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A flexible mounting base to hold a sensor at an infusion site, 
Correspondence Address: the sensor being a removable in vivo sensor for monitoring 
PILLSBURY WINTHROP SHAW PITTMAN analyte concentration level in a patient, such as blood 
LLP glucose (BG) level. The mounting base comprises a flexible 
P.O BOX 105OO adhesive that anchors the flexible sensor set at an infusion 
McLean, VA 22102 (US) site to provide stability for the sensor set in a convenient and 

comfortable manner. Placement of the mounting base onto 
the patient's skin causes the insertion needle to pierce the 

(73) Assignee: Medtronic MiniMed, Inc., Northridge, skin for transcutaneous placement of the cannula with the 
CA sensor therein. The insertion needle can then be withdrawn 

to leave the cannula and sensor at the selected insertion 
(21) Appl. No.: 11/234,722 position, with the distal segment of the sensor being exposed 

to patient extracellular fluid via apertures formed in the 
(22) Filed: Sep. 23, 2005 cannula. 
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FLEXBLE SENSORAPPARATUS 

FIELD OF THE INVENTION 

0001) 1. Field of the Invention 

0002 This invention relates generally to devices and 
methods for placing a sensor at a selected site within the 
body of a patient. More specifically, this invention relates to 
a flexible mounting base for a sensor adapted for convenient 
and comfortable transcutaneous positioning of the sensor 
electrodes to obtain analyte readings, for example, blood 
glucose (BG) readings. 

0003 2. Description of Related Art 

0004 Sensors are generally known in the art for use in a 
variety of specialized sensor applications. For example, thin 
film electrochemical sensors have been used to test analyte 
levels in patients. Such thin film sensors generally comprise 
one or more thin conductors applied by photolithography 
mask and etch techniques between thin layers of a noncon 
ductive film material, such as polyimide film. The conduc 
tors are shaped to define distal segment ends having an 
appropriate electrode material thereon, in combination with 
proximal end contact pads adapted for conductive connec 
tion with appropriate electronic monitoring equipment. In 
recent years, thin film sensors of this general type have been 
proposed for use as a transcutaneous sensor in medical 
applications. As one example, thin film sensors have been 
designed for use in obtaining an indication of BG levels and 
monitoring BG levels in a diabetic patient, with the distal 
segment portion of the electrodes positioned Subcutaneously 
in direct contact with patient extracellular fluid. Such read 
ings can be especially useful in adjusting a treatment regi 
men which typically includes regular administration of 
insulin to the patient. In this regard, BG readings are 
particularly useful in conjunction with semi-automated 
medication infusion pumps of the external type, as generally 
described in U.S. Pat. Nos. 4,562,751; 4,678.408; and 4,685, 
903; or automated implantable medication infusion pumps, 
as generally described in U.S. Pat. No. 4,573.994. 

0005 Relatively small and flexible electrochemical sen 
sors have been developed for subcutaneous placement of 
sensor electrodes in direct contact with patient extracellular 
fluid, wherein such sensors can be used to obtain periodic 
readings over an extended period of time. Such thin film 
sensors hold significant promise in patient monitoring appli 
cations, but unfortunately have been difficult to place tran 
Scutaneously with the sensor electrodes in direct contact 
with patient extracellular fluid. 

0006. Many of these glucose sensors generally utilize 
complex structures to mount and hold the sensor set in place 
on the patient’s skin. Some of these structures may them 
selves cause discomfort due to bulk, excessive rigidity, or 
the manner of attachment. Moreover, because these sensor 
systems utilize a component that is positioned transcutane 
ously, it is very important that the infusion site be stable. 
Improved thin film sensors and related insertion sets are 
described in commonly assigned U.S. Pat. Nos. 5,390,671; 
5,391,250; 5,482,473; 5,568,806; and 5,586,553 and Inter 
national Publication No. WO 2004/036183, which are incor 
porated by reference herein. See also U.S. Pat. No. 5,299, 
571. 
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BRIEF SUMMARY OF THE INVENTION 

0007. The present invention relates to an improved sensor 
mounting base adapted to provide quick and easy transcu 
taneous placement of the film sensor on a patient comfort 
ably and with sufficient stability with which to hold the 
sensor electrodes in direct contact with patient extracellular 
fluid. 

0008. In accordance with embodiments of the invention, 
a flexible mounting base for a sensor is provided for mea 
Suring an analyte, such as blood glucose, of a patient. The 
flexible mounting base may be used with different types of 
sensors, including a flexible analyte sensor. The sensor set is 
placed at a selected site on the patient’s body and stabilized 
by the flexible mounting base and an adhesive layer that 
holds the sensor at the infusion site in a comfortable but 
stable manner. A number of enzyme sensors (e.g., glucose 
sensors that use the enzyme glucose oxidase to effect a 
reaction of glucose and oxygen) are known in the art. See, 
for example, U.S. Pat. Nos. 5,165,407, 4,890,620, 5,390,671 
and 5,391,250, and International Publication No. WO 2004/ 
036183, which are herein incorporated by reference. Sensors 
for monitoring glucose concentration of diabetics are further 
described in Schichiri, et al., “In Vivo Characteristics of 
Needle-Type Glucose Sensor-Measurements of Subcutane 
ous Glucose Concentrations in Human Volunteers.” Horm. 
Metab. Res., Suppl. Ser. 20:17-20 (1988); Bruckel, et al., “In 
Vivo Measurement of Subcutaneous Glucose Concentra 
tions with an Enzymatic Glucose Sensor and a Wick 
Method.” Klin. Wochenschr, 67:491-495 (1989); and 
Pickup, et al., “In Vivo Molecular Sensing in Diabetes 
Mellitus: An Implantable Glucose Sensor with direct Elec 
tron Transfer.” Diabetologia 32:213-217 (1989), which are 
herein incorporated by reference. Other sensors are 
described, for example, in Reach, et al., ADVANCES IN 
IMPLANTABLE DEVICES, A. Turner (ed.), JAI Press, 
London, Chap. 1, (1993), which is herein incorporated by 
reference. See also, commonly assigned U.S. Pat. Applica 
tion entitled “Sensor with Layered Electrode, attorney 
docket no. 40088-317143, filed on Sep. 23, 2005, which is 
herein incorporated by reference. 
0009. In certain embodiments, the mounting base is made 
out of a flexible and breathable material. For example, the 
mounting base may comprise cloth, band-aid-like material, 
and the like. Such materials may allow the patient more 
comfort. The adhesive layer may make it easy to affix or 
remove the sensor. Re-using the same mounting base would 
lead to health risks, especially if not sterilized properly. The 
adhesive of the present invention helps avoid these sanitary 
risks by allowing the patient to simply replace each adhesive 
as necessary. 

0010. In a certain embodiments, the mounting base com 
prises several layers and is Smaller than the size of a penny. 
In one embodiment, the entire mounting base is about the 
thickness of a penny with a diameter that is about half that 
of a penny. In this embodiment, the mounting base of the 
sensor has an outer flexible layer, a sealing layer, a semi 
rigid housing, and a flexible adhesive layer. The semi-rigid 
portion helps to substantially stabilize the entire base, spe 
cifically around the needle insertion area. In one embodi 
ment, the semi-rigid portion may have the flexibility and 
rigidity of a guitar pick. Stabilizing the needle insertion area 
may help to ensure safe, stable entry and exit for needle at 
infusion site. 
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0011. In further embodiments, the mounting base is con 
figured to be in a slim configuration so that it can fit closer 
against the patient’s body when worn. The slim shape 
provides more comfort while being less conspicuous, for 
example, when worn under clothes. 
0012. In certain embodiments, a subcutaneous insertion 
set is provided with the flexible mounting base for placing 
the sensor at a selected site within the body of a patient. The 
insertion set comprises the sensor and further comprises a 
slotted insertion needle extending through the flexible 
mounting base adapted for seated mounting onto the 
patient’s skin. The sensor includes a proximal segment 
carried by the flexible mounting base, and a distal segment 
protruding from the flexible mounting base and having one 
or more sensor electrodes thereon. The distal segment of the 
sensor may be carried within a protective cannula which 
extends from the flexible mounting base with a portion of the 
cannula being slidably received within the insertion needle. 
In other embodiments, the flexible sensor functions without 
the use of a cannula. 

0013 When the flexible mounting base is pressed onto 
the patient's skin, the insertion needle pierces the skin to 
transcutaneously place the cannula with the sensor distal 
segment therein. The insertion needle can be withdrawn 
from the flexible mounting base, leaving the cannula and 
sensor distal segment within the patient, to directly contact 
the patient fluid at the selected position within the patient, 
Such as a Subcutaneous, intravascular, intramuscular, or 
intravenous site. Conductive contacts on the sensor proximal 
segment end can be electrically connected to a Suitable 
monitor device, either by wired or wireless communication, 
so that appropriate blood chemistry readings can be taken. 
0014. During insertion, the insertion needle and the pro 
tective cannula cooperatively protect and guide the sensor to 
the desired transcutaneous placement position. The insertion 
needle can then be withdrawn, whereupon the slotted needle 
geometry permits the insertion needle to slide over and 
longitudinally separate from the second portion of the can 
nula, thereby leaving the cannula and sensor therein at the 
selected infusion site. 

0015. In further embodiments, a flexible cable is attached 
to the flexible sensor through a passage into the mounting 
base. The flexible cable allows communication between the 
distal sensor tip at a selected in vivo sensor site and the 
appropriate monitor. The flexible cable may also allow 
communication between the sensor and an implanted control 
unit which signals the infusion pump to deliver medication 
to the patient. 
0016. In particular embodiments, a connector fitting is 
included to provide a convenient and relatively simple 
structure for anchoring the flexible cable in electrical 
coupled relation with a telemetry unit. Such as a monitor. In 
Such embodiments, the connector fitting may be positioned 
on the flexible cable, some distance away from the sensor 
site, rather than being positioned directly on the sensor set. 
In embodiments where the connector fitting is located away 
from the sensor set, the flexible cable is easily accessed for 
periodic removal and replacement of the monitor, without 
requiring removal or replacement of other system compo 
nents. Additionally, because the connector fitting is located 
away from the sensor set, the attached monitor may be 
stored away from the infusion site. In this configuration, the 
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potential aggravation of the infusion site or contamination of 
the monitor from the infusion site is minimized. 

0017 Optional peripheral devices may include a remote 
station, such as a bedside monitor. In a hospital setting, one 
monitor may be used to oversee the BG readings of several 
patients at once through links to their BG sensor. Other 
devices that can function as a remote station for monitoring 
and programming include, but are not limited to, a computer, 
a hospital database, a cellular telephone, a PDA, a Smart 
phone or internet. 
0018. In another embodiment, there may be a needle 
protection guard included. In this embodiment, when the 
insertion needle is withdrawn, a protective sheath contained 
in the flexible mounting base is dislodged and covers the 
needle tip as the needle is separated from the flexible 
mounting base. In an alternative, the flexible mounting base 
may be used with a needle that has a needle guide shaft 
covering a portion of the needle. 
0019. Other features and advantages of the present inven 
tion will become more apparent from the following detailed 
description, taken in conjunction with the accompanying 
drawings which illustrate, by way of example, the principles 
of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020. A detailed description of embodiments of the 
invention will be made with reference to the accompanying 
drawings, wherein like numerals designate corresponding 
parts in the figures. 
0021 FIG. 1a is a perspective view illustrating a flexible 
mounting base according to an embodiment of the invention. 
0022 FIG. 1b is a comparison view illustrating the size 
of a flexible mounting base compared to a penny according 
to an embodiment of the invention. 

0023 FIG. 2 is an exploded view of a flexible mounting 
base with a sensor according to an embodiment of the 
invention. 

0024 FIG. 3a is an enlarged top view of a semi-rigid 
housing according to an embodiment of the invention. 
0025 FIG.3b is an enlarged perspective view of a sealing 
layer according to an embodiment of the invention. 
0026 FIG. 3c is an enlarged perspective view of an outer 
flexible layer according to an embodiment of the invention. 
0027 FIG. 3d is an enlarged perspective view of an 
adhesive layer according to an embodiment of the invention. 
0028 FIG. 4 is a partial flexible mounting base and a 
sensor according to an embodiment of the invention. 
0029 FIG. 5a is a perspective view of a safety needle that 
can be used with a flexible mounting base according to an 
embodiment of the invention. 

0030 FIG.5b is a perspective view of a safety needle that 
can be used with a flexible mounting base according to 
another embodiment of the invention. 

0031 FIG. 6 is an exploded view of a flexible sensor with 
flexible electronics according to an embodiment of the 
invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

0032. In the following description, reference is made to 
the accompanying drawings which form a part hereof and 
which illustrate several embodiments of the present inven 
tions. It is understood that other embodiments may be 
utilized and structural and operational changes may be made 
without departing from the scope of the present inventions. 
0033. In accordance with embodiments of the invention, 
a flexible mounting base for a sensor is provided for mea 
Suring an analyte, such as blood glucose, of a patient. The 
flexible mounting base may be used with different types of 
sensors, including a flexible analyte sensor. The sensor set is 
placed at a selected site on the patient’s body and stabilized 
by the flexible mounting base and a flexible adhesive layer 
that holds the sensor at the infusion site in a comfortable but 
stable manner. 

0034. In one preferred embodiment, as shown in FIGS. 
1a and 1b, the flexible mounting base 10 has a relatively flat 
shape and is Smaller than a penny. In one embodiment, the 
entire mounting base is about the thickness of a penny with 
a diameter that is about half that of a penny. The mounting 
base 10 includes an adhesive layer 20 and carries a flexible 
sensor 70. The adhesive layer 20 is positioned as a bottom 
layer of the mounting base 10. An outer layer 15 is flexible 
and is positioned as a top layer of the mounting base 10. The 
flexible mounting base 10 is configured to be in a slim 
configuration so that it can fit closer against the patient’s 
body when worm. The slim shape provides comfort while 
being relatively inconspicuous, for example, when worn 
under clothes. For example, the adhesive layer 20 may have 
a thickness from about 0.015 inches to about 0.025 inches. 
In embodiments, the adhesive layer 20 is of an oval shape 
with a length of about 0.26 inches and a width of about 0.38 
inches. In some embodiments, the entire mounting base 10 
with the flexible sensor 70 is approximately 0.06 inches 
thick, including the adhesive layer 20, not to exceed past 0.1 
inches. The outer layer 15 is flexible and can include 
materials such as cloth, band-aid-like material, nylon, and 
like. Generally, any thin polymer material may be used for 
the outer layer 15. Such materials may allow the patient 
more comfort. The adhesive layer 20 may make it easy to 
affix or remove the sensor. The flexible mounting base 10 of 
the present invention comprises inexpensive materials and is 
disposable. 

0035) In FIG. 2, the mounting base 10 is more clearly 
shown as comprising several layers. These layers include an 
outer flexible layer 15, a sealing layer 25, a semi-rigid 
housing 30, and an adhesive layer 20. The semi-rigid hous 
ing 30 helps substantially stabilize the entire base, specifi 
cally around the areas that the needle enters and exits. A 
sensor 70 is shown as extending from the mounting base 10. 
The sensor 70 includes a proximal segment 120 and a distal 
segment 125. The proximal segment 120 is generally 
adapted for conductive connection with appropriate elec 
tronic monitoring equipment, while the distal segment 125 
includes the electrodes positioned subcutaneously in direct 
contact with the extracellular fluid of a patient. An extension 
lead 150 connects the proximal segment 120 to the distal 
segment 125. 
0.036 FIG. 3a illustrates the semi-rigid housing 30 in 
more detail. The semi-rigid housing 30 comprises materials 
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that have an amount of both flexibility and rigidity, such as 
for example, medical grade nylon. The flexibility and rigid 
ity of the housing may be similar to that of a guitar pick. The 
semi-rigid housing 30 provides for an area, such as a 
depression, that can hold or receive a sensor and any flexible 
cables attached to the sensor. The area is known as a flex 
interface 40. The flex interface 40 is illustrated as a three 
walled depression with an opening at one end. The opening 
may be an exit 50 in the semi-rigid housing 30 to provide an 
passage for a cable, as well as the extension lead, to pass 
through. The flexible cable allows communication between 
the distal sensor tip at a selected in Vivo sensor site and the 
appropriate monitor. The flexible cable may be attached to 
the flexible sensor through the passage into the mounting 
base. In an embodiment, the opening or exit 50 is located at 
a base level of the semi-rigid housing 30 and allows the 
cable to travel between the adhesive layers. The flexible 
cable may also allow communication between the sensor 
and an implanted control unit which signals the infusion 
pump to deliver medication to the patient. The semi-rigid 
housing 30 may further include another opening 45 which 
provides for needle entry. In the shown embodiment, the 
opening 45 for needle entry is located in one end of the 
semi-rigid housing 30 and the exit 50 is located on an 
opposing end of the semi-rigid housing 30. In other embodi 
ments, the positions may vary. 
0037. In particular embodiments, a connector fitting is 
included to provide a convenient and relatively simple 
structure for anchoring the flexible cable in electrically 
coupled relation with a telemetry unit, Such as a monitor. In 
Such embodiments, the connector fitting may be positioned 
on the flexible cable, some distance away from the sensor 
site, rather than being positioned directly on the sensor set. 
In embodiments where the connector fitting is located away 
from the sensor set, the flexible cable is easily accessed for 
periodic removal and replacement of the monitor, without 
requiring removal or replacement of other system compo 
nents. Additionally, because the connector fitting is located 
away from the sensor set, the attached monitor may be 
stored away from the infusion site. In this configuration, the 
potential aggravation of the infusion site or contamination of 
the monitor from the infusion site is minimized. 

0038. The sensor 70 carried by the flexible mounting base 
10 may further be in communication with a remote station, 
Such as a bedside monitor (not shown). Communication with 
Such optional peripheral devices may be through a data 
transfer system, using wireless communication Such as radio 
frequency (RF), infrared (IR), WiFi, ZigBee, Bluetooth or 
other wireless methods. In a hospital setting, a single moni 
tor may be used to oversee the BG readings of several 
patients at once through links to their BG sensor. Other 
devices that can function as a remote station for monitoring 
and programming include, but are not limited to, a computer, 
a cellular telephone, a PDA, or a smart phone. 
0.039 FIG. 3b illustrates the sealing layer 25 in more 
detail. The sealing layer 25 may comprise an expandable 
Substance that expands to re-fill any punctures in the layer. 
For example, the sealing layer 25 may comprise of silicone 
or a latex material. Other materials may include medical 
grade polyurethane or synthetic rubbers such as neoprene, 
nitrile, butyl, and vitron. In the illustrated embodiment, the 
needle punctures the sealing layer 25 at an area for the 
needle to enter, or a penetration area 55, to reach the infusion 
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site. When the needle is removed, the silicone will collapse 
back and re-fill the puncture, creating a seal. The sealing 
layer 25 provides a more sanitary infusion site by keeping 
the infusion site insulated. The sealing layer 25 does not 
need to be fully extended to form an entire layer of the 
mounting base. In alternative embodiments, not shown, the 
expandable Substance may be located so that it is only 
covering the needle insertion area. In addition, the sealing 
layer may be created immediately before inserting the 
needle, for example, the needle insertion area can be filled 
with expandable Substance prior to the insertion. The sealing 
layer 25 also includes an opening or an exit 50 to provide an 
passage for the cable to pass through. In the shown embodi 
ment, the exit 50 is located in one end of the sealing layer 
25 and the penetration area 55 is located on an opposing end 
of the sealing layer 25. In other embodiments, the positions 
may vary. 

0040 FIG. 3c illustrates the outer flexible layer 15 in 
more detail. The outer flexible layer 15 may comprise 
materials such as cloth, band-aid-like material, and the like. 
For example, materials could include polyurethane, poly 
ethylene, polyester, polypropylene, PTFE, or other poly 
mers. These could be woven, knitted, non-woven, molded, 
or extruded, for example. Additionally, the material may be 
flesh-colored to provide more discreteness. A penetration 
area 55 for needle entry is located on the outer flexible layer 
15 and is the initial entry of the needle to the infusion site. 
The penetration area 55 may also form a needle guide in 
some embodiments. As with the sealing layer, the needle 
simply penetrates the outer flexible layer 15 at the penetra 
tion area 55 to access the other layers and the infusion site. 

0041 FIG. 3d illustrates the adhesive layer 20 in more 
detail. The adhesive layer 20 is made of a flexible material 
that is strong enough to hold the flexible mounting base in 
place. The adhesive layer 20 anchors the flexible sensor set 
at the infusion site to provide stability for the sensor set in 
a convenient and comfortable manner. In certain embodi 
ments, the adhesive layer 20 includes an anti-bacterial agent 
to reduce the chance of infection; however, alternative 
embodiments may omit the agent. In further alternative 
embodiments, the mounting base may be other shapes. Such 
as circular, oval, hour-glass, butterfly or the like. In addition, 
the adhesive layer may include an opening 60 through which 
the needle passes through before puncturing the patients 
skin. The opening 60 frames the infusion site to guide the 
needle tip to the correct site. 
0.042 A partial flexible mounting base is shown in FIG. 
4 with the outer flexible layer removed. As illustrated, a 
guide shaft 66 may be received into the needle insertion area 
35 to stabilize the needle and substantially ensures safe, 
stable entry and exit for the needle at the infusion site. Also 
shown is a sensor 70 which fits into the flexible interface 40 
of the semi-rigid housing 30. 

0043. In further embodiments, a needle protection guard 
is included. When the insertion needle is withdrawn, a 
protective sheath (not shown) contained in the flexible 
mounting base is dislodged and covers the needle tip as the 
needle is separated from the flexible mounting base. In an 
alternative, the flexible mounting base may be used with a 
safety needle that has a handle covering one end of the 
needle to provide easier gripping. In FIGS. 5a and 5b, two 
different embodiments of a safety needle 75a, 75b are 
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shown. The safety needle 75a of FIG.5a has a handle 80 that 
is easy for a user to grip. There may be ridges 85 included 
to facilitate better ease of grip. In the embodiment shown, 
the safety needle 75a has wings 90a, 90b that are used to 
hold the safety needle 75a stable after the needle tip 95 is 
inserted subcutaneously through an infusion site. While 
holding the wings 90a, 90b, the user can grab the handle 80 
and remove the safety needle 75a from the infusion site. As 
the needle tip 95 is pulled from the infusion site, a needle 
guide shaft 100 is extended to cover the needle tip 95 for safe 
disposal. A lock 105 may also be included to secure the 
guide shaft in place over the needle tip 95. 
0044) In an alternative configuration, the safety needle 
75b of FIG. 5b has a handle 280 which includes two wings 
290a, 290b that are used to hold the safety needle 75b stable 
after the needle tip 295 is inserted subcutaneously through 
an infusion site. A third wing 290c extends out from the 
handle 280 that provides an additional place for the user to 
hold the safety needle 75b in place prior to removal. A 
needle guide shaft 200 includes an end structure 300 that 
provides a manner of retracting the needle tip 295. The user 
pulls the end structure 300 and the safety needle 75b out 
from the infusion site while holding the insertion tool in 
place with either the two wings 290a, 290b or with the third 
wing 290c. The needle tip 295 and safety needle 75b is thus 
retracted into the handle 280 and a lock 205 secures the 
needle tip 295 in a covered position for safe disposal. 
0045. In certain embodiments, a subcutaneous insertion 
set is provided with the flexible mounting base for placing 
the sensor at a selected site within the body of a patient. As 
shown in FIG. 6, the insertion set 155 comprises an insertion 
needle 115. The insertion needle 115 is adapted to extend 
through the partially shown flexible mounting base 10 
adapted for seated mounting onto the patient’s skin. The 
sensor 135 is connected to a flexible partial circuit 145, 
which is included in the flexible mounting base 10. The 
flexible partial circuit 145 is placed on an adhesive layer 143 
and covered with a top layer 144. In FIG. 6, the flexible 
mounting base 10 is shown in an expanded configuration. 
The flexible partial circuit 145 is also connected to an 
extension lead 150 that leads to connector interface 120, 
which is adapted to be coupled to another electronic assem 
bly to allow transfer of data to that electronic assembly. The 
sensor 135 may have one or more sensor electrodes thereon. 
Because the sensor interfaces directly with the electronics in 
this configuration, at least the basic electronics can be on the 
flexible partial circuit, as opposed to in a separate electronic 
assembly. For example, all of the circuitry that reads sensor 
information, digitizes the information, filters the data, cal 
culates glucose, transmits information to the display, stores 
information, and so forth may be housed on the flexible 
circuit with or without a battery on board to power the 
sensor. Alternatively, minimal circuitry, such as the circuitry 
that reads the sensor information and digitizes the informa 
tion could be included. The digitized information could be 
sent to another electronics assembly, which is electrically 
connected to the flexible circuit, with the remaining cir 
cuitry, including a transmitter and even a battery if desired 
to power the sensor from the other electronics assembly. Any 
desired distribution of circuitry between the minimal cir 
cuitry on the flexible circuit and full circuitry on the flexible 
circuit could be used, including a case in which duplicate 
circuitry is included both on the flexible circuit and the other 
electronics assembly. 
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0046) When the flexible mounting base 10 is pressed onto 
the patient’s skin, the insertion needle 115 pierces the skin 
to transcutaneously place the sensor 135. The insertion 
needle 115 can be withdrawn from the flexible mounting 
base 10, leaving the sensor 135 within the patient, to directly 
contact the patient fluid at the selected position within the 
patient, such as a Subcutaneous, intravascular, intramuscular, 
or intravenous site. In further embodiments, a cannula (not 
shown) surrounds the sensor 135. When a cannula is used, 
the insertion needle 115 may be hollow so that at least a 
portion of the cannula is nested therein, with the insertion 
needle 115 defining a longitudinally extending slot along 
one side thereof to permit sliding withdrawal of the needle 
115 from the flexible mounting base 10 and the nested 
portion of the cannula. Conductive contacts 140 on the 
connector interface 120 can be electrically connected to a 
suitable monitor device (not shown), either by wired or 
wireless communication, so that appropriate blood chemis 
try readings can be taken. Examples of wireless connection 
include, but are not limited to, RF, IR, WiFi, ZigBee and 
Bluetooth. Additional wireless connections further include 
single frequency communication, spread spectrum commu 
nication, adaptive frequency selection and frequency hop 
ping communication. In the illustrated embodiment, the 
flexible partial circuit/sensor electronics 145 is shown as a 
layer in the flexible mounting base 10. However, in other 
embodiments, not shown, the sensor electronics may be 
contained in a housing separate from the flexible mounting 
base. In Such an embodiment, a cable may be used to 
electrically couple the sensor to the separated sensor elec 
tronics to allow communication between the two. The sensor 
electronics 145 initially processes the analog current infor 
mation to change it to digital data. In further embodiments, 
the sensor and the separated sensor electronics may use 
wireless communication, such as RF, IR, WiFi, ZigBee and 
Bluetooth. 

0047. If a cannula is used, during insertion, the insertion 
needle 115 and the protective cannula cooperatively protect 
and guide the sensor 135 to the desired transcutaneous 
placement position. The insertion needle 115 can then be 
withdrawn, whereupon slotted needle geometry permits the 
insertion needle 115 to slide over and longitudinally separate 
from the second portion of the cannula, thereby leaving the 
cannula and sensor 135 therein at the selected infusion site. 
In other embodiments, however, the flexible sensor may 
function without the use of a cannula. 

0.048 While the description above refers to particular 
embodiments of the present invention, it will be understood 
that many modifications may be made without departing 
from the spirit thereof. The accompanying claims are 
intended to cover such modifications as would fall within the 
true scope and spirit of the present invention. 
0049. The presently disclosed embodiments are, there 
fore, to be considered in all respects as illustrative and not 
restrictive, the scope of the invention being indicated by the 
appended claims rather than the foregoing description. All 
changes that come within the meaning of and range of 
equivalency of the claims are intended to be embraced 
therein. 

What is claimed is: 
1. A sensor apparatus comprising: 

a flexible analyte sensor, and 
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a flexible mounting base to carry the flexible analyte 
sensor including 
a flexible adhesive layer to removably attach to a skin 

Surface, 
a housing disposed on the adhesive layer to receive the 

flexible analyte sensor, and 
an outer flexible layer disposed on the housing. 

2. The sensor apparatus of claim 1, wherein the adhesive 
layer includes an opening for needle entry. 

3. The sensor apparatus of claim 1, wherein the housing 
includes 

a base layer having a three-walled depression, the depres 
sion being adapted to receive the flexible analyte sen 
Sor, and 

a first opening in the base layer for needle entry. 
4. The sensor apparatus of claim 3, wherein the housing 

further includes a second opening in the base layer to 
provide a path for a cable coupling the flexible analyte 
sensor to an external device. 

5. The sensor apparatus of claim 4, wherein the first 
opening is located in one end of the base layer and the 
second opening is located on an opposing end of the base 
layer. 

6. The sensor apparatus of claim 1, wherein the housing 
is flexible. 

7. The sensor apparatus of claim 1, wherein the housing 
is semi-rigid. 

8. The sensor apparatus of claim 1, wherein the housing 
comprises medical grade nylon. 

9. The sensor apparatus of claim 1, wherein the flexible 
mounting base further includes a sealing layer disposed 
between the housing and the outer flexible layer. 

10. The sensor apparatus of claim 9, wherein the sealing 
layer includes an area for needle entry. 

11. The sensor apparatus of claim 9, wherein the sealing 
layer includes an opening to provide a path for a cable 
coupling the flexible analyte sensor to an external device. 

12. The sensor apparatus of claim 11, wherein the area for 
needle entry is located in one end of the sealing layer and the 
opening is located on an opposing end of the sealing layer. 

13. The sensor apparatus of claim 9, wherein the sealing 
layer comprises silicone. 

14. The sensor apparatus of claim 9, wherein the sealing 
layer comprises a material selected from the group consist 
ing of silicone, rubber latex, neoprene, nitrile, butyl, and 
vitron. 

15. The sensor apparatus of claim 1, wherein the outer 
flexible layer includes an area for needle entry. 

16. The sensor apparatus of claim 15, wherein the outer 
flexible layer further includes an opening to provide a path 
for a cable coupling the flexible analyte sensor to an external 
device. 

17. The sensor apparatus of claim 16, wherein the area for 
needle entry is located in one end of the outer flexible layer 
and the opening is located on an opposing end of the outer 
flexible layer. 

18. The sensor apparatus of claim 1, wherein the outer 
flexible layer includes a needle guide for needle entry. 

19. The sensor apparatus of claim 1, wherein the outer 
flexible layer comprises cloth. 
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20. The sensor apparatus of claim 1, wherein the outer 
flexible layer comprises a material selected from the group 
consisting of polyurethane, polyethylene, polyester, 
polypropylene, and PTFE. 

21. The sensor apparatus of claim 1, wherein the flexible 
analyte sensor is a thin film sensor. 

22. The sensor apparatus of claim 1, wherein the flexible 
analyte sensor is an electrochemical sensor. 

23. The sensor apparatus of claim 1, wherein the flexible 
analyte sensor is a glucose sensor. 

24. The sensor apparatus of claim 1, wherein the flexible 
mounting base has a thickness of from about 0.01 to about 
0.125 inches. 

25. The sensor apparatus of claim 1, wherein the flexible 
mounting base has a thickness of about 0.06 inches. 

26. The sensor apparatus of claim 1, wherein the flexible 
mounting base has a thickness of a penny and has a diameter 
that is half that of a penny. 

27. The sensor apparatus of claim 1, wherein the size of 
the flexible mounting base is substantially smaller than a 
Surface of a penny. 

28. The sensor apparatus of claim 1, wherein the flexible 
analyte sensor includes a proximal segment carried by the 
flexible mounting base, and a distal segment protruding 
from the flexible mounting base. 

29. The sensor apparatus of claim 28, wherein the sensor 
proximal segment is connected to an external device through 
wired communication. 

30. The sensor apparatus of claim 28, wherein the sensor 
proximal segment is connected to an external device through 
wireless communication. 

31. The sensor apparatus of claim 30, wherein the wireless 
communication is selected from the group consisting of 
radio frequency, infrared, WiFi, ZigBee and Bluetooth. 
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32. The sensor apparatus of claim 28 further including a 
cannula protruding from the flexible mounting base, wherein 
at least a portion of the flexible analyte sensor is within the 
cannula. 

33. The sensor apparatus of claim 32 further including a 
hollow insertion needle carried by the flexible mounting 
base to protrude therefrom and having at least a portion of 
the cannula nested therein, the insertion needle defining a 
longitudinally extending slot along one side thereof to 
permit sliding withdrawal of the needle from the flexible 
mounting base and the nested portion of the cannula. 

34. The sensor apparatus of claim 33, wherein the inser 
tion needle extends through the flexible mounting base, the 
insertion needle being manually withdrawable from the 
flexible mounting base for separation from the nested por 
tion of the cannula. 

35. The sensor apparatus of claim 34, wherein the flexible 
mounting base contains a protective sheath that covers the 
insertion needle as the needle is withdrawn from the flexible 
mounting base. 

36. The sensor apparatus of claim 33, wherein the needle 
further comprises a handle covering one end of the needle 
with a guide shaft contained therein. 

37. The sensor apparatus of claim 36, wherein the handle 
further includes a lock to secure the guide shaft in a selected 
position. 

38. The sensor apparatus of claim 37, wherein the selected 
position covers the entire needle. 
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