
US 20080119703A1 

(12) Patent Application Publication (10) Pub. No.: US 2008/0119703 A1 
(19) United States 

Brister et a]. (43) Pub. Date: May 22, 2008 

(54) ANALYTE SENSOR Publication Classi?cation 

76 1 t 1 M kB't E ' '1 CA Us- (51) Int-Cl 
( ) sell Salli EEOaSéA (68))’ A61B 5/05 (2006-01) 

Vance Swanson, San Diego, CA ‘4613 5/00 (200601) 
(US); James R. Petisce, San Diego, _ 
CA (Us) (52) US. Cl. ....................................... .. 600/347, 600/365 

Correspondence Address: (57) ABSTRACT 
KNOBBE MARTENS OLSON & BEAR LLP 
2040 MAIN STREET, FOURTEENTH FLOOR 
IRVINE, CA 92614 

(21) App1.No.: 11/543,396 

(22) Filed: Oct. 4, 2006 

Systems and methods of use for continuous analyte measure 
ment of a host’s Vascular system are provided. In some 
embodiments, a continuous glucose measurement system 
includes a Vascular access device, a sensor and sensor elec 

tronics, the system being con?gured for insertion into a host’ s 
peripheral Vein or artery. 
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ANALYTE SENSOR 

FIELD OF THE INVENTION 

[0001] The preferred embodiments relate generally to sys 
tems and methods for measuring an analyte in a host. 

BACKGROUND OF THE INVENTION 

[0002] Diabetes mellitus is a disorder in Which the pancreas 
cannot create su?icient 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 can 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) can 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 insu?icient food intake. 

[0003] Conventionally, a person With diabetes carries a 
self-monitoring blood glucose (SMBG) monitor, Which typi 
cally requires uncomfortable ?nger pricking methods. Due to 
the lack of comfort and convenience, a person With diabetes 
normally only measures his or her glucose levels tWo to four 
times per day. Unfortunately, such time intervals are so far 
spread apart that the person With diabetes likely ?nds out too 
late of a hyperglycemic or hypoglycemic condition, some 
times 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. This inhibits the ability to make edu 
cated insulin therapy decisions. 
[0004] A variety of sensors are knoWn that use an electro 
chemical cell to provide output signals by Which the presence 
or absence of an analyte, such as glucose, in a sample can be 
determined. For example, in an electrochemical cell, an ana 
lyte (or a species derived from it) that is electro-active gen 
erates a detectable signal at an electrode, and this signal can 
be used to detect or measure the presence and/or amount 
Within a biological sample. In some conventional sensors, an 
enZyme is provided that reacts With the analyte to be mea 
sured, and the byproduct of the reaction is quali?ed or quan 
ti?ed at the electrode. An enZyme has the advantage that it can 
be very speci?c to an analyte and also, When the analyte itself 
is not su?iciently electro-active, can be used to interact With 
the analyte to generate another species Which is electro-active 
and to Which the sensor can produce a desired output. In one 
conventional amperometric glucose oxidase-based glucose 
sensor, immobiliZed glucose oxidase catalyses the oxidation 
of glucose to form hydrogen peroxide, Which is then quanti 
?ed by amperometric measurement (for example, change in 
electrical current) through a polariZed electrode. 

SUMMARY OF THE INVENTION 

[0005] In a ?rst aspect, a system for measuring an analyte is 
provided, the system comprising a vascular access device in 
communication With a vascular system of a host; and an 
analyte sensor con?gured to extend Within the vascular access 
device, Wherein the analyte sensor is con?gured to measure a 
concentration of an analyte Within the vascular system. 
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[0006] In an embodiment of the ?rst aspect, the analyte 
sensor is con?gured to extend through the vascular access 
device and into a blood stream of the host. 
[0007] In an embodiment of the ?rst aspect, the vascular 
access device is a catheter. 

[0008] In an embodiment of the ?rst aspect, the vascular 
access device is con?gured for insertion into a vein of the 
host. 
[0009] In an embodiment of the ?rst aspect, the vascular 
access device is con?gured for insertion into an artery of the 
host. 
[0010] In an embodiment of the ?rst aspect, the vascular 
access device is con?gured to operatively couple to a pressure 
transducer for measurement of a blood pressure of the host. 
[0011] In an embodiment of the ?rst aspect, the vascular 
access device is con?gured to operatively couple to a blood 
chemistry analysis device for measuring a blood chemistry of 
the host. 
[0012] In an embodiment of the ?rst aspect, the analyte 
sensor is a glucose sensor. 

[0013] In an embodiment of the ?rst aspect, the system 
further comprises a sheath con?gured to protect the analyte 
sensor during insertion of the analyte sensor into the catheter. 
The sheath can comprise a slot con?gured to alloW the release 
of the analyte sensor therefrom. 
[0014] In an embodiment of the ?rst aspect, the system 
further comprises a ?uid coupler having ?rst end and second 
end, Wherein the ?uid coupler is con?gured to mate With the 
vascular access device on the ?rst end, and Wherein at least a 
portion of the analyte sensor extends through the ?uid coupler 
or is housed Within the ?uid coupler. The ?uid coupler can 
comprise sensor electronics formed thereon. The sensor elec 
tronics can a potentiostat. The ?uid coupler can be con?gured 
to mate With a medical device on the second end. The medical 
device can comprise at least one device selected from the 
group consisting of a blood pressure monitor, a blood chem 
istry device, and a dialysis bypass machine. 
[0015] In an embodiment of the ?rst aspect, the analyte 
sensor is con?gured to extend through the vascular access 
device and into a blood stream of the host by from about 0.010 
inches to about 1 inch. 

[0016] In an embodiment of the ?rst aspect, the vascular 
access device and the analyte sensor are con?gured to indWell 
Within a blood stream of the host in vivo. 

[0017] In an embodiment of the ?rst aspect, further com 
prising sensor electronics operatively connected to the ana 
lyte sensor. 
[0018] In an embodiment of the ?rst aspect, the analyte 
sensor comprises at least one Working electrode con?gured to 
measure a ?rst signal. The ?rst signal can be substantially 
analyte related. 
[0019] In an embodiment of the ?rst aspect, the analyte 
sensor further comprises a second Working electrode con?g 
ured to measure a second signal. The second signal can be 
substantially non-analyte related. 
[0020] In an embodiment of the ?rst aspect, the sensor 
electronics are con?gured to process the second signal and 
the ?rst signal to determine a concentration of an analyte. 
[0021] In an embodiment of the ?rst aspect, the sensor 
further comprises a reference electrode. 
[0022] In an embodiment of the ?rst aspect, the reference 
electrode is located at a position remote from the Working 
electrode. 
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[0023] In an embodiment of the ?rst aspect, the sensor 
further comprises a ?uid coupler having ?rst end and a second 
end, Wherein the ?uid coupler is con?gured to mate With the 
catheter on the ?rst end, Wherein at least a portion of the 
analyte sensor extends through the ?uid coupler or is housed 
Within the ?uid coupler, and Wherein the reference electrode 
is located at a position proximal to the ?uid coupler or Within 
the ?uid coupler. 
[0024] In an embodiment of the ?rst aspect, an end of the 
analyte sensor that extends into a blood stream of the host 
comprises an enlarged area. 
[0025] In an embodiment of the ?rst aspect, a substantial 
portion of the analyte sensor has a diameter of less than about 
0.008 inches. 
[0026] In an embodiment of the ?rst aspect, a substantial 
portion of the analyte sensor has a diameter of less than about 
0.004 inches. 
[0027] In an embodiment of the ?rst aspect, the analyte 
sensor further comprises a bioinert material or a bioactive 
agent incorporated therein or thereon. The bioactive agent can 
comprise at least one agent selected from the group consisting 
of vitamin K antagonists, heparin group anticoagulants, 
platelet aggregation inhibitors, enZymes, direct thrombin 
inhibitors, Dabigatran, De?brotide, Dermatan sulfate, Fonda 
parinux, and Rivaroxaban. 
[0028] In an embodiment of the ?rst aspect, the analyte 
sensor comprises a Working electrode and a reference elec 
trode, Wherein at least one of the Working electrode and the 
reference electrode comprises a Wire. 
[0029] In an embodiment of the ?rst aspect, the analyte 
sensor comprises a Working electrode and a reference elec 
trode, Wherein the Working electrode and the reference elec 
trode are both Wires, and Wherein the Wires are coaxial. 
[0030] In an embodiment of the ?rst aspect, the analyte 
sensor comprises a Working electrode and a reference elec 
trode, Wherein the Working electrode and the reference elec 
trode are both Wires, and Wherein the Wires are juxtaposi 
tioned. 
[0031] In an embodiment of the ?rst aspect, the analyte 
sensor comprises a Working electrode and a reference elec 
trode, Wherein the Working electrode and the reference elec 
trode are both Wires, and Wherein the reference electrode is 
helically Wound around the Working electrode. 
[0032] In an embodiment of the ?rst aspect, the analyte 
sensor comprises a Working electrode, and Wherein the Work 
ing electrode is ?exible. 
[0033] In an embodiment of the ?rst aspect, the analyte 
sensor comprises a Working electrode, and Wherein the Work 
ing electrode has a variable stiffness. 
[0034] In an embodiment of the ?rst aspect, the analyte 
sensor comprises at least one Wire having a helical con?gu 
ration, Wherein a variable stiffness in the helical Wire is pro 
vided by at least one of a variable pitch of the helical Wire and 
a variable cross-section of the helical Wire. 
[0035] In a second aspect, a method for measuring an ana 
lyte in a blood stream of a host is provided, the method 
comprising inserting a vascular access device into communi 
cation With a blood stream of a host; and inserting an analyte 
sensor into the vascular access device, Wherein the analyte 
sensor measures a concentration of an analyte Within the 
blood stream of the host. 
[0036] In an embodiment of the second aspect, the analyte 
sensor extends through the vascular access device and into the 
blood stream. 
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[0037] In an embodiment of the second aspect, the vascular 
access device is a catheter. 

[0038] In an embodiment of the second aspect, the vascular 
access device is inserted into a vein of the host. 
[0039] In an embodiment of the second aspect, the vascular 
access device is inserted into an artery of the host. 
[0040] In an embodiment of the second aspect, the method 
further comprises coupling a pressure transducer to the ana 
lyte sensor. 
[0041] In an embodiment of the second aspect, the method 
further comprises coupling a blood chemistry analysis device 
to the analyte sensor. 
[0042] In an embodiment of the second aspect, the analyte 
sensor measures glucose. 

[0043] In an embodiment of the second aspect, the analyte 
sensor comprises a ?uid coupler for housing the analyte sen 
sor or supporting the analyte sensor, and Wherein the method 
further comprises mating the ?uid coupler With the vascular 
access device on a ?rst end of the ?uid coupler. 
[0044] In an embodiment of the second aspect, the method 
further comprises mating the ?uid coupler With a medical 
device on a second end of the ?uid coupler. 
[0045] In an embodiment of the second aspect, the method 
further comprises measuring at least one other parameter With 
the medical device, Wherein the parameter is selected from 
the group consisting of blood pressure and blood chemistry. 
[0046] In an embodiment of the second aspect, the step of 
inserting the analyte sensor comprises inserting the analyte 
sensor beyond an in vivo end of the vascular access device by 
from about 0.010 inches to about 1 inch. 
[0047] In an embodiment of the second aspect, the vascular 
access device and the analyte sensor are con?gured to indWell 
Within a blood stream of the host in vivo. 
[0048] In an embodiment of the second aspect, sensor elec 
tronics are operatively connected to the analyte sensor, and 
Wherein the method further comprises utiliZing sensor elec 
tronics to measure a concentration of an analyte Within the 
host. 
[0049] In an embodiment of the second aspect, the analyte 
sensor comprises at least one Working electrode, and Wherein 
the method further comprises measuring a ?rst signal at the 
Working electrode, and Wherein the ?rst signal is substantially 
analyte-related. 
[0050] In an embodiment of the second aspect, the analyte 
sensor further comprises a second Working electrode, and 
Wherein the method further comprises measuring a second 
signal at the second Working electrode. The second signal can 
be substantially non-analyte-related. 
[0051] In an embodiment of the second aspect, the method 
further comprises processing the second signal and the ?rst 
signal to determine a concentration of an analyte. 
[0052] In an embodiment of the second aspect, the method 
further comprises avoiding piercing of a blood vessel during 
sensor insertion into the blood vessel by providing an 
enlarged area at an insertion end of the analyte sensor. 
[0053] In an embodiment of the second aspect, the method 
further comprises substantially preventing clotting or throm 
bosis proximal to or on the analyte sensor Within the blood 
stream. 

[0054] In a third aspect, a system for measuring an analyte 
is provided, the system comprising a vascular access device 
con?gured for insertion communication With a vascular sys 
tem of a host, Wherein the vascular access device comprises 
an analyte sensor at least partially integrally incorporated 
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therewith; and sensor electronics operatively connected to the 
analyte sensor, Wherein the sensor electronics are con?gured 
to measure a concentration of an analyte Within the vascular 
system. 
[0055] In an embodiment of the third aspect, the sensor 
electronics are con?gured to substantially continuously mea 
sure the analyte concentration. 
[0056] In an embodiment of the third aspect, the analyte is 
glucose. 
[0057] In an embodiment of the third aspect, the vascular 
access device is con?gured to operatively couple to a blood 
chemistry analysis device for measuring a blood chemistry of 
the host. 
[0058] In an embodiment of the third aspect, the analyte 
sensor comprises at least one Working electrode con?gured 
measure a ?rst signal. 
[0059] In an embodiment of the third aspect, the ?rst signal 
is substantially analyte related. 
[0060] In an embodiment of the third aspect, the analyte 
sensor further comprises a second Working electrode con?g 
ured measure a second signal. 
[0061] In an embodiment of the third aspect, the second 
signal is substantially non-analyte related. 
[0062] In an embodiment of the third aspect, the sensor 
electronics are con?gured to process the second signal and 
the ?rst signal to determine a concentration of an analyte. 
[0063] In an embodiment of the third aspect, the analyte 
sensor further comprises a reference electrode. 

[0064] In an embodiment of the third aspect, the reference 
electrode is located at a position remote from the reference 
electrode. 
[0065] In an embodiment of the third aspect, the reference 
electrode is con?gured to be located outside of a blood stream 
of the host. 
[0066] In an embodiment of the third aspect, the analyte 
sensor further comprises a counter electrode. 

[0067] In an embodiment of the third aspect, the analyte 
sensor is con?gured to at least partially contact an in vivo 
blood stream of the host When the vascular access device is 
inserted therein. 
[0068] In an embodiment of the third aspect, the analyte 
sensor is deposited on an exterior surface of the vascular 
access device. 

[0069] In an embodiment of the third aspect, the analyte 
sensor is electroplated onto the exterior surface of the vascu 
lar access device. 

[0070] In an embodiment of the third aspect, the analyte 
sensor is Wired to at least a portion of the sensor electronics. 

[0071] In an embodiment of the third aspect, the analyte 
sensor is Wirelessly connected to at least a portion of the 
sensor electronics. 

[0072] In an embodiment of the third aspect, the vascular 
access device is a catheter. 

[0073] In an embodiment of the third aspect, the analyte 
sensor further comprises a bioinert material or a bioactive 
agent incorporated thereWith. The bioactive agent can com 
prise at least one agent selected from the group consisting of 
vitamin K antagonists, heparin group anticoagulants, platelet 
aggregation inhibitors, enzymes, direct thrombin inhibitors, 
Dabigatran, De?brotide, Dermatan sulfate, Fondaparinux, 
and Rivaroxaban. 
[0074] In an embodiment of the third aspect, the analyte 
sensor comprises a Working electrode and a reference elec 
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trode, and Wherein at least one of the Working electrode and 
the reference electrode comprises a Wire. 

[0075] In an embodiment of the third aspect, the analyte 
sensor comprises a Working electrode and a reference elec 
trode, Wherein the Working electrode and the reference elec 
trode are both Wires, and Wherein the Wires are coaxial. 

[0076] In an embodiment of the third aspect, the analyte 
sensor comprises a Working electrode and a reference elec 
trode, Wherein the Working electrode and the reference elec 
trode are both Wires, and Wherein the Wires are juxtaposi 
tioned. 

[0077] In an embodiment of the third aspect, the analyte 
sensor comprises a Working electrode and a reference elec 
trode, Wherein the Working electrode and the reference elec 
trode are both Wires, and Wherein the reference electrode is 
helically Wound around the Working electrode. 
[0078] In an embodiment of the third aspect, the analyte 
sensor comprises a Working electrode, and Wherein the Work 
ing electrode is ?exible. 
[0079] In an embodiment of the third aspect, the analyte 
sensor comprises a Working electrode, and Wherein the Work 
ing electrode has a variable stiffness. 

[0080] In an embodiment of the third aspect, the analyte 
sensor comprises at least one Wire having a helical con?gu 
ration, and Wherein a variable stiffness in the helical Wire is 
provided by at least one of a variable pitch of the helical Wire 
and a variable cross-section of the helical Wire. 

[0081] In a fourth aspect, a method for measuring an ana 
lyte in a blood stream of a host is provided, the method 
comprising inserting a vascular access device into communi 
cation With a blood stream of a host, Wherein the vascular 
access device comprises an analyte sensor at least partially 
integrally incorporated thereWith; operatively connecting the 
analyte sensor to sensor electronics; and measuring an ana 
lyte concentration in the host. 
[0082] In an embodiment of the fourth aspect, the method 
further comprises substantially continuously measuring an 
analyte concentration. 
[0083] In an embodiment of the fourth aspect, the step of 
measuring an analyte concentration comprises measuring a 
glucose concentration. 
[0084] In an embodiment of the fourth aspect, the analyte 
sensor comprises at least one Working electrode, Wherein the 
measuring step comprises measuring a ?rst signal at the 
Working electrode, Wherein the ?rst signal is substantially 
analyte-related. 
[0085] In an embodiment of the fourth aspect, the analyte 
sensor further comprises a second Working electrode, and the 
measuring step further comprises measuring a second signal 
at the second Working electrode, Wherein the second signal is 
substantially non-analyte related. 
[0086] In an embodiment of the fourth aspect, the method 
further comprises processing the second signal and the ?rst 
signal to determine a concentration of an analyte. 

[0087] In an embodiment of the fourth aspect, the measur 
ing step comprises measuring an analyte concentration in an 
in vivo blood stream of the host. 

[0088] In an embodiment of the fourth aspect, the opera 
tively connecting step comprises connecting the analyte sen 
sor to at least a portion of the sensor electronics via a Wired 
connection. 
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[0089] In an embodiment of the fourth aspect, the opera 
tively connecting step comprises connecting the analyte sen 
sor to at least a portion of the sensor electronics via a Wireless 
connection. 
[0090] In a ?fth aspect, a method for manufacturing an 
analyte sensor con?gured for measuring an analyte in a vas 
cular system of a host is provided, the method comprising 
providing a vascular access device; and at least partially inte 
grally incorporating an analyte sensor in the vascular access 
device or on a surface of the vascular access device. 

[0091] In an embodiment of the ?fth aspect, the step of at 
least partially integrally incorporating an analyte sensor com 
prises depositing at least one Working electrode on an interior 
surface of the vascular access device or on an exterior surface 
of the vascular access device. 
[0092] In an embodiment of the ?fth aspect, the depositing 
step further comprises electroplating the Working electrode 
onto the exterior surface of the vascular access device. 
[0093] In an embodiment of the ?fth aspect, the step of at 
least partially integrally incorporating an analyte sensor fur 
ther comprises depositing a second Working electrode on an 
interior surface of the vascular access device or on an exterior 
surface of the vascular access device. 
[0094] In an embodiment of the ?fth aspect, the step of at 
least partially integrally incorporating an analyte sensor fur 
ther comprises depositing a reference electrode on an interior 
surface of the vascular access device or on an exterior surface 
of the vascular access device. 
[0095] In an embodiment of the ?fth aspect, the step of at 
least partially integrally incorporating an analyte sensor fur 
ther comprises depositing a counter electrode on an interior 
surface of the vascular access device or on an exterior surface 
of the vascular access device. 
[0096] In an embodiment of the ?fth aspect, the surface of 
the vascular access device is selected from the group consist 
ing of an exterior surface, an interior surface, and a tip sur 
face. 
[0097] In an embodiment of the ?fth aspect, the step of at 
least partially integrally incorporating an analyte sensor fur 
ther comprises forming a reference electrode at a location 
remote from the Working electrode. 
[0098] In a sixth aspect, a method for calibrating a continu 
ous analyte sensor in a host is provided, the method compris 
ing inserting a continuous analyte sensor into a host; contact 
ing a calibration solution With at least a portion of the 
continuous analyte sensor; and calibrating the continuous 
analyte sensor to provide calibrated analyte sensor data com 
prising at least one calibrated sensor data point. 
[0099] In an embodiment of the sixth aspect, the continuous 
analyte sensor is con?gured to indWell Within a blood stream 
of a host. 

[01 00] In an embodiment of the sixth aspect, the continuous 
analyte sensor is con?gured to measure a glucose concentra 
tion in the host. 
[0101] In an embodiment of the sixth aspect, the calibration 
solution comprises a predetermined amount of glucose. 
[0102] In an embodiment of the sixth aspect, the method 
further comprises displaying the calibrated analyte sensor 
data. 
[0103] In an embodiment of the sixth aspect, the method 
further comprises contacting an additional calibration solu 
tion With at least a portion of the continuous analyte sensor. 
[0104] In an embodiment of the sixth aspect, the method 
further comprises calibrating or re-calibrating the continuous 
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analyte sensor to provide calibrated analyte sensor data com 
prising at least one calibrated sensor data point. 
[0105] In an embodiment of the sixth aspect, the step of 
contacting an additional calibration solution is repeated. 
[0106] In an embodiment of the sixth aspect, the step of 
contacting an additional calibration solution is performed 
automatically. 
[0107] In an embodiment of the sixth aspect, the step of 
contacting an additional calibration solution is performed 
manually. 
[0108] In an embodiment of the sixth aspect, the method 
further comprises contacting a non-analyte solution With at 
least a portion of the continuous analyte sensor to ?ush the 
sensor. 

[0109] In an embodiment of the sixth aspect, the step of 
contacting a non-analyte solution is performed prior to the 
step of contacting a calibration solution With at least a portion 
of the continuous analyte sensor. 
[0110] In a seventh aspect, a method for calibrating a con 
tinuous analyte sensor in a host is provided, the method com 
prising inserting a continuous analyte sensor system into a 
host; WithdraWing at least one blood sample from the host; 
measuring a reference analyte value from the blood sample; 
and calibrating the continuous analyte sensor to provide cali 
brated analyte sensor data comprising at least one calibrated 
sensor data point. 
[0111] In an embodiment of the seventh aspect, the con 
tinuous analyte sensor is con?gured to indWell Within a blood 
stream of the host. 
[0112] In an embodiment of the seventh aspect, the con 
tinuous analyte sensor is con?gured to measure a glucose 
concentration of the host. 
[0113] In an embodiment of the seventh aspect, the step of 
WithdraWing at least one blood sample from the host is per 
formed automatically. 
[0114] In an embodiment of the seventh aspect, the step of 
inserting a continuous analyte sensor comprises inserting a 
vascular access device into communication With a vascular 
system of the host, Wherein the sensor is integrally incorpo 
rated With the vascular access device. 
[0115] In an embodiment of the seventh aspect, the step of 
WithdraWing comprises WithdraWing a blood sample through 
the vascular access device. 

[0116] In an embodiment of the seventh aspect, the method 
further comprises inserting a vascular access device into com 
munication With a vascular system of the host, Wherein the 
sensor is inserted through the vascular access device. 
[0117] In an embodiment of the seventh aspect, the step of 
WithdraWing comprises WithdraWing a blood sample through 
the vascular access device. 

[0118] In an embodiment of the seventh aspect, the method 
further comprises displaying the calibrated sensor data. 
[0119] In an embodiment of the seventh aspect, the method 
further comprises coupling a blood chemistry device to the 
continuous analyte sensor system. 
[0120] In an embodiment of the seventh aspect, the blood 
chemistry device performs the step of analyZing at least one 
blood sample from the host. 
[0121] In an embodiment of the seventh aspect, the blood 
chemistry device performs the step of measuring a reference 
analyte value from the blood sample. 
[0122] In an eighth aspect, a continuous analyte sensor 
system is provided, the system comprising a continuous ana 
lyte sensor con?gured for insertion into a host; and a com 
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puter system operatively connected to the continuous analyte 
sensor, Wherein the computer system is con?gured to receive 
analyte sensor data from the continuous analyte sensor, the 
analyte sensor data comprising at least one sensor data point 
and calibration information, and Wherein the computer sys 
tem is con?gured to calibrate the analyte sensor data from the 
calibration information. 
[0123] In an embodiment of the eighth aspect, the analyte 
sensor is a glucose sensor. 

[0124] In an embodiment of the eighth aspect, the continu 
ous analyte sensor comprises a vascular access device con 
?gured for communication With a vascular system of the ho st, 
and Wherein the continuous analyte sensor is con?gured to 
extend through the vascular access device, Wherein the ana 
lyte sensor is con?gured to measure a concentration of an 
analyte Within a vascular system of the host. 
[0125] In an embodiment of the eighth aspect, the vascular 
access device is con?gured to operatively couple to a blood 
chemistry analysis device for measuring a blood chemistry of 
the host. 
[0126] In an embodiment of the eighth aspect, the blood 
chemistry device is con?gured to WithdraW a blood sample 
through the vascular access device, and Wherein the calibra 
tion information comprises the blood sample or a measure 
ment associated thereWith. 

[0127] In an embodiment of the eighth aspect, the blood 
chemistry device is con?gured to measure a reference analyte 
value from the host, and Wherein the calibration information 
comprises the reference analyte value. 
[0128] In an embodiment of the eighth aspect, the system 
further comprises a device con?gured to automatically obtain 
the calibration information, Wherein the device is operatively 
coupled to the sensor system. 
[0129] In an embodiment of the eighth aspect, the continu 
ous analyte sensor comprises a vascular access device con 
?gured for communication With a vascular system of the ho st, 
Wherein the vascular access device comprises an analyte sen 
sor at least partially integrally incorporated on an exterior 
surface the vascular access device and further comprises sen 
sor electronics operatively connected to the analyte sensor, 
Wherein the sensor electronics are con?gured to measure a 
concentration of an analyte Within a blood stream of the host. 

[0130] In an embodiment of the eighth aspect, the vascular 
access device is con?gured to operatively couple to a blood 
chemistry analysis device for measuring a blood chemistry of 
the host. 

[0131] In an embodiment of the eighth aspect, the blood 
chemistry device is con?gured to WithdraW a blood sample 
through the vascular access device, and Wherein the calibra 
tion information comprises the blood sample or a measure 
ment associated thereWith. 

[0132] In an embodiment of the eighth aspect, the blood 
chemistry device is con?gured to measure a reference analyte 
value from the host, and Wherein the calibration information 
comprises the reference analyte value. 
[0133] In an embodiment of the eighth aspect, the system 
further comprises a device con?gured to automatically obtain 
the calibration information, Wherein the device is operatively 
coupled to the sensor system. 
[0134] In an embodiment of the eighth aspect, the analyte 
sensor comprises a Working electrode and a reference elec 
trode, and Wherein at least one of the Working electrode and 
the reference electrode comprises a Wire. 
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[0135] In an embodiment of the eighth aspect, the analyte 
sensor comprises a Working electrode and a reference elec 
trode, Wherein the Working electrode and the reference elec 
trode are both Wires, and Wherein the Wires are coaxial. 
[0136] In an embodiment of the eighth aspect, the analyte 
sensor comprises a Working electrode and a reference elec 
trode, Wherein the Working electrode and the reference elec 
trode are both Wires, and Wherein the Wires are juxtaposi 
tioned. 
[0137] In an embodiment of the eighth aspect, the analyte 
sensor comprises a Working electrode and a reference elec 
trode, Wherein the Working electrode and the reference elec 
trode are both Wires, and Wherein the reference electrode is 
helically Wound around the Working electrode. 
[0138] In an embodiment of the eighth aspect, the analyte 
sensor comprises a Working electrode, and Wherein the Work 
ing electrode is ?exible. 
[0139] In an embodiment of the eighth aspect, the analyte 
sensor comprises a Working electrode, and Wherein the Work 
ing electrode has a variable stiffness. 
[0140] In an embodiment of the eighth aspect, the analyte 
sensor comprises at least one Wire having a helical con?gu 
ration, and Wherein a variable stiffness in the helical Wire is 
provided by at least one of a variable pitch of the helical Wire 
and a variable cross-section of the helical Wire. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0141] FIG. 1A is a perspective vieW of one embodiment of 
an analyte sensor system, including a vascular access device 
(e.g., a catheter), a sensor, a ?uid connector, and a protective 
sheath. 
[0142] FIG. 1B is a side vieW of the analyte sensor system 
of FIG. 1A, shoWing the protective sheath removed. 
[0143] FIG. 1C1 is a close-up cut aWay vieW ofa portion of 
the analyte sensor system of FIG. 1A. 
[0144] FIG. 1C2 is a close-up cut aWay vieW ofa portion of 
the analyte sensor system of FIG. 1A. 
[0145] FIG. 1D is a close-up cut aWay vieW ofa portion of 
the analyte sensor system of FIG. 1A. 
[0146] FIG. IE is a close-up cut aWay vieW ofa portion of 
the analyte sensor system of FIG. 1A. 
[0147] FIG. 2A is a perspective vieW of another embodi 
ment of the analyte sensor system, including a catheter With a 
sensor integrally formed thereon. 
[0148] FIG. 2B is a perspective vieW of the analyte sensor 
system of FIG. 2A. 
[0149] FIG. 2C is a close-up vieW ofa portion ofthe analyte 
sensor system of FIG. 2A in an alternative con?guration of an 
embodiment having three electrodes disposed on the catheter. 
[0150] FIG. 2D is a close-up vieW of a portion of the analyte 
sensor system of FIG. 2A in an alternative con?guration of an 
embodiment having three electrodes disposed on the catheter. 
[0151] FIG. 2E is a close-up vieW ofa portion ofthe analyte 
sensor system of FIG. 2A in an alternative embodiment hav 
ing tWo electrodes disposed on the catheter. 
[0152] FIG. 2F is a close-up vieW of a portion of the analyte 
sensor system of FIG. 2A in an alternative embodiment hav 
ing one electrode disposed on the catheter. 
[0153] FIG. 3A is a perspective vieW of a ?rst portion of one 
embodiment of an analyte sensor. 
[0154] FIG. 3B is a perspective vieW of a second portion of 
the analyte sensor of FIG. 3A. 
[0155] FIG. 3C is a cross section of the analyte sensor of 
FIG. 3B, taken on line C-C. 
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[0156] FIG. 4 is a graph illustrating in vivo function of an 
analyte sensor system of the embodiment shoWn in FIG. 1A. 
[0157] FIG. 5 is a graph illustrating in vivo function of an 
analyte sensor system of the embodiment shoWn in FIG. 1A. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0158] The folloWing description and examples illustrate 
some exemplary embodiments of the disclosed invention in 
detail. Those of skill in the art Will recogniZe that there are 
numerous variations and modi?cations of this invention that 
are encompassed by its scope. Accordingly, the description of 
a certain exemplary embodiment should not be deemed to 
limit the scope of the preferred embodiments. 

De?nitions 

[0159] In order to facilitate an understanding of the pre 
ferred embodiments, a number of terms are de?ned beloW. 
[0160] The term “analyte” as used herein is a broad term, 
and is to be given its ordinary and customary meaning to a 
person of ordinary skill in the art (and is not to be limited to a 
special or customiZed meaning), and refers Without limitation 
to a sub stance or chemical constituent in a biological ?uid (for 
example, blood, interstitial ?uid, cerebral spinal ?uid, lymph 
?uid or urine) that can be analyZed. Analytes can include 
naturally occurring substances, arti?cial substances, metabo 
lites, and/or reaction products. In some embodiments, the 
analyte for measurement by the sensing regions, devices, and 
methods is glucose. HoWever, other analytes are contem 
plated as Well, including but not limited to acarboxypro 
thrombin; acylcamitine; adenine phosphoribosyl transferase; 
adenosine deaminase; albumin; alpha-fetoprotein; amino 
acid pro?les (arginine (Krebs cycle), histidine/urocanic acid, 
homocysteine, phenylalanine/tyrosine, tryptophan); 
andrenostenedione; antipyrine; arabinitol enantiomers; argi 
nase; benZoylecgonine (cocaine); biotinidase; biopterin; 
c-reactive protein; camitine; camosinase; CD4; ceruloplas 
min; chenodeoxycholic acid; chloroquine; cholesterol; cho 
linesterase; conjugated 1-[3 hydroxy-cholic acid; cortisol; 
creatine kinase; creatine kinase MM isoenZyme; cyclosporin 
A; d-penicillamine; de-ethylchloroquine; dehydroepiandros 
terone sulfate; DNA (acetylator polymorphism, alcohol 
dehydrogenase, alpha l-antitrypsin, cystic ?brosis, Duch 
enne/ Becker muscular dystrophy, glucose-6-pho sphate dehy 
drogenase, hemoglobin A, hemoglobin S, hemoglobin C, 
hemoglobin D, hemoglobin E, hemoglobin F, D-Punjab, 
beta-thalassemia, hepatitis B virus, HCMV, HIV-1, HTLV-l, 
Leber hereditary optic neuropathy, MCAD, RNA, PKU, Plas 
modium vivax, sexual differentiation, 21-deoxycortisol); 
desbutylhalofantrine; dihydropteridine reductase; diptheria/ 
tetanus antitoxin; erythrocyte arginase; erythrocyte protopor 
phyrin; esterase D; fatty acids/acylglycines; free [3-human 
chorionic gonadotropin; free erythrocyte porphyrin; free thy 
roxine (FT4); free tri-iodothyronine (FT3); fumarylacetoac 
etase; galactose/gal- 1 -pho sphate; galacto se-l -pho sphate 
uridyltransferase; gentamicin; glucose-6-phosphate dehy 
drogenase; glutathione; glutathione perioxidase; glycocholic 
acid; glycosylated hemoglobin; halofantrine; hemoglobin 
variants; hexosaminidase A; human erythrocyte carbonic 
anhydrase I; 17-alpha-hydroxyprogesterone; hypoxanthine 
phosphoribosyl transferase; immunoreactive trypsin; lactate; 
lead; lipoproteins ((a), B/A-l, [3); lysoZyme; me?oquine; 
netilmicin; phenobarbitone; phenytoin; phytanic/pristanic 
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acid; progesterone; prolactin; prolidase; purine nucleoside 
phosphorylase; quinine; reverse tri-iodothyronine (rT3); 
selenium; serum pancreatic lipase; sissomicin; somatomedin 
C; speci?c antibodies (adenovirus, anti-nuclear antibody, 
anti-Zeta antibody, arbovirus, AujesZky’s disease virus, den 
gue virus, Dracunculus medinensis, Echinococcus granulo 
sus, Enlamoeba hislolylica, enterovirus, Giardia duodenal 
isa, Helicobacler pylori, hepatitis B virus, herpes virus, HIV 
1, IgE (atopic disease), in?uenZa virus, Leishmania donovani, 
leptospira, measles/mumps/rubella, Mycobaclerium leprae, 
Mycoplasmapneumoniae, Myoglobin, Onchocerca volvulus, 
parain?uenZa virus, Plasmodium falciparum, poliovirus, 
Pseudomonas aeruginosa, respiratory syncytial virus, rick 
ettsia (scrub typhus), Schislosoma mansoni, Toxoplasma gon 
dii, T repenoma pallidium, T rypanosoma cruZi/rangeli, 
vesicular stomatis virus, Wuchereria bancrofti, yelloW fever 
virus); speci?c antigens (hepatitis B virus, HIV-1); succiny 
lacetone; sulfadoxine; theophylline; thyrotropin (TSH); thy 
roxine (T4); thyroxine-binding globulin; trace elements; 
transferrin; UDP-galactose-4-epimerase; urea; uroporphy 
rinogen I synthase; vitamin A; White blood cells; and Zinc 
protoporphyrin. Salts, sugar, protein, fat, vitamins, and hor 
mones naturally occurring in blood or interstitial ?uids can 
also constitute analytes in certain embodiments. The analyte 
can be naturally present in the biological ?uid, for example, a 
metabolic product, a hormone, an antigen, an antibody, and 
the like. Alternatively, the analyte can be introduced into the 
body, for example, a contrast agent for imaging, a radioiso 
tope, a chemical agent, a ?uorocarbon-based synthetic blood, 
or a drug or pharmaceutical composition, including but not 
limited to insulin; ethanol; cannabis (marijuana, tetrahydro 
cannabinol, hashish); inhalants (nitrous oxide, amyl nitrite, 
butyl nitrite, chlorohydrocarbons, hydrocarbons); cocaine 
(crack cocaine); stimulants (amphetamines, methamphet 
amines, Ritalin, Cylert, Preludin, Didrex, PreState, Voranil, 
Sandrex, Plegine); depressants (barbituates, methaqualone, 
tranquilizers such as Valium, Librium, MiltoWn, Serax, Equa 
nil, Tranxene); hallucinogens (phencyclidine, lysergic acid, 
mescaline, peyote, psilocybin); narcotics (heroin, codeine, 
morphine, opium, meperidine, Percocet, Percodan, Tus 
sionex, Fentanyl, Darvon, TalWin, Lomotil); designer drugs 
(analogs of fentanyl, meperidine, amphetamines, metham 
phetamines, and phencyclidine, for example, Ecstasy); ana 
bolic steroids; and nicotine. The metabolic products of drugs 
and pharmaceutical compositions are also contemplated ana 
lytes. Analytes such as neurochemicals and other chemicals 
generated Within the body can also be analyZed, such as, for 
example, ascorbic acid, uric acid, dopamine, noradrenaline, 
3-methoxytyramine (3MT), 3,4-dihydroxyphenylacetic acid 
(DOPAC), homovanillic acid (HVA), 5-hydroxytryptamine 
(5 HT), histamine, Advanced Glycation End Products (AGEs) 
and 5-hydroxyindoleacetic acid (FHIAA). 
[0161] The term “host” as used herein is a broad term, and 
is to be given its ordinary and customary meaning to a person 
of ordinary skill in the art (and is not to be limited to a special 
or customiZed meaning), and refers Without limitation to 
animals or plants, for example humans. 

[0162] The term “continuous (or continual) analyte sens 
ing” as used herein is a broad term, and is to be given its 
ordinary and customary meaning to a person of ordinary skill 
in the art (and is not to be limited to a special or customiZed 
meaning), and refers Without limitation to the period in Which 
monitoring of analyte concentration is continuously, continu 
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ally, and or intermittently (regularly or irregularly) per 
formed, for example, about every 5 to 10 minutes. 

[0163] The term “electrochemically reactive surface” as 
used herein is a broad term, and is to be given its ordinary and 
customary meaning to a person of ordinary skill in the art (and 
is not to be limited to a special or customiZed meaning), and 
refers Without limitation to a surface Where an electrochemi 
cal reaction takes place. For example, a Working electrode 
measures hydrogen peroxide produced by the enZyme-cata 
lyZed reaction of the analyte detected, Which reacts to create 
an electric current. Glucose analyte can be detected utiliZing 
glucose oxidase, Which produces H2O2 as a byproduct. H2O2 
reacts With the surface of the Working electrode, producing 
tWo protons (2H+), tWo electrons (2 e‘) and one molecule of 
oxygen (O2), Which produces the electronic current being 
detected. 

[0164] The terms “electronic connection, electrical con 
nection,” “electrical contact” as used herein are broad terms, 
and are to be given their ordinary and customary meaning to 
a person of ordinary skill in the art (and is not to be limited to 
a special or customiZed meaning), and refer Without limita 
tion to any connection betWeen tWo electrical conductors 
knoWn to those in the art. In one embodiment, electrodes are 
in electrical connection With the electronic circuitry of a 
device. 

[0165] The term “sensing region” as used herein is a broad 
term, and is to be given its ordinary and customary meaning to 
a person of ordinary skill in the art (and is not to be limited to 
a special or customiZed meaning), and refers Without limita 
tion to the region of a monitoring device responsible for the 
detection of a particular analyte. The sensing region generally 
comprises a non-conductive body, a Working electrode (an 
ode), and can include a reference electrode (optional), and/or 
a counter electrode (cathode) forming electrochemically 
reactive surfaces on the body. 

[0166] The term “domain” as used herein is a broad term, 
and is to be given its ordinary and customary meaning to a 
person of ordinary skill in the art (and is not to be limited to a 
special or customiZed meaning), and refers Without limitation 
to a region of the membrane system that can be a layer, a 
uniform or non-uniform gradient (for example, an anisotropic 
region of a membrane), or a portion of a membrane. 

[0167] The term “distal to” as used herein is a broad term, 
and is to be given its ordinary and customary meaning to a 
person of ordinary skill in the art (and is not to be limited to a 
special or customiZed meaning), and refers Without limitation 
to the spatial relationship betWeen various elements in com 
parison to a particular point of reference. In general, the term 
indicates an element is located relatively far from the refer 
ence point than another element. 

[0168] The term “proximal to” as used herein is a broad 
term, and is to be given its ordinary and customary meaning to 
a person of ordinary skill in the art (and is not to be limited to 
a special or customiZed meaning), and refers Without limita 
tion to the spatial relationship betWeen various elements in 
comparison to a particular point of reference. In general, the 
term indicates an element is located relatively near to the 
reference point than another element. 
[0169] The term “in vivo portion” as used herein is a broad 
term, and is to be given its ordinary and customary meaning to 
a person of ordinary skill in the art (and is not to be limited to 
a special or customiZed meaning), and refers Without limita 

May 22, 2008 

tion to a portion of a device (for example, a sensor) adapted 
for insertion into and/or existence Within a living body of a 
host. 
[0170] The term “ex vivo portion” as used herein is a broad 
term, and is to be given its ordinary and customary meaning to 
a person of ordinary skill in the art (and is not to be limited to 
a special or customiZed meaning), and refers Without limita 
tion to a portion of a device (for example, a sensor) adapted to 
remain and/ or exist outside of a living body of a host. 

[0171] The terms “raW data, raW data stream”, “raW data 
signal”, and “data stream” as used herein are broad terms, and 
are to be given their ordinary and customary meaning to a 
person of ordinary skill in the art (and are not to be limited to 
a special or customiZed meaning), and refer Without limita 
tion to an analog or digital signal from the analyte sensor 
directly related to the measured analyte. For example, the raW 
data stream is digital data in “counts” converted by an A/D 
converter from an analog signal (for example, voltage or 
amps) representative of an analyte concentration. The terms 
can include a plurality of time spaced data points from a 
substantially continuous analyte sensor, each of Which com 
prises individual measurements taken at time intervals rang 
ing from fractions of a second up to, for example, 1, 2, or 5 
minutes or longer. In some embodiments, the terms can refer 
to data that has been integrated or averaged over a time period 
(e.g., 5 minutes). 
[0172] The term “count” as used herein is a broad term, and 
is to be given its ordinary and customary meaning to a person 
of ordinary skill in the art (and is not to be limited to a special 
or customiZed meaning), and refers Without limitation to a 
unit of measurement of a digital signal. For example, a raW 
data stream or raW data signal measured in counts is directly 
related to a voltage (for example, converted by an A/D con 
verter), Which is directly related to current from the Working 
electrode. In some embodiments, the terms can refer to data 
that has been integrated or averaged over a time period (e. g., 
5 minutes). 
[0173] The terms “sensor” and “sensor system” as used 
herein are broad terms, and are to be given their ordinary and 
customary meaning to a person of ordinary skill in the art (and 
are not to be limited to a special or customiZed meaning), and 
refer Without limitation to a device, component, or region of 
a device by Which an analyte can be quanti?ed. 
[0174] The term “needle” as used herein is a broad term, 
and is to be given its ordinary and customary meaning to a 
person of ordinary skill in the art (and is not to be limited to a 
special or customiZed meaning), and refers Without limitation 
to a slender holloW instrument for introducing material into or 
removing material from the body. 
[0175] The terms “operatively connected,” “operatively 
linked,” “operably connected,” and “operably linked” as used 
herein are broad terms, and are to be given their ordinary and 
customary meaning to a person of ordinary skill in the art (and 
are not to be limited to a special or customiZed meaning), and 
refer Without limitation to one or more components linked to 
one or more other components. The terms can refer to a 

mechanical connection, an electrical connection, or any con 
nection that alloWs transmission of signals betWeen the com 
ponents. For example, one or more electrodes can be used to 
detect the amount of analyte in a sample and to convert that 
information into a signal; the signal can then be transmitted to 
a circuit. In such an example, the electrode is “operably 
linked” to the electronic circuitry. The terms include Wired 
and Wireless connections. 
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[0176] The terms “membrane” and “membrane system” as 
used herein are broad terms, and are to be given their ordinary 
and customary meaning to a person of ordinary skill in the art 
(and are not to be limited to a special or customized meaning), 
and refer Without limitation to a permeable or semi-perme 
able membrane that can be comprised of one or more domains 
and is typically constructed of materials of one or more 
microns in thickness, Which is permeable to oxygen and to an 
analyte, e.g., glucose or another analyte. In one example, the 
membrane system comprises an immobilized glucose oxi 
dase enZyme, Which enables a reaction to occur betWeen 
glucose and oxygen Whereby a concentration of glucose can 
be measured. 
[0177] The terms “processor module” and “microproces 
sor” as used herein are broad terms, and are to be given their 
ordinary and customary meaning to a person of ordinary skill 
in the art (and are not to be limited to a special or customiZed 
meaning), and refer Without limitation to a computer system, 
state machine, processor, and the like designed to perform 
arithmetic or logic operations using logic circuitry that 
responds to and processes the basic instructions that drive a 
computer. 
[0178] The term “calibration” as used herein is a broad 
term, and is to be given its ordinary and customary meaning to 
a person of ordinary skill in the art (and is not to be limited to 
a special or customiZed meaning), and refers Without limita 
tion to the relationship and/ or process of determining the 
relationship betWeen the sensor data and the corresponding 
reference data, Which can be used to convert sensor data into 
values substantially equivalent to the reference data. In some 
embodiments, namely, in continuous analyte sensors, calibra 
tion can be updated or recalibrated over time if changes in the 
relationship betWeen the sensor data and reference data occur, 
for example, due to changes in sensitivity, baseline, transport, 
metabolism, and the like. 
[0179] The terms “interferents” and “interfering species” 
as used herein are broad terms, and are to be given their 
ordinary and customary meaning to a person of ordinary skill 
in the art (and are not to be limited to a special or customiZed 
meaning), and refer Without limitation to effects and/or spe 
cies that interfere With the measurement of an analyte of 
interest in a sensor to produce a signal that does not accurately 
represent the analyte concentration. In one example of an 
electrochemical sensor, interfering species are compounds 
With an oxidation potential that substantially overlaps that of 
the analyte to be measured, thereby producing a false positive 
signal. 
[0180] The term “single point glucose monitor” as used 
herein is a broad term, and is to be given its ordinary and 
customary meaning to a person of ordinary skill in the art (and 
is not to be limited to a special or customiZed meaning), and 
refers Without limitation to a device that can be used to mea 
sure a glucose concentration Within a host at a single point in 
time, for example, some embodiments utiliZe a small volume 
in vitro glucose monitor that includes an enZyme membrane 
such as described With reference to Us. Pat. No. 4,994,167 
and Us. Pat. No. 4,757,022. It should be understood that 
single point glucose monitors can measure multiple samples 
(for example, blood, or interstitial ?uid); hoWever only one 
sample is measured at a time and typically requires some user 
initiation and/or interaction. 

[0181] The term “biological sample” as used herein is a 
broad term, and is to be given its ordinary and customary 
meaning to a person of ordinary skill in the art (and is not to 
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be limited to a special or customiZed meaning), and refers 
Without limitation to sample of a host body, for example 
blood, interstitial ?uid, spinal ?uid, saliva, urine, tears, sWeat, 
tissue, fat, and the like. 
[0182] The terms “substantial” and “substantially” as used 
herein are broad terms, and are to be given their ordinary and 
customary meaning to a person of ordinary skill in the art (and 
are not to be limited to a special or customiZed meaning), and 
refer Without limitation to a su?icient amount that provides a 
desired function. For example, an amount greater than 50 
percent, an amount greater than 60 percent, an amount greater 
than 70 percent, an amount greater than 80 percent, or an 
amount greater than 90 percent. 
[0183] The term “casting” as used herein is a broad term, 
and is to be given its ordinary and customary meaning to a 
person of ordinary skill in the art (and is not to be limited to a 
special or customiZed meaning), and refers Without limitation 
to a process Where a ?uid material is applied to a surface or 
surfaces and alloWed to cure or dry. The term is broad enough 
to encompass a variety of coating techniques, for example, 
using a draW-doWn machine (i.e., draWing-doWn), dip coat 
ing, spray coating, spin coating, and the like. 
[0184] The term “dip coating” as used herein is a broad 
term, and is to be given its ordinary and customary meaning to 
a person of ordinary skill in the art (and is not to be limited to 
a special or customiZed meaning), and refers Without limita 
tion to coating, Which involves dipping an object or material 
into a liquid coating substance. 
[0185] The term “spray coating” as used herein is a broad 
term, and is to be given its ordinary and customary meaning to 
a person of ordinary skill in the art (and is not to be limited to 
a special or customiZed meaning), and refers Without limita 
tion to coating, Which involves spraying a liquid coating 
substance onto an object or material. 

[0186] The term “spin coating” as used herein is a broad 
term, and is to be given its ordinary and customary meaning to 
a person of ordinary skill in the art (and is not to be limited to 
a special or customiZed meaning), and refers Without limita 
tion to a coating process in Which a thin ?lm is created by 
dropping a raW material solution onto a substrate While it is 
rotating. 
[0187] The terms “solvent” and “solvent system” as used 
herein are broad terms, and are to be given their ordinary and 
customary meaning to a person of ordinary skill in the art (and 
are not to be limited to a special or customiZed meaning), and 
refer Without limitation to substances (e.g., liquids) capable 
of dissolving or dispersing one or more other substances. 
Solvents and solvent systems can include compounds and/or 
solutions that include components in addition to the solvent 
itself. 
[0188] The term “baseline, noise” and “background sig 
nal” as used herein are broad terms, and are to be given their 
ordinary and customary meaning to a person of ordinary skill 
in the art (and is not to be limited to a special or customiZed 
meaning), and refers Without limitation to a component of an 
analyte sensor signal that is not related to the analyte concen 
tration. In one example of a glucose sensor, the baseline is 
composed substantially of signal contribution due to factors 
other than glucose (for example, interfering species, non 
reaction-related hydrogen peroxide, or other electroactive 
species With an oxidation potential that overlaps With hydro 
gen peroxide). In some embodiments Wherein a calibration is 
de?ned by solving for the equation y:mx+b, the value of b 
represents the baseline, or background, of the signal. 
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[0189] The terms “sensitivity” and “slope” as used herein 
are broad terms, and are to be given their ordinary and cus 
tomary meaning to a person of ordinary skill in the art (and are 
not to be limited to a special or customized meaning), and 
refer Without limitation to an amount of electrical current 
produced by a predetermined amount (unit) of the measured 
analyte. For example, in one preferred embodiment, a glucose 
sensor has a sensitivity (or slope) of about 3.5 to about 7.5 
picoAmps of current for every 1 mg/dL of glucose. 
[0190] The terms “baseline and/ or sensitivity shift,” “base 
line and/ or sensitivity drift,” “shift,” and “drift” as used herein 
are broad terms, and are to be given their ordinary and cus 
tomary meaning to a person of ordinary skill in the art (and are 
not to be limited to a special or customiZed meaning), and 
refer Without limitation to a change in the baseline and/or 
sensitivity of the sensor signal over time. While the term 
“shift” generally refers to a substantially distinct change over 
a relatively short time period, and the term “drift” generally 
refers to a substantially gradual change over a relatively 
longer time period, the terms can be used interchangeably and 
can also be generally referred to as “change” in baseline 
and/ or sensitivity. 
[0191] The term “hypoglycemia” as used herein is a broad 
term, and is to be given its ordinary and customary meaning to 
a person of ordinary skill in the art (and are not to be limited 
to a special or customiZed meaning), and refers Without limi 
tation to a condition in Which a limited or loW amount of 
glucose exists in a host. Hypoglycemia can produce a variety 
of symptoms and effects but the principal problems arise from 
an inadequate supply of glucose as fuel to the brain, resulting 
in impairment of function (neuroglycopenia). Derangements 
of function can range from vaguely “feeling bad” to coma, 
and (rarely) permanent brain damage or death. 
[0192] The term “hyperglycemia” as used herein is a broad 
term, and is to be given its ordinary and customary meaning to 
a person of ordinary skill in the art (and are not to be limited 
to a special or customiZed meaning), and refers Without limi 
tation to a condition in Which an excessive or high amount of 
glucose exists in a host. Hyperglycemia is one of the classic 
symptoms of diabetes mellitus. Non-diabetic hyperglycemia 
is associated With obesity and certain eating disorders, such as 
bulimia nervosa. Hyperglycemia is also associated With other 
diseases (or medications) affecting pancreatic function, such 
as pancreatic cancer. Hyperglycemia is also associated With 
poor medical outcomes in a variety of clinical settings, such 
as intensive or critical care settings. 

[0193] The term “potentiostat” as used herein is a broad 
term, and is to be given its ordinary and customary meaning to 
a person of ordinary skill in the art (and is not to be limited to 
a special or customiZed meaning), and refers Without limita 
tion to an electronic instrument that controls the electrical 
potential betWeen the Working and reference electrodes at one 
or more preset values. Typically, a potentiostat Works to keep 
the potential constant by noticing changes in the resistance of 
the system and compensating inversely With a change in the 
current. As a result, a change to a higher resistance Would 
cause the current to decrease to keep the voltage constant in 
the system. In some embodiments, a potentiostat forces What 
ever current is necessary to ?oW betWeen the Working and 
counter electrodes to keep the desired potential, as long as the 
needed cell voltage and current do not exceed the compliance 
limits of the potentiostat. 
[0194] The terms “electronics” and “sensor electronics” as 
used herein are broad terms, and are to be given their ordinary 
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and customary meaning to a person of ordinary skill in the art 
(and are not to be limited to a special or customiZed meaning), 
and refer Without limitation to electronics operatively 
coupled to the sensor and con?gured to measure, process, 
receive, and/ or transmit data associated With a sensor. In some 
embodiments, the electronics include at least a potentiostat 
that provides a bias to the electrodes and measures a current to 
provide the raW data signal. The electronics are con?gured to 
calculate at least one analyte sensor data point. For example, 
the electronics can include a potentiostat, A/D converter, 
RAM, ROM, and/ or transmitter. In some embodiments, the 
potentiostat converts the raW data (e.g., raW counts) collected 
from the sensor and converts it to a value familiar to the host 
and/or medical personnel. For example, the raW counts from 
a glucose sensor can be converted to milligrams of glucose 
per deciliter of blood (e. g., mg/dl). In some embodiments, the 
sensor electronics include a transmitter that transmits the 
signals from the potentiostat to a receiver, Where additional 
data analysis and glucose concentration determination can 
occur. 

[0195] The terms “coupling” and “operatively coupling” as 
used herein are broad terms, and are to be given their ordinary 
and customary meanings to a person of ordinary skill in the art 
(and are not to be limited to a special or customiZed meaning), 
and refer Without limitation to a joining or linking together of 
tWo or more things, such as tWo parts of a device or tWo 

devices, such that the things can function together. In one 
example, tWo containers can be operatively coupled by tub 
ing, such that ?uid can ?oW from one container to another. 
Coupling does not imply a physical connection. For example, 
a transmitter and a receiver can be operatively coupled by 
radio frequency (RF) transmission/communication. 
[0196] The term “?uid communication” as used herein is a 
broad term, and is to be given its ordinary and customary 
meaning to a person of ordinary skill in the art (and are not to 
be limited to a special or customiZed meaning), and refers 
Without limitation to tWo or more components (e.g., things 
such as parts of a body orparts of a device) functionally linked 
such that ?uid can move from one component to another. 
These terms do not imply directionality. 
[0197] The terms “continuous” and “continuously” as used 
herein are broad terms, and are to be given their ordinary and 
customary meanings to a person of ordinary skill in the art 
(and are not to be limited to a special or customiZed meaning), 
and refer Without limitation to the condition of being marked 
by substantially uninterrupted extension in space, time or 
sequence. In one embodiment, an analyte concentration is 
measured continuously or continually, for example at time 
intervals ranging from fractions of a second up to, for 
example, 1, 2, or 5 minutes, or longer. It should be understood 
that continuous glucose sensors generally continually mea 
sure glucose concentration Without required user initiation 
and/or interaction for each measurement, such as described 
With reference to Us. Pat. No. 6,001,067, for example. These 
terms include situations Wherein data gaps can exist (e.g., 
When a continuous glucose sensor is temporarily not provid 
ing data). 
[0198] The term “medical device” as used herein is a broad 
term, and is to be given its ordinary and customary meaning to 
a person of ordinary skill in the art (and are not to be limited 
to a special or customiZed meaning), and refers Without limi 
tation to an instrument, apparatus, implement, machine, con 
trivance, implant, in vitro reagent, or other similar or related 
article, including a component part, or accessory Which is 




























































