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26 APR 2004 1 HOLLOW FRUSTUM REAGENT DEVI CE Background of the Invention 1.
"Field of the Invention This invention relates to a nmeter and di sposabl e
device for neasuring the concentration of an analyte in a biol odi&aPR (04
fluid;, nore particularly, an apparatus for which the disposable device is
a hollow frustum 2. Medical diagnosis often involves neasurenents- on

bi ol ogi cal fluids, such as blood, urine, or saliva, that are taken froma
patient. Generally, it is inmportant to avoid both contam nation of

equi prent and personnel with these fluihds and to avoid contam nation of
the patient with fluids fromothers. Thus, there is a need for diagnostic
devices that mnimze the risk of such contam nation. Anobng the nedical

di agnostic devices th ' ] ﬁﬁkﬁgﬁs t he bl ood

gl ucose nonitor. In t%jﬁiéwt%@éw f‘igéﬁ\%@ 14 mllion
people with diabetes. In order to avoid serious nedical problens, such as
vision loss, circulatory problens, kidney failure, etc., many of these
peopl e mBackgroviribof tH¥ Pe@neoncose on a regul ar basis and then take. the
steps necessary to maintain their glucose concentration in an acceptable
range. Bl ood contam nation is of concern when nmaking a bl ood gl ucose

measur enment. far | e, when using the nost common types of whole bl ood
gl ucose te > the glucose determnation is generally

This invention relates to a meter and disposable device for measuring the

concentration of an analyte in a biological fluid; more particularly, an

apparatus for which the disposable device is a hollow frustum.

2. Description of the Related Art

Medical diagnosis often involves measurements on biological fluids, such
as blood, urine, or saliva, that are taken from a patient. Generally, itis
important to avoid both contamination of equipment and personnel with these
fluids and to avoid contamination of the patient with fluids from others. Thus,
there is a need for diagnostic devices that minimize the risk of such
contamination.

Among the medical diagnostic devices that are in most widespread use
today is the blood glucose monitor. In the U.S. alone, there are an estimated 14
million people with diabetes. In order to avoid serious medical problems, such
as vision loss, circulatory problems, kidney failure, etc., many of these people
monitor their blood glucose on a regular basis and then take the steps necessary
to maintain their glucose concentration in an acceptable range.

Blood contamination is of concern when making a blood glucose

measurement. For example, when using the most common types of whole

blood glucose meters (photometric), the glucose determination is generally




2 6 APR 2004 2 nade froma blood sanple that is applied to a test strip

"that is on the meter. To apply the patient's finger-stick bl ood sanpl e,
the patient's finger nust be positioned above and near to the teSEESEﬁfﬁ%
in order to inoculate the test strip wth the blood sanple. Therefifs'a =
risk that the patient's finger may cone into contact wwth a portion of the
nmeter that is contamnated with blood from previous use by others,
particularly when used in a hospital. This risk to the patient is mnimzed
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

pat ot SPBss s B G90 AL 6l SRR Syl s O LA L7

patient's applyethequdtierttsnfitngemiticicioldioacdamiplel tie peteried AaBer nilisipesabl e,
whi ch cannot be contam nated by another patient's blood. The finger never
cones i nt oPeYHEBEH ahiove and-peartei thettest siriptinmrdef te oawdatertheThst steippr oach

Chat  oper at bR OERREs e THEEe o f riskahan g Buaba's hagehmabpame in

hemat ocri t corfyaél %@WPB@?S% g)? R4 'ét'fgxt flat %éd%ﬁ%at%i%@%ﬁ&mc annot

take a neasurenent a ore I Me-zero , I e e sarrpl e Was

appl i ed tprevieususe by dthess, paeticuiatlyi whaRtged ia o leddpiedlance reading prior
to strip i noc,g,}lfuat ion permts the nefer to correct for variations in strip
background col &fis BHetHHE PREemtig mirisired & thedaststeip iddnerwiates befoe iter o
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det erm ne With fds Spprdadlt, the PatieAt 8BpALS his blood sample to a reagent test strip
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 operate 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

risk to others who may come into contact with the contaminated meter, such as




meter. Al though off-neter dosing reduces the contam nation problemfor the
"patient, the neter can still becone contaminated with blood. There is thus
a risk to others who nmay cone into contact with the contam nated grepen);
such as 2 6 APR 1004' 3 workers in a hospital and neter repair
technicians. Furthernore, if the patient is being assisted by a healthcare
wor ker, that worker could cone into contact wth the patient's bl ood while
renoving the strip for disposal, after the test has been conpleted. Meters
that operate electrochemcally typically use "renote dosing”, in which the
test strip is placed in the neter before inocul ation, but the bl ood
application point is renote fromthe neter surfaces that can becone

cont ani natvedrkefsin extarsplia) ahtenelencopeir eectiiciamtr JFuirthennmases if theapatianti cs
and the Advantage(c) from Boehringer Mannhei mincorporate el ctrogle W th
remot e sarpPeINGAISIEaditym haaltigars werkegethat %eﬁgfﬁi‘? PP BB Fan ar‘ng al so
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patient ang¥eplcdpRié@rs in connection with diagnostic tests. U S. Pat.
4,952,373, issued August 28,1990, to Sugarnan et al., discloses a shield
that is desi griefktens thatopetaterlresochenucall yotypcaliy vse i“terwate dpaiggs, M om

e "Pabr | CHRER ediet P BIRStachfherpetan bedors Fcservy St RERacds 5" ¢
cartridge ;}ﬁl:ﬂlcaitﬁ)n point is remote from the meter surfaces that can become

contaminated. For example, the Glucometer Elite® from Bayer Diagnostics and

the Advantage® from Boehringer Mannheim incorporate electrodes with

remote sample application. As with off-meter dosing, strip removal may also

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



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 froma renote 25 40D 0.
sanpl e-appli cation point to a test surface. The device can be uséd i 20
transfer blood froma finger stick to a reagent film U S. Pat. 3,991,617,
| ssued Novenber 16, 1976, to Marteau d' Autry discloses a device that is
used with a pipette intended to be used with IL) 6 A P? '004 4 disposable
ti ps. The device provides a push button Qechanisnlfor ejecting the tip
fromthe end of the pipette. The common el enent of the above patents is

h h ' i.scl d ;add he risk of L.nat.|
that 15 peleRPBPIbfbscdhe et PRECRRa KRR o eyl siyag the”
li quids. Y tRé eha%fitﬁg%gi%é't@)@ I n accordance with the present invention,

a device for use in an appa us for nmeasuring a concentration of an

analyte in a sHmwptemafion elimértgifthb aboviegatetsps tissteach)ofahbalevisesf r ust um
havi ng open ends of unequal size and (b) a porous menbrane for accepting
t he. sanpl dlisclpsed pddresses thyrisk obsearmminatipncthas ismposadby dielogical Slvdds end,

reagont 1 ore SRR ReRedfel) bafeSJIBE UCeT i % "phyei al 1y det ect abl o
paraneter of the nmenbrane, a change that can be
Summary of the Invention
In accordance with the present invention, a device for use in an apparatus
for measuring a concentration of an analyte 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, ina
physically detectable 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) a surface for accepting the sample and
(i) 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;



measured and be related to the concentration of the analyte in the sanple.
" A nmethod of this invention for measuring a concentration of an anal yt/?i/i
a sanple of a biological fluid conprises (a) providing a device that
conprises a hollow frustum having open ends of unequal size, whose snaller
end is substantially closed by a nenbrane that has (i) a surface for
accepting the sanple and (ii) a reagent for reacting with the analyte to
cause, in a physically detectable paranmeter of the nenbrane, a change that
can be neasured and be related to the goncentration of the analyte in the
sample; L?~ LL~1JH 5 (b) applying the sanple to the nenbrane surface; (c)

nmeasuri ng the change.y X | (3 the anal yte
concentration from Wegﬁég(é&%g}r}g%hﬁ%p tﬁﬁe%g‘%rggg%%%g%e. The devi ce of
the present inventi msgg’ﬂgstm@gy%@tiﬁgﬁ@ kr¥metdhaad neter for
measuring a concent ?gtion of an analyte in alps%arrpl.e of biological fluid
that is applied to 4dfidetermsinifngdhe ahalyteconcentnatidn freen the meassrament

r eagent, ich reacts with the analyte to cause a change in refl ectance of
a second %6 the pagametarkbapgshr ane, the menbrane being attached to and

bstanti al | ' f a. -
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races fluid that is applied to a first surface of a porous membrane that contains a
reagent, which reacts with the analyte to cause a change in reflectance of a
second surface of the membrane, the membrane being attached to and
substantially closing an end of a hollow frustum device. The meter comprises

(a) abody having a frustum-shaped distal section for mating
engagement with the device, the section tapering inwardly to an end that faces
the éecond surface of the membrane,

(b) an optical system in the body to direct a beam of light out
from the distal end and to accept light reflected back from the second surface of
the membrane,

(c) means for measuring the light reflected back into the body
both before and after the sample is applied to the membrane, and

(d) means for computing the analyte concentration in the fluid
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



~ the second surface of the nenbrane, (b) an optical systemin the body to
direct a beamof light out fromthe distal end and to accept |ight
reflected back fromthe second surface of the nenbrane, (c) neans?tq@,z‘j
measuring the light reflected back into the body both before and aft ﬁ E%e
sanple is applied to the nenbrane, and (d) neans for conmputing the anal yte
concentration in the fluid fromthe neasured values of reflected |light.
The device of the present invention permts a person to neasure the

anal yte concentration in a biological fl®id, while mninizing the risk that
the fluid or the user will cone into contact with the neasurenent

appar at us. difpesable’reqiseddatershangeabiy thronghbik dhisrrpegifigatiggmandithat i on
of the apgaratas QX.the user and vice versa. The device is disposable, and
the ternsPREVARACIAME > APR 2. 0% 6 "di sposabl e” are used i nterchangeabl y
t hroughout this specification and the appended clains. Brief Description
of the Drawings Fig. 1 is a perspective view of a device of this invention
with a portion broken away Bki idtden &F b G ross-sectional view
taken along line 2-2 of Fig. 1, Fig. 3 is a perspective view of a neter and
devi ce of theERigvkista pargpectivetview: bfa devidernf this inventioriwith 2 pertion
perspectiye view of ghe neter and device in the process of

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 meter and device of the invention prior to
their being attached; '

Fig. 4 is a perspective view of the meter and device in the process of
obtaining a blood sample;

Fig. 5 is a partial cross-sectional view of the meter and device of Fig. 4,
taken along line 5-5 of Fig. 4;

Fig. 6 is a side view in partial cross section of a plurality of devices in a
package;

Fig.7isa petspective view of a meter of this invention ejecting a device;

Fig. 8 is a longitudinal cross section, with certain parts in elevation for
clarity, of the meter of Fig. 7 in a first, in-use, position;

Fig. 9 is a side elevational view, partially in cross section, of the meter of
Fig. 7 in a second, ejection, position;

Fig. 10 is a perspective view of an alternate embodiment of a meter;

Fig. 11 is a perspective view of an alternate embodiment of a device of
this invention;

Fig. 12 is a fragmentary perspective view of the distal end of the device of
Fig. 11;

Fig. 13 is a cross-sectional view taken along line 13-13 of Fig. 12;




- obtaining a blood sanple; Fig. 5is a partial cross-sectional view of the
“nmeter 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 neter of this invention ejecting taAPR 207
device; Fig. 8 is a longitudinal cross section, with certain parts in

el evation for «clarity, of the meter of Fig. 7 in a first, in-use,
position; Fig. 9 is a side elevational view, partially in cross section, of
the neter of Fig. 7 in a second, ejection, position; Fig. 10 is a
perspective view of an alternate enbodi fent of a neter; Fig. 11 is a
perspective view of an alternate enbodi pent. of device of. IS invention;
Fig. 12 is a s BLressraeg gl iview frken glong, ﬁﬁéf]aﬁ Of(e%l'@' 32 the device

45
of Fig. 11; H:.g.,eL3 . K | ¢, Vi . ' 13 of
Fig. 12; *17 ?‘&ﬂé@@%"% E%‘Sf&ﬂ%?%@??rf% g}?ége%rﬁﬁgﬁgﬁl?@?g{/vmtéﬁgnﬂﬁae?‘gng
line 14- 14f qfdevide oflthe ihvBntidR; i S a cross-sectional view of a further
enbodi mrent of the distal end of a device of the invention; Fig. 16 is a

per spective viFégv I isarpeispectévibvitivrehanofhes embedimernt ofey mater and device
their bei Iggio%ttgatﬁgi?%eix% gttagec!l;s anot her enbodi nent of a neter and device,

Fig. 17 is another embodiment of a meter and device;

Fig. 18 is a perspective view of the distal end of a further embodiment of
the meter and device;

Fig. 19 is a side view of the distal end of the meter and device of Fig. 18
shown in an assembled position.

Detailed Descripti f the 1 .

The device of the present invention is generally adapted for use in an
apparatus for measuring the concentration of analytes, such as alcohol,
cholesterol, proteins, ketones, enzymes, phenylalanine, and glucose, in
biological fluids such as blood, urine, and saliva. For brevity, we describe the
details for using the device in connection with self-monitoring of blood
glucose; however, a person of ordinary skill in the art of medical diagnostics
would be able to readily adapt the technology for measuring other analytes in
other biological fluids.

Self-monitoring of blood glucose is generally done with meters that
operate on one of two principles. The first is the photometric type, which is
based on reagent strips that include a composition that changes color after
blood is applied. The color change is a measure of the glucose concentration.

The second type of blood glucose monitor is electrochemical and operates

on the understanding that blood applied to an electrochemical cell can cause an




- Fig. 18 is a perspective view of the distal end of a further enbodi mnent of
" the neter and device; Fig. 19 is a side view of the distal end of the neter
and device of Fig. 18 shown in an assenbl ed position. Detail ed DescgiApg i@k
of the Invention The device of the present invention is generally adapted
for use in an apparatus for neasuring the concentration of analytes, such
as al cohol, <cholesterol, proteins, ketones, enzynes, phenyl al anine, and
gl ucose, in biological fluids such as blood, urine, and saliva. For
brevity, we describe the details for using the device in connection with
self-nmonitoring of blood glucose; however, a person of ordinary skill in
the art Ofl di%@% difgno tics would be ablg to readily adapt Ehe
t echnol ogy $BHCHeUBUAT NYOBRBRCUEFRIty Pechange. geRendBiePRghe &YPe phimeer -
Sel T - moni 4Q&i B, ér&'a?&f’t&h&hcﬁl%%d' @u%S{?é@Aée}’ufkﬁy%.Wth meters that

pres.” 9he 'S

operate on one of two princi | TSt e photonetric type, which

is based on rRagprdsent invéntidiapefifts ¢davenieaneshdtebsihgtochaitges col or
after blood is applied. The col or change is a neasure of the glucose

concent r afhekonTehrc sacoriactrophernicabbyamyl tsodwenityi the descrigitest belomeni cal
ol 1 “can (st SBRABRTSENE e @ o S8fighaan BGaiRadiR R ent. or
char e, JSRSNAIRrRl 00 BRLS e, 8 BRLBREdel el
dosi ng f oth&méter 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.
There are some advantages to using a photometric rather than an
electrochemical system to make a glucose determination. One advantage of a
photometric systern 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.




photonetric and el ectrochem cal systens. For brevity, the description bel ow
- focuses on a photonetric system Simlar devices can be used with an

el ectrochem cal system Wth either type of system the present devigcgprs (0
permts the nmeter to nonitor the conplete course of the reaction, fromthe
time the sanple is applied until a glucose determ nation is nade. The
ability to neasure the test start tine nakes it easier to determne the

gl ucose concentration accurately. There .are sone advantages to using a
photonetric rather than an electrochem gal systemto make a gl ucose

determ nati on. One advantage of a photonetric systemis that neasurenents

can be rmade at Imorder fosdvaidahe Wrubleangbhcstitaightionahd presertdispasabtan be
made for variations in blood hematocrit. The disposable disclosed here
provi des t tikee theferm of ashalfow frustprotwhishrproviges the femwle poation ofdhei t ti ng
m ni mal meter_.contapm pation. e di sposabl es. used .in photonetri.c

Tensur emont ey arara PR efkr. oty TS HREtoRRl FslaPed @ Zorpn of dhe meser ar
strip. TheashapR s &svdrt8Prbb 1t IR SR h‘;‘ﬁq r 8 jgead” test
strip configur ation.5 ane éngrﬁggr%%ts&g{éggﬂﬁ %ﬁ@loé,%é [ gr?kghg erlnacal
reacti on wsarhpiehe fluid sanple is carried out at the other end. These

rectangul ar di gposables formthe male portion of the interface with the
meter. That i sFi& Hedepifisgnpartial gptaaepbyn eethadiaendofithis inveationriat encl ose

(e, 9 PSR 85 KM VAN 2,01 1P
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. As shown 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 light reflected from the disposable yields the glucose concentration




In order to avoid the problens of contam nation the present disposable
takes the formof a hollow frustum which provides the femal e portjipnpohin,
the interface with the neter. That is, the disposable encloses a portion
of the meter and serves as a cover to prevent contam nation of the neter
by the fluid sanple. Fig. | depicts in partial cutaway an enbodi nent of
this invention in which the disposable 10 is a hollow frustum of a cone.
Menbrane 12 is attached to the snmaller end 14. Optional |ip 16 provides a
surface to which nenbrane 12 is attachegyw th adhesive 18. Optional

I ndentations 20 are spaced around the circunference of the cone to provide

a retenti ' [ | | | ahd det8e IS
2 trocs som TereanPREpplel (PHAHERISEnG! MARUBARLS dfe Muiiekind duof ¢
shown in Fag shdwih e Figrd)maokiple sautasheptibnall hbaeings different vimtput

di sposable. Alternatively, as showm in Fig. 11, the nenbrane may be
attached $RECHHe anddionanahtipla degectprsamyde vsegd- 3 is an expl oded

perspective view aof. a photonetric neter and a ! sabl. [
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di stal sech on b32dddRth diath 8 YRRAES Rbliva SHIA RGP It IR edsgdfor
frustum al ong whose perineter is optionally a groove 34. te that the
di sposabl etheester torbrimmg thiki displosskeletinem cofitarhevittetter finges wehich iaaybighat
there is an accurately defined gap G between the distal end 36 of neter 30
and the bedY¥nagafprbeersithabhayan@pPaEedif&iofecur ate positi oni ng
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di sposabl edipbshble 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.5. 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




detecting light reflected fromthe disposable, respectively. As discussed

~ below, nmeasuring light reflected fromthe di sposable yields the glucose,
concentration 764PR2U 10 in the sanple applied to the nmenbrane. Al hé@@ﬁm#
only one source and detector are shown in Fig. 3, nmultiple sources,
optionally having different output spectra, and/or nultiple detectors may
be used. Fig. 4 is a perspective view of the way in which a device and
nmeter of Fig. 3 can be used to obtain a sanple S froma stuck finger tip.
It is quite easy for the user to bring the disposable into contact with
the finger, which is a big advantage foi users that have inpaired vision.
Fig. 51s a cross section of part of dis 4l section 32 of meter 30 and

di sposabl e i ghal trates the Y.l ndent ati ons 20 and groove 34
posi ti vel yfﬂjéggatdq’g dqrrg.'r}ta le%&g%nv\ﬁ ﬂ{sﬂ‘e&?rs s%lB’f‘@g%’, WPEKS A ke tyEp the ejRetas 46hat
gap G ensandpuditbuitbaas i HBROYS L oes not
contam nate 'fphe me?er. Tﬁghggggg?%%g gﬁflh\%‘i quj}'rl?o?&grgﬁt ' cgjl%‘,%" g’g
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when used V%t{]a a. m?ler Igf tgﬁt pe shown in Fig. 3, is that the devices
can be in a SPIMOAURRs [AFPosakige e ausediwith butten ejertiomsmekbamisins Fi g.

of meter 9o 0 o ndh - Yo EReHiubiete e Bt noent ati ons 20,
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push- but t ofdydes 7 GlisplayS8rfos 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.

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 open end. But the disposable could be smaller and provide less
interference with a user’s view of his /her finger. Furthermore, rectangular

mermbranes can be fabricated from ribbons or sheets at less expense and with




Push-button ejection mechani sns of the type that are wi dely known and used
~are suitable for this invention (see e.g.; U S Pat. 3,991, 617). One ASAERMN;
mechani smis depicted in Figs. 8 and 9, which show a push-button nechanism
nounted in-a neter of the type shown in Fig. 3. The el enents of the

mechani sm i ncl ude shaft 44, which joins ejector 46 and push button 48. Push
button 48 works through shaft 44 to cause ejector 46 to di sengage

di sposable 10 2 ti APR 2094 11 fromthe distal section 32 of nmeter 30.
Spring 50 works to return the ejector 46 and push button 48 to their
retracted position. Push-button ejectiohg by permtting the disposable to
be renoved wi thout direct contact, helps to avoid contam nation.

Di sposablless wasteofmederial hNevertheidsspa cajcatdr aosssetthon ssiad vahitageeus y pe
shown in Figs. 8 and 9 preferably have a flange 19. Fig. 10 depicts an
embodi rren‘f"hgf‘ an aprayof severlsousGesandfor datestors is theprital yys@ent.or

depi cti h I . at db The di gpl

be a1 1 gt - enp PSRBT Rhis bPUpIER B sRinblE wteep drapdipm e &) -
or siml 6djs§b§;ﬁtbl@?/it‘4§ﬁ|esﬁ_991’@td AcdoMnidate ﬂﬂé&%&ﬂpléﬁ?vﬁ%& &ﬁ?ﬁ%ﬂ@t I on
and Figs. contenplate a disposable having a*circutar cross sectronand

net er haWarjous diesigris carcserwe tbaetaig excessdamgler Qe sabiovwan in Figy. 1getaet ry
is not esseptial_ and, .in fact, may not even e preferred. A pri ma%
€he

consi der ANDAYi FigelZedepicts thrdisposableyof Figall widhdnsentatiansi2hen

opL1 e S AL b SERARIET s REIERIAE 1Ry 0 1

refl ect edndeafdtiorldaBow éapillapy FIBM S fill thle re8afing gAp hetWBeHEtHeEX
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.




angl e of the conical disposable. However, it is an advantage to a user to
be able to view his/her finger for dosing, and a |arge vertex angPé& APR 207
interferes with that view Thus, a disposable having a rectangul ar cross
section may be preferred, such as the hollow frustum of a rectangul ar
pyramd 110 shown in Fig. 11. In that case, the angul ar separati on between
detector and specular-reflected light determnes only the m ninumfeasible
value of L, the longitudinal dinmension of the |arger open end. But the

di sposabl e could be smaller and provide #ess interference with a user's
view of his/her finger. Furthernore, rettangular nenbranes can be

fabri cat ' heet t | ith 12 .| t
of rat or 10t RRVBRCAEA 8Fe S afteEnftive B 50t M of oy tonfanfuingls “when
an array jﬁaeﬁ&\{-ﬁj‘r@’ s_ﬁ@HragﬁﬁoaPEthﬂ[f: ‘ggéggattgé_s is used in the optical system

Since contam nation is possib ess sanple were to drop fromthe

di sposabl e, iFigl 39deaisiddviewofahe@ibdaifehpbfPigga®pl es, wi thout dri pping.
Various desi %?us can serve to retain excess sanple. One is shown in Figs.
12,13, and in theimethod oé shistiaventoo; sfdeadisamyblers gicked wptdn thelent at i ons

124 on the, smal)-end surface of the,di sposable. As shown jn Figs, 13 and
14, the ‘%W@ﬁ”aa{fﬁ%&sa{u{ﬁssvf’?éb? FRGRpTAIG L HCse iR teSHmRlR InteigCipith

bet ween i L s f . ' An
al ter nat }a\f}ga%aﬁf’g? ali?or m Hgﬁ}geugcﬁ%‘%ﬁé ?‘glc?o%lgg% fg;rP%‘E%hngﬁn%?%ﬁ%e to the
di sposablrefle¢tahce lof the indiagdifating fhPEardofsrface. aFRO IigPAbaréd R MECESS

sanpl e. Another way to absorb excess sanple is to attach an absorbent pad
126 over Mefer idgminates thednavard-fasing mhemieane susfaceandrmeasuresheri g. 16
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computation, the change in reflectance yields the glucose concentration in the
sample.

A variety of combinations of membrane and rea gent 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/ reagént 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 compositiori 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.




type shown in Fig. 11. The distal section 132 of nmeter 130 has an opti onal
groove 134, which is simlar to groove 34, for retaining the disposable.

El ongat ed neck 130 facilitates pickup of disposables fromthe el ondapedi(d
containers 42 shown in Fig. 6. D splay 150 depicts the nmeasured anal yte
concentration. Fig. 17 depicts an alternative enbodi nent of a neter adapted
for use with the disposable of Fig. 11. Fig. 18 depicts the distal portion
of yet another enbodi nent of a disposable 210 and neter 230. D stal
section 232 mates with di sposabl e 210. fg APR2 13 Note that slots 234 are
an alternative to groove 34 (or 134) for“capturing indentations, such as
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wth ar he e t0 cause ol or change, which changes the
refl ect ang;@rghﬁ)hpefbfwd-faci ng nenbrane surface. The |light source in the
meter illum natés the inward-faci ng menbrane surfaﬁ_er?ée% d neasures the
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herein may be made without departing from the scope and spirit of the present

invention.




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 26 APR 20%;
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
appear in U S. Pat. 5,304,468, issued April 19, 1994, to Phillips et al.,
incorgqﬁig .herein by reference. Another preferred nenbrane /reagent
conpositr s an ani sotropic polysul fone nenbrane (avail able from Ment ec
Anmerica Corp., Tinonium NMD) incorporating glucose oxidase, horseradi sh
per oxi dase, and the dye couple [3-nethyl-2 benzot hiazolinone hydrazone)

N- sul floy Heties fenasain’ anapsarani fos aastmimonbomeahinatioh of an analyte in a
8-anilino-I-naphthal ene sulfonic acid anmonium 41 6 APR 2. Q 14 Details

of thaamplerbf abéologicad fid.covmppmgingon and variations on it appear in U.S.
Pat .

I er. . No. 08/ 302,575, filed Septenber, 8, 1994, incorpor.ated
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the f | .1.pt.ipns of enbodi nents of this invention are
i||usﬁf‘§’gﬁ;§%§?g§f§fék%‘ﬁg the present invention but are in no way
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departing fromthe scope and spirit of the present invention. 2 6 APR INN
of the lip and substantially closing the smaller open end, the membrane comprising
(i) a first surface for accepting the sample and
(i) a reagent for reacting with the analyte to cause a color change at a second
surface, opposite to the first surface, resulting in a change in reflectance at the second
surface that can be measured and be related to the concentration of the analyte in the

sample.

2. The device of claim 1, in which the frustum has a rectangular cross section.
3. The device of claim 1 in which the frustum has a circular cross section.

4. The device of claim 1 in which the mlembrane comprises polyamide.

5. The device of claim 1 in which the membrane comprises polysulfone.

6. The device of claim 1 in which the frustum has a plurality of circumferential

indentations.

7. The device of claim 1 further comprising an absorbent pad over the first surface of the

membrane,




| CLAIM 15 1. A device for use in an apparatus for nmeasuring a
concentration of an analyte in a sanple of a biological fluid, congri 4Phenn;
(a) a hollow frustum having open ends of unequal size, the smaller open
end having an inward-extending |ip, and (b) a porous nenbrane for
accepting the sanple, attached to raised portions of a surface of the lip
and substantially closing the snaller open end, the nenbrane conprising (i)
a first surface for accepting the sanpse and (||) a reagent for reacting
with the analyte to cause a col or change at a second surface, opposite to
the first surface, resulting in a change in reflectance at the second

surfa S Ehe

anal yt(:%g ?Hﬂ%ﬁ@opaapﬁq {%{&Hﬁﬁqﬂew Eﬁbﬁé rfé@nac% %glm?ﬁmmﬁlgﬁi?{ﬁl rus um has
a rectangul ar cross section. 3. The device of claim1 in which the frustum
has a circular cross section. 4. The device of claim1 in which the

menbr ane conprises polyamde. 5. The device of claim1l in which the
menbrane conprises pol ysul fone. 6. The device of claiml in which the
frustumhas a plurality of circunferential indentations. 7. The device of
claim1 further conprising an absorbent pad over the first surface of the
menbrane. 16 8. The device of claiml in which the | arger open end has an
out war d- ext endi ng fl ange.




