US 20200046536A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2020/0046536 A1

Yu

(54)

(71)

(72)

1)
22)

(63)

(60)

(1)

BILIARY DIVERSION CATHETER

Applicant: Steven Sounyoung Yu, Fairfax, VA
Us)

Inventor: Steven Sounyoung Yu, Fairfax, VA

(US)
Appl. No.: 16/660,042

Filed: Oct. 22, 2019

Related U.S. Application Data

Continuation of application No. 15/381,027, filed on
Dec. 15, 2016, now Pat. No. 10,449,075.

Provisional application No. 62/267,756, filed on Dec.
15, 2015.

Publication Classification

Int. Cl.

AGIF 5/00 (2006.01)
A61B 17/11 (2006.01)
A6IM 27/00 (2006.01)

27

43) Pub. Date: Feb. 13, 2020
(52) US.CL
CPC ... AGLF 5/0013 (2013.01); A61B 17/1114
(2013.01); A6IM 2025/0286 (2013.01); A6IM
2210/106 (2013.01); A61M 2210/1075
(2013.01); A6IM 27/002 (2013.01)
7) ABSTRACT

Biliary diversion catheters for diverting bile fluid from a part
of the patient’s biliary tree to the patient’s distal small
intestine. The catheter comprises a system of interconnected
or interconnectable tubes: a biliary tube segment, an intes-
tinal (e.g. ileal or jejunal) tube segment, and a flush tube
segment. The biliary diversion catheter is designed such that
bile fluid flows into the biliary tube segment and is shunted
into the distal small intestine via the intestinal tube segment.
The flush tube segment is used to infuse flush fluid into the
catheter (e.g. to clear out any debris within the tube system
of the catheter). The biliary tube segment and the intestinal
tube segment may together form a drainage tube or an
anastomotic component. The flush tube segment and the
intestinal tube segment may together form a transabdominal
tube.
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BILIARY DIVERSION CATHETER

TECHNICAL FIELD
[0001] This invention relates to catheters for bile fluid
drainage.
BACKGROUND
[0002] With obesity approaching epidemic proportions,

bariatric surgery has undergone steady growth worldwide.
Diabetes is commonly associated with obesity. It is known
that bariatric surgery can result in improvement in glycemic
control and even remission of diabetes. However, the physi-
ologic mechanism underlying this effect is unclear. Recently,
it was found that bile diversion to the ileum results in
physiologic changes similar to bariatric surgery, including
sustained improvements in weight and glucose tolerance.
See Charles Flynn et al, “Bile diversion to the distal small
intestine has comparable metabolic benefits to bariatric
surgery”/Nature Communications 6:7715 (July 2015). Thus,
it is possible that bile diversion to the distal small intestine
has metabolic benefits comparable to that of bariatric sur-

gery

SUMMARY
[0003] Biliary Diversion Catheter.
[0004] In one embodiment, my invention can be described

as a biliary diversion catheter that comprises a tube system.
The tube system comprises a biliary tube segment, an
intestinal (e.g. ileal or jejunal) tube segment, and a flush tube
segment that are interconnected. The biliary tube segment
has a proximal end, a distal end, and a proximal terminal
portion encompassing its proximal end. The proximal ter-
minal portion comprises an opening to allow inflow of bile
fluid into the biliary tube segment.

[0005] The intestinal tube segment has a proximal end, a
distal end, and a distal terminal portion that encompasses its
distal end. The distal terminal portion comprises an opening
to allow outflow of bile fluid. The intestinal tube segment is
configured in the tube system such that it is in fluid com-
munication with the biliary tube segment. The flush tube
segment has a proximal end, a distal end, and a proximal
terminal portion that encompasses its proximal end. The
proximal terminal portion comprises an opening to receive
flush fluid. The flush tube segment is configured in the tube
system such that it is in fluid communication with at least the
intestinal tube segment (and optionally, also the biliary tube
segment).

[0006] In some embodiments, the proximal terminal por-
tion of the biliary tube segment comprises a retention
anchor. In some embodiments, the distal terminal portion of
the intestinal tube segment comprises a retention anchor. In
some embodiments, the proximal terminal portion of the
flush tube segment comprises a retention anchor.

[0007] In some embodiments, the proximal terminal por-
tion of the biliary tube segment comprises a retention means
for retaining the terminal portion within the target site in the
biliary tree. In some embodiments, the distal terminal por-
tion of the intestinal tube segment comprises a retention
means for retaining the terminal portion within the intestine.
In some embodiments, the proximal terminal portion of the
flush tube segment comprises a retention means to retain the
terminal portion outside the abdominal cavity.
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[0008] In some embodiments, the biliary tube segment
comprises a one-way valve that facilitates the forward flow
of fluid distally or resists the backflow of fluid proximally.
In some embodiments, the intestinal tube segment comprises
a one-way valve that facilitates the forward flow of fluid
distally or resists the backflow of fluid proximally. In some
embodiments, the flush tube segment comprises a one-way
valve that facilitates the forward flow of fluid distally or
resists the backflow of fluid proximally.

[0009] In some embodiments, the biliary tube segment and
the intestinal tube segment together form a drainage tube,
and the flush tube segment is connected with the drainage
tube (e.g. as a branch off the drainage tube). In some
embodiments, the flush tube segment and the intestinal tube
segment together form a transabdominal tube. The biliary
tube segment is connected with the transabdominal tube
(e.g. as a branch off the transabdominal tube). In some
embodiments, the length of the transabdominal tube is
shorter than 10 c¢m; in some cases, its length is 1-7 cm.
[0010] Insome embodiments, the biliary tube segment and
the intestinal tube segment together form an anastomotic
component, i.e. the anastomotic component comprises a
biliary tube segment and an intestinal tube segment. The
flush tube segment connects to the anastomotic component
in a manner that allows flushing of at least the intestinal tube
segment of the anastomotic component. In some cases, the
biliary tube segment and the intestinal tube segment are
provided separately. In such cases, the anastomotic compo-
nent is assembled by connecting the biliary tube segment to
the intestinal tube segment (e.g. by snapping them together).
[0011] Biliary Diversion Catheter.

[0012] In another embodiment, my invention can be
described as a biliary diversion catheter that comprises a
tube system. The tube system comprises a bile diversion
means and a flushing means that are interconnected such that
the flushing means is in fluid communication with at least a
portion of the bile diversion means. A proximal terminal
portion of the bile diversion means is inserted into a part of
the biliary tree. A distal terminal portion of the bile diversion
means is inserted into the distal small intestine. A proximal
terminal portion of the flushing means is positioned outside
the abdominal cavity. In operation, bile fluid is received into
the bile diversion means and drained into the intestine.
During flushing of the catheter, flush fluid that is infused into
the flushing means from outside the abdominal cavity flows
into the bile diversion means and out into the intestine (and
optionally, also out into a part of the biliary tree).

[0013] In another embodiment, my invention can be
described as a catheter kit comprising a bile diversion means
and a flushing means. In another embodiment, my invention
can be described as a method of assembling a catheter kit
that comprises a bile diversion means and a flushing means.
The method comprises connecting the bile diversion means
with the flushing means. In some embodiments, this step of
connecting is performed within the patient’s abdominal
cavity or abdominal wall. In some embodiments, this step of
connecting is performed laparoscopically.

[0014] Catheter Kit.

[0015] In another embodiment, my invention can be
described as a catheter kit comprising a drainage tube and a
flush tube segment. The drainage tube has a proximal end
and a distal end. There is a proximal terminal portion (at the
biliary tube segment) that encompasses its proximal end and
that comprises an opening for allowing the inflow of bile
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fluid. The distal terminal portion (at the intestinal tube
segment) encompasses its distal end and comprises an
opening to allow the outflow of bile fluid.

[0016] The flush tube segment has a proximal end and a
distal end. There is a proximal terminal portion that encom-
passes its proximal end and that comprises an opening to
receive flush fluid. The distal end of the flush tube segment
is connectable with the drainage tube such that it is in fluid
communication with the drainage tube.

[0017] Insome embodiments, the drainage tube comprises
a stem for connecting with the flush tube segment; in some
cases, the stem comprises a one-way valve that facilitates the
forward flow of fluid distally or resists the backflow of fluid
proximally. In some embodiments, the flush tube segment
comprises a retention anchor; in some cases, the kit further
comprises a deployment instrument that can be passed
through the flush tube segment to deploy the retention
anchor on the flush tube segment.

[0018] In another embodiment, my invention can be
described as a method of assembling a catheter kit that
comprises a drainage tube and a flush tube segment. The
method comprises connecting the drainage tube with the
flush tube segment. In some cases, the step of connecting is
performed within the patient’s abdominal cavity or abdomi-
nal wall. In some cases, the step of connecting is performed

laparoscopically.
[0019] Catheter Kit.
[0020] In another embodiment, my invention can be

described as a catheter kit comprising a transabdominal tube
and a biliary tube segment. The transabdominal tube has a
proximal end and a distal end. There is a proximal terminal
portion (at the flush tube segment) that encompasses its
proximal end and that comprises an opening for receiving
flush fluid. The distal terminal portion (at the intestinal tube
segment) encompasses its distal end and comprises an
opening to allow the outflow of bile fluid into the intestine.
[0021] The biliary tube segment has a proximal end and a
distal end. There is a proximal terminal portion that encom-
passes its proximal end and that comprises an opening for
allowing the inflow of bile fluid. The distal end of the biliary
tube segment is connectable with the transabdominal tube
such that the biliary tube segment is in fluid communication
with the transabdominal tube.

[0022] In some embodiments, the transabdominal tube
comprises a stem for connecting with the biliary tube
segment; in some cases, the stem comprises a one-way valve
that facilitates the forward flow of fluid distally or resists the
backflow of fluid proximally. In some embodiments, the
distal terminal portion of the transabdominal tube comprises
a retention anchor; in some cases, the kit further comprises
a deployment instrument that can be passed through the
transabdominal tube to deploy the retention anchor.

[0023] In another embodiment, my invention can be
described as a method of assembling a catheter kit that
comprises a transabdominal tube and a biliary tube segment.
The method comprises connecting the transabdominal tube
with the biliary tube segment. In some cases, the step of
connecting is performed within the patient’s abdominal
cavity or abdominal wall. In some cases, the step of con-
necting is performed laparoscopically.

[0024] Catheter kit. In another embodiment, my invention
can be described as a catheter kit comprising a biliary tube
segment, an intestinal (e.g. ileal or jejunal) tube segment,
and a flush tube segment. The biliary tube segment has a

Feb. 13,2020

proximal end and a distal end. There is a proximal terminal
portion that encompasses its proximal end and that com-
prises an opening to allow inflow of bile fluid.

[0025] The intestinal tube segment has a proximal end and
a distal end. There is a distal terminal portion that encom-
passes its distal end and comprises an opening to allow the
outflow of bile fluid. In some embodiments, the proximal
end of the intestinal tube segment is connectable with the
distal end of the biliary tube segment such that it is in fluid
communication with the biliary tube segment.

[0026] The flush tube segment has a proximal end and a
distal end. There is a proximal terminal portion that encom-
passes its proximal end and that comprises an opening for
receiving flushing fluid. The distal end of the flush tube
segment is connectable with the biliary tube segment, the
intestinal tube segment, or a joining segment between the
intestinal tube segment and the biliary tube segment such
that the flush tube segment is in fluid communication with at
least the intestinal tube segment.

[0027] In some embodiments, the proximal end of the
intestinal tube segment is connectable with the distal end of
the flush tube segment. The distal end of the biliary tube
segment is connectable with the flush tube segment, the
intestinal tube segment, or a joining segment between the
flush tube segment and the intestinal tube segment such that
the biliary tube segment is in fluid communication with at
least the intestinal tube segment.

[0028] In some embodiments, the flush tube segment
comprises a retention anchor. In some embodiments, the
intestinal tube segment comprises a retention anchor. In
some cases, the kit further comprises a deployment instru-
ment that can be passed through the flush tube segment to
deploy the retention anchor on the flush tube segment or the
intestinal tube segment.

[0029] In another embodiment, my invention can be
described as a method of assembling a catheter kit that
comprises a biliary tube segment, an intestinal tube segment,
and a flush tube segment. These are assembled together to
form a tube system. In some embodiments, the method
comprises connecting the biliary tube segment with the
intestinal tube segment to form a portion of the tube system.
The method further comprises connecting the flush tube
segment with that portion of the tube system, i.e. with the
intestinal tube segment, or the biliary drainage tube, or a
joining segment between the intestinal tube segment and the
biliary tube segment. In some embodiments, the method
comprises connecting the flush tube segment with the intes-
tinal tube segment to form a portion of the tube system. The
method further comprises connecting the biliary tube seg-
ment to that portion of the tube system, ie. with the
intestinal tube segment, or the flush tube segment. or a
joining segment between the intestinal tube segment and the
flush tube segment.

[0030] Insome embodiments, the aforementioned steps of
connecting are performed within the patient’s abdominal
cavity or abdominal wall. In some embodiments, these steps
of connecting are performed laparoscopically.

[0031] Catheter Maintenance.

[0032] In another embodiment, my invention can be
described as a method of performing maintenance on a
biliary diversion catheter. In some embodiments, the method
comprises flushing the catheter by infusing a volume of
liquid medium into the flush tube segment. In some cases,
the volume of liquid medium is 10-50 mls for each flush. In



US 2020/0046536 A1l

some cases, the liquid medium contains an enzyme (e.g.
protease, lipase, cellulase, pancreatic enzyme, etc.). In some
cases, this flushing procedure is performed once every T
days, wherein T has a value of 1-4; in some cases, the
flushing procedure is performed once daily. In some cases,
the method comprises selectively flushing either the biliary
tube segment or the intestinal tube segment.

[0033] The catheter may have a directional control valve
as described above. In some cases, the method comprises:
selecting a first directional pose for the directional control
valve; selectively flushing the intestinal tube segment (by
infusing a liquid medium as described above); selecting a
second directional pose for the directional control valve;
selectively flushing the biliary tube segment (by infusing a
liquid medium as described above). Flushing of the intesti-
nal tube segment and the biliary tube segment can be
performed in either order. In some cases, the method com-
prises changing the directional pose of the directional con-
trol valve. This allows flushing of the intestinal tube segment
and then, after changing the directional pose, flushing of the
biliary tube segment; or alternatively flushing of the biliary
tube segment and then flushing of the intestinal tube seg-
ment.

[0034] In some embodiments, the method of catheter
maintenance comprises inserting an endoluminal cleaning
tool into the flush tube segment. In another embodiment, my
invention can be described as a catheter kit comprising a
biliary diversion catheter and an endoluminal cleaning tool
for cleaning the catheter.

[0035] Treatment Method.

[0036] In another embodiment, my invention can be
described as a method of treating one or more medical
conditions in a patient. The medical condition being treated
can be a metabolic disorder such as obesity, dyslipidemia
(e.g. hyperlipidemia), or elevated blood sugar (e.g. because
of diabetes, insulin resistance, pre-diabetes, impaired glu-
cose tolerance, etc.). The surgical methods of my invention
can be performed by one or more medical personnel, which
includes surgeons, nurses, physician assistants, surgical
technicians, operating room technicians, manufacturer rep-
resentatives, and other medical specialty personnel who
work in the surgical operating room. The surgical methods
of my invention can incorporate known surgical techniques,
such as elements of the Witzel or Stamm enterostomy
technique. The post-implantation maintenance of the cath-
eter (e.g. daily saline flushes) can be performed by the
patient or any other person (e.g. personal caretaker).

[0037] The treatment method comprises implanting a bil-
iary diversion catheter as described herein into a patient’s
abdomen. In some embodiments, the implanting is pet-
formed laparoscopically. The proximal terminal portion of
the biliary tube segment is inserted into a part of the patient’s
biliary tree. The distal terminal portion of the intestinal tube
segment is inserted into the patient’s distal small intestine.
The proximal terminal portion of the flush tube segment is
positioned outside the patient’s abdominal cavity. In some
embodiments, the method comprises assembling a catheter
kit as described herein during the implantation.

[0038] The preceding summary is provided to organize the
description in a manner that facilitates better understanding
of my invention. It is not intended to be a complete,
exhaustive list of all the embodiments that are possible in my
invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1A shows the typical biliary tree anatomy.
FIG. 1B shows the typical anatomy of the intestinal tract.
[0040] FIG. 2 shows a schematic diagram of an example
biliary diversion catheter as arranged when implanted in the
patient’s abdomen.

[0041] FIG. 3 shows an example in which the proximal
terminal portion of a biliary tube segment has a T-tube
configuration that is inserted into the common bile duct.
[0042] FIGS. 4A and 4B show another example of a
biliary diversion catheter.

[0043] FIG. 5 shows another example of a biliary diver-
sion catheter as fully implanted in the patient’s abdomen.
[0044] FIG. 6 shows another example of a biliary diver-
sion catheter as fully implanted in the patient’s abdomen.

[0045] FIG. 7 shows another example of a biliary diver-
sion catheter.

[0046] FIG. 8 shows an example of a deployment instru-
ment.

[0047] FIG. 9 shows an example of a biliary diversion

catheter in which its tube system is provided as three
separate components.

[0048] FIGS. 10A-D, 11A-D, and 12 show another
example of a biliary diversion catheter and how it could be
implanted using a laparoscopic surgery procedure. FIGS.
10A-D show the ileal tube segment being implanted in the
patient’s ileum.

[0049] FIGS. 11A-D show the biliary tube segment being
implanted in the patient’s gallbladder.

[0050] FIG. 12 shows the flush tube segment being
attached to the biliary tube segment and the ileal tube
segment.

[0051] FIG. 13 shows an example of a biliary diversion
catheter in which its tube system is provided as three
separate components.

[0052] FIG. 14 shows an example of a biliary diversion
catheter in which its tube system is provided as two separate
components.

[0053] FIG. 15 shows another example of a biliary diver-
sion catheter in which its tube system is provided as two
separate components.

[0054] FIG. 16 shows an endoluminal cleaning tool.
[0055] FIGS. 17A and 17B show another example of a
biliary diversion catheter and how it could be implanted.
[0056] FIGS. 18A-E show other examples of types of
configurations for the terminal portion of the biliary tube
segment or the ileal tube segment.

[0057] FIGS. 19A and B, and FIGS. 20A-C show an
example of a three-way directional control valve. FIGS. 19A
and B show views of the directional control valve. FIGS.
20A-C show the directional control valve in operation.
[0058] FIGS. 21A, 21B, and 22A-C show another
example of a three-way directional control valve. FIGS. 21A
and B show perspective views of the directional control
valve. FIGS. 22A-C show the directional control valve in
operation.

[0059] FIGS. 23A and 23B show another example of a
retention anchor and how it could used to implant a catheter.
[0060] FIGS. 24A and 24B show another example of a
retention anchor.

[0061] FIG. 25 shows another example of a biliary diver-
sion catheter as fully implanted in the patient’s abdomen.
FIGS. 26A-C show the flow of fluid under directional
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control by the 3-way valve. FIGS. 27A-C show the opera-
tion of the 3-way valve within the flush tube segment.

[0062] FIG. 28 shows another example of a biliary diver-
sion catheter. FIGS. 29A and 29B show cross-section side
views of the flush tube segment and anastomotic component.

DETAILED DESCRIPTION

[0063] This invention relates to the diversion of bile fluid
(all or a portion) from the patient’s biliary system to the
distal small intestine (e.g. ileum or jejunum). This bile fluid
diversion is achieved using a bile diversion catheter, which
extends from a part of the patient’s biliary tree to the
patient’s distal small intestine (e.g. ileum or jejunum). As
used herein, the term “biliary tree” includes the gallbladder
and the bile ducts (cystic duct, left and right hepatic ducts,
common hepatic duct, common bile duct, as well as other
accessory or anatomically atypical bile ducts). To illustrate,
FIG. 1A shows the typical biliary tree anatomy, including
the gallbladder, cystic duct, left and right hepatic ducts,
common hepatic duct, and common bile duct. FIG. 1B
shows the typical anatomy of the intestinal tract, including
the small intestine (with the ileum at its distal end) and large
intestine.

[0064] The biliary diversion catheter comprises a system
of interconnected or interconnectable tubes: a biliary tube
segment, an intestinal (e.g. ileal or jejunal) tube segment,
and a flush tube segment. The biliary diversion catheter is
designed such that bile fluid flows into the biliary tube
segment and is shunted into the distal small intestine via the
intestinal tube segment. The terms “proximal” and “distal”
are designated with respect to the intended direction of the
fluid flow. In the context of this invention, fluid (e.g. bile
fluid or flush fluid) flows from a proximal point to a distal

point.
[0065] Biliary Tube Segment.
[0066] Towards its proximal end, the biliary tube segment

comprises a terminal portion that resides within a part of the
patient’s biliary tree. At the proximal terminal portion, there
are one or more openings that allow the inflow of bile fluid
into the biliary tube segment. The opening may be located at
any suitable place on the proximal terminal portion, such as
at the proximal terminal end of the tube or other location on
the tube. In some embodiments, the opening is located at the
proximal end or within 3 cm of the proximal end of the
biliary tube segment.

[0067] Intestinal Tube Segment.

[0068] Towards its distal end, the intestinal tube segment
comprises a terminal portion that resides within the patient’s
distal small intestine (e.g. ileum or jejunum). At the distal
terminal portion, there are one or more openings that allow
the outflow of bile fluid into the distal small intestine. The
opening may be located at any suitable place on the distal
terminal portion, such as at the distal terminal end of the tube
or other location on the tube. In some embodiments, the
opening is located at the distal end or within 3 cm of the
distal end of the intestinal tube segment. At its proximal end,
the intestinal tube segment is interconnected or intercon-
nectable with the tube system such that it is in fluid com-
munication with the biliary tube segment.

[0069] Flush Tube Segment.

[0070] One of the problems that can arise is clogging of
the catheter. This can result from the accumulation of debris,
intestinal chyme, bile secretions, proteins, lipids, salts, bac-
teria, biofilm, or other causes. This clogging can obstruct the
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flow of bile fluid through the catheter. This obstruction can
occur at any of various sites in the catheter, such as the
biliary tube segment or the intestinal tube segment. Also, the
presence of any valves in the catheter could increase the risk
of clogging.

[0071] To address this problem, the catheter comprises a
flush tube segment. Towards its proximal end, the flush tube
segment comprises a proximal terminal portion that resides
outside the patient’s abdominal cavity, such as within the
abdominal wall or at the skin surface. At the proximal
terminal portion, there are one or more openings for receiv-
ing flush fluid into the flush tube segment. The opening may
be located at any suitable place on the proximal terminal
portion, such as at the proximal terminal end of the tube or
other location on the tube. In some embodiments, the
opening is located at the proximal end or within 3 cm of the
proximal end of the flush tube segment.

[0072] At its distal end, the flush tube segment is inter-
connected or interconnectable with the tube system such that
it 1s in fluid communication with at least the intestinal tube
segment (and optionally, also the biliary tube segment).
When flush fluid is infused into the opening, the flush fluid
flows through the flush tube segment, into the intestinal tube
segment, and out into the intestine. This flushing can help
maintain the patency of the catheter.

[0073] Insome embodiments, the opening can be opened/
closed by user control (e.g. with an on/off valve). In some
embodiments, the opening is adapted to be coupled with a
syringe. For example, the opening can have a Luer connec-
tion that mates with a Luer-tipped syringe. In another
example, the opening can be a stretchable elastic mouth at
the end of the tube that can receive a syringe tip.

[0074] Openings.

[0075] The openings on the catheter can be any of various
types. The opening may be the open terminal end of a tube
(e.g. the mouth of the tube). The opening may be apertures
on the tube such as fenestrations, perforations, holes, slits,
passageways, cut-outs, etc. The opening may be part of a
more complex structure such as being on an adaptor for a
syringe or conventional intravenous line, being on a port for
receiving a needle, being on a valve, or being associated
with other fluid control components.

[0076] Retention Anchor.

[0077] One or more of the terminal portions of the cath-
eter’s tube system may have a tube retention anchor. The
retention anchor helps retain the terminal portion of the tube
segment within the lumen of the relevant body organ, or in
the case of a proximal terminal portion of a flush tube
segment, outside the abdominal cavity. The anchor may be
axially slidable on the tube to allow for position adjustment.
[0078] The retention anchor can be a single unitary struc-
ture or an assembly of multiple (two or more) components.
Examples of anchoring structures include bolsters, cufs,
buttons, rings, bumpers, fingers, fins, annulus, collars, shoul-
ders, ledges, baskets, or coils. The anchor can have any
suitable shape, such as circular or polygonal. In some
embodiments, the anchor is radially expandable (with
respect to the tube as the axis). Examples of radially
expandable anchors include inflatable balloons, expandable
mesh baskets, expandable cages, flexing fingers, etc.
[0079] In some embodiments, the retention anchor com-
prises one or more suture holding features that allows a
suture to be passed through or around the retention anchor.
Examples of suture holding features include holes, aper-
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tures, eyelets, indentations, recesses, grooves, tags, tabs,
collars, rings, wings, fingers, knobs, bumps, hooks, posts,
ridges, ribs, threading, tines, barbs, pins, or other such
structures that can hold a suture. Having the retention anchor
configured in this way can be useful in a variety of different
circumstances, such as helping to secure the terminal portion
of the tube on the relevant body organ, helping to secure the
position of the body organ at a particular place within the
abdomen, or helping to seal any incisions through which the
tube is inserted.

[0080] Valves.

[0081] The catheter’s tube system may also comprise one
or more valves. The valves can be associated with the tube
system in any suitable way, such as being formed on,
connectable to, incorporated in, or attached to the tube
system. In some embodiments, the tube system comprises
one or more one-way check valves that facilitate the forward
flow of fluid distally or resist the backflow of fluid proxi-
mally. Any suitable type of one-way valve can be used,
including those described in WO 2012/007047 (Ethicon
Endo-Surgery; by Michael Stokes et al.). Examples of types
of one-way valves that can be used include ball shutter
valves, flapper valves, umbrella valves, rolled tube valves,
duckbill valves, and flexible diaphragm valves.

[0082] In some embodiments, the tube system comprises
one or more control valves that can be operated to control
the flow of the fluid. The valves can be operated by the user
(e.g. the medical practitioner, patient, patient caretaker, or
other person) in any suitable manner, such as manual actua-
tion (e.g. with a lever, knob, or wheel) or electromechanical
actuation (e.g. by a solenoid or servomotor). The control
valve may be an on/off valve that opens and stops the flow
of fluid. In some embodiments, the opening on the flush tube
segment is controlled by an on/off control valve. For
example, the on/off valve may be a user-controlled two-way
valve with one position opening the valve and the other
position closing the valve.

[0083] The control valve may be a directional control
valve that can be operated to control the flow of fluid
towards one or more directions within the tube system. In
some cases, the directional control valve selectively directs
the flow of flush fluid infused through the flush tube segment
towards the intestinal tube segment only, or the biliary tube
segment only, or either the intestinal tube segment or the
biliary tube segment. The directional control valve may be
located at any suitable place in the tube system, such as at
the intestinal tube segment, or the biliary tube segment, or at
the intersection of the flush tube segment with the tube
system (e.g. at the intersection of the three tube segments).
In some cases, the directional control valve is a multi-way
(two or more) valve.

[0084] Cleaning Tool.

[0085] In some embodiments, an endoluminal cleaning
tool can be inserted into the catheter via the flush tube
segment to remove any obstructions inside the catheter. The
endoluminal cleaning tool could be inserted through the
same opening for infusing the flush fluid or through a
different access route into the flush tube segment. The
endoluminal cleaning tool may be able to reach into the
biliary tube segment, the intestinal tube segment, or both.
The cleaning tool has an elongate shape such as a rigid
obturator, flexible wire, steerable cable, etc. that is small
enough to be inserted into the catheter through the flush tube
segment. The cleaning tool can be manipulated or actuated
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in any suitable way for cleaning the catheter, such as poking,
scrubbing, grasping, flushing out, scraping, vacuuming,
brushing, etc. To facilitate cleaning, the cleaning tool could
be equipped with a brush, grasper jaws, mesh basket, rake,
sonication probe, etc. The cleaning tool could also use fluid
forces, such as vacuum suction or fluid irrigation, to facili-
tate cleaning. For example, the cleaning tool could have a
vacuum line or an irrigation channel.

[0086]

[0087] The catheter can be made of any suitable material
or combination of materials suitable for implantation,
including silicone, polyethylene, polypropylene, polyure-
thane, butylated rubber, latex rubber, PTFE (polytetrafluo-
roethylene), stainless steel, titanium, etc. Whereas a portion
(s) of the tube system resides within the lumen of a body
organ, other portion(s) may reside outside the lumen of the
intestinal tract or the biliary tree (extraluminal), such as the
peritoneal space of the abdominal cavity, within the abdomi-
nal wall, or at the skin surface. The catheter may have a
radiopaque marker for x-ray visualization. The inside of the
tube system can be coated with PTFE, a hydrophilic coating,
or other coating to aid the flow of bile fluid or resist
degradative effects of bile fluid, chyme, or digestive secre-
tions.

[0088] The length of the catheter’s tube segments can
depend on various design considerations such as how the
catheter’s tube system is configured, where or how the
catheter is implanted, or the patient’s body size. The diam-
eter of the catheter’s tube segments can depend on various
design considerations such as reducing the risk of obstruc-
tions, providing sufficient flexibility, etc. Examples of sizes
that can be used are 4-20 French sizes.

[0089] The biliary tube segment, intestinal tube segment,
and flush tube segment can be connected and arranged in the
tube system in any suitable configuration such that bile fluid
flows into the biliary tube segment and is shunted into the
distal small intestine via the intestinal tube segment; and
flush fluid infused through the flush tube segment flows
through at least the intestinal tube segment (and optionally,
also through the biliary tube segment). The term “connect-
able” or “connected” in the context of the tube segments
encompasses a direct connection between the tube segments
as well as a connection via one or more joining segments.
The connection can be in any suitable geometry, such as a
T-configuration, Y-configuration, bifurcation, forked con-
figuration, etc.

[0090] The biliary diversion catheter can be provided as a
single assembly or as two or more separate components that
are assembled together during the implantation procedure.
In some embodiments, implantation of the catheter can be
facilitated by having the tube system provided as two or
more separate components that are assembled together when
the catheter is implanted.

[0091] FIG. 2 shows a schematic diagram of an example
catheter 10 of my invention as arranged when implanted in
the patient’s abdomen. One part of the catheter’s tube
system 12 extends from the gallbladder to the ileum of the
small intestine. As indicated by the arrows, this part drains
bile fluid from the gallbladder to the ileum. Another part of
the catheter’s tube system extends to the skin surface of the
abdominal wall. This part provides external access for
flushing of the catheter (e.g. with saline). FIG. 3 shows an

Miscellaneous.
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example in which the proximal terminal portion of a biliary
tube segment has a T-tube configuration 14 that is inserted
into the common bile duct.

[0092] Drainage Tube Configuration.

[0093] In one embodiment of the catheter, the biliary tube
segment and the intestinal tube segment together form a
single tube structure (i.e. a drainage tube) that extends from
its proximal end inside a part of the biliary tree to its distal
end inside the distal small intestine. In this embodiment, the
flush tube segment connects at an intermediate point on the
drainage tube between the proximal and distal ends.
[0094] FIGS. 4A and 4B show another example of a
catheter of my invention. In the drawing figures herein, “P”
indicates the proximal end and “D” indicate the distal end.
As shown in FIG. 4A, there is a drainage tube 20 which is
comprised of a biliary tube segment 22 and an ileal tube
segment 24. The proximal terminal portion of the drainage
tube 20 (at its biliary tube segment 22) is for inserting into
a patient’s gallbladder. On this terminal portion are inlet
perforations 26 for draining bile fluid. The biliary tube
segment 22 has a circumferential cuff 27 that helps retain the
terminal portion inside the gallbladder. The distal terminal
portion of the drainage tube 20 (at its ileal tube segment 24)
is for inserting into the patient’s ilenm. The ileal tube
segment 24 has a circumferential cuff 33 that helps retain the
distal terminal portion inside the ileum. At the distal end of
the drainage tube 20, there is an outlet port provided on a
collapsible duckbill valve 28 which allows outflow of bile
fluid but prevents backflow of the small intestine contents.
FIG. 4B shows how the duckbill valve 28 works. The
duckbill valve 28 is a thin and flat-shaped rubber sleeve that
collapses closed when there is no outflow of fluid. In the
intestinal lumen, this prevents the backflow of intestinal
contents through the valve. However, when bile fluid (or
flush fluid) flows down through the ileal tube segment 24,
the internal positive pressure causes the sleeve to open and
allow the fluid to escape.

[0095] At its distal end, the flush tube segment 30 is
connected as a branch off the drainage tube 20. The proximal
terminal portion has a syringe fitting 32 for connecting with
a syringe. A syringe filled with flush fluid (e.g. saline) is
fitted to the syringe fitting 32 and the flush fluid is infused
into the flush tube segment 30. The flush fluid then flows into
the ileal tube segment 24 and out through the duckbill valve
28.

[0096] This catheter also includes several one-way check
valves that help prevent backflow of intestinal contents.
These one-way valves are represented as triangles in the
drawing, with the point of the triangle indicating the direc-
tion in which fluid flow is facilitated (or against which
backflow is resisted). There are two one-way check valves
inside the drainage tube 20—one of the valves (34) is
located proximally and the other (36) is located distally to
the intersection with the flush tube segment 30. The one-way
valves may be located at any suitable place within their
respective tube segments. For example, one-way valve 36
may be located within 5 cm of the distal end of the drainage
tube 20.

[0097] There is also a one-way valve 38 inside the flush
tube segment 30. When saline or other flush fluid is injected
into the flush tube segment 30 through the flush port, the
saline flows down the flush tube segment 30 in the distal
direction and enters the drainage tube 20. Within the drain-
age tube 20, the proximally-located one-way valve 34
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blocks the flow of saline in the proximal direction of the
drainage tube 20, forcing the saline to instead flow through
the ileal tube segment 24 and out into the ileum.

[0098] FIG. 5 shows another example of a catheter as fully
implanted in the patient’s abdomen. This is a cross-section
view of one particular section of the abdominal wall and the
ileum showing the catheter implanted inside the abdomen.
This section of the abdominal wall has a superficial layer of
subcutaneous fat, and a deeper-lying muscle layer. There is
a layer of fascia in between. During implantation, a portion
of the ileum near to where the catheter is implanted is fixed
to the abdominal wall via the anchoring stitches 56. Attach-
ing the ileum to the abdominal wall in this manner helps to
prevent torsion of the small intestine.

[0099] As seen here, the catheter comprises a drainage
tube 40 (which comprises a biliary tube segment 42 and an
ileal tube segment 44 connected across a joint 46). The distal
end of the drainage tube 40 is inserted into the ileum through
a small incision. The proximal end of the drainage tube 40
is inserted into the gallbladder (not shown). Bile fluid in the
gallbladder flows into the biliary tube segment 42 and drains
out the exit port 48 at the distal end of the drainage tube 40
at its ileal tube segment 44. A flush tube segment 50
branches off the drainage tube 40 from its intersection joint
46. The proximal end of the flush tube segment 50 is fitted
with a syringe connector 52 for attaching a syringe filled
with flush fluid. A wide-base external retainer 54 on the
syringe connector 52 is stitched onto the skin to fix its
position and help keep the syringe connector 52 at the skin
surface (instead of being withdrawn into the abdominal
wall). When flush fluid is infused into the flush tube segment
50, the flush fluid flows towards the ileal tube segment 44,
or towards the biliary tube segment 42, or both depending on
the directional configuration of any valves inside the tube
system.

[0100] FIG. 6 shows another example of a catheter as fully
implanted in the patient’s abdomen. This is a cross-section
view of the abdominal wall and the ileum showing the
catheter implanted inside the abdomen. This catheter com-
prises a drainage tube 60 (which comprises a biliary tube
segment 62 and an ileal tube segment 64). An intermediate
portion of the drainage tube travels through a tunnel created
within the abdominal wall. This helps secure the drainage
tube 60 to restrict excessive movement inside the abdominal
cavity.

[0101] On the left side of the drawing, the ileal tube
segment 64 exits out of the tunnel into the peritoneum. The
distal terminal portion of the ileal tube segment 64 (not
shown) is inserted into the ileum. On the right side of the
drawing, the biliary tube segment 62 exits out of the tunnel
into the peritoneum. The proximal terminal portion of the
biliary tube segment 62 (not shown) is inserted into the
gallbladder (not shown). Bile fluid in the gallbladder flows
into the biliary tube segment 62 and drains out into the ileum
via the ileal tube segment 64.

[0102] The flush tube segment connects to the drainage
tube 60 at the intermediate portion that travels through the
tunnel within the abdominal wall. The proximal terminal
portion of the flush tube segment 66 rests on the skin surface
of the abdominal wall. On this proximal terminal portion,
there is a Luer connector 68 with internal threads 67 to
connect with a Luer adaptor on a syringe or conventional
intravenous (IV) line for infusing flush fluid. A plastic disc
70 fitted around Luer connector 68 helps retain it at the skin
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surface (instead of being withdrawn into the abdominal
wall). When flush fluid is infused into the flush tube segment
66, the flush fluid flows towards the ileal tube segment 64,
or towards the biliary tube segment 62, or both depending on
the directional configuration of any valves inside the tube
system.

[0103] Transabdominal Tube Configuration.

[0104] In another embodiment of the catheter, the flush
tube segment and the intestinal tube segment together form
a single tube structure (i.e. a transabdominal tube) that
extends from its proximal end outside the abdominal cavity
to its distal end inside the distal small intestine. In this
embodiment, the biliary tube segment connects at an intet-
mediate point on the transabdominal tube between its proxi-
mal and distal ends.

[0105] FIG. 7 shows another example of a catheter of my
invention. There is a transabdominal tube 80 that is com-
prised of a flush tube segment 82 and an ileal tube segment
84. The transabdominal tube 80 traverses through the
abdominal wall. The distal terminal portion of the transab-
dominal tube 80 (at its ileal tube segment 84) is for inserting
into the patient’s ileum. At its distal end, the transabdominal
tube 80 has an outlet port (not shown) for outflow of bile
fluid. Also, the distal end is fitted with an expandable cage
86 that helps to retain the distal terminal portion inside the
intestine.

[0106] The proximal terminal portion of the transabdomi-
nal tube 80 (at its flush tube segment 82) is positioned at the
skin surface outside the abdominal wall. The proximal
terminal portion is fitted with a bolster 88 to help retain it at
the skin surface. At the center of the bolster 88, there is a
syringe port 89 for inserting the tip of a syringe that is filled
with flush fluid. The biliary tube segment 90 is connected as
a branch off the transabdominal tube 80. The proximal
terminal portion of the hiliary tube segment 90 is inserted
into the gallbladder. At this terminal portion, there is a
circumferential cuff 92 that helps retain the terminal portion
inside the gallbladder and inlet perforations 94 for draining
bile fluid.

[0107] When not in use, the syringe port 89 is plugged by
a cap 96 held onto the bolster 88 by a flexible tether 98. To
flush the catheter, the user uncaps the syringe port 89, fits the
syringe tip into the syringe port 89, and infuses the flush
fluid. There is a one-way valve 99 in the biliary tube segment
90 such that the infused flush fluid is directed towards the
ileal tube segment 84 and out into the ileum. This one-way
valve 99 also serves to reduce any backflow of intestinal
contents into the biliary tube segment 90.

[0108] In some embodiments, a deployment instrument
can be inserted through the flush tube segment to deploy a
retention anchor on the flush tube segment or the ileal tube
segment. FIG. 8 shows an example of a deployment instru-
ment 100 that could be used to deploy the expandable cage
86 on the catheter shown in FIG. 7. The deployment
instrument 100 has an obturator rod 102 attached to a handle
104. The cap 96 on the transabdominal tube 80 is opened and
the obturator rod 102 is inserted through the syringe port 89
into the transabdominal tube 80. The obturator rod 102 is
advanced until the tip of the rod 102 engages with the
locking hub 87 on the expandable cage 86. When the
actuator button 106 on the handle 104 is pushed, this causes
the fins 108 at the tip of the rod 102 to flare out and latch
onto the locking hub 87. After latching onto the locking hub
87, the deployment instrument 100 is pulled backwards,
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which flexes the hinge arms outward and radially expands
the expandable cage 86. With twisting of the obturator rod
102, the locking hub 87 locks the cage 86 in its expanded
state.

[0109] Anastomotic Device Configuration.

[0110] Insome embodiments, the biliary tube segment and
the intestinal tube segment together form an anastomotic
component. The anastomotic component has a channel that
creates an anastomosis between the lumen of the biliary tree
and the intestinal lumen. Examples of anastomotic compo-
nents that could be used include those described in patent
publications WO 2012/007044 (Alessandro Pastorelli et al.);
WO 2012/007047 (Michael Stokes et al.); WO 2012/007045
(James Voegele et al.); WO 2012/007052 (Manoel Galvao et
al.); WO 2012/007042 (Mark Steven Ortiz et al.); WO
2013/004263 (Alberto Arezzo et al.); WO 2013/004264
(Alessandro Pastorelli et al.); and U.S. Pat. No. 8,535,259
(Suzanne Thompson); all of which are incorporated by
reference herein.

[0111] The biliary tube segment has a proximal end and a
proximal terminal portion encompassing its proximal end.
The proximal terminal portion of the biliary tube segment
resides inside a part of the patient’s biliary tree. The proxi-
mal terminal portion comprises an opening to allow inflow
of bile fluid into the anastomotic component. The intestinal
tube segment has a distal end and a distal terminal portion
that encompasses its distal end. The distal terminal portion
of the intestinal tube segment resides inside the distal small
intestine. The distal terminal portion comprises an opening
to allow outflow of bile fluid

[0112] Bile fluid enters through the opening in the proxi-
mal terminal portion and drains out of the opening in the
distal terminal portion and into the small intestine. In some
embodiments, there is a one-way valve within the channel of
the anastomotic component. The one-way valve directs the
flow of fluid distally towards the opening at the distal
terminal portion and resists the backflow of fluid proximally.
In some embodiments, the one-way valve is located in the
intestinal tube segment.

[0113] The flush tube segment connects to the anastomotic
component to allow flushing of at least the intestinal tube
segment of the anastomotic component (and optionally, also
the biliary tube segment). In some cases, the tube system is
configured such that the flush tube can also be used to flush
the biliary tube segment of the anastomotic component. In
some cases, the tube system is configured such that the flush
tube can selectively flush either the biliary tube segment or
the intestinal tube segment of the anastomotic component.
The tube system can have any suitable design that allows the
flush tube to selectively flush either the biliary tube segment
or the intestinal tube segment of the anastomotic component,
such as using a directional control valve within the tube
system.

[0114] FIG. 28 shows another example of a biliary diver-
sion catheter of my invention. The catheter comprises an
anastomotic component 250 that is comprised of a biliary
tube segment 252 and an intestinal tube segment 254. The
anastomotic component 250 traverses and joins the gallblad-
der wall and intestinal wall. The channel 256 within the
anastomotic component 250 creates an anastomosis between
the gallbladder and intestine. Proximally on the biliary tube
segment 252, the anastomotic component 250 has an open-
ing 258 for receiving bile fluid from the gallbladder. Distally
on the intestinal tube segment 254, the anastomotic compo-
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nent 250 has an opening 259 for draining the bile fluid into
the distal small intestine. Within the channel 256 of the
intestinal tube segment 254, there is a one-way valve 268
that directs the flow of bile fluid distally.

[0115] The catheter further comprises a flush tube segment
260 for flushing the anastomotic component 250. The flush
tube segment 260 is contained within a sleeve 262 such that
the flush tube 260 can be advanced or retracted relative to
the anastomotic component 250. At its distal end, the sleeve
262 forms a canopy-like enclosure 240 having slits to allow
inflow of bile fluid so that it can drain into opening 258. The
flush tube segment 260 has a side opening 264 and a distal
tip opening 266 (not shown in this view). Within flush tube
segment 260, there is a fluid passageway for side opening
264 and a separate fluid passageway for distal tip opening
266. The fluid passageways are connected to external open-
ings on the proximal terminal portion (not shown) of the
flush tube segment 260. With the separate passageways, the
user can selectively infuse flush fluid to spray out of side
opening 264 or distal tip opening 266.

[0116] FIGS. 29A and 29B show cross-section side views
of the flush tube segment 260 and anastomotic component
250 in isolation to demonstrate its manner of operation. In
FIG. 29A, the flush tube segment 260 is in a retracted
configuration, which allows bile fluid to flow into the
anastomotic component 250 through its proximal opening
258. In FIG. 29B, the flush tube segment 260 is advanced to
seal the channel 256. After sealing channel 256, the user can
infuse flush fluid through the flush tube segment 260 to
selectively spray flush fluid out of side opening 264 to flush
the biliary tube segment 252 or out of distal tip opening 266
to flush the intestinal tube segment 254.

[0117]

[0118] In some embodiments, the tube system is provided
as at least three separate tube components that are assembled
together when the catheter is implanted. FIG. 9 shows an
example of a catheter in which its tube system is provided
as three separate components: a biliary tube segment 110, an
ileal tube segment 112, and a flush tube segment 116 that are
assembled together when the catheter is implanted. Regard-
ing the biliary tube segment 110, the terminal portion
towards the proximal end is for inserting into the patient’s
gallbladder. On this terminal portion are inlet perforations
111 for draining bile fluid and a circumferential cuff 113 that
helps retain the terminal portion inside the gallbladder.
Regarding the ileal tube segment 112, the terminal portion
towards the distal end is for inserting into the patient’s
ileum. There is a cuff 121 that helps retain the terminal
portion inside the ileum. At the distal end, there is an outlet
port on a collapsible duckbill valve 118 which allows
outflow of bile fluid but prevents backflow of intestinal
contents. There is also a one-way valve 120 in the ileal tube
segment 112 to further impede backflow of intestinal con-
tents.

[0119] During implantation, the distal end of biliary tube
segment 110 is connected to the proximal end of the ileal
tube segment 112 via a coupling 122. The flush tube segment
116 is also connected to the coupling 122 fitting via the stem
124. Flush fluid can be infused through the open proximal
end of the flush tube segment 116. There is a one-way valve
126 in the flush tube segment 116 to resist backflow of flush
fluid. After the flushing procedure is completed, the opening
is shut with a cork 128.

Separate Components.
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[0120] FIGS. 10A-D, 11A-D, and 12 show another
example of a catheter and how it could be implanted using
a laparoscopic surgery procedure. The catheter’s tube sys-
tem is provided as three separate components: a biliary tube
segment 140, an ileal tube segment 130, and a flush tube
segment 150 that are assembled together when the catheter
is implanted. FIGS. 10A-D show the ileal tube segment 130
being implanted in the patient’s ileum. FIG. 10A shows a
portion of the ileum into which the catheter is implanted.
The surgeon makes a small incision into the ileum and
inserts the distal terminal portion of the ileal tube segment
130 into the ileum through the incision. FIG. 10B shows a
cross-section side view to illustrate how the terminal portion
of the ileal tube segment 130 resides in the ileum (shown by
the intestinal wall). The distal end of the ileal tube segment
130 has a duckbill valve 132 that drains bile fluid into the
ileum. The internal bolster 134 on the ileal tube segment 130
anchors it inside the intestinal lumen. As shown in FIG. 10C,
the incision is sutured closed to seal the terminal portion of
the ileal tube segment 130 inside the ileum. As shown in
FIG. 10D, a slidable washer 136 fitted around the tube
segment is pushed down onto the incision and glued onto the
suture site with an adhesive to further improve the seal.
[0121] FIGS. 11A-D show the biliary tube segment 140
being implanted in the patient’s gallbladder. FIG. 11A shows
the patient’s gallbladder into which the catheter is
implanted. The surgeon makes a small window incision into
the fundus of the gallbladder and inserts the terminal portion
of the biliary tube segment 140 into the gallbladder through
the incision. FIG. 11B shows a cross-section side view to
illustrate how the terminal portion of the biliary tube seg-
ment 140 resides in the gallbladder (shown by the gallblad-
der wall). The proximal tip 144 of the biliary tube segment
140 has a hole 142 for inflow of bile fluid. The internal
bolster 146 on the biliary tube segment 140 anchors it inside
the gallbladder lumen. As shown in FIG. 11C, the incision
is sutured closed to seal the terminal portion of the biliary
tube segment 140 inside the gallbladder. As shown in FIG.
11D, a slidable washer 148 fitted around the tube segment is
pushed down onto the incision and glued onto the suture site
with an adhesive to further improve the seal.

[0122] FIG. 12 shows the flush tube segment 150 being
attached to the biliary tube segment 140 and the ileal tube
segment 130. With the biliary tube segment 140 implanted
in the gallbladder and the ileal tube segment 130 implanted
inside the ileum, the two tube segments are ready to be
joined together. This is performed using a flush tube segment
150 that has a T-connector 152 at its distal end. The distal
end of the biliary tube segment 140 is slid into one end of
the T-connector 152 and the proximal end of the ileal tube
segment 130 is slid into the other end of the T-connector 152.
The biliary tube segment 140 and the ileal tube segment 130
are now joined together with each other, as well as with the
flush tube segment 150.

[0123] The proximal end of the flush tube segment 150 is
grasped with a laparoscopic grasper and pulled out of the
abdominal cavity through one of the laparoscopy trocar
puncture incisions. An external bolster 154 is attached to the
proximal end of the flush tube segment 150 to help retain it
at the skin surface. A syringe connector 156 is also attached
to allow fitting with a syringe (to flush the catheter).
[0124] FIG. 13 shows another example of a catheter in
which its tube system is provided as three separate compo-
nents: a biliary tube segment 160, an ileal tube segment 162,
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and a flush tube segment 164 that are assembled together
when the catheter is implanted. The flush tube segment 164
has a terminal portion towards its proximal end that is
positioned outside the patient’s abdomen (e.g. at the skin
surface). There is a flush port 166 at the proximal end of the
flush tube segment 164. The flush port 166 can be penetrated
with a conventional syringe needle to infuse flush fluid. The
terminal portion is fitted with a support brace 168 that serves
to retain the flush port 166 at the skin surface. The distal end
of the flush tube segment 164 has external threading 176 to
mate with the ileal tube segment 162.

[0125] The ileal tube segment 162 has a terminal portion
towards its distal end for inserting into the patient’s ileum.
The ileal tube segment 162 has a balloon 170 that can be
inflated to help retain the terminal portion inside the ileum.
At the distal end of the ileal tube segment 162, there is a
drainage hole 172 for draining bile fluid into the ileum. At
the proximal end of the ileal tube segment 162, there is a
connector segment 174 in which its hollow bore has internal
threads 175. During implantation, the flush tube segment
164 is screwed to the ileal tube segment 162 via the
threading.

[0126] The terminal portion of the biliary tube segment
160 towards its proximal end is for inserting into a patient’s
gallbladder. On this terminal portion are inlet perforations
177 for draining bile fluid. The biliary tube segment 160 has
a circumferential cuff 178 that helps retain the proximal
terminal portion inside the gallbladder. The biliary tube
segment 160 contains a one-way check valve 161 that
facilitates the forward flow of fluid distally or resist the
backflow of fluid proximally. The biliary tube segment is
connected to the stem 163 on the ileal tube segment 162.
[0127] 1In operation, bile fluid flows into the biliary tube
segment 160, through the valve 161, and into the ileal tube
segment 162. With the flush port 166 being shut, the bile
fluid flows down the ileal tube segment 162 and out into the
ileum. To flush the catheter, a needle-tipped syringe is
pierced into the flush port 166. The flush fluid in the syringe
is infused into the flush port 166, which flows down into the
ileal tube segment 162 and out into the ileum.

[0128] Insomeembodiments, the catheter’s tube system is
provided as at least two separate tube components that are
assembled together when the catheter is implanted. In some
embodiments, the tube system is provided as a drainage tube
(combining the biliary tube segment and the ileal tube
segment) and separately, a flush tube segment. FIG. 14
shows an example of a catheter in which its tube system is
provided as two separate components. Here, the biliary tube
segment 180 and ileal tube segment 182 are provided as a
single drainage tube 190. The flush tube segment 184 is a
separate component that is connected to the drainage tube
190 when the catheter is implanted. The drainage tube 190
has a connector seat 186 to receive the distal end of the flush
tube segment 184. At the proximal end of the flush tube
segment 184 is a Luer fitting 187 (female) for receiving a
Luer connector-tipped syringe. The flush tube segment 184
has a one-way valve 188 to facilitate the forward flow of the
flush fluid distally. As an example, this catheter could be
implanted by first implanting the drainage tube 190 with its
proximal terminal portion inside the target site in the biliary
tree and the distal terminal portion inside the ileum. Within
the abdominal cavity, the flush tube segment 184 is con-
nected to the drainage tube 190. Alternatively, this implan-
tation procedure could be performed according to any other
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suitable sequence of steps. Other components of the catheter
include inlet perforations 192, bumper 194, and duckbill
valve 198.

[0129] In some embodiments, the tube system is provided
as a transabdominal tube (combining the flush tube segment
and the ileal tube segment) and a separate biliary tube
segment. FIG. 15 shows an example of a catheter in which
its tube system is provided as two separate components.
Here, the flush tube segment 200 and ileal tube segment 202
are provided as a single transabdominal tube 203. At the
proximal end of the transabdominal tube 203 (at its flush
tube segment 200) is a screw-on cap 204 that fits over the
proximal end opening on the transabdominal tube 203. The
cap 204 can be screwed off to access the opening to flush the
catheter. The proximal terminal portion of the transabdomi-
nal tube 203 (at its flush tube segment 200) is retained at the
skin surface with the help of the support collar 206. The
distal terminal portion of the transabdominal tube 203 (at its
ileal tube segment 202) is for inserting into the patient’s
ileum. At its distal end, the transabdominal tube 203 has an
outlet port (not shown) for outflow of bile fluid. Also, the
distal end is fitted with an expandable cage 304 and locking
hub 305 that helps to retain the distal terminal portion inside
the intestine.

[0130] The biliary tube segment 300 is a separate compo-
nent that is connected to the transabdominal tube 203 via a
stem 208 when the catheter is implanted. The biliary tube
segment 300 has inlet perforations 308 to receive bile fluid
and a one-way valve 302 to resist backflow of intestinal
contents and to force the flow of flush fluid towards the distal
end of the transabdominal tube 203. As an example, this
catheter could be implanted by first inserting the biliary tube
segment 300 along with its bumper 306 into the gallbladder.
The transabdominal tube 203 is then inserted into one of the
laparoscopic trocar puncture incisions. The distal terminal
portion of the transabdominal tube 203 is inserted into the
ileum and anchored in place by deploving (by expanding)
the expandable cage 304. The biliary tube segment 300 is
connected to the transabdominal tube 203 via its stem 208.
Alternatively, this procedure could be performed according
to any other suitable sequence of steps.

[0131] FIG. 16 shows an endoluminal cleaning tool 310
that could be used to clean the catheter shown in FIG. 15.
This shows a cross-section side view of the catheter with the
cap on the transabdominal tube 203 removed so that the
cleaning tool 310 can be inserted. The flush tube segment
200, ileal tube segment 202, biliary tube segment 300, and
transabdominal tube 203 are labeled. The cleaning tool 310
has a brush head 312 mounted on a steerable cable 314. A
handle 316 is provided so that the user can clean the
transabdominal tube 203 with a back-and-forth or twisting
motion of the brush head 312. The cleaning tool 310 could
also be steered upward to snake the brush head 312 into the
biliary tube segment 300 for cleaning as well.

[0132] FIGS. 17A and 17B show another example of a
catheter and how it could be implanted. FIG. 17A shows the
transabdominal tube 320 traversing through the abdominal
wall with its distal terminal portion inside the ileum. At its
distal end, there is a duckbill valve 325 for draining out bile
fluid. The transabdominal tube 320 is anchored by a thin
mesh 322 that is sutured to the ileal wall. The proximal
terminal portion of the transabdominal tube 320 is outside
the abdominal cavity with its syringe connector 324 at the
skin surface. As shown in FIG. 17B, the portion of the ileum
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near the insertion site is fixed to the abdominal wall by
anchoring stitches 326. Attaching the ileum to the abdominal
wall in this manner helps to prevent torsion of the small
intestine. A tunnel is made in the abdominal wall leading
from the transabdominal tube 320 to the peritoneal space
inside the abdominal cavity. The biliary tube segment 328 is
passed through the tunnel and its distal end is connected to
the transabdominal tube 320 via its stem 323. The proximal
terminal portion of the biliary tube segment 328 (not shown)
is inserted into a part of the biliary tree.

[0133] Examples of Other Components.

[0134] FIGS. 18A-E shows other examples of types of
configurations for the terminal portion of the biliary tube
segment or the intestinal tube segment. FIG. 18A shows a
star-shaped flexible retention bolster at the terminal portion
of a tube. The retention bolster has flexible arms 330 that
join at a hub 332. Flexible arms 330 can be collapsed into
a cylindrical shape (radially retracted state) to facilitate
insertion or radially expanded into a rivet shape to help
anchor the terminal portion of the tube in the relevant body
organ. There is an opening 331 at the terminal end of the
tube to allow inflow or outflow of bile fluid. FIG. 18B shows
a button 334 with a funnel port 335 at the terminal end of a
tube. The button 334 can help anchor the terminal portion of
the tube in the relevant body organ. The funnel port 335
allows inflow or outflow of bile fluid.

[0135] FIG. 18C shows the terminal portion of a tube in a
pigtail coil configuration. This pigtail coil 337 can help
anchor the terminal portion of the tube in the relevant body
organ. The tube has perforations 338 to allow inflow or
outflow of bile fluid. FIG. 18D shows a shoulder 340 at the
terminal portion of a tube. The terminal portion of the tube
has a curved shape 341 with an opening 342 at its tip to
allow inflow or outflow of bile fluid. FIG. 18E shows the
terminal portion of a flexible tube 344 having a closed tip
345. The tube has perforations 346 to allow inflow or
outflow of bile fluid.

[0136] FIGS. 19A and B, and FIGS. 20A-C show an
example of a three-way directional control valve. FIG. 19A
shows the distal end of a flush tube segment 351 having
three apertures 350 that allow the distal end of the flush tube
segment 351 to operate as a directional control valve. FIG.
19B is a transverse cross-section view of the flush tube
segment 351 at line X and shows the position of the three
apertures. FIGS. 20A-C shows the directional control valve
in operation. In FIG. 204, the left panel side view (“s”)
shows that the flush tube segment 351 intersects with the
biliary tube segment 354 and the ileal tube segment 358. The
distal tip of the flush tube segment 351 is braced against an
end seat 352 that forms a seal with the distal tip. In this
scenario, the apertures 350 on the flush tube segment 351 are
oriented so that bile fluid can pass through from the biliary
tube segment 354 into the ileal tube segment 358. The right
panel shows a transverse cross-section view (“t”) taken
along the plane crossing the apertures 350. The sides of the
flush tube segment 351 rest against lateral seats 356 that seal
the sides of the flush tube segment 351. As seen here, the top
and bottom apertures 350 are exposed so that bile fluid can
pass through, but the side-facing aperture 350 is sealed
against the lateral seat 356.

[0137] The flush tube segment 351 can be twisted on its
axis to change the flow direction. In FIG. 20B, the flush tube
segment 351 has been twisted one-quarter turn so that the
flush fluid infused through the flush tube segment 351 flows
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down into the ileal tube segment 358, but not the biliary tube
segment 354. As seen in the right panel transverse cross-
section view (1), the apertures 350 facing left and right are
sealed against the lateral seats 356. However, the aperture
350 at the bottom is exposed, which allows the flush fluid to
flow into the ileal tube segment 358.

[0138] In FIG. 20C, the flush tube segment 351 has been
further twisted one-half turn so that the flush fluid infused
through the flush tube segment 351 flows up into the biliary
tube segment 354, but not the ileal tube segment 358. As
seen in the right panel transverse cross-section view (“t”),
the apertures 350 facing left and right are sealed against the
lateral seats 356. However, the aperture 350 at the top is
exposed, which allows the flush fluid to flow into the biliary
tube segment 354. Having a directional control valve such as
this can be useful for allowing the user to flush the biliary
tube segment 354 and the ileal tube segment 358 separately.
[0139] FIGS. 21A, 21B, and 22A-C show another
example of a three-way directional control valve 360. FIG.
21A shows the directional control valve 360 positioned at
the intersection of the flush tube segment 361, the biliary
tube segment 363, and the ileal tube segment 362. The valve
360 has a T-shaped channel 366 and three channel openings
364. FIG. 21B shows the valve 360 in isolation, with two of
the three channel openings 364 being visible. Turning the
valve 360 changes the direction in which the channel
openings 364 face. FIGS. 22A-C show the directional con-
trol valve 360 in operation with transverse cross-section
views taken at the line X in FIG. 21B. FIG. 22A shows the
control valve 360 in a pose for bile fluid drainage. Bile fluid
flows into the biliary tube segment 363, enters the channel
366 of the valve 360, and is diverted towards the ileal tube
segment 362.

[0140] FIG. 22B shows the control valve 360 turned
one-quarter turn. In this pose, the ileal tube segment 362 can
be flushed. The external opening on the flush tube segment
361 is accessed and flush fluid is infused into the flush tube
segment 361. The flush fluid flows through the flush tube
segment 361 and down into the ileal tube segment 362 only.
The biliary tube segment 363 is blocked because there is no
channel opening 364 facing the biliary tube segment 363.
FIG. 22C shows the control valve 360 further turned another
one-quarter turn. In this pose, the biliary tube segment 363
can be flushed. The opening on the flush tube segment 361
is accessed and flush fluid is infused into the flush tube
segment 361. The flush fluid flows through the flush tube
segment 361 and into the biliary tube segment 363 only. The
ileal tube segment 362 is blocked because there is no
channel opening 364 facing the ileal tube segment 362.
Having a directional control valve 360 such as this can be
useful for allowing the user to flush the biliary tube segment
363 and the ileal tube segment 362 separately.

[0141] FIGS. 23A and 23B show another example of a
retention anchor and how it could used to implant a catheter.
FIG. 23 A shows a transabdominal tube 370 passing through
the abdominal wall with its distal terminal portion inside the
ileum. The proximal terminal portion of the transabdominal
tube 370 is outside the abdominal cavity with its syringe
connector 372 at the skin surface. As shown in FIG. 23B, the
retention saddle 374 has multiple eyelets 378 for receiving
a T-anchor suture 375 (see FIG. 23C). The drainage port 376
is the outlet for the bile fluid. To fix the ileum to the
abdominal wall, the T-anchors 375 are passed through the
abdominal wall (e.g. using a needle), passed into the ileum,
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and secured to the retention saddle 374 through the eyelets
378. Externally, the transabdominal T-anchor sutures 375 are
pulled to draw the ileum against the inner abdominal wall
and tied. The biliary tube segment is connected to the
transabdominal tube 370 via its stem 373 in the same manner
as described for FIG. 17 above.

[0142] FIGS. 24A and 24B show another example of a
retention anchor. As shown in FIG. 24A, this retention
anchor is a saddle 380 at the distal end of the ileal tube
segment. The drainage port 382 of the ileal tube segment
passes through the saddle 380. The saddle 380 also has
multiple suture notches 384 to help retain sutures 386. As
shown in FIG. 24B, sutures 386 are embedded into the
notches 384 and wound around the saddle 380. These
sutures 386 are then passed through the abdominal wall and
pulled to draw the ileum against the inner abdominal wall.
The sutures 386 are then tied to fix the ileum to the
abdominal wall.

[0143] FIG. 25 shows another example of a catheter as
fully implanted in the patient’s abdomen. This catheter
comprises a drainage tube 290 (which comprises a biliary
tube segment 292 and an intestinal tube segment 294. The
drainage tube 290 travels through a tunnel created within the
abdominal wall.

[0144] On the left side of the drawing, the intestinal tube
segment 294 of the drainage tube 290 exits out of the tunnel
into the peritoneum. The distal terminal portion of the
intestinal tube segment 294 (not shown) is inserted into the
ileum. On the right side of the drawing, the biliary tube
segment 292 exits out of the tunnel into the peritoneum. The
proximal terminal portion of the biliary tube segment 292
(not shown) is inserted into the gallbladder (not shown). Bile
fluid in the gallbladder flows into the biliary tube segment
292 and drains out into the ileum via the intestinal tube
segment 294.

[0145] The flush tube segment 295 connects to the drain-
age tube 290 at its intermediate portion between the biliary
tube segment 292 and intestinal tube segment 294. The
proximal terminal portion of the flush tube segment 295
rests on the skin surface of the abdominal wall. On this
proximal terminal portion, there is a Luer connector 298
with internal threads to connect with a Luer adaptor on a
syringe or conventional intravenous (IV) line for infusing
flush fluid. A plastic disc 297 fitted around Luer connector
298 helps retain it at the skin surface (instead of being
withdrawn into the abdominal wall).

[0146] The flush tube segment 295 houses a 3-way valve
that selectively permits flow within the tube system. FIGS.
26A-C show the flow of fluid under directional control by
the 3-way valve. In FIG. 26A, the 3-way valve is in a pose
that allows flow of bile fluid through the biliary tube
segment 292, across the valve, and then through the intes-
tinal tube segment 294. However, flow of bile fluid up into
the flush tube segment 295 1s blocked. In FIG. 26B, the
3-way valve is in a pose that directs flow of flush fluid from
the flush tube segment 295 in reverse direction through the
biliary tube segment 292 to help clear any obstructions in
this section of the catheter. However, flow of flush fluid into
the intestinal tube segment is blocked. In FIG. 26C, the
3-way valve is in a pose that directs flow of flush fluid from
the flush tube segment 295 in forward direction through the
intestinal tube segment 294 to help clear any obstructions in
this section of the catheter. However, flow of flush fluid into
the biliary tube segment 292 is blocked.
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[0147] FIGS. 27A-C show the operation of the 3-way
valve 270 within the flush tube segment 295. The left
column (p) shows a perspective view of the internal channel
structure 272 of the 3-way valve in isolation. The right
column (t) show top, cross-section views of the valve 270
that indicate the orientation of the internal channels and the
direction of fluid flow. Inside the valve 270, there is a
channel structure 272 through which fluid flows. Channel
portion 279 receives the flush fluid. Channel portions 274,
276, and 278 can be turned towards different directions to
direct the flow of fluid. The valve 270 is operated by turning
it so that channel portions 274, 276, and 278 can have
different orientations within the flush tube segment 295, i.e.
are made to face the biliary tube segment 292, or intestinal
tube segment 294, or be sealed.

[0148] Referring to FIG. 27A, in the normal bile fluid
drainage mode of operation, the valve 270 is turned so that
channel portions 274 and 276 are aligned with the lumen of
the intestinal tube segment 294 and the biliary tube segment
292. This permits the flow of biliary fluid from the biliary
segment 292 into the intestinal tube segment 294. Referring
to FIG. 27B, this configuration is for flushing the biliary
segment 292. The 3-way valve 270 is turned so that channel
portion 278 is aligned with the biliary tube segment 292.
This permits flush fluid to flow into the biliary tube segment
292, thereby flushing the biliary tube segment 292. How-
ever, the position of the 3-way valve 270 blocks the flow of
flush fluid into the intestinal tube segment 294. Referring to
FIG. 27C, this configuration is for flushing the intestinal
tube segment 294. The 3-way valve 270 is turned so that
channel portion 278 is aligned with the intestinal tube
segment 294. This permits flush fluid to flow into the
intestinal tube segment 294, thereby flushing the intestinal
tube segment 294. However, the position of the 3-way valve
270 blocks the flow of flush fluid into the biliary tube
segment 292.

[0149] The foregoing description and examples have been
set forth merely to illustrate my invention and are not
intended to be limiting. Each of the disclosed aspects and
embodiments of my invention may be considered individu-
ally or in combination with other aspects, embodiments, and
variations of my invention. In addition, unless otherwise
specified, the steps of the methods of my invention are not
confined to any particular order of performance. Modifica-
tions of the disclosed embodiments incorporating the spirit
and substance of my invention may occur to persons skilled
in the art, and such modifications are within the scope of my
invention.

[0150] Any use of the word “or” herein is intended to be
inclusive and is equivalent to the expression “and/or,” unless
the context clearly dictates otherwise. As such, for example,
the expression “A or B” means A, or B, or both A and B.
Similarly, for example, the expression “A, B, or C” means
A, or B, or C, or any combination thereof.

1. A method of treating a metabolic disorder in a patient
by implanting a biliary diversion catheter into the patient,
wherein the biliary diversion catheter comprises:

(a) a biliary tube segment having a proximal end and a
proximal terminal portion encompassing the proximal
end of the biliary tube segment, and an opening con-
figured to allow inflow of bile fluid into the biliary tube
segment;

(b) an intestinal tube segment that is in fluid communi-
cation with the biliary tube segment and having a distal
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end and a distal terminal portion that encompasses the
distal end of the intestinal tube segment, and an open-
ing configured to allow outflow of bile fluid;

(c) a flush tube segment that is in fluid communication
with the intestinal tube segment and having a proximal
end and a proximal terminal portion that encompasses
the proximal end of the flush tube segment, and an
opening configured to receive flush fluid;

(d) a directional control valve that is operable to control
flow of fluid between the flush tube segment and the
intestinal tube segment;

wherein implanting of the biliary diversion catheter com-
prises:

inserting the proximal terminal portion of the biliary tube
segment into a part of the patient’s biliary tree such that
bile fluid flows into the biliary tube segment via the
biliary tube segment’s opening;

inserting the distal terminal portion of the intestinal tube
segment into the patient’s distal small intestine such
that bile fluid flows out of the intestinal tube segment’s
opening;

positioning the proximal terminal portion of the flush tube
segment outside the patient’s abdominal cavity.

2. The method of claim 1, wherein the distal terminal

portion of the intestinal tube segment is inserted into the
patient’s ileum.
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3. The method of claim 1, wherein the proximal terminal
portion of the biliary tube segment is inserted into a gall-
bladder.

4. The method of claim 1, wherein the proximal terminal
portion of the biliary tube segment is inserted into a common
bile duct.

5. The method of claim 1, wherein implanting of the
biliary diversion catheter is performed laparoscopically.

6. The method of claim 1, further comprising fixing the
distal terminal portion of the distal terminal portion of the
intestinal tube segment to the patient’s abdominal wall.

7. The method of claim 1, further comprising flushing the
catheter by steps comprising:

from outside the abdominal cavity, infusing a volume of

liquid medium flush fluid into the flush tube segment;
flowing the flush fluid into the intestinal tube segment.

8. The method of claim 1, wherein the directional control
valve is further operable to control flow of fluid between the
flush tube segment and the biliary tube segment;

and further comprising flushing the catheter by steps

comprising:

from outside the abdominal cavity, infusing a volume of

liquid medium flush fluid into the flush tube segment;
flowing the flush fluid into the biliary tube segment.
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