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Description

FIELD OF THE INVENTION

[0001] The present invention relates in general to im-
plantable devices for providing medically required treat-
ment regimens over a period of time, and in particular to
an implantable bioartificial perfusion system containing
live secretory cells that provide a physiologically-required
secretion to a living-being host patient in response to
specific respective needs of the patient as determined
by the live secretory cells in response to physiological
make-up of host tissue fluid in contact with the secretory
cells.

BACKGROUND OF THE INVENTION

[0002] Natural production of numerous agents, metab-
olites, enzymes, and other secretions occur within a living
being host as physiological events take place. One such
event is the metabolism of carbohydrates to glucose,
which is mainly controlled by insulin produced by the beta
cells of the islets of Langerhans within the pancreas. In-
sulin is necessary in maintaining glucose homeostasis.
In addition to its principal role in carbohydrate metabo-
lism, insulin also significantly affects lipid, protein, and
mineral metabolism. When efficient insulin production by
the pancreas is inhibited or terminated and therefore is
insufficient, as occurs substantially in Type I diabetes,
for example, where immune system of the host destroys
beta cells of the islets of Langerhans, insulin from another
source must be provided or the affected individual will
suffer from many severe consequences of diabetes mel-
litus. The dispensation of medicament is determined by
live secretory cells in response to physiological make-up
of host tissue fluid in contact with the secretory cells.
Thus, in the case of a diabetes patient, insulin would be
dispensed whereas chemotherapeutic drugs would be
dispensed in the case of cancer. In these and other sim-
ilar circumstances, it is highly beneficial to the patient
when automatic dispensing of the medicament occurs,
without the need to resort to pills, injections or other dis-
comforting means of medication. A special unit can be
implanted within the patient. This unit consists of a res-
ervoir of living cells, of type determined by patient’s
needs, and the live cells act in response to the body fluids
perfusing through them. The implanted unit will have a
supply of live cells that will be active for 4 years, a micro-
pump and associated electronics to circulate the per-
fusion fluid, a wireless transmitter to communicate with
the unit and an inductively rechargeable battery.
[0003] Prior-art approaches for providing insulin to
maintain proper plasma glucose concentrations are nu-
merous. One of the most commonly employed approach-
es is the injection of insulin into the patient a plurality of
times daily in response to plasma-glucose monitoring.
Subcutaneous injection is a usual insulin introduction
route, but is flawed and/or disfavored for several reasons.

In particular, injection administration is limited because
there is no direct feedback between blood glucose level
and the dosage of insulin. In addition, there is poor patient
acceptance, significant absorption variability among pa-
tients, potential overdosing resulting in hyperinsuline-
mia/hypoglycemia, potential underdosing resulting in hy-
poinsulinemia/ hyperglycemia, formation of anti-insulin
antibodies, hypersensitivity reactions due to insulin for-
mulations, and other untoward occurrences. Relatively
new jet injector devices, as opposed to traditional syring-
es, do not appreciably avoid syringe-injection limitations
as noted above. Orally administered insulin finds poor
effectiveness because of the vast variability found in di-
gestive processes and digestion states among patients.
[0004] Another prior art approach for providing insulin
to patients is the use of wearable or implantable insulin
pumps, which are pre-programmed and pre-loaded with
insulin and do not allow direct feedback of the optimal
dosage. These pumps can also cause both mechanical
and physiological problems for the patient. With respect
to the former problem, these pumps can experience cath-
eter blockage, infection, skin inflammation, erosion, local
fluid accumulation, dislocation due to patient physical ac-
tivity, and required regular refills of insulin usually at
monthly or bimonthly intervals. With respect to the latter
problem, presently available insulin pumps do not have
reliable glucose sensors and therefore, are unable to pre-
cisely dispense a needed insulin quantity for proper plas-
ma-glucose level maintenance. In addition, presently
available insulin pumps do not have reliable glucose sen-
sors and therefore, are unable to precisely dispense a
needed insulin quantity for proper plasma-glucose level
maintenance.
[0005] New methods for treating insulin-dependent di-
abetes mellitus are presently being sought. Although it
is possible to transplant a pancreas from one human to
another, the survival rate for this procedure is only 40%
at one year following surgery. Researchers have also
used isolated pancreatic islets in transplantation ap-
proaches in attempts to find a viable long term treatment
of diabetes.
[0006] The islets of Langerhans are clusters of differ-
entiated cells sharing a common precursor. Found in the
pancreas of mammals, islet cells taken together can be
considered as a single endocrine organ. The islet cells
occupy about 7% of the human pancreas, which also
contains the exocrine acinar tissue. The composition of
cells in the islets differ depending on the location of the
islet in the pancreas. Central to each islet is a core of
insulin secreting beta cells. Surrounding the beta cells
are somatostatin secreting delta cells, glucagon secret-
ing alpha cells and pancreatic polypeptides containing
F-cells. Alpha cells tend to be concentrated in the tail and
the body of the pancreas whereas the F-cells are con-
centrated in the head. This distribution corresponds to
the embryonic origin of alpha and F-cells from dorsal and
ventral primordium of the pancreas. Transplantation of
pancreatic beta cells has been done to the pancreas,
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liver, muscles, or peritoneal cavity of the patient, or the
transplantation of an entire donor-pancreas as a replace-
ment. Such an approach, however, is not practical be-
cause of recipient immune-rejection, limited availability
of donor organs, and other restraints on patient accept-
ance.
[0007] US 5,256,055 A teaches an artificial pancreas
system comprising an implantable refillable immunopro-
tective membrane pouch containing an islet-polymer ma-
trix wherein the polymer is soluble below body tempera-
tures and insoluble at or above body temperature (see
abstract). The object to minimize the volume of the arti-
ficial pancreas by not encapsulating each islet but rather
the islet cells are separated and held within a polymer
matrix (pouch). The solubility makes it possible to replace
the content by lowering the temperature by producing
localized hypothermia.
[0008] The article C. Cobelli et. al., "Artificial Pancreas:
Past, Present, Future", Diabetes, vol. 60, no. 11, 1 No-
vember 2011, pages 2672-2682 shows the application
of insulin pumps in different clinical approaches. It espe-
cially refuse in detail the field of bioartificial pancreas (im-
plantable pancreas) and illustrates the knowledge in the
field.
[0009] US 2002/103475 A1 teaches a system includ-
ing a housing implantable within the host that is in fluidic
communication with tissue fluid. The tissue fluid serves
as an indicator of the glucose level and aids to determine
the insulin need. A chamber within the housing contain
a plurality of physiologically active, autonomously func-
tioning, live secretory cells for producing the physiologi-
cal secretion. A periodically operating pump apparatus
moves the tissue fluid into contact with the secretory cells
for pickup of the regulating physiological secretion for
subsequent physiologically-effective dispensing into the
host while avoiding immunorejection of the host body or
of the host to the secretory cells.
[0010] WO 98/50088 A1 teaches a method and appa-
ratus for continuous peritoneal cascade dialysis and he-
mofiltration. A continues peritoneal dialysis is carried out
by providing a dialyzer element having a filter membrane
for being exposed within the peritoneal cavity. The mem-
brane maintains pores sufficient to allow the diffusion of
blood toxins. The dialyzer element is then implanted into
the peritoneal cavity of the patient, whereby a transfer
fluid is infused into the patient’s peritoneal cavity and a
continuous supply of substantially fresh dialysate fluid
into the interior dialysate passageway of the dialyzer el-
ement is provided.
[0011] In view of the above inability of prior art ap-
proaches to artificially provide a natural imitation of a
physiological secretion, it is apparent that highly impor-
tant and unfulfilled needs exist first for sensing an in vivo
demand for a secretory product; and second for fulfilling
that requirement by providing an appropriate quantity of
secretory product.

SUMMARY OF THE INVENTION

[0012] The present invention addresses these needs
and more by providing an implantable bioartificial per-
fusion system for providing a physiological secretion nec-
essary for the functionality of a physiologic activity of a
living-being host. The system includes a housing having
chamber with a biocompatible porous tissue scaffold to
maintain the viability and functional activity of the cells
of the islets of Langerhans, and which is in fluidic com-
munication with an inlet and an outlet. The inlet includes
an external opening thereto, and the outlet includes an
external opening therefrom. The housing is implantable
at least partially within the host such that the inlet and
outlet openings are placed in fluidic communication with
the tissue fluid of the host. The tissue fluid can be received
into the housing and thereafter dispensed from the hous-
ing. A chamber is disposed within the housing between
the inlet and outlet and in communication therewith, and
contains a biocompatible tissue scaffold or similar frame-
work, filled with a plurality of physiologically active, au-
tonomously and in concert functioning, live secretory
cells for producing the physiological secretion. Also dis-
posed within the housing is a continuously-operating two
pump apparatus located upstream and downstream of
the chamber for drawing initial tissue fluid through the
inlet from the host for contact with the physiologically
active cells within the chamber for pick up and regulation
of the physiological secretion, and for dispensing the re-
sulting tissue fluid bearing the physiological secretion
through the outlet and back into the host. The inlet and
outlet filter systems are in operational communication
with the external openings of the inlet and outlet, and
have openings therethrough sized for prohibiting pas-
sage of immune system cells, immunoglobulins, and
complement system components of the host.
[0013] The tissue fluid drawn to be in contact with the
live secretory cells must generally reflect host require-
ments for the particular physiological secretion. Thus, in
treating diabetes for example, peritoneal fluid is drawn
since it is known that peritoneal fluid reflects blood glu-
cose levels, whereby peritoneal fluid contacts secretory
cells that are pancreatic beta cells that produce insulin
for peritoneal-fluid uptake and return for routing to regu-
late glucose levels. The secretory cells may be immune
isolated, using a permeable medium through which cel-
lular nutrient as well as cellular metabolic waste can pass
and likewise, through which the physiological secretion
can pass, but not through which immune system cells
can pass on the off-chance that such cells may be passed
through the inlet filter. Immunoisolation and use of the
porous scaffold increases the loading density of the cells
and their surface interaction with the fluid as well as signal
communication among cells. Depending upon the spe-
cific application, secretory-cell life span many times can
be up to about four years, after which time replacement
cells may be introduced.
[0014] The two pump apparatus may be located up-
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stream and downstream from the chamber moving there
within the initial tissue fluid and the tissue fluid bearing
the physiological secretion through the housing. Simul-
taneously, the arrangement of the plurality of secretory
cells is such that sub-pluralities thereof are disposed on
a three-dimensional scaffold, wherein a plurality of the
scaffolds may be situated into a pile. To prevent and clean
the inlet and outlet nanofilters from accumulating and
clogging cellular and extracellular matrix material, a dou-
ble back flush hydraulic mechanism can be used. The
pumping can be accomplished electromagnetically, by
osmotic, electro-osmotic, peristaltic or other pumping
methods and may be controlled by a programmed con-
troller or special circuit disposed within the housing and
thus implanted. The tissue fluid reflects whether a need
is present for the particular secretion provided by the se-
cretory cells (e.g., glucose level for insulin-secreting
cells), whereby the secretory cells will naturally respond
to the conveyed need and automatically produce a quan-
tity of secretion specific to this need as sensed by the
secretory cells. This secretion is picked up by the tissue
fluid as it contacts the secretory cells, and thereafter is
delivered within the host. When the tissue fluid indicates
less need for the secretion (e.g., the required activity of
the secretion has been completed for the time being),
such reduced need is sensed by the secretory cells as
the tissue fluid continues in contact therewith, and the
secretory activity naturally reduce their secretion or
cease until the next demand for secretion is sensed.
[0015] The implantable device, containing a microcon-
troller and/or other appropriate circuitry will communicate
to the external environment by wireless means. The cir-
cuitry will provide data to the host locally on a wearable
display system as well as have an optional capability to
send information over the internet. To reduce bandwidth
requirements, the communication system will take ad-
vantage of data compression or coding.
[0016] An optional new application of the self-charging
mechanism (employed in electronic automatic quartz
watches) using a weighted rotor to turn a tiny electrical
generator, charging a rechargeable battery when the pa-
tient with IBPS is moving. The battery powers the control
unit, the pump, and circuitry. Alternatively, the electronic
control and wireless circuits will be powered by mini or
micro sized rechargeable batteries. Included in the circuit
will be means by which the batteries will be inductively
rechargeable, without having to remove the device from
the patient.
[0017] A novel miniature pump will provide a constant
flow of the peritoneal fluid through the IBPS. The pump
used for this purpose may be based on a variety of ex-
isting pumps and technologies in existence, such elec-
troosmotic, dielectrophoretic, micro sized mechanisms,
piezoelectrics, etc. Depending on the pump type and ac-
tion, the pumps are placed accordingly throughout the
system at appropriate locations. In particular, an innova-
tion for this system is the use of a peristaltic pump, with
no moving parts to perform the peristaltic motion neces-

sary for transport of the peritoneal fluid through the sys-
tem and the pumps are an integrated part of the scaffold
or islet containing base unit.
[0018] A miniature glucose sensor will control and as-
sure proper operation. If the concentration of the glucose
will be higher than normal level, it will set off an alarm
and the doctor will decide either to increase flow velocity,
or add insulin injections, or replace the implantable de-
vice.
[0019] A miniature liquid flow sensor will monitor flow
rate of a tissue fluid such as peritoneal fluid and activate
back-flash mechanism via microprocessor when the flow
rate is below an acceptable level. If the back-flash does
not help it will set off an alarm and the doctor should
replace the implantable device.
[0020] A novel method for islets viability monitoring is
a simple, reliable and long lasting technique based on
identification of the critical pH ≤ 7.35 signaling death of
the islet cells. In this case the doctor should immediately
replace the implantable device.
[0021] A control circuit with or without wireless capa-
bilities, will monitor and display glucose concentration,
pH value and flow velocity on a small graphical user in-
terface (GUI) display placed on the patient’s wrist The
same data will also be available to any other device ca-
pable of receiving data from the implanted unit. The con-
trol circuit will automatically activate the back-flush mech-
anism and set off an alarm in case of (1) abnormal tissue
fluid flow rate; (2) abnormal glucose level; or (3) massive
cell death. In the case of massive cell death the micro-
processor will stop the pump in the failed unit and the
other unit will take over. The data will be immediately
sent wirelessly to the external monitoring devices. When
any alarm is triggered, whether from a high glucose con-
centration or massive cell death, or any condition which
is not desirable, the patient should immediately seek
medical help from a professional.
[0022] As is apparent, the implantable bioartificial per-
fusion system herein described significantly replicates
natural metabolic function by employing live secretory
cells as both sensor and provider of physiologic balance.
Such live-cell employment eliminates external guess
work with respect to quantity and timing of secretion-
product injection or other type introduction since actual
cells make a natural determination of need followed by
a natural production and natural release of an exactly-
necessary quantity of the secretory product.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] An illustrative embodiment of the invention is
shown in the accompanying drawings in which:

FIG. 1 is a cross-section view of an implantable bi-
oartificial perfusion system implanted into a patient;
FIG. 2 is an illustration of the design and configura-
tion of the external inlet tissue fluid sucking filter and
external outlet nanoporous membrane filter and
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back-flush mechanism;
FIG. 3 is a view of the wrist, neck or belt wearable
GUI display. The implant could also be made to com-
municate with what is currently termed a smart
phone.

DETAILED DESCRIPTION OF THE INVENTION

[0024] Unless otherwise defined, scientific and techni-
cal terms used in connection with the disclosure shall
have the meanings that are commonly understood by
those of ordinary skill in the art. Further, unless otherwise
required by context, singular terms shall include plurali-
ties and plural terms shall include the singular. Generally,
nomenclatures utilized in connection with, and tech-
niques of, cell and tissue culture, molecular biology, and
protein and oligo- or polynucleotide chemistry and hy-
bridization described herein are those well known and
commonly used in the art. Standard techniques are used
for recombinant DNA, oligonucleotide synthesis, and tis-
sue culture and transformation (e.g., electroporation,
lipofection). Enzymatic reactions and purification tech-
niques are performed according to manufacturer’s spec-
ifications or as commonly accomplished in the art or as
described herein. The nomenclatures utilized in connec-
tion with, and the laboratory procedures and techniques
of, analytical chemistry, synthetic organic chemistry, and
medicinal and pharmaceutical chemistry described here-
in are those well known and commonly used in the art.
Standard techniques are used for chemical syntheses,
chemical analyses, pharmaceutical preparation, formu-
lation, and delivery, and treatment of patients.
[0025] In one embodiment, the disclosure provides an
implantable bioartificial perfusion system for providing a
physiological regulating secretion necessary for function-
ality of a physiologic activity of a living-being host, the
system comprising:

a) a housing having an inlet with an external opening
thereto and an outlet with an external opening there-
from, the housing implantable at least partially within
the host such that the inlet and outlet openings are
placed in fluidic communication with tissue fluid of
the host for receiving into and dispensing from the
housing the tissue fluid;
b) a chamber disposed within the housing between
the inlet and outlet and in communication therewith,
the chamber having therein a plurality of physiolog-
ically active, autonomously and in concert function-
ing, live secretory cells for producing the physiolog-
ical secretion;
c) a constantly operating two pump apparatus for
drawing initial tissue fluid through the inlet from the
host for contact with the physiologically active cells
within the chamber for pick up of the physiological
secretion, and for dispensing resulting tissue fluid
bearing the physiological secretion through the out-
let and into the host; and

d) an inlet filter in operational communication with
the external opening of the inlet and disposed up-
stream of the chamber, wherein the inlet filter com-
prises a plurality of mesh woven polymer yarn to col-
lect peritoneal fluid from a high surface area of the
parietal peritoneum and visceral peritoneum by
means of capillary forces and a size-exclusion mem-
brane filter separated from the plurality of mesh wo-
ven polymer yarn by a capillary gap for prohibiting
passage into the chamber of immune system cells
of the host.

[0026] In one aspect, the disclosure provides an im-
plantable bioartificial perfusion system for providing a
physiological regulating secretion necessary for function-
ality of a physiologic activity of a living-being host, where-
in the two pump apparatus are located upstream and
downstream from the chamber, and wherein the two
pump apparatus uses electromagnetic, osmotic, or elec-
tro-osmotic force.
[0027] In another aspect, the disclosure provides an
implantable bioartificial perfusion system for providing a
physiological regulating secretion necessary for function-
ality of a physiologic activity of a living-being host, further
comprising an outlet filter in operational communication
with the external opening of the outlet and disposed
downstream of the chamber, wherein the outlet filter com-
prises pores therethrough sized for prohibiting passage
into the chamber of immune system cells of the host.
[0028] In another embodiment, the disclosure provides
an implantable bioartificial perfusion system for providing
a physiological secretion necessary for functionality of a
physiologic activity of a living-being host, the system
comprising:

a) a housing having an inlet with an external opening
thereto and an outlet with an external opening there-
from, the housing implantable at least partially within
the host such that the inlet and outlet openings are
placed in fluidic communication with peritoneal fluid
within a peritoneal cavity of the host for receiving into
and dispensing from the housing the peritoneal fluid;
b) a chamber disposed within the housing between
the inlet and outlet and in communication therewith,
the chamber having therein a plurality of physiolog-
ically active, autonomously and in concert function-
ing, live secretory cells for producing the physiolog-
ical secretion;
c) a constantly operating two pump apparatus dis-
posed for drawing initial peritoneal fluid through the
inlet from the peritoneal cavity for contact with the
physiologically active cells within the chamber for
pick up of the physiological secretion, and for dis-
pensing resulting peritoneal fluid bearing the physi-
ological regulating secretion through the outlet and
into the peritoneal cavity; and
d) an inlet filter in operational communication with
the external opening of the inlet and disposed up-
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stream of the chamber, wherein the inlet filter com-
prises a tissue fluid sucking filter comprising a plu-
rality of mesh woven polymer yarn and a size-exclu-
sion membrane filter separated from each other by
a capillary gap for peritoneal or other tissue fluid col-
lection, filtration and prohibiting passage into the
chamber of immune system agents and cells, immu-
noglobulins, and complement system components
of the host.

[0029] In one aspect, the disclosure provides an im-
plantable bioartificial perfusion system for providing a
physiological secretion necessary for functionality of a
physiologic activity of a living-being host, wherein the two
pump apparatus are located upstream and downstream
from the chamber, and wherein the pump apparatus uses
electromagnetic, osmotic, or electro-osmotic force.
[0030] In another aspect, the disclosure provides an
implantable bioartificial perfusion system for providing a
physiological secretion necessary for functionality of a
physiologic activity of a living-being host, further com-
prising an outlet filter in operational communication with
the external opening of the outlet and disposed down-
stream of the chamber, the outlet filter having pores
therethrough sized for prohibiting passage into the cham-
ber of immune system agents, cells, immunoglobulins,
and complement system components of the host.
[0031] In another embodiment, the disclosure provides
an implantable bioartificial perfusion system for providing
insulin as necessary for the metabolism of glucose within
a living-being host, the system comprising:

a) a housing having an inlet with an external opening
thereto and an outlet with an external opening there-
from, the housing implantable at least partially within
the host such that the inlet and outlet openings are
positionable in fluidic communication with tissue fluid
of the host for receiving into and dispensing from the
housing the tissue fluid;
b) a chamber disposed within the housing between
the inlet and outlet and in communication therewith,
the chamber having stack of several scaffold, double
layer porous mesh matrices, therein a plurality of
physiologically active, autonomously and in concert
functioning, live secretory cells for producing insulin;
c) a constantly operating two pump apparatus for
drawing initial tissue fluid through the inlet from the
host for contact with the physiologically active cells
within the chamber for pick up of insulin, and for dis-
pensing the resulting tissue fluid bearing the insulin
through the outlet and into the host; and
d) an inlet filter in operational communication with
the external opening of the inlet and disposed up-
stream of the chamber, the inlet filter comprising a
tissue fluid sucking filter comprising a plurality of
mesh woven polymer yarn and a size-exclusion
membrane filter separated from each other by a cap-
illary gap for peritoneal or other tissue fluid collection,

filtration and prohibiting passage into the chamber
of immune system agents and cells, immunoglobu-
lins, and complement system components of the
host.

[0032] In one aspect, the disclosure provides an im-
plantable bioartificial perfusion system for providing in-
sulin as necessary for the metabolism of glucose within
a living-being host, wherein the two pump apparatus are
located upstream and downstream from the chamber,
and wherein the two pump apparatus uses electromag-
netic, osmotic, or electro-osmotic force.
[0033] In another aspect, the disclosure provides an
implantable bioartificial perfusion system for providing in-
sulin as necessary for the metabolism of glucose within
a living-being host, further comprising an outlet filter in
operational communication with the external opening of
the outlet and disposed downstream of the chamber, the
outlet nanoporous membrane filter having pores there-
through sized for prohibiting passage into the chamber
of immune system cells, immunoglobulins, and comple-
ment system components of the host.
[0034] In another embodiment, the disclosure provides
an implantable bioartificial perfusion system for providing
insulin necessary for carbohydrate metabolism within a
living-being host, the system comprising:

a) a housing having an inlet with an external opening
thereto and an outlet with an external opening there-
from, the housing implantable at least partially within
the host such that the inlet and outlet openings are
positionable in fluidic communication with peritoneal
fluid inside a peritoneal cavity of the host for receiving
into and dispensing from the housing the peritoneal
fluid;
b) a chamber disposed within the housing between
the inlet and outlet and in communication therewith,
the chamber having stack of several scaffold, double
layer porous mesh matrices, therein a plurality of
physiologically active, autonomously and in concert
functioning, live secretory cells for producing insulin,
wherein the matrices are coated with autologous or
allogeneic extracellular matrix (ECM) molecules and
seeded with a plurality of ECM cells comprising fi-
broblasts and macrophages, and wherein two layers
of each double matrix are kept at a certain distance
from each other by spacers comprising polymer mi-
crospheres coated with ECM molecules;
c) a constantly operating two pump apparatus for
drawing initial peritoneal fluid through the inlet from
the peritoneal cavity for contact with the physiologi-
cally active cells within the chamber for pick up of
regulating insulin, and for dispensing resulting peri-
toneal fluid bearing the insulin through the outlet and
into the peritoneal cavity; and
d) an inlet filter in operational communication with
the external opening of the inlet and disposed up-
stream of the chamber, the inlet filter comprising a
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tissue fluid sucking filter comprising a plurality of
mesh woven polymer yarn and a size-exclusion
membrane filter separated from each other by a cap-
illary gap for peritoneal or other tissue fluid collection,
filtration and prohibiting passage into the chamber
of immune system agents and cells, immunoglobu-
lins, and complement system components of the
host.

[0035] In one aspect, the disclosure provides an im-
plantable bioartificial perfusion system for providing in-
sulin necessary for carbohydrate metabolism within a liv-
ing-being host, wherein the two pump apparatus are lo-
cated upstream and downstream from the chamber and
uses electromagnetic, osmotic, or electro-osmotic force
or other force by a programmed controller disposed with-
in the housing, and wherein the upstream pump appara-
tus is connected with a back-flush mechanism to
clean/dislodge large molecules and/or cells clogging the
size-exclusion membrane filter of the inlet and outlet.
[0036] In another aspect, the disclosure provides an
implantable bioartificial perfusion system for providing in-
sulin necessary for carbohydrate metabolism within a liv-
ing-being host, further comprising an outlet filter in oper-
ational communication with the external opening of the
outlet and disposed downstream of the chamber, the out-
let filter having nanoporous membrane filter having pores
therethrough sized for prohibiting passage into the cham-
ber of immune system agents and cells, immunoglobu-
lins, and complement system components of the host.
[0037] In another aspect, the disclosure provides an
implantable bioartificial perfusion system for providing in-
sulin necessary for carbohydrate metabolism within a liv-
ing-being host, wherein the physiologically active secre-
tory cells are pancreatic beta-islet cells provided from
human allogenic and/or xenogenic and/or gene develop-
ment technology sources.
[0038] In another aspect, the disclosure provides an
implantable bioartificial perfusion system for providing in-
sulin necessary for carbohydrate metabolism within a liv-
ing-being host, wherein the physiologically active secre-
tory cells are pancreatic islet beta cells.
[0039] In another aspect, the disclosure provides an
implantable bioartificial perfusion system for providing in-
sulin necessary for carbohydrate metabolism within a liv-
ing-being host, wherein the controller is programmable
and regulates administration of the back-flush cycles,
and processes an alarm signal from a pH sensor followed
by turning off the two pumps and turning on a sound and
vibration alarm.
[0040] In another aspect, the disclosure provides an
implantable bioartificial perfusion system for providing in-
sulin necessary for carbohydrate metabolism within a liv-
ing-being host, wherein the controller is integral with the
housing.
[0041] In another embodiment, the disclosure provides
an implantable bioartificial perfusion system for providing
a physiological secretion necessary for functionality of a

physiologic activity of a living-being host, the system
comprising:

a) a housing having an inlet with an external opening
thereto and an outlet with an external opening there-
from, the housing implantable at least partially within
the host such that the inlet and outlet openings are
positionable in fluidic communication with tissue fluid
of the host for receiving into and dispensing from the
housing the tissue fluid;
b) a chamber disposed within the housing between
the inlet and outlet and in communication therewith,
the chamber having stack of several scaffold, double
layer porous mesh matrices, therein a plurality of
physiologically active, autonomously and in concert
functioning, live secretory cells for producing insulin,
wherein the matrices are coated with autologous or
allogeneic extracellular matrix (ECM) molecules and
seeded with a plurality of ECM cells comprising fi-
broblasts and macrophages, and wherein two layers
of each double matrix are kept at a certain distance
from each other by spacers comprising polymer mi-
crospheres coated with ECM molecules;
c) a constantly operating two pump apparatus for
drawing initial tissue fluid through the inlet from the
host for contact with the physiologically active cells
within the chamber for pick up of the physiological
secretion, and for dispensing resulting tissue fluid
bearing the physiological secretion through the out-
let and into the host; and
d) an inlet filter in operational communication with
the external opening of the inlet and disposed up-
stream of the chamber, the inlet filter comprising a
nanoporous membrane filter having pores there-
through sized for prohibiting passage into the cham-
ber of immune system cells of the host.

[0042] In one aspect, the disclosure provides an im-
plantable bioartificial perfusion system for providing a
physiological secretion necessary for functionality of a
physiologic activity of a living-being host, wherein the two
pump apparatus are located upstream and downstream
from the chamber and uses electromagnetic, osmotic, or
electro-osmotic force or other force by a programmed
controller disposed within the housing, and wherein the
upstream pump apparatus is connected with a back-flush
mechanism to clean/dislodge large molecules and/or
cells clogging the size-exclusion membrane filter of the
inlet and outlet.
[0043] In another aspect, the disclosure provides an
implantable bioartificial perfusion system for providing a
physiological secretion necessary for functionality of a
physiologic activity of a living-being host, further com-
prising an outlet filter in operational communication with
the external opening of the outlet and disposed down-
stream of the chamber, the outlet filter having nanopo-
rous membrane filter having pores therethrough sized
for prohibiting passage into the chamber of immune sys-
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tem agents and cells, immunoglobulins, and complement
system components of the host.
[0044] In another aspect, the disclosure provides an
implantable bioartificial perfusion system for providing a
physiological secretion necessary for functionality of a
physiologic activity of a living-being host, wherein the
physiologically active secretory cells are pancreatic beta-
islet cells provided from human allogenic and/or xeno-
genic and/or gene development technology sources.
[0045] FIGS. 1-3 illustrate an embodiment of an im-
plantable bioartificial perfusion system. The following
chart summarizes the nonlimiting components of the im-
plantable bioartificial perfusion system:

Implantable bioartificial perfusion system 8
Housing 10
Inlet 12
External inlet opening 14
Outlet 16
External outlet opening 18
Inlet external filter 20
Outlet external filter 22
Tissue fluid sucking filter 24
Inlet size-exclusion membrane filter 26
Capillary gap 28
Outlet size-exclusion membrane filter 30
Scaffold 32
Chamber 34
Two pump mechanisms 36
Inflow opening 38
Outflow opening 40
Spacers 42
Glucose sensor 44
Microprocessor 46
GUI display 48
Liquid flow sensor 50
Back-flush mechanism 52
Membrane pH sensor 54
Sound and/or vibration alarm 56
Shutters 58 and 60
Bypass channel 62
One-way valve 64
Rechargeable battery 66
Control unit 74

[0046] Referring to FIGS. 1-3, the implantable bioarti-
ficial perfusion system 8 includes a housing 10 with an
inlet 12 with an external inlet opening 14 thereto; and an
outlet 16 with an external outlet opening 18 therefrom,
with inlet 12 and outlet 16 each having an external filter
20 and 22, respectively. The inlet external filter 20 is com-
posed of two components: a tissue fluid sucking filter 24;
and a size-exclusion membrane filter 26, separated from
each other by a capillary gap 28. The outlet external filter
22 includes a size-exclusion membrane filter 30. The inlet
external tissue fluid sucking filter 24 functions as a pre-
filter that controls the inflow of fluids and has pores/mesh
sized to prevent the entry of larger immune cells of the

host. Liquids have generally unimpeded access through
the sucking filter 24. The tissue fluid sucking filter assures
collection of the sufficient volume of the peritoneal fluid
to feed the implantable bioartificial perfusion system and
provides sufficient filtration of the cellular and humoral
agents of the host immune system.
[0047] The inlet external filter 20 is composed of a tis-
sue fluid sucking filter 24, made of a bunch or a plurality
of mesh woven polymer yarn, and a size-exclusion mem-
brane filter 26, separated from the bunch or plurality of
mesh woven polymer yarn by a capillary gap 28 of about
25-50 mm, for peritoneal or other tissue fluid collection,
filtration, protection against entry of immune system cells,
immunoglobulins, and complement system components
of a host living being. The bunch or plurality of mesh
polymer yarn can collect peritoneal fluid from a high sur-
face area of the peritoneal cavity parietal and visceral
wall by means of capillary forces and deliver the fluid to
the gap 28. The outlet external filter 22 includes a size-
exclusion membrane filter 30, which may be a nanopo-
rous membrane filter, to prevent immunogenic material
of living cells, such as islet of Langerhans cells, in the
housing 10 from leaking from the housing 10 into a host
living being. The peritoneal fluid may be filtered through
the membrane filter 30 and moved around the islets of
Langerhans cells distributed inside a scaffold 32 in the
islet chamber 34 and back to the peritoneal cavity through
the outlet size-exclusion membrane filter 30 by an action
of a two pump mechanisms 36. Both surfaces of the inlet
membrane filter 26 and outlet membrane filter 30 may
be coated with a protein resistant coating such as poly-
ethylene glycol, linear poly (methyl glycerol) or linear pol-
yglycerol. The scaffold 32 for islets allow for close emu-
lation of the pancreatic environment. In particular, extra-
cellular matrix (ECM) molecules can support the func-
tional activity of the islet cells. The seeded fibroblasts
can secret growth factors stimulating proliferation and
activity of all five types of the islet cells. Seeded macro-
phages will clean/digest immunogenic material (dead
cells and altered components of the ECM) that can po-
tentially leak into the host system.
[0048] The housing 10 and the inlet external filter 20
and the outlet external filter 22 may be fabricated of a
biocompatible polymer as known in the art.
[0049] Disposed within the housing 10 and in fluidic
communication with the inlet 12 and outlet 16 is a cham-
ber 34 having an inflow opening 38 and an outflow open-
ing 40. Within the chamber 34 is housed a plurality of
scaffolds 38 having three-dimensional porous matrices
or double-layer matrices with spacers 42 there between,
such as microspheres and the like, wherein a plurality of
insulin and other hormone secretory cells such as pro-
vided by islet of Langerhans beta-cells and other islet
cells, are disbursed among the stack of several matrices
throughout the chamber 34. The scaffolds 32 provide the
appropriate biomechanical, biochemical and biological
conditions for islet cell proliferation and functional activity,
uniform islet distribution, sufficient flow of the peritoneal
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liquid around each of the islets, and constant communi-
cation among islets. The matrices may be coated with
autologous or allogeneic extracellular matrix (ECM) mol-
ecules and seeded with a plurality of ECM cells, for ex-
ample, with fibroblasts and macrophages. The two layers
of the matrices will be kept at a certain distance from
each other by spacers 42 such as microspheres coated
with ECM molecules. The plurality of the matrices en-
closing islets will be stacked inside the islet chamber 34.
Due to capillary forces of the material of the matrices,
islets will be in a constant communication with the flowing
peritoneal fluid.
[0050] Downstream of the chamber 34, is a electro-
magnetically, electro-osmotic, osmotic or other force
driven two pump mechanism 36 for moving fluid (liquid)
through the housing 10 and chamber 34 of the implant-
able bioartificial perfusion system 8. Due to capillary forc-
es of the material of the mesh matrices of the scaffolds
32, the secretory cells are in constant fluidic communi-
cation with the moving peritoneal fluid. The two pump
mechanisms 36 may be incorporated upstream and
downstream of the chamber 34 to avoid any effect of the
disrupted peritoneal fluid flow on the functionality of the
islet cells.
[0051] The two pump mechanisms 36 provide a con-
stant flow of the peritoneal fluid through the implantable
bioartificial perfusion system for at least three years. The
two pumps used for this purpose may be based on a
variety of existing pumps and technologies in existence,
such as electroosomotic, dielectrophoretic, micro sized
mechanisms, piezoelectrics, etc. Depending on the
pump type and action, the two pumps may be placed
accordingly through the system at appropriate locations.
Also contemplated is the use of one or two peristaltic
pumps, with no moving parts to perform peristaltic mo-
tions necessary for transport of the peritioneal fluid
through the system. The two pump mechanism 36 is an
integrated part of the scaffold 32 or islet containing base
unit.
[0052] Additionally, the housing 10 may include a min-
iature glucose sensor 44, such as a miniature ampero-
metric self-powered continuous glucose sensor 44 that
is placed at the inflow opening 38 of the chamber 34 for
monitoring of the glucose concentration in the peritoneal
fluid. The data may be delivered to the microprocessor
46, optionally with wireless capabilities. A glucose sensor
44 will control and assure proper operation of the system.
If the concentration of the glucose is higher than normal
level, it will set off an alarm and the doctor will decide
either to increase flow velocity, or add insulin injections,
or replace the implantable device. In case of a high glu-
cose concentration the microprocessor 46 will first in-
crease the flow rate via the two pump mechanisms 36
and if this does not help, a sound and vibration alarm
inside and outside the implantable bioartificial perfusion
system on a small graphical user interface (GUI) display
48.
[0053] A wireless GUI display 48 may be placed on a

patient’s wrist to allow implementing three levels of the
system safety and discriminating among the correspond-
ing levels of the alarm urgency. At the first level of the
urgency (high glucose concentration in the tissue fluid),
a doctor can observe patient, add lessened doses of the
replacement therapy such as insulin injections, and wait
for hormonal, metabolic or other profile stabilization. At
the second level of the urgency (reduced flow rate of the
tissue fluid), the doctor should replace the system be-
cause islet are about to die. At the last third level of the
urgency (massive death of islets), the doctor should im-
mediately see the patient to control potential hypoglyc-
emia and to replace the system.
[0054] Additionally, the housing 10 encloses a minia-
ture liquid flow sensor 50 to monitor the flow rate of tissue
fluid such as peritoneal fluid flow rate and activate a back-
flush mechanism 52 via microprocessor 46 when the flow
rate is below an acceptable level. A miniature membrane
pH sensor 54 may be used to detect a mass death of the
islet of Langerhans cells when the pH ≤ 7.35 and shut
down the two pump mechanisms 36 and set off a sound
and/or vibration alarm 56. This provides a simple, reliable
and long lasting technique based on identification of the
critical pH ≤ 7.35 signaling death of the islet cells. In this
case the doctor should immediately replace the implant-
able device.
[0055] The housing 10 may also encloses an electronic
control circuit such as a microprocessor 46, optionally
with wireless capabilities for monitoring of peritoneal fluid
glucose level at the inflow opening 38 of the chamber 34,
as well as pH value and flow velocity at the outflow open-
ing 40 of the chamber 34. The microprocessor 46 may
activate the back-flush mechanism 52 when the flow rate
drops below an acceptable level and sets off a sound
and/or vibration alarm 56 if the back-flush mechanism 52
does not work. Also, the microprocessor 46 can set off
a sound and/or vibration alarm 56 if an abnormal glucose
level cannot be resolved by increasing the flow rate of
the tissue fluid. Finally, the microprocessor 46 can set
off a sound and/or vibration alarm 56 in case of the mas-
sive cell death of the secretory cells. All normal as well
as abnormal data and alarms can be wirelessly (Blue-
tooth) displayed on the small graphical user interface
(GUI) display 48 placed on the patient’s wrist or other
convenient location or device. The GUI display 48 can
communicate with microprocessor 46 and display an ab-
normal concentration of glucose in the peritoneal fluid,
an abnormal reduction in the flow rate and a massive
death of islets; - all accompanied by a sound and vibration
alarm. Bluetooth, standardized as IEEE 802.15.1, is a
wireless technology standard for exchanging data over
short distances (using short-wavelength radio transmis-
sions in the ISM band from 2400-2480 MHz) from fixed
and mobile devices creating personal area networks
(PANs) with high levels of security. The wireless connec-
tion can be one of several types, such us Bluetooth, wi-
fi, any type of wireless connection, including an induction
type of device or other developments. Each device will
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have a unique ID code so that the data can be uniquely
identified with a particular patient, especially in the case
where several patients, each using the device are in prox-
imity of each other.
[0056] For redundancy, the implanted bioartificial per-
fusion system device is loaded with two to three times
more islets than it is needed for treatment of the recipi-
ent’s condition.
[0057] The housing 10 also encloses a back-flush
mechanism 52 to clean/dislodge large molecules and/or
cells clogging the size-exclusion membrane filters 26 and
30 of the inlet 12 and outlet 16, respectively. The back-
flush mechanism 52 may be composed of a bypass chan-
nel 62, and a one-way valve 64 located downstream from
the second pump before the outflow catheter. Periodical-
ly (for a short time) the downstream of the chamber pump
may be stopped and the upstream of the chamber pump
can be put in reverse to deflect the flow of the peritoneal
fluid to the bypass channel 62, thus causing back-flash
against inlet filter 26. The fluid flow through the bypass
channel 62 produces suction on the outlet membrane
filter 30, thus cleaning this filter 30 along with cleaning
the inlet filter 26. The back-flush mechanism 52 cleaning
of the nanoporous size-exclusion membrane of the inlet
filter 26 and outlet filter 30 facilitates delivery of nutrients,
oxygen, and glucose to the islet cells and insulin and
other hormone distribution from the islet cells into the
host system with the tissue fluid flow. The back-flush
mechanism 52 may be activated by a control unit or mi-
croprocessor 46 when it receives a signal from a liquid
flow sensor 50 indicating reduction of flow of peritoneal
flow rate below an acceptable level.
[0058] The housing 10 may further include a self-
charging mechanism (employed in electronic automatic
quartz watches) that uses a weighted rotor to turn a tiny
electrical generator, charging a rechargeable battery 72
when the patient with the implantable bioartificial per-
fusion system 8 is moving. The battery 72 powers a con-
trol unit 74, and the two pump mechanisms 36. Alterna-
tively, the electronic control 74 and wireless circuits may
be powered by a miniature or micro-sized rechargeable
batteries 72. Included in the circuit is a means by which
the batteries 72 may be inductively rechargeable, without
having to remove the device from the patient. Alterna-
tively, or in addition, the electronic control 74 and wireless
circuits may be powered by a miniature or micro-sized
rechargeable batteries 72. Included in the circuit is a
means by which the batteries 72 may be inductively re-
chargeable, without having to remove the device from
the patient.
[0059] As used herein, the term "biocompatible" in-
cludes any material that is compatible with living tissue
or a living system by not being toxic or injurious and not
causing immunological rejection. "Biocompatibility" in-
cludes the tendency of a material to be biocompatible.
As used herein, the term "biocompatible" refers collec-
tively to both the intact delivery device and its contents.
Specifically, it refers to the capability of the implanted

intact delivery device and its contents to avoid detrimen-
tal effects of the body’s various protective systems and
remain functional for a significant period of time. In ad-
dition to the avoidance of protective responses from the
immune system, or foreign body fibrotic response, "bio-
compatible" also implies that no specific undesirable cy-
totoxic or systemic effects are caused by the delivery
device and its contents such as would interfere with the
desired functioning of the delivery device or its contents.
The biocompatibility of the device is produced by a com-
bination of factors. Of importance for biocompatibility and
continued functionality are bioartificial perfusion system
morphology, hydrophobicity and the absence of undesir-
able substances either on the surface of, or leachable
from, the delivery device itself. Thus, brush surfaces,
folds, interlayers or other shapes or structures eliciting a
foreign body response are avoided. The bioartificial per-
fusion system - forming materials are sufficiently pure
that unwanted substances do not leach out from the de-
livery device materials themselves.
[0060] First, the materials used to form the bioartificial
perfusion system are substances selected based upon
their ability to be compatible with, and accepted by, the
tissues of the recipient of the implanted bioartificial per-
fusion system. Substances are used which are not harm-
ful to the recipient or to the isolated biologically active
cells. Second, substances used in preparing the biocom-
patible bioartificial perfusion system are either free of
leachable pyrogenic or otherwise harmful, irritating, or
immunogenic substances or are exhaustively purified to
remove such harmful substances. Thereafter, and
throughout the manufacture and maintenance of the bi-
oartificial perfusion system prior to implantation, great
care is taken to prevent the adulteration or contamination
of the bioartificial perfusion system with substances
which would adversely affect its biocompatibility. Third,
the exterior configuration of the delivery device, including
its texture, is formed in such a manner that it provides an
optimal interface with the tissues of the recipient after
implantation. This parameter will be defined in part by
the site of implantation. For example, if the delivery de-
vice will reside in the peritoneal cavity of the recipient, its
surface should be smooth. However, if it will be embed-
ded in the soft tissues of the recipient, its surface can be
moderately rough or stippled. A determining factor will
be whether it is desirable to allow cells of the recipient to
attach to the external surface of the delivery device or if
such attachment must be avoided.
[0061] A variety of polymers are useful in producing
the biocompatible housing, chamber, scaffold and semi-
permeable membrane for the nanofilters of the present
invention. They include, but are not limited to polyalgi-
nate, polyvinylchloride, polyvinylidene fluoride, poly-
urethane isocyanate, cellulose acetate, cellulose diace-
tate, cellulose triacetate, cellulose nitrate, polysulfone,
polystyrene, polyurethane, poly40 vinyl alcohol, poly-
acrylonitrile, polyamide, polymethylmethacrylate, poly-
tetrafluoroethylene, and polyethylene oxide. In addition,
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useful semi-permeable membranes may be produced
from a combination of such polymers.
[0062] As to the pores size of the nanofilters, delivery
devices with pores having a molecular weight exclusion
of from about 50 kD to about 300 kD may be useful, with
those having pores with a molecular weight cut off of from
about 25 kD to about 200 kD also being useful. Other
pore configurations and/or dimensions are possible with-
out departure from the scope of the present invention.
[0063] In an embodiment, the viable cells enclosed
within the bioartificial perfusion system are eukaryotic
cells, for example, mammalian cells. Any cells that se-
crete the biologically active agent that is therapeutic to a
subject malady may be incorporated into the system of
the invention. These cells may be autologous or alloge-
neic or xenogeneic, or progenitor cells, e.g., stem cells
and other pluripotent cells. Additionally or alternatively,
cells that secrete a biologically active agent that is pro-
phylactic to a subject malady may be incorporated into
the system of the invention. Further, any cells which have
been genetically engineered to express a desired active
agent, growth factor, and/or their agonists, precursors,
derivatives, analogs, or fragments thereof, or other active
agents having similar effector activities may also be use-
ful in practicing this invention. Additionally, growth factors
or growth regulatory substances, and/or a population of
feeder or accessory cells may be co-isolated within the
bioartificial perfusion system. For example, beta cells
within islets of Langerhans may be co- isolated with fi-
broblasts accessory cells.
[0064] It is contemplated, however, that the bioartificial
perfusion system may be used to deliver into the systemic
circulation any molecule that can be produced and se-
creted from a viable cell. Although single cell types that
produce and secrete a single preselected molecule may
be used in the invention, it is understood that cells be-
longing to a particular cell type that produce and secrete
a plurality of preselected molecules likewise may be used
in the practice of the present invention. Similarly, it is
contemplated that a plurality of cell types, wherein cells
belonging to each cell type produce and secrete different
preselected molecules, may be combined in the chamber
34 thereby to produce a device that delivers a desirable
combination of preselected molecules into the circula-
tion.
[0065] An important component of the bioartificial per-
fusion system includes the internal cell-supporting matrix
or scaffold. The scaffold defines the microenvironment
for the immune-isolated cells, keeps the cells well dis-
tributed within the chamber 34 and provides adequate
microcirculation of the tissue fluid. One advantage of the
proposed system is its ability to provide microcirculation
of the peritoneal fluid of the host around each "naked"
islet along with complete immunoisolation and multi-level
safety control. The optimal internal scaffold for a partic-
ular cell bioartificial perfusion system is highly dependent
on the cell type. For example, while adherent cells often
lie on a solid surface, suspension cells may lie upon a

hydrophilic lightly cross- linked hydrogel as a matrix ma-
terial.
[0066] In the absence of a scaffold, adherent cells ag-
gregate to form clusters. When the clusters grow too
large, they typically develop a central necrotic core. Dying
cells accumulate around the core and, upon lysing, re-
lease factors detrimental to the health of neighboring
cells. The lysed cell fragments are also transported to
the host environment, there eliciting an antigenic re-
sponse.
[0067] Several types of prior art devices have attempt-
ed to solve these problems, meeting with mixed results.
For example, the prior art includes the use of bonded
fiber structures for cell implantation (U.S. Pat. No.
5,512,600) and the use of biodegradable polymers as
scaffolds for organ regeneration such as, for example,
liver, pancreas, and cartilage. The use of biodegradable
polymers for use as scaffolds in organ regeneration is
reviewed by Cima et al., BIOTECH. BIOENG. 38: 145-58
(1991). In these prior art works, biodegradable fiber tas-
sels and fiber-based felts (i.e., non-woven materials)
were used as scaffolds for transplanted cells. One draw-
back to the use of biodegradable polymers, particularly
polymers of poly(lactic acid) PLA, poly(lacticcoglycolic
acid) PLGA, poly(glycolic acid) PGA, and their equiva-
lents, is that upon degradation, they release lactic and/or
glycolic acid, which are toxic to surrounding tissue. As
the polymers degrade, they break down to first low mo-
lecular weight oligomers and then to the acids, causing
a rapid increase in acid released into the surrounding
tissue. This rise in acid concentration in vivo in the local
environment of the implant can induce an inflammatory
response or tissue necrosis. Foam scaffolds have also
been used in the art to provide surfaces onto which trans-
planted cells may adhere. Foam scaffolds, however,
have random flat surfaces and do not provide a linear
template for reorganization. Some cell types use such a
template for organization into physiological three-dimen-
sional orientation. Prior art also includes woven mesh
tubes used as vascular grafts. Although cells may be
seeded onto these woven tubes for improved biocom-
patibility, these tubes function primarily as vascular con-
duits and not cell scaffolds. Thus, a need exists in the art
for a non-degradable scaffold or framework system to
provide an ordered three-dimensional close to natural
environment for cells which use such an environment to
grow and proliferate within bioartificial perfusion system.
[0068] Certain delivery device geometries have also
been found to specifically elicit foreign body fibrotic re-
sponses and should be avoided. Thus delivery devices
should not contain structure having interlayers such as
brush surfaces or folds. In general, opposing delivery de-
vice surfaces or edges either from the same or adjacent
delivery devices should be at least 1 mm apart, or greater
than 2mm, or greater than 5 mm. Some embodiments
include cylinders, "U"-shaped cylinders, and flat sheets
or sandwiches. The surrounding or peripheral region
(jacket) of the biocompatible delivery device can option-
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ally include substances which decrease or deter local
inflammatory response to the implanted delivery device.
[0069] An outer housing wall may be a polymer mate-
rial and may include a surfactant, an anti-inflammatory
agent, angiogenic factors, and/or an anti-oxidant. The
specific type of polymer, surfactant, or other additive may
depend on the material to be encapsulated and the con-
figuration of the bioartificial perfusion system. Exemplary
anti-inflammatory agents include, but are in no way lim-
ited to, corticoids such as cortisone and ACTH, dexam-
ethasone, cortisol, interleukin-1 and its receptor antago-
nists, and antibodies to TGF-beta, to interleukin-1 (IL-1),
and to interferon-gamma. Exemplary surfactants include,
but are in no way limited to, Triton-X 100 from Sigma
Chemicals, and Pluronics P65, P32, and P18. Exemplary
anti-oxidants include, but are in no way limited to, vitamin
C (ascorbic acid) and vitamin E. Exemplary angiogenic
factors include, but are in no way limited to, fibroblast
growth factor and nerve growth factor.
[0070] The invention provides an internal filamentous
cell-supporting matrix or scaffolding comprising a plural-
ity of filaments, for example, they may be spun into one
or more yarns, or alternatively woven into one or more
mesh components. The cell scaffold, in the device of the
invention advantageously provides cells with a template
for cellular organization in a three-dimensional orienta-
tion resembling their typical physiological shape.
[0071] In one embodiment, the filamentous cell-sup-
porting scaffold is made from any substantially non de-
gradable biocompatible material. For example, the ma-
terial can be acrylic, polyester, polyethylene, polypropyl-
ene, polyacetonitrile, polyethylene terephthalate, nylon,
polyamides, polyurethanes, polybutylester, silk, cotton,
chitin, carbon, or biocompatible metals. The fibers known
to the state of the art are substantially non-degradable
and so do not release by-products into the host. Moreo-
ver, the yarn and mesh matrices used in the invention
have the following advantages over prior art hydrogel
matrices: (1) they provide a physical surface onto which
extracellular matrix molecules may be attached; (2) they
allow adherent cell types to attach and lay down their
own extracellular matrix material; (3) the yarn or mesh
matrix can keep cells distributed more evenly both lon-
gitudinally and transversely and thus prevent cell clump-
ing which leads to subsequent necrotic core formation;
(4) they offer greater biological stability than hydrogel
materials and have a long history of implant use as vas-
cular grafts and suture materials.
[0072] In another embodiment, the core scaffold con-
tains a plurality of monofilaments. In one example, the
monofilaments are twisted into yarn. In another example,
the plurality of monofilaments or the yarn is woven into
mesh. In another embodiment, the scaffolding is coated
with extracellular matrix (ECM) molecules. Suitable ECM
molecules may include, for example, collagen, laminin,
and fibronectin. The present invention provides several
advantages over the prior art. The ECM is seeded with
a plurality of cells, which are naturally present in the tissue

that is simulated, at minimum with two types of cells: fi-
broblasts and macrophages. The fibroblasts will recon-
stitute and maintain ECM and stimulate growth and pro-
liferation of the main cells. The macrophages will scav-
enge dead cells and deteriorating material thus prevent-
ing antigenic substances from leaking to the host system.
Also, using capillary properties of the woven mesh or 3D
polymer scaffold having interconnected network of cells
and pores will provide a uniform flow of the tissue fluid
around each cell aggregate inside the chamber 34. Fi-
nally, the scaffold stack will render appropriate biome-
chanical and biochemical conditions for islet cells prolif-
eration and functional activity.
[0073] Operability is here non-limitedly exemplified in
the physiologically beneficial delivery-on-demand of in-
sulin for glucose metabolism within a patient suffering
from Type I diabetes. Particularly, the system housing
functions in the capacity of an artificial pancreas and is
implanted at a site within the peritoneal cavity such that
peritoneal fluid can enter the housing. The housing can
be located subcutaneously and be anchored to the an-
terolateral region of the iliac crest bone by a bone anchor
system as known in the art with catheter penetration
through the peritoneal fascia and into the peritoneal cav-
ity. This placement permits relatively easy, rapid, and
complete retrieval in the event of any implant failure or
malfunction. Implantation into the anterolateral subcu-
tane abdominal region is carried out under local anesthe-
sia. It is to be noted that peritoneal fluid is chosen for
insulin-need determination because a change of glucose
concentration in peritoneal fluid is in the same direction,
same amount, and relatively same time factor as in blood.
The peritoneal fluid travels through the inlet filter, inlet
opening to the chamber 34 by pumping action of the two
pump mechanisms 36 that provides continuous micro-
circulation of the fluid in contact with insulin secretory
cells, which can be present as beta-cells of islets of Lang-
erhans.
[0074] In one embodiment, groups of bare not-encap-
sulated islets each having a diameter from about 50 to
about 200 microns, with total count for the entire chamber
of at least about 1,000,000 islets are uniformly dispersed
inside porous three-dimensional soft scaffold. Each scaf-
fold matrix may be fabricated of biocompatible and stable
polymer mesh matrices coated with autologous or allo-
geneic extracellular matrix (ECM) molecules seeded with
a plurality of ECM cells in particularly with fibroblasts and
macrophages for housing the secretory cells. The islets
will be distributed either inside pores of each layer of the
matrix or between two layer of the matrices. The two lay-
ers will be kept at a certain distance from each other by
spacers such as microspheres coated with ECM mole-
cules. The plurality of the single or double matrices en-
closing islets will be stacked inside the islet chamber.
Movement of the peritoneal fluid continues through the
chamber for contact with each porous layer or double
layer scaffolds/matrix bearing the insulin secretory cells,
as these secretory cells naturally react to the glucose
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level of the peritoneal fluid and naturally secrete insulin
into the peritoneal fluid as determined by the secretory
cells to be needed for proper glucose metabolism. Addi-
tionally, oxygen and nutrients are passed to the secretory
cells while metabolic waste from the secretory cells pass-
es into the peritoneal fluid. Upon completion of travel
through the chamber, the peritoneal fluid moves to the
outlet, through the, external outlet opening and outlet na-
noporous membrane filter for final reintroduction into the
peritoneal cavity and final delivery to the circulatory sys-
tem through normal and on-going routing for insulin de-
livery and use as well as elimination of secretory-cell
waste products. Secretory-cell life spans are, of course,
dependent upon a number of factors including proper
nutrition and oxygen delivery, appropriate biomechanical
and biochemical conditions of the scaffold, waste product
removal, and extent of secretion called for by the host
being. When cell effectiveness diminishes or ceases,
however, the implantable bioartificial perfusion system
is relatively easily retrieved to be replaced by a new sys-
tem.
[0075] As is apparent from the above description, the
perfusion system here defined bioartificially emulates a
naturally occurring secretion system by providing live se-
cretion-producing cells for sensing and producing secre-
tions at levels naturally determined because of such live
authenticity. In addition to such implantation of secretion-
producing so cells, other media, including drugs, medi-
cines, and/or enzymes, for treating or preventing diseas-
es in accord with physiological demands, can likewise
be administered by employing the system here described
and within which the chosen media is placed. Thus, while
these illustrative embodiments of the invention have
been described in detail herein, it is to be understood that
the inventive concepts may be otherwise variously em-
bodied and employed and that the appended claims are
intended to be construed to include such variations ex-
cept insofar as limited by the prior art.

Claims

1. An implantable bioartificial perfusion system (8) for
regulating insulin secretion necessary for carbohy-
drate metabolism within a living-being host, the sys-
tem comprising:

a) a housing (10) having an inlet (12) with an
external opening (14) thereto and an outlet (16)
with an external opening (18) therefrom, the
housing implantable at least partially within the
host such that the inlet (14) and outlet (18) open-
ings are positionable in fluidic communication
with peritoneal fluid inside a peritoneal cavity of
the host for receiving into and dispensing from
the housing (10) the peritoneal fluid;
b) a chamber (34) disposed within the housing
(10) between the inlet (12) and outlet (16) and

in communication therewith, the chamber (34)
having stack of several scaffold (32), double lay-
er porous mesh matrices, therein a plurality of
physiologically active, autonomously and in con-
cert functioning, live secretory cells for produc-
ing insulin, wherein the matrices are coated with
autologous or allogeneic extracellular matrix
(ECM) molecules and seeded with a plurality of
ECM cells comprising fibroblasts and macro-
phages, and wherein two layers of each double
matrix are kept at a certain distance from each
other by spacers (42) comprising polymer mi-
crospheres coated with ECM molecules;
characterized by
c) a constantly operating two pump apparatus
(36) for drawing initial peritoneal fluid through
the inlet (12) from the peritoneal cavity for con-
tact with the physiologically active cells within
the chamber (34) for pick up of regulating insulin,
and for dispensing resulting peritoneal fluid
bearing the insulin through the outlet (16) and
into the peritoneal cavity;
d) an inlet filter (20) in operational communica-
tion with the external opening of the inlet (12)
and disposed upstream of the chamber (34), the
inlet filter comprising a tissue fluid sucking filter
(24) comprising a plurality of mesh woven poly-
mer yarn and a size-exclusion membrane filter
(26) separated from each other by a capillary
gap (28) for peritoneal or other tissue fluid col-
lection, filtration and prohibiting passage into the
chamber of immune system agents and immune
system cells of the host, immunoglobulins, and
complement system components of the host
and
e) a miniature membrane pH sensor (54) used
to detect mass death of the islet of Langerhans
cells.

2. The implantable bioartificial perfusion system of
claim 1, wherein the two pump apparatus (36) are
located upstream and downstream from the cham-
ber (34) and uses electromagnetic, osmotic, or elec-
tro-osmotic force or other force by a programmed
controller disposed within the housing (10), and
wherein the upstream pump apparatus is connected
with a back-flush mechanism (52) to clean/dislodge
large molecules and/or cells clogging the size-exclu-
sion membrane filter of the inlet (26) and outlet (30).

3. The implantable bioartificial perfusion system of
claim 1, further comprising an outlet filter (22) in op-
erational communication with the external opening
of the outlet (18) and disposed downstream of the
chamber(34), the outlet filter (30) having nanoporous
membrane filter having pores therethrough sized for
prohibiting passage into the chamber (34) of immune
system agents and cells, immunoglobulins, and
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complement system components of the host.

4. The implantable bioartificial perfusion system of
claim 1, wherein the physiologically active secretory
cells are pancreatic beta-islet cells provided from hu-
man allogenic and/or xenogenic and/or gene devel-
opment technology sources.

5. The implantable bioartificial perfusion system of
claim 1, wherein the physiologically active secretory
cells are pancreatic islet beta cells.

6. The implantable bioartificial perfusion system of
claim 2, wherein the controller (74) is programmable
and regulates administration of the back- flush cy-
cles, and processes an alarm signal from the pH sen-
sor (54) followed by turning off the pump (36) and
turning on a sound and vibration alarm (56).

7. The implantable bioartificial perfusion system of
claim 2, wherein the controller (74) is integral with
the housing (10).

Patentansprüche

1. Implantierbares bioartifizielles Perfusionssystem (8)
zur Regulierung der Insulinsekretion, die für den
Kohlenhydratmetabolismus in einem Lebewesen
(Wirt) erforderlich ist, wobei das System Folgendes
umfasst:

a) ein Gehäuse (10) mit einem Einlass (12) mit
einer externen Öffnung (14) daran und einem
Auslass (16) mit einer externen Öffnung (18) da-
ran, wobei das Gehäuse mindestens teilweise
in den Wirt implantierbar ist, so dass die Einlas-
söffnung (14) und Auslassöffnung (18) in Fluid-
kommunikation mit Peritonealflüssigkeit in der
Bauchhöhle des Wirtes positionierbar sind, um
die Peritonealflüssigkeit in das Gehäuse (10)
aufzunehmen und daraus abzugeben;
b) eine Kammer (34), die in dem Gehäuse (10)
zwischen dem Einlass (12) und dem Auslass
(16) angeordnet ist und damit in Verbindung
steht, wobei die Kammer (34) einen Stapel von
mehreren Gerüsten (32), doppelschichtige Ma-
trizes mit porösen Maschen besitzt, darin eine
Vielzahl von physiologisch aktiven, autonom
und gemeinsam funktionierenden, lebenden se-
kretorischen Zellen zur Herstellung von Insulin,
wobei die Matrizes mit autologen oder allogenen
extrazellulären Matrixmolekülen (ECM-Molekü-
len) überzogen und mit einer Vielzahl von ECM-
Zellen ausgesät sind, umfassend Fibroblasten
und Makrophagen, und wobei die beiden
Schichten jeder doppelten Matrix durch Ab-
standsstücke (42) in einem bestimmten Abstand

voneinander gehalten werden, umfassend po-
lymere Mikrosphären, welche mit ECM-Molekü-
len überzogen sind;
gekennzeichnet durch
c) eine konstant arbeitende Zwei-Pumpen-Vor-
richtung (36), um ursprüngliche Peritonealflüs-
sigkeit durch den Einlass (12) aus der Bauch-
höhle zum Kontakt mit den physiologisch akti-
ven Zellen in der Kammer (34) anzusaugen, um
regulierendes Insulin aufzunehmen, und um die
resultierende Peritonealflüssigkeit mit dem In-
sulin durch den Auslass (16) in die Bauchhöhle
abzugeben;
d) einen Einlassfilter (20) in operativer Verbin-
dung mit der externen Öffnung des Einlasses
(12), der vor der Kammer (34) angeordnet ist,
wobei der Einlassfilter einen Ansaugfilter (24)
für Gewebeflüssigkeit aufweist, umfassend eine
Vielzahl von gewebtem Polymergarn und einen
Größenausschlussmembranfilter (26), die
durch einen Kapillarspalt (28) voneinander ge-
trennt sind, zum Sammeln, zur Filtration von Pe-
ritonealflüssigkeit oder anderer Gewebeflüssig-
keit, und um den Durchlass von Stoffen des Im-
munsystems und Zellen des Immunsystems des
Wirtes, von Immunglobulinen in die Kammer zu
verhindern, und Systemkomponenten des Wir-
tes zu ergänzen, und
e) einen Miniaturmembran-pH-Sensor (54), der
verwendet wird, um das Massensterben der In-
seln von Langerhans-Zellen festzustellen.

2. Implantierbares bioartifizielles Perfusionssystem
nach Anspruch 1, wobei sich die Zwei-Pumpen-Vor-
richtung (36) vor und hinter der Kammer (34) befin-
det und eine elektromagnetische, osmotische oder
elektro-osmotische Kraft oder eine andere Kraft
durch einen programmierten Controller verwendet,
der innerhalb des Gehäuses (10) angeordnet ist, und
wobei die vorgelagerte Pumpvorrichtung mit einem
Rückspülmechanismus (52) verbunden ist, um gro-
ße Moleküle und/oder Zellen, die den Größenaus-
schlussmembranfilter des Einlasses (26) und des
Auslasses (30) verstopfen, zu reinigen/zu entfernen.

3. Implantierbares bioartifizielles Perfusionssystem
nach Anspruch 1, weiterhin umfassend einen Aus-
lassfilter (22) in operativer Verbindung mit der exter-
nen Öffnung des Auslasses (18), der hinter der Kam-
mer (34) angeordnet ist, wobei der Auslassfilter (30)
einen nanoporösen Membranfilter mit Poren besitzt,
der so ausgelegt ist, dass er den Durchgang von
Stoffen und Zellen des Immunsystems, Immunglo-
bulinen in die Kammer (34) verhindert, und System-
komponenten des Wirtes ergänzt.

4. Implantierbares bioartifizielles Perfusionssystem
nach Anspruch 1, wobei die physiologisch aktiven
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sekretorischen Zellen pankreatische Beta-Inselzel-
len sind, die aus menschlichen allogenen und/oder
xenogenen und/oder Genentwicklungstechnologie-
quellen bereitgestellt sind.

5. Implantierbares bioartifizielles Perfusionssystem
nach Anspruch 1, wobei die physiologisch aktiven
sekretorischen Zellen pankreatische Insel-Betazel-
len sind.

6. Implantierbares bioartifizielles Perfusionssystem
nach Anspruch 2, wobei der Controller (74) program-
mierbar ist, und die Anwendung der Rückspülzyklen
reguliert und ein Alarmsignal von dem pH-Sensor
(54) verarbeitet, gefolgt von dem Ausschalten der
Pumpe (36) und dem Einschalten eines Ton- und
Vibrationsalarms (56).

7. Implantierbares bioartifizielles Perfusionssystem
nach Anspruch 2, wobei der Controller (74) in das
Gehäuse (10) integriert ist.

Revendications

1. Système de perfusion bioartificiel implantable (8)
destiné à réguler une sécrétion d’insuline nécessaire
au métabolisme des glucides dans un hôte vivant,
le système comprenant :

a) un boîtier (10) ayant une entrée (12) avec une
ouverture externe (14) vers celle-ci et une sortie
(16) avec une ouverture externe (18) depuis cel-
le-ci, le boîtier étant implantable au moins par-
tiellement dans l’hôte de sorte que les ouvertu-
res d’entrée (14) et de sortie (18) puissent être
placées en communication fluidique avec du
fluide péritonéal à l’intérieur d’une cavité périto-
néale de l’hôte pour recevoir le fluide péritonéal
dans le boîtier (10) et le distribuer à partir du
boîtier ;
b) une chambre (34) disposée à l’intérieur du
boîtier (10) entre l’entrée (12) et la sortie (16) et
en communication avec celles-ci, la chambre
(34) ayant une pile de plusieurs matrices de
mailles poreuses à double couche en échafau-
dage (32) dans lesquelles se trouvent une plu-
ralité de cellules sécrétrices vivantes, physiolo-
giquement actives et fonctionnant de manière
autonome et de concert pour produire de l’insu-
line, dans lequel les matrices sont enrobées de
molécules de matrice extracellulaire (ECM)
autologues ou allogènes et ensemencées avec
une pluralité de cellules ECM comprenant des
fibroblastes et des macrophages, et dans lequel
deux couches de chaque matrice double sont
maintenues à une certaine distance l’une de
l’autre par des séparateurs (42) comprenant des

microbilles polymères enrobées de molécules
ECM ;
caractérisé par
c) un appareil à deux pompes (36) fonctionnant
en continu pour soutirer un fluide péritonéal ini-
tial de la cavité péritonéale à travers l’entrée (12)
pour le mettre en contact avec les cellules phy-
siologiquement actives à l’intérieur de la cham-
bre (34) pour un prélèvement d"insuline régula-
trice, et pour distribuer le fluide péritonéal résul-
tant porteur de l’insuline à travers la sortie (16)
et dans la cavité péritonéale ;
d) un filtre d’entrée (20) en communication fonc-
tionnelle avec l’ouverture externe de l’entrée
(12) et disposé en amont de la chambre (34), le
filtre d’entrée comprenant un filtre d’aspiration
de fluide tissulaire (24) comprenant une pluralité
de fils polymères tissés en maille et un filtre à
membrane d’exclusion (26) séparés l’un de
l’autre par un espace capillaire (28) pour collecte
et filtration du fluide péritonéal ou d’un autre flui-
de tissulaire et interdisant le passage dans la
chambre d’agents du système immunitaire et de
cellules du système immunitaire de l’hôte, d’im-
munoglobulines et d’éléments du système com-
plémentaire de l’hôte et
e) un capteur miniature de pH membranaire (54)
utilisé pour détecter la mort massive de l’îlot de
cellules de Langerhans.

2. Système de perfusion bioartificiel implantable selon
la revendication 1, dans lequel l’appareil à deux pom-
pes (36) est situé en amont et en aval de la chambre
(34) et utilise une force électromagnétique, osmoti-
que, ou électroosmotique ou une autre force éma-
nant d’un contrôleur programmé disposé à l’intérieur
du boîtier (10), et dans lequel l’appareil à pompe
amont est relié à un mécanisme de rétrobalayage
(52) destiné à nettoyer ou déloger les grosses mo-
lécules et/ou cellules qui bouchent le filtre à mem-
brane d’exclusion de l’entrée (26) et de la sortie (30).

3. Système de perfusion bioartificiel implantable selon
la revendication 1, comprenant en outre un filtre de
sortie (22) en communication fonctionnelle avec
l’ouverture externe de la sortie (18) et disposé en
aval de la chambre (34), le filtre de sortie (30) ayant
un filtre à membrane nanoporeuse ayant à travers
celui-ci des pores dimensionnés de manière à inter-
dire le passage dans la chambre (34) d’agents et de
cellules du système immunitaire, d’immunoglobuli-
nes et d’éléments du système complémentaire de
l’hôte.

4. Système de perfusion bioartificiel implantable selon
la revendication 1, dans lequel les cellules sécrétri-
ces physiologiquement actives sont des cellules bê-
ta d’îlots pancréatiques fournies par des sources hu-
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maines allogènes et/ou xénogènes et/ou des tech-
niques de développement génétique.

5. Système de perfusion bioartificiel implantable selon
la revendication 1, dans lequel les cellules sécrétri-
ces physiologiquement actives sont des cellules bê-
ta d’îlots pancréatiques.

6. Système de perfusion bioartificiel implantable selon
la revendication 2, dans lequel le contrôleur (74) est
programmable et régule l’administration des cycles
de rétrobalayage, et traite un signal d’alarme éma-
nant du capteur de pH (54) suivi de la désactivation
de la pompe (36) et de l’activation d’une alarme so-
nore et vibratoire (56).

7. Système de perfusion bioartificiel implantable selon
la revendication 2, dans lequel le contrôleur (74) est
solidaire du boîtier (10).
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