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(57) ABSTRACT 

Provided are methods of measuring analyte concentrations in 
interstitial ?uid samples, methods of determining accuracy of 
subcutaneously implantable analyte sensors, methods of 
manufacturing and determining calibration factors for subcu 
taneously implantable analyte sensors, as Well as subcutane 
ously implantable analyte sensors manufactured according to 
the described methods and having a high level of accuracy. 
Methods of determining the concentration of an analyte in a 
bodily sample, and methods of extracting interstitial ?uid are 
also provided. 
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METHODS OF COLLECTING AND 
ANALYZING SAMPLES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] Pursuant to 35 U.S.C. §l 19(e), this application 
claims priority to US. Provisional Patent Application No. 
61/480,883 ?led on Apr. 29, 2011, the disclosure ofWhich is 
herein incorporated by reference in its entirety. 

INTRODUCTION 

[0002] In many instances it is desirable or necessary to 
regularly monitor the concentration of particular constituents 
in a ?uid. A number of systems are available that analyZe the 
constituents of bodily ?uids such as blood, urine and saliva. 
Examples of such systems conveniently monitor the level of 
particular medically signi?cant ?uid constituents, such as, for 
example, cholesterol, ketones, vitamins, proteins, and various 
metabolites or blood sugars, such as glucose. Diagnosis and 
management of patients suffering from diabetes mellitus, a 
disorder of the pancreas Where insu?icient production of 
insulin prevents normal regulation of blood sugar levels, 
requires carefully monitoring of blood glucose levels on a 
daily basis. A number of systems that alloW individuals to 
easily monitor their blood glucose are currently available. 
Such systems include electrochemical biosensors, including 
those that comprise a glucose sensor that is adapted for inser 
tion into a subcutaneous site Within the body for the continu 
ous monitoring of glucose levels in bodily ?uid of the subcu 
taneous site (see for example, US. Pat. No. 6,175,752 to Say 
et al). 
[0003] A person may obtain a blood sample by WithdraW 
ing blood from a blood source in his or her body, such as a 
vein, using a needle and syringe, for example, or by lancing a 
portion of his or her skin, using a lancing device, for example, 
to make blood available external to the skin, to obtain the 
necessary sample volume for in vitro testing. The person may 
then apply the fresh blood sample to a test strip, Whereupon 
suitable detection methods, such as calorimetric, electro 
chemical, or photometric detection methods, for example, 
may be used to determine the person’s actual blood glucose 
level. The foregoing procedure provides a blood glucose con 
centration for a particular or discrete point in time, and thus, 
must be repeated periodically, in order to monitor blood glu 
cose over a longer period. 
[0004] In addition to the discrete or periodic, or in vitro, 
blood glucose-monitoring systems described above, at least 
partially implantable, or in vivo, blood glucose-monitoring 
systems, Which are constructed to provide continuous in vivo 
measurement of an individual’s blood glucose concentration, 
have been described and developed. Such analyte monitoring 
devices are constructed to provide for continuous or auto 
matic monitoring of analytes, such as glucose, in the blood 
stream or interstitial ?uid. Such devices include electro 
chemical sensors, at least a portion of Which are operably 
positioned in a blood vessel or in the subcutaneous tissue of a 
user. 

[0005] In the case of in vivo analyte monitoring systems 
designed to determine analyte concentration in interstitial 
?uid (ISF), determining the accuracy of such systems has 
traditionally involved comparing the analyte concentration 
obtained using the system to an analyte concentration 
obtained from a reference blood sample, e.g., using a dispos 
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able test strip and meter to determine a reference blood ana 
lyte concentration. HoWever, a time lag often exists betWeen 
the interstitial ?uid analyte concentration and the blood ana 
lyte concentration. For example, a time lag in the distribution 
of glucose from blood to the interstitium has been observed. 
As a result of this lag, blood glucose concentrations do not 
correlate precisely With interstitial glucose concentrations. It 
folloWs that assessing the accuracy of an in vivo glucose 
monitoring system by comparing the ISF glucose concentra 
tion measured by the system to a reference blood glucose 
concentration is inherently ?aWed. Accordingly, there is a 
need for alternative approaches for determining the accuracy 
of in vivo analyte monitoring systems. The present disclosure 
provides such approaches. 

SUMMARY 

[0006] Provided are methods of measuring analyte concen 
trations in interstitial ?uid samples, methods of determining 
accuracy of subcutaneously implantable analyte sensors, 
methods of manufacturing and determining calibration fac 
tors for subcutaneously implantable analyte sensors, as Well 
as subcutaneously implantable analyte sensors manufactured 
according to the described methods and having a high level of 
accuracy. Methods of determining the concentration of an 
analyte in a bodily sample, and methods of extracting inter 
stitial ?uid are also provided. 

BRIEF DESCRIPTION OF THE FIGURES 

[0007] FIGS. 1A-1E shoW an embodiment of a rotary 
abrading device according to the embodiments of the present 
disclosure. 
[0008] FIGS. 2A-F shoW an embodiment of the methods of 
the present disclosure that includes abrading an epidermal 
skin layer, applying a vacuum pressure, and collecting pre 
sented interstitial ?uid sample from a subject. 
[0009] FIG. 3 shoWs ion chromatography results of an 
example sugar test mixture. 
[0010] FIG. 4 shoWs ion chromatography results of a 
NERL D-glucose standard. 
[0011] FIG. 5 shoWs ion chromatography results of a 
human interstitial ?uid sample obtained using one embodi 
ment of the present disclosure. 
[0012] FIG. 6 shoWs a Clarke Error Grid for assessing the 
accuracy of in vivo interstitial ?uid glucose sensors. 
[0013] FIG. 7 shoWs a block diagram ofan embodiment of 
an analyte monitoring system according to embodiments of 
the present disclosure. 
[0014] FIG. 8 shoWs a block diagram of an embodiment of 
a data processing unit of the analyte monitoring system 
shoWn in FIG. 1. 
[0015] FIG. 9 shoWs a block diagram of an embodiment of 
the primary receiver unit of the analyte monitoring system of 
FIG. 1. 
[0016] FIG. 10 shoWs a schematic diagram of an embodi 
ment of an analyte sensor according to the embodiments of 
the present disclosure. 
[0017] FIGS. 11A-11B shoW a perspective vieW and a cross 
sectional vieW, respectively, of an embodiment of an analyte 
sensor. 

DETAILED DESCRIPTION 

[0018] Provided are methods of measuring analyte concen 
trations in interstitial ?uid samples, methods of determining 
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accuracy of subcutaneously implantable analyte sensors, 
methods of manufacturing and determining calibration fac 
tors for subcutaneously implantable analyte sensors, as Well 
as subcutaneously implantable analyte sensors manufactured 
according to the described methods and having a high level of 
accuracy. Methods of determining the concentration of an 
analyte in a bodily sample, and methods of extracting inter 
stitial ?uid are also provided. 
[0019] Before the methods of the present disclosure are 
described in greater detail, it is to be understood that the 
methods are not limited to particular embodiments described, 
as such may, of course, vary. It is also to be understood that the 
terminology used herein is for the purpose of describing 
particular embodiments only, and is not intended to be limit 
ing, since the scope of the methods Will be limited only by the 
appended claims. 
[0020] Where a range of values is provided, it is understood 
that each intervening value, to the tenth of the unit of the loWer 
limit unless the context clearly dictates otherWise, betWeen 
the upper and loWer limit of that range and any other stated or 
intervening value in that stated range, is encompassed Within 
the methods. The upper and loWer limits of these smaller 
ranges may independently be included in the smaller ranges 
and are also encompassed Within the methods, subject to any 
speci?cally excluded limit in the stated range. Where the 
stated range includes one or both of the limits, ranges exclud 
ing either or both of those included limits are also included in 
the methods. 
[0021] Certain ranges are presented herein With numerical 
values being preceded by the term “about.” The term “about” 
is used herein to provide literal support for the exact number 
that it precedes, as Well as a number that is near to or approxi 
mately the number that the term precedes. In determining 
Whether a number is near to or approximately a speci?cally 
recited number, the near or approximating unrecited number 
may be a number Which, in the context in Which it is pre 
sented, provides the substantial equivalent of the speci?cally 
recited number. 
[0022] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which the 
methods belong. Although any methods and materials similar 
or equivalent to those described herein can also be used in the 
practice or testing of the methods, representative illustrative 
methods and materials are noW described. 

[0023] All publications and patents cited in this speci?ca 
tion are herein incorporated by reference as if each individual 
publication or patent Were speci?cally and individually indi 
cated to be incorporated by reference and are incorporated 
herein by reference to disclose and describe the methods 
and/or materials in connection With Which the publications 
are cited. The citation of any publication is for its disclosure 
prior to the ?ling date and should not be construed as an 
admission that the present methods are not entitled to ante 
date such publication by virtue of prior invention. Further, the 
dates of publication provided may be different from the actual 
publication dates Which may need to be independently con 
?rmed. 
[0024] It is noted that, as used herein and in the appended 
claims, the singular forms “a”, “an”, and “the” include plural 
referents unless the context clearly dictates otherWise. It is 
further noted that the claims may be drafted to exclude any 
optional element. As such, this statement is intended to serve 
as antecedent basis for use of such exclusive terminology as 

Nov. 22, 2012 

“solely, only” and the like in connection With the recitation 
of claim elements, or use of a “negative” limitation. 
[0025] It is appreciated that certain features of the methods, 
Which are, for clarity, described in the context of separate 
embodiments, may also be provided in combination in a 
single embodiment. Conversely, various features of the meth 
ods, Which are, for brevity, described in the context of a single 
embodiment, may also be provided separately or in any suit 
able sub-combination. All combinations of the embodiments 
are speci?cally embraced by the present invention and are 
disclosed herein just as if each and every combination Was 
individually and explicitly disclosed, to the extent that such 
combinations embrace operable processes and/or devices/ 
systems/kits. In addition, all sub-combinations listed in the 
embodiments describing such variables are also speci?cally 
embraced by the present methods and are disclosed herein 
just as if each and every such sub-combination of chemical 
groups Was individually and explicitly disclosed herein. 
[0026] As Will be apparent to those of skill in the art upon 
reading this disclosure, each of the individual embodiments 
described and illustrated herein has discrete components and 
features Which may be readily separated from or combined 
With the features of any of the other several embodiments 
Without departing from the scope or spirit of the present 
methods. Any recited method can be carried out in the order 
of events recited or in any other order Which is logically 
possible. 

Methods 

[0027] Disclosed herein are methods of measuring analyte 
concentrations in interstitial ?uid samples, methods of deter 
mining accuracy of subcutaneously implanted analyte sen 
sors, and methods of calibrating subcutaneously implanted 
analyte sensors. Also disclosed are methods of determining 
the concentration of an analyte in a bodily sample, and meth 
ods of extracting interstitial ?uid. Detailed descriptions of the 
methods are provided in turn beloW. 
[0028] Methods of Measuring the Concentration of Ana 
lytes in Interstitial Fluid Samples 
[0029] As summarized above, certain embodiments are 
directed to methods of measuring interstitial ?uid analyte 
concentrations. According to one embodiment, a method of 
measuring the concentration of an analyte in an interstitial 
?uid sample is provided. An interstitial ?uid sample may be 
collected from a subject using any one of a variety of different 
methods and devices. Exemplary methods of forming an 
opening in a portion of a subject’s skin to provide access to 
interstitial ?uid include, but are not limited to, use of one or 
more microneedles (eg a microneedle array), a micropora 
tor, a rotating lancet, a rotating drill, a laser, a thermal ablation 
device, and the like. Other exemplary methods for collecting 
interstitial ?uid from a subject include, but are not limited to, 
use of an ultrasound energy system (e.g., a loW-frequency 
ultrasound energy system) such as the Sontra SonoPrep® 
ultrasonic skin permeation system (Sontra Medical Corp., 
Franklin, Mass.), a hydrogel-containing device (e. g., see WO 
1996/000110, WO 1997/002811, US 2011/0034787, the dis 
closures of Which are incorporated herein by reference in their 
entirety for all purposes), micro?uidic-based transderrnal 
interstitial ?uid collection devices (e. g., see Paranjape, M., et 
al., (2003) Sensors and Actuators A: Physical 104(3): 195 
204), and the like. Exemplary methods and devices are 
described in Us. Provisional Patent Application Ser. No. 
61/481,125 entitled “Devices and Methods for Obtaining 
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Analyte Sample” ?led on Apr. 29, 2011, and in US. Pat. No. 
6,155,992, the disclosures of Which are incorporated herein 
by reference in their entirety for all purposes. Any of the 
above approaches for collecting interstitial ?uid from a sub 
ject may be employed, alone or in combination, When prac 
ticing any of the methods of the present disclosure, e.g., 
methods of measuring the concentration of an analyte in an 
interstitial ?uid sample, methods of determining accuracy of 
a subcutaneously implanted analyte sensor, methods of cali 
brating a subcutaneously implanted analyte sensor, methods 
of determining the concentration of an analyte in a sample, 
and so forth. 

[0030] One non-limiting embodiment of collecting an 
interstitial ?uid sample includes abrading the skin to provide 
access to the interstitial ?uid. Such an exemplary method 
includes abrading an epidermal skin layer of a subject (e. g., a 
human subject) at a ?rst site, applying a vacuum to the 
abraded epidermal skin layer such that interstitial ?uid pre 
sents on a surface of the abraded epidermal skin layer, and 
collecting the presented interstitial ?uid to obtain the inter 
stitial ?uid sample. 
[0031] Abrading an epidermal skin layer of a subject can be 
carried out using any suitable abrading means. In one 
embodiment, the abrading is performed using a rotary device. 
Rotary devices are commercially available, such as the 
Dremel® and Roto-Zip® rotary hand tools sold by the Robert 
Bosch Tool Corporation (Mount Prospect, Ill.). An end of the 
rotary device may be con?gured to connect to various acces 
sories or attachments. In one embodiment, the abrading is 
performed using a rotary device, and the device includes a 
rotatable tip, e.g., a rotatable grindstone. The rotatable grind 
stone is optionally removable, such that after the epidermal 
skin layer of a subject is abraded, the grindstone can be 
removed, steriliZed, and reused to, e.g., abrade an epidermal 
skin layer of the same or a different subject. 

[0032] While practicing the subject methods of measuring 
the concentration of an analyte in an interstitial ?uid sample, 
it is desirable that the abrading does not cause blood to present 
on the surface of the abraded epidermal skin layer. One 
approach for preventing blood from forming at the surface of 
the abraded epidermal skin layer is to control the depth of the 
abrasion, e. g., by physically preventing the tip from abrading 
beyond a prede?ned depth of the epidermis. As such, in one 
embodiment, the abrading is performed using a rotary device 
that includes a rotatable grindstone, Where the rotary device 
also includes a housing that prevents the rotatable grindstone 
from abrading the skin at a depth Where blood vessels reside 
(e.g., the housing prevents the rotating grindstone from dis 
rupting, e.g., abrading, a blood vessel, such as a capillary, 
beneath the epidermal skin layer). The housing may be 
attached to the rotary device in such a Way that only a de?ned 
portion, e.g., a de?ned length, of the rotatable tip emerges 
from the housing and is able to abrade the epidermal skin 
layer When the housing is placed on the skin directly or 
indirectly (e.g., via a frame attached to the skin and con?g 
ured to receive the housing). 
[0033] A rotary device con?gured to abrade an epidermal 
skin layer of a subject according to one embodiment is shoWn 
in FIG. 1. As shoWn in FIG. 1A, rotary device 600 includes 
housing 602 that may be placed on the skin of a subject (either 
directly or indirectly) during the abrading step, Where the 
housing prevents the abrading from occurring at a depth of the 
skin Where blood vessels (e.g., capillaries) reside. Here, the 
rotary device is con?gured to receive a bit having rotatable 

Nov. 22, 2012 

grindstone tip 604 (shoWn at FIG. 1B). FIG. 1C shoWs the 
abrading end of rotary device 600, Where a de?ned portion of 
rotatable grindstone 604 is exposed beyond a cross-sectional 
plane at the distal end of housing 602. 

[0034] When the rotary device includes a housing (e. g., 
such as housing 602 in FIG. 1), the housing can be mounted 
on a frame placed upon the skin of the subject, e.g., a frame 
attached to (e.g., adhered to) the outer surface of the skin. The 
frame may have notches complementary to features of the 
housing, so that the orientation of the housing (and accord 
ingly, the rotatable tip) relative to the frame can be precisely 
controlled. Such a frame may be helpful When it is desirable 
to abrade multiple sites at de?ned distances from each other. 
For example, the rotatable tip may be offset (not precisely in 
the center) relative to the housing, and rotating the housing 
Within the frame at de?ned positions facilitates abrasion at 
tWo or more de?ned sites Within the area of the skin encom 

passed by the frame. Accordingly, in one embodiment, a 
frame, e.g., skin stabiliZing frame 606 as shoWn in FIG. 1D, 
may be used to further control the location and/ or depth of the 
abrading. As shoWn, skin stabiliZing frame 606 has one or 
more notches, e.g., notches 608 and 610 visible in FIG. 1D, 
complementary to features of the housing. FIG. 1E shoWs the 
abrading end of the rotary device, Where the housing is revers 
ibly coupled to skin stabiliZing frame 606. 
[0035] Use of a rotary device on a subject in accordance 
With one embodiment of the present disclosure is shoWn in 
FIG. 2. FIG. 2A shoWs skin stabiliZing frame 700 a?ixed to 
forearm 702 of the subject. As shoWn in FIG. 2B, rotary 
device 706 includes rotatable tip (not shoWn) and housing 704 
that reversibly couples to skin stabiliZing frame 700. Once the 
rotary device is coupled to the skin stabiliZing frame, the 
abrading of an epidermal layer of the subject may commence 
for a suitable period of time at a suitable speed (e.g., rpm). 
FIG. 2C shoWs the forearm of the subject subsequent to 
abrasion at three de?ned sites (sites 708-712). 
[0036] When the subject methods employ a rotary device 
With a rotatable tip (e. g., a rotatable grindstone) to abrade an 
epidermal skin layer of a subject, the abrading may be per 
formed at any suitable speed for any suitable time. For 
example, the abrading may be performed at speeds ranging 
from about 2,000 to 12,000 revolutions per minute (rpm), for 
example, from about 4,000 to 10,000 rpm, such as from about 
5,000 to 8,000 rpm, including from about 5,500 to 7,500 rpm. 
The abrading may be performed for durations ranging from, 
e.g., about 10 seconds to 2 minutes, for example, from about 
15 seconds to 1 minute, such as from about 20 seconds to 50 
seconds, including from about 30 seconds to 45 seconds. 
[0037] When practicing the subject methods, abrading an 
epidermal skin layer includes abrading the epidermal skin 
layer at any suitable depth, e.g., a depth that permits the 
presentation of interstitial ?uid (but preferably not blood) on 
the surface of the abraded skin. In one embodiment, the 
abrading includes abrading the epidermal skin layer at a depth 
ranging from about 0.5 to 3 millimeters (mm), such as from 
about 1 to 2.5 mm, including from about 1.5 to 2 mm. In a 
related embodiment, the abrading can include abrading a 
portion or the entire depth of the stratum comeum at one or 
more sites on the subject. The stratum comeum is an approxi 
mately 10-40 pm thick outermost skin layer comprised of 
dead skin cells. The stratum corneum constitutes the main 
barrier preventing interstitial ?uid from forming droplets on 
the surface of the skin. 
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[0038] In accordance With the subject methods, the abrad 
ing may be performed at any location on the subject’s body 
suitable for obtaining an interstitial ?uid sample. For 
example, the abrading may be performed on the subject’s arm 
(e. g., a forearm or upper arm), leg (e. g., a loWer leg or upper 
leg), thorax (e.g., chest), abdomen, a region at or near the 
boundary of the thorax and abdomen, back, and so forth. In 
one embodiment, the epidermal skin layer is abraded at a ?rst 
site located at an area of the subject selected from a forearm, 
an upper arm, and an abdomen. 

[0039] The abrading may further include abrading an epi 
dermal skin layer of the subject at a second site (e.g., as in the 
embodiment shoWn in FIG. 2). In one embodiment, the sec 
ond site is adjacent to the ?rst site. For example, the second 
site may be located at a distance from the ?rst site ranging 
from about 2 to 40 mm, such as from about 3 to 20 mm, 
including from about 4 to 10 mm (e.g., from about 5 to 7.5 
mm). In another embodiment, the second site is contiguous 
With the ?rst site, e.g., the tWo sites may overlap to create a 
“trough” from Which interstitial ?uid is subsequently col 
lected. The epidermis of the subject may be abraded at any 
number of sites suitable for collecting the desired amount of 
interstitial ?uid. For example, 1 or more, 2 or more, 3 or more, 
4 or more, 5 or more, or 6 or more sites (e.g., 10 or more sites) 
on the epidermis of the subject may be abraded in accordance 
With the subject methods. 
[0040] As noted above, the methods include applying a 
vacuum to the abraded epidermal skin layer such that inter 
stitial ?uid presents on a surface of the abraded epidermal 
skin layer. Any suitable vacuum device capable of facilitating 
the presentation of interstitial ?uid on the surface of the 
abraded epidermal skin layer may be used, e.g., the EZ 
VACTM vacuum device available from AmbiMedlnc (Scotts 
Valley, Calif.), an equivalent thereof, and so forth. 
[0041] Depending on a number of factors, accurately mea 
suring the concentration of the analyte in the interstitial ?uid 
sample may be dif?cult When blood is present in the intersti 
tial ?uid sample. As noted above, a ?rst approach to prevent 
ing blood contamination of the interstitial ?uid sample is to 
prevent blood vessel disruption during the abrading step. 
Similarly, the step of applying a vacuum to the abraded epi 
dermal skin layer may be performed in a manner that prevents 
the disruption of blood vessels and the appearance of blood on 
the abraded skin surface. In one embodiment, applying a 
vacuum includes applying a vacuum pressure that does not 
cause blood to present on the abraded epidermal skin layer. 
For example, the vacuum pressure may be controlled such 
that it does not exceed a critical pressure beyond Which the 
Walls of blood vessels beneath the epidermal layer are likely 
to be damaged and/or leak. The vacuum pressure may range 
from, e.g., about 2 to 40 inches of mercury, such as about 4 to 
30 inches of mercury, including about 5 to 25 inches of 
mercury. For example, applying a vacuum optionally com 
prises applying a vacuum pressure ranging from about 6 to 20 
inches of mercury. 
[0042] Applying a vacuum to the abraded epidermal skin 
layer in accordance With one embodiment of the present 
disclosure is shoWn in FIG. 2D. In this example, vacuum 
device 714 has a substantially cylindrical skin contacting end 
that surrounds the one or more abrasion sites and forms a seal 
With the skin su?icient to permit the application of a suitable 
vacuum pressure to the abrasion sites. The presentation (or 
“expression”) of interstitial ?uid at sites 708-712 is shoWn at 
FIG. 2E. 
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[0043] To obtain the interstitial ?uid sample for subsequent 
analyte measurement, the presented (or “expressed”) intersti 
tial ?uid may be collected by any suitable collection means. 
For example, the collecting is optionally performed using one 
or more micro-capillary collection tubes. Micro-capillary 
collection tubes, such as the Drummond MICROCAPSTM 
from Drummond Scienti?c Co. (Broomall, Pa.) are commer 
cially available. Other approaches for collecting the pre 
sented interstitial ?uid are possible, e. g., using a micropipet 
tor With appropriately siZed disposable tip to draW the 
interstitial ?uid into the tip for subsequent expulsion into a 
suitable storage tube. FIG. 2F shoWs the collection of pre 
sented interstitial ?uid using micro-capillary tube 716. 
[0044] Once the interstitial ?uid samples are collected, the 
samples may be froZen (e.g., to prevent degradation of the 
analyte) and stored inde?nitely. Optionally, the subject meth 
ods further include diluting the interstitial ?uid sample prior 
to measuring the concentration of the analyte. For example, if 
the sample Will be subjected to ion chromatography in order 
to determine the concentration of the analyte, each sample 
may be added to an aqueous benZoic acid solution (e.g., 0.5 
pL of interstitial ?uid sample in 250 pL of aqueous benZoic 
acid solution) and immediately froZen until just prior to 
analysis by ion chromatography. 
[0045] The analyte to be measured may be any analyte of 
interest, including but not limited to acetyl choline, amylase, 
bilirubin, cholesterol, chorionic gonadotropin, glycosylated 
hemoglobin (HbAlc), creatine kinase (e.g., CK-MB), creat 
ine, creatinine, DNA, fructosamine, glucose, glucose deriva 
tives, glutamine, groWth hormones, hormones, ketones, 
ketone bodies, lactate, peroxide, prostate-speci?c antigen, 
prothrombin, RNA, thyroid stimulating hormone, and tropo 
nin. The concentration of drugs, such as, for example, antibi 
otics (e.g., gentamicin, vancomycin, and the like), digitoxin, 
digoxin, drugs of abuse, theophylline, and Warfarin, may also 
be monitored. In embodiments that monitor more than one 
analyte, the analytes may be monitored at the same or differ 
ent times. In one embodiment, the analyte is glucose. 
[0046] Measuring the concentration of the analyte in the 
interstitial ?uid sample can be carried out using any approach 
suitable for the analyte of interest, including but not limited to 
chromatography (e.g., ion chromatography, HPLC), a test 
strip and corresponding meter capable of measuring analyte 
levels in interstitial ?uid, quantitative electrophoresis-based 
assays (e.g., Where the target analyte is labeled (e.g., radiola 
beled, ?uorescently-labeled, etc.), quantitative spectro 
scopic-based assays, mass spectrometry, quantitative colori 
metric assays, noninvasive approaches (e.g., using Raman 
spectrometers, or any other electromagnetic radiation-based 
devices con?gured to non-invasively determine the concen 
tration of an analyte in blood, interstitial ?uid, or other bodily 
?uid or tissue), combinations thereof, etc. For example, a 
chromatographic assay may be used to determine the analyte 
concentration in the sample. In one embodiment, the analyte 
concentration is measured by high-performance liquid chro 
matography (HPLC). In a related embodiment, the analyte 
concentration is measured by ion chromatography (IC, or 
“ion-exchange chromatography”). Ion chromatography sys 
tems are knoWn in the art and commercially available from, 
e.g., Dionex Corporation (Sunnyvale, Calif.). Detailed guid 
ance and protocols for detecting and measuring the concen 
tration of analytes of interest by ion chromatography can be 
found, e.g., in Fritz and Gjerde, “Ion Chromatography”, 4th 
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edition, Apr. 14, 2009, and Weiss and Weiss, “Handbook of 
Ion Chromatography”, 3rd edition, Jan. 3, 2005. 
[0047] In certain aspects of the present disclosure, the ana 
lyte is glucose, and the glucose concentration is measured 
using ion chromatography. Glucose standards (e.g., NERL 
D-Glucose standards) at varying concentrations may be used. 
The standards and interstitial ?uid samples are diluted simi 
larly prior to ion chromatography, and the glucose concentra 
tions in the samples may be determined by comparison With 
the glucose standards of knoWn concentration. For example, 
NERL D-Glucose standards of 50 mg/dL, 100 mg/dL, 200 
mg/dL and 400 mg/dL can be used to make standard solutions 
having glucose concentrations of 100 ug/dL, 200 ug/dL, 400 
ug/dL and 800 ug/dL, respectively. Each standard solution 
may be injected on the column (e. g., a Dionex CarboPac 
PAl 0, 2 mm diameter column) in order to make a calibration 
curve. The interstitial ?uid samples may be appropriately 
diluted and injected on the column. The interstitial ?uid 
samples may be injected on the column more than once, and 
the average of the sample injections may be used for a single 
reportable value. The peak area of the standard and sample 
can be determined from their respective chromato grams. The 
calibration curve may be determined by linear regression 
(peak area vs. standard concentration). The glucose concen 
tration of each sample can be measured based on the calibra 
tion curve. Glucose eluted from the column may be detected 
using any suitable detector, e. g., an ED electrochemical 
detector from Dionex Corp. (Sunnyvale, Calif.). A detailed 
protocol for determining the glucose concentration in an 
interstitial ?uid sample according to one embodiment of the 
present disclosure is provided in the Experimental section 
(Example 2) beloW. 
[0048] In addition to measuring the concentration of the 
analyte of interest, it may be desirable under certain circum 
stances to determine the concentration of a secondary analyte. 
When the concentration of the secondary analyte in intersti 
tial ?uid is substantially constant, determining the concentra 
tion of the secondary analyte in the interstitial ?uid sample 
could serve as a reference concentration to control for, e.g., 
potential evaporation of Water (and corresponding concentra 
tion of the analyte) during application of the vacuum, and any 
variability in sample handling. As such, the subject methods 
may further include normalizing the analyte concentration to 
the concentration of a reference analyte in the interstitial ?uid 
sample. 
[0049] Any secondary analyte that is present in interstitial 
?uid at a substantially constant concentration may be used as 
the reference analyte. The concentrations of physiological 
salts, for example, are substantially constant in the interstitial 
?uid. As such, in certain aspects, the methods include nor 
maliZing the analyte concentration to the concentration of a 
physiological salt component in the interstitial ?uid sample. 
The physiological salt component is optionally selected from 
sodium, potassium, magnesium, calcium, chloride, hydrogen 
phosphate, and hydrogen carbonate. By Way of example, the 
concentration of the analyte of interest (e.g., glucose) may be 
measured in the interstitial ?uid sample, e.g., by ion chroma 
tography, and the sodium concentration in the same sample 
can be determined, e.g., by ion chromatography or any other 
convenient and reliable means. Any disparity betWeen the 
knoWn (“constant”) concentration of sodium in interstitial 
?uid and the measured sodium concentration of the intersti 
tial ?uid sample may be used to calibrate the concentration 
measurement for glucose. For example, if the measured 
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sodium concentration is greater than the knoWn concentration 
of sodium in interstitial ?uid by a factor of 2, the measured 
glucose concentration can be divided by 2 to obtain a normal 
iZed glucose concentration that accurately indicates the glu 
cose concentration in the interstitial ?uid of the subject. 
[0050] Methods of Determining the Accuracy of Subcuta 
neously Implanted Analyte Sensors 
[0051] As summariZed above, methods of determining 
accuracy of a subcutaneously implanted analyte sensor are 
provided. The methods include determining an interstitial 
?uid analyte concentration from a subject using the subcuta 
neously implanted analyte sensor. The methods also include 
determining a reference interstitial ?uid analyte concentra 
tion from the subject, Where the determining includes abrad 
ing an epidermal skin layer of the subject at a ?rst site, 
applying a vacuum to the abraded epidermal skin layer such 
that interstitial ?uid presents on a surface of the abraded 
epidermal skin layer, and measuring the concentration of the 
analyte in the presented interstitial ?uid, e. g., by chromatog 
raphy (e.g., ion chromatography, HPLC), using a test strip 
and corresponding meter capable of measuring analyte levels 
in interstitial ?uid, quantitative electrophoresis-based assays 
(e.g., Where the target analyte is labeled (e.g., radiolabeled, 
?uorescently-labeled, etc.), quantitative spectroscopic-based 
assays, mass spectrometry, quantitative colorimetric assays, 
noninvasive approaches (e. g., using Raman spectrometers, or 
any other electromagnetic radiation-based devices con?g 
ured to non-invasively determine the concentration of an ana 
lyte in blood, interstitial ?uid, or other bodily ?uid or tissue), 
combinations thereof, etc. Also included in the methods is 
comparing the interstitial ?uid analyte concentration from the 
subcutaneously implanted analyte sensor to the reference 
interstitial ?uid analyte concentration, thereby determining 
the accuracy of the subcutaneously implanted analyte sensor. 
[0052] As noted above, an initial step in determining the 
accuracy of a subcutaneously implanted analyte sensor is 
determining an interstitial ?uid analyte concentration from a 
subject using the subcutaneously implanted analyte sensor. 
Analyte sensors that ?nd use in the subject methods include, 
but are not limited to, in vivo analyte sensors that are at least 
partially implantable Within the body of the subject. For 
example, the analyte sensor may be an electrochemical bio 
sensor adapted for insertion into a subcutaneous site Within 
the body and designed, e. g., for the continuous monitoring of 
analyte levels in a bodily ?uid of the subcutaneous site. Such 
electrochemical biosensors for the continuous monitoring of, 
e.g., glucose levels in a subcutaneous bodily ?uid are 
described, e.g., in US. Pat. No. 6,175,752 to Say et al., the full 
disclosure of Which is incorporated herein by reference in its 
entirety for all purposes. 
[0053] Analyte sensors that ?nd use in the subject methods 
are described in detail beloW. Brie?y, the sensor may include 
a ?rst portion positionable above a surface of the skin and a 
second portion that includes an insertion tip positionable 
beloW the surface of the skin, e.g., penetrating through the 
skin and into, e.g., the subcutaneous space, in contact With a 
bodily ?uid (e.g., interstitial ?uid) of the subject. In certain 
aspects, the sensor operates to electrolyZe an analyte of inter 
est in the subcutaneous ?uid such that a current is generated 
betWeen a Working electrode and a counter electrode of the 
sensor. The amount of current generated may correlate to the 
concentration of the analyte in the interstitial ?uid. As such, 
determining an interstitial ?uid analyte concentration from a 
subject using the subcutaneously implanted analyte sensor 






































