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(54) Title: ADJUSTABLE TENSION INCONTINENCE SLING ASSEMBLIES

(57) Abstract: Systems for providing support to body tissue to alleviate incontinence are disclosed that comprise an elongated 
incontinence sling (20) having a central support portion (40) adapted to be positioned to support any one of the urethra or anus (58, 
67) and first and second sling end portions (42, 44) extending from the central support portion through body tissue and a tensi’on 
adjustment mechanism acting on or within one or both of the sling end portions. The sling tension adjustment mechanism comprises 
one or more of a sling tensioning suture (312, 314) or band, and a tensioning device (310) coupled to a suture or band free end.



WO 2007/149593 A3 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIN

before the expiration of the time limit for amending the (88) Date of publication of the international search report: 
claims and to be republished in the event of receipt of 22 May 2008
amendments



WO 2007/149593 PCT/US2007/014780

ADJUSTABLE TENSION 
INCONTINENCE SLING ASSEMBLIES

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application Serial No 

60/805,544 filed June 22, 2006, and U.S. Provisional Application Serial No 
60/806,664 filed July 6, 2006, the entire contents of which are incorporated 
herein by reference.

TECHNICAL FIELD

[0002] The present invention pertains to improved methods and apparatus 
providing support to a portion of the urethra or rectum or anus to alleviate 
urinary or fecal incontinence and particularly to elongated slings having 
mechanisms for selectively adjusting the tension applied through the sling to 
body tissue.

BACKGROUND

[0003] Urinary incontinence is a condition characterized by involuntary loss of 
urine, beyond the individual's control, that results in the loss or diminution of 
the ability to maintain the urethral sphincter closed as the bladder fills with 
urine. Male or female stress urinary incontinence (SUI) occurs when the 
patient is physically or emotionally stressed. Such patients may also 
experience urge incontinence.

[0004] Fecal incontinence is a condition characterized by involuntary 
defecation or passage of feces through the anal canal due to injury to or 
weakness of one or more of the internal anal sphincter, the external anal 
sphincter, and the levator ani.

[0005] Implantable urethral and anal prosthetic sphincter systems have been 
disclosed in the prior art to treat incontinence that comprise an inflatable 
balloon that is either pillow or cuff shaped, a balloon reservoir/pressure source 
filled with a fluid, a pump, and interconnecting tubing. The balloon is 
implantable beneath or surrounding the urethral tract (at or near the bladder
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neck in female patients) or the external anal sphincter and is coupfed through 
tubing to the balloon reservoir/pressure source and pump that are implanted 
subcutaneously. The pump may be manually actuated to inflate the balloon 
compress the urethral tract to prevent incontinence and to deflate the balloon 
to allow voiding. Examples of such prosthetic sphincter systems are 
disclosed in U.S. Patent Nos. 4,222,377, 4,571,749, and 5,562,598, and one 
such system comprises the AMS-800 Urinary Control System available from 
American Medical Systems, Inc.

[0006] Urethral tapes or slings have been developed that are implanted in a
/

urethral sling procedure in which the urethral sling is inserted beneath the 
urethra and advanced in the retro pubic space, perforating the abdominal 
fascia. In one procedure, peripheral or end portions of the elongated urethral 
sling are affixed to bone or body tissue, and a central support portion of the 
elongated urethral sling extends under the urethral or bladder neck to provide 
a platform that compresses the urethral sphincter, limits urethral distention, 
and pelvic drop, and thereby improves coaptation. Elongated “self-fixating” 
slings have also been clinically introduced for implantation in the body that do 
not require that the end portions be physically attached to tissue or bone and 
that rely upon tissue ingrowth into sling pores to stabilize the sling as 
disclosed, for example, in commonly assigned U.S. Patent Nos. 6,382,214, 
6,612,977, 6,641,524, 6,648,921, 6,652,450, 6,702,827, 6,802,807, and 

6,911,003 and publications and patents cited therein.

[0007] The above-described slings comprise a central portion that is adapted 
to support the urethra, two end portions bracketing the support portion, a 
protective sheath or sheaths encasing at least the end portions, and 
connectors at the ends of the sling. Various ways of attaching a sleeve end 
and sling mesh end to a connector are detailed in the above-referenced '450 
patent, for example. Further ways of attaching sling ends to sling implantation 
tools are disclosed in U.S. Patent Application Publication Nos. 2004/0087970, 
2005/0245787, and 2005/0250977. The sling implantation tools are employed 

to form tissue pathways extending from a vaginal incision to two abdominal 
skirl incisions and to draw the sling end portions through the pathways to

2
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dispose the sling free ends out of the skin incisions and the central portion 
around the urethra. The connectors are detached from the sling ends, and 
the sheaths are drawn out of the skin incisions, allowing the incisions to be 
closed.

[0008] Sling tension is typically adjusted at implantation sufficiently to take up 
any slack in the sling and impart at least a degree of increased tension to the 

urethra with the bladder empty. A surgical instrument may be placed between 
the sling central portion and the urethra, the sling ends drawn to tension and 
fully close the urethral tract, and the instrument withdrawn so that the uethra 
is relaxed sufficiently to function. Alternative tension adjustment techniques 
that may be employed during implantation are disclosed in the above- 
referenced commonly assigned '827 and '921 patents:

[0009] Typically, such urethral tapes or slings are fabricated of a loose weave 
sling fabric or mesh that acutely engages tissue and encourages tissue 
ingrowth along the pathway through mesh pores to achieve chronic 
stabilization or “self-fixation. Tissue ingrowth takes about 2-3 weeks in the 

typical patient in the absence of any significant intentional or unintentional 
movement of the mesh. During this post-operative time, the patient monitors 
the degree of success achieved in ameliorating leakage and any discomfort 
that might occur if the applied tension is so high as to unduly slow voluntary 
urination.

[0010] If any such problems occur, it may be necessary to reopen the 
incisions to access and pull on the sling ends to tighten the sling central 
portion around the urethra or to reopen the vaginal incision to pull on the sling 
central portion to loosen the sling central portion around the urethra. Several 
approaches have been taken to simplify or reduce the need for such post­
operative adjustments.

[0011] One tension adjustment complication arises from the fact that the loose 
weave sling mesh inherently stretches and elongates when tension is applied 
at the ends or central support portion to overcome resistance of the tissue 
bearing against the sling mesh along the tissue pathway. It is difficult to judge

3
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just how much tension to apply to achieve adequate tightening or loosening in 
the central support portion. In one approach to overcoming this complication 
disclosed, for example, in the above-referenced '450 patent, an elongated 
repositioning means, e.g., an elongated inextensible tensioning member, is 
incorporated extending in or along the sling mesh from near the sling ends to 
or through the sling central portion. Tension applied to the repositioning 
means is transmitted along the length of the sling so the sling mesh does not 
substantially stretch during initial positioning and any repositioning during the 
acute healing phase.

[0012] In another approach disclosed, for example, in U.S. Patent Application 
Publication 2006/0058574 (FIGs. 4a - 4f), an expandable member or 
container is incorporated on or in the sling central support portion that can be 

inflated or deflated with bulking agent to apply more or less tension to the 
urethra. As stated therein, optionally, the container has a touchable internal 
valve element to permit the surgeon to palpate the area prior to injecting or 
removing the bulking agent. Alternatively, the bulking agent may be injected 

and removed via a two-way external port. When a bulking agent is injected 
into the container, the tissue between the mesh and urethra will expand. This 
results in two effects; a simple vertical lifting due to expansion and a vertical 
lifting due to stretching the outside of the mesh. A suitable bulking agent may 
be water or saline. A similar approach is disclosed in U.S. Patent Nos. 

4,019,499 and 6,786,861.

[0013] Other approaches that enable increasing tension of the sling central 
portion against the urethra involve shortening the lengths of the sling end 
portions as described, for example in the above-referenced, commonly 
assigned '921 patent. Mesh folds are formed in the sling end portions using 
filaments that extend through vaginal incisions externally of the body. 
Depending on the embodiment, the mesh folds can be released to decrease 
sling tension or be tightened to increase sling tension by pulling on the 
filament ends following the initial implantation procedure. In other 
embodiments, filaments are extended substantially through the lengths of the 
sling end portions and extend from the vaginal incisions. The filaments may

4
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be gripped and pulled to tighten the mesh in the sling end portions to increase 
overall sling tension.

[0014] In still another approach disclosed, for example, in U.S. Patent 
Application Publication 2006/0058574 (FIGs. 5a - 5c), the mesh sling or tape 

is further modified to include a mechanical adjustment means to adjust the 
length of the tape in the end portions on either side of the central portion after 

the tape has been implanted in the tissue pathways. The mechanical 
adjustment means incorporate a tie-wrap mechanism or sutures and one-way 

suture retaining devices of the type disclosed in U.S. Patent No. 5,669,935 
located along the tape on either side of the central portion. In each case, one 
suture end is affixed to the tape and extends along it and through a suture 
retaining device affixed to the tape closer to the central portion. The sutures 
or tie-wrap are not tensioned at implantation, and the tie-wrap or suture free 
ends extend through the vaginal incision. If the tension on the urethra is too 
light as determined during the acute healing phase, the surgeon may grasp 
and pull on the tie-wrap or suture free ends to shorten the lengths of the tape 

end portions and thereby increase sling tension. The exposed suture or tie- 
wrap ends may be severed during chronic implantation.

[0015] In yet another approach, tape or sling ends or the end of a tensioning 
cable coupled to a urethral support mechanism are coupled to a tensioning 
device that is chronically implanted subcutaneously and can be accessed to 

adjust sling tension. See, for example, commonly assigned U.S. Patent No. 
4,969,892 and further U.S. Patent Nos. 5,474,518 and 6,117,067 and the 
REMEEX® readjustable sling by Neomedic, Inti, (www.remeex.com). Ratchet 
or gear mechanisms that are accessed using a driver inserted through the 

skin and thereby rotated to increase or decrease sling tension are disclosed in 
the '892 and '518 patents. An inflatable/deflatable, elastic chamber, 
mechanism that incorporates a fill port that is penetrable by a syringe needle 
advanced through the skin is disclosed in the '067 patent. The adjustment 
forces are applied to the sling ends and must be transmitted through the sling 
to effect any change in tension along the sling central portion adjacent the 
urethra.

5
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[0016] Further sling tension adjustment and maintenance techniques involve 
adding tensioning filaments to the sling free ends and extending the elements 
through the skin incisions and into engagement with buttons or pads 

implanted subcutaneously engaging a muscle or rectus fascia layer and/or 
having tissue engaging elements or anchors along the filament that engage 
subcutaneous tissues as disclosed, for example, in U.S. Patent No. 6,911,002 
and in U.S. Patent Application Publication Nos. 2005/0004576 and 
2006/0089525.

[0017] Although effective in alleviating SUI, further improvements in urethral 
and fecal slings to post-operatively adjust tension applied to the urethra .or 
anus are desirable.

SUMMARY

[0018] The preferred embodiments of the present invention incorporate a 

number of inventive features that address problems in the prior art that may 

be combined as illustrated by the preferred embodiments or advantageously 
separately employed.

[0019] The present invention involves improvements in an elongated 
incontinence sling, or simply sling, comprising a central support portion and 
end portions extending from the central portion to sling ends. Herein, use of 
the term sling or the expression “incontinence sling” without further 
qualification shall embrace urethral slings adapted to be placed through a 
tissue pathway disposing the central support portion between the urethra or 
bladder neck (hereafter collectively referred to as the urethra for convenience) 
and the vaginal wall to alleviate urethral incontinence and fecal slings adapted 
to be placed through a tissue pathway disposing the central support portion 
inferior to the anus, the anal sphincter or the lower rectum (hereafter 
collectively referred to as the anus for convenience) to alleviate fecal 

incontinence. Certain embodiments employ tensioning filaments or lines or 
cables or sutures that are referred to as “sutures" for convenience.

6
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[0020] In accordance with the present invention, such slings are improved to 
enhance post-operative sling adjustment of the tension applied to the urethra 
or anus to enhance efficacy and patient comfort. The various embodiments 
disclosed herein are applicable to both males and females, to address issues 
of incontinence in both, to address issues of prolapse repair in female and 
perineal floor descent, as well as fecal incontinence in both. Also surgical 
techniques such as forming suprapubic, retropubic, transobturator, inside out, 
outside in tissue pathways between two skin incisions, or a tissue pathway 

formed from a single incision through the vagina or perineal floor (in male or 
female patients) are also contemplated for passage of a sling therethrough.

[0021] In one preferred embodiment of a sling of the present invention, a sling
adjustment mechanism is incorporated into or on a section of one or 
preferably both of the sling end portions proximal to but spaced from the 
central support portion that can be adjusted at least in the acute post­
operative healing phase to directly adjust tension of the end portions and 
indirectly adjust tension of the central support portion. The spacing of the 
sling adjustment mechanism from the central support portion is selected in 
relation to the patient’s anatomy to facilitate access or engagement with an 
externally applied adjustment actuator or an actuator element extending 
percutaneously from a skin incision and to effectively transmit tension along 
the sling to the central support portion. The adjustment mechanisms are 
generally adjusted to adjust the length and/or tension of the end portions to 
thereby tension the center support portion and draw it closer to the urethra or 
anus or to relax tension of the center support portion to release pressure on 

the urethra or anus.

[0022] In certain embodiments, the sling adjustment mechanism comprises 

one or more suture extending from a point of attachment with one or more of 
the sling end portions to a suture free end and a sling tensioning device 

coupled to the suture free end that can be manipulated to increase or 
decrease sling tension.

[0023] In certain embodiments, the sling adjustment mechanism alternatively
or further comprises mesh folds formed of sections of the sling mesh in the

7
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sling end portions that define adjustment spacings, and tensioning sutures 
that are stitched through rriesh pores of the mesh folds to maintain the mesh 
fold during implantation and to function as draw strings for later adjustment 

during the acute healing phase. In certain embodiments, the suture free ends 
are adapted to be extended through skin incisions during implantation thereby 
enabling manual tension adjustment during the acute healing phase. The 

suture free ends may be grasped and pulled to pull the sling folds tighter 
together to decrease the adjustment spacing and thereby decrease the sling 

length and increase tension applied by the center support portion to the 
urethra.

[0024] In one variation, the sling tensioning devices incorporated into the sling 
end portions or sling free ends that extend percutaneously through the skin 
incisions made to install the sling to enable application of tension to or to 
release tension during at least in the acute post-operative healing phase to 
directly adjust tension of the end portions and indirectly adjust tension of the 
central support portion. For example, sutures extending from the 

subcutaneously implanted sling free ends are extended through the skin 
incisions made in the implantation of the sling to be manipulated by pulling or 
twisting during the acute post-operative healing phase to directly adjust 
tension of the end portions and indirectly adjust tension of the central support 

portion.

[0025] In other preferred embodiments, a tensioning band extends along at 
least a section of the sling end portions to apply sling tension along the 
section by or twisting the band. The free end of the band may be coupled to 

tensioning devices outside the patient’s body.

[0026] The suture or band free ends and any tensioning devices coupled 

thereto may be severed at the skin incisions following adjustment.

[0027] In certain preferred embodiments, the sling end portions may be 
implanted within biodegradable sheaths that make it possible to more easily 
pull upon or twist the sling end portions until the sheaths dissolve in the body. 
In other embodiments, the tensioning suture(s) are extended through the

8
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lumens of tubes that make it possible to more easily pull upon or twist the 
sling end portions. The tubes may be biodegradable in the body.'

[0028] In a further aspect of the invention, the sutures extending from the sling 
free ends of each of the embodiments disclosed herein are coupled to one or 
more sling tensioning devices that are subcutaneously implanted in abutting 

' relation to a supporting tissue such as the rectus fascia or the transobturator 

membrane that the tissue pathway is formed through. Post-operative 
adjustment of sling tension is contemplated by operating the tensioning 

device(s) through use of an external adjustment actuator. For convenience, 
such subcutaneous muscle layers, the rectus fascia or the transobturator 
membranes or other membranes and fascia are simply referred to as “tissue 
layers” herein.

[0029] In a preferred embodiment of this aspect of the invention, the 
tensioning device(s) comprises a rotatable bobbin that the suture(s) extends 
around and that can be rotated to release or draw in a length of suture(s) 
thereby decreasing or increasing sling tension. In one embodiment, the 
external adjustment actuator is a tool that is inserted percutaneously 
(penetrating the skin) to engage and operate the sling adjustment mechanism 
to increase or decrease the adjustment spacing. Alternatively, it is possible to 
dissect down to adjustment mechanism. Various sling tensioning devices are 
provided that can be rotated by the tool in one direction to draw the sling 
intermediate ends together to increase sling tension and that can be rotated in 
the other direction to allow the sling intermediate ends to separate apart to 

decrease sling tension.

[0030] In certain embodiments, a tissue anchor is coupled to at least one sling 
end adapted to be passed through body tissue to anchor the sling end against 
a tissue layer to stabilize the sling end and facilitate adjustment of sling 
tension.

[0031] Thus, the sling tension adjustment mechanism comprises one or more 
of a sling tensioning suture or band, a tensioning device coupled to a suture 
or band free end, a tissue anchor coupled to one or more of a suture free end

9
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and a sling end, a mesh fold, a suture tube, and a sling sheath in various 
combinations.

[0032] This summary of the invention has been presented here simply to point 
out some of the ways that the invention overcomes difficulties presented in 
the prior art and to distinguish the invention from the prior art and is not 
intended to operate in any manner as a limitation on the interpretation of 
claims that are presented initially in the patent application and that are 

ultimately granted.

BRIEF DESCRIPTION OF THE DRAWINGS

,[0033] These and other advantages and features of the present invention will 
be more readily understood from the following detailed description of the 
preferred embodiments thereof, when considered in conjunction with the 
drawings, in which like reference numerals indicate identical structures 
throughout the several views, and wherein:

[0034] FIG. 1 is a schematic view of an exemplary sling assembly enclosing a 

sling adapted to be modified in accordance with the invention to function as 

an adjustable tension urethral or fecal sling:

[0035] FIG. 2 is a schematic illustration of the sling of FIG. 1 adapted to be 
modified in accordance with the invention to provide an adjustable tension 

function;

[0036] FIG. 3 is a schematic illustration of the sling of FIG. 2 implanted in a 
female patient’s body in relation to the urethra or bladder neck to function as a 

urethral sling;

[0037] FIG. 4 is a schematic illustration of the sling of FIG. 2 implanted in a 
female patient’s body in relation to the anus and rectum to function as a fecal 

sling;

[0038] FIG. 5 is a schematic illustration of the relation of the sling central 
support portion and sling end portions to the urethra or anus;

10
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[0039] FIG. 6 is a schematic illustration of a first embodiment of an adjustable 
tension sling of the present invention, wherein mesh fold sling adjustment 
mechanisms are incorporated into the sling end portions to increase and/or 
decrease the tension applied locally to the urethra;

[0040] FIGs. 7A - 7B, 8A - 8B, 9A - 9B, and 10A - 10B are schematic 
depictions of mesh folds maintained by sutures passed through the mesh 
pores in a variety of stitch patterns;

[0041] FIG. 11 is a schematic illustration of a further embodiment of an 
adjustable tension sling of the present invention, wherein mesh adjustment 
twisted sutures are incorporated into the sling end portions and extend 
through the skin incisions made to implant the sling providing external suture 
free ends that can be pulled to increase sling tension;

[0042] FIG. 12 is a schematic illustration of a modification of the adjustable 
tension sling of FIG. 11 having buttons coupled to the external suture free 

ends that can be pulled or released to increase sling tension;

[0043] FIG. 13 is a schematic illustration of a modification of the adjustable 
tension sling of FIG. 12 having buttons coupled to the external suture free 
ends that can be twisted to increase or decrease sling tension;

[0044] FIG. 14 is a schematic illustration of a modification of the adjustable 
tension sling of FIG. 11-13 having sheaths surrounding sections of the sling 
end portions to inhibit or delay tissue ingrowth to facilitate increasing sling 
tension by pulling or twisting the external suture free ends;

[0045] FIG. 15 is a schematic illustration of modifications of the sheaths of 
FIG. 14 to stabilize the sheaths during the acute post-operative healing 

phase;

[0046] FIG. 16 is a schematic illustration of a further embodiment of an 
adjustable tension sling of the present invention, wherein tension increasing 
adjustment sutures are attached to the sling mesh and extended through 
elongated tube lumens extending alongside sections of the sling end portions

11
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and through the skin incisions to external suture free ends that can be pulled 
to tighten the sling mesh and increase sling tension;

[0047] FIG. 17 is a schematic illustration of a modification of the adjustable 
tension sling of FIG. 16, wherein a mesh fold is formed in the sling mesh and 

tension reducing adjustment sutures extend through the skin incisions and the 
tube lumens and are looped through the mesh folds, whereby tension 
reducing suture free ends may be pulled to release the sling mesh folds and 
reduce sling tension;

[0048] FIG. 18 is a schematic illustration of a further embodiment of an 

adjustable tension sling of the present invention, wherein tension adjustment 
bands are extended along sections of the sling end portions and through the 
skin incisions to external buttons that can be rotated to twist the sling mesh 
axially to tighten the sling mesh and increase sling tension;

[0049] FIG. 19 is a schematic illustration of an adjustable tension sling of FIG. 

6 having subcutaneously implanted suture or tissue anchors that can be 
alternatively coupled to the tension adjustment suture or band free ends in the 
embodiments of FIGs. 6-18 for subcutaneous implantation abutting tissue 
layers;

[0050] FIG. 20 is a schematic illustration of a further variation of the adjustable 
tension sling of FIG. 6, wherein the sling ends incorporate tissue anchors 
passed through and engaging tissue layers, and the tension adjustment 
sutures extend through or around further tissue anchors and extend through 
the skin to be available to increase and/or decrease the sling tension;

[0051] FIG. 21 is a schematic illustration of an adjustable tension sling of FIG. 
6 having sling tensioning devices that can be alternatively coupled to the 
tension adjustment suture or band free ends in the embodiments of FIGs. 6 - 
18 for subcutaneous implantation abutting tissue layers, and an external 
adjustment actuator is adapted to penetrate the skin and engage the sling 

tensioning devices;

12
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[0052] FIG. 22 is a schematic illustration of a further variation of the adjustable 

tension sling of FIG. 6, wherein the sling ends incorporate tissue anchors 
passed through and engaging tissue layers, and the tension adjustment 
sutures extend to sling tensioning devices for subcutaneous implantation 
abutting tissue layers, and an external adjustment actuator is adapted to 
penetrate the skin and engage the sling tensioning device;

[0053] FIG. 23 is a schematic illustration of a further variation of the adjustable 
tension sling of the present invention, wherein the sling ends are coupled to 
sutures extending to sling tensioning devices for subcutaneous implantation 
abutting tissue layers, and an external adjustment actuator is adapted to 
penetrate the skin and engage the sling tensioning devices;

[0054] FIG. 24 is a schematic illustration of a further variation of the adjustable 
tension sling of the present invention, wherein the sling comprises a sling 
central support portion and one end portion adapted to be extended though a 

tissue layer and a suture extending from the sling central support portion to a 
sling tensioning device for subcutaneous implantation abutting a tissue layer 
using an external adjustment actuator adapted to penetrate the skin to 
engage the sling tensioning device; and

[0055] FIG. 25 is a schematic illustration of a further variation of the
adjustable tension sling of the present invention, wherein sutures extend 
through the sling end portions to be extended though a tissue layer to a sling 
tensioning device for subcutaneous implantation abutting the tissue layer 
using an external adjustment actuator adapted to penetrate the skin to 
engage and operate the sling tensioning device.

[0056] The drawing figures are not necessarily to scale.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0057] The various embodiments of the present invention are implemented in
slings suitable for and methods of implanting such slings in the treatment of 
male and female urinary and fecal incontinence and to effect pelvic floor, 
perineal floor, and pelvic proplapse repairs employing a variety of surgical
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approaches. For example, female pelvic floor repair slings may be implanted 
by techniques that involve transvaginal, transobturator, suprapubic, pre-pubic, 
or transperineal exposures or pathways, and male urinary incontinence slings 
may be implanted by techniques that involve transobturator, suprapubic, or 
transperineal pathways. Any of the disclosed embodiments can be used as 
fecal incontinence slings which may be implanted by techniques that involve 
transvaginal, transobturator, suprapubic or via perineal floor pathways. In 
fecal incontinence applications, the disclosed embodiments can be used to 

correct the anorectal angle in the rectum to re-establish continence in 
patients. The above methods can, but are not necessarily limited to, utilize 
helical needles of the type described in U.S. Patent No. 6,911,003 or C- 
shaped needles or elongate needles of the type used to perform suprapubic 
procedures.

[0058] Referring to FIG. 1, an exemplary embodiment of an elongated sling 

assembly 10 is depicted in which the embodiments of the present invention 
may be advantageously implemented. The elongated sling assembly 10 
contains a sling 20 that may be implanted in any of the above-described 
manners and pathways through which at least end portions of the elongated 
sling assembly 10 is drawn to dispose a central support portion 40 of sling 20 
in operative relation to the urethral or bladder neck or around the anal 
sphincter or elsewhere in the pelvic region. The sling assembly 10 
comprises the sling 20 coupled to sling end connectors 12 and 14 and 

encased in protective sheaths 22 and 24.

[0059] The depicted exemplary sling assembly 10 thus extends between sling 
end connectors 12 and 14 that engage with the free ends of right hand and 
left hand sling implantation tools (non-suprapubic) of the types described 
above, for example. The sling end connectors 12 and 14 are shaped to dilate 
the right and left passages or pathways through body tissue formed by the 
curved needles of the right and left hand implantation tools in the above- 
described trans-vaginal or transobturator procedures, for example.

[0060] In this example, the sling 20 is enclosed within protective sheaths 22
and 24 extending from the sling end connectors, 12 and 14, respectively, to
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respective free and open sheath ends 26 and 28. Preferably, the protective 
sheaths 22 and 24 are constructed of a flexible thin transparent plastic film 
that enables visual examination of the sling 20 and is sufficiently lubricious 
that it passes easily through the tissue pathways of the patient formed using 
the right hand and left hand sling implantation tools (non-suprapubic) of the 
types described above or otherwise created. The sheaths 22 and 24 can 
include sheath indicia or tear scores, perforations or holes for assisting the 
surgeon in properly orienting sling 20 relative to the urethra. Certain 

embodiments of the present invention involve modifications of the sheaths 22 

and 24.

[0061] The sling 20 that is left in place chronically (following implantation and 
removal of sheaths 22 and 24 and end connectors 12 and 14) comprises an 
elongated, rectangular (in this depicted embodiment) braided or preferably 
knitted, mesh strip or simply mesh 30 as shown in FIG. 2. The sling 20 and 
mesh 30 are subdivided into a central support portion 40 that is adapted to be 

placed through a pathway extending between the urethra or bladder neck and 
the vaginal wall. Proximal end portions 42 and 44 of sling 20 extend from the 
central support portion 40 to the mesh ends 32 and 34. In FIGs. 1-3, the 
mesh 30 extends between mesh ends 32 and 34 and may be continuous 
throughout the length of the sling 20 between mesh ends 32 and 34. The 
attachment may be a direct attachment as depicted or, alternatively, an 
indirect attachment, e.g., by sutures extending between ends of sections of 
the mesh 30 or other materials forming the sling central support portion 40 
and the sling end portions 42 and 44. In certain embodiments, the central 
portion 40 may be formed of any tissue-compatible synthetic material or any 
natural biocompatibie material, including, but not limited to, treated 
autologous, allograft, or xenograft tissues, porcine dermis, a tissue 
engineered matrix, or a combination thereof.

[0062] The sling 20 of sling assembly 10 is therefore similar to those the 

disclosed in the above-referenced '450 and '003 patents but is modified 
herein to incorporate one or more of the aspects of the present invention. It 
will be understood that the mesh 30 may be dimensioned shaped in a variety
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of ways known in the art for implantation in the treatment of male and female 
urinary and fecal incontinence and to effect pelvic floor, perineal floor, and 

pelvic proplapse repairs employing a variety of surgical approaches. For 
example, the sling 20 may comprise more than two end portions 42 and 44 

coupled to connectors and extending at a variety of angles from a particularly 
shaped center portion 40.

[0063] In the implantation procedures described in the above-referenced '214, 
'450, and '524 patents and U.S. Patent Application Publication Nos. 
2005/0043580 and 2005/0065395, the sling connector ends 12 and 14 are 
fitted to the implantation tools and the proximal end portions 42 and 44 are 
drawn through the body passageway or pathway. The central support portion 
40 is adapted to be drawn against tissue to support the urethra or bladder 
neck or the anal sphincter or elsewhere in the pelvic region after the proximal 
end portions 42 and 44 are drawn through body pathways. The sling 
connector ends 12, and 14 are drawn out of the skin incision and detached 

from the implantation tool needle ends. The mesh 30 and sheaths 22 and 24 
are severed just proximate to the connector ends 12 and 14, respectively. 
The remaining portions of the protective sheaths 22 and 24 are withdrawn 
over the mesh 30 and through the skin incisions. The sling 20 then remains in 
place, and tension adjustments are made to provide sufficient urethral or anal 
resistance to leakage. The sling can also provide support, in a related 
embodiment, to the anal sphincter or elsewhere in the pelvic region so as to 
return the tissue/muscles to its original anatomical position and support it as 
well. The incisions are closed upon completion of the tests, and tissue 
ingrowth into the pores of the mesh 30 takes place in a matter of weeks.

[0064] Before describing the embodiments of the invention, attention is 
directed to a step illustrated in FIG. 3 of one such sling implantation procedure 

that results in the sling 20 extending through a tissue pathway created in a 
female (for example) patient 50 extending around the urethra 58. In 
preceding steps, the tissue pathway was formed by passing needles through 
a vaginal skin incision 62 just adjacent to the vagina 60 through soft tissue 
between urethra 58 and vagina 60 and along each side of urethra 58 through
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layers of fat, muscle, and fascia and between pubic bone 54 and bladder 56 
to first and second skin incisions through skin 52. Any of the known tissue 

pathways may be formed in this generally described manner. In a related 
embodiment, a sling is implanted via a single incision (vaginal incision 62) 
with the sling being pushed up into the transobturator or retro pubic space. In 
a related embodiment, the end connectors 12 and 14 of the sling assembly 10 
are attached to the same or other needles to draw the sling assembly 10 
through the tissue pathway to dispose the end connectors outside the 

patient’s skin 52. As shown in FIG. 3, the connectors 12 and 14 and sheaths 
22 and 24 were removed after being drawn out of the skin incisions, leaving 
the sling 20 in place. In another related embodiment, connectors 12 and 14 
are eliminated.

[0065] Referring to FIG. 4, a schematic illustration of an incontinence sling
implanted in a female (for example) patient’s body for treating fecal 
incontinence is depicted. In this illustration, the central support portion 40 
extends underneath the anus or anal sphincter 67 or inferior portion of the 
rectum 65 (hereafter collectively referred to as the anus 67 for convenience) 
to correct the anorectal angle in the patient. Various surgical approaches can 
be used to implant sling 20 to correct fecal incontinence including suprapubic, 
transobturator, retropubic, prepubic, transperineal and transvaginal (including 

a single incision approach transvaginally or transperineally).

[0066] At this point, the tension T that sling 20 applies against the urethra 58 
or anus 67 is adjusted as schematically illustrated in FIG. 5. Since the 
procedure may be performed using a local anesthesia, the patient 50 is able 
to provide feedback to the surgeon during adjustment of sling tension. In the 
procedure illustrated in FIG. 3, typically, the bladder 56 is filled with saline 
using a catheter, and the patient is requested to cough. The surgeon is able to 
determine whether leakage occurs and may adjust the tension on the sling 20 
by pulling on the exposed sling ends 32 and 34 to increase tension of the 
center support portion 40 against the urethra 58 or by pulling on center 
support portion through the vaginal incision to decrease the tension of the 
center support portion 40 against the urethra 58. The exposed end sections
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of the end portions 42 and 44 are trimmed away, and the abdominal incisions 
and the vaginal incision (as well as the labia fold incisions for the 

transobturator approach) are closed. In the various embodiments of the 
present invention, such slings as sling 20, are improved to enhance post­
operative sling adjustment of the tension T applied to the urethra 58 or the 
anus 67 to enhance efficacy and patient comfort.

[0067] It will be understood that the embodiments of the sling of the invention 

may be modified by substituting other support materials than open pore mesh 
30, particularly in the central support portion 40, e.g., homograft or allograft 
materials or nonporous synthetic materials. Moreover, other materials and 
structures may be substituted for the mesh 30 in the sections of constituting 
one or both of the end portions extending from the intermediate ends 38 and 
48 to the ends of the central support portion 40. For example, one or more 
straight or spiral suture may be substituted for all or part of such sections.

[0068] Moreover, the central support portion 40 may take any shape that is 
found to be most suitable to support the urethral and anal tissues that are to 
be supported in use of the sling.

[0069] While not essential to the practice of the present invention, it may be 
desirable to provide mechanisms incorporated into or that act on the sling 
central support portion 40 to facilitate the adjustment of the tension T applied 
to the urethra 58 or the anus 67. For example, a sling central portion 
adjustment mechanism may be provided to increase and/or decrease the 
tension applied locally to the urethra 58 or the anus 67. The sling central 
portion adjustment mechanism is associated directly or indirectly with the sling 
central support portion 40 and is distinct from the sling adjustment 
mechanisms incorporated in the sling end portion or portions. For example, 
the sling central portion tension adjustment may simply comprise a suture 
extending around the sling central portion and passing through the skin 

incision to provide post-operative tension adjustment until the suture is 
withdrawn through the skin or is absorbed by the body.
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[0070] Longer-term post-operative adjustment of the sling central portion 
tension may be accomplished with sling central portion adjustment 
mechanisms that remain in place. In one approach, the mechanism may be 
accessed for tension adjustment employing an external adjustment actuator 
that is percutaneously advanced through the skin 52 to engage the sling 
central portion adjustment mechanism. For example, one such approach 
involves injecting or withdrawing fluid from a fluid chamber of a pillow of the 
sling central portion adjustment mechanism applying pressure to the urethra 
58 or the anus 67.

[0071] In certain preferred embodiments of the present invention, a sling
adjustment mechanism is incorporated into or on a section of one or 
preferably both of the sling end portions 42 and 44 preferably proximal to but 
spaced from the central support portion 40 that can be adjusted at least in the 
acute post-operative healing phase. However, the boundary between the 

central support portion 40 and the sling end portions 42 and 44 is somewhat 
arbitrary unless the sling central portion is formed of a different material or has 
a differing width than the respective material or width of the sling end portions 
42 and 44, So it will be understood that the sling intermediate ends described 
herein as located within the sling end portions or between the sling ends and 
the sling central portion embraces a location at the junction of the sling end 
portions 42 and 44 with the central support portion 40. The spacing of each 
sling adjustment mechanism from the central support portion is selected in 
relation to the patient’s anatomy to facilitate access or engagement with an 
externally applied adjustment actuator or an actuator element extending 
percutaneously from a skin incision. The adjustment mechanisms are 
generally adjusted to adjust the length and/or tension of the end portions 42 
and 44 to thereby tension the center support portion 40 and draw it closer to 
the urethra 58 or anus 67 or to relax tension of the center support portion 40 

to release pressure on the urethra 58 or anus 67.

[0072] In certain embodiments, the end portion adjustment mechanisms are 

operated by actuator elements extending percutaneously through skin 
incisions 82 and 84 in the patient’s skin to the sling end portions 42 and 44,
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respectively. In other preferred embodiments, implantable suture or tissue or 
sling end anchors or sling tension adjustment mechanisms are coupled to the 
sling ends to be implanted subcutaneously to maintain sling tension. Certain 
implantable tension adjustment mechanisms are adapted to be 
percutaneously accessed with a tension adjustment tool to adjust sling 
tension during chronic implantation. In certain embodiments, sutures extend 

from sling adjustment mechanisms incorporated in the sling end portion(s) to 
such implantable suture or tissue anchors or tension adjustment mechanisms.

[0073] A further sling adjustment mechanism can optionally be employed to
engage and adjust the tension of the sling 20 at the central support portion 40 
in the manner of suture 108 with suture ends 106 extending through vaginal 
incision 62 operable as described with respect to FIG. 6.

[0074] One such embodiment is depicted in FIGs. 6-10, wherein the sling 
adjustment mechanisms 112 and 114 are disposed along sections of sling 
end portions 42 and 44. Sections of the sling mesh 30 in the end portions 42 
and 44 are folded into folds 122 and 124 to form the respective sling 
adjustment mechanisms 112 and 114, and adjustment sutures 116 and 118 
are stitched through the respective folds 122 and 124 to maintain the fold 
shape during implantation and to function as draw strings for later adjustment 
during the acute healing phase. In these embodiments, the suture ends 126 
and 128 of respective sutures 116 and 118 extending from the skin incisions 
82 and 84 during implantation of the sling 20 function as the adjustment 
actuators. The suture ends 126 and 128 may be grasped and pulled to 
shorten the adjustment spacings defined by the lengths of the mesh folds 122 
and 124 to thereby shorten the sling end portions 42 and 44 and thereby 
decrease the sling length and increase tension applied by the center support 
portion 40 to the urethra 58. In Figs. 7-10, a variety of stitch patterns for 
stitching the sutures through the mesh pores to hold them together during 

implantation. They can e cut or pulled to untie them post-op. In a related 
embodiment, folds 122 and 124 that may be compressed by tensioning the 
sutures 116 and 118 are depicted in FIGs. 7A - 7B, 8A - 8B, 9A - 9B, and 10A 
-10B. -

20



WO 2007/149593 PCT/US2007/014780

[0075] A further adjustment suture 108 (optionally formed of biodegradable 
material) is optionally placed around the sling mesh 30 and extended through 

a skin or vaginal incision 62 (for urinary and fecal incontinence) to enable 
manual tension adjustment. The suture ends 106 may be grasped and pulled 

to function as an actuator element and pull the sling mesh away from the 
urethra 58 (or anus 67) to release tension applied by the center support 

portion 40 to the urethra 58 (or anus 67).

[0076] In the absence of adjustment suture 108, the sling central support 

portion 40 may be accessed by reopening the incision 62 to pull on the sling 
20 to draw the sutures 116 and 118 back through the mesh pores, thereby 
increasing the sling length and decreasing tension applied by the center 
support portion 40 to the urethra 58 or anus 67.

[0077] Optionally, a biodegradable sheath of the type described above may be 
placed over the folds 122 and 124 to inhibit tissue ingrowth into the mesh 

pores and ease adjustment of the sling 20 until the sheath is absorbed and 
tissue ingrowth encapsulates and immobilizes sling mesh 30. Alternatively, in 
this and other folded mesh embodiments disclosed herein, the mesh 30 in 
mesh folds 122 and 124 may be coated with a material that inhibits or slows 
tissue ingrowth, or the sections of the mesh 30 forming mesh folds 122 and 
124 may be formed of a material that inhibits or slows tissue ingrowth.

[0078] The suture ends 126, 128, and 106 may be severed at the respective 
incisions 82, 84, and 62 following final adjustment.

[0079] Turning to FIGs. 11 - 13, filaments or sutures 602 and 604 that are 
preferably biodegradable are looped back and forth through mesh pores and 
axially along sections of the end portions 42 and 44 and are extended from 
the subcutaneously implanted sling free ends 32 and 34 to exposed suture 
free ends. The suture free ends of sutures 602 and 604 may be tied to discs 
or buttons 612 and 614, respectively. The suture free ends of sutures 602 
and 604 or buttons 612 and 614 may be grasped and pulled or rotated during 
the acute post-operative healing phase to directly increase tension of the end
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portions 42 and 44 and indirectly adjust tension of the central support portion 
40.

[0080] In certain preferred embodiments, the sling end portions may be 
implanted within biodegradable sheaths that make it possible to more easily 
pull upon or twist the sling end portions until the sheaths dissolve in the body. 
Simple open ended, biodegradable sheaths 622 and 624 are disposed around 
the respective sling 42 and 44 as shown in FIG. 14. More complex, open 

ended, biodegradable sheaths 632 and 634 are disposed around the 
respective sling 42 and 44 as shown in FIG. 15. The exterior surfaces of 
sheaths 632 and 634 are roughened or textured or formed with protrusions 
636 that in each case increase frictional engagement with surrounding tissue. 
The sheaths 622, 624 and 632, 634 block tissue friction from interfering with 
the application of or attenuating the tension applied to the sling end portions 
through the pulling or twisting of the sutures 602, 604 as described with 
respect to FIGs. 11 - 13. The suture free ends of sutures 602 and 604 may 
be left exposed or tied to discs or buttons 612 and 614, respectively, of FIGs. 

12 and 13.

[008*1] Preferably, the further adjustment suture 108 placed around the sling
mesh 30 and extended through the skin incision 62 is employed to enable 
manual tension adjustment of the central support portion 40. During such 
adjustment to release tension applied to urethra 58, the sling mesh 30 may be 
stretched and pulled from the lumens of the sheaths 622, 624 and 632, 634 
toward the urethra 58. The distal end openings 638 and 640 of the respective 
sheaths 632 and 634 are preferably narrowed to interfere with the sling mesh 
30 retracting back into the sheath lumen, thereby helping to maintain the 
adjustment of the central support portion 40.

[0082] In FIG. 16, filaments or sutures 652 and 654 that are preferably 
biodegradable are attached at respective fixed ends 656 and 658 to the sling 

mesh 30 at points along the lengths of the sling end portions 42 and 44 
extended through respective tubes 662 and 664 past the sling free ends 32 
and 34 and through the skin incisions 82 and 84. The suture free ends of 
sutures 652 and 654 may be left exposed or tied to discs or buttons 612 and
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614, respectively, of FIGs. 12 and 13. The suture free ends of sutures 602 
and 604 or buttons 612 and 614 may be grasped and pulled during the acute 
post-operative healing phase to directly increase tension of the end portions 
42 and 44 and indirectly adjust tension of the central support portion 40. The 
tubes 662, 664 preferably do not buckle during application of pulling force 
along the sutures 652 and 654 and enable application of the tension to the 
sling mesh 30 at points closer to the central support portion 40. It will be 
understood that the suture fixed ends 656 and 658 may be positioned within 

the central support portion or that the sutures 652 and 654 may comprise a 
single suture extending along the length of the sling 20 through the tube 
lumens and across the central support portion. Again, preferably, the further 
adjustment suture 108 placed around the sling mesh 30 and extended 
through the vaginal skin incision 62 is employed to enable manual tension 
adjustment of the central support portion 40.

[0083] In FIG. 17, the sling 20 of FIG. 16 is modified by inclusion of mesh 
folds 682 and 684 formed in the mesh 30 of sling end portions 42 and 44 and 
flexible tubes 662 and 664 extending from the mesh folds 682 and 684 along 
the respective sling end portions 42 and 44. In addition, a tension increase 
suture 652 and 654 tied to the mesh at the mesh fold 682 and 684 extends 
through the lumens of the respective tubes 662 and 664. Moreover, a tension 
release suture 672 and 674 extending through mesh pores to hold the mesh 
folds 682 and 684 together extends through the lumens of the respective 
tubes 662 and 664. The mesh folds 682 and 684 are maintained during 
implantation by loops 676 and 678 of the respective tension release sutures 
672 and 674 passed through the mesh folds 682 and 684. As described 
above, the suture free ends of tension increase sutures 652 and 654 (or 
buttons 612 and 614 attached thereto) may be grasped and pulled during the 
acute post-operative healing phase to directly increase tension of the end 
portions 42 and 44 and indirectly adjust tension of the central support portion 
40. A decrease in sling tension may be obtained by pulling on the exposed 

free ends of tension decrease sutures 672 and 674 (or buttons 612 and 614 
attached thereto) to pull the suture loops 676 and 678 out of the mesh 30 and 
release the respective folds 682 and 684.
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[0084] It will be understood that the flexible tubes 662 and 664 may be 

employed in the embodiments of FIGs. 6 - 10 to encase the sutures 116 and 
118.

[0085] As noted above, the sutures 602, 604 may be twisted to shorten their 
length and increase sling tension. FIG. 18 illustrates a further embodiment of 
the a sling of the present invention, wherein the sling mesh 30 is itself twisted 
to shorten the length of the sling end portions 42 and 44 during the acute 
post-operative healing phase to directly increase tension of the end portions 
42 and 44 and indirectly adjust tension of the central support portion 40. To 
achieve this twisting it may be necessary to increase torsional rigidity or 
“twistability” of the sling mesh 30 so that the sling mesh 30 may be twisted 
about its axis in the sling end portions 42 and 44 to thereby increase tension 
in the central support portion 40. For example, relatively stiff torque bands 
702 and 704 may be extended axially along sections of the sling end portions 
42 and 44 and at least periodically affixed to the mesh 30 by thermoplastic 

rivets 712, 714 or the like. Tensioning devices, e.g., buttons 706 and 708, are 
provided coupled to the torque bands 702 and 704 extending from the sling 
free ends 32 and 34 through the respective skin incisions 82 and 84. The 
sling end portion 42 is twisted by rotation of the button 706 as shown in FIG. 

18.

[0086] Certain sling implantation procedures for urethral and fecal slings 
involve employing implantation instruments having needles that are advanced 
from a first skin incision to a second skin incision to form first and second or 
right and left tissue pathways around the urethra 58 or the anus 67. The 
instruments or other instruments are then employed to push or pull the sling 
end portions 42 and 44 through the first and second pathways to dispose the 
sling ends near or through the skin incisions 82 and 84 as shown in FIGs. 3 
and 4. The above-described embodiments contemplate implantation in such 

tissue pathways.

[0087] Other sling implantation procedures for urethral and fecal slings have
sling ends configured to engage sling implantation tool needle ends to be 
pushed from a single incision adjacent the urethra 58 or the anus 67 through
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first and second tissue pathways to dispose the sling end portions extending 

away from the urethra 58 or anus 67. The skin incisions 82 and 84 are not 
necessarily made, and the sling ends are disposed at subcutaneous locations.

[0088] Turning to FIG. 19, it illustrates the adjustable tension sling of FIG. 6 
modified with suture or tissue anchors 96 and 98 that can be coupled to the 
tension adjustment sutures 116 and 118, respectively, for subcutaneous 
implantation abutting body tissue layers 72 and 74 (e.g., the rectus fascia, the 
transobturator membrane or other fascia), respectively. Generally speaking, 
the tissue anchors 96 and 98 can have channels or bores that one or both of 

the sutures 116 and 118 are passed though that grip the sutures with 
sufficient force to maintain sling tension. The suture retaining force may be 
overcome by manipulation of the suture and tissue anchor to increase or 
decrease sling tension during post-operative recuperation. The suture ends 
can extend through the skin incisions 82 and 84 and are placed under the skin 
52 (or through a vaginal or perineal incision or puncture), and the incisions are 
then closed. During chronic implantation, adjustments of sling tension may 
take place by reopening the skin incisions (e.g. 82 and 84) to access the 
suture ends and the tissue anchors 96 and 98.

[0089] In this embodiment, the suture 116 passes through a slidable bore of 
the tissue anchor 96 and through the same skin incision 82 that the tissue 
pathway is created for the sling 20. Similarly, the suture 118 is depicted 
extending through a slidable bore of the tissue anchor 98 and through the 
same skin incision 84 that the tissue pathway is created for the sling 20. For 
example, the tissue pathway may extend through the right and left 
transobturator membranes (tissue layers 72 and 74) that the tissue anchors 
96 and 98 are passed through and bear against. In a related embodiment, 
tissue anchors can be eliminated or substituted with tines on mesh face near 

the sling ends.

[0090] It will be understood that the tissue anchors 96 and 98 and the above- 
described procedures may be employed in any of the embodiments illustrated 
in FIGs. 6-12 and 14 — 17 and variations thereof.
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[0091] In a further variation of this embodiment of the invention depicted in 

FIG. 20, tissue anchors 132 and 134 are coupled to the sling ends 32 and 34, 
respectively, and the sutures 116 and 118 are passed through the tissue 
anchors 96 and 98. In the implantation procedure, the tissue anchor 132 and 

the sling end portion 32 are pushed from a single skin incision below the 
urethra 58 (or anus 67) through a first tissue pathway such that the tissue 

anchor 132 is passed through and bears against tissue layer 72. Similarly, 
the tissue anchor 134 and the sling end portion 34 are pushed from the skin 

incision below the urethra 58 or anus 67 through a second tissue pathway 
such that the tissue anchor 134 is passed through and bears against tissue 
layer 74. In a related embodiment, tissue anchors can be eliminated or 
substituted with tines on mesh face near the sling ends.

[0092] The suture 116 and tissue anchor 96 are pushed through a further 
tissue pathway such that the tissue anchor 96 is passed through and bears 
against a separate tissue layer 76 and then through a skin incision 86 (or a 
perineal or vaginal incision. Similarly, the suture 118 and tissue anchor 98 
are pushed through a further tissue pathway such that the tissue anchor 96 is 
passed through and bears against a separate tissue layer 78 and then 
through a skin incision 88. Alternatively, the sutures 116 and 118 can first be 
passed by themselves through the skin incisions 86 and 88, respectively, and 
the tissue anchors 96 and 98 can be applied over the sutures 116 and 118 to 
bear against the tissue layers 76 and 78, respectively. In a related 
embodiment, sutures 116 and 118 can go through a bore in tissue anchors 
and can be fed down through to vaginal/perineal incision and the fold can be 

eliminated in this and other embodiments.

[0093] Tension can be applied by pulling on the suture ends of sutures 116 

and 118, respectively while applying pressure against the subcutaneous 
tissue anchors 96 and 98, thereby tightening mesh folds 122 and 124. 
Tension on sutures 116 and 118 can be release to loosen mesh folds 122 and 
124 by exposing and manipulating the tissue anchors 96 and 98.

[0094] It will be understood that the tissue layers 72, 74, 76, and 78 may
comprise a muscle layer, fascia or transobturator membrane. Tissue layers
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72 and 76 may be the same or a different tissue layer, and tissue layers 74 

and 78 may be the same or a different tissue layer. The particular locations of 
skin incisions 86 and 88 and the respective tissue anchors 96 and 98 may 
include transobturator, abdominal, buttocks and perineal.

[0095] The tissue anchors 132, 134, 96, and 98 may take any of the forms 
disclosed in the above-referenced '002 patent and in U.S. Patent Application 

Publication Nos. 2005/0004576 and 2006/0089525.

[0096] Turning to FIG. 21, a further modification to the sling 20 of FIG. 6 is 
illustrated having sling tensioning devices 202 and 204 coupled to and 
receiving the suture ends of sutures 116 and 118, respectively. The sling 
tensioning devices 202 and 204 may take the form of those disclosed in the 
above-referenced '518 and '892 patents. In one approach, the tension 

adjustment sutures 116 and 118 extend around bobbins within the housings 
of the sling tensioning devices 202 and 204 that are rotatable in opposite 
directions to increase or decrease suture tension applied to the mesh folds 
122 and 124, respectively. The sling tensioning devices 202 and 204 are 
implanted subcutaneously bearing against the tissue layers 72 and 74, which 
may be the same or different tissue layers, depending on the implantation 

procedure.

[0097] The external adjustment actuator 210 may be shaped like a Keith 
needle having an engaging end 212 at the end of a shaft 214 attached to a 
handle 216. The tensioning devices 202 and 204 are shaped with actuator 
end receptacles 206 and 208, respectively, that can be manually palpated 
through the skin 52. During sling implantation, the actuator engaging end 212 
and shaft 214 can be inserted percutaneously through skin incisions 82 and 

84 to fit the actuator engaging end 212 into the actuator end receptacles 206 
and 208. During chronic implantation, the skin incisions 82 and 84 can be 
reopened by inserting engaging end 212 through dissection of patient’s skin 

52 and into the actuator end receptacles 206 and 208, respectively.

[0098] The external adjustment actuator 210 is depicted in FIG. 21 poised to 
be inserted percutaneously through the skin 52 to make engagement with the
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actuator end receptacle 206 and also depicted in engagement with actuator 

end receptacle 208. Various rotatable mechanisms within the tensioning 
devices 202 and 204 are contemplated that can be rotated by manual rotation 
of the external adjustment actuator 210 in one direction to shorten the sling 
end portions 42 and 44 together to increase sling tension and that can be 
rotated by manual rotation of the external adjustment actuator 210 in the other 
direction to lengthen the sling end portions 42 and 44 to separate apart to 
decrease sling tension. The actuator engaging end 212 is shaped to both 
penetrate tissue and to have mating surfaces for engaging the end 
receptacles 206 and 208 to enable rotation in both directions.

[0099] The embodiment depicted in FIG. 22 is the same as the embodiment 
depicted in FIG. 20 except for the substitution of the tensioning devices 202 
and 204 for the tissue anchors 96 and 98, respectively. Tension is applied to 
the mesh folds 122 and 124 through adjustment of tensioning devices 202 
and 204 using the 210 in the same fashion as described above with respect to 
FIG. 21.

[00100] It will be understood that that the sling 20 illustrated in FIGs. 20 and 22 
may be modified to eliminate the mesh folds 122 and 124 such that the 
sutures 116 and 118 may simply be tied (or passed through) to the mesh at 
the locations of the respective sling adjustment mechanisms 112 and 114. 
Sling tension would be increased by shortening of the lengths of the sutures 
116 and 118 employing either the tissue anchors 96 and 98 of FIG. 20 or the 
tensioning devices 202 and 204 of FIG. 22.

[00101] Moreover, the adjustment sutures 116 and 118 may be extended 
through sheathes or tubes that may or may not be biodegradable.

[00102] A simplified embodiment is illustrated in FIG. 23, where the sling 20 is 
modified to have the sutures 116 and 118 extending from sling ends 32 and 

34 to the tensioning devices 202 and 204 implanted to bear against the tissue 
layers 72 and 74. Again, the external adjustment actuator 210 is depicted in 
FIG. 21 poised to be inserted percutaneously through the skin 52 to make 
engagement with the actuator end receptacle 206 and also depicted in
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engagement with actuator end receptacle 208. Sling tension adjustment is 
accomplished in the manner described above with respect to FIG 21.

[00103] The lengths of the sling end portions 42 and 44 depicted in FIG. 23 
may be considerably shortened or eliminated so that the sling mesh 30 
primarily comprises the sling central support portion 40. In that case, the 
sutures 116 and 118 may be extended through tubes or sheath lumens.

[00104] While the above-described embodiments depict methods and 
apparatus for adjusting sling tension in each sling end portion, in the preferred 
embodiment one adjustment mechanism may be provided acting on or within 
one sling end portion.

[00105] It will also be understood that the adjustment suture 108 (or other 
tension adjustment mechanism) acting on the central support portion 40 is 
depicted in the above-described figures simply as an option and not as a part 
of the sling end portion tension adjustment mechanisms and techniques.

[00106] In the embodiments described above, either one or two sutures or 
bands extend from each sling end portion 42 and 44. It will be understood 
that a single suture may be substituted for the pairs of sutures depicted 
extending from each sling end portion 42 and 44 in certain embodiments.

[00107] Turning to FIG. 24, it illustrates a further variation of the adjustable 
tension sling 20 of the present invention, wherein the sling 20 comprises a 
sling central support portion 40 and one end portion 42 adapted to be 
extended though a tissue layer 74 and a loop of suture 302 extending from 
the sling central support portion 40 through a tissue layer 72 to a sling 
tensioning device 300 adapted to be subcutaneously implanted between the 

skin 52 and bearing against tissue layer 72. The sling tensioning device 300 
may take the form of the sling tensioning devices 202 and 204 and be 
adjusted using the external adjustment actuator 210 adapted to penetrate the 

skin 52 in the manner described above with respect to FIG. 21. It will also be 
understood that a tissue anchor, e.g., tissue anchor 134 may be provided in a
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related embodiment at sling end 34 to bear against tissue layer 74 as 
depicted in FIG. 22.

[00108] FIG. 25 is a schematic illustration of a further variation of the adjustable 
tension sling 20 of the present invention, wherein sutures 312 and 314 extend 
through the sling end portions 42 and 44, respectively to be extended though 
a tissue layer 72 or 74 to a sling tensioning device 310 adapted to be 
subcutaneously implanted below the skin 52 and abutting the tissue layer 72 
or 74. The sling tensioning device 310 may take the form of the sling 
tensioning devices 202 and 204 and be adjusted using the external 
adjustment actuator 210 adapted to penetrate the skin 52 in the manner 
described above with respect to FIG. 21. In the implantation of the sling 20 
depicted in FIG. 24, the tissue layer 72 or 74 may comprise the rectus fascia. 
The embodiments depicted in FIGS 24 and 25 provide for post-operative 
adjustment of the sling device; from hours to months after implantation.

[00109] It will be understood that the single tensioning device 310 may be 
substituted for the two separate sling tensioning devices 202 and 204 
depicted in FIGs. 21 and 23. In these variations of sling 20 illustrated in FIGs. 
21 and 23, the sutures 116 and 118 would extend to the single sling 

tensioning device 310.

[00110] Many of the embodiments described herein can be used in connection 

with prolapse and pelvic floor repairs (men and women) that may require post­
operative adjustment of the implanted mesh or graft or sting. They may also 
be used in connection with prostatectomies or hysterectomies and to support 
any other body tissue within the pelvic area or other parts of the body 
including but not limited to, hernia repair, and shoulder and abdominal repairs. 
Examples of meshes, grafts and prolapse repairs are described in U.S. 
Publication Nos. 2004-0039453 A1, 2005-0250977 A1, and 2005-0245787 
A1, which are hereby incorporated by reference in their entirety.

[00111] All patents and publications referenced herein are hereby incorporated 
by reference in their entireties.
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[00112] Throughout this specification and the claims, unless the context requires 

otherwise, the word “comprise” and its variations, such as “comprises” and 

“comprising,” will be understood to imply the inclusion of a stated integer or step 

or group of integers or steps but not the exclusion of any other integer or step or 

group of integers or steps.

[00113] The reference to any prior art in this specification is not, and should not be 

taken as an acknowledgement or any form of suggestion that such art forms part 

of the common general knowledge in Australia.
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1. A system for providing support to body tissue to alleviate incontinence 

comprising:

an elongated incontinence sling comprising:

a central support portion adapted to be positioned to support any one of the

urethra or anus and comprising a first end and a second end;

a first sling end portion extending from the first end of the central support portion

and through body tissue, the first sling end portion comprising a first sling end spaced 

from the central support portion;

a second sling end portion extending from the second end of the central support 

portion and through body tissue, the second sling end portion comprising a second sling 

end spaced from the central support portion;

at least one tension adjustment suture, each of which is coupled to at least a 

portion of a length of one of the first and second sling end portions between the central 

support portion and its respective sling end and each of which extends along the first or 

second sling end portion past its respective sling end to at least one suture free end, 

wherein each tension adjustment suture does not extend into the central support portion;

at least one tensioning means, each of which is coupled to at least one suture free 

end, wherein each tensioning means is manipulatable to release or apply tension through 

the first or second sling end portion to the central support portion, wherein the tensioning 

means is adapted to be implanted subcutaneously, and

at least one tissue anchor coupled to at least one of the first and second sling ends, 

the tissue anchor adapted to be passed through body tissue to bear against the tissue and 

to be supported by the tissue to thereby support the sling end and allow adjustment of 

sling tension.

2. The system of Claim 1, wherein the first and second sling end portions comprise a 

plurality of mesh pores, and wherein each tension adjustment suture is looped through the mesh 

pores to form a fold within one of the sling end portions that may be tightened or loosened by 

application or release of tension through the suture.
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at least one elongated tube having a tube lumen extending between tube first and second 

ends, wherein one tension adjustment suture extends through the tube lumen.

4. The system of Claim 1, further comprising:

at least one elongated sheath having a sheath lumen extending between sheath first and 

second ends, wherein one tension adjustment suture and the sling end portion extend through the 

sheath lumen.

5. The system of Claim 4, wherein each elongated sheath has an exterior sheath 

surface configured or treated to increase frictional engagement with surrounding tissue.

6. The system of Claim 1, wherein each tensioning means is coupled to at least one 

tension adjustment suture free end for rotating the at least one tension adjustment suture to 

release or apply tension through the first or second sling end portion to the central support 

portion.

7. The system of Claim 1, wherein each tensioning means is subcutaneously 

implantable to bear against a tissue layer and comprises tension adjustment means coupled to the 

at least one tension adjustment suture free end for drawing the at least one tension adjustment 

suture toward the tissue layer to apply tension through the first or second sling end portion to the 

central support portion.

8. The system of Claim 7, further comprising:

an elongated external adjustment instrument having a shaft extending between a handle 

and an engaging end shaped to be percutaneously advanced through the skin; wherein each 

tensioning means is engageable by the engaging end the external adjustment actuator for 

operating each tension adjustment means to increase or decrease the sling tension.

9. The system of Claim 1, wherein each tensioning means is coupled to at least one 

tension adjustment suture free end for axially pulling the at least one tension adjustment suture to
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portion.

10. The system of Claim 1, wherein the at least one tissue anchor comprises a bore 

receiving the portion of the tension adjustment suture extending through body tissue, the tissue 

anchor adapted to be manipulated to anchor against a tissue layer and to maintain tension in the 

central support portion applied to the urethra or anus.

11. The system of Claim 1, wherein:

a first tension adjustment suture having first suture free ends extends through a plurality 

of suture pores extending through at least part of the length of the first sling end portion from a 

point adjacent the central support portion and a point adjacent the first sling end;

a second tension adjustment suture having second suture free ends extends through a 

plurality of suture pores extending through at least part of the length of the second sling end 

portion from a point adjacent the central support portion and a point adjacent the second sling 

end;

the tensioning means is adapted to be implanted subcutaneously to bear against a tissue 

layer and comprises tension adjustment means coupled to the first and second tension adjustment 

suture free ends for drawing the tension adjustment sutures toward the tissue layer to apply 

tension through the sling end portion to the central support portion.

12. The system of Claim 11, further comprising:

an elongated external adjustment instrument having a shaft extending between a handle 

and an engaging end shaped to be percutaneously advanced through the skin; and

the tensioning means comprises means engageable by the engaging end the external 

adjustment actuator for operating the tension adjustment means to increase or decrease sling 

tension.

13. A method of providing support to body tissue to alleviate incontinence 

comprising:

providing an elongated incontinence sling comprising;
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comprising a first end and a second end;

a first sling end portion extending from the first end of the central support 

portion and through body tissue, the first sling end portion comprising a first sling 

end spaced from the central support portion;

a second sling end portion extending from the second end of the central 

support portion and through body tissue, the second sling end portion comprising 

a second sling end spaced from the central support portion;

at least one tension adjustment suture, each of which is coupled to at least 

a portion of a length of one of the first and second sling end portions between the 

central support portion and its respective sling end and each of which extends 

along the first or second sling end portion past its respective sling end to at least 

one suture free end, wherein each tension adjustment suture does not extend into 

the central support portion;

at least one tensioning means, each of which is coupled to at least one 

suture free end, wherein each tensioning means is manipulatable to release or 

apply tension through the first or second sling end portion to the central support 

portion; and

at least one tissue anchor coupled to at least one of the first and seocond 

sling ends adapted to be passed through body tissue to bear against the tissue and 

to be supported by the tissue to thereby support the sling end and allow 

adjustment of sling tension;

implanting the incontinence sling disposing the central support portion in operative 

relation to the one of the urethra or anus;

placing the at least one tissue anchor to bear against a tissue layer; and

actuating the tensioning means to change tension in the central support portion applied to the

urethra or anus.

14. A method of manipulating an implantable sling, the method comprising: 

providing an elongated incontinence sling having a central support portion adapted to be

positioned to support any one of the urethra or anus having first and second sling end portions 

extending from the central support portion, a tension adjustment suture coupled to at least one of
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the sling end portion past the sling end to a suture fee end, a tensioner coupled to the suture fee 

end adapted to be manipulated to release or apply tension through the sling end portion to the 

central support apportion, and at least one tissue anchor coupled to at least one sling end adapted 

to be passed through body tissue to bear against the tissue and to be supported by the tissue to 

thereby support the sling end and allow adjustment of sling tension;

placing the at least one tissue anchor to bear against a tissue layer; and 

actuating the tensioning means.

15. The system of claim 1 comprising a second tissue anchor coupled to a second 

sling end, the second tissue anchor adapted to be passed through body tissue to bear against the 

tissue and to be supported by the tissue to thereby support the sling end and allow adjustment of 

sling tension.

16. The system of claim 1 wherein the tissue anchor comprises an internal opening 

and a portion of the suture is located within the internal opening.

17. The method of claim 13 or 14 wherein the sling comprises a second tissue anchor 

coupled to a second sling end adapted to be passed through body tissue to bear against the tissue 

and to be supported by the tissue to thereby support the sling end and allow adjustment of sling 

tension.

18. The method of claim 13 or 14 wherein the tissue anchor comprises an internal 

opening and a portion of the suture is located within the internal opening.
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