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Systems and methods are provided [or determining whether
a volume of biological sample is adequale to produce an
accurate analyle concentration measurement. Certain such
systcms and mcthods previde the additienal function of
compcnsating fer a sample velume determinced to be less
than adcquate in order to procecd with an accurate analyte
concentration measuremenl. The present invention 1s
employed with a biosensor, such as an electrochemical test
stiip (o which the sample volume of biological solution is
dcpesited, and a mcter cenfigurcd te rcccive such test strip
and to mcasurc the cenccatration of sclected analytes within
the brological sample.
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DETERMINATION OF SAMPLE VOILLUME
ADEQUACY IN BIOSENSOR DEVICES

FIELD OF THLE INVENTION

[0001] The ficld ef this invcation is the clectrechemical
dctcrminatien ef analytc in bielogical fluids, particularly the
electrochemical determination of the adequacy ef the vol-
ume of the biological ftuid sample Lo be tested for analyle
cenccatration.

BACKGROUNB OF THE INVENTI®N

[0002] Analytc concentratien dctcrmination in biolegical
fluids, c.g., bleod or bleod-dcrived products such as plasma,
is of cver incrcasing impertancc te teday’s secicty. Such
assays find use in a vauely of applications and sellings,
including clinical laboratory testing, home (esting, elc.,
where the results of such testing play a premincat rolc in the
diagnesis and managcmcnt of a varicty of discasc cendi-
tions. Common analytes of interest include glucese [er
diabetes management, cholesterol [or monitoring cardiovas-
cular conditions, and the like. In response o this growing
importancc ef analytc conccatration dctcction, a varicty ef
analytc dctcctien pretocols and devices for both clinical and
home use have been developed.

[0003] @nc typc of mcthed that is cmploycd fer analytc
detection 1s an electrochemical-based method. In such meth-
ods, an aqueous liquid sample is placed into a reaction zone
in an clectrochemical ccll made up of at Icast twe clectrodcs,
i.c., a ceuntcr/rcfercnce clecirede and a working clectredc,
wherce the clectredes have an impedance which readers them
suitable for amperometric measurement. The component Lo
be analyzed, e.g., an analyle, is allowed to react directly with
an clcctredc, or dircctly or indircctly with a redox rcagent to
form an oxidisablc (er rcduciblc) substance in an amount
corresponding te the concentration of the component to be
analyzed, ie., analyle. The quantity of the oxidisable (or
reducible) substance present is then estimated electrochemi-
cally and rclatcd te thc ameunt of analytc prcscat in the
initial samplc.

[0004] Commenly, the clectrechemical ccll is in the form
of a disposablc tcst strip on which the bielogical samplc is
deposited and which is receivable within a meter by which
the electrochemical amalyle concentration is  made.
Examplcs of assay systcms that cmploy thesc typces of test
strips, eftco rcicrred to as bioscosers, and mcters may be
found in U.S. Pat. Nos. 5,942,102, 6,174,420 B1 and 6,179,
979 131, the disclosures of which are herein incorporated by
reference. With these systems, delermination of the concen-
tration ef an analytc in a biolegical samplc first invelves
obtaining a biolegical samplc and bringing that samplc into
centact with a reaction area of the test stiip so hat the
biological sample, and more pariicularly the analyle of
interest or derivative thereof, may react with the chemistry,
c.g., the testing rcagent(s), associated with the reaction arca.
In erdcr to obtain an accuratc mcasurcmcent ef the particular
analyle(s) of interest, a minimum sample volume must be
applied to the reaction area. It is not uncommon for an
inadcquatc ameunt ef samplc volumc te be previded, eftcn
duc to uscr crror or paticat incxpcricoce er misjudgment.
Inaccuratc mcasurcmcents can rcsult in a misdiagnosis er
improper (reatment, such as administering an inappropriale
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result in serious and even life-threalening consequences for
thosc whosc lives depend en frequent monitoring of an
analytc in thecir bedy, for cxamplc, diabctics.

(0005] ®@ac appreach te cosuring an adcquatc bielogical
samplc volume is to over-saturatc er usc a greater volume of
sampled fluid than is necessary to fill the reaction area of the
test strip. A disadvantage of using an unnecessarily large
volume of sampled fluid, a blood sample in particular, is the
nccd te draw a greater volumce of blood sample frem the
paticat. This rcquircs usc of a bleod samplc volume which
is rather large, thus necessitating use of a larger diameter
needle and/or deeper penetration into the skin. These (actors
can increase Lhe discomfort and pain felt by the patient, and
may be difficult te achicve for thesc individuals whesc
capillary bleed decs net rcadily cxpress. As this sampling
process may be repeated (requently within a single day, fer
many diabelics, for example, an increase in pain quickly
becemcs Icss telcrable or intelerable all tegcther.

[0006] Some analyte detection biosensors have been
developed 1o provide visual conlirmation of the adequacy of
samplc volumc, howcver, this featurc docs net cxcludc
potcatial crror by the paticnt in judging the adcquacy of the
sample’s volume, e.g., diabetics may experience deterio-
rated vision. Certain other analyte determination biosensors
do providc uscr-indcpendent mcans for dctcrmining the
adcquacy of the samplc velumc. Examplcs ef such biosco-
sors arc disclescd in U.S. Pat. Nes. 5,628,89@® and 5,650,002
and PCT Patent Application Publication No. WO 99/32881
(PCT Patent Application No. PCT/US98/27283). In particu-
lar, the °881 publicatien dcscribes an clectrechemical glu-
cosc moanitoring systcm which attcmpts te dctcrminc the
adequacy of a volume of sample applied to a biosensor by
applying a low-level AC voltage signal (without a NC
vollage offset) at a known {requency (o the biosensor and
thcn mcasuring beth the rcal componcat and the imaginary
componcat of the resulting impcdance. These impedance
values are then compared te a look-up table in the micro-
processor’s program memory. The accuracy of this method
may be additionally qucstionable considering that this sys-
tcm is dcpendent on bleed hematocrit Icvels and coviren-
mcatal tcmpcraturc variations.

[0007] Another disadvantage of the technique disclescd in
thc ’881 publicatien is that thc analytc mcasurcmcat test
must be aborted if the sample volume is determined (o be
inadequale, i.e., a “go-no-go™ siluation. This results in the
need to lake yel another sample from the patient which, as
mcationcd above, is incenvenicnt and may be very painful
te the paticat, likcly rcsulting in paticnt non-compliance in
his or her medication regime. Additionally, the test must be
repeated resulting in the waste of test strips and increasing
the cost of the preccdurc.

[0008] As such, there 1s continued interest in the identi-
fication of new lechniques (er accurately and precisely
mcasuring thc adcquacy of thc velumc ef the samplc uscd
for clcctrochemical analytc concentratien dctcrminatien. @f
particular interest would be the development of devices and
methods that can very accurately and expeditiously deter-
minc the adcquacy ef the velumc ef sample. It would be
additionally bencficial te dcvclop such a sample volume
adcquacy dctcrminatien device and tcchnique in which a
determination that a sample volume is inadequate does nol

reouire ahariion of the analirle roncentcation measciremeent
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