






















































28 

 

 

CLAIMS 

 

What is claimed: 

 

1. A device comprising: 

 

a lumen defining a surface for contacting a biological material; and 

 

a mechanism comprising a structure configured to change the surface between a 

first shape and a second shape, wherein the structure defines at least one cavity that 

substantially surrounds the lumen and is configured to be inflated and deflated such 

that the at least one cavity impinges on the lumen when inflated to change the 

surface from the first shape to the second shape to deform the surface beyond a 

critical strain for debonding of a fouling agent from the surface when the fouling 

agent has bonded to the surface in the first shape, and wherein the surface returns 

to the first shape when the at least one cavity is deflated. 

 

2. The device of claim 1, wherein the surface defines a lumen. 

 

3. The device of claim 1, wherein the surface defines a lumen of a catheter. 

 

4. The device of claim 1, wherein the surface is defined by a material comprising a 

polymer. 

 

5. The device of claim 1, wherein the surface is defined by a material comprising one of 

polydimethyl siloxane, silicone rubber, acrylic elastomer, polyurethane, or 

fluoroelastomer. 

 

6. The device of claim 1, wherein the structure is configured to apply a mechanical 

force to the surface for changing the surface between the first shape and the second 

shape. 

 

7. The device of claim 1, wherein the surface is defined by a material, and 

 

wherein the structure is configured to apply pneumatic pressure to the material for 

causing the surface to change between the first shape and the second shape. 

 

8. The device of claim 1, further comprising a high durometer sheath substantially 

surrounding the cavity. 

 

9. The device of claim 1, wherein the lumen is a lumen of a catheter. 

 

10. The device of claim 1, wherein the at least one cavity is fluidly connected to a pump 

port configured to inflate the at least one cavity. 

 

11. The device of claim 10, wherein the pump port is configured to inflate the at least 

one cavity via application of pneumatic pressure. 
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12. The device of claim 1, wherein the lumen has a first side and a second side and 

wherein the first side and the second side come into contact in the second shape. 

 

13. The device of claim 1, further comprising an aperture for a balloon structure 

configured to be inflated on an internal-positioned end and comprising an external-

positioned inflation port configured for inflation of the internal-positioned end, such 

that inflation of the balloon structure after insertion holds the catheter in place. 

 

14. The device of claim 1, wherein the catheter is a urinary catheter. 

 

15. The device of claim 1, wherein the surface defines a lumen, 

 

wherein the structure defines at least one cavity that substantially surrounds the 

lumen and 

 

impinges on the lumen in the first shape and configured to be deflated and inflated 

such that the cavity ceases to impinge on the lumen when deflated to change the 

surface from the first shape to the second shape. 

 

16. The device of claim 1, wherein the surface defines a first lumen, 

 

wherein the device further comprises a second lumen fluidly connected to the first 

lumen at one or more positions along a length of the first lumen and configured to 

direct a flushing fluid into the first lumen. 

 

17. A method for debonding a fouling agent from a surface of a device, the method 

comprising:  

changing a surface of a device between a first shape in which a fouling agent has 

become bonded through contact with a biological material and a second shape, such 

that the change from the first shape to the second shape deforms the surface 

beyond a critical strain for debonding of the fouling agent from the surface of the 

device. 

 

18. The method of claim 17, wherein the surface defines a lumen. 

 

19. The method of claim 17, wherein the surface defines a lumen of a catheter. 

 

20. The method of claim 17, wherein the surface is defined by a material comprising a 

polymer. 

 

21. The method of claim 17, wherein the surface is defined by a material comprising one 

of polydimethyl siloxane, silicone rubber, acrylic elastomer, polyurethane, or 

fluoroelastomer. 

 

22. The method of claim 17, wherein changing the surface between the first shape and 

the second shape comprises applying a mechanical force to the surface. 

 

23. The method of claim 22, wherein the surface is defined by a material, and 
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wherein applying the mechanical force comprises applying pneumatic pressure to 

the material for causing the surface to change between the first shape and the 

second shape. 

 

24. The method of claim 17, wherein the surface defines a lumen, 

 

wherein the method further comprises providing a structure defining at least one 

cavity that substantially surrounds the lumen, and 

 

wherein changing the surface comprises: 

 

inflating the at least one cavity such that the at least one inflated cavity impinges on 

the lumen and changes the surface from the first shape to the second shape. 

 

25. The method of claim 24, wherein the device further comprises a high durometer 

sheath substantially surrounding the cavity. 

 

26. The method of claim 24, wherein the lumen is a lumen of a catheter. 

 

27. The method of claim 24, wherein the cavity is fluidly connected to a pump configured 

to inflate the at least one cavity. 

 

28. The method of claim 24, wherein inflating the at least one cavity comprises applying 

pneumatic pressure. 

 

29. The method of claim 24, further comprising providing a balloon structure configured 

to be inflated on an internal end such that inflation of the balloon structure after 

insertion holds the catheter in place. 

 

30. The method of claim 24, wherein the catheter is a urinary catheter. 

 

31. The method of claim 24, wherein the surface defines a lumen, 

 

wherein the method further comprises providing a structure defining at least one 

cavity that substantially surrounds the lumen and impinges on the lumen in the first 

shape, and 

 

wherein changing the surface comprises: 

 

deflating the at least one cavity such that the at least one deflated cavity ceases to 

impinge on the lumen and changes the surface from the first shape to the second 

shape. 

 

32. The method of claim 24, wherein the surface defines a first lumen, 

 

wherein the device further comprises a second lumen fluidly connected to the first 

lumen at one or more positions along a length of the first lumen and configured to 

direct a flushing fluid into the first lumen. 

 

33. A system comprising: 
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an electrode; 

 

a layer attached to the electrode and defining a surface for contacting a biological 

material; and a voltage source configured to apply voltage between the electrode 

and the biological material such that the surface is changed between a first shape 

and a second shape, wherein the change from the first shape to the second shape 

deforms the surface beyond a critical strain for debonding of a fouling agent from the 

surface when the fouling agent has bonded to the surface in the first shape. 

 

34. The system of claim 33, wherein the electrode comprises one of a metal, conductive 

tape, conductive oxide, semiconductor. 

 

35. The system of claim 33, wherein the electrode comprises a layer of conductive 

material. 

 

36. The system of claim 33, wherein the biological material comprises an electrolyte 

solution. 

 

37. The system of claim 33, wherein the layer comprises a polymer. 

 

38. The system of claim 37, wherein the layer of polymer comprises a coating. 

 

39. The system of claim 38, wherein the coating is applied by a spincoating technique. 

 

40. The system of claim 33, wherein the surface is textured. 

 

41. The system of claim 33, wherein the layer comprises one of polytetrafluoroethylene, 

poly(4,4'-oxydiphenylene-pyromellitimide, polyethylene, or ceramics. 

 

42. The system of claim 33, wherein the layer comprises one of polydimethyl siloxane, 

silicone rubber, acrylic elastomer, polyurethane, or fluoroelastomer. 

 

43. The system of claim 33, wherein the layer has a thickness of between about 10 µm 

and 1 mm. 

 

44. The system of claim 33, wherein the layer has a thickness of between about 1 µm 

and 500 µm. 

 

45. The system of claim 33, wherein the layer has a Young's modulus of between about 

0.5 KPa and about 2 MPa. 

 

46. The system of claim 33, wherein the layer has a Young's modulus of between about 

1 KPa and about 1 MPa. 

 

47. The system of claim 33, wherein the applied voltage is an oscillating voltage. 

 

48. The system of claim 47, wherein the oscillating voltage is between about 0.1 Hz and 

about 100 Hz. 
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49. The system of claim 47, wherein the oscillating voltage is between about 0.5 Hz and 

about 10 Hz. 

 

50. The system of claim 47, wherein the applied voltage is between about 0 kV and 

about 20 kV. 

 

51. The system of claim 47, wherein the applied voltage is between about 100 V and 

about 8 kV. 

 

52. The system of claim 47, wherein the applied voltage is between about 3 kV and 

about 6 kV. 

 

53. The system of claim 33, wherein the voltage is applied for at least 5 minutes. 

 

54. The system of claim 33, further comprising a controller configured control the voltage 

source to change the applied voltage for changing the surface between the first 

shape and the second shape. 

 

55. A method comprising: 

 

providing an electrode; 

 

providing a layer attached to the electrode and defining a surface for contacting a 

biological material; and 

 

applying a voltage between the electrode and the biological material such that the 

surface is changed between a first shape and a second shape, wherein the change 

from the first shape to the second shape deforms the surface beyond a critical strain 

for debonding of a fouling agent from the surface when the fouling agent has bonded 

to the surface in the first shape. 

 

56. The method of claim 55, wherein the electrode comprises one of a metal, conductive 

tape, conductive oxide, semiconductor. 

 

57. The method of claim 55, wherein the electrode comprises a layer of conductive 

material. 

 

58. The method of claim 55, wherein the biological material comprises an electrolyte 

solution. 

 

59. The method of claim 55, wherein the layer comprises a polymer. 

 

60. The method of claim 59, wherein the layer of polymer comprises a coating. 

 

61. The method of claim 60, further comprising providing the coating by a spincoating 

technique. 

 

62. The method of claim 55, wherein the surface is textured. 
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63. The method of claim 55, wherein the layer comprises one of polytetrafluoroethylene, 

poly(4,4'-oxydiphenylene-pyromellitimide, polyethylene, or ceramics. 

 

64. The method of claim 55, wherein the layer comprises one of polydimethyl siloxane, 

silicone rubber, acrylic elastomer, polyurethane, or fluoroelastomer. 

 

65. The method of claim 55, wherein the layer has a thickness of between about 10 µm 

and 1 mm. 

 

66. The method of claim 55, wherein the layer has a thickness of between about 1 µm 

and 500 µm. 

 

67. The method of claim 55, wherein the layer has a Young's modulus of between about 

0.5 KPa and about 2 MPa. 

 

68. The method of claim 55, wherein the layer has a Young's modulus of between about 

1 KPa and about 1 MPa. 

 

69. The method of claim 55, wherein the applied voltage is an oscillating voltage. 

 

70. The method of claim 69, wherein the oscillating voltage is between about 0.1 Hz and 

about 100 Hz. 

 

71. The method of claim 69, wherein the oscillating voltage is between about 0.5 Hz and 

about 10 Hz. 

 

72. The method of claim 69, wherein the applied voltage is between about 0 kV and 

about 20 kV. 

 

73. The method of claim 69, wherein the applied voltage is between about 100 V and 

about 8 kV. 

 

74. The method of claim 69, wherein the applied voltage is between about 3 kV and 

about 6 kV. 

 

75. The method of claim 55, wherein applying the voltage comprises applying the 

voltage for at least 5 minutes. 

 

76. The method of claim 55, further comprising controlling the voltage source to change 

the applied voltage for changing the surface between the first shape and the second 

shape. 

 

77. A device for detaching cellular components from a surface, the device comprising: 

 

a surface for contacting a cellular component; and 

 

a mechanism configured to change the surface between a first shape in which a 

cellular component has become attached and a second shape, such that the change 

from the first shape to the second shape deforms the surface beyond a critical strain 

for detaching of the cellular component from the surface. 
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78. The device of claim 77, wherein the surface defines one of a tissue scaffold, a cell 

culture scaffold, or processing equipment. 

 

79. The device of claim 77, wherein the cellular component comprises one of a cell 

culture, a tissue culture, or a biofilm. 

 

80. The device of claim 77, wherein the mechanism is configured to apply a mechanical 

force to the surface for changing the surface between the first shape and the second 

shape. 

 

81. The device of claim 80, wherein the surface is defined by a material, and 

 

wherein the mechanism is configured to apply pneumatic pressure to the material for 

causing the surface to change between the first shape and the second shape. 

 

82. The device of claim 77, 

 

wherein the mechanism comprises: 

 

a structure defining at least one cavity positioned in proximity to the surface and 

configured to be inflated such that the cavity exerts a force on the surface to change 

the surface from the first shape to the second shape. 

 

83. A method for detaching cellular components from a surface, the method comprising: 

 

changing a surface between a first shape in which a cellular component has become 

attached and a second shape, such that the change from the first shape to the 

second shape deforms the surface beyond a critical strain for detaching of the 

cellular component from the surface. 

 

84. The method of claim 83, wherein the surface defines one of a tissue scaffold, a cell 

culture scaffold, or processing equipment. 

 

85. The method of claim 83, wherein the cellular component comprises one of a cell 

culture, a tissue culture, or a biofilm. 

 

86. The method of claim 83, wherein changing the surface between the first shape and 

the second shape comprises applying a mechanical force to the surface. 

 

87. The method of claim 86, wherein the surface is defined by a material, and 

 

wherein applying the mechanical force comprises applying pneumatic pressure to 

the material for causing the surface to change between the first shape and the 

second shape. 

 

88. The method of claim 83, wherein the method further comprises providing a structure 

defining at least one cavity that positioned in proximity to the surface, and 

 

wherein changing the surface comprises: 
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inflating the at least one cavity such that the at least one inflated cavity exerts a force 

on the surface to change the surface from the first shape to the second shape. 

 

89. A device comprising: 

 

a sensor configured to measure a physical condition in a biological material and to 

generate a signal based on the measurement, wherein the sensor comprises a 

surface to be exposed to the biological material; 

 

a covering that at least partially covers the surface of the sensor and that defines 

another surface for contacting the biological material; and 

 

a mechanism configured to change the surface of a covering between a first shape 

and a second shape, wherein the change from the first shape to the second shape 

deforms the surface of the covering beyond a critical strain for debonding of a fouling 

agent from at least a portion of the surface of the covering when the fouling agent 

has bonded to the surface of the sensor and the surface of the covering in the first 

shape such that at least a portion of the surface of the sensor is exposed to the 

biological material. 

 

90. The device of claim 89, wherein the sensor is an indwelling sensor. 

 

91. The device of claim 90, wherein the indwelling sensor is a glucose sensor. 

 

92. The device of claim 90, wherein the indwelling sensor is one or more of an oxygen 

sensor, a pH sensor, an arterial blood gases sensor, a temperature sensor, a carbon 

dioxide sensor, or a toxic agents sensor. 

 

93. The device of claim 89, wherein the physical condition comprises measurement of 

an analyte. 

 

94. The device of claim 89, wherein the mechanism comprises one or more inflatable 

components that each defines a cavity disposed within the covering. 

 

95. The device of claim 94, wherein the mechanism comprises a pump configured for 

fluid connection to the one or more inflatable cavities and configured to inflate and 

deflate the cavity of the one or more inflatable components to change the surface of 

the covering between the first shape and the second shape. 

 

96. The device of claim 95, wherein the one or more inflatable components comprise 

first and second inflatable components, and 

 

wherein the covering comprises a porous material positioned between the first and 

second inflatable components for allowing passage of an analyte to the surface of 

the sensor for measurement by the sensor. 

 

97. A method comprising: 

 

providing a device comprising: 
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a sensor configured to measure a physical condition in a biological material and to 

generate a signal based on the measurement, wherein the sensor comprises a 

surface to be exposed to the biological material; and 

 

a covering that at least partially covers the surface of the sensor and that defines 

another surface for contacting the biological material; 

 

exposing the surface of the sensor to the biological material; and 

 

changing the surface of the covering between a first shape and a second shape, 

wherein the change from the first shape to the second shape deforms the surface 

of the covering beyond a critical strain for debonding of a fouling agent from at 

least a portion of the surface of the covering when the fouling agent has bonded to 

the surface of the sensor and the surface of the covering in the first shape such 

that at least a portion of the surface of the sensor is exposed to the biological 

material. 

 

98. The method of claim 97, wherein the sensor is an indwelling sensor. 

 

99. The method of claim 97, wherein the indwelling sensor is a glucose sensor. 

 

100. The method of claim 97, wherein the indwelling sensor is one or more of an 

oxygen sensor, a pH sensor, an arterial blood gases sensor, a temperature 

sensor, a carbon dioxide sensor, or a toxic agents sensor. 

 

101. The method of claim 97, wherein the physical condition comprises measurement 

of an analyte. 

 

102. The method of claim 97, wherein the device further comprises one or more 

inflatable components that each defines a cavity disposed within the covering. 

 

103. The method of claim 102, further comprising inflating and deflating the cavity of the 

one or more inflatable components to change the surface of the covering between 

the first shape and the second shape. 

 

104. The method of claim 103, wherein the one or more inflatable components 

comprise first and second inflatable components, and 

 

wherein the covering comprises a porous material positioned between the first and 

second inflatable components for allowing passage of an analyte to the surface of 

the sensor for measurement by the sensor. 

 

105. The method of claim 97, further comprising using the device to measure the 

physical condition and to generate the signal based on the measurement. 


