;e3eJFFG 1. :1.J6dJTJt{( DEVI CES, SYSTEMS AND METHOD FOR THE CONTAI NMENT AND
USE OF LI QUI D SOLUTIONS FI ELD OF THE | NVENTI ON [ 0001] This invention
generally relates to the single-dose packaging of liquid solution

subst ances. BACKGROUND OF THE | NVENTI ON [0002] In nmany ne \\mm\\mmmm

1 aboratory applications, it is necessary to provide or ad

singl e-dose or an exactly neasured dose of a liquid agent, e.gssoso*

medi cati on, and reagents, e.g., control solutions for evaluating diagnostic
systens. Parti cul BEVICES,SYsaiBorSatnoy MEZPODS EQR THRE GNTAINVIESE®r t ai n nedi cal

applications involving diagnostic test [ ents are required to be
provided in very precise a%ﬁﬁﬂ@%z9%E§Hﬁ3§§§§95F§cess. For such purposes,
certain agents and reagents are provided in containers or packages which
hold only a single dose of liquid or Wiich provide for the delivery of only
a single dose froma nufti-ddseL/OF JTHE IDVENTEN d. [ 0003] One such

appl i caty in which .preci se anounts of reagent fluid,are required is in
the t aol B i on"adfRBilieh TsBaRY 1y wifT B0 dosdbroRg et e 5.

gl ucose, chokgsti®istind stbsbisoes€t C., concentrations in a physiol ogical fluid,
e.g., blood, interstitial fluid, urine, saliva, etc. Such systens typically
include test strips containing a reagent material to which a physiol ogi cal
sanpl e applied and neters £0onfi ror {.ving such test strips and
determ ning the target an&ﬁ?ﬁéh%gﬁﬁﬂ%%?gﬁﬂgﬁﬁgﬁoﬁhe sanple. During the
manuf ac{0002pg andIf alany emdicanaef labfigtoreapplishtiomesit i MResshry Bpravi@e bypi cal |y
quality control  checked by batch sanpling nmethods in which a nonitoring
agent, of t en2¢@INiger psipgatdoss ol GrerbhmeryreA fose of a tiguidiagert, Bood i s used

to test the ffi.cacy -est hRS: S uch
control solu?ﬁ%#%a%¥§ﬁ§?gie%%éﬁgT%8ﬁfiggﬂg§§g?§%%®3%§g?&%g?%gngﬁ%nﬁ'
5, 605, 837. TRerticalaclyriatabocdtotyepplisitivhpamiiheregainsnalicd appieaket duri ng the

nanufacturin? process by LFS- 23l using the meter with test strips known
to meet qual f% eRHHRENOSIC oG FRECHR ATSTEIMIFRY 18 B8 Broyidssin veTy RI6Fist i on

applied to thegynk 4 ald & bs Qfrtdif i ffeters is
simlarly perfor%egpg?%ggfﬁgmg§ gﬁg&ﬁa&ﬁ ﬁ% %? ﬁée?éggééﬁgﬁmggg%rs and test
strips as webptovadednedountalneperpackesks twheathohbordy alsinglqddse efitiquiiive pati ent or
medi cal worker .i.s suppl. e ith a control soluti.on, such as en receiving
et er, obt it asouaR S e e’ oF il aStneli das SR ¢ FAESARHIANDe B et ¢ her
and is typicghhi, instructed to performa quality control check upon the
occurrence of "any of the follow ng events: opening a new package of test
strips; [#Bhg a n&merselerpplisghéen inrvaiiph Prgcioe ameuRta OALpagent #l§e meter and
test strips; 1. r.ts dro | i ke; n. alyte
nmeasur enent Fe(aaqgl&-ﬁ & 1g§hé;§a§o§ig aetfqnea%td pﬁggvrgtu%éeo{)%}ﬁeg{r?ﬁg If rsn\é%sglp f g%ﬁ ?@{Lf eel i ng,
e.g., when aegl, phaoee, thokiteladitgy, ekl lcbnicndbiaisdsn aphgsibbighnt flald] yghi gh

| evel of blogd aLucose,level but the patient is feeljnﬁ guite normal; or
when a gl ucoBloHeiRirstEiR Huid, uEpg.alie, RSy SEFh BisteryRIPsalY Bistudedesteel i ng
sick, etc. i | i y

i ndi cat e: uggﬁb%?%ggﬁaﬁééﬁg rér;téﬁg%}?yﬁﬁégﬁyﬁgngggt S ?? g@ﬁ?giner;
test strip cortastodiguoed fodedoeiviing aitch vest stdasrabdaermeripg it facget amdyter

mal function; control solution expjrati.on; and/or a conirol. sol.ution which
"2 outsi de oPSEPERELIABE SERiy DHHRE I Tager i HugioRg e 18
above- descri beghs 4RO Pk a&qugifchwﬁuﬁﬁycéﬁfm eRdok¥d BRBKRH S&npIhBmBihedsd | C
container or a glass vial. The di'spensing end of these containers is

typi cal |y cobf whishadnewitdring agest, bftepentlied g cantreliselusing, fofmulatedie mirhe ough

which a relatjvely inprecise dropl et of..contr.gl sql ution._can,he.di spensed
by squeezi ngi’hﬁ’g I%Bieglqg?es c&H ‘fyean(glefgcac%ﬁ) ﬁgltesss%gﬁlﬁsl aglghetsé)if%!écﬁ{ 2
commonl y usegontfbl dbREBASAre Aisdfosad irADS. PaRhf 106 5, 1183100 add 31d0y,83M. Theod

gl ucose nonitoring and the like, is illustrated in Fig. 1. Container 2

hol ds a vol upgcusicy|afdest atriponetews|is slse clqcked dyryng téamagw%awwgp@%mﬁe of
about 3 to 5 m, which provides about 100 to 200 dosages which typically

| asts about 3 nonths. Container 2 has a body 4 and a cap 6 which screws or
snaps onto body 4. To apply the control solution, cap 6 is renoved and

VAN



r container body 4 is tilted so that that its dispensing portion is held
several mllineters over a test strip's reagent area. The user then applies
a slight squeeze LFS-231 2 pressure to container body 4 to dispense a
droplet of the control solution onto the reagent area. Such a container and
the steps for dispensing control solution fromthe container have their
drawbacks. First, the container is repeatedl’y opened over an extended
period of ti MSINgthrametsywith teshstEgh ey Esmag Gﬂlh]et}’@@ntm](ﬁtar@mdﬂtah@n to

cont am nantsin such as the user's fingers, which

carry cont ani naﬁéSSChE?e%OMSgS(ﬁWéOQJ%Oé’?Sggdf ME®eh control sol utions often have

poor dexe@dity (sSubh gsalily abifidl ©8lest §thifs Mziahetbrsqgsiaftatly perioRh&s the cap and
may drop it which may further contam nate the sol ution. Such cont am nati on

can cause er dgaebuy Baaryens or vsar of seahlmetersiand test psipeies wlﬂnaﬁmdncwat t he

I I h f. th
Cotuti on’ nusteaa RIS S PHAT RGP b e Sl MBURT R hecome

costly. Morecugfol selion ks a RBEFSeivihgEMeter) bbaiiie a@%wcpaamdgglofmt ution
may not be readily available to the user, possibly [leaving himor her in a

medi cal |y ri $KipsSF indspensientlyof either,pd és tygically prsiractedia peomeroquadisy ut i on
contai ners ar S i vol une
of the cont ro?ntg(gﬁﬁ%ggﬁb I gh%[r?%c&?r }lcc? &%ﬁg%ﬁiﬁ @Q@Vy%&r&t‘: %TS oh%{lrg(?laﬂeggl ution
may expire wphtkapebotest Arip@usinp bihe@ métBe wirn tfadling 6f lehmtip toiseied, whi ch
al so adds to the cqost of treating the patient. The shelf life of the
control sol ufRess %‘éé?sééltrw’tweﬁthetrgetérrlﬁ&FQP&Pd ebmedikenwhen ths apalyisl | y about 1
to 2 years, r e If life
i okl y-dr opa s Bt ol RS AP R YA I P, LB hE,

menti oned abaglucosd sraasmdsraemsesmltanaftenrgaibstantml@pﬂughehextehef b:ia@d glncddee

cont ai ner caysi e contraol solution t orate thereby changing the
anal yte conc %‘Fpg‘ft'tg‘?lp%ﬁn&ﬁ tJF@‘s”@Icluéte nﬂrr%‘ﬁr%rn‘@ TS SFQREINCaR M bnal Ty, it

is difficult £01tRE BSISE bt tﬁ@?a@&%&%&lﬁlg}@ﬂd eRetSRrbMRshIRNWhiRh b1 vol ume of
the control solution fromw thin such prior art containers. The vol une

di spensed is ohtsgh:lap axpwedjmpgndmmundlcatt haer firbecduséd errng Chxppmptetr@o much
control solu Ver - squeezi n t he .contai ner .or olittle
CoTu Pon” by st SR e L S T e B P heE PR Sk o
prior art corﬂﬁert&lmﬂﬂiﬂéhb@rboﬂtrgmq\ﬁ%%mmwrﬁaﬁduﬁdl@&nmmuﬂé&whfwhaI y being
made in the devel opnent of systens and devi ces for measuri ng analyte
concent r at i ofytsidernsiag agepptabdetemperature erg@iticenent LFS-231  in the area of
control gfiat’, o GHeLALIEAL A0 S SPEASIA Ok tefy WddaLl3GAdanced
systens "an devi ces. n par vancenen n

m ni m zi ng thentpmenoxemglass niC efheliyspehsinpedd @ﬁtheSertontaﬁxmmnsmgnealsarrpl e of
bl ood or |ntersé|t|$¢}y luid as well as m m_nim zing "%ma and .t he nunber
1

of steps necé&8 arsmpllapenne gt thesad °§6FﬁP€ﬁE}ﬁ’%‘{8ho‘ﬁhl ALeREYANt . The
forner has beg reeﬁeamryla%@%gmw sBﬁ‘nﬁUﬁ'cﬁ%é’@i%ﬁ’en%&?bf?dﬁ%ﬁn%ﬂle%]é' ze
necessary to e fect a accurat e anal yte neasur enen e size of the
needl e for olftraéxampde oifmcmmmbbtduﬁd)mmmmfm@ dommmlyl’ua@l inakagnostad asse by t he

integration of var.ious co nen sed for e me enent. ocess,

Speci fical | y,apPrllmt?P%%@aTt@B aﬁ?’ b hfﬂ?/ﬁ HARP ?’ﬁ{“ aé'@%&f %E{u“ﬁ ?‘?B]s such
as those des (Frdg tlectdrﬁ'alhje@ hdtad £0sluMRPIfT 'll@@'fdl c@ﬂtr&eéfo'hﬁ onN@%lcaQWh%Q @81,

09/ 923,093 and the application entitled "Physiol ogi ca | ui d CoI ection
Devi ces and Metumsial a@put&ton@rrtl h@hxsan@wdehab@u’cdmtt@ 80thégsappsciich No. LI FE- 035

"ot or ence. 1 WO 88y IGhGE Lot 2 1BEF pRELT <o b REH PALH Sl

include a capk khasYntsuayel. Wap;ﬂymetcemd@l sbhioh adapaPie Rérgvddranidhe di stal tip
of the mcroneedle to the sensor rea?ent area or matrix area withinthe

test strip. AgePincopedy 4is tliedsethaiithl 95 disnensengonfsben FRIGSCVERE tester is
partially di Cc manner
for accessi ngﬁgﬁagrgloﬁ'g% |6E§St{{ﬁt5%a rr%laq%l ul 315@{/%1;8119 gelgr?sﬂlgwe%t rically or

photonetrically (as the case nay be) in contact or engaged with the neter
during such fluid access and coll ection, thereby obviating the need for the
user to handle the test strip. An exanple of such a neter is described in
U S. Patent Application entitled Mninmal Procedure Anal yte Test System
havi ng Arsasney Docket No. LIFE-054 apd filed on the sane day herew th,
which'is herein incorporated by reference. [0007] This configuration
clearly saves tine and reduces the risk if injury to the patient and
contam nation to the strip and nmeter. As such, in a single step,
physi ol ogi cal fluid can be accessed (by penetrating the skin with the
nlcroneedle) transferrlng onIy the nlnlnun1anDunt of sanple ‘necessary to

o o o o o Y b1 N T - a



LFS- 231 [0010] O course, such features and advantages may be present in
.the subject invention in varying degrees. It is intended that, in one way
or another, the invention is of assistance in reducing barriers to patient
self nonitoring and therefore result in inproved outcones in the nmanagenent
"of disease, such as diabetes. SUMVARY OF THE | NVENTI ON [ 0011] The present

i nvention includes devices, systens and net hods for containing and using

| i qui d sol ut pressare Bhensuwizr body 4 évidispsisé adkapdia of theadontrbzohdicnontt@itement
structures and ckages . of such |liquid contai.nment structures for

cont ai ni ng sﬁeﬁ%ﬁp s ‘?h&fcoétql’i“ﬁ&?’gt ol ST FRENSIGG 59 éﬁ{u“t?gér.oml'he

subj ect  syst @@Rontafkt i edheit 8AKbaORE FIMPIEConEMHr Y QEdl?tongﬁ%tdL{fv% or
package of contai nnent structures and the |1 quid solution” for whi c¥1 t hey
ar e i nt endedart extesiet aenod Fhiemk, therctly sapeatedlyrsposng heormpnirdesohnipntype of
agent, reagent or. control soluytion., The sHb'é ct metpods i nvol ve the use of
the subject CRAATUBENTS Hytheadanghon SHEfRGes] SupRa g’}ﬁé§%rn§ IRERR N1 ohearsy

particul arl ycsidirhiahhe BeEaudS reWst of HUH Rhir8 it AR ks §&kof Ror t he peri odi ¢
eval uation of a systemwhich is used to anal yze physi ol ogi cal or biol ogi cal

fluids. The dexeritpsusblasitiiabetscshrtbe udee friegudntly femhles thereag ahd nmiynirep ithe

particular fluid for r poses .of the evaluation. One particularly suitable
appl i cation ‘gsl_cgﬁ%aypﬁugtggﬁcto_nﬁlwgﬁfitﬁbenso ‘glopn%ﬂ]ﬁ}_éc?‘?t%rpa’ag?“ B89l ucose

det er m nat i ogrréreoRPirAlyt0sdst fedtitksONAkt.is Betbrminéd thii hdkoFolRORBbE Bhs Settings,
and for hone use by the diabetic patient. [0013] These and ot her objects,

advant ages, bef@mesaniamasated thereatijany ehthi epntyd! spluber omvst kpihzavemewas t hose

persons skil]ed i art upo eadin he. detai of th hods and
ystens of e by iaiEs aBEE W iR e Sedcfe 80T Mird sk ShMEbE bl ow
BRI EF DESCRI Fippehs, @neWHdontalifddiBEEontfol kOQAd] mhp nbeled dehdity &vailabiens tirndi ng of
the description, the sane reference nunerals have been used (where

practical) tescadosgblytleavinghimyer kar anp Aiedicalntisky stuabpmoRutlegme®;  to the
Fi gures. S : ' I f ke of
I gur.es O%c@ Lb?lpbgrgg?ﬁ&c}lgglu?igﬁ Fpﬂgﬁt?@}éeal}e prl?)gfeﬂ'laﬁgluﬁ {eh%g fbcgffusé Eﬁf‘chsaa eo

drawing clarit rates an exanp rror art

cont ai ner usthtively lagetvalumeef thadomird peintomy movided, tid effichaytofale [ 0016]
Figs. 2A and 2B rei GCross-secti OE@L] iand | anar vi ews, resg\ect ivel é- of one
enbodi ment  ofONRLSHHYRN Wy GRRIE WA AEIOE 4 HRIEINLOLE CARIYSBRBAR 1§ ¥5Ent i on
having a si nghensideds fJ heebaof HESH4RE patcd! TRUGRIL IR of RAbAkoFT gS. 3A

and 3B are cross-sectional and planar views, respectively, of a second
enbodi nent ofolutien dealgdivdtitoits arigimelndonsainment is esually abmit BrieSenearsj bitent i on

havi ng a si ngl e-si ded, re.reservoi.r confj .ation. [,001 Ei . 4A and
ha e & oL oSt B8 praf Rl Fanoe ariaiher e shaR iR bRy bOPER PR oea bl o
enbodi ment  ofew! @nthk Aué th B8 BbALMFRIAON PEdblth Heatibhed bBver AFONMheiusatent i on

havi ng a doubl e-si ded, oblong reservoir configuration. 0510019] Fig. B5A
il lustrates Baplergelrtoseniate thabtremisCopRIngr prasigtthe contiod selgtienitt ai nnent

Struct ures Oévaﬁ?gﬁa[teoﬁu%xse%g:cgélg‘s{fé‘{ﬂe%Hal?{%"éoﬂ@en@ra{igﬁ FhlnSkuils 3t BGomusaper of

liquid contaln stru
values. Additionally, it is difficult to precisely and accurately dispense the

requisite volume of the control solution from within such prior art containers.
The volume dispensed is highly user dependent in that the user may apply too
much control solution by over-squeezing the container or may apply too little
solution by not squeezing enough.

[0006] There is yet another drawback of prior art control solution dispensers:
while advancements are rapidly being made in the development of systems and

devices for measuring analyte concentrations, there has been limited advancement

LFS-231 3



[0020] Fig. 5B illustrates another planar sheet enbodi nent a packet of
.liquid contai nnent structures of the present invention having a relatively

smal | number of liquid containment structures. [0021] Fig. SCillustrates a
strip enbodi nent of a packet of |iquid containnment structures of the
‘present invention. [0022) Fig. 6 illustrates a cross-sectional view of a

di spenser for use with the liquid containnent structure pack of Fig. SC
[0023] Fig. inthepigstof gortsol yskition coteiniriequird disnensingfermtse stithtbesgr e of Fi gs.
2A and 2B for Veval at{n Cﬁrtai n quncti ogls, f eat ur €S asgects nd/ or
capabi | i ti es*ORREH i eggrag 8155 r1B BB BT AYFNCS ety DaYn R MeGErR, | D
DESCR PTI ON. ik P B faRRE AU RN S lA0RA B ha PR dMasartr

invention is described in such detail, it is to be understood that this
i nvention i sintstitigl futdeas well prantmisunigmg\ihe timeiapd sheswimbfep pf $teps LFS- 231 7

herein as var]j anges. or dificatio h de.tq the.invention
descri bed an&é%g%f’@g Eh Souﬁg@%gsescl?ggér}t{aﬁt% 8 vms %rgggx?t. ?@62???%&3_? romthe
true spirit Eévﬁaﬁﬁ&ﬂﬁlmxfedb?@edu@mw@fhe shiipRAGIim®slze fBRYsaAP@I dffegat i ons may

be made to adapt a particular situation, material, conposition of matter,
process, pro@ékaugst analyte maaapenentandike Bgg elcthe neqddy for oplairiing the scope of
the present | Lon.~ALl such, modi ficatiopns. are intended to be within the
scope of thegﬁpggmll#a](}lee%ﬁtet rglla beinorsﬁlﬂﬁeﬁbgﬁ ﬂ%@geg?aetgntogg He¥ei n may be

carried out tdmpénenan@ded fafthd Measueshdre graRe&n Speticaly, nficloagidtaldry possi bl e,
as well as the recited order of events. Furthernore, where a range of
val ues is prBRW @eug integrated ide fest Bors, sHirasdhesefesoaibed eHiS §ateat ue, bet ween

the upper a“ﬂphﬂ%%B'S'eﬁiafNQJ. 05)@%,9’8?,%%%3@?&59%ﬂ%ﬁiz&ﬁ&t@%ﬂ% | ntervening

value in that "Stated range 1I's” énconpasse Invention. Also, it is
cont enpl at ed“Rthatolagiyal dihtid CedlectimaDenieesahd tMethodswed ifsingethe Samaf ihansg

descri bed may be set forth a cl ai | ndependently, or_in conbination
with any oneXGP”Wr_ CEft IfIPreui'l _gaq:ﬁraé‘g‘iﬂ%‘ls?fﬂ _ éam_ﬁg@é ?f.ewftbo‘ﬁ@]cgﬂiei exi sting
subj ect ”attﬁéreﬁqﬂédrg&%%d*ﬁfx% erc: th theRHRYECALA QB She H@égﬁ&%&; patent

applications and hardware) “i s incorporated by reference herein inits
entirety excegadld/westoftaps iaslutiée capibarmchamel warchrextends b antopaninlg inhat of t he

present invepti (in ich cas is present herein shall evail). The
et or enced | EEoIs o 8o FHEnCgIat e s PHER e PUSErE BF BRERo t hb
filing date gfe ¢ty aFQRonaRih 6@tdi®BE thild ddhBtalifent i the teStet R fagi4RNSt r ued
as an adm ssion that the present invention is not entitled to antedate such

mat eri al by dispensed &ompthie gretérip enepiomatip QDSER)i-aRedreaticraanned fog aseesgiiBar it em

i ncl udes the i hi.li ha here. are. . | esent.
Mor e speci fi %Igcﬁsoy,egeﬂé L%éémﬂféarilfl&f yaeﬁ%n?aﬁl%{?waEeC%}é%agl&nogggo%ﬁ{a}?nrrééﬁﬁsetﬂéi ngul ar
forms "a," " emdmiay's)iglcorad of thgiged withukemptet dading @ich flmid sccussl amds t he
context clearly dictates otherwise. It_is further noted that t/ge cl ai mrs may
be drafted teoléeepra»deeramow%ﬁ%@rf neqdemﬁw.uwozﬂeﬁ? hefest s&it @fent i s

intended to §eiyge 88 taexﬁgtgfﬁtdemeé irf grS.lP%f%nP&F@?&Boﬁ)éﬁtliﬂbﬁ Ménifn@l M nol ogy
only"™ and the

as "solely," a I' ke 1 n connection h the recitation of claim
el enents, ' 4Poredge Aofalyde Tast@ystiemns havingridttatriegMockets¥o. LIFEiGS4tandided

appreciated that unl ess defi.ned otherw se, all hni cal and scientific
terns used h&P&Ss ygxﬁéevgwh@éﬁ&ﬂﬁmégcq_rp%r_a%g y refefenct!

[0007] This configuration clearly saves time and reduces the risk if injury to the
patient and contamination to the strip and meter. As such, in a single step,
physiological fluid can be accessed (by penetrating the skin with the
microneedle), transferring only the minimum amount of sample necessary to the
sensor (by means of the capillary channel) and determining the target analyte

concentration within the sample (by means of the engaged meter).

LFS-231 4



commonl y understood by one of ordinary skill in the art to which this
~invention belongs. [0028] In describing the subject invention, the terns
"liquid* and "fluid" may be used interchangeable herein; the term"agent"
as used herein nmeans any substance, conpound or sol ution which, when in
"liquid form may be contai ned mﬁthin t he contai nnent structure or package
of the present invention; the term"reagent' as used herein neans a

subst anﬁ@g 8br sol Ut P foswalagierihg P?Iﬁ%‘ﬂ‘aﬂﬁ o yaly el Inse SR BYEBRitBEi ¢ reaction

in a chem CaLySI g%é/cgﬁ@gpkﬂ% & r%‘ardc’cg"& nB tlc.scﬁhé‘f}on% an? grg {]’ler ein means an

artificial e contal rest used in

a di agnost i ccappll kslatio® i, pravided, iaed&geht’red aae kx&t]ﬂ,especpt@cﬂ‘igtl o likpack” may
be used interchangeably herein and, as used herein, refer to two or nore of

the "cont ai nfREMESUBE theceffiFacyofdhe &eﬁétrw &S@HET i Yidphegnior artgoptekaged form or
format. [0029], 1116]13 s{n@&%ruc Eldel i Pa%e té‘t‘!\‘?a”ﬁdt fhe (d'§ 1?)%'% ECt devices, 1.

e
e., liquid cont aln ures and urd con al nnen and subject

systems, i. dispershg esau’oplecbfdmml:@mwﬁmmnheﬂa@ghatddqumsérselalmtfﬂmsStare
described first, followed by a description of the nethods of fabricating
t he subj ect Efé‘Plaéeten“R%éaboéedE%fér‘ﬁIERP@HISW fopevadupting dhe sRECHYERSSHPL usi ng

the subj ect %Wht%ge St Mic (\}%F@E‘; Ons Bl Vdeﬁ@ﬂta (gﬂogﬁ b¥confrol ?0%@%\‘1 Mo hhe kits

of the present 1 nVention |ncIu e su devi ces systens is
provi ded. [O8Bfilizddrsubstenté aid pnmmgl tﬂesna:mprtadm;p witbinghe deplet tnesahtaton Wi | |

be descri bed |n he co nal ncentratjon neasur
appl i cati onsth CB‘éFr“F?SchX%? fapiliagy PK@“@ﬁE‘P@?‘(CTOWCBIriﬂilb@éa’&éﬁge?l‘ﬂarl ation in
bl ood or int @&ﬁfyéﬁe'n%mi] da'itﬁmaha ftha%E’&huél?rlﬂgtfdoma‘?rﬂgﬁﬂmtd?tpee limting

and those skilled in the art apprem ate t t he subj ect devices,
systens and nmtrubdeluaomlfuhesuhstratn 1&Madea@tniseﬂtenhzadf Hyehefra gerylsi cal and

chem cal char abéteri Stb %{? bl ood coa uh_a ion.tinme, .blo C&% chaol est erol
level , the eXYoSIaNEaNBE chuged tre R NI E TR m‘é‘f‘ﬁ OPGALRG tRAAIAIS| ogi cal
subst ances, @herein thenB&dle Mléﬁéﬂsedeih%. marineY R penB@att AR WELsRfacd al@AUKNT .

Li kew se, the devi ces, systens and 'r nethods of the 1?resent i nvention are

useful in apmﬂiewﬂlﬂcw%tMQ bﬁgeﬁhhé’iorﬁ ymﬁ@sﬁqailw_ﬂzeozs%eq e neadinds abibbstoor
agents whi Chpénegrld{e Firl & (gu g?x Vgtgg eeHr %ﬁ%nd&g 1‘%%‘ o?% u%ﬁ?reacﬂ{ahz uch

subst ances o ent’s. one ove,

devi ces of t bper@ﬂil%sﬁjhﬁltldih\ietﬂé hémﬂe’:lﬁ ﬁp atrér gl hild ﬁl@lmhédléfﬂﬁbﬂltﬁtdptﬁwdbe and a
| i quid contai nment pack for containing a liqujd solution faor subsequent

use. Both cof#ia§ifapibasagioa tadyd fromavidun awelid mgdium a8 upplle fberi al s and
fabrication teghnifues for them Liquid Containnent Structures

[0009] As such, there is a need for an improved means of containing and
dispensing control solutions and other reagents and agents for single-dose usage.
Of particular interest would be the development of a control solution containment
structure which provides very accurate and repeatable single-doses; prevents
against the contamination of unused control solution; minimizes the risk of user
contact with the dispensed solution; provides a practical number of single-dose
units, for example, for a single user over a given time period or for short-term
mass use by a large number of users such as in a hospital or clinic; facilitates
maximizing the shelf life and efficacy of the control solution; provides quality
control assessment of a plurality of aspects of integrated test systems; is easy and

convenient to use and store; and is cost effective to manufacture and store.
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(0032] Referring nowto the drawings, Figs. 2, 3 and 4 illustrate various
-enbodi nents of the liquid containnment structures of the present invention.
Each of the illustrated Iiquid containnent structures is configured to
contain a single dose of a liquid, such as a reagent or control solution,
‘in a sealed, portable format. The containment structures may be provided
individually as singular units or, as will be described in greater detail
bel ow, [§810]ect i ve(Dilcqunseam}chnﬁgaﬂbms anil advantagae oy bapresentas thpagubjesf a pack or
package wherue Gt:r%e i.nd 5;1 con nrren(} agructures are contiguous with
each ot her, ‘49 1%“1]2?’?%‘% NN étsls insndeg ghaty 1) o8 Way 0T aRRAS Henbodi nent s
of the subj erabernmkeeﬁmstamee ﬁﬂ@ﬁhcﬁh‘%ﬁz&rr@@%@h%@élfﬁoﬁﬂ@hh‘g§1$dare easily
separabl e from each other. Sonme of these |iquid contai nment packages are
further adaphewfare resaltiioaupevehewcemes ipghnaenagement abdistise sheminment
structures n&a%{ lge individually or collectively dispensed. [0033] The liquid
cont ai nnent Fuctures of the present invention, such as |iquid containnment
structures 10, 20 and 30, respectively, of Figs. 2, 3 and 4, provide a
conpartment or cavity 12, 22 and 32, respectively for hol di ng a single dose
of aliquid control sol utr oSﬂMMABé@aWQMENTIIOjN used. Such conpartnent or
cavity al so referred avrt blii s uch or the

i ke. E@B#]cell Eg% %{ese&tﬂwen% ndmgﬁldssb ﬁ‘cﬁ%,syﬁ aB?i"\l/ﬁ% é]ﬁf y have any

sui tabl e shagetaifiag afd Qéﬁﬁﬁﬂh@ld sofutiohg. TRAsubfect i@GEesIRcltdeibvef liguigont ai nnment
structure 10 is provided having a cell 12 having a sem circul ar

Cross-secti o‘r?né%’éfn‘éptsﬁg%@f?ﬂﬁ@ﬂﬁ@aﬁtkagéﬁ efsuch [ipejd rentainment pEUGIHESPTi n Fi g. 2B,

this enbodi i I o
Struct ure. 20 aas el §5 8ts REFESORIGE oo 86 BRRGIRLS'
f r ust um shapsdtenslinetede sﬁsle@shonmwbyechg]taﬁﬁi,enmﬂulcnﬁeoxrmkag@mfuar e openi ng

26. In the enbodi nent of Fig. 4A . cont mrregg‘@)éructure 30 has a cell 32

havi ng an al fOfRNBFOLSHBEMES aﬂfiélke ligiud sefution & theyargriptepdidife and, as
shown in Fi ﬁeamg [ d that

t hese shapegcogf% e?g@ﬁg@ggg@%gegsﬁ?ggegg apés QQp@@E gﬁtvg%gm%?g%tgés} section
and openi ngssomtlotnh d hmb]ajecttmctavds ingglve dredust Imétheamyj eatrxp:rvups pad gystems.

t hree- di si onal ha be enpl o e_.vol unme ropriate
t wo- di g@ﬁi onal err}é nté?fbﬁsﬁgg:“?a&y H%bqﬁf(br&e &é%&“r%ﬁgf%&ﬁg"% Sand t he
cavity openiggs foﬁﬁgpémm@l:va%udo@w@ sy tepevEiBRsE@tAdnagrapes i ncl ude, but
are not limted to, spheres, ellipsoids, paraboloids cylinders, cones and
the |ike. AdRhysiodegisal subiokegieal i FbaspoRelisolapeareichemisaly but are not
limted to, I I h as

par al | el ogr agr?g‘?%g% tg%‘r%@gsﬁlgﬁﬁggﬁbaeﬂugdg%gg? g%a(}q MTE% aflo ?O@gﬁ] Dependi ng
on the appl i paticudarly aiitabfel applitdwnadmite gresenolnvention o kin titerfmﬂd afjelodd i s bei ng
used, the volune of the contajnpent, structure reserx_l irs. of fhe present

i nventi on ne§fUTOsAGeterRERiian B poth drstititional, 9§ chnicalshospitalyssitings 48t ons used
on test strrﬁgrg&%%ébfg.jf' - Bk esdgt ection and neasurenent, the reservoir
vol une typically ranges romabout 1 to 20 p.L. The opening dianeter, w dth
or | engi0A13li nensi Tiese efd diber olgktts, aventaggsi aral fegtures of tee inveryenfwilm about 1
to 10 nm ang nmore typically in the range from about .2 to ew se,
the depth orSERERARYENGS thdhe pEeprekifB B4t SR hERE dRe T fetE o 355 oo
and nore typheRbiyarddsyshes'FREEpresAMrAeRMtEn Which afk mMbie 1P 3&dcribbe subj ect
contai nment structures 10, 20 and 30 each further include a frame or base
structures 12¢low4 and 34 about the perineter, or at least a portion of the
perimeter, of reservoirs 12, 22 and 32, respectively, for providing sonme
rigidity to the containnment structure so that it can be handl ed or held or
| oaded into a di spenser. BRUSHIDESGUIRTIONOKCTHE BIGIRES24 and 34 defines a
pI anar surface area ,r_extending around the perineter or. opening 16 26 and
resi98dli vel y,T%face,léMesmﬂersta;zémawé tl@zdesrrméw@bgheﬁﬁ@x‘%rﬁrwgceawmrraks li ke

f t t
8? "9 O 8 B BRSNS RS A AR T oL e

typically in the range fromabout 6 to 10 mm In order to adequately
support a reservoir filled with solution, the surface area of the reservoir
shoul d cover about 1 to 50% of the surface area of the |iquid contai nnent
structure, and nore typically about 2 to 20% of the surface area of the

| i qui d KrsA3ai nent structure. For gl uwose concentration anal yte

measur enents, for exanple, the necessary size of the frame of a contro

sol ution containnent structure is in the range fromabout 40 to over 500
m, and nore typically fromabout 100 to 150 nmR taking into consideration
the particul ar



user's ease in handling the containment structure. Wile the figures
-illustrate the frane structures as having a square configuration, any
sui t abl e shape may be used including, but not limted to, rectangul ar,
triangul ar, annular, etc. Materials and Fabrication [0036] The |iquid
‘contai nment structures include two primary | ayers which are seal ed toget her
to define the frane portions of the structure and defining a hernetically
seal ed | i quit@ theEiguiesi Son8uoeh aurgbering asylenveavpr, boén emiteddonthaissie of steril e
barrier. Pr eérg\gvablé{ .one | ayer provides structural rigidity and stability
to the contalANER & Yucture while the ot her | ayer is flexible and is
penet r afphesipy a nFigr PNRRHLRS akl SNBNSIE of h Pribt feEoRATROISER Rdronffliflg | ayers may
be flexible. Were tw flexible |ayers are enployed, materials are used
such that suafdglispeasingg contrelontudion. bet ween the two flexible |ayers, which
define frame portjon t he contalnnent, structure, are.sufficiently
rigid s@ag@ to pr@@?' @gﬁé?@feeq{?ssés[e%?q%ﬁw @SH%IWée%SOmSBFﬁ% b O5PUct ur e,

i. e., the canbciMBRIYS (B K Bbe@camﬁ%nbﬁr@dﬁélbﬂi}ﬁg))‘eséﬁﬂh%htioﬂélﬁdin@(i and held
by a user. Wiile it is preferable that the liquid reservoir cells be forned
or provi ded Bxgpgisiededispulgréseryoitponfiggsiation.ayer, they may be provi ded

excl usi W t hi . flexihble |ayer..o arfally wthin hoth Layers.
wer e (8 Bont ai ngncAPEER A Seo R TR Grfile ) SRR B AgERL" The
reservoir cekbid édodient f\thélBghidichhtaimngdint ftalctie obtelprés@yiemsentldnS- 231 12
[0037] The rigid layer is nade of a water-inperneabl e base nmaterial or one
with a very BayiR&msiBglewigsdr squakevssArealr eonfigsiatiorpl e material s i ncl ude but

are notpghkgn ted t ' b ] i @gﬂ [ - ics such as
t hose dEOks)(i:ﬂ]osed Ilﬁingé? Elga?%r%{é %@ls@%@g@?&@@lﬁ%ﬁch élrr%ﬁé&}v%ic}g?%or ated by
reference. BExarher@sssitfle sundbdinreat bf thk digtidantairehend etrudiuite ofitiee pregenti m ted t o,
pol ypropyl enge, olyvinyliﬂine chloride, acrylonitril-butadi ene-styrene

ter pol ymer (REZUONH YK Pleysides, PRIORE FesHE O HISPEFUTaBBM-yvi nyl chl ori de
(PVO), The rg;gi €al; e@%ﬁ) i inert plastic

mat er i a@bggr] in colbl i%gtliﬁ%sﬁ{a\t/vi t I%ﬁfr glil%l%{ ﬁ?‘gﬁ&m%gea%f(%%e} htq\?g1 are | am nat ed
t oget her . Whamganmentrsgsetuvasiof thesprpseny indrentianrhavime a fetfiticrelydyege nutriper r eser voi r

may be created. by,ther.mal form ng or injection nolding or other simlar

t echni ques k?fg\‘/ﬂ‘ﬁq ﬁoﬁﬂgmﬁ?rts%uf%%] The flexible layer is preferably made
of a wefoezolpar ri eFigpoB YiBsrafes lafidbtHBt Slhnashé¥t eMBodiinenta padKet Hlided Wi th a
thin foil material wherein the two are | am nated to?et her. Suitable

material s i neantpdemensHucHFise the preseafinyantjon paing arelasiyalyrreadiaungier and f ood
packagi ng appdi Lon uch hose disclosed in U S. Patent Nos.
4,769, 261, 6%‘?1%’2&1 né%gm%%sﬁ%ﬁg% whi ch are herein incorporated by
ref erenf@021]The f | Bigi BCallbstaes abasp embddimkmads pabket of liguidaogtaéahen t han the

penetration length of a mcroneedl e as described above. Thus, such
t hi ckness irﬁtﬂ’ﬁgﬁ‘i’se%ftt@??’feﬁ%m‘%‘f?&ﬂ?“-l nm and typically in the range from

about Grog230 0.5 gi‘;ﬂ 6 [19R3Res ZQ?osg-icsgét@nﬁlhnﬂe\%|o?)éid|f§|p]§n%eﬁ¥'&ru§e it thonded

t oget her where th Interface to formthe frane 0O e liquid contai nnent

structure. Siquidbbmaiporedt stopchee padkoefdsgi el ude heat sealing, radio

frequen RF) , . ultrasonic welding..,The bond. between .the l,ayers nust
pr ovi de[% at er gg‘lgrj']éliusgr\")‘é’ﬁ Ut tgﬁgﬁ?ldlclof“@m&enf ﬁtéucﬁ%tr&?ggég.s' 8&%8 urse,
prior to bongy fe dvARatiMg c i BINtibRY Batured, BshetRAAMP iubilRfeg of kb | ed with a
selected liquid agent, Such as a reagent or a control solution. In the case
wher e t he t eigtegsatedsmicroggedirdiestspin eaakoror el ectrochemical, is not integrated
with a mcroneedle, the flexible |layer can be fabricated with a peel able
heat - seal ed coating comonly used in nedical device packaging. Such a

coating is gener aDkEyafi@bDestiredriON @M MERRBFeRRED EMBTmOMENES . The flexible
peel abl e | ayer is_either LFS-231 13 bonded to the rigid | ayer or to

i tsel f.[0B4lor to Befere tthﬁé’ff_fSF’é%Pb?né‘OPéSI@’rSC‘iﬂéedﬂééP@Hd?fﬁé%F 184X BBsi ng t he
control  sol uf|AR:ARALA thRMPGtbHSs 16 HmiRRANS BhrtlcB1aR ¢SSR Ronk 8& forth
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solution. [0040J The liquid contai nment structures 10, 20 and 30 of Figs.
2A, 2B and 2C, respectively, illustrate various possible pairings of |ayers
which formthe structures. Structure 10 of Fig. 2A for exanple, is made of
arigid bottomlayer 38 in which reservoir 12 is exclusively forned, and a
"top flexible layer 36 which serves to cover the opening of reservoir 12.
Structure 20 of Fig. 2B is simlar to structure 10 in that it al so provides
a rigid bottlmereihayenrid( diadge d neodifidatiohomal &y @radd 2o ieeneenrieser voir 22 is

exclusively formed in rigid bottom | ayer 40.. Strycture 30 djffers, however,
in that it igesf%b%ﬁ%quaﬁqafj% T‘T’)é?‘? ﬁ%%émiu_&“@e‘?”él}(w H%B@ir%m%éf"@ﬁh? Hyer 44 and
flexibl e bot §om draV%ebpddr m@ﬁ{ﬁmoﬁ. Rl Rich, @%n aohmcﬁ&sﬁ%{ﬁé Rabi@yers.

Li qui d Containment Packs [0041] As nentioned above, the d cont ai nnment
struct ures ofo adapt apetenir simegen, norermycolwopitiou iofl edktten ptaets, pelcyssas a
plurality in ack farm wher.ei n or nore caontai nnent structures are
provi ded in %C%((‘?gﬂﬁl%%&fgtg? &élﬁﬁ@’ﬁé‘ﬁfs.p”w&réc@ﬁé&ﬂ?‘? Erﬁfq%}nvleﬂtéorbdﬁﬁai nment
structures agRhRiRNfidRdns ArednRAGK WL AIEARR &Qﬁg@ﬂt%%m%aﬁ&ﬁﬁéﬁ. IS
contiguous with at | east one other containment structure such that at |east
one si d¥085] each Mstitods nevitad heteinumby be carsied ont ingonypwsdeniof theatcitedast ot her
contai nnent structure. Wile as few as two containnent structures may be
provided in & c"%k,udf iﬁdpglﬁf‘lﬁﬁlp%tsskﬁeeéf E’Fhﬁaﬁh?errm?@ %EH\HQS%BNM the form of
an array of E@HeainBrEihertd aEUSCRIuRYEProdtied!  fYuriR¥tdoakBatleheryf Or m of a
matrix configuration or a strip configuration which nmay be provided in any
suit abl e si z@tervgieg valig deivecendhs upned andlosier fisueofzhaaangersy ahyotheat ri x
configuratio -' engt [» f trip.confiqurations..,The subject
Caut d- cont st eg B kb pay But e Qe S kel b EPESE MOT ) “be - or ovi de
in relativel jvesige AlssiekSonehpihté@bthhOiny dpgibhilutitorRalf this@vemtiiech may be
descri bed as a, "sheet," or nag be provided in relatively small sizes, such

as for per soriatigaedesgrbedimpnbe prt foraiyand ¢laimeddindependsnilydonis be easily

carried on oge Iraﬁ rray configuration
is illustrat @?HQE@%}%& eerz(gfijmn&rfaé °5|‘}%2§?‘%gers§a§§°r§#8 %ﬁrtaegrl{x 50 conpri ses
forty c@iRe] nment AHtexiscihpgeelgedizndtier anchiivedheredn ¢hg., putilichiorsppategslr at i on.
Such particul ar configuration, of course, is g}geg@l aré as, nmatri x 50 may

i nclude feweP3igH 2HRIETCBHIT HTANITCL IS BABIEE Y THEFBRENFG R Such factors
as the frequefsyQkcANaIMER at ﬁ&ts'uB%ctha@erQﬁd}léo%!f'llicﬁ“’wiﬂxstﬁét,ot{tﬁ‘@pr‘é%ﬁ' s desire
to carry around a very conpact package or, Wwhere analyte testing is being
performed i ninverfgonvin whithaasshwhat is presenp betesushatl peevail)rb €Ene referemagidvi dual s to
which the test is bein l.i ed., [.004 For_.ex |l e,. tvpicall it.is
Fecommended. §1E o1 Prubdsd et it A kel prifh B St AR SRk hrstehh 3 home
setting and galicitidn) NothRgicteth is46 belenanMedagen BB sion dhAked preseper f orms a
gl ucose concentration neasurenent approximately 4 to 8 tinmes per day, the
nunber of coWVewiondsnotgusitled ntndedniesichanateral By ddrnsofiEQLIRvERliYM a nont hly
basis i o 10 | - - fo Vi - ew t est
strip ciZlheq.  ASEREAN: 0 SHRG A RERAR ek bibchifly BAGTEE Bl e
user in tracklthgsiheitauspesenf Maaspaificliigrissusthhereinsand ihelenappandedon t he

meter within a give ti eriod, 1o provige ut.5 to 10 coptai nnent
T et urea vt e s Toms o ‘e e Frd oPE e PRI L or e has

2,°urface argadohd anfoakmufly U anbacle, St KoumRLl AuABgant ERMmboUt 15 10

30 cnR2, a size which can into a shirt or pant pocket or into

purse or brimhy badmftefidovexande antyerpeionaldilenanti Asisschothiy statement 8d t o t est

hi msel f or herself tw ce per d he or she.may wi,sh to car a pack having
Nyt he_nunBEHa5 8Frye i PO BRSTe et Reh ekvbalet Breddnioi 11 be
used in a NDMHREIE” HHMDY afid fhe lik8 P bnmecEe Wvith AR E tAlonWF IR %lenSéhtaS t O
limt the wear and tear that the unused containment structures of the pack
may under go ¢rfuseleég “negadive’alimiteidorarloashdt i ¢e baaprspgjeted et pplgssodefinede, e. g.
several weeks, or .nonths 0p4 Fi B illustrates apother r..array
0. “aiso i n SheEy A Ak aleab it selopfifc Rtvioss SR R R AR IR BB a Aven
structures 52 as that of matrix 50 of Fig. 5A Here, matrix 60 provides for
only six containnment structures 52 which may ,C be suitable for the m ninmal
use patient just described above, |asting about 3 nonths. The enbodi nent of
Fig. 5C provides an array 70 of structures 52 in a LFS-231 15 strip
format w@mer3ein only a single row of sgructures is provided. Strip 70 may
have '‘a suitable | ength providi ng any nunber of contai nment structures 52.
When strip 70 is fairly lengthy, it is preferably provided in a rolled
form and nost preferably it is provided in a wound or spooled formin a

di spenser 80 of Fig. 6 Dispenser 80 may be configured simlar to dispensers
used for adhesive tapes, postage stanps or dental floss where the user may

o o N - o -~ o



[ 0045] While certain enbodi nents of the packet of containnment structures

. have a collective, contiguous franme structure which remains intact until
all of the doses of control solution are used, other enbodi nents of the
subj ect packs provide for the intended and easy separation of contai nnent

“structures fromeach other. Specifically, perforations or pre-scored |lines
are forned between adjacent contai nment structures after the
sol uti on-fi lqogdnedyntadersiend by oneiof adawnhsuk ihdeartse athedh this 1destionbed above.
In the array, fonfi gurations as described with respect to Figs. 5A 5B and
SC, this resuft¥™in a plurality of rows and/or columms of prescored |ines
62. WHbom}ch e g e MiSy thaRYbjBtTREMSH, 16O Rk PIBNE” Sid YRLigr &ayFRY be
renoved fromthe contiguous array as needed or desired. For exanple, a
si ngl e cont aispdrintierckangeehle hercmayhaierns éagentitasdiséd ereinlieeaneany ni ng cont i guous
,Cplurality just before qr just. after the use of .the control, K solution in
such cont ai nSHé#?‘nCset ?%??Hng.or @é%?{ Pl ?ngllb%ué% formy X ke PBteEdove a
day's or a Withir3e dftainMBRkstEictOR dripatkage DT R prERAE inSbAtiat WeBSsm Such as an
array the size of array 60 defined by lines B-B of Fig. 5A and separately
i |l ustrated repgrnty.as 8Ed erpladheans a supssanseser soktiiopdoragsnt) wsechid di scretel y

i 0 cont AMERE CeRterEerar ol Rt el ERD SR Vet

cont ai ni ng a&oluti@d? ds S@ldHeredM nfeafis S1L4EEEHPFHysWSGaicaPestiplR WbRMEENtheUSE
includes, but is not [imted to, the evaluation of the performnce and

oper at i on of2nalyis efistepst useddp|chagnesticcappiicatingi mdthe termsasackegesi ngl e- doses
of a liquid.« ot ’ ) i i .S .1 . f L.ng and

col ecting et ik RRY bERL el dah Rab R dnd s EERTHAD, 2t y2i ng
one or nor e refeataitesi mbreas thd “dohmirsadmp kedctiides!i of thd peesanthpettios ysé ens ar e
particul arly sui tgg for evaluating the operation of a systemfor accessing
and col | ect ingKagel Sy Pr fosmat stitial fluid sanples and for measuring the
concentiygigion of Atk dEEDIANALYHRRIOH, hORLIATBLALS! LUl fuidhe setting of
such eval uation nmay be industrial, e.g., 1n the manutacturfing of such fluid
assessnent gpstagmegntisettutestand hghid cenginménh phaks pindasubjeotmysemsuch, hesyst em

is used very frequently, or persaonal, 9., far i.ndiyi who, are required
Lo test t herbRiebatvenyas fonted Bt se s un BBty et Biovrlirhe Lead | n
various typers@{ptRRRfikAhtMods MdbSeithnk MtSsubidct 16/iQ8Y Al bhRs&fpe of this
di sclosure to list all possible liquids that" may be used wth the systens

of the preserthd supgast msthodeiofesing thetshbjestdsivises ard/systonts ifayovikedused i n any
applications..requiring si-ngl.edo of Ligquid for. fr . i.nfrequent
use. For puf%%ag ik é’é%?eblfl%gosfﬁeep §Y j“é’(‘:’ H}Pe g‘ﬁgl Czlﬁ%é\?v?é flﬁo &9t qui d

provi ded by dehizestfy §6Gtenssyispedviddds a control solution for the perfornmance
eval uation of a systemfor neasuring analyte concentr ati(%r; i.n a sanpl e of

physi ol 8% Yal 11 Jndhe BllowingdesgrpUcte thegyrtepbinveysian Vidke deseribfdde fsed in
U. S. Patent dﬂﬂ%ghéf %1%7}#'anc‘%ﬂgatﬁmergéasﬁl%&enl-f@;li§§t3ron]s, and pMe&IRepinahe Use

[ 0048] The net e present I nvention described with respect to
t he use of tdostezoof giicosercbnsntragomuimeblodd &iigter@itiak Budahowengr,sucoistnod|

sol ution for,_checki t he effectiveness. and gper,ation. of anal.yt e
concentrati dﬂteﬁgﬂt@;hgr}ﬁﬂ‘ctmgﬁggmsﬁé 1@8@3&553’8“& Sgrree t@%%%‘fabé%{ﬁttl ncl udes
an integrat eilyires 904 aRd altehdde ate weful b S8 AKAEurBMENFo MR ph{/dEalugg W th
such mcroneedl e/tést strip. However, it is understood that the nethods

appl y to anyhemicahpharadtemigiics, epnblapd aeagulasion tisteu blood sholesteigl vebHieai nment
pack of the present .invent.i.on, [004 subj ec t ho initially involve
or ovi di ng ate?(fsg%f: oSLe alor] 15$ﬂﬁib.}ﬁs, (?tl: om%ergldloglgalggbstan%gs, eg., urialrle,

saliva, etc., involving the use of a reagent. Likewise, the devices, systems and

methods of the present invention are useful in applications using other types of
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structure, either in singulated formor in a pack format. If in a pack
format, a target containnment structure is selected for the plurality of
structures. The target containment structure nay be separated or singul ated
fromthe pack prior to perform ng the remainder of the steps, or may be
“left intact with the renai nder of the pack during the anal yte neasurenent
procedure and then renoved after the procedure has been conpl eted,

Al t er nat i velSybstangss piaggnisaylyel regpirg dleconyenies prayisiae of a giecise dgreoimy be
left intact \w di sposed of collectively with the renai nder
of the contgﬁﬁagﬁ%agFggggﬁagg, al so kept intact on the pack, until all
structures have been used. [0050] The subsequent nethod steps are now
described with reference to Fig. 7. The at |east one contai nnent structure
10 havi ng a SubiestBevices > fijled with control sol ution may be placed on a

| evel ce or Q@p ' t: | exi hde or
surfacZH@éE}(or one oPﬂH?)eédP ?éé\% Bfée&egﬁggéﬁ%ﬁéég?%g@?&l? ﬁ)étéljérgqﬂgs t wo

flexi bl e si desfirexgoseacturthad beRjuel cintmibh@ert\patl &irednaining 4 dgtidr for use
with a nmeter to be evaluated, such as tester 90 is then provided. Tester
90, as ment iSGEAN AWoWESequARN UsBe Both qoadigumtipngpre deseabet Belgvas e aspor t i on
94, and a m i jstal end of test strip 92. A
fluid transftfe;érﬁgﬁgﬁkgnggﬁgrg%ﬁ%%%%ﬁg%%p@rggfheedl e 92 to within sensor 94.
Preferably, tester 90 is provided operatively |oaded within a neter (not
shown) for the contral  check; wever, tester 90 may be nmanually held and
then inserted i nt0d%¥AeORetlypel i | ection of a dose of control

sol uti qpe3zfhe netf&rfeﬂr'r%gqlra@rta_tthe/@ﬂaw%%! Bigand 3j My apese agrjusst LFS-231 13
fl exibl'e surface 36 of “contai nment structure 10. The neter is then

activat ed t cmipdingrtyef the digsidenostinraent sirug@oresiof tie paesehionveadwsedagh cr oneedl e
96 to puncture or. penetrat.e through flexible surface or |layer.36 into
reservoir 1i’f§t‘%%lflgtf%’?‘$}@%m§§8?tﬁ{n F ERICGERT 1 P8 1%‘5?‘?}00?0@&&{?51115 pose the
distal end 1{dQe 6f a BHAANRIch 982 kéhgbMeor&BAtrs1abILSidh i a0fealti firAbleeBaAmoi 1 12.
Channel 98 then wicks the control solution fromwthin the contai nnent
structure 10Thgrr@ntamertt siracties mydetrievidedhadivigisdly jap aingulapanisedd &y 90 where
it reacts wt. r it Bl ooyt 's.e ochem cal
el - Tho o1 e GRS Iy e T AR Rl ooy Pyt Bnp BRAREr P EhRER P00

el ect r oni cs Ao, idiarcshy RsRongadkggawhtigttee mdivdéw caithiamenastmetirss ate spl ayed.
[0051) If the anal yte concentration results fall out%i&ne an expected range
(of ten provicQBHSYRUS Withgach qther. a8 dllgsgatedrin figs- PAHKR RO {heFHEN t est ers or

test strips) ] it el OUSRGrd ester. |f
the results esrrtﬂ%oltaﬁn?lg?%f%htsg@géetpt% e g%g@%%(ge@%rﬁg‘%%gjf}%heetetst shoufd be
repeat ed yeteasily $eparhbld fremleach otheth Sonesfithesefliqom eontenmeatgaskpgedfret est er s.
If the third.result is outside the expected ra it.s likely that there
is a probl e%"‘%ﬁ?rt?df’ﬁtég ﬁ%t’l%ﬁjfg%ﬂf&tq %gls Pt @%mqﬁah%iﬁtﬁlg}m?ﬂté%ﬁ‘ﬁ Sact urer of
the probl emmanehe pAUSSIalF o @BIIAESERMispeBéedr - | n addition to control
checki ng the performance of the tester and the nmeter, the mcneedle's
ef f ect i[083FHss i n Pheliquid rerjainmencumcairesaiiibe prepant inveations suehsas lidpid uat ed.
This is done . 0 Vi C i { I r he liquid
\(/:\ﬁ'nt ﬁi nment ? %ﬁ%ﬁgé:ﬁé}gﬁgfﬁ%ﬁ gg?%%{"égi%ﬁ?&%?g ﬂ?;gov?ése EIongatihn t
Ircn . m CrOltfbﬂ(jiaﬁ t 61 2% antd 316 adspéaivy n afgessitgie dbseyefra wi ou
hesitation and w thout tearin rupturing flexible |layer 36.so0 that the

. . g or p
control sol UWhCeRses S‘PﬂBE“”F@a‘P@%‘Gﬁe%F’PWuSFg- Batthe PRI B CBRYARBT 98, If
such a desir r b I kestaghaul e perforned
again with aﬁ%lﬁee@?{%egl}ggpggﬁlg’zzﬁﬂl r?'? Q%g[? égglu?lfatlﬂﬂ%ﬁﬁ F%e sarrHe%S lp%ack. If the
punct uri ng iwluns uod &s spening bethoafiwhith may havecanytsaitabte shapst Feoct ure from a

new packet shoul d be_us for a third.test. If a newtester nicroneedl e 96
fails to purﬁ%‘f‘ﬁ’ﬁ’ge’%@gf ng? BI0&s-PSHAQR 083 Coptainmgnt ?tﬁﬁmeiﬁﬂﬁ%ﬁom‘flﬁﬁt structure

a third tim,, é’ééu'ch&inlﬁtﬁ%ﬁﬁiréhﬂlﬂrgss%cﬁ&%d'ans%hﬁs%erihﬁ%om.19
Additionally, the user should notify the manufacturer of the problem and
request a replacenent test strip ot and control solution containment pack.
Kits [0052] Al so provided by the present invention are kits for practicing
the subject nethods. The kits include at |east one |iquid contai nnent
structure containing a selected liquid solution, but typically include a

pl ural itRs-281 cont ai nnent structures padckaged together in a the formof a
sheet’, card or roll, each containing the selected liquid solution. The kits
may further include a disposable or reusable contai nnent structure

di spenser. The contai nment structures) contain a control solution selected
for the particular application at hand, such as a control solution which

m m cs blood for evaluating the performance of integrated m croneedl e/

o o M e S "



CLAIMS What is clainmed is 1. A systemfor use in evaluating the performance
of a physiological fluid sanpling and anal yte concentrati on nmeasurenent
system conprising at |east one containment structure conprising a first

| ayer and a second | ayer seal ed together to forma hernetically seal ed
“cavity there between wherein the surface area of contact between said first
and second | ayers define a frame about the peri meter of said cavity; and a
li qui d cont Asishewn i Fen 2Boiia¢mizelimenttian asacdacepsdning 16 dndig.i3fui d contr ol

solution confjgured to mm,,.said iological fluid. 2. .The st em of
oraim 1 wherah SYEER R0 18t PP 2L Bilbd BEProimsirutt St g e dose.
3. The syst gnk@in-glapedBolhinf! A& MI®n8h FigaBdcdll 25 had AdRAreapnS2i2g. second
| ayer have a thickness no %reater than about 1 mm 4. The system of clains

1 to 3 wher ép thesmbpdaaenitiof Fig Ao cortdinmienhstricsae 40 hiay seell /baviegdty. 5. The

system of cl ai o 3 wherein.said cavity . is formed i art within said
first |ayer ag{ﬁ(gﬁq%tg a‘::rr‘?d %Fﬁg eggfo&gggcclgﬁc?%pgéglme %1% ﬁ%’og’%f’gﬁg'of clains 1
to 5 furthedB;bigun cHlovE haptdib@dnitgy3@fIt saindetstadditEat Gt ahdpeBate Structures
wherein said structures are contiguous with and separabl e from each ot her.

7. A devi ce ergpPlepnelsuiinblg shapes giithg vebime srosseedion@nd oponipes afithy  a

cont ai nment sﬁﬁj[&(’:{%rayﬁigs,aaﬁd d5s %)'/ prqoﬂ)@atgﬂ%eeqaiﬁéngiio% s%aﬁeomgy be
employed for the volume and any appropriate two-dimensional shape may be
employed for the cross-sectional area and the cavity openings. Additional
suitable three dimensional shapes include, but are not limited to, spheres,
ellipsoids, paraboloids, cylinders, cones and the like. Additional suitable two-
dimensional shapes include, but are not limited to, rectangles, triangles, ellipses,
quadrilaterals such as parallelograms, polygons such as pentagons, and the like.

[0034] Depending on the application for which the control solution or other agent
is being used, the volume of the containment structure reservoirs of the present
invention may range from about 100 nL to 200 uL. For control solutions used on
test strip sensors for analyte detection and measurement, the reservoir volume
typicaily ranges from about 1 to 20 pL. The opening diameter, width or length
dimensions of the cells are typically in the range from about 1 to 10 mm, and
more typically in the range from about 2 to § mm. Likewise, the depth or
thickness of the cells typically range from about 1 to 5 mm, and more typically in
the range from about 2 to 3 mm.

[0035] The subject containment structures10, 20 and 30 each further include a
frame or base structures 14, 24 and 34 about the perimeter, or at least a portion of
the perimeter, of reservoirs 12, 22 and 32, respectively, for providing some
rigidity to the containment structure so that it can be handled or held or loaded
into a dispenser. Such frame structure 14, 24 and 34 defines a planar surface area .
extending around the perimeter or opening 16, 26 and 36, respectively, of cells

12, 22 and 32, thereby providing a “tray” like configuration. The planar surface

LFS-231 11



LFS-231 21 A nmethod of fabricating a systemaccording to any of Clains 1
. to 6, conprising the steps of providing a first |ayer, providing a second

| ayer, wherein one of said first and second | ayers is substantially

fl exi bl e and penetrable by a mcroneedle, providing a control solution,
bondi ng together said first and second | ayers wherein said control solution
is hernmetically sealed within at | east one hernetically sealed cavity

defi ned by thendekomntthegersnetgroithe resatverre i misancd ircdmirar;gecfmnabm Sa single

dose of sai trol_sol ut i qui d cont | ut
Conti gurod Lo I eV ERR indb BRET hoRpob el 1P BT BariR el ho.

per f or mance salquardPyaipBliatiesdloit kb aATBhiiBA tﬁagu@daelayéaeoqucent ration
nmeasur enment syst em conpri sing: p urali ty Of cont ai nnent struct ures, each

conpri sing aesremosttshbal)deqovam@oat § ez 00ld olfelgpaurfgemreuiofthgéltqheir to forma
hernetically seal ed, cav e het. e he surface area of
contact bet \%ﬁ%tﬁné%ﬁ ngs tﬁl‘?‘é% %{wﬁngrg&w\éﬁfya@gpé &?Q%@gt@ FFAR* SR8t t he

perimeter ofths@ifld e@%hmenM%c%@ BoPldseRofden@aGdh salyde frane is
contlguous wth a portion of at |east one other contairinent structure frane

and wher ei n necapewontsi fpnoxample ire npesssarp pige af Biedrgid of a control solution

containment structure is in the range from about 40 to over 500 mm?, and more
typically from about 100 to 150 mm,? taking into consideration the particular
user’s ease in handling the containment structure. While the figures illustrate the
frame structures as having a square configuration, any suitable shape may be used

including, but not limited to, rectangular, triangular, annular, etc.

Materials and Fabrication

[0036] The liquid containment structures include two primary layers which are
sealed together to define the frame portions of the structure and defining a
hermetically sealed liquid reservoir. Such a seal is waterproof and maintains a
sterile barrier. Preferably, one layer provides structural rigidity and stability to
the containment structure while the other layer is flexible and is penetrable by a
microneedle; however, in other embodiments, both layers may be flexible. Where
two flexible layers are employed, materials are used such that surface areas of
contact between the two flexible layers, which define the frame portion of the
containment structure, are sufficiently rigid so as to provide sufficient stability to
the containment structure, i.e., the containment structure may be adequately
stored, handled and held by a user. While it is preferable that the liquid reservoir
cells be formed or provided exclusively within the rigid layer, they may be
provided exclusively within the flexible layer or partially within both layers.
Where the containment structures are formed of two flexible layers, the reservoir .

cells may be provided within either or both layers.
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separable fromeach other; and a single dose of said liquid contro

solution contained within each said cavity. 10. A nethod for evaluating the
performance of a physiological fluid sanpling and anal yte concentrati on
measur enent system wherein said neasurenment systemincludes a tester
conprising a mcroneedle integrated with a sensor and a fluid transfer
channel extendin romsaid mcroneedl e to said sensor, said nethod

conpri $0Y 1t he sgl'émlg@d laypir iowiadie 9g atrasersypeansadle brsamatertel poor& WitlFS- 231 22

operativel Y, ng. the.tester. w nt ai nnent
structure v\lng}rg%L fr(l)lv}s)vavfnggmapofgﬁg% go?sglélltab f 5&5\na{5ﬂmgﬁﬁliedbq§§ di spensi ng
sai d m cronaefite tb chiple R Taiigaté MaterB R ahd Gige Islxsnc@@ﬁkteas&h@@tdlm%teb%
performance of said mcroneedle in penetrating said cavi t% LFS-231 23

Xa

A2 A Y. Ay. Alé: ﬁeﬁemj‘lwil’/i(ﬁ Oﬂé,wmgh h@rem@cqa:pmétembmewence mples of

2. | C e
#( é? $£)&/&%+é5?1fﬁeﬁﬁ%§sdm %J Ot h lte al]p Oe?]p r%ﬁylg]ecg?lnglggﬁh@g] cal ca] ca]

ca] cRa] ca] Cahmﬂde,adceﬁbm@ilcait&a&&a«it @h@& }ﬁaﬂ @@s)zhrgh}d@w@seeeeg =7>9>F>0@
B EFFGGGGPH' KgK* M-MOOP cal]calcalc
a] ca] ca] ca] @Q]Y@Q]y(lﬁage((b}iﬁ)ﬂ)cmlwé[y}/](phlonde (PVC), etc. The rigid layer may be

exclusively made of an inert plastic material or in combination with a foil layer,
wherein the two are laminated together. Where the reservoir is provided in the
rigid layer, the reservoir may be created by thermal forming or injection molding
or other similar techniques known in the art.

[0038] The flexible layer is preferably made of a water barrier polymer film
material alone or in combination with a thin foil material wherein the two are
laminated together. Suitable materials include those which are commonly used
for pharmaceutical and food packaging applications, such as those disclosed in
U.S. Patent Nos. 4,769,261, 6287,612 and 4,678,092, which are herein
incorporated by reference. The flexible layer has a thickness which is no greater
than the penetration length of a microneedle as described above. Thus, such
thickness in no greater than about 1 mm, and typically in the range from about 0.1
to 0.5 mm.

[0039] The rigid and flexible layers are bonded together where they interface to
form the frame of the liquid containment structure. Suitable bonding techniques
include heat sealing, radio frequency (RF), or ultrasonic welding. The bond
between the two layers must provide a water barrier over the shelf-life of the
package. Of course, prior to bonding the two primary layers, the reservoir(s) are
filled with a selected liquid agent, such as a reagent or a control solution. In the
case where the test sensor, either optical or electrochemical, is not integrated with
a microneedle, the flexible layer can be fabricated with a peelable heat-sealed .

coating commonly used in medical device packaging. Such a coating is generally

formulated from a polyolefin copolymer. The flexible peelable layer is either

LFS-231 13



a] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca! } PPPPAQRRQ RUUXXV
\\"? *aB8acc@ddd@iiiil 4m o} xsmhc"Yke [V]c]ca] ca]ca] cal] ca]ca]ca]ca

V] cMa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

V] cMa] ca] ca] ca] ca]c”alca oorrr5s?ssv7vv{{

{m{g}}5!/:=K&(pzupke [ V] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]c
a)J ca] ca] calj ca] ca]ca]ca

V] c”a] ca ca]boac]lftdatpclae] caiddajec aF pRte\] "Foivx to-yteoihe ﬂe\x(]brta]aga] isapeled ca] ca] ca] ca]

]C cg]! EE%]#?a] %%én po ing Jhe cl)ntro ﬁ]tl%%]agg]aﬁ \l/l%%]the Jest ens r(%g cc&%s t%]eca] caj c”a] ca
TB8g* 70 x} x3Bhelof] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ?Q¥;

TB8g* 7qP040k sni d_Aheadiquad um}aim}lexa]sca]:uuae}sd@] 2@hchiCed E:ig} Ca, e8] o] 23] ca] ca] ca]

Cgl/;: g]&-c?% Cg]ﬁf@L%g falllilﬁ%/%ag]&m( us oss]b? é.’flgk ]ledyers which form the

10% o0& () - : LQubtadss!( Err@tgr/é’ R}gbi(ﬁngZ'Aqo& S&niple, i ﬁmMjéJof‘/a }i\%% Hokbrh layer
10' 010' 0"$910% 0& ()-; 10% 08&' () CFd6 10% 0&' ()- #10% 0& (

10% o& () MR 10 Yohards I@e{'XOIYIZ 18X cARIVELY f@%@@/,&h@)l-t@@ﬂiﬂﬁh&a}(e)-wmw (0)-
10944& () - 10.0="~\.: %),\ %, 0 10H 10H
10H; 109448 ( )Se%?)%‘o(?r- TRl e)ser(’ﬁiré o StSRTe (g%/ﬁfg 1;19‘5' 5§ }é‘rgPO( )-y
10% & () - @ sffcture 10 in that it also provides a rigid bottom layer 40 and a flexible top layer
42 where reservoir 22 is exclusively formed in rigid bottom layer 40. Structure
30 differs, however, in that it is formed from two flexible layers, flexible top layer

44 and flexible bottom layer 46 wherein reservoir 32 is formed by both layers.

Liguid Containment Packs

[0041] As mentioned above, the liquid containment structures of the present
invention may be provided collectively as a plurality in a pack form wherein two
or more containment structures are provided in a contiguous arrangement. More
specifically, the containment structures are provided in a pack where each
containment structure is contiguous with at least one other containment structure
such that at least one side of each containment structure is contiguous with at least
other containment structure. While as few as two containment structures may be
provided in a pack, typically a greater number is provided in the form of an array
of containment structures. Such an array may take the form of a matrix
configuration or a strip configuration which may be provided in any suitable size,
which size is measured in surface area (cm?) for matrix configurations and in
length (cm) for strip configurations. The subject liquid containment structures in
the form of matrix arrays may be provided in relatively large numbers, such as for

institutional use, which may be described as a “sheet,” or may be provided in .

relatively small sizes, such as for personal use, which may be described as card-

sized to be easily carried on one’s person.
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[0043]

[0044]

LFS-231

matrix 50 may include fewer or more containment structures 52 depending on
such factors as the frequency of analyte testing by a particular user, the user’s
desire to carry around a very compact package or, where analyte testing is being
performed in mass within a short time period, the number of individuals to which
the test is being applied.

For example, typically, it is recommended that a meter be quality control
checked periodically in a home setting and daily in a hospital As the average Type
I diabetic performs a glucose concentration measurement approximately 4 to 8
times per day, the number of control solution containment structures 52 required
on a monthly basis is 5 to 10 depending on the number of vials or packages of
new test strip consumed. As such, it would be convenient, as well as assist in the
user in tracking the number of control checks that have been made on the meter
within a give time period, to provide about 5 to 10 containment structures within a
subject pack. As each liquid containment structure has a surface area defined
above, such a pack size would range from about 15 to 30 cm?, a size which can be
easily fit into a shirt or pant pocket or into purse or brief case. However, where a
diabetic is only required to test himself or herself twice per day, he or she may
wish to carry a pack having only the number of control solution containment
structures which will be used in a month’s time, e.g., about 2 containment
structures, so as to limit the wear and tear that the unused containment structures
of the pack may undergo if they were carried around for a longer period of time,
e.g., several weeks or months.

Fig. 5B illustrates another planar array 60, also in the form of a matrix but
having significantly fewer containment structures 52 as that of matrix 50 of Fig.
5A. Here, matrix 60 provides for only six containment structures 52 which may
be suitable for the minimal use patient just described above, lasting about 3

months. The embodiment of Fig. 5C provides an array 70 of structures 52 in a
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[0045]

LFS-231

strip 70 is fairly lengthy, it is preferably provided in a rolled form, and most
preferably it is provided in a wound or spooled form in a dispenser 80 of Fig. 6
Dispenser 80 may be configured similar to dispensers used for adhesive tapes,
postage stamps or dental floss where the user may dispense only what he or she
needs or desires. Dispenser 80 may be further configured wherein the used
portion of the strip is fed back into dispenser 80, which may be disposed of upon
using the last containment structure. Dispenser 80 provides a couple of additional
advantages. It protects against damage or wear and tear of the containment pack
70 that might otherwise easily occur without it. Additionally, it minimizes the
exposure of the surface of containment pack 70 to the elements thereby
minimizing the risk of exposure to germs and dirt. Dispenser 80 is preferably
small enough to be carried on the user. The user may choose not to carry the
dispenser but, instead, cut or tear off only the number of containment structures
he or she anticipates using for the day or week, for example, and store the
dispenser for later retrieval.

While certain embodiments of the packet of containment structures have a
collective, contiguous frame structure which remains intact until all of the doses
of control solution are used, other embodiments of the subject packs provide for
the intended and easy separation of containment structures from each other.
Specifically, perforations or pre-scored lines are formed between adjacent
containment structures after the solution-filled containment structures have been
sealed as described above. In the array configurations as described with respect to
Figs. 5A, 5B and 5C, this results in a plurality of rows and/or columns of pre-
scored lines 62. With such embodiments, any number of containment structures
may be removed from the contiguous array as needed or desired. For example, a
single containment structure may be separated from the remaining contiguous
plurality just before or just after the use of the control solution in such

containment structure. Alternatively, a user may want to remove a day’s ora
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defined by lines B-B of Fig. SA and separately illustrated in Fig. 5B. A pack of

this size can be easily and discretely carried by the user.

Subject Systems

[0046] The subject systems include a liquid containment structure or pack, as
described above, operatively containing a liquid solution for subsequent use.
Such subsequent use includes, but is not limited to, the evaluation of the
performance and operation of systems which employ precise amounts or
measured single-doses of a liquid. One type of application is in the area of
accessing and collecting precise volumes of physiological fluid samples and for
analyzing one or more characteristics of the sampled fluid. The subject systems
are particularly suited for evaluating the operation of a system for accessing and
collecting blood or interstitial fluid samples and for measuring the concentration
of one or more analytes of the sampled fluid. The setting of such evaluation may
be industrial, e.g., in the manufacturing of such fluid assessment systems,
institutional, e.g., in hospitals where such a system is used very frequently, or
personal, e.g., for individual who are required to test themselves.

[0047] As there are dozens of types of liquids used in various types of
applications and settings, it is beyond the scope of this disclosure to list all
possible liquids that may be used with the systems of the present invention.
However, the subject systems may be used in any applications requiring single-
doses of a liquid for frequent or infrequent use. For purposes of describing the
subject methods below, the liquid provided by the subject systems is a control
solution for the performance evaluation of a system for measuring analyte
concentration in a sample of physiological fluid. Examples of such control

solutions are disclosed in U.S. Patent Nos. 5,187,100 and 5,605,837.
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[0048]

[0049]

[0050]

Methods of Use

The methods of the present invention are described with respect to the use
of the containment structure of Fig. 2A containing a control solution for checking
the effectiveness and operation of an analyte concentration measurement system
as described above, which system includes an integrated microneedle and test
strip sensor and a meter for use with such microneedle/test strip. However, it is
understood that the methods apply to any suitable liquid containment structure
and liquid containment pack of the present invention.

The subject methods initially involve providing at least one containment
structure, either in singulated form or in a pack format. If in a pack format, a
target containment structure is selected for the plurality of structures. The target
containment structure may be separated or singulated from the pack prior to
performing the remainder of the steps, or may be left intact with the remainder of
the pack during the analyte measurement procedure and then removed after the
procedure has been completed. Alternatively, the used target or selected
containment structure may be left intact with the pack and disposed of collectively
with the remainder of the containment structures, also kept intact on the pack,
until all structures have been used.

The subsequent method steps are now described with reference to Fig. 7.
The at least one containment structure 10 having a reservoir 12 filled with control
solution may be placed on a level surface or manually held by the user with the
flexible side or surface 36 (or one of the flexible sides where the structure has two
flexible sides) exposed. The tester to be evaluated or a tester for use with a meter
to be evaluated, such as tester 90 is then provided. Tester 90, as mentioned
above, includes a test strip 92 having a sensor portion 94, and a microneedle 96
integrated at the distal end of test strip 92. A fluid transfer channel 98 extends
from microneedle 92 to within sensor 94. Preferably, tester 90 is provided
operatively loaded within a meter (not shown) for the control check; however,
tester 90 may be manually held and then inserted into the meter after collection of

a dose of control solution. The meter is operatively held and juxtaposed against
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flexible surface 36 of containment structure 10. The meter 1s then activated to
operatively dispense tester 90 which action causes microneedle 96 to puncture or
penetrate through flexible surface or layer 36 into reservoir 12 a determined
depth, which depth is sufficient to expose the distal end 100 of channel 98 to the
control solution within reservoir 12. Channel 98 then wicks the control solution
from within the containment structure 10 and transfers it into the sensor portion
94 of tester 90 where it reacts with the redox reagent system within the sensor’s
electrochemical cell. The signal produced by this reaction is detected by the
meter’s electronics and the corresponding analyte concentration value is
displayed.

[0051] If the analyte concentration results fall outside an expected range (often
provided with the instructions of use packaged with the testers or test strips), the
control test should be repeated with an unused tester. If the results still fall
outside the expected range, the test should be repeated yet a third time but with a
tester from a new package of testers. If the third result is outside the expected
range, it is likely that there is a problem with the meter, and the user should notify
the manufacturer of the problem and request a replacement meter. In addition to
control checking the performance of the tester and the meter, the micrneedle’s
effectiveness in puncturing the containment structure is also evaluated. This is
done by observing the puncturing of flexible layer 36 of the liquid containment
structure by microneedle 96. A desirable puncture is one in which microneedle
96 cleanly and immediately penetrates the layer without hesitation and without
tearing or rupturing flexible layer 36 so that the control solution does not leak out
prior to being wicked by channel 98. If such a desirable performance is not
observed, the test should be performed again with another liquid containment
structure from the same pack. If the puncturing is unsuccessful a second time, a
containment structure from a new packet should be used for a third test. If a new
tester microneedle 96 fails to puncture the flexible layer 36 of the liquid

containment structure a third time, a new lot of tester should be used instead.
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[0053]
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Additionally, the user should notify the manufacturer of the problem and request a

replacement test strip lot and control solution containment pack.

Kits

Also provided by the present invention are kits for practicing the subject
methods. The kits include at least one liquid containment structure containing a
selected liquid solution, but typically include a plurality of containment structures
packaged together in a the form of a sheet, card or roll, each containing the
selected liquid solution. The kits may further include a disposable or reusable
containment structure dispenser. The containment structure(s) contain a control
solution selected for the particular application at hand, such as a control solution
which mimics blood for evaluating the performance of integrated microneedle/
sensor testers and the meter for use therewith. Finally, the kits may include
instructions for using the containment structures for control checking or
evaluating the performance of the testers and meters described above. These
instructions may be present on one or more of the packaging, a label insert, and
the like.

Although the foregoing invention has been described in some detail by
way of illustration and example for purposes of clarity of understanding, it is
readily apparent to those of ordinary skill in the art in light of the teachings of this
invention that certain changes and modifications may be made thereto without

departing from the spirit or scope of the appended claims.
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CLAIMS

What is claimed is

1. A system for use in evaluating the performance of a physiological fluid
sampling and analyte concentration measurement system, comprising

at least one containment structure comprising a first layer and a second layer
sealed together to form a hermetically sealed cavity there between wherein the surface
area of contact between said first and second layers define a frame about the perimeter of
said cavity; and

a liquid control solution contained within said cavity, said liquid control solution

configured to mimic said physiological fluid.

2. The system of claim 1 wherein said liquid control solution is provided as a

single dose.

3. The system of claims 1 or 2 wherein said first layer and said second layer

have a thickness no greater than about 1 mm.

4, The system of claims 1 to 3 wherein said cavity is formed within said first
layer only.
5. The system of claims 1 to 3 wherein said cavity is formed in part within

said first layer and in part within said second layer.
6. The system of claims 1 to 5 further comprising a plurality of said liquid
containment structures wherein said structures are contiguous with and separable from

each other.

7. A device for containing a liquid control solution, comprising

a containment structure as described in any of claims 1 to 6.
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10 8. A method of fabricating a system according to any of Claims 1 to 6,
comprising the steps of

providing a first layer,

providing a second layer, wherein one of said first and second layers is
substantially flexible and penetrable by a microneedle,

providing a control solution,

bonding together said first and second layers wherein said control solution is
hermetically sealed within at least one hermetically sealed cavity defined by the resulting

structure, wherein said cavity contains a single dose of said control solution

9. " A packet of liquid control solution configured to mimic a physiological
fluid for use in evaluating the performance of a physiological fluid sampling and analyte
concentration measurement system, comprising:

a plurality of containment structures, each comprising a first layer and a second
layer sealed together to form a hermetically sealed cavity there between wherein the
surface area of contact between said first and second layers defines a frame about the
perimeter of said cavity,

wherein a portion of each said frame is contiguous with a portion of at least one
other containment structure frame and wherein said contiguous frame portions are easily
separable from each other; and

a single dose of said liquid control solution contained within each said cavity.

10. A method for evaluating the performance of a physiological fluid
sampling and analyte concentration measurement system wherein said measurement
system includes a tester comprising a microneedle integrated with a sensor and a fluid
transfer channel extending from said microneedle to said sensor, said method comprising
the steps of.

providing the system of claims 1 to 6, y
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dispensing said microneedle to penetrate into said cavity; and

evaluating the performance of said microneedle in penetrating said cavity.
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