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(57) ABSTRACT 

Sensor devices including dissolvable tissue-piercing tips are 
provided. The sensor devices can be used in conjunction With 
dissolvable needles con?gured for inserting the sensor 
devices into a ho st. Hardening agents for strengthening mem 
branes on sensor devices are also provided. Methods of using 
and fabricating sensor devices are also provided. 
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SENSORS FOR CONTINUOUS ANALYTE 
MONITORING, AND RELATED METHODS 

INCORPORATION BY REFERENCE TO 
RELATED APPLICATIONS 

[0001] Any and all priority claims identi?ed in the Appli 
cation Data Sheet, or any correction thereto, are hereby incor 
porated by reference under 37 CFR 1.57. This application 
claims the bene?t of US. Provisional Application No. 
61/713,338 ?led Oct. 12, 2012, the disclosure of which is 
hereby expressly incorporated by reference in their entirety 
and is hereby expressly made a portion of this application. 

TECHNICAL FIELD 

[0002] The present embodiments relate to systems and 
methods for measuring an analyte concentration in a host. 

BACKGROUND 

[0003] Diabetes mellitus is a disorder in which the pancreas 
cannot create suf?cient insulin (Type I or insulin dependent) 
and/ or in which insulin is not effective (Type 2 or non-insulin 
dependent). In the diabetic state, the victim suffers from high 
blood sugar, which may cause an array of physiological 
derangements associated with the deterioration of small 
blood vessels, for example, kidney failure, skin ulcers, or 
bleeding into the vitreous of the eye. A hypoglycemic reac 
tion (low blood sugar) may be induced by an inadvertent 
overdose of insulin, or after a normal dose of insulin or 
glucose-lowering agent accompanied by extraordinary exer 
cise or insuf?cient food intake. 
[0004] Conventionally, a person with diabetes carries a 
self-monitoring blood glucose (SMBG) monitor, which typi 
cally requires uncomfortable ?nger pricks to obtain blood 
samples for measurement. Due to the lack of comfort and 
convenience associated with ?nger pricks, a person with dia 
betes normally only measures his or her glucose levels two to 
four times per day. Unfortunately, time intervals between 
measurements may be spread far enough apart that the person 
with diabetes ?nds out too late of a hyperglycemic or 
hypoglycemic condition, sometimes incurring dangerous 
side effects. It is not only unlikely that a person with diabetes 
will take a timely SMBG value, it is also likely that he or she 
will not know if his or her blood glucose value is going up 
(higher) or down (lower) based on conventional methods. 
Diabetics thus may be inhibited from making educated insu 
lin therapy decisions. 
[0005] Another device that some diabetics use to monitor 
their blood glucose is a continuous analyte sensor. A continu 
ous analyte sensor typically includes a sensor that is placed 
subcutaneously, transdermally (e.g., transcutaneously), or 
intravascularly. The sensor measures the concentration of a 
given analyte within the body, and generates a raw signal that 
is transmitted to electronics associated with the sensor. The 
raw signal is converted into an output value that is displayed 
on a display. The output value that results from the conversion 
of the raw signal is typically expressed in a form that provides 
the user with meaningful information, such as blood glucose 
expressed in mg/dL. 

SUMMARY 

[0006] The various present embodiments have several fea 
tures, no single one of which is solely responsible for their 
desirable attributes. Without limiting the scope of the present 
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embodiments as expressed by the claims that follow, their 
more prominent features now will be discussed brie?y. After 
considering this discussion, and particularly after reading the 
section entitled “Detailed Description,” one will understand 
how the features of the present embodiments provide the 
advantages described herein. 
[0007] One aspect of the present embodiments includes the 
realization that tack sensors include a sharpened tip that 
remains implanted in the tissue throughout the usable life of 
the sensor. Leaving the sharpened tip in vivo for an extended 
period of time may cause trauma to surrounding tissue, lead 
ing to scarring and inhibition of wound healing. Some of the 
present embodiments provide solutions to this problem. 
[0008] In recognition of the foregoing problem, in a ?rst 
aspect certain of the present embodiments comprise a sensor 
device for measuring an analyte concentration in a host, the 
sensor device comprising: a sensor unit comprising a sensor 
body, at least one electrode, and a membrane covering at least 
a portion of the at least one electrode, the sensor body having 
a blunt tip; a piercing element comprising a material that 
rapidly dissolves upon insertion into the host, the piercing 
element abutting the sensor tip and being capable of piercing 
tissue; and a mounting unit spaced from the sensor tip and 
con?gured to support the sensor device on an exterior surface 
of the host’s skin. 
[0009] In an embodiment of the ?rst aspect, the piercing 
element is secured to the sensor tip. 
[0010] In an embodiment of the ?rst aspect, the piercing 
element is adhered to the sensor tip. 
[0011] In an embodiment of the ?rst aspect, the piercing 
element is not secured to the sensor tip, but is maintained in 
abutting contact therewith. 
[0012] In an embodiment of the ?rst aspect, a sleeve sur 
rounding the sensor tip and the piercing element maintains 
the abutting contact. 
[0013] In an embodiment of the ?rst aspect, the piercing 
element comprises a coating that covers at least a portion of 
the sensor body including the sensor tip. 
[0014] In an embodiment of the ?rst aspect, the coating 
comprises a sharp coating tip. 
[0015] In an embodiment of the ?rst aspect, the material of 
the piercing element comprises a material that suppresses 
wounding. 
[0016] In an embodiment of the ?rst aspect, the material of 
the piercing element comprises a material that promotes rapid 
wound healing. 
[0017] In an embodiment of the ?rst aspect, the material of 
the piercing element comprises a material that induces 
osmotic pressure or oncotic pressure. 
[0018] In an embodiment of the ?rst aspect, the material of 
the piercing element comprises one or more drugs. 
[0019] In an embodiment of the ?rst aspect, the material of 
the piercing element comprises a vascular endothelial growth 
factor (VEGF). 
[0020] In an embodiment of the ?rst aspect, the material of 
the piercing element comprises at least one of a salt, a metallic 
salt, a sugar, a synthetic polymer, polylactic acid, polygly 
colic acid, or a polyphosphazene. 
[0021] In an embodiment of the ?rst aspect, the material of 
the piercing element biodegrades/dissolves within a ?rst day 
after insertion into the host. 
[0022] In an embodiment of the ?rst aspect, the material of 
the piercing element biodegrades/ dissolves within three 
hours after insertion into the host. 
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[0023] In an embodiment of the ?rst aspect, the piercing 
element does not extend past the sensor tip in the direction of 
the mounting unit, or extends only a nominal amount in said 
direction. 
[0024] In an embodiment of the ?rst aspect, the piercing 
element extends past the sensor tip in the direction of the 
mounting unit, but stops short of the electrode. 
[0025] In an embodiment of the ?rst aspect, the mounting 
unit comprises a guiding portion con?gured to guide insertion 
of the sensor unit through the host’s skin and to support a 
column strength of the sensor body such that the sensor unit is 
capable of being inserted through the host’s skin without 
substantial buckling. 
[0026] In an embodiment of the ?rst aspect, the at least one 
electrode comprises a working electrode and a reference elec 
trode. 
[0027] In an embodiment of the ?rst aspect, the sensorbody 
further comprises a support member con?gured to protect the 
membrane from damage during insertion of the sensor unit. 
[0028] In an embodiment of the ?rst aspect, the at least one 
electrode is the support member. 
[0029] In an embodiment of the ?rst aspect, the support 
member is con?gured to support at least a portion of the at 
least one electrode. 
[0030] In an embodiment of the ?rst aspect, the support 
member is con?gured to substantially surround the at least 
one electrode. 

[0031] In an embodiment of the ?rst aspect, the mounting 
unit comprises a sensor electronics unit operatively and 
detachably connected to the sensor body. 
[0032] In an embodiment of the ?rst aspect, the sensor 
electronics unit is con?gured to be located over a sensor 
insertion site. 
[0033] Also in recognition of the foregoing problem, in a 
second aspect certain of the present embodiments comprise a 
method of making a sensor device, the method comprising: 
dipping a tip of a sensor into a liquid to form a coating of the 
liquid on the sensor tip; and withdrawing the sensor tip from 
the liquid while controlling parameters of the withdrawal so 
that the coating forms a sharp point extending from the sensor 
tip, the sharp point being capable of piercing tissue. 
[0034] In an embodiment of the second aspect, the param 
eters include at least one of a length (L) of the sensor that is 
wetted by the liquid, a viscosity of the liquid, and a with 
drawal rate. 
[0035] In an embodiment of the second aspect, L is in the 
range of 0.1-4 mm. 

[0036] In an embodiment of the second aspect, L is 2-3 mm. 
[0037] In an embodiment of the second aspect, the viscosity 
is below 100 cP. 
[0038] In an embodiment of the second aspect, the with 
drawal rate is 20-30 in/sec. 
[0039] In an embodiment of the second aspect, the method 
further comprises curing the coating. 
[0040] In an embodiment of the second aspect, the curing 
comprises UV (or heat) cross-linking, irradiating, drying, or 
heating. 
[0041] In an embodiment of the second aspect, the method 
further comprises using a tip mold or draw-through ?xture 
that clamps and cures in one step in order to form a sharp cone 
shape. 
[0042] In an embodiment of the second aspect, the method 
further comprises applying a voltage to the coating while it is 
being cured. 
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[0043] In an embodiment of the second aspect, the method 
further comprises heating the coating and drawing it out like 
glass. 
[0044] Another aspect of the present embodiments 
includes the realization that in some current methods for 
sensor insertion the sensor is received within the lumen of an 
insertion needle. The needle, which has greater column 
strength than the sensor, bears the frictional forces that occur 
during insertion. Once the sensor is in place in the tissue, the 
needle is removed. The need to remove the needle adds com 
plexity to the insertion process, including the need to electri 
cally connect the sensor to sensor electronics after insertion. 
Some of the present embodiments provide solutions to this 
problem. 
[0045] In recognition of the foregoing problem, in a third 
aspect certain of the present embodiments comprise a sensor 
device for measuring an analyte concentration in a host, the 
sensor device comprising: a sensor unit comprising a sensor 
body, at least one electrode, and a membrane covering at least 
a portion of the at least one electrode; and a piercing element 
comprising a material that rapidly dissolves upon insertion 
into the host, the piercing element including a sharp tip 
capable of piercing tissue, and a lumen that receives the 
sensor unit. 

[0046] In an embodiment of the third aspect, the sensor 
body has a blunt tip. 
[0047] In an embodiment of the third aspect, the sensor unit 
is not secured to the piercing element. 
[0048] In an embodiment of the third aspect, the sensor unit 
is secured to the piercing element. 
[0049] In an embodiment of the third aspect, the material of 
the piercing element comprises a material that suppresses 
wounding. 
[0050] In an embodiment of the third aspect, the material of 
the piercing element comprises a material that promotes rapid 
wound healing. 
[0051] In an embodiment of the third aspect, the material of 
the piercing element comprises a material that induces 
osmotic pressure or oncotic pressure. 
[0052] In an embodiment of the third aspect, the material of 
the piercing element comprises one or more drugs. 
[0053] In an embodiment of the third aspect, the material of 
the piercing element comprises a vascular endothelial growth 
factor (VEGF). 
[0054] In an embodiment of the third aspect, the material of 
the piercing element comprises at least one of a salt, a metallic 
salt, a sugar, a synthetic polymer, polylactic acid, polygly 
colic acid, or a polyphosphazene. 
[0055] In an embodiment of the third aspect, the material of 
the piercing element biodegrades/dissolves within a ?rst day 
after insertion into the host. 
[0056] In an embodiment of the third aspect, the material of 
the piercing element biodegrades/ dissolves within three 
hours after insertion into the host. 
[0057] Another aspect of the present embodiments 
includes the realization that the material of analyte sensor 
membranes is soft, and tends to peel back as the sensor 
advances into tissue. This problem is especially acute for 
sensors that are formed by a process in which they are ?rst 
coated with a membrane and then sharpened at the tip. This 
process exposes the sensor body, and leaves a thin coating of 
the membrane surrounding the sides of the sensor body at the 
tip. Some of the present embodiments provide solutions to 
this problem. 
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[0058] In recognition of the foregoing problem, in a fourth 
aspect certain of the present embodiments comprise a sensor 
device for measuring an analyte concentration in a host, the 
sensor device comprising: a sensor unit comprising a sensor 
body, at least one electrode, and a membrane covering at least 
a portion of the at least one electrode; and a mounting unit 
spaced from the sensor tip and con?gured to support the 
sensor device on an exterior surface of the host’s skin; 
wherein the membrane comprises a hardening agent, the 
hardening agent providing increased column strength to the 
sensor unit so that the sensor unit is capable of being inserted 
through the host’s skin without substantial buckling. 
[0059] In an embodiment of the fourth aspect, the harden 
ing agent is integrated with the membrane. 
[0060] In an embodiment of the fourth aspect, the mem 
brane covers a tip of the sensor body. 
[0061] In an embodiment of the fourth aspect, a tip of the 
sensor body is exposed through the membrane. 
[0062] In an embodiment of the fourth aspect, the exposed 
tip of the sensor body comprises a material that does not react 
with hydrogen peroxide. 
[0063] In an embodiment of the fourth aspect, the harden 
ing agent comprises cyanoacrylate. 
[0064] Also in recognition of the foregoing problem, in a 
?fth aspect certain of the present embodiments comprise a 
sensor device for measuring an analyte concentration in a 
host, the sensor device comprising: a sensor unit comprising 
a sensor body, at least one electrode, and a membrane cover 

ing at least a portion of the at least one electrode; and a 
mounting unit spaced from the sensor tip and con?gured to 
support the sensor device on an exterior surface of the host’s 
skin; wherein the membrane comprises a hardening agent, the 
hardening agent increasing a column strength of the sensor 
unit and increasing an adhesion of the membrane to the at 
least one electrode; and wherein the membrane comprising 
the hardening agent allows analyte permeability. 
[0065] In an embodiment of the ?fth aspect, the hardening 
agent is suspended in a matrix. 
[0066] In an embodiment of the ?fth aspect, the membrane 
covers a tip of the sensor. 

[0067] In an embodiment of the ?fth aspect, a tip of the 
sensor is exposed through the membrane. 
[0068] In an embodiment of the ?fth aspect, the exposed tip 
of the sensor comprises a material that does not react with 
hydrogen peroxide. 
[0069] In an embodiment of the ?fth aspect, the hardening 
agent comprises cyanoacrylate. 
[0070] Also in recognition of the foregoing problem, in a 
sixth aspect certain of the present embodiments comprise a 
method of making a sensor device, the method comprising: 
coating a wire with a membrane; cutting the coated wire to a 
desired length to thereby form a sensor tip; and exposing the 
coated wire to a hardening agent such that the membrane 
absorbs the hardening agent. 
[0071] In an embodiment of the sixth aspect, exposing the 
coated wire comprises dipping at least the sensor tip in the 
hardening agent. 
[0072] In an embodiment of the sixth aspect, certain of the 
present embodiments further comprise curing the membrane 
to harden the hardening agent. 
[0073] In an embodiment of the sixth aspect, certain of the 
present embodiments further comprise sharpening the sensor 
tip to form a sharp point capable of piercing tissue. 
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[0074] In an embodiment of the sixth aspect, the sensor tip 
comprises a material that does not react with hydrogen per 
oxide. 
[0075] In an embodiment of the sixth aspect, certain of the 
present embodiments further comprise applying a deadening 
agent to the sharpened sensor tip to deaden any active surfaces 
exposed during the sharpening step. 
[0076] In an embodiment of the sixth aspect, the deadening 
agent comprises cyanoacrylate or silane. 
[0077] In an embodiment of the sixth aspect, the deadening 
agent is applied using vapor deposition. 
[0078] In an embodiment of the sixth aspect, the hardening 
agent comprises cyanoacrylate. 
[0079] Also in recognition of the foregoing problem, in a 
seventh aspect certain of the present embodiments comprise a 
method of making a sensor device, the method comprising: 
cutting a wire to a desired length to thereby form a sensor tip; 
sharpening the sensor tip to form a sharp point capable of 
piercing tissue; coating the wire, including the sharpened 
sensor tip, with a membrane; and exposing the coated wire to 
a hardening agent such that the membrane absorbs the hard 
ening agent. 
[0080] In an embodiment of the seventh aspect, exposing 
the coated wire comprises dipping at least the sensor tip in the 
hardening agent. 
[0081] In an embodiment of the seventh aspect, certain of 
the present embodiments further comprise curing the mem 
brane to harden the hardening agent. 
[0082] In an embodiment of the seventh aspect, the hard 
ening agent comprises cyanoacrylate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0083] The various present embodiments now will be dis 
cussed in detail with an emphasis on highlighting the advan 
tageous features. These embodiments depict the novel and 
non-obvious sensors for continuous analyte monitoring, and 
related methods shown in the accompanying drawings, which 
are for illustrative purposes only. These drawings include the 
following ?gures, in which like numerals indicate like parts: 
[0084] FIG. 1 is a schematic cross-sectional view of a con 
tinuous analyte sensor according to the present embodiments; 
[0085] FIGS. 2A-2H are schematic side views of example 
shapes of tissue-piercing tips for a continuous analyte sensor 
according to the present embodiments; 
[0086] FIGS. 3A-3D are top perspective views of addi 
tional continuous analyte sensors according to the present 
embodiments; 
[0087] FIG. 4 is a continuous analyte sensor according to 
the present embodiments; 
[0088] FIG. 5 is a front perspective view of a system for 
inserting a continuous analyte sensor into a host according to 
the present embodiments; 
[0089] FIG. 6 is a front perspective view of another system 
for inserting a continuous analyte sensor into a host according 
to the present embodiments; 
[0090] FIG. 7 is a continuous analyte sensor according to 
the present embodiments; 
[0091] FIG. 8 is a continuous analyte sensor according to 
the present embodiments; 
[0092] FIG. 9 is a continuous analyte sensor according to 
the present embodiments; and 
[0093] FIG. 10 is a continuous analyte sensor according to 
the present embodiments. 
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DETAILED DESCRIPTION 

[0094] The following detailed description describes the 
present embodiments with reference to the drawings. In the 
drawings, reference numbers label elements of the present 
embodiments. These reference numbers are reproduced 
below in connection with the discussion of the corresponding 
drawing features. 
[0095] The drawings and their descriptions may indicate 
sizes, shapes and con?gurations of the various components. 
Such depictions and descriptions should not be interpreted as 
limiting. Alternative sizes, shapes and con?gurations are also 
contemplated as within the scope of the present embodi 
ments. Also, the drawings, and their written descriptions, 
indicate that certain components of the apparatus are formed 
integrally, and certain other components are formed as sepa 
rate pieces. Components shown and described herein as being 
formed integrally may in alternative embodiments be formed 
as separate pieces. Further, components shown and described 
herein as being formed as separate pieces may in alternative 
embodiments be formed integrally. As used herein the term 
integral describes a single unitary piece. 

Overview 

[0096] The embodiments described herein provide various 
mechanisms for directly inserting a transcutaneous sensor 
into a host without the use of a separate applicator, i.e., other 
than the sensor device itself. Direct press insertion of a tran 
scutaneous sensor (e.g., an electrode) having a wire-like 
geometry, especially a ?ne wire, may be technically challeng 
ing because of buckling risks associated with the sensor. 
Direct press insertion of a sensor also presents challenges 
relating to damage during the insertion process to the mem 
brane disposed on the sensor. Without membrane protection, 
the membrane may be stripped off from the sensor or be 
mechanically damaged during the insertion process. The 
embodiments described herein are designed to overcome the 
aforementioned challenges by providing miniaturized sensor 
devices capable of providing structural support (e.g., in the 
form of mechanical/ structural properties such as column 
strength) for direct insertion of a transcutaneous sensor and 
capable of protecting the membrane from damage during the 
insertion process. 

[0097] FIG. 1 illustrates a schematic side view of one 
embodiment of a transcutaneous sensor device 100 con?g 
ured to continuously measure analyte concentration (e.g., 
glucose concentration) in a host to provide a data stream 
representative of the host’s analyte concentration, in accor 
dance with the present embodiments. Sensors such as the one 
illustrated in FIG. 1 are sometimes referred to as “tack” 
sensors, due to their resemblance to a thumbtack. 

[0098] In the particular embodiment illustrated in FIG. 1, 
the sensor device 100 comprises an in vivo portion 102 (also 
referred to as a sensor unit) con?gured for insertion under the 
host’s skin 104, and an ex vivo portion 106 con?gured to 
remain above the host’s skin surface after sensor insertion. 
The in vivo portion 102 comprises a tissue-piercing element 
108 con?gured for piercing the host’s skin 104, and a sensor 
body 110. The sensor body 110 comprises a support member 
112 including one or more electrodes, and a membrane 114 
disposed over at least a portion of the support member 112. 
The support member 112 may also be referred to as a sensor 
body 112, and the two terms are used interchangeably herein. 
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[0099] The ex vivo portion 106 comprises a mounting unit 
116 that may include a sensor electronics unit (not shown) 
embedded or detachably secured therein, or alternatively may 
be con?gured to operably connect to a separate sensor elec 
tronics unit. Further details regarding the sensor device 100 
and its components may be found in US. Patent Application 
Publication No. 2011/0077490, the disclosure of which is 
incorporated herein in its entirety. 

Tissue-Piercing Element 

[0100] The tissue-piercing element 108 of the sensor 
device 100 is con?gured to pierce the host’s skin 104, and to 
open and de?ne a passage for insertion of the sensor body 110 
into a tissue of the host. In some embodiments, the tissue 
piercing element 108 may be integral with the support mem 
ber 112. In other embodiments, the tissue-piercing element 
108 may be a discrete component. In such embodiments, the 
tissue-piercing element 108 may be secured to the support 
member 112, such as with an adhesive. Alternatively, the 
tissue-piercing element 108 may merely abut a blunt distal 
face of the support member 112 and/ or the membrane 114. In 
such embodiments, an outer sleeve or band (not shown) may 
encircle a junction of the tissue-piercing element 108 and the 
support member 112/membrane 114. 
[0101] The skin generally comprises multiple layers, 
including the epidermis, dermis, and subcutaneous layers. 
The epidermis comprises a number of layers within its struc 
ture including the stratum corneum, which is the outermost 
layer and is generally from about 10 to 20 microns thick, and 
the stratum germinativum, which is the deepest layer of the 
epidermis. While the epidermis generally does not contain 
blood vessels, it exchanges metabolites by diffusion to and 
from the dermis. While not wishing to be bound by theory, it 
is believed that because the stratum germinativum is sup 
ported by vascularization for survival, the interstitial ?uid at 
the stratum germinativum suf?ciently represents a host’s ana 
lyte (e.g., glucose) levels. Beneath the epidermis is the der 
mis, which is from about 1 mm to about 3 mm thick and 
contains blood vessels, lymphatics, and nerves. The subcuta 
neous layer lies underneath the dermis and is mostly com 
prised of fat. The subcutaneous layer serves to insulate the 
body from temperature extremes. It also contains connective 
tissue and a small amount ofblood vessels. 

[0102] In some embodiments, the in vivo portion 102 of the 
sensor device 100 may have a length long enough to allow for 
at least a portion of the sensor body 110 to reside within the 
stratum germinativum. This may be desirable in some 
instances because the epidermis does not contain a substantial 
number of blood vessels or nerve endings. Thus, sensor inser 
tion may be relatively painless, and the host may not experi 
ence much bleeding or discomfort from the insertion. In some 
of these embodiments, the in vivo portion 102 of the sensor 
device 100 may have a length of from about 0.1 mm to about 
1.5 mm, or from about 0.2 mm to about 0.5 mm. In other 
embodiments, the in vivo portion 102 of the sensor device 100 
may have a length that allows for at least a portion of the 
sensor body 110 to reside in the dermis layer. This may be 
desirable in some instances because the dermis is well vas 
cularized, as compared to the subcutaneous layer, and thus 
may provide suf?cient analytes (e.g., glucose) for measure 
ment and reduce measurement lags associated with changes 
of analyte concentrations of a host, such as those that occur 
after meals. The metabolically active tissue near the outer 
dermis (and also the stratum germinativum) provides rapid 
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equilibrium of the interstitial ?uid with blood. In some of 
these embodiments, the in vivo portion 102 of the sensor 
device may have a length of from about 1 mm to about 7 mm, 
or from about 2 mm to about 6 mm. In still other embodi 
ments, the in vivo portion 102 of the sensor device 100 may 
have a length that allows for at least a portion of the sensor 
body 110 to reside in the subcutaneous layer. While not wish 
ing to be bound by theory, it is believed that because the 
subcutaneous layer serves to insulate the body from tempera 
ture extremes, the subcutaneous layer may reduce variations 
of analyte concentration readings associated with tempera 
ture ?uctuations. In some of these embodiments, the in vivo 
portion 102 of the sensor device may have a length of from 
about 3 mm to about 10 mm, or from about 5 mm to about 7 
mm. 

[0103] The tissue-piercing element may have any of a vari 
ety of geometric shapes and dimensions, including ones that 
minimize tissue trauma and reduce the force required for skin 
penetration. For example, in some embodiments, the tissue 
piercing element may comprise a substantially conically 
shaped distal tip, as illustrated in FIG. 1, such that the cross 
sectional dimensions (e.g., diameter) of the tissue-piercing 
element tapers to a point 118 at the distal end of the tip, 
thereby providing a sharpened leading edge con?gured to 
facilitate skin penetration. As illustrated in FIG. 2B, in other 
embodiments, the distal tip of the tissue-piercing element 
may be beveled with a bevel angle 0t, such as, for example, an 
angle of from about 5° to about 66°, or from about 10° to 
about 55°, or from about 40° to about 50°. In further embodi 
ments, one or more surfaces of the tip may be curved, such as 
illustrated in FIGS. 2C-2H and 3D, so as to facilitate skin 
penetration when the sensor device is pushed downwards. In 
some embodiments, a curved surface may be advantageous 
because it provides the tissue-piercing element with a greater 
cutting surface area than a straight surface, and thus provides 
a smoother and more controlled insertion of the sensor unit 
through the skin. Also, a tissue-piercing element with a 
curved surface may cause less trauma to the pierced tissue 
than one with a straight surface. 

[0104] The tissue-piercing element of the sensor device is 
designed to have appropriate ?exibility and hardness and 
suf?cient column strength to allow it to remain intact and to 
prevent it from substantial buckling during insertion of the in 
vivo portion of the sensor device through the skin of the host. 
Any of a variety of biocompatible materials having these 
characteristics may be used to form the tissue-piercing ele 
ment, including, but not limited to, metals, ceramics, semi 
conductors, organics, polymers, composites, and combina 
tions or mixtures thereof. Metals that may be used include 
stainless steel (e.g., 18-8 surgical steel), nitinol, gold, silver, 
nickel, titanium, tantalum, palladium, gold, and combina 
tions or alloys thereof, for example. Polymers that may be 
used include polycarbonate, polymethacrylic acid, ethyl 
enevinyl acetate, polytetra?uorethylene (TEFLON®), and 
polyesters, for example. In some embodiments, the tissue 
piercing element may serve as a reference electrode and com 
prise a conductive material, such as a silver-containing mate 
rial, for example. In certain embodiments, the tissue-piercing 
element has suf?cient column strength to allow the user to 
press the sensor unit through the skin using the force from a 
thumb or ?nger, without substantial buckling of the tissue 
piercing element. Accordingly, the structure of the tissue 
piercing unit does not fail when it is subjected to resistance 
(e. g., axial force) associatedwith the penetration of tissue and 
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skin. In some embodiments, the tissue-piercing element may 
have a column strength capable of withstanding an axial load 
greater than about 0.5 Newtons, or greater than about 1 New 
ton, or greater than about 2 Newtons, or greater than about 5 
Newtons, or greater than about 10 Newtons, without substan 
tial buckling. Often, an increase in the column thickness of an 
object will also increase its column strength. In some embodi 
ments, the base 120 of the distal tip may have an outside 
diameter of from about 0.05 mm to about 1 mm, or from about 
0.1 mm to about 0.5 mm, or from about 0.15 mm to about 0.3 
mm, to provide the desired column strength for the tissue 
piercing element. 
[0105] Some of the tissue-piercing elements described 
herein are con?gured to protect the membrane of the sensor 
body. As described elsewhere herein, the membrane may be 
relatively delicate, and thus may be damaged during insertion 
of the sensor unit into the host. Consequently, any damage 
sustained by the membrane may affect the sensor device’s 
performance and its ability to function properly. For example, 
in some embodiments one or more portions of the tissue 
piercing element 108 may be formed with a cross-sectional 
area (along a plane transverse to the longitudinal axis of the 
tissue-piercing element 108) larger than that of the sensor 
body 110. By having a cross-sectional area larger than that of 
the sensor body 110, the tissue-piercing element 108 of the 
sensor device 100 is con?gured to pierce the host’s skin 104 
and to open and de?ne a passage for insertion of the sensor 
body 110 into the tissue. Thus, the risk of a penetration 
resistance force damaging and/or stripping the membrane 
140 off from the rest of the sensor body 110 during the 
insertion process is reduced. In some embodiments, the larg 
est dimension of the cross section transverse to a longitudinal 
axis of the tissue-piercing element 108 is less than about 0.1 
mm, or less than about 0.05 mm, or less than about 0.03 mm. 

[0106] In some embodiments, one or more layers of one or 
more polymers and/or bioactive agents may be coated onto 
the tissue-piercing element. The use of bioactive agents to 
coat the surface of the tissue-piercing element may provide a 
release of bioactive agents in the subcutaneous tissue during 
and/or after insertion of the in vivo portion of the sensor 
device. In further embodiments, one or more polymer layers 
may be used to control the release rate of the one or more 
bioactive agents. Such polymers may include, but are not 
limited to, parylene, parylene C, parylene N, parylene F, 
poly(hydroxymethyl-p-xylylene-co-p-xylylene) (PHPX), 
poly(lactic-co-glycolic acid) (PLGA), polyethylene-co-vinyl 
acetate (PEVA), Poly-L-lactic acid (PLA), poly N-butyl 
methacrylate (PBMA), phosphorylcholine, poly(isobuty 
lene-co-styrene), polyoxyethylene (POE), polyglycolide 
(PGA), (poly(L-lactic acid), poly(amic acid) (PAA, polyeth 
ylene glycol (PEG), derivatives of one or more of these poly 
mers, and combinations or mixtures thereof. 

[0107] In some embodiments, one or more regions of the 
surface of the tissue-piercing element may comprise one or 
more recessed portions (e.g., cavities, indentations, openings, 
grooves, channels, etc.) con?gured to serve as reservoirs or 
depots for holding bioactive agents. The recessed portions 
may be formed at any preselected location and have any 
preselected depth, size, geometrical con?guration, and 
dimensions, in accordance with the intended application. Use 
of reservoirs or depots may increase the amount of bioactive 
agents the tissue-piercing element is capable of carrying and 
delivering. In further embodiments, the tissue-piercing ele 
ment may be hollow with a cavity and connected via various 
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passages with one or more openings on its surface, so that 
bioactive agents may be released from the cavity via the 
openings. In some embodiments, for example as shown 
FIGS. 3A and 3B, the tissue-piercing element 310 comprises 
a pocket 312 shaped and dimensioned to support a sensor 314 
with a membrane disposed thereon. 

[0108] In certain embodiments, the in vivo portion of the 
sensor device is con?gured to remain substantially stationary 
within the tissue of the ho st, so that migration or motion of the 
sensor body with respect to the surrounding tissue is inhib 
ited. Migration or motion may cause in?ammation at the 
sensor implant site due to irritation, and may also cause noise 
on the sensor signal due to motion-related artifacts. There 
fore, it may be advantageous to provide an anchoring mecha 
nism that provides support for the in vivo portion of the sensor 
device to avoid the aforementioned problems. In some 
embodiments, the tissue-piercing element may comprise a 
surface with one or more regions that are textured. Texturing 
may roughen the surface of the tissue-piercing element and 
thereby provide a surface contour with a greater surface area 
than that of a non-textured (e.g., smooth) surface. Accord 
ingly, the amount of bioactive agents, polymers, and/or coat 
ings that the tissue-piercing element may carry and be 
released in situ is increased, as compared to that with a non 
textured surface. Furthermore, it is believed that a textured 
surface may also be advantageous in some instances, because 
the increased surface area may enhance immobilization of the 
in vivo portion of the sensor device within the tissue of the 
host. In certain embodiments, the tissue-piercing element 
may comprise a surface topography with a porous surface 
(e. g. porous parylene), ridged surface, etc. In certain embodi 
ments, the anchoring may be provided by prongs, spines, 
barbs, wings, hooks, a bulbous portion (for example, at the 
distal end), an S-bend along the tissue-piercing element, a 
gradually changing diameter, combinations thereof, etc., 
which may be used alone or in combination to stabilize the 
sensor within the subcutaneous tissue. For example, in certain 
embodiments, the tissue-piercing element may comprise one 
or more anchoring members con?gured to splay outwardly 
(e. g., in a direction toward a plane perpendicular to the lon 
gitudinal axis of the sensor unit) during or after insertion of 
the sensor unit. Outward deployment of the anchoring mem 
ber facilitates anchoring of the sensor unit, as it results in the 
tissue-piercing element pressing against the surrounding tis 
sue, and thus reduces (or prevents) movement and/ or rotation 
of the sensor unit. In some embodiments, the anchoring mem 
bers are formed of a shape memory material, such as nitinol, 
which may be con?gured to transform from a martensitic 
state to an austenitic state at a speci?c temperature (e. g., room 
temperature or body temperature). In the martensitic state, the 
anchoring members are ductile and in a contracted con?gu 
ration. In the austenitic state, the anchoring members deploy 
to form a larger predetermined shape while becoming more 
rigid. While nitinol is described herein as an example of a 
shape memory material that may be chosen to form the 
anchoring member, it should be understood that other similar 
materials (e.g., shape memory material) may also be used. 
[0109] The tissue-piercing element of the sensor device 
may be introduced subcutaneously at any of a variety of 
angles with respect to the mounting surface (the bottom sur 
face of the mounting unit), and thus the skin surface. For 
example, in some embodiments the distal tip of the tissue 
piercing element may extend substantially perpendicular to 
the mounting surface, but in other embodiments, the distal tip 
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may extend at an angle with respect to the mounting surface 
ofabout 15°, 20°, 30°, 40°, 45°, 60°, 75°, 80°, 90°, 105°, 100°, 
120°, 135°, 140°, 150°, 160°, or 165°, for example. 
[0110] In alternative embodiments, to provide protection of 
the membrane during insertion of the sensor device, the sen 
sor body may be embedded or encapsulated in a needle 
formed of a biodegradable material. Following insertion, the 
needle gradually biodegrades, leaving behind the sensor body 
which may then be activated. Any of a variety of biodegrad 
able materials (e.g., a non-interfering carbohydrate) may be 
used. In some embodiments, the biodegradable material may 
include a certain concentration of an analyte to be measured, 
so that an initial calibration point of the sensor device may be 
provided. 
[0111] As illustrated in FIG. 1, the sensor device 100 may 
include a skin-contacting mounting unit 116 con?gured to be 
secured to a host. In some embodiments, the mounting unit 
116 comprises a base 122 adapted for fastening to a host’s 
skin. The base 122 may be formed from a variety of hard or 
soft materials and may comprise a low pro?le for reducing 
protrusion of the sensor device from the host during use. In 
some embodiments, the base 122 is formed at least partially 
from a ?exible material con?gured to conform to skin con 
tour, so as to reduce or eliminate motion-related artifacts 
associated with movement by the host. In certain embodi 
ments, the base 122 of the mounting unit 116 includes an 
adhesive material or adhesive layer 124, also referred to as an 
adhesive pad, preferably disposed on the mounting unit’s 
bottom surface, and may include a releasable backing layer 
(not shown). Thus, removing the backing layer and pressing 
the base 122 of the mounting unit 116 onto the host’ s skin 104 
adheres the mounting unit 116 to the host’s skin 104. Appro 
priate adhesive layers may be chosen and designed to stretch, 
elongate, conform to, and/or aerate the region (e.g. host’s 
skin). In some embodiments, the mounting unit comprises a 
guiding portion (not shown) con?gured to guide insertion of 
the sensor device 100 through the host’s skin 104 and to 
support a column strength of the support member 112 such 
that the sensor device 1 00 is capable of being inserted through 
the host’s skin 104 without substantial buckling. 
[0112] While FIG. 1 illustrates one con?guration for pro 
viding membrane protection, other sensor body con?gura 
tions may also be used. For example, some of the sensor 
bodies described herein may include a support member 330 
con?gured to partially surround a sensor, as illustrated in 
FIGS. 3A and 3B, or con?gured to substantially surround a 
sensor, as illustrated in FIG. 3C. Unlike other embodiments 
described elsewhere herein, in the embodiments illustrated in 
FIGS. 3A-3C, the support member 330 does not comprise a 
working electrode. Rather, one or more working electrodes 
are arranged as components distinct from the support member 
330. In some embodiments, the support member 330 may 
also serve as a reference electrode. 

[0113] In the embodiment illustrated in FIG. 3A, the sup 
port member 330 comprises a longitudinal recess 332 con 
?gured to at least partially accommodate a sensor (e. g., a 
working electrode with a membrane disposed thereon). In 
some embodiments, the longitudinal recess may have a length 
corresponding to less than about 90% of the length of the 
support member 330, or less than about 75%, or less than 
about 50%, or less than about 33%, or less than about 25%. In 
other embodiments, the longitudinal recess may extend sub 
stantially across the entire length of the support member 330, 
as illustrated in FIG. 3B. In certain embodiments, the support 
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member 330 may surround more than about 10% of the outer 
perimeter (e.g., circumference) of the sensor, or more than 
about 25%, or more than about 33%, or more than about 50%, 
or more than about 75%. 

[0114] As illustrated in FIG. 3C, in some embodiments 
wherein the sensor (e.g., the working electrode) is substan 
tially surrounded by the support member 330. The support 
member 330 may be provided with one or more window 
portions 334 (openings or slots extending through the wall 
thickness of the support member 330) that expose certain 
portions of the electrode to biological ?uid (e.g., interstitial 
?uid), and thus allow biological ?uid to diffuse toward and 
contact the working electrode’s electroactive surface and the 
membrane disposed thereon. In this embodiment, the work 
ing electrode and the membrane disposed thereon are essen 
tially housed within the support member 330, and are thus 
protected during packing, handling, and/or insertion of the 
device. The window portions 334 may have any of a variety of 
shapes and dimensions. For example, in some embodiments, 
the window portions may be formed to have a circular or 
substantially circular shape, but in other embodiments, the 
electrode may be formed with a shape resembling an ellipse, 
a polygon (e.g., triangle, square, rectangle, parallelogram, 
trapezoid, pentagon, hexagon, octagon), or the like. In certain 
embodiments, the window portions may comprise sections 
that extend around the perimeter of the longitudinal cross 
section of the support member. For example, the support 
member may be made by using a hypo-tube with window 
portions cut out in a spiral con?guration, by ablation, etching, 
or other techniques. 

Permeability 

[0115] Conventional glucose sensors measure current in 
the nanoAmp range. In contrast to conventional glucose sen 
sors, the preferred embodiments are con?gured to measure 
the current ?ow in the picoAmp range, and in some embodi 
ments, femtoAmps. Namely, for every unit (mg/dL) of glu 
cose measured, at least one picoAmp of current is measured. 
In some embodiments, from about 1, 2, 3, 4, or 5 picoAmps to 
about 25, 50, 100, 250, or 500 picoAmps of current is mea 
sured for every unit (mg/dl) of glucose measured. 

Bioactive Agents 

[0116] A variety of bioactive agents are known to promote 
?uid in?ux or e?iux. Accordingly, incorporation of bioactive 
agents into the membrane may increase ?uid bulk, bulk ?uid 
?ow, and/or diffusion rates (and promoting glucose and oxy 
gen in?ux), thereby decrease non-constant noise. In some 
embodiments, ?uid bulk and/or bulk ?uid ?ow are increased 
at (e.g., adjacent to the sensor exterior surface) the sensor by 
incorporation of one or more bioactive agents. In some 
embodiments, the sensor is con?gured to include a bioactive 
agent that irritates the wound and stimulates the release of 
soluble mediators that are known to cause a local ?uid in?ux 
at the wound site. In some embodiments, the sensor is con 
?gured to include a vasodilating bioactive agent, which may 
cause a local in?ux of ?uid from the vasculature. 

[0117] A variety of bioactive agents may be found useful in 
preferred embodiments. Example bioactive agents include 
but are not limited to blood-brain barrier disruptive agents 
and vasodilating agents, vasodilating agents, angiogenic fac 
tors, and the like. Useful bioactive agents include but are not 
limited to mannitol, sodium thiosulfate, VEGF/V PF, NO, 
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NO-donors, leptin, bradykinin, histamines, blood compo 
nents, platelet rich plasma (PRP), matrix metalloproteinases 
(MMP), Basic Fibroblast Growth Factor (bFGF), (also 
known as Heparin Binding Growth Factor-II and Fibroblast 
Growth Factor II), Acidic Fibroblast Growth Factor (aFGF), 
(also known as Heparin Binding Growth Factor-I and Fibro 
blast Growth Factor-I), Vascular Endothelial Growth Factor 
(V EGF), Platelet Derived Endothelial Cell Growth Factor BB 
(PDEGF-BB), Angiopoietin- 1, Transforming Growth Factor 
Beta (TGF-Beta), Transforming Growth Factor Alpha (TGF 
Alpha), Hepatocyte Growth Factor, Tumor Necrosis Factor 
Alpha (TNF-Alpha), Placental Growth Factor (PLGF), 
Angiogenin, Interleukin-8 (IL-8), Hypoxia Inducible Fac 
tor-I (HIF-l), Angiotensin-Converting Enzyme (ACE) 
Inhibitor Quinaprilat, Angiotropin, Thrombospondin, Pep 
tide KGHK, Low Oxygen Tension, Lactic Acid, Insulin, Lep 
tin, Copper Sulphate, Estradiol, prostaglandins, cox inhibi 
tors, endothelial cell binding agents (for example, decorin or 
vimentin), glenipin, hydrogen peroxide, nicotine, and 
Growth Hormone. Still other useful bioactive agents include 
enzymes, cytotoxic or necrosing agents (e.g., pactataxyl, acti 
nomycin, doxorubicin, daunorubicin, epirubicin, bleomycin, 
plicamycin, mitomycin), cyclophosphamide, chlorambucil, 
uramustine, melphalan, bryostatins, in?ammatory bacterial 
cell wall components, histamines, pro-in?ammatory factors 
and the like. 

[0118] Bioactive agents may be added during manufacture 
of the sensor by incorporating the desired bioactive agent in 
the manufacturing material for one or more sensor layers or 

into an exterior biomaterial, such as a porous silicone mem 
brane. For example, bioactive agents may be mixed with a 
solution during membrane formation, which is subsequently 
applied onto the sensor during manufacture. Alternatively, the 
completed sensor may be dipped into or sprayed with a solu 
tion of a bioactive agent, for example. The amount of bioac 
tive agent may be controlled by varying its concentration, 
varying the indwell time during dipping, applying multiple 
layers until a desired thickness is reached, and the like, as 
disclosed elsewhere herein. In an alternative embodiment, the 
bioactive agent is microencap sulated before application to the 
sensor. For example, microencapsulated bioactive agent may 
be sprayed onto a completed sensor or incorporated into a 
structure, such as an outer mesh layer or a shedding layer. 
Microencapsulation may offer increased ?exibility in con 
trolling bioactive agent release rate, time of release occur 
rence and/ or release duration. 

[0119] Chemical systems/methods of irritation may be 
incorporated into an exterior sensor structure, such as the 
biointerface membrane (described elsewhere herein) or a 
shedding layer that releases the irritating agent into the local 
environment. For example, in some embodiments, a “shed 
ding layer” releases (e. g., sheds or leaches) molecules into the 
local vicinity of the sensor and may speed up osmotic ?uid 
shifts. In some embodiments, a shedding layer may provide a 
mild irritation and encourage a mild in?ammatory/foreign 
body response, thereby preventing cells from stabilizing and 
building up an ordered, ?brous capsule and promoting ?uid 
pocket formation. 
[0120] A shedding layer may be constructed of any conve 
nient, biocompatible material, include but not limited to 
hydrophilic, degradable materials such as polyvinylalcohol 
(PVA), PGC, Polyethylene oxide (PEO), polyethylene gly 
col-polyvinylpyrrolidone (PEG-PVP) blends, PEG-sucrose 
blends, hydrogels such as polyhydroxyethyl methacrylate 



US 2014/0107450 A1 

(pHEMA), polymethyl methacrylate (PMMA) or other poly 
mers with quickly degrading ester linkages. In certain 
embodiment, absorbable suture materials, which degrade to 
compounds with acid residues, may be used. The acid resi 
dues are chemical irritants that stimulate in?ammation and 
wound healing. In certain embodiments, these compounds 
include glycolic acid and lactic acidbased polymers, polygla 
ctin, polydioxone, polydyconate, poly(dioxanone), poly(tri 
methylene carbonate) copolymers, and poly(caprolactone) 
homopolymers and copolymers, and the like. 
[0121] In other example embodiments, the shedding layer 
may be a layer of materials listed elsewhere herein for the ?rst 
domain, including copolymers or blends with hydrophilic 
polymers such as polyvinylpyrrolidone (PVP), polyhydroxy 
ethyl methacrylate, polyvinylalcohol, polyacrylic acid, poly 
ethers, such as polyethylene glycol, and block copolymers 
thereof including, for example, di-block, tri-block, altemat 
ing, random and graft copolymers (block copolymers are 
discussed in US. Pat. No. 4,803,243 and US. patent). In one 
preferred embodiment, the shedding layer is comprised of 
polyurethane and a hydrophilic polymer. For example, the 
hydrophilic polymer may be polyvinylpyrrolidone. In one 
preferred embodiment, the shedding layer is polyurethane 
comprising not less than 5 weight percent polyvinylpyrroli 
done and not more than 45 weight percent polyvinylpyrroli 
done. Preferably, the shedding layer comprises not less than 
20 weight percent polyvinylpyrrolidone and not more than 3 5 
weight percent polyvinylpyrrolidone and, most preferably, 
polyurethane comprising about 27 weight percent polyvi 
nylpyrrolidone. 
[0122] In other example embodiments, the shedding layer 
may include a silicone elastomer, such as a silicone elastomer 
and a poly(ethylene oxide) and poly(propylene oxide) co 
polymer blend, as disclosed in copending US. patent appli 
cation Ser. No. 11/404,417 ?led Apr. 14, 2006. In one 
embodiment, the silicone elastomer is a dimethyl- and meth 
ylhydrogen-siloxane copolymer. In one embodiment, the sili 
cone elastomer comprises vinyl substituents. In one embodi 
ment, the silicone elastomer is an elastomer produced by 
curing a MED-4840 mixture. In one embodiment, the copoly 
mer comprises hydroxy substituents. In one embodiment, the 
co-polymer is a triblock poly(ethylene oxide)-poly(propy 
lene oxide)-poly(ethylene oxide) polymer. In one embodi 
ment, the co-polymer is a triblock poly(propylene oxide) 
poly(ethylene oxide)-poly(propylene oxide) polymer. In one 
embodiment, the co-polymer is a PLURONIC® polymer. In 
one embodiment, the co-polymer is PLURONIC® F-127. In 
one embodiment, at least a portion of the co-polymer is cross 
linked. In one embodiment, from about 5% w/w to about 30% 
w/w of the membrane is the co-polymer. 
[0123] A shedding layer may take any shape or geometry, 
symmetrical or asymmetrical, to promote ?uid in?ux in a 
desired location of the sensor, such as the sensor head or the 
electrochemically reactive surfaces, for example. Shedding 
layers may be located on one side of sensor or both sides. In 
another example, the shedding layer may be applied to only a 
small portion of the sensor or the entire sensor. 

[0124] In one example embodiment, a shedding layer com 
prising polyethylene oxide (PEO) is applied to the exterior of 
the sensor, where the tissue surrounding the sensor may 
directly access the shedding layer. PEO leaches out of the 
shedding layer and is ingested by local cells that release 
pro-in?ammatory factors. The pro-in?ammatory factors dif 
fuse through the surrounding tissue and stimulate an in?am 
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mation response that includes an in?ux of ?uid. Accordingly, 
early noise may be reduced or eliminated and sensor function 
may be improved. 
[0125] In another example embodiment, the shedding layer 
is applied to the sensor in combination with an outer porous 
layer, such as a mesh or a porous biointerface as disclosed 

elsewhere herein. In one embodiment, local cells access the 
shedding layer through the through pores of a porous silicone 
biointerface. In one example, the shedding layer material is 
applied to the sensor prior to application of the porous sili 
cone. In another example, the shedding layer material may be 
absorbed into the lower portion of the porous silicone (e.g., 
the portion of the porous silicone that will be proximal to the 
sensor after the porous silicone has been applied to the sensor) 
prior to application of the porous silicone to the sensor. 

Wound Suppression 

[0126] Non-constant noise may be decreased by wound 
suppression (e.g., during sensor insertion), in some embodi 
ments. Wound suppression includes any systems or methods 
by which an amount of wounding that occurs upon sensor 
insertion is reduced and/or eliminated. While not wishing to 
be bound by theory, it is believed that if wounding is sup 
pressed or at least signi?cantly reduced, the sensor will be 
surrounded by substantially normal tissue (e.g., tissue that is 
substantially similar to the tissue prior to sensor insertion). 
Substantially normal tissue is believed to have a lower 
metabolism than wounded tissue, producing fewer interfer 
ents and reducing early noise. 
[0127] Wounds may be suppressed by adaptation of the 
sensor’s architecture to one that either suppresses wounding 
or promotes rapid healing, such as an architecture that does 
not cause substantial wounding (e.g., an architecture con?g 
ured to prevent wounding), an architecture that promotes 
wound healing, an anti-in?ammatory architecture, etc. In one 
example embodiment, the sensor is con?gured to have a low 
pro?le, a zero-footprint or a smooth surface. For example, the 
sensor may be formed of substantially thin wires, such as 
wires from about 50 pm to about 116 pm in diameter, for 
example. Preferably, the sensor is small enough to ?t within a 
very small gauge needle, such as a 30, 31, 32, 33, 34, or 35 
gauge needle (or smaller) on the Stubs scale, for example. In 
general, a smaller needle, the more reduces the amount of 
wounding during insertion. For example, a very small needle 
may reduce the amount of tissue disruption and thereby 
reduce the subsequent wound healing response. In an alter 
native embodiment, the sensor’s surface is smoothed with a 
lubricious coating, to reduce wounding upon sensor insertion. 
[0128] Wounding may also be reduced by inclusion of 
wound-suppressive agents (bioactive agents) that either 
reduce the amount of initial wounding or suppress the wound 
healing process. While not wishing to be bound by theory, it 
is believed that application of a wound-suppressing agent, 
such as an anti-in?ammatory, an immunosuppressive agent, 
an anti-infective agent, or a scavenging agent, to the sensor 
may create a locally quiescent environment and suppress 
wound healing. In a quiescent environment, bodily processes, 
such as the increased cellular metabolism associated with 
wound healing, may minimally affect the sensor. If the tissue 
surrounding the sensor is undisturbed, it may continue its 
normal metabolism and promote sensor function. 
[0129] In some embodiment, useful compounds and/or fac 
tors for suppressing wounding include but are not limited to 
?rst-generation Hl-receptor antagonists: ethylenediamines 


















