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SYSTEM AND METHOD FOR SCAFFOLDING OF ANASTOMOSES

Inventor(s): Mir Imran, a citizen of India, residing at 26641 Laurel Lane, Los Altos Hills, CA
94022

RELATED APPLICATIONS
[0001] This application claims benefit of priority to U.S. Patent Application No. 12/181,244,
entitled SYSTEM AND METHOD FOR S OF ANASTOMESIS, filed on July 28, 2008; the

aforementioned priority application being hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] Field of the Invention. Embodiments of invention relate to system and methods for
facilitating healing of anastomoses. More specifically, embodiments of the invention relate to

systems and methods for facilitating healing of intestinal anastomoses.

[0003] There is an ever increasing number of gastrointestinal procedures performed each year.
Colon resections alone account for over 600,000 procedures per year in the United States. Colon
resection and a number of other of these procedures involve the resection and anastomosis or
surgical joining of sections of the intestine, esophagus and other gastrointestinal organs and tissue.
However, despite advances in surgical techniques, failed or otherwise poor anastomotic healing is a
major challenge in gastrointestinal surgery. Such failed/poor healing results in leakage, infection,
stricture and obstruction. Colonic and esophageal resections are associated with some of the highest
anastomotic complication rates, due to leakage and stricture formation. For example, the
complication rate for colon resection is as high as 50% with mortality rate for patients with
anastomotic leaks in the range of 10-15%. The gastric pull-up procedure, a standard intervention
after radical esophagectomy, is likewise associated with high morbidity and mortality due to leaks

and stricture).

[0004] The failure of an anastomosis in the gastrointestinal tract may be caused by several factors.
The major problems include the following. Infection at the anastomotic site that interferes with
healing and can lead to anastomotic leaks and peritoneal infection. Axial (lateral) and/or radial other
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tension on the anastomosis (referred to as anastomotic tension) sufficient to pull the two laterals of
the anastomosis apart or otherwise interfere with normal healing. Tissue ischemia due to a reduced
blood supply at the anastomosis, which can be caused by anastomotic tension and/or excessive
suture/staple compression at the anastomosis. Poor tissue apposition caused by an improper
alignment of the wound edges in the anastomosis. Finally, the formation of strictures due to
narrowing of the intestinal lumen following an anastomosis which leads to intestinal obstruction.
Thus, there exists a need for systems and methods to improve anastomotic healing by addressing one

or more of these factors.
BRIEF SUMMARY OF THE INVENTION

[0005] Embodiments of the invention provide apparatus, systems and methods for using a
prosthetic scaffold or other prosthesis to facilitate and/or promote the healing of surgical
anastomoses in the intestines, esophagus and other body lumens. Many embodiments provide an
expandable prosthetic tissue scaffold that can be positioned at an anastomotic site after a surgical
procedure to facilitate healing of the anastomosis through a variety of means. First, the scaffold can
include anchors or retention elements at the lateral portions of the scaffold which allow the scaffold
to be retained in place at the desired lumen without directly attaching to the anastomosis. This
allows the opposing like tissue layers of the anastomosis to be directly joined and thus, readily re-
vascularize and heal. The scaffold can also be configured to shorten in length upon expansion so as
to put the anastomosis in compression. This minimizes the amount of tensile forces acting on the
anastomosis (e.g. due to peristaltic waves), and in turn, reduces the risk of anastomotic tearing and
tissue ischemia caused from the anastomotic site being in tension. The scaffold can also include a
barrier layer that engages with the lumen wall at the anastomotic site to prevent leakage out of the
anastomoses of intestinal contents such as stool and other intestinal fluids. This reduces the risk of

infection and inflammation at the anastomotic site.

[0006] Embodiments of the prosthetic scaffold are particularly useful for facilitating healing of
surgical anastomoses in the large and small intestines and the esophagus. They are also applicable in
a variety of other luminal sites in the body including, without limitation, the heart (e.g. a coronary
arteries, AV fistula), the liver (e.g. the hepatic duct, the bilary tree etc.), the pancreas (e.g. the
pancreatic duct), the gall bladder (the cystic duct), the brain (e.g. a cerebral artery); the genital-
urinary system (e.g., ureter, urethra, fallopian tubes, vas deferens) and various sites in the

.
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vasculature, e.g., the aorta, the carotid artery, the femoral or other peripheral artery or vein and like
site. The size, shape and properties of the scaffold can be adapted for the particular site. For
example, in arterial applications, the shape and taper of the scaffold can be matched to that of the
artery (e.g., that of the ascending aorta). Also the scaffold can have a non-thrombogenic coating

such as heparin.

[0007] In addition to placement at a surgically created anastomosis, various embodiments of the
scaffold may also be positioned in a body lumen where there is a naturally created tear or dissection
(c.g., such as the case with a detached esophagus) to facilitate healing in the same manner as for a
surgical anastomosis. In such embodiments, the shape and material properties of the scaffold can be

matched to the shape, location and tissue properties of the tear.

[0008] In one embodiment, the invention provides a tissue scaffold for placement at an anastomotic
site within a body lumen, comprising a radially expandable scaffold structure having two lateral
portions and a mid portion, at least one retention element coupled to each lateral portion and a
barrier layer. The retention element can comprise a hook that anchors or otherwise engages the
intestinal or other lumen wall when the scaffold structure is expanded to retain the scaffold in the
body lumen during the period of anastomotic healing. As is explained below, they can also exert a
compressive force on the anastomosis. The mid portion of the scaffold can have a greater radial
stiffness than the lateral portions such that when the scaffold is expanded (e.g., by a balloon catheter
or other expansion mean), the lateral portions expand first and along with the retention elements,
engage the lumen wall tissue prior to the mid portion. Since the scaffold will typically shrink in
length as the scaffold structure is expanded, this allows the retention elements to exert a compressive
force on the anastomosis. Desirably, this force is sufficient to maintain the alignment of opposing

tissue layers of the anastomosis.

[0009] All or a portion of the scaffold can be fabricated from a bio-absorbable and/or bio
degradable material, such that over time after the anastomotic healing has substantially completed,
the scaffold is re-absorbed by the body or is otherwise dissolved by hydrolysis from exposure to
digestive and other bodily fluids. The rate of re-absorption/degradation can be selected through the
choice of materials (e.g., the selected co-polymers and degree of cross linking) and scaffold
dimensions and can be titrated for the particular anastomotic site. The barrier layer is configured to
engage a tissue wall of the anastomotic site when the scaffold is expanded to provide a fluidic seal at
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the anastomosis so as to prevent leakage out of the intestine or other body lumen. The mid portion
of the scaffold has sufficient radial stiffness in the expanded state to form and maintain the seal at

the anastomosis for extended period of time during which anastomotic healing occurs.

[0010] In many embodiments, the scaffold/scaffold structure is configured to be expanded from a
non-deployed state to a larger diameter deployed state. This can be achieved through the use of a
scaffold structure that stretches in diameter with the application of force such as that from a balloon
catheter or other expansion device. The scaffold structure can also have a varying thickness across
the length of the scaffold to produce a desired stiffness profile, for example, so that the lateral
portions are stiffer than the mid portions. The scaffold structure can have a variety of patterns. In
various embodiments, the scaffold structure can also be configured to yield different shapes for the
scaffold in the fully deployed state and also in a partially deployed stated. For example, the scaffold
structure can be configured such that the fully deployed scaffold has a dog- bone or other outwardly
flared shape, to help stabilize the scaffold at the selected site and prevent migration of the scaffold.
It can also be configured to have this shape in the partially deployed state so that the lateral portions
of the scaffold engage the lumen wall first before assuming a substantially tubular shape in the final
deployed state (this can be achieved through the varying stiffness profile described above).
Additionally, the scaffold can be configured to shrink in length in its fully deployed state so as to
exert a compressive force on the anastomosis. Desirably, the compressive force is sufficient to

maintain the alignment of opposing tissue layers of the anastomosis.

[0011] In various embodiments, the barrier layer can comprise a tubular protective member that fits
over the mid portion of the scaffold. For gastro-intestinal applications, after the scaffold has been
reabsorbed, the protective member can be configured to be passed through the intestines by normal
digestive processes. In other applications, the protective member can also be configured to be bio-
absorbable at the same or a different rate as that of the scaffold. Preferably, the protective
member/barrier layer is constructed from a material that is impermeable to various bodily fluids. For
intestinal applications, it is also preferable that the barrier be impermeable to fecal matter and
bacteria. The barrier layer can also include one or more coatings or agents to promote healing,
reduce inflammation, prevent infection and facilitate collagen deposition at the anastomotic site.

The barrier layer may also be covered with a sheet of biological or other material configured to

further promote healing at the anastomotic site.
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[0012] In many embodiments, the scaffold can be delivered using a delivery catheter, which
typically can be a balloon delivery catheter known in the art but other delivery means are also
contemplated. Both the scaffold and the delivery catheter can also be configured to be delivered
using an endoscopic, laproscopic or an open surgical procedure. In various gastro-intestinal
applications, the scaffold can be configured to be delivered using an esophageal, rectal approach or
an open surgical procedure. The scaffold can also be shaped for doing a variety of anastomotic
configurations including without limitation, end-to-end, end-to-side and side-to-side and can have
tubular, T-shaped, S-shaped configuration respectively to accommodate these and related

anastomoses.

[0013] In many embodiments, radio-opaque, echogenic or other medical imaging visible markers
will be placed on the scaffold and/or delivery catheter at desired locations. In particular, it may be
desirable to provide radio-opaque markers at or near the lateral midpoint on the scaffold and/or at the
edges of the barrier layer, this allows the physician to align the midpoint of the scaffold with the
anastomosis as well as to assure that there is sufficient length of proactive member/barrier layer on
cither side of the anastomosis. Markers can also be placed on or at the locations of the retention
elements. In embodiments having a bar bell, dog-bone or otherwise outwardly flared shaped
scaffold structure, markers can also be placed at transition points on the non-deployed scaffold

where the diameter begins to flare out when in the scaffold is in the deployed state.

[0014] In an exemplary deployment protocol, the prosthetic scaffold is first positioned at the
desired anastomotic site using a delivery catheter such as a balloon catheter. This can be done under
direct observation using a viewing scope or through fluoroscopic or other medical imaging means
known in the art (e.g., ultrasound). The mid portion of the scaffold is then aligned with anastomosis
and the scaffold is expanded using the balloon catheter. The balloon catheter expands the scaffold
within the selected body lumen until the scaffold, including the retention elements and the protective
member, engages the body lumen. The balloon can continue to be expanded somewhat to press the
protective member against the anastomosis and set the retention elements in the lumen wall and so
affix the scaffold in place (this can also be facilitated by tugging on the delivery catheter to set the
retention element in the same way as a fishing hook). For embodiments having an outwardly flared
scaffold in the partially deployed state, the balloon is first expanded to have the lateral sections

including the retention element engage the lumen wall and then continued to be expanded until the
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scaffold mid portion including the protective member engages and seals against the anastomosis.
The balloon is then deflated and withdrawn from the interior of the scaffold with the scaffold now in
a fully deployed state wherein the retention elements are set and the protective member has formed a
scal against the anastomosis. In many embodiments, the amount of expansion can be assessed by
inflating the balloon with a radio-opaque dye known in the art. The final diameter of the scaffold
can be controlled both through the construction of the scaffold structure and/or the use of inelastic

expansion balloon.

[0015] Typically, the entire scaffold will be expanded at the same time; however, in some cases, the
scaffold can be expanded segmentally and specific embodiments of the scaffold can be configured
for such segmental expansion. For example, one lateral portion of the scaffold can be expanded
first, then other lateral portion and then the mid portion. Alternatively, the mid portion could be
expanded first and then the lateral portions. This can be done using the same or different balloon
catheters. For example, a first balloon having a particular inflated diameter could be used for
expansion of the lateral portions and second balloon having a smaller diameter could be used for
inflation of the mid portion, or the second balloon could have the larger diameter. In still other
situations, a first balloon having a first diameter could be used for expansion of one lateral portion of
the scaffold and another different sized balloon for the other lateral side and still a third for the mid
portion. Such a procedure could be used for end-to-side anastomoses or side to side anastomoses
where portions of the scaffold lie in body lumens having different diameters. It is also applicable for
body lumens having a varying diameter across the length of the lumen (e.g., where the sigmoid
colon joins the rectum) or where one of the lateral portions is placed at the opening of the body
lumen (e.g., where the cardia of the stomach joins esophagus). Further details of these and other

embodiments and aspects of the invention are described more fully below.
BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Fig. 1 is a lateral view showing an embodiment of the prosthetic scaffold of the present

invention mounted positioned at an anastomosis.

[0017] Fig. 2 is a lateral view showing an embodiment of the prosthetic scaffold of the present

invention mounted over a delivery catheter.
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[0018] Fig. 3 is a lateral view illustrating an embodiment of a scaffold structure shown in a rolled

out pattern.

[0019] Figs. 4a and 4b are lateral views showing an embodiment of the prosthetic scaffold in a non-
deployed (Fig. 3a) and a deployed state (Fig. 3b) which illustrate shortening of the scaffold in the
deployed state.

[0020] Figs. 5a and 5b are lateral views showing an embodiment of the prosthetic scaffold in a non-
deployed (Fig. 5a) and a deployed state (Fig. 5b) when positioned at an anastomosis which illustrate

compressive forces exerted on the luminal wall of the anastomotic site.

[0021] Figs. 6a -6¢ are lateral views illustrating a method of deployment of the prosthetic scaffold

at an anastomotic site using a balloon delivery catheter.

[0022] Fig. 7a 7c are lateral view illustrating a method of segmental deployment of the prosthetic

scaffold using segmental expansion of a balloon delivery catheter.

[0023] Figs. 8a-8b are lateral view illustrating a method of deployment of the prosthetic scaffold via
access through the anastomosis or other opening in the bowel or lumen wall. Fig 8a shows the

scaffold in a non-deployed state and Fig 8b shows the scaffold in a deployed state.

[0024] Fig. 9ais a cross sectional view illustrating positioning and attachment of the scaffold at the

intestinal wall of the anastomotic site to place cut tissue layers in apposition.

[0025] Fig. 9b is a cross sectional view illustrating the anastomotic site in a healed state with the

tissue layers in alignment.

[0026] Fig. 10 illustrates an embodiment of a scaffold for use in an end-to-end anastomosis at

anastomotic site having a curved body lumen.

[0027] Figs. 11a and 11b illustrate embodiments of a scaffold for use in side-to-side anastomoses
for body lumens having varying alignments; Fig. 11a illustrates use in an anastomosis having an

aligned intestine and Fig 11b illustrates use in an anastomosis having offset body lumens.
[0028] Fig. 12 illustrates an embodiment of a scaffold for use in a side-to-end anastomosis.

[0029] Fig. 13 illustrates an embodiment of a scaffold for use in an anastomosis between a larger

and smaller diameter body lumen such as the stomach and small intestine.
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DETAILED DESCRIPTION OF THE INVENTION

[0030] Embodiments of the invention provide apparatus, systems and methods for using a
prosthetic scaffold or other prostheses to facilitate and/or promote healing of surgical anastomoses in
the intestines, esophagus and other body lumens. Many embodiments provide an expandable
prosthetic scaffold that can be positioned at an anastomotic site after a surgical procedure to
facilitate both closure and healing of the anastomosis. As used herein, the term surgical anastomosis
or anastomoses refers to a surgical connection or re-connection between ducts, tubes or vessels in the
body. It may be end-to-end, end-to-side, side-to-end, or side-to-side. For ease of discussion, the
term will typically be used in reference to an end-to-end junction, but the other applications are
equally applicable to embodiments herein. Also it should be understood that the embodiments of the
scaffold described herein have wide application to a number of lumens throughout the body, but for
case of discussion, the following description will be referring to use of the device in the intestines,

typically the large intestine, but all other tissue sites described herein are equally applicable.

[0031] Referring now to Figs.1-5, an embodiment of a system 5 for the delivery and deployment of
a tissue prosthetic scaffold to an anastomosis A within the wall, W, of an intestine or other body
lumen, BL can include a scaffold 10 and a delivery catheter 20. Scaffold 10 includes a mid section
12, lateral sections 13, including proximal and distal sections 13p and 13d; and ends 14 including
proximal and distal ends 14p and 14d. All or a portion of scaffold 10 includes a radially expandable
scaffold structure 30, an anchor structure 40, including one or more anchors 41 also known as
retention elements 41 and a barrier layer 50. Barrier layer 50 can also include one or more coatings

or biological layers 55 including various medicaments or agents 56 discussed herein.

[0032] In many embodiments, scaffold 10 is configured to be delivered to the anastomotic site by
means of a delivery catheter 20. The delivery catheter can be a balloon delivery catheter 24 having
an inflatable balloon 23, but other delivery means are also contemplated. The scaffold can be
attached to the delivery catheter by several means including, adhesive bonding (using a releasable
adhesive), crimping or through the use of a restraining sheath or covering. Both the scaffold and the
delivery catheter can also be configured to be delivered using an endoscopic, laparoscopic or an
open surgical procedure. The length and inflated diameter of the delivery catheter can be sized for

the particular procedure, approach and selected anastomotic site. For endoscopic procedures, the
-8 -
ICUB.P022WO



WO 2010/014628 PCT/US2009/051986

length of the delivery catheter can be in the range of 100 to 150mm, with specific embodiments of

110, 120, 130 and 140 mm.

[0033] Scaffold 10 can also be sized and shaped for the particular body lumen and anastomotic site,
AS. In many embodiments, scaffold 10, has a generally cylindrical shape which can be used in
various end-to-end anastomoses. It may also have an outwardly flared shape such as a dog bone or
bar bell shape, particularly in a semi-deployed state discussed herein. Other shapes are also
contemplated including U, S and T shapes as are discussed in further detail herein. The deployed
length 10L” and deployed/expanded diameter 10D’ of the scaffold can be sized for the particular
lumen and anastomotic site AS. For applications in the small in the small intestine the expanded
diameter 10d of the scaffold can be in the range of 2 to 4 cms, with a specific embodiments of 2.5
and 3 cms, while for large intestine applications the expanded diameter can be in the range of 6 to 9
cms with specific embodiments of 7, 7.5, and 8 cms. Other diameters for other body lumens are also
contemplated. The length 10L of the scaffold can range from 2 to 30cms with specific embodiments
0f2.55,7.5,10, 15,20 and 25 cms. The final expanded diameter can be controlled using balloon 23

or other expansion device as a sizing device.

[0034] Typically, scaffold 10 is configured to be expanded from a non-deployed state to a larger
diameter deployed state to facilitate delivery using minimally invasive methods. This can be
achieved through the use of a scaffold structure that stretches in diameter with the application of
force such as that from a balloon catheter or other expansion device. Accordingly, in many
embodiments, scaffold 10 comprises an expandable structure that typically will be expandable by an
expansion device 22 such as a balloon 23 that is part of a balloon deliver catheter 24. Other
expansion devices known in the minimally invasive surgical arts are also contemplated.
Alternatively, scaffold 10 can also be configured to be self expandable for example, using shape
memory materials know in the art in which the scaffold is held in a constrained state and then
released. For expandable embodiments, scaffold 10 has a non deployed state (Fig 6a) and a fully
deployed state (Fig 6¢). It may also have a partially deployed state, for example, that shown in Fig
6b which has a dog bone, bar bell or other outwardly flared shape with respect to the lateral axis 10A
of the scaffold. Typically, scaffold 10 will be carried on the delivery catheter 20 in the non-
deployed state and put into the deployed state once positioned at the desired anastomotic site. The

scaffold can also be put in the partially deployed state to facilitate engagement of retention elements
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41 with the bowel wall BW or other lumen wall W. Typically, this will be done by expanding the
scaffold lateral sections 13 to engage the bowel wall first (along with retention elements 41) and then
fully expand the scaffold so that the mid portion engages the bowel wall. For embodiments where
the scaffold laterally contracts in the deployed state (discussed herein), this allows retention elements

41 to exert a compression force on the bowel wall and in turn, the anastomosis.

[0035] Referring now to Fig. 3, a discussion will be presented of the structure of scaffold 10. In
various embodiments, scaffold structure 30 can have a variety of patterns including, criss-cross,
spiral, serpentine or a combination thereof. It will be appreciated that a wide variety of other
patterns known in the art are equally applicable for use in scaffold structure 30. In an exemplary
embodiment of scaffold 10 shown in Fig. 3 in a rolled out pattern, scaffold structure 30 comprises a
plurality of radially expansible serpentine cells 32 formed from a strip 31. Cells 32 are joined by
smaller expansible members 34. In this and related embodiments, scaffold 30 is divided into a mid
section 35 and two lateral sections 36 which correspond to lateral sections 13 and mid section 12.
Typically, the strip thickness of mid sections 35 is greater than the thickness of lateral sections 36.
This provides mid section 12, 35 with a greater amount of radial stiffness versus lateral sections 13,
36. Such configurations also allow lateral sections 13, 36 to be expanded first (from the outward
radial force of a balloon catheter or other expansion device) and so have sections 12 including
retention elements 41 engage the bowel wall BW prior to engagement by mid section 13. Since in
many embodiments, the scaffold structure shrinks laterally as it expands, this allows the scaffold to
exert a compressive force on the anastomosis. In this way, the scaffold functions as a mechanical
clamp for the anastomosis. The radial stiffness of all or a portion of the scaffold including mid
section 35, 12 can also be configured such that the scaffold mechanically supports and buttresses
anastomotic site AS including anastomosis A. Desirably, the radial stiffness of at least mid section
12/35 is sufficient to maintain the fluidic seal at the anastomosis and the integrity of the anastomotic
joint during movement of the intestine from digestion (e.g., peristaltic waves) or other physiologic
functions as well as patient movement. In this way, the scaffold serves as a mechanical support for
the anastomosis and anastomotic site to facilitate healing of the anastomosis and reduce the risk of
various post operative complications including stricture formation at the anastomosis, infection and
inflammation (e.g., from anastomotic leakage) and anastomotic detachment. Other means for
increasing the radial stiffness of mid sections 12, 35, relative to lateral sections 13,36 can include the

use of carbon nanotubes or other stiffening additives in those sections as well as increased cross
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linking of the mid sections, for example through the use of e-beam or other irradiation techniques

known 1n the art.

[0036] Referring now to Figs. 4-5, in many embodiments, scaffold 10 is configured to shrink in
length as it expands in diameter as is shown in the embodiment of Figs 4a and 4b. In this
embodiment, the scaffold shrinks in length from L’ in to L”, while expanding in diameter from D’ to
D”. This can be achieved through the particular configuration of expansible cells 32 which are
themselves configured to expand in diameter and shrink in length. The amount of contraction in
length can be in the range from 5 to 50%, with specific embodiments of 10, 20, 30, and 40%. While
the amount of expansion in diameter can be in the range from 10 to 200%, with even greater
amounts of diametric expansion contemplated. Referring now to Figs. 5a and 5b, through the use of
retention elements 41, the effect of this shrinkage is to exert a compressive force CF on the lumen
wall W of selected anastomotic site AS. Force CF acts to close the anastomosis and also serves to
maintain the alignment of opposing tissue layers in the bowel wall. Force CF also acts to keep the
anastomosis in a closed state and/or prevent tearing or other failures by acting against any tensile
forces the anastomosis is subjected to from various physiological functions (e.g., peristaltic waves
and other digestion movement) as well as patient movement. Force CF thus acts as a stressing force
which increases the strength of the healing anastomosis. Keeping the anastomosis in a closed state
facilitates healing by preventing leakage of materials form the lumen causing infection or
inflammation. In various embodiments, the amount of compressive force can be in the range of 0.1
to 2 lbs, with specific embodiments of 0.5, 0.75, 1.0 and 1.5 Ibs. Greater and lesser amounts of force
area also contemplated and the force can be titrated to the specific anastomotic site AS. The
compressive force from such embodiments is not only beneficial in keeping the anastomosis closed
and minimizing tears, but also minimizing and/or offsetting the amount of tensile force to which the
anastomosis is subjected. Tensile forces are potentially detrimental to anastomotic healing because
in addition to tearing, they can cause ischemia to growing tissue at the anastomotic site (or otherwise
reduce the amount of adequate perfusion) by shrinking or squeezing blood vessels (including
capillaries) supplying blood and nutrients to the site. In this way, embodiments of a laterally
contracting scaffold function to enhance anastomotic healing by minimizing ischemia to tissue at the
anastomotic site or otherwise helping to maintain adequate perfusion to the site. As is discussed in
further detail herein, such embodiments also serve to promote healing by keep opposing tissue like

layers in apposition.
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[0037] In many embodiments, all or a portion of scaffold 10 including scaffold structure 30 can be
fabricated from a bio-resorbable or biodegradable polymer (for ease of discussion referred to as bio-
resorbable). Suitable bio-resorbable materials include polymers of lactide, glycolide, lactic acid,
glycolic acid, para-dioxanone, caprolactone, and trimethylene carbonate, caprolactone, blends
thereof and copolymers thereof. In a preferred embodiment, the material comprises a polylactic-co-
glycolic acid (PGLA) such as a high molecular weight polylactic-co-glycolic acid. In various
embodiments, the bio-resorbable polymer may be reinforced with nanotubes or carbon fibers. It may
also be combined with radio-opaque materials known in the art to render all or selected portions of
the scaffold radio-opaque, such as markers 15 discussed herein. In alternative embodiments, the
scaffold can be constructed from shape memory super elastic materials such as NITINOL. Such
embodiments can be configured to be permanently left in place, to be surgically removed or to be

passed through intestinal tract.

[0038] Upon in vivo exposure to fluids in the intestine or other body lumen, the bio-resorbable
material is configured to be either completely absorbed or cause the scaffold to soften and collapse
into a flexible mass that can readily pass out of the intestine or other body lumen. The rate at which
the scaffold structure degrades/absorbs can be controlled by selection of the material, the dimensions
(e.g., thickness) or both. In particular embodiments, the molecular weight of the material
comprising the scaffold structure can be used to control the rate of degradation, with lower
molecular weight materials being selected for faster degradation rates and vice versa. Through the
choice of one or both of scaffold materials and dimensions, the degradation rate can be titrated so the
scaffold lasts for a selectable period depending upon the anastomotic site, body lumen, etc. Slower
degradation rates with longer corresponding scaffold residency periods can be selected for example,
for large diameter and/or complex anastomoses which otherwise take longer to heal. Faster rates can

be selected for smaller and/or faster healing anastomoses.

[0039] The retention structures 40 and retention elements 41 are arranged and configured to retain
scaffold 10 at the selected anastomotic site in the intestine or other body lumen during the period of
anastomotic healing. Such healing periods can be in the range of 1 to 8 weeks with specific
embodiments of 2, 4 and 6 weeks. Longer periods are also contemplated including periods of 3, 6
and 12 months. Such longer periods can be achieved through the use of cross-linked, high molecular

weight and/or thicker material for the scaffold structure. For intestinal applications, they are
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configured to provide sufficient retaining force to prevent the scaffold from migrating due to
movement of the intestine from peristaltic contractions and other physiologic functions as well from
patient movement. They also serve to exert a compressive force on the bowel or other lumen wall
for embodiments having scaffold structure that laterally shrinks upon expansion. Retention structure
40 comprises one or more retention elements 41. Typically, the retention structure will comprise a
group of two or more retention elements. Groups of three, four, five, and six or more are also
contemplated. Retention elements 41 can comprise a hook, pin, barb, helical coil or other retaining
means. The length can be selected for the particular body lumen, but can be in the range of 1-5 mm,
with specific embodiments of 2, 3 and 4 mms. Their length, diameter, shape and other dimension
can be selected for the particular anastomotic site. They may also be straight or angled in a
particular direction. Typically, they will be angled toward the midpoint of the scaffold. They can be
integral or adhesively attached to the scaffold structure. They can also be reinforced with carbon
nano-tubes and may include radio-opaque or other material to function as markers 15 described
herein. They may also have a selected amount of spring force which can be achieved by re-

enforcement with carbon nano-tubes or other re-enforcing material.

[0040] In various embodiments, barrier layer 50 can comprise a protective member or tubular
sleeve 51 that fits over scaffold structure 30 and is attached by adhesive bonding or other attachment
method known in the art (e.g., ultrasonic welding). Barrier layer 50 can be coated onto scaffold
structure 30 using various coating methods known in the art. Typically, protective member 51 will
have a cylindrical shape that approximately matches that of scaffold structure 30. But it may also
have other tubular shapes as well which are selected to match the shape of the scaffold structure.
Such shapes can include curved, U-shaped, S-Shaped, T-shaped and like shapes. As well be
discussed below, the barrier layer can also be flexible enough to conform to the shape of the scaffold
structure. The barrier layer can cover all or a portion of the scaffold structure, but typically will only
cover the mid-portion. Typically, the barrier layer will be centerly positioned at the mid portion 12
of scaffold 10 and desirably and has sufficient length as to extend laterally on either side of the
scaffold center 12¢ so as to form and maintain a fluidic seal of the selected anastomosis as is
described below. In other embodiments, the barrier layer can be positioned off-center on the

scaffold.
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[0041] Barrier layer 50 can be configured to perform several different functions. Primarily, it
serves as a barrier to prevent the leakage of the contents of the intestine or body lumen out through
the healing anastomosis. For intestinal applications, this reduces the risk of infection and
inflammation at anastomotic site, AS. Accordingly, in many embodiments barrier layer 50 is
configured to engage a tissue wall of the anastomotic site AS when scaffold 10 is expanded to
provide a fluidic seal 52 at the anastomosis sufficient to prevent leakage of the contents of the
intestines or other body lumen out of the anastomosis into surrounding tissue. Barrier layer 50 also
desirably provides a biocompatible surface at the anastomosis and surrounding tissue to facilitate
cell growth and healing within and around the anastomosis. The layer is also desirably sufficiently
flexible to bend and flex with the movement of the scaffold and still maintain a fluidic seal.
Accordingly, in various embodiments, barrier layer 50 can comprise a fluid impermeable flexible
biocompatible material known in the art. Suitable materials for barrier 50 include expanded PTFE or
other flouropolymer, silicones, urethanes and copolymers thercof. For various intestinal and
vascular applications, barrier layer 50 desirably has sufficient burst/leak strength to maintain a
fluidic seal in the face of various physiologic pressures within the selected body lumen (e.g., arterial
pressure or that from peristaltic waves). Suitable high strength materials include PTFE or other
flourpolymer, polyethylene, and polyethylene terephthalate (PET) and NYLON. For intestinal and
other GI applications barrier layer 50 can also be configured to be absorbed itself or for non-
absorbable embodiments, to easily pass through the digestive tract once scaffold 10 has been
substantially absorbed. For absorbable/bio-degradable embodiments, barrier 50 can be fabricated
from one or more bio-absorbable and/or bio degradable materials described herein including for
example, PGLA. The degradation/absorption rate of barrier layer 50 can be configured to be
sufficiently slower than the scaffold structure such that the barrier layer outlasts the scaffold
structure. This can be achieved through the selection of materials and dimensions of the barrier
layer, e.g. using higher molecular weight and/or cross linked bio-absorbable/biodegradable

polymers.

[0042] In many embodiments, barrier layer 50 can also include a coating or biological layer 55
containing various medicaments, therapeutic or other biological agents 56 to promote healing,
reduce inflammation and facilitate collagen and cellular deposition at anastomotic site AS.
Biological layer 55 can cover all or a portion of barrier layer 50 and is desirably centrally aligned

with respect to midpoint 12¢ so as to be able to deliver agent 56 directly to anastomosis A and the
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surrounding anastomotic site AS. Biological layers 55 can also include at least a first and a second
biological layer 55’ and 557, for example a first biological layer 55 centrally positioned over the
midpoint of the scaffold structure and/or barrier layer and a second biological layer 55 positioned
near the edge of barrier layer. First and second layers 55° and 55 can also contain different
biological agents 56 or contain different concentrations of the same agent, e.g., to produce a two

phase delivery of a particular agent.

[0043] In various embodiments, agents 56 can include without limitation: VEGF or other growth
factor, factors to facilitate wound healing and collagen deposition, antibiotics or other anti-bacterial
agent to reduce the risk of infection, dexamethasone, or other steroid or anti-inflammatory agent to
reduce inflammation and heparin or other anti coagulant or non-thrombogenic agent (for vascular
applications). In preferred embodiments, agents 56 include a combination of VEGF and
dexamethasone to promote growth and reduce inflammation. Agents 56 can also be coupled with an
cluting or other carrier compound 57 known in the art to control the release of agent 56 into the
surrounding anastomotic site. The eluting agents can be configured to yield both short and long term
release rates of the desired agent(s) 56, ¢.g. a short-term fast release followed by a longer-term
slower release rate. Other differential release rates are also contemplated (e.g., steady state and non-
steady state). Suitable carrier compounds 57 can include various silicones, polyurethanes and other
biocompatible permeable polymers known in the art. In addition to providing for the release of
various biological agents, biological layer 55 can also be configured to serve as a substrate for the
growth of new tissue at the anastomosis before being subsequently re-absorbed. In such
embodiments, layer 55 can comprise PGLG, or other bio-absorbable material described herein or

known 1n the art

[0044] In many embodiments, radio-opaque, echogenic or other medical imaging visible markers
15 can be placed on scaffold 10 at one or more selected locations. In particular, it may be desirable
to provide markers 15 at or near the lateral mid-point 12¢ on the scaffold 10 and/or at the edges of
barrier layer 50, this allows the physician to align the center of the scaffold with the anastomosis A
as well as to assure that there is sufficient length of barrier layer on either side of the anastomosis.
In a particular embodiment, markers 15 can include a marker 15¢ placed at scaffold center 12¢ and
markers 15¢ placed at the edges of barrier layer 50. Markers 15 can also be placed on or at the

locations of retention elements 41. In embodiments having a bar bell, dog-bone or otherwise
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outwardly flared shaped scaffold structure, markers 15 can also be placed at transition points 16 on
the non-deployed scaffold where the diameter begins to flare out when in the scaffold is in the
deployed state. Markers 15 can also be arranged and placed on scaffold structure 30 to serve as
indicators of the amounts of degradation of the scaffold. This can be achieved by configuring

certain makers to be of fixed length, width, area or other dimension, and then measuring the decrease
in that dimension. Such degradation indicators can be used by the physician to assess one or more of
the following: 1) the amount and rate of degradation of the scaffold; ii) the amount and rate of
healing of the anastomosis, iii) any tearing or failure of the anastomosis; iv) if the scaffold needs to

be replaced; and v) if surgical intervention is required.

[0045] Referring to Figs. 6a-6¢, an exemplary deployment protocol for scaffold 10 will now be
presented. This protocol can be adapted for use in an endoscopic, laparoscopic, or an open surgical
procedure. First, the prosthetic scaffold is positioned at the desired anastomotic site using a delivery
catheter such as a balloon catheter, as is shown in Fig 6a. For endoscopic procedures, this can be
done using either an oral or rectal approach, where the delivery catheter is advanced directly through
the GI tract or a through a lumen of the endoscope or other guiding catheter, while for a laparoscopic
procedure, the delivery catheter can be advanced through a trocar or other port device. Also,
positioning of the delivery catheter can be done under direct observation using a viewing scope or
other viewing means or through fluoroscopic or other medical imaging means known in the art (e.g.,
ultrasound). The mid-point 12¢ of the scaffold is then roughly aligned with anastomosis A and the
scaffold is expanded using balloon catheter 24. This can be facilitated by the use of a central marker
15¢ on scaffold 10 or markers 15¢ on the edges of barrier layer 50. The balloon catheter expands the
scaffold within the selected body lumen until scaffold 10 including the retention elements 41 and
barrier layer 50, engage the body lumen (as is shown in Fig 6¢). The balloon can continue to be
expanded somewhat to press the barrier layer against the anastomosis and set the retention elements
in the lumen wall and so affix the scaffold in place. This can also be facilitated by tugging on the
delivery catheter to set the retention element in a similar way as a fishing hook. For embodiments
having an outwardly flared scaffold in the partially deployed state (see Fig 6b.), the balloon is first
expanded to have the lateral sections 13 including retention elements 40 expand and engage the
lumen wall W (as is shown in Fig 6b) and then continued to be expanded until the scaffold mid
portion 12 including barrier layer 50 engages and seals against the anastomosis. This embodiment
also illustrates how scaffold 10 exerts a compressive force CF on bowel wall BW or other lumen
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wall W so as to help close the anastomosis and maintain it in a closed state. This occurs by having
retention elements 41 first engage the bowel wall and then as the scaffold is continued to be
expanded, it shrinks in length such that the retention elements exert a compressive force CF to pull
the two half’s of the bowel wall together. As is discussed herein, this compressive force helps to
maintain the anastomosis in a closed state by overcoming tensile forces on the anastomosis occurring
from pulling or movement of the body lumen as occurs during digestion, respiration or patient
movement. As is discussed herein, reduction of the tensile forces on the anastomosis also serves to
promote anastomotic healing by maintaining adequate perfusion to the anastomotic site by

preventing the vasculature at the site from being compressed due to such tension.

[0046] After complete inflation, the balloon is then deflated (as is shown Fig. 6d) and withdrawn
from the interior of the scaffold (as is shown Fig 6¢) with the scaffold now in a fully deployed state
wherein the retention elements are set and the protective member has formed a seal 52 against the
anastomosis. In many embodiments, the amount of expansion of the balloon and thus the scaffold
can be assessed by inflating the balloon with a radio-opaque dye known in the art. It can also be
assessed by measurement of markers 15 through direct imaging. The final diameter of the scaffold
can be controlled both through the construction of the scaffold structure and the use of an inelastic

expansion balloon.

[0047] Typically, the entire scaffold will be expanded at the same time; however, in some cases, the
scaffold can be expanded segmentally and specific embodiments of the scaffold can be configured
for such segmental expansion. Referring now to Figs. 7a-7¢, in one embodiment of a segmental
expansion protocol, one lateral portion 13 of the scaffold can be expanded first (e.g., the proximal
portion, 13p as is shown in Fig. 7a), then other lateral portion (as is shown in Fig 7b), and then the
mid portion 12 (as is shown in Fig 7¢). Alternatively, the mid portion could be expanded first and
then the lateral portions. These and other embodiments of segmental expansion techniques can be
done using the same or different balloon catheters. For example, a first balloon having a particular
inflated diameter could be used for expansion of the lateral portions 13 and a second balloon having
a smaller diameter could be used for inflation of the mid portion 12. Segmental expansion protocols
can be used in a number of situations, such as where the selected anastomotic site is in extremely
curved or convoluted portion of the intestine or other body lumen. This approach allows the

physician to expand and fix one portion of the scaffold first using the retaining elements before
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doing another section. This reduces the likelihood of the scaffold popping out of the curved portion
if it is inflated all at once. Segmental expansion can also be used for inflating T-shaped or other

shaped scaffolds configured for use in a side-to-end anastomosis.

[0048] In still other embodiments, a first balloon having a first diameter could be used for
expansion of one lateral portion of the scaffold and another different sized balloon for the other
lateral side and still a third for the mid portion. Such a procedure could be used for end to side
anastomoses or side-to-side anastomoses where portions of the scaffold lie in body lumens having
different diameters. It is also applicable for body lumens having a varying diameter across the
length of the lumen (e.g., where the sigmoid colon joins the rectum) or where one of the lateral
portions is placed at the opening of a body lumen (e.g., where the cardia of the stomach joins

esophagus).

[0049] As discussed herein, in various GI applications, scaffold 10 can be configured to be
delivered to the anastomotic site either through an oral or rectal approach. In such embodiments the
balloon catheter used to expand the scaffold is inflated from the proximal end of the scaffold (via an
attached catheter) and also withdrawn from that same end. Referring now to Figs 8a-8b, however; in
other embodiments, the scaffold can be configured to be delivered to the anastomotic site though the
anastomosis itself or another opening made in the intestine. In such embodiments, the balloon
catheter can be configured to be inflated centrally (i.e., approximately from the mid-point of the
scaffold or even off center) as is shown in Figs 8a and 8b. In an embodiment of a deployment
protocol using such an approach, the delivery catheter can inserted through anastomosis prior to
closure of the anastomosis, then the surgeon sutures around the delivery catheter, the balloon is
inflated to deploy the scaffold and then deflated and withdrawn through the remaining opening in the
anastomosis,. The surgeon can then make a final suture to close that remaining opening. In a
variation, the surgeon could also at least partially inflate the balloon and expand the scaffold and
thus used the scaffold as a mandrel or support to suture against (making the suturing process easier
since the scaffold provides a structure to push against) or could actually place sutures or other
closure element into the scaffold itself. This latter approach provides an additional means of

retaining the scaffold at the anastomotic site and preventing scaffold migration.

[0050] Referring now to Figs. 9a- 9b, a discussion will now be presented of the positioning of

scaffold 10 at the anastomotic site AS to facilitate and promote the anastomotic healing process.
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Since many embodiments of the invention are configured for use in intestinal and other GI
applications, a brief discussion will also be presented of structure of the morphology of the intestinal
wall. The four major layers of the GI tract including the intestines (except for the extraperitoneal
structures such as the esophagus and the lower third of the rectum) are shown in Figure 9a. These
layers include (1) the mucosa M, which consists of the epithelium, lamina propia and muscularis
mucosa; (2) the submucosa, SM; (3) the muscularis propia MP, and (4) the serosa S, on the outer

layer on the intestine. The thickness of the bowel wall BW is approximately 3 mm.

[0051] Fig. 9a shows a close-up view of the positioning of scaffold 10 on the surface BS of bowel
wall BW over anastomosis A. Desirably, the scaffold is positioned on the bowel wall surface such
that the center 12¢ of scaffold 10 and the center 50c of barrier layer 50 are approximately aligned
with the anastomosis so that portions of barrier layer 50 lie on either side of the anastomosis
(positioning can be facilitated by the use of radio-opaque or other imaging markers described
herein). This facilitates the production of a good seal around the anastomosis and also serves to
facilitate the healing of the anastomosis by having a biocompatible protective layer positioned
immediately over the anastomosis to keep bacteria out of the anastomosis. It also serves to
mechanically support and buttress the anastomosis and surrounding tissue while keeping them in
some amount of compression. In this way, scaffold 10 serves both as a mechanical support and also
a mechanical clamp. This support and clamp function in turn serves to keep opposing like tissue
layers of the anastomosis (e.g., the serosa S) in apposition during the period of anastomotic healing
allowing healing between like tissue layers. Healing proceeds faster between like tissue layers since
cells from a layer on one side of the anastomosis can readily in grow into a like tissue layer on the
other side. Once the anastomosis has healed, as is shown in Figure 9b, the wound edges are
connected and the four intestinal layers are in proper alignment with like tissue having joined like
tissue resulting in a stronger longer lasting anastomotic tissue juncture. In this way, scaffold 10 can

serve both as a tissue alignment fixture and tissue healing platform.

[0052] Referring now to Figs. 10- 11a,11b, 12 and 13, in many embodiments, scaffold 10 can be
sufficiently conformable to conform to various shapes for a variety of anastomotic configurations
such those shown in the respective figures. Likewise, the shape of protective member 51 can also be
conformable. In many embodiments, the deployed state of the scaffold can have a cylindrical or

tube-like shape for doing end-to-end anastomosis as is shown in Figs 1-2. Such embodiments can
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also sufficiently be conformable to conform to other shapes for doing other anastomotic
configurations as well. Specific embodiments can be sufficiently flexible to bend and twist to
conform to the curved, convoluted or other shape of a desired intestinal segment or other body
lumen. Various embodiments of a cylindrical shaped scaffold can also be tapered to accommodate
the taper of a particular body lumen (e.g. the rectum or sigmoid colon). In other specific
embodiments, the deployed state of the scaffold can be curved for doing an end to end anastomosis,
in a curved body lumen as shown in Fig 10; approximately U-shaped for doing a side-to-side
anastomosis with an aligned intestine (as is shown in Fig 11a.), approximately S-shaped for doing a
side-to-side anastomosis with an off-set intestine (as is shown in Fig 11b.), or can be approximately
T-shaped for doing a side-to-end anastomosis (as is shown in Fig 12). In other embodiments, the
scaffold can have a funnel or wine glass shape for doing anastomoses between a larger and smaller
diameter body lumen (as is shown in Fig 13) such as between the stomach and small intestine.

Accordingly, such embodiments are particularly useful for various gastric bypass procedures.

[0053] Other shapes for scaffold 10 are also contemplated including an inverted curve, i.c. a curve
greater than about 180°. The particular shape can be adapted for the particular anastomosis and the
anatomy of the selected lumen. The scaffold can be pre-shaped or can be shaped by the physician
prior to insertion and then mounted onto the delivery catheter. For these and related embodiments,
expansion of the scaffold using a balloon catheter can be done in one of several ways depending
upon the anatomy of the selected lumen and configuration of the anastomosis. These include the
following: 1) using a single balloon,; ii) using two balloons (using kissing balloon techniques known
in the angioplasty arts) or ii) using multiple inflations from a single balloon that is moved in

different locations through the prosthetic scaffold using methods described herein.
CONCLUSION

[0054] The foregoing description of various embodiments of the invention has been presented for
purposes of illustration and description. It is not intended to limit the invention to the precise forms
disclosed. Many modifications, variations and refinements will be apparent to practitioners skilled
in the art. For example, embodiments of the prosthetic scaffold system and related methods can be
configured for positioning in and scaffolding of an anastomotic site in any number of body lumens
such as those found in the esophagus, the heart (e.g. a coronary artery), the liver (e.g., the hepatic
duct, the bilary tree etc.), the pancreas (e.g., the pancreatic duct), the gall bladder (the cystic duct),
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the brain (e.g. a cerebral artery), the aorta, the carotid artery, the femoral or other peripheral artery or
vein and like sites. The scaffold can be shaped, sized, coated and otherwise adapted for delivery and
deployment to the particular location. Also, embodiments of the scaffold can be sized or otherwise

adapted for various pediatric and neonatal applications.

[0055] Elements, characteristics, or acts from one embodiment can be readily recombined or
substituted with one or more elements, characteristics or acts from any other embodiment to form
numerous additional embodiments within the scope of the invention. Moreover, elements that are
shown or described as being combined with other elements, can, in various embodiments, exist as
standalone elements. Hence, the scope of the present invention is not limited to the specifics of the

described embodiments, but is instead limited solely by the appended claims.
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WHAT IS CLAIMED IS:

1. A tissue scaffold for placement at an anastomotic site within a body lumen to promote
healing of an anastomosis, the tissue scaffold comprising;:

a radially expandable scaffold structure including two lateral portions and a mid portion at least one
retention element coupled to each lateral portion, the retention element configured to engage a
tissue wall of the body lumen when the scaffold is expanded to retain the tissue scaffold at the
anastomotic site during a period of anastomotic healing and exert a compressive force on the
anastomosis to maintain an alignment of opposing tissue layers of the anastomosis; and

a barrier layer positioned over the scaffold structure, the barrier layer configured to engage a tissue
wall of the anastomotic site when the scaffold structure is expanded to provide a fluidic seal at the
anastomosis, wherein the scaffold structure mid portion has sufficient radial stiffness to form and
maintain the seal at the anastomosis.

2. The tissue scaffold of claim 1, wherein, the scaffold mid portion has a greater radial stiffness
than the lateral portions.

3. The tissue scaffold of claim 1, wherein the barrier layer includes a biological material.

4. The tissue scaffold of claim 3, wherein the biological material includes at least one of a
growth factor, VEGF, an anti-inflammatory agent or an antimicrobial agent.

5. The tissue scaffold of claim 1, wherein at least a portion of the tissue scaffold comprises a
bio-resorbable material.

6. The tissue scaffold of claim 5, wherein the bio-resorbable material comprises polyglycolic

acid, polylactic acid, or a blend of polyglycolic acid and polylactic acid.

7. The tissue scaffold of claim 1, wherein the scaffold comprises a plurality of axially adjacent
cells.
8. The tissue scaffold of claim 1, wherein an axial length of the tissue scaffold shortens when

the scaffold is expanded.

9. The tissue scaffold of claim 1, wherein the scaffold structure is expandable by one of an
expandable device or an inflatable balloon.

10.  The tissue scaffold of claim 1, wherein when the scaffold structure is expanded, the lateral

portions engage the lumen wall prior to engagement by the mid portion.
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11.  The tissue scaffold of claim 1, wherein when the scaffold structure is partially expanded, the
structure has an outwardly flared shape with respect to a lateral axis of the structure.

12.  The tissue scaffold of claim 1, wherein the barrier layer comprises a tubular member
disposed over the scaffold structure.

13.  The tissue scaffold of claim 1, wherein the barrier layer comprises one of a flouropolymer,
PTFE, polyethylene, PET or NYLON.

14.  The tissue scaffold of claim 1, wherein the scaffold structure has sufficient flexibility to
bend and twist to conform to the shape of a curved body lumen.

15.  The tissue scaffold of claim 1, wherein the scaffold structure has a substantially tubular
shape in the expanded state.

16.  The tissue scaffold of claim 1, wherein the scaffold structure has a substantial T-shape in an
expanded state, the shape configured to be positioned in an end to side anastomosis.

17.  The tissue scaffold of claim 1, wherein the scaffold structure has a substantial S-shape in an
expanded state, the shape configured to be positioned in a side to side anastomosis.

18.  The tissue scaffold of claim 1, wherein the scaffold structure has a curved shape in an
expanded state, the shape configured to be positioned in a curved body lumen.

19. The tissue scaffold of claim 1, wherein the retention clement is a hook.

20. A tissue scaffold for placement at an anastomotic site within a body lumen to promote
healing of an anastomosis, the tissue scaffold comprising:

a radially expandable scaffold structure including two lateral portions and a mid portion, the
structure configured to contract in length when expanded;

at least one retention element coupled to each lateral portion, the retention element configured to
engage a tissue wall of the body lumen when the scaffold is expanded to retain the tissue scaffold at
the anastomotic site during a period of anastomotic healing and exert a compressive force on the
anastomosis to maintain an alignment of opposing tissue layers of the anastomosis; and

a barrier layer positioned over the scaffold structure, the barrier layer configured to engage a tissue
wall of the anastomotic site when the scaffold structure is expanded to provide a fluidic seal at the
anastomosis, wherein the scaffold structure mid portion has sufficient radial stiffness to form and
maintain the seal at the anastomosis.

21. A method for healing of an anastomosis in a target body lumen, the method comprising:
positioning a prosthetic scaffold at an anastomotic site in the body lumen;
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radially expanding the scaffold to engage a wall of the body lumen;

utilizing the scaffold to apply a compressive force on the body lumen wall to maintain opposing like
tissue layers of the anastomosis in substantial alignment; and

retaining the scaffold at the anastomotic site during a period of anastomotic healing.

22. The method of claim 21, wherein the scaffold includes a barrier layer, the method further
comprising:

engaging the barrier layer with the body lumen wall to form a fluidic seal between the anastomosis
and the barrier layer.

23.  The method of claim 21, wherein the scaffold includes a biological agent, the method further
comprising:

delivering the agent to the anastomotic site to facilitate healing of the anastomosis.

24.  The method of claim 23, wherein the agent is a growth factor, the method further
comprising:

increasing an amount of cell growth or collagen at the anastomotic site.

25.  The method of claim 21, wherein the scaffold includes a visible marker and positioning of
the scaffold comprises aligning the visible marker on the scaffold with the anastomosis.

26. The method of claim 21, wherein the scaffold shortens in length as it expands.

27. The method of claim 21, wherein the scaffold is retained at the anastomotic site for at least
two weeks.
28.  The method of claim 21, wherein the body lumen is one of a large intestine, a small

intestine, an esophagus or a stomach.

29. The method of claim 21 further comprising;:

engaging a retaining element with the wall of the target body lumen.

30.  The method of claim 21, wherein the aligned tissue layers is least one of the mucosa,
submucosa, muscularis propia or the serosa.

31.  The method of claim 21, wherein the scaffold is expanded using one of an expansion device
or a balloon catheter.

32. The method of claim 21, wherein portions of the scaffold are expanded segmentally.

33.  The method of claim 21, further comprising:

stressing the lumen wall to increase the strength of the anastomosis during the period of anastomotic
healing.
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34.  The method of claim 33, wherein stressing the lumen wall comprises applying compressive
force to the lumen wall to offset tensile forces on the anastomosis during the period of anastomotic
healing.

35.  The method of claim 21 further comprising:

applying compressive force to the lumen wall to reduce tension induced ischemia at the anastomotic
site.

36.  The method of claim 21, further comprising:

mechanically supporting the body lumen wall to maintain alignment of the opposing like tissue
layers during the period of anastomotic healing.

37.  The method of claim 21, wherein the scaffold comprises a bio-absorbable material, the
method comprising:

absorbing the scaffold structure within the body lumen.
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