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METHODS AND APPARATUS FOR TREATING
BODY TISSUE SPHINCTERS AND THE LIKE

Background of the Invention

[0001] This invention relates to medical implants
for improving or modifying the performance of tissue
structures in a patient's body such as a sphincter, a
tubular conduit, or an organ. An illustrative use of
the invention is improving the performance of a
patient's lower esophageal sphincter ("LES") as a
treatment for gastro-esophageal reflux disorder or
disease ("GERD"). However, this is only an example of
how the invention may be used, and many other uses will
be readily apparent to those skilled in the art. To
list just a few further examples, the invention may be
applied to other sphincters in the body such as
sphincters in the urinary tract and elsewhere in the
digestive tract. The apparatus of the invention may be
used around the stomach as part of a treatment for
obesgity.

[0002] A common cause of GERD is inadequate
functioning of the LES. The LES (and perhaps some
associated tissue structures) normally keeps the lower

part of the esophagus closed in order to prevent
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stomach contents from entering the esophagus. The LES
opens during swallowing to allow whatever is being
gwallowed to pass from the esophagus into the stomach.
The LES also opens to allow excess pressure in the
stomach to escape via the esophagus. However, normal
stomach pressure is substantially resisted by a
normally functioning LES to keep the contents of the
stomach from entering the esophagus. In a patient with
GERD the cause is frequently an LES that has lost its
ability (strength or "tone") to resist normal stomach
pressure and prevent stomach contents from coming back
into the esophagus. This can cause discomfort
("heartburn"), and if left untreated, can cause damage
to the esophagus that can lead to very serious adverse
consequences for the patient.

[0003] It has been proposed to implant magnets in a
GERD patient to improve the strength or tone of the
patient's LES. For example, two magnets may be
implanted in the esophagus on respective opposite sides
of the esophageal lumen at or near the LES. Magnetic
attraction between the magnets helps to hold the
esophagus closed (except during swallowing or excess
stomach pressure venting) and thereby reduces or
eliminates the reflux of GERD. In following this
approach, it would be desirable to avoid subjecting
tissue to long-term, direct pressure from the magnets,
such as when tissue between two mutually attracting
magnets or magnetic structures is the only thing
keeping the magnets or magnetic structures apart. Such
pressure can interfere with blood flow to the tissue
between the magnets or magnetic structures, which can
be unhealthy for that tissue. For example, tissue

death (necrosis) can result.
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Summary of the Invention

[0004] In accordance with the invention, a medical
implant includes plural bodies, adjacent ones of which
are resiliently attracted to one another (e.g., by
magnetism, spring force, or the like). The bodies can
be disposed in an array (e.g., an annular array) around
a body tissue structure to be treated. The structure
of the implant maintains an open area inside the array
of at least a predetermined non-zero minimum size.
Tissue passing through that area may be subjected to
some residual pressure, e.g., of the kind and in an
amount that improves the tone of a sphincter that is
part of that tissue. But no part of the tissue is
exposed to pressure of the kind that would be unhealthy
for the tissue. If a normal body function (e.g.,
swallowing) causes the tissue structure passing through
the array of bodies that make up the implant or
prosthesis to need to expand, those bodies can move
resiliently apart to allow such enlargement of the
tigsue structure. Thereafter, the bodies of the
prosthesis move resiliently back toward one another
again to help the tissue structure contract to its
first-mentioned condition. However, this contraction
of the prosthesis is limited by the prosthesis itself
to always leave open at least the above-mentioned non-
zero minimum area bounded by the prosthesis. The
contracting prosthesis may not always reach the above-
mentioned limit, if the prosthesis is sized or designed
to apply some residual pressure to the tissue. But if
that i1s the case, the residual pressure is small enough
(e.g., it is the result of a relatively small force

distributed over a relatively large area of tissue) so
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that it is not a problem for the tissue even if applied
long-texrm.

[0005] Other aspects of the invention relate to
methods for implanting a prosthesis in a patient in
accordance with the invention. For example, an implant
in accordance with the invention may be introduced into
the patient in a substantially linear array. The array
may be wrapped around the outside of the target body
tissue structure. Opposite ends of the array may be
joined to one another to form a closed loop around the
target body tissue structure. These steps may be
performed in any of a number of ways. For example, the
implanting may be done surgically. BAs another example,
the implanting may be done laparoscopically. As still
another example, the prosthesis may be delivered into
the patient via a body conduit of the patient, may then
exit from that conduit at a location interior to the
patient, and may then be implanted at the intended site
using instrumentation that accompanies or follows the
prosthesis into the patient via the conduit and out of
that conduit at the interior location. As a specific
example of the last-mentioned possibility, the
prosthesis may be delivered into the patient in a
linear condition via the patient's mouth and esophagus
and into the stomach. The prosthesis may then exit
through a temporary aperture in the side wall of the
stomach and thereby enter the extra-luminal space. The
prosthesis may then be secured around the external
esophagus or upper stomach.

[0006] Further features of the invention, its nature
and various advantages will be more apparent from the
accompanying drawings and the following detailed

description of the preferred embodiments.
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Brief Description of the Drawings

[0007] FIG. 1 is a simplified elevational view of an
illustrative embodiment of prosthetic implant apparatus
in accordance with the invention.

[0008] FIG. 2 is a simplified perspective view of
apparatus of the type shown in FIG. 1 implanted and
functioning in a patient in accordance with the
invention.

[0002] FIG. 3 is a simplified sectional view of
apparatus of the type shown in FIG. 1.

[0010] FIG. 4 ig similar to FIG. 1, but shows
another operating condition of the apparatus.

[0011] FIG. 5 1s an enlargement of a representative
portion of what is shown in FIG. 3.

[0012] FIG. 6 ig another view similar to FIG. 2, but
shows another operating condition of the apparatus.
[0013] FIG. 7 is a graph that is useful in
explaining certain aspects of the invention.

[0014] FIG. 8 ig another graph that is useful in
explaining certain aspects of the invention.

[0015] FIG. 9 is a simplified sectional view of a
portion of a patient's anatomy.

[0016] FIG. 10 is similar to a portion of FIG. 9
showing illustrative treatment of the patient's anatomy
in accordance with the invention.

[0017] FIG. 11 is a simplified sectional view of a
representative portion of another illustrative
embodiment of prosthetic implant apparatus in
accordance with the invention.

[0018] FIG. 12 is similar to FIG. 6 for an
embodiment of the type shown in FIG. 11.
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[0019] FIG. 12 is similar to FIG. 12, but shows yet
another illustrative embodiment of prosthetic implant
apparatug in accordance with the invention.
[0020] FIG. 14 is similar to FIG. 11 for an

5 embodiment of the type shown in FIG. 13.
[0021] FIG. 15 is a simplified elevational view of a
representative portion of still another illustrative
embodiment of prosthetic implant apparatus in
accordance with the invention.

10 [0022] FIG. 16 is a simplified elevational view of
one of the components shown in FIG. 15 in another
condition of that component.

[0023] FIG. 17 is similar to FIG. 15, but shows
another operating condition of the apparatus.

15 [0024] FIG. 18 is another graph that is useful in
explaining certain aspects of the invention.

[0025] FIG. 19 is a simplified elevational view of a
representative portion of yet another illustrative
embodiment of prosthetic implant apparatus in

20 accordance with the invention.

[0026] FIG. 20 is gimilar to FIG. 19, but shows
another operating condition of the apparatus.

[0027] FIG. 21 is a simplified elevational view
showing use of still another illustrative embodiment of

25 prosthetic implant apparatus in accordance with the
invention.

[0028] FIG. 22 is a simplified cross sectional view
of what is shown in FIG. 21.
[0029] FIG. 23 is similar to FIG. 22, but shows

30 another operating condition of the apparatus.

[o030] FIG. 24 1is a simplified perspective of
portions of prosthetic implant apparatus like that

shown in FIGS. 21-23.
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[0031] FIG. 25 is similar to FIG. 23 for yet another
illustrative embodiment of prosthetic implant apparatus
in accordance with the invention.

[00321] FIG. 26 is similar to FIG. 25, but shows
another operating condition of the apparatus.

[0033] FIG. 27 is similar to FIG. 25 for still
another illustrative embodiment of prosthetic implant
apparatus in accordance with the invention.

[0034] FIG. 28 is similar to FIG. 27, but shows
another operating condition of the apparatus.

[0035] FIG. 29 is generally similar to FIG. 5 for

another illustrative embodiment of the invention.

Detailed Description

[0036] As shown in FIG. 1, an illustrative
embodiment of apparatus 10 in accordance with the
invention includes a plurality of substantially
cylindrical bodies or "beads" 20. Beads 20 can be
formed into a closed loop with an open interior as
shown in FIG. 1. Beads 20 are strung together by
links 30. In general, each bead 20 has a link 30 to
each of the immediately adjacent beads on each side of
the first-mentioned bead. The possible exception to
this is for the linkage between the two right-most
beads in FIG. 1. Each of these beads has a link
eyelet 40 extending outwardly from the bead toward the
other of these beads. Link eyelets 40 may initially be
separate from one another (e.g., as shown in FIG. 2 or
FIG. 4). This allows apparatus 10 to (at least
initially) not form a closed loop, which non-loop
condition may be helpful in initially implanting the
apparatus in a patient. If and when desired, link

eyelets 40 may be connected to one another (e.g., by
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tying them together with a strand of suture material) .
For example, FIG. 2 shows apparatus 10 implanted
annularly and coaxially around the outside of a
patient's esophagus 50. Although FIG. 2 does not show
a connection between link eyelets 40, it will be
apparent that such a connection can be made (e.g., with
suture material). As will be seen, links 30/40 are
important to controlling the position of each bead 20
and for allowing diameter increases of the prosthesis.
[0037] Each bead 20 in apparatus 10 is resiliently
attracted to the adjacent beads in the string or loop.
This resilient attraction may be provided by means such
as magnetic force, spring force, or the like. Use of
magnetic force will be described first. Other examples
will be described later.

[0038] FIGS. 3-5 show an example in which magnetic
force is used to attract adjacent beads 20 to one
another. Each bead 20 includes two mating housing
components 60 and 70. Each housing component 60 or 70
is basically cup-shaped. Each housing component 60 has
a hollow post 62 standing up from the center of its
bottom. The part of each post 62 that is most remote
from the remainder of cup 60 extends into an aperture
in the bottom of the associated cup 70. The lips of
the cups 60 and 70 that form a bead 20 abut one another
annularly around the bead. Thus the interiors of the
cups 60 and 70 of a bead 20 form a hollow annular space
inside the bead and concentrically around the post 62
inside the bead. One or more toroidal permanent
magnets 80 are concentrically disposed about post 62 in
this space. Magnets 80 are magnetically polarized so
that the magnets in adjacent beads 20 in the string or

loop magnetically attract one another. (See FIG. 5 in



WO 2006/020382 PCT/US2005/026469

10

15

20

25

30

which the polarity of each magnet 80 is indicated by
the letters N and S.) This magnetic attraction
resiliently attracts adjacent beads in the string or
loop toward one another.

[0032] The hollow interior of each post 62 is large
enough to easily and loosely accommodate end portions
of two links 30 (or end portions of one link 30 and one
link eyelet 40). (Because for this purpose link
eyelets 40 are substantially similar to links 30, it
will not be necessary to separately mention eyelets 40
again in this immediate discussion. It will be
understood that they are subsumed in the discussion of
links 30.) 1In each bead 20 one of the associated

links 30 extendg out of an aperture in the bottom of
cup 60. This aperture is large enough to allow the
main length of the link 30 to pass freely through the
aperture, but it is not large enough to allow an
enlarged stop 32 at the end of the link to pass through
the aperture. The other link 30 associated with each
bead 20 extends out of an aperture in the center of a
washer-like cap 72 that is used to substantially close
an aperture in the bottom of cup 70 and the otherwise
open end of the hollow in post 62. Again, the aperture
in cap 72 is large enough to allow the main length of
the associated link 30 to pass freely through, but it
ig not large enough to allow the enlarged stop 32 at
the end of the link to pass.

[0040] The various components of apparatus 10 can be
assembled (during manufacture) as follows. Each

link 30 can be initially provided with only one
enlarged end stop 32. The other end of a link 30 can
be passed successively through the aperture in the

bottom of a cup 60 (not yet attached to a cup 70) and
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the aperture in a washer-like cap 72 (also not yet
attached to a cup 70). An enlarged end stop 32 can be
formed on the other end of the link 30. Magnets 80 can
be placed in the cup 60. A cup 70 can be attached to
the cup 60. A washer-like cap 72 can be attached to
the cup 70.

[0041] Magnets 80 do not need to be bilocompatible
because the magnets can be completely sealed inside
beads 20. The parts of apparatus 10 that will be
exposed to a patient's body are preferably
biocompatible. These components are cups 60 and 70
(including posts 62), washer-like caps 72, and

links 30/40. An example of a biocompatible material
that is suitable for these components is titanium, but
many other suitable metallic and non-metallic materials
are known to those skilled in art and can be used if
and as desired. Assuming that one or more metals are
used for components 30, 40, 60, 62, 70, and 72,
enlarged end stops 32 may be formed as weld balls,
annular hermetic welds may be formed between the
abutting lips of cups 60 and 70, a similar annular
hermetic weld may be formed between mating

components 62 and 70, and spot welds may be used to
secure washer-like caps 72 to the associated cups 70.
Hermetic sealing of this last connection is not
required because of the hermetic sealing between
components 62 and 70. Alternatively, the mating
between components 62 and 70 could be left unsealed,
and a seal weld could be used between component 72, on
the one hand, and components 62 and 70, on the other
hand.

[0042] Note that the ends of each cylindrical

bead 20 are preferably approximately spherical. Note
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algo that links 30 may be somewhat bent laterally along
their lengths. Features such as these help the
structure form a closed loop that can resiliently
enlarge and contract without mechanical interference
(other than the intended ultimate limits on both
enlargement and contraction as will now be described) .
[0043] As has been mentioned, the magnets 80 in
beads 20 resiliently attract adjacent beads into
contact with one another as shown in FIGS. 1, 3, and 5.
However, this magnetic attraction between adjacent
beads can be overcome, e€.g., by sufficiently forceful
radial enlargement of a patient's body tissue structure
that passes through the interior of a closed loop of
the beads. For example, FIG. 2 shows beads 20
separated from one another in the annular direction by
temporary radial enlargement of esophagus 50 (e.g., due
to swallowing of a bolus of food). FIG. 4 shows the
extreme upper limit of annular enlargement of

apparatus 10. This enlargement limit is reached when
each link 30/40 is pulled as far out of each bead 20 as
the enlarged stops 32 on the ends of the links will
permit. (It is assumed in this discussion of FIG. 4
that eyelets 40 are attached to one another (e.g., by a
suture knot (not shown) between them).) Annular
enlargement of apparatus 10 is stopped by attainment of
this condition.

[0044] At all times that apparatus 10 is annularly
enlarged to any degree, it is resiliently urged to
return to its fully, annularly contracted condition by
the magnetic attraction between beads 20. (Note that
apparatus 10 has its lowest force urging contraction
when beads 20 are at maximum separation from one

another (e.g., as shown in FIGS. 2 and 4).) Annular



WO 2006/020382 PCT/US2005/026469

10

15

20

25

30

- 12 -

contraction of apparatus 10 is, however, ultimately
limited by each bead 20 coming into contact with the
adjacent beads in the string or loop. This maximally
contracted condition of apparatus 10 is shown, for
example, in FIGS. 1, 3, and 5. (Note that apparatus 10
has its highest force urging contraction when beads 20
are closest together as shown in FIG. 1, 3, and 5.)
When each bead 20 is in contact with the adjacent beads
as shown in these FIGS., the apparatus itself stops oxr
prevents any further annular contraction of the
apparatus. The structure is completely stable in this
condition. Beyond this point the apparatus applies no
additional pressure to the patient's body tissue
structure that passes through the interior of the
apparatus. This self-stopping or self-limiting
contraction of the apparatus of the invention can be an
important advantage. If the only thing resisting
resilient movement of two (or more) bodies toward one
another is tissue between the bodies, the continuous
pressure of those bodies on the tissue can adversely
affect the tissue if that pressure is sufficiently
great. For example, it may cause necrosis of the
tissue. This cannot happen with embodiments of this
invention (like the one being discussed) in which the
apparatus itself ultimately absorbs force exerted by
components of the apparatus beyond the force that
produces maximum annular contraction of the apparatus.
The interior of apparatus 10 always remains open as
shown in FIG. 1, even if there were no tissue in that
interior.

[0045] Certain aspects of the behavior of

apparatus 10 are illustrated by FIG. 7 and 8. FIG. 7

is graph of force versus separation between two bodies
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that are magnetically attracted to one another. FIG. 7
illustrates the well known fact that as the distance
between the two objects increases, the magnetic force
attracting them toward one another decreases, and the
decrease is an exponential function of the gap or
spacing between the bodies.

[0046] FIG. 8 shows how the principle of FIG. 7
applies in the case of apparatus like above-described
apparatus 10. When apparatus 10 is in its most
annularly contracted condition with each of beads 20 in
contact with the adjacent beads, the magnetic force
holding apparatus 10 in that state of maximum
contraction (or zero extension, in the terms employed
in FIG. 8) is at a maximum (point A in FIG. 8). IEf
apparatus 10 is then subjected to at least that amount
of force tending to annularly enlarge it, two of

beads 20 will begin to move apart. Assuming that all
of beads 20 have the same magnetic attraction to their
neighboring, adjacent beads, it can be a matter of
chance which two of the beads begin to separate from
one another. As soon as two beads begin to separate,
the force required to continue the separation of these
two beads drops exponentially, until maximum separation
between these two beads is reached at point B in

FIG. 8. Note that there is still some resilient,
restorative force at point B.

[0047] If, beyond the enlargement of apparatus 10
that has occurred when point B is reached, still more
enlargement is needed, the force required to initiate
such further enlargement returns to approximately the
starting force as shown at point C. If at least such

further enlargement force is present, two more of
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beads 20 will begin to separate to provide a further
annular enlargement of apparatus 10.

[0048] The above-described process of beads 20
separating from one another one after another will
continue, following the force and displacement diagram
shown in FIG. 8, until the patient's body tissue
structure that 1s inside apparatus 10 has reached a
size such that it no longer exerts sufficient enlarging
force on the apparatus to cause further enlargement of
the apparatus, or until the apparatus has reached its
condition of maximum annular enlargement.

[004¢2] Turning now to more detail regarding how
apparatus of the type shown and described above may be
used as a medical implant in accordance with the
invention, an illustrative use is as a treatment for
gastro-esophageal reflux disorder or disease ("GERD").
In such a condition, the body structures that normally
function to keep the lower part of the esophagus (near
the stomach) closed, except when swallowing or when
excessive pressure in the stomach needs to be relieved
via the esophagus, is no longer functioning properly or
adequately. This structure includes the lower
esophageal sphincter ("LES"), possibly in cooperation
with other tissue structures where the esophagus passes
through the diaphragm (see FIG. 9, in which the
reference numbers indicate the following: esophagus 50,
lumen 51, mucosa 52, muscle wall 53, diaphragm 54, and
stomach 55). FIG. 10 shows where the prosthesis 10 of
this invention may be implanted in a patient to help
restore normal functioning to the lower part of the
esophagus. In the example shown in FIG. 10,

apparatus 10 is disposed in a closed loop annularly

around the outside of the esophagus between the



WO 2006/020382 PCT/US2005/026469

10

15

20

25

30

- 15 -

diaphragm and the point where the esophagus enters the
stomach. (Reference number 56 in FIG. 10 identifies
additional muscle.)

[0050] Apparatus 10 can be implanted as shown, for
example, in FIG. 10 in any of several ways. Typically,
during the initial part of the implant procedure,
apparatus 10 has not yet been made into a closed loop
by connecting eyelet links 40. Instead, apparatus 10
is wrapped around the esophagus with eyelets 40
unconnected. When apparatus 10 is positioned as
degired, eyelets 40 may be connected to one another
(e.g., with a suture knot) to form the apparatus into a
closed loop. If necessary or desirable to prevent
excessive movement of apparatus 10 along the length of
the esophagus, the apparatus may be secured (e.g., by
one or more sutures, one or more clips, etc.) to the
outside of the esophagus and/or to other adjacent
tissue. Thig securement structure (e.g., sutures used
for this purpose) may be dissolvable.

[0051] Any of several techniques can be used for
introducing the implant 10 into the patient. For
example, this may be done using open or relatively open
surgery. As another example, the implant may be
introduced into the patient using less invasive
procedures such as laparoscopy and laparoscopic
instruments. As still another example, the implant may
be introduced trans-gastrically. In this technique the
implant is introduced trans-orally into the esophagus,
passed down the esophagus, and into the stomach. A
dilator device is used to penetrate the wall of the
stomach sufficient in size to allow the implant to be
passed through this dilator into the space outside the

stomach. The device, using instruments such as a
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styvlet, can then be threaded around the lower
esophagus. The implant can be connected into a closed
loop with a suture, a clip, or stronger magnet beads
located at each end. The implant may be modified to
use an over-the-wire technique for this delivery
method. In this case, a guide wire is placed around
the distal esophagus and the implant is threaded over
thisg wire once the wire is in position. The wire can
then be removed.

[0052] It may be desirable to first measure or
"gize" the outer circumference of the esophagus where
apparatus 10 is to be implanted. This may be done
using one or more sizing instruments. When the desired
implant size has been determined, an implant of that
size may be implanted. Implants having different sizes
may be provided by, for example, producing implants
with different numbers of a given size bead 20, or by
using beads 20 of different sizes to make implants of
different sizes.

[0053] . The implant may be medicated for any of
several purposes. For example, such medication may
include an antibiotic to combat infection, and/or the
medication may include a steroid to promote appropriate
healing.

[0054] With regard to the annular size of the
prosthesis, it is currently thought desirable in the
treatment of GERD, for example, to slightly "under-
size" apparatus 10 for the outside of the esophageal
tissue structure to which the apparatus will be
applied. This means selecting a size of prosthesis
such that when the implant is in place in the patient,
there is at least some space in the annular or

circumferential direction between two (preferably only
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two) of beads 20. (See FIG. 6, which is intended to
illustrate this condition of apparatus 10, implanted
annularly around the outside of esophagus 50.) Indeed,
it ie thought especially preferable for the space (G in
FIG. 6) between the two beads 20 mentioned in the
preceding sentence to be relatively close to the
maximum inter-bead spacing (i.e., the "link-length" in
FIG. 8). This gives the implant an "at rest" force
characteristic like that shown at or slightly to the
left of point B in FIG. 8. In this way, the implant
always applies some radial or annularly compressive
force to the esophagus, but this force is relatively
low. This force should be sufficient to significantly
improve the "tone" and therefore the reflux-resisting
closing of the esophagus. By thus slightly under-
sizing the implant, it is thought that the "full-time™®
effectiveness of the implant in combating reflux is
enhanced. However, this is only an optional aspect of
the invention that others wmay prefer not to employ.
[0055] Continuing with the discussion of the example
of applying apparatus 10 to a patient's esophagus, when
the esophagus should be closed, the implant helps to
keep it closed. However, when the patient swallows
(e.g., a bolus of food), the implant annularly enlarges
to the necessary extent to allow what has been
swallowed down into the stomach. This may involve any
number of beads 20 moving away from the adjacent
bead(g). After any bolus has passed the plane of the
implant, the implant resiliently returns to its
initial, more annularly contracted condition. The same
sequence of operations occur when excessive pressure in
the stomach must be relieved through the esophagus.

The implant annularly enlarges to vent the stomach, and
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then resiliently annularly contracts to return to its
initial condition. The force exerted on the esophagus
by the implant is preferably always large enough to
help prevent reflux, but it is not so large as to
impede swallowing or necessary venting of the stomach
via the esophagus.

[0056] Over time, implanted apparatus 10 may become
overgrown with tissue. However, this will not
interfere with operation of the implant as described
above. Tissue over-growth as described in this
paragraph may make it possible to form the links 30 of
the prosthesis from an absorbable (e.g., suture)
material such as polyglycolic acid and/or polylactic
acid. In embodiments of this type the links would
degrade and disappear over time. Once the implant is
integrated to the external esophagus and a fibrous
tissue cap has conformed to at least part of the beads,
the function of the links between the beads may not be
necessary.

{00571 FIGS. 11 and 12 show an alternative
embodiment in which beads 120 that can be flatter than
beads 20 are used. Each of beads 120 includes a flat
permanent magnet 180 and two parallel links 130 to each
of the adjacent beads 120. Magnets 180 are polarized
(+ and -) so that the magnets in adjacent beads
magnetically attract one another. FIG. 12 shows an
implant 10 that includes an annular array or closed
loop of beads 120 digposed annularly and concentrically
around the outside of esophagus 50. As compared to
embodiments of the type illustrated by FIG. 1, for
example, embodiments of the type illustrated by FIG. 12

may have the advantage of operating on tissue



WO 2006/020382 PCT/US2005/026469

10

15

20

25

30

structure 50 along an axially longer portion of that
structure.

[o058] FIGS. 13 and 14 illustrate another embodiment
that can be generally similar to the FIGS. 11 and 12
embodiment, except that in FIGS. 13 and 14 each

bead 220 is a cylinder that is substantially parallel
to the longitudinal axis of esophagus 50. As in
FIGS. 11 and 12, in FIGS. 13 and 14 two parallel
links 230 connect each bead 220 to each adjacent bead.
Permanent magnets 280 in the beads are polarized to
resiliently attract adjacent beads 220 toward one
another. As compared to flat beads 120, cylindrical
beads 220 may better conform to the annular outer
surface of esophagus 50.

[0059] FIGS. 15-18 illustrate an alternative
embodiment in which the attraction between adjacent
beads 320 is provided by prestressed tension'

springs 380 between the beads. Springs 380 can be of
an elastic material such as an elastic metal or an
elastic polymer. Although FIGS. 15 and 17 only show
two representative beads 320 and the representative
spring 380 between those beads, it will be understood
that more beads and springs are typically provided so
that a closed loop of such beads (joined by such
springs) can be formed, e.g., around the outside of a
body tissue structure such as the esophagus. In the
absence of beadsg 320, the relaxed state of a
representative spring 380 is shown in FIG. 16. Thus
spring 380 must be stretched (tensioned) somewhat to
enable it to reach anchor points 382 on two adjacent
and mutually contacting beads 320 as shown in FIG. 15.

This means that spring 380 resiliently urges adjacent
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beads 320 toward one another even after those beads are
in contact with one another.

[0060] From the condition shown in FIG. 15,

spring 380 allows adjacent beads 320 to move apart as
shown, for example, in FIG. 17. Of course, as

spring 380 stretches to thus allow beads 320 to move
apart, the spring force urging beads 320 back toward
one another increages in proportion to the spacing
between the beads. This ig illustrated by FIG. 18. As
compared to the earlier-described magnetic embodiments,
in which (at least theoretically) each inter-bead gap
tends to open fully before another inter-bead gap
beginé to open, in spring embodiments as illustrated by
FIGS. 15-17 all of the beads tend to move apart by
gimilar amounts at the same time (assuming that all of
the inter-bead springs 380 are of approximately the
same strength). FIG. 18 is therefore indicative
(depending on the horizontal and vertical scales
employed) of both the force exerted as any one

spring 380 ig stretched or as the device as a whole is
stretched (annularly enlarged) .

[0061] Although FIGS. 15-17 show an illustrative
spring embodiment in which springs are outside

beads 320. It will be understood that springs for such
an embodiment could instead be inside the beads. For
example, prestressed compression coilil springs inside
the beads and around portions of the lengths of inter-
bead links like 30, 130, or 230 in earlier FIGS. could
be used to resiliently bias adjacent beads toward one
another.

[0062] It will be noted that spring embodiments
(e.g., as in FIGS. 15-17 or as otherwise described

above) have the same advantage of self-limiting annular
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contraction as the earlier-described magnetic
embodiments. Once all of the adjacent beads in a
closed loop of sgpring-connected beads are in contact
with one another, the loop cannot get any smaller and
the interior of the structure inherently remains open
(e.g., as in FIG. 1).

[0063] If desired, any of the above-described
embodiments (including the magnetic embodiments) can be
augmented to produce substantially equal spacing
between adjacent beads at all times. FIGS. 12 and 20
illustrate an embodiment with such augmentation. In
addition to whatever inter-bead attraction is employed,
interconnected parallelogram linkages 490 are used
between the beads 420 in this embodiment. Two crossing
links 490 are pivotally connected to each bead at

point 492. The ends of these links adjacent each next
bead 320 are pivotally connected to the adjacent ends
of the links 490 on that next bead at points 494.

FIG. 19 shows the condition of the apparatus when
adjacent beads 420 are close to or in contact with one
another. FIG. 20 ghows the condition of the apparatus
when adjacent beads 420 are farther apart.

Linkage 490/492/494 keeps the spacing between the
adjacent beads substantially uniform, regardless of the
amount of that spacing; Moreover, this result is
achieved even for magnetic attraction between adjacent
beads. This gives even a magnetic bead embodiment an
overall force vs. displacement characteristic like that
shown in FIG. 7, rather than like the characteristic
shown in FIG. 8. (Of course, the horizontal scale in
FIG. 7 will be different, depending on whether the FIG.

depicts separation between two adjacent magnetically
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attracted beads or overall enlargement of a multibead
magnetic prosthesis.)

[0064] Agsuming that FIGS. 19 and 20 show an
embodiment with magnetic beads 420, linkage 490/492/494
may take the place of other inter-bead links

like 30/130/230 in earlier-depicted embodiments.

[0065] FIG. 29 shows an alternative embodiment in
which the inter-bead links are provided by a continuous
element 30 of elastic material. This element passes
through each bead 20, and extends from bead to bead
around the annular prosthesis 10. Element 30 may
initially have two free ends (e.g., in the form of
loops) that can be connected to one another to form an
annular prosthesis. Beads 20 can move apart by
stretching element 30. Element 30 resiliently urges
beads 20 to move back into contact with one another.
Element 30 is preferably somewhat prestressed even when
all of beads 20 are in contact with one another. 1In
the embodiment shown in FIG. 29, beads 20 are not at
fixed locations along the length of element 30. In an
alternative embodiment some or all of beads are secured
to element 30 at predetermined locations along its
length.

[0066] Another illustrative embodiment of the
invention is shown in FIGS. 21-23. In this embodiment
two magnetic structures 520 are attached, e.g., to the
outside of esophagus 50, on respective opposite sides
of the esophagus in a common plane that is
substantially perpendicular to the longitudinal axis of
the esophagus. For example, sutures 522 may be used to
attach structures 520 to the esophagus. The implanted
location of structures 520 may be as shown for

apparatus 10 in FIG. 10. Each structure 520 is arched,
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with the concave side of the arch facing inwardly
toward the adjacent outer surface of the esophagus.
Structures 520 may be substantially rigid or somewhat
flexible. However, if flexibility is employed, it is
preferably not so great that structures 520 tend to
completely lose their arched shape in use. In other
words, if structures 520 are flexible, they are
preferably resiliently biased to retain arched shapes
like those shown in FIG. 22.

[0067] The arc length of each structure 520 is
preferably sufficient that the ends of the one
structure can contact the ends of the other structure
beyond esophagus 50 (i.e., with no tissue of the
esophagus between the contacting ends of the
structures 520) as shown in FIG. 22. The size and
amount of curvature of structures 520 is preferably
gsufficient to cause those structures to apply some
closing pressure to esophagus 50 when the ends of the
structures are in contact with one another as shown in
FIG. 22. However, these parameters (especially the
curvature) are also preferably sufficient to keep this
FIG. 22 closing pressure on the esophagus from being
too great, so as not to prevent opening of the
esophagus for swallowing or normal stomach venting or
to cause necrotic pressure on any tissue of the
esophagus. As mentioned above, each of structures 520
is preferably rigid enough to hold at least a
predetermined minimum arched shape.

[0068] Each of structures 520 includes one or more
magnets 580 for magnetically attracting the other
structure 520, e.g., across the esophagus. This
magnetic attraction is strong enough to hold

structures 520 together as shown in FIG. 22, except
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during swallowing or normal stomach venting.
Accordingly, structures 520 are able to move apart as
shown in FIG. 23 when the esophageal lumen needs to
enlarge for swallowing or normal stomach venting.

[0062] Like the earlier-described embodiments,
embodiments of the type shown in FIGS. 21-23 have the
advantage of being self-limiting as they help

esophagus 50 to close. Once the ends of structures 520
came into contact with one another ag shown in FIG. 22,
they apply no excessive additional pressure to the
esophagus. A space always remains open between
structures 520 for esophagus 50 to pass through, with
no necrotic pressure being applied to any esophageal
tissue between structures 520.

[0070] FIG. 24 is another view of certain components
from the FIGS. 21-23 embodiment. FIG. 24 shows these
components without any tissue being present, and also
without magnets 580 in structures 520. FIG. 24 clearly
showsg how structures 520 cooperate to form a passageway
therebetween and through which a tissue structure such
as an esophagus can pass.

[0071] if desired, structures 520 like those shown
in FIGS. 21-24 may be additionally or alternatively
tethered to one another with thread, suture, or an
elastic cord. The above-mentioned tethers may be
absorbable.

[0072] FIGS. 25 and 26 show yet another illustrative
embodiment of the invention. In this embodiment two
pairs of magnets 680 are mounted side by side on the
outer surface of a flexible "belt” 620 that is disposed
annularly and concentrically around the outside of
esophagus 50. FIG. 25 shows esophagus 50 open, and
FIG. 26 shows the esophagus closed. Again, the
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apparatus of FIGS. 25 and 26 may be implanted as shown
at 10 in FIG. 10. Sutures through belt 620 and into
the esophagus may be used to hold the implanted
apparatus in place.

[0073] When esophagus 50 opens as shown in FIG. 25
(e.g., for swallowing or excess stomach pressure
venting), the enlarging esophagus stretches belt 620 so
that the magnets 680 in one or both of the magnet pairs
are pulled apart. FIG. 25 shows the magnets 680 in
both pairs pulled apart, but if less opening of
esophagus 50 is needed, only the magnets in one pair
(i.e., the depicted upper pair or the depicted lower
pair) may be pulled apart. When the esophagus can
close again, the magnets 680 in the pairs go back
together again as shown in FIG. 26.

[0074] The length of belt 620 between the closed
magnet pairs (as in FIG. 26) is preferably selected so
that the apparatus applies some additional closing
pressure to esophagus 50, even when the esophagus is
nominally closed. In this way the apparatus helps to
prevent reflux from the stomach into the esophagus. On
the other hand, no tissue is subjected to excessive,
continuous pressure, such as could produce necrosis.
For example, no tissue is trapped between the

magnets 680 in either magnet pair, and the pressure on
the esophagus from belt 620 is only sufficient to help
keep the esophagus closed and is not dangerous to the
tissue in any way. This pressure on the closed
esophagus from belt 620 is also not so large as to
interfere with swallowing or venting excessive pressure
from the stomach. In other words, the apparatus

readily changes from the FIG. 26 condition to the
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FIG. 25 condition during swallowing or during excessive
stomach pressure venting.

[0075] FIGS. 27 and 28 illustrate yet another
embodiment. In this embodiment more than two arcuate
magnetic beads 720 are individually secured to the
outer surface of esophagus 50 in an annular array that
is coaxial with the esophagus (e.g., at location 10 in
FIG. 10). For example, sutures may be used to secure
each bead 720 to the outer surface of the esophagus.
The beads are magnetically polarized (N/S) =o that each
bead magnetically attracts its annularly adjacent
neighbor beads.

[0076] When esophagus 50 is closed as shown in

FIG. 28, annularly adjacent beads 720 contact one
another and form a closed loop around the outside of
the esophagus. This contact between the beads prevents
any further annular contraction of the apparatus and
thereby limits the amount of pressure the apparatus
applies to esophagus 50. As in previously described
embodiments, this most-closed condition of the
apparatus preferably applies sufficient pressure to
esophagus 50 to prevent reflux from the stomach into
the esophagus. However, the attraction between
annularly adjacent beads 720 in the most-closed

(FIG. 28) condition of the apparatus is not so great as
to prevent opening of the esophagus (e.g., as shown in
FIG. 27) during swallowing or venting of excessive
pressure from the stomach. When esophagus 50 opens for
such purposes as swallowing or stomach venting,
annularly adjacent beads 720 can separate from one
another in the annular direction as shown in FIG. 27.
When the esophagus again closes after the swallowing or

stomach venting event, the magnetic attraction between
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annularly adjacent beads 720 helps that esophagus-
cloging proceed to a reflux-preventing conclusion as
shown in FIG. 28 and as described above.

[00771 Such parameters as the number of beads 720,
their shape (e.g., arched), etc., help ensure that when
esophagus 50 is closed (FIG. 28), the interior of the
loop of beads 720 remains open, with no strong tendency
of the loop to collapse across the esophagus and apply
excessive (e.g., necrotic) pressure to any esophageal
tissue inside the loop of beads.

[0078] It will be understood that the foregoing is
only illustrative of the principles of the invention,
and that various modifications can be made by those
gskilled in the art without departing from the scope of
the invention. For example, although application of
the disclosed apparatus to a patient's esophagus in
order to treat GERD has been given the most detailed
attention herein, it will be understood that the
invention has many other applications. For example,
apparatus in accordance with the invention can be used
around other body conduits, chambers, and/or sphincters
in a patient's body. Just a few specific examples
include use in treating urinary incontinence, anal
incontinence, stomach size reduction, or as a
completely artificial sphincter in the event that a
natural sphincter has been removed or has wholly or
largely ceased to function. Any of the structures
shown and/or described herein as loops may be initially
provided as open structures that are only formed into
closed loops after placement around the target tissue
structure. This principle is shown and described in
detail in connection with embodiments like those

illustrated by FIGS. 1-6, but it can be applied to any
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embodiment of the invention. Components that are
described herein as magnets or permanent magnets do not
all have to be actively magnetic. Some can be merely
magnetizable (e.g., bodies of ferromagnetic material
that are magnetically attracted to actual permanent
magnets by becoming at least temporarily magnetized by
the magnetic field from a nearby permanent magnet). Of
course, there must always be at least one permanent
magnet in any such system. Thus elements that are
referred to herein as magnets or magnetic may be either
actively magnetic or passively magnetic (i.e.,
temporarily magnetizable by a magnetic field from

another source).
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Claimed Is:

1.

Apparatus for encompassing a patient's

body tissue structure and for resiliently applying

pressure to the encompassed tissue comprising:

a plurality of bodies that can be

disposed in an array around the tissue structure;

means associated with the bodies for

resiliently attracting adjacent ones of the bodies in

the array to one another; and

means associated with the bodies for

limiting an area encompassed by the bodies to no less

than a predetermined non-zero minimum.

2.

the means for

3.

the means for

4.

the means for

5.
the means for

adjacent ones

6.

comprisging:

The apparatus defined in claim 1 wherein

attracting comprises a magnet.

The apparatus defined in claim 1 wherein

attracting comprises an elastic member.

The apparatus defined in claim 1 wherein

attracting comprises a spring.

The apparatus defined in claim 1 wherein
limiting comprises contact between

of the bodies.

The apparatus defined in claim 1 further

means for limiting maximum spacing

between adjacent ones of the bodies.

7.

comprising:

bodies.

The apparatus defined in claim 1 further

extendable connections between the
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8. The apparatus defined in claim 7 wherein
the extendable connections limit maximum spacing

between adjacent ones of the bodies.

9. The apparatus defined in claim 1 further
comprising:
means for maintaining substantially
equal spacing between adjacent ones of the bodies,

5 while allowing that spacing to change.

10. The apparatus defined in claim 1 wherein
the means for limiting comprises an arc shape of a
gsurface of at least one of the bodies that faces the

tigsue structure.

11. The apparatus defined in claim 1 wherein
the apparatus is adapted for implanting in the

patient's body.

12. The apparatus defined in claim 1 wherein
the apparatus has an initial substantially linear form
that can be converted to a closed loop by connecting

ends of the linear form.

13. Apparatus for encompassing a patient's
body tissue structure and for resiliently applying
pressure to the encompassed tissue comprising:

a band that can be digposed around the
5 tissue structure; and
means for resiliently producing a pleat
in the band to reduce but not eliminate an area

encompassed by the band.

14. The apparatus defined in claim 13

wherein the means for resiliently producing comprises:
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a pair of bodies adjacent to one another
along the band that are magnetically attracted to one

5 another.

15. A method of treating a patient's body
tissue structure comprising:
surrounding the tissue structure with
apparatus for applying resilient pressure to the tissue
S structure, the apparatus being self-limiting with
respect to a smallest area that the apparatus

encompasses, the smallest area being a non-zero area.

16. The method defined in claim 15 wherein
the surrounding comprises:
implanting the apparatus inside the

patient's body.

17. The method defined in claim 16 wherein
the implanting comprises:
delivering the apparatus into the
patient's body in a substantially linear form;
5 wrapping the apparatus around the tissue
structure; and
attaching ends of the apparatus to one

another.

18. A method of treating a patient's body
tissue structure comprising:
surrounding the tissue structure with
apparatus for applying resilient pressure to the tisgsue
5 structure, the apparatus being self-limiting with
respect to a largest area that the apparatus

encompasses.
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19. A method of treating a patient's body
tissue structure comprising:
surrounding the tissue structure with
annularly continuous apparatus for applying resilient
5 pressure to the tigsue structure, the apparatus being
self-limiting with respect to a smallest area that the
apparatus encompasses, the smallest area being a non-

Zero area.

20. A method of treating a patient's body
tissue structure comprising:
surrounding the tissue structure with
apparatus for applying resilient pressure to the tissue
5 structure while allowing the tissue structure to
resiliently change its radius of curvature, the
apparatus being self-limiting with respect to a
smallest area that the apparatus encompasses, the

smallest area being a non-zero area.

21. A method of treating a patient's body
tissue structure comprising:
delivering a prosthesis into the
patient's body in a discontinuous form;
5 disposing the prosthesis around the
tissue structure; and
converting the prosthesis to a

continuous form around the tissue structure.

22. A method of treating a body passage
comprising:
disposing a band around the outside of
the body passage, the band being configured to provide
5 radial support to the body passage; and
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securing at least a portion of the band

to the wall of the body passage.

23. The method defined in claim 22 whexrein

the body passage is an esophagus.

24. The method defined in claim 22 further
comprisging:

forming the band of an elastic material.

25. The method defined in claim 22 further
comprising:
forming the band of an elastic metal or

polymer.

26. The method defined in claim 22 wherein
the securing comprises:
suturing at least a portion of the band

to the wall of the body passage.

27. The method defined in claim 22 wherein
the band is configured to allow expansion of the body

pagsage.

28. A method of treating a body passage
compriging:
disposing a band around the outside of
the body passage, the band being configured to provide
5 radial support to the body passage; and
securing at least a portion of the band

to the wall of the body passage.

29. The method defined in claim 28 wherein

the body passage i1s an esophagus.
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30. A method of treating a body passage
compriging:
disposing a band around the outside of
the body passage, the band being configured to provide
5 inwardly directed radial support to the body passage,
wherein the band is configured to allow expansion of

the body passage.

31. The method defined in claim 30 further
comprising:
securing at least a portion of the band

to the wall of the body passage.

32. The method defined in c¢laim 30 wherein

the body passage is an esophagus.

33. The method defined in claim 30 further
compriging:

forming the band of an elastic material.

34. The method defined in claim 30 further
compriging:
forming the band of an elastic metal oxr

polymer.

35. The method defined in claim 31 wherein
the securing comprises:
suturing at least a portion of the band

to the wall of the body passage.
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