';rme3e_*\(6T*@¥$2 dJ UN 2002 1 *166166* 1. Field of the Invention This
invention relates to a neter and di sposabl e device for me&wri ngthjueu 002
.concentration of an analyte in a biological fluid; nore partycular yj Mﬂ?
apparatus for which the disposable device is a hollow frustum 2.
Description of the Related Art Medical diagnosis often involves

measur enments on bi ol ogical fluids, such as bl ood, urine, or I t
are taken froma patient. Cenerally, it is inmportant to avJ{mmmmmmmmm
contam nati on of equi pnment and personnel, with these fluids and_ to avo

contam nation of the patient with fluids from others. Thus, the¥s a need
for diagnostic devices that mnim ze the risk of such contam nation. Anbng

Lhe medi cal di agnogl) o IRl CERIRIAUE 0 MBS R IRRAGE ISR, | 00y | o Lhe

bl ood gl ucose noni P N B e ) 2 i el teselapeigm-estrrared 14 mllion
people with diabetes. In order Amwmmedi cal problens, such as
vision loss, circulatory problens, Kidney taiture, etc., many of these

peopl e nonitor their blood glucose on a regular basis and then take the
steps necessary to nmaintain their glucose concentration in an acceptable
range. Bl CRREKSEAUBEIQLINE JAVEYION concern when making a bl ood gl ucose
nmeasurene it. For exanple, when using the nbst comon types of whol e ~0
JUN 2002 2 bl ood gl ucose neters (photonetric), the glucose determnation is

general |y mdgemw%%ﬁ,anple that is applied to a test strip that is
on the nmeter. To apply the patient's finger-stick blood sanple, the
patient's fi ngEhisinyentien pelatasi toreetheddroaned dispaseble devicé éort meassting phe n
order to inoculate the test strip gnqt%h t he_bl pod sar‘rgl e. Tf]ere is arisk
that the goncentration;qf an analyteigabiglegicabiluidmore RAIGARlY AP of the neter

that is c ﬁﬂ‘a -fwcﬂrﬁle j rs, particularly
when usedoalﬂ5 a E'gsts%?t‘ﬁ?. |gﬁ%?é{?gggoagﬁébg%?#gzlg‘?gr%hﬁh‘i zed if the test
strip is inoculated before it is placed into the neter. This is the so
called "off-neter dosing" approach. Wth this approach, the patient applies
hi s bl ood BadRgssripsion ofshgdialatedshrtstrip as the first step in the

measur ement pr s, Jhen the strip s inserted into the netet. .The

bat entr e 1 nodeaid dinenets pHED infalvEs cherERe e Pr DROSRCnLte SHE
whi ch _Ca”r@blb@d?ﬁﬁh@ﬂbf‘@élﬁ‘h,bﬂa@ﬂ@ttﬁﬁénPx%irh%?a't?erﬁ! @éherdllg, ftigiger never
comes into contact with a contam nated portion of the meter” The approach
of of f - netimpeitaninty dwcidiedh costanirationoofeequipmentand perdsanhgl withithese er s
t hat operate photonetrically, as well_gs in, syste that, measuyre

hormt oot 1 SRR A Sgobmaration ot epaien Bt e Rners. ot

take 2 TEARMEEIEhedd fof aHBEBLEC dbl s BHintilSe thUTMARRERS Sampl o was

applied to e strip. otonetric neter, are ctance reading prior
to strip icortaindhatdon.permts the nmeter to correct for variations in strip
background col or and positioning. The neter can al so determ ne tinme-zero
nore directly Ampngthe mesicad diagnostisi davicescthat are sxmast widespreadsifenent s.

strip i s HoRhirEab Bt EeBsE marEifynghe (e SPrdo BdiE rean countaied 14
cont am nat in@iliopl I8 Wieh didlsetbat frﬁé‘ltderttb%vg?%ﬁgrbéﬁ nfdditdl prOBWRs, such

contam nated wi tth bl ood. There is thus a N 2002 3 risk to others
who may corsevisiorolossirmtlatery (probhlems kidney fibdenetcemasy ofi theseprdples in a
hospital and nmeter repair technicians. Furthermgre, if the patient is being
assi st ed HPORIREENelRBIORA RIHIGEE N HIREWBF Rasis 4B hengake Mia 3205 RbSessRn 1

t he patient, ol | 1 1 , after the test
has been gttgn%\'agitgg{jﬂ'}%i{ g&&?ﬁgﬁfﬁ%ﬁ%ﬁfé{éergfaéég(ﬂqtg%ﬁg‘gf\%. typically use
"renot e dosi ngBloodcomtagtinktien i£6f csriderf wherphtadkidg iarblobé glatese bef ore

i nocul ation, but the blood application point is renote fromthe neter
surfaces tmgaskremeltc dins exemplei whesdsimg themeaspremmen typegofhwhole £l it e
from Bayer D agnostics and the Advantage from Boehringer Mannhei m

i ncorporate electrodes with renote sanple application. As with off-neter
dosing, strip renoval may al so pose a risk for neters th enot e

dosi ng. A nunber of systens have been di scl osed that ar EMMWM@WM uci ng
the risk of contamnation to a patient and/or to others in ¢ n wth
di agnostic tests. *G00oo2+



U S Pat. 4,952,373, issued August 28,1990, to Sugarnman et al., discloses a
shield that is designed to prevent excess liquid on diagnostic cartridges
.frombeing transferred to a nonitor with which the cartridge is UBE‘JUN?UP%
shield is fabricated fromthin plastic or nmetallic filmand is attache

a cartridge that is generally the size of a credit card. U S. Pat.

5,100, 620, issued March 31, 1992, to Brenneman, discloses an inverse funnel
shaped body with a central capillary tube to transport a liquid sanple from
a renote sanpl e-application point to a test surface. The device can be used
to transfer blood froma finger stick t@ a reagent film U.S. Pat.
3,991,617, issued Novenber 16, 1976, to Marteau d' Autry discl oses a device
that is udddodiglucasepneters éphotomeateid), the ghucnsedafprminatiorpis ggmepally 4

G P05 20! cohBhon 5545 S 52 HBA ) SRR AR st T
patents i %ﬁgg??ﬂgﬁﬁﬁeﬁf’s Fiby eg-%ﬁEE BfocH §&h9§eﬁ3ﬁ1§?@ﬁ@ﬁ?§?iﬂ§é‘? rhiiStbedf

cont am nat i I S pose y biological *f and other potentially
hazar dous pasitionid aboveand néanéethve test stirip jir esderttoiinoeunlatethe wstistvipce f or

0, AR ol Sl SRl o
'tj (r)],quﬁd 23@2‘?@%3‘( ig? I)ayﬁ%r{?%? ?%%mﬁﬂg{eg%ﬁf ig :cogtlgacetﬁﬁ{ea'ﬁgg ‘,Hgg birr@%r@r%at tache

conpri si ngpreiviow we'pethedrs! paticaRirlhwHepcuseA®@l £haspital.i) a reagent for
reacting with the analyte to cause, in a physically detectable paranmeter of
t he menbrane, Bhismiskge theqiatieat ibminimizedd( tmtesbstrip isineg¢ulated tpefore it

ConCent T L gy HHATRILE TR L0G SRRl e AEhed RN Soumenti on 1o

conpri ses Wath LN P AhAHEENAGENL PP is MR blGtRPsfmphd tPU/rbi gt a3thig(png
as the first step in the measurement process. Then the strip is inserted into the
meter. The patient’s finger only comes into contact with a new (clean)
disposable, which cannot be contaminated by another patient’s blood. The
finger never comes into contact with a contaminated portion of the meter. The
approach of off-meter dosing has been used for some time, particularly with
meters that bperate photometrically, as well as in systems that measure
hematocrit. A disadvantage of off-meter dosing is that the meter cannot take a
measurement at or before “time-zero”, the time when the sample was applied
to the strip. In a photometric meter, a reflectance reading prior to strip
inoculation permits the meter to correct for variations in strip background color
and positioning. The meter can also determine time-zero more directly and
more accurately, which facilitates accurate measurements. By contrast, time-
zero may be difficult or impossible to determine if the strip is inoculated off-
meter.

Although off-meter dosing reduces the contamination problem for the

patient, the meter can still become contaminated with blood. There is thus a



open ends of unequal size, whose snmaller end is substantially closed by a
menbrane that has (i) a surface for accepting the sanple and (ii nt
.for reacting with the analyte to cause, in a physically detect ab?éfoWa%UZ
paraneter of the nmenbrane, a change that can be neasured and be related to
the concentration of the analyte in the sanple; 2 0 JUN 2002 s (b)
applying the sanple to the nenbrane surface; (c) neasuring the change in
the paraneter; and (d) determ ning the anal yte concentration fromthe
measur enent of the paranmeter change. Thes devi ce of the present invention
can be used advantageously with a neter for nmeasuring a concentration of an
anal yte in. I R{] ' f | i b ' ' face
of a poro&éﬁnt@g%@‘ggse gﬂ{‘gkgﬁfgeﬂr?stgacgbgaggjgﬁﬁmﬁn C a?’gig‘éfésa w{t%{'ékgﬁégal yte
to cause averlaigen h'hdspitabshdRféted rePaif W6diitcians§ Faethernidre, ifahdpatient t he
menbrane being attached to and substiantially closing an end of a hollow

f rust um dds bemg ausisted byra beatthdage svarker athiab worker cogldcame dntmeastapied

di stal sect] for mat, e ment with.the . devige, th ection ering
e dl y o6tAAne FatiERks BoRd T jrureSReYiRg L FHE IO ASRASATS ahe test Bpoan
opti cal SBb%teﬁrEo'er' lefgg body to direct a beamof |ight out fromthe distal
end and to accept® light reflected back fromthe second surface of the
menbrane, (c) Meters that operasaicleogotivemidalyt typiddlychset’ leacdtei ddsing Hdnbody
both before and after the sanple is applied_to the penbr w, and (d) neans
for conputWhishithe tastatripds plarednin theiroater before inpgulationy ﬁ‘é‘?ﬁg)m‘ured

val ues of oht, T i I ' | permts a
person to Jr??e{iscgﬁés?@%hg%aﬁey é;ség(ﬁ%‘etﬁ?fg%ﬁegﬁsfﬁcgsg-%lcgg;{%gf’hﬁ]ui d, while
M ni M zi ngohffeminfld! Fal ekl Whe QlucbhfeteSElite® Hoxﬁ@i?et MifgResH@GNdM t h
t he neasurenent apparatus. Thus, the device reduces both the Tikelihood of

cont ani nattherAdvantage@fpamaBoshrirygariansbeim incasposateslectrodesswithyi ce i s
di sposabl e, and the terns "device" and 2 0 JON 2002 6 "di sposabl.e” are
Use | nt oG SABIR)e RPUGRAOIt At ERQfEone et HOPBIE SHIP FSRIOXBHEMICHE  ai 1.

pose a risk for meters that use remote dosing.

A number of systems have been disclosed that are aimed at reducing the
risk of contamination to a patient and/or to others in connection with
diagnostic tests.

U.S. Pat. 4,952,373, issued August 28, 1990, to Sugarman et al., discloses a
shield that is designed to prevent excess liquid on diagnostic cartridges from
being transferred to a monitor with which the cartridge is used. The shield is
fabricated from thin plastic or metallic film and is attached to a cartridge that is
generally the size of a credit card.

U.S. Pat. 5,100,620, issued March 31, 1992, to Brenneman, discloses an
inverse funnel shaped body with a central capillary tube to transport a liquid
sample from a remote sample-application point to a test surface. The device
can be used to transfer blood from a finger stick to a reagent film.

U.S. Pat. 3,991,617, issued November 16, 1976, to Marteau d’Autry

discloses a device that is used with a pipette intended to be used with



Fig. 1 is a perspective view of a device of this invention with a portion
broken away for clarity; Fig. 2 is a cross-sectional view taken along Line
.2-2 of Fig. 1, Fig. 3 is a perspective view of a nmeter and devicg G)fJUNuQ[lﬂZ
i nvention prior to their being attached; - Fig. 4 is a perspective view of
the meter and device in the process of obtaining a blood sanple; Fig. 5 is
a partial cross-sectional view of the neter and device of Fig. 4, taken
along Line 5-5 of Fig. 4; Fig. 6 is a side viewin partial cross section of
a plurality of devices in a package; Fig. 7 is a perspective view of a
meter of this invention ejecting a devide; Fig. 8 is a |ongitudinal cross
section, with certain parts in elevation for clarity, of the neter of Fig.
7 in a fidisposablatips.pdbetdevice piiayidés a pushdiudtoreinechanismafornejectingthe i al | y
in cross seciion ter of Fig. 7 in a second, ejection, position

of the nme
Fig. 10 i?Pa’BEPQ‘t?e%‘?‘%QZWBW%?& an alternate embodi nent of-a neter; Fig.

1~ is a persp | ' ' Vi this
i nvention; Fi Smélwcgy\%l?gbe?fﬂeﬁ?ﬁ%sgﬁgggﬁg\ggﬁg&% %f Bgﬁ‘ge %i&?{:g% end of
t he devi celisdloseédjaddiessés the risk bfcontafrifatioR thaidgosed By bi cal Paidsl | ne

13-13 of Fig. 12; z 0 ~uN Zoo2 Fig. 14 is a cross-sectional view taken
al ong i n@n%mtmr pptentipllyihazardous liquids.

Summary of the Invention
In accordance with the present invention, a device for use in an apparatus
for measuring a concentration of an aralyte in a sample of a biological fluid
comprises
(a) ahollow frustum, having open ends of unequal size and
-(b) a porous membrane for accepting the sample, attached to, and
substantially closing, the smaller open end, the membrane comprising
(i) a surface for accepting the sample and
(ii) a reagent for reacting with the analyte to cause, in a
physically détectable parameter of the membrane, a change that can be
measured and be related to the concentration of the analyte in the sample.
A method of this invention for measuring a concentration of an analyte in
a sample of a biological fluid comprises
(a) providing a device that comprises a hollow frustum having
open ends of unequal size, whose smaller end is substantially closed by a
membrane that has
(i) asurface for accepting the sample and
(ii) a reagent for reacting with the analyte to cause, in a
physically detectable parameter of the membrane, a change that can be

measured and be related to the concentration of the analyte in the sample;



Fig. 15 is a cross-sectional view of a further enbodi nent of the distal end
of a device of the invention; Fig. 16 is a perspective view of aanqpr N
. embodi nrent of a neter and device prior to their being attached; Fig. fy igmp
anot her enbodi ment of a neter and device; Fig. 18 is a perspective view of
the distal end of a further enbodi nent of the nmeter and device; Fig. 19 is
a side view of the distal end of the nmeter and devices of Fig. 18 shown in
an assenbl ed position. The device of the present invention is generally
adapted for use in an apparatus for neé%uring t he concentration of

anal ytes, such as ohol , . chql esterpol, proteins, ketones, enzynes,
phenyl al ani ne, anda@SLﬁRﬂlé‘}ng &‘%?%PB@ aFBefmﬁmagﬁéHf €€l ood, urine, and

saliva. For brevity, i W i t he device in
connection wth se|(F2 %ﬁﬁ%ﬁ%é@%@%@i&%ﬁ%@g‘%n a person of
ordinary skill in t{d défer@inifpttheainallte@dnséntzativdtcmtheanémuremenadi |y
adapt the technol ogy for neasuring other analytes in other biological

fluids. Sftherparametemchastgebl ood gl ucose is generally done with neters that
operate on ong _ _af two inciples. The fir i s the, phaotonetric type, which
ig based on r@&ijaﬁf'lqﬁ‘#&bé p[rhgqneiﬁﬂggxag%n Iﬁali %QQ%‘%‘T%&?C’%%%&QCOI orI
after bl Oﬂétéxsfo?@ﬂ?éds%@'inrgw @oﬁé&xﬂ?atﬁ]@&ﬂ& 'aﬁa%vt@%‘%%?%g% df*lﬁ?w se

0 ood gl ucos e

concentration. The second type e nonit is e trochem cal
and oper aflexd thattiheppliedts adirdt surfateof o porouspEmbrartecthah cehiains acheni cal
cell can cause an , 2 0 JUN 2002 a electrical sjgnal,- | tage, current, or
charge, %3888t Nhigh reaetsiwish the apalyse to gausecmphange in mftestanceafa bl ood

gl ucose c trati e i i it i.ent, renote
Qosi ng. o BaR BB e A TR shE HEBRE R s BONRE R L 2™ Fr e
descri ptiQibseahteally eleuifba®end IR TrEstans HeviceSITHd MetdtongPasésan be
used with an el ectrochem cal system Wth either type of system™ the

present devi ce per nial 52 body haveng a drustuin-shapddbdistaldestiondonmading t he

reaction, fromthe ti the sample is. applied until | ucose detern nation
< rmde. ARy ik SRR e sechioll Bee e sl R 8 RRA B8] et
determ ne&{et'g@cgh&g%ficgg@gﬁ@h{eqﬁb%eaccurateI y. There are sone advantages

[ er t

to using a photonetric rat an an el ectrochenmical systemto make a

gl ucose det ermi nat i (). aroptiaalvastergdendhe boflytbatirdatiadbeays tof kighs ouhat
nmeasurenments can pe made at nore than one wavel epgth of Iight, and
correct i oS e distalend ang tQ accentilighs reflegied CE Pisﬁgoﬁ‘ﬂ]éuﬁﬁ%ﬁgabl e
di scl ose jdes these advantages of the photonetric_ system while
al so per gﬁéteﬁ%gg%rﬂg#’rral meter contam nation. Tlle disposables used in

photormetric measur %e&ﬂﬂ&rﬁeﬁitﬁiﬂgﬁ%ﬁ hy réfhdded Baék entodhebeidya thin
rectangul ar strip. e shape derives fromTtThe original so- called "dip and

read" teskothtbefpreand iafter ane sampinis appliedbto e membranedarnd while the

cher cal reacti on whf e, Fu1 & SRS G ShcihaBbniitndHlRs o1

from the measured values of reflected light.

The device of the present invention permits a person to measure the
analyte concentration in a biological fluid, while minimizing the risk that the
fluid or the user will come into contact with the measurement apparatus. Thus,
the device reduces both the likelihood of contamination of the apparatus by the

user and vice versa. The device is disposable, and the terms “device” and



These rectangul ar di sposables formthe nale portion of the interface with
the nmeter. That is, the strip is retained by features on the neter that
-encl ose the di sposable. This method of retention invites contani n3tﬂqﬂl~>f20[]2
the neter with the fluid sanple. 2 0 JUN 2002 9 In order to avoid the
probl ens of contam nation the present disposable takes the formof a hollow
frustum which provides the female portion of the interface with the neter.
That is, the disposable encloses a portion of the neter and serves as a
cover to prevent contam nation of the neter by the fluid sanple. Fig. 1
depicts in partial cutaway an enbodi men® of this invention in which the

di sposabl e 10 is a, hollow frustumof a cone. Menbrane 12 is, attached to the
smal | er enghsmsab& i%ﬁ&seﬂi%t%@ﬁgﬁﬁ%mmé@sﬁ@ﬂéﬂ%w 12 is
attached w [ 18 Optional indentations 20 are spaced around the

ci rcunf ergﬁi%ngggt%ﬁée&gséme to provide a retention mechanism in conjunction
wth a groove on a neter. Fig. 2 is a cross section of the disposabl e of
Fig. 1 taken along the line 2-2. As shown in Fig. 2, the nenbrane is
attached to the outside of Btief Descrintibh®f thé Drawangsel y, as shown in Fig.
11, the menbrgpe be attached to the insi .of the dispgsable., Fig. 3 is
an expl oded pggrlg'pgagq perspestive view af F‘T’Pg E%Yewﬁﬁ?em%&sne devi ce
of the ty ' iyl Meter 30 has an el ongated configuration with a
di st al Se(@?loggﬁggrdﬁgfc?asn "substantially cylindrically symetrical

frustum al ongFighdisea pryss+setonalsviept takenldlong line @2 of Fig. ot e that the

di sposabl e nests on the distal section of the meter in such a way that
there is an adigrdised perspective view of apmetasand devige of she ipvergiproprigeter 30
and the bghé.org surf&c&_bo_ menbrane 12. The accurate positioning contributes
to measur Wt ebrll%é 8 'and reliabiliTy. In the cutout can -be seen a |ight
source 38 and Flg.t@i‘sté)g chille e dFthe Sndtef ahd |devidid tHe prodesPesabl e and
for detecting IFght r ?I cted fromthe disposable, respectively. As

di scussed dtdiming eddsod sampleght refl ected fromthe disposable yields the

gl ucose concentration 2 0 JUN 2002 to.in the sanple applied (g the
menbrane. Al t Ha8ghihParidpleresipectionad virw of the mater %ﬂg\ﬂ%"ﬂ‘# @{ %g.&

mul tiple ggjgé&?ponﬁ%ég%j}m gyi ng different output spectra, and/or

mul tiple déetectors may be us@d.” Fig. 4 is a perspective view of the way in
whi ch a devi ceFignelis@bile vikwHrOpasidl 2PoddGettiétl of @ plorality of devipesirta from a
stuck finger tip. It is quite easy for the user to bring the disposable
into cont &ckageh the finger, which is a big advantage for users that have

inmpaired visian. Fig. 5 s cross section of , part of. distal section 32 of
rerer 30 and diBpHLbPERSCRNAaR A e reh e veByon edng F 8 ang
groove 34 positgibve i A i0itHI elewidrfbroap G
Not e that gap Cl%gen?/u? leés}@hg?&%} ggoﬁgﬁgﬁélgeﬁgﬁrcgggsﬁﬁphﬁgﬁgﬁthe mantgr ane
does not adarityyiofi dhemteter ofFigr 7 iflacfirsaindisegpositon; whil e not critical, is

preferably at e‘l‘r'iea { ab,cgjetﬁ 1/2 mm_ An advantage of the device of the
i nvention, whefi8u&a fideelgvadenal Y)‘P%E?é“t‘glbél%ﬁ@ﬁ/ﬁsﬁﬁn‘ﬁi"g‘?f emeterRht ¢ he
devi ces gqﬂg‘.b?ixjtQs@c&{@ceﬁ%c#ﬁb%gitfﬁpvem ently in a container 42, as shown

in Fig. device carf the secured sinply by inserting the distal
section 32 of Fip! &0 ispefipectalienaif ahalbdiflaRiE@Abblimenoofa métepnd
indentations 20. After a test has been conpleted, a used di sposable can be
ej ected into gt &l isohparspective viewsamalterngigembodiment eéa devigesofi s an
opti onal sh-butt.on ejection nmechanism Push-button ejection nmechani sns of
the type t Y E8 Rl y known and used are suitable for this invention
(see e.0.; U SrigP#t is 3633mkdly peRbetoh VBt the Bidisl E4RICE kR dRDicEIdIS. 8
and 9, which sh1 w alpush-%buttoryﬁec anismnounted in a nmeter of the type
shown in Hig.1B. The el ements of the mechanisminclude shaft 44, which
joins ejector 46 and push button 48. Push buytton 48 works_through shaft 44 .
to cause ej ectBB- 1¥isdcrpssmegtigrallyiepotiksnalapg ling ]@'Mgtﬁ)zﬁi




mfromthe distal section 32 of nmeter 30. Spring 50 works to return the

ej ector 46 and push button 48 to their retracted position. Push?be@t‘hj)n
.ejection, by permtting the disposable to be renoved wi thout di tJUN 2002
contact, helps to avoid contam nation. D sposables to be used with
push-button ejection nmechani snms of the type shown in Figs. 8 and 9
preferably have a flange 19. Fig. 10 depicts an enbodi nent of a neter of
this invention, which includes a display 50 for depicting the analyte
concentration neasured by the neter. Thg di splay can be a light-emtting
di ode (LED) display, a liquid crystal di'splay (LCD), or simlar display

& i sposabl ¢ i Hols cost-Apcifohdl e R dRken SR Rk AR R 2, GreiaT o
section havingig 15l osE-28¢tictafl Viaw of a RirtlURbbdirhent\6f tHRSEigtdl leld and,

in fact, may not even be preferred: A primary consideration in selecting
t he geonetofy davice phibtedmwentionsystem i s the optical design. Generally,

reflectometry dictates at | east a m ni mum angul ar,, separation (typically 45)
bet ween a det d&oi 15 fdPESRECHYE ViEW 9? PBE{PEHQ%P Wq‘ﬁi%{?& Wt?%?ﬁ Agyicer es
at | east Z’rmr%%g}r%géttg% of the conical disposable. However, it is
an advantage to a user o be able to view his/her finger for dosing, and a
| arge vertex &gl ¥ isndrther @abodimenbof a vheter alliutavice;di sposabl e having a
rectangul ar cross section may be preferred, such as the hollow frustumof a
rect angul ar pyiign&iseiperspective Hiew gf the distal envheof a further pmboadiment of

separ ati on bete\é}een g%{?ectgr and specular-reflected |ight determ nes only
the m ni &f B e of L, the | ongi tudi nal di nensi on of the |arger
open end. But Figmﬂissaosl_aabﬂi@wmhé di6tab BRH |08 thé hitetBf ﬁﬂa%di@ééfF%QBf erence
with a user's view of his /her finger. Furthernore, rectangular nbr anes
can be falshbeat #dar assermblepuositbon.sheets at | ess expense and with ~ 0 JUN
2002 12 less waste of material. Neverthel es a circular cross section is
advant ageous when an arr ay==egf > ~aHakBdet ectors is used in

Lo drop from (R ayice 8F it BASER BRIccfibr i dRBRIY Babic OF SBeIABN 7 Ve

to drop from esira
W t hout draipparatgis f&ﬁﬁi@@ﬁriﬁg&herc&nemrst%ﬂ@f hRalyégisnckasatcollmple. One is
shown in Figs. 12,13, and 14. Fig. 12 depicts the disposable of Fig. 11
with i ndeshalestarol, proteins kesones ienzymessphenylalasine andighisosabine. As shown
in Figs. 13 and . <Lhe i,ndentatjons allaw capildany flowto,fill the

Fesul £ ng PARBEIA A Eet RE RS, el andaaligg. e evitH MaciesGribe the

devi ce. ARjephileforalshs; f ] iR £ i ® menbr ane
to the di sposlabl e%v?nht %?Eﬁkgéﬁgg‘egf%g’h ng 6@ ﬁ)ﬁggggml%ﬁte t he
excess saghieosephoweser aapernsonalfsordinarycskild is nphe dfsnedical dagnastics

absor bent pa 26 over the front surface of the menbrane, as shown in Fig.
15. Fig. ‘i(lj’é]%a*élﬁﬁpdﬂé ilyedapt the p Yo%fé“ﬁ%?w&ﬁg‘e&%} pEsdB| e of

the type 4 L9 a.kdi. The distal section 132 of neter 130 has an
opti onal ?r?@%v\)%loib\é,kglv%l cs'is simlar to groove 34, for retaining the

di sposabl e. ElSedgaicedtor oﬂBIboaa%hkbéeais rier slky ok wiith pastebs asatf rom t he
el ongated containers 42 shown in Fig. 6. Display 150 depicts the neasured
anal yt e c®pesateran pueiof fvg prirriglesi finst if therphotometrictypenwhichols a et er
adapted for use with the di sposable,of Fig. 11. Eiq. ,18 depigcts, he distal
portion o%aﬁﬁ‘ﬁ On &R Bt %FPB&%B%H}CLHQ ﬁcﬂfrgiﬂfitéﬂ’}? E\%fé\aaﬁas ngograf 0. Distal
secti on 2%osMiespuidd $heRORINAELS: o méndhog UHeROBRcAe Noheehbilion] ol S
234 are an alternative to groove 3 or 134) for capturing indentations,
such as 220, dFhd $ezodidstypeatflbdoodrighucok® menitosiscdestreshemicahand wipedateent of
Fig. 18. In the thod of this invention, a blood s lLe . is picked up on

t he out vvarod‘-é'ﬁc‘?-‘{ge‘fﬂﬂ‘ g taat bleedanplieshio arcelechochemical cell £ap|CaUSAABY act s
with a reagent in the nenbrane to cause a col or change, which changes the -
refl ectance of the inward-facing nenbrane surface. The |light source in the
meter illum nates the inward-facing menbrane surface and neasures the
intensity of light reflected fromthat surface. Using the appropriate
conput ati on, the change in reflectance yields the glucose concentration in
the sanple. A variety of conbinations of nenbrane and reagent conpositions
are known for photonetric determ nations of blood glucose concentration. A
preferred nmenbrane/ reagent conposition is a polyam de matrix incorporating
an oxi dase enzyne, a peroxi dase, and a dye or dye couple. The oxi dase
enzyne is preferably glucose oxidase. The peroxidase is preferably

hor ser adi sh peroxi dase. A preferred dye couple is 3-nethyl-2
benzot hi azol i none hydrazone hydrochl oride plus 3, 3-di net hyl am nobenzoi c
acid. Details of that nenbrane/reagent conbination and variations on it
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"2 0 SUN 2002 14 Details of that menbr ane/ r eagent conbi nati on and vari ations
on it appear in U S Pat. Appl. Ser. No. 08/302,575, filed Septenie
"% N 20

. 1994, incorporated herein by reference. It will be understood by
skilled in the art that the foregoing descriptions of enbodinments of this
invention are illustrative of practicing the present invention but are in
no way limting. Variations of the detail presented herein may be nade
wi t hout departing fromthe scope and spirit of the present invention. 2 0

JUN 2002 15 | CLAIM 1. A nethod for nefsuri ng a concentration of an
analyte in a sanple qf a.piological fluid copprisj.n a) providing a device
that comp PSS Sgnal sbiags: Girreay s ot SARSELING oHahedy Pec) Setanose
snmal I er epghd SnPahi el B! thy b%c?&%ﬂ.lﬁ%e RESReaREnt hat has (ii) a first
surface for accepting the samle a&n |i%f a reagent for reacting with the

anal yte to CalI&ﬁ,pﬂeBer&itWﬁﬁ@ﬁ?&nﬁ@@ﬁi@?ﬁ@lwﬁémﬁﬁédbsiﬁ fohBoth ~enbr ane, a
change that can be neasured and be related to the concentration of the

anal yt e i phokemetripprd elestroghemiralsystams.afipr bravity, tbe diesenipton bakosy
focuses on a photometric system. Similar devices can be used with an
electrochemical system. With either type of system, the present device permits
the meter to monitor the complete course of the reaction, from the time the
sample is applied until a glucose determination is made. The ability to
measure the test start time makes it easier to determine the glucose
concentration accurately. o

There are some advantages to using a photometric rather than an
electrochemical system to make a glucose determination. One advantage of a
photometric system is that measurements can be made at more than one
wavelength of light, and corrections can be made for variations in blood
hematocrit. The disposable disclosed here provides these advantages of the
photometric system, while also permitting minimal meter contamination.

The disposables used in photometric measurement systems are generally
made in the form of a thin rectangular strip. The shape derives from the
original so- called “dip and read” test strip configuration. One end serves as a
handle, while the chemical reaction with the fluid sample is carried out at the
other end.

These rectangular disposables form the male portion of the interface with
the meter. That is, the strip is retained by features on the meter that enclose the
disposable. This method of retention invites contamination of the meter with

the fluid sample.



(c) measuring the change in the paraneter; and (d) determ ning the anal yte
concentration fromthe neasurenent of the paraneter change. 2. Tgf nﬁﬁgoﬂm
.of claiml1l in which the device is provided on an end of an el ong 84 t 2
whi ch both supports the device and neasures the paraneter change. 3. The
met hod of claim2 in which the el ongated neter has a frustum shaped di stal
section for mati ng engagenent with the device for making the neasurenent.
4. The method of claim3 in which providing the device on the end of the

nmet er conprises renovably engaging a peéipheral groove on the distal
section of the neter with indentations On a perineter of the device,

W thout a user directly ¢ acti t he, device. _,. 6 The
nmet hod of cl a?‘%oid?rnt%‘fodﬁ%ﬂ@rf’g%&%?f ?%38?2"6&‘?‘3 ‘gﬁép%?%%& qsgg_éeause a
col or chapQ®s tRBforrA®f MI&D?r&QﬁWﬁ%\Q&E%%&%E%m&e Ohl the a
refl ectance of a second surface, opposite'to the first sufface. 6. Tile
met hod of irtterface &itnthehimetert HEhatdsthe disposableeidloses apdriitwe of tae mieter s

bl ood gl ucose. 7. The nethod of claim 1 further conprisjn e.step of

1
renovi ng BRE SBEXASAS & CRVALtRPrREeRt confamination of the metenby fe the devi ce.
. AY. AF. AF?axépye.A .A3.A (fE .Af2.Ah. A3{. A, .ASA@A . Al (.Anf.A y+4(k

Fig. 1 depicts in partial cutaway an embodiment of this invention in
which the disposable 10 is a hollow frustum of a cone. Membrane 12 is
attached to the smaller end 14. Optional lip 16 provides a surface to which
membrane 12 is attached with adhesive 18. Optional indentations 20 are
spaced around the circumference of the cone to provide a retention mechanism,
in conjunction with a groove on a meter.

Fig. 2 is a cross section of the disposable of Fig. 1 taken along the line
2-2. Asshown in Fig. 2, the membrane is attached to the outside of the
disposable. Alternatively, as shown in Fig. 11, the membrane may be attached
to the inside of the disposable.

Fig. 3 is an exploded perspective view of a photometric meter and a
disposable device of the type shown in Fig. 1. Meter 30 has an elongated
configuration with a distal section 32 that is a substantially cylindrically
symmetrical frustum, along whose perimeter is optionally a groove 34. Note
that the disposable nests on the distal section of the meter in such a way that
there is an accurately defined gap G between the distal end 36 of meter 30 and
the bottom surface of membrane 12. The accurate positioning contributes to
measurement precision and reliability. In the cutout can be seen a light source
38 and detector 40, which provide for illuminating a disposable and for
detecting light reflected from the disposable, respectively. As discussed below,

measuring I ght reflected from the disposable yields the giucose concentration



+hBU} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] c"a] ca] ca] ca] ca] ca] ca] cal]ca] c"a] ca] ca] ca
]c"a] c: aU] c:aJcalcal]chalcta]ca]lcalctaljcalcalc"alU Kb -/-3 t
.t p" " #0#g###) xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢"a] ca] ca] ca] ca?ca‘fc a] c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! #$8$$$35%6 &HR&&&2'
"""" (@((())?))))+ f,|wnmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]
calca]c(aU c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]lcalcalcalcaljcalf,-1----4.0;
204=4?45Q8U; b; e; =?ABBBKEI JJM&P3P6PP+SV} xsni d_Z] ca]] ca] ca] ca] ca]c
a] ca] ca] ca] C
aJcal] ca]c' a] c"a]ca]ca]calca]c"a]c"a]ca] Jc(a] calcalc"a] ca]ca]ca]calc’ a] c"a] ca]

a1 ca) cal oY 6ATELS ABphe] fafes membiare, RINQUEN oS s AL ATk Coy
a LS?LS?L%'CJ‘J’WM cgﬁ?@ﬁaﬁﬁégéf A I K R K R RS

ca] ca] ca] cpectrh caradi(mEmultipieQdétedtbrsmayob&ised.
XY! 1098 () &Yl 10%&' () - &&f 10%3& ()- 3"109%& () uwl, aB%0%&' ()- .10 10

101 7109&’ () - ;N84 BdpRrsPeche viawsd the waX in whids a gevice and mpetey of Fig.

1011 L "L008 (s Fle 80 O OB 308 s GRS 7

1109 () - &he L3eeid bn?(@lﬂg/‘&é osabid it %oﬂlﬂfc'f wigh the fm§er which is a big
10rr ' fF-M 10% r& () - F-M ()-"aFl 98" 109%& () - Fl 93" T0Y&’ ()-I\FyF
BJEM?1 10radvantage for users that have impaired vision.

109 ()-Z

Fig. 5 is a cross section of part of distal section 32 of meter 30 and
disposable 10, which illustrates the way indentations 20 and groove 34
positively locate meter 30 within disposable 10, leaving gap G. Note that gap G
ensures that blood that penetrates through the membrane does not contaminate
the meter. The gap dimension, while not critical, is preferably at least about %
mm.

An advantage of the device of the invention, when used with a meter of
the type shown in Fig. 3, is that the devices can be in a stack, nested
conveniently in a container 42, as shown in Fig. 6. A device can then be
secured simply by inserting the distal section 32 of meter 30 into container 42
and engaging groove 34 and indentations 20. After a test has been completed,
a used disposable can be ejected into waste container W, as shown in Fig. 7,
provided there is an optional push-button ejection mechanism.

Push-button ejection mechanisms of the type that are widely known and
used are suitable for this invention (see e.g.; U.S. Pat. 3,991,617). One such
mechanism is depicted in Figs. 8 and 9, which show a push-button mechanism
mounted in a meter of the type shown in Fig. 3. The elements of the
mechanism include shaft 44, which joins ejector 46 and push button 48. Push
button 48 works through shaft 44 to cause ejector 46 to disengage disposable 10
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from the distal section 32 of meter 30. Spring 50 works to return the ejector 46
and push button 48 to their retracted position. Push-button ejection, by
permitting the disposable to be removed without direct contact, helps to avoid
contamination. Disposables to be used with push-button ejection mechanisms
of the type shown in Figs. 8 and 9 preferably have a flange 19.

Fig. 10 depicts an embodiment of a meter of this invention, which
includes a display 50 for depicting the analyte concentration measured by the
meter. The display can be a light-emitting diode (LED) display, a liquid crystal
display (LCD), or similar display well known in the art. i

Although the above description and Figs. contemplate a disposable
having a circular cross section and meter having a distal section having a
mating cross section, that geometry is not essential and, in fact, may not even
be preferred. A primary consideration in selecting the geometry in a
photometric system is the optical design. Generally, reflectometry dictates at
least a minimum angular separation (typically 45°) between a detector and
specularly reflected light. This, in turn requires at least a minimum vertex
angle of the conical disposable. However, it is an advantage to a user to be able
to view his/her finger for dosing, and a large vertex angle interferes with that
view. Thus, a disposable having a rectangular cross section may be preferred,
such as the hollow frustum of a rectangular pyramid 110 shown in Fig. 11. In
that case, the angular separation between detector and specular-reflected light
determines only the minimum feasible value of L, the longitudinal dimension
of the larger bpen end. But the disposable could be smaller and provide less
interference with a user’s view of his/her finger. Furthermore, rectangular

membranes can be fabricated from ribbons or sheets at less expense and with
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less waste of material. Nevertheless, a circular cross section is advantageous
when an array of several sources and /or detectors is used in the optical system.

Since contamination is possible if excess sample were to drop from the
disposable, it is desirable to accommodate large samples, without dripping.
Various designs can serve to retain excess sample. One is shown in Figs. 12, 13,
and 14. Fig. 12 depicts the disposable of Fig. 11 with indentations 124 on the
small-end surface of the disposable. As shown in Figs. 13 and 14, the
indentations allow capillary flow to fill the resulting gap between the
membrane and the top inside surface of the device. An alternative way of
forming such gaps is to adhere the membrane to the disposable with thick
adhesive, leaving gaps to accommodate the excess sample. Another way to
absorb excess sample is to attach an absorbent pad 126 over the front surface of
the membrane, as shown in Fig. 15.

Fig. 16 is an exploded perspective view of a meter and a disposable of the
type shown in Fig. 11. The distal section 132 of meter 130 has an optional
groove 134, Which is similar to groove 34, for retaining the disposable.
Elongated neck 130 facilitates pickup of disposables from the elongated
containers 42 shown in Fig. 6. Display 150 depicts the measured analyte
concentration.

Fig. 17 depicts an alternative embodiment of a meter adapted for use with
the disposable of Fig. 11.

Fig. 18 depicts the distal portion of yet another embodiment of a
disposable 210 and meter 230. Distal section 232 mates with disposable 210.
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indentations, such as 220, on the disposable.

Fig. 19 is a side view of the embodiment of Fig. 18.

In the method of this invention, a blood sample is picked up on the
outward-facing surface of the membrane. Glucose in the sample interacts with
a reagent in the membrane to cause a color change, which changes the
reflectance of the inward-facing membrane surface. The light source in the
meter illuminates the inward-facing membrane surface and measures the
intensity of light reflected from that surface. Using the appropriate
computation, the change in reflectance yields the glucose concentration in the
sample.

A variety of combinations of membrane and reagent compositions are
known for photometric determinations of blood glucose concentration. A
preferred membrane/reagent composition is a polyamide matrix incorporating
an oxidase enzyme, a peroxidase, and a dye or dye couple. The oxidase
enzyme is preferably glucose oxidase. The peroxidase is preferably
horseradish peroxidase. A preferred dye couple is 3-methyl-2
benzothiazolinone hydrazone hydrochloride plus 3,3-dimethylaminobenzoic
acid. Details of that membrane/reagent combination and variations on it
appear in U.S. Pat. 5,304,468, issued April 19, 1994, to Phillips et al.,
incorporated herein by reference.

Another preferred membrane/reagent composition is an anisotropic
polysulfone ‘membrane (available from Memtec America Corp., Timonium,
MD) incorporating glucose oxidase, horseradish peroxidase, and the dye
couple [3-methyl-2-benzothiazolinone hydrazone] N-sulfonyl benzenesulfonate

monosodium combined with 8-anilino-1-naphthalene sulfonic acid ammonium.

20682
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Details of that membrane/reagent combination and variations on it appear in
U.S. Pat. Appl. Ser. No. 08/302,575, filed September 8, 1994, incorporated
herein by reference.

It will be understood by those skilled in the art that the foregoing
descriptions of embodiments of this invention are illustrative of practicing the
present invention but are in no way limiting. Variations of the detail presented
herein may be made without departing from the scope and spirit of the present

invention.
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I CLAIM:
1. A method for measuring a concentration of an analyte in a sample of a
biological fluid comprising
(a) providing a device that comprises a hollow frustum having
open ends of unequal size, whose smaller end is substantially closed by a
membrane that has
(i) a first surface for accepting the sample and
(ii) a reagent for reacting with the analyte to cause, in a
physically detectable parameter of themembrane, a change that can be
measured and be related to the concentration of the analyte in the sample;
(b) applying the sample to the first surface;
(c) measuring the change in the parameter; and
(d) determining the analyte concentration from the measurement
of the parameter change.

2. The method of claim 1 in which the device is provided on an end of an
elongated méter, which both supports the device and measures the parameter
change.

3. The method of claim 2 in which the elongated meter has a frustum-
shaped distal section for mating engagement with the device for making the
measurement.

4. The method of claim 3 in which providing the device on the end of the
meter comprises removably engaging a peripheral groove on the distal section
of the meter with indentations on a perimeter of the device, without a user

directly contacting the device.
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cause a color change, and the membrane parameter whose change is measured

is a reflectance of a second surface, opposite to the first surface.

6. The method of claim 5 in which the sample is whole blood and the
analyte is blood glucose.

7. The method of claim 1 further comprising the step of removing the

device from the meter, without directly contacting the device.



