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ENCAPSULATION DEVICE SYSTEMS WITH OXYGEN SENSORS WITH OR 

WITHOUT EXOGENOUS OXYGEN DELIVERY 

 

CROSS REFERENCE 

[0001] This application claims priority to U.S. Patent Application No. 62/417,005, filed 

November 3, 2016, the specification(s) of which is/are incorporated herein in their 

entirety by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to encapsulation devices for cells (such as but not 

limited to islet cells, stem cell derived beta cells, or the like, e.g., for regulating blood 

glucose, or other cells or spheroids that can produce and release a therapeutic agent 

that is useful in the body), more particularly to encapsulation devices with oxygen 

sensors and an exogenous oxygen or gas delivery system creating a closed-loop 

system.  

GOVERNMENT SUPPORT 

[0003] This invention was made with government support under Grant No. DK106933, 

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

BACKGROUND OF THE INVENTION 

[0004] The present invention features systems with encapsulation devices for cells (such 

as islet cells or stem cell derived beta cells or the like) and sensors for real-time 

monitoring of cells or analytes (such as oxygen levels, glucose levels, pH, lactate levels, 

carbon dioxide levels, etc.). The encapsulation devices may be loaded with cells or may 

be empty. The systems may be operatively connected to an oxygen generator or a gas 

delivery system (e.g., an air pump, a chemical oxygen generator, etc.). The sensors 

may be optical, electrochemical, or a combination thereof.  

[0005] In some embodiments, the system (e.g., encapsulation device with oxygen 

sensors) and oxygen generator (or gas delivery system) are in a closed loop with the 

sensor reader that can regulate the delivery of oxygen or other gas to the device based 

on the levels of oxygen that the sensor is reading from the sensors. The integration of 

sensors into the device (e.g., a sensor inside the device, a sensor on the outside of the 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

 1. An implantable encapsulation device for housing cells, the device comprising: 

 a lumen for receiving and housing cells; 

 a vascularization membrane at least partially surrounding the lumen; 

 a first sensor and a second sensor, wherein the first sensor and the second sensor are 

positioned within an interior volume of the lumen and spaced apart by a physical distance to 

prevent interference between the sensors, and wherein the first sensor and the second sensor each 

comprise oxygen sensors that are collectively operable to determine an oxygen consumption rate 

of cells provided within the device. 

 2. The device of claim 1, further comprising an immuno-isolation member provided 

adjacent the vascularization membrane. 

 3. The device of claim 1 or 2, wherein the device comprises a port that provides 

access to the lumen. 

 4.  The device of any one of claims 1 to 3, further comprising a reader adapted to 

read at least one of the first sensor and the second sensor.  

 5. The device of claim 4, wherein the reader comprises a wireless reader provided 

external to the lumen and operable to be provided external to the skin of a patient. 

 6. The device of any one of claims 1 to 5, wherein at least one of the sensors 

comprises a sensor selected from the group comprising: oxygen sensors, glucose sensors, pH 

sensors, lactate sensors, carbon dioxide sensors, optical sensors, and electrochemical sensors. 

 7. The device of any one of claims 1 to 6, further comprising an oxygen delivery 

system comprising an implantable oxygen generator. 

 8. The device of claim 7, further comprising a microprocessor that is operable to 

regulate oxygen delivery from the oxygen delivery system. 
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 9. An implantable encapsulation device for housing cells, the device comprising: 

 a lumen for receiving and housing cells; 

 a vascularization membrane at least partially surrounding the lumen; 

 a first oxygen sensor provided proximal to an inlet of the lumen and wherein the first 

oxygen sensor is operable to determine an amount of oxygen at a first location in the device; 

 a second oxygen sensor provided at a second location of the device and wherein the 

second oxygen sensor is operable to determine an amount of oxygen at the second location of the 

device; and 

 wherein the first sensor and the second sensor are spaced apart by a physical distance to 

prevent interference between the sensors. 

 10. The device of claim 9, wherein the first oxygen sensor and the second oxygen 

sensor are positioned within an interior volume of the lumen. 

 11. The device of claim 9 or 10, further comprising an immuno-isolation member 

provided adjacent to and exterior to the vascularization membrane. 

 12. The device of any one of claims 9 to 11, wherein the device comprises a port that 

provides access to the lumen. 

 13. The device of any one of claims 9 to 12, further comprising a reader adapted to 

read at least one of the first oxygen sensor and the second oxygen sensor.  

 14. The device of claim 13, wherein the reader comprises a wireless reader provided 

external to the lumen and operable to be provided external to the skin of a patient. 

 15. The device of any one of claims 9 to 14, further comprising an oxygen delivery 

system comprising an implantable oxygen generator and a microprocessor that is operable to 

regulate oxygen delivery from the oxygen delivery system to the lumen. 


