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Active tissue augmenting agents, compositions and methods
for use are disclosed. In a typical embodiment, the active
augmenting agents of the invention can be used to form an
artificial Sphincter around a lumen of a human or animal
body. In one embodiment, the active augmenting agent
comprises magnitizable particles which can provide occlu
Sion of a lumen, Such as the urethral lumen, by circumfer
ential attraction of the injected material toward the center of
the lumen by the inherent magnetic flux field created from
the magnetic dipoles of the magnetic particles.
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ACTIVE TISSUE AUGMENTATION MATERIALS
AND METHOD
FIELD OF THE INVENTION

0001. The present invention relates to soft tissue aug
mentation. In particular the invention provides materials and
methods for active augmentation of Soft tissue Structures.
The invention can be particularly advantageous for the
treatment of Sphincter disorders including urological disor
derS Such as incontinence, Vesicoureteral reflux, and gas
trointestinal disorders including gastric fluid reflux, anal
Sphincter incontinence, etc
BACKGROUND OF THE INVENTION

0002 Urinary incontinence is a dysfunction of the blad
der's ability to Securely retain urine until an individual
intends to Void. Causes for urinary incontinence are many
and affect all age groups, but tends to be more prevalent in
females and the elderly. The major forms of incontinence are
StreSS incontinence, psychogenic incontinence, and trauma,
typically Surgical trauma to the vesicle neck. The market for
amelioration of urinary incontinence is currently estimated
at about 4% of the population and growing due to population
shifts toward longer lifespans. At the present time, the costs
related to urinary incontinence are estimated at between S1.8

0008. In the practice of plastic and reconstructive Surgery,
inert materials have frequently been implanted to fill in
defects or augment weakened tissue. These have been fab
ricated from a variety of materials and have been implanted
using Several techniques. Certain very Small particle Species
compounded in a lubricious material have been implanted
by Subcutaneous injection for both Soft and hard tissue
augmentation. However, undesirable Subsequent particle
migration and granulomatous reactions have commonly
resulted. This is well documented with Such materials as

polytetrafluoroethylene (PTFE) particles of very small
diameter (>90% with a diameter <30 microns) in glycerin.
One such product includes PTFE particles suspended in
glycerin with a minor amount of polySorbate and is available

under the name PolytefE (Mentor Corp. of California). This
is discussed, for example, in Malizia, et al., JAMA, Volume

251, No, 24, pp. 3277-3281 (1984).
0009 U.S. Pat. No. 4,773,393 (the 393 patent) relates to

an apparatus for hypodermically implanting a genitourinary
prosthesis comprising an extensible, inflatable tissue
expanding containment membrane to be located in the
proximal periurethral tissues to add bulk to these tissues and
thereby overcome urinary incontinence by means of local
ized, controlled tissue Volume increase. In column 1, refer

and S10 billion in direct and indirect costs.

ence is made to the aforementioned JAMA article co-au

0.003 Current methods for treating urinary incontinence
are pharmacological, Surgical, behavioral, and prosthetic
implant devices. The least intrusive treatment that can
achieve desired results is always recommended. However,
each of the existing treatments have limitations and draw

thored by a co-patentee of the 393 patent, Anthony A.
Malizia, with respect to the widespread migration of Poly
tefE particles along with granulomas. The invention of the
393 patent is said to obviate these problems by providing a
prosthesis comprising an elastomerical biocompatible con

backs.

tainment membrane into which a biomeric fluid or SuS

0004 Several Surgical procedures and devices for con
trolling urinary incontinence have been developed and tried
with varying degrees of Success. Examples of these include
bladder Suspension procedures, injection of collagen or
passively inert constrictive materials procedures, and Vari

(approximately 1-2.0 microns) or Small diameter elongated
fibrils, (generally 1-20 microns in diameter) of various

pended particulate matter such as TEFLON particles is
percutaneously injected to inflate the membrane.
0010. The use of very small diameter particulate spheres

incontinence using a Silicon gel prostheses, Brit, J Urol,

materials. Such as croSS-linked collagen or Synthetic poly
merS Suspended in an aqueous medium to which a biocom
patible fluid lubricant has been added as an injectible
implant composition is disclosed in U.S. Pat. No. 4,803,075.
While these materials create immediate augmentation, the
result is generally short-lived as the material also has a
tendency to migrate and/or be reabsorbed from the injection
site by the host tissue.
0011 Recently, three companies have indicated in pub
lished reports their intent to enter the market for treatment of
urinary incontinence with an injectible material. Mentor
Corporation has received limited approval from the FDA for
use of their injectible material, "Urethrin', in treating incon
tinent male post-prostatectomy patients. Previous published
reports Stated that C. R. Bard, Inc, and Collagen Corporation
were developing an incontinence treatment called “Contigen
Bard Collagen Implant,” understood to be Collagen Corpo
ration’s “Contigen' injectible bovine collagen material.
Subsequently, it was reported that: C. R. Bard is also
evaluating for urinary incontinence treatment a product
called “Hylagel-Muscle” which is said to be based upon
technology disclosed in U.S. Pat. No. 5,099,013 directed to
modifying naturally occurring hyaluronan “to form three
dimensional Sponge-like matrixes in the form of high
molecular mass fluids, gels and Solids that can Separate

48:646 (1973).

tissue, cells, and molecules.”

ous combinations of these.

0005 Behavioral treatment is useful in cases of minor
dysfunction, while exercises can help minimize the effects in
StreSS incontinence. Injectible implants of collagen have
proven to be Successful in mild cases, but are of limited long
term use as the collagen is absorbed by the body over a
relatively short period of time and must constantly be
replaced.
0006 The use of a long term prosthetic device has,
historically, been the least desirable as these devices can
cause irritation to the of the urethra and ultimately tissue
necrosis if the prosthetic device causes circulatory insuffi
ciency. In addition, the application of the obturating collars
of some older devices required that the urethra be severed
and reattached, further complicating the Surgical procedure
and causing additional trauma to the tissue.
0007 Prosthetic devices based on the compression of the
urethra at a given point are known and disclosed in, for
example, "Treatment of urinary incontinence by implantable
prosthetic sphincter,” by Bradley and Timm, Urology, 1:252

(1973); “Treatment of post-prostatectomy urinary inconti
nence using a gel prostheses', by Kaufman, Brit. J. Urol.,

45:646 (1973) and “Treatment of post-prostatectomy urinary
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0012 Artificial sphincters have been advanced in the
prior art and the primary ones in use utilize an inflatable cuff
Surrounding a conduit to obturate material flow. In creating
the localized pressure necessary to overcome the material
back preSSures, the cuff type devices also tend to obstruct the
normal flow of blood in the conduit walls, and thus long term
usage of cuff-type artificial Sphincters is not viable. The
continuous ring of pressure without adequate blood flow can
result in Scarring and localized tissue damage.
0013 A type of a magnetically actuated artificial sphinc
ter is disclosed in U.S. Pat. No. 3,926,175 showing a cuff
having a Section that is actuated by magnetic force to preSS
against a conduit around which the cuff is placed. An
external electromagnet is utilized for providing the force,
and thus the device is not totally implantable, and is made
So it will Snap to a locked position and must be Snapped back
to an open position. While the device is made to apply forces
only on two opposite sides of the conduit that it is Surround
ing, rather than in a noose-like complete ring, in order to
prevent necrosis, the unit is still difficult to operate, and
varying the closing pressure is difficult because the magnet
used is for actuation of an over center actuating device.
0014 U.S. Pat. No. 4,024.855 discloses a magnetic fila
ment which may be implanted in the form of a pair of coils
on opposite sides of a body tube Such as a urethra. Both coils
can be permanent magnet materials, or one can be a per
manent magnet and the other a filament that has magnetic
properties. The coils that are implanted are polarized So that
they attract each other for the purposes of pinching the
conduit or urethra closed. Then, in order to open the body
conduit it is necessary to provide an external unit that creates
a magnetic field which alters the polarity of the implanted
coils so that the coils repel each other to open the tube. When
drainage is over, the external power unit is used to return the
implanted coils to their original polarity. It can be seen that
Such devices have limitations in the force that can be

generated, and require the use of external controls for
operation. Further, as a practical matter, controlling the
preSSure on the body conduit using these devices is So that
leakage or dripping do not occur. Also, the coils can cause
closure which is too tight and thus, can cause damage to the
tissue as well.

0.015. A magnetically actuated device for controlling a
tube that carries fluid flow to or from different organs of the

body of a human is disclosed in U.S. Pat, No. 4,053,952 (the
952 patent). This device uses a type of valve arrangement
which has a coil with oppositely facing contact members on
opposite sides of the tube. When current is supplied to
demagnetize, or magnetize permanent magnets installed, the
tube can Selectively be blocked or opened. An external
current of Substantial value is required in order to operate the
unit, and while it is indicated that power consumption is low,
there still is a need for external power. The device shown in
the 952 patent can be used as a pump as well by alternately
magnetizing and demagnetizing the permanent magnets.

0016 U.S. Pat. No. 4,994,019 discloses the use of an
active magnet mechanism and appliance for the control of
incontinence that must be controlled by external Stimuli and
must be Surgically inserted through Significantly invasive
surgery. Finally, U.S. Pat. No. 5,509,888 teaches the use of
magnetorheological fluids housed in a chamber and which

react within an applied magnetic flux to radically change
their Viscosity and other Theological properties to form an
artificial Sphincter.
0017 Magnetically controlled plugs have also been
advanced for controlling incontinence, and Such devices are
shown in German Patent Nos. DE2717.607 and DE3139811.

0018 From the foregoing discussion, it will be appreci
ated that many approaches and treatments have been pro
posed to cure or relieve conditions of urinary incontinence.
While Some of these approaches have enjoyed modest
Success, relief has been for the most part, only temporary in
those patients where Success is noted. Thus, there remains a
continuing need for improving treatment of Such urological
disorders.
SUMMARY OF THE INVENTION

0019. The invention is directed to actively augmenting
tissues in human and animal bodies. The disclosure provides
active augmenting agents and methods particularly advan
tageous for forming artificial Sphinters to Selectively occlude
lumens throughout the body.
0020. It will be noted that in several places throughout
the Specification, guidance is provided through lists of
examples. In each instance, the recited list Serves only as a
representative group. It is not meant, however, that the list
is exclusive.

0021. In one embodiment an active augmenting agent
includes magnetizable particles. The magnetizable particles
can be magnetized prior to depositing into a tissue or
unmagnetized particles can be deposited into the tissue and
Subsequently magnetized after deposition into tissue.
According to this embodiment, the magnetically active
particles can have a nominal measurement of between about

30 and 3000 microns (0.003 to 3.0 mm). A preferred range

for many applications is between about 80 and 600 microns

(0.008 to 0.6 mm). The magnetically active particles can

have generally amorphous Surfaces and typically possess
Surface irregularities including indentations.
0022 Magnetizable particles according to the invention
can be Suspended in a Suitable biocompatible carrier.
Examples of Suitable bicompatible carriers include Saline,
Solutions of Sodium hyaluronate, various Starches, hydro
gels, polyvinylpyrrolidones, other polymeric materials,
polysaccharides, organic oils or fluids, etc. The patient's
own plasma can also be a Suitable carrier. The plasma may
be derived from blood withdrawn from the patient, centri

fuged to remove cells (or not) and mixed with appropriate
aliquots of particles and the mixture injected in the desired

locations.

0023. A suspension of magnetically active particles
according to the invention provides an active device that
utilizes magnetic particles in Such a way as to prevent
absorption by macrophages while providing a compliant
Surface to the urethra in order to prevent circulatory insuf
ficiency. When deposited in tissue Surrounding a lumen, for
example the urethral lumen, the Small, permanent magnetic
fields created by the magnetically active particles can cause
an artificial increase in the Viscosity and apparent density of
the Suspension.
0024. Thus, in one embodiment, the invention provides
an injectible, magnetically active control media and method
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providing a unique Solution to the growing number of people
Suffering from urinary incontinence due to Sphincter insuf
ficiency. The injectible magnetically active media addresses
the shortcomings of many existing products and procedures
available to physicians and Supplies a unique Solution to
restoring individual control over bladder function.
0.025. Other embodiments of the invention are further

described herein below.

BRIEF DESCRIPTION OF THE DRAWINGS

0.026 FIG. 1 illustrates an exemplary embodiment of an
augmenting composition according to the invention;
0.027 FIG. 2 is a longitudinal cross-sectional view
through a urethra according to the invention;
0028 FIG. 3 is a transverse cross-sectional view of the
urethra taken through line 3-3 of FIG. 2; and
0029 FIG. 4 is a longitudinal cross-sectional view of a
urethra with a preSSure measuring device passed therein.
DETAILED DESCRIPTION

0030 The present invention is directed to active tissue
augmenting agents, compositions and procedures for active
tissue augmentation when the agents are deposited at
Selected locations within or near a tissue to be augmented.
In Some embodiments, passive tissue augmentation can also
occur due to the bulk of the compositions deposited within
the tissue. The invention is particularly advantageous for
amelioration of Sphincter disorders in humans and animals.
0.031 AS used herein, to “augment” a tissue means to
cause the tissue to have an increase in size or a change in
configuration relative to the size or configuration of the
tissue prior to augmentation. “Active augmentation” means
that the tissue configuration is altered as a result of an
attracting or repelling force exerted by an agent deposited in
or near the tissue. In contrast, "passive augmentation” means
that the tissue configuration is altered as a result of Volu
metric displacement of the tissue contours due to the Volume
of a Substance deposited in or near the tissue. AS used herein,
unless otherwise Specified, “tissue” typically refers to Soft

tissue (i.e., non-bone structures) throughout the body includ

ing, for example, fat, muscle, collagen, mucosa, Submucosa,

vasculature, etc.

0032. According to the invention, an “active augmenting
agent' is a Substance which when deposited within a tissue
at a first location can be drawn towards a Second location of

tissue containing the same or a different Substance due to an
attraction between the Substance at the first and Second

locations. In Some preferred embodiments, an active aug
menting agent includes compounds Susceptible to a mag
netic dipole. Examples of active augmenting agents Suscep
tible to a magnetic dipole include magnetizeable particles
Such as iron, Steel, cobalt, nickel, Samarium, etc. or alloy
particles that are or can be treated to be attracted to iron and
produce a magnetic field external to themselves. AS used
herein, the term "particles' includes material configurations
Such as beads, Spheroids, cubes, rods, Shavings, trapezoids,
rectangles, etc. An active augmenting agent of the invention
may also provide passive augmentation of a tissue as a result
of the Volume of the agent, or composition including the
agent, that is injected into the tissue.

0033. In a typical embodiment, an active augmenting
agent can be administered in or near a tissue to be actively
augmented. The agents are preferably fluids, Solids or com
bination of fluids and Solids which are flowable and can be

deposited into tissue through minimally invasive techniques
Such as through a hypodermic needle or Similar delivery
device that provides for positioning an outlet for release of
the agent at a Selected deposit Site. In an alternative embodi
ment, it is foreseen that an augmenting agent in the shape of

Small rods (e.g., 5 mm length and 1 mm diameter) can be

placed in tissue through minimally invasive or non-mini
mally invasive methods.
0034. Thus, for exemplary purposes, in one embodiment,
an active augmenting agent can be deposited in the Submu
cosal tissue Surrounding the urethra to treat a patient affected
by urinary incontinence. The attractive forces of the agent
deposited in the submucosa draws the wall of the urethra
together to occlude the urethral lumen thereby forming an
artificial Sphincter. During urine Voiding, the force of the
urine Stream caused by contraction of the bladder can open
the artificial Sphincter and after voiding the attractive forces
of the augmenting agent causes the urethral lumen to return
to its constricted State to maintain urinary continence.
0035. The invention is particularly suitable for male or
female patients to form artificial Sphincters that Supplement
or Supplant natural Sphinters in lumens throughout the body
including, for example, bladder, gastro-esophogeal, pyloric,
illiocecal, anal, etc. Thus, the invention can be used to

ameliorate conditions associated with urinary incontinence,
vesicoureteral reflux, gastro-esophageal reflux, gas
troduodenal reflux, anal incontinence, bowel resection, etc.

0036 An active augmenting agent can include particles
that have a size of about 30 to 3000 microns (0.003 mm to
3.0 mm) and preferably, for most applications, about 80 to
600 microns (0.008 mm to 0.6 mm). The particles can be

textured or Smooth. Typically, Smooth particles used for a
particular application will be larger than textured particles
used for the same application. AS will be discussed further
below, a biocompatible coating can be applied over the
entire Surface of the particles to facilitate acceptance of the
particles by the body.
0037. The particles of an active augmenting agent can be
in a composition that Suspends the particles in a biologically
compatible carrier. AS used herein, "biologically compat
ible” means that the carriers provide low or no tissue
reaction and are removed or metabolized by the body with
low or no cytotoxic effects. Suitable biocompatible carriers
include, for example, Saline, various Starches, hydrogels,

polyvinylpyrrolidones (PVP), polysaccharides, fats, organic

oils or fluids and polymeric materials which are known and
used in the art. Particularly advantageous carriers include
esters of hyaluronic acids Such as ethyl hyaluronate and

polyvinylpyrrollidone (PVP). PVP normally has the general
empirical formula (CHCH)N(CH2)CO), wherein “n” is
in the range of about 25-500. One form of PVPs are known
and marketed as Plasdone TM, available from International

Specialties, Inc. Wayne, N.J. A patient's own plasma can
also be used as a carrier.

0038 A composition of an active augmenting agent can
also include a "Surface modifier. AS used herein, a "Surface
modifier” connotes a material combined into the formed

particle, applied to the Surface of the particle or added to the
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carrier to alter inter-particle or agent-tissue interaction. The
Surface modifier may also provide particle identifiability

(e.g., increased radiopacity), alter the coefficient of friction
(e.g., increase lubriciousness), assist in detoxification of the

magnetic particle Surfaces, render the Surface of the particles
more amenable to tissue in-growth, facilitate tissue encap
Sulation of individual particles, etc. Examples of useful
Surface modifiers include PVP, collagen, hyaluronates, poly

tetrafluoroethylene (PTFE), and others.
0.039 Surface modifiers and/or other biocompatible Sub

stances may be incorporated into the carrier or combined
with the surface of the particles prior to addition to the
carrier. Surface modifiers such as PVP and PTFE may be
mixed into the base material used to form the particles. The
Surface modifiers can provide Surface texture to the particles
which may then further be coated with a layer of a hyalu
ronate or hyaluronic acid to provide improved tissue accep
tance. Surface modifiers such as PTFE may be admixed
with, for example, a poly di-Substituted Siloxane particle
material prior to curing the particle to impart an average
Surface modification to the cured particle. A material Such as
hyaluronic acid may be attached to the particle Surface either
thorough physical or chemical bonding. Surface modifiers
Such as PVP, collagen, hyaluronates, polytetrafluoroethylene

(PTFE) etc. also can be selected to assist in detoxification of
the magnetic particle Surface and promote tissue encapsu
lation, if desired.

0040. A composition of the active augmenting agent can
contain additional bioactive Substances that can be included

in the carrier or attached to the Surface of the particles to
promote encapsulation. Examples of Such bioactive Sub
stances include fibronectin, transforming growth factor beta,
and various other cytokines, Such as interleukin-1.
0041. It is believed that once implanted into tissue, the
body typically forms a thin layer of Scar tissue around each
of the particle implants to provide initial encapsulation.
Polyvinylpyrrolidone, hyaluronate or collagen or other bio
compatible Substances may be chemically or physically
combined with the particle Substance or its Surface to
enhance the acceptance of the implant by the host. While in
most Situations the particles are of random size and con
figuration, but within the constraints of size indicated, it is
generally desirable that the particles be of generally uniform
Size and configuration for use in a given procedure.
0.042 By way of further background, the average diam
eter of a capillary is approximately 16 microns, or approxi
mately two times the diameter of a red blood cell. Therefore,
textured magnetically active particles having a size of at
least approximately 30 microns, will not be absorbed into
the capillaries and generally remain captive and fixed in
place. Smaller particles, including Some up to the 30 micron
range, have been implicated in causing chronic inflamma
tion and may be ingested by host cells. Thus, to reduce the
likelihood of chronic inflammation, it is preferred that
particles in the range of between about 30 and 3000 microns
be used.

0.043 Fibroblasts are the scar-forming cells of human and
animal bodies. These cells range in Size from between about
20 microns up to about 100 microns. Because of contact
guidance and reduced motion, they tend to form an efficient
Scar tissue or collagen-based coating around an inert foreign
body. Furthermore, such scar tissue will conform to the

irregularities in the Surface of the foreign body, particularly
if they are of Sufficient size to accommodate tissue ingrowth.
Studies have shown that foreign Substances can be firmly
anchored in a predetermined location in the body. Because
of the inherent ability of fibroblasts to form scar tissue in and
around irregularities of the Surface, Such anchoring occurs in
many locations, including locations within the blood Stream.
0044 Inert foreign particulate matter used for tissue
augmentation having a mean diameter less than about 30
microns are generally Subject to significant migratory loSS
from the site of injection, regardless of Surface configura
tion, absent extraordinary protection. The size and irregular
nature of the Surface of Some magnetically active spheres of
the invention, however, minimizes their migration tenden
cies and favors benign assimilation in Scar tissue.
0045. In many prior compositions of implantable par
ticles, particle size tends to vary over a range. Within any
group of particles there will be a percentage of the group
larger and a percentage of the group Smaller than a target
size. That is, the particle Size defines a range of Sizes.
Furthermore, the normal variation in patient to patient
acceptance and reaction to tissue injection of magnetically
active particles must be considered. With these factors in
mind, the invention considerS optimum particle size, par
ticularly with regard to the problems of unwanted migration
and formation of granulomatous reactions.
0046 Observations in a variety of clinical situations have
indicated that particles less than about 60 microns in diam
eter can be engulfed by macrophages and transported to
regional lymph nodes. Submicron-sized particles may be the
most easily transported and may remain intracellular indefi
nitely. However, larger particles, particles that approach the
Size of a macrophage, i.e., from about 20 to about 60
microns, may cause the death of a cell when-engulfed. This
begins a progression in which the dead cell releases inter

cellular enzymes (e.g., cytokines) that then attract other
phagocytes which, again, encounter and engulf the particle

with the debris of the first encounter. In this manner, a

Vicious cycle continues on a larger Scale as a chronic
inflammatory response. Such a response is typically highly
undesirable.

0047 Particles greater than about 60 microns, however,
have not been observed within a cell or within lymph nodes,
and, certainly, particles greater than 80 microns appear Safe
from initiating Such foreign body reactions. Thus, there is
theoretically there is no upper limit to the Size of particles
Suitable for use according to the invention. However, for
practical purposes the useful upper limit of the dimensions
of active augmenting particles will typically be about 1 to 3
mm Since particles of a size greater than this may be
perceived as Surface irregularities when palpated. Moreover,
in contrast to larger particles whose physical presence can
cause continuous pressure to treated tissue, the physical
presence of Smaller particles exert relatively discontinuous
or intermittent pressure thus allowing uninterrupted blood
flow to all portions of the treated tissues
0048 Particles suitable for the present invention can be
prepared using known methods. Magnetizeable particles of
the sizes contemplated for use in the present invention may
be manufactured from any number of techniques, Such as
Vapor condensation, Spray freezing, roll forming, forging, or
Stamping. Those skilled in the art of powdered metallurgy
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will be able to easily recognize how to produce magnetically
active particles of the size desired for this invention. Non
limiting examples of preparation methods for Some particles
are discussed below.

0049. The spray freezing process is commonly used in
the operation of a shot tower for making lead shot or in a
Spray dryer for making powdered milk. In the Shot tower
procedure the Size of the particles can be regulated by
varying the orifice size of the dispersing Screen. In the Spray
freezing example the particle Size can be varied by regulat
ing the orifice and/or pressure in a nozzle-type unit or the
rotational Speed of the dispersing head in a rotary disk unit.
Additional information on the manufacture of powdered
metals is available from the US Government in the military

0054 For urinary incontinence, it is foreseen that an
active augmenting agent, Such as a Suspension of magne
tizeable particles, can be injected directly into the tissue
Surrounding the urethral lumen by a physician in an outpa
tient Setting. Current magnetic material technology exists for
the magnet properties of the media to last for the lifetime of
the individual. Supplemental injections of the media may be
needed if the decrease in natural urinary control increases.
0055 Once an active augmenting agent, Such as magne
tizeable particles are implanted, when the patient has the
urge to Void urine, the pressure within the bladder increases
the radial dimension of the urethral lumen which reduces the

ticles can be manufactured from permanent magnetic mate
rial. These materials are defined as having a wide hysteresis
loop characterized as having high resistance to a magnetiz
ing force while also possessing a high magnetic flux density.
Materials which intrinsically possess Such characteristics are

magnetic field Strength of the particles Surrounding the
urethra. Reducing the magnetic field Strength Surrounding
the urethra reduces the external pressure occluding the
urethral lumen permitting urine to be expelled through
normal bladder function. Preferably, a Suspension of mag
netically active particles permits the patient to Void naturally
without undesirable bladder distention. The radiopaque
nature of most medias of the invention will not impair
insertion of a urinary catheter to if needed for drainage of the

rare-earth/iron mixtures Such as neodymium-iron-boron
alloys. Magnetically active materials are available in metal

0056. The invention will now be further described with
reference to the accompanying drawings exemplifying the
use of magnetizeable particles according to the invention for

specifications for powdered aluminum (Mil-Std 512A).
0050. In preferred embodiments, magnetically active par

high carbon Steel, nickel-bearing materials (e.g. Alnico),
rare-earth cobalt alloys (e.g. Samarium cobalt), or complex
lic or ceramic forms or in combinations of the two materials.

Magnetically active materials are described in the American
Society of Metals handbook and are well known to those
familiar with magnet fabrication. The magnetically active
materials disclosed herein are used for illustration purposes
only and should not be construed to be restrictive.
0051. In order to have the magnetically active particles be
accepted by the biological tissue, an appropriate biocom
patible coating is preferably placed over the entire Surface.
These biocompatible coatings can be manufactured from
any number of known biocompatible materials. Such as
titanium or titanium alloys such as Ti-6Al-4V, cobalt based
ferrous alloys, nickel alloys Such as nickel-titanium alloys or
"Nitinol”, ceramic materials Such as high density aluminum
oxide; carbon compounds Such as pyrolytic carbon, Vitreous
carbon, or vapor deposited carbon on Substrates, plastic
materials. Such as medical grades of polyethylene, polypro
pylene, perfluorinated polymers, acrylic polymers, polyure
thanes, or Silicone rubbers, or deposited metals. Such as gold,
platinum, or other noble metal.
0.052) If desired, surface modifiers can be incorporated as
a coating on the Surfaces of the particles. In this manner,
certain materials Such as hyaluronic acid, for example, may
be attached to the magnetically active particle Surface either
through physical or chemical bonding in known manners
after formation of the particles and coating with a biocom
patible material. The magnetically active particles can then
be mixed with the appropriate vehicle in appropriate ratios,
placed in containers, and Sterilized within the container.
0053. The patients overall condition must be evaluated
for the optimum quantity and strength of an active augment
ing agent, Such as a magnetic media, in order to achieve
optimum control with minimal inconvenience. An optimal
pressure range is to maintain approximately 500-1000 Pas

cals (50-100 cm/HO) of internal bladder pressure. Thus, for
example, a preferred internal bladder preSSure for a Seden
tary individual would be nearer to the lower pressure range
and an active perSon nearer the upper pressure range.

bladder.

the amelioration of StreSS incontinence. The illustrations and

description are for exemplary purposes to facilitate compre
hension of the invention and should not be construed to limit

the Scope of the invention.
0057. In this embodiment, magnetically active particles
ranging in size from about 100-600 microns are mixed with
a PVP gel to provide a biocompatible biphasic solution.
FIG. 1 illustrates an exemplary augmenting composition 1
containing about 200 micron magnetic particles 2 having
magnetic dipoles coated in a protective coating 3 and
suspended in a carrier 4, such as PVP. The mixture can be
contained in a Syringe mounted in a pressure injection gun.
One example of Such a gun is available from Becton
Dickenson, Franklin Lakes, N.J.

0058 Local, regional, or general anesthesia is adminis
tered and the patient positioned in the lithotomy position. A
cystoScope equipped with a panendoscopic lens is inserted
into the urethra and the urethra examined to confirm Suit

ability of Submucosal injection. Once suitability has been
confirmed, the patient's bladder is filled to about one-fourth
to one-half full with a sterile fluid Such as water, normal

Saline, lactated ringers, etc.
0059 FIG. 2 is a longitudinal cross-section view of a
urethra 10 comprising the urethral lumen 11 Surrounded by
urethral wall 12 and Soft tissues 13 external to urethral

lumen 11. The augmenting composition 1 can be deposited
in the Soft tissueS 13 by, for example, passing a piercing
needle inside the lumen out. That is passing the needle into
the urethral lumen 11 and through the urethral wall 12 into
the external Soft tissue 13.

0060 Alternatively, the composition 1 can be deposited
into the external Soft tissue 13 through a needle passed into
the external Soft tissue via the perineum region. The length
and gauge of the needle can be Selected by the physician.
Thus, in one embodiment, a 50 mm 16-gauge needle with a
cuff about one centimeter from the distal end can be passed
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through the working channel of the cystoScope. Alterna
tively, in another embodiment, a 50 mm 16 gauge needle,
without cuff, can be inserted into the Soft tissues external to

0066. The increase in the apparent viscosity of the carrier
fluid due to the plurality of magnetizeable particles in the
composition being attracted to each other causes a control

the urethra through the perineum, into the region of the

lable radial constriction around the urethral lumen that

bladder neck. In the former alternative, the needle can be

functionally contributes to the occlusion of the flow of urine
while preferably maintaining a constricting force below that
of the patient's Systolic blood pressure. Because the mag
netic flux of the media moves as a packed bed of spheroids,
the urethral tissues can continue to be perfused by the
circulatory System with reduced likelihood of preSSure
necrosis caused by the media.
0067. Therefore, in the illustrated embodiment, the
invention provides a magnetically active urinary inconti
nence media deposited in periurethral tissues and can be
deposited to form a nearly circular occlusive collar. The
magnetically active particles are injected in Situ to create a

guided by palpation and Visual control through the Scope. In
the latter, the needle can typically be guided by palpation.
However, a cystoScope can also be inserted within the
urethral lumen when the needle is passed into the external
tissue via the perineum to confirm that the needle does not
enter the lumen. Other imaging Systems known in the art can
be used to guide needle placement.
0061 The syringe 15 containing composition 1 is
attached to the proximal end 16 of needle 17 and can be

mounted in the pressure injection gun (not shown). The

distal end 18 of the needle 17 can then be advanced to the

six o'clock position 20 and inserted (bevel up) into the

Submucosal Space 21 of tissue 13 approximately 1-3 cm
caudal to the bladder neck 22. The position of the distal end
18 of needle 17 can be confirmed by inserting a small
amount of the composition 1. If the distal end 18 is properly
placed, injection of the agent will form a bump in the
submucosa that may be visible in the urethral lumen. It will
be appreciated that the radioopacity of Some particles can be
Visualized using known visualization Systems, for example
X-ray, fluoroscopy, etc.
0062) If the injection site is correct, approximately 1.0 to
5.0 cc will typically be deposited at each injection site. In
one embodiment, the injection should elevate the mucosa of
the urethral wall 12 into the urethral lumen 11 by a distance
of about 2.0 cm. After injecting the composition 1, the
needle 17 should remain in place for about 30 seconds. The
needle can then be backed away from the injected compo
sition 1 approximately 0.5 cm for 20 seconds after the
injection is completed in order to Seal the injection site.
0.063 As shown in FIG. 3, which is a cross-section taken
through line 3-3 of FIG. 2 of the entire urethra, the injection
is then preferably repeated at each of the 3 o'clock 25 and
9 o'clock positions 26 and, if necessary, at the 12 o'clock
position 27 or other positions in between.
0064. The magnetizeable particles of an augmenting
composition can be injected in the active or magnetized
condition. However, in Some circumstances, it may be more
advantageous to process the magnetizeable particles in a
demagnetized State and magnetize them in situ. In Such a
case, after depositing the magnetizeable particles, a magne
tizing wand can be inserted into the urethral lumen and
Sufficient magnetic flux applied to provide a residual B-field

(magnetic flux density) in the injected magnetic particles in
Situ Suitable wands are known and commercially available.
The constriction of the urethra can then be measured with

the wand and additional magnetic flux applied if necessary.
This procedure can also be performed repeatedly at later
dates should the patient experience further muscle tone
atrophy. In the event of exceSS radial constriction of the
urethra due to overapplication of magnetic flux to the
magnetically active particles, the particles can be demagne
tized in StepS until adequate control is achieved.
0065 FIG. 5 illustrates the use of a measuring device 30
for measuring the pressure of the constricted lumen wall 12
caused by the magnetic flux of injected composition 1. In
this illustration, measuring device 30 includes fluid filled
membrane 31 connected to a transducer 32.

measured circumferential force external to the urethra for

the purpose of Supplanting, Supplementing or augmenting
normal Sphincter occlusive control. Thus, the invention can
provide occlusion of the urethra by circumferential deposi
tion around the urethra of a magnetic agent that causes a
radial attraction toward the center of the urethra by the
inherent magnetic flux field created from the magnetic
dipoles of the magnetic particles. The injectable media can
be introduced in the periurethral tissue without the need for
invasive Surgery for ease of application and minimal tissue
insult. Subsequent proximal movement of the media during
normal body motion allows for distal re-perfusion of the
previously occluded area of the urethra and, therefore,
reduces the likelihood of necrosis of the urethral lining and
musculature. In addition, both the quantity and magnetic
force of the fluid can be adjusted by the attending physician
for optimal urine retention and minimal damage to the
urethral tissue.

0068. From the foregoing detailed description and
examples, it will be evident that modifications and variations
can be made in to the instruments and methods of the

invention without departing from the Spirit or Scope of the
invention. Therefore, it is intended that all modifications and

variations not departing from the Spirit of the invention
come within the Scope of the claims and their equivalents.
What is claimed is:

1. A method for augmenting a Soft tissue in a body
comprising:
Selecting an active augmenting agent;
depositing the active augmenting agent at locations in the
Soft tissue to be augmented.
2. The method according to claim 1 wherein the active
augmenting agent comprises magnetizable particles.
3. The method according to claim 2 wherein the magne
tizable particles are Suspended in a composition containing
biocompatible carrier.
4. The method according to claim 2 wherein the magne
tizeable particles include a Surface modifier.
5. The method according to claim 2 wherein the magne
tizable particles are magnetically active prior to depositing
into the tissue.

6. The method according to claim 2 wherein the magne
tizeable particles are unmagnetized when deposited into the
tissue and Subsequently magnetized after depositing.
7. The method according to claim 2 wherein the magne
tizeable particles are about 30 to 3000 microns in size.
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8. The method according to claim 7 wherein the magne
tizeable particles are about 80 to 600 microns in size.
9. The method according to claim 2 wherein the active
augmenting agent comprises magnetizeable rods.
10. The method according to claim 1 wherein the tissue is
a Submucosal tissue Surrounding a body lumen.
11. The method according to claim 10 wherein the lumen
is a urethra.

12. The method according to claim 10 wherein the lumen
is the rectum.

13. The method according to claim 1 wherein the active
augmenting agent is deposited through a needle passed into
the tissue.

14. A method for forming a Sphincter Surrounding a
portion of a body lumen, the method comprising a step of
injecting an active augmenting agent into tissue Surrounding
the lumen.

15. The method according to claim 14 wherein the active
augmenting agent comprises magnetizeable particles.
16. The method according to claim 14 wherein the mag
netizeable particles are Suspended in a composition contain
ing a carrier.
17. The method according to claim 16 wherein the mag
netizeable particles include a Surface modifier.
18. The method according to claim 15 wherein the mag
netizeable particles are magnetically active when injected
into the tissue.

19. The method according to claim 15 wherein the mag
netizeable particles are unmagnetized when injected into the
tissue and Subsequently magnetized after injection.
20. The method according to claim 15 wherein the mage
netizeable particles are about 30 to 3000 microns in size.
21. The method according to claim 20 wherein the mag
netizeable particles are about 80 to 600 microns in size.
22. The method according to claim 14 wherein the bodily
lumen is the urethra.

23. An active augmenting agent comprising:
a plurality of magnetizable particles, and
a biocompatible carrier.
24. The active augmenting agent according to claim 23
further comprising a Surface modifier.
25. The active augmenting agent according to claim 23
wherein the biocompatible carrier is Saline.
26. The active augmenting agent according to claim 23
wherein the biocompatible carrier is a polyvinylpyrrolidone.
27. The active augmenting agent according to claim 24
wherein the Surface modifier is a polyvinylpyrrollidone.
28. The active augment agent according to claim 24
wherein the Surface modifier includes a Selected one of a

hyaluronic acid or a hyaluronate.
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