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(7) ABSTRACT

Embodiments of the present invention provide a magnetic
anastomosis device (MAD), a delivery catheter for the
MAD, and a method for treating at least one of diabetes,
obesity, digestive disease, and non-alcoholic fatty liver
disease. In embodiments of the present invention, a pair of
the MADs are delivered in body lumen by endoscopic
and/or laparoscopic techniques. An anastomosis between
two adjacent body lumens is formed by compression of the
pair of MADs followed by necrosis and regeneration of the
lumen tissue. The bodily fluids are then redirected through
the formed anastomosis to relieve disease symptoms.
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MAGNETIC ANASTOMOSIS DEVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority to
U.S. Provisional Patent Application Ser. No. 62/397,251
filed Sep. 20, 2016, U.S. Provisional Patent Application Ser.
No. 62/434,817 filed Dec. 15, 2016, and to U.S. Provisional
Patent Application Ser. No. 62/501,251 filed May 4, 2017,
the disclosures of which are incorporated herein in their
entirety by reference.

BACKGROUND

[0002] Diabetes is a metabolic condition, or combination
of conditions, where an individual experiences high concen-
trations of blood glucose. The condition is caused either by
insufficient production of insulin within the body or by
failure of cells to respond properly to insulin. HbAlc (Alc)
value is clinically used for diabetes diagnosis. HbAlc refers
to glycated hemoglobin, which identifies average plasma
glucose concentration. In human, normal HbAlc<6.0%,
prediabetes HbA1c6.0% to 6.4%, diabetes>6.5%.

[0003] Diabetes is one of the leading causes of death and
disability in the United States and in other developed
countries. It is associated with long-term complications that
affect almost every part of the body. It has been linked, for
instance, to blindness, heart and blood vessel disease, stroke,
kidney failure, amputations, and nerve damage.

[0004] Within the United States, diabetes affects approxi-
mately 8 percent of the population and has resulted in costs
that approach $250 billion.

[0005] Diabetes is typically classified as either type 1 (also
referred to as insulin-dependent diabetes or juvenile diabe-
tes), wherein the patient fails to produce sufficient insulin,
type 2 (also referred to as non-insulin-dependent diabetes,
adult-onset diabetes, or obesity-related diabetes), wherein
the patient fails to respond properly to insulin, or gestational
diabetes, a condition which develops late in pregnant
women.

[0006] Type 2 diabetes is the most common form of
diabetes, accounting for 90% to 95% of overall cases. It is
generally associated with older age, obesity, family history,
previous history with gestational diabetes, and physical
inactivity. It is also more prevalent in certain ethnicities.
Type 2 diabetes is also referred to as insulin-resistant dia-
betes, as the pancreas typically produces sufficient amounts
of insulin, but the body fails to respond properly it. Symp-
toms include fatigue, frequent urination, increased thirst and
hunger, weight loss, blurred vision, and slow healing of
wounds or sores.

[0007] Obesity is another significant health concern, par-
ticularly in the developed world. It is a complex, multifac-
torial and chronic condition characterized by excess body
fat, which results from an imbalance between energy expen-
diture and caloric intake. Although the causes of this imbal-
ance are not completely understood, genetic and/or acquired
physiologic events and environmental factors are thought to
contribute. The adverse health effects associated with obe-
sity, and more specifically morbid obesity, have become
well-established in recent years. Such adverse effects
include, but are not limited to, cardiovascular disease, dia-
betes, high blood pressure, arthritis, and sleep apnea. Gen-
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erally, as a patient’s body mass index (BMI) rises, the
likelihood of suffering the adverse effects linked to obesity
also rises.

[0008] Nonalcoholic fatty liver disease is another health
concern, which occurs when your liver has trouble breaking
down fats, causing fat to build up in your liver tissue of
people who drink little or no alcohol. Nonalcoholic fatty
liver disease is common and, for most people, causes no
signs and symptoms and no complications. But in some
people with nonalcoholic fatty liver disease, the fat that
accumulates can cause inflammation and scarring in the
liver. This more serious form of nonalcoholic fatty liver
disease is sometimes called nonalcoholic steatohepatitis. At
its most severe, nonalcoholic fatty liver disease can progress
to liver failure.

[0009] A magnetic anastomosis device (MAD) have been
reported in USSR Inventors® Certificate No. 1,179,978,
USSR Inventors’ Cettificate No. 736,966, U.S. Pat. Nos.
5,690,656, 8,118,821, 8,142,454, 8,870,899, and 9,421,015.
A MAD can be used to create a channel or anastomosis
between two body lumens or organs for the purpose of
redirecting bodily fluids. The body lumens and organs
includes stomach, small and large intestines, liver, heart,
lung, colon, duodenum, jejunum, ileum, biliary duct, gall-
bladder, urological lumen, veins, arteries, and esophagus.
The MAD creates a compressive anastomosis between two
body lumens or organs. Because of the strong compression,
the tissue trapped between the two MAD:s is cut off from its
blood supply. Under these conditions, the tissue becomes
necrotic and degenerates, and at the same time, new tissue
grows around points of compression, e.g., on the edges of
the coupling. When the coupling is removed, a healed
anastomosis between the two tissues is formed. Very limited
success in human trials has been obtained from these MADs.
There is no commercial MAD available on the market today.
Improvements of the safety and efficacy of these devices are
needed. The delivery of these devices deep in the gastroin-
testinal tracts remains challenging,

SUMMARY OF THE INVENTION

[0010] Embodiments of the present invention relate to a
MAD, MAD delivery catheters, and methods of treatment
for diabetes, obesity, nonalcoholic fatty liver disease, diges-
tive diseases, cancers, and tumors. The delivery catheters
can include a combination of a MAD and their delivery
system. The deployable magnetic devices can be used for
creating anastomoses between two body lumens or organs
for the purpose of redirecting/diversion of body fluids. The
body lumens and organs can include small and large intes-
tines, colon, duodenum, jejunum, ileum, biliary duct, gall-
bladder, urological lumen, veins, arteries, esophagus or a
combination thereof. The methods can involve delivery of
the magnetic devices to targeted body lumens in the human
body by endoscopic and/or laparoscopic techniques. The
methods can include the creation of an anastomoses between
two body lumen and/or organs with MAD and its delivery
systems using endoscopic and/or laparoscopic techniques.
The inventions improve safety and efficacy of the magnetic
devices and their delivery system including minimum inva-
sive or non-invasive procedure and ready to mate MAD
rings that have no plane face orientation requirement to pair
them together.

[0011] In one embodiment of the present invention the
MAD:s in human body for treatment of diabetes, obesity and
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non-alcohol fatty liver disease comprises (1) at least one pair
of MAD rings; (2) at least two layer tissues of the body
lumen to be joined at the beginning of anastomosis forma-
tion and to necrose over time; and (3) reducing Glycated
Hemoglobin Alc (HGBAIC or HbAlc or A1C), plasma
glucose concentration and body weight over time.

[0012] wherein the two layers of the body lumen are in
between the two MAD rings; wherein the MAD ring is
enclosed in a polymer heat shrink tube (PHST) and the
polymer heat shrink tube is flexible and conformable so that
the MAD forms a ring shape from a linear shape; wherein
the tissues applicable to such a treatment include nonvas-
cular lumens, digestive lumens, stomach, esophagus, bile
duct, duodenum, jejunum, ileum, cecum, colon, cancers, and
tumors.

[0013] In one embodiment of the present invention the
MAD can be delivered in a low profile, linear configuration
using a catheter, endoscope, endoscopic overtube, or lapa-
roscope. Some examples of endoscopes used in human
intestines include a work channel having a size (e.g., diam-
eter) in the range of 2.8 mm to 3.8 mm. The linear crossing
profiles of invented MADs are compatible with these
scopes. Upon delivery, the MAD can be formed into the ring
shape by guiding elements in small intestines such as
duodenum, jejunum, ileum, and can be paired to a second
MAD ring to join jejunum and ileum tissues or duodenum
and ileum tissues by a pull-back method. The blood supply
through the tissues compressed in-between the mated sur-
faces of two MAD rings is cut off. The ischemic tissues can
be allowed to necrose over time and fall away through the
digestive track to form an anastomosis.

[0014] The anastomosis can allow a portion of the diges-
tive fluids and food to bypass a portion of the intestinal path
through the MAD while the partially bypassed jejunum,
duodenum and ileum tissue continues to function in its
native capacity with the portion of the digestive fluids and
food which do not pass through the anastomosis. By select-
ing the sizes of the MAD, a physician can control the amount
of diversion based on needs of the patients to control
diseases, such as diabetes and obesity.

[0015] In another embodiment of the present invention the
MAD rings can be used to join small intestines and large
intestine such as colon to jejunum, colon to ileum colon to
duodenum, cecum to jejunum, cecum to ileum or cecum to
duodenum.

[0016] Embodiments of the MAD in the present invention
include a tube, such as a heat shrink polymeric tube (HSPT),
and a plurality of magnets, wherein the magnets are
assembled in the tube that acts as an enclosure; the magnets
are inserted with proper pole directions into the heat shrink
tube; also the magnets can be inserted with the proper
alignment of their special geometric features into one direc-
tion in the heat shrink tube for the lowest possible crossing
profile; then heating is added to shrink the polymeric tube
over the assembled magnets; the magnets assembled with
proper pole directions are then fixed in the polymeric tube.
The MAD is generally ring- or disc-shaped with a hole in the
center. The outer diameter (D) of the ring is in the range of
5 mmto 50 mm, or 10 mm to 35 mm. The width of the MAD
is in the range of 0.5 mm to 10 mm, or preferably, 1 mm to
5 mm. The thicknesses of the MAD is in the range of 0.25
mm to 10 mm, or 1 mm to 4 mm. The magnets in the MAD
are discs, cylinders, circles, oblongs, ovals, squares, blocks,
cubes. hexagonal, octagonal, and trapezoidal shapes with/
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without holes, or with modified features such as a chamfer,
bevel, fillet, and the like. The magnets in the MAD are
coated with metals or polymers or the combination of both
in layers for protection and biocompatibility. The diameter
or dimension d of the magnets are the same as the width of
the MAD. The thickness of the magnets plus the double wall
thickness of the heat shrink tubes are equal to the thickness
of the MAD. The number of the magnets in the MAD is in
the range of 1-40, 8-30, 10-30, 12-30, 14-30, or 16-26. The
number can be an even number. When the magnets are
magnetized thru their thickness direction are arranged in
alternating polarities pattern to each other (e.g., NSNSNS
pattern), the even number gives both ends having opposite
magnetic pole directions, which are attractive to each other
when formed into a ring. If the magnets are disc or cylinder
the outer diameter (D) of the MADS can be estimated by the
product of the number of the magnets (n) multiplied by the
diameter (d) of the magnets divided by = and then adding the
diameter (d) of the magnets. D=n d/m+d. For example, the
diameter (D) of MAD is 19.35 mm if nis 16 and d is 3.175
mm; the diameter (D) of MAD is 13.29 mm if n is 10 and
d is 3.175 mm; the diameter (D) of MAD is 18.72 mm if n
is 20 and d is 2.54 mm. All these numbers are for illustration
only since they are theoretical calculations. In the case of an
actual device the calculated results above have not included
any gap between the magnet discs and the wall thickness of
the heat shrink sheath wrapping around the discs.

[0017] For magnet mass, magnetic strength, MAD ring
size (outer diameter), MAD linear crossing profile (endo-
scope compatibility) and ease to mate between the first
MAD ring and the second MAD ring, suitable numbers of
magnets in the ring of current invention are 1-40, 8-30,
10-30, 12-30, 14-30, or 16-26; and suitable attraction forces
of these rings are 0.7 pounds to 4.0 pounds as measured with
a gap distance of about 1 mm between the rings for appli-
cations jointing two segments of the intestine. Stronger
attractive forces would be desirable for applications joining
thicker walled body lumens (e.g., the stomach).

[0018] In one embodiment, the polymer heat shrink tube
(PHST) includes a polyester, a polyamide, a polyether-
amide block copolymer (e.g., Pebax), a polyolefin, a poly-
olefin derivative, a polyurethane, a poly(vinyl chloride), a
polytetrafluoroethylene (PTFE), a fluorinated ethylene pro-
pylene (FEP), a perfluoroalkoxy polymer (PFA), or a com-
bination thereof. The shrinking temperature of the heat
shrink tubes can depend on the polymer materials and can be
in the range of 45° C. to 300° C. Low shrinking temperature
materials can be desirable since temperature can have
impact on the magnetic strength of the magnets (degrading);
the low heat shrinking temperature can be in a range of from
about 60° C. to about 130° C., about 70° C. to about 120°
C., or less than, equal to, or greater than about 60° C., 65°
C.,70°C,75°C.,80°C. 85 C.,90°C, 95° C., 100° C.,
105° C., 110° C., 115° C., 120° C., 125° C., or about 130°
C. This can help to minimize the risk of degrading the
magnet strength. The size of the heat shrink tubes can be
slightly larger than the sizes of the magnets in the MADs.
More specifically, the circumference of the heat shrink tube
inside diameter (C;) is equal to or slightly larger than the
perimeter (P_ ) of the cross section area of the magnets in the
alignment they will reside in the tubing in their final
assembled state. The ratio of C,,/P_, can be =1 and <2. The
shrinking ratio can be in the range of 1.1:1 to 4:1 and should
generally allow for the PHST to shrink to a relatively snug
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fit over the magnets. In some examples, the heat shrink tube
selection should match the temperature grade of the mag-
nets, so the heat shrink process will not degrade the mag-
netic strength of the MAD rings. Heat shrink tube is also
required to have shape retention feature; so it can be
re-circularized from linear form during delivery to the ring.

[0019] Embodiments of MAD delivery catheters in the
present invention include MAD, pushing tubes, guiding
elements and introducer. The pushing tubes can be solid or
hollow, for example, metal wires, such as stainless steel
wires, nitinol wires, or hypotubes or plastic tubing, such as
stainless steel hypotube, nitinol hypotube, layered polymer
tubes, braided tube, or plastic tubing. Plastic tubing can
include unfilled high density polyethylene (HDPE), or filled
polyethylene such as barium sulfate-filled HDPE which is
radiopaque, or other polymers. The guiding elements can be
single or multiple filaments of polyesters, polyamides, poly-
propylene, polyethylene (e.g., ultra-high molecular weight
polyethylene) or fluoropolymers, or metal wire such as steel
wire and nitinol wire. The completed assembly of the MAD
delivery catheter can include the MAD in linear deployable
shape in the distal end, followed by the pushing tube. The
guiding elements can be attached to the MAD in the distal
end and extended through or along the pushing tube to the
proximal end of the MAD delivery catheter. The guiding
elements can encircle the outside of the MAD diameter and
inside of the heat shrink tube. The guiding elements can also
be connected near the ends of the MAD. Optionally the
MAD system can be enclosed in a delivery sheath and the
MAD can be preloaded at the distal end of the sheath. The
sheath can be a short introducer to connect MDA with the
pushing rod. The length of short introducer can be about 12
inches or 6 inches. The MAD can be fully or partially
covered by the introducer. The materials of the introducer
are thermoplastics, preferably, modified thermoplastic that
provide low friction to release the MAD. Suitable materials
are PTFE modified, FEP, silicone modified, and PebaSlix
(Duke Empirical, Santa Cruz, Calif.). The MAD can be
manipulated to place it in the body lumen preselected
location and direction by the guiding elements.

[0020] In some embodiments, the pushing tube includes
two different tubes coaxially arranged one inside of another.
Any suitable thermoplastic or its thermoplastic elastomer
can be used for the outside layer material, such as poly-
amide, polyester, polyethylene, polypropylene and other
engineering thermoplastic materials. The inside tube
includes polytetrafluoroethylene (PTFE) or other fluoropo-
lymers that reduce friction and drag for guiding elements
operation.

[0021] Inoneembodiment, the MAD delivery catheter has
an atraumatic soft tip at the distal end of the pushing tube
which has shore D hardness less than 55D, less than 50D, or
less than 40D.

[0022] In one embodiment, the removable attachment
features can be directly fixed on to the end pieces of MAD
magnets, such as on the open ends, which can enable ring
formation after delivery. The attachment feature can include
a stainless steel wire with a small eyelet or arc shape loop to
hold delivery lines and allow the delivery line withdrawn
easily via rolling/sliding through the hole. In addition to
metal wire, the attachment can include plastic parts such as
injection molded plastic parts with micro-injection molding
technology.
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[0023] 1In one embodiment, the delivery guiding element
lines for ring formation can be attached directly on to the
heat shrink tube at or near the two open end pieces of the
magnets. In some embodiments, the removable attachments
can be broken away at the heat shrink tube site after the two
MAD devices have magnetically joined across the body
lumen walls. As an embodiment, the breakaway can be
achieved with a controlled amount of force with the feature
of enlarged end diameter of guiding element lines, which is
larger than the precisely controlled hole size in the sheath
where the lines pass through. The enlarged ends of the lines
require a controlled amount of force to be pulled through the
holes in the sheath to separate the pushing tubes and lines
from the magnet ring and sheath. The suitable force is 0.25
to 5 Ibs. or 0.5 to 3 Ibs. The enlarged ends of the lines can
be achieved with knots or molded on beads as two possible
examples. In another embodiment, a single guiding element
line may pass through the heat-shrink tube of the proximal
magnet and be attached with a breakaway knot to the
heat-shrink tube at the distal end, so that as it is retracted it
pulls proximal and distal ends together to circularize the
magnet ring. As another exemplary embodiment, the force to
separate the ring and sheath from the guiding element lines
can be controlled by having the guiding element line con-
nected to the sheath by a loop through two small holes very
closely spaced apart in the sheath wall. The line can be
separated by pulling the loop until it causes the material in
the sheath wall between these holes to tear. This separation
force can be controlled by the spacing of the two holes.

[0024] In another embodiment, the guiding element lines
are connected to the MAD through holes in the side of the
heat shrink tubing covering the ring which is covering the
outside thickness of the magnet ring. When connected in this
way to rings which have the rings formed from magnets
having alternating polarities, this yields a MAD system
which is symmetric with the top surface of the ring being
functionally equivalent to the bottom surface of the ring.
This allows the pair of rings to be mated between adjacent
body lumens without the need to control which face of the
ring is directed towards the ring in the other body lumen.

[0025] Inone embodiment, the MAD delivery catheter can
be delivered with assisting devices. The assisting devices
can reduce endoscope loops inside of the body during
delivery or enable a standard endoscope to be advanced or
positioned in the deep small and large intestine. The com-
bination of the endoscope and assisting device can enhance
the reach of the targeted sites deeper in body lumen such as
colon, duodenum, jejunum, and ileum beyond the ligament
of Treitz or ileocecal junction. The assisting devices match
with the endoscope for appropriate internal diameter or outer
diameter and length. The assisting devices can include an
overtube, single balloon overtube, a double balloon over-
tube, a spiral overtube, a motorized spiral overtube, a
G-EYE endoscope system, and a NaviAid balloon system.

[0026] Inone embodiment, the MAD delivery catheter can
be delivered with the assisting devices. The assisting device
is one of overtube, single balloon overtube, double balloon
overtube, spiral overtube, and motorized spiral overtube.
These overtubes are accessory to an endoscope that can
reduce endoscope loops inside of the body during delivery
and enable a standard endoscope to be advanced or posi-
tioned in the small and large intestine. The combination of
the endoscope and overtube can enhance the reach of the
targeted sites deeper in body lumen such as colon, duode-
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num, jejunum, and ileum. The overtube matches with the
endoscope for appropriate internal diameter and length. In
some embodiments, the Reach Overtube by US endoscope,
Mentor, Ohio, is used with a standard endoscope of outside
diameter of 11.5 mm. The single balloon enteroscope system
from Olympus is an example of single balloon overtubes.
Another example of the overtubes is the double balloon
endoscopy system from FUUIJIFILM. G-EYE endoscope
system and NaviAid Balloon system from Smart Medical
are another kind of the assisting devices that fit into work
channel of the scopes.

[0027] In one embodiment, the method of delivering
MAD in body lumen includes: 1) inserting and advancing
the first endoscope with the first assisting devices transorally
into stomach and duodenum to or beyond targeted site, such
as jejunum; 2) inserting and advancing the second endo-
scope or colonoscope transanally into colon or ileum with
the second assisting device to or beyond targeted site, such
as ileum; 3) identifying the point on both endoscopes that are
in close proximity; 4) delivering the MAD from the working
channels of the endoscopes; 5) transforming the MAD from
linear to circular shape; 6) manipulating or withdrawing the
endoscopes to the previously identified point of proximity
and mating two MAD rings with each other from two
separated lumens/organs; 7) using the tip of the delivery
system to support the side of the MAD ring while pulling the
guide element lines to separate the lines from the MAD
rings, 8) withdrawing the MAD delivery systems into the
endoscopes and withdrawing the endoscopes from the body;
and 9) forming anastomosis over time. The first endoscope
is different from the second endoscope. The first assisting
device can be the same or different from the second assisting
device. The assisting devices include overtube, single bal-
loon overtube, double balloon overtube, spiral overtube,
motorized spiral overtube, G-EYE endoscope system, and
NaviAid balloon system. The first and the second assisting
device can be NaviAid balloon system in one embodiment.
The first assisting device is one of overtubes and the second
assisting device is NaviAid balloon system in another
embodiment. The pairs of the first and the second assisting
devices are single balloon overtube and double balloon
overtube, two overtubes, two double balloon systems, and
two single balloon systems, one single balloon system and
one double balloon system, two G-EYE endoscope systems,
two NaviAid Balloon systems, and One G-EYE endoscope
system and one NaviAid Balloon system.

[0028] Inanembodiment, the endoscope can reach deep in
the duodenum, jejunum, ileum or colon with the assistance
of endoscopic balloon catheters, such as NaviAid Balloon
catheter (Smart Medical Systems Ltd., Israel). The role of
the balloon catheter is to facilitate advancement of a stan-
dard endoscope into the small and large intestine. In one
embodiment, the method of delivering MAD in body lumen
including: 1) inserting the first endoscope transorally into
stomach and duodenum, passing ligament treitz; 2) inserting
a balloon catheter such as NaviAid AB (40 mm balloon) in
the working channel of the endoscope and advancing
beyond the scope distal tip; 3) moving the balloon catheter
into deep lumen such as jejunum; 4) inflating the balloon
catheter to fix it at a position as an anchoring device for
endoscope to advance or for reducing stomach loops; 5)
moving the endoscope over the balloon catheter to deep
lumen, such as jejunum until reaching the anchoring balloon
catheter; 6) repeating step 3), 4) and 5) until reaching
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beyond the targeted site; 7) withdrawing the balloon catheter
from the scope; 8) inserting the second endoscope or colono-
scope transanally into colon or ileum; 9) inserting a balloon
catheter such as NaviAid balloon catheter in the working
channel of the endoscope and advancing beyond the endo-
scope distal tip; 10) moving the balloon catheter into deep
lumen such as the ileum; 11) inflating the balloon catheter to
fix it at a position as an anchoring device for the endoscope
to advance; 12) moving the endoscope over the balloon
catheter to deep lumen, such as ileum until reaching the
anchoring balloon catheter; 13) repeating the last three steps
until reaching beyond the targeted site; 14) using orthogonal
fluoroscopic views, identify the target mating site by locat-
ing the points on both endoscope shaft loops that are in close
proximity to each other; 15) withdrawing the balloon cath-
eter; 16) delivering the MADs from the working channels of
the endoscopes in a linear form; 17) transforming the MADs
from linear to circular shape; 19) adjusting or moving back
the tips of the endoscopes to line up the two MAD:s to the
pre-specified target mating site; 20) mating two MAD rings
with each other from two separated lumens/organs; 21)
using X-ray image to confirm the mating; 22) detaching or
separating the guiding element lines from the mated MADs;
23) withdrawing the MAD delivery systems from the endo-
scopes; 24) withdrawing the endoscopes carefully without
touching the deployed MADs; 25) forming anastomosis over
time by pressure necrosis, 26) allowing the necrotized tissue
together with the two MADs to flow out of the body through
the digestive tract.

[0029] In one embodiment, the method of delivering
MAD in body lumen includes: 1) sliding the first endoscope
into an overtube until its proximal end; 2) inserting the
combined devices transorally into stomach and duodenum;
3) pulling the endoscope back to reduce endoscope loops in
stomach; 4) advancing the overtube as far as desired to
minimize looping in the stomach or intestine; 5) advancing
the endoscope to or beyond targeted site, such as jejunum;
6) inserting the second endoscope or colonoscope tran-
sanally into colon or ileum; 7) inserting a balloon catheter
such as NaviAid balloon catheter in the working channel of
the endoscope and advancing beyond the scope distal tip; 8)
moving the balloon catheter into deep lumen such as ileum;
9) inflating the balloon catheter to fix it at a position as an
anchoring device for the endoscope to advance; 10) moving
the endoscope over the balloon catheter to deep lumen, such
as ileum, until reaching the anchoring balloon catheter; 11)
repeating the last three steps until reaching to or beyond the
targeted site; 12) withdrawing the balloon catheter from the
scope; 13) identifying the point on both endoscopes that are
in close proximity; 14) delivering the MAD from the work-
ing channels of the endoscopes; 15) transforming the MAD
from linear to circular shape; 16) manipulating or withdraw-
ing the endoscopes to the previously identified point of
proximity and mating two MAD rings with each other from
two separated lumens/organs; 17) Using the tip of the
delivery system to support the side of the MAD ring while
pulling the guide element lines to separate the lines from the
MAD rings, 18) withdrawing the MAD delivery systems
into the endoscopes and withdrawing the endoscopes from
the body; and 19) forming anastomosis over time.

[0030] In one embodiment, the present invention provides
a method for delivering the MAD to a body lumen, the
method including: inserting a MAD catheter and advancing
it to the target site in the body lumen; releasing the MAD to
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the body lumen; inserting the second MAD catheter and
advancing it to the target site to be joined in a body lumen;
releasing the second MAD to the body lumen; manipulating
guiding elements to orientate and place both of the MADs in
a location and orientation to couple (e.g., to mate); with-
drawing the MAD delivery systems from the body lumen
(e.g., after detaching the guiding lines). The MAD can
include: at least ten, twelve, fourteen, or sixteen magnets;
and a flexible polymeric tube, wherein a plurality of the
magnets are assembled and fixed in the right direction and
the right place in the polymeric tube upon heating, which is
in the ring form before delivery; and wherein the polymeric
tube is flexible to allow the MAD to direct into a geometric
shape (e.g., from ring to linear form and back to ring shape).

[0031] In various embodiments, the present invention pro-
vides a method for delivering the MAD to a body lumen,
including two endoscopes advancing to the target site. For
example, the method can include inserting an endoscope and
advancing it to the target site in the first body lumen from
one direction, and inserting second endoscope and advanc-
ing to the target site in the second body Iumen from another
direction. In some cases, the tips of the two endoscopes
come into close proximity during advancement or manipu-
lation. Then, two scope tips are adjacent to each other, the
MADs are delivered from both direction and mated. How-
ever, in other cases, it is very challenging to bring tips into
close proximity during advancement. But as the endoscopes
are advanced, the scope shaft loops of the two endoscopes
press against each other, and a point on the scope shafts may
be identified at which the tips will be in proximity during
withdrawal, which is an anatomically convenient site for
mating. In various embodiments, the present invention pro-
vides a method for delivering the MAD to a body lumen,
including two endoscopes advancing beyond the target site.
For example, the method can include inserting an endoscope
and advancing it beyond the target site in the first body
lumen from one direction, and inserting second endoscope
and advancing it beyond the target site in the second body
lumen from another direction. An anatomically convenient
mating site may then be identified as the point on the shafts
at which the scope loops of the first and second endoscopes
are proximate in two orthogonal planes by fluoroscopy. The
MADs may then be delivered from both directions and
mated after or while pulling back the endoscopes and the
MAD:s to the desired target anastomosis site. This pull-back
method has several advantages, as it precludes inadvertent
capture of other tissues between mated magnets and shortens
the procedure time. It also allows the primary manipulation
of the rings to be drawing them back through the body lumen
which makes control of the rings alignment easier than when
trying to advance them forward down the body lumen.

[0032] In the embodiments of the present invention the
methods to treat the diseases of diabetes and obesity com-
prises 1) inserting and advancing the first endoscope with
the first assisting devices transorally into stomach and
duodenum to or beyond targeted site, such as jejunum, 2)
inserting and advancing the second endoscope or colono-
scope transanally into colon or ileum with the second
assisting device to or beyond targeted site, such as ileum; 3)
identifying the point on both endoscopes that are in close
proximity; 4) delivering the MAD from the working chan-
nels of the endoscopes; 5) transforming the MAD from
linear to circular shape; 6) manipulating or withdrawing the
endoscopes to the previously identified point of proximity

Sep. 12,2019

and mating two MAD rings with each other from two
separated lumens/organs; 7) using the tip of the delivery
system to support the side of the MAD ring while pulling the
guide element lines to separate the lines from the MAD
rings, 8) withdrawing the MAD delivery systems into the
endoscopes and withdrawing the endoscopes from the body;
and 9) forming anastomosis over time; 10) reducing Gly-
cated Hemoglobin Alc(HGBA1C or HbAlc or AlC),
plasma glucose concentration and body weight over time.
The first endoscope is different from the second endoscope.
The first assisting device can be the same or different from
the second assisting device. The assisting devices include
overtube, single balloon overtube, double balloon overtube,
spiral overtube, motorized spiral overtube, G-EYE endo-
scope system, and NaviAid balloon system. The first and the
second assisting device can be NaviAid balloon system in
one embodiment. The first assisting device is one of over-
tubes and the second assisting device is NaviAid balloon
system in another embodiment. The pairs of the first and the
second assisting devices are single balloon overtube and
double balloon overtube, two overtubes, two double balloon
systems, and two single balloon systems, one single balloon
system and one double balloon system, two G-EYE endo-
scope systems, two NaviAid Balloon systems, and One
G-EYE endoscope system and one NaviAid Balloon system.

[0033] In one embodiment, the diseases for this treatment
include one of diabetes, obesity, nonalcoholic fatty liver
disease, digestive diseases, cancers, tumors. The tissues
applicable to such a treatment include nonvascular lumens,
digestive lumens, duodenum, jejunum, ileum, colon, can-
cers, tumors.

[0034] It is understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the
present invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1 illustrates various abdominal organ and
various anastomosis sites. The jejunum and ileum, the
duodenum and ileum, the duodenum and jejunum, the
stomach and colon, the stomach and small intestines, jeju-
num and cecum, duodenum and cecum, ileum and cecum,
and the small intestines and colon are potential anastomosis
sites, in accordance with various embodiments.

[0036] FIGS. 2A-2C illustrate side and vertical views of
MAD components, in accordance with various embodi-
ments. The disc has diameter d and height h, and the ring has
outside diameter D, height H and hole diameter DH.

[0037] FIGS. 3A-3C illustrate side and vertical views of
assembled MAD with outside diameter OD, inside diameter
DH, and height H with polymeric heat shrink tube and
guiding elements, in accordance with various embodiments.
The knots of guiding elements are located at the middle of
the side wall of the heat shrink tube, in accordance with
various embodiments.

[0038] FIGS. 3D-3F illustrate an assembled MAD with
polymeric heat shrink tube and guiding elements. The guid-
ing elements are located close to the joint of the MAD in the
heat shrink tube, with the knots of guiding elements located
at the top surface of the heat shrink tube and the lines exiting
from the bottom surface of the heat shrink tube (e.g., thru the
thickness), in accordance with various embodiments.



US 2019/0274687 A1l

[0039] FIGS. 3G-3H illustrate another MAD assembly of
FIG. 3B but the lines are exiting from the middle side wall
of the heat shrink tube (e.g., thru the half thickness).
[0040] FIGS. 31-3] illustrate an assembled MAD with a
single guiding line that has one knot to attach to one end and
the line goes through the holes on the other end to connect
both ends, in accordance with various embodiments.
[0041] FIGS. 3K-3L illustrate an assembled MAD with a
looping method of a single guiding line to connect both ends
free of using knots, in accordance with various embodi-
ments.

[0042] FIGS. 3M-3N illustrate an assembled MAD, in
which a single line loops through two holes located at each
very open end of the joint of the MAD in the heat shrink
tube, in accordance with various embodiments.

[0043] FIGS. 30-3P illustrate an assembled MAD, in
which two separated guiding lines loop through (in and out)
two holes at each end to connect the MAD ring, in accot-
dance with various embodiments.

[0044] FIGS. 4A-4B illustrate an end piece design for
guiding line attachment and joint parts of MAD ring assem-
bly, in accordance with various embodiments. The eye loop
of hook ring can be placed in the middle height or at top or
bottom of the magnet, in accordance with various embodi-
ments.

[0045] FIG. 4C illustrates an end piece in detail, in accor-
dance with various embodiments. The hook ring can be
directly attached to the magnet or attached to a thin disc first,
then the thin disc with hook ring attached to the magpet, in
accordance with various embodiments.

[0046] FIG. 4D-4E illustrate an end piece design, in
accordance with various embodiments. The magnet has two
shallow grooves parallel at each side. In this example, the
grooves are located in the middle of the height. The hook
ring can snap into the groove to be fixed there, and the eyelet
loop can be located inside or partially inside of groove, in
accordance with various embodiments.

[0047] FIG. 4F-4G illustrate an end piece design, in accor-
dance with various embodiments. With the same mid-height
grooves, an arc shape line is attached to the grooves to leave
a gap for guiding element to thread through, in accordance
with various embodiments.

[0048] FIG. 5A illustrates a magnetic disc with a chamfer
located at four corners symmetrically or asymmetrically
(two on each flat surface), in accordance with various
embodiments.

[0049] FIG. 5B illustrates a side view of a rounded disc
without other geometric features, in accordance with various
embodiments.

[0050] FIG. 5C is a side view of a chamfered disc with
specific dimensions of A, B, C, and D, in accordance with
various embodiments.

[0051] FIG. 5D is a side view of a filleted disc with
specific dimensions of A, B, C, and D, in accordance with
various embodiments.

[0052] FIG. 5E is the side view of a trapezoidal or beveled
disc with specific dimensions of A, B, and C, in accordance
with various embodiments.

[0053] FIG. 5F is a top view of an oblong disc with
specific dimensions of A, B, and C, in accordance with
various embodiments.

[0054] FIG. 6A illustrates a MAD delivery system with an
assembled MAD in deployable linear state in delivery
sheath, in accordance with various embodiments. There is a
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single guiding line at each end of magnets assembly, in
accordance with various embodiments.

[0055] FIG. 6B illustrates a MAD delivery system with an
assembled MAD in deployable linear state in delivery
sheath, in accordance with various embodiments. There are
folded (double) guiding lines at each end of magnets assem-
bly through the eye loop, in accordance with various
embodiments.

[0056] FIG. 6C illustrates a MAD delivery system with an
assembled MAD in deployable linear state partially covered
by delivery sheath to hold MAD assembly and pushing tube
together, in accordance with various embodiments.

[0057] FIG. 7A-7B illustrate a MAD delivery system with
an assembled MAD in a deployable state in a catheter,
endoscopic overtube, endoscope or laparoscope, in accor-
dance with various embodiments.

[0058] FIG. 8A illustrates first and second MAD delivery
systems with an assembled MAD in deployed state in body
lumens with guiding elements still attached to MAD, in
accordance with various embodiments.

[0059] FIG. 8B illustrates a MAD delivery system with an
assembled MAD in deployed and reshaped (final) state in
the body lumen with guiding elements still attached to
MAD, in accordance with various embodiments.

[0060] FIG. 8C illustrates first and second MAD delivery
systems with assembled MADs in deployed and final state in
the mating stage with guiding elements still attached to
MAD:s, in accordance with various embodiments.

[0061] FIG. 8D illustrates first and second MAD delivery
systems with assembled MADs in deployed and mated
stage, and being ready for detaching the MADs, in accor-
dance with various embodiments.

[0062] FIG. 8E illustrates the compression of two body
lumens by two MADs without guiding elements attached to
MAD, in accordance with various embodiments. The MAD
delivery systems are withdrawn, in accordance with various
embodiments.

[0063] FIG. 8F illustrates necrosis, formation of the anas-
tomosis, and MADs release from anastomosis site, in accor-
dance with various embodiments.

[0064] FIG. 9 illustrates a MAD having discs axially
(thickness direction) magnetized with north poles or south
poles in alternating vertical directions, in accordance with
various embodiments. MAD components at the open ends of
MAD are opposite poles attracted to each other. The number
n is an even numbet, in accordance with various embodi-
ments.

[0065] FIG. 10A illustrates a MAD pair in vertical direc-
tion of discs axially magnetized with north poles in upper
side, in accordance with various embodiments. Two MADs
are attracted to each other with opposite poles between
contacting surfaces, in accordance with various embodi-
ments.

[0066] FIG. 10B illustrates a MAD pair having discs
axially magnetized with north and south poles alternately
arranged in the ring, in accordance with various embodi-
ments. Two MADs are attracted to each other with opposite
poles. The letters S and N represent the opposite poles at
contacting faces. The guiding lines are attached through the
eye loops, in accordance with various embodiments.
[0067] FIG. 10C illustrates an embodiment of a MAD pair
having discs axially magnetized with north and south poles
alternately arranged in the ring. Two MADs are attracted to
each other with opposite poles. The letters S and N represent



US 2019/0274687 A1l

the opposite poles at contacting faces. The removable guid-
ing lines are attached through the heat shrink sheath with
knots, in accordance with various embodiments.

[0068] FIG. 10D illustrates an embodiment of a MAD pair
having discs axially magnetized with north and south poles
alternately arranged in the ring.

[0069] The magnets include chamfers and the chamfers
align along the ring direction, in accordance with various
embodiments.

[0070] FIG. 10E illustrates an embodiment of a MAD pair
having chamfered discs axially magnetized with north and
south poles alternately arranged in the ring. The removable
guiding lines are attached to the sheath with knots on the top
surface and exit the sheath at the middle of side wall, in
accordance with various embodiments.

[0071] FIG. 10F illustrates an embodiment of a MAD pair
having oblong discs axially magnetized with north and south
poles alternately arranged in the ring. The removable guid-
ing lines are attached to the sheath with knots on the top
surface and exit the sheath at the middle of side wall, in
accordance with various embodiments.

[0072] FIG. 11A illustrates an inside view of an anasto-
mosis formed after MADS implantation, in accordance with
various embodiments.

[0073] FIG. 11B illustrates an external view of the intes-
tinal anastomosis at necropsy, in accordance with various
embodiments.

[0074] FIG. 11C illustrates an inside view of an anasto-
mosis joint line, in accordance with various embodiments.

DETAILED DESCRIPTION

[0075] Reference will now be made in detail to certain
embodiments of the disclosed subject matter, examples of
which are illustrated in part in the accompanying drawings.
While the disclosed subject matter will be described in
conjunction with the enumerated claims, it will be under-
stood that the exemplified subject matter is not intended to
limit the claims to the disclosed subject matter.

[0076] Throughout this document, values expressed in a
range format should be interpreted in a flexible manner to
include not only the numerical values explicitly recited as
the limits of the range, but also to include all the individual
numerical values or sub-ranges encompassed within that
range as 1f each numerical value and sub-range is explicitly
recited. For example, a range of “about 0.1% to about 5%
or “about 0.1% to 5%” should be interpreted to include not
just about 0.1% to about 5%, but also the individual values
(e.g., 1%, 2%, 3%, and 4%) and the sub-ranges (e.g., 0.1%
to 0.5%, 1.1% to 2.2%, 3.3% to 4.4%) within the indicated
range. The statement “about X to Y has the same meaning
as “about X to about Y,” unless indicated otherwise. Like-
wise, the statement “about X, Y, or about Z” has the same
meaning as “about X, about Y, or about Z,” unless indicated
otherwise.

[0077] In this document, the terms “a,” “an,” or “the” are
used to include one or more than one unless the context
clearly dictates otherwise. The term “or” is used to refer to
a nonexclusive “or” unless otherwise indicated. The state-
ment “at least one of A and B” or “at least one of A or B”
has the same meaning as “A, B, or A and B.” In addition, it
is to be understood that the phraseology or terminology
employed herein, and not otherwise defined, is for the
purpose of description only and not of limitation. Any use of
section headings is intended to aid reading of the document
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and is not to be interpreted as limiting; information that is
relevant to a section heading may occur within or outside of
that particular section.

[0078] Embodiments of the present invention relate to a
magnetic anastomosis device (MAD), a MAD delivery
catheter, methods of delivery of the catheter in targeted body
lumen, and methods of treatment for diabetes, obesity,
digestive diseases, cancers, and tumors, with the MAD
delivery catheter. The delivery catheter includes a combi-
nation of a magnetic anastomosis devices and their delivery
catheters. The deployable magnetic devices are used for
creating anastomoses between two body lumens or organs
(e.g., between two body lumens, between two organs, or
between a body lumen and an organ) to be joined for the
purpose of redirecting bodily fluids. The term “between two
body lumens” can include between two different body
lumens or between two segments of a single body lumen
(e.g., between proximal and distal intestine). An anastomosis
can treat disease in any suitable way, such as by bypassing
an obstruction caused by a tumor, creating a new pathway
for foods, urine, blood, bile, or pancreatic enzymes, or such
as by bypassing or partially bypassing a segment of the
gastrointestinal tract in order to decrease nutrient absorption,
alter intestinal microbial flora, affect hormonal changes
(e.g., incretin), or a combination thereof. The body lumens
and organs includes small and large intestines, cecum,
stomach, biliary duct, esophagus, colon, duodenum, jeju-
num, ileum. The methods involve delivery of the magnetic
devices to targeted body lumen in the human body by
endoscopic and/or laparoscopic techniques using an access
device such as an endoscope, overtube, colonoscope, ent-
eroscope, laparoscope, overtubes, single balloon overtubes,
spiral overtubes, double balloon endscope system, G-EYE
endoscope system and their combinations.

[0079] Embodiments of the present invention are directed
to the treatment of diseases by delivery of a MAD through
access devices with MAD delivery systems. Two separately
delivered MADs are placed at two pre-selected locations of
the treatment and coupled together to create anastomoses.
[0080] The MADs are used for creating anastomoses
between body lumens and/or organs. The methods involve
delivery of the magnetic devices such as magnetic rings to
targeted lumens or organs in the human body by endoscopic
and/or laparoscopic techniques. The MAD can be delivered
in a low profile via linear configuration using catheter,
endoscope, colonoscope, enteroscope, laparoscope, over-
tubes, single balloon overtubes, spiral overtubes, double
balloon endscope system, G-EYE endoscope system and
their combinations. Upon delivery, the MAD assembles into
the ring shape in the body lumen using guiding elements,
and can be paired to a second MAD ring to join tissues, such
as tissues of the gastrointestinal tracts. Optionally, the first
and second MAD can be delivered simultaneously, or at
different times. The blood supply to tissues in-between two
MAD rings is cut off by compression pressure. The tissues
can be allowed to necrose and the surrounding tissue to heal
together over time and form an anastomosis.

[0081] The removable guiding elements attach to the
periphery of the magnet assembly, to the inside of the
polymer heating shrink tube (PHST), and to the surface of
the PHST through the tube. The guiding elements are
selected from single or multiple polymer filaments, sutures,
and metal wires. The guiding element materials can be
selected from a polyester, a polyamide, a polyethylene (e.g.,
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UHMWPE), polypropylene, and a combination thereof. The
number of the guiding elements can be any suitable number,
such as from 1 to 10, or 2 to 4. The guiding element diameter
can be less than 0.5 mm.

[0082] Various embodiments of the present invention sim-
plify the medical procedure of traditional gastrointestinal
bypass by avoiding open surgery. In one embodiment, this
procedure is simply to deliver the first MAD into the first
location of small intestine such as jejunum by typical
endoscopy technique through mouth and stomach; and to
deliver the second MAD into the second location of the
small intestine like ileum to be joined with typical endos-
copy technique through anus and rectum. Guiding elements
of the device can reshape the delivered linear MAD into a
ring configuration, then bring two MAD rings (devices)
together. The blood supply to the tissues in-between two
MAD rings is cut off by compression pressure. The tissues
can be allowed to necrose and the surrounding tissue to heal
together over time and form an anastomosis.

[0083] The MAD device specification is largely dependent
upon the intended use for creation of anastomosis. There can
be several key design parameters to consider for a given
anatomic target site with known tissue thickness: strength
(force) of magnets, sizes of MAD such as outside diameter
and inside diameter, magnet shape and size, device delivery
profile, and so on. After the specification is determined, the
MAD device design can be developed to treat or to create
anastomosis between tissues as illustrated in FIG. 1 for
examples. The double-sided arrows in FIG. 1 illustrate some
options for anastomosis sites. Examples include the jejunum
and ileum (arrow e), the duodenum and ileum (arrow c), the
duodenum and jejunum (arrow f), the stomach and colon
(arrow a), jejunum and cecum, duodenum and cecum, ileum
and cecum, proximal and distal jejunum, proximal and distal
ileum, the stomach and small intestines (arrow b), and the
small intestines and colon (arrow d) are potential anasto-
mosis sites.

[0084] The MAD device can have any suitable form. For
example, FIG. 2 illustrates an embodiment including a
magnet assembly in a ring form. In this example, the MAD
10 was formed by the assembly of circular disc magnets 12
with the disc diameter d and thickness h and open ends. The
formed MAD had outside diameter D and device hole
diameter DH. The diameter of resulting anastomosis is
approximately equal to the device diameter D. The overall
magnetic force of the MAD device can be proportional to the
number of discs used, dimensions of the magnets, and the
mass of the magnets. Generally the more mass, the stronger
the magnet is. In some embodiments, the MAD forces
between two MAD rings with a gap of 1 mm are about one
pound force from two 24-disc rings of 2.75 mmx2 mm
(diameterxthickness) discs, and about two pounds force
from two 18-disc rings of 3.75 mmx2.75 mmx2 mm (length
x diameter x thickness, an oblong shape disc). The forces
were measured between a fixed MAD ring and a floating
MAD ring supported by a nonferrous flat surface at a
distance of 1 mm. The two rings were in parallel and the
floating ring would self-align with the fixed ring in N-S pair
at vertical direction.

[0085] Due to a desire for a low delivery profile that is
compatible with a particular access device such as an
endoscope work channel, a balance between the d (of disc
diameter) and h (of disc thickness) of the magnet has to be
selected, and optionally a rare earth magnet can be selected.
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Within the profile limit, the largest magnetic diameter pos-
sible is preferable since it provides more contact surface area
between the rings when disc is round. The ratio of d/h
(diameter/thickness or width/thickness if not round like
oblongs) can be about 0.5 to about 3, or preferably, about
1.10 to about 1.75. As to the physical shape of the magnetic
disc itself used in making the MAD, they may be round or
oval or oblong, when viewed from the top or bottom of the
ring and it can be desirable to have certain amount of corner
radius (e.g., arc) at the edge between circular surface and
side wall of the disc. The radius may facilitate passage
through a smaller diameter working channel of an access
device and may result in a compression pressure gradient on
tissues and may help healing by preventing abrupt pressure
change during anastomosis formation. The magnets used in
fabricating the MAD can be magnetized either axially or
diametrically if the magnet is in disc shape. The outside
diameter D can be any suitable diameter, such as about 1 mm
to about 50 mm, or about 5 mm to about 30 mm. Which
diameter of MAD device to be used in the treatment can
depend on patient size and patient situation and needs.
Typically, smaller diameter may bypass less body fluids
through the anastomosis, which, for a weight loss treatment,
may mean less weight loss after the procedure.

[0086] Rare earth magnets such as neodymium magnets
are the most powerful permanent magnets. They are com-
posed mainly of neodymium (Nd), Iron (Fe) and Boron (B),
and referred to as NdFeB magnets. The magnetic strength is
indicated by N rating that refers to the maximum energy
production of the material that the magnet is made from. The
grade of neodymium magnets is generally measured in units
millions of Gauss Oersted (MGOe). A magnet of grade N42
has a maximum energy production of 42 MGOe. The higher
the grade, the stronger the magnet. Suitable grades for the
MAD is from N38 to N52, preferably, N42 to N52.

[0087] Because neodymium magnets are strong magnets
(e.g., high attraction force) and are made of hard, brittle
material, they are easily damaged such as from chipping,
cracking, or shattering, requiring careful handling during
manufacturing and application. Due to the nature of rare
earth elements, they are highly reactive under conditions of
high temperature and in the presence of water or humidity.
The reaction with water can be significantly suppressed by
adding sufficient quantities of more noble elements such as
cobalt (e.g., to form noble element-modified neodymium),
making the speed of the reaction negligible. The magnets in
the embodiments of the MAD system are protected with one
or more layers of metals like zinc, nickel, copper, gold,
silver, nickel-copper-nickel (e.g., a layer of nickel, coated
with a layer of copper, coated with another layer of nickel),
or any combination thereof; and with polymers like epoxy
resins or parylene. The coating can prevent the directly
contact of the magnetic material with water, body fluid, or
tissue. The coating thickness of Zn or Ni can be in the range
of about 3 pm to 15 pm; of Ni-Cu-Ni about 10 um to about
25 um total; and of parylene about 5 um to about 15 pm. The
reactivity of the magnet materials can also be shielded by a
plating of metal materials such as zinc, nickel, and copper,
by coating with polymers such as parylene and PTFE, or by
a combination of plating with metals and coating with
polymers. Biocompatibility of the magnet can be increased
by using, as a top layer of the MAD magnets, gold or silver
plating, a polymer coating such as parylene, epoxy or PTFE,
or a combination of metal plating and polymer coating, with
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preferred coating thickness of gold or silver about 0.1 pm to
about 15 pm, of epoxy about 10 pum to about 30 p, of
parylene about 5 pm to about 15 um, and of PTFE about 0.25
um to about 1.0 mm. Plating and coating on the magnetics
can be dual-layer or higher-layer coatings, in which the
layers are coated separately, i.c., one after another. For a
dual-layer coated disc, for examples, the magnet disc can be
coated with Zn first, then coated with gold; or, first coated
with nickel, then coated with parylene. Examples of higher-
layer coatings are coating nickel, coating with copper, and
then coating with nickel (e.g., Ni-Cu-Ni); or coating with
nickel, then coating with gold, and finally coating with
parylene that is top surface material; or to coat Zn first, then
to coat gold, and finally to coat parylene. Additional layers
may be added; for example in one embodiment each magnet
disc is individually coated in the following order: nickel,
copper, nickel, gold, and parylene. In various embodiments
of the MAD system, the magnets are further protected by a
layer of durable plastic heat shrink sheath to hold the string
of discs together and to protect from damage to the top
surface layers of the magnets.

[0088] In some embodiments, during heat shrink tube
assembly, the magnets are exposed to heat when the MAD
is inside the plastic shrink sheath during the shrinking and
wrapping process. However, neodymium magnets are sen-
sitive to temperature exposure and can become demagne-
tized at high temperature. Neodymium magnets can have
80° C. listed as the actual maximum operating temperature.
Therefore, in some embodiments, a maximum operating
temperature for the magnets used in the MAD is >80° C,,
<100° C., or £110° C. The suitable high temperature grades
are N42SH to N52SH, for example, N48SH.

[0089] An embodiment of a more detailed assembly is
illustrated in FIGS. 3A-P, in which a heat shrink tube was
used to fix the magnets into place as an enclosure and
guiding elements. The MAD 10B in FIGS. 3A-P is in the
deployed and final shape state. There is an opening 14 in
assembled MAD ring for transforming to linear configura-
tion before delivering through scope. The opening is joined/
closed by two end discs 16 and 18 with opposite magnetic
polarity (e.g., N-S). The guiding elements 20 are located
close to the joint of the MAD in the heat shrink tube 22 with
the knots 24 or loops. After delivering into a body lumen, the
MAD can be re-circularized via guiding elements and
detached from the guiding elements for releasing the rings.
Because of the need of recircularization, a round end is
preferred for the contact surfaces of the discs in the MAD
ring, in which the round contact surfaces between the discs
act as a hinge point for a smooth movement in the trans-
formation of circle ring to linear form and back to circle ring.
Theoretically, half circle round end will give 180 degrees
moving angle.

[0090] The size ratio between the circumference of the
heat shrink tube inside diameter and the perimeter of the
magnet C,/P_ can be 1 to 2. The heat shrink tube can be
flexible, conformable, and durable, with a wall thickness of
0.05 mm to 0.75 mm, or 0.15 mm to 0.50 mm. The selected
heat shrink tube can be conformable to the shape of the
magnets and wrapped tightly onto the magnets after heat
shrinking. With alternating magnetic pole arrangement and
polymer heat shrink sheath the resulting MAD ring has
identical top and bottom surface that provides non-prefer-
ential mating surface. The selected heat shrink tube can be
durable to protect magnets from any possible damages due
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to any brittleness of the magnets. The selected heat shrink
tube can be strong enough (e.g., have sufficient tear resis-
tance) to hold the guiding elements (e.g., which can be
attached via knots) and to not tear during manipulation of the
magnets from straight to a ring shape. The selected heat
shrink tube can retain or at least partially retain the MAD
ring shape during delivery procedure to assist the transfor-
mation from linear form back to ring shape.

[0091] The diameters D and DH include the heat shrink
tubing. Part of the guiding elements are shown in the figures,
shown as a line (e.g., wire) attached to the heat shrink tube
at or close to the first and the last open magnet position. The
line may be metal wire such as stainless steel wire or nitinol
wire, or polymeric mono- or multi-filaments like braided
fibers. In considerations of line dimensions versus their
strength and delivery profile, the line diameter can be 0.05
mm to 1.0 mm, 0.10 mm to 0.50 mm. The guiding elements
can attach to the periphery of the magnets and inside of the
polymer heating shrink tube (PHST) or to the PHST near the
end magnets. The guiding elements can attach to the periph-
ery of the magnets between the end magnet and the second
magnet to the end magnet and through the PHST tube (e.g.,
with knots), with the point of connection being at the side
walls 28 (FIGS. 3A-C), at the top surface 30 (FIGS. 3D-F),
or a combination thereof. In these two particular examples,
the guiding element lines exit from the top surface of the
PHST in FIGS. 3A-C and from the bottom surface 32 of the
PHST (thru the thickness) in FIGS. 3D-F. The guiding
elements can be selected from single or multiple polymer
filaments, sutures, and metal wires. The guiding elements
can be selected from a polyester, a polvamide, a polyethyl-
ene (e.g., UHMWPE), a polypropylene, and a combination
thereof. The number of the guiding elements can be from 1
to 10, or 1 to 4. The guiding elements enable the MAD
configuration transformation from linear (e.g., the delivery
configuration), to ring (e.g., the final stage configuration).
They also facilitate manipulation of the MAD alignment
during the process of mating the formed rings. The guiding
elements are removable from the delivery catheter.

[0092] In another embodiment, the guiding elements can
attach to the periphery of the magnets between the end
magnet and the second magnet to the end magnet and
through the PHST tube (e.g., with knots), with the point of
connection being at the top surface and the lines exiting at
the middle of the side wall (FIGS. 3G-H). The guiding
element lines are detached via a pull-through knot mecha-
nism.

[0093] Insome embodiments, the guiding elements can be
a single line attachment. FIGS. 31-J illustrates a top surface
knot connecting point 24, and the line exiting from the
middle side wall and looping thru a hole 36 at the top surface
of the other end and exiting from middle side wall.

[0094] FIGS. 3K-L illustrate a looping connection
between two ends with the line from the top wall (holes 36)
to side wall without any knots. FIGS. 3M-N are another
example of the looping connection but at different locations;
the line thru the holes 38 that are located at the very open end
of heat shrink sheath of the first and last magnets at middle
side wall position. The guiding element lines can be
detached by pulling away the lines thru the holes or by
tearing the heat shrink tube wall.

[0095] In another embodiment, the guiding elements can
attach to the periphery of the magnets between the end
magnet and the second magnet to the end magnet and
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through the PHST tube (e.g., with close distance holes), with
the loop of connection at the middle of the side wall (FIGS.
30-P). There are 4 lines with 2 loops in this guiding element
(4 pulling lines system). The detachment mechanism of the
guiding elements is to pull both lines between two holes at
each end to tear the PHST wall (between two holes).
Generally, the closer the distance between two holes, less
force is needed to tear away the wall material.

[0096] Different diameter MADs may be assembled with
various numbers of the magnets, with various diameter (d)
of the magnets, and with various geometric shapes. The
number of the magnets can be in the range of 1 to 40, 6 to
30, or 14 to 26. The number of the magnets can be even or
odd. With alternating polarities of the magnets, an even
number, such as 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26,
28, or 30, can be used. With limited work channel diameter
of an endoscope, preferred profile of the MAD in linear form
is 3.5 mm or smaller. In some exemplary embodiments, the
2.75 mm (Dia.)x2 mm (Thickness) circular disc MAD ring
has linear profile about 3.5 mm and 24 mm ring outer
diameter with 24 2.75 mm discs, which is compatible with
the working channel diameter of 3.7 mm and larger of an
endoscope. The MAD ring made of 20 discs of 3.15 mm
(Dia.)x2 mm (Thickness) with chamfer features yields about
24 mm ring outer diameter and fits 3.7 mm and larger of an
endoscope. An oblong disc MAD ring fits 3.2 mm and larger
of an endoscope is made of the oblong discs of 3.75 mm
(Length)x2.25 mm (Width)x1.125 mm

[0097] (Radius). A MAD ring fits 2.8 mm and larger work
channel can be made of the oblong discs of 4.2 mm
(Length)x2 mm (Width)x]1 mm (Radius). In these exem-
plary embodiments, the overall length of the oblong discs
contributes to the magnetic strength and does not change/has
any impact on scope compatibility; the scope compatibility
(fitting into work channel) is only determined by the width
and thickness with the exception of chamfered discs.
[0098] To ensure easy operation for the guiding elements
to achieve final MAD configuration and withdrawal of the
guiding elements afterwards, various magnets can be spe-
cially designed to accommodate the guiding elements, such
as the magnets at two open ends of the MAD. As shown in
FIGS. 4A-B, a hook ring may be incorporated into the
magnetic disc 12 with an eyelet loop 40 to receive the line
of the guiding element. The hook ring can be placed in the
middle of the disc height (FIG. 4A) or at the top or the
bottom of the disc (FIG. 4B). The material of hook ring can
include metal wire, plastic filament (e.g., mono- or multiple-
filament, braided or not braided), a plastic part (e.g.,
molded), or a combination thereof

[0099] FIGS. 4C to 4G illustrate various embodiments of
an end magnet design of a MAD. FIG. 4C show a hook wire
fixed onto a thin piece of metal or plastic sheet, which is then
attached to a regular magnetic disc. Optionally, the hook ring
can be attached directly to the disc without the thin sheet
material.

[0100] In some embodiments, the magnetic disc can
include a feature that holds a hook in place. FIGS. 4D-E
illustrate two separated grooves 42 created at the middle
height of the disc. A snap ring with proper diameter to the
groove width can be attached to the disc at the groove
feature areas by snap fitting. Optionally, the hook ring can be
permanently fixed onto the magnet by applying adhesive at
groove area without increasing profile. The adhesive can
include any suitable adhesive, such as a urethane, an epoxy,
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a UV-curable adhesive, and combinations thereof. With the
wire diameter of hook ring less than the groove width,
adhesive can be used to hold the wire ends in the inside of
grooves. The eyelet loop of the hook ring can be located at
the center of one of the grooves, which can be recessed into
the groove to reduce overall profile. The hook ring can be
located at the middle of the disc height or at any suitable
place along the height of the disc. FIGS. 4F-G exhibit
another configuration of a hook ring assembly, including an
arc-shaped gap between the hook ring and disc wall, so the
guiding lines can be threaded through the gap.

[0101] In some embodiments, the magnetic round disc or
oblong disc or oval disc or other suitable shape discs can be
modified to include a special geometric feature in order to
increase or maximize magnetic force and decrease or mini-
mize overall profile, e.g., the entrance profile of a MAD at
linear configuration, such as in a scope or catheter. FIG. 5A
illustrates chamfer features 50 on the round magnetic disc.
The features can be located symmetrically on the disc with
two on each flat surface. The side view of the feature is
shown in FIG. 5C. The dimensional ratio of Dim B to Dim
Ajis from 0.70 to 0.95 or from 0.75 to 0.90. The ratio of Dim
D to Dim C is from 0.30 to 0.60, or from 0.40 to 0.50. With
the diameter of 3.15 mmxthickness of 2 mm disc, the linear
profile is larger than 3.7 mm; however, with chamfer fea-
tures on the disc, the linear profile reduces to 3.4 mm that is
compatible with 3.7 mm work channel (scope). The previous
example refers to a round disc; in other embodiments, the
chamfer feature is applied to oval or oblong discs to reduce
the profile.

[0102] For the purpose of illustrations and comparison,
FIG. 5B represents the side view of a regular magnetic disc.
FIG. 5C is the side view of chamfered disc. FIG. 5D is the
side view of the round disc with fillet features 52, in which
the same dimensional ratios of FIG. 5C can be applied. FIG.
5E exhibits the side view of the disc with trapezoid or bevel
features 54, in which the ratio of Dim B/Dim A is from 0.2
to 0.6, or preferably, from 0.3 to 0.5.

[0103] Inone embodiment, the magnetic round disc can be
modified to oblong shape, which maintains half circle at
each end (FIG. 5F). The rounded ends 56 play a hinge role
between the discs in MAD assembly, which enhances the
joint mobility of disc to disc and eases the transformation
process such as from linear to circle during the procedure.
The shape of oblong magnet maximizes its contact surface
area or magnetic strength and minimizes its profile for
insertion through the endoscope of the MAD ring. The ratio
of Dim B/Dim A is from 0 to 0.75, preferably, from 0.3 to
0.6. And the ratio of Dim A/Dim C is from 1 to 2.5,
preferably, 1.5 to 2.2. In some exemplary embodiments, 2.8
mm and 3.2 mm work channel compatible MAD rings can
be achieved with the designs of Radius 2 mmxthickness 1.6
mmxoverall length 42 mm disc and Radius 1.125
mmxthickness 1.85 mmxoverall length 3.75 mm disc,
respectively. In other embodiments, oval or oblong discs are
further modified with chamfer or filets to further minimize
profile or increase magnet mass while preserving compat-
ibility with smaller access device working channels.
[0104] The special geometric features described herein,
such as trapezoid or bevel or oblong, can be applied to other
shapes of magpets (e.g., other than discs). For example, the
special geometric feature can be applied to magnets having
a shape of a cylinder, a block, a cube, or a combination
thereof. The special geometric feature can be applied to a
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magnet having a shape that has a profile of a circle, oval,
elongated ellipse, oblong, square, rectangle, hexagon, octa-
gon, trapezoid, or a combination thereof. The special geo-
metric feature can reduce the overall profile of the magnet to
enable the magnet to fit the working channel of an access
device such as an endoscope, overtube, or laparoscopy port.

[0105] An example of a MAD delivery catheter in deliv-
erable state is shown in FIG. 6A, in which the MAD is in a
linear configuration that has the smallest passing profile. The
system 60 has a delivery sheath 62 that contains all or some
of the components and enables easy delivery via catheter or
scope. Inside of the delivery sheath can be included a
pushing tube 64. guiding elements 20, and the MAD,
wherein the delivery sheath can cover all or part of the
assembled magnets. The guiding element can be a single line
attached to the end piece, which is removable from the
attachment structure. In this embodiment, the two guiding
lines are attached to the heat shrink sheath, one close to the
last magnets and the other close to the first magnets at each
end via a knot. The ratio of the diameter of the knot to the
diameter of the hole on the heat shrink sheath is from 1.1 to
2.0, or preferably, from 1.2 to 1.7, with the knot diameter
being larger than the hole diameter. The guiding line can be
detached from the heat shrink sheath by pulling the line
through the sheath to break the connection. Two lines inside
the pushing tube control each end of the linear MAD and
they run through the pushing tube from one end to another.
The pushing tube can have one or more layers of material in
overall structure. Typical pushing tube outside diameter is in
the range of 3.5 mm to 0.5 mm with an inside diameter of
2.0 mm to 0.3 mm. The pushing tube is longer than a
catheter or a scope system. The overall profile of the MAD
system should be smaller than the inside diameter of the
access device (e.g., endoscope) and the inside diameter of
the pushing tube should be able to accommodate the nec-
essary number of lines with low drag/friction on the lines
when manipulating the lines. The delivery sheath or intro-
ducer can play roles of keeping the distal and proximal
wires/lines at designated position and maintaining connec-
tion between the MAD and the pushing tube. The delivery
sheath or introducer can cover MAD ring partially or fully.
The pushing tube pushes the MAD out of the sheath and
endoscope and two guiding wires/lines reshape the MAD to
ring configuration after the delivery. The pushing tube and
guiding lines can then be manipulated to couple two MADs
through the walls of the body lumens with the assistance of
endoscopic visualization and X-ray images. The line can be
detached at the joints of the MAD by pulling the line at the
proximal end of the delivery system to break the connection
between the sheath and the knot. In some examples, the line
is non-stretchable or has very low elongation, like wire (e.g.,
stainless steel or nitinol wire) and polyethylene fibers such
as UHMWPE fibers, such as made from Spectra or Dyneema
fiber products. In some embodiments, a single removable
guiding element is used that is threaded through the heat
shrink tube near the proximal magnet and then attached to
the heat shrink tube near the distal magnet using a pull-
through knot.

[0106] A four line system is shown in FIG. 6B, having a
line threaded through the eyelet loop 40 at each open end
magnet and the looped line extended to the proximal of the
delivery system with two ends. The two pairs of line can be
pulled together during the MAD ring formation and can be
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detached by pulling one of the lines in the pair to remove
them completely. The MAD ring can be fully covered by a
delivery sheath.

[0107] As shown in FIG. 6C, a delivery sheath can be a
short sheath like an introducer, which can act as a bridge to
connect the magnets and pushing tube in which the intro-
ducer covers only a few magnets such as less than five. In
this embodiment, the MAD 1is partially covered by the
sheath. The role of the sheath can include maintaining the
connection between the pushing tube and MAD, and pro-
tecting the position of the guiding lines during the entrance
into the access device, such as an endoscope. Once the MAD
has fully entered the access device, the sheath can be
separated or withdrawn from the MAD ring and the pushing
tube can continue to advance the MAD to deploy it to the
treatment site.

[0108] In one embodiment, the delivery sheath is a short
sheath less than 20 inches in length, or preferably, less than
6 inches, covering five or fewer magnetic discs from the
proximal end of the linear form of the MAD to the distal end
of pushing tube to ensure the connection between the
magnets and pushing tube during the entering into the
working channel of the access device (e.g., endoscope).
Once the ring has fully entered into the working channel, the
delivery sheath is separated from the ring by continuing the
advancement of the ring with pushing tube.

[0109] The MAD system in the inside of delivery equip-
ment in FIG. 7 can be delivered into a patient’s body lumen
with endoscopic procedure through endoscope 80 working
channel 70 as illustrated in FIG. 7A. The MAD system can
also be delivered through catheter 90, laparoscope port, or
endoscopic overtube (in FIG. 7B). It is important to have
compatible profile with existing hospital equipment to
ensure successful treatment.

[0110] In some embodiments, the delivery pushing tube is
a dual-layer tube, wherein the outer layer includes an
engineering thermoplastic to provide pushability and dura-
bility such as unfilled high density polyethylene (HDPE), or
filled polyethylene such as barium sulfate-filled HDPE
which is radiopaque, or other polymers like polyesters,
polyamides and their thermoplastic elastomers; and the inner
layer includes PTFE or other fluoropolymers to reduce
friction and drag. For example, force transfer efficiency was
evaluated by measuring the force at one end of a 9-foot
pushing tube, which was coiled into two and half circles
with a diameter of 9-inches to mimic the situation in the
procedure, and applying pulling force at the other end
through a guiding line. The force transfer efficiency was
5-15% with a filled HDPE tube only, and the force transfer
efficiency was at 40-50% when the same overall dimension
(i.e., ID and OD) dual-layer tube of PTFE inner layer was
used. There was about 400% or more improvement for the
force transfer from one end to the other end of the pushing
tube. The dual-layer tube can be made with co-extrusion
process using two different materials, or by inserting a
fluoropolymer tube into an outer tube from two separately
extruded tubes. The inserted PTFE tube wall thickness can
be 0.003" or higher, preferably, 0.005" or higher.

[0111] In another embodiment, the delivery pushing tube
is a single layer tube including a fluoropolymer and having
the full dimensions of the pushing tube.

[0112] In some embodiments, the delivery pushing tube
has an atraumatic tip. The tip material is softer than the
pushing tube material or the material of any outer layer
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therein. The softer tip material can be from the same family
of materials as the pushing tube such as a thermoplastic
elastomer material or a soft polyurethane material. The
softer tip material can have a shore D hardness of less than
55D. In other embodiments, the pushing tube has a stiff tip
that can be leveraged against the magnets for manipulation
or release of the guiding elements.

[0113] In an embodiment of the anastomosis procedure
shown in FIG. 8, using standard techniques and tools known
to those skilled in the art of enteroscopy (including for
example push and pull techniques, single balloons, double
balloons, overtubes, and spiral enteroscopy), the first endo-
scope was advanced and placed at or beyond the first
targeted lumen location; and the second endoscope was
advanced and placed at or beyond the second targeted lumen
location. The first and the second scopes are proximate to
each other, such as less than 2 cm or less than 1 cm apart
head-to-head or crossing over distance, which is suitable for
MADs to mate successfully. Preferably, this point of prox-
imity can be between the tips of the endoscopes or between
points on the shafts of the endoscopes proximal from the
tips. In some cases, the tips of the two endoscopes come into
close proximity during advancement or manipulation, and
the scope light of the other endoscope may even be visible.
Then, two scope tips are adjacent to each other, the MADs
are delivered from both direction and mated. However, in
other cases, it is challenging to bring tips into close prox-
imity during advancement. But as the endoscopes are
advanced, the scope shaft loops of the two endoscopes press
against each other, and a point on the scope shafts may be
identified at which the tips will be in proximity during
withdrawal, which is an anatomically convenient site for
mating. After the target mating site is confirmed by two
orthogonal fluoroscopic views or by rotation through
orthogonal views, the MADs are delivered via the working
channel of the first and second endoscopes. The figures
described in this paragraph are for clear illustration purpose
only; actual operation may differ from the specific embodi-
ment described. FIG. 8A demonstrates the exit of the MAD
devices from the endoscopes with initial linear configuration
near or beyond targeted locations. Ideally both scopes
should be positioned closely to each other (e.g., the scopes
can be head to head, side by side, or crossing over in relative
positions), either at the tips or at an identified target point on
the shafts where the tips will be naturally approximate
during pull-back, before deploying the MADs as shown in
FIG. 8B. With the help of guiding elements, the MAD
configuration was transformed to a ring shape as illustrated
in FIG. 8B. After finalized MAD configuration, the MAD
locations were adjusted to align them face to face with
pull-back method (e.g., placing the device ahead of the
designated target location initially and then pulling the
device back to the target location to meet its counterpart for
mating to create the anastomosis) as illustrated in FIG. 8C.
The pull-back method can decrease the procedural time
required for coupling the MAD pair in the two body lumens,
such as by more than half. The pull-back method also
reduces the chance of prolapse of MAD ring relatively to the
pushing rod 64, avoids the inadvertent trapping of undesired
tissue (such as mesentery) in addition to the intended bowel
walls. Once done with the alignment, the two MADs were
brought together with endoscope maneuver and the mag-
netic force of the two rings attracted each other to result in
a tight contact of the tissues, as shown in FIG. 8D. At this
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time, the guiding elements are detached from the MADs by
either removing the line or cutting the line. The resulting
implantation is illustrated in FIG. 8E, and in this case, two
small intestine segments were brought together with two
MAD:s. In a week or two after the implantation, as shown in
FIG. 8F the anastomosis was formed.

[0114] FIGS. 9 and 10A-F illustrate detailed MAD design
examples such as magnet arrangement in the assembly,
MAD ring-to-ring interaction. As discussed previously,
there are many ways to design and make the MAD in terms
of magnet geometric shape, dimensions, magnetic material
type and their force and strength, their pole direction
arrangement in assembly, the way to fix the magnets in the
device, and the combination and arrangement to achieve a
MAD with the lowest profile and strongest magnetic force.
Disc magnets were used in the following examples to
illustrate the options of their arrangement; however, embodi-
ments of the present invention are not limited to disc
magnets. The MAD is in linear configuration during delivery
and reshaped to ring configuration after deployment; one
way to have a ring formed inside of body lumen is to use the
guiding elements to pull the distal and proximal segments
together. In some embodiments, the magnet end pieces have
opposite magnetic pole direction so that the attractive force
between end pieces preserves the circularized ring shape
during manipulations to mate. As illustrated in FIG. 9, in
which the magnet pole direction is arranged such that north
and south poles are alternated to each other in the S-N
arrangement. With this arrangement, no special end piece
arrangement is required; as long as total number of discs in
a ring is an even number, the end pieces are always in S-N
arrangement that can connect to each other. The round, oval,
or oblong disc shape has an advantage of their rounded
surface contact between each other, which acts as a hinge
point during circling to form a ring. Due to the design of the
MAD including magnet shape, pole direction in the arrange-
ment and uniform heat shrink sheath wrapping, the invented
MAD ring has the characteristics of double side (face)
mating capability (no orientation required) and self-align-
ment capability.

[0115] With the magnet arrangement illustrated in FIG.
10A, the resulting MAD device rings have selective attrac-
tion faces, e.g., only S-side and N-side of the ring facing
each other attracts (see FIG. 10A) and otherwise, N-side to
N-side or S-side to S-side repels each other (e.g., one of the
ring plane has to be turned 180° in order to get attraction).
[0116] With the magnet arrangement illustrated in FIG. 9,
the resulting MAD device has no orientation requirement to
mate or attract each other and the S and N poles of the
magnets will align vertically for attraction automatically
when two rings approach one another with the pole direc-
tions indicated (self-alignment), as shown in 10B, showing
guiding lines attached to the end magnets via eyelet loops.
Another illustration is shown in 10C, with the guiding lines
directly attached to the heat shrink tube, through the tube
with the knots on the top and bottom surfaces. In another
embodiment, a single guiding element line may pass through
the heat-shrink tube of the proximal magnet and be attached
with a breakaway knot to the heat-shrink tube at the distal
end, so that as it is retracted it pulls proximal and distal ends
together to circularize the magnet ring.

[0117] With the magnet arrangement illustrated in FIG.
10D, the resulting MAD device rings have a smaller passing
profile when in a linear configuration. In the linear arrange-
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ment, the chamfer features of the discs are aligned together
along the longitudinal direction. The magnetic pole direc-
tions are indicated with S and N between two facing
surfaces. The guiding lines directly attach to the heat shrink
tube, through the tube with the knots on the top surfaces and
the lines exit at another surfaces or vice versa. Another
illustration is given in FIG. 10E, having the guiding lines
directly attached to the heat shrink tube, half way through
the tube with the knots on the top surfaces and the lines
exiting at the middle of the side walls. The knot can be at
bottom surface as well. Another example in FIG. 10F shows
the least profile arrangement of oblong discs in a MAD
assembly, in which the long axis of the discs are aligned with
the ring circumference direction. The guiding element lines
are directly connected to the heat shrink tube with knots
being at top or bottom surface and the lines exiting from the
middle side wall.

[0118] As shown in FIGS. 10A-F, the magnets in the rings
have to match their pole direction (e.g., S-N or N-S) in order
to attract each other between two rings. One of the rings will
have to rotate a certain amount to achieve this polarity
alignment with the other ring, typically the rotation angle is
less than 45 degrees, preferably less than 25 degrees. The
possible rotation angle of the MAD ring is dependent upon
MAD mobility in the intestine and any restriction from the
delivery system. The maximum degrees of rotation angle is
to move one disc length radians, therefore, the number of
discs in the ring is very important for mating ability. In one
exemplary embodiment, to meet less than 25 degrees rota-
tion angle, the nearest number of discs in a ring is 16 (the
number has to be even). So any numbers at 16 or higher
meets the above preferred characteristic regardless of geo-
metric shape of the disc.

[0119] In various embodiments, the present invention pro-
vides a method for delivering the MAD to a body lumen,
including two endoscopes advancing to the target site. For
example, the method can include inserting an endoscope and
advancing it to the target site in the first body lumen from
one direction, and inserting second endoscope and advanc-
ing to the target site in the second body Iumen from another
direction. In some cases, the tips of the two endoscopes
come into close proximity during advancement or manipu-
lation. Then, two scope tips are adjacent to each other, the
MADs are delivered from both direction and mated. How-
ever, in other cases, it is very challenging to bring tips into
close proximity during advancement. But as the endoscopes
are advanced, the scope shaft loops of the two endoscopes
press against each other, and a point on the scope shafts may
be identified at which the tips will be in proximity during
withdrawal, which is an anatomically convenient site for
mating. In various embodiments, the present invention pro-
vides a method for delivering the MAD to a body Iumen,
including two endoscopes advancing beyond the target site.
For example, the method can include inserting an endoscope
and advancing it beyond the target site in the first body
lumen from one direction, and inserting second endoscope
and advancing it beyond the target site in the second body
lumen from another direction. An anatomically convenient
mating site may then be identified as the point on the shafts
at which the scope loops of the first and second endoscopes
are proximate in two orthogonal planes by fluoroscopy. The
MADs may then be delivered from both directions and
mated after or while pulling back the endoscopes and the
MAD:s to the desired target anastomosis site. This pull-back
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method has several advantages, as it precludes inadvertent
capture of other tissues between mated magnets and shortens
the procedure time. It also allows the primary manipulation
of the rings to be drawing them back through the body lumen
which makes control of the rings alignment easier than when
trying to advance them forward down the body lumen.

[0120] In the embodiments of the present invention a
method for delivering the MAD to a body lumen comprises
1) inserting and advancing the first endoscope with the first
assisting devices transorally into stomach and duodenum to
or beyond targeted site, such as jejunum; 2) inserting and
advancing the second endoscope or colonoscope transanally
into colon or ileum with the second assisting device to or
beyond targeted site, such as ileum; 3) identifying the point
on both endoscopes that are in close proximity; 4) delivering
the MAD from the working channels of the endoscopes; 5)
transforming the MAD from linear to circular shape; 6)
manipulating or withdrawing the endoscopes to the previ-
ously identified point of proximity and mating two MAD
rings with each other from two separated lumens/organs; 7)
Using the tip of the delivery system to support the side of the
MAD ring while pulling the guide element lines to separate
the lines from the MAD rings, 8) withdrawing the MAD
delivery systems into the endoscopes and withdrawing the
endoscopes from the body; and 9) forming anastomosis over
time. The first step and the second step can be performed at
the same time. The first endoscope can be the same as or
different from the second endoscope. The first assisting
device can be the same as or different from the second
assisting device. The assisting devices include overtube,
single balloon overtube, double balloon overtube, spiral
overtube, motorized spiral overtube, G-EYE endoscope sys-
tem, and NaviAid balloon system. The first and the second
assisting device can be NaviAid balloon system in one
embodiment. The first assisting device is one of overtubes
and the second assisting device is NaviAid balloon system
in another embodiment. The pairs of the first and the second
assisting devices are single balloon overtube and double
balloon overtube, two overtubes, two double balloon sys-
tems, and two single balloon systems, one single balloon
system and one double balloon system, two G-EYE endo-
scope systems, two NaviAid Balloon systems, and One
G-EYE endoscope system and one NaviAid Balloon system.
In various embodiments, both MAD catheters are advanced
to the target site in the body lumens prior to releasing either
MAD into the body lumen. In various embodiments, both
MAD catheters are advanced beyond the target mating site
prior to releasing either MAD into the body lumen and the
MAD:s are pulled back rather than advanced to the mating
site. The magnetic anastomosis device can include: at least
two, three, four, five, six, seven, eight, nine, ten, twelve,
fourteen, or sixteen magnets; and a flexible polymeric tube,
wherein a plurality of the magnets are assembled and fixed
in right direction and right place (e.g., has a desired orien-
tation and a desired location) in the polymeric tube upon
heating; and wherein the polymeric tube is flexible and
conformable to allow the MAD to form into a ring shape.

[0121] In the embodiments of the present invention the
methods to treat the diseases of diabetes and obesity com-
prises 1) inserting and advancing the first endoscope with
the first assisting devices transorally into stomach and
duodenum to or beyond targeted site, such as jejunum, 2)
inserting and advancing the second endoscope or colono-
scope transanally into colon or ileum with the second
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assisting device to or beyond targeted site, such as ileum; 3)
identifying the point on both endoscopes that are in close
proximity; 4) delivering the MAD from the working chan-
nels of the endoscopes; 5) transforming the MAD from
linear to circular shape; 6) manipulating or withdrawing the
endoscopes to the previously identified point of proximity
and mating two MAD rings with each other from two
separated lumens/organs; 7) Using the tip of the delivery
system to support the side of the MAD ring while pulling the
guide element lines to separate the lines from the MAD
rings, 8) withdrawing the MAD delivery systems into the
endoscopes and withdrawing the endoscopes from the body;
9) forming anastomosis over time; and 10) reducing Gly-
cated Hemoglobin Alc(HGBA1C or HbAlc or AlC),
plasma glucose concentration and body weight over time.
The first step and the second step can be performed at the
same time. The first endoscope can be the same as or
different from the second endoscope. The first assisting
device can be the same as or different from the second
assisting device. The assisting devices include overtube,
single balloon overtube, double balloon overtube, spiral
overtube, motorized spiral overtube, G-EYE endoscope sys-
tem, and NaviAid balloon system. The first and the second
assisting device can be NaviAid balloon system in one
embodiment. The first assisting device is one of overtubes
and the second assisting device is NaviAid balloon system
in another embodiment. The pairs of the first and the second
assisting devices are single balloon overtube and double
balloon overtube, two overtubes, two double balloon sys-
tems, and two single balloon systems, one single balloon
system and one double balloon system, two G-EYE endo-
scope systems, two NaviAid Balloon systems, and One
G-EYE endoscope system and one NaviAid Balloon system.
The Glycated

[0122] Hemoglobin Ale (HGBAIC or HbAlc or A1C)
can be reduced in the range of 0.1 to 4%, 0.5 to 3%, or 1 to
2%. The plasma glucose concentration can be reduced in the
range of 200 to 1 mg/dl, 150 to 50 mg/dl, or 100 to 50 mg/dl.
The body weight can be reduced in the range of 1% to 50%,
5% to 25%, or 10% to 15%. In one embodiment, the diseases
for this treatment include one of diabetes, obesity, nonalco-
holic fatty liver disease, digestive diseases, cancers, tumors.
The tissues applicable to such a treatment include nonvas-
cular lumens, digestive lumens, duodenum, jejunum, ileum,
colon, cancers, and tumors.

[0123] Various embodiments provide a method for deliv-
ery of the MAD to a body lumen, the method including:
inserting a MAD catheter and advancing to the target site in
the body lumen; releasing the MAD to the body lumen;
inserting the second MAD catheter and advancing to the
target site to be joined in a body lumen; releasing the second
MAD to the body lumen; manipulating guiding elements to
align and place both of the MADs in a location and orien-
tation to couple; mating the two MADs; removing the
guiding elements from the MADs; withdrawing the MAD
delivery systems from the body lumen. In various embodi-
ments, both MAD catheters are advanced to the target site in
the body lumens prior to releasing either MAD into the body
lumen. In various embodiments, both MAD catheters are
advanced beyond the target mating site prior to releasing
either MAD into the body lumen and the MADs are pulled
back rather than advanced to the mating site. The magnetic
anastomosis device can include: at least two, three, four,
five, six, seven, eight, nine, ten, twelve, fourteen, or sixteen
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magnets; and a flexible polymeric tube, wherein a plurality
of the magnets are assembled and fixed in right direction and
right place (e.g., has a desired orientation and a desired
location) in the polymeric tube upon heating; and wherein
the polymeric tube is flexible and conformable to allow the
MAD to form into a ring shape.

[0124] In one embodiment, the method includes: inserting
a MAD catheter and advancing to the target site in the body
lumen; inserting the second MAD catheter and advancing to
the target site to be joined in a body lumen and passing the
tip of the first MAD catheter by at least about 5 to 10 cm;
shaping the MADs into rings by pulling guiding elements;
using pull-back method and manipulating guiding elements
and catheters to orientate and place both of the MAD in a
location and orientation to mate; after mated, detaching the
first MAD to the body lumen; detaching the second MAD to
the body lumen; withdrawing the MAD delivery systems
from the body lumen.

[0125] In another embodiment, the endoscope can reach
deep in the duodenum, jejunum, ileum or colon with the
assistance of an endoscopic balloon catheter, such as Navi-
Aid Balloon catheters from Smart Medical Systems Ltd.,
Israel. The role of the balloon catheter is to facilitate
advancement of a standard endoscope into the small and
large intestine, duodenum, jejunum, ileum, and colon. Dur-
ing the procedure of delivering the MADs in the body
lumen, the endoscope can be inserted orally into duodenum,
then the balloon catheter NaviAid AB (40 mm balloon) can
be delivered thru the working channel of endoscope and
advances beyond the scope distal tip further down to the
body lumen. The balloon is inflated to fix the catheter at the
position as an anchoring device for endoscope to advance,
for example, beyond the ligament of Treitz. Optionally, the
scope can be pulled back to reduce the loops in stomach and
then moved forward by riding over the balloon catheter and
reaching the anchoring balloon; then the balloon can be
deflated and moved further down if needed and the above
steps can be repeated to advance the scope to or beyond the
targeted site, for example, in jejunum. Alternatively, the
scope can follow the uninflated balloon as would be done
with a guidewire. For the second MAD delivery, endoscope/
colonoscope can be inserted into the body transanally inside
of colon until reaching the ileocecal valve or passing just
through the ileocecal valve. When the scope tip is at the
ileocecal valve, the NaviAid AB can be inserted and passed
through the valve into the ileum lumen. The AB balloon can
be inflated and the scope advanced, riding over the balloon
catheter shaft until seeing the balloon in front. If further
advancement is required, the AB balloon can be deflated and
moved forward to deeper location in the ileum, then inflated
again and the scope moves further over the shaft until
reaching targeted site, with repetition as needed. Alterna-
tively, the scope can follow the uninflated balloon as would
be done with a guidewire. Once both of the scopes entering
from mouth and anus reach at or beyond the targeted site, the
point where the scopes are in close proximity (the anatomi-
cally convenient target site) is identified by orthogonal
fluoroscopic views. In some cases, this may be the tip of the
scope; in others it may be a point on the shaft. In some
embodiments, it is preferable that the scope tips are cross
passing each other for at least 5 to 10 cm. Once the
anatomically convenient target site has been identified, the
balloon catheters can be withdrawn from the scopes, and
then MAD systems can be delivered as follows: 1) the
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MAD:s can be delivered through the working channels of the
endoscopes in a linear form; 2) the MAD can be transformed
from linear to circular shape; 3) two MAD rings can mate
each other from two separated lumens/organs via with-
drawal of the two MAD rings and endoscopes to the
previously identified point of proximity; 4) two MAD rings
are detached from the guiding element; 5) the MAD delivery
systems can be withdrawn from the endoscopes; 6) side-by-
side jejunum and ileum anastomosis can be formed over
time.

[0126] In another embodiment, the endoscope can reach
deep in the duodenum, jejunum, ileum or colon with the
assistance of an ancillary endoscope advancement device,
such as NaviAid Balloon catheter (Smart Medical Systems
Ltd., Israel), Spiral enteroscopy overtube (Olympus Medi-
cal, Japan), Single balloon overtube (Olympus Medical,
Japan), Double balloon enteroscopy system (Fuji Medical,
Japan), G-EYE (Smart Medical Systems). The role of the
ancillary device can include facilitating advancement of a
standard endoscope into the small and large intestine. Other
techniques and tools for facilitating deep enteroscopy may
be utilized to advance the endoscopes to or beyond the
desired target site for anastomosis.

[0127] In various embodiments, the methods to treat the
discases of diabetes and obesity include (1) advancing
endoscopes (concurrently or sequentially) orally into the
jejunum and anally into the ileum beyond the intended depth
for anastomosis (2) examining by fluoroscopy the scope
loop patterns in two orthogonal planes or by rotation through
orthogonal planes (3) identifying a point on each endoscope
shaft that is in close proximity (for example, less than 2 cm
or preferably less than 1 cm) to or directly contacting the
other endoscope shaft (the target site); (4) deploying mag-
netic anastomosis devices concurrently or sequentially; (5)
retracting the endoscopes to bring the MAD devices to the
previously identified target site; (6) manipulating the MAD
devices to mate to create a compression anastomosis.
[0128] In some embodiments, method of treating diabetes
or obesity includes (1) advancing endoscopes orally into the
jejunum and anally into the ileum beyond the intended depth
for anastomosis (2) examining by fluoroscopy the scope
loop patterns in two orthogonal planes or by rotation through
orthogonal planes (3) identifying a point on each endoscope
shaft that is in close proximity to or directly contacting the
other endoscope shaft (the target site); (4) retracting the
endoscopes to bring the MAD devices near the previously
identified target site; (5) deploying MAD devices concur-
rently or sequentially; (6) manipulating the MAD devices to
mate to create a compression anastomosis.

[0129] The step in some embodiments of advancing the
endoscope deeper than the intended mating site and identi-
fying and pulling back to a location where both endoscopic
shafts are already in close proximity confers several novel
advantages over methods disclosed in the prior art. First, the
most anatomically convenient target site for mating is iden-
tified in advance. Second, it precludes capture of undesired
tissue (additional to the intended intestinal walls) between
the magnets, which might otherwise be captured if the scope
tips are instead pushed into proximity. In addition, it pre-
cludes prolapse of the magnets prior to mating and mini-
mizes any potential injury to wall tissue or perforation that
might occur from advancement with the push tube out front.
The result is a significantly shorter procedure time with a
lower radiation dose. For example, without this procedural
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step, attempted mating of prior art magnets (as described in
US 2016/0262761, the contents of which are hereby incor-
porated by reference) required a prolonged endoscopic pro-
cedure time of 115 minutes and laparoscopic assistance for
mating in 8 of 10 of cases (As described in Machytka et al.
Gastrointestinal Endoscopy 2017 pii:  S0016-5107(17)
32090-4 as described in US 20160262761, the contents of
which are hereby incorporated by reference).

[0130] Pre-clinical results of swine are exhibited in FIGS.
11A-C with disc shape MADs. The magnets were arranged
in the heat shrink tube with the alternated magnetic pole
direction at one plane, e.g., -N-S-N-S-N-S-arrangement. The
magnets were coated with Ni-Cu-Ni to seal the magnetic
material and with Au as a top finishing coating for biocom-
patibility. Other metal or polymer coatings or the combina-
tions thereof, described herein, can yield the same or similar
biocompatibility. The outside diameter of MAD ring was
about 20 mm. Two MADs were placed at two separate
locations of small intestine and these two segments of small
intestine were brought together by the two MAD devices
(rings). All pictures were taken at two weeks’ time point
after the MADs implanted. FIG. 11A was taken with endo-
scope showing anastomosis and smooth connecting tissue
surface from inside, which had normal wall thickness as the
native intestine wall thickness. External picture of small
intestine anastomosis is shown in FIG. 11B. It shows normal
tissue structure, blood vessels and surface texture at anas-
tomosis site. The connection between two segments of the
intestine is smooth, sealed and completely healed.

[0131] Close exam with cut and opened intestine at
another anastomosis site 90 days after MAD implant further
confirmed these conclusions (see FIG. 11C). The connection
line is strong and durable; the strength is equal or better than
the native intestine wall and sometimes the connection line
is stronger than the native intestine wall (as described in
Ramin Jamshidi et al., J. of Pediatric Surgery (2009) Vol. 44,
222-228, the contents of which are hereby incorporated by
reference).

Additional Embodiments

[0132] The following exemplary embodiments are pro-
vided, the numbering of which is not to be construed as
designating levels of importance:

[0133] Embodiment 1 provides a magnetic anastomosis
device (MAD) comprising:

[0134] at least twelve magnets;
[0135] a tube comprising the at least twelve magnets;
[0136] wherein the tube is flexible and conformable so

that the MAD transforms its shape from a ring shape to
a linear shape to ring shape.
[0137] Embodiment 2 provides the MAD of Embodiment
1, wherein the tube is a polymer heat shrink tube (PHST).
[0138] Embodiment 3 provides the MAD of any one of
Embodiments 1-2, wherein the tube is heated with the at
least four magnets suitably positioned therein to form the
MAD.
[0139] Embodiment 4 provides the MAD of any one of
Embodiments 1-3, wherein the tube is durable to protect the
magnet, a coating thereof, or a combination thereof, from
damage.
[0140] Embodiment 5 provides the MAD of any one of
Embodiments 1-4, wherein the tube acts as a protector for
brittle and fragile neodymium magnets.
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[0141] Embodiment 6 provides the MAD of any one of
Embodiments 1-5, wherein guiding elements attach to the
periphery of the at least one magnet and inside of the tube.
[0142] Embodiment 7 provides the MADs of Embodiment
6, wherein the guiding elements attach to the at least one
magnet directly.

[0143] Embodiment 8 provides the MADs of any one of
Embodiments 6-7, wherein the at least one magnet directly
connected to the guiding elements comprises two open end
magnets in the MAD, the two open end magnets each
comprising an eyelet loop.

[0144] Embodiment 9 provides the MADs of any one of
Embodiments 6-8, wherein the at least one magnet directly
connected to guiding elements comprise two open end
magnets in the MAD with an arc-shaped loop on the
magnets.

[0145] Embodiment 10 provides the MAD of any one of
Embodiments 6-9, wherein the guiding elements comprise
single or multiple polymer filaments, sutures, braided lines,
metal wires, or combinations thereof.

[0146] Embodiment 11 provides the MAD of any one of
Embodiments 6-10, wherein the guiding elements comprise
a polyester, a polyamide, a fluoropolymer, a polyethylene, a
polypropylene, or a combination thereof.

[0147] Embodiment 12 provides the MAD of any one of
Embodiments 6-11, wherein the number of the guiding
elements is from 1 to 10.

[0148] Embodiment 13 provides the MAD of any one of
Embodiments 1-12, wherein one or more guiding elements
attach to the tube directly.

[0149] Embodiment 14 provides the MAD of Embodi-
ment 13, wherein the guiding element attaches to the tube
inside of the tube, outside of the tube, or a combination
thereof.

[0150] Embodiment 15 provides the MAD of any one of
Embodiments 13-14, wherein the guiding element attaches
to the tube via one or more knots.

[0151] Embodiment 16 provides the MAD of Embodi-
ment 15, wherein the one or more knots are located on top
or bottom of tube surface, inside of tube surface, or a
combination thereof.

[0152] Embodiment 17 provides the MAD of any one of
Embodiments 15-16, wherein the guiding element exits the
tube from an opposite surface from entry, in the middle of
a side wall of the tube, or a combination thereof.

[0153] Embodiment 18 provides the MAD of any one of
Embodiments 15-17, wherein the knot is located at a side
wall of the tube.

[0154] Embodiment 19 provides the MAD of any one of
Embodiments 15-18, wherein a ratio of the diameter of the
knot to the hole diameter in the tube for passing the guiding
element comprising the knot therethrough is from 1.1 to 2.0
and the knot is bigger than the hole.

[0155] Embodiment 20 provides the MAD of any one of
Embodiments 15-19, wherein the knot pull-through force is
0.5 to 3 1bs.

[0156] Embodiment 21 provides the MAD of any one of
Embodiments 1-20, wherein the tube comprises a polyester,
a polyamide, a polyether-amide block copolymer, a poly-
olefin, a polyolefin derivative, polyvinyl chloride, a fluori-
nated ethylene propylene (FEP), a perfluoroalkoxy polymer
(PFA), or a combination thereof.

[0157] Embodiment 22 provides the MAD of any one of
Embodiments 1-21, wherein a size ratio between the cir-
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cumference of the heat shrink tube inside diameter and the
perimeter of the magnet C,,,/P_, is in between 1 to 2.
[0158] Embodiment 23 provides the MAD of any one of
Embodiments 1-22, wherein heat shrink tube is flexible,
conformable, and durable, and has a wall thickness in the
range of 0.15 mm to 0.50 mm.

[0159] Embodiment 24 provides the MAD of any one of
Embodiments 1-23, wherein the heat shrink tube acts as an
enclosure for at least four the magnets, provides protection
to the at least four magnets or a coating thereon, or a
combination thereof.

[0160] Embodiment 25 provides the MAD of any one of
Embodiments 1-24, wherein the heat shrink tube has shape
retention or at least partial shape retention features adapted
to assist the transformation of linear form to ring shape.
[0161] Embodiment 26 provides the MAD of any one of
Embodiments 1-25, wherein the at least one magnet com-
prises rare earth compounds, neodymium compounds, very
high magnetic energy materials, N52, N42, and N38 grade
neodymium materials, and combinations thereof.

[0162] Embodiment 27 provides the MAD of any one of
Embodiments 1-26, wherein the at least one magnet com-
prises a noble element-modified neodymium compounds.
[0163] Embodiment 28 provides the MAD of any one of
Embodiments 1-27, wherein the numbers of magnets are in
a range of 14 -26.

[0164] Embodiment 29 provides the MAD of any one of
Embodiments 1-28, wherein the at least one magnet has
higher than 100 ° C. maximum operating temperature.
[0165] Embodiment 30 provides the MAD of any one of
Embodiments 1-29, wherein the at least one magnet com-
prises a protective coating comprising zinc, nickel, nickel-
copper-nickel, gold, silver, parylene, epoxy, polytetrafluo-
roethylene (PTFE), a fluoropolymer, or a combination
thereof.

[0166] Embodiment 31 provides the MAD of Embodi-
ment 30, wherein the protective coating has a thickness of
about 0.1 um to about 30 pm.

[0167] Embodiment 32 provides the MAD of any one of
Embodiments 29-31, wherein the protective coating of each
layer has a thickness of about 1 um to about 15 um.
[0168] Embodiment 30 provides the MAD of any one of
Embodiments 27-29, wherein the protective coating has a
thickness of about 1 pm to about 15 pm.

[0169] Embodiment 33 provides the MAD of any one of
Embodiments 29-32, wherein the protective coating com-
prises a dual-layer or triple-layer or higher-layer coating,
with each layer on top of the last.

[0170] Embodiment 34 provides the MAD of any one of
Embodiments 29-33, wherein the protective coating com-
prises a dual-layer coating with the first layer comprising Zn,
Ni, Ni-Cu-Ni, or a combination thereof, and with the outer
second layer comprising Ag, Au, parylene, or a combination
thereof.

[0171] Embodiment 35 provides the MAD of any one of
Embodiments 29-34, wherein the protective coating com-
prises a triple-layer coating with the first layer comprising
Zn, Ni, Ni-Cu-Ni, or a combination thereof, the second layer
comprises one or more noble metals, and with the outer third
layer comprises PTFE, parylene, or a combination thereof.
[0172] Embodiment 36 provides the MAD of any one of
Embodiments 1-35, wherein the at least one magnet com-
prises a plating or coating material comprising gold, silver,
or a combination thereof.
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[0173] Embodiment 37 provides the MAD of any one of
Embodiments 1-36, wherein the at least one magnet com-
prises a polymer top coating comprising parylene, epoxy,
polytetrafluoroethylene, or a combination thereof.

[0174] Embodiment 38 provides the MAD of any one of
Embodiments 1-37, wherein the at least one magnet com-
prises a top coating comprising a metal and a polymer.
[0175] Embodiment 39 provides the MAD of any one of
Embodiments 1-38, wherein at least one the magnet has a
shape that is chosen from disc, cylinder, circle, oval, oblong,
square, block, cube, hexagonal, octagonal, trapezoidal,
chamfer featured, bevel featured and a combination thereof.
[0176] Embodiment 40 provides the MAD of any one of
Embodiments 1-39, wherein the at least one magnet is a
modified disc or cylinder having a profile that is approxi-
mately circular, oval, elongated ellipse, or a combination
thereof, and comprising a chamfer, fillet, bevel, trapezoid, or
combination thereof.

[0177] Embodiment 41 provides the MAD of any one of
Embodiments 1-40, wherein the south and north poles of the
at least one magnet are magnetized axially or at thickness
direction.

[0178] Embodiment 42 provides the MAD of any one of
Embodiments 1-40, wherein the at least one magnet is
magnetized diametrically.

[0179] Embodiment 43 provides the MADs of any one of
Embodiments 1-42, wherein the at least one magnet is at
least four magnets, wherein the south and north pole of the
at least four magnets are in alternate directions vertically to
surface of the MAD.

[0180] Embodiment 44 provides the MAD of any one of
Embodiments 1-42, wherein the at least one magnet is at
least four magnets, wherein the south and north poles of the
at least four magnets are in the alternate directions parallel
to surface of the MAD.

[0181] Embodiment 45 provides the MAD of any one of
Embodiments 1-44, wherein the MAD has two open ends;
and wherein the magnet at both ends has opposite poles and
the opposite poles are attractive to each other being able to
form the ring structure by the guiding elements.

[0182] Embodiment 46 provides the MAD of any one of
Embodiments 1-45, wherein the two end magnets have
features for the attachment of guiding element.

[0183] Embodiment 47 provides the MAD of Embodi-
ment 46, wherein the features on the two end magnets
include partial grooves on the side wall of the magnet and
hook ring with eyelet loop that snaps into the grooves.
[0184] Embodiment 48 provides the MAD of any one of
Embodiments 46-47, wherein the features on the two end
magnets include partial grooves on the side wall of the
magnet and hook ring with arc-shaped loop that snaps into
the grooves.

[0185] Embodiment 49 provides the MAD of any one of
Embodiments 46-48, wherein a hook ring on the two end
magnets is permanently fixed on to the magnet with adhe-
sive.

[0186] Embodiment 50 provides the MAD of any one of
Embodiments 46-49, wherein a hook ring on the two end
magnets is made of metals, plastics, or combinations
thereof.

[0187] Embodiment 51 provides the MAD of any one of
Embodiments 1-50, wherein the MAD has two open ends
and comprises at least four magnets; and wherein the magnet
at both ends has opposite poles and the opposite poles are
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attractive to each other being able to form the ring structure
by guiding elements that attach to the tube near two end
magnets via knots.

[0188] Embodiment 52 provides the MAD of Embodi-
ment 51, wherein the guiding elements are attached to the
tube via knots at outside surface of the tube, inside surface
of the tube, or a combination thereof.

[0189] Embodiment 53 provides the MAD of any one of
Embodiments 51-52, wherein the guiding elements are
attached to the tube via knots at a top or bottom surface of
the tube, at the side wall of the tube, or a combination
thereof.

[0190] Embodiment 54 provides the MAD of any one of
Embodiments 51-53, wherein the guiding elements are
attached to the tube via knots at a top or bottom surface of
the tube, at the side wall of the tube, or a combination
thereof; wherein the guiding elements exit at opposite sur-
face of the tube or at middle of the side wall of the tube.
[0191] Embodiment 55 provides the MAD of any one of
Embodiments 51-54, wherein a ratio of the diameter of the
knot to the diameter of the tube hole size is from 1.1 to 2.0.
[0192] Embodiment 56 provides the MAD of any one of
Embodiments 1-55, wherein at least one magnet is cylinder-
and/or disc-shaped and the outer diameter (D) of the MAD
is equal to the product of number of the magnets (n)
multiplied by the diameter (d) of the magnets divided by Pi
and then adding the diameter (d) of the magnets, i.e., D is
about equal to nd/m+d.

[0193] Embodiment 57 provides the MAD of any one of
Embodiments 1-56, wherein the at least one magnet com-
prises a number of magnets in the range of 1-40.

[0194] Embodiment 58 provides the MAD of any one of
Embodiments 1-57, wherein the at least one magnet com-
prises a number of magnets in the range of 14-26.

[0195] Embodiment 59 provides the MAD of any one of
Embodiments 1-58, wherein the at least one magnet com-
prises a number of magnets in the range of 16-24.

[0196] Embodiment 60 provides the MAD of any one of
Embodiments 1-59, wherein the at least one magnet com-
prises an even number of magnets.

[0197] Embodiment 61 provides the MAD of any one of
Embodiments 1-60, wherein the at least one magnet com-
prises an odd number of magnets.

[0198] Embodiment 62 provides a MAD delivery catheter
comprising:
[0199]
[0200] a pushing tube comprising a polymetic outer

layer and a PTFE or fluoropolymer inner layer;
[0201]
[0202] amagnetic anastomosis device (MAD) compris-
ing

[0203] at least twelve magnets, and

[0204] aflexible, conformable tube comprising the at
least twelve magnets,

[0205] wherein the tube is flexible and conformable
so that the MAD forms a ring shape from a linear
shape.

[0206] Embodiment 63 provides the MAD delivery cath-
eter of Embodiment 62, wherein the pushing tube comprises
an inner layer comprising a fluoropolymer.

an outer polymeric sheath;

at least one guiding element; and
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[0207] Embodiment 64 provides a MAD delivery catheter
comptising:

[0208] an outer polymeric sheath;

[0209] apushing tube in the outer polymeric sheath that
is longer than the outer polymeric sheath, the pushing
tube comprising a distal end and a proximal end;

[0210] guiding elements that are detachable from the
MAD delivery catheter after deployment; and

[0211] a MAD assembly comprising
[0212] at least four magnets,

[0213] wherein the magnets are arranged in alternat-
ing pole direction that is in disc thickness direction
and

[0214] a tube comprising the at least four magnets,

[0215] wherein the tube is flexible and conformable
so that the MAD forms a ring shape from a linear
shape;

[0216] wherein
[0217] the MAD assembly is located at the distal end

of the outer polymeric sheath and pushing tube, and

[0218] the guiding elements are attached to the
MAD, and extend from the distal end to the proximal
end in the pushing tube.

[0219] Embodiment 65 provides the MAD delivery cath-
eter of Embodiment 64, wherein the outer polymeric sheath
covers about 100% of all the magnets of the MAD assembly.
[0220] Embodiment 66 provides the MAD delivery cath-
eter of any one of Embodiments 64-65, wherein the outer
polymeric sheath is a short sheath or an introducer less than
6 inches.

[0221] Embodiment 67 provides the MAD delivery cath-
eter of any one of Embodiments 64-66, wherein the outer
polymeric sheath covers less than about 100% of all the
magnets of the MAD assembly.

[0222] Embodiment 68 provides the MAD delivery cath-
eter of any one of Embodiments 64-67, wherein the outer
polymeric sheath covers less than 5 magnets of the MAD
assembly.

[0223] Embodiment 69 provides the MAD delivery cath-
eter of any one of Embodiments 64-68 wherein the outer
polymeric sheath/introducer material has surface low fric-
tion feature.

[0224] Embodiment 70 provides the MAD delivery cath-
eter of any one of Embodiments 64-69, wherein the pushing
tube comprises multiple layers of material.

[0225] Embodiment 71 provides the MAD delivery cath-
eter of any one of Embodiments 64-70, wherein the pushing
tube comprises an inner layer comprising a fluoropolymer
and an outer layer.

[0226] Embodiment 72 provides the MAD delivery cath-
eter of any one of Embodiments 64-71, wherein the pushing
tube comprises an extruded tube inserted into another sepa-
rately extruded tube.

[0227] Embodiment 73 provides the MAD delivery cath-
eter of any one of Embodiments 64-72, wherein the catheter
tip is an atraumatic tip having shore

[0228] D hardness 55D or less.

[0229] Embodiment 74 provides the MAD delivery cath-
eter of any one of Embodiments 64-73, wherein the MAD
rings have double side mating property through two layers
tissues.

[0230] Embodiment 75 provides the MAD delivery cath-
eter of any one of Embodiments 64-74, wherein the MAD
rings have the characteristic of self-alignment to align their
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discs’ S-pole to N-pole between the mating rings to have
good compression pressure on the tissues.
[0231] Embodiment 76 provides the MAD delivery cath-
eter of any one of Embodiments 64-75, wherein the guiding
element is removable and detachable by breaking away from
MAD at a connection point by pulling a knot in the guiding
element.
[0232] Embodiment 77 provides the MAD delivery cath-
eter of any one of Embodiments 64-76, wherein the guiding
element is detached by rolling away the line from the MAD
at a connection point.
[0233] Embodiment 78 provides the MAD delivery cath-
eter of any one of Embodiments 64-77, wherein the guiding
element is detached by cutting the line at a connection point.
[0234] Embodiment 79 provides a method for delivery of
MAD in body lumen or organ, the method comprising:
[0235] a) inserting a MAD catheter and advancing to or
beyond the target site in a body lumen;
[0236] D) releasing the MAD to the body lumen;
[0237] c) inserting the second MAD catheter and
advancing to or beyond the target site in a body lumen;
[0238] d) releasing the second MAD to the body lumen;
[0239] e) manipulating endoscopes with pull-back
method to orientate and place both of the MADs in
right site and the right direction and to mate;
[0240] ) detaching or/and withdrawing the guiding
elements; and
[0241] g) withdrawing the MADs delivery systems
from the body lumen.
[0242] Embodiment 80 provides the method according to
Embodiment 79, wherein the MAD comprises:

[0243] at least twelve magnets; and
[0244] a tube comprising the at least twelve magnets;
[0245] wherein

[0246] the tube is flexible and conformable so that the

MAD forms a ring shape from a linear shape, and
[0247] the at least one magnet is assembled and fixed
in a desired orientation and location in the polymeric
tube upon heating.
[0248] Embodiment 81 provides the method according to
any one of Embodiments 79-80, wherein the body lumen is
chosen from digestive lumens, duodenum, jejunum, ileum,
colon, and a combination thereof.
[0249] Embodiment 82 provides a method for treatment of
a disease, the method comprising:

[0250] inserting and advancing the first endoscope with
the first assisting devices transorally into stomach and
duodenum to or beyond targeted site, such as jejunum;

[0251] inserting and advancing the second endoscope or
colonoscope transanally into colon or ileum with the
second assisting device to or beyond targeted site, such
as ileum;

[0252] identifying the point on both endoscopes that are
in close proximity;

[0253] delivering the MAD from the working channels
of the endoscopes;

[0254] transforming the MAD from linear to circular
shape;
[0255] manipulating or withdrawing the endoscopes to

the previously identified point of proximity and mating
two MAD rings with each other from two separated
lumens/organs;
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[0256] using the tip of the delivery system to support
the side of the MAD ring while pulling the guide
element lines to separate the lines from the MAD rings,

[0257] withdrawing the MAD delivery systems into the
endoscopes and withdrawing the endoscopes from the
body;

[0258] forming anastomosis over time; and

[0259] reducing Glycated Hemoglobin Alc(HGBAI1C
or HbAlc or A1C), plasma glucose concentration and
body weight over time.

[0260] Embodiment 83 provides the method according to
the Embodiments 82, wherein the first endoscope is different
from the second endoscope.

[0261] Embodiment 84 provides the method according to
any one of Embodiments 82-83, wherein the assisting
devices include overtube, single balloon overtube, double
balloon overtube, spiral overtube, motorized spiral overtube,
G-EYE endoscope system, and NaviAid balloon system.
[0262] Embodiment 85 provides a method for treatment of
a disease, the method comprising:

[0263] inserting an access device comprising an endo-
scope, overtube, laparoscope, or a combination thereof
orally to the target site in body lumen;

[0264] inserting MAD catheter into the access device
and advancing to the target site;

[0265] inserting a second access device comprising an
endoscope, overtube, colonoscope, laparoscope, or a
combination thereof rectally to the target site in a
different body lumen to be joined,

[0266] inserting the second MAD catheter into the
second access device and advancing to the target site;

[0267] confirming the two access devices are close
enough or touching each other for MAD to mate and
advancing two scopes beyond the mating site at least 5
cm to 10 cm for ready to deploy;

[0268] pushing the pushing tube to release the first
MAD to the body lumen, circularizing;

[0269] pushing the pushing tube to release the second
MAD to the second body lumen, circularizing;

[0270] manipulating the scopes with pull-back method
to orientate and place both of the MAD:s in a location
and orientation to couple;

[0271] detaching and/or withdrawing the guiding ele-
ments;
[0272] withdrawing the MAD delivery catheters and the

access devices from the body;

[0273] (allowing the tissues between the MADs to
necrose and degenerate over time;

[0274] forming the anastomosis;

[0275] allowing body fluids together with two MAD:s to
flow out of the body, optionally the two MADs can be
removed from the body lumen endoscopically or lapa-
roscopically;

[0276] reducing Glycated Hemoglobin Alc, plasma
glucose concentration and body weight over time.

[0277] Embodiment 86 provides the method according to
any one of Embodiments 81-85, wherein the MAD com-
prises:
[0278] at least twelve magnets; and
[0279] a flexible polymeric tube;
[0280] wherein
[0281] the at least one magnet is fixed in a desired

orientation and location in the polymeric tube upon
heating, and
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[0282] the polymeric tube is flexible and conform-
able to allow the MAD to direct into a geometric
shape.

[0283] Embodiment 87 provides the method according to
any one of Embodiments 81-86 wherein the body lumen is
chosen from nonvascular lumens, digestive lumens, duode-
num, jejunum, ileum, cecum, colon, cancers, tumors, and a
combination thereof.

[0284] Embodiment 88 provides the method according to
any one of Embodiments 81-87, wherein the disease is
chosen from diabetes, obesity, nonalcoholic fatty liver dis-
ease, digestive diseases, cancers, tumors, and a combination
thereof.

[0285] Embodiment 89 provides a method for treatment of
a disease, the method comprising:

[0286] placing a first MAD device in a first body lumen
via transoral insertion;

[0287] placing a second MAD device in a second body
lumen adjacent to the first body lumen via transanal
insertion;

[0288] wherein the placing of the first MAD device and
the second MAD device independently comprises
[0289] placing the MAD device in the body lumen

using an access device, or

[0290] placing the MAD device in the body lumen
using an access device.

[0291] Embodiment 90 provides the method for treatment
of a disease of any one of Embodiments 87-88, wherein:

[0292] the first MAD device is placed in the first body
lumen via transoral insertion using a scope, and

the second MAD device is placed in the second body lumen
via transanal insertion using a second scope, and

[0293] a pull-back method is used to mate MADs.

[0294] Embodiment 91 provides a method for treatment of
a disease, the method comprising:

[0295] (1) inserting an endoscope orally and advancing
beyond the target site in body lumen;

[0296] (2) inserting MAD catheter into the endoscope;

[0297] (3) inserting a second endoscope or colonoscope
rectally beyond the target site in a body lumen to be
joined;

[0298] (4) inserting a second MAD catheter into the
second endoscope or colonoscope;

[0299] (5) pushing a first pushing tube to release the
first MAD to the first body lumen, re-circularizing;

[0300] (6) pushing a second pushing tube to release the
second MAD to the second body lumen, re-circulariz-
ing;

[0301] (8) pulling back the first endoscope and second

endoscope or colonoscope while manipulating the
guiding elements to orientate and place both of the
MAD:s in a location and orientation to mate near the
target site;

[0302] (9) cutting and/or withdrawing the guiding ele-
ments;
[0303] (10) withdrawing the MAD delivery catheters

and the first endoscope and second endoscope or
colonoscope;

[0304] (11) allowing the tissues between the MADs to
necrotize and degenerate over time;

[0305] (12) forming the anastomosis; and

[0306] (13) allowing body fluids together with two
MADs to flow out of the body, optionally the two
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MAD:s can be removed from the body lumen endo-
scopically or laparoscopically.
[0307] Embodiment 92 provides a method for treatment of
a disease, the method comprising:

[0308] (1) inserting an endoscope orally and advancing
beyond the target site in body lumen;

[0309] (2) inserting a second endoscope or colonoscope
anally and advancing beyond the target site in a body
lumen to be joined,

[0310] (3) confirming the target site may be reached by
retraction of the two endoscopes;

[0311] (4) inserting MAD catheters into the first endo-
scope and second endoscope or colonoscope;

[0312] (5) pushing the pushing tubes sequentially or
simultaneously to release the MADs into the body
lumens to be joined,

[0313] (6) circularizing the MADs in both lumens using
the guiding elements;

[0314] (7) manipulating the guiding elements to orien-
tate and place both of the MAD in a location and
orientation to couple during or after pullback of the
endoscope;

[0315] (8) detaching and withdrawing the guiding ele-
ments;

[0316] (9) withdrawing the MAD delivery catheters and
the first endoscope and second endoscope or colono-
scope from the body;

[0317] (10) allowing the tissues between the MADs to
necrotize and degenerate over time;

[0318] (11) forming the anastomosis; and

[0319] (12) allowing body fluids together with two
MAD:s to flow out of the body, optionally the two
MAD:s can be removed from the body lumen endo-
scopically or laparoscopically.

[0320] Embodiment 93 provides the method of Embodi-
ment 92, wherein a balloon catheter is used to aid the
advance of the endoscope to or beyond the target site for
joining of lumens.

[0321] Embodiment 94 provides the MAD, MAD delivery
catheter, or method of any one or any combination of
Embodiments 1-93 optionally configured such that all ele-
ments or options recited are available to use or select from.

What is claimed is:

1. A magnetic anastomosis device (MAD) comprising:

at least twelve magnets;

a tube comprising the at least twelve magnets;

wherein the tube is flexible and conformable so that the
MAD forms a ring shape from a linear shape.

2. The MAD of claim 1, wherein the tube is a polymer

heat shrink tube (PHST).

3. The MAD of claim 1, wherein the tube is heated with
the at least twelve magnets suitably positioned therein to
form the MAD.

4. The MAD of claim 1, wherein the tube is durable to
protect the magnets, a coating thereof, or a combination
thereof, from damage.

5. The MAD of claim 1, wherein the tube acts as a
protector for brittle and fragile neodymium magnets.

6. The MAD of claim 1, wherein guiding elements attach
to the periphery of the at least one magnet and inside of the
tube.

7. The MAD of claim 6, wherein the guiding elements
attach to the at least one magnet directly.
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8. The MAD of claim 6, wherein the at least one magnet
directly connected to the guiding elements comprises two
open end magnets in the MAD, the two open end magnets
each comprising an eyelet loop.

9. The MAD of claim 6, wherein the at least one magnet
directly connected to guiding elements comprise two open
end magnets in the MAD with an arc-shaped loop on the
magnets.

10. The MAD of claim 6, wherein the guiding elements
comprise single or multiple polymer filaments, sutures,
braided lines, metal wires, or combinations thereof.

11. The MAD of claim 6, wherein the guiding elements
comprise a polyester, a polyamide, a fluoropolymer, a poly-
ethylene, a polypropylene, or a combination thereof

12. The MAD of claim 6, wherein the number of the
guiding elements is from 1 to 10.

13. The MAD of claim 1, wherein one or more guiding
elements attach to the tube directly.

14. The MAD of claim 13, wherein the guiding element
attaches to the tube inside of the tube, outside of the tube, or
a combination thereof.

15. The MAD of claim 13, wherein the guiding element
attaches to the tube via one or more knots.

16. The MAD of claim 15, wherein the one or more knots
are located on top or bottom of tube surface, inside of tube
surface, or a combination thereof.

17. The MAD of claim 15, wherein the guiding element
exits the tube from an opposite surface from entry, in the
middle of a side wall of the tube, or a combination thereof.

18. The MAD of claim 15, wherein the knot is located at
a side wall of the tube.

19. The MAD of claim 15, wherein a ratio of the diameter
of the knot to the hole diameter in the tube for passing the
guiding element comprising the knot therethrough is from
1.1 to 2.0.

20. The MAD of claim 1, wherein the tube comprises a
polyester, a polyamide, a polyether-amide block copolymer,
a polyolefin, a polyolefin derivative, polyvinyl chloride, a
fluorinated ethylene propylene (FEP), a perfluoroalkoxy
polymer (PFA), or a combination thereof.

21. The MAD of claim 1, wherein a size ratio between the
circumference of the heat shrink tube inside diameter and
the perimeter of the magnet C,,/P_, is in between 1 to 2.

22. The MAD of claim 1, wherein heat shrink tube is
flexible, conformable, and durable, and has a wall thickness
in the range of 0.15 mm to 0.50 mm.

23. The MAD of claim 1, wherein the heat shrink tube acts
as an enclosure for at least one the magnet, provides
protection to the at least one magnet or a coating thereon, or
a combination thereof.

24. The MAD of claim 1, wherein the heat shrink tube has
at least partially shape retention capability such as MAD
ring shape.

25. The MAD of claim 1, wherein the at least one magnet
comprises rare earth compounds, neodymium compounds,
very high magnetic energy materials, N52, N42, and N38
grade neodymium materials, and combinations thereof.

26. The MAD of claim 1, wherein the at least one magnet
comprises a noble element-modified neodymium com-
pounds.

27. The MAD of claim 1, wherein the at least one magnet
has higher than 100° C. maximum operating temperature.

28. The MAD of claim 1, wherein the at least one magnet
comprises a protective coating comprising zinc, nickel,
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nickel-copper-nickel, gold, silver, parylene, epoxy, polytet-
rafluoroethylene (PTFE), a fluoropolymer, or a combination
thereof.

29. The MAD of claim 28, wherein the protective coating
has a thickness of about 0.1 pm to about 30 pm.

30. The MAD of claim 28, wherein the protective coating
has a thickness of about 0.1 pm to about 15 pm.

31. The MAD of claim 28, wherein the protective coating
has a thickness of about 1 um to about 15 pm.

32. The MAD of claim 28, wherein the protective coating
comprises a dual-layer or triple-layer coating, with each
layer on top of the last.

33. The MAD of claim 28, wherein the protective coating
comprises a dual-layer coating with the first layer compris-
ing Zn, Ni, Ni-Cu-Ni, or a combination thereof, and with the
outer second layer comprising Ag, Au, parylene, or a com-
bination thereof.

34. The MAD of claim 28, wherein the protective coating
comprises a triple-layer coating with the first layer compris-
ing Zn, Ni, Ni-Cu-Nji, or a combination thereof, the second
layer comprises one or more noble metals, and with the outer
third layer comprises PTFE, parylene, or a combination
thereof.

35. The MAD of claim 1, wherein the at least one magnet
comprises a plating or coating material comprising gold,
silver, or a combination thereof.

36. The MAD of claim 1, wherein the at least one magnet
comprises a polymer top coating comprising parylene,
epoxy, polytetrafluoroethylene, or a combination thereof.

37. The MAD of claim 1, wherein the at least one magnet
comprises a top coating comprising a metal and a polymer.

38. The MAD of claim 1. wherein the at least twelve
magnets have a shape that is chosen from disc, cylinder,
circle, oval, oblong, square, block, cube, hexagonal, octago-
nal, trapezoidal, and a combination thereof.

39. The MAD of claim 1, wherein the at least one magnet
is a modified disc or cylinder having a profile that is
approximately circular, oval, elongated ellipse, oblong or a
combination thereof, and comprising a chamfer, fillet, bevel,
trapezoid, or combination thereof.

40. The MAD of claim 1, wherein the magnets in the
MAD assembly have round end like-half circle that acts as
a hinge point between the discs for easier circling during the
procedure.

41. The MAD of claim 1, wherein the south and north
poles of the at least one magnet are magnetized axially or at
thickness direction.

42. The MAD of claim 1, wherein the at least one magnet
is magnetized diametrically.

43. The MAD of claim 1, wherein the at least one magnet
is at least two magnets, wherein the south and north pole of
the at least two magnets are in alternate directions vertically
to surface of the MAD.

44. The MAD of claim 1, wherein the at least one magnet
is at least two magnets, wherein the south and north poles of
the at least two magnets are in the alternate directions
parallel to surface of the MAD.

45. The MAD of claim 1, wherein the MAD has two ends;
and wherein the magnets at both ends have opposite poles
and the opposite poles are attractive to each other being able
to form the ring structure by the guiding elements.

46. The MAD of claim 1, wherein the two end magnets
have features for the attachment of guiding element.
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47. The MAD of claim 46, wherein the features on the two
end magnets include partial grooves on the side wall of the
magnet and hook ring with eyelet loop that snaps into the
grooves.

48. The MAD of claim 46, wherein the features on the two
end magnets include partial grooves on the side wall of the
magnet and hook ring with arc-shaped loop that snaps into
the grooves.

49. The MAD of claim 46, wherein a hook ring on the two
end magnets is permanently fixed on to the magnet with
adhesive.

50. The MAD of claim 46, wherein a hook ring on the two
end magnets is made of metals, plastics, or combinations
thereof.

51. The MAD of claim 1, wherein the MAD has two open
ends and comprises at least two magnets; and wherein the
magnet at both ends has opposite poles and the opposite
poles are attractive to each other being able to form the ring
structure by guiding elements that attach to the tube near two
end magnets via knots.

52. The MAD of claim 51, wherein the guiding elements
are attached to the tube via knots at outside surface of the
tube, inside surface of the tube, or a combination thereof.

53. The MAD of claim 51, wherein the guiding elements
are attached to the tube via knots at a top or bottom surface
of the tube, at the side wall of the tube, or a combination
thereof.

54. The MAD of claim 51, wherein the guiding elements
are attached to the tube via knots at a top or bottom surface
of the tube, at the side wall of the tube, or a combination
thereof; wherein the guiding elements exit at opposite sur-
face of the tube or at middle of the side wall of the tube.

55. The MAD of claim 51, wherein a ratio of the diameter
of the knot to the diameter of the tube hole size is from 1.1
to 2.0.

56. The MAD of claim 51, wherein pull through force for
detachment is in a range of from about 0.5 to 3 Ibs.

57. The MAD of claim 1, wherein at least one magnet is
cylinder- and/or disc-shaped and the outer diameter (D) of
the MAD is equal to the product of number of the magnets
(n) multiplied by the diameter (d) of the magnets divided by
Pi and then adding the diameter (d) of the magnets that is
about equal to nd/m+d.

58. The MAD of claim 1, wherein the MAD ring linear
profile is determined by the diameter (d) and thickness (h) of
the discs; the ratio of d/h is 1.10 to 1.75 when the discs are
elongated circle like oblongs, the ratio is width/thickness.

59. The MAD of claim 1, wherein the MAD ring linear
profile can be improved significantly by applying chamfer
features on to the round and oblong discs.

60. The MAD of claim 1, wherein the at least one magnet
comprises a number of magnets in the range of 1-40.

61. The MAD of claim 1, wherein the at least one magnet
comprises a number of magnets in the range of at least one
of 8-30, 10-30, 12-30, 14-30, and 16-26.

62. The MAD of claim 1, wherein the at least one magnet
comprises an even number of magnets.

63. The MAD of claim 1, wherein the at least one magnet
comprises an odd number of magnets.
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64. A MAD delivery catheter comprising:

an outer polymeric sheath;

a pushing tube comprising a polymeric outer layer and a
PTFE or fluoropolymer inner layer;

at least one guiding element; and

a magnetic anastomosis device (MAD) comprising
at least twelve magnets, and
a flexible, conformable tube comprising the at least

twelve magnets,
wherein the tube is flexible and conformable so that the
MAD forms a ring shape from a linear shape.

65. The MAD delivery catheter of claim 60, wherein the
pushing tube comprises an inner layer comprising a fluo-
ropolymer.

66. A MAD delivery catheter comprising:

an outer polymeric sheath;

a pushing tube in the outer polymeric sheath that is longer
than the outer polymeric sheath, the pushing tube
comprising a distal end and a proximal end;

guiding elements that are detachable from the MAD
delivery catheter after deployment; and

a MAD assembly comprising
at least twelve magnets, and
a tube comprising the at least twelve magnets,
wherein the tube is flexible and conformable so that the

MAD forms a ring shape from a linear shape;
wherein
the MAD assembly is located at the distal end of the
outer polymeric sheath and pushing tube, and
the guiding elements are attached to the MAD, and
extend from the distal end to the proximal end in the
pushing tube.

67. The MAD delivery catheter of claim 66, wherein the
outer polymeric sheath covers about 100% of all the mag-
nets of the MAD assembly.

68. The MAD delivery catheter of claim 66, wherein the
outer polymeric sheath is a short sheath less than 6 inches.

69. The MAD delivery catheter of claim 66, wherein the
outer polymeric sheath covers less than about 100% of all
the magnets of the MAD assembly.

70. The MAD delivery catheter of claim 66, wherein the
pushing tube comprises multiple layers of material.

71. The MAD delivery catheter of claim 66, wherein the
pushing tube comprises an inner layer comprising a fluo-
ropolymer and an outer layer.

72. The MAD delivery catheter of claim 66, wherein the
pushing tube comprises an extruded tube inserted into
another separately extruded tube.

73. The MAD delivery catheter of claim 66, wherein the
catheter tip is an atraumatic tip having shore D hardness 55D
or less.

74. The MAD delivery catheter of claim 66, wherein the
guiding element is removable and detachable by breaking
away from MAD at a connection point by pulling a knot in
the guiding element through the tube.

75. The MAD delivery catheter of claim 66, wherein the
guiding element is detached by rolling away the line from
the MAD at a connection point.

76. The MAD delivery catheter of claim 66, wherein the
guiding element is detached by cutting the line at a connec-
tion point.

77. The MAD delivery catheter of claim 66, wherein the
MAD ring features double side mating property in which no
ring face orientation is required to mate another ring,
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78. The MAD delivery catheter of claim 66, wherein the
MAD ring has self-alignment capability during MAD rings
coupling to match N and S poles for attraction between the
rings.
79. A method for the methods to treat the diseases of
diabetes and obesity comprises
inserting and advancing the first endoscope with the first
assisting devices transorally into stomach and duode-
num to or beyond targeted site, such as jejunum;

inserting and advancing the second endoscope or colono-
scope transanally into colon or ileum with the second
assisting device to or beyond targeted site, such as
ileum;

identifying the point on both endoscopes that are in close

proximity;

delivering the MAD from the working channels of the

endoscopes;

transforming the MAD from linear to circular shape;

manipulating or withdrawing the endoscopes to the pre-

viously identified point of proximity and mating two
MAD rings with each other from two separated lumens/
organs;

using the tip of the delivery system to support the side of

the MAD ring while pulling the guide element lines to
separate the lines from the MAD rings,

withdrawing the MAD delivery systems into the endo-

scopes and withdrawing the endoscopes from the body,
forming anastomosis over time, and

reducing Glycated Hemoglobin Al c((HGBA1C or HbAlc

or AlC), plasma glucose concentration and body
weight over time,

wherein the first endoscope is different from the second

endoscope;

wherein the first assisting device can be the same or

different from the second assisting device, wherein the
assisting devices is one of overtube, single balloon
overtube, double balloon overtube, spiral overtube,
motorized spiral overtube, G-EYE endoscope system,
and NaviAid balloon system.

80. The method according to claim 79, wherein the MAD
comprises:

at least twelve magnets; and

a tube comprising the at least twelve magnets;

wherein

the tube is flexible and conformable so that the MAD
forms a ring shape from a linear shape, and

the at least one magnet is assembled and fixed in a
desired orientation and location in the polymeric
tube upon heating.

81. The method according to claim 79, wherein the body
lumen is chosen from nonvascular lumens, digestive lumens,
duodenum, jejunum, ileum, cecum, colon, cancers, tumors,
and a combination thereof.

82. The method of treating diabetes or obesity comprises:

advancing endoscopes orally into the jejunum and anally

into the ileum beyond the intended depth for anasto-
mosis;

examining by fluoroscopy the scope loop patterns in two

orthogonal planes or by rotation through orthogonal
planes;

identifying a point on each endoscope shaft that is in close

proximity to or directly contacting the other endoscope
shaft;
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deploying magnetic anastomosis devices concurrently or
sequentially;

retracting the endoscopes to bring the MAD devices to the
previously identified target site; and

manipulating the MAD devices to mate to create a com-
pression anastomosis.

83. The method of treating diabetes or obesity compris-

ing:

advancing endoscopes orally into the jejunum and anally
into the ileum beyond the intended depth for anasto-
mosis;

examining by fluoroscopy the scope loop patterns in two
orthogonal planes or by rotation through orthogonal
planes

identifying a point on each scope shaft that is in close
proximity to or directly contacting the other scope
shaft;

retracting the endoscopes to bring the MAD devices to the
previously identified target site;

deploying MAD devices concurrently or sequentially; and

manipulating the MAD devices to mate to create a com-
pression anastomosis.
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