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prevents any of the microvasculature penetrating bio-compatible membrane 440 from 

further penetrating into electrolyzer device 400, while simultaneously preventing bio-

fouling and only allowing gases to pass through said vapor transport membrane. 

Examples of this vapor transport membrane include, but are not limited to, Zitex®, 

Gore-tex®, silicone rubber, PTFE, and Teflon®.  5 

Water vapor diffusing through the cathode side is electrolyzed by a membrane 

electrode assembly (MEA) 435.  MEA 435 may comprise a proton-exchange membrane 

(PEM) 446 (e.g. Nafion®, Solvay®, Aquivion®) with a cathode 447 (e.g. platinum-

black, platinum on carbon, iridium, iridium oxide, ruthenium oxide) adhered to the 

bottom of PEM 446, and an anode 445 (e.g. platinum-black, platinum on carbon, 10 

iridium, iridium oxide, ruthenium oxide) adhered to the top of PEM 435.  During the 

electrolysis of water, O2 and H
+
 ions are generated at the anode during the anode half-

reaction (i.e. 2H2O � O2 + 4H
+
 + 4e

-
).  The potential difference between the two 

electrodes (generated by electronics board 420) drives H
+
 ions from the anode to the 

cathode wherein the H+ ions combine with electrons passing through the potentiostatic 15 

circuit (on electronics board 420) to form H2 at the cathode during the cathode half-

reaction (i.e. 4H
+
 + 4e

-
 � 2H2). During the electrolysis of H2O

17
, the anode and cathode 

undergo the same half-reactions, except that O2
17
 is primarily produced at the anode 

instead of O2. Some O2 may be produced at the anode during the electrolysis of H2O
17
 

due to ambient water vapor seeping into the electrolyzer, or any contamination of the 20 

H2O
17
 with H2O. 

Vapor transport membranes 433 and 437 provide gas access to MEA 435, but 

also act as barriers to prevent contaminant liquids from reaching MEA 435.  Vapor 

transport membranes 433 and 437 may comprise membranes identical or similar to 

vapor transport membrane 439. Current collectors 434 (i.e. positive terminal) and 436 25 

(i.e. negative terminal) provide electrical connections to the potentiostatic circuit on 

electronics board 420. Current collectors 434 and 436 may comprise a conductive, 

corrosion-resistant metal, including, but not limited to, a metal from the valve metal 

group (Ti, Nb, Zr, Ta) or a metal from the noble metal group (Pt, Au, Pd). Support 

meshes 432 and 438 provide rigidity to the component stack-up and act to evenly 30 

distribute the load over the entire MEA surface area. Support meshes 432 and 438 may 

also comprise a conductive, corrosion-resistant metal, including, but not limited to, a 

metal from the valve metal group (Ti, Nb, Zr, Ta) or a metal from the noble metal group 

(Pt, Au, Pd). 
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O2 and H2 gas generated by the electrolyzer device 400 flow out of an anode 

port 442-1 and a cathode port 443, respectively. The preferred range of oxygen 

concentrations supplied by electrolyzer device 400 (out of anode port 442-1) is 90 – 

100% oxygen gas. The preferred range of pressures for oxygen gas being supplied is 0 – 

100 mmHg above ambient pressure. The preferred range of oxygen flow rates being 5 

supplied to the cell containment system is one-tenth the oxygen consumed by the cells 

in the cell containment system (i.e. on the order of 5 femtoMoles/min/cell) to 10 times 

the oxygen consumed by the cells in the cell containment system. The preferred range 

of pressures for hydrogen gas being supplied by electrolyzer 400 (out of cathode port 

443) is 0 – 100 mmHg above ambient pressure.  The preferred range of hydrogen flow 10 

rates being supplied to the cell containment system is 2 times the oxygen flow rate. 

Electrolyzer device 400 is powered by a rechargeable or non-rechargeable coin 

battery located below a battery cover 442-2, which can be unscrewed from an 

electrolyzer housing top 410 for the purpose of replacing the battery.  In an alternative 

embodiment, a larger energy compartment outside the body may supply energy to a 15 

rechargeable battery located beneath battery cover 442-2.  The larger energy 

compartment outside the body may comprise a rechargeable or non-rechargeable battery 

(e.g. alkaline battery) located in a housing or battery pack, and transfer energy to the 

rechargeable battery internal to the electrolyzer device via electrical wiring.  In another 

alternative embodiment, the energy compartment may be located outside of the body 20 

and may use rechargeable or non-rechargeable batteries (e.g. alkaline batteries) to 

transfer energy via electrical wiring to positive and negative terminals in the 

electrolyzer device (i.e. there is no internal battery in the electrolyzer device).  In yet 

another embodiment, the energy supply may comprise a system for transcutaneous 

energy transfer wherein an external power source (e.g. rechargeable or non-rechargeable 25 

battery) coupled to a magnetic coil located outside the body transfers charge to a 

magnetic coil and/or battery internally located within the electrolyzer device. 

 An exploded view of yet another embodiment of an electrolyzer device that may 

be used in system 100 as the electrochemical device is shown in Fig. 5 and is 

represented generally by reference numeral 1400. Electrolyzer device 1400 comprises 30 

internal components identical or similar to electrolyzer device 400, except electrolyzer 

device 1400 does not have a retaining ring (441 in electrolyzer device 400). Instead, 

electrolyzer device 1400 may comprise a water reservoir bottom 1442 wherein the water 

contained inside is 
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limited to, a metal from the valve metal group (Ti, Nb, Zr, Ta) or a metal from the noble 

metal group (Pt, Au, Pd). Support meshes 532 and 538 provide rigidity to the 

component stack-up and act to evenly distribute the load over the entire MEA surface 

area. Support meshes 532 and 538 may also comprise a conductive, corrosion-resistant 

metal, including, but not limited to, a metal from the valve metal group (Ti, Nb, Zr, Ta) 5 

or a metal from the noble metal group (Pt, Au, Pd). 

O2 gas generated by EOC device 500 flows out of an anode port 542-1.  The 

preferred range of oxygen concentrations supplied by EOC device 400 (out of anode 

port 542-1) is 97 – 100% oxygen gas. The preferred range of pressures for oxygen gas 

being supplied is 0 – 100 mmHg above ambient pressure. The preferred range of 10 

oxygen flow rates being supplied to the cell containment system is one-tenth the oxygen 

consumed by the cells in the cell containment system (5 femtoMoles/min/cell) to 10 

times the oxygen consumed by the cells in the cell containment system.  

EOC device 500 is powered by a rechargeable or non-rechargeable coin battery 

located below a battery cover 542-2, which can be unscrewed from an EOC housing top 15 

510 for the purpose of replacing the battery when necessary.  In an alternative 

embodiment, a larger energy compartment may supply energy to a rechargeable battery 

located beneath battery cover 542-2.  The larger energy compartment may comprise a 

rechargeable or non-rechargeable battery (e.g. alkaline battery) located in a housing or 

battery pack, and transfer energy to the rechargeable battery internal to the EOC device 20 

via electrical wiring. In yet another embodiment, the energy supply may comprise a 

system for transcutaneous energy transfer wherein an external power source (e.g. 

rechargeable or non-rechargeable battery) coupled to a magnetic coil located outside the 

body transfers charge to a magnetic coil and/or battery internally located within the 

EOC device. 25 

 Referring now to Fig. 7a, there is shown one embodiment of a cell containment 

system that may be used in system 100, the cell containment system being represented 

generally by reference numeral 600. Oxygen and hydrogen gas are delivered from the 

electrolyzer device to cell containment system 600 via an O2 supply tube 602 and a H2 

supply tube 603. The two gas supply tubes may comprise any non-porous tubing, 30 

including, but not limited to, Teflon®, polypropylene, polycarbonate, and tygon. 

Ultrasonic welding may be used to secure the gas supply tubes within an exterior wall 

604.  Alternatively, the supply tubes may be secured within the exterior wall using 

medical grade epoxy, standard tube fittings (e.g. barbed, luer lock, and Swage-lok® 

fittings), or 35 
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WHAT IS CLAIMED IS: 

 

1.  A system for gas treatment of a cell implant, the system comprising:  

(a)  a gas generating subsystem, the gas generating subsystem comprising 

(i) an electrochemical device, the electrochemical device being 5 

configured to output a first gas, and  

(ii)  a first membrane enclosure, the first membrane enclosure 

encapsulating the electrochemical device, the first membrane enclosure 

comprising a semipermeable membrane permeable to liquid and gas and 

constructed to allow for passage therethrough of reactant, including liquid 10 

reactant, needed by the electrochemical device; 

(b)  a cell containment subsystem, the cell containment subsystem 

comprising  

(i) a first chamber configured to receive cells, the first chamber 

receiving the first gas outputted by the electrochemical device; and 15 

(ii) a second membrane enclosure, the second membrane enclosure 

encapsulating the first chamber; and 

(c)  a first gas conduit for use in delivering the first gas from the 

electrochemical device to the first chamber, said first gas conduit comprising a 

first gas supply tube, the first gas supply tube having a first end and a second 20 

end, the first end of the first gas supply tube being fluidly coupled to the 

electrochemical device.  

 

2.  The system as claimed in claim 1 wherein the electrochemical device comprises 

an electrolyzer.  25 

 

3.  The system as claimed in claim 2 wherein the electrolyzer comprises a water 

electrolyzer, the water electrolyzer comprising a proton-exchange membrane.  
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4.  The system as claimed in claim 3 wherein the water electrolyzer comprises a 

reservoir for holding a quantity of water.  

 

5.  The system as claimed in claim 1 wherein the first gas comprises gaseous 5 

oxygen. 

 

6.  The system as claimed in claim 1 wherein the first gas comprises gaseous 

hydrogen.  

 10 

7.  The system as claimed in claim 1 wherein the electrochemical device is further 

configured to output a second gas.  

 

8.  The system as claimed in claim 7 wherein the first chamber receives the second 

gas outputted by the electrochemical device.  15 

 

9.  The system as claimed in claim 7 wherein the first gas comprises gaseous 

oxygen and the second gas comprises gaseous hydrogen.  

 

10.  The system as claimed in claim 1 wherein the first membrane enclosure is 20 

further constructed to allow for penetration thereinto of microvasculature of a patient.  

 

11.  The system as claimed in claim 1 wherein the first membrane enclosure consists 

of a single layer.  

 25 

12.  The system as claimed in claim 11 wherein the first membrane enclosure has a 

pore size of no greater than about 0.5 µm.  

 

13.  The system as claimed in claim 12 wherein the first membrane enclosure has a 

thickness of about 30 µm to about 50 µm.  30 
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14.  The system as claimed in claim 1 wherein the first membrane enclosure 

comprises a plurality of layers.  

 

15.  The system as claimed in claim 14 wherein the first membrane enclosure 5 

comprises an inner layer and an outer layer, the inner layer having a pore size of no 

greater than about 0.5 µm, the outer layer having a pore size suitable for the penetration 

thereinto of microvasculature.  

 

16.  The system as claimed in claim 1 wherein the first membrane enclosure 10 

comprises a top portion and a bottom portion, the top portion and the bottom portion 

being joined together to define a space within which the electrochemical device is 

disposed.  

 

17.  The system as claimed in claim 1 wherein at least a portion of the first chamber 15 

is defined by a wall comprising an immuno-isolation membrane.  

 

18.  The system as claimed in claim 1 wherein at least a portion of the first chamber 

is defined by a wall comprising a vascularizing membrane.  

 20 

19.  The system as claimed in claim 1 wherein at least a portion of the first chamber 

is defined by a multilayer wall comprising an immuno-isolation membrane and a 

vascularizing membrane.  

 

20.  The system as claimed in claim 1 wherein the cell containment subsystem 25 

further comprises a first delivery tube for use in conveying the first gas to cells in the 

first chamber, the first delivery tube having a first end, a second end, and a side wall, 

the first end of the first delivery tube being fluidly coupled to the second end of the first 

gas supply tube.  
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21.  The system as claimed in claim 20 wherein the first delivery tube is disposed 

within the first chamber of the cell containment subsystem and is constructed for the 

first gas to be delivered to the first chamber through at least one of the second end of the 

first delivery tube and the side wall of the first delivery tube. 5 

  

22.  The system as claimed in claim 20 wherein the first chamber of the cell 

containment subsystem has a selectively permeable wall, the selectively permeable wall 

being permeable to gas but not to cells, and wherein the first delivery tube is disposed 

outside the first chamber proximate to the selectively permeable wall of the first 10 

chamber.  

 

23.  The system as claimed in claim 22 wherein the cell containment subsystem 

further comprises a second chamber, the second chamber being separated from the first 

chamber by the selectively permeable wall, the first delivery tube being formed in the 15 

second chamber against the selectively permeable wall as a supply channel. 

 

24.  The system as claimed in claim 22 wherein the first delivery tube is spaced apart 

from the selectively permeable wall of the first chamber by a distance.  

 20 

25.  The system as claimed in claim 24 wherein the distance is up to 5 mm.  

 

26.  The system as claimed in claim 1 wherein the first chamber comprises a cell 

supply port.  

 25 

27.  The system as claimed in claim 1 wherein the gas generating subsystem and the 

cell containment subsystem are configured for implantation in a patient.  

 

28.  The combination of the system as claimed in claim 1 and a quantity of cells 

disposed in the first chamber of the cell containment subsystem.  30 
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29.  The system as claimed in claim 1  

wherein the electrochemical device is configured to output the first gas from a 

first outlet and is further configured to output a second gas from a second outlet,  

wherein the cell containment subsystem comprises an implantable cell container, 5 

the implantable cell container comprising the first chamber,  

wherein the first gas conduit comprises a first end and a second end, the first end 

of the first gas conduit being fluidly coupled to the first outlet of the 

electrochemical device, the second end of the first gas conduit being configured 

to deliver the first gas to the first chamber of the implantable cell container, and  10 

wherein the system further comprises a second gas conduit for delivering the 

second gas from the electrochemical device to the implantable cell container, the 

second gas conduit comprising a first end and a second end, the first end of the 

second gas conduit being fluidly coupled to the second outlet of the 

electrochemical device, the second end of the second gas conduit being 15 

configured to deliver the second gas to the first chamber of the implantable cell 

container.  

 

30.  The system as claimed in claim 29 wherein at least a portion of the first chamber 

is surrounded by an immuno-isolation membrane.  20 

 

31.  The system as claimed in claim 29 wherein each of the second end of the first 

gas conduit and the second end of the second gas conduit is disposed within the first 

chamber. 

  25 

32.  The system as claimed in claim 29 wherein the second end of the first gas 

conduit is disposed within the implantable cell container and wherein the second end of 

the second gas conduit is disposed outside of the implantable cell container.  

 

33.  The system as claimed in claim 32 wherein the first chamber has a selectively 30 
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permeable wall, the selectively permeable wall being permeable to gas but not to cells, 

and wherein the second end of the second gas conduit is disposed outside of the 

implantable cell container in proximity to the selectively permeable wall.  

 

34.  The system as claimed in claim 33 wherein the second end of the second gas 5 

conduit is no more than 5 mm away from the implantable cell container. 

 

35.  The system as claimed in claim 29 wherein the implantable cell container further 

comprises a second chamber, wherein the first chamber and the second chamber are 

separated by a first selectively permeable wall, the first selectively permeable wall 10 

being permeable to gas but not to cells, and wherein each of the second end of the first 

gas conduit and the second end of the second gas conduit is disposed within the second 

chamber.  

 

36.  The system as claimed in claim 35 wherein the implantable cell container further 15 

comprises a third chamber, the third chamber being configured to receive cells, and 

wherein the second chamber and the third chamber are separated by a second selectively 

permeable wall, the second selectively permeable wall being permeable to gas but not to 

cells.  

 20 

37.  The system as claimed in claim 29 wherein the implantable cell container further 

comprises a second chamber and a third chamber, wherein the second chamber is 

sandwiched between the first chamber and the third chamber, wherein the second 

chamber is separated from the first chamber by a first selectively permeable wall 

permeable to gas but not to cells, wherein the second chamber is separated from the 25 

third chamber by a second selectively permeable wall permeable to gas but not to cells, 

wherein the third chamber is configured to receive cells, wherein the first gas conduit 

has a second end positioned within the second chamber, wherein the second gas conduit 

comprises a single tube that branches into at least one delivery tube located outside the 
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cell containment system proximate to the first chamber and at least one delivery tube 

located outside the cell containment system proximate to the third chamber.  

 

38.  The system as claimed in claim 29 wherein the implantable cell container further 

comprises a second chamber and a third chamber, wherein the first chamber and the 5 

second chamber are separated by a first selectively permeable wall, the first selectively 

permeable wall being permeable to gas but not to cells, wherein the second chamber and 

the third chamber are separated by a second selectively permeable wall, the second 

selectively permeable wall being permeable to gas but not to cells, wherein the third 

chamber is configured to receive cells, and wherein at least one of the second end of the 10 

first gas conduit and the second end of the second gas conduit is positioned within the 

second chamber.  

 

39.  The system as claimed in claim 38 wherein each of the first and second 

selectively permeable walls is permeable only to gas. 15 

  

40.  The system as claimed in claim 29 wherein the implantable cell container further 

comprises a cell supply port.  

 

41.  The system as claimed in claim 29 wherein the electrochemical device is a water 20 

electrolyzer and wherein the first gas is gaseous oxygen and the second gas is gaseous 

hydrogen.  

 

42.  The combination of the system as claimed in claim 29 and a quantity of cells 

disposed in the first chamber of the implantable cell container.  25 

 

43.  The system as claimed in claim 1 wherein the cell containment subsystem 

comprises an implantable cell container, the implantable cell container comprising the 

first chamber and a second chamber, the first chamber and the second chamber being 

separated by a first selectively permeable membrane, the first selectively permeable 30 
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membrane being permeable to gas but not to cells, the first chamber being configured to 

receive cells, the second chamber comprising a supply channel in communication with 

the first selectively permeable membrane and wherein the first gas conduit comprises a 

first end and a second end, the first end of the first gas conduit being fluidly coupled to 

the electrochemical device, the second end of the first gas conduit being coupled to an 5 

end of the supply channel.  

 

44.  The system as claimed in claim 43 wherein the first chamber includes a cell 

supply port through which cells may be supplied to the first chamber.  

 10 

45.  The system as claimed in claim 43 wherein at least a portion of the first chamber 

is surrounded by an immuno-isolation membrane.  

 

46.  The system as claimed in claim 43 wherein the implantable cell container further 

comprises a third chamber, the second chamber and the third chamber being separated 15 

by a second selectively permeable membrane, the second selectively permeable 

membrane being permeable to gas but not to cells, the third chamber being configured 

to receive cells, the supply channel being in communication with the second selectively 

permeable membrane.  

 20 

47.  The system as claimed in claim 43 wherein the electrochemical device is a water 

electrolyzer and wherein the first gas is gaseous oxygen. 

  

48.  The system as claimed in claim 43 wherein the electrochemical device is an 

electrochemical oxygen concentrator and wherein the first gas is gaseous oxygen. 25 

 

49.  The system as claimed in claim 43 wherein the first selectively permeable 

membrane is permeable only to gas.  
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50.  The combination of the system as claimed in claim 43 and a quantity of cells 

disposed in the first chamber of the implantable cell container.  

 

51.  The system as claimed in claim 1 5 

wherein when the implant has a cell packing density of 6,600-8,000 islet 

equivalents per exposed surface area in cm
2
 of the cell container and an overall dose of 

up to 100 IEQ/g rodent body weight in the cell container the rodent recipient has a 

measured daily blood glucose level of 50-200 mg/dL in the absence of insulin treatment 

over at least a 14 day period.  10 

 

52.  The system as claimed in claim 1 wherein the first gas comprises gaseous 

oxygen, wherein the electrochemical device comprises a reservoir,  wherein a quantity 

of H2O
17

 is disposed within the reservoir, whereby the first gas outputted by the 

electrochemical device comprises O2
17

, and wherein the first chamber receives the first 15 

gas comprising O2
17

 outputted by the electrochemical device. 

 

53.  The system as claimed in claim 1 wherein the electrochemical device comprises 

a bio-compatible vascularizing membrane and a vapor transport membrane.  

 20 

54. The system as claimed in claim 14 wherein the first membrane enclosure 

comprises an inner membrane and an outer membrane, the inner membrane having a 

pore size of 0.5 µm or less and being permeable to liquids and gases but not to cells, the 

outer membrane having at least some pores 3 µm or greater in diameter and being a 

vascularizing membrane that allows for the growth and presence of microvasculature 25 

therewithin.  

 

55. The system as claimed in claim 54 wherein the inner membrane has a thickness 

of 30-50 µm and wherein the outer membrane has a thickness of 30-50 µm.  


