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SUMMARY 

[0006] The terms “invention,” “the invention,” “this invention” and “the present 

invention,” as used in this document, are intended to refer broadly to all of the subject 

matter of this patent application and the claims below. Statements containing these 

terms should be understood not to limit the subject matter described herein or to limit 

the meaning or scope of the patent claims below. This summary is a high-level overview 

of various aspects of the invention and introduces some of the concepts that are further 

described in the Detailed Description section below. This summary is not intended to 

identify key or essential features of the claimed subject matter, nor is it intended to be 

used in isolation to determine the scope of the claimed subject matter. The subject 

matter should be understood by reference to appropriate portions of the entire 

specification, any or all drawings, and each claim.   

[0007] Described herein are cell encapsulation devices that include first and 

second layers sealed along a portion of their periphery, a chamber located between the 

first and second layers, and structural spacers disposed within the chamber to separate 

the first and second layers. The chamber includes first and second interior surfaces that 

are spaced apart by a distance. Additionally, the structural spacers maintain an average 

distance between the first and second interior surfaces. In some examples, the first 

interior surface, the second interior surface, and the structural spacers define a 

reservoir space for the placement and retention of cells within the chamber. The cell 

encapsulation devices further include at least one port in fluid communication with the 

reservoir space. The port may allow access between the first and second layers or 

through the first and second layers to the chamber so that a fluid containing the 

biological moiety may be delivered into the cell encapsulation device.  

In some examples, the structural spacers define at least two reservoir spaces. For 

example, the structural spacers may define a plurality of reservoir spaces. In some 

examples, the plurality of reservoir spaces are interconnected. In other example, at 

least two reservoir spaces are discrete (i.e. not interconnected). 

[0007a] In one aspect, the present invention refers to a cell encapsulation device 

comprising: a first layer sealed along a portion of its periphery to a second layer along a 

portion of its periphery to define a chamber comprising a first interior surface and an 
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opposing second interior surface, wherein the first interior surface is spaced apart in the 

chamber from the second interior surface; structural spacers disposed within the 

chamber to maintain an average distance between the first interior surface and the 

second interior surface along a length and/or width of the chamber and to interconnect 

said first interior surface and said second interior surface, wherein the structural spacers 

further define at least one reservoir space for the placement of cells within the chamber, 

wherein both of the first and second layers are composite layers comprising: a) an outer 

porous layer; and b) an inner porous layer adjacent to the outer porous layer, wherein 

the inner porous layer has a porosity that is less than the outer porous layer, and 

wherein a portion of the inner porous layer is the first or second interior surface, wherein 

the structural spacers are adhered to at least one of the inner porous layers of the first 

and second composite layers via an adhesive and the adhesive does not penetrate into 

the pores of the outer porous layers of the first and second composite layers.     

[0007b] In another aspect, the present invention refers to a cell encapsulation 

device comprising: a first layer sealed along a portion of its periphery to a second layer 

along a portion of its periphery to define a chamber comprising a first interior surface 

and an opposing second interior surface, wherein the first interior surface is spaced 

apart in the chamber from the second interior surface; and structural spacers disposed 

within the chamber to maintain an average distance between the first interior surface 

and the second interior surface, wherein the structural spacers further define at least 

one reservoir space for the placement of cells within the chamber, and wherein the 

structural spacers have a height to base aspect ratio from 2/1 to 10/1; wherein at least 

one of the first and second layers is a composite layer comprising: 

a) an outer porous layer; and  

b) an inner porous layer adjacent to the outer porous layer, wherein the inner 

porous layer has a porosity that is less than the outer porous layer, and wherein a 

portion of the inner porous layer is the first or second interior surface; 

wherein both of the first and second layers are composite layers; 

wherein the structural spacers are adhered to the inner porous layers of the first 

and second composite layers; and  

wherein the structural spacers are adhered by an adhesive and the adhesive does not 

penetrate into the pores of the outer porous layers of the first and second composite 

layers. 

[0008] In some examples, a cell encapsulation device described herein includes 

a port that extends through the sealed periphery of the first layer and the 
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second layer. In alternate examples, the port may extend through either the first or the 

second layer. 

[0009] In some examples, the first and second layers of a cell encapsulation 

device described herein are cell retentive layers which are impervious to cell ingrowth.   

[00010] In some examples, the first and/or second layers are vascularizing 

layers.  In such examples, the cell(s) to be inserted into the cell encapsulation device 

may be microencapsulated.  The cells may be microencapsulated within a biomaterial of 

natural or synthetic origin, including, but not limited to, a hydrogel biomaterial. 

[00011] In some examples, at least one of the first and the second layers 

includes a composite layer. In one example, both the first and the second layers are 

composite layers. In some examples, the composite layer includes an outer porous 

layer and an inner porous layer disposed adjacent to the outer porous layer. The inner 

porous layer of a cell encapsulation device described herein may have a porosity that is 

less than the porosity of the outer porous layer. In someexamples, a portion of the inner 

porous layer forms the first and/or the second interior surface of a cell encapsulating 

device as described herein.  

[00012] In some examples, an outer porous layer of a cell encapsulation device 

as described herein is sufficiently porous to permit growth of vascular tissue from a 

patient within the pores of the outer porous layer up to, but not through, the inner porous 

layer. Thus, the inner porous layer is impervious to cellular ingrowth.  

[00013] In some examples, the structural spacers of a cell encapsulation device 

as described herein are adhered to the inner porous layers of the first and second 

composite layers. In some examples, while the structural spacers penetrate a portion of 

the pores of the inner porous layers, they do not penetrate the outer porous layer so 

that the outer porous layer remains undisturbed to allow for cellular ingrowth. 

[00014] In some examples, a cell encapsulation device described herein includes 

an outer porous layer that may be formed of alginate, cellulose acetate, polyalkylene 

glycols such as polyethylene glycol and polypropylene glycol, panvinyl polymers such 

as polyvinyl alcohol, chitosan, polyacrylates such as polyhydroxyethylmethacrylate, 

agarose, hydrolyzed polyacrylonitrile, polyacrylonitrile copolymers, polyvinyl acrylates 

such as polyethylene-co-acrylic acid, porous polytetrafluoroethylene (PTFE), modified 
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porous polytetrafluoroethylene polymers, porous tetrafluoroethylene (TFE) copolymers, 

porous polyalkylenes such as porous polypropylene and porous polyethylene, porous 

polyvinylidene fluoride, porous polyester sulfone, porous polyurethanes, porous 

polyesters, and copolymers and combinations thereof. In some examples, a cell 

encapsulation device described herein includes an inner porous layer of porous 

polytetrafluoroethylene, porous polypropylene, porous polyethylene, or porous 

polyvinylidene fluoride. 

[00015] In some examples, the structural spacers of a cell encapsulation device 

described herein maintain the average distance between the first and second interior 

surfaces under an applied force. Advantageously, maintaining the average distance 

keeps the structural shape intact and avoids deformation that may result in rupture of 

the device. In addition, failure to maintain the average distance may result in 

undesirable volume changes. Optimal spacing will vary for different cell types. If the 

optimal average distance between the interior surfaces is exceeded, some cells within 

the encapsulation device will inadvertently reside too far from the device wall to receive 

nutrients and other biomolecules. Cells that do not receive adequate nutrients and 

oxygen will die. In some examples, the applied force is an external compressive force, 

while in other examples, the applied force may be an internal expansive force. Thus, the 

structural spacers may withstand both forces to maintain the average distance.  

[00016] In some examples, the structural spacers of a cell encapsulation device 

described herein are formed from a porous material. In some examples, the porous 

material is alginate, cellulose acetate, polyalkylene glycols such as polyethylene glycol 

and polypropylene glycol, panvinyl polymers such as polyvinyl alcohol, chitosan, 

polyacrylates such as polyhydroxyethylmethacrylate, agarose, hydrolyzed 

polyacrylonitrile, polyacrylonitrile copolymers, polyvinyl acrylates such as polyethylene-

co-acrylic acid, porous polytetrafluorethylene (PTFE), porous modified 

polytetrafluorethylene polymers, porous tetrafluoroethylene (TFE) copolymers, porous 

polyalkylenes such as porous polypropylene and porous polyethylene, porous 

polyvinylidene fluoride, porous polyester sulfone, porous polyurethanes, porous 

polyesters, and copolymers and combinations thereof.   
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[00017] In an alternative example, the structural spacers of a cell encapsulation 

device described herein are formed from a non-porous material. In some examples, the 

non-porous material includes polytetrafluoroethylene (PTFE), polyurethane, 

polypropylene, polyethylene, melt-processable fluoropolymers, such as, for example, 

fluorinated ethylene propylene (FEP), tetrafluoroethylene-(perfluoroalkyl) vinyl ether 

(PFA), an alternating copolymer of ethylene and tetrafluoroethylene (ETFE), a 

terpolymer of tetrafluoroethylene (TFE), hexafluoropropylene (HFP), and vinylidene 

fluoride (THV), polyvinylidene fluoride (PVDF), and combinations thereof.  In some 

examples, the non-porous material includes fluorinated ethylene propylene, 

tetrafluoroethylene-(perfluoroalkyl) vinyl ether, polytetrafluoroethylene, polyurethane, 

polyvinylidene fluoride, and combinations thereof. 

[00018] In some examples, a cell encapsulation device described herein includes 

first and second interior surfaces that each independently have a surface area. The 

surface area may vary depending on the size of the cells and/or implantation site and on 

the average distance between the first and second interior surfaces. The surface area 

will further depend on the specific cell therapy employed and the productivity of the cells 

required to meet the therapeutic need. In some examples, the average distance 

between the first and second interior surfaces is up to 50 microns. In some examples 

the distance between the first and second interior surfaces is at least about 50 microns 

(e.g., between 50 microns and 100 microns), at least 100 microns (e.g. between 100 

and 150 microns), at least 150 microns (e.g., between 150 microns and 200 microns, or 

at least 200 microns (e.g. between 200 microns and 250 microns).  In some examples, 

the average distance may be about 50 microns, 100 microns, 200 microns, 250 

microns, at least 250 microns, or 500 microns or more. In one example maintaining the 

average distance may place the first layer in a substantially parallel relationship with the 

second layer. 

[00019] In some examples, a cell encapsulation device described herein includes 

structural spacers covering at least a portion of the surface area of each of the first and 

second interior surfaces.  
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[00029] FIG. 15 is a schematic illustration of a cross-sectional view of the cell 

encapsulation device formed with the materials shown in FIG. 14 according to 

embodiments described herein;  

[00030] FIG. 16A is a scanning electron micrograph (SEM) of the top surface of a 

PTFE membrane powder coated with fluorinated ethylene propylene at 50X 

magnification according to embodiments described herein; 

[00031] FIG. 16B is a scanning electron micrograph (SEM) of the top surface of a 

PTFE membrane powder coated with fluorinated ethylene propylene at 100X 

magnification according to embodiments described herein; 

[00031a] FIG. 17 is a schematic illustration of a thermoplastic polymer powder 

being deposited through a sifter element onto a composite layer that includes a cell 

retentive layer and a cell vascularizing layer; 

[00032] FIG. 17A is a schematic illustration of structural spacing elements formed by the 

selective deposition of a thermoplastic polymer powder onto a cell retentive layer according to 

embodiments described herein;   

[00033] FIG. 17B is a schematic illustration of the orientation of the components forming 

a cell encapsulation device utilizing selective deposition of a thermoplastic polymer powder onto 

a cell retentive layer according to embodiments described herein;  

[00034] FIG. 17C is a schematic illustration of a cell encapsulation device with structural 

spacers formed by the thermoplastic powder according to embodiments described herein;  

[00035] FIG. 18 is a schematic illustration of a structural spacing element formed by 

selectively laying down a thermoplastic polymer onto a cell retentive layer according to 

embodiments described herein;  

[00036] FIG. 18A is a schematic illustration depicting the orientation of the components 

forming a cell encapsulation device by printing a thermoplastic polymer onto a cell retention 

layer according to embodiments described herein; 

[00037] FIG. 18B is a schematic illustration of a cell encapsulation device with the 

structural spacers formed by the printing of a thermoplastic polymer according to embodiments 

described herein;  

[00038] FIG. 19 is a cross-section of structural supports formed in an exemplary pattern 

for use in a cell encapsulation device according to embodiments described herein;  
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encapsulation device where the placement of cells or other biological moieties occurs (or 

where the cells or other biological moieties reside). In some embodiments, the first interior 

surface 232, the second interior surface 234, and the structural spacers 240 define a 

plurality of reservoir spaces 250 for the placement of cells (not shown) within the chamber 

230.  The reservoir spaces 250 may be interconnected so as to permit the flow of cells into 

the various reservoir spaces 250.   

[00053] FIG. 3 is a schematic illustration of a cross-section of an exemplary tubular 

cell encapsulation device 300 that includes an inner layer 310 and an outer layer 320, and a 

cell containment layer 330 positioned between the inner and outer layers 310, 320.  The 

first composite layer 310 includes an outer porous layer 312 and an inner porous layer 314 

disposed adjacent to the outer porous layer 312.  The second composite layer 320 also 

includes an outer porous layer 322 and an inner porous layer 324.  The chamber 330 is 

positioned between the first and second interior surfaces 342, 344, respectively, and 

includes structural spacers 340 that maintain a distance 335 during a geometric change of 

the device 300 and define a plurality of reservoir spaces for the placement of cells (or other 

biological moiety).  The structural spacers maintain an average distance 335 from a first 

diameter to a second diameter.  In one embodiment maintaining the separation distance 

335 may place the inner layer in a substantially parallel relationship with the outer layer.  

The structural spacers 340 define a plurality of reservoir spaces 350 for the placement of 

cells (not shown) within the cell containment layer 330.   

[00054] In some embodiments, the inner porous layers of the first and second layers 

are impervious to cell ingrowth. For example, in some embodiments, both inner porous 

layers have an average pore size that is sufficiently small so as to prevent vascular 

ingrowth. Herein, layers that restrict or prevent vascular ingrowth may be referred to as 

“tight” layers. The average pore size of the inner porous layer may be less than about 5 

microns, less than about 1 micron, less than about 0.8 microns, less than about 0.5 

microns, less than about 0.3 microns, or less than about 0.1 micron,  as measured by 

porometry. A small pore size allows the inner porous layer to function as a cell retentive 

layer to keep cells disposed in the chamber inside the cell encapsulation device, yet allows 

nutrients and other biomolecules to enter and cell waste and therapeutic products to exit.  

This layer is sometimes referred to herein as a cell retentive layer.  
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view of a porous material 700 useful in cell encapsulation devices described herein, 

where the selective permeability of the porous material 700 is varied across the 

thickness of the porous material 700 with one or more additional layers of porous 

material 705.  Additional layers of porous material (not illustrated) may have the same 

composition and permeability as the initial layer of porous material 700 or the one or 

more additional layers 705 may have a different composition and/or permeability.  

[00065] In another embodiment, the selective permeability of the porous material 

is varied by impregnating the void spaces of the porous material with a hydrogel 

material.  A hydrogel material can be impregnated in all or substantially all of the void 

spaces of a porous material (e.g., pores of a porous membrane) or in only a portion of 

the void spaces.  For example, by impregnating a porous material with a hydrogel 

material in a continuous band within the porous material adjacent to and/or along the 

interior surface of the porous material, the selective permeability of the porous material 

is varied from an outer cross-sectional area of the porous material to an inner cross-

sectional area of the porous material.  FIG. 8 is a cross-sectional view of a porous 

material 800 useful in cell encapsulation devices described herein, where the selective 

permeability of the porous material 800 is varied across the thickness 805 of the porous 

material 800 with a hydrogel material 810.  

[00066] The amount and composition of hydrogel material impregnated into the 

porous material depends in large part on the particular porous material used to 

construct an apparatus, the degree of permeability required for a given application, and 

the biocompatibility of the hydrogel material.  Non-limiting examples of useful hydrogel 

materials for use in the cell encapsulation devices include, but are not limited to, 

hydrolyzed polyacrylonitrile, alginate, agarose, carrageenan, collagen, gelatin, polyvinyl 

alcohol, poly(2-hydroxyethyl methacrylate), poly(N-vinyl-2-pyrrolidone), polyethylene 

glycol, polyethyleneimine, fibrin-thrombin gels, or gellan gum, and copolymers thereof, 

either alone or in combination.  In certain aspects, the total thickness of an porous 

material (e.g. PTFE)/hydrogel composite may range from about 2 µm to about 1000 µm.  

[00067] In yet other embodiments, the permeability of the porous material can be 

varied across the thickness of the porous material with an additional layer of porous 

material and a further layer of hydrogel material.  FIG. 9 is a cross-sectional view of a 
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chamber 1130 that are spaced apart from each other by the PTFE structural spacers 

1140, and reservoir spaces 1150 to receive cells (not shown).  The structural spacers 

1140 within the chamber 1130 maintain the distance between the first and second 

interior surfaces 1132, 1134. Fibrils 1160 are visible as the thin, horizontal lines inside 

the chamber 1130. 

[00073] FIG. 12 is an SEM of a cross-section of another PTFE membrane 1200 

that may be used in a cell encapsulation device according to embodiments described 

herein. The membrane shown in FIG. 12 includes first and second layers 1210, 1220 

that are cell retentive layers (also called tight layers), a chamber 1430 located between 

the first and second layers 1210, 1220, first and second interior surfaces 1232, 1234 

spaced apart from each other, PTFE structural spacers 1240 positioned within the 

chamber 1430 to maintain the distance between the first and second interior surfaces 

1232, 1234, and reservoir spaces 1250 to receive cells (not shown). Fibrils 1260 are 

visible as thin, horizontal lines inside the chamber 1230. The element labeled 1270 is 

adhesive tape used to prepare the PTFE membrane 1200, but which is removed prior to 

use and is not part of this or any other embodiment.   

[00074] In some embodiments, the structural spacers may be formed by powder 

coating a fluoropolymer powder onto a cell retentive layer to form at least a part of a 

structural spacer. Part of a structural spacer is referred to herein as a structural spacing 

element 1300 in FIG. 13. FIG. 13 is a schematic illustration of a fluoropolymer powder 

1310 deposited on a composite layer 1320 that includes a cell retentive layer 1322 and 

a cell vascularizing layer 1324.  FIGS. 16A and 16B are scanning electron micrographs 

(SEM) of the top surface of a polytetrafluoroethylene membrane that has been powder-

coated with fluorinated ethylene propylene (FEP) taken at 50X magnification and 100X 

magnification, respectively.   

[00075] To form a chamber of a cell encapsulating device as described herein, 

two composite cell retentive layers, two single cell retentive layers, or a combination of a 

composite cell retentive layer and a single cell retentive layer having a thermoplastic 

polymer powder coated thereon may be sandwiched together such that at least some of 

the polymeric structural spacing elements align to form structural spacers that connect 

the two layers. FIG. 14 depicts the orientation of a top composite layer 1410, a bottom  
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composite layer 1420, and fluoropolymer spacing elements 1430 that align to form 

structural spacers within a cell encapsulation device. FIG. 14 further shows two outer 

vascularizing layers 1412, two inner cell retentive layers 1422, having the fluoropolymer 

powder structural spacing elements 1430 thereon, perimeter sealing rings 1440, 1460 

which are used to seal the two composite layers 1410, 1420 around their perimeter.  In 

some embodiments, the perimeter sealing rings 1440, 1460 are internally positioned 

within the device (not illustrated).     

[00076] FIG. 15 is a cross-sectional view of the cell encapsulation device formed 

with the materials shown in FIG. 14.  The cell encapsulation device 1500 includes two 

composite layers 1510, 1520 and structural spacers 1570 extending between the two 

composite layers 1510, 1520 to maintain a distance 1550 between the two composite 

layers 1510, 1520. FIG. 15 shows at least some of the fluoropolymer powder structural 

elements aligning to form structural spacers 1570 that maintain a distance 1550 

between the two composite layers 1510, 1520 and form reservoir spaces 1560 for the 

retention of cells.  A port (not illustrated) is positioned in fluid communication with 

reservoir spaces 1560 between the two composite layers 1510, 1520 for the insertion of 

cells into the reservoir spaces 1560. 

[00077] In another embodiment, the structural spacers of the cell encapsulation 

device may be formed by applying a thermoplastic polymer powder onto a desired or 

specific location on a cell retentive layer to form at least a part of a structural spacer.  

FIG. 17 is a schematic illustration of a thermoplastic polymer powder 1710 being 

deposited through a sifter element 1732 onto a composite layer 1720 that includes a cell 

retentive layer 1722 and a cell vascularizing layer 1724.  By positioning a removable 

patterned mask 1726 (or other similar patterning device) on the cell retentive layer 

1722, the thermoplastic polymer powder 1710 is uniformly or substantially uniformly 

applied onto the cell retentive layer 1722 in the desired locations and/or in a desired 

pattern.  FIG. 17A illustrates the final lay down of the thermoplastic polymer powder 

1710 into structural spacing elements 1730.   

[00078] FIG. 17B depicts the orientation of a top composite layer 1710, a bottom 

composite layer 1780, thermoplastic spacing elements 1730 that align to form structural 

spacers in a cell encapsulation device.  FIG. 17B further shows two outer vascularizing 
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layers 1724, two inner cell retentive layers 1722 having the thermoplastic structural 

elements 1730 thereon, and perimeter sealing rings 1790, 1795 which are used to seal 

the two composite layers around their perimeter.   

[00079] FIG. 17C is a cross-sectional view of the cell encapsulation device 

formed with the materials shown in FIG. 17B.  The cell encapsulation device 1700 

includes two composite layers 1710, 1780 and structural spacers 1730 extending 

between the two composite layers 1710, 1780 to maintain a distance 1750 between the 

two composite layers 1710, 1780. FIG. 16C depicts the fluoropolymer powder structural 

elements aligning to form structural spacers 1740 that maintain the distance 1650 

between the two composite layers 1710, 1780 and form reservoir spaces 1760 for the 

retention of cells.  In some embodiments, the thermoplastic structural elements 1730 do 

not have to align to form a structural spacer 1740, rather, the structural spacer 1740 

may be formed as a structural spacer 1740 from one side and the composite layer and 

be attached to the opposing composite layer.  A port (not illustrated) is positioned in 

fluid communication with reservoir spaces 1760 between the two composite layers 

1610, 1680 for the insertion of cells into the reservoir spaces 1760.  

[00080] In yet another embodiment, the structural spacers of the cell 

encapsulation device may be formed by printing (or otherwise laying down) a 

thermoplastic polymer onto a cell retentive layer to form at least a part of a structural 

spacer.  Any conventional printing technique such as transfer coating, screen printing, 

gravure printing, ink-jet printing, 3D printing, patterned imbibing, fused filament 

fabrication, fused deposition modeling, stereolithography, photopolymerization, selective 

laser sintering, and knife coating may be utilized to place a thermoplastic polymer  onto 

the cell retentive layer.  FIG. 18 illustrates a thermoplastic polymer in the form of 

structural spacing elements 1830 positioned on a composite layer 1820 that includes a 

cell retentive layer 1822 and a cell vascularizing layer 1824 (after printing is complete).   

[00081] FIG. 18A depicts the orientation of a top composite layer 1870, a bottom 

composite layer 1880, thermoplastic spacing elements 1830 that align to form structural 

spacers for a cell encapsulation device.  FIG. 18A further shows two outer vascularizing 

layers 1824, two inner cell retentive layers 1822 having the thermoplastic structural 

elements 1830 thereon, perimeter sealing rings 1890, 1895 which seal the two 
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WHAT IS CLAIMED IS 

 

1. A cell encapsulation device comprising:  

a first layer sealed along a portion of its periphery to a second layer along a 

portion of its periphery to define a chamber comprising a first interior surface and an 

opposing second interior surface, wherein the first interior surface is spaced apart in the 

chamber from the second interior surface;  

structural spacers disposed within the chamber to maintain an average distance 

between the first interior surface and the second interior surface along a length and/or 

width of the chamber and to interconnect said first interior surface and said second 

interior surface,  

wherein the structural spacers further define at least one reservoir space for the 

placement of cells within the chamber, 

wherein both of the first and second layers are composite layers comprising: 

a) an outer porous layer; and 

b) an inner porous layer adjacent to the outer porous layer, wherein the 

inner porous layer has a porosity that is less than the outer porous layer, and 

wherein a portion of the inner porous layer is the first or second interior surface, 

wherein the structural spacers are adhered to at least one of the inner 

porous layers of the first and second composite layers via an adhesive and the 

adhesive does not penetrate into the pores of the outer porous layers of the first 

and second composite layers.   

 

2. The cell encapsulation device of claim 1, further comprising at least one port in 

fluid communication with the reservoir space.  

 

3. The cell encapsulation device of claim 1, further comprising a plurality of cells in 

said at least one reservoir space.  

 

4. The cell encapsulation device of claim 1, wherein the first and second layers are 

impervious to vascular ingrowth. 
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5.  The cell encapsulation device of claim 1, wherein the outer porous layer is 

sufficiently porous to permit growth of vascular tissue from a patient within the pores of 

the outer porous layer up to, but not through, the inner porous layer. 

 

6. The cell encapsulation device of claim 1, wherein at least one of the first and 

second layers comprises a bio-absorbable material. 

 

7. The cell encapsulation device of claim 1, wherein said structural spacers 

comprise an oxygen permeable material.  

 

8. The cell encapsulation device of claim 1, wherein a porosity of said first outer 

porous layer and said second outer porous layer is maintained. 

 

9. The cell encapsulation device of claim 7, wherein the bio-absorbable material is 

in the form of a powder or a screen. 

 

10.  The cell encapsulation device of claim 1, wherein the inner porous layer is 

impervious to cellular ingrowth. 

 

11. The cell encapsulation device of claim 1, wherein said encapsulation device has 

a substantially tubular configuration.   

 

12. The cell encapsulation device of claim 1, wherein the structural spacers maintain 

the average distance under an applied force. 

 

13. The cell encapsulation device of claim 1, wherein the structural spacers comprise 

a porous material.  
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14. The cell encapsulation device of claim 1, wherein the structural spacers comprise 

a shape memory material. 

 

15. The cell encapsulation device of claim 1, wherein the structural spacers comprise 

a non-porous material. 

 

16. The cell encapsulation device of claim 1, wherein the average distance between 

the first and second interior surfaces is at least about 50 microns. 

 

17. The cell encapsulation device of claim 1, wherein the device comprises a plurality 

of reservoir spaces that are interconnected. 

 

18. The cell encapsulation device of claim 1, wherein the device comprises at least 

two reservoir spaces that are discrete. 

 

19.  The cell encapsulation device of claim 1, wherein at least one of said inner 

porous layer and said outer porous layer comprises expanded polytetrafluoroethylene. 

 

20. The cell encapsulation device of claim 1, wherein the structural spacers comprise 

a plurality of fibers.  

 

21. The cell encapsulation device of claim 1, wherein the structural spacers comprise 

a 3D printed bead of a thermoplastic polymer.   

 

22. The cell encapsulation device of claim 1, wherein the structural spacers comprise 

a three dimensional woven fabric comprising a structural restraint. 

 

23. A cell encapsulation device comprising:  

a first layer sealed along a portion of its periphery to a second layer along a 

portion of its periphery to define a chamber comprising a first interior surface and an 
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opposing second interior surface, wherein the first interior surface is spaced apart in the 

chamber from the second interior surface; and  

 structural spacers disposed within the chamber to maintain an average distance 

between the first interior surface and the second interior surface, wherein the structural 

spacers further define at least one reservoir space for the placement of cells within the 

chamber, and wherein the structural spacers have a height to base aspect ratio from 2/1 

to 10/1; 

wherein at least one of the first and second layers is a composite layer 

comprising: 

a) an outer porous layer; and  

b) an inner porous layer adjacent to the outer porous layer, wherein the inner 

porous layer has a porosity that is less than the outer porous layer, and wherein a 

portion of the inner porous layer is the first or second interior surface; 

wherein both of the first and second layers are composite layers; 

wherein the structural spacers are adhered to the inner porous layers of the first 

and second composite layers; and  

wherein the structural spacers are adhered by an adhesive and the adhesive 

does not penetrate into the pores of the outer porous layers of the first and second 

composite layers.  

 

 


