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METHODS, SYSTEMS, AND IMPLANTABLE DEVICES FOR ENHANCING BLOOD
GLUCOSE REGULATION

CROSS REFERENCE
(6001} This application claims priority to U.S. Patent Application No. 62/417,060, filed
November 3, 2018, the specification(s} of which isfare incorporated herein in their

entirety by reference.

FIELD OF THE INVENTION
(66021 The present invention relates to methods, systems, and devices for regulating
blood glucose, more particularly to implantable encapsulated devices with glucose

sensors, optionally with insulin secreting cells and insulin infusion systems.

GOVERNMENT SUPPORT
[8003] This invention was made with government support under Grant No. DP3

DK106933, awarded by NIH. The government has certain rights in the invention.

BACKGROUND OF THE INVENTION

(80841 The present invention relates to methods, systems, and devices for regulating
blood gilucose, such as implaniable encapsulated devices with glucose sensors
optionally with insulin secreting cells and insulin infusion systems. For example, the
present invention may feature encapsulation devices (with a glucose sensors)
connected to an insulin infusion pump for distribution of insulin. The insulin infusion
pump may feature an insulin pouch fluidly connected fo an insulin pump. In some
embodiments, a glucose sensor is separate from the encapsulation device. The system

may feature an additional implantable device comprising insulin secrating celis.

[6665] The disclosures of the following U.S. Patents are incorporated in their entirety by
reference herein: U.S. Pat. No. 5,713,888; UL.&. Pat. App. No. 2003/0087427.

SUMMARY OF THE INVENTION
[6006] The present invention fealures methods, systems, and devices for regulating

blood glucose. For example, the present invention features a system comprising a
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vascularized encapsulation device and a glucose sensor disposed thersin. In some
embodiments, the encapsulation device is operatively connected to an insulin infusion
pump for distribution of insulin. In some embodiments, the system further comprises a
gas channel disposed adjacent {o the encapsulation device. In some embodiments, the

system further comprises a gas channel disposed within the encapsuiation device.

(60871 In some embodiments, the encapsulation device is free of cells. In some
embodiments, the encapsulation device comprises cells. In some embodiments, the

encapsulation device is vascularized.

[6008] In some embodiments, the insulin infusion pump comprises an insulin pouch

fluidly connected to an insulin pump.

[6009] In some embodiments, the system further comprises a second encapsulation
device comprising insulin secreting cells, glucagon secreting cells, or a combination
thereof. In some embodiments, the cells {e.g., glucagon secreting cells) help prevent

hypoglycemia.

[6018] In some embodiments, the glucose sensor is operatively connected to the insulin
infusion pump via a closed loop controller, wherein when the glucose sensor detects a
level of glucose that is at or above a threshold level of glucose, the glucose sensor
sends a signal to the closed loop controller, whereupon the closed loop controller sends
a signal to the insulin pump to release an amount of insulin. In some embodiments, the
systemn is adapted to adjust insulin secretion based on glucose levels measured by the

glucose sensor.

(6011} In some embodiments, the encapsulation device comprises insulin secreting
cells, glucagon secreting cells, or a combination thereof. In some embodiments, the
encapsulation device is pre-vascularized prior {o loading islets into the encapsulation

devica.

[6612] In some embodiments, the glucose sensor is wirglessly connected o a system
adapted {o relay glucose levels detected by the glucose sensor. In some embodiments,

the glucose sensor is replaceable.

[8013] The encapsulation devices of the present invention feature vascularization
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{(vascularization helps the glucose sensor work).
(6614} Glucagon secreting cells may help sense hypoglycemis.

[6015] In some embodiments, the device has more than one sensor and/or has one or
more sensor types. Having different sensor types may offer advantages, e.g., the ability

to combine the readings, e.g., if one goes up, one goes down, elc.

[8816] In some embodiments, the encapsulation device containing the glucose sensors
and one used from insulin delivery are separate devices and in separate locations (e.q.,
separate arms or arm versus abdomen)}. This separation may also be useful for a device
containing insulin secreting and glucagon secreting cells (human islets have both insulin
secreting and glucagon secreting cells within them). In some embodiments, it is at a
distance from the device containing glucose sensors and the device containing insulin

secreting cells.

[8017] Any feature or combination of features described herein are included within the
scope of the present invention provided that the features included in any such
combination are not mutually inconsistent as will be apparent from the contexi, this
specification, and the knowledge of one of ordinary skill in the arl.  Additional
advantages and aspects of the present invention are apparent in the following detailed

description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[3018] The features and advantages of the present invention will become apparent from
a consideration of the following detailed description presented in connection with the

accompanying drawings in which:

[6819] FIG. 1A shows an example of a single-chamber encapsulation device for holding
cells or tissues. The device comprises a port to access the lumen for loading the cells or
tissue.

(80201 FIG. 1B shows a cross-sectional view of the device of FIG. 1A. The cells are
encapsulated in a two-layer membrane envelope formed using a mesh insert. The
device comprises a vascularization membrane and an immunoisclation membrane. The
present invention is not limited to devices that uifilize an immungcisolation membrane: in

some embodiments, the device only comprises the vascularization membrane.
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(6021 FIG. 2A shows a delailed view of an encapsulation device with an
immunoisolation membrane. The device features two chambers or lumens separated by
a gas channel.

[6022] FIG. 2B shows a detailed view of an encapsulation device without the
immunoisolation membrane. The device fealures two chambers or lumens separated by
a gas channel.

[8023] FIG. 3 shows a schematic view of an encapsulation device comprising a glucose
sensor disposed therein.

[6024] F1G. 4A shows a schematic view of a system of the present invention comprising
an encapsulation device with a first sensor disposed therein and a second sensor.

[6025] FIG. 4B shows an optical reader for reading sensors in an encapsulation device.
[6626] FIG. 4C shows a sensor reader, e.g., an electrochemical glucose {or oxygen or
jactate) sensor reader (via a wire going through the skin), which is an alternative to
having some of the elecironic components fully implanted.

[6027] FIG. 5A shows a schematic view of a system of the present invention comprising
a single-chamber encapsulation device with a glucose sensor disposed therein and an
oxygen delivery channel (for oxygen or air) disposed adjacent to the device. Vasculature
is present.

[6028] FIG. 5B shows a schematic view of a system of the present invention comprising
a dual-chamber encapsulation device with a sensor disposed in each device. An oxygen
delivery channel {for oxygen or air) is disposed betwesn the two chambers of the

device. Vasculature is present.

[6029] FIG. 6 shows schematic of the components of various embodiments of the
present invention. A vascularized device is implanted (e.g., in the abdomen or other
location), which is connected o an insulin infusion pump or syringe, which is connected
to a closed-loop controller (may be connected to an insulin infusion pump either via a
wire or wirelessly), which is connected to a glucose reader {connecled to sensors
wirelessly or via a wire), which is connecled {0 a sensor reader, which reads a sensor in
an implanted device (g vascularized device containing one or a combination of optical,
electrochemical sensors, a glucose sensor and/or an oxygen sensor, lactate sensor, pH
sensor, etc. Further, FIG. 6 shows a non-limiting example of a system of the present
invention, e.g., an insulin regulating system. The present invention is not iimited to the

configurations and componenis shown in FIG. 6. In some embodiments, the insulin
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regulation system of the present invention comprises an encapsulation device
operatively connected o an insulin infusion pump (or can be connected {o a syrings for
insulin injection on an as needed basis) for distribution of insulin. In some embodiments,
the encapsulation device is free of cells. In some embodiments, the encapsulation
device comprises cells. The encapsulation device may be vascularized; however the
present invention is not limited fo vascularized encapsulation devices. In some
embodiments, the vascularized device connected {o the insulin infusion pump or the
insulin injection syringe does not contain any sensors. In some other cases it contains
an oxygen sensor or a combination of glucose sensor, or a lactale sensor or a
combination of all sensors. In some cases, the device containing glucose sensors which
communicate through a glucose reader with the closed loop controller contains multiple
glucose sensors including optical as well as electrochemical oxygen sensors. In some
cases the device containing insulin and glucagon secreting cells is located near the
device connected to an insulin infusion pump and the device containing the separate
device glucose and cother sensors and in some cases each of the devices is located far
apart. In some cases, mulliple or more than one devices containing cells or containing
sensors or connected to insulin infusion systems are implanted within one person and in

some cases these devices are placed far apart from each other.

(6038} FIG. 7 shows data demonstrating betlter insulin release kinetics in a rat when
insulin was infused through the port of an implanted device after vasculature formed
around it (e.q., at 28 days post-transplant). The peak of insulin appearance in the blood
shifts to the left (faster) on day 28 (presumably because of better/more vasculature
around the device) and also much better fotal insulin in blood (AUC) when insulin
injected through the device (both 5 as well as 28 days post-device implantation). The
same amount of insulin was infused through the device sub() (8Q) 5 days and 28 days

post implantation.

DETAILED DESCRIPTION OF THE INVENTION

Encapsulation Devices

(6031} Encapsulation devices are devices for holding cells or lissues, but they can also
hold sensors, particles for slow release of therapeutic agents, eic., for example. The
encapsulation device (110) shown in FIG. 1A is a single-chamber encapsulation device.

The device {100) comprises an inner lumen for holding the cells {102) or tissue and at
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least one membrane, e.9., a vascularization membrane (120), which is impermeable {o
cells. In some embodiments, the device (100) further comprises an immunoisolation
membrane (130). Non-cell factors or molecules (150) can escape the cell impermeable
membrang. The device (110) also comprises a port {180) to access the lumen for
icading the cells or tissue. FIG. 1B shows a cross-sectional view of an encapsuiation
device. The cells are encapsulated in a lumen (114} by a two-layer membrane envelope,
a vascularization membrane (120} and an immunoisoclation membrane (130). The device

(110) also has structural support, e.g., mesh, seals, elc.

[6032] In some embodiments, the encapsulation devices (110} comprise a
vascularization membrane (120} and immunocisclation membrane (130). In some
embodiments, the encapsulation devices {110} comprise just the vascularization

membrane (120). This allows blood vessels o grow within the transplanted tissue.

8033} In the examples shown in FIG. 1A and FIG. 1B, the cells therein are about 5-15
um in diameter. The outer membrane, the vascularization membrane {120), has a pore
size from 5-10 pm. The vascularization membrane (120} is about 15 ym thick. The
immunoisolation membrane (130) has a pore size of about 0.4 ym. The immunoisolation
membrane (130) is about 30 ym thick. In some embodiments, the membranes (120,
130) are constructed from materials such as poiytetraflourcethylene (FTFE) or other
similar material. The preseni invention is not limited to the aforementioned pore sizes
and thicknesses of the membranes used therein. The present invention is not limited to

the aforementioned materials.

(80341 The encapsulation devices {110) may be constructed in various shapes and sizes
and with various lumen volumes. For example, in some embodiments, the lumen has a
volume of about 4.5 yl. In some embodiments, the lumen has a volume of 20 pl In
some embodiments, the lumen has a volume of 40 pl. In some embodiments, the device
(110) is from 4 t0 5 cm in length. in some embodiments, the device (110) is from 210 &
cm in length, e.g., 3 cm. In some embodiments, the device (110} is from 5 to 10 om in
fength. The present invention is not limited to the aforementioned dimensions and lumen
volumes. For example, in some embaodiments, the lumen has a volume of about 100 pl.
In some embodiments, the lumen has a volume of about 200 pyl. In some embodiments,
the lumen has a volume from 2 to 50 pl.  In some embodiments, the lumen has a

volume from 10 to 100 yl. In some embodiments, the lumen has a volume from 40 {o
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200 yl. In some embodiments, the lumen has a volume from 100 to 300 pl. In some

embodiments, the lumen has a volume from 200 to 500 pl.

[3035] In some embodiments, within the encapsulation devices {110), there may be
layers of cells or tissue, e.g., multiple lumens within the device (110). For example, an
encapsulation device (110} may comprise two chambers or lumens. In some
embodiments, the device comprises more than twe chambers or lumens, .g., 3
chambers or lumens, 4 chambers or lumens, 5 chambers or lumens, efc. FIG. 2A and
FIG. 2B show examples an encapsulation with two lumens (two chambers) that are
separated by a gas channel (16C). FIG. 2A and FIG. 2B also show vascularizing
membrane and microvasculaiure. The blood vessels embed into the vascularizing

membrane.

[8036] In some embodiments, the chamber or lumen comprises a single layer of cells. In
some embodiments, the chamber or lumen comprises two layers of cells. In some
embodiments, the chamber comprises three or more layers of celis. In some
embodiments, islet spheroids (about 150 um in size} are used (shown in FIG. 24, FIG,
28). In some embodiments, a dual layer of the islet spheroids is used {lumen thickness
would be about 300 um in the chamber or in each chamber). In some embodiments, a
third layer is supporied depending on the metabolic activity and other characteristics of
the spheroids/cells used. Note spheroids may not be touching each other in some
configurations and the space between them may be 1 or 2 spheroids apart {e.g., 150

urm, 300 um), or more or less.

Methods and Systems for Regulating Blood Glucose

[6637] The present invention features methods, systems, and devices for regulating
blood glucose. The system may comprise an encapsulated device (110} and one or
more glucose sensors (410}, The system further comprises oxygen delivery. Oxygen
may be delivered via several mechanisms, e.g., an air pump, an oxygen generator, &fc.
Without wishing to limit the present invention to any theory or mechanism, it is believed
that oxygen or air delivery is important for the glucose sensors because of the enzyme
glucose oxidase. Oxygen (or air) delivery will allow more of the enzyme (e.g. glucose
oxidase) to be incorporated within the sensor as the chemical reaction enabling glucose
measuremenis with this enzyme will no longer be oxygen limited. The oxygen or air

delivery may aillow for more accurate readings as well as the exiension in the life of the

-
i
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sensor system. By incorporating the sensors within the vascularizing encapsulation
device with enhanced oxygen delivery, in addition io minimizing biofouling and
improving glucose sensing kinetics, the signal io noise and longevity of the sensors

could also be increased by enabling more enzyme to be used.

[6838} The glucose sensor or glucose sensors may cover the interior surface of the
encapsulation device, e.g., the entire interior surface that is vascularized. FIG. 3 shows
an example of a glucose sensor disposed in an encapsulation device. The device may

be vascularized (210).

[6039] The sensors may be optical, electrochemical, nuclear magnsetic resonance
{NMR)-based, or a combination thereof. For example, there may be a combination of

sensors in the same device.

[8040] FIG. 4A shows a schematic view of a system of the present invention comprising
an vascularizing encapsulation device (110) with an optical glucose sensor (410)
disposed thersin communicaling to an optical reader (e.g., implanted on fop of the
device, separated enough from fen device incorporating the sensor so that vasculature
is available around the device containing the sensor for proper glucose sensing and
kinetics) and an electrochemical sensor (430). The electrochemical sensor (430) is
operatively connected {o an electronic signal component (480) that can send a wireless
signal to a particular receiving component (e.g., cell phone or other piece of equipment).
The electronics may be flexible, sealed, and/or encapsulated and can be fully implanied
of if necessary connected through the skin and be ouiside the body. An optical reader
may be either above the skin or below if it is implanted. FIG. 4B shows an opflical reader
{(440) for reading the sensors (401). FIG. 4C shows a sensor reader (320), e.g9., an
electrochemical glucose (or oxygen or lactate) sensor reader (via a wire going through
the skin), which is an alternative to having some of the electronic components fully
implanted as shown in FIG. 4A and having some of them connected through the skin o

the outside of the body.

[B041] FIG. 5A shows a schematic view of a system of the present invention comprising
a single-chamber encapsulation device with a glucose sensor disposed therein and an
oxygen delivery channel (for oxygen or air) disposed adjacent to the device. Vasculature

is present.

o
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[6042] FIG. 5B shows a schematic view of a system of the present invention comprising
a dual-chamber encapsulation device with a sensor disposed in each device. An oxygen
delivery channel (for oxygen or air) is disposed between the two chambers of the

device. Vasculature is present.

[6043] FIG. 6 shows a non-limiting example of a system of the present invention, e.g., an
insulin regulating system. The present invention is not limited to the configurations and
components shown in FIG. 8. In some embodiments, the insulin regulation system of the
present invention comprises an encapsulation device operatively connected o an insulin
infusion pump {or can be connected to a syringe for insulin injection on an as needed
basis) for distribution of insulin. In some embodiments, the encapsulation device is free
of cells. In some embodiments, the encapsulation device comprises cells. The
encapsulation device may be vascularized; however the present invention is not limited

to vascularized encapsulation devices.

[6044] In some embodiments, the system of the present invention comprises an
encapsulation device with a glucose sensor. In some embodiments, the sysiem
comprises an implanted encapsulation device with insulin/glucagon secreting cells. In
some embodiments, the system comprises an implanted encapsulation device
connected to an insulin infusion pump. In some embodiments, the system of the present
invention comprises an encapsulation device with a glucose sensor, andfor

insulin/glucagon secreting cells andfor an insulin infusion pump.

[6045] In some embodiments, the glucose sensor is operatively connecled to a cell
phone or other system that can receive signals that reflect the glucose levels. For
example, the glucose sensor may be wirelessly connected {o a system adapled o relay
glucose levels detected by the glucose sensor. In some embodiments, a wireless
systemn is operatively connected to the insulin infusion pump to allow remote regulation

of the insulin infusion pump.

[8046] In some embodiments, the encapsulation device comprises an immunoisolation
membrane. In some embodiments, the encapsulation device does not comprise an

immunoisolation membrane.

[6047] In some embodiments, the insulin infusion pump comprises an insulin pouch

fluidly connected to an insulin pump. In some embodiments, the system comprises a

9
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glucose sensor separate from the encapsulation device. In some embodiments, the
glucose sensor is housed in a separate implantable device. In some embodiments, the
system comprises an additional implantable device comprising insulin secreting cells

{e.g., Tor helping to prevent hypoglycemia).

[6048] iIn some embodiments, the glucose sensor is operatively connecled fo the insulin
infusion pump via a closed loop controller, wherein when the glucose sensor detects a
fevel of glucose that is at or above a threshold level of glucose, the glucose sensor
sends a signal to the closed loop controller, whereupon the closed loop controller sends

a signal to the insulin pump to release an amount of insulin.

[3049] The system of the present invention may be adapied {o adjust insulin secretion
based on glucose levels measured by the glucose sensor. In some embodiments, the
encapsulation device further comprises insulin secreting cells. In some embodiments,
the encapsulation device is pre-vascularized prior to loading islels and exiraceliutar
matrix. In some embodiments, the glucose sensor is replaceable without explanting the

devica.

[803¢] FIG. 7 shows betier insulin release kinetics in a rat when insulin was infused
through the port of an implanted device afier vasculature formed around it (definitely at
28 days post-transpiani. Infusion through a port and into a vascularized device may be
much better. in some embodiments, a glucose sensor is disposed in a device that is
vascularized, and the sensor may heip improve the longevity, integration with the body
and kinetics of glucose sensing. if a glucose sensor in a device could be connacted with
a controller to an insulin infusion pump delivering insulin through a device (at a different
focation in the body) then this artificial pancreas may be betler as compared to existing
state-of-the art systems and a lot more cost effective. In scme embodiments, a device is
implanted in yet ancther location {e.g., this device without exogenous oxygen dslivery)
{the device could be stacked devices and/or prevascularized, may contain an oxygen
sensor to indicate when adequate vascularization is established, efc.). Insulin secreting
cells and glucagon secreting cells (human islels, stem celi derived islets, etc.) may then
be implanted in the device and release insulin and glucagon in response to glucose
fluctuations and they will stabilize blood glucose levels and will reduced hypoglycemic
episodes. They may provide the majority or all insulin needed in a patient and additional

insulin needed may be supplemented by a pump or injections.

i0
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[6051] The present invention features encapsulation devices operatively connected to an
insulin infusion pump for distribution of insulin. In some embodiments, the encapsulation
device is free of cells. In some embodiments, the encapsulation device comprises cells.
In some embodiments, the encapsulation device is vascularized. In some embodiments,
the encapsulation device comprises an immunoisolation membrane. In some
embodiments, the encapsulation device does not comprise an immuncisolation
membrane. In some embodiments, the insulin infusion pump comprises an insulin pouch
fluidly connected fo an insulin pump. In some embodiments, the system comprises a
glucose sensor separate from the encapsulation device. In some embodiments, the
glucose sensor is housed in a separate implantable device. In some embodiments,
comprising an additional implantable device comprising insulin secreting cells. In some
embodiments, the cells help prevent hypoglycemia. In some embodiments, the glucose
sensor is operatively connected {o the insulin infusion pump via a closed loop controller,
wherein when the glucose sensor detects a level of glucose that is at or above a
threshold level of glucose, the glucose sensor sends a signal to the closed loop
controller, whereupon the closed loop controller sends a signal to the insulin pump o
release an amount of insulin. in some embodiments, the system is adapted o adjust
insulin secretion based on glucose levels measured by the glucose sensor. In some
embodiments, the encapsulation device further comprises insulin secreting cells. In
some embodiments, the encapsulation device is pre-vascularized prior to loading islets
and extracellular matrix. In some embodiments, the glucose sensor is wirelessly
connected {o a system adapted o relay glucose levels detected by the glucose sensor.

In some embodiments, the glucose sensor is replaceable.

[8052] In some embodiments, the devices of the systems of the present invention are
temporarily oxygenated. For example, in some embodiments, oxygen is temporarily
delivered initially (e.g., inilially upon implantation) until the system is adeguately
vascularized. In some embodiments, oxygen may be temporarily delivered andfor
oxygen levels may be variable. For example, in some embodiments, a cell type is used
that benefits from a high oxygen level. In some embodiments, a cell type is used that
benefils from a low oxygen level (e.g., 15% or lower). In some embodiments, an oxygen
ievel of about 21% oxygen (e.g., 20-22%) is used, e.g., air may be used. In some
embodiments, an oxygen level from 15-22% is used. In some embodiments, an oxygen

lavel from 10-15% is used. In some embodiments, an oxygen level from 5-10% is used.
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In some embodiments, an oxygen level from 0-5% is used. In some embodiments, a
particular oxygen level is used initially and then the oxygen level is increased or
decreased at a later time. In some embodiments, oxygen is turned on and then off. in
some embodiments, oxygen is urned off and then on. In some embodiments, oxygen is
turned on and off in a cycle for a period of time or indefinitely. In some embodimenits,
oxygen level is tailored to the application to help modulate the local immune system by
providing temporary oxygen. In some embodimenis, oxygen levels are failed {0 when
vascutarization occurs. In some embodiments, immature cells are transplanted, and low
oxygen levels may be used initially; as the cells mature (e.g., after a particular time, e.g.,

4-6 weeks), higher oxygen levels may be provided.

(6063531 Oxygen may be delivered to the systems via several different mechanisms. For
example, the system of the present invention may comprise an oxygen generator or an
air pump. In some embodiments, the oxygen generator is an implantable oxygen
generator, which is well known to one of ordinary skili in the art. For example, the
implantable oxygen generator may feature an electrochemical oxygen generation
mechanism (e.g., using electricity {o break down water 1o oxygen hydrogen), a chemical
mechanism, or other mechanism. In some embodiments, the oxygen generator is a
wearable oxygen generator or pump. In some embodiments, the oxygen is delivered via
a carrier media like hemoglobin or fluorinated microbubbles. The present invention is not

limited o the aforementioned systems or materials.

[6054] Various modifications of the invention, in addition to those described herein, will
be apparent fo those skilled in the art from the foregoing description. Such maodifications
are also intended to fall within the scope of the appended claims. Each reference cited

in the present application is incorporated herein by reference in its entirely.

[3055] Although there has been shown and described the preferred embodiment of the
present invention, it will be readily apparent to those skilled in the art that modifications
may be made thereto which do not exceed the scope of the appended claims.
Therefore, the scope of the invention is only o be limited by the following claims.
Reference numbers recited in the claims are exemplary and for ease of review by the
patent office only, and are not limiting in any way. In some embodiments, the figures
presented in this patent application are drawn to scale, including the angles, ratios of

dimensions, etc. In some embodiments, the figures are representative only and the
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claims are not limited by the dimensions of the figures. In some embodiments,
descriptions of the inventions described herein using the phrase “comprising” includes
embodiments that could be described as “consisting of’, and as such the wrilten
description requirement for claiming one or more embodiments of the present invention

using the phrase “consisting of” is met.

[6056] The reference numbers recited in the below claims are solely for ease of
examination of this patent application, and are exemplary, and are not intended in any
way {o limii the scope of the claims fo the particular features having the corresponding

reference numbers in the drawings.
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WHAT IS CLAIMED 1S:

1.

[

o

@

A systern comprising a vascularized encapsulation device and a glucose sensor

disposed therein.

The system of claim 1, wherein the encapsulation device is operatively

connected to an insulin infusion pump for distribution of insulin.

The system of claim 1 or 2 further comprising a gas channel disposed adjacent

to the encapsulation device.

The system of claim 1 or 2 further comprising a gas channel disposed within the

encapsulation device.

The system of any of claims 1-4, wherein the encapsulation device is free of

cealls.

The system of any of claims 1-4, wherein the encapsulation device comprises

cells.

The system of any of claims 1-6, wherein the encapsulation device is

vascularized.

The system of claim 2, wherein the insulin infusion pump comprises an insulin

pouch fluidly connected to an insulin pump.

The system of claim 1 further comprising a second encapsulation device
comprising insulin secreting cells, glucagon secreting cells, or a combination

theraof.

10, The system of claim 9, wherein the glucagon secreting cells help prevent

11.

hypoglycemia.

The system of claim 2 or 8, wherein the glucose sensor is operatively
connected to the insulin infusion pump via a closed loop controller, wherein when
the glucose sensor defects a level of glucose that is at or above a threshold level
of glucose, the glucose sensor sends a signal to the closed loop controller,

whereupon the closed loop controller sends a signal to the insulin pump fo
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release an amount of insulin.

12. The system of any of claims 2-11, wherein the system is adapted to adjust

insulin secrelion based on glucose levels measured by the glucose sensor.

13. The system of claim 1, wherein the encapsulation device comprises insulin

secreting cells, glucagon secreting cells, or a combination thereof,

14. The system of 1-5, wherein the encapsulation device is pre-vascularized prior {o

loading islets into the encapsulation device.

15. The system of claim 1, wherein the glucose sensor is wirelessly connected (o a

system adapted to relay glucose levels detected by the glucose sensor.

16. The system of claim 1, wherein the glucose sensor is replaceable.



