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(57) ABSTRACT 
A gastrointestinal device for implanting within a pylorus, a 
duodenal bulb, and a duodenum of a patient's gastrointestinal 
tract includes an expandable structure includes a proximal 
portion having a plurality of spring arms and a distal portion 
having a plurality of spring arms, the proximal and distal 
portions coupled by a rigid central cylinder having a diameter 
capable of fitting within the pylorus and having a length 
greater than a width of the pylorus. A membrane is coupled to 
and covering at least a portion of one of the proximal portion 
and the distal portion of the expandable structure. An intesti 
nal bypass sleeve is coupled to at least one of the proximaland 
distal portions of the expandable structure and having a length 
sufficient to extend at least partially into the duodenum. In the 
expanded configuration, the proximal portion has a diameter 
larger than a maximum opening diameter of the pylorus and 
further wherein, in the expanded configuration, the distal 
portion has a diameter larger than a maximum opening diam 
eter of the pylorus. 
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ANCHORS AND METHODS FOR 
INTESTINAL BYPASS SLEEVES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. Non-Pro 
visional application Ser. No. 13/360,689 filed Jan. 28, 2013 
which claims benefit under 35 U.S.C. section 119(e) of U.S. 
provisional patent application 61/462,156, filed Jan. 28, 
2011, and U.S. provisional patent application 61/519,507, 
filed May 24, 2011, both of which are herein incorporated by 
reference in their entirety. U.S. Non-Provisional application 
Ser. No. 13/360,689 filed Jan. 28, 2013 is a continuation-in 
part of each of the following applications, each of which are 
herein incorporated by reference in their entirety: (1) U.S. 
patent application Ser. No. 12/752,697, filed Apr. 1, 2010, 
which claims the benefit of U.S. provisional patent applica 
tion 61/21 1,853, filed Apr. 3, 2009; (2) U.S. patent applica 
tion Ser. No. 12/833,605, filed Jul. 9, 2010, which claims the 
benefit of U.S. provisional patent application 61/270,588, 
filed Jul. 10, 2009; (3) U.S. patent application Ser. No. 
12/986,268, filed Jan. 7, 2011, which claims the benefit of 
U.S. provisional patent application 61/335,472, filed Jan. 7, 
2010; and (4) U.S. patent application Ser. No. 13/298,867, 
filed Nov. 17, 2011, which claims the benefit of U.S. provi 
sional patent application 61/458,060, filed Nov. 17, 2010. 

TECHNICAL FIELD 

0002 This invention generally relates to implants placed 
within gastrointestinal systems, including the esophagus, the 
stomach and the intestines. In particular it relates to implant 
systems having components implantable and removable 
using endoscopic techniques for treatment of obesity, diabe 
tes, reflux, gastroparesis and other gastrointestinal condi 
tions. 

BACKGROUND 

0003 Bariatric surgery procedures, such a sleeve gastrec 
tomy, the Rouen-Y gastric bypass (RYGB) and the bileo 
pancreatic diversion (BPD), modify food intake and/or 
absorption within the gastrointestinal system to effect weight 
loss in obese patients. These procedures affect metabolic 
processes within the gastrointestinal system, by either short 
circuiting certain natural pathways or creating different inter 
action between the consumed food, the digestive tract, its 
secretions and the neuro-hormonal system regulating food 
intake and metabolism. In the last few years there has been a 
growing clinical consensus that obese patients who undergo 
bariatric Surgery see a remarkable resolution of their type-2 
Diabetes Mellitus (T2DM) soon after the procedure. The 
remarkable resolution of diabetes after RYGB and BPD typi 
cally occurs too fast to be accounted for by weight loss alone, 
Suggesting there may be a direct impact on glucose homeo 
stasis. The mechanism of this resolution of T2DM is not well 
understood, and it is quite likely that multiple mechanisms are 
involved. 
0004 One of the drawbacks of bariatric surgical proce 
dures is that they require fairly invasive Surgery with poten 
tially serious complications and long patient recovery peri 
ods. In recent years, there is an increasing amount of ongoing 
effort to develop minimally invasive procedures to mimic the 
effects of bariatric Surgery using minimally invasive proce 
dures. One Such procedure involves the use of gastrointestinal 
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implants that modify transport and absorption of food and 
organ secretions. For example, U.S. Pat. No. 7,476.256 
describes an implant having a tubular sleeve with anchoring 
barbs, which offer the physician limited flexibility and are not 
readily removable or replaceable. Moreover, stents with 
active fixation means, such as barbs that deeply penetrate into 
Surrounding tissue, may potentially cause tissue necrosis and 
erosion of the implants through the tissue, which can lead to 
complications, such as bacterial infection of the mucosal 
tissue or systemic infection. Also, due to the intermittent 
peristaltic motion within the digestive tract, implants such as 
stents have a tendency to migrate. 
0005 Gastroparesis is a chronic, symptomatic disorder of 
the stomach that is characterized by delayed gastric emptying 
in the absence of mechanical obstruction. The cause of gas 
troparesis is unknown, but it may be caused by a disruption of 
nerve signals to the intestine. The three most common etiolo 
gies are diabetes mellitus, idiopathic, and postSurgical. Other 
causes include medication, Parkinson's disease, collagen 
vascular disorders, thyroid dysfunction, liver disease, chronic 
renal insufficiency, and intestinal pseudo-obstruction. The 
prevalence of diabetic gastroparesis (DGP) appears to be 
higher in women than in men, for unknown reasons. 
0006 Diabetic gastroparesis affects about 40% of patients 
with type 1 diabetes and up to 30% of patients with type 2 
diabetes and especially impacts those with long-standing dis 
ease. Both symptomatic and asymptomatic DGP seem to be 
associated with poor glycemic control by causing a mismatch 
between the action of insulin (oran oral hypo-glycemic drug) 
and the absorption of nutrients. Treatment of gastroparesis 
depends on the severity of the symptoms. 

SUMMARY 

0007 According to various embodiments, the present 
invention provides for an apparatus and method to place and 
anchor an intestinal bypass sleeve within the pyloricantrum, 
pylorus, duodenum and jejunum. The gastrointestinal 
implant herein disclosed can be inserted endoscopically 
(when the device is loaded into a delivery catheter) through 
the mouth, throat, stomach and intestines. The gastrointesti 
nal implant device includes a flexible thin-walled sleeve and 
an expandable anchor attached to the proximal end of the 
sleeve; secondary anchors may also anchor other portions of 
the thin-walled sleeve. 

0008. The present invention herein disclosed (with a short 
bypass sleeve or no bypass sleeve) can also be used to hold 
open the pylorus and may help to reduce the symptoms of 
gastroparesis, by allowing the stomach contents to exit the 
stomach easier through the pylorus into the duodenum. An 
active pumping means may also be attached to the expandable 
anchor to actively pump the stomach contents from the 
pyloric antrum into the duodenum. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 is a cross-sectional view of a portion of the 
digestive tract in a human body with an intestinal bypass 
sleeve implanted in the duodenum from the pylorus to the 
ligament of treitz. The sleeve is held in place at the pylorus by 
an expandable anchor that anchors on the pylorus. 
0010 FIG. 2 is a cross-sectional view of a portion of the 
digestive tract in a human body with an endoscope inserted 
through the mouth, esophagus and stomach to the pylorus. 
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0011 FIG. 3A is a drawing of an over-the-wire sizing 
balloon that may be used to dilate and measure (size) the 
intestinal tract and pylorus anatomy. 
0012 FIG. 3B is a drawing of a rapid exchange or mono 

rail sizing balloon that may be used to dilate and measure 
(size) the intestinal tract and pylorus anatomy. 
0013 FIG. 4 is a cross-sectional view of a portion of the 
digestive tract in a human body. An endoscope is inserted 
through the mouth, esophagus and stomach to the pylorus. An 
over-the-wire sizing balloon is inserted through the working 
channel of the endoscope over a guidewire and is advanced 
across the pyloric opening. The balloon is inflated with saline 
or contrast media to a low pressure to open the pylorus and 
duodenum and allow measurement of the lumen diameter of 
the pyloric antrum, pylorus and duodenal bulb. 
0014 FIG. 5 is a cross-sectional drawing of the pyloric 
antrum, pylorus, duodenal bulb and duodenum. An expand 
able anchor and intestinal bypass sleeve is implanted into the 
pylorus. 
0015 FIG. 6 is a drawing of an expandable anchor accord 
ing to exemplary embodiments of the invention. 
0016 FIG. 7 is a drawing of a flat representation of the 
circumference of the expandable anchor disclosed in FIG. 2. 
The anchor can be laser cut from round tubing or a flat sheet 
of Nitinol. 
0017 FIG. 8 is a drawing of a flat representation of the 
circumference of the expandable anchor disclosed in FIG. 2. 
The expandable anchor can be laser cut from round tubing or 
flat sheet of Nitinol. The individual spring arm elements of the 
anchor are cut at a bias angle to the longitudinal axis. 
0018 FIG. 9 is a drawing of exemplary heat set mandrels 
for forming the shape of the anchor from the laser cut shape of 
FIG. 7 and FIG. 8 to the final shape of the anchor in FIG. 4. 
0019 FIG. 10 is a sectional view of a delivery catheter for 
the expandable anchor and intestinal bypass sleeve 
implanted. 
0020 FIG. 11 is a sectional view of an anchor and sleeve 
implanted into a pylorus and duodenal bulb and duodenum. 
The expandable anchor is covered with a membrane on both 
the inside and outside surfaces of the anchor to close the 
openings in between the spring arm elements. An intestinal 
bypass sleeve is attached to the expandable anchor. 
0021 FIG. 12 is a sectional view of a recovery catheter for 
removing the expandable anchor and intestinal bypass sleeve 
from the human gastrointestinal tract. 
0022 FIG. 13 is a sectional view of the expandable anchor 
in the collapsed state with the outer sheath of the recovery 
catheter covering and constraining the expandable anchor. 
0023 FIG. 14 is a sectional view of an alternative embodi 
ment of an anchor and sleeve implanted into the pylorus and 
duodenal bulb and duodenum. 

0024 FIG. 15 is a sectional view of an alternative embodi 
ment of an anchor and sleeve implanted into the pylorus and 
duodenal bulb and duodenum. 

0.025 FIG.16 is a sectional view of an alternative embodi 
ment of the invention herein disclosed implanted into the 
pylorus and duodenal bulb and duodenum. The through 
lumen of the expandable anchor contains a duck bill type 
anti-reflux valve and a flow limiter. 

0026 FIG.17 is a sectional view of an alternative embodi 
ment of the invention herein disclosed implanted into the 
pylorus and duodenal bulb and duodenum. The through 
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lumen of the expandable anchor contains a ball and cage 
anti-reflux valve and alternatively a bi-leaflet anti-reflux 
valve. 
0027 FIG. 18 shows an alternative embodiment of an 
expandable anchor. 
0028 FIG. 19 is a partial cross-sectional drawing of the 
pyloric antrum, pylorus, duodenal bulb and duodenum. An 
alternative embodiment of an expandable anchor intestinal 
bypass sleeve is implanted into the pyloric antrum, pylorus, 
duodenal bulb and duodenum. 
0029 FIG. 20 shows an alternative embodiment of an 
expandable anchor. 
0030 FIG. 21A is a drawing of a flat representation of the 
expandable anchor shown in FIG. 20. 
0031 FIG. 21B is a drawing of a cylindrical mandrel for 
heat setting the expandable anchor to the hourglass shape as 
in FIG. 20. 
0032 FIG. 22 shows an alternative embodiment of an 
expandable anchor. 
0033 FIG. 23 shows an alternative embodiment of an 
expandable anchor. 
0034 FIG. 24 is a drawing of expandable anchor of FIG. 
23 in a compressed State, with a sheath constraining it on the 
outside diameter. 
0035 FIG. 25 shows an alternative embodiment of an 
expandable anchor formed from wire. 
0036 FIG. 26 shows an alternative embodiment of an 
expandable anchor formed from wire. 
0037 FIG. 27 shows an alternative embodiment of an 
expandable anchor formed from wire. 
0038 FIG. 28 shows an alternative embodiment of an 
expandable anchor formed from wire. 
0039 FIG. 29 shows an alternative embodiment of an 
expandable anchor. 
0040 FIG. 30 shows an alternative embodiment of an 
expandable anchor. 
0041 FIG. 31 is a cross-sectional view of the pyloric 
antrum, pylorus, duodenal bulb and the duodenum in the 
human body. An expandable anchor and intestinal bypass 
sleeve is implanted across the pylorus. 
0042 FIG. 32 shows an alternative embodiment of an 
expandable anchor formed in the shape of a toroidal-shaped 
coil. 
0043 FIG.33A is a drawing of an alternative embodiment 
of an expandable anchor formed in the shape of a toroidal 
shaped coil. The coil may have Small tissue penetrating 
anchors on the outer surface of the coil. 
0044 FIG.33B is a drawing of an alternative embodiment 
of an expandable anchor formed in the shape of a toroidal 
shaped coil. The direction of the winding of the coil is 
reversed to cancel out the helical twisting action of the spring. 
0045 FIG.33C is a drawing of an alternative embodiment 
of an expandable anchor formed in the shape of a toroidal 
shaped coil as previously disclosed. The spring is wound to 
have double helices that are 180 degrees offset from each 
other. 
0046 FIG. 34A is an alternative embodiment of a toroidal 
spring that is made from laser cutting a pattern into a round 
piece of Nitinol tubing. The Nitinol tubing is laser cut in the 
straight tubular shape and then the cut tube is then formed into 
the toroidal shape. 
0047 FIG.34B is an alternative embodiment of a toroidal 
spring that is made from laser cutting a pattern into a round 
piece of Nitinol tubing. The Nitinol tubing is laser cut in the 
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straight round tubular shape and then it is formed into the 
toroidal shape. Alternatively, the part may be cut from a flat 
sheet of Nitinol and then shape set into the final shape. 
0048 FIG. 35 is a drawing of an alternative embodiment 
of an expandable anchor. The drawing shows additional 
embodiments for the expandable anchors in FIG. 32, FIG.33 
and FIG. 34. 
0049 FIG.36 is an assembly drawing with the expandable 
anchors in FIG. 32, FIG. 33, FIG. 34 and 
0050 FIG. 37 is a drawing showing an assembly drawing 
of a fixed diameter cylinder for the central pyloric portion of 
the invention herein disclosed. 
0051 FIG. 38 is drawing showing of a central pyloric 
portion of the invention herein disclosed in which the mid 
portion allows for opening and closing of the pylorus, while 
there is a first and a second ring which are fixed rigidly 
together. The expandable anchors in the pyloric antrum and 
the duodenal bulb are tethered to the first and second rings. 
0052 FIG. 39 is a sectional view of the invention herein 
disclosed implanted into the pyloric antrum, pylorus and 
duodenal bulb and duodenum. The anchoring device is com 
prised of two disk-shaped expandable anchors that are con 
nected to a central cylinder which has a thin-walled compliant 
membrane over the central portion to allow opening and 
closing of the pyloric aperture. 
0053 FIG. 40 is a sectional view of the invention herein 
disclosed implanted into the pyloric antrum, pylorus and 
duodenal bulb and duodenum. The anchoring device is com 
prised of two disk-shaped expandable anchors that are con 
nected to a central cylinder. The lumen of the anchoring 
device has a one-way anti-reflux valve and a flow limiter. 
0054 FIG. 41 is a sectional view of the invention herein 
disclosed implanted into the pyloric antrum, pylorus and 
duodenal bulb and duodenum. The anchoring device is com 
prised of two disk-shaped expandable anchors that are con 
nected to a central cylinder. The diameter of the central cyl 
inder is elastic and the diameter can be compressed to allow a 
reduced diameter of the anchor to allow the anchor to be 
loaded onto a smaller diameter catheter than with a fixed 
diameter central cylinder. 
0055 FIG. 42 is a sectional view of the invention herein 
disclosed implanted into the pyloric antrum, pylorus and 
duodenal bulb and duodenum. The anchoring device is com 
prised of two disk-shaped expandable anchors that are con 
nected by a thin-walled tubular membrane. The thin-walled 
tubular membrane allows normal pylorus opening and clos 
1ng. 
0056 FIG. 43 is a sectional view of the invention herein 
disclosed implanted into the duodenal bulb and duodenum. 
The anchoring device is comprised of two disk-shaped 
expandable anchors that are connected to a central cylinder. 
The lumen of the anchoring device has an optional one-way 
anti-reflux valve and an optional flow limiter. The anti-reflux 
valve and flow-limiter can be used together in combination or 
separately on the device. 
0057 FIG. 44 is a sectional view of the invention herein 
disclosed. The anchoring device is comprised of two disk 
shaped expandable anchors that are connected to a central 
cylinder. The anchoring device is implanted into the pyloric 
antrum and the intestinal bypass sleeve is implanted from the 
pyloric antrum to the duodenum. 
0058 FIG. 45A is a sectional view of the invention herein 
disclosed. The anchoring device is comprised of two disk 
shaped expandable anchors that are connected to a central 

Aug. 11, 2016 

cylinder. Four additional expandable anchors are attached to 
the thin-walled sleeve and are implanted into the pyloric 
antrum. 

0059 FIG.45B is a drawing of a flat braided wire form that 
may be used as an expandable anchor. 
0060 FIG. 46 is a drawing of an alternative embodiment 
of the invention herein disclosed. The expandable anchor is 
comprised of a hollow tubular braided structure of wire. The 
wire form has been shaped to conform to the shape of the 
pylorus and the duodenal bulb. 
0061 FIG. 47 is a drawing of an alternative embodiment 
of the invention herein disclosed. The expandable anchor is 
comprised of hollow tubular braided structure of wire. The 
wire form has been shaped to conform to the shape of the 
pylorus and the duodenal bulb. The expandable anchor and 
the intestinal bypass sleeve have been implanted into a human 
pylorus and duodenal bulb. 
0062 FIG. 48 is a drawing of an alternative embodiment 
of the invention herein disclosed. The expandable anchor is 
comprised of a hollow tubular braided structure of wire. The 
wire form has been shaped to conform to the shape of the 
pylorus and the duodenal bulb. The expandable anchor has an 
annular groove formed in wall the duodenal bulb portion of 
the expandable anchor. The annular groove is sized to provide 
for a modular connection means between an expandable 
anchor and intestinal bypass sleeve. 
0063 FIG. 49 is a drawing of an alternative embodiment 
of the invention herein disclosed implanted into a pyloric 
antrum, pylorus, duodenal bulb, and duodenum. The expand 
able anchoris comprised of a hollow tubular braided structure 
of wire. The wire form has been shaped to conform to the 
shape of the pylorus and the duodenal bulb. The expandable 
anchor has an annular grove formed in wall the duodenal bulb 
portion of the expandable anchor. The annular groove is sized 
to provide for a modular connection means between an 
expandable anchor and intestinal bypass sleeve. An intestinal 
bypass sleeve with an expandable anchor attached to the end 
of the sleeve is attached to the annular groove in the anchor in 
the pylorus. 
0064 FIG. 50 is a drawing showing the process steps for 
the manufacturing of the expandable anchor as in FIG. 46, 
FIG. 47 and FIG. 48. 

0065 FIG. 51 is drawing of an alternative embodiment of 
the expandable anchor herein disclosed. 
0.066 FIG. 52A is a drawing of a pyloricantrum, pylorus, 
duodenal bulb and duodenum and of the expandable anchor 
of FIG 52. 
0067 FIG. 52B is a drawing of a pylorus and of the 
expandable anchor of FIG. 52 implanted into it. 
0068 FIG. 53 is drawing of an alternative embodiment of 
the expandable anchor herein disclosed. 
0069 FIG. 54 is a drawing of an alternative embodiment 
of an expandable anchor that has optional barbs to provide for 
an additional securing means to the pylorus. 
0070 FIG.55 is a sectional view of the invention herein 
disclosed implanted into the pyloric antrum, pylorus and 
duodenal bulb and duodenum. The anchoring device is com 
prised of two disk-shaped expandable anchors that are con 
nected to a central cylinder. The diameter of the central cyl 
inder is fixed, but it may also be designed to allow it to be 
reduced in diameter during loading of the device onto a cath 
eter. The length of the central cylinder is adjusted to allow the 
spacing between the two disks to be variable in spacing. 








































