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PASSIVE ARTIFICIAL SPHINCTER

BACKGROUND

[0001] Artificial sphincters are devices that are implanted in patients to assist in

occluding lumens of the patient to control a flow of material through the lumen. For instance,

artificial sphincters have been implanted around the urethra to treat urinary incontinence.

[0002] Conventional artificial sphincters are "active" artificial sphincters that operate to

provide a desired constrictive force to occlude a lumen of a patient responsive to input from

the patient. Typical active artificial sphincters comprise a cuff, a reservoir and a pump. The

cuff is wrapped around the lumen, the reservoir is implanted in an abdominal cavity, and the

pump is implanted at a location that may be actuated by the patient, such as in the scrotum of

the patient. Tubing connects the reservoir, pump and cuff. The reservoir pressurizes fluid in

the system and maintains the cuff in an inflated state, in which a constrictive force is applied

to the lumen to occlude the lumen. Actuation of the pump drives fluid out of the cuff and

back into the reservoir to deflate the cuff. This removes the constrictive force on the lumen

and allows the passage of material through the lumen and past the cuff.

[0003] The implantation of such an active artificial sphincter can be quite invasive due to

the number and volume of the components. Additionally, the control of the artificial sphincter

requires input from the patient, which may be difficult for some patients.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIGS. 1 and 2 are simplified drawings respectively illustrating an artificial

sphincter formed in accordance with embodiments of the invention in a closed and open

position.

[0005] FIGS. 3 and 4 are side views of an artificial sphincter in accordance with

embodiments of the invention with portions shown in cross-section.

[0006] FIG. 3 is an isometric view of a cuff member section formed in accordance with

embodiments of the invention.

[0007] FIG. 4 is an isometric view of an artificial sphincter formed in accordance with

embodiments of the invention.

[0008] FIGS. 5 and 6 are cross-sectional views of a tension coil in accordance with

embodiments of the invention.



[0009] FIG. 7 is an isometric view of an artificial sphincter ring in accordance with

embodiments of the invention.

[0010] FIGS. 8 and 9 are simplified side views of cooperating connectors in accordance

with embodiments of the invention on ends of an artificial sphincter.

[0011] FIG. 10 is a simplified cross-sectional view of cooperating connectors in

accordance with embodiments of the invention on ends of an artificial sphincter.

[0012] FIG. 11 is a side view of an artificial sphincter in accordance with embodiments

of the invention with portions shown in cross-section.

[0013] FIG. 12 is a top view of the artificial sphincter of FIG. 11 formed into an artificial

sphincter ring in accordance with embodiments of the invention.

[0014] FIGS. 13 and 14 illustrate embodiments of the artificial sphincter of FIGS. 11 and

12 implanted around an exemplary lumen in closed and open positions, respectively.

[0015] FIG. 15 is a flowchart illustrating a method of passively constricting a lumen of a

patient in accordance with embodiments of the invention.

[0016] FIGS. 16 and 17 respectively are simplified side and front views of a technique of

positioning an artificial sphincter around a lumen in accordance with embodiments of the

invention.

[0017] FIG. 18 is a simplified front view of an artificial sphincter implanted around a

lumen of a patient.

SUMMARY

[0018] Embodiments of the invention are directed to a passive artificial sphincter and

methods of constricting a lumen using embodiments of the passive artificial sphincter. In

some embodiments, the artificial sphincter (100) comprises a tension member (110), an outer

sleeve ( 112), and a connecter (126). The tension member has first and second ends (124). The

outer sleeve contains the tension member and is formed of a biocompatible material. The

connecter is configured to couple the first and second ends together to form an artificial

sphincter ring (128). The artificial sphincter ring is configured for implantation around the

lumen (104) to provide passive constriction of the lumen.

[0019] In some embodiments, the tension member comprises a plurality of short tension

members (114) each having one end (130) coupled to an end (130) of another short tension

member.



[0020] In some embodiments, the sleeve comprises of material selected from the group

consisting of polyethylene, polypropylene, and polyvinyl acetate. In some embodiments, the

outer sleeve is tubular.

[0021] In some embodiments, the tension member comprises a tension spring (120)

having a longitudinal axis (116). The tension spring resists expansion along the longitudinal

axis. In some embodiments, the tension spring comprises Nitinol (NiTi) and/or steel. In some

embodiments, the tension spring comprises a coil spring.

[0022] In some embodiments, the tension spring comprises a plurality of struts (142) each

having an end (144) joined to an end of another strut at flexible joints (146). In some

embodiments, the tension spring comprises a plurality of expansion members (150) each

attached to one of the struts. The expansion members expand a thickness of the tension spring

and decrease the interior diameter (106) of the artificial sphincter ring.

[0023] In some embodiments, the connector comprises a first connecter (126A) attached

to the first end of the tension member, and a second connecter (126B) attached to the second

end of the tension member. First and second connectors are configured to couple the first and

second ends of the tension member together to form the artificial sphincter ring. In some

embodiments, at least one of the first and second connectors comprises a magnet (136). In

some embodiments, the first connector comprises a male connector (132), and the second

connector comprises a female connector (134) that receives the male connector to couple the

first and second ends of the tension member together.

[0024] In some embodiments of the method, an artificial sphincter (100) comprising a

tension member (110) contained within an outer sleeve (112) is positioned (160) around a

lumen (104) of the patient. First and second ends (124) of the artificial sphincter are coupled

together (172) to form an artificial sphincter ring (128) around the lumen. The lumen is

constricted (174) responsive to the tension in the tension member. The passage of material

through the lumen and past the artificial sphincter ring is resisted (176) responsive to the

constriction of the lumen.

[0025] In some embodiments of the method, the artificial sphincter ring is expanded in

response to internal pressure within the lumen. Material is allowed to pass through the lumen

and past the artificial sphincter ring, responsive to the expansion of the artificial sphincter

ring.

[0026] In some embodiments, the first and second ends of the artificial sphincter are

coupled together by joining a first connector (126A) attached to the first end to a second



connecter (126B) attached to the second end. In some embodiments, the first and second

connectors comprise a magnet (136), a male connecter (132), or a female connector (134).

[0027] In some embodiments of the method, the artificial sphincter is positioned around

the lumen of the patient by supporting the artificial sphincter in a corkscrew-shape using a

deployment member (162). In some embodiments, the artificial sphincter (100) is supported

by a corkscrew-shaped needle (164). The deployment member is then rotated around the

lumen in a first direction (168). The artificial sphincter is then deployed from the deployment

member to place the artificial sphincter around the lumen. In some embodiments, the

deployment of the artificial sphincter from the deployment member involves rotating the

deployment member around the lumen in a second direction that is opposite the first direction

relative to the artificial sphincter. The deployment member is then removed from the patient

to complete the positioning of the artificial sphincter around the lumen. The implantation of

the artificial sphincter around the lumen is completed following the coupling of the ends of

the artificial sphincter.

[0028] This Summary is provided to introduce a selection of concepts in a simplified

form that are further described below in the Detailed Description. This Summary is not

indented to identify key features or essential features of the claimed subject matter, nor is it

intended to be used as an aid in determining the scope of the claimed subject matter. The

claimed subject matter is not limited to implementations that solve any or all disadvantages

noted in the Background.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0029] Embodiments of the invention are directed to an artificial sphincter that is

configured to passively apply a constrictive force to a lumen of a patient without a control

input from the patient, as required by active artificial sphincters. Additionally, embodiments

of the artificial sphincter require fewer components to be installed in the patient thereby

reducing the invasiveness of the implantation, the complexity of the installation, and the

likelihood of component failure. Some applications of the passive artificial sphincter, such as

to prevent fecal incontinence, allow the patient to control the artificial sphincter in a natural

manner, making the implantation highly inconspicuous, as compared to conventional active

artificial sphincters.

[0030] Embodiments of the invention are described more fully hereinafter with reference

to the accompanying drawings. The various embodiments of the invention may, however, be



embodied in many different forms and should not be construed as limited to the embodiments

set forth herein. Rather, these embodiments are provided so that this disclosure will be

thorough and complete, and will fully convey the scope of the invention to those skilled in

the art. Elements that are identified using the same or similar reference characters refer to the

same or similar elements.

[0031] The terminology used herein is for the purpose of describing particular

embodiments only and is not intended to be limiting of the invention. As used herein, the

singular forms "a", "an" and "the" are intended to include the plural forms as well, unless the

context clearly indicates otherwise. It will be further understood that the terms "comprises"

and/or "comprising," when used in this specification, specify the presence of stated features,

integers, steps, operations, elements, and/or components, but do not preclude the presence or

addition of one or more other features, integers, steps, operations, elements, components,

and/or groups thereof.

[0032] It will be understood that when an element is referred to as being "connected" or

"coupled" to another element, it can be directly connected or coupled to the other element or

intervening elements may be present. In contrast, if an element is referred to as being

"directly connected" or "directly coupled" to another element, there are no intervening

elements present. Embodiments of the invention include both interpretations unless stated

otherwise.

[0033] It will be understood that, although the terms first, second, etc. may be used herein

to describe various elements, these elements should not be limited by these terms. These

terms are only used to distinguish one element from another. Thus, a first element could be

termed a second element without departing from the teachings of the present invention.

[0034] Unless otherwise defined, all terms (including technical and scientific terms) used

herein have the same meaning as commonly understood by one of ordinary skill in the art to

which this invention belongs. It will be further understood that terms, such as those defined in

commonly used dictionaries, should be interpreted as having a meaning that is consistent with

their meaning in the context of the relevant art and will not be interpreted in an idealized or

overly formal sense unless expressly so defined herein.

[0035] FIGS. 1 and 2 are simplified diagrams of a passive artificial sphincter 100 in

accordance with embodiments of the invention implanted around a lumen (i.e., a passageway)

104 of a patient. Exemplary embodiments of the lumen 104 include the urethra, the anal

canal, the esophagus, a lumen of an ostomy, or other lumen of a patient. The artificial



sphincter 100 provides circumferential occlusion of the lumen 104. This may be

accomplished by implanting the artificial sphincter 100 directly around the lumen 104, such

as upstream or downstream of a sphincter muscle (e.g., anal sphincter) controlling flow

through the lumen 104. Alternatively, the artificial sphincter 100 may be implanted around a

sphincter muscle corresponding to the lumen 104 to reinforce the sphincter muscle and assist

in occluding the lumen. Accordingly, embodiments of positioning, placing or implanting the

artificial sphincter 100 around a lumen 104 of the patient include the implantation of the

artificial sphincter 100 around a sphincter muscle corresponding to the lumen 104.

[0036] In some embodiments, the constrictive force applied by the artificial sphincter 100

to the lumen 104 is a substantially uniform force applied around the circumference of the

lumen 104 that is continuously applied by the artificial sphincter 100 to the lumen 104. In

some embodiments, the constrictive force closes the lumen 104, or assists another sphincter

to close the lumen 104, to prevent or reduce the passage of material through the lumen 104,

and past the artificial sphincter 100, as shown in FIG. 1. That is, the constrictive force of the

artificial sphincter 100 results in the internal diameter 106 of the artificial sphincter 100 and

the outer diameter of the lumen 104 to reach a closed state where the lumen 104 is closed or

substantially closed to the passage of material through the lumen 104, and past the artificial

sphincter 100, as shown in FIG. 1.

[0037] In some embodiments, the artificial sphincter 100 may be transitioned to an open

state (FIG. 2), in which material may pass through the lumen 104 and past the artificial

sphincter 100. In some embodiments, the artificial sphincter 100 transitions from the closed

state to the open state in response to sustained pressure within the lumen 104 on the upstream

side 107 of the artificial sphincter 100 relative to the normal flow of material through the

lumen represented by arrows 108. This pressure counteracts the constrictive force applied by

the artificial sphincter 100 and causes the internal diameter 106 of the artificial sphincter 100

to expand radially, as shown in FIG. 2. This expansion of the artificial sphincter 100 allows

material to flow through the lumen 104 and past the artificial sphincter 100, as indicated by

arrows 108 in FIG. 2.

[0038] For instance, when the artificial sphincter 100 is implanted around the anal canal

of the patient, the artificial sphincter 100 constricts the anal canal, or assists the anal sphincter

in constricting the anal canal, under normal abdominal conditions to prevent fecal

incontinence, as illustrated in FIG. 1. When the patient wishes to have a bowel movement,

the patient increases abdominal pressure in a natural manner to increase the pressure within



the lumen 104 on the upstream side 107 of the artificial sphincter 100, which causes the

artificial sphincter 100 to radially expand and allow the bowel movement to occur, as shown

in FIG. 2.

[0039] In some embodiments, the artificial sphincter 100 comprises a tension member

110 contained within a biocompatible outer sleeve 112, as illustrated in FIG. 3, which is a

side view of the artificial sphincter 100 with the outer sleeve 112 shown in cross-section. In

some embodiments, the tension member 110 is formed of multiple short tension members

114. The use of multiple short tension members 114 to form the tension member 110 allows

for customized lengths of the tension member 110 through the use of more or fewer tension

members 114, and/or different sized tension members 114. Additionally, different short

tension members 114 can be used to provide different constrictive forces when the artificial

sphincter 100 is implanted around a lumen 104. Other properties of the artificial sphincter

100 may also be adjusted through the selection of the short tension members 114.

[0040] In some embodiments, the tension member 110, as well as the short tension

members 114, comprise a tension spring 120, which is configured to resist expansion or

stretching along a longitudinal axis 116 (FIGS. 3 and 4). Exemplary materials that may be

used to form the tension spring 120 include Nitinol (NiTi), steel, or other suitable material. In

some embodiments, the tension spring 120 is in the form of a coil spring, and the radial

constrictive force exerted by the tension spring 120 against a lumen 124 is controlled by

setting the wind, pitch, and shape of the coils forming the tension spring 120. In some

embodiments, the tension spring 120 comprises a wire 122 having a circular cross-sectional

shape, as shown in FIG. 5. In some embodiments, the wire 122 of the tension spring 120 has

a square or rectangular cross-sectional shape, as shown in FIG. 6. Other configurations for

the tension spring 120 and the wire 122 may also be used.

[0041] In some embodiments, the sleeve 112 is formed of a flexible material that may

expand and contract along with the tension member 110. In some embodiments, the sleeve

112 is tubular in shape. In some embodiments, the material forming the sleeve 112 has a low

adherence to the exterior surface of the lumen 104 to allow the sleeve 112 to slide relative to

the lumen 104 as it constricts the lumen 104, or expands to open the lumen 104. Exemplary

materials suitable for forming the sleeve 112 include polyethylene, polypropylene, polyvinyl

acetate, or other suitable material.

[0042] In some embodiments, ends 124 (FIGS. 3 and 4) of the artificial sphincter 100 or

the tension member 110 are coupled together using a connector, generally referred to as 126,



to form an artificial sphincter ring 128, such as that illustrated in FIG. 7. The artificial

sphincter ring 128 provides the desired occlusion of a lumen 104. Connectors 126 may also

be used to join ends 130 (FIG. 4) of the short tension members 114 together to form the

tension member 110.

[0043] In some embodiments, the connectors 126 comprise cooperating connectors 126A

and 126B. In some embodiments, the connector 126A is attached to one of the ends 124 of

the tension member 110, and the connector 126B is attached to the other end 124, as shown

in FIG. 3. In some embodiments, the connectors 126A and 126B may be attached to opposing

ends 130 of the short tension members 114. This allows the connector 126A at the end 130 of

one short tension member 114 to connect to the connector 126B at the end 130 of an

adjoining short tension member 114, as shown in FIG. 4.

[0044] The connectors 126A and 126B can take on many different forms. FIGS. 8-10 are

simplified side views of exemplary connectors 120 in accordance with embodiments of the

invention. In some embodiments, the connector 126A includes a male connector 132, such as

a protrusion, and the connector 126B includes a female connector 134 that receives the male

connector 132, such as a socket, to couple the ends 124 of the tension member 110 together,

as shown in FIG. 8, or to couple the ends 130 of the short tension members 114 together. In

some embodiments, the cooperating male and female connectors 132 and 134 snap together.

[0045] In some embodiments, the connectors 126A and 126B each include a magnet 136,

as illustrated in FIG. 9. The adjoining faces of the magnets 136 have opposing polarities to

magnetically adhere the connector 126A to the connector 126B. In some embodiments, the

connectors 126A and 126B include cooperating structures, such as a protrusion and a socket,

to ensure proper attachment and orientation.

[0046] In accordance with another embodiment, the connectors 126A and 126B include

cooperating slide-lock connectors 138 and 140, respectively, as shown in FIG. 10. The slide-

lock connectors 138 and 140 each include a protrusion that is received within a socket of the

other slide-lock connector to join the connectors 126A and 126B together.

[0047] FIG. 11 is a side view of an artificial sphincter 100 in accordance with

embodiments of the invention. FIG. 12 is a top view of the artificial sphincter 100 of FIG. 11

formed into an artificial sphincter ring 128 using the connector 126, in accordance with

embodiments of the invention.

[0048] In some embodiments, the tension member 110 comprises a tension spring 120

that includes a plurality of struts 142. Opposing ends 144 of the struts 142 are joined together
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at flexible joints 146 that resist expansion of the struts along a longitudinal axis 116 (FIG.

11). The struts 142 and joints 146 may be formed of steel, Nitinol (NiTi) or other suitable

material.

[0049] In some embodiments, the struts 142 are contained within an outer sleeve 112 that

is preferably formed of a biocompatible material such as that used to form the sleeve 112, as

discussed above. In some embodiments the sleeve 112 wraps around the tension spring 120

covering areas between the struts 142.

[0050] FIGS. 13 and 14 are simplified side views of the artificial sphincter 100 of FIGS.

11 and 12 implanted around an exemplary lumen in closed and open positions, respectively.

The sleeve 112 is not shown in FIGS. 13 and 14 in order to simplify the illustrations. When

the artificial sphincter 100 is in the closed position, the struts 142 are pulled closely together

to constrict the lumen 104 and prevent or inhibit the passage of material through the lumen

and past the artificial sphincter 100, as discussed above. The patient may generate pressure

within the lumen 104 that causes the joints 146 to bend and expand the tension spring 120, as

shown in FIG. 14. This expansion of the artificial sphincter 100 allows material to pass

through the lumen 104 and past the artificial sphincter 100, as discussed above.

[0051] In some embodiments, the tension spring 120 includes a plurality of expansion

members 150, shown in FIGS. 11 and 12, that operate to increase a thickness of the tension

spring 120, and decrease the interior diameter 108 of the artificial sphincter ring 128. In some

embodiments, the expansion members 150 are each attached to one of the struts 142. The

expansion members 150 include portions that extend radially inward from the struts 142 to

reduce the internal diameter of the artificial sphincter 100. The expansion members 150

increase the constrictive force that is applied to the lumen 104 by the artificial sphincter 100

due to the radial displacement of the tension spring 120 from the lumen 104 by the expansion

members 150.

[0052] In some embodiments, ends 124 of the tension spring 120 are connected together

using one or more of the embodiments of the connector 126 described above, such as

cooperating connectors 126A and 126B, as illustrated in FIG. 12. In some embodiments, the

tension spring 120 comprising the struts 142 are divided into short tension members 114 that

join together using connectors 126A and 126B to form the tension member 110, as shown in

FIG. 11. In some embodiments, the tension member 110 is formed of a single tension spring

120, as shown in FIG. 12.



[0053] Additional embodiments are directed to methods of passively constricting a lumen

of a patient using the artificial sphincter 100, formed in accordance with one or more

embodiments described above. FIG. 15 is a flowchart illustrating a method of passively

constricting a lumen of a patient in accordance with embodiments of the invention. At 160,

an artificial sphincter 100 comprising a tension member 110 contained within an outer sleeve

112, is positioned around a lumen 104. The positioning step 160 requires an incision in the

patient to position the artificial sphincter 100 around the lumen 104. Exemplary embodiments

of a lumen 104 include the urethra, the anal canal, the esophagus, a lumen of an ostomy of

the patient, or other lumen.

[0054] In some embodiments, one of the ends 124 of the artificial sphincter 100 may

have a blunt tip that may assist in the implantation of the artificial sphincter around the lumen

104 during the positioning step 160. The blunt tip may be formed of polyurethane, rubber,

ethylene-vinyl acetate, polyester, polypropylene, or other similar material. In some

embodiments, the blunt tip is attached to the end 124 of the tension member 110 using

suitable cooperating connectors, such as those described above with regard to the connecter

126.

[0055] In some embodiments of step 160, the artificial sphincter 100 is supported in a

corkscrew-shape using a deployment member 162, as illustrated in FIGS. 16-18. Some

embodiments of the deployment member 162 include a corkscrew-shaped needle 164, as

illustrated in the simplified side view of FIG. 16, in which the artificial sphincter 100 is

illustrated in phantom lines. In some embodiments, the artificial sphincter 100 (i.e., tension

member 110 and sleeve 112) is slid over, or attached to, a distal end 166 of the needle 164.

One alternative to attaching the artificial sphincter 100 to the distal end 166 of the needle 164

is to use an introducer- type needle as the needle 164, which allows the artificial sphincter 100

to be received within the cork screw-shaped distal end 166.

[0056] In some embodiments, the distal end 166 of the needle 164 is brought in close

proximity to the lumen 104 and rotated about the lumen 104 in the direction 168 until the

needle 164 and the supported artificial sphincter 100 surround the lumen 104, as shown in

FIG. 16 and the simplified front view provided in FIG. 17. In some embodiments, the

deployment member 162 includes a handle 170 that can be used to assist in the rotation of the

needle 164 about the lumen 104.

[0057] Once the artificial sphincter 100 is positioned around the lumen 104, the artificial

sphincter 100 is deployed from the deployment member 162 to place the artificial sphincter



100 around the lumen 104, as illustrated in FIG. 18. In some embodiments, the deployment of

the artificial sphincter 100 involves rotating the needle 164 about the lumen 104 relative to

the artificial sphincter 100 in the opposite direction from 168. This may involve holding the

artificial sphincter 100 in position as the needle 164 is rotated when the artificial sphincter

100 is supported on the exterior of the needle 164. Alternatively, when the needle 164 is in

the form of an inducer needle, the deployment of the artificial sphincter 100 around the lumen

104 involves discharging the artificial sphincter 100 from the introducer needle 164 as the

needle 164 is rotated about the lumen 104 in the direction opposite 168. Finally, the

deployment member 162 is removed from the patient to complete the positioning of the

artificial sphincter 100 around the lumen 104.

[0058] At 172 of the method, first and second ends 124 of the artificial sphincter are

coupled together to form an artificial sphincter ring 128 around the lumen, as shown in FIG.

18. In some embodiments, step 172 involves stretching the tension member 110 of the

artificial sphincter 100, which places the tension member 110 in tension around the lumen.

[0059] The connection of the ends 124 may be accomplished using a connector 126

formed in accordance with one or more embodiments described above. In some embodiments

of step 172, a first connecter 126A attached to one of the ends 124 is joined to a second

connecter 126B attached to the other end 124 of the artificial sphincter, as shown in FIG. 18.

In some embodiments, the connecters 126A and 126B comprise a magnet, a male connecter,

a female connecter, or other suitable connector, as discussed above.

[0060] At 174, the lumen 104 is constricted in response to the tension in the tension

member 110, as illustrated in FIGS. 1 and 13. At 176, the passage of material through the

lumen 104 and past the artificial sphincter ring 128 is resisted or prevented in response to the

restriction of the lumen 104 in step 174.

[0061] In some embodiments, the artificial sphincter ring 128 may be expanded in

response to internal pressure within the lumen, as illustrated in FIGS. 2 and 14. This allows

for the passage of material through the lumen and past the artificial sphincter ring 128.

[0062] Although the present invention has been described with reference to preferred

embodiments, workers skilled in the art will recognize that changes may be made in form and

detail without departing from the spirit and scope of the invention.



WHAT IS CLAIMED IS:

1. A passive artificial sphincter configured for implantation in a patient to assist in

occluding a lumen of the patient, the artificial sphincter comprising:

a tension member having first and second ends;

an outer sleeve containing the tension member, the outer sleeve formed of a

biocompatible material; and

a connector configured to couple the first and second ends together to form an artificial

sphincter ring;

wherein the artificial sphincter ring is configured for implantation around the lumen to

provide passive constriction of the lumen.

2. The artificial sphincter of claim 1, wherein the tension member comprises a plurality of

short tension members each short tension member having one end coupled to an end of another

short tension member.

3. The artificial sphincter in accordance with any of claims 1-2, wherein the sleeve

comprises a material selected from the group consisting of polyethylene, polypropylene, and

polyvinyl acetate.

4. The artificial sphincter in accordance with any of claims 1-3, wherein the outer sleeve is

tubular.

5. The artificial sphincter in accordance with any of claims 1-4, wherein the tension member

comprises a tension spring having a longitudinal axis, wherein the tension spring resists

expansion along the longitudinal axis.

6. The artificial sphincter of claim 5, wherein the tension spring comprises materials

selected from the group consisting of Nitinol (NiTi) and steel.

7. The artificial sphincter of claim 5, wherein the tension spring comprises a coil spring.

8. The artificial sphincter of claim 5, wherein the tension spring comprises a plurality of

struts each having an end joined to an end of another strut at flexible joints.

9. The artificial sphincter of claim 8, further comprising a plurality of expansion members

each attached to one of the struts, the expansion members expand a thickness of the tension

spring and decrease an interior diameter of the artificial sphincter ring.



10. The artificial sphincter in accordance with any of claims 1-9, wherein the connector

comprises:

a first connector attached to the first end of the tension member; and

a second connector attached to the second end of the tension member, wherein the first

and second connectors are configured to couple the first and second ends of the

tension member together to form the artificial sphincter ring.

11. The artificial sphincter of claim 10, wherein at least one of the first and second

connectors comprises a magnet.

12. The artificial sphincter of claim 10, wherein:

the first connector comprises a male connector; and

the second connector comprises a female connector that receives the male connector to

couple the first and second ends of the tension member together.

13. A method of passively constricting a lumen of a patient comprising:

positioning an artificial sphincter comprising a tension member contained within an outer

sleeve, around the lumen of the patient;

coupling first and second ends of the artificial sphincter together to form an artificial

sphincter ring around the lumen;

constricting the lumen responsive to tension in the tension member; and

resisting the passage of material through the lumen and past the artificial sphincter ring

responsive to constricting the lumen.

14. The method of claim 13, further comprising:

expanding the artificial sphincter ring in response to internal pressure within the lumen;

and

passing material through the lumen and past the artificial sphincter ring responsive to

expanding the artificial sphincter ring.

15. The method in accordance with any of claims 13-14, wherein the lumen is selected form

the group consisting of the urethra, the anal canal, the esophagus, and a lumen of an ostomy of

the patient.



16. The method in accordance with any of claims 13-15, wherein coupling first and second

ends of the artificial sphincter together comprises joining a first connector attached to the first

end to a second connector attached to the second end.

17. The method of claim 16, wherein the first and second connectors comprise a connector

selected from the group consisting of a magnet, a male connector, and a female connector.

18. The method in accordance with any of claims 13-17, wherein positioning an artificial

sphincter around the lumen of the patient comprises:

supporting the artificial sphincter in a corkscrew-shape using a deployment member;

rotating the deployment member around the lumen in a first direction;

deploying the artificial sphincter from the deployment member, wherein the artificial

sphincter extends around the lumen; and

removing the deployment member from the patient.

19. The method of claim 18, wherein deploying the artificial sphincter comprises rotating the

deployment member in a second direction that is opposite the first direction around the lumen

relative to the artificial sphincter.













INTERNATIONALSEARCH REPORT International application No.

PCT/US20 13/028547

A . CLASSIFICATION O F SUBJECT MATTER
IPC(8) - A61 F 2/00 (201 3.01 )
USPC - 600/29

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED .

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) - A61F 2/00, 2/02, 2/08 (2013.01)
USPC - 600/29, 30; 606/157; 623/14.13

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
CPC: A61 F 2/0004, 2/0031 , 2/0036, 2/005, 2/02 (2013.01)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

ORBIT.com, Google Patents, Google Scholar

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2010/0076573 A 1 (KUGLER et al) 25 March 2010 (25.03.2010) entire document 1-15

US 2009/0240340 A 1 (LEVINE et al) 24 September 2009 (24.09.2009) entire document 1-15

□ Further documents are listed in the continuation of Box C.

* Special categories of cited documents: "T"

□
later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other Ύ " document of particular relevance; the claimed invention cannot bespecial reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than '&" document member of the same patent family

Date of the actual completion o f the international search Date of mailing of the international search report

10 April 2013 MAY 2013
Name and mailing address of the ISA/US Authorized officer:

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine R. Copenheaver
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Form PCT/ISA/2 10 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US201 3/028547

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

□ Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3 . ¾ Claims Nos.: 16-19
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

□ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

The additional search fees were accompanied by the applicant's protest and, where applicable, the

□ payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest

□ fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

