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(57) ABSTRACT 

The present invention relates generally to biointerface mem 
branes utiliZed With implantable devices, such as devices for 
the detection of analyte concentrations in a biological sample. 
More particularly, the invention relates to novel biointerface 
membranes, to devices and implantable devices including 
these membranes, methods for forming the biointerface 
membranes on or around the implantable devices, and to 
methods for monitoring glucose levels in a biological ?uid 
sample using an implantable analyte detection device. 
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ANALYTE SENSOR 

RELATED APPLICATIONS 

[0001] This application is a division of Us. application Ser. 
No. 11/439,630, ?led May 23, 2006, Which is a continuation 
in-part ofU.S. application Ser. No. 11/077,715, ?led Mar. 10, 
2005, Which claims the bene?t of Us. Provisional Applica 
tion No. 60/587,787 ?led Jul. 13, 2004; Us. Provisional 
Application No. 60/587,800 ?led Jul. 13, 2004; Us. Provi 
sional Application No. 60/614,683 ?led Sep. 30, 2004; and 
Us. Provisional Application No. 60/614,764 ?led Sep. 30, 
2004. Us. application Ser. No. 11/439,630 claims the bene?t 
of Us. Provisional Application No. 60/ 683,923 ?led May 23, 
2005. Each of the aforementioned applications is incorpo 
rated by reference herein in its entirety, and each is hereby 
expressly made a part of this speci?cation. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to biointer 
face membranes utiliZed With implantable devices, such as 
devices for the detection of analyte concentrations in a bio 
logical sample. More particularly, the invention relates to 
novel biointerface membranes, to devices and implantable 
devices including these membranes, methods for forming the 
biointerface membranes on or around the implantable 
devices, and to methods for monitoring glucose levels in a 
biological ?uid sample using an implantable analyte detec 
tion device. 

BACKGROUND OF THE INVENTION 

[0003] One of the mo st heavily investigated analyte sensing 
devices is the implantable glucose device for detecting glu 
cose levels in hosts With diabetes. Despite the increasing 
number of individuals diagnosed With diabetes and recent 
advances in the ?eld of implantable glucose monitoring 
devices, currently used devices are unable to provide data 
safely and reliably for certain periods of time. See Moatti 
Sirat et al., Diabelologia, 35:224-30 (1992). There are tWo 
commonly used types of subcutaneously implantable glucose 
sensing devices. These types include those that are implanted 
transcutaneously and those that are Wholly implanted. 

SUMMARY OF THE INVENTION 

[0004] Accordingly, in a ?rst aspect, an analyte sensing 
device is provided adapted for short term insertion into a 
host’s soft tissue, comprising a sensor having an architecture 
With at least one dimension less than about 1 mm, Wherein the 
architecture is con?gured to create a ?uid-?lled pocket sur 
rounding at least a portion of the sensor in vivo. 
[0005] In an embodiment of the ?rst aspect, the sensor is 
con?gured to measure a signal that is indicative of a concen 
tration of the analyte Within the ?uid-?lled pocket. 
[0006] In an embodiment of the ?rst aspect, the device 
further comprises electronics operatively coupled to the sen 
sor and con?gured for detecting a signal from the sensor, 
Wherein the signal is indicative of a concentration of an ana 
lyte Within the host. 
[0007] In an embodiment of the ?rst aspect, the device 
further comprises a housing con?gured for placement adja 
cent to a host’s skin, Wherein at least a portion of the elec 
tronics are disposed in the housing. 
[0008] In an embodiment of the ?rst aspect, the sensor is a 
transcutaneous sensor. 
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[0009] In an embodiment of the ?rst aspect, the device 
further comprises a spacer covering at least a portion of the 
sensor. 

[0010] In an embodiment of the ?rst aspect, the spacer 
covers a sensing mechanism of the sensor. 
[0011] In an embodiment of the ?rst aspect, the spacer 
comprises a biointerface. 
[0012] In an embodiment of the ?rst aspect, the spacer 
comprises a porous membrane con?gured to alloW a body 
?uid to ?ll pores to thereby form a ?uid-?lled pocket. 
[0013] In an embodiment of the ?rst aspect, the device 
further comprises a bioactive agent incorporated into the sen 
sor. 

[0014] In an embodiment of the ?rst aspect, the bioactive 
agent is selected from the group consisting of an anti-barrier 
cell agent, an anti-in?ammatory agent, an anti-infective 
agent, a necrosing agent, an anesthetic, an in?ammatory 
agent, a groWth factor, an angiogenic factor, an adjuvant, an 
immunosuppressive agent, an antiplatelet agent, an antico 
agulant, an ACE inhibitor, a cytotoxic agent, a vasculariZation 
compound, and an anti-sense molecule. 
[0015] In a second aspect, an analyte sensor for measuring 
an analyte in a host is provided, the sensor comprising a 
sensor con?gured for transcutaneous insertion into a host’s 
skin, Wherein the sensor has an architecture With at least one 
dimension less than about 1 mm; and a biointerface covering 
at least a portion of the sensor. 
[0016] In an embodiment of the second aspect, the bioint 
erface is con?gured to alloW ?uid in?ux. 
[0017] In an embodiment of the second aspect, the sensor is 
a transcutaneous sensor. 

[0018] In an embodiment of the second aspect, the device 
further comprises electronics operatively coupled to the sen 
sor and con?gured for detecting a signal from the sensor. 
[0019] In an embodiment of the second aspect, the electron 
ics are inductively coupled to the sensor. 
[0020] In an embodiment of the second aspect, the device 
further comprises a housing con?gured for placement adja 
cent to the host’s skin. 
[0021] In an embodiment of the second aspect, the device 
further comprises a bioactive agent incorporated into the sen 
sor. 

[0022] In an embodiment of the second aspect, the bioac 
tive agent is selected from the group consisting of an anti 
barrier cell agent, an anti-in?ammatory agent, an anti-infec 
tive agent, a necrosing agent, an anesthetic, an in?ammatory 
agent, a groWth factor, an angiogenic factor, an adjuvant, an 
immunosuppressive agent, an antiplatelet agent, an antico 
agulant, an ACE inhibitor, a cytotoxic agent, a vasculariZation 
compound, and an anti-sense molecule. 
[0023] In an embodiment of the second aspect, the bioint 
erface is con?gured to provide a space for a body ?uid to 
reside around the sensor in vivo. 
[0024] In an embodiment of the second aspect, the bioint 
erface is a porous membrane. 
[0025] In an embodiment of the second aspect, the bioint 
erface covers at least a sensing mechanism of the sensor. 
[0026] In a third aspect, a method of detecting an analyte in 
a host is provided, comprising: a) inserting a sensor through a 
host’s skin and into the host, Wherein the sensor is a compo 
nent of an analyte sensing device con?gured for transcutane 
ous insertion into the host, Wherein the sensor has an archi 
tecture With at least one dimension less than about 1 mm, and 
Wherein a biointerface covers at least a portion of the sensor, 



US 2009/0036763 A1 

whereby ?uid ?oWs into the biointerface upon insertion of the 
sensor into the host; b) detecting from the sensor a signal 
indicative of a presence or a concentration of the analyte in the 
host; and c) removing the sensor from the host. 
[0027] In an embodiment of the third aspect, the method 
further comprises repeating steps a) through c) after about 3 
days or Within about 3 days or less. 
[0028] In an embodiment of the third aspect, the method 
further comprises repeating steps a) through c) after about 5 
days or Within about 5 days or less. 
[0029] In an embodiment of the third aspect, the method 
further comprises repeating steps a) through c) after about 7 
days or Within about 7 days or less. 
[0030] In an embodiment of the third aspect, the method 
further comprises repeating steps a) through c) after about 10 
days or Within about 10 days or less. 
[0031] In an embodiment of the third aspect, the method 
further comprises coupling an electronics unit to the sensor. 
[0032] In an embodiment of the third aspect, the sensor is a 
transcutaneous sensor. 

[0033] In an embodiment of the third aspect, the method 
further comprises inductively coupling an electronics unit to 
the sensor. 

[0034] In a fourth aspect, a Wholly implantable sensing 
device is provided, the device comprising a sensor con?gured 
for implantation into a host and con?gured to detect an ana 
lyte in the host, Wherein the sensor has an architecture With at 
least one dimension less than about 1 mm; a porous biointer 
face covering at least a portion of the sensor; and electronics 
operatively coupled to the sensor. 
[0035] In an embodiment of the fourth aspect, the electron 
ics are operatively connected to the sensor Within a body of 
the sensor. 

[0036] In an embodiment of the fourth aspect, the device 
further comprises a tether con?gured for operatively connect 
ing the sensor to the electronics. 
[0037] In an embodiment of the fourth aspect, the electron 
ics are inductively coupled to the sensor. 
[0038] In an embodiment of the fourth aspect, the device 
further comprises a mechanical spacer around the sensor or a 
protective framework around the sensor. 
[0039] In an embodiment of the fourth aspect, the electron 
ics are con?gured to detect a signal from the sensor and 
Wherein the signal is indicative of at least one of a presence 
and a concentration of the analyte Within the biointerface. 
[0040] In an embodiment of the fourth aspect, the biointer 
face is an electrospun biointerface. 
[0041] In an embodiment of the fourth aspect, the biointer 
face is formed directly on the sensor. 
[0042] In an embodiment of the fourth aspect, the biointer 
face is preformed and subsequently applied to the sensor. 
[0043] In an embodiment of the fourth aspect, the biointer 
face comprises a material selected from the group consisting 
of silicone, polytetra?uoroethylene, expanded polytetra?uo 
roethylene, polyethylene-co-tetra?uoroethylene, polyole?n, 
polyester, polycarbonate, biostable polytetra?uoroethylene, 
polyurethane homopolymer, polyurethane copolymer, poly 
urethane terpolymer, polypropylene, polyvinylchloride, 
polyvinylidene ?uoride, polyvinyl alcohol, polybutylene 
terephthalate, polymethylmethacrylate, polyether ether 
ketone, polyamide, polyurethane, cellulosic polymer, poly 
(ethylene oxide), poly(propylene oxide), poly(propylene 
oxide) copolymer, polysulfone, polysulfone, block copoly 
mers thereof, di-block copolymers thereof, tri-block copoly 
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mers thereof, alternating copolymers thereof, random 
copolymers thereof, graft copolymers thereof, mixtures 
thereof, and blends thereof. 
[0044] In an embodiment of the fourth aspect, the biointer 
face is a ?brous biointerface. 
[0045] In an embodiment of the fourth aspect, the biointer 
face comprises ?bers less than about 6 microns in all but the 
longest dimension. 
[0046] In an embodiment of the fourth aspect, passageWays 
in the biointerface are con?gured to alloW passage therein of 
invasive cells and to not alloW extensive ingroWth of vascular 
tissue therein. 
[0047] In an embodiment of the fourth aspect, the biointer 
face is an amorphous biointerface. 
[0048] In an embodiment of the fourth aspect, a majority of 
pores of the biointerface are greater than about 0.6 microns in 
at least one dimension. 

[0049] In an embodiment of the fourth aspect, the porous 
biointerface is con?gured to support tissue ingroWth. 
[0050] In an embodiment of the fourth aspect, the biointer 
face is con?gured to resist barrier cell layer formation. 
[0051] In an embodiment of the fourth aspect, the porous 
biointerface comprises interconnected pores. 
[0052] In an embodiment of the fourth aspect, the biointer 
face further comprises a bioactive agent. 
[0053] In an embodiment of the fourth aspect, the bioactive 
agent is selected from the group consisting of an anti-barrier 
cell agent, an anti-in?ammatory agent, an anti-infective 
agent, a necrosing agent, an anesthetic, an in?ammatory 
agent, a groWth factor, an angiogenic factor, an adjuvant, an 
immunosuppressive agent, an antiplatelet agent, an antico 
agulant, an ACE inhibitor, a cytotoxic agent, a vasculariZation 
compound, and an anti-sense molecule. 
[0054] In an embodiment of the fourth aspect, the sensor 
comprises a Working electrode embedded Within the bioint 
erface. 
[0055] In an embodiment of the fourth aspect, the sensor 
further comprises at least one of a reference electrode embed 
ded Within the biointerface or deposited on a surface of the 
biointerface and a counter electrode embedded Within the 
biointerface or deposited on a surface of the biointerface. 

[0056] In a ?fth aspect, a Wholly implantable device for 
measuring an analyte in a host is provided, the device com 
prising a sensor con?gured for insertion into the ho st, Wherein 
the sensor has an architecture With at least one dimension less 
than about 1 mm, a porous biointerface comprising a solid 
portion and a plurality of passageWays extending from open 
ings in an exterior surface of the biointerface into an interior 
portion of the biointerface, and electronics operatively 
coupled to the sensor. 

[0057] In an embodiment of the ?fth aspect, the passage 
Ways are interconnected. 

[0058] In an embodiment of the ?fth aspect, a cavity siZe of 
the passageWays is greater than about 0.6 microns in at least 
one dimension. 

[0059] In an embodiment of the ?fth aspect, the biointer 
face is con?gured to resist barrier cell layer formation. 
[0060] In an embodiment of the ?fth aspect, the biointer 
face is con?gured to have a depth of greater than one passage 
Way in three dimensions substantially throughout the entirety 
of a matrix comprising the biointerface. 
[0061] In an embodiment of the ?fth aspect, the solid por 
tion comprises ?bers. 
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[0062] In an embodiment of the ?fth aspect, the solid por 
tion comprises ?bers less than about 6 microns in all but the 
longest dimension. 
[0063] In an embodiment of the ?fth aspect, the passage 
Ways are con?gured to alloW passage of invasive cells therein 
and to not alloW extensive ingroWth of vascular tissue therein. 
[0064] In a sixth aspect, a method of detecting an analyte in 
a host is provided, comprising Wholly implanting an analyte 
sensing device Within a host, the device comprising a sensor 
for measuring the analyte in the host, Wherein the sensor has 
an architecture With at least one dimension less than about 1 
mm, a porous biointerface covering at least a portion of the 
sensor, and an electronics unit operatively coupled to the 
sensor; alloWing tissue ingroWth Within the biointerface; and 
detecting from the sensor a signal indicative of at least one of 
a presence and a concentration of the analyte in the host. 
[0065] In an embodiment of the sixth aspect, the sensor is 
tethered to the electronics unit. 
[0066] In an embodiment of the sixth aspect, the sensor is 
inductively coupled to the electronics unit. 
[0067] In an embodiment of the sixth aspect, the signal is 
indicative of a presence of the analyte in the host or a con 
centration of analyte in the host. 
[0068] In an embodiment of the sixth aspect, the biointer 
face is con?gured to prevent formation of a barrier-cell layer. 
[0069] In an embodiment of the sixth aspect, the method 
further comprises removing the sensor from the host after at 
least about 1 month. 
[0070] In a seventh aspect, a method for fabricating an 
analyte sensor con?gured for insertion into a host’s soft tissue 
is provided, the method comprising forming a biointerface 
having a plurality of passageWays and a solid portion on at 
least a sensing portion of a sensor, Wherein the sensor is 
con?gured to measure an analyte in the host, and Wherein the 
sensor has an architecture With at least one dimension less 
than about 1 mm. 

[0071] In an embodiment of the seventh aspect, the step of 
forming a biointerface comprises a method selected from the 
group consisting of electrospinning, Writing, lyophiliZing, 
Wrapping, Weaving, and molding. 
[0072] In an embodiment of the seventh aspect, the step of 
forming a biointerface comprises electrospinning the bioint 
erface onto the sensor, Writing the biointerface onto the sen 
sor, lyophiliZing the biointerface onto the sensor, Wrapping 
the biointerface onto the sensor, Weaving the biointerface 
onto the sensor, and molding the biointerface onto the sensor. 
[0073] In an embodiment of the seventh aspect, the step of 
forming a biointerface comprises forming the biointerface 
directly on the sensor. 

[0074] In an embodiment of the seventh aspect, the step of 
forming a biointerface comprises pre-forming the biointer 
face and then applying the preformed biointerface to the 
sensor. 

[0075] In an embodiment of the seventh aspect, the step of 
forming a biointerface comprises pre-forming the biointer 
face and inserting the sensor into the preformed biointerface. 
[0076] In an embodiment of the seventh aspect, the step of 
forming a biointerface comprises forming a selectively 
removable porogen on the sensor, Wherein the porogen com 
prises particles formed onto the sensor and solidi?ed to form 
a solidi?ed mass of continuously interconnected particles; 
?lling the porogen With a material; substantially solidifying 
the material; and removing the mass of continuously inter 
connected particles from contact With the sensor and solidi 
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?ed material to thereby form a solid portion that de?nes a 
plurality of passageWays of the biointerface. 
[0077] In an embodiment of the seventh aspect, the bioint 
erface comprises a material selected from the group consist 
ing of silicone, polytetra?uoroethylene, expanded polytet 
ra?uoroethylene, polyethylene-co-tetra?uoroethylene, 
polyole?n, polyester, polycarbonate, biostable polytetra?uo 
roethylene, polyurethane homopolymer, polyurethane 
copolymer, polyurethane terpolymer, polypropylene, polyvi 
nylchloride, polyvinylidene ?uoride, polyvinyl alcohol, 
polybutylene terephthalate, polymethylmethacrylate, poly 
ether ether ketone, polyamide, polyurethane, cellulosic poly 
mer, poly(ethylene oxide), poly(propylene oxide), poly(pro 
pylene oxide) copolymer, polysulfone, polysulfone, block 
copolymers thereof, di-block copolymers thereof, tri-block 
copolymers thereof, alternating copolymers thereof, random 
copolymers thereof, graft copolymers thereof, mixtures 
thereof, and blends thereof. 
[0078] In an embodiment of the seventh aspect, the step of 
forming a biointerface comprises forming an amorphous bio 
interface. 
[0079] In an embodiment of the seventh aspect, the bioint 
erface comprises pores of at least about 20 microns. 
[0080] In an embodiment of the seventh aspect, the step of 
forming a biointerface comprises forming a ?brous biointer 
face. 
[0081] In an embodiment of the seventh aspect, the bioint 
erface comprises ?bers less than about 6 microns in all but the 
longest dimension. 
[0082] In an embodiment of the seventh aspect, the method 
further comprises a step of incorporating a bioactive agent 
into the biointerface. 
[0083] In an embodiment of the seventh aspect, the bioac 
tive agent is selected from the group consisting of an anti 
barrier cell agent, an anti-in?ammatory agent, an anti-infec 
tive agent, a necrosing agent, an anesthetic, an in?ammatory 
agent, a groWth factor, an angiogenic factor, an adjuvant, an 
immunosuppressive agent, an antiplatelet agent, an antico 
agulant, an ACE inhibitor, a cytotoxic agent, a vasculariZation 
compound, and an anti-sense molecule. 
[0084] In an embodiment of the seventh aspect, the step of 
forming a biointerface comprises Writing a biointerface onto 
the sensor using a computer-aided machine. 
[0085] In an eighth aspect, a method for fabricating an 
analyte sensor con?gured to be Wholly implanted in a host’s 
soft tissue is provided, the method comprising providing a 
sensor con?gured to measure an analyte in the host, Wherein 
the sensor has an architecture With at least one dimension less 
than about 1 mm; and coating a biointerface onto the sensor, 
the biointerface comprising a plurality of cavities and a solid 
portion. 
[0086] In an embodiment of the eighth aspect, the cavities 
are interconnected. 

[0087] In an embodiment of the eighth aspect, the coating 
step comprises a method selected from the group consisting 
of electrospinning, Writing, lyophiliZing, Wrapping, Weaving, 
and molding. 
[0088] In an embodiment of the eighth aspect, the method 
further comprises a step of curing the biointerface. 
[0089] In an embodiment of the eighth aspect, the coating 
step comprises forming a selectively removable porogen onto 
the sensor, Wherein the porogen comprises particles formed 
onto the sensor and solidi?ed to form a solidi?ed mass of 
continuously interconnected particles; ?lling the porogen 
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With a material; substantially solidifying the material; and 
removing the mass of continuously interconnected particles 
from contact With the sensor and solidi?ed material to thereby 
form a solid portion that de?nes a plurality of passageWays of 
the biointerface. 
[0090] In an embodiment of the eighth aspect, the bioint 
erface comprises a material selected from the group consist 
ing of silicone, polytetra?uoroethylene, expanded polytet 
ra?uoroethylene, polyethylene-co-tetra?uoroethylene, 
polyole?n, polyester, polycarbonate, biostable polytetra?uo 
roethylene, polyurethane homopolymer, polyurethane 
copolymer, polyurethane terpolymer, polypropylene, polyvi 
nylchloride, polyvinylidene ?uoride, polyvinyl alcohol, 
polybutylene terephthalate, polymethylmethacrylate, poly 
ether ether ketone, polyamide, polyurethane, cellulosic poly 
mer, poly(ethylene oxide), poly(propylene oxide), poly(pro 
pylene oxide) copolymer, polysulfone, polysulfone, block 
copolymers thereof, di-block copolymers thereof, tri-block 
copolymers thereof, alternating copolymers thereof, random 
copolymers thereof, graft copolymers thereof, mixtures 
thereof, and blends thereof. 
[0091] In an embodiment of the eighth aspect, the bioint 
erface is an amorphous biointerface. 
[0092] In an embodiment of the eighth aspect, the amor 
phous biointerface is molded onto the sensor. 
[0093] In an embodiment of the eighth aspect, the coating 
step comprises forming a ?brous biointerface. 
[0094] In an embodiment of the eighth aspect, the bioint 
erface comprises ?bers less than about 6 microns in all but the 
longest dimension. 
[0095] In an embodiment of the eighth aspect, the method 
further comprises a step of incorporating a bioactive agent 
into the biointerface. 
[0096] In an embodiment of the eighth aspect, the bioactive 
agent is selected from the group consisting of an anti-barrier 
cell agent, an anti-in?ammatory agent, an anti-infective 
agent, a necrosing agent, an anesthetic, an in?ammatory 
agent, a groWth factor, an angiogenic factor, an adjuvant, a 
Wound factor, an immunosuppressive agent, an antiplatelet 
agent, an anticoagulant, an ACE inhibitor, a cytotoxic agent, 
a vasculariZation compound, and an anti-sense molecule. 
[0097] In an embodiment of the eighth aspect, the coating 
step comprises Writing a biointerface onto the sensor using a 
computer-aided machine. 
[0098] In an embodiment of the eighth aspect, the method 
further comprises a step of curing the biointerface. 
[0099] In a ninth aspect, a method for making an analyte 
sensor con?gured for insertion into a host’s soft tissue is 
provided, the method comprising providing a sensor con?g 
ured to measure an analyte in a host, Wherein the sensor has an 
architecture With at least one dimension less than about 1 mm; 
and directly Writing a porous biointerface, Wherein the porous 
biointerface is Written based on a prede?ned pattern stored in 
a computer system. 
[0100] In an embodiment of the ninth aspect, the method 
further comprises a step of curing the biointerface during 
direct Writing step or after the direct Writing step. 
[0101] In an embodiment of the ninth aspect, the porous 
biointerface is directly Written onto the sensor. 
[0102] In an embodiment of the ninth aspect, the porous 
biointerface is directly Written onto a substrate and then 
applied to the sensor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0103] FIG. 1A is an illustration of classical three-layered 
foreign body response to a conventional synthetic membrane 
implanted under the skin. 
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[0104] FIG. 1B is a side schematic vieW of adipose cell 
contact With an inserted transcutaneous sensor or an 

implanted sensor. 

[0105] FIG. 1C is a side schematic vieW of a biointerface 
membrane preventing adipose cell contact With an inserted 
transcutaneous sensor or an implanted sensor. 

[0106] FIG. 2A is an expanded vieW of an exemplary 
embodiment of a continuous analyte sensor. 

[0107] FIG. 2B is a cross-sectional vieW through the sensor 
of FIG. 2A on line B-B. 

[0108] FIG. 3A is a side schematic vieW of a transcutaneous 
analyte sensor in one embodiment. 

[0109] FIG. 3B is a side schematic vieW of a transcutaneous 
analyte sensor in an alternative embodiment. 

[0110] FIG. 3C is a side schematic vieW of a Wholly 
implantable analyte sensor in one embodiment. 
[0111] FIG. 3D is a side schematic vieW of a Wholly 
implantable analyte sensor in an alternative embodiment. 

[0112] FIG. 3E is a side schematic vieW of a Wholly 
implantable analyte sensor in another alternative embodi 
ment. 

[0113] FIG. 3F is a side vieW of one embodiment of an 
implanted sensor inductively coupled to an electronics unit 
Within a functionally useful distance on the host’s skin. 

[0114] FIG. 3G is a side vieW of one embodiment of an 
implanted sensor inductively coupled to an electronics unit 
implanted in the host’s tissue at a functionally useful distance. 
[0115] FIG. 4A is a cross-sectional schematic vieW of a 
membrane of a preferred embodiment that facilitates vascu 
lariZation of the ?rst domain Without barrier cell layer forma 
tion. 
[0116] FIG. 4B is a cross-sectional schematic vieW of the 
membrane of FIG. 2A shoWing contractile forces caused by 
the ?brous tissue of the FBR. 

[0117] FIG. 5 is a How chart that illustrates the process of 
forming a biointerface-coated small structured sensor in one 
embodiment. 

[0118] FIG. 6 is a How chart that illustrates the process of 
forming a biointerface-coated sensor in an alternative 
embodiment. 

[0119] FIG. 7 is a How chart that illustrates the process of 
forming a biointerface-coated sensor in another alternative 
embodiment. 

[0120] FIG. 8 is a How chart that illustrates the process of 
forming a biointerface-Wrapped sensor in one embodiment. 

[0121] FIG. 9 is a How chart that illustrates the process of 
forming a sensing biointerface in one embodiment. 

[0122] FIG. 10A is a scanning electron micrograph shoW 
ing a cross-sectional vieW of a cut porous silicone tube. The 
scale line equals 500 pm. 
[0123] FIG. 10B is a scanning electron micrograph of a 
sugar mold formed on a sensor, prior to silicone application. 
The scale line equals 100 um. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0124] The folloWing description and examples illustrate a 
preferred embodiment of the present invention in detail. 
Those of skill in the art Will recogniZe that there are numerous 
variations and modi?cations of this invention that are encom 
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passed by its scope. Accordingly, the description of a pre 
ferred embodiment should not be deemed to limit the scope of 
the present invention. 

DEFINITIONS 

[0125] In order to facilitate an understanding of the pre 
ferred embodiment, a number of terms are de?ned beloW. 
[0126] The term “biointerface membrane” as used herein is 
a broad term, and is to be given its ordinary and customary 
meaning to a person of ordinary skill in the art (and is not to 
be limited to a special or customiZed meaning), and refers 
Without limitation to a permeable membrane that functions as 
an interface betWeen host tissue and an implantable device. 
[0127] The term “barrier cell layer” as used herein is a 
broad term, and is to be given its ordinary and customary 
meaning to a person of ordinary skill in the art (and is not to 
be limited to a special or customiZed meaning), and refers 
Without limitation to a part of a foreign body response that 
forms a cohesive monolayer of cells (for example, macroph 
ages and foreign body giant cells) that substantially block the 
transport of molecules and other substances to the implant 
able device. 
[0128] The term “cell processes” as used herein is a broad 
term, and is to be given its ordinary and customary meaning to 
a person of ordinary skill in the art (and is not to be limited to 
a special or customiZed meaning), and refers Without limita 
tion to pseudopodia of a cell. 
[0129] The term “cellular attachment” as used herein is a 
broad term, and is to be given its ordinary and customary 
meaning to a person of ordinary skill in the art (and is not to 
be limited to a special or customiZed meaning), and refers 
Without limitation to adhesion of cells and/ or cell processes to 
a material at the molecular level, and/or attachment of cells 
and/ or cell processes to microporous material surfaces or 
macroporous material surfaces. One example of a material 
used in the prior art that encourages cellular attachment to its 
porous surfaces is the BIOPORETM cell culture support mar 
keted by Millipore (Bedford, Mass.), and as described in 
Brauker et al., U.S. Pat. No. 5,741,330. 
[0130] The term “solid portions” as used herein is a broad 
term, and is to be given its ordinary and customary meaning to 
a person of ordinary skill in the art (and is not to be limited to 
a special or customiZed meaning), and refers Without limita 
tion to portions of a membrane’s material having a mechani 
cal structure that demarcates cavities, voids, or other non 
solid portions. 
[0131] The term “co-continuous” as used herein is a broad 
term, and is to be given its ordinary and customary meaning to 
a person of ordinary skill in the art (and is not to be limited to 
a special or customiZed meaning), and refers Without limita 
tion to a solid portion or cavity Wherein an unbroken curved 
line in three dimensions can be draWn betWeen tWo sides of a 
membrane. 
[0132] The term “biostable” as used herein is a broad term, 
and is to be given its ordinary and customary meaning to a 
person of ordinary skill in the art (and is not to be limited to a 
special or customiZed meaning), and refers Without limitation 
to materials that are relatively resistant to degradation by 
processes that are encountered in vivo. 

[0133] The terms “bioresorbable” or “bioabsorbable” as 
used herein are broad terms, and are to be given their ordinary 
and customary meaning to a person of ordinary skill in the art 
(and are not to be limited to a special or customiZed meaning), 
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and refer Without limitation to materials that can be absorbed, 
or lose substance, in a biological system. 

[0134] The terms “nonbioresorbable” or “nonbioabsorb 
able” as used herein are broad terms, and are to be given their 
ordinary and customary meaning to a person of ordinary skill 
in the art (and are not to be limited to a special or customiZed 
meaning), and refer Without limitation to materials that are 
not substantially absorbed, or do not substantially lose sub 
stance, in a biological system. 
[0135] The term “analyte” as used herein is a broad term, 
and is to be given its ordinary and customary meaning to a 
person of ordinary skill in the art (and is not to be limited to a 
special or customiZed meaning), and refers Without limitation 
to a substance or chemical constituent in a biological ?uid (for 
example, blood, interstitial ?uid, cerebral spinal ?uid, lymph 
?uid or urine) that can be analyZed. Analytes can include 
naturally occurring substances, arti?cial substances, metabo 
lites, and/or reaction products. In some embodiments, the 
analyte for measurement by the sensing regions, devices, and 
methods is glucose. HoWever, other analytes are contem 
plated as Well, including but not limited to acarboxypro 
thrombin; acylcamitine; adenine phosphoribosyl transferase; 
adenosine deaminase; albumin; alpha-fetoprotein; amino 
acid pro?les (arginine (Krebs cycle), histidine/urocanic acid, 
homocysteine, phenylalanine/tyrosine, tryptophan); 
andrenostenedione; antipyrine; arabinitol enantiomers; argi 
nase; benZoylecgonine (cocaine); biotimidase; biopterin; 
c-reactive protein; camitine; carnosinase; CD4; ceruloplas 
min; chenodeoxycholic acid; chloroquine; cholesterol; cho 
linesterase; conjugated l-[3 hydroxy-cholic acid; cortisol; 
creatine kinase; creatine kinase MM isoenZyme; cyclosporin 
A; d-penicillamine; de-ethylchloroquine; dehydroepiandros 
terone sulfate; DNA (acetylator polymorphism, alcohol 
dehydrogenase, alpha l-antitrypsin, cystic ?brosis, Duch 
enne/ Becker muscular dystrophy, glucose-6-pho sphate dehy 
drogenase, hemoglobin A, hemoglobin S, hemoglobin C, 
hemoglobin D, hemoglobin E, hemoglobin F. D-Punjab, 
beta-thalassemia, hepatitis B virus, HCMV, HIV-l, HTLV-l, 
Leber hereditary optic neuropathy, MCAD, RNA, PKU, 
Plasmodium vivax, sexual differentiation, 21 -deoxycortisol); 
desbutylhalofantrine; dihydropteridine reductase; diptheria/ 
tetanus antitoxin; erythrocyte arginase; erythrocyte protopor 
phyrin; esterase D; fatty acids/acylglycines; free [3-human 
chorionic gonadotropin; free erythrocyte porphyrin; free thy 
roxine (FT4); free tri-iodothyronine (FT3); fumarylacetoac 
etase; galactose/gal- l -pho sphate; galacto se-l -pho sphate 
uridyltransferase; gentamicin; glucose-6-phosphate dehy 
drogenase; glutathione; glutathione perioxidase; glycocholic 
acid; glycosylated hemoglobin; halofantrine; hemoglobin 
variants; hexosaminidase A; human erythrocyte carbonic 
anhydrase I; l7-alpha-hydroxyprogesterone; hypoxanthine 
phosphoribosyl transferase; immunoreactive trypsin; lactate; 
lead; lipoproteins ((a), B/A-l, [3); lysoZyme; me?oquine; 
netilmicin; phenobarbitone; phenyloin; phytanic/pristanic 
acid; progesterone; prolactin; prolidase; purine nucleoside 
phosphorylase; quinine; reverse tri-iodothyronine (rT3); 
selenium; serum pancreatic lipase; sissomicin; somatomedin 
C; speci?c antibodies (adenovirus, anti-nuclear antibody, 
anti-Zeta antibody, arbovirus, AujesZky’s disease virus, den 
gue virus, Dracunculus medinensis, Echinococcus granulo 
sus, Enlamoeba hislolylica, enterovirus, Giardia duodenal 
isa, Helicobacler pylori, hepatitis B virus, herpes virus, HIV 
l, IgE (atopic disease), in?uenZa virus, Leishmania 
donovani, leplospira, measles/mumps/rubella, Mycobacle 


























































