be appreciated in view

of the disclosure herein that this is merely exemplary. In other embodiments, for

instance, the snare loop 914 may initially extend at an angle (e.g., a right angle) from the

shaft 912. In such embodiments, the snare loop 914 may also be selectively deflectable

as described herein, to allow the snare loop 914 to retrieve objects at virtually any

location within a patient' s vasculature or body.

[00131] Although Figures 9A and 9B describe an exemplary method of retrieving an

object from within a pulmonary artery of a patient, it should be apparent from the

disclosure herein that the surgical snares described herein may be used in numerous other

manners. Indeed, the disclosed surgical snares are contemplated for use in retrieving

objects from within virtually any location within a patient, and are not limited to the lungs



or the pulmonary arteries. In some embodiments, for instance, a surgical snare according

to the present disclosure may be used to retrieve a septal occluder or other object in a

patient's heart, or may retrieve foreign or native bodies, or other objects, from a patient's

kidneys, liver, or other organs, vessels, or body lumens of a patient.

[00132] As noted herein, a surgical snare according to the present disclosure may

include one or more loops at or adjacent a distal end of a surgical snare, and the one or

more loops may be inserted into a body lumen of a patient using a catheter and/or in any

other suitable manner. Figure 10 illustrates an example snare device 1000 that may be

used in accordance with some embodiments to position a snare loop 1014 in a manner

that allows the snare loop 1014 to be easily inserted into a body lumen, even if the snare

loop has a width greater than a width of the body lumen and/or catheter in which it is

positioned.

[00133] In the illustrated embodiment, an insertion device 1070 may be used to

facilitate insertion of the snare loop 1014 into the body. The insertion device 1070 may

operate in any suitable manner and, in the illustrated embodiment, may operate by

collapsing the snare loop 1014 to a size and/or shape that may fit within a catheter and/or

a body lumen. Accordingly, in some embodiments, the insertion device 1070 may act as

a loop collapsing mechanism. For instance, in the illustrated embodiment, the snare loop

1014 may be mechanically compressed or collapsed. In other embodiments, however, the

snare loop 1014 may be adjusted, collapsed, or otherwise modified in any other suitable

manner. For instance, the snare loop 1014 may be formed of a shape-memory material.

For a shape-memory material, the application of an electrical current, or the heating or

cooling of the snare loop 1014, may cause the snare loop 1014 to change to a

predetermined shape that facilitates insertion of the snare loop 1014 into a body lumen.

The foregoing examples are, however, merely illustrative, and any type of device or

mechanism that can facilitate insertion of the snare loop 1014 into a catheter or body

lumen may be used in connection with the snare devices described herein.

[00134] With particular regard to the insertion device 1070 illustrated in Figure 10, an

example insertion device 1070 may be positioned on a tubular member 1012 of the snare

device 1000. Such positioning may, as discussed herein, occur by selective placement of

an operator of the snare device 1000 and/or by pre-assembling the snare device 1000 to

include the insertion device 1070. In the illustrated embodiment, the insertion device

1070 may include one or more channels or lumens through which the tubular member

1012 may pass. By way of illustration, the insertion device 1070 of Figure 10 includes a



tube 1074 and a lock 1072, each of which may have internal lumens configured to receive

the tubular member 1012 of the snare device 1000, although such structure is merely

exemplary. Whether using an internal lumen or other connection mechanism, the

insertion device 1070 may be coupled to the snare device 1000.

[00135] In some embodiments, the insertion device 1070 may be slideably disposed

relative to the tubular member 1012 of the snare device 1000. For instance, a channel or

lumen within the insertion device 1070 may be at least as large as the outer diameter of

the tubular member 1012. With a sufficient size difference between the internal diameter

of the insertion device 1070 relative to the outer diameter of the tubular member 1012, the

tubular member 1012 may slide within the insertion device 1070.

[00136] In operation, the insertion device 1070—including a tube 1074 and/or a lock

1072—may move longitudinally along or relative to the tubular member 1012 so as to

selectively compress the snare loop 1014. For instance, in one embodiment, the insertion

device 1070 may slide coaxially and longitudinally along the tubular member 1012 in the

direction represented by arrow A. As shown in Figure 10, the insertion device 1070 may

include the tube 1074 at the distal end of the insertion device 1070. Where the insertion

device 1070 can selectively slide or otherwise move along the tubular member 102, the

tube 1074 may slide longitudinally in a generally distal direction until the distal end of the

tube 1074 engages the proximal end of the snare loop 1014.

[00137] As noted herein, a snare loop 1014 may have any number of different

configurations. In one embodiment, the snare loop 1014 has a generally tapered proximal

end that mates with or is coupled to the tubular member 1012. In some embodiments, the

tapered proximal end of the snare loop 1014 may facilitate insertion of the snare loop

1014 within the tube 1074 of the insertion device 1070. For instance, the tube 1074 may

engage the proximal end of the snare loop 1014. As a force is applied to move the tube

1074 in a distal direction, the tapered proximal end of the snare loop 1014 may be forced

within the tube 1074, thereby further collapsing and compressing the snare loop 1014.

Continued distal movement of the tube 1074 may eventually cause all, or substantially all,

of the snare loop 1014 to be collapsed and located within the tube 1074. By collapsing

the snare loop 1014 in this manner, the effective overall width of the snare loop 1014 may

be reduced to approximately the internal diameter of the tube 1074 of the insertion device

1070.

[00138] As previously noted, the insertion device 1070 may selectively slide along the

tubular member 1012. In some embodiments, the insertion device 1070 may freely slide



along the tubular member 1012, while in other embodiments the sliding movement may

be restricted. For instance, in Figure 10, the insertion device 1070 includes an optional

lock 1072 coupled to the tube 1074. The lock 1072 may be selectively adjusted to restrict

or prevent longitudinal movement of the insertion device 1070 relative to the tubular

member 1012.

[00139] The specific example of a lock 1072 shown in Figure 10 may include a grip

1076 and a set of one or more engaging members 1080. In this particular embodiment,

rotational movement of the grip 1076 may be linked to movement of the engaging

members 1080. For instance, as the grip 1076 rotates in one direction (e.g., counter-

clockwise), the engaging members 1080 may expand in a radial direction, thereby

increasing a size of a channel or lumen between the engaging members 1080. As the grip

1076 rotates in a second direction (e.g., clockwise), the engaging members 1080 may

contract in a radial direction, thereby decreasing the size of the channel or lumen between

the engaging members 1080. As the size of the channel or lumen decreases, the engaging

members 1080 may enter into contact with the tubular member 1012 and create a friction

fit that at least selectively locks the insertion device 1070 to the tubular member 1012. In

the illustrated embodiment, three engaging members 1080 may be angularly spaced

around the tubular member 1012 and used to selectively grip the tubular member 1012.

In other embodiments, however, more or fewer than three engaging members 1080 may

be used. For instance, a single compression ring may be used to grip the tubular member

1012, or in other embodiments, four or more engaging members may grip the tubular

member 1012.

[00140] Any of a number of different types of links may be used to link movement of

the grip 1076 to the engaging members 1080. For instance, an internal threading

mechanism (not shown) may be used. In such an embodiment, as the grip 1076 is

selectively rotated, the threading mechanism may advance the position of the grip 1076 in

a longitudinal direction. In the particular example in Figure 10, the grip 1076 includes a

taper 1078 at a proximal end thereof. The engaging members 1080 are also optionally

tapered. Accordingly, as the grip 1076 advances longitudinally in a proximally-directed

direction, the taper 1078 may engage the external surfaces of the one or more engaging

members 1080, thereby compressing them inwardly. As the grip 1078 retreats in a distal

direction, the taper 1078 may allow the engaging members 1080 to expand radially

outward. In some embodiments, a biasing mechanism (not shown) may bias the engaging



members 1080 so as to tend to force the engaging members 1080 in a radially outward

direction.

[00141] The optional lock 1072 may also operate in any number of other suitable

manners. For instance, in another embodiment, the lock 1072 may include an internal

thread that directly couples to the engaging members 1080. In such an embodiment,

rotational movement of the grip 1076 may cause engaging members 1080 to move

radially inward or outward, even in the absence of an external taper 1078 on the grip

1076. In still other embodiments, one or more clamps, set-screws, or other mechanisms

may be used to compress or otherwise grip the tubular member 1012, or to otherwise

secure the lock 1072 relative to the tubular member 1012.

[00142] The lock 1072 or any other suitable lock may be used in connection with the

insertion device 1070 for any number of different purposes or reasons, and may be

coupled to the tube 1074 in any number of suitable manners. For instance, in an

embodiment in which the insertion device 1070 collapses the snare loop 1014, the lock

1072 may be selectively actuated once the snare loop 1014 is collapsed. This may allow,

for instance, a physician or other operator to easily maintain the snare loop 1014 in the

collapsed state while the snare loop 1014 is then inserted into a catheter and/or patient.

Once the snare loop 1014 is positioned in a desired location, the lock 1072 can be

selectively released. The tubular member 1012 may then be advanced and the insertion

device 1070 can be retracted.

[00143] The lock 1072 may also allow the insertion device 1070 to be used as an

interface portion. By way of example, the tubular member 1012 may be inserted into a

body lumen and located at a desired location. When the snare loop 1014 has snared a

desired object, the snare loop may be retracted against or inside a catheter. To maintain

tension on the snare, the lock 1072 may be actuated. The lock 1072 my then be used as

the interface to pull the snare loop 1014 out of the body lumen.

[00144] Additionally, or alternatively, the lock 1072 may facilitate handling,

movement, and other manipulation of the snare loop 1014. For instance, as the snare loop

1014 is placed inside a body lumen, the lock 1072 may be actuated by, for instance,

locking the insertion device 1070 to the tubular member 1012. The grip 1076 may then

be manually handled. For instance, by handling the grip 1076 and rotating the insertion

device 1070, the tubular member 1012 and/or the snare loop 1014 may be rotated within

the body lumen.



[00145] The lock 1072 may be secured to the tube 1074. For instance, in one

embodiment, the lock 1072 may be secured to the tube 1074 such that the lock 1072 and

tube 1074 move together in a longitudinal direction relative to the tubular member 1012

of the snare device 1000. In at least one embodiment, the lock 1072 may be at least

partially integrally formed with the tube 1074. For instance, the grip 1076 or an internal

mechanism may be integrally formed with the tube 1074. In another embodiment, the

tube 1074 may be substantially permanently secured to the lock 1072. For instance, the

tube may be coupled to the grip 1076 using an adhesive or rivet, or by a welding, brazing,

soldering. In still other embodiments, the tube 1074 may be selectively secured to the

lock 1072. For instance, a releasable mechanical fastener such as a screw or cotter pin

may be used to couple the tube 1074 to the grip 1076.

[00146] In view of the disclosure herein, it will be appreciated that an insertion device

1070 may take any number of forms and may provide any number of features. One such

feature of the insertion device 1070, as described above, is the collapsing or other

modification of the snare loop 1014 so as to facilitate insertion of the snare loop 1014 into

a catheter and/or body lumen. An illustration of how the insertion device 1070 may be

used to provide such feature is shown and described relative to Figure 11.

[00147] In general, Figure 11 illustrates an embodiment in which an introducer sheath

1090 is used to penetrate body tissue 1094 and a vessel wall 1096, so as to provide access

to a body lumen 1098. In some embodiments, a snare or other device may be inserted

through the introducer sheath 1090 and directly into the body lumen 1098. In Figure 11,

however, a catheter 1091 may also be passed through the introducer sheath 1090 and the

snare loop 1014 may then be passed through the catheter 1091 and into the body lumen

1098.

[00148] As noted above, the introducer sheath 1090 may pass through the tissue 1094

and vessel wall 1096 to provide access to the body lumen 1098. For example, the distal

end of the introducer sheath 1090 may be positioned within, or otherwise provide access

to, the body lumen 1098 while the proximal end is configured to allow other devices or

instruments to access the body lumen 1098 through the introducer sheath 1090. For

example, the introducer sheath 1090 may have a hub 1092 at a proximal end thereof. In

some embodiments, the hub 1092 may have an opening therein that is in communication

with a channel or lumen passing through the length of the introducer sheath. Such

channel may allow, for instance, a catheter 1091 to pass through the hub 1092, into the



introducer sheath 1090, and out a distal end of the introducer sheath 1090, where it enters

directly into the body lumen 1098.

[00149] While the hub 1092 may be fully formed as a part of the introducer sheath

1090, it should be appreciated that this is merely exemplary. In other embodiments, for

instance, the hub 1092 may be excluded and/or be a part of catheter 1091. In still other

exemplary embodiments, the hub 1092 may be partially formed as part of the introducer

sheath 1090, and partially formed from the catheter 1091. For instance, the introducer

sheath 1090 may have a first portion of the hub 1092 configured to mate with a second

portion of the hub 1092. The second portion of the hub 1092 may be integral with, or

otherwise attached to, the catheter 1091.

[00150] Regardless of the particular manner in which the introducer sheath 1090, hub

1092, or catheter 1091 is formed or configured, any or all of such elements may be used

in combination with the various snare devices as described and/or contemplated herein.

For instance, in the illustrated embodiment, the snare device 1000 of Figure 10 has been

inserted through the hub 1092. In passing through the hub 1092, the snare loop 1014

and/or the tubular member 1012 of the snare device 1000 may enter into the introducer

sheath 1090 and/or into the catheter 1091. In Figure 10, the hub 1092 provides a

proximal stop surface against which the lock 1070 may engage. More particularly, the

size of the lumen in the hub 1092 may be large enough for the tube 1074 of the snare

device to be positioned therein, but smaller than the diameter of the lock 1072. Thus,

when the lock 1072 is moved longitudinally to a position corresponding to the hub 1092,

the hub 1092 may engage the lock 1072 and prevent or restrict the insertion device 1070

from further advancement. With the insertion device 1070 at such position, the engaging

members 1080 may be loosened to release the tubular member 1012. This may allow, for

instance, the tubular member 1012 to slide or otherwise move relative to the insertion

device 1070. More particularly, according to one embodiment, the tubular member 1012

may be advanced in a distal direction so as to pass longitudinally and distally through the

catheter 1091 and/or the body lumen 1098.

[00151] Further, when the tubular member 1012 is advanced, the snare loop 1014 may

exit the tube 1074. As the size of the lumen 1098 and/or the catheter 1091 may be greater

than that of the tube 1074, the snare loop 1014 may expand as it exits the tube 1074. The

snare loop 1014 may expand to have substantially the same size, shape, or other

configuration that the snare loop 1014 possessed prior to compression within the tube

1074, or to the size permitted by the catheter 1091 or the body lumen 1098. When used



in connection with a catheter 1091, the snare loop 1014 may exit the tube 1074 and

expand to a size corresponding to that of the catheter 10 1, and thereafter exit the catheter

1091 and expand to a size corresponding to a lesser of the unstressed width and size of

the loop or the width of the body lumen. The tubular member 1012 may then be

advanced to a location that allows the snare loop 1014 to be aligned with an object that is

to be snared and/or retrieved.

[00152] As will be appreciated in view of the disclosure herein, a snare device and/or

insertion device 1070 according to the present disclosure may have any number of

suitable configurations. In Figure 11, for instance, the introducer sheath 1090 is shown as

having an angled insertion location. Accordingly, in some embodiments, the tube 1074 of

the insertion device 1070 may be flexible. A flexible tube 1074 may, for instance, be able

to bend sufficiently to slide along all or a portion of the length of the angled introducer

sheath 1090. The tube 1074 may additionally or alternatively be radially flexible. In

such embodiments, the radially flexible tube 1074 may expand radially as it compresses

the snare loop 1014. The tube 1074 may expand radially an amount that still allows the

tube 1074 to be positioned within the introducer sheath 1090, catheter 1091, and/or the

body lumen 1098. In other embodiments, however, the tube 1074 may be rigid. For

instance, an introducer may provide straight access into the body lumen 1098, such that

the tube 1074 need not be flexible.

[00153] It should also be appreciated in view of the disclosure herein that the size and

shape of the tube 1074 of the insertion device 1070 may be varied in any number of

manners. For instance, in one embodiment, the length of the tube 1074 may generally

correspond to a length of the snare loop 1014. In other embodiments, the tube 1074 may

be longer or shorter. For instance, a longer tube 1074 may allow the tube 1074 to be used

with any number of different sizes of snare loops 1014. Accordingly, while the

embodiment in Figure 11 illustrates the tube 1075 extending through the introducer

sheath 1090 and catheter 1091 to also be positioned within the body lumen 1098, this is

merely exemplary. In other embodiments, the length of the tube 1074 and the introducer

sheath 1090 may be such that the tube 1074 enters the introducer sheath 1090 but does

not enter into the body lumen 1098.

[00154] According to some embodiments, the insertion device 1070 may selectively

attachable to, or detachable from, a snare device. By way of illustration, the insertion

device 1070 may be used in connection with a snare device that includes a snare loop and

a tubular member, but which does not include a separate user interface (e.g., user



interface 20 in Figure 1A). In such an embodiment, the insertion device 1070 may be

selectively placed on a distal end of the tubular member 1012 and moved longitudinally

and distally to compress the snare loop 1014 at the distal end of the tubular member 1012.

In another embodiment, however, the insertion device 1070 may be assembled as part of a

snare device. For instance, with regard to the surgical snare 10 in Figure 1, the insertion

device 1070 may be pre-assembled as a part of the surgical snare 10. During manufacture

of the surgical snare 10, the insertion device 1070 may be placed on the tubular member

12. Location of the insertion device 1070 may occur at any desired time. The insertion

device 1070 may, for example, be included on the surgical snare 10 before the snare loop

is attached, before the user interface is attached, or after the snare loop and/or user

interface are attached. The surgical snare may then be sold, packaged, marketed, or the

like as an integral unit with the insertion device 1070 already located on, and ready to use

with, the surgical snare.

[00155] Once positioned on the surgical snare, the insertion device 1070 may be

configured to be permanently or removably affixed thereto. According to one

embodiment, the insertion device 1070 may be removed at any time. For instance, the

insertion device 1070 may be moved in a distal direction to compress the snare loop 1014.

If distal movement is continued, the insertion device 1070 may be removable from the

surgical snare device by passing over the full length of the snare loop 1014.

Alternatively, or additionally, an insertion device 1070 may be removable at any time,

even without compressing or otherwise modifying a shape of the snare loop 1014. In still

other embodiments, one or more retention rods, or other mechanisms may engage the

insertion device 1070 so as to restrict or prevent the insertion device 1070 from being

removed from the snare device.

[00156] Figure 12 illustrates another example embodiment of an insertion device 2070

that may be used as part of a snare 2000. The insertion device 2070 is, however, merely

another exemplary embodiment and just one of any number of insertion devices

contemplated as within the scope of this disclosure.

[00157] The insertion device 2070 of Figure 12 may be selectively removable from the

snare 2000, and particularly from a tubular member 2012 of the snare 2000. The tubular

member 2012 may include, for example, a tight coil, a loose coil, a flexible tube, or any

other suitable structure, or a combination thereof, such as those described herein. In one

embodiment, the snare 2000 is similar to the surgical snare 10 in Figure 1A, and includes

a user interface 2020 with a cap 2024 that attaches to a tubular member 2012. In other



embodiments, however, the user interface 2020, cap 2024, tubular member 2012, or other

features or components, or combinations thereof, may be eliminated or modified.

[00158] In the particular embodiment illustrated in Figure 12, the insertion device 2070

is configured to be selectively coupled to and/or selectively removed from the snare 2000.

More particularly, the illustrated insertion device 2070 may include a clamshell tube

2074. The clamshell tube 2074 may have an internal lumen and can also be selectively

opened and/or closed. By opening the clamshell tube 2074, the first and second halves

2075, 2076 of the clamshell tube 2074 may at least partially separate. As the halves,

2075, 2076 separate, an open channel may be formed in the wall of the clamshell tube

2074, as shown in Figure 12. When the clamshell tube 2074 is positioned around the

tubular member 2012 of the snare 2000, the tubular member 2012 may be passed through

the channel formed in the wall of the clamshell tube 2074, such that the snare 2000 and

insertion device 2070 may be separated. In a similar manner, when the clamshell tube

2074 is not coupled to the snare, the clamshell tube 2074 may be opened and the tubular

member 2012 may pass through the channel in the wall of the clamshell tube (e.g.,

through the opening between the first and second halves 2075, 2076) and into the internal

lumen of the clamshell tube 2074. The clamshell tube 2074 may then be closed so as to

secure the insertion device 2070 around the tubular member 2012.

[00159] The clamshell tube 2074 is merely illustrative of one example embodiment of

an insertion device that may be selectively attached to, or detached from, the snare 2000.

In this embodiment, each of the halves 2075, 2076 of the clamshell tube 2074 include a

set of connectors 2078. The connectors 2078 may include, for example, alternating hinge

brackets that receive a pivot pin. When the pivot pin is placed within the alternating

hinge brackets, thereby securing the connectors 2078, the first and second halves 2075,

2076 may be secured together. The pivot pin may connect the clamshell tube 2074

together in a manner that restricts halves 2075, 2076 from significant longitudinal

movement relative to each other, while still allowing the halves 2075, 2076 to at least

partially rotate relative to each other.

[00160] The connectors 2078 may have any suitable configuration. In Figure 12, for

instance, the connectors 2078 extend only partially along a length of the clamshell tube

2074. In particular, the connectors 2078 may be positioned at or near a middle portion of

the clamshell tube 2074. This may allow, for instance, the distal end of the clamshell

tube 2074 to be easily inserted into an introducer sheath and/or catheter. In other



embodiments, however, the introducer sheath and/or catheter may be sized to receive the

clamshell tube 2074 as well as the connectors 2078.

[00161] As also shown in Figure 12, the illustrated connectors 2078 may also be offset

from the proximal end of the clamshell tube 2074, adjacent the user interface 2020. In

this embodiment, for instance, the user interface 2020 includes a cap 2024 with an

annular groove 2072 formed therein. The annular groove 2072 may be sized to receive

the clamshell tube 2074 when the clamshell tube 2074 is in a closed configuration. When

closed, the clamshell tube 2074 may be inserted into the groove 2072, and an interference

or friction fit may be formed that secures the insertion device 2070 to the user interface

2020. Optionally, the annular groove 2072 is generally circular, elliptical, or otherwise

shaped to correspond to a shape of the clamshell tube 2074. The annular groove 2072

may also be shaped or otherwise configured to receive all or a portion of a connector

2078. It should be appreciated that the annular groove 2072 is merely one example of a

mechanism for securing the insertion device 2070 to the snare 2000. In other

embodiments, for instance, the cap 2024 and/or the tubular member 2012 may include

detents or another structure that secures the insertion device 2070 thereto.

[00162] In some embodiments, the annular groove 2072 or other mechanism may act

to secure the halves 2075, 2076 together when the clamshell tube 2074 is coupled to the

user interface 2020. In some embodiments, however, the clamshell halves 2075, 2076

may also be selectively or permanently locked together even when the insertion device

2070 is not directly coupled to the groove 2072. For instance, the halves 2075, 2076 may

include a tongue-and-groove configuration such that when closed, a tongue portion meets

a grooved portion to at least temporarily lock the halves 2075, 2076 in a closed

configuration. In other embodiments, a clasp may be attached to lock the halves 2075,

2076 together. For instance, a ring may be place around a portion of the clamshell tube

2074, or a tab may be included on the first half 2075 while an interlocking clasp is formed

on the second half 2076. In some embodiments, the locking mechanism may be

releasable. For instance, a user may apply a force that selectively overcomes an

interference or friction fit, or another locking mechanism. In other embodiments, other

types of locking mechanisms may be used. Indeed, in some embodiments, a locking

mechanism may be omitted entirely, such that there is no locking mechanism to lock the

clamshell tube 2074 in a closed configuration and/or at a particular longitudinal location

relative to the tubular member 2012.



[00163] When the clamshell tube 2074 or other insertion device component 2074 is

placed on or around the tubular member 2012, the clamshell tube 2074 may optionally

slide or otherwise move longitudinally along the tubular member 2012. The clamshell

tube 2074 may, for instance, be moved distally to engage a snare loop as described herein.

The snare loop may optionally be compressed within the clamshell tube 2074, and the

clamshell tube 2074 may then be placed within a catheter, introducer sheath, body lumen,

or other structure. By then extending the snare loop out of the distal end of the clamshell

tube 2074, the snare loop may decompress to one or more expanded configurations.

[00164] While the description herein relates to various tubes that may be used to

compress a snare loop, it should be appreciated that the compression of a snare loop is not

limited to a particular shape, size, or other configuration of a tube, or even to a tube. For

instance, a structure used to compress a snare loop may have any number of different

lengths or cross-sectional shapes. A cross-sectional shape may be, for instance, circular

or elliptical, although square, diamond, triangular, regular, irregular, or other cross-

sectional shapes are also contemplated. In some embodiments, the cross-sectional shape

or size may change along the length of the tube. For instance, a tube may taper or be

flared so as to facilitate compression of a snare loop.

[00165] The foregoing detailed description makes reference to specific exemplary

embodiments. However, it will be appreciated that various modifications and changes can

be made without departing from the scope contemplated herein and as set forth in the

appended claims. For example, various snare devices and components may have different

combinations of sizes, shapes, configurations, features, and the like. Such differences

described herein are provided primarily to illustrate that there exist a number of different

manners in which snare devices may be used, made, and modified within the scope of this

disclosure. Different features have also been combined in some embodiments to reduce

the illustrations required, and are not intended to indicate that certain features are only

compatible with other features. Thus, unless a feature is expressly indicated to be used

only in connection with one or more other features, such features can be used

interchangeably on any embodiment disclosed herein or modified in accordance with the

scope of the present disclosure. The detailed description and accompanying drawings are

thus to be regarded as merely illustrative, rather than as restrictive, and all such

modifications or changes, if any, are intended to fall within the scope of this disclosure.

[00166] More specifically, while illustrative exemplary embodiments in this

disclosure have been more particularly described, the present disclosure is not limited to



these embodiments, but includes any and all embodiments having modifications,

omissions, combinations (e.g., of aspects across various embodiments), adaptations

and/or alterations as would be appreciated by those in the art based on the foregoing

detailed description. The limitations in the claims are to be interpreted broadly based on

the language employed in the claims and not limited to examples described in the

foregoing detailed description, which examples are to be construed as non-exclusive.

Moreover, any steps recited in any method or process described herein and/or recited in

the claims may be executed in any order and are not limited to the order presented in the

claims, unless otherwise stated in the claims. Accordingly, the scope of the invention

should be determined solely by the appended claims and their legal equivalents, rather

than by the descriptions and examples given above.



CLAIMS

What is claimed is:

1. A surgical snare, comprising:

a steerable deflection portion, wherein said steerable deflection portion has a

steerable distal tip;

an interface linked to said steerable deflection portion, wherein said interface

provides for selective manipulation of said distal tip; and

a snare loop disposed proximate said distal tip of said steerable deflection portion,

said snare loop having a length, wherein said snare loop is configured to move as said

distal tip of said steerable deflection portion is selectively deflected, and wherein said

snare loop maintains said length as said distal tip is selectively deflected.

2. The surgical snare recited in claim 1, wherein said steerable deflection portion

includes:

a flexible elongate body between said interface and said distal tip, wherein said

distal tip is configured to deflect substantially independent of said flexible elongate body

in response to selective manipulation of said interface.

3. The surgical snare recited in any of the preceding claims, wherein said distal tip is

a deflection tip that is configured to selectively deflect by bending between about zero

and about ninety degrees and configured to cause said snare loop to selectively undergo a

corresponding amount of deflection between about zero and about ninety degrees.

4. The surgical snare recited in claims 2 or 3, wherein said distal tip is a deflection

tip that is configured to selectively deflect by bending between about zero and about one-

hundred eighty degrees and configured to cause said snare loop to selectively undergo a

corresponding amount of deflection between about zero and about one-hundred eighty

degrees.

5. The surgical snare recited in any of the preceding claims, wherein said steerable

deflection portion comprises a core wire linked to said interface and extending between

said interface and said distal tip.



6. The surgical snare recited in claim 5, wherein said steerable deflection portion

further comprises a deflection wire at said distal tip of said steerable deflection portion,

and wherein said deflection wire is configured to restrict compression of said steerable

deflection portion at said distal tip and to instead cause said steerable deflection portion to

bend in response to a force applied to said core wire.

7. The surgical snare recited in claim 6, wherein said distal tip is configured to

selectively deflect about said deflection wire such that said deflection wire is proximate

an external curve of said selectively deflected distal tip in response to an input at said

interface that causes said force to be applied to said core wire.

8. The surgical snare recited in any of the preceding claims, wherein said snare loop

has a shape that includes one or more of the following: gooseneck, diamond, hexagonal,

or elliptical.

9. The surgical snare recited in any of the preceding claims, wherein said steerable

deflection portion comprises a coiled shaft, said coiled shaft including at least a tight coil

portion and a loose coil portion, said loose coil portion being positioned proximate said

distal tip.



10. A surgical snare, comprising:

a flexible body, said flexible body defining an axis;

a deflecting tip attached to said flexible body, wherein said deflecting tip has at

least a first state and a second state;

a core wire extending along said axis of said flexible body, wherein a distal end of

said core wire is at least indirectly coupled to said deflecting tip;

an interface linked to a proximal end of said core wire, wherein said interface is

selectively changeable between a first position and a second position, wherein at said first

position said deflecting tip is at said first state, and wherein at said second position said

deflecting tip is at said second state, said second state being at least about ninety degrees

offset relative to said first state; and

a snare loop at least indirectly coupled to said deflecting tip and extending at least

partially longitudinally relative to said flexible body, wherein said snare loop is

configured to sweep along an arc corresponding to at least about a ninety degree rotation

as said deflecting tip transitions from said first state through said second state.

11. The surgical snare recited in claim 10, wherein said core wire is directly attached

to said deflecting tip.

12. The surgical snare recited in claims 10 or 11, wherein said deflecting tip includes

a coiled shaft and a deflection wire, wherein said deflection wire is arranged to cause said

coiled shaft to flex rather than compress as said interface changes from said first position

to said second position.

13. The surgical snare recited in claims 10, 11, or 12, wherein said snare loop has a

length, and wherein said snare loop is configured to substantially maintain said length

constant as said snare loop moves in concert with said transition of said deflecting tip

from said first state through said second state.

14. The surgical snare recited in claims 10, 11, 12, or 13, wherein said snare loop is

directly secured to one or more of said core wire, said flexible body, or said deflecting tip.



15. A method for capturing an object through a body lumen, the method comprising:

extending a guidable snare through the body lumen and to a location proximate

the object, said guidable snare having:

an elongate body;

a deflectable tip coupled to said elongate body; and

a snare loop portion having a length and being linked to said deflectable

tip and configured to: (i) transition between positions based on selective

deflections of said deflectable tip; and (ii) substantially maintain the length the

same during said transition between positions; and

engaging the object with said snare loop portion, wherein engaging the object with

said snare loop portion includes selectively deflecting said deflectable tip, thereby at least

partially causing said snare loop portion to transition from a first position to a second

position.

16. The method recited in claim 15, wherein extending said guidable snare through

the body lumen comprises extending the guidable snare through a delivery tube and

causing at least a portion of said snare loop portion to extend out a distal opening in said

delivery tube.

17. The method recited in claim 16, further comprising retracting said guidable snare

at least partially into said delivery tube, wherein retracting said guidable snare causes said

object and said snare loop portion to be at least partially retracted into a portion of said

delivery tube, and wherein retracting said guidable snare into said delivery tube causes

said snare loop portion to change shape around said object prior to said object entering

said delivery tube.

18. The method recited in claims 15, 16, or 17, wherein said first and second positions

of said snare loop portion are offset by at least about ninety degrees, and wherein

selectively deflecting said deflectable tip comprises selectively bending said deflectable

tip to cause said snare portion to transition from said first position to said second position,

and wherein said snare loop portion at said second position extends around at least a

portion of said object and substantially maintains said same length.



19. The method recited in claims 15, 16, 17, or 18, wherein said guidable snare

includes: (i) a core wire, said core wire having a distal end coupled to said deflectable tip;

and (ii) a user interface portion coupled to a proximal end of said core wire, and wherein

selectively deflecting said deflectable tip to thereby cause said snare loop portion to

transition from said first position to said second position comprises manipulating said

user interface portion to cause said core wire to bend said deflectable tip by at least about

ninety degrees substantially in real-time.

20. The method recited in claims 15, 16, 17, 18, or 19, wherein said snare loop portion

is radiopaque and wherein extending said guidable snare through the body lumen

comprises monitoring a location and position of said snare loop portion using

radiographic visualization.

21. A snare compression device, comprising:

a tubular structure, said tubular structure including an internal lumen configured to

be positioned around and move longitudinally relative to an elongated tubular member of

a snare device; and

a lock mechanism substantially permanently coupled to said tubular structure.

22. The snare compression device recited in claim 21, wherein said lock mechanism is

configured to selectively secure said tubular structure at a longitudinal position relative to

said elongated tubular member.

23. The snare compression device recited in claims 2 1 or 22, wherein said lock

mechanism is configured to selectively secure said tubular structure in a closed

configuration.

24. The snare compression device recited in claims 21, 22, or 23, wherein said lock

mechanism is integrally formed with said tubular structure.

25. The snare compression device recited in claims 21, 22, 23, or 24, wherein said

lock mechanism includes:

a plurality of engaging members; and

a grip for selectively moving said engaging members.



26. The snare compression device recited in claim 25, wherein selectively moving

said engaging members causes at least a portion of said internal lumen to change size.

27. The snare compression device recited in claims 21, 22, 23, 24, 25, or 26, wherein

said tubular structure is integrally formed as a closed tube.

28. The snare compression device recited in claims 21, 22, 23, 24, 25, 26, or 27,

wherein said tubular structure is selectively changeable between open and closed

configurations.

29. A surgical snare, comprising:

a steerable deflection portion, wherein said steerable deflection portion has a

steerable distal tip;

an interface linked to said steerable deflection portion, wherein said interface

provides for selective manipulation of said distal tip;

an elongated body between said interface and said steerable distal tip;

a snare loop disposed proximate said distal tip of said steerable deflection portion,

wherein said snare loop is configured to move as said distal tip of said steerable

deflection portion is selectively deflected; and

a compression mechanism having an internal lumen and pre-assembled to be

coupled to said elongated body, wherein said elongated body is disposed at least partially

within said internal lumen of said compression mechanism, and wherein said internal

lumen is sized to receive and compress said snare loop when moved adjacent to said snare

loop.

30. The surgical snare recited in claim 29, wherein said compression mechanism

includes a tube.

31. The surgical snare recited in claim 30, wherein said compression mechanism

further includes a lock.



32. The surgical snare recited in claim 31, wherein said lock is configured to

selectively secure said compression mechanism at any of a plurality of different

longitudinal locations along said elongated body.

33. The surgical snare recited in claims 29, 30, 31, or 32, wherein said internal lumen

is configured to substantially compress a width of said snare loop to a size generally

corresponding to a size of said internal lumen.

34. The surgical snare recited in claims 29, 30, 31, 32, or 33, wherein said

compression mechanism includes:

a tube; and

a locking member substantially permanently secured to said tube, wherein said

locking member is configured to alter a size of at least a portion of said internal lumen so

as to lock said compression mechanism to said elongated body.

35. The surgical snare recited in claims 29, 30, 31, 32, 33, or 34, wherein said

compression mechanism is selectively removable from said elongated body.

36. The surgical snare recited in claim 35, wherein said compression mechanism is

selectively removable from said elongated body by being moved longitudinally and

passing over a full length of said snare loop.



37. A method for inserting a guidable snare into a body lumen, the method

comprising:

accessing a guidable snare, the guidable snare including:

an elongated body;

a deflectable tip coupled to said elongated body; and

a snare loop portion linked to said deflectable tip and configured to

transition between at least two different open positions based on selective

deflections of said deflectable tip, wherein while transitioning between said at

least two different open positions, said snare loop maintains a substantially

constant length;

external to the body lumen, collapsing said snare loop to a have a width at least as

small as an internal width of the body lumen;

inserting the collapsed snare loop into the body lumen; and

after inserting the collapsed snare loop into the body lumen, expand the snare loop

to a size that is the lesser of: (i) an unstressed size of said snare loop; and (ii) said internal

width of the body lumen.

38. The method recited in claim 37, wherein collapsing said snare loop comprises

passing said snare loop through a tubular structure.

39. The method recited in claims 37 or 38, wherein said tubular structure is pre-

assembled on said guidable snare and slideably disposed relative to said elongated body.

40. The method recited in claims 37, 38, or 39, wherein said tubular structure is

coupleable to a lock on said guidable snare, said lock being configured to lock said

tubular structure at one or more longitudinal positions relative to said elongated body.
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